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MECHANISMS OF REGULATION OF PLANT GROWTH, R. L. Bieleaki, A. R. Ferguson, 
M. M. Cresswell, eds. Bulletin 12, The Royal Society of New Zealand, Wellington 1974. 
Pages 871-877. 

Yield Considerations in Selected Cereals', 
JERRY D. EASTIN: and CHARLES Y. SULLIVAN 4 

ABS'TRACT 

Seed number usually correlates positively with cereal grain yields. Environ­
mental stresses at the time spikelet colponents are differentiated in sorghumn 
seriously reduce grain nunber and yiehl. Coinpetition [or assimilates between 
simultaneously exp)andinlg floral and vegetative parts at this litle nmy put a 
strain on developmcnt of spikelet parts. (;rowth regulation researcl aimed at 
maximising spikelet differentiation and cxpa nsin ;aid suppressing vcgetative 
expansion, appears to have iifLrit. A second area meriting research relates to 
delaying senescence in grain in ordcr to lengthen the graill filling period and 
increase total assimilate supply for graini production. 

Limitations of space prohibit ain extensive review of pertinent literature 
for this broad subject area. Comments will be restricted largely to grain 
sorghtm, and doctumentatioi will riot be exhatstive even there. In 
addition, modes of growth regulation or physiological control mechanisms 
per se will not be discussed. Rather we will tonsider how cereals develop 
and at what stages in dheir developlen t, regtilatiotl of growth may enhance 
grain yield under partictilar environments. The "how" of growth regulation 
has been disctssed during this synmpositm at sonc length by those with 
expertise in that area. 

We first consider yield components. Plant breeders ordinarily analyse 
production in terms of the two yield components, seed site and seed imlier 
per unit land area. (Sometimes seed tumtber per tinit area may be 
expressed in terms of inflorescences per tinit area and secls per intllor­
escence.) Of these components seed nttnlcr ttsutilly correlates far more 

positively vith grain yield ill s rghtnI (.-ri and Ilttm 1I62: Quinby 

1963; Kamball and Webster 1i965; Beil and Atkins 1967: l),ggett I9(7; 
Kirby and Atkins 198; Quininy and liang 1969: Blttn 1970: Qtinby 
1970). However, \'oight (t al. (1i9(6) and .\ln (1968) consider that 
yield increases may also be obtained throuoh seed si/e increases. 

Eastin (1972) recently considered sone of the (leveopnetltal factors 
that relate to maximising seed ttmiller and site in order to enhance yield. 
The development of sorghtn was divided into three growth sages 'ined 
as follows: 

GS, -planting to panicle initiation (111) 
GS., - PI to bloom 
GS' - bloon to pliysi clgical maturity 

This division of developmlelital processes can be Illade quite precisely in 
terms of anatomnical or morphological observations. IHowever, in a 
discussion of developmental e'entts limiting seed site aid tilillll)er, the 
division is rather arbitrarv, sitnjce Cents L ttrin.ili, ill (;SI illliee events 

in GS., which iinturn iullueiice 1lltitliate ,irin p o(hutio tillill (;Sn. 
Nonetheless, we shall lse this tliisioll to lacilitatc dIiscussion. 
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GS, involves vegetative development only. GS2 ilvolves tile differen­
tiation of the inflorescence and its expansion along with expansion of the 
last six to eight leaves in "combine height" (usually kcss than 1.5 in tall) 
sorghums. During this stage the tuaxinitun seed numi)er potential is 
determined. The final stage, CS3 , begins with pollination and ends at 
physiological maturity, when maximum dry weight is achieved. Post­
maturity dry-down will not be considered. 

