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STATEMENT

This thesis contaíns no material which has been

accepted for the award of any other degree or diploma

in any Uníverslty and, to the best of my knowledge and

belíef contains no material prevÍously publíshed or

wrítten by another personr except r,rhen due referenee

is made Ln the text.
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SUI'{I'TAIìY

Two field experímentr; erx.anined the- effect of plant ar:ran6lenent

ancl de-nsity on the performance. and competitír¡e j.nt-eractions c¡f

indívidual plants within a crop cotnmunity.

In Experíment 1, wÍth the barley variety Clipper, t!üo i-ilant

arrangements (square planted and drí1le.d rows) r¿ere rrsed at three

de-nsitíes wíth nomínal seedíng rates of 1-'/.5, 70 and 140 kg per ha.

Repeated measurenents \,,lere made on the sarne planEs ruíthin pennanent

quadrats. The positj-on of each plant wíth:in Lhe quaclrats \^ras

determíned by measuring íts co-ordinafes from cor¡nton base 1ines.

Two non-destructive methods for weíght estirnation were develope-d,

i.e. a rmatched tillerr method and a rplant cylínclerr method.

In Experlment 2, with the wheat variety Halberd, random spacíng

üras used at tr^7o densiËíes, with nomínal seeding rates oÍ.95 and 190

kg per ha. The planËs v/ere examined both by repeated measurerûents

of the same plant within permanent quadrats and by eíght successíve

harvests in oËher quadrats. PlanÈ co-ordinates rter-e also neasured.

I{ittrír'r the permanent quadrats individual plant weights were estimated

by the rmatched tillerr meLhod and the rplant cylinderf method.

Correlation of the daLe of seedling emergence rvith individual

plant weight gave an overall pícture that the earl-ier emerged plants

remained larger. In 30 quadrats examine-d at day 70 " 25 showed

negative correlation of dry weight with the day of emergeuce-.

üûre1 ç;y
The phenomenon of dominant and suppressed plants r,¡ithín a bareAy

crop \¡ras clearly demonsËrated. In the square planLed plots the

degree of plant dominance, expressed as the difference between the

relative growth rate of the largest pJ-ants (top deciJ-e gror.rp) and the
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snìallest plant$ (bottom decile group), decrearseC with increas|ng

densiLy. In the drilled plots lhe effect of density was J-ess

obvious. In the randoml-y spaced wheat crop the degree of plarrt

dorninance v¡as epparenLly also affecterl by densiLy.

In examÍníng the frequcncy distrjT¡trti.on of j-ndividual plant

weights, it rvas found Î-hat írregularíty of planL spaci-ng had a st::onger:

influence on the slcerrrness than did denslty. The sker¡less of freque-ncy

dístríbution cf plant heighC (length of the 1.onges1, tiller) rvas con-

sistently negati-ve, probably due to the determinate gr:owth of the

cereal tíller, Tiller number per plant was usually strongly corr-

elated to plant weight, and had a s:Lmilar pattern of frequency dís-

tributíon.

I1 Experiment I 1íght intercepl-íorr at clay 39 of the squarîe planted

plots \,¡as more effícient than ín the dríl1ecl p1ots. Variation ín

light pattern at day 39 can be víewed both as a reflectíon of unequal

growth of plants, and as a factor infl-uencing subsequent differences

in grornrth. At day 88 bofh at half p1-ant height and at groturd level,

the variabil-ity of light penetration adjacent to each individual plant

agaín is usually greater in the drí11ed p1oÈs than in Èhe square planted

plots.

The pattern of ear emergence ín Expe.riment 1 r¿as mainly influenced

by densiÈy. AÈ hígh density ear emergence rn7as concentrate-cl in the

earlier days of the period, while at low densíty ear emergence \^Ias more

evenl-y spread over the ten day períod. This ís believed to be a result

of the different proportions of maín stems and first tíllers to all

tí11ers at the two densities.

In barley communities, the mean individual plant weight decreased

with increasíng density and the effecË r¡/as stronger at later stages of

growth. The effect of densíty on rrunber of tíllers, number of ears,

ear weightr'number of spíkelets and leaf plus gr:een stem al:ea per plant

were basically sj-mílar, i.e. Èhey decreased ruiÈh increasing density.
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At low and medi.um density l-he r¡ariability of plant characters vÌas

greater in the <lrilled p1.ots than in the square pl.ante<l ploLs, but not

at high densíty.

Means of individual plant weight, length of the longesL till-er

and number of tillers per: plant re-corded in the eight sequentJ.al harvests

in Experiment 2 followed the expected pattern. The effect of density

on mean green area per plant vtas not signifÍcant at day 50 but fr<.lm then

on ít became highly signifi-canÈ, rvhi-le íts ef fect on number of spilcelets,

number of graíns and grain weight per plant fol-lowe-<l closely the yielcl-

densíty relationship.

The effect of neighbours was closely examined. The hypotttesis rvas

that all planLs wíthín a given radius around the test plant affected tlie

performance of Èhe test p1ant. This compound j.nfluence of ne-í,ghbou::s

is termed rcompetil-ive pressuret. For the- relatj-onship between r+ei.ght

of the cenÈre plant and competitive pressure, the reciprocal equation of

Shinozaki and Kíra (1956) (1/t = cx + ßp) r¡as used by replacing density

(p) bV compeÈitive pressuxe (z). The t\^7o equations were:

I^7n.
-l_
" ,10n.I

where rv is rveight of neighboursn.
l_

and d - is distance of neigirbours
"i

and 0 is consËant.

a I Bz.

Data from Ilxperiment 2 were used f or this anal-ysis. It was found

that the values of t r¡rere proportionally very small comparecl with d, so

that the effecÈ of neighbours hTas very hard to detect. The reciprocal-

relatíonshíp of density and plant weight for erop community nìay not

therefore be applÍcable for aggregates of plants wíthin a crop cornmunity.

The conrnunity performance may conceal the effect of close neighbours r olî

in other words, the overall- effect of community density \ras stronger than

.L
l'/
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the effect of hígh1-y 1-ocalísed densíty within ttre community.

Inclividual plant performance l^ras presumably affected by other

factors such as date of seedlíng emergence and fhe local physical

and chemical environmenLs.
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LIDI,^,RY

INTRODUCTION

ConcepÈs of the importance of índlvÍdual plant perfonnance

ín crops have devel-oped from an ínitial avlareness of dífferences

between plants, to the real.izatlon that a knortrledge of índividual

plant/environrnent interactíon is necessary for explainíng conmunity

behaviour.

ExcepË in some of the horticultural crops, e.g. fruit trees

and ornamental plants, where the production policy has emphasized

quality, most expressions of plant performance ín crops have been

based upon the mean values of Ëhe populaÈion, for example, the common

practice of deriving yíe1d per plant from yield per unit area dívíded

by densíty. However, as emphasized by Goodal-1 (1960), thís pro-

cedure obscured rather than clarífied Êhe relatíonship between yield

and plant population due to the íntroductíon again of the independent

variablerdensíty, in the derivation of the dependent varíabl.e¡yield

per plant.

In contrast plant physioJ-ogists have dealt mainly with isolated

slngte plants. Physiologi-cal sËudies can foiiow cioseiy the pianti

envlronment interactíon, but. in the absence of neighbours are not able

to explain the effect during growËh of dynamic changes of the environ-

ment associat.ed with lntæplanË interaction 1n a crop cornmuníty. The
I

compeËltive stresses for each plant in a crop are very acuÈe, though

competítive abilíty does not necessarily indicate the capabílity of

producing high yield.

A few workers (revlewed laËer) have concenËrated on the sËudy of

indÍvidual p1-ant performance. They used eíther a partly controlled

environment, e.g. a unlform soil ln a confined space, wíth repeated
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measurements on a snall numbe-r of plants, or fiel-d experimentq

with destruct-íve measllrement' i.e" three to síx harvests during

the groltr.lng perlod. The main disadvantage of the first method

fs thaÈ ÍË ís not deal-ing with a fíel d environmenË whích has nany

dynamÍc varíables, wl'ríle Ëhe second method cannot follor¡ the

developmenË of the same pl-ant from íts first stage of growth untíl

harvest. This is a major handj-cap because the micro-environmenL

differs between plants and with tíme.

An ideal rnethod vrould be to study each plant índividually with-

in Èhe field conrnunity, but there are t\,¡o main límítations. The

first is to find non-desËructive methods of measurement whích can

be used without. dísËurbíng the plantrs rnicro-environment and without

causÍng damage to the plant. The second lirnítation is in nionitoring

the individual plant mj.cro-environment. If these lirnÍtations could

be overcome, e.g. by finding better methods of plant character estim-

ation and further miníaturízation of ínstruments, then we might be

able Ëo assess some of the more complicated problems, such as the

spatial range of influence of each plant; the rel-ative amount of rspacet

occupíed by a planÊ in the cornmunity cÖmpared with an isolated plant;

the ínfluence of neighbours' etc.

It is obvlous from the literaËure that ou knowledge of individual

planË performance and competíÈive interaction within a crop community

ís limited and Èhat further study ls required. In the sËudles here

reported an aËtempt v¡as made to examine the effect of neighbours on

ínterplant competltlon lthin cereal- crop conmuniËÍes ín the fíeld

and the varíabil.ity of individual plant characterÍsËícs. Repeated
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measurements were made and the posÍtion of each observed plant in

the ffeld hTas ïecorded so thaË distances between planËs could be

calcul-ated. Special attenËion was glven to the phenomenon of

dominant and suppressed individuals wÍthin a crop communÍty, to

the degree of skewness of the frequency dístrÍbutlon of plant weight

and other pl-ant characËers, and to a quantltative account of pJ-ant

ínteractlon wlthln the crop communiËles.
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LITERATURF, RI1VIEI^I

1. Mean Þ1ant per fo::urance wlthin a crop comnunitv

Information on plant performances within a crop eommuníËy has

mainl-y been obtaíned from bulk samples Ëaken from a unít area,

gfving mean characteristics of each plant. Bven though ít cannot,

be used to study the interactíon between índivídual plants, the

ínformatíon is useful ín the understanding of plant communíty -

envíronmenË interactíons. Since the subjecÉ of this liEeraÈure

revlew and thesis is not prímarily wÍth mean characteristícsr e.B.

mean yield per planÈ, but, with Índívidual characteristics' it is

not the intention here to make a comprehensive review of density/

mean performance per plant: only tI^7o aspects wíl1 be discussedt

i.e. the effect of plant denslty and the effect of plant arrangement

respecËively on mean plant producÈion.

1.1 Effect of density on mean plant production

Yíeld per plant in a communíty is usually derived from yield per

unit area dívided by density. A typical relationship between weight

ncr rrnit- âr.êa ¡n¿l r^rpíohf ner nlent rrifh densifw is shov¡n in fictrre, I
r.-- --e_-- E-- E ---- -------J

(fro¡r Verheij, 1970). Yield of total dry weÍght per unlt area

lncreases rapidly with denslty, but at hígher densities 1eve1s to an

asymptoËic curve. Yield per plant decreases markedly with increasing

density.

The relatlonshíþs between dry weíghÈ per plant, density and time

for wheat cormunÍtíes are shown in fígure 2 (from Puckridge and Donald,

1967). AË the final harvest, weight per plant at the highest density

(density 5, 1078 plants/m2) was 1.67 g, whtle at lo¡^resÈ densíty (density

l, 1.4 plants/n2) the weÍght per plant was 89.9 g whlch means more
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re¡ght
¡n grams

FlGi ,RELATIONSHIPS BETWEEN WEIGHT PÉR

UNIT AREA AND WEIGHT PER PTANT

WITH DENSITY IN BRIJSSEIS SPROUTS
(vERHErJ, 1970).
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Èhan 53 tines the weight Per plant at highest density. At

densíty 4 (184 plants/rn2) and 5 there \47as a marked effecÈ of

interi-plant competit-.ion at week 10, while plants at density 2

(7 plants/rn2) suffered no ínt-er-pl.ant competition untíl after

week 17 r¡hen Ëheir dr:y weíghË plogTessívely fell below Ëhose at

densiLy 1. At densíty 1 thcre !üas no evidence that planLs

suffered from ints-plant conpetlËíon at any time. Mean tiller

number for densities I to 5 we-re 16,4, 16.1, L3.7, 5.5 and 1.6

at week 10, with Ëhe differences becoming greatel aÈ later harvest.

The number of tíllers peI plant rnras the main source of varíaËíon

ln dry weight per plant. Maxímum weight per tíller occurred in

the intermediate densíties at 14 - 20 weeks; the mean weíght per

ti11er at densiËies I to 5 were L.12, I.62, I.73, 1.39 and 0.97.

Puckridge and Donald (1967) concluded thaË there \^las an effecË of

strong inter-planÈ competition on planÈ and til-ler size at high

densitítes, and acute lnter-tiller competitlon within the abundantly

tl1lered plants at very low densíties, an effect discussed earlíer

by Donald (1963).

In barley, Kirby (1967) found that plants grornTn at a seeding

raÈe of 3I4 kg/ha produced a maximum of 2 tÍ-1-1ers per plant, compared

with 6 tíllers per plant at a seeding rate of 39 kg/tla. Similar

results were also presented by Downey (1972) on the effecË of density

on a tillering variety of maíze (varieËy NEH 1151). At all den-

síties Ëi11ers were produced, but Ëhe higher Ëhe density the fewer

the number of Èillers produced. As density increased, the number

of cobs per plant and per t1ll-er decreased. There Ì¡Ias a disÊinct

trend for graíns to be lighter and to be fewer per cob at the higher

densities.
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A somewhat diffe::e-nt relationship of dry weight per plant

to density and Ëíme ls glven by tsuÈÈery (1969) for soybeans

(tr'igure 3), which shows a marked loss of weight later ín the

season. The reason for this loss of weigl-rt l^Ias noÈ given by

Buttery, bur Kol-ler et aL. (1970) found a decrease in dry weight

of pod wal-l, leaf and stem and petioles later ln the season and

this decrease \^tas strongest in ühe stem and petíol.eS. A curve

similar to that of Puckridge and Donald (1967) ín Figure 2 was

obtaíned for the cumulaËíve above-ground dry weighÈ calculated by

summatíon of componenË dry weíght using the maxímum observed com-

ponent weight, buÈ the method could lead to érrors if signÍ.ficant

redistribution of Store-d materj-als occurs among plant components

prior to abscíssíon.

Donald (1954)found for subterranean cl-over (Tz"LfoLiun stb-

teTrqneutn L.) and l,Iimmera ryegrass (LoLiwn z"Lgidutrt Gaud.) that,

under conditions of adequate \,Íater and nutrient supply, dry natter

productl-on reached maximum values at moderaËe to extremely high

densities, whereas the maxímum number of seeds per uniÈ area 1,üas

given at moderate densities and declined at high densities. Although

Èhe wides{- spaced planÈs gave Èhe greatest number of seeds per plant'

somewhaÈ closer spacíng in l.lirnmera ryglass and al-l closer spacíngs

in subterrariean clover gave greater índívidual seed weight and greater

numbers of seed per lnflorescence. Donal-d explains the phenomena

wíth the followÍng hypoÈhesis. At the widest spacing competítíon \¡las

absent during Ëhe early stages of growth. Floral primordia were laíd

down l.n each plant fn huge numbers. As growth proceeded, ínter-plant

competition became progressfvely operaËive and reduced the efficiency
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of seecl production in the índjvi<lua1 ínflore.scence as shown by the

reduced number of seeds per race-me and the reduciug of seed size"

In moderately dense stand, ínter-plant competJ.tion r^ras already

operative aÊ the time of f1or,¡er íniLíatj-on so Ëhat the number of

floral primordía laid down or developed by each plant \^/as reduced,

and thís reduced load was wíthin the capacity of the plant to main-

taín as inter-pl-ant competition intensífied. Seeds per ínflorescence

and seeds per unit area achieved maximum value in these moderate

s tands .

Intense inËer-plant compeËition can have a big effect on morphology,

dlstribution and maturiËy of reproductive structures. Beech and

Norman (I966) found for safflower plants grovrn at dlfferent densitíes,

a marked reduction ín the number of heads per plant wÍth íncreasing

density, due to changes in Ëhe number of both secondary and tertíary

heads. For dwarf French bean (PhaseoLus uulgarLs L.) with wide

spaced pl-ants, Jones (1968) fotrnd tr.nro or three branches in each axí1

of the trifolíate mainsËem leaves and each branch produced up to

three leaves before termínating in an inflorescence. At wide spacing,

flowering continued for several weeks. At close spacÍng, branching

rnras suppressed, there were fewer pods per planÈ and flowering was

compressed ínto 7 - l0 days.

For some plant products qualiËy is more important than total

weight. Below a certain standard of quality it could have no marked

value. One of the earlÍer studies on the effect of density on quality

of yield was made by tr{arne (1951b). Carrots (2 varieties), beet (3

varíetíes) and parsnips (1 varíety) were gror,rn at a unÍform inter-row

dístance (45.7 cm) and aÈ 5 thÍnning dÍstances each givíng plant pop-

ulations per metre of row varying from 6.6 to 19.7 for beet, 5.6 to
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L4.4 for parsnips and 7.5 to 26.2 for one va::íety and 6.6 to 16.4

for Ëhe other varieËy of carroËs. Rather surprisingly, there were

ínconsistent relations bet-ween yleld of large (marketable) Ioots

and pl-ant densities. For Long Beet and parsnips there !üere no

reLaËions between yields of marketable roots and plant densitíes,

but for Globe Beet and carrots naxímum yields of marketable roots

were obtained wíth the closest spacíngs.

A more collsistent relatíonshlp between quallty'of yields and

plant densíÈies r¡/as presented by Rees and Turquancl (1969) for brrlbs

of tul-íp. Effect of planting density on grading can be seen from

the number of lifted bulbs above a selected síze (11 cm or above) or

from the spectrum of lifted bulbrs size distrÍbuËion (I'ígure 4).

There üras a contrast in the optímum density for maximum total yield

and the optimum density for maximurn llfted bul-bs above the selecËed

síze (11 em) for boËh cultivars.

0n the relaËj.onship between plant density (p) and crop yield (Y)

most reports base their analysis on mean values. A revíew on this

ls made by tr{iley and }Ieath (1969). They considered there are basically

rt - 1.Fr-- -L!--- lñ^L1- 1\ ^-l -^^^-l^J 
!L^ 

-^^i--^^^1 ^-..-+.t^-Il_ve' (lrlIe'rgllL gquêLJ-L)ttii \IaauIc r,,, drrL¡ rcBdr-LrtJLl Lrrc rsurlrruuér E9udLlvu

as the best because it can describe both asymptotic and parabolic rel-

ationships, and it has biological meanlngfulness.

The relationshíps of interest ín this study are those which are

based prírnaril-y on a consideratíon of the performance of the lndivÍdual

plant, even though they are applicable also to total yíeld, e.8. the

Mitscherlích equation (1919, quoted from ltliley and Heath, 1969) and

the reciprocal equation of Shinozakí and Kíra (1956).

The Mitscherlich equatíon was based on the relations beËween

yieLd of a plant and the supply of an essential growth factor,
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Table 1: Yield - Density EquaËicns

The equationType of equatíon

1. Polynonial equatíons
(y = grain yield, p = densíty,
arbrc = consËanËs)

2. ExponenËial equations

(y = yleld per plant, p = density,
b = slope of regresslon 1ine,
ArK = consËants)

(a)

(b)

(a)

(b)

(a)

(b)

(a)

(b)

(c)

(d)

y = a * bp * cp2

y=a+bp+c/p

y = pK lobp

y=pAKP

w = InI (r-.-k")

1-b

(Hudson, L94L)

(Sharpe and Dent, 1968)

(Duncan,1958)

(Carmer and Jackobs, 1965)

(Mltscherlich, 1919)

(I,{arne, 1951)

(Kira et aL.,1953)

(Shinozaki and Kira, L956)

(ttolliday, 1960)

(Bleasdale and Nelder, 1960)

(Farazdaghi and Harris, 1968)

3

4

5

Mitscherlich equatÍon

(w = yield per p1ant, trrI = maximum yíeld
per planË, K = consÈanË, s = space)

Geometric equaËions

(y = yield per unit area t I = densiËy,
A, brK = consËarrts, \,r = yield per plant)

Reciprocal equaËions

(w = yield per planË, p = densiÈy,
arbrcrO = consÈants, y = I or > 1)

v=A(p)
wPa=K
I5=a*bo
\¡I

1=a*bptcp2
T^7

I'..:=afDO
ItrT U

I="+boY
\d ts
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9-g = (vr_w)c
cr

where f ts the level of supply of the factor, and c Is a consËant'

r.l 1s yiel-d per plant and W ís maximum yield per planÈ. On integ-

ration the equaË1on becomes

\^r = I^l(1 - .-"f)

Mitscherlích further suggested Ëhat the equatlon could be applied

more generally on the relation between fspacer and pl-ant grorvth,

_v
Tr = I\I(1 -e-Its)

where s ís space per plant and .K 1s a constant. This equatíon

descríbes only the asymptotic relationship between densíty and yield.

Shlnozaki and Kira (1956) based theír equatíon on the assumption

that the growth of a plant can be deseribed by a sirnple logistic

growth curve,

À(1
ï¡t.-")

hrhr = :--:-:-ãT-I+I(e

where zd 1s the we.lght of the plant at, tj-me Ú, À is coeffícíent of

growth, and k is the integraË1on constant. hl and À are assumed

constant índependently of time ú. Another assumption ís ÈhaË À 1s

índependent of denslty, and the final yíe1d per uníÈ area ls constant,

and independent of denslËy. By combining the last equatíon and the

l-aw of constant fÍnaL yield (wp = K), and determining the value of k

when there ís no competition at time zero, then the reclprocal equatíon

can be deríved

=a*pb

ldwX -=-r{ dt

I
ht

- -Àr,lrThere A= e lwo
andb= -'I +(1 - e "")/v.
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Bl-easdale and Nel-der (i960) and Tarazdaghi and llarris (r968)

rnade further refinement of the equation by putting a power factor

on weíght (Bleasdale and Nel.der, 1960) or on densíty (Farazdaghi

and Harris, 1968) so Ëhat it can describe both asynptotj.c or parabolic

yield/density rel.ationstrips" Thís means that it can be fitted to a

wide range of total ylelcls or grain yields.

I.2 Effect of planË arrang ement on mean Derformance

Donald (1963) recognized three types of arrangeme-nt whích might

ínfluence yie1d, 1.e. a square grid or a progressiveJ-y el.ongated

rectangle, regul-ar or irregular spacing in the row, and the directíon

of the rows (N-S, E-l^l). However, each arrangement sti1l represents

different types of planË int.eraction, sínce plant inËeractíon is bas-

ically a function of dístance and síze of adjacent neíghbours. In

the square grid arrangemenË (Figure 5), there are t!üo groups of neigh-

bours, the co-ordínate neighbours (NI to N4) and the diagonal neighLrours

{N, to Nr), and each group has certain ínfluence on the middle plant.

In the elongated rectangular arrangemenË Ëhere are three groups of

neíghbours, i.e. nearby co-ordinate neighbours (N, and Nr)' dístant

co-ordinate neighbours {tl, and NO), and díagonal neighbours (tl, to Nr).

Each group of neighbours has a dífferenË effect on the nÍddle plant'

and the effect of the second and third groups of neighbours depend upon

the degree of recËangularity. In row spacÍng with írregul-ar spacing

wlthin the row, the effect of both groups of neighbours Ís strongly

lnfluenced by the irregularíty of spacíng wíthÍn the row. These

dÍfferent types of plant ínteraction or effect of neighbours can be

more clearly expressed in the following grouping of plant arrangement:

A. Regular in al-1 dírections.

Represented by a tríangular or hexagonal arrangement. These
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FlG.5 ' TYPES OF PLANT ARRANGEMENT (^,PLANT POSITION,O ,TEST PLANT)
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arrangements have all- the nearest nel-ghbours (6 or 3 respect-

ively) located aË the same distance from any observed plant.

Regular in tv¡o directions "

(a) EquidlstanË: Ëhe pl"ants âre equally spaced in two

dírecËíons aÊ rfght angles (square grid Ín Figure 5).

(b) Rectangular: Ëhe spacíng in two directíons, at righË

angles to each other, is regular but not equal.

Regular ín one direction.

ThÍs Ëype of arrangement ís usually achievecl in row spacing

with regular d:'-stances between the rows and irregular díst.ances

between the plants within the rows, as ín drill soran cereals.

Irregul-ar in all dj-rections.

ObtaÍned by broadcasting seeds wíthout following any pâTticul-ar

arrangemenÈ. In thís arrangement the number of neighbouring

plants r+hích ínËeract with a particular rtesÈ plantt is most.

like1-y determj-ned by a radial dfstance around ít.

For B(b) and C a dísÈl-nctíon should be made between dÍfferent

row directions, 1.e. beËween N-S or E-Id dÍrections, due to the diff-

erent pattern of shadíng in each dírectÍon.

On the effect of regularity of plant distríbutÍon on yieJ-ds of

dri1l sown cereals, Engledow and Doughty (Engledow, 1926; Doughty and

Engledow, I92B) found Ëhat yield and number of plants per foot of drill-

row hTere positíve1y correlaÈed. They proposed that, crop yield could

be íncreased by increasing the number of plants withÍn those foot-

lengths wíth few p1-anLs. But Sprague and FarrÍs (1931) concluded

from theír experíment with barley that variation in the number of seeds

per foot-length r^rith even spacÍng of seeds within foot-length, had no

effect on yield per unit atea. Surith (1937) from his experimenËs wiËh

c

D



16.

hTheat also found a positlve corr:elatíon beËween the number of plants

per foot and yield when denslÈy per fooË was varlable, but the yielcl

per plot wíth variabl-e spacings was not less than that of plots wiËh

even spacíng at a densJ-ty of equal- to the dense foot-length of the

variable spacíng. IIís expla.natíon of the phenonenon \^ras: foot-

lengths wi-th few plants wí1l be, on Èhe average, surrounded by more

densely p1-anted areas, and foot.-lengths wíth more than the average

number of plants will be sur::ounded on Ëhe average by less densel-y

popul-aËed areas, giving an increase or decrease in competitíve

advantage.

EquidisËant planting is considered as potentially the highest

yíelding arrangement since ít givesopportunity to each plant to use

above- and under-ground resources without exposing it too early to

the interference of the surroundíng neighbours. rn crops which were

planted in rows, narro\,ver spacÍng between the ror,rs which means closer

approach to square plantíng, also gave better yield as indi_cated l_n

Table 2. Any results or arguments to the contrary, usually imply at

least one facËor which nullífies Èhe advantage of the uniforrnly dís-

tríbuted arranqement: e.g. a densit¡r beyond the- optirnrrm densít¡r where

lntense inter-p1ant competitíon Ís effectíve very early, and they have

to conpete for all the resources whatever arrangement is used, or the

occurrence of an adverse condiËion 1íke dry weather. Thís creates

a situation where the reductj-on of light competítion in the unifornly

distributed arrangement ís superseded by a finite hTater supply as the

prime línitíng factor. A sirní1ar explanatÍon \^ras gíven by Rumawas

et aL, (1971) in comparing corn yield at 50 cm (nearer square planting)

a¡d 75 cm rot^r spacing with the same densíEy (441000 plants/tra). They

found a greater amounË of soíl moisture was available throughout the

growth period in the 75 crn row spacing, probably due to differences
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ín devel-opment of root systems" Plants gro!ün at the 50 cm row

spacing apparentl)' failed to penetrate to depths atÈained by the

75 crn roru spacing. They were- thus unable to draw water from

greater depths l-ater in the season and tliÍs night accounË for Ëhe

approxímately 102 higher grain yÍei.d in the 75 cm row spacing.

The examples in Table 2 confirn the suggested advantage of a

uniform plant distrÍbutíon due to optÍmum usage of resources and

less ínterference from neighbours, but whether Ëhis advantage will be

exp::essed in better yield depends upon the particular circumstances,

e.g. populatíon density, plant. characteristícs, particularly plast-

Ícity and lodgíng resistance, resources rvhich become limited, and

possi-bly other culËural practíces.

One of the most importanÈ aspects in studyÍng the effect of

p1-ant arrangelnent on yieJ-d ís obtaining a firm knowledge on the

underl-ying phenomena, i.e. the effect of neighbouring plants.

SakaÍ (1957) measured several charact,ers of central plants of one

cultivar of barl-ey surr:ounded by I to 6 competing plants of anoËher

cultivar, compared with sj-milar arrangement. in pure stands. Both

treatmenËs were arrangecl an nexagonai pattern. l-he two vari.eti-es

of barley used were Sr'-zuoka-SÍro, a 6 rowed cultivar r,¡hich has strong

competitíve ab11Íty, and Chibakar¿a No. 3 with weak competitíve abil-

fËy. The resulLs are shown ín Figure 6 and he concluded that the

effect of competing neighbours on a plant is linearly proportíona1

to the number of surroundíng competing indívidual-s. A 1lnítatíon

of this study was that all the surrounding neighbours hrere of the

sane cultívar and exactly aË the same distance from the centre p1ant,

and it dísregarded the facË that within a crop community there are

both strongly competltive (dominant) and weakly competltive (suppressed)
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Table 2: Crop Perfornances as AfJ:e-cted bv Row l,lidth

Crops ¡ Arrangemerlts Perfor:mances

_erAiLS_g_LgÞ"tt
Porter e|, aL.
(1e60)

G::Ímes and
Musick (1960)

þLai.ze
Fulton (1970)

I

I

Stívers et aL.,
( 1s71)

Andrew and
Peek (I97I)

Ror,r spacing: 30, 51 , 76 and
102 cm aL 4 seedíng rates.

