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A. PROJECT SUMMARY 

1. Statistict'.! 

Project Title: 

New or r.xtension: 

Contractor: 

Principal Investigator: 

Duration: 

Total Estimated Cost: 

Funding by Fiscal Years: 

Project Manager: 

2. Narrative Summary 

PROJECT SUHMAIlY 

Development of Improved Sorghum -
Physiology of Yield and Stres8 
React1.on 

Extension for 3 years 

University of Nebraska 

Dr. Jerry Eastin 

February II, 1977 - February 10, 1980 

$604,000 

FY 77 - $182,000 
FY 78 - $211,000 

.FY 79 - $211,000 

Life-of-project - $295,000 
(FY 76 135,000) 

Earl R. Leng, 'fA/AGR/CP 

This is 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-l068. The work will be conducted in close 
collaboration with other centrally-funded contract research at 
Texas AMl and Purdue universities, as well as with ICRISAT and other 
int~rnational centers where sorghum is a major object ·of research. 

The current project and preceding work funded by other sources 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 gem'tic manipulation to 
improve performance of breeding stocks. With further work, it 
is anticipated that this information can be put to practical uae 
for the development of varieties. lines. and populations adapted to 
cultivation in DCs where sorghum is a r.· .. 10r food graiD crop • 
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A. PROJECT SUNHARY 

1. l,tatisUcnl 

Pro'i~ct Ti.tle: 
--~ .~------~. 

Ne~-1 OJ: Extension: 

Contr:-:.ctoY.': 

DULl U.on: 

Fundir:~~ lJv Fi~.:':(ll "~cal·S: 
.---.~, ... '.-.-'.--.. -.. ---.. -._------

"ll,." i nr 1'11 r'rl'j ','''' ; -- ........ -._---_ .... ~ ...... ~ .. 

PROJECT SillU1ARY 

Development of Improved So'rghulll 
Pl~siology of Yield and Stress 
ReClctioll 

Exte.nsion for 3 years 

Univernity of Nebraska 

Dr. Jerry Eastin 

f8brunry 11, 1977 - February 10, 1980 

1~~!~ 77 - ~;1.,)2., 000 
r" fJ. 7 ~; -. $1J.l$OOO 
FY 79 - ~;:n.l, 000 

( ~. \' ' !. -t 0':' L:. n~ ,,".", ,- - ... ... - -- > • ~ - ~ 

TlJi~·; is [l propo::;:al to l~:': t (C;td t·(}[; (,;, rc! l :i.ll !>ol"r.;h1.!n pLy:; i.o loS),) p:lr t 1-

cu121"ly in rcli::t.icIl tl' y:i.t-J '.~. :'1:-0': ::t;~;.':~ .. , :·.:.:~,,!r"!lC'.e, \;ld.ch is pr.~scllt:.l.y 

bf-'.J.fl ::' (~()n(: U2. t (2tl a 1. rlH~ lh~ :j.'~,.c.;:" ~~.~.~ :. J 0 ~ "~'. :', 1.' :"~:! .:':~ ur..o·:! r a Ci~n t r a11 :,i'''-
fl1~ldcd c.untract~ Alf}-t[~-c.-".i.~~\C?" II':; "':':'i.!": \·.;i~11 be c\~}nJl1ct€.'d jn '-:.lof~(! 

cc.L.tt":..l·,o":.';·ltii}f) ~·:ri~~l (',tl:'~r C(;jlt .... · j.1.1.\,"'··f\!:"':~~'~I_; CUJ!t::-;.l'::t. rf:[;enrch at 
1'(,;::[1:0 A~\'l!. nnd PUl"(lL:e l.l:d.'.'t.:l·::i::~r_(;, D." 'J!ll ;1[; \lith lens/.'!' CTld oth(';r 
int::'.J."n:!t.Lofl21 cc:nLl·,j:,:: 1:!!Cl'e ~;(,:.·;~lllJlll i:; ;i iLQ.jor object of rcseal.·c;-,. 

The Cltl."):c:c.t prcjcct ;m(] pL..:,'e:.i:i.,·,:: \.'(j]:~,. fUl~dr~t1 by other sourc.e~; have! 
ber!ll l~lIeccf3s1111 ·i.E dr::",;J.OrJl~!; ,1 ;.,:;<:tcr ~Jl'llcn;':anding of b;)s.~c 

phys:!.()J.(l[,::i.C:il l)L"O~C:'~~:;L'S :i.:l ';(11:1:.f;U11: tl1C:l-r l'L~Llticn to yield ,lild 
strcf;~:. t(Jll?r;::llc(~" D!ld t!'·! pc:~~;ib:i..l1t-:ir; s (n:: ~~(>net:Lc ):1:l11ipc13tio;l to 
hnprOYi? pel'f':H'l~l~:rlc e. of bn::.~.:i .in;,; s t L'C L:, \·:i th £ ul' thcr \<10:::1:, :i.t: 
i~) anl:.lcip:"ctcd thai.: thi~; :i.nl (!':i~.:.~t:.iorl CZi:1 b..; rut to practieal llse 

for the c1cvc.lopr;l.Qllt (l E Y:lril:b.,;~.;, liner:. unci PO)JIlli.ltions ~\Japtetl to 
cultivati.on ill DCs \·:herc sorGhum is n m:-{jor food gl'nin crop. 
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The Nebraska group. is recognized l-lOrldwide 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 particulG.r, research workers nt ICRISAT and ALAD, as well as at 
other instltlltions conducting Gorghum impr.ovement, have reported 
the Nebraska findings to be of significant assistance to their 
breeding and cultural practice programs, and have strongly ur.ged 
continllatioll and intensification of the physiological studies • 

. . ,,' 

B. RESEAltCH PURPOSE ANn OBJECTIVES 

1. Purpos<:, 

The overall pm:pose of this and related proj ects is to TL18ke avail­
able to dc',' to.'] opinr~ GO liT! tries 11 igli-Y l.elding, nutritiolls varieti;.:s 
of soq;hum l>'iti1 multiple resistance to environmental strcsses and 
clif3cclsPS ·'1l1d :lnsects, to~cther \-,'itll improved practices for. their. 
cult:ivaU.olt. 

The m~lor ohi0ctivC's of the proposcd praicct ~~2: 

Ohj ect:i~£.l.. Investi33tl:! the nc.t:lll-C of p13nt S l:ress avoidul!ce Cll1d 
to1r-~r.:lncc r.lechi1n~i.cmE;, develop f;crccning techniquE:s Llnd 
select [;cnotypes \:11J.ci1 mny contr.i.bute to the develop­
ment of rwr2.1ltllilS \!ith incr:~:l~;(!cl he.:::t, drour;ht, and 
cold tlJl(!):~'l1c:e. 

Objective _~. Oe.terminc the tll.L:r:e and pro(juction lTIP-thods best suited 
for Inoouuc:ing high yields \"ith tl:C! 1m", Energy input 
under varying E:nvirol1I11c.ntnl c(1nditioIUl" 

Ob·iect~. Invcr;tig:ltc f,cnotyp(, differences fwd inher:itance for 
mineral Illlt:d.cnt uptake and utilizntion efficiencies 
under mineral stress~~ and different cultural 
pract:i.cr;::.;o Also stlldy effects of mineral I'.utrients 
on heat, drought, emu cold toler;:;.nces, other pl:ysio­
logical properties, and plnnt quality and yieldo 

Ob;j ective /~" Develop and evalua te breeding techniques, especially 
recurrent selection procedures applied to artificially 
induced random mating populDtions. Apply these 
approaches to increase yield, insect and disease 
resistance~ grain quality, mineral uptake efficiency, 
and stress tolerance o 
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Objective 50 Investigate the influence of pests and pathogens on 
ensential physiologi.cal processes in sorghum and 
attempt to elucidate the plant reaction mechanisms 
operative in plant resistance and tolerance. 

Obj ective 6. Develop and strengthen 1inlwges ~"ith developing 
co!mtry agencies, international and regional centers, 
end developed country institutions carrying out 
sorghum improvement programs aimed at DC need::;. 

c. SIGNIFICANCE AND RATION/.LE FOR THE RESEARCH 

Sor~hum is one of the four most important cereal food grains (alone 
,·lith rice, ".'hc;:d'~ find mo.:L:e). It h~ pm~ticul['~rly significc!l!t elS 

a suppliC:l," cf j'l.IUP..ll food :in GUb-S'lL1I'.::m )\frica, Fc:rt3 at' the" ;;ear 
Ea:,t, the InJLia subcont"i,w:nt, ,.md cExti~::'n Ie\.' r[;;~nfDl1 arcrls :in 
Latin l'.r.H;J:icD. l:hcrc.vcJ: c;oJ:f;hu!il is D. m:::jor CJ:(l~)~ en\'irni"1n;r:ntal 
stJ:ess Is <:1 norm::l fc<.:tuJ:e of f~):u,,;':Lni~ conclltiow" anl toleu;;1(;e to 
St1'C>S3 is irr:pc)'J:tDnt for the sl!cce":~,,flll cultiv<:(~jon of tllP. crop. 

