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ABSTRACT

In order to study the effects of nitrogen levels and wild oat competition on yield, yield componentsand
agronomic nitrogen efficiency of wheat, a field experiment was conducted in 2009 cropping season in Ahvaz,
south west of Iran. The experiment was designed as a split-plot with three replications. The N application rates
(90, 150 and 210 kg N ha-1) were assigned in the mainplots and the sub-plots consisted of fourwild oat (Avena
ludovicianaL.) densities (0,25, 50 and 75 weed plantm-2). Results indicated that weed density had a significant
effect on wheat grain yield. Grain yield reductions in 25, 50 and 75 wild oat densities were about 12%, 25.7%
and 35.4% respectively compared to the control treatment. In the control plot, by increasing nitrogen
application, wheat grain yield increased, but in the plots containing wild oat, by increasing nitrogen application,
the negative effect of wild oat on wheat grain yield increased. The density of 75 plant wild oat m-2 in 90, 150
and 210 kgNha-1 reduced wheat grain yield by about 29.9%, 32.5% and 42.9% compared to the control
treatment respectively. Wheat grain yield reduction under high wild oat infection treatments was due to lower
agronomic nitrogenefficiency, spike per area unit, grain per spike and 1000-grain weight.
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Introduction

Crop and weed species are adapted to high
fertility and high disturbance environments [1].
However, different selection pressures have led to
distinct physiological traits pertaining to nutrient
acquisition and growth, which influence the
competitive balance between crops and weeds [2].
Examples of these traits include seed size, relative
growth rate, rate of nutrient uptake, and biomass
partitioning in response to soil nutrient supply
[3].Managing for increased competitive ability of
crops with weeds is an important component of
integrated weed management system,effective
fertilizer management may be able to reduce weed
interference with crops [4]. Fertilizer management

may be a means of reducing weed interference in
crops [5,6,7]

Nitrogen is the most important nutrient supplied
to most nonlegume crops, including wheat and
barley[8], but it is always recognized that altered soil
fertility levels can influence crop-weed competitive
interactions[7]. Many studies have only investigated
the effects of N application on weed abundance,
particularly density and dry matter[9]. In many
situations, particularly those with higher weed
densities, added nutrients favor weed growth, often
providing little added benefit in crop yield. For
example, found that the addition of N fertilizer in a
wheat field infested by wild oat (Avena fatua L.)
increased the density of wild oat spikes and reduced
the crop grain yield[10]. In addition, Blackshaw et
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al., [9] reported that shoot and root growth of all
weeds increased with added N, but the magnitude of
the response varied greatly among weed species. In
contrast, Tulikov and Sugrobov [11] and
Mohammaddoust et al., [7] found that N and NPK
application reduced weed density and dry weight,
while in barley the reduction in weed density and dry
weight only occurred when NPK was applied. It
seems that the reaction of weed communities to N
highly depends on weed species[11,7].

The objectives of this investigation were to
determine the effects of increasing densities of wild
oat on grain yield and agronomic nitrogen efficiency
of wheat under different nitrogen fertilizer levels.

Materials and methods

The influence of different levels of nitrogen and
wild oat competition on grain yield, yield
componentsand  agronomic nitrogen efficiency of
wheat was assessed in 2009 cropping season in the
experimental field ofScience and Research Branch,
Islamic Azad University, south west of Iran (latitude
31o20N, longitude 48o 41E and altitude 22.5m) with
moderate winters and hot summers.

The soil texture was silty clay (average 42%
clay content, 49% silt and 9% sand). The organic
matter was less than 1% (0.91%), available
phosphorous 15.1, potassium 327.9 (all values of
nutrients in mgkg-1 of dry soil). The soil pH was 7.6
and soil electrical conductivity (Ece) 2.4 dsm-1.

The study was a split-plot experiment, using
Randomized Complete Block Design (RCBD) with
three replications. Three nitrogen levels consisting of
90(N1), 150(N2) and 210(N3) kg N ha-1 were
considered as the main plots and the subplots
consisted of fivewild oat densities, 0 (D1, as control),
25 (D2) 50 (D3) and 75(D4) weed plants m-2.