GROWTH STAGE 1 
The influences of c;S1 events on maximising the seed number potential 

that is achieved during GS._, are not well delined. Qtiinby and Schertz 
(1970) pointed out that there w(Jtld probably lbeIinitations in yield when 
meristematic growth was limit'd. lrestnmablv this would apply both before 
and after PI in sorghun. (;oldsworthy and Tayler (1970) felt that popula­
tion influences on seed n umber differentiated appear to be exerted before 
as well as during Pl. lore recently ttvwiles (1972) reported a definite 
pre-Pl GS, temperature itfluielte ()iseed III mlher, but the nilech ism of 
action is unknown. Simiott (1121) stated that the si/e of a plant organ 
depends on the sie the .r(wimi r it andof poiin tri which develops: 
Quinby (1970) suggested that Limr-er leaes ammigst sorghtim plants 
measured (up to albotit leat 12) may l;\e rcelicmtd (o rrespolldigly larger 
growing points. With this in mil, (CastIhherry (1973) reasold that 
potential leaf area may be dtermnd dthri .v ;S, ile all leaves are 
initiated prior to I. Firt i r thcre is limited cidewc (to Ie discussed in 
the next that ps flIal vegetativesection) siktaioisl\ t')x;lltldil g aild 
structures may conpete, tider ,crlaiil ,iiltiols. for ;mtilable assimilates 
during (S2, and tiat sce(l mitio'r (;III be iii IIlem cd as a result. Therefore, 
if leaf size potential and st;ilk si/e poit(tial;i (Icdcitn i (Iluring(;S1 
then the potential compciti in bm lctl silliItlleotisly expanding \ege­
tative and floral parts htriin (;S. iGS-td ic d dlii ilig (;S 1 . The 
significance of any stidh (omnltition ot sccd numlber potential generated 
during GS, r'niaitus t bc cl~lidtcd. 

(;RowlIll SI'\a(, 2 

The critical (;$ 'en the I1[ the seed( is (i of maxitmun ultimber 
potential sice se(( niaiiibcl luisallN I1I. a positike cottelatioti with 
yield. Perhaps thc fi-st idi(liiion that eed ntunllnhwr call s tffer fle to 
comletitioli folr assillillt.s Iwtbr--t- simiultnotisltv e\pamdiiig floral and 
v-egetative palls(lint Irom ;iheihtli 1 1ciliieiit Ie did. Ilisussuol of 
that exp-rimcnt slioild Ic pic il hN I g"ut-1'ilis.el icicw oh how (mill­
bile height Norhl-iIiS (Uclvo , I It- ri . 117 1)

1. 16 to'20 ha,\f'd \(]l~q I l of, ' at, %\',11h flit ll fit IL'vh l ,l 1 .. IIIhv slloil 
iII!, I, t o 1,),( h l' v, Illl ' 1,h jtll, halleatlifg (Ito, H llX ~. l l I, i g .%ll-Vw 

apl)'alris uit fu\ .\ I 1i\,Sat \ 

2. Ia i It ,i Iiii ill' i m m ol p1 Is( ld( I,, .n itl .im I ,,iiill ll 7 toit-m iol h i It) 
days. 

3. Siik tuhil i( i otiti tiilim 2 ittks .i1t' I1pimi,,h i.i i%. 
mln d, 1111,fIll ,INI,,i,, , lmr I to,11.l ifill i , ,,wmf nis Ii-,, 1 i -. 11,. 21 

days afl I Im I ir %Ij ih'm lit(Il t( Iwll ,v I,m flitIIII, 
.P Illi( I ¢ 11" 11 111( I,1h % 11 11 ,l I ,cl+' 1 ,.:€ 0! , (hIJ- A pmllll l 1 lrlolll. 

,

WhicthrpIlsI tt I l i 1ii I t , tusii 
6."Ilt. Iti iii Ii,,1 , III ,ili % Iil i I 1 t ) I II# , ! II 

Nprt ltitk Il h. h u11 iii, ihu .11m, ( 111N IioI 1 1 lft, lo s ¢arIo mimsit ( lig1l R%S .11 S lha 

h( ltlltlwti t . i 1)11 oil I stIh lI gu-i gis 62gdirstli WII,irill .!It l lllas f'our (1%,ovhlllg git'lit"+, hloit ll gi l till lIsil11 pirV-,(ll4 of all il l h eIfg eir 

http:g"ut-1'ilis.el
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plants (Quinby 1967) . In this hyl)rid series the females were 2-, 3- and 
4-dwarfs crossed to a 3-dwarf pollinator. (rain yields of the 2 X 3-, 3 X 3­
and 4 X 3:dwarf hybrids were 7528, 7988, and 7'7.11 kg;ha, respectively, and 
were not sigificanrtly diferent. lHowever, seed size of the tall (2 X 3) 
hybrid was 30;, larger than in the two shot ter (3 X 3 and -1> 3) hybrids.
Consequently, seed numbl er miut haxe been 3 )' lower in tile tall hybrids 
since yields were n)t different. (itc ill passing that the 301"', larger seed 
size in the tall iso(geneti stLs that a "()d (h'al (of utinsed sink capacity 
exists in sorgh mi: this point will Ihe (olisidcrcd la ter. 

