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PROJECT SUMMARY

A. PROJECT SUMMARY

1. Statistical 32}

Project Title: Development of Improved Sorghum -
Physiology of Yield and Stress
Reaction

New or Txtension: Extension for 3 years

Contractor: University of Nebrasksa

Principal Investigator: Dr. Jerry Eastin

Duration: February 11, 1977 - February 10, 1980

Total Estimated Cost: $604,000

Funding by Fiscal Years: FY 77 ~ $182,000

o

FY 78 - $211,000
FY 79 - $211,000

Prior Funding: Life-of-project ~ $295,000
(FY 76 - 135,000)
Project Manager: Earl R. Leng, TA/AGR/CP

. Narrative Summary

This 1s a proposal to extend research in sorghum physiology, parti-
cularly in relation to yield and stress tolerance, which is presently
being conducted at the University of Nebraska under a centrally-
funded contract, AID-ta-c-1068. The work will be conducted in closge
collaboration with other centrally~funded contract research at

Texas A&M and Purdue universities, as well as with ICRISAT and other
international centers where sorghum is a major object of research.

The current project and preceding work funded by other sgsources have
been successful in developing a better understanding of basic
physiological processes in sorghum, their relation to yield and
stress tolerance, and the possibilities of genetic manipulation to
improve performance of breeding stocks. With further work, it

is anticipated that this information can be put to practical use
for the dcvelopment of varieties, lines, and populations adapted to
cultivation in DCs where sorghum is a r.-jor food grain crop.
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This iz a propoesal to extend vasoarch in sorghum plhvsiclogy, parti-
cularly in relation te viedd and otress tolersnce, widlech is prasent
beine conducted at the Undversity of sha undaer a centrallwve-
funded contract, ATD-to-c--i202,  Tha v will be conducted in close
collebavntion with othor contyille fu contract reseavch at
Texas AN and Purdue undversicios, as well as with ICRLSAT end othor
internation2l centers vheve sooghum s g najor object of researcih,
The cuvrent preject Aand precedicg work funded by other sources have
been successiul in devoeloping octer undervstanding of baslic
physiolomical processes in soxpghum, their relation to yield and
stress tolerance, and the pe ivies ol genetic manipulation to
improve perfoermance of byresainy stochs., With FUITN;I worls, it

is anticipated that this informetion can be put to practical use
for the developmeut of vnrlctlcs, liner, and popnletions ndapted to

cultivation in DCs where

sorghum is a majo

r food grain crop.
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The Nebraska group. 1s recognized worldwide as leaders in this aspect
of sorghum research, and their assistance and counsel are sought

by sorghum investigators in both developed and developing countries.
In particular, research workers at ICRISAT and ALAD, as well as at
other imstitutions conducting sorghum improvement, have reported

the Nebraska findings to be of significant assistance to their
breeding and cultural practice programs, and have strongly urged
continuatiou and intensification of the physiological studies.

B. RESEARCH PURPOSE AND OBJECTIVES

1.

2.

Purposq

The overall purpese of this and related projects is to make avail-
able to developing countries high~yielding, nutritious varietics
of sorphum with multiple resistance to environmental stresses and
diseuses and insects, together with improved practices for their
cultivation,

Objectives

The major ebijcctives of the proposcd nrofcet ave:

Objcetive 1. Investigate the noture of plant stress avoidance and
tolerance nechanicms, develep screening techuniques and
select genctypes vhich may contribute to the develop~
ment of sorchums wvith increased heat, drought, and
cold tolerznce.

Objective 2, pPetermine the tillaze and production methods best suited
e 4 Gt e g ot e e ey . .
for producing high vields with the low energy input
under varying environnmental conditions,

Objective 3. Investigate genotype differences and inheritance for
mineral nutyient uptake and utilization efficiencies
under mincral stresses and different cultural
practices., Also study effects of mineral nutrients
on heat, drought, and cold tolerances, other plhysio-
logical properties, and plant quality and yield,

Objective 4, Develop and cvaluate breeding techniques, especially
recurrent selection procedures applied to artificially
induced random mating populations. Apply these
approaches to increase yield, insect and discase
resistance, grain quality, mineral uptake efficiency,
and stress tolerance,
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Objective 5, Investigate the influence of pests and pathogens on

essential physiological processes in sorghum and
attempt to elucidate the plant reaction mechanisnms
operative in plant resistance and tolerance,

Objective 6. Develop and strengthen linkages with developing

country agencies, international and regilonal centers,
and developed country institutions carrying out
sorghum improvement programs aimed at DC needs.

SIGNIFICANCE AND RATIONALLE FOR THE RESEARCH

1.

The Developuient Froblem

Soxghum is ore of the four most important cereal food grains (along
with rice, vheat, and maize). It is particularly significant as

a supplicr cf hunman foeod dn sub-Saliovan Africa, parts of the Near
Fast, the Indian subcontirent, and certain lew rainfall areas din
Latin Amcrica. Vherever sorghum is a mojor cron, environmentol
stress 1s a normal fecture of f’owiﬁﬁ conditions, and tolerance to
stress ig important for the successful cuvltivation of the crop.

Investigations on thoe physiology of vield and stress telerance
now irdicate that brecding for hich perfermance undeir stress is
feagible, It wenains Lo furthern deiine the physiolegical pro-
cesses and paraceters, to work out deteils of breeding proccdures
and cultural practices suiteble to improve sorghum for LC uce,
and to put this knowlcdse to practical use by producing and dis-
tributing breading stocks vhich w1ll 2 directly usable under

DC conditions,

This coutract project is part of a ccntrally-~funded A.I.D. progran
intended to make improved sorghun varieties available to
farmers in DCs

Knowledge reparding these processes ond their effects on yield has
advanced considerably in the past few years, with the Nebrasha
research grouv playing a key role in these advances. It hos been
found that sced number is a particularly sensitive yield component
to environmcantal effects, and also that seed size is an important
manifestation of stress veaction. Under growing conditions usually
encountered by sorghum, the number of seeds produced is nowhere
near the potential maxinum, and seed size seldom attains more than
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seventy-five per cent of its potential, Clearly, if either or
both components can be affected by selection for stress
tolerance, there is a ready potential for genetic improvement
in expected yield level,

Screening techniques for quick mcasure of stress reaction and
tolerance have been partially developed. Perfection of these
methods would facilitate the development of improved varieties,
lines, and populations, if they were applied to practical
breeding propgranms,

D. LINKAGE AND UTTLIZATION DPLANS

1. International Regearch Centers ond MNetwvorks

The curroeni nroject :1r:ﬁ13 Las established linkapes and close
professional ties will RISAT, 2and had similar linkoses with

ALAD until opcrations of the lottor organization vere disrupted

by civil str'“n in snon. 10 the newr arid lands centor (ICATDA)
becnmes opoerati wilar ties will bLe
developed Le Undvere ino partner
in the international sorrhus ren aoad yorulavly
cnchany . Lo Gl wioh

other wmen! as woprojecs recorniaed
throuphent tha “On‘(l’ a5 rhc mejor source of strengih din
physiolozy of yield and stress reaction,

in o wey

Y

2. Develoninn Country bobional are

During thoe controct extension peoricd, cfforts will he made to
strengthen direct involvement and contact with selected sorghum
rescarch agencies in developing countrics. The propoced SAFGRAD
project iu sub-Saharan Atrica is cupected to provide a vehicle
through vhich closer contact with sorghum rescearch workers in

these countiies cau be developad. ICRISAT and TITA, as expected
major SATGRAD contractors, will zlso be involved in developing.
these relationships. liebraska con p1ov1de A very cffective :

research baclkstop in physiology ond related topies for these
programs.

vy

3. Other Centrally-funded A.I.D., Activities with U. &. Institutiens

Very close working assoclation has been established between the
current project and ceutrally-funded research programs in
sorghum at Texas AdH and Pursue Universities, There is a free
exchange of research infermatien, techaiques, and seed stecks,
which is expected to continue and strengthen during the ex-
tension period. Similar relations have been developed with
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Kansas Statc Universily, which is proposing a research program
with pearl millet. Sorghum research workers from these and . other
institutions hold a special sorghum research conference once a
year (in Texas in 1976), and AID-funded contract personnel
regularly meet at least once a year (twice in 1975) to discuss
matters of mutual interest.

