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Abstract Competition for shared above-ground (e.g.
light) and below-ground (e.g. water and nutrients) re-
sources among neighbouring plants is one of the main
processes that affect cropping systems. This study aimed
to evaluate the effects of weed shading on growth and
yield production of bean plants when grown in weedy
condition without below-ground competition. The ex-
periments were organized as a split plot design with
three replications. The main plots consisted of the nitro-
gen application rates including of 0, 70, 140 and
280 kg N ha ' and the sub plots consisted of
barnyardgrass densities including 0 (D), 2 (D;) and
20 (Dyp) plants m 2. The N application rates were 0
(No), 25 (N25), 50 (Nsg), 100% (N1q0) and 200% (N2o0)
of the recommended N rate on the basis of seed yield
goal. Biomass of common bean decreased by 30% for
No, 41% for Nso, 35% for Ny and 38% for Ny, as
weed pressure increased from Dy to D,(. Mean reduc-
tion in 100-seed weight, seed number and seed yield
caused by high weed pressure was 11, 20 and 41%
compared with weed free, respectively. The weed bio-
mass and N uptake increased by 66 and 159% as the
nitrogen dose increased from Ny to Nygg. The highest
biomass and N uptake was obtained from Njgq
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treatment. We conclude that agronomically optimum N
rates for seed yield was obtained at 140 kg N ha ' within
the range of N fertilization rates used across all weed
pressure levels.

Keywords Competitive ability - Weed density - Seed
yield - Light competition - Weed suppression

Introduction

The common bean (Phaseolus vulgaris L.) is an annual
legume crop with high protein content which its pro-
duction is important in areas where people are suffering
from an insufficient of animal protein sources (Hillocks
et al. 2006). The competitive ability of common bean is
generally low as a consequence of short growing period,
low height and lower nutrients acquired by root, for this
reason weed control is one the critical operations in its
production (Stagnari and Pisante 2011). Bean yield can
reduce up to 83% by weed interference for above-
ground and below groud resources, depending on
the weed species, density, and duration of the inter-
ference (Aguyoh and Masiunas 2003; Saberali et al.
2012). Barnyardgrass is one of the main weed that
affects the bean growth and yield in the field
(Fennimore et al. 1984).

Nitrogen is the dominant nutrient added to increase
seed yield and the level of N supply can affect leaf area
index, leaf area duration, root extension, leaf chloro-
phyll and photosynthesis activity (Uhart and Andrade
1995; Ding et al. 2005). Bean plants have nitrogen
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fixation ability via rhizobium, but the amounts of nitro-
gen fixation are not considerable and variable depending
on environmental conditions (Bliss 1993). Rhozobia are
Gram negative, free living bacteria in the soil able to
convert atmospheric N, to NH3 only in an endo-
symbiotic life association with the lateral roots of le-
gumes (Cooper 2004). In a rhizobia-legume symbiotic
relationship, atmospheric N fixation is carried out by the
bacteria within the nodules and is absorbed by the plant.
Several researches documented that well-managed ni-
trogen application may increase the competitive ability
of crop more than weed (Cathcart and Swanton 2004;
Evans et al. 2003). In practice, if an underground com-
petition among neighbouring plants is prevented, then
the effect of light competition on growth of competing
plants can be defined.

It has also been reported that light has a great effect in
determining crop feedback to nitrogen availability and
plant nitrogen demand (Harbur and Owen 2004).
Andersson and Lundegardh (1999) found that field
horsetail (Equisetum arvense L.) responses to nitrogen
decreased when plants were shaded. Lindquist and
Mortensen (1999) showed that velvetleaf causes
maize yield loss primarily through competition for
light, suggesting that leaf area and plant height are
important canopy characteristics that determine the
weed-crop competition. Light competition can be
affected by canopy architecture such as leaf area,
vertical distribution of leaves and plant height
(Spitters and Aerts 1983; Walker et al. 1988).

