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Optimizing post-emergence herbicide rates for enhanced growth, symbiotic
efficiency and weed management in soybean (Glycine max)
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ABSTRACT

The field experiment was carried out at Punjab Agricultural University, Ludhiana and Dr. J.C. Bakhshi Regional
Research Station, Abohar, Punjab, India, during kharif (rainy season) 2021, in a randomized complete block de-
sign with 12 treatments [imazethapyr 75 g/ha, propaquizafop + imazethapyr at 75, 100, and 125 g/ha, clodinafop
propargyl + sodium acifluorfen at 147, 196, and 245 g/ha, imazamox + imazethapyr at 42, 56 and 70 g/ha, two
hand weedings (HW) at 20 and 40 DAS and weedy check] with three replications. Results revealed that 2-hand
weedings (HW) significantly increased number & dry weight of nodules and leghaemoglobin content compared to
the weedy check. Among post-emergence herbicides, imazamox + imazethapyr (70 g/ha) applied at 15-20 DAS
produced the number and dry weight of nodules/plant, as well as the leghaemoglobin content statistically compa-
rable to HW. The lowest weed density and dry weight were recorded under two HW at both locations, with
imazamox + imazethapyr (70 g/ha) showing comparable effectiveness. Chlorophyll content remained unaffected
by most herbicide treatments, though high doses reduced it marginally due to phytotoxicity. Maximum plant height
and shoot dry matter accumulation were observed with two HW, followed by imazamox + imazethapyr (70 g/ha) at
15-20 DAS, which provided effective weed control and enhanced crop growth by reducing competition. The find-
ings suggest that imazamox + imazethapyr at 70 g/ha is a viable alternative to manual weeding for soybean under

labour scarcity.
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dry weight

Soybean [ Glycine max (L.) Merrill] is a versatile legume
crop known for its high protein and oil content, making it
a critical source of food, feed and industrial products glo-
bally. Soybean seeds are a rich source of protein (36-43%)
and oil (18-24%)), high in polyunsaturated fatty acids, es-
pecially Omega-6 and Omega-3. The crop is also essential
for soil health, as it can fix atmospheric nitrogen through
symbiotic relationships with rhizobia. Global soybean pro-
duction in 2023 reached 348.8 million tonnes across 133.7
million hectares, with an average yield of 2607 kg per hect-
are. In India, soybean was cultivated on 12.0 million hect-
ares, producing 12.7 million tonnes and achieving an aver-
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age yield of 1063 kg/ha (FAOSTAT, 2024).

Weeds significantly impact soybean yield, causing re-
ductions of 50-76% by competing for vital resources like
light, water, and nutrients, while also serving as habitats for
pests (Gharde et al., 2018; Virk et al., 2018). In 2018,
weed-related losses in Indian soybean farming were esti-
mated at USD 1,559 million (Gharde et al., 2018). While
traditional methods like inter-culturing are frequently em-
ployed, factors such as limited labour availability and ex-
cessive rainfall complicate efficient weed control, making
the use of herbicides a more practical solution (Matloob
et al., 2020). Therefore, an experiment was conducted to
study the effect of post-emergence herbicides on symbiotic
parameters, growth and weeds in soybean under diverse
agro-climatic environments.