Either tile tall hyl)rid did not (lilte'reitiiate as mntaiv fieots (trilng GS., 
llturp kc moreas its sh rter (€ i rts. ii l- it ill i))tcc "I; florcts. 'Filelatter, 


seems unlikely tindcr (ohidli )I cxpis Thereforc soughti ohis lriiclt. we 
for reasons for the dil'ereiti;mli (d fewtr Ilorets. \'getativc (iy matter 
production illth tall hihil cxN(,tlul the is atti'w of thc shorter h'lybrids 
by 17.5(,. Since the thurc( hihrid (innot he flitin,tiishd hom cch other 
in the field tnril atter 'l.this difttuft.I(c i ,c.tiethh nlterq pr(tmc­
tion niltst ha\e oIl'tirrei I ilitperiod bl)(tw(.i1 Imid b1i)(m , wliti paiicle 
parts were lIfil lilt'('l liti ld alnd tlh illiNiiiiiiiII s ti iitiitli r potential 
was being set. 1. twri see(I intnii r int li ii is'in pp.nll l ll, rCstillhed 

"lh(. phr:lst, ";Ats 'ti,
arid floral pa rts. i litc (imIIW~t, II"IN,i) l: l islfic­

ientlydeslc.(i )l)iie t hu 'iIc ti\11 hI'fl ('niti t i IIIIIIII'cI'S., tlI i t t t)i(ni 


d lI,t ,ill jtiifactors limit th( i ,tis t id isslllih tl tlh;t would 
favotur dilcrheiuuiatii~ii (1t eAplsiNimt itt .(o l1mt iitiihbi 

T he irnc ise ,mt i i Ili(. t . ltllcl t, r
ili ht't st- I i lituit;i (uitt tined 

d ii I tiNp.11,10+~ i t1.I thefnt.explored!was Iih "liqil~ss mi itlihihia sllil i ctif,t sitl IllI 2lmnt.\ w(ml~i~~ ut dcts ()Ithq~lnIt.t 

Beginling., aitP1, I 'C( . i flII I c\l,,;.hI i4I - bltll ,lIL.iI iliZltec(l 
RS 62i pli~nlltltitt\stiI ltil h at, w)itlat\i (I\t, pcli .)ifil 

' ' ll.1111,1ra(ctitvity (S%.A .) ()1I f l{ li ,1.1111-,: p'li .l t.." <+l , l w ithi 
+
[flat (if Ifl('IIl+N, n II)Idll\ cN'\ I fidiII", \( , . t.' H Nll(c I Ill, %\,I, ll (' Ili te<le

.cOl)(Ad illiill -lf.I') \\lIIII tilt' p.11114 \ IIld 'l %\,IN <,lifh'd Ow(S If. 111. 11~ , 

itnyenll <' ()IIII~h,l I !I III (I ill n 1,, I", thim illhswl( JNI,1 I Il,, I.l'.h l,,111d N 

th ir st(alll '11i411 I" fillt I LI1iii ,tII l I It (ISI",(lil 11 i f I ill i llitll I f t\ I 
S .A .) IvI 1 ((IIl It, i l i . lii I t,1l1 ii ,, t, lli(' it i i (Sftii ill t ii i f ill\ , I l'1 \\ t,.1 
o Irl,151 i i ti i Itt" I ,t it i tIl.f (I I 0 lllll:- . ,,(h I I i ,, I I'lto 1ft ' 

o ft 1| l cl(l11 1i ltf trill',,ll Ill(lif III Ij!I .d h ll If Ito,,1,ln *f',Ad lv it 

