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ABSTRACT

A field study was conducted during the winter (rabi) season of 2011–13 at Kanpur, Uttar Pradesh, to assess the
performance of post-emergence application of quizalofop-ethyl in combination with pre-emergence application of
pendimethalin on chickpea (Cicer arietinum L.). The treatments comprised 5 doses of quizalofop-ethyl (50, 75,
100, 125 and 150 g/ha) in combination with pendimethalin @ 1.25 kg/ha, and pendimethalin @ 1.25 kg/ha fol-
lowed by (fb) manual weeding. The broad-leaf weeds like Coronopus dedymus, Melilotus officinalis and Chenopo-
dium album were dominant. In case of grassy weeds, Phalaris minor was the most dominant weed. Significant re-
duction in total weed density and weed dry weight was recorded under application of pendimethalin @ 1.25 kg/ha
fb quizalofop-ethyl @ 100–150 g/ha and pendimethalin @ 1.25 kg/ha fb manual weeding. Weed-control indices
also showed improvement under these treatments. The poor crop-weed competition due to effective control of
weeds under these treatments resulted in higher nodulation and yield. Similarly, higher net returns and benefit:
cost ratio were recorded in pendimethalin @1.25 kg/ha fb quizalofop-ethyl @ 125 g/ha.
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Chickpea is a leading pulse crop, grown in an area of
8.3 million ha with annual production of 7.7 million
tonnes, registering an average productivity of 928 kg/ha
(Ministry of Agriculture, 2013). The poor productivity of
chickpea is mainly due to competition from diverse weed
population (Sharma, 2009; Kumar, 2010). Most weed spe-
cies can grow faster and taller than the chickpea and inhib-
its the plant growth by curtailing sunlight, nutrients and
moisture; and reduces the grain yield up to 75% (Balyan
and Bhan, 1984). So far, pendimethalin was identified as
a suitable pre-emergence (PE) herbicide effective against
emerging broad-leaf weeds (especially Chenopodium al-
bum). However, it is not found effective against many
other weeds including Cyperus rotundus (Kumar and
Hazra, 2012). Therefore, pendimethalin along with a
manual weeding at 35–40 days after sowing was recom-
mended (Chaudhary et al., 2011). Although weed-man-
agement practices through manual weeding is effective in
weed control, it is uneconomical due to higher costs
(Kumar et al., 2010). Use of post-emergence herbicides in
combination with pre-emergence may be one of the tools
for broad-spectrum weed control. Quizalofop ethyl is rec-
ommended in soybean and other leguminous crops to con-
trol grassy weeds (Kumar et al., 2013). Quizalofop-ethyl
in initial screening trials during 2008–10 at Kanpur, Uttar

Pradesh, has shown promising results in winter (rabi)
pulses. Therefore, the present study was proposed to as-
sess the field efficacy of quizalofop-ethyl in combination
with pendimethalin in chickpea.

MATERIALS AND METHODS

A field experiment was conducted during the winter
(rabi) season of 2011–12 and 2012–13 at ICAR-Indian In-
stitute of Pulses Research, Kanpur (26o 27' N, 80o 14' E
and 152.4 m above mean sea-level). The climate is tropi-
cal sub-humid, receives annual rainfall of 722 mm and
mean annual maximum and minimum temperature is 33.0
and 20.0oC respectively. The soils of experimental site
comes under taxonomical class Typic Usrtochrept with
sandy-loam texture having pH 7.8, bulk density 1.44 g/
cm3, low organic carbon content (3.1 g/kg), low in avail-
able N (221 kg/ha), and medium in available P (13.2 kg/
ha) and K (215 kg/ha).

Treatments comprised 5 different doses of quizalofop-
ethyl (50, 75, 100, 125 and 150 g/ha) in combination with
pendimethalin @ 1.0 kg/ha (PE) and pendimethalin @ 1.0
kg/ha (PE) fb manual weeding at 30–35 DAS (recom-
mended practice). Weed-free and weedy check plots were
also maintained for calculation of weed-control indices.
The experiment was laid out in randomized block design
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(RBD) with 3 replications. Chickpea variety ‘DCP 92-3’
was used for the study. Plant-to-plant distance was main-
tained ~10 cm in a row spacing of 30 cm. Diammonium
phosphate (DAP) was applied 100 kg/ha at the time of
seedbed preparation as per recommendation. To ensure
proper germination, field was prepared after palewa irri-
gation and subsequent irrigation was given as per require-
ment. Quizalofop-ethyl was applied 25 days after sowing
(DAS), whereas pendimethalin was applied as pre-emer-
gence within 24 hr of sowing. Other practices were fol-
lowed as per recommendation for this region.