The field study was conducted at Punjab Agricultural
University, Ludhiana (30°54°N latitude, 75°48’E longi-
tude) and Dr. J.C. Bakhshi Regional Research Station,
Abohar (30°14°N latitude,74°20’E longitude) during kharif
(rainy season) 2021. At Ludhiana, average maximum and
minimum temperatures were 38.0°C and 15.6°C and total
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rainfall received was 770.6 mm. At Abohar, average maxi-
mum and minimun temperatures were 41.8°C and 17.1°C
and total rainfall received was127.8 mm. The soils of
Ludhiana and Abohar had a pH of 7.3 and 7.1, electrical
conductivity 0.11 and 0.37 dS/m, organic carbon 0.22%
and 0.38%, available nitrogen 120.4 and 92.2 kg/ha, avail-
able potassium 274.3 and 267.2 kg/ha, available phospho-
rus 45.7 and 13.5 kg/ha, respectively. The experiment was
conducted in a randomized complete block design with 12
treatments of imazethapyr 10% SL 75 g/ha, propaquizafop
2.5% + imazethapyr 3.75% ME at 75, 100 and 125 g/ha,
clodinafop propargyl 8% + sodium acifluorfen 16.5% EC
at 147, 196 and 245 g/ha, imazamox 35% + imazethapyr
35% WG at 42, 56 and 70 g/ha, two hand weedings (HW)
at 20 and 40 days after sowing (DAS) and weedy check
with three replications. Plot size at both sites was 6.0 m %
3.6 m (21.6 m?). Post-emergence herbicides were applied
20 DAS using a power sprayer with 375 L/ha water and a
flat fan nozzle. Manual weeding was done with khurpa in
the two HW treatment, while weeds in the control plots
were allowed to grow undisturbed through the season. Soy-
bean variety ‘SL 958 was sown on 4 June and 10 June,
2021 at Abohar and Ludhiana, respectively, using a seed
rate of 75 kg/ha at a row spacing of 45 cm. At sowing,
31.25 kg/ha nitrogen (46% N) and 60 kg/ha phosphorus
(16% PO) were applied through urea and single superphos-
phate.

Data on nodule count/plant was recorded by selecting
five plants per plot at both 60 and 90 DAS. Nodules were
carefully detached, counted, and dried at 60°C until reach-
ing a consistent weight, which was recorded per plant. The
leghaemoglobin concentration in fresh, pink nodules from
Ludhiana was measured at 60 and 90 DAS using the Wil-
son and Reisenauer (1963) method. Data on weed density
were recorded at 30 and 60 DAS from the quadrat of 50
cm x 50 cm from each plot and then converted to weed
species count per m?. After counting, all the weeds were
oven dried for taking dry weight of weeds at 30 and 60
DAS and expressed as kg/ha. Data on chlorophyll content
in leaves were calculated by the method given by Witham
et al. (1971) from the experimental field of Ludhiana at 30
and 60 DAS. Plant height was recorded from randomly
selected five plants from each plot at harvest and shoot dry
matter accumulation was recorded by cutting the plants
from the 0.5 m row length and after sun drying, samples
were kept in a hot air oven at 60°C till constant weight and
were expressed as kg/ha. Data were statistically analyzed
with ANOVA using standard Randomised Block Design
based on the procedure of Cochran and Cox (1967). The
comparisons were made at a 5 per cent level of signifi-
cance. Data on weed density were transformed using
square root transformation.
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At both locations, treatment of two HW significantly
increased number and dry weight of nodules per plant at 60
DAS compared to the weedy check (Table 1). While post-
emergence herbicides generally reduced nodule counts,
treatments with propaquizafop + imazethapyr (125 g/ha)
and imazamox + imazethapyr (70 g/ha) applied at 15-20
DAS produced nodule numbers statistically comparable to
HW at Ludhiana. At Abohar, the application of imazamox
+ imazethapyr (56 and 70 g/ha) at 15-20 DAS also
achieved similar results to HW. Increase in nodulation
with HW could be attributed to enhanced aeration around
the roots (Verma and Kushwaha, 2020). Similarly,
Raghavendra et al. (2017) observed a decline in nodule
formation with herbicide use, suggesting an antagonistic
effect on nodulation. Application of imazamox +
imazethapyr (70 g/ha) at 15-20 DAS produced comparable
dry weights to HW at both 60 and 90 DAS. The maximum
leghaemoglobin content at 60 DAS was achieved with two
HW, which was statistically similar to application of
propaquizafop + imazethapyr (125 g/ha) and imazamox +
imazethapyr (70 g/ha). Mawalia et al. (2016) also reported
increased nodule dry weight with pre-emergence
pendimethalin and post-emergence imazethapyr +
imazamox treatments. Maji et al. (2020) also reported that
effective weed management with imazamox + imazethapyr
could enhance leghaemoglobin content by improving pho-
tosynthate availability.

