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Jan. 21,2026 | A field experiment was carried out during winter season 2024—
2025 winter season at Sumel and Zakho locations in Duhok
Province, Iraq, to assess the effects of plant population density and
Accepted: weed control methods on weed infestation, growth, yield, and seed
Mar. 09, 2026 | quality of chickpea (Cicer arietinum L.). The experiment was
arranged in a factorial randomized complete block design with
three replications, including three plant densities (26.66,33.33,and
Published: 44.44. plants m*.z) and five weed control treatments .(Weedy check,
June 15, 2026 Kordiclofen, Dimpex, Matador Pro, and hand hoeing). Moderate
plant density (33.33 plants m2) significantly reduced narrow-leaf
weed density to 35.2 and 9.33 weeds m2 at Sumel and Zakho,
respectively, compared with the lowest density. Selective
herbicides Dimpex and Matador Pro achieved near-complete
control of narrow-leaf weeds, reducing densities to <1.33 weeds
m~2 and dry weights to as low as 0.52—5.63 g m 2. Broad-leaf weed
density was not significantly affected by plant density; however,
Kordiclofen and hand hoeing reduced broad-leaf weed density to
4.22-7.33 weeds m2 and dry weight to 10.09-21.29 g m? across
locations. Seed yield was significantly influenced by both factors,
with the highest mean yields recorded at 33.33 plants m 2 (358.089
kg ha™' at Sumel and 362.29 kg ha™' at Zakho). The maximum
yields (469.28 and 478.23 kg ha' at Sumel and Zakho,
respectively) were obtained from the combination of moderate
density and hand hoeing. Biological yield peaked at 1415.77—
1431.10 kg ha™ under high density combined with effective
herbicide control. Protein content was significantly improved by
weed management, reaching up to 24.94% with hand hoeing,
compared with about 20.5% in the weedy check.
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Introduction

Chickpea (Cicer arietinum L.) is considered to be one of the most important
pulses in the world, ranking as the third-most produced pulse crop and member of
the Fabaceae family [1]. Chickpea provides a rich source of dietary protein (21.1%),
carbohydrates (61.5%), fat (4.5%), vitamins, and minerals, and beneficial
phytochemicals while simultaneously contributing to agricultural sustainability
through biological nitrogen fixation [2]. Iraq's contribution, while modest in global
scale, represents a significant component of regional food systems and the
livelihoods of farmers. According to the USDA [3], In Iraq, winter pulse cultivation,
including chickpeas, is limited by irrigation and fluctuations in rainfall, resulting in
yields of roughly 2.0 t ha™! on rainfed smallholder farms in central and southern
regions. According to the Kurdistan Region Statistical Office [4], cultivated area
expanded dramatically from 30,699 dunams in 2012-2013 to 27,010 dunams in
2019-2020, alongside considerable growth in production (from 3,481 to 8,569 tons)
and yield (from 113.4 to 317 kg dunam™). The Sulaymaniyah governorate emerged
as the production center, representing 42.03% of cultivated area and 52.99% of
regional production, with yields reaching 400 kg dunam™'. Chickpea productivity,
regardless of its agricultural importance, remains significantly constrained by biotic
stresses, with weed competition being one of the most critical and economically
damaging limitations [5]. Yield losses in chickpea systems are extensively reported
and concerning. Studies consistently report reductions ranging from 24% to 63%
under typical infestation levels, with losses potentially reaching 90% under totally
uncontrolled conditions [6]. Chickpea, being a broadleaf crop, is susceptible to
numerous broadleaf-specific herbicides, severely limiting chemical control options
for the very weed group that frequently poses the most substantial competitive
challenge [7]. Consequently, the traditional practice of manual hoeing continues to
be effective and is still employed in numerous regions worldwide, with the potential
to enhance grain yields by as much as 92% [8].

Plant population density promotes productivity of crops while equally inhibiting
weed growth and development. Denser plant stands enhance light competition
through earlier canopy closure, improve soil moisture utilization, and potentially
alter microclimatic conditions that prevent weed establishment [9]. This approach
requires highly precise adjustment, as excessively high densities may increase
intraspecific competition, potentially reducing individual plant performance and
yield components [10].The study aims to determine the impact of plant population
densities and weed control methods on chickpea yield, yield component, and
associated weeds at Duhok governorate.
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Material and Methods

A field experiment was conducted during the winter season of 2024-2025 at
two locations in Duhok Province, Iraq. The first location was the research farm of
Field Crops Department, College of Agricultural Engineering Sciences, University
of Duhok in Sumel. The second location was the agricultural research center in
Zakho, located approximately 70 kilometers northwest of Duhok province. Table (1)
displays the soil information for the studied locations. Also Table 2 represented
meteorological Information’s for both studied sites. The experiment was conducted
in a factorial arrangement using a Randomized Complete Block Design (RCBD)
with three replications. The first factor was plant density with three levels: D1 (26.66
plants/m?), D2 (33.33 plants/m?), and D3 (44.44 plants/m?). The second factor was
weed control method, consisting of five treatments: T1 (weedy check), T2
(Kordiclofen [Aclonifen]), T3 (Dimpex [Clethodim 24%]), T4 (Matador Pro
[Quizalofop-P-ethyl]), and TS5 (Hand Hoeing). Chickpea seeds desi type (cultivar
Flip 81) that obtained from the Research Center of Duhok were sown on November
15 in Sumel and November 17 in Zakho. Herbicides were applied at the
recommended dose and suitable growth stages according to the herbicide label The
herbicide information for the studied locations is shown in table (3). At maturation
stage the number of narrow and broad-leaved weeds was recorded by using a quadrat
(0.5 x 0.5 m?), which was randomly placed within each plot, and all narrow and
broad-leaved weed individuals present within the quadrat were separated and
counted manually to determine weed density, and then after air drying of samples
the dry weight of narrow and broad-leaf weeds (g m™?) was measured. Regarding
plant growth measurements, at the maturation stage the data were collected and ten
plants randomly selected to measure the: Plant height (cm), Seed Yield kg ha',
Biological weight, Protein percentage in seed (%). Analysis of variance (ANOVA)
was used to evaluate treatment effects, and mean comparisons were conducted using
Duncan’s Multiple Range Test at p < 0.05.