Il1v(~st::Lgat:Lcn;, on th:~ phy::;j oloE:; of yield ,'!ncl ,:trr'ss tc·lcr;:~nc:e 

no\·, ij''.licatc Uti.~, breedi.ng for hiljll pClfon!i3nCO under :"trc~;:J is 
feasib~.c. It n::i!ai.n~. tC,' furtheJ: deLi,no the phYf;j()lc;;:ic~,l pro­
CC~;Ges r,nd pi\C'i:etcrs, Lo ,,!ork (JUr. rl·,ct~'i]:; of hr(~c:c1:i.n:; prOCCd1!rCf; 
and c!lltu'r<~l FT;lcticc:~; i,:lI} ted)l::: to iL'prove t:oq:bi:n for DC u:::c, 
and to put: tlJ~_~-j l:no\·:lcllr,c to pr;_lctic~~l use. hy prodllciu[,; 2nd clit.':­
tribut:bg brec(hng stoeb; \lhich ",ill 1'·2 direcUy \J,';:;.1b1e under 
DC conditiom;o 

Th:i~; contract proj cct is pnrt of a ccntr<11~_y-f\lnd.:~d A. LD. program 
int(~nded to wDke improved sorgl11ln v<lrieties nvailnblc to 
farmc't.'s in Des. 

Knm.;lcdge l'E![',iirclill?; thes(' processes 2nd their effcctr; on yield l'las 
advanced cons:Ll~(';r[lbJ,y in the past fc,,) years, ,dth the NcbrHt,i:n 
research group playing a key role in thGse i.ldV~mcC:'3. It h~s been 
found thDt scc:d m:l.lbr!t :If] a pm~t:;cul.:ll"lj sensitil.'e yield cCJl"Ironc:ni: 
to enviroll!!lc:nt,:ll effecu;, and also tlt.~t seed size is an irr:port:nnt 
manifestation of stress ~ei.lction. Under growinB conditions usually 
encountered by sorghum, the number of seeds produced is nm·;here 
near the potentinl mmdmllm, and Geed size seldom <1ttuins 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 measure of stress reaction and 
tolerance have been partially developed. Perfection of these 
methods \'lOuld facilit.1tc the uevclorment of inproved varieties, 
lines, and populations, if they were applied to practical 
breeding programs. 

D. LINKAGE AND llTnIZI\TIUN l'LIIHS 

The C urn.~i: i: l) J:G.i cc t 21 rC'L'dy kl~, (,::' (:n.h 11.fd10d lin lGlr,es End close 
profQs~~iol:::11 tiC's ·,.';.Lh ICKl~~·AT, ~:rld lnci siF,ilar l:Lr!kc::·'."s uith 
ALAD until p,JCr:iUoc; of tll'.~ L,t!:(,): ur[J'.ni~·;:lti(ll1 \·:~n: (i·!.~n:tlptc'd 

by civil sl:ri::Q :;'n 1.,'11:'1,'):1,. If ';.11::; lib: arid Lmd::: CL'j)U:'r (IC:\T'DA) 
bcC'.nmc~; op·~:y(:t·L·~J(-:) it: :L:.~ c::pcC'.t>~(! clint Si::ltlc!r t-je-.s v".L.i.l. be 
d.eveloped '.7"1t11 ito '.1'Lc~ Ul:J.vc.:r[~~·.i:y ("II r:chr~i:;;:c·l. :i.~ a \·.~\~··rkLr:~ rlCJrtnc-J~ 

i.n tl1£? ·iiltf'~"n;-(t··i OTI;"L'. f·('1<y111:··1 l·['~;I~',"';.r(' .. h "'.l.("~1'n()'~;·_;, ,"t'~(J. r('~ .. :u}.n1~ly 

2:~C.:~:::::~~::':.; ::.. .. :~~~:_,~·~·J~L;l ! .. ~~~~.: .. ;~:.,~~'~~:L~,:.: ~.!:;.: t~";:'·~"'.!j~.~~,.~·~ : .f, :':,_.:~:: ;:~~ ... , ',,:~~~. 

other i;:Cj~l~)(~l~S (ll: L;;·;.::; llct':" •. ~i)rk~ rii!;C,; projec.~: i:-~ r(·c();:,J~~L..;:c<1 

throu~ll:)u1: the !~C 1':'.-.'c'l'l: ;:; r; tlJ(..\ l:~r!J (Ji." source 0 j: strcn;~ tIl in 
physinl o,'~;y of yicl d {n':; s t rC>.:SJ:·l·;", C U :Jl1. 

During tl)a ~ontr~ct extension r~ricJ, rffort~ ~ill he ~Gde to 
strengthcll d·~r0.ct ill\oh·L;;.;cnt ':i.rj c('ntnct ',lith scJcctr-'d sor~J1tl1i1 

rese·.lrch·~,l',c'lci.r~s il~ (il''..'(·']opillE'. c','Jl:ntr:i_C's,. Ttc! projlo:~cd S.\FGF..l\D 

project Ll sl1b-·S~,hoL:.1.n ,\tr.Lr.a is L'::p,"ctcd to pro"lido ~l vchicle 
thJ~(1uGlt pIIi.ell closeT cuntact \lith SOn,lo11i:\ rcs()nrcll '\:nrk,:!rs in 
thcs(: cOUl.tl'i cs Cilll bc' developed. Icr:ISI\T and TIT(., <1:; c.xpected 
major S/,F(;I~:.D r.ontLlctor", ,·,iLl ;:;lso be involved in dc:veloping· 
these rC!l.!L:i(\n~;id.ps. lieb)',';skn c:::n provide a very cff<::ctive 
research baclstop in physiology and related topics for thQse 
prograrns. 

3. Other Ce<1trnlJ.v-fl'ndccl J\.I.D. Act:ivJties "lith 1J. S. Instit1.,tions 

Very close \·:orking associati.on has been est;:blished bct\.'cen the 
current project and centrally-iunded research programs in 
sorghum at Texas AC"·;·I and PUP'UE! L'niversities. There is a free 
exchang:3 of rcseal:ch information, tcch:·liqucs. nnd seed ctockc, 
whi~h is expected Lo continue and strengthen during the ex­
tension period. Sin,ibr re1ntions have been developed ~·dth 
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Kansas State Universi~y, which is proposing a research program 
with ,pearl millet. Sorghum research workers from these and:pther 
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 (tHice in 1975) to dis<::uss 
matters of lUutuul interest. 

4. Utili%otion Plnns 

The current systeITl of dh;semjnatin~ resC'-:tr.ch finding::; through 
publjcationa and reports s~cms ration21 and adequate. Thi~ 
sYGtem utilizeF estoblishcu inforT! l :ltiUll centers, particuihrly 
those of ICEISAT nod other intc:rnCitionnl nnd region",l agencies, 
to (ESSe!.l,:Ln'ltc information nnd seeel m8tc.rj'11::; to country pro­
grnms. Rr·-,pnrts [d.se- are dis"C'mil'H·,ted directly through A.I.Do 
chnnnQla. 

No unl![m;-,l lJ;.,11;'i;cr;cnL ll1:obl('L,t~ are CXj:c.::tcd to <1ri[-;o in connection 
Hith tl1~ s jlt'()jcct 'LCl!C':\'~'1. 1\8 of tL~ c1::,te of prepilrln::: this project. 
St3tC[;:CI",t J nc~.rl:,/ ;?!:; y~:.2r[:~ e.;·~p(~J:-i(;ncC! '01th the prc.:::;c~·.t contrt:ctor's 
opcrntio[!s of th:: (~;..:i ~;t1.ng proj eet h::vc! "hc;t'!)1 high tccl;ni.c.:ll c.::p.:.-
ci ty, c f f ie:~ c;n t a (:Tij:L~l:r s t rti t ion ~ ~~ nd ;::::(·.·.-;ll·:-·ti t cooper'l t ~_ .. ·JIJ ,\,,:J t~-J ,\ ~ T. D. 
Let.:i1Tl.LC;.I.j_ i~!.d. CL'lIL!~~.'~l·t: steLLL" S:incr} t:lu; P)JJ:icct: e:-:rL·l~~::i.(jn. c.()n~· 

to;:1]l1'1t:(~::; retention e:r th~; ~;~;r:':, priJlcip:-:l :invu;t:iz;atc,r ;"n.] [lrl:nini­
str,!t~L·.'C ;crrc!1;;cmC'lIU3, it: is Pl'(!~;11111i3J tllOt this c:"cf'1:Lnt pcrfon:::mc;) 
Hill conthn.:c. 

The pl:ojeet: \:ill be (valutltc::d in dotai] hy 11 r(->":i(:,., nnd evah::Jtiol1 
team cll1l':Lng the fiJ:::t yc-,:n: of the! contl"i1ct c::t,:~ps:LonJ pl:olJahly duril1g 
tl!!~ gn'I,ling :3C:JC,(!Il 01: 1977 0 This eVDlu2t-tGl1 \,,rjl11\e conducted by 
site vi!~i.t i:mu ,,!i].l LncJudc qll,:d_ifi,.~J outsi,cL' cor~~:lJlt<~nt;,. In 
auc1iticn: the Pl."ojc:ct ,,'ill be [1(;m:l.ni"tT<~ti.\·cly 'J:ev,~C\7(:(! cDch year, 
and Hill b(~ unuer frequent rev:l CI-l by the pro:i (·!ct m,m:igcr. 

This \\1111 lw [). Golc··sollrcC! procur'::I;;cllt c.:ontL1ct, since the proj ect 
Hill be ,,11 c~c:tcns:ion of ungo:iIl~ <letivi ties Dnd sinc.e the present 
cont'L'actm- ha!::~ not: c'nly shu,m c}:cc!llcnt pccfoIT.:anc.e J but has pre­
dominant capability in the field of sorf,hulU physiology. 