The predominant weed species recorded at Ludhiana
among grasses were Digitaria sanguinalis, Dactyloctenium
aegyptium, Commelina benghalensis, Acrachne racemosa;
broadleaved weeds were Trianthema portulacastrum; and
sedges were Cyperus rotundus. The predominant weed
species recorded at Abohar among grasses were Digitaria
sanguinalis, Dactyloctenium aegyptium; broadleaved
weeds were; Trianthema portulacastrum, Digera arvensis:
and sedges were Cyperus rotundus. At both the locations,
two HW recorded the lowest total weed population at 30
and 60 DAS (Table 2). At 30 DAS, two HW significantly
reduced total weed population and dry weight than weedy
check and other herbicidal treatments. At 60 DAS, two
HW recorded the lowest total weed population and dry
weight, which was, however, statistically at par with appli-
cation of imazamox + imazethapyr 70 g/ha at 15-20 DAS.

Among the post-emergence herbicides, application of
imazamox + imazethapyr 70 g/haat 15-20 DAS effectively
controlled weeds, followed by propaquizafop + imaze-
thapyr 125 g/haat 15-20 DAS. The density of weeds at
Abohar was lower than Ludhiana, which was due to the
reason that higher rainfall was recorded at Ludhiana as
compared to Abohar, which was favourable for the growth
of weeds. Bhimwal et al. (2019) reported that application
of propaquizafop + imazethapyr 75 + 75 g/ha at 21 DAS
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Table 2. Effect of different post-emergence herbicides on dry weight of weeds in soybean
Treatment Weed density Dry weight of weeds
(number/m?) (kg/ha)
30 DAS 60 DAS 30 DAS 60 DAS
LDH ABH LDH ABH LDH ABH LDH ABH
Imazethapyr 75 g/ha 12.6 10.2 8.6 6.8 624 552 2,995 2,819
(158.7) (104.0) (73.3) (45.3)
Propaquizafop + imazethapyr 75 g/ha 13.8 11.1 9.4 8.4 787 567 3,467 3,020
(189.3) (122.7) (88.0) (69.3)
Propaquizafop + imazethapyr 100 g/ha 13.0 10.4 8.1 7.3 712 507 2,387 2,153
(169.3) (108.0) (65.3) (52.0)
Propaquizafop + imazethapyr 125 g/ha 12.1 9.9 6.5 5.5 680 483 1,258 1,126
(146.7) (97.3) (41.3) (29.3)
Clodinafop propargyl + sodium 12.6 10.8 9.5 7.9 873 637 4,177 3,480
acifluorfen 147 g/ha (158.7) (116.0) (89.3) (61.3)
Clodinafop propargyl + sodium 11.9 10.2 8.4 6.3 820 553 3,153 2,680
acifluorfen 196 g/ha (141.3) (104.0) (70.7) (38.7)
Clodinafop propargyl + sodium 11.5 9.8 7.5 5.7 760 520 2,787 2,573
acifluorfen 245 g/ha (130.7) (96.0) (56.0) (32.0)
Imazamox + imazethapyr WG 42 g/ha 12.0 9.5 8.3 7.1 693 547 3,147 2,913
(144.0) (89.3) (68.0) (49.3)
Imazamox + imazethapyr WG 56 g/ha 11.2 9.0 7.0 6.5 627 440 2,720 2,260
(125.3) (80.0) (48.0) (41.3)
Imazamox + imazethapyr WG 70 g/ha 10.4 8.2 54 4.6 527 393 880 760
(106.7) (66.7) (28.0) (20.0)
Two hand weedings at 20 and 40 DAS 5.1 3.7 4.9 4.3 311 217 417 353
(25.3) (13.3) (22.7) (18.7)
Weedy check 15.3 12.1 18.2 14.2 970 893 4,593 3,880
(233.3) (146.7) (330.7) (200.0)
SEm:+ 0.2 0.4 0.5 0.3 42 35 191 173
CD (P=0.05) 0.6 1.2 1.3 0.8 123 103 584 518

