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INTSORMIL CRSP
EXTERNAL EVALUATION REVIEW
LUBBOCK, TX
September 15-19, 1980

FOREWGRD
Earl R. Leng
Program Director, INTSORMIL

A central organizational feature of the Collaborative Research Support Programs
(CRS?) is the requirement for periodic review by qualified and experienced individuals
not connected in any way with the ongoing program. The Sorghum/Millet CRSP, launched
in August 1979, had fts first such review in Lubbock, Texas, the working week of
September 15-19, 1980. The documents appenced herewith are basic meterials relating
to this review, being the schedule of events, the roster of attendance, and brief
sumnaries of each project being funded under the program.

Also included is a condensed statement of the linkage structures planned under
the program. Most of these structures, except those relating to coordination among
the participating Land-Grant institutions, are not yet in place. However, many of
the plans are reasonably well advanced and another year is likely to see the majority
of the linkages in operation.

INTSORMIL was fortunate in securing as the External Evaluation Panel the following
individuals, each with extensive experience in international agricultural development.
This panel is expected to be a continuing body, which will review major aspects of
the CRSP at approximately yearly intervals. In this first review, the overall program
and each authorized component project were reviewed.

"External Evaluation Panel

Hugh Doggett (British) - [DRC, Sri Lanka
Brhane Gebrekidan (Ethiopia) - Ethiopfan National Research Praogram
Bruce Maunder (U.S.) - DeKalb AgResearch, U.S.
Bobby Renfro (U.S.) - Rockefeller Foundation, Thailand
Uma Lele (Indta) - World Bank, Washington, D.C.
(Dr. Lele was unable to attend the review)



INTSORMIL LINKAGES

Earl R. Lleng
Program Director

INTSORMIL linkages may be defined as internal and external. At present, the
internal linkages are firmly in place; the external linkages are in various stages
nf development.

Internal linkages basically are interdisciplinary (both within and between
participating institutions) and interinstitutional (both within and between discipli
Some of these linkages are of long standing; others are extremely new and cor-
respondingly fragile. In this latter class may be mentioned particularly a series
of newly-formed ties between production-oriented biological research and consumer-
oriented u*tilization and socioeconomic studies.

txternal linkages include those with AlD, the principal funding agency, Inter-
national Agricultural Research Centers, and developing-country agricultural researc!
agencies and scientists. The latter group will become by all odds the cornerstone
of the CRSP linkages. At present, few formal arrangements have been made with the
deveioping countries but intense efforts are underway to develop such arrangements

promptly.

International research centers form a convenient primary linkage base for CRSP
work in developing countries. The chart following is a possible visualization of
the CRSP position in overall development linkages, and accurately illustrates the
relationship to ICRISAT and other international centers planned for INTSORMIL:
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In this model, INTSORMIL will interact almost entirely with national research
programs and internatioral centers, and to some extent with developing-country
universities. Its mission will primarily be technology development, with training
as a secondary goal. It will attempt no direct intervention in the development
process at the farm or consumer level, and little directly with the principal change

agents.

Organization of developing-country linkages likely will take several forms.
The uTtimate goal is the closest possible tie of

INTSORMIL researcher to developing-country researcher

However, to achieve this, a variety of institutional arrangements may be utilized.
These will include:

1. U.S. Institution to developing-country institution.

2. INTSORMIL to International Center.

3. INTSORMIL program-wide to developing country coordinated programs.
4. Complex networks involving combinations of the above.

Planned major locations for program-wide networks include the following
countries:

ASTA

India {with ICRISAT)

Philippines )(with IRRI)
Indonesia )

AFRICA

Sudan (with SAFGRAD, ICRISAT and CID)
Mali (with SAFGRAD and ICRISAT)

NEAR EAST

Eqypt (with CID)
Yemen (with CID and FAQ)

LATIN AMERICA (with ICRISAT)

Guatemala)
Honduras )
Mexico )

(Coordinated)

(A possible program with Brazil also is under consideration.)

The current statvs of linkage development is indicated by the following time/
function table:



COUNTRY
India
Philippines
Indonesia
Sudan

Mali

Upper Volta
Tanzania
Eqypt

Yemen
Honduras
Guatemala
Mexico
Brazil

Haiti
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INTSORMIL REVIEW-SICHA MEETING AGERDA

Lubbock, Texas
Septerber 14-19, 1980

§L7iint, SEPTHHSER 14

6:60-10:00 p.m. Regictration - Civic Center Inn
1202 Main (tain & Ave. K)
MONDAY, SEPTEIDER 15 CHATRHAN
8:00 a.m. kegistration - Texas ASM University Agricultural
Rescarcn & Extension Center (Bus loads at 7:45 a.m.)
8:30 a.m. Welcone & Introductions - Conference Rnom -

Texas AZM University Agricultural Research & Extension Center
5:00 2.m. . Field Tour

12:C00 Noon Lunch - Steak Barn

1:15 p.n. Field Tour (continued)

3:00 p.m. Depart for DeKalb Ag. Research Inc.

3:30 p.m. Field Tour - DeKald :

5:30 p.m. Bus returns to Civic Center Inn

6:00 p.m. Dinner = On your own.

8:00 p.n. General SICHNA Maeting Jerry D. Fastin
Memorial Civic Center - Room 107

9:00 p.m. Individual SICHA Committee meetings - IMCC

Rooms to be announced

TUESCAY, SEPTEMIER 16
8:00-E:45 a.m. Late Registration - Civic Center Inn

9:00 a.m. Opening Gencral Session - ['CC 107 Jerry U, Fastin
Board of Directors, Woods Thomas
Program Director, Earl Leng
(10:15 coffae) Evaluation Cormittee Intrcduction
ICRISAT Representctive
SAFGRAD Representative, Robert Gray
Technical Comnittee - Program Deteils, Jerry Eastin

12:00 Moon Lunch = On your own
1:30 p.n. * Breeding & Geneiics Review - MCC 107 F. R, Miller
(3:15 coffeu)
5:00 p.m. Dinner - On your own
7:00 p.m. SIGNA Discipline Reports - Jerry D, Euutin
: theneral Session - MCC 107
- bi00 um, timNie Furup = Breeding & Genetics = MCC 107 F. R, NMilier
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WEDNESDAY, SEPTEMDER 17 CHAIRMAN

8:C0 a.m. Entomology Review - MCC 104-105° G. L. Teetes
2 (10:02 coffee)

10:15 a.m. Pathology Review - IMCC 104-105 R. A. Frederiksen
12:00 ioon Lunch - On your own
1:30 p.m. Physiology, Plant Kutrition and

fultural Practices Review - MCC 104-105 M. D. Clegg
5:00 p.m. Cinner - On your own
7:30 p.m. Public Forum - Entomology - MCC 104-105 G, L., Teetes
8:20 p.m. Pubiic Forum - Pathology - MCC 104-105 R. A. Frederiksen

THURSCAY, SEPTEMBER 18

8:00 a.m. Quality & Nutrition Review - MCC 108-109 L. W. Rooney
(10:00 coffee) . :
10:15 a.m. Socio-Economics Review - MCC 108-109 L.. Busch
12:00 Koon Lunch - On your own
1:30 p.m. International Hetworks - MCC 108-109 Earl Leng
(2:45 coffee)
o~ 3:00 p.n. Public Forum - Quality & Nutrition L. W. Roonecy
MCC 108-109
3:00 p.m. INTSORMIL Board of Directors Meeting
Room to be announced
3:00 p.m. Evaluation Committee Report Preparation
(Private)
5:00 p.m, Dinner - On your own
7:00 p.m. Public Forum - Physiology, Plont Hutrition M. D. Clegg
and Cultural Practices - MCC 108-109
6:00 p.n. Discipline Planning Meetings

Roons to be announced

FRIDAY, SEPTCHRFR 19

9:00-11:30 a.m. Guneral Session Hoads Thomas
2 ' Civic Center Inn Room “A*

9:00 c.m. Evaluaticn Conani ttee Repnrt

11:00 o, Hrap up - Larl Leny

11330 Si Mdiourn

* Tha review sessiens ave oven 10 all, but on & ncn-paiticipation basis except

. for the Evalvativa Penel,

a= 2 h14c foruns are for particination, discugsion:, and presentationt by participants,
{neluding non=-1t1TORRIL investigators, Each session will be organized by thv
respieiive INTSOR! UL discipline coordinator, b




INTSORMIL
External Review and Planning Meeting
Lubbock, Texas

Intitution: University of Anizona Project No. XIT UAI

Prosect Titla: Evaluation and Developmant of Scaghum Germplasm for Axid Land
Agricultune.

Proiect Laades and Investiaalons: V. Marcandan, A. K. Dobrenz, R. L. Voigg,
0. J. Websten.

Project Chbicctlives:

1. ldentigy drcuth folerant ghain songhum/millet genotyres through use of i~

gaior gradients in an awd climate.

Tnerease drouth tolerance lavels through controlled crossing, selection and

recunent selection, unden Low moisture and high temperatunres.

3. Study physiological and moaphological attributes of sorghum types which can

Lolerate Low avallable s0il melsiure.

Evaluate sorghum/millet Lines fon other desinable agronomic characters.

Develop a graduate student training program foa U.S. and international

students interested in puwsuing carvens in developing countries.

5. Develop {intewmmational Linkages f{or collaborative research Ln sorghum/millet
improveament in awd and semi-enld regdions,

[
.
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Research:

A sprinilen {vvigation gradient system to apply high, medium, Low and zero fLevels
04 {rsdigation was established at the Univewsity of Arizona Experdmental Farm, Yuma,
Arizona. Scils awe sandy and Low in dertility; rainfall averages 15.0 cm annually with
wirtualldy no rainjcll duting the growing season. Two hundred and seventy-seven dig-
jerent sorghum/millet Lines excluding 77 chechs were obtained grom collabonrating U.S.-
{razitutions and screened gor drouth Zolerance. Physdiological and moaphological data
awe daing anadyzed.

At the Plant Matenials Centen, Tucson, Arizona both drouth and non-drouth tolerant
germplosm 212 being closer evalucted for mechanism of tolerance. Daka have been col-
Lected jer pnysiological characterisiics, stomate density, Leaf area <index, photosynthe-
848, transplration, Leaf respination, leaf temperature so0il molsiure extraction pattean,
wates noiarntdicls and specific Leaf weight unden Low and high {rrigation Levels.

Lines perfoaming best in the "Low" and zeno portions of the gradient sysilem will
be jurther sefected and recombined for additional selection wnder modisture stress and
high temperatunes.

Twerty soxghum genolypes (Ten tested as Zelerant and ten as intoferant of drouth
sL0ss undas {vuigation gra ' _tt Ain 1979) plus 2 controls with sim{far maturities of
74 to 77 days 2o 50 percent bloom in 1979 ane being tested for yield and nelated physdio-
Logical Jurwaclerlstics at Marana, Arizona. The genolypes
the (rrigation gradient system {in 1980 and the nesults comelated with 1979, They


http:pe%ao~.ng
http:Matccmp~.an

beding tested {os actual viald under dry and {wviigated 4ield conditions and will alsc be
evaluated {n Lhe Labcratory fon sall tolerance <in the gewminaton stage of growth.

diicther genedls male stewle gacilitated reccurrent s2fection cycle of a drouth
Lodawtt population 48 beding grown under natural ardd gield condiiicns fon furthen
genddis reeombination., Pellinated sierdle neads are being selectad for Fy seed and
gertile neads will be sefected jon further head Lo row festing under andd gield condi-
tions. A nwnder of aead-row plols are being gemvn and evalucted under andd gield condi-
LUons., A maw nev polential dwouth Lolerant genolypes. selectlions as space pemits
Wl be evaluzted under the Lrvuigation gradient system in 1981,

Gneduate Student Trairdira:

Perscmned includz: Pelen Bowwue, a formen Peace Conps Volunteer - Tvony Coasl,
whe 48 working 4{or a M.S. with Dr. Voigt; Wally Hofmann, a former Peace Corps Volunteer -
Toge, whe {8 wonkdng with Dx. Dcbrenz f{or a Ph.D.; Michael O'Neilll, a foamen Peace
Conps Volunleer - Upper Velta and Gnana, whe {5 funded {rom sources other than Sorghum/
Medlet Telle XIT project, L8 working on the inmugation gradient and David Robinson,
Research Assdstant jor Dr. Mevcanian, 43 partially junded by the prcject. He seaved
a8 Res2arch Assdstant in Yemen to Da. Voigt. Sylvester Boye-Gonl from Ghana {s working
weh Da. Marcardian on drzeding 0§ drouth tolerant and aluminium tolerant &orghum.

Swmmery 04 Sdand{icant Findings:

Prelimirany screening of sorgaum gewmplasm indicates variability among gewmplasm
evaluated jor drouth tolerance. See 1980 Preliminany Research Reponrt.

Specicl Pacblems Encounfered:

Yield data may be diggiclt Lo obtain due to bird damage--uls may be overcome by
using chemical repellants. Reduction of original budget 4{rom 100 Lo 60 percent placed
a stwin on in-state and overseas travel allowance and wages. We appreciate flexibility
n meddstuibuting furds betuveen catagories this §inat year 80 that our field operations
an Yuma, Aizona were covered by necessary junding. Budget constraints at present will
ajfect direct Lineancticnal involvement.

Propesed Intewmatioral Linkages:

Yemen - Contact nay been made with Dr. 0. Markarian, Chief-of-Party for the U of
A AID Sorghum Improvement Project. Jnouth tolerant aorghum gewmplasm will be submitted
for veridiceltion 4n Yumen when acsearch facllities are available.

ICRISAT - Dr. N. Seethamma and Da. Scheending have been contacted fon futune consi-
deration in evaluating diwuth olerant germplasm in their screenina Aunseries .

Senegal - Contact nas been made with ISRA by Da. Marcariun fon possibility of con-
ducting intercropping sdudies with millat as part of Bear/Cowpea Title XIT CRSP.

Somalic - Contact made by Da. Dobrenz with Dn. M. A, Wur, Vice Mudster of Agaci-
cultune. They have expressed interest in colaloorative research.
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DEVELOPMENT AND LOC FIELD TESTING OF CULTURALLY ACCEPTABLE

RECIPES UTILIZING GRAIN SORGHUM/PEARL MILLET (GS/PM).

Florida ASM University
Tallahassee, Florida.

Overview of Project

“ . . if human food is a primary objective in the production of GS/PM,
then the development and retention of acceptabie taste in any new varieties
through breeding programs must be given the highest priority . M
Florida AEM University utilized the above quotation by the interim report
of GS/PM by the University of Missouri working group to develop its
project. Methods used by other studies in the developing countries where
nutritional improvement of populaticns have been achieved through improvement
of dietary habits and introduction of new recipes utilizing exising food
grown in the country, were those chosen for this study.

The specific meinod undertakan by this study is stated as that of
(i) the identification of existing food habits and current attitudes and
beliefs about food of a selected sample of the population of the Republic
of Haiti: (il) the detailed analysis of the factors behind these habits,
attitudes and beliefs; (iii) the design of a data base for the production
of recipes produced from the new breed of GS/PM, with acceptable taste;
and (iv) the design and execution of nor-formal educational programs
aimed at helping the population to imrpvoe their skill in food preparation
as well as their related knowledge of nutrition.

Research Approach

(i) Establish linkages with institutions and/or organizations who may help to
facilitate objectives of the project; (ii) design and pre-test an Instrument
for identification of food habits, beliefs and atritudes if the literature
suggests this approach; (iii) execute a food habit survey on a representative
sam, le of the populacion; (iv) critically analyze the instrument and develop
a data base; (v) develop and test low cost nutritious recipes incorporating
GS/PM, for acceptable taste and other palatability factcrs; (vi) develop
country research capacity with particular emphasis on adanting research efforts
to the needs of homemakers (vii) design and execute non-formal education
programs to improve women's skills in food preparation and their knowledge of
nUtl’lthﬂ

Results and Projected Efforts

Several linkages have been established as follows:

1. Mississipi State through Dr. Futrell, an international expert on this type of
study.



The Haitian/American Community Association of Date County (HACAD), Miami.
This organization is In close contact with the thousands of Haitians who
have recently arrived on the shores of Miami. A preliminary survey carried
out on a random sampie of this popuiation revealed the following information:
(1) GS/PM is not extensively used in the northern sections of Haiti. There
are clusters where extensive use of the grain is found. Les Caix seems to
be a village where this project could carry out its first series of research
methods, as it is not too far from Port-au-Prince, the capital city, and there
is widespread use of the grain; (2) these grains are not easily available

in Miami, but the population sampled would be happy to help with preparation
of recipes - if it would help their people back home; (3) the main method
of preparation appears to be 'mixed with beans and seasoned' or prepared in
a similar way as rice and beans is by Black Americans; (4) the grain is

not currently used as an infant feed. This is an area that has potential

for research purposes.

Among the other organizations with whom linkage has been established and
will be further strengthened are (i) CARE; (ii) Helen Keller international
Inc. - who supplied us with documentation about their latest dietary/
nutritional work in Haiti; (iii) Church World Service.

Ms. Linda Morse, Public Health Advisor of USAID-Haiti, through whom contact
with the Nutrition Bureau and tBe University of Haiti will be established.

Ms. Morse has indicated that analysis of the dietary conponent of the 1978

National Nutrition Survey is in draft form, but will be made available for

perusal on the project director's first trip to Haiti.

Or. Lynn Coultas, a former colleague from FAMU, has resigned to develop

an agricultural program--education, research and extension-- with a church
group In Haiti. He will be stationed in Haiti, but maintain a mailing
address in Havana, Florida, about 25 miles from Tallahassee.

A local medical group from the Tallahassee Memorial Regional Center, have
recently visited Haiti in connection with an infant project. It is proposed
to develop stronger linkages with this group because of possible relationships
with this project.

Projected Efforts

A complete bibliographic review has been carried out, and several current

documents on dietary work in Haitl have been obtained. However, the major
drawback to work on this project has been. the continued delay of our initial
visit to the AID HISSION. This delay is regretted but it is hoped that this
visit will materialize early in the fall. As soon as this visit is completed,
work will be carried out as outlined in the orig.nal proposal.

(O



Institution Kansus State University ; Project No. XXI KSU I
; Fort Hays Branch Experiment Station

Project Title: Pecarl Millet lmprovement Progran;

Project Leaders § Investigators: W. D.'Stegmgier and T. L. Harvey.

'rojvct Overview: The Fort Hays Station has 1540 ha of lund, onc-half of

which is cultivated. Soils range from silt loams to silty, clay loams and are

deep and fertile. Pearl millet breeding was started at the station in 1971,

luntings of pearl millet occupy 12 to 15 ha of land each year including 4 to §

ha of isolated fields planted to mass-selected and recombining population materials
and Fl hybrid seed producing blocks. Most of the materials are planted on fallowed
land; one ha can be irrigated. Project personnel include three techniclians and one
OF two part-time workers during the sumaer.

Research Approach: The original materials used in the program included 243

plant introduction station linecs, two varictics developed by itr. lugh Doggett,
Jwart deviviatics or those two varictics developed by Dr. A, J. Casady, and severual
turage inbred llnc; supplied by Dr. Glenn Burton. The world collection (1450 lincs)
is being grown as a population, recently, 82 items were foccivcd from ICRISAT.

Nuarfy all materiuis cntering the program do not mature before frost in hestern
Nansas. After initial screening, selccted materials arec converted to dwarf, carly-
maturing plant types. Segregating progenies are advanced in either of two ways:

1) as inbred lines to be tested as parental nhterials in hybrid combinutions, 'and
2/-as mass-sclected populations, random-mated for periods of twn to four yeurs
followed by population improvement using recurrent sclection progrums.

The Sl progeny performance testing method is jrresently being used, Winter
recomhination nurseries ure grown in Puerto Ricu or Mawai) and the Su and SI
FeNCTULIONS are grown ut Hays, Scelection pressure is applivd in all three generations,

Five populations are being advanced by aass: election and 1ve populations are

in Sl faprovement programs. A total of 597 items of Al' By ond AL, B, cytoplusmic

[




male-sterility reaction are planted in a backcross nursery. The male-fertility
Teytorer nurxeries contain 788 lines ranging from F4 to FIS‘ Five isolated crossing
viocks, cuach containing one male and 30 to T female lires, are producing Fl.seeds
for tests on combining ability and agrononic studies.  Odver 400 Fl hybrids were
pianted i ovietd and observation nurserics in 1980, An early-mutur:ty conversion
nursery contains the 82 introductions trom ICRISAT and their Fl hybrids. Screening

for mullet raaczion to the greenbug aphid, 3chizaphis graminua (Rondani), is conducted

~

Resuits .ad Profected Effort: Rates of advancemen: orf desirable characteristics

sithin the populations are ranging from PoOT to good. Crain yields, lodging responses,
and plan: heights of several F1 hybrids during the precceding three years have been
compurable to alapted sorghum hybrids, however, year to year yield stability is a
problem. Urain protein contents of the millets continuc to he 1 to 3 percentage

points greater than those of the sorghum chechs at ¢omparable grain yicld levels.

