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SUMMARY

An experiment is described in which two commercial dent naize varieties,
7575, a late maturing hybrid, and KC3, an early maturing hybrid were grown
at equidistant spacings in five popul~tions of from 39,000 tc¢ T72,MO0 plants.ha
TFleants were sampled on ten cccasions from 44 days after planiing o field

raturity, and leaf ares, dry weights of shoot components, or. dr- natter

Lo

contents determined. inalyses of variance were performed - th d-ta,

pelynomials fitted to pleot means of the wariables, and growi an .rsis
carried ovt.

On average the late veriety (W575) oubrielded 1°'C3 in groin  wcdve

vy 12%.  Although esrs in both varieties were sinilor in wigh%, they

vere more numerous in STS, wnarticularly at wide plent sprei .

siclds in the two varicties were similar at “igh plant dersiZiies but
superior in W575 at low nlant dencities., Tillers =ovided 1770 o™ sai-l alo
waight at 507 silling but bore only 27 of the final gradn »i 1d. Dlandc

of the carly variety possesced only 585 of the lewf area of 'Le “-~fe waricty.

The difference arose from & lovwer leal number, smaller loa® 3ize; and &
snaller tiller component, which were slightly offset by leongor iaternodes
giving a greater proportion of stem area.

At meturity, EC3 was chorscterized by a lower proporticn of ntem, lewd
and cob, and a greater proporiicn of grain and tagsel than the late vuiriciyy.

The proportion of huslk wne ginilar in both variciies.

The total shoot dry weight production of U575 exceaded th~t of IC3
because of & higher average crop zrowth rate and a lenger saried af auuth.

Tre late maturing variety w.n the nore efficient in convertinsg iacidont

radiation into total shoot dry weight, bui this effieiency . sisilrr in

both varieties for grain production.

Growth analysis revealed thst the higher cron growth rate o7 7
vrior to silhing was due primerily to an 117 hizher wnit lsuf rote. e
significantly lower leaf area ratio of this wvoriety indiceted a suneriszity
of gross photosynthesis in this variety. The _=arieority of crop gromih

rate in W575 after flovering was principally duc to itz 677 higher lenl
area index, and to the more rapid ageing of KC3. The grain leaf »utio, G,
of the early variety significintly exceeded that of 7575, though i' wro
comparatively uwniform within any single variety.

Considerable losses of dry weight from non-grain shoot componernts
occurred during the late grain filling period of both voricties.
Mobilization of previously established reserves may have counied for ~.470
and 4.2 of final grein yield in KC3 and WS75 respectivel;. This pro-oriion
inereased with plant density in KC3, but not in W575.

he time from silking to senescence was greater than that cbserved

5 - 1 S ey -y
in many other countries. Leaf area was reduced to 507% of its maximum value




'#pproximately 10 weeks after silking, and 68 and 79 days elapsed between
silking and 95% completion of grain filling in the early and late varieties
respectively., Varietal differences in grain yield were due to differences
in the length of the grain filling period rather than in'the rate of grain
filling, Reasons for delayed plant senescence and its implications cn
maize productivity are discussed.

The optimum plant population for grain production in KC? did not occur
within the range of densities tested, though that for V575 appeared to be
close to the upper end of the range of plant densities grovm. Cptimum
plant populations calculated from regressions of the logarithm of grain
weight per plant on density were 92000 plants.ha™! (%575) and 157000 plants.
ha_1 (KC3), and appeared to reflect differences in plant size.

The rate of increase in grain dry matter content wes significantly
greater in W575 than in KC3.

Implications of these findings on plant growth and crop yield are
discussed in the light of current knowledge and hypotheses on the
physiology of growth eand productivity in maize.



INTRODUCTION

The last five years have witnessed a dramatic increass in dintercst
in maize prowing in Hew Zealand. As & rasult several new v-rletios which
were developed wmder conditions of high plaxnd population density Yorih
Azerica (D»:)unc"r 1971 c} heve been reloased for commereial ~¥oin
“;“ duction in T coland., TIn addition it hus been tablished thud
anrber of distriets previonsly regarded as nargizal for the yredugiion of

thia erop are in feel quite suited to growing n

1ed

Becuuge the epliniod Hlant populstion for srcin production ig dutermd
by the: variety of nuize planted and the evvironment in ihdch it iz growm
(Hungan et al, 1058) it has decome necessary to quantitetively cvaluate
the yield density relationshiy of commercial hybrids in the wrevisusly
untested onvirorments in Hhich naize is now being srown.

Although naize has been growm in ew Zealand for many yonrs, nwrher
of fundomental agronomic questions have renained wvnanswered. el ite wm
considorable reeent exnonsion dn area grown for grain, the rverar LB
of’ nzige in Mew Zesland is rofe thah one third grester than Lg% Zn 8
United States (Statistical Absiraet of the United Stuten, 1970). Towe is
& fotol asbsence of ony zgronosie information in Yew Zezlind to ze t Ter
this wield sugeriority of comparable genetic moterinl when grom i 3
contry.

The vresent study wag eorried oud in oM effert Te revedr sete of T
arcas of deficiency. abock comersial hybrid geown in T or Ze Land over
ke last deecade, 3575, was chosen as a full season variety, er W
a buseline against which the relatively unknoun short seupon varicuiy, 1779,
conld be compared. This exyeriment was designed fo provide bnsic asrencsic

information on the growth and wyield of two viurieties of

maturities vhen grown over a range of commercial field spncings

to be suitable for the enawatu.

gonv e Eing

Y.
4l )



DETTHITIONS

Por clarity throwchout the thesis, the Lfollowing terms ere delinedd

(v)

(vi)

<2
o’

the main axis of the plant, dnecluding lexf shur the.
The length of the sien is messured frop sreunt lerral Eo the

ParEs L e “—r

base of the tasscel neduncle.

leminae, bubt not ineluvding leaf stesths, except wion used in
]

eomnection with leal ar
the whole female infloresceince, incliding the char’ .

3 5 3w P P L ey L 1 W s
tfliat nert of the var vepaining efber the proin and cob have

(¥

been removed, and inecludes the shanles The erx without e

P - a 4 % » =y .y
husk 15 referved to as ¢ huslless our.

w®

caryopses in ihich develovment has begun.

Heftr

graing ere ipcluded ag well ag ehiafly materinl vwhieh rrmirs

attached to the zrain when it is Pongved e e aqn.

the reehis, or mnzin axis of the feomale inflorn-cenc
which.florets are borne, Such florets may Pare 70 g
develop into caryopses. The cob therefore inceiude

florets borne on the distal region of the mature e,
the male inflorescence, including the tzssel pedunc . .

the total plant shoot less the mature grain.



cH &P THERER ONE

REVEEN O0OF LI ERAZ HRE

This review provides a background against which the findings of the
present experiment may be discussed. Aspects of the growth and
development of maize are emphasised, and some of the factors alffecting
the efficiency with which the crop utilizes the ultimately limited sunply
of light are described. The review is largely restricted to maize, partly
because it is the subject of a wealth of published literature (thoush
related to a limited range of enyironments), and partly because it dilfers
significantly in many respects from other cereals.

Following the introduction, qualitative and quantitative aspecis of
growvth are discussed. The third section considers in detail the production,
distribution and accumulation of assimilate in the maize plnant. Section
four briefly reviews maize grain maturation in the field, an: scction

five deals with changes in the maize plant induced by competitive stress.



1.1 INTRODUCTION
Biological systems may be regarded as being comprised of a number of

levels of organization, each level being characterized by ité own relaxation
time (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 al,
1971). Thus 6-7 levels of organization can be identified with relaxation times
rarnging from minutes (intracellular molecular action) to centuries (a climax
forest community). It is at present impossible to link more than two or

three such levels in a single integrated study, and the experimentalist (and
reviewer) must of necessity limit his activities to two, or at most three,
adjoining levels of organization. This review will restirict its scope to the
level of the experiment performed, and one level of organization below this
(hour by hour plant and canopy responses).

1+ ASPECTS OF GROWTH AND DEVELOPMENT
1s

2
2.1 The Terms Defined
Within the orderly but complex progression undergone by a plant from the

embryo +to maturity at least two processes may be recognized (Bloch, 1961).

(1) Growth, which may embrace changes in magnitude of any measurable
characteristic with time, but is normally regarded as the change in dry weight
of the plant or plant part with time.

(ii) Development, or chanées in form arising from differential growth along
the axes of the plant, or between plani parts.

Although the processes are correlated (Bloch, 1961) both occur at rates
which vary within and between the processes according to genotype and

environment.

1.2.2 Quantitative Description and Analysis of Growth and Development

There have been many attempts to formulate specific laws of growth in
higher organisms, but developmental variability has rendered these largely
stefile (Whaley, 1961). Rather than 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
assymetrical sigmoid curve with time (Milthorpe, 1963). 4An early phasc c.
exponential gfowth is followed by a phase of linear increase in which growih
is restrained by differentiation or a shortage of some growth factor. Ais
maturity and senéscence approach, growth rate declines, and total weight tends
towdrds an asymptote with time, or may even decrease as a result of respiration
and shattering losses from the organism (Whaley, 1961). '

Mathematical functions describing part or all of the growth curve have



been reviewed in detail elsewhere (e.g. Richards, 1959; 1969; Whaley, 1961;
Gandar, 1970).
Briefly they fall into +two groups (Richards, 1969).

(i) Those in which growth forms no asymptote as time increases indefin-

itely (e.g. polynomial in time, time power, exponential).

(ii) Those in which growth tends tc an asymptote as time increases
indefinitely (e.g. monomolecular, logistic and Gompertz).

Increasing the number of constants within any single family of curves
improves the flexibility or the 'descriptive power' of the curve. Thus it
is possible for an ordinary polyncmial function with N comstants {o pass
through every observation where N observations of growth are spaced in time.
This implies that each constant is a summation of many complex physiological
variables (Richards, 1969).

When a function with less than N coefficients is Tfitted to the data,
gone smoothing of data normally occurs, a characteristic that is at once
useful and dangerous. Small variations in data may be spurious to the study
being performed and therefore usefully eliminated, while the finer physiolog-
ically significant variations may be overlooked (Vernon and Allison, 1963;
Buttery, 1969).

While ordinary polynomials are widely used descriptively, they exhibit
atypical biological responses in that they are not bound to any final size
(no asymptote formed), and the quadratic form is symmetrical about its
stationary point. Nelder (1966) points out that inverse polynomials mect these
two objections without losing the descriptive power of ordinary polynomials.

The fitting of mathematical expressions by least squares regression
techniques to plant weight and area data as a method of simply obtaining
'growth analysis' parameters is becoming more popular. This methoc .llows
improved precision in estimating parameters at any one point in growth, as com-
pared with the historical methods bazsed on means and variances of cach observati-
ion point (Buttery, 1969). Rate parameters may be obtained by differentiation
of the derivgd continuous function.

Ordinary polynomials are frequently used (Vernon and Allison, 1963;
Milfhorpe, 1963; Hughes and Freeman, 1967; Koller et al, 1970; Koller,
1971), but other types of expression may describe the data more accurately
(Hammond and Kirkham, 1949; Williams, 1964).

1.2.3 Growth Analysis and its Parameters
~ '"Growth Analysis' is the term given to the technique of investigating
growth through the use of growth parameters described below. Based on the

assunption that dry weight changes are an adequate measure of net photo-
synthesis (Briggs et al, 1920) it aims to elucidate factors affecting 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):
Lw = -dry weight of leaves per plant;

A = total leaf area per plant;

RHO = the number of plants per unit area.

Growth analysis parameters can be divided into those which describe
plant shape (morphological) and those which describe rates of change
instantaneously and over a period (growth processes) (Evans and Hughes, 1961).
We will now consider in summary some of these parameters and their inter-
relationships. The subject has been reviewed in detail elsewhere (Watson,

1952; 1968; Evans and Hughes, 1961; 1962; Blackman, 1961; Richards, 1969).

Morvhological Parame ters
(i) Specific Leaf Area (SLA) is the ratio of leaf area to leaf weight.

SLA = A
Lw

Specific leaf area shows a steady ontogenetic decrease in mosi plants
(Bddowes, 1969 b; Koller et al, 1970), but at any point in ontogeny it
appears to reflect the level of available photosynthate (de wit et al, 1969).
SLA decreases as light intensity incident on the leaf increases and leaf
temperature decreases (Blackman and Wilson, 1951; Blackman, 1956; Blackman,
1961; Hughes and Evaﬁs, 1962), the effect being greater upon leaf thickness
than leaf area (Friend, 1966).

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

weight.
LR = Lw
W
LWR reaches a peak 3 - 4 weeks after sowing in soyabeans, maize and wheat
(Koller et al, 1970; wvan Eijnatten, 1963; Friend, 1966) and then steadily
declines as growth of non-leaf structures occurs. LWR generally seems little
affected by envirommental stimuli except photoperiod (Evans and Hughes, 1961),
though this is species dependent (Blackman, 1961).

(iii) Leaf Area Ratio (LAR) is the ratio of totalleaf area to total dry
weight.

LAR =

=[>

A further relationship may be recognized:-

LAR = SLA . LWR
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LAR reaches a peak 3 = 4 weeks after sowing and declines at a similar but great-
er rate than LWR as the plant matures (Watson and Baptiste, 1938; wvan Eijnatten,
19633 Friend, 1936; Hughes and Freeman, 1967; Xoller gi_gi, 1970). A .
reduction in LAR in increasing light reflects reductions in boih SL¥ and
LﬂR.components (Blackman, Black and Kemp, 1955; Blackman, 1961; Varren

Wilson, 1967).

(iv)_Leaf Area Index (LAI) is the ratio of leaf area (with or without leaf

sheaths and green supporting tissue) to ground area covercd (L.tson,

1947 a).
LAI = A . RHO/Area

This gives a measure of size of the photosynthetic system (Gregory, 1926) .
Orientation, and vertical and horizontal distributions of leal are. index
within the canopy determine the degree of internal canopy shading (Loomis and
Williams, 1969). LAI is greatly affected by mineral nutrient supp.y (Watson,
1963 a; 1963 b). Watson (1952; 1968) regards variation in the d -velopment
of LAI, and the time course of leaf area display over the su...er _.. temperate

climates as two important causes of yield variation in fielc crop. .

(v) Harvest Index (HI) is the ratio of economic yield to biolczica. yield

(Donald, 1962).

HI = dry weight of grain / V.

d |

This ratio is highly variable between and within a species (Zryani .ad |
Blaser, 1968; Brown et al, 1970; Singh and Stoskopf, 1971)s It can

be altered genetically without affecting biological yield, and is affected

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

(Donald, 1962).

Growth Process Parameters
(i) Unit Leaf Rate (B) is the rate of dry matter increase per unit

leaf area
E=4a0 1
dt * A
This term (Briggs et al, 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 + photorespiration))
(Evans and Hughes, 1961; Loomis et al, 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



for computing E, though leaf weight and other less accessible bases have ‘been
suggested (Williams, 1946; 3Brougham, 1960). .

When ¥ is computed by means other than from the continuocus curves
of weisht and area with time, assumptions concerning the relotionship
between A and ¥ between two.sa:jlc'points may reduce the uceurrcy of the
cotinaie of B (V4 lllf"u, 1646; ‘hitchead and MNyersecough, 1962 Yilliams
et al, 1965 b; Radford, 1967).

There is an extensive liternture on factors affeetinsg 3. It

4 1

solely determined by extrinsie plant faetors as was fermerly thoughi | Gregory,
e i o R a5y % "
1925: Heath and Gregory 1938 and has been found to viry more heiworn than
£ ] & . 5

within a species (Watson, 1947 a). T exhibits an ontogonctic deerc .o
(Thorne, 1960) which may be attributable to an inerensing nropoctic:

respiring tissue, and to decreczsing photosynihetic capacity (Wutsor :* =1,

Physiological interpretation of the effects of external fac
E is difficult because of the complex nature of X (Richards, 1°73). I has
been found to increase with incregsing light intencity (Rlzekann a: I 2eoaty
1951; Moss, 1965), with increasing temperature to some optimum ter .« inre
(Vatson, 19523 1963 b), and with increasing carbon dioxide concenii» ticns
(Wittwer, 19566; Hughes and Freeman, 1967), but is affected by plar . :uirient
status only slightly except ix-zcutc deficiency states (Watson,

1963 b). There is some cvidence that I may be controlled by metubolie sinl

demand (see Ileales snd Incoll, 1968). As a means of understanding prodiction
processes, measurement of E is regarded hopefully by some (Ulutzon, 1952; 1068

Richards, 1969) and disparcgingly by others (Loomis ¢t 2l, 1671).
Unit leaf rate of & swwer annual crop may be expected to seuk
time of greatest insolation (Warren Wilson, 1967), decline as mutusl sholing
within the canopy intensifies, and it may reach a secondary peal: cerresponding
with sink demand in some crops (e.g. potato, wheat, soyabeans) (Nilthorsze,
1963; Stoy, 1965; Koller et al, 1970; Gandar, 1970) though apparcatly
not in others (e.g. maize) (van Eijnatten, 1963; Vernon and Allison, 1G43;

Allison and Watson, 1966).

(ii) Relative Growth Rate (RGR) is the rate of dry weight chonpe relstive to

total dry weight.
RGR =1 . 4
v dt
Components of RGR may be recognized (Blackman, 1919; West et al,
1920)
RGR = E . LAR



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 (Whaley, 1961). A better measure of 'growing capital' is leaf area,
as in E, which is one of the components of RGR. However RGR does give an
indication of the time taken for an organism to double its size (Hilliaﬂs,
1964), and is a useful concept in this respect.

Since LAR is more varizble than E throughout the 1life of the plant,
RGR might be expected to decline at a slightly steeper rate than L:iR, as
the slow ontogenetic decrease in E is felt (Richards, 1969). This has been
confirmed experimentally (Briggs et al, 1920; Kidd et al, 1920; Williams,
1946; 1964; van Eijnatten, 1963; Koller et al, 1970).

The relative leaf area growth rate (RLGR) may be derived si-ilarly.
This parameter declines more rapidly with time than RGR, as leal area

growth normally ceases before dry matter accumulation is complete (Buttery,

1969).

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

area

CGR = @Y .+ RHO
: t

Components of CGR may be recognized (Watson, 1958)

CGR = E « LAI

The interrelationship of CGR, E, and LAI has been widely stu..c.d
(Watson, 1952; 1956; Saeki, 1960; de Wit, 1965; Loomis et al, 1971).
E is always small when CGR is large (Loomis and Williams, 1969).

Two kinds of relationships have been observed (Brown and Blaser, 1968).
In one CGR forms a well defined maximum at an optimum LAI value, and E
declines liqearly as LAI is increased (Wﬁtson, 1958; Rees, 1963).
In the second, CGR tends to an asymptote and E declines at a decreasing
rafe as LAT is increased (Brougham, 1956; Williams et al, 1965 b; 1968;
McCree and Troﬁghton, 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, 1852;
1968; Loomis et al, 1971).

(iv) Leaf Area Duration (LAD) is the integral of LAI between two time
limits, t1 and t2. It takes account of the magnitude and longevity
of leaf area, and has the dimension of time (Whtson, 1947 a).

;-
LAD = J LAT . dt%

1
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Watson (1956), Thorne (1966) and Welbank et al (1966) claim a good
relationship between LAD after flowering and final grain yield in cereals.
The integral of'percent cover may be a more definitive inde& (Loomis'apd '
Williams, 1969).

The grain leaf ratio, G, or the ratio of grain yield o LAD, which
is a measure of the contribution +to grain weight by unit leaf area
index, appears to be fairly constant for any one variety in any cne season
(Watson et al, 1963; Thorme, 1966; Kirby, 1967; Candar, 1970).

1.3 SOME PACTORS INFLUENCING THE MAGNITUDE AND PATTERN OF PHOTOSYNTHATE
DISTRIBUTION IN THE MAIZE PLANT

The maize plant differs in many ways from small grzin cereals.

Lyte's description (New Herbal, 1619) quoted by Bomnett (1954) illustrates

some of these differences.

"This corne is a marvelous strange plante.....nothing resembling
any other kind of grayne; for it bringeth forth his seede cleane
contrarie from the place whereas the flowers grow, which is agaynst
the nature and kindes of all other plants, which bring forth there
fruit there, whereas they have borne their flower .... @t the highest
of the stalks grow idel and barren eares, which bring forth
nothing but flowers or blosscme ....The fruitful eares do grow,
upon the sides of the stems amongst the leaves, which eares be great
and thick, and covered with many leaves so that one carnot see the
eares.....The grayne or seed which groweth in the eares is,...
orderly about the eares, in nine or ten ranges or rows."

Growth and grain production of the maize plant, when well 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 according to a pattern
that varies with plant age. Photosynthate may be temporarily
stored and remobilized at some later period.

(iii) The irreversible accumulation of photosynthate as nonosmotically
active starch in the grain (Beevers, 1969).

Factors affecting the source (leaves), distribution, and temporary and

permanent storage of photosynthate in maize as an individuwal plant and zas

a community will now be considered in detail.

1.3.1 The Development and Maintenance of Leaf Area in Maize

Leaves in the adult maize plant are arranged alternately in two
ranks (distichous array) with one leaf to each node (Bonnett, 1960).
Total photosynthetic area is made up of the components leaf and sheath
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number and size, on the main stem, and on tillers when present. Husks
present after emergence of the prophyll contribute little %to total
photosynthetic area when fully grown (c 2%) (Allison and Watson, 1966;

Pendleton and Hammond, 1969).

(i) Initiation of lLeaves and Leaf Number

Four to six leaf initials are formed in the maize embryo pr-or
to seed dormancy, irrespective of variety (Kiesselbach, 1949; Erawn, 1968),
Upon germination, growth of already formed leaves continues and more leaf
initials are formed at the stem apex. Rate of formation of initials
hazs been found to increase exponentially with time from onset of
germination in one variety (4bbe and Phinney, 1951) but linearly in others
(Stein, 1955). Plastochron length (time between initiation of successive
leaves) at 20C averages 1.6 — 2.3 days (Abbe and Phinney, 1351; Grobbelaar,
1962). The length of the plastochron in cereals decreases as tesperature
rises in the 10 - 20C range, and with increasing light intensity (Friend
et al 1962; Friend, 1966).

The vegetative phase, and leaf initiation, are terminated when the
stem apex begins to elongate prior to forming tassel branch initials
(Kiesselbach, 1949). This phase has been found to be the most variable in
duration of the three main &eveIOpmental phases of the maize plant
(vegetative, reproductive and seed phases) (Bomnett, 1960), and is usually
20 - 30 days in length in adapted commercial varieties. (Sicmer et al,
1969). Its length is affected by:-

(a) Genotype: lMost of the variation between varieties in time to
maturity under standard conditions is attributable to differences in the
iength of the vegetative period (Leng, 1951). Late maturing varieties will
therefore have more leaves, more internodes, and are bigger plants than
earlier maturing varieties (Xiesselbach, 1950; Eik and Hanway, 1965;
Brawn, 1968). Leaf number has been used to characterize maturity 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: Maize is classified as a short day
plant (i.e. short day lengths hasten flowering), though considerable variation
in photoperiod sensitivity exists (Francis et al, 1969). Plants exposed
to long photoperiods-have a longer 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; Moss and Heslop-
Harrison, 1968). This effect can be reproduced by growing the same
genotype at hiéh and low latitudes, the longer days of high latitudes

I



increasing leaf numbers and delaying maturity (¥iesselbach, 1950).

Delaying planting date in a temperate locality, where day X :th is
inereasing and temperatures rising reduces the length of the vegotative
pericd significantly but increcases leaf number slightly (Lens, 1°51; Bik
and Hanway, 1965; Bunting, 1968): Increascd temperature accelerates growth
and development, and the longzer pholoperied inecreases leal numbérs

Sznsonal varistion in terperature profouwmdly affeets the len~th oI the

5

Time €0 flowcringl(Shaw and Thom, 1951 aL influencing leaf nusber fo o
losser degrec.

Low temperafurcs will reduce the number of legvas inill.esel
(Duncan and Hesketh, 1968). Teskoth et Al (1069) found the. tem ::ture
and photoperiod changes affected late maluring vorietices more than e
maturing varicoties

4 3 3 - 3yt v T A raly - Rl ey 3
@af nmumber is reduced slightly as planid

(e) Cultural sractices:

pepulation increases, is incrcased by applicitions of siurier fe:tiTi;er
(Bik and fanvay, 1965), and is reduced by severe wator siress (8lavil, 1060;
Slatyer, 1669).

(ii) The Growth of Inize leaves mnd Jeof Shentho

Although the plastcchron length has been observed to doere: w witl, ins
in maize, the phyllochion, o rate of leal appearance ig relatively constant,

with new leaves gppearing every 2 — 5 days (Grobwnlq:_, 1962y Zanting and

Drennan, 1966). The growth of the maize leaf is describved b Sharmuan (1042)
and Kiesselbach (1949). The blade tip is the first part formed. The leaf
rneristem remains ét the base of the leaf, and after the leaf blade and
ligule have been formed, the meristem giwves rise to the leaf she:1l, whieh,

8 it grows, lifis the leaf blade out of the enclosing leal wher..

jocd

Accompanying this is the extension of in e“nodeu by intercalary growih from
meristems initiated early in leaf primordia development (Stein an¢ StelTencen,
1950; Siemer et al,1969). Internode lengths can be used o descr e the
stage of development of the plant (Hanway, 1970). Crowth in the =i.o of
cells completes the growth in leaf width.

Successive leaves in maize are longer and broader thar their rrecdeeessor
up to some point in time (Eik and Hanway, 1965) which may correspond with
the beginning of floral initiation (Jewiss, 1966), following which lenst
and breadth decline. Width differences in leaves are thourht to mirror stem
apex size at leaf initiation (Abbe et al, 1941). Leaves of late maturing
varieties grow longer and wider than leaves from early maturing varieties
(Bik and Hanway, 1965). The rate of growth of maize leaves is considered

an important determinant of crop growth rate (Milthorpe, 1956), and is

affected by genotype and environment:
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(a) Cenotype: Signific.unt differences between varictics of maize

in relative leaf growth rate (RICR) have been messured undor standard

oncitions (Duncan and Heske th, 1968. Compare Muramoto ei -1, 19565 with

0

[¢]

otton).

t: Under conditions of adequate moisture an' nutrients,
temperature exerts an.imporitant influence on the rate of leal »r ik
(Regland et al, 1965). Duncin and Hesketh (1968) compared rice. of

maize adapted to high and low altifude environments. Under conficlled
conditionz, they found that mcan 2LEGR increased from 0.09 a 5 156 %0 &
neusk of 0.27 at. 3%0. Analysis revealed & significunt race x bem; s@nture

W Ry [ - S - iy - i) A 1 r: oy
1 altitude roces was sismificantly b s ol o

interaction. The RLCGR of
lower temneratures than that of low altitude races, ané viece vern. lor
Aigher temperatures.
Chenges in light intensity have less effect on leaf arce than on lesf
weight (Pendleton et al, 1966; 1967) (specific leaf area is affvcted as
TG e

in Section 1.2.3). Increasings levels of shading over she vegetative

“*r*od at first increase leaf arez, then decrenge it to the lenl wren

T e P T 7 o b T | =7\ 3 i o Vi ey
shading drastically reduces leaf area (Barley ot 21, 1967). Jone Lheanr

ts may be medisted soon =fter leaf initiation (Milthsrse,

Genera]ly, total leal arca conitinues to exnand at a r i T until
shortly bvefore flowering, the arca increasing thereafier nt o ¥or slovw

rate and reeching a poorly defined peak 1 - 2 weeks later. (ldel
Milbourn, 1972 b). 4t this point, leaf shraths eomsrise zbout 2C

totael vhotosynthetic area ( an Bijnatien, 1963; 4Allison cnd Jatsen,

(iii) Tiller Production in laize

1.1

Axillary buds in maize are initiated several plastochrons later thon
adjaecent leaves (Sharman, 1942; Ledin, 1954). Those at lower nodes nay
give rise to tillers during the vegetative phase of growth. There iz little
published work on size, longevity, or lecaf area of maize tillers, and
inferences must be drawm from studies in cereals in which tillers contribute
far more to total leaf area than they do in maize (Jewiss, 1966; Friend,
1966) .

Factors favouring tillering in maize are:-

(2) A good supply of nutrients (particularly nitrogen and phosphorus)
(Dungan et al, 1958; Langer, 1966), and water (Downey, 1971 a; b; 1972).

(b) A variety that tillers prolifically. There is considerable
varietal variability in tillering capacity (e.g. Brawn, 1968; Adelana znd

Milbourn, 1972 a), some varieties not normally tillering at all (Duncan
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and Hesketh, 1968),

(¢) Thin spacing of plants (Downey, 1972). Tillers in maize may
conprise 50% total dry weight where competition is not occurring
(Rosenquist, 1941), ard stand as tall as the main stem (Earley et al, 1971).
Equidistant spacing favours tillering (Dungan, 1946; Kohnke und liiles,
1951) as does light enrichment (Pendleton et al, 1967). In other cereals
(for example wheat) increasing light intensity promotes & grezter degree
of tillering and increasing temperature decreases tillering (¥riend, 1965).

Tillers initiate leaves, tassels and ears in the same marner as the
mein stem (Xiesselbach, 1949) though there is a marked tendency fov
sex reversal in tillers of some varieties. Vascular connecticns between
tiller and parent plant are maintained (Dungan, 1931) but tiller :ortality
is high during the period of ear formation, particularly wherc tillers are
small in relation to the parent plant (Montgomery, 1909, quoted by Dungan

et al, 1958; Adelzna and Milbourn, 1972 a).

(iv) Leaf Area Duration in Maigze

Leaf area duration can be considered from the viewpoint of leaf area
index and leaf longevity (Section 1.2.3).
Experimental plantings at high densities have resulted in Li_ values

as great as 20 (Williams et 2l, 1965 a) but little is kmown o thre longevity

-t

of such canopies. Plantings sown at commercial rates for grain
normally have leaf area indices of 4 - 7 during grain filling (Allison,
1969; Pendleton et al, 1968; Adelana and Milbourn, 1972 b).

The vertical profile of LAI varies with density of planting (2il and
Hanway, 1965). At LAI of 5, leaf area distribution with height wzs Tound
to be uniform over the middle metre of a maize canopy almost three meires
in depth, falling away to zero on either side of this centrzl zone (lcuzon,
1967; Lemon and Wright, 1969). Crowding plants together alters t. .-
profile drastically. The bulk of the leaf area becomes noticeably
concentrated in a layer near the top of the canopy at LAI values of
greater than 10 (Williams et al, 1965 a).

The time course of leaf area index differs markedly from that of
other cereals (Bunting and Dremman, 1966). At commercial spacings the
rise in LAI is more gradual with time and a relatively high leaf arca
index is maintained for a longer time (Allison, 1964). At these rates
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 (Williams 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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nlay 2 important part in yield determination. The pronoriion of total
leaf area made up by leaf sheaths, particularly just before maturity,
*
is not as high as it is in the small grain cereals (Thornu, 1859 Allison,
T

1964). THowever the contribution to yield by sheanths on a wnit »hotosynthetic

3. ~ a2

ares basis relative to th:t of the laminae may be greater in maize (Sharman,
1lison and Watson, 1966; Tendleton et al, 1968) thiow An The amall

erecals (Thorne, 1650), witehell (1970)

.
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contbribute 6~107 of total photosynthate in mature :lant:.
i x s 3 = S il 2 . s o G TRy % i
There is 1ittle literature orf faotors affecting leafl lonse T

raize. here water and nutrients are not limiting, meize load longevily

o

is fected by genotype (Bl and Hamray, 1965), and is reduced Ly higsh

.
temperatures (4ndrew ct al, 1956).

Reduced lizhtv levels shorten the life of leaves in othor aycelc
( Broughan, 1958 b), ard long photoperiods can considerably delay Zu: f

senegcence in QHOIV—dCJ plants (C_msted, 1951; Krizelk et 1, 196A).

In maize low light intvetisities induced by interplant compelition reduce leaf

longevity though there may be an interdction with nutrient and wiler strecses

involved. Thus as plenting densify inereases therc iz o yresres :ively

increasing’dccﬁine in leaf zrea from 1ts peak value in the cowu tho

season, caused by the senescorce of lower leaves (THlliars =% o Wk

A1lison, 196,}. Bxtremely hish levels of phodosyntHate i ]

ccused by induced barrenness in maige appear te hasten leal sencs 20

(Allison and Heinmann, 1970) while levels interredinte heitvoen v e sk fipd
those found in a normal fertile plant may delay seneseence (Mnaa, =),

Inder good growinsy conditions leaf area declines fo i ob s N
5075 of its peak value 7 weelrs after flowering [Towa, U.0.). Gonprrable
fisures in Rhodesia sre 8, ¢, znd & weeks, in Southern E fanl=n,

end probably some weels longer than this under the cocler humid eondltions

of the NMetherlands, where Sibma lists the tirme of incressing crouw growth rode
from estimated complete crop cover as 12.5 weeks (Bik and Fonway, 1065;

Vernon and Allison, 1963; Allison, 1969; Allison and Weinrznn, 1970;
Adelana and Milbourn, 1972 b; Andrew et al, 1956; Sibma, 1968 respcctivel
Grain yield has been found to be linearly related to LAIL at silli
to TAI of 3.3, and to LAD after silking up to 155 days (Bik and Hanway, 1766)
The time +taken for final grain weight to be obtained at the lircar rate of
increase in grain dry weight observed early in kernel growth appears to
bear a good relationship to final grein yield (Daynard et nl, 1971). This
time is probably closely correlated to leaf area duration. The ~rnin-leaf
ratio, G, has been foumd to vary considerably between maize varieties

(Adelana and Milbourn, 1972 b).
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1.3.2 Some Factors Determining Crop Growth Rate in Maize

As previously stated (Section 1.2.3), the general relationship
between crop growth rate (CGR), leaf area index (LAI) and unit leaf rate
(E) within a canopy is

CGR = LAI , E

This relationship may be investigated directly by measuring the change
in dry weight and leaf area with time between two (or more) sucecessive
harvests, usually a week apart (e.z. Buttery, 1970). Vhether CGR is calculated
from means and variances from these harvests or from regressions of dry
weilght and leaf area on time, averazing of CGR with time will occur, which
obliterates short term effects of environment on CGR. -

To improre the sensitivity of the correlation between eavircamental

Wil racé 158

parameters and CGR, some instantaneous measure of crop gr

e B

'required. The development of gas analysis techniques, particularly infra
red gas analysis (IRGA), has allowed growth to be measured zlnost instant-
aneously from changes in 002 concentration in a siream of air pacssed over
the plant part, the whole plant, or the plant canopy (Moss, 1965).

Further elucidation of the plant response with age and to iis environment
hzs been made possible through mezsuring the photosynthetic response of
leaves from different positions in the plant canopy, over a range of light
intensity, water stress or nutrient status (e.g. Hesketh anc loss 1963:
Duncan and Hesketh, 1968). Concomitant measuresents of the distribution of
radiation available for photosynthesis within a crop stand (e.g. Yao and
Shaw, 1964) allow estimation of crop response under given conditions
(e.g. Moss, 1965), and provide basic information for generalized sinmulation
studies of light and encrgy disiribution, and crop preduction (e.;. Idso and

5

Baker, 1967; Duncan et al 1967; de Wit, 1965; de Wit et =1, 13&G,.
Predictions from simulated studies may be verified from observatior:z -a the
field using assimilation chambers (e.g. Musgrave and Moss, 1961) or by meas—
uring 002 flux in the field by anglysis of turbulent transfer 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 measurementis are
being taken. Over longer periods of time simulated studies may be ci.:cked
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 (¥ichiporovich, 1956).
The results of studies using some of the approaches outlined above

will now be considered.

(i) Net Photosynthetic Rates of Maize leaves

Investigations of the biochemical 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), Downton and
regunna (1968), Downton et al (1969), Stoy (1969), Zelitch‘(1969) and
Loomis et al (1971), and will be briefly summarized here.
In one group ('Calvin Cycle! or C3 plants) a 3-carbon molecule is
formed as the first stable product of 002 assimilation. C5 clants are
frequently plants of temperate origin such as wheat, barley, and oats, and

are characterized by relatively low rates of net photosynihesis on a unit

. . - . & -
leaf area basis (Pnet) in bright sunlight (up to 35 mg 002.u: % ), and
a temperature optimum for photosynthesis of 20-25C. An inzbility to photo-
synthesize at CO, concentrations of less than 50 prm CO and hizh rates of

2
decarboxylation in the light (photorespiration) are also ty;ica: of C3 plants.

The second pathway, recently discovered, is the 04 dicarboxylic acid
pathway, in which a 4-carbon molecule is the first compound formzd in carbon
assimilation. Plants exhibiting this type of pathway have in moct cases
originated from tropical areas (e.g. maize, sugar cane, sorghum, nillet)

o=

and show high rates of Pnet in bright sunlight (50-60 ng CO9 dm “.hr 1)
T u(/.“y differs

F\

and a temperature optimum for photosynthesis of 30-35C. Leaf

“)

from that of C_ plants and appears to favour rapid transport of photosynthate

3
out of the leaf. Photorespiraticn occurs at a very low rate in zost C,
species, and photeosynthesis will continue until the CO concentroiicn in the

ir surrounding the leaf reaches 5 ppm.