An iron square of size 0.25 m2 (side 0.5 m) was used to
take observations on weed population and weed dry
weight through random sampling in each plot at 25 (just
before application of quizalofop-ethyl), 45, 60 and 90
DAS and at harvesting. The total number of weeds were
counted species wise in each plot separately and analyzed
after subjecting the original data to square-root transfor-
mation (√x + 0.5). For dry matter, weeds collected from
0.25 m2 area were dried under the sun and then in an oven
at 70 oC for 72 h, weighed (g/m2). Five random plants were
selected from each plot at 60 DAS to record observations
on nodulation.

Economics of treatments was computed on the basis of
prevailing market price of inputs and outputs in Indian
rupees under each treatment. The total cost of cultivation
of crop was calculated on the basis of different operations
performed and materials used for raising the crop includ-
ing the cost of fertilizers and seeds. The cost of labour in-
curred in performing different operations was also in-
cluded. Statistical analysis of the data was done as per the
standard analysis of variance technique for the experimen-
tal designs following SPSS software based programme,
and the treatment means were compared at P<0.05 level of
probability using t-test and calculating CD values.

RESULTS AND DISCUSSION

Weed density and dry weight
The common weeds present in the experimental fields

were Cyperus rotundus, Melilotus officinalis, Fumaria
parviflora, Chenopodium album, Phalaris minor, and
Coronopus didymus.  The C. didymus was most dominant
weed with relative density of 66%, followed by M.
officinalis (6%). However in terms of relative dry weight,
C. didymus and M. officinalis were at par (32% each) fol-
lowed by F. parviflora. The above data showed that broad
leaf weeds were dominant at the experimental site.

Significant variation in weed density and weed dry
weight was recorded due to different weed-management
practices (Table 1). Significantly highest weed density was
recorded in weedy check, followed by (fb) pendimethalin
@ 1.25 kg /ha fb quizalofop-ethyl @ 75 g/ha, whereas the Ta
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lowest in case of pendimethalin @ 1.25 kg/ha fb manual
weeding at 40–45 DAS. Among herbicide treatments the
lowest weed density was observed in pendimethalin @
1.25 kg/ha fb quizalofop-ethyl @ 150 g/ha (110 and 196
weeds/m2 during 2011–12 and 2012–13 respectively) fol-
lowed by pendimethalin @ 1.25 kg /ha fb quizalofop-ethyl
@ 125 g/ha (118 and 196 weeds/m2 during 2011–12 and
2012–13 respectively). Similarly, significantly highest
weed dry weight was observed in weedy check (876 and
761 kg/ha during 2011–12 and 2012–13 respectively) and
the lowest in case of pendimethalin @ 1.25 kg/ha fb
manual weeding (115 and 91 kg/ha during 2011–12 and
2012–13 respectively). Among herbicide treatments, the
lowest weed dry weight was recorded in pendimethalin @
1.25 kg/ha fb quizalofop-ethyl @ 150 g/ha (250 kg/ha)
during 2011–12 and in pendimethalin @ 1.25 kg/ha fb
quizalofop-ethyl @ 125 g/ha (334 kg/ha) during 2012–13.
Pendimethalin is known to control broad leaf weeds like
C. album and quizalofop-ethyl for grassy weeds. Thus,
reduction in weed density and weed dry weight was re-
corded with the application of pre-emergence
pendimethalin followed by post-emergence quizalofop-
ethyl. Chaudhary et al. (2011) also reported reduction in
weed population and dry weight due to herbicide applica-
tion.

Species-wise weed density recorded at 60 DAS during
2012–13 is presented in Table 2. Significantly lowest
weed density of all weed species was recorded in
Pendimethalin @ 1.25 kg/ha fb manual weeding and
maximum was under weedy check. However, weed den-
sity of C. rotundus, M. officinalis, F. parviflora were at par
under different herbicide treatments. Among herbicides,
the lowest density of C. didymus was recorded under
pendimethalin @ 1.25 kg/ha fb quizalofop-ethyl @ 150 g/
ha which was at par with pendimethalin @ 1.25 kg/ha fb
quizalofop-ethyl @ 100–125 g/ha and significantly higher
over rest of the treatments. Generally, C. didymus emerges
later (20–25 DAS) than chickpea. Thus, wherever crop
growth was more, population of C. didymus was less. The
P. minor can be effectively controlled by post-emergence
application of quizalofop-ethyl application. Thus, maxi-
mum density of P. minor (58/m2) was recorded in weedy
check followed by pendimethalin @ 1.25 kg/ha and less
under pendimethalin @ 1.25 kg/ha fb quizalofop-ethyl @
100 to 150 g/ha.

