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viii 
SUMl1!ARY 

J.:n experiment is described in which t wo c ommercie!. l dent. ::'laize v a rieti es , 

'T575 , a late maturinG" hybrid, o.nd KC3 , an e2.rly mnturini:; hy br id ·.:ere grmm 
- 1 

d equiclis t nnt SJ!.?.cings in five poyiul ., ti ons of fro::i 39 , 000 tc ?CJ/'[)0 plants . ha . 

:'.: l ::.nts Herc sa:ar) led on ten o cco.si ons from 4-4 do.JS after pl<'m t ::.r1c '.': ;; field 

1.' .'l turity , rmcl le a f are.J. , cl:ry 11ej_ c :1t s of sho o t c 0;·11;011cntc , :-: :· dr: :0 '1 ttc r 

c'"mtents detern ined . Annlys os of V<1rin11 c e vere perfor::i cd : · tr.. ,Lt=·'t , 

~1 olynomi o.ls fitte d to plot mc.::ms of the vnri~bles, 2.n d GT 0\1-:: <.u: -:r:: is 

c ~:.rj~ied out . 

Al tho 1ch 0.-:. rs in bo th Vc: rieties >rerc ;; .i::l il .'l r i ~1 ' .. ·( : c11·'; , h :Cj' 

irc r c r..ore nur:crous in ' T575 , -:-: .~ rticularl~r n t wide -:1 1'.'nt Sj)·' ' C; 

T!'lc d ifference a rose fro::i c. J.o·.-rc r lea f nur.:bc r , s:~o. ll c r l :;.-:,~ :-:;j 7. ( , <" U1 ,::-, 

s L:.'.:'.ller tiller co:-:::::)onent, ~ri1ich ~.·e:c-e slici1t ly offr;et by lc11c;.~ r :i. : tc~r : o de s 

gi vircc a gr2.-: ter :::iropo rtion of ste rn n.rea . 

At maturi ty, YC3 'l·T.'13 chc,:::' :'.ctcrized b~r a 10~1c r pro yiorti cn c ::' ~ :tic~. : , ~• ' ; · f 

.'.ll1cl cob , nnd 2. c;re :-:.tcr ~1:coror,ci on of cr.:cin a nd t c. :-:scl t ltr:n ,ch c l n '!:c v ·,1' :;. c ~;~'. 

radi::i.tion into tot1::.I shoot d17 1rcight , b1Jt t hh. cfricicncy · :; :-: .'.. · i 1 ·' 2· i:1 

bo th v o.rioties for grain ~roducti on . 

Gro11th a n a lysis rcve.:t J c d t:1:· t the 

:prior t o silldnJ uas due pr im.3.rily to 

11iG·11cr 

o n 1 1 ~ 

cror: c;r o·.-;th !'~. ·~e 0 

hiJlcc:r 1mit l ·-: .. :L r~. '.;. ,., ~ . (..' 

signifi cantly lowe r leo.f .'.J.r e <.i r n. tio of t his V "riO °bj indic.:ltncl a :-:u ::c ·r : 2-' .' t~-

of eross photosynthesis in this variety . T .. ·' . - "'."iority of cro;, ;:;r o·;'l· 

r .::: t e in U575 afte r flouerinc 'l-Tas :principnlJy <he; t o its (i7_~ h ich ·: r l e'.; 

area index , and to the !"'Ore rapid aeeing of KC3 . The ['.'r<.iin J. 0a f r~, i, ~ o , C, 

of the early v a riety signific:i n tly exceeded t}1 0. t of 1:7575, tho11~h :: '. . . ~ 

comparL:.tively uniform ui t hin a ny sin,~le va riety . 

Considerable losses of dry weight from non- crain shoot cor.:ponc!~ t .:; 

occurred durine the l ate er a in fi1line period of botli v~, ?'i c ti cs . 

P obilization of previously establi shed r eserves m:' y h:wc ·t;oun ' c d f o:.: ~ .. ~ . '. 

and 4 . 2~ of fino.l gro.in yield in I(C3 and li575 respective<:.~. . 'r .1i3 p·0 ·1 0 ~ · ,,ion 

incre a sed with plnnt density inKC3, but not in '.I575 . 

The time from silking to senescence was gr e.'.lter t h:1n t h a t c,oservcd 

in rnony other c ountries . Leaf a r e a was reduced to 50;:b of its maxir:nlill value 



ix . 

·~pproximately 10 weeks after silking, end 68 and 79 days elapsed between 

silking and 95,% completion of grain filling in the early aud late varie.ties 

respectively. Varietal differences in grain yield were due to differences 

~n the length of t he grain filling period rather than in . the rate of grain 

f i lling . ~easons for delayed plant senescence and its implicatio~s en 

maize p roductivity are discussed. 

':::'he optimum plant population fo'!' grain production in Kc; diC:. not occur 

within the range ·of densi tiee tes ted, though t hat for i'."575 appee.red to be 

close to . the upper end of the range o'f plant densities crow~. . C'ptimum 

plant popi.llations calculated f rom r egressions of the lorarithm o~ s rai n 

weight per plant on density were 92000 pl ants . ha- 1 (~575) and 157000 plants. 

ha- 1 (KC3), and appeared to reflect difference s in plant size . 

The rate of increase in grain dry matter content was sisni ficantly 

greater in v,:5 75 t han in KC3. 

Implications of these findings on plant growth and crop yield are 

discussed in the light of current knowledge and hypotheses on t he 

physiology of growth and productivity in maize . 
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'i'hc 11.st five ~rc.:::'.':J b ivc '·iitnc~;::;cd rt clrr,IJ,'.l.'tic incrc3.G(~ :i'' i:·:::n:'ct:t 

:_:; :: r~:::uJ t se1rc:r-::l nc;·r v :::- · ct: '0 ;rhj ch 

· -.- ".C"' (Do-..,.,c-r ;_'.. .. - 1. r . .. .1.,i , 1971 000::. r ol ;.- :>cc! : ,"):' co:· -c.::clr.!. 

t' :j ,; 
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C o· lr. try • 

.~o: 

arc~::; o~ ~cficicncy • 

.:icc·- '1'· · ~575 .. .., .... c1•o··,-,·r ...,,... " I~" 1 l ,...,. '"0'.'1 v· · ,...· 0 "-·· li.. .._!,v,_\.-; J l o 
0

' i'o c.i.v 4'o• v,: ... i...4..., (,.,. I.A . ~ \.",; _,_, J,... ..i. ,! .. v,, ' 

ir.:'or;".1.:: t:!..on on. the cro1·:th ::r.d ~-i 0ld of h ;o V':ricties of Cv!: ~~r· :-ti" 

r:ic:turi tics uhen ero-vm over a r .::i.nce of cor..rrcrci::i.l field. s '·r c::. · c:> t: 

to be sui t oble for the i."c.!'ltJ.'7:: tu . 
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( i) 3tn:--1: 

(ii) .,.-~··f : 

(iii) ::;3. r : 

(iv) ::1:s!-:: : 

(vi) Cob : 

. ... ,.., . ' 

connect:L on ·.1i t}·. lo~:f a r ec,. 

the uholc fc: .. 1lc :::.:::flore~cc:.ce , i:.c1·.iclj1:-:,; : r .:._ 

;;hich.f:!.orets :.i.re borne . Snch f1orct::; 71•-~· · '.er". 

clevelo:' i n to cnryo:;;seo. 'i'he c ob therefo1·c .!.11r. · ·1~:r·. · 

florets borne on the dis~nl r uc-io:1 of ".:he !". ~~ti:.::«~ .. ; · 

(vii) Tas::;e l: the :-iale i nflorescence , i:ic ludin,:: the t :..:.s~c l : ·udu1;,; 

(viii) StovP.!' : the tot:ll pl~.nt G:hoot less the nature grain . 
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CE APTER 0 N E 

0 F L I T ~ R ·" T TT H E 

This revieu provides a bac!-:eround agai:r..st 1·1hich t he findinr;s of tl~e 

~resent experiruent nay be discussed . Aspects of the ero1·1th nnd 

development of maize nre e:.i_)hasiscd, and some of the fl!ctors affcctinc 

the efficiency vri th which t he cror> uti lizes the ultka tely lbi tcd su·irl~r 

of liGht arc described. The r evi e:·1 is largely r estricted to r..'.lize , :;.;.rt:!.y 

because it is the subject of a 1·real th of published li ter.:::.t11re ( thouch 

related to a lir.:i ted ranee of em:ironr.icnts) , and :pnrtly bec.::.i.;.se it d1.·,;:·crs 

significantly in nany respects from other c er eals . 

Following the introduction , quali tative and ciu.::.ntit.'.ltive :lG)CC :; o!' 

crowth are discussed . The third section considers in dct<.i: t!:c y-.r chctioY? , 

di$tr j bution and accur.iulati0n of ncsil"'iJU te :i.n the ;'ni~c p1 · t . :~0cti0n 

four briefly reviews naize erain maturati on in the field , r:r .. section 

five deals with changes in the maize plant induced by cor.petitivc ::;t::-e"s . 
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1 .1 IN'fRODUCTION 

Biological systems may be regarded as being comprised of a number of 
• 

leve ls of organiza tion, each level being characterized by its mm re laxation 

tim·e (time taken to recover from a small disturbance) , which differs from that 

of an adjoining level by a factor of 10 - 100 (de Wit, 1969; Loomis et a l, 

1971). Thus 6-7 levels of organiza tion can be identified with rel~xation times 

r ar:ging from minutes (intracellular molecular action) to centuries (a climax 

forest community). It is at present impossible to link more than two or 

three such l evels in a single integrated study, and the exper imentali st (and 

reviewer) rriust of necessity lioit his act ivities to two , or at mos t three , 

ad joini ng levels of organization. This r eview will r estrict its scope to the 

l evel of the experiment performed, and one level of organization bel ow this 

(hour by hour plant a nd canopy responses) . 

1 • 2 ASPECTS OF GROWTH AND DEVELOPMENT 

1.2.1 The Terms Defined 

Within the orderly but c ompl ex progression undergone by a pl ant from the 

embryo to maturity a t l eas t two processes may be r ecognized (Bloch , 1961) . 

( i) Growth, which may embrace changes in magnitude of any measur able 

charac t eristic with time, but i s normally r egarded as the change in dry weight 

of the plant or plant part wi th time. 

(ii) Development, or changes in form arising from differential g rowth along 

the axes of the plant, or between plant parts. 

Although the processes are correlated (Bloch, 1961) both oc cur at rates 

which vary within and between t he processes according to genotype and 

environment. 

1.2. 2 Quantita tive Description and Analysis of Growth and Develonment 

There have been many attempts to formulate specific laws of gr owth in 

higher organisms, but developmental variability has r endered these l a r ge ly 

sterile (Whaley, 1961 ). Rather t han using mathematical formulae to predict 

growth, use can be made. of formulae to describe growth empirically as a 

continuous function of time. 

In general, growth in higher organisms in total and in part follows an 

assyme trical sigmoid curve with time (Milthorpe, 1963) . An early phasd 0 _ 

exponential growth is followed by a phase of linear increase in which c-rou tl-~ 

is restrained b~ differentiation or a shortage of some growth factor. As 
• 

maturity and senescence approach, growth rate declines, and total weieht ~ends 

towards an asymptote with time, or may even decre~se as a result of r espira tion 

and shattering losses from the organism (vlhaley, 1961). 

Mathematical functions describing part or all of the growth curve have 
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been reviewed in detail elsewher e (e . g. Richards, 1959; 1969; Whaley, 1961 ; 

Gandar , 1970). 
Briefly they fall into two groups (Richards, 1969) . 

( i) Those in which gro»1th fonns no asymptote as time i ncreases indefin­

i tely (e.g. polynomial in time, time power, exponenti a l ) . 

(ii) Those in which growth tends to an asymptote as time increases 

indefinitely (e . g . monomolecular, logistic and Gompertz). 

Increasing the nuober of constants within any single family of curves 

inproves the flexibility or the ' descriptive power' of the cu...""V'e . Thus it 

i s possible for an ordinary po lyno~ial function with N consta~ts to pass 

through every observation where N observations of groNth are spaced in time . 

This implies that each constant i s a summation of ma.~y complex physiolo&ical 

variables (Richards , 1969) . 
When a function with less than N coefficients is fitted to t L ... data , 

some smoothing of data normally occurs, a characteristic that ~s ~t once 

useful and danger ous . Small variations in data may be spuriou.s t o the study 

being performed and therefore usefully eliminated , while the finer physiolog­

icall y s i gnificant variations may be overlooked (Vernon and Allison , 1963; 

Buttery , 1969) . 
While ordinary polynomials are widely used descriptively , thoy cx:iibit 

atypical biological r esponses in that they are not bound to ~ny final size 

(no asymptote formed) , and th~ quadratic form is symmetrical about its 

stationary point. Nelder (1966) points out that inverse polynomialn meet these 

two objections without losing the descriptive power of ordinary polynooials . 

The fi tting of mathematical expressions by least squares regression 

techniques to plant weight and ar ea data as a method of simply obt~~nin~ 

' growth analysis ' parameters is becoming mor e popular . This mc tho~ -~lows 

i mproved precision in estimating parameters at any one point in g r 0hih , as com­

pared with the historical methods based on means and variances of each observat­

ion point (Buttery, 1969) . Rate .Parameters may be obtained by differenti ation 

of the derived continuous function. 

Ordinary polynomials a r e frequently used (Vernon and Allison, ~963 ; 

Milthorpe , 1963; Hughes and Freeman , 1967; Ko l ler et al , 1970; Koller, 

1971) , but other types of expressi on may describe the da t a more accurately 

(.Hamm ond and Kirkham, 1949; Williams, 19 64) • 

1 . 2 . 3 Growth Analysis and its Parameters 

'Growth Ana lysis ' is the tenn given to the technique .of investigating 

growth through the use of growth parameters described below. Based on the 

assumption that dry weight changes are an a dequat e measure of net photo­

synthesis (Briggs ~, 1920) it aims to e lucidate factors affec t ing dry 

matter yield. Analysis is frequently confined to the above- ground portion 

of the crop. 



The following symbols will be used in discussion:-

W = total dry weight (or total above-ground dry weight); 

L;.; = · dry weight of leaves per pl ant ; 

A = total leaf ar ea per plant; 

RHO = t he number of plants per unit area . 
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Growth analysis parameters can be divided into those which describe 

plant shape (morphological) and those which describe rates of change 

i nstantaneously and over a period (growth processes) (Evans and Hughes, 1961). 

We will now consider in summ~ry some of these pari~eters and their inter-

r elationships. The subject has been reviewed in detail elsewhere ( Wo. ts on, 

1952 ; 1968; Evans and Hughes, 1961; 1962; Blackman, 1961 ; Richards , 

Mornhologi ca l Parameters 

(i) Specific Leaf Area (SLA) is the ratio of l eaf area to leaf weight . 

SLA = A 
Lw 

1969). 

Specific leaf area shows a steady ontogenet ic decrease in mos 0~ pl ants 

(Eddowes, 1969 b; Koller et al , 1970), but at a.~y point in ontogeny it 

appears to r eflect the l evel of ava ilable photosynthate (de Wit et a l, 1969) . 

SLA decreases as light intens~ty incident on the leaf i ncreases and leaf 

temperature decreases (Blaclanan and Wilson, 1951; Blackman , 1956; Blackman , 

1961; Hughes and Evans, 1962), the effect being greater upon l eaf thi ckness 

than leaf area (Friend, 1966). 

(ii) Leaf Weight Ratio (LvIB ) is the ratio of leaf dry weight to total dry 

weight. 

LWR = Lw 
w 

LWR reaches a peak 3 - 4 weeks after sowing in soyabeans, maize and wheat 

(Koller et al, 1970; van Eijnatten, 1963; Friend, 1966) and then steadily 

declines as growth of non-leaf structures occurs. LWR generally s eems l ittle 

affected by environmental stimuli except photoperiod (Evans and Hughes, 1961) , 

though this is species dependent (Blackman, 1961). 

(iii) Leaf Area Ratio (LAR) is the ratio of totalJeaf area to total dry 

weight. 

LAR = A 
w 

A further relationship may be recognized:-

LAR = SLA • LWR 
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LAR reaches a peak 3 - 4 we·eks after sowing and declines at a simi lar but great­

er rate than LWR as the plant ma tures (Watson and Baptiste, 1938; van Eijnatten, . . 
1%3; Friend, 1966; Hughes and Freeman, 1967; Koller~, 197C) . A 

reduction in LAR in increasing light reflects reductions in bo1..:i. SI:!l and 

LWR. components (Blackman, Black and Kemp, 1955; Blaclanan, 1961 ; 1:.'.'.l.rren 

Wilson, 1967). 

(iv) Leaf Area Index (LAI) is the ratio of leaf area (with or ·.-:i th .:· 'Jt leaf 

sheaths and green supporting tissue) to ground area covered ('. .: .rnon , 

1947 ~). 

LAI =A • RHO/Area 

This gives a measure of size of the photosynthetic system (Grezory, 1926) . 

Orientation, and vertical and hori zontal distributions of le::t ... a re:. index 

within the canopy 

Williams, 1969). 

1963 a; 1963 b). 

determine the degree of internal canopy shading ( Loomis .:i.nd 

LAI is greatly affected by mineral nutrient supp _y (Watson , 

Watson (1952; 1968) regards variation in t'.'le d -;e lopment 

of LAI, and the time course of leaf area display over the s ·c.~- :. cr _ :: temperate 

climates as two important causes of yield variation in fiel c ~rof . . 

(v) Harvest Index (HI) is the r atio of economic yield to biol Gcica ~ yield 

(Donald, 1962). 

HI = dry weight of grain / '.·.'. 

This ratio is highly variable between and within a species (:::;_·yam ,_::d 

Blaser, 1968; Brown et al , 1970; Singh and Stoskopf, 1971). It -.;:rn 

be altered geneticall~ without affecting biological yield, and is affected 

by thermoperiod, photoperiod (van Dobben, 1962), and cultural practices 

( Ddnald, 1962). 

Growth Process Parameters 

(i) Unit Leaf Rate (E) is the rate of dry matter increase per unit 

leaf area 

E = dl·l 
dt • 1. 

A 

This term (Briggs ~, 1920) is preferred to the equivalent alternative 

net assimilation rate (Gregory, 1917; 1926) as E is a net term covering 

energy losses in water and nutrient absorption and transport, as well as 

'net assimilation' (gross photosynthesis - (dark+ photores:;:iiration)) 

(Evans and Hughes, 1961; Loomis~, 1971). 

E may be regarded as some measure of the efficiency of the photo synthetic 

system (Gregory, 1926; Watson, 1968). Leaf area is used here as the basis 
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f or · c ompu t i nr; E, though leaf wcir;ht and other less D.ccc:::i:::;ib~c bases have ·been 

suc:;,c~cstcd (;l illfa.':'!s , 194.6 ; 3rouehn."'.'. , 1960) . 

Ct:.rveo 

ct :-1, 1965 b ; Rr:.dford , 1<;67) . 

1925 ; ::erl"!:r r.r.d Grecory , i 9:58) .:r.c: ::·.s bee!! found tc ., . . ·:_: ::-.01·. ; . c~ 

Hi fri r. o. :::i:pccies (~·Tn. tcon , 1S·47 ::) • :: e:;:hi bi ts <~'1 onto 0;c!: "· ".;ic ,: :'!."( 

1966) . 

Physiologic<:.~ i:1".;cr::;retr·ti.:m of tl".; cf:'ectc cf' cxtc:r·nal ::':.·~tr1::· 

B i:::; difficult because of t':e cc·~plcx n .... tiiye o::' ··~ ( Ric!,r,rd:::; , 'l ) • . ' :·:. ~; 

bee~·. :o· ..... "'ld to increai::e ;;i -;;:.--. i;:crcusi!1.<; lie~t j ;i !.c~:::;i 7.y (n.1:.c~:: · .. :.. 

1951; ross , !965) , •1rith i:icreo.:Jinr; tc::.::;cr·ii.urc to ::;ere o:iti:~ ll::. ~c· 

(':h,tscn , 1952 ; 1963 1::>) , ,'!:.C. ~·;ith ir.cre."J.si;ic crlroon r~io:ciC.e cone•;;;:· 

.. . ~. : -'·~ 

' ..: ,., v·,... 
1 ...... ~ .. . ~ ..... 

sto.t11s only nlif,htly e:,~cept i::·c;.cutc deficic:i.cy ct.:.~c:::; {".i:.t:::;o::, 19.-;: .. , 

1963 b) . '?here is sone evidence tl-:.at ::; may be cm: i.;rolled. by r:.c. t:.:)olic -~~ r.:· 
' - I .. _ . J 

proccs:Jes , r::easu:::-eL"ler..t of:::; is recu:~dccl ho:;,)(-)ft;,lly by so~.:" (".:· '.;::J:: , '.05~; jr ·::;~ ; 

Richn.rds , 1969) and dis:par.:.cincly by others (Loor.:is ct :'.1 , 1 S7~) . 

Unit ler..f rate of o su:-:1T.1cr a:~nuo.l crop F..c.y be cxjicc led ~,, cJ: -. t ~.::c 

tiT~C Of croctest il1S01.:ttion (~!a::·re~ ~!ilson , 1967) , <ll"Clil:" ~::,, - ·'.::.~: :;_ ..;!.·. :j. 1 

Hi t'.:in the canopy inten3ifies , .:md it Iilt.'!.Y rco.ch '1 scconchry :;-eD.:· co_·::.· ..... s:~.1:. 1iir.; 

with sink der:ia..11d in sone cro::_)s (e . g . riotc.to , wl:eat , soyabeo.ns) (::ilt?-.o~:c , 

1963 ; Stoy, 1965 ; Koller ct al , 1970 ; Gandar , 1970) , t:i.ourrh D._Y;_}; •• ·.:.:rtl:,' 

not in others (e . g. naize) ( van ~ijnatten , 19(i3 ; Vernon and Allison , 1:·-:-3 ; 

Alli s on a nd Watson , 1966) . 

( ii) RelA.ti ve Growth Rate (RGR ) is the r ate of dry ·,.;eicht ch-'.'!'..~c re 1 ·1. ~ v i..~ 

total dry wei ght . 

•rtGR = dlf 
·.r dt 

Componen ts of RGR may be recogniz ed ( Blackman, 1919 ; West et nl , 

1920) 

RGR = E • LAR 
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Constant RGR with time implies exponential growth in which all 

material formed acts as 'growing capital'. Because differentiation occurs, 

this situation does not apply beyond the seedling stage when LAR is 

constant (\'/haley, 1961). A better measure of 'growing capit.:i.l ' i s leaf area, 

as in E, which is one of the c omponents of RGR. However RGR coos give an 

indicat ion of the time taken fo r an organism to double its si ze (':lilliaT'l'Js, 

1964), and is a useful concept in this r espect. 

Since LAR is more variab l e than E throu &hout the life of the plant , 

RGR migh t .be expected to decline at a slightly steeper r ate t han :.i'.R, as 

the slow onto genetic decrease in E is felt (Richards, 1969). This has been 

confirmed experimentally (Briggs et a l, 1920; Kidd et al , 1920 ; \'filliams, 

1946; 1964; van Eijnatten, 1963; Koller et al , 1970). 

The relative leaf area growth rate (RLGR) may be derived s i -.i l arly. 

This parameter declines more ra11idly with time than RGR, as lec:.f area 

gr·owth normally c eases before dry matter {:l.Ccumula tion is complete (Butte ry, 

1969). 

(iii) Crop Growth Rate (CGR) is the rate of dry weight change per unit land 

area 

CGR = d'.1 
dt 

• RHO 

Components of CGR may be reco gnized (Watson, 1958) 

CGR = E • LAI 

The interrelationship of CGR, E, and LAI has been widely st~~-~ d 

( Watson , 1952; 1956; Saeki, 1960; de Wit , 1965; Loomis et ~ 1, 1971 ) . 

Eis always small when CGR is large (Loomis and Williams, 1969 ). 

Two kinds of relationships have been observed (Brovm and Bl aser , 1968) . 

In one CGR forms a well defined maximtnn at an optimum LAI value , and E 

declines linear:].y as LAI is increased (Watson, 1958; Rees, 1963). 

In the second, CGR tends to an asymptote and E declines at a decreasing 

rate as LAI is increased (Brougham, 1956; Williams et al, 1965 b; 1968; 
/, 

McCree and Troughton, 1966 b; Buttery, 1970). The interrelationship of CGR, 

E 'and LAI is considered by many to be the most important of any among 

growth analysis parameters with respect to productivity (Watson, 1952; 

1968; Loomis et al, 1971). 

(iv) Leaf Area Duration (LAD) is the integral of LAI between two time 

limits, t 1 and t 2• It takes account of the magnitude and longevity 

of leaf area, and has the dimension of time (Watson, 1947 a). 

LAD = LAI • dt 
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Watson (1956), Thorne .(1966) and·Welbank et al (1966) claim a. good 

relationship between LAD after flowering and final gr ain yield in cereals • 
• 

The integral of.percent cover oay be a ~ore definitive index (Loomis. npd 

Williams, 1969) . 

The grain leaf ratio, G, or the ratio of grain yield ~o LAL, which 

is a meRsure of the contri bu ti on to c ruin weight by unit l e.:i: area 

index, appears to be fairly constant for ::my one variety in ~;.y one season 

(
1.fa.tson et al, 1963; Thorne, 1966; Kirby, 1967; Gand.'.J.r, 1970: . 

1.3 SQi.'f•; FACTORS INFLUENCING 'PHI·; l·:tcGNTTUDE AND PATT:.:RH OF PHOTOSYi:TP.ATE 

DISTRIBUTION IN THS I·i AI ZE PLM;T 

The maize plant differs in many ways from small er.::.in ccrenls . 

Lyte's dcscriptio~ (Hew Herb.:il, 1619) quoted by Bonnett (195~) illustrates 

some of these differences. 

"T'nis corne is a marvelous strange plante ••••• nothine rcscwbling 
ar.y other kind of grayne; for it bringeth forth his sccce cleane 
contrarie from the place whereas the flowers grow, u!:ic::. is agaynst 
the nature and ki.ndes of all other plants, which brir.~ :.~orth there 
fruit there, whereas they have borne their flower •• • • [•1: the highest 
of the stalks grow idel and barren eares , which brine forth 
nothing but flowers or blosso:ne •••• The fruitful eares do err-ow , 
upon the sides of the ste~s amongst the leaves, which c~res be great 
and thick, a.."'.ld covered 1-li th many leaves so tho.t one c<::.L"! ot s ee the 
eares ••••• The grayne or seed vhich groweth in the eares is •••• 
orderly about the eares, in nine or ten ranges or roHs. " 

Growth and grain production of the maize plant, when 1:el l supplied 

with water and inorganic nutrients, depends primarily on 

(i) Production of photosynthate in the leaves, leaf sheaths and 

husks. 

(ii) The transport of synthesized organic compounds from the leuves 

and their distribution to metabolic sinks accordin~ to a pattern 

that varies with plant age . Photosynthate oay be temporarily 

stored and remobilized at some later period. 

(iii) The irreversible accumulation of photosynthate as nonosmot.ic:il. ly 

active starch in the grain (Beevers, 1969). 

Factors affecting the source (leaves), distribution, and t emporary and 

permanent storage of photosynthate in maize as an individual plant c~~ as 

a community will now be considered in detail. 

1.3.1 The Develournent and Maintenance of Leaf Area in I-laize 

Leaves in the adult maize plant are arranged alternately in ~NO 

ranks (distichous array) with one leaf to each node (Bonnett, 1960). 

Total photosynthetic area is made up of the components l eaf and sheath 



number and size, on the main stem , and on tillers when present. Husks 

present after emergence of the prophyll contribut e little to total 

photosynthetic area when fully gr own (c 2%) (Allison and Watson, 1966; 

Pendleton and Hammond , 1969). 

( i ) Initiation of !,enves and Le:1f Nu:nbcr 

Four to six l eaf initials are formed in the maize e~b::-yo pr~or 
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to seed dormancy, irrespecti ve of variety (Kiesselb.J.ch, 1949; E.:-'-wn , 1968) . 

Upon germination, growth of already fomed leaves continues l!.nd ~ .. or e le.'.l.f 

ini tials are formed at the stem apex. Rate of formation of initinls 

h1s been found to increase exponential ly with time fro:n on~et of 

germination in one variety (Abbe and Phinney, 1951) but linearly in others 

(Stein , 1955) . Plas tochron length (time between initiation of successive 

leaves) at 20C averages 1. 6 - 2. 3 days (Abbe and Phinney , 1 ~ ? 1; Grobbelaar, 

1962) . The l ength of the pl astochron in cereals decreases &:::; te .. per a ture 

ri::>es in the 10 - 20C range, and wi th i ncr easing lieht inte::;sity ~ Friend 

et al 1962; Friend , 1966) . 

The vegetative phase , and leaf initiation, arc terminated when the 

stem apex begins to elongate prior to forning tassel branch initials 

(Kiesse l bach, 1949). This phase has been found t o be the most v.:i.riable in 

duration of the three main deve lopmental phases of the maize plant 

(vegetative , reproductive and seed phases) (Bonnett, 1960) , and is usually 

20 - 30 days in length in adapted commercial varieties . (Siemer et al , 

1969). Its length is affected by :-

( a) Genotype : I·:ost of the vari ation between varieties in ti::ne to 

maturity under standard conditions is attributable to differences in the 

length of the vegetative period (Leng, 1951) . Late maturing varie ties will 

t herefore have more l eaves, more internodes , and are bigcer plants than 

earlier maturing varie ties (Kiesselbach , 1950; Eik and Ea.'1way, 1965; 

Brawn, 1968}. Leaf number has been used to characterize maturi ty classes in 

maize , and varies from 8 (Brawn, 1968) to 26 (Chase and Nanda, 1967) but is 

normally about 16 (Hanway, 1963) . 

(b) Photoperiod and Temperature : Haize is classified as a short day 

plant (i .e. short day lengths hasten flowering), though considerab le variation 

in photoperiod sensi~ivity exists (Francis et al, 1969 ) . Plants exposed 

to long photoperiods have a l onger vegetative period , produce more leaves, 

are larger, and have delayed flowering in comparison to plants exposed to 

short photoperiods (under 10 hours) (Sirohi et al , 1966; J.19ss and Heslop­

Harrison, 1968) . This effect can be reproduced by growing the same 

genotype at high and low latitudes, the longer days of high latitudes 
/ 1 



ir:c::-e<l8inc l en.f nu.r:iocrs n?1d dclayine r.i<:.turi ty (!:ies::ielb:'c:. , ~so) . 

D'ln:/in.; pl.:.ntin,'3' date inn tCE?ero.te locali ty , ;·rhere d:y ~.;. ·tr is 
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i:-.cre~sinc n.nd tc:~per[~tu:-es ris in; reduces tr.e lc!1,.,.th of ·:; ·" .-ccct". tivc 

rc,::-icd :.> i G::!ific;1ntly but :.r:cr·~:1sc::; 10::.." ::llr.!ber sli;,htly (I er.·, 1 ·5 1 ; ::::i)~ 

:;.::.r~ :r.:ur.my, 196 5; Jun tin;,, 1C'G8) : :!:nc::.· c·~:-:crl tc:-.11cr-·, tnrc :_cc.:lt:_":tos ;ro;;th 

Im; tc~.•:icr·;.turc.; ;?i'.l :r·c<hicc the ?iu:::oc::::- o: l :.v ... -

"e~'-,.,.1..1. 0t "1 ( 1 c:rn) f0""''1 ,,,l, ,· 
j. ..... ......... v ... • .. \ J J .. "~ ~ , ... 

(c) C • ·l,··'~"l · -r··c"'"-i~ ··" · V \A_._<-. ~- ~... V..1... \ .• \.,;t.J • 

• .J •. , 
~ .. Vt.. 

t: . ~ · , .. 
' .... --.., 

-·~ ···u l ""'".;o r1 ;,,,C .,.:""'S<>" -i ~· .;.,.c·"r.,.,....:i ·ov ''n"'l 'c· t·i on" o' .;-::. !· ,.;1...· tc.·'.; ~J::.::r;.r " v:_• __ , V.J.. __ .. -. \,;.;\..4 ; ..,., -o-J -·· .... .. .JV\.l u Vl .!-' -.L. .- ... ,; ... - -

( ~i}:: !'..'Hi ['.:-~'!"\ . ay , 1065\ r,.,,i .; ·• r r.:i·,ce•1 ),., ""'VC~" i·..,tc ~ ""'"r·· .. ..I ) ' C~~ ... '""- ..1.. - .;~;_'-' u .JJ •> ..... ~\.,,.; 'It..,, .,._ ..._, V \....!.,, ( " ... .. . 
- . \• ·.,; L . .. ' ·, (' ,'"i{ . 

~ ' ' 

.,·. ! 

a-:d r:iesselbnch (1 949 ) . Tl:.c 'Jladc tijl is tlc first !lt:.rt fo::.·:~.ed . ':.'!-.c lr_ .. _::.~ 

r.:eristcn r emai ns c::.t tl:e bo.se of the leaf , m".d ·,fter tl~e lcr.f ~.l::r::c ' !L l 

licule have been forr:ied , t}:c r.1erister:i civ es rise to the: lcn.f ~::-.<' ~:, ·.:;·: c:~ , 

.r;ro1:s , lifts tile le;.if blade out of t!10 c::-:closir:._; l '.::: .. .<r:c.: - • 

;,.cc omp.::i.::wini; t his is the extension of in : crnodes by in -..crc<lln.ry r:rc·.:::1 :~re·:: 

r:1erister:!s ini tinted e.:i.rly in le.:i.f :ri:::-imordia devclop:::cnt (Stein D.:-!< ":tc:.~ :·0::;.0_; , 

1S59 ; Sieme r nt al , 19 69) . I n te r n ode lengt!1s can be uaecl to c!esc~ ~1~0 

sfagc of deveiopnent of tfie :::> lant (Hc.mrn.y, 19 7 0) . GroHth i n ,.;he .. n c:· 

cc lls conpl etes t he e r outh in le Pf 1·rid th . 

Successive l eaves in riaize .::.re longor .:ind broader th·tr ::f:e:_· -:-,· -..cc0s~:1:·3 

up to some point in tine ( Eik and Hammy, 1965) which ~ay c o ·::-cs~;~v:.: ~>'ith 

the beginning of floral initiation (Jeviss , 1966) , follo;·ri"l.:; · . .-11:.c· . ::.cr.r;t::: 

and bre11dth dee line . Width differences i n leaves arc t how-ht to :- irror ster.: 

apex size at loaf initiation (Abbe et .::i.l , 1941, . LP.aves of l·tc r::ttt.rin.:; 

varieties grow longer and '·rider th.::i.!1. leaves from early ma tu.rinc va rieties 

(Eik and Hanway , 1965) . The rate of e;rowth of ~aize leaves is considered 

qn important determinant of crop grouth rate (Eilthorpc , 1956) , nr.d is 

affected by genotype and environment : 



(a ) Genotype : Sienific ·tn t differences bet1·reen vn::-i oti<.s of r.i.'.liz o 
• 

in :relCl tive lc~if g r m·rth r a ·i;e (RLGR ) hav e been me asure d und .:r ::; t<C;1d.'.lrd 

conc.:.~_non::i (xnc211 ccnd Hesl:et>. , i9G8 . Co;-;iparc r.:ur:u::oto o~· .: , 1965 uiti1 

cotton) . 
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(b) Environ2ent : Under c onditions of ndequnte rno i ::iturc nn ~utri cnts , 

t enperature exe rts an i mport.:1.nt ::'..n.fluencc on the r rcte of lc:.:f .:_;-r .,. 

( ~ai;land et al , 1965) . Dunc:..n 8L.:l :Iesl:cth ( 1 ~68 ) co:-:;.J.:Jrerl r: .cr;. of 

Daize Q(]aptcd to hich .::rnd lo·.; .'.lltituCe cnv iron:.:cn-'.;::; . unrlur c 0n L· . ~led 

c ondi tioric: , F:cy found th: tt ncr.n J.LS:R incrc2sccl fr or: O. OC) :-tt 15C ~o n 

:;-;c:~.J~ of 0 . 27 at. 33C •. innlysis ::~ ovcaled :::.. siGnj_fic.:,:r: t r· .cc x -:.z·r::· ·:::· :,~turc'! 

L1tero.ctior. . The RLGR of hi,:)-, al t i tudc re.cos 11r'..s sicnific:mt2y } · ·-.r r, t 

lower te1.1:;:icr o. tures than tnr, t of 101-: n l ti tude ruccs , nnd vice ·.ro r ; :' or 

.::.icher ter.:. pe r a tures . 

Chwgcs in li(;ht inten:::.i ty hnvc less effect on lc::!.f c:-,rr«. t !.·::i on lc.::.:f 

weight ( ~endlcton et n l , 1966 ; 1067 ) (s:;:iccific l eaf nrea i s ~f~r-c t cJ as 

i n Sec ti on 1 . 2 . 3) . Incrensin~ levels of s hadinc over the _ ve~Gtntivc 

:_:ieri od at first increase lec.f nre L;. , then decrc::~~e i t t o U:c lo::f ·.l'e:, 

presen t under dc:.y light il lu:.1ir.r:t i on (.-:.t 40\b Cl:-.ylir..;'ht l. ,,., -'-("' ... 'i J ·r) .:..i..v . ... .! . ....J- •·,,; • 

s?'luJin;; drc:csticr.:.lly r 3di..lCCS 1G2f 0..TCC:. (!:;arley r.-:; <"l , 1967) . 

Geners.1ly , t o".;al l e.::: 2-cc<c contir:ucs ".;o ex"')ar: rl .:.t n ::'.''. · l r .-.. :::.t:'..J 

shortly be:or e flo~·1c ring , t~ c nrea i:'1crcn3i~1s t:;Grcc:.:tcr ·: t 

r~~·ce ::i.nd r anch i ng a poorly defjncd peo.k 1 - 2 '·:ccl;:s l;-;.te:;,· . (.'.cir ' 1 · ~ · 

~ilbourn , 1972 b) . !~ t t!:i S lJOin t , 

t otc:cl :;Jhotosynthct ic al·e2 ( v2"1 Eijnc.tten , 19G3 ; ;,llison ~.;-:': .",'vs(.~ , 
. r \ 

b1 t this fic;u:::-c is considor .'.l'::;ly l ess a t early stc.~oc o: .lcvclo~1"'c' ," 

( ~'!illi<'..ns et al , 1965 b) . 

(iii) Tiller Produc ti on in Naize 

Axillary buds in maize are ini tiate d several ri l astochrons l.:1tcr tL . .". 

adjc.c ent l eaves (Sharman , 1942; Le din, 1954 ). Those a t lo \'mr nodes r~r,y 

gi.ve r ise to tillers durinG the vege tative phase of r;r owth . The r e is li ttlc 

published work on size, longevity , or l eaf area of maize till ers , and 

inferences must be draT:m from s tudies in cerea ls in whic h ti llers contr ibute 

far more to total l eaf area than they do in maize (Jewis s , 1966 ; Friend , 

1966). 

Factors favouring tillering in maize a r e :-

(a) A good supp ly of nutrients ( p:l rticu l a rly nitroeen and phosphor us ) 

(Dungan et al , 1958 ; Lancer , 1966) , and Ha ter (Do1mey, 19 71 a ; b ; 1972) . 

(b) A variety tha t til~ers prolifically . There is c onsiderable 

va rietal variability in tillering capacity (e . g . Brawn, 1968 ; Adelana and 

Milbourn, 1972 a), some va rieti es not norm a lly t illering a t all ( Duncan · 



14 

and Hesketh, 1968). 

(c) Thin spacing of plants ( Downey, 1972). Tillers in maiz may • 
comprise 50% total drJ weight Hhere compe tition is not occur:::-ing 

(Rosenquist, 1941 ), ar:d stand as tall as the main stem (Earley e t: al , 1971 ). 

Equidistant spacing favours tillering (Dungan, 1946; Kohnke ;:._nd ~·iiles , 

1951) as does light enrichment (Pend leton et al, 1967). In o~her cereals 

( for exrunp le wheat ) i ncreasing light intensity promotes a grec. te! Ciegrce 

of tillering and increasing temperature decreases ti llerinc ( :?ricnd , 19 65) . 

Tillers initiate leaves, tassels and ears in the same mnr.:ier ::ts the 

m.:?.in stern (Kies se lbach, 1949) though there is a marked tendency f o::: 

sex reversal in tillers of some varieties . Vascular connections betwe en 

tiller and parent plant are maintained (Dungan, 1931) but tiE cr : .ortali ty 

is high during the period of ear. fonnation , particularly where ti:::.lc rs are 

s ma ll in relation to the parent plant (Mo ntgomery, 1909, quote d by Dungan 

et _al, 1958; Adela..."1a and Nilbourn, 197 2 a) . 

(iv ) Leaf Area Dura tion in ~·:nize 

Leaf area duration can be c onsidered from the viewpoint of 2.caf area 

ir.dex and leaf longevity (Section 1 . 2.3). 

Experimental plantings at high densities have r esulted ir:. L, __ v~lucs 

as great as 20 (Williams et al, 1965 a) but little is known o:~ U. ~ 2.ongevity 

of such canopies. Plantings sovm at c ommercial rates for grain 

normally have leaf area indices of 4 - 7 during grain filling (Allison, 

1969; Pendleton et al , 1968; Adelana and l·'. ilbou:rn, 1972 b). 

The v ert ical · profile of LAI varies with density of plan ting ( :-;~ :-: nnd 

Hanway, 1965). At LAI of 5, leaf area distribution with heicht w.:.::; :':'c;..r.d 

to be uniform over the middle metre of a maize canopy al.most three ~o~~o~ 

in depth, falling away to zero on either side of this central zone (=.c:.:on , 

1967; Lemon and \fright, 1969). Crowding plant s together alters t: i_.::. 

profile drastically. The bulk of the leaf area becomes noticeably 

concentrated in a l ayer near the top of the canopy at LAI values of 

greater than 10 (Williams ~, 1965 a). 

The time course of leaf area index differs markedly from that of 

other cereals (Bunting and Drennan , 1966). At commercial spacings :he 

rise in LAI is more gradual with time and a relatively high leaf are<i 

index is maintained for a longe r time (Allison, 1964). At these r ates 

of planting (40-80 K plants per .ha) a LAI of greater than 4 is frequently 

maintained for 10 weeks, 8 of which may be after flowering ( Wi lliams et al , 

1968; Allison, 1969). Since the bulk of dry matter in maize grain is 

accumulated after flowering(Bair, 1942; Miller, 1943; Sayre, 1948; Hanway , 

1962; 1963; van Eijnatten, 1963), it appears that leaf longevity may 
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• • ~· ..., , ; ,,,""n~· tant part in yield de tcI7lin·:tion . total 

leaf 2 reu made up by lcof she~ths , po.rtic1· lnrly just hcfo2·• :11rt t ·Ti ty, 
• 

is r-ot as h) gh as it is in ~;'"!c s:l!.'.lll :r; rei.i;i ce:::-cnl s ( 'I'!'lo:::-nQ, 1 ~5° ; AJ l is on , 

:;0 l• . f 

is a:~foc ted by c-onoty:._)0 (.~:~l-: :~::.-~ =~am.·ay , 19G5) , a:;ci i ::; rcd1:c <:d .::.0 : .i.:_;-h 

tc:!!por .::;. tures (:~nd::.·eu ct :l, 195G) . 

Reduced li.::;h 'c leve ls sho::-tcr. t!:c li:nc of lc~:vcs in O't ;:,.:· 3 

( ~rouchi-: , 1958 b) , <:"d lo:r.,: 1l':oto:'.Jeriods c n n c o:i~~id or;1bly :! .;J .::.:· 

se::escenco in short- cky ::_; l::..:r.'~ s ( Cl::i::ned , 1951 ; Eriz:ck ct · 1
, 1 ~,.~r); . 

i :1volved. ':''huG as t~ .c i'c; i .:: 

s en.son, C.'.l"..<sed by t~1c 3C~OGGC~CC of lower l r.··vc" ( · .ri· 111" ~·--· ........... ~ o..J ' - • ... ... · ) 
- J.; '· -

·11 · . 19' ) .. 1son , · t-_,, . 

(.l,llison o.:::cl '.!oinr..o.nn, 1970) ~;:h i::.c levels int0ITc·:j~,~c tc,c:rcc:! v.: 

, I I .. .· ' 50, of i ts ':'le :1J.: v :::.luc 7 1·re0'·:.~ after f lm·1cri '1C • o~Kl , . ., . , . 

.. , 

•.;c I ~~ ' 

.:i.n cl r robnbly s oPJe weeks l on ;er J~:1c:.:. t !:is u~C.c~ the c oo:!.cr :1-:..~ .' : c:·~·.,: · :.:.· :-...; 

o_' the ~Tcthci·lv.nds , where Sib::a list.s "the ti:-'c r;.i ir:cro·,si ::; CJ"o;, .r:-:· ,-.:·;·: : ·:.-~·: 

from cst~matcd co~pletc crop cover a s 12 . 5 "1"' 0 1rs ("'i 1.· ""C'1 ,. \ c.; ~\. _.J _. .. l.... . 
- ......... ,. 
• •' '-'"J , 1';(5 : 

Vernon and Allison , 1963; Alli son , 1969 ; Allison ancl '.'ici:·· nr: , 1<,::70 ; 

Adeluna and T·'.ilbourn, 1972 b; Andrew ct al , 1956; Sib::w. , 1~:6e r,:r;:·e:c~:vc-:.;,.r) . 

Grain yield has been fcund to be linearly related to I-LI t!t si1 ' ·jT',-· H:1 

to I.AI of 3. 3, nnd to LAD £:.f tcr sil1~inc- up to 155 days (~~i k nn<l ::,..n-.r.:· , 1'66) . 

Tl:e time taken for final &r.::.in weight to be obtained a t t he lir .·.:· :-:.'-'Cc of 

increase in grain dry 1·reight observed early in k ernel croKt:t a::;pc;~rs to 

bear a good rcln.tionship to final grc.in y i eld (Da~m<J.rd et -," , 1971) . 

time is probably closely c orrel ated to leaf area duration. The ·~ in- l eo.f 

r a tio , G, has been found to v ary considerably between maize v arieties 

(Adelana and Hilbourn, 1972 b) . 
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1.3.2 Some Factors Determining Crop Growth Rate in Mai ze 

As previously stated (Se ction 1.2.3), the general reiati onship 

between crop growth rate (CGR), leaf area index (LAI) and u~it l eaf rate 

( E) within a canopy is 

CGR = LAI • E 

This r e lationship may be i nvestig2.ted directly by measu::-ing the ch.:J.nGe 

i n dry weight a."1d leaf area wi th time between two (or more) successive 

harvests, usua lly a week apart ( e.g . Buttery, 1970). Whethe:r CGJ. is calculated 

from means and variances fro~ these harvests or from re<P'ess~ons of dry 

weight and l eaf area on time, aver.:J.cine of CGR with time will oc cur, which 

obliterates short term effects of environment on CGR. 

To i mpro re the sensi ti vi ty of the correlation between enviro:1:'1cnta l 

P'.lrar.ieters and CGR, some i nstantaneous measure of crop growtt ra -~8 is 

r equired . The development of gas analysis techniques, parti c:"J larly infra 

r ed gas analysis (IRGA), has a llowed grow th to be measured 2::.:.1o s t instant­

aneously from changes in co
2 

concentra tion in a stream of air pas sed over 

the plant part, the whole plant , or the plant canopy (Mos·s, 1965). 

Further elucidation of the plant response with ac;e and to its e;wironment 

hc.s been made possible through me.:i.suring the photosynthetic c-2sponse of 

l eaves from different positions in the plant canopy, over a range of light 

in tensity, water stress or nutrient status (e . g . Eesketh and .. ;oss 1963; 

Duncan and Hesketh, 1968). Concomitant measuresents of the distribution of 

radiation available for photosynthesis within a crop s t and (e .e. Yao and 

Shaw , 1964) allow es tima ti on of crop response under given co;-idi tions 

(e. g . Moss, 1965), and provide basic i nformation for generalized ~:>. u l:J. tion 

studies of ligh t and enerc;y distribution, and crop production (e . l;.. ".".J;<Q rmd 

Baker, 1967; Duncan et al 1967 ; de Wit , 1965; de Wit et a l , 196S ). 

Predictions from simula ted s tudi es may be verified from observatior.. ::: i ;-i the 

field using assimilation chambers (e.g. Musgrave and Moss, 1961) or by meas­

uring co
2 

flux in the fi eld by analysis of turbulent transfe r within and 

above the crop (e. g . Lemon and Wright, 1969). The latter method has the 

advantage of not interfering with the crop environment while measur ements are 

being taken. Over longer periods of time simulated studies may be c .. ~- ~ked 

against growth analysis results (e.g. de Wit, 1969). Estimates of overall 

efficiency in converting absorbed radiation to products of growth indicate 

how far production falls below that potentially possible (Nichiporovich, 1956) . 

The results of studies using some of the approaches ou t lined above 

will now be considered. 

(i) Net Photosynthetic Rates of Maize Leaves 

Investigations of the oiochemical pathways involved in carbon fixation 

have revealed two distinct pathways among common agricultural plants (Hatch 
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and Slack, 1970). Some characteristics of plants exhibiting each pathway 

have been reviewed by Hesketh and Baker (1967), Laetsch (1968), Down ton and 

Tregunna ( 1968), Dmm ton ~ ( 1969), Stoy ( 1969 ), Zeli tch • ( 1969) and 

Loomis et al ( 1971 ) , and will be briefly summarized here. 

In one group ('Calvin Cycle' or c
3 

plants) a 3-carbo~ so lec ~ le is 

formed as the first stable product of co
2 

assimilation. c
3 

~ lan:s are 

frequently plants of temperate origin such as wheat, barley, anC. oats, and 

are characterized by relatively low rates of net photosynt:r.o::; is en a unit 

leaf area basis (Pnet) in bright sunlight (up to 35 mg co 2 . c. r:: -2 . :~ :::.-- 1 ), c.nd 

a temperature optimum for photosynthesis of 20-25C. f..n i r • .:..oili ·.y to photo­

synthesize at co2 concentrations of l ess than 50 ppm co2, an~ h~ ~~ r a tes of 

decarboxylation in the light (photorespirntion) are also ty pi ca l of c
3 

plants . 

The second pathway, rec ently discovered, is the C 
4 

dicu. rb o)'.ylic acid 

pathway, in which a 4-carbon mole cule is the first compound :.~orr;. ;d in carbon 

assimilation. Plants exhibiting this type of pathway have i n mo:.;t C[1 s e s 

originated from tropical areas (e.g. maize, sugar cane, sor~hum, ~ i ll e t) 

and show high rates of Pnet in bright sunlight (50-60 mg co2 .dm-
2
.hr-

1
), 

and a temperature optimum for photo syn thesis of 30-35C. Le<i f ar:<... tomy differs 

f:..om that of c
3 

plants and appears to favour rapid tra'.'l.sport of :,::o tosynthnte 

out of the leaf. Photorespira tion occurs at a very low r a t e in ... o.:: C
1 r 

species, a.."'ld photosynthesis uill continue until the co2 c o::cc ont :::-: .. ic:1 in th e 

air surrounding the leaf reaches 5 ppm. 

The net effect is that the efficiency of fixation of i ~co~i ~c solar 

energy in the s table cher:rical bonds of the photosynthate fal~s m~c~ 

less r apidly with increasing light intensity in c4 than c3 plan • ..:; :... t 

q.::nbient air temperatures of 25-31C (Hesketh and Noss, 1963). 

Illuminating maize leaves from either above or below with ::;_:.:_ ___ ,_:-

light intensities produces the se.me photosynthetic response. Thi s i s a 

consequence of a uniform. distribution of chloroplasts between u pper and 

lower leaf surfaces, a characteristic of monocotyledons not share d by 

dicotyledons •. 

A further· consequence of this, and the hyperbolic response o:..· __ o to--

syn thesis to ,increasing light intensity (see below) is that rnediu:-:. to 

high levels of lighting will produce more total photosynthate when the 

light is evenly divided between upper and lower leaf surfaces tha!! '.·rl':en it 

is incident in total on one leaf surface (Hoss, 1964). 

The photosynthetic response of individual maize leaves to increasing 

light intensity conforms in shape to a rectangular hyperbola (Hesketh and 

Nusgrave, 1962; Hesketh and Moss, 1963) of the form 

Pnet = Pmax I 
I + K 

R (Duncan et al, 1967) 
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where Pmax is the asymptotic rate of photosynthesis and is not normally 

reached at full daylight intensity ; I is the light intensity; R is the 
• 

dark respiration; K is a constant equal to I at Pmax. 
2 

(All qu.'.lrltities are 

expressed on a unit leaf area basis). The net photosyr.thetic ~ate of maize 

leaves under conditions of adeq_ua te nutrition falls only slcwly w:::._ th age . 

