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Wheat plants were groem in & glasshouse without artificial

lluminatlon to study the effsed ol plant density om yisld. &y

of veot competition were controiied and this aliswed & sloser
study of competition for lignt and ivs effecis on tillerving,
dry satier protuction end hesd ilormation. The spasing could
be sltered ab any stage with litile effect ou growth, thus
froviding informelion on the effectsn of treatzents of different
duration. All planis comnenced prowth with the conbainers
packed closely together at o high density of 113 plants/me
and at intervals plants were ramoved and siuced oul widely,
thus naving the effect of iransferring from sonditions of
intense compsiition lor light to conditions of low density
with negligible competition.

The plants &t high density were limited in their growth
by intense competiiion, apparenily for iighi. Transier o
iow density removed this limitation enc the plants produced
a groater amount of dry mabtter, particulariy with the plants
that produced tillers. Plants reszining at high density did
not produce tillers ss a result of the intense competition,
but aid produce tillers if removed to low density by day 2.
wow titrogen level was an additiopsl factor in the reduced

tillering of the widely speced plants.
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The total number of spikelel primordia per ear increased
with increasing nitrogen level, but wos not affected oy time of
transfer to low density. llowever, the number of these primnrdie
witich developed %o zive fertile spikelets was affected by toth
nitrogen level and tima of transfer. It is sugrested that
competition Jor light at high density resuited in & reduced
supply of ascimilates to the Jdeveloping apex and compeiition
ior this assimilate between spikeleta. Trere wma nlss en
inweraction with sitrogen. Tho eritical period for the
gifect of this competition on the develomment of the apikelats
was from imeediately prior %o slongation of the vachiz to esr
apergenco.  Intense compsiition at this stage sould rsduce

the grain gield per sar o les

@

than helf of dhat whieh would

be ovtained if all spikslets developed lully.
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INTRODUCTION

In recent vears there has been wonewed interest in the study
¢f plant spacing, on density ol sowirg, in relstion %0 competition
for Light energy. Tols interest has developed particuiariy since
the produetion of suitatle instrumenis Ior measuring chanzes in
1ight intensiby within 2 crop oy pasture canopy and ithe develop-
send of the concept of leoal ares index vy Watson (19L7).

Seversl uselul methndes have been used w0 sbtudy the effests
of light intenaity on plant growth but 2if{ficulties have arigen
in interpretation ol resulds, particulariy in isolating the
affects of 1ight intensiiy from sther factors. Shading experi~
ments have been ussd Y give changes In light intonsity within
crops, Qut sheding recuces the light intenaity over the whols
erop surface, whereas in & field comwunity the uppersmst leaves
are in full dayiight with light intensity diminishing towards
the ground surface. The zateriale vessd foy shading alss affect
tanperature, air movement and transpiretion. artificial
envircunents can be used to controli the level and duramtion of
light intensity, out in this case there are siiferences in
1ight quality and intensity coapared wita natural light, and
the pois noroally used restirict the renge of densities which
can be employed. The elfects of iight inlensity on plant
growth have aimse bDeen studied Ly the corrvelation of messursd

seasonal changes in natural daylight with plent growth and
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development, ar DY the correlaiien of penstration of light into a
piant assceiation with growth and development. Whlle thess Lypss
of esperimert do nsbt directly aflset light qualiby or guanlity,
arowtnh is dependant on other Ianctors of ihe enviroassment at the
same btime, for example, tesperatuve, soil moigture and seoil
subriente, with resullant interaciiqns bebween lactors.

fensity of sowing is ¢f periiewiar interest in the study
of cumpetition for light, as changes in denslty can be used o
slter the Lisght sovironment. iowever, any varistlion in spucing
beiveen plants imcediately alters ithe volume of soil awailstle
to plantg of diflsrent density treatmente, unlsss the plants
ars in individusl containers, so thab differsnces secur in the
availabillty of sodl mpisture, putrisnts and soil air. These
iiffersnees could Ue great encugh to musk enbirely the efiecis

of soupol

ition for light, or may st leasit pregent identification

&£ the primary sfieets.

The present experiment was designed to study the efiect of
vlant density on the yield of wheat, particularly the yield of
grain, veing o giazgshouse withoub artificial illunination and
sontrolling the sfiects of root compeiition. This was

complished by growing the plants in narrow individual
sonteiners whieh wers spaced at two sxbtrems densitiss. They
weve oither packed closely tozether {(high demaity) or sipaced

out widely {low density; withoul sny change in soil volume per



plant. ‘The spacing could be altersd at any stage with 1it:

alfact on growth, bous providing Snlormation on the eflfechy

of traatpents i different durstiosu.
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AREVIEW OF LITERATUERER
 — 2 e

Compatition usually ccours wien olants make sinmiler Jdenands
on Whe sane environment. (lemwnis, guoted by Clements, Weaver
and Hanson (1989), stabes that “Oompetition srises from the
reachtion ol cne plant upsn the phwvsical Zsctoers avout it and the
efiact of those modified factors upon its congetitors. 1In the
exact sanse, btwo planbs, no ratier how cloee, do oot compels
with sael: other as long a&s Lne water-voniend, the =ubrient
material, the light end tho heat 2re in excess of the needs of
Loths When the Amsediets supply of & single nacessary factor
falls belsw the combined derands of 4he plantsy, competition
bagins” .

Yany of the concephs developed by Ulements gi gl. on the
nature of conpebitian eve still generally sccapled, sitlough
the euphasis on particular facets hag tended o alter. The
evidence vbiained by them as to the relative importance of the
tares primary lechtors of the savirvonsend suggested thatb water
is Tirst, lighi vext and nutrients last in native communities,
with the order changed o water, nubrients and then ligat in the
case «f intensmive field erops. Hudson (1941) suggested that

i

titior wili only bacome sperstive mhon the spheres of

angorrblion of the roosts overlar. : puded oub lighd and pro-

posed that competition is primerily undsrground for water, soil



nutrients and soil air, and ihat of these competition for walter is

the most important in determining yield.

alenough the above reletionships may olten be of the omders
given, the “"orders” are vased an expirical studies in pariticular
snvironmsnts and any one of the fsctors say assure the dominant
yole in csompotition « s:«sende on dosal oircunsianice. In many
areas water is mon~limiting owing Yo atieguate mainiall or the
uase of lrrigation, and with increamed developuent and use of
grtificial fertilizers more interest has Desn taben in the gtudy
of competition for light. Donald (1951, points sud that gt
is the fzctor which delermines the ulbtimzte yield of a plant
eommunity, and when light only has become the factor lLimiting
the growih per uaii area, then the maziwum produstion of which
the genotyre is capably has Leon sbiained.

The subject ol competitlon for Light in relabion %o light
intensity, leal ares and density ol sowing, 2s well as these
sffects on neb assimilation vates and reiative growth rates,
has been axiensively veviewsd in the literalure {Hlack 1957,
Tonald sad Hlack 195¢, Hlackman end Bleck 1959, Stewrn 190,
and Donald 1961,. Doneld {1%G1; poimts out thalt even where

weber or putrispts impose some limitatlon on the rate of growhh,
competition for light is still slmost certainly lmporiant.
Taue AF ligat energy is %o be mwet sffectiively used in the

process of phwtosynthesis, then the arrsngement of the plant



foliage must be sueh that all the iisht per unit area is inter—

sulidcient

zaphad, with the majority of the loaves reaaiving

Light erergy for o positive belsncs of photowrmibesis over
respivation. The number of lasves of 2 paviieular glant
receiving sulliclent light in tura depends on the degres of
compebivion frow ite nelghbours.

it is extremely dAfiiculs o isolate the effect of a

: izclor, sapeelially light, in the ansiveis of comyebtition
> ¥

elisgte. For emangle, Ehaldl {1956, found that %he dry matber

produgiion of wheanl was mach greater at high nitrogen level
than with low nitrogen, but vhe 4ifference sorregronded with
the absolunte amount of ligat energy, i.e., the higher the

Light intensily the larger ihw difference teiwesn %hs two

nirrogen trealtments. Sheldl suzzesis
made ol nitregen iz solively dependent an
sendilions. Hlackean and Slank {3(}:;{:,

dzgtation of growbth iscicete thetk in

Lyun grester radiation leading 4o inercased 2ssizilation 2
Righar tesperatures positively infinence ihe leaf-aves wvabio
and hence the relative growih rate. However, Mackman, Dlack
and Femp {1955 lound that the neb azsiniisticn rate of
delianthus aanuls wes rot allected by tempersture. Friend,
Helson and Pisher (1968 =) alse fowd an interachien betwsen
Light lntenmsity snd temperature on the relabive growlh rate

¢f wheat. The relalive growth rate incressed with increasing
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1ight intensity, but the rate of its fall with time increased

o8

with lemperature within the renge from 10 to 30°G. At tue

samd time increasing temperature in the sams range ingreaasd
the Tate of developsent of the plante. Those exenples show
that loterachions betwesn fectors meks ihe interpretadion of
rogulte very diffiewit, and the ellects are silll importent
ovan in the study of 2 single factor. Donuld (1958) in a
study of the intersetion of compstition for limat amd nutrients

found that sompetition for even s single factor involves inter—

action hetween direct and indivect efiects, uul when compwtition

securs ‘or tws factors 1t leads %o sultiple interactions betweon
two groups of eifects and thus greatly jintensif{ies the eilechts
of competition for e two sperating independently.

In spite of the difffsulties in isolating the sousaluts
affects of compstition for & mingle fector, there is swple
evidence that the asount of lizht veceived by the rlant will
dotermine the vate of increasz in dry welsht {(Stoughiton 1955,
Khalil 1956, and the reviews meniioned previsuslyl. I
adition, Yoss, Hussrave and Lemon (196L) meusured assimilation
of & corn erop in field snciosures and Jound el the intensity
of solay radiation was the predominent factur of the environ-
went which affected the rate of pholosynthesis. There was no
apureciavle {latlening ol the shotogyminetde curve during
widdey on clear days as would be the cuse 1 the planis wers

light saturated a% widday suniight intensities. However,

ol



the eflficiency curve hed a distinct wmidday depression, indieating

tsat the upper leavas may have Deen light gaturated znd some

b, pomsibly dilfamion of uéﬁ WES

wien having an afiect. Gaustrs {1962) sugsesbs thait under

ather factor of the snvirons

Lisld zonditions light intensitics and ﬁ;ﬁa“ﬁ:)ﬁafzzﬁh’f‘atimﬁﬁi sy
such that for & wide range of temperatures the phobtoshemical
sndfor difiusicon processes are limiting photogwmthesis. He
shates that elficiencies ol cloged crop surfaess are mostly at
least 302 lower than the opbimun efficiency of the pholociemical
processe Therelors, photosynihesis is provably lisited by ih
capaclity ol the difiusion procasz., On the other hand, Heskeih
and Musgrave (1962, in 8 siudy of net assimilaiion of sorn

fuund Yhat mogt individusl leaves ware not saturaied with light
ab 10,00 Q.o Thiz could 5o the yeasen for the ren-iiatbening

of the sidday photogynibntic surve deseriled above for sorn.