Rorv spacing: 18' 36, 53 and
71 cm and 28, 56 and 84 cm

Populatíon: 22r680, 451360 &

90,720 plants per ha.

Row spacing: 50 and 100 crt
Populatíon: 39,500 and 54,400

plus extra 6912.00 plants
per ha for 50 cm rows only

Row spacing: 51, 76 ar'd 102cm
Populat-ion: 54 , 000 and 69 

' 
000

plauts per ha

t Row spacíngz 76,91 and 102 cm
I Population: 40r000, 50r000t 60,000 and 70,000 plantst p"t ha uniformly spacedI within the row

tThree years a-ve-rage: yield in 30,
| 5l and 76 cm were siguÍficantly
thígher than in 102 cm spacing,
rwhile seeding raLe had no sígnif-rícant influence on yie1d.

, SignÍficanË regresgion equations
,indicated that íncreased row rvjclth
, decreased yield at any partícu1ar
r density.

tNarrow rows l-ncreased yield at
'high populatíon and wiËh anple
rmoisture supply.

I

,Average grain yields were increased
t7.3% rvith row 51 cur wLde and 4.4%

,wÍth row 76 cm wide in comparÍson
, to 102 cm ro\ds (ruean of 2 densities)
tYÍel-ds ín 76 cm ror¡/s averaged ovcr
I l2 environmenËs were higher thanryields in conventional rows (91 and
t102 cm) for each of the four hybri-ds
rand populations.

I

,Highest seed yield in 25 cm ro\¡/s

,at 42,000 plants per ha. Highest
¡dry weíght ín L2.7 cm ro\nrs at
r85,000 plants per ha.

rNo consistenË effect of ror,r
fspacíng on seed yie1d.

I

I

:

,In the thírd planting daÈe, at the
rlowest seedÍng rate average yields
¡ü/êrê sígnificantly hígher at 17 cm

¡ror,rs. fn thê first and second
rplanti-ng the higher percentage of
¡ lodging at 17 cm ror¡/s null-ifíed the
¡advantage of a more uniform dis-
r tribution.

Soybean
Intreber et aL.
(r966)

Hicks et aL.
(1e6e)

Cooper (1971)

Row spacing: 13, 25, 5l and
102 cm.

Population: 10,500, 21 ,000,
42r000 and 85,000 plants
per ha.

Row spacing: 25 and 76 cm.
Population: 7 1750, 8r500

14,75O and 23,000 plants
per ha for L966 experíment
and 8,000, 15,250 and
23,000 plants per ha for
1967 experimenË.

Row spacíng: 17 and 50 cm.
Seeding rate: in 17 cm ror^7s:

6, 9 and 12 seeds per
metre. In 50 cm ro\^ls: 1Bt
27 a¡d 36 seeds per metre.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
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ín,clíviduals, each of which is ra centre plantt for dífferent sets

of neighbours.

Goodall (1960) concluded that che decrease ín the logarithm

of the weight of a plant ís a sati-sfactory expression of the compeÈ-

itíve effec.t of its neíghbours. He went fu::ther by íncorporatíng

plant distance, and proposed that the yíeld of a p1-ant ín a rolr crop

shoul-d be represented by

J-og w = a * brlog x, * brlo8 x,

where al ís weJ-ght per pl-ant, x, Ís spacíng within the row and x, is

spacing beËween the rorvs, or

b, b,ü7=AXl ,*2

He admitted that his equation lacks a theoretícal basís and faíls at

low densitíes. Donald (I963) indicated thaÈ a possible unsatis-

facÈory feature of the equation is that ít írnplíes that j-f either of

the power terms is greater than the other, then the optimum spacing

at, any given density would be obtaíned where the dístance between

plants was increased as wíde as possíble Ín one direction and decreased

as close as possible in another dírection. But. thís feature could

even improve the goodness of fít provided that the greater po\^7er term

is applíed for x, sínce at the same density íncreasing the x, value

and reducing the x, value, not otherwise, means approachíng closer to

square plantíng. Berry (1967) pointed out that in fítting Wiggans

data (1939), Goodall-fs equation showed a poor fít of 1og rv agaínst

1og x, sínce log w and 1-og x, would be linearly related for fixed

values of. x* instead of having a curvilinear felatÍonshlp. .By

ignoring the curvaËure ln fitting the relationship, ít would be expected

that different values of b, and b, would occur since x, and x, covered
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non-overlapping ralrges, and the dífferences correspond to different

parts of the curve and do not índícate a row-orientation effect.

He proposed an extended simplified equatlon of Bleasdal-e. and Nelder

(1960) as an alËernative to take into account the plant rectangularity,

ie.

fu='*0,*, 1)*'
x2' *L*2

r¿here arb andcate posítive constants and0 < 0 < 1. Foragiven

density (i.e. for a fixed val-ue of xr, *Z) tl is greatest rvher. *1 =

*2, i.e. for a square arrangement- sínce ! + + is at a minímu.m.'xrx2
The relationship is asymptotic or parabol-Íc clependíng on whether 0 is

equal to or less than uníty. For írregularly spaced crops he con-

sidered that ít might be used as a fírst approximationr e.B. for a

crop gror¡7Tì in rows, the arrangement ís def íned by the inter-row spacing

and mean inËra-row spacing. If this equation gives a better fít ít

may also be because iË has more constanËs in ít.
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2. Indj-ví<lual. plant- D erf:o::rnance vlÍ.thin a crop communíty

2.I Factors leadins to variation ín índivídual plant performance

2,L.1. Plant facËors

PlanËs can be obtained either Èhrough vegetatirre propagatíon,

e.g. cuttings, or from seeds. In the same environmenÈ plants of the

sane genotype should behave in the same \,ray, but a natural population

of a species ruhich xnultiplies by seeds commonly consísts of different

genotypes and ít is un1íke1y Èhat a uniform performance woulcl occur.

From a crop corununity of a pure line a more uniform performance could

be expectecl .

Di-fferences ín ml.cro-environments rshen the seeds are sEíll

attacl'red to their parenÈs may cause minor dj-ffere.nces in structure

which could be associated with rnajor dífferences ín germinatÍon

behaviour. It ís possible that both the condiËíon of Ëhe embryo and

of the endosperm in the ripening grain nay effect deve.lopment during

ge::mination. Durham (1958, quoËed from I^lellington, 1966) excised

mature embryos from one year old wheat grain and transplanted theu

onto the endosperms of grain harvested at differenE times after anthesís.

The, embryos of the latter vrere also placed on the mature endosperms.

The maËure embryos, whether placed on their own or on immature endo-

sperms, st,arted to elongate after 48 hours, but on Ímmature endosperms

the increase ín dry weíght T/ùas less at all stages. Thís suggests

that the reserves ín the í.mmature endosperms \^Iere not as readily

avaílable for growth as Èhose of mature endosperms. The íncrease

ín dry weight of mature embryos on mature endosperms r^rere also greater

than that of irnmature embryos either on theír or^7n or on mature endo-

sperms. It seems there are changes in both the embryo and the endo-

sperm as maturaËÍon progresses which enable the embryo to germinaÈe
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more l:apídly. In barley grains the rate of desiccatj-on during

rípening and Èhe nroisture content reached can be ímporta.nt factors

in determÍ-ning the proportion of grains which acquire the ab1líty

to germínate as soon as they are ripe (I^lellington and Bradnock,

1964; Wellíngton, 1966).

Seed size ls knorvn to influence plant performance strongly.

Bigger seeds usually produce blgger seedlings as shovrn in Tal¡le 3

for sunflovrers (Kuroirva, 1960).

Table 3: Relation betv¡een weíght of seed and weight of

seedl-íng 10 days o1d. Mean of 20 índivíduals (Kuroíwar1960).

Seed weight
(*e)

Seedlíng weíghÈ

(me)

Seedlíng weight/
seed weight

6B

58

43

L7

101

8B

59

27

1.48

r.52

r.37

1.59

For subterranean cl-over under spaeed and sward condítions Bl-ack

(L957) found that r,rrhere plants v/ere groT¡ríng ín non-competing spacing,

the relative differences beËween plants from seeds of dífferent weights

were maintained unchanged until the end of the growing season. The

relatíve growth rate of the three seed sízes ü/ere equal. Under sward

condltíons the relative differences beËvreen p1-ants of dífferenÈ seed

weights were malntained unchanged for the firsË 83 days, but from day

83 to day I25, there \¡ras a gradual approach to parity of the weights

of the planüs from the three seed sizes. Plants ln sr^rards from the

largest seed size were the first to shorrr a decline in growth raËe due
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to cornpeLition foll.or+ed j-n turn b)'those frorn roeclirnn and small

see-ds. Black suggested that sv¡al:ds fr*our bígger seecls reach a

critícal leaf are.a, í.e. leaf area capable of íntercepting all

availabl.e líght energy, earlier than swards from sma-ller seeds

which sti1l have an exponential- glowth race.

2,L2 Envíronmental factors

Early in grorvth, buÈ still before competítíon is operatíve,

varíous conditions can effect germ.LnaEion and seedll'ng development.

Local- fertility can effect strongly the gror,rth of plants ín a par-

ticular locatj-on, ê.8. local shallowness of top soil due to the

presence of hard layers could inhibít root development and límit

the availabilíty of water or nutríent which leads to poor growth"

0n the other hand prevíous use of the site could also create local

fertíle spotsr e.g. along the former footpath if the are-a was used

for expe::inients in the preceding season, or around animal droppi-ngs

if the area \,ras previously used for grazlng. Unfavourable soil

mÍcro-environment early ín growth períod could also put a seed or

seedling at a contínuíng dj-sadvantage compared wíth íts neighbours,

e.g. a site whícl-r ís excessively \^ret or whích becomes ve::y hard

when dry. Accordi-ng to l^Iíggans (1939) the formation of hard crust

at soÍ.I surface after heawy raínfall coul-d cause individual seedlings

at thinner plantings to emerge slower or even fail to break through.

The effect of densíty ín relatíon to the favourabílity of sites

for seed germination on establishment \ías presented by Harper (1961).

For Bz,orm,ts seeds dropped on a caked cracked soil the chance of estab-

li-shrnent r¡/as progressively reduced as the densíty of seed r¿as íncreased,

because there were only a limited number of crack sítes suitable for

the gerrninatlon. These sites were fil1ed at a relatívely low den-

sity, whereas a rough soil surface offered many more potential genn-

inatíon sites



?q

In excesslvely deeply so\rrn c.rops, deeper placed seeds take

l-onger to emerge and Èhe reserves in the endospern may be depleted

before the needs for carbc¡l'rydrates and ntínerals can be ful1y supplÍ.ed

by leaves and roots, resultíng in poorer seedling growth. Black

(1956) in exaniníng the effect of depth of sor,iing on ear1y vegetative

growth of subterranean clover (Irufolíwn sutbl;erz,aneun L,) came Ëo the

conclusíon that depth of sowing had no effect on the subsequent growth,

providing that a certaj-n crítical depth, deËermíned by the síze of

seed, ís not exceeded and especíally that they emerge.d at the same

time. Thís ís due to the fact that even though a plant emerging fron

1.3 cm clepth has a higher cotyleclon weight as compared to the one

emerging from 5 cm depth, they had the same cotyledon area, and it had

been shown that seedl-íng growth depends directly on cotyledon area.

Uncle.r fíeld conditions he poi.nted out that planËs from greater depths

of sowíng will be at a dj.sadvantage as compared with those from

shallower soling sínce emergence w111 be progressively delayed as

depÈh of sowíng increases.

The effect of time of emergence on plant growth was studied by

Blae.k and I{ilkl-nson, (196.3). They olante-cl , on ellfferent elates, seeds

of subËerranean clover (Tz,ífoLíun subtez,z,aneLrm, var. Bacchus Marsh)

in seed boxeg at the same depth, wíÈh square arrangement. A de1"ay

of 5 days in emergence hras sufficient to índuce in rnost cases a 50%

reduction in final weíght, a delay of I or.9 days caused a 75% or

greaËer reduction. In the sÈudíes reported ín this Ehesis the effect

of tíme of emergence rùas examined under fiel-d condltions at different

density and plant arrangement.

Seed orientatíon can affect emergence and growth of corn (Patten

and Van Doren, I97I). In controlled envíronments seeds planted with
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the proxÍ-mal end down (l) averaged I0% grealer emergence, 3 days

earlÍer emergence and 207" greater penetration of wax-oíl míx

surface layers than plants wíth the proxÍ-ma1 end up (U) . Fíe1d

emergence of corn was found to be 3 to 5 days earlier and about

12% great-er witll D oríentatlon when averaged over 2 ye.ars and at

Èhree levels of irrigatíon, i.e. 0, 1.8 cm and 3.8 cm \dater per

week. Seedling roots were longer and penetrated deeper with D

plantlng. Seedlings (5 leaves or less) averaged I57" greater root

length, 3007" greater vertícal root penetraËíon, and 207" greater

leaf area with D orie.ntatÍon.

2.2 Feat-ures of j.ndivídual plant Derformanc e

hThen planËs i-n a crop cornmuníty sËart to compete with theír

neighbours the micro-environment of each plant is affected by Ëhe

interaction between plants. There are tr.Ìo possible types of ínter-
acÈion between plants, i.e. co-operatíve ínteractj-on and competitive

interaction (Hozumí et aL.r1955). of these, Ëhe corapeËitÍ_ve int_er-

actíon plays amuch more importanË role and wí11 be discussed extensively.

The co-operative ínteractÍon \^ras pointed out by Hozumi et aL.

/1Oq(\ ,.,1-ôñ 1L^-, ^--ññ-i*^l +L ^a^!J^^ i--i---\L'JJr' wrrçr¡ LrrsJ ç^@rurrrçu Lrrs LUrrc_LdLJ-ulI ueLwe|gn tne IengËn or snooË

and the raËe of shoot elongation of maíze planted in single row.

They found that shooË elongatlon is more rapíd in earlier growth, and

the correlations between the length of shooÈ and the rate of shoot

elongation I./ere mostly negatíve. An inclividual which had been lower

ín heighÈ on a certain day grel^r more rapiclly during the days imrnediately

after that and uice uersa. Thus all the planÊs in a row tended, to come

up to a conmon heighü. The ínteraction rvhich caused the heíght equal-

tzatlon effect was the co-operati.ve interaction. They further said

that shorter plants with faster elongatÍon did not always succeed in
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overtakÍng taller plants whose elongation rate was relatívely

smaller, and they suggested that the co-operative interactíon nray

be llmited to or at least most evídent, in certain growth periocls.

VÍhat they call a co-operat.íve- ínteractíon could be a survíval

reaction on the part of Ëhe suppressed plants, and the type and

exterit of the reactíon may de,pend upon the factor rvhich becomes

l-ess readfly available, the stage of growth when this occurs, and

genetical factors,

The competitíve interaction among neighbours has stronger effec.ts

on indivídual plant performance. The smaller the distance betr,reen

neíghbours the earlier the competition starts and the more severe ít

becomes. If a planl- ís bigger than íts neighbours due to factors

mentioned earlíer, it could utiJ-íze more resources from íts surround-

ing, and the neíghbouring plants must compensate for this competíÈive

ability or w:'-11 suffer from getting less and less from its surrounding.

There are mainly four phenomena uncovered in the study of competítive

lnteractíon, i.e. plant dominance, alternatíon of plant weighÈ, skew-

ness in Èhe frequency distribution of índivídual plant weight and self-

thinníng.

2,2.I Pl-ant dominance

One of the most importanÈ phenomenori uncovered ln the sÈudy of

plant interaction wíthin a crop'communÍ-ty is the presence of dominant

and suppressed plants, as demonstrated by Yoda et aL, (1957) and

Kuroiwa (1960).

Kuroiwars experíment used the sunflower variety rlarge-Russíanr.

seeds h/ere sor^rrl Ín square patterns at four spacings wÍth 5r7r1o or 20 cm

between plants in borh directíons (25, 100, 200 and 400 plants per

square metre). Sixteen days after sowing, the plants hTere classífíed
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by síze irrto three classes: dorninant (n) , intermediare (f) and

suppressed (S). Measuremenf-s of rveight" height and leaf area \4rere

made at day 30 and day 40 after sotoíng. As can be seen ín Fígure

7b for plant dry weíght the dominant plants kept an almost constant

relative growth l:ate \n7ith tíme, v¡hi1e the suppressed plants rapídl-y

decreased ín gr-owth rate. The dífferences ín the ::elatíve height

grorvt-h rates of the domínant and suppressed plants \,/as not- so ma.rked

as ín the weight growth rates. The frequency dístribution cu::ve of

plant he-íght and fresh rueighÈ of ae::íal parts at the híghest density

showed that for fre.sh roeight the curve r^/âs transforrned, from a n<¡rmal

type ín the early period of growth, to strlkingly skev¡ed to the right

at later stages of grorvth (45 days after sowíng). For plant he-ight

the normal type \,ras maíntained throughout the development period.

Kuroiwa differed from Koyama and Kirars (I956) hypothesís (see later)

and suggestêd these- phenomena r^/ere due to the incre.asíng diffe-rence

in weight growth rate and invarj-able equality in height growtlì rate

among plant classes. Questions which stil.l could be raised are

whether a different plant arrangement, especially ín the Írregular

spacing which corrld promote earlier and stronger competítion betwe:en

plants ín closer spaced groups, could also affect the difference

belween dominant and suppressed plants in the early and later stages

of growth. This questíon is examíned ín Ëhe studÍes reported ín thís

thesÍs.

Yoda and hís collaborators found that at high density taller

planÈs gren moïe rapidly than the lower plants, both j-n shoot tength

and 1n fresh weí.ght, all through the experimental period. At the

Lowest density a similar tendency also occurred, but the difference

ín growth rate is less obvi.ous (Figure 7a). This result on the faster
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raÈe of shooË elongation by ta1ler plants díffers from Hozuurírs

results (1956) mentioned earlier. The probable explanatÍon l_s

thaË they used different species and each has it.s own character-.

isÈl"cs. Hozuuri (1956) used uaíze, which being a Grarnmínae, has

narrovr leaves so that it provÍdes better 1íght penetratíon withj-n

the canopy, and ís capabl,e of makíng a rapÍd shoot elongation during

its early growth period. These two characterístics make ít less

J-ikely that ta1ler plants wj-ll have an absolute dominatíon so thaË

tco-operative interacËíonr duríng certain growth period is possible.

Yoda et aL. (1957) used rose-mallow, a broad leaf planÈ, r,rhích could

block light penetratíon effectively, and since Ít also cannoË make a

relative rapid shoot elongaÈíon, the taller plants could acquire an

absol-uËe dominatíon, both 1n foliage display and weight.

2.2.2 Alternatíon of plant weight

Hozurní et aL. (1955) in thei.r study of corn gro\¡/n in a sirrgle

row in a box, found an interestíng form of domínance and suppression

ín the correl-ation between the weight of one plant with its fírst fíve

neÍghbours. The correlograms in Figure B show the correlatíons

between the weíght of the n-th plant ín a row and that of the (n + l)th,
(n + 2)thr......(n + 5)th. The correlat,ions oscillate alternately

beËr¿een negaËive and positive and gradually decrease. The negative

correlaË1on with the first neighbour followed by a positive correlation

r,øith the second neighbour lurplies thaË the bigger the n-th p1ant, the

smaller the (n + l)th plant. The domÍnanr effect of the n-th plant

gíves an opportunity to the (n + 2)th plant to become bigger due to

weaker competítíve effect from (n + 1)th plant, etc

Yoda et aL. (L957) in an auto-correlation analysis of their

experiment wíth rose-mallow, sor,tm fn ruultiple ror^ls one metre apart
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rvith spacings bet-rueen plants of.2, 4 and B cru respectívely, found

sonnewhat differe.nt results to those presented by Hozumi et aL. Ín

1955. The eorrelat,íons betr,¡een the weight of a plant and its

nearest neighbour were always negatlrre. Horvever, Yoda et aL.

pointed ouË that wiÈh 2 cm spacing, the correlation of plant size.

(shooL length and estimatecl fresh weight) wÍth the second neighbour

was also consistently negatl.ve and those wíth third and fourth neigh.-

bours were negl-igi-ffy small. IË seems t,haÈ aË 2 cm spacíng the clirect

influence of a plant rarely went beyond íts second neíghbour. The

4 cm plot showed a similar Ëendency, while the interaction between

plants at B cm spacing seemed to be restrÍcÈed to the nearest ne-Ígh-

bour. The sonewhat dífferent results of these investígators ís most

probabl-y due to different plasticity characteristÍcs of the plants

used in the experiment. They both confírmed the negatíve correlation

beÈween the n-th plant and íts neíghbour, but wheÉher this will include

the second neíghbour or not may depend upon the abílity of the parÈíc-

ular varíety used ín the experiment to rexpandr itself under more

favourable circumstances where there ís a chance to dorninate, and

also depends upon plant distances. The important aspect recognized

from these works is that planË ínteraction may extend beyond the nearest

neíghbours.

2.2,3 Skewness in the frequencv di-stribu tion of individual pl-ant

weight

Thís phenomenon vras reported by Koyama and Kíra in 1956. In

their study they used several plants¡ e.g. touch-me-not (Intpatiens

baLsamLca L.), radish, rose-ma11ow (Hibíscus moscheutos L.), soybean,

píne (Pinus densiflota Tlnumb.), ragwood (Arnby,osía eLatioz. L.), bean

(PhaseoLus ehzysanthos saví.), turníp and denË corn. rn lookÍng at
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the frequency dÍstribution of lndÍvidual plant weight they found

a gradual change from normal at the earliest growth stage to skew-

ness to the right or 'L' sl-raped at a later growËh stage (Figure 9 ).

They concluded tl-rat the skew dístributíons found ín ühe observed

results most probably belong to the lognormal distributi-on, which

is the normal outcome of the exponential- naÈure of plant growth as

well as of the variability.of relative growth rate of normal dis-

tribuËion type. Thls j,s based on Blackmanrs (1919) exponential

equatíon on plant growth,

rt
$I

where w Ís plant weight at tíme t, ro is Ínitial plant r+eíght, and

r is relative growth rate. The 1og form of this equaËj.on is:

logw = logwo*rt

1r = i(losw-logwo)

They postulaËed four possible types of model population, wíth either

r¡r^ or r or both as a constant or as normally dístributed vah¡es.
o

The two types where wo and r, or only r, are constant, \4rere considered

as too hypol-heËíca1, sínce 1t is difflcult to imagíne a population

where each plant has a constant rate of growth even lf ít starËs hrith

an equal weight, í.e. when wo is constant. The constant values of

\^I_ can be achieved by using earefully selected uníform seeds, whileo

normally distributed values are more usual-. The value of r j.s

certainly varied, and the varlation ís more complicated because

Ëhe essentlal facËors which affect índívidual plant growth are a

dynanic cornplex whlch varies with tírne. They siurplifíed the relat-

lonshíp by assuming that Ëhe r values are normall-y distributed, and

this could be the major drawback of the model-. If. wo is constant and

wo€
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r values are tlormal1y dÍstribuÈed, then the frequency dístributíon

of w ís lognornnl at any values of r. Tlre¡' e6¡¿.j-ned sj-uiilar

results when the values of r'ro are also normally distributed.

According to their explanat:'-on, the dj-stribrrtion of irrdj-vídual

plant weJ-ght starts from normal type in the seed and see<llirrg stage,

an<l passes through an asymetric bel 1-shaped into an L-shaped t1'pe

wi-th t-he advanceuent of plant.grorvth. They furtl-rer said t.hat the

follor^ríng cond":Ltions €-Te necessary in order to maíntai.n an ap¡rare-ntly

bell-shaped tytr-rs for a longer periocl and to delay the appeararl.ce of an

L-shaped distribution. First, the relaËive growth rate is not very

variable or tlìe starrclard deviation of r is smal1 ; seconcl , the com-

bination of the values of wo (or w) ancl r is ra-ndornised. On the

other hand the reverse conditíons promol:e the appearance of an L-

shaped dístribution.

The evídence that sker,¡ness deve-J-ops among non-competing plants

was consíclered by Donald (1963) I'as rather inconclusÍve". Á.s can

be seen ín the data presented by Koyama and Kira (1956) on radísh,

a skew disËTíbution v¡as only found at the two híghest densítÍes whíle

at three lower <lensities the distríbutíon remaíned normal. I{ith soy-

bean the skewness was found at three higher densíties but was normal

at three lower densities, whíle for his other experiment on the same

pJ-ant Ëhe skewness \¡/as unrelated to density. For pine the skewness

at the lowesL density was either very slight or uncertain, on turnip

at tr47o lower densiÈies the distribution was normal . The data on

fibre flax presented by Obeid et aL, (1967) showed that at lovr

density the distributíon r¡ras normal up to fínal harvesË. AJ.l the

exanrples which contradict the Koyama and Kira hypothesis point out

the importance of further studíes for claríficatíon. The rvork sc¡

far has not explicitly inclicated the effecÈ of this phenomenon, íf

any, on crop productíon.
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2.2.4 Self-thínnlng

One of the firsÈ reports on self-regulatj-on of numbers ín

population of plants rnras by SukaËschew in 1928 (quoted from Harper,

1967) who sowed Matz"Lcar"La ì,nodoz,a at t\^ro densíties in fertí1ísed

and unfertil-ised soíl-, and the result at the end of the season vras

that the percentage loss from the population lras greaËer at tlìe

higher density and j-n fertilised soi1. No information \¡/as given

on the actual seeding rate and doses of fertilíser". Harper and

McNaughton (1962) on their studíes witln Pøpanser species found that

the relationship between number of seeds sorn¡n and the nurnber of

plants present at maturity r^7as stríkingly non-linear, and a quadratic

equation was fitted to the relationship. The equaËíon is:

Y = bx*cx2

where Y ís number of plants per plot and x ís number of effectíve

seeds sown. They explained that b uríght be taken as a measure of

the chance that a seed wílL produce a plant irrespectÍve of the

ínfluence of density, and c represents a measure of the role of

density in affectlng esËablishment,. The fact that b a¡d possibly

also c díffered sígnlficantly between blocks could only mean that

local environment strongly affecËed Ëhe number of p1-ants ¡¿hich reached

maturíty. \oda et aL, (1963) extended the observation on natural and

artificlal populations of several plant specíes, and concludecl that

the chance of a seed producing a mature plant declíned with increasing

density and that lrrespectíve of the density of seeds sown there is

a maxímum populatlon sÍze of plants produced. They also concluded

that the densities of overcrowded populations converge with tíne

frrespectÍve of the differences in initial densíty, and the resultanË

densiÈy was always lower on the more fertll.e soll-, and closely corr-
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elaÈed with planË sfze. They formulated a hypothesis llnklng the

nu.mbers of planËs and their weíght in pure stands with a mathemat.j-cal

equatíon,

\^r = c p-312.

where ü ís mean weíght per planÈ and p 1s e-xisEing plant density.

This relatlonshíp seems to be appl-1cable for different species of plant

lncluding trees (I^lhite and Harper, 1970).

2.3 Ouantl-tative anal.vsís of índivíclual rllant performances

As emphasized ín the inËroduction, índívídual plant, performance

has seldom been examíned closely within the crop planLfs ornrn environ-

ment. Looking directly ínto indíviclual plant performances and study-

íng theír dynamíc interactíon i.s a diffícult study when done ín the

fiel-d. There are many independent and dependenË varíabIes, with

degree of dependency changing with time. Be-cause of this coruplexity,

quantitatíve analyses have so far only explained parË of the phenomenon.

In the study of indlviduaL plant performance, several methods

have been used to measure the degree of competítÍon ín various situations.

One of them ís to l-ook at the variation arisíng from inter-plaut

competítion by calculatfng the coeffícient of variation (Stern,1965).

Stenr found that at a low populatíon density the coefficient of

variatÍon remained faírly stable for various stages of plant growth,

but aÈ high density it increased with tíme. The assumption 1n thís

method was thaË, 1f the relative varíatíon is unaffected by different

treatments, the shape of the frequency distríbution would remain con-

sËant wlth the varíance íncreasing proportionally Èo the square of the

mean. However, if the distribution shapg changes tt is irnpossíble

to distínguish varÍation ln the coefficíent of variat,ion due to increased

relative variation from that due to shape changes ín distríbution.
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Ttre method (Hozurní et aL., 1955; Yoda et aL., 1.957) of ¡ueasur-

lng the correlation between adjacent planËs 1n a row, only supplies

us wÍth ínforriaËíon on síngle dírectíon individual- plant lnteracÈíon.

