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Yield Considerations in Selected Cereals'?
JErRRY D. EasTin® and Cuarces Y. SuLLivand

ABSTRACT

Seed number usually correlates positively with cereal griin vields. Environ-
mental stresses at the time spikelet components are diflerentiated in sorghum
seriously reduce grain number and vield, Competition for assimilates between
simultancously expanding floral and vegetative parts at this time may put a
strain on development ol spikelet parts. Growth regulation research aimed at
maximising spikclet differentiation and expansion, and suppressing vegetative
expansion, appears to have merit. A second area meriting rescarch relates to
delaying scncscence in grain in order to lengthen the grain filling period and
increase total assimilate supply for grain production.

Limitations of space prohibit an extensive review of pertinent literature
for this broad subject arca. Comments will be restricted largely to grain
sorghum, and documentation will not be exhaustive even there. In
addition, modes of growth regulation or physiological control mechanisms
per se will not be discussed. Rather we will consider how cereals develop
and at what stages in iheir development, regulation of growth may enhance
grain yield under particular environments. The “how™ of growth regulation
has been discussed during this symposiom at sonie length by those with
expertise in that arca.

We first consider yield components. Plant breeders ordinarily analyse
production in terms of the two yield components, sced size and seed number
per unit land arca. (Sometimes sced number per unit arca may be
expressed in terms of inflorescences per unit arca and seeds per inflor-
escence.) Of these components seed number usually correlates far more
positively with grain yield in sorghum (Arnon and Blum 1962: Quinby
1963; Kamball and Webster 1966; Betl and Atkins 1967; Doveete 1967;
Kirby and Atking 1968; Quinby and Liang 1969: Blum 19700 Quinby
1970). However, Voight ¢t al. (1966) and Malm (1968) consider that
yield increases may also be obtained through sced size increases.

Eastin (1972) recently considered some of the developmental factors
that relate to maximising seed nunber and size in order to enhance yield.
The development of sorghum was divided into three growth stages dfined
as follows:

GS, — planting to panicle initiation (P1)
GS, — P to bloom
GS,; — bloom 1o physiological maturity

This division of developmental processes can be made quite precisely in
terms of anatomical or morphological observations.  However, in a
discussion of developmental events limiting seed size and number, the
division is rather arbitrary, since events occurring in GS¢ influence events
in GS, which in turn influence ultimate grain production during GS;.
Nonetheless, we shall use this division to facilitate discussion,
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GS; involves vegetative development only. GS, involves the differen-
tiation of the inflorescence and its expansion along with expansion of the
last six to eight leaves in “combine keight” (usually less than 1.5 m tall)
sorghums. During this stage the maximum seed number potential is
determined. The final stage, GS4, begins with poliination and ends at
physiological maturity, when maximum dry weight is achicved. Post-
maturity dry-down will not be considered.

GrowrTh STAGE |

The influences of GS; events on maximising the seed number potential
that is achieved during GS. are not well defined. Quinby and Schertz
(1970) pointed out that there would probably be limitations in yield when
meristematic growth was limit~. Presumably this would apply both before
and after PI in sorghum. Goldsworthy and Tayler (1970) felt that popnla-
tion influences on seed number ditfeventiated appear to be exerted before
as well as during PL. More recently Downes (1972) veported a definite
pre-PI GS; temperature influence on seed number, but the mechanism of
action is unknown. Sinnott (1921) stated that the size of a plant organ
depends on the size of the growing point from which it develops; and
Quinby (1970) suggested that Lvger leaves amongst sorghum plants
measured (up to about leaf 12) may have retlected corvespondingly larger
growing points. With this in mind, Castlcberry  (1973)  reasoned  that
potential leaf arca may be determined during GSy since all Jeaves are
initiated prior to PL Furteer theve is limited evidenee (1o be discussed in
the next section) that simulimcously expanding floral and  vegetative
structures may compete, under certam conditions, for available assimilates
during GS,, and that seed number can be mfluenced as a result. Therefore,
if leaf size potential and stalk size potential ave determined during S,
then the potential competition between simultimeously expanding vege-
tative and floral parts during GS. iy detarmined dwing GS,. The
significance of anv such competition on sced number potential generated
during GS. rennains to he evaluated,