Table (1): Physical and chemical characteristics of experimental soils at the Sumel
and Zakho locations.

aramete

EC

Phosph

Potassi

Orga

J p | (dS Tt(r;gge orous um nic (SIESC Textur Sgn Silt | Clay
H | .m Kg‘lig (mg Kg' | (mg | matte Kg™) e (%) (%) | (%)
location 1 1 Kg!) | r (%)
7.7 1 0.3 Silty 5.7 | 45. | 48.8
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Table (2): Meteorological conditions throughout the 2024-2025 growing season at
Sumel and Zakho locations

o
Relative Rl Temperature (°C)
Months humidity % i) Maximum Minimum
Sumel | Zakho | Sumel | Zakho | Sumel | Zakho | Sumel | Zakho
November
2024 65 56 37.9 | 309 | 20.3 | 20.1 9.5 10.1
December
2024 60 56 11.3 19.8 | 159 | 15.9 5.2 5.4
January 2025 | 56 49 9.3 5.3 15.8 | 16.2 4.2 4.3
February
2025 56 44 459 | 52.6 | 124 | 12.7 2.6 2.8
March 2025 46 35 15.3 11.6 | 22.3 | 23.2 | 10.2 | 11.1
April 2025 45 44 57.7 | 384 | 255 | 25.6 | 149 | 15.0
May 2025 32 23 9.9 10.5 | 344 | 345 | 20.1 | 20.7
Total rainfall 187.3 1 169.1
(mm)

Table (3): Information regarding the studied herbicides at Sumel and Zakho

locations:
. Recomme
Trade . Actnre For nded Time of Target
ingredient | mula Group . e
name . Dose application weeds
% tion
ml/donum
o 249 o Acyclic s 2 toff leaf st;ge Nallrr?w
fmpex Clethodim keto atter wee ca
emergence weeds
. Broad
Kordiclof 60% Monochloro 2 to 4 leaf stage
) SC 325 leaf
en Aclonifen benzenes of crop
weeds
Quizalofop- Aryloxyphe 3 to 5 leaf stage | Narrow
Matador ethyl
o EC noxy- 300 after weed leaf
Pro 5% i
Propionates emergence weeds
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Table (4): Weed species in chickpea fields at the Sumel and Zakho sites during the
growing seasons.

Botanical name English name Family Location
Avena fatua L Common wild Poaceae Sumel &
g ' oat Zakho
3 : . : . Sumel &
S
S Lolium rigidum Gaudin Rigid ryegrass Poaceae Zakho
] Sumel &
S
;., Hordeum glaucum L. Barley grass Poaceae Zakho
Q)
S, Phalaris minor Retz Lesser poaceae Zakho
= Canarygrass
Lomatium ambiguum (Nutt.) Wyeth Abiaceae Sumel &
J.M.Coult. & Rose biscuitroot P Zakho
Silybum marianum L. Milk thistle Asteracea Sumel &
e Zakho
L : . Brassicac Sumel &
Sinapis arvensis L. wild mustard cae Zakho
: : Asteracea Sumel &
Lactuca serriola L. prickly lettuce . Zakho
Centaurea solstitialis L. yelloW star- Asteracea Zakho
thistle e
& Galium aparine L. Catchweed Rubiaceae Sumel &
3 Zakho
& , , , ;
= Medicago orbicularis (L.) blackd1sk Fabaceae Zakho
> Bartal. medick
g Fine leaf Papaverac
s Fumaria parviflora Lam. : Zakho
] fumitory eae
> Lathyrus sativus L. grass pea Fabaceae Zakho
Vicia sativa L. common vetch | Fabaceae Sumel &
Zakho
Astragalus hamosus L. Hooked milk Fabaceae Zakho
vetch
Carthamus lanatus L. Woolly distaff | Asteracea Sumel
thistle e
Cichorium intybus L. Corpmon Asteracea Sumel
chicory e
Daucus carota L. Bird’s nest Apiaceae Zakho
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Helminthotheca echioides (L.) Bristly oxtongue Asteracea Zakho
Holub c
Gypsophila vaccaria L. Cowcockle caryophyl Zakho
laceae
: Common Polygona Sumel &
Polygonum aviculare L. knotgrass ceac Zakho

Results and Discussion

Data in Table 5 show that plant population density, weed control methods,
and their interaction significantly affected narrow-leaf weed density at both Sumel
and Zakho. At Sumel, the moderate density (D2: 33.33 plants m2) recorded the
lowest weed number (35.2 weeds m™2), indicating optimal canopy development and
weed suppression, these results were in agreement with [11]. At Zakho, both D2
(9.33 weeds m2) and the high density D3 (11.06 weeds m~?) were significantly more
effective than the low density (D1: 17.33 weeds m2), reflecting site-specific crop—
weed interactions and supporting by finding [12].