4, Utilizotion Plans

The current system of disseminating rescarch findings through
publications and reports scems rationel and adequate. 'Thié
system utilizes established information centers, par;iculﬁply
those of ICRISAT and other international and regional apencies,
to disseminate information and zeed materinls to country pro-
grams. Reports alsce are dissceminated directly through A.TL.D.
channels,

MANAGEINTHT COXSTDIERATIONS

No unuzunl aancgerent problens are expected to arise in connection
with this project As of the dote of preparing this project
statemert, nearly Ve experience with the presewt contractor's
operaticns of the existing projoct have shewm high teehnical copa-
city, efficicnt aduindiatration, ond euxcellent coopervation with AJLD.
technicel wnd nostall,  Since the preject extonsion cone
tenplatoes retention of the same principnl dnvestigator and adnini-
strative arrengements, it is presumed thot thig cercelliznt performancs
will continue.

™

The project will be evalunted in detail by a review and evaluation
team during the first year of the contract cxmtonsion, probably during
the growing scason of 1977, This evalustion will be conducted by
site visit and will include qualified outside concultants., In
additicn, the project will be administratively reviewed ecach year,
and will be under frequent review by the project manager.

This will be a sole-scurce procuremcut contract, since the project
will be an extension of ongoine activities and since the present
contractor has not conly shown excellent pecformance, but has pre-
dominant capability in the field of sorghum physiology.

Personnel inputs frem the Uni-ovsity of Nebraska and affiliated
USDA-ARS staff, funded from ¢ urces other than the A.IL.D. contract,
are estimated at nincty-eight worker months/year of professionals
and seventy-two worker months/year subprofessionals and clerical,
In addition, scveral graduate research assistants, not funded by
the A.I.D. contract, will be involved in project operations,
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F. PROJECT BACKGROUND DESCRIPTION

1. General Backoround

Sorghum ranks among the four most important cereals (along with
wvheat, rice, and corn) as & human food source. Sorghum is
particularly important in developing nations where environmental
stresses often severely limit crop growth one or more times during
the scason, Much of the new land which will be brought into pro-
duction in the next 20 years will be in limiting environments
(soil and aerial), Relatively little is known about how to
effectively screen for desirable environmental stress reactions

in sorghum,

In the work uvnder AL, D. Contract ta=-c-1068, and in earlier work
funded by the Poclhefeller Youndaticin, the major objective hasz been

to study the eoffect ol environwental paremcters (particularly

stressg) on escential physiolegical ard developmental processes

as they dictate the seed number and cd size components of yield.
Two cnvivonncital stresses of chict interest ave temperature

extrenes and veter deficits.  Anctic v area of intevest includes

soll nutrient deflicicneies or tounicities which bear on the cificiency

A e iy me RO e o mm,
i L 2100, Hineral

G avheeauent ucilizetion by
toxicitics arc especially promirent in some ot tpe now tropical
areas being breupht dnteo cultivaticen., Also insccts and pathogens
must be recognired es livditing components of the environment,
—— They dmpose limiting drainsg to attaining high efficicney in
essentiol phyciolcgic procesces vhich dictate yield,

of nutricnt vonr

Culiural practice changes are ucaful if they iwprove the trater,
nuttient, and i erature environments which in turn increase
biological efficicncy and water use cificiency., Proposed cultural
rescarch is clezely associated with phyvsiological process research
and relates to maximizing soll water retention and minimizing
water loss. Succensiul cultural innovations depend heavily on
fitting the right genotype to available resources within a given
environrient.

Plant breeding programns traditionally have been carried out under
relatively optimal conditions to assure full expression of a geno-
type's potential with the assumption that the best genotypes grown
under good conditions will also probably bhe the best under stress
conditions, Reasonable cvidence 1s available to suggest such is
not necessarily true. Therefore, effort should be devoted to
developing stress screening techniques for breeding programs,
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Developing these screening techniques rcquires a good basic,
understanding of environmental stress effects (including pathogens
and insects) on photosynthetic and respiratory mechanisms, synthetic
processes mediating metaholite utilization in all those essential
processes, The overall objective is to better understand the nature
of stress induced effects on essential physiological and develop-
mental processes in oxrder to (a) develop screcning techniques for
efficient genetic manipulation for diverse environments; (b) to
improve cultural practices to conserve water and nutrients; and (c)
to combinc appropriate genetic selections with the best cultural
ractices to siabilize and/or improve biological and water use
efficlencies, A current status report is followed by a more de-
tailed breakdown of these broad objcctives, '

Findinzs ond Accompliclhments to Date

The following statcuent on current stztus (accomplishments in the

past 5 years) ds supplemented by pertinent comments inserted in the
"time~phated detailed vork plans" statement., Comnents so inserted

pernit ecsier evaluntion of dnvestigations plamned in view of past
¥xpoeriments and knowledge gained.

a. Physiolenw Invastic

(1) Trvironmentally induced grain yield losses can frequently
best be analvzed in terne of the geed size and number
components of yield, Usually yield losses result mos
directly from sold number losses, Therefore, a carcful
study of pliant development stapces as they relate to
differentiation of a high geed number has been nade. In-
vestigaticns reveal (a) that the floret differentiation
stage {(about 2 weeks arter panicle initiation) is extremely
sengsitive to stress; (L) that either photosynthesis or ability
to partially aesimilate developing grain in deference to
other plant parts, or both, are primary limiting physiological
processes: (c) that length of the grain filling period
relates to yield capacity and is shortened drastically by
stresses; and (d) that sced size seldom achieves more than
75% of its potential capacity under normal conditions,
Much rescarch is still necded on how to chemically ond gene-~
tically manipulate physiolougical and dependent developmental
processes which limit seed number and sced size. Environ-
mental control facilities being constructed will aid these
efforts greatly as well as efforts in (2) and (3) below.
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(2). Night temperature elevation 9 ¢ above an approximate
optimum reduces grain yield about 25 per cent, A
10°C elevation reduces yield about 50 per cent. Yield
reductions are paralleled by seed number reductions,
These growth chanber results were consistent in both
temperate and cocl tolerant sorghums tested. Similar
testing needs to be done in the field.

These heavy yield rednctions occurred at 22 and 27°C
night temperatures which ordinarily would not be con-
sidered stress tempewvature levels (no water stress).
Obviously temperature influences on yield (by reducing
seed nunber and grain fill period) are meore subtle and
more proncunced than expected., Effort chould be made
to develop a method to tremperature type sorghums in
terms of tropical, temperate or cocl adaptation.

(3) Screening Techniques

(a) A heat test measuring solute lealizpe (by electrical
conduccivityy from lesi discs Ls Leinyg Lesioed o
lines and populations., Tt appears to be useciul in
detecting superior heat tolerant genotypes. Several
genotypes have been feound and distributed to several
developing conntries.,

(b) A similar test for measuring drought tolerance is
being used.

c) Initial evaluation of a field heat test for develop-
ing grain has been completed on one genotype and
shows grain to be most sensitive about 7 to 10 davs
after bloom, Ability to discriminnte amougst gono-
types will be evaluated the next two years,

(d) A cool temperature vigor screening test was conceived
in 1975. The growth chamber test correlates
positively with early spring field emergence, Utility
of the vigor test is being further evaluated this
year in Nebraska (3 locatiens), South Dakota,
Minnesota, and Chapingo, Mexico. A student from
Mexico is conducting the tests,
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(e) A field temperature typing test based on comparative
development rates (heat units required to bloom) at
2 locations (cool and warm) at the same latitude is
being tested and appears encouraging,

(f) A root scrcening technique has been developed and 1is
under test.