]
L]

The net effect is that the efficiency of fixation of incoming sols
energy in the stable chemical bonds of the photosynthate falls much
less rapidly with increasing light intensity in 04 than 03 planis at
ambient air tempefatures of 25-31C (Hesketh and Moss, 1963).

Illunminating maize leaves from either above or below with sin..o.7

v’)

light intensities produces the same photosynthetic response. This iz a
consequence of a uniform distribution of chloroplasts between upper and
lower leaf surfaces, a characteristic of monocotyledons not shared by
dicotyledons. '

A further consequence of this, and the hyperbolic response oI _.cio=
synthesis to increasing light intensity (see below) is that mediwum %o
high levels of lighting will produce more total photosynthate when the
' iight is evenly divided between upper and lower leaf surfaces than when it
is incident in total on one leaf surface (MOSS, 1964).

The photosynthetic response of individual maize leaves to increasing
tight intensity conforms in shape to a rectangular hyperbola (Hesketh and
Musgrave, 1962; Hesketh and Moss, 1963) of the form

Pnet = Pmax I - R (Duncan et _al, 1967)
I+K
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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 intensiﬁy; R is the
dark respiration; KX is a constant equal to I at Pmax. (411 cuantities are
2

expressed on a unit leaf area basis). The net photosyntheiic rate of maize
leaves under conditions of adequate nutrition falls only slowly with age.
A significant negative correlation between Pnet at the rapid grais illing
stage and time to flowering was noted by Heichel and Musgrave (1969), a result
which they attributed to ageing and weathering of leaves. Pmux and K there-
fore probably do not vary much with increasing depth within the maize canopy
(Heskcth and'Ho%s, 1963). Dark respiration rate has been observes to fall
in shaded leaves when compared with recentily illuminated leaves, s in other
species (e.g. McCree and Troughton, 1966 a). The Duncan cancpy proto-
synthesis model incorporates one light response curve for sunlit canopy
leaves, and another for diffusely illuminated (shaded) leaves (Du.can et al,
1967). This is consistent with the observation that maige has no well
defined pesk in crop growth rate as leaf area index increases (Williams et al,
1965 b).

Respiration losses from a plant appear to have two componenis: a
component ccupled with growth, and proportional to photosynthesics, 7, and a
component proportional to total plant weight, W, related to tre m:o:.tenance

of non-growing plant material (lcCree, 1969).

R = A1P + K2W

Simulation studies with maize indicate that values of K
avout 0.33 and 0.08 respectively (de Viit et al, 1969). As

the ratio of R/W falls steadily. This picture of respiration in planis is

&)
t

more realistic than considering it as 0.2 - 0.4 of photosynthesis, =
been done in the past (e.g. Loomis and Williams, 1963; Duncan et al, 196T;
Loomis et al, 1971). Because P is temperature dependent, X, probably will
not alter substantially with temperature changes. K2 is definitely
temperature dependent, and will increase rapidly with temperature, rcuaucing
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 important
loss of gross photosynthate 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 observed.
A number of workers have reported variations in Pnet rate of 50% zuong
lines of maize (Sheridan and McKee, 1967; Moss, 1969). Differences as

. great as 200% (25-90 mg €05 a2, hr'1) were noted by Heichel and Musgrave
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(1969), but this range could not be obtained in subsequent rctesting

(Moss, 1969), and may bave been due to variations in stomatel resistance
under field conditions (Loomis et al, 1971)s Vhen 12 lines of mcize adapted
to different altitudes were grown at 7 different temperaturc. (15-36C)

under controlled conditions the range of Pnet rate averaged 275 over all
temperatures (Duncan and Hesketh, 1968). Differences betwecs the lines

were highest (50, 307%) at the lowest ard highest growth room iemreratures
respectively. DMean Pnet rate showed a growth room tempcrature ojtimum of
34C (probably 38C leaf teuperature, a figure which agrees with ti.nt obtained

by VWinter and Pendleton (1970), in the field, and somewhat highcr than the

optimum air or leaf temperature for Pnet of 30 C ziven by Icso et ni (1966).
Duncan and Hesketh also reported a significant race x temperaturc interaction,
the high altitude races having the highest Pnet rate at low témporatures and
the low altitude races the highest at high temperatures.

Increased carbon dioxide concentrations cause the light resonsce curve
to become more linear. Increases of 50% and 1007 in Pnet rate were obtained
when the 002 concentration was raised from 223 ppm to 325 ppm and 435 p
respectively (Hesketh and lMoss, 1963).

The hypothesis that the level of assimilate cencentration in ine leaf

controls leaf photosynthetic rate is an attractive cne, and widely held,
though no direct evidence of  a causal relationship has yet been [ __luced.
The state of the hypothesis has been reviewed in detail (Newles and neolll,
1968). The position with regard to maize is by no means cluare e

5055 of the leaf laminae from maize were removed the dry matter inc.-.ase

per unit leaf area increased by_SG%, suggesting that under normal circumsiances
maize leaveg operate at well below their potential photosynthetic rate
(Kiesselbach, 1948)., In a comparable trial, Allison and Watson (1968) were
able to demonstrate a non-significant increase in unit leaf rite (L) Jor iwo
weeks following 50% defoliation but not after this period. Pnet may well
‘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 ferfilization ana heorce
grain formation are effective in reducing metabolic sink size in the anize
piant. Kiesselbach (1948) reported that removal of earslat silking  creased
total plant weight by 17%, but increased the yield of stover and roois
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 removal
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 measurements of Pnet give a more direct assessment of the
effect of sink removal. Verduin and Loomis (1943) noted a ﬁuild up in
leaf sugar levels but no decrease in Pnet rate in barren plants compared
with intact plants. Their method of gas analysis was highly inaccurate
however. DMNos (1962) using IRGA techniques and a sealed plastic field
assimilation chamber (see Musgrave and Moss, 1961) containing 10 plants
found that midday Pnet rates of barren maize plants fell stezdily to 55%
of that of normal plants one month after silking. Considercble accumulation
of sugar in the stems of barrcn plants was noted. There appezred to be
varietal variation in the response of assimilation to barrenress.

A recent hypothesis reviewed by Stoy (1909) suggests thot photosynthesis
is conirelled by hormones produced by the sink. Maize planis groun at
densities which are just below those that will natural ly induce L.rrenness
nornally have a sink capacity that greatly exceeds source capacity, and it
is unlikely that feed back inhibition of photosynthesis signiricanitly reduces

proguctivity of maize stands (Loomis et al, 1971).

(ii) Field Measurements of Canony Nei Photosyvnthetic Rates

Portable, sezled, air conditioned field chambers equipped with
IRGA instruments, of the iype developed by Musgrave and Moss (196%) have

- 3 ; G 2
been used itc measure canopy protosynthesis over a small enclowed crea (4 o)
Moss et 21,(1961) and Baker and Musgrave (1964 a) were able o show the

striking effect of changing light intensi upon the rate of zssimilation
157 o w o o

i)

of a stand of maize enclosed in such a chamber. 90% of the variaiion in
assimilation rate could be accounted for by variation in insolation.
(Hpss et al, 1961) Assimilation at noon on a clear day in a mature crop
planted at 72000/ha was 18 mg COz.dm—Z.hr“1. During four days of heavy’
overcast weather, the net assimilation of carbon became negative. Using a
similar chamber Baker and Musgrave (1964 b) were able to demonstrate a 40-507%
drop in assimilation rate, from 19 mg C!Oa‘.dm._zhr_1 on & clear day &t noon
as a result of low-level moisture stress, even though signs of wilting were
barely visible. Moss et al (1961) observed a 20% decline in assimilation rate
under similar circumstances, but with a smaller stress. Increasing CO2
concentration from 270 ppm to 510 ppm within the chamber increased the rate
of assimilation by 20% from 25 mg CO,.dm. 2hr™' in 60% full sunlignt. This
parzllells the 20% increase in unit leaf rate (which includes negative
assimilation at night) ob;erved py Ford and Thorne (1967) when the 002
concentration in growth chambers in which maize was grown was raised from
300 ppm to 1000 ppm.

" The aerodynamlc methods outlined by Lemon (1960) and Lemon and Wright .

(1969) have the advantage of not interfering with the crop enviromment in
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any way, but include an unknown C02 contribution from the soil, which is
probably not large compared with rates of 002 assimilaticn tmder good
conditions. The methods depend upon a well developed wind profile above the
crop, a moderate, steady windspeed, and a homogeneous level crop upwind.
Measurements using these methods have reveazled a possible coupling between

he wind speed within and above the cznopy and 002 assimilaticn, =zder condit-
ions of high intensity light and low wind spced (Wright and Lcoaor., 1966).
It appears that under otherwise ideal growing conditions, a dunsc ..ize crop

+}

in a calm atmosphere may only assimilate at half the rate it .attuins under

windy conditions (Lemon, 1963). Uenijima (1969) reports that undor calm

‘hy conditions 002 concentration in a dense maize stand may only be 0%
of normal, ana under windy cocnditions 90% of normal. Short ierm Q.
fluctuations (0.25-4 cycles minute) originating from sourccs ani sinks of

g g
CO,. within the live maize crop have beoen detected by the aerodynz...¢ method
b2 b N

2

(Lemon et al, 1969). Photosynthetic rates for canopies measured oy this
method agree well with those obtained by the field chamber methoc, and a rate
o7 43,2 ng COz.dm._zhr—1 has been obtained on a clear afternccn .. - stand
with a LAI of 2.5 (Lemon, 1960). This method has proved useful i.. .ctecting
sources and sinks of CO within the canopy (Wright ard Lemon, 19€C). Data
obtained emphasizes the *“portance of the upper leaves of the can._ - i
COZ assimilation, particularly at low sun elevation angles; in a stand
planted in 76 cm rows at 64000/ha, CO, concentration in the air within the
canopy fell from 358 ppm at 2000 hrs to 265 ppm at noon under conzitions
of high 002 assimilation.

Measurementis such as those above indicate the short term responses

of the ecrop to the environment, and should bear a much better relationchip

to crop growth rates than the Pnet rate of isolated maize leaves.

(iii) Light Interception 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 that lignht
attenuation in the maize canopy, like that in many other plant canopies
(Brown and Blaser, 1969) conforms reasonably to the Bouguer-lambert Law

(41len et al, 1964; Duncan et al, 1967; Loomis et al, 1968):

0 R . L7,

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

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

area index above the point within the canopy; X is the extinction
coefficient. K is small (0.3 = 0.5) in canopies where most of the leaves

"~ are vertical (Loomis et al, 1971).
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The Bouguer-Lambert Law implies that the maize canopy‘behaves as
a homogeneous medium in which light is attenuated with depth. Th
relationship, as set out in‘ZfLJ7 is a simplification of the rezl
situation, though it has proved useful in focussing interest on <ihe
reclationship between light interceptioﬂIro), and leaf area indc-. It
has been variously modified to give a more realistic picture of .:ae
canopy (e.g. Saeki, 1960; Duncar et al, 1967).

Experimental investigations into the relationships among CGR,
percentage interception of light, and LAI have indicated thaz I/Te is
curvilinearly related to LAI, but linearly related to crop growth rate,
particularly during the vegetative growth stage of crops including maize
(e.g. soyabeans (Shibles and Weber, 1965); wheat (Puckridge ané Denald, 1967
maize (Williams et al, 1965 b; Williams et al, 1968; Allisoa, . 29} The
slope of the line relating I/Io to CGR is dependent upon the relationship
between the unit leaf rate and LAI which is itself dependent on the

panner in which light is intercepted.

Varisbles which affect the amount of light intercepted &nd ike manner
in which it is intercepted, may be divided into those dependent crn clinatic

factors, and those dependent on plant canopy characteristics.

2

(a) Climatic Factors: The intensity and nature of light re. ...& by

a horizontal surface is determined by:-

(1) The solar elevation angle B, which depende on latitude, scacon, and
the time of day. At 4008, B = 730 at noon in midsummer, and 27° % noon
in midwinter.

(2) The solar intensity, Rs, which is affected by the pathle: -ih of the
sun's rays as they pass through the atmosphere, and by the optica. dcnsity
of the atmosphere. On cloudy days Rs is only 207 of that on clear days
(de wit, 1965). _

(3) The quantity of diffuse radiation, De. The ratio of D to total
radiation varies with cloud cover (reaches 1007 under heavy overcast
cénditions) and with time of day (highest when B is less than 30°), uut is
normally about 10% of total incident light (de Wit, 1965; Monteith, 1969).

' Net radiation, or the radiation available at the earth-atmosphere inter=-
face, is the sum of all incoming and outgoing fluxes of shortwave radiation
(300 - 3000 nm) and longwave radiation (3000 - 15000 nm). On sunny summer
days net radiation intensity is about 1 cal.cm.-zmin—1. The shoriave
component of net radiation contains photosynthetical 1y aétive radiation (PAR),
or radiation to which plants respond photosynthetically, in the 4C0 - 700 nm
bandwidth. On average PAR comprises 60 - 80% of diffuse radiation, 45% of
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direct solar radiation, and 50% of %otal radiation (Monteith, 1969). If

PiR or net radiation are to be measured accurately, the measuring sensor must
réspond only in the relevant band widths. This is particularly important
when measuring PAR, as the crop acts as a highly selective filter the
spectral balance of light altering as it passes through the conopy, which
casts a green far-red shadow on the ground (Scott et al, 1968).

(b) Plant Factors: Leaf area index is closely related to the interception

of PAR over a range of LAT wvalues. Interception by maize at high plant

densities. reaches 955 at LAI values of 4.7 to © (Williems et =1, 55 &g
ar - Pt A o : R ~ ==\
1968; HMonteith, 1909 from Allen et al, 1964 figures). Tooming (1539)

reports that 1-2% incident PAR was transmitted to the ground ty a naize

[

tand with an LAT value of 6-7. Interception at high densitics (215000 -

7G0,000/ha) occurs largely in the top foot of the canopy (Williams ot al,

1965 a), and Tooming (1967) states that 49-6T% of incident P/R i. intercepted
by the first LATI unit it encounters, the range indicating a depencuince on sun
. elevation, leaf angle, and D_autlné rectangularity (ratio of intecrrow to intra-

row 3pacing).
For a more precise description of the memner in which light [ . absorbed
within the maigze canopy, further analysis of the canopy is requir::.
lModels which simulate light conditions within a canopy have helpc. Iinvestigat-
rs pinpoint factors which influence light distribution in the c¢c.ilex array

of leaves and supporting structure that comprise a canopy. The recent
(a1 -

Duncan model for simulating photosynthesis in plant communitics (Duncan

et al, 1967) is regarded by Locmis et al (1971) as being the mos:

~

theoretically rigorous. Briefly this model is based upon considerations of
direct and diffuse light, transmission, reflection and absorntion, foliage
angle, and leaf area of randomly arranged leaves in a number of horizontal
layers within the canopy. The light intensity, I, at any one stratum in

the canopy is:

I=Ioexp (-L /F/F/a, B/ sinB) [2/

where Io and L are as in equation [j£7 ; F'/F is the ratio between the
area of a leaf and the shadow it casts for a particular leaf angle &, :nd
sun elevation, B. Direct and diffuse light are separately treated. 1his
model has given good agreement when tested in the field with a maize
canopy (Loomis et al, 1968). Some of its limitations will be mentioned as
they are encountered below. By simply linking the computed light intensity
and leaf area in each stratmwith the appropriate hyperbolic responsc curve
of photosynthesis to light, canopy productivity can be simulated with some
degree of success (Duncan et al, 1967).

Some canopy factors affecting light absorption can now be enumerated:
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(1) Spatial distribution of leaves;- the planting paticrn of maize
dcminates the distribution of light and net radiation withiy _he canopy
for much of the life of the crop. Pgrallells may be drawn be.weer the
digiribution of net radiation and PAR in crops, provided it iz reuembered
that absorption, transmission and reflection characteristics ¢f m.ize leaves

for net radiation and PAR differ considerably (Yocum ct a1, 1964).

Vhen maize was sown in 98 ca rowe, at high (77000/ha) and le. (39000/ha)
posulations, planting rate had little effect on the guantity of net radiation
P = s A, = . -2 . =
reaching the ground (Aunerﬁln and Peters, 1962). 907 of the 0.9 cal. cn. min

net radiation incident above the crop was absorbed by the coil. In 52 cm

(@]

, - : S TR : i " o & :
rov's the soil absorbed 44-68% incident net radiation, goinz from high to low

lanting rates. Results similar ©6 this have also been ohiciied by Tanner 01 al

plan
(1960), Denmead et al (1962), and Yao and Shaw (1964). On cloudy days

when incident light is mainly diffuse, a2 greater proportion of incident net
radiation reached the ground (Jen:vud al, 1962). Placing o white plastic

rellector on the grourd between rows of a stand of 40,000 nl‘.ts/hh increased
yield 13%, and beneath 60,000 planis/ha increased yield &% (fordlcton et al,
966). Rows oriented N-S intercept more net radiation (and 2iR) than
oriented E-V (Yao and Shaw, 1964; Idso and Beker, 1967), and experimenteal
evidence suggests that rows oriented N-S yield slightly higher than those

oriented E-V (Locmis et al, 1971). The mzgnitude of the adv.nizpge of N-S
rows would be proportional to row width.

[arren VWilson (‘060) using inclined point quadrats, has exazined the
ratio of the wvariance of foliage contacts to their mean. 4 regular
horizontal distribution of leaves produces a ratio of less than 1, a clumped
dictribution such as that found in row crops at least durir carly growth,

a ratio of greater than 1, and a canopy composed of randomly disiributed
leaves a ratio of 1. The Duncan model assumes randenm distributic: of leaves,
an assumption which permits the use of the Poisson distribution to estimate
the probability of penetration of rays of direct light, as in eq;ation.[-a;?

(Loomis et al, 1971). This limits the use of the model when maize is grown

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 plantis
including maize, seen to have evolved with a vertical distsnce between
leaves equal to more than twice the leaf width (Loomis and Williams, 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 cmszm3 (Lemon, 1967) or about 10% that of a dense pasture.
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(2) Leaf optical properties:~ Reflection and transmission of PAR by
maize leaves have been described by Lemon (1963), Allen et &1 (1964), Yocum
1 (1964), Tooming (1967) and Scott et al (1968). PAR is =bsorbed most

ronrly (907%) in the blue and red regions of the spectrum, azd less strong 1y

by

in the green (70%). The figure used by ithe Duncan model for .can leaf

reflectivity is 179, similar to that obtained by Yocum et al (1964). The maize
canopy as a whole reflects 6-107% incident PAR. Transmission of P.2 by a maize
leaf is 7% of the incident valuc. Transmission rises to 505 ia taze near
infrared bandwidth (Yocun e% al,.19 4). %he Duncan model uscs a ncan leal

&
transmission of 5% of incident PAR (Duncen et al, 1967) .«

(3) Light absorption by non-photosynthetis structures:- .11 - ructures
on the maize plant exposed o the light environment cxcept silks .od iassels
are capeble of photosynthesis. Following ftassel emergence tascel. <t the
top of the maize canopy shade the foliage below to a significuant degree.

Dlar

Duncan, Williams and Loomis (1567) calculatedthat at a plantin:s density of

17600 plants/ha canopy photosyathesis is reduced 47 through

At 99,000 plants/ha the reduction was 18.1%. Early detasseling cxperiments

detected only small advantages in grain yield, probably because ol low

planting rotes (e 25000/ha), but later irizls have confirmed that ot high
plenting densities shading from tessels gignificantly reduces yielu .Lunter

et al, 1970 a).

(4) Azimuthal Orientation of the canopy:= Nost maize varietic. ..ow
no preferred leaf orientation with respect to the sun, but scme hoy en
reported in which leaves are distributed with a greater frequency i.

E-W direction then in a N-3 dircction (Ross and Nilson, 1967; Loc. xad
Williams, 1969).

(5) sunflecking and leaf movements:- Immediately wind disturbs i..:
canopy, the light profile is altered, and leaves appear to oscillate in th
wind at some natural frequency which is related to their size and the wind
speced., Under a variety of wind conditions, maize leaves were found to
oscillate at 0.05 = 7.0 cycles per second (Norman and Tanner, 1969). 1nis
means that lower leaves in the canopy are photosynthesizing in a tru:zient
light enviromment. Over the frequencies observed in maize, it seems unlikely
that photosynthetic efficiency would be affected by rapid leaf movement per se
(McCree and Loomis, 1969).
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(6) Foliage Angle:= de Wit (1965) distinguishes four canopy types
accofding té the frequency distribution of angle classes wjithin the mature
caﬂopy. Plagiophile canopies contain predeminantly oblique leaves (declining
from vertical or horizontzl) while exirermophile canopies have Ten oblique
déeaves with most being in horizontal and wertical classes. Verticaul leaves
occur most frequently in ar erectophile carnopy, while a plencphl.e canopy
has & high frequency of horizontal leaves. De Wit further peciats out that
the direct light intensity received by a leaf plane is completel; determined
by the intensity of the direct solar beanm arriving at the earth's surface,
the sun elevation angle a, the sun azimuth angle, and the elevation angle, B,

5

of the leaf plane.

The curvilinear response of photosynthesis to light implies it a
canopy will photosynthesize with high efficiency when all incide:nz light is

absorbed by a large area of dimly 1lit leaves. It has been sugg.. ¢ the

this would be achieved by a vertical to horizontal orientation fran the top

to the boitom of the canopy (Verhagen et al, 1963; Donald, :968).

Simulated studies of the effect of leaf angle on productivity -...ieale that

this type of canopy sitruciure has a considerable productive advan.ize over

& canopy in which horizontel leaf layers overlay vertical lesl 1r jeors,
articularly et LAI values in excess of 3.4 (Duncun, 1971). 4% L&D weliues

of less than %, leaf angle probably hes little effect on productivity i.e.

o~

the quantity of light absorbed is more important than the marner o absorption.
Advantages accruing to steeply angled lesves inecrease rapidly beyond LAT value
of 3 (Duncan et _al, 1967), and are largely independent of leaf type and

Sids ; . o . - R
goographical latitude up to about 60 (Duncan, 1971; Looais et al, 1971).

o YanF

Experimental evidence confirms some of the hypotheses conceraing learl
angle and canopy productivity. Artificially induced leaf zarsle variatiion

in barley seedlings over a range of LAI (2-12) indicated that high canopy
Pnet rates were associated with a large area of steeply angled leaves

(Pearce et al, 1967). Gardener, quoted by Mitchell (1970), obtai-zd yield
inereases of 16% from barle; lines with erect leaves compared with lax-leaved
- lines at comparable plant Ileaf areas. Increasing leaf angle by =echanical
means raised grain yield in maize by 15% (Pendleton et 21, 1968). Kaize
lines with upright leaves, when compared with isolines differing only in

leaf angle, consistently produced more grain and total dry matter per unit
LAI, particularly at higher populations (Hopper and Anderson, 1970). It is
thought however that some of the productive advantage for maize m: be due to
improved lighting of leaves close to the developing ear (Pendleton et al,
1968), and Sinclair et al,(1971) were unadle to detect any differences in
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productivity between normal-leaf and erect-leaf isorene Jlines of the sane

puize hybrid when vsing cerodymamie; or leaf and plant chumber rethodss
= ) 4

. .
Teal angle distribuiion with

sirovified analysi cehninnes. Loomis of ol (1968), inveuti-atins a
veriety exhibiting 2 »lmnoikile eanory, foumd thot lesves ng: » 12 top

oz the cunopy chsnye

the zassel eperged,

Mg leaf angle distyriduticn with denth chonsed Tron o Soperit opdeteshile

d -.-u.«..;b-»\.ba..u.. hoenr whe 1;\3'_"! QL oo '_.'11.' ivuiion
o tho base. Ineresaing density vEing wan Dol e Tead
clevation anple. There geore ablo ¥arieta] vadis®y o 3n leafd
angle. Poss and Tilsen (1067) Yo srsle Gistrinat. a with
dewth of @ strongly ercciomhile , @haile: spyorsl ven
slagiophile leal angle distribitions have been reported (de i, et

Daynard, 1971). Changes in trple con be gencticunlly indugeld dornrantivaly

essily (Pendleton ot o1, 194E),
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huve been estinated. ILohon (196?}, assuming (847 insercenciocn of

calculated efficiency to be as hish as 147 in n stand of 63C00
. - -2 . =1

(T.4I 4.3) vhen incident solar radiation was 0.8 cal.cm o153 e

(1961) observed that the efficiency curve over the day itroushed a2t 1ad: i,
pozsibly because of light saturation of the canopy {74000 »limts/he), or heemuu
some other factor essential to photosynthesis such as water wag limiting,

- Ao

but probably because of the curvilinear photesynthetie reshonse curve
light intensity. D=Rfficiency of conversion of ineident PL7, not corrocicod

for nbsorption, peaked at 7% in this experiment. Uchijims (1669) ». ~vis

encrgy conversion efficiencies of incident PAR (not corrected for ~Tzorniion)

ranging from 6-147 with a mean value of 10.27 which is rather similar to the

107 obtained by Lemon (1960) from a stand of LAI 3. - Differcrces in efficicncy

nmay reflect differences in light intensity. The hyperbolic photosynthetic
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response curve to light implies that efficiency and light intensity are

*

negatively related.

When respiration rate covernight is included, efficiency “alis. Over

3 g . . : o G L= -1
a 12 day period prior tTo tasselling a erop growth rate of 52D kgz.ha. day
(including recoverable roots) was obtained from a stand with a memn LA

”, and an extremely high density of 700,000 ‘lantu/nu- b s G

oA
. ile
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the whole nerici, and was

represanted a 6.4% conversion of absorb
atout a half of potential corversion efficiencies based on the gquaastum
requirecment of photosynihesis (Loonis and Williams, 1963) or the vzotesynthetic
regponse curve to light of the Duncan model (Loomis et al, 871) « Buttery,
1970). Over a two month period corresponding with the rapid grein filling
stage of the crop a net efficiency of conversion of absorbed 2AR of 7.3

- £ ]

vas obtained (Lemon, 1967). 3Ifficiency of conversion of abscrbe. iR over

) - - - -~ ~ - 3 et .
a two month grain filling periocd of 12.2 =12.9% based on 75-80% absorption

-

of incident PAR in a Russian naigze crop of LAI 6.0 2as been clained, giving

p— y ; . -1 -1
an estimated growth rate of 600-720 kg.hae. day
1967).

Loomis et al (19 ;1 list c¢rop growth rates and conversion e.'iciencies
P &
———

(Ustenko &4 Yagnova,

of absorbed PAR. A New Zealand crop is reported to khave - JCR o 280 -kg.ha

.
i

day_ and an efficiency of 6.1%, On an gnnmual basis, a producticn of 17,000~
"-1 - a - - S . . - -
25,000 kg.ha ~ in Yew Zealaﬁd would have un efficiency of 2.2 = 3.0 or

é
ipilar to that of a ryegrass sward. This does not include ro

]

o)
Sibma (1968) points out that by the fime maize commences growth in the
Netherlands, grass and winier whezi have already produced 10,000 kg.ha_1
dry matter. In a cool climate such as this grass and maize have similar
CGR wvalues and similar efficiencies.

(v) Summary: Leaf Area Index and Crop CGro:-iz Ante

The dependence of CGR on the quantity of lezl surface has been well
established (Watson, 1952; 1956; 1958; Williams et al,1965 b; Shibles
et al, 1965; Thorne, 1966; 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 of
solar radiation and CGR increase with LAI and approach a maximum at
similar LAT (4-8) in the vegetative stage of growth of the meize canopy
(Williams et al, 1965 b; 1968; Allison, 1969). During this stage 2R is
linearly related to % incident PAR absorption. In the gra- formin --riod
factors influencing the source of photosynthate, and the initiation,
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),
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.

or tend to an asymptote as LAI incresses (e.g. Williams et -1, 1978),
CGR is often lower in this period than in the late preflowerinz phase,
though this is frequentl; confounded with declining solar ra. _ation
intensity. Capacity of simulation models to prediet reproduciive growth
is “cverGWV linited (Bastin, 1969).

The exact form of the relationship between CGR and LAI copends
upon leaf area, leal angle, lecf position, leaf movement, reflectivity

and transmissivity by leaves, light absorption by non photoszjynthetic surfaces,

—

P

the photosynthetic response to leal illumination at different depths in

the canopy, the brightness of the sun and its position and cuznopy surbulence.

sit
ists) may reducz the CCR,
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Peedback inhibition of photfosynthesi
andé nutrient and water deficiencies will drastically reduce producstivity.

All of these factors, and others about which less is known, =zZarticularly
in the reproductive stage of crop growth, make the relationszip botween the
easily measured crop growth parameters CGR and LAI difficult to interpre
physically or physiologically.

= Fy e Eopm +n TS g it v S oy
1.3.3 Patterns of Assimilete Distribution in Maize

The distribution of assimilate from various leaf positions 1o metabolic
sinl sites and zones of temporary «ad permanent storage does not oc
in a randon f&° :ion (Suoy, 166S; Ziddulph, 1969). PFrom data on leaf
position, 1eaf area; vascular connections within the plant, siites ol growth,
and rates of growth, the likely distribution of assimilates cun te prcdicted
(Wardlaw, 1968).
. The development of pulse-chase technigues using radiocactive C as a
arker or label for assimilation has greatly improved the stite of knowledge
of translocation patterns in plants. Studies with sugar cane and maize,
which are similar in many aspects of translocation (Hofstra and N.lson,
1§69 a; 1969 b), have revealed much about patterns of aséimilate édistrib-
ution in maige.
Photosynthesis in maize appears to occur mainly in the mesophyll and

parenchyma chloroplasts, and the fixed 002 is transported rapidly in a
bound form to the bundle sheath cells (Pristupa, 1964; lNoss and Rasmussen,
1968; Hatch and Slack, 1970). Transfer as sucrose to vascular bundles
in the leaf is rapid, and movement toward the leaf sheath occurs with little
lateral movement (Hofstra and Nelson, 1969 a). At the leaf sheath the '

assimilate appears to diffuse throughout the sheath, then move down the
stalk to the node below that adjacent to the point of attachmwent of the
sheath to the stem (Sharman, 1942), Vascular strands from the stem and

leaf anastomose at this point, and the assimilate may either lodge in the
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'sfem, go to the roots, move towards the developing ear or move to the
stem apex and on into expanding leaves (Hartt et al, 1963; ¢« Biddulph, 1969).

Movement from the fully expanded leef and sheath is wery cocxnlete. Fully

expended maize leaves, like those of other €, plants tested, cxport 70-807%

4

of assimilated label in the first 4 hours after labelling, coupared with
the 40-50% for 03 plantis,. The figures for both groups fall as temperature
falls (Bofstra and MNelson, 1959 z; 1969 b; Eastin, 1970). Rate of
novement of assimilate within the mzize leaf gnd stem was feound to be

2l, 1963; Wardlaw, 1965; Biddulph,

+

The rate of translocation fzlls in response to low levels ol ilemperature

4 - - Ao -~ N wwas Ay, e T o e 3=
and light; and to nutrient and water stress. The general effeet of these

to direct a greater proportion of

=)
4]

factors when their supply is reduced
assinilate to the shoot apices and less to the rcots (Wardlaw, 1¢38;
Bastin, 1969).

The distribution pattern of essimilate within plants chongec markedly

at flowering (Stoy, 1969) and the pattern in the maize plani is affected

ck

o lesser degree by temporary storsge and remobilization, and by

o

S

contributions from tillers. Aspecis of

=)
o |
o)

this distribution pattern wil

be cousidored.

Tracer studies in maize plants aged 3-6 weeks (Hofstra and Nelscn,
1969 a) indicate that the plant root is the largesi sink at this stage of
development, followed by the apical meristem. ¥hile leaves of all ages
retain some capacity to import assimilates, by the time the leaf

“reached + - %+ of its mature size only very small amounis of assimilate are

imported from other leaves, the growth at the leaf base being almest entirel

supported by assimilate from the already expanded part of the blede.

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 of
assimilate to the growing ear and tassel, and translocation at silking has
been investigated by Eastin (1969) in a series of experiments in which
lebelled 002 vas fed to every second leaf on two varieties of maize.
Relative total counts (%), which reflect the percentage of assimilated label,

were determined on various plant parts four days after labelling, when the



pattern was stable (Eastin, 1970).

tested (W-415) are presenied in Table 1.1.

distribution of assimilate at si

71-

£ Y
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Scme of his results for one variety

ing are listed as a under Time.

Figures relevant %o

e

At

this growth stage, the ear was the largest sink, though upper s.em growth
and root growth were still continuing. A second maigze hybricd sinilarly
tested showed a significanily different assimilate distribution jatterm
at silking despite posseasing exiensive morphological similaritics to W=415.
The second hybrid.accumulated more labelled assimilate in the stc: near
tre ear and in the fed leaf than W-415.

(ii) Assinilate Distirilbuiion Pattern in the Posioilkin~ Maisc Plant

rapid polarization of

- 5 - =
translocation

=

toward

er pollination, and accumulation of dry

* -
s the ear has

-

natter in -

b.cn obzerved
he stom neax

the ear and- in ‘the ear shank occurs (Loomis, 1936; 1945; Pctho, 1667).

A sinple sink-source relationship develops between the car, s=d ilc leaves
above and imr:diately below the ear. Translocation from these leaves is
rapid and more complete than at anthesis (Palmer and Musgrave, 1968). The
ear is able to compete more successfully than vegetative structu. s for
available assimilate when the assimilate stream is reduced by sheding
(Palmer, 1969). The data of Eastin (1969) presented in Tablc 1.1 further
i%Tustrate the larze influence of the dewveloping ear on the patisoran of
essinilate flow, particulzrly Irom leaves at and sbove the ear., Relevant
figures are listed as b under Time, Varietal differences werz r luced

'

o

and Hastin (1909) sugges

interaction, as well as a straight stage of development eff

ts

there is

y comparison with those mezsured at silking but

&g

enotype x

were still aspa.

developnental

L

eCTs

=

[ R T
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TABLE 1.1 (After Eastin, 1969). o

C-14 Distribution after 4 days when various leaves are fed 14020, 2t two

3 leaves and ear is in I-=T7 leaf cxil. Stem

B -~} ~ Y e Bk e 3 VAT - | e AR
lies above the ear node and stex 2 below, Fumbering is from tap of

plant down. Hybrid is 'W—415' a% 45,000 plants/ha.

s a At silking.
Pimes a5 - I
b 20 deys after silldng
- . i . . . 5 ~F
C~14 Disiribution ss Relative Total Counts (%)
Fed Leaf L1 I3 -5 EL 19 L-11

Stem 1 a 2 27 8 - - -
o] 5 ] 1 - - i

Sten 2 a 1% 8 11 41 56
2 1 3 2 24 35

Root a 1 T2 2 3 40 27
b - 1 1 1 1 4

Zar a 42 42 76 T2 4 2
o) g8 91 91 93 61 35

Fed Leaf a ] il T 15 15 13
and Sheath b 4 4 4, 4 15 21
Tassel a 3 3 - 1 - -
b - = - - - .

The pattern of assimilate distribution in a 'prolific' varietly
“(sweet corn) has also been investigated (Eastin, 1963). Leaves below
the apical ear were responsible for providing the bulk of assimilatc to
the second ear.

Planting density (Section 1.5.3, Table 1.3) also influences the
pattern of assimilate distribution.

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 distribution in a given

meize variety obviously interacts with the light regime of

canopy

to determine the amount of assimilate reaching the ear. INaxinum grain

production would appear to te achieved by near-complete interception of
incident light in as uniform 2 manner as vossible by :the lesves contributing

nost ‘to the - ear (ef Pendleton et a1, 1967; 1968). If however lodming
ig 1imiting produc tivity, it would be important for light to moneirate
the lower leaves which feed the lower stem and roots. Data such as those
rovieved above provide important inlormztion for model builders 17 the
recroductlve phase of maize growtn is to be successfully simulatel

(Bestin, 1969).

(iii The Belationshin Beitwesn Tillers and the Parent Holze Tiaxnt

The existence of wvacular connections between the tiller cad the

main stem of the maize plant a2t greinfilling has been demonsirat.l (Dungan,

1931). Some CO.dlulonu under wnich assimilate is translocated fro.. the
7

tiller to the main stem during grein filling are:

(a) then the tiller is barrez and the main stem bears z developing

ears A reverse flow of assimilate may occur if the main slem Is burren
3.9 - 3 - - N
and the tiller is supporting zn ear (Dungan, 1931; Roscnguist, /e
(b) Wnere the main stem-has been defoliated, and the leaves ca she
iller left intact. Under these conditions the tiller may sospory rain
filling in the main stem (Loouis, 1945).
(e) In prolific varieties supporting two or more ears oa the main sien

1971) .