Chemical control was most effective against narrow-leaf weeds. Dimpex (T3)
and Matador Pro (T4) achieved near-complete control, reducing weed numbers to
0.44-5.33 weeds m2 at Sumel and 0.44—1.33 weeds m2 at Zakho, consistent with
[13 and 14]. Hand hoeing (T5) provided moderate control but was less effective than
selective herbicides. These results was in line with [15]. Kordiclofen (T2) showed
no significant effect on narrow-leaf weeds and was comparable to the weedy check
at Sumel, confirming its limited activity on grassy species as reported by [16]. The
weedy check (T1) recorded the highest infestations at both sites, which the data
corroborating [17]. The density X weed control interaction indicated that selective
herbicides (T3 and T4) consistently minimized narrow-leaf weeds across all
densities, while the highest infestations occurred in the weedy check, particularly at
low and high densities. This agrees with [12], who reported that combining moderate
density with selective herbicides provides the most effective control of narrow-leaf
weeds.
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Locations.
Sumel Zakho
Treatments Population Densities Means Population Densities Means
plants m-2 of plants m2 of
Weed Weed Weed
Control D1 D2 D3 Control | D1 D2 D3 Control
(26.66) | (33.33) | (44.44) | Metho | (26.66) | (33.33) | (44.44) | Metho
Methods ds ds
90.0 64.0 114.0 | 89.33 64.0 4.66 24.0 30.88
I (@i, b cd a A a efg b a
T2 118.0 60.0 77.33 | 85.11 | 10.66 | 22.66 16.0 16.44
(Kordiclofen) a cd be A cdefg bc bede b
: 1.33 0 0 0.44 1.33 1.33 1.33 1.33
Rl F £ C fo fo fo ¢
T4 (Matador | 10.66 2.66 2.66 5.33 1.33 0 0 0.44
Pro) ef F f c fg g g c
T5 (Hand 26.0 49.33 70.0 48.44 9.33 18.0 14.0 13.77
hoeing) e D c b defg bed bedef b
Means of | 4o, | 352 | 5238 1733 | 933 | 11.06
Population
.. a B a a b b
Densities

Values within each set of means followed by the same letter are not significantly different at
p=0.05 according to Duncan’s M.R.T., 1955.

Plant population density had no significant effect on broad-leaf weed density
at either site (Table 6), or these observations consistent with [12 and 18]. Weed
control effectiveness varied with herbicide mode of action and site conditions. At
Sumel, Matador Pro (T4) was ineffective against broad-leaf weeds, recording the
highest infestation (34.44 weeds m?), while Dimpex (T3) also showed poor control
(16.44 weeds m2). In contrast, Dimpex provided better control at higher densities in
Zakho, highlighting site-specific herbicide responses as noticed by [19]. Kordiclofen
(T2) was consistently effective, producing low broad-leaf weed densities at Sumel
(5.55 weeds m™2), that was in agreement with [20]. Hand hoeing (T5) was the most
reliable treatment across both sites, resulting in uniformly low weed counts (6.66
weeds m2 at Sumel and 7.33 weeds m? at Zakho) which supported by [21]. The
density % control interaction indicated that optimal broad-leaf weed suppression was
achieved with hand hoeing at moderate plant densities, and these data consistent with
[12].
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Table (6): Impact of population density and weed control methods on the Number
of broadleaf weeds per m? in the 2025 growing season at Sumel and Zakho
locations.

Sumel Zakho
Treatments | Population Densities | Mea | Population Densities
: i Means
plants m-2 ns of plants m of
V\(’lee Weed
C‘:’Iftif:)l DI | D2 | D3 |Cont| D1 | D2 | D3 C‘(’)rlltr
Methods (26.6) | (33.3) | (44.4)| rol | (26.6)|(33.3)| (44.4) Metho
Meth
ds
ods
2.66 4.0 5.33 4.0 6.0 20.0 | 20.0 | 15.33
U {nzds bc bc bc c bc ab ab a
(K 32 lof 2.66 | 10.0 4.0 5.55 | 18.66 | 10.0 | 13.33 | 14.0
ornic ote bc bc c c abc bc bc a
T3 16.0 | 16.0 | 17.33 |16.44 | 30.0 8.0 4.0 14.0
(Dimpex) bc bc b b a C bc a
o= 40.0 [ 13.33 | 50.0 [34.44|13.33 | 533 | 12.0 | 10.22
(Matador
a bc a a bc bc bc a
Pro)
T5 (Hand 8.0 6.66 | 533 | 6.66 | 10.0 4.0 8.0 7.33
hoeing) bc bc cb C bc c bc a
Means of | 5 ¢c 1 100 | 164 15.6 | 9.46 | 11.46
Population
Densities a a a a a a

Values within each set of means followed by the same letter are notsignificantly differentatp=0.05 accordingto Duncan’s M.R.T.,

1955.

Population density significantly affected narrow-leaf weed dry weight at
Sumel but not at Zakho (Table 7). At Sumel, the moderate density (D2: 33.33 plants
m~?) recorded the lowest weed biomass (46.16 g m™2), representing reductions of
41.4% and 45.6% compared with low (D1: 78.77 g m?) and high (D3: 84.84 g m™2)
densities, respectively. This agrees with [11], who reported reduced weed biomass
with narrower spacing, while the non-significant response at Zakho is consistent
with [12]. Weed control methods showed marked differences. The selective grass
herbicides Dimpex (T3) and Matador Pro (T4) were highly effective, reducing weed
biomass to minimal levels at both sites (0.52—5.63 gm™2 at Sumel and 2.87-11.48 g
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m 2 at Zakho), in line with [22]. Hand hoeing (T5) was less effective (56.03 gm™ at
Sumel and 52.51 g m? at Zakho). The pre-emergence herbicide Kordiclofen (T2)
was ineffective against grassy weeds, showing biomass similar to the weedy check
at Sumel (132.20 vs. 155.23 g m2). The density x control interaction confirmed the
superiority of chemical control, as T3 and T4 reduced weed dry weight to near zero
even at the highest density (D3) as corroborating by [15].