Barnyardgrass (Echinochloa crus-galli L.) is very
competitive annual C4 grass in many parts of the world.
Due to its unique ability to germinate and plant height
and good branching, it is one of the most damaging
weeds of summer crops (Sadeghloo et al. 2013).
Barnyardgrass is a principal weed in many summer
crops (such as common bean) and 42 countries all over
the world (Holm et al. 1977; Fennimore et al. 1984).
Common bean has a range of growth habits, ranging
from determinate, short and erect types to fully prostrate
vining or climbing types (Ehlers 1984). It has been
reported that new common bean varieties with erect
growth habit compared with semi-erect growth habits
have a better shoot architecture, leaf chlorophyll, nitro-
gen assimilation, and distribution of branches, root
length, mass and the number of basal roots (Wortmann
1993; Ramirez-Vallejo and Kelly 1998; Saberali et al.
2016). This study aimed to evaluate the interaction of
barnyardgraas interference and nitrogen supply on
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common bean yield and yield components when
below-ground resources (water and nitrogen) complete-
ly supply and competition exist only for above-ground
resources (light).

Materials and methods
Site description

The field experiments were conducted at the experimen-
tal station of Islamic Azad University of Sanandaj,
Kurdistan (35° 11° N, 46° 59" E, 1400 m above sea
level), Iran, in 2014 and 2015. The soil site is classified
as inceptisols with a clay loam texture, pH of 7.34 and
EC of 1.22 dSm™'. A soil analysis indicated that the
available nitrogen to a depth of 0.6 m was 24 and
28 kg ha ', available K was 277 and 269 mg kg ', and
available P was 6.9 and 6.4 mg kg ' in 2014 and 2015,
respectively.

Experimental design

The experimental design was arranged in split-plot
based on randomized complete block design with three
replications. The treatments included the rates of nitro-
gen fertilizers and barnyardgrass densities, which nitro-
gen treatments comprising the main plots and
barnyardgrass densities treatments comprising the sub-
plots. Nitrogen rates treatments consisted of 0, 70, 140
and 280 kg N ha '. The N application rates were 0 (N),
50 (N50), 100 (Nl()()) and 200% (Nz()()) of the recom-
mended nitrogen rate based on bean seed yield goal.
Barnyardgrass densities consisted of 0 (D), 2 (D) and
20 (Dyg) plants m 2. The bean: barnyardgrass ratios
were 20:1 and 2:1 in low and high weed density, respec-
tively, which could impose a low and high competition
pressure on bean plants.

A determinate erect cultivar (cv. D81083) of com-
mon bean with 84 day growth period used in current
studies. The urea fertilizer (46-0-0) was applied, with
half of the total amount applied at planting and the rest
applied at the early pod formation stage (R3, 44-46 days
after planting). The N at rates of 140 kg ha ' represented
the amount of nitrogen that would meet the recommend-
ed rate based on seed yield goal 2.5 t in D81083 cultivar,
where there is not any weed plants to compete with bean
plants. The highest recommended nitrogen rate
(280 kg ha ') represented the amount of nitrogen that
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would meet demand for N in bean plants when compete
with weeds. The area of each block was 640m? (10 m
wide x 64 m long) while main plots were of 200m’
(10 m wide x 20 m long) each. Spacing among the main
plots were 2 m for easy movement of the implements
between the plots. The field was moldboard plowing
with average depth of 30 cm in the fall then two shallow
disks followed by soil grubber and harrow in the March
for seedbed preparation. Common bean seed was
planted on May 28, 2014 and May 24, 2015 and thinned
to the recommended plant density (40 plants m %) when
bean plants had two trifoliate leaves.