Very little assimilate {ransfer will occur if both main stem and

]

&
12
(203
&=
fi]

-

and no ear on the iillers (Ear

tillers bear developing ears., Tillers big enough to offer a signiiecznt
degree of support seldom occur at populations greater than 40,000 ;L;;is/ha,
except perhaps in situation (c). Present day single-eared varieti.. seldom
produce fertile tillers at commercial planting densities (e 50,00C,"

and the transfer of assimilates from tiller to main stem or vice ve:  is
insignificant (Kiesselbach, 1950; Earley et al, 1971 ) It is deubilal
whether the highly competitive relationship which exists between tillers
and the main plant in small grains (Bunting and Drennan, 1966) evey cxists
in maize, although vascular connections in small grains appear similar

(Quinlan and Sagar, 1962).

(iv) Temporary Storaze and Remobilization of Assimilates in Maizc

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 figure, nor of the role of temporary storage and

mobilization during grain filling.
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for as much as 107 of the final grain yield,
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but often a lot less (e.g. Archbold, 1945; Stoy, 1965; Thorie, 1066;
Rawson and Evans, 1aT71).
Tye stalk, shank, husk and possibly the cob of the maizc plizi &ppear
to be £ble o store labile organic reserves which 25y be mobilized if the
.level of intraplant Cu‘Uetl%LOn becomes high enough (Duncan ¢ a., 1965;
Dsynard et al, 1669). It has been demonstrated that the level of
soluble solids in maize particul&arly carbohydrates rises above nc:rmal when
the plant is barren (Sayre et al, 1931; van Reen and Singleion, 1952;
Koss, 1962). Shading the plani (Inipmeyer et al, 1962; Gille and Woodruffe,
1971) and reducing the leaf zrea (Sayre et al, 1931; Dungan, 1924; Dunean
et al, 1965) are effective in reducing sialk suzar concentrations below
those normal in the maize plant. The loss of sucrose from the stalk of
defoliated plants accounted for 85-92% of dry weight lost by the sialk
indicating that the loss of dxy weight from the stulk occeurcd largely as
sucrose (Duncan et al, 1965).
| The movement of dry metter from the stalk to the grain hen the shoot
was cut three weeks after fertilization and kept in the dark was demonstrated
Yty Allison and Watson (1966 }. Grain dry weight was observed to increase
207% in meize shoots of & similar maturity after they had been cut and

dry matter

live

en

van Eijnatten (1963) reported

dey s -
stutlres

w2

1 was concluded

of normal maize crops have failed to reveal any changes in stalk dry welght

after it has reached a maximum 1-4 weeks after silking (Miller, 1943;

1948; Hanway, 1962;

" Allison and Watson, 1966).

Allison (1969)

re

S

a0y

ayre,

ported

nc loss in stem weight from plants grown at 23,000/ha, but as density
reight

L

increased beyond this a greater proportion of the maximum stem dry
was lost during the latter stage of the grain filling period.

Where dry weight is lost from the stalk of the maize plant, the loss

begins 2-5 weeks after fertilization, and is steepest during the phase of
rapid grain filling (Kiesselbach, 1950; Allison, 1969; Daynard et al,
1969; Adelana and Milbourn, 1972 b).
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Losses in dry weight in other plant parts have also beesn recorded.
Proportionally husks (sghank included) lose more dry weight ,trhan stalks,
and appear to do so at a lower lewvel of intrglant competiticon than do

stzlks. The timing of the loss of dry weight again coineidcos with th

period of rapid grain £illing (Killcr, 1943 Bazyre, 1948: Euay 2t 8l
18535 Allison and Vatsen, 1966; Allison, 1969; EHanway ard Russell,

et al, 1969).

fo

3
1969; Daynar

There has only been one detziled report of loss in cob dry 5
A - o P - i & e s, & 2. A&
uring grain filling.. Earscn (;93?) reported a 155 decline 113 cub dxy
weight between the 5th and the 8ih week after pollination. Similar losses

are not aPUurunt in other literature (Sayre, 1948; Harnway, 1962; Hanwey
and Russell, 1969). Losses in dry weight from roots during grain filling

have not occurred in some studies (Poth, 1962; Zuber, 1968; Taylor and

Iund, 1970), though van Eijnaiten (1963) reporis a 5% declinc ir root
weight in the last week (4th week after flower'ng) f his eXperi. 5%

What is the absolute coniribution of stored carbvohydrate to groin
vicld? Kiesselbach (1950) found %thet the loss in weight ir ste. "o zccounted
for 20% of the grain yield in 1921, ang 12% in 1922: The sunt of mobile
sugers in the stem was calculsted to be sulficient to produce 2Cu of the

T
adoly favalna

'
ja)
=
=N
f)
\, /
4

5

A
e: n1,{(1969) reported an average loss of 500 kg dry m&tter/ha from stenm

2 2
translocation, and 400 kg déry matiexr/he frem cobs, husks and skanks. A
cenversion ratio of stem sucrose to grain dry matter of Q.5 - G.&4 was
calculated by Duncen et al,(1965).

Adelana and Kilbourn (1972 b) reported & 487 decline in dry wol ~his
of the combined stem and shark during grain filling in three ver: . Mhen
grovn at 108,000 plants/ha. Changes in root dry weight werc nos e
in the above experiments.

The concept of a pool of labile orgarnic reserves in the stem -. ...3ks
of the growing plant is an attractive one. It could act as a2 bufi._ sctween

photosynthesis (principally light controlled) and growth requiremenis
(principally temperature controlled), as well as controlling the level of
intraplant competition (Duncan et al, 1965). The initial build up of
assimilate may come about because ear sink capacity is limiting for 2-5
weeks after pollination (Daynard et al, 1969). The situation is not however
gs simple as this. Considerable differences between genotypes within years,
and within genotypes between years have been observed (van Reen and Singleton,
1952; Daynard, 1969). Varying population pressure produces incor  tznt
results. Kiesselbach (1950) obtained large reductions in stem weig.:

at 19,000 plants/ha while Sayre (1948) and others obtained no reduction

at 28,000 plants/ha. Daynard et al (1969) indicate only a 5% increase
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in translocation from stem and husks as planting density increased from
44,700/ha to 124,300/ha, and Hanway and Russell (1969) report no dirlerences

at 38,700 and 58,100 plants/ha. Because the level of assimilales in stem

and husks is a funetion of both supply and demand of assimilate it is likely

to respond in a complex Tfashion %o & ramnpe of envirommental conditions.
1.3.4 The Growth and Develorment of Yield in [aize
The grain yield of a maize stand is made up of the follewing cemponents

(Leng, 1954):
(2) The number of plonis per unit area (see secction 1.5).
(b) The.number of ears per plant.
{c) The weight of grain per ear.
(1) Number of rows ner ear
o (i
(34

Aspects of ear number per plant, grain mumber per ear, aad kes.cl

(=3

Ty ywa =
) Nunmber of

) Xernel weight

!J'

weizht will be considered.

some reaching considerable size before ceasing growih and disintes—

In multiple eared types dominance is shared among two or three upy
Prolificacy of ears per plant is a varietszl characteristic, but a 1.
photoperiodic experience has been observed to increase the number of
developed ears per plant (Moss and Heslop-Harrison, 1968) and ear wproliz_ . oy
is sirongly associated with lateness of maturity (Josephson, 1961). =Ea
number is reduced by increasing levels of intraplant competition for
assimilate (e.g. crowding, or conditions of reduced light), as the assimilate
sink capacity outstrips the supply (Bauman, 1960; Josephson, 1961; Collins
et al, 1965). ‘hen plants are grown at high populations, a critical period
during which second ears of semiprolific maize varieties abort has been

shown to be 3-4 days prior to silking through till 8 days after silking.
Approximately 80% of abortions occurred in this period (Prine, 1971).
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(ii) The Determination of Kernel number per Ear "

A detailed description of the znatomical and sequentizl development
of floral parts is presented by Bonnett (1940; 1953; 1954, and ¥iesselbach

(1049). Only & summary is prezentcd here. Kernel row number is lciermined

-
Zbout one week after ear initi&tion whien spikelet—forming bronch primordia
form in pairs around the eircunfercnce of the base of fhe ez shooi pritmord-
jua (Siemer et al, 1969)« KXernel row number averages 16-18 wut wuises

=

froa 4-30. It is not conziant

a varietTy, or a plait, the ulper ear

. Pz o

~veney | 3 y - P - - - - e N e y .
norzelly having & greater row number than a lower ear (Kiesselbach,

-l

-
)

lexander, 1952). As %he ear shoot grows in length, ssilele: priicriia

.

ars laid down in acropetal succession behind the ear apex. The Liiac
potential kernel mmber per row is attained asbout three weels after car
initiation and one week before sillding,

There is good cvidence to suzgest that conditions prior to Iloral’
initiation conirol the potential kerznel number in the maize ear (lesles-

¥ long days increage the munber ¢ I.026is

C)
ok
’_f
o
'{"..u
<]
L&
[47]
-

3
by
(

é
per row (Ragland et al, 1966). Long photosynih

photoperiedically equivaleni short phwtesynthetic day with 2 aighs
break were more eifeciive in this regerdé, indicating an ince
nutrition (Moss and Reslop-Harrison, 1988). Langer (1966) SUrECsLs

the influence of mineral nulrition per ge upen primordia fornab.ua 1. .llely

to be smzall, Alexander ( 52) reporie

increased as soil fervility level
silking was delayed in conditioas of low fertility. Nederate droupht siress
1 suspend the initiation of florets but unless the stres: -is

or prolenged it:will not recduce the final floret number sigm ific . ._:
(slatyer, 1969; Downey, 1971 2; lMoss and Dowmey, 1971).

Silks arising from the basal florets emerge from the husk enclicsir -
the ear before those from apical florets. Silks continue to grow -
fertilization occurs (Kiesselbvach, 1949). For-fertilization to eccur,
silk emergence must synchronize with the pollen shedding periocd which is
normally about 10 days long. If silk growth is retarded by water stress
(S1atyer, 1969; Hoss and Dowmey, 1971) or by the shading of leaves
supplying assimilate to the ear (Section 1.5.3) apical flcorets are
are frequently barren. The growth of brace roots also corresponds with
this period and also constitutes a demand on available assinilate (I.7ichell,
1970). Maize planted late in the season develops fewer kernels tho: corly
planted maize (Hatfield et al, 1965), in spite of the greater number of

florets initiated in the longer days. The declining light conditicns in
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late summer possibly cause silking failure, or kernel abor@icn in the first

«

2-3 weeks of kermel growth (Daynard, 1969). Silkinz occurs later in second
ears than in apical ears and yield of second ears niy be severely reduced
by barrenness (Josephson, 1961). DPollen insufficicncy is unlike.; to be
z cause of infertility (Bommett, 1954: Anderson, 1967), but pollen
sterility may oceur when maize is grown in short photoperiods (Noss a
Ecolop-Harrison, 1968). Hot drying winds, or moisture sircss wi-in the
plesit can cause dehydration of receptive surfaces on the &illk ance srevent
pollen from adhering and germinating. Yield reductions unger th.zc
conditions can be considerable (Sasw and Loomis, 1950; Robins a.c Demingo,
1953; Denmead and Shaw, 1960; kosz and Downey, 1971).

o -

Except for the aborii

3 1 5% BN T F o x - T~ i g
01l ol & sSmall iu":‘:j'""" v Ol apical JIoTNe. o (LAY nL Gy

1969), all the primary yield components except weight per korrmel have been

determined by the time Fertvilizaiion is complete.

o
1962; Duncan end Hatfield, 1964; Alliscn, 1969). The phase oi

ingrease in dry weighv with +time lassts about three to Tive weeks (2 and
Locmis, 1950; Daynard, 1 643 I 1967)

969; Duncan and Hatfield, 19643 Ilansocn,

before growth rate falls off and kernel dry weizht reaches a maxizun (Rench
and Shaw, 1971), before decliining slowly as respiration proceedz. o
secondary maximum in kernel dry weight, such as occcurs in vhea :1ith

and Jenkins, 1970) has been reported in maize (Mamson, 1967). - -..zlogical
maturity has been defined as that time when the kernel first attaiis its

naximum dry weight (Shaw and Thom, 1951 b). Because of sempling v risbili

ot

7
associated with sequential harvesting, drying and weighings of ears, the point
at which physiological maturity is reached is difficult to determine.
Periodically removing, drying and weighing kernels from the same ear (Duncan
and Hatfield, 1964) reduces sanple variability without significantly influenc-
ing the growth of the remaining kernels. In practice, maize is corcidered
physiologically mature when 95% of the maximum kernel dry weight i. attained
(Shaw and Thom, 1951 b).. The time from 95% to 100/ physiological . turity
was estimated by Hillson and Penny (1965) to be 12-13 days in one < ain.
Visual observation of the time of formation of the dark brown or black
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T the periocd from physiological maturity is freoo_ont.

ather in more ecxtreme climates.

by the onset of cool dry autumn wea

the fermination of this periocd coincides with plant senescence it is

reasonzble to expéct that a2 shoxrt photoperiod could shorten the grai
period (Krizek et al, 1966; Carr and Pate, 1967), though there is

obviously an interaction with temperature (e.g. Andrew et al, 1956).
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Ldelana and lMilbourn (1972 v) reported a 90 day filling period in threc

maize varieties grown in Southern England,reflecting the important influence

of lower summer temperatures in delaying plani senescence.

Genotype also has scme influence.

Early maturing varieties appear to

have shorter grain filling period durations than late maturing varietlies
(Gunn and Christensen, 1965) but this finding may reflect meun ter. -rature
differences during ear filling for the two classes. The length of this

veriod has been shown to be positively correlated with yield in wheat

(Stoy, 1965) and in maize within years and planting rates, but not between

years or planting rates (Hanway and Russell, 1969).




Since about 75% of the total kernel dry weight is accuzulaie

= *
the linear phase of kernel dry weight increase (Shaw and Locnis,
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Dayncrd, 1969; Daynard et al, 1971), it is obvious that the lenp
of accumulaiion. of this phase are imporitant churscteristics dzter:
yield. Dividing total grain weight by the linear rate of dry wed
zives, what is termed by Daynard e al (1971), the effcetive 31
pericd durati-n (EFPD). Variation in EFPD was higaly correlaoved .
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levels than late growd crops (Bomaett, 19560; Benoit et al, 1965), and
SATREE,

| s WA e L vrt S lensa s o~ i By 1 ~
yield is highly correlated with kernel nurber, suggesiting thut susnly of

At At A weannd 5 F3nd Eal ) Tar+dinr £ vaed g
photosynthate exceeds sink capacity. Yield of late plantings of =zaize

is highly correlated with kernel weight rather than with kernel =nu
Cool conditions might be expected to extend the length of the fill

period (Daynard, 1969) because rates of grain filling and leaf sen
are reduced (e.g. Andrew et al, 1956),

Variations in the growth rate of grain are influenced by the
complex of factors which determine crop growth rate. Injury to lc
Hoyt and Br eld,

5
5 T %
L o

will reduce grain growth rate (Dungan, 1934;

Stress factors, or short day photoperiodic conditions (Krizek et a

leading to incipient senescence, reduce the length and ultimately
of grain filling.
(Baker and Musgrave, 1964) will reduce grain growth rate and final
(Slatyer, 1969; 1971 b).

It is doubtful if the rate of translocation of assimilate liz

Downey, 1971 a;

growth rate of grain in cereals (Hilthorpe and NMoorby, 1969,

gscence

whole

4~ oyt

[ R

= -«
~edb

the rita

Water stress, through its influence on photosynthesis

yield

The

o=

The rate of grain filling, like the length, is directly influsziced
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by the temperature (Bair, 1942; Ragland et al, 1965). This, pluc the éffect

f high temperature in inereasing rates of development priortic silking

- s 4 & : 3 g Ty
(Leng, 1951; Bonnett, 1 ) is recognized in the present hest unit systenm
S 5 5y - < ey - &3 e Y
for rating maturily of wvarieties. Lize 3 is
s E ol I - e -y A o ey A ™ - - qomy e dem T . &
talen as rlnﬁr for growih, and "degree-days" are actumulaicd. C.rrection
Fo> very hish or, very low temperaturss may be nade ((ﬂ-: Wi e N oy “
L Y g L0OW LpCTavUrco L4y o nade U W lhqn 50 1 4 S G g N 1 =y
e\ o - N A an s T . e Z 2 .
1958) ("ffective depgree=tays") and the accumulaied heat uniis usc. to
avinaacotin] Ty wa fa vanty .n-» t— w - ¥ ahile ovo~ = ol s S = T e
SuccesoIully Trate nat o 9L V¥ aricties are re ')Ctl adleg over & Jangs I @RV
Py s P ) 15 4 Qs . Nl 5 T yees == WA Tinyhe 4 e
ouL.es (7] (G'la.ﬂ.n gnd Czris CCloen, ju; H ?Ic.‘a_i.., [9CQ LWaTa ang w.ausc | | JUG -
P e P o o i s Wm0 fopnn Gy - e v Fatis Sam da sk ~
Cusriy, 19703 Nands and Keligen, 1970). BRBate of grain filling recc.to o

pesk wader a 30C/25C day-nizht “emperature regime (Friend, 1966). lLanze:z

1:‘_':: stetes thaot the , Ane mreaarm wicln e -1 7
ool SEaTes vadav Tae )p_.J oL ERLTienss inllueaces graln yicl ToRCASal LY
% - y! 5 o ) o8 0 - - T8, . h -~ ! -

through its effect on le aree, raither than through leaf efficier

alleas

Significent differences in the linear rate of dry matter asccunulation ihat
could not be atiributed to LAI differences at the time of mexsurcszent have
cen recorded (Daynard et 21, 1971).
t appears that the grain yield of a maize crop adegquasely supnlicd
with growih factors,; and with a LAI of 4-6, would be inersased by ....¢
interacuing faciors:
(1) Inereased number of poiential kernels per plant (Donald,
l
by inereasing ear nuber per plant (Baumaa, 19603 Josephsc iy
nereasing I .

(3) Increased length of the growing period, since yiel
closely related to this than to esr growth rate (Azmy and Greer, 196
Duncan, 1969; Daynard et al, 1971).

Efforts to incorporate the above factors into the maize plant :.:..:¢ be
accompanied by research into factors affecting floret and kernel abc. _cor,

silk growth, and leaf and root longevity.

(iv) Yield Component Relationships in Maize

Under conditions of varying environmental stress yield components are
frequently negatively correlated (e.g. in wheat: Stoy, 1965; Knott and
Talukdar, 1971). The correlations may possibly be a result of genet.c
linkage (Rasmusson and Cannell, 1970), but are probahly due to the =-- .2atial
nature of component development imposed upon a changing level of lim_
environmental resources (Adams, 1967; Adams and Grafius, 1971).

The degree of compensation is limited by the capacity of some components.

Bauman (1950) reported that the gain in grain yield by the primary ear
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el - iy .
represented only 9% of the loss of the secondary ear, wher filling on the
second ear of a prolific hybrid was prevented. Higher gainy (16=55%) by
the first ear have been observed by Earley et 21 (1966) whes zecond ear

R o s e 5 T (LR I PR
growth was eininated by shading the growing plants.

Yield components within the ecr show relationships amon; zach other,
and with yield, that chanze considerably as the environment chanss

correlations among yield and yield componenis. Xernels per ear, and
z¢rael Trow pumber in corly-ccup irrisated maize were regniively related
wish weight per kermel (2 = =.66*% and =.6T7** yesn,) bub possoive.:
correlated with yield (r = +.75%% and +.45%* resp.), indic 2 L
variations in kernel number pez- ez accounted for more it ,Cj ¢ vicld
differences. Kernels per zow and welght per Xernel bore littls rilationship
to yield but were positively corrclated with each cther (r= +.262% ). A
drought stress however drastieally changed the paitiern of correluiicon cuonp
yield components: kernels psr row, and weight per ezr becapme posiiively
correlated with yield (r = o TR, & GEHEE resp,), and were posiiivaly
correlated with cach other (o = +.41%%), ¥umber of kernels vor a- Bl
welght per kernel were consisiently negztively corxelaled, wiisc 4
iegree of compensation for these cheracters.

Hoterosis haz Teen oebserved Lo increcse welpht per kernc., B

Altempts to assess the dry weight of xeize roots under ficla conditions
have net with varying success, but it appears thai roots cexprise 7-145

of mature tolal weight in modern high yielding varieties, and up .
of mature total weight in older lower yielding varieties (Weihing, 1935;
Kiesselbach, 1948;: Foth, 1962; wvan Eijnatten, 1963; Wu, 1971). The
proportion may reach 33% in young vegetative plants (Fotn, 1962), and roots
are still a siénificant sink of assimilate during grainfilling (see'Tqble.

1.1)« Roots formed & greater percentage of total weight in late = ‘uring

verieties than early maturing varieties in cne report (Weihing, 1833)4
The relative proportions of the totzl top dry matter made up by the

constituent parts show considerable varizbility in the literatures Table

1.2 summsrizes the data presented in the literature based on maize plants

in which fertilization and grain growth has been successful, (hda

1943; Sayre, 1948; Kiesselbach, 1948; 1950; Hay et al, 1953; EHu..uy

1962; 1963; van Eijnatten, 1963; Allison and Watson, 1966; Bryant and

Blaser, 1968; Allison 1969; Hanwaey and Russell, 1969; Brown et al,
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1970; Hunter et al, 1970 b; Adelana and Milbourn, 1972 b).

The distribution of dry matter in the shoot is affceteq by genotype.

¥

Iate maturing varieties have a greater proportion of lewxvcs, stem:z and husks

and a lower proportion of cob and grain in the mature shoost i.an o early
varieties (Bryant and Blaser, 1968).

i D TR v} oo TS VG, TN i ek sodes ol I Y. SRS 3 o TR
The data lisied in Table 1.2 indicate a hervest index (roots oxelnded)

f 0.38 = 0.58 which is somewnat greater than that of small grain cereals
(0.27 = 0.51) (Bunting and Dresnan, 1966; Singh and Stosikor™, 1971) and
is gitributed in part %o the lepplh of ke prainfillizn eeripd dn maize
(Allison, ?964). Tillers are usvslly leas efficiens Zn grain productica
than themsin stem, even in =nzll grain ceveizls where nrofuse sillering
occurs (Donald, 1068). This is particularly truc in meize, wierc a
cermereial planting rates tillcrs &re rormally small (Dunzan =4 &1, 1858:

RiAciens ~\ K e |\ T v=. 1 e, - B Taadans s L -~ 1 )
Devmaey, 1972),. Kiesselbach (1950} reports the hervest indeix (woociz exeluded)

of main stems to be C.45 and o tillers to be 0.19 under ecaditicns that
favoured the production of large tillers.
TI3LE 1.2 Percentage of toiel shkost dry matier in differens ;lar< paris
at maturity.

Plent Pert - Percentars Rarse
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after Henway, (1963%).
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1.4 THE FIELD MATURATION OF CRAIN MAIZE

Grain filling is accompanied by a substantial lowering of grain moistur
content., The reduction begins about 10 days after fertilization (Scruidt

and Hallauer, 1966), and continues at a rapid rate (1-1.3% per day,) until
by 30=-50 days after kernel growth commences, dry matter (D) content of the
grain is 50% total fresh weight (Kiesselbach, 1950; Manson, 1967;
Mitchell, 1970). Rate of loss of moisture is approximately linecr + ' th
time for the next 40 days (Cunn and Christensen, 1965; Hillson and . .. uy,
1965) and is accompanied by shrinkage of the ear (Shaw and Loomis, 1530).

The rate of loss of moisture is less than in the previous period ana 1.

e
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content of the grain rises to about 75% before the rate of loss decreases
agzin (Schmidt end Hallauer, 1966). Loss of moisture from thz cob occurs

more slowly than from the grain (Ziesselbach, 1950; Miles 4Lnd Re menga,

953).

-

(i) Croin Drv Vatier Contsnt a1 Physiolosical Faturi s

Grezin dry matier content has previously peen used &s &n _ndcd of ikhe

" FRTr . e, S = L} ] = R L fac sz e g LR o
occurrence of physiological mziurity. Aldrichk \:943) staves 2nhat nrain
wis sarsiclozica ll-- B L R O e AR PRI . Y = i Y +mvreh
Vit :«..J..-.._.O -...6‘(--'-'- o e biue Geeloll Bl L COonT t.k... L regghed o iy SVE L uoso%;i
s b e - 2 Ay TR 3 bk, 20 ot 1 i |
his owm dats centsined important excepiions te this gereral siatcaan G
h o] i = . P ~ T el ds e e o Al 4
& nunber of reporis dndicate that £rain I coatent at Physicisgic .k no urity
- X . | -t Ol e amamed T v o - L © e 400N T - -
renges frem €0=T05 (uLL znd Jioomis, 19505 Kicsselbaen, 125057 1 zon gnd
e L PUREEL P BaTATA Baa JD T . = e
Pu.-;;-{, 1965)0 Other worlcrs TRpoI"e waaT ,..s..i... Ly conteny ! ZIX0m
5C-ECH at physiological saturity in stme varieties, pariiculacy
T - . MAE | f e T ™ s 40T e FarTen 1
raturing late (Dessurcaux et al, 1948; Shew and Them, 1951 &3 Gunn and
e e
s o e "ol o e | ~ e o) -
hristensen, 1965). Iiles (1958) con G
P PR = v S R At gt = -
trexslocated %6 the groin until groein II b BpreLerded
Touw (Tl prims f"-o’ DL T SR 3] =
LY Lalsln L ivyo SUDporIs this cuntent ca
Tl T, o SR R g o o = S 2 - T 2
less than Téf% indicaled The cpération of some facltor other Jian wouyaraiicn
VTR PR e ot Tt S ) (K Py T Ay, v I o % A Ay da o e Son s Mk e
In Eersy l.-v_:-c‘ ghann. Faldifiis He su Trebied . BNnt coeneisvent L4a0 SPEIGWRTeS
mle e thirc tmen a -3 would Bo condueive Yoy Fyapn
mLEL.G 02 ThHlD 1acell. SREH C...._\J.‘u_u. it Ly 98 CONGVCIVEe To =42 UESRETA 0N
%
- 5, T ¢ K k] i g ks S s A e, N, o A = 1075
of ‘the blazck closing lsyer in the kernel \Daynsrd and Bunca:, 1965 .
P g L = sm L o CERTL e ik O e - = e o~ iy oo M- TP
The variation in grein ID eoulezat =% cessation of grain filling

LY, " i - = N i i amp T i iy Pt |

(ii) Factors Affectins the Rate of Field Dryvinso of leize

{D

The rate of loss of water from grain on the plant is controllcd
environmental factors and plant factors.

Environmental factors influence the supply of energy te the i
for evaporation, and the steepness of the vapour pressure gradie.i oo
the grain to the air.. Many of the parameters used to assess the nicroc.inute
of the maize canopy measure both energy supply and the vapour pressurec
gradient, as the two are interrelated. Hallauer and Russell (1961) attempted

o relate the rate of loss of grain moisture from silking to physiclogical

maturity to siz weather factors (open pan evaporation, wind movement,
relative humidity, duration of sunshine, precipitation, and the accumulatied
mean air température above 10C, or degree days). Rates of moisturs loss
varied among years within varieties, indicating a variable envirci . .ial
effect. Degree days was the only parameter to be consistentily and _czitively
related to rate of drying. Schmidt and Hallauer (1966) reported iizt rrain
moisture loss was significantly related to air temperature when grain Ii
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2 -t - . . . -
content was less than 705, and significantly related to relative humidity
. . - ol Ay - a
whea grain DM content exceeded TCh, Low temperature and high relative

hunidity slow the rate of moisture loss from grain considerably

= PRSP Do 0 5
ol - .
] Vel LIS
\
-] 11 = - Ryt~
have been reported (H¢*¢ah,: Paney, 1965).
o gy, f (PRI T - ol Py S L e Pt s - - PN 5 ) L T & T - o
Eollzuer and Russell (:90:) Tound yesressions indicsiing tnzax the ute of
S E = P R W Far=tp [y e e, . Sy e T VI st
grain moisture losg is & néritible cheraeter. Past drying! =28 Yuhoy
S SR Bl SEY Y sy P e Tz B TRl wmin e e P AT e 5
dxryiaz' 1ines conld pe rocognised. ILefer sidlisy wes noboeiaicd woth &
’
ey nYrs < L8 B ez Yy 1 - [ Draastap el s - il 2%
nores PaMag rarve: o1 L.r:r.,llu __\{.a_. LLHEKEQ Sars I\_'_"M_'?:...J A S Bl i) w
ineiiE .8 et P PRSI T oy e R, I S LA, - T PR Rt e T o T g
G walal t.J..Yld Lnraistiensen \ | 905) (649 ul: 1 131 Be GiIZETXenEc 1 Dawe DL = (el s 5 4
T Ay = o~ Srn . o o e sy = 4
30100 days after silking ameag whiids of varying Saturivy, 1 7
o oarr A a T P ras ad TS Jmen sameyied mer Wb A Rad e BT o s Do ey o s
oy e wlte alner SALEANS LETEe BATHring ayDrids nan a bhigaer™ groln N0in Lure

content than early maturing hybrids. Results obtained by Cunserlond and

-

Ferrell (1971) over a sazll renge of grain dry matier contents in P ber
of wvarietivs grown dn New Zslacd confirmed the latier of CGuan and Christensents
findines but revealed consicderable varieisl differcnces in the ra
drying.

High plant populztions are associated with a higaer kernel peisture
content at any one tine {CGIVLllc, 1962).

The rest of the plant even when defoliated centinues to suppl; S
eer with moisture (Crane, 1958; Troyer and Ambrose, 1971), thouz: -t is

in the cob.
The husk slows down the rate of drying of grain in the field (Kiesgel-

e o
= o T ] - LY \ - . -3 = Ty - = T ¥
bach, 1950; Shaw and Loomis, 1950). Crane et 2l (1959) noted thai the

nmumber of split husks was higher among inbreds with a more rapid rots of
drying, but was not consistently associated with them. Troyer anc Yo £
(1971) indicated that the rate of drying of huskless.ears in the ficlil
increased when husks were few in number, loose, and no longer than thec . o
If husks were sﬁorter than the cob, the huskless ears took up moisture.
from precipitaetion.

. 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 thianer, more
permeable grain pericarp (Crane et al, 1959). Removing the pericarp from
kernels of 'fast' and 'slow'! drying maize hybrids resulted in almost
identical rates of moisture loss or uptake. The permeabilily of the

pericarp was not affected when the grain was killed (Purdy and Crane,

1967 b).



Results indicate that osmotic pressure within the kernel has
inconsistent effects on moisture loss. Crane et al (1959 ated that low
osiotic pressure was associated with rapid drying, but Puruy and Crane
{:967 L) report the converse. The results of Hass and Cruzm. {1970 a)

A - WSS 2 8 Yx R By e Toe | P
v OSHORIC DTeSSUTe S0Xe N Ieidvaonsilip Lo Iar,, o Slow grain

I i}
b3
5]
I._.
«
;1
=
©
(a3
ek
_)
f‘:

n i Poure, = S 3 P TR 2 Ty = T i = N
..a.”.dCSi.Cl":.. ty pe RoYeVel ACes &DLnear o alil ‘et rate oFf nllar oovemens
¥ - e | LA e o O T 200 I % & AL T e T ) A 9 i
t0 and from the kernel., Alberis (1927) noted that maize wish a Slouxy
rndacnaym oranphed moata wodaw Pyvisa Fha sdw Ausss n B O Asny wases - e o
CREOSPeIT ALo0roet XOre Weisl ZI0Q Thc &y over o 7 Gy perzad i ialze
=4 a otavehy endoono teantly differant rates ol o A
Wil 4 Slareay enaloiuelile wolznillc CAy QRLITereny TRaeed oL  Paa.. (TVINg
= e T L T - " = % Se T T f - o
azong nine endecsperm mulanits havs been found by Imss anéd Cracz (270 a;
% OIS r & P . O X N 4 e S 1
1970 b). They pestulated ihat the amount of hydrophilie compou y Such

-~ 1 - 3 o -y T - e A - . trEgN -
&3 reduecing sugnrs and weler soiuble pelysaccharides play & Telc o=

rezulating.water loss from grain. This has yet vo be verifiod co gluzively «
1+5 T RESPrISE OF THE S I8 PLANT T0 INTRASPECIPIC EOERETTEIC

Crop yield is basiczlly a population eharasteristic znd is y dizss
related %o the charapteriscics oi the plant than to its pew .ou » RS
population stress (Wu, 1971). Plants are highly nlastic Irn 1hel. _oongnse
to siress, and it ie widely retoghniged thet maximun preductiviiy Io ¢ Hed
irom & communitvy of suppressed indviduals competing for liziied rosgnrces
within that community.

Denald (1963) states thotb:

"Competition occurs when each of two or more organisms secks .easure
it wants of any particuler factor or thing and when the immediai: wl3r

of +the factor or thing is below the combined demand of the organl .

The factors for wvhich competition among plants occurs are water,
light, nutrients, oxygen and carbon dioxide. Light differs frem all other
factors. It is ultimately limited in supply by factors outside of
control, 1t cennot be stored, and light must be intercepted inst - tanecusly,
or it is lost as an energy source for photosynthesis. Competitive advantage
accrues to the plant whose leaf (or leaves) first intercepisthe 11 it stresm
(Donald, 1963).

While it is intended to consider specifically competition for light,
it is recognized that the response of the plant to light supply mar impai
its ability to compete for other growth factors whose ultimate suz-7- can
be modified more easily. The multiplicative effects of competitic. “or

more than one growth factor are illustrated by Donald (1958) who showed
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the 1nporuaﬁce of the outcome of competition for light even when the

CQmpc;ﬁng plants were under severe mutrient siress.

Holliday-(1660 a; 1960 b) has proposed two general relzlionships

. - A 3 - '} S — b5 g g ] - e -~ B -
betiween plant yield and plant density. He suggesis thai the wolll dxg
, 1
;
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species hag led to The formulation of general matnematical exXnrouions
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environment is sharp (Donzld, 1963; Willey and Heath, 1969). Beoo Lhe
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grain filling in maize, loss (12062) suspected that total plant yi.. S |
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conform to 2 similar parabolic resporse as plant density increasecl. S

e

t 81, 1970), but

practical purposes total plant weipght tends to an asymptote as plant Lensivy

may occur at extremely high plant densities (King ¢

increases (Rutger and Crowder, 1967; Williams et al, 1968; Bryant and
Blaser, 1968; Eddowes, 1969 a; Adelana and Kilbourn, 1972 a).

Increasing the supply of the factor for wvhich competition is most
nintense appears to increase the optimum planting density for grain production,
until the supply of that factor or of some other factor falls below
requirements of the crop. Thus where nutrients and water are limitirs,
increasing the level of nutrients (Lang et al, 1956; Dungan ¢t al, " J58) and
reducing the level of water stress (Stickler, 1964; Dale and Shaw, & 55;
Giesbrecht, 1969; Andrew and Peek, 1971) increase the optimum plant
population for grain yield. It is probable that increasing C02 concentration
when it is limiting photosynthesis (Moss et al, 1961) would have similar
effects.
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Interplant competition for light begins when the lsarf of one maize

plant begins to shade the leaf of another. Eddowes (1969b) zuggests that

thiz beging to occcur at LAT values greater than 0.5, whick corresponds to a

¥
C . L N P = T vy e f3a : - i 3 4 R R A 3 + fails
plant population of about S000 plants/he at meturity (Strinstield, 1962).
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s 5 am % o oy =M. e, [ e [ e ey X 3 £
Rupgary 197hs JAndrew and Peel:, 1971 ). Trial work in Iew Zealan 3
3 s 3 4D 4 E%R A - ey - = 5 L o ~ . .-
ifdicated that fthe populstion op a for grain production Ix L8ls counivy o =
-~ 2 5 . [ = 4 ey
fron 60,000-80,000 planis/ha. [Cuzmberland, FErrell znd Honol, Jou
I e ey oy \-h iy A e e beysay sy ey ) S O o . ARANY N S T e 3 i g phione §
n areas wWigre TeRpeacuares grg Lowel UT1DE e grovlng season { " )

corisiderably smaller in the cool humid clondy congifions of Cemis.. Coasizl

X

Evrope. Exteasive vegetative growth is nolt however

)
=]
i
(42
b
e
{
=
<
i
!
<
]
¥

4

grain yield per plant (Barley et 21, 1967). Allison and Eddoses (1958) noied
thet the optimum planting demsity for grain production in Eagland was

almost twice that in Rhodesia. Al flowering the leaf area indices al comparable
planting rates were more than twice as large in Rhodesia
The optimum plant density for grain production in Europe is 70,0CC.- 22, oo/t
(Bunting and Blackman, 1951; Andrew et al, 1956; Berger, 1962; Iunting,
1666; Cunard, 1967; Eddowes, 1969a: Adelana and Milbourn 1972a).