Nitrogen fertilizer was applied to the sub plots
as urea (46%N). At all application rates, half was
applied before sowing (incorporated by disk). The
remaining N was applied as a top dressing at the
beginning of wheat stem elongation corresponding to
the stage 31 of Zadoks scale [12]. Normal cultural
and management practices for irrigation of wheat
plants were used. Three replication plots of 1.2 by
3.0 m were planted. Based on research
recommendation and different tillering capacity of
wheat (cv. Atila),seeds were drilled in 18 cm rows at
about 400 seeds m-2.

Weed seed germination after sowing was 96%.
Appropriately weighted amounts of wild oats seeds
were hand broadcasted to provide the desired
densities that were checked using quadrates at three
different times.

Total dry matter, grain yield and the yield
components wereestimated after physiological
maturity by harvesting the interior rows (the outer

rows excluding at least 0.5 m from either end of the
rows). The agronomic nitrogen efficiencywas
calculated according to Novoa and Loomis [13] and
Craswell and Godwin [14]:
(Eq. 1)ANUE (g g-1) = (grain yield at Nx - grain yield
at N0) / N applied at Nx [13,14]

Statistical analysis was conducted using the SAS
statistical program. Differences between means were
assessed using Duncan's Multiple Range Test.
Pearson correlation analysis was also conducted
among different variables.

Results and discussion

The effects of nitrogen, weed density and their
interaction effects on spike number per area unit
were significant (Table 1). The increase of nitrogen
to 150 kgNha-1 resulted in the rise of spike per
square meter; the nitrogen increase beyond this
amount reduced the number of spike per area unit
(Table 2).

The reason behind this decrease can be attributed
to the competition among the aboveground organs,
the decline in photosynthesis, the increase of
shadowing and the rise of tillers mortality rate. The
results of a research conducted by Mojadam et
al.,[15] were in harmony with this study.

The increase in wild oat density led to a
significant decrease in the number of spikes per area
unit (Table 1). The 50 and 75 densities of wild oat
reduced the number of wheat spikes by 16% and
23% respectively compared to the control treatment
(Table 2). With the rise in weed density, the total
density and in turn, the inter-specific competition
rose as well,this also triggered a decrease in the root
system growth and also the environmental factors
such as the growth space,nutrients, light and,
moisture for each plant which reduced.The light
penetration to the lower parts of the canopy
extremely decreases because wild oat is taller and,
therefore, wheat capability for light source decreased
and this resulted in the decline of fertile tillers and
eventually the number of spikes per area unit. This
fact becomes significant when we consider the faster
increase in the height of wild oat than wheat; thus,
the canopy changes during the growth season
determine the competeability of wheat rather than in
some specific parts of the growth period [16].
Kirkland and Hunter [17] reported a 29% decline in
the number of fertile tillers of barley due to the
competition with wild oat. The increase of the
amount of nitrogen in the control plots caused a rise
in the number of spikes per area unit (Table 2). In
the plots infested by the rise of nitrogen increased
the mortality of wheat spikes – with the increase of
wild oat density, there was a bigger decrease in the
number of spikes related to the 150 and 210 kg N
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ha-1 treatments than the 50 kg treatment (Table 2).
The cause of this decline can be related to the high
ability of this weed to absorb nitrogen and increases
of vegetative growth and the limitation of wheat
growth space, increase of shadowing and the rise in
wheat tillers mortality [18].

The effects of weed density, nitrogen levels, and
their interaction effects on the number of spikelet per
spike were significant (Table 1). With the rise in
nitrogen, the number of wheat spikes rose (Table 2).
The increase of weed density led to a significant
decline in the spikelet per spike in a way that the
number of wheat spikelets decrease by 14% at the 75
plant density in comparison with the control plot
(without weed) (Table 2). The results of Poorazar
and Ghadiri (1981)study confirm the findings of this
study[19]. They stated that the 242 wild oat per
square meter density resulted in a 17.6 % decline in
the number of wheat spikes.

Puri et al., [20] reported the negative impact of
weed density increase on the spikes number through
shadowing and the received light decrease.
Comparing the means of the interaction effects of
nitrogen and weed density on spikelet number
revealed the higher performance of applying 210 kg
N ha-1 in the control plots than the other treatments
(Table 3). The increase of nitrogen in the weed-free
plots caused a significant increase in the spikelet
number.However, the nitrogen increase did not
affectspikes number if wild oat weed existed.