Barnyardgrass seed was acquired from a commercial
supplier. Breaking seed dormancy of barnyardgrass was
done by soaking them in concentrated sulfuric acid
(98%) for 15 min, and then they were washed with
distilled water (Sadeghloo et al. 2013). Target technique
was used to avoid below-ground competition between
bean and weed plants (McPhee and Aarssen 2001). In
this technique root competition is typically prevented by
surrounding the target roots with a deep tube, cylinder or
pot. Therefore, the barnyardgrass sown in polyethylene
grow-bag (50 x 15 x 15 cm) that had several drainage
holes in bottom. The Plastic bags also pierced with
several holes near the top ridge, which made it easier
to get water when filed was irrigated. Plastic pots filled
with field soil and placed into the holes which dug
15 cm away from the bean rows (Fig. 1). The holes
arranged along the bean rows based on the target densi-
ties of either 2 or 20 barnyardgrass plants m °.
Barnyardgrass density was selected based on local weed
densities that were recorded in common bean fields. The
weed seeds were planted on the next day after bean
planting (May 29, 2014 and May 25) at a high density
and were thinned to one plant in each pot. All weeds
other than barnyardgrass were removed by hand.

Soil volumetric water content was monitored daily
for the top 30 cm of the soil using time-domain reflec-
tometry (TDR, model 4593, Soil Moisture Equipment,
Santa Barbara, USA), and the average soil water content
based on the TDR readings of weed free treatments with
the highest N application rate was used to irrigation
scheduling. Because the number of available TDR ac-
cess tube was limited, the treatments with maximum
water requirement were used to avoid water stress in
the bean plants. The soil was irrigated to field capacity
using furrow irrigation when 40% of the available soil
water (USDANRCS, 1997) was depleted in the top
0.3 m of the root zone.

Traits measurement

Green leaf area was determined using a leaf area meter
(AAM-9, Hayashi Denko, Tokyo, Japan). Chlorophyll me-
ter readings (SPAD) were collected using a hand-held dual
wavelength meter (SPAD 502, Chlorophyll meter, Minolta
Camera Co., Ltd., Japan) at the flowering stage.
Measurements were taken midway along the uppermost
leaf from four representative plants at the center of two
rows (rows 3 and 4) within each plot. Two destructive plant
samples were cut at ground level, one during and the other
one at the end of the growing season in each experimental
unit to quantify crop and weed growth. At the sampling
date, whole plants of both species were removed from
2.0 m? areas lying across the center two rows of each plot
by clipping plants at the soil surface. Seed yield was
adjusted to 9% moisture content. Biomass of barnyardgrass
and common bean was calculated by oven-dried above
ground biomass for 48 h at 70 °C and weighed.

The all dried plant materials including the vegetative
and reproductive parts for each species were combined,
ground to pass through a 1-mm sieve, and analyzed for
total N content using Kjeldahl procedures described by
Chattha et al. (2015). In this method 2.0 g of oven
dried grinded plant material was mixed with 25 ml
of concentrated H2SO4 and 5 g digestion mixture
(K2S04:CuS04:FeSO4 in the ratio of 20:2:1) and
digested the material on the gas heater in Kjeldahl diges-
tion flask until the light green color was appeared, cooled
it and made the volume up to 250 ml. put 10 ml of that
diluted solution in micro Kjeldahl apparatus and added
25 ml of 40% NaOH solution. Put a receiving flask
containing 10 ml of 2% boric acid solution and indicator
(methyl red) in such a way that the deli very tube after
coming through condenser dipped into it. Opened the
steam generator plug and let the content of distillation
tube be boiled until whole ammonia was liberated. After
that it was ftitrated it against standard N/10 H,SO, solu-
tions (Chattha et al. 2015). The nitrogen concentration was
reported as N yield (kg ha ") of the seed and dry biomass.

Statistical analysis

A combined analysis was operated after checking for
homogeneity of variances. Data collected was statisti-
cally analyzed by ANOVA using the GLM procedure in
the Statistical Analysis System (SAS Institute 2002).
The least significant difference (LSD) was used to com-
pare means of traits (p < 0.05). Indeed, if a significant
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Weed free

Fig. 1 Schematic representation of competition treatments between common bean and barnyardgrass (in pot)

interaction was found in the ANOVA, slicing was used
and the differences in the means of one factor are tested
separately on each level of the other factor (Gomez and
Gomez 1984; Clewer and Scarisbrick 2001). Because
the year by factor interaction was not significant, the
mean data for two years are presented.