Personnel inplli:f.; frem the Un" ,'n~ity of Nchrnska emd affiliated 
USDA-ARS staff, funded froPl, 'trees other than the A. 1. D. contract, 
are estimated at nincty-eight \!ol:1~er r.lOl1ths/yeCir of professionals 
and seventy-two worker months/year subprofessionals and clerical. 
In addition, several ~raduate research flSSi(;temts, not funded by 
the A.I.D. contract) will be involved in project operations. 
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F. PROJECT BACKGROUND DESCRIPTION 

1. General Back~round 

Sorghum ranks 2mong the four most important cereals (along with 
l-!hC(l t, rice, and corn) as a human food sourceo Sorghum j.6 

particularly :Lffiporto.nt in developing nations ,·]here environmental 
stresses often severely limit crop ~rowth one or more times during 
the [iC3.Son. l1ucll of the ne\{ land \·:hich Hill be brouf;ht into pro­
duction in the llext 20 y(,ar8 Hill be in lir:liting (.!Dvironmcmts 
(soil and aec:i d.). Relatively little is lcnOl':rl nbout hOI" to 
effectively screen for desirable environmental stress reactions 
in sorghum. 

In the work un~er A~I.D. Contract tn-c-1068, and in earlier work 
[ulleler! hy tJw tocl:eEcJJ.pr FOll'~ld:1t.L(;·Jl~ the r':1jor ohjcctive hew br>en 
to sl1Jdy the c [f ecl or cllviror,;.'Cl1ta1 ]J2r<'rr.cters (p,n-ticlll.:lrly 
strcsf;) on r:;~,;,-.ntia:L ph~/f~:i.olo[~ic:.ll ilrd llevclopl'tcnL:ll pro~.c~fkS 
as they c1ict~~L~~~~ the! s(:ed llt~r!Lt.!l" <"iild ;_·.:~cd s:i!:(~ l'o!'t!por:'l~nts of yieJd. 
1\:0 c nViHJnr.'.c" LiJ. G t::.- co; ,;,-. r; [I f eLl e:i: :i.n t er e~,; t nrc t O:lP crJ. ture 
extre::!f~s an,l '.7:' i:.c·( dei'icl (·s. f:J1.c·t:L c area of L: tl.,'(e~;t incl urlL!S 

soilllutric·JIt. (~2[ir:LClC.i!:,·: C,y t:o:::iciti.r,,:c; \,ldcll bC:'.c~r on the efficiency 
of nl.1~~~r~;.·~nt l1pr.-':i"(" ;~r:d. ~-~11i·I.(~(,~r111(1·;1r-. llciJ.!.~(:tl'-'l! b/ L:'lC' c.j~Op~ ~iinQl·;;il 

toxicit.J.c!~; :·~j"c: er;pl":ci.CJ.ll:·l prc,j:";ir'c'nl: "jn sr):::c: at ~1~C n~~,·;r crcpieQ.l 
ar8<1;; 1)(~ing }"l~~::!;~ht: into cult::Lv~,t:'(,:,. Also .LllSCCU~ :!lld p<ltho~cns 
must be rc'cc,;JLL:-r::d i:i:; lic:i ti'tlg C(J::']>O!lr?Hts (,f the cllv:irOIl1~~cnt. 

They :i.I:lpnc;l~ J i:;ri.Ull:' dr:1.~n~; to ilt.:l:i!-LIlill;; Jdl'h e[~:ic::l('ncy i.n 
cSf~elitiol phy;;.ioJc~;ic procc;':;Jef; ,·:ldch d:i.c titLe yil!l (1. 

Cultur,ll prl1ct::; ce cliC.l1r;2~'; .:Ire u,',;fI11 if they il::pl'ove the ~mter, 
nutrient) and ;. '-':;op(',r~ltlll'e c11virOl:~:lr,nLL; \·.'Jtich in turn i.ncr(,Cl~,e 

bioloG~Lc:ll cf:J:~Cj.(;:lCY c,Tlcl \.'iltcr u~;('! e,~f.Lciency. Propof>ed cultural 
reseGl'cll is clc:'cJ.y .1SS0ciiited 1'Ii tll l'hy~~:i.ol(1f,:i.c;,.l process research 
and 1:01:11.:1:<' to J:!tl;·:.i.m:i.zi.q; :;o:Ll uater l:c,tf:'l!tion c1l1d minimizing 
Hatel: 108f;0 ~~u('ce;"sflll cl..!ltural innOy,ltiollS depend heavily on 
fitt:;ng the ri.gilt genotype to availablf:' rcsourccn 'lithin a given 
envi ronrlcn t. 

Pl.:;mt brcec1inr. prof,rans trDditionally have hc'ell carried out under 
relatively optimal conditions to af,sure full expression of a ger:e>­
type' s potenti;~l I:ith the assumption that the best genotypes 8rol.;n 
under good conditions will also probahly he the best under stress 
conditions. Reasonable evidence is available to suggest such is 
not necessarily true. Therefore, effort should be devoted to 
developing stress screeninr; techniques for breeding programs o 

SEST AVAILABLE Copy 
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Developing these screening techniques requires a good basic. 
understanding of environmental stress effects (including pathogens 
and insects) on photosynthetic nnd respiratory mechanisms, synthetic 
processes mediating metabolite utilization in all those essE."Iltial 
processes. The overall objective is to better understand the nature 
of stress induced effects on essential physiological and develop­
mental processes in order to (0) develop screening techniques for 
efficient genetic mnnipulation for diverse environlilents; (b) to 
improve cu] tural practicf~s to conserve Hater and nutrient~;; and (c) 
to combine nppropriate genetic selections with the best cultural 
practices to ~; tabilizc ::.md/ or ii!lprOVe b:i.ologicCll and wnt.~·~ use 
efficJenc:i.cG. II. current Gtatus report is folloHed by a more de­
tailed breatdo~m of these broad objectives. 

Findin~'E; ,'11<[ !\.ccompliE~l-:~cnts to D'lte 
----~.-'..-..--------.~---. -
The folloH:Ln~ [.;tatci"ent on current sti:~tus (accomplishments in the 
past 5 YCiJrfi) 1.<; supplc;:1('Hted hy pert: i.nent COWDcnts insertc:d in the 
" t imC!-ph;J':ccl dctaL!.(;!c: ",.'or.k plant>" f~tGtC'lilent. CO;;':lentc so inserted 
permit e:-:i>il~r C"/:clllution of inve[;t~::atiol1s p1311l12d in vic\',r of past 
exl' (!ril~\entfj i;1:Jd 1~ncM2.eQLC' E<dne..-!. 

a. Phvs:Lolor~\. Inv:~~~t:i "':"U ens __ -.:..... ___ ___ - •• ___ ~. __ • ________ ._ ••• __ 0. ___ _ 

(1) Envin1nrciC:J1Lllly induced gnlin yield 10s,":c5 can frequently 
best lJ':~ .::m.'11y:ccr.i :in tCH"!~~ of the seed t,;j.c:e 2nd nU':lbcr 
COTllpo::l(;nt:3 of yic'ld. lh;u,!:Lly y:Leld lO!1ses result r~,ost 

direetly [re',;";1 s('~d nUElcel' lo~;~;es. Therefore, a careful 
Stl!cty of p};mt: GC!velop1!d1t r,taec8 as they rl!lCltl~ to 
diff(~re.nti,'lt:i"(Jil of a hit;h seed llUl'ICC'!:' 1:28 beell r;ladc. In­
vestiGations rcv(~~l (8) lh~!t thc~ flur8t differentiat:ion 
stngc; (abouc 2 w(cks aiter r~nicle initiation) is extrcnely 
sensitive to strC':3s; (ll) tLat either JliiOtosynthc~jG or <lbil:i.ty 
to partiaLly D~~l3imil<1te dC'I.'elopinr. grain in deLc'renee to 
othe.r pliFlt p"rt!;, or hotll, <Ire prir.:.J.ry limiting pIlysiological 
prOc.esf;cs; (c) thnt length of the Gra,in filling p(~r:Lod 
rc;latc~s to y i81d capacity [:nd is shortcneu drastically by 
stre.sses; and (d) tl'c,t seect sizu seldom achieves more than 
75% of its putential cnpacity under nornal conditions. 
Nuch l'esenrch is s till nee ded on hOI., to chcrnicclly [:nd gene­
tically mi.mipulnte physiological and d0pcncic;nt c!evelopmentc>_l 
prOCNWE:S Hhich limit seed number and succi size. Environ­
mental control facilities being constructed will aid these 
efforts greatly as well as efforts in (2) and (3) below. 

lEST AVAILABlE Copy 
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(2). Night temperature elevation § e above an approximate 
optimum reduces grain yield about 25 per cent. A 
lOoe elevation reduces yield about 50 per cent. Yield 
reductions are paralleled by seed number reductions. 
Theae growth chanilier results were consistent in both 
temperate and cool tolerant sorghums tested. Similar 
testing needs to b~ done in the field. 