The nitrogen rise also increased the number of
grains per spikes significantly (Table 2). The highest
and lowest grains per spike belonged to 210 and 90
kg N ha-1 respectively. With the increase in wild oat
density, there was a significant decline in the number
of grains per spike. The difference between the 25
wild oat density and the control plot was not
significant. The densities of 50 and 75 wild oat per
square meter decreased the grains number per wheat
spike by 9% and 13.7% respectively. Blackshaw and
Sturko [21] found that the increase in weed density
by shadowing could intensifyfloret fertility and
reduce the grains number per spike. Comparing the
means of the interaction effects of nitrogen and
density on grains number per spike showed that the
150 kg N ha-1 treatments in the control plots had the
highest grains number per spike and the lowest
number was produced by 90 kg N ha-1with the 75
wild oat density. The increase in nitrogen
consumption resulted in the rise of grains in the plots
infested by weeds although this increase was not
statistically significant (Table 3).Nitrogen did not
significantly affect the 1000-grain weight (Table
1).The results of  Modhej et al., [8] study confirm
the findings of this study.

The effect of weed density and the interaction

effects of nitrogen and weed density on the 1000-
grain weight were significant; the increase of wild
oat density gave rise to the grain weigh loss (Table
1 and 2). The highest 1000-grain weight belonged to
the control plot with 90 kg N ha-1 and the lowest one
belonged to the 210 kg N ha-1treatment with the 75-
wild oat density (Table 3). The 1000-grain weight
declined faster through applying higher amounts of
nitrogen at different wild oat densities.

The highest and lowest biological yields
respectively belonged to the fertilizer treatments of
150 and 90 kg N ha-1 (Table 2). Evans et al., [22]
reported that the plant accumulates more dry matter
by using more chemical fertilizers in weed-free
conditions and with the increase in nitrogen
consumption, nutrients absorbtion and the plant
biochemical processes and development improve
which in turn increase the biological yield. Applying
210 kg N ha-1had a lower biological yield than using
150 kg. Blackshow and Brandt [23] stated that wheat
positive biomess reaction to nitrogen increase may
decrease due to a better reaction to nitrogen increase
by wild oat consequently, to compete with wild oat
for nitrogen absorbtion. With the rise in wild oat
density, wheat biological yield decreased significantly
(Table 2). The increase in wild oat density led to
inter-and intra – specific competitions and intensified
the competition because the increase of tillers
mortality and the decrease of individual plant weight
reduced biological yield. Hashem et al., [24] reported
a negative correlation between individual wheat plant
biomass at the ripening time and weed density. The
rise in nitrogen consumption in the weed-free plots
resulted in the increase of wheat biological yield. In
contrast, when wild oat existed, the rise in nitrogen
consumption intensified the negative effects of weed
on wheat biological yield to the extent that the wheat
biological yield at the 75-wild oat density in the
90and 210 kg N ha-1 treatments decreased by 19.5%
and 25.9% respectively compared to the control
(Table 3). Many studies have demonstrated that
adding fertilizers to the weed-infested plots intensify
the negative effects of weeds on wheat biological
yield[25,26].