Results
Leaf chlorophyll and leaf area index

The leaf area index (LAI) and leaf chlorophyll was affected
by nitrogen application rate (N) (P<0.01), weed density
(D) (P<0.01) and interaction of NxD (P<0.01)
(Table 1). The regression analysis showed that the best fit
between leaf chlorophyll and N application rate was linear
across all weed densities (Fig. 2.a). These regression
models were significant and could explain 81-99% of
variation in leaf chlorophyll content across the weed den-
sities. The models also showed that bean leaf chlorophyll
under high weed density was significantly more responsive
to increasing N supply compared to that under weed-free
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condition (Table 2). In all N treatments, the leaf chlorophyll
decreased under weed-infested compared to weed free
treatment. For example, chlorophyll content decreased by
11% for Ny and 20% for N,q, under high weed density
compared with weed-free conditions (Fig. 2.a).

Regression analysis showed that LAI increased line-
arly as N application rate increased from 0 to
280 kg ha ', across all weed pressure levels (Fig. 2.b).
The regression analysis showed that the response rate of
LAI to N supply under weed-free condition was signif-
icantly greater than that under weed-infested condition
(Table 2). These regression models were significant and
could explain 82-96% of variation in LAI across all
weed densities. Regardless of nitrogen application level,
LAI was decreased as weed density increased. LAI was
reduced with high weed density compared with weed-
free by 10, 3, 9 and 23% in N(), N50, NlOO and N200
treatments, respectively (Fig.2.b).

Total biomass

Analysis of variance showed that the bean biomass
was affected by N (P<0.01), D (P<0.01) and there
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Table 1 ANOVA significance levels for leaf chlorophyll, LAI, biomass, N accumulation, grain yield and yield components of dry bean

affected by nitrogen rates and barnyardgrass density

Source of Variation ~df Leaf chlorophyll LAI  Total biomass Nitrogen Seed number  100-seed weight ~ Grain yield
accumulation
Year 1 * ns * ns ns ns ns
Nitrogen dOSeS (N) 3 ok Hok Hk ok ok * ok
Weed density (D) 2wk *% % wox *% sk s
Y xN 3 ns ns ns ns ns ns ns
Y xD 2  ns ns ns ns ns ns ns
YXNxD 6 ns ns ns ns ns ns ns

Ns, * and ** indicates non-significant, significant at 1 and 5% probability levels, respectively

was interaction effects of N xD (Table 1). Bean
biomass production increased non-linearly with an
increase in N rate, across all weed densities (Fig.
2.¢). The non-linear model was not significant under
high weed density, but could explain the great var-
jation in bean biomass (R”=0.85). The regression
analysis showed that the responses rate of bean
biomass to N supply under no and low weed pres-
sure were significantly greater than that under high
weed pressure (Table 2). Bean biomass loss associ-
ated with weed competition for Ny, Nso, Njoo and
Naqo treatments were 30, 41, 35 and 38% under high
weed pressure compared with weed-free, respective-
ly (Fig.2.c).

Nitrogen accumulation

Nitrogen accumulation was significantly influenced by
N (P<0.01), D (P<0.01) and there was interaction
effects of N x D (Table 1). Bean nitrogen accumulation
increased linearly with an increase in N rate across all
weed densities (Fig. 2.d). These models were statistical-
ly significant, and could explain 90-98% of variation in
nitrogen accumulation across all weed densities. The
regression analysis showed that the response rate of
nitrogen accumulation to N supply under weed-free
condition was significantly greater than that under high
weed density (Table 2). N accumulation was reduced
with high weed density compared with weed-free by 44,