It is likely that the plant populations at which 957 of the asympici:
value of total plant dry weight is atiained bears some relatively constos.
réiationship to the optimum plant density for grain producticn (Adelana ang
Milbourn (19725). Eddowes (1969¢c) found that the two plant densities
coincided with each other in Britsin. American work suggests that the
oﬁtimum population for grain production is the lower of the two (R:tgc: wnd
Crowder, 1967; Williams et al, 1968; Bryant and Blaser, 1968; .h ng =% al,

1970). Coincidence or otherwise of these two planting rates depends on
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whether the light (and temperaiure) environment favours reproductive growth
more than vegetative growth or vice wverza. The optimun stazd density
obviously depends very much on the iype of growing seascn crcounicred.

There are cornsiderzble genoiypic differences in populasida oitimn

aQ
s e T T PRI, 7S p . P + % e -~ e 4.‘,.“.,_ e AR - SPS e e
maturing) migkt be ezpected 1o have 2o higher opiimus plant ceasity for

SRR Joys. N Pt et e o rn i - = - P, [ A | o
exzected to exhibit a ggtines density fof grain yiels (Ous y 1869}
LR -~ . e P A T = R e A e T . T - e
4 plent zdeotype with URPrIgats JELUVeS Sueh a8 Taife 18 joscusa i zE
B T oL, 15 3 x . os. A o
walch interacts weskly w neighbour and ‘uass its shere & el

TCE0Urces

= T 3 o Al T iy i T + [
of such a 'poeifist' type woule e &bhle to compe:

- S el andmaa e T et araiay ey & S o el R T— 55 A
of such &n 1LACOLYLE SAcU.C TCUUCEe Wil Inelacnte ¢I suppresseg nlilg,

but would rot alier the ocourrence ol misses in the stand,

Gensral trevds iR ploating opiimz velated o plunt size oo Sumglizes
reversed by a geneficelly bzsed populatica 'iolersace' or 'intolorauce!,
Variciies tolerant aznd intolerant of crouding can ke recogni SEnah any

diflorences, The incidence of barrenness is muck hisher cxzeng ipl.” sumi
verieties thep tolerent wvarieiies atv high levels of populaticn stroin.
Hyorids are more tol lerant of high population pressure than crin To 33
lines (Stringfield and Thatcher, 1947). The inbreds Hy2 and 9 & sl wlew

of lines tolerant and intolerant of high plant populations respectivolire Tucy
confer these same characteristics on hybrids derived from them (ILang % Bl
1956; Earley et al, 1966).

Many investigations into yield-density relationships in maize have
confounded row width effects with those of planting density. Certainly,

where planting rate is varied within a constant row width, this is il.c case.

(6]

The need for a horse freeway between rows has dlsap reared, but in sgno case
100 cm row widths have not. Such a row width gives a 13 cm spacing * “2in

the rows, at a planting rate of 75,000 plants/ha. A high rectangul ity such
as’ this undoubtedly causes unnecessary plant distortion above and b :w ground
(Haynes and Sayre, 1956), and allows the waste of incident light on iio

ground between the rows. The trend towards more equidistant spacing of

single plants is accompanied by an increase in optimum plant density for
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grain yield (Hoff and lMederski, 1960; Pendleton and Seif, 1951; Brown
\
/

?
et a1, 1970; Stivers et al, 19

71). Yield increases of up,to 107% have
cccompanied the move towards equidistant speeirng. The gresicst Increases

whnen all other growth fachars nre

£ P PR P SRy~ S T B i, U A A e
Kornlkce and Miles, 18€51; .Xederski

adeguately supplied (Sun
X

ter adapied to narrow rowe then oikers (Erozn ¢s a2l, 19705 Siivers
€t 21, 197 )." There sppears 5o be a prezter yield response to row width
roluction in short hybriés ihan In $all aybrids (Pendleton, 19633 Colville,
1965). Stotistiecal significance of o hybrid % vow width Iimtermacs. . is
however seldor obtzined (Ths:pso:, 1667; Duvick and Neble, 9685, .
15«2 Chanzes In Indivi Plant Chepasdens Assecizied ™S Insarnlsns
farnetition for [

Changes in plant charsciors 48 TEeSTORSe o inrCreacling eGnue i ive styesy
result from either ecooperaiive intrsspecific interasction, or com =
intraspecifie intoraction (3Bleck, 1966; Duncan, 1060), ter.- £i
used by Hezumi ot 2, (1955).

,_' ;o L ~r Ea (&l " = - +

‘i) &% Ampoddased with Copgpnerative Intaretificen

{2) Plant height: Hosust ef =1 (1955) noted that shori med b5

A
elonsaved at & more rapid raie than ftaller onéa that woczs Shadl o1

This was termoed ‘coogperetive’ intersction, becsuse the shorisr planis iendcd
to gateh up with t&iler: ehigs, even thoush this yes Initially induged Ly
lighkt. 'There appeare 0 be a eceziain level of mutuzl shdeinsg
t atiains ils wazinmusn height (Dungen et gal, 1958; VillZazme
). Increases in height as planting rol

increeses are norm&ally 5%

eand Thatcher, 1947).

(b) Bar height: Mutual shading appesrs to increase the lenso: o

ot al, 1965a; Duncau, 1959

internodes near the‘ear, but of'ten shortens internode length above tie
ear. This results in the leaves (Williams et al, 1965a) and the ecars
being borne higher up the plant at higher populations. Increases
ear height of 15% have been recorded (Stringfield and Thatcher, 1947;
Colville and MeGill, 1962; Rutger and Crowder, 1967).

(¢) Leaf Angle: Leaves are more erect at higher plant densitie
improves the lighting of leaves feeding the ear (Williams et al, 1965a;

Loomis et al, 1968).
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(ii) Chaneces Associatsd with Competitive Interaction

Although shorler plants grow in height more rapidly

=
i
vliz reverse iendency is observed in plant weight increase (Loswn®  ef al,

- --r‘-o\

SO, Wi tenis . Hawe] S i A i I 4% 4 9 =
1G5h5: Koyime and Kira ¥ 1856}s Duncan (19489) estinabed thaet + 10 cm
L g S = s A
difference in maige plaai XRoight : by 205
.
il Y e Ty Nl P - - - i ST LRy Tl S | . o - 5 - 4 e I T
&% low pepulaticns and Ty 5075 at Tigh Sl lots ite frox ip.orplanted

N el i) E Lo R s, S vome R Lw g
QuEZL and noriss V& mieties confirz ihs imnporiance of plans LCLEFLL L0 Dlally

corpevition (Pendleton ard Beifl,
Shat prcduc&b maximun
ia LL“S:I ang weighs
that the lewvel of geomps

within any one sicnds

e e e B = - e R e e T = ey ey
LegPgose &8 nlon eIl TERUCS &2
i dy e [ o I P Ve . St YRR T slisniliy wi-a 1 LT

S S e 3 e . -
Cu_.uu Y1l ClOl DCEINSe Lae GeEIMVOOw 1AO0eX ARnCIealcs Sl E!

= e - &7 T am oo i A acd L e it ol i
censity (.J_Jc.'.'.;& and Blagse, 196€), up to that dexsiiy whiech Z.duess piwns

o ey s : i, N, P, S, : poa o~ & iy ' Y LB
parremiess; beyond which hervezt Iadex falls rapidly {“*d; BT Al ,57,},
2 -y 3 A e e e R, T 1y g g PR ey e
el ZDEIN and TO val Welfes Wil LICITCaSIily

W En AR R Bl WeRSalT S A
® SNVITO0NRCHTI ant e VETIeTY ZTeuEls

tigl chanszes ir combonents of yield ocour s populaiics sizess
emponents of yield, eax pwiber is the wosy 22700
plag’s iCol._lﬁc, 18562). Tpereasns Ixn s
of ears per plaat (Siickler, 19€4; © -
, 1967; Eanwey and Russeil, 1969; Idd i
@&rS T0 e vosilbively assgociated uiil ear nosll 25
ney, 1971cy Adelana and Filboura, T;ﬁEa). Sy ettt
ears abor%'acrbpetallj and not a1l at the same relative rave, th- —rolilic

variety may continue to yield with the uppér of its ¢wa or three c.ou, when
the single-—eared variety is completely barren, under compurible It s
stress (Baumen, 1960; Zuber et al, 1960; Josephson, 1G61; Coli_nz ¢t al,

1965). In general ear weight declines with increasing density, though

(]
o

Haynes and Sayre (1956) at increasing but relatively low populations recor
an inerease in ear weight accompanying a reducticn in ear number. Tac

highest yields of grain have been produced by stands with an averagc car

D
(#4]

weight in the range 130-240 zm (Haynes and Sayre, 1956; Dungan et al, 195
Colville, 1962; Stickler, 1964; Rutger and Crowder, 1967). KXernel row

nuzber is little affected by increases in planting density (Stringfield ao:c

-
2

Thatcher, 1947),‘ but the number of kernels per row is substantially
reduced (Singh, 1969). This latter effect may be due to delayed - lzing
(Lang et al, 1956), or kernel abortion (Daynard et al, 1969) which prosressive=

1y reduce the number of kernels per row as plant density increases.




Fizurss drawn from data presented by Colville (1962) furtner illusirate

the interrelationship of yield components, yield, and plantings density.
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and Blaser, 1968) but decreases significantly at densitiies wy o TCGOEO
plants/ha (Williams et al, 1965a).

(v) Time to Flowering: Pollen shedding appears to be delayed sihawe
0.6 day per 10,000 plants/ha increase in planting rate (Dunzan et al, 1958;
Colville 1962). The delay in silking is greater, being about 1 day por
10,000 plant/ha population increase (Stringfield and Thateher, 1947;
Kohnke and Wiles, 1951; ILeng et al, 1956; Dungen et al, 1958). Th:
interval between pollen shedding and silking increasses by 0.Z day pcr 10,000
plants/ha population increase. du Plessis and Dijkhuis (1967) demoncirated
a negative correlation between the length of the period betwcen 50,% pollen
shed and 50% silking, and grain yield. Moss and Stinson (1961) indicate
that grain yield is very dependent upon the occurrence of ncrmal silking.

(c) Leaf Area: Leaf area index continues to increase up to 700,000

plants/ha (Williams et al, 1965a). Stickler (1964) found that the combined
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leaf area of the three lsaves nearest the ear declined by 7+ when plant
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The decline in grain yield as plant population increased ovey. . . Lo
optinum occurs independently of barrenness, but barrenncss causes ..
yield maximum to occur at a lower population density, and accelerates e
decline beyond that point (Duncan, 1969). Four major mcihods have been
used to investigate the factors controlling barremmess. They are
artificial shading, biochemical correlation, radio-tracer studies cf
assimilate distribution in the field, and induced male sterility.

(1) Studies in Artificial Shading: There is a siriking para.’. .l
between the perfommance of maize hybrids in artificial shade, anc ool
performance in dense stands (Stinson and MNoss, 1960; lMoss and Si_nsox,
1961; Earley et al, 1966; 1967). Shade tolerance and population tolerance




appear to be closely linked. No differences between shade {and population)
= oy % - JieT ek i ~ L R B M- =
tolerant and intolerant varieties in ability to photosyntlicize or to
expvort sugar to the stem could be detected (Stinuon and Mo=z, 1900; Nocs

i

and Stinson, 1961). Population tolerant and intolerant varicti o Lotk

gt L i g o TR P S, =K 2 Tys (L e N
indtiate ezrs noérmslly at highi rates of planiing, bul rales of . ik prowih
- - oy - A N - : 4 [ = P - 3 T By S
sre remarkably dﬁfferenu under intense shade stiress (Sass i I HEu.,
s
- at [V
e inNaelon
.r'-.

i taedmTA R 4 & - o i it P ¥y }a P E e : 5
ouiyield intolerant varielies in £f11lced eur nuber per »iiat 'bu

oy . P e e SR T L Z0y )
not in weight per cor (Ju_ngcn and Moszs, 1960},
04
-

¥oss and Stinson (1961) point out thei tolercut and Ixiol 5
varieties may @iffer N metnolic ronolions gocurring &l pHE Lo N e s
resulbing in dfferences in the amount of assimilole ¢ el Yo Te
Under siress conditions; tolal assimilateé available ic: rodiced ond 51l
gfowsh in intolerant verieties is retarded.

(ii) Biochemical Correlation: Attenpis hove been nods o 3ralnin
eertain plant constituents with population ©or shude tolerance. nivamiep
a% nl (1962) found thati shading reduced the carbohydraie cuais:
incres the ‘nitrate coniesnt of moige, bat Baia cotained L4 . Sumpard
the conclusion that nitrate assinilation was limifed by eSS Rt
metabolism. In general shzding affected nitrogen mesaboliczy < pras s
degree than carbohydrate metabelism. TPhe concealration of znitrals roeduciuse
in plant material hzs been found ‘ %y TGEL
Nitrate reductase is the enayme L

ol nitrate, soc that eveniuzlly the nitrogen atom can combins wiih ihe
carbohydrate moiety to form amino acids \Hageman ¢t al, 1967)s Incrensing
shade (and population)tolerance is accompanied by increasing lovel:
nitrate reductase (Zieserl et al, 1963). Nitrate content sms fownc o
increase and nitrate reductase to decrease in rough proportiion to the lovel
of shade obtained frou dense planting or shade structures (Hageman ¢i 2,
1961). The level of nitrate reductase in plant tissuc is heriti.il: (lage-
man et al, 1967). This suggests that grain production of iolerc:..
hybrids at low liéht levels is more closely related to its abili.; o
, reduce nitrate than to the effects of reduced carbohydrate supsly.
(iii) Radiotracer Studies of Assimilate Distribution in the Field:

The only known study in this category was reported by Bautin (1969).
(See Section 1.3.3 for details). Data showing the percentage disir_ bution

of photosynthate from fed leaves of plants growing at 52,000 plc... , .



gnd 104,000 plants/ha is presented in Table 1.3. Eastin su;;ests that

vegetative growth still occurring in the plant grown at thg high population

.

vizs competing successfully with the ear for assimilate. An aal sis o

wac leaf area disiribution revealed that at the high populst.un .lic upner

T o pot YT A hes b w3 (2o an Tah
Tive leaves had a fotal LAI of 2« Datz of Willisms.ect gl (1485 1965
s i e ET ML S - .:t 1 iy N T e T N o e gy e e ¥ % LI
Supsest thet JO—OO of the incident light would be intercegicd by these
tgaves and coqaldcrauly Jess than hall of the paolosyalthutc eneouted

would malke 1t: way to the ear. The pepulation~incueced difficences in

distribution are very c
and normal maize types (Sowell et al, 196%1). Sueh a situas. a o
continued vegetative growth veyond :ilking ObVLOUSLY BrohCive DESZCUROUS &F
high populations, and coupled with inereasing wariability In lbhe depzee of
suppression as populaiisn increases,; leads to a rige in the Loupsrilon 6F
barren plants. Obviously utreveén planting will aeceatuate Tiis T vulcii.
(iv) Induced Kale Sterility: It has been commenly obtc.ved hst
nale-sierile 51un~3 are less likely to be barrén. This has .cern relatled
to the lower suxin aetiviiy in the tassel of mule sterile n_.at which
renders ihe tassel a wesker competitor for available photos,..thw. .o prisr lo
silkine than that of a norzal male fertile plaat (Kiteneli, !97C). Thig in
rreater ear (uu uilk} growin. Combinavions . /5
fertile plants Lo easure fertilization have rosulicd In sieis

with a higher population tolerance (Anderson, 1967; Niicacll, ..7C).
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1eBed Tho Duantitative Relationship Between Plant Pgouls tion
eld.

Ouantitative expressions of the relationship between erop yiceld =nd

i

e

5
A = N\

plant density are useful for wo main reasons (Willey end Heath, 190%):
Pirstly, so that agronomic comparisons may be made beiween comparavle
levels of plant siress; and secondly, so that the yield ceounsity
relationship can be predicted from a limited amount of daztz.

Willey and Heath (1969) have recently presented a comprehcsoivc
review of mathematical relavionships put forward to explain the ;o .cool
relationship between plant density, and individual plant wcignt oo coo.
yield.

Only one general model has been proposed to describe the responce

of maize grain yield to changes in plant density. Duncan (1958) found



the logarithm of grain weight per plant {w) was linecarly related to
density (p) up to 62,000 plants/ha
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zeaninglful desceription of the yiela density relaticnship.

Shinozaki and Kira (1956) wezre the first to propose a recipresal

T o) =
chdea vaLOnz

_1 \ o e T
t L

where K and B are constants.  This is identicgl to the eguatiecxn ;

by Holliday (1960a) to describe asymptotic yield density relationsiiju.

350

'1

In an atfempt ‘to provide a general mathematical expression which desce:
parabolic and asymptoiic yield density curves, Bleasdale and Nelder (1950

proposed the modified reciprocal equation:

where © and ﬁ are parameters having constant values for any partic.

set of data, and A and B are constants. The theoretical propertizc

oy iesd

such inverse power response curves have been discussed recentl

L]

ey yayes ok

(1970). Bleasdale (1967) has indicated that @ might be taken as wnily
for practical purposes. The equation then becomes:
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deasity inereases, a_; the linesr regresaion coeffiecient of
regression of log w on log W s is equal o : part. 1% Follows izad 1f
toth total weight per plant ;nd the weight of a significant pluni sard
are known for twoplant densiiies, then the whole of

between the yield of the plant part of interest and planl demsity eoax
estinated (Bleasdale, 1967). ihere total weight is of izterest, © : B
bty some routine which minimises the residual sums of squures (..0-

and Heath, 1969; Nead, 1970). '

) The modified reciprocal yield density equatiion has been successlully
fitted to maize data, including that of Haynes and Sayre (1956) (Fery and
Janick, 1971).. In this case grain was taken as the plant part,

iotal shoot weight as total weight. The fit obtained was signi- . ....i.ly
better than that obtained using Duncan's (1958) equation. The validity of
using the allometric relationship to determine v part when the plani part is
not present throughout the whole life of the plant is questioned by

Willey and Heath (1969).
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CHAPT R R TN O

HFEPHODS AND MATERIALS

The first section of this chapter is devol.ed to describing the
layout of the trial which was an investigatiqn of effects- of plant density
on the growth and yield of iwo varieties of maize under field conditions.
‘Practices employed in growing the crop are listed.
Section 2 outlines ‘he methods used in measuring growth of plant
parts and plant development in the field and on harvested plants. This
chapter concludes with a scection desecribing the methods of statistical

analysis employed during the examination of the data.
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2.1 INTRODUCTION

2.1.1 The Exnerimental Site

The experiment was laid out on a block of flat land 0.22 ha in
nrea, located in the microclimate plots of Plant Physiology Division,
D.S.I.R., Palmerston North. The latitude of the site is 40° 23'S, and
the altitude %0m above sea level.
The soil in the area is classified as Manawatu fine sandy le-r, which
% this site is non~uniform in character (J.D. Cowie, pers. comm).
The soil profile comprises a very variable depth of fine sandy loam (up to
‘00 cm) overlying medium sand. Gravel is encountered 90-185 cm below
the soil surface. i
Temperature and rainfall data recorded at Grasslands Divisiorn, D.S.I.R.,
1 km to the cast of the site, and solar radiation data recorded at
Plant Thysiology Division 1 km to the NE of the site, are presented in

Appendix 1 (a).

2.1.2 Experimental Layout

The experimental design consisted of a 5 x 5 latin square, allowing
cach of five treatments (spacings) to appear once in every row and once
in every column of the design (i.e. 5 replications). A latin sguare was
randomly sclected from a number-presented in Fisher and Yates (1573), and
treatments randomly assigned to the five letters of the design. “ach
of the 25 main plots was split longitudinally for variety; and tho two
. varieties were allocated randomly to one or other half 6f the split plot.
The layout is illustrated in Fig 1. Plantis were sown at five equidistant
spacings using a string grid to ensure correct placement. The subplot

]
&

(o7

th was a constant 2.28m, allowing a variable number of rows ‘’-%) to be
sown. Since =2qual numbers of plants from the two centre rows ol ' .- subplot
were sampled at each spacing main plots were uneven in length. The
symnetry of the design however meant that all columns were of the same
length. Details of plant spacings and plant densities arec given in
Table 2.1.
Allowance was made for four adequately guarded plants at ench of

ten previcusly desigmated sample pointis, while leaving two guard nlants
Letween sampling points along the row.

o special provision for access was made parallell to' the rows of
lanis. . narrow access path was allowed at the end of each plot, and
he ends of the-plois and the whole perimeter of the area were rrotected

by a further iwo rows of gurard plants.



Experimental Layout

1

FIG.

Two varieties: K= K€3; W= W575

.49,50

Subplot numbers are 1, 2,.....

(see Table 2.1)

Five spacings are 1, 2,3,4,5

= 3m

Scale 1em

Subplot Layout

(a)

Row 1

Row 2

K
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2
4

To Row 5

The 5x5 Latin Square

(b)

.5

Numbers 1...

Represent

5

Spacings 1....
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TABLE 2.1 Summary of Plant Spacings

Yotation Fouidistant »nlant 2 Plant Density
suacing
inches cm Plants.ac_1 Plonts.ha
1 20.0 50.8 15682 38750 701 )
2 18.0 45,7 10360 47840  (48n)
3 16.5 41.9 23040 56933 {(5T0)
4 15.0 751 27875 6osgg  (6o1)
5 14.0 35.6 32003 79082 (701

2.1.73 Cultural Aspects

atnlls of ecuvlturs perations are presented i - ¥ s of operation
etalls of ltvral operations e presented in the schedule of o7 t s

o

d a previous history of cropping, and

2

in Appendix 2. The plot ar=a h

s

erop of oats was cut from it in the spring of 1969 prior to the area being
Ioughed. A soil test earried out at ploughing indicated a sufficiency of
cnlcium ond phosphorus, and a marginal potassium deficiency. Following
o mormnl eultivation, & total of 167, 161 and 182 kp/ha of elementnl nitrogen,
p

rongphorus and potassium respectively were applied in an effort teo forestall

ny putricnt deficichey. Clenical insecticide was incorporated in#s the
;011 prior (o Sovibge E :

Soed of an early and a lnte naturing variety (KC3, nnd Wisconsin 575
{..575) recaectively) was provided by Thomas Corson and Sen Litd., G chorre,

fied gingle crons hybriu (G.J. Graham, pers. comms), claszified

5
e
o
&)
o
I-J
5
Jn
o
o
&
o
o
H
_F
&F
d
=
)
H
_l
o
QT
.

(The relative maturity rating is
brsed on the number of days from emergence fo ph&sielogical maturity when
~rovm wnder test in the U.S5.). 7575 is classified as @ 115 day wvrriety

~nd is a three way hybrid. Germination tests conducted prior to souing
~howed Tinal counts of 955 and 287 for XC3 and ¥W575 respectively. Two seceds
nre sown at 5 cm depth at each planting station, using & hund planter.
Zecause of the estimated time taken to sow and subsequently harvest cnd
dissect plants, one column of the latin square was sowvm on each of f*ve days,
and all subsequent operations were carried out at thc same time from cowing
n all replications.

The first replication, or column of the design, was sown on 12.11.69.

"he rows of emerged plants were recognizable in all replicates 7 days after
cowing. Pre-emergent and post-emergence herbicides (Appendix 2) were

anlied as recommended (L.J. Iatthews, vers. comm,), and comnlete ueed
control wag maintained by the chemicals throughout the experiment. o

.

ost-gowing cultivation was carried out.
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Transplanting commenced 9 days after emergence. YWhere plants were
missing from projected sampling areas, plants sown concurrently with
hose in the plots, but in peat pots and sierilized potting mixture
were iransplanted. Such plants were noted and avoided in subsequent
sampling. ‘here guard plants were missing, transplants were made from
positions where two plants had emerged. Conditions for transplanting
were excellent, and no failures were observedseven though 3% of the
total stand was transplanied. From a week after transplanting, plants
were not visually identifiable from the others in the stand.
Transplanting and thinning occurred concurrently. By 12.12.69
thinning and transplanting were complete and healthy plants were growing
al every planting station. No deaths of experimental plants were '
recorded during the remainder of the experiment.
The plants were individually side dressed by hand 39 days after
sowing with 113 and 60 kg/ha of elemental N and K respectively. A
sible magnesium deficiency was rectified by foliar applic%tion of
rmesium sulphate.

n
e

U}

is were a minor problem. Slug killer eli.minated slugs invading
the plot from its surrounds soon after establishment. 4Aerial application

of insecticide in early lMarch controlled minor infestations of corn ear

worn (lelicoverpa armisera conferta) and ammy caterpillar (Pseudc’etia
sevarata). o infectious disease was observed in the c¢rop througshcui

The season could be described as dry and warm (Apvendix 1). ‘
Irrigation was applied to the whole plot prior to sowing and twice during
cach of the months of January and Pebruary. A total of 250 mm of water
was applied on these occasions (see Aprendix 2). In spite of this,

the planis were vigibly water stressed at some stages in their growth.

>,2 EXPERIKENTAL METHODS

Pield observations were accompanied by sequential destructive sampling

of plant shoots. The first harvest occurred 44 days after sowing, and
the next three were spaced at about 10 day intervals. Harvestz 5 and
6 were at fortnightly intervals, and harvests T7-10 were spaced three

weeks apart (Appendix 2).

2.2.1 Field Observations

The plants were observed daily for tassel emergence, pollen shedding
and silking. The number of days from sowing till 507 of the remaining
ylants eligible for sampling had emerged tassels, shed pollen, and had

5ilked were recorded. The tassel was judged to be emerged when it was
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visible in the whorl without manipulating surrounding leaves. Pollen
shedding was considered to have occurred when anthers were exserted Ifrom
the tassel spikelets. The first appearance of silks emerging from the

tip of the prophyll indicated the occurrence of silking.

2.2.2 Measurements on Harvested Plants
At each harvest three plants were randomly selected from the three or

four available at the sampling point chosen for that harvest. Sampling
points were harvested in a fairly rigid sequence from one end of the plot
to the olher to facilitate the locating and counting of plants. The
vlants were cut off at ground level, labelled, and tillers, if present,
were tied to the main stem. The 30 plants from the ropliCate harvested '
that day were trensported to the laboratory for weighing and dissection.
When small, the pleants awaiting analysis were stored in a refrigerator at
1C. Later when plants became larger this proved impossidble. Vhere irrig=-
ation regquirements of the crop clashed with harvestiag, plonls werc stored
in a refrigerated room at 1C with cut ends immersed in buckets of wa‘er.
All harvesis involved the total shoot except harvest 9, when the plant
anpeered dead, and only the ears were removed. The variables measuzcd
h harvest are listed in Table 2.2«

{ 34
(i) Pholosynthetic Area: Fully expanded leaves were removed a% the

peint of atlachment o the leafl sheath, and area was estimated as follows:
Area = nmaximum lengih x maximum width x 0.73 (McKee, 1964)

(the conversion figure of 0.73 is more accurately determined by McKee than -
B - — . a . A}
the 0.75 of liontgemery (1911), and Saxena and Singh (1965).

-] 4
(¥

Leaves not fully emerged were divided into that portion exposczé to

T 4 ang Y a4
Lok, and that

portion not yet exvosed. The exposed portion was laid
veneath a perspex sheet marked with a grid showing square centimetres.
With the help of cardboard leaf shapes of known area, the exposed area of
vhe leal was measured directly. The remainder, attached to the stem formed
a cylinder at harvest 1. The area of this cylinder was calculated from
ength and stem diameter measurements. In subsequent harvests the stem
was regarded as a truncated cone. The stem base mean diameter wac measured
across the cut base and the mid stem diameter estimated from a regression
of mid stem diameter on stem base diameter (Appendix 4). The photosynthetic
area of the husks was neglected in these measurements. Tillers werc
treated similarly, but data were recorded separately.
In later harvests leafl morgins, leaf tips and leaf shcaths becane ¥

senescent. The area of photosynthetic tissue was measured directly, as

imfore, neglecting senescent areas.
?



TABLE 2.2

Fl = fresh
DI = oven d
DiC =

weight
ry weight

L]

Variables Measured on Sampled Plants

dry matter content on a fresh

.

weight basis

Variabvle

Harvést Number

r base diameter

h of leaf sheath coverin
assel peduncle

Slem length to tassel peduncl

4

Hoight ars

of upper ihree e
I'ode number of nodes bearing
cach plant

A
{1}

of 11l

prescxt,
vy
SR
and DIC
Dic
DiC

ey
'l

of sten

and

o |
-
Cu

of dead leaves

x v
v and

g stalk and base

e base

ocn each plant

upper three ears on

lers and mainstem

i, D and DMC of huskless ear

PLZ of grain

DL of cob

Cob %o grain ratio (regression method)

Cob to grain ratio (direct)

Dl cob

Dd grain

D7 of 100 kernels

Measurements on grain-bearing huskless ears:

Bar number

lluskless ear length

Effective huskless ear length
Huskless ear base diameter

iunber of rows of grain

(ii) Lengths and Counts:
tillers were measured from th
of the tassel peduncle.

stem to the ear-bearing node.

The sten lengths

e

1-8, 10
1-8

1-5

1-8
1-8
3-8

2-8

1-8, 10

1-8, 10

18

2-8, 10

3-10

7,8, 10

3 (%63}, 3,4 (¥
4=10 (kc3), 5-10(i575)
), 5-10(%575)

-~

75)

8-10
8-10
8-10
&-10
&-10

on the main stem and

stem base to the point of attachment

Bar heights were measured from the base of the

The numbers of the nodes bearing the three

heaviest ears on each plant counting from the base, were recorded.
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In later harvests, the length of the huskless ear was measured
from the base of the cob to the apex. The effective huskless ear length
was that length of the cob actually supporting grain. The huskless ear

base diameter was also measured, as was the number of rows of grain on the

o]
5

(iii) Weights: Where tillers were present, the fresh weights of
tillers and main stem were recorded and used as a basis for apportioning
total plant dry weight between tillers and the main stem. With the
exception of ears, plant componenis from tillers and the main stem were
bulked within each plot for dry weight determinatione.

The shoot was dissected into ihe following components:

Leaves, ineluding all unexpanded leaves and leaf sheaths above the stem
apex, or above the point of attachment of the tassel peduncle prior to

vassel emergence.

Siem, including leaf sheaths below the point of attachment of the
tassel peduncle.

Dend leuves {non-green leaves).

Tasaccl, with tossel peduncle.

The eur, removed from its point of attachment flush with the svem.
The ear was separaied into the husk and the huskless ear. The husk

was easily removed by breaking the shank at its junction with the cob.

™
-

ne huslk in this instance included the shank. Separation of cob and grain
wis not practicable until harvest 7. At harvest 5,a 4 cm section from

the centre of the husklezs ear of KC3 was removed. The grain and cob

were dissected and dry weights determined (see below). Cob to grain

ratios were determined for this va riety from a regression of the “cm cob

to graein ratio on the total ecoh to grain ratio of the same ear wick fully

> 4

dissected (Sce Appendix 3). The proportion of cob and grain in ihe
huskless car was estimated using this regresaion.

At harvest 6 a similar practice was adopted for both varieties,
the regression this time being the 4cm cob to grain ratio on total cob
to grain ratio of different ears. The reldtxo.shlp between the two
ns gener:lly poor, and analysis (not presented) showed differences in
the slopes of the regressions for the two varieties to be significant
nt the 63 probability level. Separate regressions were used to estimate
the proportion of cob and grain in the huskless ears of the two varieties
{Anpendix 3). PFrom harvest 7, huskless ears were dried in toto

a Torced draught oven at 85C for 72 hours and shelled by hand vwhile still

*
Warm.



The size of the maize plants prohibited oven drying wii.le intact.
Leaves, stems, husks and tassels from each subplot werce phu-ed through
a green feed chopper. Aliguots of the resulting chaff were dried in a
forced draught oven for 48 hours at 85C, along with samples of  rain
and cob dissected from 4 cm sections of the centres of uall carc. Dry
matter contents obtained on a fresh weight basis for cach ;lot . e used
to estimate oven dry weights ol whole plant components.

Kernel weights were delcrmined on proviocusly dried kernels. Four
lots of* 100 kernels from each plot were brought to a conslxnl . .. lure
content after 16 hours exposure to a tempercture of 85C, cooled .. .

‘desiccator, and weighed.

2.3 STATISTICAL I'ITHODS

Following the calculation of indiwvidual plant dry weight e.- ; noeats,

data from the three plants per subplot were bullked, and punched

cards. All analysis described below was carried out with the & . o Llhe
Massey University IEM 1620 computer. Some standard progranmes wieio “ised
Ain the analysis: others were written where necessary, and 2re a- e

on request.

2.3.1 Preliminary Analvysis of Data

Data from one of the subplots of KC3 spacing 5 were miszin ¢ mli
variables measured throughout the experiment. Preliminury wadaly.. i 4
data involved estimating the values for all wvariables for the misuing lot,

and examining the data to see if they satisfied the assumptions of fhe
analysis of variances For both operations the split plol nspect of tue
design was neglected and the layout was considered a norucl latin siunre.

The value of any observation (Yijk) nay be written for this statistical

model as:
Yijk ; W e Ri + C:j & Pk + eijk
Y = ¢«the overall mean
R, = the effect of the ith row (i = 1...5)
c; = the column effect (j = 1.4.5)
P, = the effect of the kth population (k = 1...5)
eijk = a random error term.

Values for missing plots were calculated according to the usual formula

(Snedecor and Cochran, 1967) from the latin square made up only of KC3
data for the particular harvest under consideration. Error degrecs of

freedom were reduced by 1 in all subsequent analyses of variance. In
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the case where polynomials were fitted to KC3 data at the highest
population, the degrees of freedom for error were reduced by the number
of harvests involved.

In the analysis of variance it is assumed that row, column and
treatment effects are additive, and that the random error val;es, eijk’
arc normally distributed with a mean of O and a variance of 6",

Residuals were calculated from main plot totals (i.e., varietal effects
neglected) for 2ll variables at several harvests, and were plotted on
normal probability graph paper. Results indicated that weight, areca, length
and time to flowering data did not require transfomation within harvests.
loisture content and tiller number data were transformed using arcsine

transformation and the square root transformation respectively.
Arcsine transformation: X' = arcsin X
Square root transformation =X=J X.

The data were now ready for more definitive statistical analysis.

2:3.2 The inalysis of Variance

Data was analysed within harvests using an analysis of wvariance for

a latin square with split plots. It was based upon the following fixed

cffects regression model: 5

: = A o P 1 Py i
Yign =T F Ry + Oyl +egq + Vo4 (P + €559
Mere Y T :
where {55010 xw Ri’ Cj and Pk are as before
C#j} = a2 random mainplot error iemm
v = the variety effect of the 1lth variety (1 = 1,2)
(?V)Pl = the interaction term between the kth population and the
1th variety.
B = a random suoplot error term.
33kl

All interactions among columns, rows and populations were dropped into
the main plot error term, and all interactions involving varieties
except the population x variety interaction were incorporated in the
subplot error term.

The analysis of variance, and tests of significance were constructed
and carried out as outlined by Snedecor and Cochran (1967). Standard
errors for treatment comparisons between various means were calculated
according to formulae presented by Cochran and Cox (1957). Differences

camong means were tested for statistical significance at the 57 :nd 15 level

of probability using Student's t-test. (Snedecor and Cochran, 1967) .«
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Polynomials in time were fitted to the subplot means of varicbles from

rach of the 4two varieties. lYhere analyses of variance revealed no

statistically significant population effect (i.e. data on stalk length,

expanded leaf number and dry matter content) values were pooled for

nognlation within varieties., Otherwise polynomials were fitted to data

from ecch variety at ezch population level.

Polynomials and accompanying analyses of variance were fitted to

T4 3 - -
Inta using & least squa

iares multiple linear regression computer prograrme

deseribed by Burr (1960). In addition %o polynomial coefficients snd

anzlyses of variance, this programme alsco printed the inverse matrix, the
.

eovariance matrix and the multiple correlation coefficient for each

sneeceeding degree of fiited polynomial.

The method used has been outlined in principle by Gandar (1970), and
itially involved perfoming a two way analysis of wvariance on the data,

based nn a repression model of the form:

Y.. =¥ % B, + H, ¥ @&
12 e J 1]
vhere Y.., ¥, and e,, arc as before
A =~

R, = the effect of the ith replication (i = 1...5)
xj = the effect of the jth harvest (§ = 1...10).
Polynomials of successive degree (from 0 %o k)were fitted to the data

3

from individual harvests. The gener2l form of the regression was:

= ors =\ 2
Y.- - .:.P + b t - ‘I;) + - CE - . =
:5 g )+ by (- ¢) + b (t T~ e
whore b1....b¥ = partial multiiple regression coefficilents
t = the time from sowing in days
and ey Y oand e., are as before.

It caz be shown (Snedecor and Cochran, 1967) that the sums »f cruares

of the deviations of the Y,

: 2
i5ts from the harvest mean (Y y ) can he

partitioned into
(1) Sums of squares of deviations of values fitted by regression

/

~
- ~ o~
from +heir means ('swms of squnres due to regression', E:y')

(2) The sums of squareu of deviations from the fitted values. (¥ d ).
2

e, Ty = Y +5e% '

The 'goodness of fit' of the repgression, and the significance of the



€9

deviations from the regression of some variable on time can be tested
against the within group mean square, as outlined in Table 2.3.
Polynomials of degree O....k in time were tested in this manner.
The value of & corrosponded with the lowest degree of %the polyromial at
which the deviations from the regression were statistically nonsignificant.
This provided a test of the null hypothesis that powers of (t = £) gronter
than k explained none of the sums of squares due to deviations from ih
regression.