Mead (1966) realizlng the importance of írregularity of spacing,

descrÍbed Èhe arrangement of plants 1n an irregularly spaced crop

by allocating a polygonal area of ground 1-o each plant. The polygon

is characterized by Èhree parameters (Figure 10):

(1) Area of the polygon,

(2) Eccircularíty (= À), í.e. the extent to which Ëhe polygon

ís e1-liptica1 raËher than circular in general shape, ís

given by

À = D /--!--area

D 1s mean dístance of the centroíd (= C = centre of

gravíty) from Ëhe vertfces (= VÍ = corner of polygon)

(3) Abcentrícity =, = [cP]
D

where [Cp] is the distance from C to P, and P is planË

posÍ-Ëíon in the polygon. AbcentriciÈy is definecl to be

zero when the plant ís at the centroid of its polygon and

tends to equal one when'Èhe plant ís near a vertex of the

polygon.

In the experiment to test the hypothesis Mead used carrots planted at

three densities and three row widths. Tteposition and diameters of

carrots 1n a fixed area ln each plot (to give approxlmatel-y 500 roots)

were measured for each pl-ot. He found that the besË linear relation-

ship between polygon parameter and plant yield, in thís case root

dÍameter, riras as follows:

carrot diameter = c¡¿ * ß¡(1og area) * B2(eccircul-ariÈy) + ßs(abcentricity)

cr, Ê1, 82, ß3 are constants to be esti-mated and the logarithms are to
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base e. In exami-nírlg Êhe relationshíp between the three pal:ameËers

and the root diameter, ít r¿as found thaÈ Èhe proportlon of the totaL

variation in pl-ant yield attributable to polygon varíation increased

r¿ith tíme" The largest üean proportion of the variation in plant

yíeld (out of t\^to means from two experírnents) at the fl.nal harvest

was 207" and for indivídual p1oËs as much as 55%. It would also be

1nÊeresting to know the relationships between those parameters with

yield per plant either in the form of Ëotal dry weight or plant-part/

dry weíght. This system, even though very attractj-ve ín iËs desígn,

also has some dísadvantages, e.B. ít does not take i-nt.o account the

slze of the neighbouring plants or the fact that plants other than

the ímmediate neíghbour defined by the polygon míght affect the plant

especÍally aË hígh densÍty.

Another method for measuring ínter-plant. cornpetitíon j-s by cal-

culatíng the correlatíon between a planÈrs weight and the mean weight

of its neighbours, as proposed by Mead (1968). He devised this

method for a regular hexagonal patËern of plant arrangement and re-

stricted the number of neíghbours for each plant to the six nearest

plants. A square arrangement \,tas considered by him as more cornplic-

ated because each planÈ has four close neighbours and four others a

little more dístant on the diagonals of the square. The competition

model was:

E(t - yi) = Ài(y - yr) + G - vù+ .....(i - vr))
where

! = mean yleld of the sampLe plants

Y1 = Yiel-d of Plant i

f = number of test plants

j = number of neighbours for each test plant

À = competition coefficient of the sample

n(i-yf) = expecËed value of the devlation of the yÍeld of plant I
from the mean planÈ yield.
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The correct estimate of À is the value which mínimi-ses the

expresslon

P(À) tr(yi -:Ìrl Àyr)'

where P(À) 1s a polynomial in À dependíng on the arrangement of

pl-ants ,rvhose yields are befng consÍdered.

To exarnine the behaviour of the competíËíon coefficient, he

tesËed the model- on radlsh, lettuce, cabbage and carrot croPs which

were planted in a regul-ar hexagonal- pattern at dífferent densj-ties.

Log weíghË \das used as the y-variate ínstead of weíght because the

variatíon of log weight is almost constant for r¡ídely díffering mean

weighËs. IÈ was found that the errors of the treatment neans were

rather hígh, and íf this ís seen as a property of the method, then

for the successful use of the competiËive coefficient as a measure

of inter-planÈ competítion, a much larger number of samples per treat-

ment must be used. An inconsístent result. was also obtained from

carrots, i.e. the density giving the most competítíve values of the

competition coefficient varied steadily wj-th harvest. He explained

that thís could be due to the fact that the model only calculates the

degree of competítíon between a plant with its six immediate neighbours.

It ís obvious that so far the:eis no one satísfactory method for

accountíng quanÈiËatively for all the interaction between índívidual

pJ-ants within a crop cormnuníty, and because of its complexity, most

systems explain only part of the phenomena.

A possíble better method of analysis of the effect of neíghbours

ís by calculatíng what is considered as the rcompetítive pressuret.

As mentíoned earlier the effect of neighbours on each plant is basically

a functíon of dístance and size of the neíghbouring planÈs. The

function form which could best relate the cornpetitive pressure and
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the weÍghts and distances of neighbours has to be formula.ted, and also

the relationships between weight of a plant and the competítÍve

pressure of that plant has to be determíned. More about this r,¡Í11

be díscussed 1aËer. To test this system of analysís the weights

of each plant and the disËances beÈryeen plants within the trange of

ínfluencer must be known.



4?..

3 Conclrrding remarks

To knor¿ the índivídual plant perfoïmance within a crop conn-

unity a strrdy has to be made direct' at t,he índividual 1evel withín

/i the commurriËy. Data which is deríved from the populatÍon level y,

is useful for visrraL|zíng average plant type and characLerístics
i

withín the community-, but it j-s of no value for understanding the i

índÍvÍdual plant interaction wíth lËs micro-environlnent ín a crop

communíty.

Due to nulti-pliciËy of factors and the complexity of ínter-

actions most of the work on Índívidual plant performances has so

far been done ín a partly controll-ed environment with símplified

designs from which have been obtained only certain aspects of j.ndiv-

idual- plant ínteractíon. Much more investígation is sËill neede,d

before r{e can actual1.y understand Èhe whole phenomenon of individual

plant response to its environment from its early stage of growth untí1

harvest tÍme under field conditions.

Several problems must be overcome in this study. The flrst one,

as mentioned earlÍer, is to find a method of non-destructive field

., measurernent of individual plant characterístics. This should be 
''

accurate enough to detect changes in plants ín reacËion to theÍr indÍv-

idual environmenÈ, and fast enough so that suffíclent plants can be

neasured in relaËive1y short periods, without dísturbing the- communÍty

and consequently also the envíronment of each irrdividual pIant. Several j

methods have been proposed and some of them already found wide accept-

ance, e.g. leaf area estimatj-on and plant weighË estimaÈion for non-

tÍll-eríng plants; Other me-thods süill need to be developed before

Ìre can make a rellable growth analysis for síng1e plants in the fíe1d.

Some other methods are examíned 1n this thesis.
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The second handicap is lnstrumentation for rnonl-torlng the

mícro-envíronrnent of írrdívidual- planË \rithin the crop community.

Wíth further rnÍniaturízatlon of instruments there ís a possibility

that we shoul-d not have to wait too long before this problem can

be overeome.

Another rnaJor problem is Ëo fÍnd suitable designs and analyses

for fleld experiments r,rhich could Ëake into account. all aspects of

inter*plant competitíon. MeËhods of analyses so far avaílable have

limited applicabí1-1ty. For example, both Hozumi et aL. (1955) and

Yoda et aL. (1957) ín an auto-correl-atíon analysís mana,ged to confirm

plant ínteraction beyond the fírst and second neÍghbours but only

among neighbours wíthín t,he row, whil-e Mead (1966) in his polygon

system analysís provÍded a method for assessing the effect of all

surrounding nearest neighbours of each plant ín an irregular arrange-

ment, but dísregarded the effect of second and thírd neighbours which

he had established earlier.

In thls study, attempts \^rere made to analyse the effect of all

nearest surrounding neighbours (first group) and also further surr-

oundíng neíghbours.
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PROGRAM O]I INVESTIGATION.

Two field experimenÈs were cal:ried out in these studíes.

In Experíment 1, densíty and planË arrangement !üere the varíab1es

in a barley crop. Three densities were used; the highest was just.

below the densif-y where plant mortalíty r^Ias to be expected due to

overcrowdÍng, while j-n the lowesÈ density ampl-e space was gíven to

each plant so that there rn'as líttl-e interference from its neighbours.

The medium density was approxírnately a normal commercial density.

The nominal rates of density were 140, 70 ar-rd 17.5 kg per ha. The

trvo plant arrangements were (a) drilled, rvhere plant dist.ance in

one díreci-ion was regular (between rows) and in the otl-rer dírection

was irregul.ar (wiËhín rorvs), and (b) square planted, where the dis-

tances between the plants in both directions hrere equal. Repeated

measurements on the sarne plants r¿ere made and plant co-ordínates \,'lere

measurecl .

In Experiment 2, wiËh wheat, as a complement to ExperimenÈ 1,

random plant arrangemenÈ \^/as used. The two densiÈies used were high

densiÈy with a nominal seeding rate of 190 kg and medium density with

a nomínal seedÍng rate of 95 lcg per ha. PlanÈs r¡rere examined by both

repeated measurements aÈ the same plants and successive harvests (eight

harvests). Plant co-ordinates \"/ere also measured.

The design of the experiment 'ü/as based on the consíderation that

for the study of Índivídual plant performance and the effect of neigh-

bours, each plant community has its own plant/environment, ínteractíon

whích cannot, be replicaËed even by another plant communiÈy in the same

p1ot. In the analysís, each plant withln each plot was looked upon

lndívidually, each quadrat (community) was analysed separately and

then were tested as to whether a simil-ar trend was obtained in each

conrnunity.
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}.{ATF]RIÄL AND METHODS

1. Experiment I

The effects of plant densiÈy (3 levels) and plant arrangenent

(¿ri.tt so\,ün zl,s square pl-anted) on indjvÍdual plant performance with-

1n a crop community (barley, Hondeum uuLgane L.rcv.Clipper) in the

fíeld.

1.1 SÍte of experíment

This experíment was conducted on Ëhe I,traite InstiÈuters exper-

ímental fÍeld, W 11, which is gently slcrping and located at approx-

imat,ely 100 rn above sea level-. Litchfie.ld (1951) descríbed the

soll as a red brown earËh usually wÍth 25 cm or more of top soil of

fine sandy loarn texture, a prlsmatic strucÈured clay subsoil and a

calcareous deep subsoil-, with variable r,raterr^rorn gravel or sÈone.

This partÍcular site was used for grass in 1968 and 1969, oats

in 1970 wlth 102 kg per ha superphosphate, and ín 1971 was planted

with peas then plowed 1n spring and left fallow untiJ- cultivated

for thís experiment, first in April and again before sowíng in July

r972.

Ànalysis of soil samples taken from the slte on L7 Ì"tay 1972

índícated that the available niËrate varied between 58 ppm and 113

ppmr a level .usually índicative of an adequate nitrogen supply ín

thls environment.

The raínfall pattern in I972 was exceptÍ-onal and caused prolonged

delay in sowíng. A normal begínning of the raínfall season in March-

April was followed by an excepËíonally long dry perlod of approxlmately

two months, and not untll the second week of July dld the actual rainy

season co 1ence. It was opened by almost continuous raín for several
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r^reeks which again pre'vented sowíng. After a brief períod of sunny

days, the site was culLivated and sorqn on July 23, 1972, involvíng

2-2 persons for one day. Since considerable bird damage occurs in

thís area, the whole experiment.al site was covered wíth netting.

The insÈallatíon of the frame structure and also the stretching of

físhnet at a height of 2.2 metre on top of the strung wíre v¡ere done

before sowíng and the sides \^rel:e completed the day after sowlng.

L2 TreatirLent and desígn of experirnent

The objecËíves of this experiment, \,¡ere to study the effect of

density and plant arrangement on indívidual plant varíability, and

also to study the competitive effect on índividual plants of their

neighbouring plants. The experiment was basíca7Iy a splÍt-plot

desígn, with density as the main treatment and plant arrangement as

the sub-treatmenË.

There were three nominal densitj-es, l.e. high densíty (333 plants/

m2), medlum density (L66 plants/m2), and 1ow densiry (42 p1antt/^2) a

ratio of 8:4:L. Two üypes of pJ-ant arrangements were used, í.e. square

pJ-anted, where seeds were hand planted at the intersections of a square

grid of wires; and dr111ed. v¡here spacings between Èhe rows r^rere apDrox-

imately constant (mean 17.7 crn) and spacíngs wíËhln the ro\^rs \^rere irreg-

ular (Table 4).

For each of the 6 treaËments, one large plot (1.6 m x 20 ur) was

sorürt. Border plots on each sfde of Lhe treatmenË plots h/ere drill sown

at medium density (Figure 11). General view of Ëhe experiment at day

30 is shown in Plate 1. Five indívídual communíties (quadrats) were

randomly chosen for study within each major p1ot, serving as replicates.

Eaclr of the 30 quadrats was studíed and analyzed as an indivídual comm-

unity, and then the influence of density and planÈ dÍstrlbution was tesÈed.
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Plate 1 General víew of experíment I at day 30. In the

bottom left hand corner is a border plot which ís

subsequently followed by high density, 1ow density

and medium densíty plots, each wíth one plot drilled

and one p1oÈ square planÈed, and another border plot.
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Table 4:

Treatment

High density: drilled

square planted

Medium density: drilled

square planted

Low densiÈy: drilled

square planted

Nominal seeding rate, co-ordinates, number of plants per square metre

and number of rows per plot of each treatment. ExperimenË 1.

Plant arrangement

Area per planr
( s q. crn)

30.09

30.25

60.18

59 "29

240.72

240.25

* In each arrangement the term 'rowst is applied a1-ong the length of the p1ot. In the square planted

plots there are only nominal trornrst since the spacing is equal in each directíon.

** In the drilled plots these figures indicate Ëhe average distances betv¡eeir rorvs, which ís ccnstant ín

all densities, and the calculated mean distance between the plants within Êhe rows. In Èhe field

the spacing beÈween plants was irregular (see Results).

(¡
O

Mean orciinates
( cm) r'*

Number of
rows in
the plot*

NomÍnal
density
(p lants /rn2 )

333

333

r66

L66

42

42

L7 .7

5.5

t7 .7

7.7

L7 .7

15. 5

x

x

x

x

x

x

L.7

5.5

3.4

7.7

L3.6

15.5

29

20

9

9

9

10

Nominal
seedlng rate
(kg per ha)

140

L40

70

70

L7 .5

17 .5
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1.3 Plant materlal

Barley was considered beti-er suíted for t-he late season tine of

sowing. The variety Clípper, recently bred at the Vtraite Insti.tute,

was chosen as a variety which is a strong gro\^rer with flexible per-

formance, adaptable Ëo seasonal envl-romnental factors.

The seeds were machl-ne graded and then hand selected to remove

any shrunken, defonned and brokerl ".uà, 
,;shich had passed through the

machine grader. Gernination tests were made and the results used for

calculating the actual seeding rate.

L.4 Soí1- preparation and establishment of the experiment.

The sowing of thís experiment \ùas delayed until July 23 because

of the unusual seasonal conditions. The site was cultivated early

in the mornlng and at the same time a basal superphosphate dressíng

was applied at Èhe rate of 112.5 kg per ha.

In the dr1lled plots Èhe drilling was done approximat,ely an hour

after cultivatíon to give time for the soil surface to dry so that

the dril-l could effecÈively tí1l the soil. The dríll vras set at a

high density rate for all- plots; for the medium and low densities

the viable seed was mixed wiLh dead seed proportionaÈe wíth the inten-

ded denslty. The drl1l hoes ruere 17.7 cm apart.

After cultivatíon the plots for hand pJ-anting were raked to get,

a fine and even soil surface, then a square gríd of wíre was laid on

the soí1. The grid could cover the whole width of the plot, and the

size of its squares v/as in accord wíËh the spacíng required (Tabl.e 4).

Holes of standard depth, i.e. 3 cqwere made at the corner of each

square with sticks r¡hich had stoppers set 3 cro behind the Èaperíng end.

T\tro seeds were planted in each hole..

The soll preparatlon during sowing \^ras comparable wlth hand

raking ín the hand, square-planted plots. These cultÍvations \¡/ere
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not identícal but are belíeved not to have influencecl the phenornena

under study.

Eacl-r plot !üas covered with polyethylene sheet to keep raín off

and prevent iË from compactíng the soil before seedling emerBence.

The-se Red Brown Earths can form a very hard crust when soaked and

exposed to a dry period afterward, a condition which reduces sub-

stantially the establislment raËe and gíves a poor growth of seedling.

The covering sheeÈs \¡/ere removed as soon as the seecllíngs starled

Èo emerge,

In the square planted plots, thinníng to a single seedlíng at

each poínt was done 14 days after sowing by pullíng out carefully

the weaker of the two seedlings.

1.5 Pest control

The plants \¡rere sprayed wíth 0.27" D.D.T. at day 12 and day 15,

and snaíl baiÈ was applied soon afterhTards by scattering Baysolrs

pellet at the rate of approxímately 75 pellets per square metre.

These precautions seemed to gíve ample protecËion to the young plants.

At the later stage of growth dísease problems becarne more prom-

inent. The most common, especially in the higher densíty plots, \^/ere

powdery mildew (Erysiphe gr,øninis f .sp. hoydeae) and Rhynchosporium

secalís, which \^/ere controlled by spraying a mixture of metasystox

500 pprn acÈive ingredient and milstem 200 ppm acÈíve ingredient.

It was sprayed thoroughly so that each leaf \^rithin Èhe canopy v/as

properly covered. The first applícatíon v/as given at day 45 and the

second at day 74. A virus disease, barley yellow dwarf, also became

obvious maínly in the lower densíty and medium densíÈy of the drilled

p1ot. Plants affected by this disease were marked.
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6 Data collected and methods of collectíon

6. I The quaclrats

There rnrere tr./o different kinds of quadraÈs in thís experimenË,

(a) Fermanent quadrats for repeated measurementsrín the same position

throughout the experirnent. There were five permanent quadrats

(= 5 replicates), each províding an Índividual community, in each

plot. The síze of each permanent quadrat, varied betr¿een treat-

ments (ta¡te 5). In drilled plots each quadrat v¡as placed ín

the urÍddle three rows and was intended to contain approxiuately

30 plants. Tn square planted pl-ots each quadrat \^ras placed ín

the rníddle four rorvs and contained 28 planÊs. In Plate 2 is

shown one quadrat in the square planted 1ow density plot and

one quadrat in the drilled low density p1ot. The location of

the quadrats trj-thín each plot was determined by díviding the

plots ínto units of quadratrs size and then selecting five

quadrats aË random (Figure 11). In the square planted plots

care v¡as also Ëaken that each quadrat had 100% establishment

within íts near surroundíngs. The details of the quadrats and

the number of plants whlch were observed during the experiment

ís shovm ín Table 5.

(b) Quadrats for grain samples. It r¿as intended Èhat the permanent

quadrats continue to be observed until the grain was ripe. How-

ever because of a lodgíng problem, discussed later, the permanent

quadrats !ùere harvested at early dough stage.

The plots were then surveyed to see whether unlodged portions

would be available to províde additÍonal quadrats at the rípe

grain stage. Suitable quadrat sítes were available j-n all treat-

ments except in the drilled low density plot, in which the permanenE

el_



Table 5: Quadrat sizes and number of plants in each quadrat. Experiment 1.

Treatment, Mean
pLanxs/m2

255*

331

156

r69

38

42

High densíËy: drilled

square planËed

Medium density: drilled

square planted

Low densiËy: drilled

square p1-anted

* This is the mean number of established plants per rn2. Even though the nominal seeding rates for both drílled and
square planted plots !Íere equal for each density, the planË esËablishment in Ëhe square planted plots w-as nearer
to the nominal rate because of special precauËions (double seeding per hol e and thínning out later)

L¡
s.

2TI

207

176

140

140

140

31

2B

46

LO

46

28

28

44

2B

28

30

39

35

28

43

28

37

28

28

2B

4T

28

49

39

Number of plants per quadrat Number of
cbserved
piants per
trealElent

5J2I 4

31

28

44

2B

39

28

Dimensions
(c*)

26 x 53.L

22 x 38.5

51 x 53.1

30. B x 53.9

204 x 53.1

62 x 108.5

Size of quadrat

Structure

3 row terittrs
of 26 cmrro\^rs
L7.7 em aparË

4trowst 5.5cm
apart, of 7

plants,5.5 cm
apart

3 row lenths
of 51 cmrro\^IS
L7 .7 cm apart

4 t rows'7 .7 em

aPart, each
of 7 plants
7 .7 cm apart

3 row lengths
of 204 em,
rows 17.7 cm
apart

4trowsI15.5cm
apart, each
of 7 plants
15.5 cm apart
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Experiment l: Close-up view of the permanent quadrats

in square planted 1ow density plot (above) and drílled

low density plot (Uelovr) at day 30. The observed plants

(above: ín four middle ror¡rs, below: Í-n three míddle

rows) were 1abel1ed indívidually.
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quadrats hacl occupíed a considerable proportion of the

p1ots, so t-hat no additional quadraL site with ample

border plants was avaílable. Trvo quadrats were harvested

from each treatment plot other than the drilled 1ow den-

síty plot.

The sízås of these. quadrats \¡/ere exactly the same as Ëhe

síze of the permanent quadraÈs ín the respectÍve tTeatments.

I.6.2 Date of emergence

One of the phe.nomena looked at closely ín this study ís whether

the date of seedlÍng emergence plays an i-mportanÈ role in det.erminíng

the size of each plant withín a crop community. For this purpose the

emergence of each plant ín thís experiment r,¿as recorded. The record-

íng was done every day, starti-ng at the first day of seedlíng emergence,

Í.e. day 5, by dropping a coloured ring, approxímately 2 cm in diarneter,

made out of plastíc insulated wire, on each seedling. Each day had

a dífferent colour coding. The last emergence was observed at day L2,

and in al.l abouË 101000 plants rvere ringed. The date of emergence of

each planÈ vras to be related to its growth characterístics.

1.6. 3 Distance betr¿een plants

To study the effect of neighbours ít is necessary to know the

exacË position of each planÈ so that the dÍstance between plants can

be calculated. The position of each planÈ in the quadrats of the

drilled treatments was determined by measuríng the pJ-ant co-ordinate

from commorl axes near Èvlo borders of guaclrats. These axes ü/ere fixed

by heavy pegs (Figure 12). rn the square spaced plots the posítion of

each plant was already known.
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I.6.4 Non.-destructlve measurements

Non-desÈructÍve measuremellts vrere used fol growth analysis of

sel.ected plants from their ea::1-y stage of growth until harvest tj-me.

The problem with this type of measurement ís to find an accuraËe

meËhod which can be done fast, enough and without too much disturbance

of the micro-environment. Th-c sírnplest method was the measurement

of the length of longest tiller and counËing the numbe:: of tíllers

per plant. This was done twice, i.e. at day 50 and day 90. All

measurements r^rere done from a supported plank across the plot (Plates

3 and 4).

For non-destructive measurement of leaf area there- are two main

me.thods:

(a) Línear measurements of each leaf which are then conve-rted ínto

leaf area by an empírical relatíonship (Da::row, 1932; Ilopkins,

1939; Davis, 1940; Thirumalachary, 1940; Lal and Subba Rao,1950;

, 
Ackley et aL., 1958; Kemp, 1960; McKee, L964; Carleton and Foote,

1e6s) .

(b) By matching leaves wíth standards of known area (Ba1d, L943;

tr{íl-líams , 1954) .

In Èhis experíment, efforts to make l-inear measurements of each

leaf were díscontinued because ít vüas Èoo time consuming; on the average

ít took approximately one day for a ieam of two persons to finish measure-

ments ín one permanent quadrat at that stage (day 40) sínce there were

100 - 700 leaves to be measured. Indlvidual leaf matching also proved

impractlcal , because it r^7as even slower than linear measurement.

Plant weight estlmaÈion can be done for example in maj-ze by

measuring basal stem circurnference and stem lengÈh (yodda et aL. rI957).

This type of measurement is however impracticable 1n tl.lleríng cereals
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Plate 3: Doing non-desÈructive measurements on a

supported plank across the plot - Experiment I
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Plate 4: Close-up view in measuríng length of longest tiller

in the permanent quádrat of the medíum densÍty square

planted plot - Experiment 1.
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Figure 12: Schematíc locaÈion of each plant (Atr.....AtOi

wíthin a perm¿ment quadrat fn a drílled plot.

lines from which plant co-ordinates were measured.

0
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like wheat and bar.ley becarrse of the díffícu1tíes ín reaching dorwr

to Èhe sËem base witl-rout breakíng too many leaves, especially at

the high densiÈy, and sínce it has to be done on each tiller Ít

is also too t,íme consuming when thousancls of tj.l-lers have to be

measured.

Two other methods were developed during this experiment, Í.e.

by matchíng tíllers with standards of known weÍght and by usíng

the rplant cylinderr as a weighÉ estÍmator.

(f) In the matched tiller method a standard was prepared for

each treatDreriË. For preparíng the standard a sample of 100

plants r¿as taken from each p1ot, Ëhen all the tillers T¡/ere grouped

ínto: one leaf til-lers, tr,Io leaf Èillers, three leaf til1ers, etc.

In each of those, a range of sizes was selected, from the smallest

to the biggest. After a set of standards was obtaíned they were

weighed and then mounted on cardboard and Xerox copied. lhe

Xeroxing was consÍdered Èhe best method of obtaíníng lnstant reprod-

uction of acËual size. As an example a set of standards for two

leaf t1llers is shown in Fígure 13. The weight estímation 1n the

field was done by examiníng each til-ler separately, countíng its

leaves, holdíng the standard set as close as possible and then

recordíng íts class síze. Measu::ement with thís method aË this

sËage (advanced tillering stage) v¡as also considered toà time con-

suming and r¿as discontínued. (fnis method was used later. See Expt. 2.)

(ii) The rplant cylinderr method of weight estimatíon can be done

more quíchly. Thís is an adaptation from the method of plant weight

estímatíon used by Yoda et aL. (1957), which ís best suiËed for

non-tillerlng planÈs with bígger sÈem, e.g. Híbisc1,¿s sp., sunfl-ower,

maíze, even trees (Fígure 14a).
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FlG. 13 : EXAMPLE OF A SET OF STANDARDS OF TWO LEAF TILLER WHICH WERE PHOTOCOPIED BY

XEROX MACHINE. USED FOR PLANT WEIGHT ESTIMATION.

Tïs

o\
(Jr
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lthe estimaËíon is based on transformatíon of a norm.al habít

of tillering plant in a crop into a rcotnpacËr cylinder (from \ínÈo

brFígure 14). The círcumference and length of the planË cylinder

ís measured after holding all the tíllers together and pullíng the

leaves upwards (figure I4bù. The clrcumference measurement is

done wíth a measuring tape which is círc1ed around the base cf the

plant (i0-2C cnn above ground level), then tÍghtened until ít becomes

firm but before Ít causes any damage to Ëhe planË (tr'igure 14b3). The

lengÈh of cylínder is measured from the base of a stem up to the

point v¡here the cyl-índer tapers strongly. This method was Ëested

thoroughly before being used, and the results of these tests are

reported. One set of measurement,s ín all permanenË quadrats was

done with this method at day 70.

1.6.5 Final harvest

(f) The permanent quadrats, on which the several non-destructíve

observations had been made, hrere harvested before the grain was rÍpe

(at early dough stage) at day 90 due to lodging in the high density

foll-owing rain and wínd on day 85 (15 October 1972). Each plant

wlthin the permanent quadrat ü/as harvested by pulling ít out, shaking

off the soil,'pLacing it Ín a labelled plastic bag and storíng in the

refrigerator. Measurements which were done on each of the 1014

plants r¡rere:

(a) Length of longest tíller from the base of the plant to the tip

of the longest 1eaf. The plant was then cut at the base and

each tiller r¡ras careful-ly separated.

(b) Number of t11lers per plant.

(c) Number of ears per plant.

iì_
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FlG.14 ¡ DIAGRAM SHOWING METHOD OF PLANT WEIGHT ESTIMATION :

(aJ AS USED BY YODA
(b) AS PROPOSED IN THE PLANT CYLINDER METHOD .
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From each tíller \^rere separated the green leaves, sellescent leaves

and dead leaves, ear and ste-m, for the following measurements:

(d) Dry weiglrt of stem.

(e) Dry weight of ear.

(f) Dry weight of green leaves

(g) Dry weighË of senescent leaves.

(h) D::y weight of dead leaves.

(i) Number of spíkelets per ear.

(j) Leaf area.

(k) Length of stern (total- and green) and urean stem dj-ameter.

The clry weight measurements r^rere made after the mate.r:í-al.s were. 1:1aced

in an oven at BOoC for 48 hours. The measurements of Leaf. atea, dry

weight of stem, ear, green leaves, senescent leaves and dead leaves

were done for whole plants ín four replicates and for individual

t1llers in the fifth replícate.

(if) The harvest of the grain sample quadrats was made at the end

of November 1972. During this final harvest each plant r¡las replaced

by a labelled stick which was pushed lnto Ëhe ground for subsequent

plant co-ordinate measurement. Data collected for the harvested

materÍal rrere:

(a) Date of seedling euergence, by recording Ëhe colour code of the

ring.

(b) HeÍght of tí11ers measured from the base to the típ of ear.

(c) Dry weight per Èiller.

(d) Number of graÍns per ear.

