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ABSTRACT

Context. Knowledge gaps exist for the interference of Avena ludoviciana and Argemone mexicana in
chickpea grown in eastern Australia. Aims. This research aimed to examine the effect of different
interference levels of A. ludoviciana and A. mexicana for their potential to cause yield loss in chickpea.
Methods. Experiments were conducted in a randomised complete block design with five weed
infestation levels of both weeds (none, low, medium, high, and very high) in three replications.
Key results. Infestations of A. ludoviciana and A. mexicana at 15 and 17 plants m−2 caused an 83
and 48% reduction in chickpea yield, respectively, compared with weed-free situations. Based on
the regression model, a 50% yield reduction of chickpea occurred at 10 and 17 plants m−2 of
A. ludoviciana and A. mexicana, respectively. Based on the modified hyperbolic model, maximum seed
production of A. ludoviciana and A. mexicana in chickpea at an infestation level of 1 plant m−2 was
estimated at 366 and 7800 seeds m−2, respectively. At crop harvest, seed retention of A. ludoviciana
and A. mexicana was greater than 50 and 90%, respectively. Conclusions. A. ludoviciana and A.
mexicana infestation in chickpea caused a substantial reduction in crop yield. High seed retention
in A. mexicana and A. ludoviciana in chickpea suggests the possibility to manage these two weeds
through harvest weed seed control. Implications. The information generated from this study
could help in strengthening integrated weed management in chickpea.

Keywords: biology, seed production, seed retention, weed, weed biomass, weed competition,
weed density, yield.

Introduction

Chickpea (Cicer arietinum L.) belongs to the Fabaceae family and is responsible for 
about 16% of global pulse production (Merga and Haji 2019). In eastern Australia, 
it is an important export-oriented crop grown in the winter season. Chickpea helps in 
improving system-based crop productivity as two crops (summer and winter) are grown 
in this region and the cultivation of chickpea in the cereal system helps in breaking the 
disease cycle. In addition, chickpea cultivation improves soil fertility by contributing to 
atmospheric nitrogen fixation (by the bacteria) in the soil (Berger et al. 2004). In 
Australia, the chickpea crop occupied an area of 0.5 m ha during 2020–2021 with seed 
production of 0.7 m t (ABARES 2021). Yield gaps for chickpea in Australia are larger 
compared with cereal and canola crops, and it was estimated that the average yield gap 
for chickpea in South Australia was as high as 50% (Mawalagedera and Brand 2022). 

Weeds are a limiting factor in chickpea productivity as they utilise significant moisture in 
the soil profile and compete with the crop, particularly when the crop is rainfed (Whish et al. 
2002; Mahajan et al. 2019). The chickpea crop, being slow-growing, short-statured, 
and forming an open canopy at an early stage of development, is a poor competitor 
with weeds (Solh and Pala 1990; Boydston et al. 2018). Yield losses in chickpea may vary 
from 24 to 85%, depending upon the extent of weed competition imposed by different 
levels of infestation and types of weed species (Tiwari et al. 2001; Tanveer et al. 2015). 

In Australia, wide row spacing (50–100 cm) in chickpea is popular to utilise the soil 
profile moisture efficiently (Reid et al. 2004). It is opined that a wide-row planting 
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system conserves moisture in the soil profile and provides an 
opportunity for cropping in dry regions (Whish et al. 2002). 
Therefore, weed management in chickpea is essential for 
the success of wide-row systems, to conserve moisture in 
the soil profile and for better crop growth. 

Weed infestation levels in fields play an important 
role in determining critical crop–weed competition and 
weed threshold levels (Martin et al. 2014). Economic weed 
threshold levels in the field and the high shattering ability 
of weeds justify the use of weed control measures at the 
right time for high economic returns and for restricting 
further weed reinfestation in the field (Cousens 1985; 
Walsh et al. 2012; Mahajan and Chauhan 2021a). Growth 
behaviours of crops may differ with different weed species 
and levels of weed infestation (Manalil and Chauhan 2019; 
Mahajan and Chauhan 2021b); therefore, studies on weed 
interference in different crops are important. 

