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Abstract

Plant competition studies with respect to grain yield and yield components were made on two
spring wheat cultivars, Highbury and Sappo grown in monocultures and in 1:1 mixtures at a range of
densities (237 to 920 plant per sq. meter) and in different planting patterns using systematic fan
design,

Number of spikes and spikelets per plant and number and weight of grains per plant varied
with the density for both the cultivars. Number of spikes was the most plastic and individual grain
weight, the least plastic of the characters affected by deusity. Generally, Sappo was more vigorous
and aggressive. ‘Its aggressivity, measured for yield components, increased with increasing degree of

mixing of the cultivars.

Planting arrangements significantly affected the performance of cultivars but the differences
did not always follow the trend from maximum (1x! planting pattern) to minimum (8x8 arrange-
ment). Individual grain weight was the least affecied by any of the planting arrangements.

Introduction

Grain yield is the product of three main components: the number of fertile tillers
or spikes per unit area, the mean number of grains per spike and the mean weight of indi-
vidual grains. The mean number of grains per spike is the product of the number of spike-
lets per spike and the number of grains per spikelet. The relationship between these
components may differ with different cultivars and different components may vary in
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their response to eunvironmental factors such as light, temperature and the availability
of nutrients. The number of spikes is mainly determined by the extent of tillering before
inflorescence initiation, whereas the intensity of light, the level of available nutrients and
the genotype {cultivar) are the main factors determining the maximum number of tillers
per plant or unit area (Evans ef g, 1975). There are several ways by which plants may
attain the same final grain vield. In some instances, spike number may be the major com-
ponent, in other cases grain number per spike might be dominant (Apel & Lehman,
1967; Thome et al, 1968; Syme, [970) and yet in other examples, individual grain
size might be the important component (Simpson, 1968).

Usually all the grain yield components show plastic responses to the effect of
density. Generally the effect is greatest on the number of tillers per plant as this is the
component which is determined during early stages of plant development. Individual
grain size is determinsd after all other yield components have already been determined,
and by that time, most of the adjustments to the effect of density have already occurred.
Consequently, this character is the most stable of all the yield components in the face
of density (Clements ef al., 1929; Harper, 1977).

Agronomists have mostly been concerned with the effect of density on the pro-
duction of grain yield on a per unit area basis and any mean plant yield obiained by
dividing the yield per unit area by density will certainly obscure the interplant variations
which occur in pure and mixed stands (Harper, 1963). Thus to study the effect of density
on individual plants is of great importance. The study reported in the present paper con-
cerns the response of two wheat cultivars grown in :1 mixture against interference and
plant competition with respect to grain yield and yield components. The object of the
present investigations was to demonstrate the effect of mixing on the relative aggressivity
of two cultivars, namely, Sappo against Highbury and particuiarly to study the perfor-
mance of the individual plants.

Materials and Methods

Thirty-six to forty hours old uniform seedlings selected from pregerminated wheat
grains of cultivars Highbury and Sappo in a 1:1 mixture were planted in a cold Dutch-
light glass-house in the School of Plant Biology, University College of North Wales,
Bangor, Gwynedd, UK. The planting was done in May 1979 in a steamn sterilized flour
using a template and then seedlings covered with a one cm layer of John Innes No. 1
compost. Twenty plots, each measuring 105.3 x 63.4 cms, were marked oui. In each piot,
seedling to seedling distance from 3.6 to 7.0 cms was arranged in such a manner that
individual plot carried a Systematic Fan Design type la of Nelder (1962). With this
seedling distance, five main treatments of 1:1 mixture arrangements became possible,
namely clump sizes of Ix1, 2x2, 4x4, 6x6 and 8x8. In case of 1x1 pattern, one plant of
each cultivar alternated with the other. In the 2x2, two plants of each cultivar alternated
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with each other and so on. All fans consisted of 16 complete radii and 12 density arcs
{(Figure 1). The two outer arcs on either sides were considered as border. Consequently,
the eight ceniral density arcs and 16 complete radii in a fan comprised of 128 plant
positions and subsequently each half fan had 64 plant positions for each cultivar. Thus
128 individual plants (64 plants per cultivar), growing on eight central density arcs and 16
complete radii in each fan, were available for detailed plant competition studies for grain
yield and yield components.