Stand estabdblishment on heavy soils is improving with increasing sced size and
<changes :n machinery and tillage methods.

The petter mate-sterile lines :n the program have the Al Bl system. Problems
have been oncountered involving iﬁcomplctc fertility restoration in several of the
better rl hybrids haveing Al cytuplasas and there has been some difficulty 1n obtuining
A: sterile iines that remain sterile under J:iffercent environmental conditiona.
Resciection within some of these materis)s appears to be showing improvement, Several
Al amd R lines appear to have good combining abihity, however, further testing s

necessary,



INTSORMIL REVIEW

September 1980
Lubbuck, Texas

Physiological and Developmental Processes XII KSU 2
Edward T. Kanemasu
Kansas State Universicy

Overviev

I. Effect of plant height on sorghum (isolines) yields and wate
use - Manhattan

II. Elfect of water on sorghum growth, yield components, and vater
use - Manhattan (coopaeration with Nebraska)

III. Canopy temperatures of millet genotypes - Hissar, India
(cooperation with HAU & ICRISAT)

IV. Canopy temperatures of sorghum genotypes - Hyderabad, India
(cooperacion with ICRISAT)

Procedure

I. Three isolines vere planted in pure and mixed stands. Water use
efficlency, photosynthetic light interception, flag leaf temperacture,
stomatal resistance, xylea vater potential, dry matter produccion,
and grain yield components vere deternined on the height tsolines.

II. Four sorghum hybrids vere studied on a point-source, continuous,
variable watering system. Water use, growth, stomatal resiscance,
Xylem water potential, canopy temperature, and vield components
were deterained a function of di{stance from the point source.

Same hybrids were studied at Lincoln, Nebraska.

III, IV ICRISAT, iarayana Agricultural University and Kansas State
Universir; are cooperating in a project tu detarmine the potencial
of uaing canopy temperatures as a selection technique in drought

resistaice. Millet genocypes being studied at Hissar and sorghum
at Hyderabad.

Resulrs

Advantages of shor: over tall sorghua genotypes include res{stance to lodging
and adaptation to mechanical harvesting. Crain yield comparison of sorghum
height tvpes are, hovever, inconsiatenc. Expteriments were designed to relate
sorghum height to grovwth and development in pure and atxed canopies in the
sunmer of 1978 and 1979. The treatments were: the l-dwaz?, 2-dwarf, J-dwar!,
a 332 by veight aixed-intercrop and alternating rows of the hetght taolines.
water-use ef{iciency (WUL), photosvnthettc light (PAR) {ntercepcion, ¢lag

lea! tezperatures, stomatal resistance, xvlen-wvater putential, dry matter
accumulation and grain yleld of the height isolines in the pure, aixed and
alternated rows wvere deteratned,

—
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The plant population of approximately 175,000 plants/ha, gave leaf area
indices greater than 3.7 from half-blcom through grain filling. Only the
J-dwarf plots had incorplete ground cover which allowed significantly
higher PAR transmissi~n than ei:her the 1- or 2-dwarf canoples. Fewer
tillers and open arrangement of leaves on the tall l-dwarf plants allowed
higher PAR transaission and, cherefore, lower interception compared to the
2-dvari canopy though these differences were not statistically significant.
Intercepred PAR in the mixed and alternated rows vere similar to that in

1- or 2-dwarf plocs.

The water extraction profiles of the pure isolines were similar except”™

the J-dwari pleczs allowved more surface evaporation because of incomplete
grouad cover. Tall plants had the lowest xylem-wvater potential and

highest stomatal resistance, J-dwarf plants had the reverse vhile 2-dvar?
plants were incercediate. The tall canopy had the highest evapotranspiration
in both seasons. The 2-dwvar? plants had consistently the warmest canopy
texperature of the (sollnes durirg peak insolation periods.

Differences in dry zatter of the isolines were naioly in cthe sten fraction
rather than leaves or heads. The tall plants produced about the same total
dry matter as the mixed and alternated plots. Relationship of dry matter
producrion to transpiration normalized with wvater vapor pressure gave slope
factor (k) of 0.173, 0.222 aand 0.296 mb for the 3-, 2- and l-dvarf canopias.
Tall plancs had the highest WUE fcr dry matcter but the 2-duarf produced the
most grain in both seasons. Tall plants yielded more grain tn che mixed
thaa in either pure or alternaced canopies. The short J-dvarf plants in

the mixed plots vere shaded and, therefore, yielded the lowest in dry macter
and grain.



INTSORMIL REVIEW CONFERENCE
September 15-19, 1980: Lubbock, Texas

REPORT ON KANSAS STATE UNIVERSITY'S FARMING SYSTEMS PROJECT (KSU-3)

Overview

1.1 The project has been workad out in collaboration with the University of
Udaipur in Rajasthan, India. It uses a farming syster approach to tha development
of technological packages for small and marginal farmers (below 2 hectares)
practicing dryland millet mixed cropping. Department involved are Agfonomy,
Agricultural Engineering, Agricultural Economics, Soclology, and Extension from
Udaipur aad Socinlogy/Anthropology and Agricultural Economics from KSU. 1In India
the project will administered through Udaipur's Expcrimeant Station.

1.2 Specific technical problems for research are l); the compatibility of
traditional implements with package requirements - i.e. line sowing and seed/fertilize
drilling and 2), varietal response under low rainfall and fercilicy conditions.
Specific socio-economic research problems are 1), the economics of technical

packages 2), the social organization of production and the impact of innovation

on .acome, discribution, employment, and meeting of basic needs and 3), the role

of women in agriculture.

1.3 The role of women is a particularly significant dimension since they play a
large parc in agricultural operations and also quite often in decision making and
management. Innovation affects men's and women's participation differently due to
the sexual division of laSor; and this has implications for distribution of income

and also such thiags as child nutrition.

Regsearch Aoproach

2.1 The farming systeas approach assumes that a given innovation should not only
be technically and economically feasible by itself but also must fit into the

rest of farn household operations. Along with this technical dim-asion, the human
element {5 considercd: how people are organized in arcduction and what the human

correlates and consequences may be.

2.2 The faraing systems approach mov~s from 1), a continuing micro-level

descrtiptive analysis of technico® soclo-economiz features in represcntative
households and villages to 2), on-station experimentation and design through 3),
testing of technologies with participanc households to 4), extension of a tried
and cested package to farmers at large. Each stage feeds into the next and also

/

i
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feeds back to preceeding ones. The idea is to identify problems at the field

level within a systems context to guide on-station research.

2.3 Temn villages will be selected for micro-level research. Forty famm

households per village will combine into a sample of 400, out of which 100

will be small and marginal participants. The rest of the sample will be comprised
of larger farmers and landless laborers for purposes of comparison and understanding

the wider dimensions of the system within which small and marginal farmers operate.

2.4 University of Udaipur will provide 10 assistants with basic agricultural

or agricultural economics degrees, one residing in each village. Three of the

ten villages will also have a resident assistant with a degree is sociology.

These thirteen assistants will conduct formal interviews, participant observation,
and extension work. In addition statistical and secretarial support will come
from Udaipur as well as faculty advice and participation. Drs. Michie and Benson
will also be in field sites conducting research and overseeing, Dr. Benson

focusing on women in agriculture.

Results and Projected Effort

3.1 To date there are no results since the project has not begun. Udaipur and
KSU anxiously await USAID and Government of India (GOI) to make the necessary

agreexents and arrangements for work to begin.

3.2 Since "in-hand" time and funding resources are limited (and assuming

USAID-GOI arrangexents will be made soon), the project will perforce begin with
testing (stage 3) technological packages already developed by Udaipur. Testing

will be facilitated by subsidized inputs and on-site technical advice to participant
small and marginal farmers. The descriptive analysis (stage 1) will be conducted
simultaneously for basic data and monitoring. Both stages will feed into on-station
research and design (stage 2). This allows for immediate short term results with
the potential - dependent on continued funding - for a longer term project along

lines discussed above.

Barry H. Michie
Principal Investigator
KSU Farming Systems Project

\ \,



XIT KSU 4
STORAGE AND PRESERVAT!ION QOF PEARL MILLET

Princioal lnvestigators: Robert 5. Mills John R, Pedersen

Dept. of Entomology Dept. of Grain Sc. and Industry
Kansas State University, Manhattan, Kansas 66506

Overview:

Ladoratory research in the Dep:z. of Entomology and Dept. of Grain Science and
industry on biology and behavior of stored produc: insects (SP1) in millet,

damage caused by SPl, virietal resistance to SPl, effects of threshing and handling
on susceptibilizy to SPI, moisture/relative humidity relationships, insects and
fungi in ''Selk" storage, and simulated traditional storage containers.

Research Aporcach:

Laborazory research at KSU

a. Biology and behavior of SP! in millet.

b. Susceptidility/resistance of millet cultivars to SP!; causes of resistance.
c. Effects of threshing ard handling methods on susceptibility to SP| and fungi.
d. Maisture content/relative humidity equilibria of millet.

e. Methocoiogy of moisture testing for millet, esp. for field use.

Research a: KSU Food and Feed Grain Institute's grain storage facility (nearing

completion).

a. Two 15 x 30 x 7-f: environmental rooms will be available for study of popu-
latiordeve opmert and damage by insects in "bulk''- stored millet (in-head and
threshed).

b. Study of simulated zraditional storage containers in relation to susceptibil-
ity to infestation and damage by insects.

c. Effects of threshing and handling methods on insect and mold infestations
and damage. '

Research in LIC's(will depend upon interests of cooperators).

a. Year-around surveying of insect (and mold?) situations in storage; identifi-
cation of species and estimation of damage.

b. Testing iocai varieties of millet for resistance o SPI.

€. Study and evaluating local storage facilities, customs, and control measures.

Results of research to dara:

Infestibility of millet bv 15 spp. of SPI. Larges: number of progeny were pro-

ducec by maize weeviis, rice weevils, confused flour beetles, sawtoothed grain
beetles, & cigarette beetles; greatest grain wt. loss was caused by maize weevils,
rice weevils, granary weevils, lesser grain borers, and cigarette beetles.

Biolocy of Ancoumois grain moth in millet vs. corn, wheat, or sorghum.

Developmental period was 24% longer in millet than in sorghum, but similar to
that in corn or wheat. Moins from millet laid fewer eggs and were smaller than
moths from wneat or corn.

Progenv orocuc:zion of red flour beetles and maize weevils in various millet media,

Flour besties produced many more progeny in wnole millet flour than in whole mil-
let kernels, a mixtiure of whole and zracked kernels, or in cracked kernels (fines
removed). Maize weevils sroduced many more progeny in the wnole kernels, or in
the mixture of wnole and cracked kerneis, than in tne other media.

X-rav analvysis of develosmen: of Angoumais arain moths, rice weavils, and maize

weevils inside kerneis of miilet. Numper of days to reach prepupal, pupal, or

adult stages were ocetermined. Angoumois grain moths which had entered kernels
near the germ developed to adulis in 143 less time than those that entered endo-
sperm in tne crown area of the kerncls,



T-

ffec: of tnresning method on number of orogeny and damage oroduced by 5 species
f SPl. Progeny production of maize weevils or Angoumois grain moths was similar
n miliet threshed by combine (w/ 10.8% dockage), lab thresher (1.8%), mortar (0.5%),
or by hand (0.0%). Confusecd flour beeties, sawtoothed grain beetles, and lesser
grain borers procduced more progeny in combine and lab-threshed miller. Millet
weignt loss was related to number of progeny.

jo jm
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6. Siza of weevals from millet. Maize and rice weevils reared in millet for 2 gener-
ations (following long-zime culturing in corn and wheat, raspect.) were 22 and
15% smaller (elyzron length), respectively, than those reared in the culture grains.

7. Attractancy {o!fac:zorv) of millet products to red flaour beetles. Flour made from
fermentec mi!le: was much more attractive than unfermented wnole millet, whole
millet fleur, or millet sczarch.

8. Ability of SPl to move tnrougn threshed millet. During 2 wk, confused flour beetles
movea litt!e from wnere they were introduced in a 10 x 30-cm column of millet.
Maize weevils ang sawtoothed grain beetles moved more through the millet, but still
lendea 10 remain in the area of the column where they were introduced.

o, Mcisture zontent/relative humidity equilibria. Adsorption and desorption moisture
content ecuilibria of millet have been determined in 5 relative humidities and
3 cempera:zures.

Proiec:ed effgore:

1. Continuation of insect biology and behavior studies, including weevils, Indian-
meal moth, and almond motn.

2. aestung lines of millet grown by KSU Agronomy Department at dlfferent locations
for dsf‘ereﬂ-es in resistance to SPI!.

3. Stucies of insec:s and moids in "bulks' (garbage cans or drums) at the Food and
Feea Grain Irstitute storage facility, and of the effects of handling anc tnresh-
ing me:noags.

<. Stucies of insect and mold infestations in simulated LDC storage con:ainers.

5. Moisture tes:ting metnods ~aving potential for use in LDC's

6. Sncouragee :training of LOC personnel in grain storage and preservation by:

a. Graduaze s:tucents in degres prugrams at KSU.

b. Parzicipation of seiectead LOC personnel in the annual AlD-sponsored 7-wk
Grain Storage anc Marketing Shor: Course.

c. if arrangemenis can pe made, conduct grain storage short courses in LOC's.

————
L.



INTSORMIL - KSU-5

Qur project objuctives include 1) the development of an understand-
ing of, and test procedures to determine, end use quality of pearl millet;
2) the nutritional evaluation of pearl millet using chemical and biological
methwds; and 3) . che development of a knowledge base on the characteristics
vl the clhiemical componuents of millec.

Samples of "good" and "poor" quality pearl millet were obtained from
Sudian.  We tound the Sudanese millet decorticated much ecasier than millet
grown in Ransas. In gencral, millet was harder to decorticate than was
pEdin sorghun. Those dilference were due to dilference in pericarp struc-
ture and possibly to differences in prain hardness.

Vur studies ol nutritional quality have included determination of
amiue acid composition ol whole grain and milled [ractions and the distri-
bacion of nitrogen amouy various protein solubility classes. In addition,

4 nuuber ol bines and population have been analyzed for vitaming and mincral.
Thearo appears Lo be Fittle variation in vitamin content amony variour lines
A popialion. Niancral contents varied more with P, K, and My boelny Lhe
e winerals in the prain, Pearl willet was notabiy low In Ca.  The

locir tun o the mineral In the grain was also determined (Cereal Chem. 57:
Lo cu8u).

Foeding, studices with rats ol raw aud processed millet showed that
comde iy didd nuL. decrease PPER. Fermentation prior te cooking caused a re=-
o Lo i PER. Tn general, milling to 072 extraction Increased PER.  Feud=-
vy, ludies witth pyanea pips showed o sipnilicant decercase in Jlver chulus-
terol devels for thuse animals Led prain sorghum. Current studies are de=

Sipood Lo comfiom that’ Visding and deterelne what part of the graln sorghum

i



is respousible.

tharacterization of the chemical components of pearl millet have
included determing the free and.bound lipid, the fatty acid composition of
those lipids and the location of the lipids in the grain (Cereal Chem. 57:
271 (1980). The notorlously poor storage ability of pearl millet meal was
~studicd. Contrary to some reports we found both hydrolytic (lipase) anmd
oxidative racindity tu be. important (Cereal Chem. 57:275 (1980). A study
designed to determine the basic properties of millet starch has found only
suall variations in amylose content (20 to 22Z) among starches. Amylograms
ol the starches showed variation during the cooling eycle indicating that
sume ol Lhe starches may retrograde less then others (Cercal Chem: Ln Press).
Certain populations of pearl millet were found to contain relatively high
Jevels ol w-amylase activity. The cnzyme was purificd and its prouperties
described (Cercal Chem. submitted).

A review of the literature on pearl millet: its chemistry and utiliz-

atbon was published (Cercals for food and beverages. Ed. G.E. Inglett and

Laess Munck.  Academic Press. NJY. 1980). A review of the chemdistry ol sor-
phuna and millots is being prepared for publication in Advances in Cercal
S de aee amd Teetimoloe e Vol IV 1L is Lo bhe published mid-1981.

luternacional travel to the following countries has been a part ol the
project: Canada (2), United Kingdom (2), Germany, India (2 trips and several

tocativas), Sudan (2), Seanegul, and Nigeria.

2.0
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XII KSU 6
See? and Seedling Vigor, Pearl Millet

Richard L. Vanderlip
Kansas State University, Manhattan, Ransas

The project ''Improvement of Pearl Millet" was approved and funded as a
3~year program commencing 1 October 1977. This program was phased into the
TITLE YII INTSORMIL project with enlargement of the program in the areas of
plant breeding, drought tolerance and stress, a continuation of the seedling
vigor and nutritional quality programs plus the add’tion of a Farming Systens
Program.

Cne of the major cultural oroblems in the husbandry of pearl millet is stand
establishment. This is a universal problem encountered in the Sahel region of
Aftica, semi-arid tropics of Asia, and here in Kamsas. Seed vigor and seedling
vigor are associated with stand establishment.

Cbjectives are to: 1) Identify seed and seedling characters associated with
differential seedling vigor and field stand establishment; 2) Identify and evalu-
ate germplasm wvith capacicy to establisht good stands under stress conditions -
particularly temperature, moisture and high salt.

The approaches utilized are: 1) Utilize established laboratory techniques
and nrocedures for stress prior to germination, to determine the correlation of
test results with field establishment and seedling vigor; 2) Natenne if oeef
size and Jensity are related to seedling vigor, stand establishment, plant
development and graim yield.

Laboratory and field tests were conducted during 1977 and 1978. Field tests
were conducted at two locations, Manhattan, KS o° a loam soil and at the Sandy-
land Experiment Field, St. John, KS on sandy soil. Laboratory tests were con-
ducted to investigate the degree to which laboratory tests could predict field
establishment of pearl millet. The laboratory tests included standard germinatior,
electrical conductivity of soaked seeds, and stress tests of soaking seeds in
ammoniun chloride solution, soaking seeds in sodium hydroxide solution, artifi-
cially aging at high temperature and relative humidity and soil cold testing. The
first year 20 varieties of pearl millet were tested; the second year a different
set of 30 varieties were used.

_ Germination percentages from the stress tests were lower than those from
standard germination as seeds of low vigor were killed after being subjected to
adverse treatments.

Criteria used to evaluate vigor tests uere: correlation wvith field estab-
lishment, and ranking millet varieties according to fiel( performance. These
criteria suggest that all laboratory tests used except the electrial conductivity
test vere able to screen vigorous from non-vigorous seed. Soaking of the nillet
seeds in 5% sodium hydroxide for 2 minutes prior to normal germination ceemed to
be the best vigor test although imM,Cl, accelerated aging and standard germination
were significantly similar in ranking the varieties.

In another sctudy the seed characteristics of size and density were found
effective for selecting the most vigorous seeds in a seedlot. Small seeds were
closaly related to noor necdling vigor and low yleld. Tha bost sneds "ar2 often
no= tha largest, but were the larger half of the size range. Sced density was
positivoly reloted to seedling vigor. e hizher rthe density of the seed the
crenter the chance for survival. The cffects of secd characteristics were most
apparent during the early stages of growth and development.

by



In another study, early seedling stress tests are being evaluated for
screening millet lines for drought tolerance. A student is presently at ICRISAT
conducting part of his research on this project cooperatively with Dr. Fran
3idinger.

Results from these studies can be found in:

Seed Vigor Measuremmnts and Their Use in Predicting Field Establishment of
Grain Pearl Millet (Peovrisetwr americausm). Master's Thesis, Kansas State
University, 1978. Gallus Joseph Mwageni.

Yield Comparisons of Pearl Millet (Pemisetwm americausm (L.) Leeke) and
Grain Sorghum (Sorghum bicolor (L.) Moench). Master's Thesis, Kansas State
University, 1980. John Craig Palmer.

The Effect of Seed Size and Density on Field Emergence and Yield of Pearl
Millet (Permnisetum amertcamen (L.) Leeke). 1980. John C. Gardner.

Firs® Anpual Repcrt, October 1977-September 1978. TImprovement of Pearl
Millet. Kansas State University, Contract: AID/ta-C-1458.

Second Annual Report, October 1978-September 1979. Improvement of Fearl
Millet. EKansas State University, Contract: AID/ta-C-1458.

INTSORMIL 1980 Annual Report, July 1979-March 1980. Sorghum-lillet
Coordinated Research Support Program. Grant: AID/DSAN/XII-G-0149.

Agronomy Abstracts, American Society of Agronmomy. 1979 Annual Meeting.
Pages 107 and 115.

Eleventh Biennial Grain Sorghum Research and Utilization Conferemce. 1979.
Page 51.
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Sociocultural Constraints in the Production and Consumption of GS/PM in
Less Developed Countries

C. Milton Coughenour, Principal Investigator

The plan of the first year's project vork has involved activity relating to
two of the threse project objectives:

1.