Examination of the data revecled that variability in dry weight
components and total'dry weight increased with time. The regression

ezuations on which the analysis of wvariance and the polynomial fitiing

procedures were based were divided through by | t. This was effective °
in siabilizing the variance, but had the advantage over other more

drastic transformaiions of not affecting the magnitude of the regression

oy T T I E ey vt ey T A S Y
co2lTicients. In both coses polynomials of the form

f: 3 4 s gt ™ tfc
L = On E B‘I. [V R - i c..+.|.7',
J &= L
~
sl T L et - ey 1
wilgrp I = Wae esvimaitiet vadlie
- I ~n
.-.-‘,\aoo-. = Ajﬂ'r* 1L CELT IO ET tS

were fitted o the data and used directly in leter computations.

. (i eI [y o Y AL o e Rapdeay I o o
)i Loy Wl 3ANe aegree Cawe 0 a parircular |
pianwts i e interpot A0 sy ey 40 N g
LA LD 1B e LNNeI eSSy DL aRall L eid

o ? g, I 4 b s ' . LT 3 i .5 * R |
ccasionally 4 non-sigailicant. term wes inciuded in the ypolynomial, or 2

sianllicast btorm was excluded.

i B Analysis of wvoriscece for fitted polynomial of degrec : Zix tirse,
Sivted to dala from n horveste and o replications.
souree af 53 IS r
noan 1 Sl 1 CH=00N oA
leplicntions b1 55 13570 /b=1. " cus/s”
dorvests n=1 SSH .

\r ~

Regression k SSR HSR:SSR/k . FSR/SL

Devialions from ' )

regression n=k=1 JuD—bJﬁ—uuR 3 -uuD/n-k- usD/s
within group b(n~1)-n+1 SSE s =8¢I / b{n-1)-n+1

Fiducial limits of individual estimates from the polyiomial wore

& - = T ('_f \
otained according to the method outlined by Snedecor and Cochran (1967),
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and Rao (1965).

¥ k
< o~ 20Y 2
Tar (¥) = s 24 z Z xj) cij

where ' ]

il
=]
C_J.

Var (¥) = variance of an individual y

Xpp Xgo= the ith and jth independent variables in the polynomial
1 o (-t te ts Lk)
3 ] 8w b
2 . .
s = the error mean souware from the analysis of variance of the
polynomial
n = the nurmber of y observations to which the regression was
fitted
Ci‘ = the value of the ith row and jth column of the inverse
3 ,

Lga
matrix.

The stendard error of the estimate of y is

32 () = Var (¥)

™e apwroximate fiducial limits of ¥ were determined by multiplyines 53 (¥)
Wy the two sided velue of Student's t-distribution at the 5% signifiszance
lavel, with n = (% + 1) degrecs of freedom (where n = nunber of }nrvents).
Nad Growth Mplysis
Grouth analysis maramcters were derived by integration arnd different-
tion of auartic nolynomial curves fitted to leaf area dala and cubic
“slvmomial curves fitied to total, ear and prain weight data. The p—>ent

yolynomials and the calculated growth analysis paremeters were plotied

waing the graph ouwtput on the computer. “Where BO ....B3 and CO....uﬂ are
polymomial coefficienis of weight (W) and leaf area (A) curves reujostlvely,
*Wn Tollowing relatienshins may be reocognised at any instant of time

]

1« The leaf arca ratio i

- e e R 3 4 .
Co * Gyt + Cpt® + C5t

E N
+ 04u

TAR = A =

2 3
BO + B1t + 32t + B3t

2, The leaf area index is:

LAI = L. REO = (Cy+ Cot + c?tz + c3t3 + c4t4). RIIO

the number of plants per unit area

[
Q

vhere RHO
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Be The unit leaf rate is:

2
’ a1 B1 + 2B2t - 333u
_dt.A— - 2 3 '4
CO - C1t + 02t + 03t - C4t
4. The relative growth rate is:
P B, + 2B,t + 337t2
BB =G w = IR

B, #+# B t+4 BV + B &

5. ' The crop growih rate is:

ANt
L

€GR = E‘

]
- RO = (B, %428, + 33t Foe o
" £ =4

The relative leaf growth rate (RLCR) was obtained by an analagous method.

6. The 1leaf area duraticn is:

L =f2 1A . at

=z ” ’
3 R - 2
Co‘t-r C,t PR L S R 8 + Bt

u
2
L %a]

=

Fiducial limits for LAR, E, RGR, RLGR and CGR were cualcuiunted.

An outline of the method used follows:
(a) The variances of A and W were calculated as o Zeclion 24735
” g au ! S
(b) The variance of the growth rate == = B, + 2b.1 + 7.1
4o 1 < 2
was obtained as in Section 2.3.3, using an applicaticn oI lhe siuadard
formula:
Z Bl \
Var (ax + bylhz a“ Var (x) + b Var (y) + 2 ab Cov (x,y).
dL - )
The value of Var&;; was similarly obtained.
. ’ s ay 1 dJ. 1 di 1
(¢) the variances of ratios such as — . pai g dmmm g e demeig eeuandd
dt W at E* dat " &

A S s o
W were calculated using the standard formula for the va. _ ance of a ratic

(Kendall and Stuart, 1958) ;=

—

. 2 5 . "
varl£]. Yar (x) 5 X° Var (Y) - 2 sov (O a X

Y Yz Y4

(2

* where X and ¥ are two variables.
The covariance term in the case of RGR and RLGR could be evi.u-icd.
The coefficient multipliers for the variance and covariance terms cuiiined

as before from the inverse matrix, were calculated by multiiplying
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the differential equation by its parent polynomial; so that, for example

4av Y e 3 «. ,.,\,,-,5 : T
cov ( T V ) = Var (B1)t + 2 Var (Bz) t” 4+ 3 Var (43; t” + Cov (BO'Bi)
)
+2 Cov (B, B,) t+ 3 Cov (By, B5) t%+ 3 Cov (B., B,) e
+ 4 Cov (B,, By) £ + 5 Cov (85 B) £
As before t(n—k-l) (0.05) values were caleculated und .o a ..ximaie
955 confidence level of the ratio obtained.
In ‘the case of the unit leaf rate and leal arca ratis, & an. & were

considered to be independent and the covariance term assumed therefore to

be negligible.

~ 5 T i
Degrees of frecdom for the +(0.05) vaiue weie obtulned

from a mean value of k for the weight and area curves.

The relationship between E and LAI at flowering was investigated by

fitting polynomials in LAT to unit leaf rate dais obtained Ly grsuth

analysis.

2.3.5 Dry ilatte

s ST &=
T Lonienss

Polynomials in time were fitted o raw dry wsatter con..nt data

(see section 3.

10) for both varieties using ihe method outlinel above.

Rates of increase in dry matier content were cuiculzied and cor.uwier zplots

b . " . ~ et .
the polynomials and rates were made. Approximaic 957 cunlidence .imiis

of the estimates were calculated as before.

2.3.6 Population Effects

Yield density relaticnships were empirically examined by [fitlting

polynomials in

density to yield data by the method outlined in ihe

previous section which is similar to the empirical method cutlined by

Warren (1963).
plant on plant

The regressions of the logarithm of grain weight per

density for each variety were calculated, and the optimum

population density for grain yield was calculated as outlined by ...ncan

(1958).

2.3.7 Correlations Between Yield and Yield Components -

Correlations between yield and individual yield componenis were
calculated from the data from harvests 8-10.

af
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CHAPPTER THRESE

RES UL TS

In this chapter results from the experiment are presented in an
order which is only approximately chronological. The early sections
outline the growth and development of the total shoot while later
sections contain data on grain yield, its relationship to plant denvity,
and the field maturation of the crop.

Reference is made throughout the chapter to Appendices containing
supporting information and selected analyses,and these can be found
at the back of the thesis. Extensive use is made of fitted polynomials.
Their coefficients, with samples of analyses of variance showing goodness

of fit are also located in the Appendices.
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No plant deaths were observed in the period from the cenvletion of

transplanting to maturity.

plant densities. No

or to variations in plant number with time.

3,2. DAYS TO FLOWERING

Lodging did not occur even at the highest
data are therefore presented relating to establishment

Days from planting to 50% tasselling, anthesis and silking are given

in Table 3.1 (a).

parameters were revealed in analyses of variance (Table 3.1 (v)).

Highly significant varietal differences for all these

On

average, tasselling, anthesis and silking occurred 12.8, 11.2 and 9.4 days
“earlier in KC3 than in W575.
accompanied by a small but significant delay in tasselling and silking,

An

the effect being greater in W575.

trends on time to anthesis in the two varieties proved non significant.

increase in plant population was

TABLE 3.1 (a) Days to 50% tasselling, anthesis and silking.

By comparison the different population

Variable Variety Population
T [30K 28K 57K 59K TK | S.%
Days to 50% KC3 55.0 55.8 56.0 56.2 56 .4
. 0.86
rnseiling W575 67.2 67.8 68.8 69.8 70.0
Days to 50% KC3 64.8 6444 6446 63.8 63.4
; - 1.10
pEHesie W575 T4.2 44 T4E 5.8 TT.6
Days to 50% KC3 64.0 65.0 64.8 65.0 66.0
silking 0.74
Days from 50% KC3 -0.8 +046 +0.2 +1.2 +2.6
1.09
anthesis to 50% W575 1.0 ° A4 0.4 0.4 1.6
silking
1S.E. for comparison of means between or within varieties between . -ulations.
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" (b) Analysis of variance of days to 50% tasselling, anthesis and

silking
b
Source af lean Squares
Tasselling  Anthesis Silking Anthesis to
ailking

Rows 4 11.000 *#* 8.420 ns TsT20 * . 1.400 ns
Columns - 4 10,100 ** 21,820 ** 16.070 ** 1.300 ns
Populations 4 T+500 * 1.870 ns 9,120 ** B 3T HE
Error 1 1.2 1.800 2.970 1.687 2.650
Varieties 1 | 2061.00 **1557,00 ** 1113.92 ** 36,900 **
Var. x Pop. 4 1.420 ns  9.570 ns 2.120 ns 6.130 ns
Error 2 19 1.895 4.074 1.084 3315
PERL 48 | % ,05>p=>.01 *x p<.0f 8 not significant

The length of the interval between anthesis and silking differed
significantly in the two varieties, silking preceding anthesis by 1.0 day
in W575 but occurring 0.8 day after anthesis in KC3. The effect of plant
population on this interval, though nonsignificant, suggested that the two

varieties were responding differently in this respect.

3,3 GROYTH IN THE SIZE OF THE STEM
Analysis of variance of stem length (Appendix 5) revealed no

significant populat{on effect. Polynomial curves fitted to stem length date
for each variety are shown in Fig 2(a) (coefficients are listed in
Appendix 6). Stem length of KC3 significantly exceeded that of W575,
KC3 had silked, following which the relationship reversed its rank.

Stem growth rate followed similar trends.

A significant degree of stem growth occurred after 50% silldn: (Vig
~ 2(a)), with the stem length of KC3 increasing by 17% and that of WS575 by
194,

Stem base diameter (Table 3.2) showed significant varietal and
population trends. The decrease in stem base diameter with time can
probably be attributed to a steady disintegration of basal leaf sheaths

énd mobilization of lower stem reserves.

[*H



FIG. 2 (a)  Growth in Stem Length

I L.S.D. (.05) (mean of both varieties)
‘ Time of 50% silking
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TABLE 3.2 Stem basal diameter. (cm)
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Time Variety Population S.E.1' Variety+ Population+t
39K 5TY T9K Effect Effect

KC3 3611 2.86 2.67

Day 55 0.107 bt it
WsT5 3.39 2.85 2.89
KC3 2.61 2.60 2.44

Day 103 0.112 * L
W5T5 3.01 2.70 2.48

1
'S.E. for comparison

+ ;
From analyses of variance

3.4 THE GROQWTH AND LONGREVITY OF LEAF

HAD =

ARTTA

In this section, leaf area is defined as the area of the u pe

surface of green laminae plus the area of grecen stems and leafl

3-“!.10

Pitted curves describing the change in the number of fully ecxy

leaves on the main stem of the two varieties are plotted i

a m \rea ¢ ongevi n a per Plant Pasgis.
Leaf Number, Area and longevity, o Plant P

.01

(see Appendix 6 for coefficients).

revealed no significant population effect after day 44.

Analyses of variance (.

—_

O I

Hirly

of means betwecn or within varieties between populations.

sheaths,

anded
)
L

npendix 5)

significant

differences between the varieties were apparent after the flowering of

KC3.

When all leaves had fully expanded, W575

expanded leaves on the main stem than did KC3.

The rate of appearance of expanded leaves
significantly exceeded that of W575 at day 45, but fell consistel:ly

on the main ston

on average bore 3.2 more

e
RV

{rom

that time until at day 53 the rates coincided at 0.36 1eaf.day-1 (1 le~f
‘b

-every 2.8 daﬁs).

4

The rate of expanded leaf production fell to zero at a

+point soon after silking in both varieties, the exact time being obscured

by the inability of the fitted curve to reproduce the sharp ending of

expanded leaf production.

Similar varietal differences, though not

a3

great, were apparent in the relative rate of leaf production (Fig 3(e),

the displacement of the W575 curve in time by comparison with that of

KC3 being similar to the difference between varieties in time to sill-ing.

The fitted curves of leaf area per plant are presented in Fig 4(:)

(See Appendix 7 for coefficients).

indicated that photosynthetic.area per plant pooled for both wvaric S
nonsignificantly affected by population density.

Analyses of variance (Aprendix ¢

S was

However,fiducial limits
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FIG. 3
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FIG. 4

(a)

Leaf Area Per Plant
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of the fitted curves reveal that an increase in plant ponulation from its
lowvest to its highest level significantly (.05>P =.01) rediced p:r plant
leaf area in W575 but not in ¥C3. Highly significant varietal differences
were apparent from day 65 onwards, and when growth in leaf area 2d
virtually ceased 10 days after 507 silking, the average KC% -lan. ossessed
5875 of the total leaf area of the average W5T5 plant at the same -rowth
stage. A small but steady decline in KC3 leaf area after this d- .o
particularly apparent at the highest populntion, was not observed in U575.

The relative leaf areca growth rate (RIGR) is presented in Fi- 4(b).
Significant varietal differcnces existed in the pretasselling st -+, and
during senescence, though RLGR was little affected by plont s»hzei: .

Although plant spacing generally had a small influence on 1.~ area, the
ratio of leaf area to leaf weight, or the specific leaf area (374),
increased significantly with plant population (Fig 5). In both v-rieties,
SLA peaked at tassel emergence, and fell steadily from that point onwnrds.
With one exception, at any one time during the grain filling veriocd HC3 was
characterized by thicker leaves (lower SLA) than W575. The yeri “t which
SLA responded with greatest sensifivity to plant ponulation wire iried
emergence, and the late grain filling period.

The percentage composition of total leaf area per plant for
varieties at three growth stﬁges is illustrated in Fig. 6. The :
in tiller leaf area components at high plant populations acrous
varieties was shown to be significant (Appendix 9) while main sto:
area components were reduced only slightly (non significintly); e roduction
of tiller leaf area from 307 and 20% of total leaf area at low porulsations
in Y575 and KC3 respectively to much lower levels was due to a {:11 in

tiller numbers (Section 3.9) rather than a reduction in leaf arca _cr se,

and it was this variation that was principally responsible for th . rietal
and spacing differences in total leaf area composition. Analysis =~ =resine
transformed percentage composition data (not presented) revealed - ;mificant

varietal differences in the proportions of stem and laminae areas. Stem
area comprised a relatively constant 18.9% and 15.5% of total leaf area
after flowering in the lowest population of KC3 and W575 respectively.
At the highest population the stem area proportion was non signific-ntly
reduced to 17.2% and 14.0$ respectively, due to a reduction in ster thickness
(Table 3.2).

The time from planting till 50% of the maximum leaf area had -c.esced is
given in Table 3.3. Spaéing apﬁeared to have little consistent el “cct on
leaf]senescéncé, but the photosynthetic area of W575 was maintained for

significantly longer (8.4 days) than that of KC3.
. 0



FIG. 5  Specific Leaf Area

are standard errors for comparison between or within varieties
between populations

T indicates time of 50% silking
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FIG. 6 Percentage Distribution of Total Plant Photosynthetic Area

1,3,6 are populations of 39K,57K,79K plants.ha'1
MS,ML are stem and leaf areas on the main stem

TS, TL are stem and leaf areas on tillers
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TABLE 3.3 Days from planting to 50% senescence of maximum ,photosynthetic

area attained.

(estimated from fitted polynomials)

78

Variety Population Mean
39K 48K 57K 69K T9K
KC3 138.0 137.8 135.8 138.4 136.3 137.26
w575 142.8 144.7 148.3 145.4 1471 145.66

Varietal comparison:

t = 7.77** (8af)

%.4.2 Leaf Area Index and leaf Areca Duration.

The time course of leaf area index (LAI) is plotted in Fig.7, and

analyses of variance of LAI are presented in Appendix 10.

As would be

expected, highly significant differences among plant populstions and

varieties were revealed.

During the period of early grain filling, the

KC3 canopy displayed on average 58% of the LAI displayed by 575.
Leaf area duration (LAD) from 507 silking till 50% of the maximum

photosynthetic area was senescent is presented in Table 3.4.

LAD

increased consistently with plant population, and showed significont

varietal differences.

TABLE 3.4 Leaf area duration from 50% silking till 50% of the max. un
photosynthetic area was senescent (days).
(calculated from fitted polynomials)
Variety Population ro—
| 39K 48K 5TK 69K T9K
KC3 TaTws 185.2 194.6 25T7.8 276.4. | 214.5
w575 272.4 295.9 22542 3T1.1 429.0 B58..3

Varietal comparison:

t = 3.45%% (8df)

3.5 GROWTH IN SHOOT DRY WEIGHT AND ITS COMPONENTS.

Included in this section are evaluations of relationships between

weight and leaf area, .

3¢5.1. Growth in Weight on a per Plant Basis
The fitted curves of total shoot dry weight are shown in Fig &(a)

(Aprendix 7 for polynomial coefficients).
accumulated 38% of its final shoot dry weight.

By silking, each variety had

Analyses of wvariance -

; I'{ i
(Appendix 8) revealed a reduction in shoot dry weight per plant at high




FIG. 7 Leaf Area Index

l indicates time of 50% silking
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FIG. 8 (a) Growth in Total Shoot Dry Weight Per Plant
lindicates time of 50% silking
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LE ; T I I I 6 I I I
5 54
S s a<
x
= 4 e 1
:g"‘ 3 ,’ \ 34
K el \3
= /“O“. .....‘
- e 5
o
2 24 ©
= 2 2
=
° KC3
14 1+
L Y Y Y Y Y Y v 9 Y Y \ \ i Y v
30 70 110 150 190 30 70 110 150 190
DAYS
(b) Relative Growth Rate
20+ 1 T 1 T 1 20'1 I I I
o~
(=]
= 154 154
x
o
3 W575
o l KC3 -
=
o)
o«
@
o
54 5
0« 0«
5 -3
] ‘t.s
1 1
5 v v v v v v ] v b4 v v v v
30 70 10 150 190 a0 70 110 150 90



79

popﬁlations, this effect attaining significance after day %5. At maturity
aﬂ average KQ? shoot growing at T9K plants.ha-1 weighed 70% of that of a
KC3 plant grdwing at 39K plants.ha_1. The comparable figure for W575

‘was 58%., Varietal differences in total shoot weight were anpareni at 507
silking but became significant during early grain filling and were highly
significant at maturity, when an average KC3 shoot weighed 78,5 of that of an
average W575 shoot. .

Relative growth rates (RGR) are shown in Fig C(b). Calculnted fiducial
limits of the derived curves indicate that the slight decrease in RGR which
accompanied increases in plant density within the range tested wr:z not
significant. During the grain filling period (day 75 to day 150, the RGR
of the average Y575 shoot significantly exceeded that of XC3.

Components of total shoot dry weight were influenced by varicty and
plant spacing. Analyses of variance of each component (Appendix 11) showed
that the reductions in stem and leaf dry weights per plant accomnanying
an increase in population from 39K to 79K plants.ha_1 were significant fronm
day 55 onwards., Total ear, and ear components as they were differentiated,
showed similar consistent significant decreases in dry weipht as plant
population increased. A%t maturity the weights of all individual KC3 shoot
components, with the exception of tassel dry weight, were lcss than those
of W575, although this ranking for stem and ear fractions was reverced
during periods of their active growth. At anthesis the tassel dry weight of
KC3 plants non significantly exceeded that of W575. Tassel weight rose
sharply to a peak at anthesis and declined rapidly as pollen was cshed.
Bennnee of shattering and weathering losses the weights of tassel «nd dead
leaf fractions at the later harvests were not accurate, and these losces are
probably the chief reasons for the decline in total shoot weight z. tic last
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 at two gro::n
stages is illustrated in Fig 9. Analyses of variance of arcsine transformed
percentage composition data (not presented) indicated that at silking,
significant differences between varieties in the proportions of tassel and
leaf existed. KC3 was characterized by_g% tassel and 26% leaf, compared
with 6% tassel and 30% leaf in W575.

At maturity (taken as day 145 for KC3, day 187 for W575), grain and
total ear over the range of spacings compriéed 51-54%, and 68-70% of total



FIG. 9 Percentage Distribution of Total Shoot Dry Weight
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KC3 shoot weight respectively. Comparable figures for W575 were 44-51%,
and 62-6Th respectively, varietal differences being highly,significant.
Relative to W575, KC3 at maturity was characterized by a signific-ntly lower
percentage of stem, leaf and cob, and a significantly higher ercentage
of grain and tassel. Varietal differences in the proportion of husk and
dead leaf at maturity were non significant. Increased rates of plenting
were accompanied by sligh‘l: but consistent increases in the proportion of
leaf, grain and dead leaf, slight decreases in the proportion of stem and
husk, and no change in the proportion of tassel or cob. Iion"of these
responses to populntion density attained statistical significrnce.

Ratios of various dry weight fractions are presented in Table 7.5, and
illustrate some of the above points. Cob to grain ratio diifferec siznificdntiy
between the varieties, and showed a non significant decrease at “ish

population densities. (Por definitions of plant fractions, see -. 2.)

TABLE 3.5 Ratios of plant part dry weights at maturity.

Variable Variety Population a1 i o e v
30K 57 79K S.E. Variety Porulntion
Effects Sffects

Total ear KC3 2,40 = 2.21 2.2

to remainder 0.34 L ns
w575 1.85 2.02 211

Grain to KC3 1.09 1.07 1.19

stover 0.13 ik ns
W5T75 0.83 0.98 1.07

Cob to KC3 0.186 0.166 0,172

grain 0.024 W ns
w575 0.264 0.219 0,203

1 S ; oy e
S.E. for comparison of means between or within varieties between popul: tions

+Erom analyses of variance. ** P<.01. ns not significant

None of the population x variety interactions was significant.

Growth analysis—confirmed many of the above observations. Unit leaf
rate (E), and leaf area ratio (LAR) with their fiducial limits are presented
graphically in Fig 10. E was significantly (.05=P>.01) reduced during
rapid grain filling in both varieties when plant population was increased
from 39K to T9K plants.ha._1. E (KC3) significantly excecded 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 planting. This
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period coincided with a time of declining irradiance (Avpendix 1 (a) ),

wvhen it would be expected that E would fall with time. LAl chowed responses
similar in degree but reversed in rank (i.e. LAR was significantly
increased by plant density, and was significantly lower in KC3).

Analyses of variance (not presented) of polynomials in LAI fitted to
values of E at silking for each spacing within each variety revesled +hat
the quadratic term was not significant, and that a significant linear
relationship existed between E and LAI. The regression equations of best
fit were:

T (KC3) = 10.603 - 0.956 LAT (r = 0.95%, 3 dr)

T (W575) = 8.419 - 0.600 LAI (r = 0.89%, 3 df)

A summary of the wvalues of E predicted by these regressions, with

1l

I

appropriate fiducial limits, is presented in Table 3.6. Differences in
unit leaf rate between the two varieties over an LAI range of 2-4 barcly

attain significance at the 57 level.

TABLE 3.6 Values of unit leaf rate predicted by linear regressions of Z
) o= 4
upon LAI at 50% silking. ((gecm™ “.day 1} % T0%)s

Variety Leaf Area Index
2 T3 4 5 6
KC3 8.69 T 6.78 5.82 4.86
[15'T5 Te22 6.62 6.02 5.42 4,82
LeS.De (.05)
(mean over both
regressions) 1.30 0.83 0.63 0.72 1.14

3.5.2. Growth in Total Shoot Dry Weight per Unit Areca.

Curves of total Weight per unit arca are presented in Fig 11(a, .

Analyses of variance (Appendix 10) showed that high density plantinsc
51gn1f1cantly outyielded low density plantings from day 55 onWﬁrda. At
maturity, yield of KC3 and W575 plants growing at 39K plants. ha was
"70% and 85% respectively that of plants growing at 79K plants.ha 4,
Highest total yields were always obtained from the highest plant densitins,
and the total yield of KC3 per wnit area at maturity was 787% of thc veak
yield of 25,500 kg.ha-1 produced by W575 at the narrowest plant s; cing.
Crop growth rates (CGR) are illustrated in Fig 11(b). CGR pealed
near silking in W575, but a short time before silking in KC3. The derived

curve in the preflowering phase, as indicated by the computed fiducial limits



FIG. 11 (a) Total Shoot Dry Weight Per Unit Area
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is not very reliable, and this possibly accounts for the continuous decline

in growth rates among the h}gh and medium population KC3 stinds. The

~ highest crop growth rates were always associated with the %i~hes: .lanting
rates except in the late grain filling period. During early grain

filling CGR was significantly lower at the lower plant densities, while over
the whole grain filling period (day 70=150) the CGR of Y575 at sy one

time significantly exceeded that of KC3 at comparable spacings. At their
respective flowering dates the varieties showed no differences in their maximum
crop growth rates,both being 290 kg. ha.” day™.
3.6 GROWTH IN YIELD

The growth in total ear dry weight per plant is shown in Figp. 12(a).

At 50% silking, both varieties had accumulated 65 of their final ear

weight, this being made up of husk (and shank), cob, florets and silks.
Analyses of variance (Appendix 11) revealed that KC3 ear dry weight
significantly exceeded that of W575 at any point in time until day 125, when
the total ear weight of W575 surpassed that of KC3. Increases in population
density significantly depressed total ear weight. An increase in plant
population from 39K to T9K plants.ha-1 was accompanied by a recuction

in total mature ear weight.per plant of 41% in 575, and 31% in KC3. ‘

3.6.1 Grain Dry VWeight per Plant ‘
Growth in grain dry weight per plant is illustrated in Fig 12(b).
The effects of population and variety (Appendix 11) paralleled ti- ¢ found for
total ear dry weight. The reductions in mature grain weight per .lant
in W575 and KC3 when the plant population was increased from 39K to TOF plants.
ha-1 were 38% and 27% respectively. Grain weight of W575 exceeded that
of KC3 for the first time at day 135.
Because of the &ifficnlty in ascertaining the time at which groin
growth rate fell to zero, the time at which 95% of final grain yield had
been attained was chosen as a more precisely determined growth stage to which
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 variectal
differences were apparent in both periods, the grain filling period being
11.2 days longer in W575 than in KC3. The elapsed periods from emergence
fo 95% final grain yield for KC3 and WS5T5 were 127 and 147 days, corresponding
with accumulated effective degree day totals of 1043 and 1173 respectively
(Appendix 1(Db)).
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The grain unit leaf rate, E (G), or the ratio of the fate of grain
growth to leaf area,is plotted in Fig 12(e). TFiducial limits of this
ratio indicate that no significant differences due to plani spacing
existed, although the ratio generally fell with increasing -ant density.
Differences between varieties are apparent up to day 110. . (G) was .
significantly greater for KC3 during early grain filling, but ir the later
grain filling period was similar for both varieties. Comparisor with
Fig. 10(a) reveals that during the latter phase of rapid grain filling
(day 90-110 for KC3, day 125-150 for W575), B (G) exceeded unit leaf rate
by a non significant amount, indicating that grain growth rate in this
period exceeded the growth rate of the entire shoot.

The grain leaf ratio, presented in Table 3.8, shows highly significunt

varietal differences, with less difference among spacings.

TABLE 3.7 Days from planting and from 50% silking till 95% maxisum grain
dry weight was obtained.
{from fitted polynomials)

Variable | Variety Population Fean
39K 48K 57K 69K 70K

Days from KC3 125 129 140 133 3o T s )

planting W575 151 157 149 155 156 | 153.6

Days from 507 KC3 61 64 75 68 7% | 68.2

sillding W575 78 &4 75 80 80 | 7944

057 of max. KC3 6880 7990 8110 9580 10740

grain yield w575 8690 10560 10340 10880 11210

(kg.ha_1) ‘

Comparison of varietal means:
707 e (8 df-)
Days from silking to 95% max. grain dry weight : t=3.7C ** (8 df)

Days from planting to 95% max. grain dry weight -

1l
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TABIE 3.8 Grain leaf ratio (kg.ha™ .day ')

(calculated from fitted polynomials)

Variety Population

39K 48K 57K 60K T9K Mean
KC3 43.04 45.60 43.95 38.62 39.95 42.23
w575 30.23 34.76 31.09 29.19 25.59 3017

Varietal comparison: t = 6.15 ** (8 df)

%.6.2 Changes in Dry Weight of Plant Parts During Grain Filling.

Fitted curves of dry weight rer unit area for stem, leal, husk and cob
are shown in Fig. 13 (source polynomials listed in Appendix 12). Husk and
stem showed consistent and considerable losses in dry weight during fthe
latter period of grain filling in both varieties, while leaf dry weight, with
the exception of the highest ¥C3 population, increased during the carly part
of the same period. Cob weight generally remained constant over this time
eicept in the case of W575 at the widest spacing, where cob weigh i appeared
to fall significantly.

A summary of changes in dry weight of the cob, husk, leaf znd stem over ‘
the latter period of grain filling is given in Table 3.9. The net overall ‘
loss in dry weight from these parts in KC3 increased with plant density, while i
the loss in W575 seemed independent of population pressure. Table %.10 !
summarizes net changes in stem and leaf fractions from silking till 957%
completion of grain filling. In only one case, that of the high po 1 tion
KC3 treatment, did the weight of these fractions fall bhelow their vaiiue at
silking, and the 1063-of 366 kg.ha_1 represented 3.4% of the finn~ ~r:in
yield. In all other cases, the loss of dry weight in non-ear structur:c

did not exceed their gain in weight immediately after silking.



FIG. 13 Changes in Plant Component Dry Weights During Growth
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TABLE 3.9 Sumnary of changes in dry weight of non-grain wlant components
(kgeha™ ) during the period from their peak dry weights after
flowering till 957 total grain dry weight was ovtizined.

(from fitted polynomials)

Variable Variety Population [lean '

39K 57K TOK

Stem KC3 -192 =753 -1480 =801.7

b1 =217 -428 =854 -273.0

Leaf KC3 »* +23 =28 -605 ~207%.3

VETo * +57 +85 +340 160.7
Husk KC3 =143 =339 =851 A4S
W575 =203 =97 -185 ! ~165%.
f

Cob KC3 0 0 0

w575 -950 0 16T
uet change « KC3 =312 -1100 -2936 =1449.3
w575 -1413 =440 -699 =850 7

et change as | KC3 4,53 13.56 27.53 16.89

T of 95% max. | W575 16.26 4.25 6.23 8.43

grain weight

¥ Till day 124

TABLE 3.10

only.

(kg.ha
obtained.

(from fitted polynomials)

Summary of changes in dry weight of stem and leuf fraetiong
‘1) from 507% silking until 95% total grain dry weight was

* Till day 124 only.

Variable Variety Population Mean
39K 5TK TIK

Stem KC3 +1173 +730 =18 +628.3
W575 +1850 +1090 + 1246 #1395, 3

Leaf KC3 ¥ +96 +120 =348 -44,0
NI +232 +149 +375 +252.0

et changes in| KC3 +1269 +850 -366 +584.7

stem and leaf | W575 +2082 +1239 +1621 +1647.73

during 95%

lgrain £i11




3.7 YIELD AUD YIELD COMPONEITS.

Yield of grain per unit area, and components of yield' sre rresented

in Table 3.11. Analyses of variance of components on a ner -lar bhasis are
given in Appendix 14. Reduction in yield per nlant as popul:stic: nressure
increased was brought about by decreases in differing yield comy wients in
the two varieties. 1In W575, in contrast with XKC3, it occurred rrincipally
because of a significsnt reduction in ears per plant : analysis -ovealed
that this was due to a decrease in the number of second ears ner nlant
(Table 3.12) which were more plentiful in W575 than in ¥C3. Con -uently,
the variety x population interaction for this component was highix
significant (Table 3.13). The fall in yield per KC3 plent occurred, however,
because of non significant reductions in grains per ear and weig-* per
grain, as well as in ears per plant.

No significant effects of spacing or variety on weight »~r  :-in,
or on grains per ear were found, though the average I'C3 car osscssed 67
less grains per ear than did an average VW575 ear. Within the ear itself,
no significant differences were revealed in rows of grain, but & ignifiemntly
greater number of grains per row were present in W575 ears. frains per row

41 vo b e

were reduced non significantly by increased plant density over i rung

tested.
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TABLE 3.11 Yield and yield compcnents
(data pooled for the last three harvests)

Variable Variety Population S.E.1
| 30K 48K 57K 69K 79K
Grain yield KC3 6772 8445 8554 9954 11041
ku.ha—1 (114.8) (143.2) (145.0) (168.8) (187.2)
(bushels.ac—1 B552
at 15.5% MC) w575 8235 10287 10049 10829 10976 |(14.47)
(129.6) (174.4) (170.4) (183.6) (18(.%)
Grain.plant™' | KC3 | 174.7 176.5  150.2  144.4  130.
(e) 21.48
W5T5 | 212.5 215.0 196.5 157.1 138,
Rars.ha” KC3 | 42120 49960 60720 70420 80840
' ' 13557
w575 | 54250 61650 63250 70420 77326
Bars.plant™ | xc3 | 108.9 104.4  106.7 102.2  102.7 |
(x 10%) , o
‘ w575 | 140.0 128,9  111.1  102.2 97.
Grain KC3 | 160.4 169.1 140.8  141.3  136.6
weight.ear‘T 20,57
(g) w575 | 151.8 166.8 158.9 15%. 7 141.9
Grains.ear™ | K03 | 584 581 504 538 531
565
w575 | 572 606 590 591 554
Rows of ECS 17.693 17342 17155 17.288 1749 0.4%
; -1 430
ke P w575 | 17.389  16.898 16.862 17.150  17.050)
Grains.rov—| | k03 32.97  3%.54  29.42  31.15  29.51
1.948
W55 | 32.87 35.81  34.99  34.44  32.45
eight.grain™| XC3 27,731 29,808 28.011 26.67T1 26.141
(x10°) 1.049
%2 w575 | 26.238  28.037 27.558 26.635 26.291

1S.E. for comparison of means within or between varieties between populations
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(data pooled for the last three harvests).

Percentage composition of total ear number per nlant.
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Variable Variety Populaticn

29K 48K 57K (3 TOK
Apical ears KC3 92.0 95.8 93.8 97.8 97.8
WsT5 T1.4 77.6 90.0 a7.8 100.0
Sccond ears KC3 4.0 241 - - 2.2
' 575 23.8 13.8 2.0 3,2 s

Tiller ears KC3 4.0 241 6.2 22 -
W5T75 4.8 8.6 £.0 = -

T}‘.RI;E E . 1 2. ;

Analysis of variance of

total ear number per ha, number of

second ears per ha, and total grain yield.

\data bulked over last three harvests)

* ,05>P >,01

** P<,01

ns

not significant.

Source af lean Square
Total Second ears. Grain
TR f . kgoha !
Rows 4 1970 2 10" s 4.523 x 107 ** 2.145 x 10" ns
o
Columns 4 5.970 x 106 ns 2.307 x 107 * 4.522 % 10° ns
a
Populations 1.462 x 107 ** 7.805 x 107 ** 17T 1“7 ¥
Error 1 12 4.586 x 10" %.596 % 10° 3.5
Varieties 1 2.590 x 105 *x 2.752 x 10% #x 1575 "R
Var. x Pop | 4 1258 =% 108 *% 6.%346 x ‘IO7 * ok 1300 x 1
Error 2 19 1.740 x 107 1.220 % 107 1.060 x 1
ke 4 + Data square root transformed prior to analys =
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Correlations between yield per plant and various characters are
presented in Table 3.14. Correlations between yield in KC%, and prain
weight per ear, grains per ear and grains per row increased with planting
density. On the other hand correlations betwean the yield of W575 and ears
per plant, grains per ear and rows of grain per ear increased with plant
density. The varieties as a whole showed other differences also. Yield
in KC3 was closely related to grain weight per ear, grains ner ear and grains
per row, whereas yield in Y575 varied closely with ears per plant and rows
of grain per ear, as well as grain weight and number ver ear. Variation
in yield in both varieties showed only a small positive relaticnship
to variation in weight per grain. There was a highly significant negative
correlation between grains per row and row number in KC3 and W57~ (r = =.423%*,
-.624%* regpectively) indicating a degree of compensation for these
characters.

