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Abstract
The wheat (Triticum aestivum L.) is an important staples crop of Pakistan and the Central Asia.
The present research is an effort to clarify the super wheat genotypes, which were carried out at
the experimental field area of Lasbela University of Agriculture, Water and Marine Sciences
(LUAWMS), Pakistan, in order to study the effect of intra-specific competition on individual
plants of Wheat (variety Sahar 2006) during the 2013-2014 wheat growing season. The experiment
was carried out in a randomized complete block design comprising of two rows spacing (15 and
30 cm) and broadcasting method of seeding with four replicates at a 30 days’ interval by
destruction method. Final harvest was carried out at the end of growing season (150 days after
seeding). The agronomic characteristics of wheat have shown non-significant response for effect
of row spacing at final harvest. However, application of Gini Coefficient and Lorenz Curve clearly
indicated the inequalities in plant height, number and length of spike and spikelet among the
individual plants. The Gini values are more pronounced at mid-season harvest compared with final
harvest. The results of present study explained the reasons of inequality in plant height and growth
within the pure-line of wheat crop.
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most widely cultivated food crop of the
Introduction
Wheat crop belong from the Poaceae family,
globe. Its adaptation to different climatic
is a self-pollinated and the most imperative
situations is a key and to create it a
cereal crop of the world. It is a staple food
remarkable crop; which has significant role
and gives almost 35% of food as consumed
in world economy. It is thought to have
by the world population [1, 2]. Wheat is the
initiated on the Eurasian continent, a
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beginning point from wherever man spread it
throughout the world, including China and
central Europe [3]. Wheat is providing 68%
of vitality and stands second among cereal
crops with respect to Asia and further
particularly in the south Asian region [4].
Wheat is the cheapest source of calories,
protein, and carbohydrates in human diet. It
is grown as a rain-fed as well as flooded
grown crop [1, 5].
Row spacing and plant density per unit area
are important agronomic practices for the
production of wheat grown under rain-fed
agrarian areas. Row-spacing and plant
density received attention over the last
several decades and it has been widely
documented and understood previously that
narrow row-spacing can be resulted in an
increased plant competition to affect yield
adversely [6]. According to Ghaffar et al. [7]
grain yield per unit area is inversely
proportion to plant row-spacing in which
decreased row spacing have contributed to
increase grain yield per unit area. Wheat
grain can be defined as the combined product
of the number of spike and the average
weight of grain of spikes. However, there is
paucity of scientific understanding of
competitive ability in relation with rowspacing. In this regard most of our
understanding emphasized on relationships
between competitive outcomes (final yield)
and a small number of determined traits [8].
Extent of individual plant competition varies
during the growing season and is dependent
upon various biological and environmental
factors such as availability of resources and
number of individuals acquiring these
resources [9].
Height inequality among plants involves an
exertion for limited resources i.e. sunlight,
water, and for soil nutrients. Interaction
based on size inequality, among the
neighboring individuals in population
restricted the reproductive output of
comparatively
vulnerable
individuals

