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Introduction
 
Sorghum ard millet qrain is used for human food and as feed for 

aniials. The plant stem aria foliage are used for green chop, hay, silage 

and for pasture. In sare areas the sten is used as building material and 

the ren-aining plant naterial after harvest can be used for fuel. Sorghum 

and millet rank fourth in world focd grain production following wheat, rice 

and maize. They are especially significant sources of human food in South 

Asia, much of sub Saharan Africa, ari certain areas of Latin America and the 

Caribbean. In Africa alone, sorghum and millet are produced on 31,770,000 
hectares. Together, these two crops constitute the "last resort" of crop 

production where the natural stress corrditions of drought and heat 

predominate. Since much sorghum aril millet is grown under stressful 

envim)rmiental cord;tions in the arid, semiarid, tropical and subtropical 

regions of the world, yields are relatively low. Thus sorghum and millet, 

typically subsistence crops, are most inportant to the survival of low 

inccre, low rcscurce farmers. Because of this, these crops are not only 

inportant for nutritional and econcmic reasons but also because of cultural, 

political, and anthropological aspects in the lives of many millions of 

people. 

In an anendment to the International Development and Food Assistance 

Act of 1975 that has care to be knoan as Title XII, the Congress of the 
United States provided for "lorg-tem collaborative university research on 

food production, distribution, storage, marketing, and consurption," in ways 

that "maximized the contributions to the development of agriculture in the 

United States and in agriculturally developing nations." 

One of the most innovative initiatives developed by BIFAD under Title 
XII is the Collaborative Research Support Program (CRSP), a concept ained at 

increasing and making more effective use of this counLry's land grant and 
other agriculturally oriented universities in AID's foreign assistance 

progrars. CRSP's thus serve the dual cbjective of benefiting agriculture 

in developing countries and in the Lnited States. The Sorghum/Millet CRSP 
(INTSORWIL) is one of the three CRSP'S which pioneered in developing the 
CRSP structure and nodel for implarentation. There were no precedents to 
follow. The Sorghum/illet CMP grant (AID/DSAN/XII-G-0149) was made on 
July 1, 1979. This annual report covers the activities for program year 7. 
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Seven years of experience have reaffirmed the need for this type of 
research progrz aimed at relieving the constraints to inproved sorghum/ 
mii]et production in developing countries. The emphasis by the CRSP on 
developrent of collaborative linkages with national programs has been 
unique. Significant contributions have been made tayard resolving 
constraint prcblems and enhancing the national program capability to 
strengthen its human resaurce base as well as the national institutional 
capability to corr~uct collaborative research. Thus, the CRSP's present a 
unique nodel for corducting agricultural research in collaboration with 
developing country agricultural research programs. The INTSOM4IL program 
also demonstra tes these characteris tics: 

-- INTSORWIL has the dual goal of inroving agriculture in the 
developing countries and in the UnitEiJ States. 

-- The six participating U. S. institutions agree to contribute at 
least 25% of the cost of the CRSP from non-federal resources (in money or in 
kind), justified on the basis of benefits that can accrue to their state's 
agriculture and their institution.
 

-- Host governments collaborating with INTSORWIL also contribute 
 to 
the program by providing facilities, money and/or personnel. 

-- ~T-,e INSORWIL program is designed to stimulate collaboration and 
program developnent between scientists of participating U.S. and developing 
countiy institutions. 

-- Each research activity is designed to address a priority constraint 
to the improved production/utilization of sorghum and millet as identified 
by the planning grant activity which identified the major research areas 
which INTrSORIL should address. 

-- Training and institution building are natural parts of the CRSP as 
it works toward increasing the research capability of collaborating 
developing countries. During the period of thi report, July 1, 1985 - June 
30, 1986, there have been 82 LDC students sponsored (total or partial 
support) in graduate degree programs. Total funding of students by 
INTSOR4IL has been through graduate research assistantships provided under 
individual research sub projects. 

-- INTSORIL is making a glcbal inpact. Collaboration with 17 host 
countries provides inpact in seven major regions- West Africa, East Africa, 
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Southern Africa, Southeast Asia, Central America, the Caribbean and South 

America. 

GOAL 

The goal of the CRSP has been to establish active, collaborative 

research relationships that will contribute to the alleviation of hurer and 

malnutrition in developing countries by irproving the availability and 

utilization of sorghum and millet. 

PURPOSE 

The purpose of the sorghunVmillet CREP is to organize and ncbilize 

financial and human rescurces necessary for nounting a major, multi

insti tutional US-host country collaborative research effort which in turn 

provides the knowledge base necessary to achieve significant advances in 

alleviating the principal constraints to ifrproved production, marketing, and 

utilization of sorghum and pearl millet. A second purpose is to inprove the 

capabilities of host country institutions to generate, adapt and apply 

inproved technology to local conditions. 

OBJECTIVES 

The INTSO1 4IL program has three general cbjectives which are canon to 

all projects. 

1. Research/technology developrent - Scientific resources within the 

ITSOMIL U. S. university ccmunity and within the collaborating host 

country programs address universal constraints to the production, 

availability and inproved utilization of sorghum and pearl millet. Research 

constraints addressed by the program fall within the general disciplinary 

areas of breeding, pathology, entQnology, cultural practices, phoysiology, 

utilization, econamics and saciology/antl ropology. 

2. Institutional developnent - Irproved research capability is enhanced 

through collaboration between the U.S. and host country counterparts, 

through exchange of professional visits between the U.S. and the host 

country scientists, and through support of the LDC national research program 

in teun-s of equipment, supplies, travel and personnel. 

3. Traininu - This involves both short term and degree training 

oriented programs for host country staff at U. S. institutions. On site 

technical assistance/training is provided by the U. S. scientists in 

conjunction with the collaborative research activities. 
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Research is the primary emphasis of the program. But the CRSP's have 
been planned and organized in such a manner that institutional develorzent 
and tiainirg have been very significant outputs of the prograi. 

MNAGEMENT OR?-ANIZATION 
The University of Nebraska (UNL) is the Manageent Entity (DE) for the 

SorghunVMiilet CRSP and is the primary grantee of A"T). UNL subgrants are 
made to the participating U. S. Universities -- Texas A&M, Purdue, Nebrak, 
Kansas State, Mississippi State and Kentucky -- for the research projects
 
between individual U. S. 
 scientists and their host country counterparts.
 
Country project funds, managed by the ME, 
 flow to the country program in
 
support of the research activities at the host country level. The Board of
 
Directors of the CRSP serves as 
 the top managenent/policy board for the
 
CRSP. The Technical Ccnmiit tee, Ecogecgraphic Zone Council, External
 
Evaluation Panel and AID personnel 
 advise and guide the E and fhe board in
 
areas 
of policy, technical aspects, collaboratiig host count.y coordination, 

budget nmnagement, and review. 

The Board of Directors 
The Board of Directors consists of six institutional representatives 

fro. each of the participating U. S. The MEinstitutions. representative on 
the Board is a pennanent neimber. Board menbers are designated by the chief 
executive officers of their institutions to represent them on policy and 
administrative nmatters. The Board elects a chairperson and vice chairperson 

annual The YEon an basis. serves as the executive secretariaL to the 
Board. The nenbers of the Board of Directors for FY 86 were: 

Dr. D. Woods Thcmas, Chair, Director, International Programs in 
Agriculture, Purdue University, IndianaWest Lafayette, 

Dr. H. Massey, Director, International Programs for Agriculture, 
University of Kentucky, Lexington, Kentucky 

Dr. Walter Porter, Associate Dean, Mississippi Agricultural Experinent 
Station, Mississippi State University, Mississippi State, Mississippi 

Dr. Kurt Feltner, Associate Dean of Agriculture, Kansas State 
University, Manhattan, Kansas 

Dr. Irv. Omtvedt, Dean, Agricultural Research, University of Nebraska, 
Lincoln, Nebraska 

Dr. John Abernathy, Director, Texas A&M Agriculture and Research 
Center, Lubbock, Texas 
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IThe Board of Directors met four times during the year. Action taken at 

these meetings included: 

1. Approved University of Nebraska proposal that Dr. Glen Vollmar, 
INrSOMIL Program Director, be appointed on a half time basis for one year 
(Octcber 1, 1985 to SeptEnber 30, 1986) while he would also serve as half 
tire Acting Dean and Director of International Agricultural Progras 

organization, maragement and research activities. 

2. Approved a seven member discipline based Technical Ccnittee with 

menership representing: Agronoy/Physiology, Agricultural Econcmics, 

Breeding, Pathology, Entcnolcgy, Sociology/Anthiropology, and Quality and 

Utilization. 

3. The Board approved new operational guidelines for the Board of 

Directors, the Technical Ccrmittee and the Ecogegraphic Zone Council. 

4. The External Evaluation Panel was reduced from a standing ccrmittee 

of eight ienbers to a standing committee of five members. This action was 

consistent with the AID/BIFAD CRSP Guidelines and the Sorghum/Millet CRE 

Grant Document. 

5. In response to a notice from AID that the Ik\rSOR4IL program would 

have to absorb an 18% reduction in program activity for the pericd February 
1, 1986 to June 30, 1986, the Board elected to inpose a 7.5%reduction for 

the entire program year of July 1, 1985 to June 30, 1986. This amounted to 
the same reduoed level of activity. For the period July 1, 1986 to June 
30, 1987, the Board of Directors, with input from the Technical Ccarmittee 

ard Ecogeographic Zone Council, the ME and individual PI's, inposed a 

$784,000 reduction in program in response to the reduced level of funding 

proposed by AID. 

6. At the initiative of the INTSONAIL Board Chair and the ME, a CRSP 
Program Directors and Board Chair Group was established. This group met 
twice during the period March to May, 1986. It was instrumental in working 

with NASULGC in preparing a briefing, sponsored by Congress, for infor-irg 

Congressional leaders about the Title XII Collaborative Research Programs. 

Technical Ccmmit tee 

The Technical Committee (TC) acts on most technical and operational 

matters and forwards its reccmTendations to the Board of Directors and the 
Management Entity. It reviews all project work plans and budgets and makes 
recommendations on overall program coordination. The TC consists of seven 
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members, representing each of the seven disciplinary areas in the Program. 
Principal investigators are ncminated for renbership on the TC by members of 
the discipline. All PI's vote for the cardidates proposed by the discipline. 
The tenn of office is for three years. Officers of the TC are the chair, 

vice chair and secretary. 

Members of the present Technical Cmnrnttee are: 

Dr. Larry Butler, Chair, Departrent of Biochemistry, Purdue Universtiy, 

West Lafayette, Indiana 
Dr. Jerry Maranville, Vice Chair, Department of Agroncny, University 

of Nebraska, Lincoln, Nebraska 
Dr. Picbard Frederiksen, Departnent of Plant Pathology and 

Microbiology, Texas A&M University, College Station, Texas 
Dr. Kathleen DeWalt, Department of Behavioral Science, University of 

Kentucky Medical Center, Lexington, Kentucky 
Dr. Henry Pitre, Departnerlt of Entcmology, Mississippi State University, 

Mississippi State, Mississippi 
Dr. Lynn Gourley, Departnent of Agroncny, Mississippi State University, 

Mississippi State, Mississippi 
Dr. Dale Anderson, Departnert of Agricultural Econcn-ics, University of 

Nebraska, Lincoln, Nebraska 
The TC met three tines during the year. Significant actions by the 

ccrnmit tee were: 
a. Feviewed and approved Technical Ccinmittee Guidelines which were 

submitted to the Board of Directors for approval. 
b. Provicici technical input fox preparing the scope of work for the 

EFP prine site reviews which were to take place from Octcber to December, 

1986. 

c. Proposed one annual TC/EZC joint neeting. 
d. Initiated action for developrent of an INTSOR4IL publication series. 
e. The 'IC in collaboration with the EZC polled all PI's through a 

questionnaire regarding prime sites and collaborating sites, discipline 
balance, ccrodity balance, and project activity at international sites. 
This informration was used by the TC in making reccmuendations to the ME for 
budgetary action regarding the 18% reduction in program inposed on INTSORMIL 
February 1, 1986. 
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Fceographic Zone Council 

The Fcogeographic Zone Council's primary responsibilities are planning 
and inplerentation of identified. host country and U. S. collaborative 

sorghum/millet activities as relatEd to research, training and networking. 
The membership on the EZC consists of one principal investigator from each 
of the ecogeographic zones. In most cases the irenber is the country 
coordinator of the host country identified in the Glcbal Plan as the prim-e 
site country, plus one at-large rember. Thie at-large rember is reccnerded 
to the Board of Directors by the ME. Menbership of the Council is 
determined by the Board of Directcrs, with the ccaiposition of the Council to 
be reviewed annually. Officers of the EZC are the ,hair, vice chair, arx 

secretary, all serving one year tens. 

Menbers of the present EZC are:
 

Dr. Darrell Rosenow, Chair, Texas A&M University, Lubbock, Texas 
Dr. John Axtel], Purdue University, West Lafayette, Indiana 
Dr. A-Llan Kirleis, Purdue University, West Lafayette, Indiana 
Dr. Van Withee, Kansas State University, anhattan, Kansas 
Dr. Lynn Gourley, Mississippi State University, Mississippi State, MS 
Dr. Billie Dewalt, University of Kentucky, Lexington, Kentucky 
Mr. David Andrews, University of Nebraska, Lincoln, Nebraska 
The EZC met four times during the year. Significant actions by the 

council were: 

a. The EZC developed a priority list of international sites for 
reviLw by the external evaluation panel as follows: 

1. Niger and Mali - Octcber, 1986 

2. Botswara - May, 1985 

3. Dcminican Republic - SeptEnber, 1986 

4. Brazil - August, 1986 

b. Guidelines for the country coordinators were developed and forwarded
 

to the Board for approval.
 

c. A Prine Site Worksnop for Niger was planned and inplerwnted Octcbior 

1985. 

d. The EZC developed budget options which it submitted to the ME in 
support actions required for handling the 18% reduction in progran. The EZC 
utilized information obtained from all PI's through a questionnaire 

siimiitte3 by both the TC and EZC. 
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e. The EZC made considerable progress during the year in coordinating 
program development and facilitating the rrircipal investigator's 
collaboratior at each of the prirre sites. 

External Evaluation Panel 
The External Evaluation Panel (FEP) consists of five mrenbers, nominated 

by PI's, the TC and institutional representatives. The Board of Directors 
recc uends the EEP members to AID/Washington and BIFAD, which give the final 
approval. The has chair and chair.EEP a a vice Representatives from 
international institutions and countries other than the U. S. are included 
on the EEP. The EEP is charged with overall evaluation of the sorghum/
 
millet CRSP program, which includes research collaboration with host 
countries. The overall evaluation includes a review of projects and 
programs of the CRSP and it provides a 
written evaluation and reccrnvendation
 
for addition, elimination, or modification of conponent projects and overall
 
objectives to inci" e retention, elimination, o. addition of new activities. 

The EEP is cTr<posed of: 
Dr. Bruce Maunder, Chair, Vice President, DeKalb-Pfizer Genetics, 

Lubbock, Texas 
Dr. Clarence Gray, Vice Chair, Virjinia Polytechnic Institute, 9945
 

Great Oaks Way, Fairfax, Virginia 
Dr. Glenn L. Johnson, Agricultural Economics Department, Michigan State 

University, East Lansing, Michigan
 
Dr. Brhane Gebrekidan, CINMYT Maize Program, Mexico D. F., Mexico
 
Dr. Ricardo Bressani, Head, Division of Ag. & Food Sciences, Instituto
 

de Nutricion, Apartado Postal 1188, Guatamala City, Guatamala 
External Evaluation Panel activities for the year were as follows: 

During the period July 1, 1985 to June 30, 1986 there were no EEP activities 
other than ongoing reviews of INTSOR4IL reports and other materials. The 
schedule for EEP reviews called for initiation of EEP reviews of prine sites 
beginning in October 1986. Discipline and U.S. site reviews are scheduled 
beginning in the sumier of 1987. 

Managemnt Entity 
The Universi..y of Nebraska Managerent Entity office is located in the 

Department of Agroncny, 241 Keim Hall, Institute of Agriculture and Natural 
Resources, University of Nebraska, Lincoln, NE 68583-0723. The ME office is 
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responsible to AID for technical and administrative matters for the CRSP. 
As 	 the prime grantee it is responsible to AID for all fiscal matters 

relatiq to the grant. Other responsibilities include coordination of all 

meroranda of agreeent, coordinating and implementing all cammittee 

meetings, Board and EEP meetings, and all reporting and communications 

regarding CRSP activities. The ME office coordinates and cbtains all travel 

clearances through AID/W. 

Organizati on 

The 	Yanagement Entity Staff (CRSP Financed) is ccprised of: 

Dr. 	 Glen J. Vollmar, Progran Director 

Dr. 	 John M. Yohe, AssociatE: Program Director 

Ms. Joan Frederick, Administrative Technician 

Ms. Dorothy Stoner, Secretary 

Supportive Management Staff (non CRSP financed) 

Mr. Carl Mueller, Fiscal Manager, Grants & Contracts 

Dr. Glen J. Vollnar, Acting Dean for International Agricultural Programs 

Activities and acccnplishmrnts for the year include: 

1. Coordinated and backstcpped the EZC, TC and Board of Directors 

process in which a $684,000 reduction in program activity was mandated by 

AID. 

2. Published the Annual Report for Year 6 (1985/86). 

3. Coordinated INTSOaIIL input into a Congressional sponsored briefing 

to Congress regarding Title XII CRSP Programs 

4. Organized four Board of Directors meetings, three Technical 
Ccnmittee meetings and four Ecogecgraphic Zone Council meetings. 

5. 	 Participated in AID meeting for program directors. 

6. INTSOMIL cosponsored three workshops during this period: 

a. 	 Niger Prine Site Workshop, Octcber, 1985 

cosponsor: INRAN, Ministry of Agriculture, Govt. of Niger 

b. 	 Sorghum Seed Workshop, Octcber, 1985
 

cosponsor: INIA, ICRISAT, CIMMYT
 

c. 	 International Pearl Millet Workshop, April 7-11, 

1986, ICRISAT/INTSOR4IL 
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7. 	 INTSOIL provided guest speakers in support of: 
a. 	 Fourth Eastern Africa Sorghum and Millet Workshop, Soroti, 

Uganda, July 2 2-26, 19 87. OAU/STRC/SAFGRAD sponsored 

workshop.
 

b. 	 Second Workshop on West African Sonjhum Research Network, 

Banaku, Mali, Octcber 21-24, 1986. Cosponsored by ICRISAT 

and SAFGRAD/USAID. 

Coordination with AID and BIFAD 

AID 	 - Liaison is maintained on a weekly basis for advice in program 

direction anid developxent, securing travel clearances, equipment purchase 

approvals and for coordination with Regional Bureaus and USAID Missions. 

Dr. Harvey Hortik, AID/S&T/AGR/AP is the AID program manager for 

the Sorghum/Millet CRSP. 

BIFAD - The CRSP programs were jointly developed by the BIFAD standirj 

ccnnurttee, JRC (now called the JCARD), and by AID. Ccrmunication and 

coordination is maintained with the research division of the BIFAD staff 

office. 

Coordination with the International Centers 

INSOR4IL has a history from the inception of the program of 

coordinating and collaborating with ICRISAT, the ICRISAT scientist located 

at CIMYffT for Latin America, with CIAT and with ICRISAT regional activities 

located in West Africa. TCRISAT management staff have attended INTSORMIL PI 

annual conferences and INTSOIL ME staff have met with ICRISAT management 

staff to discuss coordination ai] collaboration in order to avoid 

duplication of activities. 

Specific areas of collaboration are as follows:
 

1. 	 INTSOIR4IL has posted a scientist at CIAT to conduct research on 

adaptation of sorghum to acid soils. This was done in joint planning with 

CIAT/ICRISAT. This activity has been highly successful. A jointly 

sponsored workshop by INTSOINIL/ICRISAT and CIAT was held in 1984 at CIAT on 

the topic of sorghum adaptation to acid soils. This technology has 

potential for Africa also. 

2. INTSORMIL cosponsored two workshops with ICRISAT, the Sorghum 
Seed Production Workshop and the International Pearl Millet Workshop, 
Hyderabad, India, April 7-11, 1986. 
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3. TNTSORWIL scientists collaborated by participation ain by 
presentation of invited scientific papers at ICRISAT/;AFGRAD sponsored 

workshops on sorghum improvement in West Africa and for sorghum and mi] let 
inprC3xement in East Africa. 

TRAINING 

One cbjective of the Sorghum/Millet CRSP is to imiprove the research and 

institutional strength of host country research institutio:js through short 
term and degree oriented training programs for host country staff at U.S. 
institutions. In addition both the host country research and U. S. based 
research is enhanced through support of U. S. graduate students. The 
training aspects cf the program are siman -Led in the section on training, 

page 405. 

PROGRAM SUPPORT 

The Sorghum/illet CRSP grant from AID provided $18,150,000 for years 
one through six (July 1, 1979 to June 30 1985). That included $16,610,000 
for program and $1,540,000 for operation of the management entity (Table 2 
and Table 3). The one year extension for program Year 7 allowed $3,173,700 
for program and $342,000 for operation of the management entity (Table 2) . 
AID funds expended for the seven year period totaled $19,783,700 for program 
and $1,882,000 for operation of the iranagerent entity (Table 2 and Table 3). 
In addition the U.S. participating institutions contributed $5,730,7?7 for 

the same seven year period (Table 4). Management cost for the program 
amounted to 9.00 percent of the total $21,665,000 granted to the University 
of Nebraska. This indicates that the rmanage-nent load in relation to total 
costs is very cost effective. Budget tables are on pages 21 to 24. 

Future Funding by AID 

The Sorghum/Millet CRSP was administratively approved for a two year 
extension in May, 1985 for the period July 1, 1985 to June 30, 1987. During 
program Year 7, INTSOR,4IL has been requested to hold an EFP review of two 
international sites to evaluate inplementatjor of the new glcbal plan 
developc-d in Year 6. A satisfactory review would establish the basis for a 
progran extension of three more years, July 1, 1987 - June 30, 1990. Plans 
were made for these site reviews and for a comprehensive review of the whole 
program by the EEP in preparation for the AID Triennial Review for program 
extension according to the AD/BIFAD CRSP guidelines. 
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Collaborating Program Contributions 

It is difficult to calculate host country collaborating program 
contrib,"tions because ruch of the contribution is "in kind". Host 
governments have contributed substantially to the partnership in research 
with the U.S. participating institutions. 

20
 



TABLE 1. 

AID-GRANT CONTRIBUTION TO SORGHUH/MILLET CRSP FOR YEARS 1 (FY 80) THROUGH 7 (FY 86) FOR 

ALL COLLABORATIVE RESEARCH AND MANAGEMENT ENTITY 

FY 80-81 FY 82 FY 83 FY 84 FY 85 FY 86 FY 80-86 
Budget Line Items Years 1-2 Year 3 Year 4 
 Year 5 Year 6 
 Year 7 Totals
 

Salaries & Benefits 2,145,480 1,015,846 1,478,410 1,497,525 1,467,726 
 1,507,415 9,112,402
 

Equipment & Facilities 405,310 144,140 252,086 259,921 230,798 
 281,761 1,574,016
 

Travel 583,800 318,490 335,711 318,514 305,743 369,461 
 2,231,719
 

Other Direct Costs 432,200 213,406 154,535 124,657 94,123 
 168,122 1,187,043
 

Technical Assistance 112,000 104,290 45,000 
 40,000 40,000 12,500 353,790
 

LDC 224,000 143,475 446,000 534,000 813,480 
 403,725 2,564,680
 

Indirect Costs 1,097,210 560,353 788,258 
 725,383 698,130 772,716 4,642,050
 

TOTAL $5,000,000 $2,500,000 $3,500,000 
$3,500,000 $3,650,000 S3,51r,700 $21,o65,700
 



TAZL 2. 

AID-GRAMT UO(ThIBUTION TO SO R /KILLEr CRSP FOR ALL CGLL.BORATIVE RCEA"I, U.S. INSTITUTIONS (Florida A&A University, University of Arizonia, Kansas Stat. Unives ity, 

Universitv of Kentucky. Mississippi State University, University of Neb7..ska, Purdue University, Texas A&M University), AND T KJ AGE-T Eff 

Budget INSTITUTIO LLine Items FL A! KS KY MS I H M TOTALPR IX TOTAL BUGE TA-LDC GRANr REQUST 

Years 1-6 (WY 80-851 AID GRANT- AID/DSANIXII-G-015. 

Salary & Benefits 85,270 IQ!.675 896,270 287,013 828,186 1,622,402 1,22..363 1,833.520 6,968,699 636.288 
 7.604,987
 

Equipment & Facilities 35.500 41.529 134,655 4,6( 34,968 15q,989 129,863 726,750 1,267,754. 24,501 1,292.255 

Travel 
 14.500 27,523 276.950 136.390 177.094 233,533 216,753 635,559 
 1.518.302 343.956 
 1,86Z258
 

Other Direct Costs 7,500 5,670 142,027 55,271 112,537 Ika,359 217,751 
 262,370 931 .485 
 87,636 1,018,9z1
 

Technical Assistance 

341,290 3,.Z90
 

2,160,955 
2,160,955 

Indirect Costs 35.106 
 58.283 3Q7.575 165.476 447,66 762,315 661.080 894,215 3,21,51 447.819 3.869,334 

TOTAIS 
 S 177.876 $32.680 $1,847,477 $64B,750 S1,600.250 $2.926.98 $2,4,49,813 $4,132.15. $1.107,755 $1,560.000 $2,502,265 :18,150,000
 

lear 7 (KY 86) AID GPhAT - AIDIDAN-1254-C--SS-5065-0O 

Salary & Benefits 230,274 100,QS6 120,909 246,564 
 262,733 411,684 1.373,118 
 136,297 1,507.415
 

Equipment 6 Facilities 31,159 800 25.056 85.660 47.289 88.076 278,020 3.741 
 281,761
 

TrAvel 
 43.225 27.68, 25.500 52.593 
 56.738 96.721 304.46! 65,000 
 36q.661
 

Other Direct Costs 24.127 17,213 21.973 8.500 23.880 38,929 134.622 33.500 168,122
 

Technical Assistance 

12.500 12,500 

LDC 
603,725 403,725
 

Ind'rect Costs 
 90.240 
 54 .999 56,312 1),928 153,110 177,665 667,254, 105,662 772.716
 

TOTALS $619,025 $201.650 &79.750 S528.225 $545,750 $813.075 $2.757,475 $342,000 
 $616.225 $3,515,700
 

............-,. .. . . .
 . . . ... I- ... I....-..............=.............................................
 

http:4,132.15
http:2.926.98
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TABLE 3. 

MANAGEMENT ENTITY OFFICE BUDGET DETAILS 

Budget Line Items 
FY 80-81 
Years 1-2 

FY 82 
Year 3 

FY 83 
Year 4 

FY 84 

Year 5 
FY 85 
Year 6 

FY 86 
Year 7 

TOTALS 

FY 80-86 
Years 1-7 

Salaries & Benefits 179,280 93,200 107,071 123,050 133.687 134,297 770,585 

Equipment & Facilities 7,510 3,640 1,540 6,311 5,500 1,741 28,242 

Travel 

International 

Domestic 

Board of Directors 

Technical Committee 

Administrative Council 

Country Coordinators 

EEP 

Workshops 

Total Travel 97,600 

14,000 

5,000 

5,000 

6,000 

1,600 

10,000 

5,140 

46,740 

29,000 

10,000 

6,000 

10,000 

4,000 

500 

59,500 

37,900 

9,000 

10,000 

17,000 

2,739 

76,639 

16,000 

5,000 

6,000 

11,000 

5,000 

10,477 

6,000 

59,477 

10,GO0 

6,000 

8,000 

8,000 

8,000 

15,000 

5,000 

60,000 399,956 

Consultants 2,600 1,000 3,J00 5,000 11,600 

Other Direct Costs 28,600 7,720 18,000 16,000 14,516 33,500 118,336 

Total Direct Costs 312,990 153,900 187,111 225,000 213,180 236,538 1,328,719 

Indirect Costs 87,010 46,100 112,889 85,000 116,820 105,462 553,281 

ME TOTAL COSTS $400,000 $200,000 $300,000 $310,000 $330,000 $342,000 $1,882,000 

==========
 



TABLE 4.
 

SORGHUM/MILLET CRSP SUMMARY OF NON-FEDERAL MATCHING CO,-RIBUTIONS BY
 

U.S. INSTITUTIONS - YEARS 1 (FY 80) THROUGH 7 (FY 86)
 

U.S. INSTITUTION 


University of Arizona 


Florida A&M Un:.versity 


Kansas State University 


University of Kentucky 


Aississippi State University 


University of Nebraska 


Purdue University 


Texas A&M University 


TOTAL 


1ST GRANT YEARS 

FY 80-85 


149,310 


23,898 


723,434 


158,702 


604,229 


891,491 


770,815 


1,662,957 


$4,984,836 


(1-6) 
 YEAR 7 

FY 86 


146,877 


53,947 


58,875 


143,375 


138,095 


204,732 


$745,901 


YEARS 1-7
 
TOTALS
 

149,310
 

23,898
 

870,311
 

212,649
 

663,104
 

1,034,866
 

908,910
 

1,867,689
 

$5,730,737
 



1986 Project Reports 
The Sorjhum/Mi]let CRSP has research linkages in four geographic 

regions as delineated by AID through the organization of their Regional 
Bureaus, Africa, Latin Aperica and the Caribbean, Near East and Asia. 
Depending upon the host country, the range of disciplines covered under 
collaborative activities between INTfSOWIL and the host country varies frcr 
one to seven. The more multidisciplinary the country program is the greater 
the potetial for exchange of infornation on a regional or international 

basi s. 

This section of the report describes the research and collaborative 
activities progress between individual U. S. scientists and their 
counterparts along disciplinary lines. Research progress has been 
significant. New varieties and hybrids have been identified which can make 
a contribution to the ixprovement of sorghum production in the developing 
world. A better understanding of insect pests and disease problems in the 
collaborating countries has been elucidated. Progress in focd grain quality 
has been a major develogrent. This is true for Latin America and Africa. 
The level of progress in the INTSOWMIL program is indicative of Lhe level of 
interest and ccmitnenit that the U. S. and host comtry collaborators have 
in the different areas of research. The collaborative mode of interaction 
has contributed significantly to the develogfent process and has facilitated 
the admiistrative process for acccuplishing the tasks undertaken by the 
program. 

The annual progress reports were prepared by the U. S. principal 
investigators. Results presented are from research accarplished by both the 
U. S. and host country collaborators. 
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SORGHUM/MILLET CRSP COLLABORATIVE 

SITES WORLDWIDE 

West Africa 

Niger 
Mali 
Burkina Fasp)
Senegal 

C.America, Mexico 
Caribbean Asian Subcontinent 
Honduras 
Dominican Republic 
Mexico 

East Africa 
Sudan 
Kenya 

India 
Philippines 

Egypt 
Tanzania 

S. America 

Bra zil1 
Col ombi a/CIAT 
Paraguay Southern Africa 

Botswana 



Agronomy/Physiology 
Executive Summary 

In pearl millet research during Year 7, effects of seed quality on 
germination and stand establishnent did not: appear to be influenced by high 

soil tenperatures even at tenperatures which resulted in 50% reduction ij 
germination. Contixued field studies on production of high quality seed 
undex different management regimes of the seed crop showed smaller increases 
in seed quality and no effect on subsequent grain yield. (KSU-106). 

The influence of crop rotation ari nitrogen scarce on sorghum and 

scybeans is being studied in Nebraska. A consistent yield advantage of crop 

rotation for both soybeans and sorghum has been cbtairied. Manure and liquid 

nitrogen applications increased pH, P, K and micronutrient content of the 
soil, id the rmicrcbiEl biomass. Soil sampling late in the spring allowed 
the detection of 50 kg/ha residual soil nitrogen after soybeans grown 
contir.uously or in rotation with sorghum. 

In Botswana, where rainfall was less than 300rm per season, high grain 

yields were not necessarily related to high plant densities or to 
application of residue and manure. However, 98% of the higher fertility 

treatments resulted in nore stover yield and more total biomass. (NU-113) 
Despite the erratic, lorn-delayed and scanty rains in Botswana, a 

vigorous research program was conducted. Yields in experin-ents were low, 
usually less than 500 kg/ha, and variability was great. 

Moisture conservation was recognized by ATIP and INTSOMIL personnel as 
a necessary field of research and scre studies were initiated. Efforts will 

be intensified. (KSU-107) 

Fertility trials in the Philippines showed that nitrogen level should 
be reduced during drier months to increase profitabili ty. Moisture supply 
and fertility level interacted extensively. 

1,,corrhizal research on the effects of different Glorrus (VAN) species 
on growth and mineral element uptake indicated that sorghum plants infected 
with VAM had 13 to 14 times higher dry matter yields and 26 tines as much P 
uptakr r mt a P deficient soil. There were several interactions with VAN 
species, soil pH, and tarperature. The benefits can be attributed to the 
fungal hyphae effectively increasing the absorbtion surface areas. 

Studies of pearl millet directed at understanding mechanisnis of N use 
efficiency showed that photosynthetic N efficiency alone accounted for 
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little of genotype N use efficiency. Rather, it vas related more to 
allocation and renmbilization of N arong plant parts to maintain high C:N 
ratios. This may be practical in selection for inproved mineral use 
efficiency in sorghv.,n and millet. (NU-114) 

Use of a stress screening technique for screening early generation 
population selections has essentially stopped because of budget reductions. 
Testing is continuing. Sone initial selections dating to 1979 have been 
stabilized and a few B lines have been sterilized. The first hybrids using 
these new stress tolerant females will be tested in 1987. Most of them will 
fit collaboratixig LDC sites rather than the U.S. Scme R lines dating fron 
the initial selections are nore appropriate for U.S. agriculture and will be 
released. A larger portion of the secor] round of selections (1982-84) are 
nore appropriate for U.S. farmers as wel1 as developing country farners. A 
modest number of these are being evaluated in approximately 5,000 University 
of Nebraska test plots. They will be tested more extensively in 1987 and 
sterilization of dwarf stress resistant B lines will continue. They appear 
very promising. Some of both the R and B lines seen to have good stalk 
streng th. 

A shortened version of a new tan plant-food grain population is being. 
developed for developing country and U.S. application along with a taller 

version for developing countries only. (NU-116E)
 
Progress continued toward identification of characteristics and 

mechanisn of drought and high temrperature resistance of sorghumns and pearl 
millet. Additional selections were made for deep rooting potential by 
growing and water stressing plants in hydroponic tubes. Generally the 
sorghurms had heavier root growth at 50 to 70 cm depth ccapared to the pearl 
millets which had more root growth at 20 to 40 cn depth. The millets also 
had greater numbers of min roots which appeared to be nore efficient at 
extracting water from the shallower soil depths. 

Drought resistant Malian sorghums used less water per unit tine than 
U.S. developed sorghums, and water use efficiency (dry matter/unit ater 
used) of the Malian sorghuns was higher. (NU-116S) 

In North Kordofan, Sudan, a gocd farmer:researcher linkage was created 
by expanding the nurber of on-fam trials to 28 villages and fatner 

participants to over 100. 
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A successful arrangent was made between the USAID Mission to Sudan
 
and the Tenneco Ccmpany for multiplication of the Ugandi variety of pearl
 

millet. The seed was distributed to North Kordofan fanvers for the 1986-87
 

season. (KSU-101-1)
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Agroncic Research on Sorjhum and M4illet in
 

North Kcdcfan, Sudan
 

Projec'- 7*sU-101-1
 
Tareke Berhe
 

Principal Investigator
 

Tareke Berhe (Ph.D.), Agronamaist/Breeder, Kansas State University on

site in host country. 

Other Researchers 

Host C:ountry 
Mr. Miruhani Saeed bbhaned (B.Sc.), Research Assistant to 

I1TSONAIL Agronanist 

United States
 

Dr. Richard L. Vanderlip, Agroncnist, Kansas State University. 
Dr. Jerry Eastin, Agronanist, University of Nebraska 

SUmTEy 

A few of the significant achievements for KSU-101-1 Sudan project were: 
A good farmer:researcher linkage was created by expanding the nurber of 

on-farm trials to 28 villages and farmer participants to over one hundred. 
A successful arrangement was node between USAJD Mission to Sudan and 

Tenneco Co. for the multiplication of Ugandi variety of pearl millet on 50 
acres. The see&was distributed to North Kordofan farers for the 1986-87 

season. 
In addition to his own program in North Kordofan, the principal 

investigator tock over and successfully ccpleted an extensive agronanic 
research program in Kadugli left by the outgoing Washington State University 
agroncmist. A field day was attended by over 200 farmers. 

Arrangements were nade for the Sudanese counterpart, Mr. Mirghani Saeed 
Mohamed, to ccrne to the U.S. and study for his Master's degree. Mirghani is 
now at the University of Nebraska-Lincoln. 

Research results have been ccaumnicated well in host country and 
internationally through progress reports, departmental publications and 

seminars. 
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Institutions 

Co. labora tiP9 Host Countiy: USA]D/Mission to Sudan, ICRISAT/SUDAN, 
Regional Ministry of Agriculture and Natural Resources, Kordofan 
Region and the Western Sudan Agricultural Research Project (WSARP) 

U.S.: Kansas State University, University of Nebraska-Lincoln, and 

Washington State University at Pullman, Washington. 

Linka es: 
A good working relationship was developed among all host country 

institutions listed above. Meetings were held at the Western Sudan 
Agricultural Research Project at the beginning of each season and all 
research plans discussed and agreed upon. INTSO1NIL, ICRISAT, and WSARP 
carried out the planned research. USAJD Mission to Sudan, Washington State 
University and the Regional Ministry of Agriculture provided the necessary 
logistic support. Administrative and financial natters were handled by 
Kansas State University. 

fEogrrphic Zones Benefited Most by Research
 

East and West Africa Regions.
 

Cbjectives, Research Procedures, and Production/Utilization Constraints 
Year 7 Cbjectives 

INTSO9IIL agronrmic trials in North Kordofan during the 1985-86 crop 
season consisted of: (1) on-station trials, (2) on-farm trials. 

The cbjectives of the on-station trials were to identify varieties, 
lines, cultivars, etc., of sorghum, millet and cowpeas that are: 

Adaptzble to the area and stable in yield. 

Early (70-90 days). 

Drought resistant or tolerant. 

Pest (especially Stri a hermonthica) and disease tolerant. 

Suitable for inter- or mix-cropping. 

The cbjectives of the on-farm trials were to:
 
Try best identified genotyp s in on-farm trials under farmers'
 

conditions.
 

Reconfirm good results cbtained in previous years.
 
Try to transfer a proved technology to faners.
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Changes in Qbjectives from Previous Year 

To avoid research overlap, it was agreed that tly INfSO4IL project 
ephasize on-farm trials and WSARP agronanists on-station trials. 

Sor_hum/Millet Constraints 

Some of the major constraints limiting sorghum/millet yields in North 
Kordofan, Western Sudan are: 

Drought -- insufficient rainfall and/or poor distribution. 

Pests and diseases. 

Poorly adapted genotypes. 

Poor soil fertility. 

Problems in seedling vigor and seedling establishment. 

Inefficient cultural practices. 

Research Procedure 
Researcher-managed on-station trials were conducted at two sites: 

sarndy soil (Goz) and clay soil (Gardud). Faner-managed trials were 
conducted in 28 villages. Over 100 farmers received 1-5 kgs of sorghum and 
millet seed of promising genotypes. 

Problems Re Achieverent of gbjective 
- The biggest problem in many villages was insufficient rainfall. 
- Sce farmers did not follow instructions in planting. 
- Scme farmers planted our txials late, i.e., after finishing their 

own planting. 

Project Output 

Research F'ndings for Immdiate Use 
Ugandi variety of pearl millet found to be early atid drought resistant. 

Seed of Ugandi increased on 50 acres for distribution in North Kordofan 
during 1986-87 crop season. 

IS-9830 and SRN-39 genotypes of sorghum confirmed to be tolerant to 
Striga herrronthica prevalent in the area. 

P898012 genotype of sorghum found to be drought tolerant and very 
stable in yield. 

More sorghum genmplasm collected. 
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Research Findngs for Future Use 
Yield and adaptability test results for a promising elite line of 

pearl millet, bristled population, frcn the ICRISAT/SUDAN program are 

available. 

P898012 sorghum reccmcended for release in the near future. 
IS-9830 reccruremded for on-farm trials on the house gardens (Jubrakas) 

and SRN-39 on the cracking clays (vertisols). 
Five entries froin the INTSO,1IL sorghum genmplasm show promise as 

potential varieties. 

Intezcropping of groundnut with pearl millet or sorghum at a ratio of 
3:1 (6 rows of groundnut to 2 rows of cereal) shows good promise. 

Networkin Activities 

- Workshops 

Participated in the International Pearl Millet Workshop held at 
ICRISAT, India on April 7-11, 1986. 

- Research Investigator Exchanges 

INTSORGIL experimental sites were visited by host country scientists
 

and scientists from U.S. universities and ICRISAT 

- Gernplasm and Research Information Exchange 
Seed from 95 sorghum collections provided to (1) Western Sudan 

Agricultural Research Project, El Obeid, (2) Western Sudan Agricultural 
Research Project, Kadugli, and (3) Dr. Darrell T. Rosenow, Soxghum Breeder, 

Texas A&M University. 

- Assistance to Host Country Researchers 

The INTSORMIL office at El beid was a source of (a) literature 
information, (b) sorghum and millet seeds, (c) truck spare parts, and (d) 
field tools and office equipment for research staff from the Western Sudan 
Agricultural Research Project and the Regional Ministry of Agriculture. 

Travel 

International 

- Return frcm Sudan. Decerber 15, 1985. Tareke Berhe returned to Kansas 
State University to process his American citizenship while writing his 
re)orts. 
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- India. April 4-16, 1986. Tareke Berhe. To attend the International 

Pearl Millet Workshop held at ICRISAT. 

Dcmestic 

- Pullmhan, Washington. February 1986. Tareke Berhe. Helping Washington 
State University in the write-up of agroncniic results for Kadugli, 
Southi Kordofan, Sudan. Washington State University pulled cut of Sudan 
early and as a result Tareke tock over the agroncmic trials left by the 

outgoing agroncdst. 

Publications and Presentations 

Publications 
Tareke Berhe and Mirghani Saeed Mohaned. 1985. KSU/INrSOR4IL 

Sorcihum/Millet Agronomic Research in North Kordofan, Sudan, Africa. 
Department of Agroncny, Kansas State University, Manhattan, and 

INrSORMIL, University of Nebraska-Lincoln. 35 pp. 
Tareke Berhe and R.P. Jain. 1986. A Pearl Millet Variety for Western Sudan. 

Agronomy Departnent Report, Kansas S,. te University, Manhattan. 9 p. 
Taxeke Berhe. 1986. Notes on rainfall patterns and their influence on 

sorghuirrmillet research and production in Kordofan, Western Sudan. 
Departnent of Agroncmy Report, Kansas State University, Manhattan. 20 p. 

Taeke Berhe. 1985. Sunaxy of Kadugli WSARP Station NP Fertilizer Study 
Results. A three page report prepared for the Director of the Western 

Sudan Agricultural Research Project. 
Tareke Berhe. 1986. KSU/Sudan IN'SORITL Project Agronaric Research in 

Western Sudan: Summary of achievemients. A three page report prepared 

for INTSOW4IL Director. 
Tareke Berhe and Tsegazeab Woldetatios. 1986. Reccmerdations for 

Agronomic Crops Research Priorities in Kordofan Region of Western 
Sudan. Office of International Programs, Washington State University, 

Pullman, Washington. 10 p. 

Presentations 
Tareke Berhe. Potentials for Pearl Millet Inprovement in North Kordofan, 

Sudan. A seminar presented to ICRISAT Research Staff on April 14, 

1986. 
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Tareke Berhe. Potentials for Sorghum Isprovenent in Western Sudan. Seminar 
presented at Purdue University on January 29, 1986, and at Washington 

State University on February 20, 1966. 

Chmages in Year 8 
With the return of the principal investigatcr, the KSU-101-1 Project 

has terninated as of August 1986. Until contract is renewed, agronomic 
activities will be continued by research staff of tbe Western Sudan 
Agricu!Lural Research Project. 
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Seedling Vigor and Stand Establishment of Pearl Millet
 

Project KSU-106
 

R.L. Vanderlip 

Kansas State University
 
Principal Investigator
 

R.L. Vanderlip, Agroncmist, Kansas State University 

Other Researchers 

Host Country 

Tareke Berhe, IhT.SORNIL Agroncaist, El Obeid, Sudan 
Elijah Mcdiakgotla, Departn-ent of Agricultural Research, 

Mahalapye, Botsana 
Geoff Heinricbs, Agricultural Technology Inprovement Project (ATIP), 

Francis town, Bo tsuwa 

Jay Seibert, ATIP Agronoaist, Mahalapye, Botswana 

Doug Carter, INTSOrVIL Agronanist, Sebele Research Station, Gaborone, 

Botswana 

United States
 

W.D. Stegmeier and Babrak Khaleeq, Fort Hays Branch Experinent 

Station (KSU-101) 

Max Clegg, Agronanist, University of Nebraska (NU-113) 

&umrarj 

Effects of seed quality on germination and establishment do not appear 
to be affected by high soil teiperatures even at tenleratures which result 
ri; 50% reduction in germination. Continued field studies on production of 
high quality seed with different nranagemnt of the seed crop showed sialler 
increases in seed quality and no effect on subsequent grain yield. This is 
in contrast with the results frc Sudan in which increased seed size nore 
than doubled grain yield. 

Institutions 

Collaborating Host Country: Western Sudan Agricultural Research 

Project (WSARP), El Obeid, Sudan; Botswana Departmrent of 
Agricultural Research, Gaborone, Botswana; and Agricultural 
Technology Inprovenent Project, Gaborone, Botswana. 
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U.S. 	 : Fort Hays Branch Experinent Station, Hays, KS; University of 

Nebraska, Agroncmy Department, Lincoln, E. 

Linkges: 

Dr. 	 Tareke Berhe, INTSORIIL Agronamist stationed at El Cbeid, Sudan 

tested the effects of management practices developed at Kansas State 

University for production of high quality seed. This project has since been 

terminated. Final. plans have been made for the 1986-87 cropping season for 

seed 	 produced with the management practices developed at Kansas State to be 

tested in ongoing research projects in cocperation with the Department of 

Agricultural Research and ATIP in BotsiAna. 

Miranda Mrt]ock, graduate research assistant on KSU-106, will spend 

the cropping season in Botswana to assist with these projects. 

_rahic Benefited 

Because the program in Sudan has been tenminated, the ecogecgraphic 

zone most directly affected would be the Southern Africa Zone. However, 

since the constraints to pearl millet establishment are ccmuon to most of 
the production areas, results could be applicable over a much wider area. 

Ec jp Zones Most by Research 

Cbjectives, Research Procedures and Production/Utilization Constraints 

bjeties 

1. Irprove the stand establishnrent capability of pearl millet under 

the stress conditions normally found where pearl millet is grown in the 

tropics and in Kansas. 

2. Determine the seed characteristics which are important in 

acccuplishing objective 1. 

3. Manipulate millet seed mechanically through nnagement or in 

cooperation with the breeders to improve the characteristics identified in 

cbjective 2. 

Ch nges in CIbjectives from Previous Year 

Emphasis has been changed from production of seed with improved 

characteristics to evaluation of seed with these characteristics under 

controlled and natural envirorental conditions. 

Sorghum/Millet Constraints 

Constraints to productivity include climatic, edaphic, and biological 

factors. The cl.mate of sorghum and millet producing regions has low and 
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erratic rainfall which has high within- and bebteen-year variability. The 
solar radiation is high due to frequent cloudless corditions, and humidity 
is low resulting in a high potential evapotranspiration (PET) rate. In 
Botsuena the PET exceeds precipitation in every mnth. soils oftenThe are 
of low fertility and are prone to crust-ing, rapid drying, and high soil 
tErperatures which reduce crop establishment. Sorrjhum and millets are small 
seeded crops requiring shallow planting. Lav yields are the norm in these 
regions and crop failure is ccrmon. Fainers may be unable to produce 
subsistence grain and seed for the following season. Low yields are a 
function of the harsh envirorrient which often does not enable an adequate 
stand to establish. 

Researchi Procedure 

Tareke Berhe, El Obeid, Sudan tested the effects of small, medium, and 
larje seed of Ugandi and Baladi millet at planting depths of 6, 9, and 12 
cm. 

Research in the U.S. was based primarily on seed produced in 1984 with 
rranagerrnt practices of control, head cut, and spikelet remval. Stan 
Freyerberger, M.S. student, used seed from each of these scrces and 
separated it into five classes: 1) control (no nechanical seed separation); 
2) large (seeds retained on a 0.24 cm sieve); 3) dense (seeds with a density 
greater than 1.265 g/cc); 4) bold (seeds satisfying botn large and dense 
descriptions) ; and 5) wet control (as the control, but soaked in the density 
separation sucrose solution). 

Miranda Mortlock, Ph.D. student, used seed frcm the three management 
sources to test the effects of elevated soil tariperature on stand 
establishnent. Plastic rul.ch was used to raise soil tEmreratures. She also 
separated Senegal seedbulk into three size categories and two density 
categories for controlled tarperature studies. 

Prcbleuis Regardinj Achievenent of Objectives 
With the closing of the Sudan project, it no longer will be possible to 

maintain work in this area. xtreme drought conditions in Botswana have 
made it difficult to produce seed which could be used in subsequent testing. 
Seed produceJ in the U.S. was not as affected by management practices as in 
previous years. 

38 



Project Output 

Research Find_ins for Inriedia te Use 

Results in the Sudan indicate that planting medium and large size seeds 

increased nunber of seedlings established, number of heads produced, and 

grain yield (Table 1). This is in agreurfent with earlier work from the U.S. 

which was the basis for the work in the Sudan. 

Table 1. 	 Effect of seed size on esuablishnent, head nurrber and yield, El 

Cbeid, Sudan. 

Seed size No. seedlings No. heads Plant yield 

established (g) 

Small 11 12 77 

Medium 14 20 166 

Larxge 17 22 181 

Research at Kansas State University by Elijah Mkcdiakgotla (Botswana) 

and Miranda 1brtlock (United Kingdom) have shown no interaction between 

teperature and seed characteristics in their effects on germination and 

stand establishment. Therefore, we would not expect the effects previously 

reported for increases in stand establishnent and yield due to seed 

characteristics to be negated by high soil tarperatures. 

Stan Freyenbeiger (U.S.) found that even when the establishment was 

affected by seed characteristics, yield was riot necessarily increased (Table 

2). This indicates that tinder certain envirormental conditions, the effects 

on yields previously reported may not occur. 
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Table 2. Effect of crop management and separation on subsequent seedling 
establishment and grain yield of millet, Freyenberger, 1985. 

Treatment St. John MRYil Manhattan -Yle1:6--
Establishment kg/ha Establishment kg/ha 

Control 30.6 ab* 2592 a 28.0 a 2832 ab 
Spikelet removal 32.8 a 2294 b 27.4 a 2753 b 
Head cut 29.6 b 2626 a 27.3 a 2927 a 

L.S.D. (p = 0.05) 2.5 258 2.3 155 

Control 30.2 b 2421 ab 25.6 b 2857 ab 
Large 29.9 b 2543 ab 28.9 a 2851 ab
 
Dense 33.7 a 2690 a 
 28.4 ab 2799 ab
 
Bold 32.0 ab 2512 ab 
 28.7 a 2941 a
 
Wet control. 29.3 b 
 2353 b 26.2 ab 
 2738 b
 
L.S.D. (p= 0.05) 3.2 333 2.9 
 200 

Means with the same letter within a site are not significantly 

different (p = 0.05). 

Other Research Results 
Increased enphasis has been placed on relating germination and 

emergence to tenperature. Figure 1 shows the tarperatures attained by using 
a plastic mulch in the field. Under the conditions here, the higher 
te peratures resulted in increased establishirent with 23% establishnent 
under the plastic and 10% on the bare soil. There were, however, no 
significant interactions betveen plastic cover (soil terperature) and source 
of seed from the control, head cut, and spikelet renoval treatments. In 
growth chamber experiments, both high density seed and large seed increased 
energence, both at high and low tarperatures, again with no interaction. 

Germination response to tenperature has been studied using a thermal 
gradient plate and preliminary results are shown in Figure 2. These results 
suggest that at the high soil tEniperatures frequently encountered in the 
tropics, perent germination might be reduced to roughly 50% of that under 
ideal temperature conditions. This work is being continued, locking at 
effects of seed size and Cdnsity, both on pearl millet and grain sorghum. 
This work is also being expanded to use the screening technique developed by 
ICRISAT where high intensity larrps are used over pots in the greenhouse. It 
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Figure 1. Effects of plastic mulch on soil temperature,

Manhattan, 1985. 
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appears that nexinuim soil terperatures can easily be elevated to 450 to 48 0 C 

and effects of seed characteristics are being studied under these 

corrlitions. 

Netorking Activities 

Discussion with researchers in Botswana in January of 1986, and with 

many of the researchers who visited Kansas State University later this year, 
have resulted in oi--faxm trials of inproved sed quality on farmers' fields 

in eacli of the areas in Botsw-ana where the ATIP progran is ctive. 

Travel 
- Chicago, Illinois. Deceaber 1-5, 1985. R.I. Varderlip. Attend ASA 

national metings and recruit graduate research assistant for INTSO1II5 

project.
 

- Gaborone, IMahalapye, and Francistown, Botswana. January 6-20, 1986. 

R.L. Vandeilip. Coordinate seed production and make plans for 1986-87 

field experinern t. 

Publications and Presentations 

Okorkwo, J.C. and R.L. Vardelip. 1985. Effect of cultural treatnent on 

quality and subsequent pezformance of pearl millet seed. Field Crops 

Res. 13:161-170.
 

Freyenberger, Stanley G. 1986. Emergence, yield, and yield ccrponents 

responses to size and density separations of pearl rriillet seed produced 
by thiee marnagenrent practices. M.S. Thesis Abstract. 

MNageni, G.J. and R.L. Varxerlip. 1986. Seed vigor n-easurements for 

predicting field establishment of pearl millet. Trans. KS Acad. Sci. 

89:57-61. 

Changes in Year 8 

Increased enphasis on the direct effects of high terrperature and 

moisture stress on germination and seedling establishment. This will 

continue to be related to seed characteristics of seed size and seed 

density.
 

Field evaluations of seed of various "quality" LTder a broader range of 
conditions, particularly utilizing extrenely low plant pcpulations which 

would mre closely approxinate LDC conditions.
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Water Use Efficiency, Intercropping with Legumes, Tillage and Other
 
Cultural Practices for Sorghum and M[illet in Botswana
 

Project KSU-107
 

L.V. Withee
 

Kansas State University 
Researchers in Host Country
 

Dr. Douglas Carter, Senior Scientist
 

Mr. Wayne Youngquist, Junic: Scientist 
Ms. Joan Youncjquist, Reseaych Assistant, Univelsity of Nebraska. 

Sponsored by NU-113 project and collaborating with KSU-107. 
Collaborating staff of Department of Agricultural Research. 

Researchers in U.S. 

Dr. L.V. Withee, Principal Investigator and Campus Coordinator at 

Kansas State University 

Dr. Richard Vanderlip, Principal Investigator, KSU-106, Kansas State 

Univcrsity 
Dr. Edward Kancmasu, Director ET Laboratory, Kansas State University 

Expercinent Station
 
Dr. Max Clegg, Principal Investigator, NU-113, University of Nebraska
 
Dr. Geoffrey Heinrichs, Agricultural Technology Thprovement Project 

(ATIP), Collaborating Agronomist 
Dr. Jay Siebert, ATIP, Collaborating Agroncnist 

Summuary 
Year 7 was the secord for Project KSU-107. It was a drought year in 

Botswana, as have been the last five. however, a vigorous research progran 
was conducted despite the erratic, loan-delayed, and scanty rains. As would 
be expected, yields in experirents were low, usually less than 500 kg/ha and 
the variability was great.
 

Wayne and Joan Yourgquist coipleted their two year assignment and 
returned, having given good service to the project. Wayne was particularly 
effective in helping establish the cciputer capability of the project and in 
advising other officers of DAR and of ATIP use of thein ccrputers 
available. 

Moisture conservation was recognized by ATIP and INTSO1TIL personnel as 
a necessary field of research and sane studies Efforts willAere initiatEd. 
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be intensified. Arrangements were made to establish a second position at 
Sebele for scmeone with soil physics training and experience to deal with 
problems such as crusting, infiltration, runcff, land shaping, and water 
harvesting - all related to moisture conservation and increased production 
of sorghm and millet. 

Institutions 
Collaborating Host Country: Department of Agricultural Research, 

Agricultural Research Station at Sebele, Botswana. 

U.S.: Kansas State University 

Linkage : 

Project personnel work within the Division of Arable Crops Research in 
the Department of Agricultural Research at the Agricultural Research Station 
at Sebele and collaborate with officers and staff of the Station. There are 
DAR substations at Goodhope, Mahalapye and Maun with staff to assist with 
research. Also in Botswana is a farming systems research project called 
Agricultural Technology Improvement Project, a MIAC project with Kansas 
State University as the lead institution. ATIP personnel include two 
agronomists, one at Francis town and the other at Mahalapye, with whom 
excellent opportunities for exchangE. of information, observations, and 
experience are possible and with whom there is collaboration. 

Eccxjeographic Zones Benefited Mst by Research 
Southern Africa, especially where rainfall is marginal. 

Cbjectives, Research Procedures, and Production/Utilization Constraints 
Year 7 Objectives 

Same as previously. 
Reduce risk asscciated with sorghum and millet production in Botswana 

by identifying practices that will stbilize yields. Support existing 
sorghum and millet genetic irmprovement program. Identify areas of 
collaboration where INTSOR,41L resources can be directed. 

The objectives of the project are quite broad and allow a wide range of 
investigations; hcwever, during the year investigations were initiated in 
tillage and land shaping for moisture c=iservation, sene of this in 
collaboration with ATIP agroncmists. 
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Sorjhum/Millet Constraints 

The climatic constraint to production is the low and highly variable 
rainfall - variable from year to year and with time of onset and erding and 

frequency within the growing season. Soil constraints include crusting, low 
infiltration rates, excessive runcff even with low rainfall, low fertility, 
low water holding capacity and low pH in sane areas. Economic and social 

constraints are the traditional nethods of crop production with mininum 

resources and the relative irrportance of cattle production which adsorbs 
capital because cattle production is less risky than crop production. It 

should be recognized that years in which rainfall is between 250 mm and 400 

nmL are frequent, five tr seven years out of ten. Consequently crop failures 

will be frequent. Strategies to deal with drought nmust be sought. 

Research procedures 

Field experimental techniques are used to establish treatments and 

measure growth and yield. Laboratory techniques are used to determine 
nutrient uptake in the case of some experinents. Computer equipment and 
software have been provided for statistical analysis. Soil moisture is 

detennined by use of a neutron probe. 

Problems Ray_£ Achievement of Objectives 

During the first two years of the project rainfall has been limited; 
consequently crop production has been at a very low level. Yields have been 

low and coefficients of variability have been large in experiments; 

nevertheless sae general results have been obtained that aze useful in 

refining experinental designs and technique and suggesting strategies. 

One vehicle was purchased by INrSOR]JL for the project and this was 

inadequate when there were three researchers there. Facilities for
 

analyzing soil and plant samples are limited and long delays in obtaining 

results may occur. 

Project Output 

The variable results obtained during two years of drought are 

insufficient; however, some generalizations may be made from the data. 
Applications of manure and/or crop residue (stcver), which influence 

the intake of rainfall and availability of soil water, increased yields. 
Manure by itself was effective and in combination with stover was more 

effective than when used alone. 
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Under moisture stress cornitions, studies of dates of planting and of 
plant populations gave erratic results. 

Short season varieties of sorghum appeared to be advaxitagecus. 
A popular local variety, Segaolane, gave larger yields than other 

varieties and demonstrated drought tolerance. It may be an inpcrtant 
variety in the breeding program for years to cowe. 

With deficient soil moisture the effects of rotation were negligible 
'ut with inproved growing coritions, i.e., higher average yields, the 
beneficial effects of rotation were measured. The same was true for 
response to nitrogen fertilizer.
 

During favorable years, those with iredian or better rainfall, there 
exist techniques which if applied would increase production; however for 
years of deficient rainfall new strategies and techniques are necessary. 
More effort should be directed to identifying the most productive portions 
of fields and those practices that conserve noisture - practices that rredify 
the soil surface and the microtopography in order to control or direct 

runcff. 

Networking Activities 

- Workshops 

A workshop in Bulawayo, Zirrbabwe for Southern Africa is planned for 
April 1987. The workshop will deal with sail properties and soil management 
as they affect sorghum and millet production and breeding. The workshop 
will be cosponsored by INTSORMIL, ICRISAT, and SACCAR. 

- Genmplasm and Research Information Exchange 
Dr. Carter has received gemiplasm from Dr. Stegmeier, Kansas 

Agricultural Experiment Station, Dr. D. Rosencw, Texas A&M, and ICRISAT. 
Research information is exchanged with ATIP personnel and in cases ofsane 
collaboration the information is jointly produced. 

Travel 
- Return from Botswana. April 1986. Mr. and Mrs. Wayne Youngquist. 

Ccmpleted their two year assignment and returned to Lincoln and the 
University of Nebraska. Their return was paid for by INrSOWIML. 

- Hcxne leave from Botswana. Part of July and August. Dr. Douglas Carter 
and family. Dr. Carter made a one day visit to Kansas State 
University. Hcm leave expenses were paid by ATIP. 
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- Chicago, Illinois. Deceber 1-5, 1985. Dr. L.V. Withee. Attended the 

American Society of Agronarm annual meeting. 
- Gaborone, Botswana and Bulawayo, Zinbabwe. June 1-14, 1986. Dr. L.V. 

Withee. To negotiate a new remorandun of understanding for a second 
position a: Sebele and to consult with Dr. Martin Kyaom, Director of 
SACCAR, and Dr. Lee House, Director of ICRISAT station at Matopos, 

Zinbabwe, regarding a joint workshop sponsored by INTSORIL, ICRISAT 

and SACCAR. 

Publications and Presentations 

Publications 

Wayne Yourx.quist wrote an erd-of-tour report; Dr. Ca-ter has written 
one annual report and the draft of a second report. Dr. W-ithee has written 
one trip report and with Drs. Vanderlip, Kanexasu and Clegg another trip 

report. 

Three papers will be presented at the national meeting of the American 
Society of Agronarry in Deceni)er 1986, t'u by Wayne Youngquist and one by Max 
Clegg for Joan Yourgquist. These will be reported in Year 8. 

Presentations 

Wayne Youngquist gave a sEninar to the Department of Agronomy, Kansas 
State University, upon his return from Botswana. 

Changes in Year 8 
In June 19 86 a new agreement was made with USAID Mission, Botswana, 

ATIP and the Department of Agricultural Research for a second INTSOF4IL 
position. It is expected that the person in the second position will direct 
his/her research to areas of moisture conservation and factors influencing 
availability of water for crops sud as soil crusting, infiltration rates, 

run off reduction, land shaping and water harvesting. Crop production in 

Botswana is on marginal rainfall and moisture conservation is an irportant 

consideration in plans to increase or stabilize grain production. 

During Year 7 there was collaboration with ATIP in the investigation of 

effects of tillage and land shaping and this work will continue and be 

expanded. 
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Agronoany and Cropping Sys tems
 

Project NU-113
 
Max D. Clegg and Stephen Mason
 

University of Nebraska
 
Principal Investigators
 

Max D. Clegg, Associate Professor, University of Nebraska
 
Stephen Mason, Assistant Professor, University of Nebraska
 

Other Researchers
 

Douglas Carter, Agronomist, ITTSOR4IL, Botswana
 
J.D. Fastin, Professor, University of Nebraska
 

Lucas Gakale, Senio>. Research Officer, Botswana
 
J.W. Maranville, Professor, University of Nebraska
 
Mohamad S. Mostafa, Sorghum Breeding, Egypt
 
C. Reddy, Agroncmist, NCRP/Niger 

I. Soumana, Director General of INRAN, Niger 
R. Varderlip, Professor, Kansas State University 

Summary 
This is one of the few projects involving agronany and cropping systan 

research. The studies are usually long texn. At present, legume
sortjhuxnmillet rotations, plant density and residue studies are in progress. 
Our approach allows for both practical and basic agronomic studies and the 
training of scientists of developing countries in research which can be 
directly applied upon their return. 

Lucas Gakale, Peter Odo, and Samy Mostafa ccnpleted their Ph.D's and 
have returned to their countries. Dr. Gakale's research was only partially 
corpleted iiL country because of the drought. Carplerrentary research was 
ccnpleted at Nebraska. 

The influerce of crop rotation and nitrogen source on sorghum and 
soybeans is being studied in Nebraska. A consistent yield advantage of crop 

rotation for both soybeans and sorghum has been cbtained. Manure and liquid 
nitrogen ajlications resulted in similar yields, although manure 
applications increased pH, P, K and micronutrient content of the sail, and 
the microbial biomass. Soil sanpling late in the spring allowed the 
detection of 50 kg/ha residual sil nitrogen after soybeans grown 
continuously or in rotation with sorghum. 

48 



Where rainfall was less than 300rnm per season (Botswana), high grain 
yields were not necessarily related to high plant densities or to 
application of residue and manure. However, 98% of the higher fertility 
treat2ients iesul-ed in irore stover yield and more total bicmass. 

Institutions 

Collaborating Host Countries: Botswana, Niger, Philippines, and Sudan. 

U.S.: Kansas State University.
 

Linkages: 
Botswana: Lucas Gakale has ccmpletEd a Ph.D. and returned to Botswana. 

Dr. Gakale will be continuing refearch in the area of legume nitrogen for a 
following cereal crop. Prcbles are being evaluated for collaborative 
research. We will continue to deal with sorghum as a grain crop and 
possibly introduce forage sorghums in relation to legumes for animal use. 
The adaptability of short maturing varieties to be planted late in the 

growing season will be evaluated. 

Niger: Dr. Idrissa Sounana, Director General of INRAN, visited the 
University of Nebraska May 10-1 . Discussions were held to explore areas of 
work and irvchanisms to establish collaborative research. It was decided 
that a proposal should be prepared on the nitrogen contribution of legumes 
to millet and sorghum in cooperation with Dr. Chandra Reddy, Niger Cereal 
Research Project, and then submitted to INRAN. This proposal has been 
prepared and is being translated into French. Present plans are for Dr. 
Mason to visit Niger in March to finalize the collaborative project, so 
field research can start during the 1987 growing season. 

Sudan: Mr. Mirghani Moharred has enrolled in the University of Nebraska 

to pursue a M.S. degree in Agronay. He has been assigned the millet
soybean rotation project which was established in Year 7. This study will 
detennine the nitrogen contribution of soybeans to millet and its influence 

on water use efficiency. 

Philippines: Mr. Alex Soriano is ccmpleting his research relating to 
plant height of sorghum intexcropped with soybeans. 

Kansas State University: Agroncxriic studies deal with factors 

influencing stand estblishmrent. 

Eccgecgraphic Zones Benefited Most by Research
 

West and Southern Africa
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Objectives, Research Procedures, and Production/Utilization Constraints 

Year 7 Cbjectives
 
Explore the soil 
fertility relationships in intercropping and rotations 

of sorghum or ml] lets with grain legumes under tenperai-e and tropical 
conditions.
 

Eva2.uate the effects of cereal and legume genotypes in contributing to 
the effectiveness of intercropping and userotation schemes, the efficient 
of nitrogen in these schemes, and the alternatives available for nreeting 
fertility needs on the fa-m.
 

Determine the 
 genotype X cropping interactions in the cereal/legume 
systars, and the potential for genetic inprovement for adaptation to these 

sys tE-s.
 
Develop new germplasm and cropping practices 
for testing in conditions 

of fertility deficit, where rotations and nmultiple cropping patterns are a 
part of currently used systen-. 

Detenmine the influence of envirormental factors on nitrogen release 
and the mechanismns involved before, during and after cropping with 
cereal/legumes. 

Integrate the component research on intercropping and nitrogen 
relations with orrjoing fanning systems research in several outreach projects 
in the national programs. 

Sorghum/Millet Constraints 
High variability of envirormental and soil factors are major 

constraints for crop production. Long tem research projects are needed to 
cbtain results. 

Lack of trained scientist on-site. 
Distance and tine available for principal investigators on-site, 

because of the long ten nature of lack ofprojects and on-site scientists. 

Research Procedures 

Sorghum/soybean and millet/soybean rotations are in progress in 
Nebraska. Various and physicalmir'robial measurements are being made on 
soils from these systcrns as well as groDwth and developnent and biochemical 
measurements on plants from the different treatments.
 

Sorghum/legume (ccwpea and groundnut) rotations have 
 been maintained 
the last two years by Wayne Yourgquist, as an INrSOR4IL Agroncmist in 
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Botswana. Agroncmic and soil data were being measured. Yield stability and 
residue studies were continued this year and are now being suniarized (J. 
Yourrquis t). 

Project NU-116 is involved with water use and sorghum/legume rotations 

in Sudan. 

Project Output 

Research Firdng for Imnediate Use 
The irif luence of crop rotation and nitrogen scurce to grain sorghum and 

soybeans is being studied in an expefirent estcblished in Nebraska in 1980. 

INTSO9IL supported graduate student Walter Roder has dete~nine grain 
yield, residue production, plant nutrient status and physical, chemical, and 

miciobial properties of sail during the past two grcving seasons. In 
addition, during the 1986 cropping season, rooting patteins of the crop are 

being determined. The first six-year results show a consis tent yield 

advantage of crop rotation for both grain sorghum and soybeans. Manure and 

liquid nitzogen applications resulted in similar yields, although the manure 

applications increased pH, P, K and micronutrient contents of the sail, and 

the microbial biomass. 

The equivalent of approximately 50 kg/ha N has been estimated as being 

supplied by legumes based on crop yield and plant uptake in Botswana ard 
Nebraska but not on chemical analysis of the sil. In Nebraska (1985), 

estinates of residual scil N (as nitrate) of 50 kg/ha were cbtained after 
soybeans grown continuously or in rotation with sorghum. Sa-rpling was done 

late in the spring which allowed the measurement of mineralized N from the 

organic matter supplied by the soybeans. Thus, ceueal/legume rotations can 
provide an amount of nitrogen at a level reccmmerded for crop production in 

many developing countries (L. Cakale, Botswana). 

Plant density by envirorment studies by Joan Yowu-rquist in i3otswana 

(1984-1986) where rainfall was less than 30Qnm per season showed that high 
grain yields were not necessarily related to high plant densities. Yields 

of 2.37-3.09 Mg/ha [ ega gramrs per hectare (Mg/ha) is equal to one metric 

ton per hectare (Mt/ha) I were obtained at Gocdhope in 1984-85 with plant 
densities of 17,800 to 19,800 plants/ha. In 1985-86 yields were 0.38-0.78 

Mg/ha with plant densities of 32,700-35,800 plants/ha. Application of 

residue and manure did not alays result in higher grain yields. Of 28 

enviorments, 58% yielded nore because of the higher fertility. However, 
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98% of the higher fertility (residue/manure) applications yielded more 
stover resulting in more total biomass (grain + stcver). This indicated a 
better use of the moisture received. In Botswana, the higher stover 
production could be used for animal production of Ahich beef is a primfary 

agricultural product. 

Eighty-eight grain ccruTercialsorghum hybrids with five hybrids as 
checks were tested by Sany Mostafa to evaluate their performance as a 
function of their male parent selection. The male parents were early 
maturing because of selection in cool short season locations or because of 
late planting in a sorghum growing area. Significant female, male and 
female x male interactions were found for 50%bloari, plant height, grain 
yield, lodging, seeds per square meter, 100-seed weight and test weight. 
The male groups had a major effect on the performance of the genotypes in 
all the different envirorments. Seed number and seed size were found to be 
the m-ost irrportant ccmponents of yield for all the genotypes over all the 

envirorments. 

Research Progress for Future Use 
Collaborative research on the nitrogen contribution of cowpeas to pearl 

millet in various intercropping systewt used in Niger hopefully will be 
initiated. Initial evaluation of the nitrogen contribution during the 
cropping syste-n will be possible in 1987, while residual nitrogen 
contributions can be measured in 1988. 

Research on sorghum-scybean crop rotations in Nebraska will continue 
with thp goal of better understanding the "rotation effect". Ekphasis at 
present is being given to rooting patterns, physical properties and 
microbial activities in the soil. During 1987 it is hoped to evaluate the 
rooting patterns of the crops under continuous and rotational systens, and 
if possible relate this to yield, plant growth and development, and soil 

water extraction. 

Early maturing varieties and hybrids are being evaluated for agronanic 
characteristics. These materials will then be used in row spacing and date 
of planting studies in Nebraska, Botswana, Sudan, and Egypt to determine 
their potential when water is limiting or when rain is delayed. 
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Residue management studies in Botswana are being sunnarized and the 

results will be available shortly. Also, Proso millet is being evaluated 

for possible use in mariagenent schemes. 

Net!working Activities 

Professionalism and International Involvement, faculty develorpent 

workshop sponsored by the Intemnational Programs Office, University of 

Nebraska, Decenber 10, 1985. 

Travel 

- Kansas State University. Octcber 13-15, 1985. M.D. Clegg. Attended 

the Fanning SystEms Research and Extension Management and Methodology 

Symposium. 

- Chicago, Illinois. December 1-5, 1985. M.D. Clegg and S.C. Mason. 

Attended the knerican Society of Agroncny meetings. 

- Botswana. Januazy 6-37, 1986. M.D. Clegg and R.L. Vanderlip, KSU-106. 

Tlb review ITSOR1IL projects (part of which are for Joan Yougquist's 

thesis research), to develop a project for an agroncn st position, and 

to review other collaborative research. 

Publications and Presentations 

Clegg, M.D., H.J. Gorz, J.W. Maranville, and F.A. Haskins. 1986. 

Evaluation of agronariic and energy traits of Wray sweet sorghum and the 

N39xiray hybrid. Energy in Agric., 5:49-54. 
Gakale, L.P. 1986. Ccuplementary effects of grain legumes to sorghum 

[Sghum bicolor (L.) Moexch] yields, nitrogen nutrition 4--d residual 

sail mineral nitrogen accumulation in rotation systEms. Ph.D. 

dissertation, University of Nebraska, Lincoln. 

Lynani, J.K., J.H. Sanders, and S.C. Mason. 1986. Econcmics and risk in 

multiple cropping. pp. 250-266. IN Francis, C.A. (ed.). 1986. 

Multiple Cropping Systems. MacMillan Publishing Co., New York. 

Mason, S.C. and D.E. Leihner. 1985. Cassava-cowpea intercropping as 

influered by P application. Agron. Absts. p.36. 

Mason, S.C., D.E. Leihner, and J.J. Vorst. 1986. Cassava-ccpea and 
cassava-peanut intecropping. I. Yield and land use efficiency. Agron. 

J. 78:43-46. 
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Mason, S.C., D.E. Leilner, J.J. Vorst, and E. Salazar. 198G. Cassava
cowpea and cassava-peanut intercropping. II. Leaf area index ard dry 
matter accu-nulation. Agron. J. 78:47-53. 

Mason, S.C., D.E. Leihner, and J.J. Vorst. 1986. Cassava-ccowpea and 
cassava-peanut intecroppirig. III. Nutrient concentrations and renoval. 
Agron. J. 78:441-444. 

Mason, S.C., Tropical Crop Production Systens. Chapter accepted for 
publication in Wxem Agriculture. Sout1west Scientific Publishing Co. 

Mostafa, M.S. 1986. Agronomic perfonnance of grain sorglm hybrids [Somlu " 
bicolor (L.) Moerh] under several envirornents as a function of their 
male parent selection. Ph.D. dissertation, University of Nebraska, 
Lincoln. 

Odo, P.E., M.D. Clegg, and J.W. Maranville. 1985. Yield evaluation in 
sorghum-legume mixed cropping system. Agron. Absts. p. 102.
 

SaeWd, M., C.A. Francis, 
 and M.D. Clegg. 1986. Yield ccrponent analysis in 
grain sorghum. Crop Sci. 26:346-351. 

Schepers, J.S., J.R. Santos, and M.D. Clegg. 1985. Effect of fertilizer N 
on potentially mineralizablo N urer a sorghu-scybean rotation. 
Agron. bsts. p. 183. 

Changes in Year 8 
The cbjectives were modified sanewhat to confonn with the procedures of 

the gricultural Research Division, Institute of Agriculture and Natural 
Resources, University of Nebraska. 
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Mineral Element Uptake, Use, Efficiency, and Tolerance in 

Sorghum and Millet 

Project NU-114 

Ralph L. Clark (USDA/ARS) and Jerry W. Maranville 

University of Nebraska 

Principal Irves tiga tors 

Dr. Ralph B. Clark, Research Plant Physiologist, UMA/ARS, University 

of Nebraska 

Dr. Jerry W. Maranville, Professor of Agronaiy, University of Nebraska 

Other Researchers
 

Alagarswany', G., Millet Physiologist, India (ICRISAT)
 

Andre s, D., Sorghum/Milet Breeder, USA (Nebraska)
 

Borgonovi, R., Sorghum Breeder, Brazil (deceased)
 

Duncan, R.R., Sorghum Breeder, USA (Georgia)
 

Flores, C., Sorghum Breeder, Colcmbia (TNI'SOWIL)
 

Furlani, A.M.C., Plant Physiologist, Brazil
 

Furlani, P.R., Plant Physiologist, Brazil
 

Gcurley, L.M., Sorghum Brecder, USA (Mississippi)
 

Knudsen, D., Professor, USA (Nebraska)
 

Pitta, G., Soil Scientist, Brazil
 

Oliva, L., Agronanist, Philippines
 

Rosario, D.A. del, Professor, Philippines
 

Ross, W.M., Sorghum Breeder, USA (Nebraska) retired
 

Seetharama, N., Sorghum Physiologist, India (ICRISAT)
 

Solcon, D., igroncriist, Botswana
 

Summary 

Soil fertility is a major constraint to satisfactory sorghum and pearl 

millet production world wide. Research by project NU-114 was directed 

primarily at ulderstanding how these two crops react to conditions of Aater 

and mineral stress envirorments. Fertility trials in the Philippines showed 

that nitrogen level should be reduced during drier nonths to increase 

profitability. Moisture supply and fertility level interacted extensively. 

Mycorrhizal research on the effects of different G]cmus (VAN) species 

on growth and mineral elemient uptake indicated that sorghum plants infected 

with VAM had 13 to 14 times higher dry matter yields and 26 tines as much P 
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uptake from a P deficient soil. There were several interactions with VAM 
species, soil pH, and teperature. The benefits can be attributed to the 
fungal hyphae effectively increasing the absorbtIon surface areas. 

It was found that silicon added to the growth mediu n partially 
alleviated Al and Mn tcKicity in sorghum. This has inportant implications 
regarding acid soil problems which occur extensively in sorghum producing 
areas. 

Studies in pearl millet directed ac urdJexstanding nechanisms of N use 
efficiency showed that photosynthetic N efficiency (CO fixed/unit N) alone2 
accounted for little of genotype N use efficiency. Rather, it was related 
more to allocation and rEbilization of N anorg plant parts to maintain 
high C:N ratios. This my be practical in selection for inproved mineral 
use efficiency in sorghum and millet. 

Institutions 
Collaboratinq Host Country: IPB, Los Banos, Philippines; ESMARC, USY, 

Kabacan, Philippines; CTJAT, Cali, Colcmbia; EaBRAPA, Capinas and 
Sete Lagoas, Brazil; ICRISAT, Hyderabad, India. 

U.S.: Department of Agronaiy, University of Nebraska; Department of 
Agroncnry, Mississippi State University and Department of Agronany, 
Georgia (Expoerinent). 

Linkages: 
Working arrangements with CIAT, Colorbia on chemical analyses and 

genplasm exchange. 
Cooperative research in screening and understanding sorghum/millet 

growth in acid taic (Al) and mineral deficient soils at CIAT. 
Fonally linked with PCARRH in the Philippines and work with SMARC/USVI 

in the "on-farm" deronstration research trials for nitrogen and phosphorus 
fertility in sorghum. 

Ecoqecgraphic Zones Benefited Most by Research 
Asian Subcontinent and South America. 

Objectives, Research Procedures, and Production/Utilization Constraints 
Objectives 
Identify and evaluate sorghum/millet genrplasm for capabilities to 

produce high quantity and quality grain and forage under nineral stress 
conditions, especially in countries collaborating with INTSOIL programs. 
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Determine effects of envirornient, production practices, and management 
conditions in these countries on mineral element interactions as well as 
efficiency, tolerance, and use of mineral elements by sorghum/millet. 

Determine physiological and chemical mechanisms for uptake, 
translocation, accumulation, distribution, balance and use of mineral 
elements by plants grown under mineral, moisture, and tarperature stresses. 

Train, orient, and assist INrSO1MIL participating country scientists 
(including students) to identify and assess mineral stress problems, screen 
and evaluate genotypes for mineral stress efficiencies and tolerances, and 
perform appropriate procedures in conducting experinents pertinent to 
mineral stress problems. 

Sor hum/Millet Constraints 
One of the most marked production constraints in the LDC's is lack of 

adequate soil fertility. This constraint very often is greater than that of 
drought in the sense that it consistently occurs. Soil fertility also 
interacts with moisture supply so that without adequate fertility, crops 
like sorghum or millet cannot fully express their potentials to avoid or 
tolerate low moisture supply. Lack of major nutrients such as N and P cause 
plants to lose vigor, the degree dependent upon the magnitude of deficiency. 
Also, soil disorders that occur under acid conditions or Al toxicity inpair 
root development, causing disruption in normal mineral and water uptake. 
Project NU-114 is the only INTSORMIL project addressing these issues from a 
standpoint of physiological solutions to mineral nutrition problems. NU-114 
lbnks well with the programs NU-116 and NU-123 (moisture stress research), 
NU-113 (cropping systems research), NU-115 (sorghum and millet breeding), 
TAM-121 (sorghum breeding for productivity), and MSU-11 (sorghum and millet 
breeding for acid soils). 

Research Procedures 

Soil fertility research in the Philippines. This research is being 
conducted as "on-farm" trials. It serves both research and extension 
ccnponents and provides data for econamic analysis. Major nutrients N and P 
are being applied to promising sorghum genotypes at different rates to 
determine optimum econonic returns from fertilization. The procedures are 
standard for agronanic trials. 
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Mycorrhizae research. The cbjectives are to deteimine the effects of 
scl pho03horus and other envirormental factors affecting sorghum plant 
infection with different species of VAN for plants grown in a greenhouse or 
growth chaiber. Roots are examined urgier a microscope for VAN infection by 
a gridline intersect method. Changes in bion-iss production and mineral 
element uptake (especially P) are used to assess the influene of the VAM. 

Manganese and aluminum tcxicity research. Sorghum is grown in1 nutrient 
solutions at varied Al, Mn, and Si levels in a growth chanber to deteminle 
the effects of Si for alleviating Al and Mn tcicities. Visual symptcos, 
dry matter yields, and mineral element corcentrations and contents are used 
to evaluate the effects of Si.
 

Acid soil research. Several 
 hurrired plant samrples have been received 
fra CIAT for mineral analyses at UNL (BDXRF) as a part of the ongoing acid 
soil research linked with INTS091IL and NU-114. Sorghum genrplasm frcr CIAT 
is being tested in controlled corritions for mheral use efficiency and 
tolerance to acid media. Field testing is conducted at CIAT. 

Research on mechanisms of mineral use and efficiency. Genotypes 
identified as producing high biomass and grain per unit of mineral element 
(N or P) are contrasted with less efficient genotypes relative to root 

morphology and function and several biochEical/physiological processes. 
Similar genotype contrasts are being made under controlled conditions for 
acid soil response. Many of the genotypes are from LDC country programs or 
from INTSOI;MIL breeding programs both domestic and abroad. 

Problems Regarding Achievenm.nt of Objectives 
Budgetary constraints hare necessitated reduction or elimination of 

direct INTSOMIL, inputs into several countries. Present enphasis is to 
conduct research in Africa. NU-114 has no direct linkage with African 
programs (at present linkages are with South America and Asia), and it may
 
take time in other prime
to establish linkages site countries. NU-114 is 
generally the only mineral nutrition program and it could contribute to 
several INTSOR'1IL projects which have been established in the LDCs. More 
assistance from individual country coordinators is needed to help NU-114 
establish irrportant collaborative links before the project can effectively 

meet its cbjectives in Africa. 
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Project Output 

Research Findins for Immediate Use 

The "on-farm" fertility trials in the Philippines showed that of the 
eight levels tested, three were econaically feasible. The 60-20-0 NPK 
kg/ha level was most profitable for the January-April season. Hu;ever, for 
the drier March-June cycle, the lower 40-20-0 NPK kg/ha level showed better 
profitability and yield. It was obvious that the moisture supply and 

fertility level interacted extensively. 

Research Progress for Future Use 

MuDch of the research in Year 7 for NU-114 was directed toward 

understanding reasons sorghum or millet react to corditions of water and 

mineral stress environments. Several experinents tested potential solutions 
to overcome mineral stress problems. These were cornduc'ed primarily at the 

University of Nebraska - Lincoln under controlled conditions. 

Effects of different Glcrnus (VAN) species on sorghum growth and mineral 

element uptake from soils with different P levels, pH values, and 
teperatures were detemined. SorghunL plants infected with VAN a Pin low 

soil had 14 tines higher shoot, 13 times higher root dry matter yields, and 
26 times higher shooc P contents than uninfected plants. Higher P uptake of 

VAM infected plants was attributed to larger absorption surface areas 

because of root proliferation and VAM hyphae external to the root. A VAM x 

sorghum genotype P-efficiency interaction was observed. Mycorrhizal 

infection had no effect on sorghum grown at a soil pH 4.13, but the sorghum 

growth and P uptake increased extensively when the soil pH was 4.49. A soil 
temperature x VAM fungi species interaction affected sorghum growth and P 
uptake. The beneficial effects of Glanus macrocarpum on sorghum growth and 
P uptake were considerably greater than for those of Glcmus fasciculatum and 

Gloau s deserticolum. 
Silicon fertilization has been shown to alleviate Mn and Al tCxicities 

in sane plants. Growth chanber studies were conducted to better assess the 
role of Si in the alleviation of Mn and Al tcKicity symptoms, and to 
determine the Si effects on dry matter yields and mineral element 
ccrrposition of sorghum grown in nutrient solutions with tcxic levels of Mn 
and Al. Silicon alone at the lowest concentration tested did not alter 
plant growth, but dry matter production was reduced at higher 
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concentrations. Silicon added to the growth nedium partially alleviated Al 
and Mn tcxicity syirptns and dry matter yield reductions. 

The mineral. element analyses by (EDXRF) indicated that tcKic Mn levels 
decreased P, K, Ca, Mg, Si, S, Fe, Cu, Zn, and C1 contents in shoots and 
roots, and increased Mn contents and concentrations in both plant parts. 
Addition of Si reduced Mn accunulations at moderate Mn levels, but did not 
cause any change at higher Mn levels. The reduction of Si uptake at high Mn 
levels in solution might have accounted for the incoplete Si effect. High 
Al concentrations in solution decreased Mg, K, Ca, S, Mn, Fe, Cu, Zn, Cl, 
and Si contents. Addition of high Si levels reduced the accuTula tion of Al, 
P, and Ca in roots. Silicon was unable to ccirpletely overcre severe Mn exid 
Al tcxic effects in sorghum. 

Search for physiological mechanisms allowing differences in N 
efficiency has been orgoing -with sorghum and millet. Pearl millet genotypes 
identified in the field for extremes in N efficiency at ICRISAT were studied 
ii controlled envirorrnents at UNL with the objective of sL.,, ating 
efficiery contributed by photosynthesis from that contributed by N uptake, 
partitioning, and remcbilization. Although one of the N-inefficient 
genotypes required 10 to 15% more leaf N to achieve similar photosynthetic 
rates as the other genotypes, photosynthetic N efficiency alone accounted 
for little of the genotype N efficiency. Nitrogen efficiency relatedwas 
more to the N allocated amorng plant parts with the most efficient genotypes 
maintaining high C:N ratios, regardless of the level of N nutrition. These 
results pertinentare to understanding the physiological functions that 
might be practical for the selection of inproved mineral use efficiency in 
sorghizm and millet. 

Ne tworking Activities 

- Workshops 

Dr. Clark attended "Factors affecting the rhizosrhere and their effects 
on mineral uptake by plants", January, 1986. Braunschweig, W. Germany. 

- Research Investigator Exchanges 

Dr. Maranville traveled to the Philippines during May and early June, 
1986 to collaborate on agrononic and fertility trials with sorghum. Dr. 
Clark traveled throughout West Gennany discussing mineral nutrition problems 
with scientists (May to July, 1986). 
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- GenTplasm Exchange 

Several sorghum genotypes were received from CIAT for testing for N use 

efficiency and acid soil tolerance. 

Travel 

- Chicago, Illinois. Octcber 2-3, 1985. Jerry Maranville. INTSORMIL TC 

meeting. 

- Kansas City, Misscuri. January 13-15 and March 18-29, 1986. Jerry 

Maranville. INTSONAIL TC meetings. 

- Philippines. may 12-21, 1986. Jerry Maranville. To collaborate with 

Philippine scientists on agronantic trials. Primary persons concerned 
were Drs. Lydia Oliva (S4ARC), D.A. del Rosario (IPB), and Artemio 

Salazar (IPB sorghum breeder). 

Publications and Presentations 

Publications 

Jordan, W.R., R.B. Clark, and N. Seetharama. 1984. The role of edaphic 

factors in disease develogpent. p. 81-97. In L.K. Mughogho (ed.) 

Sorghum root and stalk rots - A critical review. IQISAT/INTSOR4]L 

Workshop, Bellagio, Italy. 27 Novenber - 2 December 1983. 

International Crops Research Institute for the Semi-arid Tropics 

(ICRISAT), Patancheru, India. 

Bernardo, L.M., R.B. Clark, D. Knudsen, and J.W. Maranville, 1985. Analysis 

of cationic elements in liquid sanples by x-ray. Crnnun. Soil Sci. 

Plant Anal. 16:823-835. 

Clark, R.B. 1986. Abiotic diseases: Nutrient deficiencies and excesses. 

p. 57-59; color plates 806-86, 88-94. In R.A. Frederiksen (ed.) 

Carpendium of sorghum diseases. American Phytopathological Society., 

St. Paul, MN. 

Clark, R.B. 1986. Nutrient deficiencies and excesses in the growth of 

sorghum. In R.K. Maiti (ed.) Morphology, growth and develogrient in 

sorghum. University of Nuevo Leon, Mexico. (In Spanish). 
Clark, 	 R.B., and L.M. Gourley. 1986. Evaluation of mineral elements of 

sorghum grown on acid tropical soils. p. . In L.M. Gourley and J.S. 

Salinas (ed.) Evaluating sorghum for tolerance to acid soils. 

International Center for the Arid Tropics (CIAT), Cali, Colombia. 

(Also in Spanish). 
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Clark, P.B., and R.D. Gross. 1986. Plant genotype differences to iron. 
J. Plant Nutr. 9:471-491. 

Flores, C.I., W.M. Ross, C.E. Walker, and J.W. Maranville. 1986. Genetic 
variation for starch gel consistency and seed density in sorghum 
populations. Cereal Res. Camn. 13:433-439. 

Flores, C.I., W.M. Ross, and J.W. Maranville. 1986. Quantitative genetics 
of agroncmic and nutritional traits in related grain sorghum random
mating populations as affected by selection. Crop Sci. 26:9-13. 

Furlani, A.M.C., R.B. Clark, C.Y. Sillivan, and J.W. Maranville. 1986. 
Induction of leaf red-speckling by phosidiorus on sorghum growth under 
controlled conditions. Crop Sci. 26:551-557. 

Pierson, E.E., R.B. Clark, D.P. Coyne, and J.W. Maranville. 1986. Iron 
deficiency stress effects in various leaves and nutrient solution pH in
 
sorghum and beans. J. Plant Nut. 9:893-908. 

Pierson, E.E., R.B. Clark, D.M. Schaaf, and D.T. Lindgren. 1986. 
Ccrrparison of iron analyses and iron chlorosis in Kentucky bluegrass 
cultivars. J. Plent Nutr. 9:867-872. 

Williams, E.P., W.M. Ross, R.B. Clark, G.M. Herron, and M.D. Witt. 1986. 
Iron-deficiency chlorosis: Its heritability and effects on agronTtic 
traits in a sorghum population. J. Plant Nutr. 9:423-433, 

Zaiter, H.Z., D.P. Coyne, R.B. Clark, and D.S. Nuland. 1986. Field, 
nutrient solution and terperature effect upon iron leaf chlorosis of 
dry beans (Phaseolus vulgaris L.). J. Plant Nutr. 9:397-415. 