These heavy yield reductions occurred at 22 and 27°e 
night temperatures which ordinarily would not be con­
sidered f.tn~s~~ tFnpf>r..1l:urr. lc·vpjs (no \\'~lter stress). 
Obvioll[;ly tp.mpcrattlre: influE,,-ces on yield (by reducing 
seed nllinbcr and grain fill p(~riod) are r:ore subtle and 
more [):Lonounced than f::ql(~c!:f;'d. Effort ~:ho\lld be 1~12dC! 

to cle\'c'lop a metbod to fe:mpcr"ture type sorgllt!1::~:; in 
tCrI1S of tropical, temperate or cool adaptation. 

cCJn(luc:::iV~tl~yj Jru!~J 1.t~r.l- (i.i.~jc.~~';'~ L'':·.!.!10 l.l!~.1l..VI~ 1.111 

lines and populations. It appenrs to be useful in 
detcc~.:ing superior he2t tolerant: ~e!lotypes. Sever;ll 
genotypes have been found and distributed to sevcru1 
developing conntries. 

(b) A similar test for mCilsllring drought tolerance is 
heing used. 

c) Initial evc:luation of n field heat test for devdop­
ing grain has been COElplctcd on one r,enotypc o.nd 
shows grain to be most sensitive about 7 to 10 ~ays 
after bloom. Ability to discrim:iw1te nmong~,t geno­
types will be evaluated the next tEO years. 

(d) A cool tenperature vigor screeninB test was conceived 
in 1975. The groHth chi1J;,her test correlates 
positively \>'ith early sprin~ field H\ergence. Utility 
of the vigor test is being further evaluated this 
year in Nebraska (3 locations), South Dakota, 
Minnesota, and ehapingo, Mexico. A student from 
Mexico is conducting the tests. 

BEST AVAILABLE copy 
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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 vam) at the same latitude is 
being tested and nppenrs encouraging. 

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

(g) A precise method of detcrninin~ grnin physiological 
mnturity il;;s been dC:\'cJor(~d permitting accurDte de­
ten~ln3tlcn of ~r~j~ fill period lcnsth. A popu­
lation h;"!:; bec:n c':~',"ll::!t)~(i ~!nd r;11m:n to' po~;seSf;; con­
s} c11~r,,))'1 c. v[!r j ;~biJ i l:; (j 7 to 5J (Jd)'S) for r:rain fill 
perioci. Sr;lL:crjol1 j", tr.cT0.10!:c, possi'Dle. 

C)'D 1 t) ~. ~', t: 1" f • • I 

.It! ;1 :' 

c:.n c:trry nn pi!ot().(~::nt hct;.i.~; Dr. 
:-;"C'- L:'.:·(~:,,- th'.:l:! '.:.!. .. :c·ly 

'1 t, .... : ;:,": [' <:n"'i:c~,.~:3 TL~-

. :1.' i~; \'i ~.:: crl't~'lli~I~: r'~.·~;~~lLs 

'" _ ~ l :: L • 

,I. 

. .. " .. , f". \ 1 t. . ~ ~'.! 1 t.''' ~ : I.. .! [ t~ c~. 

: I I. '. 

. . -. 
'L ('::.:' '.: : t : I.. ~:, t C ~t 

d (, ~~ r I l", :, ;" ) , 

'Il ,L' " (, ~,:, ~ :; 

tL:' I··l·,:':·~· · ... 'i\·:~·. :.' t ~ .~. \' ! i (. ;.: c (.1. 

: " l :.l '" 

j ~ .;' ()! L :.,' f· j 

(:11',' 1. r; 

\'drj;~~l~' '::' l~\.·,'·:L:. · .. ~i:.~:i;~ r~': ,~;;;~' :,·::tf~(: l(,:~,·~jl;lt:i.cr. 

r;tJ:.t,~ld i i l .. :-" ~~/ to :-.\ .~:.::." i:·(i~(~·:tjr~:" lcr.g:..h of ~:r~]:fn 

fl1: c,':' h: it :;,'1(',::>:~ crir('r:un. 

(rl) Tniti,:ll, ~:}'l()14~ltpr:: ("·;<~'t'r.i·~,r:!t~~ ~;;!{'n .. " cliffc'r"(1ntinl 
n~ltrjclll u;'t.l1:c .11,,; ',~iU;:;.ti(":l in:-;i(!e tbc plant. 

These ir.v,:'s t j ;-::;~t -: lm!~ h.1VC cc.:l:tcrcd Ol~ popul.1tion development, 
evaluation of :- "·:·.":£n~ r:::('thor~s using the populations and 
develor:;,ent o( l.[",,-'cier :;cl'eeldll~: LcLhmb COL' both line anti 
population irnprovcQcnt approaches. 

MIT AVAILABlE COPY 
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(1) The first random mating U.S. populations (~T3R wa~:the 
first) using the male sterile gene were developed at 
Nebraska •. 

(2) Four 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 NPSR have maintained 
this average over a four-year period. 

(3) The first cycle of improvctilent using family evalliation 
schemes in the random meting population NP3R ga~ gains 
of 4.4 l 5.2, and 7.5 per cent respectively, for half~ 

,sib, full-sib, and 81 progeny testine. 

(4) Sl proGeny testing has been used successfully for 
evaluGting anel recombining greenbug resistant families 
resulting in the populations REIR and RP2B recently 
relc(]secl. 

(5) Populations Dre currently being screened jointly by 
physiologists ~nd breeders for heat tolerance, drought 
toler.'nce, cool tolcr.i.mce, protein content, length 
of ~r~in fiJl period, nnd narrow row spacing for solid 
~i..i..lJH.i ~ulL:u!.l;.!, 

G: PROJECT DESIGN Aj:D EXPMWED OBJECTIVES 

1. .Obj ('r.ti'::.~-=l. :Th-Lrty-LLve per cent of totnl effort). Investigate 
the nature of plant stress avoidnnc0 nnd tolerance mechanisms, 
develop screening u·r.lmiques and s(~lcct gc>notypes ~·IJlich may con­
tribute to tlic develo}l!!:ent of sorgnlms ~"ith inci:c[lsed heat, 
drought, nnJ cold tulernnce. Genotype nd2ptation to the prevail­
ing envirorunent is critical Dnd has not received due attention. 

Hhil(! the rcsponses of plcmts to environmental stl-esses have been 
studied for ccntm:ics ~ little prcsrcsf; has be('n J1:.:Jcle in defining 
specific selection critoria for improved performance under stress 
conditions other them by empirical menns. A knouledge. of the 
mec112nislTIs that contr.ibute to streros resistance and the inter­
actions that Dcc-ur anong the stresses should both shorten con­
sicler~bly the breeding process and result in greater stress re­
sistant genotypes. 

2. Obj cctive 2. (Ten per cent of total cffort). Determine the 
tillage and production methods best suited for producing high 
yields with 1m., energy inputs under varying environmental 
conditione. 
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Improved technology and changing environmental and economic events 
generally result in a need to change conventional cultural 
practices. Results su~gest that reduced tillage and bedding 
systems require less ener8Y input\~J)ile still maiiit1Iinlng or even 
increasi!lg yie1d.§. Alterations in temperature and moisture 
regimes arc--jJic primary effects. These strongly influence up­
take and utilization of mineral c1cmepts o Therefore, work pro­
posed in that area is important. 

Nitrogen Is particularly limiting in many developing areas. 
Cultural prncticcs sur), as crop rotation '''hich include a grain 
legume mcy help a11evJate the nitrogen problem and provide a high 
protein hml:o:-n food supplement at the same time. A1terin~ 1i8ht, 
temperature, and Il!oisture regimes in a given climate may also 
best be fitted by npecific morphD10~ica1 types. Such cspects as 
erect 1ecves and profllse root systrms need to he more closely 
evaluated und~r different cultural conditions. 

3. Oh-jectivE':..J.o (Ten per cent of total effort). Invcstignte geno­
cUffcrcne('~: unJ inhcriLimce for J:l"i.neral nutrient uptake ;:mel utili­
zation efficiencies under minernl stresses and Jifferent cultural 
practices. Also study effects of minora1 llutrjents on heat, 
rh()l'~1Jt: c~nd cold t:olJ'_':,l1h~(-S~ OL:I~J: pJ-.:l'sj.olc'P:ic;-,l pror:e::;.·tic~" :lUG 
plant qunlity and yield. 

Improved ancI c}:p2ndcd crop production \·~i11 require the continued 
use of fertilizer nutrients in environMentally strPGsed areas, 
disturbed, or. marginal lands. l~in(~r;'l nutrient sr:arcitics <:t.nd 
bigll cos ts mny limit the amolln ts used, thus i:.1proved plo.nt effi­
ciency for mineral nutrient utilizution becoues iMportant, if not 
imper:ltiv(), for continned high crop production. !-Iany onviromllcontal1y 
stressed, disturb:::el, or r;1(trginal Innds klve serious tlinera1 (;:1E::t:Ii!-nt 
probl~rns and will requir.e plants that are more adapted to these 
inherent or irnpos(:;([ stn,ss .::ondit:i.ons. ],e,,, cultul"ct1 practices Hill 
likely alter mineral nutrient ~vailubi1itics and utilization, thus 
imposing mineral nutrient problcLls on plants. SC'TI'ctimes soils . 
have more them adequate amounts of nutrients present in the soi~, 
but these arc not avai~able for plant use. Problems of plant 
nutrition have ge~er&l]_y been approached by fertilizer application 
or soil amendments, ~r forcing already developed lines iuto 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 solv~ 
or overcome some of these problems may be to c3pita1ize 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 shmm that Hide diversities exist in plant genGtypes 
for mineral nutrient uptake and use. Large differences in 
t01erc:'.ces co toxic elements and Hide adaptations to problem ,soils 
or cultural practices are also knc.l\,rn. Taking advantage of these 
diffe~~nces and breeding plants Hith greater efficiency for 
mineral u?take 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 nutricptG are also knmm to be associated with or to alter 
tolerances of plants to physiological properties, qualit~r!and 
yield. These approaches hold reasonnble promise of helpir\g solve 
miner.al nutrition prol'lems as \-!C acquire a better understanding 
of the beRring of mineral deficiencies or toxicities on essenti~l 
phyuiological processes. 