(e) üleíght of grafn per ear.

(f) Total weíght of non-productive tiLlers and other rennants of

plant parts.
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r.6.6 Lísht readínss

ltre light penetration at Lhe position of each plant vlas measured

twíce. At day 40, (31 August 1972) the relative light ínËensj-ty was

measured at groun<l leve1 adjacent, to the sËem base of the plant on

Íts easE side. The measurement gave an account of Ehe varíability

of lighË penetraËion withln the community. The ínstrument used

was the ornnídirectional phoËometer. The second set of measurements

v/ere made on day BB (18 OcËob et 1972), afËer utt u*"trence. The

relative 1-íght intensíty \^tas measured at ground level and aÈ hal f

the hei-ght of the crop. Due to lodging on the high densities and

on the medíum densíty square p1-anted plot, Èhe measurements \¡¡ere

confined to the low densÍtíes and to the medíum densíty drilled p1ot.

2. Experíment 2

The effect of plant density (two levels) on plant performance

throughr:ut the season within a crop community (wheat, TrLticum

a,estiÐutn cv., Hal-berd) at random spacing ín the field'

2.I Site of experiment

The experimenË was conducted at the trlaite Institute near Èo tlìe

síte used for experiment l. The site was fallowed in 1968' then ín

1969 and I97O pLanEed with oats \^rhich \.7ere cut for hay. In both

oat crops 102 kg Per ha of superphosphate was used as basal dressing'

In 1971 Ít was used for an experímenË with barley and left fallow afÈer

ploughing in spring of. L972.

Bfrd nettíng was again installed over the whole experimental site.

2.2 Treatmenß and exoerímental desisn

In thís experíment the plants r¿ere randoul-y arranged, í.e. Írreg-

ul-arly spaced in both dlrectlons' 1.e. differentl-y from experíment I
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which had two types of plaut arrangement - regularly spaced in boEh

direcEíons (square planted) and regularly spaced in one dírectíon

(¿rirI.e¿).

The two densíties used were high densíÊy'with a seeding rate

of 190 lcg per ha or approximately 300 seeds per square metre, and

medíum densÍËy with a seeding rate of 95 kg per ha, or approxímately

150 seeds per square metre. The actual number of plants per square

metre varied consíderably.

Six experimental plots were used wíth a border plot on each síde

(Figure 15). Each density treatment hacl three plots (replicates).

Each plot rsas 23 metres long and 2.5 metres wíde. General view

of the experiment is shown in Plate 5.

2.3 SoÍ1 preparation and esËab lishment of the experiment

The seed used in thís experímenË was machine graded and treated

against soÍl born diseases. Seed gerninatíon tests were rnade and

the results rn/ere used in calculating seeding rate.

To obtain a random plant arrangemenË, a modifíed 14-row drill

was used. The seed-hoses r^7ere taken off and underneath the ho1es

of the seed box a metal sheet was hung at an angle. In runníng the

seed dri11, the seeds fell through the holes of the seed box on to

the metal sheeË and were scattered, apparently at random.

Cultfvatíon and sowíng were done on June 7Ëh, 1973. A basal

dressing of lindane superphosphaËe was applied during cultivation

at the rate of LL2.5 kg per ha. To prevent uneven performance due

to uneven cultivation, the wheel marks of the cultÍvatíng tractor

were hand cul-tivated and Èhe harrowing was done by pulllng the harror¿

by four people. The dr11l !üas set for sowíng high densíty, and for

medium density an equal quantlty of dead seeds was mixed with viabl-e

seed. The drlll was pulled by cable from a stationery winch outsíde
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Plate 5: General víew of experlment 2 aË week 4. In the

boËtom left hand corner is the border plot followed

by high density and low density plots, each replicated

three times.
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the experÍmental síte. To cover the seed, harrows wele pulled

behind the clrill.

After so\^/ing, the ex1:e-r:irrrental. pl-ots r^7ere covered by poly-

ethyJene sheet to keep rai-n off , thus maint.aj-níng a good soil

sËruc.ture and en$uring a better establishne-nt. The sheets were

removed eígirt days after souTírlg.

To protect the plants f::om powdery mi1-dew (Erysiphe gnamLnis

f .sp. ty."Ltíci) a.pplícations of mil.stem 100 ppm wer:e given at day

62, day 95 and day 138. The sp::ayíngs were done thoroughly t-o ensu::e

a complete coverage. At the end of the grorvÍng season, due to an

exceptionall.y wet period, there r^ras an outbreak of stem- and leaf-

rust which is uncommon in South Australia. An at.tempt was made to

control the disease by sprayíng \,/íth dithane If 45 at the rate of

2,27 kg per ha on day 96, buË no satisfact,ory results were obtained.

This dísease míght have influenced the weight of grain per p1ant.

The harrnful effect of lodgíry on wheat is well known. Lodgíng

fírst occurred on 6th August, 60 days after sowing" It roas only a

patchy Èype of lodging in high density p1ots, and the plants recovered

quíckly after drops of r,¡ater were knocked off their 1eaves. Three

days later a more severe lodging occurred and it r'¡as then consÍdered

necessary to ínstall a net, to keep the plants standÍng. Nylon fish-

net 2.5 metres rvíde and 30 metres long with l0 cm squares was used.

It was tied to wires whích \"7ere sÈrutìg on steel clroppers erecEed

around each plot. The first net !üas 30 cm above the ground and the

second net Ì^7as installed later at about 80 crn above the ground.

These two nets kept most plants straight until Èhe end of the exper-

iment, except f.ox a few places near the end of Éhe high density ploË.
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2,4 Data collectíon

2.4.L The qua.dr:aËs

I¡Iithin each plot Êhere were eight quadrats and the numberíng

of the quadrats in each plot (from I to B) was made in random order.

There were thus three quadraEs of each number in each treatment, one

in each of the three plots. At each harvest it rvas possibl-e to

collect índivídual plant data only from one quadrat in each treaÈ-

menË. The procedure was as follows. The three quadrat.s carrying

the same randonly chosen number in the. three replicate plots were

rated for yield. The quadrat of inte::mediate yíeld among the three

was then taken for harvest. Thís method ís a conbined use of

randonness and rating. The quadrats were I m x I m in high den-

siËy plots ancl 1.4 m x 1.4 m in low density p1ots. It was inten-

ded that each had approximately 300 plants, which was consídered

sufficíent for the study of indlvidual plant performance wÍthin

íts communíty, and could supply hundreds of rtest plantsf in the

¡nídd1e of the quadrat for studíes of the effecÈ of neíghbours.

There were two types of quadrats,

(a) permanent quadrats for measuremenÈs on the same plant.s on days

43 and 82.

Each treatment had one permanent quadrat, rvhich was randomly

chosen among the eight quadrats of the three repJ-ícate plots,

as above. In the permanent quadraÈs each plant rrras labelled.

The weight of each plant was estÍrnated on days 43 and 82.

Both the matched tj-ller method and the plant cylinder nethod

developed in experiment I were used. The matched tiller method

was used in the first estimate at day 43. The numbers of

tfllers per planË and the length of longest Èil1er were also

recorded.
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The second measuremenÈs were done at day 82 for number of

tíllers, length of the longest tÍ1ler and plant- weíght

estimation using the plant cylinder method. ThÍs measure-

menË could only be done at the medium densíty. At high

densíÈy even identifying each plant was becoming impossible

without causing damage tr the plant.

(b) Quadrats for sequential harvests.

There were eÍght sequential harvests, including one (harvest 7)

from the permanent quadraÈ. In each harvest, from each Èreat-

ment, one quadrat out of the three quadrats which had the same

number, was taken based on rating as above.

The harvests !Íere taken at the following st.ages:

Harvest 1: early vegetative stage, day 30 (5.7.73).

Harvest 2: early Èillering stage, day 50 (25.7.73).

Harvest 3: advanced tlllerlng stage, day 7O (14.8.73).

Harvest 4: late ti11eríng stage, day 95 (10.9.73).

Harvest 5; JoÍnting stage, day 11.O (26.9.73).

Harvest 6: anÈhesis, day 130 (15.10.73).

Harvest 7: dough stage, day L40 (24.10.73).

HarvesË 8: mature, day 180 (4.12.73).

The harvestíng was done by pulling ouË each plant vTithin the

quadrat, shakíng off the soil and then placing it individually

in a labelled. paper bag. Data collected from each plant at

each harvest are indícated in Table 6. Every Êenth plant was

taken as a sub-sample to determine leaf area and for green

stem measureroent. Leaf area \¡tas measured using an electroníc

planimeter. Stem area was determined by measuring the díameter

' and length of the green part.



Table 6: Experiment 2. Data collected from each planË (or from sub-sample plants)

at each harvest.

Harvest

Data

1. Length of bngest tÍll-er

2. Number of tillers

3. Leaf area**

4. Green stem area**

5. Green ear area**

6. Number of ears

7. Number of pikelets per ear

8. Number of grains per ear

9. Ear weíght

10. Graín weíght per ear

11. Total- dry weight

L2. Plant co-ordinaÈes.

r234567*8

x

x

x

x

x

x

x

x

x

x

x

x

x

V

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x x x

xxx

* Permanent quadrat harvested prematureiy due to iodging.
** Measured from a subsample, comprising L0% of the pJ-anÈs harvested.

{
.\J
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At harvest 6 there rüere tv/o addi.tional measurements, i.e.

number of ears per planr and ear area. Ear area was added

to leaf area and greerÌ stem area as parts of plar-rt acËive in

photosynthesís. The ear area was estj-mated by measuring lts

length and width.

2.4.2 Distances between plants

Às ín experíment I, the exacË posítion of each plant r¿íthin the

cluadraÈs was determined by measur:1ng the plant co-ordinates from base

línes (x - v axes)" To avoÍd disturban,ce of plantrs micro-envíron-

uent, the measuremelLts were done after trarvest on labelled sËicks

whích re.placed the harvested pJ-ants (ptate 0).

2.4.3 liÉf¿ee4ins
As Ín experiment 1, Ëhj-s measureuent was maj_nly to determÍne

the varíability of light penetration. Due to the large number of

plants wíthin each quadrat., light penetration measurement on all

índívÍdual plants was impracticable. Líght measurements were made

on three occasÍons, i.e. before harvest 4, before harvest 5 and before

harvest 6. The quadrats vrere divided into ten stríps across the

plot (Figure 16). rn each stríp the light íntensiry was measured

at several Ievels. on the first occasion (day 92), measurements

were made at three levels, i.e. at ground level, aË half the height

of the crop and above the crop. 0n the second occasion (day IIO),

at four levels, í.e. aË ground level, at 40 cm and 60 crn height and

above the crop. On Ëhe third occasíon (day 130), at six 1eveLs,

l.e. at ground level, at 40 em, 60 cm, B0 cn, 100 cm heighË and

above the crop. The íns.trument used üras a light probe wlth 5 photo

cel-ls mounted on its ca 40 cm long probe.
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Plate 6: Close-up view of one quadrat for sequential harvest

at high densíty plot before (above) and after (below)

harvest 1 at day 30. Sticks were used to mark plant

posiËion for co-ordínate measurements.
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QUADRAT
(tm x lm or l.4m x t.4m)

STRIPS
( lm x O.lm or lm x 0.14m )

EXPERIMENTAL PLOT
( t'o- wide)

oo
ts

FlG.16 : TEN STRIPS WITH¡N THE QUADRATS FOR LIGHT PENETRATTON MEASUREMENT



B2

RESULTS

1. Tt.e 1972 and 1973 seasons

The total rnonthly ::ainfall and evaporation, hours of b::ï.gbt

sunshÍne (mean d.aLly vaLues for each nonth) and. maximum wincl velocíty

(km per da¡') ín each monf:h of I97?- and 1973 are shown ín Figure 17.

A detailed 1ísting of meteorologícal data for the llaite Institute

during 1972 and 1973 i.s gíven ín Table I and Table 2. of Èlie appenclÍ-x.

Average fígures f.or 48 years (from 1925 to L973) are gíven in Table 3

of the apperrdix.

Raínfall ín 1972 was ln markecl contrast to 1973. The yearl.y

total o1. 1972 (506.9 mrn) was below average (626.2 mru), whi1.e ín 19-13

(836.7 mm) it was well above average. Thc growíng season, i.e. when

the rainfall exceeds one thírd of the evaporation (Trumble, 1937),

normally begins in April and f:'-nishes in eaxry Novernber . Tn 1972

rainfall ín March, May and June Ì,üas exceptionally low, in Apríl

slíghtly below the average and ín July almosÉ 50% above the average.

This pattern of rainfall delayed êonsiderably the sowÍng date of

Experíment 1. The 1973 season started normally but had a prolonged

wet period until October, which caused an epÍdeuric of leaf- and stem-

rust, an unusual occurrence in Sout.h Australia.

2. Lodging

The wind velocity duríng the 1972 and 1973 growing seasons ís

given 1n Tables 4 and 5 of the appendÍx, where the number of days per

month with Líght wínds (rnaximum wínd velocíty less rlnan 24 km per hour),

moderaÈe winds (naxirnum 24-3L km per hour), stïong wínds (maximum 31-40

km per hour), and very strong winds (maxi.mum more than 40 km per hour)

are gÍ-ven. trrlind strength can affect crop yield by causing lodging,

r¿ith adverse affect on crop yíe1ds (Laude and pauli, 1956). what has
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not been descrj-bed ís the- partlcuL.ar envíronmental- situation ruhich

has caused crop lodging in cereals. Two maín facÈors are r¿ind

and raínfall. In, Fi-gure lB and }-igure 19 the dai1.y maximum rn'índ

velocity and total raínfall are presented during a perÍod of 14 days,

a weelc before and a r,¡eek after lodging for 1972 and 1973 respectívely.

In Experi-ment 1 (1972> Ëhere r.rere two lodgings, the first occurrecl

at day 47 and the second at day 85. In ExperimenL,2 (1973) there

were also two period of lodging on days 60 and 135 and a period of

bending and fcreasingr of Ëhe sheath of the flag leaves against the

supportíng net at day 109.

It will be noted that sími-lar envíronmental conditions always

occurred before lodgíng in both 1972 and L973, i.e. a period with a

very strong wínd rvÍth a maxímum velocíEy of more than 40 lun per hour

accompanied by heavy rainfal-l with a dai-ly t,ota1 of more than 30 rnm.

It seems that the contínuous strong wind bent the plants almost hor-

ízontally whÍch made ít possj-ble for r,¡ater drops to stay on plantrs

leaves. Thís tremendous load of water drops laid the plants almost

flat on the ground. It is apparent that in these crops, only a

combination of wínd and raÍn led to lodginBi no lodging occurred wíth

only one of these factors.

3. Plant weíght estímation

3.1 The rmatched ti11er' me-thod

In Experiment I a quadrat of. 29 plants outside the permanent,

quadrats was randourly chosen from the drilled medÍum densiÈy p1ot,

and was used to test thís method. The test,fng was done at day 61 by

three observers, each using the same set of standard t1l1ers for the

same test plants. At this stage the number of tillers per plant
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varied beÈween 3 and 7. The grade and weíght of each of the standard

tlllers 1s shown ín Table 5 of the Appendix (it was considered nec.essary

thaË each Ëreatment has j-ts own stanclards due to varying habíts of

grcrwth, especi-ally with densíty), and the resul.ts of measurements

(aggregate tiller estimaÈes for each plant) by each observer is gíven

ín Table 6 of the Appe-ndíx. Moderate correlati<¡ns between est,ímated

weight and actrral weíght were obtained by each of the three observers

(table 7a), and the regression equations presented in Table 7l> are

highly significant (Table B) " Nevertheless, as seen in Tabl.e 6 of

the Appendíx, Ëhe estímated val-ue of particuJ-ar pI-anÉs by indi-vidual

observer r¿as for:

Observer A : consistently Iow even though the correlatíon

was good.

Observer B : the absolute val-ues and correlaËion were boËh

good.

Observer C : the absolute values and correlat.íon were both

rather poor.

Absolute values Ëended to vary between observer, but moderate

accuracy could be obtained for correlation. For an advanced tillering

stage, wíth 3 to 7 t11lers per plant, it t¡ecame too tíme consuming and

for thís reason the measurements were discontinued. Thís method would

probably be suítable for an earlier tíl1ering sÈage where each plant

has only 2 to 4 tillers.

3.2 The fp]-ant cylinderr method.

The same quadrat r¿hich was used for testing the rmaËched tillerl

method hras also used for testing thj-s method and the tests r^rere also

done by Ëhe same Èhree observers. After the rcylíndert measurements

were compLeted, tl:,e 29 plants from the quadraË \^rere harvested and



88.

their actual weights ::ecorcled. Results of t:he measurements for

each observer, in Èhe form of the product of the length and circum-

ference of cylinder multlplÍed by a constant, are gíven in Tal¡le 7

of the Appenclíx. Strong correlatíons \^/ere obtaíned betweelr esLilnated-

and actual weíght (Tabl.e 7b), and the regression equaLions are also

híghly sígnificant (Tab1e 9).

3.3 Discrrssion

The rmatched tí1lerr method is based on matched leaf techniques

for leaf area estimatíon as proposed by Dar-row (1932) for strawberry,

Thirumalachary (1940) for coËton, Bald (1943) for potato, and l¡Iil1íans

(1954) for tomato. It has the advantage of permitting quick estimatíolr

of plant weíght, much quícker Ëhan matching indívidual leaves, whích

l-1ke the linear measurements of indívídual leaf for leaf area estimal-íon,

involves estimation of the índívidual leaves on each tí11e:: of each

plant. Another advantage of thís method ís Ëhat the standard for

matching tillers, which consisËed of Xerox copies of selected standard

ti1lers, could be prepared in less than a day, so that the standards

for each treatment could be prepared the day before the scheduled

observations. Hor¿ever it is ímpossible to use this method at the

advanced till-ering stage, because of crowdíng by other tíllers and the

síze of each tí1ler. It takes longer to rísolater each tíller and it

becoues harder to place the standard nexÈ to the tí.ller to be measured

without causing broken leaves. This difficulty in putËing the standard

next to the observed ti11er uríght cause the varyÍ-ng results obtaÍned by

the three observers. The methocl can be recommended for early tíl1eríng

stage where Índivídua1 leaf measurements are already too tedíous and ít

ls stíll Ëoo early to use plant cylinder raethod.
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The plant cyJ-íncier method of wej-ght estímation seems very

well suited for sma1l tilleríng planËs such as barley and wheat,

and is especially useftrl when most of the plants are already in

theír advanced tíllering stage. Before using this method an

observer should farnillarize himself with the measurement of the

length an<l circumference. of plant cylin<ler, and malce slmple calib-

rations by measuri-ng a set of planËs outside the observed area and

harvesting the-m to calcrrlate the correla.tíon.

The meËhod recounnencled for non-destructive plant weight estim-

ation for each stage of vegeËaËive gror^rth of cereals such as v¡heaË

and barley in the fíe1d wou1c1 be:

l¡efore tillering : línear measurement. (stem dia¡neter and

plant height; not tested in thls study)

early tíl-le-ring : Ëhe rmatched tiller' method

advanced tilJ-ering : the rplant cylinderr method.



Table7 : ResultsÍn tesÈins methods of plant weiehÈ esËimation

(a) The rmatched tiller' method

0bserver
Mean actual
piant weíghË

10. 126*

L0.126

ia.i.25

Mean actual
plant vreight

t0.L26

r0.t26

i0.126

A

B

c

0bserver

& Only one value since all the observers using the same plants (S.D. = 3.73).

(b) The 'plant cylinderr ¡nethod

A

B

c

O

EstímaÈed. planÈ weíght

Mean S.D.

3.56

3.02

4.038.283

6.466

9.904

Regression equation

y=4.45+0.68x

y=0.98+0.92x

y = 3.42 + 1.04x

Correlation
(estimated weight
- acÈual weighÈ)

0.74

0. 88

0. 84

Estimated plant weíght

Mean S.Ð.

108. 2*

L28.7

135. 5

27 .4

36.8

33.7

Regression equation

y=-3.14+0-12x

y=-2-75+0.10x

y=-2.45+0.10x

CorrelaËíon
(estimated weight
- acÈual weight)

0.90

0. 91

o.92

s The product of length and circumference of rplant cylinderr.



Table 8 : Analysis of variance of tesÈing rnatcheC Ëillerr method for weighË estimation

A : (rirst observer)

Source S.S M.S F ratio

Regression

Residual

32 "664*'x

B : (Second observer)

Source M.S. F raËio

Regression

Residual

Source

Regression

Residual

C : (ttrira observer)

303.228

3.163

95. 854**

F ratío

65.7 4L*tu

\o
ts

2L2.7 68

6 .5't-4

2r2.7 68

L75.873

D.F

27

I

S.S

303.228

85. 4r.3

D.F.

27

1

M. S.

275.494

4.T9L

S.S

27 5 .494

113.146

D. F.

27

1



Table 9 Analvsls of variance of testing rplant cylinderr method for r,reíght estimaÈion

A : (¡'irst observer)

S.S M.S " F raËioSource

Regression

Residual

Source

Regression

Residual

Source

Regression

Residual

B : (Second observer)

C ::(thírd observer)

1 326.896

6t .7 4527

118 . 015*'t

F ratio

r22.499**

F ratio

L42.945**

\o
N)

316.28r

2.68A

316.28r

72.360

D.F

27

1

M.S.

318" 451

2.600

S.S

318.451

70. 190

D.F.

27

I

M.S.

325.896

2.287

S.SD.F.
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4. Bffe-ct of d.al;e of seedl.in einel: cìn ce on lant erf orrnance

In Experiment I the dates of seedlíng emergence of each plant

w1l-hin the permanent quadrats lrere recorrlecl . The seeclling was

considered as emerged when its coleoptile protrudecl above the groun<1.

The fírst seedlÍngs emerged on clay 5, and the last emergence. vüas

observed on day 12. Modal day of emergence and the mean duration

of emergence in each treatment are shown in Tabl-e 10. The I{ values

in the Kruskal--lnla1-Lis one-!,iay analysis of variance are:

for modal day H = 23.57, and for df = 5, p < 0.001

for mean duration H = 24.0I, and for df = Sr p < 0.001

so tTìat the hypothesis that a-11 values belong to the same population

ís firruly rejected. The critical range method for testíng al1 possíbla

paírs is used to examíne cliffe::ences bet-ween the meatìs of each tre-at-

menÈ and the sÍgnificaut differences are indicated ín Table 11. The

effect of density on both the duration of seedling emergence and modal

dry, Í.e. the day where most of the seecllíngs emerged, \,Jas not sig-

nificant. Method of planting, i.e. drilled tls square planted, had a

stronger influence. Seedl-ings in the drilled plot emerged later than

ín the square pl-anted plots, í.e. with a modal- day at 9-I2 days us

5-8 days after sowing, and ít also had longer mean duratíon of emergence.

The probable reason for Ëhe difference in the time of peak emergence

ís that in the drilled ploÈs the cultlvation tended to cover most of the

seeds wíth a thicker layer of so1l. In other words, the dj-fference is

due to the differe-nce in depth of sowing and Ín the Èime needed to

penetTate the soil layer above Èhe seeds. In the drÍlled plots, the

varlatíon of soí1 layer thickness above each seed was probably also

greater than ín the square planted pl-ots, with a consequence of a

longer períod of emergence.
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Rank

Treatment Rep1.Í cate
Mean
duration

22
23
20
IB
t7

l9
2L
29
2B
30

1 1

2
3
4
5

I
2
3
4
5

I
2
3
4
5

I
2
3
4
5

1

2
3
4
5

I
2
3
4
5

2

3

4

16
26
24.5
24.5
27

1

1,1

5
10. s
t5

i/ 5

6

Treatments Lr2r3 are drilled, and 41516 are square planted, each at

high, medium and low densÍty respectfvel-y.

10. 5
6
2

3.5
3.5

lr\t-- r\ 13
I
7

T2
9

Mode
(days from
sowing)

l"f ean
duration
( days )

Irrterval
(days frorn
sorvj-ng)

Bmergence

c. v.
6/ Mocle

9

9
I
B

0I

5-
5-
5-
6-
6-

5-
5-
5-
5-
5-

5-
6-
6-
6-
6-

B_I2
B-TI
B- 11

7-rt
7-1 1

7-r2
7 -L2
B_T2
9-12
6-L2

8-1 1

9-1 1

9-L2
7-TL
8-1 1

B

I2
9
B

9

10
10

9
I
B

9

9

9

9

9

9

9

9
0
2

9

9

9

9
9

6
I
6

7

9

7

6
6
5
6

7

7

7

7

7

I
1

I6
T4
T4

27
26

30
23
L9
T4
23

39
23
27
23
34

T7
I4
I7
20
T7

47
40
42
25
24

46
76
47
73
43

5.2
5.3
5.0
4.9
4.7

4.9
5.1
6.1
6.0
6.5

4.6
5.4
5.4
5.4
5.7

2.1
3.6
2.5
3.1
4.0

3.1
2.6
2.L
2.2
t')

3.2
2.9
2.8
3.2
3.1

2r .5
2r .5
2r.5
2L5
2r.5

27 .5
2I .5
2r.5
29
30

?-I .5
2r "5
2t .5
2L.5
2L "5

4
T4

4
t0
2r.5

0
4
4
1

4

I

10
10
10
10
10



TreatrnenÈ

Treatment

5

4

6

I
3

2

Table 11 : Criü1cal- range methocl for testing al.1

posgíble paírs of treatment

A: Dífferences in mean duration of emergence.

Ranlc sum

s4613
2s.5 45 "5 49 100 118

25.5

45 "5

49

100

118

L27

B: Modal day of emer:gence

6 4 3

Rank sum 23 50 53.5 107.5 107.5 r23.5

2

127

95.

215

5

6

4

I
3

2

23

50

53.5

107.5

107. 5

L23.5 T6 L6

Treatments I, 2 and 3 are drílled at high, medÍum and low density

respectively, while 4, 5 and 6 are square planted also at hígh,

medium and 1ow densiËy respectívely.

20

23.5

74.s

92.5k

101.5**

3.5

54.5

72.5

81.5*

51

69

7B

1B

27 9

27

30. 5

84. 5*

84. 5*

100. 5'å?t

3.5

57 .5

57 .5

73.s

54

54

70
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Cor::elatíons bctrveerr the" date of seedlíng emergelrce and estim¿rted

indivi<lual planÈ weight at clay 70 and actual individrral plant vreight

at day 90 are gíven in Table 12. At both day 70 ancl day 90 the

co::relatíons varj-ed from sÍ.gníficantly positive- to sig:rificantl.y

negat-íve, and the proporEions c.rf each type of correlation are as

f o1.lows:

At day 70:

riegatlve : 83.3%, sígnificantly negative z 3O%

positive z L6.7%, slgnificantly posit-ive t 3.4%

At day 90:

negatí-ve : 707", signíficarrfly negative '. 16.7%

positíve : 30%, signÍfícantly positive z 6.7%

In tesEing whether the ::eplicate correl.ations \dere from the

same population or n-ot, it was found that they \^rere not from the

same populati.on, except in the dri11ec1-hig1'r-densíty and square-

planted-lorv-density treatments at day 70 and Ëhe square-planted-

high*density treatment at day 90. The pooled value of r was -0.26""*,

-0.29*?!É and -0.125 respecËively for these Ëhree treatments (table 8

of the Appendix).

The frequency of negatíve correlations and significantJ-y negative

correlat.íons in each treaÈment at day 70 and day 90 are indícated ín

Table 13 A and B. The significantl-y negati-ve correlations tencled to

decrease wíth time in boÈh drilled and square planted plots. The

effect of densíÈy r¡¡as inconsistent.

Conclusíons that can be taken on the effect of date of seedling

emergellce on indívidual plants fn the 60 units of crop cornmunities

examined are:



Table 12 : Correlation among individual plants beËween Ëhe nr¡mber of days from

sor,rlng to seedl ing emergence and plant weight at day 70 and plant
weieht at dav 90 respectivel-v (Experiroent 1).

Date of emergence - weight at da-v 90

ReplÍ-cate

5

-a.44

-0.27

-a.27

Drilled
Iiigh density

Medj-um densiÈy

Low density

Scuare planÈed

High density

Mediun density

Low density

-0.23

-0.23

0. r_4

¡ significant (at 5% 1eve1); ** highl-y signíficant (at I% leve-1) .

\o
.-;

a.47*

a.23

0. 05

0.12

-0. 33

-0. 70*

4
I

J

-0.27

-0.37'^

0.28

-0 "20

-4.25

-0. 19

2

-0. 20

-u. Jo^

-0.18

-4.2r

0.48

-0. 11

1

-0. 04

-0.5C,t*

0. 66**

-0.47x

0.25

-0.03

5

-0. 13

-ô 90

-0 .47

-0. 30

-4.29

0. 01

4

-0. 46x

0. 1c

-0 - 47rt

0. 10

-0. 50*'t

-0. 35

3

-0.10

-0.45**

-0.24

+0. 43*

-0. 38:t

-0. r.5

2

-0.30

-0.46**

-0. 11

-0. 53J."*

-0. 005

-0.38

Date of emergence - weight aL day 70

Replicate

1

-0. 35

-0. 19

-0. 004

-0. 52**

-0.27

0. 09



TreatmenÈ

Drílled - High densíty

Medium density
Low density

Total

Treatment

Drilled - High density
Medium density
Low density

Total

Table 13 : The

L4 10

freouencv of neeaÈive correlaËíon (A) and signifícanÊly
neqative correlation (ts) between seeciline emergence and

plant weísht at davs 70 and 90 (Experi¡nent 1).