In order to minimize the variation due to the arrangement of the fans in the glass-
house, all the treatment fans were randomly made to face northwards and southwards,
respectively in two replications. During July 1979, plants were provided with supports
using 10 em? plastic net which was raised from time to time as the plants grew. Harvest-
ing was done in October 1979. Each of the 128 plants was harvested separately. After
threshing, following data were recorded on per plant basis:

Number of spikes (fertile tillers) per plant.

Number of spikelets per plant.

Number of grains per plant.

Grain weight per plant (gms).

Number of spikelets per spike.

Number of grains per spike.

Number of grains per spikelet.

Grain weight per spike {gms).

Individual grain weight (g} obtained by dividing the total grain weight per plant
by the total number of grains per plant.

Dertvation of data from the fan designs

Data describing the area per plant (A), density (D) and distance to neighbours
of the plants in the fan designs are obviously inherent of the design (Nelder, 1962).
In this experiment, the data required for area per plant {A) in each density arc {n) has
been obtained using Bleasdale’s (1967) model. Thus, the area per plant (A) and the
number of plants per square meter at various densities (D = 1/A), as calculated, are given
in Table 1.

Statistical analysis

The data handling and statistical analysis was carried out on the University College
of North Wales, Computer Science Laboratory System DEC-10. Means of each density
arc and radii were calculated for each cultivar separately. Data for each character was
tested for its normality, and where necessary, was transformed into log, before perform-
ing the analysis of variance.



178

BREADTH

M.A. CHANG

LENGTH
. @ @ -T 7 @ ®
: R
'y L3 ! ) o Py ®
A\
\
N\
)
L]
@ &
® l F
!
® J—J ] y
M13 M12 M11 ML1O M9 N\ MZ; ! Y BASE LINE
ﬂ*
\\ | ! ,{g’;‘/
| /
\\ |1 //// EXPERIMENTAL
N\ rg A /{&9 AREA
\ /
< 4
\3\1 j /{/’
\ Y
\
N\
0]

Fig. 1. Systematic fan design Ja (Nelder, 1962) showing the arrangement of spacings and the individual

plant positions.
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Angle between radii 4.23° or 0.0739 radians.
Half angel of the fan = 31.76°
The centre of origin of the fan

The point at which the central radius line cross the base line at right angel, the next

radius crosses at Mj , the next at M2 and so on.
38.45 cm being the shortest distance between points ‘O’ and ‘M’.

Length of the rectangular plot = 107.33 cm
Breadth of the rectangular plot = 63.43 cm
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Table 1. The area per plant and number of plants per square meter at each density
as calculated from the fan design.

Arc Density area per Number of plants
number (D) plant (cmz) per density
1. (guard arc) guard arc 13.0 772
2. D1 15.03 665
3. D2 17.04 575
4. D3 20.02 495
5. D4 234 427
6. D5 27.1 368
7. D6 31.5 318
8. D7 36.5 274
9. D8 42.3 237
10. (guard arc) guard arc 49.0 204

A four-way factorial analysis of variance was carried out on each of the nine cha-
racters under study to examine the effect of density and planting arrangements on
both the cultivars.

Results and Discussion

The effect of density on the performance of two cultivars, viz., Highbury and
Sappo with respect to grain yield and yield components is demonstrated in Table 2. The
performance of these two cultivars under different planting patterns is given in Table 3.
The Least Significant Differences estimates as obtained from the analyses of variance of
data in Tables 2 and 3, from a four replicated randomized block design, are presented
in Table 4. The results indicate the comparative performance of the two cultivars in
various plant densities and planting patterns.



180 M.A. CHANG

Table 2. Effect of plant densities on yield and yield components of two wheat
cultivars grown in 1:1 mixture.

Character D1 D2 D3 D4 Ds D6 D7 D& Mean
Spikes 1.18 1.08 1.07 1.13 1.24 147 169 2.15 1.38
per plant 2.25 1.99 2.16 2.12 2.20 235 2.88 236 242

Spikelets 17.5 160 16.1 17.1 184 214 254 327 20.6
per plant 39.0 34.8 371 36.0 38.8 42.2 51.7 609 42.6

Grains per 44.7 41.5 415 43.7 46.5 53.3 63.6 79.7 51.8
plant 77.7 68.5 69.6 69.5 76.5 82.0 1052 126.7 84.5

Spikelets 154 16.2 1456 154 157 14.8 147 164 154
per spike 17.6 185 183 174 183 17.6 175 18.0 17.9