Sterile oats [Avena sterilis ssp. ludoviciana (Durieu)] is an 
important winter season weed of eastern Australia owing to its 
highly competitive ability (Nugent et al. 1999). A recent study 
in Australia reported that 16 plants m−2 of Avena ludoviciana 
caused a 50% reduction in wheat (Triticum aestivum L.) 
yield (Mahajan and Chauhan 2021b). High infestations of 
A. ludoviciana in winter season crops could be due to its 
favourable biological attributes (Mahajan and Chauhan 
2021a). For example, high seed-shattering ability, adaptation 
to a wide range of temperatures and water stress for 
germination and growth, and innate dormancy in seeds are 
some of the attributes that make A. ludoviciana emerge at 
different periods of crop seasons (Sahil et al. 2020; Mahajan 
and Chauhan 2021c). Emergence pattern studies indicate 
the potential of A. ludoviciana to emerge from March to 
October (autumn, winter, and spring) in eastern Australia 
(Mahajan and Chauhan 2021b). 

Under lack of competition, A. ludoviciana could produce 
2660 seeds plant−1 if it emerges at the beginning of 
the winter season (May) (Mahajan and Chauhan 2021a). 
Even late (July) cohorts of A. ludoviciana could produce 
430 seeds plant−1. In wheat, it has been observed that the 
shattering tendency of A. ludoviciana varied from 64 to 
80%, suggesting that it could cause a reinfestation in the 
fields (Mahajan and Chauhan 2021a, 2021b). In Australia, 
A. ludoviciana has evolved resistance to Group 1 and 2 
herbicides (Storrie 2007). The threat of herbicide resistance 
appears to be greater in chickpea crops as it is mainly 
Group 1 and 2 herbicides that are available for post-
emergent control. Therefore, assessing chickpea yield at 
different densities of A. ludoviciana is important for guiding 
suitable weed control measures at the right time. 

Mexican pricklepoppy (Argemone mexicana L.), which 
belongs to the Papaveraceae family, is a rapidly emerging 
weed in eastern Australia (Manalil et al. 2017). It grows 
well in winter crops sown at wide spacing and its 
infestation in chickpea crops and fallow fields is observed in 
eastern Australia (GRDC 2017; Gill et al. 2021). This weed is 

poisonous to humans and livestock (CottonInfo 2014) and one 
single plant can produce more than 10 000 seeds plant−1 

(CottonInfo 2014). 
Knowledge of interference and the competitive behaviour 

of weeds in crops could strengthen integrated weed manage-
ment programs (IWM) by having an understanding of their 
weed competitive ability (Eslami et al. 2006; Lemerle et al. 
2014; Reiss et al. 2018). The competitive ability of different 
weeds varies with different crops (Soltani et al. 2018; 
Korres et al. 2019). Information on the growth behaviour, 
maturity, and dispersal of weeds in different crops provides 
an opportunity for harvest weed seed control (HWSC) and can 
help in strengthening IWM (Mahajan and Chauhan 2021a; 
Squires et al. 2021). The maturity, seed production, and 
seed retention behaviour of A. ludoviciana and A. mexicana 
may vary in chickpea at different levels of infestation 
(Mahajan and Chauhan 2021a). Taller weed plants relative 
to crops at crop harvest may provide an opportunity for 
HWSC through the Harrington seed destructor (Walsh et al. 
2012, 2013). 

Knowledge gaps exist for the interference of A.ludoviciana 
and A. mexicana in chickpea grown in eastern Australia. 
Information is needed for the effect of interference of 
A. ludoviciana and A. mexicana on chickpea yield under 
Australian conditions. Therefore, field studies were conducted 
in the winter seasons of 2020 and 2021 to examine the effect of 
interference of A. ludoviciana and A. mexicana in chickpea. 