lt-Iil;lill'it holst t . llI' lN t II I i1,.l1iiIll I I Ni);( I ll llt le 
(hIn I '.m.4'I li lllo v t ', do, .1 l, it0I'lim {f; h~l (411l110( 11,1111\ INts 1h' I (If 4ll 

pac"i r i 1) ( I-fit It I l If ' l.1111Il t \ ii i1 
1 11tt IlI'I Itl I t\c ,,tll( IIfi Ii 1,1be 

dit-iiu \icit lfhl I I ,II'.tII fI, (I II hl r( I Il r Iol d 11 

W,et- d{l,. R{ \1 ( .,I l \ ai{Ill I I1 fll' {ale'indf-l Ili I);II " 1 ,' 

sulbs 'trifi 111 I l 'I 1 , 111 l .f .ll u'icfllillor 11 I IIfl ll( l 14 llt m 'I, lllIlf ' I Ilil 

dutring (.S.. 

i 1 1i \ I t ls 
i tll ". a1t,14 . !nf1 t I itl,,t t ,Illtl 

two W-ri| % lflI t Itlt I t I Ill fit, I N',,i itiiii ' N I tI I Ait %rrl 

imc I ,t tIIll tIl fi ll . f 1l,I lirt) 
w ei 1 1"d to. 1h,11~0111' il l ,if 1- f I.t I% ItI I III iIf, l' 11 ( , lof, I " Jlll1l, 

lW t-l"lrp, l i lll11141 ,1 m i 1.11%4 i ll111141111-- 1 1.1' IloJild. t 41 aliti, . 3;14 

Palnic le lilim titt is, I 11 -t hov .i~ .olfim I I illl I! tt rijit .11id w}lrltlllfl 

http:c\l,,;.hI
http:bl)(tw(.i1
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be limited to two only of the three genotypes tested since the third genotype 
fell in a different maturity class. 

First, the rate of dry matter accumulation per plant generally increased 
quickly after thinning, suggesting that the increase in light energy available 
to each plant had resulted in an increase in photosynthetic supply per plant. 
Second, seeds per panicle increacd significantly in thinning treatments 
made before mid-(;S,,. Third, yields/ ha did not decline as a result of thin­
ning treatments ziade before nild.;S., Iecause seed number per plant 
increased. After mid-(;S., (lie genoty)es lost their ability to compensate 
yields by adjustin, seed 0nnbler uipwalrd, and increases in seed size were 
not sufficient to maintain yield per tnit area. I:,otrth, the data suggested 
there is little direct relationshilp between growing point iiie at PI and 
panicle yield. 

Castleberry's (1973) results strniglv suggest that the time of differen­
tiation of spikelet comp(ments itv odil<ccurring between two and three 
weeks after P (mid-(;S._,) is aI(riti( i peril 41 elit lg to seel illnlber 
potential. These thinmlung tre;t tient rest lts (ephhoing lh+otsvnthate 
supply) agree well shlill it r'sults (decreasing lissimilatewith lhl. fitili 
supply) of l cn)dr atl1tinlc (11972) wh,I show that lowering lighi levels 
reduce seed nitiltis. 

litilt(1liist (1973) ilscstiU4(t thu" p4,n1Ict d 'Ihcltl() pi<4(csS [ton a 
different angle. WhlitcmuitM \\'iNVI m (ll hd. sloW that illgenerl, 
stress prior ti P (fe ll iiot it !'ic;itlv itilli oth iniig yield per!'1inciciv ItiuN 
plant. ltiltqltist (1173) l(st'( dlte itjlll.1o ,itcr sltess <il(tIlC Nild coM­
ponellis at Ill. dt flhot nd ;illI U altii fill.lillerct1i+,ItIiuu,l M ( Two) hybrid 
genotypcs. C I'2Y mil itS i'16. I llsed. 10'1lll lhn. lit\ 'c\5ut0 h a Ii0r', 
in sced t l,.i tc.1l l,1m4 sti.ss tilluis d l in It Il'l. Nonimii t p 1C54It4l
priinlaty) p.l( Ich' mi IflI, , s t'lW cil m, Il' l wlwil dic sncI's (.illC 
chtring t tly "],Ill] h lltll .I' i] ,1111 ghfill, ' .1 _-" loiss sccd cl1lh o 