¥any corvop studles, pardloularly oo ratey of seeding, can be
rgparded as sompetidion studiss, albthough, g3 observed by Donsld
{1G51,), since the criterlon of rield hag ususlly bees o pare of
the apland, they give an incompleie pleture of the competitive
welations of plants. The effect of density of sowing on the
development of vlante has ean studiad by 5 mumber of workers
(Clemenbs eb al. 1929, Gngledow snd Hamiah 1930, fonald 1991,
1854, Hodgson and Slocioman 1956, Tweki 1955, and Namel 1959

and wany others,« The general picture which emerges from
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these studiss is a decrease in dry welght, bracching and seed

production with Inersasing density. For wheat, increasing

survilinesr cesveass

2]

gasuing reba gives & podan

ey ol kernels per pead, and & suellevr, linesr desrsase in

1,000 grain waight (Guitand, Bmasn and Hoyt 1981j.  Associated
witn tness effects in coreals is z dserease in $iller numbers

1ittle change in risld of dyy matier

oF graln per unit area. Puckridge (1962 in a shuly of com=

be soun ot a wide range of

pebibion among apaced wheal plan

isnsibics sotalined similor yields of dry matbter and grein o

& range o1 sowlng of Drom 35 Yo &75 planks per
il decressed yleld ab higher and lower dengities. The

vagpongs to decrsased cumpetliltion was shown in dncereagsed jiller

nusters and Mller gize per lant.  However, the spbimum ple

abion may be Infliuenced by the nuitrient level with

e

subseguent a2ileclts on the companents of rield as was shown
by the resuibs of Lang, Fendleton aud Dungan (1%56). A%
low nitrogzen level the moximes yield of corn (75 bushels/
sora) wae given by & population of 12,000 plante/acrs. 4t

7

mederate nlimgen 2 paxdisun yield of 92 bushels/acre wma

rd

pel with 16 rJ‘« A 11%5‘.@5 wiaile 2t b 'Z" nitroge the Pad“

i was anly oblalined whan the populatlon was ralsed 4o

5,000 plants per ucre. Bzaninebtion of the components ol

namely, sars por hwudred plants, weighd per sar, and

weight per hermel, reveajed thal esvs poy 100 plants was
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iniluenced most by varving populabions and fertility levels. This
gtaik barrenness was alfected wore by plant sopaiation than by
type of hyuvid or Ly aitrogen level.

with crop plants, interest lies not in the total dry matter -
or biclogiesl wield, may in the economic yield (Richipwrovieh
i95hj.  In the case of wheat, with which this study is concerned,
e cconomlc yield is the gruin. Compevition, in adsition %o iis
silects on total yield of the plants, zay have differing efisects
or: tne viald ol various organs and therelorve may affect ihe ratis
of the ecorormic yleld to viological yield. {This ratic hos
been termed the "Coefiicient of Efficiency® by Nichirorovien
{1954, tut Lonald (1960, sugrests that a nore explicit term:
is "Harvest Index";. Jor instance, lamel (1959) im o shsdiung
cxperiment with beriey found thal the plents at 507 daylizat
produced sore sars ihan those at 800 daylight, bub owing +o the
smaller number of seeds per car and the failure of lste cars
to lorwm seeds, produced less grain. The number of seeds per
ear increascd with light intensity. The response of the
various plant organs to changes in fertility say ales differ
with varisty, as wes shown Dy Lenglield {1941,. iWith an
decies variety of rice addition of up %o i lu./scre of nitrogen
tertilizer gave & slight increass in grain rield, but furiher
additions ol nitropan, sver forty rounds per aere, had little
efiset on grain yleld slthiough sreatly incressing the yield of

gtraw. On the other hand, with a Jjapsnica veriety, grain vield



inereased almost linearly with increased nitrogen, while strew

yield 41d not change. Thus with incressed fertilizer there was

@ large increase in the harvest index of the jupenics Tariety,

wieress the hervest ivdex ol the jndica variety sctuslly
declined st high nitvogen lavels.

ihere is sone sgressent that %o ineresse the yield of grain
per unit ares an increass of harvest index is desirable, tut
there ls no genersl agreement 2s %o the components of rield whieh
are sosth leportent in this respect. Domsic (1942) quotes
verying emphasis on each of the components, sars per plant,
welght per grain, graing per ear by different workers. Thesc
factors in turn are iniluenced by the degree of competitisn as

aflected by the density of sowing.

while there are many siuwiies in which the degree of tillering
has Deen chserved, there is little infowvuation availsile on the
princiides invelved, sainly beceuss of the number of factors
contributing to varietion. Working with barlsy in vot sulture,
Aspinell .il%li {ound %hat tillering is larsgely Jependent on
nubrition. Wien nutrients were ropeatedly venewed Shroughout
growth, tillering was aliost continuous. However, when nutrient
were supplied only bofore germinatlon, tillsr ssersence wes
resbricied % two perdods in ihe develomment of the plants, while
the axtent and durvation ol tdllering in the Dirst phass was

governed by the level of nutrient supsly. The poriod of non-
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tiliering was not due to the absence of tiller buds and tillering

On the other hand, Kheldl {1956, found a positive relationship
between billering and light lantensity, witn the extsnt of the
response to 1ight dependent on the level of aitropen supnlied.

kewal {1959) found a similexr response ho light intensity.

45

In the field tillering is largsly dependent on the densiiy
of sowing, altboug: tners is no definiie evidence of ihe degree
gl influence exerted by light, water, o subrient supply. The
aliect of these fzclors may also vary with the type of gereal,
end tnerefore the reaponses of wheat, harleay =nd cabs may ot
pe the sams. Encledow (1988, fsund that the rate of tilley
sarvival at harvest wss higher among thinly speced plants of
vheat than in ageresstes of dengser populistiony, wi couniev-
aeting thiz weas o disdinution of eay size among successive
tillers of 2 single plant. The lengts of the tillering
seriod could ales be ¢f imporiance Yo the sventual population
of tiliers. Vor instanes, Porster and Vasey (1931, Tound
that the sustrelisn wieat varieties they investizated normally
sroduces swoets or tillers ivom the axils of the first three
leaves o the main shoot ip sboul gix weeks Zrom seeding.

The rosetbe stage comparavle i that of the fnglish wheats was
recuced to & minimuwm. However, Fuckridpe {1902; found that
when the susiralisn wheat Insimile was sown al & very wide
spacing (1.4 planits per sguare moire), tillering continued for

17 veeks after sowing %o glve a mean of L0 tillers per plant.
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With incressed sensity tiller numbers per plant decreased and
prodguchtisn of tillers cessed at an sariier date uniil with an
ipitial plant density of 1080 9&&.&%{&2 only 1.5 tilliers ser
plant were formed. An gven further reducod perivd of tillering
at normal planting rates, comparsd with that sdtalned with wihoat
by Forster sni Vasey, wus observed by Froy and Wigguns {1950
with osts. Here saximur tillering appearsd %o be determined
nithin the two weeks lmmediately aitor emerpence. Thie is in
Jdirech contrast to the shading experiments of Kamel {195%; whare
varley sown at 250 plants per square metre conbinusc tillering
until 66 days aiter planting, with en average of seven tiliers
per plant under high lignt intensity and 4 W 5 under low light
intensity. ‘However, Uhese responses sre for different species
and tims not directly couparavle.

fdtrogen appears to o the mujor nutrient involved in
tiilerinz. {fussell and Watson 1940, Holmes sand Taniv 1356,
¥haldl 1956, Frey and Wigeans 1957, Langer 195% snd Tuorne 1962) .
The efiech uver a wide ronge of application is painly o increase
sne pupber and weight of tillers, with iiitle change in the form
oi developmant.

{a

L

Comparison of f{isld studies with pob sultures show that the
affech of nitrogen in the [ield is mocilled by ahher factors.
Wetaon (1L956) found with pot culiures ihak ghood number I8

slosely related %o'the nitrogen supply and the effect af the
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added ritrogsn dependad on when it was applied. Hitrogen applied
o pods batween gervmination and sarly Harch increamed the number
of sars per plant, vat depressed both the number of graing per
gar and the 1,000 grein weight. All applications belwesn
perwinstion and May produced ihe sane increase in yield, the

eaprly applicedion by producing wore cars with smaller grain,

and the leter applications Ly producing f@t’mi‘ aars outb with

wove srains per esr. Thorne {1962, sbtained minilar results
with Hereh and Aprdl appilcations in pots, but found the response
in wotel dry weight and prein yield to be much less with late
applizations al sar ersrEsnce.

Howsver, under {isld conditious applications in March or at
ear emergence gave gimilar incresses in yield, presumably Decause
there were nv late unproductive tillers with late sityogen
agplication, end hence the nitrogen vas used more sifechively
oy sxisting ehoods so that sore of them atiained maturily.
1t spoears that tilleving of the field plants was sufbrosved

v low light intensity at bYhe bass of the plants ot the bise of

appiicaticn. This eondition would not dewalop im polta.

The diflerences in responss to field and pot application
of nitrogen may sleo be associsted with differences in uptake.
Thorne (1962 found nitrogen apt.ake in the {iald to continue
o maburity; eb sar esergence Dariey had absoriad only 752
of the finsl content of nitregen. Similar proportions were

recovered by wheat in the {feld; whereas with Loth specles
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in pot sulbture no nitrozesn was absorbed after ear emergence from
guvly applications. 3he cbserved ithat racoveries ol iess than
g7 are compwn in :oits; the reseinder aprarently being incor-
pevated in sell organic mabier or losh by denitrification
{Waiker, Adams sand Urchiston 1956)., Frasumably thses lacioers
in associetion with the small volume of soll in pobs limits
upteke from taw seil znd swall dregsings ol aitrogsn sust e
epplisd regularly to simulate {lels conditions.

Althouph thess studies have shown the imporitancs of such
faciors as mineral putrition, lignt and the proportion oi
Jertiles tillers, tuay have nod glven a compleis pleture of the
sechanisy involved in the productdon of tiliers and the
determingtion of yield., Also, tillers rapldly pmaduce
adventitious roots and vecome ab lesst gartially indspendent
ol vaseulsr connechlons with the resaipder of the plani.

Thus production of sore tillers results in & sysienm of partial
compeiition beiween a number of individuale (ispinall 1963%;
The affeet of this partial independence of tillars on tie yield

o prain per plant snd per uniit urea is not clear.

The thres poseivle sources lor the phwlogymithetic products
whiich make up the major part of the grein welght are pholo-
gymbhesis in the sien, in the leal, and In the say itwsll.
archbold (1945} from o sumber of Jefoliatisn axperizents with

barlsy, estimaiad that the leaves supdly not more than 109 of



the limal dry weight of the sar compared with 30/ uy the ears
themesives. Tm photesyobhesis of the leaves tefore car
emargence may conitribate a further 157, mainly leating tw
polysaccharide and provein swmtheais. There remains the
A%» aturicutsole by difference to stems and gheatis, of which
wore then helf is conirimnted hefore car ecmersence. Archboid
sugpeste thab perheps half of dhe meterial of thw var accumilated
ssiure emcrgence may be abtributed bo the activity of tie leaves
and hall to the stems and shesths, of whieh latter hall a jarge
mropertion is proovably derived ivom 4he {lag lsal shesths
Galeulstions by fsans snd Mani (1950) sipwed that the cone
tribabden ol dry wmabtber to the grain fvonm phwlogynthesis in
they sar, leal, apl sten of wheab differs with varieties. 4%
bhe same time 1b wes sugzested thwt the proportions of cone
A;*.;.uution oy the sten and esy appear W dstemnlne to some
extent the numbsr of mature graing and their sige. Ina

iater ghudy (195%) it was found that the comiribation of the

car and lsal was greater than that of the siom.
dateon (1956, ougerved that the leal ares thiroughout Lhe
rowing perded ds Lhne maldn ssterminsnt of total rield ol dey
matbter, btub asy not b of the vield of any particular organ
or chemical coustituent. From his results he sugrests that
asoiy the leal area persisting alter sar amerzence is divrectly
copesrned with grain uroduction. Wabtson rroposed that favourabls

concditions Sor high yield of zraisn would be a high leal ares index



at the time of ear emergence with slow senescence of surviving
leaves - lmplying a long interval bebween sar eusrgence and
satarabion - walch should oceur at the time when conditlons
are favouratie for zaximwe photosyniiesis. He concludes Shab
fulfiliment of thesse conditions probably depsnds rarticularly
on the size and iongevity of the Ilag lsal.