Research on svstems of sorghum/nillet production, distribution, and
consumption (Billie and Kathleen DeWalt, Co-Principal Investigators)

Doe to failure in establishing the necessary LDC institutional linkages,
we have not been able to initiece field work in the Sudan or elsewhere.
Project work thus has been constricted, but {t has been possible to com-
pile previously published materials anc to delincate 3 research strategy
and wmodel.

Library research to accusulate background {nformation on the Sudan has
resulted in two working papers. The first, "The Major Ccnstraints in
Inhibiting the Expansion of Dura Production in the Sudan' identifies
four types of constraints wvhich are hindering {ncreased production of
dura in the Sudan. These are: 1) resource constraints such as adverse
climatic and geographic conditions and poor access to inputs; 2) infra-
structural constraints such as poor transportation systcas and poor
markets; J3) {nstitutional comstraints such as poor extension services;
and &) technical constraints such as unsuitable production practices.

A second paper titled: “The Origin and Spread of Domesticated Sorghum
in Africa with Special Reference to the Sudan” discusses the existing
archeological, bistorical and botanical data available tegarding the
origin and spread of sorghun cultivation in Africa.

In addition, a bibliography of over five hundred references concerning
the cultivation of sorghun and millet with special reference to Africa
has been cocpiled. Information is provided on over 27 countries includ-
ing the Sudan. The r2nge of subjects addressed by these documants
includes: nutritional qualities, pest end weed control, cropping and
cultivation practices, post harvest treatment of the crops, country-wide
descriptions of production, culture and breeding practices, grovth
studies, fertilizer usage, fertility improvement, production problems,
intercropping systeas and rainfall conservation. This bibliogranhy 1is
continuing to grovw and we are nov in the process of computerizing ict.

During the Spring of 1980, K. and B. R. DeWalt conducted a seminar
focused on the building of a research model and strategy for the study
of sorghuam and millet farming systems. Research team members also
attended wveekly seminar in the study of the Arabic language.

Finally, B. R. DeValt travelled to Mexico for a series of meetings wvith
representatives of INIA, CIMMYT, and ICRISAT to begin the process of
setting up field sites in Mexico and Central America.



2. Cossunication smcng agricultural seientists (Larry Busch and W. Laey,

Co-Principal Investigators)

Since sppropriate linkazes for work with research centers in LDC's have
aot been estzblished, the research has been done under the related Hatch
project on the Comounication Processes in the Agricultural Sciences. It
has focused upon issues of research problem formulation, research goals,
and expected beneficiaries of the U.S. Agricultural Research Systen.

One aspect of this research, particularly relevant for the INTSORMIL
project, concerns the relationship between international research and
that done in the United States. As i{s relatively well known, both the
international research centers and a number of national research systems
in less developed countries vere modeled upon the American systen. Yet,
the American systes was borrowed without fully understanding eicher its
vorkings o: implications. Thus, one thrust of our research has beecn an
exanination of how certain themes developed in Azerican research have
bYeen adopted, successfully or unsuccessfully, in international and
national systems.

During the past year, wve have also endeavored to collect sccondary docu-
ments on research systeus in LDC's in which sorghum and/or millet are
major food grains. Many of these documents sre unpublished or institu-
tional reports and, thus, difficult to identify. Lacy spent some time
at the East-West Center at the University of Hawaii, which has a useful
collection of zmaterials, and in consultation with members of the Food
Systeas Project including former staff mexzbers at ICRISAT. Several of
the East-West Center staff are interested in issues regarding research
organization and one student there has nearly completed a study of
organizational development of the Intermational Rice Research Institute.
Busch visited ICRISAT as team leader of a group charged vith setting

up a conference on "Sorghum in the 80's.” At that time, the possibili-
ties for interviewing ICRISAT's staff members was discussed. However,
ICRISAT officials felt it was an inopportune time to interview thelr
staff. Similar interviews vere planned with researchers in the Sudan,
but have been poctponed dus to the lack of an official country agreement.



1980
INTSORMIL Review
Report

PROJECT TITLE: Seed Factors Influencing Germination, Emergence and
Stand Establishment of Sorghum and Millet

ORGANIZATION: Seed Technology Laboratory, MAFES, Mississippi State
University. Project No. XII - MSU-1(MIS-1505)

PROJECT OBJECTIVES

1. Analysis of emergence and stand establishment problems
in selected sorghum and millet production areas to determine
their causes and the relative importance and contribution of
“seed" and "environmental® factors.

2. Characterization of sorghum and millet seed germination
and emergence in terms of general responses to temperature,
sof]l moisture tension, mechanical impedence, and salinity.

3. ldentification and characterization of heritable characters
of sorghum and millet seed associated with superior seed
quality and performance.

4. Developement of p.-ocedures and techniques for screening
sorghum and millet germplasm for superior seed cuality properties
which are suitable for use in breeding programs.

5. Training of selected LDC personnel in advanced studies.
applied research methods, and in the interpretation and
use of research data and findings.

PROJECT OVERVIEW:

The seed of superior varieties is the only crop production input
that economically can be made available to the majority of sorghum and
millet producers in the LOC's. This project will attempt to identify
and as possible resolve seed related problems of both a physiological
(environmental stress) and genetic origin which currently limit germ-
ination, emergence, and stand establishment.

RESEARCH APPROA’H:

Initial emphasis has been assigned to objectives 2,3, and 5. Work
is being concentrated in three areas; seed maturation and weathering,
the seed and seed bed e~nvironment, and identification and/or influence
of specific, heritable characteristics on seed and seedling performance.
Following the development of more precise base line data for each of the
three areas above, studies of the inceractions of specific seed, environmental
and genetic characteristics will be conducted. In keeping with Objective
5, graduate students from Kenya, Sudan and Brazil with specific interest
in sorghum/millet research are currently assigned to studies supported
in part by this project. It is anticipated that cooperation can be
established with research and seed workers in Honduras to begin work on
Objective 1 in early 1981.



RESULTS AND PROJECTED EFFORT:

Major activities to date include the review of literature, obtaining
and multiplying seed, accumulation of equipment and evaluation of tech-
niques.

Producing sufficient seed of acceptable physiological quality for
our studies has been difficult; however, this problem has apparently
been resolved. High quality seed of both self and open pollinated seed
of approximately 400 sorghum lines and 40 strains of pearl millet(Zumo
collection) have been or are being produced this season.

A soil microclimate simulator(SMS) has been constructed and its
performance and accuracy verified. Construction of a rainfall simulator
is near completion following evaluation of a similar mechanism at the
USDA Soils Sedimentation Laboratory(Oxford, MS). Techniques for simultaneous
screening of large numbers of lines for physiological quality have been
developed and are being revined.

A preliminary study of the effects of weathering on seed quality
was made in 1979. The lines in the GWT and ADIN were exposed to natural
and simulated rainfall and high humidity in combination with field
inoculation with selected fungal species during the late seed development
period. Harvests were made at physiological maturity and 15 days later.
The degree of seed deterioration induced by the treatments varied among
lines. While deterioration was generally increased by inoculation with
the selected funqal species, viability did not appear to be directly
associated with level of fungal infection as determined by the bioassy
methods. This study is being continued and expanded

Three additional studies will be initiated this fall utilizing the
high quality seed produced. One will concentrate on those factors; i.e.
seed quality, genetic variability, moisture and temperature stress an
mechanical impedance which affect stand establishment. The second
study will be used to characterize germination and seedling development
over a range of sorghum genotypes. Investigations of heritable seed and
seedling traits with potential to reduce field deterioration, improve
germination, emergence and/or stand establishemnt will also be initiated.



INTSORMIL

Project XII-MSU-2 (MIS-1504), Sorghum Host-Plant Resistance
and Genotype Evaluation.

Investigators: Dr. L. M. Gourley (Leader), Dr. J. C. Denis,
Dr. N. C. Merwine, Dr. L. E. Trevathan, Dr. S. B. King, Dr.
N. Zummo and Dr. H. N. Pitre.

Breeding and Genetics

The 58 lines in the 1979 Sorghum Elite Progeny Observation
Nursery (SEPON) and 41 downy mildew resistant pearl millet lines
collected in Africa by Zummo were increased in quarantine for dis-
tributinn to other INTSORMIL projects. Some of the SEPON lines
are being evaluated for grain siold resistance in this project
and XII-MSU-1. The millets are being examined for diseases en-
demic to Mississippi,and a seed increase and observation are being
conducted in the Kansas project. Other sorghum lines will be in-
creased in quarantine this winter.

A seed increase of 348 sorghum cultivars was made in Puerto
Rico for fall armyworm, fungal toxins and aluminum tolerance screen-
ings. These _creenings are now in progress.

From 353 F; lines screened for sorghum midge resistance in
1979, 57 B-lines were crossed into sterile cytoplasm in Puerto
Rico and the BC); made in Mississippi this summer. Twenty-five
.0f the most resistant R-lines were crossed onto Johnson's midge
resistant A-lines 1in Pucrto Rico.

Grain mold resistant (SEPON x U.S. elite) crosses will be
segregated in Puerto Rico this winter. Selections from these Fo
populations will be evaluated for grain mold and other disease
pathogens in Mississippi and Honduras in the future.

Pathology

Grain mold. Research s directed toward the fungl involved,
time of infection, and paaicle parts infected. The first major
time of i{nfection occurred during the week followlng anthesis. At
three weeks post-anthesis almost all puanicle parts were infectea.
Major fungi 1solated in descending order of numbers were Fusarium
moniliforme, Curvularia spp., Fusarium rcueun, and Phoma upp. tor
the relatively cool, wet 1979 season and Alternaria opp., Curvularia
Epp., Fusarium roscum, and Fusarium moniliforme for the relatively
hot, dry 1UBO neason. Related work ¢ither 1o progres:. or projected
include: 1) development of culture media to separately tnolate
Fusarium species and cultivars, 2) une of ergosterol analysuis tor
measuring grain mold severity, and 3) funpgal tnoculation techniques
to fncrease reliabilaty of gratn mold dineane assennment.,

Root Diseaxe Complex. A root disease of urknown ctiolopy has
gseverely rceduced gratn sorghum production in the Hrown Loam area of
Misgsiuuippt. Similur problems occur tn Africa and ponaibly eluewhere,
Initial rescarch 15 on determination of potential pathogens annociated



with roots. Fungal genera most commonly found are Fusarium,
Periconia, and Macrophomina. Projected research will involve
pathogenicity tests and soil fumigation.

Leaf Diseases. The USDA research facility at Meridian, MS,
has been an excellent location for field assessment of several
leaf diseases. Anthracnose has received considerable attention
and resistance 1s now available and being used. Zonate leaf spot
and rough leaf spot resistance screening is gaining attention
because it 1s apparent that these diseases can be especially
serious in humid areas where sorghum follows sorghum.

Pearl millet (41 lines) from West Africa was grown at Meridian
in 1960 and several previously undescribed leaf discases were
observed and are being investigated.

Entomologyv

¥Yeekly evalvations of 348 sorghum lines in whorl stapes for
resistance to attack by natural infestations of fall armyworm larvae
were initiated with plants in the 3rd to 4th leaf stage. An addi-
tional 220 cultivars have been evaluated at least twice for feeding
damage during late whorl stages. Thirty lines in the ADIN and 37
lines with resistant characteristics to specific insects und disease
organisms were evaluated twice for severity of armyworm fceding damage.
Seed will be obtained from desired genotypes and the plants will be
evaluated in the greenhouse during the winter for fall armyworm
oviposition preference or nonprefercnce and larval feeding damage.

A select group of sorghums (25 cultivars) of different morphologl-
cal and phys:iological characteristic types were evaluated in the field
for larval feed:ng damage. Observations of leaf trichomes revealed
absence of prominent structures on lines examined. These cultivars
and other selected material will be evaluated in leaf disc bioassay
feeding studies with armyworm larval instars.  Larval davelopment
will be measured on the different cultivars. Sorpghum cultivars with
indications of resistance to the fall armyworm will be included 1in
further evaluations in 1981,

Replicated teuts of midge resistant lines, 50 from Mississippl
and 90 from Texas, and midge resistant hybrids, 30 from Minsissippi
and 50 from Texas, are being evaluated for midge damage.

e



INSTITUTION: Mississippi State University Project No. XII MSU 3

PROJECT TITLE: #n Interdisciplinary Approach to Nutrition Improvement of People
Consuming Grain Sorghum and Pearl Millet as the Staple Food.

PROJECT LEADER: Mary Futrell

The Mississippi State University INSORMIL Project is concerned with the development
of a general research approach which can deal with agronomic, economic , social, and
nutritional factors which are involved in the introduction of improved varieties of
grain sorghum in small scale farming systems. The area chosen for study is to be onc in
which grain sorghum is of considerable importance as a human f~nd. Honduras has been
selected as a feasible area because here, especially in the southeia part, sorghum is
reqularly produced. An annual production in excess of 69,000 metric tons is found and
more than 44,007 farms regularly grow sorghum for human consumption. Another criterion
is that the areil to be researched is one of small farms with an emphasis on subsistence
farming with households forming the units of production and where community values are
relatively homogeneous. It is assumed that this study is goal-directed in that it is
concerned with the potential improvement of the quality of life, particularly in regard
to nutrition.

Social data collected will be fairly comprehensive. It will include community
leadership and social status, including the social status position of farmers who grow
sorghum; the population of the community (or area under study); the composition of
work groups related to farming activities; household snd family structrre and size;
sex roles and decisinn-making patterns and attitudes and values related to farming,
food and manua! labor. Values and beliefs associated with food will include beliefs
about nutrition value, status foods, a hierarchy of preferred foods, the hot-cold
dichotomy, $aboas and ceremonial usages. The focus will, of course, be on the role of
sorghum foods i1 ..e ove~-all diet.

The collection of nutritional data and information concerning food habits will be
a relativelv complex undertaking. The nutritional status (specific nutrient deficiencies)
of low income GS/PM consumer will be used as a yardstick for assessing agricultural
development progress. This study will be conducted in the same villages where the
sociologist, agronomist and other scientists are conducting research. This will be
conducted in conjunction with local health services and local persons will be trained
to detect signs of malnutrition. Simple methods of assessing malnutrition by simple
arm measurement, weight, height, and head circumference will be used. Also, the presence
of anemia, infant mortality, and infant feeding practices will be recorded. Nutrient
intake of housenolds will be recorded and analyzed. If severe malnutrition is found
to exist, intervention prngrams such as weaning foods, education programs, etc. will be
devisec.

Data will be compiled on consumer preferences of grain to be used by the agronomist
in the breeding program ard for persons involved in quality testing and toxicology
studies. Methoads of preparation will be compiled, and all recipes standardized as to
measur-rc..%. Other work in Honduras will be specifically related to the quality and
digescipility of the sorghum tortilla. Preliminary methods of preparation have already
been recorded %0 thet work 1n this ared can beqin imwediately. Close cooperation is
planned witn Lloyd Rconey from Texas A & M, wno has developed o sorghum tortilla and
would like 1% tested tn countries where the tortilla {4 a major part of the diet., A
preliminary trip to Honduras in January 1980 to the AID mission revesled that they
were inte: ¢5ted in help with ~crghum tortillas,

{
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INTSORMIL PROJECT REPORT

Project Title: Physiological Methods of Selecting for Drought Resistance
in Sorghunms

Investigi 'rs: C. Y. Sullivan, J. D. Eastin, D. G. Watts, W. M. Ross,
C. A. Francis, USDA-SEA-AR and University of Nebraska, Lincoln

Objectives: (1) To define physiological characteristics which
are affected most by drought stress, and identify both
tolerance and avoidance mechanisms which may be selected
to improve drought resistance. (2) To develop and
implement practical techniques of screening and
selecting for plant genotypes with desirable physio-
logical responses for use in breeding for yield stability
in moisture stress conditions.

Line source irrigation gradients are being used to develop different
levels of water stress at Lincoln, Mead, and Tryon (Sandhills Ag. Lab.)
in Nebrask and at Garden City, Kansas. Gradients are under development
and dryland-irrigated screening is occurring at Sidney and Scottsbluff,
Nebraska.

In studies on effects of drought stress at different stages of plant
development the system is designed to apply uniform plot irrigation as
desired. Field measurements include soil water use (neutron moisture
probes) aad ET estimates, plant water, osmotic and turgor potentials, leaf
temperatures and diffusive resistances, net photosynthesis, leaf area and
development, total dry matter production, seed weight and seed numbers.
Weather is also monitored.

Root density and distribution are being determined on a limited number
of genotyp.s at different stress levels by soil core sampling. Root
development in hydroponic cultures is being compared to field responses.

Techniques for evaluating seedling stress resistance including heat and
water stress and their interactions are underway in greenhouse and growth
chamber experiments. Effects on shoot and root growth and photosynthesis
are being evaluated 1ncluding stress acclimation. Other greenhouse and
growth chamber studies on plants grown to maturity are concerned with
interactions between high temperatures and drought stress and effects on
floral and seed development.

Results are inconclusive at this time, however, previous genotype
screening with the irrigation gradient showed marked differences in yield
response across the gradient. Some of these genotypes are being reevaluated
with increased plant measurements. Diffusive resistance values were
found to be as much as ten times higher in some genotypes under stress with
cranspiration reduced by as much as one-fifth of others.

(over)



Reduction in dry matter production of water stressed plants in the
1980 season compared to fully irrigated controls, during early grain fill,
ranged from 20 to 37% with the greatest effect on late maturity genotypes.

Maximum root length and branching was found to increase as the water
level was lowered in hydroponic tubes, and the values differed among
genotypes. Field soil core sampling is aimed at determining whether this
response is similar under field drought conditions. The tubes offer a
more conveaient method of screening for this characteristic.

In comparing the photosynthetic stability of selected stress resistant

lines from population NP9BR, a stress of -10 bars resulted in declines in
photosynthesis ranging from 20 to 60% reduction. Acclimation to drought
stress in the vegetative stage was 2lso evident from photosynthesis
measurements. Photosynthetic rates of plants under stress were as much
as 50% higher when preacclimated compared to controls. Indications are
that this characteristic can be selected for.



INFLUENCE OF NIGHT TEMPERATURE ON RS 671
SORGHUM (OGUNLELA 1979)

(AMBIENT + 5(C)

G GRAIN/
PLANT
ConTROL £6.9
P11 To PI;A/ 59.3 A
(11)
Pl. To FD,2/ 53,4
8 1 (20)
FD; 7o FDy 48.0
(28)
FDg o BL;Y/ 52.7
1)
BLy To BL, 55.9
(16)

SEED G GRAIN/GS3
No  pav/pLANT
2659 2.09
2333 1.85
(12) (11)
2174 1.71
(18) (18)
1855 1.49
(30) (29)
2176 1.66
(18) (21)
2223 1.80
(16) (14)

i/ Pl IS PANICLE INITIATION (SUBSCRIPTS ARE DAYS)

z/ FL IS FLORET DIFFERENTIATION (STAMEN & PISTIL

PRIMORDIA)

3/ PERCENT REDU.IION FROM CONTROLS

4/ BL 1s BLoOM
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INTSORMIL-COORDINATED RESEARCH
SUPPORT PROGRAM - GRAIN SORGHUM/PEARL MILLET

INSTITUTION: University of Nebraska
PROJECT TITLE: Grain Sorghum and Millet Response to Temperature Stress.
PROJECT LEADER: Jerry D. Eastin, C. Y. Sullivan, C. A. Francis, M. D. Clegg

Objectives, Results and Projections

1. Characterize the effects of temperature on developmental processes in
sorghum and millet which dictate limitations to seed size and seed number,
and simultaneously monitor and describe key physiological processes which
control development.

Results. Etarlier growth room studies suggested sorghum yield reduction

of 25 to 16\ due to night temperature elevations of 5C. Field tests with
tenperatures regulated S5C above ambient for one week periods during panicle
development reduced yields from 1l to 28%. The most severe reductions
occurred during differentiation and development of the pistil and stamens.
Yield reductions were paralleled by seed # reductions and reductions in
plant metabolic efficiency.

Growing roots apparently compete with the developing panicle for available
assimilates needed to enhance the seed number component of yield. Comparative
hydroponic root tests on 2 genotypes showed respiration was from 30 to 46%
higher (over a temperature range of 25 to 40C) in a common hybrid compared

to a drought tolerant hybrid. The average 18% higher root respiration

rate (assimilate requirement) may detract from panicle development in the
common hybrid.

Temperature effect data on millet has not been summarized.

Projection. cCharacterize contrasting genotypes for night temperature
effects on yield and seed number to estimate the response range.

2. Objective. Attempt to develop screening techniques for temperature typing
sorghum and millet to improve adaptation in existing zones and exploit
potential of new areas. 3Breeders will try to use the techniques to develop
cool tolerant and heat tolerant sorghum populations.

Results. A sandwich-water tray treatment has been used to spot genotypes

in S, progeny which germinate fast, grow fast and give contrasting developmental
patterns. Plants from S heads are being separated on the basis of large
root (primary) - small top, medium root - medium top, and large top - medium
roots.

Projection. Another year of transplanting contrasting types to the field
wiil precede testing under ecofallow field conditions to see if the large

or medium root selections do better than others. If field observations
suggest any one combination may be better, S seeds could be bulked to

form populations tending toward faster or slower root growth for further
testing.