Grains per 38.8 392 392 39.5 38.2 36.9 385 376 38.5

spike 34.9 348 323 33.0 34.5 35.0 36.5 382 34.9
Grain per 24 2.5 2.6 2.8 2.5 2.8 2.6 2.6 2.6
spikelet 2.2 23 20 2.1 1.9 1.8 2.3 2.2 2.1

Grain weight  1.03 0.20 0.90 0.95 1.03 1.18 142 1.27 1.16
per piant 2.41 211 215 2.18 2.40 2.56 323 3.83 2.61

Grain weight  1.01 0.82 0.84 6.79 0.82 1.00 0.80 096 0.88
per spike 1.17 097 1.19 1.08 1.22 0.96 1.05 1.16 1.10

[ndividual 220 232 2438 23.5 20.2 21.8 206 23.1 22.4
grain weight 29.2 304 316 30.8 326 32.8 296 310 31.0

Note: The first reading under each column refers to cultivar Highbury and the second to Sappo.

Sappo produced significantly more spikes per plant than Highbury. As densities
increased, the spikes per plant decreased for both the cultivars. Highbury was signifi-
cantly affected by planting patterns where more number of spikes per plant were ob-
served in 2X2 pattern than in the 1x1 and 6x6 arrangements.

Sappo produced significantly more spikelets per plant than Highbury. At lower
densities, the number of spikelets per plant were more. Comparatively, 1x1 and 6x6
planting patterns had fewer spikelets than 4x4 and 8x8 arrangements.
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Table 3. Effect of planting patterns on yield and yield components of two wheat

cultivars grown in 1:1 mixture.

Charater 1xt 2x2 4x4 6x6 8x8
Spikes per 1.26 1.52 1.39 1.29 141
plant 245 2.32 245 2.40 245
Spikelets 19.0 20.7 20.9 19.9 22.5
per plant 416 41.5 43.1 39.5 47.1
Grains per 48.2 48.6 55.7 48.5 58.1
plant 85.0 80.9 93.7 76.6 86.2
Spikelets 154 16.0 144 15.5 15.7
per spike 17.8 187 18.2 17.8 18.3
Grains per 38.7 33.8 409 7 41.2
spike 34.7 351 37.7 32.1 349
Grains per 2.60 240 2.70 2.50 2.60
spikelet 2.20 2.00 2.20 2.00 1.90
Grain weight 1.01 .94 1.38 1.06 1.41
per plant 242 2.37 3.06 2.31 2.89
Grain weight 0.82 0.68 1.01 0.82 1.00
per spike 0.99 1.04 1.23 0.97 1.17
Individual 21.2 19.7 24.6 21.5 24.1
grain weight 28.3 29.5 32.8 29.8 33.5

Note: The first readng under each column refers to cultivar Highbury and the second to Sappo.

Number of grains per plant was higher in Sappo as compared to Highbury. Apart
from slightly higher values at density D1 than at D2, there was a marked inverse relation-
ship between the number of grains per plant and the density. Plants in 4x4 and 8x8

arrangements produced more grains than did plants in the other arrangements.

The number of spikelets per spike was higher in Sappo than in Highbury. Densi-
ties and planting patterns did not affect the number of spikelets per spike in either

cultivar.
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Table 4. L.8.1. values at 5% level for various plant densities and planting
patterns of two wheat cultivars for yield and yield components.

Plant densities Planting patterns
Character
cultivar density cultivar x cultivar  pattern cultivar x
means means density means means pattern
Spike per 0.034 0.103 0.165 n.s. (0.120) 1n.s.
plant
Spikelets {0.034) (0.106) ns. n.s. (0.076) n.s.
per plant
Grains per (0.034) {0.105) n.s. n.s. (0.075) 1.s.
plant
Spikelets 0.85 1.8. n.s. 0.85 n.s. n.s.
per spike
Grain per L.19 5.89 n.s. 2.69 4.29 n.s.
spike
Graing per .. s, n.s. 0.051 0.112 ns.
spikelet
Grain weight (0.048) (0.148) ns. n.s. (0.105) n.s.
per plant
Grain weight n.s. n.s. n.s. 0.044 0.160 0.098
per spike
Individual n.s. n.s. n.s. 0.76 1.67 n.s.

grain weight

Notes: n.s. means non-significant.
The values in the brackets imiply that the data was transformed into loge and then
anova carried put.