similar rosulbs e o the ralative imporiance of the leal,
car and stesm wers obtained oy Zuttrose and Hay (1959), Frey-
Wyssling ond Butbrose (1959), Haysr and Forter (1560} and Thome
and Watoon (1062). Mayer and Forter Ly use of sarbon=li
cloxide supioried the view thel sssimilation by Jower luaves
on seresl tillers does not meterially coniribute o the mrowhn
of the grain cven though thers may be up to live green leaves
on the tiller. The evidence availatle suggests that after car
smergence Jhotosynbhesis in She ear itsell is of wajor lmporiance
in £illing the grain, bubl the featurs of the resecrch in biis
fald nap boen the wide vangs of the estimetes ol bhe contridutions
ivom several sources {Buttrose and lay 195%). liowever, it
ig appevent thai photosynthesis of the stem snd jeaf s3ill
contribute & considerable portion to the yield of grain and the
avidence spiy pertly justifies the siatement of Lonald (1662)
2hat Ya.es OUC cAN enVisage a Variety sbtaining high yislids by
displaying & denge pspulstion of ears snaccompanied oy any

funebionsl foll Sueh @ variehy would have suificient

1eaf before head emergence to produce a largs orup of sars.
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The leai would then wither, amd grain production wsnld de pend on a
dense population of sars sctively fizing the carvon of the groin®,
watson, Thorne and Freneh {195¢) in a study later folicwed
up by Thorne (1962) produced some furiher ovidence on the rolaiive
aiiiciency of contrilmtion to grain production by the lesves of
different varicties of barley. Ths varicties Proclor and Herta
produced 10 = 157 move grain then Flumape-ircher without added
altrogen fertiliser, and 307 move with eitrogen, although lodging
in Hhe Flusege-drcher goniribsbed v Ghe aiiference st high
Ritrogen. There were no dilferences in L.a.l1, or ¥.4.%. beiore
car emergence, 80 all hod the sawe dry woighi and the nigher grain
yield sf fyoctor and Herie was assumed to have come from eddibional
postogynihesis in the sars. 4 larpge peart of the differencs in
Jield was Jue Yo Froctor and Herts having a higher number of
iertile tillers per uvit ares, but there was alsy » difierence in
oificiancy. Thorne (196Z; found thel the dry weisit ratio of ear
W ghwot wez smalier Jor Proctor than for Flumsge-irehey al ear
amergence and antiesis, tub ab maturity was greater ior Proctor.
The relative growih rate of ears of Proctor was greater and rove
dry sebter was lost, presumesly o the ear, from ite shoots.
b wae suggested whet leaves of Procior were more efficient in
rrodueing for the ecar. In Loth coses tie siwol Lslow the hese

o the flag leal contributed & ssan of 15% to the mrain vield.

vagpite the pumber of jnvestigations on the various aspects of
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vield in the cereals bhere is praciically no infowsation avallabie
on She determination of ear size al sar cwergence =nd hencs its
iotential for producing grain., it hes besn seen that ear sise
Jeeresass on later Zormed tillers and with increases in density,
sut information on the influencs of factors operating in the
pericd between ear initiation and ear emergence on tae ultionte
yield of grain is meagrs.

Ffactors acting Lefore ear emergence and likely to be
important in determining the witimazte grain yield of the ear
are those influencinz the number of leaves formed before the
initistion of ths spike, the time of initistion and the rate
of growbh of the spike, and the number of spikeiets it carries.
Uifferences occur in time of initistion of the spike witn
veriety (Cooper 1954}, and with density snd 1ight {Xamel 19595 .
Lamel found that inersasing rlant densiby induced esriier
development of the apike and 1% was sugpested that light could
not se the factor in this case, as in the shading experiment
the earlier development of the spike wss obmerved at the highest
light intangity.

Dosmard (1955) found with the wheat varietfies Victor and
Yeouen that the transition Trom the vegetative to the reproductive
stage of srowtp commenced when thers were Irom Iive to seven
expanded or axternelly visitle leaves on the main axis. The
first sorphological indication of spiks lormation wus & rar id

slongzation of the apical dome which hacams an elongatsd cone.
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Howaver, stages proceding splke lndtiatisn may have an influence
on gubssuusat forwation 2f the spike in relation o supply of
ensrgy sucstrates to ths plant as a whole. In a shudy of &
spring wheah variety undev consbant sonditions Willlsms (1560;
diseussed changes in snergy substrades in relation W growth
rates and developument. Imecdliately after gersination the
level of supply o5 onergy subsirate froo seed rasorves seemed
to havs besn safficient %o supply uot only the heavy demend of
loaf ares bul also to maintain & higher relative growth rate in
jeal twp than in Ilsal thres or four. With succesding leaves
the relative growkh rate declined end the relabive prowth rate
2L the stem changed fvom being well Lglow thal of lsaves io
values greaber. The reversol oxpresses s c¢hange in Jominanca
fpon leaf growth to siem growth and concurrantly thers is a
progreesive increass in the rabe of growth of the apex. These
trends rosched thalr conclusion, as far ss the primary shool
wag concernsad, at the dounles ridge stage of inflorescence
Asvelopment when further developmani of lower ritges was sup-
pressed and upoey ridges develojed as spikeleis.

Friemd, Helson and Fisher (19¢Z b} deserived twn shages
in the growth of leaves in relation o the suppiy oi aseimilates.
In the {irst stage the developing leal was dependent on the supply
af assimilates and other growth factorsz fron ihe core maturs
leaves. Initiaitdon and amersence of the lamina depended on the

growth of the plant zs a viwle and it is likely that thls would
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wgply to the inflorescence. The second stage onecuriad when
the leal grew oul 2f ths shenth, bscame exrosed %o light and degan
photosynthesis,. They suggested that say change in the Jisiribution
of zessimilates lsading to inersssed primorsel growth is prodazly
initiated by the emerged leaves rather then by direct zffecis of
iight intengity on the apex. The increased supply of sssimilates
released by the sarlier cessation of leal growth as the 1dphk
intensity inereased could then inerezse the rate of initiation,
growth sod expansion of develeping primordis,

Cooper {1556; jound that the saxisum nusher of primervdia
are lomped at the lebte splkelet-bud stage when elsngation of ths
internodes commences and the spical wmeristem is transiormed into
the zpiecal spikelet, This was confirwed oy Micholls (19¢2) wwo
ipung that primordia lormetion cseses at initiation of eall
divigion in the pith of ithe inflorescence axis, 1l.e. &) the
imitiation uf internode elongation. This sisge alse corrssponds
with Jommation of the siumen initials. Hicholliz! cxperivents
were carried cut under conirolied environwent and he elso Iound
ab dry welpnt snd apex lengith increased with ineresse in the
wotal mumber of bhours of light supplied.

The studies discussed in this section zive zome indication of
the importance of the =arly stages of growth on the pubpsguent
grain yield of the pland. The numoor and sise of the spikelstl
srimordia, and thus the potential grain rield, sre deteramined long

bafoprs the ear emerges Ifmum the sieath. Donseguently the
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formation. However, when the number of tillers per unit area is
greatly increased voth the proportion of fertils tillers and the
size of the ears themselves diminish repidly. The literature
reviewed here indicates the factors involved in determination of
these components of yield, but it is apparent that further
investigations are warrehited, particularly on the action of the
mechanisms governing responses to the environment. ~ The present
study is an attempt to assess une aspect of these mechanisns,
namely tie influence of competition for light, induced by the
presence of neighbours, on both tillering and head formation

when the effects of root competition are held constant.



The aix of the sxperisent wes %o study the ellecls of competition
Detween wiweal plants sown &t o dengilies; while elimlinating the
eflects of root compelition. This was dong Ly growlng the planis
in plasiic tubes, one inch in dlaseler and eighteen inches long;
this enetled the plant spacing %o be albtered witivul varying %
yolume of s0il available to sseh plant. The arrangsrent also
allowsd the plants o be moved Irom the nigh density treatment to
low density ab any stage of growth withoub disturving the oo
system.

A% planting the tubes were packed clossly togsther so Lhat

21l planis comrenced srowbth under conditions of high Jensity
{plate 1) with 1150 slanis per sguare medre. (This would
approximate & sesd rate of MO 1lus./ecres. At rogalay intervals
whroughout the growing season, plsnts were rasoved from the high
denslty popuiastion and spaced sub et luw censlty one look apsrd
{plate 2,, thues efiecting a transier {rom conditions ol intense
compabition acove ground to conditions of negligible competition,
There were ten occasiong on which plants were removed Ironm Hhe
high density tv the low density snd these are hencelorth referrsd
%o as occasions of transfer (1-10) or as day of trunsfer (i.¢.
days ivom planting/. Compaviscus belween tnesa plsnts and those
ramaining at ndgh density Lhrougboul thedr gyowth enasled 5 study

of the response of the planis to improved light conditions siter



Hate 1. View of high density treatments at day § showing

the arrangement of tuves and garly zrowth of the plants.






Flate 2. Gensral view of low density plants. Fositions

for future vceualons of wranefsr sown by numbered labels.
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difievent initisl periods of growth with intense competition.
This procedurs way repsaded with low, medium end high levels of
nitrogen (designated I, g, and iiq respectively;, thus giving
in 21l: £ densitiss x 3 levels of nitrogen x 10 occasions ol
transfer » 2 replicates.

Limitations of glesshouss space and sguipment allowed only
one replicate for the high density ireatments and Wwp replicates
for the low density. However, tne high deusliy itmealments were
claced in o sospact block £0 om x 90 om and over this small area
ghe esnvironment was uniferm. Planis tronsferred irom the high
density to low density were divided at random between two bloeks.
These vlocks ware arranged, after mesasurements of light intensity
in the glasshouse, %o give the meet uniiorm light environment

within bloeks and the greatest differences betweesn blocks {Fige 1)

{s) Iregeration.

The tubes used as soil containers were made of high densily

hiack pelythens water pipe of one inch internsl dlameter, sightssn
iuches long snd closed at the bottom with terylens cloth. o
pilot trials had shown that wheat plants could be suscesuinlly
grown in thase containers.
In the main experiment the soll mixture consisted of:
4 perts Urrorse losw (o red-irown carth).

" Flympton sand (2 red river sand).

W

2 ®  pest {impsried from Germany,.

b " wermiculite.



figure 1. Arrongement of blocks in the glasshouse and
showing the position of the three high density plots.
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Flympton sand is very low in nitrogen and the Urrbrae loam used
in thie experiment showed o nitrete niivogen content of &e3

spme when tesied by the brucine metnod of Peech amd Unglish
(iSh4; - An initially low nitrogen contenlt was nacessary in
order to obtain adequate difierences between nitrogen treatuents.
Veruiculite was addsd %o Anprove zeration and walter iniiltration
angd Hhe soil mixture thoroughly mixed by hund as well as through
a amschanical sieve.

4 vasal fertilizer cuontaining the clamenta in table 1 was
dissolived in waber and added %o the soil during mixing. After
adgdition of the tasal fertilizer i tests were taken and, alter
treating samples to determine the correct cuantity, suilicient
finely ground GaﬁﬁB was added to bring ¥Wie soil mixiure to

pH 6ok (330 g Catod,

bq per 76 gallons of woil mixture).

© After addibion of the basal fertilizer sl lime the soil
sixiure was carsiully divided inte taree rortions for the
addition of the thres levels of nltrogen respectively in the
fors of ground kool and horn which 2nd been passed taroug: o
35 mesh sieve. Uwen, Winsor amd lLong (1953) using a2 wide
rainge of szumples, have shown that Iinely ground hwool and
horn is & ressonadly bomogencus fertilimer sud it wam selscled
ag bthe most sultatle source of nitrogen for Lhis superimsnt,
whare lsacidng snd osactic effects could have caused proslong
4f miner:sl fertilizers only hed oceen used. In additiorn o

in ssiubion was added to individual

& e o i = 3 S i gy £ BT I
the bosf and hown, Galilig,z &



plants of i\fz and 5353 one and four weeks alter emergence.

the total nitrogen treatments were as shown in %able 2.

fable 1.

Basal fertilizer mixture.

Thus

Blement. Hquivaleni Form applied Quantity of
of element compound as g
in pounds per 75 gall. of
per acre. soil mixture.

P 4 K, FO L 21.0
K 73 % -

I‘"ig 20 MgSOh-'IHZO 17-'25
3 26 " -

5 30 Cas0 h.zuaa 10.62
Cu 1.78 Cus0 A.SﬁQO 0.575
¥n 3ek ¥nsS0 h.mzo 1.15
I‘h l OQ Amnium s 00 é@

molybdate.

* For high density.
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dable 2.
Hitrogen added as fertiliser to treatsents N,

15

Hige DOY HuDS ibm. per acre®™.

Ag hoof and o Fis k! 3 15 M1 o 1
at d&y s

he Ga{libgiy ot day 12 ML 6.5 2 " 5 E

] k] b -

E
3:-!
L

&

o
&
5

Total LeS 21 A5 &10

» For high density.

Teshs on the nitrate nitrogen level in the tubes wers zade at
day 37, and the additional celeium nitrete a4 day L1l was provided
on the vesalts of this test which showed s very low nitrogen
content In all tubes of © w0 L ppme S0 further sdditions of
nitrogen could be made alter this time without changing the
design of the expsriment. Further reference io nitropen status
is made in diecussisn of the results.