Table (7): Impact of population density and weed control methods on Dry weight of
narrow leaf weeds (g) in the 2025 Growing Season at Sumel and Zakho Locations.

Sumel Zakho
Treatments Population Densities Means Population Densities Means
plants m-2 of plants m-2 of
Weed Weed Weed
Control D1 D2 D3 Control | D1 D2 D3 Control
(26.66) | (33.33) | (44.44) | Metho | (26.66) | (33.33) | (44.44) | Metho
Methods ds ds
T1 (Check) 120.95 | 68.13 | 276.62 | 155.23 | 166.2 | 98.68 | 117.53 | 127.47
C d a a a abc abc A
T2 202.80 | 106.31 | 87.5 | 132.20 | 107.74 | 148.22 | 90.66 | 115.54
(Kordiclofen) b cd cd a abc ab abc A
: 1.57 0 0 0.52 10.93 | 15.46 8.05 11.48
) (Do f f f C C C C B
T4 (Matador | 12.09 1.41 3.38 5.63 0 8.61 0 2.87
Pro) ef f f C c c Cc C
T5 (Hand 56.44 | 5494 | 56.72 | 56.03 | 83.61 | 32.02 | 41.90 | 52.51
hoeing) de de de b abc be bc B
Means of 1 ;¢ 77 | 46.16 | 84.84 73.69 | 60.60 | 51.63
Population
i a b a a a a
Densities

Values within each set of means followed by the same letter are not significantly different at
p=0.05 according to Duncan’s M.R.T., 1955.

Results in Table § indicate that broad-leaf weed biomass was mainly governed
by herbicide selectivity, while plant population density had a secondary, site-
dependent effect. At Sumel, moderate density (D2: 33.33 plants m™2) significantly
reduced broad-leaf weed dry weight (31.87 g m™), whereas density had no
significant effect at Zakho. This agrees with [18 and 23], who reported limited
influence of crop density on broad-leaf weeds. Weed control methods showed clear
differences. Grass-specific post-emergence herbicides (Dimpex and Matador Pro)
were ineffective against broad-leaf weeds, consistent with observations of [14 and
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24]. However, at Zakho, T3 reduced dry weight to 36.42 g m 2 compared with the
weedy check, highlighting environmental and flora effects as reported by [19 and
25]. The pre-emergence herbicide Kordiclofen (T2) effectively reduced biomass at
Sumel (10.09 g m2) and Zakho (28.46 g m™), in line with [26]. Hand hoeing (T5)
was the most effective and consistent treatment across locations, producing low dry
weights at both Sumel (21.28 g m2) and Zakho (21.29 g m™2), that was in agreement
with finding [1 and 27]. The density x weed control interaction was significant, with
hand hoeing giving the lowest broad-leaf weed dry weight at D2 in Sumel and D1
in Zakho, in agreement with [12].

Table (8): Impact of population density and weed control methods on Dry weight of
broad leaf weeds (g) in the 2025 Growing Season at Sumel and Zakho Locations.

Sumel Zakho
Treatment
o Population Densities | Mean | Population Densities | Mean
plants m s of | plants m™ s of
Weed Weed Weed
Control D1 D2 D3 | Contr | D1 D2 D3 | Contr
Methods | (26.6 | (33.3 | (444 ol | (26.6 | (33.3 | (44.4 ol
6) 3) 4) Meth 6) 3) 4) Meth
ods ods
T1 (Check) | 2.76 9.7 | 82.71 | 31.72 | 195.8 | 82.85 | 84.93 | 121.2
b b ab b 4 bc bc 1
a a
T2 5.02 | 17.36 | 7.9 | 10.09 | 25.05 | 32.24 | 28.10 | 28.46
(Kordiclofe b b b b bc bc bc b
n)
T3 164.3 | 73.18 | 73.86| 103.8 | 26.76 | 47.44 | 35.07 | 36.42
(Dimpex) 6 b b 0 bc bc bc b
a a
T4 165.2 | 56.84 | 62.58 | 94.88 | 62.64 | 87.02 | 114.1 | 87.94
(Matador 4 b b a be bc 7 a
Pro) a b
T5 (Hand 19.66 | 2.26 | 41.93 | 21.28 | 8.98 | 28.06 | 26.82 | 21.29
hoeing) b b b b c bc bc b
Means of 71.41 | 31.87 | 53.79 63.85 | 55.52 | 57.82
Population a b ab 6 a a
Densities a

Values within each set of means followed by the same letter are not significantly different at
p=0.05 according to Duncan’s M.R.T., 1955.
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Plant population density significantly affected plant height only at Zakho,
while weed control methods were significant at both locations (Table 9). At Sumel,
plant height was statistically similar across densities, indicating no density effect on
vegetative growth, in agreement with [28].In contrast, at Zakho, the lowest density
(D1: 26.66 plants m2) produced the tallest plants (41.94 cm) that consistent with
results of [29, 30 and 31] and explained by reduced interplant competition [32].
Weed control methods significantly influenced plant height at both sites. Herbicide
treatments T3 (Dimpex) and T4 (Matador Pro) resulted in the tallest plants (30.91
and 30.50 cm at Sumel; 43.06 and 41.38 cm at Zakho), supporting findings by [13
and 22]. The weedy check (T1) produced the shortest plants (22.13 cm at Sumel and
34.16 cm at Zakho), confirming the suppressive effect of weed competition [33].
Hand hoeing (T5) performed comparably to herbicides, particularly at Zakho (43.13
cm) and these results were in line with [34, 35, 36 and 37]. A significant interaction
was observed at Zakho, where the combination of the lowest density (D1) and hand
hoeing produced the maximum plant height (53.25 cm) which consistent with
finding of [38]. No significant interaction was detected at Sumel. Overall, plants at
Zakho were taller than those at Sumel across treatments, indicating more favorable
site-specific growth conditions.