Iloret .41<,! lif,,l. 
Seel i 114' l it'll 'illr'l ','c 4 hIII Itli f}ill I'04it s' ,1l 1114' I60"" 1 ss' e 

stress %'.its '0'1 ' 1\.is Iil (.iilut (sI, lI) ll.1 l filli valiiol '1hici ,it4 l1114 
er ly sccd fill sit4',s I Ills i i.,4l~l, 14451 I,'ltlil i u..NNIi 1uo 4dfiin I tlN (lu 
it) ll -l11 ls isuill t t,'I ,. . 1 ill I I(N, 

I4I44t (tl l I 1(l,,, l I , It.14I l,.l 11l1 cllI 4h 1 .ll l i 1I'11 s ,, (,I . . IIl l,,111 ll( 

lio lJnt I1 l lI lIIIIIN III I ( l' .t 4 1 ,1 1 , i ( 1441 I,4,II,,,I ;, .1 1 

II() I( C45I 4I1I I fI Ii*i11 I i ofI I (4 6,"1 1 1iN I '11 .41141w t iIIIII cm., if
111 1lliI 't%il l4 ,,IIII I,i l lK'S444,4"ll;I1 , ,Isl4). it 11s u 1,1,,ih,' ,ll ,, ll 
llI( ]il4.4, It' il ilm lit it i 11. , 4 l 1 l4 , i l lfil -fii ,lt'. II I ,Ih , i N II . 

111Ct1%, ,cd.414.IIIf .4I(I ,41h I .l1 .; I1.11i1"1t,)ft 1i,1, 44 I f t. It, I f Il.,I f,I I I 11\,111,, ,11 tIi iIt( IN i I (4 Im I li 1 I,.1IItI ..II411I. IS I ,tO ll4it.4)11(I I I ;(i I ' 411N N It gI I f I I 11 i 11 Ii . 111 14II14 II 

v x I II I IllIIf I ,111 1 IfN f il 1,:1.I4 q1" .4l1 IItI I.I I i IfI I, .," ',1 ..,. 
iffir p.1 l1, .1'I 11 4 4li,4 , 1 1 ,11 ,41 '.lt , ,,1,44 it,,II,, i,41111 l4ll .11, 1444 4,u 1 
SvIlh ill I. orl 1, N It 114 , I 4 1 , ill I i1 1'+ \% , 11 111 t,, 

11 ll, oII IIIs - , .114s11. 441i. ll (1, ,,l,I l 1114444444lit lll''144l ll1l-irl % 

olloiltlo ll I lt, I liI 4, l,,I i, /1 41I ' . .I% ,1A ,Illi%l N d 4 IfhIllis.!" 

1 Illllli l I lIl ,III fir It.1114 1 ll i l d14 ie %'. 114 1,1 ,l ,+lept 'tlr11 

W APIIIS'+if,4f ll o,,dl i +di ,lf fi+,l1 1 ,l,11.11 11llh i il\' 'I , 1 If .$faill 1, ,l j+l llah41-t 

-, .1I,, 1,h k 1 h11-jl,­litoll"~ off ~ ,, I ,,I 'ofI0#1 lh it I .1, lif I ,II l+, 'lll, 
Ilifloe~ Ili f ..1it-ll t I hcR I ,"'l, ,is lI,l,$VCth1%lIto l itiilu-,i it I ir .1m ilfill.11, 
i t,til t ii-l . . r%+,, f t PI4+V ,a ,1l,lig lforio;llfo|, 110l,, I h" 1h1,#, 1h1( 

http:ilfill.11
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recovery,. Polarisation of assimilate transport in C-42Y was geared more 
to panicle production while RS 626 transport was associated more with 
survival ,u the expense of paniicle and seed produhction. An understanding 
of the nmechanisms responsiblC for these dillerent assimilate poIarisation 
tendencies might aid developnieit of' sound management and plant 
improvement pro ;gra tr areas ( Iruni s iubje(t to stress.I fies ally 


Speculatory sumiiary th( ilits folow:
 