Am 1t was necessary o use damp soil %o sbtain a homogenous
wixturs, the soll was not weighed into the tubes bumb tiewy were
hand [illed and shaksn down systematically 40 give an egual

wlare of soil in each tube. Handon weighing tests stowed almosi



"
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negligidle varistion in weight of soll per tube. The sodil in
fhe tubss was then watered and allowed %o mbmd overnighit.
(o) gowing.

wheat {Ipitieun wulgare var. Gaio; seeds were graded for
size, and after sprosting in a germination cadinet ab 227G,
were sown in the tubss, ous sesd W a tude, and covgrel with a
seasured amoundt of soil. Four lundved tubes were sown lor
zach nitrogen tresiment. Heasurement ol the arez occupded Wy
wrese tubes showed an actual high density planting of 1150
plante per square metre. 3ix rows ol plants were umed as
border rows on the northern side, the scurce of woad of the
direct light, with borders of three rows on the uasl and wesh
sand bwo on the scuthern side. ldght msssurements and osparison
of ylants at peversl stages taroughoud the gxo b perdod indlcated
that thess vorders were guite sdequais.

Flanting wes carried out on 7 July (day ¢) and the soil was
kept moist wntdl smergencz. Host plante hed smerged by 13 July
{day &), Bxtrs seeds wers zown in swall paper yubas containing
the different soil m:;%.\:wr;!:,*:u:':;3l ‘for use s trensplante whers NOCE9SATY.
sven though spearently identicel o undisturved glants, these
prassilinte were aeed only Ior the outer Lowier rows to prevent

any growth eheck affecting later gsanpling.

The tubes were placed upright in bitumen painted zalvanized

trays on a e ineh layer of washed grovel waich was kepd damp,
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and were individuslly watered frum the top of the tubss several

Limes per week, deperding ey conditions and thie needs of
the pianta. Hxesss reguirsments for water ones the plants wmere
wall selablished were oblained by the voois growing through the
tepyiane cloth inie ths welt gravel. The woobs grew dom into
the gravel within three 4o {our wesks of ecpergence snd reguiar
chgcks swowed thoi the spil was smeintained in a dowpy condition
throughout tiw seasun. The tabes al low denslity ware guproried
Ly wires strelched Lobwsen supports oe shown in Flabte 2, and
wrapped in alusinium foll to reduce heating of the eoil within
the tudes. 4As some of the trays were Ifrom o previous axperiment
there was a veristion in tray size, bub within apch block an
altregen treatmsnt was allotted three trays, one larges, oue
wedivm and one small, containing 24, 18 snd & spased plants
respockively. ‘These irays ware erranged ab randonl within the
blocks and the posiblons for transfer were mimbered systemabtically
Lwili,, B5=kZ and hi=hé. Uging tebles of randos rumbers {Fisher
snd Jabves 1938, the plants wers bhen allocatsd transfer a
harvest positions at rendom.

The first secasion of trznsfer lrom high: %o low dengity was
19 July {day 12, The tubss somprising & uthern torder of
the high density plots were sei aside and then, alter the required
numuer of plants had been resoved for transfier or hurvesling, wers
moved up Yo the remalining fmbes. The plints vomoved wsre tabkan

a% random from the rows closzsst o ihe southern border on each
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eccesion in order to avsid disturbding the roots of all the plants
nd 1o kesp the environment gz gonstani &g swssible. Table 3
gives the schieduls of trangfer and harvest throughoul the growing

ceviod.
Iable 3.
Summary of transier anc harvest data. Repeated for 2 replicates

x 3 ndtrogan treatwents. Days are nupdered from the sowing date.

Date vay  Bo. of plante Lays Lrom sowing te hervests
trensferved to af the transferrad plants.
low density.

7 Juls £ {emring) .
i3 ¢ & {emprsence .

19 ¢ iz 10 24, 38, 52, &6, G0, &7, 109, 135.

A% 2k 9 3, 52, &, ru, &7, 109, 135.
14 Aug. 38 8 52, 66, §0, &7, 109, 135.
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FJor the {irst few weeks the plants were dusted regularily
#ith saipbur 0 contrel wildew and fans wers sel up near the
algh density plants to keep the air woving. These precsutiona
were entirely successful in controlling uildew and no foxm of

disease wug obperved.

Light measurssents were taken at the base of the high density
plaata on four ccozsions ﬁosmencmgg 5 supusth, 26 days alter
omsrgence {day &j. Hesdings of light intensity relative to full
dayligat weve taken using & small sslenium cell (4 em x 1.5 omj
mounted on @ syobe end connected to & micro-ammeter (Barrowman
15563, Readings were teken on only four ocoasions as Jespite the
amall size of the probe and carelul use, dapage sand displavemsny

af the closely spaced plants was ncourring.

Yeasurscants of air tonpersturs were made using two maximur

and sdnisazs therscselers, one near zach end of the glusshouse.

Zisht harvests were made during tie yeriod of the experiment

as shown I devle L.



Dates of harvest i

e growih stages at harvests.

A5 leaven.

35
28 August ' 52 Tillering.
11 Septesber 66 dointing.
25 Seplexber o Headed; pre-anthesis.
2 Jetoler #7 antheslis .

¥

2 Uctober s Larly douphn .

1% Esvenbeor 138 Haturihy.

{b) Sampling methods.
&b each of ths horvecls prior t anthesis, and for the harvest
on day 1%, one plant Jor sach translor occusion was Laken fvem &

sreselected vandom position from cach veplicate. 4% the snthesis

85
o

sud maturily haowveste two plants inetead of one were Laken irom
eseh replieste. For example &b the second harvest {dey 38, the
viants harvested included piants which had been transierrsd from
high density %o low density on dey 12 and day 24, tn glve i
plants for the havrvest {2 tronsler sccesions z J adirogen Lreat-
ments & & replicstes). For the day 52 harvest there were thves
occasions »f transisr and thereiore 1& plants were harvesied, with

increases in number of hHurveated plants at each succeeding harvest.
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On dey 135 the harvest wes 140 plents (10 transfer oecisions X J
X LKL EpEeso

in addition te the plants harvested from the low densiiy,
six piente wevs lwrvested from each of the thres high density

wiots 2% bhe same Sime.

polmpentary daton.

in adGition to the data cbiained from the haprvesisd planbs,
moasurements of lea? length and breadth, tilier number and stem
haights were zede cn the inbact slants for all low density plants
at euch of the tirst four harvests. This infermation supplemenied
what from bhe hayvested plamts and provided a fuller picture of
the effects of the treatments while the rlants were ssell and

only 2 few samplod at sach harvest.

The plants waye cub off ab ground lavel, piaced in iabellied

vage and tuken Lo the labovaiory where the lollowing measurements

were made.

1 Sten height from gyound lovel to the base of ;m Lo leafl or
o the Dase ol the ear aiter 24y Nuergence.

2. Hean dlumeter of the stenm.

3¢ Leangdh and oreadth of the green leaves.

he Leal muavers. The lesves wers divided into three categories
and the numbers recorded lor each tiller as:-

|
{i; fGreen; %this included all lesves apparently photo-

synthetically active.
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{1i} Senescend; counsisting of lesves which were apparvently
degenerating, with more thav half the leel blade brown,
or whleh were losing their gresn colour.

(11i; Dead; those loaves witn most of the leaf blade brown
angd dyinge

Leaf arss. The lsal ares of all plants measured, including

those measured sn the intsct plants, wss sstimated from the

lengbh ond breadth sessurszents. Regression coeliicients
were caleulsied alter ssasuring the area of leaves from

narvested rlants on the airflow sianiweter (Jenikine 1956;

and on fwo occasions checking these arvreas with blueprints

and & mechanical pleaniveter. The regressions svtained are

listed balow with the leaves numvered in oxder of appearcnes

on bhe mein stem. The date for leaves L and 5 were combined

to reduce variability.

Uwdug to the small amsount of leaf material available ab
any narvest dhe measurements were variavle and mot wvery relisble
for leaves 1, 2 and 3. However, as the absoluile lesafl srea was
aot essential in this study 4t is Jelt that the results obtained
were edeguate for the purpose of comparison made.

Develnpment of the apesx. The aplces were dissected undsr the
minocular mleroscope end the following oitservabions made:

{1 Dlumber of fully expended leaves.

{11) rumber of exganding leaves.

{iii, Length of the ghood apex.

{iv; Humber of primovdis on the apex.
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Iable 5.

Regression analyses of iecal ares on length x Lreadth.
1 ’ 3»?093 22 .92 1L485 0.13 5&:}
2 10802 Foad3 ET.30 Det23 .80 51
3e E1G.86  A3U.TE LBE.EO 34755 GGl AT
he & 5. LEG2 oy 255547 335046 DeTES GLLTF 85

,3‘3!' »ls Zhy ‘: '9 ;‘;;?7:,3 1 C. 723 GWULE 56
59iGel  3586.8 43099 5759 0.018 T
GG 5e0 1843 13507 o4 0756 Gl.0R6 32

s
>
26t

Tuese classifications were made on the basis ol ihose by Uooper
{(1956)« At the time of horvest only the Lirst teo cheorvations

were sade and the apices then preserved in 707 sleohol, alier

hardening in forml-scetic-alechol, for later investigation.

Tie apex was slso classifled as o stage of developrant on the
basls of the photograghde slassification of Kneiil (1956).

Dimensisng of the sar. The following measurements were made of

ear gise:

(i) ‘Total lemgih of head, excluding the awms.

{45) Widih across the widest spikeliet.

{441) Humber of spiuelets por car clogsilied asie

]

e Bbal
ke undeveloped; roferred to as sterile.
ge DNully developed; roferred to as fertils.

(iv) Husber of graing pey sar.



. Ury weighis were ottained for all meterial except apices after
dreing the sexplss in @ forced draught oven al 90°C for 22 hours.

G From the tasic data eutlined abovs, the derived date given in the
resalte were caloulated. The nature of the exgerimant and the
e of measurenents smant thebt gome of the above classifllcations
were nscessarily arbitery and there is therefora the inaesibilisy

of susjective bias. However, the results were reasorably

gongistents

Elirogen percentsges of the plant materisl were determined by
a modified Xjeidainl technigque {(A.0. Jennings 1962, pers. comny in
wideh 8 g of the grounsd plant materisl was digested with L o1 of
concantrated sulphuris seid snd 1 g of & mixed catelyst (20 o
potegsiug sulphate ¢ 1 gm sercurds cwide, in o 100 ol {lagh.
The digest wes then iransferred o a steam distillation apperatus
with A= 2l ol distilled water and 128 2l of 2.5 ¥ sodiun this-
suiphate in 40 F caustic soda. The amuonis d4stilled over uwos
collected in 2 % boric acid and ditrated with 0.1 & HCl. This
method geve consistend vesults and enatled the completion of
5= determinations per day.
(£ T

This was determined by a modified Kjeldahl teehnicgue useing
2 g sungles and sieas distillation. The ammonis distilled over
wap eollested in L 7 vopie 2cid and ditrated with T.01 N potassium

bi=-iosate solution {Jennings 1GEZ, pors. enmme)s
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Throughout the axperiment the plants transferred abt the earliey
accagions sttained gzreater dry weighie then those remaining ab high
denmity for longer perviods. This increased production of the
sarlier trensierred clanka was gles shown Oy increased tiller number,
incressed car size and sreater yield of grain per esy and per planb.
Howevar, ailthough the growbh of the high denglly ‘reatmenie on an
ares beals was excellont, as shown by :labe 3, the response ol the
individual plants 4o diminished competilion when removed from high
density o low density was slighl, as shown by plates 4 and 5.
Congideration of the varjous factors involved suggests that an
inadecuate nutrient aupply, particularly of nitrogen, was respon-
glble lor the poor response o decreaned density.

Tae caleuiatisrn of the vabes of fartflizer given in table 3 ;
was based on the srea available to the glanta of the high denaity
treatment and thwagh satisfactory at high cdeneily, bthey proved
inadsguate at low density. That these rataes of lertilizer wers
adeguate Jor the high density ls clearly s'own oy the vigorous
growth: and the very high dry weighls obteined (3,000 /e for NB
= 6. 27 LS00 1bs./ace}e  Howmver, cach jlant of Hg received only
Zl ng of nitrogen o fertiliser. Nj (with no sdded nitvugen,
showed & savizam upteke of 27 ng of nitrogen per plant {(for those

plante abt wide specing throughoutj, whereas 2%3 plants under the



Plate 3. View oif the high Jensity treatments st day 72,

M, on laft and §, on the right. The low hessian screen
- e

was uaed o redass side~illumination at the tase of the

plants.
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Flate 4 Flants of N3 photographed at day &2. These
plants were treceferrsd to low density i days 12, 24,

38, 66 and 80 (left %o eight). Dead leaves were removed.
’






Flate 5. lants photographed at doy &2.
{(left to right).