Weed-control indices
Weed-control indices influenced considerably due to

weed-management practices. Highest weed-control effi-
ciency (WCE) was recorded in pendimethalin @ 1.25 kg/
ha fb manual weeding (84.7 and 87.5% during 2011–12
and 2012–13 respectively). However, among herbicide Ta
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treatments, the highest WCE was recorded in
pendimethalin @ 1.25 kg/ha fb quizalofop-ethyl @ 150 g/
ha, which was at par with pendimethalin @ 1.25 kg/ha fb
quizalofop-ethyl @ 100–125 g /ha (Table 1). Similarly,
among herbicide treatments, the highest weed-control in-
dex (WCI) was recorded in pendimethalin @ 1.25 kg/ha
fb quizalofop-ethyl @ 150 g/ha during 2011–12 and
pendimethalin @ 1.25 kg/ha fb quizalofop-ethyl @ 125 g/
ha during 2012–13. The higher WCI and WCE were
mainly due to effective weed control under these treat-
ments.

Weed index (WI) is an indicator of reduction in crop
yield due to presence of weeds. The lowest values of WI
was recorded under pendimethalin @ 1.25 kg /ha fb
quizalofop-ethyl @ 150 g/ha during 2011–12 and
pendimethalin @ 1.25 kg/ha fb quizalofop-ethyl @ 125 g/
ha during 2012–13. The lower WI indicates higher yield
and vice-versa. Less weeds under pendimethalin @ 1.25
kg/ha fb quizalofop-ethyl @ 100–150 g/ha resulted in
poor crop-weed competition and lower WI. Patel et al.
(2006) and Mudalagiriyappa et al. (2013) also reported
similar findings.

Nodulation
Mean maximum nodules/plant were recorded with

pendimethalin @ 1.25 kg/ha fb quizalofop-ethyl @ 125 g/
ha and the lowest with pendimethalin @ 1.25 kg/ha fb
quizalofop-ethyl @ 50 g/ha (Table 3). Similarly, nodules
dry weight/plant was highest under pendimethalin @ 1.25
kg/ha fb quizalofop-ethyl @ 125 g/ha (0.902 and 1.083 g/
plant during 2011–12 and 2012–13 respectively) followed
by pendimethalin @ 1.25 kg/ha fb manual. The higher
nodules/plant and nodules dry weight/plant correspond to
lower weed density and weed biomass which led to poor
crop-weed competition. Reduction in nodule numbers/
plant was noted with increase in weed density and weed
biomass in the study (Fig. 1a, b). Kachhadiya et al. (2009)
and Mudalagiriyappa et al. (2013) also recorded higher
nodulation under effective weed-management practices in
chickpea.

Grain yield and economics
During 2011–12, the highest grain yield of chickpea

was recorded under pendimethalin @ 1.25 kg/ha fb
quizalofop-ethyl @ 150 g/ha which was at par with
pendimethalin @ 1.25 kg/ha fb quizalofop-ethyl @ 100–
125 g/ha and pendimethalin @ 1.25 kg/ha fb manual
weeding (Table 3). The significant improvement in
chickpea grain yield was recorded owing to application of
quizalofop-ethyl @ 100–150 g/ha. During 2012–13, the
highest grain yield was recorded with pendimethalin @
1.25 kg/ha fb quizalofop-ethyl @ 125 g/ha and

Fig. 1. Relationship between weed densities (a) and weed dry
weights (b) with nodulation in chickpea

pendimethalin @ 1.25 kg/ha fb manual weeding. The low-
est chickpea grain yield was recorded in pendimethalin @
1.25 kg/ha fb quizalofop-ethyl @ 50 g/ha. The mean data
also revealed that up to 36% improvement in chickpea
grain yield can be obtained owing to post-emergence ap-
plication of quizalofop-ethyl @ 100–150 g/ha in addition
to pre-emergence application of pendimethalin @ 1.25 kg/
ha. The higher grain yield under pendimethalin @ 1.25 kg/
ha fb quizalofop-ethyl @ 100–150 g/ha was mainly owing
to proper growth and development of chickpea under poor
crop-weed competition, i.e. less weed population and
weed biomass. Negative relationship was shown in Fig.
2a, b among chickpea grain yield and weed density/weed
biomass, i.e. chickpea grain yield decreased with increase
in weed density and weed biomass. The above results are
in line with Sharma (2009) and Mudalagiriyappa et al.
(2013). The highest net returns and benefit: cost ratio were
recorded in pendimethalin @ 1.25 kg/ha fb quizalofop-
ethyl @ 125 g/ha during both years. Kachhadiya et al.
(2009) and Mudalagiriyappa et al. (2013) also reported
higher returns under herbicide application.

It can be concluded that pendimethalin @ 1.25 kg /ha
fb quizalofop-ethyl @ 125 g/ha can be used in chickpea
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for effective control of weeds and enhancing productivity.
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Fig. 2. Relationship between weed densities (a) and weed dry
weights (b) with grain yield of chickpea
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