A: The ne tive correlatíons

Total 11 Grand Tctal

B: The s ificantl n tíve correlations

Day
90

B

B

5

25 23,

Day
90

4

1

55 Total 4 2 Grand Total- 9

Co

Da;v

70

7

9

o

Total - High density
Mediurn densiËy

Lor"v densit-y

Day
90

4

4

J

Ðay
70

2

5

4

11

Treat¡rent

Square planËed - High densíty

Medium density
Low densiËy

4

4

2

Day
90

Day
70

5

4

5

Ðay

2

5

2

Total - High density
Meciium density

' Low density

Day
90

1

I

Day
70

1

2

Treatment

Square planted - High densíËy

Medj-un density
Low density

Day
90

3

3

Day
70

I
z

L
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(a) There vrere appreciable nurubers of signifÍcar-rtly negative

corre.latíons (30% ac day 70 ancl 16.77" at day 90), whfcìr

indicatecl that even trnder Èhe fi-eld cond.itions Èhe earlíer

a seedlíng emerges Ëhe greater its rel.ative size in the

conununí-Ëy.

(b) Among the- non-significant correlatíons, nost of them, i.e.

B0% at day 70 ard 70% at day 90, r,rere negatíve correlations,

so thaÈ the overall tendency rvas fc¡r Èhe earlier emerged

plants to remain larger.

(c) Closer examj-natíon of the groups which had significant neg-

ative correlations ïevealed that rvej-ght regression decreased

with increasíng densíty (column 3 in Table 14 and Figure 20).

AË day 70 the regressíon was -550 mg per day at low densíty,

-26I mg at mediuu density and -155 mg at high density. The

maximum possible contributíon to the nean weight of indivídual

plants at day 70 due to day of seedlíng emergence for lorv,

nredíum and high density was 387., 527^ and 62% respectively.

(Regressíon of weight at day 70 on date of emergence x range

irt day of emergence x 100 + the dífference between maximum and

minímum weight at day 70.)

(d) There r^zas a signifícant positlve correlation bet¡¿een date of

emergen.ce and plant weight (3.4% of ínsËances at day 70 and

6.7% at day 90), presumably because partícular local environ-

mental conditj-ons (includlng the proximity of neighbours) caused

the earl-ier seedlíngs to become the smaller plants.



Table 14 : ConÈríbution to the weight of indivÍdual plants due to day of

ernersence, ín the replicates which had significant negative

correlation betr¿een estirnated lant wei tatd 70 and the

day of seedling emergence

Híeh densítv:

drilled - replicate 4

square planted - replicaÈe 2

Medium density:

drilled - replicate 2

drilled - replicaËe 3

square pl-anted - replicate 1

square planted - repl-icate 3

square pianted - replicate 4

Lor^r density:

drílled - replicate 4

dri1le<i - replicate 5

Maximum contríbutíon
due to day of
energence (g)

s42

2 "32

0.56

1" i9

I.52

I.20

t.4s

1.15

2.29

s (7-11)

6 (s-10)

6 (7-12)

5

6 (8-12)

4 (s- e)

8 (s-12)

s (7-11)

4 (B-11)

Range in
day of
emergence

Regression of weight
at day 70

on date of emergence
(*e)

IT2

199

253

239

242

287

286

46s

634

L.57 - 3;64

0.78 - 3.16

0.64

o.72

1.84

I.26

0.82

3. 41

2.89

4.59

4.94

4.r9

2.73 - 6.05

L.77 - 6.46

Range in
weight at

day 70

A's 7" ott-

range in
plant weighËs

27

55

55

53

^1J¿

6E

70

50

I

s4
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5. Plant <lon.irtance t^rlthÍn a crop cottrnuníty

5. I Experiuent I

In this exper:í-mcrnt, índívíd'*ral p1.an.t '"'re--íght of barley røas

estímated- at day 70n r.,'hile the act-ual weÍ.ght of the sa-me plants

r,¡as measured at day 90. It rvas intended to rnake more tharr two

r;eíghL meåsu.llelnenl-s, buË sínce the linear nieasurements f or weight

estimatíon \4rere clíscontínued because they \,/el:e too tinre- consuming

and a neru method had to be developecl , the first- weight estímations

\,n/ere not- obtained unüí1. day 70. The dj-rect further neasurements

on the same plants lre-re made at <Iay 90 rt¡hen they ';^rere ha::vested"

In Figures 21 and 22 tegressíon lines of plant rveight at day

90 on plant weight at clay 70 in each crop comuuníty (wíthín the

permanent quadrat of each treatmenÉ) and the mean regressíon l.ines

for each treaËment are j-llustrated. At each densÍty there is

greater varíation l.¡etween crop communiLies in the drilled plots

than in the square planted plots. The mean regressíon l.j-nes for

boËh the drilled and the squâre planted plots show siniilar relation-

ships, i.e. that rsíth increasing density the values of the regressíon

of day 90 on clay 70 also íncrease (Fígure 23). The mean regression

equations are shown in Table 15.

To examine weight increases of smal-ler and larger p-lants duríng

the 20-day period from day 70 to day 90, plant weights at day 70

were divÍded into 10 equal groups and of Ëhese, three. groups, i.e.

the top decil-e group whích consísted of the largest plants, the fifth

decí1e group which consisted of medÍum sized plants, ancl'the bottom

decile group which consisted of the smallest plants, \dere examined.

Their rnean values at day 90 are conpared with theír values at ðay 70
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WEIGHT

15

10

WEIGHT
DAY 90(s)

t0

WEIGHT
DAY so(s)

55

0123¡lS6 70
WEIGHT
DAY 70(s)

0l2l¡1 5
WEIGHT
DAY 70(s)

0t 2345
WEIGHT
DAY 70(9)

HIGH DENSITYLOW DENSITY MEDIUM DENSITY

FlG.2f 'REGRESSION OF PLANT WEIGHT AT DAY90ON PLANT WEIGHT AT DAY 70 lN THE DRILLED PLOTS.

regression in each quadrat.

average regression for each density.
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WEIGHT
E|AY go(s)

20

t0

WEIGHT
DAY90(s)

t0

WEIGHT
DAY 90(0)

5

456 00

WEIGHT
DAY 70 (s)

WEIGHT WEIGHT
oAY 70(s)DAY 70 (s)

LOW D€NSITY MEDITJIII DENSIIY HIGH DENSITY

FIG.22¡REGRESSION OF PLANT WEIGHT AT DAY 90 ON PLANT WEIGHT AT DAY 70 IN THE SQUARE PLANTEO
PLOTS.

reg¡ession in each quadrat.
avorage ¡egress¡on for each dens¡ty.



plant w€ight
day 90 (s)

plant woight
day 90 (g)

LOì 
' 20

LOW

MEDIUM
MEDIUM

l0

HIGH HIGH

DRILLED SQUARE PTANTED

F|G.23:THE ÀVERAGE REGREssloNs oF PLANT wEtcHT ar DAy 90 oN PLANT wEtcHT
AT DAY ?0 FOR EACH OF THE THREE DENStTtES,i.e. H|GH, MED|UM, AND LOW

DENSITY.

105.

wsighl at
day ?0 (q)

20

10

55



Table 15 : Averase resressíon of weieht at dav 90 on weishË

at day 70 in each treaËment

Treatment

Drilled:
High density
Medir:m density
Low density

Sqrrare planÊed:

High density
Medír¡n density
Low density

Variance ratío (F)

díspi ¿gsnsn¿

3 .87 4**

24.69gxx.r<

5.884J.<**

1.163

2.20i
2.720*

ts
O
c\

Slope

1.818

2.9L6*

I.382

4.L44xx*

1 .009

0.7 66

Mean regression equation

T=-0.989+1.313x
y=-0.516+I.92Ix
y= 0.124+2.970x

y = -0.645 + I.226x
y=-2.253+L.997x
y=-4.LI7+3.2BLx



107.

Table 16 : Ifean plant weight, weigl-rt ration pr:oporti-on

of _!S!""Ly_e1åt__elg-lg'Lqqiye_ftrg-qlrst*e__(L-g:R)
of the top, fifth and bottom ciecíle groups

a,s rqnked af; dau 70

Drillecl
hígh
density

1. Mean plant weÍght (g):
Day 70:

Top decile group

Fifth decile group

Bottom decile group

Day 90:

Top decíle group

Fifth declle group

BotËoü decile group

2. I^lei.ght ratio day 90 /
day 70

Top decí1e group

Fifth decj-le group

Bottom decile group

3. Proportion of total
weight of crop ín
quadraË (%) daylgz
Top decile group

FifËh decíle group

Bottom decíle group

day 90:

Top decil-e group

Fifth decile group

Bottom deeíl-e group

4. R-c-R from day 70 to
day 90

Top dec.11e group

Flfth decll-e group

BoÈtour decí1e group

r .59

2.34

3.49

4 .2.1

2.19

1.59

r.20
0.93

I .00

13. B0

9.76

6.26

17 .2r

9. 3s

6.79

0. 009

-0.003
0.000

Sqrrare
planted
loru
density

Square
planted
nedíum
densíty

S quare
plante<1
hi gh
density

Drí11ed
l"ow
density

Dri-Lled
rneclíum
density

17.93

1T.29

2.7r

14. 11

r0.26

4.6r

r5.88

10. 00

2.40

0. 048

0.041

0. 010

a õ.)L. LJ

4.96

6. 83

2.63

2.27

L,2T

13.33

10.16

5.06

r5.08

9 .54

3,79

0. 020

0. 010

-0.001

1.63

3.28

4. 30

6. 3B

4.03

1. 60

1.48

I.23
0. 9B

13. B1

9.84

s.5B

15.23

10.08

4.90

0.001

-0.003

-0. 0l I

r.20
2.r2
2,97

3.02

r.99
0.97

1.01

0.94

0. 81

15.01

i1.36
3. s6

15. 70

10.07

4.04

T5.2L

tr.52
3.61

0.045

0.054

0.041

1 .55

3. BB

6.04

2 .48

2.93

2,29

16 .95

B. B6

3. 93

16.61

8.16

3.27

0.024

0. 021

0. 015

0. B6

r.94
3.72

5 .97

2 "93
I.18

1.61

1.51

1 .36
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(fabte t6). The rnean rveÍght values at days 70 and 90 and the

ratio of mean rveíght at day 90 to rnean weight. at day 70 are also

íllustrated in Fígure 24. A wei-ght ratio of less t,han one

indicates that due Lo the effect of neighbours, plant weight after

day 70 decreased, as T,üas found in the medíum sized plants (fífth

decile group) at high density boûh ín the dril1ed and sql-lare plant-ecl

plots, and also ín the smallest plants group at hígh and med:luni

density of the square planted plot. These groups of plants truly

represented the suppressed indíviduals. To these groups the dom-

inance of their neighbours \üas already operating strongly at day 70.

The naximurn ratj-o of weight at day 90 to weight at day 70 was

2.93 whích was found in the fifth decile group of the drilled low

density plot, while the minimum rat.ío, whích was 0.81, was found

in the bottom decí1e group c¡f the square pJ-ançed high density plot.

The proporËions of total weight of crop ín the permanent quad-

rats co;tributed by the top, fífth, and botËom decí1e groups are

al-so indícated ín Table 16. In the square planted plots the patterns

are conslstenË, Í.e. contribuEíon by the smallest groups of plants

(bottom decÍle group) decreased wíth time, while contribution by the

1-argest plantfs groups íncreased with time. contribution by the

medÍr:m sized planËs (fifth decile group) remained consistently around

ro7,. rn the drílled plots there is no consistent pattern of change

from day 70 to day 90.

The relative growth rates (R-G-R) from day 70 to day 90 among

the l-argest p1-ants, medium sized plants and smallest plants are shor,¡n

1n FÍgure 25. The greater the difference between the R-G-R of the

top and bottom decile group, Èhe stronger ís the expression of plant

domínance in the crop communíty. rt 1s clearly Íl-lustrated that ín
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R.G.R
(day 70 lo day 90 I

0.060

0.0{0

0.020

- 0.020

a

LOW

¡ MEDIUM

HIGH
MEDIUM

. HIGH

TOP DECIIT
GROUP

FIFTH DECILE
GROUP

BOTÎOM DECILE
GROUP

TOP DECILE
GROUP

FIFTH DECILE
GROUP

BOTTOM OECILE
GROUP

DRILLED SQUARE PLANTED

FlG.25:THE RELATIVE GROWTH RATE (R-G-R) OF BARLEY FROM DAY 70 To DAY 00 AMoNG

TI{E TARGEST PTANTS ÍTOP DECILE GROUPI,THE MEDIUM SIZED PLANTS IFIFTH DECILE

GROUPI, AND THE SMAIIEST PTANTS (BOTTOM DECITE GROUPI AS RANKED AT DAY ?0,

AT LOW, MEOIUM ANO HIGH DENSITY.
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the square planted pl.ot plant domj-nance Ls strongest expressed

at low density, whereas 1n the clrille-d plots it is similar at

all- densi-ties. This last ment-.ioned phenomencn ir-r Èhe dril-l.ed

plots shoul-d be looked upon wÍth a c.onsiderable degre-e of res-

ervaÈj-on sÍnce the occurrence of rbarley yellow dwarf I dj-sease

ín the low density p1-ots distorted Ëhe irrteract.íon beÈween large

and smal-l p1-ants. For this reason the line t,o this poínt ln

I'igure 19 ís shown as a dotted líne.

At ruedíum density the degree of doninance in square planted

p1-ots ís higher than in the clrilled p1ot, i.e. in the square planted

ploË the difference ín R-G-R between the top and bottom decile group

ís 0.021 whÍle in tlie drilled plot lt ís only 0"009 (see Table 16).

At Èhis density in the square planted plot the depressing effect on

the smaller plants after day 70 v¡as alreacly in such extent that

tlleír weíghË vras actual-l-y reduced, even though only slíghtly, rn'hereas

Ín the drilled plot the weigl'rt even of the smallest plants v/as stíI1

increaslng.

The presence of dominant and srrppressecl indÍvi.duals within a

cereal crop coiltnunity is demonsËrated, and it is influenced by plant

densíËy and plant arrangement. In equidístant spacing (square planted)

the degree of dominance decreases wíth density, whereas in row spacíng

(drílIed plot) the degree of domínance is only slightly affected by

densÍty.

5.2 ExperimenË 2

Repeated measurements on the same plants r¿ere done ín the per-

manent, quadrats at days 43, 82 and 140, but as mentioned earlier, the

measurements in hÍgh densÍÈy plots aË day 82 were discontlnued due to

the ímpossíbÍl1ty of ídentifying each plant at that stage withour



t.I2 
"

!üíthout damaging Ëhem, so thaË there are only Lr,¡o sets of wel.ght

data of the same plants aÈ hancl, i.e. esËimated v;eight at day 43

and actual weight at day 1/+0.

PlanË weights at day /+3 are dívided fnto 10 groups and out

of Êhese, three groups, i.e. top deciJ-e group, fifth decile group

and bottom decíLe group are examÍned. Theír nean vreÍghts at day

r40 are compared with their rveights at day 43 at both densíties,

arrd with the weíghts at day 82 at uredium densíty. These weight

values and also the absolute relatíve íncrease of p1.ant weight are

shown ín Table 17.

On Èhe absolut-e increase of plant rveight, the bigger plants

(top decile group) consístently had greater increase than the smaller-

planÈs (bottorn declle group) both at l"rígh and nedíum densities at

all observaËÍon daËes. on the relative íncrease ín weíght from

day 43 to day 140 at hígh density the bí-gger p]-anrs (top decÍle group)

had greater increase than the smaller plants (boÈtom decile group),

í.e. L3r97i us 765ia. At medium densiry the similar trend was only

found from day 82 to day r40, but from day 43 to d,ay 82 the smaller

plants had the greater increase.

In this experiment, ín both high and medíum density, plant

dominance did not reach the extent that prevented the smallest plants

from gainíng weight with time. At random spacing plant dominance

hras stronger expressed at high densíty than at medíum densÍty.



Table 17 : Mean Dl.ant we-Lsht at clays 43 , 82 and 14 0

at medírrm clerrsity, and days 43 and 140 at
hÍgh ciensíty for the three- decile groups

(ranked at clav /r3) and their absolule and

relative íncre-ases

0.325

4.617

0.243

3.277

9.277

3.479

5. 555

9.O34

L432

r49

371 B

0. 198

2.344

0.154

2.981

6.L66

2.827

3.185

6.0r2

I 836

107

3904

113.

0.100

0"865

0. 043

r.327

r.745

I.284
0.418

1.702

2986

31

3958

Top Ftfth Bottom
decíle decl,le decile
group group grouP

(ranked at day 43)

(a) Plant weíghts (e):
Hígh densíty:

mean weight at day 43

mean roeight at day 140

Medium density:
mean weight aË day 43

mean weight at day 82

mean weight at day 140

(b) Absolute íncrease in plant weÍghts (e):
I{ígh densíty:

day 43 to day 140

l"ledium densíty:
day 43 to day 82

day 82 to day I40

day 43 to day 140

(c) Relative íncrease in plant weíghts (%)z

HÍgh density:
day 43 to day 140

Medium densíty:
day 43 to day 82

day 82 to day 140

day 43 to day 140

4.286 2.146 0 "7 6s

1319 1084 76s
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Frequr'-ncY clisl-ribul:íon of plarrf. we ÍghL arrd othe:: plant chiar¿rcter:s,6

6

6

I Incl:í viciual pl.arrt wr:i-gLrt .

1.1 Experiirent I

Results f ::om the perm¿-r"neiìt quadrarts.

Due to seve-ra-l- factor.'s, rnent.íoned ear:líer, only trtro sets of rveíght

data were obtained in this experiment, í.e. estimated weight at day 70

and actual rveight at day 90" For each set of data ten rveíght classes

were clete¡:xrined be-Lrveen the ruaxj-rnuut and mr'-nímum weígÏrt of indivídual

plants. The nunber of planËs in each of t.hose weight classes, expressed

as percentages of l-he total number of plants, \^/ere used to nake histo.*

grams of the frequerrcy dj"stribution of íuclividual plant rveight as shoi¿n

ín FÍgure 26. Thejt degree c¡f skewness ís indícated- jn Table- tB. In

the appendix is also shor¡n Ëhe ske\^mess of the frcquency dístribution

in each replícate.

In the drilled low density plots, due to the incídence of barley

yellow clwa::f dísease at 1aLe:: stage of grovrth r,¡hich stunte-d the severe-1y

attacked plants, tlo types of histograur are presented for day 90, i,.e.

by íncludíng and not íncludíng the cliseased plants (shaded part of the

hisËogram). Both steps, i.e. by includíng or excluding the plants

severely affecte<l by the vírus dísease, creating sorne departure from

the normal plant inËeraction, so that it is best to consider this par-

ticular result with a degree of reservation.

In the square planted plots aÈ day 70 the frequency distributions

are Pract,ically normal (with insignificantly negatíve or posítíve skew-

ness, see Table 1B), while at day 90 the skevmess \das negat.ive at all

densiti-es, sígníficantly so aÈ low and medium densj_ty.

In the drilled plots aÈ day 70 the di.stributíons r¿ere practically

normal' excePt at medium densíty where j-t was significantly positive.
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Table 18 : Mean de e of skev;ness of three lant characters

1. e. indivíciual platr t we ht. lenqth of the lonsest
tlller and number of Èíllers per plant. Bxoeri-ment 1"

Sq.L.'lt Sq.M. Sq.H. D.J .t D.l'f. D.I1.

1. Indivídual plant weíght

Skewness - aË day 70

at day 90

2. Lensth of the loneest
Èí11er

Shewness - at day 50

at day 90

3. Nurnber of tillers per
plant

Skewness - at day 50

at day 90

-0.170 -0.210 0.160

-0. 554tr* -0. 82QtrÅ -O .294

-Q"P.lJic:t -0.L72 -0.I42
-0. 956** -l . 74ûù?t -1 . 036:bt

-0 " 346¡t 0.2.L6

-t.05Bd* -l.2l4xx

-0 . 171

0 "248
(-0. o¿o)

0. 303*

0. g89*k

--0.220

-o .582* )

-).Qflt<i

0.419*

9.306*rk 0"326)k

0.953** -0. 002

0.540*

0.939?'*k

-0.035
0.r24

0.578*rt

0.909i*k

B. 964*'

0,719'¿¿

t Skewness of indívidual plant rveight at day 90 in dril1ed, 1ow

density plots, has two figures: the top figure Ís the value for
al-l the plants within the permanenË quadrats, whí1e Ehe bottom

fígure (in brackets) is the value after the díseased plants
(barley yel1ow dwarf) are excluded.

tt Sq.L., Sq.M. and Sq.H. are square planted at low, medíum and high

density respectively. D.L., D.M. and D.H. are drilled at low,

medium and high density respectively.
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At day 90 they were a1l- posítl-ve, si-gníficantly so at meclium

and hlgh densíty.

The general trend of these results is that tl-re frequency

dístribuËion of indívidual plant weight change-d from normal at day

70 to significantJ-y skew at day 90, except in the drilled medium

densíty plot where the slcer¿ness was alread)' sígnifj-cantly posiLíve

at day 70. The most interestíng aspect of the resulls ís that at

later stage of growth (day 90), ín the square planted plot the skew-

ness became signífícanÊly negative (most pJ-auts in rlarget classes)

while in the drílled plot they became signíficantly posítive (urany

small p1-ants) .

6.L.2 Experiment 2

(A) Results from the permanent quadrats

In Ëhe permanent quadrats, three sets of weight data were obLained

at days 43, 82 and 1.40. But as expl.ained earlier, at day 82 no data

were obtaíned from the hígh density plot due to the dífficulty in

ldenÈífying indivídual plants wiËhout íncurríng damages to the plants.

Histograms of the frequency dlstríbuËíon of indivÍdual plant rveights

are lllustrated in Figure 27 and the degrees of skewness are Índicated

1n Table 19.

In thís random spacíng the skewness of the frequency distribuËÍon

of planÈ weight also changed wÍth time, í.e. from practícally normal

(slíght1y skewed) to sÍgnifícanËly positívely skewed at both medium

and hígh density. ThÍs result is similar to the one obtained from

the drilled plots in Experj-ment 1.

(B) nesults from the sequentíal harvesËs.

In the sequentlal harvest eight harvests were taken, íncludíng

one from the permanent quadrat (harvest 7). The results are shown



Table 19 : Degree of skewness of plant weíght, heighË and nur,rber

of tillers of wheat at different stages of growËh. rn

the permanenË quadrats of ExperimenË 2.

Skewness of plant weight aÈ:

high density

medium densiÈy

Skewness of plant height at:

high density

medium density

Skewness of tiller nunber per plant at:

hígh density

Medium density

At day 140

0 " 
g7c**

0. 483*'t

-r.764x*

-3"0L3**

0.489*t

-0. 184

co

Ãt day 82

1 .032**

0.24L*

-0.236x

At day 43

-0. 380**

0.356**

-0.256*

0.285**

0. 133

-0.L94
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Tabl-e 20 : Degree of skewness on the freguency distributíon of plant

weíght of wheaË - Experirnent 2

(day 140)30i
6

day(

5

(day 110)

4

(day 95)

0. 851*?k

0.830**

0.779r.*

Q. /P $:t:t

Q. /$l:t*

Q. $/l:t*

0.970**'

0.483*x

J

(day 70)

2

(day 50)

1

(day 30)Treatment

Iligh densíty

Medium densíËy

HARVEST

0.2A2ri Q.laJ/zrx 0 . 3 64:t:t

0.264*0. 169 0.079

Table 2L : Deg;ee of skelrness o1l Èhe frequency distribut.íon of plant heíghË

oU

(day 180)

1 .095**

0. 666**

1en ofË of the 1on oè Ë ti1 lerq I of wheat eriment 2

7

(day 140)

-L .7 64**

-3.013**

6

(day 130)

-2 .666*,r

-3. 198**

5

(day r10)

-1 " 890**

-2.163x*

4

(day 95)

-2 .7 29xzu

-1 .555*

3

(day 70)

-0.464x*

-1.613'**

2

(day 50)

-Q. Ç$/:k:t

-0. 534*'ï

1

(day 30)

-0.003

-0. 020

Treatment

Iligh density

Medium density

HARVEST

8

(day i80)

-1. !Jl:kf<

-2.516]r"^

F
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in Tal:le 20 ancl Figure 28.

At high deusity, even f::o¡¡ the fí::st ha::vest at day 30, a

sÍgnífícan.tly positj-ve she-rünes$ uras obtained and the tendency at.

the later harvests was that theír poslËíve skewness became stronger

wlth Lime. At medÍu-m density the first sÍ-gnífic.antly positive

skewness was obtained aË day 7D (harvest 3), and even though ín

followíng harvests, sígnificarrtly posítÍ.ve skewness was always

recorded, there h'as no Èendency for ít be-coníng str--onger w:Ltl-r tinie

as at high densÍty.

6.2 Plant heisht (-l-eneth of the longest til ler)

In Experíment 1, measuremerits of the l.ength of longest tíller

were made at day 50 and day 90 in the perTnancnt quadrzrts. The

frequency distribution of these neasurements is íllustrated j.ir Iígure

29 and their degree of skemress shoran in Table 18. Except 1n the

drilled medium density plot at day 50, all treatmerts had a negatively

skewed frequency dj-stribution. At day 90 all the skewnesses r,/ere

signíf icanËly negative.

In the permanent quadrats of Experi-meut 2, the measuremeots were

done at days 43, 82 and 140 at the medirrm density, while at hígh clensity,

as explaíned earlier, the measurements were done onJ-y at. days 43 and 140.

The frequency distributions of the results are illustrated in Figure 30

and their degree of skewness indícated in Table 19. I{ithout any

exception, all the skewnesses were significantly negative. Re_sults

from the measurements of the sequential harvests, the frequency dis-

tríbutions are illustrated ín Figure 31 with their degree of slcewness

indicated j-n Table 21, were also similar, j..e. a1l- the frequency dis-

tributions hrere negatively skewed, and cxcept in harvest I (day 30),

all the negatíve skewnesses \,rere highly sÍgnificant.
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The patter-ns of skewness of f::c-:queucy d-i.stributiorLs of trr1nnt

height (length of longest" tiller) werre sirní--la-r; in afunost every case

theír skerunc,-ss becaroe signífícantly negatj-ve ¿rrour:rd day 50. Density

and planÈ arrangemeit cli¿ nc-rt charrge ühís pattern. In othe:: lùords,

mosÉ of Ëhe pJ-ants tended to groitr almost as ta11 as the tallest plant,

6.3 Ntrrnber of tillers per plant

In the permanent quadrats of E:<perinent 1, the counting of nrrrnber

of tillers per: plant r¡as doue at days 50 and 90, wlth the results

íllustrated ín Figure 32 and Table 18. The general- trerrds are that

the skewness of Ëhe fr:equency disLributíons \^/ere sigrrifícantly posÍl-ive

r,¡ith an excreption at the drílled 1or+ density p1-ot v¡hich rvas normal at

both dates, as \¡/as also the square pla-nted nedíun density p1.ot.

In Experíment 2, similar results were obtained both from the

permanent quad-rats and from the se.quential- harvests, i.e, the slçr:rvness

of the frequency distrj-butions were sígnifÍ-cautly positíve (Figure 33

and Table 19 for perrnanent quaclrats and Figure 34 and Table 22 fox

sequential harvests). In Fígure 33 frequer-rcy distríbutions of the

numt¡er of productíve tíllers (e-ar producíng tillers) per plant are

1l-lust::at,ecl also, whereas in Figrrre 34 are the frequency distributions

of total and green ti11er per plant for harvest I to harvest 7. For

harvest B the frequency distríbutíons of reproductíve tí11ers are also

shown.

The general patterns of the frequency distributíon of number of

tí1lers per plant were similar to that of Índividual plant weight

(wíth an exceptíon in the square 1>lanted plot of ExperÍmenË 1), i.e.

they were mainly posítívely skewed. It is not surprísíng Èhat the

number of tíllers per plant ís ínclicaÈive of the individual plant

weight. More about tílleríng pattemwlll be discussed in the following

section.
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TreatmenË

Itlr-gh densr-ËY':

p1-ant number

skewness

Mediurn dens j.Ëy2:

plant number

skewness

Table 22 : Degree of skewness of the frequency <iistribution of
number of tillers ,per plant cf wheat (frour the quadrats

for sequentíal harvest of Experínent 2).

IIARVEST

42L 48s

5.260** 0.532**

400 216

2.580** o.677**

õ

(day i80)

426

0.208*

456

0. 669**

1

2

High densitY + ¡- = -0.601: N.S.
S

Medium density * t" = -0.524: N.S"

(,
o

)401

7

day(

0.489**

47L

55t

-0. i 84

448

0.469**

0. 855*'t

4t4

5

(day 110)

6

(day 130)

Q. JJiX*

0.278*.