Above. Flants transierred at day 52.
Selow. Flants tracsierred at day 12.

Dead leaves were remcved in Dot cases.
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same conditions rielded a maximum of 50 mge Ib is thus avident
that the plentg at low density thnwoughout made almost mscimum
utilisation of the availabls nitrogen and consssuently the yield
3f dry smatter per plant al low density was the ot that could be
expucted.

At the Wee of application 2f the nitrogen fertilizer it wes
felt thed greater application than that given wdld sossibly resull
in deletericus eijects on the plants and that the diflerwsces betwsen
pisrozen Lreatmonis would poezibly not bs clsarly defined. In the
#4lot trial, using John Innes composh as the basic aoil mixture, 1%
was nod possiule to observe differences wiih additional nitrogen.

Howaver, although the fertilizer nitrogen added to the N, plots wms

3
ecaivalent o that in the John Innes mixiure & different losw was
ased with & lowsr nitrogen status. From Lhe rosuits obialned it
peeis prodable that the appliestion of hwool and hor could have
been much grester, perheps L to § times that used. On the other
hamd, the second application of caleium nitrate resulied in wilting
of the lower leaves and it would be unwise %o incresse appiications
of this form of nitrogen uniess in regulsr suall ssounts.

The major afiect of this apparent lack of nitrogen, aparit from
the elfect on total dry weight, was on iillering which wag severely
veduced. towever, the fael that many of the glants had only one
stem suabled a cloger siudy of the eflect of density on head Jur-
sabion without the complication of varying nuaser of tillers per

plante



il. The environmsnt.
(a) Temperature.

It is possible that the reducticn in tiller number ascribed tw
low nitrogen sapply wee accentusied Ly the temparsturs ag ihe e
of davelopmend ol the plants wes very rapld, with esr emerpence
securping only ten weeks alter sowing.

{1} &ir vewperature. lessuvenests of alr Lewpersiure were
made using o minirvm and mediruw thermometers. Variation between
the two positions in the glasshouse was nepligitle and the mean of
these w0 readings ls shown in flg. 2. Deadings were teken at
daily interval on week days only, b the lonzsr interval al the
week ends does not afiect the peneral ploture.

The therwomsters were not availasle undil 18 days after
planting, but exemination of the setecrclogical recoids ghowad
that the mean maxirmun air *isam;gaerature;!in the open virre 319 F
higher for July 7=-2& than for the 18 days July Z6-dugust 13,
with the zean minimum OU.8° higher. Thus the temperaturss in
whe plesshouse were probably slighily higher lor the 15 days
befors temperature measuverenis wers begun than Ior the i{nitisl
period erswe dn fig. &

hdecuate ventilation of the glasahouss was diffiewlt until
coolers were installed on 13 September, with the resuld that
temperatures roge sharply with hot weather from 28 fugust o 4
Sspromber. The installation of the coolers snabled the air
tomparature o bs maintained thersafter at a ressonable level

axcept for a iew very b days.



Flgure 2. Maxicum and minimun temperatures in the glags-

house Ivom day 18 to compledion of the sxverisent.
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(2) @oil teapersture. The swall wolume oi soil in the tubes
meant that they were sudject to rupid fluctuations in hemusrature,
sertieularly wien in direct sunshing. Tharefora, when tha plants
were Lransferred to low density the tudes wers wrapped in harred
paper sosted with sluminium fodl. seasurements of soil tempersiume
widen were made with thersomebers placed im the soil of piants set
ap for the purpose showed that the foil wrapping reduced the
temperature by approximately ten degrees Gentiprsde in eomparison
with Llack unwrapped tubes. lissn bemperatures for four reriods
are shown in table $. Hessuremsnbs wers lalkén at § a.an. and at
2 peme wiich was asually the hottest psriod ol ths day in the

Zlagaliouss .

Table 6.
0

tean seil and sir temyeratures ab £ pene b

reriod of Soil Adve
meusurement.
iow density High density.

Foil. Blasik.

»
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Alr temperzbures 2t § a.an. were 5 o © degrees lower than those
at 2 peme and the temperature in the foil wrapped tubss (1.e. all
low density tubes) was within hali a degres of the alr Sewperature.
The soil temporaiure was considerably lowsr in the high denaity
tubes than in those ab low density as the foliage preventsd direct
sunshine Irom reaching ihe iubes.

As iar as can e ascerdained %ﬁm ¢ifierences in soil Lempersiure
betweon hizh and low density planis do not seem o have aflected
piant or root growih. Lhalil (1936) found that the roots of
plants zrown ab relstively high temperstures within the rauge of
1L to WP G were pruportionately wesk compared with roots produced
at lower btemperatures, wuit this eifech was ot appareni here.

With the high sensity planis only a few {ine roots rrew oul through
the terylene cloth at the base of the tubes and these Increased

in number and Shiciness aiter the plantg were btransierred to low
density. The high temperatures shown in itable € occurred for

sitly a short peried during the day.

Light measurenenis were tsken ab the Dass ol the hizh density
clante on four occasions comrencing & August, 24 daye alter emergence.
The zean values for the threes nitropgen tresatmenis are saown In

tanle 7.



Flate 6. ioot development of plants at day 25. Flants
transferved to low densliy st day 12. By, By and B

{iad% to i’igﬂi;} .
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Light intensity (as percent full daylizht)
at the ovase of the high density plants.

Date. Days Irom sowing. Treatzant
Nl L) N 3
aug. & A 275 26 .0 L3
duge 16 ] Tob 12.3 BRI

Septe 19 73 19.5 154 Tl

The mean jor cuch date is the mean of 16 seasurevents for esch
nitrogen treatamnt; the area of each plot was approximately
D3 5*. Taere was @ slightly bipher light intensity neer the
roriiern edes of the plots, but the varistion was susall in the
are: within the torder vuws. The results agree with tose
solained in the field and shown in {iz. 3 {reprocuced from
Packridge 1962}. The increased values lor Sephember 1¢ in
table 7 rosulted from the deain of the lower lesves after sar

GHBrEence .

ibureviated tables awd/or zraphs are presested in the text.
Tie majorlyy of the analyses were carried out by an elecironic
computer and the full tables of weans, sreatsment means and analyges

are given in the appsndix.



Figure 3. Changes in light intensity with time at two
lsvels within the crop for wheat plants groves in the fisld.
Uensity 3 was 35, density L was 175 and density 5 was 875
plants/w" (fron Puckridge 1962).
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(a) Cry weight per plant.

The mean dry weight per plant is shown in fg. L. There were
ro differences bebwsen treateenta ab day Zi when the mesa weight
er plant wes 0.00 ge. However, by day 30 the diflerences batween
sitrogen trestments were gaite smarked, bub oob bDetween trenafer
secaglons. The sean dry weights lor day 38 weore:

By HZ Iﬁs

G5 Jek? G225 mm
Prom cay 35 differences bstween freatments becans wovre pronduinesd
end ot day S5¢ the mean difivrences tetweon transfor occaslons was
sionificzond at the 1 % level. 4 cheracteristic pattern was
developed for the remaining harvests in which the plants at low
caneity Muvwughoud their growth roached the greatest drxy wolght.
There wae then o shary decline in Jry weight at any one harvest
with succeeding tranafors o iow Jdensity. The diflerences were
less promounced between plents transferred aiter day 66 und at
the Yinal narvest thore wore mo signiliecant difierences in welight
setweon plants transferred ab day 66 ans later. Flanbe irens~
farved to low density at day 12 vesched [inal welshis of 1 te 2
Limwe Shab of thoss romaining st high densiiy thwroughoub. Nean

ary weightes and significant difievences are given in the appendix

«,m U.\-a..va *

The production of dry satier by plente grown conbinvcusly ad

high density 1s showm im fig. 5. The curve was axponential in



Figure k. lesn dry weights por plant for seven harvests.
™he suvscript L shows zdants which wers ab leow density
thpnagaeut the peried from day 12 t¢ barvest and i plants

which were at high Jdensity throughout the same period.
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Flgure 5+ Ghonges in toital dry weishd per square metre

o the hign denalty planie throughout the growing period.
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form until day €5, after which the rate of growth fell off slightly
sntdil day 109, From day 109 there was s slighi fall in dry welghd

ol B

1
same poricd there was &n incrsaze of 125 ¥ in Yhe dry welght of the

snd only & very slight increase DY Na. Hossever, during e

plants of HB»

The dry weighte shown on the graph indicate the aigh level
of production obbained. A% the final hervest Lreatrent %53
procuced 3,000 gu of dry smeterdsl per square matvs, wndch is
gouivalent %o 1l.8 tona per acre. This is o very high levsl
ef srodustion Jor o wheat cyops  However, Decauss ot the helghd
and dansity of the follage it was neceszary to suprord the planbs
ab two levels by thain wires passed between then. Tds zechaniecal
gapport, in adéition to the high rubtrient level and eontinuots
suprly of water, mey partially account lor the aiph rield compared
with field crops.

The produetdon of grain by the high denslty plots was also

high as showm by tatle C.

7, o5
"”"a- £3 e

Dry weight of grain produssd by the high dengity
slots with 1150 plants per sgusre zetre.

Ny fp N3
400

iquiv. as busi./ac. 59 G Lék
train/iotal dry weight 0.3L7 .35  G.0%




Ag pointed oud in gection I the iillering of the plants was
less thao eaxpected. The meen sumber of tiliews per plant fov
thwose plants transforred from bdgh to low Jdensity on the Jirst two
seoasions e given in wabls §.

Taple 9.
Mean nuziber of tillers per plant.

fny of twansier N N
o low Jensity. ﬁl 2 3

12 Ll 7416 2484
2l LeZ5 LeT5 300

411 plants wileh wers sransierred on subsequent cocasisis had
only ons stem per plant (plate &) with e exceplion of a few awall
tiliers which died soon alter appesrance. The majority of thess
late iormed dillers appesred afier ecar emergence on tho madn stem.
e low tiller mumber prevented fuviher analysis of Siwe sise of
tiliers in rolation to leaf arec and leal number por tiller except
for the main slem,

Hesaurement of the leaves of 60 plants at the {irel occasion
55 transfer on day 12 showed no significsnt diiferences Letwoen

nitrogen troatoents at this stage, ulthoug: the mean for .§J was



5k e

slightly higher ot .56 P rer plant than ty o 3*?2 with means of
3,16 and 3.15 o’ respecidively. 3y day 2i the differcnces wore
significant at the 15 lavel and are showm with later measurements
dn Lige Go

The differsnces betuwsen days of transisr o low density were
ot significant undil day 52, bud it ig of intersst to exemine the
sehavieur within trestmente for iths carlier measurensnbs, periicul-
arly a8 the npitrogon X idwe of transier interaction was significant
at the G.0 % lovel at day 3%. The increass in lsaf arsa of the
gariisr transferred plonts of Ev}‘s and i, was mainly due % increase
in tilier nusber, but acuong those plants with one Liller, nolably
Hl Flants, there wes sn increase in leaf avea of the plants whilch
had remained longer under conditions ol high density., This ooy
have been hw vesuld of increzsad arec per leafl due to s Ine
fAuence of low light esnditions, bub caleulations of ares per leal
444 ot give sipgnificant diflerences at this stege. A% later
harvests plants currently transiorred {rom high <onsiiy conels-
tently showed hAdgher lgaf sreas than those bransferred in the
preceding fow weeka., This aprears to nave been due % wapid
deterioration of the lowsr leaves when ihe plants wers trang-
Jarred to higher lisht intensity. Ag ehowm by Wasserman (pers.
gomze) Liis i3 possibly due 4o accolsrated growth with bebter
light and hesce sore shress on K supply, drainage of §i lrom lower
ieaves and deuth thereof. The leaf sresfleal weight raiis was

rach preater ifor the leaves of plants in bhigh density and those



Figure 6. Leal area per plant for six dates. Subscript
i denotes plants which remsined at low density from day 12
Lo day of mecsurerent and & plants which remained at high

density throughout the same pericd.
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leaves remained proen lonper when sholtered from the direct vays of
Yhe sue By doy 0¥ tbe leal sres wes rapidly disdnishing and
varieile as shown in Dz, 6 {dashed lines of the last gvephl.