Materials and methods

Field trial and observations

A field experiment was conducted in 2020 and repeated 
in 2021 at the research facility of the University of 
Queensland, Gatton (27.5514°S and 152.3428°E). The 
Gatton site is situated in the subtropical climatic region of 
Australia and has an average annual rainfall of 728 mm 
(30-year climatic normal; http://www.bom.gov.au). The 
soil type of the experimental site was medium clay (typic 
chromstert, quaternary alluvium) with a pH (1:2 H2O) of 6.9 
and 1.4% organic carbon (Walkley Black). Both experiments 
were repeated in the same field. No fertiliser was applied to 
the crop in both seasons. For sowing, a fine seed bed was 
prepared with a disc-harrow (two times) followed by a 
rotovator. The field remained fallow after the first chickpea 
crop. During fallow conditions, weeds were not allowed to 
produce seeds and the field was ploughed one week before 
the planting of the second-year chickpea crop. Chickpea 
(variety PBA Seamer) was planted on 7 May each year 
using 30 seeds m−2 at a row spacing of 35 cm with the help 
of a cone planter in both years. The size of each plot was 
7 m2 (5.0 m × 1.4 m). 

Each experiment was conducted in a randomised complete 
block design with five weed infestation levels (none, 
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low, medium, high, and very high) in three replications. The 
corresponding densities at different A. ludoviciana 
infestations levels were 0, 12, 15, 23, and 27 plants m−2. 
These densities for A. mexicana were 0, 3, 7, 12, and 
17 plants m−2. Weed density in medium and high-level 
plots was fixed on the basis of minimum weed density 
observed in plots marked with low and very high-density 
levels and to keep the minimum labour for weeding. Weed 
density for respective plots was fixed by hand-weeding. 
Other weeds were also removed by hand-weeding after 
emergence. 

To ensure a uniform A. ludoviciana and A. mexicana 
infestation across the experimental site, seeds were mixed 
with sand and broadcasted before chickpea planting 
(6 May). A shallow tillage operation was performed to bury 
A. ludoviciana and A. mexicana seeds in the soil at a depth 
of 2–3 cm. Weed seeding rates for each plot were decided 
based on a germination test performed in the laboratory so 
that at a high weed infestation level, about 25 plants m−2 

could emerge in each plot. Weed density was fixed after 
the emergence of weeds in the field. In the laboratory, 
seeds of A. mexicana exhibited dormancy, while seeds of 
A. ludoviciana did not exhibit dormancy. The criteria for 
adjusting the weed density of two species in different 
infestation levels were decided on the basis of the highest 
weed emergence in the plots that were marked with very 
high infestation levels. Due to the high dormancy of 
A. mexicana seeds, we could not achieve 25 weeds m−2 in 
the plots designated to the very high infestation level; 
therefore, weed density in different infestation levels of 
A. mexicana was maintained lower than A. ludoviciana. In  
the second year, attempts were made to create a similar 
weed density to the first year in each infestation level. 

The crop was sprinkler-irrigated (two times; first just after 
sowing and second 7 days after sowing) to ensure uniform 
crop and weed emergence. Manual weeding was done 
regularly (two times per week) for the initial 45 days to 
remove other weeds and for maintaining the required weed 
density. At crop harvest (5 October), weed density and 
biomass were recorded by placing a quadrat (50 cm × 50 cm) 
at two random places in each plot. For weed biomass, plants 
from the quadrat area were harvested at the base level, 
placed in paper bags, and dried in an oven at 70°C for 72 h. 

Before removing weeds from the quadrat area, the total 
number of weed seeds in the quadrat area was also counted 

m−2and then converted into seeds . For A. ludoviciana, 
florets (empty and full) on each panicle in the quadrat area 
were counted. For A. mexicana, seed capsules (empty and 
full) in the quadrat area were counted. From those samples, 
about 20 filled seed capsules were chosen for seed count 
and then averaged to get seeds per capsule. 

Before crop harvesting, five plants of chickpea were chosen 
randomly from each plot (at the centre of each plot) for 
calculating the total number of pods and then averaged into 
pods per plant. For calculating seed per pod, 10 pods were 

chosen from each plot and then averaged to get seed per 
pod. One-hundred seeds were counted from the harvested 
samples and weighed. Crop harvesting was done with a plot 
harvester, and seed yield was adjusted to 12% moisture 
content. The crop was harvested from 5.6 m2 (4.0 m × 1.4 m). 

Emergence, flowering, and maturity of chickpea, 
A. ludoviciana, and A. mexicana were related to growing 
degree-days base 5ºC {GDD5 = [(maximum daily 
temperature + minimum daily temperature)/2) – 5]} (Martin 
et al. 2014). Weather data of the Gatton location were 
obtained from the Bureau of Meteorology, Australia 
(http://www.bom.gov.au/climate/) from a station situated 
within 500 m of the experimental field. 