435

485

4

(day 95)

0.392*x

0.798**

297

515

0. 387*

| . Q$Jx:t

181

378

2

(day 50)

3

(day 70)

1

(day 30)
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7 Li¡,,ht pe-ne-tr:rtion

The light inLensity 'r/¡as neasur:ed above- and. wj.thin the canopy"

Light penct::at:'-on røi.thin the, cr:op carÌof)y itself j.s al,reacly weJ-l

publicj-se-d (B::oirghaur, l-958a; Puckriclge erncl Donald , 7967), but the

point examinecl j-n this study was tire varíal¡ility of light penetral-ion

as affected by plant densj-ty and arranÉlenent. In Expe-rimerrt 1, of

fí-ve replicates in each treatment, one lvas randomly sel,c..cte-d for

these measurements. FÍ.gure 35 shorn's the lighl íntensíty adjacent

to e.ach ir-rdi-¡iclual plant at day 39. The minimum ancl rnaxi.mum vaj.ues

and als¡o their nÌeans and standard cterziations are shor,yn in Table 23.

Ät day 39, for l-righ densiLy líght inte-rception by plant leaves

in the square planted plot was far more efficient than in the drilled

plot of the same density. Il-s mean líght interception rtrâs 91-7" Ln

compari-son to only 767" in the c1ri1lec1 plot,probably because t-.here lras more

uninter:cept.ec1 light. bet-ween the dril-l.ed ror¿s. This difference Ëended

to be less conspicuous in the lorver clensity. It is obvious fr:om

Figure 35 and from TabLe 23, that at all densiËíes, the variability

of light penetral-ion adjacent to each i.ndívj-dual plant ís higher ín

drilled plots (wíth mean ro\¡/ distance of 7.7.7 crn) than in square

plante-d p1ots. !üithj-n the drilled plot there is no signJ_ficant

difference in the variabilities between densities despite great

dífferences in light penetration. On the square planted plot the

varj.abilíty is least in the high density and becomes greater as the

densíËy decreases.

At day BB, because of lodging, measurement of light distribution

could only be done at low and med j-urn dens j-tíes of the drílled plots,

and at low density of the square planted plot. Both at half plant

height and at ground level (table 24, .?nd Figure 36), the variabílíty
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Table 23:

Drilled:

iligh density

Medium density

Low density

Square planted:

Iligh densiÈy

Medium density

Low density

Light penetration to ground 1evel, expressed as percentage of day lighË at
day 39. The lighÈ intensity r^ras measured at the base of each plant.

Light intensity at plant base
(percent cf daylight)

Maxiinum

66

68

91

22

52

9L

UJ(,

Minimum

39

4

!9

T2

1

7

Standard
deviatíon

4

r3

l_5

\6

10

74

Mean

54

30

65

9

24

32

Nunber of
observations

4L

2B

2B

2B

JJ

43

Treatment
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Table 24/25: Mean and variability of 1-ight profile cf each plant in the'quadrat

expressed as percentage of daylight at day 88 (early dough stage).

L9 "6

9"4

20. B

15 .3

L9.96

6.7

46.0

14.0

48.8

L6.6

3s .4

8.27

L6

L7

10

23

L6

36

10

43

T6

58

18

18

L2

25

12

23

11

55

19

39
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of light penetration adj acent to each índividual plarrt agaín

Ls usuaLLA greater 1n the clrill.ed plol-s than in the square planted

plots. In Table 24 ttre values of nteau and sta.ndard devíatioirs

for each replícaEe are gíven" At thí-s stage of growth, den.sity

(medium density in comparison to 1or,¡ density Ín clrill.ed plots)

see.ils to have no effect on th',.: variabili.ty of light penetration

af. half plant heíght, but at ground level greater variabili-.ty was

found in the lor+ density. In the drilled pJ-ots more light \,r'as

íntercepte-d at medium densíty than at lorv density. Square arrange-

ment, on the âverage, only slightly íncreased light interception.

In Experíment 2, lighË measurements above and wíËhin canopy

were made at day 92,110 and 130, and the results are- presented in

Fígure 37. IÈ indicates thaË there ís no signi-ficant di.fference

Ín horizontal va-ri-ability of 1íght distributíon between high density

and medium density.

The conclusiors from both experinenls \dere that the effect of

planÈ densíty on the variability of light distribution seems to

depend on the plant arrangement, i.e. :l.rr square ar:rangement at ãay

39 the varíability became less as density increases, but ín row

spacíng (drílled plot), density had no effecÈ. By day 88, Í.n

drilled plots density affected only the varíabi1íty of líght pene-

tratj-on at ground level, but not at half plarrt height, while at

random spacing der.sity had no effect on the vari-abillty of light

dístribution at any stage of growth
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B. Ear ernergenc.e

B. I Re.sulÈs

In Experlment l-, the date of ear emergence of each fertÍle

tiller \,rithin the permanent quadrats wå.s recordeel- The e.ar rüas

classed as emerrging when its awn ìnras protrudíng from the leaf

sheath. Bars started t.o emerge at day 76 and the daily rc:cordings

were done for a period of l0 days. A f ew ears e-ilterged during the

subsequent 5 day period from day 86 to day 90. The mean percentages

of ear emergence per <lay ín each treatnent are shown in Figure 38.

Skewness of the frequency disÈríbutions of ear energence wíthin

e¿ch treaËment rrras:

low densíty
drilled square planted

0.361 -0.383

medium density
drÍ1led square planted

-0.019 t-.081**

high densíty
drilled square planted

1.054*?b 1.015^.*

Except at medium densíty, the patterns of ear emergenc-e vtere

similar in the drilled and square p1-auted ploËs. At high densÍty

the drílled and square planted plots have the same modal day, Í.e. at

day 79, and most of the ears (70.7% in Crilled plots and 59.L% in

square planted plots) emerged in 3 days (days 78, 79 and B0). At

low densit,v both plots also have the same modal day (day 85), but the

ear emergence rùas spread out more evenl-y over the ten day períod.

At medium <lensity, in the drilled plot, the ear emergence tended to

be evenly spread over the ten day period whereas ín Èhe square planted

plot most of the ears (657") emerged Ín 3 days (days 77, 78 a.nd 79).
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Ifean and r¡ariabilitv of charac.i.erti of indir¡i,dria-1 pl ants

1 llxperiuent 1-.

9 " l. f lìesults f rom the perrníln erlt- qtiadr:at.s

As urentioned prevíous1-y, ínc1i.r'Í-c1u.al plant: tveíghts \¿ere ne¿lsured

aE clays 70 and 90, and tl're l-c:np;Lh of the longest- til.l er arrd nutuber

of ti.liers per: pl.ant at days 50 arrcl 90. ,ttr.t day 90 re-cor:dings we-re

also rnade of nttmbcrr of ears pel pJ"arrt, ear rveight per: plant., nuinber

of spikel.ets per plant-, and Leaf and green sLen are-a per plant.

Their means an<1 coc-ffj-cients oÍ variaLion are given iir 'Iable L5 of

the ap1:enr1ix, and graphical illustratio-rs ar-'e give-n -ln Itigtrres 39 and

40.

Plant wei.ghts clecr:easecl rv*ith increas:Lng density with the

exceptíon of the c1rilled-medj-un'-densit.y plot at clay 70; and the

eff ect \,r'as stronget: at later staEe of growth (day 90). Length of

the longesL tiller, on the contrary, had a tenclency to íncrease wj-th

increasing densÍty, especially be-tween low and high clensity. (the

density effect on length of longest til.Ler was significant, rvith a

mean 1-ength of 78.4,84.3 ancl 85.9 cm fr:r 1ow, mediurn and high densít-y

respectivel-y, and an L.S.D. (.05) of 6.3) . Nuurber of tillers pe-r plant,

both aË days 50 and 90, decreased rtitl.t íncreasing density, but the

difference beLr,qeen mediurn and high densÍty clrílled plots was not sig-

nificant. The effect of derrsity on number of ears per plant ) eat

weight per plant, number of spikelets per plant and leaf and green

stem area per plant vras basically símj-lar, i.e. Ëhey decreased with

increasing densj.ty. Only ín ear wejght per plant' rtas there a sig-

nifícanÈ interact.ion between density and ar::angement. At day 90,

the effect of density on number of ears per plant, ntrmber of spí-kelets

per plant and leaf and green stem area per plant ruas signifícant with

meal va-lues ât each deusity and L.S.D. as follot¿s:
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The effect of plant arrangement (drilled ,s square planted) on

plant weighr was that, in the low and rnedium density plots, plant

wei-ght \n/as greater wiËh square planting (Figure 39 and Table 15 of the

appendix). The 1ow and medium density plants in the square planted

ploËs also tended to be taller than plants from the drilled plots. In

the square planËed plots there lrere consistently more tíllers per plant

than in the drilled plots (Figure 39), buÈ the more abundant tillers

per plant apparenËly caused stronger compeÈition between Èillers

resulting in a lower tiller weight as follows:

D.L. Sq.L. D.M. Sq.M. D.H. Sq.H.

At day 70x(g/ti11er) 0.40 0.37 0.48 O.49 0.64 0.51

AÈ day 90 (eltiller) 0.89 0.83 O.75 0.67 0.60 0-49

(* fhe number of tíllers at day 70, used for the derívation of these

Èi|ler weíghts, \¡rere obtained by Í-nterpolating Èhe similar values

at day 50 and day 90.)

There was also a lower percentage of fertile tillers j-n the square

planted plots, as follows:

D.L. Sq.L. D.M. Sq.M. D.H. Sq.II.

At <lay 90 63 63 68 59 69 62

Even though the percentage of fertile tilleTs \À/as generally lower in

the square planted plots, the eaIS at low and medium density were

bigger and also there \^rere more spíkelets per plant and a trend of more
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leaf per plant. At high density, wíth interplant competítion

intense in both arrangements, the plant weight, tiller number, ear

size and spíkelet number were sj-milar.

The effect of treatment on the variability of plant characÈers

is shown by their coefficíents of varíation (Fígures 39 and 40).

At low and medium densíËy the variabílity of plant characters (with

the single excepÈion of number of tillers per plant at 1ow density)

was always greater in the drilled plots than ín the square planted

plots. At high density similar effects were found on indívidual

plant weight and length of the longest tiller at day 90, and on

number of tillers per plant at day 50, while on other plant characters

(number of ears, ear weight and number of spikelets) the effect \Áras

reversed, í.e. variability ín the drílled plots was lo\¡rer than in

the square planted ploÈs.

The overall pícture of the results is that.plant. síze decreased

with increasing density, and that regular spacing (square planted) was

rlore favourable f or plant gro\¡rth than less regular spacing (drilled) .

In comparison wíth the plants in the drilled plots, plants in the

square planted plots at 1or^r and medíuin density were heavier (with

more tillers per plant but due to stronger mutual competiÈion the

weíghts per tíller \¡rere less), they tended Èo have more leaf, and

although they had a lower percentage of ear producing tillers they

had more ears per plant and Èhe ears r¡rere heavier, and the number of

spikelets per planË was also greater.

At high density, interplant competítÍon was equally intense in

both drilled and square planted plots and Ëhe plants l¡Iere generaLLy

símilar in boÈh situations.
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9.L.2 Results from the grain sarnple quadrats

As explained earlier, no grain data r,¡ere obLained from the

drilled low density plot. Means and coefficíents of variation of

planÈ weíght, lengËh of the longest tj-1ler, number of tillers per

plant, graín weight per plant and mrmber of grains per plant are

given in Table 26.

Except in length of the longest tí1ler, the mean values of each

character indicate similar trends, i.e. they decreased wíth increasing

density. Because of Ëhe absence of drilled lor.r density plots, the

experiment \n/as analysed as having 5 treatmenÈs. The treatmenÈ

interactions for indívidual plant weight, grain weight per plant and

ntimber of grain per plant were highly signíficant and their L.S.D.

(.05) were 1.83, L.44 and 31.6 respectively. There is no significant

difference betvreen medium and hígh density at both square planted and

drilled plots, and also there ís no signifícant difference bett/een

square planted and drilled plots at medium and high density.

9.2 Experirnent 2

9.2.L Results from quadrats for sequential harvest

There were eíghÈ sequential harvest includíng one from the per-

manent quadrat (harvest 7 at ð,ay 140) . Three characters r¡Iere recórded

from each plant, i.e. weight, length of longest tiller and number of

Èíllers per p1ant, and their means and coefficienËs of variatíon are

íllustraËed in I'igure 41, and theír figures are PresenËed in Table

17 of. the appendix.

After day 30 individual plant weights at medium density were

significantly greater (approximately double) than at high density.

The length of the longesE tíller also increased with time, and ín



Ta'oLe 26'. Ifeans and coeffi-cients of variation of plant weíght, length cf the longes"u ií1ler'

number of tillers, grain weight and number of grain per plant of barley from the

grain sample quadrats.
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No grain sample quadrat was available for the drilled, low density plot.

H
.{



¡ndiv¡dual plant
w€isht
(st

14B.

MEDIUM DENSITY (M)

HIGH OENSI'IY IH)

A

c

c.v.
100

50

0

t¡

S 110 130 140 t00 day

B

Lnslh ol lho
long0st t¡lht

(cm )

Íh

70

úH ÍH

?0

?0

M€DIUM DENSITY

HIGH DENSITY

120

100

t)

60

¡10

20

cv.
t00

50

0
tH XH

l10 130 tilo t80 day

number ol lillep 4

por plant

2

MEDIUM OENSITY

HIGH DENSITY

CY
1q)

5l) a úH fl¡
H

110 130 110 1U, day

Flc.¡ll:,lNDlvlDUAL PLANT WEIGHT(A),LENGTH OF THE LONGEST TILIER(B) AND NUMBER OF

TILLERS PER PLANT(C) OF WHEAT AT DIFFERENT STAGES OF GROWTH.



\

J,49 .

general clif f crelr.ces l¡etrqc¿en densiLíes 'ùJc'.re not signíf i'c¿rnt.

Tl-re ¡rrmbet: of tilleïs tr)er plant increased rapíclly r¿ith time

in the first stages of gi:owth (from rla-y 30 to clay 70 at hi-gh

clensí.ty, anrl from c1-ay 30 t-o clay 95 at nedium clen-sit-y) the.n clecrease.cl ,

level-ling off at the l-ast growth stages (approxi,mately after jointing

stage-).

The effect of clensity on t-he coefficie.nt of variatj-on was not \

consistent, but ín most cases it r,¡as STeatel: at- meclium clensity.

The coefficj-ent of variation of plant rveÍght te-nded to íncrease with

r tine, while the coeffj-cj.ent of varj-ation of length of the longest 
,

I

tiller and nutnber of tíllers per plarrt were Ielatively consLant

during all stages o1- growth.

Iror harvest-s 2-7, sub-samples of a tenth of the number of plants

withín the quadrats (plant nurnber 10, nunìbeI 20, numbe:: 30...etc.)

were taken to neasure the green a're,a of. each plant (leaf area plus

green stem area for harvesls 2-5, and also green ear area for harvests

6 a¡,ð, 7 . The results ar.e presentecl in Table 27. Green area per plaDt

íncreased with t-ime in the earlíer stages of growth, reached a max-

imum at day 95 in medíum density (late tillering stage) arrd at day \,

110 in high densíty (jointíng stage-), and then decreased. Density

effects ï,Jere nårked at <lay 70 (advanced tillering stage), from then on

the plant green area at medium density approximately doubled the plant

green area aÈ high density. This is also cleariy r:eflected on the

índividual plant weight (see Figure 414). There \^/as a tendency for

the variability of individual plant green area, as expressed by the

coefficíent of variation, to increase r+íth time and this tendency

was stronger at me-dium densitY.



lable 27 z Individual plant green area (leaf area * green stem area in harvests

1 
'co 

5 
'Loge'Ëher 

:l;:"::::"":::":':; ;:jï:es'Ës 
6 and 7) of whea'| a'L

I Non-significant difference between Èreatments ín harvest 2 (day 50) and híghly

sígnificant difference in all the following harvesËs.
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At harvest ll (day 180) recordings v/ere also made on the number

of spíke1ets, number of graíns and grain weight per plant, and the

results are shown in Table 2-8. The mean values were affected

strongly by density, at medium densíty they almost doubled the mean

values at high densi,ty. Variability of Èhese characters seems not

to be strongly affected by densíty in this experíment.

9.2.2 Results from the permanent quadrats

Repeated measurements on the same plants were done at days 43,

82 and 140, excepÈ that as explained earlier, data from the hígh

densiËy plot at day 82 r^ras not avaílable. The quadrats were har-

vested at day 140 (dough stage).

At ð,ay 43 the mean plant weight and length of longest tíller

hras greater at high density, but at day 140 the mean plant weight

was definítely greater at medium densiÈy, while Èhe difference of

the length of longest ti1ler seems to be insignificant (Table 29).

There rïras no sígníficant difference betr¿een tiller number per plant

at hígh and medium densíty aÈ day 43, but at day 140 the rnean tiller

number per plant was 2.3 at hígh density while at medium density iÈ

r¡as 3.4. The variabiliËy length of the longest tiller was consist-

ently greater at medium density, r¿hile the varíability of plant

weíght and number of tillers per plant changed with time, i.e. at

day 43 íË was greater at medium density and the reverse was found

aË day 140.
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Table 28: Variab-Llity of number of spílce1.ets, numbcr

of grains and graj-n roreight per: plant of

r¡heat at harvest B (day 180) .

¡k In all instanc-es the mi-nímum value \¡ras zero, since some

plants produced no ears.

Maxintum¡'¡ Mean c.v. (z)

Nunber of spikelets at:

high densíty

m.edíum clensity

52

96

15. B6

30.03

55.5

5s.5

Number of grains at:

high density

medíum densiÊy

146

203

30. 9B

57.46

7L.4

67 .7

Grain weight at:

high densit-y

medium densíLy

4.98

6.01

0. 864

1.51r-

78.6

73 "1



Table 292 Measurements in the permanent quadrat of wheat

1. AÈ day 82 measurement cannot be made on high density wíthout disturbing plant

micro-environment.

2. Plant weight at day 43 and 82 was estimated by the 'raatching tii-ler' method and

rplant cylinderr meËhod respectively.

H(¡
3

Day 140

61. 0

68. B

17.3

t3 "2

36.0

40. 0

Mean

6"13

2"66

105"9

L04.9

3.4

2.3

Day B2l

c.v. (z)

38.9

11. 5

45.3

Mean

2.84

6B. I

3.5

Day l+3

Mean c.v. (z)

40.0

28.6

19. I

L4.6

34. 0

31.0

0.15

0.2r

18.1

25.7

3rL

2.8

Plant weight2:

Medium density

IIigh density

Plant height (length of 'longest Ëiller):

Me<iium density

High density

Tiller number per plant:

Mediun density

High density



154,

10 The effect of ne.íghborrrs

l-0.1 I,Ieight distríbution charts

In both ExperimenË I and Experirnen.t 2 the positions of all

plants within the quadratg were recorded by measuríng their

coor:dinates from common base li¡re.s, X- and Y-axes. Plant wcíghts

within each quadrat were grouped into 10 weight classes and given

a symbol for each class: A, B, C, D, E, F, G, H, I or J from the

smallest (A) to the greatest (J) weighË class.

In Figures 42 ta 46 tlre weight class of each plant is ploËted

on íts actual posítion. From ExperímenÈ 1, only one quadrat from

each treatment is presenËed (Figures 42 arrd 43), while from Experiment

2 result.s frorn harvests 6, 7 and B at both densities are given (Fígures

44 Èo 46).

By visual examination of weighÈ classes of plants in theír actual

posiËions, the general effect of neighbours rnras râther hard Èo detect.

As expected, there ürere cases where the isolated individuals became

larger plants, but to a sul:prisíng degree, Èhere were also cases

where isolated individuals were smaller plants. No consistent

pattern r^ras apparent between density of aggregates of Índividual

plants within the community and indivídual plant weight.. In the

followíng sectíon the effect of neíghbours on índividual plant weighË

will be examined more closely.

1-0.2 Analysis on the effect of neighbours

As mentioned earlier, Èhe effect of neighbours on each plant

is basically believed to be a function of distance and size of

neighbouring plants. This effect which puts a certain pressure for
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resources on each pl-ant i.s call.ed the I cornpeti-t-i1t.-t pressuret (z) .

Sj-nce tlre. compe-[itive pressúre ís a cor,rpound e-ffect of all neigh'-

bclrrrs wíth,in ce'rt.aín rangê, it can bc'- expressed in the form of :

(r )
n.

l_

\¡7n.
_lß - oí d o

rvhere too-,. t trr t 't¡l are taeíghLs of neighbours, ancl
tÌ.

1-

d
ttl t d ar:e dí¡;tances of corresponCing neigllbour:s 

"n.
I

and 0 is a coustant. The reason for usin,g a constant as a povrer

of the clistance ís that disl-ance is not- believed to be linearly

rel-aLed to competitir¡e pr:essurer e-.8. if a neigtrbour at distance

p lras a contrj-butory ef f ect to the courpetition pressure Q, t.hen if

Lhe dístance is increasecl Lo 2p, the effect may be l.ess than q/2,
-*i ..' ^í.e. 0 t 1. ., . .\.

The influence of neighbours around the rtesL pJ-antr or rcentre
I I ,.

plantt Ís consj-dereà in this'áquatíolr by puttíng in the sum of

we-i-ght of neíghbours. If the neigbbours are cl:stered then the

tol-åJ. weight of neighbours tends to be smaller, du.e to stronger

competítíon among themselves, than if they r+er:e evenly distributed",

This me-ans that the competítive Pressure on the test plant j-s also

smaller than if the neighbours are scattered everrl-y arouncl the centre

p1ant.

The critical point in the competitive pressure eqr-ration j-s to

determine the rrumber of neighbours ( 11) which have an ef f ect on a

particular p1-ant (test plant or centre plant). A possible solution

í-s by arbiti:aríly choosing the trange of infJ-uencer of a plant, e.g.

2, 5 or 10 cm radius. All neighbours within this range will be

unu'

I
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included i-n the cal-culatíon.

In deie¡miníng tlle relationshí-p betrveen weight of the

rcenLre- pJ-antt (w) arrcl the conpr:titive presslire (z), t:lte most

sui.i¡lble procedur:e seenLed to be by inodific.ation of the i:eciprocal

rel-atj-onsh:Lp of Shinozak:'- and Kira (1956) by replacing factor

derrsÍty (p) by the c,onpetitive pre€tsute (z). The equatíon thert

becomes:

cl,+ Bz (2)_t
If

r¡here cv, and ß are constants. The competítÍ've pressurer z, is

considered as betËer than density since i,t also íncorporates the

disËance of neighbours from the-'1't-..entre plantt. ,Thj.= relationship

can be fitted by rninírj-síng

x [1og w * 1og (u + ßz)]2 (3)

with respect to {, ß and 0.

Thís analysis was first tríed on the data frof Experíment l.

It, was founcl that the number: of plants avaí-lab1e wl'-thin each quad-

rat rlras too small anil thal- there r¡/ere riot enough I centre plantst wíth

surrounding neighbours within the quadrat for testing and fitËing

the relatíonships. In Experiment 2, there were hrrndreds of individ-

uals in each quadrat r^/hich could be used as rcentre plantsf wiLh knor¡n

neíghbours.

There are two main sËeps involved in the analysis. First,

the esl-imation of the values of cr and Ê with a certain value of 0

(at first inserted as 0 = 2), and then fíttíng the relati.onshíp by

mínimising by iteratíve steps (3) .



L62

Results of Èhese analyses on harvest 1 (day 30), harvest 6

(day 130) and harvest I (day l-80) of Experiment 2 are presented

in Table 30. In general- the results indicate an exÈrenely low

ue of B in cornparison Èo ct. ThÍs rneans Èhat the effecÈ of

local density on indivíduál planL size is relatívely very snall

in eomparison with the effect of community densíty. This was

also tested by looking at the correlatíon beËween the síze of

indÍvidual- planus and the number of neighbours r^riËhin certaín

range. Again there r^ras no correlation.

i

I

1

I



Tabl-e 30: The values of or ß and 0 whi.ch fít the clata
ktn

in equatíons: (f-) , = Lí Q)!-=a*ß2.
\{7

and
n

t_

163.

0.78r

0.577

0.670

L.524

L.7 63

6 "979

7.762

d 0

t-

lò

rlb

14ò i-¡

'tO B

I

6

* Rarlíus of círc1e around the individual test pl.ants within

which all plants afe regarde-d as neighbours of the test

plant ín Equatíon (1).

ß 0o(,Rarrge*
( c¡r)

TreatmentI{arvest

33.225

0.2L3

0.249

0 "527

o.524

O.2t+4

o "2_48

0"000

0.003

0. 002

0.000

0.000

0.0000l0

5

10

10

5

5

2

0 " 00000

Medium density

Medium clensit-y

l"Iedium density

Fiigh density

High density

Medj.um density

Medíum dc+-nsitY
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FINAL DISCUSSION AND CONCI-USIONS

These studies rvete made wíth Èhe xeaLízat'Lon that knowledge

of ínclividual plant perf ormance r,/íthin crop communities, especially

ín cereals, is sti1l inadequate. The main objecti-ves of the studj-es

reported in thís thesís were:

(i) to add to our knowledge on the ecology of indívidual plants

r¡ithin a crop community, ê.8. the effect of date of 
.seed1-ing

emergence on the performance of individual- plants, or the

effect of densíty and planË arrangement on ear emergence;

(ii) to re-examine some of the phenornena reported ín earlier

studies on Índívidual plant performance' e.g. the nature

of the frequency distributions of índividual plant weight

and other plant characters, the presence of dominance and

suppressed índíviduals within a crop conmunity, and the

role they play in conÈributÍng to the total crop yield;

(Íií) to exanine the mutual effecÈs of neighbours.

Several aspects of the results have already been discussed fully'

e.g. the methods of weight esÈimaÈíon, and no further discussion of

these is consídered necessary.

In Èhe first experimenË, carried out irr L972, two plant arTange-

ments (square planted, or drílled rows) r'rere used with three densities,

but due to Èhe lateness of the season the barley variety Clipper was

used instead of wheaË. The second field o<periment carried out. ín

1973 was especíally inËended to look at the effect of neighbours as

well as to complemenÈ Ëhe first experiment, and was based on random

spacing. The wheat variety Halberd was used ín this experÍment.

There !Íere many interesting results obtained and some of them warrant,

further discussíon.
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1. The effe-ct of date of seedl-íng emergence on plant performance

in rhe fíeld.

Most of the wor:k exaníning this subject has been done in a more

uniform soj-l environment and this sËímulated cur:iosity to know how

thosefindings would apply under fíeld- conditions. In controlled

envi.ronments, time of seedling emergence has a strong effect on plant

perforrnance. In subterranean cloveï with a populaÈion density of

4400 plantsfm2, a delay of five clays in emergence was sufficient to

índuce in most cases 50% reduction ín final weight of the late plants

(nlack and l^filkinson, 1963). Earlier work by Black (1956) indicated

that differeïìt depths of sowing, leading to dífferent times of emergence,

could effect the early vegetatíve growth of subÈerranean clover plants.

In certain environments, especially at high density wíth plants

which are sensitive to shadíng, the earlier emerged seedlings could

easily dominate the neíghbours, yet the signifícance in agricultural

production of this effecÈ of a slíght advantage of one plant over

another Ís not fully exPlored.

In a fÍeld envirorunenË many factors, e.8. different depths of

sowing, the formation of hard crust of top soil layer on 1ocal sites

due to heavy rain followed'by a dry period (a common occurrence on

some types of soíl- like the red brown earth at the t{aíte Instí-tute) ,

local- dryness or ürater loggíng, and also other factors inherent withín

the' seeds including genetícal factors, could leaä to different times of

seedling emergence. In experiment l, depth of sowing I¡Ias probably a

principal contributor to the dífferences ín time of seedling emergence

from 2 Èo 7 days r¿iÈhin each treaÈment'
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In correlating the date of seedl-ilìg emergelce and índividual

pl-ant \,üeight aË days 70 and 90, boÈh signifícanÈly negatíve and

signi-fícantly positive correlatíons li/ere obtained, but mainly the

former \{ith a clear tendency for the earlier emerged pl.ants to remain

larger. The Írregularíty of the results vÍas probably due to the fact

thaL ín the fíeld enviïonnent there a-r--.e many factors which corrld

either strengthen or r^reaken the effect of tíme of seedling emergence.

pr:oximity of neighbours, favbourability of local envíroïlment for early

vegetative growth, and to a certain extent genetical factors, could

ei-ther reduce or enhance the advantage of early emergíng seedlings '

.In this stucly it was found that in 30 quadrats examined at day 70,

25 showed negative correlaÈion of dry weí-ght lrith the day of emergence.