A significant negative. correlation between Pnet at the r.:ipid .;::-ai:-. :'illing 

stage and time to flowering was noted by Hei chel and ~usGravc ( 1969 ), a result 

which they attributed to ageir,g ar..d weatr.ering of leaves. ?.::~ :.:: u.n d K there­

fore probably do not vary much with increasing depth within the m.'.l ize canopy 

( Hesketh and. r:;oss, 1963). Dark respir.::..tion r ate has been observe -: to fall 

in 'shaded leaves when con:pared wi-ch recently illuminated leaves , .:..::: in. otr,e r 

species (e.g.· r.: cCree and Trouzhton, 1966 a) . The Duncan canopy .tJ::oto­

?ynthesis mode l incorporates one lizht response curve for sunlit ca nopy 

l eaves , and another for diffu!:;cly illuminated (sha~ed) leaves ( Dt: .. c:in e t al, 

1967). This is consistent with the observation thc.t ~10.ize has no ·.:e 11 

defined peal: in crop growth rate as leaf area index increases (':li:.. l iams ct al , 

1965 b). 
Respiration losses from a pla~t appear to have nvo componencs: a 

component coupled 1-ri th growth, and proportional to photosynthesis , --:' 1 e.nd a 

c omponent proportional to total pla:n.t weight , W, related to t '.-.8 r:::._: .. "tc .:-,.::.r,cc 

of non- growing plant material (I•1cCree, 1969). 

Simulation studies with maize indicate that values of K
1 

and K
2 

arc 

about 0.33 and 0.08 respectively (de \lit et al, 1969). As the pL.cr, 'i, c ro\1s, 

the ratio of R/1"1 falls steadily. This picture of respir:1E on in p:i.:in ls is 

more realistic than considering it as 0.2 - 0.4 of photosynthesis, a s i2s 

been done in the past (e.g. Loomis and Williams, 1963; Duncan _et [,1 1 19 67; 

Loomis et al, 1971). Because P is temperature dependent, K1 prob.'.lbly will 

not alter substantially with temperature changes. K2 is definitely 

temperature dependent, and will increase rapidly with temperatur e, :.- , ...... c..cing 

assimilate available for growth (e.g. Peters et al, 1971). Differences in 

whole plant respiration losses and the R/W ratio among varieties at 

comparable growth stages have been observed (Wu, 1971). Such an im~orta;, t 

loss of gross photosjnthate deserves a far more detailed examination than 

it has received to date. 

Variation in Pnet rate in individual maize leaves well supplied with 

nutrients and water, and at a steady light intensity has been obse4·ved . 

A number of workers have reported variations in Pnet rate of 5o% .:_ong 

lines of maize (Sheridan and McKee, 1967; Moss, 1969). Diffe rences as 

great as 20~ (25-90 mg co2 ~ am-2 • hr-1 ) were noted by Heichel and ?~usgrave 
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(1969), but this range could not be obtained in subsequent retesting 

(r.:oss , 1969), and may have been due to variations in stoma tel resistance 

under field conditions (Loomis ~. 1971). When 12 lines of m.'.'.ize adapted 

to differen t altitudes were grown at 7 different tcmperatc:r~~ (1 5-36C) 

UJ1der controlled conditions the r~r.ge of Pnet rate av::::-.::ccO. 27'}~ over all 

t er::peratures (Duncan and Hesketh 1 1968). Differer.ccs bct1:o c:-. th, lines 

were highest ( 50, 30;-b) at the lowest and highest erowth room :crr. :.2ra tures 

respectively. Hean Pnet r.::tte shm:ed a growth roon terr.pe:r3.tu:-c o:·,t imum of 

34C (probably 38C leaf t e::. ,crnture, a figure ;rhich agrees ui ".:'.-. L::t obtained 

by Winter and Pendleton (1970), in the field, and somewhat '.1ighc:::- than the 

optimum air or leaf temperature for Pnet of 30 C civen by I d.soc-:: ::1 (1966)). 

Duncan and Hesketh also reported a s:'..gnificant race x temperc.tur _ :'..r:ternction, 

the high altitude races having the highest Pnet rate at low c:r:mpc-_~:. c.urcs ar.d 

the low altitude races the hig. est at high temperatures. 

Increased ca rbon dioxide concentrations cause the light :es. ::m ::;e curve 

to become more linear. Increases of 507& and 100% in Pnet rate wc~~e obtnined 

when the co 2 concentration was r aised from 223 ppm to 325 pp:-.: ar:d 1,35 pf-ID 

respectively ( Hesketh and. Ifoss, 1963) . 

The hypothesis that tte level of assimilate concentration i~ :~e lo~f 

controls leaf photosynthetic rate is an attractive one, ancl wide::.y :~old , 

tl'::ough no direct evidence of" a causal relationship has yet tcr:n --¥..:.c:ced . 

The state of the hypothesis h<ls been reviewed in detail (Xc::.:..: s ::.:.C. -:-r.co ::.l, 

1968). The position with regard to maize is by no means c L<..: . 

50;'0 of the leaf laminae from mai ze were removed the dry ma ttor i:· . ..:.- ;:::Jc 

per unit leaf area increased by 56%, s~ggesting that under norm[ll circw:istances 

maize leaves operate at well below their potential photosynthe tic r.:i te 

(Kiesselbach, 1.948). In a c omparable trial, Allison and ll.:itson ( ~ ~t~G1 were 

able to demonstrate a non-significant increase in unit lenf r .~ te ~~- _'c,-:- ·c· .. io 

weeks following 50% defoliation but not after this period. Pnet n::ay 1;ell 

·have increased but the decrease in leaf area ratio may have masked this in 

the computation of E. 

Removal of developing ears, or prevention of fertiliza tion an •. !':c: . .::2 

grain formation are effective in reducing metabolic sink size in ::·w .. :;_:.ze 

plant. Kiesselbach ( 1948) reported that removal of ears at silking .~ creased 

total plant weight by 17%, but increased the yield of stover and roo t~ 

by 59% and 18% respectively compared with untreated plants. Allison and 

Watson (1966) failed to obtain significantly different E values for normal 

and unfertilized plants over a four week period after silking. The re~oval 

of second ears was effective in reducing the mobilization of stem reserves 

during grain filling (Adelana and Milbourn, 1972 b). 
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Direct measur ements of Pne t give a more direct assessment of the 

effect of sink removal. Verdui n and Loomis (1943) noted a bui ld up in 

l eaf sugar l evels but no decrease in Pnet ra te in barren plc....~ ts compared 

wi t~'1 intact plants. Their method of fte!.S analysis was hi[;!:ly ::..naccura tc 

ho~ever . Moss (1962) using IRGA techniques and a s ealed plnstic field 

nssimilat::on cha.11ber (see I·:userave and !foss, 1961) contn~ninc 10 plants 

fou..~d that midday Pnet rates of barren maize plants fell stc~dily to 55fa 

of that of normal plunts one ~ont!l after silking-. Considerc.b:: . .:: accUDulation 

of :;uc;ar in the stems of barren plcr.ts l:.J.s noted. ':'here ar-r-c<-~·ed t.e be 

v.:.rietal variation in the response o:· a:::;::,:i.::iilntion to barrer.r.e:::;s . 

A recent hypothesis rev::..ei:cd by Stoy ( 1969 ) su.:;-cest:::; th.:..~ ph0~0.,::,.·:-ithcsis 

is controlled by hormone::; proa;_ccd by the sink. i·'.c.izc pl.:mis c;ro· .. 1 .:.t 

de:isi ties which are just be lo;: fr.ose that wi 11 naturD..1 ly inc'...ce ... ::.-rc:-.nes:::; 

no:::-r::ally h.:.vc a sink cap~ci °t'J foat greatly exceeds source cap.:.ci t ... , t.nd it 

is u..'llikely tl:o. t feed b.'.lc:: inr.ibi tion of photosynthenis sigr..i.t .:..cc::. .. tly rcdt<ce::; 

pr oductivity of maize stund~ (Loo=~s et ~l , 1971 ) . 

(ii) Fie lei !·~e?.sure:r:'l'.~n-ts ".~ ~:>!';O'fW Net Photo~ynthcti c R:::. tc:: 

Portable , sealed, air co~ditioned field cha:nbcrn cquip:;t·d .. " ..... i... •• 

IRG.'. instruments, of the type_ developed by ;.:useravc and :·;oss ( '. 96~: ~nve 

' ·' ··~·· ( ~2) been used to ce<!sure canOFY ?:.otosynthcsis over a s~.:!.11 enc .... o . ...:c. ~- '"''"" 4 MJ • 

Noss et a.1,(1961) and Bx<cr c...."ld i·:uscrave ( 1964 a) uere able .;;) si:ow U.e 

striking effect of changing lich t intensity upon the rn tc of :_.;sii::i l.:l. ton 

of a stand of maize encl osed in such a cha:r.ber. 9CYt~ of the v.-::-ia,v::..on in 

assioilation rate could be accounted for by variation in insolation. 

(t-iosc et al, 1961) Assirnila tion a-: noon on a clea r dny ~n a r.:atu:-e cro!; 

I - 2 - 1 planted at 72000 ha was 18 mg co2 . dm . hr • During four d.'.lys of hc2.vy
0 

overcas t weather, the net assimilation of carbon became ncaaiive . Ucinc a 

similar chamber Baker and Musgrave (1964 b) were able to ac::...o!"lstrL.tC ::l 40-50~ 
- 2 - 1 

drop in assimilation rate, from 19 mg co2. dm. hr on a clc:~r dc.y . : r.von 

as a result of low- l evel moisture stress, eve n t hough signs of Hilting were 

bare ly visible. Moss et al (1961) observed a 2()Ji decline in o.ssimilat~on rate 

unde r simi lar circumstances, but with a smal l er stress. Increasing co
2 

concentr ation from 270 ppm to 510 ppm within the chamber increased tr.e: r:.i te 

of assimilation by 20%.from 25 mg co
2
.dm.-2hr-1 in 6o% full sunlight. This 

parallells the 2o% increase in unit l eaf r a te (which includes negative 

assimilation at night) observed ~y Ford and Thorne (1967) when the co
2 

concentration ~ growth chambers i n which maize was grown was·raised from 

300 ppm to 1000 ,ppm. 

The aerodynamic methods outlined by Lemon ( 1960) and Lemon and Wright 

(1969) have the advantage of not interfering with the crop environment in 
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any way, but include an unknmm c o
2 

contribution froui the soil, which is 

probably not large compared with rates of co
2 

assimila tic~'l tmder GOOd 

conditions. The methods depend upon a well developed KinO. p:-0file above the 

crop, a moderate, ·steady windspeed, and a homogeneous leve l c:.:-op upwind . 

I•:easuremcnts using these methods have revealed a pos::;ible co ,_pli __ C between 

the wind speed within _and above tte canopy and co
2 

assimila ti ::: n, ;,der c ondi t ­

ions of high intensity light and low wind speed (Wright and Lc~1or. , 1966) . 

I t e..ppears th:i. t under othenrise ideal growing conditions, a d.:,.'130 .. _."ize crop 

i r.. a calm atmosphere mo.y only assir;:iilat·:: at half the rate it .::tt·.::.~-:.s under 

windy condition~ (Lemon, 1963). Uchi jir.;2 (1969) reports that unC:. ., : calm 

sunny conditions co2 conccntrc.tion in a dense maize stand ::w.y on~J· oe 70% 

of nor::i.al, anct under windy conditions 90% of nor;;!al. Short "!:crr;i Jo
2 

.fluctuations (0.25-4 cycles / minute) originating fron sourcc2 a~ : sinks of 

co2 within the live maize crop have "ocen detected by the aeroC.yn.:._. :..e: ~;:cthod 

(Lemon et al, 1969). Photosynthetic rates for canopies rnc::.su:ed _,J this 

method agree well with those obtained by the field ch3!!1ber methoc.., c....nd a rate 
-2 - 1 . 

o::' 43. 2 mg co2. d.m. hr has been obtained on a clear afternocn .:.. stand 

with a LAI of 2.5 (LeL'.lon, 1960). This method has proved use:\ .. l ,. ctcctinc 

sources &'1d sinks of co
2 

within the canopy (\:!richt and Lc::ion, 19cC:. iJ.::.tc 

ob tained emphasizes the importance of the upper leave::; of tho ca~. J in 

co2 assimilation, particularly at low sun elevation .:mgles~ i:-. a s-cc.nd. 

planted in 76 cm rows at 64008/ha, co
2 

concentration in the 2ir i·ri ::'.I.in the 

canopy fell from 358 ppm at 2000 hrs to 265 ppm at noon undc::.· c .~ .:-.... i tior:s 

of high co
2 

assimilation. 

Heasurements such as those above indicate the short tem. res~00:1ses 

of the crop to the environment, and should bear a much better rcln t.· or,s~1ip 

to crop growth r ates than the Pnet r ate of isolated maize leaves. 

(iii) Light In terception by the Maize Canopy and. Crop Production 

Observations on the vertical distribution of LAI and on the intensity 

of light at different depths within the canopy have confirmed tha:: lich t 

a.ttenua tion in the maize canopy, like that in many other pla_~t car.0 pies 

(Brown and Blaser, 1969) conforms reasonably to the Bouguer- Lambert L:lw 

(Allen~, 1964; _ Duncan et al, 1967; Loomis et al , 1968) : 

I = Io e-KL 

where I and Io are light fluxes to horizontal receivers at points within 

and above the canopy; e is the base of natural logarithms; Lis the leaf 

area index above the point within the canopy; K is the extinction 

coeffic ient. K is small (0 .. 3 - 0.5) in canopies where most of the leaves 

are vertical (Loomis~' 1971). 



The Bou.:,o-uer- Lambert Law implies that the maize canopy •oc'.'laves as 

a homogeneous medium in uhich lit:;h t is o. t tenua tcd with deptl.. ·-'!'~e 

relationship, as set out in ~1.:/ is a si~plification of the ~ec: 

situation , thoue-h it h.:l.S proved useful in focussinc interes-: .Jn ·., :-.c 
I 

rel.:i:;;ions~1ip between light in tcrceptio~ /Io) , ar:d lcnf are.::. ::..1dc... It 

has been variously moC.ified to g.:...ve a more realistic picture .Jf .. ..: 

ca nopy (e . g . SaeY.:i, 1960; Dur:cc.t! ct al, 19 67). 
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i!:xpcrinen tal investie;:ltiOnC ~YltO the r c lntion::::hips c.::-.o :._; C~~. 

percent.::i.ge intercep tion of li:;ht, a:id L.U r.c.vc indic.:atccl b.:... -~ 1
/ < i3 

curvilinearly related to LAI, but linearly re: lated to crop c::·ow"t .. : ·~ . "c , 

IJarticulnrly during fae vccctntive ero\·rth stace of cro:p::; ir:clutii r.c :-:1 .:tizc 

(e.g. soyabear~s (Shibles and '.:cbc::::-, 1965); "r"ea'· (?uck..,..· cl ,..,.· ..... - "~"'~ 1 c' Y"J..&. V .a. -.J.. (., \,; ( W."4 .-1 v •• .._.._ 1 1 <J67) ; 

~aize (~·lillia."lls et al, 1965 b; 1.Iillinms ct .:>.l, 1968 ; Alli:::: c ."!, .. :-;) . S:ho 
T 

slope of the line rehting ~/Io to CGR is depcr.dcr:"t upon b e. .a :..·.tion::;hip 

ben.;een the unit leaf rate and L:cI which is itself dependent on the 

J:;C:::m.er in w!'l.ich li0ht is i:i.te:-cepted. 

Variables wh::.ch affect 'c!-.o ar::ount of licl-:. t i~ tc:rccptcd <... r.d ·.~ . :; :~. ·.:.r. r.1 r 

:.n lrflict~ it is intercepted, ~ay Oe divided into t!:oc (: d cpc~d.c:"lt ...... ~ : ~!~.":.t.:.c 

factors, and those dependent on plant canopy char~cturi~tics. 

(a) Clir.:<1tic F1.ctors: ':'~e intensity and natt::o of lieht ::- ~ .. oy 
Q. horizontal surface is detcr:r.ined oy :-

( 1 ) The solar e lcva ti on .:iqrl0 B, which depe!1de on l<l ti t ude, :.:; ;:.. .;,;:-., <mt.. 

0 0 
the time of day . At 40 S, B = 73 at noon in midsummer, c.nd 27 · ·.-:.. ..-.oon 

in xnid,dnter . 

(2) The solar intensity, Rs, which is affected by the pd!i l'- · · ·-:::of : iw 

sun's rays as they pass through the atmosphere, and by the optic, _ ,:·;~ .;i ty 

of the atmosphere . On cloudy days Rs is only 2o;~ of that on cle~r d~ys 

(de Wit, 1965) . 

(3) The qµantity of diffuse radiation, D. The ratio of D to to ~L..l 

r adiation varies with cloud cover (reaches 100% under heav-J overc::tst 

conditions) and uith t i me of day(highes t when Bis less than 30° ' "i:.:t is 

normally about 10% of total incident light (de Wit, 1965; r.!onte-~ .. , 1969) . 

Net radiation, or the radiation available at the earth- atmosphere inter­

face, is the sum of all i ncoming and outgoing fluxes of shortwave r~diation 

(300 - 3000 nm) and longwave radiation (3000 - 15000 nm) . On sun .. ., _,'..UllIIJer 

~ays net r adiation intensity is about 1 cal.cm.-
2
min-

1
• The shor v.uve 

component of net radiation contains photosynthetically active rac~ation (PAR) , 

or radiation to which plants r espond photosynthetically, in the 400 - 700 nm 

bandwidth. On average PAR comprises 60 - Bo% of diffuse radiation, 45% of 
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direct solar r adiation, and 50,% of total radiation (Montci th, i 969) . If 

PAR or net radiation are t o be meacured accurately, the mea~~rine sensor must 

r cs:pond only in the r e l evant band widths . This is pnrticul:.~~1y ::..npor bnt 

wr.e:i 1:1easuring PA..'t , as the c:::.-o? acts as a higlily selective:.:.· .:;er the 

sp.::ctral balance of light <:l~.::.::rinc as it passes through the c .1o_i:..,, which 

t f d h d · · d ("' ~.... t 1 1 a ,..n' cv.s s a green ar- rc s. a o•·r 0::1 t:.c eroun .... co ... 1. ~, .,,o~ ; . 

(b) Plnnt Factors : Leaf ~rec'.l index is closely r elated to th0 :.~tcrccption 

o~· P . .:...it over a range of LAI values. Interception b:; ra.:dze n.t Lir,t -,lnnt 

do .. .:;i ties. reaches 95~ at LAI V.'.!l u2G of 4 . 7 to 9 C:illi~~!:i l
n J~ ; _ v ___ , ~5 a; 

1968; i·:on tei th, 1969 'l'oo::.i .. _; ( .. ) 
") 

report::; that 1-2;~ incident PAil wo.s tranc::ai t-;;cd to tr.c g:-oun.: ".,; <.;. :· •• ::.~c 

stn!1d with all LAI value of 6-7. Interception 3-!; hich d.'.)::si t.:.,::; ( ,~i ~000 -

700 9 000/ha) occurs largely in the top foot of the canopy (i:il:::.i.::... 1.. t <tl , 

1965 a), and r::'ooning (1967) c-tnt0s that 49-67~ o! incident ?._1 ::.. ::_:;.-;;ercq>tcd 

by the first LAI i..mit it encounter:::>, the ranee indic;..i.tinc a dcpc:-.... ::ce on st.n 

elevation, leaf angle, and pla;iti::.J :-ecfangularity (ratio of ir.k~·-·0,1 i::o int·a­

r o .; S?acing) . 

For a I:J.orc precise description of the ::w.r .. "ler in Hhiet l::.cht 

;:i thin the maize cG.nopy, further c:i.n<.ilysis of the canopy is r-:::-:_ W.: 

i·:0d.cls which simulate licht c onditions within a cm1opy have .H; lpc :.:-:vc:::; ti;;:: t -

o:::-s pinpoint factors xhich influence light distribution in 

o: leaves and supportin[; s t:::-uctu:::-o 'cho. t co::iprise a canopy. "J 
'- ·- & ..... 

D1L1can nodel fo r simulating p:'1otosynthe .... .:.s in :plan-!: c o::?muni ti..:z ( .. > .. :.~:.·:-. 

~' 1967) is regarded by :.oo::iis e-t al ( 1971) as beinc t::·-- mo:::. 

theoretically r igorous . Briefly this r::odel is based upon co .. .:>idera:.ions o:..­

direct and diffuse light, tr<llls~ission, reflection and 3bno ... ~_:"Cio~, ::.-oli<..._;c 

angle, and l eaf a r ea of r andom ly arranged l e<.lves in a numocr of ~orizont3l 

l ayers within the canopy . The light intensity , I, at any one str~:.i..:.;:: in 

the canopy is: 

I =Io exp ( - L LF'/FJ a, B /sin B) LY 
where Io and L are as in equation £j] F' /F i s the ratio bctwcc:. ;;:.2 

area of a lea f and the shadow it casts for a particular l eaf angle E., ..• d. 

sun elevation, B. Direct and diffuse light are separately treated . ...·!:is 

model has given good agreement when tested in the field with a mai ze 

canopy (Loomis et al, 1968). Some of its limitations will be mentioned as 

they are encountered below. By sioply linking the computed light intensity 

and leaf area in each straillmwith the appropriate hyperbolic r e s ponse curve 

of photosynthesis to light, canopy productivity can be simulated with sooe 

degree of success (Duncan et al, 1967). 

Some canopy factors affecting light absorption can now be enumerated : 



(1) Spatial distribution of leaves ;- the planting pa t tern o f maize 

dc=i nates the distribution of light and net radiation within .ie canopy 
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for ::r.uch of the life of the crop. Parallells may be drawn bc ·.:..-eer. the 

diotribution of net radiation and ?!-.R in c::.-ops, provi ded it :..~ r e: .. ernbered 

that absorption, transmission and reflection ch.'.:ractcristic..:; ..,: rr: .i ze lec:vcs 

for net radiation &.ncl P.rn differ considerably (Yoc·lZ:l ct .::ll , '. S64), 

~Then maize was so•·:n in 98 C!:l rows, at high (77000/ha) and lo .. (39000/ha) 

popul.::. tions, planting ra-~e hCtd little effect on the q_u<'.lntity of ne t r adintion 

( . ) "' - 2 -1 rec::.ching the ground Aubertin ar.C. Peters, 1962 • 901 _, of the 0 .9 cal. cm. mL'Yl 

net rad.ic:.ticin incident above tl e cTop :-:c:::.s absorbed by the so:'..l . ::::n 52 cm 

r01.'s the soil absorbed 44- 6ofa incident net radiation, eoin_::- :~~on : igh to low 

pl~nting r a t es . Results similar to this have also been o ht~:~cd ~Y Tanner ct al 

~1 960), Denmead et al (1962), and Yao and Shaw (1964). On c::.ouC:.y days 

wnen incident light is mainly diffuse, 2 ereater proportion o:.~ ir.cident net 

r adiation reached the ground (:9er .. r .ead et al, 1962). Placin.:;- -- w:r.:..te pLlsti c 

r e·.llector on the ground betwec!'l. rows of a sto.nd of 40,000 pl::..~i ts/:-.o. incre.J.scd 

yield 13%, and beneath 60,000 plants/ha increased yield 6~ (:2~d :c ton et nl , 

1966). Rows oriented N-S intercept more net radiation (c.nd ?AR) -.:inn rov:s 

oriented E-11 (Yao and Snc:n:, 1964; Idso and Eaker, 1967), ar.d cx:;.srincrlh.l 

evidence su(';gests that ro1-1s o::::-i0r. ted N-S yield slig-h tly hie her than tho:::;c 

oriented E-W (Loo::nis et al , 1971). 'l"ne me:.enitude of the c.. c..'.~_:: ie:.[;e of ;~-S 

r Oi·:s would be proportional to ro~1 uidth. 

Warren Wilson (19 60), using inclined point quo.drats , ex:c-_:_ i ned the 

r atio of the variance of foliace contacts to their mean. A recul:-.r 

horizontal distribution of le~ves proQuces a ratio of less t .an 1, a clur::ped 

distribution such as that found in row crops at least duri: .; c.:i.r ly gro;1th, 

a ratio of greater than 1, and a canopy cor::i:posed of ro.ndomly distributed 

l eaves a ratio of 1. The Duncan model asslm!es r andom distributi , .: of lc~ivcs, 

an assumption which permits the use of the Poisson distribution b estimate 

the probability of penetration of rays of direct light, as in eq·c.a tion £"2J 
(Loomis et al, 1971). This limits the use of the model when maize is g rohn 

in rows with a rectangularity of greater than 1. 

Vertical separation of leaves profoundly affects the pattern of PAR-rich 

skylight within the canopy. During the reproductive phase most plants 

including maize, seem to have evolved with a vertical dis t!l:'lce '!:Jct::een 

leaves equal to more than twice the leaf width (Loomis and 1.'li lliD.!:'.2, 1969 ). 

Dwarf maize plants such as those used by Pendleton and Seif (1961 ) may have 

their productivity restricted by an abrupt extinction of diffuse light 

within the canopy. Normal maize plants have a foliage density of around 

0.02 cm2/cm3 (Lemon, 1967) or about 10t'°'& that of a dense pasture. 
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(2) Leaf optical properties :- Reflection and transmisL.on o: PAR by 

maize leaves have been described by Lc~on (1963), Allen et[• (19G4) , Yocum 

ct .:;l (1964), Too:nine (1 967) c..""ld Scott et al (1968). P!.R. is .. _,so..:·'Jed mos t 

st:-o'"GlY ( 90~) in t he blue ar:d :r-ed regions of foe spcctru.":1, c. .. ~ L .. :::; stron(;ly 

in the green ( 70J&) . The figure used by the Dunce:.n ~odel for .. ar1 :cnf 

-1 t • • t • 17.,f • • 1 J.. t' L bt . d ' V ' ' I 9 ,- • r e: cc i vi y is 1 :J ~ s:i.ni C>..r .. o i:c::. ~ o .:n.nc oy .:. o c1,;.m c;; :1 _ 1. • o· , • 

c~:::opy as a uholc r efl ects 6-10~ i nc:ident PA::1 . '.l'rans::.ission o:- n ·' by a r:ini ze 

l e::if is 7)~ of the i ncident vo.l~,c . ':'r.::.nsr.iiscion rises to 50,~ i.-. t .. 1..: nc.:i r 

in.i'rc.rcd hand;:id fa (Yoe~ et <.l , i 961;-). ':'he :J~'1~-::: mod.el use ... a ... e.::. r. led 

tr.'..ln:::;mission of 5~j of incider..t -:?AP.. (~unce.n et nl , 1967) . 

(3) Light .... bsorption by .:-.on- poo'!:o:::;yYtthctis structures: - . . L!. • v:-uc:urcs 

on the m..-ii .zc plcnt exposed to the li~ht c::wirorc:ent except :::;i_ks · 1 t.:-.sscls 

arc c;..pa'='le of p~otosynthesis . Follo::in_j t~s:::e l e:r.crccr.ce tr.:: el. . v t'.-;c 

to? of the maize canopy sh;;.de i:h.e fclio.Ge belo~1 to a signific· .. -. t c<-::-ce . 

Du::.car:, Williams a::d Loomis (1967) c<..lcula".;ec:tn:1 t at c pla.'1L!': : d 0:::isity of 

17000 ple.:r..fa/ha cano-py photo...;:rr~tr.csi.8 i3 rec!uced 41~ throur;t s'.'. _c.::.~.; by t:lr;::;els . 

At 99 , 000 plants/ha the rcd.uc·c::.on :ic.3 1e .1 %. :S~rly dct2.sscL .. ~ o::ic·ri::icnts 

de'!:ccted only sn&ll 2.dvar-t.::.ces :.n ~:-~in yield , ?::'C.:).'.!oly bec~'t:....:" o~~ ~o": 

pl.::.~tincs :.. ::-.'.:cs ( c 25COO/ha), ';,,ut 2.c. tor tri&ls have conf::.rr.:ed ;;\:it .. ~ }:i.:;!: 

pl[.!i.tinc der,si t ies s had i ng fro~ t assels s :'..t;nific<,,;. tly rcducci:; yic-~ , .... :: --.-::r 

et n.l, 1970 a) . 

( 4) Azimut!:.al Ori entation of 1..hc canopy: - ;.:ost raaize vei:::-_ct>.. ..c .. ; 

no preferred leo.f orientation ;;ifr, respect to the sun, but ~c:::e t~·. 0::-. 

reported in ,.1hich l eaves are di.: tr ~0t.. tcd ui th a {;'.t'Cu tor f rcq uc r,cy _ 

E- ;r direction than in a N-S direction (Ross and tiilson, 1967; Lo" -. 

Villiams, 1969) . 

(5) Sunflecking and l e&f move::nents: - Imncdiately wind C.isturb::. 

canopy, the light profile is altered, and leaves appe;:.r to oscillate ::.~ t~8 

v.-i,nd at some natural frequency which is related to their size an d ttc :;i?:i 

spe ed. Under a variety of wind conditions, maize leaves were found tc 

oscillate at 0 . 05 - 7_.0 cycles pe r second (Norman and Tanner, 1969). . .. :.s 

means that lower leaves in the canopy are photosynthesizing in a tr<.!. _.:.e:'1t 

li'ght environment. over the frequencies observed in maize, it seems w: : ike ly 

that photosynthetic efficiency would be affected by r apid l eaf movement ner se 

(Mccree and Loomis, 1969) . 
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(6) Foliag~ Angle: - de Wit (1965) distinguishes four c~ .. .-.iop:, types 

according to th~ frequency distribution of nngle classes wj. t::i n ~r.e ma tur:e 

canopy. Plagiophile canopies contain predominantly oblique lL c,vcs (declining . 

fro:n vertical or horizontal) ~.-•. :..1c o:;:t:!:c:::ophilc canopies h.:.v'"' :'c~ v'..: liquc 

J..e~:.ves i7i th nost be::ng in hor::.~om::.:.l n..-r:d vertical classes . " :!'t·· ~~-1 lcuves 

occu:!' most frequently in c.r:. c::::-ccto:.i::.ilc canopy, 1rhiJ.e 3. pl:-.. !)t:. _ ·' c.:.!-:.o:;y 

h.:.s .::. hiGh frequency of hor izo:::-:. t.:::.l le&vcs . De ~·!it furtr.c r !)C~.'.1 t:., ou 1. i::~. t 

t::c direct lieht intcnsi ty r.:coiveC. by a lea.f plrrne is cor:ip::.,;·val:· c.c.:tcr.:ined 

by the ir .. tcnsity of the dircc.; so:..::!.r beu:.. .:rrr:'...vinz n.t t~e e.:.::.· u!'! ' ~ ~i:.::'Lce, 

t::e suJ1 elevation angle .::., -:::r.c sl..:l azimuth cnele, rrnd the elc··:3.L, .:-. .::::;:le, B, 

o:: the leaf plane. 

The curvilinear recy;or.se of ,:;Loiosynthccis to liaht i:::;;Lcs .... " · ·• - I,, <.;. 

ca~.opy \.;ill photo~~;nthcsize \.·~th !':i[;!l efficiency ~-rl:cr: ail i!'". _C.c· ... 2-:.~~ t ::.s 

abso:r:bed by a large area of cimly lit leaves. It han been :.- -.crs 
this 110uld be achieved by a v-..::-t::..cal to horizc:cbl oric:-.tat::.o::-. f.· ,· ... i:.c top 

to ti:e bottow of tLe car.opy (VerhD..::;en ct nl, 1963; Donc:;.ld, ~96, 

Si!'!:ulc:ted stt~dies of the e.:f".:'cc ·~ of leaf ang::.c on prodt.ctivi vY .. -~~ '- Lt · 7,: . :. t 

Fis type of car.op~,' st:-uctcre :.cs c. consiC.e:-.::i.blc IJ!'od ·; c"'.;~ve c.~w.i;. .. ·;c o·:e:::.· 

e. canopy in wbch horizontal leaf layers overlcy vertical lE·: .. _· 1 .. ::-::; , 

p.::rticuh:rly 1.-iI vz.lucs i.:. c:z:cc3s of' 3 . 4 (Ju!lc: .. .n , 1S71). .\. t :.:. . "'11 .. :..: u~~ 

of less tha."l 3, leaf miclc prob.:fr.ly hi::.s little effect on prc"uc:_··ity ::..e: . 
t:-:e qu~r..tity of lizht ab::::o::bc'- is :core i!:!portc.:.t tl:a!! th,: r.w.!·;...cr ..... : <ib.•orpt.io::. . 

A.:ivc:r.tagcs accruing to steeply ar..:;lcd leave::: ir:crc.:i.sc r~ y,idly b.•:, : .• : !.!.: vc.luc 

of 3 (Duncm~ e·~ a l, 1967), ar..d arc lareely indeper.den t of l cc.f 

c;..;ogrn.phical 1.::..titudp up to c"uout 60° (Dunco.:i., 1971; Loc .. .i 

E:cperi"1lent.:-i.l evidence co!1fir::is some of the hypot!h.:.:;c..: ~v:.ccr.'li71 C le.::::: 

angle and canopy productivity. .A::-tificially induced le<.!' ... :.:le v:1r.:.:::.t .... 0n 

i~ barley seedlings over a r::i.nee of LAI (2- 12) indicnted tt'2.t hi gh c<::.!1.opy 

Pnet rates were e.ssociated wi tn a large area of steeply an,eh~d le::-.vcs 

(Pearce et al, 1967) . Gardener, quoted by I·'.itchell ( 1970), obt::: · .... ~ yic::.cl 

increases of 16% from barley lines with erect leaves compared wit:. :...:::.x-lcL:.vcd 

lines at comparable plant l eaf areas . Increasing l eaf an~:c by .. ·~l::'. .. ::.c<:.::. 

means raised grain yield in maize by 15% (Pendleton et ul, 1968) . !·:<::.izu 

lines with upright leaves, when compared with isolines dif:cting only in 

leaf angle, consistently produced more grain and total dry matter pe::- unit 

LAI, particularly at higher populations (Hopper and Anderson, 1970). ~t is 

thought however that some of the productive advantage for maize rr: be due to 

improved lighting of leaves close to the developing ear (Pendleton et al , 

1968), and Sinclair et al , (1971) were unable to detect any di:ferences in 
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proch:.cti vi ty bet~roen normo.1- lo ~:f <:r:.cl e:!'.'ect- l co.f i soccne !i:-,0.'.3 of thc-: $:-,r.:e 

"t~:·-. . r~ · l 

c&sily (~c~dleton ct ~1 .. (' t::r: ~ 
I . l ;(,,.I • 

-- ;, . 11 ~· 

G.'-.·~.0"'_",,·'.•-· 1"'1, - ... .-i ...... ~ /I i .... c'"') ·1 / f"~ (~r111-i ·-.'r""!s c.:- 'f l 10 or5 ., . - ........... l.__ ....... _ _ ,, -!"' .;_..._ .._ . __ , :._, ·-~-t..~..._...i .. ~' ./ < ... , I . t -_.oo::.is c" : 1 
• , 

I-

(T,:~I Ll . 3) 1ihen incic~e;it sol.:i.r r:-.cJiat ion H <l:J 0 . 8 
-~ - 1 

c:i l . c rn -. 1 ::..~: • - I.. 

(1 ~:5 1) observed t b1 t tho efficiency curve ovGr tl:e c1~:.~r tr c11:-:::1;cl -. (_: .l · :./ ' 

some othc1· factor es s cnti.:il to ~,:10tosynthosis such us 1·1:-_ for 1:<1.:::: ll··itii.- , 

bll t probably because of the curvilinear photosynthetic r c::;;onso c -..cr71• .... , 

l ight i ntensity . ;:;ffic iency of conversion of inciden t "'!".f:_" . , r..o t c c_··"r.:::: ccc. 

for :1bsorpti on , pee.keel n t 77~ in this erperimen t . Uchijir.:l' ( 1 <;G9) 

energy c onvers i on efficiencies of incident 'PA-rt (not corre cte d fo r ':::c.:c:'tio'l, 

r 0.nging f r om 6 -1 4r~ 1·1ith o. ;neon V.'.llue of 10. 2:j uhich is r .'.l thcr sir..ihr to ''r:e 

1 0 .~ obtc..ined by I.emon ( 1g60) fr~m a s t and of LAI 3. · Diffcrer..c es i ri officio~c:/ 
may ref l ec t di fferences i n light i:Qtensi ty . The hyperboli c :;:ihoto:::;:,r1~ t"'.c.: ti.c 



response curve to light implie s tha t efficiency and light in tensi ty are 

negatively related. 
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When respiration r ate ovorni{;"ht is included, efficiency :aL..s . Over 
-1 -1 

a 12 day period prior ·co tasselling a crop growth rate of 5~.) kc:.; . ha . day 

(includ ing recoverabl e roots ) was obtainod from a sts""ld i·1i th il r;i .,:-.:1 LAI 

o;: i 1. 5, and an extrerr!ely hi[Sn de::si ty of 700,000 plml ts/h:l. Th:...3 

repros~nted a 6 . 4% c onversion of absorbed ?J...r1 fo:- the whole _;e: rL -~ . :::.n:i was 

ncout a half of potential co:r.version efficiencies bnsed on '!;!:c q~.:..:-1tll11! 

reo<1ircr:ient of photosyr_-;;:-,esis (Loo .. is and '.Iilliams, 1963) o:-- the :;;:_otosynt'.'.eti c 

:iesponsc curve to light of the Di..:_~ca.."l mode l (Loomis c::t ,'C. ::., ·, ~ 71) ~ 8±: . 3uttery , 

1970). Over a hro month p2r::..od cor::-espond:i.ng with the r.'..lpici rrr,_i:c. :'.:'illin.:; 

stage of the crop a net effic:!.ency of c onversion of absorbed ?A ... '!.. of 7 . 3;~ 

was obtained (Ler:ion1 1967).. :-;;fficie::-icy of conversion of .'.lbs c ::-be_ ·'-~.?.. ovc::­

a two month grain filli:1e; period of 12.2 -12 . 9~ betscd on 75...:::. cfj{, c.b::;orption 

o: incident PAR i n a Russi2n ;:;aize crop of LJ._I 6.0 :c.:.:.s been -.:lai~:cd , c;ivinc 
-1 - ~ ( a::1 est i mated g rowth r ate of 600-720 kg.ha . day :Jstenko &: :i Y::.:.znova, 

1967) . 

Loomis et nl (1971) list crop erowth r ates and - convers~ 0n e ·::ciencics 
' ,, ., ')0,0 - - - 1 !!.ave ·- v· ..... 1. 0 e-::. ::-:c. [12, of absorbed P.;R. A ~~ew Zealn:rd cron is reported to 

< 
day-· ar..d an effi.ciency of 6.1%. On an unn.ual basis, a p:.'.'oC.·1.,..ctic::. oi' 17,000-

25,000 kg.ha-1 in ~Tew Zealar~d 1wu:::.c. h.:i.vc c..n efficiency of 2 . 2 - ).O;~ or 

si;;-_ilar to that of a ryegrass s~~ard . This G.ocs not include root r:;ro·..ru-.. 

Sibma ( 1968) points out that by the time r:Jaize comrr.ences ero·.:th in t!:.c 

Netherl and.s , grass and winter wheat have alreudy produced 10,000 J.:c . ha-
1 

dry matter . In a coo·l c lim2.tc such as this grass and maize have similm· 

CGR values and simi l ar efficie ncies. 

(v) Summary: Leaf Area Index and Crop Gro· ·~.:-- :hte 

The depenllence of CGR on t he quantity of lee...:' surface has been Hell 

established (Watson, 1952; 

et al , 1965; Thorne, 1966; 

1956; 1958; Williams et al ,1965 b; Shibles 

Puckridge and Donald, 1967; Buttery, 1970). 

The relevance of leaf area has been shown to be due to its influence on 

the absorption of PAR. It has been shown that both percent absorption o: 

solar radiati on and CGR increase with LAI and approach a maximum at 

similar LAI (4-8) in the vegetative stage of growth of the me.ize canopy 

( Williams et al, 1965 b; 1968; Allison, 1969). During t his stage r;:;1 is 

linearly related to % incident PAR absorption. In the gra::_ foru..L. _.-.":r iod 

factors influencing the source of photosynthate, and the init ia t ion, 

maintenance and density of reproductive sinks affect CGR, and it may form 

a peak at some optimum LAI value (e.g. Allison, 1969; Buttery, 1970), 



or tend to an asymptote as L.t..I inc:::-e<::.ses (e . g . Williams et -, 19 ,8) . 

CGR is often lower i n this per:;.od -::nan in the late prcflm.c ::-: . s p . . .ci.se , 

tho"Ugh this is frequent:..:· co:-. .:'.'ounded ':ti.th declining sol.:::-:·:: . .:tiJ:n 

29 

intcnsit-y . Capacity o:~ sirr:ulo.:ior: r.:oC.els to predict reprocL ...... _vc ..:rowth 

. l 1 . . t d ( t" +. • , (' '"9 ) 1s ccverc_y 2~1 e ~aov1n , 1~0 • 

upon lc«f area, leaf nnc;lc , lc.::..f po.::;i tion, leaf r-ove:ncnt~ ::- ~:~_0c'L.vi ty 

a n::. tr<.:.."1Cr~icnivity by l\:~:rez, Egh"t ao:::o::-ption ';:Jy r:.on :)~0~0:::, • •• -:::ic:~ic c-..i:·fnccc , 

t:r...e photosynthetic r esponse to lcc.:i ::.1-...Dination at di::'.:'-'::...: .. ~ J.cp·~:.c in 

the canopy, the brigh-:ness of t:ie ::>U:'.l a:'ld i "ts p osition ancl c .... .:>py '~urbulcnce . 

? eed:;.:::.ck inhibition of photor.J:-.the:::::i.: (if it exists) rJay :-c(LL....: '.: .. ...:CCR , 

anC. nutri c::1t and water cie::'ici1-r:ci8s ·.;ill drastically reduce :;:·odl:.::tivity . 

All of these factors, and otters about which lecc is k~o'.~ , .:rticularly 

in t~c re productive stuge of crop c.;:~o:;th , :r:ake the rela~.io:'.l::;:·.::.'.J C, ·1t;: 'Cn t!:e: 

easily meusured crop growth pi..i.rm:.ctcrs CGR and LP.I difficult to .:.:-: ter p r et , 

p!:ysically or physiolo~c~lly. 

The distribution of ass~_ilat~ ::c= various :e~f ?Ositic~~ to ~ctabolic 

si~..2:: sites anc zones of te::::po:~ .... r;-/ ~.:;,. por;.~nnent storc-.gc doc::; :-.o: occur 

in a rar.doc fosr~io:i (Stoy, i 96S ; 3iL.dulp!l, 1969). Fro.:? date. c:t ::. c ·tf 

position, leaf c.rea, vascular cor:::.e:Jctions ui ihin the pl.:.:-.t, ~::. -:.. c:: .J:' c;ro;:i.!: , 

and r<:J.tes of erowth, tI'.e: likely distribution of assimil.:i.tec c ; .:-~ c . i> r cdictl!cl 

( ;;:J.rdla~r , 19 68) . 

The development of :pulse-chacc tccl'L""liqucs usinz r adionc·v.:.·.;c ·c .:ls a 

marker or label for assi::ilatio::l tcs ercatly improved the st-"vc o~' ~:~o·.:ledcc 

of trans l oca tion patterns L ·" plants. Studie s with suenr cane ~md r:'."1izc , 

which are simi lar in many aspects of transloc::ition (Hofstra a:'1d r _son , 

1969 a; 1969 b) , have revealed much about patterns of assimilate cii~~rib­

u tion i n maize . 

Photosynthesi s in maize appears to occur mainly in the mcsophyll and 

parenchyma chl or opl asts , and the fixed co2 is transported rapidly in a 

bound f orm t o t he bundl e sheath ce lls ( Pristupa, 1964 ; I.Joss a nd Rasmussen , 

1968; Hatch and Slack, 1970). Transfer as sucrose to vascular b \oo .. dles 

in the l eaf i s r apid, and movement towar d t he l eaf sheath occurs . ::::: l ittle 

l ateral movement (Hofstra and lfo lson, 1969 a) . At t he le;d sheath ·=::e 

a ssimil ate appears t o di ffuse thr oughout t he sheat h , then move do\ ... the 

s talk to the node be l ow t hat adjacent to t he poin t of a ttachLen t of the 

s heat h to t he stem (Sharman, 1942) . Vascu l ar s t r ands f r om the stem and 

l eaf anastom ose a t t h i s point , and the a s s i milate may either lodge in the 
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·s .tem , go to the roots, move towards the developing ear or oovc to the 

s:em apex and on into expending leci.ves (Hartt et P..l, 1963; • ".:;iddulph, 1969 ). - ' 

rover.ien t from the fully expa:n.ded le~f and sheath is ver'-J c c.:-. ~1:etc . Fully 

e;:pc.nded maize leaves, like t!-,ose of other CL! pla.Dts test:ed, -:xport 70-80;& 
T 

o_~ 3.ssimila ted label in the f:'..rs1: 4 hours after lnbelli:ic, cc._parcd with 

t:10 40-50% for c3 plan-:s. 

falls (Hofstra and ~elson, 1969 L; 1969 b; -;;'~ "" -; 1 9 70) ~ ............... __ ... ' . R.:l te: of 

uove~cnt of nssi~ilate within the ~.:::.ize lea~ Lr.d stc~ was f c.illd ~o be 

150 cm/hr a!1d 138 c:n/hr in tirn s e:;,ar2te studies (;~of':::tra ar.d ::else::., 1969 a; 

L::.stin , 1970) compared with 80- 100 cr.1/hr for m.::iny other :::;pe c.:::. _; s (:i.:::.r tt et 

al, 1963 ; ':lardlm;, 1965; 5 ::.C:.du2.ph, 1969) . 

The rate of tr.:::.nslocntio~ f.:::.lls in response to low level~ o: te=pera ture 

2...'1d ligh~, and 'Co nut:::-icnt nn C. 1:c.ter stress. The c;cncral ef::::'ect o:~ the:3e 

factors when their supply is :..~edi...ceC: is to direct a ereo.ter :;;:copc::-tior: of 

assimi l ate to the shoot apices and. less to the roots (\fardl:::.'.:, 1s.:s; 
3:::.stin, 1969). 

c.." 

The distribution pc.ttern of a::.;::;ir:ilate within :plants c:.·_;,cc:.:: ::.::.r~:cdly 

flm~ering (Stoy, 1969) and the pattern in the m3.ize plant is :::.r'fectcd 

to a lesser degree by terapor<->:t'Y storE:ge and rerr.ooiliza tion, &r.cl 'Ly 

conL ibutions from tillers. _.';.spe:cts of this di:::Jtribution pc. ttern will now 

be co::~s ~.c1...·:::-e d . 

(i) Assi.Dilate Distribuiion P:::.ttern in t':, ·:: :>rcsilkin,--.. a:-.d Sil]:~;:,-

r.;nize Plant 

Trac er studies in maize plants aged 3-6 \·rneks (~Iofstra <:L"1d Ifolscn, 

1969 a) indicate that the pl&r.t root is the larges'c sin..1c at this stace of 

development, followed by the ap:..cal meris tem . l'ihile leaves of aJ l aces 

r etain some capa city to i mport assimilates, by the time the leaf blade hus 

" reached?- - -} of its me.ture size only very small arr.cunts of assir.;il::i".:e are 

imported fro:n other leaves, the growth at the l eaf base being a lccs".: er: tir..:ly 

supported by assimilate from the already expanded part of tte bla~c. 

The lower the position of the leaf, the higher the proportion (up :o 50~) 

of its assimilates diverted to the root. Upper leaves export mainly tc 

the stem apex and expanding leaves. 

Following floral initiation, there is an increasing movement o:' 

assimilate to the growing ear and tassel, and trans location at silki::-,_, has 

been investigated by Eastin (1969) in a series of exp eriments in which 

l abelled co
2 

was fed to every second leaf on two varieties of maize. 

R~lative total counts (%),which reflect the percentage of ass imilated l abel, 

were determined on various plant parts four days after labelling, when the 
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pattern was stable (Eastin, 1970). Sc:::e o: his results for ~.y:e variety 

tested (~·l-415) are presen ~ed in ':':..."'.?le 1 .1. Figures relevar .. -: to -.:1e 

d2.:::tribution of assimilate at 3il'.:in~ a re listed es il under ':i..t::e At 

tl:is erowth stab"e, the e~:::- .::...s -:::-_.:: largest si~~, though-....;::: , _~ s~~-· C"rowth 

a~d root gro~th were still c0n~i!:~in~ . A zccond reaize hyb~· , si ·1:.:.r:y 

T:1e second hybrid accu...""lulatcd. . .;o:i:<.: labe:'..lE:d ansirJilat.3 in ,~l' .•. st ... :r.ec::.r 

t...-_e c<...r .anC. i n the fed le:...;'.' th~ ',.'-41 5. 

J,. r .:ipid polari;:.:ii:io:i o: ~~·2:?::..:::'..oc;::?.tio!': to;:-c...rlia th•~ e.::_::- =-~-· 'c ,,;_, ob::;e::::-vcd. 

s:rn:.·t:y after pollin:'-tion, c.:.r •. :. &c-:::-....~ ..... ::.n"'v::.on of dry ::l:... ttcr in .he _,-,;.:; .. !10;::. 

t:-:.:: ~:::..rand· in "tl:e ear shank occ'<.:.:-.:: (Lo.:>:r.i3 1 1936; 1945; Pc--'.:!:0 , 'S67) . 

A cinple sink- i:iource re ::.atio!1::::1ip d.8velops bctwee!': the :)ar, :_:::d -,: . .:: ' lc.::_\-cs 

above and ii;:. diately belo:; t!'~o €.'~:::-. '.:'ra"'lslocation fro:: tho.; ·; l_·,vcs is 

comp le tc t=::.:.n ... t ( P-.JMe,... ·1'r"IA ,"' .. ,,...._.,.... ... ., ,~ 
~c,.;. ••• - c:;. .... " ' •• ~w-1..-v l..'.., 

( ~. ,,~c -.. 19o"9) - '·--' . ' . 
i·::..ustra te the larzc iTl.:'luc._·~o o;:· -~:-.c dcvelopin~ cc.!" o:L 

frc.r. le:..vcs .:.t ~:" . .:. n.oovc the .. -L 4..._"" 

by cor:i:p:.rison u.:.. th those :'!e:isc..:.~cc. c. t silkine but '.:o!"c still - >:~•­

and :S"..stin (1969). suggests ti.(.r-e ]_ .., o. ge~otypc x dcvclopr::.en:~l s 

i nt.'.)rac t ion, as well n.s a straigtt stage of development effect. 

'('·) . n• • .r:e 

_':. of 

, 
.. "1 

.-



T' 3i,'S 1 • 1 (After Eastin, 1969) . 

C-14 Ji:::tribt.t ior- ::?.fte:::- 4 C.~y.:: ur_cn various l c;ives are fed I · o2 .: t:ro 

.cro:1ti: 3 tC:.G"CS . Pla..1.ts nr.vc 13 le:..vcs o.~d cr..r is i:: L-7 le~: . ..xi:. ~ Ste!:'l 

nod~ .:L.""!.d .:;tr:_ 2 bclot·r. 

pla.1.: down. nybrid ic ';I-tr~5' .:..·~ 45 ,0CO p:!.fmts/h.'.l. 

Ti:::-.c : 

?lnnt ?~rt Ti~e 

Ste::l 1 a 

b 

Ste~ 2 

b 

Root 

b 

a 

b 

Fed L~af a 

and Sheath b 

Tassel a 

b 

a ~~ ... t ..;i :. n~.s-. 
b 20 c..r:..1s r-ftc~ ::.il!~i~c 

L-1 

31 

5 

7 

2 

1 

42 

88 

13 

4 

3 

T 'Z 
--,) 

27 

3 

2 

91 

11 

4 

3 

L-5 

8 

8 

3 

2 

76 

91 

7 

4. 

EL 

11 

2 

3 

'7') 
' '-

93 

1 5 

4 

L-9 

41 

24 

40 

4 

61 

1 5 

13 

.: - ~ ... .... 

.J..t.J - - V•-

L- 11 

r:, 
J v 

27 

3 

35 

1 3 

21 

The pattern of assimila:e distribution in a 'prolific' varie:y 

· (sweet corn) has also been investigated (Eastin, 1969) . Leaves bclm·r 

the apical ear were responsible for providing the bulk of assirnilat_ ~o 

the second ear. 

Planting density (Section 1.5.3, Table 1.3) also influences t~c 

pattern of assimi late distribution. 