The crop received a total rainfall of 115 and 213 mm in 
2020 and 2021, respectively. In 2020, rainfall was 
relatively higher from August to September; while in 2021, 
crops received higher rainfall in May and July (Fig. 1). The 
mean monthly maximum temperature during the crop season 
ranged between 21.7–30.9°C and 20.5–25.9°C in 2020 and 
2021, respectively (Fig. 1). In both years, the mean monthly 
maximum temperature was lowest in July and highest in 
October. The mean monthly minimum temperature during 
the crop season ranged between 6.8–11.6°C and 7.1–10.1°C 
in 2020 and 2021, respectively (Fig. 1). The mean monthly 
minimum temperature in September 2020 (10.4°C) was 
relatively higher than in September 2021 (7.4°C). Similarly, 
the mean monthly maximum temperature in September 
2020 (27.8°C) was relatively higher than in September 
2021 (23.8°C). 

Statistical analyses

The data for both years in each experiment were subjected to 
an analysis of variance (ANOVA) using the software CPCS1, 
verified with GENSTAT 19th edition (VSN International, 
Hemel Hempstead, UK). Year × treatment interactions were 
modest (lowest P = 0.8) for each parameter; therefore, data 
were pooled over the years (a total of six replications) 
for further analysis (Supplementary Tables S1 and S2). 
Treatment means were compared at the 5% level of signifi-
cance using Fisher’s protected least significant difference 
(l.s.d.). Data were also validated to meet the assumptions of 
normality and variance before analysis. 

The relationship between chickpea yield (% of weed-free 
control) and weed density/weed biomass was estimated 
using a three-parameter logistic model in SigmaPlot 14.5 
(Systat Software, San Jose, CA, USA): 

y = a=1 + ðx=x0Þb , (1) 

where y is the chickpea yield as a percentage of weed-free 
control at weed density/weed biomass x, a is the maximum 
yield, x0 is the weed density/biomass required for a 50% 
reduction in yield and b is the slope (SigmaPlot 14.5; Systat 
Software, San Jose, CA, USA). 
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Fig. 1. Weather conditions during the crop seasons of chickpea for 2020 and 2021 at the
University of Queensland, Gatton, Australia.

The relationship between weed density and weed biomass; 
and, weed density and weed seed production was estimated 
using a modified hyperbola model: 

y = a × x=ð1 + b × xÞ, (2) 

where y is the weed seed production at weed density x, a is the 
maximum weed seed production estimated at weed 
infestation of 1 plant m−2, and b is the slope. The fit of the 
selected models was determined using R2 values. 

Results and discussion

The chickpea crop emerged 10 (GDD5 = 141) and 11 
(GDD5 = 140) days after seeding (DAS) in 2020 and 2021, 
respectively. In both years, A. ludoviciana and A. mexicana 
emerged at 8 and 14 DAS, respectively. Flower initiation in 
chickpea started at 84 (GDD5 = 914) and 93 (GDD5 = 913) 
DAS in 2020 and 2021, respectively. A. ludoviciana flowered 
at 65 (GDD5 = 716) and 69 (GDD5 = 685) DAS in 2020 
and 2021, respectively. A. mexicana flowered at 110 
(GDD5 = 1181) and 118 (GDD5 = 1183) DAS in 2020 and 
2021, respectively. The chickpea crop attained maturity at 
155 (GDD5 = 1802) and 157 (GDD5 = 1604) DAS in 2020 
and 2021, respectively. 

At the A. ludoviciana infestation level of 12 plants m−2, 
weed biomass was 347 g m−2, which further increased to 
478, 644, and 834 g m−2 at the infestation levels of 15, 23, 
and 27 plants m−2, respectively (Table 1). A. ludoviciana 

m−2produced 4753 seeds at the infestation level of 
12 plants m−2 (Table 1). Seed production of A. ludoviciana 
at the weed infestation level of 23 and 27 plants m−2 

increased by 104 and 166%, respectively, when compared 
m−2with the infestation level of 12 plants . At chickpea 

maturity, seed retention of A. ludoviciana at the infestation 
level of 12 plants m−2 was 59% and it reduced to 45% at 
the infestation level of 27 plants m−2 (Table 1). 