Blewett, T.C. 1986. Tnpexature and nitrogen influence on growth, nitrogen 
use efficiency, dry matter, and nitrogen partitioning of pearl millet 
[Pennisetum arrericanum (L.) Leeke] hybrids. Ph.D. Thesis. Department 

of Agroncny, University of Nebraska. 104 pp. 
Galvez, Larisa. 1986. Marganese and aluminum interactions with silicon in 

sorghum grown in nutrient solutions. M.S. Thesis, Department of 
Agroncrmy, University of Nebraska, Lincoln, NE. 262 pp. 

Murtadha, H.M. 1986. Effects of nitrate/amoniunm ratio, nitrogen scurce, 
teroerature, relative humidity, and light intensity on growth and 
calcium uptake, translocation, and accumulation in sorghum [Sorghum 
bicolor (L.) Moench]. Ph.D. Thesis. Department of Agronomy, 

University of Nebraska. 127 pp. 
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Odo, 	 P.E. 1985. Evaluation of mixed crop of sorghum [Sorghum bicolor (L.) 
Moench] and legumes. Ph.D. Thesis. Department of Agronary, University 

of Nebraska. 108 pp. 
Raju, Pakalpati S. 1985. Differential phosrhorus nutrition in sorghum 

genotypes. M.S. Thesis, Department of Agronary, University of 

Nebraska, Lincoln, NE. 97 pp. 

Presentations 

Clark, R.B. 1986. Genotype differences in adaptation of plants in mineral 
stress in arid and acid soils. Inst. of Plant Nutrition, Tech. Univ., 

Berlin, W. Germany. 

Clark, R.B. 1986. Iron deficiency problems in USA and Mineral Element 
Deficiency and Txicity Symptcms in Plants. Inst. of Plant Nutrition, 

Univ. of Hohenheint, Stuttgart, W. Germany. 
Clark, R.B. 1986. Iron deficiency problems in crop plants of the USA, 

especially sorghum. Inst. of Crop Sci., Swiss Federal Inst. 

Technology, Lindau-Eschikon, Switzerland. 
Clark, R.B. 1986. Phosrihorus nutrition ii sorghum. Dept. of Biology, 

Philipps Univ., Marburg, W. Germany. 

Clark, R.B. 1986. Plant genotype differences to iron and phosrhorus 
deficiency and aluminum tcvicity ar attempts to overcame these 

problems through plant ixr)rovenent. Inst. of Plant Physiology, Univ. 

of Vienna, Vienna, Austria. 
Clark, R.B. 1986. Plant genotype differences to phosrhorus nutrition and 

efficiency. Dept. of Radioagronamy, Nuclear Research Center, Juelich, 

W. Ge nrany. 

Clark, R.B. 1986. The iron deficiency chlorosis problem in the USA and 
sane physiological aspects of the problcm in sorghum. Inst. of Plant 

Nutrition, Justus Liebig Univ., Giessen, W. Germany. 
Clark, R.B. 1986. The iron deficiency problem in crop plants in the USA, 

particularly sorghum and phaseolus. Inst. of Botany, Tech. Hochsdbule, 

Danrstadt, W. Genmany. 

Furlani, 	 P.R., and R.B. Clark. 1985. Characteristics to evaluate genotypic 
responses to aluminum. In Abstr. 2nd International Symposium on 

Genetic Aspects of plant mineral nutrition, Madison, WI. 17-20 June 
1985. University of Wisconsin, Madison, WI. 
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Galvez, L., R.B. Clark, L.M. Gourley, and J.W. Maranville. 1986. Silicon 
interactions with manganese and aluminum tcxicity in sorghum. Abstr. X 
Colloquium on Plant Nutrition, Beltsville, SD. 4-9 August 1986. 

Maranville, J.W. 1986. Traveled to Somalia as special consultant for 
University of Wycming. Made presentation "The expandir role of 
INTSORMIL" at the Ist Annual Somalia Sorghum Workshop. 

Raju, P.S., R.B. Clark, J.R. Ellis, and J.W. Maranville. 1986. Effect of 
rrycorrhizal infection on growth, and phosihorus and other element 
uptake by sorghum. Abst. X Colloquium on Plant Nutrition, Beltsville, 
MD. 4-9 August 1986. 

Raju, P.S., R.B. Clark, R.K. Maiti, and J.W. Maranville. 1986. Phosrhorus 
uptake, distribution, and use by glossy and norglossy sorghum. Abstr. 
X Colloquium on Plant Nutrition, Beltsville, MD. 4-9 August 1986. 

Changes in Year 8 
Establish ne linkages in Africa (possibly in Niger, Mali, Botswana, 

and/or ZaiTbia). 

64
 



Water and Tenperature Effects on Sorghum and Millet as Related to 

Grain Production and Breeding 

Project N]U-116E 

Jer-ry D. Fastin 

University of Nebraska 
Principal Investigators 

Dr. Saeed Farah, Agricultural Research Center Water Scientist, Sudan 

Dr. Chandra Reddy, INRAN Production Scientist, Niger 

Dr. Idrissa Soumana, INRAN Director General (Physiologist), Niger 
Mr. Ouendeba Botorou, INRAN Millet Breeder, Niger 

Dr. Jerry D. Fastin, Physiologist, University of Nebraska 
Dr. Charles Y. Sullivan, Physiologibt, University of Nebraska 

Other Researchers 

Dr. N. Seetharama, Dr. John Peacock, Physiologists, ICRISAT 

Mr. Louis Mazhani, Breeder, Botswana 

Mr. David Andrews, Breeder; Drs. Jerry Maranville, Max Clegg, Steve 

Mason, Prcduction-Physiology, University of Nebraska 
Drs. Merdoza, Gonzalez, Hernandez, Physiolcgy-Breeders, Mexico 

Camercial breeders from Furks, DeKab-Pfizer, NC+ and Pioneer 

Summary 

Use of our stress screening technique for screening early generation 
population selections has essentially stopped because of budget reductions. 
Testing is continuing. Scne of our initial selections dating to 1979 have 
been stabilized and a few B lines have been sterilized. The first hybrids 

using these new stress tolerant fenales will be tested in 1987. Most of 
them will fit overseas rather than the U.S. scene. Some R lines dating frCRn 
the initial selections are more appropriate for U.S. agriculture and will be 
released. A larger portion of the second round of selections (1982-84) are 
more appropriate for U.S. faners as hell as developing country faners. A 
modest number of these are being evaluated in approxinately 5000 UM, test 
plots. They will be tested more extensively in 1987 and sterilization of 
dwarf stress resistant B lines will continue. They appear very promising. 

Sate of both the R and B lines seen to have good stalk strength. 
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A shortened version of a new tan plant - food grain population is being 
developed for developing country and U.S. application along with a taller 
version for developing country areas only. 

Seasonal water use efficiency rusults as Jnfluenced by tillage systen 
and rotations for high elevation, cool areas will be reviewed in 1967. The 
same is true for carbon balance studies and instantanecus water use 
efficiency measurents. Likewise, anatcmical work detailing the sites in 
the floret where stress clamnar-e causes a reduction in seed number will be 
reviewed. Work has been initiated atterpting to learn about the mechanisms 
leading to the damage afd those conferring resistance. Most questions 
relating to improved stress resistance and efficient use of water (and 
nutrients) are ccniplex. These require long term experimental efforts to 
assu e progress which is currently encouraging. 

Institutions 

Collaborating Host Countries: Sudan - Agricultural Research Center, 
Niger - INR !, India - ICRISAT, and Mexico - ChaPingo University. 

U.S.: University of Nebraska, Purdue University, University of Georgia
 

and Texa,- A&M University. 

Linkages: 
Sudan. Research is in progress on 1) evaluating row spacing/plant 

density effects on farm field yields, 2) evaluating nitrogen use efficiency, 
3) limited screening for water use and stress resistance and 4) testing 
stress resisttit sorghums. Itens 1-3 are cooperative with Dr. Saeed Farah 
ar 4 was cooperative with Dr. T. Berhe. Hopefully, future experiments can 
be conducted with Dr. Farah on water use efficiency (WUE) in legume-sorghum 

rotations. 

Niger. Cooperative experiments have been proposed and tentatively 
agreed on with Drs. Chandra Reddy, Steve Mason and Jerry Maranville covering 
millet/legume intercropping, residue mrnagenent to nvaximize yield and 
minimize wind andl water erosion, stand esttblishnent and seedling screening, 
and fertility x water inteiactions for yield and WLE. An instantanecus WUE 
- carbon balance - seasonal water use study has been tentatively planned 
with Drs. Sournana and Reddy to detennine seasonal and instantaneous WUE in 
millet and ccxpea sole cropped and intercropped. We suspect the legume uses 
more water than millet which could influence how the legume can be most 
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effectively handled in an intexcropping system to maximize both millet and 
ccwpea yields. A preliminary water stress millet screening program has been 
planned with Mr. 0 Botorou to see if our sorghum screening technique will 
work. Sorghum experinents have yet to be planned. 

Mexico. Currently a science information exchange only on water and 

tenperature stresses. 

Genolasm exchange with ICRISAT, Niger, Philippines, Senegal, Sudan, 
Dcrnirican Republic, Botswana, Zinbabwe. 

Ec eogra hic Zones Benef ited Most by Research 
Zones where work is nost applicable in West Africa (Niger and Mali) and 

Sudan for high te0-perature and water stress; Kenya and Niger for low 
tenperature and water stress. 

Cbjectives, Research Procedures, and Production/Utilization Constraints 

Year 7 Project bjectives 

Continue stress screening and developmient of breeder stress screening 

techniques. 

Measure water use, seasonal and instantaneous WUE, and cancpy carbon 

balance hi relation to yield. 
Evaluate energy costs associated with root activity. 

Attmpt secdling stress; screening. 

Chanes in Objectives from Previous Year 

Application of our field stress screening technique to breeder 
materials is reduced because of budget constraints. 

Cool tEmp)erature seedling stress research will be reduced drastically 
and sane high temperature research initiated. 

Sorghum/MNillet Constraints 

The constraints addressed are combined deleterious yield effects of ore 
or no)re of the following: low temperature and/or high tempeiature stresses, 

water stress, erosion ard nutrient stresses. 

Research Procedures 
Field stress screening involves inposing water stress from panicle 

initiation to bloom and subsequently determining stability in grain yield, 
- 2seeds m and seed weight copared to irrigated plots. 
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Seasonal Aater use is measured with soil neutron prcbes. Instantaneous 
water use and WUE is measured with a LIOOR 6000. 

Energy costs (respiration is measured with CO2 and 02 anaoyzers). 
Seedling stress screening is done with early field planting and growth 

rocis. 

Prcblems paLring Achievement of Objectives 
These are primarily budgetary. Budget reductions (over 40% in three 

years) are seriously harpering U.S. stress screening applicable to both 
developing country and U.S. farmers. This research cannot be ccrrpletely 
carried out in developing countries. Results are encouraging and comrercial 
cciiranies have picked up sane of the reduction but this research cannot 
continue much longer without added support. Cool temperature research 
pe rtinent to off season production in Niger, Senegal and Mali and to normal 
season production in Kenya, Uganda, and highlands of Mexico and other 
Central and South American countries is being reduced stistantially. 

Cooperative experLrents that ICRISAT/INSORMIL initiated with Drs. 
Seetharana and Peacock on stalk rot problems will have to be delayed since 
travel funds are not available. We can loan ICRISAT equipment for off 
season research but they need help in learning to run it. The research 
problem outlined was similar to a high priority "Research Needs" statement 
issued collectively by some 40 scientists at the 1983 Bellagio Stalk Rot 
Conference. PSTC funds may be available at a later date to resune this 

cooperative effort. 

Project Output 

Research Findings for InmTediate Use 

Stress screening techniques 

Eighty-one sorghum genotypes were tested for drought resistance in 
western Kansas by inposing water stress from panicle initiation to anthesis 

(GS2 ) and ccrrparing grain yields and yield carponents to irrigated plots. 

An attenpt was also made to develop a physiologically sound yet practical 

screening technique to caripleirent grain yield ccrparisons under stress. The 

ccxplementary measutaent mide was the canopy-air temperature differential 
which was correlated with grain yield. Cancpy-air temperature was chosen 
because it is assured that at least sane of the major drought resistance 
mechanisms in the plant must contribute to maintaining enough turgidity to 
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severe stress. Since
usually sustain sane transpiration even under 

effect, this would be reflected in reducing the
transpiration has a cooling 

temperature. Possible stress
tampeiature of the canopy ccrqared to air 

resistance mechanisms con,-ibuting to main taining turgidity and 

root exploration and osmoregula tion to 
transpiration could be extensive 

water is exhausted.
maintain water flow in various plant parts as sail 

the stress resistance mechanisms operating
Certainly these are not all of 

but may be major ones. 
program, 25

Genotypes used included 30 hybrids and 11 lines froin our 

Nebraska
entries from Texas programs, and five checks. Ten hybrids from 

higher than the best ccirercial check under irrigation. Of the 27 
ranked 

the highest yielding check under stress, 25 were 
genotypes that outranked 

and Tx623 x Tx430).two from Texasfrom Nebraska and were (82C495 
stage when

Canopy tueperature measurements were made during late CS2 

Canopy-air temperature was mroderately
seed number 	potential was being set. 

with grain yield (r = -0.56) under stress. However, when the 
correlated 

yield
effect due to genotypes was isolated and factored out, the 	 grain 


(r = -0.81).

showed a rather strong association with canopy-air teperature 

canopy-air
This shows a strong relationship between grain yield and 

the variability in yield was associated
tarierature per se. About 66% of 

variabiJi ty in canopy-air temperature. The ioderate overall
with 

therefore, also reflecting the differential
association (r = -0.56) was, 

sugests that genetic variability
response of genotypes to drought. This 

as by cancpy-air
existed for this differential response to stress, measured 

to increase the efficiency ofcould exploitedtemperature, which be 
was a strong

selection in drought resistance breeding programs. There 

temperature. Consequently,
genotype x irrigation interaction for canopy-air 

the canopy-air temperatures in 
there was alnost no rank correlation between 

treatments (r = 0.08). Therefore, cancpy-air
irrigated and stressed 

of value.irrigated corditiors appears 	 to be little 
temperature under 

wet and dry for grain yield was 0.71
However, the rank correlation 	between 

temperature measurements under stress may
indicating that canopy-air 

plement grain yield data to sharpex field selection for stress resistance 
ca 

measurenent may be particularly useful in a breeding
nvachanisrs. This 

program since it is made prior to andie-is so that desired crosses and the 

the season.measurement 	can still be made same 
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The field stress technique mentioned earlier can be used iniediately.The can y-air tenperature measuremnt appears encouraging but is less well 
tested. 

Genrplasm release
 
Sane population 
 gen- plasm derived using field stress screening

technique will be released in 1987. 

Cool tjIjeeIture screezir
 
Depe dr ng 
 on the world location, cool tEperature problems ariseplanting (geamdriation at 

and energerxe), developnent
anthesis, aixx from emeigence todurjng grain fill. This research relates to developmentproblens from emergence to anthesis ccamon to the high elevation tropicswhere night tamperatures in the 8-12 C range inhibit development and thecrop can get caught by frost before rreturing (exico, Uganda, Kerya, etc.).Brecding gezx)Iasm to hasten development is, therefore, critical. Suchgernplasm is intiodued oy Dr. Flnmr Johnson somne 20 yeErs ago at Chapingo,Mexico (2240 in elevation where 8 C nights are ccmnon) in the form of earlymilos. Tirty-eight day miJo (M38) was crossed with late high elevationUganda lines (Nyando and others-) capable of setting seed under 8 C nights toget earlier lines which would set seed (M38 will not set seed at Chapingo).The approach was successful but F2 segrajates tended to reflect eitherparent inore than one might suspect (suggesting high linkages) and yielded aless diversified ariay of progeny than hoped for. Therefore, a decision wasrmade to better quantify plant responses to tarperature to see if suchapproach is anworth conLinuing. Nyaa-o x M 38, 2 temperate sorghums and onecorn 1-brid were subjected to 22/35 and 8/27 ight/day tEiperatures cudte ._.d for graving degree days (GDD) required to reach panicle initiationand an thesis. M38 and corn actually required fewer GDD to get to both PI(tassel differentiation for corn) and anthesis urnder cool corditions(8/27C) canpared to warm (22/35). Nyando and Nyando x 38M derivativesrequired generally from 10 to 30% more GDD under cool conditions to reachthose stages. By contrast the tmperate sorjhums required about 70% moreGDD to reach PI and anthesis. M 38 has not been used iruch recentlybrecding for early cool 

in 
tolerant genotypes. Probably it should beconsidered again despite its apparent linkages which reduce the expected 

amount of segregation in the F2 . 
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Research PrIress for Future Use 

Release of cool tolerant R lines. Scme are stress resistant. 

Release of stress tolerant A and B line pairs. 

Use of instantaneous U masurenents on legumes and millets to sharpen 

in teicropping approaches. 

Ne tworkin9 Activities 

International Plant Physiology Congress Planning Ccmittee (Delhi) for 

application of physiology to crop inprovenent. 

- Research Investigator Exchanges 

ICRISAT India (Seetharama, Peacock, several plant breeders) ; Niger 

INRAN scientists (Soumana, Reddy, Botoreu) ; ICRISAT, Niger (Fussell, 

Sivakumar, Serafini). 

- Genmplasm Exchanges 

See Linkages. Stress resistant gemplasm performed well in heavy soils 

in Sudan (T. Berhe tests) and did poorly in acid soils of Niger. 

- Research Equipment and other Support 

Repaired neutron prcbes and did CO2 exchange training for Sudanese. 

Loaned CO2 exchange equirment and helped train ICRISAT scientists. 

Demonstrated CO2 exchange and WIlE equipment for Nigeriens - 1987 experinents 

are being set up. 

Travel 

International 

- Hyderabad, India. January. ICRISAT stalk rot-gas exchange consulting 

for two weeks. 

- Australia. February. Presented stress paper at Australian Sorghum 

Conference - mostly other fulids. 

- Niger. July 14-27, 1986. Presented INRAN-ICRISAT Niger saninar and 

plan for 1987 INRAN experinrients. 

- Shenyang, China. August 18-SeptEnber 4, 1986. Presentation at the 

Liaoning Academy Sorghum Conference - no INTSORWIL funds. 

Domes tic 

- Sublette, Kansas. June, August, September and October. Stress 

testing. 
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- Chicago, Illinois. December. Verma presented ASA paper on stress. 

Publications and Presentations 
Rice, J.R. and J.D. Fascin. 1986. Grain sorghum root responses to water 

and temperature during reproductive developnent. Crop Sci. 26:547-551. 
Eastin, J.D., A.M. Dhopte, V.A. Gorzalez-Henandez and Lee.K.W. 1986. 

Stress induced microsporogenesis and negasporogenesis damage in 
sorghum.. P. 4.178-4..88. In M.A. Foale and R.G. Henzell (Fds) 
Proceedings of the First Australian Sorghum Conference, Gatton, 
Australia. February 1986. Carirdttee of Australian4-6, Organizing 

Sorghum Conference.
 
Verma, P.K. and J.D. Eastin. 1985. A technique to screen for dxought 

tolerant sorghum genotypes. Agroncuy Abstracts p. 90. ASA. 
Livera-Muncz, M. and J.D. Fastin. 1985. The effect of high night 

temperatures on canopy gas exchange, dry matter accumulation and yield 
in field grain sorghum. AgroncRy Abstracts. p. 83. 

Livera-Muncz, Manuel. 1985. Physiological responses of sorghum to its 
enviorrrent. I. Long tein effects of suboptimal teiperatures on 
development. II. Measuring conductance and ater vapor and CO2 
exchange in canopies. Ph.D. dissertation, University of Nebraska, 
Lincoln, Nebraska. 

Presentations 
Eastin, J.D., A.M. Dhopte, V.A. Gonzalez-Henandez and K.W. Lee. 
1986.
 

Stress induced microsporogenesis and mregasporogenesis damage in 
sorghum. Austral- an Sorghum Conference. 

Vermna, P.K. and J.D. Fastin. 1985. A technique to screen for drought 
tolerant sorghum genotypes. ABA. 

Livera-Muncz, M. and J.D. Fastin. 1985. The effect of high night 
temperatures on canopy gas exchange, dry matter accumulation and yield 
in field grain sorghum. ASA. 

Eastin, J.D. 1986. Sorghum stress reactions. Seminar to scientists at the 
Plant Physiology Division of DSIR, Palmerston North, NZ. 

Eastin, J.D., M. Iivera, D.M. Dhopte, P.I(. Verma, V. Gonzalez, L. Mendoza, 
V. Ogunlela and J. Rice. 1986. Sorghum Growth Stages presented at the 
Liaoning Academy of Agricultural Sciences Academic Sorghum Conference 
in Shenyang, China. 
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Changes in Year 8 

Continue genrplasm screening at a reduoed level because of budget 

reductions. 

Produce hybrids using new A lines developed. 

Do more W-UE - production research. 

Initiate stress induced protein research. 
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Water and Tenperature Effects on Sorghum and Millet as
 

Related to Grain Production and Breeding
 

Project NU-116S
 

C.Y. Sullivan
 

Principal Investigators
 

Dr. C.Y. Sullivan, University of Nebraska
 

Dr. J.D. Fastin, University of Nebraska
 

Other Researchers
 

Moussa Traore, Mali
 

Summary 

Progress continued toward identification of characteristics and 

mechanisms of drought and high teperature resistance of sorghums and pearl 

millet. Aidditional selections were made for deep rooting potential by 

growing and water stressing plants in hydroponic tubes. Gener&.ly the 
sorjhums had heavier root growth at 50 to 70 cm. depth copared to the pearl 
m.illets which had more root growth at 20 to 40 cm. depth. The millets also 
had greater nuirbers of main roots which appeared to function as ore 

efficient at extracting water from the shallower sail depths. 
Drought resistant Malian sorghurms used less water per unit tine than 

U.S. developed sorghums, and the water use efficiency (dry matter/unit water 

used) of the Malian sorghums was higher. 

Abscisic: acid (ABA) appears to be a major biochemical substance in 
drought resistance. When ABA was exogenously applied to seeds or leaves, 

and the plants subsequently drought stressed, germination increased, root 
growth was stirulated, desiccation tolerance markedly increased, and yield 

increased - mainly due to increased see numbers. The effect of ABA was 
greatest on drought susceptible sorghums and generally less on the more 
drought resistant Malian genotypes. Plans and equipment purchases were 1made 
for development of a more extensive collaborative plant physiology program 

in Mali. 

Institutions 

Collaborating Host County: Republic of Mali, Ministry of Agriculture, 

Institute of Rural Econamy. 

U.S.: University of Nebraska and USDA-Agricultural Research Service, 

Lincoln', Nebraska. 
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Iinkage:
 
Moussa Traore ccaoleted his Ph.D. degree in Decedber 1985 and returned
 

to Mald where he was appointd coordinator of the Malian INTSORMIL program. 
Prior to leavin:g Nebraska, plans were made for development of a cooperative 
plant physiology research progrmr on several aspects of heat and drought 
resistance of sorghums and pearl millet in the sub-Saharan enviornment. 

Ecc_trr iic Zones BenefitEd Most by Research 

West Africa will benefit most directly, but also East Africa and 
all zones where drought stress is a problem should benefit frcui the basic 
physiological information on behavior of sorghums and pearl millet in 

stressful environments. 

Cbjectives, Research andProcedures, Constraints 

Objec tives
 

Characterize the effects of temperature extre-nes and water deficits on 
developmental processes which limit the grain size and grain number 
caponents of yield. Use results to develop cropping systems and agroncmic 
practices which maximize and/or stabilize yields. 

Define physiological characteristics which are affected Most by heat 
and drought stress, and identify both tolerance and avoidance mechanisms 

which may inprove stress resistance. 

Evaluate temperature and water effects on metbolic or production 
efficiency with emphasis on essential physiological processes as they relate 
to plant develoxnent and ccaponents of grain yield. 

Develop and implement practical techniques of screening for drought and 
heat stress resistance. 

Changes in Cbjectives from Previous Year 
The objectives remained essentially the same. However, with a trained 

plant physiologist (Traore) on site in the collaborating country for half of 
the year, planning and initiation of research in the host country was 

realized. 

Constraints
 

A major constraint has been the lack of trained personnel who could 
manage and conduct cooperative physiological research in the host country. 
Also, the lack of necessary physiological equipment in the host country has 
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been a constraint, and finally, the absence of rapid camunica tions means 
betoeen U.S. and host country personnel often slows progress. With the 

ccupletion of the Ph.D. program by M. Traore and his return to Mali and 
purchase of several pieces of ecfraiprent from NU-116S funds for physiological 

research, the first two constraints are being corrected. Dr. Yohe is 
assisting with investigations into the feasibility of an electronic mail and 

data cormunications hock-up with IER-Baimko, through the IBM-PC systen 

purchased by NU-116S, which should help ccarunications trEsendously. 

Research Procedures 

Research continued toward gaining a better basic understanding of 
inherent stress resistance n-chanisms of both native sub-Saharan and U.S. 
sorghum and millet selections. The results are useful in both developing 
countries and U.S. crop irprovenent programs. Plants were grown in 
greenhouses, growth chanbers, under rain shelters, and in the field. 

Controlled envirornments were necessary for same experinents because of the 
naturally variable climate which often uuld not pennit stress at the 
desired tine of develonent. Hydroponic cultures were used for study of 
root systens growth and developrent, water use and water use efficiency. 

Selection for deep rooting potential with the ability to utilize deEp, 

available water continued. Experiments also continued on the involve int of 
abscisic acid (ABA) in drought resistance. Seeds were soaked in dilute ABA 
solutions and dried prior to planting or leaves were sprayed with the 
solutions. An assessment was made of the effects of ABA on germination, 

seedling root growth, desiccation tolerance, photosynthate partitioning, and 

grain yield.
 

Prcblems eading Achievement of Objectives 
Budget reductions have caused reduced field research which is more 

expensive with high labor requirements. Priority given to equipment needs 
in the host country has delayed additional graduate research assistance. 

Project Output 

Research Findings 

Selection for deep rooting potential continued in hydroponic tubes. 

When drought stressed, third generation selections had an increased rooting 

at 100-120 cm. depth of 82% greater than the check Martin and 68% greater 

than the check RS 610 (on a dry wt. basis). 
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In carparative studies of sorghum and pearl millet, the pearl mil let 
had a greater nunmber of adventitious roots than the sorghums, but the 
potential rooting depth of the millets was less than the sorghums when 
drought stressed. The millets transpired less water that the sorghums when 

stressed, but used the same arount when well watered. Generally, vater use 

efficiency was negatively correlated with total rater use. 

Presoaking seed in dilute abscisic acid (ABA) solutions before planting 
resulted in increased rooting depth of RS 671 by 15% corpared to untreated 

controls, whereas, in the drought resistant Malian sorghum SC 90, rooting 

depth was slightly decreased by the ABA treatment. 

When seed harvested from plants grown from ABA treated seed was 
geminated, there was a 10% increase in gerination over untreated controls 

of RS 671, while SC 90 was unaffected by the treatment and SC 283 was 
decreased 13% in genination by the ABA treatment. 

Stressed sorghum plants sprayed with ABA solutions during early panicle 
development had higher yields, ccrpared to controls, due to increased seed 
numbers. Plants did not respond to ABA applied at mid-panicle development. 

Gibberellic acid and kinetin sprays counteracted the effects of ABA. 
Seedling desiccation tolerance was dramatically increased by presoaking 

seeds in ABA solutions. 

Desiccation tolerance tests and osmotic potentials, both detennined on 

leaf discs, agreed well with visual seedling desiccation tolerance ratings. 
The ooting intensity (dry wts.) of millets was greater at 20-40 cm. 

depth, compared to sorghums which had nore roots at 50-70 cm. depth. The 

millets appeared to be more efficient at utilizing shallower water. 
Drought resistant sorghums from Mali had lower ater use and higher 

water use efficiency than U.S. sorghums tested. 

Research Pr -ress 

Identification of rooting patterns and water use characteristics of the 

more productive Malian genotypes when drought stressed, tcether with an 

implenented screening program for natural ABA levels, and antagonis tic 
growth substances, is expected to give results useful in both management 
decisions and genotype selection. 
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Netwrk inq Activities 
March 25 to 29, 1985 Sullivan represented INTSORIIL at the annual 

meetings of the Carmision Technique Specialisee des Productions Vivrieres et 
Oleagineuses urder the auspices of the National Ccrittee for Agroncmic 
Research, Ministiy of Agriculture, Barrako, Republic of Mali. Discussions 
included INTSORMIL/Mali collaborative research. M. Traore presented the 
ITrSOD1IL/Mali plant physiology program proposed for FY 87. 

- Research Investigator Exchanges 

M. Traore, J. Scheuring, and C. Sullivan planned and outlined a 
coolerative physiology program and the needs to corduct the program. A 
proposal was written and subm.itted to USAID-Science and Technology 

Cooperation Program in order to supplement the INTSORMIL physiology program 

in Mali. The three year program was approved and will be of great 

assistance to our program. 

- Assistance to Host Country Researchers 

Assistare was given to M. Konate, Mali Sorghum Breeder, in locating a 
laboratory where treahnent of seeds would be performed for possible 
mutations. It was desired to change the dark testa to a light, more 
desirable one without loss of other desirable characteristics of the plants. 

The following equipment items were purchased from NU-116S funds 
(Sullivan) to aid in establishment of a plant physiology program in Mali: 

An IBM-PC systEm with expanded memory, color monitor, two disk drives, Epson 
FX-85 printer, Constant voltage transfomer, power surge controller, and all 
needed interfaces, extra diskettes and case of printer paper, Data Base 
Manager and MSTAT cczpruter software pro<]rams, A Mettler electronic balance, 
B & L stereozocm microscope, Cassette Tape Recorder and leads, and a 

Cassette Tape Reader for use with the IBM-PC, a Kodak Ektagraphic slide 

projector with case and 12 extra bulbs, Pressure chamber for water 

potentials, and a Thennocouple Psychroneter with Digital Meter, Infrared 

Thenrometer, 2 cases of Petri dishes, sane ch-micals and bocks. 

Travel 

- Bamako, Mali. March 25-30, 1986. C. Sullivan. To atter Canmision 

Technique neetings, consult on collaborative INTSO1MIL research, and 

obtain a draft copy of the Third Amendment to the Research Convention 

between the Institute of Rural Econany and INTSOIMIL. 
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Publications and Presentations 

Publ ica tions 
Traore, M. and C.Y. Sullivan. 1985. A study of the effects of exogencus 

abscisic acid application on sorghum leaves. Proc. 14th Biennial Grain 
Sorghum Res. and Util. Conf., Lubbock, Texas. 

Arkebauer, T.J., J.M. Nozman, and C.Y. Sullivan. 1985. Measurements of 
growing zone expansion, proliferative cell fraction, and leaf 
elorgation versus water status in sorghum and corn. Agronapy 

Abstracts, p. 76, Chicago, Illinois. 
Traoie, M. 1985. Physiological and Ibrphological Mechanisms of Drought 

Resistance in Sorghum and Pearl Millet. Ph.D. Thesis, University of 

Nebraska, Lincoln, 120 pp. 
Blum, A. and C.Y. Sullivan. 1986. The ccnparative drought resistance of 

land races of sorghum and millet from dry and humid regions. Annals of 
Botany 57:835-846. 

Presentations 

Traore, M. 1986. Programme d'Agrophysiologie (the Mali plant physiology 
program). Annual Meetings of the Natioral Committee for Agronaiiic 

Research, March 28, Bamako, Mali. 

Changes in Year 8 
Project NU-116 with J.D. Fastin ard C.Y. Sullivan as principal 

investigators has been split with each heading separate projects. The new 
project with C.Y. Sullivan as P.I. is titled "MechaniLris of Drought and High 
Temperature Resistance in Sorghum and Pearl Millet", Project NU-123. 
Project objectives are similar to txse previously LicorporatBd in NTU-116, 
with emphasis on defining mechanisms of stress resistarce, root growth and 
develojment, and the collaborative Mali program, with Moussa Traore as 
principal investigator. Selections from the Colle-tion of Sorghums and 

Millets of Mali will be grown at three sites in Mali with different rainfall 
levels including sate introduced selections. The effects of ABA will be 
further investigated, particularly with reference to seedling establishrent 
and desiccation tolerance. Quantitative analyses for endogencus levels of 
ABA in sorghums and millets under stress will be conducted. 
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Plant Breeding 
Executive Summary 

Several pearl millet production constraints that are amernable to 

breeding efforts and that pose prcblems in many areas of the dry tropics axe 

being addressed. Population, F2 families and inbred lines possessing early 
maturity, drought tolerance, and high yield potential have been sent to 
several countries. Nurseries sent to Kenya, Botswana, and Zinbabwe in the 

fall of 1986 contain F2 families that will segregate for lodging resistance 
and :hproved stand establishnent characteristics. 

A larger proportion of project KSU-101 material placed in nurseries for 
use in lesser developed countries are populations and segregating F2 

families which provide an opportunity to select for disease resistance and 
adaptation before these characteristics becore fixed in advanced inbred 
generations. Experience in northern Senegal in 1984 and 1985 indicates 
these early maturing naterials have a good potential for use in areas of low 
rainfall, and short duration of the rainy season. (KSU-101) 

The main thrust of project NU-115 was to further develop sorghum 
brec-ding populations from crosses between widely adapted stocks recently 
developed in the tropics and leading U.S. lines of notable value, e.g., 
parents of outstanding hybrids. This will form the basis for material for 
collaboration, and selection in the U.S. in future years. 

In scae cases tropical stocks used were outstanding local varieties, 

such as Segaolane, from Botswana. The first series of 65 crosses, made in 
1984, have been carried through to the selection of F3 families. F2 

populations and sane F3 families wexe sent to Botswana for exploitation by 
the collaborating breeder. A further 170 hard crosses were made during the 

year. (NU-115) 

Activities in project NTU-118 in Year 7 were (1) advancing material frcan 
crosses between tropically adapted pearl millet breeding lines and early 
maturing U.S. stocks, (2) exploiting existing program material by selection 
per se and in test crosses, the main criteria being yield, seed set, and 
lodging resistance, and (3) testing a modified type of mass selection, as an 
appropriate breeding nethcd to reccmrerd to pearl millet breeders with 

limited resources to allocate to recurrent selection. The method is being 
used to imprxove a dwarf population for performance. (NU-118) 
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Fxtensive evaluation of sorghum lines and hybrids from project TAM-121 
was ccuipletal iniHorytras, Niger, Suda1, Parguay, Mexico ad other sites. 

In addition, bre(Eding niaterials derived from el ite x identified sources of 
resistarice to stIrsses artl scurces of or quality wereyield distributed, 

selected and used in collaboratirng countries. 

t syithetic with proven high yield, excel lent focd quality, vitreous 

er ioserm aid agroriciicaliy desirable characteristics was released and has 
been widely distLibut-cd. qk%\o Jrred lines possessing desirable food and 
agrorimulic traits weie also released for distribution. Se.,eial superior 

lines arxl hybrids were i .,?ntjfic in trials. 

A total o 2,859 geiiiplasm it-.ars .ee distributed as well as 71. 
evaluation tL:ials. 'These nrterials wer, deployed to strergthen host country 
brecdring efforts and to deteire ranges of adaptation and yield expression. 

Glossy l.ires wIy have internal ui(chanisms which allcm tha-n to naintain 
growth unlei soJl. %waterstress. Glossy does not appear to be associated 

with1 rajor differ:ences in xoot type. (TA-121) 

A du l purpose sorghum variety cal.ed Surello was released in Honduras 
in 1985. It posEsses high grain yield potential, white, food-type grain 
with e ,xcellentquality for tortillas cid atole and grain which has 

resistance Lo grzain nuid, weath-ering, ard to the naize weevil. It has good 

resistaice to dcwny wilcew ardt seve.l leaf diseases. 

Fhe ricw "stay-green" ii-lc sterile line, A35, iefformend extremely well 
in hybrid ccubiration in the U.S. and lesser developed countries, and has 
been distiibutd for inuieditte testing. Hybrids with this line possess 

excellent post-f loerinj drought tolerance aid are very resistant to post

flwering lodging ar] charcoal rot. 

Ncw drought: tolerant B lirlen with excellent pre- and r>ost-flcY- ring 
drought tolerance have been identif iFed, sterilized, and tected in 

exper.ierital hybrids. Seed of the A and B lines and experimental hybrids 

has been sent to Sucan a d other countries for testing. (TAM-122) 

We have found1 -.. sorghum genotypes differ in translocation of 

nitrogen from roots to the shoots. coupledrji-S, with a previous 

detenilination that sortgjhuir differ i i their ability to renove rLit.rogen from 

the soil iray explain why: (1) greenhouse solution culture techniques are 
inadequate for use in screenir.ig for nitrogen use efficiency, (2) sorghum 

genotypes differ in grain production per unit of nitrogen supply, and (3) 
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sorghuf genotypes differ in their response to fertilizer nitrogen. We have 

sujgested d modifJed definition for nitrogen use efficiercy based upon these 

resul ts. 

An irvestigation of yield ccuponents has revealed that grain production 

at high nitrogen levels is strorgly related to nitrogen in the grain and at 

low nit-roen level to total bioiass at black layer. (TAN-123) 

Plant brectirng Y,.or.K in Kerya has been di.rected initially at determining 

what kirds of gernplasm fit the various ecological zones within the country, 

arn! witl, developing the capability of the MNinistry to conduct meaningful 

sorrhum ard l] let research. The last year has been successful in both 

regards. 

Trials in five locations Pave provided very good data on both the basic 

ecozonc in Kenya, and what types of germplasm will fit those areas. In 

general we have found that three different zones exist, and that three 

different tyj-(es of sorghtun wi) l be necded to fit these areas. Those types 

grc vn linL tiie wetter areos of the est are aost different in both adaptation 

arm l.ua ity factors, will requ ire the irost vwork. (TAI+-l 32)] ard 

Prc li.ss has been made in identifying so-ghurm lines with increased 

levels of drought resistance, sane of which are current]y being incorporated 

into brcding prograri both in Niger arnd Sudan, and in the U.S. Sorghum 

genriplasm %%Lhi suuilcor grain mold resistance has also been identified and 

the physic-chaidca] Lasi s of this resistance charactei ized. 

Col laborative research on S-rioa resistance nechandism in sorghum has 

leu to the identification of a chorical exudate associated with sorghum root 

hairs witIh capacity for the stinuation of Stria geumination and hawstorial 

initiatioi, The behavior of root growth and patterns of root distribution 

in s(me Striga resistant sorghum varieties has been associated with a 

possible avoidance ncchaniJsm of host-par-asite in teraction. (PPRF-I07) 

The priii"2y research objective in project MSU-104 is to evaluate 

soighum arid pearl millet gerwplasrm for tolerance to infertile, acid soils of 

the tropics. 

Four zlumnri.mi-tol.eTrmt seed parents (A--lines) and their nmintainer (B

lines) have been releascd as gemplasm by the Mississippi Agricultural and 

Forestry b:lperJrient Station from breeding research corducted in this 
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project. All U.S. public and ICRISAT seed parent lines of hybrids evaluated 
have been found to be susceptible to aluriiinin tcxicity. The ultimate goal 
of the breeding effort is development of aluminum-tolerant hybrids. 

Our studies have shown that root mass of aluminum-tolerant hybrids 
growing in acid soil is nearly always superior to that of the most aluminum
tolerant parent. qhe aluminum-tolerant seed parents released will provide 
sources of tester females and aluminum-tolerant genes for the production of 
ccrmercial aluminum-tolerant hybrids. (MSU-104) 

The need to develop crops with tolerance and adaptbility to soil 
acidity has increased recently in many South and Central American countries. 
However, methods and approaches to acccrrplish this cbjective are either not 
available to scientists in the region or not well defined because of lack of 
research in the area. 

The development of a reliable field screening technique to screen for 
Al tolerance has resulted in the selection of several hundred Al-tolerant 
sorghum lines. About 50 promising lines have been identified with potential 
grain yield of 3 tons per hectare under acid soil conditions with minimura 
fertilization practices. Ntional programs of Colcribia, Peru, Venezuela, 

Panama and Honduras are extensively testing the best Al-tolerant selections 
from project MSU-lIl. Private institutions and other national programs in 
the region are using our Al-tolerant genplasm as a breeding base in their 
sorghum breeding programs. 

Pearl millet has excellent adaptation to acid soils even under low 
phosphorus conditions. Several pearl millet varieties, synthetics, and 
populations have potential grain yields of 2 to 3 tons per hectare under 
conditions where Al-tolerant sorghums could hardly produce grain. Pearl 
millet tolerates a much higher level of Al tcxicity than sorgun. (MSU-III) 

The major focus of project PRF-103A is to develop high yielding sorghum 
varieties with acceptable food quality and good nutritional value for use in 
developing countries. A great deal of progress has been made in two areas. 

We now understand many of the factors necessary for inproving the 
nutritional value of sorghum through local village processing. Sorghum 
flour is less digestible than most cereal flours unless it is processed 
using local village procedures that have evolved over hundreds of years. We 
now understand the scientific reasons why processing is imrportant. This 
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knowledge will help us nodify and hiprove the traditional processing methods 

and develop inproved processing methods for use in other countries where 

sorghum is used as a feed or food grain. 

New knowledge has been gained about utilization of sorghum populations 

in breecing programs. Traits such as heritability of grain hardness and 

heritability of seedling cold tolerance are inLportant for both the U.S. and 

developing countries. Selection methods for inproving these important 

traits have been developed. (PRF-103A) 
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Pearl Millet Breeding 

Project KSU-101
 

W.D. 	 Stxjmeier 

Kansats State University 

Princi pal Investigators 

W.D. Stegmeier, Millet Breeder, Fort Iays Branch Experirrent Station 
BabrdI Khaleeq, Millet Breeder, Fort Hays Branch Experiment Station 
T.L. 	 Harvey, Faltcnologist, Fort Hays Branch Experiment Station 

Other Researchers 

J.R. 	Witcciibe, Millet Breeder, ICRTSAT, Patancheru, Irdia 
K.N. 	 Pal, Millet Breeder, ICRISAT, Patancheru, India 

S.C. 	 Gupta, IC ISAT, Zinbabwe 

R.P. 	 Jain, ICR1SAT, Sudan 
T. Berhe, Breeder/Agronemist, Kadixjli, Sudan 
R.L. 	 Varderlip, Agronmist, Department of Agronniy, Kansas State 

Univeisity 
D.J. 	 Andrews, Sorghu/Mi/ let Breeder, Department of Agronoy, 

Univeisity of Nebraska 
L. Gourley, Soryghur/Mi]let Breeder, Mississippi State University 
D. Carter, Agr rniist, Sebele Research Station, Botswana 
F.I. 	 M'Ragwa, Millet Breeder, Kattunani Station, Kenya 
R. Mills, Entcnrologist, Departnent of Entcnology, Kansas State 

University 
L. Mazhani, Sorghum/Millet Breeder, Botswaia 
A.T. 	 N'Doye, Millet Breeder, CNRA, Senegal 
J. Maruj, Breeder, Texas A&M University 

D. Meckenstcck, Sorghum Breeder, Texas A&M University 

Summary 
Several pearl millet production constraints that are amenable to 

breeding efforts and that pose problems in many areas of the dry tropics are 
being addressed. Population, F2 families and inbred lines possessing early 
maturity, drought tolerance, and high yield potential have been sent to 
several countries. Nurseries being sent to Kenya, Botswana, and Zinbabwe in 
the fall of 1986 contain F2 families that will segregate for lodging 
resistance and inproved stand establishment characteristics. A larger 
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proporlion of KSU-101 material placed in nurseries for LDC use are 

populations and segregating F2 families which provide an opportunity to 

select for disease resistance and adaptation before these characteristics 

beccue fixed in advanccJ inbred generations. Fxperiere in northern Senegal 

in 1984 arZI 1985 indicates these early nmaturing nmaterials have a good 

potential for use in areas of lC rainfall, arn short duration of the rainy 

season. 

Several lines selected for increased length of riesccotyl and coleoptile 

stiuctures show inproved stand. establishnent capability. Lodging resistant 

inbred lines have pioduced high yieldiing hybrid ccrabin; u:ions thlat re -ined 

standirig four rtonthis after physiolcjical hirotrity. Five occurmences of air 

teipeiabjre belcm 13.9 0 C in 1985 allc-ed selection within populations, 

lines, and segregating families for low tcnpuiature tolerant naterials 

showing good seed set. 

Worli with a pollen collecting device attached to a miniature vacumi 

cleanei indicates it will be a useful. tool in brecding. One of these units 

is beiTg evaluatcd as a spore collector by Dr. King, ICRIL>. " pathologist. 

Institutions
 

Collaboratinji HosL Countries: India, Sudan, Zinuabwe, via ICRISAT, 

Botswana, and Senegal. 

U.S.: University of Nebraska, Mississippi State University, and Texas
 

A&M Univesity. 

Linkaes: 

KSU-10 has informnO linkages witi India, Senegal, ard Zinbabwe and the 

SADCC countries thiouigi ICRISAT mi let. breeders in those countries. 

India - collaboration ad gemrnlaml excharjes continue with the ICRISAT 

millet breedin-g project under the dirrction of Dr. J.R. Witccnbe and his 

staff. KSU-L101 lines bave been released to Indian breeding programs by 

ICRISAT.
 

Serigal - Dr. S.C. Gupta, ICRISAT, hail evaluated Kansas materials at 

two locations in Senegal and since his transfer to Zinbabw- he has been 

evaluatir.g the best lines from th(e Senegal prcgran plus additional Knsas 

materials in Zinbabw. Following his departure from Senegal, KSU-101 and 

NU-118 millet populations are being tested in Senegal at Lotja and Banbey by 

Madame A.T. NW' loye. CNRA. 
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Sudan - Millet lines, populations and 1brids of KSU-101 and ICRISAT 
parental lines are evaluated by T. Berhe, KSU-101-1 and R.P. Jain, millet 
breeder, ICRISAT. A satisfactory arrangenent has not been achieved to 
continue the Sudan work with the imperu]ing departure of Dr. Jain and the 
termination of Dr. Berhe's project. 

Kenya and Botswana - Discussions with F.L. 'Ragwa, millet breeder, 
Kenya, and L. Mazhani, sorghum breeder, Botswana, will result in exchanges 
of genrplasm and evaluation of KSU-101 materials. Mr. M'Ragva has visited 
Kansas and selected materials that he thought would be useful in Kenya. 
KSU-101 materials are used by Dr. Carter, KSU-107, in stand establishment 
and photoperiod response studies. 

Cooperative work with U.S. institutions includes the exchange of 
gerrr-lasm ard lines with NU-114 and testing of materials from each project 
in both Kansas and Nebraska. An array of materials is being increased for 
screening under acid soil conditions by MSU-Ill and to iiclude in nurseries 
for Latin America and Paraguay by TAI-131 and TAM-121. Evaluation and 
screening of KSU-101 materials is conductei by KSU-104 and KSu-106. 

Cbjectives, Research Procedures, and Production/Utilization Constraints 

Year 7 Project Cbjectives 
To develop widely adapted, early maturing pearl millet populations, 

lines, and hybrids with a) inproved drought tolerance, seed size and 
density, seedling stand establishment, lodging resistance, and grain yield; 
b) insect, disease, bird and Strioa resistance; and c) good food quality 
charac teris tics. 

To select and evaluate materials developed in this program under a wide 
range of environments and faning syste-ns in the developing countries. 

Chanes in Cbjectives from Previous Year 
Additional emphasis has been placed on screening and stabilizing lines 

for increased length of seedling nesccotyl and coleoptile structures, and 
detenining the of length on standeffect this increased establishment 
capability. Machinery is being modified and developed to allow precise 
depth of planting adjustrents and to refine soil crusting procedures to 
enhance screening of lines for inproved stand estblishnent capability. 
Work has started to detemine if light trananittance through seed (opaque to 
translucent) is associated with seed and seedling characteristics of 
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econanic value and if the procedure can be effectively used as a breeding 
tool to select within populations of seeds. 

Millet Constraints 
Numerous constraints to successful pearl millet production exist 

throughout the dry tzopics. Each constraint varies in inportance and/or 
severity in different ecogecgraphic zones and in the ease and degree of 
success by which plant breeding efforts influence it. Drought and heat 
stress are the primary constraints in nnich of the dry tropics since millet 
is grown in areas receiving limited amounts and erratic patterns of 
precipitation. Drought and heat stress are involved with pour seedling 
establisirent when associated with factors such as reduced speed and vigor 
of germiration and seedling growth, shallow planting depths, and rapid 
surface soil drying that interrupts germination. Seed and seedling 
characteristics are also involved in the capability of a seedling to 
penetrate arid Enverge through crusted soils. The need for adequate levels of 
resistance or tolerance to several insects, diseases such as downy mildew, 
ergot, smut, rust aid diseases affecting stalk and grain quality is a 
continuing constraint as many of these organisms readily mutate to forms 
that overcxrie plant resistance. Bird depredation is ccutron and the 
incidence of Striaa is becaning more severe as fields remain in cultivation 
for a longer time between periods of fallow. Several constraints ard 
problem are associated with the use of the crop, ranging from stalk 
characteristics needed for construction and forage to the apparent food 
quality of the grain in regard easeto nutritional value, of processing, and 
consumer acceptability. 

Researc> 1'rocedure 
Standard breeding procedures for open-pollinated plants are used. The 

pedigree breeding method is used for the early development of nearly all 
materials entering the program, the advancement of elite lines, and lines 
extracted from populations undergoing recurrent selection. Population 
inprovenent is carried forward using the following selection methods: ass 
selection, gridded selection, the S1 and S2 progenymass and performance 
testing netlods. Screening and evaluation is conducted at several Kansas, 
Nebraska, and LDC locations. 
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Problems Reij_ Achievenert of Cbjectives 

Adverse weather corditions have continued to inpose serious constraints 

on the types of naterials and secd quarti.ty and quality available for use in 

LDIC's. Freczirg t ,eratres have occurred in Septanber in each of the 
yeaxs from 1983 to 1985 in Kansas. 'his has caused a shift to an earlier 
than desired maturity range in mnidi of our breeding naterials and 
populations and greatly reduced seed germination. This, in turn, has 
elindriated n-st of our riut.erials from considelation for inclusion in 
nurseries to be sent t.o overseas coo>e-rators. Mediurr-late and la te-matiaring 
materials have been advanced in the greenhouse at the cost of reduced 
selection pressure on several desirable characteristics. 

Project Output
 

Research Find s for Ihuiediate Use 
Thfe two pairs of pear] mil] let cytoplasmiic nale-sterile and marintainer 

lines that had been re]eased to Indian breeders have been incorporated into 
many of the Indian bzeeding progran andl are being crossed to a wide array 
of Indian aterials. qhe large seed, drought tolerance, and early matuzity 
of these lines are filling a need in developing materials having inproved 
stand establishnerit characteristics and maturities that fit into cropping 
sequLrmces used in ma-ny areas of India. An array of materials will be sent 
to Dr. S.C. Gupta in Zinbabwe as F2 segregating families because it is not 

possible to screen these aterials for resistance to diseases suci as downy 
mildew in the United States. Grain yields of same of t:,ese naterials as F1 

hybrids exceeded 4000 kg/ha in 1985. 
Perforna ce testing of Kansas, Nebraska, and Senegalese populations at 

Louga in nortlicin Senegal indicates early maturing U.S. populations will 
yield mre grain than the Senegalese materials under corditions of low 
rainfall (216 imm) and limited domay mildew disease pressure. Hcmaver, a t 
Bairbey the results were reversed due to high levels of infection by downy 
mildew. Four KSU-101 populations wi.] 1 undergo selection for adaptation and 
disease resist-ance at these locations in 1986. 

Screen-inq of more than 500 lines for lel-rth of rcesccotyl, coleoptile, 
total seedling, and radical lengths has idenLified several that have 
excellent stand est,-blishnent capability in both field and greenbouse tests. 
Scne of these lines are being included in nurseries sent to LDC's.
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Perfoir-ance tests of experinenta1 hybrids continue toF1 den)ristrate 
that the grairn yield potential of pearl mi let is equal to the yield of 
sorghum grcmi at. this [ccation. Thr-e so,-ghum air3 four pearl mi] let hybrids 
with sinilar irvturiLie'e producd average grain yields of 4200 kg/ha, 
howevcr, this group of millets lcdged 73% ccr:,ared to sorghum lco]ging of 1%. 

Reseach Pri eos fo PutL' c, Use 

Altough progress iarI been iiade over the last 10 year-s in selecting 

lines and popuicLtor, for le2sistance to lodging, we hal been unable to 
develop iillet nieteria]s posscssing 90 to 100 percent sead set and high 
grair yielc cou'pled with, lodging resistance approaching the resistance fourr 
in inpr-oved solghurlm n1lteria'ls. Icxigirig in rril let can be clue to several 
factoys: stalk coiiscascs, poor root penetratJon in clay or hard pan soils, 
redum- s-coria:y and brace .oot develojTrnert, thin stalk rind, an abscission 
saye2. in thie nio-es, and cisintegration of the stalk pith in the intemcdal 
stalk areas when t e plant is dzought-sties scd at physiological matairity. 
PrcoJress has been 1cde in rCiucirg or eiiminating lcdging din to charcoal 

rot, roor root develotlient cliaj-iic[-.eistics, and breakage &t the node, but 
until 1984 we hal been u ajlc, to ideniti fy lines r.esisting disintegration of 

the pith or- line; with sufficient iind thic]aess. 
D~i~s itrton of te pith appears to be asscciated with drought stress 

during the ]1a tei sccd-fill nriod zxad lodging occurs at or shortly after the 
secds rcecch physiolcxjica]. iiat irity. At this stage there appears to he a 
sni veling of thle pit-h tissues above the node, the tissues pull away from 
the stalk rind, arnd a cav'y is formerd. Since nost w.ilets have a 
relatively thin rind, tho st JI will buckle or break at. Ll- point where the 
cavity apltears. Cavitation wit.hin the stci can occur within any internade 
)Lt; nost frequently cxcurs in the pcdxidumre, just above the pcdurcle node, 

allchirg the head t-o break over. 
Wor]k :is continui .l( to tiansfcr ilcxigilig resistar-ce into popula tions and 

cytoplasmi:c ie:l c-steiil e iain tjinei lines. Crosses have been made and 
addition .al are to transfercrosses planncd lodging resistarce and lorrj 
seccilirng ne:sootyl inco an airay of lines that are larxge-secded, drought 

tolerant, aid have good grain yielu potential. F2 fam.lies of these 
mateials are being included in nurseries sent to cooperating LDC breeders. 
In 1985, six of 53 F1 hybrids with lodging resistance and 100%seed set had 
lodging of less than 20% four nontiks after physiological rratrity. 
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Anbient air temperatures of 11.1 to 13.9 0 C (the threshold temperature 
at which disruption of meiosis occurs resulting in sterility) occurred five 

tines between August 10 and 27, 1985. A large proportion of the materials 
in the breeding nurseries had plants and late tillers undergoing neiosis 
during that time and good differentials within and between materials were 
observed. Selection for low temperature tolerance appeared to be 
particularly effective within three populations in S1 recurrent selection 
programs and in the breeding nursery containing advanced inbred lines.
 

More than 500 irbred lines and selections from populations have been 

germinated and measured for length of radical, mesocotyl and colecptile 
structures, and total seedling length. Variation ini length ranged from 98 
to 250, 38 to 172, 14 to 33, and 52 to 205 imm, respectively. Field and 

greenhouse plantings at depths to 100 mt identified several long mesocotyl 

lines possessing the capacity to emerge to good stands through a dense 
overburden of soil. Tlbtal seedling eergence and stand establishnent were 
significantly influenced by increased length of nesocotyl and total seedling 
lenjth. Future work will detenine if these lines have improved emergence 
under conditions of soil crusting. Attenpts to induce saL crusting in 1985 

and 1986 to screen for ability of seedlings to penetrate a crust failed 

because of frequent rains. 

Collection of pollen using a battery-powered miniature vacuum cleaner 
equipped with air controls and a collection chamrber appears to be feasible. 
Several variations in chamrber size and configuration of baffles within the 
chairber are being evaluated. Pollen characteristics of pearl millet lines 

vary and a considerable difference is seen in the umount of agitation and 

abrasion that pollen from different lines will survive before cell walls 

rupture. Therefore, the length of tire the machine runs and the number of 
heads from which pollen is reroved will have an influence on the degree and 
amount of cell wall damage that occurs. One of these units was given to Dr. 

Stan King, ICRISAT patlologist, to be evaluated as a spore collector. 

Ne tqrkinq Activities
 

- Workshops
 

April 7-11, 1986. Stegmeier participated in the International Pearl 

Millet Workshop at ICRISAT, Patancheru, India.
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- Research Investigator Exchanges
 

Juy 19-22, 1985. Peter Stuart, pearl mrillet breeder, Pacific Seeds,
 
Ltd. Tooworba, Australia. Review millet breeding program and arranged 
exchange of materials. 

August 21-22, 1985. Dr. S.C. Gupta, pearl millet breeder, ICRISAT, 
Zinbabwe and SADCC countries. Reviewed millet breeding program, selected 
materials to be sent to Zinbabwe, and discussed millet breeding problems. 

August 21-22, 2985. Prof. D.J. Andrews, pearl millet breeder, 
University of Nebraska. Reviewed the millet program and selected materials 
to incorporate Jiito tQe Nebraska program. 

Septeber 23-26, 1985. Mr. Lawrence M'Ragwa, pearl millet breeder, 
Kenya. Purpose: studied and observed Fort Hays Branch Experiment Station 
millet breeding program and methods and selected Kansas materials to 
incorporate into the Kenya national breeding program. 

September 24-25, 1985. Mr. Moriba Kanote, sorghum/millet breeder and 
Research Coordinator of the Institute of Rural Econcay, Mali. Purpose: 
observed Fort Hays Branch Experiment Station millet program arnd materials. 
Requests will be made at a later date for breeding materials. 

Octcber 2, 1985. Mr. Yakim Ntau, Governor of Northern Province, 
Cameroon. Toured pearl millet and sorghum reseaich programs. 

- Gerrplasm Exchange 
During the pearl millet workshop at Patarcheru, India, arrangements 

were nade to send millet materials to the countries and workers listed 

below. 
Senegal, Mde A.T. N'Doye, CNRA, four populations to be grown at Louga 

and Babey. 
ZiMbabwe, Dr. S.C. Gupta, ICPISAT, lines, F2 families, and populations. 
India, Drs. Witccmbe and K.N. Rai, ICRISAT, A - B lines and two 

populations. 

Botswana, Mr. L. Mazhani, inbred lines, F2 families, varieties and 
populations. 

Kenya, Mr. F.L. M'Ragwa, inbred lines, varieties, and pcpulations. 
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Travel 

In terna ti oral 

- Patanchelu, India. April 7-13, 1986. W.D. Stojmejer. Participated in 

the Irteinational Pearl Millet Woi'kshop and reviewed the ICRISAT rearl 

millet field tiials, breeding nurseries, anK] Kansas mnaterials growing 

at Patanclieiu. 

Daies tic 

- Univeisity of Nebraska arxi the Agricultural Research and Developwrit 

Center at YeWcl, Neba-ska. Septcber 4-5, 1985. W.D. Stogmeier. 

Wbserveci the UN/IIN[TSOIL pearl mi] let bredin(j program and evaluated 

the KSII-1(J] nla en as Leir:g o t!iere. 

- Mianoi, Floi.ida. Deceriiei 7-12, 1985. T.I.. Harvey. Attered the 

Entuo]jvecuca! Society of lteiica Annual Convention. 

- MEaflatEi , Kansas. March 17-20, 1986. T.L. Harvey. Particilpated in 

the Plant Pesistcuice to Insects Womkshop. 

- Molokai Islar: llawaii (return tLii) from India). April 14-19, 1986. 

W.D. Stcomeic.r. luate and ].anest i.ear mil let winter nurseries. 

Publications- and Presentations 

Andrews, D.,., and] W.D. Stegmeier. 1985. Pearl Millet Breeding in 

IN]ISOFN4,IL. A papc piesentcd at the Sorchwum and Nil let Workshop, 

INRAN/I]'SOFL/NCRP, Niaiiey, Niger, Octd er 14-17, 1985. 

Stucjmejer, W.D., B. Khalecrt, anx] T.i. :!arvey. 1.986. The Potential of Pearl 

Millet as a Crop in tiLe Central Great Plains of the United States. 

Abstiact of ac paper presented at the Internatioal Pearl Millet 

Workslhopy, Patanichei-u, Andlr-a Prcdesh, India, April 7-11, 1986. 

Changes in Year 8 

M uhoi chames will be nade in scnlie areas of the proqrl where 

beneficial nrojress appears inm xient. Increased aiphaszis will be placed on 

sele tion for I.onj ncsccotyl lines with imProveci stand establiu'hrent 

capabil.i ty, detenminirg the effects of seed opaque/transluoent characters on 

seed qualityv, seedling characteristics, and seed storage insect activity and 

the select ion of lucdging resistant neterials. 
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Sorghum Host-Plant Resistance and Genotype Evaluation
 

Project MSU-104
 

Lyin M. Gourley
 

Mississippi State University
 

Principal Investigators 

Host Countiy
 

South American Ecocjeographic Zone
 

Dr. Catalino I. Flores, Plant Breeder and 
 4SU-1 PI, Cali, 

Col cribua 
Dr. Heinan Ga-viria, Sortjhum Coordinator, ICA, Nataim, Colcxrbia 

Dr. FPbeit Schaffert, Sorghum Brecder, FZIBRAPA, Sete Lagoas, 

Brazi I 
Dr. Gilson Pitta, Soil Scientist, FIa1BRAPA, Sete Lagoas, Brazil 
Mr. Hector Men, Dir)ctor of Cereal Reseai in, CENIAP FONA]AP 

Ma3acay, Venezuela 
Dr. Dale ardy, North Carolina State University Mission/INIPA and 

TROPSOnIS, Linfa, Peru 

Southern Africa F coecrjraphic Zone 

Dr. Phola Nath Vem, Sorghum Breder, SIDA-Mt. Makulu Exp. Sta., 

Zanbia 

Dr. Lee House, ICRISAT/SADCC Project Leader, Matopos, Zinbabwe 

Unitcd States 
Dr. Lynn M. Gourley, Sorghum Breder ard MSU-104 PI, Kississippi 

State University
 

Dr. Henry Pitre, Entcnolcgist and MSU-105 PI, Mississippi State 

University
 

Drs. Ralph Clark ad Jerry Maranville, Plant Nutritionists and NU

114 PI's, University of Nebraska 
Mr. David Andrews, Sorghum and Pearl Millet Brec-der and NU-115 P1, 

University of Nebraska 
Dr. Jolm Axtell, Sorghun Breder and PRF-103 PI, Purdue University 

Mr. W.M. Stegmneier, Pearl Millet Brecder and KSU-101 PI, Kanbas 

State University
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Other Researchers 

Other Host Country and U.S. Researchers 

Dr. Eric Owen, Soil Scientist, ICA La Libertad 

Dr. Antonio Pinchinat, Research Specialist, IICA, Lima 
Dr. Pedro Sanchez, Soil Scientist and TRCPSOILS Coordinator, North 

Carolina State University 

Ms. S. Ann Rogers, MSU-104 Graduate Research Assistant 

Mr. Guilleinio Munoz, MSU-104 Graduate Research Assistant 

Mr. Muhammad J. Yakub, MSU-104 Graduate Research Assistant 
Mr. Cesar Ruiz, MSU-104 Graduate Research Assistant 

Mrs. Libby Montgcoery, MSU-104 Technician and Graduate Research 

Assistant 

Mrs. Mah-uda Haroon, MSU-104 Graduate Research Assistant 

The primary cbjective of the research in this project is to evaluate 
sorghum and pearl millet genriplasm for tolerance to infertile, acid soils of 
the trupics. Yost of these soils reduce the availability of or tie-up 
phosphorus fertilizer, have tczic levels of aluminum and sane, taic levels 

of manganese in the soil solution. 

Four aluminum-tolerant seed parents (A-lines) and their maintainer (B
lines) have been released as gennplasm by the Mississippi Agricultural and 
Forestry Experiment Station from breeding research conducted in this 
project. All U.S. public and ICRISAT seed parent lines of hybrids evaluated 
have been found to be susceptible to aluminum tcxicity. The ultiwate goal 
of the breeding effort is the development of aluminum-toleranL hybrids. Our 
studies have shown that root mass of aluminum-tolerant hybrids growing in 
acid soil is nearly always superior to that of the most aluminu-tolerant 
parent. The alu,,L-iuumr-tolerant seed parents released will provide sources of 
tester females and aluminum-tolerant genes for the production of commercial 
aluminum-tolerant hybrids. Improved aluminum-tolerant seed and pollen 

parent lines are also being developed. 

Future research efforts will include the evaluation of aluminum

tolerant lines for phosphonrs efficiency in laboratory studies at 
Mississippi State University and in the field in Colcmbia. These same lines 
will be evaluated for tolerance to manganese tcxicity in the acid soils of 

Zambia. 
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Institutions
 

Collaborating _Host Countxy: ICA Colcrrbia, INIPA Peru, EDBRAPA Brazil, 
FONAIAP Venezuela, SIDA Zanbia and ICRISAT/SADCC Zinbabwe. 

U.S.: Mississippi State University MSU-104 and MSU-1ll, University of 
Nebraska NU-114 and NU-115, Purdue University PRF-103, Kansas 
State University KSU-101 and North Carolina State University 

TRCPSOII.S. 

Linkags: 
Collaborative research linkages have been establishEd with the National 

Prograrr ICA-Colcnbia, EMBRAPA-Brazil, FONAIAP-Venezuela and INIPA-Peru in 
the major acid soils areas in South America. The linkage with ICA-Colcrnbia, 
prinme site country for South America, is still a strong informal cooperative 
research effort, but a formal ICA-INrSORIL MOA will be sought next year. 
The I inkage with EMBRAPA is a strorrj formal collaborative research effort 
and other linkages with two Brazilian universities have also been signed. 
The linkages with FONAIAP and INIPA are informal and in the nature of 
gerniplasw exchanges and in collaborating in Al-toler-ant regioral yield 
trials. 

The collaborative linkage with SIDA at the Mt. Makulu Experinent 
Station, Zaimbia is informal but strorj mainly via the ICRISAT/SADCC 

agreEment with INTSOW4IL. 

Cooperation with TRCPSOILS, CIAT, and soil scientists working in Africa 
extends INPSOI4IL's limited resaurces and experience in acid soils areas to 
many countries of the world. 

Ecceorahic Zones Most Benefited b_ Research 
Since sorghum and pearl millet are generally planted on marginal land 

in most. coutries, those countries with large land areas of acid soils will 
benefit most from this research. The primazy zone of benefit is South 
America and the secondary zone of benefit is Southern Africa. Many other 
countries in all six ecogeographic zones will benefit from the Al-tolerant 
genotypes developed in this project. 
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Cbjectives, Research Procedures, and Production/Utilization Constraints 

Year 7 Project Objectives 

Screen and evaluate sozghum and pearl milaet genaplasm in the 

laboratory and field for sources of tolerance to low phosphorus and aluminum 

and manganese tcicities.
 

Incorporate new sources of tolerance to aluminum and manganese 

tcxicities into elite U.S. and LDC sorghum genplasm. 

Develop armywon-n tolerant sorghum genotypes for entomology evaluation 

(MSTJ-105). 

Train selected U.S. and LDC personnel. 

Changes in Objectives fron Previous Year 

The major change in objectives is the 20% commitment of screening and 

evaluation of pearl millet for acid soil tolerance. The second change is 

the screening of Al-tolerant sorghums for phoshorus uptake efficiency. A 

third change from Year 6 objectives is the 10%commitment to the Southern 

Africa Ecogecgraphic Zone. Through the SADCC-ICRISAT Cooperative Program 

with SIDA in Zambia, Al-tolerant sorghum and pearl millet genplasm are 

evaluated for tolerance to tcxic levels of manganese. 

S*qhum/Mille t Constraints 

One of the major constraints to sorhum production in South America and 

Africa is aluminum and manganese tcxic acid soils. Al-tolerant gemplasm 

will increase sorghum and pearl millet production in acid soil areas by 

requiring fewer soil amendment inputs. 

Manganese toxicity appears to be more of an academic problem in Latin 

America, but one which occupies a very large land area in Zambia and 

possibly other countries in Africa. 

Arnywonms are another mnjov constraint to sorghum production throughout 
the world, but especially in the Southeastern U.S., Central and South 

America.
 

Many of the sorghum diseases found in Mississippi are also common 

throughout many tropical LDC countries. Every breeding project must 

maintain disease resistance as a breeding goal, or after acamplishing the 
primary breeding objective the material can be rendered worthless by a 

destructive plant pathogen. 
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Research Procedure 

In a field screening technique using a high level of solhble aluminum 
saturating the scil exchargxeable cation exchange capacity (60-65%), 
susceptible sorghum genotyp-es die and the raining genotypes range frimi 
severely stuntEd to nearly noiifal healthy plants. Additional screening of 
the available world sorghum and pearl millet geunplasm is essential to 
detemine the extent of thie genet:-c variability for Al tolerance. Soil 
analysis at planting and harvest are necessary to insure that no element 
falls below its critical level, Soil acidity of the screening plots 

established at Quilichao, Colorbia is about pH 4.5. 

Genetic control of several factors, such as sensi tivity to aluminum, 
extensive root systrn, phosphorus efficiency and drought tolerance all 

appear to influence the variability observed as almninum tolerance in the 
field. Inheritance studies of sane of these factors are underway. B-line 
and R-line diallel crosses amor 3j susceptible and Al-tolerant lines arm being 
evaluated. Four Al-tolerant exotic B-lines have been sterilized and are 
being used as tester ferales with AT-tolerant R-lines to evaluate different 

souxr:es of Al tolerance. 

After determination of restorer reaction, the best Al-tolerant sources 
are being incorporated into either B-line or R-l-ne random-mating 
populations containing the ms 1 genetic male sterility gene. These 
populations are cycled on soils of 60-65% Al saturation in preparation for 

release. 

The most Al-tolerant cultivars, with a potential to be used directly in 

grain production, are being evaluated in regional yield trials throughout 
Latin America. These and other Al tolerant genotypes are being evaluated in 

Mali, Niger, Zanbia and Zimbabwe. 
Phosphorus efficiency of Al-toleran-: sorghums is being evaluated in the 

laboratory at Mississippi State University and in the field in Colorbia. 
Pearl millet has been shown to tolerate a lower soil level of phosphorus and 
to withstand a higher level of Al saturation with additional phosphorus than 

Al-tolerant sorghums. 
Winter and seed increase nurseries are conducted at CIAT-Palmira in 

cooperation with Flores (MISU-111) and Axtell (PRF-103). 
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Project Output 

Research Findins for Immediate Use 
Eleven pairs of A (male sterile) and B (maintainer) lines of sorghum 

with the brown-midrib characteristics were released as genplasm. These 
pairs of lines represent sources of three non-allelic bruvn-midrib genes 
with lignin reduction of as much as 40%. 

Four pairs of Al-tolerant exotic A and B-lines have been approved for 
release as genrplasm. These lines can be used as Al-tolerant tester female 
and as gennplasm sources of Al tolerance to improve ccauercial seed parents. 
One constraint to Al-tolerant hybrids is the lack of photcperiod insensitive 

seed parents. 

Research Findingjs for Future Use 
National and other INTSOR4IL programs in Latin America, Asia, West and 

Southern Africa are evaluating Al-tolerant genotypes from this project. The 
National Program of Colombia, ICA, plans to release the first Al-tolerant 
variety in hat country in the near future. Other releases are expected. 

Two Al tolerant randcrn--mating sorghum populations, B-line and R-line, 
are being characterized for release in Year 8. These temperate adapted 
bulks will be made available to cormercial and public sorghum breeders 

throughout the world. 

Sources of Al-tolerant sorghum genotypes with tolerance co tcxic levels 

of mraganese will be available in the future. Information concerning the 

genetic variability for phosphorus efficiency of these Al-tolerant varieties 

will also soon be available. 

Ne tworkin Activities 

- Workshops 

PI ias invited to present a paper 
Low-Input Systems" at an American 

Sustainable Low Input Fanning Systems. 

"Breeding Al-Tolerant 

Society of Agronomy 

Sorghums 

Symposium 

for 

on 

- Research Investigator Exchanges 

'Nvo Brazilian scientists frcar EMBRAPA, Carlos Casela and Renato 
Borgonovi, were brought to the U.S. for meetings and short-tenn training. 
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- Gemnrlasm ead Research Information Exchange
 
Austa lia: Dr. Peter Stuart, Pacific Seeds
 
Cameroon: Mr. Save
Allan Brown, the Children 
England: Ms. Judith Appleton, Save the Children 
West Germany: Mr. Thconas Bergmann, Nutrition and Food Scientist 
Honduras: Ms. Therese Lebeut, CARE 
Kenya: Mr. M.D.W. Kerre, PfP
 
Peru: Dr. Alexander Grcbman, Gentec
 
Philippines: Mr. Francisco 
P. Cayco, Techncbank
 
Puerto Rico: Dr. Antonio Sotanayor, USDA
 
U.S.A.: Mrs. Sharon Tbing, ADRA
 

Mr. Ken Crane, ADRA 

Ms. Maryel Barry, Nutrition Planning 

Dr. Martin L. Price, ECHO 

Dr. Pedro Sanchez, TRCPSOILS 
Mr. James Osborne, NC+ Hybrids
 

Dr. Richard Atkins, Iowa State University
 
Dr. James All--*son, Taylor-Evans Seed Co.
 
Dr. Gene Dalton, Pioneer Hi-Bred Inter., Inc.
 
Dr. Ralph Finkner, New Mexico State University 

Dr. John Axtell, Purdue University 
Dr. Darrell Rosenow, Texas A&M University 

Mr. Terry Hill, Triumph Seed Co., Inc. 
Dr. B.R. McGehee, Asgrow Seed Co. 

Dr. Fred Miller, Texas A&M University 
Dr. brman Wilson, Funk Seeds International 
Dr. D.W. Gorbet, University of Florida 

Dr. Charles Berry, Cargill 
Dr. Dale Weibel, Oklahom State University 

Mr. Tcm Prest, Northrup King & Co. 
Dr. Robert Voigt, University of Arizona
 

Zinbabwe: Dr. 
 A.C. Mosha, SADCC Food Security 

Project Teams 

- Assistance to Host Country Researchers 
Chemical.s have been provided to EMBRAPA-Brazil. 
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Travel 

- Colcmbia, Brazil. July 9-10, 1985. L.M. Gourley. Zone Plannjzg 

- Kansas City, Misscuri. August 15, 1985. I.M. Gourley. EZC Ieeting. 

- Chicago, Illinois. Cctcber 2-3, 1985. L.M. Gourley. TC Meeting. 

- Starkville, Mississippi. Octcber 16, 1985. Ruiz. M.S. Training. 
- Chicago, Illinois. December 1-6, 1985. Gourley/Rogers. ASA Meetings. 

- Kansas City, Missouri. January 14-15, 

Meetings. 

- Kansas City, Missouri. March 2-3, 1986. 

- Colcmbia. March 6-18, 1986. Gourley. 

- Kansas City, Missouri. March 18-20, 

Meetings. 

- Colcmbia. April 2.3-May 9, 1986. Gourley. 

- Kansas City, Missouri. May 13, 1986. G

1986. GCurley. 

Gourley. Board Meeting. 

Winter Nursery. 

1986. Gourley. 

Winter Nursery. 

ourley. EZC Meetin

'iC and 

'ICand 

g. 

EZC 

EZC 

Publications and Presentations 

Publications 

Gourley, L.M. 2985. A ccararative perspective on sorghum and millet-based 

farming systes--Andean region. p. 107-114. In C.L. Paul and B.R. 
DeWalt (Eds.) Sorghum Farning Systems in Latin America. CIMMYV 

(international Center for Maize and Wheat Ilrprovenent), El Batan, 

Mexico. (Span.) 

Trevathan, L.E., J.A. Cuarezma-Teran and L.M. Gourley. 1985. Relationship 

of Plant e-matodes and Edaphic Factors in Colombian Grain Sorghum 

Production. Nematropica 15:145-153. 
Gourley, L.M., S.A. Rogers, C. Fisher, G. Stevens, N.W. Buebring, M.A.
 

Blaine, C.H. Hovernale, T.G. Sanders, N.C. Edwaids and H. Bloodworth.
 

1986. 1985 Grain Sorghum Performance Trials. MAFES Info. Bul. 80.
 

Galvez, L., R.B. Clark, L.M. Gourley, J.W. Maranville and W.M. Ross. 1985.
 

Manganese and aluminum tcxicity interactions with silicon in sorghum. 

In Proc. 14th Grain Sorghum Res. Util. Conf., Lubbock, Texas. 

Rogers, S.A., and L.M. Gourley. 1985. Genetic Cc-ponents of Aluminum 

Tolerance in Sorghum. Agronany Abstracts 77:68. 

Gourley, L.M. 1985. The Brown-Midrib Genes in Sorghum. Agronany Abstracts
 

77:54.
 

Gourley, L.M. and C.I. Flores. 1985. Breeding Al-tolerant sorghum for low

input systems. Agroncy Abstracts 77:35. 
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CIAT. 1985. The sorghum alternative for acid soils. CIAT Inteniaticnal 

4:7-10. 

Anornyous. 1986. New-found sorghum varieties benefit Latin America and 

Africa. L.1.F.E. Newsletter 19(1):45. 

Anorymnus. 1986. Seeking aluminum-tolerant sorghums. MAFES Research 

FHighli ghts 47:7. 

Presentations
 

Gourley, L.M. and C.I. Flores. 1985. Breding Al-tolerant sorghum for low
imput systens. Presented at the National ASA Meetings, Chicago, IL. 

Gourley, L.M. 1985. The brown-midrib genes in sorghum. Presented at the
 
National ASA Meetings, Chicago, IL. 

Changes in Year 8 
Two changes in research plans have been made for Project MSU-104. A 

portion of the acid soil research will evaluate Al tolerance with different 
levels of phosphorus using a laboratory technique. Phosphorus "efficient" 
genotypes will then be tested in the field under low levels of phosphorus 
fertility in Colcbia. The secorr change will involve a shift in tine spent 
doing collaborative research between the South American and Southern Africa 
Zones. This project has been requested by ICRISAT to increase research 
efforts on acid soil constraints in Zanbia. Aluminum-tolerant sorghum 
genotypes will be screened for tolerance to mranganese tvicity in the high 

rainfall area of Zanbia. 
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Adaptation of Sorghum and Pearl Millet to Highly Acid Tropical Soils
 

Project MST-11l
 

Catalino I. Flores
 

Mississippi State University 

Host Country Researchers 

South American Ecogeographic Zone 
Dr. Hernan Gaviria E., National Sorghum Research Coordinator, ICA-

Nataian, Colombia 
Dr. Fric Owen, Soil Scientist, ICA-La Libertad, Colombia 
Mr. Cesar Ruiz (on study leave at MSU), Breeder, ICA-La Libertad, 

Colcubia 
Ms. Cecira de Martinez, Head, Corn and Sorghum Section, ICA-La 

Libertad, Colombia 

Mr. Hector Hernandez, Technical Director for Lowland Environment 3, 

FENALC-Bogota, Colcmbia 

Dr. CGabriel Alves Maciel, Breeder, FUP-IPA, Serra Talhada, Brazi] 
Mr. Renato Borgonovi (deceased), National Sorghum Reseaxch 

Coordinator, E21BRAPA-Sete Lagoas, Brazil 

Dr. Robert Schaffert, Breeder, EMBRAPA-Sete Lagoas, Brazil 
Dr. Gilson Pitta, Soil Scientist, E7IIBRAPA-Sete Lagoas, Bra-il 
Mr. Paulo Motta Ribas, Breeder, AGROCERES-Capincpolis, B-2azil 

Mr. Hector Mena, Director of Cereal Research, CEN2AP-FONAIAP-

Maracay, Venezuela
 
Dr. Mauricio Riccelli M., Professor of GenetiCs, Central 

University of Venezuela and Head of Br.eding Program, 
Protir, 1, C.A., Valencia, Venezuela 

Mr. Hugo Acosta V., Agricultural Director, Management of 
Agricultural Development, Maracaibo, Venezuela 

Mr. Pedro Carrasco, Leader of INIPA' s Selva Program, INIPA, 
Yur-i guas, Peru 

Mr. Carlos Egoavil, Soil Scientist, INIPA-l&aycbarba, Peru 
Mr. Federico Scheuch, Breeder and Co-leder National Maize 

Program, INIPA-Tarrepoto, Peru 
Dr. Antonio Pinchinat, Research Specialist, IICA-Lima, Peru 
Dr. Dale Bandy, NCS University Mission/INIPA and TRCPSOILS, Peru 
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Central Amexica and Caribbean Ecogegraphic Zone 

Mr. Justiniano Diaz M., Breeder, Natural Rescurces Station, La 

Esperanza, Intibuca, Honduras 

Mr. Benjamin Naime, Soil Scientist and Leader of Acid Soil Program, 

IDIAP-Santiago de Veraguas, Panama 

Mr. Alfonso Alvarado, Head of Con and Sorghum Section, JIDIAP-

Panama 

South African Eccgecgraphic Zone 

Dr. Bhola Nath Venra, Breeder, SIDA, Zanbia 

Dr. L.R. House, Project Leader, ICRISAT/SADCC, Zinbabwe 

U.S. 	 Researchers 

Dr. Catalino I. Flores, Plant Breeder and MSU-111 PI (CIAT, Colobia), 

Mississippi State University (Principal Investigator) 

Dr. Lynn M. Gourley, Plant Breeder and MSU-104 PI, Mississippi State 

University
 

Dr. Henry Pitre, Entcaologist and MSU-105 PI, Mississippi State 

University 

Drs. Ralph B. Clark and Jerry Maranville, Plant Nutritionist and NU-114 

PI, University of Nebraska 

Mr. Dave Andrews, Plant Breeder and NU-115 PI, University of Nebraska 

Dr. John Axtell, Plant Breeder and PRF-103A PI, Purdue University 

Dr. Douglas J. Lathwell, TRCPSOILS, Cornell University, Coordinator for 

Brazil 

sumiary 

The need to develop crops with tolerance and adaptability to soil 

acidity has increased recently in many South and Central American countries. 

However, methods and approaches to acccnplish this cbjective are either not 

available to scientists in the region or not well defined because of lack of 

research in the area. The develoiment of a reliable field screening 

technique to screen for Al tolerance has resulted in the selection of 

several hundred Al-tolerant sorghum lines. About 50 promising lines have 

been identified with potential grain yield of 3 tons per hectare under acid 

soil conditions with minimum fertilization practices. National programs of 

Colcrrbia, Peru, Venezuela, Panama, and Honduras are extensively testing the 

best Al-tolerant selections frci this project. Private institutions and 
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other national programs in the region are using cur Al-toletant genrplasm as 
a breeding base in their sorghur' breeding prograns. 

Sorghum hybrids will prcbably be the final product of breeding work in 
this project. Our studies showed that hybrids have better agronanic 
characteristics than their tolerant parents in addition to high yield 
potential and high tolerance on acid soils. Aparently aluminum tolerance 
is dcxninant over susceptibility. This would permit the use of susceptible 
fenales with superior agronomic characteristics in ccubination with 
agroncmically inferior but tolerant nales in hybrid production. 

Sorghum adapts to soil acidity by slowing growth, reducing leaf and 
stalk production and delaying maturity with no or small yield reduction. 

Pearl millet has excellent adaptation to acid soils even under low 
phoslihoros conditions. Several pearl millet varieties, synthetics, and 
populations have potential grain yields of 2-3 tons per hectare under 
conditions where Al-tolerant sorghums could hardly produce grain, Pearl 
millet tolerates a much higher level of Al taicity than sorghum. 

Institutions 

Col laboratin ost Count : ICA-Colcnbia, CIAT-South America, BMBRAPA-
Brazil, FONAIAP-Venezuela, INIPA/IICA-Peru, IDIAP-Panama, Recursos 
Naturales-Honduras, ICRISAT/SADCC-Zinbabwe and SIDA-Zanbia.
 

U.S.: Mississippi State University MSU-104 and MSU-105, 
University of
 
Nebraska NU-114 and NU-I15, 
 Purdue University PRF-103A and 

TROPSOILS. 

LLnkaes 
This project is informally linked with many countries in South and 

Central Rnerica in which CIAT conducts research. We have cooperative 
research linkages established with the national programs of ICA-Colcnbia, 
EMBRAPA-Brazil, FONAIAP-Venezuela, and INIPA-Peru jn the major acid soil 
areas. The linkage with ICA is a strong informal collaborative research 
agreement. ICA has provided land, facilities, personnel and administrative 
support at the national level and at the La Libertad and Carinagua stations 
in the Llanos. The linkage with EMBRAPA is strong and fonal. The main 
request of ENBRAPA from INTSOFMIL is mainly germplasm, technical assistance 
and graduate training of their young staff. The linkage with Venezuela, 
Peru, Honduras and Panama are in the nature of gen~plasm supply and 
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conductir., regional trials. Cooperation with TRCPSOILS and CIAT soil 

scientists is rainly in technical consultations. 

The rran Lbeeding and selection work is accacplished at CIAT-Palmira 

and CLTN-Quilicbao by the INTSORWIL P. and collaboratively at ICA-La 

Libertad and ICA-Carintagua. 

Regional trials of the best aluninum-Loerant selections are being 

conducted at the following locations: 

Colcrbia: Quilichao - INTSOIMIL 

La libertad - ICA/INTSOR4TL 

Villavicencio - Semi]lano 

Brazil: Sete Lagoas - E4BRAPA 

Capincpolis - AGROCERES 

Serra Talhada - Pernarbuco - IPA 

Venezuela: Aragua-Flor de Aragua, C.A. 

Guarico - DDNAIAP 

El Scnbrero-Gerencla de Desarrollo Agricola 

Peru: Iquitos - INIPA 

Yurinaguas - INIPA 

Panama: Santiago de Veraguas - IDIAP 

Canita - Chepo - IDLAP 

Honduras: La Esperanza, Intibuca - Recursos Naturales 

Guyana: East Coast, Demerara 

Ec eorahic Zones Benefited Most y Research 

The inpact of our research output will undoubtedly be in major acid 

soil areas of South and Central America and Africa. The availability of 

sorghum and millet cultivars with tolerance to Al and Mn taicities and P 

deficiency will stimulate agricultural production in irany unproductive 

marginal lands. As farm inputs are always expensive, many national and 

private institutions in latin America are interested in our P-tolerant 

sorghum genmplasm for miniruin input fanning systems. 

Cbjectives, Research Procedures and Production/UtiliLation Constraints 

Year 7 Project Objectives 

To establish a regional progra for the development of sorghum and 

pearl millet genplasm with tolerance to low pH tropical soils with 

phytota<ic levels of aluminum. 
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To screen and evaluate a large portion of the world sorghum and pearl 

tropical sorghum 

millet collections for tolerance to aluninum and manganese tcKicities, and 
phosrhorus deficiency stress. 

To incorporate sources of tolerance to aluminum 
tcxicities, and phosphorus stress into elite U.S. and 

and manganese 

gerniplasm. 
To develop minirunr-input technology strategies for the evaluation of 

Al-tolerant lines giown on tropical savanna soils. 
To distribute sorghum pearland millet ge~nplasm developed frcmi

ITSORIIL projects and ICRISAT to national prograns in Latin America and 
Africa. 

To tzain and assist Latin American and African scientists in the use of
effective breeding and screening netlx)ds for the adaptation of sorghum and 
pearl millet to acid soils. 

To give technical assistance to national and private institutions to 
pr ote sorghum production and utilization in the region. 

SO)hum/Mil let Constraints 
The most important constraint of sorghum and millet in South America is

soil acidity. South America has the largest acid soil areas in the world. 
These unproductive acid soils contain encugh tc(ic levels of Al to inhibit 
the growth of ajor cereal crops. In addition, they are characterized by
low phosphorus content and availability due to high chemical fixation and
deficiency of various plant nutrients. The second most iriportant constraint 
of sorghum and millet is bird pests. It is almost impossible to avoid bird 
damage because there are no sorghum or millet cultivars which are bird
proof. Tannins in sorghum grains and long bristles on pearl millet panicles
do not guarantee protection from birds. As a consequence, high-tannin or 
brown sorghum varieties or hybrids preferredare in South America. Famers 
sacrificed grain quality in exchange for scme bird protection due to tannins 
in the grain. 

Soil acidity is also a major constraint in same Central and South 
African countries. Manganese tcxicity is in sae cases more important than 
Al tcmicity. Tolerant sorghum and millet cultivars coupled with minimum 
input technology will encourage agricultural production in many food
deficient countries of Africa. 
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Research Procedures 

A field screening nursery has been developed and established at CIAa 

Quilichao, Colcmbia. The saturation level of Al has been maintained at 60

63%. At this stress level susceptible genotypes die or produce little or no 

grain at all while tolerant genotypes grow and produce good yields. 

Phosphorus is probably the second nost critical element in acid soils. At 

least 10 ppm P should be available in soils with 65% Al saturation. 
Otherwise tolerant genotypes react as if they were susceptible. Monitoring 

the levels of different nutrient elements is done through soil analyses at 

planting and harvest time. 

The stress level being used in sorghum is not useful to differentiate 

susceptible from tolerant genotypes in pearl millet. This crop can tolerate 

much higher Al stress than sorghum. Its response is quantitative and there 

is high Al and F interaction. Appropriate field screening technique for 

pearl millet is being developed. 

Most of the Al-tolerant sorghum lines with high yield potential have 

poor agroncaic characteristics. They are tall, flower late and are 

sensitive to day length variation. They are crossed to Al-susceptible and 

short elite genotypes from U.S.A. and ICRISAT to develop tolerant progenies 

with good agroncnxic characteristics. Segregating progenies are handled 

through the pedigree method. Selection is based on tolerance, short height, 

earliness, yield potential and grain color. White or yellow selections are 

not useful for South America but they are kept for areas like Africa and
 

Central America where food grain types are important. 

Tolerance to Al is a very corrplex trait. Morphological traits which 

may be related to Al tolerance have been found. The presence of numerous 

adventitious roots is probably cne of the keys to A] tolerance in sorghum. 

Al-tolerant lines with numerous ar extensive adventitious roots were 
crossed to elite and susceptible lines. Segregating progenies were screened 

for tolerance and root masses examined. 

The inheritance of Al tolerance is ccuplex. However tolerance is 

probably governed by many dominant or overdaninant genes. Progenies from 

susceptible and tolerant parents are always more tolerant than their 

susceptible parents. Susceptible and tolerant males were crossed to a 

cannon susceptible fenmale. The hybrids were evaluated at 40 and 60% Al 
saturations at CIAT-Quilichao. Hybrids from tolerant x tolerant and 
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tolerant x susceptible parents were also produced. Tolerant B-lines were 
sterilized to develop tolerant A-lines. New tolerant A-lines are used in 
hybrid production withi susceptible but agronaically superior R-lines. 

New tolerant R-lines or B-lines are being incorporated in appropriate 
sorjhum populations. TWo new populations wi thi 50%tolerant genplasm are 
now being recarbined in fertile field isolations. Reccbination in fertile 
or amended soil is necessary to increase the chance of getting tolerant 
reccubinants with high yield potential and good agroncnlic characteristics. 
Mass selection and Sl family evaluation are being used to irprove tolerance, 
yield potential, and agronamic traits. 

More sorghum and pearl millet collections from ge-mplasm banks in 
U.S.A., ICRISAT, and Brazil were acquired. They were increased first at 
CIAT1Palmira before testing at CIAT-Quilichao. Al-tolerant lines developed 
froa this project are being distributed for yield trials t-o national and 
private institutions in South and Central America. 

The morphological and physiological bases of Al tolerance are being 
examined in cooperation with Dr. P.B. Clark. Tolerant and susceptible 
genotypes are tested to detenine the major effects of Al on phenology, dry 
matter production and harvest index. Mineral analyses are done by Dr. Clark 
(NU-114) and Dr. J. Salinas (CIAT). 

Pearl millets are being screened for Al and low P tolerance using the 
technique for sorghum. Being a cross-pollinated species, pearl millet is 
genetically heterogencus. Varieties, inbreds, and populations are increased 
by selfing and S1 families are screened for Al aid low-P tolerance. 

Winter and seed increasE, nurseries are conducted in cooperation with 
Gourley MSU-104 and Axtell PRF-103A at CIAT-Palmira. 

Prcblems Regardin9 Achievement of Cbjectives 
Moveirent of genrplasm to different national programs in Latin America 

has been slow because of strict plant quarantine and irportation 
requirements. In spite of full cooperation of our collaborators gen~plasm 
often does not arrive on tine for the desired planting season. 

Project Output 

Research Findings for Immediate Use 
Using an acid field screening technique, several hurdred world 

collection sorghum lines and breeding selections with high Al tolerance have 
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been identified. These lint represent a wide range of agroclimatic 

adaptation based on their country of origin. Mst of them are useful only 

as breeding materials because of poor agroncmic characteristics and low 

yield potential. However, about 50 promising lines have been identified 

with potential grain yield of 3 tons per hectare under acid soil corditions 

at mininrum feftilization practices. 