4. Objec.!j.'7e 4. (ThTenty-five percent of total effort). Develop and 
evaluutc. breccLing ter:lllliqucs, espcciully recurrent selection pro­
cedures npplied to nrt~ ;;'ci<,lly induced ~andom rratillg popu].~ltions. 
Apply thv'.;c 0ppJ:oochcs to incre'ase yi(:ld, in.;;ect and disease re­
sistanee, ~rajll quality, mineral uptake efficiE·ncy, and stH'SS 
tolei:ance. 

Sc:vcrnl ol·i.~i.,·!:,l '..!l1s';>le'.:t'~'d por'11nlin[""1s ore knrlFn ro yield 85-90:.:· 
of some good <U1(ipt(,c! 1'1 l'yllfirlsQ l;el'nl") Iii on, recent.Ly dCVi::.Lopcd 
pOpt!.lat:i.onr; !.W.\' 2;;ce(:u tldn <lnd prcs('nt relatively favorable take­
off points for reeurrrnt selection. Two cycles oj family sc1ecti6n 
uith NP3r. hri\'f.' dCLlCmstrotcd ~;igl1jLic:::I,t yield !:;::in~, cuc:h c:,,'c]e Hith 
an indic.ation L~h.::tt [ull-:::ib L.u:lily tp:~tin0 and S1 progeny tOGtinf, 
[Ire slightly 1~10n~ effid ont thell1 1;.11,·-·sib family l2stin;:;. 81 
progeny teE: Linr; Dnd subsequent rccGT.",bi.ll;J.tiol1f: hr.vc been \1!?211 
successfully to develop f~.rceI11l\,g n'G:i.~~tant popllL.'..tions .::Jnd to 
isolate ,:md CCl1Cl'ntrate cocnborer rc!~;istance. :~.1::S selection has 
made only small g2ins in increasin~ srDin proteill; family sche~es 
should 11e more SlIcCCSt;ful. PopulL1tioll breeding is particuLlJ~ly 
advantop,eOlls for the ncs in thot larLe al'lOunts of material can be 
handled \-lith 10\·,' skilled labor, litLlc hond crossing is required 
(c~{cept for E:aLing full-:.:;ib fal1ilic:s), naturr,l crossing in broad 
based populations slloulJ result in fortuitous genetic recombina­
tions adapted to [IllY environment, and line breeding can be initiated 
easily at any r.tage 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 assimilates 
ordinarily used to produce graino Resistant lines to some pests 
and pathogens are available for use to investigate the plant 
reaction mechanisms opcrative in plant resistance and tolerance, 
Identificatio~ of mechanisms and host-pest or -pathogen inter­
actions may be advantageous for developing screening techniques 
and/or cultural changes needed to minimize economic loss. 

Obi eetive 6. (Tcn per cent of total effort). Develop and 
~n-gtllen linlwges \-lith developing country agencies, international 
and regional centers, and dE~veloped country institutions carry-
ing out sorghum improvement programs aimed at DC needs. 

TINE PHASED DETAILED WORK PLl\.,NS 

1. Obieetive 1 

a. Investiga~c genotype differences in response to water stress 
at different stases of development. Greenhouse and growth 
ch;:lT:1ber pot studies indicate SOrzlltlID is the cost sensitive 
to damaGe durinr.; about a 2 Heck period from E:t.i.glaa and stCUJ1en 
differenti;tti en to bloom. Field results arc needed \·:here 
root :-;YDtC:l.,,; :~re more norn:al to supplf:lCJent Gr.E'CnbOllSp. and 
chamber results" 

(1) 1977. !I. number. of genotypes Hill be planted in a rain­
out shelter plot Hherc Hater Btrcss c,,-n be controlled. 

(2) 1977. Attempt to devise a field screening technique at 
the Tryon t Nebraska Snr,ci.lJills Station. Plants Hill be 
grmm in the snn("y soil (essentially hydroponics) and 
water withheld periodically to screen for drought re­
sistance at varioLls developr',ental stages. The Sand­
hills stc>tion is at an elev<:1tion where nights are quite 
cool. Arrangem(,lltG for a similar test at a ",:Irmer site 
are being cxploreJ for 1978. 

(3) 1978. Field selections will be gro"m hydroponically and 
stress cbntroileci ,\lith polyet!lYlene solutions. Specific 
studieD Hill be made on the effects on photosynthesis, 
stomatal rei~onse, yield and yield components at different 
sta~es of stress. 

(4) 1979. Continue study of stage of development \oJhel.·e 
limited irrigation \.,i11 be most effective. 
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1977, 78. Determine the degree of water stress ",hieh 
" generally stops sorghum coleoptile elongation or gtbwth 

and attempt to devise a screening tool to find genotypes 
capable of growth at high water stress. 

1977. Considerable greenhous~ 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 carbohydrf;lte 
(assimilate) accumulati,on and movement from sta1!tffi 
to other p:i.ant pnrts in normal soil volumes as water 

,is withheld. Celate assimilate movement to root 
activity studies and grain filling prohleras mentioned 
in II belm,. 

1977. Study carbohyc!rate formation, transformations, 
and patterns of accumulation in utalks of lodging 
resistant and susceptible types. 

,1978. Ensed on first year's interpretations, continue 
the study similarly nnd udd substudies as necessary 
depending on results from .1.977. 

1979. Continue as in 1978. 

b. Investigate the crrects of both prolong~d and short term higb 
temperature strCS::l on photosynthesis, respiration, and sub­
sequent gro~th ond seed development. 

(1) 1977. Short tetln streBS ,d.ll be imposed in groHth chamber 
and greenhouse experir:c!llts. Photosynthesis and respira­
tion will be measured before and after the stress. 

(2) ,1978. Effects of lonf,er term stress ,,,ill be studied by 
use of rain-out shelters. 

(3) 1979. Screen for stnhility of photosynthesis to stress. 

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

(5) 1977. Initial results of a field heat screening test for 
sensitivity to heat in developing grain "]arrant further 
evaluation. Grain appears most sensitive to damage about 
7 to 10 days after bloom. Comparisons will be made on 
sensitivity tLI um'klE'-· llMing the heed heat test and the 
leaf conductivity method o 
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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. 

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

(1) 1977. Develop technique of selection in grm'lth chamber 
and greenhouse studies. 

(2) 1978. Scr.een large numbers of plants by grmvth in 
hydroponic culture. 

(3) 1979. Test selections under field conditions. 

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

(1) 1977. Refine technique of groHing plants i:l slender 
cylinders for root obse.rvations and measurements. 

(2) 1978. Screen and select plants with large root systems. 

(3) 1979. Tr~:-;t SclCCtlOllS in the field. 

(4) 1978. Attempt to see how root volume and bulk relates to 
root a~tivity at different developmental staGes. Green­
hOllse stuuies have shmm that a large root of one geno­
type was not necessarily a more active root than a smaller 
roo· from another genotype when grain fillicg began. 
Dif. !rent genotypes partition assimilates to roots and 
expanding panicles clifferl~ntly Hhfm stress occurs. In­
vestigate comparative root function in larger soil 
volumes and hydroponics uDing l/,C tracer to see if re­
sults ngree pith greenhouse pot experiments. These 
investigations relate closely to 2e above. 

(5) 1979. Continue asRimilate partitioning e}~periments and 
attempt to influence root function with different chemicals 
especially durine grain filling as it relates to length 
of the grain filling period and grain yield. 

e. Investigate effects of 'high temperatures on nitrate reductase. 

(1) 1977. Nake limited measurements on plants at about 3 
weeks of age after receiving 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 temperatures~ 

(3) Continue screening. 

f. Screen populations for high cellular 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 Dnd in Arizona to see if heat tolerri~ce is 
greater in the Arizona population. 

1978. Screen selections from 1977. Start screening 
other populations. 

1979. Use selections for making hybrids. Continue test­
ing and selectinG. 

(2) 1977. Attempt to correlate the leaf disc conductivity 
test \-lith the head heat test in 2e. 

r.. Invcstignte specific l:1cch.:lllisr.:s for p1nnt hardening to drought 
and heat stress o 

(1) 1977. Neasurcs changes in osmotic potendals or a 
possible ha rc1 ening mechanism ~-lhen exp osed to stress. 

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

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

h. Evaluate temperature influence on biological efficiency and 
water use efficiency. 

(1) 1978, 79 0 Placing the right genotype in the right temper­
ature environment appears critical based on gro\-lth room 
experiments. About a 2S per cent yield loss results from 
elevating night temperature SoC above optimal for temperate 
and cool tolcrnnt genotypes. A IOoC 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. 



(2) 1977, 1978, 1979. 
high altitudes in 
about 25 per cent 
by using the same 
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(a) Cool temperature selectiong (as for 
Ethiopia, etc.) have been shown to have 
faster metsbolic screening techniques 
latitude but different altitudes. 

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

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

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

(e) Exchanr,e cool tolerant cerntplasm lvith interested parties 
in cooperating institutions. 