Table (9): Impact of population density and weed control methods on Plant Height
(cm) in the 2025 Growing Season at Sumel and Zakho Locations.

Sumel Zakho
Treatments | Population Densities Means | Population Densities Means
plants m-2 of | plants m? of
Weed Weed Weed
Control D1 D2 D3 Control | D1 D2 D3 Control
Methods | (26.66) | (33.33) | (44.44) | Metho | (26.66) | (33.33) | (44.44) | Metho
ds ds
T1 (Check) 21.5 21.16 | 23.75 | 22.13 | 39.33 30.5 32.66 | 34.16
ef f def b cdef g fg b
T2 26.08 | 21.62 | 25.33 | 24.34 | 33.75 | 33.16 33.5 33.47
(Kordiclofen) | bcde ef cdef b defg efg defg b
T3 (Dimpex) | 27.41 | 30.16 | 35.16 | 3091 | 42.12 | 37.83 | 49.25 | 43.06
bed bc a a bc cdefg ab a
T4 (Matador | 3091 | 29.91 | 30.66 30.5 41.25 | 4041 42.5 41.38
Pro) ab bc ab a bede cdef bc a
T5 (Hand 28.25 28.5 29.16 | 28.63 | 53.25 | 41.66 34.5 43.13
hoeing) bed bed bc a a bed cdefg a
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Means of
Population
Densities

26.83
a

26.27
a

28.81
a

41.94
a

36.71
b

38.48
b

Values within each set of means followed by the same letter are not significantly different at
p=0.05 according to Duncan’s M.R.T., 1955.

Results in Table 10 showed that plant population density significantly affected
seed yield at both sites, with a significant density x weed control interaction. The
moderate density (D2:33.33 plants m2) produced the highest mean yields at Sumel
(358.089 kg ha™') and Zakho (362.29 kg ha™'), confirming the concept of optimum
stand density and agreeing with [39]. Weed control had a strong influence on yield.
Hand hoeing (T5) gave the highest yields at both sites (385.83 kgha™ at Sumel and
411.42 kg ha™! at Zakho) that consistent with [40]. Among herbicides, Kordiclofen
was highly effective and statistically comparable to hand hoeing at Sumel and these
data was in line with [16]. Dimpex performed similarly to hand hoeing at Sumel but
was less effective at Zakho, reflecting site-specific weed flora effects as reported by
[22 and 25]. The highest yields at both locations resulted from combining moderate
density (D2) with hand hoeing (T5), reaching 469.28 kg ha™' at Sumel and 478.23
kg ha™' at Zakho. This confirms previous findings that integrating optimal plant
density with effective weed control maximizes chickpea yield [38 and 41].

Table (10): Impact of population density and weed control methods on Seed Yield
(kg ha™') in the 2025 Growing Season at Sumel and Zakho Locations.

Sumel Zakho

Treatments Population Densities Means Population Densities Means
plants m-2 of plants m-2 of

Weed Weed Weed

Control D1 D2 D3 Control | D1 D2 D3 Control

(26.66) | (33.33) | (44.44) | Metho | (26.66) | (33.33) | (44.44) | Metho
Methods ds ds

T1 (Check) 121.04 | 238.47 | 250.4 | 203.30 | 141.44 | 255.17 | 260.10 | 218.90
g ef ef C g e e D

T2 197.05 | 402.01 | 373.66 | 324.24 | 249.97 | 377.73 | 423.10 | 350.27
(Kordiclofen) f abc bed b e cd b B

T3 (Dimpex) 413.96 | 341.21 | 338.45 | 364.54 | 184.28 | 363.38 | 341.70 | 296.45
ab bed cd ab f d d C

T4 (Matador | 373.53 | 339.42 | 302.56 | 338.50 | 273.65 | 336.92 | 333.70 | 314.76
Pro) bed Cd de ab e d d C
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T5 (Hand 34.47 | 469.28 | 346.74 | 385.83 | 336.25 | 478.23 | 419.78 | 411.42
hoeing) bed a bed a d a bc A
Means of | ¢4 o) | 358.08 ) 1)) 56 237.12 | 362.29 | 355.68
Population 9

.. b ab b a a
Densities a

Values within each set of means followed by the same letter are not significantly different at
p=0.05 according to Duncan’s M.R.T., 1955.

Plant population density and weed control methods significantly affected
biological yield at both Sumel and Zakho, with a significant site-specific interaction
(Table 11). At Sumel, biological yield increased gradually with increasing density,
whereas at Zakho the response was more pronounced, with all density levels
differing significantly. These results agree with [42], and reflect the influence of
resource availability on biomass accumulation [43]. Weed control methods
significantly influenced biological yield at both sites. Kordiclofen produced the
highest yield at Sumel (1090.40 kg ha™') and the second highest at Zakho (1118.54
kg ha™'), consistent with its strong control of broadleaf weeds [16]. At Zakho, hand
hoeing resulted in the maximum biological yield (1120.37 kg ha™'), in agreement
with [34]. Dimpex gave a relatively high yield at Sumel (1076.36 kg ha™') but a
lower yield at Zakho (923.13 kg ha™'), indicating limited effectiveness where grasses
were not dominant [13]. Matador Pro performed consistently across locations
(980.29kgha! at Sumel and 1109.04 kg ha™' at Zakho), supporting findings by [44].
A strong density x weed control interaction was observed. At Sumel, the highest
biological yield (1415.77 kg ha™') was obtained from high density (D3) combined
with Kordiclofen, confirming the synergistic effect of effective broadleaf control
under resource-limited conditions [20]. At Zakho, high density combined with either
Matador Pro or Kordiclofen produced similarly maximum yields (1420.12 and
1431.10kg ha™), indicating an additive interaction. Overall, the benefit of increased
plant density on biological yield depended on effective, site-specific weed
management as mentioned by [19].