To overcome the agrono lic inferiority of Al-tolerant lines, they are 

used as pollen parents in hybrid production using Al-susceptible but 

agroncmically superior females. Sce hybrids from specific combinations of 
susceptible and tolerant parents have excellent agronomic acceptability in 

addition to good yielding ability on acid soils. Apprently tolerance is 

dominant over susceptibility. All hybrids from susceptible and tolerant 

parents are nore tolerant than their susceptible parents. Several non

restorer selections (B-lines) with good tolerance have been nmale ste-ilized 

to be used as fenales (A-lines) in hybrid develorient. Four pairs of 

tolerant A and B lines will be released by M7FES in early 1987. 

Four randcon-mating populations with Al-tolerant genplasm have been 

developed. Tkx of these populations have excellent tolerance, but yield 
potential is low. The other two populations are still being reccrrbined in 

fertile field isolations to obtain a high frequercy of reccrbinants with 

tolerance, high yield potential and good agronomic characteristics. 

Phosphorus is the second most critical element in acid soils. 

Variability for low-phosphorus tolerance has been observed among Al-

tolerant selections. Even at 50% Al saturation, tolerant lines reacted as 

if they were susceptible if P is very low in the soil. However, sorghum can 

tolerate up to 75% Al saturation provided P is adequately available (at 

least 80 kg P2 05 per ha). 

The contribution of varietal tolerance to yield stability of sorghum on 

acid soils was studied. Tolerant lines were less affected by Al and there 

was no genotype x Al level interaction effects for grain yield. Yield 

reduction ranged from 1.3 to 13.2% and 46 to 80% for tolerant and 
susceptible lines, respectively. Tolerant genotypes adapt to Al tcxicity 

conditions by reducing vegetative growth and delaying mat ity with no or 

small yield reduction. As a consequence the harvest index of tolerant 

genotypes increased in response to high Al stress. 
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Several pearl millet varieties, synthetics, and copulations intrcduced 
frm ICRISAT, Brazil, and the U.S. have excellent adaptability to Colombian 
acid soils. Pearl millet grain yield potential ranges from 2 to 3 tons per 
hectare under conditions where Al-tolerant sorghum could hardly produce 
grain. ICA of Colcrbia will test sane of this pearl millet genmplasm not 
only in acid soil areas but also in hot and dry areas on the Colombian 

Atlantic coast. 

Research Findins for Future Use 
National programs in South and CentLal America are testing Al-tolerant 

selections from this project. Additional Al-tolerant selections are being 
distributed in the region. ICA of Colcrrbia plans to release the first Al
tolerant sorghum variety of the country in one or two years. National and 
private agencies in Brazil, Colcrbia, Peru, Venezuela, Honduras, and Panama 
are using our Al-tolerant geniplasm as a breeding base in their sorghum 
breeding programs. 

Network Activities 

- Workshops 

PI coordinated the selection of participants frcm South America for the 
Sorghum Seed Production Workshop for Latin America, held Octcber 1985. PI 
attended this workshop at CIMMYT Mexico. 

PI was a resource speaker for the First Advanced Course on the Quality 
and Control of Seed-Transmiitted Diseases, held Octcber 21-November 22, 1985 

at CIAT. 
PI was a resource speaker for a course on Research and Production of 

Corn and Sorghum sponsored by CIMYT ard FENALCE, held January 13-18, 1986 
at CIAT. 

PI was a resource speaker for the Intensive Course on Seed Production 
and Technology, held April 1-May 23, 1986 at CIAT. 

- Research Investigator Exchanges 

Sorghum researchers from national institutions and private seed 
ccnpanies in Colcmbia have visited our acid field screening nursery at CIAT-
Quilichao. 
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- Germplasm and Research InformaticGn Exchange 

and other sorghum gennplasm:Researchers who received Al-tolerant 

Colcrbia: 	 Dr. Henan Gaviria, ICA-Nataino 

Ms. Maria Cecira de Matinez, TCA-La Libertad 

Mr. Hector Henandez, FENALCE-Bogota 

Mr. Luis Mario Barrios, Semi)las de Occidente, Catago 

Mr. Fduacdo Villota, Semillano, Villavicencio 

Dr. Carlos Sere, CIAT 

Dr. Judy Nolt, CIAT 

Dr. PosErrary Bradley, CIAT 

Ms. Irene Kounen, CIAT-Fothamst(d 

Venezuela: Mr. Carlos Agudelo, Fundacion Polar 

Mr. Wilier Diaz, Flor de Aragua, Aragua 

Mr. Hugo Acosta, Management of Agricultural 

Development, Maraca ibo 

Mr. Pedro Solorzano, Protinal, C.A., Valencia 

Mr. Osman Gutierrez, FONAIAP, Guarico 

Brazi]: Mr. Paulo Motta Ribas, AGROCERES 

Dr. Gabriel Alves Maciel, IPA 

Mr. Renato Borgoncvi, FMBRAPA 

Peru: Mr. Juan Manuel Ramirez, IIAP-Iquitos 

Dr. Antonio M. Pinchinat, IICA-Lirra 

Mr. Federico Scheuch, INIAP-Tarrapoto 

Panama: Mr. Alfonso Alvarado, IDIAP-Panama City 

Mr. Benjamin Narre, IDIAP-Veraguas 

Honduras: Mr. Justiniano Diaz, Recursos Natarales 

Mexico: Dr. Vartan Gui ragossian, ICRISAT-Mexico 

Guyana: Mr. Randall Gibbons 

Philippines: Dr. Artemio Salazar, IPB, University of the Philippines 

at Los Balos 

U.S.A.: Dr. Jerry Maranville, University of Nebraska 

Dr. Dale Ritchey, USDA, Virginia 

New sorghum and millet genrplasm has been acquired from Brazil, 

ICRISAT, Georgia, Purdue, Nebraska and Mississippi. 
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- Assistance to Host Country Researchers
 
MSU-111 supported travel 
of Colcmbian sc1 , r:sts to CIAT for short term 

training. The project also donated 20 bags of fertilizer to ICA-La Libertad 
station. 

Travel
 

- Brazil. July 19-August 2, 1985. C.I. 
 Flores. Meeting with EMBRAPA 
scientists and evaluation of acid soil problems.
 

- Carimagua and Villavicencio. 
 Octdber 1-9, 1985. C.I. Flores. Planted 
research plots. 

- CIMMYT, Mexico. Octcber 13-19, 1985. C.I. Flores. Attended Sorghum 
Seed Production Workshop. 

- Panama. Octcber 20-22, 1985. C.I. Flores. Meeting with IDIAP 
scientists and assesszent of soil acidity problems. 

- Carimagua. Navenber 13-15, 1985. C.I. Flores. Applied fertilizers 
and collected soil sarples. 

- Villavic ,ncio. 1venber 21-23, 2985. C.I. Flores. Applied 
fertilizers and collected soil samrples.
 

- Philippines, Nebraska 
 and Mississippi. December 7, 9,1985-January 
1986. C.I. Flores. Vacation in the Philippines and meeting with 
INrSONIL and MSU staff. 

- Cariiragua and Villavicencio. February 4-9, 1986. C.I. Flores. 
Harvested research plots.
 

- Bogota. April 
 8, 1986. C.I. Flores. Meeting and consultation with 
F.NALCE staff. 

Publications 
Flores, C.I., W.M. Ross, and J.W. Maranville. 1986. Quantitative genetics 

of agroncmic and nutritional traits in related grain sorghum random
mating populations as affected by selection. Crop Science 26:9-14.

Flores, C.I., W.M. Ross, C.E. Walker, P.J. Mattem, and J.W. Maranville. 
1985. Genetic variation for starch gel consistency and seed density in 
sorghum populations. Cereal Res. Ccaunication 13:433-439. 

Gourley, L.M., and C.I. Flores. 1985. Breeding Al-tolerant sorghum for 
low-input F"stenis. Agronamy Abstracts 77:35. 

Anorymous. 1986. Sorghum tolerant to aluminum. Thie Republic Newspaper, 
Medellin, Colcrbia. May 26 Issue (In Spanish). 
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CIAT. 1985. The sorghum alternative for acid soils. CIAT International. 

4:7-10. 

Anonymous. 1986. New-found sorghum varieties benefit Latin Aerica and 
Africa. L.T.F.E. Newsletter 19 (1):45. 

Anonymous. 1986. Seeking auiminum-tolerant sorghums. MFES Research 

Highlights 49:7. 

Changes in Year 8
 

In Year 8, Al-tolerant lines will be screened for low-phosphorus 

tolerance. Preliminary experirrents showed that Al-tolerant sorghum lines 
behaved as if they were Al-susceptible when P is very low. Experirrents to 
detenine the appropriate fi;?ld screening terhnique for pearl millet will be 

initiated. It is not possible to distinguish tolerant from susceptible 
millet using the sorghum screening technicue. 
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Breeding Sorghum for Developing Countries 

Project NU-115 

David J. Andrews 

University of Nebraska 
Principal Investigators 

Mr. Louis 1.azhani, sorghum/millet breeder, Botswana 
Dr. Raphael Duverge, sorghum breeder, Dcrninican Republic 
Dr. Joanne Logan, sorghum agroclimtologist, NU-121, Dcminican Republic 
Dr. Jerry Eastin, sorghum physiologist, NU-116, University of Nebraska 
Mr. David Andrews, sorghum/millet breeder, NU-115, University of Nebraska 

Others Researchers
 
Dr. T. Obilana, sorghum breeder, Bulawayo, Zinbabwe
 
Dr. Jerry Maranville, cereal physiologist, NU-114/121, University of
 

Nebraska 

SuMuary 

The main thrust of this project at this stae was to further develop 
breeding populations from crosses between widely adapted stocks recently 
developed in the tropics (mainly by ICRISAT) and leading U.S. lines of 
notable value, e.g., parents of outstanding hybrids. This will form the 
basis for material for collaboration, and selection in the U.S. in future 
years. In sane cases, tropical stocks used were outstanding local 
varieties, such as Segeolane, from Botswana. The first series of 65 
crosses, made in 1984, have been carried through to the selection of F3 
families. F2 populations and sanre F3 families were sent to Botswana for 
exploitation by the collaborating breeder. A further 170 hand crosses were 
made during the year. 

Institutions 
Collaboratin Host Countries: Ministry of Agriculture, Sebele, 

Gaborone, Botswana; CESDA, San Cristcbal, Dominican Republic; 
ICRISAT, Bulawayo, Zinbabwe 

U.S.: Kansas State University 

116
 



Linkges: 

Mair ly consist of collaborative work with breeders in host countries 

either in cooperatively testing NU-115 material, or through discussion of 

breEding procedures appropriate to existing host country material. Seed 

requests are net for these and other countzies. 

Ec eahic Zones Benefited Most by Research 
Southern Africa and Central America (potentially Asia). 

Objectives, Research Procedures, and Production/Utilization Constraints 

Project C!jectives 
To develop higher yielding sorghum varieties and hybrid parents through 

crosses with existing U.S. parcnts and new tropical stocks. 
Use appropiate parts of this variability to supl-ort breeding projects 

in collaborating countries, and in the U.S. to develop higher yielding 

stocks. 

Collaborate on testing for drought and heat stress tolerance. 
Study selection methods, generate genetic information and student thesis 

material. 

Changes in bjectives from Previous Year 

The overall cbjectives have not charged but new tropical ofsources 


material have been introduced ax emphasis has shifted to make the maximum 

use of these to quickly develop segregating populations and lines suitable 

for collaborative breeding. 

So hu_ Constraints 
Constraints to sorghum. production are both genetic and physical factors 

in the growing envirorrnent. Many existing landrace varieties, though they 
are well adapted to li moisture and fertility situations and to numerous 
pests and diseases, are not efficient in converting the dry matter they 
produce into grain. Their harvest index (HI) efficiency is poor. There are 
breeding stocks which are twice as efficient in this process but they 
generally perform poorly in African conditions because they have little 
adaptation or pest/disease resistance. A ccmbination of t.raits conferring 
adaptation and grain production efficiency is required through breeding, as 
well as further inprovement in the basic breeding stocks (particularly seed 
parents) for grain yield potential per se. Cabinations (lines/plants) with 
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good adaptation qualities can only be identified in situ in developing 
countries. Thus, segregating nmterial generated frcn crosses with stocks 
k.on to perform well in the region concerned, in crosses with selected high 
HI lines, are supplied for selection in collaborative projects. 

Research _ccedures:
 
Introduce exotic stocks, hard cross with U.S. stocks, 
 put into breeding 

pcpulations, and select in irdiviCual crosses. 
Winter nurseries will be used to more quickly advance material. 
Early generation products of crosses will be sent to cocperative sites 

for evaluation and selection, which will involve grain quality 

consid erations. 
Products should be tested with estblished check varieties both under 

current LDC farming conditions and with projected inproved cultivation 

practices. 
Selection will also be conducted in Nebraska in two contrasting 

locations (Lincoln and Sidney), under drought stress, and urder controlled 
and natural high and low terperature conditions. 

Project Output 

Research Firdinqs for Imediate Use 
Tropical introductions were increased and evaluated for pezy se 

performaiice and in testcrosses, and for suitability as breeding parents. 
Fl's and F2 's, mostly of crosses between tropical and U.S. B-lines were 
grooin and selected. Half-sib, full-sib, and S1 progenies from a high 
altitude ICRISAT/CVIIYT population were evaluated for seedling cold 
tolerance both in growth chairber and in the field and responses correlated. 
B- and R-line nurseries of inbreds generated from random-mating populations 
by earlier genetic studies in the project were evaluated at Mead and Sidney, 
Nebraska, principally for per se performance, grain weathering and lodging 
resistance. Testcrosses were made to determine their hybrid potential. One 
hundred and seventy further cross ccabiriations were nade by emasculation in 
the winter greenhouse. A winter nursery, conducted in the Dominican 
Republic in conjunction with NU-121 and CEMJA, wa, used for generation 
increase, testcioss production and backcrossing. CEM)A staff were trained 
in testcrossing, emasculation and selection. They generated/selected their 
own seed for a hybrid trial and a selection nursery. F2 populations and F3 
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lines of crosses made specifically to Segaolane were sent for collaborative 

selection in Botswana primarily for B-line production where same 36 

selections were made out of 119 families sent. 

Research Proress for Future Use 

The nair, thrust of the breeding, to develop segregating populations 

frao, which varieties/B-lines can be selected, will ccne on stream after the 

1986 crop season. Stocks of tropical variezLies, and hybrids for 
collaborative tests will also be ready then. The breeding project will 

beccu-e nore involved with NU-116 to evaluate drought and heat stress 

tolerance in materials being developed. 

Netqorkin9 Activities 

- Workshops 

NCRP/INRAN cereals workshop, Niamey, Niger, Octdber 1985, paper 

presented. 

- Research Investigator Exchange 

Visits to Botswana and Zinbabwe in March to see collaborative nurseries 

and to netuork with ICRISAT activities in the SACCAR region. 

- Gerr ilasm Exchange 

GenTplasm sent to Botswara, Dominican Republic, and Kansas. 

Genrplasm received frcri India, China, Kansas, Texas, and Purdue. 

- Assistance to Host Country Researchers 

NU-115 purchased (via KSU-7) irrigation equirment for growing off

season nursery and genTplasm maintenance for the sorghum and millet breeding 

program at Sebele, Botswana. Single-head thresher parts and selfing bags 

were supplied to CESDA, Dominican Republic. 

Travel: 

Internationa! 

- Niger. Octcber 11-19, 1985. D.J. Andrews. NCRP Cereals Conference. 
- Dominican Republic. February 6-22, 1986. D.J. Andrews. Winter Nursery. 

- Botswana, Zanbia, and Zinbabwe. March 28-April 5, 1986. D.J. Andrews. 
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Discussion with breeders on collaborative material. 

Daestic 

- KansLs City. MO. August 15, 3986 D.J. Andrews. INTSORNIL EZC 

meetj rig. 

- Hays, YS. August 20-23, 1986. D.J. Andrews. To see sorghum and 

millet program. 
- Ch~.cago, IL. Nov. 30-Dec. 7, 1986. D.J. Andrews. Attended ASA annual 

meetings. 
- Kansas City, MO. March 20, 1986. D.J. Andrews. INTSOR4IL EZC meeting. 

Publications 
Andrews, D. J. 1986. Current results and prospects in sorghum and pearl 

millet breeding. In Proc. Sixth Agricultural Sector Symposium: 
Developrent of Rainfed Agriculture Under Arid ard Semi-Arid Conditions. 

World Bank, Washington, DC. 
Ross, W.M. 2985. A unique ccxbine-height scrghum genotype. Proc. Grain 

Sorghum Bien. Pes. and Util. Conf., Lubbock, TX 14:90-91. 
Tiffany, G.D., and W.M. Ross. 1985. Mass selection for seed size and seed 

number in sorghum. Proc. Grain Soighum Bien. Pes. and Util. Conf., 

Lubbock, X 14:100-101. 
Williams, E.P., W.M. Ross, R.B. Clark, G.M. Herron, and M.D. Witt. 
1985.
 

Variabili ty for iron chlorosis in Si progenies from a sorghum random
mating population. Proc. Grain Sorghum Bien. Fes. and Util. Conf., 

Lubbock, TX. 14:82. 

Galvez, L., R.B. Clark, L.M. Gourley, J.W. Maranville, and W.M. Ross. 1985. 
Manganese and aluminum tcxicity intetactions with sorghum. Proc. Grain 
Sorghum Bien. Res. and Util. Conf., Lubbock, 'IX. 14:57. 

Ross, W.M. 3986. Irrprovirg plants for tolerance to iron deficiency and 
other mineral nutrition problems: breeding and genetic points of view. 
Third International Syiposium on Iron Nutrition and Interaction in 
Plants. Lincoln, NE, June 1985. J. Plant Nutr. 9:309-333. 

Williams, E.P., W.M. Ross, R.B. Clark, G.M. Herron, and M.D. Witt. 
1986. 
Heritabili ty of iron-deficiency chlorosis and its effect on agroncnic 
traits in a sorghum population. Third International Syimposium on Iron 
Nutrition and Interaction in Plants. Lincoln, NE, June 1985. J. Plant 
Nutr. 9:423-433. 
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Breeding Pearl Millet for Developing Countries 

Project NU-118 

David J. Andrews 

University of Nebraska 
Principal Investigators 

Mr. Louis Mazhani, sorghum/millet breeder, Botswana 

Mr. A. T. N'Doye, mil let breeder, Senegal 

Mr. Nieno Jika, millet breeder, Niger 

Mr. Botoru Oendeba, millet breeder, Niger 

Dr. Chuck Walker, food scientist, NU-119, University of Nebraska 

Ms. Janet Buck, food scientist, NU-119, University of Nebraska 
Dr. Jerry Eastin, physiologist, NU-116, University of Nebraska 

Mr. David Andrews, sorghum/mil let breeder, F17-115, University of Nebraska 

Other Researchers 

Mr. Anadu Fofana, millet breeder, CNRA, Bairbey, Senegal 

Dr. J. P. Witccnbe, millet breeder, ICRISAT, India 

Dr. S. C. Gupta, millet breeder, Bulawayo, Zinbabw. 

Mr. W. M. Stegmeier, millet breeder, KSU-101, Hays, Kansas 

Dr. R. R. Duncan, breeder, University of Georgia, Griffin, Georgia 

Dr. Lynn Gourley, breeder, MSU-lIl, University of Mississippi 
Dr. Jerry Maranville, cereal physiologist, NU-114/121, University of 

Nebraska 

There are three principal activities in the project in 1985/86: 
Advancing material frm crosses between tropically adapted breeding 

lines (mostly from IC'ISAT) and early maturing U.S. stocks. This will form 
the bulk of the project material to support collaboration, and for 

exploitation in the U.S. in future years. F3 families from the initial wave 

of 130 crosses were evaluated in 1985. 

Fxploiting existing program material by selection per se and in 
testcrosses, the main criteria being yield, seed set, and lodging 

resistance. 

Testing a modified type of mass selection, as an appropriate breeding 
metl-od to iecanwrerd to pearl millet breeders (with irplications for other 

121
 



species) with limited resources to allocate to recurrent selection. The 
method is being used to improve a dwarf population for performance. 

Institutions 

Coratirn Host Countries: CNRA, Banbey, Senegal; INRAN, Niger; 
Ministry of Agriculture, Sebele, Gaborone, Botswana; ICRISAT, 

Hyderabad, India; ICRISAT, Bulawayo, Zinbabwe. 

U.S.: Kansas State University, Hays, KS; Misqsissippi State University, 
Misssissippi State, MS; and University of Georgia, Griffin, CA 

Li kaes: 

Linkages consist mainly of collaborative work with breeders in host 
countries either in cooperatively testing NU-117 aitrerial, or through 
discussion of breeding procedures appropriate to existing host country 
material. Seed requests are net for these and other countries. Genmplasm 
has been supplied to other institutions (Kansas and Mississippi) and to 
University of Georgia for testing on acid soils. 

Ecc -ecorza hic Zones Benefited Most by Research 

West and Southern Africa (potentially Asia). 

Objectives, Research Procedures and Production/Utilization Constraints 

Project COjectives 

To develop higher yielding pearl millet varieties and hybrid parents 
through crosses with existing U.S. parents and new tropical stocks. 

Use appropriate parts of this variability to support breeding projects 
in collaborating countries, and in the U.S. to develop higher yielding 

stoc ks. 

Collaboi'Le on testing for drought and heat stress tolerance.
 
Study 
 selection methcxds, generate genetic information and student thesis 

material. 

Charqes in jectives from Previous Year 

The overall objectives have not changed but new tropical sources of 
material have been int-nduced and eiphasis has to makeshifted the maxinum 
use of these to qu'ckly develop segregating populations and lines suitable 
for collaborative breeding. Studies on recurrent selection still continue 

on pearl millet. 
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Millet Constraints 

Constraints to pearl millet production are both genetic and physical 
factors in the growing envirorent. Yany existing landrace varieties, 
though they are well adapted to low moisture and fertility situations and to 
numeious pests and diseases, are not efficient in convezting the dry matter 
they produce into grain. Their harvest index (HI) efficiency is poor. 
There are breeding stocks which are twice as efficient in this process but 
they genera] ly perform poorly in African conditions because they have little 
adaptation or pest/disease resistance. A carbination of traits conferring 
:daptation and grain productjon efficiency is acquired through breeding, as 

well as further inprovenent in basic breeding stocks (articularly seed 
parents) for grain yield potential per e. Cabinations (lines/plants) with 
gocd adaptation qualities can only be identified in situ in developing 
countries. Thus, secgregating neterial generated frcm crosses with stocks 
kncwn to perform well in the region concerned, in crosses with selected high 
HI lines, are supplied for selection in collaborative projects. 

Research Procedures 

Intixduce exotic stocks, select directly or hand cross with U.S. 
stocks, put into breeding populations, and select in individual crosses. 

Wintei riurseries will be used to more quickly advance material. 
Early generation products of crosses will be sent to cooperative sites 

for evaluation and selection, which will involve grain quality 
consi deratjons. 

Products should be tested with established check varieties both under 
current LDC faning conditions and with projected irproved cultivation 

practices. 

Selection will also be conducted in Nebraska in two contrasting 
locations (Lincoln and Sidney), under drought stress, and under controlled 
and natural high and low temperature conditions. 

Project Output 

Research Findings for Imnediate Use 

Modifications of mass selection recurrent selection procedures were 
devised (Andrews and Stegmeier, 1985) and presented at the Niger Cereals 
Conference in Niamey, 1985. The method is being tested operationally on a 
dwarf millet population in Nebraska and at ICRISAT and on sorghum at the 
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ICRISAT/SADCC Center werein Bulawayo. A few further introductions 
introduced through winter greenhouse quarantine. A sail tube/hydroponic 
procedure was developed which enables 200 plants to be grown per m2 of bench 
space in winter greenhouse, thereby enabling randcam-mating generations to be 
cbtained when space is limiting. A large amount of material generated frmn 
crosses with introduced tropical stocks was moved from F2 to F3 and from F3 
to F4 , 700 testcrosses were evaluated at Mead and Sidney, Nebraska, and 
older program aterial screened for seed set and caibinirng ability. 

Varieties were sent from KSU-l01 and this project for test in north Senegal 

where downy mildew is not a problem. Effective rainfall was 215 rmi. Semi
tall KSU varieties yielded best, NU-115 dwarf Taterial equaled yield of 

local check but was earliest and half the height--which is preferred for 

intecropping. 

Research Prioress for Future Use 
Single cross and topcross hybrids will be tested in 1986 and 1987, 

identifying the best for wider testing. New dwarf varieties will be tested 
during the saue period. Potential seed parents will be ready for testing in 
two years. The major grain types being used in breeding will be 
characterized for their attributes in making principal types of millet food 
products. 

Net3orkinD Activities 

- Workshops 

NCRP/INRAN cereals workshop, Niainey, Niger, Octcber 1985, paper 

presented. 
International Pearl Millet Workshop, ICRISAT/INTSOFMIL, April 1986, 

Hydezabad, India. Chairman/breeding panel coordinator. 

- Research Investigator Exchanges 

Visits to Botswana and Zinbabwe in March to see collaborative nurseries 
and to network with ICRISAT activities in thc. SACCAR region. 

- Geinplasm Exchange 
Geriplasn sent to Senegal, Botswana, Honduras, Kansas and Mississippi 

(for Colombia). Gerxnplasm received fran India and Kansas. 
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Travel 

International 

- Niger. October 11-19, 1985. D.J. Andrews. NCRP Cereals Conference. 

- Botswana, Zairbia, and Zinbabwe. Mazrch 28-April 5, 1986. D.J. Andrews. 

Discussion with breeders on collaborative material. 

- New Delhi, India. April 6-17, 1986. D.J. Andrews. Participated in 

International Pearl Millet Workshop, discussed INTSOIMTL India/Pakistan 

collaboration with AID/Delhi. 

Dcestic 

- Kansas City, MO. August 15, 1986. D.J. Andrews. Attended INSORMIL 

EZC meeting. 

- Hays, KS. August 20-23, 1986. D.J. Andrews. To see sorghum and 

millet program. 

- Kansas City, MO. January 13-15, 1986. D.J. Andrews. Attended 

INTSOalIL EZC meeting. 

- Kansas City, MO. May 12-13, 1986. D.J. Andrews. Attended 1=rSORMIL 

EZC meeting. 

Publications
 

Andrews, D. J. 1986. Current results and prospects in sorghum and pearl 

millet breeding. In T. Davis (ed.) Proc. Sixth Agricultural Sector 

Symposium: Developmnent of Rainfed Agriculture Under Arid and Seni-Arid 

Conditions. World Bank, Washington, DC. 
Andrews, D. J., S. C. Gupta, and P. Singh. 1985. Registration of ICMV-I 

pearl millet. Crop Sci. 25:199-200. 
Andrews, D. J., K. N. Rai, and S. D. Singh. 1985. A single dominant gene 

for rust resistance in pearl millet. Crop Sci. 25:565-566. 

Andrews, D. J., and W. M. Stegmeier. 1986. Pearl millet breeding in 
INTSO aIL. In Sorghum and Millet Workshop, INRAN/INrSORMlL, NCRP, 

Niamey, Niger, Oct. 14-17, 1985 (in press). 

Krishna, K. R., P. J. Dart, and D. J. Andrews. 1985. Genotype dependent 

variation in mycorrhizal colonization and response to inoculation of 

pearl millet. Plant & Soil 86:113-125. 

Rai, K. N., D. J. Andrews, and A. S. Rao. 1985. Hybrid potential of 81A-

a dwarf male sterile line of pearl millet. Ind. J. Plant Breed and 

Genetics (in press). 
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Develoritent of Agroncaically Superior GenTplasm Including Varieties: Hybrids 
and Populations Which Have Irproved Nutritional Value and Good "Evident" 

Grain Quality 

Project PRF-103A 

John D. Axtell 

Purdue University 
Principal Investigators 

John D. Axtell, Project Leader, Sorghum Breeder 

Edwin T. Mertz, Nutritionist 

Gebisa Ejeta, Sorghum Breeder 

John Clark, INRAN/NCRP Sorghum Breeder 

Lee House, SADCC/ICRISAT Project Manager 

Sam Mukuru, ICRISAT Sorghum Breeder 
Mousa Adamou, INRAN Sorghum Breeder 

Other Researchers 

Allen W. i(irleis, Cereal Chemistry 

Larry Butler, Biochemist 

Mohamed Hassen, Purdue Laboratory Analyst 
Terry Lemming, Purdue Field Technician
 

Thin Tyler, Purdue Graduate Research Assistant 
Ehranel Monyo, Purdue Graduate Research Assistant 

Nora Mason, Purdue Graduate Research Assistant 
Osman Ibrabim, ARC/Sudan Sorghum Breeder 

R. Janbunathan, ICRISAT Biochemist 
Vartan Guiragossian, ICRISAT Sorghum Breeder for East Africa 
Lynn Gourley, Mississippi State/CdAT Sorghum Breeder 

David Andrews, kbraska Millet Breeder 

T. biJiana, SADCC/ICRISAT Sorghum Breeder 

Kay Porter, Pioneer Sorghum Breeder 
Joseph Mushonga, Zinbabwe Sorghum Breeder 

George Graham, Nutritionist/Johns Hop!-ins University 
Bruce Hamaker, Nutritionist/Institute of Nutrition, Lima, Peru 

SInutary 
The major focus of this project is to develop high yielding sorghum 

varieties with acceptable food quality and good nutritional value for 
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utilization in developing countries. A great deal of progress has been rade 

in two areas. 
We now understand many of the factors necessary for inproving the 

nutritional value of sorghum through local village processing. Sorglum 
flour is less digestible than most cereal flours unless it is processed 
using local village procedures that have evolved over hundreds of years. We 
now understand the scientific reasons why processing is important. This 
knowledge will help us modify and improve the traditional processing methods 
and develop inproved processing methods for utilization in other countries 
where sorghum is used as a feed or food grain. 

Relatively little is known about sorghum breeding and genetics in 
ccxoarison to cther majcr staple cereals. Genetic studies contribute tc the 
development of inproved breeding nethodologies for sorghum inprovement. New 
knowledge has been gained by this project about utilization of sorghum 
populations in breeding programs. Traits such as heritability of grain 
hardness erd heritability of seedling cold tolerance are important for both 
the U.S. and developing countries. Selection TrrthIds for inproving these 
irrportant traits have been developed. 

Institutions 

Collaborating Host Countries: Niger - Niger/INRAN and Purdue Niger 
Cereals Research Project; Sudan - Agricultural Research 
Corporation (AR2); Zimbabwe - ICRISAT/SADCC Sorghum and Millet 
Irprovement Program and Zinbabwe National Sorghum Research 

Program; India - ICRISAT. 

U.S.: Purdue University, Mississippi State University, University of 
Nebraska, Texas A&M University, Johns Hopkins University, 

DeKalb/Pfizer Genetics, Pioneer Seed Corporation, Cargill/PIG Seed 

Ccrrpany and Asgrow Seed Ccapany. 

Linkaes:
 

The primary linkages of PRF-3A are with Niger, Sudan and SADCC. 
Collaborative research programs are in progress with INRAN in Niger, ARC ix. 
Sudan and the Sorghum and Millet Irprovement Program in Southern Africa 

(SADCC). 

More of the breeding activities will be conducted in developing 
countries. Much of the breeding will be conducted in Niger, Sudan and is 
developing with the ICRISAT Southern Africa and East Africa regional centers 
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with Vartan. Gebisa will continue his collaboration with the Sudan on 
Striga tolerance and drougJ- t tolerance. He and Axtell plan to spend 
considerable tine and effort woiking with Sudanese scientists on grain 
quality using pedi.-ee breeding as well as population arid hybrid 
development. A major effort will be made to develop A and B lines with good 
grain quality, a tolerance, and drought tolerance which are adapted to 
Sudan and Niger. 

Axtell will continue breeding for good grain quality in elite sorghum 
cultivars which also have African adaptbility, good yield potential and 
other needed agronomic traits. C-aracteristics sucb as kernel hardness have 
now been identified which will facilitate breeding for grain quality. This 
program also will be carried out jointly with Niger and Sudan. Muchi of the 
breeding work will be done in Niger with backup using laboratory facilities 
at Purdue and Purdue winter nursery facilities. Screening and trials will 
be conducted at three locations in Niger as well as in Sudan. 

Secondary research linkages have been developed with ICRISAT, SADCC, 
Mississippi State University and Texas A&M University. 

Ece~cgrhc Zones Benefited Most by Research 
West 	Africa - Niger; SUDANO - East Africa - Sudan; and Southern Africa/ 

SADCC. 

objectives, Research Procedures, and Production/Utilization Constraints 

Soru/MiJllet Constraints 
The major constraint in Niger and Sudan is the development of w~ll 

adapted varieties and hybrids which will tolerate drought and produce grain 
which is acceptable for the local food products in these countries. The 
interaction between variety, nrethods of food processing and nutritional 
value are major objectives of this projec.. The recent results discussed 
under Project Output illustrate the inportance of local processing on 
nutritional value of local sorghum food products. In these studies with 
children in Peru, sorghum flour cocked as a thick gruel gave nitrogen 
digestibility values of 46% but when prepared as the traditional Sudanese 
sorghum food, nasha, the nitrogen digestibility increased to 74%. This 
suggests that thin fen-ented porridges which are widely used in East and 
Southern Africa are very important for obtaining the maxinum digestible 

protein and energy from sorghum grain. 
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An intensive laboratory effort by Joe Mushorga from Zinbabwe has 
resulted in inprovement of techniques to measure diastatic power in sorghum 
grain. Much of the sorghum produced in Southern Africa is utilized as a 
thin fermented porridge (local beer). Special varieties are being developed 
by the SADCC Program for this purpose which requires laboratory screening 
procedures developed by Joe Mushorga. 

Dr. Sam Mukuxu is exploring local processing technologies used in East 
Africa by people who treat high tannin sorghums with wood ash to reduce the 
antinutritional effects of tannin and to inprove digestibility. Dr. Mukuru, 
who is on sabbatical leave at Purdue for one year, has uxcovered sae very 
interesting results on the value of local processing in East Africa. 

oect Objectives 
Identify, develop and evaluate sorghum lines or mutants with inproved 

nutritional quality and s'Jperior food grain quality using both chemical and 
biological ethods. 

Develop agroncmically elite sorghum lines for Niger and Sudan with good 
adaptability, good grain quality, good drought and Striga tolerance, and 
irproved yield potential. 

Develop irproved B-lines for adaptation in Niger and Sudan. These can 
provide a genetic base for future hybrid production in these countries. 

Investigate the potential for developing varieties of sorghum with high 
nutritional value and good food properties for potential use nutritionalas 
foods for young children, pregnant wcuen and nursing mothers. 

Train LDC personnel in plant breeding and genetics. 

Chan in bjectives 
The major focus for Year 8 will continue to be ascertainment of the 

nutritional value of thin fermented porridges as used in East and Southern 
Africa and also to detemine what genetic characteristics are necessary in a 
new variety to successfully prepare these porridges. For exanple, it is 
generally known that local varieties have a high diastatic power which is 
essential for fermentation with either yeast or lactcbaci llious. MW-ny 
inproved sorghum varieties lack this characteristic and this factor may be 
responsible for low adoption rate of improved varieties. Joe Mushonga has 
developed rapid assays 
for djastaic pcwer and studying inheritance of
 
diastatic activity in sorghum cultiva m. Joe has screened breeding aterial 
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from Lee House's program in Bulawayo and will be studying the inheritance of 
diastatic power for his Ph.D. thesis research at the University of Zimbabw.e. 
Dr. Sam Mukuu from ICRISAT has joined us for a one year leave to study 
these problems. He has great expertise in soighum breeding and also in 
local processing information front his horre village in Uganda. These studies 
will be ccmbined with the orgoing program to develop well adapted, high 
yielding sorghum varieties. 

Research Procedures 
PRF-3A has developed extensive expertise in laboratory facilities, 

field facilities and staff expertise to study interdisciplinary problems in 
collaboration with scientists in Niger, Sudan and Zinbabwe. 

Problems _erJ4n Achievement of _Objectives 

The major cbstacle is coordination of laboratory and field experiments 
at Purdue with local food processing technologies available in Africa and to 
study the inheritance of these traits. These have been largely overcome by 
developing solid collaborative relationhips in Niger, Sudan and Zinbabwe, 

and by bringing African collaborators like Joe Mushonga and Sam Mukuru to 

Purdue to lean the laboratory and field techniques prior to the conduct of 
their incountry research programs in Africa. 

Project Output 

Research Findigs for Imiediate Use 
Nasha is a satisfactory weaning food when supplemented with relatively 

small amounts of lysine-rich foods such as milk, fish or legumes. 
("Digestibility and utilization of protein and energy from nasha, a 
traditional Sudanese fermented weaning food" by G.G. Graham, W.C. MacLean, 
E. Morales, B.R. Hamaker, A.W. i(irleis, E.T. Mertz and J.D. Axtell. J. 
Nutrition 116:978-984, 1985). Digestibility of sorghum nasha was 74 percent 
in infants caripared with 82 percent from wheat, 72 percent from maize and 
only 47 percent from cocked unprocessed sorghum. Thus, conversion of 
sorghum to nasha raised the digestibility from 47 to 74 percent and makes 
sorghum a satisfactory cereal for infants. 

Nonral sorghum and high lysine sorghum are good sources of tryptophan 
["Ttyptcphan Levels in Normal and High Lysine Sorghums" by M.M. Hassen, E.T. 
Mertz, A.W. Kirleis, G. Ejeta, J.D. Axtell and E. Villegas. Cereal 
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Ceaistry 63: (2) :175-176, 1.985.] Noxal sorghum proteins contain 0.8 gram 
of tryptcphan per 100 grams of protein (this is the FAO reccrnrerded level 
for infants) and high lysine sorghum proteins contain 1.2 grams or 50% rrore 
than the recacarerded level. The extia tryptphan in high lysine sorghum can 
be converted by the child to niacin, a vitamin often deficient in the diets 
of children in developing countries. 

"Irproving the in vitro digestibility of sorghum with reducing agents." 
B.R. Haxraker, A.W. Kirleis, L.G. Butler, J,.D. Axtell and E.T. Mertz. 
Proceedings of the National Academy of Science, USA (In press). We have 
shown in previous reports that cocked sorghum protein is less digestible 
than other cocked cereal proteins. The pepsin indigestible proteins in 
sorghum were found to be nrinly prolamin proteins. Cocking sorghum in the 
presence of 2-mercaptoethanol increased protein digestibility (in vitrD 
using pepsin or trypsin/ch Tnmtrypsin) to a level ccnparable with other 
cereals. At a concentration of 100 nM other reducirg agents 
(dithiothxeitol, sodium bisulfite and L-cysteine) were equally effective in 
inproving sorghum digestibility. When maize was cocked in the presence of 
2-mercaptoethanol protein digestibility increased 5% ccnpared to 25% for 
sorghum. Cocking bailey, rice and wheat with 2-mercaptoetanol had no 
significant effect on protein digestibility. The addition of reducing 
agents appears to prevent the formation of protein polymers linked by 
disulfide bonds. 

"Effect of cocking on the protein profiles and in vitro digestibility 
of sorghum and maize." Bruce R. Hanaker, Allen W. Kirleis, Edwin T. Mertz 
and John D. Axtell. J. Agric. Food Chcm. 34:647-649. thcocked sorghum was 
aln ost as digestible as uncocked maize, when assayed in vitro with pepsin 
and/or a trypsin-chymotrypsin mixture. However, after cocking, sorghum 
protein digestibility was significantly decreased. In contrast, cocking 
maize had no effect on pepsin digestibility and increased trypsin
chymotrypsin and pepsin-trypsin-chymotrypsin digestibility. After cocking, 
sorghum prolamins, measured by the Larry-Moureaux procedure and SDS-PA3E, 
becamre nmucl less soluble and less pepsin digestible than maize prolamins. 
Th se findings demonstrate that sorghum and maize proteins behave 
differently when cocked and may explain why cocked sorghum has a lower 
digestibility than nmaize, wheat, and rice in children. 
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"Selection for seedling cold tolerance in grain sorghum." R.K. Bacon, 
R.P. Cantrell, and J.D. Axtell. Crop Science 26:900-903. Irprovnent in 
cold tolerance for sorghum [Sorhum bicolor (L.) Moench] would allow 
expansion of this crop into cooler regions than the current production 
areas, as well as lessen stand reductions in cool soils currently in 
production. Fxperinents were conducted in 1981 and 1982 to evaluate 
effectiveness of selection for coid tolerance in sorghum. A genetically
 
broad-based, randam-mating grain sorghum population, Purdue Population 9 
(PP9), was used as the source population for increasing seedling cold 
tolerance. Purdue Population 9 Cold Tolerant (PP9CT) was develored through 
a phenobypic recurrent selection procedure utilizing natural selection 
in 
early spring plantings. Progress from selection was evaluated in early 
spring plantings in 1981 and 1982. In 1981, the CO to C3 generations of 
PP9CT and two check genotypes were evaluated in plots planted with 100 seeds 
in a randomized complete block design. In 1982, the C4 generation was also 
included. Results from the first year indicated that a 10.6% increase in 
cold emergence had been accomplished After three cycles of selection. Data 
from 1982 indicated a 14.9% increase in cold emergence after four cycles of 
selection. Regression analysis on the combined tests showed a 
linear
 
increase of 2.8% cycle. Plant height, 
days to half blom, seed color, and
 
grain yield were evaluated in trials planted at norl planting dates to 
detennine the correlated responses in PP9CT following selection for seedling
 
cold tolerance. Plant height showed an irregular response, days to half 
bloom decreased by 0.55 day cycle, seed color increased by 0.13 color unit
 

cycle, and grain yield increased by 197.7 kg ha cycle. 

Research Pro'ress for Future Use 
"Ccbining ability of high lysine lines of sorghum, orhum bicolor 

(L.) Moench, derived from -721 opaque" by E.S. Monyo, G. Ejeta, W.E. 
Nyquist, and J.D. Axtell. Crop Sci. (In press). The P-721 opaque (P-721Q)
 

endospenn of Sorghum bicolor (L.) Moench has better protein quality than 
normal sorghum endospermus. However, it has not been readily accepted for 
wide cultivation due to its lower yield potential and sane other problems 
associated with the soft endospem. The aim of this study was to determine 
whether hybrids retained the high yield and protein quality of sane lines 

derived from P-721Q. 
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Ten high lysine lines of sorghum derived from P-721Q were tested for 
agroncmic traits and protein quality in hybrid carbinations. Each was mated 
with the same three ferale lines, also derived frm P-721Q by backcrossing 
to sterile cytoplasm. F1 lines derived from these matings evaluatedwere 
for grain yield, 100-kernel weight, protein concentiation, and lysine as 
percent of protein. 

Significant differences amo-g general carbining ability effects were 
observed for all characters except grain yield, while significant 
differences among specific caubining ability effects were bserved for grain 
yield only. Grain yield of 11 of 13 lines in hybrid ccrbinations was 
significantly better than that of their single parent. Correlation between 
grain yield and percent protein in the 30 hybrids was negative and 
significant (r = -0.63) ; correlation between grain yield and lysine as 
percent of protein was also negative but not significant. 

R-3 (P-850314) %as the best male parent for agronomic and protein
quality Lraits. In hybrid combination, it produced hybrids with the highest 
lysine percentage. Among the female parents, A-2 (P-851045) produced 
hybrids with the highest grain yields and A-3 (P-851063) gave hybrids with 
the highest protein quality. The best single-cross hybrid for agroncnic and 
protein quality was A-3 x R-3. This new hybrid has 35% more lysine than the 
normal cultivar P721N and yielded much the NK-180 check. Thus itzs as has 
the potential of substituting for some other expensive protein and lysine 
scurces in the semiarid tropics where sorghum is the main food crop. 

Sorghum kafirins (prolamine) proteins are polymerized by cocking 
("Polymerization of sorghum kafirin proteins by cocking" by B.R. Hamaker, 

A.W. Kirleis, and E.T. Mertz. Fed. proc., in press, 1985). The pepsin
indigestib.e proteins from cocked, lyorhilized sorghum were put on an SDS
polyacrylamide gel and subjected to electrophoresis. The prr teins were so 
large they could not enter the gel. The proteins, when reduced, however, 
all migrated to the 20-25,000 dalton range characteristic of nonaneric 
kafirin proteins. Terefore, kafirin polymerization accounts for the lcer 
digestibility of cocked sorghum, and can be reversed with reducing agents. 

"Processing high tannin sorghum in East Africa." S.Z. Mukuru, J.D. 
Axtell and G. Ejeta. Brown-grain (high tannin) sorghums are exclusively 
grown ard used for food in many parts of the world. Brown-grain (high 
tannin) sorghums have agronanic and production advantages (most inportant 
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being bixd resistance) over non-brown soghums and this is probably the main 
reason why thcy are still grown. Unfortunately the nutritional value of 
brown-grain, bird resistant sorghums has been reported as significantly 

lower than that of non-brown sorghums. 

In the scuthein highlands of TgarxIa alrrost all the sorghums grown are 

broun-grain types. Over 70% of sorghum grain produced is traditionally 

processed before it is used for food. The processing metbod is simnple and 
is carried out by the peasant farmers thoselves. The grain is mixed with 

wocrl ash slurr, soaked overnight, after which the grain is put on the floor 
and I eft covered for four or five days after germination. As socn as the 

radicle is approximately one inch lorg, the grain is sread out on the floor 

and allwed to dry. Dried grain is pounded in a wocden mortar and winnaed. 
Usually large quantities of grain is processed and stored. Enough quantity 
of processed grain is ground into flour and used to prepare traditional 
beverages to last for two or three days. 

Processed grain is only suitable for the preparation of beverages (thin 
porridge) and not Ugali (thick porridge). This is because germination of 
the grain increases amylase activity in the grain, thereby significantly 
reducing its viscosity and rendering it unsuitable for the preparation of 

Ugali. 
"Rate ard extent of digestion of cell wall ccrrponents of bromn-midrib 

sorghum species." J.H. Cherney, K.J. Moore, J.J. Volenec, and J.D. Axtell. 
Crop Science 26:1055-1059. Cell wall ccrrposition and structure are 
irportant factors influercing utilization of forages in diets of ruminant 

animals. Our objective was to compare the cell wall ccrposition and rate 
and etent of digestion of cell walls of normal and brown-midrib (bmr) 
genotypes of sorghum [Sorghum bicolor (L.) Moerh] species. Brown-midrib 

'Greenleaf,' sudangrass [Sorghum bicolor (L.) Moerh], and 'Redlan' 

'Greenleaf' and Redlan x 'P'.per' sorghum x sudarnrass hybrids were planted 
in the field in a Zanesville silt loam soil (fine-silty, mixed, rresic Tgyic 
Fragiudalf) along with corresponding normal genotypes. Stcver was harvested 
and analyzed sequentially for fiber components, total nonstructural 
carbohydrates, and neutral sugar and phenolic acid composition of cell 
walls. Samples were incubated in buffered runen fluid for 0, 6, 9, 14, 21, 
48, and 72 h and rate constants were determined for neutral detergent fiber 
(NDF), cellulose, and hanicellulose digestion. The NDF, cellulose, and 
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lignin corentLrations of bmr genotypes were lower than the corresponding 
nonral genotypes. This resu21ted in 7% higher in vitro dry matter 
digestibility of bnmr tissues over the normal genotype. Rate constants for 
digestion of NDF, cellulose, and hemicellulose differed, averaging -0.083, -

I10.088, and -0.C179 h- for the bmr genotypes, ccrrpared to -0.064, -0.068, and 
-I1-0.066 h for the nornal genotypes, respectively. The bmr genotypes had a 

higher extent of NDF, cellulose, and hanicellulose digestion when canpared 
to the normal genotypes. The ]ignir concentration in the cell wall of bmr 
genotypes was initially lcer than normal genotypes, but as digestion 
progressed the lignin concentrations of both genotypes rerged at 138 g kg -1 

DNF. This indicates that the proportion of lignin in the cell wall uay be a 
limiting factor for extent of cell wall digestion. A portion of the lignin 
initially present was apparently digested, with extent of lignin digestion 

at 111 g kg- 1 for the bmr genotypes ccapared to 186 g kg- 1 for its normal 
counterpart. Ferulic acid (FA) concentration on a NDF' basis was higher and 
p-coumaric acid (PCA) concentration lcwer in the bmr genotype, indicating 
considerable differences in linkages may exist between core lignin and 
structural carbohydrates. The FA/PCA ratio was 0.75 and 0.34 for the bmr 
and normal genotypes, respectively. This agrees with the suggestd positive 
relationship between cell wall digestion and the FA/PCA ratio. 

"Breeding and utilization of grain sorghum for thin fenented porridges 
(beers)." J.N. Mushornja, L. House, J.D. Axtell. In Zinbabwe, sorghum is 
utilized in two nejor ways. This is as human food and aniral feed. As it 
is with most countries where sorghum is used as source of enercgy, Zirrbabwe 
is not an exception. Several preparations out of sorghum include a variety 
of porridges. There is thin fennented porridge prepared out of sorghuzi and 

other cereals. This type is used as medicinal preparations for ill people. 
It is the sole source of a breakfast neal for many families, particularly 
those in the rural areas where variety of food is limited. There are also 

sour and fermented porridges which are constxred at work, ,ccial gatherings, 

as well as a casual family drink. Although undoubtedly very inportant to 

people in the rural areas, city dwellers also use these but to a limited 

extent. outside the thin porridges, therE? is another preparation made out 

of sorghum flour. This is a paste or thick porridge known as Sadza (or 

Sitshwala). This is widely used all over the country. It is generally 
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consumed with beef or chicken stew, fish, fresh or sour milk and vegetables. 
This is cormonly served at lunch or dinner. 

One form of sorghum product widely consure is fen-ented beverages. 

These are classified into alcoholic and nonalcoholic. Nonalcoholic 

fermentations are scurings which are nainly influenced by fermentation, 
while alcoholics are beers and wines. Beers are ccnonly made from cereals 
and the stEps involved in their preparation may be divided into two groups. 

The first group involves; (a) steps to convert the cereal into a mechanism 
suitable for yeast growth and alcoholic fermentation; and (b) steps that 
give beer some special characteristics, e.g., hop flavoring in the case of
 

European beers and souring in the case of some African beers. 
The art of traditional beer brewing probably goes back to prehistoric
 

times when people first noticed grain sprouting in the field or storage in 
the presence of moisture. Sorghum malt is produoed by soaking the grain in 
the water for about one to two days. The water is drained and the grain is 
allcwed to germinate for a few days in a warm enviorment. The sprouted 
grain is allowed to sun dr','. The malt is ground into flour and then mixed 
with cold water. A larger amount of malt is steeped in boiling water and 
the cold water malt preparation is mixed with the boiled materials. This is 
done probably for its arylolytic action and also as a source of organisms.
 

This sweet wort may be drunk after less than one day's fermentation, as is 
done in many parts of Uganda. On the second day, it is boiled in the 
cocking pot and returned to the brewing pot for the alcoholic fermentation. 
The beer is kept for an additional several days, then strained through a 
coarse basket to remove the husks. 
 The beer is chen ready tc drink. The 
critical point in the process is that the variety must have high diastatic 
power which is an irportant trait for breeders to select for. 

Networkinq Activities 

- Workshops
 

INTSOR4IL/INRAN/NCRP Sorghum and Millet Collaborative Research Workshop
 

held in Oct. 1985. Attended by 45 INRAN/INTSOIMIL/NCRP and U.S. AID Mission
 
staff, including Anbassador Bogosian. Proceedings in press.
 

Conducted External Evaluation Panel On-Site Review of INrSO1MIL/Niger
 

program - Oct. 19-22, 1986. 
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- Research Investigator Exchanges
 

A partial list of research visitors:
 

Mr. Manadou Ouattaia - Niger
 

Dr. Sam Mukuru - India
 

Dr. R. Janbunathan - India
 

Dr. Lee House - Zinbabw
 

Mr. Mousa Oumarou - Niger
 

Mr. Mousa Adamou - Niger
 

Dr. Idrissa Sourmana
 

- Genrplasm and Research Information Exchange 

Considerable gennplasm has been provided to INRAN/Niger, ARC in Sudan, 

ICRISAT/SADCC Zinbabwe, plus numerous seed lots in response to specific 

requests by both private and public sector institutions. 

Travel 

International 

- Hyderabad, India; Soroti, Uganda; London, England. July 10 - August 5, 

1985. John Axtell. Meet with Dr. Swindale for indepth review of 

ICRISAT Cereal Projects. Attend East African Sorghum and Millet 

Conference in Soroti, Uganda. Research planning session with Dr. 

Stuart, Plant Physiologist frcm University of London. 

- People's Republic of China. August 26 - Octcber 3, 1985. John Axtell. 

Visit sorghum nurseries and teach genetics classes at Henan Academy of 

Agricultural and Forestry Sciences. Present seminar at Shexryang and 

South China Agricultural College (No expense charged to INTSOW4IL). 

- Niamey, Niger. Octcber 10-23, 1985. John Axtell. To participate in 

and serve as director of an NTSORIL/INRAN/NCRP sorghum/illet 

workshop. 

- Swaziland, Africa. Novenber 9-20, 1985. John Axtell. AID 

Contract/Academy for Educational Developnent/CTTA (Ccrmunications for 

Technology Transfer in Agriculture). Meet with representatives of 

USAID and relevant institutions to discuss the potential of Swaziland 

serving as a CTTA diffusion site. (No expense charged to INrSOIMIL). 
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Domnestic 
- Kansas City, MO. January 13-15, 1986. John Axtell. Joint neeting of 

the INTSO4IL fTchnical Ccanittee and the Fccgecgr4phic Zone Council 
Meeting.
 

- Kansas City, MO. March 2-3, 1986. John Axtel]. Attend the INTSOW4IL 
Board/Tecimical/EZC Meeting budgetto plan the 1986-87 allocations. 
Chairman of EZC Ccnmuittee. 

- Puerto Rico. March 6-18, 1986. John Axtell. To evaluate Puerto Rico 
as a winter nursery site; including assessment of Vieques as a 
potemtial future site; pollination of INTSORMIL Purdue sorghumi nursery. 

- Kansas City, MO. March 19-20, 1986. John Axtell. Attend the 
INISORILb Ecogeographic Zone Council Meeting. 

- Puerto Rico. March 31-April 11, 1986. Terry Lemming. Pollination of 
the second planting, harvest, thresh and package INTSOR4IL sorghum 

winter nursery. 
- Kansas City, MO. April 9-10, 1986. John Axtell. To attend the 

INTSOWAIL Board Meeting to decide 1986-87 budget reccnurendations. 
- Kansas City, MO. May 12-15, 1986. John Axtell. Meeting of INSO'iIL 

Niger Country Coordinating Ccrmiittee and meeting of INTSORIM 
Ecogecgraphical Zone Council Meeting. 

- Nairobi. Kenya and Bujunbura, Burundi. June 17-July 16, 1986. 
Emmanuel Monyo. To visit Dryland Research Station at Kenya and 
interact with workers at the East African Sorghum and Millet Conferere 

in Burundi. 

Publications and Presentations 

Refereed Publications 
Iamakor, B.R., A.W. Kirleis, L.G. Butler, J.D. Axtell an E.T. Mertz, 1986. 

Inproving the in vitro digestibility of sorghum with reducing agents. 
Proc. Natl. Acad. of Sci. USA (In press). 

Monyo, E.S., G. Ejeta, W.E. Nyquist, and J.D. Axtell. 1986. Conbining 
ability of high lysine lines of sorghum, Sorghum bicolor (L.) Moench, 
derived from P-721 opaque. Crop Sci. (In press). 

Hassen, M.M., E.T. Mertz, A.W. Kirleis, G. Ejeta, J.D. Axtell and E. 
Villegas. 1986. Tryptophan levels in normal and high lysine sorghums. 
Cereal ChEm. 63:175-176.
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Hamaker, B.R., E.T. Mertz, A.W. Kirleis, and J.D. Axtell. 1986. Effect of 

cocking on the protein profiles arid pepsin digestibility of sorghum and 

maize. J. Agric and Food ChEma. 34:647-649. 

Graham, G.G., W.C. MacLean, Jr., E. Morales, B.R. Hamaker, A.W. Kirleis, 

E.T. Mertz, and J.D. ?xtell. 1986. Digestibility and utilization of 

protein and energy frcm Nasha, a traditional Sudanese fenented weaning 

food. J. Nutr. 116:978-984. 

Chemhey, 	 J.H., K.J. Moore, J.J. Volenec, and J.D. Axtell. 1986. Pate and 

extent of digestion of cell wall ccr.Tponents of brown-midrib sorghum 

species. Crop Sci. 26:1055-1059.
 

Bacon, R.K., R.P. Cantrell, and J.D. Axtell. 1986. Selection for seEdling 

cold tolerance in grain sorghum. Crop Sci. 26:900-903. 

Ibrahim, O.E., J.D. Axtell and W.E. Nyquist. 1985. Quantitative 

inheritance and correlations of agroncxnic and grain quality traits of 

sorghum. Crop Sci. 25:649-654. 

Kitch, L.W., R.E. Shade, W.E. Nyquist and J.D. Axtell. 1985. Inheritance 

of density of erect glandular trichoes in the genus Medicap. Crop 

Sci. .5:607-61i. 

Ejeta, Cebisa and John Axtell. 1985. Mutant gene in sorghum that causes 

leaf "redding" and causes protein concentration in the grain. J. of 

Heredity 76 (4) :301-302. 

Fighting Hunger With Research. A Five-Year Technical Research Report of the 

Grain SorghuVPearl Millet Collaborative Research Support Program. 
Fdited by Judy F. Winn, (INTSORIIL Report, 1985). 

Presentations 

Axtell, J.D. 1985. Sorghum Nutritional Quality. East African Sorghum and 

Millet Conference. Soroti, Uganda. 

Changes in Year 8 

See Chanqe in _bjectives 
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Breeding Sorghum Varieties and Hybrids with Inproved Grain Qualit
 
Drought Resistance and Striga Resistance
 

Project PRF- 107
 

Gebisa Ejeta 

Purdue University 
Principal Investigator 

Gebisa Ejeta, Purdue University, Departnent of Agronamy 

Host Countay Collaborators
 

Sudan
 

Agricultural Research Corporation
 
Dr. Abdellatif M. Nbur, Sorghum Breeding 
Dr. Osman Ibrahim El Obeid, Sorghum Breeding 
Dr. AbdelJabar T. Babikher, Striga Research 
Dr. Mohamed El Hilu Omer, Sorghum Pathology 

National Seed Administration 

Dr. Ahnd Abuelgassim
 
Dr. M.S. Joshi
 

Dr. Omar Fadil
 

Niger 

INRAN/Nianey, Niger
 

Mr. Nousa Adamou, Sorghum Breeding
 
Dr. John Clark, Sorghum Breeding
 

Dr. Derek Laycock, Striga Research 

Other Collaborators
 

Dr. Sam Mukuru, ICRISAT, Hyderabad, Jiia
 
Dr. Vartan Guiragossian, ICRISAT/SAFGRAD, Kenya
 
Dr. Joseph Werder, ICRISAT Sahelien Center, Niger
 

U.S. Collaborators 

Dr. John Axtell, Purdue University
 

Dr. Larry Butler, Purdue University
 

Dr. Hem Warren, Purdue University
 

Dr. Allen Kirleis, Purdue University
 
Dr. Darrell Rosenow, Texas A&M University
 
Dr. Edward Clark, Texas A&M University
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Dr. Lynn Gourley, Mississippi State University 

Dr. Lytton Musselman, Old Dominion University 

Breeding sorghum varieties and hybrids for use in developing countries 
requires proper recognition of the major constlaints limiting production, 
knavledge of genzplasm and appropriate physical e;t.rirornent for evaluation 

and testing. Efforts in TNTSOIMIL project PRF-107 are attempts to meet 

these requirements. Through regular dialogue and interaction with 
colleagues in Niger and Sudan, the sorghum breeding program at Purdue 

provides the necessary back up both in ten-s of gemplasm and information. 

Contributions are made to sorghum breeding programs in Niger and Sudan both 
at the time of initial design of experiments as well as in assisting during 

evaluation of nurseries in the field. 

Progress has been nade in identifyirij sorghum lines with increzaed 

levels of drought resistance, sane of which are currently being incorporated 

into breeding programs both in Niger and Sudan, as well as in the USA. 
Sorghum genrplasi with superior grain mold resistance has also been 

identified and the physico-chenical basis of this resistance characterized. 

Collaborative research on Striga resistance mechanism in sorghum has 

led to the identification of a chemical exudate associated with sorghum root 

hairs with capacity for the stimulation of Ltriga germination and haustorial 

initiation. The behaviox of root growth and patterns of root distribution 
in sate Strig_ resistant sorghum varieties has been associated with a 

possible avoidance mechanism of host-parasite interaction. 

Institutional Linkages 

PRF-107 project activities are focused primarily in two African 

countries: Sudan and Niger. Results from our efforts will, therefore, be 
of imediate relevance and iirportant to the two countries. Both countries 

are primary sites for two major ecogecgraphic zones and hopefully research 

results generated in the two major sites will have relevance and use in 

neighboring countries. 

Sudan 

The Agricultural Research Corporation provides the primary linkage for 
research under PRF-107 as it does for most INTSORMIL activities in Sudan. 
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The main thrust of PRF-107 activities in Sudan is tcwards developing 
inproved sorghum varieties and hybrids for use both in the rainfed and 
irrigated sectors. To this end prirary collaboration is with the sorghum 
breeders, Dr. Abdellatif M. Nour and Dr. Osma, Ibrahim. The specific mode 
of collaboration entails joint planning of specific studies, joint nursery 
evaluation, and genmplasm exchange. This is achieved through visits both at 
the tine of planning and at the time of nursery evaluation just before 
harvest. Such a mode of collaboration has been found to be mutually useful 
and provides a mechanism for a continual evaluation of genrplasm developed 
in the U.S. to be evaluated for use in Sudan. Useful collaboration also 
exists with other ARC scientists, namely, Dr. Lvohared El Hilu Omer, sorghum 
patlhoogist and Dr. Abdel Jobar T. Babikher, Strig specialist. 

In addition to ARC, a less formal but functional linkage exists with 
the National Seed Administration (NSA) in Sudan. With staff at NSA, efforts 
are directed towards develoment of a seed industry in Sudan. 

Mutually useful collaboration has quickly developed with INRAN. The 
main contacts in Niger are the sorghum breeders, Mr. Mousa Adarnu, INRAN 
sorghum breeder stationed at Iardi, and Dr. John Clark, Purdue Cereal 
Research Project Team Leader, located at Niamey. Our ncde of collaboration 
in Niger is the same as that described for Sudan, i .e., joint participation 
at the planning of experiments and evaluation of genetic material in 
e perimental fields. Specific areas for which support from INTSO4]L 
Project PRF-107 is provided to Niger are in breeding sorghum for drought 
resistance and in develoxnent and evaluation of experinental sorghum 
hybrids. Another area of collaboration with INRAN is in training of 
graduate students. Two Purdue graduate students, Mr. Isscufou Kapran, a 
Nigerien M.S. student and Mr. Dale Hess, a Ph.D. candidate, are currently in 
Niger corducting field thesis research at INRAN stations. 

Cbjectives and Production/Utilization Constraints 
Moisture stress is perhaps the single most important constraint to 

sorghum production in both Niger and Sidan. Sorghum genplasm accessions 
with good levels of drought tolerance, whil e available in various programs 
around the world, had not been widely used in research programs in Niger and 
Sudan. Practical methodologies for screening sorghum gelaplasm for drought 
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tolerance are also lacking. Breeding efforts to incorporate drought 
tolerance with higher than average yield potential are limited by lack of a 
rapid field screening procedure as well as lack of knowledge of scurces of 
sorghum genrplasm possessing useful traits. 

Sti~a, a parasitic weed of major sorghum growing tropical countries is 
another major constraint to sorghua production. There is very little 
sorghum genrplasm with resistance to Stria and the mechanismns that render 
resistance to Striga are unknown. Knowledge of inheritance of this trait is 

also scant. 
One of the constraints limiting adoption and use of exotic early 

maturing, high yielding sorghum varieties in parts of West Africa is the 
susceptibility of exotic lines to grain rrolC causing fungi. Tall, late 
natring, photcperiod sensitive local varieties ccupleting their grain 
filling period after cessation of rains tend to escape grain deterioration 

problems in the field. 

Project Objectives 

To develop sorghum varieties and hybrids with increased levels of
 

drought resistance. 

To work out a nethodology for screening and incorporation of drought 
resistance with high yield potential, 

To conduct basic studies towards understanding the rrechanisms of 
drought resistance in sorghum.
 

To conduct basic studies to detemine the inheritance as well as 
understand the probable mechanisns associated with Stri a resistance in 
selected sorghum varieties. 

To identify superior sources of grain rrold resistant sorghum lines. 
In collaboration with colleagues in Sudan, to work t avards development 

of a private seed industry to promote use of hybrid sorghums in Sudan. 
Training o:. graduate students. 

Project Output 

Research Finding for Imediate Use 

Grain mold of sorghum: Search for resistant genrplasm within a working 
collection of tropical sorghums maintained at Purdue University resulted in 
identification of over 20 mold-free sorghum lines during the 1984 crop 
season. In 1985, a study was undertaken on the physico-chamical 
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characterization of sorghum kernels for resistance to various fungi 
pathogens that cause grain nold. Repeated sanpling of sorghum panicles at 
different post-flowering stages indicated that, while several fungi complex 
(Alternaria, Asergillus, Fusarium, Curuvlaria, etc.) can infect the sorghum 
kemels, time of infection, weather, and the virulence well as theas 
population dynamics of the various pathogens more significantly detenine 
the level of damage of kernels in sorghum panicles. Anorg the chemical 
constituents studied, a sirple chemical assay for a lower molecular weight 
phenols, flavan-4-ol's, is more useful for predicting Weathering resistance 
than any other chemical assay including tanins. 

So_hu Striga: Collaborative research on control niecbanisms of Striga, 
a parasitic weed of sorghum, has led to the isolation and identification of 
a cacruoud from sorghum roots. The major carponent of the exudate is a 
unique quinone -which has just been naned sorgoleone. A large amunt of 
sorrjoleone extracted from roots of sorghum grown in. petri dishes was used in 
a bio assay. The results indicate that sorgoleone is a powerful germination 
stinulant for Stria, the first identified front a natural host plant. 

In a trial conducted to ccrrpare root systemts of resistant and 
susceptible sorghum cultivars, we cbserved that the root length and surface 
area estimated using the Tenant line intercept method, of P-967083, a. Stria 
resistant cultivar, was less than all other cultivars. In scil cores frcu 
the field, both Framida, another resistant cultivar, and P-967083 produced 
significantly less root length and surface area than the susceptible 
cultivar Dabar in the upper 10 cm. of che core. P-967083 produced 
significantly less roots than the other two cultivars in the 10-20 cm 
portion of the soil core. These results suggest that P-967083 root growth 
may contribute to resistance to parasitism by reducing host-root and Striga
seed in the upper horizons of the soil profile. 

Research Proress for Future Use 
Development of Sorghum Varieties and Hybrids for Niger and Sudan With 

Increased Levels of Drought Resistance 

Geniplasm lines are now available with superior early and post
flowering drought resistance and good adaptation to drought prone areas of 
Niger and Sudan. Breeding efforts are underway to irprove the yield 
potentials of these lines through intetcrossing of selected exotic and local 
sorghum varieties. The approach that appears to have th m-ost imrediate 
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potential is the use of these genrplasm sources as R-line parents in hybrid 
caibinations. intercrossing will be made in the U.S. for evaluation urder 
dought conditions in both Niger and Sudan. Hybrid canbinations developed 
frcu, lines that already have been evaluated for adaptation and drought 
tolerance aze expected to have a better chance for irediate utility. The 
in act of such a hybrid will be particularly significant in Sudan where use 
of ccmrercial hybrid sorghum is already under development. In Niger the 
focus is towards evaluating the potential as well as feasibIlity of 
cammercial sorghum hybrids in the next three years. 

Understanding the Inheritance and Mechanism of Stfioa Resistance in 
Sorghum 

An interdisciplinary project is current3y unieroway on basic studies on 
the genetic as well as the biochemical and physiological basis of Stri.0a 
resistance in sorghum. A significant portion of this project is undertaken 
by Dale Hess, a Ph.D. graduate student. Sorghum varieties resistant to 
Striga have been identified in L collaborative field evaluation project in 
Sudan. These lines as well as susceptible varieties from Sudan are being 
used in the project. Bcsic biochemical and root anatmy investigations are 
done at Purdue University while field evaluation to generate genetic 
information has been pursued by Dale Hess in Niger since June 1986 where he 
is serving as a research associate in the Purdue Niger Cereal Research 
Project. It is expected that at the end of this study significant 
information will be generated that will be very valuable to the small 
ccminity of Strica researchers. 

Neborking Activities 

- Workshops and Reviews 
INTSOW4IL/INRAN/NCRP Sorghum and Millet Collaborative Research Workshop 

held in Octcber, 1985. 
Represented INTSOIMIL at the International Drought Syrrposium on Food 

Grain Production in Semi-Arid Regions of Sub-Saharan Africa. Nairxbi, 
Kenya. 19-23 May 1986. 

Participated in the International Workshop on Seed Prcduction in Latin 
America. El Batan, Mexico. 13-17 Oct. 1985. 
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- Genrplasm and Irformation Exchange 
An effective nechanism has been. developed for gernplasm exchange with 

cooperators both in Sudan ani Niger. Type and extent of gennplasm 
introductions to both Sudan and Niger from our project is decided upon 
either specific request from the collaborators or based on preliminary 
evaluation of snall sets of nurseries introduced the previous season. Such. 
an approach has been found to be satisfactory and workable. A nimber of 
early generation as well as advanced breeding sorghum lines were intrcdueed 
to both Sudan and Niger. Such gennplasm const-i utes a significant part of 
the core breeding program in bothi INRAN and ARC. Likewise, useful local 
sorghums frcan Niger and Sudan have also been introduoed for initial 
intecrosses to be made in the winter nursery in Puerto Rico. 

A significant networking activity involving information exchange is 
developing through the efforts of this project and its collaborators. Using 
information accunulatEd on genplasm and environmental data from the 
INISORI!,1 collaborative effort in Sudan, varieties and hybrids that showed 
potential in Sudan are suggestEd for testing in similar envirorments in 
Niger. Research methodologies (on drought tolerance for exanple) as well as 
results, therefore, are also shared across countries and zones. 

- Project Visitors - 1985/86
 

Dr. Sam Mukuru India
 

Dr. R. Jarbunathan India
 

Dr. Lee House Zinbabwe
 

Mr. Idrissa Soumana Niger
 

Mr. Mousa Aidaou Niger
 

Travel 

International 

- Niamy, Niger. June 16-July 2, 1986. Cbisa Ejeta. Plan and organize 
1986 INTSOR4IL/Niger collaborative research projects. 

- Nairobi, Kenya. May 16-25, 1986. Gebisa Ejeta. Attend International 
Drought Conference; Kaboka Experiment Station to lock at INTSOR4]L 

Sorghium Nursery. 
- Mayaguez, Puerto Rico. February 3-17, 1986. Terry Lei-ming. Pollinate 

the Purdue INTSOR4IL Sorghum Winter Nursery at Isabella Station. 
- Mexico City, Mexico. Octcber 13-19, 1985. Cebisa Ejeta. Participate 

in Workshop on Sorghum Seed Production in Latin America. 
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- Wad Medani and Khartcum, Sudan. Octcber 28-November 15, 1985. Cbisa 
Ede ta. Toh provide technical assistance on sorghwn breeding and hybrid 
sorgjhum seed production to colleagues in the Gezira Research Station 
and National Seed Administration. 

- Niamey, Niger. June 17-July 3, 1985. Gebisa Ejeta. Pl an 19 85 
INTSOIZI-L Research in Niger and discuss the proposed INTSOMIL West 
Africa Workshop in Sept.-Oct. 1985. 

Daiestic
 
- Huntsville, AL, Atlanta, CA, and Kansas City, M. 
 August 10-18, 1985. 

Cdbisa Ejeta. Attend NCRP 2nd Annual Workshop and present paper on 
"The Role of INTSOMIL in Developing Nations" (Huntsville and Atlanta). 
Attend fIF\SO}R4IL Ecogecgraphic Zone Council kEZC) meeting. 

- Kansas City, MO. August 14-15, 1985. Gebisa Ejeta. To attend the 
INISOR4IL Eccgeographic Zone Council (EZC) Meeting. 

- Washington, D.C. Septenbe: 3-4, 1985. Gebisa Ejeta. Pane. discussion 
review of AID and Unive.sity experience with collaborative research 
support programs (Seven ty-Second Meeting BIFAD). 

- Lubbock, TX. Octcber 8-13, 1985. Gebisa Ejeta. Evaluate and supervise 
graduate student research at Texas A&M Experinent Station. 

- Lubbock, TX. Octcber 8-14, 1985. Fmanuel Monyo. Harvest and take 
notes on sorghum drought line test. 

- Chicago, IL. December 1-5, 1985. Gebisa Ejeta. Attend the American 
Society of Agronany Annual Meetings. 

- Washington, D.C. April 6-7, 1986. C-bisa Ejeta. Discuss sorghurnrmi.let 
research plan for Sudan with USAID and Winrock Team. 

- Washington, D.C. July 24-25, 1986. Gebisa Ejeta. Make a 
congressional presentation regarding Collaborative Research Programs. 

Publications and Presentations 
Ejeta, Gebisa and J.D. Axtell. 1985. Mutant gene in sorghum that causes 

leaf "reddening" and increased protein concentratior, in the grain. J. 
of Hered. 76:301-302. 

Netzley, D., G. Ejeta, T. Housley, D. Hess and L. Butler. 1986. Mechanisms 
of resistance to Stria in sorghum. pp. 50-52. In S.J. ter Borg (ed.) 
Proc. Int. Syrp. on Biology and Control of Orcbanche. LH1VPO, 
Wageningen, The Netherlands. 
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Hassen, M.M., E.T. Mertz, A.W. Kirleis, G. Ejeta, J.D. Axtell and E. 
Villegas. 1986. Tryptophan levels in normal and high lysine sorghums. 
Cereal Chem. 63:175-177. 

Ejeta, G. 1986. Brealing sorghum hybrids for irrigated and rainfed 
conditions in the Sudan. Proc. Int. Drought Syrrp. on Food Grain 
Production in Sei-Arid Regions of Sub-Saharan Africa. Nairobi, Kenya. 
19-23 May 1986. (In press). 

Ejeta, G., and J.D. ?xtell. 1986. Protein and lysine levels in developing 
kernels of normal and high lysine sorghum. Cereal Then. (In press). 

Ejeta, G., and J.D. Axtell. 1986. Dry matter accu-nulation and carbohydrate 
ca position in developing normal and high lysine sorghum grain. J. of 

Agr. Food Chem. (In press). 

International Workshop Proceadins 
Ejeta, Gebisa. 1986. Current status of sorghum inprovement research and 

develorment in Sudan. Proc. Hybrid Sorghum Seed Workshop. Wad Medani, 
Sudan. 5-8 Nov. 1983. (In press).
 

Axtell, J.D. and G. Ejeta. 1986. Problems and prospects in sorghum 
nutrition and utilization. pp. 297-323. In B. Gebrekdan (ed.)
 

Sorghum and Millet Improvement in Eastern Africa. Soroti, Uganda. 22

26 July 1985. 
Rosenow, D.T. and G. Ejeta. 1986. TLchniques and concepts on collaborative 

drought tolerance research on sorghum in West Africa. In Axtell J.D. 
et al (eds.) Proc. of INTSOIMIL/INRAN/NCRP Workshop on Sorghum and 
Millets. Niamey, Niger 14-17 Oct. 1985. (In press). 

Ejeta, Gebisa. 1986. Overcoming problems encountered in production, 
distribution, and adoption of hybrid sorghum in the Sudan. pp. 56-64. 
In V. Guiragossian et al. (eds.) La Produccion L Semilla De Sorgo En 
America Latina. El Batan, Mexico 13-17 Oct. 1985. 

Other Research Publications 

Ejeta, G. 1985. Breeding sorghum varieties and hybrids with improved grain 
quality, drought resistance, and Striga resistance. Ann. Rep. Int. 
Sorghum and Miillet Collaborative Res. Support Prog. Univ. of Nebraska, 

Lincoln, NE. 
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Monyo, E.S., T. Lemming, T. Tyler, G. Ejeta, and J.D. Axtell. 1986. 
Performance of commercial grain sorghum hybrids in Indiana, 1985. 
A.E.S. Bull. No. 492.
 

Cherif Ari, 0., T.L. Housley and G. Ejeta. 
 1986. Sorghum root development 
and the potential for Stri .a parasitism. Agron. Abst. p. 92. 

Invi ted Presentations 
Ejeta, Gebisa. 1985. "INTSOiIL and its role in developing countries." 

Paper presented at the second NCRP Workshop. Huntsville, Alabama. 11
13 June 1985. 

Ejeta, Gebisa. 1985. International sorghum research at Purdue University. 
Presentation at the Integrated Pest Management, International Short 
Course, Purdue Univ. 17 July 1985. 

Ejeta, Gebisa. 1985. Problenm of agricultural. develorpient programs in 
Africa. Presentation at University Church, West Lafayette. 1 Aug . 
1985. 

Ejeta, Gebisa. 1985. "The lessons learned and future directions by CRSPs". 
Presentation made at the Seventy-Second Meeting of Board for Int. Food 
and Agr. Developnent (BIFAD), Washington, D.C. 4 Sept. 1985. 
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Breeding for Productivity in Sozghum 

Project TAM-121 

Fred Miller 

Texas A&M University 

Principal Investigator 

Dr. Fred Miller, Sorghum Irprovemerit Program, Departnent of Soil & Crop 

Sciences, Texas A& University, College Station, Texas 

Host Country Researchers 

J. Mann (Kenya - INrSORIIL) 

H. Saadan - (Tanzania - TARO) 

D. Meckenstock - (Honduras - INrSOWIL) 

G. Vega Z. - (Mexico- INIA) 

J. barro S. - (Mexico - INIA) 

L. P mro H. - (Mexico - UANL) 

R. Maiti - (Mexico - UANL) 

S. Bedolla - (Mexico - UNSCN) 
M. Alvarez - (Paraguay - IAN) 

J. Fehr - (Paraguay - Col. Menno.) 

K. Heinz - (Paraguay - Col. Menno.) 

A. Donoso E. - (Paraguay - Int. Amer. Credit for Agri.) 

C. Paul - (Mexico - ICRISAT) 

M. Lierda - (Brazil - IPA) 

J. Clark - (Niger - INRAN) 

Y. Kebede - Ethiopia 

S. Da - Burkina Faso
 

V. Guiragossian - ICRISAT/SAFGRAD - Kenya 

L. House - ICRISAT/SADCC - Zinbabw 

U.S. Researchers
 

W. Jordan, Investigator
 

R.J. Newton, Investigator and S. Kresovich, Investigator
 

Others 

D.T. Rosenow - Texas A&M University - Breeder 

R. Smith - Texas A&M University - Tissue Culture 

R. Toler - Texas A&M University - Virology 

G. McBee - Texas A&M University - Crop Physiology 
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Swnnay 
Extensive evaluation of lines and hybrids from TAM-121 was canpleted in 

Honduras, Niger, Sudan, Paraguay, Mexico and other sites within five of the 
six ecogeographic zones described by INTSORMIL. In addition, breeding 
materials derived from elite x identified sources of resistance to stresses 
and sources of yield or quality were distributed, selected and used in 
collaborating countries. Major aephasis was placed on yield and agronLic 
stability with disease resistance and grain quality. 

A synthetic (TRPSS) with proven high yield, excellent focd quality, 
vitecjs endosperm and agrona-ically desirable characteristics was released 
and has been widely distributed. Two inbred lines possessing desirable food 
and agroncmic traits were also released for distribution. Several superior 
lines anO hybrids were identified in trials. One cultivar merits special 
mention, SC1207-2-I-l, a partially converted San Bernardo from Guatemrala 
which has given superior yield and adaptation in Niger. This same line 
possesses excellent food quality (tortilla), and drought resistance in 
Honduras and Mexico, as well as superior performance in Tanzania and 
Southern Africa. 

Major breeding support, travel, supplies, cooperative evaluations, 
mutual planning and genrplasm have been provided to host countiy 
collaborators in Honduras, E. Salvador, Mexico, Paraguay, Tanzania, Kenya, 
Niger, Burkina Faso, Ethiopia and Mali. 

A total of 2859 genrplasm items were distributed as well as 71 
evaluation trials. These materials were deployed to strengthen host country 
breeding efforts and to detennine ranges of adaptation and yield expression. 

Glossy lines may have intemal mechanisms which allow them to maintain 
growth under soil water stress. Glossy does not appear to be asscciated 
with major differences in root type. 

Unlike sugars, organic acids, and potassium ions, proline accuwlates 
in cells subjected to severe stress. 

The Finlay-Wilkinson stability procedure 
number of lines into cdh-ought vs. yield 

was used 
groups. 

to classify a large 
The procedure has 

credibility when viewed with a kncwledge of the materials tested. However, 
tissue culture evaluation with polyethylene glycol was not consistent with 
the stability classification. 
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Institutions 

Collaboratin9- Host Countries: Sudan - Agricultural Research Corporatior, 
(ARC) ; Tanzania -Tanzanian Agricultural Research Organiza tion 
(TARO); Mexico - Instituto Nacionat de Investigaciones Agricolas 
(INIA) ; Centro Intenaciona] de Mejoramiento de Maiz y Trigo 
(CDIM) ; International Crops Research Institute for the Semiarid 
Tropics (iCRISAT) ; University of Sonora (UNISON); Universidad 
Autoncna de Nuevo Leon (UANL); Horduras - Ministerio de Recursos 
Natbrales (MRIN) ; Paraguay - Institute Agroncniia Nacional (IAN) ; 
Institute Interaericano de Coperacion Para la Agricultura 
(IICPA) ; Colonia de Menonites (CM) ; Brazil - Eapresa Pernarbucana 
de Pesquisa Agropecuaria (EMBRAPA). 

U.S.: Texas A&M University 

Research on productivity is being carried out in Africa (Kerrya, 
Tanzania, Sudan, Ethiopia, Mali, Niger/Burkina Faso and Zinbabwe) in nostly 
informal relationships. The project supplies materials under Menorandums of 
Agreement (MOA's) in Tanzania, Sb&J7, Mali and Niger; all other interactions 
are riot formalized under MOA's. The informal collaboration with researchers 
in several African countries expands the effectiveness of the MOA's. 

Sorghum productivity in Mexico is carried out under three MOA's and 
also informal collaboration with several universities. The research on 
productivity with UNISON, INTA and UANL are broad based and aimed at yield, 
quality and resistance to pests or other constraints. Collaboration with 
ICRISAT/ChIMY.P is close and intended to share geniplasm and information. 
There is also informal collaboration with the Consejo Latinoamericana de 
Investigadores en Sorgo (CLAIS) - an international organization of regional 

sorghum workers from throughout Latin America. 
Paraguay and ITPSOR14IL have initiated a broad program to develop a 

sorghum industry with emphasis on sorghum for food, livestock feeding and 
forage production. A secondary program develoir.ent which is evolving 
portends that sorghum will be used for alcohol production and other energy 
related projects. The prim-ary and irn-ediate result of the program is to 
introduce elite genrplasITI, establish ranges of production and potential and 
to strengthen incernal seed production pote.tials. 
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The formal and informal agrearients with the several agencies in both 
South American and African countrie.: is aimed to ensure a broad stability to 
the chaactezistics of productivity and to distribute useful genrplasm 
effectively oyez a larger part of the sorghum growing area and to gain 

useful information on the charactezistics of stability of production in 
tropical enviionents. 

Fecge hic Zones Benefited Most by Research 

The greatest inpact from this project will come in Central America, 
South America, East and West Africa, with some effect in Southern Africa.
 

The reason is that sorghums with tropical adaptation and appropriate disease
 

resistance and food traits measured in these areas are similar. The 
benefits of sorghum breeding and inprovenent programs from several projects 

are blended into TA-121, so this is a delivery project. 

Cbjectives, Research Procedures, and Production/Utilization Constraints
 

The general cbjective is to create genyplasm pools and lines with high 
yield potential, good food quality, and a high level of resistance to
 

significant disease, pests and stress factors. For such material in the
 

individual country and area breeding programs we derive lines, hybrids and
 

varieties best suited to specific conditions. Materials already developed
 
in this manner are coming into use in a number of countries, and are 
expected to have a significant role in enhanced production throughout the
 

world where sorghum is inportant. 

Project Cfjectives 

Develop through breeding, selection and appropriate evaluation stable, 

high yielding, agronomically desirable sorghums with high levels of disease, 

insect and agronomic stress resistance, high grain quality with weathering 

resistance and resistance to envirormental stresses.
 

Assess the role of secondary traits on the overall drought resistance
 

of superior inbred lines and performance in hybrid form.
 

Determine effects of photoperiod and especially tenperature on growth
 

and development as related to productivity. 

Determine the relationship between yield and photosynthetic ability. 

Assessnent and utilization of physiological measures of drought 

resistance to iriprove sorghum. 
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Distribute inproved lines, hybrids and early generation populations 
possessing superior productivity to collaboratirg LDC's. 

Develop specific gen-rlasm pools and resources for use in inpacting 
productivity in Mexico, Tarzania/Kenya, Honduras and South America. 

Provide graduate training for co-workers in collaborating IDC's and to 
assist in training programs within the collaborating cov.ntries. 

Changes in Objectives for Previous Year 
No significant changes existed in project objectives from previous 

year's program since a breeding project is necessarily stable and cbjectives 

are long term. 

Sozrchum/Milet Constraints 

Germplasm diversity of useful form. 

High and stable yields. 
High quality grain for food or feed use with high nutritional quality. 
Pests and stress factors. 

Research Procedures 
These included standard selection procedures utilized in breeding 

nurseries, yields cbtained from replicated yield trials, laboratory 
screening and evaluations done us ng both duplicate and replica tion 
procedures where possible. Early generation breeding materials were 
provided to several national programs. A tande, stEp-wise rotation of 
selection and evaluation is then done between countries ensureto broad 

raxges of stability and adaptation. 

Breeding materials derived from elite x identified sources of 
resistance to stresses and sources of yield or quality were evaluated in 
international trials for local adaptation and performance. Emiphasis was 
placed on yield and agronanic stability with disease resistance and grain 

quality. 

Crosses among identified superior yielding stable inbred lines were 
made with high grain quality lines with white grain, tan plant color and 

round vitreous grain. 
Materials from TAM-122, 123, 124 and 126 are integrated into the yield, 

grain quality program and reselected with the cmbined traits specifically 
focused. Both prelimiary and advanced generation materials are 
incorporated into trials for critical selection based on evaluation within 
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Texas or internationally where corpetent personnel are available to make 

evaluation. 

Project Output 

Productivity is defined as a measure of yield per unit area of 

production. Yield is constrained by risks associated with unstabi.e 
production. Breeding is an effective way to address most of these 
constraints. The goal of TAM-121 is to create gennplasm pools, lines and 
hybrids with stable potentially high yield, good food quality, a high level 

of resistance to significant diseases, pests and stress factors while 
maintaining acceptance and nutritional quality - then to make these 
materials available to collaborators to attack constraints to production. 

A gennplasm pool with a high level of food quality, vitreous endospenn, 
substantially reduced polyphendl level and good yield (TRPSS) has been 

released. This synthetic has a proven ability to perform in Honduras, 
Tanzania, Ethiopia, Mali and Burkina Faso, as well as in the United States. 

The tan plant color, white grain hybrid A'D631 x RTx435, has been 
identified as possessing very high yield potential ard stability under a 

wide range of environmental paraneters. This hybrid has been specifically 

extracted from trials and placed in production in Southern Africa, Mexico, 

Argentina, Paraguay and Honduras. 

The breeding line SC1207-2-I-1 (partially converted San Bernardo from 
Guatenala) has been shown to be superior in Niger (food quality, production 

potential., drought resistance), produc s excellent tortilla's in Honduras 
and Mexico, and has demonstrated wide adaptation and high yield potential. 

In Paraguay ATx378 x RT430 has emerged as the highest yielding, most 
widely adapted grain hybrid and is going into production. Dorado has been 
widely accepted as a food sorghum with greater stability of yield than local 
maize and has been increased for distribution to members of local 
cocqeratives and extension service projects. ATk623 x Greenleaf sudangrass 

and ATK623 x Hegari are both in pilot seed production plots after being 
identified as the most productive forage hybrids. 

Over 600 selections were nade frci the NaOH screened food quality 
sorghum selections growing at Ilonga, Tanzania for inuTediate use in the 
SADCC sorghum trials and breeding activities. These materials have 
demnstrated high yields, very high food quality characteristics and 
superior disease resistance. 
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Both photoperiod and tErperature have significant effect on nost stages 
of plai I- growth. Peacent change in grain yield for tropically adapted types 
over tenperately adapted types rang,-d frcui 98% in Puerto Rico to -3% in 
Halfwey, Texas. Tropically adapted types produer more leaves at a faster 
rate, senesce at a slower rate, maintain a greater leaf area and plduc 
more biological yield. 

AT623 and ATK626 remain receptive to fertilization lorger than other 
females tested. Average panicle yield reductions were significantly less 
for Alk623 and A93c626 than for other lines after 6, 9, and 12 days delay in
 
pollination. At full anthesis AT623 stigmas were significantly higher in 
carbohydrates than in ATK378 and ATx399. 

Thirty-five International Tropical Adaptation Tiials containing parent 
inbreds and hybrids were distributed to collaborating countries. These 
trials are used to identify yield constraints and which are superior hybrids 
in specific enviroirerits. 

A total of 2859 gennplasm ites were distributed during this year. 
This includes, A/B, -line inbreds, corposites, synthetics, F2 populations 

and partially inbred breeding stocks. 

Several advanced A/B lines possessing high yield, white grain, tan 
plant color, tropical adaptation and high levels of disease resistance have 
been distributed to LDC's for further evaluation. These materials possess 
the yield and wide adaptation that exists in A93c623. Numerous R-lines have 
been identified which have tan plant color and white or yellow erriosenn 
(white pericarp) which produce excellent food type sorghum grain hybrids 
with currently useful white grain, tan plant color, tropically adapted 

feral es. 

The hybrid ccbination A155 (experinental nurber) x SC1207-2-1-1 has 
been identified as possessing the capability to produce tortillas with 
superior quality (equal to or superior to white maize). This ccrbination 
will be increased for widespread testing (food and agronony) in Honduras, El 
Salvador, and Mexico. 

Two cu-Itivars were released during te year which possess high levels 
of disease resistance, lodging resisi;ance and general combining ability. 
Tx2816 has tan plant color, very yellow endosperm, white translucent 
pericarp and nonsenescence. Tx2817 possesses excellent focd quality grain, 
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easy decortication, nonsenescence, white translucent pericarp, red plant 

color and non-tillering. 

In addition to the 35 International Tropical Adaptation Trials (ITAT's) 

which were distributed, 11 International Sorghum Virus Nurseries (ISVN), and 

25 productivity trials were sent to international locations. These trials 

were deployed to nordtor virus incidence and to detenu .e ranges of 

adaptation and yield potential expression amorg elite lines and hybrids. 

In caparisons of F1 hybrids made with A1 and A2 cytoplasmic genetic 

male sterility, it aprears that equivalent hetemDsis % can be obtained with 

either system. The advantarjes of usirg A2 appears to be (a) more lines are 

potential females in more than one taxonxic group and (b) greater potential 

exists for finding superior ccubining ability. 

Research Lroress 

Breeding to increase or maintain productivity is of paramount 

inportance. Such an effort blends the activities of many disciplines. 

Because sorghum is generally grown ia areas where risks can be acccuplished, 

it is necessary to develop gemnplasm resources which can be properly tested 

and deployed. 

Evaluation of sorghum callus to detemnine drought tolerance (pre

flowering) using polyethylene glycol (PEG) appears to increase the 

prcbability of selecting drought resistant cultivars. 

"Glossy" lines were ccanpared to RS610 at two noisture levels, 0 and -15 
bars soil water potentials. At high sail water content, no differences were 

apparent, but at the lowest sail water content, the glossy lines had 

surerior shoot and root growth. The glossy lines studied may have internal 

mechanisms allowing naintenance of growth under scil and water stress. 

Glossy does not appear to be associated with gross differences in root 

orphology. Epicuticular wax density and cuticular transpiration were 

measured on normal and glossy types. Glossy lines do not appear different 

from RS610 or non-glossy sister lines when grown with adequate water. 

Leaf te peratures of inbred lines recorded at anthesis tended to be 

higher than ti-ose associated with hybrids. The hypothesis is that lower 

leaf teperatures associated with hybrids cause less fixed carbon to be 

respired in vegetative parts, therefore ore carbon is available for grain 

fill. This mechanism may be a contributing factor to the heteotic 

response. If this relationship (with more testing) is valid, breeders may 
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be able to use infrared reasurements to rapidly screen breeding lines for 
high grain yield potential. 