3. Objective. Test selected materials and newly synthesized populations in
Jbjective

key U.S. and LDC locations where temperature extremes and drought currently
limit production.

(over) ?bb1
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Results. Random mating of 8 populations from Texas, Puerto Rico, and
ICRISAT continues under Nebraska temperature conditions.
Projection. Selections will be tried in LDC's as linkages are developed.

Objective. Attempt to evaluate temperature effects on plant metabolic
efficiency.

Results. Simple seed growth systems suggest dark metabolism efficiency

is temperature influenced. More effort is needed to test this.

Projection. The effect of sink size (seed #} on photosynthesis and respir-
ation as they relate %o metabolic efficiency will be tested.

Objective. Initi:ate experiments to guantitate temperature and drought
interactions for y:eld and yield components.

Results. The first growth rocm experiments are now in progress.
Projection. More growth room studies will be conducted. Attempts will be
made to control night temperature on a water gradient in Garden city, KS,
=0 get field tests on water x temperature effects.

W



INTSORMIL -- PROJECT NU-3:  GRAIN FILL PERIOD IN SORGHUM

Investiocators: C. A. Francis, J. D. Eastin, M. D. Clegg, W. M. Poss

Overview:

The period of grain fill in sorghum is important in determination
of seed size and appears critical in stability of yield. The
time and rate of grain fill are components of the final yield
which is attained in each genotype, and we are exploring the
genetic variation and relative contribution of each of these
components.

Specific Objectives:

1. Explore the existing variation in grain fill period under a
range of “conditions and relate this to other morphological
and physiclogical characters.

2. Develop new lines and source populations with modified grain
£i11 periods and/or rates of fill.

3. Test these new lines, hybrids and populations in a wide
range of conditions in temperate and tropical zones.

Research Aporoaches:

1. A standard set of 56 hybrids, 1ines and populations has been
tested over more than 50 environments, and the results are being
evaluated for grain fill lenath and rate as a function of
environmen®: the stability of yield as a function of these
two paramecers also is being evaluated.

2. A set of 10 commercial hybrids is being evaluated through
growth analysis during the grain fill period in two Jocations
to further relate these processes to yield.

3. Four cycles of mass selection for earliness and yield in a
random mating population are being evaluated on an individual
plant basis ?two Jocations, three reps, 100 plants/rep) for
a number of plant characters: G52, ($3, height, panicle length
Jeaf number, arain vield, stover yield, seed size. Both fertile
and sterile plants-are included in each cycle, and the potential
for recombinations of extremes exists.

4. Identification of individuals with extremes in days in fill
period in another unrelated population gives us the pntential
for comparison of this capacity in two backgrounds.

Testing Phase:

Testing of extiemes awaits their selection, and we intend to
make experimental hybrids which differ in length and rate of
£i11; the same comparisons will be attempted on a population
basis by testing families over a number of locations. The
resuits will determine the importance of the two factors and
suggest how far this methodology should be extended in tropical
locations.

Training Comnonent:

Mr. Robert Mushi, a graduate student from Tanzania, is currently
working or this oroblem with Title XI1 support., He will continue
with applications in the national program when he returns to
Tanzania.
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INTSORMIL -- PRUJECT NU-4: ADAPTATION AND YIELD STABILITY IN GRAIN SORGHUM

Investigators:

C. A. Francis, W. M. Ross, J. D. Eastin

Overview: Yield stability in grain sorchum and pearl millet is critical
for crops which are qrown in less favored areas with limited
moisture. Broad versus specific adaptation and the interaction
of this adaptation with potential yields are relevant questions
which must be considered by a breeder setting up a program in
the develobing world. And the question. of yield stability is
central to our thinking about crops grown under stress. These
areas are being explored in grain sorghum.

Specific Objectives:

1.

Study the adaptation and yield stability of a range of grain
sorghum 1ines and hybrids under varied climatic conditions.

2. Determine which morphological and physiological traits are

S W

associated with stability of yield.

. Develop widely adanted populations for use as varieties and

as a genetic source or pool for extracting lines.

. Test widely adapted lines, hybrids and populations in a

range of climatic and cultural conditions in temperate and
tronical zones.

Research Approaches:

1.

A standard set of 56 lines, hybrids and population was grown

in 55 environments in 1978 and 1979 in Nebraska and Kansas.

These environments diff-red in tempearture, rainfall, photoperiod,
planting date, land preparation, irrigation applied, and plant
density. Data include germination and vigor, height, leaf no.,
grain and stover yields, components of yield, dates of flowering
and physiological maturity. These are being analyzed as a
function of time and climatic conditions.

. Correlationt of yvield and dry matter, as well as components of

yield, with other traits are giving indications of what stability
is related to in the olant, and how important adaptation may be.
Populations in the short season environment in Sidney (NE) are
being selected for adaptation to the Panhandle; additional
germplasm from Texas and ICRISAT are being evaluated for inclusion
in the program. This additional variability is essential in
making resulting selections and new populations useful to
programs in the tropics.

Testing of materials will follow synthesis of new populations,
selection of lines, and production of experimental hybrids.
Initial testing in nearby temnerate locations will be followed

by broader testing in tropical locations, especially in high
altitudes whare materials from this program may have the best -
chance of application. Use of short-season materials may also

be relevant in areas where an extremely short rainfall period
makes this trait valuable as a drought-avoiding mechanism.

Training .omponent: One student has completed the M,S, degree and returned to

Colombia.One Pakistani and one Indian student are working with
support from the project, as well as two American students with

experience in East Africa, and career plans to return to the tropics.
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MINERAL ELEMENT EFFICIENCIES AND TOLERANCES IN SORGHUM AND MILLET

Clark, R. 8., J. W. Maranville, W. M. Ross, and R. A. Olson

Methods for screening sorghum genotypes for mineral clement efficiency
and tolerance have been developed. Differential responses of plants
grown in nutrient solutions, and in soils under controlled conditions
have been compared. Field responses are also compared to laboratory
responses where possible. The elements studiec so far have been N, P,
Fe, and Al. Parameters used to evaluate differential efficiencies and
tolerances have been visual deficiency or toxicity symptoms, dry-matter
yields, element concentrations and contents, dry-matter produced per
unit element, and element distribution.

With respect to N, over 200% differences were noted among genotypes
for the various parameters. Four genotypes considered to be efficient
and inefficient for N were studied throughout their life cycles. Two of
the genotypes that showed wide differences relative to dry-matter yields
showed little difference in total N absorbed. Uptake rates and distribution
of N among plant parts were markedly different for the two genotypes.

Large differences were also noted among sorghum genotypes for growth,
P content, and distribution of P. Plants generally grew better with
organic sources of P than they did with inorganic sources. Organic P,
calcium tribasic phosphate, or potassium dihydrogen phosphate gave the
largest differences among genotypes for responses to P and appeared to be
gc>d compounds to use when screening sorghum for P efficiency. As young plants,
P efficient genotypes generally had lower root phosphatase activities than
P-inefficient genotypes. The distribution of P among the leaves of P in-
efficient and P efficient genotypes was markedly different.

Sorghum genotvoes screened for Fe efficiency showed greater differences
if added P or NO_- as the source of N were used to impose Fe stress on plants.
Genotypes showed wide differences for Fe efficiency. A number of Nigerian
sorghun genotvpes showed fewer Fe deficiency symptoms than many U.S. genotypes.

0f 96 sorghum genotypes screened for Al tolerance, only ll% showed
much tolerance to Al. In another study with a sorghum population (NP16),
only about 10% of the S, progenies showed much tolerance to Al. Aluminum
tolerince ratings as determined in nutrient solutions were similar to the
plant responses when grown in an Al toxic soil in the field. When Al in-
“olerant and Al zolerant male lines were crossed to two common female lines,
Al tolerance was noted in the hybrids with the Al tolerant male parents. Al
tolerance appeared to be dominant and susceptibility recessive in expression.
Methodoloyy on improvement of Al tolerance screening showed that good dif-
ferential responses among genotypes could be obtained on 7 to 10 day old plants.

5tud:ies are being cnntinued nn understanding differential responses of
genutynes to mineral clements, the inheritance of these traits, and the
feasibility for incorporation of the desirable traits into improved germ-
plasm. With these scroening methods, considerable cermplasm will be screened
for differential ruespconses to specific mineral elements. Conperative
efforts with scientists in Indin, Brazil, and Nigeria have becn initiated
and couperative effort with othier countries 1i1s anticipated.
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Nitrogen Uptake in Sorghum and Millet
Jerry Maranville, Principle Investigator

Ralph Clark, Jerry Eastin,
Charles Francis, Bill Ross
Cooperators

Lack of adequate capital, transportation, and technology can hinder
proper fertility practices in the LDC's. When nutrients cannot be applied
due to one or more of these reasons, improvement in production could be
made by using more efficient genotypes and improved production practices.

The objective of the current research are three: 1) identify
sorghum and millet genotypes which are capable of producing high rates
of growtk and good quality grain under limited fertility; 2) determine
the physiological mechanisms which allow genotypes to be N efficient in
comparison to those which require substantial N fertility to produce
adequately; 3) measure the interactions which occur between N metabolism
and environmental parameters such as light, temperature, and water.

The research approach has been to first define 'N efficiency'. We
use a) NE, - total dry matter per unit N uptake, b) NE, - total grain
per unit N'uptake, ¢) TRANS - tranmslocation efficiency or N partitioning,
and d) NE3 - product of (a) x (b).
The first experiment was conducted using 12 sorghum hybrids from 3
A-lines and &4 R-lines. The results showed a 207 difference between the
lcas: and most efficient for NE, at maturity. Less difference between
the extremes appeared for NE, of NE,. Eavironment strongly influenced
hybrid ranking and each N criteria fanked hybrids differently (see reference).

A second study was conducted where 100 hybrids were screened (10
A-lines crossed to each of 10 R-lines) to get a broader range of material
to study physiologically. This study showed that there were superior
A-lines and R-lines for 'N efficiency', as judged by performance of the
F,. Thirty-six of these hybrids have been retested for two years under
h}gh and low N fertility and high and low moisture to observe the
consistency of performance and note the cnvironmental modification.

A similar approach is being used with the millets. Foxtail (Setarica
italica), proso (Panicum miliaceum), and pearl (Pennisteum glaucum) are
being compared for NE. Environmental parameters include high and low
N fertility and high and low soil moisture. The 1980 season is the first
vear of the study.




Several physiolugical investigacions are being conducted in greenhouse
and growth chamber facilities. These include studies on N level as
affecting transpiration and visa versa, studies on N source as affecting
metabolism using contrasting N efficienc types, studies on atmospheric
and root temperature as affecting N uptake and metabolism. A field study
related to nitrogen use is being conducted by Dr. Max Clegg where
sorghum is being grown in rotation with soybean.

Cooperative efforts with India and Nigeria are being pursued.
We anticipate a broadening of this cooperation with other countries.

Reference:

Maranville, J. W., R. B. Clark, and W. M. Ross. 1980. Nitrogen
efficiency in grain sorghum. J. Plant Nut. 2 (5): In press.



PROJECT XII UN 7. Rccurrent Selection.

W. M. Ross, C. 0. Gardner, and C. A, Francis

Plant Breoeding <ith ReaJam-mating Pooulations

Population :mprovement, using genetic male sterility for forced cross
pollination,has been undertaken to develop superior grain sorghum germplasm.,
Our firsc recurrent selection studies have involved family selection and
evaluat:con and mass sclection with higher grain yield, incrcased insect
resistance, imgroved grain quality, and more efficient mineral uptake as
objectives.

Half-sib, full-sib, and S) family yicld evaluations have been made from
the Cg, C), and Cpr of NP3R; C3 families werc derived in 1980. Excessive brown
seed and tall plants have been noted due to recombination of complimentary B
and Dw Ggencs, resvectively, but deciduous spikelets due to complimentary §ﬁ—
genzs have been rare. A 2-year test of the Cqy, the three C), and the three
C2 populations sacwed a 19 o 26% yield increase in the C] over the Cp,
prizmarily due to increased heignt, but retained a 10 to 170 {ncrease in the
C2 over :he Cy when selection pressure was applied against height. The Cj
populations are included in a comparative trial {n 1980. Additive genetic
yield variance in C2 half-sib families and additive-type variance in C2 S5)
progenics equalled their respective Cp families, but dominance genetic yield
variance in full-sib families disappeared entirely in the Cj.

An M.S. student is evaluating 60 F) nybrids made from crossing 10 Sg R-
lines selaxcted in Nebraska from NP3R, 10 selected in Arizona,and 10 component
lines of NP3R to two male steriles. Based on observations of this material
and of Sg inbreds frcx the population RPLR, lines selected from populations
are as good as lines selected from Fo's. B-lines also have been developed
(from RP28), and 3Cs A-lines with satisfactory cytoplasmic male sterility
were derived :in 1980.

A Pnh.D. thesis problea grown in 1979 and 1960 involves 1ll4 topcrosses
rade frcm 19 A-lines and 6 unrelated pooulations. The experiment primarily
considers general and speclific ccrhining ability of the parental groups,

In cooperative work with Iowa State, 5) progeny testing of NPLIBR
artif:cially infested wizh Turopcan corn Zorers increased the number of
resiszant famil:ies frem <l to 6V in the zcro class and frem 4 to 1€V families
Zor the 1TV or less infestation classes 1n three cycles; the progress
indicates that several jenes are involved. Sy progeny testing was successful
several vecars ago in the development of the once greenbug-resistant popu-
lations, RPLR and RDP23.

Mass selecsion of ferzile plants for high and low grain protcin in
NP7BR haus rcached the Ci. The eight scliected populations and the Cp are
baing evaluated for protein and yield in 1980, tvaluation of carlier cycles
showed gaine 1n hinh and low nrotoin nelection aczonpanied by negative
corrclat:icng wizh yicld., Protetn-yield tended to remain constant.,

NPIGOK Sy famil:ics have baecn screcned in the laboratory for Al
tolerancye, and the Lewt 5)1's have been recombiined.,  4Scteening of two
other ponulations for Al and Fe c¢fficiency tu keing done cooperatively in
ccorgia.
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comparisons of half-sib, f{ull-sib, and S; family testing with NPJR. Mass
selcction also will be pursuad, Further evaluation of populations will be
made*through test crosses of A-lines to S;'s from the populations. A
reciprocal recurrent selcction scheme involving B and R pcpulations will be
considered. Future work on grain quality will be concerned with §) family
evaluation for protein-yield and/or metabolizable energy rather than protein
alonc. Corsiderazion will te given to breeding for improved N cfficiency and
to heat-cold-drought stress pending perfection of screening techniques.
Brecding for Al and Fe efficiency will continue.

Allozyme Frejuencies and Patterns in Sorghum Populations

Electrophoresis techniques exist for examining allozyme frequencies and
patterns in a number of plant species. Only recently have the techniques

been used to study changes occurring in populations undergoing recurrent
selection. To our Xncwledge, nothing has been done in sorghum populations.
Therefore, we have initiated a program to study allozyme patterns in

sorghum to Jain jreater insight into what is occurring in populations that

are being seleczed for high grain yield on a cyclical basis. We can examine
allozyme genotyjes and patterns in each component used to create the KPJIR
random-mating population, we can exanine the synthesized (Cgp) population

used to iniziate celection studies, and we can exanine improved Cj populations
resulting from threc cycles of half-sidb, full-sib, and Sy family selection.
Information obrtained will enable us to (l) determine how allozyme patterns are
inherited in sorghum, (2) detect allele and genotype frequencies in rale-
sterile and rmale-fertile components of the populations, (3) detect shifts that
have occurred 1n allele frecquencies and patterns and relate that to genetic
drift or to effects of sclection for high grain yield, (4) determine rmating
systens occurring in “random-mating populations™ througn use of genetic male-
sterile plants, (5) check for linkage disequilibrrum initially and after
selection, (4) ook for patturns that ray reflect sorme insight into plant
characteri:stics, ¢.G., heat tolerance, discase resistance, etc., (7) make use
of allozyme patte ns as neasures of genetic diversity in populations or qerm-
plasa colleczicnu, and (8) rake use of allozyme patterns to detect ceed
contaninazion or outcrossing in nure lines. The findings should be extremely
useful in evaluaz:ing sorghun improvemert through recurrent selection, a
procedure that holds precmise for developing nations as well as for the U,S.A,

[
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XII UN 8
Intsomil Review - Lubbock, Texas

September 15-19, 1980
Agricultural Climatology of Sorghum

R. E. Nield -- University of Nebraska

OBJECTIVES:

1 Describe the growing cycle of grain sorghum in terms of climatic
reguirements.

2. Complete a comparative climatological analysis of sorghum growing
seasons and regionslin the United States.

3. Characterize and categorize climatic conditions in seasons and
regions growing sorghum in developing countries throughout the
world.

4. Construct weather-crop models to predict yield and development of

sorghum,

PROGRESS AND PLANS:

Growing degree day-phenology models have been developed for
hybrids NBS05, RS626 and RS67) “rom observations on a series of
slantings made on a seasonal tenperative gradient in Nebraska.
Included in observation plots this season are 5 other hybrids
tha: represent the complete range of maturities grown in the M.S.
from central South Dakota to southern Texas. This work relating
to objectives 1,2, and 4 {s the M.S. thesis program of Miss

Joan Logan former Peace Corps worker in Ecuador who is very
interested in international agriculture.

Next January these 8 U. S. hybrids plus 2 local stirains will be
planted on an altitudenal temperature gradient at 5 locations

in Tanzania by Mrs. Margaret Mkuchu, a second M.S. student in the
project who will complete -he thesis portion of her program in
Tanzania. This work relates to objectives 1, 3, and 4.

One serious problem limiting application of some types of
weather-crop models is the lack of certain type of environmental
data. This is true for models requiring data from sophisticated
{nstrument measurements, particuiarly in many developing countries
where sorghum is an important food crop. A computer program has
been developed to calculate daily values of temperative, growing
degree days, precipitation and evapotranspiration from monthly
weather summaries that are more commonly available in developing
countries. Such data have been used to study the respons of
different hybrids at a single planting data and the response

of a single hybrid at different planting dates. Preliminary
analysis have been made comparing the response of hybrid RS626 at
Fatrbury, Nebrasxa and Dadoma, Tanzania and Lubbock, Texas and
Kadugli, Sudan.
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Project No. XII UN 9

Institution: University of Nebraska

Project Title: Protoplasts in Resistance Screening

Project Leadexr: J. E. Partridge

Overview of Project:

In the short range to establish a method to regenerate sorghum and millet
plants f{rom protoplasts and concurrently to evaluate protoplasts as 2 means for
selecting for resistance to selected diseases through treatment with specific
fungal metabolites.

In the long range to effect the Parasexual Hybridization of sorghum and

millec in an effort to transfer desirable agronomic and resistance character-
istics o sorghum.

Research Approach:

1l.) Establish callus cultures of sorghums which are resistant or susceptible
to known pathogens.

2.) Establish cell suspension cultures,

J.) Establish protoplast culture method, which enable regeneration.
4.) Trea:z protoplasts with specific fungal metabolite.

5.) Regenerate survivors of fungal metabolites.

Results and Projected Effort:

Callus cultures have been established as have conditions for cell suspension
cultures. Regeneration of plants from callus has been achieved; however, regen-
eration of callus from protoplasts has not yet been accomplished.

As a method 1s developed for regeneration and screening we will also look
toward developing procedures for evaluation of materials for drought tolerance
as well as disease resistance.

Cogent to, but not directly a part of, this funded effort, we are: a.)
Cooperating with the ICRISAT downy mildew nursery in evaluating materials, b.)
Assisting the Nebraska Sorghum Physiology group with discase problems, and c.)
Conducting field experiments toward an understanding of Stalk Rot of Sorghum.



September 12, 1980

_ XIT PRF |
Purdue University Agricultural Econcmics Department Project No. DSANGO149

Project Title: Socio-economic Constraints to Sorghum and Millet Production and
Uszilization: Risk Government Policy, Consumer Preference and the
Marketing System.

The objectives and research approach and the specific activities proposed for
the first year are presented (in 3 pages) in our first annual report. Our activities
this year have included training Professors Schrader and Lang in Marketing of sorghum
and millet in West Africa and in French language. They are.also reviewing the mar-
keting research and have made a first visit to the field; they have proposed an
outline for a marketing study in Upper Volta. Purdue's Farming Systems Unit in
SAFGRAD is expected to collaborate in this research in CY1981,

The transcript of the proceedings of the two day workshop has been typed. It
now has to have a second editing to reduce it to a more manageable length. The work-
shop was a useful begilaning of dialogue and, if the proceedings are read by the
INTSORMIL researchers, we should overcome some of what was lost by the timing which
prevented a greater attendance of biological scientists.

We were unable to get the supplementary questionnaires on decision making by
small farzers into the field before survey workers on the Purdue West African Pro-
gram (PWAP) quit. We expect to have more opportunity in the future.

Mr. Robert Wilson is in the Gambia gathering data, in a GOG project, onm pest
management costs and returns in millet and sorghum in the Casamance. The data will
be used with the Sahel farm model developed by Niang and McCarl to evaluate the al-
ternative pest management strategies.