Table (11): Impact of population density and weed control methods on Biological
Yield (kg ha™) in the 2025 Growing Season at Sumel and Zakho Locations

Sumel Zakho
Treatments Population Densities Means Population Densities Means
plants m2 of plants m2 of
Weed Weed Weed
D1 D2 D3 Control D1 D2 D3 Control
Control | ,¢ 66 | (33.33) | (44.44) | Metho | (26.66) | (33.33) | (44.44) | Metho
Methods ds ds
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514.92 | 887.43 1016.4 806.26 | 525.70 | 886.05 | 973.56 | 795.10
T1 (Check) 4
G def b g ef cdef B
bede
T2 1162.6 | 1415.7 | 1090.4 1173.5 | 1431.1 | 1118.5
(Kordiclofen 6913 82 2 7 0 75?'99 4 0 4
) & bc a a & bed a A
. 1149.8 1 1105.9 973.36 1076.3 607.23 | 954.51 | 1207.6 | 923.13
T3 (Dimpex) 0 3 bede 6 def 4abc B
Bed bed a &
T4 (Matador 1196.9 055.22 | 788.69 | 980.29 | 842.13 1064.8 | 1420.1 1 1109.0
P 6 | bed f b £ ! 2 N
i Ab cde | e a e bed a A
TS5 (Hand | 920.10 | 973.84 | 1044.0 | 979.34 | 959.24 1119‘6 12632'2 11270'3
hoeing) Cdef bcde | 9bcede ab def bede ab A
Means .of 294.97 1017.0 | 1047.6 73706 1043.7 | 1258.9
Population B | 7 . 2 3
Densities ab a b a

Values within each set of means followed by the same letter are not significantly different at
p=0.05 according to Duncan’s M.R.T., 1955.

Results in Table 12 show that weed control methods significantly affected

seed protein content, whereas plant population density and its interaction with weed
control had no significant effect at either Sumel or Zakho, despite consistent
numerical trends. This agrees with [45], who reported relative stability of chickpea
protein content, although [46] observed reduced protein at higher densities due to
nitrogen competition. Weed control had a clear influence on protein percentage.
Hand hoeing produced the highest protein content at both sites (24.35% at Sumel
and 24.18% at Zakho), significantly exceeding the weedy check, supporting [1].
Kordiclofen and Dimpex also improved protein content, giving values comparable
to hand hoeing at Zakho and higher than the control at Sumel. In contrast, Matador
Pro showed variable, site-dependent effects that consistent with [47], who reported
reduced chickpea protein with quizalofop-p-ethyl. The weedy check consistently
recorded the lowest protein content (20.47% at Sumel and 21.05% at Zakho).
Although the density x weed control interaction did not identify a single optimal
combination, the highest protein values were obtained with hand hoeing at the lowest
density (D1), reaching 24.94% at Sumel and 24.50% at Zakho. These results
supported by [48], who emphasized that lower plant density and effective weed
control enhance seed protein content.
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Table (12): Impact of population density and weed control methods on Protein Content % in
the 2025 Growing Season at Sumel and Zakho Locations

Sumel

Zakho

Treatments Population Densities Population Densities Means
2 Means 2
plants m plants m of
it Weed
Weed Weed Contr
Control D1 D2 D3 | Control | DI D2 D3 o
Methods (26.66) | (33.33) | (44.44) M;cltsho (26.66) | (33.33) | (44.44) Metho
ds
T1 (Check) 20.37 | 2093 | 20.11 | 20.47 | 2048 | 21.61 | 21.07 | 21.05
g fg g c e cde de b
(K (’11“.21 f 2434 | 2245 | 2236 | 23.05 | 24.01 | 22.53 | 22.76 | 23.10
or )1c ofen abc cdef def ab ab bed abcd a
T3 (Di ) 23.07 | 21.94 | 23.54 | 22.85 | 23.79 | 22.58 | 22.32 | 229
(Dimpex abcde defg abcd b ab abcd bed a
T4 (Matador | 22.95 | 21.44 | 21.16 | 21.85 | 22.51 | 23.13 | 22.96 | 22.87
Pro) bede efg efg b bed abc abcd a
T5 (Hand 2494 | 24.65 | 23.46 | 24.35 24.5 23.93 | 24.11 | 24.18
hoeing) a ab abcd a a ab ab a
Means of | 3 13 | 5598 | 22.13 23.06 | 22.75 | 22.64
Population
" a a a a a a
Densities

Values within each set of means followed by the same letter are not significantly different at p=0.05
according to Duncan’s M.R.T., 1955.

Chickpea performance under rainfed conditions in Duhok was significantly
influenced by plant density and weed control. A moderate density of 33.33 plants m™
provided effective weed suppression and the highest seed yield at both locations.
Selective herbicides (Dimpex and Matador Pro) efficiently controlled narrow-leaf weeds,
whereas Kordiclofen and hand hoeing were more effective against broad-leaf weeds. The
combination of moderate density with hand hoeing produced the maximum seed yield
and protein content. Integrating optimal plant density with appropriate weed management
is therefore essential for improving chickpea productivity and quality.

References

1) Merga, T., & Alemu, L. (2019). Effect of hand weeding frequency on weed dynamics
and yield of chickpea (Cicer arietinum L.) in West Shewa, Ethiopia. East African
Journal of Sciences, 13(2), 117-126.