Plants of Highbury had 3.5 grains per spike more than plants of Sappo. The only
significant difference due to density was for cultivar Sappo where the number of grains
per spike was less at D3 than at Dg. Culitivar Highbury produced fewest grains per spike
in planting pattern 2x2 and Sappo had fewer in 6x6 than in 4x4 pattern.
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Cultivar Highbury produced more grains per spikelet than Sappo. Deansity did
not affect this character in either cultivar but the effect of planting pattern was signifi-
cant at 5% level.

Cultivar Sappo vielded more than twice the weight of
Highbury and there was an inverse
plant. Both the cultivars produced
and 8x8 planting patterns.
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Tt has been reported by Bingham (1967) and Evans et ol (1975) that final grain size
depends, to some extent, on the number of grains per spike: the lower the number of
grains, the greater the size of individual grains.

The factorial analysis of variance presented in Table 5 explains the overall effect
of densities and planting patterns. Spacing has significant effect on the development of
wheat plants and their yield (Engledow, 1925; Clements er al, 1929; Donald, 1954;
Quinlan, 1963; Puckridge & Donald, 1967). Plants growing at close spacings (high densi-
ties) meet stress from their neighbours early in their development whereas plants at
lower densities do so only when they have grown larger. In the present studies number
of spikelets per spike, number of grains per spike, number of grains per spikelet, grain
weight per spike and individual grain weight were stable and not affected by density
(Table 53 Many workers have observed the stability of these characters in wheat with
respect to response to density. Fisher (1978) reported that individual grain weight is
relatively stable character and is rather insensitive to competition. Clements er al, (1929)
reported that number of spikelets per spike was relatively stable over range of densities.
However, Puckridge & Donald (1967) and Puckridge (1968) reported that the number of
spikelets per spike showed a decline with increase in density which was due to high light
interception at high densities (Evans et al, 1975). Engledow (1925), making a two-
variety comparison at different spacings, noted difference in the plasticity of the number
of grains per spike. Quinlan (1963) and Quinlan & Sagar (1965) alsc observed that the
number of grains per spike was relatively more stable.

The characters which showed response to density were number of spikes, spikelets
and grains per plant and grain weight per plant (Table 5). For all these characters, there
was a twofold difference in the performance at D, compared with Dy (Table 2). All
these differences can be clearly related to one main variable the number of fertile tillers
per plant. Bven the weight of grains per plant is clearly determined by the effect of densi-
ty on the number of fertile tillers per plant. According to Rawson (1971), density stress
affects the potential spike number upto the time the flowers are initiated, for after flower
injtiation, the number of tillers scarcely increases further. Present results are in confor-
mity with the above findings.

As far as the overall effect of planting pattern is concerned, the spatial arrange-
ment is the function of the proportion in which the cultivars are mixed. In the design
of the present experiment, the degree of mixing of the cultivars decreased in the sequence
Ixl 2x2 4x4 6x6 8x8, the latter pattern being close to monoculture. The working hypo-
thesis was that some characters at least wonid show trend related to this sequence. Culi-
var Sappo (the aggressor) might have been expected to perform relatively best in the 1x1
pattern and least well in the 8x8 arrangement as compared to Highbury and vice versa.
The analysis of variance (Table 5) showed that planting pattern was highly significant for
all the characters except number of spikes per plant and number of spikelets per spike.
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Significant differences were found between patterns but much more often both the
cultivars shared the high and low value points (Table 3). In other words the initial hypo-
thesis seems to be rejected.

Grain weight per plant for each cultivar was significantly higher in the 4x4 and
8x8 patterns than in Ix1, 2x2 and 6x6. Cultivar Sappo displayed its relatively greater
yield in every pattern. Individual grain weight, which was the most stable in response
to density (Table 2), varied irregularly but significantly with planting pattern (Table 3).
This may be due to the effect of environmental variability caused by planned treatments.
The significant differences between blocks for most of the characters (Table 5) support
this possibility, Kelker & Briggs (1978) also reported that wheat cultivars reacted very
differently to intergenotypic mixing. They concluded that it is difficult to generalize,
the effects of competition and spacing on the expression of agronomic characters of
wheat cultivars and the effects on variability and mean performance of single plants
appeat to be specific to each genotype. Hence the stability of individual grain weight in
different planting patterns may specifically be attributed to the genotypic constitution
of Sappo and Highbury.
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