compared with strong ones [10]. Competition
for limiting resources among neighboring
plants resulted into height hierarchies of
population over time [10].
In Pakistan, wheat (Triticum aestivum L.) is
considered a major cultivated area is devoted
to wheat and occupies i.e 70% of Rabi and
37% of total cropping area [11]. Although the
environmental conditions in Pakistan are
very conducive for wheat cultivation, it is per
hectare yield (2166.8 kg) is still less than
many agriculturally advanced countries of
the world [7]. Wheat is the leading food grain
of Pakistan occupying the largest area under
single crop and contributes 10.0 % to the
value added in agriculture and 2.1 percent to
GDP. Rain-fed wheat accounts 20 % area in
Pakistan [12]. Wheat area under cultivation is
nearly 382,940 hectares with 871,300 of
production tones/year in Baluchistan [1, 13].
Baluchistan, the largest but least populated
province of Pakistan faces challenges
relevant with water scarcity.
The purpose of research was to improve
understanding of the dynamics of size
forming in crop species, studying its
association with size dependent growth. The
new system is based on various significant
mechanisms. A number of factors including
insect pest attack, weed infestation, use of
poor quality seed, and low soil fertility, may
be attributed to this yield gap. The current
study focused on the effect of row-spacing on
variability in plant height, biomass, spike
number, and spike length, during the winter
season of 2013-14. The consideration is
focused on the development of size
inequality, effect of plant height and its
relationship with reproductive success.
Materials and methods
Wheat (Triticum aestivum L. variety Seher2006) was grown under well-irrigated
experimental fields of LUAWMS, District
Lasbela, during the growing seasons of
November to April in 2013-14. Plants were
irrigated with flood method and were
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inundated with water once a week during the
experiment. The experiments were conducted
under randomized complete block design
(RCBD) having 4 replications. The
experimental unit (plot) was kept 5 × 10 m
and on each plot 2 sets of four quadrates of 1
× 1 m2 were maintained. The seeds of Sehar2006 were sown @ 180 kg ha-1 by hand into
15 and 30 cm rows as well as by broadcasting
method at the end of November, 2011 [14].
Harvesting was done at the end of April,
2014. Data were recorded during an interval
of 30 days after the first emergence of
seedling till the final harvest [15].
During each monthly visit five individual
plants were selected in subplots by
destructing methods and following data were
recorded, plant height (cm) number and
length of leaf blade (cm), number of tillers,
number of flowering buds, dry biomass and
reproductive biomass (gm).
The effect of intraspecific competition
among the individual wheat plants were
determined by least significant difference
(LSD) tests. The results for analysis of
variance have been considered significant if
P-values were <0.05 [16]. The skewedness
and kurtosis of the data were determined with
SPSS (IBM 2011). Skewedness evaluates the
degree of variability for different frequency
distributions [17]. Positive and negative
values of skewedness are defined as Lshaped
and
J-shaped
distributions,
respectively. Zero skewedness suggests a
symmetrical distribution within a population

[17]. According to Nagashima et al. [18]
shows the peakedness of the frequency
distribution and positive or negative values of
kurtosis implied, as the distribution is more
peaked (leptokurtic) or bimodal (platykurtic).
The variability among wheat for plants height
as well as reproductive biomass was assessed
by using the method Lorenz curve as well as
Gini coefficient given by Weiner and
Solberg, [19]. The Lorenz curve provides the
detailed structure of size inequality and
allows one to identify the regions where
significant size differences occur. Using the
Lorenz curve, individual plants have been
categorized in increasing order with respect
to the parameter measured. The cumulative
fractions of individual plants (p) have been
plotted considering the cumulative fraction of
dependent variable L (p) such as plant height
[20, 21]. This curve corresponding with p and
L(p) ranged from [po, L (po)], [p1, L(p1)],
[pk, L( pk )], [pk + 1 = L (pk + 1)], having
po = L (po) = 0 whereas pk + 1 = L (pk + 1)
= 1. Specifically, the value of the Gini
coefficient is equal to twice the area between
L (p) and the 450 line equality [21].
The Gini coefficient has been considered to
have a minimum value = 0, as whole plants
under study have similar height for example,
whereas the maximum value of 1.0 is
considered to be having an infinite
population for all individuals, where one
individual have a value of 0 as described by
Weiner and Solberg [19]. Gini coefficient (G)
is given by the following equation:
n

1
G=
∑(2i − n − 1)Xi
2x̅n(n − 1)
i=1

Where, Here n plants are having a mean
height of x, Xi are sizes sorted from smallest
to largest X1 ≤ X2 ≤…… Xn., (Weiner and
Solberg [19, 22, 23].
Results and discussion
The results of present study showed
significant spatial-temporal variations in

plant height, number of tillers, biomass and
reproductive output in 1m-1 subplot (Table
1a,b,c). The treatment having row spacing
=15 cm found to produce higher biomass as
compared with a row spacing = of 30cm with
broadcasting method. Although at early
growth stages, differences of biomass
2630
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accumulation in wheat plants in three row
biomass per meter square with the increase in
spacing were minimal, but as plant growth
row spacing. The highest number of tiller per
progress, 15-cm row spacing showed higher
plant has also been observed in row spacing
biomass accumulation compared with 30-cm
of 15cm at 90DAE (days after emergence),
row spacing and broad casting methods.
which may be considered to be due to having
These results agreed with Chen et al. [24]
more uniform spatial distribution [25].
who recorded a substantial decrease in plant
Table 1(a). Effect of Wheat Row Spacing (15 cm) on plant height, number of tiller, number
of leaf, leaf size, biomass and reproductive biomass during four successive visits
Visit
s

Height
(cm)

No. of
tillers

No. of leaf

Leaf
length
(cm)
11.16±0.38

Biomass
(gm)