The work with the University of Bordeaux will be finished in Oct. 1980 and we
expect to have a report before the end of the year. We would like to try to work
on a longer term with QDT (Mali) and the CFDT (Upper Volta) on survey design and
analysis of sorghum based farming systems, in order to try to identify the con-
ditions under which farzers will intensify their production. We would start with
training of the African staii.

We have a part?al synthesis of the data on women's work in food preparation
and expect to finish it early next f£iscal year.

It seems that the West African women have a system of treatment of grain with
lye that detoxifies the tannin. However, varieties with greater bird resistance
are urgeatly needec.

We propose to hold an essay competition, if the executive of INTSORMIL approves,
among the cembers of the Purdue West African Projects who have had field experience,
to provide a set of essays on farmers' perception of risk and adaptation to it in the
different areas of W. Africa in which we have worked. This is in partial fulfillment
of one of our objectives.

Next year we propose to:

- Continue our present activities as reported above.

- Review the results of the PWAP surveys to synthesise the factors involved in
choice of varieties of sorghum and millet by farmers.

- To seek opportunities to collaborate with our soclological and agronomic
colleagues in field research. /

- Iniciate the wo.k wicth CMDT and CFDT by training their staff at Purdue in L‘J
survey design and analysis.
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INTSORMIL PROJECT SUMMARY - Scptember, 1980

INSTITUTION: Purdue University PROJECT NO. X11 PRF 2
TITLE: Studies on mechanisms of discase resistance and susceptibility
using pathotoxins and screening for improved resistance to

fungal pathogens.

PROJECT LEADERS: Larry D. Dunkle and Herman L. Warren

SUMMARY OF RESEARCH

Sensitivity to Pariconia toxin in World Collection of Sorghum

M{lo discase, a root and crown rot caused by Periconia circinata, is
unique to the U.S. 7The origin of susceptibility, which is determined by a
single semi-demirant gene in the milo group of sorghums, is unknown,
Alchough mutation to resistance (Pc-pc) has been noted by Schertz and Tai,
the mutation to susceptibility (pc-Pc) has not heen detected. Thus, the
Pc gene may have been present in the original milo germplasm brought into
this country ca. 1890.

Because susceptibility to P. circinata {s genctically determined by
the sawc mechanism as sensitivity to Lbe host-specific toxin produced by
that pathogen, the toxin can be used veliably to screen sorpghum cultivars
for suscuptibility to milo discase. Results of experiments in which secedlings
of matcrials in the World Sorghum Cullection (obtafned from Drs. A. Sotomayor
and G. lovell) were biocassayed with purificd Periconia toxin showed that
two cultivars of Sorphum bicolor out of the 32 tested were sensitive to the
toxin. One of the liues (1S 9740) was frowm India; the other (F1 285043) was
from Nigeria. Of the species closely related to S. bicolor that were tested,
none was scnsitive to lericonia teoxin., Theue studies may be pertinent, not
only tc locating the source of the Pc gence, but also to defining the origin
of the durra and milo races of Sorghum biculor.

Perjconia toxir - Purification and Chiaracterizotion

Procedurcs were developed for purifywiny the host-specific toxin
preduced by Do ocircirata,  Chemical characterization aud structure decer-
minacion by aass spectroscopy and MR are waderway. The purified toxin {u
being used in studies to determine the mechianism of action of the toxin on
suscoeptible sorphuam genotypes.

Sorpghun Downy Mildew: Gevaination of Contdia

The effects of antibiotiae rhat inhibit proteiy or KNA synthesis on
germlnacion o conidia ot Peronuseleronpora sorihi were determined,  The
conidia were sceasicive to moss of the aatibinties tested. Partfcularly
roteworthy was the scensjcavity to the antibacterial drugs, streptomycia
and crythromycin. Thuse cxperiments comprise some of the prelimfnary studics
on host/parasite relations in SN,
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Response o

A.

~
f Sorghum higicolor to Periconia circinata toxin

Materials sensitive to Periconia toxin

Designation

18
Pl

'Colby' Milo
Standard Yellow Milo
Standard White Milo
Dwarf Yellow Milo

9740
285043

origin
India
Nigeria
(us)
(Us)
(us)
(Us)

Materials insensitive to Periconfs toxin

Designation

Pl
Pl
Pl
Pl
Pl
Pl
rl
Pl
Pl
Pl
Pl
PI
Pl

217074
217760
284974
284975
285039
297149
297151
337674
337683
338196
336197
267504
267525

Oripin

Sudan
Sudan
Argentina
Argentina
Nigeria
Uganda
Uganda
Ethiopia
Ethiopia
Venezucla
Vencrucla
India
India

1S
1S
18
1s
18
IS
IS
1§
18
15
15
&
1§
18
15

Designation

158

-2046

2276
2900
2994
3982
6928
8234
8239
8717
8746
9327
9530
9699
9796

E 35-1

SC 108-3

Origin

India
India
India
India
India
India
India
India
India
India
India
India
Indfia
India
India
Indla
India



Related Sorghum species inscnsicive to Periconia toxin

Srcecies Designation Origin
S. arundinsccum P1 164089 Brazil
PI 186570 Nigeria
PI 199869 So. Africa
PL 302242 Bdrma
§. caudatum PI 282834 Chad
PL 282836 Chad
S. niloticum P1 196890 Ethiopia
S. sudanense P1 220969 Argentina
P1 250104 Egypt
PI 255739 Turkey
P1 302224 Nigeria
S. verticilliflorum P1 185573 Japan
PI 213900 Kenya
PI 213901 S. Rhodesia
PL 247723 Zaire
PI 154832 ?
P1 226096 ?
PL 300120 ?
PL 302231 ?
S. virgatum PL 215792 Dominican Rep.

&



INTSORMIL - COORDINATED RESEARCH
SUPPORT PROGRAM - GRAIN SORGHUM/PEARL MILLET
INSTITUTION: Purdue University PROJECT NO. XII PU 3

PROJECT TITLE: Development of Agronomically Superior Germplasm Including Varieties,
Hybrids and Populations wnich have Improved Nutritional Value and Good "Evident"
Grain Quality for Utilization in Developing Countries

PROJECT LEADERS: J. D. Axtell and A. W. Kirleis
PROJECT OBJECTIVES:

1. Determine how sorgnum is processed, prepared into food and consumed, under
actual LOC conditions.

2. Devise standard procedures for preparing traditional village foods made with
sorghum and use trnem to develop simple screening tests for use in breeding programs
to predict grain food quality.

3. Conduct basic studies to determine what components in sorghum are related to
the functional characteristics that constitute food quality.

4, Identify, develop ancd evaluate sargnum lines or mutants with improved nutritional
quality and superior food grain quality using both chemical and biological methods.

5. Investigate the potential for developing varieties of sorghum with high
nutrition2l value and good faod properties for potential use as nutritional foods for
young children, pregnant wcmen and nursing mothers.

6. Train LOC personnel in cereal chemistry and plant breeding research.

BRIEF RESULTS BY OBJECTIVE:

1. Drs. Kirleis (Purdue) and Rooney (Texas A&!M) observed and studied traditional
sorghum food preparation and processing in West Africa (Mali and Upper Volza). Trip
report is attached. Drs. Axtell (Purdue) and Miller (Texas A&M) observed sorghum
grain milling and preparation of Ugali and Ugi in Tanzania. Preparation of several
sorghum foods in Sudan was also studied. Samples of sorghum foods prepared in Tanzania
and Sudan by traditional village methods were collected for laboratory and biological
evaluation of digestibility and nutritional quality.

2. Research is in proaress to develop methods for screening for kernel hardness of
sorghum. Xernel density measurements, vickers hardness tests, and utilization of an
image analyzer to determine the proportions of floury and vitreous enagosperm are
presently being studied. These pnysical properties will be related to kafirin protein
in the kernel in an attempt ts correlate chemical with physical properties that relate
to kernel hardness. These properties have been linked to both milling and ftood
quality of sorghum.

3. We are presently conducting basic studies on the kafirin protein fraction in
sorghum. This work includes: (a) develop purification methodology for extraction
of kafirin proteins, and (o) anaiyze kafirin proteins with respect to molecular
weight, charge heterogenity upon iso-electric focusing and begin determining
N-terminal amino acid sequences.

4. Progress has been achieved in the development of vitreous endosperm, high-lysine
sorghum lines from P-721 opaque. Modified endosperm selections were consistently
higher in kernel weight and grain yield, and lower in both percent protein and lysine
concentration. Total protein yields and tctal lysine yields of the modified endosperm
selections were oniy 1 percent and 4 percent lower, respectively, than that of

their opaque checks. Grain yield of selected P-721 opaque derived lines has been
significantly improved and now approacnes yield of normal endosperm lines.



Purdue University
INTSORMIL - COQOROINATED RESLARCH
Page 2

5. The potential for utilization of the Ethiopian high-lysine gene as a weaning

food must be re-evaluated in view of Or. Graham's results on the digestibility of
sorghun in infants and young children. A search has been made for a laboratory system
which would give the same low sorghum digestibility values observed in children.
Weanling rats cculd not be us~d, since they digest both cooked and uncooked sorghum
proteins efficiently. However, pepsin solublized cooked sorghum proteins as
inefficiently as did the young child. By comparing pepsin values for cooked and
uncooked gruels, it was found that heating sorghum gruel markedly reduces its

pepsin digestibility.

6. Several students have received graduate training at Purdue and are currently
involved in international crop improvement programs. A partial list includes the
following:

Dr. Dallas Oswalt - Training Officer for ICRISAT in Hyderabad, India

Dr. Sam Mukuru - Sorghum Breeder for ICRISAT at Ilonga, Tanzania

Dr. Vartan Guiragossian - ICRISAT Sorghum Breeder for Latin America, stationed
at CIMMYT (E1 Batan, Mexico)

Dr. Gebisa Ejeta - Sorghum Breeder for ICRISAT at Wad Medani, Sudan

Or. R. Jambunathan - Head of Biochemistry at ICRISAT, Hyderabad, India

Dr. Paul Christensen - Farming Systems Agronomist at Ouagadougou, Upper Voita

Dr. Bantayeu Gelaw - Maize Breeder at CIMMYT (E1 Batan, Mexico)

Dr. Rameshwar Singn - Sorghum Breeder at G.B. Pant University of Agriculture
and Technology, Pantnagar, India

Or. Robert Schaffert - Sorghum Breeder for EMBRAPA, Sete Lagoas, Brazil

Dr. Antonio Sotomayor-Rios - Research Geneticist at Mayaguez, Puerto Rico



September 18, 1980
' XII PRF 4

Project Title: Enhancement of High Tannin Sorghum Utilization

Institution: Purdue University

Project Leaders: Dr. lLarry Butler, Department of Biochemistry, Purdue University
Co-Principal Investigator, Dr. John Rogler, Department of Animal Sciences,
Purdue University

Statemeat of the Problem: Tannin in sorghum grain generally benefits sorghum production
(cannin is a natural protective ageant against several environmental challenges), but
restrains sorghum utilization because of its antinutritional effects.

Overall Objective: To eliminate or minimize the antinutritional effects of tannin in
sorghun while maintaining or increasing its beneficial agronomic effects.

Aoproaches: Chemical, physiological, and genetic; all evaluated nutritionally.

Surmarv of Results:

Chemical - We have developed several new assays and modified others to provide specific
chemical information about different tannin components. We fractionate tannin components
oa the basis of their solubility, their affinity for proteins and protein-like polymers,
and their chromatographic properties. We have shown that purified condensed tannin from
sorghum can precipitate up to fifteen tires its own weight of protein. High tannin sorghuams
typically contair only about five times as much protein as tannin. When aqueous solutions of
egg or serux proteins are mixed with ground high tannin sorghum, cousiderable amounts of
the added protein are precipitated by the tannin. The strength with which tannin binds
proteins is surprisingly dependent on the nature of the protein; relative association
constants differ by at least four orders of magnitude. This unexpected protein specificity
of tannin-protein interactions suggests that tannins function in plants in a manner analogous
to antibodies in animals. The strength of the association is dependent upon the protein's
content of proline, which disrupts the a-helix causing a looser, open structure, a- well
as provides a site for establishment of an unusually strong H bond.

Another aspect of our chemical approach is "dJetoxification". We have shown that several
alkaline materials including extracts of wood ashes, when applied in aqueous solution to
high tannin sorghum (whole grain) in small amounts so that all the liquid is readily
absorbed, largely eliminate the chemically assayable tannin within a few days. In several
cases the weight gains of rats or chicks on the treated mat:rial were equal to those on
low tannin sorghum. Simply cooking the sorghum by several tec' niques did not improve the
nutritional quality of high tannin sorghum, and in some cases even worsened it.

Physiological - Some lines of sorghum have quite high tannin levels at immature stages,
and much lower levels at maturity. Such lines may provide an attractive combination of
bird resistance and nutritional quality. We are currently testing twenty-four lines by five
chemical assays throughout the maturation process, and eight of these are being evaluated
in 2 bird resistance field trial. TFeeding trials will begin soon. We find proanthocyanidins
chemically similar to tannins in other tissues; sixteen of the forty-eight lines being tested
have these materials in leaf tissue, some at quite high levels. Preliminary studies show
that the levels of tannins and related materials increase significantly on wounding; we hope
to extend these observations to the response to infection by various pathogens.

Cenetic - We observe extreme variability of sorghum lines with respect to tannins and
chemically related materials. Several polyphenolic components appear to be under indevpendent
genetic control. When these componenlts are characterized with respect to their agronomic
(e.g. bird repellancy) and nutritional effects, it may be possible to develup lines with
the desired combination of good nutritional quality and agrounomic properties. The
group 11 sorghums may represent a first step in that direction.



Project Title: Erhancement of High Tannin Sorghum Utilization

Institution: Purdue University

Project Leader:

Principle Investigator: Dr. Larry G. Butler
Co-Principle Investigator: Dr. John C. Rogler

Objectives:

1.

To determine the effects of stage of maturity on the tannin conteﬁt
and biological value of high tannin sorghum.

2. To determine the erfects of feeding high tannin sorghum to laying
hens and the efficacy of methionine in overcoming these effects.
Summary of Results:

Low tannin (RS610) and high tannin (Savanna and 6881) sorghums were
harvested at 30 (immature) and 60 (mature) days past half-anthesis.
Imzature sorghum contained considerably more tannin by two different
assay methods than mature sorghum. In feeding trials with both
chicks and rats, low tannin sorghum (LTS) was superior to high tarnin
sorghum (HTS) at both stages of maturity. Immature HTS was greatly
infericr to mature HTS for both the chick and the rat, whereas
jrmature LTS was slightly superior to mature LIS for the chick and
of equal value for the rat. Since all sorghums were compared on an
equal protein basis, the differences in performancu between HTS and
LTS as well as immature and mature HTS apparently can be attributed
to tannin content.

In an experiment with laying hens, LIS (RS610) and HTS (Savanna) were
compared on an isonitrogenous basis within each of three protein

levels (11.5, 13.0 and 14.5%). At all protein levels, diets containing
HTS greatly reduced egg production. Supplementing a HTS diet with 0.2%
methionine improved egg production up to a level approaching that of
hens fed a LTS diet similarly supplemented. These results agree with
earlier studies which demonstrated that methionine supplementation

was an effective means of overcoming the growth depressing effects of
KTS in young chicks fed sorghum-soybean meal diets.
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INTSORMIL REVIEW
September 15, 1980

INSTITUTION: Texas ASM University PROJECT NO. XIT TAM 1
PROJECT TITLE: Plant Sreeding and Genetics - Productivity

PROJECT LEADER: F. R. Miller

INVESTIGATORS: P.W. Morgan, R.A. Creelman, J.W. Johnson, D.T. Rosenow

PROJECT OBJECTIVES:

1. Develop sorghums with wide adaptation and stable yields.

2. Determine involvement of phytohormones in control of maturity, sex
expression, height, root development, tillering and other growth responses re-
lated to yield.

3. Determine effects of night temperatures on sorghum growth.

4. Determine relationship between yield and photosynthetic activity.

Summary of approaches and results:

A 49 entry, 3 rep yield trial (Tropical Adaptation Trials-TAT) containing
materials selected from the breeding prcgram and having adaptation to tronical
and temperate environments was orepared and sent to § international and 6 domestic
locations in 1930. This trial has 9 parental lines and 40 Fy hybrids made up
of elite US and Indian materials. Some are adapted to only temperate environments
and others to more tropical environments. Tne Indian lines CS3541 and GPR-148
were crossed to several elite USA females and included in the trial which was
designed to evaluate yield levels and stability across widely different environ-
ments. Some preliminary results from Weslaco, a sub-tropical location indicate
that major differences in yield exist over the old standard hybrids.

Yield - Weslaco, Texas - 1980 (prelim)

RS610= 4567 1b/ac ATx623 x CS3541=7600 A4R x GPR148=6933
ATx378 x RTx7000=4500 ATx625 x CS3541=7000 ATx623 x 77C€S256(TS)=6857
ATx623 x RTx430= 7967 ATx623 x GPR143=6667 ATx623 x 76CS490=3100

Base metabolic temperatures (RMT) is the regression of time required to
reach 50% of the potential germination across a range of temneratures. Tnis BMT
was presumed to ve constant in sorghum and was indicated to be 10.59C. However,
critical evailuation has shown this 2MT to vary from about 4.6 to over 16.000
among different cultivars. CMT is a neritable trait and apnears to be differently
associated with temperate sorghums (nigh BMT) and trooically adapted temnperate
sorghums (low BMT). Several studies are underway with sorghums to determnine if

Y



selection of a particular range of 8MT's contributed to particular climatic
region adzptation.

Nighttime temoeratures are substantially different during the sorghum
growing season between South ard North Texas. It is presumed that this difference
in night temperature affects respiration and has an adverse effect on yield of
grain. At Weslaco, in South Texas, where high night temperatures exist during
the sorghum grain filling stage, Dr. R.A. Creelman has designed chambers that
will use ambient daytime temperatures but will allow modifiaction of night .em-
paratures. Scrcnums that are weil adapted to the temperate region (Lubbock, Texas,
and Northward) will be compared to sorghums that are adapted to the more tropical
areas of South Texas and Latin America. Growth and yield parameters will be
measured to determine differences when the night temperatures are increased and
decreasad.

Three non-senscencing high yielding sorghum hybrids with different panicle
characteristics were planted at College Station and Lubbock, Tx. to evaluate the
sensitivity of seed size and seed nu:iver to plant population. The interactions
+i11 be determined using populations varying from 6,500 to 104,000 plants per
acre. The three sorghums differ in genetic size and shape of their panicles.

At College Station a spiit-plot designed experiment called for tillers to be
removed from one section and allowed to develop on the other. At Lubbock tillers
were not removed. Preliminary data show that head sizes on the low populations
were extremely large and were reduced as population increased. Height increased
with increasing population as did exsertion and lodging. The effects on com-
ponents of yield have not been determined yet.

Perhaps one of the more important items coming from the project is the
proposed release of two nybrids and an open-pollinated variety of sorgnum
jointly with the country of Guatemala. The hybrids, ATx623 x CS3541 and ATx623
x 77CS1, were identified from the TAT's evaluated in the ccuntry. The variety
proposed for release is a selection from the cross (TX2535 x 72CS794-1) made in
Guatemala from seed suoplied from the Texas sorghum project. These three sorghums
have established hign yield levels, with stability, in Guatemala and should prove
useful to several levels of agriculture in the area. VYarious food products have
been made from the 3 proposaed releases - cereal, baby food, tortillas and grits.

This project is closely cooperative with cereal chemistry, pathology, en-
tomology and stress physiology.
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Staff Associated With S rghum.Program

Sorghum Ereeding - College Station
Texas A&M Univarsity

Staff
MILLER, Or. F. R. Texas
GREENWOOD, Linda Texas
LAHR, Keith Texas
McCULLOUGH, Janell Texas
RICE, Ricky Texas
RODREQUEZ, Oscar Texas
SMITH, Kristina Texas
SMITH, Leslie Texas
SMITH, Ronnyv Texas
SWEET, Merrill Texas

Graduate Students

ABDALLA, Azim Sudan
BETANCOURT, Alberto Mexico
CLARK, John Indiana
DA, Sansan Upper Volta
JASA, Pedro Mexico
KEBERE, Yilma Ethiopia
MECKENSTCCx, OJan Kansas
OCHANDA, Newton Kenya
RAAB, Joe Indiana
TRAORE, Lamine Mali
VALDES, Armando Mexico
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INTSORMIL EXTERNAL REVIEW

PROJECT NO. XII TAM 1 INSTITUTION: Texas A&M University
PROJECT TITLE: Plant Breeding and Genetics - Productivity
PROJECT LEADER: F. R, Miller INVESTIGATOR: Page W. Morgan

0BJECTIVES: Determine how hormones regulate processes related to yield -
primarily photoperiodism/thermoperiodism and sex expression.