GROWTHE STAGr 2

The critical GS, cvent s the settung of the maximum seed number
potential since sced number wsually has o high positive corvelation with
yicld. Perhaps the fust indicaton that seed nmmber can suffer due to
competition for assinmilates between simultinceowsly expanding floral and
vegetative parts cune front a height Tine experviment we did, Disansion of
that experiment should be prefaced by a genevalised 1eview of how com-
bine height sorghums deselop (Lee et al. 197 1)

1. 16 to 20 leaves descelop, wath the {0th to 12th et pst appeating su the whotl at
PIL leaving 6 to B leoes 1o be ovpanded whike the panide i developing v new Jeal
appears about cvery 3 dans

2. Panicdle brandh diiterentianon procecds acroperalis, and s comnploted an 7 10 10
days.

3. Spikelet primordie are imnared within 2 weeks a1

4. Differentiaton of spikedet companenis proceeds basipetalls frone whour ooy 4

} | | i
days after PL o duriny which gme pedunde elongation cormences

B Panicles emcrge from the g deaf choaly (hooty abont 1wk bhelore bloom,
which procecds from the np ot haee

6. ‘Total vime from PHo Legimoe of bloow wall be ol the onder of 3% days
Nebraska  Limes toquacd 1o cncompaes the above eventy can cantly vary by e e,
dependi s onyear and penonge

Our expenmment was conducred o 19700 cbastn 1972y on dis matter
woduction in pogenre herght Tines of the sorgham hybrad RS 620 Sorgham

as four dwarhing genes, with presence of all fouwr genes giving the shortest
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plants (Quinby 1967) .- In this hybrid scries the females were 2-, 3- and
4-dwarfs crossed to a 3-dwarf pollinator. Grain yields of the 2 X 3-, 3 X 8-
and 4 X 3-dwarf hybrids were 7528, 7988, and 7711 kg/ha, vespectively, and
were not significantly different. However, sced size of the tall (2 X 3)
hybrid was 30°/, larger than in the two shorter (3 X 3 and 1 X 3) hybrids.
Consequently, sced number must have been 307, lower in the tall hybrids
since yields were not different. Note in passing that the 309, larger sced
size in the tall isogene sugaests that a good deal of unused sink capacity
exists in sorghum: this point will he considered Tater.

Either the tall hybrid did not diferentiate as many florets during GS,
as its shovter counterparts. or else it aborted 30, more florets. The latter
seems unlikely under conditions of this experiment. Thercfore we sought
for rcasons for the differentiation of fewer florets, Vegetative dry matter
production in the tall hybrid exceeded the averace of the shorter hybrids
by 17.57. Since the three hybrids cannot he distineuished from cach other
in the ficld undil ater PLthis ditference in vegetative dry matter produc-
tion must have occurred in the period hetween PLand bloom, when panicle
parts were being differentiated and the maximun seed number potential
was being set. Lower seed number in the @l tsozene apparently resulted
from assimilate competition between simultimeously expanding vegetative
and floral parts. The phrase “assimilate competition™ s probably insuffic-
iently descripiive to characterise events leading 1o diffarential seed numbers.
However, it appears that in the tall hvhiid some combination of regulatory
factors limited the polnisanon of esimitate nanstocation that - would
favour differentiation or expansion of floret nunhers,

The precise time at which the Tower seed number hmitition occurred
was not clear from this experiment. A second  experiment therefore
explored assimilate distnibution in sovahim during panicle development.
Beginning at PL V1COL was ded to the Last tulbly expanded Teab of inigated
RS 626 plants approsnmatels cvers fom dns far seven periods Spedifie
activity (S.A) of the expanding panicle was mcasired and compared with
that of the most vapidlv expandine: veseratoe tssie This was the antele-
scoped internodes 1o which the panecde was aceeched and was called the
juvenile stem comples TSt FabeHed asamilates had 1o pass through
this stem section en ronte 1o e e The vano cpamcte S A ()81
SAY was conmiderad e mdes ot compottinenoss hotneen the two tissues
for assimilates The vano dechinad trom Do PL oo o9 0 the hesmmning
of flonet ditcrenronen then tarther dechned o abenr 09 where it
remained thoonels the Lite Lot st Phos soecvosted dhar the panicle
deareased e competinve abalie s s developient procecded S v com
parisons betweon tsues e anodes ob competitien Toave somcthing o he
d(‘\il('(] wher relative cronth tates of the teares vaay and thewe date must
be viewed somonhoat cannonsdy