(3) 1978, 1979. Determine the influence of temperature on 
u.:::.ter ttsc. '2ff-ip:iN'ry. T\\70 fhcLors are invol-Jc.d. First, 
elevated temperatures CRuse greater transpiration losses 
which Hill be quantified by using environmental control 
facilities bejllS constcuctl::d under the current contrDct. 
Second, biological efficiency decreases beyond a certain 
optimal tcmperaturc~ level peculi:lr to the adaptation of 
the genotype. The tHofold effects of te::lperaturc on 
water use efficiEncy will be quantified in order to 
determine (el) hOH critical appropriate ad.:lptD.tion is for 8.n 
area (i.eo, what kinds of gains can be expected from 
proper ndnptation) and (b) Hhat the range of reaction 
among genotypes might be in order to make a reasonable 
guess on whether or not differences can be manipulated 
genetical]y to advantage. 

i. Initiate both field and laboratory heat x water stress inter­
action studie's all 3 years as facility construction penuits. 

2. Objective 2 

a. Compare minimum till bedding 'vith nonual surface planting 
utilizing corn and sorghum for comparative purposes. 

1977 0 Complete a 3 year Rorghum test and the second year of 
a corn test. 
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1978 0 Complete the third year of a corn test and summarize 
all data for publication. 

b. Study norn!nl and minimal tillage alternatives coupled with 
different planting methods unde'r dryland conditions. 

1977. Continue yield comparisons of severnl minimum till 
operations \.,ith normal surface cultivation and planting. 

19780 Partially monitor water status in addition to yield in 
selected treatments. 

1979. Continue 1978 and 1979 experiments, sununarize, and 
interpret data. 

c. Compare sorghum yields in a grain legume (soybean) rotation 
to conventionally fertilized sorghum 1'lith respect to nitrogen 
utilization. 

1977. Continue the third cycle of a five-year study to deter­
mine and compa.re soil moisture and nitrogen status along 1nth 
grain yield. 

1970. If yJeld and nitrogen utiljzation results in tIn soybean­
sorgnum rot:ation appear rovonlb.LC, trinls Hith otller grain 
legumes should be initiGted in selected DCs. 

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

d. Determine the influence of r>rect and normal lenE type sorghums 
in different stand geometries on light interccptJon and grain 
yield. Results thus far indicate a linear relationship between 
photosynthetically active radiation and grain yleld. 

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

Ohjective 3 

a. Evaluate and screi:!l1 sorghum lines and populations for differential 
responses to mineral elements and Al tolerance in soils and 
nutrient solutions. 

1977. Continue screening and refining screening methods for 
differential ~esponses to P and Fe by gro'~ing plants on problem 
soils 10',., in P and Fe. 
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Initiate screenin", of sorghum for differential responses to 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 results in order to evaluate
methods and to accelerate and improve methods for screening
for mineral nutrient efficiency. (This methodology can and
will be used for testing differential responses of plants to
any element.)

1979. Continue to screen lines and improve on screening
meth6ds.

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 in.1eralq nr toot S.1 's -rP~v.!ouslv,

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

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

1977. Continue field studies to relate "mineral use,,a

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

a The term "mineral use" means mineral nutrient uptake, distribution, accu-
mulation, and utilization and in some cases metabolism.
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Continue mineral use" studies with sorghum showing differentialheat and drought tolerance.

Initiate growth room studies on "mineral use" by sorghum genotypesshowing differential cold tolerance.

1979. Continue detailed studies on significant findings ofmineral nutrient relationships for lines showing variations in
grain protein.

Continue studies on "mineral use" by sorghum showing differentialheat, drought and cold tolerance and initiate studies on theeffects 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 other physiological processes
and on certain quality factors,

d. Evaluate sorghum genotypcs for "mineral use" when grown underdifferent cultural practices.

1977. Continue field stulieF. on "mineral use" of sorghum grown
U IU Ii IL .J . ,L J iL J. ., I . L *

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

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

1979. Continue studies on tillage and agronomic practiceseffects on "mineral use".

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

e. Evaluate sorghum genotypes for root growth in hydroponics andstudy relationrships, 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. Follow up on significant findings of mineral effects onroots anrd tor! pllrts qnd rol;I-,HV bp of mineral. to the growth
processes of soighum.
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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.

V,

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).

4. Objective 4

a. Yield test base populations.

1977. Test populations NPIBR through NP18B for yield
potential.

1978. Test improved populations of interest with certain
older populations as checks.

1979. Same as 1978; add new populations.

b. Continue recurrent family selection study.

1977. Select third cycle SilS in N213X and NP5R and make
up third cycle half-sib and full-sib families in NP3R.

1978. Conduct third cycle family yield trials.

1979. Same as 1978 or recombine selections for fourth cycle.

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

1977. Select Sl's from both subpopulations.

1978. Yield test S1 families.

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

d. Develop new high protein populations carrying ms3.

1977. Select third cycle Sl's from NP7BR and first cycle
Sl's from NP17R and NPl8Bo

1978. Yield test and measure protein in Sl families.

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

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

1978. Recombine selected Sj's in Nebraska.

1979. Increase and release.

f. Continue development of high quality yellow endosperm
populations.

1977. Screen Si's from NP12B and NP13R in Kansas for MDMV.

1978. Recombine selected Sl'S.

1979. Increase and release.

g. 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 quality.

1979. Recombine selected families.

h. Continue development of corn borer resistant population.

1977. Recombine resistant Sl's from second cycle screen-
ing of NP11BR in Iowa.

1978. Select new Sl'S.

1979. Screen third cycle material in Iowa.

i. Develop population with multiple insect resistance.

1977. Screen nontesta greenbug resistant Sl'S from NP14B
in Iowa for corn borers.

1978. Recombine selected Sl'S.

1979. Selected new Sl'S resistant to both insects.
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j. Evaluate population bred for cold tolerance.

1977. Select Sls from NPl6BR.

1978. Screen in laboratory and field.

1979. Recombine selected Sls.

k. Develop populations with improved mineral efficiency
(e.g., P).

1977. Perfect techniques for screening large numbers of
families.

1978. Screen SI progenies from greenbug resistant and/or
yellow 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-
fest:ed plant3. "tudics involve biol,.,,.cal reactions in
sorghum to cxtractus from DOLil imonevcw and greenbugs. it is
desirable to discover the mechanisms of resistance since
greenbug botype changes will in timc undoubtedly render
current resi tA.nce sourc; unuseabie.

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 account for some portion of green-
bug damage or whether a toxin may be the primary problem.

1977. Continue 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.
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1977. Screen sorghum pathogens for those which in culturesynthesize toxic metabolites that reproduce a portion orthe complete disease symptoms. (Present evidence indicatesthat such toxins are produced by Periconia circinata(root/crown rot), Helminthosporium turcicum (leaf blight),Fusarium moniliforme (root/stalk rot), and Pseudomonassvringae (bacterial leaf spot).)
1978. Develop effective procedures for obtaining relativelypurified toxin preparations and for bioassaying the toxins.
1979. Continue developing toxin preparation proceduresand hopefully screen a large number of standard genotypesas well as experimental material for their response totoxin and correlate w'ith their disease reaction in thegreenhouse and field, and select potential sources ofresistance.

c. Determine the critical physiological and biochemical effectsof environmental stresses that predispose sorghum to diseasesand the consequential effects on activation and growth offungal pathogens.

1977. Investigate the ability of soil borne pathogons (ecg.
aFTn gr w -- Tn j f1 -M . M _cnho i ...... , .....
and grow under a wide range of water potentials and tempera-tures as these conditions relate to stalk rot and charcoal
rot.

1978, 1979. Examine leaf and stalk ti-sue of heat and droughtstressed plants for accumulation of amino acids (e.g.proline) and for evolution of ethylene; determine the effectof these responses on germination of spores and sclerotiaand on growth rate of the fungal pathogens.
d. Determine the qualitative and quantitative effects of foliar,root, and stalk diseases on physiological efficiency of thedeveloping sorghum plant.

1977. Measure the effect of foliar diseases on stomatalresponse of, and CO2 fixation by, diseased tissue.
1978. Meas re the effect of root rots on foliar stomatalresponse and translocation rates in diseased plants.
1979. Relate the magnitude of these effects to the amountof disease and consequential effect on dry matter accumulation
and grain yield.
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e. Screen random mated populations for disease reaction andattempt to detect and define the drift in patterns of.resistance/susceptibility to pathogens.

1977, 78. Inoculate random mated populations under controlledconditions in the greenhouse with sorghum pathogens (e.g.Sphacelotheca reiliana, races 1 and 3 (head smut), H.turcicum (leaf blight), Gloeocercospora sorghi (Zonate leaf
spot), Ramulispora sorghi (sooty stripe), etc) and recordfrequency and intensity of disease within the populations
as their development progresses.

1979. Continue the above approach and establish the effectof the random mating process on the change in disease re-sistance and susceptibility.

I. GENERAL APPRAISAL

This project is rated by TA/AGR as being of high priority, and itsextension for three years has been included in TA budget plans andcongressional presentations. The present proposal is sound in designand the cost estimates are appropriate to the proposed level of effort.
The ongoing project was reviewed by a team from AID/W and three lead-ing sorghum research specialists from the commercial. industry inSeptember 1975. Also present were two leading sorghum experts frominternational centers. In the review, it was concluded that theUniversity of Nebraska was the world leader in resaarch on sorghumphysiology, and the experts from the international centers made parti-cularly strong positive statements regarding the importance of theNebraska research to their development programs aimed directly at
DC problems.