BACKGROUND: We have preliminary evidence that application of plant hormones
anges the photoperiod requirement for floral initiation in sorghum.
We have detected a strong interaction between the photoperiod and
thermoperiod. There is growing evidence that plant hormones regulate
sex expression, and a wide range of sexual variants occur in sorghum
including male sterile, female sterile, and apomictic lines. Clarifying
the identity of the key hormones that are involved in photoperiodism/
thermoperiodism and sex expression will allow plant breeders to more
directly select for genes that will give the desired hormone complements.

APPROACH: We are analyzing the hormone complement in the collection of maturity
genotypes that vary in four genes for photoperiod requirement. We are
analyzing the growth behavior and flowering behavior of these genotypes
under controlled conditions. In collaboration with Fred Miller and Roy
Quinby, we are manipulating these and other genotypes in the field. A
specific effort is being made to identify and analyze root hormones in
collaboration with Wayne Jordan.

" PROGRESS: We have found IAA and ABA levels higher in a late gerotype (90M)

an in an intermediate one (60M). In both genotypes we have obtained
tentative evidence for a day-night rhythm in IAA, ABA and GA levels.
We have found that shifting the thermoperiod forward in time out of
phase with the photoperiod markedly hastens flowering. We are now
growing the 11 maturity genotypes available in 10, 12, and 14 hour
photoperiods. The 14 hour experiment {s currently in progress and
we are collecting data on flowering behavior and growth (leaf area,
height, fresh and dry weight). Parallel experiments are being done
at the three photoperiods with thermoperiods shifted in time; the 12
hour experiment has been done and the other two will follow soon.
We have successfully manipulated height, tillering and, in the last
year, flowering with hormone applications to plants in the field (joint
work with F. R. Miller, R. Quinby and V. Isbell). We have improved our
[AA isolation techniques with C!“-IAA as an internal standard. IAA and
ABA are being collected: to allow verification of identity with a mass
spectrometer. Measurenment of hormone levels in the other maturity genotypes
will begin scon. We have obtained s~=e additional funds for personne! and
equipment, Orders have been placed ror a high pressure 1iguid chromatograph
with solvent orogramming, and Or. James I. Ourham will join the project as
a research assocfate this month. He will assume primary responsibility
for the noruone analyses., Graduate student J. Pao is doing the growth
versus pnotoperiod/tnermoperiod analyses, and she has been awarded a TAES
research assistantship to support this work, Graduate student John Ambler
is beginning isolation of cytokinins from root exucdates of sorghum,




Project Mo.: XII TAM 2 (Sept. 15-19, 1980 Reyiew)
Project Title: Breeding for Disease Resistance '
Project Leader: Darrell T. Rosenow

Objectives:

1. Screen and evaluate sorghum germplasm for disease resistance.

2. Develop and release germplasm sources as lines and populations, and high yielding
cultivars with resistance to such diseases as downy mildew, grain mold, anthrac-
nose, head blight, head srut, leaf blight, rust, zonate, charcoal rot, and viruses.

Need for Work: The diseases mentioned above are all important in the developing
countries. screening for most can be done under natural conditions in Texas, where
the environment is similar to the sub-humid tropical conditions present in many devel-
oping contries. The broad genetic base breeding program in Texas, the ability to
select for high yield potential in tropical areas, and the natural occurrence of
world-wide {mportant diseases is an ideal situation in which to select simultaneously
fyr disease resistance, high yield, and wide adaptation.

Approach:

1. Exotic lines, converted and partially converted lines and breeding materials are
evaluated annually for resistance to internationally important diseases in a
cooperative program with pathologists. Large disease screening nurseries at
several locations in Texas under natural conditions are utilized, along with
artificial inoculations whenever necessary or feasible. Also, some screening
of selected items is done in Mississippi, Georgfa, Puerto Rico, and selected
overseas sites such as Mexico, Venezuela, and Brazil. .

2. Elite sources of disease resistance are trossed and intercrossed with other
sources and with agronomically elite 1ines to develop lines with higher levels
of resistance, lines with multiple sources of resistance, and disease resistant,
agronomically desirable lines. These breeding materials are selected and screened
inftfally in large breeding-disease nurseries in Texas. Crosses for breeding and
selection are made among new sources of disease resistance as they are identified
from conversion and breeding materials. Disease resistant sources will be incor-
porated into random mating populations. The populations will be random mated, and
selected within to increase levels of resistance. Crosses among lines will be
evaluated in order to make a preliminary assessment of the inheritance of resistance.
When disease resistant germplasm is fdentified, and as high yielding cultivars with
high levels of disease resistance are developed, they will be released and distributed.

Results: Two large, disease screening-breeding type nurseries were planted cooperatively
with pathologists in South Texas {n 1980, where downy mildew and head smut infection was
excellent. A large group of converted 1ines with excellent resistance to head smut and
downy mildew were identified and the 1istings are beinf prepared. Tre dry season de-
pressed development of grain mold and foliar diseises in South Texas this year. Other
nurseries for virus and charcoal rot evaluation were planted at Lubbock. Charcoal rot
resistance 1s closely related to the varietal response to post-flowering drought stress.

From previous disease resistance breeding, 1ines with resistance to downy mi 1dew,
head smut, grafn mold, anthracnose, charcoal rot, MOM, rust, grey leaf spot, head dblight,
and leaf blight are ready for release.

Disease resistant materials are distributed upon request individually, and in
nurseries such as the 1DIN (International Disease and Insect llursery). Also, some have
been includecd in varfous ICRISAT nurseries.




SUMYARY of Pruoject lia. XI1 TAM 3 for External Review Fanel, Sept. 15-19, 1980

PROJECT TITLE: Rreeding for Insect Resistance

PROJECT LEADZR: Jerry W. Johnson'
NEED FOR MCRK: Insect pests continue to compete witn humans for the sorghum crop,
especially in developing countries, Plant resistance is the simolest pest control
oractice to engloy and requires a minimum of input by the farner,

OBJECTIVE 1: CBTAIN CERMPLASM TO BE EVALUATED FOR RESISTANCE TO INSECTS

Approacies: Cbtain wermplasm from scrchum conversion program, plant introduction
station, cousiryprograms, 1CRISAT, commercial breeding programs, and US public
programs .

Results: A midge test containing 90 entries was planted at siX locations in ths LS
and Mexico. lidae resistance was greater in materiul derived from 1S 12666 and A7 28
than fron other lines tested. The Coastal 8end of Texas still seems to be the hest
place tc eveluate for midge resistance.

Murseries and Llests containing resistence to the greenbug were planted at
three locations in the S and Brazil. Resistance to biotype E was identificd.

ORJECTIVE 2: DCTERNINE THE INHERITANCE OF THSECT RESISTANCE

Approaches: (1) StuZy the midge first. (2) Utilize the two most resistant
sourcaes availabin. (3) Cross with midge susceptible cultivars. (4) Cross
R x N to destaimine if ssue gene(s). (b5) Evaluate Fy, F2, and F3 generations.

Results: Crosses mada in surmer of 1980,

QBJECTIVE 3: DEVCLOM AND RELEASE HIGH YIELDING, AGRCGMOIIICALLY THPROVED SORGHUM
RESISTANT TU SELLETED IW3ECTS

Appreaches: (1) Grow nurseries and tesls at locations and times where the target
insect should it present. (2) Seclect entrics with the rost desirable convinations
cf resistence and agrcieamic potential., (3) Develop “L" and "R" populations using
resistant and non-resiziznt lines. (4) Cress resistant selections with ayronomical-
ly elite disease resistant varieties. (5) Make crosses between resistant lines

from different scurce cultivars.

Results: ilurseries containing 5,968 2C-foot plnts of Fp populations, advance
selections and checks were planted at each of three Tncations for midge resistance
evaluation. Selections were made from 325 F3 and Fgq rows; 1,204 sclecticns were
made in Fp populations. Addftional sulections will be made in October 1980, Six
hmdred of thw: rost promising k, selections are growing at lleslaco, TX to provide
by seleciions for evalustion in 1981, Advanced Tines resistant to downy nildew,
head smut, midge and with good yield potential were identified,

Sorghtn rosistant to biotype £ greenbuy were 1dentified in field planting and
verificd with scediing grewnhonse evoluations, Grosses were riade to transfir iio-
type £ resislance n imeroved agronumic types,




SUMMARY: OF Project No. XII TAM 4 for Exterral Review Panel, Sept. 15-19, 1980.
PROJECT TITLE: Efficient Nutrient Use

PROJECT LEADER: Arthur B. Onken

INVESTIGATORS: Jerry W. Johnson

PROJECT 0BJECTIVES: 1. Identify and define potential sources of more efficient
plant nutrient excraction and/or utilization in sorghum. 2. Develop agronomically
elite sorghums witn improved nutrient use efficiencies. 3. Develop new methods
for determining nutrient use efficiencies and to study responsible mechanisms when
appropriate.

RESEARCH NEED: One of the major constraints to sorghum production in developing
countries is low soil fertility coupled with 1ittle capital for fertilizer. Thus,
increasing yieids and maintaining yield stability by improvement of nutrient use
efficiency through genetic changes is important.

RESEARCH APPROACH: Diverse cultivars of grain sorghum obtained from the breeding .
programs at Lubbock, Texas are being screened for N, P, and Fe use efficiencies

in nutrient culture in greenhouse studies at Lubbock and field nurseries at

Berclair and Lubbock. The first lines being screened are those that have shown
promise in previous tests including nurseries in DC's. Crosses will be made among
lines for preliminary assessment of heritability. Verification of selection wiil

be made in the progeny ¢f improved lines under field and solution culture screening.

SUMMARY OF SIGNIFICANT FINDINGS: Thirty-eight cultivars were planted in paired
plots with B Tx 378 (susceptible check) in a nursery at Berclair, Texas in an area
of known Fe deficiency. Ratings were made on the cultivars and B Tx 378 simulta-
neously and a paired plot analysis made. Fourteen cultivars were superior to

B Tx 378 with B Tx 2761, GR-1-71-2-1, Tx 430 and I3 12666C (SC 175) being the top
four. Greenhouse screening for Fe efficiency was initiated with ratings on twelve
cultivars ccmpleted and twelve more currently being grown. Three cultivars were
found .to be superior to B Tx 378. These were: GR-1-71-2-1, Tx 430, and IS 2403C
(SC 103). Some discrepancy was found between greenhouse and field responses
indicating a need for further refinement of screening techniques. However,
GR-1-71-2-1 and Tx 430 were in the top three cultivars in both tests showing

that the screening techniques have validity. One hundred cuitivars are being
screened ‘or N efficiency in a field nursery at Lubbock. Visual ratings are

being made periodically and yield data will be taken. Twelve of these same
cultivars are being screened in solution culture in the greenhouse for N
efficiency in orcer that a comparison between the two screening techniques

can be made.



INTSORMIL REVIEW
September 15 - 19, 1980

INSTITUTION: Texas A&M University PROJECT NO.: XII TAM §
PROJECT TITLE: Plant Breeding and Improvement - Other Environmental
Stress

PROJECT COORDINATOR: Page W. Morgan

INVESTIGATORS: Wayne R. Jordan, Lewis E. Clark, Jerry W. Johnson,
and Darrell T. Rosenow.

PROJECT OBJECTIVES:

1. Determine the range of genotypic variability for characteristics
which contribute to heat and drought resistance.

2. Define environmental conditions where these characteristics may
contribute to superior performances.

3. Screen cultivars for adaptation to low soil moisture, high
tolerance to temperature and moisture stress during panicle development,
flowering and grain development.

4. Develop superior agronomic types with tolerances to these
stresses.

APPROACHES :

A combination of approaches are used to define responses to heat
and moisture stress at different growth stages, screen lines for quanti-
tative responses, select for superior response, and finally produce
lines and/or hybrids with enhanced resistance to these stresses. Specific
activities during the past year include:

1. Establishment of nurseries to evaluate phenotypic response to
early and late stresses at several locations.

2. Evaluation of physiological and morphological traits contributing
to heat and drought resistance.

3. Genetic combination of lines with superior traits followed by
evaluation and additional selection.

RESULTS:
1. Responses to early and late season stresses.

Stress nurseries are established at Lubbock, Chillicothe, Halfway
and Big Spring, and variations in planting dates and watering are used
to create desired early and late stress situations. Yield data and
other agronomic information are collected as well to provide a means to
refine the stress rating system and assure selection of desirable
agronomic types.



Approximately 800 F., head rows selected from 60 F, populations at
Chillicothe in 1979 ara2 Being evaluated in one early aﬁd two late
plantings at Chillicothe. Additionally, about 2000 F.selections from
Lubbock, Halfway, and Big Spring are being grown at Cﬁil]icothe for
evaluation and selection.

2. Evaluation of drought resistance traits.

Approximately 150 converted lines were screened at anthesis for
heat tolerance, desiccation tolerance and leaf wax load under dryland
conditions in Temple. Rooting and soil water extraction patterns of 10
entries consisting of parents and hybrids were measured throughout the
season in the final year of a 4-year study to assess the value of deep
roots in drought resistance. Drought resistance traits are being
compared with visual stress ratings in one study consisting of crosses
of 5 female with 6 male parents planted at Lubbock, Big Spring, Temple,
and Chillicothe. Parental lines were selected based on prior stress
evaluations to provide a range of stress responses.

3. Cooperative studies with other states.

Over 50 lines and hybrids selected in Texas as possessing drought
tolerance traits are being evaluated this summer for drought response
using line-source sprinkler irrigation systems at Yuma, Arizona and
Garden City, Kansas, and under dryland field conditions in Nebraska.
Data from these additional sites should enhance our overall drought
evaluation procedures.

(\



INTSORMIL ANNUAL REVIEW
September 15, 1980

INSTITUTION: Texas A&M University PROJECT NO. XII TAM 6
PROJECT TITLE: Reproductive Systems

PROJECT LEADER: Keith F. Schertz

INVESTIGATORS: Roberta Smith

PROJECT OBJECTIVES:

1. Identify lines with superior reproductive characteristics including
obligate apomixis and new cytoplasmic sterility systems.

2. Achieve anther culture and obtain haploid and homozygous diploid plants.
OBJECTIVE 1

Apomixis, asexual seed production, can be used to develop true-breeding
hybrids. The use of apomixis in sorghum would eliminate the need for crossing
each time a hybrid is produced. Hybrid vigor could be perpetuated indefinitely.
We have made progress in identifying lines with apomixis but the frequency of
apomictic seed production needs improvement. Apomictic lines are identified
by embryo-sa¢ analysis and the frequency of apomictic seed formation is
determined in test-cross progeny. Lines studied have included culi.vars,
introduced lines, and lines isolated as potential apomicts by J. R. Quinby of
Pioneer.

We have identified five sorghum lines with facultative apomixis and are
attempting to derive lines with higher frequencies. To do so, a population
has been formed of these lines and R473, the line reported from India to be
apomictic. Other sources of apomixis are being sought among weedy sorghums
including johnsongrass and shattercane in the U.S.A., and in collections of
weedy species made by M. Andrew of Australia and K. E. Prasada Rao of ICRISAT
who have agreed to cooperate in this study.

Cytoplasmic-genic sterility is essential for the production of current
sorghum hybrids. Nearly all of the male-steriles and the hybrids produced
on them have the same milo cytoplasm. This uniformity of cytoplasm is
potentially hazardous. Our studies have revealed several sterile-inducing
-ytoplasms that may be used to diversify sorghum germplasm. Reciprocal
crosses were made among converted lines and the steriles we derived as well
as those found by others are being test-crossed. Those of most irterest are
being evaluated by mitochondrial DNA fractionation.

Twenty-six cytoplasmic-genic steriles have been isolated and
test-cross results indicate that several of the cytoplasms have major
differences from milo cytoplasm and among themselves. Final analyses await



the development of isocytoplasmic lines. D. T. Rosenow is sterilizing
present parents in these new cytoplasms. Less distinctive differences were
found among the KS lines released by W. M. Ross and he, Rosenow, and I are
evaluating critical test-cross progenies of those steriles.

We have had the continual cooperation of Pioneer and cooperative research
has been established with Dr. Pring of Florida for mitochondrial analyses of
the most interesting cytoplasms. The mitochondrial DNA fractionation studies
have in most cases corroborated our findings from test-cross progenies.

A diversity of cytoplasms for male steriles is coming from this project;
these cytoplasms will also permit a greater nuclear diversity among female
parents than is now possible.

OBJECTIVE 2

Anther culture for the derivation of homozygous diploids could improve
the efficiency of sorghum breeding. It could provide the opportunity to
select desirable new genotypes from very large populations of cells and from
them to produce homozygous diploid lines in minimal time.

Anthers from field-grown lines were cultured to determine conditions
which would cause the immature pollen to develop into haploid callus or plants.
Chilling treatments of 8, 10, 12, and 14 C for 1/2, 1, 2, 4, and 8 days prior
to culture were imposed. Over 3,000 anthers were cultured and results were
variable in all treatments with phenolic discoloration and death being the
major response. An anther in the control treatment did develop callus and
produced a root which later died. Caffeine incorporated into the medium
inhibited phenolic production and the anthers remained yellow; however, no
callus development was observed. Culturing isolated microspores from which
anther walls have been removed, as well as culturing entire spikelets are
currently being tested. The former is showing some promise. It is anticipated
that anther culture, if perfected in sorghum, could be used with mutation
induction for characters not now readily available or isolated in the species.



INTSORMIL REVIEW
September 15-19, 1980

INSTITUTION: Texas A&M University PROJECT NO. XII TAM 7

PROJECT TITLE: Identifecation, evaluation, and implementation of effective

sy?tems for controlling diseases or pathogens in sorghum and
millet.

PROJECT LEADER: R.A. Frederiksen

INVESTIGATORS: R.A. Frederiksen, J. Craig, R. Toler, G. Odvody, L. Castor,
M. Pastor, M. Natural, S. Shabani, D. Franklin, D. Collins,
Mary Howell, Greg Forbes, G. Wall

PROJECT CBJECTIVES:

1. Identify, catalogue, and evaluate sources of disease resistance in
sorgnum and millet.

2. Develop effective screening techniques for detection and incorporation
by breeding of superior plant resistance levels.

3. Study disease etiology or factors associated with the cause of plai
disease.

RESEARCH APPRCACHES:

To develop superior host resistance to the major sorghum diseases, we
have established a network of sorghum disease nursery sit.s based on the disease
problems encountered in South Texas, College Station, and the High Plains. These
disease nurseries were developed because of the high probability that they may
be used to evaluate the reaction of hybrids, elite lines, experimental lines,
newly introduced germplasm, and breeding material for disease reaction. As an
integral part of this program elite germplasm is challenged in uniform nurseries
worldwide for the responses to high pathogen populations providing us with an
estimate of patnogen variability or their shifts in pathogenicity as well as
the stability of nost resistance. We frequently augment naturally occuring
disease by inoculation with selected isolates of test organism in both field
and laboratory experiments. Finally, this project attempts to anticipate the
critical factor associated with potential epidemics of sorghum diseases in
order to petter utilize or deploy host resistance. Thousands of disease
susceptible entries are discarded each year,

RESULTS:

Excellent downy mildew, head smut and charcoal rot epidemics developed
in our South Texas nurseries in 1620, Reactions of test entries for these’
diseases in 1980 will te among the most useful in our evaluations for host
resistance uncer field conaitions. Pathotype 2 of Peronosclerosocra sornhi
aprears to ¢i7fer only slightly from tne original sorgnum gowny miicew Fatncgen
and does nct constitute a serious threat because, most of the DMR sorghums are
resistant 0 patnotype 2. nowever, another new pathotype of P. sorahi discovered




this year may be much more important. This new isolate attacks Tx430, which is
widely used as a commercial source of resistance to downy mildew. Trails
comparing pathotypes 1, 2 & (3?) are currently under way in the laboratory at
College Station. While no new or different races of head smut appeared, the
prevalance of race 4 of Sporisorium reilianum (Sphacelotheca reiliana) continues
to increase in the disease nurseries. decause of the low incidence of head smut
in most of the commercially grown hybrids, the probability for another serious
nead smut epidemic appears low. Consequently, we are confident that our screen-
ing procedures nave permitted the development of satisfactory resistance. The
development of a head smut resistant sorghum population also appears quite
promising. Experiments to obtain estimates of the rate of changes in pathogen-
icity for S. reilianum are nearly complete. Naturally occurring charcoal rot
and lodging approacned 100% in CSH6 (a susceptible Indian hybrid) whereas it

was about 35%in ATx399 x Tx430, a popular South Texas hybrid and 0 lodging
occurred in A35 x Tx430. These observations suggest that considerable progress
has been mads in developing lodging resistant hybrids under conditions favorable
for charcoal rot.

Specific tissue colonization of sorghum by Colletotrichum 3raminicola
appears tc be influenced by environment. Consequently, the susceptibility of
stalk, head or foliar tissue can be treated equally in evaluations and these
tissue specific reactions are probably not conditioned by separate genes. Seed
transmissicn of C. graminicola was demonstrated. Acremonium wilt (Acremonium
strictum) developed at College Station in the bacterial stripe nursery. Vascular
plugging ard wilt in the upper portion of infected plants caused an average yield
loss of about 60%. Lines such as Tx623, GPR148 and CS3541 are particularly
susceptibie uncer field conditions. Clearly, the Acremonium wilt in Texas
differs from that in Egypt but is similar to the wilt observed in Venezula and
Mexico. Progress was made in describing floral infection by grain mold fungi.
Fusarium moniliforme infects glumes, lemma, palea and lodicules at anthesis.

