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ABSTRACT

This experiment was conducted to study the competitive effects of weeds in their natural flora on wheat
yield and its components in kerman, Iran Sampling was done randomly by using 50× 50 (cm) quadrant. In
regression model, the inverse weight of each plant (1/w), which was applied for assessing the intra and inter
specific competition of wheat with weeds, indicated that among some weeds including Sophora alopecuroids,
Vicia villosa, Xanthium strumaium, Hordeum spontaneum, Alhagi camelorum, polygonum sp, and salsola kalil,
the negative effects of sophora alopecuroids, Xanthium strumaium, Hordium spontaneum and Alhagi camelorum
was significant on the seed yield of wheat. Effective weeds density on yield reduction was calculated based
on total competitive load (TCL) by using Cousens three parameters model. Results showed that increasing in
TCL, followed by rectangular hyperbola function caused the decrease in economic and biological yield,
numbers of tillers and grain number of wheat per m2.
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Introduction

Plant competition is defined as the mutually
adverse effects of plants that utilize a resource in
limited supply [9,16]. Weeds were the crop plants
competitor since past times. They have caused the
reduction in crop product [23]. According to the
studies, if weeds could not be controlled, they could
reduce yield crops between 10-100% based on their
competitive ability [14]. According to the study of
Montazeri et al. [20] weeds competition caused 21%
decrease in wheat yield in Iran. This competition is
affected by different factors such as crop type, weed
species, climatic conditions, tillage, crop rotation,
different methods of cropping, crop management,

density and configuration of crop and weed [3,7,13,
17,21,28,30]. Weeds density is one of the major
factors on competition in many areas. In Kansas, 50
types of wild Rye “scale cereale L” per m2, in
Turkey, 20 wild oat “Avena sp” per m2, and in
Ethiopia 160 Galium sp per m2 reduced wheat yield
respectively 67%, 13.3% and 18.6% in Bezostaya
variety, respectively [18, 26, 28]. Three types of wild
oat (“Avena sp”) per m2 caused 3.5-4.5% decrease in
wheat yield in two regions of Chile [22]. Empirical
models of weeds competition with crops are suitable
devices to predict the crops yield loss [23]. Among
these models rectangular hyperbola model of Cousens
[6] is used to describing the yield decrease that is
affected from weeds density. The objectives of this
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research were to evaluate the competition effects of
multi species weeds and the effect of weeds density
on the wheat yield and its components reduction in
natural conditions of farm based on the weeds in the
beginning of the season.

Material and methods

This research was carried out at research field of
Agricultural College of Shahid Bahonar University of
Kerman, Iran (30º17` N lat., 57º50` E long., 1745
asl). Each plot was selected with the width of 20 (m)
and the length of 75(m) in a wheat field with the
area of three hectare. The whole practices of tillage,
cultivation, irrigation, harvest, and herbicide treatment
was applied just to the treated plots. 

"Pishtaz" cultivar of wheat was used in this
study. Cultivation was done by centrifuge seeders.
Triple phosphate fertilizer (200 kg/ha) and urea
fertilizer (50 kg/ha) was applied for furrows (50cm
width) that were made by furrower. Also urea
fertilizer (100 Kg /ha) was used as top dressing
(March and April).

At early stage of stem elongation, 25 points as
non degraded samples as well as 25 samples as
degraded samples were selected and marked
randomly by using a 50cm× 50 (cm) quadrant along
the field. Leaf area surface and dry weight of plants
at non-degraded quadrants, were estimated by using
the data of plants at degraded quadrants, and
regression equations. The number of wheat plants,
their tillers and the number of each weed species at
non-degraded quadrants were counted. Then wheat
plants and each of the weed species at degraded
quadrants were counted precisely. Agronomic traits
including: number of plants and tillers in each plant,
leaf surface, dry weight of leaf and stem partitions of
wheat plants were measured. Sophora alopecuroids,
Vicia villosa L,Xanthium strumaium, polygonum sp,
Hordium spontaneum, Alhagi camelorum, and salsola
kali were the prevalent weeds in the field.

The sampling of late season was performed a
week before harvesting to prevent shattering of wheat
seeds (before the complete drying of ears and plants).