Callus tissue has been used to measure the cellular basis for drought 
tolerance. Sugars, organic acids, and potassi un ions were reduced when 
callus was subjected to mild or moderate drought. These reductions appeared 
to be associated with reduok] growth. Lower levels of salutes weze found in 
drought tolerant and higlher levels in lrought susceptible types. Proline 
behaves in a sinillar fashion. Unlike sugars, organic acids, and potassium 
ions, proline accumulates in cells subjected to severe drought stress. In 
the dark, ccnparing the controls shoot elongation was reduced nearly 70% in 
RTc3197 (susceptible) seedlings when stressed, but was reduced only 50% in 
RrD430 (resistant). 

Virus concentration the cell differs betweenin cultivars. Various 
concentrations of the virus in the cell produce different magnitudes of 
damage to the plant. It appears that sane cultivars are -able of 
maintaining significantly higher virus corcentrations without damge 

phenotypical ly. 

Breeding selections fram Mexico and Guatemala have been evaluated at 
several locations for stability of production. These neterials are nostly 
high yielding, tan plant color, possess a wide array of plant type and are 
highly disease resistant. Hybrids with these lines using three fenales will 
be evaluated in numerous locations next cycle. 

New early generation breeding lines which have ccxbriried yellco, waxy, 
a d normal endospen, tan plant color, and nonsenescence will be evaluated 
in numerous U.S. and LDC locations next cycle. 

Based on results of food type hybrid evaluations in Texas, these trials 
will be expanded next cycle to include LDC sites. An International Food 
Type Sorghum Trial (IFTST) will be distributed within the five ecogecgraphic 
zones (Central America, South America, West Africa, East Africa, and 
Southern Africa) listed as iirpact areas of this project. 

The broad concept of building elite F2 or advanced breeding geniplasm 
pools from which to select superior lines based on crossing elite parental 
materials with other elite lines and selecting in a step by step fashion 
will continue. These elite pools will be distributed to collaborating 
scientists in numerous international locations. 
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Networking Activities 

- Workshops 

Sorghum tortilla production and evaluation workshop, Henwsillo, 

Mexico. 

Sorghum workshop - La produccion' de la Semilla de Sorgo in America 

Latina, El Batan, Mexico. 

Sorghum breeding and quality workshop, Pergamino, Argentina. 
First Sorghum Conference, Gatton, Queensland, Australia. 

Sorghum production seminar, Filadelfia, Paraguay. 
14th Biennial Sorghum Research and Utilization Conference, Lubbock, 

Texas. 

Sorghum Disease, Insect and Production Workshop, Beeville/Corpus 

Christi, Texas. 

- Genrplasm and Research Information Exchange 
Distributed 2859 genplasm items in the form of A/B lines, R-lines 

inbreds, ccurposites, synthetics, F2 populations, and partially inbred 
breeding stocks. In addition, 35 International Tropical Adaptation Trials, 
11 International Sorghum Virus Nurseries and 25 productivity trials. 

- Assistance to Host Country Researchers 

Provided breeding nursery supplies (pollinating equipmnt) to 
collaborato; rin Honduras, Mexico, Paraguay, and Kenra/Tanzania. 

Training 

There is no doubt that training at the graduate level is the single 
most inportant activity of this research program. Without this activity and 
the young people to work in international agriculture for the future, we 
have nothing. The interdiscipline research atinoszhere provided in this 
project lends training background of how to work productively when the 

student returns to the research arena. 

Travel 

- Paraguay. SeptEnber 20-Octcber 9, 1985. To meet with government 
officials and USAJD staff. Plan work schedule and design data 

collection for project. 
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- Mexico. Octcber 13-20, 1985. Presented information on production of 
hybrid seeds in developing countries. Evaluated sorghum trials and 
breeding materials throughout sorghum growing area. 

- Chicago, Illinois. Decenber 1-5, 1985. Participated in American 
Society of Agroncmy meetings. Received the Frank N. Meyer Award. 

- Puerto Rico. January 8-February 7, 1986. (Project Personnel) conluct 
winter sorghum nursery research. 

- Australia. January 29-February 16, 1986. Presented Keynote address to 
First Australian Sorghum Conference. Presented numerous seminars 
throughout sorghum growing areas of Australia. 

- Paraguay. February 20-March 1, 1986. Evaluated sorghum trials, 
collected data on disease, insect screening nurseries. Presented 
workshop to PROSO{AO a t Pergamino on state-of-art inbreeding and 
quality. 

- Paraguay. May 18-24, 1986. Developed work plan for next crop cycle, 
and presented this to USAID, Ministry of Agriculture and U.S. 
Abassador. 

Publications 
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dissertation. Texas A&M University, College Station, Texas. 

Raab, Quinton Joe, Jr. 1985. A characterization of sorghum for genes 
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A&M University, College Station, Texas. 
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geirination (G50) and seedling emergence at two soil temperatures. 
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adapted (TA) and teTperately adapted (TE) sorghums. Sorghum 
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Miller, F.R., L.W. Rooney and D.T. Rosenow. 1985. Release of TRPSS (Texas 

Reduced Phenol Sorghum Synthetic). Texas Agricultural Experiient 
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Smith, Leslie K. 1986. Ccmbining ability of yield ccaronents and agronmic 
characteristics among selected Sorghum bicolor (L.) Moench inbreds. 
M.S. thesis. Texas A&M University, College Station, Texas. 

Pietsch, D., F. Miller, L. Reyes, R. Creelman, D. Rosenow, G. Peterson and 
D. Undersander. 1986. Grain Sorghum performance tests in Texas 

1985. Texas Agricultural Experinent Station. College Station, Texas. 
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Miller, F.R. 1985. Sorghum inprovenent for the southern sorghum belt. 
67th Annual Convention Southern Sedsmen's Association. Dallas, Texas 
(Novenber 18). 

Miller, F.R. 1986. Sorghum  today and into the future (keynote address). 
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Australia. 
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Proceedings First Australian Sorghum Iprovenent Conference. Gatton, 

Queensland, Australia. 

Newton, R.J., Shyaxnala Bhaskaran, Jeffrey D. Puryear and Rcberta H. Smith. 
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Changes in Year 8 

Basic research plans will continue in Year 8. However, a few 
ndifications will be made. These include: 

ITplement an Intemnational Food Type Sorghum Trial (IFTST) which will 

be ained at the major ecogeographic zores (except India). This trial will 
include high yield potential, disease resistant, tropically adapted, tan 

plant color, white grain types to detenmine ranges of adaptation, stability 

of yield and local acceptance. 

More intensive evaluation of the "glossy" trait lines will take place 

to detemine their role in drought tolerance. 

More international testing will take place on graduate student thesis 

prcblens. 
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Breeding for Disease and Drought Resistance and Increased
 

Genetic Diversity
 

Project TAM+-122
 

D.T. Rosenow
 

Texas A&M University
 
Principal Investigators
 

USA:
 
D.T. 	 Rosenow, Professor, Sorghum Breeder, Texas A&M University, TAES, 

Lubbock (Pro3ect Leader) 
L.F. 	 Clark, Professor, Sorghum Breeder, Texas A&M University, TAES, 

Chillicothe/Vernon 
K.F. 	 Schertz, Research Geneticist, Texas A&M University, TAES, College 

Station
 
R.H. 	 Smith, Professor, Physiologist-Tissue Culture, Texas A&M 

University, TAES, College Station 

Host 	Country Collaborators 
Dan Meckenstock, Sorghum Breeder, INTSORMIL/SRN, Honduras 
Rigcberto Nolasco, Head, Sorghum Investigations, SRN, Honduras 
Francisco Gcziz, Sorghum Breeder, SRN, Honduras (Summer-1986) 
Abd Ellatif M. Nour, Sorghum Breeder, ARC, Sudan 
Osnan Ibrahim El Cbeid, Sorghum Breeder, ARC, Sudan 
M.E. 	 Hilu Omer, Pathologist, ARC, Sudan 
Moussa Traore, Physiologist, SIUVO/DAR/IER, Mali
 
Issaga Moriba Konate, Sorghum Breeder, SICVO/DAR/IER, Mali
 
Oumar Niangado, Millet Breeder, SRCVO/DAR/IER, Mali
 
John Scheuring, Sorghum Breeder, ICRISAT/USAID, Mali
 
John Clark, Sorghum Breeder, INRAN/Purdue, Niger
 
Moussa kdantu, Sorghum Breeder, INRAN, Niger
 

Other Researchers (Host Country and U.S.) 
J. Narro S., Pathology Breeding, INIA, Mexico 
V. Guiragossian, Sorghum Breeder, ICRISAT/CIM~v , Mexico 
S.M. 	 Farah, Physiology, ARC, Sudan 

L.R. House, Sorghum Breeder, SADCC/ICRISAT, Zinbabwe
 
Tunde Obilana, Sorghum Breeder, SADCC/ICRISAT, Zinbabwe
 
R.E. 	 Schaffert, Sorghum Breeder, EMBRAPA, Brazil 
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L.M. Gourley, Sorghum Breeder, Mississippi State University 
D. Carter, Agronanist, Botswana 

M. Mengesha, Germplasm, ICRISAT 

R.K. Maiti, Physiology, ICRISAT
 

J. Mann, Sorghum Breeder, Kenya/TAMU 

R.A. Frederiksen, Pathologist, TA3 

F.R. Miller, Sorghum Breeder, TAMJ 

G.C. Peterson, Sorghumli Breeder, TA.L/TAES - Lubbock 

L.W. Rooney, Cereal Chemist, TADU 

G.N. Odvody, Pathologist, TA U/TAES - Corpus Christi 

G.L. Teetes, Entcnxlogist, TMU 

C.W. Wendt, Soil Physicist, TAbU 

Gebisa Ejeta, Sorghum Breeder, Purdue University 

J.D. Axtell, Sorghum Breeder-Quality, Purdue University 

L. Claflin, Pathologist, Kansas State University 
D.J. Andrews, Sorghum & Millet Breeding, University of Nebraska 

J.D. Eastin, Physiologist, University of Nebraska 

Manourou Diourte, TAfU Graduate Student, Mali 

Aden Osscble, Texas Tech Graduate Student, Somalia 

Verne Isbell, TAAI Graduate Student, USA/Mali 
Emanuel Monyo, Purdue Graduate Student, Tanzania 

Summary 

A dual purpose sorghum variety called Surefio, which was selected in 

Honduras from material originally selected and distributed by TAM-122, was 
released in Honduras in 1985. The variety possesses high grain yield 
potential, white, food type-grain with excellent quality for tortillas and 
atole and grain which has resistance to grain mold, weathering, and to the 

maize weevil. It has good resistance to downy mildew and several leaf 
diseases. The stalks are juicy and sweet. 

The new "stay-green" nale sterile line, A35, performed extremely well 
in hy'brid combination in the U.S. and LDC's, and has been distributed for 

immediate testing. Hybrids with this line possess excellent post-flowering 
drought tolerance and are very resistant to post-flowering lodging and 

charcoal rot. 

New drought tolerant B lines (derived from B35 x Tx623 type crosses) 

with excellent pre- and post-flowe ring drought tolerance have been 
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identified, sterilized, and tested in experirental hybrids. Seed of the A & 
B lines and experinental hybrids has been sent to Sudan and other countries 
for testing. Enhanced lodging and charcoal rot resistance should be of 
immediate value in Sudan, where an inproved version of Hageen Dura 1 could 
possibly be produced with these new male sterile lines. 

A synthetic food-type population called TRPSS (Texas Reduced Polyphenol 
Sorghum Synthetic) was released and distributed. It is a heteingenecus 
gernlasm sourc-e with white, vitreous, non-staining grain of good food 
quality, weatliezing resistance, reduoed polyphenol content, and good yield. 

Several disease resistant sorghum lines are being proposed for release. 
Many have already been distributed to LDC workers. They contain new sources 
and high levels of resistance to downy mildew, charcoal rot, head smut, 
grain rold, onthracnose, rust, gray leaf spot, zonate leaf spot, Fusarium 
head blight, and IvDM. Two hundred and forty fully converted lines fri~ the 
Sorghum Conversion Program were released for distribution. They contain 
great genetic diversity in genrplasm usable world wide, and are excellent 
and new sources of resistance to disease, insect pests, and drought stress. 

Institutions
 

Collaboratir Host Country: Sudan - Agricultural Research Corporation 
(ARC); Honduras - Secretaiy of Natural Resources (Recursos 
Naturales) (SRN); Mali - Institute of Rural Econary (IER), 
Division of Agroncmic Research (DAR), Food Crops Research Section 
(SRCVO); TROPSOILS; ICRISAT/USAID Mali; Niger - Niger National 
Institute for Agricultural Research (INRAN); Purdue NCRP/INRAN

Secodary Collaborative Institutions: Mexico (INIA, ICRISAT/CIMNYT), 

Brazil (EMBRAPA), Southern Africa (SADCC/ICRISAT), Colcrbia 
(MS/CIAT), India (ICRISAT), Paraguay (IAN), Kenya (Min. of 

Agriculture). 
U.S.: Texas A&M University, University of Nebraska, Purdue University,
 

Kan.3as State University, Mississippi State University, University
 

of Georgia, USDA-Puerto Rico.
 

Ljnka9 _s:
 
Collaborative research agree-ents (MCi's) 
 exist with Sudan (ARC', 

Honduras (SRN), Mali (IER, DAR) ant Niger (INRAN). Research eaphasis is on 
identification of sources and breeding for drought resistance and disease 
resistance. Also inportant is training, technical andassistance, 

166
 



collection of native exotic sorghums for intoduction and use in the U.S. 

Research consists of gennplasm exchange and evaluation, testing, and 

selecting in both the host country and U.S. Also of vital importance is the 

developmerit of elite breeding materials in the U.S. by crossing U.S. sources 

or elite lines with exotic sources followed by distribution of early 

generation segregating materials to the host countries for selection, 

breeding, and evaluation wu-dcr the local envirornerits. There also are 

short-tem visits by U.S. scientists to host countries and by host-country 

scientists to the U.S. for training, evaluation of research, and developir 

collaborative research plans. 

The project supplies disease and drought resistant materials as well as 

other genTplasn to many other countries where formal MOU's exist, e.g., 

Mexico, Brazil, and Paraguay, as well as to many African, South and Central 

American, and Mnian countries where no formal MOU's with INrSONIL exist. 

Extensive linkages exist with all other Texas projects and with the 

Purdue program in, Niger and Sudan. Linkages involving screening, 

evaluation, and gennplasm excharje exist with principal investigators in 

Nebraska, Kansas, Mississippi, and Georgia.
 

Ecozographic Zones Most Benefited y Research 

East Africa (Sudan), Central America (Honduras) /Mexico Caribbean, 

and West Africa (Muali, Niger). 

Cbjectives, Research Procedures, and Production/Utilization Constraints 

Project Cbjec tives 

Screen and evaluate in the U.S. and host countries, sorghum geniplasm 

sources for resistance to diseases and drought tolerance. 

Develop high yielding cul tivars with disease resistance to 

internationally inportant diseases with exrphasis on downy mi dew, charcoal 

rot, grain mold (weathering), anthracnose, head blight, viruses, and 

acr~noniun wilt. 

Develop through breeding and selection, agronanically desirable types 

with superior combinations of pre- and post-flowering drought tolerance for 

use in the U.S. and host countries. 

Develop cooperative disease Erd drought trials and distribute, 

evaluate, and utilize inproved disease and drought resistant breeding 

materials and new gennplasm sources in host countries. 
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Develop and distribute early generation breeding materials involving 
disease and drought resistance specifically for selection and use in host 
countries with erphasis on Horduras, Sudan, Mali, and Niger. 

Collect new sorghum geamplasm, including wild species, and evaluate it 

for useful traits aind introgression. 

Using tissue culture techniques, select for cultivar differences for 
drought tolerance at the cellular level and relate findings to whole plant 

(field) tolerance. 

Chanjes in Objectives from Previous Year 

More emphasis in program on developing early generation breeding 
materials with disease and drought resistance specifically for selection and
 
use in host countries. Added research on new geupplasm, especially wild 

species.
 

So thum/Millet Costraints 

Diseases and drought are serious constraints to sorghum production 
worldwide. Drought stress is the major constraint to sorghum and millet 
production in the world as well as in the U.S. Large differences exist 
atmong sorghum cultivars in their reaction to drought and performance under 
drought stress, therefore, much progress is possible in developing improved 
varieties with enhanced levels of drought tolerance. Texas has a semiarid 
envirorent plus high te~oeratures arO is ideal for large scale field 
screening and breeding for imrproved drought tolerance. It has been verified 
that lines with identified high levels of specific types of drought 
tole 7ance in Texas, such as pre- or post-f lowering drought tolerane, 
>,erform as expected regarding drought response in such countries as Sudan, 
Mali, Niger, and India. 

Diseases are often region or site specific, and on-site evaluation is 
nbcessary to determine severity and possible race differences. Most of the 
internationally inportant diseases are present and are serious constraints 
in Texas, especially downy mildew, charcoal rot, grain irold (weathering), 
head blight and DM virus. Many other diseases such as head smut, leaf 
blight, rust, zonate, gray leaf spot, and acrerrcaium wilt are also present 
in Texas. The Texas envizorrnent is an ideal site for screening and breeding 
sorghuins with high levels of resistance to mst internationally inportant 

diseases. 

168 



Maj or host countries of collaboration which will involve TAI-122 
researchers are Sudan, Honduras, Mali, and Niger. The major constraint in 
much of Sudan is drought, and drought related production problems. Moisture 
stress related charcoal rot and subsequent lodging is a serious disease 
prcblem. In Honduras, diseases are a major constraint, including downy 
mildew, grain mold (weathering), foliar diseases, and the recently 
identified disease, acremonium wilt. The food quality-weathering resistance 
complex is also inportant. Drought is also inportant in Honduras and the 
Central American Region. Irprovement in the photoperiod sensitive, food
type neicillos criollos is a unique challenge, and most of the breeding and 
selection must be done under host countzy conditions. Improvenent in the 
ccribine-type sorghums used over much of Central America can often result 
directly from introduction of Texas adapted genplasm. Mali and Niger are 
both drought prone areas, thus, drought tolerance, including both the pre
and post response, is extrenely irportant to both countries. The sorghumis 
of West Africa are unique, and inproved high yielding introductions often 
fail due to the grain quality - head bug - grain mold coplex, stand 
establishment problems, or inproper nmturity. Thus, much of the 
collaborative research in West Africa consists of providing source aterials 
along with studying the traits of the West African Guineense type sorghums 
which Take them uniquely adapted to the nore humid areas of West Africa. In 
the drier, northern areas of Mali and in Niger where drought stress is 
severe, earlier, less-photosensitive material is needed, and the non-Guinea 
sorghums generally perform well. In these areas, U.S. developed drought 
tolerant materials may have direct application. 

There is a constant need for new diverse sources of resistance to 
pests, diseases, and environmental stresses. New collections, including 
wild species, can provide new sources of desirable traits. 

Research Procedure 

Converted and partially converted lines from the Sorghum Conversion 
Program, exotic lines, new introductions, and breeding materials were 
screened and evaluated for sources of resistance to internationally 

inportant disease in a cooperative program with pathologists. Ephasis is 
on large disease screening nurseries utilizing natural infection in South 
Texas, with laboratory screening for certain diseases. large field drought 
screening nurseries in West Texas were used to screen genrplasm, similar to 
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that described above, for drought tolerance. Selected materials were 
evaluated for disease and diought at several host country sites. 

Breeding material was generated frcm crosses amorg various disease 
resistant sources, agronarically elite lines, and new sources of disease 
resistance. The material was screeiied and selected in large field disease 
screening nurseries described above. Advanced generation materials were 
incorporated jrvto various standard, replicated trials for more critical and 
extensive evaluation at several locations in Texas, other states, and in 
other countries where diseases and ccrretent personnel exist. 

Crosses among identified sources of drought tolerance (i.e., pre- and 
post-flowering drought tolerance) and elite, high yielding lines made.were 
Progeny were selected under field conditions for pre- and post-flowering 
drought tolerance at several locations in Texas which vary in their degree 
and tine of moisture and heat stress. 

Selected materials from the disease resistance and drought resistance 
breeding programs were distributed to LDC host countries and selected 
developed countries for selection and use. Standard replicated disease and 
drought trials were developed collaboratively with other INTSO1 4IL 
researchers. Seed was increased, and tests packaged at Lubbock. Tests were 
distributed to collaborators in host countries, as well as to many U.S. 
sites and collaborators, for evaluation for disease or drought resistance, 

and for use in their inprovenent programs. 

Introductions from LDC's, including locals and inproved breeding lines 
with desirable drought or disease resistance, or specific grain or plant 
traits, were crossed in Texas to appropriate elite U.S. lines and elite 
breeding neterials. Seed of early generations was sent to the LDC's, 
especially in Honduras, Sudan, Mali, and Niger for selection of appropriate 
traits and adaptation. Assistance was provided, as time and travel 
permitted, in the selection and evaluation of such breeding material in the 

host country. 

New gen-plasm was introduced through the quarantine greenhouse, and 
evaluated in Puerto Rico and Texas for useful traits. Some crosses were 
made of wild species with cultivated types to study crossability. Sate of 
the introductions were collected by the P.I. frao Niger, Mali, Sudan, and 
Honduras. Based on known traits, or upon evaluation in U.S., selected lines 
are entered into the cooperative TAES-USDA Sorghum Conversion Program. 
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A study of the conparison of field and i _rQ, tissue culture 
screening (using PEG to create osmotic stress) for drought resistance was 
conleted. Callus from two cultivars in culture under PEG induced stress 
was extensively evaluated physiologically and chemically for comparison with 
whole plants. Screening for scanclonal variation was done on the first and 
second sexually derived progeny from an individual plant derived from cell 

culture, by evaluating eight agronalic traits. 

Fund reductions during the year and uncertain funding for the future 
were harmuful. Unknown soil problenm in Mali and Niger hindered the 
evaluation for drought tolerance in breeding materials. 

Project Output 

Le.s.,ar ' 
A sorghum variety, called Surefio, originally selected and distributed 

by this project, released a dual purpose grain/forage cultivar inwas as 

Honduras in 1985. The variety has high grain yield potential, excellent 
grain quality for tortillas and atole, and resistance to downy mildew leaf 
diseases. The grain also has resistance to grain mold and weathering and to 
the maize weevil. The original selections were made at Lubbock, and it was 
evaluated in the TA-122 developed GW (Grain Weathering Test). It was sent 
to Honduras in 1982 as part of the TAM-122/Honduras collaborative program. 
The pedigree is [(SC423xCS3541)E35-1]-2 and the original material was 
supplied to us by Vartan Guiragossian (ICRISAT/CIMMYT). This variety, also 
known as VG146 and 82G;-210, also has locked excellent in Philippines and 
Kenya (personal comnunication from Jerry Maranville and John Mann, 

respectively).
 

A synthetic food- ype sorghum population called TRPSS (Texas Reduced 
Polyphenl 
Sorghum Synthetic) was released and distributed in cooperation 
with F. Miller (TA -121) and L. Rooney (TAM-126). It is a heterogeneous 
gemnplasm source with white, vitreous grain of good food quality and 
weathering resistance, reduced polyphenol content and good yield. It 
contains a broad range of plant height, and other plant and panicle 
characteristics and should be useful for direct selection and use or in 

breeding programs. 
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Two hundred and forty fully converted lines (out of World Sorghum 
Collection) from the Sorghum Conversion Program were released for 
distribution. These are diverse genmplasm source materials for use in 
breeding prograns worldwide. These lines are excellent sources of 
resistance to anthracnose, downy mildew (pathotype 3), midge, drought, 
charcoal rot, and lodging, as well as many other desirable grain and plant 

traits. 

New drought tolerant B lines (derived from "stay-green" x Tx623 type 
crosses) with excellent pre- and post-flowering drought tolerance have been 
identified, sterilized, and used in production of experinental hybrids. 
Seed of the lines and experim'!ntal hybrids were sent to Sudan, Mali, and 
Niger for immediate testing and use to produce hybrids with enhanced levels 
of the "stay-green" trait or post-flowering drought tolerance, charcoal rot, 
and lodging resistance. Enhanced lodging and charcoal rot resistance should 
be of immediate value in Sudan, where an inproved version of Hagen Dura-1 
could possibly be produced through use of a new "stay-green" female. 

Results of a standard drought tolerance test under dune soils in Niger 
(cooperative with G. Ejeta and E. Monyo-Purdue) indicated that certain 
hybrids could possibly be used directly in the drier areas of West Africa. 
The Sudanese hybrid, Hageen Dura-1, was the best entry (1.7 rating) in the 
test, and was superior to the best local dune type varieties Bagcba and 
Babadia Fara (2.1 ratings). Two other introduced lines, P898012 and P954035 
locked excellent with a 2.0 iating. These had been previously identified as 
having excellent pre- and post-flowering drought tolerance in West Texas, 

Sudan, and at other locations in Niger. 

A new line, SC1207-2, was identified as a superior line in Niger and 
has been crossed into nany Niger breeding materials. It was derived from 
the cross, Tx2817 x San Barnado (a Honduran Maicillos Criollos), and sent to 

Niger by F. Miller (TAM-121). This line was also identified as producing 
excellent hybrids with grain that possesses outstanding tortilla quality 
traits, which could have direct application in the Central America/Mexico 

region. 

The new "stay-green" ale sterile line, A35, performed extremely well 
in hybrid combinations under severe drought stress in 1985. The hybrids 
possess excellent post-flowering drought tolerance and are very resistant to 
post-flowering stress lodging and charcoal rot. The hybrid A35 x Tx430 

172
 



tcpped the Dryland Statewide Hybrid Performance Tests at Lubbock and 
Halfway, and at Chillicothe yielded almost twice as much as ATK399 x Tx430, 
a ccnruonly used ccnrmrcial hybrid. Previous cbservation plantings of 
hybrids with this A-line in Sudan showed excellent drought tolerance. This 
A-line has been sent to breeders in Sudan for their possible use there. 
Under severe noisture stress in Paraguay in 1985, A35 hybrids were standing 
about 100%while all other hybrids were ccrpletely lodged. The line was 
derived from a partially convetted (BCI) selection of SC35, an Ethiopian 
Durra, IS12555. The line is being proposed for-release as A & BTx633. 

Several disease resistant sorghum lines with good agroncaic traits are 
being proposed for release. They contain resistance to downy mildew 
(pathotype 3), charcoal rot, head smut, grain mold, leaf blight, 
anthracnose, gray leaf spot, rust, zonate leaf spot, Fusarium head blight, 
and MDM. The lines include such entries as SC326-6, R6956, R4244, R3224, 
R3338, R9188, R4317, R6078, A & B4R, 80B2982, 1790E, NS440, and BDM499. 

Research Progres s 
Approxinately 30 new F2 populations involving elite U.S. lines and 

recently selected drought tolerant selections from Sudan were produced and 
selected. F2 and F3 available inseed is for planting and selecting host 
developing countries. 

New early generation breeding selections containing P3 downy mildew 
resistance fran several new sources were made and lock very promising. 
After verification of their downy mildew resistance in laboratory screening, 
several will be released as new gennplasm. 

Early generation gennplasm was developed for distribution and use in 
host countries. This contained crosses amorg U.S. elite lines, drought 
tolerant Guineense lines frcn West Africa, new drought tolerant converted 
lines, new disease resistant converted lines (anthracnose, downy mildew, 
grain rold), and food tylpe sorghums. 

One hundred additional accessions of wild sorghum species were 
introduced and crossability of sane of these with S. bicolor have been 
detenined. Analyses of constraints to introgression are being nade. 

Eighteen Maicillos Criollos out of the 48 introduced into the U.S. were 
entered into the Sorghum Conversion Program. Twenty-eight new lines (native 
varieties and elite breeding lines) were collected in Sudan, Niger, and Mali 
and introduced into the U.S. 
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Over 100 new R-lines and several new B-line materials containing B35, 
all developed in the drought breeding program, were evaluated over Texas for 
combining ability and tested for disease resistance and adaptation. Many 
showed very good performance and nerit additional extensive testing. 

Field evaluation for drought resistance, yield, yield stability and 
other traits was conducted at four field locations for 94 elite U.S. and 
TAES breeding lines and cultivars. Forty-three of those lines were also 

evaluated in vitro on a PB3 screening mredium. Preliminary statistical 
analysis to detenine the relationship between in vitro and field 
perfornmnce is encouraging. About 75% of the best entries in vitro were in 
the top 50% of the field ranked entries. Evaluation for scmaclonal 

variation continued with inconclusive results. Callus frm two cultivazs 
grown on differing levels of PB is undergoing detailed chemical and 
physiological analysis for comparison with whole plant analysis in order to 

study mechanisms of osmotic adjustment. 

Netsurkinq Activities 

- Workshops 

Participant and presented invited paper at the INRAN/ITWSORIL/NCRP 

Sorghum and Millet Workshop, Octcber 14-17, 1985, Niamey, Niger. 

Participant and presented invited paper at the Second West African 
Regional. Sorghum Workshop, Octcber 21-24, 1985, Banako, Mali. 

Particip nt and presented invited paper at the OAU/STRC/SAFGRPD 
Intemational Drought Symposium, May 19-23, 1.986, Nairobi, Kenya. 

- Investigator Exchange 

Issaga Moriba Konate, Sorghum Breeder, Mali, at Lubbock, Sept. 15-19, 

1985. 

Abd Ellatif M. Nour, Sorghum Breeder, Sudan, at Lubbock, Oct. 2-12, 

1985. 
Fmanuel Monyo, Purdue Graduate Student, Tanzania, at Lubbock, July and 

August, 1985. 

Laurence M'Ragwa, Millet Breeder, Kenya, Aug. 15-23, 1986. 
Zana Sonago, Chief, DAR, Mali, July 10, U1, 1985. 
Jose Sifuentes (Mexico) and Manourou Diourte (Mali), TAIJ Graduate 

Students, August and Octcber, 1985. 
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Janos Berenji (Yugoslavia); Fran Bidinger (ICRISAT); John Peacock 
(ICRISAT); Qui Chengjian, Zhao Jinliu, Zhang Wenyi, Xin Huajum, Mei Jiren 
(Peoples Rep. of China); Idrissa Soumana, Salifou Manene, Cisse Amadou, 
Allele Elhadji Halibou (Niger); Asgrow Seed Co. International Group; Steveen 
Harbert (Australia); Willie Schidel (Argentina); Pioneer International 
Breeders; K.V. Rarniah (ICRISAT). 

Octcber 13-18, 1985, Niger. D. Rosenow. Research evaluation and 
plans, and Sorghum Millet Workshop. 

Octcber 19-26, 1985, Mali. D. Rosenow. Research evaluation and future 
research and West African Regional Workshop. 

Octcber 29-Novenber 11, 1985, Sudan. D. Posenow. Assist AID and ARC
 
in five year sorghum and millet research plan, plus nursery evaluation and 
future planning.
 

Decenber 11-18, 1985, Honduras. D. Fosenow. Evaluation of program and 
research plots and future research plans. 

May 18-24, 1986, Kenya. D. Rosenc. L: tc= tional Drought Symposium 

and research plot evaluation. 
Verne Isbell, Ph.D. Graduate Student, to Mali, August-Octcber 1985. 

Physiological equipmrent use, and physiology-drought research in Mali. 

- Geznrplasm, etc., Exchange 

Numerous crer3orlasm lines and sources were distributed to Mali, Niger, 
Sudan, Honduras, and Mexico for mutual evaluation, selection, and 
information exchange. Genplasm was also sent to El Salvador, Brazil, 
SADCC, Kenya, Botswana, and Paraguay, plus man other non INTSORIL 
collaboratirg countries such as Venezuela, Argentina, and Australia. 

GenTplasm was collected in Mali, Niger, and Sudan and introduced into 
the U.S. 

- Equiprrent, Other Support 

Procured physiology equipment cooperative with ICRISAT (hydraulic 
press, infared thencmeter, Licor poroieter), tested it in Texas, and 
transported to Mali (Verne Isbell), and in Mali, trained Malian scientists 
to use equipment. Paid for portion of Abd Ellatif Nour (Sudan) travel in 

U.S.A.
 

Procured and sent pollinating equipment and supplies to Horduras for 
INTSOR4IL/SRN collaborative research use. 
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Travel 

International 

- Niger. Octcber 11-18, 1985. D.T. Rosencw. INRAN/I'rTSORF4TL/NRP 
Sorghum Mlillet Workshop, present paper, and review INSO4MIL/Niger 

research. 

- Mli. Octcber 19-26, 1985. D.T. Rosenow. ICRISAT/SAFGRAD Second West 

African Regional Sorghum Workshop, present paper, and review INrSO'4IL/ 

Mali research. 

- Sudan. Octcber 29-Novenber 11, 1,985. D.T. Posencw. Assist USAID and 
ARC in writing a five year sorghum and millet research plan for Sudan, 

evaluate INTSOR4TL/AFC collaborative research, and evaluate hybrid seed 
production.
 

- Honduras. Deccnber 11-18, 1985. D.T. Rosenow. Evaluate INTSOMI1L/ 

Honduras collaborative research, and discuss Convenio revision. 
- Kenya. May 24-June 1, 3.986. D.T. Rosenow. International Drought 

Symposium and present paper, and evaluate INTSOR4IL/Kenya cooperative 

sorgnum nurseries. 

Domestic 

- Puerto Rico. January 15-February 3, 1986. C.A. Woodfin (Res. Assoc.) 

Cross in Wintei Nursery. 
- Puerto Rico. March 17-31, 1986. D.T. Rosencw, Truett Moore (Res. 

Assoc.-Chillicothe) Harvest Winter Nursery. 
- South Texas (Corpus Christi). July 9-26, 1985. D.T. Posenow. Harvest 

disease and breEding nurseries. 

- College Station, TX. August 6-8, 1985. D.T. Rosencw. Meet G. Vollmar 

and D. Meckenstcck to plan Honduran workshop. 

- Kansas City, MO. August 14-15, 1985. D.T. Rosenow. Attend INISOR4IL 

EZC meeting. 

- College Station, TU. January 5-9, 1986. D.T. Rosenow and C.A. 
Woodfin. TAES Staff Conference, and plan 1986 INTSORMIL research. 

- Kansas City, MO. January 13-15, 1986. D.T. Rosenow. Attend INTSORIL 

EZC meeting. 

- Kansas City, MO. March 2-3, 1986. D.T. Rosencw. Attend INTSOR4M 

Board meeting. 

- Kansas City, MO. March 19-20, 1986. D.T. Rosencw. Attend INTSOR4IL 

EZC meeting. 
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- Kansas City, MO. May 12-13, 1986. D.T. Rosenow. Attend INSOR4TL EZC 

meeting. 

- Washington, D.C. June 23-24, 1986. D.T. Rosencw. Attend JCARD 

mreeting on CRSP activities. 
- Corpus Christi, TX. June 25-26, 1986. D.T. Rosencw. Participate in 

South Texas Sorghum Field Day. 
- Several other short trips by TAM.J researchers within Texas for graduate 

student examinations, working nurseries, and taking notes. 

Publications and Presentations 

Publications 
Frederiksen, R.A., D.T. Rosenow, D. Collins, and J. Craig. 1986. 

Registration of 6 bulks of downy mildew resistant sorghum geznplasm. 

Crop Sci. 26:208-209. 
Newton, R.J., S. Bhaskaran, J.D. Puryear, and R.H. Smith. 1986. 

Physiological changes in cultured sorghum cells in response to induced 
water stress. Plant Physiol. 81:626-29. 

Krieg, D.R. and D.T. Rosenow. 1985. Genetic variation in gas exchange 
characteristics of Sorghum bicolor (L.) Moench. Proc. 14th Biennial 
Grain Sorghum Res. & Util. Conf. (SICNA) Feb. 17-20, 1985, Lubbock, TX. 

p. 51.
 

Clark, L.E." and D.T. Rosenow. 1985. Fvaluation of sorghum hybrids under 
noisture stress. Proc. 14th Biennial Grain Sorghum Res. & Util. Conf. 
(SICNA). Feb. 17-20, 1985, Lubbock, TX. p. 86. 

Pawar, M.N., R.A. Frederiksen, L.K. Mughogho, J. Craig, D.T. Rosencw, M.R. 
Bonde. 1985. Survey of virulence in Peronosclers._ra sor2hi isolates 
from India, Ethiopia, Nigeria, Texas (USA), Honduras, Brazil, and 
Argentina. Proc. 14th Biennial Grain Sorghum Res. & Util. Conf. 
(SICNA) Feb. 17-20, 1985, Lubbock, TX. p. 130, 

Smith, R.H., S. Bhaskaran, S. Paliwal, and K. Schertz. 1986. Scmaclonal 

variation frcm sorghum cell culture. 6th Int. Cong. of Plant Tissue 
Culture, Minnesota. Abstract. 

Reilly, A.R., L. Panella, and R.H. Smith. 1986. Examination of osmotic 
tolerance and its inheritance in Soix.hum bicolor (L.) Moench using a 
PEM screening technique. 6th Intl. Cong. of Plant Tissue Culture, 
Minnesota. Abstract. 
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Qmer, M.E.H., R.A. Frederiksen, and D.T. Rosenow. 1985. Collaborative 
sorghum disease studies in Sudan in 1984. Sorghum Newsletter 28:93-94. 

Rosenow, D.T., L.E. Clark, K.F. Schertz, end R.H. Smith. 1986. Breeding 
for Disease and Drought Resistance and Increased Genetic Diversity. p. 
69-73. In: 

of =ITSOaiIL, 

Fighting Hunger with Research. A 5-Year Technical 

July 1, 1979-June 30, 1984. 225 p. 

Report 

Presentations 
Rosenow, D.T. 1

Second West 

Barnako, Mali. 

985. Research on drought 

African Regional Sorghum 

(In Press). 

tolerance 

Workshop, 

in sorghum. 

Oct. 21-24, 

Proc. 

1985. 

Rosenow, D.T. and Gebisa Ejeta. 1985. Techniques and concepts on 
collaborative drought tolerance research sorghum in West Africa. Proc. 
INRAN/INrSOR 4n,/NCRP Sorghum ard Millet Workshop, Octcber 14-17, 1985, 

Niamey, Niger. (In Press). 
Rosenv, D.T. 1986. BreEding sorghum for drought resistance. Proc. 

OAU/STRC/SAFGRAD International Drought Symposium, May 19-23, 1986, 
Nairobi, Kenya. (In Press). 

Seminars by R.H. Smith on Sorghum Cell Culture Screening at Monsanto and 
Kansas State University. 

Changes in Year 8
 

No major changes in breEding for disease and drought resistance 
programs, but expand the distribution of F2 and F3 seed of specific crosses 
for selection and use in host countries. The cbjective dealing with tissue 
culture involving Rcberta H. Smith will be eliminated, due to the Board 
action in eliminating her from funding in Year 8. Keith Schertz was also 
eliminated from direct funding by the project in Year 8, however, the 
project leader will continue sane cooperative research on new genplasm and 
evaluation of traits with Dr. Schertz with less Euphasis on wild types and 
more eimphasis on cultivatEd types. 
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Increasing Resistance to Insects and Inproving Efficient Nutrient Use
 

by Genetic Manipulation for Iioproved Grain Sorghum Production
 

Project TANI-123
 

G.C. Peterson and A.B. Onken
 

Texas A&M University
 
Principal 	 Investigators 

Dr. G.C. Peterson, Assistant Professor - Sorghtm Breeding 

Dr. A.B. Onken, Professor - Soil Fertility 

Collaborating Researchers
 

Host 	CounLtr 

- Midge Resistance 

Dr. Dan Meckenstcck, INTSOR4IL, Honduras 

Mr. Pigcberto Nolasco, Recursos Naturales, Honduras 

Dr. Fransisco Gcxez, Recursos Naturales, Honduras 

Ing. 	 Pafael Reyes, CENTA, El Salvador 

Ing. 	 Rene Clari, ICRISAT, Mexico 
Dr. Jose Waquil, E4BRAPA, Brazil 

Dr. C.J. Rossetto, EZIBRAPA, Brazil 

Dr. R.G. Henzell, Queensland Dept. Prinary Industries, Australia 

- Sugarcane Aphid
 

Mr. C.S. Manthe, DAR, Botswana
 

- Efficient Nutrient Use
 

Dr. Moussa Traore, DAR, Mali
 

Dr. Oumar Niangado, DAR, Mali
 

Mr. Manadou Sinpara, DAR, Mali
 

Mr. Maadou Doumbia, DAR, Mali
 

Dr. Bcb Chase, AID Farmaing Systens Project, Mali
 

United States
 

Dr. G.L. Teetes, Entcffology, Texas A&M University (TAM-125)
 

Dr. D.T. Rosenow, Breeding, Texas Agric. Exp. Station (TAM-122) 

Dr. F.R. Miller, Breeding, Texas A&M University (TAM-121) 
Dr. G.N. Odvody, Pathology, Texas Agric. Exp. Station (TAM-128) 
Dr. R.A. Frederiksen, Pathology, Texas A&M University (TAM-124) 
Dr. R.R. Duncan, Breeding, University of Georgia 
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Dr. B.R. Wiseman, Entcnlogy, USDA 
Dr. A. Sotcmayer, BreEdiLg-Patbology, USDA 
Dr. T.L. Archer, Entomology, Texas Agric. Exp. Station 
Dr. C.W. Wert, TROPSOILS, Texas Agric. Exp. Station 

Summary 

Progress continues in the develoment of grain sorghum lines and 
hybrids with improved levels of resistance to midge and greater yield 
potential. Elite lines are in the latter stages of develoment which will 
produce in hybrid corbination good yields under heavy midge infestation. 
Same new resistant experimental hybrids appear to have the potential to 
outyield the best susceptible hybrids without midge present under certain 
corditions. Pesearch continues to ccubine sources of resistance into a 
single genotype utilizing elite agronomic resistant lines and newly 
identified resistance sources. It appears that this is a feasible approach 
to inprove the level of resistance in elite agroncnic lines. while 
diversifying the program genetic base and maintaining or inproving yield 
potential. 

We have found that sorghum genotypes differ in translccation of 
nitrogen from roots to the shoots. This coupled with a previous 
detenination that sorghums differ in their ability to zelnove nitrogen fron 

the soil may explain why: 1) greenhouse solution culture techniques are 

inadequate for use in screening for nitrogen use efficiency, 2) sorghum 

genotypes differ in grain production per unit of nitrogen supply, and 3) 

sorghum genotypes differ in their response to fertilizer nitrogen. We have 
sukjgested a modified definition for nitrogen use efficiency based upon these 

rest ts. 

An investigation of yield components has revealEd that grain production 

at high nitrogen levels is strongly related to nitrogen in the grain and at 

low nitrogen level to total bicmass at black layer. 

Water use effiriency in sorghum was found to be significantly affected 

by sorghum line, fertility level, and the interaction of water level X 

fertility level. A positive relationship was found between grain yield and 

both nutrient and water use efficiency. 
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Institutions 

Collaboratin Host Countries: Honduras - Ministerio de Recursos 
Naturales; El Salvador - Ministerio de Agricultura y Ganaderia; 

Mali - Division of Agronamic Research; Botswana - Departnent of 

Agricultural Research; Brazil - 34BRAPA; %Lexico - ICRISAT; and 

Australia - Queensland Department of Primary Industries. 

U.S.: Texas A&M University, United States Departnent of Agriculture -
Agricultural FTesearch Service, and the University of Georgia. 

Ljnagfs: 
Collaborative research sites have been established in Honduras, El 

Salvador, Mali and Botswana. Research is conducted under existing INTSOW4IL 

agreements and/or linkages with interested scientists for the important 

biotic or abiotic stress conditions. 

Geniplasm resistant to sorghum midge has been evaluated in Honduras aixl 

El Salvador cooperatively with scientists from the national research 

organizations. A work plan has been negotiated with Recursos Naturales 

scientists for evaluating and developing midge resistant genotypes for 

Olancho state, Honduras. Ing. Rafael Reyes CENA, entcmologist, is 

evaluatig genrplasm developed by TA-123 in El Salvador. 

Collaborative research to evaluate sorghum for nutrient use 

efficiencies and fertilizer response as affected by drought has been 

initiated with Dr. Oumar Niangado and Dr. Moussa Traore in Mali. Mr. 

Marradou Doumbia, an M.S. student at Texas A&M University, is conducting 
thesis research in Mali. concerning the response of sorghum lines to applied 

urea relatiig to the chemical reactions in the fragile Mali soils. His 

research is sponsored by TRCPSOILS in conjunction with INTSORIIL. The 

research will be conducted at the Cinzana Fperinent Station. 

Mr. C.S. nthe, a Ph.D. candidate in entarology, is initiating the 

second year of research in Botswana on the genetics of resistance to the 

sugarcane aphid. The sugarcane aphid is a serious pest of sorghum in 

Southern Africa (it is not present in the U.S.) which is not easily 

controlled by cultural. practices or insecticides. 

Within the U.S., research is being conducted with Dr. C.W. Werdt in 

identifying sorghum lines that are nutrient use efficient and drought 

tolerant. The effects of soil fertility levels on dry iratter production per 

unit of water transpired is being evaluated. Susceptibility of nitrogen 
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efficient sorghum lines to mite and greerbug infestations is also being 
investigated in cooperation with Dr. Tom Arcbex. 

Linkages with other scientists and organizations is in the form of 
gerfrplasm exchange, data collection and exchange, and nurseries.joint 
Participation on graduate ccimnittees of foreign graduate students provicies 
the opportunity to establish appropriate linkages.


Fccejrgr%9hic Zones Benefited Most. by Research
 

Central Aerica, West Africa, and Southern Africa 

Cbjectives, Research Procedures, and Production/Utilization Constraints 
Year 7 Project Cijectives 
Obtain and evaluate geniplasm for resistance to artropod pests. 

Detemine which resistance sources or mechanisnm are nost useful to sorghum 
inprovemnet. 

Detemine the inheritance of insect resistance. 
Develop and rel ease high yielding, agroncaically inproved sorghums 

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 agronaically elite sorghums with inprovc:2 nutrient use 

efficiencies.
 

Develop new uetlods for detenining nutrient use efficiencies and study 
responsible mechanisms when appropriate. 0 Deternine the effects of 
nutrient use efficiency on water use efficiency in sorghum. 

Charqes in Objectives from Previous Year 
None. Project objectives represent a ccrbination of long and short 

tem goals in a continually evolving program. 

Sonhum/Mi] let Constraints 
A series of abiotic and biotic stress factors constrain grain sorghum 

production in UDC and DC agricultural systems, resulting in sce yield 
instability depending on the stress severity. Partial or corrplete
 
alleviation of the stress factors will result in a nore environmentally fit 

a more 
Insects are a problem in all areas of sorghum production, the severity 

of damage varying with the insect and location. As local production 
agriculture systems change with new 

crop genotoype and higher yielding, stable production system. 

technology and cultivars, insects will 
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beccme an increasingly severe problem. For exanple, the sorghum m'.dge is 
the most widespread of all sorghum insect pests, being present in nearly all 
areas of sorghum production. As genotypes lose their photosensitivity in 
LDC sorghum irprovemniit programs and become nore photcpeidod insensitive, 
midge damage will beccrre increasingly severe. Develorinent of cultivars 
resistant to insects as part of an integrated production and stress control 
strategy will readily integrate with other required inputs in an 
ecologically sound approach with large potential benefits in subsistence and 
mechanized agriculture. Host plant resistance to insects is a continual 
effort in response to a dynamic, continually changing production ecosysten. 

It has lonj beer assumed that water was the first limiting factor to 
plant growth in nuch of the semiarid tropics. However, Stoosnijder and his 
associates from the University of Wagenirgen have shown conclusively that 
due to a lack of nutrients, principally N and P, usable water is left in the 
soil profile even by native range plants. We have detennined that on 
Alfisols in Texas (same soil family as many in SAT areas of Africa) usable 
water is left in soil zones of low nutrient supply. Consequently, 
increasing grain production under simultaneous low soil water supply ana low 
soil fertility is inportant as well as conditions of low soil fertility with 

adequate water. 

Research Procedure 

Genplasm is obtained and evaluated for insc.ts of economiic inportance 
in a cooperative program with entamolcgists. Sources of new genuplasm 
include elite geniplasm from other programs (including ICRISAT), plant 
introductions, and partially or fully converted genotypes from the sorghum 
conversion program. Gernplasm is evaluated in large field nurseries or in 
greenihouses depending upon the insect. 

New sources of resistance are identified and included in a crossing 
program in addition to current breeding aterial. The resistance mechanism 
and genetics of inheritance is detennined when possible. Advanced elite 
materials are evaluated in nurseries at diverse locations in Texas for 
adaptation and reaction to other stress conditions. Elite lines and hybrids 
are. provided to LDC cooperators for evaluation and use under their 
conditions. 
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Based upon data collected at several locations, crosses are iT~de amon 
elite lines to produce new genplasm for subsequernt evaluation. dditional 
adaptation and stress resistance traits (disease resistance and/or drought 
tolerance) are incorporated into the gennplasm whenever possible. 

For insects of inportance in LDC's but not in the U.S. (sugarcane 
aphid), an array of genrplasm is provided to the LDC cocperator. Based upon 
the collected data, crosses are nede to produce ielevant gernplasm for 
inheritance and entcological studies. These populations are then sent to 
the cocperator alor'j with instructions for their use. 

Diverse cultivars of grain sorghum cbtained from the breeding programs 
at Lubbock are screened for N, P, an-i Fe use efficiencies in nutrient 
culture in greenhouse studies at Lubbock and field nurseries at Beeville, 
Berc]air, Lubbock and Bailey Co., Texas. The first lines screened are those 
that have shown promise in previous tests including nurseries in DC's. 
Lines from the Sorghum Conversion Program will also be screened. 

Cenotpes relatively different in N and/or P nutrient use efficiency 
will he grown in a greenhouse in soil deficient in the respective nutrient. 
Water use will be detennined and water use efficiency defired as dry weight 
prmiuction per unit of available water. Water use efficiency for selected 
genotypes differir- in N use efficiency will be detenmined in an N deficient 
soil under field conditions based on grain and forage yields, available 
water, and water used. Water use will be determined by neutron probe. 

Cr)sses will be nade amonr lines for preliminary assessment of 
heritability. Based on heritability studies, crosses will be made amorng 
cultivars with high nutrient use efficiency and elite lines to produce 
breeding lines with high nutrient use efficiency and favorable adaptation 
and agroncmiic characteristics. Verification of selection will be made in 
trie progeny of inproved lines under field and solution culture screenirg. 

Problems E 9_arding Achievemant of Cbjectives 
Increased funding would enable the project to progress at a faster 

rate. Project is constrained by a low level of funding which limits the 
ability of the project scientists to respond to research opportunities. 
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Proj eLt Output 

Research Findings for Irmmediate Use 
As reported in 1985, nev sources of resistance to the sorghum midge 

have been identified and are being incorporated into the breeding program. 
Of the 213 lines evaluated for resistance, 10 have excellent levels of 
resistance under severe midge infestation and a larger number exhibit 
resistance under less severe infestation. Cbservation of breeding lines in 
the F3 and F4 generation indicates the new resistance sources are recessive 
and quantitative but can be recovered in segregating progeny. These new 
converted exotic lines are available for distribution 'oLDC scientists. 

Lines and hybrids developed or being developed in TAM-123 are readily 
usable in LDC envirorments where inidge damage present susceptible cultivars. 
Evaluations made in Honduras and El Salvador indicate that introduced midge 
resistant gerrplasm exhibits good levels of resistance and excellent yield 
potential. Scae midge resistant hybrids yielded 1.5 to 2 tines irore than 
the best susceptible hybrids. Further evaluations on additional hybrids are 
being conducted this year. 

Collaborative research has been initiated in on toBotswana resistance 
the sugarcane aphid. During Year 7 the following ge .plasm was sent to 
Botswna for on site evaluation: gen~plasm quantities of 422 fully converted 
exotic sorghum genotypes, nine standard lines, five experinental hybrids, 
and two segregating populations. Additional populations will be sent during 
Year 8. 

We reported in 1985 that greenhouse techniques were inadequate for 
nitrogen use efficiency screening in grain sorghum when grain yield aas 
prinary cbjective and proposed a definition for field screening as follows: 

GW/Ns = Gw/Np(Np/Ns) 
where: Gw = grain weight at black layer 

Ns = available soil nitrogen (residual and fertilizer) 

Np = total N in the plant at black layer 

Subsequently, our research suggests that an additional ccrponent may be 
required in this definition. We have found that sorghum genotypes differ in 
translocation of N from the roots to the shoots. For exanple, at low 
available N, SC630-11E translocates 93% and 77CS1 85% of the N taken up to 
the tops. At high available N, SC630-IIE translocates 94% and 77CS1 80% of 
the N taken up. In both N levels, 77CS1 removed more N frcm soil. This may 
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explain why 77CS1 does not respond to N fertilization as well as SC630-I1E:. 
Therefore, we are suggesting that the definition of N use efficiency based 
on grain yield my need to be modified as follows: 

Gw/Ns = Gw/Nt(Np/Ns) (Nt/Np) 
whexe: 	 Gw, Np and Ns are defined as before and Nt is total N in the above 

ground plant tissue. Thus, Gw/Nt is metabolic N use efficiency, 
Np/Ns is the uptake efficiency and Nt/Np is translocation 

efficiency. 
A strong positive relationship was found between Gw/Ns and grain yield 

per acre at both high and low available N, whereas, in contrast, a strorg 
negative relationship was found between Gw/Nt (metabolic N use efficiency) 
and grain yield at low N and no relationship at all at high N. In addition 
to differences in N use efficiency we have found differences in 

respoJsiveness to applied N. 

An irvestigation of yield camponents has revealed that grain production 
prediction from measure~iext of a single variable can be accuTi ]Jshed for 
grain sorghum with a high degree of certainty. At high levels of available 
N, N in the grain should be measured (R2 > 0.90) and at low available N 
total biomass at black layer should be neasured (R2 > 0.90), as indicators 
of yield potential. These techniques can be of inediate use to plant 
breeders in their research programs. 

Research Firdiqs for Future Use 
Geunrlasm being developed for midge resistance appears to possess 

outstanding levels of resistance in an excellent agronaric type. 
Pre] iminaxy evaluation of new advanced lines in hybrid ccrbination indicates 
that sane lines will produce hybrids with yields equal or suprerior to the 
best susceptible hybrids without midge pressure. The yield difference in 
same new experinental hybrids versus standard checks is 20% greater yield 
for the experinental hybrids under late planting without midge present. The 
yield difference with midge present is of greater magnitude. Many of these 
lines are being evaluated in Central America presently and will be released 
from the program in one to three years. 

Mode of inheritance of resistance to the sugarcane aphid should be 
available. This will enable breeding projects to develop lines which are 
resistant to the aphid, resulting in more yield stability without chemical 
or cultural control practices. 
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Two randcui mating sorghum populations are being developed which ccabine 
midge resistance with photcperiod sensitive and insensitive irproved food 
quality genotypes, respectively. The populations should be ready for 
concurrent selection ccabinirg these two traits into a single genotype. 

Since our results indicate a strorg contribution of root systes to 
nutrient use efficiency when defined in tems of production per unit of 
aviailable nut.ient, we decided to test these lines with respect to 
production per unit of available water under dryland and irrigated 
conditions with high and low available nutrients. Several significant 
findings resulted: 1) Those breeding lines that produced the most grain per 
unit of available nutrient also produced more grain per unit of water used, 
2) Higher available nutrients resulted in more efficient use of water in 
tens of grain produced per inch of water used, 3) If fertilizer is to be 
used to increase water use efficiency it will be recessaly to apply it to 
sorghumns that respond to fertilizer, and 4) There is a strorg positive 
relationship between grain production and grain produced per inch of water 
usEd. In a lysineter study of two sorghum lines, two water levels and five 
fertility levels, it was found that water use efficiency (water used per 
unit of shoot bionass) was significantly affected by sorghum line, fertility 
level and the interaction of water level x fertility level. 

The results of the studies reported here have stro.ng inplications for 
developing countries, particularly those producing scrghum in the Sahelian 
ecological zone. The techniques being 

scisticated and (-pensive equipment. 

developed can be used without 

Ne tworkin Activities 

- Workshops 

Octcber 15-29, 
African Regional 

1985. 

Sorghum 

A.B. Onken 

Workshop 

p

in 

articipated 

Bamako, 

in the 

Mali as 

ICRISAT West 

INTSORM 
representative. Reviewed INTSORMIL collaborative research and technical 
assistance mission with IER and initiated planning for research to be 
conducted in 1986-87. 

Octcber 13-17, 1985. G.C. Peterson represented ITSOMIL on the 
planning ccrnmittee of the "Sorghtun Seed Production in Latin America: 
Prcblen and Solutions" Workshop and presented a paper on the 'rDevelopient 
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and Evaluation of New Genetic Material". The workshop held at CIMW had 
111 participants. 

Octcber 28-31, 1985. G.C. Peterson was the INrSORIM] representative to 
the Fifth Annual Reunion of the Ccimmission of Latin America Sorghum Workers 
(CLAJS) at Guateala City, Guatenala. 

- Research Investigator Exchanges 

In addition to the project principal investigators making on-site 
visits to Mali, Mexico, Guatemala, and Hordxuras the following scientists 
were amonrg these visiting the host plant resistance-nutrient use efficiency 
program:
 

Mexico - Angel Jim~nez, Hector Garza
 

Argentina -- Viente Tuecillo, Rodolfo Rossi
 

Brazil - Fernando Neto
 

Yugoslavia - Janos Berenji
 

China (Peoples Republic) - Qui Chengjian, Zhao Jinlin, Zhang Wenyi, Xin
 

Huajum, Mei Jiren 

Sudan - Abdel Latif M. Nour
 

Niger - Allele Elhadji Halibou, Idrissa Soumana, Salifou Mamane, Cisse
 

Amadou
 

- Genrplasm and Research Information Exchange 
Including 
but not limited to the following countries and scientists 

within those countries: Argentina, Botswana, Brazil, France, Colombia,
 
Mexico, Taiwan, Guatemala, Horxiuras, El Salvador, Yugosl. via, Spain, Italy. 

- Assistance with Equipment and/or Other Support
 
August 28 - November 4, 1985 - As country coordinator A.B. Onken 

nejotiated, arranged and supervised technical assistance mission by Vernea 
Isbell 
which had as its purpose training of IER personnel in drought
 
physiology research techniques and to cbtain data for understanding drought 

tolerance in Mali. 

Travel 

- CIMMT, El Batan, Mexico. August 18-20, 1985. G.C. Peterson. 

Planning ccrittee meeting for the "Sorghum Seed Production in Latin 

America: Problems and Solutions" Workshop. 

188
 



- CIMMYT, El Batan, Mexico. Cctcber 11-19, 1985. G.C. Peterson. 
"Sorghum Seed Production in Latin America: Problems and Solutions" 

Workshop held Octcber 14-17, 1985. 

- Mali. Octcber 15-29, 1985. A.B. Onken. Purpose was to reresent 

IxNSO4fl at the ICRISAT West African Regional Sorghum Workshop, to 

review INTSOaIIL and DAR collaborative research and the technical 

assistance mission of Verne Isbell, and to begin develogrent of a 1985

87 work plan and budget for I=TSOIM4IL a d DAR research. 

- Guatemala City, Guatemala. October 26-Novenber 1, 1985. G.C. 

Peterson. INTSOR4IL representative to the Fifth Annual Reunion of the 

Cziumission of Latin America Sorghum Workers (CLAIS) held Octcber 28-31. 

- Chicago, Illinois. Deceirber 10-11, 1985. A.B. Onken. Purpose touas 

present an invitational paper entitled "Inprovirig Nutrient Use 

Efficiencies in Sorghums" at the 40th Annual Meeting of the American 

Seed Trade Association. 

- Honduras. Decenber 11-18, 1985. G.C. Peterson. Member of INTSOI4IL 

team which met USAID and Recursos Natbrales officials to evaluate 

project performance, goals, and support. Sorghum gennplasm was 

evaluated at several locations. 

- Puerto Rico. March 19-25, 1986. G.C. Peterson. Disease ratirgs of 

insect resistant genmplasm and select and harvest winter sorghum 

nursery. 

Publications and Presentations 

Refereed Journal Articles 

Archer, T.L., E.OD. Bynum, Jr., and G.C. Peterson. 1986. Inportance of 

plant senescence on grain sorghum resistance to the Banks grass mite 

(Acari: Tetranychidae). J. Fcon. Entarol. 79:15-17. 

Waqui], Jose M., George L. Teetes, and Gary C. Peterson. 1986. Adult 

sorghum midge (Diptera: Cecidcmryiidae) nonpreference for a resistant 

hybrid sorghurLi. J. Econ. Entcmol. 79:455-458. 

Waquil, Jose M., George L. Teetes, and Gary C. Peterson. 986. Sorghum 

midge (Diptera: Cecidcryiidae) adult ovipositional behavior on 

resistant and susceptible sorghum hybrids. J. Fcon. ±rntc[irol. 79:530

532.
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Waquil, Jose M., George L. Teetes, and Gary C. Peterson. 1986. Ccnparison 
of inieature sorghum midge (Diptera: Cecidcayiidae) developiment on 
resistant and susceptible sorghums. LT. Fcon. EntaTol. 79:833-837. 

Teetes, George L., Marta I. Becerra, and Gary C. Peterson. 1986. Sorghum 
midge (Diptera: Cecidcriyiidae) nanagement with resistant sorghum and 

insecticide. J. Fcon. Entcnoj. 79:1091-1095. 

Archer, T.L., A.B. Onken and E.D. Bynum, Jr. 1986. Greerbug response to 
sorghum lines of varying nitrogen utilization efficiencies. Sorghum 

Newsletter. 

Invited resentations 
Peterson, G.C. 1985. Development ard evaluation of new material. In Proc. 

of La Produccior, de la Semilla de Sorgo en America Latina, CIMMYT, El 
Batan, D.F., Mexico, Octdber 14-17, 1985. p. 65-81. 

Onken, A.B., M.J. Lavelle, and G.C. Peterson. 1985. Irrptovirig nutrient use 
efficiency in sorghums. In Report of Fortieth Annual Corn and Sorghum 
Research Conference of the American Seed Trade Association. Chicago, 

Ii., Decenber 11-12, 1985. p. 15-27. 

Changes in Year 8
 

General cbjectives and research procedures in developing host plant 
resistant genotypes will remain largely unchanged. Additional emphasis in 
Year 8 will be placed on collaborative research in specific ecogecgraphic 

zones to address specific insect pests. Gen2jrlasm to neet specific pest 
conditions will be developed and sent to LDC's for evaluation and use. 

As a consequence of the cbvious interactive relationships that exist 
betweem sorghum grain production and available nutrient and water levels, as 
discussed earlier in this report, an increased emphasis will be placed 
on
 
evaluation of these interactions and the contribution of root systems to 
both nutrient and water use efficiencies. 
 These studies will be conducted
 

in field trials and in lysineters under a rainout shelter in order to insure 
good control of moisture. Our research effort will be expanded to include 
phosphorus since most developing countries have soil phosphorus as well as 
soil nitrogen deficiencies. We have sufficient data to 
separate several
 
genotypes relative to their grain production under low soil phosphorus. Our 
plan is to also initiate preliminary research into nitrogen and phosphorus 
interactions as tley relate to both nutrient and water use efficiencies. 
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Sorghbum and Mi]let Inprovement in Kenya 

Project TA-132 

John A. Mann 

Texas A&!4 University 

Principal Investigators 

Kerna 

J.K. Putto, Sorghum i groncmist, OIC, W.A.R.S., Kakarega; Sorghumn 

Agronomist 

Newton Ocharda, Research Officer, OIC Alupe Station, Sorghum Breeder 

F. lawrence M'Ragwa, Research Officer, Katunani Station; Mfillet Breeder 

Ben Keryenj i, Research Officer, Katwmani; Sorjhum Breeder 

U.S.
 

John 	A. Mann, Assoc. Res. Scientist, Texas A&M University; Sorjhum 

Breeder 

Other Researchers 

A.S. Islam, Research Officer, Coast; Biacetxics, Kenya
 
Mr. P.K. Kusewa, Director, N.D.F.R.S. Katumnani, Kenya
 

Aziz Abubakr, OIC C.A.R.S., Kenya
 
Dr. Fred Miller, Texas A&M University, Sorghum Breeder
 

Suinnazy 
This project has been directed from its inception towards the 

developuerit of sorghum and millet in East Africa. During the last two years 
the focus has narrowed to work prinarily in Kernla, although work continues 
throughout the region. The work in Kenya has been directed initially at 
detem.nining what kinds of genTplasm fit the various ecological zones within 
Kenya, and with developing the capability of the Ministry to conduct 
meaningful sorghum and millet research. The last year has been successful 
in both regards. Trials in five locations have provided very gocd data on 
both the basic ecozones in the country, and wat types of genmplasm will fit 
those areas. In general we have found that three different zones exist, aid 
that three different types of sorghum will be needed to fit these areas. 
Those types grown in the wetter areas of the west are most different in both 
adaptation and quality factors, and will require the most work. 

Efforts to expand local capability have taken several forms, from 
financial assistance to training. TA-132 funds have been instrumental in 
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maintaining local efforts, providing furds for nursery mainteTiance and 
mate.ials necessary to continue work there. In addition, TANI-132 provided 
the means to bring to the U.S. for short-term training the senior 
sorghuin/nuil]et breeder in the country. This, tcgether with in-country 
plannirg exercises, has made a significant contribution tcwads developing a 
local capacity to do nmaningful research on sog~hum and mil-let. 

Institutions 

Collaboratin9 Host Country: Ministry of Agriculture and Livestock 
Development (ICALD), Kenya Industrial Research and Developrent 
Institute (KIRDI), Kenya Agriculture Research Institute (KAR.), 
University of Nairobi, Faculty of Agriculture, and OAU/SAFGRAD/ 
ICRISAT. 

U.S.: Purdue University. 
L in a Les: 

Linkages established with the various entities within the MOALD are 
still informal, but well estblished. Collaborative work is on-going with 
three ma, Research Centers across the country. The links with KIRDI aiid 
the Faculty of Agriculture are just beginning, and are related to the new 
work being started with high-tanrin sorghums for the Western Zone of Kenya. 
Purdue is helping with somie of this work on an irnformal basis. 

Ecjec@crzjhic Zoies Most Benefited by Research 
TA-I32 research will benefit two ecogeographic zones, as each has 

similar genplasm and production systems. It will be most useful in the 
center of these areas, namely Ethiopia, Kenya, Uganda, Tanzania, Mozaibique 

and Zanbia. 

Cbjectives, Research Procedures, and Production/Utilization Constraints 
Year 7 Cbjectives 

- Genrplasm Evaluation 

- Gernmlasm Enhancerrent 

- Visiting Scientist 

- Project Design 

Chares in Objectives from Previous Year 
These &bjectives are the same as Year 6 with the exception of the 

addition of the Visiting Scientist objective. 
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Sozrjhum/iyJ let Corstairts 

The chief constraint in much of Kenya to increased sorghum ad nil let 
production reurins at titudina, i .e., these two crops are not 
considered "nrcern". There is evidence that attitudes are. changing, and if 

this happens, many of the subordinate constrairts suci as bird depredation 
will. be easier to solve. In tems of constrainits which can be addressed by 
this project, the develoluent of high-yielding sorghums with quality aspects 
similar encugh to local types to be accepted is of paranount inportance. 

Reseazch Procedures 

The develonerat of MS3 stetiles for use as the basis of synthetic 
varieties has continued to be an inportant research procedure. Durirng the 
year nurseries were plantd at five locations iii Texas, and an off-seEsor 

nursery was plantEd ia Puerto Rico. In these local nurseries work has 
concentrat:(-d or, the MS3 backcrossing program, and the development of a 
stndard pedigree program based both on hard-errasculated and NS3 crosses. 
In Kerya, work continued to concentrate or the assessment of gernplasm in 
many locations across the country. Serious breeding vork wil] have to wait 
for ircreased furding for the local programs, or the beginning of the USAJD 

project. 

Prcblerns Re rj Dq Achievement of (1jctives 
The aeir problem encountered during the year is the same as reported 

last year; nanely the slow movement of the USAJI) project which is the main 
reason for this project. As of July 1, the Project Paper was finally 
nearing ccmpletion. A second p oblem was the reduction of furding in Year 
7. The prinary result of that was the elimination of the chance to bring a 

second Kenyan scientist here for the sunier. 

Project Output 

Research Fiini for Imediate Use 

Tuenty-seven Texas elite lines are now at the BC4 stage in the MS3 
program, and are available in both Coes and exotic cytoplasms. The lines 
are ready for the developient of synthetics, and for the development of 
superior local-exotic populations. In addition, a nuirer of tall selections 
from these crusses are sufficiently stabilized to begin yield testing in 
Kenya where well adapted. In excess of 300 F2 populations from adapted 
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parents are to be planted in Kenya in the ccrning year, and should provide a 
solid genmplasm base for the national program. 

Research Findims for Future Use 
As in any breeding program, inproved genplasm is always in the 

pipeline. Of interest isspecial the work just now eight mronths along which 
is locking at the advantages of the purple testa in sorghum. More 30than 

crosses were made this past sumner, 
 and will be planted in Puerto Rico and 
College Station next sumner lock at andto the genetic utilization 
chamrcteristics of this trait. Its association with the local sorghums of 
western Kenya make it an inportant part of the project. 

Project Desin 
One of the most critical areas of the work in Year 7 was tothat done 

assist the USAID mission in Kenya on the design of the Agricultural Research 
Project. About 10 days during the year were andspent ir, formal informal 
discussions with mission personnel or, a rangewide of topics. The 
advnLages of INTSOaIlIL involvenent in the project were enphasized both to 
the mission and to MOALD colleagues. The "output" will becoie evident in 
Octcber when the Request for Proposal is made public. 

Ne torkin9 Activities 

- Workshops
 

I attended the 4th annual Sorghum and illet 
 Workshop for Eastern 
Africa, sponsored by OAU/SAFGRAD. Scientists from eight East African 
nations were there, as well as three representatives froii INrSOR4IL. 

- Research Investigator Exchanges 

TAM-132 brought to the U.S. thie senior sorghum/millet breeder in Kenya 
for an eight veel ztay. Mr. M'Ragva worked in the programs of Drs. Rosencw, 
Miller and Mann in Texas, Mr. Stegmeier in Kansas and Mr. Andrews in 
Nebraska. In addition, he was able to spend tine with many other .INrSO 41L 
scientists at Nebraska, State, andKansas Purdue Texas A&M Universities. 
Dr. Frederiksen spent ore week in Kenya, and I spent about seven weeks there 
working with Kenyan colleagues in the Ministry. 

- Geniplasm Exchange 
About 3000 sorghum lines from TAM-132 and the TAES program were sent to 

Kenya in Year 7. In addition, millet from the Kansas State University 
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program was forwaided at the request of the Kenyan breeder. Material for 
quality analysis was brought back to College Station for the work being 
supported by our Project Support Grant. 

- Support for Local Scientists 

During Year 7 more than $1200 was passEd on to TAM-i32 collaborators in 
Kenya for cooperative nurseries. In addition, $450 worth of supplies were 
purchased here or in Kenya and passed on to their projects. These funds and 
supplies have mnemt the difference between work and no work, as local 
funding IrE been severely limited this past year. This roney has kept 
sorghum and ntil-let research going at Katuxrsni, Kiboko, Kikamrbede (Coast), 
and Alupe, the four major sites for these crops in the country. Supplies 

have included pollination bags, envelopes, staples, tags, etc. 

Travel 
- Kenya, Uganda. July 11-August 18, 1985. John A. Mann. Attend S/M 

Workshop in Serere, Uganda, review last season's nurseries and plan 
next season's with Kenyan colleagues. 

- Texas, Kansas, Nebraska, Indiana. August 14-Octcber 14, 1985. F.L. 
M'Ragwa. P&eviE'w sorghum and millet progrars at INTSOR4IL Institutions. 

- West Lafayette, Indiana. Octcber 6-9, 1985. John A. Mann. Make final 
arrangements for departure of F. M'Ragwa, and plan cooperative work 
with IN'TSODIIL colleagues. 

- Chicago, Illinois. Nkovenber 30-December 5, 1985. Joh Mann. Attend 

and participate in Annual Meetings of the ASA. 
- Mayaguez, Puerto Rico. January 16-February 6, 1986. John Mann. To 

work TAM-132 winter nursery in Isabella, PR. 
- Kenya. February 13-March 9, 1986. John Mann. To make assessnents and 

selections in TA-132 nurseries at four locations, and plan for 

cooperative work in the March-July rains at sane locations. 

Changes in Year 8 

The prinary chexje in Year 8 research will be the expansion uf work on 
high tannin sorghums as food-types. Initial work in western Kenya indicates 

that most of the sorghum eaten there has a purple testa, and apparent high 

tannin levels at least during grain maturation. This work is being furded 
for the most part by a Project Support Grant, but is directly in line with 
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the stated goals of TANI-132. Crosses have been made with Hegari and SC166 
to begin detenminirg basic genetic parameteis, and Dr. R. Waniska is doing 
quality assessments of sanples brought back from Kenya to detenmiine how 
local sorghums from Kenya change during maturation in tens of polyphenol 
quality and quantity. Mr. bIlwton Ochanda is also doing work on the problem 
in Alure, and in this year we should begin to collect data on how these 
sorghums are used in the local environment. Such data will greatly help our 
overall project goals, especially as it would appear the USA]D position will 
be posted in the west, axI have primay responsibility for that area of the 
country. Project funding will not: allow much else that is new, and will 
preclude the furding of another visit by a Kenyan scientist to the U.S. this 
year. 
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Entomology 
Executive Sunary 

Research was ccupleted on the ability of four stored-grain insect 

species to successfully attack and danage sound aacd danmaged kernels of two 

contrasting millet and L;jo contrasting sorghum cultivars, and the anotut of 

danmge done. 

Laboratory studies were begun cn the exchange of gases (O 2 and 02) 
between scil and grain in closed containers preparatory to field studies of 
grain storage in underground pits. (KSU-109) 

Several major insect pest constraints to sorghum production in Horduras 
hare beer identified. The ccmplex of insect pests varies deperding on 
cropping systems, region and topogcraphy and envircnnent. 

Research emphasis is on scil inhabiting seed and seedling sorghum 
insect pests, and insect pests on the foliage, stalk and Ipanicle (seed) in 
polycropping systE-.s of production, particularly in scuthem and central 
Honduras. Te pest control tactics evaluated for practical utility have 
inclucbd deveiopment of specific cropping practices, selecting and/or 
developing host plant resistant sorghuns for insect population supjression, 
practical utilization of biological contiol agents in routine subsistence 
fanning systens, and the use of chnical applications for insect control. 

Successes have been achieved in all areas, but the more sinplistic use 
of insecticide, using specific application techniques suitable for 
subsistence fanning, appears to show the most promise foi the short tem. 

(MSU-l 05) 

The species of heed bugs infesting sorghum in Niger have been collected 

and the rost abundant identified in several sorghum growing areas. At least 

two species reach density levels high encgh to reduce seed density. Damage 

assessnent experirrents are in progress. The damage by stenborers and the 
heed girdler of millet in Niger has been severe and asscciated parasite 
species are being collected and identified and their efficacy determined. 

Sorghums resistant to sugarcane aphid in Botswana were identified. 
Experimfents to deteinine resistance mechanisms and inheritance are in 
progress. Natural enenies of the stxjarcane aphid in Botswana are being 
collected and identified. 

Sorghum stenborer damage and parasites have been identified in Honduras 
and an exotic species was released in Honduras and El Salvador. (TAM-125) 
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LDC Sorghum/nMillet Storage Problems -- Research and Training
 

Project KSU-109
 

Robert B. Mills and Join R. Pedersen
 

Kansas State University 

Principal Inves tiga tors 

Rcbert B. Mills, Professor, Department of Entcmology, Kansas State 

University 
Jolh R. Pedersen, Associate Professor, Departnent of Grain Science and 

Industry, Kansas State University 

Other Researchers 

Valerie F. Wright, Assistant Professor, Department of Entoiology, 
Kansas State University 

Smniary 

Nour A.E. Sinada, Sudan, canrpletEd her research on the ability of four 
stored-qrain insect species to succcs.sfully attack and damage sound and 
danaged kernels of two contrasting millet and two contrasting sorghum 
cultivars, and the amount of danvage done. 

Anne Itto, Sudan, began laboratory studies on the exchange of gases 
(C02 an] 02) between sail and grain in closed containers preparatory to 
field studies of grain storage in urriergrourY pits. 

Two manuscripts were coapleted based on C.T. Asanga's (Carceroon) M.S. 
thesis research ccmpleted in June, 1985. One raper on pit storage of millet 
was published and the other on laboratory studies on henetic storage of 
millet has been accepted for pulication. Two additional manuscripts are 

prepa red. 

Institutions 

Collaborating Host Countr: Sudan. Dr. M.E. Hassan Shazali visited 

Kansas State University in late August 1985; a plan for 
cooperative research was dra-n up, but arrangements between 

INTSOvMIL and Sudan wexe not ccpJeted before our project was 
termninated. We did serd supplies to Dr. Shazali that he could not 

obtain in Sud2an. 
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Ec graphic Zones Benefited Most by Research 

Stored-grain insects are cosmopolitan, although mre serious in 

tropical or subtropical areas, particularly the humid areas. The pit 
storage research is imore applicable to dry areas where it is rore conmonly 

used (West Africa, East Africa, and the Asian Subcontinent, especially India 

and Pakistan); however, the potential for use of pit storage in nrte moist 

areas should be investigated. 

Objectives and Research Procedures 

Project Objectives 

Corriuct cooperative research in-country (LDC's) and at Kansas State 

University to: 

Identify storage problems in the Sudan and other selected developing 

countries, particularly problem caused by insEcts and Rolds. 

Evaluate storage facilities and practices on farms and in villages in 

Sudan and other LDC's as cooperative arrangen-ents are made. 

Identify and deternine effectiveness of control ireasures being used. 

Collect and test sorghum and millet varieties from LDC's for resistance 

to stored-grain insects. 

Continue studies of herretic and undergrourd pit storage or sorghum 

and/or mi] let (at KSU). 
Evaluate in-head and threshed sorghum storage wiLl cegard to damage by 

various species of stored-grain insects. 

Evaluate sinple nethods of sanpling stored sorghum and millet. 

Determnine the type and amount of damage done by individual insects to 

sorghum and millet kernels. 

Training and Information Transfer. Training LDC graduate students at 

Kansas State University, with the expectation that scme will subsequently be 

in-countly research cooperators. 

Transfer information through publications, seninars, and other weans. 

Charnges in Objectives from Previous Year 
The cbjectives Aere changed little; they became nore specific to 

include references to heme tic ari underground storage, evaluation of 

storage of in-head vs. threshed sorghum and millet, and type and amrount of 

damage done by different species of insects. 

199
 



Research Procedures 

Laboratory investigations were ccinplete in detenining damage done by 
several insect species to resistant and susceptible cultivars of sorghum ard] 
millet, and ccaparisons of insect susceptibility of sorghum cultivars stored 
in-head vs. threshed. Laboratory studies were begun to deternine the 
atmosliieric charjes that take place in urderground pits, and the rate o2 gas 
exchange between soils of different types art] urilerground pits and their 

linings. 

Project Output 

Research Findings for Lmediate Use 
A Sudanese graduate student deternind that rice weevils and lesser 

grain borers caused greater weight losses in two cultivars of sorghum than 
in two cultivars of millet. Sound kernels of sorghum cultivars were 
resistant to the first, second or third instars of rice noths and almaorr 
riotlis. About 50%of the second and third instars of rice rroths successfully 
fed and developed to the next instars on sournd kernels of millet. Dairaqed 
kernels were equally susceptible to all three instars of the rice noth. The 
first instars of the alnond rrotas were less successful in attacking damaged 
kernels of millet than those of the rice noth, but the second and third 
instars of both insects had equal success in attacking damaged kernels of 

each grain. 

Another Sudcanese graduate student deternined that grain sorghum stored 
unthreshed favored Angoumois grain moth population developnent, but when 
stored threshed, rice wevil population developrient was favored. Storage 
metJ-cld did not affect percent weight loss caused by Angoumois grain noths, 
but greater losses occurred in threshed grain due to rice weevils. Sorghum 
cultivars shoved various susceptibilities to both species. Angourois grain 
mts and rice weevils appeared to favor rough-surfaced sorghum kernels for 
larval penetration and oviposition, respectively. Pericarp cell layer 
arrangement and presence/absence of starch granules in the nesccarp did not 
appear to influence developnent of either species. Cordensed tannins from 
two cultivars had no cbservable effect on rice weevil or Angoutrois grain 
mroth, although survival of the red flour beetle was greater in control 
sanples carpared to 0.5, 1, and 2 tines normal tannin levels. 
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Net Ljckina Activities 
Dr. M.W. Hassan Shazali, Sudan, spent about two weeks at Kansas State 

University in 1985. We sent sane supplies needed by Dr. Shazali to corrIuct 
host resistance studies. 

Piblications and Presentations 

Asanga, C.T. and R.B. Mills. 1985. Changes in envirorment, grain quality, 
and insect populations in pearl millet stored in urdergrourd pits. 

Undergrourd Space 9:316-321. 

Asanga, C.T. and R.B. Mills. Hernetic Storage of pearl millet, Penriisetum 

amexicanum (L.) LeEke; Laboratory studies. J. Stored Products 

Research. (AcceptEd for publication). 

Sinad 

of stored-product insects in cultivars of sorghum arid millet. M.S. 

Thesis, Department of Entorolcgy, Kansas State University. 
Wonjo, 	 L.E. 1986. Factors affecting the storage of sorghum [Sorfhum 

bicolor (L.) Moenrh] grain. Ph.D. Dissertation, Departent of Grain 

Science and Industry, Kansas State University. 
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Biological Investigations and Management of the Fall Arnyuorn 

and Other Insect Pests on Sorghum 

Project MSU-105 

Henry 11. Pitre 
Mississippi State University 

Principal Inves tiga tors 

United States 

Henry N. Pitre, Entorfologist, Mississippi State University 
Billy R. Wiseman, Entiologist, Georgia Coastal Plain q-erirent 

Station, Tifton, Georgia 

Host CountrY 

Dr. Dan Meckenstock, Agronomist, TA?-131, Horduras 
Dr. Keith Andrews, Entariologist, Pan American Agricultural School, 

(E.A.P.), Horduras 

Other Researchers
 

Host Country
 

Dr. Leopoldo Alvarado, Head, Departirent of Agricultural Research, 

Ministry of Natural Resources, Horduras 
Ing. Fausto Cabrera, Southern Regional Director of Agriculture, 

Department of Extension, Honduras 

Ing. Orly Garcia, Southern Regional Head of Agriculture, 

Departzfent of Extension, Honduras 

Regional Extension personnel in Southern Honduras 

Dr. Catalino Flores, Agronamist, MSU-l1l, Colcbia 

United States
 

Dr. Lynn Gou '.ey, Agroncnist, MSU-104, Mississippi State 

University 

Dr. Sonny Rairaswaiiy, Insect Physiologist, Mississippi State 

University 

Ms. Willye Harrison, Quarantine Officer, USDA, Stoneville, 

Mis si s sippi 

SnMnry 

The INTSO1NIIL, MSU-105 Project at Mississippi State University has 
identified, with the collaborative efforts of agricultural research and 
extension personnel, several major insect pest constraints to sorghum 
production in Honduras. The ccxuplex of insect pests varies depending on 

202
 



cropping systms utilized, region and topography and envirorment. Research 

emphasis is on soil inhabiting seed and seedling sorghum insect pests, and 

insect pests on the foliage, stalk and panicle (seed) in polycropling 

systans of production, particularly in scuthem ard central Horduras. The 

pest control tactics evaluated for practical utility in this area have 

included develogment of speciflc cropping practices (planting systems), 

selecting and/or developing host plant resistant sorghurrs for insect 

population suppression, practical utilization of biological control agents 

in routine subsistence fanning systEms, an] the use of chemicals for insect 

control. Factors asscciatei with the plants in the various stages of growth 

and develoginent are uiner investigation. Successes have been achieved in 

all areas, however the more sinplistic use of insecticide, using specific 

application techniques suitable for subsistence fanning, appears to show the 

most prcmise fox the short team. This holds true for insect pests on all 

stages of sorghum growth. Cultural practices and biological control show 

sane promise as tactics for inplernentation in subsistence farning 

operations, but as with the utilization of host plant resistance, there is 

need for irore research to provide a better urderstarrling of the 

relationsiiips between plants, pests and the control tactic. Additional 
attention will be given to the developiierit of these low-econantic fanning in
put insect control tactics for use on subsistence farms. 

Institutions 

Collaborating Host Couta: Honduras: Ministry of Natural Resources, 
Agricultural Research and Agricultural Extension; Pan American 

Agricultural School (E.A.P.); Coloriia: ivSU-lll (at CIAT). 

U.S.: U.S.D.A., Insect Biology anxd Population Managearent Research 

Laboratory, Tifton, Georgia. 

Linkages: 
Honduras: A collaborative research agreament between the Secretary of 

Natural Resources and the International Sorghum and Millet Program 

(INTSOMIm) has been successfully einiloyed. The MSU-105 project is linked 

with INTSOwIL research (TA1I-131) and with agricultural and extension 
personnel and program of the Ministry of Natural Resources. In-country 

research programs are in place and two graduate students from Honduras are 
participating. Thc students (1 M.S. + 1 Ph.D.) receive technical and 
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professional assistance from Extension personnel in the Department of 
Agriculture, Southern Region. Research and extension leaders cocperate in 
the 	 develop-nent of research prograns, particularly by assisting in 
establishing entamological research needs and priorities in sorghum and corn 
production in Horduras. 

The MSU-105 project has established a working relationship with Dr. 
Keith Andrevs and the Pan American School (E.A.P.) at El Zaiorano, Horduras. 
Dr. Andrews is entaiologist and HeEd, Insect Pest Management programls at the 
School. Dr. Andras will serve as in-country advisor to entci-ology students 
Il the IrFSORNIL, MSU-105 Project. The students conduct host of their 
research on farms, but have access to land for research purposes at the 
E.A.P. 	 Also, the students utilize laboratory facilities at the School. 

Colombia: The MSU-105 Project has been active in cooperating witn the 
INTSOWIL, MvU-111 Project in Colcnbia (stationed at CIAT). This effort is 
mainly representEd by evaluations of sorghum naterials for possible 
resistance to the fall amynnrm, evaluations of alupinun tolerant sorghum 
lines for resistance to fall anTywnA and influere on insect biology, and 
surveys for biological control agents, mainly parasitoids, of the fall 
annyw iro.
 

Mexico: Linkage research relationships have been established in Mexico, 
prinarily with INIA, CIAB. The limitation of this relationship is the lack 
of graduate student participation in the in-country research program. 
AttEnpts are being made to find interested and suitable students. 

Brazil: Linkage relationship with EMBRAPA. (The same limitation as 

above.) 

Eccjeographic Zones Benef ited Most by Research
 

Central America arnd South America
 

Cbjectives, Research 	 andProcedures, Product ion/Util iza tion Constraints 
Year 7 Project CIbjectives 

Determine soil inhabiting insect pests damaging seed and seedling 
plants in the hills (ladera) and plains (plano) sorghum production regions 
of southern Honduras. Dete2mnine species conposition and seasonal 
distribution and assess sorghum plant damage. 

Determine nethods to reduce damage to the seed and seedling sorghum 
plants, including seeding rate and depth of planting, selection of seed size 
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and color and the use of insecticide seed tzeatients and granular 

insecticides applied to the soil at planting - (Horduras). 

Detenrine diversity and aburdance of soil inhabiting phytc-hagous 

insects (seed and seedlirj feeders) and insect pests on the foliage, in the 
stalk and on the fruiting structures of sorghum and coni in slash and burn 
sorghum + corn, and slash and burn sorghum + corn + pigeonpea intexcropping 
systens. Assess the role of parasitcids in the regulation of lepidopterous 
larval populations in cropping systms - (Horduras). 

Determine host plant preference and suitability for fall anmywon 
oviposition, larval feeding and establishnent, and adult fecundity ard 
longevity on sorghum, corn or pigeonpea plants growing in intercroping 

systEMs. 

Continue to evaluate sorghum genotypes for fall amyw&onTL resistance, 
conclude biological (survival ad developnent) and host plant resistance 
studies with fall aniywonis on aluminu tolerant sorghum varieties, and 
conclude ccnparative studies on sex pheromones from fall anmywoxns 
originating in the U.S. and Horduras as part of a population study to assist 
in deten-ining the origin, distribution aid moverent of this species in the 
Americas - (U.S.A.). 

Changes in Cbjectives from Previous Year 
The cbjectives of the MSU-105 Project have been developed based on 

entiological needs detenmined by the cooperating scientists in the 
developing country involved and the principal investigators on the project. 
Expansion of these cbjectives has resulted from knowledge gained from on
site host country and U.S. research. Particular investigations are planned 
for each host country based on the available information on specific pest 
species or ccanplex of species on sorghum in the specific linkage host 
country. It is the intent of these investigations to develop as quickly as 
possible practical and implementble insect pest control methods for 
imuediate utility in the affiliated developing host country and other areas 
with similar insect pest prcblems. Sane aspects of several cbjectives 
(e.g., insecticide susceptibility and biolcgical similarities in fall 

annyvorm populations) contribute to our understaniding of this serious pest 
as it occurs in the continental U.S. 
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So.hum Constraints 
Insect pests, including sail inhabiting species, dange or destroy the 

sorghum seed and reduce plant stands; stem andi stalk borers weaken and/or 
destroy the plants; and head feeding insects destroy the seed, thus reducing 
yield. The insect pest problen- in Horduras differ from one area to the 
next, particularly when considering differences in erivirornent, topography 
and agricultural production practices. This holds true for the other areas 
where MISU-105 linkage arrargenments have been established. Therefore, a 
rarrje of insect pest nanagement tactics have been evaluated to ascertain the 
effective practices that have application in the developing countries in the 
ecogecgraphic zone of operation. Principal eaphasis has been on developing 
norr-chemical or othier approaches utilizing mininum anounts of chemical 
insecticides in production areas %here financial investi.t in crop 
producLion must be held at a mininum. These control rnetlxds have euphasized 
host plant resistance, cultural control tactics, and biological control. 

Research Procedures 

Biology, ecoloca, behavior and population dynamics. Aspects of pest 
and beneficial insect biology aid behavior are essential in developing pest 
control techniques and uderstanding mechanisms in host plant resistance 
studies. Knowledge of basic host plant-insect interactions, ecology and 
aspects of population dynamics in defined gecgraphical areas is critical in 
developing practical integrated insect pest manageanent strategies for 
utility in LDC's. Most research emphasis has been on ecolojical approaches 
to pest nanagement, namely cultural, biological and host plant resistance 
strategies. Many basic and applied investigations have been and will 
continue to be corducted in Honduras and Mississippi utilizing the naturally 
occurring pest and natural enewy populati.ons. 

Studies of age-specific mortality and partitioning of nortality of 
irmatures of the fall an-yvonn and certain sc.l inhabiting insect pests, the 
ccnposition and inpact of parasitaids, and the role of entanopathogens 

(cooperative efforts of the insect pathologist at Mississippi State 
University) will again be conducted on insect populations on sorghum in 
scuthem Honduras. Develognental rate studies are in progress to ccripaie 
fall anmyworm populations originating in Honduras ard several areas in the 
Caribbean Islands and the U.S. These ccxparative studies utilize several 
host crops, including sorghum ard corn, in detennining larval and puzal 
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development tines, and adult fecundity and lorgevity. Comparative studies 
on feeding rates, host preference for oviposition, parasitoid acceptance and 
sex pheromone investigations are in progress. Studies of the differences in 
sex pheromone activity and chemistry (Dr. S. Ramaswany, insect physiologist, 
MSU Cocperator) and behavior of fall anyvorm populations will be related to 
surveillance of pest populations and imnmigration patterns. The relationship 
of fall amtyvonm immigration into the U.S. from LDC's to the South 
emphasizes the inportance of coordinated ecological studies in both areas 

(Honduras and U.S.). 
Studies to identify the role of scil insect pests of sorgnum seed and 

seedlings will be conducted in southen Honduras. Ccmparisons of arthropod 
fauna obtained in sail and seedling plant sam-ples will be made in cropping 
systEnz which include hillside vs. lowlands. burn vs. no-burn and sail 
preparation vs. no sail preparation. Sanpling procedures used in 
Mississippi for similar studies will be standardized for this study. 
Sanples will be taken weekly and examined for insect pests; these pests will 
be evaluated in relation to crop and non-crop host plant phenolcgy, 
pcpulation density and f luctua tion, and crop damage. 