Mats of fungal hypae progressing acropetally develop between the ovary wall and
the aleurone layer. A false black layer forms in some kernels 10 to 16 days
earlier than normal resulting in smaller than normal kernels, This information,
characteristic of tne susceptable cultivar Tx2536, should provide a sound basis
for evaluating resistance in other cultivars.

As a means to reduce the possible dissemination of pathogens with seed,
a downy milcew free, seed certification procedure, was established in 1980. In
Texas, this program is administered by tne Texas Department of Agriculture,
Yield losses in grain sorghum due %o sorghum downy mildew are sensitive to plant
popuiation, disease reaction of the hybrid, and environmental conditions follow-
ing pianting.



INTSOFMIL REVIEW SUMMARY

September, 1980

INSTITUTION: Texas A&M University PROJECT NO. XII TAM 8

PROJECT TITLE: Identification, evaluatfon, and implementation of effective
systems for controlling diseases or pathogens in sorghum
and mfllet. (Cultural Control)

PROJECT LEADER: Gary Odvody

INVESTIGATORS: G. N. Odvody, R. A. Frederiksen, L. Reyes, 0. Ziv,
C. Kempf

PROJECT OBJECTIVES: Explore the use of cultural, chemical, and biological
control measures as an adjunct to control by disease
resistance.

SUMMARY OF RESEARCH APPROACHES:

Cultural controls of plant diseases can provide the primary means
of disease control when host resistance is lacking or difficult to assess
or incorporate into agronomically desirable material. These controls can
also be used to compliment existing host resistance and actually comserve
the longevity of host resistance, especially if genetically variable
pathogens are iInvolved. However, in the advent of new pathotypes overcoming
host resistance, available or 'in use" cultural control alternatives are
desirable for interim or long term control.

Our research largely involves the ecological study of major soilborme
pathogens causing endemic and epidemic diseases of sorghum and millet and
include exotic pathogens of potential quarantine significance. These
ecological studies investigate host and environmental factors related to
disease incidence and development. Knowledge of these factors and their
assessment will implicate the most favorable approaches to cultural control
of diseases and also lend insight into development of more effective host
resistance screening techniques.

SUMMARY OF SIGNIFICANT FINDINGS AND ONGOING RESEARCH:

Field studies are investigating traditional cultural controls of
sorghum downy mildew (SD!:' including simulated crop rotation vs. sorghum
monoculture, deep plowing (30 cm, 12 in) vs. conventional tillage (15-20 cm,
6-8 in), and use of trap crops. Both sinulated crop rotation and deep
plowing consir-ently demonstrated reduced incidence of SDM and a lower
population of oospores in the critical 15-20 cm soil depth when compared
to monoculture and conventionally-tilled plots, respectively. Trap crop
experiments demonstrated reduced incidence of the disease in sorghum fol-
lowing host and non-host crops in greenhouse studies but field studies
have been hindered by moisture shortages at planting times for both the
trap and sorghun crops.



A systemic fungicide, metalaxyl, active against Pythiaceous fungi,
gave near 1002 control of SDM when utilized as a seed treatment at rates
from 0.1 to 3.0 g a.1./kg seed. Plants from nontreated seed had 8-272 SDM
and in many experiments had significantly reduced grain yields when compared
to plants from metalaxyl-treated seeds. Seed from SDM-infected plants of
three cultivars planted in noninfested soil with glumes attached and removed
had 6 and 3% SDM-infected progeny plants, respectively, but similar seed
treated with metalaxyl had 0Z SDM. This suggests the value of metalaxyl in
quarantine situations where SDM-seed infectivity is known or suspected.

The curative activicty of metalaxyl will be evaluated on systemically
infected SDM plants during the next growing season and other fungicides are
being sought for evaluation in control of sorghum downy mildew.

Studies have been initiated on the population dynamics of SDM oospores
in variable soils. Major factors investigated include oospore survival,
dormancy and initial infection processes. Of initial importance in these
studies is the development of an improved technique to quantitate oospores
in soil and to isolate them free of soil contamination. A technique has
been devised which recovers approximately 80-90X of the oospores from a 4 g
soill sample within a 2 hour period.

This same isolation technique demonstrates promise for use in isolation
and quantitation of other soilborne fungal propagules with densities
less than the saturated sucrose solution used in the technique. Thus, it is
anticipated that the population dynamics and inoculum potentials of head
smut spores and charcoal rot sclerotia can be studied with this method.

Additional charcbal rot studies have assessed alternative field inocu-
lation techniques but none were superior to standard stalk inoculationms.
Further studies of host-pathogen-environment interactions are being pursued
with charcoal rot under field- and controlled environmental conditions in
attempts to develop improved cultural control and germplasm screening tech-
niques.

Seedling disease-root rot-stalk rot complexes in sorghum are being
investigated with particular emphasis on a Pythium root rot complex in
North Texas. Metalaxyl fungicide is being utilized to help assess the role
of this pathogen in the complex. Studies of water relations and initial
infection processes with this pathogen are also being pursued.

Bacterial spot of pearl millet caused by Pseudomonas syringae was
observed on field materials at Lubbock, Texas, in 1979. This was the first
recorded observance of this disease since its original description in Iowa
in 1926. Resistance was predominant in field observations and greenhouse
tests but some materials possessed high susceptibility. Further identifica-
tion of susceptible cultivars through greenhouse and field testing and field
surveys is anticipated.




INTSORMIL REVIEW
September 15-18, 1980

INSTITUTION: Texas A&M University Project No. XII .AM 9

PROJECT TITLE: Identification, evaluation, and implementation of effective
systems for controlling diseases or pathogens in sorghum
and millet.

PROJECT LEADER: Robert W. Toler

PROJECT OBJECTIVES:

Develop critical disease diagnostic systems.

RESEARCH APPROACHES

Make a collection of sorghum germplasm that shows differential
reactions to different viruses and to strains of viruses that
attack sorghum. Determine specific reactions and develop
a collection to aid in sorghum virus and strain diagnosis.
Build an anti-serum bank for sorghum viruses to use with
serologically specific electron microscopy for sorghum virus
disease diagnosis. Determine if pinwheel inclusions can be
used as a diagnosistic tool in identification of maize dwarf
mosaic virus and sugarcane mosaic virus strains.

RESULTS

We have made and still are adding to our collection of sorghum germ-
plasm that shows differential reactions to different viruses and
strains. The International Sorghum Virus Nursery has been put together
and includes 10 materials from the U.S. and Australia. This nursery
was distributed world wide in 1979 and 1980.

In order to use a critical diagnostic virus system involving ultra-
structure of cells, serology of crude and purified virus extracts as
well as Serologically Specific Electron Microscopy, a large number

of antiserum are needed. Ultimately antiserum is needed to all the
viruses and strains that attack sorghum. We have recently made a

large quantity of antiserum to MOMV-B and are in the process of
building antiserum to MCHMV-D,E and F. Pinwheel inclusions are
distinctive in the potato virus Y group that includes the Sugarcane
Mosaic and Maize Owarf Mosaic viruses. We are studying these in-
clusions to determine if they may be used to separate and characterize
the MOMV and Sugarcane Mosaic Yirus (SCMV) strains. To date the pin-
whcei inclusicrs could not be distinguished in MDMV strains A, B, D, E,
or F. We are currently looking at the pinwheels from the SCMV strains.



During 1980 the sorghum differential nurseries were grown in coopera-
tion with Dr. M. Riccelli in Venezuela where virus reaction on MDMV-A
resistant lines was severe. Data and plant material was collected in
Venezuela in the third week of August 1980. The virus and pinwheel
inclusions were found in disease tissue of BTX430 and Johnsongrass but
not in QL3 Texas or India seed source or QL11 Australia seed source.
Serologically the virus was related to SCMV-A, SCMV-H and MDMV-A.
Using serologically specific electron microscopy the virus was found
to be more closely related to SCMV-A group (ABD) than SCMV-H or MDMV.
However, the virus is transmitted to Johnsongrass. Sugarcane strains
do not normalily go to Johnsongrass. Based on the reaction of differ-
ential breeding lines the virus is related to MDMV but different from
previously reported strains. The primary variation is in the reaction
of sorghum with resistance of MDMV-A in Venezuela. Materials that
mosaic only in the U.S. nacrose when infected by the Venezuela virus.
These incluce: Tx430, Tx2536, Tx2752, Tx2737 among others. However,
we failed to find the Venezuela virus infecting QL 3 or QU 11 which
are also immune to MDMV-A and previously reported as susceptible in
Venezuela. The virus found in Yenezuela belongs to the sugarcane
mosaic virus classification and in the Maize Dwarf Mosaic Virus group
since it goes to Johnsongrass. The virus should be known as Maize
Dwarf Mosaic Virus strain V for Venezuela.

In 1679 plants were found with 2 vascular wilt at Plainview, Texas.
The pathogen was diagnosed as Acremonium strictum W. Gams. The
leaves and sheaths become infected and the patnogen moves through the
vascular tissue. Susceptible lines include BTX622, BTX623, BTX624,
and SC170-6 in the field. Lines found susceptible in the greenhouse
include 1512553C, TX2078, TAM428, TAM2561, 1S12664C, and TX2536.
Diagnosis of Acremonium wilt was made in Venezuela in August 1980.
The plants had typical vascular browning and wilting.
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Project Title: Nature of Resistance to Diseases XII TAM10

Project Leader: J. Craig '
USDA/SEA, College Station,; TX

Project Objectives:

1. Determine mechanisms of disease resistance

2. Determine mode of inheritance of disease resistance

3. Dctermine variability for virulence among pathogen biotypes

These objectives will provide the information needed for efficient
utilization of diverse types of disease resistance in sorghum improvement
and will assess and reduce the vulnerability of sorghum to heterogenous
pathogen populations.

Project Anoroaches:

Histological studies of relationships betveen host and parasite are
used to 1dentify the manners in wnich resistan.e to grain mold and resistance
to sorghum downy mildew (SOM) are expressed. Appropriate populations derived
from crosses of resistant and susceptible sorghum genotypes are being tested
to determine the wcde of inheritance of resistance to SOM. Field surveys and
greeahouse tests are conducted to identify new pathotypes of SOM,

Project Results and Future Plans:

Studies of grain mold found that factors conferring resistance to mold are
located in tne epidermis of the seec coat, Histological observations of SDM
indicated that susceptibility was cetermined by both the rate at which the
pathogen progresses in host tissue and the rate at which the host plant develops.
Two new patnotvpes of sorghum downy mildew were identified Ly their ability to
attack sorghum genotypes prcviously reststant to SOM in Texas,

histological studies of compatible and incompatidble host and parasite
relationsnips are centinuing, The 7, and F. generations of crosses cf resistant
with suscentidle genotypes 110 be tested for reaction %o SIM, Fieid surveys for

new pathatypes ¢f SCM are continuing, A search for norizont al types of resistance

to SIM will be 1niziated. Tne survey for new pathotypes in Teads will continue
cooperative reixzionsnids with samilar programs in Egypt (PLABO Sorgnum Dtsease
Project) anc 3t .C3.5AT 1n [ncia.



INTSORMIL PROJECT REPORT

George L. Teetes
(Texas AAM University)

Project tizlse: Development and evaluation of systems for :ontrolling insect pests
of sorghum by integration of resistant varieties, cultural manipulation and bio-

logical control.

Project obiective XII TAM 11. To identify and evaluate sorghums resistant to
insects, determine resistance mechanisms, investigate plant-pest ecological re-
sponses and dezermine economic injury levels.

wWork plan ohiectives:

1. Screen converted exotic lines for sorghum midge resistance.
2. Screen sgronomically improved breeding lines and hybrids for sorghum midge

resistcance.
3, Resiszance mechanisms stucdied to identify levels of nonpreference, anti-

biosis and tolerance.

4. Comparc midge densities to plant damage and subsequent yield.

5. Compare densities of four species of panicle infesting bugs to grain yield
and yleld loss.

Project objective XII TAM 13: To determine the biology, systematics, behavior and
seasonal abundance profiles of sorghum insect pests and associated pr:dators and
parasites as support tactics in pest control schemes,

Work plan ob'ectives:

1. Monitor the seasonal abundance of sorghum midge and the incidence of diapause
and parasitism in johnscngrass and sorghum.

2. lnvestigate factors influencing diapause termination of sorghum midge in field
and laboratory studies.

3. Determine seasonal midge generation duration, adult longevity, progeny,
production, natural mortality, and sex ratio.

4, Investigate midge adult behavior and factors that influence adult emergence.
oviposition, mating, and rovement, .

$. Determine the nature of midge parasitism and parasite biology.

International {nvolvement:
1. Preparation of training materials and activities.
a. FAD plant production and protection manual-"Elements of Integrated control
of Sorghum Pests.”
b. In cooperation with ICRISAT-"Sorghum Insect Identification Handbook."
¢. Planning comittee for sympostum-'Sorghum in the 80's."”

2. Informatfon exchange
3. Cuidance in screening sorghums for insect resistance to researchers in

Mexi{co, Honduras and Indla.
b. Reprints and written reports to LDC researchers.
c. Liaison between LDC entomologists and U.S.A. plant breeders.
d. LDC and international visitors.

Cooperative wvork:
1. Project objective TAM 11 dealing with plant resistance is a joint venture
with plant breeder Dr. Jerry W. Johnson. This relationship has been most

effective as a result of blending expertise.
2. Project objective TAM 1) dealing with blology and ecology relates directly
to Dr. Frank E. Gilatrap's objective on blological control and ve share

graduate astudents ({n this area.

Coal: To develop control strategies that have application to LDC's, and to gain enough
knowladge about the f{nsect pests and their natural enennies to explain how and
vhy control strategies work and how they should be changed to fit spacific aondition

over ‘\\



NARRATIVE REPORT

Four project objectives relate to the prrnject title for entomological re-
search at Texas ASM University. I am responsible for two objectives that deal in
general with plant resistance, and pest and natural enemy biological and ecologi-
cal relationships. The overall goal is to develop control stratagies, especially 7
insect resistant sorghums, and based on an understanding of and factors which
influence pest biology and population dynamics, determine how the most effective
control schemes function and how they could be manipulated to fit different
conditions zhat exist in the U.S.A. and LDC's.

Much emphasis is placed on the sorghum midge because it is a cosmopolitan
pest of great severity. Also, changes to improved sorghums in an LDC frequently
intensify xmidge problems. Other insect/mite pests are dealt with, especially
in regard to screening for resistance, economdc injury levels, biologies and control
measures in the context of managing key pests. '

Concerning the plant resistance objective, 213 converted exotic lines were
screened for sorghum midge resistance and 7 lines previously unreported as resistanr
were identified. Agronomically improved lines and hybrids, with midge resistance
derived from TAM 2566 (SC 175-9), AF 28 and TP6BD were screened. Improved midge
resistant parental lines have been developed. Both parents must be resistant.
Resistance mechanisas in lines are antibiosis (result of larval mortality) and
nonpreference (less adult visitation). Faster rates of anthesis and ovary
development appear to be associated resistance mechanisms. Resistance can be over-
come at extremely high midge densities (200-400 midge/panicle/day). The reason for
this is unknown, but will be studied. Observations indicate that resistant sorghums
will withstand 10 midge/panicle/day while susceptible sorghums are damaged at 1
midge/panicle/day during flowering.

Research completed this year involved screening sorghum grain for maize weevil
resistance. Amoag 169 tested converted lines, SC006, 0224, 0226, 0233, 0311, and
0331 appeared to possess grain resistant to this stored grain pest. Factors which
reduced grain damage by the weevil were size (small), endosperm (corneous), and
hardness (hard).

Damage to sorghum by rice, southern green and Conchuela stink bugs and leaf-
footed bug was assessed. Economic injury levels will be established from the
data collected during the last three years.

The objective dealing with biology, behavior and seasonal abundance profiles
1s designed to obtain data that describes midge population dynamics and factors
that influence it. The abundance of sorghum midge and the ‘ncidence cf diapause
and parasitism were monitored seasonally in johnsongrass and sorghum along with
temperature, relative humidity and rainfall. The data are collected to describe
midge population dynam.cs and to identify factors that resu.t in midge density in-
crease or decline. Midge spend the winter in diapause and spring emerging adults
fnitiate infestations. It is critical that factors which influence diapause termin-
ation be understood as the first step in predicting midge abundance trends. Tempera-
ture and moisture are the most important factors relating. to the incidence of dia-
pausc and its termination, More data are needed on overwintering survival and host
availabilicy. Along with descr!ptive atundance data, the influence of specific life
habits of the midge are deterriiiucd and tnese are relaced to populatir. dynamics.
Consequently, we are measurins generation duration, adulc longevity, progeny pro-
duction, mortality and sex ratio, and factors which ‘nfluence these. Likewise,
determination is made of factora which influence adult emergence trom infeuted
panicles, oviposition, mating and movement. Since four species of midge parasites
influence midge density, the naturc of parasitism and parasite biology {n ntudied,

Ultimately, the data collected will be used in computer simulation models tht
'will enable us t» devise management strategies that revolve around midge resictant

sorghums.
/\L



INTSORMIL PROJECT REPORT

Frank E. Gillstrap
(Texas ASM University)

Project title: Development and evaluation of systems for controlling insect
pests of sorghum by integration of resistant varieties, cultural manipulacion
and biological control.

Project objective XII TAM 12: To identify and evaluate indigenous and/or exotic
natural enemies of sorgnum midge, greenbug, Banks grass mite, and several lepi-
dopterous pest species as potential control agents.

Work plan objectives:

1. Synthesi:a litcrature on natural enemies of sorghum midge and sorghum
infesting aphids.

2. Investigate sorghum midge parasite phenology and abundance on alternate
host plants in selected locations.

3. Survey extant parasite fauna attacking greeirbug on sorghum in all sorghum
producing areas of Texas.

4. Study natural enemies of greenbug in sorghum and alternate host systems,
releasing new, exotic natural enemies for establishment when feasible.

Internatioual involvement:
Contributed to preparation of FAG plant production and protection manual
enticled "Elements of Integrated Control of Sorghum Pests," preparing the
chapter enticled, "Biological Control of Sorghum Insect Pests."

Cooperative work:
Several objectives of XII TAM 12 relate directly to objectives of XI1 TAM
XII TAM 13 under cthe direction of Dr. George L. Teetes, and we share graduate
students as well as maintain close interaction to coordinate research
activities.

Goal:
To develop understanding and concepts for application of biological controls
in pest management programs in LDC's.

NARRATIVE REPORT

The mujor objective of XTI TAM 12 is to identify and quantitatively eval-
uate natural enemies of major pests of sorghum with the ultimate goal of knowing
hov to manipulate efficacious natural enemies by augmentation, conservation, or
importation for pest suppression in the U.5.A. and LDC's. Becausc of the ephemeral
nature o. sorghun, the key to biological control of sorghum pests is understanding
their population dyranics in component parts of the 12-month ecus stem. Thus,
emphasis must be placed on alternate hosts and their actual and poctential contri-
butions to natural enemy populations in sorghum as a crop.

Inftial efforts of XI1 TAM 12 have been identificacion of natural enemies,
both tn the U.5.A. and in the reat of the world. In this regard, a major review
of natural cnemies of sorghum pests of the world has been completed and published

AY



by FAO in 1980. This review, a chapter in "Elements of Integrated Control of
Sorghum Pests," summarized geographic distributions for 27 pests of sorghum, ~
the host plants they are associated with, and the known geographic distributions
of natural enemies reported for each pest. The review evidenced the fact that
generally very few natural enemies have been reported from LDC's, some of which
are in the probable center of origin of the Sorghum genus, and that this is

most likely due to lack cf atrention. Much should be done in LDC's to rectify
this lack of knowledge, identify and determine distribuctions for natural enemies
of vach pest, and then to redistribute efficacious natural enemies to parts of
the world where they can contribute substantially to pest suppression.

Field research for XII TAM 12 has centered on identification and character-
{zazion of natural enemies of sorghum pests in Texas. Natural enemies of
sorghum midge have been cellected from all parts of the state. Results from
these studies to date are: more than 15,000 heads of Sorghum halepense were
collected and are now being processed; at least &4 parasite specles were collected,
though not necessarily from all parts of the state; S. halepense suitability to
support develcpment of wmidge and midge parasites seems empirically better related
to phivsiolugical than chronological age of seeds. From these collections we will
identify parasites of midge and determine their distributions in Texas with
the evertual goal of obtaining midge natural enemies from other parts of the
world for importation and release. Research is also underway to study midge
and midge parasite population dynamics on S. halepense, a key alternate host of
nidge in Texas, in locations not obviously influenced by cultivated grain sorghum.
These studies will reveal aspects of the natural interactions between midge and
its parasites and also contribute to methodology for efficient collection of
midge parasites, both of which are essential to better utilization of biological
controls of sorghum midge.