Bar dimepsions, and a summary of associated analyses of vari..ace, are
presented in Table 3.15. Cob length, ~nd huskless ear basc diumc ter were
'significantly reduced as population increazsed. Effective cob length
however was not significantly reduced by increasing plant density, nor did
it differ significantly between varieties. As would be cxpected, the
proportion of cob length occunpied by grain differed sign?ficantly beturen
the varieties, the effective cob length of KC3 and Y575 being 97.675 and &87.87
respectively of total cob length. These proportions seemed little affected
by plant density.

Correlations between ear dimensions and yield per plant apoear also in

Table 3.14. At low populations, cob length was more closely related to

tuatlon

yield than was effective cob length. At higher populations the si

)

was reversed. Over all spacings there was little change in the ccirelation

between yield and either of these characters.

3.8. NODE NUMBER OF NODES BEARING EARS, AND EAR HEIGHT

The numbers of the nodes (counting from the stem base) at which each

of the three heaviest ears were borne are presented in Table 3.16. Plant
spacing had no effect on the node at which any of the ears were borne, but

W575 bore its ears an average of 2.33 nodes higher up the stem than did KC3.

The data also illustrate the establishment of apical dominance amor~ the

upper ear primordia. At day 55, all three W575 ear primordia we:

approximately the same weight. By day 66, the upper two had becor _cavier than
the third ear, and by day 89 the pattern observed at maturity was cstablis o

in which the apical- ear exceeded the second ear in weight, which in tur

heavier than the third ear. A similar pattern commencing about 10 days

earlier was observed in KC3.
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TABLE 3.1 Correlations of total grain dry weight per vYlant with

various characterse

(data from last three harvests).

I, = Populations 39K and 46K bulked (28 df)

= Populations 69K and T9K bulked (28 df) (25 df for KC3)

T = Bulked over all populations (73 ar) (70 &f for KC3)

Variable Weight of grain plzant_1
XC3 1575
L H T L H T

Bars.plant™) 397 * -.054 .260 * 401 * 567 X% 616 *X
Grain weight.
Car_1 «TET ¥ .956 ** <924 XX 668 ** +B0 *¥ el e
Grains.ear_.1 . 798 ¥# 924 ** 860 ** .660 ** «HEZ2 #*® 6353 *7
Grains.row | 362 * Ta8 *% L6T4 ** | L7505 B6E A7%
Rows of grain.
ear™! 423 * 134 .254 * 403 * 64T #% 621 #
‘-.<Ieight.grain-1 .064 T 374 .286 .199 344 *
Cob length «659 ** . 786 ** . 783 ** -5 *x .51¢ s
Effective
cob length 548 ** .B44 *x oTTT %% 592 *¥ B0 ** 209 T
Huskless ear
base diameter 34T JO3T *% .599 ** .198 .. 262 162
* , 05>P>,01 ** P<,01
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TABILY 3.15. Dar dimensions

(data bulked over last three harvests) ‘
Vzriable ariety Population 5.3.1 Vnrioty2 Popul-
30K 57K T9K Effect ation
: Effect
Cob length KC3 18.93 18.26 17.36
0.749 s ¥
(em) w575 | 20.96 21.16 19.65
ffective KC3 18.56 17..67 1702
cob length (3)  [(98.0) (96.8) (98,0) | 0.991 ns ns
 (em) (+)
(3 of cob w575 | 18.12 18.97 1704
length) (%) |(86.5) (89.5) (87.2) (P
Huskless ear KE% 5.29 5.18 5.05
base diam- 0.1C0 *
eter (cm) w575 4.93 5410 5.05

1 : " Sl "
S.E. for comparison of means within or between wvarieties between populntions.

2 . b o el
From analyses of variance. * .05>P>.01 *% P << .01 na not significant

None of the variety x population interactions was significant.

= v 0 = ¢
Comparison of the varietal means of Effective cob lensth x 1007

cob length
following arcsine transformation: t = 9.78 ** (8df)
TABLE 3.16. Numbers of the nodes at which the three.heaviest ears « borne.
' (nﬁmbering is acropetal)
Day Varicty Ear Variety Popul.iion’
Heaviest Second Third Effect Bffect
KC3 4.67 4.59 3.6
55 - ns
w575 5.20 528 5.33
KC3 5.49 4.49 3.49
65 *%
W575 T.39 7.33 6.33
KC3 5.68 4.68 3.68
&9 bl ns
W575 8.03 7.01 6.01
*From analyses of variance. ** P=<< ,01 ns not significant.

There were no significant variety x population interactions.
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The heights of the ears above the ground are given in Table 3.17.
Highly significant varietal and population effects were avrarent in the
heights of all three heaviest ears at maturity. When the »l-nt population of
KC3 was increased from 39K to 79K plantS.ha_1 it was accomponied by an
increase of 25%, 34%, anﬁ 55% iﬁ the height at which the apical, second and
third ears'werp borne. Comparable figures for W575 were 1475, 127 and 18%
respectively. These figures indicate that most of the differences in ear.

height were ﬁrought about by elongation of the stem below the third ear.

Height of apical, second and third ears. (cm)

Variable Variety Population S.E.1 Vuricty+ Pnp-'*
; 39K 5TK TOK g aoraet ulation
nffect

\ipical ear KC3 63.5 67.5 79.3

height ) 6.13 * *#
w575 89.8 83.5 102.0

Second ear KC3 45.3 49.1 60.7

height 5.18 s g
w575 751 T9.1 85.8

Third ear KC3% 26.7 30,8 41.5

height 575 58.0 63.5 69.2 5.48 hH s

1 : e e .
S.E. for comparison of means between or within varieties betweer nonmulations

+ r i
From analyses of variance #* P=,01

There were no significant variety x population interactions.

%.9. TILLER NUMBERS AND TITLER GRAIN PRODUCTION

Tiller numbers per plant over three periods corresponding rou :

ot
o

presilking, early grain filling, and late grain filling arec present:

Table 3.18. A steady decline in tiller numbers from day 44 throughout the
life of the plant was observed at low and medium populations. At the highest
population, tiller number increased into the early grain filling period but
declined dramatically during the late grain filling phase. Both
population and varietal effects were significant throughout the 1lifec oT

.. the plant, low populations and WS5T75 being characterized by a higher tiller

number per plant.




TABLE 3.18. Tiller number per plant.
' Data for the three periods are bulked over hatvests 1-3, 4-6,

1-10 respectively.

Period Variety Population Populziior Yarictal
39K ST 1K Bffect’ arfect
KC3 0.44 0.22 0:13
1=3 * “
WST5 | 1.36 0.60 0.18
XC3 0.36 0.18 0.18
1 4=6 * #*
w575 | 1.07 0.38 0.22
KC3 Q.27 0.07 0.04
H 7-10 o e
w575 | 0.&2 0.13 0.13

+ s : )
Results from analysis of variance of square root transformed data. There
were no significant variety x popvlation interactions.

* 0.05=P=>0.01 % P=-0,01

The ratics of grain dry weight borne on tillers and the main stenm to

" 5 i o r . " i
their respective dry weights at 505 silking are presented in Table 3.19.

The ratio was much lower for tillers than for the main stem in both varicties.

Although the ratio for the main stem of KC3 was higher than that of Y575,
the reverse wes the-case among tillers. When tillers saomplad from harvests
2-T7 were examined, it was found that 66% of KC3 tillers possessed staninnte
inflorescences instead of normal tassels, and were barren. Only 257 o
W575 tillersexhibited this condition, which was not significantly aff: .

by population in either variety.
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TABLE 3,19. The percentage disiribution of dry weight per nlant between
the main sten and tillers of the two varieties.
(a) Total dry weight at flowering.
(v) lature grain dry weight, bulked over the last three
harvests.
(c) The ratio of mature grain dry weight to total dry weight

h
. : A B
at flowering (i.e. at 507 bllﬁ;n;).

Category Variety Fain Stem Tillers
(2) (50 KC3 89.54 10,46
575 89.17 10.83
(b) (% KC3 98.67 1233
w575 97.50 2.50
(&) (g™ ) %C3 1.545 9.178
1575 1.261 0.266

%.10. DRY MATTER CONTENTS OF PLANT CONSTITIEITS.

=

Analyses of veriance of dry matter contents (Dre) of stesy, 1+ 7, rradin,
cob and husk were performed on raw data, and on arcsine transfom . data
(Ap»endix 15). As only slight differences existed in the variance ratios
of the two sets of analyses, and no significant effects duc to plant
spacing were revealed, polynomials in time were fitted to the waris t<1 mesns
of the raw data. These are plotted in Fig. 14, and the polynomialz re¢
listed in Appendix 16, Significant varietal differcnces cxisted b
the dry matter contents of all fractions except the husk over mosti
lives of the plants, with the KC3 fraction being drier at any one =ime from
planting than the corresponding 575 fraction. Cob dry matter content e-.ia
that of the grain at a DMC of 397 and 3655 in KC3 and 575 respectively.

95% completion of grain filling coincided with a KC3 grain DIC of &7 | the
comparable figure for U575 being a DNC of 68%.

A significant difference in the rate of increase in grain DIIC was found
(Fig. 14(c). The grain of W575 increased in dry matter content at a
significantly féster rate than that of KC3, despite the loncer groin filling
period of W575 (Table 3.7).

’l
3.11 YIELD DENSITY RELATIONSHIPS.
' The quadratic polynomial in plant density giving the best fit to grzin

yield from each variety pooled over the last three harvests is plotted in



FIG. 14 Dry Matter Content (Fresh Weight Basis) of Plant Components
Iare mean L.5.D. (.05) values. (approximate only)

J, 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 Appendix 17). The curves suggest that the optimum
plant density for grain yield was lower for W575 than KC3, ,ard that the
range of densities grown in this trial certainly did not encempass this
optimum for KC3, though it may have for W575.

Linear regressions of the logarithm of grain weight per nla. & on
plant density are presented in Fig 15(b), and the accompanyi:-; . alysis
fppendix 17. The population optima for grain production oilculated froem

these regressions (Duncan, 1958) are:
Y03 = 157683 plants. ha~' (63839 plants. ac™')

W5T75= 92125 plants. ha™! (37208 plants. ac_1)

95



FIG. 15 ;(a) Quadratic Polynomial in Plant Density Giving Best Fit to
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4,1« NETHODS.
These may be conveniently divided into experimental and :tatistical

methods.

4.1.1. Sxperimental Fethods

The results exhibited a high degree of wvariability, as cier 1lified by
dnta in Table 4.1.
PLRIN 4.1. Coefficients of variation () for total shoob dry woisht per
plot at maturity, and total leaf areca per plet 't d 0%,
Variable Variety Population
k54 48K 57K 69K 7K Fean
Total shoot KC3 21.2 10.1 14.5 9.1 0.9 122
weight. plot_1 WeT5 22.2 8.9 11:2 B 14 e P
Total leaf KC3 29.2 10.5 12.3 15.1 13.6 18.1
harea. plot™ w575 | 12.8  12.8  13.8  14.9  24.6 17.8

To the genetic variability of the plant material was added vnriation
from at least three other sources:

(a) Environmental variation experienced by the replicutes brourht nbout
by the sowing and samynling of a single replication each day for

(b) An unknown degree of water stress experienced by the eron at and
shortly after silking. The stress was unevenly aprlied within the crop
because of the highly variable soil type. Results published by IZaler aond
Kusgrave (1964b) indicate that noon photosynthetic rates were prov: bly reduced
by 40% while the crop was water stressed and that fertilization and crain
fillingwere affected to a variable degree (Robins and Domingeo, 1¢5%;
" Denmead and Shaw, 1960).

The relatively low correlations between the logarithm of grq: <
weights per plant, and plant density (Fig. 5(b)) (ef Duncan, 105¢: ‘Tiroun

et al, 1970) were probably mainly due to inherent variation from the two

v

sources noted above. It is also probable that heterogeneity masked sonme
real effects in the analysis of variance (e.g. spacing and varietal e’Tects
for some yield components).

(c) The indirect assessment of dry weights of plant components ~.oin

g

a subsample of plant material to establish the dry matter content o
individual plant components introduced a source of error which can Lc

eliminated in studies of smaller plants.
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A serious omission. in growth studies of this nature ic any assessment
of root growth. Furthermore, few inferences can be drawn from the
literature concerning the role of roots in plant growth, ac little _
comprehensive!and accurate work has been done in this field. Root weight
vrobably comprised up to % of total plant weight prior to flowering, and

7-147% of total weight at maturity (Section 1.3.5). It is possible that

-
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roots may have formed a smaller proportion of tota
enrly variety, KC3 (Weihing, 1935). Omission of root dry weight data

rosulted in an underestimate of the growth analysis pararicters, crop growth
rate, unit leaf rate, and leafl weight ratio, and an overestimnte of lea
arca ratio, particularly in the preflowering growth phase. ™
of roots in interplant and intraplant competition, though probably

important, remains unknowvm.

A recent emphasis in growth analysis has been toward frequent small
harvests of plant material in an effort to assess short term plunt
response (liughes and Freeman, 1967), particularly wherc repression
techniques of growth analysis have been employed. Harvest intervals ecmployed
in this experiment of 10-21 days imply that a degree of interpolation betwecon
sampling times must be exercised in interpreting the results, and the

results must be viewed with this in mind.

4.1.2. Statistical Methods.

The collection and analysis of data from two varietices planted on ihe
same day but differing in raie of development poses a dilemra. [ choice muct
be made between sampling and znalysing data at one point in time when botl
varieties have experienced a common environmental influence, or sampling
and analysis of data from comparable growth stages. Since the relative

1.

maturities of the two varieties in this environment werc not kmown prior to
the experiment, and because comparable growth stages are often not canily
identified, the former alternative was chosen. Analysis of varianc T
single harvest during active growth therefore generally showed hi -
significant varietal differences.

Comparisons of plant data at similar growth stiages was nade possiblc
through the use of curves fitted to data by multiple regressicn techniques,
and the use of the calculated fiducial limits of these curves.

The regression technique has other advantages. As noted by Puv - vy (1089
tﬁe effects of sampling error are reduced by comparison with those . r~arent
in the one way analysis of variance carried out on data from a single
harvest., This is usually reflected in smaller, more consistent standard

errors (Table 4.2).
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TABLE 4.2 Comparison of standard errors calculated from 7itted multiple
regressions and from a one way analysis of v wéznce.
Example: KC3, 571 plants. i
Variable Technique Pime (dore)
50 75 100 et 50 175
Totnl shoot Regrescion 5.40 5.78 6.04 8.3% 1692 11.5¢
oioht. plant™) | Anover 5.4  5.11  1%.3%1  12.71 2746 4,10

(=) . |
Total leaf Regression 176 1585 191 29¢
are-_a.plmfﬁ;-‘i Anovar 334 135 310 15%

(cn?)

Smaller treatment effects can be distinguiched. This o carkieviarly
useful attribute when considering rates of change, or raticc of rales of
change in time (Butiery, 1969).

While the regression technigue in no way improves the criginal d:iin,
the smoothing of short term wvnristions inherent in the curve Titiing metino
rroved to be advantageous in this instance. Variation spurious to the
oébjectives of the exporiment and induced by a varying degrea of water sire
was reduced, and the effects due to intended long ternm troutiivnis were
clarified. One possible disadvantage of the teechnique could have boen
the loss of reclevent detail. However, since nost of the varianlion was
apparently due to short tern envirommental fluctuations whose effectn »d
to identify, little information of explanatory value was masked by the
fitting of curves.

The technique does have other limitations. The gencral shane of the
fitted curve largely reflects the type of mathematical ocxpression uvpon
which it is based. (e.g. Willians, 1964). Polynomials as a groun are
characterised by a high degree of symmetry which is atypical of nnany
biological responses. For example, in Fig. 3(a) it appears that fully
expanded leaves continued to appear after flowering. As vreviously noted,

.

the fitted polynomial of low degree is unable to duplicate the obr

.

ending of expanded leaf appearance shortly after flowering.

that the choice of inverse polynomials (Nelder, 1966) or of expror - =
tend to an asymptote as time increases indefinitely (Richards, 195¢ 5
mathematical bases for fitted curves may have resulted in a nore s

biological fit to the data, though subsequent analysis would have
more complex. MNore frequent sampling of data would have also curtailed

freedom of the selected mathematical expression in dictating the shape

the fitted curve.

15 % ro35it

the

of
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Curve fitting occasionally involves a compromise betwcer st
goodness of fit and biological reality. Poiynomials of hiqh degree nay fit
dnta well, but the shape, cnd particularly the slope (rate of chi.ze) may
be bioclogically meaningless, and conseguently = poorer statirticnl fit me
be preferred. /An example of this oceurred in this experiment, w.ore cubic
polynomials gove a more realistic fit to grain we s 1thourh fourth

s R T " A
ghieal Tit. n

order polynomials resulted in a significantly bet

the other hand, low order nolynomials can oversisnlify biclegic:l
1 L ! [t

. . s g N e e i s - A
situation. An example of this may have occurred with cob dxpr wel #hat (Fig 15 ﬂ)d

although the real situation is not kmowm. In this case deviilior. frem the
meon in all eases except that of the lowest population STH trec . and were

non significont, and the fitted mcuns masked slight but consgiste:r ¢ deelines
in cob weight with tinme, which mzy have been the result of o norn comilele
gsenaration of cob and grain meterial at later harvestss

It has been noted (Candar, 1970) that where polynomi'ls nrc . .%ad to
transformed data and growth parameters calculated {rom detiz: .nlox
quentities, the values of the growth parameters are inflnenced by ~ e
transformation employed, because different sums of snuares afe mininiued in
the curve fitting routine.

" For examnle, the polynomial in time (t) fitted to totnl choct drir

weight data (Y) on 2 per rlot basis frem Y575 population 4 es:
2 2 o
Y = =5.446 x 10 + 1.109 x 10t + 5.502 x 10 “t° =3.767 : %

4.

When the regression equation was divided through by /€, th FEEonyiis

¢~

of best fit became

-~ = = S
Y = <T.456 % 102 + 1.769 = 10t -8.746 x 10 3t2 =1.921 x 10 't’

In the first case the sum of squares minimized in fitting ti.e regression

to data from n harvests and m replications was

n m
~7 2
Z X w A

=3 =31

1—'.

In the second case the sum of squares minimized was

=
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As apparent aboﬁe,.the two curves differ, and éive rise to different
g:ow%h rates, which nmay lead to different interpretations being placed
or the data. , The mild trunsformation applied to the weight data in his
experiment did not result in meaningless growth rotes. This was not, however,
the case when the more extreme logorithmic transformstion was apnlied to

dats prior to regression analysis.

P

£88 4

In this experiment the advantoges of curve fitiing #s an &

%]
.
3
b}
4
o
C
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3
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Ty e

wlysic considerably outweighed the disadvantuges, end the technique was

inctrumental in clarifying trecirment and varietal responscs. Then

asssocinted with the computer nlotting of the continuwovs [unetion with tine,
curve Titting becomes a powerful graphic aid which exnlainc the dynrmic
changes of paraméterc far more clearly then do the methods of elnsaienl
analysis.
4.2. EXPFRIVTITAL RESTLTS

A superficial excmination of the growing erop indicated that USTS wus

a large, leafy, late maturing wariety with a tendency towrrds tillering
ard & semiprolific habif, while 703 was a cmall, less=lealy, early nsiuring
variety generally exhibitinz 2 single-eared wniculm habit.

acille S e Y

The results of the exﬁchﬂC“u revealed other important verietal

ifferences, and these will now be discussed in detail.

4.2.1. Grouth, Composition ond loncevity of Thotosynthelic 'reaz

" o e 2 fiae
There was a striking varietsl difference in the total lzaf aren (i.c.
total photosynthetic area) per plant (Fig 4). In average nnture U5

plant possessed 72% greater leaf area than a comparable IC3 plant, thoe

L

advantage being due to a 3175 advantage in leaf number on the mai: oien,
165 advantagre in mean leaf size, and a greater total contribution 27 cieu

area and tiller leafl area. Husk area, neglected in this experimer -,
unlikely to have been more than 2-4% of total leaf area (van Bijnaticn, 1967:
Allison and Watson, 1966) and was larger in total for W575 than ¥C3. Tecauase
the husk is borne in the deep shade of the canopy the effect of nc,;lecting this
component was considered small.

The larger number of leaves bormne on the main stem of 575 rel. cifcd both
a more rapid average rate of expanded leaf appearance (1 every 5.4 days, va.
1 every 5.9 days for YCS) and a longer period from emergence to flowsy -
(Table 1) (Bonnet, 1960). The greater number of tillers produced > /575
(Table 3.18) was probably responsible for the slower rate of expanded leaf
production (Fig 3(b)) in this variety 5-7 weeks after sowing. The rate of
leaf production in KC3, though high initially, fell off at an earlier
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date relative to sillzing than that of W575. Whether this was related to

the disproportionately larse growth of the tassel and ear {rnctions of IIC3

)

br silking \Pig 9) is not knowvm, but it moy have been a esuze or a résult

¢

3 .

of this. The data suggest the possgibility that either cemxctition between
vegetative and reproduvctive growth whs more inteanse in the ter variety,

o

or that sites of renroductive growth in the early variely noosersed o clear

cut advantage over sites of vemetative growth in aifraecting val _able

easinmilate, Specific leaf orea (SLA) data (Fig 5) sugrest thai the srowth
in XC3 laminae area continued during this period at the ox g of Iaminge
ary weigﬁt. Accepting that ZLA (o mensure of leaf thiclmess) r.f£lects in
rart the state of intraplant competition (de it etal, 1960), dota

ormer of these two hy otheses i3 the nmest

Ky

presented in FPig 5 indicate that the
plausible at or shortly zfter silking, and fthat the latter hypothesis muy

rell represcnt the mechanism by which reproductive growth of ICJ wns so
favoured. The temperature regine and the supnly of other figic~: suen an
nutrients and water would also have contributed in an undeternined meazure
to the nattern of leeaf growth.

Relative leaf growth rates (Fig 4(b)) showed sinilar trondec 2 both

-

varieties. Because RLGR includes tiller leaf area, the abscuce of wn ocurly
advantage accruing to XC3 is further evidence of intraplant siresc induced

by the greater demands of tiller formation in W575. The wvalues IJor 1LAR

recorded for both varieties wrior to flowering compare Tavovriblrr
those reported by Duncan and Hesketh (1968) in a controlled ecavi:r. EoHE
15=-21C.

The principal Tesponse of leaves to varying plant populaticn icanure
was not one of reduced arez (Tig 4) or number, but of thickness (™ - =Y,

As plant population was increased from low to intermediale levels, &

was a significant reduction in tiller number,particularly in 575

3.18), and a dorrespondingly significant reduction in leaf
;n the larger variety (Fig 6). Leaf area is far less responsive ts changes
in light intensity than is leaf weight (Blackmén, 1961; DTendleton gt &1,
1966; 1967; Friend, 1966; Tarley et 2l, 1967).

The lack of any significant spacing effect upon leaf number is
indicative of a situation in which interplant competition was low »zior to
tassel initiation. This finding does not contradict that of Eik Honyay
(1965), which indicated that leaf number fell slightly as plantin nsity

increased. Unfortunately, no statistical analysis accompanied th.' - ‘aia.

The composition of total leaf area per plant differed significanily
between the varieties (Fig 6), the chief differences being due to the

higher tiller contribution in W575, particularly at wide plant spacings.
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The smaller proportion of stem area in this variety was r“‘ to its larger

leaves and shorter internodes, the average length of an L;;:Tnode sunporting

a leal being 12.7em in this wvariety and 14.0cm in XC3.

Changes in the distribusion of total leaf dred behwecen e laminde
and the stem as plent populution increocsed reflect chanpes v siom dimcoter
(bablo 3.h) resuliting in stem arez declining more Tepidly ihesi Ianinde are

The course of leaf arca index with time (Pig 7) emphasizas whe long
period in which a high stable il value iz maintained #urin~ e @ Tilling
in the maige erop. Phe Shall aen sisgnifigant inere-ae fn 1.2 ol wad in
U575 during grain £illing but arior to sencscence R M o resull
of ‘centinued growth in %iller lecaf arez. Conversely, the deelir: in le
azes observed in XKC3, whieh atteined significance at the narvowesi plx
spaeing, wag seen to be cauvsed by the death of lower looves on v main
gterz. This patlern of sencscence at high nlant demsitiez 7. oir™ ™ = To
thot observed by Allison {1049), and may have been duc to ii: ve . z¢d rosi
system of plants at this density (Vorden, 1964; Wu, 1971) ket redrced
unter uptalke and induged premainre senescence. Alternativesy, i By BOVe
been due to a high level of igfraplant comnetition, whiech wns sy "leiout
tc mobilize lower lenf components (Iloss and Peaslec, 1065) nrd to +lus
promote senescence. |

Leaf arcc duration after silling (Table 3.4) reflected dilferciczes in
LATI of the di:‘C“CS stands (Fig 7), for 1little consistent viric: l-r in

caf longevity could be atiributed to tresiment effects (Table 7.7 .

Leaf area durations reported here are similar o those obizised ol. e
for maize (e.g. Adelana and lNilbourn, 1972 b ) but congider:dly oxe aid

those reported for small srain cereals (e.g. Gandar, 1970).

Allison (1964) contended that maize is a high yielding croy in part
because of the long functional life of itz leavez. It appears thnt this
may alsoc be one of the major reasons for the high average maize yicids in

ew Zealand (Berger, 1962) (sece Introduction). Both varieties in 1.

trial displayed near maximum lecaf area for an average of 10 weels after
sillding (Table 3.3). This was 1=2 weeks longer than that reported in

Rhodesia (Allison, 1969; Allison and Weinmann, 1970), 3 wecks lor er than

that repnorted by Rik and Hanway (1965) in Iowa, U.".A., and is s+ “ar to

that reported from Southern ZEngland (Adelana and Filbourn, 1972 % It also

seems probable that leaf longevity in the cool environment of the =iherlands

was greater than in the present experiment (Andrew et a1,1956),though no

confirmatory data are available.
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These data do not suggest that the rapidly shortening sutumn day leng
of the higher latitudes dominotes plant senescence, though this obviously

will have some effect (Irizek ct al, 1966). in explanation rust b gpought
through some other emvironmentsl parameter. Andrew ot al (1955) tiributed

il the Zaotherlsnds o lower st o

the long plant longevity au:
higher humidities. A comperison of mean montily ~rmperatures
1084)

Pl v - e 3 ) -~ 3 ) S - -~ ) 5 AL AP, S ¥ : o
and accumulated degree days at ageningen, YWicconsin ( And row .
L]

W
ani Tassey University in the yenrs asproprinte to the respective cxiarimen

e
8 given in Table 4.3.
T:TIE 4.5, Average monthly temperitures nnd accumulated depros d 1 4
end of each month uf{ throas sites.
o 1 A- T e OEG 4%
Sources: Andrew et a1, (1956); Anpendix 1b.
Averape NMonthly Temperature (C)
Honth
Site Tovember Decomber Janvary February Flama? At
lizconsin 10.9 19.2 20.3 20.9 14.7 TR 1H544
Tageningen 137 16.6 18.1 16.9 1445 93 15
[lassey 14.3 18a1= 19.2 1748 18,0 ¢ AN N (0
Accumulsted Degree Days from 1st Tovember (2)
onth
Site November December  January Tebruzry  Harch TR -0s ML
isconsi 64 3739 657 992 1444 1
Tageningen 130 329 580 801 a54 1007
[lassey 159 410 701 g16 L 195

The climate at lMassey University was characterized by cooler averigc
tenmperatures in the late summer, with only a gradual fall in mean temrerature
in the autumn. Additionally, the average temperativre during the season
reported from Wisconsin exceeded 26.7C (80F) on three occasions, while
the maximum average daily temperature at Massey was 23.6C. Icaf lenr-evity
appears to be inversely related to environmental temperature (e.g. :gham,

1958 b).

It seems probable that the rapid fall in temperature during the autumn

in continental climates,in combination with a rapid shortening of the
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vhotoperiod,constitute a thermoperiodic and photoperiodic siimulus that

5 . ok i b
hastens senescence. The more temrerate conditions prevailir - in maritine

countries not only lengthen lesaf life, but, in the ease of T'-w Zealand,
provide good eonditions for grain £illing for an ex'ended -e ‘do¢ into the
ausumn. The comparatively disease free conditions in this couwniry ulso

ceniribute to long leaf life.

4.2.2 Chonres in Total Shoot Dry Taicht and Tis Cornonente

The'28ﬁ Superiority” oI 575 dn total Shoot wrelght sve =l 1 £
longer period of growth at a groster rete than 163. Assumin: 1 4 0573
nazimin shoot dry weight wos atizihed ot the conme Yine as 955 mr.imop predn
dry weight (-"'JJ.!.‘ 3.7:‘, the enal ryowih by W57 woe evenly
split between the presilking uné€ post silking neriods. Th —ee . oren
sroubth rates of IICH and V575 frem plomiing wntil 9575 of the mox Ay
weight hod been obtained werc 128 }:g.;'.l'l:l:“j dayh1 and 142 kg.h:.“1 ;&1
respectively.

The shoot weight advantnsze of W575, although anrarent from day 60,

did nov attain statistical sighificance wntil early in. the srair “TTling
reriod, and from that point on, the total shoot weights of the | vaviatics
diversed at an increasing rate. Reductions in totzl choot dry ;u‘gbt in
response to increased den Sltj of planting did not attain statist

sirmificance until day 55. This was considerably later than the tire when

interplant competition is thought to begin (uudans, 1669 b}, znd thoneh

sone interaction between individuals may occur very early in the life of
he crop, it does not appear to significantly suppress toial sheot srouth

until LAI wvaluves of 1-2 have been obtained. Under conditions of lower

light intensity and reduced nutrient supply interaction betwecn nlanis

TV

nay well reduce dry weight per plant at lower LAI values. The influence

of plant density in the renge tested upon total shoot weight of the larger
variety was considerably greater than that experienced by IC3, a Tinding

which is consistent with differences in plant size (3ection 4.2.6). Tie

major initial reduction in plant weight as spacings narrowed was in the

]

tiller component. This was followed by reductions in 211 mein sizr sonponents.
Individual components of the total shoot weight of the two varietics
(Fig 13) differed significantly at maturity. "hen mature, all shoot

components of KC3, with the exception of tassel dry weight, weighed

than their W575 counterparts. The composition of total shoot weight (Fiz a)
reveals that the early variety (KC3) was characterized by a lower

proportion of vegetative structures and a higher proportion of reiruiuciive

structures when compared with the late variety. Significantly dilfferecnt

total ear to remainder ratios (Table 3.5) for the two varieties reinforce
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this observation, which applies generally fo varieties of confrzcting maturity
Yo Men crowded,

(Bryant and Blaser, 1968; Adelana and Milbourn, 1972
both varieties appeared to rezpond by diverting assirilate Coom morting

tructures (stems, husks) to structures more directly related to
resroductive growth (1 aves and rrain). Thus the gurLort stoieh reg
anteared to buffer the plant ageinst competitive siress w1 ich throaloszed
the production of grain.

/ -
.—\‘ B e — 44 s [ R P e .l ~Yyonaadif e
it rasked prior to sillling in 235 . siortly
i ' o

Crop grouth rat

aifter silking in {he late vtriety. The nrecise point of wa

I

{05 ia obscured because il o srad Aodr the enfl of Bhe wivss of |
indegandent variable, time: Literslire on compniible twinly S5 . e
From dota supnlied by 21l5sen (1069), CCR oppoured to peak =% oi B
data of Yilliams et a1l (196G8) indicated that COR peuked 1020 -u; o dare
to silking. Adelans and Iilbourn (1972 b) found little changs din 03 “wes
20 doys prier to sillding wniil 35 days &fter eillking, though =t 2

; -1 -1
did CGR exceed 240 Xg.ha 'doy = in this cool Znglish envirorr-mt.

The timing of the vpeak crop pgrowth rate will obviously T irnlluczeed
by trends in radiation and terperaiure, @nd these conld exnl n v i g

nresent in the literature. In the present trial however the tw

aricties appeared 1o be rezcting differently in this respect. Tie
oroeviously noted reduction in the wvegetative growth of KC3F =rier 4o silidns
Section 4.2.1) coineided with rauid early growth of the err fraciion
(sce Tig. 12a), the net effect being a stead; decline in CCI. Conversaly,

the high CGR of W575 necar silldng appecared to be at the exnense of anrly
ear growth, and was dve %o ve"ettuive growth vhich continued at : eonsiderable

rate over this period. In this rcspcct 578 and IC3 zesouhle norsal and

cornact maize types. The vegetative srowth of comnact mainc hus
reported as ceasing abruptly in favour of edr growth a2t fle. ring, while

the continuing vegetative srowth of normal maize beyond this tirc
apneared to penalize early ear growth at high plant denzities (3c. 11
and Ohlrogge, 1961)

Table 4.4 summarises appropriate growth rates across ell sp .iags

for each variety, and illustrates the observations made above,
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2ABI% 4,4 The digtribution of total shoot crop growth rate (CGR)

+ r~ 0
between the ear and the remainder of the shoct for each variety
; _ o (T e il
for population 3 (kegha  .day 3 (from £i'*. @ curves).
L: 10 days prior to 507 silking
. ) i - . )
Time B 507 gilking
i ~ . o e
gz 10 days after B0O7 silliing
Fraction Variety Tire
» - L: B e
-k -
Total shoot KC3 262.18 245.9 B0
575 253, 4 261.0 30,2
Total shoot KC3 90.3 70.8 52..8
minus ear WeYs 173, 190.2 W8
ar XC3 72,5 1701 14T
1575 &0.3 130.8 168.2
15D (0.05)
Har * 7%.35 46,36 “6, 1
*rection
* Tor populetion 3, poelecd for both varieties.
Crop growth rates of the two varieties at the highest ploant denasity
were equal at sillking, at 290 ks.hs " .daye . Aecording teo Loomis &% w1,

(1971) this represenis an efficiency of conversion of absorbed photosynilietic
ally active radiation of 6.1% in this environment. The maximum totzl shoot
production of 25,500 kg.ha—1 corresponds approximately wiihr mn onnunl
efficiency of conversion of absorbed TAR of 3.07% (Loomis ot al, 1971).
Iﬁ terms of total dry weight the late variety with its highey neun cror
growth rate clearly utilized incoming radiation more efficiently thmn

KC3 during the course of the growing season (c¢f. Ustenko and Yagnova,; 1967),
though this ranking may well have been reversed if KC3 had been nlanted =t
a population producing a mean LAT equal to that displayed by W575 (Section
4.2.3). In terms of grain production, both varieties utilized inccrﬁn:

radiation with a similar efficiency, KC3 having the advantage at [.lzh

plant densities.

4.2.3. Growth Analysis.,
Growth analysis attempts to relate the increase in dry weight on a

per plant or per unit area basis to the efficiency of the photosynthetic
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system (the unit leaf rate), and to some measure of the size of that system.
% - e ’ . .
Using the notation of Section 1.2.3. two general relationships are

recognized, viz:

CGR = B. TA (whole crop approach)
and

RGR = E. LAR

(Jlﬁflc plant np;roach)
where LAR = SLAsLuR.

This type of analysis places considerable dependence upen e adesuacy
of the surfzece area of photosynthetie surfzees as a neuguys ol 3 et o]
of the photosyathetic system. Recent symposia (SOQ Rafs & wad & Fave
emphasized that spatial orientation of photosynthetic elerc: i3 Iz of

¢

considerable importance, ané becomeés at least as important <& phalesynithcotic
erca at LAI values encountered &t the higher plant densitics of Jds

experiment, Jiterature surveyed in Section 1.%.2 underszcores ti io noint.

Qther workers indicate that the size of mezomhyll cells sirsiTicigitly
influences photosynthetic rate (7ilson and Cooper, 1967).

A further assumpition inaerent in growth asalysis ig thas &1
photosynthetic areas have equal productive eapacity. It iv uell knoun fhat
0ld leaves are less efficient photosynthetically than yous leavos, thouph
the influenice of age on leaf efficiency appears to bo less nnrk: n mihine
then in many other species (17088 & Peaslce, 1965), Locl shee the Mg
are probably less efficient per unit area than lamince. Certair | 2o i€
the case with barley {Thorno, 1959). Hoize lesf sheatha covmprin- 74<nr
of %otal photosynthetic area, yet Nitchell (1970) states that ti., 1o

responsible for 6~107 of total photosynthate, the inference being %h-i
they ezre less efficient than laminae. Orientation of photos;nthetic
surfaces obviously plays some part in this case, and Mifchell's atatement
is not accompanied by supporting data.