The effects of weed density, nitrogen level, and
their interaction effects on grain yield were
significant (Table 1). By increasing nitrogen
consumption to the 150 kg N ha-1, wheat grain yield
improved significantly, nitrogen consumption beyond
this level reduced the grain yield although there was
not any significant difference between the grain
yields for the 150 and 210 kg N ha-1 (Table 2).
Vanaker [27] found that despite the high weeds
density, the rise in nitrogen consumption had slight
effects on crop yield, but it expedited the weeds
growth. Moreover, the higher nitrogen consumption
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can improve the compatibility of the weed with the
crop, and this will lead to an increase in weed seed
production and the wider spread of weed seeds. The
25, 50 and 75-wild oat densities reduced the wheat
grain yield by 12%, 25.7% and 35.4% respectively in
comparison with the weed-free control plots (Table
2). The declines in grain yield at the higher weed-
densities were caused by the significant decrease in
the biological yield; spike number per square meter,
grain number per spike and the 1000-grain weight,
and these characteristics had a significantly positive
correlation with grain yield (Table 4). Khan and
Hassan [28] confirmed a 22% decline of wheat grain
yield by the 30 wild oat plants per square meter.
Bussan and Maxwell [29] claimed that 60 to 90 wild
oatsper area unit reduced wheat grain yield by 55%.
The grain yields in the weed-free plots and the low,
proper and high nitrogen levels were 490.8, 566.5
and 573.4 g m-2. However, when the weeds existed,
the negative impacts of wild oat on wheat economic
yield were intensified by the rise in nitrogen. The
density of 75 wild oats per square meter density at
the 90, 150 and 240 kg N ha-1reduced the wheat
grain yield by 29.9%, 32.5% and 42.9% respectively
compared to pure plantation. In the 90 kg nitrogen
treatment the rise beyond 50 wild oats significantly
reduced the wheat grain yield. The rate of grain yield
changes in response to the increase in wild oat
density was higher at the higher nitrogen levels than
the lower fertiltzer amounts (figure 1). Zimdal [30]
found that at lower weed densities, the rise in
fertilizers consumption especial nitrogen increase the
crop yield and improve the crop compatibility with
the weeds. However, the addition of nutrient
elements influenced the weed growth more than the
crop when weed density high.

Nitrogen Agronomic Efficiency (NAE):

The difference of Nitrogen Agronomic Efficiency
(NAE)at different nitrogen levels was signigicant; the
r i s e  i n  n i t r o g e n  c o n s u m p t i o n
decreasedNAEsignificantly (Table 1 and 2). Mole et
al., (1982) reported that the highest use efficiency of
each element was obtainedwith the absorbtion of the
first nutrient element unit and the next use unites of
the nutrient element had a lower efficiency[31]. The
effects of different wild oat densities on NAE were
statistically significant (Table2). NAE decreased with
the rise in wild oat density (Table 2). This indicated
the improper use of nitrogen by wheat to produce
grains at higher wild oat densities. The results of
this study are compatible with Carlson and Hill [10]
study. The highest nitrogen use efficiency belonged
to the control weed-free plot. The rise of density
from 0 to 75 wild oatsreduced the nitrogen use
efficiency; the difference between 50 and 75 wild
oats per square meter was not significant with regard
to those characteristic (Table 2). The interaction
effect of nitrogen and density on NAE was
significant (Table 1). The highest NAE was related
to the 60 kg N ha-1 treatment in the control plot and
the lowest one was made by the 210 kg nitrogen
treatment with the 75 wild oat density (Table 3). The
rise in nitrogen consumption improved the weed
compatibility with the crop to absorb nitrogen
element. At higher nitrogen consumption levels, the
negative effects of wild oaton the NAE of wheat
were intensified in a way that the different wild oat
densities at the 90, 150 and 210 kg N ha-1 readuced
the average NAE by 22.1%, 23.4% and 27.2%
respectively compared to the control plot. This
response can be attributed to the rise of wild oat
weed loss by consuming more nitrogen particularly
at higher densities.

Fig. 1: The changes in the mean of wheat grain yield in different densities of wild oat and nitrogen levels
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Table 1: Summary of analysis of variance for yield components, grain and biological yields and agronomic nitrogen efficiency
SOV df NO. Spike NO. Spikelet NO. Grain 1000-Grain weight Grain yield Biological yield Agronomic

per m-2 per spike per spike nitrogen efficiency
Replication 2 2344.2 2 10.8 9.1 1733.5 2899.3 17.7
Nitrogen(N) 2 3630.3ns 5.2** 38* 4.7ns 14444.1* 44666.5* 1716.8**

Ea 4 1351.2 0.7 5.4 7.7 1744.6 5875.6 12
Weed Density(D) 3 17123.6** 6.2** 27.7** 23.9** 63910..6** 185458.2** 316.8**

N*D 6 748ns 0.3** 0.7ns 1.3** 1623.7* 5370.1ns 7**

Eb 18 881.5 0.5 3.1 4 988.3 4318.8 6.8
Cv(%) 6.9 6 6.3 5.3 7.1 5.4 8
ns, * and ** : Non Significant, significant at the 0.05 and 0.01 probability level, respectively