253




2) Kaya, H., Giindiiz, A., Ciftci, M., Giindiiz, S., & Biiyiikyildirim, M. (2020). Soil
fertility, N» fixation, and yield of chickpea as influenced by long-term biochar
application under mung—chickpea cropping system. Sustainability, 12(21), 9008.pp 1-
15.

3) USDA Foreign Agricultural Service. (2023). Grain and Feed Annual: Iraq (GAIN
Report No. [Z22023-0001). United States Department of Agriculture.

4) Kurdistan Region Statistical Office (KRSO). (2021). Agricultural products' data
summary between 1969-2020.

5) Adiyaman, C., & Kahriman, A. (2021). Determination of morphological resistance
characteristics and of chickpea (Cicer arietinum L.) genetic sources to imi group
herbicides. ISPEC Journal of Agricultural Sciences, 5(3), 678—689.

6) Mahajan, G., Singh, S., & Chauhan, B. S. (2023). Integrated weed management in
chickpea: A review. Agronomy for Sustainable Development, 43, 18.

7) Nath, C. P., Dubey, R. P., Sharma, A. R., Hazra, K. K., Kumar, N., & Singh, S. S.
(2018). Evaluation of new generation post-emergence herbicides in chickpea (Cicer
arietinum L.). National Academy Science Letters, 41(1), 1-5.

8) Mousavi, S. K., Pezeshkpour, P., & Shahverdi, M. (2007). Weed population response
to chickpea (Cicer arietinum L.) variety, and planting date. Journal of Sciences and
Technology Agricultural and Natural Resources, 11(4), 167-177.

9) Turner, N. C., Wright, G. C., & Siddique, K. H. M. (2001). Adaptation of grain legumes
(pulses) to water-limited environments. Advances in Agronomy, 71, 193-231.

10)  Singh, N. P., & Singh, R. A. (2002). Scientific crop production (1% Edition).

11)  Mahajan, G., Singh, G., & Chauhan, B. S. (2019). Weed control in chickpea through
crop competition: A review. Crop Protection, 116, 72-79.
https://doi.org/10.1016/j.cropro.2018.11.010

12)  Hussein, G. S., Salim, A. S., Khalaf, A. S., & Sabri, W. K. (2016). Effect of plant
densities and methods of weed control on population, types and growth of accompanied
weeds with chickpea (Cicer arietinum L.) under rainfed conditions at Duhok. Journal
of University of Duhok, 19(1), 126—133.

13) Jat, R. S., Meena, H. N., Singh, D., & Rai, P. K. (2020). Efficacy of clethodim
against grassy weeds in chickpea and its effect on crop growth and yield. Indian Journal
of Weed Science, 52(3), 278-282.

14) Kumar, S., Singh, R., Kumar, A., & Kumar, N. (2019). Performance of different
herbicides on weed growth of chickpea (Cicer arietinum L.). International Journal of
Agricultural Science, 6(1), 401-404.

15) Malik, B. S., Hussain, S. A., & Haqqani, A. M. (2003). Efficacy of herbicides in
chickpea. International Chickpea Newsletter, 6, 15.

16) Veisi, M., Jahedi Turk, A., & Mansouri, M. S. (2025). Influence of herbicides-based
weed management in chickpea. Journal of Food Legumes, 37(3): 297-304.

254

Journal of Kerbala for Agricultural Sciences Issue (2), Volume (13), (2026)



Journal of Kerbala for Agricultural Sciences Issue (2), Volume (13), (2026)

17)  Singh, P., Raghuvanshi, R. S.,; Singh, S., & Singh, R. (2021). Nutritional
composition of some newly developed chickpea (Cicer arietinum L.) varieties. Journal
of Food Science and Technology, 49(5), 624—628.

18) Geddes, C. M. (2022). Chickpea planting density influences crop—weed
competition but not weed community composition. Weed Science, 70(4), 431-439.
19) Pannacci, E., Lattanzi, B., & Tei, F. (2018). Selectivity and efficacy of herbicides
for weed control in grain legumes: A review. ltalian Journal of Agronomy, 13(1s), 1—-

10.

20) Kousta, A., Katsis, C., Tsekoura, A., & Chachalis, D. (2024). Effectiveness and
selectivity of pre- and post-emergence herbicides for weed control in grain legumes.
Plants, 13(2), 211.

21)  Yilar, M., Bayat, H., & Kadioglu, I. (2020). Effect of hand weeding on weed control
efficiency and yield components in chickpea (Cicer arietinum L.). Turkish Journal of
Weed Science, 23(1), 1-9.

22)  Bhosale, N. U., Jadhav, K. T., Choudhari, B. K., Aher, K. P., & Shinde, P. P. (2023).
Studies on the bioefficacy of different herbicides to manage weeds in chickpea ( Cicer
arietinum L.). The Pharma Innovation Journal, 12(8), 584—-587.

23) Holmes, K., & Sprague, C. (2013). Weed management in grain and forage legumes.
In A. J. Price & J. A. Kelton (Eds.), Herbicides: Current research and case studies in
use (pp. 449-468). InTech.

24)  Bianchi, L., Anunciato, V. M., Gazola, T., Perissato, S. M., Dias, R. C., Tropaldi,
L., Lencina, C. G., & S. O. A. M. (2020). Effects of glyphosate and clethodim alone
and in mixture in sourgrass (Digitaria insularis). Crop Protection, 138, A,
https://doi.org/10.1016/j.cropro.2020.105322.

25) Kiling, A. (2015). Efficacy and selectivity of herbicides in chickpea (Cicer
arietinum L.) [Doctoral dissertation, Ankara University].