Thus leaf areac index, while a useful quantitative measure of canopy

2
'

size lacks qualitative definition when used as the sole ‘escripiicn oF the
size of the plant photosynthetic system. Reference has already b nade
to the effects of neglecting root weight data in growth analysis. 7t

must therefore be with these limitations in mind that growth anu.luis

is used as an analytical tool.

The way in which crop growth rate changed with time have bro: = olerred
to previously. Farly trends were dominated by a rapid. rise in leal rrea

index (Fig 7), while in the phase of declining crop growth rate LAl was



generally static, and E declined as the leaves aped and the levels of
radiation and temperature fell (Apvendix 1a). The higher average CGR of

WHT75 throughout the period of active growth was entirely attributable to
the considerable advantage in mean TAT enjoyed by this variety throughout
the season.

Significant varietal dilferences in crop growth rate prior to silking
when L\ walves were similar, irply that fundamentel differences in wit
1§ rate were present. A problem exists in that unit leaf rate is a
devendent variable, and its value is itself influenced by LAL. This dis
demnnatrated by the differences in wnit leaf rate induced by internlnnt
etition (Fig 10) which are principally the result of different “evels
of mutuanl sheding omong stands of differing LAI. The relationship between

I 1 to be curvilinesr (Willisms et al, 1968;

: y 4
naize has been show

¥

m
vitery, 1970), but when,in the npresent study, polynomials in LAI were
fitted to E a2t sillkking, the curvilinear term failed to account for a

signiticant amount of the variation in E. Beczuse mean LAI values of the

tiwo varieties differed considerably at silking it is reasonable to =uyect

linear regressions of E on LAT fo differ in slope. Nevertheless differences
in the ypredicted vrlues of B at the LAI values within the range of both
yoricties (TAT = 3-4) differed significantly at the 57 level (Table 3.6).
forther verification of o varieinl difference in E was sought by comparing
the two variebsies at a ecomrarsble level of mutual sheding (1.1 = 2.00)
coxly in the lives of the plants. The results, »resented in Table 4.5,

: i ot - -
Tiente that the unit leafl rate of 575 was approximately 205 that of KCZ.



TABLE 4.5 Unit leaf rate and leaf area ratio when LAT = 2.00.

(B obtained from fitted curves. TAR obtained from actval

values by linear interpolation between day 44 and day 55).

Spacing
703
1 = % 4 5 Ilean
i2 10.42 12.87 15.55 12.51 1T .80+ 13.45
LR £3.53 111..58 T T2 124.73 132.67+ 113.9%
duy 2.9 48.0 AT8 44.0 42,94 sy
575 Spacing .
1 2 5 4 5 Lean
11.05 10.26 10.54 15.80 11.64 11.86
T:R | 120.93  131.93 126.44  140.07  136.09 | 131.00
472 456.2 46.4 456.2 44..8 45.3
-+ Sxtrapolated.
o oorerison of Varietal Feens (&d4f) B t = 1.010 4s
IAR t = 1.8935 ns
Dags £+ = 0509148
Daleting TC5 pops 5, W5TY pen 4 bessuse of atypical B values:
Tnrietal Comrarison (6270) B t = 1.997 significcnt at 1077 level
IAR t = 2.043 significent nt 1C75 level
Davs t = 0.841 ns
Canopy efficicncics may be comvared by exenining the decline Y B8
TA1 inecreases (“'t*ory, 1970). Taking the mean value of % at LAI = 7.00
s 1005, B at LAI = 4.0 (from Table 3.6) was 50.4% and 50.77% for ¥C3 and

5 respectively, indicating that no gross differences in cancpy siructure
oxzisted Ybetween the vorieties a2t that growth singe, and over that range of
TAT. Simulation studies sug~est (Duncan et al, 1967:; Duncan, 1971) that
he influence of leaf angle on productivity is slight at these LAT v .Cloes,
At comparable growth stages, leaf area ratio was consisten®’; Icsa
for KC3 than for 575 (Fig 10 and Table 4.5). Since, as McCree (1079)
oints out, whole plant respiration is made up of a component proportional
‘o current photosynthesis (which is equated with total leaf area in growth
nnlysis) and o component proportional to the total weight of the -lunt, as

-
11 Talls so the ratio of whole plant fre iration/photosynﬁhesisj increases.

This sugrgests that eifther the wnit raspiration rate or the root to shoot
’

tie of KO3 was considerably lower than that of W575, or that the gross
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photosynthetic rate in KC3 exceeded thet of W575 by an even greater margin
than did the unit leaf rate. All three alternatives are possible. (v,

1971; Veihing, 1935; Heichel and lusgrave, 1969 respectively), but the
latter scenms the most probable exnlanation. The positive relationship
between leaf thickness end net photosynthetic rate which has bec: reported

in Lolium (Wilson and Cooper, 1967) offers a possible explanation of these
differences, for, with the exception of the period at tasselling K C3 was
cﬁaracterized by thicker leaves then W575 at comparable growth szages (Fig S).
Relative valdes of leaf thickness may however merely reflect the levels of

« mutual shading in the two varieties.

Because unit leaf rate represents the guotient of two fitted polynomials,
variation in the value of E may possibly reflect variations in tic curves
which are properties of the mathematical expressions rather than -aving
ény physiological basis. The reliability of the estimaté of & depends very
much upon the accuracy with which the two curves of weight and leaf area
describe the raw data (Gandar, 1970). It seems probeble, however, that the
delay in the scasonal decline of E with time observed among KC3 plants at
the widest spacing reflects the influence of increased sink capacity upon
unit leaf rate. As noted previcusly, the level of intraplent cc.pctition
appeared low among this group of plents at siliking. The increasing
éemends of the developing ear during early grein {illing appeared to raise
the level of intraplent competition (as shovn by the halt in the decline
in specific leaf area in Fig. 5) which possibly resulted in an increase in
unit leaf rate. The phenomenon of apparent eccsimilate control of net
photosynthetic rates has becn observed in maize and other snecies
previously (Yeales and Incoll, 1968). In view of the rapid fall in LAR
during this time, this may reflect & considerable increase in gross photo-
synthesis and/or, root to shoot ratio. The absence of any ccmparable effect
among KC3 plants at higher densities is consistent with the higher basal
level of intraplant competition present at higher plant densities.

W575 showed a similar effect, but less marked and less affected by
plant spacing. Such a response secms indicative of some stimulus uncn
unit leaf rate provided by the growing_ear against a background of clready
considerable intraplant competition caused by a higher level of mutual
shading and more repid vegetative growth in this variety. Alternativ: -
this apparent varietal difference could reflect scme difference in sinc
sradient towards the ear cqnsistent with the observation that of the two

.. varieties, individuel plants of the early veriety sustained & 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 W575 during grain filling was due to the
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large differences in LAR between the varieties which more than offset the
lower uvnit leaf rate of W575 during most of the grain filling period. The
lnrge vorietal differences in LAR themselves arose from substantial

differences in the proportion of total shoot weight made up by the leaf

~ F 4 5 i g £ s
froetion (Fig 6), and a small adventage 1575 in specific leaf arez (I'igz 5).
i o

.
i)

LA and leaf weight ratio

(.]

is not the complete picture however, as

&]
!J

reler only to laminse, and IAR is based upon total rhotosynthetic arez.

The general effect of plant pepwlation dersitiy on these growth anelysis

perameters could be predicted Trom earlier observations that LAR anéd T.AT
w

inereased with plant density, and that E accordingly fell. The increasze

in TAT wms almost matched by a fall in E, the net result being a nonsignific-

ant reduction in RGR at high plant povulations. Nomsignificant increases ®
ir. the leaf weight ratio, snd significant increases in specific lezf area

. 5, P
Werp wIe

The relationship bvetween the changes in grain dry weight and plant

lerT areno is open to sinilar investigation. The wvalue of the grain wnit

e rote, B (G), illustrates imgortant differences betwern the two varieties
Suring erain £il1ling (Pig. 12¢). Altheugh this narameter is entire™
s=+lnrsous te B, it refers only To changes in fhe grain dry weight fraction.

7 oeonjunction with B, this narameter yields isformation on assirilate

Jietribviion from the leaves and other plant sources o the developing grain.

v

100t and

R AP p—— 3 Sl 5 B ~ ~ - F4-7 - . T w T emd
ST thouslh comperison of the absclute growth rates of totel nlant s

= in fraetions yields sinilay information, relating the absolute growth
to the basis of leal trea nex plant provides additior dgfomaiion
on the efficicncy of leaf ares in grain production. It ig this parareter,

interrated over the tinme.from [lowering to maturity, that is the basis
of the grain leaf rotio, G, propesed by Wetson ef al (1063).
this experinent the mean value of & for KC3 was 407 higher thon
+that of W575. This difference could be related directly to the higher
vage value of B (¢) for TC3 which ignificantly exceeded that of 77575
‘mom at least 25 days to 50 days alter silking. This difference between
the varieties arose from the LD of I'C3 being 637, but the grain ; eld
Teing 807 of compareble W575 values. The shallow peak in & {Tabls 3.2)
nbserved in both varieties zcross the range of spacings was probably due to
the low harvest index of the tillers (Table 3.19) vhich were plentifvl at
vide spacings (Table 3.18). The progressive fall in C as ﬂl“nt density
irnecreased beyond 4F7 plants.ha % is analagous to the observed fall in B
~d T (6) as leaf area index increased, leading to a rise in the l-vel
of ,muiuel shading.
The ahsolute volves of B (G) and € have little value in comparisons

o
between sneocies or between environments. Their variabilii- is indiecative
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of the tenuous relationship which exists between leaf area index and crop
growth rate during grain growth, particvlarly in maize in which barreness
e~ be induced more readily by mutual shading than in those cereals which
beor their prain in terminal lorescences above the leaf cénopy and
whose srain has a significant vhotosynthetic capability. Both € and E (G)
however hove indicated ithat some difference exists in the distribution
chtern of assimilates within the plant. "hether this difference is nmerely
¢vo to differing levels of mutuwal shading, or whether it >flecte rore
Tundumental differences in distribution patterns arising from differing

v

lovels of intraplont competition or differing levels of sink "emptiness"
eemot be determined from these dota. Considerable varietsl diffevernces
=~ 2gsimilate distribution natterns have been shown to exist (Bastin, 4759).

In spite of its limitations,growth analysis has proved useful in
identifying fundamentnl varietal differences in unit leaf rate, and in the
cfficiency of leaf area in producing graif. Nore refined investigations are
reeessary to elarify the rel:tiCLships between crop growth rate and lsaf
ron indeox, and to verify differevces in photsynthetic effieciency and

“ilate digfripution in these verieties.
«Pohe The Growth of Grain Tield..

Co-varison of mean 2 (@) valuves (Fig 12), and mear values (Fig 1C)
royenl that B (2) excecded 2 from at lesst 25 duays to 50 days after silking
in IG5, ~nd Tren 50 days to 70 days oftsr siliing in 7575« ©Consigions
nZTects of nlmnt porulstion density in the time when ( ) returned 4o
sovwa ity Wi wore pbzoryed in 505, B (G) exeseting E for a lensn»

rigd ot narreyer At gwnginsh. 76 covresponding respon t rlapds
TEaity vwes exhibited by V575

The lafer stesea of grain £illing in both varielies were accompanied

T 4 congiderable logss in dry weight from the remainder of the plant,
sveeially the stem and husk, but in rure cases from the leaf and cob
‘ynetions (Fig 13). This loss began 30-40 days after silldng, and continued
“or a considerable peri ter 957 maximum grain weight was attai:ned

( Tas blo T P A balance shoet of losses in dry welght from ﬁon—gruin conpon-

ents during Frain £f11ling reveals that the loss expressed as a proportion ‘
»C final grein yield was higher for KC3 than 7575, and that this proportion

“nerensed consistently with plant

weight of stem and leaf

1.5

'I

(o]

orrespond

nopulation density until dL-tne hichest

fractions fell below their
1

A
consistent response to ecrowding
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It is an interesting and pragmatic hypothesis to link these obzservat-
ions in a cause and effect sequence, and propose that the husk nd stem act
as sources of labile reserves which are mobilized under conditions of
internal stress imposed by grain filling. It must be noted however that
exchanges of assimilates with roots over this perio& are un'mown, though
somé root growth has been reported during grain filling (Foth, 1262).

Acceptiﬁg a figure for the conversion of rescrves to grain of 0.5

>(Duncan et ui, 1965), a maximum figure of 13.7% of final grain yield of

KC3 at T9K plantsz.ha-1 nay have been derived from reserves mobilin~d [ron
the remainder of the plant shoot. The corresponding mean vilues for HC3
and W575 are 8.47% and 4.27 respectively, and are similar to those found
glsewhere (Kiesselbach, 1950; Daynard et al, 1969}, though somewhat less
than those reported by Adelana and Milbourn (1972 b). The estir:iles of

the contribution of mobilized assimilate to grain yield in the uresent itriua

are conservative. The last 5% of total grain yield thus far uraccounted

1

o

for was almost certainly not derived from current photosynthesis, in view of

the continuing decline of stem and husk weight beyond the tine .hen 057

final grain yield was atteined (Fig 13), and the rapid senescence of lenf
area close to this time (Table 3.7).

Varietal differences in the pattern of dry weight loss from nom—pgrain
shoot structures may rcfloc% differences in the mobility of res:o.wvesn,
differences in the outcome of competition for vegetative ard rernrodictiv
growth in the two varieties. Alternatively, they may indicute T tal
differences in the ability of the developing ear to attract agsiri”
differing costs to the remaining plant structures, so that ear -
maintained in high density €3 plants at the expense of the lower le:uf

reserves, and consequently leaf area (Fig. 4).

The anomalous loss of cob dry weight from V575 at the wide spacing
(Fig 13) is in part.an artefact of curve fitting (Section 4.1.2). A
tentative explanation is that this significant loss of weight reflected 2
high level of competition between developing ears in plants which at this
spacing were semiprolific in habit, and which led to an increased mobiliz-
ation of cob reserves. The loss is greater than that reported by !"'onson
(1967), who worked with a variety of unspecified prolificacy.

The length of the period from silking to 95/ maximum grain yi: d diffe
by 11.2 days between the varieties (Table 3.7), and is consistent with the
suggestion that late varieties have a longer grain filling period (Gunn &
Christensen, 1965). The average length of the period of grain filling
c¢onsiderably exceeded the average length of time required for grain filling

red
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in the United States, (Kiesselbach, 1949; Shaw & loomis, 1050; Iillson &
Penny, 1965) and is more comparable to that found in Rhodesia (?anson,
1967).  This is consistent with the greater longevity of &he leaves
(Section 4.2.1). In the present trials the fitted polynominls nl grain
weight on time indicated that the mean periods from planting to 10077 groin
filling were 155.0 days and 169.7 days for ¥C3 and 575 respecti-ly. These
vere 21.8 days and 16.1 days respectively after 957 completion ¢ -rain
filling, i.e. considerably longer than the 12=13 dnys reported by .
liillson and Pemny (1965) in the U.S.A.

Varietal differences in final mean grain yield per wnit are. are
almost entirely due to differcnces in the length of the grain filling
period, as the mean grain growth rate over the grain filling period was 127
kg.ha—1.day"1 and 130 kg.ha-1-dﬂy 57 for KC3 and V575 respoetively. This
confirms that v&riations in maize grain yield in any single environment
can be principally related to the length of the grain filling period
rather than the rate of filling (Hanway & Russell, 1969).

4.2.5. Yield and Yield Structure.

S

The average grain yields of both varieties (8953 kg.ha;1 drss weicht or
151.8 bu.ac™ &t 15.5% I'C for KC3; 10076 kgeha™ ' or 170.8 tu.ac™ :
regpectively for W575) are higher than average for the disirict, Lhﬁﬁrh no
allowance for losses of grain during harvest is made in this experiment.

L is, however, obvious that maize can be grown successfully for gruin in the
Manawatu.

The relative values of the yicld components (Table 3.11) arc sur-urized
in Table 4.6, and indicate the source of yield differcnces. DNar nunber per
plant was the primary component prineipally respensible for the rield
superiority of /575, and it was in the incidence of second ears on the nain
stem that the varieties differed most. WNonsignificant differences in the
remaining primar& yield components accounted for the rest of the yicld
differences. The small advantage of W575 in weight of grain per cor - e
from a larger number of grains per ear which more than offset th« Al 8y
lower weight per grain.. Within the ear, the number of rows of groin oo
similar, and the greater number of grains per ear found in W575 ar =~ Crom

a significantly greater number of grains per row.
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TABLE 4.6 Summary of relative values of yield and yield corponents.

Comparison
Variable Varietal Neans Population ileans
KC3/W575 KC3. 39K/79K U575, 39%/791
Grain. area™ 0.£89 0.613% 0,750
Trimary Components
"lants. area” 1.000 0.490 0.490
hars. plant_1 0.904 1.065 1431
Grains. o 0.940 1.100 1.032
., EEE 1.027 . 1.051 n.008
Secondary Components
Grain. plant™] 0.873 1.251 1551
Bars. area—1 0.930 0.521 R
7t. grain. . 0.968 1.174 1.070
Rows grain, ear | 1.024 0.985 1.020
Grains. ro'.«.r"'1 0.918 T T1T 70173
Tillers of both varieties proved to be highly inefficient prain benring

structures in their own right (Tables 3.12; 3.19). The high inciicnce of
gex reversal apparent among the tillers of F¥C3, and to a lessecr degree in

the other variety,was a contributory factor. Allowing for this however,

the 10% of shoot dry matter diverted into tiller production at flcuerines
could well have been deployed in main stem structures. Situaticns where
tillers may prove useful, such as when the main stem is under severs ciress

(Loomis, 1945), are unlikely to occur under the conditions of low
population that promote tillering., The most efficient plani habit “~~ radin
production in maize, as in wheat (Donald, 1968),13 the uniculm one, and a
high incidence of tillers indicﬁtes that a higher plant populntion -ov1ld
have been éuppprted (Dungan et al, 1958).

' Perhaps the most remarkable varietal difference in yield structure
‘was the manné} in which grain yield per unit area responded to incre:sed
. plant population (Fig 15). An increase in the planting density of U575
was accompanied by a diminishing increase in yield per unit area, whereas
the response of KC3 was much closer to a lineaf increase in yield ser unit
area over the range of densities tested. Analysis revealed that irc chiefl
varietal difference lay in the change in ear number per ﬁlnnt. Iteving from
low to high plant densities, W575 changed from a semiprolific habit
(Table 3.12) to a strictly single-eared habit. FC3 maintained its single-
eared habit at all plant densities; the changes in yield per plant in this
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variety arising principally from a reduced yield per ear. The fall in ear
weight in XC3 was duve to a reduction in weipht per grain accompanied by a
larger reduction in grains per row. The fall in ear weight in "I575 was less
than that of KC3, and was brought about by a reduced number of grains per ear,
in which both rows of grain per ear and grains per row were reduced.
Intraplant competition during grain filling apnenred te vary with nlant
spacing. Using weight per grain and grains per ear as an index of internal
competition for assimilates, intraplant competition from floret initiation
through grain filling appeared to be minimal at 50,000 plants, hn_1 in
both varieties. At lower populations competition between ears on the snme
plant was sufficiently high to impose an internal stress on the rlwnt
cdrparnble to that experienced by plants bearing single ears at mmck highor
plant densiti;s. This has been noted before in maize (Vaynes ape Suyre,
1956) and wheat (Puckridge and Donald, 1967). Donald (1963) sugrests thot
intraplant competition is high when interplant competition is low =nd this
experiment supports this suggestion. However, contrary to Jonzld's
postulate, yield per unit area was not maximal when intraplant courjetition
ﬁas at its lowest level. It seems that there may be & varicty = stage of
development interaction, for by comparison with ¥C3, intra;lunt competition
appeared to be higher at silking in W575, and lower during the latter jhauses
of grain filling, as weight per grdin at the highest population of I'C3 was
87.7% that obtained under minimum intraplant competition, corpared ujth
93.7;5 for W575. This pattern appears to be characteristic of seri;rolific
and single-eared varieties when under population stress (Rarley ol ::1,
1966).

Correlations of yield per plant with eomponents of yield heow
previously employed in an attempt to identify factors limiting gro
(Hatfield et al, 1965). It must be emphasized that such correlaticn. o nat
imply causal relationships, but merely indicate the degree of wvarisii-n
shared by both variables. High within-sample variability will reduc-
value of the correlation without in any way affecting existing biolcsicnl
relationships.

Yield per plant in both wvarieties was only weakly correlated with
weight per grain,suggesting that factors limiting the completeness of
filling of individual grains probably did not restrict yield per plant.
Conversely, the high correlations existing between number of grains per ear
and yield per plant in both varieties suggest that yield may have heen
limited by grain number. Correlations of characters within the ear indicate
that row number in W575, and grains per row in KC3,were important determinants
of yield., The poor statistical relationship between yield per plant and eur
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number evident in KC3 seems indicative of the small contrib:tion of second
ears to yield in this variety. The reverse is true for V5[5,

As plant ‘density increased, a pattern consistent with :: increasingly
restrictive number of sites for grain filling emerged, sug ooting that the
reduction of ear number and grains per ear in response to ~1'nt »opulation
in the presilking and early grain filling periods (Prine, 1971; Daymnard,
1969) was excessive, particularly at high plant densities,in vicw of the good

grain filling conditions that were to later prevail.

Bxamination of cob length data (Table 3.15) revealed ihot 127 of the

cob of W575, representing the distal section, did not becr ~rain. The

coimparable figure Tor IC3 wnsg 39, sugresting that resolving lthe o was of
lack of fertilization of tip kernel abortion (Daynard, 1969) ar: toly
to benefit 575 more than ¥C3 in similar circumstances to those ul prosent

vnder discussion.

4,2.6. Plant Density Eflccts.

The influence of crowding upon some plant charactoristics i

discussed concurrently with other data, and the general ef rets of plunt
density upon plant components and performance of the two vurictlics exrmined
apneared to be consistent with their differcnces in size at matnrit
Consenuently, at any single spacing in the range tested, 7575 wiuld be
expected to interact more strongly with its neighbours than would IIC3.
Cooperative responses to plant interaction showed varietal dif'fercnces.
While plant spacing had no significant effect on stem length, it lad =
considerable influence upon ear height (Table 3.17). The incre.: - iy cus
height was greatest (absolutely as well as proportionally) in 107, wriching
557 for the third ear in that variety. Almost all the elor :ition ;ucﬁ Jlrce
in the stem below the third ear node, and indicated that of the two varietiecs
the prolonged (or renewed) intercalary growth of KC3 was the more senaitive
to the light regime under vwhich the plant was growing. The absence of a
significant increase in stem length at high plant densities indicates that
considerable telescoping of internodes above the ear must have occurred,
because the number of the node at which the ear was attached was not
affected by plant spacing. In this respect FKC3was oroportiocnally the
more competitively ageressive of the two varieties during this phrse of
reproductive growth. It responded to crowding with a considerablc eclongmtion
of the lower stem, which moved the ear (and leaves neur the ear) closer to
the top of. the canopy and to the light source, and thus probubly improved

the nutrition of the ear (Bastin, 1969).
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Times to tasselling, sillring and anthesis (Table 3.2)*were menerally
delayed by high plant populations, the delay being greater for 575 than
KC3. Expressed as days per 10,000 plants. ha_1 over the range of densitics
tested, average delays in tassel emergence, anthesis and silking were: for
KC3: 0.35 day, -0.25 day, 0.5 day; for W575; 0.7 day, 0.85 day, 0.7 doy
respectively. These are somevhat less than those reported by Dunsan et nl

(1958). The conventional increase (du Plessis & Dijkhuis, 1967; Downmey,
in T3

cr

1971 ¢) in the period between anthesis and silking was apoaren

though 7575 exhibited the reverse trend. It aprears that tnsuel grocth in

¥C3 from emergence to anthesis was more rapid when mutual shnding wos
intense, and may be another nanifestation in this variety of the inordinute
sensitivity of intercalary meristem activity to prevailing lisht levels.

It is however common knowledge that time to anthesis is dejexndent on

the length

e
5
[ 2

weather conditions at anthesis. The varietal interaction
of the period from anthesis to silking, while probably genetic in origin,

may also reflect the differences in intraplant competition betwesn the varieties
at this time.

Grain yield data show that W575 was the more consistent of the tuo

varieties in grain yield per unit area over the dengity range teated (Fir 15,
The range of densities did not include the optimunm plant populntisn for
grain yield in KC3, though it may have for WS75. In the ligit oo . iu,

there seemed little point in fitting yield data to the gener: liz fie
recinrocal yield density equation (Bleasdale and Melder, 1960). T ! -4,
yield data weré fitted to the more restrictive (Willey and Heath, nY

yield density equation proposed by Duncan (1958). BExtensive exte. tion
was employed in calculating population optima for grain yield, and ..
reliability of these estimates is therefore not high. In adlition the re-
gressions of logarithm of grain yield per plant on density accounted for

only 497% and 41% of the variance for W575 and KC3 respectively. owever,

in the absence of better estimates, the calculated populstion optima for
grain production of 157683 plants. ha_1 (xCc3) and 92125 plants, ha"1 (71575)
appear to be reasonable. These are generally higher than those currently
recommended in New Zealand (Cumberland, Farrell and Honore, 1971) and ray

in part reflect a high level of plant nutrition in this trial. The nuestion

of whether these estimates reflect fundamental varietal differences in
population tolerance, or whether they merely reflect differences in plont
size cannot be answered with certainty. If it can be assumed that suter
stress experienced during plant growth did not unduly affect the nuibers
of -developing ears and kernels, or subsequent grain filling, it is iikely '

that competiﬂion during grain filling would be principally for light.
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Iéaf area per plant is the only available index of the individual »lant's
capacity to compete for light. On this basis, both varictics ex? ibited
similar tolerance of crowding, for leaf arca of the mature I'C7 plont was
587 that of /575, and the calenlated optimum plant density for g in vicld
in Y575 is 587 that of KC3. If the foregoing is correct,it ir ouvinug

that at any one plant spacing within and above the range tested, the two
varieties were subjected to levels of interplant connetition which differed
considerably. This underscores the ability of ¥C3 to outyield ''575 at

any single level of interplant stress.

Research indicates that prolificacy is positively reclated tc

population tolerance. This suggests that the ponulation eptime for ~rin

yield calculated by Duncan's method may well be optimisiic in fth: ~ino of
the single-eared smaller variety, and ccnservative for the semniprolific
o

larger variety. The increase with plant population in the reried from 5

anthesis to 50/ silking observed in KC3 (Table 3.1 a) also indicries that

2

barrenness could limit grain production in this variety at a lowsr lewvel

of interplant stress than in 575. There secns little doubt nowcver thet
had both varieties been growm at 100000 - 120000 plants/ha in this trial,
KC3 would have significantly outyielded thelarger variety. Incorporation
of the prolific habit into XC3 would appear to enhance its capacity to
yield well at plant densities beyond the range encompassed by thic exnoriven
rrovided that other productive characters were not sacrificed in *}c

process.

4.2,T. Field Maturation

The consistent varietal differences in dry matter content at :ny one
time (Fig 14) virtually disappear when varieties are comparcd at = i=il-»
- growth stages. Growth in the period prior to silking was accori-..ic? b
a steady increase in the dry matter contents of stem and leaf.

Grain dry matter content had reached 647 and 687 respectively whon
grain filling was 95% complete in KC3 and W575. This varietal varizbility
suggests that grain filling ceased for physiological reasons associt ted with
plant senescence, rather than because translocation in the grain w: -
prevented by the level of grain moisture. Temperature data (Appeni_.. ta)
show that average temperatures in late IMarch and early April werc 271
greater than the 10C postulated as being sufficiently cool to termin te
grain filling (Miles, 1956).

At maturity, a gradient in DMC can be distinguished. Increasing levels
of DIC occur from stem, to husk (including shank), on to the cob, and thence
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to the grain, indicating that the remainder of the plant is sup»lying
moisture down this gradient to the ear. The observed paltern of DIC

of the cob and grain fractions where the DIIC of the cob exkccded that of
the grain wntil both were nbout 30-40%, after which the nosition =cversed,
is identical to that observed elsewhere (Viesselbach, 1950; Miles and
Remmenga, 1953).

~

The significant varietal difference in the rate of groin DI 7 incroase

was vnexpected. The individual husks of W575 were observed 1o b2 shorter
than the ear, but more mumecrous than those of ¥C3. The hushs ol 'C3 were
longer than the ear and adhered to it tightly. Grain of TC% b —2n to gain

5

rapidly in DIC about ten days earlier than W575, and therefore b the
benefit of slightly warmcr weather.

A positive relationship between lnteness of silking cnd faster rates
of field grain drying has boen recorded previously (Purdy snd Crune, 10674),

though it was not apparent in the extensive tests performed by Gunn and

Christensen (1965). In the present instance, the reasons for tl. wvrrietal
difference may be due to the looseness of the husis in W575 (Tro: » nnd imbrese,
1971). Varietal differences in hydrophilic compounds in the gre.rn (Tass ond

Crane, 1970 b)'or differences in grain pericarp thickness (Crane ot al,
1959) may also.be involved. The underlying causes for the varietal-
‘difference aﬂpear to be worthy of further study.

Differences in the raté of grain DNC increase are of considerable
agronomic and economic importance; the place of maize in a cropin;: nro;r-me
in the Manawatu is in part determined by the success with which = siceecding
crop can be established before winter sets in. In this ‘rial the zlow rote
of field drying by KC3 annulled the advantage of ifs earlicr physiologicnl
raturity. Since the cost of drying grain has an important bearins on the
economics of maize growing (Cumberland and ﬁarrell, 1971 ),if a & 37 rate of
field drying proves to be a characteristic of short seascn maizc¢ crops this
may jeopardize the place of maize in the existing cropping pattern of the

Manawatu.

4.3 CONCILUSIONS

The optimum plant density for grain production for the Manawatu in
this season appeared to be higher than those currently recommended for
New Zealand (Cumberland, Farrell and Honore, 1971), and was consic = 11y
higher for the small variety (KC3) than the large varicty.

A number of other varietal differences in plant structure, functioen,
and pattern of growth having an important influence upon the relative
agronomic value of the two varieties are also apparent.

The early variety, KC3, while unable to exploit the environment

efficiently at low plant densities, demonstrated a number of valuable
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agrononic traits : this small single-eared plant exhibited a high unit

leaf rate, and a high ratio of reproductive/vegetative growth. The carly
establishment of leaf area, the decline in vegetative growth ot flowering,
ard a small 1lift in photosynthetic rate after flowerins~, ensured rapid early
growth of ears. The developing grain of KC3 displayed a c-nsiderable
capacity to mobilize and attract assimilate which had previcusly been
deposited in the stem and the husk, and in situations of eonuiderable
interplant atress, from the leaf fraction also. Conversely, 575, a large

1

leafy, full scason semi~-prolific hybrid, wns able to exploit the enviromnment
efficiently at low levels of interplant stress, principally by nroducing
more earsa, This variety was characterized by a lower harvest index arising
from a longer reriod of vegetztive growth than.that of I'C3. 1575 apnesred
to have limited ability to mobilize stem and husk reserves in oriler that
grain growth might continue when the plant was under competitive stress,
and early growth of the ears was penalized in favour of continuin
vegetative growth.

Both varieties deployed resources wastefully in tiller nrod cticn,
this being very apparent in 575 at low plant densities. 7ield
probably restricted by the capacity of the growing grain ol uoth varietics
to accept available assimilate rather than by the length of the ~rain filling
period. The limited number. of sites at which grain filling covld ocour
and the capacity of the sites to accept assimilate, appeared to rrevent
both varieties from taking full advantage of the long period of good [rain

filling conditions encountered in the autumn.

The yield structurec and agronomic characteristics of I'C3 indicate thid
when this variety is grown at its population optimum for grain yield in
predictable environment, it should prove to be highly productive. AR s
where the established plant population is variable, and vhere the ¢7' fo
fluctuates between growing seasons, the more flexible yield structi. o

W575 may be preferred.
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APPENDICES

* ,05> P>,01
g P<.01

ns not significant at the 5% level

R2, the square of the multiple correlation coefficient, is presented
‘with polynomial coéfficienis in Appendices 11, 13-16. It represents the
fraction of the sums of squares of deviations of the dependent variable
from its mean that is attributable to the regression. In each c¢ise it

has been corrected for degrees of freedom such that

2 df1 2
R® = 1-F5 (1 - %)
where d4f1 = degrees of freedom remaining when the

overall mean has been fitted.
dfk = degrees of freedom remﬁining when a
polynomial of degree k has been fitted.
Ru = uncorrected multiple correlation

coefficient.



Solar Radiation

Appendix 1 (a) Weather Data Recorded During the Experimental
Period

Solar radiation data measured with an Eppley pyranometer at Plant
Physiology Division, D.S.I.R., Palmerston North.
Maximum and minimum temperatures, and rainfall measured with

standard meteorological instruments at Grasslands Division, D.S.I.R,,
Palmerston North.

All data except rainfall is presented as five day average.
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Appendix 1 (b) Accumulated Effective Degree Days

Day 1 is November 12th, 1969, the date when the first replicate
was sown.

Effective degree days =

[Dailv max(C) + (Daily min(C) or 10C, whichever grgg;gr}] —10
2

(Gilmore and Rogers, 1958)
No daily maximum exceeded 30C.

Accumulated Effective Degree Days (in Hundreds)

Al
210

Y
180

A |
150

30

14+

v v v L L )4 L4
b4 P °

L

124
re

DAYS



+ 65

Appendix 2  Schedule of Events
Sowing Date
29.9.69
5.11.69
6.11.69
T.11.69
10.11.69
0 12-16.11.69
7 19-23.11.69
9-13 25.11.69
11-15 27.11.69
16 28.11-2.12.69
22-26 12.12.69
39 21:12.69
44 26-30.12.69
49-53 4.1.70
51=55 6.1.70
55 6-10.1.70
56 Y 2-11.1.70
16-20.1.70
69 20-24.1.70
T3=-T7 28.1.70
75 26-30.1.70
89 9-13.2.70
86-90 10.2.70
o7-101 21.2.70
103 23=2T7.2.70
109-113 5.3.70
124 16-20.3.70
145 6-10.4.70
166 27-31.4.70
187 18=22.5.T0

A3

Event
Plot ploughed.

Discing and levelling.

Fertilizer applied 24Ckp " .18.8 NIX
to the 0.22 ha 67 KC.
plot area 4% kg Ure L

Disced in after applicaticn.
Applied Aldrin granular insec.icide and
propachlor weedicide at 36 kgfhu and 4.5kg/
ha respectively. Followed with
light harrowing.
Application of 5 em irrigutioc: wnter.
Sowed crop.
Emergence.

Application of slug killer 10 kg/ha.

2.5 kg a.i/ha Atrazine weerdicide applied.
Bulk of transplanting and thinning.

tand now complete.
Sidedressings applied - 6Okg ¥C1
to the 0.22 ha plot

area - on an individual plant basis.

=146kg urea

Harvest 1.

Application of 5 em irrig: tion wuater.
Sprayed crop with 273 wv migne.ium sulphate
solution.

Harvest 2.

Mean date of mid tassel, KC3

Harvest 3.

Mean date of mid tassel, ¥W575
Application of 5 cm irrigation wut
Harvest 4.

Harvest S.

Applied 5 cm irrigation water.

Applied 5 cm irrigation water.

IHarvest 6.

Aerial application of Phosdrin  csecticide.
Harvest 7.

Harvest 8.‘

Harvest 9.

Harvest 10.



Appendix 3 Regressions of whole huskless ear cob to

rain ratio

‘on cob to grain ratio of centre 4 cm section of huskless ear (K).
; i

(a) From the same ear. Variety = KC3. Harvest 5.
‘ 24 _

Y = 1.108X + 0.691 (r = 0.94**)
Source df Privioe F
Constant 1 5¢151
X 1 8.016 x 107 101.50%
Zrror 13 7.901 x 107>
(b) From different cars.
(i) XC3 Harvest 6.
Y = —-.228% + .417 (r = 0.05 ns)
Source df Maiia F
Constant 1 2,836
X 1 1,086 x 1072 0.52 ns
- |
Error 22 2,078 ¥ 10
(ii) w575 Harvest 6.
Y = 2,311% =.318 (r = 0.78%*)
Source af MaSs P
Constant 1 T30 X 10
X 1 13035 x 10 T4 20%%
Error 23 1.755 % 10-"1



A5

Appendix 4 Regression of mid stem diameter (Y) on diameter of stem base (X).

Y = .570X + .491 (r = 0,70%*)

Source af MeSa F
Constant i 2,567 x 102
X 1 7.859 x 10~ 46.84%%

Error _ 48 1.678 x 10_2



Appendix 5

A6

Analysis of Variance of Stem Length and Expanded.Leaf Number

on the Main Stem.