Table 2 Results of regression analysis for leaf chlorophyll, LAI, biomass, 100-seed weight, seed number and nitrogen accumulation of dry
bean as dependent variables and N application rate as independent variable

Equation R> SEof Equation R> SEof
Slope Slope

Chlorophyll (spad number) LAI
Weed density 0 Chl=41.7 + 0.008Nrate* 0.83 0.003  LAI=2.1+0.005Nrate** 0.94  0.0008
(plant m) 2 Chl=40.8-0.005Nrate+0.00002 Nrate? ** 0.99 0.0003 LAI=2.3+0.003Nrate* 0.82  0.0009
20 Chl=33.5+0.023Nrate* 0.81 0.007 LAI=2.1+0.002Nrate** 0.96 0.0003

Total biomass (kg ha ')
0  Biom=4151 + 15.8Nrate - 0.038Nrate” *
2 Biom=3715+ 15.9Nrate - 0.034Nrate” *
20 Biom=2779 + 7.4Nrate - 0.017Nrate2 Ns
100-seed weight (g)

0  Seedweight =35.5 + 0.042Nrate - 0.0001Nrate® Ns
2 Seedweight = 34.6 + 0.038Nrate - 0.00009Nrate® NS

20 Seedweight =32.4 + 0.009Nrate *

Nitrogen accumulation (kg ha )

0.99 1.635  Naccu=88.7 + 0.322Nrate*** 0.98 0.030

0.98 2331  Naccu=77.8 +0.281Nrate* 0.90 0.068

0.85 4.2 Naccu=51.0 + 0.190Nrate** 0.94 0.034
Seed number (m?)

0.95 0.011  Seednumb=497.2 +0.682Nrate*  0.90 0.164

091 0.016  Seednumb =461.4+ 0.689Nrate** 0.92 0.142

0.96 0.001 Seednumb = 359.1+ 0.552Nrate* 0.86 0.155

N, *, #* and *** indicates non-significant, significant at 10, 5 and 1% probability levels, respectively
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Fig.2 The responses of dry bean leaf chlorophyll (a), LAI (b), biomass (c¢), nitrogen accumulation (d), seed weight (e), seed number (f) and
grain yield (g) to N application rate under weed-free, low and high barnyardgrass density. Error bars represent = SE of mean
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42, 39 and 42% in Ny, Nso, N;oo and Ny, treatments,
respectively (Fig. 2.d).

Seed yield and yield components

Analysis of variance revealed that seed number, 100-
seeds weight and seed yield were significantly affected
by N, D and interaction of N xD (Table 1). The re-
sponse of seed weight to N application rate differed
among weed densities. The regression analysis showed
that the best fit between seed weight and N application
rate was quadratic under no and low weed density and
linear under high weed density (Fig. 2.d). The 100-seed
weight was significantly reduced under high weed pres-
sure. A linear regression model was determined to be the
best model to explain the relation between seed number
and N application rate, across all weed densities (Fig.
2.¢). The response rates of seed number to N supply
were similar across weed densities (Table 2).
Furthermore, bean seed yield increased non-linearly
with an increase in N rate across all weed densities
(Fig. 2.g). These models were statistically significant,
and could explain 99% of variation in seed yield across
all weed densities. The response rates of seed yield to N
supply under no and low weed density were significant-
ly greater than that under high weed density (Table 3).
According to these models, bean yield increased linearly
as N application rate increased from 0 to 140 kg ha ',
and seems to reach a plateau as N application rate
increased beyond 140 kg ha '. The responses of seed
number and seed yield to weed pressure level were
depended on N application rate. For example, seed yield
was reduced with high weed density compared with
weed-free by 35 and 39% in Ny and N,q, treatments,
respectively (Fig. 2.g). Mean reduction in seed weight,
seed number and seed yield caused by high weed pres-
sure was 11, 20 and 41% compared with weed free,
respectively (Fig. 2.e, f, g).