:Host plant resistance. Natural infestations of the fall anmywom will 
be used to evaluate sorghum cultivats at Tifton, GA. Mass rearing of this 
pest at both Mississippi State University and Tifton provides the source of 
insects required for intensive host plant resistance investigations in the 
field, greenhouse or laboratory. The new technique using scft dough grain 
mixed into a meridic diet has been refined for evaluating fall anmywon 
feeding response differerces amomg grain sorghums. Selected genmplasm lines 
with insect resistance characters (i.e., glossy, trichome, tannin) will be 
further evaluated for effects on bioligical parameters in feeding trials to 
detemine nochanisms of resistance. Investigations with native and inproved 
varieties of sorghums from Honduras have been expanded (xAork in Mississippi, 
Georgia and Honduras). 

Develo pest management s tratag ies for LDC's. Additional 
investigations on the use of trap crop planting and insecticide efficacy and 
application tuchniques on sorghum foliage feeding and root and stem feeding 
insect pests will be conducted in Year 8 in Honduras and Mississippi. Fall 
anrywozn behavior in relation to sorghum and a corn trap crop will be 
investigated in the field ard in field cages. insecticide investigations 

207
 



will be conducted according to standardized procedures tstablished by Dr. 

John Young (Tifton, GA, cooperator) for regional insecticide tests on the 
fall army-%oi. Sorghum seed planting practices and insecticide seed 
treatments will be investigated for control of seed and stEnt feeding 
insects. The results cbtained from these studies will be used to develop 
insect pest control stratEgies applicable to specific host countries. 

Prcblems R9arding Achievennt of Objectives 

The lack of trained entirologists involved in sorghum research in the 
linkage countries remains as a problem and restricts the extent of conduct 

of entcR)logical investigations in these areas. Also, the lack of Aell 
qualified students from the linkage countries has hindered the expansion of 
the project and/or progress of in-country research in the developing 
countries. This problem will be lessened ihen eritcmologists trained in 
INTSORvIL return to their home host country to provide lerership in insect 

pest management. 

Project Output 

Research Find4qs 

Honduras: The diversity and density of soil insect pests in sorghum 
cropping systems in southern Honduras were studied during 1986 for the 
second year. The insects (large numbers of diverse species) are being 

identified by taxononist specialists ir, Washington. Namerical survey data 
collected during the early part of the sorghum growing season in 1985 and 
1986 are being analyzed and will be prepared as part of a Master of Science 

Thesis to be published in an appropriate scientific journal Eunid the 
Department of Agriculture Annual Report for Honduras. 

The populations of selected soil inhabiting pest species on sorghum 

varied from one year to the next and in the various planting systems. In 
general white grubs and wirewonis were the most prevalent species; their 
density and distribution varied in hills (ladera) and plains (plano) fields 

and in burned fields compared to fields not burned. This information will 
provide guidance for the developnent of more definitive studies on specific 

soil insect pests and can be used in the development of control 
recommerdations for specific pests in specific production areas experiencing 

specific cropping practices. 
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Additional investigations ,i]ll be conducted in 1986 relating to 
reductions in sorghum seed and seedling damage by Soil inhabiting insect 
pests. Data collected includ number of seed, seed color, seed size, 
planting depth andi use of insecticide and other chEnical seed treatments. 
The information cbtained from these studies is being analyzed for 
publication. Of the chcnical seed treatnents evaluated, Prcme t 
(furathiocarb) provided the best protection to the sorghum seed and 
seedlings from scJl insect pests, followed closely by kerosene. Kerosene is 
less expensive than the test insecticides and is toeasy cbtain for use on 
small, subsistence farms. The small, brown seed appeared to be preferred by 
many small insect pests. 

The insects causing extensive sorglnim arxl corn seedling damage, which 
often requires replanting in scutheni Horduras, were identified. Bo 
lepidopterous pests, one the yellow stripped armyworm, Ep~oLtera 
onitIx)alli (30% of the population), and the other an unidentified species 
were responsible for the severe daage to early planted sorghum. These 
pests severely danaged or destroyed young sorghum in early planted fields in 
the hills, but were not present in late planted sorghum in the plains 
plantings. Both species were encountered damaging the crops only during 
early plant developTient (apperently one generation on the crops). The 
population dynamics of these pests will be investigated in 1987, with 
initial studies planned to begin during March-May. 

A Mevrrithid nenatcde parasitized 2% of S. ornith-xgalli larvae and 25% 
of the unidentified larvae collected on sorghum and corn in June 1986. This 
parasitization rate ccnpared with 56-71% for fall annyvorm larvae collected 
on sorghum in 1983-1985. In 1986, ii-2EZ of the fall armywoun larvae 
collected on sorghum and in July were parasitized by a emnnithid nematode. 
Parasitization declined to insignificant levels in August in sane areas. 
Nematode parasitization increased with rainfall and as populations of 
arnywonns increased; rainfall accounted for 93% of the variation in 
parasitiza tion. 

Chelonus insularis, a braconid, parasitized 20-64% of fall aniyworm 
larvae collected on several occasions on sorghum in hills fields and 45-100% 
in plains fields during July 1986. Less than 20% parasitization of larvae 
was recorded during 1984 and 1985. This hymenopterous parasite has the 
potential of being used effectively as a biological contxol agent in an 
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in sect pest nmnagement program. The factors ass o c iated with the 
inconsistent rate of parasitization from year to year needs to be 

investigated. 
Lorshan sprayed on seedling, whorl stage sorghum and corn plants, 

provided effective control of Spodoptera ornithogalli, whereas Sevin 
insecticide was not effective. This information will be effectively used in 
recanuerding contiol of this destructive early season pest in scuthern 

Honuras. 

Intercropped pigeonpea with sorghum and corn was investigated as an 
alternative cropping system to conventional sorghum-corn planting systems in 
Honduras. §doptera ornithogalli selectively attacked pigeonpea causing 
more severe damage on the legume than on the sorghum and corn plants growing 
in close special planting arrangement. This system shows potential for use 
of the legune pigeonpea in this planting systEn in reducing damage theto 
sorghum and corn crops, and providing an additional food product. 

Studies of sex pheronone activity andf chemistry of fall arunywicm moths 
from Honduras and Mississippi are alnost complete. This information related 
to populations froro the two areas will contribute to our understanding of 
the origin and novemnet of this pest species. The relationship of fall 
anyvon:m inlnigration into the U.S. from areas to the South emphasizes the 
inportance of coordinated biological and behavioral studies in both areas 
(Worduras ar U.S.). 

Mechanisms of resistance in sorghum to fall anmywwon larvae have been 
furthei investigated. Resistance in sorghum panicles to neonate larvae was 
demcristratrd by incorporating: (1) panicles of different cultivars; (2) 
different stages of penicles; (3) different concentrations of panicles; and 
(4) different parts of the panicles in artificial diets. Tannin content of 
the panicle did not appear to be the prinmary source of resistance to the 
fall axnmyorm; factors in the glumes had the greatest effect on the larvae. 
The chenicals in the glumes responsible for resistance appears to be highly 
antibiotic rather than nutritional. These basic investigations contribute 
to our understanding of the host plant resistance factors associated with 
the amn'voxnr-sorghum plant relationships and provide a base for further 
breeding of sorghLuns with the potential for resistance to insect pest 

species. 
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Colonbia: Aluminumn tolerant sorghum varieties were provided from the 
MSU-111 program for evaluations of host plant resistance to fall aMnYUwoni 
larvae. The results of larval feeding and developent studies are being 

analyzed. 

Networking Activities 

- Gen plasm and Research Trifonnation Exchanges 

Sorghum germplasm received from TAM-131 (Honduras; Meckenstock) for 
evaluation for fall anryw)nn resistance and canparative insect feeding and 
develop-nent studies; sorghum gennplasm (with aluminun tolerance) received 
frcw MSU-11 (Colcrnbia, Gourley/Flores) for evaluation for fall anl.T'orm 

resistance and comparative feeding and developmlent studies. 

- Assistance to Host Country Researchers 
Research supplies (sampling, collecting, preserving, etc.) aid small 

equiimient (refrige.rator, heating plate, mixers, etc.) plus partial payment 
on a vehicle for travel in-county. Construction costs of laboratory srace 
(sanpling and separating equipment, cages, etc..) in Honduras. 

Travel 

- Honduras. May 7 - August 15, 1986. Carlos Trabanino. To corduct 

collaborative research on seed and seedling insect pests on sorghum and 
corn 'with personnel in the Departnent of Natural Resources on small 
stbsistence farms in scuthen Honduras and to conduct ccxplementaiy, 
basic investigations on insect control tactics at El Zarorano (Pan 

American School) with Dr. Keith Andrews advising. 
- Honduras. May 10, 1986 - January 3, 1997. Marco Castro (Ph.D. 

student). To conduct research on early, mid- and late season insect 
pests on sorghum in different cropping systerts on small subsistence 
farns in central and southern Honduras and to corduct carfplementary 
basic investigationL at El Zanorano (Pan American School) with Dr. Dan 

Meckenstcck advis.L ng. 

- Honduras. May 12-18, 1986. Henry Pitre (PI). To reestablish working 
relationships and coordinate research activities with the Department of 
Agriculture, Research and Extensions Divisions, in reqard to the 
continuation of the MSU-105 Project in Honduras and to work out 
arrangements for the gralixite students (Castro and Trabanino) to 
utilize facilities and conduct research at the Pan Aerican School at 
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El Zanorano. Much time was devoted to the location of appropriate 
research sites, with assistance from Exti_".Lon personnel in group 

meetings with fanners in Southern Honduras. 
- Chicago, Illinois. Octcber 3, 1985. Henry Pitre. TC meeting. 
- Kansas City, Missouri. January 14-15, 1986. Henry Pitre. TC meeting. 
- Kansas City, Missouri. March 18-19, 1986. Henry Pitre. TC mleting. 
- Kansas City, Missouri. Septanber 2-3, 1986. Henry Pitre. TC mceting. 

Publications and Presentations 

Publications 
Pitre, H.N. 1985. Habits and managenent of tne sorghum midge. Proc. Miss. 

Entnmol. Assc.. 3: 45-47. 

Thead, L.G. and H.N. Pitre. 1985. Sorghum wabwonm contzol and flower bug 
mortalLy on sorghum in Mississippi. Insecticide and Acaricide Tests. 

10: 

WisEnan, B.R., F.N. Pitre, and S.L. Fales. 1985. A laboratory bioassay for 
sorghum resistance to the fall ainywonm. Proc. 14th Biennial Grain 

Sorohum Res. and Util. Conf. 
Pitre, H.N. 1985. Insect problem on sorghum in the United States. pp. 

73-82. In Proc. Inter. Entcol. Workshop, Texas A&M University, 

College Station, T1X. 423 pp. 
Castro, Marco. 1.985. Development of the fall annyworm, Spoptera 

f _gipeda (J.E. Smith), larvae from Honduras and Mississippi on 
sorghum arid corn, ai-O larval infestations on sorghum-corn cropping 
syste-ns in scuthem Honduras. M.S. Thesis. Mississippi State 
University. 62 pp. 

Presentations 

Pitre, H.N. 1985. Habits and management of the sorghum midge in 
Mississippi. Mississippi Entomol. Assoc. Meeting. Mississippi State, 
Mississippi. 

Wisenan, B.R., H.N. Pitre and S.L. Fales. 1985. A laboratory bioassay for 
scghum resistance to the fall anywnn. Fourteenth Biennial Grain 
Sorghum Res. and Util. Conf. Lubbock, Texas. 

Changes in Year 8 
A significant change in the project occurred in Year 7 with the 

expansion of research objectives in Honduras to include investigations of 
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sd.l inhabiting seed and seedling insxct pests on sorghum arn corn in 
subsistence fanning cropping systems in southern Honduras. The objectives 
expressed in the Year 8 work plans will remain largely urhanged for the 
next year. These research priorities and aork procedures have been 
developed by MSU-105 and the Minis try of Agriculture, Depaerments of 
Research and Extension, and include basic and applied investigations to be 
conducted over a two to three ye-ar period. Changes, however, have been made 
in the cropping systeis research conducted by the Ph.D. student in Honduras. 
Insect pest and natural enemy diversity and density levels will be studied 
throughout the growing seasons in central and southern Honduras. 
Observations will be made on pest population dynamics, including foliage, 
stalk and panicle (seed) feeding insect pest species. Intercropping 
(polycroppirng) investigations will be expanded. Insecticide control, 
biological control, damage assessment, and host plant preference studies 
will be continued or expanded. The uork in Colombia will continue to 
emnphasize sorghms with host plant resistance qualities, as well as 
observations on the role of parasitoids in regulating anmyonm populations. 
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Develogrient and Evaluation of Systems for Controlling Insect Pests 

of Sorghum/Millet by IntEgration of Resistant Varieties, 

Cultural Maniulation and Biological Control 

Project TAM 125 

George L. Teetes and Frank E. Gilstrap 

Texas A&N University 

Host Country Principal Investigators 

Dr. Seynai Maiga, INRAN Fntcmogist - Niger 

Dr. N. Nwarize, ICRISAT Fntcmologist - Niger 

Dr. John Clark, NCRP Program Leader - Niger 

Mr. Chris Manthe, DOA Entanolcgist - Botswana 

Dr. Keith Aixrews, FAP Entaiologist - Honduras 

Dr. Dan Meckenstcck, INTSOR4IM Plant Breeder - Honduras 

Other Researchers 

Host Countries 

Mr. R. Peyes, Entxnolcgist - El Salvador 

Dr. K.V. Seshu Reddy, Entaonologist - Kenya 

Mr. C.J. Rossetto, Entoiologist - Brazil 

Dr. K. Leuschner, Entcnologist - India 

United States
 

Dr. Cary Steck, Texas A&M University, Niger, Entariogist 

Mr. Duatane Youmn, Texas A&M University, Niger, Entanologist 

Mr. Ronaldo Sequeira, Texas A&M Univezsity, Honduras, Entarologist 

Dr. Cary Peteison, Texas Ag. Exp. Stn., Lubbock, Plant Breeder 

Dr. Jerry Michels, Texas Ag. Exp. Stn., Anarillo, Entanologist 

Dr. ichard Frederiksen, Texas A&M University, Pathologist 

Dr. Fred Miller, Texas A&M University, Plant Breeder 

Dr. Harold Browning, Texas Ag. Exp. Stn., Weslaco, Entariologist 

SuimmaLy 

A coplex of insect pest species attack sorghum and millet during and 

after production and reduoe yield and yield stability, and increase risk. 

To address these constraints, the Sorghum/Millet Entmrlogy project at Texas 

A&M University has concentratei on adapting plant resistance and biological 

control technology to LDC situations and training graduate students. On

site collaborative research is underway in Niger, Botswana and Honduras 
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supported by local research conducted by LDC graduate students. The 
species (34) of head bugs infesting sorghum in Niger hzwe been collected and 
the most abundant identified in several sorghum growing areas. At least two 
species reach density levels high enough to reduce seed density. Damage 
assess-nent experiments are in progress. The damage by stauborers and the 
head girdler of millet in Niger has been severe and associated parasite 
species are being collected and identified and their efficacy detemined. 
Life table studies are in progress. 

Sorghums resistant to sugarcane aphid in Botswara were identi fied. 
Experinents to detemine resistance nechanisms and inheritance are in 
progress. Natural eneiies of the sugarcane aphid in Botswana are being 
collected and identified. 

Sorgjhum staTborer damage and parasites have been identified in Honduras 
and an exotic species Aas released in Honduras and El Salvador. Fxperinents 
to determine establishnent and effectiveness are in progress. Sorghum midge 
resistant sorghum hybrids were evaluated in Honduras and they performed as 
they do in the U.S. Several new sources of resistance to sorghum midge were 
identified in the U.S. by a Sudanese graduate student. 

Institutions 

Collaboratin Host Countries: Niger: Institut National de Reserches 
Agronrniques du Niger (INRAN), Tama Experinent Station, Maradi, 
Purdue Cereals Research Project, Kolo Experinent Station; 
Botsmana: Department of Agriculture, Gaborone; Honduras: 
Minis terio de Recursos Naturales and Escuela Agricola 
Panamericana; El Salvador: vinistezio de Agricultura Y Ganaderia; 

and Brazi I: EMBRAPA. 
United States: Texas Agricultural Experimerit Station, Texas A&M 

University; Purdue University and Kansas State University. 

Liikages: 
On-site collaborative research is underway in Niger, Botswana and 

Hon!uras. Appropriate agreemnents with the respective agencies have been 
approved and in scme cases programs are in their second year. Dr. Gary 
Steck, a research associate under the supervision of Dr. Teetes, is 
stationed and working at Maradi, Niger corducLing collaborative research on 
assessing sorghum panicle feeding bug damage with Dr. Maiga, INRAN 
Entaologist. Mr. Ousmane Youn is a Ph.D. student directed by Dr. Gilstrap 
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corrIucting his dissertation research in collaboration with Dr. John Clark in 
Nianey and Kolo, Niger on stenborers and the head girdler of mri let. 

Mr. Chris Planthe, a Ph.D. student directed by Drs. Teetes aid Gilstrap, 
is in Botswana corducting his dissertation research on plant resistance and 
biological contiol of the sugarcane aphid on sorghum. He will be on-site 
for at least two years. His research is also sponsored by USDA and the 
Botswana Depaftnerit of Agriculture. 

Mr. Ponaldo Sequeira, an M.S. student directed by Dr. Gilstrap, is 
corducting his thesis research with the approval of the Ministerio de 
Recursos Naturales irn Horduras. His major efphasis has been on stEnborer 
pests of sorghum ard their natural enEmies. He has also releascd irrportEd 
natutral enemies (parasites) in HorrIuras and El Salvador and is currently 
evaluating their estiblishrrernit and effectiveness. He is collaborating with 
a niurbei of national scientists, aird scientists at the Pananerican school. 

Linkages with other host countries are in the form of technical 
assistance, especially irforntion supply, project design, geimplasin supply, 
and review of research proccrvires and results. Foreign graduate student 
trairing has provided goad, nev linkages with several developing countries 
sud as Malawi and El Salvador. 

_efra phic Zones Benef ited Most by Research 
West Africa, Southern Africa and Central America 

objectives, Research Procedures, and Production/Utilization Constraints 

Year 7 bjectives 

Detenrmine the nature and role of heal bugs as sorghum pests, detenine 
species ccuposition and distribution, and assess damage in Niger. 

Screen exotic converted sorghums for resistance to sugarcane aphid and 
determine resistance nechanisms and inheritance, and inventory biological 

control agents in Botswania. 
Determine biological control agents and assess natural eneny efficacy 

of ste-orers of sorghum in Honduras, and sterborers and the head girdler of 
millet in Niger. 

Screen exotic converted sorghum for resistance to sorghum midge, 
irrprove their agronomics and evaluate selected lines and hybrids in Honduras 
aid the U.S.A.; and determine spacial distribution and sampling procedures. 
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Chanqes in Cbjectives from Previous Year 

Project TA-125 objectives are directed at entQrological problems in 

selected host countries and are being net by stationing on-site research 

associates or research assistants. The specific objectives continue to 

evolve as research information is gained. For exanple, head bug research 

objectives are noving from species identification arn abundance 

detenination to damage assessnent, and biological control research from 

natural ene[f identification to efficacy assessment and parasite release. 

Sorghur/Yi] let Constraints 

A ccmplex of insect pest species attack sorghum and millet during and 

after production and reduce yield and yield stability, and increase risk. 
InsEct pests beccine especially severe when fanning systms change from 

traditional to the use of inproved cultivars and greater inputs. 

InsEcticidal control is ccmrrori in developed countries but is dangerous and 

expensive in lesser developed countries. Plant resistance to sorghum pests 

and biological control of sorghum/millet pests were the main control tactics 

chosen for research because they require little fanmer input, are 

econcmical, ecologically compatible and usually fairly persistent. Their 

use would ensure greater and more stable yields, and are applicable to 

developing world situations. 

Research Procedures 

Specific research procedures used are described in detail in the Plan 

of Work for Year 7. General procedures include those applicable to the 

inlplexrentation of plant resistance to insects and biological control and the 
necessary biological and ecological support data. The expertise of research 

associates and graduate students in a training mode is used to carry out 
research cbjectives and estblished research procedures. Local research is 

of the type to establish and test procedures applicable to LDC situations 

and to provide the support of on-site research in terms of data, germplasm, 

biological control agents and other procedural needs. 

Problems Regarding Achievenent of objectives 

There remains a lack of trainE& entanologists assigned responsibility 

for sorghum/millet insect research in irany LDC's. This fact stresses the 

need for graduate student training with appropriate follow-up support. Host 
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country funds for sorghumVmil let insect research is low to none. Procedures 
to funnel small amounts of rroney to certain LDC's neEd to be established. 

Project Output 

Research Find infs for Iinediate aid Future Use 
Thirty-four species of phytcphajous Hemiptera were censused on sorghum 

panicles in Niamey, Dosso, Tahacu, arkl Maradi, Niger during August-Octcber, 

1985. F.u'sbtylus sp. and Canpylomw a spp. were consistently collected in 
lartje numbers. Densities of Eurtys_!us peaked very early and quickly at all 
sites. CanyLcna densities increased more slcwly and peaked later. 
Creontiades 1a1lidus, ysius sp., and a pentatcnid species may be considered 
occasional pests. The sorghum varieties most heavily infested were early 
matlrity types suchi as El Mota Galmi. Muchj of the sorghum grovn in the 
Konni and Galmi areas was heavily infestd. Early maturity varieties at 
Bergou and Tama also were heavily infested. Local, later-maturity 
varieties in the Maradi and Bergou areas were not heavily infested. Panicle 
canpactness was not an inportant factor in detenining head bug infestations 
in variety trials. Havever, the preserce of very susceptible varieties 
harboring large numbers of bugs may be endangering nearby plantings of 
relatively nonsusceptible types. experiment whereIn axi head bug densities 
were great, seed density was significantly lacered, and average seed weight 
was consistently lcver than where bugs were controlled with insecticides. 

Field trips were corriucted in the department of Niarey, Maradi, and 
other locations in Niger to collect Eggs and larvae of sterborers and/or the 
millet head girdler ard make cbservations in the fields or experimental 
plots to evaluate the inportance of the damage caused by these pests. 
Though these two pests did not cause damage or were not collected at Kola 
(mid- to late July), cbservations at Maradi (ca. 10 km south) where faners 

had planted early, danage by the millet head girdler was apparent. This is 
an area where millet head girdler occurs alnost every year due to the 
availability of early planted millet to the energing adults for oviposition. 
This indicates that cultural control practices based on manipulation of 
planting dates could face serious difficulties due to multiple pest 
problems. In other words, early planting ay reduce damage by stemborezs, 
but increase chances of attack by the millet head girdler. Likewise, 
deiayed planting may constitute a suicidal emergence for the adult millet 
head girdler, but could increase the damage caused by stemborers. 
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During May 1985 through January 1986, studies were ccrpleted in 
Honduras identifying stEboring pyralid pests, associated parasites and crop 
losses due to stenborezs al' several locations; quantifying the effects of 
four different sorghum cropping systens on the population dynamics of 
several pests of sorghum and maize; and the effects of releases of an exotic 

parasite of steiborers. The data are undergoing analysis and the results 
will be prepared as a M.S. thesis. Parasites of steibore2s are beixg sent 
to Horriuras arx] El Salvador for release and pen-aient colonization. To 
date, about 90,000 parasites have been sent and plans are to send about 
50,000 rore before the err of calendar year 1986. These parasites are 
called Cotesia (=Apanteles) flavis and are proven exttemely efficient in 
Texas and Caribbean countries where already established. All work not yet 
published will be submitted for publication in the near future. 

Three sorghum lines from the TAES sorghum breeding/entomology programi, 
TAN428, IS12610C (SCli0-14) ard IS12661C (SC170) were zated highly resistant 
to the sugarcane aphid in Botswana. Other sorghum lines showed varying 
levels of feeding damage. One local Botswanan sorghum variety, Marur-antse, 
supported a high number of aphids lorger than other local varieties before 
being killed. 

The following converted exotic sorghum lines were identified as 
resistant to sorghum midge: IS2665C (SC692), IS8232C (SC642), IS8112C 
(SC725), IS7193C (SC694), IS8237C (SC644), IS6946C (SC763), IS7132C (SC693), 
IS8087C (SC704), IS6984C (SC338), and IS3390C (SC572). These restorer lines 
crossed to susceptible fenale parents indicated a range in dcoinance and 

recessiveness. 

Data were collected on in-field infestations of sorghum midge and other 
paxlicle feeding insects in camnercial sorghum fields in the U.S. These data 
are being used to detenmine spacial distribution patterns and saripling 
procedures. Preliminary analyses suggest that statistically reliable 
estimates of panicle pest densities, espe-cially sorghum midge, may require 
sample sizes in excess of those nonTially used by farmers. Research efforts 
to develop more efficient and reliablea sanpling procedures for these 
inportant sorghum pests are continuing. Also, data are being collected on 
adult sorghum midge density and resulting progeny in ccnmnercial sorghum 

fields to validate a mathe-atical model for sorghum midge. 
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Life-table studies on Heliothis in ccnrpact and loose sorghum panicles 
revealed that oviposition was greatest during the flowering stage of 
so.Tihum, egg abunlance was greatest on paricles of the corpact panicle type, 
and larval density was veiy low. Egg parasitism accounted for soiae 

mortality, as did predation. 

Ne torkinj Activities 

- Workshops/Symposia 

Octcber 13-17, 1985. INRAN/INTSOII,/NCRP Sorghum/Millet Workshop. 

Niaiey, Niger. Title: Niger research on head bugs of sorghum and stemborers 

of millet. 

Decenber 8-13, 1985. Entrrlogical Society of Amrica Symposium. 
Hollywe;d, Florida. Entcrnlo'gy of Indigenous and Naturalized SystErs and 
Agriculture; Title: Entanol(xM of Johnson grass/sorhumVsojhum midge 

agriculture. 

- Research Investigator Excharges 

Host for nine LDC scientists who visited the so-ghum entmzlogy program 

at Texas A&M University. 

- Gernplasm a d Research Information Exchange 

Sorghum midge resistant genrplasm sent to El Salvador, Kenya, Honduras, 
Paraguay, Colcmbia, and other LDC's; sugarcane aphid resistant genmplasm 
sent to Botswana; information exchange with 13 LDC scientists. 

- Host Countly Assistance with Equipment and Supplies 

Insect cage materials, curating supplies, nets, preserving naterials, 

etc., sent to Niger for sorghum head bug and steT7orer research. Similar 
supplies were sent to Botswana for sugarcane aphid research and to Honduras 

for biological control research on stEnborers. 

In Octcber 1985, Ronaldo Sequeira and two El Salvadoran scientists 
prepared a joint work nlan for 1986-87 steaborer biolorjical control research 
in El Salvador, and in November 1985 Sequeira trained a Nicaraguan scientist 
(affiliated with INRi-Nicaragu.) on the same topic for work in Central 

America. Mr. Sequcira gave reports of his research findings at Octdceran 
1985 meeting in Gua.te-nala (Central American Sorghum Research Group), and at 
a second meeting in December 1985 in El Salvador (Secor Basic Grains 
Seminar in San Salvador), and at a third meeting in El Salvador in March 
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1986 (Central American Food Crops Research Group). In April 1986, two 
Salvadoran scientists visited the Gilstrap laboratory in order to obtain 
specialized training in biological control procedures for stemborers 
attacking sorghum. As a result of Sequeira's research in Honduras, a very 
intensive progran on biological control of stElborers is no., in place and 
making progress in Horduras and El Salvador. 

Travel 

- Maradi, Niger. July 26-November 2, 1985. Gary Steck. Conduct 
collaborative research on sorghum panicle feeding bugs with Dr. Maiga. 

- Nianey ard 1aradi, Niger. Octcber 6-20, 1985. George L. Teetes. 
Assess sorghum head bug severity and review on-site research being 
corducted by Dr. Cary Steck ard Dr. Seyni Maiga. 

- Nianmy and Maiadi, Niger. May 4-16, 1986. Gary Steck. To nmake 
preparations of the 1986 sorghum field. season in consultation with Dr. 
Seyni Maiga, and to corduct field collections during the dry season of 

host plants of sorghum head bugs. 

- College Park, Maryland. April 23-25, 1986. George L. Teetes. Confer 
with Executive Director of the Conscrtium for International Crop 
Protection relative to pest and pesticide management opportunities in 

several LDC's. 
- Kansas City, Missouri. May 12-13, 1986. George L. Teetes. Develop 

budgets for Niger collaborative research. 

- Nianey, Maradi and Kolo, Niger. July 16-August 16, 1985. Ouarane 
You n. Make initial contacts with Niger officials, and to conduct 
preliminary studies on the millet head girdler and millet stemborer. 

- San Salvador, El Salvador. March 17-21, 1986. Ronaldo Sequeira. 
Participate as an irvited speaker at the Prograna Cooperativo 

Centroamericano Para El Mejoramiento De Cultivos Alimenticios. 

Publications and Presentations 

TeetEs, G.L. 1985. Insect resistant sorghums in pest iranagement. Insect 

Sci. Applic. 6 (3): 443-451. 
Waquil, J.M., G.L. Teetes, and G.C. Peterson. 1986. Adult sorghum midge
 

(Diptera: Cecidcmyiidae) nonIreference for a resistant hybrid sorghum. 

J. Fcon. Entanol. 79: 455-458. 
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Wauil, J.M., G.L. Teetes, and G.C. Peterson. 1986. Sorjhum midge 
(Diptera: Cecidcxyliidae) adult ovipositional behavior on resistant ar 
susceptible sorghum hybrids. J. Fcon. Fntcrol. 79: 530-532. 

Wauil, J.M., G.L. TeetEs, and G.C. Peterson. 1986. Ccxrarison of immature 
soighum midge (Diptera: Cecidcayiidae) developnent on resistant and 
susceptible sorghum hybrids. J. Fcon. Entcmol. 79: 833-837. 

Teetes, G.L., M.I. Becerra, and G.C. Peterson. 1986. Sorghum midge 
(Diptera: Cecidcriyiidae) mariagenent with resistant sorghum and 
insecticide. J. Fcon. Fntacio]. 79: 1091-1095. 

Breen, 	 J.P. and G.L. Teetes. 1986. Relationship of yellow sug3arcane aphid 
(Hamptera: Aphididae) density to sorghum damage. J. Fcon. Entcnxol. 

79- 1106-1110. 

Breen, J.P. and G. L. Teetes. 1986. Yellow sugarcane aphid (I-onoptera: 
Aphididae) infestation duration effect on sorghum. J. Fcon. Fhtaol. 

Fitt, J.R. and G.L. Teetes. 1986. CMEm ical control of sorghum midge on 

sorghum, 1985. Insecticide ar] Acaricide Tests. 
Leuschner, K. and G.L. Teetes (Eds.). 1985. Proc. of the International 

So ghum Ent(xolcogy Workshop, 15-21 July 1984, Texas A&M University, 
College Station, TX, U.S.A. Patancheru, A.P. 502 324, India: ICRISAT. 

Dhannaratne, G.S., R.D. Lacewell, J.R. Stoll, and G.L. Teetes. 1986. 
Econaiic inpact of greerbug resistant grain sorghum varieties: Texas 
Blachlands. Tex. Agric. Ex). Stn. MP-1585. pp. 43. 

Breen, J.P., G.L. Teetes, and N.L. Hausser. 1986. Effects of duration of 
yellow sugjarcane aphid infestations on seefiling sorghum. Sozghum 

Newsletter. 28: 
Manthe, C.S., G.L. Teetes, and G.C. Petezson. 1986. Preliminary screenirg 

of sorghum for resistance to the sugarcane aphid in Botsxana. Sorghum 

Newsletter. 28: 
Brocks, G.W., and F.E. Gilstrap. 1986. Seasorkil incidence and abundance of 

sorghum midge and associate] parasites in Johnsorgrass. Sout~w. 

Entcnol. 11: 119-24. 
Pickett, C.H., and F.E. Gilstrap. 1986. Inoculative releases of 

phytcseiids (Acari) for the biological control of spider mites (ZAcari: 
Tetranychidae) in corn. Environ. Entcfiol. (IN PRESS). 
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Jones, R.W., F.E. Gilstrap, and K.L. Andrews. 1986. Biology and life table 
of the predaceous earwing, Doru taenia ta (Dennaptera: Forf iculidae). 
Entcniophaga (ACCEPTED). 

Sequeira, R.A., F.F. Gilstrap, K.I. Andrews, D. Meckenstock, and H. i.uentes. 
1986. Inpoitancia de la horiga brava, Solenosis .eminataten rreiz 
and sorgo scnbrados en cultura mixta en Choluteca, Horduras. Proc. 
Prografa 32nd Mtg. Coceiativo Centro anericano para El Mejoramiento de 
Cultivos Alirrenticios. p. S-i. 

Sequeira, R.A., F.F. Gilstrap, K.L. Andrews, D. Meckenstcck, and H. Fuentes. 
1986. Dinaimica de pcblaciones de Diatraea lineolata (Walker) en 
sistmas de cultivo de pequenos agricultores del sur de Honduras. Pro. 
Programa 32nd Mtg. Cocperativo Centio armericano para. 

Presentations 
Entcnological Society of America Section F Syrcposiumn. (Entamology of 

Indigenous and Naturalized Systems and Agriculture) Hollywocd, Florida. 
Dec. 8-13, 1985. Title: Entcirology of Johnsorgrass/sorghum/sorghum 

midge agriculture. 
Fntcnological Society of America. Hollywocd, Florida. Dec. 8-13, 1985. 

Title: Seedling sorghum responses to yellow sugarcane aphid injury. 
Niger (INRAN/INTSODIIL/NCRP) Sorghum/Millet Workshop. Niamey, Niger. Oct. 

13-17, 1985. Title: Niger research on head bugs of sorghum and 

steiborers of millet. 
TAEX/TAES Guide Revision Conference. Sorghum insect research. Oct. 29-31, 

1985. 
TAEX State Staff Conference. Econcmic threshold levels. July 17, 1985. 

Changes in Year 8 

The cbjectives of Project TAM-125 will remain largely unchanged. 
However, significant changes occurred in the approach to collaborative 

research from Year 6 to Year 7. Research under this project enphasizes in
co-nt-y, on-site activities. The research will be concentiated in Niger, 
Botswana, and Honduras with students or research associates located in each 
countiy. Support activities will be carried out largely by foreign graduate 
students in order to continue the supply of insect resistant sorghum 
genuplasm, effective natural enemiies, and research procedures and 
informa ti on. 
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Food Quality and Nutrition 
Executive SLtunaiay 

Human nutritional studies have demonstrated that the digestibility of 
sorghum proteins in sane foods is significntly poorer than that of other 
cereal proteins in similar focds. This inpairment of sorghum protein 
digestibility occurs during the cocking process. This resea ,ch has 
therefore focused on the chemical changes that occur when sorghum proteins 
are heated. We found that the relatively indigestible protein in cocked 
sorghum is the kafirin fraction. Its digestibility is partially controlled 
by high irolecular weight glutelin proteins and is diminished during cocking 
by formation of intennolecular ccnplexes linked by disulfide boids. 
Addition of cca~pounds (2-melcaptoethanol, dithiothreitol or sodium 
bisulfite) which reduce disulfide bords almost ccxrpletely prevent the loss 
of digestibility assoriated with cocking. Now that the basis for the loss 
in digestibility on cocking has been established, this knowledge is being 
applied to the inprovenent of the nutritional value of sorghum by 
appropriate modification of processing methxds. (PRF-103B) 

In Novenber 1985 two Univesity of Nebraska researchers traveled to 
Dakar, visiting the facilities at ITA and the Senegalese Institute for 
Agricultural Research in Barbey. Verbal agreenents were nade to establish a 
collaborative project and in May 1986 a host country scientist visitr-d the 
University of Nebraska canpus. As a result of this visit, additional
 
insight was gained as to the direction the millet work needs to go in cenns
 
of types of convenience products the Senegalese would like to have. 
 We also 
decided on various quality analyses which should be done and are analyzing 

the 1985 growing season varieties. (NU-119) 

Tortillas from sorghum were nade in ccrnrercial tortillerias in Mexico 
and in pilot plant facilities at the University of Sonora, which confirm 
that white, tan plant sorghums produce the best tortillas. However, they 

lacked the texture and flavor of typical maize tortillas. Maize/sorghum 
mixtures gave excellent tortillas with good flavor and keeping properties. 
Sorghum required less alka]i and had reduced cocking and steeping times 
ccxpared to maize. Sorghums could be processed with existing equipment. 

White, purple plant color sorghuns gave off-color tortillas. 

Sorghum meal was ecxtruded to provide a wide array of products with good 
potential for snack and breakfast foods. 
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Information on the role of rontannin phenolic ccupounds in weathering 
resistance of sorghum is accurl.ra ting. Rore information to confirm apparent 
relationships between specific phenolic acids and sorghum no]d resistance 
properties is requirea. (TAM-126) 

Research on sorghm polyphenals is usually confined to the seed, where 

they defend against herbivores and patiogens, and diminish its nutritional 
value, but droplets of an oily phenol-rich exudate were recently cbserved on 
each sorghum root hair. A possible relationship to Striga resistance was 
considered beTause St4ia must encounter this material on attacking sorghum. 
No one else has reported this exudate; all other studies have been of water
soluble exudates. With collaborators it was found that this exudate is a 
powerful stinulant of the germination of Strig seeds (the seeds do not 
germinate unless stinulated to do so by a chmical signal from the host 
root). With help from Dr. D. Lynn, it was detemined that the chEmical 
structure of the main ccurponent of the exudate is a highly substituted 
quinone never found before in sorghum or in any other organism. We named it 
sorgoleone. This is the first Striq2a germination stimulant ever identified 

frou a natural host. 

The question of why sorghum should produce a material having such a 
harmful effect upon itself has been resolved by the finding that this 
exudate has herbicidal activity. It strorgly inhibits elorgation of roots 
of certain plants. Presumably sorghum produces exudate to defend itself 
against weed ccmpetitors, and Stria has focused on the exudate as a host

specific recognition signal. 
This discovery may offer new, effective means of Striga control; none 

is ncw available. (PRF-104B) 
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Evaluating Pearl Millet Genrplasm for Food Quality
 

Project NIJ-1 9
 

Charles Walker
 

University of Nebraska
 
Principal Investigatcr 

Dr. Charles Walker, Professcr, Food Science and Technology, UNL 

Other Researchers 
Dr. David k-ndrews - Professor, Aqronany, University of Nebraska 
Dr. Ababacar N'Doye - Cereal Scientist, ITA, Dakar, Senegal 

Janet Buck - Cereal Scientist, University of Nebraska 

Sununry 
The project began in July 1985, focusing on Senegal as the mxost 

appropriate representative country of West Africa because of its 
collaborative base - InsLitut de Technologie Alinentaire - in Dakar. In 
Novenber 1985 researchers Walker and Buck traveled to Dakar, visiting the 
facilities at ITA and the Senegalese Tnstitute for Agricultural Research in 
Ban-bey. Verbal agreenents were tade to establish a collaborative project 
and in May 1986 Dr. Ababacar N'Doye visited the UNL canpus for six weEks in 
continuation of this agreement. As a result of this visit, we gained 
additional insight as to the direction the millet wcrk needs to go in tenms 
of types of convenience products the Senegalese would like to have. We also 
decided on various quality analyses which should be dor and are in the 
process of analyzing the 1985 growing season varieties. 

A Memorandwi of Understanding has been written, in preparation for 
signing by the govenm-ent of Senegal. 

Institutions
 

Collaboratin2 Host Country: Institut de Technologie Alixmentaire (ITA), 

Dakar, Senegal
 

U.S.: University of Nebraska
 

Linkaoes:
 

In Novenber 1985, Dr. Walker and Janet Buck visited I'mA in Dakar Lo 
discuss the possibility of estblishing a collaborative program. maEy were 
amnable to the idea and in May and June 1986, Dr. N'Doye, head of millet 
quality research, came to the University of Nebraska for six weeks. Current 

plans are to continue this exchange a.; necessary. 
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Eccgeg!_hic Zones Benefited Most by Research
 

West Africa
 

Objectives, Research Procedures and Constraints 

Year 7 objectives 

To establish and maintain linkages with LDC(s) to form a cooperative 

research program. 

To detenine quality standards for grain and for finished foods, by 

host country definition. 

To select appropriate methods for testing grains (chenical, physical 

and functional ). 

To apply those appropriate tests to each year's samples. 

To conduct cocking evaluations on selected sairples i the host country. 

To provide information back to the plant breeders to help guide then in 

their se]ections. 

Since the 1985-86 year was the first of our involvenent with INTSOM4IL, 
we did not change any objectives from previous years. 

Constraints
 

We have not experienced any constraints in carrying out this research.
 

Research Procedures 

A trip to ITA in Dakar, Senegal was made by UNL researchers to make 

initial contact with that institute's researchers, see their facilities and 

research first-hand and establish a base for collaborative research. Dr. 

N'Doye spent six weeks at UNL to begin the research program. 
Dr. N'Doye wrked with us to help define quality standards for grains 

and prepared foods such as couscous and arraw. 

During the exchange while Dr. N'Doye was in Nebraska, we discussed 

appropriate evaluation techniques and worked on the developrent of sane of 
these. They included procedures such as test weight, grain hardness, 

pearling test, and milling yield. 

We worked to develop analytical tests which can be performed with 

equipment and expertise possessed by ITA, as well as UNL. 

Analysis of sanples from the 1985 growirj season is underway. 
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We have riot yet nad(; another trip to Senegal. It will be possible, 
however, in subsequent visits, to corriuct sensory evaluations of the various 
varieties. 

We are in frequent contact with Dr. Andrews. 

Project Output
 

Research Fir dincs for Immediate Use
 
We have 
 not yet acquired encugh data to make conclusions which are 

relevant for immediate use. 

Research Findins for Future Use 
By sczeening for food quality the varieties of millet which Dr. Andrews 

develops, we will be able to correlate agroncmically desirable 
characteristics such as yield with qualities which are desirable in tenrs of 
foods. He will then be able to select for these traits when performing his 

crosses.
 

The develoinent of traditional focds which are convenient to prepare 
would be a great help to the Senegalese uonn, and hence Senega!ese society 
in general. Wcmen now spend hours of each day preparing the staple foods 
which are consured daily in every household. If the processes could be 
developed and then perfon-ed ccxrnercially, this would free vast amounts of 
women's tine, then be used tasks,which could for other productive such as 
obtaining education or contributing in the work force or teaching children. 

If these procedures are experinentally developed, it is entirely 
possible that their ccnrercial production could begin within three years. 

Networkini Activities 

The visits by Walker and Buck to Senegal and N'Doye to Nebraska have 
already been mentioned. 

We ale in the process of shipping to ITA a Nuhull Dehuller, a machine 
which is capable of both batch and continuous operation. It can dehull 15
50 lbs. of grain in a batch or 1000-1500 lbs./hr. if run continuously and 
will be of great assistance to the researchers in Senegal while scaling up 
the production of the convenience millet foods. 

We have purchased a mini-dehuller and a Buhler mill for our laboratory. 
These pieces of equipment are not directly for use by the Senegalese 
researchers, but duplicate equipment which they already possess and will 
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allc us to work more effectively with this project, because we can do the 

same types of research they are doing. 

Travel 

- Dakar, Senejal (ITA). Novenber 17-23, 1985. Dr. C.E. Walker and Janet 

Buck. To initiate a collaborative project vith Senegalese researchers. 

- Lincoln, Nbraska (UNL). May 4 - June 16, 1986. Dr. Ababacar N'Dcye. 

To begin cooperative program - on quality evaluation of grain and food 

production. 

Publications and Presentations 

As this is the first year of our involvetent with the INTSOR4IL 

project, we do not yet have any publications as a result of cur work. 

Changes in Year 8 

The nain changes in the Year 8 project plans from Year 7 are the 

additional developnent work on convenient traditional foods and the 

supplemritation of the weaning food which has already been developed. 
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Chemical and Physical Aspects of Food and Nutritional 

Quality of Sorghum 

Project PRF-103B 

Allen W. Kirleis 

Purdue University 
Host Country Collaborators 

Dr. Sit Elnafar N. Badi, Cereal Chemist, Food Research Centre (FR), 

Sudan
 

Dr. Laila Y. Monawar, Nutritionist, FRC, Sudan 
Dr. Abdellatif M. Nour, Sorghum Breeder, Agriculture Research 

Corporation (Air), Sudan 
Dr. Osman Ibrahimi El Cbeid, Sorghum Breeder, ARC, Sudan 
Mr. Youssa Ounarou, Cereal Chenist, INRAN, Niger 
Dr. John Clark, Sorghum Breeder, INRAN/NCRP, Niger 
Dr. R. Janbunathan, Biochariist, ICRISAT, India 

Other Researchers
 

Dr. Sam Mukuru, ICRISAT, India
 
Dr. K.E. Bach Knudsen, National Institute of Animal Science, Dermark
 
Dr. B.O. Eggumn, National Institute of Aninal Science, Denmark
 
Dr. George G. Graham, Johns Hopkins University
 
Dr. Lloyd W. Rooney, Telxas A&M University
 

Dr. Gebisa Ejeta, Purdue University
 

Dr. Larry G. Btler, Purdue University
 

Dr. John D. Axtell, Purdue University
 

Dr. Edwin Mertz, Purdue University
 
Dr. Maribeth A. Cousin, Purdue University
 
Dr. Arun Chandrashekar, CFTRI, India
 

Mr. Bruce Hanaker, Purdue University
 

Summary 
Human studies have shown that some sorghum foods have pocr protein 

digestibility ccrrpaxed to similar food preparations nade with other cereal 
grains. Our work has, therefore, focused on the chemical changes that occur 
when sorghum proteins are heated. We have found that a number of reducing 
agents can be used to significantly inprove the digestibility of uncocked 
and cocked sorghum proteins. The addition of a reducing agent brought 

231
 



sorghum protein digestibility to the level of maize, barley, rice and wheat. 

When sorghum flour was soaked in a solution containing a reducing agent for 
12 hours, over 70% of the sorghum proteins were digested in the first 15 
minutes cmnp>ared to about 40% in untreated flour, and about 20% in sorghum 

that had been cocked. 

We have identified the scientitic reason why sorghum proteins 
digestibility decreases after cocking. With this kncwledge we can modify 
traditional processing nethods and develop new _pr-cessing nethods to irrprove 
the nutritional value of sorghum.
 

We also ncw7 kncw that porridge qual.ity differences result from protein
starch interaction caused by sorghum matrix protein structural differences. 
For exanple, cooking hard grain cultivars in the presence of a reducing 
agent affects disintegration and dispersal of the protein matrix and allows 
a greater degree of starch gelatinization. This provides a mans for 
contio22ing porridge stiffness. Thus, we now have an underst~nding of how 
to control porridge stiffness, which is an inportant food quality trait in 

Africa. 

Institutions 

Collaboratin2 Host Countries: Sudan - The Agricultural Research 

Corporation, Food Research Centre; Niger - INRAN/NCRP; Peru -
Institudo de Investigacion Nutricional and ICRISAT - Hyderabad, 

India. 

U.S. and Others: National Institute of Aninal Science, Copenhagen, 
Derriark; Purdue University, Texas A&M University, and Johns
 

Hopkins University. 

Linkage :
 

PRF-103B project activities are focused primarily in two African 
countries - Sudan ard Niger. Results from project work will, therefore, be 

most relevant and imrportant to these two countries. Both countries are 
primary sites for major Ecogeocrzphic Zones and hopefully research results 
generated in these two sites will be relevant to neighboring countries. 

Sudan: The Food Research Centre (FRC) and Agricultural Research 
Corporation (ARC) provide the primary linkage for our research activities in 
Sudan. The main thrust of our activities in Sudan is toward developing 
inproved testing procedures for evaluating the food quality of inproved 
sorghum varieties and hybrids being developed for Sudan. To this end, 
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prinery collaboration is with the Departnent of Cereal Technology at the FRC 

(Drs. S.E.M. Badi ax L.Y. Monawar) and ARC sorghum breeders (Drs. A.M. Nour 
and 0.1. El Obeid). Collaboration involves joint planning of work and joint 

evaluation of breeders' sorghum sanples for food quality. 

Niger: Useful collaboration has also been developed with INRAN. The 
mair contacts in Niger are Mr. M. O)Jnarou, Cereal Chemist and Head of the 
Cereal Quality Laboratory, and Dr. J. Clark, Purdue Cereal Research Project 
Team Leader and sorghum breeder. Our node of collaboration in Niger is much 
the sane as that described for Sudan, i.e., participation in the planning of 
work and joint evaluation of sorghum sanUles for food quality. Another area 
of useful collaboration with INRAN is the preparation of a nanual for 
"Testing Sorghum Food Quality in West Africa". The manual will be available 

in both French and English sometine in 1987. 

Objectives, Research Procedures and Production/Utilization Constraints 

Year 7 Project bjectives 

Develop sinple screening test procedures for use in LDC breeding 

program to predict grain food quality of sorghum. 

CorducL basic studies to determine what ccxponents in sorghum are 
related to the functional properties of the grain that constitute food 

quality. 

Identify sorghum grain processing and cocking procedures that lead to 
improved nutritional quality and acceptable food quality using both chemical 

and biological methods. 

Train LDC personnel in cereal chemistry. 

Chanes in Objectives from Previous Year 

There are no major changes in the research (bjectives listed above. 

The specific areas addressed in Year 8 will be: 
Characterize changes that occur in starch and protein ccuponents of 

sorghum grain during cocking as they relate to food quality. 
Characterize changes that occur in sorghum protein during heating that 

lower protein digestibility. 
Examine the changes that occur in protein ccnponent. of sorghum during 

extrusion cocking that result in inproved protein digestibility. 
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SorDhum/iIlet Constraints 
Relatively little is known about the cocking characteristics (i.e., 

functional properties) and nutritional properties of sorghum/millet in 
ccaparison to other major staple cereal crops. Thus, we mst continue to 
develop basic knowledge about the chem ical coposition and physical 
properties of sorghum/rrmillet grain ccrponents and how these influere the 
end-use or food and nutritional quality of the grain. This kind of 
information will allow the develop-nent of better testing nethods for 
evaluating the traditional food quality of inproved sorghums and the 
develoment of new non-tradi.tional nutritious foods as a means of usirnj 
sorghum/millet surpluses. 

A key to overccirg the constrajnts limiting sorghum utilization is to 
have a network of fuictioning food quality laboratories located in LDC's. 
These laboratories must be staffed with well trained scientists and nist be 
adequately equipped to effectively carry out their work. It is also 
irportant that there be close coceration between LDC scientists and 
scientists conducting basic work on sorghum/millet grain. This is necessary 
to keep LDC scientists informred of the neest findings and the basic 
scientists aware of current problerrs in the field. 

Project Output 

Research Findings for Imnediate Use 
Sorghum Protein Digestibility Studies 
As human studies have shown that scme sorghum foods have poor protein 

digestibility relative to food preparations made with other cereal grains, 
we have focused our work on the chenical changes that occur when sorghum 
proteins are heated. This research has led to a greater understanding of 
the biochemical nature of the sorghum proteins, how they react during the 
coking process, and how protein asscciations may affect digestibility. 

We believe protein digestibility of sorghum, whether it is low or 
ccTparable to other cereals, is primarily dependent on tle method or 
conditions under which the grain is prepared and cocked. Previous in vitro 
protein digestibility studies in our laboratory using pepsin have shown that 
there is a sizable reduction (20 to 30%) in protein digestibility when a 
sorghum/flour suspension is cocked to a gruel in a boiling water bath for 20 
minutes. Decreases in protein digestibility of sorghum flour that has been 
cocked have also been reported in chickens (31.5% decrease) and rats (7% 
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decrease). ThIus, our goal is to develop processing and cocking conditions 

that will prevent the protein digestibility decreases normally observed when 

sorghum is made into a gruel. 

Means of Inproving Protein Digestibility 

The addition of small aniunts of a reducing agent, such as 2

mercaptoethanol, dithiothreitol, or sodium bisulfite, to the flour/water 

suspension before cocking results in little or no decrease in in vitro 

digestibility due to cocking. Protein digestibilities renain at the level 
of the uncocked flour and are comrparable to digestibilities of other major 

cereals. Furthenrore, addition of weaker reducing agents suci as L-cysteine 

has a significant effect on maintaining adequate digestibility. Further 
digestibility studies are planned using aninals to relate these findings 

more directly to the human. 

Working with Dr. Sam Yfukuru we have identified a local Uganda process 

for eliminating the adverse effects of tannins on sorghum protein 

digestibility. The treatment involves soaking and gerninating high tannin 
sorghum in the presence of xood ash and is a comnon practice in the 

southern highlands of Uganda. In vitro protein digestibility of a porridge 

made from a Uganda high tannin sorghum was inproved from 7% to 50%by the 

local wood ash treatment. 

Research Prress for Future Use 

Why Sorghum Proteins are Less Digestible Than Other Cereal Proteins 
In vitro digestibility experinents showed that kafirin proteins were 

the predominant indigestible fraction of uncocked sorghum. Cocking reduced 

the digestibility of the kafirins to an even greater extent. Although 

kafirins were rost resistant to pepsin digestibility in flour, when kafirin 
proteins were extracted from flour, mixed with starch, cocked and digested, 

they were found to be highly digestible. This may also be true for kafirin

2 proteins as there is no evidence suxjgesting that kafirin-i proteins are 

different frau kafirin-2 proteins. Digestibility appears to be dependent on 

accessibility of the protein bodies to enzyne attack. 
The addition of reduciiig agents substantially increased the in vitro 

digestibility of uncocked and cocked sorghum. This was mst dramatically 

seen after 15 min of pepsin digestion. Cocked sorghum protein was only 22% 
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solubilized compared to 32% for flour cocked with 2-ME and 41% for uncoked 
flour ccapared to 72% for flour soaked in 2-NE for 24 hr. 

Protein polymers linked by inteinmolecular disulfide bords wete shown to 
font, during cocking. The glutelin and to a lesser degree the kafirins were 
found to be the proteins involved in polymerization. The major glutelin 
polymers (50,000-70,000 moncmers) were quite large, yet were highly 
digestible. Three other glutelin proteins, approxinntely 100,000-120,000 
daltons (rona-eric form), which are believed Lo be closely associated with 
protein bodies appear to influence kafirin protein digestibility. When 
these glutelin proteins were brought into solution with a reducing, 
dissociating solvent, kafirin solubility was increased. The 100,000-120,000 
dalton glutelin proteins were also the last proteins of cocked scrghum to be 
digested by pepsin prior to the onset of kafirin digestion. This s1-jgests 
that these high molecular weight glutelin proteins ay form a protein coat 
surrourrling the protein bodies. 

Scanning electron micrographs supports this hypothesis as it shows that 
the protein matrix was digested more readily than protein bodies, that 
cocking does not visibly disrupt the structure of the protein bodies, and 
that a protein coating covers the protein bodies. 

The cbserved reduction in protein digestibility after cocking could be 
due to a ccnbination of two factors. First, kafirins, to scme degree, 
appoar to form protein ccrrplexes linked by intenojecular disulfide bon-is 
duLing cocking. Second, the heavy molecular weight glutelins nay influence 
kafirin digestibility by coating the protein bodies with disulfide-linked 
caiplexes which must be digested before kafirins are exposed to enzyatic 

attack. 

Sorghum Starch Gelatinization 

Sorghum grain is carnnonly consuned as a stiff porridge or gruel 
throughout Africa. Thus, it is irportant to urderstand why certain sorghum 
cultivars produce porridge with acceptable quality while others do not. In 
general it has been shown that cultivars with hard grain produce better 
porridge than soft grain cultivars. Starch is the most likely grain 
ccrponent affecting porridge quality. However, an examination of the 
gelatinization properties of isolated sorghum starches from hard and soft 
grain revealed that no najor differences existed between these starches. 
However, when the cocking characteristics of either sorghum flour or 
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sarolina were examined it was found that starch swelling and gelatinization 

were limited by protein. In fact, starch swelling was limited to a greater 

extent in hard than in scft grain cultivars of sorghum. 

When cocked sorghum flour was examined by scanning electron microscopy, 

two kinds of protein matrix were found--one which contains protein bodies 

cornected to matrix protein and a secorr type of matrix protein without 

protein bodies. rhe foner structure appears to ccrpletely enclose the 

staich granules even after cocking and is predominantly found in the hard 

grain cultivars. The latter type matrix releases the starch granules during 

cocking and thus al]ws a greater degree of starch gelatinization. This 

type matrix is primarily found in soft grain cultivars of sorghlm. 

Accordingly, we now know that porridge quality differences result frcni 

protein-starch interaction caused by matrix protein strdctural differences. 

For exanple, cocking hard grain cultivars in the presence of a reducing 

agent affects disintegration and dispersal of the protein matrix and allows 

a greater degree of starch gelatinization. This provides a means for 

controlling porridge stiffness. Thus, we now have a greater understanding 

of the grair ccnioponrents controlling porridge quality. 

Networkiri Activities 

- Workshops 

INTSOWIL/INRAN/NCRP Sorghum and Millet Collaborative Research Workshop 

October 14-17, 1985. Niamey, Niger. Presented work on protein digestibility. 

- Research Investigator Exchange 

Mr. Damrnin Wamajj, Cereal Chemist, Serere Agricultural Research 

Station, Uganda worked in our laboratory for six weeks during August and 

Septeirber 1985. During his visit research was done on sorghum and millet 

coposite flour bread baking and he was trained to do food quality tests on 

sorghum. 

Dr. Arun Chandrashekar, Cereal Chemist, Central Food Technological 

Research Institute, Mysore, India has been doing Post Doctoral research work 

in our laboratory since January 1986. He is working on starch-protein 

interactions that occur in sorghum during cocking. 
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- Research Informa tion Exchange 

Research findings on protein digestibi ity have been shared with 
scientists at the Food Research Centre (Sudan) and the Cereal Quality 
Laboratory (Niger). At the request of host country scientists from the 
above laboratories, sorghum saiTples have been evaluated for food and 
nutritional quality in our laboratay. Results from these analyses have 
been shared with the host country scientists. 

- Assistance to Host Country Researchers 
Arrangements were nade for purchase and shipment of scme $25,000 of 

research equigxnent for the Agricultural Research Corporation (AR'). This 
equipmnerit will be used by the ARC scientists cooperating with INrSORIIL in 

Sudan. 

Travel 

International 

- Niamey, Niger. Octcber 12-24, 1985. A.W. Kirleis. To participate in 
the INTSORIIL/INRAN/NCRP Sorghum/illet Workshop. 

- KhartoumVWad Medani, Sudan. Octcber 29-Novenber 12, 1985. A.W. 
Kirleis. Assist ARC with the preparation of a five year sorghum/millet 

research plan. 

Domes tic 

- Orlando, Florida. September 22-26, 1985. A.W. Kirleis and B.R. 
Hanaker. Attend Annual Meeting of the American Asscciation of Cereal 
Chemists. Presented paper at the meeting. 

- Kansas City, Missouri. January 14-15, 1986. A.W. Kirleis. Attend 
joint neeting of INTSORIL Technical Committee and Ecogecgrcohic Zone 

Council. 
- Kansas City, Missouri. March 20, 1986. A.W. Kirleis. Attend 

Eccgjeographic Zone Council Meeting. 
- Washington, D.C. April 7, 1986. A.W. Kirleis. Attend Winrock Team 

Evaluation Report briefing on Western Sudan Agricultural Project. 
- Kansas City, Missouri. May 13, 1986. A.W. Kirleis. Attend 

Eccgecgraphic Zone Council Meeting. 
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Publications and Presentations 

Text 
Rooney, L.W., A.W. Kirleis, and D.S. Ivirty. 1986. Traditional Foods Fran 

Sorghum: Their Production, Evaluation and Nutritional Value. In 
"Advances in Cereal Science and TL-chnolcgy". Y. Pareranz, Ed.: 
American Association of Cereal Chenists. Vol. 8 pp. 317-353. 

Refereed Publications 

Hassen, M.M., E.T. Mertz, A.W. Kirleis, G. Ejeta, J.D. Axtell, and E. 
Villegas. 19LI. Tryptcphan levels in ncral and high lysine corn. 
Cereal Chm. 63:175-176. 

Haiaker, B.R., A.W. Kirleis, E.T. Mertz, and J.D. Axtell. 1986. Effect of 
cockilig on the protein profiles and in vitro digestibility of sorghum 
and nmaize. J. Agric. Food Chem. 34:647-649. 

Hamaker, B.R., A.W. Kirleis, L.G. Butler, J.D. Axtell and E.T. Mertz. 1907. 
Irniroving the in vitro protein digestibility of sorghum with reducing 
agents. Proc. Nat. Acad. Sci. (US). 84: IN PRESS. 

Stuart, M.A. P.E. Johnson, B.R. Haraker, A.W. Kirleis. 1987. Absorption of 
zinc and iron by rats fed meals containing sorghum food products. J. 
Cereal Sci. 87: IN PRESS. 

Research Pbs tracts 

Chandrashekar, A. and A.W. Kirleis. 1986. Influence of matrix protein on 
starch gelatinization in sorghum. Cereal Foods World. 31:604. 

Haraker, B.R. and A.W. Kirleis. 1986. Increased in vitro protein 

digestibility of cocked sorghum grain by the addition of reducing 

agents. Cereal Foods World. 31:608. 

Hamaker, B.R., A.W. Kirleis, and E.T. Mertz. 1986. Polymerization of 
sorghum kafirin proteins by cocking. Federation Proceedings. 45:1093. 

Presentations 

Hamrker, B.R., and A.W. Kirleis. 1985. "Characterization of cocked and 

uncocked sorghum proteins." American Association of Cereal Chemists 

Annual Meeting. Orlando, Florida., Septcber 24. 
Kirleis, A.W. 1985. "Digestibility of Sk)orjlnrj Proteins". INTSORAIL/INRAN/ 

NCRP So-rghumrVMillet Workshop. Niamey, Niger. Octcber 12. 
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Changes in Year 8 
The project cbjectives are broad-based and focus on the most 

irrportant problems limiting utilization of sorghum. The Rajor focus for 
Year 8 will. continue to be work on protein digestibility and characterizing 
the functional properties of grain corponents as they relate to local 
sorghum foods consumied in Sudan and Niger. Hopefully this -will lead to the 
developrent of inproved methods for evaluating the food quality of breeders' 
sorghum sanples. 
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Tannins and Other Phenols: Effects on Sorghum 

Production and Utilization 

Project PRF-104B 

Larry Butler 

Purdue University 
Principal Investigator
 

Dr. Iarry Butler, Purdue University
 

Other Researchers
 

Host 	Counrt_Xy 
Dr. M. Ourmrou, Director, National Food Quality Laboratory, Kolo, 

Niger
 
Drs. R. Janbunathan and S. ukuru, ICRISAT 
Dr. P. Pushpanmfa, Andra Pradesh Agricultural University, 

Hydezabad, India 

United States 
Drs. Axtell, Kirleis, Nicholson, Rogler, Ejeta, Housley, Purdue 

University 
Dr. 	Don Carlson, University of California, Davis
 
Dr. James Riopel, University of Virginia, Charlottesville 
Dr. David Lynn, University of Chicago 

SiMUMay 
Although our work on sorghum polyphenls is usually confined to the 

seed, where they defend against beibivores and patbogens but also diminish 
the nutritional value, we recently observed droplets of an oily phenol-rich 
exudate on each sorghum root hair. a toWe pursued possible relationship 
Stxia resistance because Stria irmst encountex this material on attacking 
sorghum. No one else has reported this exudate; all other studies have been 
of ater-soluble exudates. With collaborators we found that this exudate is 
a powerful stimulant of the gemination of Strig seeds (the seeds do not 
geninate unless stinulatd to do so by a chemical signal from hostthe 
root). With help from Dr. D. Lynn, we detenminsd the chemical structure of 
the main corponent of the exudate. It is a highly substituted quinone never 
found before in sorghum or in any other organism; we named it sorgoleone. 
This is the first Striqa genination stinulant ever identified from a 
natural host. 
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The question of why sorghum should produce a raterial having such a 
harmful effect upon itself has been resolved by our finding that this 
exudate has herbicidal activity. It strongly inhibits elongation of roots 
of certain plants. Presumably sorghum produces exudate to defend itself 
against weed ccnpetitors, and Stri'.a has focused on the exudate as a host

specific recognition signal.
 

This discovery may offer new, effective mans of Striga control; non 

is now available. The conventional strategy is to develop a stable 
synthetic derivative of sorgoleone, highly active, to treat the field and 

induce suicidal genination in the absence of the host. In addition to this 

possibility, we are exploring the marked instability of the active form of 

sorcjoleone. It may be possible to inactivate it before it can stimulate the 

genination of the Striga seed. These and other possible means of 

controlling Stri9a are being pursued with our collaborators. 

National Food Quality Laboratory, Kolo, Niger (M. Otunarou). After a 
training period here for Dr. Oumarou, we have supplied equipment and 
chemicals to be used in establishing various analyses in the laboratory 

there. We have experienced slow -,rsA inef fective comnunications about sane 

details. 

ICRISAT (Jarbunathan and Mukuru). Both of these investigators have 
spent or are spending a sabbatical year at Purdue working wholly or partly 

in our laboratory. Two papers have been published and data have been 

collected for a third. We have described inportant evidence linking 
resistance to weathering with the presence of flavan-4-ols in the seed. We 

find that a sirrple chemical assay for flavan-4-ols may be useful in 

predicting weathering resistance. In addition, Mukuru is carrying ut 

additional work on tannin detcxification by traditional Ugandan alkali 

treatments. Stri9a-resistant cultivars have been sent to us from ICRISAT. 

Andhra Pradesh Agricultural University, India (Pushpamra). We are 
exploring the role of sorghum phenols in resistance to stored grain insects. 

We are identifying, from the sorghum collection here at Purdue, lines of 

sorghum which are low in tannin (and therefore nutritionally good) and high 

in other phenols. Dr. Pushpanmm is testing these for resistance to insects 

in storage, which is a severe prcblem in India. 
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Objectives, Research Procedures, and Production/Util iza tion Constraints 
___jec tives 

To establish capability for tannin/phenol assays in the laboratories 
of our collaborators: Dr. Oumarou and Dr. Pushparrmu,
 

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

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

To elinriate or diminish the antinutritional effects of sorghum tannins 
and other phenols while maintaining or enhancing their agroncmic benefits. 

Constrain ts
 
Sorghum relies more on chmical 
defenses against biological constraints 

than do any of the other cereals. The tjntin and other phenols which are 
the subject of our investigation play a prominent role in sarghum's cheical 
defense against several of the biolcogical constraints: bird damage, 
weathering, furral pathogens, preharvest gemnination, and Str_ . 

Research Proceduri3
 
A caibination of laboratory bench analyses, 
 tissue cultures, greenhouse 

and field .trials, and aninal feeding trials. 

Prcblews Regarding Ahievenent of bjectLives 
Our problems are the comnon ones of insufficient funds, inadequate 

equiprent or facilities, carmunication with LDC collaborators, etc. These 
matters do not deter us from pursuing the interesting, challenging 
scientific problems before us. 

Project Output 

Research Findings for Immediate Use
 
Tissue Culture: Drs. Elhag and 
 Cai have succeeded in regenerating 

large nunmers of ccplete sorghum plants frci undifferentiated callus 
tissue. We have regenerated plants of three cultivars growing in the field 
to produce a seed crop. We also have growing in the field plants of four 
cultivars from seeds of regenerated plants grown in the greenhouse. We have 
hundreds of regenerated plants developing. The significance of this 
achievenent is that we have done it with high tannin scrghums, which are the 
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most difficult to manipulate, and that we have done it with a wide variety 

of explant tissue, especially including seedlings and mature enbryos (frcn 

seeds). Thus we have a convenient source of tissue explants without gzowirg 

mature plants. We have already observed sanaclonal variation, which e are 

evaluating for its potential utility. We expect to see variants in phenol 
production because the process of establishing a culture involves selection 

against this trait. 

Mold Resistance: With Drs. Jarbunathan, Mukuru, and Ejeta we have 
found that our assays for flavan-4-ols provide a ,;ood correlation with mold 

resistance. This finding is being extensively explored both in further 
field trials ard in laboratory analyses to identify the specific ccnponents 

directly responsible for resistance. 

Stri.a: With Drs. Riopel and Lynn, Dr. D. Netzley has shown that the 
oily exudate he found previously on root hairs is a poerful stintuant of 
Strga seed gennination. We have dete~minerd its structure, the first 
stinulant identified from a natural host of Striga, and naied it 
"sorjoleone". Manuscripts describing its structure and gennination 
stinulating activity have been submitted for publication. We have shown 

that this exudate inhibits root growth of certain ccripeting plants. 
Characterization of sorgoleone has led to proposal of a new strategy for 

protection of sorghum against Stri9.a, whereby we inactivate the stinulant by 
certain fertilization or cultural practices before it stinulates Stria 
germination. This and other methxods of contiol are being investigated. 

Research Find_is for Future Use 

Tannin Biosynthesis: L. Putmian his isolated the enzine which catalyzes 

the ]e.;t step in tannin biosynthesis, the polymerization of flavonoid diners 
and trimers into the condensed tannins found in sorghum seeds. She is 
characterizing the reaction (requires free oxygen, is very fast) and the 

substrate (catechin, a monaner, works poorly). V. Reddy has found how to 
efficiently incorporate 14C-labeled phenylalanine into tannin precursors and 
the tannin. In addition to an independent iiethod of studying tannin 

synthesis, this gives us 14C-labeled tannin for following through digestion 
to deteinine unequivocally its rretabolic fate. 

Drug/Trannin Interactions: Dr. J. Rogler and C. Morell have found that 

addition of 0.05% propranolol to rat diets greatly magnifies the effect of 
dietary tannin. After adaptation to this drug (a beta-adrenergic 
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antagonist) rats on low tannin sorghum grow at their normal rate, but rats 
on high tannin sorghun do not grow at all. Several digestive enzy-nes show 
no response to eicher propranol or tannin, indicating that the 
antinutritional effect of tannin is not due to alteration of the amounts of 
these enzymes. 

Defense Against Dietary Tannin: Dr. S. Mole and K. Yartino have 
devised an assay fox the proline richness of salivary proteins, a mreasure of 
the tanniii-induced tannin-biding proteins which greatly dindrish the 
antinut.titional effects of dietary tannir: ir, rats and probably in other 
aninals. Assay of humi-an saliva has shown large differences between 
individuals, which are being evaluated for their genetic vs. dietary basis. 
We axe also applying the assay to saliva from other aninals; so far a series 
of ruminants have shown differences which seem to reflect their dietary 
preferences. This assay will also be applied to feces, which should provide 
further correlations with adaptE.tion to dietary tannins. 

Netqorkinq Activities 

- Meeting s/Work shops 

Plant Plavonoids in Biology ard Medicine, July 1985, Buffalo, NY 
(invited paper). 

American Chavical Society Syrrposium on Allelochenicals: Role in 
Agriculture, Forestry and Ecology, SeptEaber 1985, Chicago (poster). 

Workshop on Orcbanche and St 9a, January 1986, Agricultural 
University, Wagenirgen, Holland (invited paper). 

Gordon Conference on Plant-Herbivore Interactions, January 1986, 
Oxnad, CA (poster). 

Bio/Expo 86, April 1986, Boston, MA (poster). 
3rd Annual Meeting, International Society Chemical Ecology, June 1986, 

University of California, Berkeley (organized a symposium on Defensive 
Stratcges Against Tarudns). 

- Research Investigator Exchanges 

Dr. Wilma Pace, Instituto Sperinentale per La Zootschnia, Romre, Italy, 
at Purdue from SeptEntrer - December 1986. 
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- Exchange of Samrples and Infornation 

Numerous exanples with the collaborators listed above, other minor 
exanples too numerous to mention. 

- Ass~istance to Host Country Researchers
 

See Linkages.
 

Travel
 

- Buffalo, NY. July 1985. 
 Larry Butler presented paper at meeting/ 

workshop on Plant Flavonoids in Biology and Medicine. 

- Chicago, IL. Septciber 1985. Larry Butler. Anerican Chemical Society 

Symposium on Allelochamicals: Role in Agriculture, Forestry and Ecology. 

- Oxnayd, CA. January 1986. Larry Butler. Gordon Confezence on Plant-

Herbivore Interac tions. 

- University of California, Berkeley. June 1986. Larry Butler. 3rd 

Annual. Meeting, International Society of Chemical Ecology. Organized a 

Smposiurn on Defensive Strategies Against Tannins. 

- Chicago, IL. Septenber 1985. Dr. D. Netzley. Attended American 

Chemical Society Symposium on Allelochemicals: Role in Agriculture, 

Fores try ard Ecology. 

- University of Virginia, Nz1veirber 1986 and University of Chicago, 

SeptEber 1986. Dr. D. Netzley. Work on StrLa stimulant. 

- Washington, D.C. June 1986. Dr. D. Netzley and Lesley Putnam. 

Preented poster at the American Chemical Society meeting. 

Publications and Presentations 

Publ ica tions 

T.N. 	 Asquith and L.G. Butler, Use of a Dye-Labeled Protein as a 

Spectrophotceetric Assay for Protein Precipitants Such as Tannins, J. 

ChXL. Ecology, 11, 1535-1544 (1985). 

S.F. 	 Pascholati, L.G. Butler, and R.L. Nicholson, Phenylalanine kmonia 

Lyase Activity and Anthocyanin Accumula tion in Wounded Maize 

Mesocotyls, J. Phytcpathology, 115, 165-172 (1986). 

C.L. 	 Yu, B. Swamh-Lm.than, L.G. Butler, and D.E. Pratt, Isolation and 

Identificaticn of the Major Mutagen of Red Wine, Mutation Research, 

170, 103-113 (1986). 
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R. 	 Jairbunathan, L.G. Butler, R. Bandyopadhy, and L.K. Mughcgho, Polyphenol 
Concentrations in Grain, Leaf, and Callus Tissue of MbJ.d Susceptible 
ar Mold Resistant Sorghum Cultivars, J. Akric. Food ChEm., 34, 425-429 

(1986). 
T.N. 	 Asquith and L.G. Butler, Interaction of Condensed Tannins with Selected 

Proteins, Phytcchemistiy, 25, 1591-1593 (1986). 
D.H. 	 Netzley and L.G. Butler, Roots of Sorcjhum bicolor exude Hydrophcbic 

Droplets Containing Biologically Active Ccmponents. Crop Science, 26, 

775-778 (1986). 
L.G. 	 Butler, J.C. Pogler, H. Mehansho and D.M. Carlson, "Dietary Effects of 

Tannrins" (Chapter) in V. Cody, J.B. Haiborne, and E. Middleton (eds): 
Plant Flavonoids in Biology and Medicine: Biochemical, Phannacological, 
and Structure-Activity Relationships; Alan R. Liss, Inc. New Yozk, p. 
141-157 (1986). 

Presentation (in addition to those listed under Netorking Activities) 
Cheical Ecology of Sorghum: Tannins and Stri a, seminar at ICRISAT, April 

2, 2986. 

Changes in Year 8 
The major change will be increased erphasis on the Striga problem as a 

followup of our observations this past year. I am pursuing other sources of 
funding for this work, but so far have none. We are making good progress on 
our other objectives; they remain unchanged. 
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Focd and Nutritional Quality of Sorghum ard Millet 

Principal Investigators 

United States 

Dr. L.W. Pooney, 

Unive rsi ty 
Cooperator: Dr. 

Project TAN-126 

Lloyd W. FPoney 

Texas A&M University 

Professor, Food Science and Agronany, Texas A&M 

R.D. 	 Waniska, Assistant Professor, Food Science, 

Texas A&M University. 

Host 	Countiy 
Md. M. Haidara, Md. S. Coulibaly, Food Technolcgists, IER-Mali. 

Dr. Y. Traore, Plant Physiologist, IER-Mali. 
Dr. 0. Niangado, Plant Breeder; Mr. Maribou Konate, Sorghum 

Breeder; IER, Mali, Dr. J. Scheuring and Dr. Shetty, ICRI9AqL 

MaJi. 
Dr. D. Meckenstock, IETSOR-IL Sorghum Breeder, Honduras, Mr. F. 

C<anez, Horduras, Graduate Student, Texas A&! University. 
Drs. D.S. Murty, Appa Rao, Subraianian, Jarrbunathan, ICRISAT -

Hyderabad, India. 
Dr. K.V. Rarraiah, ICRISAT, Sorghum Breeder, Dr. S. Da, IBRAZ, Dr. 

C. Pattanayak, ICRISAT - Burkina Faso. 

Other Researchers 

Dr. J. Clark and MLr. (narou, Plant Breeder and Chenist, Niger. 
Dr. Octavio Paredes-Lopez; Centro de Investigacion y de Estudios 

Avanzados del IPN: Unidad Irapuato; Irapuato, GTO, Mexico. 
Ing. Helbert Almida-Dczminguez, Professor; Instituto Tecnologico 

de arida; Merida, Yucatan. 
Ing. Hector Cejudo Gcwz; Cereal Quality Lab; INIA; Chapingo, 

Mexico. 

Dr. 

Dr. 

S. Bedolla, 

Professor; 

of Sonora; 

J.O. Akingbala, 

Professor 

Centro de 

Herosillo, 

Profe

and Head and Dr. 

Investigacion de 

Sonora, Mexico. 
ssor; University 

Sergio Serna-Saldivar, 

Alirrentos; University 

of Ibadan; Ibadan, 

Nigeria. 
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Summazy 
Pearl milIlet kernels with glctular shape produce significantly higher 

levels of decorticated grain than tiose with lorg hexagonal kernels. Pearl 
millet pericarp is more organized than that of sorghums. Pearl millet does 
not have a thick, pigmented testa and does not contain condensed tannins. 
Major factors that affect the appearance of pearl millet grain are pericarp, 
aleurone and peripheral endospenm color. 

Tortillas from sorghum *ree, made in ccrtecial tortillerias in Mexico 
and in pilot plant facilities at tie University of Sonoza, which confirm 
that white, tan plant sorghums produce the best tortillas. However, they 
lacked the texture and flavor of typical maize tortillas. Maize/sorghum 
mixtures gave excellent tortillas with good flavor and keeping properties. 
Sorghum rEcuired less alkali and had reduced codcing and steeping tines 
ccpared to aize. Sorghums could be processed with existing equijxnent. 
White, purple plant color sorghums gave off color tortillas. 

Sorjhuin meal was extuded to provide a wide array of products with god 
potertial for snack and breakfast foods. Extiusion of the new white, tan 
plant sorghums make outstanding focd products. The nutritional value of 
extruded sorghum is increased under low moisture, high shear conditions 
where the structure of the sorghum endosperm is nore corpletely destroyed. 

Weathered sorghum produces poor quality, off colored food products. 
The grain is soft, cannot be efficiently dry milled and produces dusty flour 
with poor keeping properties. Thick porridges produced from wathered grain 
have sticky, nmushy texture with very poor keeping properties. 

Couscous quality of sorghum is mainly affected by decortication yields 
of the grain. Once flour is obtained, the couscous yields did not vary 
significantly angrD normal sorghums with a wide array of kernel properties. 
Thus, selection of sorghum with the properties required for efficient 
decortication will produce sorghums with god couscous properties as wAell. 

Infornation on the role of nontannin phenolic ccrpounds in weatherirxg 
resistance of sorghum is accunula ting. More information to confirm apparent 
relationships between specific phenolic acids and sorghum Rold resistance 

properties is xequirod. 
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Institutions
 

Collaboratin Host Countxy: Institute of Rural Econaiy, Mali; ICRISAT-
Mali ; Ministerio de Recursos Naturales, Honduras; ICRISAT-
Hydeiabad, India; ICRISAT and Institut Burkinahe de Recherache 
Agroncncique et Zoologique, Burkina Faso. 

U.S.: Purdue University, University of Nebraska, and Kansas State 

University. 

Linkaaes: 
Major efforts have been focused in Mali, Honduras and Mexico. These 

linkages have been established for several years, and the work has been 
continued and expanded. The return of Dr. Francisco Gcmez willto Honduras 

strengthen the efforts in Horduras.
 

EccgiexHcqraphic Zones Benefited lost by Research 
Africa, Latin America - The research on food quality cuts across host 

gecgraphic areas and produces infor a tion, techniques and concepts 
applicable worldwide. Hcever, the specific areas targeted are Africa and 
Latir Anierica. The work in Mexico continues to be a very practical, cost 
efficient way of developing technoTopy for Central Anerica. Collaboration 
with ICRISAT continues with enphasis on pearl millet characterization, 
sorghum weathering and basic chEmical analyses dete2mineto the major 
factors affecting quality.
 

Objectives, Research Procedures, and Product ion/Utiliza tion Constraints 
Year 7 Objectives 
Determine how sorghums are processed, prepared, and consumed in 

traditional village foods and detenine the grain characteristics that 
affect organoleptic properties of the traditional food products. 

Develop sinple, practical laboratory me tinds for use in breeding 
prograrrs to assess inportant grain quality characteristics. 

Deten-nine physical, chemical and structural factors that affect the 
food and nutritional quality of sorghum and seek ways of nodifying the 
properties or inproving ethods of processing. 

Detenmine the factors that affect resistance to grain irolds and field 
deterioiation in sorghum and devise laboratory procedures to detect 
genotypes with resistance. 
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Cha.oes in Cjectives from Previous Year 

The cbjectives are broad-based and still cover the essential neEds. 
The first objective has been accxnplished, except for additional 
observations to clarify exceptions to and variations from previous firdirgs. 
The other three objectives have been pursued most vigorously. Increased 
emphdasis has been given to processing and utilization research on sorghum, 
i.e., extrusion ard millet research has been expaxnded to detenmine factors 

affecting quality for traditional focds. 

SoLjhumM ]let Constraints 
Human food is a major use of sorghum and millet which must be included 

in the crop inprovenent procgrans. Factors affecting food quality, 
processing properties, and nutritional value of sorghu.Wmillet critically 
affect the significance of other attEopts to iraprove the crops. If the 
grain cannot be processed and is not acceptEd for consutption, then the 
agroncmic and breeding research has been wastEd. This project relates 
quality to measurable chaacteristics that can be used to select for sorghum 
(millet) with acceptable traditional and industrial utilization attributes. 

Research Procedures 
Procedures usEd to facilitate host country research have been to 

exchange samples of sorghum and millets and processed products for chemical, 
physical, structural and processing evaluation. In certain situations, 
research has been corductd in villages and ccmnecial tortillerias and 
additional biochemical information has been obtained in ou, laboratory. 
This has involved close interaction among researchers at the University of 
Sonora and our Texas A&M program. Similar activities have been conducted in 
Mali but unreliable ccuaunications haniper effectiveness. Ccrnffunications are 

improving, however, and substantial progress is happening. 

Problems Rejadin9 Achievement of Cbjectives 
Industrial tortilla production and evaluation of sorghum-maize mixtures 

has been hampered by lack of collaborators in Horriuras. Dr. Francisco Gamez 
who worked .n our laboratory on food quality as part of his Ph.D. effort is 
returning to Honduras, which will enable us to put into practice in 
Honuras, information cbtained in Mexico. Cocking trials in village 

households provide useful information on acceptability of sorghum for 
tortillas in traditional processing. However, they are variable and cannot 
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provide critical informati oD on the factors affecting quality. That is why 
the tortilla work in Mexico is of critical inportance to our work in 
Horduras. The use of Mexico to develop irifonmat.on directly transferable to 
CentLal 7verica is cost effective. 

Project Output 

Research Findings for Iinecdiate Use
 
Str cture, ¢c ositLion ard processinq 1roj1rties millet.
of Infor

mation obtained on millet kernel andstructure characteristics will provide 
guidelines for millet inprovement pcjrns to use in selecting for grain 
quality. The best pearl millet kernel for dry milling has a slherical 
kernel, modestly thick r-:ricani with a high proportion of cornecus 
endospenn. The hard erdospem would1 resist breakage during decortication. 
Pear. millet cultivars with lorg, slerder kernels have poor milling 
properties. Fooi tchno1jlogists in Mali first denonsiat(- tle ef fect of 
kernel shape on milling properties in village trials. Cur laboratory work 
has co-nfirzed their find ings which are relevant to all areas %here pearl 
millet i.s decorticated. Glcbular kernels would inprove mil ling yields 
substantially. 

Ccnrecial alkali cod~inq and processing of tortillas frc, Sorx.VI_.
 
Sorghum has been successfully irade into tortillas alone and 
 in mixtures with 
maize in cca-nercial tortilla plants in Mexico. Dr. Bedolla and coworkers at 
the University of Sonoria, Hen)osillo, Mexico have ccxopleted several trials 
using wlole sorghum and decoticated sorghuns in various mixtures with 
ccunecial maize. sorghum withWhole tan plant color, white pericarp and 
intermediate texture nade acceptable tortillas. However, the sorghum 
tortillas had a bland flavor and staled more rapidly than naize tortillas. 
The best tortillas were node when 50 and 75% of the white and yellow maize 
was replaced by white, tan plant color sorghum. When grain of a white 
sorghum with purple plant color was ccnpar-d, only 30 and 50%of the white 
and yellow maize could be replaced by the sorghum. Sorghum requires less 
cocking and tine Optiinmsteping than maize. cocking tines for sorghum 
varied; but cocking in 0 at C by 100.8% Ca for 20 min 83-89 follced his 

steeping was typical. 

In Mexico, large quantities of inported yellow maize is converted into 
greenish-yellow off color tortillas. Substitution of tan plant white 
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sorghum for maize would inprove tortilla acceptability significantly. 

Sorghum with purple plant color produced of f color tortillas which was 

accentulated by higher levels of alkali. Sorghums that undergo weathering 

also produce a significant increase in color of the products. 

The experinents conducted in Mexico and in our laboratory show that 

sorghum does have potential for use in tortillas using ccranon equipment with 

only slight mrodifications. However, the sorghum should have tan plant color 

and white grain. White sorghum that is weathered will produce off colored 

tortillas. Decortication prior to cocking is promising, but nore 

infonriation on cocking and staling is required. 

An inproved labora tory me tiod of evaluating the alkaline cocking 

properties of sorghum for tortillas was developed based upon the ccnercial 

studies. The nethod used lower levels of line, shorter cocking and steeping 

tines and the pericarp was renoved by using a ncdified waring blender. The 

nixtarl was ground on a modified hand grinder by adding carborindutn stones 

to achieve desirable masa particle size. This method developed by F. Gonez, 

graduate student - Horduras, will be applied in Honduras to select for 

sorghums with inproved tortilla quality. 

Couscous. Sorghum and millet couscous quality was evaluated using a 

laboratory method developed by a graduate student from Senegal. The nmajo 

factor that affected couscous quality was the decortication properties of 

the grain. Sorghum flours from cultivars with conieous to floury endospexm 

did not vary in couscous yield or properties significantly. However, 

milling yields were significantly different and affected couscous yields. 

Waxy endosperm sorghums had lower yields of couscous. To select for 

inproved couscous quality, sorghums with properties that produce high 

milling yields are required. There is no apparent need to cock saniples into 

COU SCOUS. 

Pearl millets representing typical scuna and sanio types grown in West 

Africa were decorticated, milled into flour and made into couscous using 

traditional procedures. The sanio millet has sIherical kernels while the 

souna had long, slender (hexagonal) kernels. The milling yield of souna was 

54%, ccmpared to 65.3% for sanio while sorghum had a yield of 75.3%. The 

yield of couscous prepared from flour was similar for pearl millet and 

sorghum although pearl millet couscous had significantly greater 

gelatinization of starch granules. The scuna couscous had the darkest 
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color. The major conclusions are that the milling properties of pearl 
millet are critically important to yield and color of couscous. Once a 
flour is cbtained, the couscous nking properties of sorghum and pearl 
millet are similar. Milling properties of pearl millet are clearly of major 
inportance and relate to kernel size andshae, texture. 

-tAs ajsjpgo-g~s-sk. of s,og . Sorghum has been extruded to form 
snacks and breakfast cereals; the extrudates were ground to form flours for 
production of precocked porridges and other products. Waxy and nonwaxy food 
sorghums were extruded using a wenger X-5 lab extruder and a large 4.5 inch 
Anderson Expande r extruder. Extrusion cocking caused extensive 
gelatinzation of the starch granules and changes in protein digestibility as 
well. The extent of starch and protein alteration was inversely related to 
moisture content of the sorghum during extrusion. Waxy sorghum extrudates 
had higher expansion, water solubility and water absorption than nonuexy 
endospeim sorghum extrudates. Extrusion at high shear rates (low moisture) 
causes sufficient disruption of sorghum edosperm structure to enhance in 
vitro starch and protein digestibility.
 

Extrusion cocking be to produce wide
can used a variety of products 
from sorghum with excellent potential for use as human foods. Experinental
 
prototype food products from sorghum have 
been made by many commercial food 
conpanies in the U.S. from recently released new white sorghums with tan 
plant color. Improved food type sorghums are relevant to all sectors of
 
sorghum producing areas of the world. The extrusion of new 
 food type
 
sorghum hybrids permits array of
an attractive new products to be produced 
from sorghum. The nutritional value of the products is quite acceptable 
depending upon the process vi ciables. 

gf pDg foQg VaL .ffc- P teregte pQ- o sorg=i Sorghum subjected to 
molds, wetting and drying and the onset of sprouting has significantly 
impaired food quality. Weathering decreased test weight and density of the 
grain in direct relation to the extent of deterioration. The weathered 
grain is softer and cannot be decorticatel because the kernel falls apart 
when subjected to the abrasive milling procedures used in comrercial milling 
or traditional hand pounding. The flour produced weatheredfrom sorghum 
produces thick porridges (to) with poor texture and even poorer keeping 
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properties. The ccbination of head bugs and molds causes severe losses of 

grain and the grain produced has unacceptable quality in Mali and other 

areas of Africa. 

We have found that a leachate tcest is an effective netbod of monitoring 

the extent of grain weathering. Ihe metbod is based on the principle that 
the conductivity of water, in which grain is steeped, is increased when 

grain is partially deteriorated. The method works well on 7. laboratory 

basis, but in a breeding program, subjective evaluations in the field were 

highly correlated to the leachate test. 

Pearl millet structure and ccosition. The structure of pearl millet 
kernel was similar to that of sorghum. Millet varieties varied from nearly 
100% soft endospem texture to 100%hard, corneus endospenn. Standards for 

rating pearl mi]lets for texture, pericarp thickness and color were 
developed. None of the pearl millets in 79 samples frcri the world 

collection had a pigmented testa similar to that obtained in high tannin 

sorghums. The external appearance of the kernel is due to the conbined 

effects of pigmentation in the pericarp, testa, aleurone and endosperm. 

None of the pearl millet sanples contained significant levels of 
condensed tannins as measured by the catechin assay. The total phenol 

content of pearl millet grains varied from 0.13 to 0.30 mrg/100 mng. The 
phenolic acids of pearl millet were tentatively identified as ferulic 

caffeic, syringic, p-ccumaric, gentisic, protocatechuic, p-hydroxy benzoic, 

sinapic and cinnamic plus several unidentified compounds. Ferulic acid was 
the major ccoonent of phenolic acids; it is probably located in the cell 

walls similar to sorghum. 

sohum nontannin phenols. Nontannin phenolic ccrrpouis in sorghum and 

millets have been under evaluation using high pressure liquid chiomatcgraphy 

and light, fluorescence and scanning election microscopies. Significant 

levels of at least 19 different phenolic corponents including gallic, 

protccatechuic, p-hydroxybenzoic, vanillic, caffeic, syringic, p-comaric, 

sinapic, ferulic and cinnamic acids were tentatively identified. Many of 
the ccmpounds identified inhibit microbial spore germination and mycelial 

growth which could affect molds that attack sorghum grain. 

Mature grain provdex by Dr. Bandyopadhyay (sorghum pathologist, 

ICRISAT) differed significantly in the kind and quantities of free phenclic 

acids present. Sorghums with a red or white pericarp contained sufficiently 
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different phenolic acid patterns to classify both the red and white pericarp 
varieties into mold resistant and susceptible groups. The flavan-4-ol 
cc1;osition of these Type I sorghums was significant only for the red 
pericarp varieties with higher levels of flavan-4-ols observed in resistant 
varieties. The free phenolic acids, especially p-coumaric, vanillic, 
caffeic, unidentified 'B' an3 ferulic acids, were lower in resistant 
varieties ccrpared to suscptible varieties regardless of envirormental 
corrlitions. Microbial metabo.ism of cellular constituents significantly 
modified the free phenolic acid patterns of weathered sorghum grain. 

Free phenolic acids were rroni tored during the develoiirent of sorglum 
varieties exhibiting different levels of grain mold resistance. Sorghum 
panicles were inoculated with Fusarium troniliforme and grown in a moist 
environment (misted periodically) or the panicles were not inoculated and 
grown using standard agroncaic practices. Inoculation with furgi did not 
affect the levels of the free phenolic ccpcunds and phenolic acidf.s between 
-2 and 5 days after anthesis. Varieties resistant to grE . molding 
exhibited increased levels of free phenolic ccnpaounds starting at seven days 
after anthesis for the inoculated treatment. The glumes of resistant 
cultivars exhibited a greater response than the grain. The resistant
 
varieties also had more pigment develop-nent, earlier in the glures than 
the 
susceptible varieties.
 