32 

Tracer work has confirmed hypotheses concerning the contribution of 

various leaves to grain yield in maize, based on defoliation of parts of 

the canopy (e.g. Hoyt and Bradfield, 1962; Allison and Watson, 1966; 

Tanner and Daynard, 1967; Pendleton and Hammond, 1969; Eddowes, 1969 b) . 
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The relatively inflexible pattern of assimilate dis;;:.i·n-..:tion in a given 

me.i::;e variety obviously inter.:.cts with the light regime o:" ~--' canopy 

to C.etcrminc t:-.e a.r.!Ount o:' ass::.L!i::..<- -:c reaching t:r..e ear. ::a::::. .U!:l r;r,:in 

p::r·oduction would appec.r to ce <:.ch:'..v/\ .. d by near- co::iplcte into~·";)ption of 

i~1cidcnt lit:ht in as unii'orc c. m,:,·.ner as :po.;:::'ible by the le:.·,-.~.:; c"::tributinc 

no~·:. to tl:e · ea~ (cf ?cndleto::'l 1967; !f ho·.-;c·\ ...... 

th~ lmw:::- lcnv~s ~-;hich feed -.:he lo.:c:::- S1.E::~:l nr.d :·oot:::. Dnta ,;• . ..:h ..... .:._:1osc 

::-0·.·.:..l;·.:cd nbo·.rc rirovidc i:-,~o:::-t-..:~t ::.:-_J.~o:-:-::."';.ion fo:..~ ~od.cl builCe:::·~ -:...: u.-:e 

rc::_:Jroducti ve phase of :::c.izc c~rm:t~ i .... ;;o be successful::..y s:'..:--:u_:. : . . _ 

(.::.sti~, 1969) . 

':'he e:;:istcnce of VD.cul::.r cor,;."-ct:..o::::: bc-:;·:cerr t::e tiller .. ld , • .., f'\ 
'-'• •"-

19)'i ) . So::w conditior.::: unc&:::- :;fiicf: t..ssi::iilatc is t:::-.::i:n:::loca'.;c,, :-: .... 

t-1~:..~ to the m:iin s te.:i C.ur:..::.; [:;r ... ir. :'ilL.::.5 .:.re: 

(a) i:f1"cn the tiller is :,::.rri...::-: ~t::-id the :-.1~.in stC:::i bc:.r::; r.. c .. NL.-.!.c:hr.z 

tiller is r. ·~ ( ":"'U:~ ••r,... 1 (l".L 1 • 
'-'-- .J .Lt.,'-•.1, .,,,..J • ' 

( • ) 'r. o .. ncr8 bee~ defoliated , ~nd t~e lc~:~8 

t.:.1::..er lc:;:'t int::cto Una..:ir ·c.:"'...,e co!:di tion::; t:r..c tiller o:_y ~- _lo:· 

fi Eir..,s- i:!1 the ~ai:: s te:.:'. ( I.00~_ • .:.s, 1 S..-5) . 

( c) I"!l p:::-olific vnrietic~ sup:po:-ti!1& t;:o or i::ore e.:.rs 0:. the..: 

and no ear on the tillers (Earley et a l, 1971) . 

" .. " . 

Very little assi:niktc tra!1Gfcr •:ill occur if bofo r::ain stc::: :.:.-::. 

...... .:.. :"".li-t 
o..J "''-··· 

tillers bear developinG ca::-.::. ~il::.. ... rs big cnouch to offer a :::.ic;r.· _. ~· - :1~ 

decree of support seldom oc·:ur at popul'1tions greater thnn 401 000 ,.:.~. - '-:::/h-; , 

except perhaps in situation ( c). Present day single- cared vnriet .:;,;lJom 

produce fertile tillers at co::mercinl planting densities (c 50,00C, .. 1 

and the transfer of assimilates fro;;i tiller to main stem or vice v~. is 

insignificant (Kiesselbach, 1950; Earley ~' 1971) . It is dou::..,_ .. :: 

whether the highly competitive relationship which exists between t--:.:.c-::-.; 

a!1d the main plant in small grains (Bunting and Drennan, 1966) e•, _ c::ists 

in maize , although vascular connections in small grains appear si~~:-: 

( Quinlan and Sagar, 1962). 

(iv) Temporary Stora.:;e and Re. 0.obilization of As~jmila tes in !·:aizr: 

While it is universally accepted that most of the grain dry matter 

in cereals is produced by photosynthesis after flowering , there is no 

agreement on the actual fii:r~re , nor of the role of temporary storage and 

mobilization during gr ain filling. 



The subject has been extensively studied in small grain cereals and 

it appears that 10::35es in weight by plant parts , notably thp ;:;tcr:- during 

g:-ain filling may account for as ~uch as 1 O~ of the final er:-._n y c ld, 

but often a lot le:::::: (c.~. :.:::.·~hbolC., 1945; Stoy, 1965; ~ho::- ·.e, '<'66 ; 

R.:::.i.SOn and Ev.::ir.s , 1971 ) a 

1:\e s-ta:.k, si'l:i.n~-c 9 :rnsk :i.:d pos::;ibly t~c cob c_' tf:c cai:·._ pl· : : .:-:ppcn.r 

to be: ~ble -to store labile o:·.;;...'.1::'..c :=-cscrvc::s •:!"ic!: __ ;: ... ::; be ::-.o:.,:_i'.:c _ 

-l··V'-1 of ~ntra"'1 l::-·r·+ C"'':'fl"'"t't'"'.,., "--~or'CS "1·~;, C"'O"r·'~ (-.-.u~c~- , -- .., · ..... '-"'- _ !.:' - •.., ~.., ..... _. .. A .. .! - -v~.1. i. .. H .• .:...., ... .a. .... 5... . ... """;..:,'i. J.J ·' ..,;_. ... ~ t 1965; 

D<!:/.'li:rd ct 'll, ; 9 69). I'!; !'-. .::..::: "bcc::1 C:c:.:o!':s tr.:::. tcd tr . .::. t -t:.c lc-:c· ::_ o_"' 

:::o::.t..ble no lids in !:laize par-~icul:.:.:;:--Y cnrboi;ydr~ te::: rises abc. ~ n( .. ~l -.::-.en 

t::c plant is barren ( Sa~/!'e C'';. al, 1931; van ?..c-c!': o:::C. S::.r:_::;l{.. · ~n , S·5~; 

!-:o~s, 1962). Shad.in;; the- :pL .. t C'r:.ipneycr et al, 1962; Gi:..:c <::r .. : -.:ood:ru::c, 

c-: cil , 1965) are efi'cctivc ::.::. rcd~c.:.r.,:; stalk ::;t:_:;:lr co:icc .• t:.:-..~~on._, ".,c.· ::.o;: 

ciz:'olia ted plants c.ccountcC. :or 65-92;~ of dry i·:eicht lo,:, t ~y t~c 

i:cC.icating that t:hc loss of G;..--y :;cicnt fror;J. the s·b:2-k occurL. l:J..- ,::'! :..y :1::; 

• ·r · 111· "'On ~nA '·~ •c-o-:1 ( '0cr' ._;J .:\.- ..;,.) ... c. \.i. •• ~1....;;.i ... . Jvur• 

:pl.:::.r:t::: (Hoyt M..d. :3:;.·.'.lclficld, 1 S62) . 

reported by other uor1:.ers (Kicsselb.:tch, 1950; Eay et o.1, 1953 ; .:oyt .::trid 

3::-ad.fielC., 1962; Duncc.r. et al, 1965; Daynar-: et c..l, 1969; Gc:i .. c:r '2..:.:....:.J, 
1970 ; Adelana and Nilbourn, 1972 b). vo.n Eijnattcn (1963) _·epor-ted 

loss in stem weight in the final week of his experir.ient, \::_:_oh ;:a.s cor:cludcd 

before grain filline was co:t::'.!plete. However a number of growth S~t;.d::.c::; 

of normal maize crops have failed to reveal any changes in stalk dry :.-:i.:;r,t 

after it has reached a ma.::cim~ 1- 4 ueeks after silking (Miller, 1943; ':-c.y:-e, 

1948; Hanway, 1962; · Allisor. and Watson, 1966) . Allison (1969) re-ported 

no loss in stem weight from plants grown at 23,000/ha, but as d--- ..;.:.ty 

increased beyond this a greater proportion of the maximum stem d:~ ;aiG~t 

was lost during the latter stage of the grain filling period. 

Hhere dry weight i s lost fro:; the stalk of the maize plant, c!'le loos 

begins 2- 5 \·reeks after fertilization, and is steepest during the phase of 

r apid grain f~lling (Kiesselbach, 1950; Allison, 1969; Daynard ct al, 

1969 ; Adelana and Nilbourn , 1972 b). 



Losses in dry weight in other plant parb have also bee .. r ecor ded. 

Proportionally husks ( shar..k bclud.ed. ) lose more dry we i c;ht ,: .. ·m !} ;,:ilks, 

n.::d n.ppc.'.:.r t o do s o a. t a lo·::cr l evel o: int r q i c.n t cor:ipeti t::...., .. th !l do 
~ , , __ ..... 
..,,) .... ..__ .... ..., . ':'te t ic i ?).t; of fr.e lc:::;s o: d:::y ; ~cic!lt .:.gain coi::c ~ --~ - ;1i .:: -::: .e 
per iod of r upid gr uin :'illi::.:; (I.:il2.cr 1 19Li-3 ; S;:yr~ , 191. 8 ; ... . y 

i 969 ; Dayr:.::;.rd et Ql, 19G9) . 

:'hcr 2 h.:·i s or.ly been one de t<... .:. led r e:po rt of lo:::;s i n c c':J C..ry 

.. · • .:.! ..... G ( :s 67) reported . : c~.., 

arc r.ot ap:pur cmt in othe::- l i !;'"' r .:. tu:e (Sayr e, 1940; ~:nn~ . .'.ly , ·. 062 

R\.lssell, 1969). Losze~ i:: dry ':eight fro:: 

' .' ~-

35 

h .::.7c no t occurred i n s o:.:e ctt:.(:.ic;; (?o,~h , 1962 ; Zuber , 1968; ':'~.;-/!.or- :.!':c 

1.-.:l~C. , "i 970) , thm.:c!i v.'.ln : ::..;:-:::. :~ :e.. (: 963) :.~cpO!"cs ~~ 5;~ C.cc : ::... ·· i-:: :~,;c "'.: 

1.·ci..:;~t ir: the l a s t i·rcc~".: ( 4t!'l ~1crk '-: ~0r ±' lm:erin~) of :.is c::·:. c y·_ 

y..:.c:..::. i n a er e:;:: y ielG.::.:;:.:; rn,cco ::.:; .:,r"-.in/~;_::t (Jur.c< .. t. c~ .'!.·:.., 1965). J~.2::.:-.:-.:.: 

c-- -~ l , ( 19 69) r eported c..n <:..Ycr:::J..:;e lc::.s o~ 5CO Y.c d:.y nc..ttor/L:. :· re;. ~;le> : .. 

c~lc~l.'.:.ted oy Junc~n ~, (;s65) . 
.Ade ::. c.na ar..d ;.:i:bou::.· :r. ( 1S72 :.; :.:-epo:.~tcd .:.. !.S;~ C.cc:. ir:.c i:-. :..::-y 

o: the co:::ibined s te:n and s!:.:.r.l-: di..;.:.·.:..na e r a in f..:._:;...:.:.-. .:; i n thr ee v::::: . 

cro;m at 108, 000 pl(l, . ts/~a e c:::.:..::;::c~ in r oot C.:.7 "'C::...'.:ht :·:0-:~ ::-io 

in t he above experimer.ts . 

The concept of a pool or' l abile orgc::r.ic r eserves in t he s tC::. 

.• ·,;\,...: -

of the growing pla..Tlt is a.-i a : t r c ctivc one. It could a ct as <- bu:: 

• : · '· ::'l 

• c.. ~ 

... #' f!""' 
........ ...> 

photo syn thesis (principally light controlled) and grm1th r cquirer.:c . . .. :; 

( :;,:;r i ncipally te~perature controlled), as uell ns controlling the leve l of 

intra plant competition (Duncan ~' 1965). The initial build up of 

assimilate may come about because ear sink capacity is limitinc f or 2-5 

weeks after pollination (Daynard e t c. l, 1969). The situation is n ot ho·.~.:ver 

a.s simple as this. Considerable differences between genotypes wi thi:-. ycrir s , 

and within genotypes between year s have been obse rved (va n Reen ar.:.. .Ji::-:c;leton, 

1952; Duynard, 1969) . Varying popul&tion pressure produces incor - • .j. ... 
results . Kiesselbach ( 1950) obtained large reductions in stem we~,_; .. .; 

at 19,000 plants/ha while Sayre (1948) and others obtained no r educ"tio:-..s 

at 28,000 plants/ha. Dayna.rd et a l ( 1969) indicate only a 5}~ increase 
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i n transloc.'.ltion fro::!! sten and husks as plantine density incr{. . ..ied from 

44, 700/ha to 124, 300/ha, and :io.m:e.y and Rus3cll ( 1969) report ;,o a· . : .J :!:'cnccs 

at 38, 700 and 58, 100 p lo.nts/ho. . Eecause the level of .'.l3sir:il~vcs __ ; stc::l 

and h-....sks is n. function of bo·ch St...?_'.):y and dc!:iand of assimih:.t0 it i~ likely 

(Lc::.c, 195~~) : 

(::..) ':i1e nv...~0cr o: plr:.r~·~s ;;~-= 1.:1-.:. t 

(b) '.i.'hc 

( c) '.:'he 

i"·uz:ibe:r 

~ .'cieht 

(ii) 

( .; . .: ' -1-/ 

of ea.rs 

of G~"'~ir .. 

y::.· !JlC.~ t . 

~\.,::.."" e,.., ...... 
'-- . 

n •,·.~ 
! i.;,; _ 

--e- (~en c~ ·t;or. 1 ~ c...;...i.. <.-:.:. v ~ ...,_....., .... - • .,.JI• 

!.spccts of e~ nu..11b::r !iC~ :?ln~ ·.:, t;r~in nu:.. Oe~ pc~ c~:~, ~ .. ~d. 1:c- .. .. \...> -

proceetlo b~sipctnlly \,'i t:: ±.~1"' _· ..rc.l.: of 1- 2 d:-y:: JGt::c0n suc~0s~'.:ive: 

initiatio:r .. s (SicrH.~r ~' >;S~S) . ':·!'~~ 2.~st D.xill.:tr~' bud :·;I!icL -=~·!~ rr.·:.c: _(;d 

1954 ). I n s i n:;le: 

( . ,.~-
- ... .. ~, .. _ .. _. 1 

r \ 
) ' 1 dev~lopc 1.·t!':ila the 2-o:·:er 

In r::ul t::.plc ca=-3d types d.o~::in.:i.nce is sLc.1·ed c..r.;onc t;,o Cl' t:::rce ucn, .· 

?:;:-olificc.cy of ea.s p:)r pl.::1.J.it is a va:rict.:::.l ci::~ractc1·i;..~:.c , bt:.t ::>.. • 

pho·co:rieriodic experience has been observed to i ncre.1sc the m: .. 11bc!· o_· 

developed ears per plc:nt (i.:oss and Heslop- :Iarrison, 1968) .me c c.r ~-o:::...:.:'_ . --:· 
is strongly associated with l ateness of r.w.t~ity ( Joseph~on , 1961). :~r 

num~er is reduced by increasing levels of intrc.plant co~pctit)on fer 

as~irdlate (e.g. croi1din.s-, or contl:.tions of reduced li&ht), c.:; the as!J:bi btc 

sink capacity outstrips the supply (B:.iuman, 1960; J osephs on, 1961; Collins 

~, 1965) . mlen p~ants are grOim at high populations, a critical period 

during which second ears of semiprolific maize varieties abort has been 

shOim to be 3- 4 days prior to silking through till 8 days after silking. 

Approximately so% of abortions occurred in this period (Prine, 197~~ -
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(ii) The Deter:":i!'rntion o: Ycr.'!cl number per F:ar 

A detn.:i.l·:Jd. descri:;t:..c:: of t!".c ;:::;.'.lto:...ic.'.l: and scquc!'lti:.:.. tlcv" ::.o:;;::c!'lt 

o.L floml p.rts i$ prcccntcd ·Uy .30~·:.r..0~t (1940; 1953; i95<: ....nd : ~::.c:::;::~clbact 

(1S49). Or.ly a su:,~nry is pr(;::::cnt.c:d here . Ke:::-r.cl rou ~:.:..-:-.::.v~· 1:::: .e:;;.c:.::::..:..r..cd 

.c:. 
. . -

~,... ' - - ..... ..,,.,,... "' . 
o.J •• ~oJ \.; ~1----..J.4. ...... -

I "> ' 
••• <.; - - -· . 

rs i ... " .. ; ......, -.... 
-.1 .............. _.i. .. ....,• 

':'here in toocl evidence ".;o nu.::;.:;c:::>t that conditions yi:rlor ,.:o ;:..o:· .. 1 · 

...,,-..... ·~o·• (::>r,••1··nd e·'- ,.,, , ct::r) .!"' ..... .- A •• .. ... (..;..ii .o..C.... v '-"-' J ;; VO • 

i::c:::·c.::.sed. .'.ls :. ... :~ ... 

s~ l~:::.;::c wns de l:lyed i.1 cond.i tioi1::; of low fertility. ;.:oC.cro. ~.... dr , u:::~-... !..: -,;::c ..;. , 

u:'..11 suspend the foi tic:~ion of florets but unless t .. c ::;trc::::. .. 
-~ . 

o;.· prolor.ecd it 1;i:l r..ot reduce t:-:c fine::.: floret nu=."::>Lr ::::i, ~ ___ :ic 

(Shtyer, 1969; DOimcy, 1971 o.; i·:oss and Dml?l~y, 1971 ). 

Silks nr.:.sing from the basal florets e:::icr(;e frora the l:u::::k C!:C ~ ~ --

.tfl.c ear before those fro:::n apical florets . Silks continue to c::.-o:·: -..... 

fertilization occurs (Kiesseloacn, 1949). For fe::.-t~lization ~o occu:::-, 

silk emergence nust S".fnchronize with the pollen shedding period which i::: 

normally about 10 days long. If silk growth is retarded by •,:a ter strc:::~ 

(Slatyer, 1969; r-ioss and Doi·mey, 1971) or by the shadinG of leaves 

supplying assimilate to the ear (Section 1 . 5.3) apical florets arc 

are frequently barren. The gro;vth of brace roots al::Jo correspor:.d::: ~·ri tl: 

this pe:::-iod and also constitutes a derr.ond on available assi:.:ilatc . · ~c~cll, 

1970). !foize planted late in the seas or. develops fewer kernels t .. <- • • -~·ly 

planted maize (Hatfield ~, 1965), in spite of the greater number (• 
o~ 

florets initiated in the longer days . The declining light condi-:ic:-:.s in 
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l..:.te sur::mcr possibly cause silking failure, or Y.cr!lcl nbort.i .::.1 i r. the first 
• 

2- 3 ~~eeks of l:er!lel cro::".;;; (:J.::yr.c..rd, 1969). Silkir..'.; occu:-s :-;,tc:· ::_!1 second 

;-. C·"'"'".(;· 01~ l.· "'.fe~_-L·,_·1_ ,_.f:.y (".';On"'.·"·i.v+v, 1Cl"'·, ··"'dCr"OJ.' 19or7) ·" . ..'.. ""01 ·-=-.,., 
- --'- ·• v ~ •- - ~-''T .\.<• · >.) • 1 J v~v !' - v .: 

(. .Ci2:J 

...... ,~-­
- ... · IP t.,.; .... L 

Cv.;,L::.<::.or:.s cc..n be cvr.s::.de:·o.1le: (~ .. r:.::· .::r:d J.oo::-:::::;, 1Si5v; :~c';:;~ •. 1 t: ... _. ~(,:;,i."![;::J, 

1S53; Dcm:cad and s::.:::1, i96C; i·:css t..nd Jo::-.. c:;·, 1971 ). 

··-..... 

~962; 

~-, · 1 
~ - ••• <...;. .... _ 

.. .. · r 
..... ...,_..: t 

t:.~1C: Sh::n-;, 1971), before dcclinir..:; sloi'lly a3 rcs?i:?:'n.t: on p~·ocecc::.. :: o 

eccond.~ry :::~xir::t:n in ker!lcl d::y i:eicht , sue:~: 3.3 occurs in ;:!:c<!t 

and Jenkins, 1970) has been r e:?orted in maize (r:;annon, 1967). _ -; :o.:;ico. l 

I:!atu.rity has been defined as thut tine when the kernel firsJ.: c..tt .. : .. :. .. ·~ _::,8 

~rocimum dry ucight (Shaw mid Thom, 1951 b) . Because o: ::::;e:.~~j)lir.c ." ____ bi: i ty 

associated with sequential harvesting, drying and i;cigl: i:-. ,; O- ("!.:.rs, t::c 

at which physiological meturity is reached is difficult '.:;c dctcrr.iinc . 

Periodically removing, drying and weighing kernels fror::. t:.•2 same Cl!.:!:' (Dunc.::....'1 

and Hatfield, 1964) reduces sa.~ple variability without ::::;i~nificnLt:y influenc­

ing the growth of the· remaining kernels. In pr.:ictice, maize is cc .. ~:'..tlercd 

physiologically mature when 95% of the mrocimum kernel dry weight ::. ... tt.:iincd 

(S:'W.w and Thom, 1951 b) • . The t~~e from 95% to 100/~ physiological :~rity 

was estimu~ed by Hillson and Penny (1965) to be 12- 13 days in one .. ·.::in. 

Visual observation of the time o: fore:<!. ti on of the dark bro•m or . , . 
O.•:~.C .: 
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a,bscission l ayer in the pkcental region of the grrrin ( Kie~s, l ba-::_ 

a:-:d '.Talker, 1952) i ndic;i tes b.a t fois is ~·n =- accurate indi cation __ physiol-

O.'~ical mntu:::-i ty (Rench L.::d. Shc.~r, '1971). The dcvelop;-:ic::-,t of -~- -e .-_,-_.'.lc;( lo.y cr' 

c c.::. oe obse:r-v-ed wi "ch the r..::i.lcoC. eye over a three de:.y pcrioc, :.::ld oc cur::: first 

i .:. <l·:; ical kernels, e:.nd lo.st i::. '!x.:. :::: .:.l ~~crncls . ~he blf.:c~c e;~t i;cly 

a'..:isc:n t in P"'·rthenocarpic cr::;.i:-,::::, :::.d its occurrence is a re l:::.e:.bl, 

i::C.ic•:.t~on of fertilizat ion h.:.vi n:; occL:.rrcd (D<lyn.:.rd , 1969; Jo.y .. :_:._:<.. :::..::cl 

DilYi can 1 19 69 ) • 

pl-.ysiologic.:i.l me. turi ty ho.s CGC:'l f oui·,d . Some wo:::-ke:rs report ::. ".::; a.J _·.:..::.:-ly 

c c::1st<lnt in DRY one er.virc:'lr:..c:r,t <:t :.ocut 50 days (l~icsselc,:-_ c:_, 1<.,.,9; :3hc:nr 

a:;C. l.ioor::iis, 1950; 
. ....... . 1s52 ) • Cumberland et 21 (!97i) ::::u~gestcd that the pcrioc 0: ~~T __ : - - ___ ::..__ . ...., 

in New Zeahnd i s 53-55 days i:.rrc::ipective of va:::-idy. Other \!o.·:: __ · · . _-;c 

:fou::.d this period to vary i n ~cncth fron 43 days to over 70 d:-ys, , :.:,.:;::l 

::::c.t-JTi ty r12::::kings of varieties did :10 t alter bct1:een :.:>e<: .. so:'.'l :::: ( Dc::;....:u:::·c:e .. :.i:·: 

c·:: al , 1948; Gunn. and Ctristc:1ser., 1965; !:i llso::1 and. ?e;m:y) 1 '..)05; H:::,:·:,-:y 

a[tcr silking in a sincle RhoQesian hybrid. 

of the period frore siJJ:i:::{; -CO phys ioloeical r::.i ·t-u:r·:i. ty is fre: ,1 ,nt_ 

by the onset of cool dry aut.:r.:n ~;ca ther in more c:ctrcr:le cli::::i~ . '~c :::;. 

"'-••'--" .l_ 

_j_ l(.;C. 

the termine.tion of this perioC. c oincides with plo.nt senescer:ce i t is 

reasonE..ble to expect tha t e. short photopcriod could ohorten the cr2.i.nfi lli::c 

pe riod (Krizek et al, 1966; Carr and Pate, 1967), though there is 

obviously an interaction with temperature (e.g. Andrew et al , 1956). 

Adelana and Eilbourn ( 1972 b) re})orted a 90 day filling period i n thre: 

maize varieties grown in Southe rn EnglD.nd,reflecting the :i..nportant influcr..ce 

of lower summer temperatures in delaying plant senescenc:e. 

Genotype also has scrne influence. Early maturing varieties appear to 

have shorter grain filling period durations than late maturing var::.e ties 

(Gunn and Christensen, 1965) but this finding may reflect mea n t c: -~ _rn.ture 

differences during ear fillir..g for the two classes. The length o:.: vhis 

period has been shom-1 to be p ositively correlated with yield in wheat 

(Stoy, 1965) and in maize within years and planting rates, but not between 

years or planting rates (Ham-ray and Russell, 1969) . 
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Since abo-:J.t 75'!:- of the total ke::-ne l dry uciGht :;.:::; ucci.. .. ..:l .:J ':..t:!d. durine 

t!:c line.o;:::- phase of ~:e·:mel di·~r Hci;Lt incrc:!SC (Shc.w .::md I,oc ... ~s,. ,950 ; 

D::.y:::.~rG. , 1969; 

:;-:_·, c~, :·:::c:.:t i::; ~-:;c~~~c.G. "'.;-;jr :Q.:::.y::.:-_:::"t!. P..1~ ~l ( i 97i), t::o e::1-cc.:~::_ ..... ~ _·::_l_ 
P-~:.:.Gd. du.r:--t · :l (E?PD) .. 1 .... c..:~:, .... :;io~! ::..~'l :~?:') ~r::s }:ic .. ly co!':~:,~:,_._;:)C. •· .. :1 :r:.~10 

of ............ ., ,... ... 
• :,/'""' --·.J ....... ,. 

1950). 

( ... - ., .. - • .,., ~ ·~ 1 '\..' . -. ~ , C' '7') •• \ \---"""-<.,.;.. . ... ~ .............. .. ___ ..... o~ ... - ) i;;:~ ...,,. 

.-~· ... :"'\_ 
"'"'"" v .. \,,..:..., •• 

-. v •• 

... ~·~ 

........ ~,J •.• - o,J ' 

"'- , '"I .. • .,.,' 

,~--- v~!',~ ~-...... ~~-:: .'.·_,,......,_ .. _/'"'.1_ ...... , .. -. · .... . ,..,"' .... .: .·, .. .: .... J; "' -; ,~ (:-,..~ ....... .:""',' ~' ..... ,·'. ·~') • ..., __ v -- ...... - ..... v....-_,._ _ - "-'-'-'---v...;,, .,-1.._.._,, ...... ...... v;.....o..v~.._... ~J ,,. ,,, 

Yield of 

.. ,,.. ' J..,.. 
~ ..... "- v~. .·· .... ... :. ... ::.: 

·"'lo<"c::' ..... . .... ..) I ' ...... "-' 

Coo l conch tions raight be cxpli!cted to extend tr:o le:-l,fth of t!:c fTI.: i;;~~ 

period (Dayna.rd, 1969) bccau:::c rates of gr~i~ fil~.:.~c c..nd le~: sc~0sc0~cc 

are r eC.uccd (e.g. Andrew et ::-:.1, 1956). 

Variations in the grm1th rate of grain s.re ir..fluenced by the ::'..a::..-:~ 

co21plex of factors uhich determir..e crop· growt!: rate. 

wi 11 reduce grain growth rate (Duncan, 1934; Hoyt and Br:..c..._' .:. c ld, 'S --.:. : . 

Stress factors, or short day photoperiodic conditions (Kriz ..:k et .::. : , : 

leading to incipient senescence, reduce the length and ultimate ly t~~ ~---~ 

of grain filling. Water stl•ess, thrO'.lgh its influence on photosynt!'le:sis 

(Eaker and !liusgrave, 1964) will reduce grain growth rate und final yield 

(Slat'l;er, 1969 ; Dol'mey, 1971 a; 1971 b). 

It is doubtful if the rate of trunsloco.tion of assimil--:e L. .•. i. ::c 

grm-rth rate of grain in cereals (~.:i l thorpe and Eoorby, 196<.J~ 

The rate of grain filling, like the length, is directly infl .... : .1-::ed 



by tI'..e tc:npera ture (Bo.ir, 1942; Ragland et nl , i965). ~~~=, plu~ the ~ffect 

(1 ,._ ·1ar-·1· 
'-·"G 1 J .,/ ' 

., 
.. c,-~ ' (u .... -""~c-·-.:.,0 c.' · .,..· ... ~ ·- ___ ,"':r · · .. "' l..1.,,1v) ' -. .... '-' v.l..; t...;.L.. ..... ~\...~~J- J 

..... - c .... 

,, /"" ,..,,, \ 
. ":) I · J o 

l 
- - ..... l.o. 

.,,· .... _., ...... y ~ ~c .. ... ,..... ...::-- I':'> ....... -~ - . ~ . - '1"· ....... ')"""' ·. ( '""'.'. ~ · '""""' . ., .... 
~_..,, : _ _ ,i U -~• ~t;.,._;..~- .. -u '-'"-- ••\.-..-o.J ...., _ U '-'- ._;_...__J,V -J-\...~o•\..-.•") 

(2) ,.n~~-." ~'-- c..:.~ C" - c: "-r -"'_ · '- -.··---"' · --~ ..... _ _._._ J.. \...-\...- ........... 1..- _ .1- -""'"' -v- .... 4,,:.; __ ...... _ u - v .......... , 

depth OY .. t .!C 
,, - .-""\ \ 
! ';,vV) • 

( 3) I;.crc~ced l0;!_;-;;r~ o_' ":,c .;:::· 0~-.~::'lt:; pe:dod, since yield. sc0: . .:.: ~:) ~~.: 

c:.u.:::ely rcla:ed to t~:i.S t~:a!'l "vv e:?.:.:' c::o~;-;h r.:.t0 (:.--:::y ~-~d G-·;;er, 1967; 

Du:~c<.o, 1969; Dayn~rtl ~, 1971). 

~fforts to incorporate the above fcctors into the m~ize plant . 

I ' 

acco::;panied by r esear9h into f<:ctors affecting floret o..."ld kcrr.el c:.bc ... ..... , 

silk growth, and lea f and root longevity. 

(iv) Yield Comnonent Rel.s..,ionsh)ps in f·:aize 

Under conditions of varyi::1~ cnvironne!'ltal stress yield co::1por:e!':.t8 are 

frequently negatively correlated (e.g. in wheat: Stoy, 1965 ; r:nott .:;.:-:_C. 

Talukdar, 1971) . The correl~t~ons m~y possibly be a resul t of gene .. _..; 

lin!mge (Rasmusson and Cennell, 1970) , but a.re pro:mbly due to the ~ 

natu=e of component developr'.lent iraposed upon a changinG level of lh __ 

environmental resources (Adams, 1967; Adams and Grafius, 1971) . 

.:::i.-tial 

The degree of compensation is li~ited by the capacity of some co~poncnts . 

Ba'l:llilan (1950) reported that the gain in grain yield by the primary ear 



rep resented only 9% of the loss of the secondary e.'.lr, 1 .. :nc!: filling on the 

sc::co:!.'ld ear of a prolific hybrid uc.s prevented . ~;i z!:.cr :!:~:._'--: ( 1 6-55%) by 

tJ:'_-:; first e.s.r have been OO::::crvcd '::,y :Sarley ct :cl (1966) ~~:1c_: ~2C0:1U ear 

Yield compo:!.'lents wi tr.ir: -~:-.e cc.~· sho·:1 rclationstips n::o::,_; 20.e::·. other, 

co~~clations &~ong yield 2::d yield conpo~c~t::::. Yer~els per ca~, ~~d 

1 • ( r r , " , r7 , •c ) ,re~,e, -,,,.. - - ~·o·,,:-~: "".-;-.r1 - o ·.,--............ ........ 
.o.\.. ~ .o... ..I.. .._ - • V ( ._,,,........., • I .I.. V ..._..._JG 

co:r·~e 2.c. ted 1·1 i th Y-;ClQ' (-· - - r7~-; :- ~:· '"'1 ""' 4:5·1i-+. r -.~D \ 
- - -- - • u ../ c.-.r......... • • 1,,;._., ~ • J ") 

. ..... ... -_ ..... 1...... __ \,.., .. 

~ . ... -c_ ~.~ .:_ .~.ii:. ... 

42 

O.i:f.::rcnccs. Kc::-ne~s pol" :"o.: c..:--~d -:-:cigh~c per ~:12r~~c1 bore;; lit~:....:· -.:.- ~.::..:io:.---.. s!'!i:p 

to yic ld. but \.;ere ?OS i ti ·ve: =-~r c:. r::::\) 1.::. ted. i:-i tI'- e:c.c!1 c thcr ( r= +(,I 202·- : .• 1" ... 

co~.::·ela tcd 'h':'i th '(r-1 r.. l f"! ( ,. ... -~ 
J-"'-'-'- ~ -

co:::Telntc;d u:3.th each otl:cr (:::- = -r.4-i~:;:-)o 

A tter.:pts to assess the d.Y"y n::icht o:: ::.:c.izc Toots ~'leer f:'..v le:.. ;_:.:-. ci~ tic:-:::: 

hc::::e r::et with varying succc::;3, b'u·i; it appears tha.+.: roots co::: ~;:riso . - .. , 

of ~nture total \·1eight in modern hit:;h yielding varieties, u.~d up ~ - ) 

of mature total weight in older lower yielding varieties (Ucihin[;, 
~ I"\ ,,.,..... 

i ~ )J; 

Kicsselbach, 1948; Foth, 1962; van Eijnattcn, 1963; llu, 1971 ). ':'he 

proportion may .reach 33% in young vegetative pla:.1 ts (Foth, 1962), end :!:'oo ts 

are still a significa.nt sink of assimilate durir.g grainfilli~0 (see Tc.ble. 

1.1). Roots f ormed a greater percentage of total weight i ~ate ... .c.ring 

_varieties than early ma tu.ring varieties in one report (Weihing, 19_.1~:. 

The relative proportions of the tote.l top· dry matter made up by t~c 

constituent parts show considerable variability in the literecturc. 'l'ab:'..e 

1.2 Sll!!lmarizes the data presented in the literature based o. ~aize p~~nts 

in which fertilization and grain gro~·;th has been successful. (I·iL 

1943; Sayre, 1948; Kiesselbach, 1948; 1950; Hay et al, 1953; -1962; 1963; van Eijnatten, 1963; Allison and Watson, 1966; Bry.:mt c.nci 

Blaser, 1968; Al,lison 1969; Han~~y an<l Russell, 1969; Brown et al, 
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1970; !-tun tcr et al, _1970 b; l'.de lana and i-Iil bourn, 19 72 b) . 

'.:'he distribution of dry ::ie:. ttcr in the shoot is ~ff'cc~.:: .~ "J:.r r:; ·r:otype • 
.j.. ~ " propor .. ion 01 -'-'--·'-~, 

c: .. C ~ :.o·ucr ~~opo::.."'tio:1 cf c.-:.. Z;.:"!d :;1·t:..:::: ::..n the L":Ci t · ... :r·c :;r..:v: : ... • n .c c.:..~l:/ 

v.:::~: ::.etic::: ( I3ry~;. t r.:..nd :3l.:.s0r 1 19c8) . 

- . .. d 
:.- C.. ..... '!.::":.. OU v(... 

O~c -~" c~on·"~ "06P'; ....., \.A- v .,) ~J. ...... 'I ' ..i v • 

1S72). 

;T\ I -.T ""."' 
: ..... 

S 0 - "- ( • 1 c ~ ~ ... ,,, c., J. ·~ s) 
~ ....... .i.-:_ T - ~J.. ...> ... .i. ....... l,,,:.., 

cc:.. 

(·-"."\~).·,- - "'Y"" .·., .......... .; J . ...,, 
··"''-- l..- ............ ..., ...... ..:.._v ... 

u.L'·~c:::- ii~.::i:.::y, ( 1963). 

?'­_.,. 
13 

7 

9 
,<Q .. ·.~ 

100 

1 . 4 T:i"E Fii::LD H:.TU-:tATION' O? GR._.;.r; ; :.; uz~ 

( C·; -~ 
"'<-. ... ... _ ..... ~ ... 

1 S ?~ ) rlnd 

_,_ ............ 
.. .... v~ 

. . -
.. ·.;·1.,.._: .. ~ -~:.~::; 

=..it--~· - IJU,_"0) . 

o-: 
5-S 

8- . 

-:-o =--­./"-'_ ../_ 

Grain filling is accor::par..ied by a substantial lowering of grai::-. ::-.o:.ztu:::-c 

content. The reduction begins about 10 days after fertilizc~::.on (:~·~.~ct 

and Hallauer, 1966), and continues at a rapid rate (1 -1.3i~ per CLJ, ~~~il 

by 30- 50 days after kernel growth c o:m:iences, dry ma ttcr ( n;.:) con te!'. t o~ the 

grain is 5o% total fresh weight (Kiesselbach, 1950; Hanson, 1967; 

r.;itchell, 1970). Rate of loss of moisture is approximc.tcly ::.incL:- · ::~ 

tine for the next 40 days (Gu.r:n a."ld Christensen, 1965; Hillson anc~ 

1965) and is accompanied by shrinkage of the ear (Shaw c'.l.!ld Loomis, 1 S·~ ')) . 

The rate of lo$S of moisture is less than in the previous period ~"" :. .. 
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content of the grain rises to about 75% before the rate of loss decreases 

ae2.in (Schnidt and Hallauer, 1966). Loss of moisture fron t'..,--. coo occurs 

mo:re slouly than fron the grain (Zies selbach, 1950; r·:iles :;_"[:c. Re ..:::crl gc. , 

1s 53) • 

( -j) ("1"7"' "":J'
0 n nl,.....,i "'1'_, t' ..;..:-:..~ f"1o·- ..L.~ ... - .. ".. ,..-,<~ j)}i.";T~~.oJor~~ ,""'{>_l ~.~ .. "'.· -:-,·L1.Y'_·: .• -

__ 1..,.:- __ l . .t. ..... ~.1 ·, ·.c .... ~:.. ..,, ..:. · .,._~-·-· -· ------- .._----------~-----·-·-· -·---

p ..... ,.,, . 1°_,65)--
• '- ····.J? -

i 9t;.2 ; 

C ...... ~l.S ~C!l~Cn , 1965). --·" . (-~5~) . - d ~iiec . • ~ o co~sicerc 

+: _-.·:-· .... ~~loc.~.+ p,;; ........ .1....,....,... ;,·~_ .,,,.., _.;_ . ..,_ ......... -'.-~1 -:.··~· ·_- ..... , ...... cruY"I···,""')"' -'.'" T""''(; ~"'~ .... - 7/ I n •. 
""' ....... --• ....._ ... ...,._..,,.... VV v-:. l: :_.. - - \......_- v- ;,_,;,- .....__ .. ... -'-'•.. ... ... v ...... ..... Y t..;..__.. ... 1,.... .. ,. / o l) 

0 -_" -i...·r-e ·o '.,,c'..- c 'c.-. -= ·"'I ... ,• , ,, .... ,e~""' _ .. _ .l...,r:c 'I,,_~ - ... -.,-:-~ 1 (•, • ..., .., .. r ..... - .. r 1 .,,..., -~ ......... ,'I'"':,'"\• ~. C:·.~·-:',;. I...... ...._ ......_ c., _ -..J_ .. .i.
0 

- C.....J __ __ v. -~ \...;- __ l..,;:_._ Ji....,j ~-c_ ..... ......_ < .... .1..1...i. J...;l.A J.Lv~---.1 _. ~-

(l· i·) w~cio~s ~~~acL~n- +·1-e P~~e o~ Fi·~~f D~ri~~ o-J.~ ~ 0 ~~c· _l ... \,, - _..._...,.,v _.-·. v. -~·.Lo _ t:..: ..... ..l. .... -.--· •. L..._,J 

The rate of loss of K3.ter fron gr2in on the plc.nt is contro ll1..-c. 

e!lvironmer~tal f a ctors and plant factors. 

Environmental factors influence the supply of encre;J to t he: 

for evaporc.. tion, and the steepness of the V3.pour pressure c radie __ ., _~_. 

the grain to the air • . Ifany of t he paro.meters used to assess the _ _;_c:::.·oc __ ... ::.. tC? 

of the maize canopy measure both energy supply and the -~pour pressure 

gradient, as the two c.re interrelated. Hallauer and Ruszell (19 61) att.::;.:.pted 

to relate the rate of loss of grain moisture from silking to· physiolocic~l 

maturity to su weather factors (open pan evaporation, wir.J. ::iovecor.t, 

relative humidity, duration of sunshine, precipitation, c.nc. t he .J.CC1..l!.nlc.te.d. 

mean air temperature above 10C, o degree days). Rates of _oisL.:t e loss 

·Varied among years within vo.rieties, indicating a variable envirc:. --·~ , ... _ .......... ..... 

effect. Degree days was the only paraneter to be cons is ten tly c.."1 :1 · :~i "cive ly 

related to r~te of drying. Schmidt and Hallauer (1966) reported : .•. :·v .-:-..r·ain 

moisture loss was significantly related to air temperature when i:;ra;i.n :t:.: 
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c ontent was l ess than 7ojj, anC. sig::i.ificantly r e l ated to r el<:.t::.ve hui:iidi ty 

1Len grain D'.-1 content exceeded 7c7~. Low temperature and :i.:i(;:: re l-: ti-.re 

hu:::idity slow t he rate of moisti.<::-e loss :ro!o-: grain conside:r.'.l.b-._y (2 .e. Andre~v 

~? 1956). 

. -- :c o: 

content than early nntu::.1 i:!1g ~:f:Jrids ~ Rcsul -c s o1Y~.:::.i~cd oy C-:.l. . ~.::: - L .. :i 2'":.d 

? .:::.::.·:.'.'ell (1971) over a c::ic.11 r~::gc cf grain dr:r oattc:r cc::i te:-i.t:::: i::-. :, ~:u:::'.:;cr 

~C'' t'en"'- -"'- ,-,~y one +;~c fco1,rill"' '1a,c:;2 ) \..,. ..,_ - •• V C., v '-- .. L!. I .i . U-1:~ "' \ ..._'\I -~ ......_ \.j' ..,/ U • 

(C:rane 1 1958; n-o•rn ~na' 1 rn 'or-"c ·1c7·'; J.. ..:... .J ~-- LJ. -~1 . U.J 9 ...I I ? 

in -~he cob. 

The husk slows doi·::'J. i:;he ra:'ce of drying of gra:i.n i ::. t[,,3 fie ld (?~i cs:.c l-

be.en, 1950; -h d - · ·gc:o) ::::, aw D.Yl l.oo::::ns, 1 _, • Crane et 21 ( 1959) ~o tcd th~~ t~c 

number of split husks uas higher mnong inbreds 1~i th a rr:ore r.:ipid r:-_ ---- c~' 

dr'Jing, but was not consistently associated with them. Troyer anc 

(1971) indicated t:'nat the rate of drying of huskless ears in the fi:::J. :. 

increased when husks were few in number, loose, and no longe r than tr.c .. 

If husks were shorter than the cob , the huskless ears took up moisture 

from precipitLt ion. 

Small ears were associated with a more rapid loss of moisture from 

the huskless ear (Purdy and Crane, 1967 a). 

Faster rates of grain drying were associated with a thi.'1ner, r.J.ore 

permeable grain pericarp (Crane~' 1959). Removing the peric2rp from 

kernels of 'fast' and 'slow' drying maize hybrids resulted ::.:1 alnost 

identical rates of moisture loss or uptake. The permeabil~ty of the 

pericarp was not affected when the grain was killed (Purdy and Crane, 

19,67 b). 
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Results indicnte thc.t os .. 1otic pressu:::-e •;ifain the k0::-.'!c l h.:i.s 

'"'r"·~n ,.._+ • 1 (195<'' ·"'--+ -.d +h.,t 10·1·1 v v...:.~\.i ~ JI, -\1'--v'.., i... (...;. 

.: -.-~. ·. ~-- -~ -'~ 
--- ,_ .......... ft,,f ...... \.ol. os::.o-:ic 

=..i.: J.:cc v 

to '!::_ .. 

... ,.. .... , ... 
•~ "'"'~ V-

A v .. -.'Cc: .... ~Y-J::.n:_; 

.L...., ",...n ..,_ .-· r"' .., \I""' 
l..V u..... V \.~..., ....... .... ._......, 

is 

I• -
\ .. :.:., , .... . ~ ... .. - -...-. ....... ...... 

~, ,,.._ ·- --i -
c.-- ...... -·-" .. ·--.: . --- : 

- ~. ( ', --,:--_;-·) _;cn.:!..Lu. _...., ~ ·>.! l.CS -~:.:.::'.; : 

. - , ... , , . "" 
~ f .. •J - - lo,. 

.;.,......-. ..... ..; ,., 
-H-000._. ..... _..._ , 

ligl:t, nutrients, oxygen ar..d cc:::-bon diox:;.de . 

:c.c. tors . It is ul tir:latcly l~i tcd in 3upply by foe tore o~ '.:s.:dc o!' .. :=.:~"-

control. I t cannot be stored, and light must be interce:ptc.: ir-.... -: -. :.-.;:ccus:!.:-r , 

or it is lost as an er:ergJ ~ourcc for p::.otosynt~eci~ . 

accrues to the plant ~-;hose leaf (or lc<.;.ves) first interc0p:.~ ,he __ 

(Donald, 1963). 

..... 

\'lhile it is intended to consider specifically compcti tion : 01· ::..: ,:;~"'.:, 

it is recognized that the response of the pln..11t to li[;"I'..t :Jupply .::~:- .:w:-.• L · 

its ability 

be modified 

to compete for o-...her growth f2.ctors whose -:..: -;;.:.__~. ic s 

more easily. The multiplicative effects of c~apetiti 

C •• " ~ .. 
. .. :;~.:-

more than one growth factor are illustrated by Don~ld ( 1958) who ;.:, .. c::8d. 
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the importance ·of the outcor.'ie of corcpeti tion for light even ~·fr.en the 

c o::ipet i ng pla~'lt's were U."1der severe nutrient stress. 

Holliday (1960 a; 

be: ... ~-.:0e11 plt~nt yield and. p l.::l.nt <lcns i t}r. 

1SS2; Rossz.c.n 2:10. Cool:, ~9CS; :Uc:::.:oy, 1971c) . 

3y co=p::.:rison -:-~·i th othc::~ cc:·c.< ... 2. s, tr .. c d8cl i nc i!l :;:::ise: : :"-"'--::.:.:: -· _,_ ·.!. ~ ..:. 

sirJ: capacity of vegetative plant str'llctures app0.s.:rs to 'co ::. __ .itc 

g,;.~a :.n :illi:ng i:l. :::1abe, Eoss ( 1962) sus:p2cted tho. t -;;otal pl.::Ec y:._ 

- ~ · ......... 

coY!.fO:::TI to a sinilar pe.ra.bolic respor..se as plar:.t densi-;;y ::.ncr.:::-isL: --

may occur at extre::nely high plant densities (King et al , 1970), b'c.. -c 

practice:;_]. purposes total plant 1·1eip;ht tends to an asympto ·ce as pl:.:..::t ..:.c __ :::;i ty 

increases (Rutger and Crm.;der, 1967; Williams et al , 1968; Bryant '-'-:nC. 

Blaser, 1968; Eddowes, 1969 a; .Adelana and J.:ilbourn, 1972 a). 

Increasing the supply df the factor for which competition is most. 

intense appears to increase the optimum plantine density for grain r-rod'llction, 

until the supply of that factor or of soree other factor falls below 

requirements of the crope Thus where nutrients and water 2::::-2 limi ti:._:;,. 

increasing the level of nutrients (Lang et al, 1956; Dunga:-i ct al , ·.; 5s) o.nd 

r educing the level of water stress (Stickler, 1964; Dale e.nd Shaw, ~05; 

Giesbrecht, 1969; Andrew and Peek, 1971) increase the optimum plant 

population for grain yield. It is probable that increasing co 2 conc cntro.tion 

when it is limiting photosynthesis ( Moss et al, 1961) would have similar 

effects. 
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IntcrplD.nt CO!::petitior:. :'or li.;ht begins wl:e n the 10~! o!' one: r a ize 

......., .... .... .;..c ... j· • 
u .l. , _. v- ... '-- (s .. .,..; ~-· . . · ' t.." •0 ,.2\ 

1.._....._ •• '-,,--t..: ...... ' l _,0 I• 

. . . _.: ~.:: .: c.:c:r1...._;.~?;. 

_. ___ ~_e:_· rr.:._y t c o~~: .. .._ ... .:. ... ,~. 

' ,. .... ... . . : "l T"I' •":" ' ....., l • • t • ,.. - • • ., ·· - ·-c~, u. v . .. . ._ 1 ;.J - r.. .. .......... ~ ... \.. _ .. _ .. 

., .: , .· J....: r ... 
--···- >J-. ..... ...... 1 

~"- ·• c; ·· ·· ,..,~ .,.. ..• • - . ,. 'u" t'C" ('·; C0 0 ~ 1 · "' r-/ · r -· -.,. •,....... . " ! - ...... ~ ... '"""- ...,-. v ... _ -f..-~ ... '--'~ __ v , ... • , 1 v ",..,;·-- 1 ·-..1 _:J...i.. .....!..i..v..., .... ...... \ :....: • ._.,.. • .... l .... L-.,.. ..... - "-~•- ... ~- .. •\•- 7 

,,~ ... , ,,. J"", ,...., ....... ............... v ... .._ ......... ··- ..!. ---- ~ ~= 
~, . '. 

..... .: . .,, · .. .. .... ,....· .. .:... 
·.__..._. ._,.J .. ..... \,.o .. ,.W, ~S 69 ; r _ __ , 

~ c '7~ ) 
• .,I • • v 

\.,.\,,I •• : • ~ ·.t !'' 

f :!· :_ · .. :-:.'. -: -~- ! :"'"'!. , :_~ - • ..,...,...... '"J .: - - . ... ".') -~ ~ • c -. .:i ( ;:- ,-r. ~-!""I. ...... __ _ - - ---- <.4-"""'-- ..... v .... 1.;;;..J.. u -""'" .... -... . "''-' -

alr.:cs;; twice that 'in Rho.-!esi.'.: . 

~9?0 ~ ) ... ,.; -, . - ~ .... ... :.'- ... .. ..,. ...... 

r • \ 

' I • 

... 
. . , 

The cptimu:n plar-. t density for zrai;i p:roduction in !:uropc is 70, OC - " (':r,rj'· .. ...I ' -.i~." 

(:Sun ting and Blqckr::an, 1951; Andrew c t a:, 1956; 

1966 ; Cu.'lard, 1967 ; Eddowes, 1~69a; 

I t l.. S 1 • k 1 th ~ L Lh 1 + l t • n t ' ~ l 9 r;::'-f ·• . °' '., ' " " • • .:.. _i e.y . c:. v 1;.e pan., pop'.l_a ions co W!!.i.C.1 .h' o_ .,,,e ...... J r..pvc..,_ 

value of total plant dry ~rei[;ht is attained bears oo~e re;:!. ,: :.vely c-o:. .; "'.:. 

re la. tionship to the optimU!:I plant C.c .1:3ity for c,·rain procuct ~,. ;. (i,dc :!..:lnc: 

~~ilbourn (1972a). Eddoues (1969c) found that the tHo pk .. : ~cn!;~ tico 

c oincided with each other in Bri tc.~.n. the 

optimum population for Gr<J.in production is the lo·,;cr cf t:-ic .,.,o (:~u~:;c ... 