Barnyardgrass biomass and N accumulation

Barnyardgrass biomass and N accumulation were af-
fected by N and D. The N x D interaction was not
significant (Table 4). Weed biomass and N uptake in-
creased linearly with an increase in N rate (Fig. 3).
Linear model for weed N uptake was statistically signif-
icant, and the models could explain 87 and 76% of
variation in weed N uptake and biomass production,
respectively (Table 3). The weed biomass and N uptake

increased by 66 and 159% as the nitrogen rate increased
from Ny to N»go. Weed biomass and weed N uptake of
barnyardgrass significantly increased by increased weed
density.

Discussion

In this study, the barnyardgrass was sown in polyethyl-
ene pots, to prevent or minimize below-ground compe-
tition for water and nitrogen, and potted weed plant
arranged along the common bean rows with different
density. By using the physical separation of shoot com-
petition from root competition, we were able to study
the effect of light competition on common bean growth
and yield in absence of competition for nutrients and
water. The increase of barnyardgrass density and N
application rate caused an increased growth and N up-
take in barnyardgrass. Previous studies have shown that
the competitive ability of weeds increased with increas-
ing weed density (Bosnic and Swanton 1997) and soil
fertility (Blackshaw and Brandt 2008).

The results showed negative effect of barnyardgrass
competition on LAI, Leaf chlorophyll common bean
biomass production and N accumulation depended on
the N application rate and barnyardgrass density. In all
weed pressure levels, bean leaf area and leaf chlorophyll
increased linearly with an increase in N rate application.
The regression analysis showed that the response rate of
LAI to N supply under weed-free condition was signif-
icantly greater than that under weed-infested condition.
Previous studies have shown that there was a decrease in
LAI and leaf chlorophyll under weed competition com-
pared with weed-free conditions (Tollenaar et al. 1994;
Saberali et al. 2016). The effect of N fertility on increas-
ing LAI and leaf chlorophyll content can improve the
ability of bean plants to intercept greater light than
weeds and suppress competing weeds by shading effect
(Tollenaar et al. 1994; Liecbman and Gallandt 2002).
Wortmann (1993) showed that LAI is the most impor-
tant bean plant trait for improving weed suppression.
Furthermore, the negative effect of barnyardgrass com-
petition on LAI and Leaf chlorophyll was lower with an
N application compared with no N application. Previous
studies have shown that there was a decrease in LAl and
leaf chlorophyll under weed competition compared with
weed-free conditions (Tollenaar et al. 1994; Saberali
et al. 2016). Nitrogen application improved LAI
and leaf and leaf chlorophyll of common bean under
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Table 3 Results of regression analysis for seed yield of dry bean and N uptake and biomass production of barnyardgrass as dependent

variables and N application rate as independent variable

Equation R? SE of Slope
Bean Grain yield (kg ha ")
Weed density (plant m 2) 0 Yield = 1973 + 7.588 Nrate —0.018 Nrate® * 0.99 1.072
2 Yield = 1720 + 6.627Nrate —0.013 Nrate? * 0.99 1.158
20 Yield = 1278 +2.399Nrate —0.003 Nrate? ** 0.99 0.135
Mean Weed density (plant m?) Weed N uptake (kg ha!)
WeedNUP =22.5 + 0.218Nrate * 0.87 0.058
Weed biomass (kg ha !
WeedBio =2987 + 6.486Nrate Ns 0.76 2.585

Ns, *, *#* and *** indicates non-significant, significant at 10, 5 and 1% probability levels, respectively

weed competition conditions (Tollenaar et al. 1994;
Saberali et al. 2016).