(g) A precisce method of determining grain physiological
maturity has been developoed permitting accurate de-
ternination of grain #7111 periced lengthe A popu-
lation has been evalucted and shown to possess con—
siderable variability (37 to 53 days) for grain £ill
pericd. Selcction ic, therefore, possiblce.

ol

([O) Faocontds) i inlovienl Proeso

(a) Heat tolovist soreicoo con carry on photosvnthesis at
coveral d “ooenoore e pivher thon oo widely
acaptsd oo i v e s v hatonynthonls re-

ults « ot pec ey il Cereening rocults

pace) in a

conl too crciure oo b i IR o cent fontor than
In o oo cote ooy D e oot ance tros ) e 200G,
The s Tewi, Teo oo bl becleal el lcioney

QU aoncn Yoeno gt o thon vl PSS UNE AS EIREOIN

ve. RN “
POTSE GPPRATE I SRR AN

deoroe, avn Corcoera e dletanos Tic e,
Theone Yactn el

t
reporte” in o ftea ool vl mection and reint to the

ool ions

Trpore oo o propesiy fltting o renotyvie tooan
environs ol
(¢) Crain 100 poriod corrcloves vonltively with vield,
omulntion

Y
1]
th of grain

Vardabi T ive choshn wiinin a rovidos mated

-

ranped fiom 3 to Do dvdienting leng

f117 cor b a selectlon eviterion.

(d) TInitvinl copleratory experitents show differential
nutricot uptake and +tilinirieon inside the plant,

Plant Froeodine and Jenetics "rueetinnricons

These investisatio have centered on populatien development,
evaluatinn ot ng methods using the populations and
develorment of breeder screeniny rethods for both line and
population improvement approaches.
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(1) The first random mating U.S, populations (NP3R was:the
first) using the male sterile gene were developed at
Nebraska.’

(2) TFour of eight unselected populations, including NP3R,
yielded 90 per cent or more of the average of RS 626
and RS 671 in 1975, NP3R and NP5R have maintained
this average over a four-year period.

(3) The first cycle of improvement using family eva;ﬁation
schemes in the random mating population NP3R ga%g gains
of 4,4, 5.2, and 7.5 per cent respectively, for half-

, 81b, full-sib, and Sy progeny tcsting.

(4) 87 progeny testing has been used successfully for
evaluating and recombining grecnbug resictant families
resulting in the populations RPIR and RP2B recently
releasead,

(5) Populations are currently being screened jointly by
physiclogists rnd breeders for heat tolerance, drought
tolersnce, cool tolerance, protein content, length
of grain 111 perisd, and narrow row spacing for solid

stand culture,

G. PROJECT DESIGH ARD EXPAKDED OBJECTIVES

1.

2.

Objective 1. Thirty-five per cent of total effort), Investigate
the naturce of plant stress avoidance and tolerance mechanisms,
develop screening techniques and sclect genotypes which may con-
tribute to thie development of sorghums with increased heat,
drought, and cold tolerance, Genotypce adaptation to the prevail-
ing enviromment is critical and has not received due attention.

While the responses of plants to environmental stresses have Dbeen
studied for centuries, little precoress has been made in defining
specific selection criteria for improved performance under stress
conditions other than by empirical mcans. A knowledge of the
mechanisms that contribute to stress resistance and the inter-~
actions that occur among the stresses should both shorten con-
siderably the breeding process and result in greater stress re-
sistant genotypes.,

Objective 2. (Ten per cent of total cffort). Determine the
tillage and production methods best suited for producing high
yields with low energy inputs under varying environmental
conditions.
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Improved technology and changing environmental and economic events
generally result in a need to change ¢onventional cultural
practices. Results suggest that reduced tillage and bedding
systems require less energy input,whilﬁ_§£iii:§§z§§§§ﬁiﬁg or even
increasing yields. Altcrations in temperature and moisture
regimes are the primary effects. These strongly influence up-
take and utilization of mineral elemerts., Therefore, work pro-
posed in that area is important.

Nitrogen is particularly limiting in many dcveloping areas.
Cultural practices such as crop retation which include a grain
legume may help alleviate the nitrogen problem and provide a high
protein humzn food supplement at the same time. Altering light,
temperature, and moisture regimes in a given climate may also
best be fitted by specific morpholopgical types. Such aspects as
erect leaves and profuse root systems need to bhe more closely
evaluated under different cultural conditions,

Ohiective 3. ('l'en per cent of total effort). Investigate geno-

differences and inberitiance Lor mineral nutvrient uptake and utili-
zation efficiencies under mineral stresses and different cultural
practices, Also study cffects ol minceral nutrients on heat,
drovoht, and cold tolacances, ctiher phiysiolaogical properties, and
plant quality and yield.

Improved and expended crop production will require the coutinued
use of fertilizer nutricnts in eavirvoenmnentally stressed areas,
disturbed, or marginal lands, HMinernl nutrient scarcities and
high costs may limit the amounts used, thus improved plant effi-
cicney for mineval nutrient utilization becones important, if not
imperative, for continued high crop production., lHMany cnvironmentally
stressed, disturbad, or marginal lands have serious mineral element
problems and will require plants that are more adapted to these
inherent or imposed stress conditions, New cultural practices will
likely alter mineral nutrient availabilities and utilization, thus
imposing mineral nutrient problens on plants. Scretimes soils
have more than adequatce amounts of nutrients present in the soil,
but these arc not available for plant use. Problems of plant
nutrition have generally been approached by fertilizer application
or soil amendments, or forcing alrcady developed lines into exist-
ing soil or cultural conditions, to correct or eliminate mineral
nutrient problems. These approaches may not succeed or be
economically practical in the future. One method to help solve

or overcome some of these problems may be to capitalize on the
ability of plants to differentially use mineral nutrients and to
grow well under adverse or altered mineral conditions.
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Studies have shown that wide diversities exist in plant genotypes
for mineral nutrient uptake and use. Large differences in
tolerances cto toxic elements and wide adaptations to problem soils
or cultural practices are also knuwn, Taking advantage of these
diffevcnces and breeding plants with greater efficiency for
mineral uptake and use, better ability to use less available sources
of nutrients, and greater adaptability to grow under adverse

soil conditions or cultural practices have great potential.
Mineral nutricrts are also known to be associated with or to alter
tolerances of plents to physiological properties, quality,'and
yield. These approaches hold reasonable promise of helping solve
mineral nutrition prollems ac we acquire a better understanding

of the bearing of mineral deficiencies or toxicities on essential
physiological processes.

4, Objective 4. (Twenty-five percent of total effort), Develop and
evaluate brecding technicues, especially recurrent selection pro-
cedures applied to arty iciclly induced randem mating populations.
Apply these approaches to increase yield, insect and disease re-
sistance, grain quality, mineral uptake efficiency, and stress
tolerance,

Several oviginul ungslectad porniatinns are knowvn to yield 85-80% -
of some gocd adapted Ty bybridss Rever, wore recantly developed
populations nay exceeca this and present relatively favorable talke-
off points for recurront selection. Two eyeles of family sclection
with NP3R have denonstrated significant yield poins each cvele with
an indication that full-cib femily testing and $ progeny testing
are slightly more efficient than haiv-sib family testing. S5
progeny testing and subscquent recombinations have been usad
successfully to develov preenbug vesistant populations and to
isolate and concentrate cornborer resistance, fass selection has
made only emall goins in increasing grain protein; family schemes
should be morc successful., Population breeding is particularly
advantageous for the IICs in that large amounts of materizal can be
handled with low skilled laboxr, little hand crossing is required
(except for wmaking full-sib families), natural crossing in broad
based populations should result in fortuitous gencetic recombina-
tions adapted to any cenvironment, and line breeding can be initiated
easily at any stage or cycle of the program.

5. Objective 5. (Ten per cent of total effect). Investigate the
influence of pests and pathogens on essential physiological pro-
cesses in sorghum and attempt to elucidate the plant reaction
mechanisms operative in plant resistance and tolerance.
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‘Two of the ways pests and pathogens effect economic losses are (1)
by the production of toxins and (2) by draining off assimlilates
‘ordlnarily used to produce grain. Resistant lines to some pests
and pathogens are available for use to investigate the plant
reaction mechanisms operative in plant resistance and tolerance,
Identificatior of mechanisms and host-pest or —~pathogen inter-
actlions may be advantageous for developing screening techniques
and/or cultural changes needed to minimize economic loss.

6. Objective 6. (Ten per cent of total effort). Develop and
strengtlien linkages with developing country agencies, international
and regional centers, and developed country institutions carry-
ing out sorghum improvement programs aimed at DC needs.