This suggests an inportant role of norgrain tissues, i.e., glume
 
tissues, 
 in the plant's defense mechanisns against grain molding. 

These studies on the nontannin, low molecular weight phenols of sorghum 
will be continued to provide information on the factors affecting insect and 
disease resistance. Bioassays to detemine the biological activity of major 
phenolic acids have shown ferulic acid inhibits genmination of microbial 
spores. Studies of the changes in nontannin phenolic acids and phenols when 
sorghums are inoculated with molds and spores willat anthesis continue. 
The structure of the kernel, plant color, panicle morphology and other 
factors critically affect molding and deterioration of sorghums, but the 
nontannin phenols ay play the most significant role in andmold insect 
resistance. 
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- Workshops 

Participated in the International Pearl Millet workshop held at ICRISAT 
in Hyderabad, India by presenting the major paper on Food Quality and 
Consumer Acceptance of Pearl Millet. Discussions with Drs. Subramanian, 
Appa Rao and Jairbunathan on pearl millet food quality led to additional 
current research on characterization of pearl millet structure in relation 
to processing properties. 

- Research Investigator Exchanges 

Two scientists (Ms. Cohaiudara Ms. S. Coulibaly) the IERM. and from 

Fod Technology laboratory, iali spent several 
weeks in the Cereal Quality 
Laboratory for short term training and experience in laboratory procedures. 
Sanples from their Malian research program were analyzed. They were 
familarized with nixtamalization of maize and sorghum. They found that 
conmrercial dry corn masa flours produce excellent quality to. They are 
attesting to produce dry imasa flours from sorghum and maize in Mali. 

Dr. K.V. Ramiah, (ICRISAT, Sorghum Breeder, Burkina Faso) spent six 
months sabbatical leave conducting research on phenolic compounds 5_@in 
resistant sorghum varieties. Sanples from Burkina Faso were used in his 
research which was conducted jointly with Dr. Waniska. 

- Research Information Exchange 

Dr. Santiago Bedolla, Head (Food Science and Technology, University of 
Sonora) spent two weeks conducting specific analyses of sorghum samples in 
our laboratory from the collaborative work on nixtaalization and extrusion 
of sorghum and maize underway at the University of Sonora. Dr. S. Serna-
Saldivar spent two weeks using our laboratory facilities to complete 
chemical analyses. Dr. Cheryl Earp, Research Associate, Cereal Laboratory, 
presented a one week short course on microscopy of cereals, especially 
sorghum and millet, to graduate students and staff at the University of 
Sonora, Hermosillo, Mexico. She assisted in setting up a microscope and 
helped graduate students initiate reseatch projects. 

- Assistance tD Host Country Researchers
 
Laboratory analyses have been conducted 
 to support work in Mali, Mexico 

and Honduras. Small itens of equipment, supplies, chemicals and samples of 
sorghum have been sent to support research efforts well.as Large 
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quantities of sorghum have been decorticated and sent to Mexico. Numerous 

visitors from all over the world have spent tirre in our laboratory 
exchanging information on sorghum and pearl millet quality. 

Travel 

- Athens, GA. August 3-8, 1985. L.W. Rooney. Participated in the 
Ruminant Nutrition Section, Aninmal Science Society Symposium on Starch 
Digestion and Utilization by presenting a review entitled: Factors 
Affecting Starch Digestibility with Special Eaphasis on Sorghum and 

Corn. 

- Orlando, Fl. September 1985. L.W. Pooney. Participated in the 
American Asscciation of Cereal Cheists annual meeting. Eight of our 

students and stzff presented 11 poster technicalpapers or 
presentations on various aspects of sorghum millet and maize quality. 
Conferred with mary international scientists participating in the 
conference. 

- Dallas, TX. February 20, 1986. L.W. Rooney. Southern Seedsman 

Association conferere to present an overview of Sorghum Quality 
Irprnvenents for Food, Feed and Industrial Utilization. 

- Hyderabad, India (ICRISAT). April 1986. L.W. Rooney. Participated in 
the International Pearl Millet workshop by presenting a paper on Food 
Quality and Consumer Acceptance of Pearl Millet. 

- Dallas, TX. June 16, 1986. L.W. Rooney and M. Gaez. Participated in 
the Institute of Food Technologists Food Exposition. A poster paper on 
Extrusion of Sorghum was presented. New developments in food 

processing were reviewed. 
- Hermosillo, Mexico. June 1986. Dr. C.F. Farp, Research Associate. 

Presented a short course on microscopy of cereals, especially sorghum 
and millets. Several graduate students were instructed in the use of 

microscopy.
 

Publications 

Rooney, L.W., A.W. Kirleis and D.S. Murty. 1986. Traditional foods from 
sorghum: their production, evaluation and nutritional value. Ch. 7 in: 
Advances in Cereal Sci. & Tech., Vol. VIII. AACC, St. Paul, MN. 317

353.
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Pflugfelder, R.L., L.W. Rooney and L.M. Schake. 1986. The role of 
gennination i. sorghum reconstitution. Animal Feed Sci. & Tech. 14: 

243-254. 

Hahn, D.H. and L.W. Rooney. 1986. Effect of genotype on tannins and 
phenols of sorghum. Cereal Cbe-n. 63 (1):4-8. 

Sinpson, E.J., Jr., L.M. Schake, R.L. Pflugfelder and J.K. Riggs. 1985. 
Evaluation of noisture uptake, ae~mbic and anaerobic phases of 
reconstitution upon sorghum grain digestibility and performance of 
steers. J. of Ani. Sci. 60(4):877-882. 

Rooney, L.W. 1985. Food and nutritional quality of sorghum. Pages 131-139 
in: Fighting Hunger with Research - A Five-Year Technical Research 
Report of the Grain Sorghum/Pearl Millet CRSP. INIrSORWIL. 241 Keim 

Hall, University of Nebrzska, Lincoln, \E 68583. 

Miller, F.R. 
and L.W. Rooney. 1986. A review of utilization in sorghlm. 
Proc. First Australian Sorghum Conference. Gatton, Australia. pp 2.1

2.9.
 

Rooney, L.W., M.H. Gomez and E.W. Lusas. 1985. Develorirent of low-cost 
foods and snacks from Texas crops. Annual Progress Report, Food 
Protein Research Dev. Center, Texas A&M University, College Station, 
TX. 151-158. 

Doherty, C.A., R.D. Waniska, L.W. Rooney, C.F. Farp and J.H. Poe. 1986. 
Free phenols and tannins in sorghum caryopsis and glurncs during 
developrent. Cereal ChEnistry. Acoepted, in press. 

Farp, C.F. and L.W. Rooney. 1986. Fluorescence characterization of sorghum 

caryopsis. Food Microstructure. In press.
 

McDonough, C.M., C.F. Farp and L.W. Rooney. 1986. Structural 
characteristics of Pennisetum airericanum using scanning electron and 
fluorescence microscopy. Food Microstructure. In press. 

McDonough, C.M. and L.W. Rooney. 1986. Structural characteristics of 
Eleusine corocana using scanning electron and fluorescence microscopy. 

Food Microstructure. In press. 
McDonough, C.M. 1986. Structural characteristics of the mature pearl 

millet (Pennisetum anericanun) caryopsis. M.S. Thesis, Texas A&M 

Unive-sity, College Station, Texas. 86 pp. 
Gomrez, M.H., L.W. Rooney and E.W. Lusas. 1986. Extrusion cocking of 

sorrjhtn. Abstract. IFT Annual Meeting. Dallas, Texas. 
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Poe, 	 J.H., R.D. Waniska, R.L. Pflugfelder and L.W. Rooney. 1986. Phenolic 

cancounds in alkali-cocked corn and sorghum. Abstract. IFT Annual 

Meeting. Dallas, Texas. 

Bedolla, S. and L.W. Rooney. Developnent and characterization of an instant 

tortilla floir frcu sorghum and nkaize by extrusion cockinig and infrared 

cocking. Cereal Foods World. 30(8):566. 

Choto-Cen, C.E., R.D. Waniska and L.W. Rooney. 1985. Structural changes 

of sorghum and maize starch during tortilla processing. Cereal Foods 

World. 30(8) :551. 

McDonough, C.M. and L.W. Rooney. 1985. Structure and phenol content- of six
 

species of millets using fluorescence microscopy and HPLC. Cereal
 

Foods World. 30(8) :550. 

Poe, J.H., R.D. Waniska, C.A. Doherty, C.F. Earp and L.W. Rooney. 1985.
 

Phenolic acids in sorghum kernels during developrent. Cereal Foods
 

World. 30(8): 

Ring, A.S.. R.D. Waniska and L.W. R, oney. 1985. Phenolic ccapounds in 

various sorghum tissues during maturation. Cereal Focds World. 

30(8):552. 

Serna-Saldivar, S.O., D.A. Knabe, L.W. Rooney, T.D. Tarksley and A.S. 

Sproule. 1985. Nutritional evaluation of sorghum and aize tortillas. 

Cereal Foods World. 30(8) :539. 

Vivas, N.E., R.D. Waniska and C.A. Doherty. 1985. Characterization of 

sorghum proteins during seed developnent by SDS-PAGE. Cereal Foods
 

World. 30(8):552. 

Waniska, R.D., C.A. Doherty, C.F. Earp and L.W. Rooney. 1985. Phenolic 

ccmpounds in sorghum kernels at anthesis through maturity. Cereal 

Foods World. 30(8) :552. 

Rooney, L.W. and C.M. McDonough. 1986. Food quality and consumer 

acceptance of pearl millet. Proceedings: International Pearl Millet 

Workshop. Hyderabad, India. 

Rooney, L.W. and R.L. Pflugfelder. 1985. Factors affecting starch digesti

bility with special erphasis on sorghum and corn. An. Sci. (Abstract) 

Atlanta, Georgia. 
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Changes in Year 8 
Research on dry milling properties of sorghum will be expanded to 

determine the effect of different parental lines on milling properties. 
This will be related to porridge and tortilla quality. More emphasis will 
be placed on grain weathering research. Work to determine changes in 
starch, protein and other constituents during to and tortilla naking will be 
expanded to support studies in Mali, Mexico and Honduras. Additional 
research in Honduras will be initiated when Dr. Francisco Gomez returns. 
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Pathology 
Executive Summary 

A bacterial disease of millet in West Africa was diagnosed as 
Pseuonknas rubrilineans -- the causal organism of red stripe disease of 
sugarcane. This is the first report of this pathogen infecting millet. 
Pathogenicity tests reveal that corn, sorghum and sugarcane are hosts, and 
strains isolated from sujarcane are pathogenic on millet and vice versa. It 
is assuned that the bacterial pathxgen is seed-borne. 

Epidemiological studies have shown Pseudomonas andropogonis (cau sa] 
agent of bacterial stripe disease in sorghum) is favored by t(peratures of 
32-36 0 C. Conversely, XantLomonas c estris pv. holcicola (causal agent of 
bacterial streak disease in sorghum) is favored by tai-eratures of 20-24 0 C. 
High relative humidities (above 90%) wre not as inportant as te peratures 
for maxinum disease expression. 

Several sources of :-esistance to X. canpestris pv. ho]cicola have been 
identified in the genmplasm fron the Texas A&M University Disease and Insect 
Nursery accessions. (KSU-108) 

Work done during the past year indicated that there are sorghuims with 
resistance to all kna n pathotypes of the sorghum downy mildew pad)ogen 
(Peronosc~erospora so.hi). Ten sorghum cultivars with resistance to 
isolates of P. sor hi from seven countries are now included in breeding 
prograns. The high rate of variability of the pathogens causing anthracnose 
and maize dwarf nosaic can also be identified using a uniform system that is 
available to all sorghum workers. Resistance to such diseases as grain rold 
and stalk rot appears muc) less affected by variation in the pathogen and 
probably results from physiological factors in the plant. 

High populations of susceptible plants pennit the rapid increase of 
diseases sudj as downy mildew. Intelcropping with non-host plants, crop 
rotation, and host resistance all can be used to reduoe the potential 
damage of this and many other sorghum diseases. However sorghum and corn 
intercropping in Horduras significantly increased incidence of MDhV. 

The identification of host resistance to broe irosaic virus, Venezuelan 
strain of MMV, strain H of sixjarcane mosaic virus and maize dwarf mosaic 
vi us A has aided in the conttol of these diseases and reduction of econcmic 

losses. 
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The International Sorghum Virus Nursery (ISVN) and the International 

Sorghum Virus Antiserum Bank (ISVAB) have been "nportant worldwide in 
detecting virus prcbleni and in de temining viirus distribution, 
identification, and virus relatoniips. Viruses were identified in Mexico, 
Vene~e.uela, Tanzania, and Argentina and virus strains were ccnpared in 
Southern Africa, Australia, and France. (TA-124) 

Seasonal charcoal rot incidence differences betbeen the 1984-85 and 
1985-86 growing seasons at Sebele, Botsmana demonstrated that presence and 
absence of stress envirorierits (high tEmperature, low soil moisture) at 
specific stages of host plant naturity are critical to developnerit of the 
disease and can differ with the host crop. Cowpeas were nore susceptible to 
charcoal rot when stressed as seedlings but sorghum and pearl millet were 
Nore susceptible when stress occurred prinrily after anthesis rather than 
early or throughout the season. 

Although foliar diseases are not currently inportant in Botswana, two 
standard Botswana varieties denonstrated gocd field resistance to one or 
ore foliar pathogens in Zinbabwe in 1985 and 1986. Segaolane had gocd 

resistance to leaf blight and sooty stripe, and Town had gocd resistance to 
leaf blight but was not evaluated for sooty stripe reaction. (TA-128) 
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Identification and Quantification of Nematodes in Interactions with
 
Bacterial and Furnal Xncitants in Stalk Rot Crplexes of Millet
 

Project KSU-108
 

L.E. Claflin and J.E. Leach
 

Kansas State University 

Principal Investigators 

L.E. Claflin, Kansas State University 

J.E. Leach, Kansas State University 

Host Country Researchers 

M. Qhcbela, Kansas State University, Graduate Student, Lesotho. 
Walter de Milliano, Sorghum-Millet Irprovement Program, Bulawayo, 

Zinbabwe. 

Turrie Obilana, Sorghum-Millet ITprovenent Program, Bulawayo, Zinbabwe. 

Other Researchers 

R.T. HanJlin, University of Georgia, Athcns, Georgia. 

T.A. Tousscun, Pennsylvania State University, University Park, PA.
 

Sumani Nbham'ied, Dai nrgo, Ghana. 

D.T. Rosenow, Texas A&M University, Lubbock, Texas 

D.J. Andrews, University of Nebraska. 

G.C. Bergstrom, Cornell University. 

R.A. Frederiksen, Texas A&M University, College Station, TX. 

Sumnazy 

A bacterial disease of millet in West Africa was diagnosed as 
Pseudomonas rubrilineans. P. rubrilineans is the causal organism of red 
stripe disease of sugarcane. This is the first report of this pathogen 
infecting millet. Pathogenicity tests reveal that corn, sorghum and 
sugarcane are hosts, and strains isolated from sugarcane are pathogenic on 
millet and vice versa. It is assumed that the bacterial pathogen is seed
borne as P. rubrilineans has been shown to be disseminated by rice seed. 

Epidemiological studies have shown that Psadomonas andropcgonis 

(causal agent of bacterial stripe disease in sorghum) is favored by 

teiperatures of 32-360 C. Conversly, Xanthononas caipestris pv. hulcicola 

(causal agent of bacterial streak disec.3e in sorghum) is favored by cooler 

tenperatures of 20-240 C. High relative humidities (above 90%) were not as 

irportant as teperatures for maximrum disease expression. 
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Several sources of resistance have been identified in the gerrp1asm 
frcn the Texas A&M University Disease and Insect Nursery accessions to X. 
canpestris pv. holcicola. The lines TX434, R1186, TX433, and R3224 are 
tolerant and R1185, 85L21105, 82EONI12, TX7078, and 84C-7730 are 
susceptible. Strains of X. canpestris pv. holcicola vary in virulence as 
the Kansas strains are more virulent than strains from Texas and Africa. 

The dot imrunbinding assay (DIA), an immunological test, has been 
adopted for use in diagnosing bacterial stripe and streak diseases of 
sorghum. The assay is sensitive, reliable, and relatively sinple to 
pezform. The assay has been used in Western and Southern Africa and the 
U.S.
 

Institutions 

Collaborating Host Country: Niger, INRAN; Zimbabwe, ICRISAT/S1DCC and 
CIMMYT; Sudar. ARC; Lesotho, Ministry of Agriculture. 

U.S.: Texas A&M University and University of Nebraska.
 

Linkages:
 
Linkages currently exist in Lesotho, Zimbabwe, Nigeria, and Kenya for
 

pathogen identification. Cooperative projects for screening gernplasm have 
been established with Texas A&M and the University of Nebraska. majorA 
effort is being devoted for establishing cooperative projects with INRAN 
scientists in Niger. Scientific linkages with ICRISAT/SADCC in Zirrbabe are 
continuing for pathogen identification and evaluating genmplasm for 
tolerance to bacterial diseases. 

Ecogeographic Zones Benefitd Most by Research 

West Africa and Southern Africa. 

Objeotives, Research Procedures and Production/Utilization Constraints 

Project objectives 

Deternine the principal phytopathogenic bacterial incitants of foliar 
diseases, and stalk and root rots of millet. 

Identify sources of resistance to bacterial diseases of millet. 
Develop effective screening techniques for evaluating geninplasm. 
Study the disease etiology and epidemiology of millet pathogens. 
Develop rapid and reliable techniques for identifying bacterial 

diseases of millet. 
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Ascertain if a synergism exists between nematodes and stalk rot 
incitants in millet. 

Detenine the inportance of nunatodes in providing portals of entry in 
millet roots for stalk rot organisms. 

Changes in Objectives from Previous Year 
An increased emphasis on millet diseases with a consequent reduction on 

sorghum diseases. 

Collaborative research projects in Sudan and Niger have not been 

f inalized. 

Sorghum/Mil let Constraints 

Surveys of nariatodes and plant pathogenic bacteria parasitic to millet 
are almost nonexistent. No in-depth research has been conducted on the 
interactions of stalk rot incitants, nematodes, and plant pathogenic 
bacteria either in the U.S. or host countries.
 

Drought stress has been implicatei as a predisposing factor in stalk 
rot developiment. Nematode damge often mimics drought stress due to root 
damage. For exanple, "hot spots", where stalk rot problems are continuously 
encountered, my be the result of high nematode populations. Research data 
to substantiate this phenauienon, however, are negligible. 

Research Procedures 

Millet fields will be surveyed in host countries with cooperating 
investigators. Millet plant sanples will be collected for processing in 
host country laboratories. Cultures will be shipped to our laboratory for 
identification, if necessary. 

We are developing rapid and simple techniques for identification of 
bacterial pathogens of millet for surveys and screening for disease 
resistance. These are assays which provide specificity and sinplicity ard 
can be adopted for use in host country laboratories with mininmal equipment 

and training. 

To investigate the interaction of nematodes and stalk rot incitants, 
stunL and root lesion nenatode populations (100, 500, and 1,000/ml), 
Fusaxium graminearum and F. mordtliformie propagules (100, 500, and 1,000/ml) 
and Erwinia chrsanthemi (I x 106 cfu/ml) will be added to autoclaved soil 
in pots containing various millet accessions. The nemratodes and the stalk 
rot incitants will be added singly and in all possible carbinations. After 
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60 days (anthesis), roots will be washed, weighed, and assigned a nuirical 
value based on root disintegration. The stalks will be split lorgitudinally 
and evaluated for lesion developrnent. 

Preliminary data fran' our experiments reveal that scnre strains of 
Xantloxmonas carpestris pv. holcicola are irore pathogenic than other straiins. 
The Kansas strains are more aggressive than those from Texas or Southern 
Africa. This is an inportant paraneter when reporting results from 
gerrrplasm evaluations. We are presently screening the Texas A&LM University
 
Disease and Insect Nursery accessions by using various strains of X. 
caniestris pv. holcicola. 

We have reported that X. can estris pv. holcicola can be distinguished 
from other sorghum and millet bacterial diseases. However, the antiserum is 
not specific and cross-reactions are cbserved when tested against other X. 
cap estris pathovars including translucens and vasculorum which infect 
millet. To sirply, reliably, and sensitively identify these bacterial 
pathTogens, we are adopting DNA restriction erionuclease analysis (REA, 
synornym: restriction fragment length polymorphism [RFLP] rapping) and Sodium 
dodecylsuifate-pnlyacrylamide gel electrophoresis (SDS-PAGE). 
 In the REA, 
total aDNA from hcaogencus population of bacteria is digested with a 
restriction enzyme and the fragments produced are separated by gel 
electrophoresis. The nurber and location of restriction sites along the DNA 
strand are unique for each gencme. Each fragment forms the specific 
restriction patterns, or fingerprints, of individual isolates. 

Problems RegaIding Achievement of Cbjectives
 
Relatively 
 little is krown about the effect of cultural practices or 

the cropping sequence of sorghum following millet or vice versa on nematode 
pcpulations. In other crops affected by nenatcdes, crop rotation has been 
valuable in reducing nEmatode populations. 

In general, most iiillet and sorghum pathologists are virologists and 
nycologists with limited or no expertise in bacteriology. Due to these 
limitations, techniques for identification of bacterial millet patlxogens 
have lagged behind those of other disease conbinations. 

Bacterial diseases are often incorrectly identified du to limited or_ 
no training of scientists in host countries in this subject matter. For 
exanple, syfptas of bacterial diseases may closely mimic gray leaf spot, 
local lesions of downy mildew, acrEmOnium wilt or early synptans of 
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antbracnose, making diagnosis difficult. Further, synptccms caused by the 
various bacterial incitants are very similar. 

Project Output 

Research Findijqs for Immadiate Use 

Pseudmrnas rubril ineans was determined to be the causal agent of a 
bacterial disease of millet in West Africa. It has not been deternined if 

yield or grain quality is affected. Due to the widespread occurrence, it is 
assumed that the bacteria are see-borne. Other researchers have shown that 

P. 	 rubrilineans is oeed-borne in rice. 

Experinental data show that the optimum tanrperature for disease 

expression in sorghum by Pseadcxfonas andropcgonis is 32-360 C and cooler 

temperatures of 20-24°C favor X. can estris pv. holcicola. 

Preliminary data from gel electrophoresis reveal that X. capestris pv. 

holcicola and the gumdng disease pathogen of sugarcane, X. canpestris pv. 

vasculorum are identical. This is not unccmnon as numerous exanples exist 

where sugarcane and sorghum are hosts for the same pathogen. The synonymy 

of these two bacterial pathogens suggests that sugarcane would serve as a 
host 	during the seasons in which sorghum is not grown. 

We have developed testing procedures for differentiating between 
Psaudonnnas andropogonis, the causal organism of bacterial stripe disease, 

aid X. campestris pv. holcicola, the ;ncitant of bacterial streak dise-se, 

from sorghm stalk and leaf tissue. The dot immnuno-binding assay (DIA) is 

adaptable for use in host countries where scientists can ccmplete the entire 

procedure in their laboratory or return the nitrocellulose strip (3 X 5 cm) 

and our laboratory will conduct the final tests. With the latter choice, 

problem are encountered with the Aninal and Plant Health Inspection Service 

as the strips nay contain pathogens, or perhaps insects that have not been 
detected in the U.S. 

Research Proress 
We have identified several sources of resistance in gemiplasm from the 

Texas A&M University Disease and Insect Nursery accessions to X. canpestris 

pv. holcicola. The accessions X434, R1186, TX433, and R3224 are tolerant 
whereas R1185, 85L21105, 82EON112, X7078, and 84C-7730 are susceptible to 
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the 	 Kansas strains. Additional data are being generated concerning the 
genmplasm reaction to diverse strains of X. 	 pv.caepris ho)cicola and to 
varidous tEaperature regines urrier growth chanber conditions. 

Preliminary results indicate that Psaudononas androo~nis is carried 
seed. data showin soxghum Our that 12 percent of the infested seed 

resulted in bacterial stripe infected plants. Experinental results from 
seed infested with X. canpestris pv. holcicola were inconclusive. Research 
is in progress to investigate the role of seed transmission of bacterial 
diseases of sorghum and the potential role of mi let seed in transiission of 

P. 	 rubrilineens.
 
Deternination of the effect of tpperature and relative 
 humidity on 

disease expression in sorghum is nearly ccplete. In general, relative 
humidity is not as inportant as tEnperature. P. andropocionis was unable to 
incite infections at tcnperatures of 16-200 C, however, at 32-360C, the 
pathogen was very aggressive and infections were noted within two days. X. 
canpestris pv. holcicola was favored by teaperatures of 20-240 C and was 
nearly inhibited by high tEnperature. 

The characterization of an additional bacterial pathogen of millet is 
nearjly complete. This 5macterial pathogen is a species of Xanthomonas and 
the pathovar has not been detennined as polyacrylamide gel electrophoresis 
tests show that it does not belorg to the translucens or vasculorum 
pathovars. It is likely that a ne patbovar will be named. Pathogenicity
 
tests are nearly ccrulete with corn and sorgum as additional host plants.
 

Networking Activities 

- Research Investigator Exchanges 

Dr. Tunde Cbilana, Sorghum-Millet Inprovenent Program, Bulawayo, 
Zinbabwe visited Kansas State University from September 20 through SeptEmber 

23, 	1986.
 

- GenTplasm and Research Information Exchare
 
Sorghum accessions were received from Dr. D.T. 
 Rosenow, Texas A&M 

University. 
Millet accessions were cbtained from D.J. Andrews, University of
 

Nebraska and from Dr. Glen Burton, University of Georgia, Tifton. Furgal 
isolates were sent to R.T. Hanlin, G.C. Bergstrom and T.A. Tousscun. 
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- Assistance for Host Country Researchers 

Numerous millet and sorghum sanples have been diagnosed for researchers 

in Lesotho, Kenya, and Zinbabwe. 
Disease ccperxiia, bocks, and scientific information have been sent to 

researchers in Ghana, Zinbabwe, Lesotho, and the People's Republic of China. 

Travel 
- Lesotho and Zinbabwe. March 6-21, 1986. Survey for plant diseases of 

various ccnmrodities in Lesotho; detenmine the causal agents of 
bacterial diseases affecting millet and sorghum; and discuss future 
research projects with Ministry of Agriculture officials in Lesotho and 
ICRIFqAT/SADCC personnel in Zinbabwe. 

Publications 

Leach, J.E., B.A. Raiurdo, D.L. Pearson, and L.E. Claflin. 1986. Dot
inmuncbinding assay for detection of Xanthoronas __cpestris pv. 
holcicola in sorghum. Plant Disease (accepted). 

Leach, J.E., B.A. Panurdo, and L.E. Claflin. 1986. Dot-irnmundbinding assay 
for detection of bacterial pathogens of sorghum. In Proc. Int. Conf. 
Plant Pathol. Bact., College Park, M (in press). 

Claflin, L.E. 1986. Sections on Fusarium stalk rot, nematodes, and 
bacterial diseases affecting grain sorghum. In: R.L. Frederiksen, ed., 

Comperndium of Sorghum Diseases. 82 pp. 

Changes in Year 8 

No changes are anticipated. 
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Sorghum and Millet Disease Contiol, Disease Resistance,
 

Host-Parasite Biolcgy, ard Diagnosis
 

Project TA-124
 
Richard A. Frederiksen and Robert W. Toler
 

Texas A&M University
 

Host 	Country Principal Investigators
 

Dr. Cner Hilu, ARC, Pathologist - Sudan
 

Dr. Dan Meckenstcck, I\rSOR4IL, Plant Bresder 
- Honduras
 
Dr. Walter ae Milliano, ICRISAT, Pathologist - Zinbabwe
 

Di. Lewis Mughogho, ICRISAT, Pathologist - India
 

Other Researchers 

Host 	Count y
 

Mr. A.S. Ferreira, ENBRAPA, Pathologist - Brazil
 

Mr. Carlos Casela, EMBRAPA, Plant Breeder - Brazil
 

Mr. Edilson Paiva, EMBRAPA, Biochaist - Brazil
 
Mr. Jesus Narro, INTA, Pathloqist - Mexico
 

United States
 

Dr. D.T. Rosencw, Texas A&M, Plant Breeder
 

Dr. Gary Odvody, Texas A&M, Plant Pathologist 

Dr. J. Craig, USDA/ARS, Texas, Plant Patholcgist 

Dr. Lloyd Rooney, Texas A&M, Cereal Chanist 
Dr. Ralph Waniska, Texas A&M, Cereal ChEnist 

Dr. Fred Miller, Texas A&M, Plant Breeder 

Dr. Gary Peterson, Texas A&M, Plant Breeder 

Mr. Lucas Reyes, Texas A&M, Plant Breeder 

Dr. L. Claflin, Kansas State University, Plant Pathology 
Dr. R. Duncan, University of Georgia, Plant Brceer 

Dr. 	 M. Bone, USDA, Maryland, Plant Pathology 

Summary 
Sorghum has many different diseases, each caused by a specific 

pathogen. These pathogens can be submicroscopic such as viruses, or 
macroscopic parasitic plants. Because sorghum/miilet research crosses many 
geopolitical barriers, considerable effort goes into restricting the 
mxovement of pathogens without restricting the mvenent of genplasm. 
SEretires these safeguards are mre important than others, for exanple, 
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differences among isolates of the downy mildew pathogen threaten established 
host resistance programs and force breeders to reevaluate their strategies 
in defensive crop inprovenent. Work done during this past year indicated 
that there are sorghums with resistance to all known pathotypes of the 
sorghum downy mildew patho~gen. Similarly, the high rate of variability of 
the pathogen causing antbracnose and maize dwarf nosaic can be identified 
using a uniform systEm that is available to all sorghum workers. Resistance 
to such diseases as grain mold and stalk rot appears muich less affected by 
variation in the pathogen and probably results from physiological factors in 
the plant. Understanding the parameters affecting disease development 
actually permits better designs for contiol. Work done on downy mildew 
epidemiology has a direct influence in the areas of distribution and factors 
affecting the disease in Horduras as well as in Southern Africa. Key 
paraneters include soil temperature, soil texture, soil moisture and 
pathogen concentration. Factors affecting these parameters also affect the 
amount of disease that will develop in a particular growing season. 

High populations of susceptible plants permit the rapid increase of 
diseases such as downy mildew. Intercropping with non-host plants, crop 
rotation, and host resistance all can be used to reduce the potential 
danmages of this and mrany other sorghum diseases. 

Several thousand sorghum entries were evaluated for endemic diseases in 
South Texas. Susceptible materials are either discarded or produced for 
areas with less of a disease threat. 

The International Sorghum Virus Nursery (ISVN) has been instrumental in 
virus detecticn world wide and is expanding. The International Sorghum 
Virus Antiserum Bank (ISVAB) had aided in detennining international virus 
distribution and identification as well as virus relationships. 

The ISVN and ISVAB have contributed to specific virus identification in 
Mexico, Venezuela, Tanzania, and Argentina and aided in the caparison of 
strains in Southern Africa, Australia, and France. 

The new strain of MDNV, designated 0, in general prcdued less severe 
reactions to most of the sorghum differentials. It produced the same level 
of reaction as MDtMV-A in PI35038, RTx7O78, Arn623 x RTx430 and Tx2786. QL
11 and QL-3 were immune to strain 0. 

The identification of host r..sistance to brone nosaic virus, Venezuelan 
strain of MDMV, strain H of sugarcane nosaic virus and naize dwarf mosaic 
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virus A has aided in the control of these virus diseases and reduction of 

econcmic losses. 

Sources of resistance were found to MDMV strains A and B in sudangrass 

accessions. 

imnuno-electron microscopy was coupled with inuno-gold decoration to 

differentially label virus particles of two strains of MDMV. The purpose of 

pursuing this technique is for the study of mixed infections of MDMV and/or 
sLjarcane nosaic virus strains. MDMV-A and anti-MDMV-B IgG were used to 
trap approxinmately equal densities of MDMV-A and M4)MV-B particles Zrc 

infected sudangrass sap. Colloidial gold (14.5) nm), stabilized with 
protein A and conjugated to IgG specific to one stiain of the virus, was 
used to specifically label. virus particles of that strain in the mixture 
attached to the grids. The grids were then stained with PTA and examined 
under the electron microscope. Optimum labeling resulted in an average of 
10 to 15 gold labels per homoc jous virus particle. 

Institutions 
Collaborating Host Countries: Sudan, Agricultural Research 

Corporation; Honduras, Ministerio de Recursos Naturales; Brazil, 

EMBRAPA; Mexico, INIA. 

U.S.: Texas A&M University; Agricultural Experizent Station, Georgia; 

Agricultural Fxperiment Station, Kansas. 

Linkages:

In Sudan, our work with Dr. Hilu is continuing. Progress is being made
 

on the epidemiologjy of long smut and charcoal rot. The work is in 
collaboration with Dr. D.T. Rosencw. 

Research on diseases and disease management in Honduras was sumarized 
in a dissertation by G. Wall. This research represents a vital program to 
provide information on the disease constraints present under traditional 
cropping systens and the type of prcblems that nay be introduced by new 
cultivars or changing cultural practices. 

In Mexico, Jose Sifuentes, INTSORWIL graduate student, is ccirpleting a 
first year's research on managing leaf blight of sorghum. Part of the work 
includes selection for host resistance, pathogen race identification and 

damage evaluation.
 

In Brazil, several efforts are being made to define new sources of 
resistance to anthracnose. The approach with Carlos Casela is to select for 
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dilatory (horizontal) resistance as well as conventional approaches. In 
cocperation with Edilson Paiva, a new proposal to NSF/CNPq is being prepared 
to continue work on the biology of C. graninicola in the U.S. and Brazil. 

Eco ecraphic Zones Most Benefited by Research 
East Africa, Southern Africa, West Africa, South America and 

Central America. 

Cbjectives, Research Procedures, and Production/Utilization O(nstraints 

Year 7 Cbjectives 

Identify scurces of resistance to disease. 

Assist in the incorporation of nru.tiple sources of resistance to 
disease. 

Determine inheritance of resistance. 

Inprove disease screening methods. 

Ccnplete biology of disease where neded. 

Organize, maintain, and distribute (with TAM-121 and 122) the 
International Sorghum Disease and Pathogen Identification Nurseries. 

Produce antiserum to sorghum sudan and millet viruses for under

developed countries. 

Detennine amino acids (AA) peptide maps, and AA sequences of maize 
dwarf nosaic virus strains to dete2mine their relationships and 

patlegenicities. 

Organize and maintain international sorghum virus nursery for world

wide distribution. 

Study the effects of MDMV-O on grain sorghum aid development. 
Identify and isolate resistance to NDMV-A and NDMV-B in sudangrass. 
Identify, catalog, and evaluate sources of resistance to the different 

viiuses, strains, and biotypes of viiuses that infect sorghum. 
Develop and release new virus resistant sorghum geplasm anid inbreds. 

Sudan: 

Charcoal rot 

Describe the best grcwing conditions to minimize incidence of disease. 

Identify sources of resistance. 

Long smut 

Identify sources of resistance. 

Identify plant traits leading to disease escape. 
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Study survival of the pathogen. 

Evaluate the role of wild sorghums in pathogen survival. 
Assess econcaic inportance of disease in rain fed production areas. 

Antlacnose 

Identify resistant genotypes.
 

Evaluate elite genotypes in Sudanese breeding programs for disease
 

reaction.
 

Characterize pathogen populations. 

Honduras: 

Survey sorghum production areas for distribution and severity of
 

diseases.
 

Evaluate disease losses and rank inportance of disease. 
Carpare disease development in traditional and intLioduced sorghum 

growing methods. 

Establish a regional disease nursery program. 
Develop or assist in developing mrethodologies for breeding for disease 

resistance in Honduras. 

Brazil: 

Characterize pathogen populations of Peronosclerospora sorgh and 
Colletotrichum graminicola as to specific race groups. 

Evaluate new methods of selecting for stable sources of resistance to 
an thiacnose. 

Collaborate in developing anthracnose/head blight resistant
 
populations. (Texas, Georgia, Mexico, Brazil, Puerto Rico)
 

Initiate studies on biocontrol of sorghum downy mildew. 

Mexico: 

Define races of various pathogens including strains of virus present in 
sorghum growing regions of Mexico using the International Sorghum Virus 
Nursery (ISVN) and the Antisera Bank. 

C<:ilaborate in development of head blight resistant sorghum populations. 

Deter iine the inheritance of resistance to sorghum downy mildew. 

India: 

Study of virulence patteins of the sorghum downy mildew pathogen from 

Africa, Asia, South and North America. 
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Phi) ippines:
 

Identify and evaluate sources of resistance to foliar diseases.
 

Botsvana: 

A graduate research program to study survival of nematodes Pratlenchus 

spp. and their danage to sorghum roots. 

Mali: 

A graduate program to deteunine factors affecting sorghum and millet 
root infection by Macrophonina phaselina and to detenine levels of host 

reaction to root infection. 

Venezuela:
 

Evaluation of sorghum virus strains using both the ISVN and the 

And sera Bank. 
Culture of several advanced sorghum disease nurseries for host 

reactions and estimates of pathogen variability. 

Changes in Gbjectives from Previous Year 
Year 7 was one of the most active for TAM-124 and because of budget 

cuts will be reduced in Year 8. Different Emphases are being projected. 
More attention is being directed toward grain mold, anthracnose, foliar 
diseases, stalk rot and head smut because of the progress in reducing losses 
caused by sorg:lum downy mildew. Virus identification will continue as a 

major comrponent of the project. 

Sor Ihup id] .e t Constrain ts 
There is a vast array of sorghum/millet patlckens, varying from 

parasitic plants such as Stria to viruses, and including nenatodes. This 
cc plex of microorganisms and phanerogams represents at times limiting 
constraints to sorghum/millet production. This is particularly true when 
attrpts are made to increase sorghum production by changing cultural 
practices or cultivars from subsistence levels. For c'xaple, development of 
earlier maturing sorghums in Sah]-[ian Africa may be inprobable because of 
grain mold. Decreasing plant height to increase grain/stn ratio increases 
levels of foliar disease. Many high yielding hybrids are inherently more 
susceptible to lodging, consequently, continued effort is necessary to 
address many different kinds of disease problems often as a result of 

changing agronanic procedures. 
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Research Procedures 

Research procedures used during Year 7 werro presented in the plan of 
ork. For the most part, they are conventional and were done by graduate 

research assistants. G. Wall's work was corructed in Honduras, and part of 
M. Pawar's research was done at the USJA Biological Containment facility at 
Frederick, MD. This required cooperation of several agencies, particularly 
ICRISAT, for the shipment of critical isolates of the sorghum downy mildew 

patlogen. 

Problems Reardin Achievenent of Cbjectives 

The stationing of two new ICRISAT plant pathologists in West and 
Southern Africa will help in our overall collaboration with these regions; 
however, few plant pathologists from national programs are actually working 
on sorghux/millet disease control. An objective of the 1988 Zinbabwe 
Conference on sorghum diseases will be to identify more of the cultivars and 

attEnpt to find ways to assist in the research. 

Project Output 

Research Firdings for Imrediate and Future Use 
The work done by M.N. Pawar has deonstratd the extent of variation in 

Peronosclerosra so 1i when isolates from around the world can be 
evaluated at a single site. This research also provides evidence that 
certain types of international plant pathology require close cooperative 
effort because without the collaboration of the USDA and ICRISAT along with 
several host country contributors, this work would have been inpossible. As 
a part of this research, ten sorghum cultivars with resistance to isolates 
of P. sonhi from seven countries are now included in breeding programs. 
Dr. Pawar also describes sane possible experinental errors in interpreting 
host plant resistance as well as establishing an international set of 

differentials. 

Disease danmge or extert often cannot be forecast accurately; however, 
the parameters for dovi.v mildew infection are based on oosrore distribution/ 
concentration and physical factors such as soil moisture, temperature, and 
texture, according to studies done by Dr. W. Schuh. For exaple, sorghum 
planting dates which are followed by saturated soils, at temperatures below 
-20 C (or soils with a sand content of less than 20%) can be classified as 
"disease supressive". Selected weatlher data alone could account for 42 
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percent of the variation in downy mildew incidence over a four year period 
in scxith Texas. Many of these cbservations support the notion that diseases 
sucdj as sorghum downy mildew are less likely to develop in .re temperate 
regions. Even conditions in Texas are not ideal for the disease and as a 
consequence can be managed in part by site selection and planting date. 
When soil structure and previous inculum are considered, the prcbability of 
disease incidence beca-es even less. 

Data from collaborators Torking in Brazil indicate that there are 
sorghum lines with dilatory resistance to anthracnose. This type of 
resistance, by definition, is not affected by changes in the pathogen 
population. The extent of variability in Colletotrichum grcminicola, the 
pathogen causing anthracnose, is one of the greatest of any known pathgen. 
Developnent of nore stable forms of resistance to antbracnose represents a 
major contribution to inproving sorghum in LDC's. This concept has at 
intnediate application in testing procedures and a potential for further 

inlproving disease resistance for LDC growers. 

Twenty-one sorghum diseases were identified in different regions of 
Honduras. Eight of these cause major or represent major yield constraints: 
sorghum downy mildew, acremoriuTi wilt, maize dwarf nosaic, gray leaf spot, 
ladder spot, smut, anthracnose, oval leaf spot and zonate leaf spot. 

Grain mold and charcoal rot prcbably represent diseases t/hat will need 
to be addressed more under different cropping systems. For the most part, 
disease damage can be assessed with multiple regression models using plant 
height, panicle length, and disease severity. Different cropping systems 
lend themselves to different disease situations and therefore different 
nanagenent tactics may be nec-ded. Dr. George Wall, working Honduras,in 
denonstrated that maize dwarf nosaic beccmes a major disease in sorghum
maize intercropping, whereas most other diseases are conuon in mnocroppig 
of sorghum. Sane foliar diseases are nuch more damaging in dwarf plants 
than in the taller traditional land race cultivars. Host plant resistance 

was the best overall strategy for disease control. 

The nechanisms of resistance to grain mold are ccrrplex. Specific 
polyphenols appear to develop in response to infection by rroldinggrain 
fungi, but the highest level of resistance is conditioned by grains with a 
testa, also high in polyphenols. The Tork to date sujgests that noderately 
high levels of grain mold resistance are possible in non brown sorghums. 
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Maize dwarf niosaic virus (mDMV) is one of the polyvirUsES whose strain 
relationships have not been clearly defined. Many of the characteristics 
which have been traditionally used in the strain definitions arc! now knovn 
to be unreliable. By replacing these characteristics of the capsid protein, 
new strain relationships were revealed. 

Serological analysis inouncblot provided andby an easy convenient 
netlcd to analyze these strains. By utilizing regression analysis, the 
relative epitape concentration and the relative epitcpe ccxrjatibiity could 
be detennined. This analysis provided clear distinction between stiains A, 
B, E, and 0. Strains D and F could not be distinguished from MDMV-A. 
Strains D and F are no lorijer strains but are the same as MDvMV-A. 

Ne tworking ActiviLies 

East African Sorghum Workers Conference, June 1985, Frederiksen. 
Brazilian Corn and Sorghum Biennial Meetings at Belo Hozizonte, Brazil, 

August 1986, Frederiksen. 

American Phytcpathological Society Annual Meetings, August 1986, Toler 

and Frederiksen. 

R.A. Frcderiksen the academicspent year at Cornell University as a 
visiting professor in the Departnent of Plant Patholcxjy. Served on the T.C. 
and as chairman of the plant patholcgy discipline. 

Established nurseries leaf blight research Mexico, for in June 

Octcber, 1986, Jose Sifuentes. 

Collected disease data from sorghum winter nurseries in Puerto Rico, 
Decerber 1985 and March 1986, Kitty Cardwll de Castillo and Carrie Brown. 

- Research Investigator Exchanges 

Dr. Zana Sanago, Mali. 

Moriba Konate, Mali. 

Felix Torborda, Universidad de Zulia, Venezuela. 

Dr. Jan Kisgeci, University of Novi Sad, Yugoslavia. 

Joe Mushoncja, Sorghum Breeder, Zinbabwe. 

- Genrplasm and Research Information Exchange 

Distribution of Disease Nurseries 

The Inteniational Sorghum Virus Nursery 1 Mexico 
The International Disease and Insect Nursery 3 Egypt, Mexico, Zinbabwe 
The Sorghum Downy Mildew Virulence Nursery 3 Mexico, Zinbabwe, Honduras 
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The Uniform Head Smut Nursery 2 Egypt, Mexico 
The Grain Weathering Test 1 Mexico 
The All Disease and Insect Nursery 2 Mexico, S. Africa 

Travel 

- Soroti, Uganda. June 1985. R.A. Frederiksen. East African Sorghum 

Workers Conference. 

- Belo Horizonte, Brazil. August 1986. R.A. Frederiksen. Corn and 

Sorghum Biennial Meetings. 

- Orlando, Florida. August 1986. R.A. Frederiksen and R.W. Toler. 

American Phytcpathological Society Annual Meetings. 

- Celaya, Mexico. June - Octcber, 1986. J. Sifuentes. To establish 

nurseries for leaf blight research. 

- Puerto Rico. December 1985 and brlach 1986. K. Cardwell and C. Brown. 

To collect data fromi disease nursery. 

Publications and Presentations 

Publications 

Forbes, G.A. and D.C. Collins, G.N. Odvody, ard R.A. Frederiksen. 1985. A
 

seedling epipytotic of sorghum in South Texas caused by Pythium
 

arrhencnones. Plant Dis. 69:726 

Frederiksen, R.A., D.T. Rosenow, D.C. Collins, and J. Craig. 1986.
 

Registration of six bulks of downy mildew resistant sorghum gemnplasm.
 

Crop Science 26:208-209. 

Schuh, W., R.A. Frederiksen, and M.J. Jeger. 1986. Analysis of spatial 

patterns in sorghum downy mildew with Morisitas index of dispersion. 

Phytopatlology 76:446-450. 

Sifuentes, J. and R.A. Frederiksen. 1985. Inheritance of resistance to 

three pathotypes of Peronosclerospora . Phytcr-athology 75:1310. 

Schuh, W. and R.A. Frederiksen. 1985. Spatial distribution of systemic 
downy mildew, caused by Peronosclerospora sorghi in sorghum fields. 

Phytcpathology 75:1342. 

Pawar, M.N., R.A. Frederiksen, L.K. Mughogho, and M.R. Bonde. 1985. Survey 

of virulence in Peronosclerospora sorghi isolates from India, Ethiopia, 

Nigeria, Texas (USN), Honduras, Brazil, and Argentina. Phytcpathology 

75:1374. 
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Ziv, 0., and R.A. Frederiksen. 1985. Control of foliar diseases with 
fi imforming anti transpirants. Phytcpathology 75:1348 

Wall, G.C., M.J. Jeger, a3 R.A. Frederiksen. 1986. Relationship of yield 
loss with foliar disease of sorghum land races urder subsistence 
Ean ing in Honduras. Phytcqatlology 76: 

Frederiksen, R.A. 1986. Ed. The Sorghum Disease Ccuoerdium. Amer. 
Phytopath. Soc. 82 pp. St. Paul, MN. 

Franklin, C. Dennis. Zonate
1985. leaf spot of 2__r)hum bicolor (L.) 
Moernh, resistance screening and factors influencing Gleocercospora 
sqrvhi praragule genmination. Dec. 1985. 

Schuh, Wolf. Epidemiological 
aspects ol sorghum downy mildew caused by 
Pemonoscler ora f i. Ph.D. dissertation, Texas A&M University, 

May 1986. 
Pawar, M.N. Pathogenic variability and sexuality in Peronosclemspora 

sorhi, and caparative nuclear cytolcgy of Peronosclerospora species. 
May 1986. 

Presley, D.M., R.G. Henzell, R.S. Greber, D.S. Teakle, and R.W. Toler. 1985. 
Use of a set of differential sorghum inbred lines to compare isolates 
of sugarcane mrosaic virus from sorghum and maize in nine countries. 
Plant Dis. 69:1046-1049. 

Toler, R.W. 1985. Maize dwarf nosaic, the rost important virus disease of 
sorghum. Plant Dis. 69:1011-1015. 

Toler, R.W. 1986. Diseases caused by viruses and viruslike organisms. In 
Compernium of sorghum diseases. R.A. Frederiksen, ed. The American 
Phytcpathological Society. 82 p. 

Alexander, J.D., and R.W. Toler. 1985. A technique for the differentiation 
of strains of individual maize dwarf nosaic particles in a mixed 
preparation. Phytcpathology (Abstr.) 75:1323. 

Vann, S.R., R.W. Toler, and F.R. Miller. 1985. Greenhouse and field 
screening of sudangrass accessions for resistance to strain A and B of 
Maize Dwarf Mosaic Virus. Phytopathology (Abstr.) 75:1337. 

Langhan, M.A., and R.W. Toler. 1985. A molecular weight analysis of the 
protein capsid proteins from Maize Dwarf VirusMosaic strains. 
Phytcpathology (Abstr.) 75:1357. 

Langham, M.A., R.W. Toler, and L.M. Giorda. 
1985. Detection of Maize Dwarf
 
Virus by Imruno-blot. Phytopathology (Abstr.) 75:1357. 
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Presentations 

Frederiksen, R.A. 1986. Enfernedades de sorgo: posibles formes de Central 

Proc. VI Congreso de la Asociacion Colcirbiana de Fitopatholcgia L 

Ciencias Aines (Ascolfi) Santa Marta, Magdalena. May 30-June 2, 1984. 

FrEderiksen, R.A. 1985. Sorghum downy mildew, a disease controlled. Plant 

Pathology Seminar, Cornell University. 

FrEderiksen, R.A. 1986. Transitions in the Practice, Theory, and 

Experientation in Plant Patl)logy. Key note address 24th Annual Plant 

Pathology Congress. South African Society for Plant Patholcgy. 

Changes in Year 8 

In part because of reduction in budget, more emphasis will be placed on 

laboratory approaches to solving disease prcb?.cms. The extent and size of 

field nurseries will be redux~d and fewer graduate students can be 

supported. The reduction represents a minor scaling down of the program and 

will pennit more deliberate focusing of the research. 
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Developxent of Control Programs for Millet and Sorghum Diseases 

in Semiarid Southern Africa 

Project TAI-128 

Gary Odvody 

Texas A&M University 

Principal Investigators 

United States 

Gary Odvody, Project Leader 

J.B. Mott, TAES, Plant Pathology, Corpus Christi, Texas 

Host Country 

B. Motalaote, Plant Pathologist, Sebele Experinent Station, (GOB), 

Sebele, Botswana 

W. deMil liano, Plant Patinlogist, SADCC/ICRISkT, Bulawayo, 

Zinbabwe 

Other Researchers
 

United States
 

R.A. Frederiksen, Plant Pathologist and Project Leader, TAM-124 

R.W. Toler, Plant Pathologist, Principal Investigator, TAM-124 
D.T. Rosenow, Sorghum Breeder and Project Leader, TAI-122 

D.J. Andrews, Millet and Sorghum Breeder, Project Leader, NU-115 

L.V. Withee, Project Leader, KSU-107 

Zinbabwe
 

J.N. Mushonga, Breeder and Muza,Sorghum F. Millet Breeder, Crop 

Breeding Institute, Harare (Cooperative through SADCC/ICRISAT) 

Summary 
Seasonal charcoal rot incidence differences between the 1984-85 and 

1985-86 growing at Sebele,seasons Botswana demonstrated that presence and 
absence of stress envirorments (high teaperature, low soil moisture) at 
specific stages areof host plant naturity critical to developrent of the 
disease and can differ with the host crop. Cowpeas were riore susceptible to 
charcoal rot when stressed as seedlings but sorghum and pearl millet were 
more susceptible when stzess occurred primarily after anthesis rather than 
early or throughout the season. 

Although foliar diseases are not currently of importance in Botswana, 
two standard Botswana varieties demonstrated good field resistance to one or 
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rore foliar pathogens in Ziimbabwe in 1985 and 1986. Segaolane had good 

resistance to leaf blight (Exserohi-lum turcicum) and sooty stripe 

(Ranulispora so hi) and Tcmn had good resistance to leaf blight but %asnot 

evaluated for sooty stripe reaction. 

Soxghum and pearl. millet disease slide sets and ccumentary have been 

produced and are beiny distributed to key scientibts in the SADCC region for 

use as disease identification aids and for educational use in the classron 

and in extension or other publications. 

Institutions 

Collaborating Host Country: Zinbabwe - SADCC/ICRISAT, Bulawayo Crop 

Breeding Institute, Harare and Botsana - Department of 

Aricultural Research, Sebele, Botswana. 

U.S.: Kansas State University - KSU-I07 and University of Nebraska -

NU-115. 

L nkaes: 

Botswana - Prinery linkage is through Baikabile Motalaote who returned 

to Botswana in late 1985 after ccrr!eting her M.S. degree in plant pathology 

at Texas A&M University. 

Zinbabwe - W. deMilliano was appointed in early 1986 as the 

SADCQICRISAT plant pathologist and is located in Bulawayo, Zinbabwe. He 

represents a critical element fox TAM-128 INTSOR4!Th activities because of 

his continuing interaction with pathologists throughout the SADCC region. 

W. deMilliano has developed an affiliation of plant pathologists from 

several SADCC countries and involves then in training, informattion exchange, 
and collaborative research. TAM-128 collaboration with Dr. deMilliano is 

being developed so we can make contributions to a greater nurber of SADCC 
scientists than is possible through separate programs. 

Ecogeographic Zone Benefited Most by Research 

Southern and East Africa. 

(bjectives, Research Procedures, and Production/Utilization Constraints 

Year 7 Project Objectives 

Cooperatively determine and establish or plan specific soilborne 

disease increase nurseries for sorghum to include lorg smut, covered kernel 

smut and sorghum downy mildew. 
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Establish disease nurseries of variable geniplasm to evaluate presence, 
incidence, and variability of several sorghum and millet pathogens. 

Detennine possible role and identity of pathogens involved in the poor 

stand establishment of millet and sorghum. 

Begin search for naturally occurring biocontrol organisms and evaluate 
a ccnrercially available Bacillus sp. as a biocontrol seed treatirent to 
increase stand establishnent in nillet and sorghum. 

Develop good visual aids for instruction and education in recognizing 

and identifying sorghum and millet diseases. 

Research Procedures 

Botswana - B. Motalaote finished he. M.S. degree work too late to 
return for the 19 85-86 planting season in Botswana so eftorts were 
concentrated on determining TAM-128 involvenent in develognent and support 
of her project upon return to Botswana. More specific collaboration and 
support were detennined during a March-April 1986 trip to Botswana by the 
TA-128 project leader. Many Year 7 objectives are proposed for initiation 

in Year 8 through B. Mftalaote and her association with W. deMilliano, the 
SADCC/ICRISAT plant pathologist located in Bulawayo, Zinbabwe. 

Gemplasm exchange will be conducted for agroncmic and disease 
evaluation purposes but also to coduct specific disease research and to 
mnitor and characterize patKgen populations in Botswana. 

Zinbabwe - TAM-128 involvenent in Zinbabwe and other SADCC countries 
will primarily be through the SADCC/ICRISAT project of W. deMilliano and 
consists of U.S. based research support, developrent of ed'cational support 
materials, and acquisition and transfer of other existing educational 

materials. 

Gen-rplasm exchange of millet and sorghum i, being conducted through W. 
deMilliano and T. bilana (SADCC/ICRISAT sorghum breeder). 

Slides of camon sorghum and millet diseases were collected and 
evaluated for use in developing duplicate slide sets with appropriate 
ccnaurentary for use by scientists in Southern Africa. W. deMilliano will 
assist in identifying scientists to receive these sets and thehelp inprove 

future scope and quality of the slide sets.
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Project Oatput 

Research Progress 

Seasonal charcoal rot incidence differences between the 1984-85 and 
1985-86 growing seasons at Sebele, Botswana, demnstrated that presence and 
absence of stress envirormnents (high temperature, low soil moisture) at 

specific stages of host plant naturity are critical to developrent of the 

disease. Sebele had mirinal rainfall throughout the 1984-85 season and 

there was little or no charcoal stalk rot cbserved in sorghum or millet, but 

scme charcoal roL c1ltage occurred in cowpea seedlings which are no.e 

susceptible in the seedling stage than sorghum or millet. In 1985-86, 

favorable early season roisture conditions were followed by late season 

stress. There was high incidence of charcoal rot in sorghum and pear] 

millet, especially in cultivars whose maturity coincided with the onset of 

the stress environ-nent soon after heading and pollination. The 

contributions of these three crops to soilborne sclerotial inoculum of M. 

phasecaina and the possible physiological specialization of the pathcgen 

between hosts are viable areas of research as is the exploitation of the 

Sebele environment to screen for resistance to charcoal rot in these crops. 

At the present, foliar diseases of sorghum are not a problem in 

Botswana but nay have been in the past as two of their most widely used 

cultivars have excellent resistance to sane foliar diseases. Segaolane 

maintained green leaves amidst a sooty stripe and leaf blight epiphytotic 

that killed many other cultivars being evaluated by the TAM-128 project 

leader at a Zinbabwe location in 1985. In 1986, W. deMilliano in Zinbabwe 

confirmed the high levels of leaf blight resistance in Segaolane and also 

noted its existence in the variety Town. These results show the inportance 

of multi-location testing of gennplasm throughout the SADCC recgion and the 

potential need for disease resistance not currently regarded as important in 

Boticuana or other SADCC locations. 

Although chemical seed treatnents are not presently viewed as an 

inportant ccnponent of sorghum and millet production in Southern Africa they 

may became increasingly inportant if we demonstrate their utility in 

increasing stand establishurent and seedling vigor. All seed provided to 

Botswana farners by the Seed Multiplication Unit of the GOB is treated with 

Captan but the actual benefits of treatment need to be better documented. 

Our research in the U.S. has shown that seed treatment with sane pesticides 
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can 	 increase certain diseases of sorghum and that sane seed-treatment 

fungicides can reduce the infection of sorghum seedlings beneficialby 

endormycorrhizae. Both beneficial and negative contributions of seed 
treatment need to be considered because of the high vulnerability of sorghum 
ard millet seedlings and the current seedling establishment problem in 

Bo tsana. 

Ne tworkin 7tivities 

A 50-slide set of sorghum and millet diseases was selected and high 
quality duplicates were made for 40 slide sets and an appropriate ccrnentazy 
to acccnipany the slides was developed. The slide sets are being distributed 
to key persornel in Southern Africa for use in their research prograns as a 
disease identification aid and for other appropriate educational purposes 
including extension and other publications. 

Drought resistant gernplasm from D.T. Rosenow (TAN-122) was sent to 
Botsmana and evaluated by D. Carter (KSU-107) and by the TAIV-128 project 
leader. L. Mazhani (sorghum breeder, GOB) has requested additional 
materials from Rosenow's program. B. Motalaote and L. Mazhani have provided 
geimplasm to TAM-128 which will be utilized for agroncmic evaluation and for 
U.S. 	 based plant pathology research. 

Millet genrolasm as received from W. deMilliano for evaluation against 
Fusarium spp. that caused premature stalk and plant death on these lines at 
Matcpos, Zinbabwe. T. Ctilana sent requested sorghum genplasm and 
additional cultivars from his program for evaluation in U.S. sorghum 
environments. 

TA-128 helped plan and organize T. Obilana's trip to the U.S.A. to 
view many of the U.S. sorghum breeders' INTSO4I4L programs with special 
erphasis on all INTSORMIL and other Texas A&M sorghum programs at College 
Station and Lubbock and sane interaction with camrercial seed ccnroany 
representatives. bilana's activities were coordinated by J. atCraig 

College Station and D.T. Rosencw at Lubbock. 

Through consultation with B. Motalaote, her major professor, J.L. 
Starr, and her inmediate supervisor, Dr. B.S. Jones (GOB), sane equipment 
and supply needs were detemined and these items including camera, soil 
sanpling equipuent, soil sieves, and other supplies are being sent to 
Botswana in the fall of 1986. Other equipment needs and supplies are being 

further detenrined with special errphasis toward developing a laboratory 
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functional in nematology research. A trip to Botswana by J.L. Starr is 
being planned (on another grant) to (a) assess sane of the final laboratory 
needs, (b) help B. otalaote establish the laboratcy, (c) determine the 
critical areas where nematode research is needed, and (d) evraluate current 
damage that way possibly be attributed to nenatodes in the rrajor crops of 
Botswana. 

Travel 
- Botswana, Zinbabwe and Zanbia. March 22-April 9, 1986. Gary Odvody. 

To develop collaborative research programs with B. Motalaote (Botswana) 
and W. deMilliano (SADCC/ICRISAT) and to assess sorghum and millet 
disease incidence in all three countries. 

Publications 
Motalaote, B. 1985. Pathogenicity of the lesion nematodes on sorghum. 

M.S. Thesis. Texas A&M University. 37 pp. 

Odvrdy, G.N. and J.B. Mott. 1986. Systemnic fungicides used as seed 
treatments to control systemic sorghum downy mildew. Fungicide and 

Nenaticide Tests. Volume 41. 
Craig, J., R.A. Frederiksen, G.N. Cdvody, and J. Szerszen. 1985. Effect of 

seed safeners on incidence of sorghum downy mildew. pp. 42-48. 
Proceedings of the 40th Annual Corn and Sorghum Industry Research 
Conference, Chicago, Ill. December, 1985. 

Forbes, G.A., D.C. Collins, G.N. Odvody, and R.A. Frederiksen. 1985. A 
seedling epiphytotic of sorghum in South Texas caused by Pythium 
arrhenawanes. Plant Disease. 69:726. 

Schuh, W. 1986. Epidemiological aspects of sorghum downy mildew caused by 
Peionosclerospora scrahi. Ph.D. Dissertation. Texas A&M University. 

Changes in Year 8 
Most Year 7 objectives were long tenm objectives carried over to Year 8 

for continuation and initiation. An additional cbjective regarding 
endonycorrhizae in seedling roots of millet and sorghum is included for Year 

8. 
Trips to Southern Africa in 1985 and 1986 have helped TAM-128 and 
 in

country scientists to assess and identify major disease prcblenm in same 
areas of Southern Africa and how best to structure our collaborative 
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research programs. For instance, scme of the diseases initially proposed as 
researchable entities for given areas of Botswana (head smut and foliar 
diseases) have been proposed for other SADCC regions or deleted from our 
research plans. The developnent of standard millet ar sorghum disease 
nurseries for the SADCC Region through cooperation with W. deMilliano and 
SADCC country scientists is an inportant part of a continuing disease 

assessment and n-onitoring program. 
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Socioeconomics 
Executive Summary 

Grain sorghum production is technically feasible in the Philippines, 

but its econcaic feasibility renains uncertain. Work during Year 7 of this 

project initiated collection of data which will provide the basis for an
 

econcmic assessment of the potential for producing and marketing Philippine 
grain sorghum. Subsequent research will enploy cost synthesis, linear 
programnming, MDT9D and other procedures in analyzing costs and risks 
associated with sorghum production and a market structure approach in 
evaluating the performance and needs of the feed grains marketing system. 

(NU-117) 
Collaborative work in Burkina Faso demonstrated the high econamic 

return to the ccmbination of a water retention device (tied ridges) and 
moderate chanical fertilization. Whole farm modeling was necessary to 
indicate the importance of seasonal labor availability in constraining the 
area in tied ridges. Field testing and econcmic analysis of an aninal 
traction inplemant to do the ridging were urxiertaken. This technology of 
tied ridging-iroderate fertilization is expected to have wide applicability 
in the heavier soils in the Sahelian region where the tied ridges will not 
easily be blown down or washed away. On lighter soils in semiarid regions 
the saxre .principles of locking for the ccnbined effects of inproved water 
retention techniques and moderate chemical fertilization are also expected 
to be a field research area with a potentially high payoff. (PRF-105) 

Research in the Dcainican Republic dealt with several issues involving 
sorghum and millet and inprovement of the conditions of life of limited
resource farmers. One issue is whether sorghum can be substituted for maize 
-- the traditional crop -- in intercropping rotations. The evidence of two 
seasonal trials on mountain fanns indicates that sorghum outperforms maize 
in the rotations. It can be used as feed for aninals, and limited trials 
indicate its possible use as human food. Since technical constraints are 
mininl, price policies are decisive. 

In studies of southern Honduran comunities, the first issue is the 
nutritional status of children of families who raise sorghum. Although the 
average diet is adequate, there is considerable variability with the least 
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adequate diets found in the largest families. Energy rather than protein is 

most deficient, leading to the recnirendation that in breeding programs 
higher yields rather than grain quality should have the highest priority. 

Another issue relates to the way sorghum research should consider the 

role of %cnen in production, marketing, food processing and consuTption. In 

Honduras, wcmen are primarily processors of sorghum as food, rather than 
producers as in Africa, and they are involved in marketing. It should be 
recognized that sorghum quality as well as quantity thus are prinary 

interests of wauen. 

In Mexico, the research has been concerned with the changing interest 

in sorghum production in response to governmental economic policies. 

Ccmeecial fatmers in irrigated areas have shifted to sorghum during periods 

when it has had a ccrparative price/profit advantage. Policy makers miust 
decide between feed grain and food grain policy objectives. In rainfed 

areas, inportant technical prcblems mst be solved to make sorghum a 

ccionpetitive crop. 

In Sudan, fanrers were found to be responsive to environmental and 

price changes in crops and varieties planted. Kinship networks and markets 

were found to be the dominant networks of ccrunication amorg both men and 

wcmen farmers. (KY-101 and 102) 
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Sociocultural Constraints in the Production, Distribution and Consuption 
of Grain Sorghum and Pearl Millet in Less Developed Countries 

Projects KY-101 and 102 

C. Milton Cotghenour 

University of Kentucky 

Principal Investigators 

Host 	Countyr 
Dr. David Barkin, UAM - Xochimilco, Departnent of Econnics, 

Mexico
 

Dr. Jose Carlos Escudero, UAM - Xochimilco, Departnent of Social 

Meiicine, Mexico
 

Dr. Guillerono Perez Jeronino, UAM - Xochimilco, Department of 

Agronany, Mexico 
Sra. Blanca Saurez, Centio de Ecodescarrollo, Consejo Nacional de 

Ciencias y Tchnolgia, Mexico 

Sr. Fernardo Cruz, Instituto Hordureno de Antropologia e Historia, 

Horduras 

M. Issa Mahare, INRAN, Niger 

United States 
Dr. Lawrence Busch, University of Kentucky, Depaftnent of 

Sociology
 
Dr. Milton Coughencur, University 
 of Kentucky, Departnent of 

Sociology 
Dr. Larry Buneister, University of Kentucky, Departnent of 

Sociology 
Dr. William Lacy, University of Kentucky, Departnent of Sociology 
Dr. Billie DeWalt, University of Kentucky, Department of 

Anthropology 
Dr. Kathleen DeWalt, University of Kentucky, Department of 

Behavioral Science 
Dr. Dan Meckenstock, Texas A&M University, Department of Agronamy 
Dr. Taieke Berhe, Kansas State University, Department of Agronany 

Other Researchers 
Host Coun tr 

Dr. Khalil El Medani, 

Anthropology 

University of Khartoum, Department of 
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United States 

Dr. ichard Cock, Washington State University, Departnent of 

Veterinary bdicine 

Dr. Trent Burderson, Washington State University, Departnent of 

Raqje Science 

Mr. Tinotlhy Frankerberger, University of Arizona, Arid Lards 

Insti tute 

Dr. Brian D'Silva, U.S.D.A., Foreign Agriculture Service
 

Summary
 

Research during Year 7 related to the first and third objectives: 

constiaints to the production, distribution and consurption of sorghum and 

millet and to the canrnication of infornmation to fanmers, respectively. 

The research on the first bjective -- farmirng systeLs -- related to two 

sites in the Dminican Republic, several sites in Southern Honduras, and 

five sites in Mexico. Work relating to information ccrunication -- the 

third objective -- involved data collected in Kordofan, Sudan. 

The research dealt with several issues involving sorghum and millet and 

inprovenent of the conditions of life of limited-resaurce farmers. One 

issue is whether sorghum could be substituted for maize -- the traditional 

cror. -- in inteicropping rotations. The evidence of two seasor] trials on 

mrountain farms in the Dominican Republic indicates that sorghum outperfoms 

maize in the rotations. It can be used as feed for aninals, and limited 

trials indicate its possible use as human food. Since technical constiaints 

are mininal, price policies are decisive. 

In studies of Southern Honduran ccmmunities, the first issue is the 

nutritional status of children of families who raise sorghum. Although the 

average diet is adequate, there is considerable variability with the least 

adequate diets found in the 1. rgest families. Energy rather than protein is 

most deficient, leading to the reccrendation that in breeding programs 

higher yields rather than grain quality should have the highest priority. 

The second issue concerns the consequences for cnnunities neglected by 

rural developrent programs. Since living conditions have deteriorated in 

these communities, the urgency of developing appropriate new sorghum 

varieties for mountain farms is increased. The third issue relates to the 

way sorghum research should consider the role of women in production, 

marke ting, food processing and consunption. In Honduras, women are 
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prinarily processors of sorghum as food, rather than producers as in Africa, 
and they are involved in marketing. It should be recognized that sorghum 
quality as as thus are primaxywell quantity interests of wonen. 

In Mexico, the research has been concemned wi th the changing interest 
in sorghum production in response to governental econcmic policies. 
Conuiercial fanrers in irrigated areas have shifted to sorghum during periods 
when it has had a ccnarative price/profit advantage. Policy makers have 
substantial control of farmers' production decisions, and, therefore, must 
decide between feed grain and food (grain) policy objectives. In rain-fed 
areas, inportait technical problems nust be solved to rrakE sorghum a 
ccoroetitive crop. 

The issue on which research in Sudan was focused is the dynamism of 
farm techniques among traditional farmers and the traditional networks of 
information diffusion. Faners found:were to be responsive to envirormental 
and price changes in crops and varieties planted. Kinship networks and 
maricetq were fouud to be the domirant networks of ccmmunication anong both 
men and women famers. 

Institutions
 
Collaboratinqj Host 
 Country: Secretaria de Recursos NaturalJes, 

Horrduras; Instituto Hondureno de Antropolcgia e Historia; 
Universidad Autoncana Metropolitana, Xochimilco, Mexico; Instituto 
Racional de Investigaciones Agricolas, Mexico; Centro de 
Eccdesarollo Consejo Nacional de Ciencias y Teclnologia, Mexico; 
Western Sudan Agricultural Research Project, Sudan; Secretaria del 
Estado de Agricultural, Dcminican Republic; Institut National de 
Recherches Agroncniques du Niger. 

U.S.: Kansas State University, Texas A&M University and U.S. Department 
of Agriculture (ERS/IED). 

Linkaqes: 
Through contacts with Dr. Khalil, plans were developed for future 

collaborative work with the Department of Anthropology, University of 
Khartoum. This might involve faning systems research and/or evaluation of 
the utilization of new sorghum and millet varieties. 

In March 1986, David Barkin (UAM) and Dr. B. DeWalt worked on a 
bock
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relating to the research in Mexico. During June of 1986, B.R. DeWalt 
visited the Centro de Ecodesarrollo to work on the effects of sorghum 

cltivation on small scale farmers. 

Ii. June 1986, with the sponsorship of the evaluation division of USAID, 

Lawrence ausch and William Lacy with scientists in India and Brazil 

developed a scope of work and plen of inplementation for studies of the 

inpacts of colleges of agriculture on Indian and Brazilian developrent. 

Dr. Larry Buxneister made contact by letter ard long distance telephone 

with both Dr. Deuson, UTSAID/Niger and Dr. Mahar e, I!NRAN/Niger to arrange a 

site visit to develop a social science research program in Niger. 

ce h Zones Benef ited Most by Research 

Central Anerica, Mexico and the Caribbean and Fast Africa. 

objectives, Research Procedures, and Production/Utilization Constraints 

Year 7 Project pjectives 

Farmig Sys tans 

Mexico - (1) link the microeconaiics of sorghum production with the 
macroeconitic situation in Mexico; (2) identify agroncnic constraints to the 
production of sorghum and other potential crops; (3) determine the 
nutritional irrplications of the substitution of cash crops for corn for Irfe 

consurption. 

Honduras - (1) Identify the faming strategies of small farmers growing 

sorghum; (2) identify constraints to agricultural production and reccumerd 

research approaches; (3) identify factors influencing consurnption of sorghum 

and preferred grain quality characteristics. 

Niger - (1) Identify fanming staategies; (2) identify constraints to 

increased production; (3) identify factors influencing consurption; (4) 

assc;ss organizational structures in which sorghum is produced and narketed 

and constraints. 

Sudan - (1) refine and detail fanning stratajies of farmers producing 

sorghum and millet; (2) identify factors influencing consumption of sorghum 

arid millet and the preferred grain qualities. 

Dcninican Republic - (1) Describe farming strategies of small farmers; 

(2) Identify constraints and the potential role of sorghum in the famning 

systEm. 
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Extension and ccnaTurdcation constraints 

Sudan - (1) Describe sources, channels, and barriers to comriunication 
of information about sorghum and millet within villages; (2) develop 

effective knowledge utilization programs for farners in the Western Sudan. 

es in Objectives from Previous Year 
Year 7 objectives relating to fanTdri systcns in Mexico, Horduras, 

Sudan, and the Dnir'ican Republic are consistent with Year 6 objectives and 

reflect the further analysis of data collected in these countries in earlier 
years. Cbjectives for Niger reflect the research which was expected to be 
initiated during Year 7. The cbjectives for Year 7 for Extension and 
Canunication in Sudan represent expansion of the analysis of data collected 

during Year 6 in two villages. 

Sohum/Mi] let Constraints 

In Mexico and the Dominican Republic pricing policy and the 

availability of suitFb2e grain quality focd sorghum are major constraints. 

In the Sudan, weak extension programs and market infrastructure for 

distributing new seed have been identified as constraints as well as the 

lack of fanmer knowledge about hybrid sorghum. 

Research Procedure 

Farming systens methods used in field surveys and stardard qualitative 

and quantitative nethods used in data analysis. 

Project Output 

Research Findings
 

A study of nutritional status and sorghum use in Honduras indicates:
 

(1) considerable variability amorg families in the dietary adequacy of 

energy and protein with the largest families having the least adequate 

diets; (2) sorghum is often used in tortillas in the diet but is avoided by 

lactating wccen; (3) sorghum is nost often used by poorer families, and (4) 

efforts to increase the quantity of grain rather than its nutritional 

quality, should have the highest priority. In a related study, it is found 
(5) that levels of living in cannunities that are outside areas targeted for 

rural develogient have worsened, increasing the urgency of developing higher 

yielding sorghums. 
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The study of the role of Honduran %cuen in the processes of production 
and consuxption reveals: (1) aroix seisubsisterce producers, wn e are 

heavily involved in processing focd for consuption but little involved in 
its actual production; (2) financial decisions are usually made by the 
ihsband and wife jointly; (3) wonen are involved in raising gardens and 

small anials and in household and child care. (4) An inportant role is 
played by women ir intra- and inter-village trade/market of agricultural 
products which they control to a considerable extent. 

In Mexican comunities, sorghum production has expanded until recently. 
Although the ccmrunities studied differ in their ecological characteristics, 
faimers turned to sorghum production due to its higher price and 
mechanization. Even the small farmers raise sorghum on their irrigated 

land. 

There are two consequences. One is to encourage the raising of higher
 

valued crops (eventually shiftir from sorghum to vegetable crops or, in 
Siraloa, wheat), and the other is the jobs provided for migrant laborers. 

Farmers lacking irrigation also lack access to sorghum technology
 
appropriate to their situations. In the rainfed areas sorghum ought to
 
outperform maize as well as most other cash crops. Yet new varieties of 
sorghum must be developed, and research along this line promises to provide 

the greatest benefits to these poor farmers.
 

Within small, ethnically hcogenecus villages in North Kordofan, 
information about agricultural innovations is t_--ansitted: (1) through 
groups cacposed of close kin; (2) to women farmers from close relatives; 
aid, (3) from opinion leaders to others within the close-kin network. (4) 
The opinion leaders often, but not invariably, have high social status, 
e.g., as sheik or village merchant; (5) function as 'bridges" between groups 
of close-kin. 
 (6)Neither the opinion leaders nor the ordinaiy farmer had 
had any contact with extension agents, and the service had not had influence 

in spreading agricultural innovations.
 

Research P92 es 

Verificatiun trials in the Dominican Republic on the 
substitution of
 
sorghum for maize in intercrop rotations in nrountain villages confirmed its 
superior performance and the potential utility of the crop both as human 
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food and as grain for aninals. Due to the lack of institutional cciwitnent 
to improving the living conditions of the farmers, the findings have riot yet 

been inplemrented. 

Ne tborkin Activities 

Efforts were rrade to expand and develop relationships with potential 

collaborating social scientists in Sudan. Dr. Khalil El Medani ho recently 
ccmpleted a Ph.D. in sccial antbropology at the University of California-

Riverside was invited to canpus to discuss possible collaborative research. 
T'his was followed up with later contact in Los Angeles. Dr. Khalil has 
returned to a faculty position at the University of KIhartoum and is 
collaborating in work on the Sudanese agricultural econawy. 

Dr. Norberto Muniz, Vicosa, Brazil spent a Fulbright year at the 
University of Kentucky during which plans were initiated for joint 
involvenent in a USAID funded evaluation study of four agricultural 

universities in Brazil. 

Travel 

International 

- Rabat, Morocco. January 15-February 10, 1986. Lawrence Busch. Menber 

of USAID team evaluating the research progrw, of the Agricultural and 

Veterinary Institute. 
- Guatemala and Mexico. Octcber 27-Novenbet 5, 1985. Billie R. DeWalt. 

Attended meeting of Latin AiEE-rican Sorghur. Researchers in Guatenala and 

then to Mexico City to neet with resp-'rrt collaborators. 
- Mexico City. June 3-17, 1986. - ilie R. DeWalt. To neet with 

research collaborators and close out research project. 

Dcies tic 

- Washington, D.C. July 23-24, 1985. Lawrence Busch. To participate in 

a USAID Special Seminar on Agricultural Research in Less Developed 

Countries. 

- Harbor Springs, MI. Octcber 11-13, 1985. Lawrence Busch. To attend 
International Conference on Crop Productivity. 

- Washington D.C. June 20, 1986. Lawrence Busch. To appear before the 

Joint-Econanic Ccnanittee of the U.S. Congress. 
- Monterey, CA. July 1-August 15, 1986. Larry Buneister. Attending 

French language school. 
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- Manhattan, KS. October 13-38, 1985. Larry Burmeister, Milton 
Coughenour (Participant) and Paul Marcotte. To attend the Fifth Annual 
Farming Systems Research Symposium. 

-Evanston, IL. April 18-20, 1986. Milton Coughencur (Participant) mid 
Saadi M. Nazhat. Sudan Studies Association meetings. 

- Washington, D.C. Deceber 4-12, 1986. DeWalt.Billie R. Participate 
in the meetings of the American Anthropological Association. 

- Chanpaign, IL. April 10-12, 1986. Kathleen M. DeWalt. To attend 
meetings of the Economic Society for Anthropology. 

- Blacksburg, VA. August 20-24, 1985. Paul Marcotte. To attend meeting 

of the Rural Sociological Society. 

Publications and Presentations 

Publications 

Barkin, David and Billie R. DeWalt, 1985. "La crisis alimentaria Mexicana y 
el scrgjim." Problemas del Dessarollo 61:65-85. 

Baikin, David and Billie R. DeWalt, 1985. 
 "El sorgo en el Sur de Honduras." 
Pp. 153-67 in Ccipton L. Paul and Billie R. DeWalt (eds.), El Solo en 
Sistenas de Produccion en America Latina. Mexico: INrSOIIL/ICRISAT/ 

Cn1VMYT. 
Busch, Lawrence, 1985. "Govenzent/Industry/Univetsity Interactions." In 

Crop Productivity: Research Inperatives Revisited. (Edited by Martin 
Gibbs and Carla Carlson). An international confezence held at Boyne 
Highlands Inn and Arlie House. 

Coughencur, C. Milton, Tinoty Frankerberger, and Elizabeth Skartvedt, 3.985. 
"Waren faners in rural settlements in North Kordofan, Sudan" The Ahfad 
Journal 2:9-22. 

Coughencur, C. Milton and Saadi M. Nazhat, 1986. "The process of 
agricultural change among wren of North Kordofan, Sudan" The Ahfad 

Journal 2:131-140. 
DeWalt, Billie R., 
1985. "Un panorama de la produccion del naiz y sorgo en
 

el Hemisferio Occidental." In CaInpton L. Paul and Billie R. DeWalt 
(eds.), El Sorgo en Sistenas de Prduccion en America Latina. Mexico: 

INSOW4IL/ICRISAT/C IMYT. 
DeWalt, Billio R., 1986. "Econanic assistance in Central America: 

Development or inprovishnent?" Cultural Survival Quarterly 10:14-18. 
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DeWalt, Billie R. and David Barkin, n.d.. "Seeds of change: the effects of 

hybrid sorghum and agricultural nwdernization in Mexico." In H. 

Russell Bernard and Pertti J. Pelto (eds.), Techno__o and Social 

Charge. 2nd Ed. Waveland Press. 

DeWalt, Billie R. and Iathleen M. DeWalt, 1985. El ContExto Socioeconcniico 

para la investigacion scbre el sorgo en el Sur de Honduras." Pp. 57-67 

in Caiipton L. Paul and Billie R. DeWalt (eds.), El Sorjo en Sist:mas de 

Produccion en America Latina. Mexico: rNTSOWAIL/ICRISAT/CIMNWP. 

DeWalt, Kathleen, 1986. "The dietary correlates of change in agricultural
 

strategy in a Mexican ccrnnunity." In Carol Hill (ed.), Alternative 

Health Care Policies: An Applied Social Sciere Perspctive. Athens,
 

GA: University of Georgia Press.
 

Duda, Susan, 1986. Develornent and Destruction: Interrelated Bioloaical, 

Socioeconaric, and Nutritional Change in Southern Honduras. Lexington, 

KY: University of Kentucky, Unpublished Ph.D. Dissertation. 

Fordham, Miriam A., Billie R. DeWalt, and Kathleen M. DeWalt, 1985. FaLnji 

Systeis Research in Southern Honduras. Report No. 3. Lexington, KY:
 

Department of Anthropology, University of Kentucky and INTSOfIT-L. 

Lacy, William, M. Hansen, L. Busch, and J. Burkhardt, 1986. "Plant breeding
 

and biotechnology: New technologies raise important social questions." 

BioScience 36:29-39. 

Lacy, William, 1985. "The roles of sociologists in two AID programs" and 

"The role of social scientists in INrSOR4IL" The Rural Sociolcgist 

5(4):273,285-289.
 

Lacy, William and L. Busch, 1986. "Food security in the United States: Myth
 

or Reality?" In New Dinensions in Rural Policy: Building U Our
 

Heritge. Pp. 222-233 in Subcmmittee on Agriculture and
 

Transportation, Joint Econanic Cc nittee of Corxress, Washington, D.C. 

Marcotte, Paul, 1986. Sorghum dkoption for Smallholder Self-Sufficiency in 

the Dominican Republic. Lexington, KY: Department of Sociology, 

University of Kentucky and INTSORAIL. 

Marcotte, Paul, 1986. Faninq SystErLs Research as a Method for Introducing 

Sorhum in the Dominican Republic: A Synthesis of the Positivist and 

Critical Paradigms. Lexington, KY: Unpublished Ph.D. Dissertation. 

Paul, L. Ccapton and Billie R. DeWalt (eds.), 1985. El Somo en Sistras de 
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Produccion en America Latina. Mexico: INTSOI4IL/ICRISAT/CER-W. 
Thcmpson, Karen S., Kathleen M. DeWalt and Billie R. DeWalt, 1985. Fanmin 

Lst-ms Research in Southern Honduras, Household Food Use in Three 

Rural Ccnunities. Report No. 2. Lexington, KY: DepartiTent of 

Anthlopology, University of Kentucky and TNTSOIN4IL. 

Van Willigen, John and Billie R. DeWalt, 1985. Training banual in Poliy 
Ethnr'phy. AAA/SFAA Special Publication No. 19, Washington, D.C. 

Presentations 

Busch, Lawrence, July 23-24, 1985. "Evaluating agricultural research in 

less developed countries." Presented at USAID Special Seminar. 

Burmeister, Larry, August 21-25, 1985. "Accountability in international 

research: Structural limitations." Presented at Rural Sociological 

Society. 

Burmeister, Larry, Octcber 21-25, 1985. "Agrarian structure and the 
develogrrental state: South Korea in conparative perspective." 

Presented at the Mid-Atlantic Asian Studies Association. 

Burmeister, Larry, February 18, 1986. "The future of Korean agriculture." 

Presented at the Korean Studies Center, University of Hawaii. 
DeWalt, Billie R., Septunber 1985. "The nutritional consequences of
 

agricultural developinent in Mexico." 
 Cornell University Internaticnal
 

Nutrition Program. 

DeWalt, Billie R., Octcber 1985. "Social science research in agricultural 
development in Central America: Same neEds." Ccxision Latinoamericana 

de Investigadores en Sorgo: Guatenala. 

DeWalt, Billie R., Octcber 1985. "Mexico's Second Green Revolution: Sme 

irplications for agricultural research." Invited paper at the 

University of Connecticut. 

DeWalt, Billie R., Decenber 1985. "Agricultural develop~ment in Mexico and 
Honduras: Micro and macro aspects." American Anthropological 

Association meetings, Washington, D.C. 
DeWalt, Billie R., February 1986. "Agricultural develop-rent in Mexico." 

Invited paper York University, Toronto, CANADA. 

DeWalt, Billie R., March 1986. "Mexico's Second Green Revolution: Scme 

inplications for planning." Cornell University Department of City and 

Regional Planning, Ithaca. 
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DeWalt, Billie R., April 1986. "The cattle are eating the forest: 
Ecological aspects of agrarian change in Honduras." Invited paper
 

State University of New York, Binghamton. 
DeWalt, Billie R., April 1986. "Interactions between biological and social 

agricultural sciences in INTSORAIL work in Honduras." Comel 1 

University International Agricultural Program, Ithaca. 

DeWalt, Kathleen M., April 1986. "Including food consutption and 
nutritional goals in agricultural research and developrent: The case of 

TNTSOR 4L."1 Presented at the meetings of the Econanic Society for 

Anthropology. 

Lacy, William, Larry Busch, J. Burkhardt, and M. Hansen, August 20-24, 

1985. "Irfpact of biotechnology on the organization and conduct of 
agricultural research." Presented at the meetings of the Rural 

Sociological Society, Blacksburg, VA. 

Lacy, William, 1985. "Values, goals and agricultural research: Conflicting 

ideologies and strategies." Presented at the annual neeting of the 

American Association for the Advance-ne.it of Science, Los Angeles, CA. 
Lacy, William, 1985. "Social ethics, agricultural change and agricultural
 

research." 
 Presented at the meetings of the American Association for
 

the Advancem-ent of Science, Los Angeles, CA. 
Marcotte, Paul, August 20-24, 1985. "Social science and farming syste-s 

research." Presented at Rural Sociological Society, Blacksburg, VA.
 

Changes in Year 8
 

In accordance with the Administrative Board decisions, project
 

objectives have been reduced to the following:
 

Develop plans for, and initiate, a study of the fanning system/
 

consumption/nutritional status of limited resource farers in Niger. 

C nplete analysis and reporting of findings of (a) farming and
 

consurption systens in Sinalca, Mexico, and (b) social networks for the 
ccununication of agricultural information in Sudanese villages. 

Training of INTSOR41L graluate students in residence. 
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Econcmnic Analysis of the Potential for Growing and Marketing 

Grain Sorghum in the Philippines
 

Project NU-117
 

Dale G. Anderson
 

University of Nebraska
 
Principal Investigators 

Dr. Lydia Oliva, Dean Graluate School, and Head Department of 

Agricultural Economics, University of Southern Mindanao 
Dr. Dale G. Anderson, Departnment of Agricultural Econanics, University 

of Nebraska 

Other Researchers 
Dr. Dely Gapasin, Director Division of Crops Research, Philippine 

Council for Agricultural Resources Research Development (PCYIRH), 
Los Banos, Philippines 

Dr. George Pfeiffer, Department of Agricultural Econcmics, University 

of Nebraska 
Dr. Jerry Maranville, Department of Agronacy, University of Nebraska 
Dr. Leonardo A. Gonzales, Associa te Agricultural Econcinist, 

International Focd InstitutePolicy Research (IFRRI)/Intemational 
Rice Research Institute (IRRI), Los Banos, Philippines. 

Dr. Jerome F. Sison, Head Department of Agricultural Econcnics, 
University of the Philippines (UPLB), Los Banos, Philippines. 

Mr. Jerry Amoloza, Department of Econcmics, UPLB (Ph.D. graduate 
student at University of Nebraska) 

Ms. Lillian Brion, PCART (Ph.D. graduate student at University of 

Nebraska) 

Summary 
While it is clear that grain sorghum prc uction is technically feasible 

in the Philippines, its econcmic feasibility remains urertain. Work during 
Year 7 of the project initiated collection of data which will provide the 
basis for an econcmic assessment of the potential for the production and 
marketing of Phil ippine grain sorghum. Subsequent research will employ cost 
synthesis, linear programming, MOTID and other pr3cedures in analyzing costs 
and risks associated with sorghum production and a market structure approach 
in evaluating the performance and needs of the feed grains marketing systen. 

304
 



The two Phi] ippine students whose Ph.D. dissertation projects are 
central to the project ccnpleted their university course requirements, 
drafted final approaches to their research projects and began the data 
collection process in the Philippines. The students' two advisers 
collaborated in the latter work during visit to the Philippines anda in May 

June. 

The project is scheduled for conpletion at the close of Year 8. 
Resulting research findings will provide policy makers with assistance in 
formula ting appropriate feed grains programs and crop scientists with 
guidance tcward appropriate directions in their research. Training afforded 
student participants will contribute to the stock of professional expertise 

in the Philippines. 

Institutions 
Collaborating Host County: Formal agreement with PCARRD, Los Banos, 

Philippines. Collaborative work plans with SMARC/USM, Kabacan, 

Phi] ippines. 

U.S.: Departent of Agricultural EconaTLics, University of Nebraska. 

Linka_,es: 
Informal working arrangements with UPLB and IRI, Los Banos; Integrated 

cocperative effort with other NU INTSO1MIL projects, including NU-113 
(Cropping 'Systens), NU-114 (Mineral Element Uptake-'Tblerance) and NU-121 

(Philippine Country Project). 

Ecpg 	 ocraphic Zones Benefited Most b Research 

Asian Subcontinent 

Cbjectives, Research Procedures and Production/Utilization Constraints 
Year 7 Project (tjectives 
Project cbjectives are directed specifically tcward resolving the 

unanswered question of economic feasibility of growing grain sorghum in the 
Philippines. Costs and returns from sorghum production are being evaluated 
based on data from farm trials conducted during the 1970's, on farm trials 
which ccnurenced in the fall of 1984 as part of the overall PCARRD/INrSORIML 
collaboration, and on data obtained from a survey of sorghum producers in 
Cotabato Province. The latter survey was begun as part of more 
ccprehensive student data-gathering activities late in year seven. 
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Vaguely specified marketing problems have been biamed for the limited 
success of earlier efforts to encourage wider production and of sorghum.use 

The marketing case-study, for which data collection began early in 1986, 
will describe and evaluate the marketing syscetr for fecd grains; it will 

identify constraints and, where appropriate, suggest inprovenents. 
Cbjectives for Year 7 were groundw~ork fo meeting the above overall 

objectives. They consisted of conpletion of the students' Ph.D. course 

program and initiation of data collection activities in the Philippines. 

SorriburrMil let Constraints 

In spite of the potential advantages of sorghum in the Philippine 

cropping systens, its rate of adoption has been slow. Prdblems include 

marketing difficulties st~mming apparently from supplies too thin to 
encourage development of marketing facilities and institutions; and from 

post-harvest processing difficulties. 

Having been considered relatively recently as a potential field crop in 
the Philippines, research data on sorghum production under local conditions 

are very limited. In particular, a significant econcinic analysis of the 
potential for expanded production is critically missing. Economic analysis 

is needed not only to evaluate the relevance of sorghum as an alternative 
ard camplementary feed supply, but to guide future biological and physical 

studies. The present reseaich addresses these needs in the context of the 

particular circuTnstances which nay attend production and marketing of grain 

soighum in the Phi] ippines. 

Research Procedures
 

Close cooperation has been effected between the technical and econcmic 

cctonents of the project. Cropping systans to be analyzed chosenwere 

largely on reccraiendations of U.S. and Philippine crop scientists. Field 

trials established during Year 6 continued through Year 7 at sites in North 

Cotabato. These trials provide part of the data needed for the production 

analysis. Surveys of farmers and narketing intennediaries initiated during 
Year 7, alorg with a variety of secondary sources conplete the data set. 