The seed yield of chickpea in the weed-free environ-
ment (A. ludoviciana interference trial) was 3221 kg ha−1, 
and it was reduced by 65, 83, 90, and 96% at the weed 
infestation levels of 12, 15, 23, and 27 plants m−2, respec-
tively (Table 1). About 30 pods per plant were produced 
by chickpea in the weed-free environment, and the pod 
number per plant decreased by 42, 74, and 83% at the 

m−2weed infestation levels of 12, 15, and 27 plants , 
respectively (Table 1). Seed numbers per pod were highest 
(1.8 seeds pod−1) in the weed-free environment and it 
reduced with increased levels of weed infestation 
(P ≤ 0.001; Table 1). At the A. ludoviciana infestation 

m−2levels of 15, 23, and 27 plants , chickpea plants 
produced only one seed per pod. The 100-seed weight of 
chickpea in the weed-free environment was 22 g and it did 
not reduce with increased levels of weed infestation (Table 1). 

The biomass of A. mexicana at the infestation level 
m−2 m−2of 3 plants was 190 g and it was similar at 

infestation levels of 7 and 12 plants m−2 (Table 2). Biomass 
m−2of A. mexicana at the infestation level of 17 plants 

increased by 120% (419 g m−2) compared with the density 
m−2of 3 plants . Seed production of A. mexicana at the 
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Table 1. Effect of Avena ludoviciana infestation levels on weed parameters, chickpea yield attributes, and yield.

Weed infestation levels Avena ludoviciana Chickpea
(plants m−2) Biomass Seed production Seed retention Pods Seeds 100-seed weight Seed yield

(g m−2) (no. m−2) (%) (no. plant−1) (no. pod−1) (g) (kg ha−1)

0 – – – 29.6c 1.8c 21.9a 3221c

12 347.5a 4753a 59b 17.2b 1.4b 18.3a 1112b

15 477.9b 6549a 49a 7.7a 1.0a 21.2a 538ab

23 643.8c 9721b 45a 6.2a 1.0a 21.0a 310a

27 833.8d 12 660c 49a 5.0a 0.9a 14.1a 116a

l.s.d. (0.05) 97.3 2890 5 3.3 0.1 n.s. 619

Year × treatment interactions were modest (smallest P = 0.08 or >0.08); therefore, data were pooled.
n.s., non-significant.
Lowercase letters indicate differences (P ≤ 0.05) between treatments.

Table 2. Effect of Argemone mexicana infestation levels on weed parameters, chickpea yield attributes, and yield.

Weed infestation levels Argemone mexicana Chickpea
(plants m−2) Biomass Seed production Seed retention Pods Seeds 100-seed weight Seed yield

(g m−2) (no. m−2) (%) (no. plant−1) (no. pod−1) (g) (kg ha−1)

0 – – – 30.2d 1.7e 22.0bc 3126e

3 190.5a 22 250a 93c 25.8c 1.6 d 21.8ab 2851d

7 212.9ab 58 980ab 91b 22.7b 1.3c 21.9b 2211c

12 302.8b 91 952b 91b 20.3b 1.2b 21.6ab 1908b

17 419.4c 136 090c 90a 16.8a 1.0a 21.5a 1611a

l.s.d. (0.05) 122.3 42 274 0.8 2.4 0.07 0.3 271

Year × treatment interactions were modest (lowest P ≥ 0.8); therefore, data were pooled.
Lowercase letters indicate differences (P ≤ 0.05) between treatments.

infestation level of 3 plants m−2 was 22 250 seeds m−2 (Table 
2), and it increased by 313 and 512% at infestation levels of 
12 and 17 plants m−2, respectively. At chickpea maturity, seed 
retention of A. mexicana at the infestation level of 
3 plants m−2 was 93% and it reduced to 91 and 90%, 
respectively, at weed infestation levels of 12 and 
17 plants m−2 (Table 2). 