o
%4

St

The veriation in Isafl ares during thw growlng zeriod can Le
geen in Dig. 7 whieh gives the L.AWD. of the high denslty tresioents.
The cumves for hiess trentwenis show the high leal aren n:a vined by

3 corpared with the other Gwo trealsuniea. As well as poaching

. 3 ” o, o s 7 e
pomeximen valuss of Lea.ll; the values st dey 105 show that

ance was delayed wit: hhe bhigher rales aof nitvopen. Come

" bl i buey 3 & vy i3 X 1 o L FIPRPRRRY %, RN | &
At the dyy welight surves ¢f fig. 7 show ihat this Jdelayed

ioal senescencs was Associated wibkh conbipned produetion of dvy

«3; L3
B bty Borer ey gl el dissstnes Slve GEEmE v
ascywass in dyy woighl durding the aams piat e

watber alter day 109 by &"@3 virorses with B bhere wae a slight

wing to the small mwunt of tillering e toial number of leaves

£
'

per piand ie of 14ttis interest i pnly 4o sean pusdier of inaves
on s medin olem is presented. Thors wus no affecd of deneily on
tha muber ol laaves produced by the sain gles bud nitrogen had
goms effect. The sean numtsy of lsaves for sash of the thyes
nitrogen treatnents was:

:s‘l Ho Iia

P ket

TolS i (o3

hecords wers kspd of the dale of leal appearancs bub it was

not possible $o dliffeventiabe Letwsen trealmenis. The nsex dates



Figuve 7. Changes in leaf area index of the plants at

high density throughout the growing period.
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at which the leaves were visible above the sheath are given in
tavle iU Jor leaves 17 on the maln sten. Lesad & did mot
develop for all plante and 13 not iccluded dn the tabls, The

variation Irem the mean date is alsc given.

o1 '

Mean date of leaf appearance abuve the sheath.

eal Mo, Late. Bays {ron sowing. Variation {dars).

By
E
~G

+1

-

R I T
&
£
@
5
ﬁ«\

dug. 11 35 4 2
2

L% + 28

-3
21
g
@
%‘3
b4

33

Vissection of the plents under the nieroscope showed Yasd
leai 6 commenced srowth ab apyyoxisately day 20. On day 24,
leal 7 was partially oy comdetely scevering the apex; 4t
eppsared on day 4. Thus o considerable period of bime slopsed
botieen commencement of growth of the leal and ite apvosrence.
lowever expansion was rapid sl fuli size was neruslly sttained

oy Goe nexd harvest aller the leal wes first visible, L.e0. within
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{g) Area of the individual leuves.

e mean sreas per leal for lesves L to 7 ave shown in fig. &
and clearily illusirate the regoonse to High density conditions by
she incressed areas of the leaves of later transierred planis. The
values ior leai eres were salculated irom zeasursuents taken aftev
hhe leaves were iully expandes bub beiore senescence comuenced.
it wos vobt yomsiole to Jfoliow the gnanges for many oceasions of
transfer with he [irst four leavss as they were dead or sals sgoent
by day SE.

With Lhe later lormed leaves, 5=7, the diiferences Lelweesn
leaves of vlants transferred before dey 24 snd Letween thos? 3 4
slants trensierred late was small, but for plants tranafarved in
the intermediaie perisd the change in arsa oi the particular leal
with transler occasion was considerable. This phowed up particu-
laziy with s‘x‘a. Nitrogen hai a considerable eifect in increasing
the svea of the leaves and ite affect was [irst evident with the
second leafl.

it was not possible to determine {rom the date whsther the
sffect of density was due to changs in asll number or the degree

i

of expansion ¢i $he gelis. Friend gl sl. {14968 b, foung by

exasination of the aumber of cells zeross and aleng the ismine
vaat the affset of bemperature snd light intensivy on leai shaps
is primerily caused by difievences in sell sise rathesr thap by

changes in the number of eslls present. Howevsr, taking leal ¥

of Hq in figs & as an example, it was partially or wholly covering



Yigure . Mean ares of the incividual ieaves. Leaves
mzbered in order of spprearance on the mein sten. The L
under day 12 shows glants which »esalined et low density
from day 12 until narvest, H shows flanis whiish remained

at high density throughout the same period.
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the apex on day 2L but was nmobt visible untdl sppreximstely day Sh.
Transierring %o low dengity between day 2% and day 54 gave blg
difierences in final svea of leal 7 for different deys of trensfer
at the effech of transierring to low dengity was sven gruaier ab
the next ocessien of transfer alter day 54 when the leal lirgh
necame wisible., Thus the sflect ol density, and therelere
presunably Mgt intensily, wes scting on the leaf indirscils
thyough the plant Lelove the leal iteell was exposed dirscily to

light as well as immedlstely alter the leaf emerped from the

A illustraied by fig. § Shers was a considerable iniluence of
density on the leal aveaSieal weight ratic ond from Ghis ib is
agsumed 1Al there was en inlluencs on the thickpess ol the lsaves,
Jith dhe lesves of plands reseining st high density lov longer
pericde being "thinrey® than Lhose a2l plants wrangierrad W low
density st an sarlier dale. The affect is more casily seen with
ihe laber leaves as the few sccasions of trunsfer covered in
sossarexent of the Iiret formed leaves 444 not ghow sign’licant
uiflerences.

With suecessive leavses the mean ratio is lower than Jor the
cprevicas leaves. A notebls feature was that the diflerences due
to nitrogen trestment wers not simificant for any particuiar leaf,
and congequantly thes graph was dvewn from the convinsd meang ior

each time of tranafor. Leaving the plants in high density



i«"-mg:g 29 Eean lesfl lm/lﬂf weight ratiss for leaves
3 e 7. Leaves numbsyad in order of appesrance sn the

main shem. (Mean of all niirogen lovels).
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conditionsiiad no effect on the area/weisht ratio of leal 7 up to
day L5, sut alter day 45 the eflects wers counsiderable. As
described in the previous gection, leal 7T was sulficiently
advernced to cover the apex ab day £L and was Iirat visible aboud
day 3k, Simlilarly there was no afiect of transfer before day 38
with leaf 6 which hed commenced slongation prior to day 24 and
was vieible at day 45. Therefbre it appesrs that conditions
duprdng cxpansion are more imgortant in detemining the ultimuls
isafl srea/lcafl weight ratic then the conditions pyior to lsaf

loasurenenis of apax length were made at the harvests on
days ik, 38, 52 and 66 ond the mean values are given in table 1.
o dillerenceos could be debermined ab day &k, bub Uy day 38 ,%3'3
wen significantly sreater then N, and B, ot tae 1 % level and the
diflorences wore msintained at later harvests. A% the harvest of
day 52 the length of the apex wos greator for the plants of 533
transierred to low density at days 12 and 24 than for those
remaining at high Jdeneity for locger periods, ut the difference
was ot significant cver all treatuents. By day & the length
was so variable that no conclusions could to drawn other than
that the lengti: increascd with increased nitrogen. The mean
longti of dhe aplees for the 4 harvests was s follows.
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The apices wers siessified as io the stage of develoraent on
Souy secasions weing ¥nalilts classificatdon {1956) as & tesie
{clate Ti. Ab the harvest ol day 24 all plaris were Delasn

stozes 2 snd 3 of the preparatory stags, with the apex of the

54.

vagetotive axis commencing to elongale prior W spike Ilnreailen
(firet vow ol photosraphsje Thers were no observelile wiflerences
vetween nitrogen treatwenic. By day 38 there were sHiil m
dilforences bebwesn treaiwsnts, with ihe mesn stage of Jevelopmeny
now eguivalent to stage 3 of e tLweusition stapes as shown in

the second row of photographe of plate 7, bub with vather wore

aplieiets than the swemple ohown. There was variatlon bLetwesn



Plate 7. FHorphologlezl development of the wheat apex
lafter Ehaldl 1956).



Morphological development of the wheat apes: g growing point: Ip. Ipy. teal primordia, L la, Ib, undeveloped leaves: d;, de. double ridges: s, spikelet primordium. as.
apical spikelet primordium: gl glume: m, lemma: o. own (beard)
Preparatory stage. 1-5 above. Transition stages. 1 5 middle. Developing stages. 1S below.
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stages 2 and 4 but ¢he spikelet rrisordia were developing on all
the apicss. Flants of the high denslity were sligitly lurther
advatesd in By than in ﬁé:z and “‘%23 ab day 52, bub 4% appsared that
the order wes veverszd in the low Jensity. ‘However, tre wean
difforences wore vory slight and ¢ll rlants had resehed shtages
2t 5 of the developinz stagss. Vrom then on Xﬁ3 devaizped
more guickly, particulsrly with the low density plants, end e
tends were el longer and further develsped Dy day &0 than in
the sthar G treatosnts. Soms spikes of fé'é3 were bDoginning
2411 out, while o few were aluost [ully siongated.

Prlor o elongation 5 the rachis of {he spike all the
spdkalets on the same oar sppeared to De ab & asimilay stage ol
development, with the basal spikelets being slightly smaller than
those above. However, when clongatisn of the rachis comsonced the
sub-apical splieliets developed rapidly ond & gredient of devalopwant
fron apex o base s formed. Onoe the heads started to [ill oud
it wes poessible o observe the tusal spikelets which would not
devalop, slthough tiw lowest 1 %o & of the daveloped splkelets
were usually smalley than ticee 500VE.

8y day 3 75-80 ¥ of the oventual mumber of splkelets had
ddfterentiated snd by day 52 all were well developed (tavle 12},
With the data from the day 60 horvesh it was not possiole o draw
any direct conclusions on the effact of éiiiecrant cocasions of
wronsfer to low Jensity due %o the cxivoms variadility. Smell

changes in stage of developnent ceused largs chanpes in size.



dMean number of splkeleta per car.

{¥ieen of all transfer occasions).

Loy »f harvest. N:L "2 33

3 0.2 12.3 15.2
52% 1562 1647 1%.3

135% Lie§ 1645 1945

¥ Baged on a sample of 10 pianta.

; ” ] " n " £ )
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These are given in tables 13 and 1L respectively for the zain
stame Doth cay ewergonce and anthosis were delayed at hdgh nitrogen
level but the effect of density is not clear, with variation in
response at diilervent nitrogen lsvels. With ?63 car cmergence and
anthesis were delayed oy later transifer from high o low density oub
wiaths Hy and ,‘ﬁl the reverse occurred. However, tie overall diller-

sneces were small and oo direcht comclusions can be drewm, particwiavily

as the differences betwsen replicates were saried.

The length, and the breadth across the widest spikelet of ears
on the main stem are given in tavles 15 and 1G.  Except Jor those
glante with sore than e tilier there was a marked inerease in
ging wit: increased nitrogen and with earlier transier io low

density. When plants developed more than cne tilisr, ear size



ke

on the main sztem was reduced.

There wes a maried nitrogen ollect on the toital oumber of
apikelots groduced by the zars of the malin sten, with seens of 14..9,
iGeh and 195 for %,1, q& and 2{3 respoctively. However, sot all of
those devalsped fully tw produce fertile flowers. The mmbder of
rudisentary spikelets varied with Lreaiwsnts and were completely
infertile with just o small paiv of Zluess (plate ). 4 compavisen
of the total mumder of spﬁ&gé.’m:a with the number of inferiile
spikelets for cars on the maln stan is showm in Jlg. 10. Within
nitrogen treatments the total nusber of spikeiets per ear was
constent cxcept lor those plants of zag and E&B with tilisys.

Howaver, the aumber «i inlertile splielots inereased with ths

longer period ior whidch the plants remained ander conditicis of

hign Jdensity. Conversely the number of fertile spilmiets decrensed.
The proporiion of infertile spilkelets wae higher with low nitroges.

The oumbey ol zrains per fertile spikelet incressed with inereasing
aitrojen level and with earlier Lransier to low density. Feans und
gipnificance levels ars given in table 17. The injevtile spikeleta
are not included in these calenlations.

{0}

Grain number per sar increased with increased nitrogen level and
with zariier transier to low density az shown in fig. 10, which also
shows the effect of increased tilier mumber in reducing grein number

in the zapy of the sain stem.