Weare indebted o D RO Coastloberny ond D8 Joc 18 Fhalugpnst whose
ullm-qm'nl teccarch o funther chinhed the sequense of onmcal events
during .S,

Castleberny 197 8 condied o senies of thinnme tieatimenis hegimning
two weels alter cmcrsonce an e aad sorchum Approvimoatcdy at weebly
intervals somple arcncat o oo oon plant dor popubion ithree cenntypes)
were tHhinned 1o 187 Dun plante he o The dlcons oo sood nobeyr per plant,
sced sive pey plant and coam o wore notcd Tl teatmens 17 apd
Y were carnied ont dutig GN8N aed testments 1S G0 and T dunimg GS,.
Panicle initiation ocontrad betweon treatmentn 4 and 1 Olnervations wil
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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 increased significantly in thinning treatments
made before mid-GiS,. Third, yiclds;ha did not decline as a result of thin-
ning treatments made before mid-GS, because seed number per plant
increased. After mid-GS, the genotypes lost their ability to compensate
yields by adjusting seed number upward, and increases in seed size were
not sufticient to maintain vield per unit area. Fourth, the data suggested
there is little direct relationship between growing point size at PI and
panicle yield.

Castleberry’s (1973) results strongly suggest that the time of differen-
tiation of spikclet components ordinarily occurring between two and three
weeks after PI (mid-GS.) is a criticai period velating to seed number
potential.  These thinning wreamnent results  (enhancing photosynthate
supply) agree well with the shading neatment results (decreasing assimilate
supply) of Pepper and Prine (1972) which show that towering light levels
reduce sced nmnibers.

Hultquist (1973) imvesticated the panidle development process from a
different angle. Whiteman and Wilson (1965 had shown that in general,
stress prior to P mercly delaved P without gready influencing yield per
plant. Hultquist (1973 tested the influence of water stress on yield com-
ponents at PLoat floret difterentiation, and ar carly grain il T'wo hybrid
genotypes, CH2Y and RS 626, were used. A severe reduction, about 6007,
in sced number pev head vesulted trom stess imposed diving 'L No
primary panicle hranch Jos was expected o noted when the stress came
during carly cram bl but there was a0 2597 loss in seed number thiough
floret abortion.

Seed size compensation tollowime the 607 seed number toss hom the P1
stress was about B0°0 0 There was no seed size compensation tollowing the
catly sced Bl stress This may possibiy huse resadted trom viediny induoced
in endospenn cell wells s resalt of the stress

Huttgquist (197 4 fonnd sensitivity to pamicle damaee muach mote pro-
nounced o Horer ditfarentiinion Fhe RS 6770 bivbid appeated o peact
somewhat dillerendy thon ded C Y 0 this e Up to aboi o a
[Nllli( le conld e illed by thie stross effcor and thie vomeannmime bl pannicle
would sull exare cdevelopy an RS 6700 Cpon sonatcnmes nodai nllening
accompamod poomcde estensien When the proeas panicle v dbinaged
more sexorehy o wondld nor coneiee Trame the e Teal sheath but the plant
sunvined and doccloped vocld it T C Y e toactions weore maote
extrame  Huthor pannctes cmorecd o appe cd rclatine by ondsiecd ) o -
if the Pt le v damacod st dad it o and e plant appcaved dead
withine a fove dave No el vl onearned

”ll'lcpu\l Tt b mcasied phiotosvathioas e el contpols,
moderstely streved ‘rhllls andd I;I.unl\ stievod e soio et (), oxdchange
The tamdocition of avanbatey formed from photosyntheus of 140 (),
was abwo follonad nmmcdiatedy ofter coahe treatment and e 15 andd ' thay
tecovery potiont Nvares oo d photosvnthoss ot canad vl tabi
tone in capatt of 2 Do Libadled boaves The pattcrns o expeat ditleyred
i the tnonvaticnes Fhe RS 66 hivhiad cxported mote aammilate 1o lowet
nodes and yoote and lesw 1o pratsi don thute dhied €10V Lol duning veea and
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recovery. Polarisation of assimilate transport in C-12Y was geared more
to panicle production while RS 626 transport was associated more with
survival ag the expense of panicle and seed production. An understanding
of the mechanisms responsible for these different assimilate pelarisation
tendencies might aid developmient of sound management and  plant
improvement progrannues for arcas chronically subject to stress.