The seed yield of chickpea in the weed-free environment 
(A. mexicana interference trial) was 3126 kg ha−1, and it 
was reduced by 9, 29, 39, and 48% at the weed infestation 
levels of 3, 7, 12, and 17 plants m−2, respectively (Table 2). 
About 30 pods per plant were found in chickpea in the 
weed-free plot, and the pod number per plant decreased by 
14, 25, 32, and 44% at the weed (A. mexicana) infestation 
levels of 3, 7, 12, and 17 plants m−2, respectively (Table 2). 
Seed numbers per pod were the highest (1.7 seeds pod−1) 
in the weed-free environment and were reduced by 41% 
(1.0 seed pod−1) at the infestation level of 17 plants m−2. 
The 100-seed weight of chickpea in the weed-free environ-
ment was 22 g and it decreased by 2 and 2.3%, respectively, 
at infestation levels of 12 and 17 plants m−2 (Table 2). 

This study reports the interference of A. ludoviciana and 
A. mexicana in chickpea at various infestation levels. Results 

demonstrated that A. ludoviciana was more competitive than 
A. mexicana (on the basis of regression analysis) in chickpea; 
as the extent of the yield reduction in relation to weed biomass 
was higher for A. ludoviciana compared with A. mexicana 
infestation (Figs 2 and 3). The faster growth of A. ludoviciana 
compared with A. mexicana (as evidenced by the emergence 
and flowering data) made A. ludoviciana more competitive 
against chickpea. Based on the three-parameter regression 
model, A.ludoviciana and A. mexicana densities correspond-
ing to the 50% yield reduction were 10 and 17 plants m−2, 
respectively (Figs 2 and 3). Based on the three-parameter 
logistic model, A. ludoviciana and A. mexicana biomass 
corresponding to the 50% yield reduction were 283 and 
413 g m−2, respectively (Figs 2 and 3). Further, the 
modified hyperbola model predicts that A. ludoviciana and 
A. mexicana could produce biomass of 29 and 58 g m−2, 
respectively, at weed density of 1 plant m−2 with chickpea 

m−2(Figs 2 and 3). Similarly, 1 plant of A. ludoviciana 
and A. mexicana in chickpea could produce 366 and 
7887 seeds m−2, respectively (Figs 2 and 3). 

The yield reduction in chickpea due to the increased 
infestation of A. ludoviciana and A. mexicana could be 
related to high weed–crop competition, which resulted in a 
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Fig. 2. Chickpea yield as percent of weed-free control in response to
(a) weed (Avena ludoviciana) density; and (b) weed biomass. The lines in
(a) and (b) represent a logistic model fit to the data. (c)Weed biomass in
response to weed density; (d) weed seed production in response to
weed density. The lines in (c) and (d) represent a hyperbolic model
fit to the data. Error bars represent standard error (±).

Fig. 3. Chickpea yield as percent of weed-free control in response to
(a) weed (Argemone mexicana) density; and (b) weed biomass. The lines
in (a) and (b) represent a logistic model fit to the data. (c)Weed biomass
in response to weed density; (d) weed seed production in response to
weed density. The line in (c) represents a hyperbolic model fit to the
data. Error bars represent standard error (±).
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lower number of pods per plant, and number of seeds per pod. 
This suggests that early competition by A. ludoviciana and A. 
mexicana in chickpea may reduce pod number and late 
competition reduce the seeds per pod. This study also 
revealed that the seed retention of A. mexicana (~90%) was 
higher than A. ludoviciana (45–59%), suggesting a greater 
opportunity for HWSC for A. mexicana than A. ludoviciana. 

The high level of seed production in A. ludoviciana and 
A. mexicana indicates the potential of these weeds to 
become dominant weeds. However, the greater height (Fig. 4) 
of these weeds (~145 cm for A. ludoviciana and ~98 cm for 
A. mexicana) compared with chickpea (~65 cm), and high 
seed retention of both weeds at chickpea harvest provides 
an opportunity to control these weeds through tactics such 
as HWSC. Almost half the seeds of A. ludoviciana were 
shattered on the ground at chickpea maturity. These results 
suggest that a short-duration variety of chickpea may 
provide a greater opportunity for controlling A. ludoviciana 
through HWSC. 