Cost estinates are being derived from field trial results, adjusted for 

local conditions, and from farm survey results. A hybrid of sources mist be 
used, with cost synthesis (econcmic engineering) procedures serving as an 

integrating mechanism. Costs and risks associated with sorghum production 
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are being compared with costs aizi risks associated with alternative crops 
and cropping systems to deteurine whether sorghum is indeed the best 
cropping entetprise under conditions thought by crop scientists to be 
favorable to its production. Costs of sorghum production must be ccpared 
with those for maize production since maize is the major copetitive feed 
grain. Tt is inportant that technology appropriate to local farm sizes, 
rescurce combinations and financial capabilities of local farmers be the 
focus of cost ccparisons. Linear programming may be a useful analytical 
tool for the research. isks associated with sorghum and its alternatives 
will be evaluated using YOTMD procedures. 

Since very little grain sorghum is presently grown aid since marketing 
procedures and channels for sorghum apparently parallel those for maize, the 
marketing systen for maize is by necessity the focus of nucl of the 
marketing study. Special attention is being given to disoeming any 
circumstances unique the marketingto of grain sorghuL. Cotabato Province, 
a major producing area and the site of SMARC field trials, is the major 
focus of the marketing study although coordination with USA]D-supported 
survey activities undertaken by SMARC collaborators may enable limited 
assessTent of marketing prcblems in selected locations iii Luzon as well. 

The marketing study has a market structure orientation, and much of the 
data-gathering activity begun during Year 7 directedwas tcoarx3 describing 
the structure of the industry, from the assembly of grain from farms through 
its final distribution as feed to livestock prcducers. Each of the major 
intermediate activities, including transportation, storage, processing, and 
the role of government (pricing, grades and standards) is being given 
attention. The ultimate purpose for the research is an assessment of the 
structure of the performance of feed grain marketing activities. In this 
connection, it is necessary to estimate the costs of services provided at 
each stage of the marketing sequence and to relate these costs to estimated 
marketing margins. Econcmic-ergineering cost-finding procedures will be 
used for this part of the analysis. Data-gathering activities initiated 
during Year 7 emphasize scale relationships and the inplications of 
projected future feed grain demards for unit costs. 

Problems Re9ardinD Achievement of Cbjectives 
The major problem ercountered during Year 7 was a delay of the two 

students in completing their comprchensive examinations. Preparation for 
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these examinations which must now be undertaken during Year 8 will slow 

progress toward ccapletion of the research. Additionally, data collection 

in the Philippines has, as expected, been a challerging activity. 

Project Output 

Research Findings for Imediate Use 

The project was not designed to produce significant results until late 

in its life, after in-country data collection and preliminary evaluation 

activities have been acccnplished. Year 8 will see completion of the latter 

work and the publication of final results. 

Research Findings for Future Use 

Work undertaken in Year 7 provides the basis for copleting data 

collection and evaluation activities in Year 8. Ultimrate results will help 

to establish the econcmic feasibility of sorghum urder alternative 

circusvstances. A basis will be provided for inproved sorg-l"n policy 

decisions and for guidance for plant science research. 

Net.crkingA tivities 

- Research Investigator Exchanges 

Anderson, Maranville and Pfeiffer assisted the two students in their 

data collection and preliminary evaluation work and coordinated project 

activities and plans with Philippine counterparts and others during a 

May/June trip to Manila, Los Banos and numerous sites in Cotabato. 

- Genplasm and Research Information Exchange 

Anderson and laranville participated in meetings of the Technical 

Council, 

- Assistance to Host Country Researchers 

Collaborated with Professor L. Oliva, counterpart researcher at a4ARC 

in North Cotbato, in planning project activities. 

TRAVEL 

- Chicago, IL. Octcber 2-3, 1985. INTSOR4IL TC meetings. 

- Kansas City, Mo. January 13-15, 1986. INTSOR4IL TC reetings. 

- Kansas City, Mo. March 18-19, 1986. £NTSORWIL TC rreetings. 
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- Manila, Los Banos and Kabacan, Philippines. march 25, 1986. The two 
Ph.D. students supported under the project traveled to the Philippines 
to undertake data collection and evaluation activities. Lydia Oliva, 
US4/SMARC, Kabacan, is tijeir principal advisor and collaborator. 

- Manila, Los Barios and Kabacan, Philippines. May 9-June 7, 1986. 
Anderson ard Pfeiffer assisted students with their research; principal 
collaborator was Lydia Oliva at US4/SMARC. 

Publications and Presentations 

Publ ica tions 
Anderson, Dale G., Jerry Maranville and George Pfeiffer, Trip Report, 

INITSORWIL, Philippines, May 9-June 6, 1986. 11 pp. 

Presentations 
Informal presentations of project objectives, procedures and progress were 

made during Philippine trip to collaborators, sponsors and other 
interested parties at PCARFD, US, ESNARC, US7\ID, IRRI, UPLB and 

elsewhere. 
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Fconaric Evaluation of New Technology in Sorghum arid Millet 

Pnxluction in Developing Cou: _ 

Project PRF-105 

John H. Sanders 

Purdue Universitty 

Principal Irnrvestigators 

Dr. John Sanders, Department of Agricultural Econanics, Purdue 

Unive rsi ty 
Dr. Joseph Nagy, EconcList and then Director of the SAFGRAD/AID/Purrue 

Far ing Systans Project, Burkina Faso. 
Dr. Philip Abbott, Department of Agricultural Econlanics, Purdue 

Univesity 

Other Researchers 

Ms. Linda Ames, Ph.D. Candidate doing field work in Burkina Faso. 
Irxj. Sibiri Sawadogo, Director of Faning Systans Research in IBRAZ, 

Burki :,a Faso.
 

Irg. Mehamene Issa, Director of DECOR in INRAN, Niger.
 

Sumnary 

The nain activity during this year was finishing up the research in 
Burkina Faso. Linda Ames slent eight nonths in the field there. Various 
eailier conference papers were published. Numerous papers were written 
analyzing nevi tarlmology develogTents there. 

The high economtic rebirn to the conbination of a water retention device 
(tied ridges) and roderate chcnical fertiliation was demoistrated. The 
whole fann rodeling was necessary to indicate the iiportance of seasonal 
labor availability in constraining the area in tied ridges. Hence, field 
testing and econnic analysis of an animal traction inplement to do the 
ridging were undertaken. 

This technology of tied ridging-rxlerate fertilization is expected to 

have wide applicability in the heavier soils in the Sahelian region where 

the tied ridges will not easily be blown down or washed away. The same 

pr.iciple of locking for low cost agroncnic solutions to the water 

retention-.soil fe-tility constraints is believed to be more relevant to ncdi 

of the Sahel than relying on breeding for all these objectives. If the 

breeders can concentrate diseases, and foron yields, tastes the roderately 
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irproved agronamic environments, they are expected to be uch more 
successful than attempting to breed for all of the above plus tolerance to 
drought and lcw scil fertility. From the research planning perspective, it 
is not only inportant to observe present farmer practices and input use but 
also to make same reasonable assumptions about future agroncmic inprovenents 
including noxderate increases in input utilization. 

Institutions 
The principal institutional relationship in Burkina Faso was with 

SAFGRAD. This regional program is responsible for coordinating research
training activities to develop new technologies for cereals production in 
semiarid regions of Africa. This project contiriued collaborative work with 
them on the econamic analysis and nodeling of new technologies. This 
analysis and the results should be inudiately useful adaptableor across a 
wide part of the semiarid region. Also in Burkina Faso there was 
collaborative work with IBRAZ, the national agricultural research 
institution. In Niger the nain collaborative institution was INRAN, the 
national agricultural research institution. Contacts were also made with 
ICRISAT and TROPSOILS researchers in Niger. 

The research in Year 7 was entirely concentrated in West Africa but it 
is being extended to East Africa with the inclusion of the Sudan in Year 8.
 

Year 7 Cbjectives 
Undertake farm level studies of the profitability and fit of new 

technologies into farmers' systems of production; 
Collaboration with other scientists on farm level studies to help 

define research priorities; 

Evaluation of the farm level inpacts of agricultural policies in 
catbination with the introduction of new technologies; 

Evaluation of racroeconanic iirpacts of agricultural policies in 
ccxbination with the introduction of new technologies; 

Training of researchers from West Africa in the economic evaluation of 
technological change and agricultural policies. 

Changes in (bjectives from Previous Year 
One nzin change in cbjectives was the shift to farm level analysis and 

micro modeling in Year 7. The earlier concentration on macro modeling was 
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phased out as Mike Roth finished his Ph.D. thesis on an agricultural sector 
model for Burkina Faso, Kinsey Savadogo finished his Ph.D. thesis on urban 
food consurption in Ouagadougou, Burkina Faso, and Ann Bukowski finished her 
marketing nargin analysis fcr a M.S. thesis. The last two were longerno 

supported by this project in Year 7.
 

Sothum/D'Mi] let Constraints 

The principal constraints analyzed in the farm level analysis were: 

a) vater availability; 

b) soil fertility; 

c) seasonal labor shortages. 

Research ProcEdure 
The principal research procedure was whole farm modeling (linear 

programming). The incorporation of risk into the modeling was begun in Year 
7 with Linda Ames' fieldw~ork. There was substantial interaction with the 
agricultural scientists in developing the coefficients for this analysis. 
Morecver, the results in Years 6 and 7 have been influencing the research 
strategies of the agricultural scientists in Burkina Faso. 

Problems in Achievirn objectives 
The principal problems are a) logistical, and b) human capital. 
Collecting the basic data and getting it into micro ccaputes has taken 

a lorg tinre in the field. Moreover, much educational activity is necessary 
to denonstiate to agricultural scientists the importance of rapid econcmic 
and whole faim analysis of potential new technologies as they beccme 
available. There are presently very few trained Sahelian econists working 
with the agricultural research institutions, so more workshops and specific 
training activities are necessary to build up the economic understanding and 
for the economists to obtain more advanced training. 

Project Output 
There was substantial publication of the Burkina Faso field and model 

results in Year 7. Many of these papers enphasized the profitability of the 
ccnbined innovations of a water retention technique (tied ridges) with low 
levels of inorganic fertilizers. The whole farm nodeling illustrated the 
further constraint of the seasonal labor availability for constructing the 
tied ridges. In the sumner of 1985. 45 mechanical ridge tiers were made 
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available to Burkinaba fanners. This inplement had been adapted for antral 

traction from the tractor inplement used for furrow diking in the Southern 

Great Plains (see Crojs and Soils Magazine, Nov. 1984, p. 27) by a Peace 
Corps volunteer working with IITA. The econonic analysis of this 

inplement carbined with tied ridges and noderate fertilization idnicated the 

labor savings, profitability, and the potential to extend the area in tied 

ridges (see Nagy, Ohm, et al., 1986 for details). For the heavier soils in 

the Salel as on the Central Plateau, the cobined technologies of tied 

ridges-n-oderate levels of chEmical fertilizers-and the animal traction 

ridger are jimmdiately available. Governental policy support would 

probably be necessary to facilitate .he introduction of this corplex, 

ccubiied technology. 

These innovations would substantially inprove the agroncaic potential 

of the envirorrent for the develogment of new cultivars. This would help 

resolve the breeders' dilemr of trying to develop cultivars for very 

adverse conditions, i.e., tolerance to low soil fertility and drought as 

well as the other nore conventional breeding cbjectives of high yields, 

disease and insect resistance, and eating qualities. Since it has been 

difficult to develop new sorghum and millet cultivars in the SAHEL, it may 

be necessary to first iroderately inprove water availability and soil 

fertility in order to obtain a return to the breeding activities. 

In areas with sandier soils, especially in much of Niger with less thani 
550 mm of rainfall per year, it will be necessary to lock for other water 

retention measures besides tied ridges. Collaborative work in Niger is now 

beginning with Dr. Jerry Eastin on this project. It is eqected that in the 

next two to five years scne alternative economic strategies for the sandier 

soils will be identified. 

Also in the final report on Burkina Faso (Nagy and Sanders, 1986) and 

in the Nairobi drought conference a review of the technologies evaluated on 

the Central Plateau was undertaken. One still unresolved policy dilemma is 

the need to carbine agronomic inprovenents to obtain an econcmic return in 

contrast with the observation that Sahelian and other developing country 

farmrers tend to adopt one input at a time. Sevczal strategies for 

governuvntal policies were suggested to facilitate the introduction of 

various ccmbinations of the new technologies. 
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Ne!ItC Ikinp Activities 

The conference papers rention6d last year were published tihis year. 
John Sanders provided the economic planning and wrote two papers for the 
Ouagadougou conference on "Appropriate Technolcgies for Fanners in Semi-Arid 

West Africa." (See the Publications section.) Also, papers were presented 
in the Naircbi drought conference of SAFGRAD, the Kansas Farniing Systems 
confe rence, the American Agricultural Econnics Annual Association meeting, 
and John Sanders gave several seminars in Niger to the INRFAN researchers. 

Information on on-fann trials and econcmic analysis was interchanged at 
these various meetings. The concentration with the INRAN scientists was on 
the potential for the adaptation of the Burkina Faso results showing the 
high returns to the carnbined water retention-noderate inorganic fertilizer 
input technolojy. Also the inportance of whole fan ncdeling to identify 
the constraints to increasing cereal production was stressed. 

Travel 

- Burkina Faso. July 30, 1985-April 1, 1986. Linda Ames. To work in 
the SAFGRAD-AID-Purdue Fanning Systems project to do the fieldwork for 
her Ph.D. thesis on the whole fan- modeling of technologiesnew on the 
Central Plateau of Burkina Faso. This research is relevant to a wide 

area in the Sahel countries where SAFGRAD works. 
- Niger. Three weeks during Sept.-Oct. 1985. John Sanders. Funded by 

the Niger Cereals Project tc lay the groundwork for increased 
collaboration with DECOR (the econanic unit) in INRAN (the national 

agricultural research institute). The objective was to build working 
relationships with the econonists and other agricultural scientists 

working in this Institute. 

Publications and Presentations 

Publications 
Adesina, Akin, "A Mathematical Programaning Analysis of Cereal Production, 

Marketing Policy in Niger and the Cross-Border Grain Trade with 
Nigeria," Unpublished M.S. Thesis, Purdue University, Deceiater 1985. 

Jaeger, W.K. and J.H. Sanders, 1985, "Profitability of Aninel Traction: 
Field Study in Burkina Faso," 
in H.W. Ohm and J.G. Nagy (eds.), 
AppriateTechnolcies for Fanners in Semi-Arid West Africa, Purdue
 

University, West Lafayette, Indiana, pp. 291-307. 
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Nagy, J.G., H.W. Ohm, I..L. Ames, and L.D. Schaber, 1986, "Analysis of the 
IITA/SAFGRAD Mechanical Ridge Tier," International Programs in 
Agriculture Staff Paper, Purdue University, February. 

Nagy, J.G. and J.H. Sanders, 1986, "Cereal Technology Developnent in the 
West African Semi-Arid Tropics--A Fanning Systems Perspective", Final 
Report of the Burkina Faso Project, Purdue University, West Lafayette, 

Indiana.
 

Roth, M., 1986, "An Fconanic Evaluation of Agricultural Policy in Burkina 
Faso, West Africa: A Sectoral Modeling Approach," Unpublished Ph.D. 
dissertation, Purdue University, West Lafayette, Indiana. 

Roth, M., P. Abbott, J. Sarders, L.McIinzie, 1986, "An Application of Whole 
Farm M3odeling to New Technology Evaluation, Central Mossi Plateau, 
Burkina Faso," IPIA Staff Paper, Purdue University, West Lafayette, 

Indiana. 
Sanders, J.H. and N. Roth, 1985, "The Develorent and Evaluation of New 

Systtrs of Agricultural Production: Scne Field and Model Results fram 
Burkina Faso for Tied Ridges and Fertilization," in H.W. Ohm and JG. 
Nagy (eds.), _opriateTchnologies for Farners in Semi-Arid West 
Africa, Purdue University, West Lafayette, Indiana, pp. 326-337. 

Sanders, J.H., 1986, "Agricultural Technology Develogaent in Burkina Faso," 
in Chapter 12 of Y. Moses (ed.), Proceedings African Agricultural 
Developmrent Conference: Technolo, Ecolc, and_ Soie California 
State Polytechnic University, Parona, California, pp. 97-99. 

Sawadogo, K., 1986, "An Analysis of the Fconcmic and Socio-Denographic 
Detenirnants of Household Food Consu-rtion in Ouagadougou, Burkina 
Faso," Unpublished Ph.D. dissertation, Purdue University, West 
Lafayette, Indiana. 

Sawadogo, K., 1985, "Food ConsuTption Analysis and Related Parameters for 
Ouagadougou, Burkina Faso," 
 in H.W. Ohm and J.G. Nagy (eds.),
 
Appopriate Technologies for Fanners in Semi-Arid West Africa, Purdue
 

University, West Lafayette, Indiana, pp. 338-350. 

Presentations
 

Nagy, J.G., L.L. Ames and H.W. 0hm, 1.985, "Technology Evaluation, Policy 
Change, and Fanner Adoption in Burkina Faso," Paper presented at the 
Fanning Systems Symposiun, Kansas State University, Manhattan, Kansas. 
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Nagy, J.G. and L.L. Ames, 1986, "Evaluation of New Technologies in Burk;na 
Faso Using Whole Fan x Paper presented at the AnnualModeling," 

Conference of American Agricultural Econarnists. 
Nagy, J.G., J.H. Sarders, H.W. Ohm, and L.1,. Ames, 1986, "Technology 

Develogrient to Increase Cereal Production in the WASAT," Paper 
presented at a SAFGRAD Conference on Strategies for Drought, Nairobi, 

Ken.a.. 

Changes in Year 8 
In Year 7 the principal emphasis %ason finishing the field research in 

Burkina Faso. In Year 8 field research efforts are being shifted to the two 
INTSOR4IL priority countfies of Niger and the Sudan. 
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1986 Country Reports 
The Sorghum/Millet CREP has developed a structure by which a U.S. 

Principel Investigator serves as a country coordinator. The country project 
carries with it a budget which is passed through to the national program in 

support of local research and short tenn training activities. The country 

program corncept was developed to encourage mu)tidisciplinary collaboration 

at each of the international sites. The country coordinators are 

responsible for encouraging and developing this multidisciplinary 

cocperation. 

FurIs from the country project budgets have been very useful in 

providing support for host country collaborators to visit counterpart
 

programs in the United States, to cbtain scarce research supplies in support 

of host country research, to purchase equipment to facilitate collaboration 

and to provide sane limited recurrent research costs necessary to iaplement 

CRSP research in the country. 

The country research progress reports also document the level of 

research collaboration that is taking place within a country program. It is 

significant to note the level of collaboration that is taking place. It is 

also inportant to note that the country reports in this document reflect 

joint planning, joint inplementation of research and joint publication ot 

research results. 

The progress in this program is reflective of the interest and 
cocp-rative spirit that has developed between the U. S. researcher and the 

Host Country researcher unier the collaborative node. 
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SORGHUM/MILLET CRSP COLLABORATIVE
 

SITES WORLDWIDE 

Ktoe 
West Africa
 

Niger
 
Mali
 

~Senegal Burkina Fasp
 

CAmerica, Mexico
 

Cari bbean 
 Asian Subcontinent 
Honduras 
 Africa
_East India
Dominican Republic 
 Sudan Philippines
 
MexicoKey
 

TanzaniaS. America 


Brazil
 
Colombia/CiAT
 
Paraguay 
 Southern Africa
 

Botswana
 



ASIA 

David J. Andrews 

University of Nebraska 
Collaborative Program 

Sorghum and pearl millet are major food cereals in India and Pakistan 

and have scwe potential as food or feed crop components in cropping systems 

in drier areas in east Asia, Indonesia, and the Philippines. Production 

levels are lcw in India/Pakistan. The main constraints are lack of 

nutrients, limited and untimely cultivation practices, pests and diseases 

an- sanetines misture shortage. 

Opportunities to develop bilateral research projects exist using USA2ID 
(De]hi) and FERRO funding. 

Sorghum/Millet Constraints Researched
 

None undertaken in Pakistan and India (apart from those with ICRISAT).
 

Mutual Research Benefits 
Mutuality would depend on project selected, but would be emphasized. 

Institution Building 

Host County Scientist Visitin U.S. 
- Dr. Dely Gapasin, Director, Crops Research PCARRJ, Los Banos, 

Philippines, visited the University of Nebraska and Purdue University. 

U.S. Scientists Visiting Host Country 
- Dr. Jerry Maranvilie, sorghum physiologist, NU-121, Philippines. 
- Dr. Dale Anderson, agricultural econaiics, IIU-117, Philippines. 
- Dr. George Pfeiffer, agricultural econcmics, NU-117, Philippines. 
- Dr. Jerry Eastin, sorghum physiologist, NU-116, ICRISAT, India. 
- Mr. Bill Stegmeier, millet breeder, KSU-101, International Millet 

Workshop, India. 
- Mr. David Andrews, millet breeder, NU-118, International Millet 

Workshop, India and USAID-Delhi. 
- Dr. Lloyd Rooney, sorghum and millet grain quality, TAM-126, 

International Millet Workshop, India. 

Nebworking 

Results in India would be disseminated via all India coordinated 
sorghum and millet projects, in the Philippines via PCARRD. 
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General Ccaeents 

INTSO I4L scientists need to act on USAID Delhi's offer of funding 
travel to India to develop mutually appropriate research projects with 

Indian scientists, which USA]D (Delhi) and the FERRO office are inteestEd 

in funding. 

Philippines projects are reaching tenn and there are no furtner plans 

for funded research. 

Many research firdings, particularly those developed in north India, 

are relevant to Pakistan. 
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BOTSWANA
 

L.V. Withee
 

Kansas State University
 

Collaborative Program 

Sorgjhum/milJlet production is risky enterprise Botswana ofa in because 

the scant and variable rainfall. During Year 7 rainfall was less than half 

of average - about 200 mm - at the principal research site. Drought is 

frequent; five to seven years out of ten rainfall is 250 mm to 400 rim. 
Traditional production practices reflect the high risk-lav yield 

expectations of the Inlners. Because crop production is risky, capital 
invested in agriculture usually goes for cattle production. A great deal of 
the work required to produce crops is done by wcnien while the men are 
involved with the cattle criterprise or seding labor remote from the home. 

Menorandun of Unders tandirU 
The Menoranrtumi of Understaring was ccuploetd in 1983 and stipulatrd 

that INTSORAIL would. supply a senior and a junior scientist for 
collaborative research with the Department of Agricultural Research (DAR), 
G.O.B. According to the tenas of the MOU. two scientists, Douglas Carter 
and Wayne Younrquist, have served in Botswara since April 1984 supported by 
INTSONaIL, DAR and by the Agricultural Technology In%rovenent Project 
(ATIP), a' fanning systQes research/extension project with Kansas State 

University as the lead institution. Youngquist and his wife Joan, a 
graduate research assistant supported by the NU-113 project, ccrpleted their 
service in Botswana and returned to the University of Nebraska in April 

1986. 
In June 1986 L.V. Withee traveled to Gaborone and arranged for an 

amerndment to the YOU that would provide for a second scientist placedto be 
in Botswana. The position that Wayne Yourngquist occupied was originally 
planned to tenninate after two years. 

Otler Oprtunities 

-n retrospect it might have been more effective to have one scientist 
in Botswara initial two years to deal with the offor the one or problems 
initiating studies under new circunstances and in ncw envirorments and then 
to have two scientists there to continue the work. The preserce in Botswana 
of ATIP is a fortunate circumstance. There are two agronamists on the ATIP 
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team with whom INTSO91IL personnel have collaboratEd. The experience of 
ATIP personnel with close collaboration with farners gives them insight into 
constraints to sorghum and millet production which are shared with INTSORqIL 
personnel. 

Sorghum/Millet Constraints Researched 

The drought of the previous four years continued into Year 7 and as a 
consequence yields of grain were, with few exceptions, less than 500 kg/ha. 
As an exanple, in one experinent at one site average yield of sorghum for 
all treatments was 140 kg/ha. At another site only sorghum stover was 
harvested and average yield was 502 Kg/ha. Under the low rainfall 
conditions prevailing, experimental results have been very variable. 
Nevertheless sane generalizations nay be drawn from the data. 

Applications of nanure and/c:r crop residue (stover) which influence the 
intake of rainfall and availability of soil water increased yields. Manure 
by itself was effective and in ccrb ination with stover was n-ore effective 
than when used alone. 

Under moisture stress conditions studies of dates of planting and of 
plant populations gave erratic results.
 

Short. season varieties of sorghum appeared to be advantageous.
 
A popular local variety, Segaolane, gave larger yields than other local
 

varieties and denonstratEd drought tolerance. It nay be an inportant
 
variety in the breeding program for years to come.
 

With deficient soil 
 oisture the effects of rotation were negligible 
but where noisture was rore nearly adequate, i .e., where average yields were 
greater, the beneficial effects of rotation were measured. The sane was 
true for respoise to nitrogen fertilizer. 

Local varieties of sorghum differ in their potentials for producing 
grain and stover and the two potentials are not correlated. 

Mutual Research Benefits 
Botswana is an excellent place to screen sorghum varieties for drought 

tolerance and nay be a source of germplasm with drought tolerance as well as 
other desirable agronanic characteristics. Given tine, the collaborative 
relations between personnel of the Agricultural Tcchnology Inprovement 
Project will prle mutually beneficial with ATIP identifying problems for 
research and INTSORWMi doing nore intensive research than is possible with 
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the production experinentation of ATIP. In turn, relevant research by 
INTSOR IIL may berief it grain producers in Botswana and also provide 
experiere for scientists such as Douglas Carter and Wayne Youngquist who 
plan professioial careers in which they will probably serve elsewhere on 
agricultural develolment type projects. 

Institution Building 

Durirg Year 7 a Mettler balance with accessory equir.-nt for autaflated 
recording of data was purchased. Software and bocks were purchasEdi to 
increase the capability to process data. 

On the staff at ARS Sebele as technical officers are the followirx 
whose education in U.S. universities was slponsored by INTSORaIL: Lucas 
Gakale, Ph.D., Agroncmy, University of Nebraska, now servirg as acting chief 
of Arable Crops Research Division, DAR; Chris Manthe, Ph.D., Entcrol.ogy, 
Texas A&11 University; Baikibile Motalaote, M.S., Plant Pathology, Texas A&M 
University; Elijah iVcdiakgotla, M.S., Agroncay, Kansas State University, 
serving with ATIP at Mahalapye. 

Drs. Pichard Varderlip, KSU-106, and Max Clegg, Nt-113, were in 
Gaborone January 6-20, 1986 to consult with INTSORMIL and ATIP er.sonnel. 

Dr. Cary Odvody, plant pathologist of TAl-128, traveled to Gaborone, 
Botsuana; Lusaka, Zanbia; and Harare and Bulawayo, Zinbabwe March 22-April 

9, 1986. 

Mr. David Andrews, millet breeder of NU-115, traveled to Gaborone, 

Botswana; Lusaka, Zambia and Harare, Zinbabwe March 22 - April 3, 1986. 
Dr. L.V. Withee was in Gaborone, Botswana and Bulawayo, Zinbabwe June 

1-14, 1986, consulting with Dr. Doug Carter and personnel of DAR, ATIP and 
USAID/Botswana about a second INTSOR4IL position at ARS Sebele. i1 also 
consulted with Dr. Martin Kycnio, Director of SACCAR, at Sebele and with Dr. 
Leland House of ICRISAT Bulawayo regarding an INTSO1I4IL, ICRISAT, SACCAR 
joint regional workshop iin April 1987. 

NU-115/118 Year 7 Activities in Botsvwaa 
David Andrews nt with Louis YMazhani, sorghum and millet breeder at 

Sebele research station, who outlined his breeding cbjectives. As a result 
of previous visits under Project NU-115 and the Botswana sorghum collection 
previously sent to Dr. Ross, we were able to ccirulement the breeding 
objectives in the area of developnent of adapted .seed parents by sending 
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segregating material frc crosses made at the University of Nebraska between 
U.S. B-lines and Segaolane -- a wjidely popular Botswana food quality variety 
which itself is a B-line. Scuj 36 selections were made out of the 119 F2 
and F3 populations sent to Sebele in Octcber 1985. Further material is 
being developed to support the Botswana breeding program, including the 
provision of very early maturing, cold resistant genrplasm for the 
situations where planting rains come too late for normal varieties to 
mature. Plans for more rapid inprovement of the released pearl millet 
variet- Serero 6A, which ncw contains a considerable level of introgression 
with local varieties, were developed with Louis Mazhani to use the off
season facilities now available fron the ICRISAT regional center at 
Bula ayo, Zinbabwe. 

Networking 

Two pathways for spread of research results exist. The first is 
through the Ministry of Agriculture (MOA); both the Department of 
Agricultural Research and the Department of Field Services (Extension are 
in the MOA and custanary procedures prevail for transfer of information. 
The second pathway is through ATIP which works directly with groups of 
fanrers in two locations. ATIP also has a Research Extension Liaison 
Officer, Dr. Curtis T1rent, within the NOA whose responsibility it is to 
inprove the flow of information from researchers to extension field men and 
to farmers. Hence collaboration of INTSORMIL with ATIP provides a pathway 
for extension of results. 

General Comments 
By fortunate coincidence, Dr. Martin Kycrio, Director of SACCAR, is 

located at ARS Sebele in an office provided by DAR. Dr. David Gollifer, 
Director of DAR, is also at Sebele and is Chairman of the Consultative 
Technical Ccmmittee consisting of directors of research in SADCC countries. 
By means of these connections INTSOR4IL can relate to the ecogecgraphic zone 
a d the host country. Tho circumstances should be borne in mird. INTSOMIL 
has, at present, only one scientist in Botswana with plans for a second to 
be located there. Research in Botswana is at locations where the climatic 
constraints of low and erratic rainfall and high potential 
evapotranspiration make crop production a marginal enterprise. Other sites 
should be considered. 
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Located at Bulawayo, Zinbabye is the ICRISAT satellite station devoted 
to research on sorghum and millet, particularly the breeding of these crops. 
ICRISAT has planned a training program both for the graduate education of 
new scientists and for continuing education of tecimicians and scientists 
working with sorghum and millet in SADCC countries. INTSO'IhIL cocperates 
with ICRISAT in this training endeavor and plans to cortinue to sponsor the 

graduate training. 
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BRAZIL 

R.A. Frederiksen
 

Texas A&M University
 

Collaborative 	Program
 

Collaborative research 
 is being done in the areas of mineral nutrition, 
host resistance to acid soils, insect resistance, disease resistance and 

plant breeding. 

The rMerorandwi of Agreement, drafted 12 August, 1983, calls for 
cooperation in all possible ways to further ntual interest and objectives. 
It was also agreed that a specific plan of work and budget would be drafted 
and 	 approved on an annual basis. In 1985-86 there was a breakdown in 
comnunications with 	Brazil and this is to same extent cont-nuing. No small 
part of the problem was caused because R. Frederiksen was on sabbatical 

leave during 1985-86 and did not travel to Brazil until August 1986. Since 
then the program appears to be returning to normal. The temporary 
termination of funding for programs in Brazil should stinulate new sources 
of funding because there are many nutually beneficial goals.
 

Q~hfj- Prgpigi apd q gtp~iDth-p 
In Brazil there are great opportunities to evaluate new and different
 

levels of disease resistance in sorghum. The most valuable will 
be the
 
detection of dilatory resistance to anthracnose. Anthracnose can be a major 
disease in most of the more humid sorghum growing tropical and semi-tropical 

areas of the world. Since new races of the pathogen appear at regular 
intervals, much better types of resistance are necessary for the breeding 
progranE. We propose to select for dilatory resistance in Brazil and 
evaluate it in Texas, Puerto Rico, and Georgia as well as in regions of
 
Eastern and Southern Africa. The gravity of rust and ladder spot, two other 
foliar diseases, will permit extended work on selection for resistance and 
evaluation of resistance to these diseases as well. 

Sorghum ridge damages sorghum in the major sorghum growing regions of 
the U.S. and in most sorghum growing countries of the world. Jose Waquil, a 
recent Texas A&M graduate now working at Sete Lagoas with EMBRAPA, will 
permit a natural extension of collaborative work on this key pest. 
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Brazil has more hectares of acid soils than any other country in the 
world. The improvement of sorghum as both a grain and forage for scne of 
these soils has treerdous potential for Brazilian agriculture and of course 
is a natural extension of the lMrSOW4IL work done in Colcbia at CIAT. 

Sorghum Constraints Researched 

Carlos Casela and Alexardie 

report 

Ferreira (EvBAPA) reported on the 
detcction of horizontal resistance of sorghum cultivars to anthracnose. 
This was achieved by growing several different cultivars in several 
locations in Brazil with anthracnose. Those resistant at all locations were 
declared to have horizontal resistance. Ferreira and Casela also 
that there are several races of Colletotrichum Qiaminicola in Brazil. These 
are identified using essentially the sane set of differential varieties as 

usod! previously. 

Jose Waquil and G.L. Teetes (EMBRAPA and Texas A&M), reported on the 
damage caused by the sorghum midge. Sorghum midge is a key pest of sorghum 
in the U.S. and Brazil. Information on the extent of damage and losses 
provides the necessary thresholds both for evaluation of host resistance and 
for the application of resticides to avoid econcmic losses. 

Pedro Furlani and C.R. Bastos (Canpinas) have learned that the 
inheritance of resistance to acid soils in sorghum is sinple. This suggests 
that breeding for altuninui resistance in sorghum may be quite sinple, 
particularly considering the variety of new scurces identified by INTSOR4IL 

workers in Colcbia. 

Institution Building 

Most of the fundls allocatEd for research in Brazil were spent on 
special equilnrent and supplies not available in Brazil for research in 
reccmbinant DNA and other bioteahnical areas. This equipment will provide 
new techniques for studying constraints that are of mtual interest. Jose 
Waquil has returned and is working on sorghum midge in Brazil. Both A. 
Ferreira and C. Casela, visitors in 1985, are continuing their collaboration 
on sorghum diseases. P. Viana, currently the FMBRAPA counterpart to 
INTSORAIL's country coordinator, was a visitor on two occasions in 1985. R. 
Furlani, a and visitor,plant nutrition graduate, has a major interest in 
research in sorghum tolerance to aluminum. These are exceptionally capable 
and dedicated scientists working toward the reduction of sorghum 
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constLaints. Lynn Gourley and Catalina I. Flores visited with several 

Brazilian workers in August of 1985. 

Networking 

The Brazilian Congress of Sorghum and Maize workers has provided an 
excellent fonvat for the dissemination of technical information on these 

sorghum research areas for Latin America. 

General Cxmwents 

One of the most valuable aspects of INTSO91IL is the opportunity to 
include all sorghum workers in a glcbal franework. This aspect is different 
frc research collaboration in that we benefit fron research done in Brazil 
as well as do other collaboratcns in LDC's. Much of the work on stress 
resistance in Brazil has great potential benefit for other regions, just as 
research done in the U.S. benefits other sorghum production programs. 

Clearly, the Brazilian researchers do not need "expert" advice fram the 
U.S., rather they collaborate on a very equal basis and to sane extent are 
supplying a greater proportion of heir energy toward solutions to 
agricultural problems. Our nodest involverrent with EMBRAPA in particular is 
an extrenmely beneficial etbod of disseminating this enthusiasm and success 
to other regions of the world, particularly Africa. 
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FURKINA FASO 

John Sandeis 

Purdix- University 

Collaborative Program
 

Production and Utilization Constraints
 

Water availability
 

Soil Fertility
 

Seasonal labor availability 

The above constraints are interrelated. Introducing a series of 
technologies to siml.tanecusly reove these three constraints has been 
den-onstxatcd in Burkina Faso to have a very high return. There is a 

prEctical difficulty of introducing a series of technologies together since 
faimers nozmally adopt one thing at a tine. Hence, scme governnental policy 
intervention would prciably be necessary to facilitate the ccrbined 

introduction of a series of new technology cacponents. 

With the introducticj of these technologies, there wou'd be an 

inprovenent in this normlly harsh envirorment of irregular and often 
inadequate rainfall and low soil fertility. Carbining tied ridges with 

moderate fertilization would reduce the riskiness of the latter and 
their 
ccnibined effects have been shown to have a large effect on yields and 

profitability. Thus, breeders could concentrate on cbjectives other than 
drought and low soil fertility tolerance. The final report for the Burkina 

Faso project discusses those constraints and governental policy 
alternatives in considerable detail. 

Menorandum of Aeirent 

INTSOR4IL Project PRF-105 was being phased out of Burkina Faso in Year 
7. The priority countries are now Niger and the Sudan following INTrSOR4IL 

errphasis and other political factors. The min inportance of Burkina Faso 
to the INTSORhIL EconriJcs (PRF-105) project in Year 7 was the relevance of 
the research results to a wide range of the Sahel area. Since fann-level 

research on new technologies has been going on for over five years in 
Burkina Faso, it woas considered critical to continue and publish these 
results because of their relevance to the Sahel. In the future, it may be 
possible to resuie the close ties with IBRAZ (the national agricultural 

research organization of Burkina Faso). 
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Sorghum/Millet Constraints Researched 
Research Pro res 

The research focus was on the profitability and the fit into fanners' 
systenis of production of new technolcgy ccmponents to overcome the thzee 
prircipal constiaints mentioned in the first section. Tied ridges with 
moderate fertilization and the use of the anial-tzaction ridger turned out 
to be a highly profitable innoiation. The water-retention device reduced 
the ziskiness of the chanical fertilizer use, The aninal-traction ridger 
overccmes the seasonal labor constraint for tying the ridges during the 
first weeding reriod. The effects of the individual ccaponents and 
different strategies that host country govenrnents might .nplernent to 
facilitate the introduction of these technologies alsowere systematically 
evalua ted. 

Econcxic nodeling helped identify the critical constiaints and 
infuenced the research strateies. The modeling was standard linear 
programing with same sensitivity analysis. 

Mutuality of Research Benefits 
The applicability to U.S. research is in the relevance of sinple 

modeling evaluation of new technologies. Also the separate vs. ccmbined 
inpact of the various new technologies is a relevant problem in evaluating 
the inpact of potential technologies in other regions. 

Institution Building 

_ ui nt, Materials 

A micioccerputer was left by Mike Roth in the Ministry of Agriculture of 
Burkina Faso. The Purdue Fanning System Project in Burkina Faso also left 
vehicles and equipment for the SAFGRAD regional unit in Burkina Faso. 

Trained Host Courtry Researchers 

Baya Toe, M.S. 

Paul-Francois Carpoaze, M.S.
 

Kinsey Savadogo, Ph.D. 
All three Burkinaba Agricultural Econanists had most of their training 

paid for by the Purdue Fanning Systems Project but all benefited from 
INTSOW41L research activities and Kinsey received sane INTSORWIL research 
support. Baya and Paul are presently in the Ministry of Agriculture in 
Burkina Faso. Kinsey has returned to the University of Ouagadougou. 
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Networking 

Mhe principal nethod for networking the improved agronanic technologies 

was the Ouagadougou confererce on developing appropriate technologies in 

semiarid West Africa. Pesearchers from major institutions all over West 
Africa cane to this conference (see the references in the thereport on 

INSOIIL Econaiics Project, PRF-105). 

Also intensive distribution of conference papers and other field 

reports was urdertaken to a large mailing list in West Africa and to U.S. 

goveimnent officials and academics concerned with Africa. 

General Caments 

Reccaunerdations for Future Collaboration 

With the present political situation, it is extrenely difficult to 

continue research or even contacts in Burkina Faso. When this situation 

changes, it should be possible to resume contacts with IBRAZ and the 

University of Ouagadougou. 

Relevance of Burkina Faso Research 

The prine country in this region is Niger. In most of this country 

there is less rainfall and soils are sandier than in mach of Burkina Faso. 

Hence, the research results on tied ridges aid moderate fertilization are 

wore relevant to large areas of Mali and sane of Senegal where the rainfall 

is between 550 to 800 nmnVyear. Nevertheless, the same concept of first 

locking for the agroncnic inprovenent technique to retain or conserve nore 
water, then using moderate chemical fertilization is considered to be 

relevant in the lower rainfall regions (< 550 m) as in most of Niger. 
Moreover, after extensive testing of alternatives to inorganic 

fertilizers in Burkina Faso, we believe that these technologies tend to be 

either infeasible technically or econaically. This is considered to be 

relevant to the continuing research on such alternatives to organic 

fertilizers as: radlch, manure, "green manure", rotations with legumes. 

The najor emphasis, however, is to first search in the semiarid regions 

for ncderate economic inprovenents in water availability and soil fertility. 

Then the breeding program should be aimed at these ixproved envirornments. 

Trying to find a breeding solution to all the conditions of the harsh 

enirorment of the Sahel has not been very successful in the last 20 years 
of breeding work for cereals and is not expected to be very successful in 

the future. 

331
 



ODLWBIA 

Lynn M. Gourley 

Mississippi State University 

Collaborative Program 

Production and Utilization Constraints
 
Outside of the fertile mountain valleys, 
 the major sorghum production 

constraints in Colcbia are drought in the northern Atlantic coastal states 
and acid, infertile soils in the eastern plains. Colcbia has about 70 
million hectares of acid soils or 57% of the total land area. These 
unproductive soils contain tcxic levels of aluminum (Al) high enough to 
inhibit the growth of all major cereal crops. These soils contain 
inadequate quantities of N, K, Mg and severalP, Ca, trace elemnts for 
nonmal crop production. Traditional high-input agricultural practices have 
not been sucoessful in the acid soil areas of Colobia due to the high cost 
and inequitable supply of production inputs for rescurce-poor farmers. Low
input technology requires the use of Al-tolerant cultivars and careful 
managenent of the types and quantities of soil anndments used. 

Birds are probably the second nost serious constraint to sorghum and 
mi let production. Bird resistant, high tannin cultivars are used in most 
areas of Colombia. Pearl millet is not presently grown in tje cuui~xy, but 
birds will be a problem if the area planted to this crop is increased. 

Sorghum diseases are a potential production constraint. Sorghum downy 
mildew is not found in Colcarbia, but anthracnose, charcoal rot, grain irolds 
and other leaf and stalk diseases can be a problem in the high rainfall 
areas. 

.ArTyworms and stalk borers contribute to production losses, and are 
potential serious constraints. 

Memorandum of .reeent
 
Research in Colcabia 
 was formally initiated by a MeUrorandum of 

Intention signed by the Directors of INI'SORAIL, ICRISAT and CIAT in 1981. 
CIAT invited INTSO1?4IL to conduct research at its facilities after the 
question of mandated crop species had been withcleared ICRISAT. A 
Memorandm of Agreement between the National Program of Colimbia (ICA) and 
INTSOIMIL has been prepared but not signed. A fornal ICA-INTSORM MDA will 
be sought next year. 
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Other Prcilems and O portunities 

The collaborative research effort with ICA is a strong informal 

agreEment. The National PrograT of Colcmbia would like to sign an MOA with 
INTSOMIIL, but ICA officials have also stated that collaboration will 
continue even if no agreenent is signed. The selection of the International 

Center, CIAT, as the operational headquarters for the prime site research 
has been ideal. The student training program and CIAT's outreach programs 
throughout Latin America keEps INrSOW4IL's sorghum and millet research very 

visible. 

SorghurVMillet Constraints Researched 

The major thrust of the research effort in Colcnbia is to screen and 
evaluate sorghum and pearl millet genrplasm from world collections and 
INTSORWIL breeding programs for sources of tolerance to low levels of 
phosrhorus and high levels of Al tcKicity. Much of the research effort 
concerns cultural practices. Using the low-input pli]osoLay, a higher than 
normal level of management is required to insure that the fertilizer inputs 
applied to the plant growing in tjis tropical environment are econaically 

efficient. 

Sorghum and pearl millet genotypes are selected based on their ability 

to produce an econo-nic return of grain with a mininum input of lime and 

phosphate fertilizer. 

Research pro9ress 

Sufficient high yielding Al-tolerant sorghum cultivars have been found 
in the portion of the world sorghum collection evaluated to conduct regional 
acid soil yield trials. These cultivars will produce from 2-5 t/ha grain in 
soils of 4.5 pH and 65% Al saturation. These trials have been distributed 
throughout Latin America and to several acid soil areas in Africa and Asia. 

Improved Al-tolerant lines are being developed to produce acid soil 

tolerant hybrids. Four pairs of Al-tolerant A-lines (male sterile) and B

lines (maintainer) have been released by the Mississippi Agricultural and 

Forestry Experinrent Station as genrplasm. These lines were screened and 

developed in Colombia by the INTSORAIL projects there. 

Pearl millet is not grown in Colcbia. The pearl millet genrplasm 

evaluated for acid soil tolerance has been found to be tolerant to a higher 

level of Al tcvicity and to a lower level of soil phosphorus than sorghum. 
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This finding has encouraged ICA to evaluate pearl millet as a forage and 
grain crop for the acid soil regions of Colombia. 

Mtuality of Research Benefits 

This research will benefit both Colcmbia and the U.S. in several ways. 
Al-tolerant genmplasm will help increase sorghum production in acid soils in 
both countries with less soil amerdment inputs. Al-taxic subsoils in scne 
areas of the Southeastern U.S. are a constraint to sorghum production. In 
Colombia the problem is more severe throughout the soil profile and acid 

soils cover a much larger area than in tie U.S. 

Another major benefit to the U.S. will probably be through ccnmeicial 
seEd companies. Multinational secd corpanies will use the proven Al
tolerant genaplasm for hybrids in their overseas operations. Spinoff 
inpirvement of U.S. hybrids will cone if there is a large enough market 
demand. The demand for the inproved varieties and hybrids in Colcrbia and 
throughout Latin America should be large for these food and feed grain 
deficient countries. 

Institution Building
 
Research support provided due
furds to ICA have been limited to a 

limited operations budget. Both MSU-111 and MSU-104 have provided travel 
furds to ICA sorghum workers for planning meetings, short-tern training and 
vildits to breeding nurseries. Tours for sorghum researchers from national 
institutions and private seed ccmpanies in South America have been corducted 
to the Al-tolerance field screening nursery at CIAT-Quilichao. Project MSU
111 donated 20 bags of fertilizer to ICA for research at the La Libertad 
station. Soil analyses for ICA are being conducted at CIAT via IDTVSOREIL 
for the collaborative research. 

Five Colcarbian students are in training at INTSOFMIL universities, two 
at Mississippi State, two at Nebraska and one Purdue.at None have 
ccpletd their training. 

The ICA Sorghtu Coordinator, Dr. Hernan Gaviria E., visited sorghum 
research sites in Texas. The principal ICA acid soil sorghum breeder, Mr. 
Cesar Ruiz, started his M.S. training at Mississippi State University. Dr. 
Charles Berry, Cargill, consulted with MSU-I11 PI about INTSORMIL research 
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in Colombia. Lynn Gourley, MSU-104 PI, made three trips to Colombia this 
year to corrIuct winter nursery activities and to coordinate prime site 
research. 

Three students in the INTSOFMIL training program have or are conducting 
research in Colombia for their advanced degrees. This type of training in 
the lost country will be increased in the future. 

Networking 
INI'SOR4IL is informally linked with every country in South America in 

which CIAT corructs research. The project PI for MSU-I11 has participated 
in CIAT training programs which provide free educational linkages with 
students throughout Colcr-bia and other countries. We have cooperative 
research linkages established with ICA-Colcnbia, EMBRAPA-Brazil, FONAI-AP-
Venezuela and INIPA-Peru in the major acid soils areas. Through these 
associations and INTSORWIL staff visits germplasm and information are 
exchanged. The MSU-1l1 PI attends field days at caruercial and ICA research 
sites in Colorbia, visiting with farmers and other sorghum workers about 
I1I'SORIL arx- our research cbjectives in Coloabia. ICA National Program 
staff and CIAT farming system specialists further spread the word about our 

work.
 

The ICRISAT/INTO1IL Identification Handbocks on insects and diseases 
(Spanish version) are being distributed to sorghum researchers and students 
throughout Central and South America. The Acid Soils Sorghum Workshop 
proceedings will soon be published in Spanish and English and made available 
to Latin Aerican and other sorghum scientists around the world. 

A potential problem with networking in Latin America is not a lack of 
networking activities, but the lack of tine to visit all of the sites 
requesting assistance. Sore countries feel they are being left out or not 
getting their share of INTSOIAIL's time and attention. 

General Carnents 

INTSOR14IL as an internationa. organization is better able to become the 
collaborative glue holding the Latin Anerican National programs in a loose 
cooperative, directed program than any other organization. Occasional 
workshops provide researchers in National Programs the opportunity for 
recognition among their peers. This helps create enthusiasm and the 

possibility to attract outside funding for their fund-starved programs and 
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perhaps leverage our INTSOMIL furds. MYbre bright young scientists can be 
spotted for advaiced training with this approach. The two best, rrost long 
lasting efforts to irrprove collaborative research are workshops and advanced 

degree training. 

Another reccanuerdation would be contacts with regional organizations 

such as the Andean Pact and Southern Cone country meetings. Even joint 

agrewnents with these organizations might help provide funds for wore 

regioikal efforts. A signed MOA with ICA would also formalize the 

collaborative effort with this Prine Sihe National Program. 

Colcrrbia is not a perfect host country or prine site, but her National 

Program staff will aid us in our efforts and her industrious farmers will 

apply INTSOTiIL gernplasm and technology if it produces an econcnical 

return. Colcrnbia is a developing country that wants our help. The National 

Program, ICA, is willing to share any gemnlasm that is developed jointly 

with I!.FSOR41xL with other countries in the Zone. The Seed Unit at CIAT has 

agreed to increase and process seed for the region. Colcnbia is a veiy good 

site for acid soils research. 

Some of the sorghum diseases observed in Brazil, Venezuela and Peru are 

not known to exist in Colcubia. Brazil should be retained as a collaborator 

for pathology research and ENBRAPA scientists are also good collaborators 

for the acid soils research. 
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DOMINICAN REPUBLIC 

Ralph Neild
 

University of Nebraska
 

Principal Investigator
 

Ralph Neild, University of Nebraska 

Other Researchers
 

Joanne Logan (U.S.) stationed in Dcminican Republic
 

Rafael Perez Duvezge, HosL Country 

Collaborative Progran
 

Institutions Irvolved
 

Collaboratin9 
 Host Country: Dcminican Republic, Secretary of 

Agriculture 

U.S.: University of Nebraska
 
Linka~es: 

C.E.S.D.A. Southern Agricultural Research Center, Secretary of 

Agriculture, Dcrninican Republic 

Ecpgeographic Zces Benefited Most by Research 

Caribbean Basin - Tropics East Asia 

Project Output 

Research Finding 

Field tests have identified six white sorghum varieties well suited to 

the Dcninican Republic. They are being nmultiplied and distributed to 

various extension organizations. 

An appropriate technology package has been developed for small farmers 

who wish to produce white sorghum. Included are plant densities,
 

fertilization rates, and cropping systens with legumes such as cowpeas. 

Agroclimatic procedures have been developed to detenine and evaluate 

the growing seasons for sorghum and the potential for sorghum as a relay or 

sequence crop in multiple cropping systens. 

Networking 

- Workshops 

Workshop on Agroclimatology and Meteorology Octcber 14-17, 1985 

sponsored by INTSORMIL, Peace Corps and Secretary of Agriculture at San 

Cristcbal, D.R. has been published in Spanish. 
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- Research Investigator Exchanges 

Trip by Rafael Perez Duverge to CLAIS meting in Costa Rica. 

Trip by Lorenzo Aceves-Navarro - NU-8 student from Mexico to present 

his M.S. thesis results in D.R. 

- GeUTplasm and Research Information Exchange 

Trips by David Andrews, NU-115, to winter nursery in D.R., resulting in 

gennplasm exchange and training in plant breeding strategies with staff of 

CESDA.
 

- Research equipinent ard] support 

1985 Dodge Ram Charger, a head thresher, plot thresher, IBM-PC 

Caputer, plant breeding supplies, sorghum extension publications and 

subscription to a scientific journal have been provided at CESDA. 

Software program and training have been provided on the operation and 

use of the IBI-PC Ccrrputer. 

Travel 

- Dominican Republic. Octcber 1985. Lorenzo Aceves Navarro. Workshop. 

- Costa Rica. Noverber 1985. Rafael Perez Duverge. CLAIS meeting. 

- Dominican Republic. February 1986. David Andrews NU-115. Sorghum 

winter nursery. 

- Dominican Republic. March 1986. Ralph Neild. Project review. 

- U.S. Joanne Logan. November 1986. Present paper at Agronay Society 

meeting. 

Publications and Presentations 

Twelve monthly reports by Joanne Logan to administration of INTSOR4IL and 

Nebraska Agricultural Experimrent Station. 

First National Workshop on agroclimatology. 

Agroneteorology - INTSORvIL, Peace Corps and Secretary of Agriculture, D.R., 

Octcber 14-17, 1985. San Cristcbal - Organized by Ron Block, Peace 

Corps and Joanne Logan, INTSORvIIL - in Spanish. 

Phenclogy of sorghum cultivars and agroclimatology. 

Lorenzo Aceves Navarro - in First National Workshop on agroclimatology and 

agrcnieteorology, Octdcer 14-17, 1985, San Cristcbal, D.R. 
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Utilization of best units in agroclirratic studies in Mexico - Lorenzo 

Aceves-Navarro in First National Workshop on Agroclimatology and 

Agroieteorology, Octcber 14-17, 1985, San Cristcbal, D.R. 

Agroclimatic studies and data in agricultural investigation, Joanne Logan 

and Ron Block in First National Workshop on agroclinatology and 

agrcireteorology, Octcber 14-17, 1985. 

General agroclinatology of the Daminican Republic, Joanne Logan in First 

National Workshop on agroclimataogy and agrometeorology, San 

Cristcbal, D.R. 

Methcds for Developirrg Useable Projects from climatic variables. Joanne 

Logan in First National Workshop on agroclimatology and agrcrietecrology 

Octcber 14-17, 1985, San Cristcbal, D.R. 

The Operation and Gernplasm Exchange of a Winter Nursery for Sorghum 

Inprovement in a Third World Country, Joanne Logan. David Andrews and 

R.F. Neild, annual meeting of the American Society of Agronmy, 

Decernber 1-4, 1986, New Orleans, Louisiana. 

Changes in Year 8 

Project terminated December 31, 1986. 

Trainiriq Outut 

Project NU-122 has: 

a. Trained one Ph.D. student 

b. Developed and sponsored two National Workshops in the Dcninican 

Republic 

c. Trained high school students and agricultural technicians in field 

plot techniques 

d. Trained experiment station staff in the field rnd analyzed data 

with a PC Ccrputer 

e. Provided training in the breeding selection and increase of 

irrproved sorghum strains. 

Summary 

During Year 7 NU-122: 

a) identified six white sorghum strains adapted to the Dcninican 

Republic, b) developed an appropriate technology package to assist small 

farmers in the production of white seeded food sorghtum, c) trained agricultural 

high school students in field plot techniques, d) trained experiment station 
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technicians in methods for improving sorghum production thxough plant 

breeding and selection, and e) trained researchers in the operation and use 

of a PC Ccaputer. 
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EGYPr
 

Jerry D. Eastin
 

Univesity of Nebraska
 

Cooperation with Egyptian scientists consists priimarily of gennplasm 
exchange. FI--ding limitations currently corfine INrSOR4IL activities in 
Egypt to genrplasm and technical advice if requested. 
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HONDURAS 

Darrell T. Posencw
 

Texas A&M University
 

Collaborative Program 

Institutions Involved 

Secretaria de Recursos Naturales (SRN), Honduras 

USAID Mission, Honduras 

Panan.rican Agricultural School (EAP)
 

Texas A&M University
 

Mississippi State University
 

ICRISAT/CRMYT, Mexico 

Latin Aerican Ccrmission of Sorghum Investigators (CLAIS)
 

CErZA, Fl Salvador
 

University of El Salvador
 

Col labora tors Involved 

Honduras 

Ing. Gerardo Reyes, Head, Dept. of Agric. Res., SRN (through March) 

Dr. Lecpoldo Alvarado, Head, Dept. of Agric. Res., SRN (April 1) 

Irrj. Antonio Silva, Asst. Head, Dept. of Agric. Res., SRN (April 1) 

Ing. Rigoberto Nolasco, Head, National Sorghum Program, SRN, Choluteca 

Dr. Fransisco Gcnez, Sorghum BreEder, National Sorghum Program, SRN 

(late 19&7) 

Ing. Lindolfo Fernandez, Agronaist, National Sorghum Program, SRN, 

Ccnayagua 

Ing. Hunberto Mejia, Agronanist, National Sorghum Program, SRN, Olancho 

Dr. Dan Meckenstock, Sorghum Breder, TAM-131, Principal Investigator 

of Project; Sorghum Improvement in Honduras and Central America 

Dr. Keith Andrews, Fntcmogist, Head of IntEgrated Pest Managenent 

Project (MIPH), EAP, Zamarano 

Ing. Roni unoz, Asst. Professor, FAP, Zanarano (late 1986) 

Oth-r Countries 

Ing. Rafael Reyes, Entacologist, CENTA, El Salvador 

Ing. Leopoldo Serrano, Entcaologist, University of El Salvador 

Dr. Ccapton Paul, Agronarist, ICRISAT, Mexico (CIMMYT), and CLAIS 

Coordinator 
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Agr. Rene Clara, Sorghum Breeder, ICRISAT, Mexico (CIMMYT) 

Ing. Edgar Ramiro Salguezo, Agroncmist, ICTA, Guateiala 

United States 

Tex .s A&M University (TAM.) 

Dr. Darrell Rosenow, TAM-122. Sozghum Breeding. Drought tolerance and 

disease resistance, and Country Coordinator 

Dr. Fred Miller, TAM--121. Sorghum Breeding. Tropical adaptation, 

food and feed type parental lines and hybrids. 

Dr. Gary Peterson, TAN-123. Sorghum Breading. Midge resistance. 
Dr. Richard Frederiksen, TAM-124. Pathology. Disease resistance, 

identification, screening and control. 
Dr. Frank Gilstrap, TA4-125. Fntanr ology. Biological control of 

stenborers. 

Dr. Lloyd Rooney, TAM-126. Cereal Quality. Focd grain quality, 

tortilla and traditional food products. 

Mississippi State Uriversity 

Dr. Henry Pitre, MSU-1 J,5. Entcmology. Fall annyvworm, soil and other 

2nse)tS. 

Graduate Student Research Collaborators (conducted their research in 

Honduras.) 

George Wall (Salvadorian). Pathology. Received Ph.D. in 1986 at TANU 
with R.A. Frederiksen. 

Ronaldo Sequeira (Nicaraguan). Entcnology. M.S. student with Frank 

Gilstrap at TAMU. 

elarco Castro (Honduran). Entcmolcgy. Received M.S. in 1985 at MSU with 
Henry Pitre and currently Ph.D. student with Pitre at MSU. 

Carlos Trabanino (Honduran). Entcmolcgy. M.S. student with Henry 

Pitre at MSU. 

Memorandun of Understanding 

Signed between INTSORIIL and the Secretary of Natural Resources (SRN) 
in Octcber, 1982. A revised MOU is currently being developed cooperatively 
by INTSONIIL and SRN which will reflect sane recent changes in the program 
and will clarify responsibilities of SRN and INTSOI4IL in conduct of 

research in Honduras. After the revised MOU has been signed, a formal MO.U 
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with the Panarerican Agricultural School (EAP) will be developed to cover 
the officing of Meckenstcck at thje School and the collaborative activities 

with IMTSORWfIL graduate students doing research in Honduras. A MOJ exists 

between INTYSO IIL and the Honduras Institute of Anthropology and History 

(IHAH) but has been lazctely inactive during the past year. 

Other Oportunit ies 

A draft of a MOil with El Salvador was prepared to cover some 
collaborative research, but was put on hold due to budget constraints. It 
is believed that a MYJJ with El Salvador should be developed, hopefully with 

sane USAID/ES funding, to cover collaborative research in the country which 

wi]l not require extensive PI travel or expenditure of funds. The 
Salvadorians have requested a collaborative program with INrSOR,1IL, and it 
has been supported by USAJD/ES. The Mission has supported sane Salvadorian 

travel to U.S. and save research in El Salvador.
 

As Dr. Fransisco GCanez develops 
his breeding program for Honduras, 
there will be opportunity for the ITrSOWMIL person in Honduras reduceto 


breeding efforts and 
 to devote more time to networking activities with other 
countries in Central America and in the Central America, Mexico, Caribbean 

Ecogecgraphic Zone. A strong networking of activities in the area is highly 
desirable due to the small size of countries, the direct application of 

irrproved breeding materials and cultivars developed Hondurasin to other 
countries, and the existing excellent cooperation amorg national scientists 

in the area through re 3ional programs such as CLAIS, PCCMCA, and ICRISAT. 

Sorghum Constraints Researched 

Major emphasis is on inproving sorghum production in the small farm 
sterp hillside agriculture where tall, photoperiod sensitive sorghums 
(Macillos criollos) are intercropped with maize. Maj- constraints to 

production and utilization are low yield, diseases, insect prcblems, 
drought, and good food grain quality. Of lesser importance, but also a 
priority in area the lowlands and areasthe are of larger landholdings, 
wheze shorter, photceriod insensitive sorghums work well. Similar 
constraints exist in I-iese areas. Seed production of inproved cultivars is 
also a constraint to increased production. 
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Research Progress and Results 

Breed ip 9 of in yed cultivars 

Releases - a dual purpose photoperiod insensitive sorghum variety, 
Surefo was released in late 1985, for use both for grain and forage. The 
variety has high grain yield and is resistant to downy mildew and other 
foliar patlogens. The grain possesses resistance to grain no]d, weathering, 

and to the ricc weevil, and has excellent tortilla quality. The stalks are 

juicy aid sweet. 

Maicillos criollos breeding - Irproved photoperiod sensitive dwarf 
maicillo types have been developed from crossing aicillos with U.S. sources 
of disease resistance, drought and lodging resistance, weathering and grain 
nold resistance, high yield potential, and good food grain quality. 
Imiproved dwarf Maicillos nurseries were developed of and lines aiOF5 F6 

evaluated and selected at several locations in Honduras as well as in El 
Salvador, Guataala, and Mexico. Scure lines were entered in cooperative 
CLAIS trials which were planted over the region. Sone of these trials 
include intercropping with naize, and on-farm trials in 1986. Data from 
1985 indicated that sce of the inproved maicillos lines had higher yield 
potential, . igher downy mildew resistance, and better weathering resistance 
than the Maicillo checks, and were shorter in height and slightly earlier in 

maturity. 

Tortilla nursery - A 23 entry nursery was developed of food type 
varieties, selected for tortilla quality and adaption from U.S. and ICRISAT 
derived lines. It was evaluated in Honduras, El Salvador, Guatenala, Costa 

Rica, Mexico, and U.S.A. 
Maicillo collection - Over 200 have been collected in the area, with 60 

introduced to the U.S., and 28 have been entered into the cooperative TAES-
USDA Sorjhum Conversion Progran. A derivative of the original conversion 
cross involving a local Maicillo, San Barnardo, showed superior yield, 
adaptation, and tortilla quality traits in hybrid ccbinations it, Texas, as 
part of Fransisco Gcmez's Ph.D. dissertation. 

Pathlc 
George Wall (TAM - Frederiksen, TAM-124) ccxpleted his Ph.D. 

dissertation in 1986 with research done in 1983-85 in Honduras on disease 
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identification, screening, and loss assessnent. The najor diseases of 
different parts of Honduras were defined and scurces of resistance 

identified. 

A downy mildew screening site at Ccaiayagua has been developed for 
cmauecial hybrids being sold in Honduras, and all breeding naterials. 

EntaolKcqy 
The ISU-105 project (Marco Castro-Ph.D. candidate, and Carlos 

Trabanirno-M.S. candidate - Pitre, major professor) has identified, with the 
collaborative efforts of agricultural research and extension personnel of 
the Departnent of Agriculture, Natural Resources, the major soil inhabiting 
pests of sorghum seed and seedling plants in the sorghlm producing areas of 
southern Honduras. These pests include mainly white grubs, wirew rnS, ants, 
rootwonns and termites. The conplex of insect pests, diversity of species 
and population dynamrics varies depending on cropping systEms utilized, 
region and topograpy and environment. In polycropping investigations in 
central and southern Honduras, research Emphasis is on soil inhabiting 
insect pests of seed and seedling sorghum plants, as well as on insect pests 
feeding in or on the foliage, stalk and panicle (developing seed). Pest 
control tactics evaluated for practical utility in these areas have included 
the develorpnent of specific cropping practices (planting systems), the 
selection and/or development of host plant resistant sorghums for insect 
population suppression, the practical utilization of biological control 
agents in routine subsistence fanning systems, and the of chemicaluse 
application for insect control. Factors associated with the plants 
(mechanibms of insect resistance) in various stages of growth and 
develop-nent are under investigation. Successes have been achieved in all 
areas, however, the nore sinplistic use of insecticide, using specific 
application techniques suitable for subsistence fanning, appears to show the 
most promise for the short tem. Cultural practices and biological control 
show sane promise as tactics for inplemnentation in subsistence fanning 
operations, but as with t)e utilization of host plant resistance, there is 
need for more research to provide a better understanding of the 
relationships between plants, pests and the controlthe utility of tactics. 
Additional attention is being given to the development of these low income, 
farming in-put insect control tactics for use on subsistence farms in 
Honduras. 
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Ronaldo Sequeira (M.S. candidate with F. Gilstrap, TAM-125) conducted 
research in Horruras and El Salvador from ay 1985 through January 1986. 
Studies were ccnpTleted in Horduras identifying stemboring pyiralid pests, 
associated parasites, and crop losses due to stErmborers at several 
locations; quantifying the effects of four different sorghum cropping 
systems on the population dynamics of several pests of sorghum and maize; 
and the effects of releases of an exotic parasite of stcirborerS. Thie data 
are underjoing analysis and the results will be prepared as a Master of 
Science thesis. Parasites of steaborers have been and are continuing to be 
sent to Honduras and El Salvador for release and permanent colonization. To 
date about 90,000 parasites have been sent and plans are to send about 
50,000 more parasites before the end of calendar year 1986. Thiese parasites 
are called Cotesia (=ApantEles) flavipes and are proven extremely efficient 
in Texas and Caribbean countries where already established. All work not 
yet published will be submitted for publicac-ion in the near future. 

Food Quality
 

Tortilla nursery - A 23 entry nursery as developed and distributed for 
evaluation and u se 

Research was corductd by Fransisco GCnez (for Ph.D. with F. Miller, 
TAM-121) in Texas on agroncnic, grain, and food quality evaluation of food 
grain genotypes with special emphasis on tortilla making and tortilla 
quality. He found that white seeded types with tan plant color, a thick, 
non-staining pericarp which removes easily, intewnediate textured errlospem 
and with good weathering resistance were the best for making tortillas. He 
identified one male parental line, SC1207-2, derived from 77CS2the cross, 
(Tx2817) X San Barnardo (a local Maicillo), as producing the best hybrids, 

both in grain production and fod quality traits. This line also performed 
exceptionally well in Niger in 1985. This indicates the potential of the 
Maicillos for breeding in the U.S. and other parts of the world for inproved 
fond quality sorghu-s. 

Institution Building 

Research Supplies and Support 
One vehicle was purchased for INTSO1?4I, scientist and graduate student 

use (another to be purchased in late 1986), alomrj with ccmnputer equipment, 
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scftware (SAS), and air conditioner for compouter roan, all for SRN use. 
Through efforts of the INTSORvIIL representative in Honduras, the UO1ID 

Mission contributed in 1986, $82,500 worth of local currency directly to SRN 
for use in the National Sorghum Program, as well as $45, 000 to Dr. 
Meckenstock (through SRIN arnd EAP) for support of his overall activities and 

INTSOINII, graduate student activities. 

Tra ining of Host Country Researchers
 

Fransisco CGmez completed his 
Ph.D. in PIant Breeding (with Dr. Fred 
Miller, TANU) at Texas in late 1986 and returned to Honduras where he 
assumed a position of sorghui breeder in the Honduran Sorghum Program (SRN). 
His support ard salary will be funded through USAID counterpart support 
funds through SRN. Ganez will be the primary Horduras sorghum researcher, 

and has been designated as the liaison with intenational progranm such as 

ITSORM IL. 

Marco Castro (Ph.D. student) and Carlos Trabanino (M.S. student) 
conducted their entonolccjy research Hondurasin this past year. Both work 

with 	Henry Pitre at Mississippi State University.
 

Ronaldo Sequeira (Nicaraguan) 
 (I.S. student) conducted entanolcgical 
research in Honduras and El Salvador in 1985 and 1986 (with Frank Gilstrap 

at Texas A&M University). 

George Wall (Salvadorian) (Ph.D. student) finished his Ph.D. in 
pat1ology research in Honduras, 1983 	 to 1985 (with R.A. Frderiksen, TANJ). 

Host Country ard U.S. Visits by Scientists 

Dan Meckenstock, Ronaldo Sequeira, Gary Peterson, and Billie DeWalt to 

Annual CLAIS meeting, Guatanala. 

Dan Iveckenstock and Ronaldo Sequeira to PCCMA XXX[I Meeting, El 

Salvador. 

Rigcberto Nolasco, Wilfredo Diaz (former SRN administrator), and Rene 
Clara (Salvador) to SICNA and INFSOFML PI Conference, 1985.
 

Rene Clara (Salvac~or) to Texas, Sumner 1985 
for short tezn training in 

breeding. 

Rafael Reyes (Salvador) ar Leopcldo Serrano (Salvador) to Texas for 

short temi training in Entaiology. 

To Honduras: 

.Henry Pitre, Carlos Trabanino and Marco Castro, Mississippi State 
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University 

Darrell Rosencw, Gary Peterson, Ed Rurge and George Wall, Texas A&M 

Univertsity.
 

Glen Volloar, INISO4IL Managenmnt Entity. 

Networking 

In-Country. Research activities, sharing research results, and 
developnent of research plans are coordinated through frequent visits art 

meetings with Recursos Naturales (SRI' researchers arn regional and national 

administrators. Extension personnel are used to help identify problems and 

research neds ard assist in on-farn research. An Annual Report of research 
data for all SRN arrI INPSORhIIL activities is preparcid for SRN. Coordination 

is also done with the Seed Production branch of the government regarding 
seed increase of newly released cultivars. Graduate student studies are 

planned through visits of U.S. principal investigators with appropriate 

collaborators and institutions in Honduras. 

Regional. Netviorking on a regional basis is done in several ways. One 
is through direct contacts at regional neetings such as CLAIS, PCCWA, and 
the Latin American Workshops at CIMMYT (co-sponscred by INTSO9iIL ard 
ICRISAT). Also, research results, through inproved breeding lines and 

materials, are disseminatel through regional nurseries and tests, sudi as 
those developed by CLAIS and PCCMCA. PI's from the U.S. also atterrd and 

participate in these meetings and workshops, and further collaborative 
networking activities through direct contacts ard presentiigo resEarch 

results at Lud meetings. Another method of developing networking 

activities is by direct visits to countries such as El Salvador and 
GuatEmala, with specific research activities developed through such visits. 

General Ccanents 
The INTSORAI/Honduras program has developed well. The recent 

placement of Dr. Leopoldo Alvarado, who has a Ph.D. from Nebraska, into the 
major administrative position responsible for research within Recursos 

Naturales, and the return to Horduras of Dr. Francisco Gomez into a sorghum 
breading position in Recursos are both very encouraging signs in the 
development of a strengthend Honduran National Sorghum Program. 

Strengthening the Honduran contribution in collaborative research would be 
desirable as would Honduran input into develoxent of annual work plans for 
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collaborative research. 1he programi is rn]tidisciplinary, but it lacks 

ITSORITL, activities in the areas of cropping systEms, agron-iic resea-ch 

ard physiolocgy. PI's with expertise in those areas are encouraged to becrne 

involved. 
The Horduras research relates very well to surrournding countries aid to 

the entire Central American, -xico, Caribbean Zone as outlined in the 
Global Plan. The corentration of research in Hoirduras on the Maicillos 
criollos ccmplenents very well the oter research activities of the area 
which are ained priiiarily at photoTericd insensitive, ccmrreurcial type hybrid 
arr varietal work done by ICRISAT, Mt-xico, ard ccaercial conq)anies. The 
nIF]SOId1h collaborative research in Mexico on focd type sorghums, with 
emphasis on use of soxghum for tortillas ard good tortilla quality type 
sorghums, has very direct application to Hordiuras. The INTSOVIT/Horruras 
program has developed goad working rr-lationshiips with the regional programs 
in the area sudi as CLA]S, CATIE, PCCaMCA, andl ICRISAT, arid has participatd 
actively in m-etings and workshops in the Zone. It is hoped that INISOR4IL/ 
Horduras can host a Zone Workshop in late 1987, with enrhasis on all aspects 
of Maicillos criollos production and utilization. 
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KENYA
 

John A. Mann
 

Texas A&M University
 
Collaborative Program 

MerorandLui of A reement 
In spite of an expressed desire on the part of INISORIIL and the 

Ministry of Agriculture to formalize our relationship with a Memorandum of 
Agreement, the continued uncertainty of the status of USA]D's new project 
has delayed the signing of suci a document.
 

In spite of 
 the lack of an official agreemnt, collaborative work has 
continued at full clip. rThis includes trials at five locations tNice a 
year, assistance to local prograss, short-temi training in the U.S., and 
short-tern, technical assistance in Kenya by INTSORIL scientists. A signed 
n~meoraxitm is desirable, but the lack of one has not inpeded progress to 
date.
 

Sorghum/Millet Constraints Researched 
Sojhurn. A number of constraints exist for sorghum production and 

utilization in Kenya. Poor general adaptation of irproved lines to the 
environment is chronic, due at least in part to the sources of genmplasm 
used. New and diverse geniplasm, especially with drought tolerance and good 
tropical adaptation, is essential. A secord constraint to production is the 
"bird" problem, which is at once a problem of inadequate human resources and 
the perception that birds are a serious pest. As discussed in the Year 7 
TA-132 annual report, birds are a problem only on a local scale, as Kenya 
nor any other East African country has ever recorded nationwide losses in 
excess of 5 percent. A third constraint, especially in the western zone, is 
Striga. It is especially prevalent in the lake basin, affecting maize, 
sorghum, millet and sugar cane. 

Pearl millet. Pearl millet suffers from many of the constraints that 
plague sorghum. The major problem are again a lack of good germplasm and 
birds. ICRISAT materials areare poorly adapted, and Ugandan materials 
scnewhat limited in diversity. INTSOR1TL (i.e., Kansas and Nebraska) 
material and West African materials need introduction and testing to expand 
the gernplasm base. Birds are a problem on millets but because of millets' 
higher market price, labor is often used to prevent damage. 
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Utilization. Thie chief utilization constraint is associated with the 
presence of a pigmented testa on nmudi of the sorghum grown in Kenya. (It 
should be noted that millets are highly preferrer for "uji" and do not 
suffer as does sorghum from utilization constraints.) While many of the 
local types grown in traditional growirn areas audi as Westemn Province haee 
a testa present, they have a reputation for getting "sweeter ' as they 
-mature, and for producing an acceptable focd product.. The testa on inproved 
types is different, at least to the farmers, and these cultivars suffer the 
reputation of producing a bitter food product and having poor storage 
characteristics. This difference appears to be due to the locals having a 
pur-ple testa and the exotics having a brown testa. 

Research Pr{jress 
Research in Year 7 has been conceiitrated on producing sorchum gennplasm 

suitable for the Kenyan ervirorment ffd farmer. Work has concentrated on 
"food quality" sorghum types, but ncw irore emphasis has been placed on high 
tannin types, as they are preferred in the western zone. Research in the 
past year has established that three different zones exist in the country as 
far as sorghum and millet are concerned, and has provided at least partial 
answers as to what types of sorghums will fit where. in the lowlarxis (below 
1000n) lines such as TX629, TX623, RTAMF28, etc., are very well adapted. In 
the high drylands (>1000m, <10On0m, such lines as TX7000, B35, etc., are 
best. In the wet midlands (8-1200m, 1-200mn) many of the Kafirs and such 
lines as A155, and SC326-6 are suitable.
 

Mutuality of Research Benefits 
The crosses of elite lines onto TP24 to incorporate the Ms3 gene into 

the elite lines have had two :esults which should be useful to the U.S. 
as
 
well as Kenya. The full-sib offspring of these crosses aiO backcrosses have 
provided some very productive lines which are now included 
 in the TAES
 
pedigree program, and sane which may well be released in Kenya. The
 
sterilized elite 
lines will also be very useful to those breeders in the
 
U.S. who use population breeding techniques in their 
programs; this in
 
addition to the production of synthetics for Kenyan corditions. Even though 
this project is entirely oriented towards Kenya and East Africa, many 
potential benefits to the U.S. are being produced by the project.
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Institution Building
 
During Year 7 $450 was spent by 
 thte project for supplies for various 

sorjhuri and millet prograrrs in Kenya. This included pollination bags, 
envelopes, tags, pencils, etc., and proved to be the only for thesesource 

materials during In addition,
the year. $1200 was given for research 
support to neintain prograrts at Alupe, Katumini, Kiboko and the Coast. An 
additional $900 was giver in the first weeks of Year 8. This nr.iey ha: kept 
these programs operating in a situation where the Keryn goverment has 
provided little or no support in the last year. 

Newton Ochanda, who tock an M.S. degree with Drs. Rosencw and Miller, 
is ncw the sorghum breeder for the Western Province area of Kenya. He has 
established a sound breeding program there, and while it neds inputs of 
gemnplasm art] equilient/supplies, he is a good exanple of what INTSOIFMIL 
institutions can provide in the way of education and training. He has 
becacre a stor, collaborator with TAM-132, and this relationshiip should 
continue to strerjthen and expand. Maniy of the local sorghuins in that area 
of Kenya may be useful in the conversion program, as they are characterized 
by having testas, yet getting "sweet" at itabrity. 

F. Lawrence M'Ragva Riurrju, the senior breeder in the Sorghum and 
Millet group, visited the U.S. during Year 7 under the sponsorship of TA
132. He sent tine with the programfs of Drs. Rosenow and Miller, and about 
three weeks with TAM-132. In addition, he spent a wek each in Kansas and 
Nebraska working with millet, and four days at Purdue. In addition to the 
field work, he slent considerable tine with scientists in other disciplines,
 
including quality/cereal chemistry, path)ology and entcniology.
 

Drs. Rosencw, Frederiksen and Mann all spent tine in Kenya during Year 
7, Rosencw and Frederiksen for about one week each, and Mann for a oftotal 

seven weeks on two trips. All participated in review and consulting with
 
local scientists. 

Networking 
Most of the nebiorking activity in East Africa has been through the 

OAJ/SAFGRAD workshops, and through personal contacts with breeders in the 
region. The Fast African Regional Adaptation Trial (EARAT) was sent to 
Ethiopia, Sudan, Scalia, Uganda, Rwarna, Bururdi and Tanzania, and was 
planted in three locations in Kenya. Data from these plantings will be very 
useful in detennining what Texas material will fit where, and greatly 
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increase both regional cooperation ard regional develognent. Within Kenya, 
networking has been greatly enhanced by the sinple procedure of INTSORVIIL 
scientists always traveling with Kenyan colleagues. These trip6 are all too 
often the only opportunity for a scientist from Katumani, for exanple, to 
visit Alupe. To date, research results are not at a stage where they can be 
shared with farmers, except in sudc ways as "fanner selection blocks". At 
this point, farmers have a lot imore to contribute to research than visa
versa. 

General Ccmients 
Kenya offers a cadre of trained and enthusiastic personnel, good 

infrastructure and political stability. It is a key country in USAD's 
Africa strategy, and is among the targets for agricultural research 
development. In addition, agricultural research in the country needs 
assistance of the type INTSOR4TL is so well equipped to provide. INTSORMIL 
genrplasm is well adapted, there are no language barriers, and our 
scientists will be able to move into collaborative relationships quickly and 
smoothly. I-!TSORv4IL is in good position to be involved in the USA D/Kenya 
Agricultural Research Project, and should use already estblished linkages 
with Kenyan institutions as a springboard for further involvenient. 

Because of cultural and ecogecrjraphical similarities between Kenya and 
many of the other East African countries, and because of a number of 
dissimilarities between these countries and Sudan, it may make sense to 
separate out East Africa as a separate Zone, to include Ethiopia, Kenya, 
Uganda and Tanzania. 
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MLI 

L.W. Rooney 
Texas A&M University 

Coordinators
 

U.S.A. -- L.W. Rooney and A.B. Onken, Texas A&M University
 

Mali -- Mr. M. Konate, Sorghum Breeder, IER 

New Coordinators 
Dr. Moussa Traore was the Malianappointed INTSOPMIL Coordinator, 

effective July 1, 1986. Dr. L.W. Rooney was appointed INTSOEI4IL Coordinator 
for Mali in 1986 to replace Dr. Onken, Texas A&M, who resigned. Mr. M. 
Konate, Malian INTSOWMIL Coordinator, was replaced by Dr. Moussa Traore 
effective July 1, 1986. Dr. Traore conpleted his Ph.D. at the University of 
Nebraska in plant physiology. 

Institutions Involved 

Institute of Rural Econcmy (IER), Mali 
Texas A&M University 

University of Nebraska 
The program has been and continues to be an integrated effort anong 

INTSORMIL, TRCPSOILS, and ICRISAT - Mali. A farming systens project funded 
there has begun. The project coordinator (Dr. Robert Chase) is a member of 
the Texas A&M faculty. There may be opportunities to work with that program 
as well. Problems of comnunication exist; but chances for continued 
substantial progress are excellent. Dr. J. Scheuring, ICRISAT Plant 
Breeder, resigned but cooperation with Dr. Shetty, ICRISAT Agroncutist, is 
excellent. Dr. hasScheuring provided significant support to the IER 
INTSOR4IL efforts since 1979. 

Collaborative Program
 

Yield stability in sorghum/millet production is of major importance 
where food production is marginal relative to population. Low soil 
fertility, drought, diseases and insects are major contributors to yield 
instability. They also result in changes in gran quality such that it 
becomes unfit or undesirable as human food. 
 There are strong interactions
 
between such factors as soil fertility and soil water use as well as insects 
and diseases and grain quality. 
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Soil fertility ard drought resistance and tolerance are asscciated. 
Due to a lack of nutrients, principally N and P, usable water is left in the 
soil profile even by native range plants in the Nalian Sahel. We have 
detemrineri that on Alfisols in Texas (same soil family as many in SAT areas 
of Africa) usable water is left in soil zones of low nutrient supply. Thus, 
it is necessary to detennine the relationship between nutrient use 
efficierny and water use efficiency in plants under low nutrient conditions. 
To make the best possible progress in sorghum production in developing 
countries, it will be necessary to understand the soil characteristics. The 
develoierit effective analysis programi isof an soil in Mali of major 

inportance to the overall research effort., 

Menorariunm of A reenfnt
 

A Merorandun of Agreenent to allow transfer of 
 funds was signed in Mali 
on Octcber 10, 1984. Thu 1985-86 workplan and budget was developed and 
approved by the IER in April, 1985. The third work plan and budget for 
1986-87 uas ccaleted in April 1986 and signed in June 1986. 

Other Problems and Opportunities
 

Cnmunications between the U.S. 
 and Mali are still difficult at best, 
due to unreliable telex service in Mali. Drs. Yohe and Traore are trying to 
iriplerrent an electronic mail and data comrrnication systn between the U.S. 
and IER-Banako. When this is successful, conunications will be effective. 

The U.S. AID mission in Barrako continues to be a strong supporter; Dr. 
S.K. Reddy has aided the work very significantly. The effective interaction 
between TRCPSOILS and flNTSOIMIL and IER has inproved. The credibility and 
use of the soil testing laboratory at the Sotuba Experinent Station needs 
iriprovenent. Research with crops, irrigation, cropping systans, and 
fertilizers is not as effective due to the lack of soil chemical 
charactezization. The agronanic data can be interpreted correctly only when 
the chemical characteristics of the soil are defined. An effective plan to 
ir(prove the soils laboratory should be a high priority of all agencies and 
programs involved in agronamic research in Mali. 
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Research Progress 

The collaborative breeding program of Dr. D. Rosenow, Texas A&M 
University, with Dr. 0. Niangado and M. Konate (IER) continues to identify 
desirable characteristics of sorghums for Mali. Sorghums with open heads, 
hard grains, and other characteristics are required for acceptable food 
quality. Putting these attributes together into inproved yielding varieties 
is requiring considerable effDrt. However, seven cultivars have been 
released from the Malian sorghum inprovenent program. The sorghums called 
Malisor 1 through 7 are shorter, early maturing and have inproved disease 
resistance. These types have nany desirable characteristics for 
intercropping with ground nuts and cowpeas. varies,
The t8 quality but, 
sale of them (Mlisor 7) have hard seed and thick pericarp which provides 
desirable decortication properties and excellent t8 keeping quality. 
However, the heads are conact which can cause problems with head bugs and 
molds. The food quality properties are known due to extensive testing via 
the mini to tests conducted in the food technology laboratory at Sotuba. 
Several advanced breeding lines lock promising. The fact that quality 
testing has been done during breeding and selection activities by Malian 
scientists is critically inportant. Input from INFSOMIIL on qualitygrain 

evaluation has been continUed 
 since the inception of the program in 1979.
 
The major factors that critically affect post harvest technology of sorghum
 
were determined and used 
 to develop sinple milling and t8 quality tests. 
This has been done with modest equipment but with great skill by the food 

technology personnel. 

ft~Qj.0gy P. PxQ-'gh1
 
Mr. Verne Isbell (graduate student, Texas A&M) provided two nnths of 

technical assistance during the growing season to deliver and calibrate
 
physiology equipment, train Malian scientists in its efficient use and 
maintenance and to assist with acquisition and interpretation of 
physiological data on sorghum drought stress. The equipment was purchased 
through a training grant by USEID Mali to ICRISAT. Experiments were 
conducted to determine why local Malian guineense sorghums have drought 
tolerance. Experiments were conducted in Lubbock, TX as well with Malian 
CRI-63 and U.S. sorghum lines. Measurements of soil water relationships 
suggested that the top 10 cm of soil was where most water was used for plant 
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growth. Dr. Traore who returned to Mali in January 1986 has secured funding 

through a USAI-PS!1C grant for physiological research. Dr. Sullivan (NU

116S) has provided computing and other equipment to help Dr. Traore initiate 

his research program on drought tolerance of sorghum and millets and factors 

affecting yield. 

In the past, several INTSOFMIL tests at Cinzana were lost because of 

poor stands. Preliminary tests suggested that Al tadicity is an inportant 

factor contributing to poor seedling emergence, survival and growth. Mr. M. 

Doumbia (graduate student, soil fertility) is conducting research on factors 

affecting soil toxicity at the Cinzana Station, Mali. 

Mr. Doumbia completed his B.S. degree and course work for an M.S. at 

Texas A&M as part of TRCPSOILS and INTSOFMIL cooperation. Drs. Cnken, (TAN

123), and Hossner, TRCPSOILS, serve as co-advisors. Mr. Doumbia will 

complete his M.S. and Ph.D. theses research in Mali. A better understanding 

of the soil toxicity problem is critically inportant. 

SojJ. AaJ~yS . a ~ a 

A major constraint is lack of detailed knowledge of Malian soils. Dr. 

Onken through a strengthening grant from Texas A&M is conducting analyses on 

soils from Mali. This work will continue with support from TRCPSOILS also. 

The analyses of the sanples are nearing conupletion. Efforts to inprove the 

effectiveness of the Malian soil analysis laboratory continues through 

TRCPSOILS.
 

Grain quality research continues in Mali in the food technology 

laboratory and in Dr. L.W. Rooney's laboratory to improve methods of 

selecting sorghums and millets for t8 quality. Personnel from the Malian 

food quality laboratory were given a short training program at Texas A&M 

University and Purdue University. Pearl millet lines from Mali, Niger, and
 

the World Collection have been characterized for differences in kernel 

characteristics that relate to processing. The structure of pearl millet 

lines with different characteristics has been determined and related to 

differences in processing properties. The relationship of pearl millet 

kernel shape to dry milling was determined by decortication trials in Mali 
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and by laboratory village work elsewhere. The structure of finger millet 
and fonio has been determined. Sorghums that produce dark colored to were 
shown to have pigmented undercoats. Chemical analyses of the composition of 
sorghum and millets decorticated in Ma]ian villages was provided to IER 
staff. Research on production of dry alkaline coded sorghum flours has 
been initiated in Mali. The concept of producing instant dry flours for to 
was obtained by M. Haidara and Salimatu Coulibaly during their training 
program at Texas A&M. Laboratory procedures %Rre inproved. The new food 
quality laboratory facilities are partially constructed and equipment will 
be purchased this year to expand research into improvement of the past 
harvest technology of Malian crops. 

The identification of sorghums through development and use of 
appropriate screening techniques for drought tolerance and nutrient use 
efficiency will benefit both African and U.S. sorghum producers. Sorghum 
breeders from Mali and the U.S. have access to a much wider range of 
germplasm through a collaborative program than would otherwise be available. 
The delineation of grain characteristics responsible for various aspects of 
quality will have effects on utilization both in Mali and the U.S. and will
 
furnish plant breeders in both countries with necessary information for
 
selection of sorghum and millet types for particular uses.
 

Institution Building
 

Equipment, supplies, chailicals and other support itEms 
were transferred 
to Falian scientists. Major items of equipment purchased by Dr. Sullivan 
from NU-116 funds to aid in establishing a plant physiology progrm include: 
an IBM-PC system with expanded memory, color monitor, two disk drives, Epson 
FX-85 printer, constant voltage transformer, power surge controller, and all 
needed interfaces, extra diskettes and a case of printer paper, data base 
manager and MSTAT computer software programs, a Mettler electronic balance, 
B & L stereozoom microscope, cassette tape recorder and leads, an . a 
cassette tape reader for use with the IBM-PC, a Kodak Ektagraphic slide 
projector with case and 12 extra bulbs, pressure chamber for water 
potentials, and a thermocouple psychrometer with digital meter, infrared 
thermometer, two cases of petri dishes, sane chemicals and books. 
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Mr. V. Isbell spent two nonths during the growing season to train 
Malian scientists to operate equipment to determine physiological 
parameters. The equipment was purchased by ICRISAT-Mali using All) Mali 
funds. The technicians were carefully instructed in maintenance of the 

equipment as well. 
Dr. Moussa Traore completed a Ph.D. (physiology) in January 1986, at
 

the UniversiLy of Nebraska. 
 His research on physiology at Nebraska was
 

related to Malian sorghum research needs. 

Mr. L. Traore, M.S. - Agroncny, Tex'as A&M University, has beer in 
charge of the SAFGRAD trials in Mali for several years.
 

Ms. A. Kante (former technician, IER Food Quality Laboratory) is
 
working on an M.S. in food science and technology in the Cereal Quality
 
Laboratory at Texas A&M University. Her research is on factors affecting t8
 
quality of sorghum and millet.
 

Mr. M. Doumbia is currently in Ma] i conducting research on "The Soil 
Toxicity Problems at the Cinzana Station" as part of his thesis research on 
soil fertility. He works with Drs. Onken and Hossner jointly through 
TPCPSOILS and IITTSOIIL. 

Mr. M. Diorte is working on an M.S. in plant pathology at Texas A&M
 
University. His research is is on
on charcoal rot of sorghum. Dr. Posenc 


his advisory commoittee. 

Two Malian scientists, Miriam Haidara and Salimatu Coulibaly, from the 
IER Food Technology Laboratory (Banko) were provided short term training in 
cereal quality testing procedures at Texas A&M University and Purdue
 
University. Mr. sorghum breeder, INTSOWMIL
M. Konate, IER traveled to 

institutions in Octcber 1985 to review Sorghum trials, plan experirents and 
obtain gernplasm. Director Traore and Mr. 
 Z. Sanogo, IER, Bamako traveled
 
to U.S. institutions to review research progrEmus.
 

INTSOIRIL travelers to Mali included Drs. Rosenow and Onken (Oct.
 
1985), 
 Mr. V. Isbell (Sept. through Oct. 1985) and Dr. C. Sullivan (March
 
1986). Dr. Posenc assisted in evaluating sorghum drought tolerance and
 
breeding tests. Dr. Onken reviewed the INPSOEMIL sponsored field
 
experinents. Dr. Sullivan participated in the Malian research and planning
 
conference, planned physiology research and obtained a 
draft work plan for
 

1986-87.
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Networking 

The Ma]ian program cc plements the INTSOR4IL research prograu in Niger 
very effectively. Most of the work in Mali has applications e]sewhere in 
West Africa. The focd tEchnology work is applicable to all areas of Africa 
where millets and sorghums are used. Few if any other national progran
have effective grain quality evaluations as part of their cereal inprovenent 

progrEms. 
Each spring in Mal i, a research review is held in which each scientist 

reports on the previous year's research results and discusses research plans 
for tie next crop season. The participants include all scientists 
(expatriates included) corrlucting agronaric research in Mali. Mali an 
scientists participate in the West African Regional Sorghum Millet Workshops 
sponsored by ICRISAT each year. SAFGRAD, which works closely with faneis 
at the village level, has representatives at each of these meetings. 
Scientists from Mali participate in internatiorl workshops. For example, 
M. Haidara arr- Dr. 0. Niangado participatEd in the International Pearl 
Millet Workshop in India by presenting papers. Food Technolcgy personnel 
have participated in workshops in Senegal where their processing research 
was discussed. 
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MEXICO 

Frederick R. Miller 

Texas A&M University 
Collaborative Program 

Institutions Involved 

University of Sonora, Hen-osillo, Mexico 

Universidad Autoncma de Nuevo Leon, Marin, N.J., Mexico 
Instituto Nacional de Investigacions Agricolas (INIA), Celaya, 

Mexico 

Texas A&M University, College Station, Texas 

University of Georgia, Experiment Station 
ICRISAT/CIMMYT Center, El Batan, Mexico 

Memorand uni of AgreaTent 

Memorandizns of Agrecnrnt have been established separately with each of 

the four Tajor entities in Mexico. Extensive interaction has been on- going 

with Mexico for a number of years without official MOA's. Since Mexico has 

had such a close history of association with several INTSORMIL institutions, 

establishment of a broad, sound and interactive collaborative program has 

been easy, but not without barbs. Furding of research activities with 

collaborating institutions was easily established except with INIA. 