The second field research aspect of XII TAM 12 is centered on greenbug. As
has been done for midge, natural cnemies of greenbug have been collected from all
parts of Texas. These data will serve as a baseline for iaterpretation of results
from releases of exotic greenbug parasites. The greenbug biological control
progran is already in the importation and release phase. Most prior parasite
releases have been made in the panhandle area of Texas and in Oklahoma and
usually were made on summer infestations of grain sorghum. We are expanding
the program to include releases in central and south Texas where weather extremes
are more moderate and chances are becter for establishment on winter populations
of greenbug on winter wheat. Once established, these parasites should then contri-
bute to greenbug control in all parts of the state, cven in parts where the
parasites cannot normally overwinter. A second as,ect of the greenbug research
is study of grecnbup parasite dynamics on alterna-e hosts, especially winter
wheat. These studies should provide understanding of winter host contributions
to greenbug biological controls on sorghum in the summer months. Results from
greenbug studies to date: more than 10,000 mumnified greenbugs were collected
and are currently being evaluated for diagnostic characteristics peculiar to
the attacking parasites; none of the several exotic parasites released in
earlier phases cf the progran has yet been recovered from our samples; we have
1 species of parasite in culture and expect to obtain several more species
before Janurary, 198l. Releases of exotic parasite specles will be started in
lare fall or early winter wonins.



INTSORMIL PROJECT REPORT

George L. Teetes
(Texas ASM University)

P-oject ticle: Development and evaluation of systems for controlling insect pests

of sorghum by integration of resistant varieties, cultural manipulation and bio-
logical control.

Project objective XI1 TAM 1l: To identify and evaluate sorghums resistant to

insects, determine resistance mechanisms, investigate plant-pest ecological re-
sponses and determine economic injury levels.

Work plan objectives:

1. Screen converted exotic lines for sorghum midge resistance.
2. Screen agronomically improved breeding lines and hybrids for sorghum midge
- resistance.
3. Resistance mechanisms studied to identify levels of nonpreference, anti-
biosis and tolerance.
4. Compare midge densities to plant damage and subsequent yield.
5. Compare densities of four species of panicle infesting bugs to grain yield
~ and yield loss.
S E——SUN

Project objective XII TAgili) To determine the biology, systematics, behavior and

seasonal abundance profiles of sorghum insect pests and assoclated predators and
parasites as support tactics in pest control schemes.

Work plan objectives:

l‘

5.

Monitor the seasonal abundance of sorghum midge and the incidence of diapause
and parasitism in johnsongrass and sorghum.

Investigate factors influencing diapause termination of sorghum midge in field
and laboratory studies,

Determine seasonal midge generation duration, adult longevity, progeny,
production, natural mortality, and sex ratio.

Investigate midge adult behavior and factors that influence .adult emergence.
oviposition, mating, and movement.

Determine the nature of midge parasitism and parasite biology.

International involvenment:

1.

2.

Preparation of training materilals and activities.

a. FAO plant production and protection manual-"Elements of Integrated control
of Sorghum Pests.”

b. In cooperation with ICRISAT-"Sorghum Insect Identification Handbook."

c. Planning committee for symposium-"Sorghum in the 80's."

Information exchange

a. OGuidance in screening sorghums for insect resistance to researchers in
Mexico, Honduras and India.

b. Reprints and written reports to LDC researchers.

¢. Liaison between LDC entomologists and U.S.A. plant breeders.

d. LDC and international visitors.

Cooperative work:

1.

2'

Coal:

Project objective TAM 11 dealing with plant resistance is a joint venture
with plant breeder Dr. Jerry W. Johnson. This relationship has bee: most
cffective as a result of blanding expertise.

Project objective TAM 13 dealing with bilology and ecology relates directly
to Dr. Frank E. Gilstrap's objective on biological control and we share
graduate students in this area.

To develop control strategies that have application to LDC's, and to gain encugh
knowledge about the insuct pests and their natural enemies to explain how and
why control strategies work and how they should be changed to fic specific conditior

v
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NARRATIVE REPORT

Four project object:ives relate to the project title for entomological re-
search at Texas A&M University. I am recponsible for two objectives that deali in
general with plant res!stance, and pest and natural enemy biological and ecologi-
cal relationships. The overall goal is to develop control stratagies, especially
insect resistant sorghums, «nd based on an understanding of and factors which
influence pest bioloygy and population dynamics, determine how the most effective
control schemes function and how they could be manipulated to fit different
coaditions that exist in the U.S.A. and LDC's.

Much emphasis is placed on the sorghum midge because it is a cosmopolitan
pest of great severity. Also, changes to improved sorghums in an LDC frequently
intensify midge problems. Other insect/mite pests are dealt with, especially
in regard to sctreening for resistance, economic injury levels, biolozies and control
measures in the context of managing key pests.

Concerning the plant resistaice objective, 213 converted exotic lines were
screened for sorghum midge rasist nce and 7 lines previously unreported as resistant
were identified. Agronomiczlly i1 proved lines and hybrids, with midge resistance
derived from TAM 2566 (SC 175-9), AT 28 and TP6BD were screened. Improved midge
resistant parental lines have been developed. Both parents must be resistant.
Resistance mechanisms in lines are antibiosis (result of larval mortality) and
nonpreference (less adult visitation). Faster rates of anthesis and ovary
development appear to be associated resistance mechanisms. Risistance can be over-
come at extremely high midge densities (200-400 midge/panicle/day). The reason for
this is unknown, but will be studied. Observations indicate that resistant sorghums
will withstand 10 midge/panicle/day while susceptible sorghums are damaged at 1
midge/panicle/day during flowering.

Research completed this year involved screening sorghu. grain for maize weevil
resistance. mong 169 tested converted lines, SCO00A, 0224, 0226, 0233, 0311, and __,
0331 appeared to pussess grain resistant to this stored grain pest. Factors which
reduced grain damage by the weevil were size {small), endosperm (corneous), and
hardness (hard). '

Damage to sorghum by rice, southern green and Conchuéla stink bugs and leaf-
footed bug was assessed. Economic injury levels will be established from the
data collected during the last three years.

The objective dealing with biology, behavior and seasonal abundance profiles
is designed to obtain data that describes midge population dynamics and factors
that influence it. The abundance of sorghum midge and the incidence of diapause
and parasitism were monitored seasonally in johnsongrass and sorghum along with
temperature, relative humidity and rainfall. The data are collected to describe
midge population dynamics and to identify factors that result in midge density in-
crease or decline. Midge spend the winter in diapause and spring emerging adults
{nitiate infestations. It is crictical that factors which influence diapause termin-
acion be understood as the first step in predicting midge abundance trends. Tempera-
ture and moisture are the most important factors relating to .he incidence of dia-
pause and its termination. More data are needed on overwintering survival and host
availability. Along with descriptive abundance data, the Iinfluence of specific life
habits of the midge are determined and these are related to population dynanics.
Consequently, we are mecasuring generation duration, adult longevity, progeny pro-
duction, mortality and sex ratio, and factors which influence these. Likewise,
determinazion is oade of factors which influence adult emecrgence from infested
panicles, oviposition, mating and movement. Since four species of mldge parasites
influence midge deasity, the nature of parasitism and parusite biology {s studied.

Ultimately, the data collected will be used in computer simulation models that
will enable us to devise management strategics that revolve around midge resistant

sorghums,

AV
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1iI:E: Develspment and Evaluation of Systems for Controlling Insect Pests of
Sorghum by Integraticn of Resistant Varieties, Cultural Manipulation,
and Silological Coatrol

NVESTISATORS: George L. Teeces
Kerry F. Harris
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JROMECT Mid: NIT TAM 43 Resry F. Harris, Investigator
IRTECTIVE: Define Insect Vector-Virus-Host Plant Interactions

APPRDACHES: Establish Virus-Vector Laboratory
Study MCDV- and MDM-Vecrtor Iateractions

Research: Veccor-Plant Interactions
Vector Probing and Feeding Behavior
Morphologies of Vectcrs' Feeding Apparatuses
Interactious of MCDV and Plant Host

Relationships cf Jectors' Behavioral Patteras to Transmissions
Monitoring of Alate Aphid Vector Populations

RESULTS: Zstablishment of Fully Functional Virus-Vector Laboratory

3]

Andlyses of Various Ultrastructural Studies on the Morphologiss of
Vectors' Feeding Apparatuses are Revealing lWitherto Unreported
Receptor Otgans i{n Vectors' Sensory Transduction System

Development of {wo Very Promising 3ystems for Direct Observation
of Leafhopper Prubing and Feeding Bebavior

Accumulaticn of Data on MCDV-Ilant Interactions at che Tissue,
Cellulur, aid sSubceilular Level

Deiining cf Virus-Vecror Interactions for Mifze Chloro=ic Dwarf Virus
and che 3lack-Fazed Leafhopper, Crazinella nigrifrons

Eszablisimens ol Mafze Dvarf Mosaic Yirua Research Objeztives
Beyinnings of Aphid Yector Monlzoring Program

Estavlishaent of Internacional Tiern

Sub:;:ggd oy
£ F ke arres
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Septaaber 17, lydy Colege of Agncuure
Texas Agricuinral Expenment Siation Texas Agncuitural Extension Service
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[astitution: Texas A1 University Project Number: XII TAM 15
Project Title: Food and Nutritional Quality of Sorghum

Project Leader: Llovd W. Rconey, Cereal Quality Lab, Soil & Crop Sciences Dept.,
College Station,

Project Objectives: Brief St_tement

1) Determine how sorghums are processed and consumed in traditional viilage foods
and evaluate tne grain cnaracteristics that affect quality for traditional
products.

2) Develap simple, practical lab methods fcr use in breeding programs to assess
important grain quality characteristics.,

3) Determine physical, chemical and structural factors that affect the food and
nutritional quality of sorcnum and seek ways of modifying the properties or
improving retnods of processing.

4) Detecrmine factors that affect resistance to grain molds and devise lab pro-
cedures to cetect genotypes with resistance.

Goai: The ultimate goal of this project is to define the quality attributes of
sorghum for use in the major food products in which sorghum is used. The products
emphasized in our lab are tortillas and 70 made with acid, alkali and neutral cook-
ing conditions. We have done research on ogi, roti and rice-like products in the
past. However, we are concentrating our efforts because other labs are interested
in rotis. Once the attributes are defined, simple tests can be devised to use in
selecting for sorghums with required properties. A wide array of simple tests
will probanly be reguired. Finally, when an advanced line looks promising, the
final test will be to confirm that it has high quality by conducting local cook-
ing trials in villages. As for all cereals, the final quality test must be actual
product testing by the consumer. .

The wise use of simple prediction tests to evaluate and screen breeding mater-
ial will increcase tne efficiency of the eantire crop program and should oreclude
development of ponr quality sorghums. Thus, Drs, Pattanayak and Scheuring in Haute
Volta and ali will not nced to conduct cooking trials to evaluate breeding material

Another goal is to develop an understending of sorghuw quality sc that its
nutritional value and organoleptic properties can be improved by breecing or by
use of improved, practical processing metnods.

Determination and fvaluation of Traditional itethods of Producina Savghum Foods

(Objective 1) Field 1nvestigations in Mati and H. Volta, travel to India and
Mexico and participation in Inicrnetional Sorghum food Quality Trials have led to
a much better understanding of the attributes of sorghum that may be important in
production of various sorghum foods. The specific knowledge of detailed viilsge
processes has led to mare effective utilization of graduate students and students
wives to develap standardized lab procodures for various kinds of 10 - acid, alkald
and neutra', tortillas and 091,

The Interaational Zaad Quelity Trials wire developed in 1970 by iCRISAT with

our halp to f:nd a wey o dotortine how arnin attributer diffor for the mar
f00d products. Thu%, Swuples 0f grevn qroan an the raby at JCRILAT were wert by
Dr. 0.S. Murty to 3 zo 1C ¢ollavorators for evaluation, analywet, cte., Ly cach

collaborator for the product fndiguncus Lo thetr country. The uie of a coution set p
of samples pertts 3 better definttion of quelity attributes for gqiven praducts, ,‘ L
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For example, sorghums that produce good rotis will probably produce excellent
tortillas, also. Information on sorghum 70 m de with acid and alkali suggests

the quality of sorghum differs Tor acid and a kali TO. Another bLenefit from

this study is that peronnel around the world 'iave gained experience in attempt-
ing to standardize methods. Thus, the data being collected in 1980 will be more
accurate and more useful. Our role in the tests has been to serve as one otV the
collaborators and to assist in the design and analysis of the data. Collaborators

ar€:  COLLABORATORS FO0D_PRODUCTS COUNTRY
A. lreugas Evaristo Tortillas Mexico
and V. Guiragossian
J. Scheuring Tg (alkaline) Mali
S. Da and C. Pattanayak To (acid) Haute Volta
S. Mukuru Ugali Tanzania
M. Bolling Bogabe Botswana
B. Gebrekidan Injera Ethiopia
H. Perten and S. Badi Kisra Sudan
D. Murty and Roti, ugi and ugali India
R. Jambunathan
L. Rooney T8, tortillas u.sS.
Tortillas

Procedures: Micro (509 samples) and macro (100 and 1000g samples) procedures
for preparation of corn and sorghum tortillas have been standardized and applied
to sorghum samples representing widely different germ plasm with emphasic on
sorghums with a white or colorless pe: icarp, without a testa and with a low in-
cidence of staining from glumes. Tortilla color is the first limitation prevent-
ing sorghum use in tortillas. Other factors exist, but color dominates. Sorghums
with colored pericarp are undesirable for tortilla production. Variatior among
the white sorghums is great with the native sorghums of Central America, producing
the lightest colored tortillas. Some experimental lines look good in tortillas.
Environmental conditions during grain maturation and prior to harvest affect color
of tortillas made from white sorghums drastically. Weathered sorghum gives off-
colored tortillas, ’

Cooking time and dry matter losses: The cooking time of sorghum varieties
varies depending upon kernel texture (related to hardness), water absorption and
other unidentified factors. Floury sorghums require less cooking time while
corneous sorghums require the most. Sorghum requires less alkali, shorter cook-
ing and steeping times than corn and dry matter losses during optimum cooking
and steeping of corn and sorghum are the same, [n some experiments, a citric
acid wash reduced the pt of the sorghum nixtanal and reduced the color of the
tortillas. Use of steel grinders increascs color drastically probably because
of polyphenol-iron complex formation, Methods to measure color, .exture and
keeping properties of tortillas have been developed to provide objective tech-
niques to use in determnining the factors affecting tortilla production.

Simple preciction methods: An alkali test has been developed and used to
select wnite kernels of sorghum with the least color,  Several kernels of sorghum
are placed 1n standard alxalr for two hours and the color of the kerael and solu-
tion 15 subjectively rated on a 1-4 basis in comparison witn standard samples,
The test nas been used 1n screening the food gratn populatton, It. real value
must still be determined, but 1t appears to he a better than usual evaluation of
the grain,

An evtrusion cell has been built for use witn the Instron to permit measure-
ment of the Lecture of cooked sorghun,  This method can be used to reasure the
optitma cooning time of sorghums. The methed has been used Lo measure the tex-
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ture of 85 sorghum samples cooked and soaked under a fixed procedure to provide
a data basc for devglop1ng a procedure to predict optimum cooking time.

Water absorption, increase in cooked kernel weiéht and cooking of a few
kernels in dilute alkali are tests of potential value.

Corn-sorghun blends: Blends of masa frem U.S. commercial white sorghum
hybrids and white corn were found to produce acceptable tortillas up to 40%
sorghum - 603 corn ratios. All of our comparisons have been with white corn.
When yellow coirn is the standard, much higher levels of sorghum can be incor-
porated. These findings have been documented by Dr. Ireugas, INIA, Mexico City.

Simple processing innovations: Sorghums that have been pearled to renove
the pericarp can be made into high quality tortillas that compare with white
corn, Even commercial <orghums produce tortillas of edible quality. Blends of
pearled sorghum and corn produce highly acceptable tortillas. ' .

6round, micronized pearled corghum has teen used as a substitute and in
blends with Masa Harina (an instant dry masa), Up to 30% of ground micronized
sorgnum (from a comnercial red soryhum hybrid) was acceptable, Larger quantities
of a white sorghum could be used.

Improved varicties and better processing techniques: The combination of
better sorghum varieties with simple processing techniques to improve sorghum
and sarghuni-corn tortillas could lead to a better acceptance of sorghum as
humen food in Central America. This concept should be evaluated in village
;rials. The social and physicological factors affecting use of sorghum are major
actors.

Collaboration: Collaboraticn between cur efforts and Or. Ireugas' lab in
Mexico has been initiated., Samples of grain grown by Dr. Guiragossian, ICRISAT,
Mexico haveé been obtained. OCr, Futrell, Mississippi State University, wants to
conduct field research in Central America which could permit trials to evaluate
acceptability of improved sorghum tortillas, Two graduate students from Mexico
have significantly aided our research on tortillas. Samples of sorghum and in-
formation have been exchanged with Honduras and Guatemala., I have been dis-
appointed with our inability to develop strong linkages in Central America.

T8 (Stiff Porridge Food)

Semi-micro and mecro methods: Laboratory millin? procedures for producing
T8 flour and for cooking T6 in acid, alkali or ncutral pH have been standard-
{zed. The laboratory millin? procedure uses an inexpensive barley pearler to
dehull the grain., The dehulled kernels are ground in a laboratory mill to
produce flour. The procedures were developed to give yields of product with
specifications as close as possible to those obtained by traditional hand
pounding procedures, Grain samples obtained from Haute Volta and Mali were
used to develop the milling procedures in our lab, Our products were comgared
directly to milled products from the same grains (sublots) that were tradition-
ally milled fn Mali and H. Volta.

These lab mcthods are being used to cvaluate subsamples of grain from the
West African ICRISAT trials wnich have been evaluated by Dr. Scheuring. Tius,
grain of Known quality can be compared using our methods.

Basic studics: Promising mothods to determine propertins of T0 include
the Instron, a penutrometer and 3 stichiness test using an old doublae pan Lalance.
We are cvaluating soveral gel spread testss o sproad test developed by Murty
(ICR1SAT) louks promising, Amylose content docs not axplain the differer =% in
T8 quality umony sorghums, Dotailed characterization of starch and cndospern
froctions continues to determing vy sorghums difter fn 70 making propertics.
\
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Storage time, teaperature and pH of the 16 arfects keeping properties of T§.
Flour age may affect TG quality also as we]l as the environmental conditions
under which the grain matures. Studies continue to sort out 50+ of these
contradictory findings. -

Nutritional value of To: The "in vitro" starch and protein digestibility
of 70 made witn acid, alkali and neutral pH were not significantly different
from eacn other for both freeze dried and oven dried Té's. The digestibility
of starch and protein was greatly increased by the To preparation procedures
compared to the Tlour. A multiple enzyme technique will be used to determine
the effects of methed of To preparaticn on sorghums with low, medium and high
tannin. The effect of 76 preparation on phytin content will be measured.

cffect of kernel characteristics on T6: Sorghum varieties with good and
poor To quality have been crossed, increased and progeny will be evaluated using
the micro lab To prucecure. The crosses have been made to permit cvaluation of
pericarp color, plant color, and other characteristics.

dutritional Value

The in vitro digestibility cf scrghums vith waxy and nonwa.y endosperm
Laken from segregating porulations and sister lines indicated that waxy had
significantly imuroved starch digestibility and slightly better protein digest-
ibility. However, the wary sorghums had lower kernel weight than the nonwaxy
sorghums. For 15 comparisons between waxy and nonwaxy, three waxy sorghums had
higher starch and protein digestibility values than the nonwaxy counterpart
with equzl kernel weights. 1t may be possible if this is truc to find sorghums
with improved digestibility. However, it may prove an uphill battle because they
probably will te highly susceptible to molds.

Swine feeding trials conducted by Tanksley and co-worke:rs; in vitro, in vivo
digestibility trials; light and SEM data obtained in our lab nave all confirmed
that waxy sorghums are more digestible than nonwaxy sorghums. These findings
are interesting in light of recent reports by Graham and Macl.can concerning the
poor digestibility of sorghums for ciildren. The food processing properties of
waxy sorghums riake undesirable tortilla, rotis, ogi and T6. They might be pre-
ferred in China.

In vitro protein digestibility measured by two methods ranked sorghums with
red and white pericarps without a testa highest, those with a testa (B)-B2-ss) were
slightly lower wnile those witn a testa and spreader (B1-B2-S-) were lowest. Con-
siderable variahility existed within each group. For example, some sorgnums with
a testa have values equal to those without a testa.

Kernel Structure, lold 3nd Yeatherinn Resistance

Light and fluorescence microscopy has helped to determiine the location of
low molecular weight phenols in sorgnum kernels with various genes for pericarp
color. The type and quantity of the pnenols will be related to mold and wcather-
ing resistance. Or, Jon Faubion, new Assistant Professor in the Cereal Quality
Lab, will lead tnis effort,

i
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