Crm·~C.cr, 1967; ~·!illiams et al , 1968; Bryant and Blaser, 1968 ; ___ ._~ , 

Coincidence or otherwise of these two plan ling rates depend::-i or. 
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uhe ther the light (and temperat·0.:re) environment :'c:..vours reproC.uctive growth 

mo:::-e th&n vegetative grm·;th or vice ve:r-sa. The optir.rn."11 s t:-, :::.C: de r.si ty 

obv i ously depe;nds very Euch on t h o type of gro~r.i:1g s ea .:: c!!. 0 . . C.Ylu. '.<.: ::-ed • 

. -_ ........ ·' 
..__ - (,.,.; <..-

, , ~-Q ~)(; 

~.,...;··~': 0\,rC r- r". c·" -t""" 1" c; - ""'lJ.. "'., ( • .....,.,.-. -Ir~ -~0-1'"".,';)} -..L • ,,.,. , i· "',.J. =" 1, l ...; f" Y'I "'~ r.- - . -.,., . ;., • ..,I' --.. "": .. ,r-'· • 
_ ....... _ - v ...... -...1..~ _c;_.i...._y .l..;' 0 ... .i.. c..... - ..J.. ;, 1 ...JL-u; o .lu l.:> QOl.. ... ...... 1.· - •·"" .i.- .... C' - [, · - .Jl '- - ·•G .:_ 1 ..... ... . ~ l·v 

... ~ ......... -,; _::: _; 

va=i~t~es then tolera~t varic~i~s a t high l eve : s o:: p opu l~ ~~c= 

. . ~ ,,_ ·· - -· .. 
, ... + . 
...> ~ -

. ,.... ,-
- - - !."v 

ll.n"" ( c: t· -ingfi' '"' ld a·rd Tn~-l·ch ,.-~ J. ~.:.:> u .L - ! 1':,.. ·- ... J.a. v ,1.. ... c;~ ' 10"7 ) • :.; '-,- 0 

. :..... "J 

of lines tolerant and intolerant of high plant po:;:iuh.L.ons rcspcc·~::...~.-> '='- . c.~' 

confe r these same chara cterist::.cs on hy".:irids derived from thccn ( L<.:..r:g .:,··: :-,~ , 

1956; Earley e~ al, 1966). 

· Many investigationo into yield-density relationships in m:?.ize r.ave 

c onfounded row width effects with those of plar,ting der.si ty. Cer t.::::.~~ 'lY, 

w.here planting rate is varied within a ccnstD.nt row width, this is ~-- co. s c . 

The need for a horse fr eeway between rows has disappeared, but in ~'-'- c.:..s e ::; 

100 cm row widths have not . Such a row width gives a 13 cm spacing ·· ·---,in 

the rows, at a planting rate o_ 75,000 plants/ ha. A high roctan{"t.::. i ";;; s uch 

as· this undoubtedly causes u."lnecessc.ry plai1t distortion ab.ovc .:::. !1d b~ · gr ound. 

(Haynes and Sayre, 1956), and allows the waste of incident ligh t on :: -: 

ground between the rows. The trend tm-rards more equidistant s:pacinc of 

single plants is accompanied by an increase in optimum plant density for 
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( .. .,.~ d 
!"10..:...~ .::r1 i '.)60; ?r:!".G.lcton c.n.: se:..f, 3!'o~·m 

C't d, 1970; Stivers ct ~l, :g71) a Yield incre::-.$CC o: up /~c IC. ~ hn.vc 

. -~·c 
; C • r . ..,; c; _cc, · .. .. :::.. 

_ ,, .,. ~ .. , 1 , \;7') 
..._. ... ., ... ~ t~? I./ I • 

. ,,. -- - -- ........ ., .. 
": ·~ c "~ ( •,-.,.' - • ,- { - r • v ......... -.v ~~-U ...... ~'"J 

.::c: .:. 

·~ .. . : ·..- ,. .. ,., [,, - 71 ·:··' c.:..: .... :· ~ .-... 

_·:c ... . . . 
_,, """" _.._ . 

.; ......... ...... """'~ ,... ; ,..... . ..; ·~..:.... -.- ............ ' ; .,.... { J ....... ,,..,,.. 
_ •• v-..-. .... _.,-v ............. l.C _ ........... _.._\.....,-0 .• \...J-"--""·-,, ~965; ,, ... ........ .. -

"\J.. ' •. 

~-, (19::5)~ 

_c_·: ___ ·;_·:_:_. _,_~_<;~~~~-~---~_-_: _~--~-·--~~~-~--'c_c_•_··-)~·-_·_· __ ._-_._. ___ ~· ·_. _,_~_·_~-

e.!; ri._, 'i 965a; 

?hatcher, 1947). 

( b) Sc.r !1eigh t : 

• "I ( is 55) 

( 
.,....••V" ..... '""'\ •.; , T_ ~ 
...J~-~, ...... _ •• _ , _ ._, 

.:. : 

. . . ~ 

.. '"' ...• 

. , . 

i~"!:ernoC.cs !1es.r the en.r, but o::·tcn shorte.•~ internodc lc:c:cth ab0vc · ... \... 

ec:.r. This results in the lez:.vcs (':lilli<:?.:::s ct al, ' "r- ) . ~<..?~ 

being borne higher up the pkn t at hieher popula tior.~. 

~.:.2 t~c \.:..:.::· .. ,, 

e~r height of 15% h~ve been ~cco~ced (Strin[;'field a..~~ ~~-~c~er, ~947; 

Colville and McGill, 1962; Rutger and Crowder , 1967) . 

( c) Leaf Ane-le : Leavea are ~ore erect 

i:::provcs the liehting of leaves feeding the 

Loo::iis ct al, 1968) . 

at higher pl<:-~~ dcnsi:~cs . 

car (\·/illiams ct al, 1965n; 

- , .. , 

?his 
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(ii) Cho.n,c;as Associatr:d c.TitL ~or;:1;8ti:i-rc Interaction 

Al tho:lgh snor-te::.· plan ts r;ro'r in height r:iorc rapidly t:. ~_:-:. t: ._ l..::r oi:es, 
' '..::.:: !.'cvcrse :e:nd.:;n~y is o~~c~·7cd in pla'l t Height increa:::;e ( .. :-: :':.l::l-' 

(e:.) Yield: 

( ' c <a\ ' _; ~ _,} - 1 (, 

. . ::?-\.. .. :: v:J .:,-.;c;.:,: __ (.. 

- . . ... 
::; _,__::_,;I: " .: . .".f .... . ~ ~ 

.. - ·~ .!:' 

.. - .. 
Gi.....::· :r..~.:ocr is --c __ L; •.. o~~ ... 

1962). 
,.., 
v 

- I ..... 

1cc;:: • 
. :; ·--· .,,1, .,, .. 

- ...,, -- - -

-
~··· ...... .. .......... 
. . -. ~ ·"' ... u ___ ~1..... 

vru.·iety D;J.'TJ continue to y:.e ::.d 1.-i th the upper of its t·,,·0 <>::' '~:-::coc ~ 

tf1e single-ea·red variety is con~Jletely b.3.rrcn, under co:-~·.: '~-:.· :.ble :1..... 

f;°'cress (Bauman, 1960; Zube~ et al, 1960; Josephson, 1961; 

1965). In general ear weight declines wi t:'l iricre~sing dcnsi ty, ti:ol::;:: 

Haynes and Sayre ( 1956) at increasing but relatively lou populatio:::"' cccr~ 

an increase in ear ueight accom:;i~'1ying a reduction in ear r::.....-:ibcr. :::i:-.c 

highest yields of grain have been produced by stands ui th nn ave:c-<....,J- _::r 

weight in the ra"lge 130-240 b' (Haynes and Sayre, 1956; Dunean et :21, 1'958; 

Colville, 1962; Stickler, 1964; Rutger and Crowder, 1967). Kernel row 

nuober is little affected by increases in planting den~i ty ( Strin~field .'.l~_,: 

Thatcher, 1947), but the number of kernels per row is substantic.:..:y 

reduced (Singh, 1969). This latter effect mny be due to delaye2. _ .• _::...-~ 

-

(La11g et al, 1956), or kernel abortion (Daynard. et al, 1969) lrhic:. ::_y::·::)~::-~ssivc­

ly reduce the number of kernels per row as plant density inc:r-ease.::.v 
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1 ') t, "·0'"' -1 ' l'"' • /" r \/ •_ '- ~ ' \..... v 1; __ .._ __ .. .... ... ~ ... ....:.. - . -· 

e.r.d. :Blaser, 1968) but decreases s i gnificn.ntly at dcrc::::.. -~:.." '~ 

p~ o..."'1 ts/ha (°Ji.Llia!Tls et e .. l, 1965a). 

(b) TiI!le to Flowe:?:.'ing: ?ollen shedding appetlrs to t, '"e:lo.y c~ .. ~· ··-' ... L. 

0.6 day per 10,000 pl3nts/ha i ncr ease in planting rate (Dur:c.::.n e: ~~ , 

Colville 1962).. The delay in silking is greater, being· abo~1t 1 de:. ./ :;:,. :.~ 

10,000 plant/ha popul ation increase (Stringfield and Thatcher , 1947; 

Koh..11ke and Eiles, 1951; Lang ~' 1956; Dungan et o.l, 1958) . r.-

interval between pollen shedding and silking incre r:.ses by 0. 4 day _,_:· ~C,000 

plants/ ha population i nc:?:.'ease. du Plessis and Dijkhuis ( 1967) de;-: :.~ :r.::. -;;cd 

a ::iega ti vc correlation between the length of the period between 50, '. _rnlfon 

shed and 5o% silking, and gr ain yield. Moss and Stinson ( 1961) i ndic:.1.ccc 

that grain y ield is very dependent upon the o ccurrence of :r..crmal silking . 

(c) Leaf Area: Leaf area index continues to incr ease up to 700 , 000 

plants/ ha ( ilil liams et al, 1965a) . Stickler ( 1964) f ound tha.t the combined. 
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' . / ' 

fertility as po sibly the major objective ~or ~aizc breeder= th~~ 

The dee line in grain yield &s plant popul<l ti on incre:-,::.;e·· ·cc.: 

op'.::i ur..i occurs independently of barrenness, but barre:.::-. .::~::; c:m:.E.:S 

yield maximum to OCCUJ'.' at a lower population density, .::..nd D.CCclero.tt.::::; v'..c 

decline beyond that point (JuncP..11, 1969). 

used to investigate the factors controlling barrenncs3. They are : 

artificial shading, biochemical correlation, radio-tTilcer stu~ies v ­

.assimil.q te distribution in the field , .:md induced r::;ale sterility. 

( i) Studies in Artificia l Shading : There is a. s tri~:in~ parL. ~---

between the perfomiance of a ize hybrids in artificial ~.:<. o, an<... _ _. _ __ : 

performance in dense stands (Stinson and J.Toss, 1960; Eos::; and S,_ .. ..,.:,.:, 

·1961; Earley et al, 1966; 19 67). Shade tolerance and popula. tior1 to :!.eranca 
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.appear to be close ly linked. No differences between she.de (and -;icpu l ation) 

t ole rc:.1;,t and intolera nt vari e ti c~ s in abil i ty t o photo :::;ynt:. -:.~2.ze ,IL' to 

export s ugar to fa e s tem co·AlJ be de t e cted ( St i nson .::nu i·;J_., 1r;CC; I·'.o~s 

;::.-;-..,d Stinson, 196 ] ) . Popu btion to l cr.::.r,L c.nd intolc:..·c.r;t •;;_,_~_.=-ti .· ·_:; 1ch 

1~59 ; =·'. os s and Stinson, 

"-v·· .... , .... f.~c t ..,,,_,.,t · ,,._ 'r.~~1-. -ru·.,..,,-1.,-'- i o.,..~ (o·· u.:- ,-· ,....,, ._.. _ _ 1.....:: 1'"""' u. ..., •-.[_, ... - .!. ..:! v..-- t...... o.,. J.. ... ...., .J.. ....... \.,; ..... 

i r::o lc r~n~ varietie s i n ~i llc~ c~r r, 1: ·1· ,- ....... 
• .i.. .......... v._. ... v b:. .. 

. . h . f 0 • . • '. · " 1 ~ "'O \ :no1, in KC J.G" .; per cc..::: , ·J c:.. r:...;cn ;__r:u :·.o ...: ..,, ':JC J . 

~·:o;:;s 0. ::-::1 s :ir:::::;cn ( 1961) po i nt ou : t'.:.~.': -to::..c~·~ .. t ::.:C : ···vJ1 

,,,. "l ( 19()'? ) .., c·.--ia_' t '·""- ,...·~-(~l· n,_ ?' "'?u.~cn "-hn 
'- ' - ' - 'L .J.. -..u. .. ...t.(..... l,. ._ ) ,. .,<~ ._ t.1 _ ....,; ...... '-' - \,., .. I~ 

mctc.b olis;:i . 

o~· nitrate, so t n:.i t eventually t h e ni t r.o[_;en atom c.::.:.n cor.:::i::_:·.c ''~----·· -,,::c~ 

c a rbohydrate moiety to form amino acids ( Hace2a n c;·c ... 1 , ~ C)C7) . ::.c .. ~e:: . .. .:..: . .:; 

shade (anl popula tion) tolerance is accompar1ie d by inc~o~~inc lLv~:-

nitrate reductase (Zieserl e t al , 1963) . Nitrate c on "ccn'"v :::.;.s :.\J.....: ...... vV 

increase and nitrate reductase t o decrease in rouch p r opv_ ·vi on to J~:-it: ::._"-"c: l 

of shade obtained frolll dense planting or shade s t ruc tur e8 ( Ea.:;"':::~ ... n l: c ~· J. , 

1961 ) • The level of nitra~G reductase in plant t i s s ue is (1er .:.. v,_:.,:__, 

n;an e t a l , 1967) . This suggests that grair. produc tion of to le::~ . v 

-
hybrids at low light levels is more closely rela ted to its a bi livv -:;:;. 

reduce nitrate than to the effects of reduced carbohy drate sup~ly . 

(iii) Radio tracer Studies of Ass'imila te Distribution in the Fie l d : 

The only knovm study in this ca tegory was reported by E<:~ .. tin ( 1969) . 

(See Section 1 . 3 . 3 for details) . Data snowing t he percentage d::.. .. v--·u· :.:..er. 

of :photosynthate from fed l e aves of plan ts grovr.i.ng at 52, 000 p:~-- .. , .. ~ 
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<....n<.i 104 ,000 plants/ha is presented. in Table 1.3. Eastin st...;_;cst:J that 

vcccto.tive growth still occu Tint; in the plant grown ut 'Lh<i '..it;h popula t ion 

',;<::..s co1r.pe'cing successfully \·ri th tr.c ear :i. or as::>fr1ib tL; . 

:ivc l eaves had a total tAI 0: 2. 

~ o~l~ bu interccp~ J. c. 

. .• ,.... .: _ ...... .: 1 ") J. ':l 
L .1. .J._J ....... l .J.._1..., r_.. u t; 

_, , . ; fc- , . 'l •gr•) 
~ ... '[.._ .... no..tmdJ... mai~e ~Y pes \ uO~·l\.~ ...i......L ~' I r_) I • 

lc:.ds to 

b:.irrcn plants . Obviously tmcvcn p l ill'J.tin1~ •·rill 

(iv) Induced ~ale St c~~ l: ty: It has been 

..._J.J.. l..U . .. l, 

' . . 
t:i. ~1.:3~ in 'v.: · 

co1J;r.only 
. . 

vu:...\.~ .. VCL-

. . ~:. \..... .... 

'\..1 ~J - \,,_,.. •••• 

- .. l, 

r::~:o-s"te '"ile pl[:.flts ar e lo8=: likely to be betrr en . ?Lis ;-.. .::... .j d(.:C ..... .... -L.:.LC.J. 

tc t:.c lower auxin activity _;_n fr.e tassel Ol :-::.:..le :.>te:r:;.h; r,_ .:: t:.. . ; : . ...................... 

' .-,r r 

- J.. 

, "-_; / l, I • - .. ........ v ........ 

Hi th a higner population -t0 lerar1c:e (.;,ndcrso:n, 19 67 ; 
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plant density are useful for ~1·;0 m.::tin reasons ('.Ii llcy :...r" ••. L.i<-L , 

_ .. -.. 

.,/ 

?ir.:.n:ly , so that <:tgronomic co::iparisons may bu made bc"\. . .' l.:c:: c...vr •. I1,.:-:1':J::.0 

levels of pfant stress ; and. secondly, so tha .. the yiclC. .... c .. ;ity 

relationship can be predicted fron a l imited ll:.;1ount of ~:...~:.... 

\'ii lley and lie a th ( 1969) have reccn tly presented .:1 co.::!l:::ch .. ::. : .... 

:::-eview of mathematical rc:ci·.;ionships put forward to c:cll::-. .:..1 the 

..:·ela tionship between plant density , and indi vidu.::tl plant .. t. e;_· w • 

yield . 

Only one general model has been propo3cd to describe tte respo .. ~c 

9f maize grain yield to changes in plant density . Duncan ( 1958) found. 
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that the logarithm of e rain 1-~ c: i g!". t per p lant (\·1) was l ine:arly r elc.tcd to 

G.ensi ty ( p) up to 62 ,000 pl:m t s/!:.a : 

o::: 

log ~ = l cJ ~ T ~p 

.. - -·-., _,. ,. • .., ... ,_;"('\ '.; "'! r.., -,.• , ......,,'") t?..,...r-..r\ 
· ··~x~ .... LC. . (.;-'-'-- -' y _._ 1...~u O C1... LU'. - L:G. \ .. . ~ -'- ) 

l-1 . e: er .. :::.r..:: . . l' 
zr~ ..... _7"'.. yic: a d.cn::;i ty vV .)1.,j 

. . -......... .._. ............. .. . ... )\ , 

,... 
' ..I/' . .., I 7 

r ecipr ucal o; sca n yi eld 

<.; _·,., • ..L·noza 1-i· ._,.,..J.·d T\.r ..L~ra (1 L'.J,..o") ·, ,-.,~" '·n·e -~i· r· ~t •~ ~-..O')O~c • r·--~,· • · ..... a... I\. ..,;.W..; .., .-' ~ - -.... L. - ~ ~ vU -~' "'- .;,. U U \..:C ..... ~i...i..l..,1....,.,;...!,_ 

1 

\·[-I = 1\.p + J 

· .. :.e::.·o A arid B are const.:mts . .'.::'i12.s i s iden tic~ l t o the equu.".:io .. :· 

'by iiolliday ( 1.960a) to de s cribe ::. symptotic yield den:::i ty rcb t i onc: .. ~_.., . 

In an attempt ·to provide a general ma thematical cx;:i r ession ,,,· ich cic~c:~i:,.,cd 

po.rabolic an1 asymptotic yi e ld density curves, Bl ea::::dG.le a r.. d !foldc~ ( 19CC,1.1 

proposed the modified reciprocal equation ~ 

- e Ap ¢ + B w 

where Q and ¢ are parameters having constant v a lues f or nny p:ir tic, 

set of data, and A and B are constants . The theore tic c:;.::_ ~.2operti.,_ 

such inverse poi1er res1)onse curves have been discus sed rcc0;:-1 t ly uy : :~_,,: 

(1970) . Bleasdale (1967) has indicated that¢ might be taken a .:; ur::.. '<Y 

for prac t ical purposes . The equation then become3: 
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c:.....·c.: kno.-m for h;op.1ant denci,.;ies, then the 1·1hole o ... · -::·1.c r<-::.,.c_o::_.; . .i.. 

<-.stir:.a.ted (Elcasdale, 1967). ·,;here total weieht i3 

b;; so:.11e routine Hhich min::..wii,>es the re:Jidual sl..4.'.:ls c ... · - " .-0s (. 

c..:-.d Heat~, 1969; f·:ead, 1970) . 

The modified reciprocal yield density equation h~s been 

fitted to ::·.:.izc data , inclu:~ing t:'lat of Haynes :l!ld SL.J-:"...: (1956) 

Janick, 1971) . In this case c;rc.i:-i W.'.lS taken as the pl<-ri t 1ur'u, 

~v ~al shoot weight as total Kei 0·: t . ':'he fit. obt'l..ined w:.:.~ :.;icr..:._ 

, . 

... 
•• v 
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. . 
~-. , ..... 

1c ttcr than that obtained using D~ncan's (1958) equntio~ . 

using the allometric relo.ti onship to determir.e G part wncn 

.. .. ... " . ~ 
"' ~ -l·- ... oJ 

the 

not present throl.ltihout the i·:hole life of the pla.'1t is 9-~estio~ed oy 

"r'iilley and Heath (1969). 
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C H A P T E R T ','/ 0 

Jo: :S T H 0 D S i~ ... D M A T E R I A L S 

The first section of this chapter is dev~~ed to describing the 

layout of the trial which was an investig.'.ltion of effec ts· of pln..11t density 

on the ,:rowth D.!ld yield of two varieties of i~aize under field conditions . 

:'ra.cticc~ empl oyed in growinc the crop are listed. 

Sec ti on 2 O'..l. tlines the r.ie thods used in r.i0asuring grm-:th of pl:i!'l-':; 

i'arts a .. '1cl pl.:mt developneYJ.t in the field an<l on harvcsteci p lants . ::1is 

c::.apte!' coP-cludcs wi. th .'.l ccction tlescribine the m~thods of sbt..:.c ;ical 

an.'.l .yoi~ cmplo,ycd durinc; the examim. t::.on of the data . 



2. 1 INTRODUCTION 

2 . 1. 1 The Exne~imental Site 

The experincnt was laid out on a bloc k of flat land 0.22 ha in 

··rea , located in the microclirna te p l ots of Plant Physiology Division , 

D.S.I.R., Palmerston :~orth . The latitude of the site is 40° 23'8, <J.nd 

:i,c altitude 30rn above sea level. 
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The s oil in the area is classified as Eanawatu fine sandy ir..~· '."', which 

· ~this site is non- uniform in character (J .D. Cowie , pers . comm~ . 

·~ :.c s0i l p!:'ofilc C•'mprises n very v.:iriablc depth of fine sl!.ndy loam (up to 

' 00 cm) ovcrlyin; medium s und . Gravel is encountered 90- 185 cm below 

~~ e soil surface . 

Tc:1per;1ture ond r.::i.infnll dab recorded at Grasslands Divisior. , D. S. I.R., 

1 kn to the cast of the site , and solar radiation data recorded a~ 

!"'lant !'hysiology Division 1 km 'to the NE of the site, arc prcsentc_ in 

Ar>pcndix 1 (a) • 

..., . 1. 2 Ex:-icri::.cntnl Lavout 

The experic;cnt.'.tl design consisted of a 5 x 5 la tin squar e , allowing 

•]'1ch of !'i vc trcn t:.cc!l.ts (spacings) to appear once in every row .:l!id once 

in cvc:-y colu.r:i:1 of the dedgn (i.e . 5 replications) . A la.t.i.n set:~'.::'" •..ras 

rnndomly scl0ctcd fro~ a numbcr·prcsented in Fisher and ?ates (~ S~~) , and 

trc·1 L:-1cn ts ranr~or:ily assi~ned to 1..he five letters of the design . ·-.uch 

of ti1c 2) rw.in plots w:is s plit longitudinally for Vl!.riety, and L"~ two 

.... !ric tic::; ;;ere nlloca tcd. :::-u:idomly to one or other half of the split plot . 

'i"hc layout is iUw:;trntccl in F.ig 1. Plnnt:s were sown at five equidistant 

s;iacing:::; usine o. strinc er.rid to ensure c onect pl.::i.cement. The subplot 

1:i<l t~ :·:as a cons tari t 2 . 28J.:1 , al lowing a variable number of rows / ' _,... \ to be 

so·,m . Sine(· ')1ttal nun1bers of' pl.::mts f r om the two centre rows o: oubplot 

we~c sru:iplcd a i eo.ch spD.Ci:'!.g main plots were uneven in lcn0th. The 

syr.metry of the desicn however meant that all columns were o!' the same 

lcncth. Details of plant spacines and plant densities arc given in 

':'nblc2.1 . 

Allowance was made for four adequately guarded pJ.ants at c:~ch of 

: e n pr~viouzly designated sample points , while leaving two euard ~lnnts 

.,( ~::ccn S.'.'1nr ling points along the row. 

-~o special provision for .'lccess was made parallcll to· the :-_ •s of 

n::.'ln 1
,.J. : . n.'lrrow access path was nllowed at the end of each plot , and 

the cLds of the . plo is and the whole T)e rimetcr of the area were · -o tec ted 

by ~ ~urther two rows of ~ ·ard plants . 



FIG. 1 Experimental Layout 

Two varieties : K = KC3; W = WS 75 

Subplot numbers are 1, 2, •••••• 49, 50 

Five spacings are 1 , 2, 3, 4, 5 (see Table 2.1) 

(a) Subplot Layout Scale 1cm = 3m 

I 6 11 I 16 21 126 31 136 41 146 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

4 1 3 5 2 
I I N+ I I Row 1 
I I 
I I 
I I I 

K'W KW KlW WIK WK I 
I I 

I 
32 37 

2 I 7 
I 
I 
I 
I 
I 
I 12 117 
I I Row 2 
I 
I 

WIK 

To Row 5 

(b) The 5x5 Latin Square 

4 1 3 5 2 

1 5 2 4 3 Numbers 1 .... 5 

3 4 1 2 5 Represent 

5 2 4 3 1 Spacings 1.. .. 5 

2 3 5 1 4 
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TABLP. 2 . 1 Sunnary of Pl ant Spacincn 

~·c ':"ti on !':ouidistn.n t ':'llo.nt Plan t Densiti 
s')~cinrr 

inches cm Pl nnts . ac 
- 1 - 1 rio.nts . ha 

20. 0 50 . 8 15682 38750 ( '7(l":') ;; _, .. 
? 1(' . 0 t,.5 . 7 19360 t.7EHO ( tW;:) 

:; 16. 5 41 . 9 23040 56S33 (r:.r' 
' . 

! 1) . 0 )8 . 1 ?..7875 GG889 ( (. ,.., .. ) 
- I 

5 11_ . 0 35. G 32003 7908?.. (?",.\ 

2 . 1 . 3 c~,, t 1ir.'1l ,\~meets 

:)ct..,~.13 of c"Jltt:.rnl opcr[~tions o.re presented in the schedule r': O::'C:-n.tions 

: · i :,~'pPncix ?.. • The r lo t nrc~ h.'.'.'t .:i :previous history of cro,l'inc, .:-..::d 

(''!"0-:' o.:: 0 .,.1.. ,... ,_ .. \,,..., was cut ~ron it in the s nrine of 1969 prior to the :'.re.'.! being 

· ·~01·~;hccL ;, soil te~;{ c·~:-rled out nt plottchin~ indicated o. sufficiency of 

r"'.lci'J:"l ''.!°!O ;~hos~iho!'us , end a moTcinnl potassium deficiency . Follo:·rine 

"non.'11 cul~iv:>.tio::-i , a total of 167 , 161:md18?.. J:cr/ho. of clencr.-!;."" l"!-itroccn , 

( ·-7r.) . J • provided 'ny Thomn::> Corson anri Son Ltc] ., G · .-°':)'.)rr.e • 

··-;::; L: ;~ ;:'ocEficd ~:inclc cro~ :~ } ybrid (G . J . Gro.:w.m , per:.>. c or;r:i .. ) , clas.·ified 

.; · n 20 t:..-:~· :::-".:1-ttive mt'.hirity v . .,r icty. (The rcldivc m"t'..U'ity r .:>tir..c is 

> :- 0 n. on ~::c 11t..-:i':.J0 r o: d.:.ys :ror:? r;~·.cree:-icc to iJit~/::>iolocic.:i.l r:J. turi t:· ·.::1cn 

·-ro:·r.1 Ul1::.c:- to~t ir! t!e u. s . ) . ·.!575 is cl.:i.:J8i"f ied an a 11 5 dny v· -~ ~t:-i 

"·:d i::: .'l three '.n:iy hybrid . Gere.ination test::; c·onductcd prior to ::>o;:.:i:..:: 

'::o:·rccl fim~l counts of 95:~ nnd· 9.3~ for KC3 and '·~575 respec t i vely. T':ro seeds 

· -re no1-m ,.,_t 5 era depth ut each plan tine s t'-ltion , uoine u h·tnd pl::ntcr . 

~ "c·•usc of the cs tinnted time tru:cn to cow ruid subscr!1..i.cntly }-::.irvest · ! 1d 

c:i::i:~ec t :)lnnts , one column of t he la.tin s riunre wno so\-m on c:>.ch or" r·-_.,... clay s , 

'1.."1.d ol l subscqucn t opera t:i.ons were c."1rried oµt at the cai:ie time fr , .. r-01·rinz 

~ nll rcplicntions . 

The first re1)lic'1.tion , or column of the des ign , was sown on 12 . 11 . 69 . 

·-',c rows of cr1creed p lnnb Herc recoenizabl e in all replic·1 tes 7 days after 

:: ·)wine . Prc- cnerecnt nncJ. ros t - c'.".'.ercence herbicides ( Ap1)cndix 2) -,:,..re 

..,,~lied ns rcco:n!"lcncled (L. J. I:D.tthe1·rs , pcr s . comn. ) , r:md con: 1 lete ::ced 

' '0n trol \1:1!1 riain tnined by the c::0!"icnls throughout the exryeriment. :':o 
• 0:;t-::io~·rin~ cultiv::tlon was cnrriod. out. 



Transplanting commen ced 9 days after eme rgence . 1/he re p l ants were 

mi ssing fro~ pr ojected samp l i ng a r eas, p lants s own concurrently with 

those in the plots , but in peat pots and ster ilized potting mi xture, 

·o1ere transplanted . Su ch plants were noted and avoided in s ubsequent 

samp ling. 'db.ere gua:::-d plo.n ts were missine , transplants were made from 

positions where two plants had emerged . Conditions for transplanting 

'.-wrc excellent , and no failures were observed, even though 3% of the 

tot:il stand ·..,..as transplan t ed . From a week after transplanting, p l ants 

were not visually i dentifiable fr om the others in the stand. . 
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Tr ansplanti ng and thinninc occurred concurrently . By 12 . 12 . 69 

t~tinninr; and t ransplanting wer e c omple te and heal thy plan ts were grmving 

at every plantinc station . No dea ths of experimen tal p l ants were 

r e corded during the r emair.de r of the experiment . 

':'he pl~·.r. ts were individually side dressed by hand 39 days after 

sowi::c with 113 and GO kg/ ha of e lemental N and K respectively . A 

~t.i.:;ibl c r:w.g-ne.sium defi c iency was rectified by foliar ap:plic!ltion of 

· ,·:;nesiur.i sulphate . 

Pests were a minor problem. Slug killer el·_mi nated slugs invading 

l~e plot from its surrounds soon after establishment . Aeria l applica tion 

of insccticirb in early r.'.arch controlled minor infestations of corn ear 

. -.vo:crn (Eclic overuo. armir:era confe.dn) and army cnterpillar (Pseudo "'._ctia 

sev'.lra '.,a ) . i'To infe c tious disease w:is o'!Jserved in the crop throw -'.-:::- ·..: t 

l"vs li 1·c . 

The sca::Jon co \l ld be desc ribed as dry nnd warm (Appendix 1) . 

IrricLltion was app lied to the whole plot prior to sowing and twice during 

f'ach of the months o:f J anua!'y and February. A tota l of 250 mm of water 

was applied on these occasions (sec Appen dix 2) . In s pite of this , 

Fee plan t s were vi sibly water str essed at some stages in their e;row':h . 

·~ . 2 EX!'im!rE1:TAL \ f.THODS 

Field obse rva t ions wer e a c companied by sequential destructive sampling 

of plan: shoots . The f irst harvest occurred 44 days after . sowi ng , and 

the next thr ee were spaced at a bout 10 day intervals . Harvest:; 5 an d 

G were at fo r tni ght ly intervals , and harvests 7- 10 were spn.ced three 

·,;eeks apart (Appendix 2) . 

~ . 2 . 1 Field Observations 

The pl:lnts were observed daily f or tassel emergence , po llen shedding 

-".nd sil:cing. The n umber of days from sowing till 50~ of the r emaining 

, lants e ligible for sampling had emerged tassels , shed pollen , and had 

.:;ilked were rec orded. The tas ::Jel was judged t o be emerged ' when it was 
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visible in the whorl without mani pulating surrounding leav es. Pol len 

shedding was c onsider ed to have occurred when anther s were exserted ~rom 

the tassel spikelets. The first appearance of silks emergi·ng from the 

tip of the prophyl l indicated the occurrence of silking. 

2 . 2 . 2 J.'.easurements o:i. Harvested Plants 

At each harvest three plant.J were randomly selected ~rom the three or 

~our available at the o~m?ling po~nt chosen for that har~est . Sa~pling 

po~nts were h<:?.rvested in a fairly rigid seque:1ce from one e:id of t:1c plot 

to t!.c! ci:~er to facilitate the locu.t:!.ne; ancl count.i.nc of plants . ':'!1c 

-:)l[rn ts were cut off at gro:i::d level , labelled , and tille:::-s , if present , 

wt::·,.) tied to the main stem . The 30 plants fron the r eplicate ha!"Vl'~ted 

::~:~ t rJ:iy ·.-;ere tr<:?.n::>pc.rted to the lab0ra tory for weig!"i:1c and disscc ti on • 

.-.;.r)n or.w.11 , the pl:rnts awai tin!{ an~lysis were stored in a ::-e frii;er.:iior at 

1 C. 1,:~ te:::- when plnn ts beca:;:e large :::- this proved il:lpossi ble . ·.tnere irrig­

a '...1'm rcquir'2!:!cnLs of the crop clashed with h.:i.rvesti.:1.i:;, pl.~n '..s were sto::-ed 

.:.:i a ruf:.:icerated room ut IC with cut ends i:n."!lersed in buckets o1 ·:1.:i"'::cr . 

All h.:irves ts invol\red t he total shoot except harve:Jt '] , when t!~c: p::.."C~t 

:,: 1 11~£1.::ud dc:.icl , awl on ly the e::i::-s ;:ere re;:?oved . The variables mcD..;::._·;::t.:. 

( . \ l.1 ?:10Lonynti-1e'.;ic ,~ca : .2ully cxpan'led leaves wcr-e re;noved a: the 

;cint ~~ ~t~uc!~en'.. t~ the lea~ sheath , and area wus esti~ated as follows : 

Arca ;.;. L1:tXl!".iwa lc:-:.gfo x :i.:.i.x.ir.:'.llll width x 0 . 7) (r.:cKce , 1954) 

( L'.-:c co:r·:crsion f leure of O. 73 ls more accuro. ie~y c.le termir.ed. by i·icKee than · 

t:.c 0 . 7'5 i)f ii _;::i'!.g0r.1e .cy (i9~1) , •~nd Saxi:ma urd. Sini:;h (19G5) . 

Leaveo not fully c~e~ccd ~ere divided into U1ut port ion ex;00~~ t o 

~.;'.-: t , a:-d '..'.'.:.:.: porti on not :'e t e xposed . The exposed por:.ion wo.~ 1-:::.ci 

';;cne~1Lh a pe:!"spex oheet r::o.r~:ed. wit:. a grid 3how.ing square cent.il:lcL.:-c::: . 

·.-:.i. th t:w '.'1elp of cardbo.:i.:::-d leHf shapes of ]mown area , the e x posed ::i.rea of 

.:1c lea~ was r.'.e.:tsur<.)d clir :)ctly . The remainder , att·tched to the s ten: formed 

a cyli:1tler at harvest 1. The .:irea of ~his cylinder w.:in calculo.ted from 

length ar:d ster.1 tliar:ieter mea::::un~r.ients . In subsequent h.:irv<.)sts Lr10 nte::: 

~v.:.i::i r c i.;:1rded as a truncated cone . The stem base m~nn tliamcter w·1~ !""·.).:isurcd 

"lcro:::;s t~1e cut b~se a!!d the nid 5tem diar:1e ter es tim.:i ted frcn a r e c;reosi on 

'-'f rr..icl s Lem diame tcr on stc:n b<l.se diameter (Appendix 4) . The p~oto:·j·r.i:~etic 

~:::-e<l. o: the ~u:::;ks was neglected in these r.easurcme:its . Tillers were 

t!"cated simil'.lrly, but data were recorded separately . 

In l:J. ter harvests l e.:if rn'1::·gins , leuf tips and leaf s hca ths bec~ne 

::-.0.nescent . The area of photosynthetic tis:JUe was mea!:;ured directly, as 

:,•.fore , neglecting senescent areas . 



TABLE 2 .2 Variables Measur ed on Sampled Pl ants 

FW = fresh weight 

Di! = oven dry ~:eight 

DI-:C = dry matter content on a f r esh weight basi s 

'io.:-iable 

. 'i' illcr ]~umber 

Ste~ base diameter 

Lcn1;th of leaf sheath c overing stalk and base 
of t2sscl peduncle 

S ~cm lcntjth to tasse 1 peduncle base 

::c:Lcht of uppor three ears on each plant 

> Jdc number of nodes beo.ricig upper three ears on 
C ~iCh pl.:mt 

lf ti l lers pre~cnt , F~ of till~rs nnd mninstcm 
T,• • 
1.i ,'I 1 mr o.nd D;.:c of stem 
-~ . J i·! .:md DJ.:C of leaves .1...1 \'I, 

=· mr and m;c of ta::;sel I' 
~ " 
_, .. 
11 ,'t' D".1 ::t .. '1d n;.:c of !lusk 
~· · ;J:·/ unu D:·iC of deacl lC.'.lVCS l' ,', ' 

.?~·.r' D"' ,, .:wd D;.;c of hus!dcss car 
?-, .. ,,.., 
l.J1'. v of crain 

J ' '" .· t v of cob 

'.:: OJ to Gra::.n Ti.~ tio ( recrcssi on method) 

Coo to [,·'TD.in ratio (direct) 

D':T co!.J 

J'd t;rain 

D":i of 100 kernels 

;·icasurer;ien ts on rrrain- benring husk less ears : 

Harvest Number 

1- 8 , 10 

1-8 

1-8 

1-8 

1- 8 

3- 8 

2- 8 

1...n, 10 

1-8 , 10 

1-8 

2- 8 , 10 

3- 10 

7, 8 , 10 

3 (YC3) , 3, 4 (~575 ) 

1,- 10 (KC3) , 5-1 C('.!575) 

4- 10 (KC3) , 5-10(~575) 

5, G(ZC3) , C~ ;r:,75) 

7-10 

7- 10 
7 - 10 

8- 10 

Eur number 8 - 10 

Eusklcss ea:::- le!1gth 8- 10 

Effective huskless car length 8- 10 

hUSkless ear base dia~eter 8- 10 
::w .. '!:lc r of rows of grain 8- 10 

(ii) Lengths and Counts : The stem lengths on the main stem and 

tillers were '7.co.s ured from the stern bnse to the point of n:t tachmen t 

t>f the tas s el peduncle . Ear heights were measured from the base of the 

stem to the ear- bearing node . The numbers of the nodes bearing the t hre e 

henviest ears on each plrmt countine from the base , were recorded . 
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In later harvests , the length of the huskless ear was measured 

fro~ the base of the cob to the apex. ~ne effective huskless ear length 

'.ms t1nt length of the cob actually supporting er a in. The huskless ear 

b.:;sc dia':le t c r wns also measured, us wns the number of ro·,.'s of grain on the 

car . 

(iii) :·rcit;hts: ~·/he re tillc:?:s were pre~en"t , the fresh weights of 

ti::.::.cr::; o.nd r.i.:i.in stem were !'ecor ded and '..IBcd us a b;:i3is for appo2·tioning 

tot.::i.l phnt dry wcig'ht between tillers and the main stem . ':!ith t~;.e 

c:xccption of cur::: , pl.::mt c 0~::p:ments :'..'ro::i ti llcrs a.."'ld t11.e m.:iin ster:i ·,.;ere 

0-t'..ke<l within each plot for dq wcig'!1t de teI':71in'1tion . 

'.:.'he s:-ioot wo.s dissected into the fol::.o•·:i:ic c 0::1po!1enb : 

Leave::; , inc J uuint; al l unexpanded lcuves .:m::l leaf s h0a ths cbmrc t!--.c stem 

;1;:i~x , or .'.1':::ov0 be point of at:nc!-..::icnt of t:ic tnsscl pcC.u:~cle pr.io.!"' to 

:.:i:.;:.wl cr:icrccnce . 

:~<..:~ , including lem sheci t~1s beloi·T ~he noint of attach .. "!ent of the 

b:; :.a=: l ;· l: 1.L.rn c 1 e • 

Jc·d ~n~~es (non- green leaves) . 

T~c~rl , ~it~ t asse l peduncle . 

':''..!.: c . .:- , rc::,oved fro::: its poi:i.t of attac~ent flusn wit!-1 t he ::;,e:-: . 

· ..... ,s no t prnctic:~b::.e w1 lil !i.::r·; est 7. A: h.:u~.res t 5, a i; cm section from 

ihc ce:n tre of' '.:he J:rnskle::;s car of KC3 was rc?::o·;ed. 'l'te cirain n!ltl cob 

;!e:rc u~s~ecb..:d nr.d clry '.:c.ic~ts tleter:- inecl (:::ice below) . Cob to c::-ai!1 

r~tio::; h'Ore clcternined for this vnriety from a rcGrcssion of t ii-::: / ~:.1 cob 

', t.: t;ra in ratio 0!1 U!e ~otul cob to c rain ratio of the :.;u::;c ca" 

dis::;0cted (::;cc j1.ppend.ix 3) . ':.'he p::-oportion of cob and grain in t'.-;.r.) 

huc~lccs car wac cstim.'.l. ted usin,c; this :-ecre:::sion. 

.. fully 

At harvest 6 a si.r!'lil 'lr prac tice was ndo:rited for both variet.i..0s , 

the reeres:->i on this tine beinc t he 4cm cob to ~rain ratio on total cob 

to i:;r.::tin ra.tio of different e.::trs . The rclai:;ionohip between t he two 

w.'!s t;0ner ;_lly poor, ~md analysis (not presen tcd) showed differences in 

+)le s lope::; of the re[;ressio:-i.s for the h:o va rieties to be s igni: icnn t 

"t ' .. he 61' probability level. Separa tc regressions were used to cst~!:la.te 

the pr oportion of cob and i;rain in the huskless oars of the two v ;i.rieties 

( • d" 7. ) , .~ :1rcn ix ;; • From harvest 7, huskloss ears Hero dried i~1 toto 

·" f orced draught oven r't 85C for 72 ho:J.rs and shelled by 'hand \·:bile still 

' ..... ~rri . 



The s i2e of the m.::tize plants prohibi ted over. dryiuc ·.in.le inwct . 

Ler.vcs , stems , husks and t .::t::>:::el::; f r om cncn subplot wc:::a /»~ .:-:d throuch 

a creen feed chopper. Aliquots of the rcsul tine- chuff \·rc.;:o dr.:.cd i n a 

forced drausht oven for 48 h our::; at e~c , a long ;·1i Lri. ::::.1.1pl·=·J of ·1·~tin 

.'.l.nd cob di ssected from 4 cm section::; of the centr e ::; of ~11 ~~r. . Jr~ 

matte r contents ob~ained on a frc::;h ;rcic;ht b~: :::i::: for caci. 

to esti.r.latc oven dry weichts of ,rholc plar. t c 0m}1oneri L~; . 

- , 
I ,Q v ....... i::;ed 

Kernel weiehts were clcicrmined on pr evi o-. .. wly <iriccl kor:.u l:., . :' t11· 

lo ts of· 100 ker!'lels fron each plot wor e broi,;c;:-it to u c ,)i...; '.· •. 1 L 

content after 1 6 h0tu'3 expo::iurc to n te1:1per·. tur-.;; of L'.)C , cov l cC 

desiccator , and weighed. 

2 . 3 ST/,TISTICAL f'.~TIIC'D.3 

Followine the cnlcul:i -Lion of indi vidu.:i l pl.:m t d !"'J iiu.:.,~· L c 

data f r om the three pl nnts pe r ::;ubplot were b"Jl:~eu , ar, c! ;1u1.c.1ecl 

. ~ .. re 

cards . All analysis described below wn:> carried ou t wi 1,\1 t:.·) <. ,.,._ 

'i.\aosey Univcrsi ty IJ3il: 1 G20 c oi".lpu tor . Some s t e;::d:ird p r or;r a. ·c.cs .. . • .. :.:•• 

.in the ruw.lysis : others were written where neceS8i1rJ , and ·,:·o '" ., .1: 

on r equest . 

2 . 3 .1 Prcli.r:i:!n.:i.:ry ,\nalysis of Du.ta 

Data from one of the subplots of KC3 :::p:J.cinG 5 were . . : .. ;~in . :1 

vnri.'.J. blcs measured throughout t Lc ex per L-:1Cll t . Pre l:i.r.i .;. r. .• ry ..:1~. :.1. _ , . 
~!.\ 

data involved estir:iating the values for ~l v .'.lriablec f\,r ti1e ;::~ . .,; .. : : .. : ~·:i...L , 

and cxnraining the datu t o ::; cc if they s.:J.tisficd the acc urr- :'1..il;nc 0 .:.· ~:.•.' 

l'lnulysfo of variance. For both opor atlon3 tho ::;pli t lJl o ~ -.:..;_:,cci ..,;.' L;.e 

design was neglected and t he fayout was c onsi.dercd ;-. nor ... ,l l.:J.L.i.1. ;J : ·.r0 . 

The value of any obscrva tion (Y .. k) r.i..:iy be written for t hi ::: ntat.i::;tic:il 
l.J 

model as: 

Y . . k = Y .+ R. + C. + P1 + e
1
. J'k l.J l. J ~ 

y = .1the over a ll mean 

R. = the effect of the i th row (i = 1 ••• 5) 
J. 

c. = the column effect (j = 1 ••• 5) 
J 

pk = the effect of t he kth population (k = 1. .• 5) 

eijk = a random error terra . 

Values for missing plots were calcul.:J.tcd accordine to the ~3u~ l forilluln 

( Snedecor and Cochran, 1967) from the l atin square made up only of 1:c3 

da ta for the particular harvest under consideration. Error degre c:o of 

f r eedom were r~duced by 1 in all .subsequent analyses of va riance . In 
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the case where polynomials were fitted to KC3 data a t the highest 

population, the degrees of freedom for error were r educed by the number 

of harvests involved. 

In the analysis of variance it is assumed that row, column and 

trc.:~bent effects are additive , and that the random error values, e. "k ' 
2 J.J • 

a r c normally distributed with o. mean of 0 and a variance of 6 • 

Residuals were calcuk tcd from main plot totals (i.e. varietal effects 

neglected) for nl l vc.riables at several ha rvests , and were plotted on 

nor:nnl prob.'.lbili ty graph pc.per . Results indicated that weight , area , lengt h 

and time to flowering data did not require tr:insforui:ition within harvests . 

i-~ oisturc content and tille r number data were transformed using c.rcsine 

transform<.:. ti on and the square root transformation respectively. 

,\rcsinc trun:::;for:iation : X · = nrcsin 

:::quo.re root tru.nsforruo. tion = x =rx:-
'l.'he de.tu were now ready for more definitive statistical analysis . 

2 . 3. 2 The ~1~lysis cif Variance 

Da "ta w~~n o.n.:ily:::;ed :vi thin !'larves ts using an analysis of variance for 

a btin s quare w.i"!.h :::;pli t plots . I t was b~sed upon the followinc fixed 

ef:ec:~ re[;res3ion moJcl: 

c . 'k J.J • 

v 
1 

( rv), 
1 K 

Hherc Y. 'Jrl·• Y, R., C. anC. Pk are as before J.J.. J. J ... 
= a r andom m:.tinplo t error term 

= the variety effect o~ the 1th variety ( 1 = 1 , 2) 

= the interaction term between t he kth popuktion nnd the 

1th v:irie ty . 

eijkl = a r~mdom subplot error term . 

;,11 interactions among colW!lns , rows o.nd populations were u:-opped into 

the main plot error term, and all interactions involvina vo.rietie3 

except the populc. ti on x V.'.lricty interaction were incorporu icd in the 

~ubplot error term. 

The analysis of vurinnc c , and test3 of significance 1-rere constructed 

'' nu carried out as outlined by Snedecor and Cochran ( 1967) . ::tandard 

errors for treat:ent comparicons between various means we~e calcul~ted 

according to f om ube p::-escnted by Cochran and Cox ( 1957) . Dif:'erences 

• run one r.icans were tcs ted for statistical significance o. t the: 5~ .;1d 1 ~ level 

of prob~bility using Student ' s t - test . (Snedecor and Cochran, 1967). 
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2. 3.3 Curve Fittinrr 

Polynomia ls in time were fitted to the subplot mea!1s of varirbles from 

" .:.:.ch of t he two vari&tics . Where analyses of v.:iri.'.lnee r evealed !10 

.1~~tintically oienificnnt popul~tion effect (i . e . dntn on stnlk lc~cth , 

cxpn:-.dcd l cnf riu:"lbcr nnd dry ma "tter content) , vnlues -.-10re pooled f,..,1: 

"'0:·111~.:io.., ,.,:..thin v .:i:::-ietics. O";hcr;risc polynonio.l::; ,.;ere f j tted t o d.:-. b . 

c1 0:-:rribcrl by Burr ( 19 69) . In '.'..3-ii ti0n to polynominl coc ffi cientn ~r~d 

.:i~1 ·~1:,r::;0::; of wtri nr>c c , this :rirocrnr.ime .:ilno prjn".;ed the inverse m.:itrix , the 

r 1v'.'.ri.:.:.~cc nntrix nnd the ~~lt~~le correlation coefficient for each 

:--"scccdi~r; dcr,-ree of fi '..ted ?O,J!10r.!ial. 

The me thod used h'.'.S been outlined in principle by Gandnr (1 970), and 

i 11:. ti .'. t lly :invo lved pcrfominc o. two wuy an.'.llysis of v.::tri a:1Ce 0 !1 t~e da tr.i , 

t·1~0 1! 0~ a .!'C',":l'C'~Si<'n model o f the form : 

Y .. ::-- 1!-P.. _,_Ii . +c .. 
~J i J iJ 

t.:.~rl c .. n.~c as bl"\ fore ., ., .... , 
17 -·i ·- t!1c e:'fect of t};.t~ it~t rep li c ~i ti on 

. I 
j 

~"~n a~fcct of thn j";h harvest (j = 

.... _,_ b ( t ::- 1 -~" - v I 

(i = 1. . • 5) 

1. . . 10) . 

- 1. 

t)"' + 

wh" 'l"C b
1 

•••• bk = parti.:il multiple refr!"ession coe:'ficicnts 

t - the time fror.i ::;o;.1.:. .'.1g in dnys 

·."'d ·.r Y .'.'...'1d e .. c.rc ns bcfor~ . 
~ij ' 1J 

e .. 
iJ 

It c;.u;. 1-ic :::ho"m (Sncdccor anJ. Cochrn:l , 1967) th.:it the sums o: ::;r-u.::trcs 
. 2 

of thr dc·1i.~ tions of t he Y .. , fron the harvest uie.:i.=i ( L y ) ca.'1 :Cc iJ s 
p·trti ~.::. on0a into 

(1) ~um3 of s~unrcs of deviations of values fitted by rccrresaion 

~ror.i ~h£'ir meo..ris ( 1 sm.1::; of squ ..,res due t o ree:ression ', I: f) 
(2) The sums of sqtl.'.lrcs of deviations from the fitted vnluc8 . ( L: d

2
) . 

? ? .... 
i . " . Ly·- = .L g- + I d c . 

:'ho ' [;Oodness of fit ' of the r e [Tession , .'.lnd thr sirrnificanco of the 
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dcvin.tions from the regression of some variable on ti~e c nn be tested 

ag:J.inst the within g r oup mean square, as outlined in Table 2.3. 

Polyno'.'.li<::.ls of degree O •••• k in tir:!e were t ested i!'l this manner . 

The vnlue of ~-:: c orre:::> poncled with the lowest decree of t he polynomie?.l at 

wi1i.c h the d'.'vio.tionc f.':::-o::-i the regression were stn tic t icnlly nonsicnific:rnt. 

This pr ov ided n tc st of the nu 11· hypothesis the. t powers of ( t - t ) f'!"~n -':e r 

th~n k explained none of t he sums of squares due to deviations from the 

regression . 

Ex.'.l!llinution of the data reveeled that variability in dry weight 

conponen t s .:rnd total · dry weight increased with ti:ne . The rcer ess i on 

c:;_un. tions on which the an.:.ilysis of v.'.lriance and tne polynor.1ial fit. ': ing 

F'OCcdur cs were ":Jnscd ~-;ere :lividcd throogh by ['C" 'l'his wns cf:'cctive 

in sbbilizinr3 Fie vnr..'...:mce , b u t had the advnnto.ge over 0'!; 1 1..:~::.· r:: 01·~ 

i·.·!HJrc 

y = 3 
0 

,,._ 
Y = t.:1e c::Jtimated '-:Ll l·:e 

J("\ ••• i.31_ 
\.) .L\. 

·isud d.'..rt:ctl;'/ in l::tcr c orr:tJutat i o:is . 

2 . j h.:1aly::;.:_::; cf ·1:.:.::..:1Lr:. -: [or .fit t:.:d poly11orni.:1l ci' clet;rc·· ~i~e , 

LU' ..;C 'J> ,... ~ .. .,.. 
F ; Q.1. .:> ::> hu 

... can 1 r' • r~· • r.: :;.:.~ :-: S::I·~ ,-..·i S/ sL ...JvJ.'J. 

? 
:~cl) lic· ~ t.L ons u-1 ::;sc ,..,,.~ r- r-r- / b 1 C' "I ~ v 1·~.J.::.: o..J _,, v - l'.0 c 

- ~ :.rvcs ts n-1 SSII 
l_, ..... 