Speculatory summary thoughts follow:

1. Differentiation of spikelet components is a aitical period, and seed
number can be reduced drastically by unfavowrable environmental factors
at that time. Time of meiosis must likewise be a sensitive period.

2. Photosynthesis nay be lnntting during seed number differentiation and
during subsequent development.

3. If photosynthesis is not Inniting, an inability to polarise assimilate trans-
location and control development in favour of spikelet differentiation and
expansion may frequently be limitine,

Regarding the last irem, mbuence of temperature on differentiation of
high sced nuwmbers in several cereals and other grasses bears comment.
Relatively low temperatures daring spikeler formation generally enhance
both high spilclecand Horet numbers in baley CTingle e al. 1970y wheat
(Thorne ¢t al. 1963; Cackettand Wall 1971 Owen 19710, by oand peren-
nial ryegrass (Ryle 1965) . Cachett and Wall (1971 analysed selecared wheat
literature, includine Rawson's (1970, wark, and noted thar in ceneral low
temperatures 1etaded car development id enathened the spikelet torma-
tion period eiving an nmacse mospikeder namber percars The mfluence
of temperature on hovmonal halince o other connol miechamsims favouring
formation of hich seed numbers ments thoroueh consideranon. Appaently
slowing growth during G5, favoms developmient of hizh seed nambers i
many ccrcals. Whether o nov this v accomplished at the expense of
vegetative expansion. o whether it s e adiition to normal vegetative
growth, is uncertin.

Covow g Sraeg 4

Ultinnate prain vield depends on the vate of dis matter accnmulanon and
the length of the cran bthine penad T other words, craom seela ds a
function of an cthacnoy component and o ome component Hhe clhaeney
component s complex: hemne inthucnced by and adequacy and o host of
ph)’.\iulugi(.cl proceses  burther, some Lo thacnomey the ofliciency
component may aloanluence the e component

Since numy of the proccsos o proadiction otburency o1 dry
matter sconmmbation ate Toove ol wdy boon disonsacd bore e soane lengeth
for other coreats, cdicnssrone of thesc i sorchon waill e onntead Phe tone
componecnt of leneth of cvan Bl poviod sl be connderod bty

The time of pollination o the oo of woan Bllerr s sy o deter
mine. A quul and v ate detcrmniteny o the e ol Ivh\unln:;it:il
mauuic, has heen naposahile antd rccentiy Soacham A|»|ul|lll3\ fortms a
darh cdovuny Liver i the phacontd e ol b ornel atachime ot sd e oo that
In cotn (hevellinch aned Walboe 195 whon plivanbicacad oy has
been tearhed Doavnad ond Do 1o Dranaed o ol 971 and
Reneh and Sk (1971 B v apgseatanee of tlv dae b Laver i conn to
evaluate the tenth of the coan Ol porpl o corn ved the selation of
thiv to yiedd ot cr 0l 1970 b el e fancnonal st ol the
apparent darh Laver i vzl by feedine: 74 08 o the Leaves andd cherd
Ing tramport o e Larnehe Anabropt vttt ooy when the apparent
datk layer development teahen s orrtam sage Puang thiv 1o dricunine
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physiological maturity, and thus the length of the grain filling period, we
have noted (from three years' unpublished 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
environmentil stresses. Under severe stress conditions there is no correlation
between yield and GS; length.

We found (Fastin 1972) appreciable variability in GSy length amongst
heads sclected at vandom in a random mating sorghum population.  Pre-
sumably genetic cortrol of GSy length is functionally effected through some
kind of chemical control. Understanding the natare of this control might
permit casier manipulation of S, cither genedically or culturally, The
grain filling curve in hybrid sorghums is more or less lincar (Collier 1963;
Kersting et al. 1961; Fastin 1973). Delaying senescence by a few days could
be quite productive since maximum sced size potential in sorghum is
frequently not attained in the ficld.
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