Of those that r¿ere signíficantly negative, the regression indicated

that a planË emerging on the fírsÈ day of emergence would have a strong

competÍtíve advantage over Ëhat emerging several days later, and the

advantage waq far stronger at 1or¿ densíty, í.e. 550 mgt 26L mg and

155 mg respectively aË low, mediuu and high density (advantage in plant

weight at day 70 per day earlier in emergence). A question which then

aríses is whether Ëhere ís any comPensaLing effect, i.e. wheEher the

higher dry weíght of the larger plants which emerged earlíer compensated

f<lr Ëhe lower dry weights of smaller plants which emerged later' In

other words, \¡las the total yíeld the sane as if the plants had all

emerged on the same day? This is probably so j.f the results obÈained

in many e.rperiments wiÈh specÍes míxtures apPly also to individual

planÈs in pure cultures.

2. Plant dominance

The phenomenon of dominant: and suppressed p1-ants within a crop

comruunity is clearly demonstraËed in this study. In the square planted
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barley plots, Èhe degree of plant dominance índícated by the difference

between relatíve growtll rate (R-G-R) of the largest plants (top decíle
I

group) and tlie snalle/st pl.ants (bottom decile group) , I^Ias influenc.ed

by density. As vras íllustrated in Che right hand sectic¡n of Figure

25, plant dominance ín the square planted plots decreased with increas-

ing densíty. The probable explanation is that in the square planËed

crop colnmunities, plant ínteractiori started earlier at high densiLy

than at 1or¿er density, with a consequence that absolute size discrep-

ancíes had not become as great as ín the lower density. From then on

there was less chance for the larger plants to dominate theír smaller

neighbours because they thenselves suffered a depressing effecË from

theÍr other neíghbours. In the lo¡,¡er density by the time plant inter-

action started, the greater size díscrepancy between indivíduals allowed

the larger plants to continue to suppress theír neighbours without

suffering too much from the general level of competítion. This ís

possíbly the f,irst account of the- phenomenon of plant domínance being

ínfluenced by densiËy in a field crop sítuatíon, and 1t may have some

signífícance in plant breeding practice. Tor example, in segregatíng

populations, the more competitive plants are líkely to gaín progressively

greater dominance over theír neighbours, and this mighË contribuËe to

misleading evaluatíon of genotypes

In the drilled plots the effect of density.on pl-ant dominance was

not very conspicuous, and thís could be due to the fact that in the

dri|led crop conmunity the irregularity of spacing withÍn the row, which

could íncrease considerably the size dÍscrepancy, was offset by the

presence of more space betr¡een the rows. In other words the more closely

clustered plants h7íthin the rows all had access to the resources between

the rows, h7íth a final result of l-esser síze discrepancies in comparíson
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to the square planted conmunity. In the dril-led low densÍty

communíty the result \das noË convincíng due to virus disease

íncidence (rbarley yellow. clwarf r), but based upon the trertd ín

the hígh and medium density, the degree of dominance (Figure 25)

!,ras not strongly influenced by densÍty.

The dates of examj-nation of Ëhe randomly spaced plant collìrn-

unítíes of wheat in exper:íment 2 were separated by too great an

interval (days 43-82-L40) to nake a satisfactory R-G-R analysis.

Inst.ead, the absolute and relative increases of plant weight were

examined. GreaEer absolute increase ín weight by larger plants

could be used as an indicator for plant dominance, but a more

stringent test is by exarnining the weíght increase relative to its

weight ín the first observatíon.

Based upon the relative increase in plant weight the degree of

plant domínance (expressed as Èhe difference between the relatíve

Íncrease ín plant weight between the top decile group and bottom

decile group) in a randomly spaced crop communiËy of ¡+heat appear

to be higher at hígher densiËy, but the fact that mean plant \^reight

at day 43 was greater at high density (0.100 g) Lhan at medír:m

densíÈy (0.043 g) has to be considered. If Èhe result obtained

at medium density is considered anomalous, and the calculatíon of

the relaËíve Íncrease ín planË weight based upon the same nean plant

weight for medium and,hígh density (e.g. using a mean wei.ght of 0.100 g

for day^ 43), Èhen the degree of dominance at medium density hras stronger

than at hígh density.

Apparently the degree of plant dominance within a crop communiÈy

ís determíned by mean díscrepancíes of plants and mean plant distances;

and the mean discrepancíes of plant weights ín turn appear to be a
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function of plant arrangement (increasing wi-Eh íncreasing irregularíty)

and density, governing the time before plant ínteracËion starts.

3. Frequency distríbution of índividual- plant weight and other

plan! characters.

3.1 Individual plant weight.

The three types of plant arrangement used, i.e. square planEed

and drílled ín experiment 1, and randomly spaced ín experj-ment 2, }lad

an increasíng degree of írregulari-ty. The overall pi-cture of Ëhe

degree of skewness of the frequency dísËributíon of plant weíght for

time of sampling and plant arrangement are:

Square planËed

day 70

day 90

Drilled
day 70

day 90

Random spacing

day 43

ð.ay 82

day 140

Signíficantly
negative

Normal-
(Non-significantly
negative or positive)

Significantly
posítive

r/3
2/z

0

2/3

313*

L/3

213

Ll3

0

0

0

0

0

0

0

2/2

0

0

0

LIL
2/2

(* nignt hand figure of pair ís number of samples examined; left hand

figure ís number of samples designated by heading of column.)

All the results point to the fact that irregularíty of plant

spacing had a sËronger influence on the skewness than density.

Increasing clensity tended to shíft the degree of skern¡ness from negative

to normal (non-significantly negatíve or non-significantly positive),

or from normal t,o positíve, and this lasË mentioned phenomenon conforms

r¿ith the resulËs obtained by Koyama and Kira (1956) and Obeid et aL.
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(L967). Time harl the tendency to move t-he skewness from non-

sígnif icant to sigrrif icant, eíthe.r to the negaÈive sicle as i,n the

equidj-stant spacing (square planted), or to the positíve síde as ín

the row (drilled) and randou spacing, and these results are also in

accord \^/ith Ëhe resull-s fr:om earlíer workers.

Most of Ëhe earlier r^/ork in this fj-eld gave no ntmberical values

on the clegree of skewness of the frequency distribr.rtion of plant

weight whích makes comparison diffícult. The conclusíons drawn by

Koyama and Kira (1956) 'hrere mainly basecl on ríght triangular or ríght

recËangular arrarLgement and línear spacing. The importance of obtain-

ing 10OZ establishunent may be overlooked, and ín regular spacíng thís

is the crucial factor determiníng the ir::egularity of plant arrange-

ment. One or two mÍssing plants could change the arrangement from

regular to irregular. Possibly the inconsístenl- trend in the results

from the rÍgtË triangular arrangement and linear spacing \¡Ias due to

different percentages of establíshment.

As indícated earlier írregularity of plant spacing has a stronger

influence on the skewness than does densiËy. In regular

spacíng, íncreasing densíty reduces the mean values, but Ëhe frequency

distríbution of the values is still- sirnilar, i.e. close to normal.

In írregular spacing, increasing densíty, agaín reduces the mean values,

while the frequency disËribrrtion ítself is at least as skewed as in

the low densíÈy.

3.2 plant heíght (length of the longest tiller) and number of tíllers

per planË.

The skewness of the frequency dístríbutions of plant height (length

of the longesË tíller) was c:onsisterìt-.ly negatí-ve, whích means that most

of the planÈs tended to gl:o\d almosË as tall as the tallest plant, and
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neitheî plant arr;ìngement nor clensity changed thís pattern. Thís

índicated that ín cereâls in general- and specífically in barley ar-rd

whe-at, elongation growth ís more consistent than other main plant

characLers lihe total weight oT rìumber of tillers per plant. In

Ísolat-ion pl;rnts rrtilíze solar radiation tot" bff.ctively by forming

more leaves and till-ers, but the length of tillers is still not far

differenË frou those in hígh density environments.

Under population pressure, plants tend to exËend themselves ver-

tícally as a reactíon against the Plîessure of competi-tion for f-ight.

Due Ëo lack of líght, a shorter plant under populatíon pressure can

hardly survive, unless it extends to reach the top of the canopy.

This will eliminaÈe Ëhe possibility of obtainíng very small values

for length of the longest t.iller.

The skewness'of the frequency distributions of tíller number per

plant were almost consístently positive. Tiller number per plant

has usually a strong correlation with plant weight, and it ís not

surprisÍng thac the pattern of frequency distribution is also si¡ilar.

4. Ear emergence

Apparently the pattern of ear emergence was mainly influenced by

plant density, i.e. at high densíty mosË of the ear emerged earlíer.

At high density each plant has fewer tillers than at lower densitíes

(see Table 1-5 of the appendíx) and approximately 507. of the tillers

observed were maín stems and first tíllers. Àccording to Cannel (1969)

ears of Ëhe maín sËem and first tí11er of barley plant emerge earlier,

so thaË the reason that most of the ears at high density emerge earlier

Ís that most of them probably were main stems and first tíl-lers.
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At l-ow density, Ëhe number of tíll-ers per p1-ant in both drilled

and square planted plots was much hígher, i.e. 11"2 and 13.6

respectively compared with 3.9 and /+.0 for high density. Maín

stems and first tillers formed relatively smaller portíons (approx-

ûnate1-y lB% and 15% ::espectively) of the total tillers at low density,

and tl-ris is probably the reason for the more eve-n spread of ear

emergence.

The effect of density on ear emergence ol¡taíned Ín this study

is rather similar to the findíngs in dwarf French bean, i.e,. at lorv

density flowering continued for several weeks while at high dens:ity

the fl-or¿eríng was compressed inÈo 7-10 days. However, in this study

of barley, at high density even though there \^ras a strong concentration

of ear emergence in Èhe third, fourth and fifth days of the 10 day

períod, Èhe períod of ear emergence v¡as not compressed ínto a shorter

ti.me.

5. Light penetraËion.

The maín feature examined in this study was the variabilíty of

light peneÈration as affected by plant density and arrangement. In

experiment 1 light peneÈration \"ras examined at day 39 and BB adjacent

to each indívídual plant, but at day 88 due Ëo lodging measurement could

only be done at 1ow and medium densíties of the drilled plots, and at

l-ow densíty of the square planted p1ot. In experiment 2 there were

too many plants for indívidual measuremenËs and light measurements

r,¡ere done at ten locaÈions rnríthin each quadrat at day 92, 110 and 1.30.

In the square plante-d plots of experiment 1, lÍght interception

at day 39 was more efficient than in the drilled plots. Greater: light

interception and nore uniform supply of light to each plant undoubtedly
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ínclícates the reason for higher yields with square planting trhen

water and nutrients are non-limiting.

VarÍation Ín 1íght pattern aE day 39 can be viewed both as a

reflection of unequal grorrth of plants (due for example to day of

seedling energence) and as a factor infl.uencíng subsequent differences

in growth.

6. Means and varíabilíty of plant characters.

6 "1- Experiment 1.

Length of the longest Èil1er was the only value íncreased wíth

increasing densÍty, and the probable reason for this has been discussed

earlíer in reviewíng its frequency distribution. All other characters

examined had the general trend of decreasing wíth íncreasing density'

and this is a well established phenomenon which neecls no further

discussíon.

The effect of plant arrangement (square planted irs drilled) was

clear cut at low and medium density, wíth an advanEage of sguare planted

over drílled. ThÍs ís probably due to the more efficÍent light inter-

ceptÍon j-n the square planted plots. At hígh densíty due Ëo a very

Íntense competitíon between índividuals, the way the plants \^tere

arranged made no difference. The last mentioned phenomenon migtÊhave

some ímplicatíon ín crop production, i.e. with the progressive trend

to higher crop densities, plant arrangement may matter less.

At low and rnedíum densíties varÍabilíÈy o1 plant characters

generally was gl:eater in the drilled ploÈs. This Ís probably due Èo

greater síze discrepancies beËween índividuals caused by a higher

clegree of irregularíty ín spacing,. One of the facÈors which undoubt-

edly played an important role ín determíníng size díscrepancies was

light. The varíabílíty of líght penetratíon adjacent to each individual-
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plant at day 39 was hÍgher in the drilled plots than ín the square

planted plots. At high- de-nsity the reverse sí.tuation was found,

i.e. the variability r'ùas generally greater ín the square planted

pJ-ots. ApparenLly the very Íntense competition between plants

within the row did not allow size discrepancies to develop to a

greater extent.

6.2 Experiment 2.

In Èhis experiîent both repeaÈed measurements on the same planLs

in one guadrat and sequentÍal harvests on other quadrats were done'

Means of índividual pl-ant weighË, length of the longest tiller

and number of tillers per plant recorded in tire eight sequential

harVests, f ollowed the expected pattern as I¡Iaíl illustrated in Figure

41.

The effecË of density on mean green stem alea per plant \^Ias not

signíficanË between densítíes at day 50 but from then on ít became

highly signifieant, which indicated that up to day 50 competitlon for

light was noÈ yet operating, and only gradually intensífied afterr¿ards'

At day 70 the plant green area at medium density was already approxim-

aËely double Lhat at high densíty, and mainÈained that ratio untíl the

lasÈ measurement aË daY 140.

The effect of density on number of spikelets, numbèr of grains

ancl grain weight. per plant follor,red closely the yield-density relation-

ship, i.e. by doubling the density, the values for spikeleÈ and grain

m:¡nber were reducecl to approximately half '

7.) The effect of neighbours-

Many aecoUnts have already been made on the relaËionship beÈween

plant density and crop yÍeld, and a revíew on thís was rnade by Wiley
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ancl Tleal:h (1969). As meut-ioneC earlj-er, few workers based their

consícleration on the perfor-tLlance of the indiviclual plant, e.8.

Mitscherlich (1919, quoted from \^Iile-y and Heath, 1969) and

Shinozakí and I(ira (1955), and even then they assumed equal growth

by all plants

Other hrorkeïs looked at crop performance by examining the effect

of neighbours on the performance of ÍndivÍdual plants. These ürorks

gave a strong background f-or this study.

Hozuni et aL. (1955) and Yoda eb aL. (l-957) confírmed that plant

interactj-on may extend beyond the nearest neighbours' but Èheir studíes

were only concer:ned wÍth interaction in a single direeËÍon, í.e. along

a row. The question r¿hÍch then arises Ís, that ín knowing that plant

interactíon is not límited to a síngle direcËion but occurs between

each plant and all its surroundíng plant.s, how to examine thís rmultiple

directiont interacËion. Mead (L966 and 1968) studíed the nultíple

directíon ínteracÈion between plants ar-rd theír neighbours by polygon '

analysis for a random aïïangemenËr and by correlatíng a plantrs weight

with the mean weíght of its neightrours for a regular hexagonal arrange-

ment. In both instances the analysís. took account only of the effect

of the nearest surrounding neighbours. Surprisíngly the first analysis,

whl-ch looked veïy attractíve, accounted for onLy 20% (largesË mean

proportion) of the varíation ín planË yíeld attributable to polygon

variation. In his second analysis Mead obtained ínconsisËent results

and suggested that they were due to the fact that the model only cal-

.i culated the clegree of .corÌpetítion between a plant and íts six neighbours.

Thís reasoning probably could be applied to the fírst type of analysis

(polygon analysis) as well.
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The next logical step is to try to examirle the interaction

betrveen each plant and all íts surrounclj-ng neighbours within a

ceïtain range. In thís context tile concept of trange of inÈeractionf

or trange of influencer ís introduced. Each plant l{Iíthin a c11op

cormaunity has an a:rea, assumed circular, withi-n which all plants have

inrluence on the rcentre plantt. The radius of the cj-rcular anea is

the range of Ínteraction. The sum of infl-uence of each neíghbour

wíthin the range- is callec1 r'competítive pressure-r whic-h is e,xpressed

ín eguaLion (-f) (page 160) , and the ::elation between cornpetitíve

pressure ald weíght of each Índívidual plant is stated in a recíprocal

equation nodified from Shinozakí and Kira (1956) 
'

i.e. Llw = I i+ 3,

where
17

n_.
sI

¿0
fl;

a

z4

- \,,

The most important result obtained in thís experÍme.nt was that

usíng different ïanges of interacËíon (í.e. distance wj-thín which

plants are classed as neighbours), the first constant (cr) in equatíon

(2) was invariably much greater than the second constant (ß). Thís

indicates ÈhaÈ average weighË-density relatíonships for the crop colutr-

unitÍes are apparenËly not applicable for aggregates of índivj-dual

planÈs within the conrmunity. If Èhe value of ß ís re]-a,tively very

small in comparíson with cr then the product of Ê'and a is also very

small, and will not influence the value of. l/w. This obviously

inplíes that the effect of neighbours wíËhin certain range is dominaËed

or concealed by the general cormuníty perfonnance. This result ís

sjmílar to the consideratíon by Pielou (L962) in using plant Ëo neighbour
t/,.,'

distances for the detectlon of competitíon. He pointed out that the
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clÍstribution of inter^neighbour dístances will differ in a random

populatiorì compared wÍth a popul.atj.on where there are aggregates

of plants v¡ithin which compeÈítion ís partícularly intense. In

a 1,¡ay this discrepancy could be ascrÍbed to Èhe effect of competition.

Brrt ur-rless certain precautions are t.a1ce-n, i.e. by excluding the very

hÍ.gh var:iates (excluding veïy distanË plants) and only including the

small variates above certain minj-mum value (excluding very near to

the centre plants), Ëhere might be no observable discrepancy. The

sample with extreme values excluded is termed a truncated sample

even though failure to observe the discrepancy does not ímply that

competitÍon is noË occurring.

A suggestion Èhat could be given for'future \Ârork to detecÈ the

effecË of competitive pïessure by surrounding neíghbours wíthin a

certain range on individual plant weight is to elíminate the effect

of community perfornance by using an ísolated aggregaÈe. For

example, by planËing ísolated groups of planÈs with a varyíng number

of plants rvithin a certain range from the centre plant, the patËerns

of distrí.bution around Èhe centre plant also varíed. To a limited

extent thís sort of work had been done by Sakai (1957) ín examiníng

the characLers of central p1-ants surrounded by 1 to 6 cornpeËíng PLants

of another cultivar wíth stronger competitíve ability. .He only used

one pattern of plant aïïangemenË (hexagonal), and the diffeTenÈ com-

petiËive pressure exerted by the surrounding neighbours is due to Èhe

dífferent numbers of planËs with. stronger competitive ability around

the centre plant.

Anot.her point which neecls closer attention is that under fÍel-d

conditions, there are marì.y other facËors beside dístance of surround-

Íng neÍghbours which may have a stïong ínfluence on the síze of the

individual planr. Thís poinL can be illustrated by comparing Ëhe
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varíability (coeffícient of variation) of indj"vídual plant weight

in the square planÈed plots and drilled plots of experíment 1 (fron

Table 15 of the appendix) as follows:

clay 70

day 90

square planted¡""

drilled
square planËed

drilled

c.v. (i4)

1ow
densíty

27

34

44

57

of individual plant weíght

medium high
densíty densíty mean

23 23 24

39 22 32

39 40 4L

60 4s 54

(* Disposition of neíghbours is constanL in square planting)

At. clay 70 tire variability of individual plant weÍght which could be

ascribecl to the ír::egularity of neíghbour distances was the difference

lretrveen mean C.V. in square planted (24%) and drilled plots (32iÐ.

At day 90 the consequent figures were 4Li[ anLd 54%. Thís in fact points

out that the variaUìfity due to factors other than dístances of

neighbours ís much stronger Ëhan that due to neighbours. Factors

r^¡hich could play an ímportant role among oËhers are date of seedling

emergence as indicated earlíer ín this. stqdy, and local difference in

physical and chemical environments. Under írregular spacing, ín the

souËhern henÍsphere, the concentration of neighbours on the northern

síde of Ëhe test plant could have more deËrÍmental effecÈ Èhan on the

south. To examine Ëhe effect of neighbours these facËors should be

accounted for, either by addíng more parétmeters ín the relatÍonship,

one for each of Ëhose factors, or by reducíng the effect of those

facËors to a minimum by making tb.e sËudy under more controlled environ-

merits.
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Tab le I : MeÈeorolosícal daËa of the LTaÍËe Agrícultural Research InsÈiËuËe - 1972

MonËh

January

February

March

þri1

May

June

July

August.

Septenber

October

November

December

61.0

7 8.9

74.0

s4.6

37 .5

49.9

48.6

32.3

6L,6

64,5

66.0

5r.7

239.5

t84.6

201 .0

217 .4

181 .4

293.7

2s4.6

247.8

260.2

248.5

2L3.7

206.6

Sol-ar radiaËion
Meg. j /m2l¿ay

25.64

23.60

22.59

L4.89

L0.77

9.64

6.86

10. 17

L7.45

2t.76

28.00

28.t+

Hours of
brighË sun-
shine per day

8.57

8.66

9.51

6. 81

5. 39

5.20

2.28

4.05

7 .r3

7.50

9.56

9.63

EvaporaÈion
(rntn)

207 .0

223.5

194.7

135.5

88. 2

7L.6

52.5

64.7

130. 6

15s.8

203.2

255.r

Raínfa11
(um)

36. 3

29.0

0.3

53.2

18.1

29.9

LT6.7

88. 3

42.2

39. 5

2L.8

31. 6

15. 9

L8.2

t4.2

L4.4

11 .5

8.1

8.6

8.7

10. 5

1r.3

12.6

Ls.4

2t.2

23.2

19. 3

18. I

1s.6

L2.4

11.3

12.0

L4.6

16.1

18. L

2I.l

Mean dailv ai-r
temperature (oc)

Max. Mín. Ave.

26.6

28,2

24.4

23.L

19.7

L6.7

14.0

15.2

18. I

20.8

23.5

26.8

I^lind velocity at
1 .25 ro height(lo /day)
Max. Min. Ave.

L29.5

L27 .7

115.8

LL6.9

89 .1

106.7

136.1

132. 8

I29.6

L34.2

t27.9

119.1



Table 2 : Meteorological data of the l,Jaíte AgrÍcultural Research Institute'- L973

Month

January

February

March

Aprí1

May

June

July

August

SepËeuber

October

November

December

84. s

43.9

55.7

59.9

24.8

44.4

46.2

s9.4

5s.4

70.7

63. 1

80.9

248.3

2L9.0

L73.6

L68.2

226.8

185.6

2L7.L

253.0

289.5

2L7.9

243.7

279.L

Solar radiation
Meg. j /m2 /day

25.2

24.0

18. 57

L3.27

9.63

7.08

8.91

10.35

L3.37

L9.32

23.L

25.77

8.13

9.16

6.99

5.77

4. 81

3.2L

4.63

4.63

4.90

6.65

7 .60

8. 16

Hours of
bright sun-
shine per day

Evaporation
(nin)

260.L

199.5

17 6.7

131.3

79.4

41. 0

61 .0

67.8

101.4

L28.4

L4s.6

2L5.5

Rainfall
("'un)

34. r

53. 1

34.5

91.1

77 .8

105. 6

r23.3

6s. 0

92.5

78. B

36.3

44.6

24.4

22.6

20.r

r8.6

15.4

10: 8

t2.5

t2.7

14.6

16.9

17 .9

2I.9

19. 0

L7 .7

15. 9

L4.7

11.8

7.8

ol

9.4

11 .0

L2:7

L2.8

16. 9

29.9

27.4

24.5

22.5

19 .0

13. B

15. 8

15. 9

18. 1

2L.L

23.0

26.8

lufean daily ai
Ëenperature (

Max. Min.

ï
oc)

Ave.

üIind velocity at
L .25 m heighË (kn/day)
Max. Min. Ave.

133.6

I19. 6

LL4.9

L22.2

108.8

93.7

T26.L

r25.6

158. 3

L22.9

109.8

L37 .L



Month

January

February

March

Aprí1

May

June

July

August

September

0ctober

November

December

Table 3 : Meteoroloeical data of Waite Agricultural Research InstituËe - 48 years

aver L925 - L973

Solar radiation
Meg.j /m2/dayx

26.99

24.0L

19.35

13.01

8.77

7 .3s

7 .22

10. 37

L4.7 4

20.L6

23.68

2s. 88

Hours of
bright sun-
shine per day

9.r4

8.71

7 .64

5.58

4.07

3.34

3.t4

4.36

5. 60

6.63

7 .72

8. 30

48.2

52.0

53. I

60.8

68. B

73.8

75. 8

72.L

64.2

58.7

s3.7

50.7

Mean relative
hurnidity at

0e0o (z)

242.9

202.4

L7 6.L

LLz.4

63. I

48. 0

46.9

64.8

98.0

L48.4

180. 9

2L4.5

EvaporaËíon
(nn)

Days with
rain ) lnrm

3.2

3.2

3.2

7.6

10. 5

11.0

13.5

L2.8

10.0

8.7

5.7

4.8

Rainfal-1
(rnn)

23.O

27.5

20.6

57 .0

81 .5

7 4.9

84.9

7 4.r

60. 5

5L.7

39.s

31.0

* Mean L959-L973



Table 4 : Number of days per month wÍth 1ight, moderate, strong and very strong

wínd rhrrins t]ne L972 season l"tana Tf i orrrrp\ ar'd I973 season lower fi

Days per month

Lrlind type

0 - 24 k¡o/hour : lighË

24 - 3I kn/hour : moderate

31 - 40 k¡o/hour : sÈrong

> 40 kn/hour : very strong

Deeember

13

10

1s

11

3

7

3

November

5

15

19

10

6

2

1

3

13

9

October

L4

L4

3

3

5

I

SepÈember

L6

L4

I

I

3

6

3

2

August

T7

L4

7

9

10

4

1

July

L2

13

10

9

I

B

2

June

18

20

I

7

2

3

2

May

9

7

I

1

11

01

2

3



Table 5 : The weighÊ of the sÈandard tillers used for plant r,reighÈ estímation

in each treaËmenÈ in the rmatehed tí1lerr meÈhod

0.01
0.02
0.07
0. 10
0.2L
0.46
0. 40
0.69
1.15
0.7 4
L.62

Standard
grade

I 1

2
3
I
2
3
I
2

3
1

2

I

II

II

IV

Square
planted

!üeight

0
0
0
0
0
0
0
0
0
0
0
0
0
I
0
0
I
I
2
3

01
OI
02
OB

09
11
03
I2
18
29
67
32
79
46
18
53
18
B7

s0
80

Standard
grade

I 1

2

3
4
5

6
I
2
J

4
5
1

2

3
1

2
I
2
1

2

II

III

IV

V

VI

MedÍum Density

Drilled

tr{eight

0. 08
0.r2
0.23
0. 39
0.56
0.50
0.82
1.13
r.29
L.72
L.22
3.40
2.20

SËandard
grade

I 1

2

1

2
3
I
2
3
I
2
I
2
I

II

III

IV

V

VI

Square
planted

tr{eight

0.03
0.10
0. l1
0. r5
0.32
0. 39
0. 06
0.22
0.32
t.4L
0. 8B
3.2t
r.20
3.28
1.51
2.t0
4.40

Standard
grade

I 1

2
I
2
3
4
I
2

3
4
I
2
I
2
1

2
3

II

III

IV

V

VT

High Density

Drilled

I,feight

0.02
0. 04
0.01
0.51
o.64
T.T2
0. B6
I .01
I .00
1. 87

S tandard
grade

I

II

III

IV

1

2

I
2

I
2
1
)
I
2

V

Square
planted

I^leighË

0. 01
0. 08
0,L2
0. 30
0. 36
0.L2
0. 48
1.30
1.58
1. 89
0.17
2.46
1.16
3.47
3. 83

SÈandard
grade

I

II

III

IV

V

VI

\IIT

1

2

J

1

2

I
2
3
1

2
I
2
I
2

I

Low DensiËy

Drilled

trrleighË



Tabie 6 : The est-lmatecl weights bv the rmatched tíl1erl
method an d the actual fresh weieht (e).

Plant
numDer

I
2

3

4

5

6

7

B

9

10

1l
T2

13

L4

15

t6
L7

18

T9

20

2L

22

23

24

25

26

27

2B

29

Mean

Stand.
Dev.