Hc·crcssion k SSR HSll::oSSR/ k ;:sn/s 
L 

JeviaLions fro::i. 

l'Cg.r'OS"ion n- k-1 s:rn::::SSH- SSR T·i SD=SSD/n-k- 1 :.; sn/s 
2 

.: :... t:iin b(n- 1)-n+l SSE 
2 

=S.<:; /b(n- 1)- n+ 1 croup s 

Fiducial limits of individual cstir.intes from the pol: . . omial K'.J re 

Jbinecl ucsordinc to the -::ethoci outlined ~y Sr edec or ar.d 8ochrn~. r 1967) , 
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and Rao (1965) . 

·.rnr (y) 2 
= s (x . • x. ) C. ·] J. J J.J 

·. 
·.·;hare 

,.,. 

(y,,... ) = '!;>.r v:.i.riar. cc of ~n individual y 

xi , x . 
. J 

2 
G 

n 

C .. 
J. J 

=the ith ~ncl jth i11dependcnt ve.riables in t~c polynonia.~ 

( t ' 
.... 3 J.k) 
I,., ••• v 

= the arr.or :ca1~11 00ti.."1.re fror.i the n.nn.lysis of V"riance of the 

polyno::i."1.l 

= t'.1.c m:.~ocr of y obscrvn. t:i,ons to ;-1hich the r0.c:;res0icn ·::o.s , 

-:::~c ,_.,.,_lue of thr.> i th row n.nd jth colurm o:: t~e ir..v"'.'"0. 

rn tr ix . 

:- .L,,::rl 'l:rd error of trio cs tir.t.:.ttc of y is 

:~ (y) = { 1.:r (y) 

,..,. r. ·":~·'"'O::i,...,_cd;r_;- ficlvcin.l l:.'"'1i b of y :·:ere detcnined by m;lti!)lyi"\'" :)~ (y) 
b:· t~ 0 -:·.:0 sitled v!'lt:c of Sbdent ' s t - dintrib•J tion n.t the 5~ SiD!~: :.~:~:" ce 

':'t') ', ::~ ';~' n - (': + 1) clo;-:r'·cs o"-f frcodor. ( H:1ere n = riu~bo:!"' o: ';_ ::cve~·ts) . 

· .- · :t·: t::.0 r;r:c-:1h outnut on t[i () c o::--:-'u ter . '·Thare B
0 

•• •• n
3 

.'.'""t~ c0 .... C / c.rc 

:· 0l:mor.1i o. l coaf.ficients of '.·aic' 1 t ('.·T) and l eaf area (A) curves rco _,~ctivcly,. 

';' '" f0Jlo;1inc r cl:1tionshi!>G no.y be rr·cogniscd n.t any instrTt of tiri c . 

1 • T~1e leaf D.rr.~ r n. ti o ; ,... . 
-~ · 

co .l.. c t .j. c t 2 
+ c t 3 

+ c .... 4 
TAR A 

1 ? 3 ~" 
= = 

n2t2 
'7. .. no + B

1
t Be + + 3 

?. The lP.nf area index is : 

LD L. IC:O (c + c
1

t c t
2 c t 3 4, R:lO = = + + + CA t / • 0 2 3 

~·.'~lC !"~ !no in tho m'":'.ber of pl:.:m ts per uni t arcn 
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3. 

4. 

5. 

relative 

6. 

The unit leaf rate is: 

dU 1 B1 + 2B,,t + 3B-t
2 

E 
,_ 

= dt • A = 2 3 co + c1t + c2t + c
3

t + 

The r e l a tive growth rate is: 

B1 + 2B t + ~B t 2 
<l ' .. ' 1 2 .) 7 

RGR 
cl t 

. w - ') 

:a '3 B B t + " ·--+ .J r v ..,.. 3 1; 0 1 

The crop growtl'J. ra tc i~· "' . 

:ccn d'.v m:o ( :s1 t+2B
2 

t 3B t
2

) - dt = + 3 
l eaf growth r n. t e (n1cn) was obt.:i.ined by an 

The leaf are~ dei.::-a ti o:i i~ · .... . 

LAD = / 2 
1; 
1 

LAI • <l.t 

=[ 
+.2 7 ~ 

c
0

t ,., c t/ c ,_'-t 
T v 1 v + 7 v + ') 

_ .; _ 
2 j 1, 

c t 4 
4 

.. · ....... v • 

an.:i.J .'lGOllS ricthod . 

,- r " . .) 
v A l, 

r . .) J. 

v1 

Fiducial lirai ts for 1.-':..i.1 , E , RG.R , RLGR and CG~l we.:~' .:.. c;:.:!_cul'.1 ted. . 

An outline of the method used follow.;: 

(a) The va riances of;. and ';l \·icre culculntcd as _:_-:;i.i vn 2 . ) . ) . 

( ) 
d ;r ,, 

b The vuriance of the arowth r<l tc 'Jt ;;;; B
1 

+ 21
2 

t + ) .J} ,_ 

was obtained as in Section 2 . 3 . 3 , usinG a . applica tic ... v - Lhc.: s ~~--ci ~i:-J. 

f ormula: 

Var (ax+ by).... = a2 Var (x) + b2 Vo.r (y) + 2 ab Cov (x , y). 

The value of Var (~~) was similarly obtained. 
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(c) the variances of ratios 
dl'l 

such as - • 
dt w , 

d. L 
dt T ' ;.J 

.:,_ ·.1 1 
at • A. .:mu 

A -W were calculated using the standard formula f or the vc... _:'- cc of .:i _atio 

(Kendall and Stuart, 1958):-

(X) Va r (X) 
Var y = y 2 - - + 

where X and Y are two variables. 

x2 Va:r (Y) 
y4 

"' ( '. '- ~CV _ 

The covariance term 'in the case of RGR and rtLGR c ould be ev~. ;,,:.tcJ. . 

The coefficient multipliers for the variance and covariance terms c~t:::.incd 

as before from the inverse matrix, were calculated by multiplying 



the differential equ a tion by its par en t po lynomi a l ; s o that , f or exampl e 

dW ) Cov ( d t , W = 

As before t(n- k- l) (0. 05) vL:. .... lle~ were calculated :.:.u ... .: .'.J. _ ...-. :. : •• L:.tc 

95~ confiden~e l ev e l of the !'[.1 tio ob t:..li!l.e<l . 

In the case of the unit lc.:i.f ro~c c..r::! l c.'.J. .C .:i.::ec. ~' <.~-1.. i o , :, '· . .. -.. ... re 

co113id~rcd to be i ndependent and. the cov.:i.ri: . .i.ce tcr;., :.....;r-ur:,1.....:. tr.c ru\:.. ..:·..: t o 

be negligible . DeGrecs of freed.om for tl.e t (o. c::;) v;.c_;_ ,w ··· '-- ..: o'::it.· • .i1,(..d 

from a rne~n va l ue of !<: for tl.e \~..; ie;h t und .:tr0u. curv0:::: . 

The rcla t i onshlp oct;·;eon E :x.d LA:i at flo:·1er.ir • .; ;-;;,.:..:.; .:. ... ..;:.;L.,;,_ :."'d u::,· 

fitt i ng polynomials in LJ~:i to unit leaf r.:itc data obt.::.i. r1eu ~J c..:'v.:t~ . 

<L""la lysis . 

2. 3. 5 Dr y :·a ttcr C··ntcnts 

Polynomials in ti.J::;e were fitt e d to r<.i.>·: clry .::.:.'..to:::- c oi. , :. t lu. t a 

(sec section 3. 10) for both varieties using 

the polynomials and rates were rnude . Appr ox im.:t-;," 'J5i~ c '- ... ;.' .... u.enc ~ _.:.~ :_;_ t, :.; 

of the cs ti~ates were calculated as before . 

~ . 3 . 6 ?opul< tion Effects 

Yie l d density refa t i cnships were empirically exami ned ty L.i,t~~c· 

polynomials i n densi ty to yield data by the method outlined in t !H. .. 

previ ous sec tion whi ch is sir.iila r to t h e empirical me t hod ou tlinetl b:; 

Warren ( 1963) . The r egressi ons of the logarl thm of gr a i n \/el,:i'l.t p~r 

pl an t on p l ant density for each variety were calculntcd , .'.L.'1C1 ihc vr, t:. ..:.r .. • :r. 

populntion density for grai n yie l d was calcula ted ns outli r.c.: d by , .nc:.:i 

( 1958) . 

2. 3. 7 Corrcl ntions 3ehreen Yield and Yie ld Components 

Corre l a tions between y i e ld and individual yield corr.poncntG wcru 

calcul a ted from the dat a from harves t s 8-10. 



C H A P T E R T H R E E 

R E S U L T S 

In this chapter results from the experiment are presented in nn 

order which is only approximately chronological. The early sections 

outline the growth and development of the total shoot while l a ter 

sections contain data on grain yield, its relationship to plant dc:l. ity , 

and the field ma turation of the crop. 

Reference is made throughout the chapter to Appendice3 cont uinine. 

supporting information and selected analyses , and these can be found 

at the back of the t hesis. E:xtensive use is made of fitte d polynomials . 

Their coefficients, with samples of analyses of variance showing eoodncss 

of fit are also located in the Appendices. 
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3. 1. INTRODUCTION 

No plant deaths were observed in the period from the c·c::.nletion of 

transplanting to maturity. Lodging did not occur even at t he highest 

plant densities. No data are therefore presented relating to e$tnblishment 

or to variations in plant number with time. 

3:2. DAYS TO FLOWERING 

Days from planting to 50% tasselling, anthesis and silking nre e:iven 

in Table 3.1 (a). Highly significont varieta l differences for all these 

parameters were r evealed in ana lyses of variance (Table 3 .1 (b)). On 

average, tasselling, anthesis and silking occurred 12. 8 , 11. 2 and 9 . 4 days 

·earlier in KC3 than in W575. An increase in plant population wa8 

accompanied by a small but significant delay in tasselling and si lking, 

the effect being greater in W575. By comparison the differc~t popul~tion 

trends on time to anthesis in the two varieties proved non sienificant. 

TABLE 3.1 (a) Days to 5o% tasselling, anthesis and silking. 

Variable Variety Population 
. 

39K 48K 57K 59K 79K 

Days to 50% KC3 55.0 55.8 56 . 0 56 . 2 56 . 4 

s. :., 1 

t asse lling 0 . 06 
W575 67 . 2 67.8 68.8 69 . 8 70 . 0 

Days to 5o% KC3 64.8 64. 4 64. 6 63. 8 63 . 4 

Ianthe sis 1. 1 c; 
W575 74 . 2 74.4 74.8 75 . 8 77. 6 

!Days to 5o% KC3 64 . 0 65. 0 64 . 8 65.0 6G . O 

silking 0 . 74 
W575. 73.2 73.0 74.4 75. 4 76. 0 

Days from 5o% KC3 -0.8 +o.6 +0.2 +1 . 2 +2. 6 

an thesis to 5CJ% 1 . 09 
W575 -1.0 -1.4 -0.4 -0. 4 -1. 6 

silking 

1s.E. for comparison of means between or within varieties between uln tions . 



· ·(b) Analys,is of variance of days to 5~ to.ssellina , BJ\ t hesis and 

silking 

' 
Source df Hean Squares 

Tasselling An t hesis Silking Anthes::s to 
s ilkinrr 

R.ows 4 11 . ooo ** 8.420 ns 7.720 * 1 . 4CO ns 

Columns 4 10.1 00 ** 21. 820 ** 16. 070 ** 1. 300 ns 

Populations 4 7.500 * 1 . 870 ns 9 .1 20 ** 3. 3 '/) ns 

Error 1 12 1.800 2.970 1. 687 ::? . 650 

Varieties 1 2061 .oo **1557.00 ** 1113.92 ** 36. 9f0 ** 

Var. x Pop. 4 1 .420 ns 9 .570 ns 2 .1 20 ns 6. 130 ns 

!Error 2 19 1 . 895 4.074 1 . 084 3. 3 i., 

Total 48 * . 05 > p ;>.01 ** p < . 01 ns not sirrnificnnt 
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The length of the interval between anthesis and silking di ffered 

significantly in the two varieties, silking preceding anthesis by 1. 0 day 

in W575 but occurring 0.8 ~ay after anthcsis in KC3. The effect of pl nnt 

population on this interval, though nonsignificant, s uggested t hn t t he two 

varieties were r espondi ng differently in this respect. 

3.3 GROWTH IN THE SIZE OF THE STE:-1 

Analysis of variance of stem length (Appendix 5) r evcnl cd no 

significant population effect. Polynomial curves fi tted to stem lcncth o-:tn 

~or each variety are shown in Fig 2(a) (coeffici ents are listed i n 

Appendix 6). Stem length of KC3 significantly exceeded that of W575 , "cil 

KC3 had silked, following which the relationship reversed its r ank . 

Stem growth rate followed similar trends. 

A significant degree of stem growth occurred after 5o% si lki.~c; (?i g 

2(a)), with the stem lengtli of KC3 increasing by 17% and that of ';/575 by 

19%. 

Stem base diameter (Table 3.2) showed significant varie tal and 

population trends. The decrease in stem base diameter with time can 

probably be attributed to a steady disintegration of basal leaf sheaths 

and mobilization of l ower stem reserves. 



FIG. 2 (a) Growth in Stem Length 

I L.S. D. (.05) (mean of both varieties) 
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TABLE 3.2 Stem basal diameter. (cm) 

Time Variety Population S. E. 1 Varie t y+ Popule.tion+ 
39K 571': 79K Effect Effect 

KC3 3.11 2.86 2.67 
Day 55 0.107 ** ** 

'>'1575 3.39 2. 85 2 . 89 

KC3 2. 61 2. 60 2.44 
Dny 103 0.112 ** >Hf-

W575 3 . 01 2.70 2. 48 

1 
· S.E. for comparison of means betwe en or within v a rieties betwe 0n populn tions . 

+ From analyses of variance **P < . • 01 

~ . 4 THE GRO::ITH AND LONGEVITY OF LEAF !, R l·~ l\ 

In this section, leaf area is defined as the nrea of t ho u: :)e r 

surface of green laminae p lus the area of e r cen s t ems and l e:!f ;; hr; :tths . 

3. '1 .1. Leaf Number, Ar ea and Lone;evity , on n per Plant nasis . 

Fitted curves describing the change in t he number of fully cz r o.r:c:cd. 

leaves on the main stern of the t~rn varieties are plotted i . '.~ i G 3( .'.l ) 

(see Appendix 6 ~or coefficients) . Ana lyses of vnrinnce (~~pendix 5) 

revealed no significant population effect after day 44 . ::·;_ - ;;~ ly s i r;n i '. ' ican t 

differences between the v arieties were apparen t after t he flowerinr;- of 

KC3. When all le aves ha d fully expanded, W575 on average bo r e 3 . 2 norc 

expanded l eaves on the main stem than did KC3. 

The rate of appearance of expanded leaves on the main at om , J:C3 

significantly exceeded tha t of W575 a t day 45, but f e ll con r>i::itc·:. :.J y f r or.i 

that time until at day 53 the rates coincided a t O. 36 lenf . day-1 ( 1 l c· ,_ f 
( I 

every 2.8 days). . The rate of expanded leaf production fell t o zero nt a 

. point soon after silking in both va rieties, the exact time beine obsc ured 

by the inability of the fitted curve to reproduce the sharp endiD~ of 

expanded leaf production. Similar varietal differences , thour;h not ·;s 

great, were apparent in the relative rate of leaf produc~ion (Fie 3( c) , 

the displacement of the W575 curve in time by comparison with t hn t of 

KC3 being similar to the difference between varieties in t ime t o s i l>inc . 

The fitted curves of leaf area per plant are presented in Fi e 4(:_1 ) 

(See Appendix 7 for .coefficients). Analyses of variance ( Ap~endix p' 

indicated that photosynthetic . area per plant pooled for both v ari < ~i~s was 

nonsignificantly affected by population density. However,fiducial hmi ts 
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FIG. 4 (a) Leaf Area Per Plant 
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of the fitted curves reveal t ha t an increa se in plant po '1ula ti on f rom its 

lowest to its highes t level significantly ( .05>P ,.,. .• 01) r e duce d p.;r pl nnt 

leaf area in W575 but not in Y.C3. Hi ghly significant v<ui etnl di!.':'.' crences 

were apparen t from day 6 5 omrards , and when growth in l eaf area >ld 

virtually c eased 10 days af t er 50~ silking , the average KC3 · fan o:;sessed 

58:0 of the tota l l eaf area of the average W575 p l ant o. t th r; s :.unr: -:' o'.ith 

stage. A small but stea dy decline in KC3 l eaf area afte r t:' i:J cl-. cs , 

p.J.r ticularly apparent at the highest populrttion , wn::; not observed i n '. i575 . 

The ·relative l eaf area erowth r ate (RI.GR) is pre s ente d in F i - 4 ( b) . 

Significant va rieta l d ifferences existed in the prctassellinc s t · r and 

during senescence , though RLGR was lit t l e nff ected by p l rint s :v:c i. ;. 

Al though plant spacing generally hod a sm::i.11 influence on ] •:'.~~ :t rcn , the 

r ntio of leaf a r ea to leaf we i ght, or the specific l r. n.f aren (SJ;, ) , 

incren.se d significantly with p lant popula tion (Fig 5) . In both v.~ rietics , 

SLA peaked at t asse l emergence , an d fell steadily from that poin t or.'.r !r r1f; . 

With one exception, a t any one time durinG the Grain fil J in1, :1crio r: ;~ c3 w:1s 

cha racterized by thicker l eaves ( lovrc r SLA) than ~·1575 . The ; r· ri · t 1·1hich 

SLA r e s ponded with g r e:1test sensitivity t o plant population w~r e : ·cl 

er:iergence , and t he late grain filling period. 

The percent age c omp osition of tota l l eaf a r ea pe r p l ant ~~or . 
,_ 

va rieties at three growth stages is illustra ted in Fie . 6 . 'i'hc _ , c: i. · on 

in tiller l ea f area co~ponents at h i gh plant populntjons acro~s 

va rieties was shovm to be signific ant ( Appendix 9) while r:iair: ::; t r;: .r. · ,. f 

area components were r educed only slightly (non sicnific;...n tly) ; t : c r •;r:uc tion 

of ti ll e r l eaf area from 30~ and 20% of tot al lea f area at low po;1ul:-,ti o n0 

in \'7575 and KC3 respectively to much lower levels was due t o .'1 f : J 1 fr 

tiller numbers (Se ction 3.9) rathe r t hnn a reduction in l e.'.lf .'.lr c o. r-r :;c , 

and it was this variation that was principally responsible for n ,'· r ictn l 

and spacing differences in total l eaf a rea composition . Analysi ~ ~rcs ine 

trans formed percentage composition da ta (not presented) revealed ~;: cdficnn t 

v a rietal differences in t he proportions of stem and l aminae areas . S tem 

a r ea comprised a rela tively constant 18.9~ and 15.5~ of tota l l eaf area 

after flowering in the lowest population of KC3 and 111575 r espectiv0ly . 

At the highest population the stem area proportion was non si cnifi c:-o ·: t1y 

r e duced to 17.2% and 14. 0% respectively, due to a r eduction in s t0-- -;;!:jckness 

(Ta ble 3.2). 

The time from planting till 50% of the maximum leaf a r ea had ·o .. csced is 
. . 

given in Table 3.3. Spacing appeared to have little· consi s t ent e f"cc t on 

l eaf senescence,, but the photosynthetic area of W575 was maintained for 

significantly longer ( 8. 4 days) than that of KC3. 
0 
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TABLE 3. 3 Days from planting to 50% senescence of maximum .photosynthetic 

ar ea attai ned . (estimated from fitted polynomials) 

Variety Population l•ienn 
39K 48K 57K 69K 79K 

KC3 138 . 0 137.8 135. 8 130. 4 13G. 3 137. 26 

W575 142 .8 144 . 7 148. 3 145 . 4 147. 1 145 . 66 

Varietal comparison: t = 7-77** (8df) 

3. 4.2 Leaf Area Index and Leaf Arca Duration . 

The time course of leaf area index (LAI) is plotted in ?i.g . 7 , l. Yld 

analyses of variance of LAI are pr esented in Appendix 1 O. ,\-:-, 1rn·.J. J be 

expected , highly significant differences amone plant populntions ~nd 

varieties were revealed. During the period of early grain filline , t he 

KC3 canopy displayed on aver age 587~ of the LAI displayed by ·,1575 . 

Leaf area duration (LAD) from 50~ silking till 50~ of t he ~a.xinum 

photosynt hetic area was senescent. i s presented in Table 3 . 4 . LAD 

increased consistently with pl ant population , and showed sit;nific::.r.t 

varie t a l differences. 

TABLF. 3. 4 Leaf area duration from 50'% silking till 50% of t he mn.:·. . u:i 

photosynthetic area was senescent (days). 

(calculated from fitted polynomi a ls) 

Variety Population I r-: can 
39K 48K 57K 69K 79K I 

KC3 1 57. 3 185. 2 194 . 6 257.8 276. 4 .>14. 5 

W575 272 . 4 295 . 9 323. 2 371 . 1 429 . 0 338.3 

Varietal comparison: t = 3-45** (8df) 

3. 5 GRm·/TH IN SHOOT DRY WEIGHT AND ITS COMPONENTS. 

Included in this section are evaluations of rela tionships between 

weight and leaf area. 

3.5.1. Growth in Weight on a per Pl ant Ba.sis . . 
The fitted curves of total shoot dry weieht are shown in Fie 8 (a) 

( Appendix 7. fo~ polynomial coefficients) . By silking, each va rie ty _ had 

accumulated 3~ of its final shoot dry wei ght. Analyses of variance . 

'(Appendix 8) ~ev~aled a reduction in shoot dry wei ght per plant a t high 
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FIG. 7 Leaf Area Index 
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populations, this effect attaining significance after day ~ 5. At maturity 

an average KC;( shoot growing a t 79K plants.ha-
1 

weiehed 70'/o of that of a 
. - -1 
KC3 plant growing at 39K plants.ha The comparable fic;urc for W575 

·was 58%. Varietal differences in total shoot weight were a pparent at 5~ 

silking but became sig·nificant during early grain fillinc nnd we ~·c highly 

significant at maturity, when an average KC3 shoo t weighed 78/J of tho. t of an 

a.verage il575 shoot. 

Relative growth rates ( RGR ) are shmm in Fig 8(b) . Cnlcul.'.lt cd fiducinl 

limits of the derived curves indica te tha t the slieht de c rensc in RGR ivhich 

accompanied increnses in plant dcns i ty within the range t ested u r .. : not 

significant. During the grain filling period (day 75 to day 150 ) the RGR 

of the average W575 shoot signif i cantly exceeded that of KC3 . 

Components of tota l shoot dry weight wer e influen ced by va riety .'.lnd 

p l ant spacing. Analyses of vnriance of each component ( Appendix 11) s h m-red 

that the r eductions in stem and leaf dry weights per plant nccorr;xrnyinc 
-1 

an increase in popula tion from 39K t o 79K plants . ho. were sicnifico.nt .froo 

day 55 onwards. Total ear, and ear components as they wer e differenbnted , 

showEd similar consistent significant decrease s in dry i'reiGh t a s pl:mt 

populati on increased. At maturi ty the weigh t s of all individunl KC) shoo t 

c omponents, with the excep tion of tassel dr y weight , were lc s:::; t ha n t h os e 

of 11575, a l t hough this r ank i ng for stern and ear fractions 1·ra s reve :::-:::;c d 

during periods of their active growth. At anthesis the t nssel dry Heich t of 

KC3 plan ts non significantly exceeded t ha t of W575 . Tassel 1·reight r ose 

sharply to a peak at anthesis and dec l ined rapidly as pollen was shed . 

Be r.n11se of sha ttering and wea thering losses the weights of tnscel L,;~c! dcnd 

l eaf fra ctions at the l a ter harvests were not a ccurate, and these :00scs arc 

probably the chief reas ons for the decline in total shoo t Height <::.. <: ~:;c fast 

harvest. 

The changes in dry weight of stem, leaf, and the ear components will be 

considered in more detail in Section 3.6. 

The percentage composition of total shoot dry weight a t two gro .. .--:.r. 
stages is illustrated in Fig 9. Analyses of va riance of arcsine transforne d 

percentage composition data (not presented) indica ted that at silking, 

significant differences betwe en varieties in the proportions of tassel and 

leaf existed. KC3 was characterized by .9% tassel and 26% leaf , compared 

with 6% tassel and 3o% leaf in W575. 

At maturity (taken as day 145 for KC3, day 187 for W575), grain and 

tot~l ear over the range of spacings comprised 51-54%, and 68-70% of total 
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KC3 shoot weight respectively. Comparable figures for 1;1575 were 44- 51 ~~ , 

and 62-67/o respectively, varietal differences being highly, signific<Ult . 

Rela tive to W575, KC3 at ma t urity was characterized by a s i gnHi c 'lntly lower 

percentage of stem, leaf and cob, and a significantly hichc!' ierc cn taee 

of grain and t asse l. Varietal differences in the proportion of } ~ usk and 

dead lea f at maturity were non significant. Increased r ates of ? l~nting 

were ac companied by slight but c onsistent increases in t he pro~ortion of 

l eaf, grain and dead leaf, s light decreases in the proportion of stem and 

husk, an~ no chanee in the proportion of tassel or cob . li on:~ of these 

r es ponses to populntion density attained statistical s ignific ·,ncc . 

Ratios of vari ous dry weight fractions are pr esented in '2.'o. b le 3 . 5, nnd 

illustrate some of the above points . Cob to grain r ati o dii'fe re c! s i cnificantly 

be;tween the varieti es, and showed a non significant decrease a t :-.i;;h 

population densities. (For defi ~i tions of plaht fr:lctions , s ee ? • ) 

TABLE 3.5 Ratios of plant par t dry weights at maturity. 

!Varia ble Variety Population S. E. 
1 Variety+ Po ·~ ul:1 ti on + 

39K 57K 79K 
Effects :::f f ects 

Total ear KC3 2.40 2 . 21 2.21 

to remainder 0 . 34 ** ns 

W575 1.85 2.02 2 . 11 

Grain to KC3 1 .09 1.07 1 .1 9 

stover 0 .1 3 ** ~13 

W575 0.83 0.98 1. 07 

Cob to KC3 0.186 0.166 0.172 

grain 0. 024 ** ns 

W575 0.264 0.219 0.203 

1 S. E. for comparison of means between or within varieties between popul:, tions 

+ From analyses of va riance. ** P<.01. ns not significant 

None of the population x variety interactions was signific~nt. 

Growth analysis confirmed many of the above observations. Unit leaf 

rate (E), and leaf area r a tio (LAR) with their fiducial limits are presented 

graphically in Fig 1 O. E was significantly ( .05 ::::.P >.01) reduced during 

rapid grain filling in both varieties when plant popula tion was increa sed 

from 39K to 79K plants.ha-1• E (KC3) significantly exceeded E (W575) over 

the same period. A halt in the decline of E with time was apparent during 

. .. . ·-early grain filling in both varieties at low rates of plan ting. This 
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period coincided with a time of declining irradiance (Appendix 1 (a ) ) , 

when it would be expected tha t E would fall with time . LAH showed responses 

similar in degree but reverse d in r ank (i.e. LAR was sic-11ifi cnn tly 

increased by plant density, and was sienificantly lower in KC)) . 

Analyses of variance (no t presented) of polynomials in LAI fi tted to 

values of E at silking for each spacing within each v <:i.ricty rev c-:1 le d +ha t 

t he quadra tic term was not sienificant, and that a significant linear 

r elationship existed between E and LAI. The recrcssion equation ° of best 

fit we re:. 

E (KC3) = 10.603 - 0.956 LAI ( r = 0. 9 5*, 3 df) 

E (W575) = 8.419 - 0.600 LAI ( r = 0.89* , 3 df) 

A summary of the values of E predicted by these reercs si rms , :lith 

appropriate fiducial limits, is presented in Table 3.6. Differences in 

uni t leaf rate between the two varieties over an LAI range of 2-4 bnrcly 

attain significance a t the 5~ level. 

TABLE 3. 6 Values of tmi t l eaf r a te predicted by linear re r,-rcssi ons of !~ 

upon LAI a t 50% silking. ( ( g . cm-2 . day- 1
) x 104 ). 

Varie ty Leaf Area Index 

2 3 4 5 6 

IKC3 8. 69 7.74 6.78 5. 132 4 . 86 

;·T575 7.22 6.62 6. 02 5.42 4. 82 

L.S.D. (.05) 

( ~0un over both 
r egressions) 1.30 0.83 0.63 o. 72 1.1 4 

3.5.2. Growth in Tota l Shoot Dry Weight per Unit Arca. 

Curves . of .total weight per unit area are presented in Fie; 11 (a: . 

An~lyses of variance (Appendix 10) showed that high density p1Dlltinc3 

significantly(
1
outyielded low density plantings from day 55 onwards . At 

-1 maturity, yield of KC3 and W575 plants growing at 39K plDllts.ha was 

'70% and 85% respectively that of plants growing at 79K plants .ha- 1 

Highest total yields were always obtained from t he highest plan t 6ensi t i c s , 

and the total yield of KC3 per tm.it area at maturity was 78;(, of foe peak 
-1 y;i.eld of 25,500 kg.ha produced by W575 at the narrowes~ plD.!lt s :r-.cing . 

Crop growth rates ( CGR) are illustrated in Fig 11 ( b). CGR pcaJred 

near silkine in W575, but a short time before silking in KC3. The derived 

curve in the preflowering phase, as indicated· by the computed fiducial limits 
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is not very reliable, and this possibly accounts for the c ontinuous decline • 
in growth rates among the high and medium populri.tion KC3 s t :tnds . ':'he 

highest crop growth rates were always associated with the J-.j _;he s: _.l an tini; 

r ates except in the late grain filling period. During ear ly gr:1in 

filling CGR was significantly lower at the lower p lant densities , while over 

the whole grnin filling period ( dl\y 70-1 50) th~ CGR of V5 7 5 :it n:~ y ona 

tJme significantly exceeded that of KC3 at comparable s paci:1{;s. At thei r 

r espective flowerin p.: dates the va rieties showed no differenc es in t heir max i mum 
-1 -1 crop growth rates,both being 290 kg . ha. day 

3. 6 GR011TTH IN YIELD 

The growth in total ear dry weight per plant is sho<m i n Fie. 12(a) . 

At 50% silking, both v a rieties had accumulated 6% of their final ca r 

weight, this being made up of husk (and shank), cob, flor e t s a nd s ilks . 

Analyses of variance (Appendix 11) revealed thn t KC3 e a r d:r"1J weigh t 

significantly exceeded tha t of W575 at any point in time until day 125 , \·1hen 

the total ear weight of W575 surpassed tha t of KC3. Incre.'.ls <, s in popul a tion 

density significantly de pressed total ear weight. An incrense in p l:::mt 

population from 39K to 79K plants.ha-
1 

was accompanied by a r ec>;c tion 

in total mature ear weight .per p lant of 41% in W575, and 31 ~ in KC3. 

3.6.1 Grain Dry 1ifeieht per Plant 

Growth in grain dry weight per plant is illustr ated in Fig 1 ;::> (b) . 

The effects of population and va riety (Appendix 11) par alleled t ;·:: :c: :::' ound for 

total ear dry weight. The reductions in mature grain weight per _. l :m t 

in W575 and KC3 when the plant population was increo.sed from 39K to 79V p lants. 

ha-
1 

were 38% and 27% respectively. Grain weight of W575 exceeded t ha t 

of KC3 for the first time at day 135. 

Because of the difficulty in ascertaining the time at which grr> in 

growth rate fell to zero, the time at which 95% of final graj_n yield ha d 

been attained was chosen as a more precisely detennined gro wth stage to whi ch 

plant processes could be related. The times from planting and silking 

till 95% completion of grain filling are given in Table 3.7. These are 

obtained from curves fitted to grain weight data. Significant v a rie t a l 

differences were apparent in both periods, the grain filling period beine 

11 .2 days longer in W575 than in KC3. The elapsed periods from emergence 

to 95% final grain yield for KC3 and W575 were 127 and 147 days, ~·o rresponding 
with accumulated effective degree day totals of 1043 and 1173 respectively 

(Appendix 1(b)) . 
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The grain unit leaf ra t e, E (G), or the r a tio of the tate of erain 

growth to leaf area,is plotted in Fig 12(c). Fiducial limits of this 

r a tio indica te that no significant differences due to p l o.r:t spacing 

exi s ted, ri. lthough the r a ti o genercc lly fell with increo.s i ng _< nn t density. 

D'iffer ences between varieties A.r e apparent up t o do.y 11 O. ' ( G) was . 

significantly grea t e r for KC3 during early GTain filling, but i r. t hP. la t er 

grain filling period was simi lar f or both varie tie s. Comparison with 

Fig . 10(a) r evea l s tha t during t he l a tter phase of r ap i d cr~in f i:linc 

(day 90-110 for KC3, day 125-150 fo r \'1 575), E (G) exceede d unit le:1f r nte 

by a non significant amount, indica ting that grain growth r ate i n t hi s 

period exceeded the growth r a t e of the entire shoot. 

The grain leaf ratio, pr esented in Table 3.8, shows hi ghly s i eni f ic:m t 

varietal differences, with less di f ference among spacings. 

TA BLF: 3.7 Days from planting and from 50% silking till 95% maxi :-:-.ur.. c r n in 

dry wei ght wa s obtained. 

{from fitted polynom i a ls) 

!Variable ·:• Variety Population 
39K 48K 57K 

Days from KC3 1 25 129 140 

p l o.n ting W575 1 51 157 149 

pays from 5~ KC3 61 64 75 

§ilking W575 78 84 75 

195% of max. KC3 6880 7990 8110 

grain yield W575 8690 10560 10340 

(kg.ha-1 ) 

Comparison of varietal means: 

Days from planting to 95% max. grain dry weight 

Days from silking to 95/b max. grain dry weight 

69K 

133 

1 55 

68 

PO 

9580 

10880 

rcnn 
79K 

139 133 . 2 

156 153 . 6 

73 62 . 2 

PO 79 . ~ 

10740 

11210 

t = 7. c'. ** (8 df' ) 

t = 3. ryG ** (8 df ) 
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( -1 -1) TABLE 3.8 Grain leaf ratio kg.ha .day 

(calculated from fitted polynomials) 

Va riety Popula tion 

39K 48K 57K 69K 79K H erul 

IKC3 43.04 45.60 43.95 38.62 39 . 95 42 . 23 

W575 30.23 34 .76 31 .09 29 .1 9 25 .59 30 .17 

Va rietal comparison: t = 6 .15 ** ( 8 df) 

3. 6.2 Change s in Dry \'!eight of Plant Parts Duri ng Gr ain Fill ins . 

Fitted curve s of dry we i ght ;ie r unit a r ea f or stern , le e.::.~ , husk nnd cob 

a r e shovm in Fig. 13 (sourc e polynomials liste d in Appendu 12). ::usk and 

s ·t em showed consi s tent and consider a ble los s e s in dry lre i ght duri nc the 

l at t e r period of gra in filling in both va rieties, while l eaf dry '.·1eicht , wi t h 

the exception of t he highes t KC3 p opula tion, increas e d duri ng th e C.'.'..rly part 

of the s ame period. Cob 1·rei gh t gene r a lly r emain e d c onstan t 1.wer t h is ti r.ie 

except in the case of \1575 a t the wi de s t s pacing, where c ob '.veigr t :-:pp.car ed 

t o fall significantly. 

A summa ry of change s i-n dry we igh t of t he c ob, husk , leaf ::.nd s ter.. over 

the latter period of gra in filli ng is given in Table 3 .9. The net overall 

loss in dry weight from t hese parts in KC3 increase d with p l ant density , whi l e 

t he loss in W575 seemed independent of popu l a tion pre s sure . Tab le 3 .1 0 

s umr.iarizes net changes in ster.i and l eaf f r a ctions from si l kint; t i 11 95-~ 

completion of grain filling . In only one ca se, tha t of t he high po . .. ;· ti on 

KC3 treatment, did the we i ght of the se fractions fall b e lo11 their v · , ~~:o n. t 

silking, and the loss of 366 kg.ha-1 represented 3.4% of t he fi n:, - -~· ~ i:: 
yield . In all other cases, the loss of dry weight in non- ea r s trc,ctur.,,::; 

did not exceed their gain in weight immediately after silking. 
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TABLE 3 . 9 Summary of changes i n dry weight of non-e r ain pl ant components 
1 • 

(kg.ha - ) during t he peri od f r om their peak dr~.· 'rci chts after 

flowering till 95~ t otal grain dry wei ght was o~-:;.:lined . 

(from fitted polynomials) 

Variable Var iety Popula tion : :e~ 

39K 57K 7C)K 

Stem KC3 - 192 - 733 - 1 /1.80 -801 . 7 

'.·1575 - ) 17 - If 28 -854 - :· .. 3. 0 

Leaf KC3 * +23 - 28 - 605 - ?03 . 3 

~·/575 * -;.57 +85 +340 -160. 7 

Husk KC3 - 143 - 339 - 051 - 1 t • .t . 3 

W575 - 203 - 97 - 185 - ', ·' 1. 7 

Cob KC3 0 0 0 I 0 

~1575 - 950 0 0 3Hi . 7 

!Net change KC3 - 312 - 1100 - 2936 
! 

- . l,lf9 . 3 

W575 - 1413 - 440 - 699 - f!50 . 7 

!N'et change as KC3 4. 53 13. 56 27 . 33 16 . E9 

~ of 95% max. W575 16. 26 4. 25 6. 23 e . 43 

e ra in wei ght 

* Ti ll day 124 only. 

TABLE 3. 10 Summary of changes in dry weight of stem nnd leaf frr.tctlon:J 

(kg. ha- 1) f r om 50% silking un til 95% total erain dry woieht wn~ 
obtai ned. 

(fr om fitted polynomi al s) 

!Var iable Var i ety Popu lati on Menn 
39K 57K 79K 

Stem KC3 +1173 +730 - 18 ...-628.3 

W575 +1850 +1 090 + 1246 +1 395 . 3 

!Leaf KC3 * +96 +120 - 348 --t.t, . 0 

W575 * +>232 +1 49 +375 _J 252 . 0 

!Net changes ir KC3 +1 269 +850 - 366 -+ 5[L . ) 

stern and leaf W575 +2082 +1 239 +1621 + 1 64~ . 3 

kiuring 95% 

ID"'ra in fi 11 
* Till day 124 only. 
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3. 7 YIELD J\ 11D YIELD C0.rTPONF.JT TS . 

Yi e ld of gr a i n per unit area, and cor.iponcnts of yield• ::..: ·e r :·0:::;c nted 

in Ta ble 3 .11. Analyses of vari DYi ce of c omponents on n. -::G r · l m :i.-:c ;; is are 

c-iven in Appendix 14 . Reduction in yield per pLm t as poyrnl:. ti c :. 7:rc:..;sure 

increased \'las br ought about by decreases in differ ing yield cmr .:-.cnts in 

the hrn var i eties . In 1;/575, in contrast with KC3 , it occurred y-. ·i'1c i p:1 lly 

because of a significc;:; t r educti on in ears per p l nn t : analy:;is >'v r: o.led 

that this wns due t o a decrease in t he number of second en. rs 'ler 1~ l:rnt 

('!'a ble 3 .1 2) wh i ch Here more ~ len.t iful in 111575 thBn in YC3 . Con ·uen tly , 

t h(' v-'lr i e t y x population i nte r,qction for t his con~ poncnt was l:iGh~,;.· 

s ignific ant (Ta ble 3 .1 3) . The foll i n y i eld pe rKC3 pbnt or.curred , howeve r , 

because of non sie;ni f i c an t r educt ion s in g r a ins per c<J.r and wcic · .._ ;ie r 

e;rai n , as well as in ears per p l an t . 

No signi fi c ant effec t s of spricinc or v a r iety on weie;ht ·" r , :··c:! t1 , 

or on g rains per ear were f ound , thoue;h the a vc r aee rc3 car osse::;sed Gr~ 

less grains per ear than did nn average ':1 575 ea r . ;hthin tL•" e<i:" itself , 

no s i gni f i cant di fferences were r evea led i n rows of ~r<.:.i n , but .1 · i(;-ni f'ic:~n tly 

grea ter number of e-rains per rm·r we r e pres on t in ':/575 cars . Gr::.: :i :-; JlC r r m: 

we re re duc ed non s i gni ficantly by increase d plant density ovc:r ,~'·. :·.'.!~C;t' 

t es ted . 
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TABLE 3.11 Yield and yield components 

(data pooled for the lust three. harvests) 

Variable Variety Popul .:1. tion S. E. 
1 

39K 48K 57K 69K 79K 

Grain yield KC3 6772 8445 8554 9954 1 1 01~ ~ 

kG. ha - 1 (114. 8) (143 . 2) (1 45. 0) ( 168 . 8) ( 187 • . ) ; 

(bushels. ac - 1 
253 . 2 

·1. t 15. 5% MC) W575 8235 10287 10049 10829 10978 (14 . 47) 

( 139. 6) ( 174 . 4) ( 110.4 ) ( 183 . 6) ( 18, , i ~ 

-1 Grain . plant KC3 174.7 176. 5 150 . 2 1 '14. 4 . 39 . 

( g) 21 . tJ.8 

'd575 212. 5 215 . 0 176. 5 157. 1 138. ' 

Ears.ha -1 
KC3 42120 49960 60720 70420 808t'r0 

i'))57 
1:!575 54250 61650 63250 70420 77520 j 

. - 1 
Ears . plant KC3 108. 9 104. 4 106 . 7 102 . 2 102. ;:> I 
(x 102) 

I 

I 7. 0) 
W575 140 . 0 128. 9 111. 1 102 . 2 97. 

Grain KC3 160. 4 1 69 .1 140 . 8 141 . 3 136 . 6 
-1 1·reight . ear "0 . 57 

( g) \·1575 1 51 . 8 166 . 8 158. 9 153 . 7 1L'r1 . 9 

Grains.ear 
- 1 KC3 584 581 504 530 531 

~[,. 5 
W575 572 606 590 591 554 

Rows of KC3 17. 693 17 . 342 17.1 55 17. 200 11 . s ' 0 . 430 -1 grain.ear 
W575 17. 389 16 . 898 16. 862 17 . 190 17. 05C 

Grains .row -1 
KC3 32.97 33. 54 29 . 42 31 • 1 5 29 . 5~ 

1. 948 
W575 32. 87 35 . 81 34 . 99 34 . 44 32 . 4'> ' 

I 

'.·feight . grain- 1 
KC3 27. 731 29 . 808 28 . 011 26 . 671 26 . 141 

(x102) 1 . 049 

( I!) 1·1575 26.238 28. 037 27.558 26.635 26 . 291 

1s.E. for comparison of means within or between varieties between populations 



TABLE 3.12· Perc ent age composition of total ear number per ~ lant . 

(data pooled for t he 1ast three harvests) . 

Variable Vari e ty Popul cit i cn 
39K 48K 57K l"" r1"'" o ·_ .. 

Apical ears KC3 92 . 0 95 . 8 93 . 8 97 . 8 

7C)K 

97. 8 

W575 71. 4 77. 6 90. 0 97 . 8 1 oo.o 

Sec ond ears KC3 4 . 0 2 . 1 - - 2 . 2 

'1!575 23 . 8 13 . 8 2. 0 2. 2 -
Tiller ears KC3 4 . 0 2 . 1 6. 2 ?. • 2 -

W575 4 . 8 8 . 6 e.o - -

TABLE 3 .1 3 . Analysis of va rio.nce of toto.l eo.r number per ha , mmbcr of 

second ear s pe r ha , and tota l grain yield . 

:(data buJked over ks t three harvests) 

Source df Mean Square 
Total Second ears . Grain 

- 1 -1 
l: c . ha - 1 ears . ha ha + 

R'ows 4 1 . 970 x 107 ns 4 . 523 ::c 107 ** 2 . 145 x 10() 

Columns 4 5 . 970 x 106 ns 2 . 307 x 107 
* 1 . 5?:? x 105 

IPopul::i tions 4 1 . 462 x 109 ** 7. 805 x 107 ** 1. 77c ~·: F >7 

!Err or 1 12 4 . 586 x 10 7 4 . 596 x 106 ? . 5f " .. , n( 
I ! 

Varieties 1 2. 590 x 108 ** 2.752 x 108 ** 1 . 575 ~-

7 1 " . . v 

108 107 
,.. 

Var ~ 4 1 • 232 x 6. 346 1 . 399 ' x Pop ** x ** x 1 (' ,, 

[Error 2 19 1. 740 x 107 1 . 220 x 107 1 . 060 x 1(' 

Total 48 Da t a s quare root t r ansformed prior t o analys . :: + 

* . 05 ;> p >. 01 ** p < .01 ns not significant. 

88 

ns 

ns 

** 

* ·+ 

~~ 
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Correlations between yield per p lant and v,qrious cha r a cters a re 

presented in Table 3.14. Correla tions be tween yield in KC3, n.nd c rain 

weigh t per ear, grains p er ear a'1d gr a i ns pe r row increased with p l :m tinG 

density. On the other hand correlations between t he yield of '.1575 a nd en.rs 

per plant, grains per ear and rows of cra in pe:r ca r increc.sed with p l .:in t 

dens ity. The varie ties as a whole showed other dif f erences also . Yield 

in KC3 was closely rela ted to gr a in 1·reight per e;ir, r;rnins nc r ea r and gr 2i ns 

pe r row , whereas Yield in W575 v o..ried closely 1-rith eD.rs per ," l ant and rows 

of g r a in per enr, as well a s r;rain ueigh t and numb er per ear . V.:iri a tion 

in yield in both varieties s howed only n small positive relati c~ship 

to v a riation in weight per grnin . There was a highly s i enificant negntive 

correlation between grains per row and roi-1 nur:iber i n KC3 and ;15; - (r = -. 423**, 

-.624** respectively) indica ting a degree of compensa ti on for t l:esc 

cha racters. 

Ear dimensions, and a summary of associated ana lys es o:.' vnr: .::ce , nrc 
(! 

presented in Table 3.15. Cob l enc;th, .':.nd huskles s ear bnsc cliar.ir . "::oY HC }'C 

·si[71ificantly reduced ns population increased . Effective cob leneth 

however was not significan tly reduced by incre2~sinc p l ant don:>i ty ; nor did 

it differ sic-nificantly behreen va rieties . As 1-10uld be cx:pected , the 

prop ortion of cob leng t h occ;u;iied by grain differed siGnificnr. t l y bo hrr'cn 
' . 

t he vo.rieties, the effective cob lene th of KC3 and '."1 575 being 9 7. 6; ~ n ~1d P.7 . P;~ 

res pectively of total cob lene th. These proportions s eemed little affected 

by plant density. 

Correlat i ons between ear dimensions and yield pe r plant nppenr also i n 

Table 3.14 . At low popula tions, cob length was more close l y r elc.ted to 

yield than was effective cob length . At higher populations the si t u:1tion 

was reversed. Over all s pacings the r e was little chnnce in the c r;. -rebtion3 

between yield and either of these char a cters. 

3.8. NODE NUHBF.R OF NODES BEARING EAR S, AND EAR EEI GII T 

The numbers of the nodes (counting fror:i the stem base) at which each 

of the three heaviest ears were borne are presented in Table 3.1 6 . Pl:mt 

spacing had no effect on the node at which any of the ears we r e borne, but 

W575 bore its ears an average of 2.33 nodes higher up the stern thllil did KC3. 

The data also illustrate the establishment of apical dominance amo~~ the 

upper ear primordia. At day 55, all three W575 ear primordia we1 

approximately the same weight. By day 66, the upper two had bec o: __ (! C.Vicr t.~:.'.n 

the third ear, and by day 89 the pattern observed at maturity was '3stablj .1· ,, .. ~ 

in which the apical ear exceeded the second ear in weight, which in tu2·-

heavier than the third ear. A similar pattern commencine about 10 days 

earlier was observed in KC3. 



90 

TABLE 3.14 

Var iable 

Ears . plant -1 

Gra in weight. 
-1 ear 

Gra ins . ear -1 

Grains.row -1 

Correlations of total grain dry weight )e r p"lant i·Ti th 

various characters . 

(data from l as t three harves ts). 

L Popu l n tions 39K and 48K bulked ( 28 df) 

H =Popula tions 69K and 79K bulked ( 28 df) ( 25 df !'or KC3 ) 

T = Bulked over a ll popul a tions (73 df) (70 df ~or KC3) 

Weight of grain plant -1 

KC3 ':!575 
1 H T L II 

. 397 * -. 054 . 260 * . 401 * . 567 )(-* 

.787 *•)(- . 956 ** . 924 ** . 668 ** . 80.' ** 

• 798 ** . 924 ** .860 ** . 660 ** • 5E? .,(--!(-

. 362 * . 738 ** . 674 ** . 305 . 06 :-

Rows of grain . 
-1 . 423 * • 1 34 • 254 * . '1-03 * . 64 7 ** ear 

Wei ght. grain -1 . 064 . 1 71 .374 *•* . 286 1 G O . -' , 

Cob length •. 659 ** .786 ** .783 ** . 545 *•* . 51 [ .~ 

Effective 
cob l ength • 548 ** . 844 ** .777 ** • 592 ** . 64c; if· -1t-

Huskless ear 

base diameter .347 . . 637 H· • 599 ** .1 98 . . 262 

* 05> p >.01 ** P<.01 

T 

. G16 

. 706 

• 633 

• 126 

• 621 

• )l\l'r 

. 55C: 

. 559 

• 1 62 

**• 

·)(--J( 

*--I 

** 

k r 

-)f-.,(-

*X· 
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TABLE 3. 15. Ear dimensions 

(da t a bulked over las t three hnrvests ) 

v~riable Varie ty Populo.tion s ;~ 1 V~ricty2 Ponul-. ' . 
a t ion2 39K 57K 79K Effect 

I Effec t 

K;ob length KC3 18 . 93 18 . 26 17 . 36 

(cm) 0 . 749 )(-* * 
~v575 20. 96 21 • 16 19 . 65 

:.;ff ec ti ve KC3 18 . 56 17. 67 ~ 1. 02 

cob l ength ( ~~ ) ( 98. 0) (96. 8 ) (9CO) o. 991 ''" ··'-' ns 

(cm) (+ ) 

( ~ of cob ~'f575 18 . 12 18 . 97 17. 14 

length) ( ;~) (86 . 5) (s9 . 5 ) ( 87 . 2) ( \ 

Husk less ear KC3 5. 29 5.18 5. 05 

base diam- 0 . ~ cc * 
eter (cm) iV575 4. 93 5. 10 5. 05 

1 s .,... 
• t; . for comparison of means within or between varie t ies between pop•J l ·:tions • 

2 From analyses of v:iriance . * . 05> P>. 01 ** p < . 01 ns not aj~nificant 

l'\one of t he vari.ety x populati on interactions 1·11.ls s i cnifican t . 

+Comparison of the varieta l r:rnans of Eff ective cob lcnr-t h x 1 oo;~ 
cob l cnct h 

following arcsine transfom.n t i on: t = 9 . 78 ** ( 8df) 

'.i'ABLE 3. 16. Numbers of the nodes a t which the thr ee he~vieat c:ir.:: 

(nUmbering is acropetal) 

·c· ':)orr.e. 

Day Vari l::'ty Ear Var iet y+ Po:pul -~ion 
"!" 

Heaviest Second Third Ef fect ~ffect 

KC3 4. 67 4 . 59 3 . 67 

55 ** ns 

W575 5. 20 5. 28 5. 33 

KC3 5. 49 4 . 49 3 . 49 

65 ** 
~·1575 7. 39 7.33 6. 33 

KC3 5. 68 4 . 68 3 . 68 

89 ** ns 
W575 8 . 03 7. 01 6 . 01 

' 

+ From analyses of variance. ** P< .01 ns not significant . 

There were no significant variety x population intera ctions . 
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The heights of the ears a bove t he r;round are giv en in ':'able 3 .17. 

Hi gh ly significa n t va.ri e t a l and popu l o. ti on effec ts we r e a~1 n<1.re"'. t i n t he 

heights of all three heav iest ears a t maturity. ~!lhen t he :~1 --:..n t po;ml.'.1. tion of 
-1 KC3 was increa sed from 39K to 79K p l an t s .ha it 1-1as a ccomp."r. ie rl by o.n 

increas e of 25%, 34%~ and 55~ i n t he hei ght a t whi ch the npi c a l, sec ond and 

third ears wer ~ borne. Corr:po.rab le fi gur e s fo r W575 i·re r e 1 tJ. 7~ , 1 t ,"~ and 1 8/~ 

r c s :;ectively. The s e fi gur es indicat e tha t mos t of the differcrn c('S iri enr 
/ 1 

hcieht wer e br ough t about by e longa t i on of t he stem b e l mr the tJ-:ird co.r . 