Common bean N accumulation and biomass produc-
tion, respectively, increased linearly and nonlinear as N
rate increased from 0 to 280 kg ha '. The regression
analysis showed that the responses rate of biomass
production to N supply under no and low weed pressure
were significantly greater than that under high weed
pressure (Table 2). Saberali et al. (2016) showed that
common bean N assimilation and biomass production
improved with N application under low weed infested
condition compared with no N application, but
reduceded with N application at a high weed infested
condition. In this study, N application increased the N
accumulation and biomass production of bean plants in
both low and high weed pressure level. Our finding
showed that only aboveground competition for light,
without any belowground competition for nitrogen and

Table 4 Analysis of variance for N uptake and biomass produc-
tion of barnyardgrass affected by nitrogen doses and barnyardgrass
density

Source of Variation df N uptake Biomass
Year 1 ns ns
Nitrogen doses (N) 3 ok *

Weed density (D) 1 Hok *%
NxD 3 ns ns

Y xN 3 ns ns

Y xD 1 ns ns

Y xNxD 3 ns ns

Ns, * and ** indicates non-significant, significant at 1 and 5%
probability levels, respectively

@ Springer

water, could not cause a negative response to nitrogen
application under high weed pressure.

Studies have shown that above-ground plant perfor-
mance is often mediated by below-ground nutrient ac-
quisition (Wilson 1988). Radiation interception was
significantly correlated with LAI, leaf N concentration
and LAD (Sinclair and Horie 1989; Liebman et al.
1995), and asymptotically these traits are affected by
N deficiency resulting from weed competition
(Tollenaar et al. 1994; Saberali et al. 2016).
Furthermore, water stress associated with weed compe-
tition might also be limiting factors for N uptake and N2
fixation (Corre-Hellou and Crozat 2005).

The negative effect of barnyardgrass interference
on common bean seed yield, seed m 2 and seed
weight increased with increasing weed density, and
as N application rate increased. The greater light
competition in high weed density compared with
low weed density, justifying the greater common
bean seed reduction in the presence of competing
weeds (Tollenaar et al. 1994). Seed yield and yield
components showed a positive response to N appli-
cation under no, low and high weed pressure,
whereas it has been shown crop seed yield generally
decreased with increasing N application rate under
high weed competition (Liebman and Gallandt
2002; Saberali et al. 2016). The responses of seed
yield and seed number to N fertilization rate were
curvilinearly and linearly, respectively, across all
weed densities. The responses of seed weight to N
fertilization rate were differed among various weed
density. It has reported seed and pod number in bean
were strongly affected by weed competition
(Saberali et al. 2016; Woolley et al. 1993).
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Fig. 3 The responses of weed biomass (a) and N uptake (b) to N application rate. Error bars represent + SE of mean

Agronomically optimum N rates for seed yield was
obtained at 140 kg N ha ' within the range of N fertil-
ization rates used across all weed pressure levels. Bean
seed yield increased 21% as N application rate increased
from NO to N100, when bean plants experienced the
high weed competition with no below-ground competi-
tion. Whereas under full competition (above- and
below-ground competition), the seed yield in the current
common bean variety decreased by 55% in N100 treat-
ment compared with NO treatment when bean plants
experienced high redroot pigweed competition
(Saberali et al. 2012). It was found that the increasing
effects of both above- and below-ground competition as
productivity increases (Nicotra and Rodenhouse 1995).
Wilson (1988) found that below-ground competition
usually affected the balance between the competing
species more than above-ground competition.

Our results showed that the higher aboveground
competitive ability of barnyardgrass compared with
common bean caused a maximum yield reduction of
40-43% under high N application rate where two spe-
cies compete only for light. Regardless of weed density,
growth and seed yield of common bean plants showed a
positive response to the N application in the absence ofa
below-ground competition, suggests that lower access
of common bean to N pool in presence of high weed
pressure caused a negative response to the N applica-
tion, as was observed by Saberali et al. (2012). Our
finding supports that above-ground plant performance
is mediated by below-ground nutrient acquisition. In
conclusion, our results showed that the effect of weed
interference on bean dry matter production and seed
yield was larger under low than under high soil N levels.
Consequently, using an optimum N supply level would

be a critical part to develop a sustainable weed manage-
ment systems with rely less on herbicide.
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