Each species of weeds at marked non- degraded
quadrants at the early of the season was counted.
Then it cut from the ground level. The samples were
keeping in oven 80oc for 48 hours and subsequently
dry weights were measured. Wheat plants of each
quadrant were removed totally with root. Then wheat
numbers, seeds weight and their total biomass were
measured.

Various functions including (quadratic function),
three and poly nominal functions, sigmoid function
and exponential function) was fitted to the relation
data for leaf surface, dry weight of degraded samples
and the number of weeds at these quadrants,
separately. The best function was selected for each

trait. Then leaf surface and their dry weight were
estimated via desired function and the density of
weeds at non degraded samples. To assess the
relative share of intra-inter specific competition
between wheat and weeds, the following multiple
linear regression functions were fitted between seed
yield of individual wheat plant (w) and biomass of
individual wheat plant (w) as dependent variable and
density, leaf surface, dry weight of the leaf, relative
leaf surface, total dry weight and total relative dry
weight of weeds as independent variable to fit the
best function and independent variable: 

1/W= bco+bccNc+bcwiNwi

LnW = bco+bccNc+bcwiNwi

1/LnW = bco+bccNc+bcwiNwi

Where, W is symbolized for seed yield or
biomass of individual wheat plant, bco is defied as
the intercept or maximum seed yield or biomass of
individual wheat plant in the condition of lack of
inter-intra competition, bcc is the coefficient of wheat
intra-specific competition, Nc is wheat variable, bcwi

is the coefficient of inter specific competition of
wheat to weed and Nwi is weed variable (I is a
specie). 

To determine the effect of weeds density on
yield, rectangular hyperbola model as proposed by
Cousens [6] was fitted to economic yield and weeds
densities that have significant effects in yield data.
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Where, Ii is the yield loss (%) per unit of I
specie weed density, when density approaches zero,
Wi is weed density of i specie, A is the percentage
of yield loss, when weed density approaches infinity,
and Ywf is the yield in the absence of weeds.

After determination of I and A, total competitive
load (TCL) was obtained by the following formula
[6]:
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Where w1 is the density of most effective weed,
I1 is the percentage of yield loss per unit of I specie
weed density as the density approaches zero, and I2,
W2, I3, W3, In and Wn are the coefficients of other
effective weed species.

Finally, three-parameter equation of Cousens was
fitted to yield, yield components, harvest index and
TCL to determine the effect of weeds density based
on TCL on yield, yield components and harvest
index. Statistical softwares of SPSS and PRISM (ver
4.0) are used to analyze data.
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Results and discussion

After fitting the 1/W for regression model, in
comparison between w and 1/In w, for obtained data
of this research, the equation of 1/W showed better
fit for the data (Table1). This result is in
concordance with Tanji et al [28] in the study of
wheat competition with rigid ryegrass “Lolium
rigidum” and cowcockle “Vaccaria hispanica.

Obtained results from multiple linear regression
model of 1/W showed that the competitive effects of
Sophora alopecuroids, Xanthium-strumarium,
Hordeum spontaneum, Alhagi camelorum, and
Salsola kalil on economic and biological yield, was
significant (P<0.05). This result has confirmed by
using forward regression model. The density of
effective weeds is calculated based on TCL.

The Effect of Weeds Density on Wheat Yield:

Rectangular hyperbola function fitted to TCL and
wheat yield indicates the increase of weeds density
based on TCL caused the decrease in yield (Figure
1).

Bouchanan and Boronz (1971) reported that
Xanthium strumarium L caused 20-40% reduction in
cotton yield. Cheema and Akhtar [5] suggested an
average yield reduction of 4.61, 7.27, 12.51, 17.45,
and 21.24 (%) in grain yield because of density of 5,
10, 15, 20 and 25 of wild oat per m2 in comparison
with normal condition (non- weed. The grasses of
“Alopecurus-myosuroides” with the density of
(10/m2), goat grass “Aegilops cylindrical” with the
density of (1-1.5/m2) and, presence of 15 wild oat
(Avena fatua) with the density of (15/m2 in fertilizer
level of 75 kg/ha (N) decreased wheat yield as much
as 4.87 (%), 3-30 (%) and 30 (%), respectively
[11,19,30]. Pedross [23] concluded that Italian
ryegrass with the density of 10 plant/m2 reduced
wheat yield in two regions of Chile by 1.3-1.6 (%).
Gherekhloo et al. [8] showed that the increase in
TCL followed by rectangular hyperbola function
reduced wheat yield. 