Chickpea is a slow-growing crop, and if weeds are allowed 
to grow, they could cause a substantial reduction in yield. 
Various researchers have reported a reduction in chickpea 
yield due to the interference of weeds (Lyon and Wilson 
2005; Mishra et al. 2006; Frenda et al. 2013). 
A previous study in Iran revealed that weed infestation in 
chickpea resulted in reduced dry weight of crops ranging 
from 50 to 60% compared with weed-free environments 
(Mohammadi et al. 2005). Further, these authors found that 
weed infestation in chickpea could cause a reduction in 
seed yield ranging from 44 to 66%, depending upon the 
level of weed infestation (Mohammadi et al. 2005). Most 
information on yield losses due to interference of weeds is 
generalised and not weed-specific. The current study filled 
the research gaps for assessing chickpea yield losses due 
to the interference of two specific weeds (A. ludoviciana 
and A. mexicana). Similarly, for specific weed interference 
in chickpea, a recent study in Australia revealed that 
16 plants m−2 of A. ludoviciana in wheat could cause a 50% 
reduction in yield (Mahajan and Chauhan 2021b). 

The results of the current study suggest that A. ludoviciana 
and A. mexicana tend to produce enough seeds in chickpea to 
allow replenishment of seedbanks in the soil, and persistence 
in the fields. The seeds of A. mexicana could persist in the soil 
for a longer period if fresh seed production, reinfestation, and 
dispersal are not controlled. In Australia, it was observed 
that at 2 and 10-cm soil depths, >30% of seeds of A. mexicana 
were viable after 42 months of seed burial (Manalil and 
Chauhan 2021). In another study, it was observed that 
plants of A. mexicana were unable to produce seeds when 
infested in wheat crop due to high competition offered 
by the crop (Manalil and Chauhan 2019). These results 
implied that the competitiveness of A. mexicana may differ 
with solid drilled and wide-row crops. These results suggest 
that crop rotation with wheat crops could be used as a weed 
control tactic in fields having a history of high infestation 

Fig. 4. Infestation of (a) Avena ludoviciana, and (b) Argemone mexicana
in a chickpea field.

of A. mexicana. Our previous study revealed that seeds of 
A. ludoviciana are unable to emerge after 2 years if fresh 
seed production is not allowed in the field (Mahajan and 
Chauhan 2021b). These observations suggest that timely 
weed control is important to reduce A. ludoviciana 
reinfestation in the field. 

A. ludoviciana and A. mexicana can produce multiple 
flushes under a wide range of climatic conditions. It was 
observed that multiple flushes of A. ludoviciana in eastern 
Australia could occur from March to October (Mahajan and 
Chauhan 2021b). Similarly, the infestation of A. mexicana 
in Australian fields was observed in summer (cotton, 
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Gossypium hirsutum L.) as well as in winter seasons (chickpea) 
(Werth et al. 2013; Manalil et al. 2017). Therefore, the results 
of these studies suggest that A. ludoviciana and A. mexicana 
can infest chickpea crops under varied planting times and 
cause substantial yield losses, if not managed in a timely 
fashion. The sole reliance on chemical weed control may not 
provide valuable control of A. ludoviciana and A. mexicana 
for a long time due to the high selection pressure imposed 
by chemicals (Duke and Heap 2017). Therefore, timely 
weed control using IWM practices, such as improved 
crop competition, HWSC tactics, and judicious herbicide 
use could provide effective control of A. ludoviciana and 
A. mexicana in chickpeas. 

In conclusion, a high infestation of A. ludoviciana and 
A. mexicana (Fig. 4) in chickpea fields could cause a 
substantial reduction in yield. Therefore, timely control of 
these weeds is warranted to improve chickpea yield. At 
chickpea maturity, seed retention of A. ludoviciana and 
A. mexicana was ~50 and 90%, respectively, indicating 
the opportunity for HWSC for these weeds in chickpea. 
The information generated from this study could help in 
guiding farmers to take suitable weed control measures at 
the right time and aid in strengthening the IWM program 
by utilising the opportunity of HWSC using the Harrington 
seed destructor, narrow-windrow burning, etc. The data 
generated from this study could also help in assessing yield 
losses in chickpea due to the infestation of these weeds 
through modelling and remote sensing. 

Supplementary material

Supplementary material is available online. 
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