Table 2: Mean comparison for yield components, grain and biological yields and agronomic nitrogen use efficiency
Treatment NO. Spike NO. Spikelet NO. Grain 1000-Grain Grain yield Biological Agronomic nitrogen

per m-2 per spike per spike weight (g) (g m-2) yield(g m-2) efficiency(g g-1)
Nitrogen (Kg ha-1)
90 409.5a 11.8b 25.8b 38.5a 409.1b 1167b 45.5a
150 443.5a 12.9a 28.8a 37.4a 467.4a 1277a 31.2b
210 433.a 12.9a 28.9a 37.5a 456a 1255a 21.7c
Weed density (plant m-2)
0 481a 13.6a 29.8a 39.6a 543a 1392a 39.8a
25 445ab 12.6ab 28.6ab 38.6ab 478b 1296a 35.1b
50 403bc 12.0b 27.1bc 370.ab 403c 1167b 29.7c
75 383c 11.7b 25.c 36.0b 351d 1066c 26.4d
* Means followed by similar letters have not significantly different (p>o.o5) – Using   Duncan Test. 

Table 3: Mean comparison of interaction effects of nitrogen and weed density on yield components, grain and biological yields and
agronomic nitrogen efficiency

Treatment NO. Spike NO. Spikelet NO. Grain 1000-Grain Grain yield Biological Agronomic nitrogen
per m-2 per spike per spike weight (g) (g m-2) yield (g m-2) efficiency (g g-1)

N1D1 448abc 12.6bcd 27.4bcde 40a 1296bcd 490.8cd 54.5a

N1D2 424bcd 11.9cd 26.9bcde 38.6abc 1235cde 436.7de 48.5b

N1D3 387cd 11.2d 24.8e 38.1abc 1069fg 365.1fg 40.6c

N1D4 379.3d 11.2d 24.1e 37.5abc 1043g 344g 38.2c

N2D1 492.1a 14.2a 31.1a 39.2ab 1425ab 566.5ab 37.8cd

N2D2 453.9ab 13.4abc 29.8abc 38.5abc 1302bcd 190.3cd 32.7de

N2D3 422.8bcd 12.1cd 27.9abcd 36.5abc 1231cde 430.5de 28.7ef

N2D4 405.2bcd 12cd 26.4cde 35.6bc 1120efg 382.3efg 25.7ef

N3D1 503.3a 14a 30.9a 39.8ab 1457a 573.4a 27.5f

N3D2 460.7ab 12.7abcd 29.1abc 38.7abc 1353abc 507.6bc 24.2fg

N3D3 402.3bcd 12.7abcd 28.7abc 36.5abc 1174def 415.7ef 19.8gh

N3D4 366d 12cd 26.8cde 34.9c 1036g 327.4g 15.6h
N1, N2 and N3are 90, 150 and 210 kg N ha-1

D1, D2, D3 and D4are 0, 25, 50 and 75  weed plants m-2

* Means followed by similar letters have not significantly different (p>o.o5) – Using   Duncan Test. 

Table 4: Simple coefficient correlation between Traits
NO. Spike per m-2 NO. Spikelet per spike NO. Grain per spike 1000-Grain weight Biological yield

NO. Spikelet per spike 0.89**

NO. Grain per spike 0.85** 0.97**

1000-Grain weight 0.76** 0.61* 0.51ns

Biological yield 0.95** 0.88** 0.87** 0.76**

Grain yield 0.93** 0.90** 0.87** 0.78** 0.96**

ns, * and ** : Non Significant, significant at the 0.05 and 0.01 probability level, respectively

Conclusion:

The results of the present study showed that the
rise of wild oat density reduced wheat grain yield.
The decline of wheat grain yield at the higher weed
densities was because of the significant decrease in
the NAE and consequently the fall in biological
yield, spike number per area unit, grain number per
spike and the 1000-grain weight. The increase of
nitrogen consumption in the weed-free plots (control)
resulted in the rise of wheat grain yield; however, in
spite of the weed competition, the negative influence
of wild oat on the wheat grain yield increased with
the climb in nitrogen consumption in the weed-

infested plots. Bearing the obtained results in mind,
it seems that the inevitable application of chemical
fertilizers especially nitrogen in particular must be
cautiously done based on the infestation proportions
of the wheat population to wild oat weeds. In high
weed infestation conditions, we should first take
proper managerial measures to reduce the infestation
and then apply chemical fertilizers.
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