The Effect of Weeds Density on the Number of
Fertile Tiller:

Fitting of 3-parameteric equation of Cousens to
TCL and the number of fertile tiller showed that the
number of fertile tiller per m2, decreased by the
increase of weeds density based on TCL.

Cheema and Akhtar [5] reported that the number
of wheat fertile tillers per m2 reduced due to the
increase of wild oat “Avena fatua L.” density.
Macknali et al [15] concluded that yield and the
number of tillers per m2 decreased by the increase of
infestation of wild oat in wheat [15]. Khan and
Hassan [12] suggested that the increase in density of

Avena sp resulted a significant decrease for number
of wheat fertile tillers. Gherekhloo et al. [8] showed
that the number of fertile tiller per m2 decreased the
increase in TCL followed by rectangular hyperbola 3-
parameter model [8]. 

The Effect of Weeds Density on the Number of Seed:

Obtained data indicated that the increase of
weeds density based on TCL, caused the decrease in
the number of wheat seed per m2 followed by 3-
parameters model of cousens (Figure 3).

Cheema and Akhtar [5] suggested that the
increase of wild oat density caused the decrease of
number of wheat seed [5]. Tomas et al [30]
concluded that increasing the density of Avena sp
leads to the decrease of wheat seed yield via
decreasing the number of fertile tiller and the number
of seeds in ear. According to study of Khan et al.
[12], the increase in infestation by Avena sp reduced
the number of wheat seed. Gherekhloo et al. [8]
showed that the number of wheat seed produced in
unit area is decreased with the increase of weeds
density by following rectangular hyperbola 3-
parameter function. 

The Effect of Weeds Density on 1000- Seed Weight:

The fitting 3-parameter equation of cousens to
TCL and 1000- seed weight of wheat indicated that
the effect of weeds density on 1000- seed weight
based on TCL does not follow any determined trend.
In other words, there was no correlation between
weeds density and 1000- seed weight of wheat.
Anderson [1] concluded that in the study about the
interference of jointed goat grass “Aegilops
cylindrical” with winter wheat, kernel weight were
not affected by jointed goat grass. Baghestani et al
[2] reported that the effect of different densities of
wild rye “Secale cereale L” on 1000- seed weight of
wheat was not significant. Gherekhloo et al. [8]
reported that although weeds density of wild oat
“Avena sp”, Chenopodium album L, and Convolvulus
arvensis L, based on TCL, reduced the number of
fertile tillers of wheat, these weeds did not have any
effect on 1000- seed weight of wheat.

The Effect of Weeds Density on Harvest Index:

There was no any correlation between the weeds
density based on TCL and harvest index of wheat. It
indicates that harvest index of wheat is more stable
at different weeds densities than other yield
components. Rastgoo [25] concluded that increase of
density of Charlock “Sinapsis arvensis” does not
have significant effect in harvest index of wheat.
Sajadian [26] reported that increase the density of
Sinapsis arvensis per unit area had not a significant



2478Adv. Environ. Biol., 5(8): 2475-2480, 2011

Table 1: The comparison of 1/w, Lnw and 1/Lnw for economic yield of individual wheat plant.
Dependent Number of Model degrees Error degrees Total degrees R2 R2adjusted F Ratio
variable the observations of freedom of freedom of freedom
1/W 25 8 16 24 0.898 0.847 17.598
LnW 25 8 16 24 0.882 0.823 14.950
1/LnW 25 8 16 24 0.879 0.819 14.585

Fig. 1: Relation of (A) economic, (B) biological yield to weeds density based on TCL.

Fig. 2: The effect of weeds density based on TCL on the number of wheat fertile tiller.

Fig. 3: The effect of weeds density on the number of wheat seed in unit area based on TCL.

effect on harvest index of wheat due to the indicated
effect on biomass and seed yield of wheat.

Conclusion:

The weed flora usually includes several species
that contemporarily infest the same field. So, it is
normally necessary to estimate the overall loss that
caused by the whole set of species instead of the
effect of a single species. Therefore, the application
of regression equation is useful for studying the
competitive effect of several species of weeds. 
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