The strength of the Nebraska program was further emphasized in 1976when the Nebraska legislature voted, and the Regents of the Universityaccepted, a special budgetary supplement for support of the recognized"Center of Excellence" in sorghum physiology, led by the Principal 'Investigator of the AID funded project. This financial support insuresthe continuation and expansion of the basic research program, to whichthe.AID funded project is joined for support of research directedtoward 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 metat the conclusion of the alloted time. The extension will permitfurther development of basic rcscarch in stress physiology and thecontrol of yield, and should provide a sound basis for applying theinformation obtained to practical plant breeding programs with afocus 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 is 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 environment 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 bUDGET AND LII'E-OF-PROJECT COST ESTIMATES

TOTAL LIFE OF
FY 77 FY 78 FY 79 PROJLCT COSTS'

1IPUTS W/M $ $ $ $

1. Salaries, 232* 61,000 254 84,000 90,000 235,000
2. Fringe Benefits 62 2,800 84 3,u00 3,500 9,300
3. Indirect Costs (64.3%) 62 39,200 84 54,000 57,500 150,700
4. International Travel 7,000 8,000 8,000 23,000
5. Domestic Travel 1,000 1,000 1,000 3,000
6. Equipment 29,000 10,000 - 39,000
7. Materials and Supplies 20,000 25,000 25,000 70,000
8. Other Direct Costs** 20,000 23,000 23,000 66,000
9. Publications 2,000 3,000 3,000 8,000

Totals by Inputs $182,00G $211,000 $211,000 $604,000

OUTPUTS

1. Stress Physiology Studies 63,700 73,850 73.850 211,400
2. Production Practices 18,200 21,100 21,100 60,400
3. Mineral Nutrient Studies 18,200 21,100 21.100 60,400
4. Breeding Techniques and Studies 45,500 52,750 52,750 151,000
5. Pest and Pathogen Reaction Studies 18,200 21,100 21,100 60,400
6. Linkages and Utilization 18,200 21,100 21,100 60,400

Totals by Outputs $182,000 $211,000 $211,000 $604,000

* Includes 98 W/M professional and 72 W/M subprofessional and clerical noncontract funded
** Include winter nursery costs



AID 1050-25 (t.is) PROJECT DESIGN SUMMARY Lift of Projet:

LOGICAL FRAMEWORK FromFy 77 o F?' EO
Total U.S. Funding

Project Title & Number: Physiology of Yield and Stress Reaction DatePrepe-ed: 611176

NARRATIVF SUMMARY- OBJECTIVELY VERIFIABLE INDiCATORS MEANS OF VERIFICATION IMPORTANT ASSUMPTIONS
Program or Sector Goal: Th, broader objective to Meisures of GozI Achievement: A.sumpticrns for acieving goal targets:
which this project contribtres:
To increase quantity and nutritional 1. Significant increase in per 1. Official production and population 1. DCs will actively atte=pt tovalu.- -' food crops in developing capita production of major food statistics (FAO, Foreign Agri- expand food crop production.
countixu. crops in DCs. cultural Service esti=ates). 2. Nutritional quality can be

2. Improvement in nutritional quality 2. Nutrieional quality surveys in DCs. improved without major con-.
of major DC food crops, straints on yield.

Project Purpose: Conditions that will indicate purpose has been Assumptions for achieving purpose:
achieved: End of project status.To make available to DCs high yielding, 1. New, superior varieties available! 1. Publication and reports of LDC 1. Solutions can be foumd to

nutritious varieties of sorghum with to farmers in DCs. governmental agencies; on-site in- major constraints.multiple resistance to moisture and 2. Research and development activite spections of seed supply. 2. Agriculture extension servicetemperature stresses, diseases and in sorghum effectively assumed by 2. On-site inspection and review by are able and willing to pro-insects, together with improved practices DC agencies and international . AID/W personnel and consultants, mote proven p- I ",s.for their cultivaticn, institutions and linked by com- 3. DC research it. . tions de-
munications network. velop adequate capabilities.

Outputs: Magnitude of Outputs: 
. Assumptions for acheving outputv1. Determination of the nature of stress , Not quantifiable, 1. Reports by contractor. 1. Research is successful.tolerance and avoidance, and other - . At least 2 populations per agro- 2. Reports by contractor, communications 2. Research is successful andphysiological traits useful in plant climatic region, and reports from Missions, inter- DCs are interested inbreeding. 3. Linkages with 2 international national centers, and DC institutions material.2. Development of breeding populations centers and at least 10 DC 3. Contractor reports, co=muniri.tions 3. Cooperation by Internationaluseful for DCs. institutions, -from DC.institutions and inter- centers and DC Institutions.3. Establishment of effective linkages national centers.

with internation and DC agencies.

Implementation Targt (Type and Ouantity) Assumptions for providing inputs:
Af."AID/W provides financial support and 2T AID/W funding at approximately 1. AID/W records, 1. AID/W funding will be avail-
project guidance. $200,000/year. 2. Contractor reports, on-site in- able on schedule and in

2. Contractor provides qualified per- 2. 230-250 worker/months/year tech- spections. quantity agreed upon.sonnel and backstopping facilities, nical personnel; adequate labora- 3. USAID reports, on-site verification, 2. Contractor will have3. Participating personnel and coopers- tory facilities; 5 or more ac:.es necessary qualified personnektion provided by 1) DCs, 2) USAIDs, field research area. university facilities will be
and 3) international organizations. 3, Not directly quantifiable, available to project.

3. International ovcanizations,
USAIDs, and Des w 1.l have
personnel and resources to
support..this activity.



Attachment A

a. Continuac o c- . .. .. b•

USDA in cooDeration iwith Texas A&1- in LG63.

Concentration will be on that component of the work which dealswith evaluation and screening for tropical and subtropical conditions, i.e.,examining that part of the germplasm which would normally be discarded by-U.S. breeders. This project involves the transfer of germplasm from thetall exotic tropical, day-length sensitive varieties into day-lengthinsensitive, short stalked types. The main objective of the project is tomake available to the sorghum breeders in the tropical and subtropical zonesa vast amount of germplasm which combines the U.S. germplasm with that fromtropical varieties. A by-product of this work will be to feed back to thebreeders in the tropics, populations and cultivars which in many instancescan be directly released as improved varieties or be used in their breeding
programs.

Puerto Rico is ideally located (180 north latitude) as the siteof the conversion program. The day-length between September and February isshort enough for the early heading of exotic varieties and the temperature
is favorable for optimum plant growth throughout the year.

In 1971-72 twenty-six new varieties were added to the conversionprogram which brc ,ht the total number of varieties up to 1,085. Seed of 63converted lines v -- released in 1969 and the conversion of 134 others hasbeen completed J. L.972. When a release is made for international breedingprogrr.ms it is i:)mpanied by a complete description of its morphological
characters as v,. . as what is known regarding its reaction to numerous
diseases and ir.: ,,ts.

Wm:'k is being initiated to combine similar converted lines intospecial populat"Lons, thereby greatly reducing the numbers which breederswill have to hziidle to satisfy the progressively changing needs of breeders
worldwide. Up-to-date circulars will continue to be prepared for worldwidedistribution describing the materials currently available in the conversion
program as well as the population program and inviting breeders to have theirnames placed on a mailing list. Each year a list of available breeding.materials will be distributed and seed will be sent upon request. Becauseof the lack of storage facilities in Puerto Rico, seed from the conversionprogram 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.

k'AV'JAl.AF_ COPY
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of liew: va- eties, their use has been limited because p.rogeny from theircrosses has not been productive.

The development of populations offers an efficient breeding tool

Whereby the germplasm from a nUmber of sources can be combined with a minimum

effort and from Which genotypes adapted to a number of environments can be

selecfed. The value of such a scheme has been demonstrated by the cornbreeders. Since sorghum is mostly sel-pollinatinggis Used to Promote cross-breeding.
As an example, a Population is being developed in Puerto Rico

specifically for the use of breeders in the tropics. Forty-two elite Y.est

African varieties have been crossed on to a genetic sterile developed in

northern Nigeria. The second generation from these crosses is being Planted

this fall in a plot under short days in order that all will head simulteaneously.
A fourth of the heads will be male sterile and will be .tagged and pollinated

at random by all of the fertile plants in the 42 crosses. The seed from

these sterile plants will be harvested and bulked and a second planting can

be Made in January when the steriles in this planting will again be taggedand .harvestc~d .Wl 
g i e t g eAfter three cycles of random mating, three to five acres will

be Planted from which desirable fertile plants will be selected. After

adequate screening (one to four years depending on the complexity of heredi.

tary factors), this Population will be made available to breedersin the

tropics and could also be used in the temperate zones. Since this population
includes germplasm which will give Plants with a range in maturity, plant

height, disease and insect resistance, tolerance to strig, graint
etc., breeders should be able to easily isolate varieties adapted to a numberof environments.

In 1971/72 twelve different breeding Populations from Kansas,

Nebraska, and Puerto Rico were in various stages of development at the

Federal Station. In the cooperative work with the States it is Possible to

grow two crops from September to Julie and a third in the States, Completing

three cycles of random mating per year. Without the facilities available

in Puerto Rico Population breeding would take three times longer to do the
Same Job in the United States.

After three cycles of random mating, a year will be required to

select elite germplasm by recurrent selection. These selections can then be

put through a second series of random atings to recombi n the Ger edpla to

EIST AVAILABLE.. ......