8.3 9.9 6.5

Actual
fresh weight

1r.3
8.5

5.9

3.0

1.3

9.7

5.3

7.7

8.7

10.9

15. I
5.7

7.5

12.5

14.3

L3.2

11 .4

7.7

L2.O

11.4

14.0

8.8

11.3

LT.7

11.4

18.6

L2.2

13.5

9.4

10. 1

Mean nuuber
of tiller
per plant
was 5.3

Es timated vreight

0bserver
A

Observer
B

Observer
c

6.6

7.4

5.1

3.3

I.2
5. B

7.5

9.1

7.3

4.4

20.r
5.3

7.r
15.0

TI.2
14. B

6.5

4.s
LO.2

7.7

8.9

5.3
7.3

L2.9

8.1

14. 0

8.7

8.7

5. B

L2,7

8.7

8.3

3.1

1.0

10. I
6.4

9.r
8.6

9.0
12.3

3.7

6.0

8.0
16 .4

r0. 6

L2.2

8.1

LL .4

11.8

11.8

11.8

L2.7

12.9

9.L

L6.7

11.5

12.6

9.7

7.3

6.1

4.8

2.t
1.3

9.2

3.2

7.O

4.0

4.7

9.4

3.4

4.3

5.7

7.6

7,4

5.2

3.1

7.L

7.2

7.7

4.2

8.8

6.5

7.2

16.4

10.2

L0.2

6.0

4.O 3.5 3.0 3.7



Estirnated weíght¡k

Observer
B

Observe::
c

0bserver

^,
12,B

10. 7

8.3

6.3

3.4

10.6

8.2

8.6

8.6

10. B

t3.4
7.3

8.7

T2.L

L2.3

11.4

10.4

9.0
11 .0

8.4

11.3

9.s
r0. 3

IT.2
11.1

19.0

t2.B

10. 8

10. 4

i0.0
8.6

7.4

5.6
2.2

9.7

7.7

8.6

B.B

12.0

12.5

7.4

B.B

11.9

10. I

11.3

11.5

9.3
10. 6

13.7

15.2

9.6

11.5

11.3

Lt.7
L5.7

L2.4

13. 3

10. 3

12 "2

TI.2
7.7

6.0

2.9

9.4

6.9

8.3

9.0

10. 6

L2.6

6.9

8.3

1r.6
L3.7

10. 3

11.3

12.3

13.0

TI.2
1l_.3

9.1

TT.7

10. 6

11.9

15. 9

10. 6

LL.7

9.7

9

3

9

2

10.3

2.82.6

10. 3

Table 7 : The estimated rve.igh ts bv the rplant cvlinderf
me-thod and the- actual- fresh weiehts s)(

Plant
nuuber

Actual
fresh weight

11.3

8.5

5.9

3.0

1.3

9.7

5.3

7.7

8.7

10.9

15. I
5.7

7.5

L2.5

14.3

13.2

11.4

7.7

L2.O

1r.5
14 .0

8.8
11.3

tI.7
11 .4

18. 6

12.2

13.5

9,4

10.1

3,7

1

2

3

4

5

6

7

I
9

10

11

t2

13

L4

15

16

I7

18

t9

20

2T

22

23

24

25

26

27

2B

29

Mean

Stand.
Dev.

* Each fígure is the product of length and círcumference of plant
cylinder rnultiplied by a constant (for observer A: 0.095, for
observer B: 0.080, for observer C: 0.076).



Table B : Te-sting the hypothesís that re-pllcatets rts
(correlatíon betrrreen date of seedl-ing enìergenee

and índivídual p lant weight)are from the same

ulatíon rrs at d 70

Treatment

I
(orilled,
high
densíty)

II
(rri1l-ed,
medíum
density)

Day 70:

The same tests were made on the other treatments and also on the rrs
values at day 90. The results ares

P Results

x2= 2.663

P = 0.625

Ho accepted

Z = -0.265

r = -0.259*x

x2= 3.478

P = 0,487

Ho rejected

H re'i ected

H reÍected
H reiected
Ho accepted

r = -0.293**
H reiected
H reiectedo"
H reiected
H acceptedo'
r = -0.L25
ll rei ectedo"
H reiectedo-

Treatment

Drílled, Low density

Square planted, High density
Square planËed, MedÍum densiËy

Square planted, Low densíty

Dril1ed, High density
DrÍl1ed, Medium densíty

Drllled, Low densíty
Square planted, High denslty

Square planted, Medluu denslty

Square planted, Low density

É_
7.538

9.298

5. 381

I .939

10. 380

8.733

L2.796

2.L98

13.027

B. 9r0

0.r12
0.100

0. 250

0. 753

0.037

0.075

0.025

0. 700

0.012

0.066

n n-3 r
Corrected

z

26

31

30

2T

2T

23

28

27

IB

18

r
o.255

z (n-3) z (n-3)22

10. 780

-0. 36s

-0 . 310

-0. 100

-0.497

-0. 1 31

-8. 395

-8. 680

-2.700

-8.946

-2.358

-31.079
;_Lw-
-0.26L

3.064

2.69r

o.270

4.446

0. 309

-0.370
-0..314

-0. 104

-0. 503

-0.137

L29 119

-0. 35

-0.30
-0. I0

-o.46

-0. 13

36

27

36

2L

33

-6.912

-13.419

-L7.460
2. 100

-9.867

r.327

6.705

8.468

0.210

2.950

-0.r92
-0.497

-0. 485

0. 100

-0.299

-49 .7 58 19 .660

39

30

39

24

36

153

-0. 19

-0.46

-0. 4s

0. 10

-0.29

Day 90:



Tabl-e 9 : Rqgression o! weíght at clay 90 on

weight at day 70 in each replicate

Treatment

Drilled:
hígh denslÈy

Drilled:
medium density

Drilled:
Low density

Square planted:
high density

Square p1-anted:

medíum densÍty

Square planted:
low densÍty

S tandard
devíaËíon

0. 606
0.170
0. 781
0. 6sB
0 .467

0.922
0. 813
r.332
0.629
0. 980

2.I33
4.470
2.463
4.233
2.5I5

0.647
0.545
0 .478
0 .424
0.319

0.514
0. 658
0.862
0. 945
o.729

3.195
I .835
I .581
3.468
t.644

Replícate Regressi-on equatíon R

I
2
3
4
5

I
2

3
4
5

I
2

3
4
5

I
2
3
4
5

I
2
3
4
5

I
2
3
4
5

7

2

6

I
t.

+
l-
+
+
+

+
+
+
+
+

v
v
v
v
v

= -1. 85

.439x

.390x

.924x

.789x

.400x

B+1
3+1
3+0
0+1
0+1

2.874x
1. 663x
3. 205x
2.400x
3. 916x

.189x

.148x

.819x

.915x

.356x

+2
+2
+1
+1
+2

+ 3.
+3.
+2,
+4.
+2.

y = -2.973
y = -2.772
y = -I.695
y = -1.681
y = -3.650

y = -2.415
y = -5.439
y = -2.343
y = -8.068
y = -3,966

2 . 115x
2. 333x
3.068x
3.130x
2.77lx

136x
549x
982x
I23x
990x

.73

.86

.55

.55

6
0
2

-5

y=
y=
y=
y=
y=

-1.10
-l.s9
-0.05
-1.96
-1.11

y=
y=
y=
y=
y=

0.255
-0.048
-0. B2B

-1 . 889
-L .507

+
+
+
+
+

0. 7B3x
0.93lx
1 .360x
I.7O2x
1 . 713x

y=
y=
y=
y=
y=

-2.093
-r .564
-r.567
-2.551
-2.L4t+

0. Bl.6*à'
0.7 492\'k
0 . 621*?k
0.840*?k
0.844",c',\

0. 85B**
0. 875**
0. 830*"c
0 . 9 33'.k*
0. 909

0. 842**
0.364
0. 805**
0.447*
0. Bg0**

0. 459*
0.682*?k
0.825**
0,845*?k
o.94s

o.947**
0.912**
0.855**
0. BB2**
o.879

0. 693**
0. 876*?k
0. 862**
0. 820**
0.928*)k



Tabl-e 104: Values of T for comparison of índividual
slopes ancl dÍsplacements

Treatnent

Drilled, híeh densitv on 117 DF

Replícate Replícate

Dri-l-l-ed, medír¡m densitv on 176 DF

Repl-ícate Replicate

Drf 1-led, 1ow density on 96 DF

Repllcate Rep 1ícate

1

1

1

I
1

4
4
2
2

3

4
2
3
5
2
3

5
3
5
5

DJ-splacements

-2.42x
-2.611\
-0.38

_5. I g***
-7 .2[**rt
-7. B8***
-5. 66***
-1.69
_4. 86?!ç**

-2.08*
-3. B8***
-o.77
2.76x*

L.49
-0. 28

.56***

. 01*¡t

.73

.46tt

.83

.64***

.09**

.s4

-0. 13
3. 27**
0. 89
0.46
3. 2 1**
0.97
0. s5

I
I
I
1

2
7

2
5
5
3

2

5
3
4
5
3
4
3
4
4

4
3
I
5
3
1

5
I
5
5

2
2
2
2
4
4
4
3
3
I

3
3

-1
2
I
3
3

-0

S1-opes

-0.60
-2.20*
-2. Bg**
-2.2r*
-L.27
-L.97*
-L.62
-0.96
-0. B0

-0. 13

-0. 69
-1 .30
-1.16
-2.2r*
-0. 71

-0.46
-1.s6

0. 30
-0. 65
-1. 11

.L7

.78

.11

.15

.53*

-1
0
I
0
1

2
0
1

-0
-1

01

.95

.62

.03

.32



Tabl-e 108: Val.ues of T for comparísorr of índividual
S es and dis lacernents

Treatment

Square planted, high densíty on 124 DF

Replicate Replícate

Square planted, medium density on I24 DF

Replicate ReplÍcate

Square planted. low densitv on 90 DF

Replícate Replícate

1

I
1

I
5
5
5
3
3
2

5
3
2
4
3
2

4
2

4
4

Dísplacements

-1.15
-0.72
-0.2L
-0.94

0 .42
0.9 6
0. 15
0. 53

-o.23
-o.7 5

-1.84
-o,27
-0.18

0. 96
L.47
L.74
2.91**
0. 10
1.16
I.17

-0.05
-0. 02
-1.15
2.00*
0.03

-0.95
L.7B

-t. ts
2.08*
3.22**

I
1

1

I
4
4
4
2
2
3

4
2
3
5
2

3
5
3
5
5

4
3
I
5
3
1

5
I
5
5

2
2
2
2
4
4
4
3
3
I

Slopes

-3. 1B**
-L.94*
-0.51
-2.52!<

1.34
3.06't*
0.03
r.64

-1 .00
-2,30k

1.63
l-29

-0.29
0.10
0. 31
1. 36
I .53
I .04
T.2T
0.36

-0
0
0
0
I
I
I

-0
-0

0

.69

.72

.52

.82

.39

.20

.58

.20

.01

.22



Table 11 : Ðesree of skewness of Ëhe frequencv dfsËribution of
individual plant weight (estímaÈed weieht) of barley
aË day 70 - ExperimenË 1.

REPLICATES

5

Drilled:

High densiÈy

Medium density

Low densÍty

Square p1-anted:

Iligh density

Mediun density

Low density

0.24L

0. 809*

0.29L

-0. 088

-0.242

-0. 41 3

4

-0. 1 14

0. 853*

-0.922*

0.640

0.1i5

0.348

3

-0.373

0. 864**

-0.438

-0. 41 3

-o.446

-1 .061**

2

0.957**

-0. 343

-0.436

-0. 916*

0. 353

-0.23L

I

-0.893**

-0. 460

0.056

-0.964x

0.L44

0.107



Table 12 : Deqree of skewness of, the frequencv iistribution of individual

plant weight of barley at day 90 - ExperimenÈ 1.

Treatment

Drill-ed:
High densiEy

Medium density
Low density

Square planted:
Hígh densiËy

Meciium densiÈy

Low density

REPLICATES

5

Skewness

0.552

0.846**

0. ss4

o.443
'0.521

-0.014

No. of
plants

31

26

4s

28

27

28

Skewness

0.413

0. 894**

0.209

o.349

-0.397
0.767*

No. of
planËs

29

38

44

22

28

28

4

Skewness

0.267

1 .085**

0. 003

0.198

-0.o92
-0.862*

J

No. of
planËs

38

43

35

27

28

27

Skewness

0.979**
0. s86

0. 148

-0.52L

-0.341

-0.557

2

No. of
plants

48

37

4T

28

26

2B

Skewness

0. 341

-0. 09 6

0.498

0.052

-0. 651

-0.056

I

No. of
plants

30

43

37

28

28

28



Table 13

Drilled:
IIígh densÍty

Medium densi-ty

Low density

Square planted:

High density
Medir¡m density
Low density

: Desree of skernmess of the freguency distributíon of individual plant height

Ëh of 10n t tiller of bar at da 90- Ë 1.

REPLICÀTES

-1 . 1 74**

-1 .616**

-2.92L*x

-4.450**
-0.584

-0. 855?t

54

-4.683**
-1.191**

-2.674*x

-1 .263**

-L.287**
-3.767r,x

3

-2.623x*

-5.I31**
-0.827*

-0.737*
-3.694**
-1.948**

2

-2.07 6**

-3.088**
-0. 863*

-0.349
-1.156**
-1 .096**

I

-4.97 4*r<

-1 .493**

-2 . 831 **

-0.559

-1.336**
-3.933**



Table 14 : Deeree of skewness of the frequency disÈribution of Ëiller number of

barley at day 90 - Experiment l.

REPLICATES

Treatment

Drii-1ed:

Hígh density
Mediuu density
Low densíÈy

Square planted:
Hígh densiÈy

Medium density
Low density

5

0.080

0.260

0.202

-0.188
0. 45r

0.257

4

-0.534
I .063**

-0.049

-0.789*

-0.77 6*

0.91 1*

3

0.47 4

0.148

0.201

1 .443**

-l . 091*?t

0. 681

2

0.347

-0.2L5

-0.455

0. 105

-0.620
o.t24

I

-0.519

0.0i0
O.TzL

0.657

0.27 6

0.758*



Table 15: ì4eans and coefficients of variation of piant characters for
each t-reatärenË 1n six barJ-ey crop coilmuníties - Experiment 1.

t

Pl ant Characters

Individuai piant lreighi
aE day 7O

ac day 9C2

? T a¡¡.t^ ^F 
'1 

^..--^+ +-" 1 -¡ ^-¿. Lgil3 L:: U: !Ur:4Cù L L!i¿C!

el .-, =w =rJ

ar dav 90

3. Nuaber of tíi1ers peí pJ-ant
at day 5C

^+ ,]^-. C,n4¿ ¿4J Jv

4. i\urnber of eêl:s per plant
ai day 90

Ears r,reight per plant
at Cay 90

Numbar of soíkeiet-s/p1ant
at cay 90

I-eef and greeÊ sterû area
per piailt

ac day 90

L"S.D. for
significant
interactíon
beÈween den
sity and pl
arrangement

0. 58

0.075

/q

. S. inter
action

N

)

o

0.7

N.S. inter
action

0. r9

N.S. 1nËer
action

N.S. ínter
action

7

I D.L., Ð"M" and D"H" are drilled 1ow, rcediurn and high densiËy. Sq.L., Sq.Il. and Sq.H. are square planted lorø,
med.i-¿m anci high densÍ-ty.

Tr.¡o vaiues of raeans for pJ-ant weight aX day 90 are acÈual values (upper figures) and 1og transforaed values
(lower figures)

2

C.V.
6/

22.7
40.4

13.l_
8.2

30. 2

32.7

49 "9

67.3

65.7

'o5.3

Sq -H.

Mean
C.V

0.27

42

92

39.1

43.7

52.L

2.5

43.6

4.4
4.0

2.L5
r-. 9B
0.286

38.9
86.L

27 .2
26.2

¿J. O

39.2

tL"4
L0.2

Mean

J. Z¿

4.23
0 .62s

39.3
86.6

0. 63

3.7

67

181

6.9
b"J

sq -M.

V

/"

27 .5
44.5

r0. û
t_9.2

64.8
26.3

38.7

42.8

42.7

48.6

sq.L.

Mean

4"84
LL.29
i.1i0

2.02

L78

5r_B

8.6

el e

80. 7

L2.4
13. 6

C.V.

tro tr
JO.J

29.8

37.6

49.t

43.6

49.5

o

7

2L
4tt

8.6
ot

D.H.

Mean

2.55
z. J)
ú.371

0.33

45

115

2.7

l, .)

?o

42 "0
85.7

C.V.

6U. ¿

't -7 /,

L2 "6

33"9
36.0

4s.3

6L.6

s6.2

74.6

D.M.

!fean

û.55

L47

6L

1¿>

¿

.)

0 qi?

4.4
4"7

27.6
82.0

L6
</,

C "V.
Ç/

21. l,

56 "B

rJ"i-
¿J"O

96 q,

32.9

45 "2

5L"4

/,o,,

oJ. ö

Mean

3"91
'Tn n]
i. 04i

L"67

tr)
2

L64

t.)1+JI

B

li.

7.1

29 "2
7 6.2

D"L.1



Table 164: Replicate values for p1-anÈ characË,ers of barley - Experiment 1.

r" (3)

5

8.3

30
65

I
10

6.9

L.52

r55

318

4

4.t
11.0

30
8l

9

L2

7.4

L.7 6

t7L

553

3

3.5
oo

4.8
11. 1

2B

73
30
7B

9 9

L212

6.8 8.1

f_s

l-. 61 2.0

7 L97

I

I

I

p
I

8û 559

21

2.2
-'.J

4.0
9.4

26
81

28
ç"4

4
4

8

10

3.4 6.4

0.62 L.4

64 140

t7 343

DM (2)

54

1.8
3.4

25
80

4
4

to

0.54

56

L23

3

1.5
2.6

24
73

4
4

2.6

0. 43

47

81

2

3.4
3.4

2B
7B

5
5

ta
JtJ

0 .56

63

t90

1

3
4

2

4

33
88

5
5

3.7

0

76

226

DH (1)

5

2.6
2.6

45
9L

4
4

2.8

0.35

49

L25

4

2.6
2.6

2.5
2.4

41
öJ

4L
78

4
4

4
4

2.9 2.8

0.3 0.3

48 47

16 1

32

2.6
1.9

42
B4

4
3

2.2

0.2

35

93

1

2.5
2.4

4L
82

4
4

2.7

0.36

45

109

1. Plant \,reighÈ

aï- day 70
at day 90

2. PLanx height
aÈ day 50
at day 90

3. Tiller number/plant
at day 50
at day 90

4. Number of ears/plant
at day 90

5. Ear weight/planÈ
at day 90

6. Nr¡mber of spikelets/plant
at day 90

7. Leaf & green sÈem area
per planÈ

at day 90



Table 168: Repl-icate values for plant characters of barley - Experiment 1.

i1(6)

54

3.2
3.7

5.0
11. 3

5 4
1

5.4
13.512.

40
83

31
75

30
8Z

32
93

7

6

L2
L4

L2
13

12
16

3.8 8.2 6.9 9 2

0.55 2.L 10 2.L

65 L73 1 95

484 31 89

3aLl_

HM(s)

54

3.0
4.O

39
87

7

6

3.7

0.5

68

3

3.2
4.2

38
7B

6
6

3.7

0.67

66

L57

2

3.3
4.2

38
89

7

6

4.0

0. 65

7L

L87

1

3.5
4.6

4L
90

7

6

3.3

0.68

63

249

HH(4)

5

2.0
2.0

37
7B

4
4

2.4

0. 28

37

93

4

2.4
2.2

4L
B2

4
3

2.0

0.24

33

72

3

I
1

9

8

35
88

4
4

2.6

0.32

51

LL7

2

2.2
2.O

37
BB

4
4

2.9

0.2e

49

q)

1

2;2
2.O

44
B1

6
5

2.8

0.24

40

88

1. Plant weíght
aE day 70
at day 90

2. Pl-ant height
at day 50
at day 90

3. Tiller nurnber/planË
at day 50
at day 90

4. Number of ears/plant
at day 90

5. Ear weight/piant
aË day 90

6. Number of spikelets
per planË

at day 90

7. Leaf & green sÈem

. area per plant
at day 90



'\-,)

Table L7: Means and coefficienËs of varíation of indívÍdual plant weight, length
of the longest tiller, and number of tillers per plant of r¿heat

at different stages of growth.

Day lB0
(harvest 8)

c.v.
/"

6r. 0
67 .5

L7.3
15.2

36.2
37 .9

Mean

6

2
l3
B2

IL2.2
L07.4

3.4
2.4

Day 1-40
(harvest 7)

C.V.

61. 0
68. I

L7
13

JO

40

J

2

0
0

Mean

6
z

13
66

105. 9
L04.9

3.4
2.3

Day 130
(harvest 6)

C.V.
o/

64
55

3
oI

10.4
72.3

41..8
40.0

Mean

5
2

04
42

LT4.7
110. B

J.J
2.L

Day 110
(harvest 5)

C.V.
/"

62.8
s4. B

11
11

0
9

35.5
JO. Õ

Mean

3.31
r. 70

106.0
L06.9

2.9
2.2

Day 95
(harvest 4)

C.V.

66.2
53.0

11
11

7

8

48. B

37.4

Mean

2.62
L.T2

B2
86

3
I

4.L
2.3

Day 70
(harvest 3)

C.V
of

51. 5
42.4

L2
L7

4L
34

0
2

1
7

Ilean

0
0

B6
2T

48
z4

7

7

3.6
J.¿

Day 50
(harvest 2)

c.v.
/"

4r. B

4L.7

16
T4

34
JO

0
4

4
7

Mean

0
0

22
1B

25.5
28.5

3.4
2.4

Day 30
(harvest 1)

c.v
ï¿

JJ

30

L9
l9

30
24

3
0

2

1

0
5

Mean

0
0

03
03

L2
L2

6

7

1.1
1.1

?lant character

1. Individual plant weight*
aË medium densíty
at high density

2. Plant height (length of
longest tiller)*x

at medium density
at high density

3. Number of tíllers/plant*¡t*
at medium densítY
at high density

* Non-significant dífference between treatments at harvest 1, signíficanË difference in all following harvests.

** Non-significant difference in harvests 1, 5 and 7, the resÈ were signifícantly dÍfferent.

*** Nsn-gignificant difference in harvest 1, the rest were signifÍcantly different



Table l-B : Analysis of varíance f or plant r;eight of barley
at day 70 Experíment 1.

Table 19: Analysis of variance for 1og plant weight of
barley at day 90 Experíment 1.

Variation due to S.S D.F M. S. F Prob.

Replicate
Replícate by plant
arrangement by
density
Plant arrangement

Density

Plant arrangement
by density
Resídual

0. 415

37 .115

L.77 6

28.355

3. 155

3.829

4

25

1

2

2

20

0.104

1. 4Bs

L.77 6

L4,T77

r.577

0. 19r

0. 541

9.27

74

8. 23

o.707

Q. QQ$*:t

Q *:'c*

0.002**

VarÍation due to S.S D.F. M. S. F Prob.

ReplÍcate
ReplicaËe by plant
arrangement by

. densíty
Plant arrangemerìt

DensiËy

Plant arrangement
by density
Residual

0.009

2.5L7

0. 004

2.4r2

0.036

0. 066

4

25

1

2

2

20

0. 002

0. 101

0.004

L.206

0. 018

0.003

0.7L2

1.080

366

5.44

0.593

0.31r

0 ***

0. 013*



Table 20: Analysi-s of variance for plant height (length

of longest Ëiller) of barley at day 50.

ExperimenË 1.

Table 21: Analysis of varíance for number of tillers per

plant of barley at day 50 - Experíment 1.

Variation due to

Replicate
Replicate by plant
arrangem.ent by
density
Plant arrangenent

DensÍty

Plant arrarigement
by density
ResÍdual

Variation due to S.S D.F M. S. F Prob.

Replicate
Replicate by plant
arrangement by
density
PIanË arrangement

Density

Plant arrangement
by densíty
Residual

3L.2

1054.2

100. 0

558. 5

296.9

98

4

25

1

2

2

20

7.8

42.2

100. 0

279.2

T48.4

4.9

1. 59

20.5

s6.9

30.2

0. 215

0. 0002?k'**

0 ***

0 ***

D.F M. S. F Prob.S.S

9.327

28.O

95.0

0.45

4.6

0.29

96.6

327 .7

l. 55

15. 9 0. 00007?kt(*

0.226

0 ***
0 **tc

233.2

28. 0

190. 1

1.8

9.3

5.8

4

2

20

25

1

2



TabLe 22= Analysis of variance for pl.ant height
(length of longest tíller) of barley
at day 90 - Experi:nent 1.

Prob.

16.66 0"365 0. 830R.eplicate

Replicate by plant
arrangement by
density
Plant arrarigement

DensiLy

Plant arrangement
by densiÈy

Residual

66.66

1490. B

108.3

4OB.B

60. B

9L2.93

25

1

2

4

2

20

59.63

108 .3

204.4

30 .4

45.6s

2.37

4 .47

0 .1-39

0 .025?k

0.666 0.525

Variance due to M. S. FS.S D.F

Table 23:

ReplicaÈe

Replicate by
plant arrangement
by densíty
Pl-ant arrangement,

Densíty

Plant arrangement
by density
ResJ.dual

Analysís of variance for number of tillers
per plant of barley aE day 90 - Bxperiment l.

3.333 4 0.833 1. 13 0.368

4s4.83

14.7

4L9.27

6.2

L4.66

25

20

1

2

2

18.193

t4.7
209.63

3.1

0.733

20

285.9

4.22

0.00023*rc*

0 **?k

0.0294*'

Variance due to S.S D.F. M.S. F Prob.



TabLe 24:

Replicate
Replicate by plant
arrangement by
densíty
Plant arrangement

Density

Plant arrangement
by densíty
Residual

TabIe 25¿

Replicate
Replicate by plant
arrangement by
densíty

Plant arrangement

Dens ity
Pl-ant arrangemenË
by density
Residual

Analysis of variance for nrrmber of spikelets
per plant of barley at day 90 - ExperímenÈ 1.

1163 4 290.8 0 .99C'' 0.423

100668

240.8

9422L

370. I
5836.7

4026.7

240.8

47LL0.6

185

29L.8

3667r.9

8003.3

3950s1

7 48L.2

5186.. s

0. 825

161. 4

L.s4

76.L

r.44

0.37 4

0 ***

0.228

Q **cc

0.260

25

1

2

2

20

0.634 0.541

Ànalysis of varÍance for leaf and green stem

area per plant of barley at day 90 - Experiment 1.

304ss .9 4 7613.9 L.46 0.249

916798

8003.3

790101.6

L4962.5

103730

25

20

1

2

2

D.F. M. S.S.S F Prob.Varíation due Èo

VariaÈion due to S.S D. F. M. S. F Prob.



Table 26: Analysis of variance for number of ears

per plant of barley at day 90 - Experiment 1.

Table 27 z Analysis of varíance for ear weighÈ per plant
of barley at day 90 ExperÍment 1.

Variation due to S.S D.F M. S. F Prob.

Rep lí cate

Replícate by plant
arrangement by
dens ít-y

Plant arrangemenË

Dens íty
Plant arrangement
by densíty
ResÍdua1

1.408

L7 4 .495

2.7 60

t_58.006

3.L49

10.58

4

25

1

2

2

20

0.352

6.980

2.760

79 .003

r.57 4

0.529

0.665

5.2L

L49.3

2.97

0.623

0.033*

9 *t(*

0.074

Variation due to S.S D. F. M. S. F Prob.

Replicate
Replicate by plant
arrangement by
densíty
Plant arrangement

Density

Plant arrangement
by density
Residual

0. 101

14. 193

0. 114

13 .425

0.225

0 .429

4

25

1

2

2

20

0.025

0.568

0.114

6.71'2

0. 113

0.021

1 .17

5.32

3r.3

5.25

0.350

0.032*

0 ***

0.015*



Table 28: Means (per replicate and per treaËmen.t) of individual plant weight,

grain weight per plant and number of grain per plant of barley from

the grain sarnple quadraÈs - Experinent. 1.

L.S.D.
( .0s)

1

1

83

44

3L.6

NoÈe: 1) Only trro replicaÊes per treatment; no daËa from the drilled, low density plot (explained ín ËexÈ).

2) All the treatment interactions hrere highly sígnificant.

Mean

32.1

3.03

a.34

2

2.98

L.34

31.1

I

3. 09

1. 35

33.1

Square plantedo
irígh density

Mean

4.59

L.94

47.4

2

2.02

4.69

49 .4

Square planted,
rnedíum density

1

4 .49

1. B6

45.5

L9.59

7.98

L79.8

Mean2

L9.23

7. 88

L7 4.8L84.9

8. 09

19. 95

Square planted,
low density

1Mean

4.L9

1.87

43.7

2

4.0L

L.7 9

42.3

Drilled, high
density

1

4.38

1. 95

45.2

Mean

5.57

53.1

2.5L

2

4.48

2.LI

44.7

Drilled rmedíum
density

1

6.67

61.6

2.92

Plant weight

Grain weight/plant

Nr¡mber of graín/p1ant



Tabl-e 29: Ànalysis of variance of lndivídual plant
weight of barley Ëaken from grain sample

quadrats Experíment 1.

Table 30: Ànalysis of variance of graín wefght per
plant of barley - Experiment 1.

F

218. 14***

9 7 .03***

lJ$. Jlrt**

VariaÈion due to D. T'. s.s M.S.

Repl-icates

Treatments

Plant arrangefirenËs

tr{íthin plant, arrange-
ment

Residual

Total

I
4

l-

3

4

9

l. 017 6

37 8.296L

42.0676

336.2285

L.7342

381.0478

L.017 6

94.57 40

42.067 6

LL2 .07 62

0. 4336

VaríatÍon due to D.F s.s M. S. F

ReplicaÈes

Treatments

PlanË arrangements

!üithin plant arr.ange-
menf

Residual

Total

1

4

I

3

4

9

0. 1061

60 .2_7 84

5.8719

s4 .406s

0.2696

60 .6s4L

0.1061

15.0696

5.87L9

18.1355

55.90?k**

2L.78*.'*

67.27***



Table 31: Ànalysís of varlance of number of grains
per plant of barley - ExperímenÈ 1.

57 .96***
26. g5**

Variation due to D.F. S.S M. S. F

Replícates
Treatments

Plant arrangements

lüithín plant arrange-
ment

Resldual

Total

1

4

I

3

4

9

J)
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