No. of
spike

Reproductiv
e biomass
(gm)
0.0±0.0a

30
29.00±0.57
3.0±0a
12.66±2.02a
0.63±0.22a
0.0±0.0a
a
a
DAE
60
49.33±3.52 3.33±0.33a
16.33±1.76a 10.07±1.10
1.68±0.30a
1.0±0.0a
0.33±0.4a
b
a
DAE
90
85.66±4.48 14.33±3.92 42.66±12.73 13.87±1.09 64.15±42.94 13.00±4.93 34.28±22.58b
c
b
b
b
b
b
DAE
a
c
ab
120
75.50±3.96 11.33±1.85
0.0±0.0
0.0±0.0
9.53±1.16
10.66±2.33
15.30±3.08ab
c
b
b
DAE
Different letters in a column indicate significant differences at p < 0.05. DAE= days after emergence. Values in each
column indicate mean values with standard errors

Table 1(b). Effect of Wheat Row Spacing (30 cm) on plant height, number of tiller, number
of leaf, leaf size, biomass and reproductive biomass during four successive visits
Visits

Height
(cm)

No. of
tillers

No. of leaf

Leaf length
(cm)

Biomass
(gm)

No. of
spike

Reproductive
biomass (gm)

30
25.00±1.52a
3.66±0.33a
13.66±1.85 a 10.07±1.84a 0.45±0.04a
0.0±0.0a
0.0±0.0a
DAE
60
43.33±1.45b 11.33±3.71b 49.66±15.16b 10.74±0.38a 4.38±0.9a
0.33±0.33a
0.15±0.15a
DAE
90
88.00±2.08c 12.33±0.88bc 29.66±0.88ab 17.25±0.11b 21.78±1.3b 10.33±1.85b
13.95±2.16b
DAE
120
80±4.35c
8.66±1.66abc 0.00±0.00 ac
0.00±0.00c 12.03±3.6c 8.33±1.85b
12.03±3.6b
DAE
Different letters in a column indicate significant differences at p < 0.05. DAE= days after emergence. Values in each
column indicate mean values with standard errors

Table 1(c). Effect of Wheat Row Spacing (broadcasting method) on plant height, number of
tiller, number of leaf, leaf size, biomass and reproductive biomass during four successive
visits
Visits

Height
(cm)

No. of
tillers

No. of leaf

Leaf length
(cm)

Biomass
(gm)

No. of
spike

Reproductive
biomass (gm)

30
23.83±0.16a 2.33±0.88a
8.33±2.6a
10.03±1.67a 0.27±0.07a 0.00±0.00a
0.00±0.00a
DAE
60
32.66±2.72b 8.66±1.66b 33.66±8.83b 11.17±1.11a 3.45±0.74a 0.00±0.00a
0.00±0.00a
DAE
90
77.33±3.71c 5.33±0.88ab
15.0±2.0a
18.27±0.69b 9.38±0.93b 4.33±0.33b
8.41±1.55b
DAE
120
78.66±2.66c 6.66±1.2bc
0.00±0.00a
0.00±0.00c
8.76±2.14b 6.66±0.88c
17.55±4.21c
DAE
Different letters in a column indicate significant differences at p < 0.05. DAE= days after emergence. Values in each
column indicate mean values with standard errors
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The higher biomass and number of tillers per
plant have been found in row spacing of
15cm as compared to a row spacing of 30cm
and broadcasting it can be assumed that this
can be mainly due to enhanced resource
utilization, particularly higher amount of

lighted captured by the canopy within narrow
rows as compared to wider rows [26].
The intraspecific competition among
individual wheat plants are more pronounced
in broadcasting method as compared with
narrow row-spacing (Table 2a,b,c, Fig. 1).

Table 2(a). Statistical parameters referring to height, spike number, spike length and
number of spikelet of wheat (Saher 2006) grown with row-spacing (15 cm) in 1m-2 sub-plots
Mean Standard Error Variance Gini Coefficient Skewness
Parameter
Plant height (cm) 90 DAE
71.84
1.71
93.68
0.036
1.14
Plant height (cm) 120 DAE 79.39
1.15
70.51
0.030
-0.17
No. of Spike 90 DAE
9.40
0.92
27.08
0.155
0.82
No. of Spike 120 DAE
12.79
0.76
30.97
0.125
0.004
Spike length (cm) 120 DAE 7.67
0.07
3.85
0.071
0.13
No. of Spikelet 120 DAE
30.40
0.37
96.31
0.090
0.05
Note: spike length and numbers of spikelet were only measured at the final harvest (120 DAE)