Flate 8. Uompariscns a® the final harvest of heads of

the thres nitrogen treatmenta for four cccasions of transfer
and plante vemsining at tigh density throughout (H). These
heads conform to the mean dimensions given in tavles 14 and

12
Ko ®
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Date of ear sppearsnce. (Yean September date®).

bay of Tronsfer Treatment
o iow Density. 7 Mean

£ - P s,
1568 LS e

38 VY 285 15.3 el
&5 172 LG40 16.3 17.%
59 P 178 125 18.1

66 Lea8 1548 18.2 179

73 bR igeE 195 16.2

gt

Mean 1942 17.3 178 167

* September 18 = day 73
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Body of Table 241 269 - 1403
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Mean breadth sf ears (mn).

& e

Table ;_é.

Harvest day 135

Day of Trensfer
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& 8 B

»

W3
w2k

155

ey 6
- Wie

12: o@’

12,5
1248
2.0
11.9
12.5
12.%

1&.2

1

LeSelle

Lower Marzin
Tertical Mergin
Body of Tabls

=

£5
Ged
GeS

Ge¥

n:;l
O.is
0.7

1.2




Mean number of srains per fertile spikelet.

Harvest day 135.

tay of Transfer
to low Denaity.
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These toth incressed with nitrozen level and with earlier
trassfer to low density as shown in [ig. 10. The weight of
zraln per plant wms further incrcased in the carllier transforred

by the extra tiliers.

plants of 532 and N3

(q) Weisht
welght per grain incressed with incressing nitrogen and overall

ith eariler transier to low demsity. However, the degree ol resiponsc
1o Size of twansfer depsnded on the nitrogen level., With 5%31 and %%2
shere wes & lerge effech of cceasion wi tranafer, grain weicht falling
froz approxiuately 38 to 31 wg loy E*!l and fvom 42 to 35 mg fov Ny
whereas there wag no apparent trend for N, (fig. 1D},

Dwing to U smell smount of material avallable it was necessary
4o combine soms samples for nitrogen detewmiinations; mean {igures
are svailable for plants transferred to low density for days 13, 38,
B, 62, 76, Gh, srd high density throughout.

The porcentage nitrogen content lor all plantes deciined from
2.93 (for the whole glante) at the harvest of dey 30 to U.9l at
maturity. Differences Letwcen troatrents were very marked ab the
sarider narvests with HB having the highest rercentage. fHowever,
the differences diminisned =t later harvests snd ob the final huxveet
piants of ﬁa were lower in percent piirogen contont Loan iﬁl ar ﬁg &8

shoviy by table 18.



Yigure 0. Compenents of grain yield, the yield of
pitrogen in the grain, snd the maunber of splkalets per

k4

ear at the fingl harvest.
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Percent nitrogen content of plants for three N lovels (mean of
all transfer occasions).

Pay of Portion of M, ) B BeeaDe
devvest.  Plant. - 2 3 5405
B Whole. 2ol 2oy  JeB Gells
5 s doaddi Lotk 2430 Gell
66 " 1.0L del3 1485 0409
87 » SoTh  CJT7 Q8 -
135 = Dotz De¥7 LS -
87 leaf and stem. L G0 Qo758 GoOR
135 L " Tell Q.36 031 0.01
87 Bars. a0 2239  Lea¥ Uelb
135 Grain. LeS .8 1.7 ©.03

The nitrogen percentage of the grain st maturity incressed
with earlier transfer to low density, but at the earlier harvests
plants resaining at high density hed a higher nitrogen content
than those at low density as shown Ly table 19.

(s) ¥ield of uitrocen (s/pf).

A compseison,for plants st high density throughout their
growii, of the yiald of nitrogen and of dry madisy ghows that
whoreas dry matter increase continued at a high rate until

day 109, over 0 ¥ of the nitrogen uptake had occurred by day



5%,

52 (£ige 5)« The plants continued to take up nitrogen until
growth ceased, but the rate of uptake was slow in the later
stagss. The uplake of nitrogen as percent of final uptake
compared with dry weight on the same basis for five harvests
is shown in table 20 as the mean of three nitrogen treatmsnts.

fadle 19.

Fercent nitrogen content as affected Ly occasgion of transfer
(poan of three nibeszen levels)

bay of Portion of tay of transier LaBaile
harvest. clant. o ‘ , 058
B O3 B8 & B 9 wmt
3e Whole 7 e 3.85 045
52 " Lol LS i Ok
6 " 1el§ GeE7 141 led2 01
67 " CoB7 0e7h 0.0 0476 0.80 096 -
135 " GeF9 0495 0497 0486 0.82 0.0 0.78 -
a7 Leaf & stem 0.80 0463 067 0.2 0.6 0.83 0.8
135 B 028 0427 036 0438 0438 0037 0.3 502
87 Ears deh3 1e28 1432 135 10 GLekb .08
135 Grain £o00 1493 187 1472 1472 L1487 163 Gkl

® High density throughout.
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Table =0.

Yield at {ive occasions as percant of final yield for high
density plants. (Mear of all nitrozen levels).

Dnre Lwon. eowing.

5 50 87 135

Lry matter Gudy 8.4 33.9 632 lo e
fitrogen . 383 ek &5 773 106

(t) Xield of nitrogen rer plant.

Tais reflisected the diffevences in dry welpht and percent
altrogen content. The vield of nitrogen incresaed with increasing
nitrogen level and with sarlier fwensier to low density. The silsed
of the higher niirogen percentaze of high densiity plants wus Jdiminished
by the increazed dry meignt of the carlier itrangierred plants. ligan
yields of pitropen and significant differences are given in tables

The patiemn of upteke by the low densily plants differed from
thet of the high deneity plants. By day 37, up o 77 % of the
final yield of nitropen had been teken uy by the zlante ab hizh
density. At this %ims the planks transierrsd to low density of
day 18 had taken up more nibtrossn (17.2 mg ef. 16.7 agl, bub this

wiag only 6l 7 of the final yield,



Yield of nitrogen as mg/plant for three niirogen treatments.

Bay of ¥ X e
harvest . g . t .05

3072 5.3,907 »3:72 @ 025::“3

& ¥ R
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for]
ey
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E

13418 19.55 B30

Tab, o

Ticld of nitroger per plant as aflected by time of iransier. (mg).

fay of vy of transier. LivfioDe
harvest. 0.05

=~
5
D
‘%a

L T o g

3:3 La5h f}’d&? Hesdo
5 e e P = .3

52 Ee37 T3 e ot Ce3E

b6 13, 108 {313? % nz%@ ‘}" 20 & '2\1‘3
B7  17.82 32.38 12,02 10.77 10.68 07 G2

i 2

135 3he03 E7e35 E1l.33 10460 1473 3683 13488 G0

% High density throughout.



Thae tecimigue for determinating of total soll nitrogen was not
entirely satielsctory but sufficed %o show thab the differences

atweon niirogen trestments dindnisbed by the {inal harvest a8

shov by tasie 23.

Zabls 23.

Total soil nitrogen as percent x 100.

e T P L
Lellniie rdwrelie

0.0

)
3
]
E
I
%
2

O JeG5 o33 508 045 Gelk

A% day 40 the sffect of the added fertilizer is still epparvent,

out by day i35 thers was ne dliference Uetween I, and g»ia. The
higher vains Jor "&3 at day 139 may indisate dhat not o1l the ool
and horn had besn sinaralised.

The ssam hedght of the piants increased with ineransing
nitrogen s with increased lenzth of the perdod at high density
as shown n btabls ZL. The incrassed height of the later irans-

ferred piants indicates & rosponse to compebition for light.
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{aj Tillering.

The respones o reduced cuapetition when the plants were
wransferred fron high Jdonsity to low densily was less than that
axpected and it is suggested {section I of lesults) that nitrogen
liscited the axtent of tillering and the production of dry matter.
Tesgerature may have bDeen s contrilating factor to limiting dry
satter in that developuent ol the plants was very rapid und
spikelet initiation occurred tetwesn 24 and 35 days after sowing.
Thus the ve eiative stage was very stort and this gay have
inflluenced the degres of tillering. All plants at high denmity
wers single stemned and oxbre fertile tiliers wmre groduced sniy
on those plants transierred o low density on day 38 or earlier,
whlle the maximum number wes three peoy plant. If, as sugpested,
nitrogen was the major factor inwolved, %hen when the plants were
transierred at later occasions the main stom wes already weoll
developed and intra-glant competition would prevent Turther
development of the tiller ouds.

Ine plants ab the low nilrogen level W;;éé remained single
stemred under all trealsmenis, wub suppression of tillerinpg of the
rlants ab B, and B

3
lignt intensities induced Uy the mm@aﬁim@n of neigiivoura. This

at high density wes aprarently due i the low

interyretation is supported by the observation that border plants

i = N ARl

L]

£ the high density plots produced i-2 #illers. When removed to



low density and high light intensity, tillers were produced if the
plants were transisrred belore day 38, b it 1s possible thst a
eritical siage was rsasched aiter whieh tranmsfer to low Jengity
would not overcome the sfiscte of suppression of the tiller uds

2t high density. The variety used, Galo, iz moi frealy tillering
and the tilier tuds mey be sasily suprvessed. Sentidraseszaran
(1962, waing the same variety in the field obtained only £.5 tillers
por plant with low demsitiss of 1l tlants por sotve vow lengsth in
1 inch vows wihils Wesserman {perc. somm.) oblained 7 tillers per
plant in goh switure. Parbher, it wos obperved that the few
#illers st 4id sprear on the later btranafervsd plants were from
higher leaf exils than thwse tillers on the plants transisprved on
the early cccasions. llowever, thase late tillers were all small
and soon diwd, thus ziving support to the view ihat intre-plant
competition ywms the sailn fechtor suppressing ¢illering at low density.
() Pry matter produchion.

Iry mabber production was directly related te the degree of
tilierinz. Thus considersble incresses in dry welpght were shown
by the plants transferved at dey 38 or sooner compared witi those
resaining ab high density lor longer periods. with planis walch
had only one stem bthe slizhtly incesased weight of the earlier
jransierred pianis must heve Leen due to inereased groduction povr
anit plant surface ares (leaf, stem and ser surface) under the
highar ldght intensities st Jow density. Howower, the differences

between dry welghts of the plants transferred alieyr day 45 were



-

emall. It is possible that the lowsr production per unit surface
sres of the later transfsrred planks may have beern partly compensated
oy & grealber leal area per plant of the ylants resaining longer ak
high denasibye

Althwugh mot directly comparable with yields in %he field, the
very iigh yields obtained with the high Jdeneity slots illusirate
the potensial of thds orop aid climatic environsent. The final

Jield oy EB @b high density, based on an arca sawpled neay the

Adelside Puckeidee {1968) obtained with the varieby Insimic a
maximm yield ¢f 932 go/n® for the 1991 season and Wassorean

{pers. comm., & saximes of 1080 mp’m““’ lor the 19(& season lor

the veriety Gabo. loth thess fisld experizents were at ssveral
rates of sowing and with supplementary irrisation, while e latiex
gxperiment alsd inciuded tLwn levals of nitregon. The diffevences
were even more sutstanding when the grain yilald is considered.

The grain yleld in the yresent cxporiment was 1170 gfmﬁ for By

ab high density. There were three rvessons for Lhis high yield;
the hign plant population of 11350 plants/m?; every plant prodused
an zar; the sars wers of size and produced a vean of L& gn
of zrain., In comperison a trestrent with an initdsl rlant density
of 1076 g;lm&sfmg in & $ield sxperiment (Puckridge 1562; zwoduced
only 185 g of srain/iF. AL harvest, tiller mumbers had declined
Srom & maximum of LLO0 bo 000/2F and produced enly 296 f‘*»-z:nz-s/"mg wibh

a meen of U828 g of zwin per ear. lodging and compstition for
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subrients occurred in this instance, bub comperison with the present
axperiment illustrates the Importance of producing a high proportion
of fertile tillers sndé o ressonable head size to obtain & high yield
of grein from high sowing rates. Although the plants were moeasnd-
sally supported in the present experiment and indging 41¢ nol occur,
the comparison also suggests thai competitdon lor iight is of
doubtinl significanes in the yield of wheat per unit ares in the
{ield for this envirviment.