Activities with ICRISAT/CIMYT were carried out under the INTSORMIL/ICRISAT 

purposes. 

Other Problems and Opportunities 

Sorghum is inportant to Mexico. It is widely grown and its merits are 
known. Because sorghum is adapted to a much wider range of climatic 
corditions than maize, sorghum is gaining in popularity. Sorghum is also 
known in Mexico and Latin America as a livestock feed, and is not preferred 
as a cereal in human food. However, sorghum is being rapidly accepted as a 
human food rescurce in tortilla production, soups, cockies, etc. Because 
there is a shortage of maize in Mexico, sorghum is being used as a blend or 
replacenent in irrny food products. Finally, because Mexico is a visible 
leader in Latin America, improvements made in Mexico's sorghum activities 
will rapidly be transferred into need areas of Central America. Mexico is a 
critical link between Latin Aterica and INTSOIL's effectiveness in moving 

technology to that region. 
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Because, of budget reductions for Year 8, the ME allocation of funds to 
Mexico was terninate. The country coordinator for Mexico believes it is a 
mistake to reduce furding tc the programs in Mexico because we lose the 
association and contact with those individual programs and also the ability 
to move information into the Latin America system. Mexico has served as a 
central site for four international workshops on sorghum. A fifth workshop 
on Seed Production was held in 1985. Mexico has been critically involved in 
these workshops, and recognizes the inlportance of such activities. In 1985, 
the "All Mexico Annual Sorghum Reunion" was established. The Secorri Annual 
Meeting was held in 1986. We have a great potential to interact with 
Mexico, and with Latin America through Mexico in INTSORWIL. Individual 
NTSOMImTI P's still collaborate with Mexican scientists as individual 
project funding pezmits. 

Sorghum/Millet Constraints Researched 

Sorghum is currently of major social and econanic importance in Mexican 
agriculture and industry and millet, potentially, can be a valuable 
alternative for rainfed farmland with deficient rainfall and in areas with 
short growing seasons due to early frosts, such as the high altitude 
valleys. Sorghum production can be extended to other rainfed lands and 
through genetic inprovement, grain can be obtained for direct human 
consurption. Drought tolerance in sorghum is known to be high and lends 
stbility to the productivity of this major food cereal. Drought, diseases 
and insects are major contributors to yield instbility. Furthenore, they 
cause changes in grain quality such that it beccrres unfit or undesirable for 
human food. The develop-nent of the full potentials of sorghum in an alkali 
food system nerits major involvement in resource storage, milling, 
processing, cocking, and product evaluation. 

Research Progres and Results 
Dr. Lloyd Rooney, Texas A&M University, has been working very closely 

with the cereal quality project at the University of Sonora. The efforts 
have concentrated on the developnent of traditional cocking procedures, 
design ar operation of dry milling ecquil-vent., and the search frr an 
alternative cocking technology such as extrusion cocking that would be used 
in LDC's to improve utilization of sorghum for human foods. Both white and 
red experinental sorghum hybrids have been processed in a pilot plant at the 
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University of Sonora. White grain from a non-tan plant color sorghum hybrid 
underwent drastic off-color chanrges when coripared to white grain fro, a tan 
plant color sorghum. These white grain (tan plant) can replace 50 to 75% of 
waize (white or yellc) when peared from 10 to 18% by weight. In contrast, 
white grain (nor-tan plant) could replace 30 to 50%rmaize. White tortillas 
wen- produced which were rollable and with gocd flavor when processing 
conditions were: 0.8% CaO, 8 mrin cocking at 84C degrees, 15 min steeping and 
10 to 12% pearling. The red sorghum AWb378 x Rrx430 pearled at 18% was 
replacing 40% yellow raize. The pilot plant operation showed that sorg-lum 
can be used in a camnercial tortilla plant with only minor cocking changes. 

Using the enviroment of Mexico where high levels of diseases on 
sar-ghum exist, the project is detenmining the basics of disease spread and 
biotype change. Sorghum leaf blight is widespread in the world but occurs 
in high inciderce in the B-ja of Mexico. One option to control the disease 
is host plant resistance. This can be wasteful of goord genes without 
supporting technology. Cu] tivar mixtures have been exploited as an 
inexpensive reans of controlling irrportant airborne diseases in sene crops. 
This study will canpare the incidence an:d developrr-nt rate of the leaf 
blight in varying mixtures of resistant and susceptible sorghum cultivars. 
The study being carried out with INIA collaborators will ccrpare yields in 
the presence and absence of the disease, evaluate the relative contributions 
of nochanisms of disease spread ar] reasure infection frequency, sporulation 
rates and latent period as ccrponents of resistance for the :esistant and 
susceptible cultivars. The results of this three year study will be 
appliicrble throughout all areas growing sorghum. 

During the year, numurous trials for adaptation, genetic studies, 
disease anl insect evaluations, food quality studies, and breeding lines 
were seot into the collaborating programs. Approxinately 150 early 
generation selections were received from Mexico, and are being included in 

the INTSORIIL program in Texas. 

Research Benef its 
Because sorghum in Mexico is so nearly equal to sorghum in the U.S., 

the developiient, testing, inplermntation, and erd-use of this crop will 
al]cM U.S. scientists to benefit from these trials. Diseases are nore 
intense in sane areas and research on behaviour, genetic evaluations, 
screening for resistance, etc., benefit INTSOR'IL breeders and pathologists. 
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Because Mexico is grain deficient, much interest is expressed in using high 
quality sorghum in food products. Suc. i work benefits and asthe U.S. Mexico 
well as all who depend upon this grain. Expanded markets, new superior 
genmplasm, new products with increased market value, etc., result from these 
kinds of collaborative research activities. 

Institution Building
 

During 1985-86, $19,000 was 
 used to fund research activities ccrrpleted 
jointly in Mexico. In addition, nurerous research supplies were provided 
and some equipment loaned for short-term use. Approximately 20 research 
trials were exchanged with various institutions involve-f. Germplaso 
selections were made ir. Mexico, and returned to sorghum scientists in Texas. 

Currently, there are at least five Mexican graduate students studying 
for advanced degjrees in IWrSORIIL institutions. Those students who have 
completed studies have returned to Mexico and are involved in university 
research/teaching, private research, and governnent research.
 

OcLcber 13-17, 
 1985 at El Batan, Mexico, the Fifth Latin American 
Sorrhum Workshop was held. The emphasis was "La Produccion de la Semi] la de 
Sorgo en Aierica Latina". Representatives from most Latin American 
countries were present. Major paper presentations were trade describing 

sorghum seed production. 

INTSORWIL scientists who were in Mexico in 1985-1986. 
Fred Miller R.A. Frederiksen 

Gary Peterson Gdbisa Ejeta 
Lloyd Rooney (several INTSORIIL students) 

Networking
 

Ech year in 
 Mexico, an "All Mexico Annual Sorghum Workshop" is held to 
discuss research research plans.and This meeting is an outgrowth of 

INTSO4MIL involvement. 

Mexico has served as a central site for five international workshops on 
sorghum (pathology, fod quality, breeding, farming systems, and seed 
production). More than 125 scientists and workers attend these meetings, 
and they represent frm 10 to 17 countries of Latin and South America. 
Since Spanish is the language, information transfer is easy and rapid. The 
whole Latin America and South America Ecogecgraphic Zones benefit from these 
workshops and interactions. 

365 



Where once there were n-any individual programs in Mexico, they are 
beginning to work together. The sane is happening for Latin America. The 
involvenent of Mexico in inprovenent and developrient of sorghum in Latin 
Anerica is paraount. Mexico offers a unique situation because of the 
infrastructure which exists there and the proximity to the rest of Latin 

America. 

Perhaps one of the most gratifying aspects of INTSOFIMIL activities is 
the opportunity to establish contact with scientists in other countries 
working on the same camaodity, facing the same or ditferent problens and to 
be able to develop a meaningful, productive, collaborative research program. 
Our goal is to share genmplasm, methodologies and to grow more productive 
because of the interaction. Several of these relationships have developed 
in Latin America andr more will develop. 

General Cnuents 
Areas of interest and cooperation which can be expanded are: 

Breeding for yield and stability. 

Breeding for disease resistance and insect resistance. 
Breeding for and urrderstanding sorghum food quality and end 

product use. 
Identification of cold tolerance for early gr-owth and anthesis as 

well as drought tlerance. 
Because sorghum is a major cereal crop of Mexico and Latin America, and 

because its full food potential is not developed, it is necessary to develop 
and strengthen natiorkil programs working on the comnodity. There is a 
strorg base of interest and scientifi.c expertise in Latin America that can 
be attracted as through involvement with Mexico. Mexico's acceptance of 
mxodem technology is high. Me<ico has good scientists, and also has good 
credibility with the rest of Latin America. Technology can be infused into 
Mexico, modified, redistributed and tested, then transferred to Latin 
America in an easy manner. Mexico is accessible, a good place to work, and 
has a large array of the prcblems existing in other lesser developed areas 

also. 
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NIGER
 

John Axtell
 

Purdue University
 
Project Personnel
 

Katy Ibrahim, Purdue INTSOMIL Admin. Assistant
 
Susie Clark, In-Country INTSORMIL Admin. Assistant
 

Collaborative Program
 
Drought, insect pests, long smut 
 and Striqa are the major constraints 

in Niger. Eytren-ely high soil temperature leads to difficult problems in 
crop establisicent. Sand blasting of young seedlings is also a cczplicating 
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 exanple, the variety L-30 has been the highest yielding 
sorghum variety in the Sahe1ien trials for the past ten years, but is not 
accepted by farmers because of poor food grain quality. 

Institutions Involved 

Purdue/Niger Cereals Ri°search Project (NCRP)
 

USAID Mission
 
Niger Cereals Research Project (INRAN)
 

TRCPSOILS
 

ICRISAT Sahelien Center (ISC)
 
Ministry of Rural EconaTy (DECOR)
 

Peace Corps
 

Purdue University
 

Texas A&M University
 

University of Nebraska
 
Mississippi State University 

Memorandum of Understanding 

Signed by INTSOINIL, Ministry of Higher Education inResearch Niger, 
Director General of INRAN, and Director of USA]D Mission in April 1983. 

Other _Opportunities 
The collaborative millet improvement program could be greatly 

strengthened in Niger by the involvement of Dr. Wayne Hannah at the Coastal 
Plains Station in Tifton, Georgia. We are proposing to the Technical 
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------------------------------------ ------------------- --------

------------------------------- ------------------ -----------

Ccmmittee that it solicit. a proposal from Dr. Hannah for research on wide 
crosses between wild Nigerien millets and local cultivars to transfer stress 

traits into the local gemnplasni. We propose to do this by a subcontract 

with David Andrews' project at Nebraska. 

Sorghum/illet Constraints Researched 

Sorgjhum Brein:
 

Collaborators - INRAN: Mousa Adanrou, John Clark
 

IM.PSORMIL: Purdue - J. Axtell, G. Ejeta
 

Texas A&M - D.T. Rosenow, F. Miller
 

Nebraska - J. Fastin 

GerEmas, Enhancepent: 
The following is a l..st of sorghum breeding nurseries recently 

introduced to Niger by INTSORWIL for evaluation and selection during the 
1986 crop season. In addition to the array of breeding naterial that Clark 
and Adanou had already accumulated, the pool of sorghum gennplasm now 
available in the progrmi locks very good. There is ncw sufficient gern-plasm 
base to effect a meaningful selection prograt. 

Breeding Material Source No. Entries 
F1 Crosses: P-967083 x Nigerien locals Purdue 23 
F2 populations: Exotic x Exotic Texas A&M (F.Miller) 21 
F2 populations: Exotic x Exotic Texas A&4 (D.Rosenow) 12
 
F4 progenies: Sudan Sel. x U.S. Lines Purdue 309
 
F4 progenies: P-967083 x SEPON Purdue 
 498
 
F4 progenies: P-967083 x P-898012 Purdue 91 
Miscellaneous Breeding Lines Purdue/Texas A&M 

(Selections fran Lubbock, Zinbabwe, Sudan) 
Experinental Hybrids (Exotic x Local) Purdue 60 
Experinental Hybrids (Exotic x Exotic) Texas A&M 40 
Parental Line for Hybrids Purdue 120 
Drought Tolerance Test Purdue/Texas A&M 15 
Standard Estcblisfhnent Trial Purdue 20 

Drought Qbs. Nursery Nebraska 17 

It is inportant to note that such a large array of genmplasm was not 

shipped to Niger indiscriminately. Sae of the rkiterial was introduced only 

following a specific request from Clark and Adanou. The rest was based on 
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prel iminary evaluation of ciraller sets of an array of INTSOR41L nurseries 
evaluated in Niger during the previous (1983, 1984, and 1985) crop seasons. 
Only those that showed promising adaptation potential were introduced in 
large numbers to initiate further selection. Such- an approach is cautious 
and effective. It protects the breaders in national prograns from 
evaluating too riany nurseries that do not have inuediate utility in their 
program. It also helps the cooperating INTSOMIL Principal Investigators to 
get closely involved in developing appropriate geinplasm for their 
collaborators as well as providing a mechanism theto assess adaptation 
potential of the genrplasm within their program. It certainly provides for 
development of a true spirit of collaboration/a mutually useful cooperation. 

H r id Develorment: 

There appears to be good interest developing in evaluating the 
agronanic potential of sorghum hybrids in Niger. To properly evaluate the 
potential of hybrids, both local sorrhums and intoduced genaplasm are being 
considered. A selected group of local sorghums, earlier introduced, was
 
intecrossei with U.S. A-lines during the winter in Puerto 
 Rico.
 
Intercrosses were also made 
 amorr U.S. A and R-lines. Approximately 100
 
experinental hybrids will be evaluated 
at Kollo (rainfed) and at Lossa 
(irrigation) to provide scme preliminary infonmtion on the potential of 
various gernrplasm. At the same tine scne 120 R-lines identified as being 
superior in Sudan are also introduced to Niger and will also be evaluated at 
Kollo, Tama, Bergou and Lossa. To graduate students from Purdue are 
scheduled to undertake studies on experinental sorghum hybrids in Niger. 
Tom Tyler and I. Kapran are currently in Niger conducting the hybrid trials. 
Their research projects are being supervised in Niger by Dr. John, Clark 
under the supervision of Drs. Ejeta and Axtell. 

Results for these hybrid trials in 1986 are extremely erouraging. In 
particular, some of Lhe hybrids using pollinator lines developed from a 
local variety by exotic crosses (Mousa Adamou SST lines) on 'DX623, X631, 
and P954066 fenale lines are very promising (Tyler study). Also, sane of 
the exotic x exotic hybrids from previously tested exotic parents are 
extremely productive in Niger. Evaluations for yield, long s-Wit resistance, 
and food grain quality are currently in progress by Tyler and Kapran. 
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Drought Tolerance/Crop Establishrment:
 

Two major nurseries on drought/stand establishnent will be evaluated in
 
Niger this season. The experinent on studying some factors associated with 
sta d establishrent is on its third year of testing. Twenty local and 
introduced drought tolerant sorghum selections will be evaluated both under 
irrigation and rain at Tama and appropriate data will be collected. The 
other study involves characterization of sorghum lines previously identified 
as being drought tolerant in Africa and the U.S. Several sets of this
 
nursery will also be evaluated at different enviromients: four locations in 
Texas by D.T. Rosencw, and one set at West Lafayette by Monyo and G. Ejeta. 
Agronomic field notes from all locations will be pooled to be copared with 
physiolcjical notes collected at Lubbock, Texas. This study is undertaken 
as a basis for a Ph.D. thesis by E. Monyo, a graduate student from Tanzania. 

Cereal Quality: 

Collaborators: INRAN - Mousa (Cumarou, J. Clark 

INTSORvfIL - Purdue- J. Axtell, A. Kirleis 
Same useful work has been done by the Cereal Quality Laboratory at 

INRAN, Nianey in characterizing traditional and inproved local sorghum 

varieties for their tuwo quality parareters. The lab also has capability 

for same physical and chenical analysis of sorghum grain, and these tests 

are done on a routine basis. These activities of the laboratory will be a 

useful tool as .ew and inproved sorghum varieties from the breeding program 
beccre available. As part of the overall evaluation of the potential of 
experimental sorghum hybrids, it is proposed that elite hybrids, if 
identified, be tested for food quality preparations. The two graduate 
students from Purdue (T. Tyler and I. Kapran), working on sorghum hybrids 
for Niger will include food quality aspects in their studies. Grain from 
elite local and exotic hybrids will be collected for tuwo quality evaluation 
in Niger. Grain will also be introduced to the U.S. for physical and 
chemnical characterization in the Cereal Quality Laboratory at Purdue. Dr. 
Allen Kirleis has agreed to provide such support and direction to the two 

graduate students. 
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Sorjhum Entc!P]oy: Head bugs 

Collaborators: INRAN - S. Maigalh 

INTSOR IL - Texas A&M-Gary Steck, G. Teetes, F. Gilstrap 
Fo lowing his visit to Niger and Mal]i during 1984 and 1985, George 

Teetes proposed a series of entnological experinents on the head bug 
complex in the region. Sorghum panicle-feeding bugs were apparently first 
noted as serious potential pests in West Africa during the early 1980's. A 
group of INTSOWIL scientists evaluating sorghum in nurseries at several 
locations in Niger in 1983 noted an especially high abundance of headbugs. 
Concern the magnitudeover of the bug infestation led to ny first trip to 
Niger in the fall of 1984. Although 1984 'was one of the driest years on 
record for the region, bugs were abundant in panicles of scae local 
varieties and many inproved sorghum lines and hybrids. The panicle-feeding 
bug situation was described in the trip report and becarre the basis for the 
subsequent collaborative research and specific research dWjectives, and the 
hiring of Dr. Gary J. Stock to be stationed in Mayadi, Niger during the 
sorghum (jrcwing seasons of 1985 and 1986. The collaborative iesearch with 
INRAN during J.985 progressed very well. An excellent collection of the bug 
species complex was made and curated. Thirty-four species of phytcphagous 
Hemiptera were censused on sorghum panicles in Niamey, Dosso, Tahaou, and 
Maradi, Nil~er during August-Octcber, 1985. Eurystylus sp. and CanPylcm 
spp. were consistently collected in large numbers. Densities of Eurystljus 
peaked very early and quickly at all sites. Creontiades p~lidus, Niun 
sp., and a pentatcmid species may be considered occasional pests. The 
sorghum varieties most heavily infested were early maturity types such, as El 
Mota Galmi. Much of the sorghum grown in te Konni and Galmi areas was 
heavily infested. Local, later-maturity varieties in the lradi and Berjou 
areas were not much infested. Panicle conpactness was not an inportant 
factor in detenninirig head bug infestations in variety trials, however, the 
presence of very susceptible varieties harboring large numibers of bugs nmay 
be endangering nearby plants of relatively nonsusceptible types. In an 
exper hnt where heed bug densities were great, seed density was 
significantly lowered, and average seed weight was consistently lower than 
where bugs were controlled with insecticides. 
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Head bug Research by Dr. Steck in 1986 
Head bug densities were extr~lely high Li aliost all areas surveyed. 

Head bugs were extremely abundant in panicles of the diverse sorghum types 
grown for breeding and e,.'a!.ation on Niger experiment stations. However, 
bugs were also cannon and abundant in panicles of niost local varieties grown 
in fanzrs' fields. The head bug problem is not only an experinent station 
problem. On many occasions head bug damage was very apparent and will be of 
a magnitude great enough to cause significant losses to grain yield and 
quality. The species composition is similar to what it has been the 
previous two years. But, if anything, the damage is more connon and more 
severe. As in previous years, long snut was very severe and nay be the 
second most serious problesm with sorghum production and inprovement after 
head bugs. Striga was very aburdant in millet, and ccnmon in sorghum in 

sane areas. 

The collaborative research with INRAN continues to progress very well. 
The cooperation and assistance of INRAN personnel is good, and direct 
collaboration with Dr. Iaiga is excellent. Dr. Steck has several good 
experinents underway that will produce extreely valuable results. The head 
bug species composition is now well known (there is still a problem with 
identification of species level). rystlus sp. is for sure the more 
abundant and important. Creontiades pllidus and Caryrplcrm spp. are also 
irportant canponents of the head bug species coplex. Nuierous other 
species occur, but are less abundant and miore occasional in their 
occurrence. Less tine will be spent in the future on species ccruposition 

de temuina tion. 

The experinents being corducted by Dr. Steck are of three major types. 
They are designed to deteinine bug biolcgy, population dynamics and assess 
damage. Based on rmy observations these experinents will produce useful data 
and will assist in describing the head bug situation in Niger, and provide 
the basis for future collaborative research. It is irportant to note that 
the procedure of stationing Dr. Steck at Maradi only during the cropping 
seasons continues to work and is providing effective collaborative research 
at minimal cost. This procedure is accepted by INRAN pursonnel and they 
continued to be inpressed with the amount of research conducted and tl 

quality of the data obtained. 
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Sorthum Entaolc9y: Millet Ste-borer and Head Girdler 
Collaborators: INRAN - S. Maigah 

INISORIIL - F. Gilstrap, Osman Youm, and G. Teetes 
This year is Mr. Youm's first full research year at Kolo, Niger. He is 

conductirg research on biological control of these two important millet 
insect pests. To our advantage is the fact that millet stanborers were more 
abundant and damaging this year than they have been in recentthe past. 
Almost all millet was heavily infested with steborer, and all early planted 
millet was heavily infested with head girdler. 

Mr. Youm's experlnrents are of three major types. He is determirdng 
alternate stcmborer hosts and parasites, detennining their population 
dynamics, and studying parasite effectiveness as density suppressing agents. 
He has identified several alternate host plants of the major stEiborers 
species attacking millet, and several parasite species. He is rearing 
several of these species in the laboratory. Using several plantings of 
mi]let, he has or is describing the population dynamics of the ste-rborer and 
its associated parasites. Using cages, he is detenmining parasite 
effectiveness by introducing parasites to borers on plants in sciiie cages and 
excluding parasites from borers placed on millet plants in other cages. In 
the laboratory, he is rearing parasites and studying borer oviposition 
substrate preferences. His data will be of the type and quality for use as 
his dissertation research. 

The progress that Mr. Yom has made did not cone easily at first. He 
found himself without needed equipment and laboratory space. His own 
initiative and good collaboration with INRAN and the PiJRA project enabled 
him to get what he needed. He has built a small laboratory and has managed 
to get it at least partially equipped and supplied. My inpression was that 
many pecple are most inpressed with what he has been able to accomplish 
during his short tine in Niger. He is making -n outsLanding contribution to 
INrSOR4IL's 2f forts in Niger. 

Striga: 
Collaborators: INRAN - H. Hassan, D. layccck, J. Clark 

INTSOR4IL - Purdue - G. Ejeta, Dale Hess 
A graduate student frcm Purdue, Dale Hess, is stationed at INRAN as a 

research associate in 1986, undertaking studies on various aspects of 
Striga. Mr. Hess is working on characterizing known Stra resistant 
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soxghum vaiieties for biochemical and norphological attributes. He also 
made intercrosses of these lines at Purdue. In Niger he is conducting 
studies on inheritance as well as sane basic and applied studies that would 
contribute tcwards better understanding of the nechanisms of Stri9a 
resistance in sorghumr. 

An excellent Strja infestation was cbtained by Hess at the Konni 

Station ir 1986. Very significant differences between resistant ard 
susceptible parents were Wbserved in 1986 and extensive notes on nunber of 

plants in each plot were collected by Hess. The three resistant parents, 
SR139, P967083, and IS9830 had substantially less Stria infestation than 

tihe susceptible local varieties, Bagcba, L-30, and Babadiafara. SRN39 had 
alnost no Strioa plants in an otherwise vetjy heavily infested field. 
Prospects are exticiie]y good for the Hess inheritance study of Striga 
resistance in 1987. 

Econcmics:
 

Collaborators: INRAN - Lysanba, Maliki Kadi
 

INTSOMIL - J. Sanders, Akin Mesina 

NCRP - R. Deuson, M. Krouse, B. Shapiro, C. Reddy 
Akin Adesina's principal objective was the inprovenent of DECOR's 

technical capacity to conduct whole-famn rodeling. The LINDO canputer 

package purchased by INTSOWIIL will facilitate the use of linear programming 

in DECOR's research beyond the present sinple partial budget analysis of 

fanTi-trial results. In less than a nonth after Akin's departure, the junior 

economist at Maradi had already produce a whole-farm nodel. 

INTSORIIL/NCRP Sorq hu ari] Millet Research: Experinent Station and On-Farm 

Trials 

Presently there is an INTSOWvIL breeding e-phasis in Niger on 
developing hybrid sorghum espcially for the irrigated regions. There are 
two M.S. students, Tem Tyler and Isscufou Kapran (Nigerien), engaged in this 
reseaLch with Dr. John Axtell and Dr. C-bisa Ejeta. Since ICRISAT has been 
concentrating on non-hybrid cultivar inprovenent for dryland corrditions, 
this INTSOWIIh, research fills a gap and is most relevant for the long run 
when West African countries are able to develop their own seed industries. 

The concern with putting sorghum into irrigatd regions results from 
the problemrs often encountered with alternative crops in the irrigation 
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projects. Rice is maintained by the Nigerien governnent at a price 

sibstantially above the world price. On the irrigation projects the parcels 
have been divided into very small units so the farmers also have their 
dryland areas. Barry Shapiro will be analyzing the allocation of labor 

between the irrigated and the dryland areas. Moreover, there have been same 

problems with the repeated cultivation of iice. Rice yields have been 

falling. 

In AID the predcmiriant interest was in finding higher-value crops. 

This interest exterred from the Ambassador on down. This concern apparently 

stms principally from the extirnely low price presently for millet, cited 

at 10 to 20 cfa/kg. The excharje rate is 332 cfa/dollar. There have been 

two reasonably good years for millet production in 1985 and 1986. 1985 was 

slightly below normal and 1986 was a good year. In 1985 there was minimal 

cowpea harvest for grain an-onj taditional loqe-season cultivars, but in 

1986 faniers were again able to harvest cowpeas for grain. 

With the concentration on the irrigated zones for sorghum, it is 

inportant to remember that there are approxinately 800,000 ha of sorghum 

produced in Niger as ccuipared with 3 million ha. of millet. (For these area 

estimates see R. Deuson, Issa Marene, and J. Clark, "Proposal to Test 

Sonjhum Hbrids Under Irrigation," DECOR, INRAN, fall 1985, mimeo.) Sorghum 

is concentrated on the better soils in the dryland regions, the alluvial 

soils, and the heavier clay or loan soils. Sorghum is also found in very 

sral] parcels on many predcxninantly millet farms where it is found beneath 

the acacia ("gao") tree or in the recession from a water scurce. 

On the heavier soils in Burkina Faso, crusting has often occurred,
 

thereby reducing 
 infiltration and increasing runoff. In these circumstances 

chenical fertilization becanes even riskier. One basic factor apparently 

explaining the sucoess of the tied ridges in these heavier soils is the 

reduction of runoff associated with the crusting. The tied ridges 

moderate chemical fertilizer - sen, to be a relevant teclology for much of 
the sorghum area, especially in the Maradi region. In sane regions of 

Maradi with heavier soils, the farmers already make ridges between rows with 

the first weeding. It would be a sinple nodification to just tie or close 

these ridges. 'Ten the riskiness of moderate chemical fertilization would 

be reduced and its profitability increased. 
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In 1986 tied ridges were utilized on the Kolo Station in agronQnic 

trials and in saie of the regular sorghum breeding there. They appear to 

have erformed very well. For the 1987 trials in the Maradion-fam region, 

tied ridges-moderate fertilization treatnients with withoutand the new 

sorghum cldtivars are being discussed. If sorghum, productivity is increased 

where sorghum is already produaad on the heavier soils, then it will not 

have to ccn pete with the high-valued crops on the irrigation areas such as 
rice, wheat, and vegetables. Rice and wheat have high govemrurital price 
s upport s. 

A irore difficult researcD challenge will be theto inprove agronaic 
envirormient on the various sandy or dune soils. One apparent advantage of 
these soils is that water irfil tration is excellent. On these dune soils 
the principaol crops are millet arx] ccwpeas. It has been suggested that 
Niger may be the center of origin for millet. The local mil lets are able to 
geniir.ate in extriey high soil tcuperatures. Most inported millet, 
esiecially the Indian cultivars, do very poorly at these high temperatures. 

Water-use efficiency aril yields have been shown to be substantially 
increased with fertilization alone on these sandy soils in very loweven 
rainfall years such as 1984 (ICRISAT-Sahelian Center, Annual Rept. 1984, p. 
42). DECOR in INRAN-Purdte has also been doing farm trials with 
incercropping of millet and cowpeas and fertilization on these dune soils. 
With the high infiltration of the soils and an inproved organic-matter 
content froni the rotation of millet and cowpeas, the probability of an 
econamic return to chemical fertilization on the dune soils should be 
increased. DECOR has been doing partial budgeting analysis of the 
profitability of chemical fertilizer in various regions with the data frcu 
the on-farm trials. The ICRIPAT Sahelian Center also has been doing 
research on ridging with aninal traction on these sandy soils. 

The ICRISAT research on fertilization of millet and with the ridging 
seens to be very promising and is being continued by the Sahelian Center. 
DECOR can take advanit ,e of sene of these ideas in its on-farm trials in 

1987 in the dune areas. 

Research Progress and Results: 

Genr[asm Ernhancement - INTSOWIL has contributed significantly to the 
availability of sorghum genmplasm in Niger. Many well adapted lines have 
been cbtaincd prinarily from the Texas A&M and Purdue programs. 
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Survey of Head buqs and Stanborers in Niger - Dr. Gary Steck and George 
Teetes surveyed head bugs in Niger in 1986. A regular schel-1e of sanpling 
was urdertaken in three major sorghum production areas (Maradi, Konni and 
Gaya) and at the Kollo Station. TaxonQ-nic collections were made of all 
species of head bugs encountered. These will be used to verify 
identifications and establish a ccaulete refeyence collection. Sanpling 
also yielded detailed information on species cccposition, distributions, 
relative abundances and seasonal phenolcgjy. Youm arid Gilstrap have an 
excellent stamborer study in progress in 1986 and 1987. 

D_rouht Tolerance - Several lines selected by Gebisa in Sudan have 
proven to also be drougit tolerant in Niger and will be useful gennplasm 
sources for the INRA4 breeding program. 

b.rid Sor hurm - Hageen Dura-1 seems to be well adapted after two 
years. Thexe is stong interest in this and other hybrids in Niger for 
utilization on irrigated farms. Several additional hybrids were tested at 
three locations in Niger during the of f season and evaluated with Hageen 
Dura-i in 1986. 

Mutual Research Benefits 
Drought tolerant lines identified in Sudan and Niger are now an 

integral part of the U.S. sorghum breeding programs at Texas A&M and Purdue. 
These were sources of drought tolerance which were previously unknown in the 

U.S.
 

Information gained on local processing of sorghum flour in andNiger 
Sudan are providing useful insights into the problem of lower digestibility 
of sorghum grain in U.S. feedlots. 

Gemrrlasm with tolerance to st~iborers and head bugs is potentially 
valuable in the U.S. and in many other areas of the world. 

Institution Building 

Research Supplies 
Laboratory supplies from INTSOR4IL have been provided to the INRAN 

Cereal Quality Lab at Kollo. 
Several boxes of scientific journals have been sent to the INRAN 

Library at Niaiiey. 
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A r1'yota Land Cruiser and a Toyota Corolla Station Wagon were purchased 
in 1986 in tine for harvest. Two motorcycles have also been purchased for 
transportation for INTSOIL and INRAN collaborators. 

Training_" Host Countiy Researchters 

Mousa Adan-ou, INRAN Sorghum Breeder, began Ph.D. sbudies at Purdue in 

August 1986. 

Two M.S. students from Purdue (Issaufou Kapran and Sharif Ari) wili be 

conducting M.S. thesis research in Niger during 1986. 

Mousa Omnarou spent several montIs at Purdue, Kansas and Texas A&M 

cereal quality labs. He is currently in charge of the INRAN Cereal Quality 

Lab in Kollo. 

Mwaodou Ouattara is studying Soil Science at Texas A&M University. 

Host Country and U.S. Visits by Scientists:
 

Visits by Niger Scientists to the U.S.:
 

Mousa Ouwrarou - Cereal Quality Lab (1985)
 

S. Maigah - Atterded INPSORIIL/ICRISAT Fntcmology Conference at Texas 

A&M and returned to Texas in August 1986. 

Maxradou Ouattara - from INRAN Soils Lab to Purdue. and Texas (1985). 

Visits by U.S. Scientists to Niger:
 

John Axtell, Purdue/Soghum Brecding
 

Gebisa Ejeta, Purdh/Soighum Brecding
 

'mim Tyler, Purdue/Sorghum Breeding
 

Dale Hess, Purdue/StriRa
 

John Sanders, Purdue/Econauics
 

I. Kapran, Purdhe/Sorghum Breding
 

Shari f Ari, Purdue/Sojhum Breeding
 

Woods rMhoms, INPSOR41L Board of Directors/Chainan
 

Glenn Johnson, External Evaluation Panel Menber
 
Brhane Gebrekidan, External Evaluation Panel Menber
 

John Yohe, Nebraska/Management Entity
 

George Teetes, Texas A&M/Entcnology
 

Gary Steck, Texas A&M/Entcocgy
 

Omn Youn, Texas A&M/Entcmology
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Neborking 
In-Country - The major activity for disseminating research results 

within Niger has been the INTSORIIL/INRAN/NCRP Sorghum ard Millet Workshop, 
which was plannEd during Year 6 and inplemented during Year 7. The Workshop 
was very successful for the 45-50 participants who presented papers and tock 
part in discussions. Additional research information exchange tock place 
through INTSOR4IL scientist visits to Niger. An EEP Review was successfully 

corducted in Octcber 1986. 

Regjonal - For the past two years key INRAN sorghum and! millet 
researchers have participated in exchange visits with neighboring countries. 
In Year 5 INTSORvIl~/INRAN scientists visited Burkina Faso to see the Purdue 
Fanning SystEns Research and the ICRISAT West African Research Program in 
Ouagadougou. In Year 6 a similar exchange visit was nade with the ICRISAT/ 

Mali/USA.ID Program in Barnako. 

General Camments 

he IN SOWvIL/CRSP Program in Niger is developing nicely. Continual 
dialogue between INTSOR4L and INRAN scientists must continue over several 
years in the designated research areas. Joint research planning and joint 
nursery visits in both the host country and U.S. are essential. French 
language capability anong INTSORAIL principal investigators must be 
inproved. The joint workshop planned in Year 6 and inplemented in Year 
was extremely successful in lending positive notea to collaborativeour 
research progran in Niger. The excellent support of the USA]]) Mission, 
including participation by the Agricultural Developinent Officer, Mission 
Director, and Ambassador Bogosian was very inportant to the success of the 

Workshop. 
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PARAGUAY 

FrEd Miller 

TExYas A&M University 

Project Personnel 
Dr. Fred Miller, Sorghum Breeder, Department of Soil and Crop Sciences, 

Texas A&M University 

Mrs. Anne Spelletich-Oddone, Research Associate, Department of Soil and 
Crop Sciences, Ministry of Agriculture, Asuncion, Paraguay 

Collaborative Program
 

Institutions involved
 

Texas A&M Univei:2 ity
 
Ministry of Agriculture, Asurion, Hon. H. Bertoni, Ing. Luis Alvarez 

and Ms. Mercedes Alvarez, M.S. 
Colonia Menno - (Mennonite - Central Chaco), Ing. Jaccb Frisean and 

Ing. Willy Giesbrecht 
Colonia Unidas, Ing. Rairon Ledy and Ing. Tcuas Horn 

Colcida Minga Guaza
 

CoCperative Coranel
 

Instituto Agropec. Carlos Pfanel
 
Instituto Interamericano de Cocperacion Para la Agricultura
 
Senpar S.A. Seed Co., Ing. Pedro Kirchhofer 

Peace Corps de Paraguay 
USAID Mission, Hon. Clyde Taylor, Arbassador, Mr. Paul Fritz and Mr. 

Oscar Carvallo 

Paraguayan agriculture provides 45% of the total national enployment, 
with 60% of the population living in rural sectors. Diversification of 
agricultural crops in Paraguay is of major concern and importance. In the 
country, maize and wheat are produced in areas of higher rainfall in the 
south and central regions. However, there are major areas within these 
regions where sorghum can be used to stabilize the production of grain and 
forage. In more northern areas of the Chaco, neither maize nor wheat is 
reliable. Sorghum offers the only plausible solution to the severe grain 
deficiency in this area. 

Because of a high population growth (2.6-3.0%) and recognition of 
higher quality food, more and more grain and forage is being produced in 
Paraguay for livestock utilization either to finish beef for market, toor 
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coaplerent maize when fed to swine and poultry. Since wheat and maize are 

used in the food chain directly there is little of these cereals available 

for animal use. Because of its wide array of uses, sorghum offers 

Paraguayan consu.rs a supplemnt to wheat and maize directly as human food, 

and indirectly through animal products. 

Sorjhum has been produced in araguay on a limited basis, However, 

research and transfer of technology to fanners/ranchers has been limited. 

Because of the present high level of interest, it became evident that USA]D 

could take this interest and nultiply its existence into a major grain and 

forage ccmnodity to significantly stabilize Paraguayan agriculture.
 

The njor constraint to growth and rapid expansion of the sorghum 

industry in Paraguay was the availability of high quality hybrid planting 

seeds at an affordable price, and at the appropriate time for planting. By 

developing a hybrid seed industry and the necessary associated research base 

in Paraguay, these constraints would be overcomre, and the benefits of 

expanded diversification in the cereal grains would .nd stability to 

agricultural production. 

Menorandum of _rement 

A Memorandum of Agreement to allow collaborative research, transfer of 

funds, and joint technical and scientific activities was signed in Asuncion, 

Paraguay on SeptEnber 27, 1985. The fully signed agreenent was inplcr-ented 

on Octcber 25, 1985. The 1985-1986 work plan and associated budget was 

presented September 1, 1985, and acconpanied the MOA. The United States 

Agency for International DevelopTent (USA]D) Mission in Paraguay had 

ccamissionied a $25,000 contract to 'buy-in" to INTSOI4IL to provide 

leadership in this collaborative research effort. Mr. Paul Fritz and Mr. 

Oscar Carvallo were the forward thinking individuals with USA]T who got this 

program moving.
 

Other Problems and Oprtunities
 

The Paraguay INTSOIRAL program has evolved over the past 2.5 years,
 

following initial contracts by the USAID Mission for Technical Assistance. 

Dr. Fred Miller went to Paraguay on three occasions to provide that
 

technical assistance. During these visits, at the request of the Mission
 

and Ministry of Agriculture, a collaborative program was developed with
 

these entities and INrSORMIL. Dr. Miller Aorked closely with the Mission
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aid, subsequently, the Mission cbtained approval for a $25,000 contract 
grant to ITrSO91IL. 

Following appropriate guidelines, Texas A&M University hired Mrs. Anne 
Spe.letich-Oddone, as of Septinber 1, 1985, as sorghum breeder in Paraguay. 
She was assigned to carry out the mutually agreed Plan of Work with Ms. 
Mercedes Alvarez, the Paraguayan Sorghum Research leader. 

Few prcbles have occurred in the operaticn of this project, after 
establishmrent of the general procedures. Supplies for research are very 
difficult to obtain, but the IfTSORNIL breeder in Paraguay is very 
imaginative. The USA]]) Mission has been extremely helpful and supportive. 
They are hereby recognized for their outstanding support. 

In Paraguay, as in similar countries, there is a need to produce 
concentrated energy for operation of machinery and to reduce dependence on 
imported fossil fuels. Technology exists to convert sugars front certain 
types of sorghum stens into alcohol. Brazi I as inplemented this 
technology. The INSOR41L scientist in Paraguay is working with the 
Ministry of Agriculture to btain additional funds for developing this 
technology in Paraguay. 

Sorghum Constraints Researched 
The goal of this program is to develop the production of sorghum in 

Paraguay to a level of adequacy for huiran food, axi.iral yrazing, and dry 
season survival, and as a response to expanded production of poultry, swine 
and finished livestock through private ente.prise. 

To acccrrplish this goal for Paraguay it is important to utilize the 
interest which exists in sorghum to alleviate the critical grain and forage 
deficiencies. This can be acccuplished by short term introduction of 
existing technology from the INTSOIMIL program and blending with local 
expertise and culture. In the lorger temn it will be necessary to train 
technicians and professionals in sorghum culture and utilization and to 
assist in the develorment of a hybrid seed industry to supply adapted 
productive hybrid seeds to producers in the country. 

A strong interaction between the public and private sectors must be 
built to insure the adoption of the technology of production and 
utilization. In order that we estblish a reasonable progran, the following 
objectives are outlined. 
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Objectives 

Identify and characterize the potential sale of sorghum in Paraguay 

agriculture. 

Strengthen and assist the national research in sorghum through 
collaborative research sponsorship through association with the INTSOIMIL-

CRSP.
 

Develop to a maxinum the involvement of private producers who have 

expressed interest in sorghum such as: 

Association of Sorghum Producers 

Association de Rurale 

Mennonites at Filadelfia, Lcan Plata, Leguna Capitan, and others in 

various iegions. 

Instituto Interamericano de CrEbito para Agriculture in Paraguay 

Various Agricultural Schools, such as: 

Instituto Agropecuaria Carlos Pfanel - Coronel Oviedo 

Halvetes Agri. Mech. School (Switzerland) - Valenzuela 

Cocreratives especially: 

Minga Guazu - Coranel 

Colonia Unidas 

Research Press aid Results 

During 1985-1986, 13 trials or tests were planted throughout Paraguay 

at nine najor research locations. Numerous results have been cbtained which 

indicate that tropically adapted (TA) sorghums work very well in the 

country. Only the following limited discussion is chosen to deronstzate 

inpact. 

In the central part of Paraguay, south of Asuncion, Credit Agricola 

works closely with small holding farmers. This area was chosen because of 

former Peace Corps involvement. We put in conparison trials of local maize 

and the white food sorghum "Dorado". The maize yield was 900 kg ha-, and 

Dorado yielded 3800 kg ha - I . Cooperators were inpressed with the yield of 

grain and also the yield of green fodder for livestock consixrotion. The 
Extension Service was given recipes for sorghum food products to distribute. 

Plans were made to expand the area of involvement during 1986-1997. 

Approxirtely two tons of seed of the variety Dorado were stored for 

distribution to cooperators. 
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Servicio Agropecuario Chaco Central (Mennonite Colony) at Filadelfia 
has demonstrated the ability for sorghum to grow and produce econcmic 
returns under severe stress. They have identified two sorghums, VG 146 
(Surefio) and ATx631 x RM435, as materials possessing excellent quality in 
bread and cookie production. They are expanding their use and testing of 

sorghum to include evaluation in food products in the local hotel. The 
Mennonites have progressed well in their ability to produce hybrid seed of 
forages. Following two years of experience and successes they have 

officially named two forage sorghum hybrids. 1) ATx623 x Greenleaf 

Sudangrass = "Fredi" and 2) A~c623 x Local Hegari = "Chaci". The Mennonites 

will continue to develop their experience in the production of forage 
sorghum hybrids. They also collaborate in the food from sorghum 
experinents, evaluation of grain hybrids, and monitoring of diseases and 

insects. We will move into evaluation of basic agron.iic practices to 

maximize productivity in the near future. 

Basic breeding materials have been provided to the Ministry of 
Agriculture and are being placed into an inprovement systen with Ms. 

Alwrez, but backstopped by Mrs. Oddone. 

The identification of sorghums with wide adaptation, drought 

resistance, and food quality traits in Paraguay will increase the efficiency 

by which we can identify and use these materials in the U.S. The 

identification of sorghum grain characteristics which affect food properties 

and their inpact on utilization in Paraguay and the U.S. 'ill allow plant 

breeders and cereal chemists in both countries to select superior types for 

particular uses. 

Institution Building 

During 1985-1986, INrSOWvIL funded research and support in Paraguay for 

$25,000. 

INrSOI4IL scientist, Dr. Fred Miller wes in Paraguay Septeriber 20-28, 

1985; February 20-March 5; 1986 and May 19-24, 1986. 

A complete set of Crop Science Journals and Agroncniy Journals from 1960 

to the present were provided to the Research Center - Ministry of 

Agriculture, Caccupe. 
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Nebworking 

Collaborating scientist Ms. Mercedes Alvarez has traveled to Brazil, 

Argentina, and Uruguay to participate in meetings to discuss sorghum 

production and research in Paraguay. In addition, Mrs. Anne Spelletich-
Oddcbne acccpanied Ms. Alvarez to Argentina to visit Morgan Seed Ccorany's 

sorghum winter nursery site near Fonlosa. They discussed sorghum diseases, 

production practices and the availability of planting seeds. 

General Cczwents 

Perhaps the mrost important aspect of a progra, such as this is student 

training. At this time we have not identified a student(s) for further 

training. However, we have sane potentials. The next best things have been 

inplerented. Two technical support staff have been identified, and will go 
to Texas for two months of intensive sorghum training. This training will 

be placed on the potentials of sorghum for Paraguay and how sorghum must fit 
into a "systen" of production - and on the mechanics of hybrid seedF1 

production. Such training will have direct inpact on the najor current 
limitation to sorghum's growth in the country, i.e., the availability of 
quality planting seeds. 

Paraguay is a part of the South American Ecogecgraphic Zone, and 
results ci tained in the country are transferable to Brazil and probably 

Colcubia, but certainly into other nearby countries. The diseases and soil 

stresses as well as drought pattems are similar throughout the 

Ecogecgraphic Zone. 

385
 



PHILI PPINES
 

Jerry W. Maranville
 

University of Nebraska
 
Principal Investigators (NU-121)
 

Dr. Lydia Oliva, Dean Graduate School and Head Department of 

Agricultural Econciruics, S4ARC/US4.
 
Dr. D.A. del Rosario, Crop Physiologist, IPB/UPLB
 
Ms. Fabiola Alejandro, Sorghum Breeder, SMARC/USI
 
Dr. Jerry W. Maranville, Professor of Agroncny, University of Nebraska 

Other Researchers 
Dr. Pablito Panlploria, Professor of Agroncniy and Deputy Director 

SMAR('/ SM 

Dr. Dely Gapasin, Director, Division of Crops Research, PCARH) -
Los Banos 

Dr. Dale G. Anderson, Professor of Agricultural Econcmics, University 

of Nebraska 
Dr. George Pfeiffer, Assistant Professor of Agricultural Econoitics, 

University of Nebraska 

Collaborative Program
 

Institutions Involved
 
Collaboratin Host Country: PCARRH, 
 Fonnal agreement; IPB, Los Banos; 

SMARC/USM, Kabacan 
U.S.: Departrent of Agronam-y, University of Nebraska 
Although sorghum is not producd extensively in the Philippines, it has 

potential to stabilize the feed grain production in that country since it is 
generally more stress tolerant than corn. The current varieties are of a 
feed rather than a food type and therefore of fer no alternative foc scurce 
such as corn might do when food supply is low. The support price for corn 
is also scmnewhat higher than for the typo of sorglmn currently being grown, 
making it econaically less attractive to produce. Collaborative INTSOIMIL/ 
Philippine research in 1985 discovered that a new variety released in 
Horduras through the INTSOIMIL program there could substantially outyield 
local types in the Philippines under proper management. This variety, VG 
146, also has the advantage of being a food type with good popping 
characteristics which enhances the desirability for utilization. It is 
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taller than most producers would like, however, and most likely should be 

shortened before it will be widely accepted. 

Experinents on sorghum production following lowland rice showed that 5 
to 10 days after rice harvest was the best tine to plant sorghum. 

Genination is highest if seeds are planted 3 to 5 cm deep. It was also 
shown that early maturing sorghum are best fitted to the post-rice 
condition. Under the best conditions, sorghum yields were as high as 2.9 

t/ha. 

Linkages: 

Informal working arrargements with IRR[. Projects NU-113, NU-114, NU
115, NU-1I7, TAM-121 and PRF-104B have made contributions to the research. 

EcogeoLrphic Zones Benefited Most by Research 

Asian subconti nent. 

Cbjectives, Constraints and Research Proceduxes 

Objectives 

Investigate the potential of sorghum production following rice. 
Test new selections of sorghum for yield potential in upland 

production. 

Conduct "on-farm" trials to demonstrate the correct production 
practices for maximizing sorghum yields in Mindanao. 

Constraints 

The primary constraint to sorghum use in the Philippines my be nore 
related to the ability to narket the crop profitably than the ability to 
grow it. However, if yields were to inprove narkedly through the use of new 
varieties and saund agroncmic practices, the low price usually received for 
sozrjhum in comparison to corn would perhaps be offset sufficiently to make 

the ccmnrodity more attractive to farmers. The current local variety is 
thought to contain somre tannin/although the iirported hybrids in use do not. 
This belief of the presence of tannin is a constraint to feed millers 

although INTSOHIL-linked research has shown this is not a factcr in feeding 
efficiency, and that indeed, tannins should not be a major concern for the 

sorghums now in production. 
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oe gh fo r r
 
Sorghums for rice paddies. This research has 
 been largely of a 

physiological nature and conducted at IPB. Studies resistance to droughton 
or flooding are being conducted in the greenhouse. Some varietal screening 
is being made in rice paddy conditions in the field. Studies toleranceon 
to acidic soils are also underway at IPB. 

Varietal screening of upland production. INrSOMIL scientists from 
Texas A&M and Nebraska continue to furnish the bulk of the material coming 
to %IARC for yield testing. Some material is also made available from 
ICRISAT and the IPB sorghum breeding program. 

On-farm dennstration trials. This is coupled to the economics project 
NU-117. Trials consist of several treatments including varieties, pest 
control procedures, and fertilizers. These serve not only as research 
trials, but as an extension component for the area to demonstrate sorghum 
use. Economic data are gathered and evaluated relative to production on 
these trials to complement the agronomic data. 

Erbl .P gapd 

The t :.r.earch is financed largely by INTSOI4IL funds. The procedure to 
make these funds available to the researchers in a timely fashion is often 
conplicated and slow. Getting the necessary documents prepared and signed 
by all parties is a constraint to making the research funds available to the 
Philippine scientists. 

Project Output 

The nost inportant output from the INTSOMIIL funded research was
 
identification 
 of variety VG 146 which is showing promise as a potential 
yield improving type for either feed or food use. Trials in 1985 showed the 
variety outproduced the local type by as nuch as 43% which made it 
economical.ly better than corn even though the sorghum market price was 
lower. Variety VG 146 is the same variety as Surefio, a dual purpose 
grain/forage cultivar just released andin Honduras recommended for 10%-20% 
of the country's total acreage. In addition, VG 146 is gaining popularity 
as a specialty crop because it can be "popped" and consumed as food, a 
practice not comnon for sorghum in the Philippines. Since this is a variety 
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practice not cannon for sorghum in the Philippines. Since this is a variety 
rather than a hybrid, seed production will be relatively sinple and the cost 
should be mininal and affordable by most farmers in the region. 

The "on-farm" deninstration/research trials have been a continual 
source of information on production techniques to the local farmers. During 
the January-April 1985 cycle, three fertilizer levels were shown to be 
econcniically feasible. However, there %asa strorg interaction 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 cordition of the soil during the latter cycle. 

Exerinents on sorghum production following lowland rice showed that 5 
to 10 days after rice harvest was the best tine to plant sorghum. 
Gez-ination is highest if seeds are planted 3 to 5 cm deep. It was also 
shown that early nmatiring sorghun are best fitted co the post-rice 
cordition. Under the best corrlitions, sorghum yields were as high as 2.9 

t/ha. 

Research Prcqress for Future Use 
Varieties are in a continued phase of selection at %IARC and IPB. With 

the apjarent acceptance of VG 146 type sorghum, an array of genotypes with 
similar characteristics will be made available from NU-115 for testing at 
both S4ARC and IPB. Farmers would prefer a shorter type if it could be 
found. VG 146 may need to be shortened through breeding. 

Networking Activities 

- Research Investigator Exchanges 
Drs. Anderson, Maranville, and Pfeiffer traveled to Los Banos and 

CotEbato for discussions and collaboration during May and early June of 
1985. 

- Genrplasm Exchange 

Projects NU-115 and TA4-1221 continue to send genrplasm to SMARC for 
testing. 

Travel 

- Chicago, Illinois. Octcber 2-3, 1.985 to participate in INTSOW4IL TC 

meeting. 

- Kansas City, Missouri. January 13-15, 1986 for TC meeting. 
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- Kansas City, Misscuri. March 18-19, 1986 for TC meeting. 
- Manila, Kabacan, and Los Banos, Philippines. May 12-21 for 

collaboration with Philippine researchers and other participants on 
agionclnic and econa-ic issues in sorghum production. Prinary persons 
were Drs. Lydia Oliva, D.A. del Rosario, and AxtEmio Salazar (new 
sorghum brecder). 

Publications and Presentations 

Publ ica tions 

Anderson, D.C., J.W. Maranville and G. Pfeiffer. Trip Repor, i.rPSOIRAIL 
Philippines. May 9-June 6, 1986. 11 pp. 

Presentations 
No formal presentations. Infomal presentations were made to persons at 

PCARRD, USM, SMARC, USAID, IRRI, UPLB, anrd IPB. 

Changes in Year 8 
None. This will be the last yeaz of Project NU-121. 
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SENEGAL 

David J. Andrews
 

University of Nebraska
 

Collaborative Program 

Senegal is primarily a pearl millet growing country--the sorghum crop 
is about 1/3 in ccuparison. Yields of both crops are low and landrace or 
modified landrace varieties are used; yields are also restricted because of 
low feitility and limitEd and untinely cultivation practices, pest and 
diseases and scnetines moisture shortages. 

the traditional tine consu.xing way and 

camEarison with rice and inported wheat flo

Millet food 

are becoming 

ur. 

products 

disadv

are 

antaged 

made in 

in 

Merorandtv of A9 reQ-nent 

MOA has been negotiated with ISRA to cover collaboration on millet 
brec-ding and physiology. A separate MOA was negotiated with ITA to cover 
collaboration on millet focd quality research. 

Millet Constraints Researched 

Research Prlores 

The basis for collaborative research in millet food quality has been 
drafted. New products seen possible. Establishment of quality standards 
can assist in breeding new varieties. Varieties sent from Hays, Kansas 
(KSU-101) and Lincoln, Nebraska (NU-118) performed well in coparison to 
local varieties in tests corducted by ISRA in the northerly drought prone 
area of Senegal. Such varieties can be further adaptEd by reselection. 

Mutual Research Benefits 

Focd quality research can be of potential application in food or feed 
uses of millet in the U.S. Variety testing helps validate varieties for 
potential use elsewhere, especially for drought response. 

Institution Building 

A del uller is being shipped to Dr. Ababacar N'Doye, ITA, Dakar. 
Mr. A. Fofana is now millet breeder in ISRA, Senegal, having received 

his M.S. at Nebraska. Collaborative breeding is planned with hi,,. 
Dr. Ababacar N'Doye, cereal scientist, ITA, Dakar, visited the 

University of Nebraska for six weeks to initiate collaborative food quality 
work. Dr. Mbaye N'Doye, head of crop production research, CNRA, Bambey, 
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visited the University of Nebraska in March to discuss crop breeding 

research. 

Dr. Chuck Walker and Janet Buck visited ITA, Dakar in Novenber 1985 to 
detemine possibilities for collaborative food quality research and to 
urde2stand the state and direction of existing research. 

Networking 

Food quality research has widespread potential throughout Wes. Africa 
arr elsewhere where there are similar needs for new products. Variety 
evaluation has relevance to similar ecological low disease zones with very 
low rainfalls in Africa. INTSO91IL scientist workshops and existing 
regional networks can be used to disseminate established results. 

General Ca-mrents 

Variety testing can be expanded and can inc]ude sane types of hybrids. 
Scme consulting could be done on orroing breeding projects. Senegalese 
breeding gE Iplasm is of potential use in KSU-101 and NU-118 projects. NU
121 can assist in variety 7hoice and breeding decisions in NU-118. 

Varie ties frcm northern Niger are known to be suitable in Senegal. 
Variety organoleptic research ir. Mali is ccmplenertary to food product work 

in Senegal. 
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SLDAN 

Allen W. Kirleis 

Purdue Unive-rsity 

Collaborative Program 

Production and Utilization Constraints 

Moisture stress is the most inporta;it constraint to sorghum/millet 

production in Sudan. Methcdologies for screening sorghum gennplasm for 

drought tolerance are also lacking. Breeding efforts to incorporate drought 

tolerance with higher than average yield potential are limite by lack of a 

rapid field screening procedure as well as lack of knowledge of sources of 

sorghun: geitplasm possessing useful traits. 

OtIr factors that reduce sorghum/millet yields in Sudan includk insect 
pests, diseases, and .tri a. Insects pests that are kncwn to attack sorghum 

especially in the rainfed areas of Sudan include steborers, American 

bol]warm, and central shootfly. The major fungal diseases on sorghum/illet 

in Sudan include anthracnose, charcoal rot, long smut, and grain mold. 
St a, a parasitic weed of sorghum in Sudan, constitutes a major constraint 
to sorghum pLoduction. There is very little sorghum genrplasm with 
resistance to Striga and the mechanism that renders resistance to Striqa is 
unknown. Kncaledge of inheritance of this trait is also lacking. 

One of the major factors limiting the utilization of sorghum and millet 
in Sudan is the fact that the high yielding varieties lack food quality 
acceptable to the consuTer. Work is needed to develop a batter definition 
of sorghum and millet food quality so that a rapid test can be developed for 
screening breeders' lines. 

Institutions Involved 

Host Country 

Agricultural Research Corporation (I1C) 
Gezira Research Station 

El Obeid Research Station 

Kadugli Research Station 
Food Research Centre, Sbambat 

Sudarn National Seed Administration 

Regional Ministry of Agriculture and Natural Resources, Kordofan Region 

ICRISAT/Sudan 

Western Sudan Agricultural Research Project ,WSARP) 
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University of KhartcumVFaculty of Agriculture 

USA]D Dvission/Khartoum 

U.S. 

Kansas State University
 

Purdue University
 

Texas A&M University 

University of Nebraska 

Menorandum of Agre__L__nt 

Agricultural Research Corporation of the the Denocratic Republic of 
Sudan (Air) and INrSOMjjL. 

Collaborators Involved
 

Cooperative Breeding 
 and Genetic Evaluation of Sorghum. Scientists: 

Abde] Latif M. Nour/Osman Elcbeid Ibrahim (ARC). Rosenow/Ejeta (INTSO}4IL). 

Physiological and Agroncmical Research on Sorghum. Scientists: Saeed 

M. 	 Farah (ARC). Eastin (INFSOR IL). 

Sorghum/Diseases/Plant Pathology Research. Scientists: El Hilu Omer 

(AIC). Frederiksen (INTSORMIL).
 

Stiqa/Wezd Control in 
 Sorghum. Scientists: A.M. Haidoum/A.G.T. 

Babikar (ARC). Ejeta (INTSOAII.). 

Evaluation of Sorghum ard Millet Food Products. Scientists: S.M. Badi 

(ARC). Kirleis (INTSOR4IL). 

Library Irrprovement. 

Plant Pathology Student Training. Scientists: Mohamed El Fatih K. Ali 
(ARC 	 Student). Warren (INTSOR,1IL, Major Professor). 

Western Sudan Agricultural Research Project (WSARP) and INrSORITL. 
INTSO91L Agroncnic Work at Kadugli Research Station. INTSOIMIL 

Agroncnist Tareke Berhe. 

Dr. El Hilu Omer, ARC plant pathologist, has been naned as the ARC's 

coordinator for INTSORMIL activities. Dr. Omer's appointnient has 

facilitated better program coordination between ARC ard INrSOR4IL. 
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Deveoepnt of a Five-Year Sorhum/illet Research Plan for Suoan 
At the request of the USAJI) Mission Khartoum and the Agricultural 

Research Corporatior (I-C) , INTSO94IL scientists (Ejeta, Kirleis, and 

Rosenow) were asked to assist in developing a five-year plan for sorghum and 

millet research in Sudan. The first draft of the document was written in 

Novenber 1985. The USAID Mission is hopeful that the five-year research 

plan will foster additional cooperative sorghum/millet work bctween ARC and 

INrSORAII, scientists and strerrjthen ARC's sorghum/mil lt research 

capability. The USAID/Khartoum Mission has agreed to help ARC obtain 

funding to support the research program. 

Prcblems with Collaboration in 1985/86 
Political unrest in Sudan in early 1986 prevented U.S. scientist travel 

to Sudan. This made APC/IDrSORv1IL collaboration difficult during the 1986 
crop season and caused the postponement of the Sadan/INTSOR4IL Workshop 
planned for the Fall of 1986. 

Sorghu-i/Millet Constraints Researched 

_bid Seed Industry Develojient 

INrSOR1IL has had a continual involvement in the efforts of the 

Governn ent of Sudan in expanding research on sorghum hybrids as well as in 

proaoting a wide use of hybrid sorghum varieties by farmers in Sudan. 

INISO41IL sorghum breeders have been directly involved in devising 

breeding strategies with ARC scientists, in providing essential germplasm, 

and in assisting in the evaluation of sorghum breeding nurseries. INTSOR4IL 

has also collaborated with the Sidan National Seed Administration and has 

provided essential technical assistance in the hybrid seed production 

efforts. Technical assistance provided through INTSO9I1IL has facilitated 

the hybrid seed production activity. INTSOR4IL PI's and ME staff working 

closely with the USAID mission in Khartoum and the Governn ent of Sudan 

provided the necessary mromentum towards the establishment of an infant seed 

industry in Sudan. 

Research Results from Kadixli, South Kordofan 

In both on-station and on-fam trials, Ugandi millet was the earliest 

and highest yielder. It flowered in 45 days and natured in 70 days. 
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Average yields for Ugandi were 251 Kg/Ha in on-station and 569 Kg/Ha in or
farm trials. Multiplication ard distribution of Ugandi should be 
encouraged. 

Of all sorghum genotypes tested, Hageen Dura-1 was the highest yielder 
with a yield of 544.3 Kg/Ha and 1805 Kg/Ha for on-station and on-farm 
trials, respectively. The drought tolerant and early genotypes, SRN-39 
(also Striga tolerant), IS-9830 (also S_trIa tolerant), and P898012 continue 
to be v.,ell adaptd to the area. WSARP should consider releasing P898012 and 

SRN-39. 
In screening for drought tolerance studies in sorghum, the followir 

entries were found promising: 
Fron KSU/Sudan INTSORMIL Project gem-plasm: Zinna) i Hirehree, Najaad 

Abyad, Sojib, Sodiri 1 and Sodiri 3. These five early entries yielded over 
5,000 Kg/Ha. 

From Dr. Jerry Eastin's (University of Nebraska) material - entries 
820194, 842654, 3-17832, and 830212. The potential of these entries needs 
further study. 

Very limited beneficial effects were cbserved both on sorghum and 
millet by the application of nitrogen in the form of urea. It is believed 
that the lack of response was mainly due to low rainfall and insufficient 
moisture regines in the soil. Only one genotype of sorghum, IS-9830, showed 
good yield response to 20 and 40 Kg/Ha N applications. Continuation of 
fertilizer studies is not recmnrended for North Kordofan. The 
undeperriability of rainfall makes fertilizer use impractical. Work should 
concentrate nore on the incorporation of legurres in the cropping systen. N 
fertilizer may play a role in South Kordofan when proper time of application 

is used. 
Intercropping trials of sorghum and millet witj groundnuts showed very 

encouraging results in favor of intercropping. The cereals performed much 
better in the intercrop. 

In seedling establishnent studies, it was found that: pre-soaking of 
seeds in water for 12 hours prior to planting had no advantage over dry 
sowing in millet but inproved seedling estblishrrent and grain yield in 
sorghum, and, large seeds established better than small seeds at 9 and.12 
ans dEpths resulting in higher grain yields. Thus, production of good 
quality seed should be given high priority.
 

396
 



All the local gernuplasm of cowpeas (late types) failed to flower 
because of drought. Only four early intrcoductions from IITA produced yields 

ranging from 59 to 145 gnE/20 m2 plot. In contrast, two tEpary bean entries 
(courtesy of Dr. Denmot Coyne, University of ebraska) produced 296 and 339 

grars. 

All of the above iE-gUres needed 65-70 days from planting to harvest. 

The need for selecting very early cowpea genotypes is therefore cbvious. 

Mutual Research Benefits to Sudan and U.S. 

An effective mechanism has been developed for gennplasm exchange with 

cooperators in Sudan. The type and extent of geunplaso introductions to 
Sudan from INTSOR 2L is decided by either specific requests from the 

Sudanese collaborators or based on preliminary evaluation of srall sets of 
nurseries introduced the previous season. Such an approach has been found 

to be satisfactory and workable and has resulted in the introduction of 
inproved high yielding breeding lines to Sudan. The gennplasm introduced in 
Sudan by INTSORvIIL today constitutes a significant part of the core breeding 

material used in the ARC sorghum breeding program. Likewise, useful local 

sorghums frcm Sudan having unique characteristics have been introduced for 

use in U.S. breeding programs. 

Cooperative ARC/INTSO1VIL crop physiology and breeding work on drought 

tolerance of sorghum has led to a better understanding of crop adaptation to 

stress. Through the work of pooled evaluations of sorghum identified as 
drouyht tolerants both in U.S. and Su,'. the range of adaptation of varous 

sorghum types is better defined. 

Wo2k. on the food quality of sorghum by ARC/INrSOMIIL has shown that a 

fermentation process, camnonly used to prepare most Sudanese sorghum foods, 
inproved t'ie protein digestibility of cocked sorghum products. This work 

has led to a better urlerstanding of the factors that influence sorghum 
protein digestibility ard work is now in progress to apply this new 
knowledgc to inprove the digestibility of sorghum when used as an anirral 

feed in the U.S. 

Institution Building 

Research equigfnent valued at $23,000 to support ARC/INTSOWIL 
cooperative sorghum research work %as purchased and will be shipped to Sudan 

in the Fall of 1985. Reference boks valued at $1,012 have been provided to 
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the ARC library to support sorghum/millet research in the disciplinary areas 
of sorghum breeding and genetics, sorghum patho]cgy, sorghum physiology, 
weed science and cereal chemistry. An INTSORIIL Agroncmist was stationed at 
Kadugli for five nontis (July 1, 1985 to Decinber 1, 1985). 

Oanan Eebeid Tbrahim received a Ph.D. degree in plant breeding under 
tho direction of John Axtell (Purdue University) in May 1984. He returned 
to the Sudan in July 1984 and has been working at the Gezira Research 
Station, ARC, as a sorghum breder since that tine. Ibrahim's breeding 
efforts are concentrated on breeding for drought tolerance, insect 
resistance, and inproved grain yield and food quality. During the 1985 crop 
season Ibrahim cooperated with several INTSOWIL scientists (Ejeta, Kirleis, 
and Rsenow). 

ARC Scientist Travel to U.S. 
Octcber 1-29, 1985. Abde Latif M. Nour, ARC Sorghum Breeder. 

Cbserved INTSOIIL sorghum breeding programs at Texas A&M (College Station 
and Lubbock), Nebraska, and Purdue Universities. Attended the INTSORIL 
Workshop "Sorghum Seed Production in Latin America: Problems and Solutions," 

in Mexico City. 

July 10-17, 1985. SaeEd M. Farah, ARC Plant Physiologist. Cbserved 
INTSORIL plant physiology program at the University of Nebraska. 

INTSONWIIL Scientist Travel to Sudan 

Octcber 29-Novenber 11, 1985. Cebisa Ejeta, Allen Kirleis, and Darrell 
Rosenow. Assist ARC in developing a five year sorghum and millet research 
plan for Sudan. Evaluate INTSOMIL/ARC cooperative sorghum nurseries in Wad 

Medani. 

July 1, 1985-Deceaber 1, 1985. Tareke Berhe. Conducted agroncmic 

research on sorghum/millet in Kadugli, South Kordofan. 

Networking 

A significant networking activity involving information exchange is 
developing through efforts of the INTSO14IL project and its collaborators in 
Sudan and other parts of Africa. Using information accurulated on genmplasm 
and envirorrmental data frcn ITSOR4IL collaborative efforts in Sudan, 
varieties and hybrids that show potential in Sudan are suggested for testing 
in similar envirormerits in Africa. Research methodologies (on drought 
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tolerance for example) as well as new findings are also shared across 
countyies and zones. 

Fanring systens research efforts used by WSARP in the El Cbeid area 
were larmiely based on baseline data provided by the INTSORI1, sccioeconcmic 
research team. In addition, the INTSORMIL agroncnist Tareke Berhe stationed 
in El Cbeid initiated an active on-farm research progran and provided the 
necessary leadership for similar efforts by the WSARP faning systEns
 
research tean.
 

General Canmrnts
 

Reccuendations for inproving collaborative research in Sudan.
 

To help facilitate better program coordination between ARC and 
INTSOR4IL the following is reccmnerded. 

An annual research review and planning session beteen ARC and 
INTSOR4IL is suggested. It is hoped that this will create a proper forum 
for sorghum and millet research scientists in Sudan to address key issues, 
review research results and plan new ones on a yearly basis. 

Efficient ARC/INTSORMIL coordinationprogram requires a good 
camunication systet. As all telex messages must now go through the USA]I 
Mission in Khartoum, it is su-ggested that a modest investment be made to 
instal 1 a telex service at Wad Medani, and perhaps a radio cciiunication 

connecting other major ARC stations. 

Sudan's relation to ecogecgraphic zone. 
Grain sorghum arO] pearl millet are the irost inportant cereal crops in 

the Sudan. Sorghum makes up about 80% of the total. These crops are grown 
under both rainfed and irrigated conditions. Sudan is a vast country having 
a diversity of ecological zones with varying climates. Accordingly, the 
br-ding, physiology, and agronaric work done in Sudan is relevant to the 

entire Fastem African Zone. 
Most sorghum foods consuned by the Sudanese are made from a fermented 

batter. As many other countries in the region consure fermented type foods, 
the focd quality work done on local Sudanese sorghum food can be useful to 

other countries in the region. 
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TNZANIA
 

Frederick R. Miller
 

Texas A&M University
 

Collaborative Program 

Institutions
 

Tanzania - TARO (Tanzanian Agricultural Research Organization) 

U.S. - Texas A&M University 

Memorandum of AreEient 
A Meorandrn of Agreement between TARO and INTSORvIL was signed in 

Septenber of 1982, and remains in force to date,. The nature of the 
cooperation and collaboration was outlined as follows: 

To bring together colleagues from all disciplines relating to sorghum 
and millet production, milling, transltrt, and consumption, and establish 

research priorities.
 

To bring together East African sorghum and millet workers through 
workshops or intecountry travel to encourage increased cocperation and 
exchange of materials and ideas. 

To act as a facilitator in establishing INTSOWMIL and East African 
sorghum/millet workers as collaborative teams. 

To establish a strong sorghum breeding program in Tanzania, and develop 
genrqlasm appropriate to small fanners in the region. 

Other Prcbles and Oportunities 

Because of reduced funding and other problems associated with 

irplementation nch reduced involvement has taken place with Tanzania. MUch) 

of the gennplasm which was originally introduced by INTSOvIIL from Texas A&M 

University has been continuously grown with exceptional results. Mr. Hamis 

Saadan, coordinator and sorghum breeder, has recently returned to Texas A&M 
University to work toward a Ph.D. under SADCC funding. 

With INTSOWIL activity in Kenya developing, it is hoped that much of 
the original work initiated in Tanzania will be resurrected. Excellent 
relationships renain with the sorghummillet scientists in the program. 

Sorghum/Millet Constraints Researched 

Constraints 

The constraints to sorghum and millet production in Tanzania are very 
similar to those in neighboring countries such as Kenya. Tanzania has begun 
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encouraging farmers to grow sorghum and millet, prcably to the detrinent. of 
long ten acLeptance of these crops, as few suitable cultivars are 
available. The impression of sorghum (especially) as a "backuards" crop 
does exist, and nany people in the country still go hungry with iraize 
failures when either sorghum or millet wv&u±& have provided good crops. In 
addition, the country suffers frni a lack of good improved types, and work 
is urgently neEded on breeding well-adapted, stable cultivars with good food 
quality. The bird resistance/poor food quality ccaplex is a problemn, even 
in tbose areas where brown sorghums are traditionally grown. In addition, 

mucli of the available "exotic" sorghum gernplasm has poor drought tolerance 

because of its origins in the old Serere program. 

Rese;rch and Constraints 

Research initiated by INTSOR IZ in Tanzania has been carried forward 

there by Mr. 
Hamis Saadan, although on a much smaller scale, reflecting the 

limited resources available to his progra, and the tine available to do the 

work. Part of John Mann's work in Texas this past year has also been 

directed towrds the problems in Keiya, which will apply directly to 

Tanzania. His work on synthetic varieties and focd type will be useful 

there as well as in many other areas in East Africa. It is hoped that in
 

the next sev.eral years, direct involvement in Tanzania will resume. 

Research Prres s and Results 

Major activities of scrghum/millet were limited to breeding and
 

agrorjimic investigations. Intercropping of sorghum, millet, and legumes at
 

different spacings, and plant distributions were undertaken. A number of
 

genTplasm introd]uctions from ICRISAT and INTSOR4Ih were evaluated 
for
 

resistance to insects, particularly the stemborers, midge, and shootfly. As 
resistance is identified, these sources are crossed to local sorghums to
 

transfer the resistance. Very little more was done with millet, except to
 

maintain the genrplasm. 

The sorghum nmateria.s planted in 1985 consisted of selections frcm 

local sorghums and from INTSO4IL - Texas A&M. Materials from Texas A&M 

University in the previous season appeared to show symptcns of butIvDMV, 
when samples were examined by Sokoine University, no virus was found, only
 

bacteria. In 1985, we grew many selections from S3 S4, F3 , NaOH, A/B, R, 


line, TP24, TP15, etc., amounting to about 3000 lines. Many of these
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materials have tremendous yield potential. Selections were made for 
preliminary trials in 1986, which will be at Ilorrja, Hcabolo, and 
Ukirigura. Most of these Texas A&M University materials locked so 
impressive in agroncmic characteristics and yield potential, that very quick 
evaluation will lead to the release and distribution of varieties. Only 
site specific or genotype x envirormient identifications need to be made 
before release of new superior varieties. 

The strategy of the National program, which is emerging, is summarized 

below. 

Intercrossing within _uineas. West Africa guineas were introduced and 
crossed with local selections (approximately 100 hand emasculations were 

made). 

Crossing exotics to local cultivars. Previous experiences of crossing 
intloduced lines x local have been disappointing, resulting in reduced 
yield, adaptation, and general loss of vigor. A program of backcrossing and 
three-way crossing has been initiated to attempt to pull yield genes and 
local adaptation back together.
 

Direct use of exotic materials. Based upon the success the
of Texas 
A&M University materials in the program, we are expanding the activities to 
introduce similar materials directly from different institutions, and 
evaluate for possible considered release to faners, if acceptable grain 
quality can be found in the materials.
 

In one other project, which mrits mention, there is the considered 
potential for hybrids. Hybrids have not previously been enployed outside 
experimental farms. In 1985, the brewing industry requested information on 
how to increase grain yield. In this industry the specific grain quality is
 
not so critical, as with food sorghums, but more important is yield of non
brown grain in the brewing of opaque beer. ATK623 x CS3541 was chosen for 
initial use. The problem now will be how to produce enough seed of the 
hybrid, and get it to fanners who supply the brewery. This use of this 
hybrid may be a key to moving more hybrids into the econmry. 

Institution Building 

During 1985-1986, there was very little activity with Tanzania. A 
small amount of supplies was sent to Mr. Hamis Saadan to keEp him 
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functioning. Yield trials and breeding naterials as well as a limited 

number of inbred parental lines were sent to the program. 

Training was taken on by SADCC, and as a result Mr. Saadan returned to 

Texas A&M University to work toward the Ph.D. degree. Dr. Robert Mushi has 

carpleted a Ph.D. degree in sorghum breeding at the University of Nebraska 

and will soon be returning to Tanzania. Mr. E nanuel Monyo, a Ph.D. 

candidate in sorghum breeding at Purdue University will finish his degree in 

Deceuber 1987 and return to Tanzania to work theon sorghum program. The 

capabilities of these newly trained scientists will be a significant 

contribution to overall capabilities of TARO to carry our research in 

sorghim breeding. 

General CamTents 

Collaborative research is a program built upon irdividual scientist 

interactions. Even though there was an unfortunate reduction of activities 

in Tanzania, there has been continuing scientist to scientist interaction. 

This will continue. With the opportunities developing in Sudan, the 

potential exists for more involvenent in Tanzania. 
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Training 
INTSORMIL gives high priority to training host country scientists who 

will have major responsibilities for sorghum and millet research in their 
h re countries. Training is also provided for young U.S. scientists who 

plan for careers in overseas development work. 
The most frequently used training system is graduate study for advanced 

degrees, with the students' research forming an integral part of an 
INTSORWIL project, or being very closely relatei to it. 

During the year covered by this report, 127 students 182 international 
and 45 U.S.) were advised by INTSOR4IL principal investigators. Thirty-six 
of the students were female and 91 male. Students funded by INTSOWIL 
totaled 71 (52 inLemational and 19 U.S.). Fifty-six other students furied 
frcvi other sources but working on NTfSOMIL projects received varying 
amounts of research support. The international students cane from 31 
dif fe rent countries. 

INTSORAIL is also cooperating with ICRISAT on a 10 year special 
training program ained at the Southern Africa Developinent Coordinating 
Conference countries. This program, funded principally by USAID regional 
funds, is independent of the training activities described above. 

Following is a tabulation of Year 6 INTSORAIL training activities. 
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-------------------------------------------------------------------

-----------------------------------------------------------------

YEAR 7 INI'SOR,4L TRAINING REPORT
 

AGRCWWY/PHYSILOGY 
Furded by Research 

Project M.S. Ph.D Country Male Fenale INTSORWIL Support 

KSU-106 I Malawi I 1
 
1 U.K 1 1
 

1 U.S. 1 1
 

NU-113 1 Botswara 1 1 
1 Bhutan 1 
1 Canada 1 1
 
1 Egypt 1 1
 
1 Nigeria 1 1

1 Sudan I 1 
2 3 2 3
U.S. 3 
 2
 

NU-114 1 Argentina 1 1
 
1 Colcrbia 1 1 

1 India 1 1 
3 Philippines 2 1 2 1 
1 U.S. 
 I 1 

NU-116 1 India 1 1 
1 Mali 1 1 
1 Mexico 1 1
 

1 U.S. 1 1 

TIrALS 8 17 19 6 13 12 

PLANT BREEDI1
 

MSU-104 1 Bangladesh 1 1 
1 Colrbia 1 1 

1 Costa Rica 1 1 
1 Indonesia 
 1 1
 

1 2 u.s. 1 2 3
 

IU-1 15 1 Tanzania 1 1 
1 U.S. 1 1
 

PRF-103A 1 Colcrbia 1 1 
1 1 Niger 2 2 
1 2 U.S. 3 
 2 1
 

PRF-107 1 Niger 1 1 
1 Tanzania 1 1 

1 1 U.S. 2 2 
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------------------------------------------------------------------

-----------------------------------------------------------------

---------------------------------------------------------------------

------------------------------------------------------------

PLANT BREDIN3 - Continued Funded by Research 
Project M.S. Ph.D Country Male Femrale INTSO'I IL Support 

TAI-121 1 Caneroon 1 1
 
1 Haiti 1 1
 

1 Honduras 1 1
 
1 India 1 1
 

1 1 Mexico 2 1 1
 
1 Senegal 1 1
 

3 2 U.S. 3 2 5
 

TAN-122 	 1 1 India 1 1 2
 
1 Scralia 1 1
 
1 1 U.S. 2 1 1
 

TAM-123 	 2. U.S. 1 1 

TO1YplS 16 21 	 29 8 13 24 

ENT(MLOGY 

KSU-109 	 1 2 Sudan 1 2 3 

MSTJ-105 	 1 1 Honduras 2 2 

TAM-125 	 1 Botswana 1 1 
1 Brazil 1 	 1
 

1 Colcarbia 	 1 1 
1 Nicaragua 1 	 1
 

1 Senegal 1 	 1 
1 Sudan 1 1
 
2 1 U.S. 2 1 2 1
 

TOTALS 	 7 7 10 4 8 6 

FOG) QUALITY AND UTILIZATION 

PRF-103B 	 1 India 1 1 
1 U.S. 1 1 

PRF-104B 	 I India 1 1 
3 Sudan 1 1 
1 U.K. 1 1 
2 U.S. 	 1 1 1
 

47
 



-------------------------------------------------------------------

-------------------------------------------------------------------

-------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

--------------------------------------------------------

FOCD AILY AND UTILIZATION -- ContinuedF * 
Funded1 by Research 

Proj ec t M.S. Ph. D Country Male lie INTSO1M IL Support 

TAbI-26 1 Argentina 1 1
 
1 El Salvador 1 1
 

1 Mali 
 1 1 
2 Mexico 1 1 1 1 

2 1 U.S. 2 1 1 2 

TOTALS 4 11 	 8 7 10 5 

PAMICLOGY 

KSU-108 	 1 Ethiopia 1 1 

TAM-124 I Argentina 1 1
 
1 Botswana 1
 

1 El Salvador 1 1
 
1 Gernrny 1 1
 
1 India 1 1
 

1 Mali 1 1
 
1 Mexico I 1
 

. 4 U.s 3 2 5
 
1 Venezuela 1 1
 

TOTALS 3 11 	 9 5 5 9 

SOCIOECONCICS 

K-Y-l0il 	 1 Iraq 1 1 
102 1 Nigeria 1 	 1
 

1 Peru 1 	 1 
4 U.S. 	 1 3 4
 

NU-117 	 2 Philippines 1 1 2 

PRF--105 	 1 Niger 1 1 
1 Syria 1 1 

TOTALS 11 	 7 4 11 
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------------------------------------------------------------------

-----------------------------------------------------------------

STUDENTS SUPFORTED BY INTSOR?IL TO COMPLETE TRAINING FROM PROJECTS 

TErMINIATED IN PROGRAM YFAR 6 

AGRCWY/PHYSICLOGY 

University M.S. Ph.D Country Male Female 

Kansas State University 1 India 1 
1 
I 

Philippines 
U.s. 

1 
1 

BREEDING 

University of Arizona 1 Ethiopia 1 

1 Salia 1 

FOOD QUALIIY AND UTLIZATION 

Purdue University 1 U.S. 

PAgHOLOGY
 

University of Nebraska 	 1 Colarbia 
1 Philippines 1 

Purdue University 	 1 Ethiopia 1 
1 Sudan 1 

STRIGA RESEARCH 

North Carolina State 1 Sudan 
University 

T0TAIS 	 1 10 9 2 

Funded by INTSOM4IL is being supported on a research assistantship. 

Research Support is support from another source (tuition, stipend, 
books, conxputer time, miscellaneous and possibly scme research funds) 
but working on an INTSORMIL project. 
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Acronyms 
AAA/SFAA American An thropological Association/Society for Applied 

Anthropology
 

ABA Abscisic Acid
 

ADC' s Advanced Developing Countries 

ADIN Nursery for Disease and Insect Resistance
 

ADRA Adventist Development and Relief Agency
 

AID Agency for International Development
 

AID/ES Agency for International Developlent/El Salvador 

AID/H Agency for International Developgnent/Honduras 

APHIS Aninal and Plant Health Inspection Service, U.S.
 

ARC Agricultural Research Corporation, Sudan
 

ARS Agricultural Research Service 

ARS-Sebele Agricultural Research Station, Sebele, Botswana 

ASA American Society of Agronciy 
ATIP Agricultural Technology Inprovement Project 

BIFAD Board for International Food and Agricultural Development 
BPl Bureau of Plant Industry, Philippines
 
CARE Cooperative for Ameican Remittances to Europe, Inc.
 

CARS Central Agricultural Research Station, Kenya
 
CATIE Centro Agronmico Tropical de Investigacin y Ensefianza,
 

Costa Rica 

CENIAP-FONA1AP Venezuela Agricultural Research Agency 

CENTA Centro de Technologia de Agricola, El Salvador 
CESDA Center for Agricultural Research, Dcrninican Republic 
CIAB Agricultural Research Center of the Lowlands, Mexico 
CIAT International Center for Tropical Agriculture, Colombia 

CILSS Interstate Ccrnrittee for Drought Control in the Sahel 

CIDDTW International Maize and Wheat Inprovement Center 

CIRAD Departement du Centre de Coopration Intemationale en 

Recherche Agroncmique pcur le Dveloppement 

CLAL Consejo Latin Americana de Investigadores en Sorgho 
CNPQ Conselo Nacional de Desenvolvimsento Cientifico e Tecnologico 
CNRA National Center for Agricultural Research, Senegal 

CRSP Collaborative Research Support Program 
DAR Department of Agricultural Research, Botswana 
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DAR Division of AgronTiic Research, Mali 
DECOR Ministry of Rural Econary, Niger 

DI;. Dot Imnuno-binding Assay 

DNA Deacrribonucleic Acid 
DOA Department of Agriculture, Botswana 

DR Dminican Republic 

EAP Escuela Agricola Pan Americana, Zamorano, Honduras 
EARAT Fast African Regional Adaptation rial 
ECHO Educational Concerns for Hurger Organization 

EDXRF Rnerngy Dispersive X-Ray Fluorescence 

EEP External Evaluation Panel 

ELISA Enz~me-linked Imuunosorbeni- Assay 
EMBRAPA Eipresa Brasileira de Pesquisa Agropecuaria, Brazil 
EMBRAPA-CNPMS EMBRAPA - Centro Nacional para Maize e Sorgo 
ERS/IEC Econamiic Research Service/International Economic Developnent 
FAO Food and Agriculture Organization of the United States 
FENALCE Federacion Nacional de Cultivadores de Cereales 
FHIA Furdacion Hondurena de Investigacion Agricola, Honduras 
FONAIAP Fordo Nacional de Investigacion Agropecuaria 

FRC Food Research Center, ARC, Sudan 

FSR Fannir Systens Research 

FSR/E Fanning Systems Research/Extension 

FSSP Fanning SystEms Support Project 

FSU Fanning Systens Unit, Burkina Faso 
GASGA Group for Assistance on Systens Relating to Grain after Harvest 

GOB Governn-ent of Botswana 

GRA Graduate Research Assistant 
GTZ Genan Agency for Technical Cocperation 

HI Harvest Index 

HTS High Tannin Sorghum 

IAC International Agriculture Center 

IAN Institute Agronania Nacional, Paraguay 

IANR Institute of Agriculture and Natural Resources 
IBRAZ Institut Burkinahe de Recherache Agronariique et Zoologique 
ICA Instituto Colorbiano Agropecuario/Colcibian Agricultural 

Institute 
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ICARDA International Centre for Agricultural Research in the Dry Areas 

ICRISAT International Crops Research Institute for the Semiarid Tropics 

ICT A Instituto de Ciencias y Technologia Agricolas, Guatemala 

IDIAP Agricultural Research Institute of Panama 

IDIN International Nursery for Plant Disease and Insects 

IDRC International Develorient Research Center 

IER Institute of Rural Econcny, Mall 

IFPRI international Food Policy Research Institute 

IFST International Food Type Sorghum Trial 

IHAH Instituto Hondureno de Antropolcgia e Historia 

IICA Instituto Interamericano de Ciercias Agricolas de la OEA 

IITA International Institute of Tropical Agriculture 

INCAP Instituto de Nutricion de Centro America y Panama 

INIA Instituto Nacional de Investigacions Agricola, Mexico 

INIAP National Agricultural Research Institute=, Ecuador 

INIPA National Agricultural Research Institute, Peru 

INRAN Institute Nigerien du Recherche Agronamic, Niger 

INTA National Agricultural Technology Institute 

INTSOTIiL International Sorghum/Millet, CRSP 

IPA Instituto de Pesquisas Agroncmiicas, Brazil 

IPB Institute of Plant Breading, Philippines 

IPIA International Programs in Agriculture, Purdue University 

IPM Integrated Pest Management 

IRAT Institute of Tropical Agriculture and Food Crop Research 

IRRI International Rice Research Institute, Philippines 

ISA Instituto Superior Agricola 

ISAVN International Sorghum Anthacnose Virulence Nursery 

ISC ICRISAT Sahelien Center 

ISRA Institute of Aricultural Research, Senegal 

ISVAB International Sorghum Virus Antiserum Bank 

ISVN International Sorghum Virus Nursery 

ITA Institut de Technologie Alin-entaire, Senegal 

ITAT International Trrr.ical Adaptation Test 

KARI Kenya Agriculture Research Institute 

KIRDI Kenya Industrial Research and Development Institute 

KSU Kansas State University 
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LDC' s Less Developed Countries
 
LIFE: League for International Food Education
 

LTS Low Tannin Sorghum 
MAFES Mississippi Agricultural and Forestry Experinent Station 

NE Managerent Entity
 
MDMV Maize Dwarf Mosaic Virus
 
MIAC' MidAnerica International Agricultural Consortium
 
MIPH Integrated Pest Mnagement Project, EAP, Honduras
 
MOA Memoranda of Agreement
 

MOA Ministry of Agriculture, Botswana
 
MOALD Ministry of Agriculture and Livestock Development, Kenya
 
MOU Memorardum of Understanding
 

MRN Ministerio de Recursos Naturales, I-Tonduras
 
MSU Mississippi State University
 

NCRP Niger Cereals Research Project
 
NDFRS National Dryland Faning Research Station, Kenya
 
NSA National Seed Administration, Sudan
 

NSF National Science Foundation
 

NU University of Nebraska
 
OAU Organization of African Unity 
PAGE Polyacrylamide Gel Electrophoresis
 
PCARH) Philippine Council for Agriculture and Resources Research 

Developrnent
 
PCCMA 
 Programa Coorerativo Centroamericano para el Mejoramiento de 

Cultivos Alimenticios 

PEG Polyethylene Glycol 
PET Potential Evapotranspiration 

PfP Partnership for Productivity 

PI Principal Investigator 

PRF 
 Purdue Research Foundation 

PSTC Program in Science & Tclmology Cocperation 
PTA Phoslhotungstic 

REA Restriction Endonuclease Analysis 
SACCAR Southern African Centre for Cocperation in Agricultural 

Research 
SADCC Southern Africa Development Coordination Conference 
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SAFGRAD Semi-Arid Food Grains Research and Developmnent Project 

SAFGRAD/IDRC SAFGRAD/Canadian International Development Research Center 

SAT Semi-Arid Tropics 

SDMVN Sorghum Downy Mildew Virulence Nursery 

MDS Sodium dodecyl sulfate 

SICNA Sorghum Improvement Conference of North America 

SIDA S qdish International Develomrxent Agency 
R4ARC/UPSCM Southern Mindinao Agricultural Research Center/University of 

the Philippines, Southern Mindinao 

SRCVO Section of Food Crops Research, Mali 

SRN Secretaria de Recursos Naturales, Honduras 

TA Tropically Adapted 

TAES Texas Agricultural Experiment Station 

TA U Texas A&M University 

TARO Tanzania Agricultural Research Organization 

TC Technical Ccrmit tee 

TRCPSOILS Tropical Soils Collaborative Research Program, CRE 

TRPSS Texas Red ced Phenoyl Sorghum Synthetic 
UAM Universidad Autonaua Metropolitana, Xochimilco, Mexico 

UANL Universidad Autonana de Nuevo Leon, Mexico 

UHSN Uniform Head Snut Nursery 

UK University of Kentucky 

UNISON University of Sonora, Mexico 

UNL University of Nebraska - Lincoln 

UPLB University of the Philippines, Los Banos 

US United States 

USAID United States Agency for International Development 

USDA United States Department of Agriculture 

Ul University of Southern Mindanao, Philippines 

VAM Vesicular Arbuscular Mycorrhizae 

WARS Western Agricultural Research StaLion, Kenya 

WASAT West African Semi-Arid Tropics 

WSARP Western Sudan Agricultural Research Project 

WUE Water Use Efficiency 
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