TIME PUASED DETAILED WORK PLANS
1, Objective 1

a, Investigace genotype differences in response to water stress
at different stages of development. Greenhouse and growth
chamber pot studies indicate sorghum is the most sensitive
to damage during about a 2 week period from =tigma and stamen
differentinticn to bleom. Field results are necded where
root systoauws gre more normal to supplement grecnbouse and
chamber results,

(1) 1977. A number of genotypes will be planted in a rain-
out shelter plot where water stress can be controlled,

(2) 1977, Attempt to devise a field screening technique at
the Tryon, Hebraska Sandbhiills Station. Plants will be
growvn in the sancy soil (essentially hydroponics) and
wvater withheld periodically to screen for drought re-
sigtance at various developmental stages. The Sand-
hills stotion is at an elevation where rights are quite
cool, Arrangeneuts for a similar test at a warmer site
are being explored for 1978,

(3) 1978, TField selections will be grown hydroponically and
stress controlled with polyethylene solutions. Specific
studies will be made on the effects on photosynthesis,
stomatal response, yield and yield components at different
stages of stress.

(4) 1979. Continue study of stage of development where
limited irrigation will be most effective,
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(5) 1977, 78. Determine the degree of water stress whigh
generally stops sorghum coleoptile elongation or growth
and attempt to devise a screening tool to find genotypes
capable of growth at high water stress.

(6) 1977, Considerable greenhousé work is in progress
on evaluating the status of carbohydrate reserves in
sorghum before grain filling and after grain filling
commences under optimal and stress conditions. Use
common sorghum genotypes to investigate carbohydrate
(assimilate) accumulation and movement from stalls
to other plant parts in normal soil volumes as wdter
.1s withheld, Relate assimilate movement to root .
activity studies and grain filling problems mentioned
in 4 below,

(7) 1977, Study carbohyvdrate formation, transformations,
and patterns of accumulation in stalks of lodging
resistant and susceptible types.

. 1978, DBased on first year's interpretations, centinue
the study similarly and add substudies as necessary
depending on results from 1977,

1979, Continue as in 1978,

b Investigate the e fects of both prolongud and short term high
temperature stress on photosynthesis, respiration, and sub-
sequent growth and seed development,

(1) 1977, Short term stress will be imposed in growth chamber
and greenhouse experinents, Photosynthesis and respira-
tion will be measured before and after the stress.

(2) ,1978. [Lffects of longer term stress will be studied by
<« use of rain-out shelters.,

(3) 1979. Screen for stability of photosynthesis to stress,

(4) 1977, 1978. Screen for ability for cell elongation
(growth) under high temperatures,

(5) 1977. 1Initial results of a field heat screening test for
-sensitivity to heat in developing grain warrant further
- evaluation. Grain appears most sensitive to damage about
7 to 10 days after bloom. Comparisons will be made on
sensitivity to damage using the head heat test and the
leaf conductivity method,
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1978, Comparative tests for a second field season are
anticipated with a test possibly also being conducted
at ICRISAT if 1977 results are encouraging,

Measure and select for genotypes with high water use efficiency
(unit dry matter or grain produced per unit water consumed),

(1)

(2)

(3)

1977. Develop technique of selection in growth chamber
and greenhouse studies.

1978. Screen large numbers of plants by growth in
hydroponic culture,

1979, Test selections under field conditions,

Screen genotypes for possible differences in root development,
size, length and top:root ratios.

(1)

(5)

1977. QRefine technique of growing plants in slender
cylinders for root observations and measurements.

<1978, Scrcen and select plants with large reot systems,

1979, Test seclectiows In the field.

1978, Attempt to sce how root volume and bulk relates to
root activity at different developmental stages. Green—
house studies have shown that a large root of one geno-
type was not necessarily a more active root than a smaller
roo*~ from another genotype when grain filling began.

Dif. wrent genotypes partition assimilates to roots and
expanding panicles differently when stress occurs. In-
vestigate comparative root function in larger soil

volumes and hydroponics using 14¢ tracer to see if re-
sults agree with greenhouse pot experiments. These
investigations relate closely to 2e above. .
1979. Continue assimilate partitioning experiments and
attempt to influence root function with different chewmicals
especially during grain filling as it relates to length

of the grain f£illing period and grain yield,

Investigate effects of 'high temperatures on nitrate reductase.

(1)

1977. Make limited measurements on plants at about 3
weeks of age after recelving one heat stress treatment,
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(2) 1978. Characterize growth habit at prolonged high ..
temperature exposure. Start screening genotypes for
stability of nitrate reductase to high temperaturess,

(3) Continue screening.

Screen populations for high cellﬁlar tolerance to heat and
desiccation by the electrical conductivity method with leaf

discs.

(1) 1977. Partial screening of one or two populations,
Screen random selections of a base population rapdom mated
in Nebraska and in Arizona to see if heat tolerance is
greaLer in the Arizona population.

1978. Screen selections from 1977, Start scrcening
other populations,

1979. Use selections for making hybrids., Continue test-
ing and selecting,

(2) 1977. Attempt to correlate the leaf disc conductivity
"test with the head heat test in Z2e.

Investipate specific mechaniems for plant hardening to drought
and heat stress,

(1) 1977, Measures changes in osmotic potentials or a
possible hardening mechanism when exposed to stress,

(2) 1978, Investigate changes in lipids associated with
stress conditions,

(3) 1979. Continue studies based on information obtained
FYs 1977 and 78.

Evaluate temperature influence on biological efficiency and
water use efficiency,

(1) 1978, 79. DPlacing the right genotype in the right temper=-
ature environment appzars critical based on growth room
experiments., About a 25 per cent yield loss results from
elevating night temperature 5°C above optimal for temperate
and cool tolerant genotypes. A 10°C rise reduces yield
50 per cent or more. Test the effect of elevated temper-
atures on yield of tropical genotypes suitable for low
altitude subtropical areas. Controlled environment
facilities under construction will be used for this work.
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(2) 1977, 1978, 1979. (a) Cool temperature selections (as for
high altitudes in Ethiopia, étc.) have been shown to have
about 25 per cent faster metabolic screening techniques
by using the same latitude but different altitudes,

(b) Continue testing a combination field-laboratory germina-
tion early growth test to evaluate cool tolerance,

(c) Heat test cool tolerant materials available since the
high altitude ccol tropical areas frequently have hot
days.

(d) Characterize metabolic peculiarities of existing cool
temperature materials to try to determine mechanisus
responsible for cool tolerance., This may help devise
better screening procedurcs for use at ICRISAT, other
international centers and in DCs,

(e) Exchange cool tolerant germplasm with interested parties
in cooperating institutions,

(3) 1978, 1979. Determine the influence of temperature on
wvater uso afficiercy,. Two faciors are involved. First,
elevated temperatures cause greater transpiration losses
which will be quantified by using environmental control
facilities being constructed under the current contract.
Sccond, biolegical efficiency decreases beyond a certain
optimal tcmperature level peculiar to the adaptation of
the genotype. The twofold effects of temperature on
water use efficiency will be quantified in order to
determine (a) how critical appropriate adaptation is for an
areca (i.e., what kinds of gains can be expected from
proper adaptation) and (b) what the range of reaction
among genotypes might be in order to make a reasonable
guess on whether or not differcnces can be manipulated
genetically to advantage.

Initiate both field and laboratory heat x water stress inter-
action studies all 3 years as facility construction permits,

2. Objective 2

ae

Compare minimum till bedding with normal surface planting
utilizing corn and sorghum for comparative purposes.

1977. Complete a2 3 year sorghum test and the second year of
a corn test.
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1978, Complete the third year of a corn test and summarize
all data for publication.

b. Study normal and minimal tillage alternatives coupled with
different planting methods under dryland conditions,

1977. Continue yield comparisons of several minimum till
operations with normal surface cultivation and planting,.

1978, Partially monitor water status in addition to yield in
selected treatments.

1979, Continue 1978 and 1979 experiments, summarize, and
interpret data,

c. Compare sorghum yields in a grain legume (soybean) rotation
to conventionally fertilized sorghum with respect to nitrogen
utilization,

1977. Continue the third cycle of a five-year study to deter-
mine and compare soil molsture and nitrogen status along with
grain yield.