Original data on weed density given in parentheses were subjected to square root transformation yx g3 before analysis

was, however, statistically at par with imazethapyr 75 g/ha,
propaquizafop + imazethapyr 125 g/ha and imazamox +
imazethapyr 70 g/haat 15-20 DAS (Table 3). At Abohar,
the maximum shoot dry matter accumulation was recorded
in two HW, which was, however, statistically at par with
application of imazethapyr 75 g/ha, propaquizafop +
imazethapyr 125 g/haand imazamox + imazethapyr 56 &
70 g/haat 15-20 DAS and significantly higher than the
other treatments. The higher shoot dry matter accumulation
was observed with application of imazamox + imazethapyr
70 g/haat 15-20 DAS, which could be possibly due to ef-
fective weed control (Table 2) resulted the lower crop-
weed competition and thereby, creating congenial environ-
ment for the crop growth and establishment (Deshkari
et al., 2019; Jadon et al., 2019). The lower shoot dry mat-

ter accumulation was noticed in weedy check at both loca-
tions, which might be due to severe crop-weed competition
and lesser control of weeds. The higher shoot dry matter
accumulation was observed at Ludhiana than Abohar,
which might be resulted due to higher rainfall and better
distribution over the cropping period. The higher shoot dry
matter production was also observed in soybean with the
application of imazethapyr + imazamox 75 g/haat 15 DAS
than weedy check (Jadon et al., 2019).

It can be concluded that post-emergence application of
imazamox + imazethapyr 70 g/ha applied at 15-20 DAS
was most effective, providing comparable results to HW
while minimizing weed-crop competition and maintaining
crop growth where manual weeding is not feasible.
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Table 3. Effect of different post-emergence herbicides on chlorophyll content, plant height and shoot dry matter of soybean

Treatment Chlorophyll content Plant height Shoot dry matter
(mg/g fresh weight of at harvest at harvest
leaf tissue) at LDH (cm) (kg/ha)

30 DAS 60 DAS LDH ABH LDH ABH
Imazethapyr 75 g/ha 1.22 1.33 96.0 107.3 6,117 6,330
Propaquizafop + imazethapyr 75 g/ha 1.27 1.42 97.1 101.0 5,271 5,621
Propaquizafop + imazethapyr 100 g/ha 1.08 1.31 99.3 107.3 5,545 5,948
Propaquizafop + imazethapyr 125 g/ha 1.04 1.14 99.6 110.0 6,240 6,599
Clodinafop propargyl + sodium 1.20 1.37 93.0 95.7 4,845 5,439
acifluorfen 147 g/ha
Clodinafop propargyl + sodium 1.13 1.31 94.3 102.3 5,223 5,638
acifluorfen 196 g/ha
Clodinafop propargyl + sodium 1.05 1.10 96.6 105.3 5,506 6,143
acifluorfen 245 g/ha
Imazamox + imazethapyr WG 42 g/ha 1.21 1.43 96.1 105.7 5,538 6,131
Imazamox + imazethapyr WG 56 g/ha 1.15 1.29 103.6 108.3 5,876 6,479
Imazamox + imazethapyr WG 70 g/ha 1.06 1.19 105.7 113.7 6,504 6,992
Two hand weedings at 20 and 40 DAS 1.37 1.83 108.6 120.7 6,849 7,141
Weedy check 1.25 1.32 89.6 93.7 4,746 5,390

SEmz+ 0.01 0.03 2.9 33 302 271
CD (P=0.05) NS NS 8.5 10.6 916 843

LDH: Ludhiana and ABH: Abohar
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