TABLS 3 .17. Height of a pical , sec ond and t hird ears. (cm) 

Vari a ble Va riety Popu le. ti on S. E. 1 
V.:i r ie t y + I'0}1- + 

39K 57K 79K 
~·~:f eet 

ul~tion 

Sf feet 

Api cri l ea r KC3 63 . 5 67.5 79 . 3 

he i ght 6 . 13 "* * ** 
W575 89 . 8 9 3 .5 102 . 0 

Se c on d e a r KC3 45.3 49 . 1 60 .7 

th.eight 5. H3 ** ** 
i~ 575 75.1 79 . 1 8 5 . 8 

Thi r d ea r KC3 26 .7 30.8 41.5 

!height \·1575 58 . 0 63 .5 69 . 2 5 . 48 ** *-ll· 

1s. E. for comparison of mean s between or within vari e t ies b e tween r.i onuJo.tions 

+ From an~ lysee of vnrinnoe 
There were no significant va rie ty x popula t i on i ntern.cti on s . 

3. 9. TI LLER NUMBERS AND TI r.I,ER GRAIN PRODUCTI ON 

Tiller numbers y er plan t over three periods corr e s pondi ne r ot.< ·;i th 

presilking, e arly gra in fillinG, a nd l a te gr a in fi lline n r e pr esen t;;· .. ~ 

Table 3.18. A steady decline in tiller numbe rs fr om day 44 thr ouchout the 

life of the p lant was observed at low and medium popu l a t i ons. At t he highes t 

population, tiller number increa s e d into t h e early grain f i lline period but 

declined dramatically during the l a te grain filling pha se. Both 

population and varieta l effects were significant throughou t t he lif e ,, r 

the plant, low populations and W575 being chara cterized by a h i gher t:.llcr 

number per plant. 
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TABLE 3 .1~~ Tiller number per plant . 

Dn ta for the three . periods are bulked over hntve s ts ·, _.3 , 4- 6 , 

(~-10 respectively. 

Period Va riety Popula tion Po puln "c ior. V.:. ri c t n. l 
39K 57K 79K Effec t + ::;ffcct + 

KC3 0 . 44 0 . 22 0 .1 3 

H 1- 3 ** * 
1:!575 1. 36 0 . 60 0 . 18 

KC3 0 . 36 0 . 18 o.w 
H 4- 6 * * 

W5 75 1. 07 0 . 38 0 . 22 

KC3 0 . 27 0 . 07 0 . 04 

H 7- 10 * ·X· 

W575 o. C.2 0 . 13 0 . 13 

+ Results from analysis of va riance of s quare r oot tran s fonncd dr. t n. . There 

were no significant v :;.rie ty x popu l n ti on interactions . 

* 0 .05>P > 0 . 01 ** p < 0 . 01 . 

The r atios of gra in dry weigh t borne on tillers ancl t l-i e mai Yl stcr.i t o 

their r espective dry wei r;hts a t 50' .; sil.bng are presented in Ta b le 3 . 19 . 

The ratio was much lo· .. rer for tillers than for the main steL~ in b ot '.-, v;,rjotj cs . 

Although the r a tio for the main stem of KC3 wa s hichcr thon that of '.·!57 5 , 

the reverse wus the·case runong tillers . When tillers s1111pl cd fr o;:; h1rvr;;t::; 

2-7 we r e examined, it was found that 66% of KC3 tillers poss essed stanin-·,t0 

inflorescences instead of nonnal tassels , and were b.:irren . Only 25; : o. · 

W575 tillers exhibited this c ondition, whi ch was not significantly nf f , J • ;l 

by popula tion in either v ariety. 



TABLE "5 .1 9 . 

Category 

( .::.) ( %) 

(b) (fa) 

( c) (g. g-1 ) 

94 

The percentage d is tri bu ti on of dry we i ch t pc~ ;:ilnn t be hrnen 

the main s ten and tillers of the two va rieties. 

(a) Tobl dry Heie!: t at flom~ring . 

(b) Enture Grc.in dry weieht , bulked over the bst three 

harvests. 

( c) The r.'.1.tio of mr. ture grain dry 1·18i,:;ht to t ot.'.l l dry ue:i ch t 

at flowerinc (i.e . n.t 50"': s ilk !.n;J . 

Variety J.'.ain ~te:rt ':"i] le rs 

KC3 89 . )Ir 10.116 

':T575 89 . 17 1o . 83 

KC3 98 . G7 i . 33 

'o'/575 9 7. 50 ~ . 50 

KC3 1 . 545 'J . 178 

~!575 1 • 261 0 . :->Gr: 

3.10 . nqy !·'ATTSR cormTTs 0F PL/1.Jl:T c c: rsnTTT;;.;;'TS . 

Analyses of VD.riance of dry r-iattcr e ont.ents (n;.:c) of stc: .. , ~ , --r·.i~: , 

cob nnd husk 1·1ere perfor:ned on r c.H da ta , nnn on nrcsine trrc!1.;-or, .~·.t:-: 

(Ap>cndix 15) . As only sliaht differences existed in the v ·.:<'-2:-!CC r .:ttioc 

of the two sets of ana l yses , il'~ d no sicr.ificnnt effects due t o pl: :·.t 

s pacine were revealed , polynori ials in tirr;e Here fi ttecl to the vn r" -. : ~c·.r s 

of the raw data . These are p l otted in Fie. 14, nr.d t he ~0Jyno:ni:1;: ·. ··c 

listed in Appendix 16. Sicnifican t va rietnl difference:~ r::x~ ;, tcd : , "1 

the dry m<J.tter contents of :--.1 1 fractions except the husk over ::i o r»~ t:.r: 

lives of the plnn t s , with the KC3 f r action beine drier at :my one - i: .o ::';·.:); 

planting than the .correspondinc; '1!575 fra ction . Cob dry matter co11tc:. ", r· · .. ,,led 

t hat of the erain at a Drr.C of 39~; and 36~ in KC3 and ''!575 r cs;iective 2y . 

95% c ompl e tion of gr a in filline coincided 1-Ti th a KC3 gr:iin m:c of c: . t.: .c 

comparable figure fo r ~'f575 being a Dr.JC of 68~'&. 

A significant difference in the rate of increase in grain n;.:c wl:!s f ound 

( Fig. 14( c)). The grai n of 'il575 increased in dry matter content n t a 

significantly f as ter r ate than that of KC3 , despite t he lons er rrr[':.:..~-- fillinc 

per.iod of W575 (Ta ble 3.7). 

3 •. 11 YIELD DEJ-TSITY RELATIONSHIPS . 

The quadratic polynomial in p l ant density giving the bes t f i t to Gr~in 

yield from each variety pooled over the l ast three harvests i s p lotted in 



FIG. 14 Dry Matter Content (Fresh Weight Basis) of Plant Components 

I are mean L.S.D. (.05) values. (approximate only) 

~ indicates time of 50% silking 

G,C,H,S,L are grain,cob,husk,stem,leaf respectively. 

W,K are varieties W575, KC3 
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FIG. 14 (CONTINUED) 

(c) Rate of Increase in Grain Dry Matter Content 
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Fig. 15 (coefficients .'i.pper.dix 17). The curves Sll[ff:c:~t th:. L the O}lt:i r:n'!1 

plant clcnsi ty for grain yie ld was lower for l'/575 th:m !:C3 , .;1rd tl1:1t the 

r ·:.nco of nensi ties g rown in this tri~,1 ccrt;1inl:r diil not cn\;,,:-.;1~. :';:; thin 

o;:iti:::.1lffi for KC3, though i 't m~y he:.ve fo::- ' .. '575 . 

95 

Linear rccressions of tl~c loc.'.lr i thm of 1-:;r .-.in :·:ciL;h t er l~ '.; on 

p.lant dcnsi ty arc presented ir. Fie 15(b) , ~uid t:-~c a cco!il:): ~y~ .. ; : ... ·,lysi::; ir. 

;, ,'?Emdix 17. The popul-.tion oytim.::t for cr:-.in pr oductior.. .'·._ c .. 1..-l'.~d frcm 

the3c regressions (Dnncnn , 1958) are : 

- 1 
I:C3 = 1 57683 plan ts . hu 

- 1 
\·1575= 9?125 plants . h.:i 

( - 1 ) 63e39 pLir.ts . [~c 



FIG. 15 I (a) Quadratic Polynomial in Plant Density Giving Best Fit to 

Grain Yield 
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c :r , 

J I s c S I C 

ex:ierimcnt nnd in anc.lysis of t'.J.c clo.t.::i prccc1:03 the ccr:ur:i.l d:.. .;ci. .. ;:~: u :: r: 

cx~)crir:icntnl r esults , nr~d tha cor~clusion . 



These may be c onveniently divided in t o ex~erimcntnl ~n~ ~ tatistica l 

methods . 

4 ~ 1 .1. ~x nerimen tnl Me t hods 

'l'he re sults exhibited a h ich deGI'ec of v r.:. riabili ty , o.s e: __ c: lif i ed by 

d ~tu in Tn ble 4 .1. 

T;,JIE ~ .1. Coefficien t s of v a.r inti on ( ;~) for t ofal s:ioo t 

p lot at nnturity , nnd tob.l l ed nrc ... i p0 r ~'!lot · t d ·· 1n3 . 

V:: rinb l e Va rie t y Popul:i ti on 
3SI~ ~CK 57K G~)[ 7°'K I1 ~ c:_n 

Tota l shoot KC3 21 . 2 10 . 1 14 . 5 q . 1 '.) . 9 I 1" . 2 

·.·rn ic;ht. p lo t 
-1 

'.1 575 22 . 2 8 . 9 11. 2 3. 1 11 • 4 1 ~ • Ir 

Tota l l eaf KC3 29 . 2 10 . 5 12.3 15 . 1 13 . 6 1f . 1 
-1 

11575 12.8 12 . 8 13 . 8 14 .<J 2~ . 6 17 . G a rea . p lot 

To the gene tic v c riability of t !'le p l c:m t m . ...,tcri a l :·ras arlrJed v ·' ri:lt i o!'l 

from at l eas t th r ee other sourc es : 
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(a) F.nvir onment a l v c.rin"t ion expc r j_enced by t he r cp lic:,tce> br ou,n:l~t 'b :-i··t 

by the sowing and sar.;11ling of a single re p lic::t io n each di:!.y :!:'or fi v e r::,~·:: . 

(b) An unlmo1m de gr ee of :·rater s tress e x perienced by t .. o c ro::-i ;--, t r.r.c~ 

shor tly a fter si l k i ng . The stress was u n even ly apn l ied within the cro~ 

bec ause of t he highly variable soi l tYJ)e. Resul ts published. (Jj' ~:-~::er ::~1d 

I·~U~(;-rnve ( 1964b ) i ndicn t e t hn t noon photosynti•c tic r n. tc:> Hc:-c pr ob bly ~' cdu cccl. 

by 40% 1·rhi le the crop was 1m ter stressed a..'1d tl1at fertilization and crc'..n 

filling were affec te d to a vari able degree (Robin s .'.l...'1d Dornin Go , 1 c S":; 

·. Denmead and Shaw, 19 60) • 

The relatively low correlations between the loeo.rithm of r;r: :: -:::J 

weights per p l ant , and pla.nt density (Fig. 5(b)) (cf Dunca n , 19 5f; lrc;·::: 

e t a l, 1970) were probably mainly due to inherent va riati on f r om U:c hro 

s ·ources noted above. It is als o p robable that heteroeenei t y masked s o1'\c 

r ea l effects in the analys is of v a riance (e.g. spacine and va rict<:!.l e:~ccts 

for some yield components). 

(c) The indirect assessment of dry weights of plant c or::ponent.:.; 1:_ .:..::e 
a subsample of plant material to establish t h e dry ma tter c ontent :.: · 

individual plant components introduced a source of error which c~n: :,c 

~liminated in studies of smaller plants. 



A serious omission in growth studies of this nc,ture i ::: :my assessr.ien t 

of root gr o'wth.· Furthermore, few inferences co.n be dr.:nm ..'.'r o'n the 
• 

literature concerning t he role Of roots in plant t;rowth , o :::; litt le 

comprehensive~\'lnd a ccurc.te ~-ro rk hci.:::; been done in this field. Root '..reir::ht 

u,robo.b ly compri sed uu to+ of tota l p l an t 1-rnie·ht 11rior to flo :rorin,c- , r;nrl 
... .... / <..J ~ '") 

7- 14% of total weight a t mo.turity (Section 1.3 . 5) . It is pos :ib l·:J thrit 
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r oots r.,n.y have formed a smalle r proportion of tot.:-,1 Fo:i cht ::'.. ;;c. ~. ~L:--i ty in the 

e": rly v.triety , KC3 ( '.·!eihin,n:, 1935) . Omission of r oot 01·y '.:c.:.cht rl ::t:! 

r esulted in o.n underestirno.te of the r;ro,·1th arwlys :i.s p.'.", r .::;·:r,-:-.r·_·:-; , croj! 1:ro•::th 

rate, 1rn it l eo.f r o. te, <lnd leaf weir;ht rr1tio, nnd an overestir.1"1 te of lc:.:.f 

c.rea r<ttio , :par ticu larly in tr.e ".)rcflowerinc gro:1th p!'lase . '=''10 ~ -r c cisc role 

of roots in interplrin t and in t ro.plnnt competition, th ouc;h ::·co:J;1b:1 ;,' 

i mportant , remains unkno1m . 

A recent emphas is i n growth o.nalys is ho.s been to;·1:1:::d frt: ·:ucr: t s::;r,ll 

ha rvests of p l ant materi.:il i n o.n effort to nssess short 'corn p l:mt 

response (Hughes and Freeman , 1967), particult1rly uherc :regression 

t echniques of growth analysis have been employed . Harvest intorv.:. ls e::.1;1Joycd 

in this ex periment of 10- 21 days imply that n degree of interpoliltion oebr()cr. 

sampling times rnt1.s t be exercised in interprctinc the r8sults , Llnd tho 

results must be vie1md Hi th :th is in mind . 

4 . 1 . 2 . Statistical Ncthods . 

The collection and analysis of datn from two vc,ri c ti c s p l[!ntc ci on ~:~c~ 

sa.me dny but differing i n r ate of development poses a dilcm:'a . J, cnc i c0 c"11:::; t 

be :r.wde behreen samp ling and ::malysing data at one point in time ,,.1}F;n :'ot}­

varieties have experienced a COTTlI'lon environmental inf J. l;encc , or s.:in:;-ilinc 

a.i:id analysis of data from cor.:pa rable GTOwth stages . Since the r el:: tivc 

maturities of the two va rieties in this · environment were not kno1·m p rior to 

the experiment, and because comparable growth stages are often not 0 ':~;i ~y 

i dentified , the former al t erna t i ve was chosen . Analysis of v .".ri.:tnC" 

sinele harves t during a ctive growth therefore generally showed hi ~', 

, significant va rietal differences . 

Comparisons of plant data at similar growth stages '.rns nade ~ossih=:.: 

t hrough the use of curves fitted to data by multiple regression tech~ique~ , 

and the use of the calcu l ated fiducial limits of these curves . 

The regression technique has other advantages . As noted by n-., · ·:':r (1r69 ) , 

the effects of sampling error are reduced by comparison with thos e , ___ -:aren t 

in the one way analysis of va riance carried out on data from a single 

ha rvest. Th i s is usually r e flected in smaller , more consistent standard 

errors (Ta ble 4.2). 



TLJIE 4 .2 

V:-: riab l c 

Comp2.I'ison of s t a nd<:!.rd errors calc u l a ted fr oi.1 -~·~ ttc d r.rnl ti p le 

regressions o.nd f rom a one wo.y analysis of v n:.:.cc. c e . 

Ri::ample : KC3, 57;: plants . ho. 
-1 

Techniciue 'l' i."JC ( (1.., .. • . \ 
~· ~ .._ , 

50 75 100 1:?'.'" ~ 50 175 

Total shoot recrcn8i on 5 . lw 5. 78 G . Otl 0 -·7 1C. ')2 11 • ()(' 
G e ,; I -· ~ 

. -1 ·.;oic;ht . plant ;°JlOVc..I' 5 . 14 5 . 1 i n . -:; 1 1 ~ . 7~ ".7 . !;.G ~ - 1~ 

( .r>" ) 

'lo t:J. l le<J.f ~ecre s:::ion 176 1 55 F ' ' ..I I 29 1 

o. r e .::. . p l nnt 
-1 

.'JlOVC. r 334 135 310 1 53 

( Cr:1 2J 

Sma ller trc.'.1.tnent effect s c o.n be di.st i ncu:i. s hcd . ~his :~ : ~ a . ::rtic t;l ."rly 

useful a ttribu te ·,rhcn c o:i:::iucj~inc r o.tes of chcill[;C, or r r:".:jc:: of r· ~0;, r.f 

chmiee in time ( Bll t t crJ, 196c;) . 

':.'bile the regre::> s i on t echr1i r:uc j_n no ':ro.y ini~) rovcs tf-:. c . :..0 icin:. l r1 
• • L-. , 

the smoo thing of s hort t err; v -·.ri .'. '. tions i nh8rcnt in t he Cl:rvc fi t~.iD'; ::c'~:.~ ,;_ 

~roved to oc ac1.van t aceous in thi::: i nstnncc . V:--,:rintion s:rt;riou:; to t!:1.' 

Oojccti ves of the ex~y~ rir.icnt o.ncl induced b~r a v<:ryinr:; de ;:::r c" of .; ·:. t r; r ::: tr e: .~::: 

Ho.s reduced , and the effects d uc to in tended. lon~ terr.: trc. t: .r r. ts ·.rcrc· 

clo.rified . One possible disndvanto.ce of the tcc r.n i •tue c ould. 11'.ve o •: c:-: 

t he lo::;s of r e l evant deta il. 
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apparent ly due to short t crr.c cnvironnc21to. l fluctuati ons '·rhosc cf:'r··ct~: ~ - ·( };.- :..' cl 

to ic1entify, li t tle inforr.io.tion of eXJ:llo.nator-y value HD.G m.::i.sked by the 

fi ttinc'.; of Clll'VGS . 

The techniCJ_ue does have other limit ::. tions . The ccrwra l ~~h<:~10 c·f -t: :(] 

fitted curve l a r ce ly r e flect s the type of mo. t hemo. t ico.l c :·: ~J rcs::::;ion 11;>0: 1 

which it is bo.sed . ( e . g . r.lillio.r.is , 1964) . Polynomi nls r-.:·; .:i. c-rou'?) 2r c 

ch.'.lr acterised by a high degree o:t: symmetry which is a t y:ri i co.l of r.11:.ny 

biologico.l responses . For e xar:1p le, in Fig . 3 ( a ) it ap.,-ieo.rs tho.t f11ll~' 

expanded leaves continued to appear after flowerin g . J...o; ~)reviou:Jly no:.ec , 

the fitted p olynomial of low deeree is una ble to dup lic<ite -;;he <: rJr .. ~- -:.: 

ending of expanded lea f appearance shortly o.fter fl m-rcrinc . It ~ ~ J ;::;i1, ] 0 

tha t the c hoice of inverse polynomials ( Nelder , 1966) or of expr c _ .. - - -.;::id: 

t end to an asymp tote as time increo.ses indefinitely (Richa rds , 1 95~ 

mathematical bases for fitted curves may have resulted in a :Jore s · 

biological fit to the data , t houeh s ubsequent ana lysis would have ·:. 

i. "..-, ctory 

more comp lex. Hore fre quent s amp ling of data wouJ.d have a lso curt .::i i lc~d the 

freedom of the selected mathematical expression in dictati ng t he sho.je of 

the fitted curve. 

L : ~ r. '""..'/ 
MAc:: ,' ... _" :;'TY 
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Curve fitting occasiona lly involves n compromis e betuccr. st· t i stica l 

goodness of fit and biological r cali ty . ? olynomi a ls of h i cl~ Llee-rce mc.y fit 
• 

d.-:b. \-rell, but t he shape , c.nd particulc.rly the slope (rc..te l _· cl-t: .. c;c ) r.10.y 

b e b iologica lly me .:min[;less , rmd c oi1Se'.juently E'. poorer ::;t::i.ti :- t ic ,~1 fit r.1c.y 

be ri r e ferred . l :n. exar-: p l e of this occurred in this ex perir.ic::t, 1·:: ."'1·c cubic 

:rpl~mor:iio. ls go.ve o. more r eulis tic fit to cr.:--in ,.;o -!. c,-!1 t do.tr~ , : ~ t ho 0:;;h f ourth 

order pol:,mor:: i a ls r esuJ t e d in o. s icnifican tly bo"cter st ,'l. tisb c.:i.l :'it . C'n 

t !!e o t ltc r ho.nd , lO'•i orde r :;?Olynoriia ls c3.n overs:: .~1 lify :1 bioJ 'Jc;iv ~ 

si tu;d.io n . } .. n exo.r:1p l e of h<1.ve occurr ed ·.ri tl: cob d:::: · He:: ·>. t ( .. , - 1 - ( 1 )~ .• J.;: ) (, ,, 

altl ouch t he r o:1l situD.tior.. i:::: not knmm . I n t !-: i::; c~:;;c de:v_;_: . .Joi,, 1'rc::i t!:e 

P.:(:on in ~11 c :-:ses ex c ept thc, t of the lowes t p o·,rnL'. tion ~!57 5 -:. . .:.·c_ . "':;1 t i:crc 

non sicnificont, .1.nd the fit ted r~ ( ~:n s nas}:cd s l icht but c on:::::i:: t c: .. :ccli1:c::; 

i n cob Heir;ht Hi tli tine , ·.Jhich r:w~' have bee~1 t he ro::;ul t of :·. :· 0 1·:· cc": lct0 

s o ~).'."ir<:.t ion of cob :i.:i d r,r::c i n r. :-.teriu. l nt l ,1 tcr h;-i :rvest::; . 

·-. 1 to It hns been not ed ( Gand <:: r , 1970) tho.t whore l)OlyYlo:r:i 1
'.": ·.re 

tr:i!"ls formcd dn t n and gro1.-:th pur a;:ieterc c.1 lculated from cle ~-·· ~;foi· 

qu<'.)nti tics, t he v ci. lucs of t he g r o1:rth yiur~n::e ters o.r c infJ_1'.c ~1cc· c1 b: :: e 

trnns formo. tion _employed , becc.Hse di fferer: t SUI'.ls of snuLi.rcs ;;:i' '' ~ 1 :i 11 i'. ~ i.:;r·· -:. j n 

the curve fittin~ routine . 

For exan"'.l le, t.he polyno;:iia l in tir.le ( t) fitted t o tot".l s-.,oc ~ 
' 

weight data (y) on a pe r :p lo:t bnciG fron ·.:575 popubtion ~ ·.r.- -.~~ = 

(1 ..,...,_·, 
<.J..,; 

2 . 2 2 I 7 

Y = - 5 . 446 x 10 + 1.1 09 x 10 t + 5 . 502 x 10- t - 3 .7G7 :: 10- ._, _, 

'.·ihcn the regression equation wa s divided thr ouzh by F, t}1 · .·- -:.: --·~ - -;",_ 
of best fit occa~e 

y = - 7 . 456 x 10
2 + 1.769 :;;: 10t -8 . 746 x 10- 3t

2 
- 1 . 021 ·-

In the first case the sum of squares minimized in fi tti nc t ;_ e r cGTe:::: '.:i 0!1 

to data from n harvests and m replica tions uas 

n ,m 

[
\'l .. w-.J 2 

J.J - 1 

In the second case the sum of s quares minimized was 

n 

L 
i=l 



As app.arel'l t above, the two curves di ffer , .:ind [;ivc rise to different 

growth r~tes, 1-i'r..ich r:ay le:1d to di::'.'fercnt inter;Jr ct.:ition::; ?ieinr; p l accrl 

C!: the data . ,
1 

The ni ld tr· ;.:-;:.'.'orITlo.tio::--. ~:?f-li.cd to tl:c 1rcic;!1t dnta. in t !ii::; 

1 01 

e:·:::--c :-ir.icnt diu not ::-0sult in :::e.:t!:i nclc::;:::; [rO;tt!"'. ::·...-te;:; . ':'hi:> ':!::!.S :Lot , !-:0·.:cver, 

In this experiment t !:c rclva.: ;~~~c:::; 

t:ic· tuc}m:!. ·nc T .. .,., t~ ...... ..., 

c·:i·vc :!:'i ttine bccor:es c.. : o·.:e:-.:'ul ,'.'.;ra )hie ...-.id 1-.-:.ich c:: · l:.. .: °';;1'C 11.";:·.: j c 

cho.nr.;e:n of par.::i;1cter::; fnr i.:orr. clc;.rly th::n do t l:e r:wti1ocl::; o: c: ·· :~ · ~C':· l 

o..n~~ysis . 

,~ supe!'ficia.l e~:cr.in.::tior. o:: t:-:c [ -:.".'C'.:i::[; crO) i :::dit;· tc:l t:··: ~: ·. ·57:; '.:;.:-~ 

a 1:-irco , leafy , l.c,te :::·1turi::;:; v:-.riety uith o tcnder,cy to· .. --rd;, ti1';.;r:L1~·; 

vctrio ty t;C!1G!'ally ex:1i bi tin.:- ·: :::;i~cle-c:::rod uni cu l.r. l: ·.bit . 

The r esults of t l:e e~:)c-::-::.::ic!:: r~v··alcd ot!1er ir.:port...-.:1t v·-:<et:.: 

differences , Dml these :;i 11 no~; ~c di::;c·t::::: c<l in <lct·.i l. 

4 . 2 . 1 . GroHth , Co!".!·::iosition ~"·: Jonr·evity of 'hoto:.;·!1t1'rtic .-o·:. 

There l"ic'.l.S a strH:in0 vr.riet;:l difference i n t~:e tot·.:. : u~.:. '• ""(•. ( ' " .... ,,. . -. \.. . 

tofal photosynthetic area) per plunt (Fia '1) . ."..l1 ~!vcr.:..rc ::".' "'c.1:·.-. ·.:57:, 

plc.nt possessed 7~ ·grc·1t e !' lea: arc,'.' than n c or.::1araolc i.C) ;;l:.v 'v , ··-.-. 

advnnta.ce beine due to n 31;~ c.dv.::m tage in lc<..f :mmbcr 0:.1 tr.c :oi:t.;. :; (•: , 

1 6~ c.dvantare in CTean leaf size , and a·ere,'l.ter tob.l c0Ptri't1· ·tic--: ").~ !·~.c:. 

area .'.llld tiller leaf area. Husk area, neelectcd in this c:: .. r· ri:-- .. r , 

tm.likely to have been nore than 2- 4% of total lenf area (·.rD.11 3ijn:_t,c .. , 1<1)::; ; 

Allison and ~fatson , 1966) D.lld was lareer in total for ':!575 th.:.n /"C) . =.ccr ... ~<..: 

the husk is borne in the dc-ep shade of the canopy the effect cf r.'-, -~ ..:c ~.i.~:!_; •;;_.:_:::; 

component was considered small. 

The l arger number of leaves borne on the main stem of ·. 575 r <. 

a more rapid averege rate 

1 every 5 . 9 d.::i.ys for I".:C3) , 

(Table 1) (Bonnet , 1960). 

of expanded le.::i.f appearance (1 cvcr-;1 5 . 4 i<::: , v~ . 

nnd a longer period from emerccncc t o flo,, -:·' .. -

The greater number of tillers pr oducccl · 

(Table 3 . 18) uas probably r esponsible for the slower r ate of expa.ndcd ~ r~.:.:.f 

production (Fig 3(b)) in this variety 5- 7 weeks after sowint; . The mtc of 

leaf production in KC3 , though high initially , fell off at an ecrlier 
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da te relative to siE~ing t ho.n tho.t of ;1575. '.'.1hethcr t h i s H?_s r elated to 

the disproportiona t ely l a r :.;e t; rowth of the t ns:.:el :md e :'. r {r::c ti ons of I'.C3 

b~r s i lkinc (Fig 9) i s not 1-::no,m , but it mc.y hn.v e been a c :-:11 .::J: or;-, :rc' sult 

of t :1i s . The do.to. su:;[;est tl:.c possibility tho. t either c ,-:-._'L t:Lt :·on be -t ':rccn 

v c{r,eb.tive Md r e:rirod11ctivc eTo'.rth ~-.- ,;_s more intense in iJ:c : tcr variety , 

or th.~, t s ites of re~1 roduc h ve gT O'.ith in t he e::. r ly v: ~ ric ty :·· "_ :;c : ; cc~ ,.., c 1 0~1r 

c,1: t o.tlvanb.ge over sites of vcc et:: tive cro·.r t h in ::t'r ~1ctin r: v::_ :.olc 

essirn il ::t te . o.reo. ( SLA) de:. to. ( Fie; 5) 

i n I:C3 l::ir.1inne 2 r r:a c ontinueO. duri nr; th i :; :period a t tl:c e:: 

:n·nrt t he state of ii1traplant c :::imp<: tition ( c«:~ -.'i"'v et ;i l , 1969) , d :'"'.:.'.l 

pre::;ented in Fig 5 indicc. te t1-: ;~ t the for:-icr of thf~:o e bro hy _ c t: 1c:~ c:s j::; t~1c :': Os t 

pl<:usible o. t or shortly ~.fter si l~-::inc , .;11d th.::ct the 2.'1.ttcr l:y _') o-'c ' .osis r.:c.y 

1-;ell represent t he me chnnisri o~r 1.·:·1 i.ch r qJ:::- oduc tivc crmr t h o: :~ C ) ~1:1 s so 

f n.vo l.lrcd. The te~~per ::i tu:ce r r; 3ir.c nnd the suv1ly of ot:1cr f: .c t c 

nutrients and wate r would o.1:-;o h :::.v e c ori. t r ibut ed in an undeter~i r..c:d r. oa ::: lire 

t o t he ri<: tter n of leo.f c,-roHt'.-1 . 

Rel3.tive leaf Gr owth r c, tes ( :2irr 4(b)) snowed ::;j_n iL1r tr ·::: : rl ::. _·n 1Kith 

VL'_ r ie tias . Because RLGR i n cludes tiller lco.f n r c::1, t:w .'.'.bo c: .• c r.: .__,:._~ :.il c ·::"'ly 

o.civont.'.l[;C QCCruinc to r C3 is furtlc.er evidence of intr~~) l:::. n t stre:~ ::; -~rn:uc c:cl 

by the c;reater demands of tiJ.J.cr for:-:int ion in ':!575. 'l'he v ::i h cs : o~, ::::_r;~ 

r ecorded for both v arie ties :1:.'.'ior to fl01-reri Yl G' C OY.'~').'lrC fc' VOll:i.' :.b l ~ r 

t hose reported by Duncs.n :::md Ee sketh ( 1968) i n o. c on trolle d c:wi :· 

15-21C. 

: J . 

The :princi~al response of l e.:wes to vr:. ryinG pl o.n t ::io:r ~-·:t i c::. : _', .· ~;n ~·r; 

wo.s not one of reduced a r e:::. (:?i{J 4) or number , bu t of thj_c l-:n8:J3 \''·· 

,\s ;:i lant populL-~ tion was incrensed fr om lo·;r to intrrn-.: e ci i ct~e l eve l :: , c ·;_, 

was a significant r e duction in t ille r number , particn l orly in -_;57;, ( rr ,, 11l e 

).1 8 ), and a dorr espon d ing ly s i g:1ificant r eduction in l e 2f '":.:c c o. ;·;cl' ,, l ;:...'!t 

in the l arc-er varie ty (Fig 6) . Leaf aren is f a r l ess r esr)Qnsivc t::. c 2:. r: l'-CCS 

in light intensity than i s le2f 1-rnight ( Blackm~n, 1961; I' end lcton ct ;c_ l , 

1966; 1967; Friend, 1966 ; Earley e t o.1, 1967). 

Th e lack of any sienific .:m t spo.cing effect upon l eaf n umber is 

iildicntive of a situation in 1-rhich inte r p l ant c ompetiti on· wa:J l ou " l'ior to 

t asse l initiation. This finding does not contradict tha t of Eik 

( 1965), which indic a ted tha t l eaf number fell slightly as p l :rntir:_, 

increa s e d. Unfortunately, no sta tistical analysis accomp3.ni ed fr_,_: 

The composition of tot&l lea f area pe r plant differed sicnif ic'.r: tJ.y 

behreen the varieties (Fig 6), t he c hief differences being clue t o t 1:e 

higher tiller contribution in ';l575 , parti cu larly at wide p l ant s paci ngs . 
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T!1e smaller proporti on of stem a r e a in this v a riety Hc~s c1·l;i; to i ts l nrccr 
• 

l c ;cy c::; and shorte r i n ternoC.e::; , tho e:..v e r o.cc l enGt h of c:.1c :.:_ 1: ~c c:.r ·:1od c sup:1orti nc 

o. l ec. f b e i ne 12 .7cm i ::i "tiiiG r .riGty o. r. cl 14 . 0cn in r~ C 3 . 

cu rl t he stcr:: a:> ~ ; l ; ,_ ,·1 t ~ ) Ojml: t t i o r.. in c re ~c sccl r ef l ect c h:-cr::__;c'!:J :: G 'Le'!~ di T '. c tcr 

( 'r:'r:blc 3 . 2) r esul t i n0· i n stcr., a r e<.: dcclill i n c JT! Or e r :1}) i dJ y J"L :l ~ · .:: in: ·~e .". r0~: • 

. ··:: J ·inc 

·vocl i n 

"..1 575 clue'.' i nc- c;Tain fiJ.1-inc hl:t _J r :'.. or t o senescence :. r::::cc ;l l)( 

o; c en t i n ued e;ro,rth ir.. t i l Jc r lc:"-f a r c :.:. . Conversely , tl:.o::: clc :: ::.i:. ·· !. c . .,_: 

s pa cine, Ha s s e en to he c2xs ccl b~r t:~o de :::: th of l om; r l n:::v c s c. :1 ~.-- . · : .::n 

s te~ . This pn t t e rn of sen e ~ c cnc c ~~hi :~ ] l nnt der zi~i c~ 

t h::i t ob s er ved by ;\ ll i c on ( 1S'(C: ), ".ml r.o.y h:-ive been rbc t o ; ·· n · .. > '~ c c,:.;·., 

' !•· 1 n71 I ·· -: r.1- _. ,,·: 1·c0.l • I. { ' _, , • . ..... • ~ 

»T:'. to r up t c:.l·:e a 11d i nduc;:ecl pr cr.r•t u r e ::::enesc cncc . 

b een Clue t o a h i c h l e v e l of ir. i: r o.p l c::. r.t c o;:ipetition , Hh i ch '.-r :·:::; :-; : ·:c '' :.t 

t o r.iobili ze l o\re r ::.e rtf COD? 0..'1eYit s ( J:oss ci n:l }"'r;a_slec , 19 65) ~· ~.d t o ~ · _ u:-; 

pr om ot e senescence . 

Lenf a_ rc.:::. clu r at ion G.fte :::- s i ll:ins (T.J.blc 3 . t~) rcf Jcct-;d ·lL' ·'1.. "· .. ::.:c .; i ~ 
-. 

J.AI of t he d iff e r en t stands (?i g 7 ) , foT lit t le c onsi s t e::. t v ·~· L. ~ : .; , .. 

J: f 1 . t ld b t -'- . b t l + t + t f.£.' t ~ ( "1 ,- ' ·" ' 
7 ' " . e a_ o:ncev 1 -y c on ea .,r i 11 e c ., o r c .::,_ .,r.: eD e LC C .., _ . ~o ,-~ .J • . 

I. e:::.f a.rea dur a tion s r epor t e d h e re c.re s ir.: i l<lr t o t l1o s o olr".:c.i ·: d r- ·. ·r e 

f or ma.ize ( e . g . Ad.e l ann o. :nd ~ ; ilbourn, 197 2 b ) but c ons i ,ier. 'J l;,' c .. r: "'l 

t h ose rep orted for s mall ; :r.J.i n c e r e<i ls ( e . G· Gan do.r, 1970) . 

Allison ( 19 64 ) contende d tha t mai ze is a hi ch y i e l d.i nc cro"- i" ?-' r t 

be cause of the long function a l life of i b l cnvc s . :::t nrpc :~ rs t h · t t i. i ::.: 

r.iay a lso be one of the maj or r easo:rn for t h e h i c;h o.ve:·acc n.:1i~c ~ , i c ::_ ;i_s i n 

Few Zeala nd (Be rge r , 1962) ( Se e I n troduction) . Bo t h vn r i c t i e s i n l • · -- · 

trial displayed near maximum le a f a r e a for a n a v cro.ee o f 10 1-rc e) · s c:. ft..:i· 

sill~ing ( Table 3. 3) . This Has 1- 2 weel:s longe r "!;han t ha t r c :iorted ir. 

Rhodesia (Allison , 1969 ; Allison and 1-feinmann, 1970 ), 3 i'red:s l or. --r: r t '.'lan 

t ha t re norted by Bik and Ha mray ( 1965) in Iowa, l'. ":: . A. , nnd is s -, · -,_ :r t o 

t hn t reported from Southern ~ngland (Adelana and r;il bourn, 19 72 c -::t .'.l lso 

seems probable that leaf longevity in the cool e nvironment of the ·: t :to r l ands 

was greater than in the present experiment (Andre'\·T e t " l , 19 56 ), thouc-h n o 

confirmatory data are available . 
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These da ta do not succes t tho.t t he ro.pi dly short cninc -~-...1-:wnn dny lenct h 

of the h i ehc r ln t itudes domino.tes pl:int senescence , thou::.;h -tl:.i.::; o':;viously 

:rill hnve some effect (l~ rize:: c t <'.l , 1966) . i,!1 c~cpbno..tion ;·t:t '1; :-::011,-:ht 

t hrouc;h sor:w othe r erwiron.rc.ent :-·l _ p.~n· c..nc ter . Andreu ct nl (1 nr;)) ttr ibcitcd 

the lone 3)1.::m t l .oncevi ty · 0.1)11::-.rcnt in t:'lc ?:cthcrlc.nds t o 101·:c:;- ·. U" 

t e::;:-ic rn.tures and. hicl1c: r humidi ties . ;, c om21:crison of mcc..n r:or.. > ly -- ·<'c.:: . tm·cs 

and nccur.ulo..tc rl degree days at '!ac;cninccn , ':li::;co:.si.!": (.'...nC: rcw ., - - -
:C:"f: T'o.ssey Univcrs i ty i n the yc:nrs ;i --.:'Jroriri:lte to tho r c::iyicc tivc .. ,·:;-::~·0r..t ::; 

~s 'civan in Tnblc 4 . 3 . 

Tt:T~ 11 . 3 . r. ... 

er..d of co.ch montt :. t t~~0; sites . 

Sour ces : Andreu 0t •".l , ( 1956) ; ;~..,~)cndix 1 b . 

.i"...VGT(l{;e r:onthly Tcr1;;e:r:-:~ tu.rc ( c) 

;.:on th 

Site Hoven1ber Decc:1ber J.::,!1u:iry Fcb::::-u:J.ry i :~!. :re ,._ · ·ci ~ .. . ' . 
.lisco :r; 3in 10 . 9 19 . 2 20 . 3 20 . 9 1 ~' · 7 ~ ') I 1 ~.I, - ... 
~·! o.ccni nccn 13 . 7 16 . 6 18 . 1 1 G .9 14 . 5 1 ') 7 . .) 1 ~ • . ' 

.:a::;f;ey 14 . 3 18 . 1 · 19 . 2 17 . 8 1£> . 0 1 / • 7 17.r 

.Acc tunulc.tcd Dee;ree Dnys f r om 1st rrova:::1ber ( ,, ) 
~I 

Eon t h 

Site Nov ember December Jo.nuar y "'c'bruo.ry i·::ffch .. :·: l 
·-

~·.' is cons in 64 339 657 992 11 t, .. '1r 1 

'.'!a~eningen 130 329 580 801 S'36 1 r1 .-

··7ansey 1 59 410 701 916 11 '7? 1 .,,._. 
.) _, 

The climate a t Hasse y Unive r s ity wa s cha r a cte ri zed by c oo l er twe1".r;a 

ter.:~e rature s i n the l a t e s umner , i·r i th on .ly n g r adua l f al l i n moan tcr.1~crc1 ;;irro 

in t he autumn . Additiona lly , the a v erage t empero. t l:re duri nc the Sl'ct80n 

r eported from ',hs c ons i n exceede d 26 . 7C (8 0F) on t hr ee oc c3.s i ons , 1 .. ·J:.ilc 

the maximum average daily temper a t ure a t Massey wa s 23 . 6C. Loaf le"'. ··evi ty 

appears to be inv erse ly rela t e d to environmenta l tempe r a t u r e (e . fS . -

'1958 b) . 

It seems pr obable t hat t he r apid fa ll in t emper a t ure duri ng tl':e: o..u tumn 

i n conti nenta l climates, in combination with a rapi d short en i nc of the 
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p:coto pe riod , consti tute a t l'!crr.ioyier i odic 2nd photoperiod:! c r.:: .b ul1 1:; tho. t 

i........, ,....,L. t.'.'\rl " sene ~c"11ce T~r: y.., •• 0 -.L,.... r: + t':':t. T,,, '.'OY'~ .. t,-.. c cnu'1' -'- i' onr •r:.v .... 1· , ~ y • • "l' ., . .L i· e ,1,.,_, v c. .., u "' • _;i'"' ,_, ,, v '-' _ _ . v .~ rii .. ,_ ~.i. , • i . _ r. ... rl" n 

cow!tri es no t only len[;then J.r;nf life , but , :!. n Jc':.-· c:.se o:~ -- :-r '>n l·.c):cl , 

~ ·: rovide c;oo ci c ond'i tior1s for cr:-, i n fillinc for c.:-: o:: , c:·:dcc1 _·c:· io1 in to -the 

( .. Ut 1l.;"7ln . The co:-::p:;. ro. ti v e ly 0.isec.se fre e c ondi t i o:'1 ::> in tl: is co 1 ; ~· ,~-y · ::.~: o 

contribute to lona l eaf life . 

~.... • • ..... 1 • ,._ ........ . . ;,..,..~_.. ,._. i n 

, , 

C:.i:;r ;rc i rrht ( 'i'fl.b l e 3 . 7 ) , the 20 C c•~''> '1.G(li tio :v1l ~-ro•.r U! b~r •.rr .,:-

· s::;i li t between t he :nresi l kinc :me post silb.n[; . ~x:riod.s . Th e -.c: cro~-

c ro1·1 t h r ates of I~C 3 c.nd 1!575 fr c:-.~ p l .:mtinc 1m'.;il S5.· ~ oi t~1c :-·c< .. ; . . :r.:: 
-1 , - 1 - 1 - 1 

•::e i ght J1c>.d b8en obtained 1;1crc: 128 }:g. ho.. aay :rntl 1 tJ.C l:c. "!; ;. . 

respec tive ly . 

The shoot •:reie;h t .".dVaTt ~ .;_·e of "!575, 2 1 t houc;h ::.·'.1 --:-: r.;c'.; f ro:-: 

did no t atta in sto.Jc i stict1l s ::. z .1. i:f' icnnc e until early in t:".c · -r.-:.i : -•. - 1 . .. ,... .. 
. ..... . ~ (. ~ 

::.eri od , o.nd fro:n tha t poin t o:?:'l , t!-.e totn l ::;hoot vmichts of :>.r: ' , ·,r· ~·j ·: ti c :::: 

diver~ed nt an incro~s ing r ate . Reductions in total shoot dry . : ~ ::. ;)! t in 

response to i ncrea sed density of plan tine did not a tt,-:. i n s t: ' ti:::: tic n. ~. 

sic;nificnnce until day 55 . This 1ms considernbly la tor t:;: cr. tl:e ti r <: -.;l:r·n 

i nterp l a nt compe t ition i s thouc;ht to 1)cgin (Ec1 dowes , 19 69 b) , ~.'.::-d tl:o; .::l: 

sone inter a ction betHeen ind.i v i duals r.1ay occur v e ry ear ly i n tno li.f0 o:' 

t he crop , i t does not aT)pear to s i gnific ant ly su~pres :::; tot:ll s:rnot r':.r •v.:',h 

until LAI values of 1- 2 have bee n obtained . Jnder c ond:'.. t::. o!~=-> of lo-.:. r 

light i ntensity nnd reduced ~rntrient su:p:;ily in ternction bct-.·;ccr: ".'l l :,::. '.;'."': 

r::ay Nel l reduce dry i·rei5ht pe r p l an t at 10 1-re r LAI v r1lues . The in.:luc·:lCC' 

of p l a nt density i n the r ange tested upon toto.l shoot •:reic;ht of t!!c 1.--.r c;er 

va r iety wa s c on:::; i de r nb ly f;Yea ter than tha t experienced by I~C3 , a fincli:'1,::; 

which i s consisten t wi th differences in p l ant size (3ection 4 . 2 . 6) . '=.':,o 

major i n itia l reduction in plan t wei;:;ht ns s pncinc-s nnrro~·~ed ;u1s i:i: t:·.o 

tiller comp onent. This Has f ollowed by reducti ons in c.11 1~ c.in s: .... : . .;.:-.:~nr:c·:ts . 

Individual com9onen ts of the total s hoot i·reigh t of tr:e bro v·.1-: ctie:"' 

( Fig 13) d i ffered s i gnifican tly a t ma tur ity. '.','hen mo.turc , all shoo t 

cor;iponen ts of I~C3 , u i th t he exce1) tion C?f t assel dry Heich t , 11ei 1,>cd J.,:; ::; '~ 

than their ',1575 counter1~nrts . The compositio n of total shoot weicht (~i,: '0, 

r ev eals that t he e arly variety (KC3) m1s c haro.c terized by a lm·re r 

:rro::iortion of vegetative struc tur es and n. hi gher ::iroport i on of re~ r J:· ._; ;;7:'..ve 

structures when compared u:i,th the l ate v a riety. Significantly differc :-.t 

tota l ear to r emainder r a tios (Table 3. 5) for t he two v a rie ties reinforce 

, I 
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t his observation, i:hic:i .;;.p:ilio::: ccner~lly to v~ric-tic.J 0:.: co .. 'v r~! ~ Lr:;:; ··2.t\lri t"-J 

( :lryo.nt nnd Bl .:.ser, 1968 ; Atlc lnnc o.nd i:ilbourn , 1'.)72 o) . ; : -n · . .:-:.i1:dcd , 

s '..ruc"!;ures ( ster.1::> , h1·slcs) to ~~truct:1ros norc <lircct 1 y i 'Cl;. ',(·C to 

1·:-··::.•01luctive .c:::.·m-:th (ic<::v cs ~, 1 . ::~:.i.in) . ':'!~11~· t~.e i;·i:·_o.:-t ....... ,ct_·•.::: 

.1 :· 

.. ' .. . 
.. 

~ •· 

(;~ .. ~:;, ~ • r · 1 ~ · t 1 ( 1 cv· ,... \ • 01 .1. J :t '17.~::J € '..- . ,c: 

( 1 S72 ., ' ..... -
t~) ~Ol.lJ1,J little 

20 d;..:..:is 1>rior to ::;il::in[.; u:, ti:!. 35 clr(/S ~:.~tcr si:~:i~1~·, t~"0' 1 [:!: t 

did CG~ exceocl 21,0 - 1 - 1 th:.:; cool .. nzli:::h o::-.viro! · n t. 1cc. 11a clc:~r l~ 

Tho tii::inr; of tho :)oc.k crop cro:rt:l. rr: tc ::i 11 o:N.~ou::> ly · 

In t'.c r~cscnt trin] ho ·ever t}H· ti: 

. -"" ... - , 

n::cvioa3ly noted red'.•.cti c.r: i;. -:;}:c voccfativc r,ro· .. ~t'.': 01' ;:c; :..·.! o::::· 'J .; : l:·.:,. -
(<:ection 4. 2. 1) coincided :rit1: ::.·;.·j d 0·1rly ~·ro·.;th of t ·1c c: _ "1"•c . ." ~!: 

( cce ? i g . 1 2a) , tl:o net ef:'ect beinr, .::i. stcr:.(; clc~clinc in .,,r, 
_, I• ~ • 

r~tc over this period . 

er: .:-,ct n.c..i ze °t'J::ics . Tho vc.:;etativc ::ro~;t!'-. o.f co'."'--:ct :~:-:i·; .. . ::c :"c:; 

rc;~ortod as cco..sinc abruptly in favour of ear cro·.-:th [ t flc:- .. ·i~y-, .:iii~C! 

t1":c continui ng veeet,.,tive r-ro::th of nor.:r:.l i:'.o.izo beyond tr.:i::: ti; 1 

a~yic:-1.rcd to penalize cnrly o:ir crowth at h i ,:;h plnnt dcn.::;i b cs ( ~c 

nnd Ohlroage , 1961) . 
' ... 

Table 4.4 summarises appropriate prowth rates acro3s e.11 s :: ,.~ --igs 

for each variety, and illustrates the observations made abcve. 
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The distributi on of totctl ::;hoot crop ;;rowt~1 r~. tc ( CGR ) 

between t11e c'lr c~d ::::e re:::-. .::.:i.ndc r o: the c:Oo1.., '·.r c~c}: v.:i.riety 

f Or 1 .._ . -:; ( , . r· }· .., - 1 u' ~ y- 1 ) 
pO~)ll "-1.J.On .; '·.., • - • ' • ( f '. I J • r or.: 1.:.. .. 

J ... : 10 :::1y::; nrior to 50~ s~lbr~.: 

Time !3 : 50--; si lbnc 

C: 10 0 ·'..y;: nfter 50~ si J ::i!1C 

?;': .. ct ion Vr1 r ic i:y Tj::'.c 

I, ] " ·' , 

:'obl shoot ZC3 2'1?. C ?.:') . \) ,... ""[ ,.. 
• l 

·;575 ?53. 1 2( 1 . 0 .... , - r ') . 
':'ot·.l ' ... 1:c3 0 0 .3 70 . f -.., () snoo .. . 
,in~1s e<::. r '..'575 1T5. 1 1)0. ? ") '"' .. 

·;:-·.r KC3 172 . 5 175. 1 < . r; . 
·.:575 S0 . 3 ~ )C' . f 1 ,. r • ......, 

I .SD (0 . 05) 
........ ~ -l(· 73 . 35 /I-~ . 3S -,r . ') 1 ._J,,.. ;.. 

!";'.:.'' c tion 

* For popula tion 3, poo l ed f or beth v~rieties . 

- 1 - 1 
~c- . i~2.. • Cr_·:l • • ~ccordi~~ to !no~i~ '~ . ·, 

(1 971) this rc!>r c::;cnts a.n cf:.'icicncy of conv 0rsicr. of Lb~ ... ,~· l;r·c1 !': . ") ~ . .).~:/'.:.:. t~c ­

<::.Jly <'.'..ctive r adiation of 6 .1 ~ in t his c~vi'!'.'O::f'!e~t . The r:; ;: ::~u!:: tot::l < ',, ;, 
- 1 

prodl:.ction of 25 , 500 !\g. l:n corrcs ponci.s npproxi~;!tcly ::i ,_,. · r. ··~·:: t." ~ 

efficiency of conversion o:' <;.bsorbcd n,m of 3 . 0.-~ (Loor:.is ·""i. ·11 , i c;71) . 

In terns of total dry weight the late v oriety 1·1i th its hir;l-:c_- rn.:• :-: c:-( -

gro:·rth rate cle:i.rly utilized incomine radiation norc: ef:.:..c:<n"'.:l:,r ti.'c~ 

KC3 during the course of the crowing season (cf. Ustcnko ..-,r.d '!a "'!~ov::. , ~ "G7\ 

t .hough this r anki ng may well have b een rcve:rsen if KC3 h:-td b--cn ;ibnfr 1 .-.-;; 

a population producing a r.1ean LAI equa l to tha t displayed by '..'575 ( "';c · ".. i ., 

4. 2. 3) . In terms of frain production , both varieties utiljzcd i:cc~jn~ 

radiation with a siriilar efficiency , KC3 havincr the advanta.ce at . :.::: 

p1ant densities . 

4 . 2. 3. Gro 1·1th Analysis . 

Gr o1·1th analysis a ttem1)ts to relate the i ncrease in dry \·TCi ch~; .)n "­

per plant or per unit area basis to the efficiency of the photo3ynti.c:t.:.c 
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systcn (the unit l eo.f rate) , and to 3ome r:;cr.sure of the size of fo:1 t 8y.;t<:m • 
• 

~sing t he notation of Scctio~ 1. 2. 3 . two gc~eru l rclation3hips 3r e 

r ococni zed, viz: 

Cr..] -- ;-;; . !AI 

RG:?. -- :: • L.\R 
( ::; :i !": -:l c ;1 J.r.n t 'l1l ~- : · o~.c1:) 

~here LAJ = SI A. 1 .1 . 