1978. If yield and nitrogen utilization results in th: soybean-
sorgnum rotation appear ravorable, trials with other grain
legumes should be initiated in selected DCs.

1979. Continue and terminate the experiment. Interpret and
publish the results, '

d. Determine the influence of ~rect and normal leaf type sorghums
in different stand geometries on light interception and grain
yield. Results thus far indicate a linear relationship between
photosynthetically active radiation and grain yield.

1977. Conclude an investigation using erect leaf hybrids in
different row spacings and spacings within rows,

Ohjective 3

a, FEvaluate and screen sorghum lines and populations for differential
responscs to mineral elements and Al tolerance in soils and
nutrient solutions.

1977. Continue screening and refining screening methods for
differential xesponses to P and Fe by growing plants on problem
soils low in P and Fe.



19

Initiate screenine of sorghum for differential résponsesnto Zn
and Mg in low Zn and Mg soils, '

1978. Initiate screening sorghum for differential Al
tolerance in nutrient solutions (bulk tanks),

Initiate screening sorghum for P and Fe in nutrient solutions
(bulk tanks) and compare soil resuits in order to evaluate
methods and to accelerate and improve methods for screening
for mineral nutrient efficiecncy. (This methodology can and
will be used for testing differential responses of plants to
any element.)

1975. Continue to screen lines and improve on screening
methods,

b. Investigate the inheritance of mineral nutrient utilization
and evaluate these traits when incorporated into hybrids,

1977. Screen lines for mineral efficiency as given in Objective
1 and make some crosses of plants that show differences in P
and Fe,. .

1978. Make crosses of plants showing differential responses
to minevals and teern Sl's macde praviousive.

1979, Continue making crosses and testing for the inheritance
of mineral nutrient utilization traits. Test some lines on
soils known to havec mineral problems,

¢, Investigate mineral element relationships and differentizl re-~
sponses of genotypes to heat, drought, and cold tolerances,
grain protein, yield, and certain physiological and quality
factors.

1977. Continue field studles to relate "mineral use'?
especially N, P, and K) by sorghum genotypes showing different
grain protein contents,

Initiate greenhouse studies on "mineral use" by sorghum genotypes
showing differential heat and drought tolerance,

1978. 1Initiate more detailed studies on relationships of
mineral nutrients and their distribution in several sorghum
lines showing wide variations in grain protein,

8 The term "mineral use" means mineral nntrient uptake, distribution, accu-
mulation, and utilization and in some cases metabolism,
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Continue "mineral use" studies with sorghum showing differential
heat and drought tolerance,

Initlate growth room studies on "mineral use" by sorghum genotypes
showing differential cold tolerance,

1979, Continue detailed studies on significant findings of
mineral nutrient relationships for lines showing variations in
grain protein,

Continue studies on "mineral use" by sorghum showing differential
heat, drought and cold tolerance and initlate studies on the
effects of heat, drought, and cold stress on "mineral use" by
sorghum lines.

Initiate studies on effects of minerals and their use on re-
spiration, photosynthesis, and cther Physiological processes
and on certain quality factors,

Evaluate sorghum genotypes for "mineral use" when grown under
different cultural practices.,

1977. Continue ficld studies on "mineral use" of gorghum growm
witdel L}iff«ri.tf.li i, lljl::j,l\‘:;:.t,;.t‘én

1978, Follow up on significant findings of mulch density effects
on "mineral use".

Initiate studies on effects of different tillage systems, plant~-
ing dates, and maturity date on "mincral use",

1979. Contilnue studies on tillage and agronomic practices
effects on "mineral use".

Follow up on any significant findings from mulching, tillage,
and other practices on "mineral use",

Evaluate sorghum genotypes for root growth in hydroponics and
study relationships- of "mineral use" in roots and various top
parts,

1977. Continue greenhouse studies of sorghum in hydroponicson
"mineral use" by and mineral element effects on root, leaf,
stalk, panicle, and grain growth and yield.

1978. TFollow up on significant findings of mineral effects on
roots and top parts and ve ationships of minerals to the growth
processes of sorghum,
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Initiate studies on the effects of temperature and osmotic con-
centrations . (drought stress) on roots and top part growth and
yield,

1979, Continue studies on the effects of mineral elements on
roots and top part growth and yield and relate these effects

to other physiological processes (respiration, photosynthesis,
translocation, and distribution of metabolites).

Objective 4
a. Yield test base populations.

1977. Test populations NP1BR through NP18B for yield
potential,

1978, Test improved populations of iInterest with certain
clder populations as checks.

1979, Same as 1973; add new populations,
b. Continue recurrent family selection stud§o

1977. Select third cycle S1's in NP3R and NP5R and make
up third cycle half-sib and full-sibh families in NP3R.

1978. Conduct third cycle family yield trials.
1979, Same as 1978 or rccombine selections for fourth cycle,

c. Evaluate families from NP3R brown unselected under dryland
and irrigation for 5 years.

1977. Select 51's from both subpopulations,
1978, Yield test S; families,

1979. Repeat yield test or recombine selected S3's from
each subpopulation,

d. Develop new high protein populations carrying msa.

1977. Select third cycle Sy's from NP7BR and first cycle
Sl's from NP17R and NP183,

1978. Yield test and measure protein in S; families,

1979. Composite and random mate selected families,
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Continue development of drought resistant population.

1977. Make third cycle selections from NP9BR in Arizona
under limited water conditions,

1978, Recombine selected Sl's in Nebraska,
1979, 1Increase and release.

Continue development of high quality yellow endosperm
populations.

1977. Screen §1's from NP12B and NP13R in Kansas for MDMV.
1978. Recombine selected Sy's.

1979. Increase and release,

Develop new high quality greenbug resistant populations.
1977. Cross NP12B x NP14B and NP13R x NP15R,

1978. Random mate and screen for greenbug resistance and
grain qualdity.

1979, Recombine selected families,
Continue developnient of corn borer resistant population.,

1977. Recombine resistant S7's from second cycle screen—
ing of NP11BR in Iowa,

1978, Select new Sy's.
1979. Screen third cycle material in Iowa.
Develop population with multiple insect resistance.

1977. Screen nontesta greenbug resistant Sq's from NP14B
in Iowa for corn borers.

1978, Recombine selected Sl's.

1979, Selected new S1's resistant to both insects.
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J. Evaluate population bred for cold tolerance.
1977. Select Si's from NP16BR.
1978. Screen in laboratory and field.
1979. Recombine selected 51's.

k. Develop populations with improved mineral efficiency
(e.go’ P)-

1977. Perfect techniques for screening large numbers of
families.,

1978, Screen Sj progenies from greenbug resistant and/or
yvellow endosperm populations for mineral efficiency.

1979. Recombine selected families.

5. Objective 5

a. Greenbug investigations. Studies under way have given some
information on content of honeydew produced by greenbug in-
fested plants., Studies involve biolopgical reactions in
sorghum ro excracrs from both honeydew and greenbugs, Lt is
desirable to discover the mechanisms of resistance since
grecenbug biotype changes will in timc undoubtedly render
current resistance sources unuseable,

1977. Conduct experiments to crudely estimate the amount
of assimilate drain caused by greenbug infections. Such
an estimate may be useful in determining whether assimi-
late drain is likely to acecount for some portion of green-
bug damage or whether a toxin may be the primary problem.

1977. Continuc the study of various sorghum biological
reactions to greenbug and honeydew extract compounds which
may be toxins,

1978. Continue mechanism of resistance and/or tolerance
research based on 1977 investigation results.,

b. Develop simple, rapid, and reliable methods for selecting
disease resistant genotypes by using toxic metabolites
produced by fungal and bacterial pathogens,



synthesize toxic metabolites that reproduce a portion or
the complete disease symptoms, (Present evidence indicates
that such toxins are produced by Periconia circinata
(root/crown rot), Helminthosporium turcicum (leaf blight),
Fusarium moniliforme (root/stallk rot), and Pseudomonas

syringae (bacterial leaf spot),)

1978, Develop effective procedures for obtaining relatively
purified toxin 2reparations and for bioassaying the toxins,

toxin and correlate with their disease reaction in the
greenhouse and field, and select potential sources of
resistance.