26) Delchev, G. (2021). Efficacy of herbicides, herbicide combinations, and herbicide
tank mixtures on chickpea (Cicer arietinum L.). Scientific Papers. Series A. Agronomy,
LXIV (1), 283-290.

27)  Kumar, N., Nandal, D. P., & Punia, S. S. (2014). Weed management in chickpea
under irrigated condition. Indian Journal of Weed Science, 46(3), 300-301.

28) Salim, A. S., Hussein, G. S., Khalaf, A. S., & Sabri, W. K. (2016). Effect of weed
control methods and plant densities on yield and yield components of chickpea ( Cicer
arietinum L.) under rain fall conditions at Duhok Governorate. Journal of University of
Duhok, 19(1), 49-56.

29)  Gezahegn, B., Tadesse, T., & Mulualem, T. (2022). Effect of inter-row spacing on
growth and yield of chickpea (Cicer arietinum L.) in central Ethiopia. Journal of
Agronomy, 21(3), 112—-118.

255



Journal of Kerbala for Agricultural Sciences Issue (2), Volume (13), (2026)

30) Thakur, R., Sharma, P., & Singh, A. (2024). Effect of row spacing on growth and
yield of chickpea (Cicer arietinum L.) under rainfed conditions. Journal of Crop
Science, 45(2), 89-95.

31)  Yusuf, A. O., Ogunlela, V. B., & Falaki, A. M. (2019). Growth and yield response
of chickpea (Cicer arietinum L.) to varying plant spacing in the Sudan savanna of
Nigeria. Journal of Agricultural Science and Practice, 4(1), 1-7.

32) Khan, A.,Khan, . A., & Ali, A. (2017). Effect of plant spacing on growth and yield
of chickpea (Cicer arietinum L.). Sarhad Journal of Agriculture, 33(1), 1-7.

33) Kumar, B., & Sarkar, S. (2020). Efficacy of different post-emergence herbicides in
chickpea (Cicer arietinum L.). International Journal of Chemical Studies, 8(4), 3036—
3039.

34) Balwan, H. M., Verma, H. P., Kumar, M., & Singh, M. (2016). Effect of weed
management practices on growth, yield attributes and economics of gram in South
Gujarat. Annals of Agricultural Research, 37(4), 410—415.

35) Meena, S. S., Meena, M. D., & Meena, R. H. (2020). Effect of weed management
practices on growth and yield of chickpea. Journal of Food Legumes, 33(4), 238-241.

36) Patel, A., Banjara, G. P., Shrivastava, G. K., Rathores, S., Shekhawat, K., Painkara,
S. K., Lakra, A. K., & Mishra, R. K. (2024). Chemical weed management in chickpea
(Cicer arietinum L.) under Vertisols of Eastern Plateau Plain zone of India. Indian
Journal of Agronomy, 69(2), 166—171.

37) Tewari, A., & Kumar, S. (2018). Effect of plant spacing on growth and yield of
chickpea (Cicer arietinum L.) in semi-arid regions. Journal of Environmental Biology,
39(4), 523-528.

38) Mandal, R., Ghosh, M., & Sarkar, S. (2020). Effect of planting geometry and weed
management on growth and yield of chickpea (Cicer arietinum L.). Journal of Crop
and Weed, 16(2), 194—198.

39) Singh, G., Aggarwal, N., & Khanna, V. (2014). Effect of plant density on growth,
yield and quality of chickpea (Cicer arietinum L.) under irrigated conditions. Legume
Research, 37(1), 45-50.

40)  Patel, J., & Tiwari, S. (2022). Effect of weed management practices on growth and
yield of chickpea. Journal of Pharmacognosy and Phytochemistry, 11(2), 100—104.
41) Poonia, T. C., & Pithia, M. S. (2013). Pre- and post-emergence herbicides for weed

management in chickpea. Indian Journal of Weed Science, 45(3), 223-225.

42)  Nigussu Bekele, & Tesfaye Geleta. (2021). Influence of intra and inter row spacing
on seed yield and yield component of chickpea (Cicer arietinum) varieties in Central
Highlands of Ethiopia. International Journal of Novel Research in Life Sciences, 8(5),
22-30.

43)  Shiferaw, B., Silim, S., Muricho, G., & Audi, P. (2018). Effect of plant density on
weed suppression, growth and yield of chickpea (Cicer arietinum L.) in Ethiopia.
Journal of Agricultural Science and Technology, 20(4), 783—795.

256



Journal of Kerbala for Agricultural Sciences Issue (2), Volume (13), (2026)

44)  Gore, A. K., Gobade, S. M., & Patil, P. V. (2015). Evaluation of pre- and post-
herbicides in chickpea (Cicer arietinum L.). International Journal of Tropical
Agriculture, 33(2), 905-908.

45) Wood,J. A., & Grusak, M. M. (2007). Nutritional value of chickpea. In S. S. Yadav,
R. Redden, W. Chen, & B. Sharma (Eds.), Chickpea breeding and management (pp.
101-142). CABI.

46) Abdullah, S. A., Bilal, B., & Salih, R. H. (2019). Effect of plant spacing on yield
and some quality characteristics of three chickpea (Cicer arietinum L.) varieties.
Polytechnic Journal, 9(1), 37-42.

47)  Ahemad, M., & Khan, M. S. (2012). A comparative analysis of the growth
parameters of different legume crops grown in quizalafop-p-ethyl applied soils. Insight
Botany, 2(1), 1-6.

48) Solaiman, A. H. M., & Anwar, M. P. (2015). Effect of plant spacing and weed
control on seed quality of chickpea (Cicer arietinum L.). Bangladesh Journal of
Agricultural Research, 40(3), 467—-478.

257