Kurtosis
1.63
-0.04
-0.04
-0.62
0.96
-0.08

Table 2(b). Statistical parameters referring to height, spike number, spike length and
number of spikelet of wheat (Saher 2006) grown with row-spacing (30 cm) in 1m-2 sub-plots
Mean Standard Error Variance Gini Coefficient Skewness
Parameter
Plant height (cm) 90 DAE
67.41
1.63
96.02
0.037
-1.32
Plant height (cm) 120 DAE 84.00
1.04
68.30
0.023
1.48
No. of Spike 90 DAE
6.27
0.59
12.66
0.124
0.948
No. of Spike 120 DAE
10.39
0.59
18.78
0.111
1.35
Spike length (cm) 120 DAE 7.56
0.07
3.55
0.069
-0.22
No. of Spikelet 120 DAE
31.41
0.34
71.09
0.072
-0.40
Note: spike length and numbers of spikelet were only measured at the final harvest (120 DAE)

Kurtosis
3.91
6.05
0.269
3.37
0.18
1.09

Table 2(c). Statistical parameters referring to height, spike number, spike length and
number of spikelet of wheat (Saher 2006) grown with row-spacing (broadcasting method) in
1m-2 sub-plots
Mean Standard Error Variance Gini Coefficient Skewness
Parameter
Plant height (cm) 90 DAE
58.52
1.78
114.54
0.101
0.17
Plant height (cm) 120 DAE 75.55
0.80
56.11
0.025
1.40
No. of Spike 90 DAE
4.08
0.32
3.79
0.134
0.56
No. of Spike 120 DAE
8.58
0.49
20.83
0.148
0.75
Spike length (cm) 120 DAE 7.23
0.06
3.08
0.067
-0.02
No. of Spikelet 120 DAE
31.73
0.31
77.42
0.078
-0.05
Note: spike length and numbers of spikelet were only measured at the final harvest (120 DAE)
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The negative skewness value (-0.17 in plant
height after 120 DAE in 15cm row spacing),
indicated that there were fewer smaller plants
and majority were taller ones. This is may be
due to the fact that at the end of growing
season plants due to uniformity in space
availability exhibited similar height. On other
hand, kurtosis shows the distribution of
variables and positive or negative values of
kurtosis implied as the distribution is more
peaked (leptokurtic) or bimodal (platykurtic).
In case of plant height, distribution in three
row-spacing was leptokurtic or more peaked
compared with reproductive output that is
more bimodal or platykurtic (Table 2a,b,c).
On other hand the Gini values were very low
in all row spacing which reflecting a very
high size equality. The low Gini values also
reflected in Lorenz curve except in number
and length of spikes which mainly because
inequality in time of maturity of reproductive
biomass (Fig. 1), [19]. It is may be due to
using a single wheat variety (Seher-2006)
which showed uniformity in allocation of
vegetative and reproductive biomass. The
dissimilarities between skewed size
distribution and size inequality (Gini
coefficient and Lorenz curve) are mainly due
to the contradictory concepts because
according to Weiner and Solbrig; Weiner and
Thomas [19, 26]. The skewness only
interprets the fraction of large to small
individuals and does not show the variation
between individuals.
Application of Gini coefficient and Lorenz
Curve are still not properly utilized in
agricultural field and there is a potential of
using these models particularly in case of
inter-specific completion between two
different crops as well as between weeds and
crops. This is evident from the study that Gini
coefficient and Lorenz Curve can easily
estimate the critical period between crop and
weed, which can be useful in determining
increase or decrease in yield losses

Conclusion
Keeping in view, the mentioned facts and
figures regarding were taken into account to
study effect of intra specific competition on
individual plants of “Sahar 2006” during the
2013-2014 wheat growing season in the
experimental field at (LUAWMS). The effect
of row spacing on agronomic characteristics
of wheat showed non-significant response at
the final harvest. However, application of
Gini Coefficient and Lorenz Curve clearly
indicated the inequalities in plant height,
number and length of spike and spikelet
among the individual plants. The Gini values
are more pronounced at mid-season harvest
compared with final harvest. The Sehar 2006
was showed non-significance response
during last harvest at experiment field.
Therefore, these outcomes conclude that
intra-specific competition affects the final
yield of Sehar-2006 variety in arid
environments particularly in Lasbela district.
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