Determine the critical physiological and biochemical effects
of environmental stresses that predlspose sorghum to diseases
and the consequential effects on activation and growth of
fungal pathogens,

1977. Investigate the ability of soil borne pathogens (e.gc,
Fusarium moni 14 farme ang Macrephoming Phacocli) to survive

and grow under a wide range of water potentials and tempera-

1978, 1979. Examine leaf and stalk tiesye of heat and drought
stressed plants for accumulation of amino acids (e.g.

proline) and for evolution of ethylene; determine the effect
of these responses on germination of Spores and sclerotia

and on growth rate of the fungal pathogens,

Determine the qualitative and quantitative effects of foliar,
root, and stalk diseases on physiological efficiency of the
developing sorghum plant,

1977, Measure the effect of foliar diseases on stomatal
response of, and COy fixation by, diseased tissue,

B
1978. Meas re the effect of root rots on foliar stomatal
response and translocation rates in diseased plants,
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e. Screen random mated populations for disease reaction and
attempt to detect and define the drift in patterns of
_resistance/susceptibility to pathogens,

1977, 78. Inoculate random mated populations under controlled
conditions in the greenhouse with sorghum pathogens (e.g.
Sphacelotheca reiliana, races 1 and 3 (head smut),_ﬂ.

turcicum (leaf blight), Gloeocercospora sorghi (Zonate leaf
spot), Ramulispora sorghi (sooty stripe), etc) and record
frequency and intensity of disease within the populations

as their development progresses,

1979. Continue the above approach and establish the effect
of the random mating process on the change in disease re-
sistance and Susceptibility,

GENERAL APPRAISAL

This project is rated by TA/AGR as being of high priority, and its
extension for three years has been included in TA budget plans and
congressional presentations. The pPresent proposal is sound in design
and the cost estimates aro appropriate to the proposed lewvel of effort.

The ongoing project was reviewed by a team from AID/W and three lead-
ing sorghum research specialists from the commercial industry in
September 1975. Also present were two leading sorghum experts from
international centers. In the review, it was concluded that the
University of Nebraska was the world lecader in rescarch on sorghum
physiology, and the experts from the international centers made parti-
cularly strong positive statements reparding the importance of the
Nebraska research to their development programs aimed directly at

DC problems,

The strength of the Nebraska program was further emphasized in 1976
when the Nebraska legislature voted, and the Regents of the University
accepted, a special budgetary supplement for support of the recognized
"Center of Excellence" in sorghum physiology, led by the Principal
Investigator of the ALD funded project. This financial support insures
the continuation and expansion of the basic research program, to which
the. AID funded project is joined for support of research directed
toward sorghum improvement for the developing countries.

Progress during the Present contract, to date, has been excellent,
and it is anticipated that all contract objectives will have been met
at the conclusion of the alloted time. The extension will permit
further development of basic rescarch in stress physiology and the
control of yield, and should provide a sound basis for applying the
information obtained to practical plant breeding programs with a
focus on the needs of sorghum growing DCs,
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J. ENVIRONMENTAL CONSIDERATIONS
No adverse environmental problems are anticipated from the proposed
renewal of this research project, nor from the adoption of the improved
germplasm and cultural practices, The main thrust of this project is
the elucidation and application of physiological principles to the
improvement of sorghum for DCs.

This activity 1s not deemed a Major Federal Action (Section 1500.6,
CEQ Guideline) because the project will have no significant effects
which adversely affect such aspects of the human environmment as air,
water, land, flora, fauna, or socioeconomic conditions.

The Threshold Decision is negative, constituting a Negative
Determination, because project activities are restricted to controlled
experimentation exclusively for the purpose of research, and as such
the project is confined to small areas which are carefully monitored.




K, CONTRACT LUDGET AND LII'E-CF-PROJECT COST ESTIMATES

. FY 78
W/ $

254 84,000
84 3,U00
84 54,000

8,000
1,000
10,000
25,000
23,000

3,000

$211,000

73,850
21,100
21,100
52,750
21,100
21,100

$211,000

FY 79

90,000
3,500
57,500
8,000
1,000

25,000
23,000
3,000

$211,000

73.850
21,100
21.100
52,750
21,100

21,100

$211,000

Includes 98 W/M professional and 72 W/M subprofessional and clerical noncontract funded

FY 77
-ENPUTS WM $

1. Salaries" 232% 61,000
2, Fringe Benefits 62 2,800
3. Indirect Costs (64.3%) 62 39,200
4, International Travel 7,000
5. Domestic Travel 1,000
6. Equipment 29,000
7. Materials and Supplies 20,000
8. Other Direct Costs##* 20,G00
9. Publications 2,000

Totals by Inputs $182,0006

OUTPUTS

1. Stress Physiology Studies 63,700
2, Production Practices 18,200
3. Mineral Nutrient Studies 18,200
4., Breeding Techniques and Studies 45,500
5. Pest and Pathogen Reaction Studies 18,200
6. Linkages and Utilization 18,200

Totals by Outputs $182,000
*
** Tnclude winter nursery costs

TOTAL LIFE OF
PROSZCT COSTS
$

235,000
9,300
150,700
23,000
3,000
39,000
70,000
66,000

8,000

$604,000

211,400
60,400
60,400

151,000
60,400

60,400

$604,000
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NARRATIVF SUMMARY

OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATION

IVPORTANT ASGUMPTIONS

Program or Sector Goal: Tha broader objective to
which this project contributes:
To increase quantity and nutritional

valu~ ~° food crope in developing
countcici,

1'

Meisures of Gozl Achievement:

Significant increase in per
capita production of major food
crops in DCs,

Improverent in nutritional qualizy
of major DC food crops,

Official production and population
statistics (FAO, Foreign Agri-
cultural Service estimates).
Nutritional quality surveys in DCs.

Assumpticns for schieving goal targers:

1.

DCs will actively attecpt to
expand food crop productionm,
Nutritional quality can be
improved without z=ajor coc-,
straiats on yield.

Project Purpose:

To make available to DCs high yielding,
nutritious varieties of sorghum with
nultiple resistance to moisture and
temparature stressecs, diseases and
insects, together with improved practices
for their cultivaticn,

1.

2,

Conditions that will indicate purpose has been
achieved: End of project status.

New, superior varieties available
to farmers in DCs,

Research and development activit:ed
in sorghum effectively assumed by
DC agencles and international
institutions and linked by com-
munications network,

2.

Publication and reports of LDC
governcental agenczles; on-site in-
spections of sced supply.

On-site inspection and review by
AID/W personnel and consultants,

Assumptions for achieving purpose:

1'

2.

3.

Solutions can be found to
major constraints,
Agriculture extcnsion service
are able and willing to pro=
oote proven p- * ‘as,

DC research uti .. .tions de-
velop adequate capabilities.

Qutputs:

1. Determination of the nature of stress
tolerance and avoidance, and other
physiological traits useful in plant
breeding.

Development of breeding populations
uscful for DCs,

Fatablishment of effective linkages
wvith Iinternation and DC agencies.

2.

3.

ll
2.

3.

Magnitude of Outputs:

Not quantifiable,

At least 2 populations per agro-
climatic region,

Linkages with 2 international
conters and at least 10 DC
institutions,

Reports by contractor.

Reports by contractor, communications
and reports from Missions, inter-
naticnal centers, and DC ianstitutions
Contractor reports, coczunic:itions

from DC.institutions and inter=

national centers.

1.
2,

3.

Assumptions for achieving cutputs:

Research 1s successful.
Research 1s successful and
DCs are interested in
material.

Cooperation by international
centers and DC jinstitutions.

IT?A’KID/H provides fInancial support and
project guidance,

2. Contractor provides qualified per-
sonnel and backsctopping facilities,

3. Particlpating personnel and coopera-

tion provided by 1) DCs, 2) USAIDs,
and 3) international organizations.

2.,

Implementation Target (Type and Quantity)

AID/W funding at approximately
$200,000/ycar,

230-250 worker/months/year tech-
nical personnel; adegquate labora-
tory facilities; 5 or more ac.es
field research area,

Not directly quantifiable,

2,

3'

AID/W records,

Contractor reports, on-site in-
spections,

USAID reports, on-site verification,

Assumptions for providing inputs:

1,

2.

3.