1. l)ifferentiation ol spikelet (ompocrit't is a (iti nl periodcl, and seed 
number (an lc ieduct'd drasti(ally by tiilaouttrale ens roiriieital factors 
at that time. Time of' mciois imitt likewise be a sclisitive period. 
2. Photosynthesis illiv be limiti- durimig seed imber dillereitiation and 
during stibscyqient develmllnlt. 
3l.If photo~ynzhccsis isnot liiinig, ,ini lbility to) polarisc as.similate trans­

location and (ontiol dc\clolmct iii taxlito of sjikclht diflcentiation and 
expansion iiav t I limitirci4.mac s l 

Regardino thce Last Itemi, Hiii(c ()olIiieiie oIii differeintiatioin of 
high sced IIInil tibrs scla'\i il ('lt'ls '111(I l l s ( lnlilient.it) (cllch - (ss'sbea 

:al\'R elativ-ely low IC'lll])c ut'-l{, ditlt il " -,I k(-)('t hI m i , , i ll 1(' i ( en~~ 

s'lc 0liiW' I!10) 
(T horn ,'ta!. PIG:; (", kcit mil \\'II 111-11; ()\veti 1't71.1, IbI, .111( plc'­

nial ryegrass (lRyhc 196).7) . ('..t !,tt icI \\'AII ( 1171 I 'IIlksc'(I ci'l I'd MsIlc.t 
literature, il hIi(l i i 1(i7.0,1inI i i al.,1-(t,lld I lu)((ll tic iIll 'chl. I low 
tetiiplartuils Ictil(lIcd (iil dc cI1sII Iiii Ind luli t-c IIi h c sjcilcIct ni t 

tionvperi d -,1(111"1iih('1 ( .(' I il('! I)c' 

both high spi!..l(t a iI hcit II ltl l iII Ill hle . a/. wheat 

, lct (',ii. il.1l1lcli(c 

ofi )(h Ii ll iiil )1 u1,c I llc(Il 1'i111i 11cc l l 1111t lll cit (lcllI 11,1 liy 

(101iil igglo i lii ill -. Il-.l hI, dc\chIiIIil Ill , iI1 I I IIIIIIH'I s ill 

m aytyl ll 1111 ,l it s i is'ic(11.I I I i IN i lhlpl Ic-

Ktrowth, is [l.t.11ili. 

(;ktl\\ Ill S I.\f.I 3 

S 1liti1 l'c S tti\14-,lil 'I )II 1 t' II.1 (l l I I ,II 1 1 I it( IIIIlll li Ill ;1n1(* 

tihl Ifti' g 1 i 1 l . ,-I i I.I II I ,I III 1 ,t4101111 l '141.1111 \ -i' is 1 

fil l ) .( h ,iol t ( l l l ( I . . I I d ( l "1111l ' l l ul l ' ' Il l tl ,fI 141'1 y 

1 1 11111 cIi( ,,1 i( ult(111it. 111 II 11 l , I , ll Ifll 1iI1lit 111\1 ofP1).iolt-( IIIII l]I , v1 1 J1, " l,,l, 11111 li 111, f if,,I ydli4, ll ill, 11,1S 1 1I 

Il at II 1 I Ii hit),li i tic liq ,1(c' It1 \1 Ill ill\ Ict II l,, 1 1 l it l Ii I . t 11,1C ii 
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physiological maturity, and thus the length of the grain filling period, we 
have noted (from three years" unpulblished data) that about one-third to 
two-thirds of the variability in yield correlates with variability in GS:, 
length. This appears true only in the absence of rather severe or prolonged 
environmental stresses. IUnder severe stress conditions there is no correlation 
between yield and (;S:, length. 

We found (Eastin 1972) appreciable variability in (S:, length amongst 
heads selected at randmi in a rmdni mating s(, popllation. Pre­rghmmni 
suinably genetic com'trol Of (;S:t length is fIinctiona Ilh effected through some 
kind of chemical control. 'nderstanding the nature of this control Inight 
permit easier inaiulMatioli of (;S:,, cither geneically or culurally. The 
grain filling curve in hyhrid smrghum isimive mulless linear (Collier 1963; 

Kersting et al. 1961: l-astin l1973) l)elaing senescence by a few days could 
be quite productive since inaxiniuni seed si/c potential in sorghum is 
frequently not attained in the field. 
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