. ; further 

llho tosyn ti1etic u.rcnG hQVC eri;,.:c.l ?rOducti V O c:,;K:Ci ty . 

is i: . 

T ; 
l. (.. • 

.·: c 

... , . 
•-J 

olr. leaves 3 r C lees efficiG::: t rho'!;o3y;ytJ1cti CQ.:_]y •.: .:::-. :rr, ... , -~.::: '.' • ~; , t'. ' ;r: 
t:-.'.) jnfluence or a:;o on l eo.f efficiency :::.p~c1.rs to .)) l;,;~ :.·.ri: 

foQD in n ;cny other s:1eciec (::o8s 0· Peaslee , 19 65~ . L'<.f ::::10 ~i.: 

. . : :;u 

[il""e pro "J:'l..bly l ess· cffic icn t ~er unit nr cu t}:c..r1 lt\r.ij nc.~ . c .. ;~~ ~.:t ~: 

U.o Co.Ge ~:itt br: r l cy ( 'l'hornc , 19 59) . 
~ ' t 1 h .... ,_, t. .... J" . .... 1 11 ( 1 "70) o:. ·.;o a J1 o ... osyn ... nc J..C .:ire.:i , ye ... . . i ~c.1c _ ') st<...tes tr.:.L t:. ·, 

.. • • .l r esponsible for 6-10~ of total photosyntha te, t he i nferencr hci:.~ 

they ore less e:!:'ficient t hc:m la'llinac . Orientation of :fr,otos:·r.t~·.ctic 

~ .. 

s u:rfnccs obviously plr:.ys sor.ie p.:irt in t his case , and !" i ".;c~ otl ' s :3t·1~.c:-:c:nt 

is not accompanied by supportinc <la ta . 

Thus lecf are.::t index, 1-rhile a useful quanti t~tivc r.:e·:Ju1·0 o.' cr:.r:opy . 
'• 

size l a cks 1u:ili ta ti ve definition ':lhcn used as t tc so l e 

size of the pl ant photosynthetic system . Reference hnc a lre."!.dy :. 

to the effects of neglecting root v1eight data in g ro:·rth :lnul:fsis . ~ 

must the r efore be with these limi fa tions in mind that crowt li ;:r...-~ ::·.:;:..~ 

is used as an analytica l tool . 

The waJS i n which crop growth r a te chance d with time have b • 

to previously. '1'1arly trends were dominated by a rD.pid . rise in ::.c :.:'.' ""'"'..,r' ': ....... .... 

index (Fig 7), while in the phase of declining crop gro·11th rate I.!.I u-.s 



ccnerally stat i c , o.nd E declined as the l eav es e~ed and t he l evel s of 

r P-diation rmd temper ature fell (Appendix 1a) •. The higher ~verage CG1 of 

·,.,•575 t!:rouehout t he period of ac tive c rowt h was. entirely attributable to 

t;,.,., c~;nsidcrable o.clvo.:-it .'.'r.;c in .: ~cnn Iu\J · enjoyed by this v:uiety throueh out 
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-:::.c-:1:.: ic·u:.t v :::::- :.et:1l 0:.::c:rences in crop crowth rn. tc rir ior t o , . .; l~·ing 

~o >'.)n~~cnt v· l r:~:1bk , a~·cl its val~Je is itse lf infl1lcnceC. by 1/J.. . ThiG is 

<' "~·"'!':: · ,:::-· '· 0 d bv t:ie diffc!·cnccs i n 1Jnit le~f rate induced 'l:Jy intcr:--~·-!1 t 

·,~ r - .. ~ .,. f, "".'" 
• ~ • .. . .! ...... 

'" '·-'-,....1- r • n70) hi·.L ' ·hen i· "' • ~· v o1. ,/ ' I _,, J .._ 4 !.,.. , I J.J. • ~ J : I 

p:::-inci~ally the r esult o: d i ffe r ent 

the ::'rcs~nt study , pol:,rnoni <. ls in LAI Here 

3ec~u~c r.ican LAI val ues c-:: tl:e 

~;: .rr i.r·!:-tct::.c~ differed con3iit:?r~1"'::>:y nt sil1cing it i s rcc.sonci.b le t o s;.: ,·cc~; 

1ir.c ,.., r r cr:rcs:;ic!r.:> of ::; on L'.I b diffc:r in slo::;:ie . ~evert:Coless di:"c :::cnc es 

-· .. r · c ""i ,...~ ( ~ · 'T' -" . ...;,_ '-'- ..... -...) · ~· _J -

sot:r:::t by 

"~ '.;}-,., ~--::o v~,:ric-'::ic~ c.t .,_co:"~· :-::ble level of ,.,utu11 l s:O-.rli nt:; ( ~ :"'.' = 2 . 00) 



TABT,:2: 4 . 5 

~·~ .. ~3 
1 

Unit leaf r ate and leaf e.rea ratio when LAI = 2 . 00. 

(E obtained fron fitted curves . T,AR obtained from act')_.s. l 

values by line2.l' i nter uoln. tion behreen day 44 G.nd day 55 ) . 

Spc.ci~g 

2 3 4 5 r.:ean 

11 0 

.. --
., 1o. t,2 12 . S7 13 . 55 1 2 . 51 n . 20+ 13 . ~. 5 . J 

~JJ':.I: ['.) . 53 111 • 58 1;7 . 25 1 :z,i_ 73 132 . 67-'- 113.~~ 

): '·r '':> o 48. 0 1 .. 7 . 8 44 . 0 42 . c;-: 4'; . ':' . -,, )(_ . j 

. 
-575 S.?--'1 cine 

, 
2 3 4 5 I· .. C['ffi I 

11 • 05 1o . 26 10 . 54 1 5 . 80 11 • 64 11 . 86 

T '.J. 120 . :;3 1 31 • 93 12Ci . Uc 140 . 07 13 6. 09 1 31 . o~ 

) ' "tr . , ) I, 7 . 2 !i-6 . 8 L1,6 .t. 46 . 2 11,4 . 8 46 . 3 

:-:.ri:)on of Vo.rietal Ecnns (8df) t 1 . 010 hs 

t 1 . sc;3 ns 

Days t 0 . 509 ns 

4 bcc:~.use of 2typicQl ~ '.t~J.u.es : 

E -1-
v = 1 . 9c;7 siG"nific ~.!l t ~ t 1 o~~ l eve l 

II .. ~ J. = 2. 043 sicnifico.!: -t :'. t 1 o:--.; level ~ 

D.' '.?S t = o. s1i 1 ns 

Co.no:;Jy ~fficion cies r.c.y be c or.:inre d by c~w .. "'.'ininc the decline 

~ .:,I incre·cscs ( :?'.J. t tery , 1970) . '::~~-:inp: the ~eo.n vnl ne of E at LAI = :.-- • :ic 

· :- 100: ~ , Ent L,~.I = 4 . 0 (fror.l Table 3 . 6) 1-1as 50 . 4~~ nnd 50 . T~ for }~C3 -'.lnc 

· ·r;'7') r·Js ~ectivel::r, indicc.ting t~ ,..,_ t no cros:> difi'erences in canopy strvcture 

c::i~ted 'oeh1ecn the vo.rieties c.t that r,r o ·rth staee, anrl over thc.t :c-:lnce of 

,,\I. Simulation studies snG~cst (Duncan c t nl , 1<]67; Dunc."n , 1971 ) t~1A. t 

the influence of leaf angle on .rroduc tivity is sl:icht at these LAT. ·: .>cs • 

. '\ t comparable cro·,;th s t2cos , leaf nr ea r ntio i·ras consisten t;:~- ~ c:::;s 

or KC3 thnn for ';/575 (Fie 1 0 ruld '::n ble I). . 5) . Since , as !·: cCl'CC ( I<:' rs;~ 

oints out , ,.;:hole p lc.nt res:piration is made Up of a CO!r!ponent pro porti.ona l 

'-o current photo syn thesis ( which is equa t cd with tota l leaf a r ea i n c:-owth 

: '~:."'.lysis) nnd n cor.rnoncnt proportion.::.l to the total HCiGht of t he ~' "..< .. nt , a s 

- .'. l f .1.lls so the rat io of i.·r:i.ole ;:iJ.r.mt ( r~spiration/photosy:r.thes i s) increases . 

This sucr;e:::ts thc. t either the unit r8spira tion r o. te or the root t o shoot 

:--:..::.. o o..: KC3 H.'.ls considerc.bly 101rcr than thut of ·.l57) , or thnt t're gross 
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photosynthetic rate in KC3 exceeded that of W575 by ar. even greater margin 

than did the unit leaf' rate. All three alternatives are possible. ('!.'u , 

1971; Weihing, 1935; Heichel and !.iusgrave, 1969 respectiv~ly ), but the 

latter seems the most probable explanation. The positive re~at ionship 

between leaf thickness end net pl:otosynthetic rate which has beu_ reported 

in Loli um \';','ilson and Cooper, 1967) offers a possibie e:>..-plru1ation of these 

differences, for, with the exception of the period o.t tassel :int . ::c3 was 

chr.iracterized by thicker leaves than w575 at comparable growth s -:;a.i:;es (Fig 5 ) • .. 
Relative values of leaf thickness may however merely reflect the ~evels of 

mutual shading in the tvro varieties. 

Because unit leaf rate represents the quotient of t wo fittec ~olynomials , 

variation in the value of E may possibly reflect variations in t__~ curves 

which are properties of the mathematical expressions rather than '.-.nvi!1g 

any physiological basis. The reliability of the estimate of E dcp.::nc1s very 

much upon the e.ccuracy with v,rhich the two curves of v1eight and leaf area 

describe the raw data (Gandar, 1970). It seems probable, hov:evc::- , that the 

delay in the seasonal decline of E with time observed among KC3 plants a.t 

the widest spacing reflects the influence of increased sink capacity upon 

unit leaf rate. As noted previously, the l evel of intraplant co.:.)ct ition 

appeared low among this group of plants at sildnp. The increasinf 

demands of the developing ear during early grain filling appeared to r aise 

the level of intra.plant competition (as shorm by the halt in the decline 

in specific leaf area in Fi g . 5) uhich possibly resulted i n an increase in 

unit leaf rate. The phenomenon of apparent a.ssi~ilate control of net 

photosynthetic rates has besn observed in maize and other species 

previously ( ~·;eales and Incoll, 1968) . In view of the rapid fall in LAI~ 

during this time, this may reflect a considerable increase in gross photo­

synthesis and/or, root to shoot ratio. The absence of any c.-:mperable effect 

among KC3 plants at higher densities is consistent with the higher basal 

level of intra.plant competition present at higher plant densities . 

W575 showed a ;:iimilar effect, but less marked and less affected by 

plant spacing. Such a response seems indicative of some stimulus ~)en 

unit leaf' rate provided by the gi.~owing ear against a background o:' elree.dy 

considerable intra.plant competition caused by a higher level of mutual 

shading and more rapid vegetative grovrth in this variety. Al ternativ _::_ __ , 

this apparent varietal difference could reflect some difference in si~: 

gradient towards the ear consistent with the observation that of' the two 

varieties, individual plants of the early variety sustained a. more consist­

ent level of reproductive growth over the range of spacings tested. 

Trends in relative growth rate can be analysed similarly. The small 

but significant RGR superiority of WS75 during grain filling was due to the 
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ln.ree differ·encc s in LAR between the varieties which more than offset t:ie 

louer unit le<!.f rate of :;575 during nost of the t;rain filling period . The 

l'•rcc v:irict.:tl differences in J"Lil thec::sclves arose f::::-o::n substantio.l 

d: r:c.:-cnccs i ;: the ?roportion o:· total shoot weic:i.t nade up by the :1.cr:.f 

-- ,.. c -'-1" '"1 ( "7i "'" (, \ .,..., ,1 ., .,.,...., 11 
.. - v .,. ........ 0 "-"/ ' , .. ,1 ~ .. v.-t. .. ..i.. e:iv: :-> t•:.t;e to ·:575 in s pecific 1,... .-,-"'J. ..., ~ " r ·-..: · -

vu ( _c"". , ·-._. 

:-· :-·•·:1ctcrc c o:tlcl be 'Jrcd.ictcd f:::-o:'.1 c.'.lrlicr obsc:rv'.l U ons ~: ..... ..- t Lf.R an~: TJJ. 

The inc:-c."'!::-c 

5) . 

fr. r.: ..... ·.:· ::.; .'.'..1-:ios t :.ir'. td1ed by n. f .:.11 i.., :::: , the net result being a nonsicnific-

r ... ·~~ .~ . .... ~ .. ~"."l,;_n __ .rl• 11 i' nc (Tt'; r- 1 "c' - · - • --· ~ .• , • - I • 

0" 

o: lei::?.: 

..... - . '\ • ) , .. - ..... .. info - .. .. ·.~ "'~ 

It :.s 
::'.-' , .. , . ..,_twt r•7Cr >" ti-e fro::- f10\·:•...,:::inc to l":)~l turi ty, t~u>.t i::: t!:e '.Y' -~ 3 

of '~' .0 G!'~~in lcn.: r-.tio , G, ·;ro"c~;cd by ··l<:bon ct al (1C:-6::;; . 

I:-: t': i.s cx:;icri~'c:tt t!1 c r.co.r vr• luc of G for I'.C3 Has 110;"'. hiehcr -'.:!1:m 

-;;·, ... t of · .. :575. Thi::; diffc:'c":.cc c:;<.ild be rclntcd tlircctly to the h;cher 

: . ~"'tf:c v:i.l·ic of :.:: ( c: : 01· "S3 H '.'.C ·1 sicnificnntly cxcncdcd tk~t of ·:575 

·:··-r: ·:t lc ...... ct 25 cl:.y::; to 50 t'l .. r-yG ·1ftcr cill:ine. 'l'hi::i diffc:-0ncc bch1cen 

~: c v;-.rict~ oc 't:-o~c .Lr01~ the ~ :.J of r r;3 beir.e 63;"~, but tr.c E;rnin . · eld 

· .,.. :; .... : !.?P:, of co:-i.p.'.1.rP.blc ~·T575 vn>1c8 . 'i'he shallov l)CD.1-'.; fo G ( Tabl~ 'j , P) 

"':>:;rorved in l)oth var i c ticz ~ cro:;s the ranee of s~a.cincz i'lf'8 'lrOb'lb- ;-/ due to 

":> ! 10'.; :·:--.rvcc t i!"'ccx of t~1e tillers ('!'able 3. 19) u1"ich ucrc plcn~::'..fc:l :~t 

- ·· ·'0 ';;'lc::..nc;.; (Tnh1.c 3 . 1P) . The yiroar essive f.::.11 in G ns :;il:-.nt c1 C'~1sity 
- 1 

be:ro::d I) r:· :i l .:mtc . in i::; nnnlagous to the 

· ~~ " (G, as l"nf arc~ i n<lex incrcnsed, lccdinc to a rice i~ the · 7~1 

or ,· .,.,.1 :;'1:1rlinc. 

r:i·1 c t"'':·~ o , ntc ·r ..... l·cs o:: :-: (r;' ·1"d G h.'.lvc little ·,·al1~e i,, cor::.-::.:-:l.sons 

bch·ccn s~cci e:i c:::- ::ictueen cnviro!L.'-:t"nts . Their vr.rinbi~.:. L"· is iricico.tive 
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of the ~;cnuous rela t ion.sh i p which exists between leaf area index and crop 

cra~·:t 11 r .'.1. tc during gr~in G'rowth, partic1; larly in naize i'1 1·1hich bcrreness 

c~- be induced norc r e2dily by mutuul shading t~an in thos e cereals ·~hi ch 

(v''.T thc:i.r trHi!1 i:n ter:-inn.l infl0r0sc ences .'.'1)0VC the l eaf C'lnopy ;'y:d 

110 th G end ::: ( G) 

':~:~·:::v· r hc.vc ii~r. ic· tad t::a.i; ::;or.:e di:ferc1~c c cxistc in t~c distribvtion 

(· ., ',o r1j f':'.:' or::.nc lc:vels of rit;t•,,:.l s!:.:>di !1e, or ;·rhether i t :::':Jflects :"'.ore 

> · ":·.c:1tr.l c?iffe~c•'cc:-; in distribution pD .. t-'.:er:-:s crini ne frol'l diffc rinc; 

. c- ·:· s of intra._:;l::.nt co:-:)cti tion o'r ci.:ferin,:; levels of sin1::: '1c r11tiness" 

'" 'C• ~ be clc-'.:cr:-::ir..cci fron those C.~"t.2 . Considerable v o. ri ct< .1 dif:::'e ·c~c~·::; 

In S'): te of i to lirni t.::tions , cro:·rtr an:t l y sis ha.s pr oved useful i n 

"' 
.... ,..7 .. , ., ~ ~'l r .... ,.. ... ,. 50 c' ....,_~tG -:~ 70 ,-

~':: f; 
•') .f'.L..,.,,.... si 1. ~-:i Y'r; in ~."575 • So:isi .~.:- ·~ J.. -- - , J 

' 
' ....... l-- \; --

,.. .. ~ , ; t!~ r,~· ' ... ?":.I; :\1-·)1: J • .; _.,,.. ( ' r"'i ns J.; · r ~ ,.. .1. ~ ... (' ~;:..:.~ '.? ·-.·rc:n - (~) ~--A tu:-:._ r ,~ ' - I ~· .... J -
•· ·l'" 1· .:... .... ·~..: ... ;.., ·· ··AJ ... ri ,,,o r: ......... ,c;· -~ ~- ... .. ...,--:; ., (,.,_, ,...~.·cc0 ": i~ , .. ... , .r(),.... ,'"' lo.""'.· ...... _ 

····--··"" .. ~·- ' ··· ' .. .......... . _~ .. - ,,,.,. ' .. ,1..;.;, ......... ..... v .. ,_) -~ .t. - ... ...&. -

.·r··ctions (?ic 13) • 

. \ bn.ln.nce shc-;t of lo:::.:scc in dry ';'Jicht fro: ::rnn-c:::-<~in conpon·-

< fir:·- 1 G:!.'t:in :ric ld ~·.';!G hichr>r for !:C3 tb:n "!575 , <.Pd -':;11;. t this ""T0:10!'tion 

· 'C!'·"" · ~ eel c ~!"\::;f::;tc~:d;ly 1;ith :'l:l::.-1; po;'uh ti on dcr..si ty until 't ~ ·the riches t 

· ·i.~;':t 1.t )C'~t.il':in.::; . 
,, 

~~0 corYcs:-11n·iinc-J:; c ons::.stcnt rc::;:;''.):>::>e to cro\:ding 

·· • o t::;~1:vcd in · ,•575 . 
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It is nn inte restine and pr agmatic hypothe:;is to link t hc ne observat-
. . 

ions in a cause and effect se,,uence, and propose t hat t he hit3k nd stem net 

as sources of l abile reserves which nre mobilized under conch tio:-is of 

internal str ess impooed by ~ra:i,n filJine . It mud be notNI '1m:r v P. r tha t 
. . 

exchanges of assimi lates with roots over this period are ur.:·:101·n: , t} 011ch 

some root grow.th has been r e ported durinr, erain fillinc (Fob , 19G2) . 

Acceptine a fiffUre for the conversion of reserves to c71ir. of O. 5 
' I 

(Duncan ct al , 1965) , u maximum figure of 13.7fa of fino.l GI°''in ~-::_ nl d of 
. -1 · :V.C3 a t 79K pl ants. ha may hnve been derived from reserves ~·obi ~i:; rl frm.1 

the remainder of the plant shoot . The correspondinr; me ~,n v-.l.ue::: : , r r c3 
and W575 are 8 . 4~ and 4 . 2:-& respectively, and arc similnr to tho::1c fo1md 

~lsewhere ( Ki esselbach , 1950 ; Dnynard ct a l , 1969) , tho_ur:h sor.iewh:1t lenc 

than those r eported by Adelano. and Mi l bourn ( 1972 b) . The e s ti ~·' lt1 :J of 

the contr ibution of mobilized assimiln te to c-rain yield in t 1.e .r •':'•'n L trj ~-1 

a r e conservntive. The last 5% of total erain yield thus f ar u~:·tcco•mtcd 

for was almos t certainly not derived from current photosynthcsi i; , in vlP•r c:f 

the continuine decline of stem arvl husk weieht beyond the ti? .c .::i0n n:;~ 

final grain y ield was a t tai ned (Fig 13) , and the rapid ccne r;c·encc nf Jr,.,f 

area close to this time (Table 3. 7). 

Varietal differences in the pattern of dry ,.,eight lo:;::; fror· r. )' - ..... :.in 

shoot structures nay reflect differences in the rr? obi li ty of r0:· v ' .· , r-

differences in the outconc of co:npeti tion for veeetati vc ...... ~ J r • - ::·o: ~ L \. · 

growth in the two varieties . AJtcrnatively , they may indi c~~tc f .- ~"1 

differences in the ability of the dcvclopine cnr to aLtr.:i.c t <.:-;:Jj·; · 

differine costs to the r er.1aining p lant structlU'es , so that e:' r .-.~ 

maintained in high densi t y r C3 plants at the expense Of the lOW 1!T 11•:.f 

reserves , and consequently l eaf area (Fig . 4) . 

• I 

The anomal ous los s of cob dry weight from 't1575 nt tr.o uide s.nc~n r; 

( Fig 13) i s in part .an artefac t of curve fitting (Section ~ . 1 . 2) . 1 

tentative expl anation is t hat t his significant loss of wcieht reflected 

high l evel of competition between developine ear s in plants which o. t t id . ..; 

spacing were semiprolific in habit , and which led to nn increased nobi.li:-:­

ati on of cob reserves . The loss i s greater than that r eported by !"noon 

( 1967) , who worked ui th a v ariety of unspecified pr olificacy . 

The length of the period from silking to 955~ maximum erain yi· - ' l differed 

by 11.2 days bet ween the varieties (Table 3.7), and i s cons i stent -.·i.th the 

suggestion that l ate varietie s have a longer grain filline peri od (Gunn & 
Christensen, 1965). The average length of the period of erain fil J ing 

c onsiderably exceeded the average length of time required f or grain filline 
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in t he United St a t es , ( J{ iesselbach, 1949 ; ~haw & I.oomi::; , 1S'50 ; Hill son 0: 

Penny , 1965) and is more comparab l e to that found in Rhodesia (;. '.mf"on , 

1967). This is consisten t with the t:,rre a ter loncev~ ty of .the lr.:1vo::; 

(:::>ection 4 . 2. 1) . In the :pr e:->en t trials the fi ttcd polynomi :_J.::; ,_~ r·ra in 

wcicht on time indic .~ted tha t the r.iean periods from pl antinc to 1 r.~~ er;' i n 

fillin g were 155.0 dayn :mcl 169.7 days for l~C3 nnd ~:575 re::;-0cti.· 'y . T:he ::; e 

were 21. 8 d n.y:J and 16. 1 d:iys r c::;1)ectivcly nf t e r 95~ c ompleti ·n c · T : i.·1 

f 1. lline, i. e . COn3idcr r'.bly lon t:;er thnn the 12- 13 d . .,y::i rr.:10r lcc'I ·,,· • 

Iii llson and Penn y (1965) in the U. S . A. 

V:•r~etaJ differcr.ccs in f i n.:i. l mean cruin yie l d ;'e r 1.1n i L ~~rr. ·.:·c 

'1.lmo::;t entirely d11e to differences in t he lencth of t he cr:_i ~• fi l li.nc 

period , as the me.:.n crain c;ro:'lth r a t e over t he cra in fi llinc ;0ri od 
, h -1 d -1 -1 d -1 
, ~r.;. a • ay .:i.nd 130 ke. hn. • n.y f or KC3 nnd '.1575 r c ::;J_i(:c tivr ~:· . 

11.: ::; 1 '>7 
,.,,·, .: . 
... i I~ ._J 

confirms that V'lriations in maize crain yield i n any ::; i nclc: envi r(irn1cnt 

co.n be principa lly rcl:.ted t o t he leneth of the cruin fil l :ir"_; pc:ri ocl 

r a ther them the r ate ·of filline ( Hanwcy &. Rus sell, 1969) . 

4 . 2 .5. Yield nnd Yie ld Structure. 

The average cr.:i.in yie lds of both v.:-.ri etie8 (e<J53 l:c . h.'1~ 1 dr .. ; ; 0jr .. ;lit or 
-1 . 'ff - 1 . - 1 151.8 bu. ac n t 15 . 5, ~ I.C for I~C3; 10076 kg. ha or 170 . 8 ~-- 1 . ac 

r es pectively,1for '.1575) a.re hichcr than av ero.cre for the d i :::;:r · ct , Ll.0\:('.'h r.o 

a. llo\mnce for lo::rnes of er:ll.n durine harvest is mnde in t 11i . .> ex: ·.:~i -:-er. t . 

It is, however, obviou::; that naize c.:i.n be erown succes :::; full~' for ~r .in i r. ~'.:0 

Nanawntu . 

The relative values of the y ield components ( Tnble 3 . 11) a rc o •r· · ·~ri7c~ 

in Table 4 . 6 , and indica te the source of yield diffcrcnccc . ·:[.-:.' .rnr.br:r fl' r 

plant was tho prir.i nry oomponont pri no ipu.lly roeponoiblo f or Ll•o ~:jcl1l 

superiority of ;·!575 , and it \·ras in the incidence of second cn r s on t~w :-ai :c 

stem tha t the varieties differed most . Nonsienific:mt cl i fferl"nc c:::; i n t 1:c 

r emaining pr imary yield components accotmted for t he r es t of t he yi r·ld 

differences . The small advaritage of \/575 i n weiB"ht of rrrnin per ,..,._~. " 

from a larger number of grnins per ear v1hich more than offset t r:.- ·· : 1 ;,r 

lower wei ght per grain • . Within the ear , the number of r m..-s of c;r · .~ !: .:, • , 

simil a r, and the greater number of grains per ear found in \·/575 ::r e ::i-· f r or1 

a significantly grea ter numbe r of grains per row. 



116 

TtiBLE 4 . 6 Stnnmary of rela tive va l ues of y ield ancl yield c o: poncnts. 

Variable 

Gra in. nr cn - 1 

T'riMnry Components 
- 1 n1ants . :irea 

. - 1 
.~n. rs . plant 

Gr ::iins . car 
- 1 

It. erain -1 

Sec omhr;y Components 
- 1 Grain. pl n.nt 

-1 
~ars . area 

' "t . -1 ·, • c-r a i.n . ea r 
- 1 Rows gr uin. ear 

- 1 
Grains . row 

Varicto. l I-:cans 

KC3/ W575 

o. en9 

1 . 000 

o. 901r 

0 . 940 

1 . 027 

0 .873 

0 . 930 

0 . 968 

1 0024 

0 . 9 18 

Compar ison 
Popula tion :.cnn:; 

KC3 . 39K/79K · . .r575 . 7.()" In .. ) t. . J 

O. G13 0 .750 

o . ~90 O. t, 90 

1 . 065 1 • I, 3 1 

1 • 100 1 . 032 

1 . 061 () . 'l ~fl 

1 • 251 . . r ·.:1 

o. 521 • :r'\-:> 

1 • 174 1 . 070 

0 . 985 1 • 0'">() 

1. 117 ~ • 01 '3 

Ti ller s of both v ::i.rietios pr oved to be hitjhly ineffic)cn t 1· · -- 1 ~:-i 00· :r .. i nc 

ntructur es in their O\m rigli.t (Ta bles 3 . 12 ; 3 . 19) . The hiGh inci -:r:-•cc of 

sex reversal apr arent among the tille r s of YC3, :ind to n len:>c r d"J(7cc j !: 

t he other variety, was a con tributary factor . Allowin~ for t liic no-.rcv cr , 

the 10% of shoot dry matter diverted into t iller production n t Cc-.; ..... ~' .1· 

could well hnve been deployed in main stem struc tures . Sit11;1tion.~ ·.:: CTC' 

tillers may prove useful, such a s when t he mnin s tcr.i i s 1md.·" ::' :JC\"C'·• ' . ~ r r·c:­

(Loomis, 1945) , are unlikely to occur under the c ondition:; o " l o·.: 

populn tion that promote tillering. The most efficient plnn :. habit.. .. """.in 

pr oduc tion in maize , as in whea t (Donald , 19 68 ), i s t he uniculrn or.0 , 1.n,! :t 

hiffh incidence . of tillers indica tes tha t a higher plant popu l:: ti ;::-. ' ·· l 1 

have· been ~uppprted (Dungan et a l , 1958 ) . 

Perhaps the most remarkable va rietal dif ference in y i eld struc b:rc 
( 1 

was the manner in which grain yield per unit area r esponded to incrc .-c·1 

. p l ant population (Fig 15) . An increa se in the pl an tine dcnsi ty of ".!575 

was accompanied by a diminishing increa se in yi e ld pe r unit are<... , >1he r co.s 

the response of KC3 was much closer to a lincn r increane in y iclr. ·er uni t 

area ov er the range of densities tested. Analysis r ev eulcrl tha t · c c~. i ef 

v arietal difference l ay in the change in ear number per p l ::i.nt . ;·,,. :nc f r om 

low to h i gh plant densities , W575 changed f r om a nemiprolific h abi t 

( Tabl e 3 .1 2 ) t o a s tri c tly s i ngle- eared habit . I:C3 maintained its s inr;lc­

eared h abi t a t all p lant densit ies , the changes in yield per plant in t h is 
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va r i ety nrioi ng principally from a reduced yield per ear. The fall in ear 

vi'e i eht i n KC3 ,.,as due t o o. reduction in weieht per grain ncr. o:::pnnied by a 
• l a r ger reduction i n gra ins per r ow. The fall i n ear wejcht in '!575 was loss 

than that of KC3 , and was broueh t about by a reduced nUJ'llbcr : f o·:-tlnc r er enr, 

in which both r ows of grain per e~r and er.:i.ins per r ow uerc rod\. c 0d . 

Intr ap l ant cor.ipeti tion during c;rnin filling a1nc:· rcd t l va rj '1i th yibnt 

spacing. Using weight per e r a in and e-rni ns per car as nn inri\~X o:;.' :.n t 1' 1-r.al 

co;ipeti tion f or assi miln teo , intra.p l ant c ompe tition fr om floret ini ti:\ Lion 

throueh grnin fillina appea red. to be m)ninal at 50 , 000 pl ..... nLs . !:n- 1 i n 

both vn.r i eties. At lowP.r popul n. tions c or.rpcti ti on he twP.rm c·1:-s e r:. t 1H~ s·1r...c.l 

p l nnt was suffic iently hi[;h to im pose an internal str e::i::; on t he -:- l ·111 t 

CODpar a ble to thnt experienced by plnnt:J bcnrin;; ainclc cars ·i t 1:"c}: ~ ;r;'1n ~· ., 
plant densit:lcs . This h<i.c b een noted before in r:iaiz0 (!r1.~ync :; n:. --;;t :.,TCl , 

.r956) R.nd whea t ( :ruc kr idee and Donnl<l , 19 67 ) . Donnld (1963) :.u, ;r,c ::t :.-: 1.:.: ~ t 

i ntr a p lant conpetition is high when interplnnt c or..icti.tior.. i :J Jo·.- · ::cl t;d ::; 

cxperir:ient sup~orts this suGgestion . However , con tr:try t o Jon~ " , ' .. 

!'OS tula te , yi e ld pe r unit area wr:.s !1.Q..1 maxima l when in tru::-i l~; .. t c c ti 1.i on 

was at i t s lowest level. 

development inter ac t ion, for by conparioon with Y.C3, i ntra; l · n t c ori.") c• t ~ ·v on 

appeared to be higher at cilking in 1'7575, and loNer durinc ~:h r:- l:'"; L<"r : i ·:s r>c 

of rrrain filling ,. as wcii;ht pe r e;r a in a t the hi ehcs t popul~ ti on of rr:3 was 

87 . V that obtained under minimum intrapl o.nt compcti tion , c o: .pGr r··' ·.·.i tl. 

93. 7~~ for ':!575. This pattern aprie.'.1.rs to be chnracterbtic of sc· ~ ·r o~-: fi e 

nnd sinele- eared va rieties when under populnt ion strc~;o (B~i rlcy r L ·, L, 

1966) . 

Corr~l:i Liona df yl~ld pcl" plant with c omponents of ~1 ic1d h · .. r· 

previously employed in an atterapt to identify f actors l ini. t fo c; er·· 

( Hatf ield et al , 1965) . I t must be empha sized tha t such correln L i ~~. 

impl y causal relat ion::-;hi ps , but merely indica te the dearec of v::.r) < '..:' ,..._ 

shar ed by both v a r iables . High wi thin- srunp l e variability \·rill r e ·J 

vo.lue of the corr elation without in any way ~ffecting existi'-1.c biol ·i.(:' l 

relati onships . 

Yield pe r p l an t i n both va r iet ies was only weakly c orre l ated \·:i th 

weight per gr a i n , suggesting tha t f actors limi t i ng the co1!1plctenes " of 

fill i ng of i ndividua l grai ns pr obably did not r estr ict yield per plant . 

Conversely, the high corr elati ons exis~ing between number of £rI'.'..ll nr; :icr c:i r 

and yield per plunt i n both varietie s suggest that yield may have L.::en 

limited by grain number. Correla tions of characters wi t hin the e[D' indicate 

t hat row number in "1575, and grains per row in KC3,we re important determinants 

of yield. The poor statist~cal rela tionship between yi e l d per p l ant and c~r 
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number evident in KC3 seems indica tive of the smo.11 c ontr .ib·: t ion of second 

ears to yield in this variety. The reverse is true for H5]5. 

As plant ·density increased, a pa t te rn consi s t ent with <:. increas i ncl y 

r es trictive number of sites f or g r a in fil J ine emerced , SU[,"·":· t.i n r~ th<: t t he 

r eduction of ea r number n.nd crains per eo.r in r es ponse t o : l· 1nt :lo;ml a tion 

i n t he presilking and ea rly gra i n fillinc- periods (Prine, 1<) 71; :L!~lynard , 

1969) wno excessive, particu l.::l.rly at high p l o.n t donsit ics , i n vi r ~r of t he cood 

c,Tain fillinG conditions th.:J. t we re to 111 te r pr cvo.il. 

Exnminn tion of cob l eng th do. fa (Ta ble 3.15) r evealed t!-'.~. t 1 ~~~ of t he 

cob of V575, r epres enting t he dista l section, did not boDr · rai~ . The 

C01'1pa r able fi g11re for r;c3 \l.'l.G 3~, sue;r;estine t hat reso lvin ~; Lho .~" , ,~ ,"!:~ of 

l a ck of fertiliz a tion of tip kerne l aborti on ( Dayn.'.l rd, 196')) arc· 1 • ·:cly 

to benefit U575 more t han ICC3 in simil .:i.r circumstance s t o tho~o :: ~ l'! 'c~:;c 1 t 

under di3cuss ion. 

4.2.6. Pl an t Density Efr.ccts. 

The influence of crovrdinc upon some pl an t ch .::ir.'.lct c: r i stics :.· .. 

di scus sed concurrently with o l;her da t a , o.nd the cener n l c f 'r c t ::> o.:.' plant 

density upon pl a nt cor.iponents and pe r f ormanc e o:' t he h ro v· , ::c' i ct .::.c:; 0x:,;:i.i.;.cd 

a p-::ieared to be c on si s t ent with t he ir diffe r enc es i n s i ze at :.ta ~:1r i ty . 

Cons e'luently, a t any s i ngle spaci ng in the r o.nce t c3ted , ,;57 5 ~1 1 ulcl be: 

~xpected t o i nte r act more s tr one;ly wi t h i ts nei e;hb om·s t ho.n '·:ou:'..d I:C) . 

Cooper a tive r es ponses to p l ant i n t e r action s )1owe d v ;,.ric t ;1 l r1 .i.'..·:c r e:nc0::; . 

Uhi l e pl ant s pacing had no sie,nificant e f fect on stern l enc th , it ;,:;_ cl ,_ 

c ons iderable influenc e upon ear he i ght (Tabl e 3.17). The incrc .. · · 11. o .;' 

he ight wa s grea tes t ( absolut e l y as ue ll as proport i onully ) i n 1:c .. , ~'r·:.ci1.i: . .=; 

55% for t he t hi rd e a r in tha t vari e t y . Alm ost nll t he e lo 1~,-:; · : ti o:1 :,ucJ: ,1l: ce 

in the stem below the third ear no de, and indicated t hat of t he h 10 w1r ic ticn 

t he prolonged (or renewed) i n terca lo.ry growth of KC3 wa s t he r.ior e a cns i tive 

to the light regime unde r uhich the plant was gr ouinG-. The ab senc e of a 

significant increase in stem length a t high plant dc:rniti os i n di cates t ha t 

considerable telescoping of in ternodes above the eo.r !ms t ho.ve occurrecl , 

because the number of the node at which the ear was a tta ched was not 

affected by plant spacing. In this respect KC3was :proportion o. lly t he 

more competitively agc-ressive of the two varieties during t his ph;:se of 

reproductive growth. It responded to crowding with a com::i dc r ab lc 0l01~1~a tion 

of the lower stem, which moved .the ear (and leaves nea r t he car ) c lo::.: r; r t o 

the . top of. the· canopy and to the light source, and thus pr oba bly i r.1p roved 

t:t:ie 'nutrition 'of the ear (Eastin, 1969). 



Times to t asse llinz , sill:ing and nnthesis (Table 3.2)• wcrc {';er:crally 

delayed by hieh plnnt popula tions , the delny beinc c-rontor for '.!575 than 
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KC3 . Expr essed as days pe r 10,000 p l ants. hn-
1 

over t ho range of de nsities 

t es ted, a veras e delays in t asse l emcrcence , an thesis .X}d sill:inc ~·1ere : for 

KC3 : 0.35 day, -0.25 day , 0 .5 day ; for 'tT575; 0.7 day , 0 . 85 rlo.y , 0 . 7 G.c.y 

r espectively. These are some1·rhat l ess than t hose re ported by Dun;;-an et :il 

( 1958). The c onv ention nl increase (du Plessis &: Dijkhuis , 1967: no~ .'"!!0:1 , 

1971 c) in the peri od between an t hesi s and silkinc wnfi a ;:-i".-c r e:1 t ; r. r-:3 
t houch ~T575 exhibited tho r everse trend . It ap:ienrs that t.";;~;0. l (.IY.:~': in 

I:C3 from el"'lercence t o anthcsis was more rapid when witu.'.ll sh: .'linc H..-,:3 

intense, and may be .'.ln other nanif es ta tion in t h is vc.rioty of the : 11ord i.i-,a t o 

sensitivity of interca l a ry meristem a ctivi ty t o prev.Jilinc li .;hl: lcvo b . 

It is however conm on Jmowledge t hat tir;ie to an thesis is de :-o:-.. 1ent on 

ueather c onditions a t o.nthesis . The va rieta l interaction i ~. t he loncth 

of the pe riod from anthesis to silkinc , whi l e probably cenetic in ori cin , 

may n lso reflect the differenc e s in intrap lnnt conpoti tion bchre r;r: tile w:.rictios 

a t t h is time . 

Gra in y i eld do.ta shou t hat \'1575 was the nor e consistent of t }:c~ b:o 

va rieties in grain y i e ld per unit area over tte dcnsi ty r .:m[.:;i::: tc:>tod ( F.i [; 1 :.;) • 

The range of densities did not include the optimun p l ant ro;iubti r,n for 

gr a in yield in [C3 , t h owsh i t may have for 11575. In the H r;: t o_ 

t here seemed little point i n fitting yiel d datn to t he goner- l i 2._ 

r eci:!1roca l y i e ld density e quation (Bleasdale and ::e l der , 1960) . ' ~ (: , 

yield data were fitted to t he more restrictive (':Tilley nr-cl '.!oa t h , ~ " ~ro \ 

yield density e qua tion propose d by Duncan (1958). Extcn:::;ivc ext ~"- ;,ic':: 

was em p loyed in calcula ting population opt ima for crnin yield , :ma ·:. •> 

reliability of t hese estima tes is therefore not h i t;h . In acl 1li ti on t:10 re­

gressions of logarithm of gr a in yield per plant on density accounted for 

only 49~ and 4 1 ~ of the variance for W575 and KC3 r espectively. ;: ,:--Hcvcr , 

in the absence of better estimates, the calculated popula tion optima for 

grain production of 157683 p l ants. ha-1 (KC3) and 92125 p l rm ts . ha - 1 ('J575) 

appear to be reasqnable. These are generally hicher t han those currently 

recommended in New Zealand (Cumberland , Farrell and Honore, 1971) .:md r.:o.y 

in part reflect a high level of plant nutrition in this. trial. 

of whether t hese estimates reflect fundamental v a rieta l differences in 

population tolerance, or whether they merely reflect di fferences in 11 1...,nt 

size cannot be answered .With certainty. If it can he assumed th.::i. t ·:~: :or 

stress experien'ced during plant growth did not unduly affect t he r..un bors 

of· developing ears and kernels, or subsequent grain filling, it i s likely 

that competi t1.on during grain filling would be principally for lieht. 
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j,~af area per plant is the only available index of the individ ua _ !_)lnnt' s 

capacity to compete for light . On this ba sis, both vnrictic ::-. ex/-] bited 

similnr tolerance of crowdine , for leaf a rcn of the 1'1.n t urc I~Cj p,_:. nt W0.8 

58~ tha t of ~!575, and t he calcul a t e d op t i mum p lnnt de ns i ty fc :: g~· ~- n 2ric: ld 

i n ~1575 is 58~ thn t of KC3. If t he for c(;Oin G' is c or rect, it L- o"..;-.·i0us 

t hn t a t any one pla nt s p:-tcinc; u i thin nn d a bove t he r anGc t0 :._; t~ cl , th<: h;o 

v nrie ties were subj e ct e d to l evels of i n tcrp l nn t c or:pc t i t i on 1-rhi ch di ff crcd 

c onsider a bly. This undcrc-; core s t he ability of KC3 to ou t yfold · ''.J75 n t 

any singl€ Jevel of inte r pl ant str ess . 

Research indicates t hnt pr o l i fic a cy is positively re la te~ t ( 

popu l<i. tion t olerance. 

yie ld ca lcula t e d b:r Duncan' s me t hod may 1rn ll be op ti1~ i~3t ic i n tJ ·, · ·· :~ c. of 

t he single-eared snnller v :1rie t y , an d c cns erv;-:_ tive f or t he srr~ i p:, .:; lific 

l a r ger v a riety. The increas e with pl a nt po~uk ti on i n the le r i od. fror: ::;r -t; 

onthesis to 501a silking obaerv ed in KC3 (Ta ble 3.1 n ) a ls o in tlic.--tr: .•; t: :;,t 

ba rrenness could limit c r !:'.i n pr oduction in this v:1rict~r '-'- t a 101 ;- :'._ 1 0 1: ·~1 

of in t e rplnnt stress t han i n '-.1575. The r e seer.is l ittle doubt /toiiCV• :r L~1 : t 

ha d both va rieties b e en e-ro1m a t 100000 - 120000 l) l <rnts/ ha i n t his trinl , 

KC3 1-rou ld have sj_GTiificnntly ou tyielded the lnrc-e r v .'l rioty . I ncorporr•. ti on 

of t he prolific h abit into KC3 would appe ar to enhanc e its ca _rncity Lo 

yi e ld well at p l ant -densities beyond the range enconpass0d by t h i s <:. :< "l•·ri r c::--: t , 

})rovided t hat othe r productive characters were not s a crific e rl i r: '_.)' (; 

process. 

4.2.7. Field Maturation 

The consistent v a rietal differences in dry mat t er con tent n t :: r(/ one 

time (Fig 14) virtually dis.appear when v a rieties are c o;nparen nt -; ,- ::_, ~ , 

growth stages . Growth in the period prior to s ilking 1-tns nccor:. · __ ::_c. bJ 

a stea dy increase in the dry matter contents of stem and l enf. 

Grain dry matter c ontent had r eached 64~ and 6~ r espectiv ely :( __ ·· :1 

gra in fl..lling was 95% complete in KC3 and 1J575 . This va r ict.:11 v ari:.bi l ' ty 

SUG-gests that grain filling ceased for physiologicD.l rens ons associ · 'eccl ·.ii th 

:plant senescence, rather than because transloca tion in t he e-r:i. i n w ~ 

pr evented by the level of gra in moisture. Tempe r o.tu re data (Appe;, ___ .. '. a 1 

show that avera ge temperntures in l a te Narch and early Apri l 1·1erc ~ - ~J 

greater than the 10C postulated a s be ing sufficiently cool t o t em:_ :-'. t0 

gra in filling (r:Iiles, 1956). 

At maturity , a gradient in DNC can be distinguished. I ncrc .::s i nc levels 

of DNC occur from stem, to husk (including . shank) , on to the cob, o.nd t henc e 



to the grain, indic.:L ting th.:;. t t he remainder of the phn t j s sup ~; lyinc 

mois ture dovm this gradient to the ear . The observed pnt t crn cf DEC 
• 

bf the cob ond t,-rain fro.ctions Hhere the DlIC of the cob cxcccdcc: th·ct of 
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the erain until both 1·re re n.bout 30-40~, a fter which the :10si tion ~cvcrscd , 

is identical to thn.t observed elsewhere ( I~ies::::;elbach , 1950; fTi~"S rind 

ncrnmenen. , 1953) . 

The signifi cant va riet.:::.l difference i n the r rr te of ;;r : i ·: D
.,., , , 

Has unexpected. The i ndi vidua l husks of '.1575 were ol:serv0cl "'vo l ;) s l10rtcr 

than the ear , but more n11P1c rous thn.n thonc of Y.:C3 . The hus::~ of '·c3 ucrc 

loncer than the ear @d .:Ldhere d t o it ti ch tly. Grain of ~~C3 - :l to cain 

rapidl~r in DI-IC n.bout ten days earlier than ':1575 , :ind t },cref0re h · tl1e 

benefi t of slightly uarr.Jer we:it her . 

A _po::-;i tive rela tionship between lnteness of aill:inc- r.nd fn:-:ter rr1t e s 

of field grain dryinc has ken recorded previously (:P~ffcly <:.nu Cr<:nr: , 1 <;67n) , 

though it was not apparent in the extensive tests perforncd by Gunn <:!.nd 

Christensen (1965). In the present instance, the r ensons for t l.· ~ ri c ta l 

difference may be due to the looseness of the husks in '•1575 ( 'l'ro · :-- :. 1:(: /•.nhrc·;,e 

1971). Va rietal differences in hydrophilic comp ounds in t 110 er: .~ ;. (°': 1 '.~'> :•nd 

Crnne, 1970 b). or differences in grain pericarp t hickness ( CrQl'lc ·~ t ::1 , 

1959) may also be involved. The underlyinc,- causes for the v .'.!rict."""?l · 
/ i 

·difference a ppear to be uorthy of further study . 

Differences in the r a te of grain DJ.; c increase a re of c onsidcrabJc 

agronomic ond e conomic importance; the place of mc..ize in a cror> ·in;; >ro:;c · : ·~c 

in the Manawa tu is in part determined by the st:ccess wi th i·rhi ch 

crop can be established before winter s e ts in. In thi s ',r ial t }11, ~· l e". ! r :- t c 

of field drying by KC3 annulled the advantace of its e.'.lr.Ji «:: :c :'."Jhy r;ioJo ,·;"c ·cl 

ric.turi ty . Since the C0!3t of drying grain has nn ir:iporbnt be:l.I'fr ·~ or. the 

economics of maize growing (Cumberland and Farrell, 1971 ), if a ~ - - ·.-r r:-1te of 

field drying proves to be a chara cteristic of short scnson r.iai z < cr ops t h i s 

may jeopardize the place of maize in the existing cropping pnttern of t he 

Nanawatu . 

4. 3 CONCii1JSIONS 

The optimum plon t density for grain production for the !'.anmm tu in 

this season appeared to be higher than those currently recommended f or 

New Zealand (Cumberland, Farrell and Honore, 1971), nnd was consiC ·· . -~· 

higher for the small variety (KC3) than the large variety . 

A number of other varietal differences in plant structure, function , 

and pattern of growth having an important influence upon t he relative 

agronomic value of the two varieties are also apparent . 

The early variety, KC3 , while unable to exploit t he environment 

efficiently at low plant densities, demonstrated a number of valuable 
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acron omic traits : this small s ingl e- ear ed pl o.n t exhibited a hi gh unit 

l eaf r ate , and a lrlijh r a tio of reproductive/vegeb.tive gr ow.th. The early 

e.sto.blishment of l eaf nre o. , t hG decline in v et;et a tivc GX'o· .. 1th .:'.t flo1·:"rinc; , 

.'.l!.d a small lift in photooynthe tic r a te after floworin '" , cncur cd rD.pi d cnrly 

e;ro~·rth of cars . The dcvelor inc; e r a in of KC3 disp lnyed ~ c !"sidcr rtb l c 

c.::t:;aci ty to nobilize and 11 ttr·cct nssir:ila te which had }'rcvi.·unly bPcn 

deposited in the otcm and t he hunk , antl in ei tuntionn of c n:;L.lr r :1 hlo 

i ntcr p l ant s t r ess , f ror.i the l eaf f r action aJ co . Convcr3cly , '.!575 , n 1::1·Ge 

leafy , full scacon semi-prolific hybrid , W".C able to cx ~1 l 0.i. t ·.~:r r• ·1viron.""'en t 

efficiently a t 101-r leve l s of interpl::m t s trcns , !)rinc ipo.11:-,- 'i·:· :"oducir.;; 

more ear3 . Thi ::; vnri cty mu> ch~D.ctcrizcd by n. lo;;c r ho.rvc~t in·~cx nri:; i :ic 

fron a lonac::: ;icriod of veget ::tive crmrth t han th.::tt of rc3. '!57) ·1r·,e:·rr·d 

to have limited nbi :!. i ty to mobilize stem nnd husk reserve::; j · or>'r t!~."i 

cr.~ in r;r 01·1th mi ght con tinuc Hhcn the plant wan under conrieti ti vc :-. t:rcss , 

l'.ncl eD.rly grmrth of the enro wan ricnalizcd in f ::vour of c 0n tinu i · ~ 

vege t :1tive growth. 

Both va rietie s deployed r esources wnstefulJy in ttlJ nr :rod ;ticn , 

t his beine very a11:-'nren t i n ~.1 57 5 ri.t low pl:int dcnsi t i c n . .. i,.,-:.rl .. 

pr obo.bly r cdricted by t he ca?aci ty of the c,-ro~·li n5 cr:tin of "i t h v: , :·J.C ' t, ·:-

to a ccept ovai l uble ass i mil ".te r o.ther than by t he len.:;th O!~ '-Le· .~r:.i~: fi 1 Jin,-

period . The lin ited number. of sites at which grain f illin.:; c:>•1ld oc ·1 r 

n.nd t he capaci "bJ of t he sites to a ccept asoini l a te , a}>":1c:J.rcd to :-·;·en r;t 

b oth v ar ieties fr om takinc f ull a<lvanto.ge of t he J.ont1 ricri od o: ,.,.ood ~T:.in 

f illing c oncli tions en count ered in t he a utumn. 

The yield str ucture and ncr on or.iic cho.r o.cteri stics o: rc3 i:iuic:~t" t' t 

\·rhen this variety is grmm a t its population optir.mm for r;r [t in yield j .. 

predictable environr:ient , it should prove to be hiehly prodv.c tiveo ·:· 1' ' 

where the e s tablished p l ant popu l a tion i3 variable, and ·.-rhere the c " 

fluctua tes betwe en growing seasons , the more flexible yie l d struct~. ~, 

1·1575 may be prefeITed. 
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APPENDICES 

* .05> P>.01 

** Pc. 01 

ns not significant at the 5~ level 

R2, the square of the multiple correlation coefficient, is pr esented 

with polynomial coefficients in Appendices 11, 13-16. It represents the 

fraction of t he sums of s quares of deviations of the de per.uont v~rinble 

from its mean that is attributable to the r egression. In each ,;,, :.;e it 

has been coI:Tected for degrees of f reedom such that 

= 1- ill 
dfk 

where df1 = degrees of freedom remainine when the 

overall mean has been fitted. 

dfk = degrees of freedom remaining when a 

polynomial of degree k has been fitted . 

Ru =uncorrected multiple correlation 

coefficient. 

A1 



Appendix 1 (a) Weather Data Recorded During the Experimental 

Period 

Solar radiation data measured with an Eppley pyranometer at Plant 

Physiology Division, D .S. l.R ., Palmerston North. 

Maximum and minimum temperatures, and rai nfall measured with 

standard meteorological instruments at Grasslands Divis ion. D.S.l.R., 

Palmerston North. 

All data except rainfall is presented as five day average. 
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• "' .. • 
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0 .. • "' .. 0 

' "' • 
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0 z 

°" • °" -



Appendix 1 (b) Accumulated Effective Degree Days 

Day 1 is November 12th, 1969, the date when the first replicate 
was sown. 