AID/W funding will be avail=~"
able on schedule and in ‘
quantity agreed upon.
Contractor will have B
necessary qualificd personnel :
university facilities will be
available to project.
International crcanizations,
USA1Ds, and DCs will have
personnel and resources to
support. this activiey.
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&. Continuation cf the orghies conversion progrey: siarted DY the
USDA in cooperetion with Vexes A% in 1663,

Concentration will be on that component of the work which deals
with evaluation arnd screening for tropical and subtropical conditions, i.e.,
examining that part of the germplasm which would normally be discarded oy

+S. breeders. This project involves the transfer of germplasm from the

tall exotic tropical, day-length sensitive varieties into day-length
insensitive, short stalked types. The main objective of the project is to
meke available to the sorghum breeders in the tropical and subtropical zones
& vast amount of germplasm which combines the U.S. germplasm with that from
tropical varieties. A by-product of this work will be to feed back {to the
breeders in the tropics, populations and cultivars which in meny ingtances
can be directly released as improved verieties or be used in their breeding
progrems.

Puerto Rico is ideally located (18° north latitude) as the site
- of the conversion program. The day-length between September end February is
short enough for ihe early heading of exotic varieties and the temperature -
is favorable for opbimum plant growth throughout the yeexr.

. In 1971-T2 twenty-six new varieties were added to the conversion
program which brc:izht the total number of varieties up to 1,085. Seed of 63

converted lines v > released in 1969 and the conversion of 13k otrars hes
been completed i* i572. When a release is mede for international breeding
progrems it is ¢ -umpanied by a complete description of its morphological
characters as v:.. i as what is known regarding its reaction to numerous

diseases and in: :ts.

Work is being initiated to combine similar converted lines into
special populetions, thereby greatly reducing the numbers which breeders
will have to hendle to satisfy the progressively changing needs of breeders
worldwide. Up-to-date circuiars will continue to be prepared for worldwide
distribution describing the materials cwrrently evailable in the conversion
program as well as the population program and inviting breeders to have their
names placed on a mailing list. Each year a list of available breeding .
materials will be distributed and seed will be sent upon request. Because
of the lack of storage facilities in Puerto Rico, seed from the conversion
program is held at Lubbock, Texas for distribution. As storage facilities
are developed at the Federal Station seed will be maintained and sent only
from Puerto Rico. '
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be  Continuation op the development or £orEnwe norWlnticr.,

03
e

Neaxiy g3 Scrghuey verieller in ¢ SRR bBesn o s T
CroEser botwee:, PEDITY gy BILGs wny e o 2Imled g s S AT R
the felariios LS e zaric, S0 eqnn IR Ll e S LliceMdved, - o 3c3¢x;:
FOOC veX ity 0L s wiin Somindwivs g eliort, AT el Corpinam

ETCURS musis higve FEXmpinsm whicl could mske s con Tituticn 4o the Gevelopment,
of Levw varieties, itheir yse hes been Limiteq beceause brogeny fron their
Crosses has not been Productive,

The development of populationg offersg an~efficient,breeding tool
whereby the germplasm from g number of Bources can be corbined with g ninimum
effort ang from which genotypes adapted to g Dumber of environments can be
selected. The Value of such & scheme hgg been demonstrateq by the corn
‘breeders. Since sorghum is mostly self-pollinating (90%), genetic sterility
A8 used to Promote Cross~breeding, : _

- As - an eXxample, g populatibn is being developed in Puerto Rico
Specifically for the use.of breeders in the tropies, Forty-two elite west

northern Nigeria. The secong generation from these crosses is being Planteqg
_this fall in & plot under short days in order that all will head simultaneousl;
A fourth of the heads will be male sterile ang will be tegged ang Polliingteq
‘at randon by all of the fertile DPlants in the Lo crosses, The seed from

these sterile bPlants wil] be harvesteqg and bulkegd and a second planting can

grow two crops from September to Jude ang g third in the States, completing
three cycles of randonm mating per year. Without the facilitieg &vailable
in Puerto Rico Population breeding would take three timeg longer to do the

After three cyecles of random mating, g Year will be required to
select elite germplasm by recurrent selection, These selections can then be
put through g Becond series of randonm matings to recombine the germplasm,
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c. Mainiainine and inereesing the gzed cf the VWorld Scrptus
Cellection, -

. Luonmrosert Shens et yes: LS, O B 1 G CTUULT nivee e
‘collecilor. B T T ST R AL ST TP P i i
dueing thene colleoticns 1oy Lhe The. EIR o Ui &
vhe Federai Station and tho Retiousl Sces &nruce Leloraiery, Seme (olu

Colorado. This is en eXpensive operstion bui essenticzd if the Wwornd merm-
plasm is to be maintained in the Western Hemisphere. In eddition o plentirg
and cultivating, all seed must be from bagged heads to be sure of its purity,
Each item is examined in the field and a number of morphologicel characters
described as well as their reaction to rust and other diseases. At present
no agency has the responsibility of assembling and cataloging the date beirg
collected at a rumber of Places in the world. It is expected thet this will
be done by ICRISAT at Hyderabad, India, to eventually accumulete in Puerto
Rico a "bank" of elite breeding stocks from which breeders in the Western

Hemisphere may draw.

It is expected thet sbout $20,000 will be revuired to svzed UR
the work of increasing seed and collecting information on the world colisciio
Nurseries are to be planted near Ponce where the rainfall during November-
April 1s less than 10 inches and the crop is dependent upon irrigation.

Thi: will assure getting the best quality of seed availeble. The rzinfell
on .2 Federal Experiment Station and the University's Experiment Stztion ==
Isuizala-is considerebly higher, which promotes fungus growth on the seed.
The operation at Ponce will require a technicel assistant being posted thcere
two or three months to supervise the work.

'~ To date there is & backlog of over 2,000 items to grow and it
is expected that a large number of additional items will be received es
collection is resumed under ICRISAT. Although the new collections will be
grown at Hyderabad, they must also be grown at other locations to identify
their reaction to diseases and insects. :

d. Development of ways to produce seed of sorghﬁm hybrids.

(1) Sorghum breeders are concerned over what would hgppen to
the hybrid sorghum industry if o disease should develop vhich 15 asscciated
with the milo-type sterile cytoplasm such as the relationship of the
southern corn blight and T-sterile cytoplasm in corn.

Texas workers ﬁlan to make reciprocal crosses between the 63
converted lires and to study the segregating population for other possible
sources of sterility factors. Concurrently the same crosses will be
ettempted between the exotic parents at Puerto Rico,

(2) A second source of sterile cytoplasm is available from
crosses with the variety 92 from Ghana. Sterility is expressed in non-
dehiscent anthers. Thig type would be difficult to uee commercielly
because of the problem of distinguiching normal and non-dehiscent anthers,
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but could be used in an emergency. The feteritss sexre as reciirers eand
brecdiny will be contimied 1o Jdevelop a gre:w of other fortiitiy -rantoror
lince. .

~ N b NI -t F L L y e ~y Ty ;e
C. Woerh Voo O THs Ll a2 eaTy OF ol ixatn

- o o a4 e

a. Incerporate yellow endosparm lince inic o fevreska-develonad
random-mated popwlation.

. Interest in the yellow endospernm lines, which ere being used
in this phase of the improvement work, is attributed to (1) higher feeqd
value, (2) vigorous root systems (possibly the result of a stress avoidence
mechanism), (3) good stomatal control of loss of water, and (4) lar re seed
size. Evidence from other research stations suggests that yellow endosperm
types are nutritionally superior to the red and brown grained types because
of their Vitemin A for human consumption and lack of tannin.

b. Develop suitable selection techniqués and btreeding methods For
use with random-mating populaiions desiized Tor the Troplesl
environrents,

. Particular emphasis will be pleced on deternining what the
- correlation is between length of the grain filling period and +he yield of
grain,

ce Evaluate the utility of limited till bedding practices for
sorghum on upland soils, and leter on wet soils,

Use of such practices on wet soils may produce better stands
and growing conditions as well as reduce the number of tillage operations
required and consequently expense. Hopefully, water loss will be lessened
- as the tillage 'is decreased. When soil is vet, sorghun must be planted on
beds so that root aeration may be improved.

d. Develop scréening techniques applicable to rendom-mating
population for stress tolerance and stress avoidance nechanisms.

e. Investigate survival mechanism operative in environmentally
stressed plants in the more marginal crop production ereas of the tropics.

f. Develop screeningfmethods Tfor early season cool tolerance
growth capability, Germplasm development is being coordinated with CIMMYT.