(Pooled data for each plot)

 (a) Stem length per plant. (cm)

Source af lean Square

Day 44 Day 75 Day 124
Rows 1.491 x 10° ** 5,046 x 10° ns 2.399 x 10° ns
Columns 4 7.718 x 102 *x 4.250 x 1O3 ns 8.%21 x 1O3 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 10° 2.687 x 10°
Varieties F.411 % 103 * T«176 x 103 ns 4.849 x 10% *x
Var. x Pop. 4 1.364 x 10° ns 1.103 x 102 ns 2.063 x 103
Error 2 19 2.011 x 102 2.093% x 103 1476 x 103
Total 48

' (b) Expanded leaf number on the main stem.

Source af Mean Square

Day 44 Day 65 Day 103
%ows 4 8.720 *#* 4.443 x 10 ** 1.930 ns
Columns 4 4.170 * 1.718 x 10 ns 3.030 ns
Populations 4 3420 * 1.003 x 10 ns 6.03C ns
Error 1 12 9.367 x 107 7.747 6.563
Varieties 1 1.800 x 10~ ns  8.820 5 8.653 x 10° #*
Var. x Pop. 4 3.800 x 107 ns  3.757 x 10 ns 5.030
Brror 2 19 9.895 x 107 2.165 x 10 7.084
Total 48




Appendix 6 Coefficients of Polynomials Fitted to Data on Stem Length and Expanied lea

£ Wumber on the Nain Stem.
Polynomials, fitted to plot means give values for three plants, and are of the form
_ 2 3 4
Y = D0 - D1t - D2t - D3t + D4t
(cm)
(number)
Variable | Variety : Coefficient S.E. per plant
5 at day 100
D0 D1 D2 DZ, D4 R
Stem KC3 X |-2.220 x 10° +8.373 x 10 -8.577 x 107 +2.876 x 1072 0.965 3.14
Y 07 2 B -5 . (em)
Length 575 X [ -2.019 x 10° =1.397 x 10" +3.236 -2.852 x 10 +8.646 x 10 0.983 3.45
Expanded
Leaf KC3 X |-2.765 x 10 41,348 x 10 =2.175 x 107 +1.539 x 107> -4.031 x 1070 0.952 0.180
[Number on ' (number)
i o B
pain stem| w575 X | +1.474 x 102 -1.008 x 10 +2.431 x 1077 -2.251 x 10~ +7.012 x 10~° 0.973 0.243
X Deviations from regression significant at 57 level

XTpuoddy

9

LV



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
. _ , _ :
Potal Area = €+ C,t + C.t° + C &> + C &7 B
2 o] 1 2 3 4 B
(em®) "
Variety | Population Coefficient S.E. per plant
| at Day 100
2
C, c, C, 03 Cy R (em §
IkC3 39K —2.056 x 10°  41.038 x 107 =1.75%3 x 10°  +1.279 —3.420 ¥ 10— | 0.772 339.6
48K ~2.204 x 10°  +1.107 x 107 -1.850 x 10  +1.326 -3.472 x 107 | 0.813
57K X |-1.496 x 10°  +7.618 x 10°  -1.286 x 102, 49,449 x 10~ -2.563 x 10~ | 0.904 191.5
69K ~1.149 x 10°  45.938 x 107  -1.000 x 10°  +7.414 x 10" 2,041 x 10~ | 0.852
T9K ~1.060 x 10° - 45,283 x 10° -8.370 x 10 +5.841 x 101 -1.536 x 10~ | 0.823 247.7
WsT5 | 39K 2,907 x 10°  +1.409 x 10 2,283 x 10°  +1.625 ~4.285 x 107 | 0.690 593.5
48K 1,718 x 10°  47.943 x 10° 1,177 x 10°  +7.780 x 10" -1.952 x 107> | 0.678
57k . |-2.091 x 10°  +1.001 x 10%  -1.587 x 107 +1.102 ~2.827 x 107 | 0.591 479.6
69K ~1.316 x 10°  +5.798 x 10° -8.056 x 10 +5.075 x 107" -1.241 x 10 | 0.813
79K —1.792 x 10°  +8.522 x 100  -1.341 x 10° +9.348 x 10" -2.426 x 10~> | 0.737 369.5

X Deviations from

regression significant at 5% level.

8y



Appendix 7 (continued) (b) Coefficients of Polynomials Fitted to Total Dry Weight Data.

Polynomials, fitted

Total weight = B0

4

to plot means, give values fof three plaﬁts and are of the form

2 3
B1t + B2t 4 Bt

() 2
Variety | Population Coefficient 4 S.E. per plant
2
B, B, B, By R at Day 100 (g)

KC3 39K -5.672 x 102 +1.144 x 10 +9.039 x 1072 -5.842 x 10~ | 0.967 9.70

48K -7.789 x 102 +2.116 x 10 -4.364 x 1072 -1.017 x 10+ | 0.980

57K X ~6.763 x 10° +1.804 x 10 —3.160 x 1072 -1.168 x 1074 | 0.979 6.04

69K “3.662 x 102 +7.716 -5.982 x 1072 -3.589 x 104 | 0.974

79K -6.203 x 10°  +1.709 x 10 “3.875 x 1072 -7.679 x 10~2 | 0.971 6.39
W575 30K -3.292 x 10° ~1.495 x 10~ 42.592 x 1071 —1.136 x 10~ | 0.967 12,34

48K -1.926 x 10° -2.902 +2.382 x 1007 —9.720 x 1074 | o0.084

57K -2,568 x 102 42.553 +1.298 x 1007 -5.516 x 1074 | 0.980 6.83

69K X -5.446 x 102 +1.109 x 10 +5.502 x 10"2 ~3.T67 x 10'4 0.983

79K -1.442 x 10° -8.291 x 10~ +1.487 x 10~  -6.212 x 1074 | 0.973 €54

X Deviations from regression significant at 57 level,

v

X1puo

(penutjuod)

6v



Appendix 8

(a) Total Photosynthetic area per plant.

Analysis of Variance of Total Photosynthetic Area per Plant and
Total Dry Weight per Plant.
(Pooled data for each plot)

(cn?)

A10

Source af Mean Square

Day 44 Day 65 Day 103
Rows _ 4 BeBqY: X 107 * % 1-TiH x 107 ns 2.036 x 107 ns
Columns 4 1.854 x 10T ns 1. 742 x 107 ns 4.977 x 106 ns
Populations | 4 3.585 x 106 ns 3417 x 107 ns 2.852 x 107 ns
Error 1 12 2.670 x 10° 1.460 x 107 1,080 x 107
Varietios 1 7.170 x 10% ns  9.086 x 105 ¥ 1,341 x 107 *x
Var,x Pop. 4 T35 x 106 ns 1.878 x 107 ns 3.914 x 107 ns
Brror 2 19 4.539 x 10 1.038 x 107 1.457 x 107
Total 48

(b) Total dry weight per plant. (g)
Source df Mean Square
' Day 44 Day 103 Day 187 |

Rows 3.471 x 103 ** F-D58 %X 104 ns 2.898 x 104 nsg
Colimns 4 1.278 x 10° ** 9.392 x 10° ns 1.512 x 10° ns
Populations | 4 3.136 x 10° ns  3.138 x 10° *  1.975 x 10° #x
Error 1 12 2.179 x 10° 1.304 = 104 1.309 x 107
Varieties 1 3,712 x 10° ns  3.158 x 10° **  7.655 x 10° *¥
Var.x Pop. | 4 5.264 x 10° ns 6.191 x 10% *  2.588 x 10% ns
Error 2 19 L 4 102 1.979 x 104 1.404 x 104
Total 48




A1

Appendix 9  Analysis of Variance of Fractions of Total Photosynthetic

(a) Main stem laminae area per plant ,

Area per Plant.
(Pooled data for each plot)

(on?)

Source af Mean Square
Day 44 Day 75 Day124
Rows 4 1:.136 = 107 L 7 b 106 *# 4.756 x 106 ns
Columns 4 T«190 x 106 * 2.261 x 106 ns 6.110 x 106 ns
Populations| 4 5.007 x 105 ng 4,303 x 105 ns 3.595 x 105 ns
Error 1 12 13521 x 106 1.243 x 106 5:621 X 106
Varieties 1 1.837 x 106 ns 5.346 x 108 * % 9.039 x 10 e
Var.x Pop, 4 1.900 x 106 ns 6.016 x 106 ns 1.802 x 106 ns
Error 2 19 14201 x 106 4.241 x 106 4.480 x 106
Total 48
(b) Main stem stem area per plant . (cmz)
Source df Mean Square
Day 44 Day 75 Day 124

Rows 4 3.749 x 10° ** 4,357 x 10° ns  4.960 x 10% ns
Columns 4 1.492 x 10° *  2.544 x 10° ns  4.0%7 x 10° ns
Populations| 4 2.113 x 10* ns  2.704 x 10° ns 2.687 x 10° ns
Error 1 12 3.636 x 104 4,297 x 105 2.006 x 1O5

e 5 6 6
Varieties 2.608 x 107 * 24203 % TO~ #*® 5,865 ¥ 10~ **
Var.x Pop. 4 4.255 x 104 ns 3.455 x 103 ns 5.258 x 104 ns
Error 2 19 4.659 x 104 1.068 x 105 8.200 x 1O4
Total 48




Appendix 9 (continued)

(¢) Tiller laminae area per plant.

(cn®)

A12

Mean Square

Source daf

Day 44 Day 75 Day 124
Rows 4 %052 x 106 ** 4.819 x 106 ns 9.379 x 106 ns
Columns 4 1.18% x 106 ns 1.391 x 107 ns 1.838 x 107 *
Populations| - 4 1:055 % 106 N8 3904 x 107 * 2.879 x 107 *Hk
Error 1 12 4.618 x 10° 6.64% x 10° 5.191 & 1°
Varieties 1 D224 X 106 ns 1.983 x 107 ns 8.2%97T ¥ 1O7 *e
Var. x Pop.| 4 1.155  10° ns  1.428 x 107 ns  1.349 x 10! ns
Error 2 19 1057 = 106 6.154 x 106 6.164 x 106
Total 48

(d) Tiller stem area per plant. (cm2)

Source af | Mean Square

Day 44 Day 75 Day 124
Rows 4 1.564 % 105 * 1.209 % 105 ns 3.921 x 796 ns
Columns 6.492 x 10% ns 2.848 x 10° ns 9.050 x 10° ns
Populations| 4 9.192 x 104 ns 1.040 x 106 *E 1433 % 106 *
Error 1 12 3.984 x 10° 1.481 x 10° 2.994 x 10°
Varieties 6.538 x 107 ns  1.548 x 10° ns  3.321 x 10° ##
Var. x Pop.| 4 7.895 x 104 ns 1.358 x 10° ns 5.757 x 10° ns
Error 2 19 6.140 x ‘lO4 1.384 x 105 2.681 x 10S
Total 48




A13

Appendix 10 Analysis of Variance of Total Leaf Area Index and Total

Dry weight per umit area.

(a) Total leaf area index.
Source af Mean Square
Day 44 Day 65 Day 103
Rows 1.254 ** 65,438 x 10”' ns 8.416 x i
Columns 5.760 x 10"'1 ** 5,401 x 10_‘I s 1.337 x 10_1 ns
Populations | 4 1.136 ** 6,761 *®¥ 8,522 * %
Error 1 12 8.069 x 1072 5.076 x 107" 4.792 % 10~
Varieties 1 3.348 x 1072 ns 3.080 x 10 ** 4,617 x 10 **
Var. x Pop. | 4 3.211 x 107" ns 257 % ‘IO"1 ns 8.083 x 1071 ns
Error 2 19 2.129 x ‘tO_1 4.436 x 10“1 6.%02 x 10"1
Total 48
(b) Total dry weight per unit area. (kg.ha-1)
Source af Mean Square
Day 44 Day 103 Day 187

6 7 6
Rows 4 1.178 x 10~ ** 1215 = 10° na 7.029 x 10" ns
Columns 4 3.926 x 105 ** 2.155 x 106 ns 2.894 x 106 ns
Populations | 4 6.070 x 10° ** 2,414 x 107 * 7.412 x 107 *%
Error 1 12 6.978 x 10% 5.190 x 10° 2.990 x 10°
Varieties 3,142 x 10° ns  8.959 x 107 ** 2,424 x 10° **
Var. x Pop.| 4 2,695 x 10° ns  1.180 x 107 ns  2.201 x 10° ns
Error 2 19 1.574 x 10° 7.468 x 10° 4.013 x 10°
Total 48




Appendix 11

(a) Grain dry weight per plant.

Analysis of Variance of Dry Weight Fractions per Plant.

(data pooled for each plot)

(g)

A4

Source daft Mean Square
Day 103 Day 145 Day 187
Rows 226 ‘lO3 ns 1455 = 104 ns LI5T = 1O4 ns
Columns 4.656 x ‘lO3 ns 6.438 x 1O3 ns TAT5 X 1O3 ns
Populations 2.114 x 107 *  g.180 x 10% wx  4.396 x 10" **
Brsey | 12 3,468 x 10° 1.195 x 10" 6.783% x 10°
Varieties 2.360 x 105 *x 3.114 x 104 ns 5.093 x 104 *
Var. x Pop. 4 2,221 x 103 ns 6.824 x 103 ns 3.123 x 10” ns
Error 2. 19 2.855 x 107 1.355 x 10% 7.566 x 10°
Total 48
(b) Stem dry weight per plant. (g)
Source af Mean Square
Day 44 Day 103 Day 145

z
Rows 4 4.519 x 10° ** 7,557 x 10° * 9,148 x 10° *
Co e 4 1.570 x 10° ** 5,843 x 10° ns 5.445 x 10° ns
Populations | 4 1.763 x 10 ns 2.362 x 107 % 2,420 x 10% %+
Error 1 12 1.880 x 10 1.788 x 10° 2.050 x 10°
Varieties 1 6.884 x 10° ** 1.978 x 10° **  1.300 x 10° **
Var. x Pop. 4 %956 10 ns 1.027 x 104 * 4.952 x 103 ns
Error 2 19 4.674 x 10 3.034 x 10° 2.176 x 10°

48

Total




A15

Appendix 11 (continued)
 (¢) Leaf dry weight per plant. (g)
Source daf Mean Square
Day 44 Day 89 Day 124
Rows 4 1.320 x 10° ** 8,749 x 10> ns 9.958 x 10° ns
Columns 4 5310 x 102 * 6.241 x 102 ns 6.284 x 102 ns
P0pulations‘ 4 2.103 x 102 ns 1.862 x 103 B B85 x 103 *%
Error 1 12 1.249 x 10° 2.824 x 10° 3,900 x 10°
s ' 2 4 o 4
Varieties 1 1125 2 10~ ns 4,348 & 10~ *#* B5.3524 x 107 %=
Yar. x Pop. | 4 2.775 x 10° ns 1.232 x 10° ns 7.835 x 10° ns
Error 2 19 1.525 x 10° 7.179 x 102 3,628 x 10°
Total 48
(d) Husk dry weight per plant. (g)
Source af Mean Square
Day 89 Day124 Day 187
2 . 2 ¢ 2
Rows 4 B.326 x 10° ns 9.969 x 10° ns 1.468 x 10 ns
Columns 4 3:81Tx 10 mns 5.450 x 102 Ts  3«206 % 102 ns
Populations | 4 5.335 x 10° ** 1,280 x 107 ** 3,021 x 107 *%
o
Error 1 12 - 4.189 x 10° 6.277 x 10° 2.499 x 10°
Varieties 1.226 x 103 ns 1.198 x 104 ** 1,309 x 103 *
Var. x Pop. | 4 1.671 x 10° * 2,461 x 10° ns  1.937 x 10° ng
Error 2 19 4.728 x 102 1.104 x 107 2.683 x 10°
48

Fotal




Appendix 11 (continued)

(e) Cob dry weight per plant. (g)

A16

Source df Mean Square
Day 103 Day 145 Day 187
3 2 o 2
Rows 1027 % 10 ns 2872 & 10 ns 3638 2 10 ns
Columns 4 9.269 x 102 ns 1.884 x 102 ns 8,140 % 102 ns
Populations | 4 1.008 x 10% **  4.146 x 10° **  2.965 x 100 **
Brror 1 12 6.187 x 10° 2.441 x 102 3,703 x 10°
Varieties 1 T+943 x 104 * 1.942 x 104 * 15853 % 104 * %
Var. x Pop. | 4 2:T2T % 103 ** 6,460 x 102 ng S.434 x 102 ns
Exrror 2 1§ 5.936 x 102 3. 704 x 102 2.326 x 102
Total 48 <&
(£) Tassel dry weight per plant. (g)
Source af Mean Square
Day 55 Day 75 Day 103
Rows 4 T 210 = 5:.T83 X 10 ns 1.318 x 10 ns
Columns 4 5855 X 10 % 4,222 ns 1.305 x 10 ns
Populations 2.949 x 10 ns  1.312 x 102 ns  1.420 x 10° *#
Error 1 12 1205 % 168 6.685 x 10 T«417 x 10
i G’ 2 y
Varieties 1.013 x 107 ** 1,965 x 10° ns 3.354 x 10 ns
Var. x Pop. 4 T.T749 ns 2,321 10 ns 7.641 x 1C us
Error 2 19 1.781 £ 10 5389 x 10 2,900 x 10
48

Total




s - - - = - . vy 1 3
Acvendix 11 (continued)

(g) Dead leaf dry

weight per plant.

Al7

Tource af Mean lguare
ey 12 Day 145 Day iCT
- - b | . ) n".' - _ . 2
Hows 4 1919 x 165 * 3,049 x 107 ¢ 8.0:0 » 1C° ng
2 3 2
Solumns 4 2.940 x 10 me: [+213 = 70 ne 4.992 x 17 ns
] =z r
= T e 2 - o L
gpuantbions 4 1,559 & ) ng TJO0T % 16 W 5 % 10 us
> )
i ; = - R n G . A
Lrror 1 T2 9:.545 % 10 G265 % 10 <796
4.1 e f'\"? i B 4 e 4~
Varictlies 1 2250 % 106 s Ten25 % 10 e E.566 1 ]
Vere X Pop. 4 2,463 x 10 nz 1.051 x 107 ns 1.49¢ x 107 us
'} = ~
Error 2 19 1580 = 10~ t. 242 £ 1097 891 & 10
Total 48
(h) Total ear dry weight per plant (51
Source df Hean Square
Day 55 Day €9 Day 7
Rows 1315 = 10 mns 6175 X 103 ns 2347 x. 1L
b o 4
Columms 1192 10 ns 3,926 x 102 ns 6.093 x {87
iz = 4 . B
Populations 2240 10 & 2855 % 10T *&  1.7eB i o
Brror 1 12 44392 3.923 x 107 2632 z 10
IS - T 5, - 5
Jarieties 1 3606 x 10° *¥* 1,508 x 107 #* 1.846 x 107 #*
A
Var. x Pop. 4 6.716 ng 5.551 x 103 B8 1.311 x 107
Error 2 Al 19 7.155 2,765 x 10° 2.184 x 1
Total 48




Agpeﬁdix 12 Coefficients of Polynomials Fitted to Dry Weight Data of Plant Parts.

® - b) %
Polynomials, fitted to plot means give values for three plants, and are of the form S -
(]
3
. 2 3 [E:
Plant part dry weight = By + Bt + Byt + B3t H
(&) o
Fraction Variety Population Coefficient ; S.E. per plant
2
By B, . B, By R at day 100 (g)
Sten KC3 X 39K [6.907 x 10°  42.317 x 10 -1.755 x 107 +4.152 x 107% |0.944 3.90
X 57K [6.364 x 10°  +2.150 x 10 ' =1.699 x 107 +4.200 x 107 [0.971|  2.31
79K [ 6.411 x 10°  +2.201 x 10 -1.805 x 1071 +4.561 x 10~ [0.954]  2.52
w575 39K 18,570 x 10°  +2.633 x 10 ~1.680 x 107 +3.337 x 10~% |0.957|  s.10
57K [6.979 x 10°  +2.217 x 10 ~1.596 x 107" +3.672 x 1074 |o.965|  3.12
T9K 5,457 x 10°  +1.673 x 10 -1.073 x 1077 42,086 x 10~ |0.958|  3.13
Leaf KC3 39K | 4.299 x 10°  +1.871 x 10 —2.136 x 1077 47.870 x 10~ |0.960]  2.34
X 57K 5,192 x 10°  +9.829 -1.025 x 10" +3.487 x 10~ [0.971 1.72
79K (1,226 x 107  +5.531 ~4.343 x 107 48,920 x 10~° |0.960|  1.91
w575 39K -5.409 x 10°  +2.194 x 10 —2.170 x 107" +7.113 x 10~% [0.956 4,35
57K [ 4.662 x 102 +1.925 x 10 —2.026 x 107 +7.003 x 10~ |0.060 2,62
TOK -4.665 x 10° +1.937 x 10 ~2,103 % 107! +7.518 x 1074 0.963 2.60

. - . o < e -1 5
X Deviations from regression significant at 55 level.
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Appendix 12 (continued)

Fraction | Variety | Population Coefficient o] S.B. por plant
B, B, B, Bs R at day 150 (g)
2 -1 o

Husk KC3 39K —6.104 x 10° +1.762 x 10  =1.342 x 10" +3.191 x 10—+ |0.939 2.7

x | s ~5.200 x.10° +1.480 x 10 =1.128 x 10" +2.686 x 10~ | 0.930 2.24

x | 79 =5.020 x 10°  +1.483 x 10 - =1.216 x 10~ +3.103 x 10~% | 0.883 2.18

w575 39K -5.083 x 10° +1.240 x 10 =6.895 x 107> +1.052 x 107+ | 0.891 4.51

x | 57 ~3.108 x 102 . +7.953 -5.032 x 102 49,964 x 10~ | 0.913 2.26

X | 7oK -1.742 x 10°  +3.830 ~1.492 x 1072 42,819 x 10~° | 0.884 2.05

Cob KC3 39K +1.025 x 10° 0.082 1,58

57K +7.587 x 10 0.004 1.02

79K +7.129 x 10 0.005 0.96

w575 39K +6.569 x 10°  =6.120 +1.806 x 1072 0.471 3,11

57K +1.203 x 10° 0.279 1.28

79K +9.723 x 10 0.160 1,32

L . . . . por ~f
X Deviations.from regression significant at 5 level,

(ponutjuop) gl Xrpudday
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Appendix 12 (continued)

Fraction Variety | Population Coefficient S.E. per plant
B, B, B, B, g at day 150 (g)
Grain KC3 39K | 4.89% x 107  +1.042 x 10° =6.541 x 10" +1.344 x 10~ | 0.954 11.41
x | a8 ~4.080 x 10° -48.704 x 10 =5.467 x 107" +1.141 x 1072 | 0.991
57K -2.825 x 100 45,928 x 10 =3.621 x 107 +7.464 x 10~* | 0,959 8.52
X | 69K ~-3.248 x 10° 4+6.723 x 10 -4.066 x 1071 +8.149 x 1074 0.976
7oK -2.142 x 10°  +4.255 x 10 -2.311 x 10~' +4,096 x 10—+ | 0.968 6.86
W575 39K 48,580 x 10° =3.964 x 10 +4.682 x 10”1 =1.415 x 10~ | 0.915 16.16
x | 4 +9.958 x 10°  =3.957 x 10  +4.336 x 10~1 -1.242 x 10~ | 0.968
X | 5K -6.430 x 102 +8.293 x 107" 41,118 x 10”" ~4.395 x 10~%] 0.958 9.04
x | 69k “1.264 x 10°  +1.749 x 10 =2.608 x 1072 =9.326 x 10~2 | 0.971
x | ok 5,077 x 10°  +4.203 x 107" 49.198 x 1072 -3.612 x 10~ 0.969 6.03

X Deviations from regression significant at 5% level,

(penurauod) 2} Xipusddy
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Appendix 12 (continued)

Polynomial coefficients fitted to total ear dry weight data give values

are of the form

for three planis and

Ear dry weight = By + Byt + B2t2 + B3t3 + B4t4
(g)
Variety | Population Coefficient S.E. per plant
2
By B, B, By B, R at day 150 (g)
KC3 39K +3.407 x 100  -1.554 x 10°  +2.400 ~1.423 x 1072 42,899 x 10~ | 0.964 12.28
57K +2.387 x 100 =108 & 10° +1.722 -1.032 x 1072 +2.136 % 1072 0.976 8.47
79K 3.131 x 102 +2.247 +7.419 x 107° -3.361 x 10~ 0.964 7.39
W575 39K +7.418 x 102 =3.599 x 10 +4.874 x 107" =1.572 x 10~ 0.939 15.82
57K 42,924 x 10° =1.208 x 10°  +1.680 —9.026 x 107> +1.693 x 10~°| 0.975 8.27
79K +2.755 x 10°  =1.124 % 10> +1.545 —8.265 x 1072 +1.541 x 10~°| 0.977 6.49

(penutjuoy) 2} Xrpueddy

ley
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Appendix 13. Sample Analyses of Variance of Polynomials Fitted to Individual
Plant Data for Population 3.

(a) Leaf area per plant. (cmz)

Source af KGS w575

MS P MS F
Ty 1 {6.098 x 10° 1.644 x 10’
Replications| 4 |'5.250 x 10° 2.64 6.103 x 107 3,08
Regression 4 |2.814 % 1O8 146.80 ** BeoB] X% 108 21.97 o
Deviations | 37| 1.128 x 107 5.68 * 3.599 x 107 2.34 ns
Within group|28 | 1.985 x 10° 1.538 x 107
Total 40

(b) Total dry weight per plant. (8)

Source af KC3 w575

MS F MS P
I8 5 5
llean 1 1.001 = 10 1212 2 10
Replications| 4 | 1.033 x 10° 2,06 6.445 x 10 0.71
Regression 2 | 1585 % 104 316,50 ** 2491 % 104 27500 ¥*
Deviations | 5 | 1.647 % 10° 3,00 * 9.321 0.10 ns
Within group|32 5.009 x 10 G113 % 10
Total 45
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Appendix 13 (continued)

(¢) Total ear dry weight per plant. (g)

Source af _ KC3 575

NS F NS ' F

; 4
Mean. 1 13.259 x 10% 2.962 x 10 |
Replications 44 |8.649 x 10 2.70 1.194 x 10_ 0.31
Regression 4 |6.463 x 107  201.90 ** 9.583 x 107 251,90 **
Deviations 4 |1.%24 x 10 0.41 ns . 7.577 x 10 1.99 ns
Within group 32 | 3.201 x 10 3.804 x 10
Total 45
(d) stem dry weight per plant. (g)

Source at | KC3 W575

MS F 1S F
lMean | 1.186 x ‘IO4 1.646 x 104
Replications 4 |8.795 x 10 2.51 1.046 x 1 0.60
Regression 3 =t X ’IO3 . 127.70 ** 2.196 x 10; 126,80 **
Deviations 5 19.494 1.09 ns 2.9%4 x 10 1.69 ns
Within group 32 |[8.746 1732 % 10
Total 45

(e) Leaf dry weight per plant . (g)
P

Source df KC3 w575

MS F NS F
Mean 1 {2,675 x 10 5.556 x 107
Replications 4 |4.256 2.66 1.794 x 10 515
Regression 3 14.947 x 10 30.86 ** 1.981 x 103 56.07% ##*
Deviations 3 | 6.343 3.96 * 5.610 1.61 ns
Within group 24 | 1.603 3.480
Total 35




Appendix 13 (continued)

A24

(f) Husk dry weight, (g)
Source af KC3 w575
IS F (5851 F
[{ean T |1535 = 103 1.086 x 1O3
Replications| 4 [1.715 x 10“1 0.06 1.955 0.88
Regression 3 1925 % 102 697.60 ** 2.031 % 102 ghs25 **
Deviations 5 [1.098 x 10 3.96 * 1.349 x 10 6.06 *
Within group|32 |[2.774 2.227
Total 45
(g) Grain dry.weight. (g)
Source af KC3 W575
MS F MS F
Mean 1 |2.400 x 10% 2.053 x 10"
Replications| 4 [1.067 x 102 4.00 4.29% x 10 1.51
Regression % [ 1.507 % 103 56.52 #* 2,656 X% 103 128.60 **
Deviations 2 4.438 x 10 1467 s 2.287 x 102 B8.04 **
Within group|20 |2.665 x 10 2.843 x 10
Total 30
(h) Cob dry weight. (g)
Source af KC3 Wo75
MS F MS F
Nean 1.439 x 10° 590.50 ** 3.618 x 10° £87.9 **
Replications| 4 |3.410 x 10° 1.40 2,287 x 10° 0.56
Regression -
Deviations* | 4 |8.520 x 10 0.35 ns 44032 % 102 0.99 ns
Within group|16 2:43T % 102 4.075 x 102
Total 25

+Deviations from the mean.




Appendix 14

Analysis of Variance of Yield per Plant and Yield Components.

(Data pooléd over lasf three'harvests)

Source af Mean Sguare )
Grain. plamt—1 Ears. plant_1 Grains. ear Rows. ear” Graing. rouw | Weight. grain—1 (g)

Rows 4 16,394 x 103 ns 6.991 x 10_2 ns 1;912 b 4 10_j ng 2.402 X 10_1 ns 1.070 x 10 ns 6.200 ns
Colunns |4 |2.002 x 10° ns  2.546 x 1072 ns 3.583 x 10° ns  2.153 x 107" ns 8.061 ns  1.122 ns
Population 5,782 x 107 *% 9.304 x 107! *% 4.554 x 10° ns  5.510 x 10" ns 1.790 x 10 ns 1.140 x 10 ns

Error 1 12 1'1.007 = 104 1.698 x 10—‘I 3.67T1 x 103 4.128 x ‘IO'“1 1.109 x 10 3.939

Varieties 5.802 x 10% **  1.3e8 *x 1,522 x 10% ns 2,111 ns 9.766 x 10 %% 6,489 ns

Var. x Popd 4 |6.419 x 10° ns 5.554 x 107 *x 3505 % 10° ns 2.358 x 18 e 1.035 x 10 ns 1.874 ns

Error 2 [19 |4.257 x 107 5.250 x 1072 3.720 x 10° 5.099 x 107" 7.957 1,563

Total 48

v
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Appendix 15 Analysis of Variance of Dry lMatter Contents.

(Data have been aresine transformed)

Jource daf Mean Squazre
Duy 1C3 Day 145 Day
-1
- . ool 4 ren S -
RoWS 4 2.065 x T &S 2.650 x 10 A8 e’ D
y = Gy B o b B
Columns 4 21059 = 10 ns S35 1S Hel T0
Topulations 4 1257 79 mng 4500 B8 4530
v ys 4 G [ s Takt | ] fota ] “ ~ryer
- L UL i I AT Wl | i . b - i
~ mj -~ = o r
] 1.520 %= 40" *4 60629 x 10 e PR 1
Far, x Pop. 4 B0 ns 1.180 g 1,025
- ~* or
nrror 19 1151 % 10 1.870 DE62
Total 48
f1\ - 3 e A
(b) Cob dry matter content (H)-
Source af IHean Sqguare
Day 103 Day 145 Daj
Rows 4 1.341 x 10 ** 1.844 ns 5.119
Columns 4 1.052 x 10 * 1.279 ns 1.188
: % s Z
Populations 4 Feb6 ns 2.093 ng 3«41
Error 1 12 2.785 1: 122 x 10 T.508

M

107 ** 9,005 ns 3.813
Var. x Pop. 4 1.6908 x 10 ns 3.418 x ‘IO'-1 ns 7.798

Brror 2 19 9.379 = 10 5.835 1:.3551

Varieties i 4.9E0

0

Mo

(&)

G

Total 48




Appendix 15 (continued)

(¢) Husk dry matter content (7).

. A27

“ource df Mean Squares o

Day 103 Day 145 Jay 187
Rows 4 27786 ns 1401 x 10 ng 5.7 ns
Columns 4 3978 ns T2 & 10 ng Jefah 10 N
Populations 4 2.9E3 ns . 554 x 1 ns 1.119 13
irrer 1 12 5993 T4T7 x 10 s d K
Varicties 1 2. 147 X '1Q X 2.87€ x 10 ns Ty 10 g
Vars X Pop. 4 « 582 ns 6.345 ng 1.7289 10 !
Rrror 2 12 2,958 T.6T3 1.400 = 10
Tatal 48

(d) Stem dry matter content (j3).

Source af Mean Squares

Day 44 Day 89 Duy 145
Rows 1.139 X 5«20 L G.194 i
folunns 5.020 x 10—1 ns 5,173 x 10"1ns 2,049

, - -1

Populations 4.360 x 10 1 ns 5.655 x 10 ns 2.717 5
Brror 1 12 3.484 x ‘IO-.1 5607 % 10”1 8.882 x 1D
Varieties 1 1.254 ng 4730 x 10 ** 1.22T = 16 *
Var. x Pop. 3338 x 10-1 ns 8.428 x 10-1ns 1.402
Error 2 19 4.946 x 107 5.302 x 107 2.119
Total 48




Appendix 15 (continued)

(e) Leaf dry matter content (%).

Source df Mean Squares

Day 44 Day 75 Day 124
Rows 1.684 * 4,982 ns 3.762 ns
Columns 1177 * 8.817 ns 7.859 ns
Populations| 4 7.518 x 10™ ns 2.457 ns  7.260 s
Error 1 12 3,169 x 10 3,376 2,731
Varieties 1 3.283 Wit D BaR ox 10 ¥k T 309 x |0 #**
Var. x Pop. 1.123 x 1071 ns 1.185 x 10~ na 8.698 x 10~ 'ns
Error 2 19 3.811 x 107 1.298 2.984
Total 48



Appendix 16. Coefficients of Polynomials Fitted to Dry Matter Content Data.

P'oly_nomials are of the form
ME = E.+ Et+ Bt + Bt Bt
0 1 2 3 4
(%)
Fraction Variety Coefficient R Approx. S.E. at
Eo E1 E2 E3 E4 (a) 100 days
(b) 150 days
Stem p i KC3 -2.838 x 10 +1.186 =1,022 % 10‘2 +2.949 x 10'5 0.925 0.375
X w575 +2.966 x 10 -1.322 x 10 +2.550 x 10‘? ~1.784 x 10 +4.199 x 1077 0.925 (8)0.362
Leaf KC3 +7.936 x 10 =4 .574 +1.060 x 107 -9.605 x 1074 +3,034 x 10‘6 0.936 0.493
" o o1 - of
X w75 |-1.026 +2.621 x 10”7 +1.541 x 10~ —1.644 x 10~ Yo.946| (8h 353 %
Husk KC3 =2.769 x 102 +1.061 x 10 -1.411 x 10'1 +8,098 x 10’4 -1.651 x 10'6 0.912 (b)1.327%
W575 |-1.671 x 10°  +6.533 —8.796 x 10™° +5.160 x 10~ -1.069 x 10-2|0.881 1.449
Cob X7 KO3 -1.558 x 10° +4.081 ~2.812 x 10~° +6.763 x 10 0.975 (b)o.egg,
w575 -2.402 x 10 +2.958 x 10~" +4.189 x 10'3 -1.886 x 10'5 0.947 1.28§
Brain X KC3  [|-1.157 x 10 +2.100 -5.648 x 10~ 0.986 | (1y0.T32;
X w575 |-1.733 x 10°  +2.705 —7.353 x 1672 0.082 0.934
X Deviations from the regression are significant at the 5% level.

v
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Avpendix 17 (a) Polynomials in Density Fitted to Grain Yield Da‘
(1) Coefficients of polynomials of the type
o) o0
Yicld :TAO ¥ AP+ A?pL (p = plants.me” )
(kg.ha™")
. S 2 -
Variety Coefficient R L. nt 5
3 r_"- v
AO A.‘ f\2 (1’ \
¥C3 $2.516 x 10°  41.272 x 10°  -2,068 x 10 | 0.670 B
" 5
575 -2.837 x 10°  +3.090 x 10° =2.122 x 10° | 0.255 X
(2) Mnalysiz of variance of fitted polynomial
Source af KCH weETS
s F IS r
9 \Ji
Tean 1 2.004 x 10 2538 » 10
| =4
Replications 4 1.924 x 105 0.16 2184 % 107 B
Linear term 1 |5.064 x 107 42.28%» 1.767 x 107 C.~ov
maadratic term 1 2.983 x 104 0.02ns D I O < 16° T<24ns
: A
Deviations 2 1012 % 106 0.85ns 1631 = 10 0.6%5nn
[ 6 G
#ithin group 161 1.198 x 10° 2:528 2 10
Total 251 1
- = 1 daf less foxr ¥C3
(b) Analysis of Variance of the Logarithm of 7rain per Plant
on Plants per Square Metre.
Source af KC3 w575
IS F MS F.
' 2 2
[lean A 1 1201 x 10 1259 a 407
Regression 1 3.934 x 10_2 16,02%* 1153 x 1”—1 22 TO*7
Mithin group | 23' | 2.455 x 10> 5.077 x 1072
Total 25!
1y ar

less for KC3