Effective degree days = 

[Daily max{q + {Daily min!Cl or 10C whichever greater)] -10 
2 

(Gilmore and Rogers, 1958) 
0 

No daily maximum exceeded 30C. -" 
• 
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Anpendix 2 Schedule of Events 

Day ~ 
.S.Owing 

0 

7 

9-13 

11-15 

16 

22-26 

39 

4'1-

49-53 

51-55 

55 

56 

'65 

69 

73-77 

75 

89 

86-90 

97-101 

103 

109-113 

124 

145 

166 

187 

<~ 

1?ill£ 
29. 9. 69 

5 .11 • 69 

6. 11 • 69 

7 .11 • 69 

10.11 • 69 

1 2-1 6. 11 • 69 

19-23. 11 • 69 

25 . 11 • 69 

27. 11 • 69 

28 . 11 - 2. 1 2. 69 

12.12.69 

21 ~ 12 .69 

26-30.12.69 

4 .1. 70 

6 .1. 70 

6-10.1 .70 

7-:11.1.70 

16-20.1.70 

20-24.1.70 

28.1. 70 

26-30.1.70 

9-13.2.70 

1o.2. 70 

21.2.70 

23-27.2.70 

5.3.70 

16-20.3.70 

6-10.4.70 

27-31.4.70 

18-22.5.70 

A3 

Even t 

Plot ploughed . 

Discing and levelling. 

Fertilizer applied 2<',0kG . 1 13 . 8 NPK 

to the O. 22 h.'.l G7 KC 

plot area 45 kg ·.:.' C' U 

Disced in after nppli cnti cn . 

Applied Al drin i:;rnnulnr inscc .. i-..: ide and 

propachlor we edicide a t 3G 1<£;/hQ .'.lnn 4. 5kg/ 

ha respe ctively. 

light harrowing . 

Followed wi l~: 

Applic 'l tion of 5 cm irricaLi o:. w: t er . 

Sowed cro p. 

Emergence. 

Application of s lug killer 10 }:c.;/ho. . 

2 . 5 kg n . i/ha Atr a zine we r dicicl c .'.l!'J'licd . 

Bulk of trn.nsplanting and thinninG" . 

Stan d now compl ete . 

Sidedressin~ applied = GGki:; KCl 

to the 0.22 ha plot = 1 ~6kg urea 

area - on an individua l plnn t bnsiLl . 

Tiarves t 1 • 

Applic a tion of 5 cm irric:. tion water . 

Sprayed crop with 2~ wv rn:icr.e.·i.ur.i sul]Jh.'.ltc 

solution . 

Harvest 2. 

Mean date of mid t asse l, KC3 

Harvest 3. 

Mean date of mid tassel, W575 

Applicn ti on of 5 cm irrigation ::-. to r . 

Harvest 4. 
Harvest 5. 
Appl ied 5 cm irrigation water. 

Applied 5 cm irrign ti on water . 

Harvest 6. 

Aerial application of Phosdri n 

Harvest 7. 
Harvest 8. 

Harvest 9. 
Harvest 10. 

~r?c ticide . 



,knpendix 3 Regressions of whole huskless ear cob to r,-ra.in r a . io (Y) 

·on cob to grain r ntio of centre 4 cm section of huskless ear (X) . 

(a) From the same ear . Varie ty = KC3 . Harvest 5. 

~ourcc 

Constant 

x 
Srror 

(b) 

Source 

Constant 

x 
Error 

Source 

Constant 

x 
Error 

Y = 1 . 108X + 0 . 691 (r = 0 . 94**) 

df 

13 

From different ears . 

(i) KC3 Harvest 6. 

Y = -.228X + 

df 

22 

(ii) W575 Harvest 6. 

5. 1 51 

8 . 016 x 10- 1 

7.901 x 10-3 

• 41 7 ( r = 0 . 05 n s) 

r.: . s . 
2. 836 

1. 086 x 10-2 

2 . 078 x 10-2 

Y = 2. 311X -.31 8 (r = 0.78**) 

df M. S. 

1 3.738 x 10 

1 1 .303 x 10 

23 1. 755 x 10 
-1 

F 

101 . 50° 

F 

0 . 52 ns 

F 

74. 2')H 

A4 



A5 

Appe~dix 4 Regression of mid stem diamet er (Y) on diameter of stem base (X) . 

Y = .57ox + . 491 (r = o·.70**) 

Souree df M. S. F 

Constant 1 2. 367 x 102 

x 1 7.859 x 10- 1 46. 84** 

Error 48 1. 678 x 10- 2 



A6 

Appendix 5 Analysis of Variance of Stem Length and Expanded Leaf Number 
• 

on the Main Stern. 

(Pooled data for each plot) 

, (a) Stem length per plant. (cm) 

Source df Mean Square 

Day 44 Day 75 Day 124 

Rows 4 1 .491 x 103 ** 5.046 x 103 ns 2. 399 x 103 ns 

Columns 4 7-718 x 102 ** 4.250 x 103 ns 8. 321 x 103 ns 

Populations 4 8.227 x 10 ns 8.140 x 102 ns 8.593 x 103 ns 

Error 1 12 7. 359 x 10 5.941 x 103 2. 687 x 1 o3 

Varieties 1 3.411 x 103 
** 7.176 x 103 ns 4. 849 x 104 

** 
Va:r. x Pop. 4 1. 364 x 2 1.103 x 10

2 2.01)3 x 103 10 ns ns 

Error 2 19 2.011 x 102 
2.093 x 103 1 .176 x 1 o3 

Total 48 

(b) Expanded leaf number on the main stem. 

Source df Mean Square 

Day 44 Day 65 Day 103 

Rows 4 8. 720 ** 4.443 x 10 ** 1 . 930 ns 

Columns 4 4.170 * 1. 718 x 10 ns 3.030 ns 

Populations 4 3.420 * 1.003 x 10 ns 6.03C' ns 

Error 1 12 9.367 x 10-1 
7.747 6.563 

!Varieties 1 1 .800 x 10-1 ns 8.820 ns 8.653 x 10
2 ** 

!Var. x Pop. 4 3.000 x 10-1 ns 3.757 x 10 ns 5.030 

Error 2 19 9.895 x 10-1 2.165 x 10 7.084 

Total 48 



Appendix 6 Coefficien"';s of Polynor!'.!ia ls Fitted t o D.:! t a ·o!1 St<J:;; Len(;th ar~c F.x::-['.1~..:ed 1ea f ~ru:.:00::- en tLe -~·:->:'-~ s:e::i . · 

Polynomial s , f itted t o plo~ meons give V3. lucs for three p l [',~ts, :11-:.d a:-e of t he f:H1:! 

Variabl e 

Stem 

Length 

Expa nded 

Leaf 

2 3 4 Y =DO+ D1t + D2t + n
3

t + n4t 

(cm) 

(number) 

Variety 

DO D1 

. 
D2 

KC3 x - 2. 229 x 103 . +8. 373 x 10 
- 1 

- 8 . 577 x 10 

W575 X - 2 . 019 x 10 3 2 
-1. 397 x 10 +3 .~36 

KC3 x 2 
-2.765 x 10 +1 .348 x 1 o· - 2 . 175 x 10 

-1 

Coefficient S. E. pe r pl a."lt 

R2 
at day 100 

D"°3 D4 

+2. 876 x 10- 3 0 . 965 3 . 14 

- 2 - 5 
(cm ) 

- 2 . 852 x 10 +8. 646 x 10 0 . 983 3. 45 

+1 . 539 x 10- 3 - 4 . 031 x 10 - 6 
0 . 952 0 . 180 

5~ 

(!) 
:::s 
p. 
I-'· 
:><; 

°' 

Number on 
(number) 

xnain stem W575 X +1 . 474 x 10 
2 -1 . 008 x 10 +2 . 431 x 10 

-1 
- 2 . 231 x 10 - 3 +7 . 012 x 10 - 6 

0. 973 o. 243 

X Deviations from regression significant at 5-"i level 

~ 



Appendix 7 (a) Coefficients of Polynomials Fitted to Total Photosynthetic Area Data . 
Polynomials, fitted to plot means, give values for three plants , and are of the form 

2 3 4 Total Area= C + c1t + c2t + c
3

t + c
4

t 
(om2) o 

Variety Population Coefficient 

c2 c3 R2 c c1 c4 0 

KC3 39K - 2.056 x 10 5 +1 . 038 x 104 -1 .753 x 10 
2 

+1.279 
. - 3 

- 3.420 x 10 0 •. 772 

48K - 2.204 x 10 5 +1 . 107 x 104 -1.850 x 10 2 
+1 . 326 - 3 - 3. 472 x 10 0.813 

57K x -1. 496 x 10 5 +7.61 8 x 103 2 
-1. 286 x 10 ' -1 +9 . 449 x 10 - 2. 563 x 10 - 3 0 . 904 

69K -1. 149 x 10 5 +5 . 938 x 103 -1.000 x 10 2 
+7. 414 x 10 

-1 
- 2. 041 x 10 - 3 0 . 852 

79K -1. 060 x 10 5 . +5. 283 x 103 -8. 370 x 10 -1 +5 . 841 x 10 - 3 -1. 536 x 10 0 . 823 

W575 39K 5 -2.907 x 10 +1 .409 x 104 - 2 . 283 x 10 
2 

+1 . 625 - 3 -4. 285 x 10 o . 690 

48K -1. 718 x 10 5 +7. 943 x 103 -1.177 x 10 2 -1 +7.780 x 10 - 3 -1 .952 x 10 o. 678 

57K - 2.091 x 10 5 +1.001 x 104 -1. 587 x 10 
2 +1 ., 02 -2. 827 x 10 - 3 o . 591 

69K -1. 316x10 5 +5. 798 x 103 -8. 056 x 10 -1 
+5 . 073 x 10 -1. 241 x 10 - 3 0 . 813 

79K -1. 792 x 10 5 +8. 522 x 1 o3 -1. 341 x 10 2 -1 
+9 . 348 x 10 - 2. 426 x 10 - 3 0 . 737 

X Deviations from regression significan t at 5% leve l. 

S. E. per plant 
at D~) 100 

(cm 

339 . 6 

191 • 5 

247.7 

593 . 5 

479.6 

369 . 5 

> 

> co 



Appendix 7 (continu~d) (b) Coefficients of Pol ynomi als Fitted t o Total Dr y Weight Data. 

Polynomi als , fi t t ed t o plot means , give values for three plants and are of t~e form 

Total(;)e i ght = B0 + B1 t + B2 t
2 

+ B3 t
3 

Variety Population Coefficient ·~- S. E. per pl ant 

B B1 B2 B3 R2 a t Day 100 (g) 
0 

KC3 39K -5.672 x 10 2 +1 .1 44 x 10 +9 . 039 x 10 - 2 - 5.842 x 10 - 4 0.967 9 .-70 

48K -7.789 x 10 2 +2.11 6 x 10 - 4. 364 x 10 - 2 -1. 017 x 10 -4 0. 980 . 2 - 2 - 4 57K x - 6.763 x 10 +1.804 x 10 - 3 .1 60 x ·10 -1. 168 x 10 0 . 979 6. 04 

69K 2 -3.662 x 10 +7.71 6 - 2 -5.982 x 10 -3.589 x 10 - 4 0. 974 

79K -6.203 x 10 2 +1. 709 x 10 -3.875 x 10 - 2 - 5 -7. 679 x 10 0. 971 6. 39 

W575 39K -3.292 x 10 2 -1 -1 . 495 x 10 -1 +2.592 x 10 - 3 -1.1 36 x 10 0.967 12. 34 

48K -1.926 x 10 2 - 2.902 +2.382 x 10 -1 - 9 .720 x 10 -4 0. 984 

57K -2.568 x 10 2 +2.553 -1 +1. 298 x 10 - 4 -5. 516 x 10 0.980 6.83 

69K x -5.446 x 10 2 +1.1 09x10 - 2 +5. 502 x 10 - 4 - 3.767 x 10 0 .983 

79K -1.442 x 10 2 -1 - 8 . 291 x 10 -1 +1.487 x 10 - 4 - 6.212 x 10 0 . 973 6. 54 

X Deviations fr om r egr ession significq~t at 5~ l eve l . 

> 

~ 

(') 

0 
:::1 
c+ 
I-'• 
:::1 
g 
p. ..__.,. 
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Appendix 8 Analysis of Variance of Total Photosynthetic Area per Plant and 

Total Dry Weight per Plant. 

(Pooled data for each plot) 

(a) Total Photosynthetic area per plant. 2 (cm ) 

Source df Mean Square 

Day 44 Day 65 

Rows 4 3.671 x 10 7 ** 1. 775 x 107 ns 

ColUIJ'lnS 4 1 .854 x 10 7 ns 1. 742 x 10 7 ns 

Populations 4 3.585 x 106 ns 3.117 x 1 o7 ns 

Error 1 12 2.670 x 106 1 .460 x 10 7 

Varieties 1 7.170 x 104 ns 9.086 x 10 8 ** 

Var. x Pop. 4 
6 1 .878 x 10 7 7. 375 x 10 ns ns 

Error 2 19 4.539 x 10 
6 1.038 x 107 

Total 48 

(b) Total dry weight per plant. (g) 

Source df Mean Square 

Day 44 Day 103 
/ 

Rows 4 3.471 x 103 ** 3.558 x 104 ns 

Col1lmns 4 1. 278 x 103 ** 9.392 x 103 ns 

Populations 4 3.136 x 102 ns 3.138 x 105 ** 
Error 1 12 2.179 x 102 1.304 .... 104 

Varieties 1 3.712 x 102 ns 3.158 x 105 ** 

!Var. x Pop. 4 
2 

6.191 x 104 5.264 x 10 ns * 
Error 2 19 3.275 x 10 

2 
1.979 x 104 

Total 48 

Day 103 

2.036 x 107 

4 .977 x 106 

2 .852 x 10 7 

1 .080 x 10 7 

1. 34 1 x 109 

3.91 4 x 10 7 

1 .457 x 107 

Day 187 

2 .898 x 104 

1. 51 2 x 104 

1.973 ): 105 

1.309 x 104 

7.655 x 1 o5 

2.588 x 104 

1 .404 x 1 o4 

ns 

ns 

ns 

** 

ns 

ns 

ns 

** 

** 

ns 
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Appendix 9 Analys is of Variance of Fractions of Total Photosynthet i c 

Ar ea per Plant. 

(Poo led data for each plot) 

· (a) Main stem laminae area per plant • 2 (om ) 

Source df Mean Square 

Day 44 Day 75 

Rows 4 1. 136 x 107 ** 7. 343 x 10 
6 

Columns 4 7.190 x 106 * 2. 261 x 10 6 

Populations 4 5.007 x 1 o5 ns 4. 303 x 105 

Error 1 12 1. 321 x 106 1 . 243 x 10 6 

Varie ties 1 1.837 x 106 ns 5.346 x 108 

Var . x Pop. 4 1. 900 x 106 ns 6. 016 x 106 

Error 2 19 1. 291 x 106 4. 241 x 106 

Total 48 

(b) Main stem stem area per plant • 
2 · (cm ) 

Source df Mean Square 

Day 44 Day 75 

Rows 4 3.749 x 105 
** 4. 357 x 105 

Columns 4 1 . 492 x 105 
* 2. 544 x 105 

Populations 4 2 .11 3 x 104 ns 2. 704 x 105 

Error 1 12 3. 636 x 104 4. 297 x 1 o5 

Varieties 1 2. 608 x 105 * 2.203 x 10 6 

Var. x Pop. 4 4.255 x 104 ns 3.455 x 103 

!Error 2 19 4. 659 x 104 1.068 x 105 

ttotal 48 

Day124 

** 4 -756 x 106 

ns 6.1 10 x 106 

ns 3. 595 x 105 

5. 621 x 106 

** 9 . 039 x 108 

ns 1 . 802 x 106 

4. 480 x 106 

Day 124 

ns 4. 960 x 104 

ns 4.09: Y. 105 

ns 2. 687 x 105 

2. 006 Y. 105 

** 5.865 x 106 

ns 5.258 x 104 

8 . 200 x 104 

ns 

ns 

ns 

** 
ns 

ns 

ns 

ns 

** 
ns 



Appendix 9 (continued) 

(c) Tiller laminae area per plant. 2 
(cm ) 

Source df 
Mean Square 

Day 44 Doy 75 

Rows 4 3 . 052 x 106 
** 4 . 819 x 106 

4 
6 

1 • 391 x 107 Columns 1. H33 x 10 ns 

Populations 4 
6 

3 . 514 x 107 1.035 x 10 ns 

~rror · 1 12 4 . 618 x 1 o5 6 . 643 x 10
6 

Varieties 1 3 . 224 x 106 ns 1.983 x 107 

Var. x Pop . 4 1 . 155 x 106 ns 1.428 x 107 

Error 2 19 1. 117 x 106 6 .1 54 x 10 
6 

Total 48 

(d) Tiller stem area per pfant. 2 (cm ) 

Source df ' Mean Square 

Day 44 Day 75 

Rows 4 1. 564 x 105 
* 1 . 209 x 105 

Columns 4 6 . 492 x 104 ns 2.848 x 105 

9.192 x 104 6 Populations 4 ns 1 . 040 x 10 

Error· 1 12 3 . 984 x 1 o4 1 . 481 x 105 

Varieties 1 6 . 538 x 104 ns 1. 548 x 105 

Var. x Pop. 4 7.895 x 104 ns 1 .358 x 1 o5 

Error 2 19 6.1 40 x 104 1 . 384 x 1 o5 

Total 48 

A12 

Day 124 

ns 9 . 3n x 10
6 ns 

ns 1 . 838 x 1 o7 
* 

* 2.87S x 107 ** 
5. 191 x 10

6 

ns 8 . 237 x 107 ** 
ns 1 . 349 x 1 o7 ns 

6.164 x 106 

Day 121!-

ns 3. 9 21 x i05 no 
ns 9 . 050 x 10 5 ns 

** 1. 433 x 106 * 
2. 994 x 105 

ns 3 . 321 x 10 
G 

** 
·ns 5 .757 x 105 ns 

2 . 681 x 10 5 
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Appendix 10 Analysis of Variance of Total Leaf Area Index and Total 

Dry weight per tmit area. 

. (a) Total leaf area index . 

Source df Mean Squar e 

Day 44 Day 65 Day 103 

Rows 4 1 . 254 ** 6 . 438 x 10- 1 ns 8 . 4:6 x 10- 1 

Co lumns 4 5. 760 x 10- 1 ** 5. 401 x 10-1 ns 1. )37 x 10- 1 

Populations 4 1 • 136 ** 6. 761 ** 8 . 522 

Error 1 12 8 . 069 x 10-2 5. 076 x 10- 1 
4 . 792 x 10- 1 

Var ie ties 1 -2 3 .080 x 10 ** 4 . 61 7 x 10 3 . 348 x 10 ns 

Var. x Pop. 4 3 .211 x 10-1 ns 2. 757 x 10- 1 ns 8 . 083 x 10-1 

Error 2 19 2.1 29 x 10 -1 
4 .436 x 10-1 6 . 302 x 10-1 

To ta l 48 

(b) Total dry weight per unit ar ea. (kg.ha-1 ) 

Source df Mean Squa.re 

Day 44 Day 103 Day 187 

Rows 4 1 . 178 x 106 ** 1 • 21 5 x 10 7 ns 7. 029 x 106 ns 

Co lumns 4 3. 926 x 105 ** 2.1 55 x 
6 

2 . 894 x 106 10 ns ns 

Popul a tions 4 6.070 x 105 ** . 2 . 414 x 107 * 7. 412 x 1 o7 ** 

6.978 x 104 
,.. 

106 Error 1 12 5.1 90 x 10° 2. 990 x 

Varieties 1 3.1 42 x 1 o5 ns 8.959 x 1 o7 ** 2. 424 x 10
8 ** 

Var. x Pop. 4 2. 695 x 105 1.180 x 107 ns 
. 6 

ns 2. 201 x 10 ns 

Error 2 19 1.574 x 105 7.468 x 10 
6 

4 . 01 3 x 10 
6 

Total 48 

ns 

ns 

** 

** 

ns 



Appendix 11 Analysis of Variance of Dr y Weight Fr actions per Plant. 

(data pool ed for each plot) 

(a) Grain dry weight per plant. (g) 

Source df\ Mean Square 

Day 103 Day 145 Da~r 187 

A14 

Rows 4 2.216 x 103 ns 1 • 455 x 104 ns 1 • 1 31 x 104 ns 

Columns 4 4. 656 x 103 ns 6. 438 x 103 ns 7. 473 x 103 ns 

Populations 4 2 . 114 x 104 ** 8 . 180 x 1 o4 u* 4. 396 x 1 o4 
** 

Error 1 12 3.468 x 1 o3 1.195x 104 6. 783 x 103 

Varieties 1 2. 360 x 105 ** 3.1 14x 104 ns 5. 093 x 104 * 

Var. x Pop . 4 2. 221 x 103 ns 6. 824 x 103 ns 3. 123 x 103 ns 

Error 2. 19 2. 855 x 103 1.353 x 104 7. 566 x 103 

Total 48 

(b) Stem dry weight per plant. (g) 

Source df Mean Square 

Day 44 Day 103 Day 145 

Rows 4 4.519 x 102 ** 7. 557 x 103 * 9 . 148 x 103 * 

Columns 4 1. 570 x 102 ** 5.843 :x: 102 ns 5. 445 x 103 ns 

Populations 4 1. 763 x 10 ns 2. 362 x 104 ** 2. 422 x 104 ** 
-

103 103 Error 1 12 1.880 x 10 1. 788 x 2. 050 x 

Varieties 1 6. 884 x 10 2 ·** 1 . 978 x 105 ** 1. 300 x 105 ** 

!Var. x Pop. 4 3.956 x 10 ns 1.027 x 1 o4 * 4. 952 x 103 ns 

Error 2 19 4.674 x 10 3.034 x 103 2. 176 x 103 

Total 48 . 
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Appendix 11 (continued) 

(c) Leaf dry weight per pl ant. (g) 

Source df - Hean Square 

Day 44 Dny 89 Day 124 

Rows 4 1. 329 x 1 o3 ** 8 . 749 x 102 9 -958 x 
2 ns 10 ns 

Columns 4 5. 310 x 10 2 
* 6. 241 x 102 ns 6. 284 x 2 10 ns 

Populations 4 2 . 103 x 102 ns 1 .862 x 103 ** 3. 823 x 103 ** 

Error 1 12 1. 249 x 102 2. 824 x 102 3. 900 x 102 

Varieties 1 1.1 25 x 102 ns 4. 348 x 104 ** 5. )24 x 104 ** 

Var. x Pop. 4 2.775 x 102 ns 1 • 232 x 10 3 ns 7- 835 x 102 ns 

Error 2 19 1. 525 x 102 7.179 x 10 2 3 . 628 x 102 

Total 48 

( d) Husk dry weight per pinn t. ( g) 

Source df Mean Square 

Day 89 Day124 Day 187 

8 . 326 x 102 9.969 x 102 . 2 
Rows 4 ns ns 1.468x10 n:: 

Columns 4 3. 817 x 10 ns 3. 450 x 102 ns 3 . 296 x 102 ru: 

Populations 4 5.335 x 103 
** 1 . 280 x 1 o4 ** 3. 021 x 103 *ii 

Error 1 12 4.189 x 10 2 6.277 x 10 2 
2. 499 x 102 

!Varieties 1 1 . 226 x 103 ns 1.1 98 x 104 ** 1. 309 x 103 
* 

IVar. x Pop. 4 1. 671 x 103" * 2.161 x 103 ns 1.937 x 10 2 
n~ 

!Error 2 19 4.728 x 10 2 1.104 x 103 2. 683 x 10 2 

rrotal 48 
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Appendix 11 (continued) 

(e) Cob dry weight per plant. (g) 

Source df Mean Square 

Day 103 Day 145 Day 187 

103 2 2 
nows 4 1 .027 x ns 3 . 872 x 10 ns 3. 638 x 10 ns 

Columns 4 9.269 x 102 ns 1 . 884 x 102 ns El .1 40 x 102 ns 

Populations 4 1 .008 x 1 o4 
** 4 .1 46 x 103 ** 2 . 9 6& x 103 *>!-

Error 1 12 6 . 187 x 1 o2 
2. 441 x 102 3 . 7S':;, x 102 

Varieties 1 7. 943 x 104 
** 1 . 942 x 1 o4 

** 1. 553 x 104 ** 
Var. x Pop. 4 2 . 737x . 103 ** 6. 460 x 102 ns 3 . 43~ x 102 ns 

Error 2 19 5.936 x 10 
2 

3 . 704 x 10 
2 

2. 326 x 102 

Total 48 I 

(f) Tassel dry weight per plant. (g) 

Source df Mean Squurc 

Day 55 Day 75 )ny 103 

Rows 4 4 .757 x 10 * 5.783 x 10 ns 1. 318 x 10 ns 

Columns 4 3.835 x 10 * 4 . 222 ns 1. 303 x 10 ns 

Populations 4 2.949 x 10 ns 1. 312 x 102 ns 1. 420 x 102 1ht 

Error 1 12 1.115 x 10 6. 685 x 10 1 . 417 x 10 

Varieties 1 . 013 x 103 ** 
2 

3.354 x 10 1 1.965 x 10 ns ns 

Var. x Pop. 4 7.749 ns 2.321 x 10 ns 7. 641 x 10 ns 

Error 2 19 1. 791 x 10 5.389 x 10 2.900 x 10 

Total 48 



A17 
k ··enuix 11 ( cont.i.nued) 

( g) Dead leaf dry weight per p 1·'1n t. (:;) 

': ..:u rce df 1·:can ::;;~1·~ 

J...J :..:..J 1 ::,; :;Jd:.; 1.; 5 JJ<J.Y ~ L.7 

:t:; •·•:J 4 ·~ . ')1'.J 1 c2 1( 3. Ct,'.) 10) ,.. e. ,. • ~ 
x x , v -- Iv LJ .3 

102 
'7 ,., 

:; " 1 t:JT, ns 4 2. 940 .JC 1.1. :::; 1 . ~13 x 10.) r.3 1, . 3J~ A 
1 G._ 1..; 

102 
7 3 - .,t.. : "' ~.i.Vfl!.; 4 1 ·-70 x ... <." 7 . 097 x 1C...1 A' 1 "V') 

.A 1 v r .. . (" . ..) ..) _, ,.., .. ' -~ 

_.., . 
102 

) 

1 12 9 . 3,1~ ~o 9 . 2r:5 - ,..... ... ,,. 1 ,... ... r..:ror x x ·' . ..Jv 

? 
104 1 f' ,, v,:,.rictlcs 1 2. 2S·'.) x 1 C ... ns 1. 525 x i+ /l . ) ~( A 

~r· .::: • x :'cp . 4 2.t,G3 x 10 n::> 1 . 05i x 1 -· ) 1 • ,;~,~ ..( 
. ~ ..) 

I V ""' \., .. __. 

~ i)2 
7 .., 

:.rror ') 19 1 • 5CC x 1 . 21,2 x 10..) : . <:'.) 1 1 f'' 
'- -- I 

Total t,8 

(h) To tu.l car dry W<Jigi. t f-vl' plant . C:;) 

:Jot.<rc e df Fie an Squ.'..lrc 

Day 55 Day 89 """ i.J..J 
. . -. _, 

Rows 4 1. 315 x 10 ns 6 . 175 x 1 o3 ns 2. "'',3 ;... ', 

103 
'7 . 

L olumns 4 1. 152 10 ns 3 . 926 x n::i c. (')3 • r .I x X ' ..... 

104 
.. 

Populations 4 2. 240 x 10 * 2 . 835 x ** 1 . ;Ge :;_ ~ 

"'" 
10) ' 

t:rror 1 12 4. 392 3 . 923 x 2. 03?. x • ,_ I 
v 

-rarieties 1 3 . 606 x 10
2 

** 1. 508 x 105 '** 1 ; e46 x 10 5 ++ 
7. 

10 4 Vnr. x Pop . 4 6. 71 6 ns 5 . 551 x 10) ns 1.311 x 

Error 2 19 7 . 155 2 .765 x 103 2. 184 x , 
(1 

Total 48 



Appendix 12 Coeffici ent s of Polynomials Fitted t o Dry Weight Data of Plant Parts . 
> · 

Polynomials , fitted to plot means give values for thre-e plants , and are of the form 

Fraction 

Stem 

Leaf 

Plant part dry weight = B0 + B1 t + B2 t
2 

+ B
3 

t 3 

(g) 

Variety Popul ation Coefficient 

BO B1 ' B2 

KC3 x 39K -6.907 x 10 
2 

+2.317 x 10 -1 -1. 755 x 10 

x 57K 
. 2 

- 6. 364 x 10 +2 .1 50 x 10 -1. 699 x 10 
-1 

79K - 6 . 411 x 10 
2 

+2 . 201 x 10 - 1 
- 1 . 805 x 10 

l'/575 39K -8. 570 x 10 
2 

+2. 633 x 10 -1. 600 x 10 -1 

57K - 6 . 979 x 10 
2 

+2.217 x 10 
-1 

-1. 596 x 10 

79K ... 5 . 457 x 10 
2 

+1. 673 x 10 
-1 

-1. 073 x 10 

KC3 39K .... 4 . 299 x 10 
2 +1 . 871 x 10 - 2 .1 36 x 10 -1 

x 57K .... 2 .1 92 x 10 
2 

+9 . 829 - 1.025 x 10 -1 

79K ... 1 . 226 x 10 
2 

+5 . 531 
- 2 

-4 . 343 x 10 

W575 39K 
2 

... 5. 409 x 10 +2 . 194 x 10 - 2 . 170 x 10 
-1 

57K ..... 4 . 662 x 10 
2 

+1 . 925 x 10 
-1 - 2 . 026 Y. 10 

79K .... 4 . 665 x 10 2 +1 . 937 x 10 
-1 

- 2 . 103 x 10 
----·---~ 

X Deviations fror.i regressio:-i significant ai 5; j level. 

(!) 

g, 
~· 
~ 

I\.) 

S. E. per plant 

B3 
R2 a t day 100 (g) 

+4 . 152 x 10- 4 
0 . 944 3 . 90 

+4 . 200 x 10-4 0 . 971 2 . 31 

+4 . 561 x 1 o-4 0 . 954 2. 52 

+3 . 337 x 10-4 0 . 957 5 . 10 

+ 3 . 672 x 10- 4 
0 . 965 3 .12 

+2. 086 x 1 o-4 0 . 958 3 . 13 

+7 . 870 x 1 o- 4 0 . 960 2 . 34 

+3 . 487 x 10- 4 0 . 971 1.72 

+8 . 929 x 10- 5 0 . 960 1.91 

+7. 11 3 x 1 o- 4 0 . 956 4 .• 35 

+7. 003 x 10-4 o. ~69 2 . 62 

+7. 518 x 10 -4 0 . 963 2 . 60 
----- -··· - -·-- ---· -- -

> ..... 
co 



Aupendix 12 (continued) 

!Fraction Variety Popul ation Coefficient 
BO B1 B2 

!Husk KC3 39K - 6.1 04 x 10 
2 +1. 762 x 10 -1.342 x 10 -1 

x 57K 
' .. > 2 

-5. 200 x . 1 O +1.480 x 10 -1 -1.1 28 x 10 

x 79K -5.020 x 10 2 -1 +1.483 x 10 . -1. 216 x 10 

W575 39K 
2 

-5.083 x 10 +1. 240 x 10 -2 - 6.895 x 10 

x 57K -3.108 x 10 
2 

+7.953 ~ -2 -5.0)2 x 10 

x 79K -1.742 x 10 
2 +3.830 -1. 492 x 10 -2 

Cob KC3 39K +1.025 x 10 
2 . 

57K +7. 587 x 10 

79K +7.1 29 x 10 

W575 39K +6. 569 x 10 2 -6.1 20 +1. 806 x 10 - 2 

57K +1.203 x 10 2 

79K +9.723 x 10 

X Deviations. fro~ r egression si~1ificant at 5~ l evel. 

B3 R2 

+3.1 91 x 1 o-4 0.939 
+2 . 686 x 10-4 0.930 
+3.103 x 10-4 0 . 883 

-.-1 +1 . 052 X 10 r 0. 891 

+9 . 964 x 10-5 0.913 
- 6 +2. 819 x 10 0. 884 

0.082 

0. 004 

0.005 

0 . 471 

0 . 279 

0.1 60 

S . r.: . per pknt 
a t day 150 (g) 

2. 71 

2. 24 

2.18 

4 .51 

2.26 

2.05 

1. 56 

1. 02 

0.96 

3.11 

1. 28 

1. 32 

> 
:j 
0 
ct> 
!::! 
p, ,J. 
>< 

!\.) 

,...... 
(") 
0 ::s 
cT 
t-'· 

~ 
p.. 
~ 

> _.. 
l.O 



Appendix 12 (continued) 

Fraction Variety Popul ation Coeffi cient 

BO B1 B2 

Grain KC3 39K 
'> 3 . -4 . 893 x 10 

2 +1. 042 x 10 - 1 - 6. 541 x 10 

x 48K -4 . 080 x 103 ·+8. 704 x 10 - 5. 467 x 10 - 1 

57K 3 .- 2. 825 x 10 +5 .928 x 10 -1 - 3. 621 x 10 

x 69K 
. 3 

-3.248 x 10 +6 . 723 x 10 - 4. 066 x 10 - 1 

79K - 2. 142 x 10 3 +4. 255 x 10 - 2. 31 1 x 10 - 1 

W575 39K 
2 +8. 580 x 10 - 3.964 x 10 - 1 +4 . 682 x 10 

x 48K 
. 2 

+9 .958 x 10 - 3 .957 x 10 - 1 +4 .336 x 10 

x 57K - 6.430 x 10 2 -1 -1 +8. 293 x 10 + 1. 11 8 x 10 

x 69K 3 -1 . 264 x 10 +1.749 x 10 - 2 - 2. 608 x 10 

x 79K - 5. 077 x 10 
2 -1 - 2 +4. 203 x 10 +9 .198 x 10 

X Dev iatiqns from rearession significant at 5~ level. 

B3 
R2. 

+1 . 344 x 10- 3 0 .954 

+1. 141 x 10- 3 0 . 991 

+7. 464 x 10-4 0. 959 

+8.1 49 x 10- 4 0 . 976 

+4 . 096 x 10-4 0. 968 

- 1.415 x 10 - 3 0 . 915 
- 3 - 1 . 242 x 10 0 . 968 

-4 . 395 x 10- 4 0 . 958 
- 5 - 9 . 326 x 10 0. 971 
-4 - 3. 612 x 10 0 . 969 

s. E. per pl ant 

nt day 150 (g) 

11. 41 

8 . 52 

6. 86 

16. 16 

9. 04 

6. 03 

> 
Cl) 

::s 
p. 
f-' • 
~ 

..... 
I\) 

.......... 
() 
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Appendix 12 (continued) 

Variety Population 

KC3 39K 

57K 

79K 

!\-1575 39K 

57K 

79K 

Polynomial coefficients fitted to total ear dry weight data give values for t~ree plants arid 

are of the form 

Ear dry weight= B0 + B1t + B2t
2 

+ B
3

t 3 + B
4

t 4 

(g) 

Coefficient 

BO B1 B2 B3 

+3.407 x 1 o3 -1.554 x 10 2 +2.400 -1.423 x 10 -2 

+2.387 x 1 o3 -1.104 x 10 
2 +1. 722 -1.032 x 10 -2 

-3.131 x 10 2 +2.247 +7.419 x 10 -2 -3.361 x 10 -4 

+7.418 x 102 -3.599 x 10 +4.874 x 10 -1 -1. 572 x 10 -3 

+2.924 x 103 -1. 208 x 10 
2 +1. 680 -9.026 x 10 -3 

+2.755 x 103 . 2 
-1.124 x 10 +1.545 -8.265 x 10-3 

,..,,_ 
·-

S.E. per plant 

B4 
R2 at day 1 50 ( g) 

+2.899 x 10-5 0.964 12. 28 

+2 .1 36 x 10 -5 0.976 8.47 

0.964 7.39 

0.939 15.82 

+ 1 • 69 3 x 1 o-5 0 . 975 8.27 

+1.541 x 10-5 0.977 6.49 

> 
(!) 

~ 
p, 
I-'• 
>< 

I'\) 

.......... 
0 

g 
c+ 
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~ 
p, 
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> 
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Appendix 13 . Sampl e Analyses of Variance of Polynomials Fit t ed to Individual 

Plant Data for Populution 3. 

(a) Leaf area per pl ant . (cm2 ) 

Source df KC3 ~'1575 

MS F MS F 

~·l ean 1 6. 098 x 109 1 • 6'14 x 1010 

Replica tions 4 5.250 x 106 2 . 64 6. 103 x 107 3 . 98 

Regre·ssion 4 2 . 914 x 108 146. 80 ** 3 . 381 x 108 21 . 97 ** 
Devia tions 3 . ' 1. 128 x 107 5. 68 * 3. 599 x 107 2 . 34 ns 

':li thin group 28 1. 985 x 106 
1. 538 x 107 

Tota l 40 

(b) Total dry weight per plant. (g) 

Source df KC3 W575 

MS F r·iS ? 

J·iean 1 1 . 001 x 105 1. 212 x 105 

!Replica tions 4 1.033 x 102 2 . 06 6. 445 x 10 o . 71 

!Regressi on 3 1 . 585 x 1 o4 
316. 50 ** 2. 49 1 x 104 273 . '1 0 ** 

Deviati ons 5 1. 647 x 102 3. 29 * 9. 321 0 . 10 ft .3 

Within group 32 5. 009 x 10 9 . 113 x 10 

Total 45 
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Appendix 13 (conti nued) 

(c) Total ear dry weight per plant . (g ) 

Source df KC3 •;1575 

!>:S F NS F 

l·:ean. 1 3 . 259 x 104 2. 962 x 1 o4 

Replica tions 4 • 8 . 649 x 10 2.70 1. 194 x 10 o. 31 

Reg,rcssion 4 6 . 463 x 103 201.90 ** 9 . 583 x 103 251 . 90 *)(-

Deviations 4 1. 324 x 10 0 . 41 ns 7. 577 x 1C 1.99 ns 

Within group 32 3 . 201 x 10 3. 804 x 10 

Total 45 

(d) Stem dry weight per plant • (g) 

Source df KC3 W575 

r:is F HS F 

Menn 1 1. 186 x 104 1. 646 x 1 o'1 

Replications 4 8. 795 x 10 2. 51 1 . 046 x 1 o. 60 

Regression 3 1. 117x 103. 127. 70 ** 2. 196 x 10..1 126 .80 ** 
Deviations 5 9 . 494 1. 09 ns 2.934 x 10 1. 69 ns 

Within group 32 8 . 746 1. 732 x 10 

Total 45 

(e) Leaf dry weight per plant • (g) 

Source df KC3 W575 

MS F HS F 

Mean 1 2. 673 x 103 5-556 x 103 

R ep,lica tions 4 4.256 2. 66 1. 794 x 10 5. 15 

Regression 3 4 .947 x 10 30. 86 ** 1.981 x 103 56 . 93 ** 
Deviations 3 6. 343 3. 96 * 5. 610 1 . 61 ns 

Within group 24 1. 603 3. 480 

Total 35 
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Appendix 13 (continued) 

·(f) Husk dry weight . (g) 

Source df KC3 W575 

HS F ;.:s F 

-!can 1 1. 535 x 103 1 . 086 x 103 

Replications 4 1. 71 5 x 10-1 0 . 06 1 . 955 o.oo 
Regression 3 1 -9?5 x 102 697. 60 ** 2. 031 x 10 2 

91 . 23 ** 
Devin tions 5 1 . 098 x 10 3. 96 * 1 . 349 x 10 6. 06 * 
'.·ti thin group 32 2. 774 2. 227 

Total 45 

(g) Grain ,dry. weight . (g) 

Source df KC3 ;·1575 

!•[ S F MS F 

'•iean 1 2 .400 x 104 2 . 053 x 104 

Replications 4 1 . 067 x 1 o2 4. 00 4. 293 x 10 1. 51 

Regression 3 1. 507 x 103 56.52 ** 3.656 x 103 128 . 60 ** 
Deviations 2 4. 438 x 10 1.67 ns 2. 287 x 102 8 . 04 "** 
;·ri thin tjroup 20 2. 665 x 10 2. 843 x 10 

Total 30 

(h) Cob dry weight . (s) 

Source df KC3 W575 

MS F NS F 

~Tenn 1 1 . 439 x 105 590 . 50 ** 3. 618 x 105 887 . 9 ** 
Replications 4 3. 410 x 10 2 1.40 2.287 x 102 0 . 56 

!Regression -
Deviations + 4 8 . 520 x 10 0.35 ns 4. 032 x 10 2 0 . 99 ns 

Within group 16 2.437 x 10 2 2 4. 075 x 10 

Total 25 

+Deviations from the mean. 



Appendix 14 Analysis of Variance of :field per Plant and Yield Componen t3. 

(Data pooled over l ast t hree·harvests) 

Source df Nean Squa re 

Grain. plant -1 -1 
Ears . plan t 

-1 
Gra ins . ea r -1 Rows . ~ar 

·;_, 

Rows 4 6. 394 x 103 ns 
2 . . 3 

6.991 x 10- ns 1.9 12 x 10 ns -1 2 . 402 x 10 ns 

Columns 4 2. 002 x 103 ns - 2 2. 546 x 10 ns 3. 583 x 103 ns 
. -1 
2.153 x 10 ns 

IPopula ti on 4 5. 782 x 1 o4 ** 9 . 304 x 10-
1 ** 4. 554 x 103 ns 

-1 
5. 510 x 10 ns 

Error 1 12 1 . 007 x 104 1. 698 x 10 
-1 

3. t;11 x 103 4 .1 28 x 10 
-1 

Varieties 1 5.892 x 10
4 ** 1 . 388 ** 1 • 522 x 1 o4 ns 2 .111 ns 

Var. x Pop. 4 6.419 x 103 ns 5.554 x 10-
1 ** 3. 305 x 103 ns 

~ -1 
2 •. :>58 x 10 ns 

Error 2 19 4.257 x HY -2 
5.259 x 10 3. 720 x 103 -1 

5.099 x 10 

Total 48 

-1 Gra ins. ro~1 

1 . 070 x 10 ns 

8 . 061 ns 

1. 790 x 10 ns 

1.109 x 10 

9 .766 x 10 ** 
1. 035 x 10 ns 

7.957 

Weight. grain- 1 

6 . 200 ns 

1. 122 ns 

1 .1 40 x 10 ns 

3. 939 

60489 ns 

1.874 ns 

1. 563 

(g) 

:> 

ro 
::i 
p. 
f-' · 
~ 

> 
I\) 
\JI 



Appendix 15 ;u-,n.ly:::is of Variance of Dry I·~.:'.l. i ter Con ten ts . 

(Data have bee:. ~rc:::i~e transfor:ned) 

I ' 
\ ~ , 

"~ .... .;.,...,dry 11·~.._ ... .., r co-i __ ,_ (·') 
\,J.\..A~.i.. fc,:;.i. '-'l..V Uvl..! .. 1v 

1
.J • 

-. ' 
~:-co df .., 

J.) iij' 1 C3 

ac .... ; 4 "> . 0)5 x . " J .,1 r . .:: 

~Olt:..."":":n!:: I 2 . 1 ~s x 1 ('; .... ~ •r ••v 

: ':; 1. 1. l u I.ions 4 < • . "'S7 x 10 U...> I 

~-":.:"Or 1 12 0 ..., ,.. . 
~ . "' I 

~l.:1..:·ie-!..ic:s 1 • 5::?C x 10) I. ..,;~ 

·.r:.J.r • x :'op . 4 G.sn Tl!.j 

~rror 19 i • 1 ::; 1 x IG 

:'o"!.:al - ~ ..,.o 

(b) Cob dry m~tt~r content (~) . 

Sot<rce df 

Day 1 C3 

Ro1·1s 4 1 . 341 x 10 ** 
Column::; 4 1 . 052 x 10 * 
Populn tions 4 3. 266 n::; 

Zrror 1 12 2 . 785' 

V.:irieties 1 4 . 9co x 102 ** 
Vo.r . x Pop. 4 1. 698 x 10 ns 

~rror 2 19 9. 379 z 10 

Total 48 

!·: '.J( J.!1 ::.:c1ua:c 

JJ<....y 1 t,5 

.-, (C" ,_ . J-;,J\.. A 10 - 1 
n::; 

5 . (~5 n~ 

1r . ~C:0 ....... 
••V 

1 . :-?2 

CJ29 x 10 .: x 

1 . 1 ~o z ... :: 

• I 
(', " 

• "-' I \.) 

Ecun Squ.'.lre 

D.:iy 1t,5 

1. 844 ns 

1 . 279 ns 

9 . 093 ns 

1 • 122 x 10 

9 . 005 ns 

3 . 418 x 10- 1 
ns 

5 . 835 

;,,26 

~a~· ~ C7 

. .,1.) 

'.) . 1 1 0 
' ..... 

i( 

, --.-, 
': . / ..) ... 

I 

• '7 
A 10 I 

. --~ T.1.:: ' . . :; 

..., r ,... ') ... ·~ 

.J~J 
. ' ,., 

·-' 

5 . 119 . , ' 
·' 

1 . 1 cs ,{ 
. ,. ...... ~-.. ··-

3. )/. 1 :-: 1 ~ 

7 . 5CC 

) 

3 . 813 x ~ o" . .,. 
7 . 790 no 

~ • 351 ""• 
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Appendix 15 (cont inued) 

(c) llusk dry matter content (~) . 

":ource df l·;ean Squv.rez ; 

Day 103 Day 145 J:ty 1 ("" ..., c I 

n :) ;.;s 4 2. 7EG ns 1 . '101 x 10 n~ s . ;~1 nn ,., 
COl\;IiJ1S '!, 3.97[, ns 1. 015 x 10 n::i 3. r ·5 -· 1 I - I l' 

'"'opul-iti ons 4 ? nl7 
- • .I ..... .) no 3 . ))1j x 10 IiG 1 • ~ : n , ,... ,.. . .. ..., 

°':rro r 1 12 3. 393 1. 1n1 x 10 • -.. .,,2 .. \ . ,.. 
I 

,., 
V· :rie lies 1 ?. 11t-7 x 10 *~ 2. 87C x 10 IJ.~ .. -'";') 

./• 
_, 1 v 

,. . 
lf c.....r . x Pop . 4 4. 582 r.s G. 3'15 nc 1 '>-:-in . ' -· . r :'i :1 

r.:rror 2 . (\ 2. 958 7. 673 1 • . ;no 1C I .J .. 

':'otn l 48 

(d) Stem dry ma tte r c ontent (~) . 

Source df !·~can Jqunr cs 

Day 44 Du.y f') D...iy • , r 
I t t .) 

Ro ;.rs 4 1 • 139 l' 5. 210 y 't C. 1 nt, . ' 
Columns 4 5. 020 x 10- 1 

5. 173 x 
- 1 ? • o.~n us 10 nz :~3 

Popul ati ons 4 4. 360 x 10- 1 
5 . 655 -1 ns x 10 ns 2 .717 :1:::; 

10- 1 10- 1 - • 
Srror 1 12 3. 484 x 5. 607 x 8 . ""12 x 1 I" 

Varieties 1 1. 254 ns 4 . 730 x 10 -l'--11- 1. ?27 x . ,... .. . " 
Va r . x Pop . 4 3-338 x 10- 1 -1 1 . ~02 ns 8 . 428 x 10 nn ..... 
Error 2 19 4.946 x 10- 1 -1 5 . 302 x 10 2 . 119 

Total 48 
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Appendix 15 (continued) 

(e) Leaf dry matter content (%). 

Source df Mean Squares 

Day 44 Day 75 Day 124 

Rows 4 1. 684 * 4.982 ns 3 .762 ns 

Columns ·4 1.177 * 8. 817 ns 7. 859 ns 

PopulA. tions 4 -1 7. 518 x 10 ns 2.457 ns 7.260 ns 

Error 1 12 -1 3.1 69 x 10 3. 376 2.731 

Varieties 1 3. 283 ** 2.378 x 10 ** 7.399 x 10 ** 
Var . x Pop. 4 1.123 x 10-1 1 .1 85 x 10-1 8. 698 x - 1 ns ns 10 ns 

Error 2 19 3. 81 1 x 10-1 1. 298 2.984 

Total 48 



Appendix 16. Coefficients of Polynomials Fitted t o Dry Matter Content Data. 

P·olynomials are of the. f onn 

I»IC 
(%) 

2 3 4 = E0 + E1 t + E2 t + E3 t + 1:E 4 t 

\., 

Fraction Variety· Coeffici ent 

EO E1 E2 E3 

Stem x KC3 -2.838 x 10 +1 .1 86 -2 -5 -1.022 x 10 +2.949 x 10 

x W575 +2.966 x 10 -1.322 x 10 - 2 -4 +2.550 x 10 . -1.784 x 10 

Leaf KC3 +7.936 x 10 -4.574 -1 -4 +1.060 x 10 - 9 . 605 x 10 

x W575 -1.026 -1 +2.621 x 10 +1.541 x 10- 3 -1. 644 x 10-5 

Husk KC3 -2.769 x 10 2 +1 .061 x 10 -1 - 4 -1.411 x 10 +8. 098 x 10 

W575 -1.671 x 10 2 +6. 533 - 2 -4 -s .796 x 10 +5.1 60 x 10 

Cob x · KC3 2 -1.558 x 10 +4.081 -2 -5 -2.812 x 10 +6.763 x 10 

W575 -2.402 x 10 -1 +2.958 x 10 -3 -5 +4.189 x 10 -1.886 x 10 

Grain x KC3 -1.157x10 2 +2.100 - 3 -5. 648 x 10 

x W575 -1.733x10 2 +2. 705 -3 -7.353 x 10 

X Deviations from the r egression are sii:;nificant a t the 5~ level . 

R2 

E4 

0.925 

+4.199 x 10-7 0.925 

+3.034 x 10 -6 0.936 

\ 0.946 

6 - 6 -1. 51 x 10 0.912 
-6 -1 . 069 x 10 0. 881 

0.975 

0.947 

0.986 

0.982 

Approx. S.E. at 

(a) 100 days 

(b) 150 davs 

0.375 
(a)0.362 % 

0.493 
(ab.353 "~ 

(b) 1 . 327% 
1.449 

( b) 0.899;~ 
1.289 

(b)o. 732% 
0.934 

> 

CD 

=' p, 
...... 
~ 

0\ 

> 
I\) 
l.D 



A~pend)x 17 (a) Polynomi als in Den3ity Fitted to Grain Yicl~ Du, • 

(1) Coefficients of polynorniRls of t~e type 
2 _...., 

Yield = A0 ~ A1p + A2p (p =plants . me ) 

(
1 - 1 ) r..g. ha 

'f.'.lricty Coefficient n? ~ _, . ~ - ~ ...., 
': ~ , ~ l -

-
l .. - f1 

AO A1 A ( ' . ' 2 ,( -. 
-- -7 

103 ~~C3 +2 . 51 6 x 10.) -i 1 . 23? x - 2. 068 x 10 O. G70 ... ') . 
7 

'.i575 - 2 . C37 x 102 +3 . 090 x 1 0.) 102 - 2.1 22 o . ~55 
_,. 

• 1 x 

S<;mrce 

~·1 enn 

Rcpli c11 tions 

Linc<lr term 

".uadra tic terD 

Devia tions 

·:::_thin sroup 

Total 

Source 

·lean (\ 

!Regression 

~;i thin group 

Total 

(2) Analysl~ of v~rinncc of fi ttctl po lynomi~ ::. · 

- -
df KC3 ;:r75 

i:S F r s ? 

1 2. 004 x 109 2 . 538 x 109 

105 
r. 

4 1 . 924 x 0. 16 2. 78'1 x 10 ) (' . 1 • 

1 5. 064 x 107 112 . 2su 1 . 7G7 x ,r} c ,.. "' . 
1 o4 

,. 
1 2. 903 x 0 . 02ns 3 . 11'3 x 1 o'J ; .. ~~ [. :J 

2 1 . 012 x 106 0 . 85ns 1 • G31 x 106 OJ 51.:-

1 61 
1 . 198 x 106 ? . 5'.'8 x 10G 

25
1 1 1 df less f.,.:: YC3 

(b) Analysis of Variance of the Locari thm of 'i r ci.in : .::· '"''.. "r~ t 

on Plants per Square Metre . 

df KC3 W575 

I•!S F MS F . 

1 1. 201 x 102 1. 259 x 102 

1 3 . 934 x 10- 2 
16.02** 1 . 153 x 1 ,.., -1 2...., . 7 (H' 

23
1 

2. 455 x 10- 3 5. 077 x 1n - 3 

25
1 

1 1 df less f or KC3 