: 8. Coxnduct analysis of energy requirements of sorghums for the
developmental stages including the periods from planting to panicle
initiation, panicle initiation to bloom, and bloom to physiological

maturity. A
h. Publication of results in en Annual Report and in appropriate
Journags or circulars. :
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3. Work Plsn Jor Texas AWM Universily

o Prolingnne DAsnsdoTeenini.
forvexiss iely Lol proviedtly nonesuresstd @Xrtiy gens o

introductions wnd poartially converied exctic Lines will be evahusted choud
year for downy mildew, hetd smut end foliege Giscases iu Deeville aveu
nurseries. Also screened in these nurseries will be about 2,000 fourth and
fifth generation breeding lines derived by crossing dicease-resistant con-
verted and partially converted lines with U.S. elite liunes. Partially
converted and converted and seleccted exotic sorghum lines will be evaluated
for maize dwarf mosaic (MIM) and lodging resistarce (root, crown and stalk
rot) at Lubbock, Texas. Exotic sorghums with high levels of disesse
resistance will become candidates for conversion.

‘b. All Disease Nursery (ADN).'

o The ADN, composed primarily of partially converted and converted
sorghums with promising resistence to two rr more major sorghum diseases, is
grown in several areas,at no cost to the project, to provide maximum exposure
to a wide varicty of diseases. In 1972 the ADN contained TO entries; the 12
proposed Texas-USDA cooperative locations for the ADN are:

Location Principal Diseases

Wharton, Texas MIX

Berclair, Texas . Heed smut

Berclair, Texas Downy mildew

Experiment, Georgila Anthracnose, rough spot

Meridian, Mississippi Foliage diseases

Verona, Mississippi * Head molds

College Station, Texas Misc. diseases {artificisl. inoculations)
Friona, Texas Periconia root rot

Lubbock, Texas (Early) Charcosl rot, lodging, rust

Lubbock, Texas (Late) Charcoel rot, lodging

Lubbock, Texas ‘ MI4 . '
_Springlake, Texas 'Rust, lodging (greenbug end mite associated

c. International Disease Nursery (IDN).

. The IDN is composed of 30 sorghum entries sclected from ADN
which have broad-based disease resistance and must be further challenged
and evaluated in other areas of the world. Both the ADN and the IDN will be
updated as new and improved lines or synthetic populations become available.
The IDN was grown in eighteen locations in 1972; however, 1t is anticipated
that only a few key locations will be necessary in the future. Many
cooperators request seed of this nursery for their own observations -~
disease evaluations may or may not be mede to our spzcificatiornc under such
conditions. Travel to visiting nurseries will be confined to key locations,

BEST AVAILABLE COPY



The following were nurscery locutions in 1072: those with agtericls prn Yoy

HArssry sites ymopuscd for 1073, Thoge vitih Covtle ezimerink v

A

Ci-‘f':cr..‘:-’ Cheroineiel vithn e nWrnenionel rencpres, Ty,
Froposca
: Number cf :
Locetion Nurseries Diceases Evaluated
Argenting * 2 downy mildew, head smut,
anthrecnose, MM
‘Brazil . misc,
* Colombig *¥ 1 misc., MIl4
Ethiopiq | downy mildew, head smut
Egypt * downy mildew, head smut
Hawaii* 1 rust, bsact, stripe, foliage
disegses
Indig * 3 misc,
Bergamo, Italy (EUCARPIA) # 5 - misc., MM
Poza Rica, Mexico*¥ 1 rust, bact. leaf spot,
C . : Helminthosporium
Tampico, Mexico™** 2 . rust, Helminthosporium, grey
- leaf spot
Nigerig** | -1 ‘dovny mildew, smuts, striga
Panams, ‘ 1. rust, bact. leaf spot,
S . . Helminthosporium
Puerto Rico* 1 rust
Weslaco, Texas * 1 nmisc,
Houma, Louisiang * 1 rust
Venezuela® 2 " “&fithracnose
1 domy mildew, smuts, striga

Uganda (Serexre)™
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Although not specifically deaigned'for ingect studies, when
present and severe, observetions will be recorded for resistence to
limiting insects es choot f'ly, green bug, midge, end etelk borers.

S.  Imdp s ruTmserici.

e e, g B ary o o~

Ieronts: of the eorpiex anteretlicn AROIY piell CHETRCULT,
pathogens end envirommerty, 1t ik pinim:ed to guperimpose Coroboth neured
end ertificial inocuwintions) root, crown and staltk-rotiing peliogens in the
sorghum lodging nurseries. Poctentially superior lines ere fuxther evalvated
as hybrids. In 1972, the Statewide Lodging Test (SLT), composed of 25
lines with superior resistance to lodging, was grown at 19 locations;

probably as many nurseries will be grown egein in 1973.

Several sites are necessary in order to - insure differentiating
Jevels in such diseases as: Periconia root rot (2 races seem apparent);
anthracnose red rot; charcoal rot, and Fuserium stalk and crown rot. Notes
- are also teken on other types of lodging such as weakneck, stalk breakege

following a freeze, and root lodging. Entries for evaluation in thz SLT

will be obtained from yellow endosperm breeding lines end partially converted
exotic sorghums that heve & high degree of resistance to natural lodging
end charcoal rot at Lubbock. Preliminary lodging tests are grown at Lubbock
to screen new materials for inclusion in the SLT.

e. Population Breeding Approach.

(1) Diseases: Three populations (multiple disease-resistant,
downy mildew-resistant and a broad bese population) are currently being
developed. These populations will undergo two generations of random mating
in Puerto Rico during the winter of 1972-T73 and probably one additional
random mating at Lubbock during the summer of 1973. The first populations
should be available for. distribution by 1974. Because of the many diseases
involved, it is anticipated that the random-mating population approach will
materially simplify the incorporation and maintenance of specific sources
of resistance into existing germplasm pools, as well as enhance the chauces
of selecting multiple disease-resistant types. For example, very few of
the lodging-resistant lines have good resistance to downy mildew and head
smut; similarly, some of the multiple disesse~resistant sorghums are
- gusceptible to grey leaf spot and Helminthosporium blight.

(2) Insect Resistance: Sorghum lines resistant to the greenbug
will be incorporated into a random~-mating, multiple disease-resistant popu-
4tion. The population will undergo two generations of random mating in
Puerto Rico during the winter of 1972-1973 and one during the sumer at
Lubbock. These populations will then be available for selection under

conditions of natural greenbug infestation at or near Lubbock.-

4 Partially converted and converted exotic lines that are
resigtant to insects native to their place of origin will also be integrated
into random-mating, multiple disease-resistant populations in 1973. Inseqts
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considrred here ere the shoot fly. stalk borers and midge. Theee popu~
lations will then be randem-wated for eventual distribuition throughons
the werld fer usc in sorging ixprovei .
oo Bemoslunee R Yodee

A WS ~Tinsneed procrer For eveluating wadely duilerent were
gawas for resistunce 4o sorghwr micge is heedquerteres in the Lubhbock exee,
Evaluation studies ere currently underwey in all erecs of the state where
midge populations are normally high. Since sorghum midge ceuses severe
losses in nearly all sorghum growing regions of the world and there are
few kmown sourccs of resistance, this project has a high priority. The
program will initially emphasize methods for screening end detecting
resistance. Because nf the nature of the pest. such mechaniems of resist-
ance as antibiosis may have been overlooked in the pest. Methods for
determining mechanisms of resistance, and the value of «;ch type will be

evaluated,

Initial experiments will involve artificial inoculations of
verying midge numbers, which will provide informetion -on the degrees of
susceptibility, influence of midge numbers, and effect of the plant on
midge development. Sources of midge resistance, like those of greenbug
resistance, which meet height and maturity class qualificetions, will be
included in the random-mating population. Advancements resulting from this
work will be incorporated into breeding programs in Puerto Rico for use in
the tropics.
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