Sormtitdon for ilght was sertainly severe between olants at
the hish denisity, but viewed as & commumnity of tlllers visld wes
influsoeed more by nutrient level. However, further swperisens
pation is voquired o determine the role of compatiftdon fop light
at hisher nuirient levels and ab lowsr populations than Whoen of

the bdzh density =f this sxperimont. For instance, if & density

of 383/ {= 1/3 of 1130) hed boen used tho plants may have produced

o mean of bores tillers per plant and consequently equivalent ylields
i twse sotained in thls experimens. However, if eompstitios lor
1ight were o reduce the number of willers per gland o & wmoan of,
for example, £.5 or &4 4t is unlikely that inercased yield por

ear would be suffisient to oifssd the decreased numier of ears.
Competition for 1isht would then be 2 fuctor in iimiting the yleld
of grain per unit area. IHowever, in this case the limiting elfect
of wompetition for light would not be adsoluie, lee. in determining
the ‘okal wmount of dry mabter production possible per undt wrea,

bab would depend on the sbility of the pland to compensate for a



reduced number of tillers per unit area. Therciors; in thwory, for
wvaricties in which tillering was sensitdve to low light intenailt les
& dense popnlation of singls stemsed plants woruld be an advantaps

abh high seil nutrient levels.

Tho nitrogen percentage of the plants decreased from 2,93 &
at $he lirst harvest to OJ91 7 at soturity (mean of all trestmente).
hesocicted with this overall decrease in percentage woere differences
in uptake betwesn trosisents and difierences in dry matber yield
and nitrogen yield.

The upbale of nitvozen by the plants st low density wms greater
at all stegos and continued for a longer period than thab of the
high density plants. Por exanple, by doy 47, tsking the wean of
the three nitrogen treatsents, planhs Lranslerved at day 146 had
taken ap 17.2 25 of aitrogen {461 % of the Dinal uplabe) while the
viants remaining ot high density Lhroughoud the a;;;r;fwimemﬁ vonteined
oply 10.7 mg (77 7 of the finsl uptake,. Ab the same dadte the dry
weight of plants trensferred ab day 1€ was 1457 g (58 2 of the limsd
dry wedziht) while that of plants remaining =t high density thwoughout
thedr prowhh wes 1413 g {60 7 of the Dinel dry weignt)e Thus in
addition Yo having grester dry welghts the carider transierred
plants had a higher percentage of nitropgen at maturity then ihose
sransferved lator or those remaining ot high deralty throughoud &
experiment .
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The reason for thess diffevences was not investigated but two
possible sources of variation could be root development and energy
supprly. The earljer iransferrsd rlants produced roots nore
shundantly than those transferred later and soil exploration may
have been more complete. Alsc znergy is required for the
absorption of mineral lons (Meyer, Anderson and Johning 1940,
fussell 1962). The earlier transferred plants received more
light energy, the rate of photosynthesis per unit area would be
higher and greater enerzy supplies available for nutrient uptake.
Transpiration of the low density plants appeared te be greater
alsc, and Lhds could increase the raie of movement of salts from
the xylem elements of the roots to the leaves (leyer st al. 1960).

Altnough the initial wnitrogen percentage was higher for Nfr}

plants than for N, or N, plants, the final percent nitrogen content

2 1

was alightly lower for 'ﬁy This was associated with 2 prolonged
and greater production of dry matter and may be the result of more
eificient caritohydrate production associated with delayed senescence
of the leaves of the HS plants.

(d) Leaf development

The major treatsent effecis were those on the area of the

individual leaf. Leaf number increased only slightly with
increased nitrogen and the only effects of time of transier om
leaf number per plani were those due to tillering. The area per
leaf increased with both higher nitrogen level and with later
transfer to low density. However, the leaf area/leaf weight
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ratic was not affected by nitrogen supply, although it increased
with later tressier to low densidy. This ratio was alsc lower
foy suceessive leaves on tie main stex.

it was not possible to determins directly from the data
collected whether the incresse in leaf area with later transier
$o low uensity wms the result of increased coll production er
differential expansion of the cells. Transferring to low density
ned the grestest efiect on the final area of the leaf when the
tpansier occurred imsediately after the 1eaf was vwisiule above
e sheath. Compariscn of tiw ares per leaf and ¥e leal ares;
leai weight ratie with times of leaf initiation and lesf gppearance
showed that the effects of transierring oceurred after the young
10af had comuietely covered tha apex bub within b weels after
ieal appearance. The groatest resjonses to changing conditions
securred immediately after the leaf's appesrance. It seema Irom
shese observations that the low iiznt intensities at high density
hed their nedn effects on tie expansion of cells rather toah ob
sumder of cells. This agrees with the cbservations ol Friend
gh als (1962 bj. However, celi procuction way play a part. 1%
was showr in fig. & thad Dor B

|
increasing time 2t high density up © 52 days and then siightly

the sres of leaf 7 diminished with

inereassd. There was soe indication that the time of appeirenee
af the ister leaves was delayed in E%l and it is possitlde in thls
case that cell formation was reduced ab hig: density. leal 7 was

risible at approximately day 54 and the slignt increase in area



with plants transierrad after ¢hds time would have been a vesult of
increased axpansion of cells after leaf amcrgenee under condlitions
of lowsr light intensity. lowsver, clarification ol these responses
woald royaire eell counts wiich were not carrvied sutb with this
experiment.

The ieal Arvea Index (L.A.I,) was caleculated for the high density
plants only. FPor the low density ylunts L.i.1. would have lithtle
meaning owing to the wide spacing between rlants and the smell leaf
area por zlant. The values of L.A.3. at B 4 {max. 11..) were mach
higheor than at Rz and ﬂl {max. ¢.9 and 4.5 vespectively). 7The
ciflorsnces were alrost entirely due to the increased area per leaf
wWith incressed nitrogen level. In 2dditdon ¢ iuelr greater uvea,
the sercscence of later lsaves of 33 was delayed compared with those
of .:ﬁﬁ and K, resulting in &« lenptivned period of dry wmabtber production

Ky,

by H3a This inereuased the diffsrences between treatments at the finsl

harvest.
(o) Head foymation.

The eifect of nitrogen in increasing the size of the apex was
aprerent from day 3% ormpurd with the differences imcoming sove
monounced ag the heeds developod to maturiby. Associated with
this was sn increvased number ol spikalet primprdis on the apices
with Inersused nitrogen level, sxcept for the few plants vhuleh hed
tillered. Here Yhe twial number of spikelets per spike was slizntly

reduced.
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Although there was no wifect of time af tranafer on the total
ey of spikelet priserdis, the number af these wiieh Inlly
developed to produce fertile Ilowers vwas affected by the vericd at
high or low censity, rbliculeriy ab the lower nitrogen levels.

Just prior to slengaiion ol the rachis all spikslets on & splios
appeared to be ab a simiiar shtage of development, and no differances
indicating their future development could be cbserved. However,
puce slongabion of e rachis copmeniced the uppor spikelsis developed
most repidiy snd it wes soon [ossible to sec thab sore af the basal
splinlets were not developing. Tress usually ¢id not increase
further %aan just a pair ol glumes smi were somplately steriis.

Botn tiss of transfer and nitrogen level affected the number of

vnese sterils splkalets.

The sffect of time of transfer to low density ia showm in
£ige 11 which gives the nean spikelet nurbers jor the sar of the
main stem, using the comoined waluss jor the three nitrugen breat-
menbs. This flgure s derdved irom the data shown in dhe bothom
1oft gragh of fig. 10e  Ths lower yumoer of 'total spiieliets?
for the lirst two occzsions of trensier is apravently duwe
ineressed tiller numbey and incressed soppetition Setween tillers.
{There was 5o redaction lor these o sccapions with the plants of
i%l which di4 ret tiller - see i‘:i;g,. ). The graph shows thab ne
affeet of density on the number ol sterils spikelets wms iniluential
for piants tranaferred Letween day 35 and day 703 this san Le

regarded as the oritical period during edch hien density alfected



Fizepe 1. The effect sf time of transfer on the develop-

sent of spikelets. lean of 3 nitrogen treatments.
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the development of the spikelets. By day 35, 70-8) % of the total
muiser of spilelet crimordiz could be seen on the apex ard ‘he vest
soon developed. By day 52 wws had developsd on the spihelets and
clongation of the rachis wsn just commencing. The surs apmereed
{rom the sheath: i=5 days alter day 70 and Ly this stage the number
of fertile spikelaebs had been determined.

It would appear from the rosulds of this experiment that those
basal spikelete which falled %o develop ¢4d s as a result of
competition between primordia for assimilates asaveisted with
nitrogen supply. The results of Buttrose and May (1959) suggest
that competition occurs between grains for assimilates from sarks
88 bhe plant other Wan the ser itself, snd i% ssems reassnable
that competition could oocur ab en eariler stege hetween primordia
in the development of the head. The supply of assimilates would
be reduced by competition for light among iue plants st high density,
and competition for amsimilates bobween primordia would then become
m0Te scuts. Unes olongation of the ruchis commenced the upper
spikelats developed moat rapidly and apparently comgeted most
eilectively for assimilates. - With later transfer to low density
the spount ol assimilates available for spikelet development would
have been lsss and thus sore of the lower spikelets would fail to
develop. lower nitrsgen supply resulted in smaller leaf area and
presunably less siliclent production of sarvohydrate by the leaves.

it is considered that the preduction in fortile aspikelsis was

not an effect of shading on the apex as this is covered by the
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gheath which was ihicker and Jarker green with plants iransierred
o low density. Hor could the sifeet have been due o competition
tatwoan the primovdia for nitrogen alone as this wounld suggest that
nitrosen upteke was less efiicient at higher densities. The resuils
show that the percent nitrozen zontent of the plante ab day &6 was
nigher lor the plante transierced ai laber asceasions, and ab day 8%,
while there wog little diflevence bebtwesn tronsfer oscasions in
nitrgen cuontent of the whole glants, the percentase nitrozsn content
sf the ear was higher for the later transferred plants.
(£) Conclusion.

it is ocuggeeted thal the plants abt high density were limited
in thedr growbh oy competiddon for lighi. Tranafer to low dengity
resnved btihis ldsitation and the plants grow ab o fastor rute, dims
produeing 2 greater axoand of vy matter. This increased production
was greatest with thwee plants which produced dillers. Flands o
high density did not produes tillers as & resuls of intenss com-
petitdon, apperently for light. These single stemsod plante 44
not produce tillers if trancierved to low density after doy 34 and
it is suggested that this was mainly dus o inadeguate nitrozen
aubritdon. Any increase in dvy weight by laber transferred single
stemmed plants compered with those remaining at high density was
due w grester production per anit ieal arsa.

The moet interesting fecture of the experimsnt wasz the effect
sf transforring from high o low density on the developmant of

spikslets. The total numbsr of spikelets per ear varied with
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nitrogen treatwment, Leing highest for ;!?:é;% and lowsst for Hl’ but
thore was no effect of time of transfer on the totel number of
spikeleta. lowever, for ulants trensferred o low density between
days 35 ond T thera was & marked incroase in the mumber of
inferiile, undeveliopsd spikelets with later transfer to low density.
The number of infertile spikelets was highest wilth the low nitrogen
jevels and it is sugeested that two fectors wers involved. Firstly,
competition for light =t high density resulied in & reduced supply
of assimilates to the Jdeveloping spex and compebition for Lais
aseimiiste between spikelets. Secondly there was an interaction
with nitrogen. The critical perisd for the continued develoyment
of the spikelets while thia competition uas cccurving vas the pericd
fron immediately nrior to comrencenent af clongation of the vacihls
to car smergsnce. Alter commencement of elongetion of the rachis
the uppermost spikelets developed most rapidly and there was a
gradient in development from the summit to the Dass of the apike.

It is possiule thet the upper spikelets were more favourably supplied
with assimilates and aipeval mutvients snd if these were ln shord
supply they were utilized by the upper spikeleta %o Ahe detviment of
the lower ones. Thus the degres of competition und the portisa of
the critical peried during which thls compebition sperated appeared
to catormine bhe numver of spikelets which fall to develop and hence
the number of fertils spikelets per car. These eflects xay reduce
the grain vield per sar of lanks ab high density W legs than half of
shab which would be obtained if all spikelets were developsd fully.



fie
It is possible that if %the experdsent were conducted st a
higher lovel of nitrogen supply, sisilar effecte cn fertils
tiller production to those here reported for fertile spikelet
produchion wuld have boen obtained, as was intended in the
design of the axperiment.
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