P. 3

c. Maintain-n. and increasinK, the seed of the WorMd Sc.rpl u-.Celos e '-, . ^, I,

" ' i' - .i ." ' :l .' . , . ' ":. :.. ,., :i .,!..".t-I. . .,l .AE .,..:. : X .,. : L" o

the Federal I.a.tIi N L !t.o0gX-. S:e- ", E or_ C. v"Yh,:. "Colorado. -'is is an eLx-Oejsive t u esset , "'........1plasm is to be maintained in the Western Hemisphere. In addition to pln_.t +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 morphological charactersdescribed as well as their reaction to rust and other diseases. At presentno agency has the responsibility of assembling and cataloging the data beircollected at a number of places in the world. It is expected that this willbe done by ICRISAT at Hyderabad, India, to eventually accumulate in PuertoRico a "bank" of elite breeding stocks from which breeders in the Western
Hemisphere may draw.

It is expected that about $20,000 will be required to sped urthe work of' increasing seed and collecting information on the worJd co' ict - :Nurseries are to be planted near Ponce where the rainfall during November-April is less than 10 inches and the crop is dependent upon irrigation.Thi: .rill assure getting the best quality of seed available. The rainifelon _-: Federal Experiment Station and the University's Experiment Station atIsblLela is considerably higher, which promotes fungus growth on the seed.The operation at Ponce will require a technical assistant being posted th'-,7etwo or three months to supervise the work.

To date there is a backlog of over 2,000 items to grow and itis expected that a large number of additional items will be received ascollection is resumed under ICRISAT. Although the new collections will begrown 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 sorghum hybrids.

(1) Sorghum breeders are concerned over what would happen tothe hybrid sorghum industry if a disease should develop which is associatedwith the milo-type sterile cytoplasm such as the relationship of thesouthern corn blight and T-sterile cytoplasm in corn.

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

(2) A second source of sterile cytoplasm is available fromcrosses with the variety 92 from Ghana. Sterility is expressed in non-dehiscent anthers, This type would be difficult to use commercip.1y
because of the problem of distinguishing normal and non-dehiscent anthors,

@1HT AVAILABLE COPY
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but could be used in an emergency. The feteritas sez-io as re-t-ror3 and
breeding wi31 be contdriue4 to ;ievelop a grco:P of oth.-.li nc r.

a. Incorporate ye:low endosirn lins intc a
random-mated population.

Interest in the yellow endosperm lines, which are being used
in this phase of the improvement work, is attributed to (1) higher feed
value, (2) vigorous root systems (possibly the result of a stress avoidance
mechanism), (3) good stomatal control of loss of water, and (4) lare 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 Vitamin A for human consumption and lack of tannin.

b. Develop suitable selection techniou~s and breeding methods for
use with random-matingr populations destined for the ropecaL
environments.

Particular emphasis will be placed on determining what the
correlation is between length of the grain filling period and the yield of
grain.

c. Evaluate the utility of limited till bedding practices for
sorghum on upland soils, and later on wet soils.

Use of such practices on wet soils may produce better stands
and growing condit.ions 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 wet, sorghum must be planted on
beds so .that root aeration may be improved.

d. Develop screening techniques applicable to random-mating
population for stress tolerance and stress avoidance mechanisms.

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

f. Develop screening methods for early season cool tolerance
growth capability, Germplasm development is being coordinated with CIMMYT.

g. Conduct 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.

h. Publication of results in an Annual Report and in appropriate
Journals or circulars.
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3. Work Pizr for Tcas; A&.! U- ivci sv.
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introductions aris pa:rtili ce:n'¢rt.d exotic lines cc , . ;..

year for downy n.idew, heed seat ad foliage discaes ii ;;eeville ar'a
nurseries. Also screened in these nurseries will be about 2,000 fourth and

fifth generation breeding lines derived by crossing disease-resistant con-

verted and partially converted lines with U.S. elite liiies. Partially

converted and converted and selected exotic sorghum lines will be evaluated

for maize dwarf mosaic (MI14) and lodging resistance (root, crown and stalk

rot) at Lubbock, Texas. Exotic sorghums with high levels of disease

resistance will become candidates for conversion.

b. All Disease Nurser (ADN .

The ADN, composed primarily of partiaily converted and converted

sorghums with promising resistance to two cr more major sorghum diseases, is

grown in several areasat no cost to the project, to provide maximum exposure

to a wide variety ol' diseases. In 1972 the ADN contained 70 entries; the 12

proposed Texas-USDA cooperative locations for the ADN are:

Location Principal Diseases

Wharton, Texas MIXA

Berclair, Texas Head smut

Berclair, Texas Downy mildew

Experiment, Georgia Anthracnose, rough spot

Meridian, Mississippi Foliage diseases

Verona, Mississippi Head molds

College Station, Texas Misc. diseases (artificial. inoculations)

Friona, Texas Periconia root rot

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

Lubbock, Texas (Late) Charcoal rot, lodging

Lubbock, Texas KM4I

Springlake, Texas Rust, lodging (greenbug and mite associated)

c. International Disease Nursery (IDN).

The IDN is composed of 30 sorghum entries selected 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, it 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 mey not be made to our spocificationo under such

conditions. Travel to visiting nurseries will be confined to key loctions.
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The following were nursery aocatiors in 197: thos, with aerighL- . kt.....tY c ~6 J1.::'o -, =-o 1 73 c:,. 2 r,:t *""i ., -' :'.,

oNumber C-locat--oi Jurseries Diseases Evaluated
Argentina * 2 downy mildew, head smut,

anthracnose, MNI
Brazil 

.1 misc.

Colombia** 1 misc., MI14
Ethiopia 

doway mildew, head smut

Egypt * 
downy mildew, head smut

Hawaii* 
1 rust, bact. stripe, foliage

diseases
India * 3 misc.

Bergamo, Italy (EUCARPIA). 5 misc., Mr4

Poza Rica, Mexico** 1 rust, bact. leaf spot,

Helminthosporium
Tampico, Mexico'" 2 rust, Helminthosporiun, grey

-leaf spot
Nigeria* * 1 downy mildew, smuts, strigaPanama 

1 rust, bact. leaf spot,

Helminthosporium
Puerto Rico* 1 rust

eslaco, Texas * 1 misc.

Houma, Louisiana * 1 rust

Venezuela* 
2 . fithracnose

Uganda (Serere) *  
1 downy'mildew, smuts, striga
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Although not specifically designed for insect studies, when

present and severe, observations will be recorded for resistance to

iu.itir.g insects ab shoot fl3y, gr-en bug, midpe, und stalk: borers.

pathogens eh. rlvirct.r., it . plhun-ei 'to s ob.ripse t.o boh ,
and artifi.cia! inocuiation;) root, crown au±d stalk-rzt n- pfogcn .n the

sorghum lodging nurseries. Potentially superior lines are further evaluated

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 again in 1973.

Several sites are necessary in order to insure differentiating

levels in such diseases as: Periconia root rot (2 races seem apparent);

anthracnose red rot; charcoal rot, and Fusarium stalk and crown rot. Notes

are also taken on other types of lodging such as weakneck, stalk breakage

following a freeze, and root lodging. Entries for evaluation in th2 SLT

will be obtained from yellow endosperm breeding lines and partially converted

exotic sorghums that have a high degree of resistance to natural lodging

and 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 base population) are currently being

developed. These populabions will undergo two generations of random mating

in Puerto Rico during the winter of 1972-73 and probably one additional

random mating at Lubbock during the sumier 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 disease-resistant sorghums are

susceptible to grey leaf spot and Helmfnthosporum blight.

(2) Insect Resistance: Sorghum lines resistant to the greenbug

will be incorporated into a random-mating, multiple disease-resiBtant popu-

lation. The population will undergo two generations of random mating in

Puerto Rico during the winter of 1972-1973 and one during the sunmer at

Lubbock. These populations will then be available for selection under

conditions of natural greenbug infestation at or near Lubbock.

Partially converted and converted exotic lines that are

resistant to insects native to their place of origin will also be integrated

into random-mating, multiple disease-resistant populations in 1973. Insects
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considrred here are the shoot fly. stalk borers and midge. These popu-latlono will then be random-r .acd for eventual dis tbi:t on thou ,v. ..the wcl., .c.i urc :iJ rcorgil.] , inpr -.-- , .

-1) S £:ira-}c ' d }:'o;'i, fc' eva2_." -..... d f'.c-t

grhu,.; for resistance to sorghlzr midge is headoF et -ert in the Lubbock -rea.Evaluat!.on studies are currently underway in all areas of the state wheremidge populations are normally high. Since sorghum midge causes severelosses in nearly all sorghum growing regions of the world and there arefew known sources of resistance, this project has a high priority. Theprogram will initially emphasize methods for screening and detectingresistance. Because of the nature of the pest, such mechanisms of resist-ance as antibiosis may have been overlooked in the past. Methods fordetermining mechanisms of' resistance, and the value of' :,,ch type will be
evaluated.

Initial experiments will involve artificial inoculations ofvarying midge numbers, which will provide information on the degrees ofsusceptibility, influence of midge numbers, and effect of the plant onmidge development. Sources of midge resistance, like those of greenbugresistance, which meet height and maturity class qualifications, will, beincluded in the random-mating population. Advancements resulting from thiswork will be incorporated into breeding programs in Puerto Rico for use in
the tropics.

TA/AGR: 10-10-72
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