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Keywords: metolachlor (1440 g a.i ha'!). Post-emergence treatments included clethodim
Glycine max, (48, 72,96 g a.iha'), quizalofop-P-ethyl (10, 15, 20 g a.i ha™!), and oxyfluorfen
Pre-emergence, (960, 1200, 1440 g a.i ha!) applied 5 weeks after sowing. Agronomic data were
Post-emergence, collected on soybeans, weed growth, and weed flora composition. The frequent

weeds identified were Mitracarpus villosus in metolachlor-treated plots and
Commelina bengalensis in trifluralin-treated plots at 820 g a.i ha'!. Tithonia
diversifolia and Commelina banghalensis were the common post-herbicide
application weeds. Trifluralin (580-820 g a.i ha') and post-emergence
herbicides (clethodim and quizalofop—P-ethyl) increased soybean canopy, seed
pods, and yield by 50-90%, with 70-90% weed growth reduction, ensuring
significant weed control (76-96%). Trifluralin effectively suppressed weed
growth at 7 weeks after sowing, resulting in a noteworthy grain yield. Clethodim
and quizalofop—P-ethyl demonstrated superior and comparable weed control to
fluazifop-p-butyl (225 g a.i ha') and weed-free treatment, respectively, at
harvest. Early trifluralin-based pre-emergence weed control led to a 53%
increase in grain yield (2.58 t ha'!) compared to post-emergence herbicides (1.38
t ha'). This study underscores effective herbicide strategies for soybean
cultivation in the Derived savanna, contributing to enhanced productivity and
weed management.

Weed control efficiency

Introduction pests, and viruses, respectively (Oerke,
2006). Weeds aggravate multiple stress, causing
biochemical and physiological modifications in
competing crop plants (Rockenbach et al., 2018).
Weeds are considered the most harmful pest to
agricultural production, with a significant increase
in the cost of crop production (Gharde et al,
2018). Weeds infestation in soybean plants leads
to quick crop plant suppression, resulting in
marked yield reduction of 5-90% in different agro-
Corresponding author, Tel.: +2348062301693 ecologies (Aluko et al., 2012; Nathanael et al.,
Email address: bunmialuko2010@gmail.com (O.A. Aluko) 2013; Imoloame, 2014; Pereira et al., 2015). The
1595 — 4153 Copyright © 2023 MJAR presence of weeds at soybean harvest could

Soybean (Glycine max (L.) Merr.) production
is limited by weed infestation, which reduces
growth and grain yield (Stefanic et al., 2022).
Sodangi et al., (2011) associated low soybean
yield with weed infestation and poor soil fertility.
On a global basis, 37% of attainable soybean
production is endangered by weed competition,
compared to 11, 11, and 1% by pathogens, animal
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contaminate soybean seeds, and reduce seed
quality, and harvest efficiency (Werner et al.,
2014).

Weed control in sub-Saharan Africa is mainly
by hand-hoeing, which is laborious, expensive,
and ineffective thereby making effective control of
weeds in the field during the peak periods of the
rainy season almost impossible ( Adigun and
Lagoke, 2003; Imoloame, 2014). Using herbicides
for weed control in soybean production has been
proven efficient (Peer et al., 2013; Song et al.,
2020). Herbicide application is supposedly a
feasible option for timely weed control. Many
herbicides are labeled for use in soybeans which
can be applied as pre-plant incorporation, pre-
emergence, post-emergence, and post-directed
(Spasic, 2018). Herbicide formulations in this
study were developed to widen the selection
window of herbicides for effective weed control in
soybeans. Hence, the objective of this study was to
evaluate the efficiency of these candidate
herbicide formulations for pre and post-emergence
weed control in soybeans in the derived savanna of
Nigeria.

Materials and Methods

This study was conducted at the Institute of
Agricultural Research and Training (IAR&T),
Obafemi Awolowo University out-stations in the
Derived savanna agro-ecology [(Ibadan 7° 38N,
3°84°E 182m altitude (alt.) and Ilora 07° 81’N, 03°
82’E) of southern Nigeria in 2014 and 2015
cropping seasons. The weed flora compositions at
the study sites were sampled randomly before land
preparation, using a 1 m X 1 m quadrat. Weeds
samples collected were identified and classified
(Table 1). The cropping history of the locations
was also recorded from 2010 to 2015 (Table 2).

Pre-experiment site weed composition

The weed spectrum of experimental sites was
composed of about 20% grass and 80%
broadleaved weeds in both locations (Table 1). The
weed flora composition in both locations was
similar. The weeds cut across different plant
families (7), mostly annual weeds (80%), with
Asteraceae more prominent in both locations
(Table 1).

The experimental land was ploughed and
harrowed before sowing. Soybean variety TGX
1448-2E was used in this study and was obtained
from the Institute of Agricultural Research and
Training (IAR&T). It was sown in plots of 3 m x
3 m, with an inter-row spacing of 50 cm and intra-
row spacing of 10 cm. Herbicides were presented
for evaluation by Rainbow Company Nigeria.
Company-recommended rates of herbicides were:
trifluralin (700 g a.i ha!), clethodim 240 g L' EC
(72 g a.i ha'!); quizalofop-p-ethyl 200 g L' EC (15
g a.i ha!); and oxyfluorfen 240 g L' EC (1200 g
a.i hal). Trifluralin was applied at rates of 580,
700, and 820 g a.i ha', and metolachlor was
applied at 1440 g ai ha' as the reference
treatment. These herbicides were randomly
assigned to plots with a water volume of 200 L ha
I after sowing for pre-emergence weed control in a
Randomized Complete Block Design (RCBD),
replicated three times.

Clethodim 240 g L' EC (48, 72, and 96 g a.i
ha!), quizalofop-p-ethyl 200 ¢ L' EC (10, 15,
and 20 g a.i ha™!), oxyfluorfen 240 g L' EC (960,
1200 and 1440 g a.i ha!) were evaluated for post-
emergence weed control at 5 WAS, with fluazifop-
P-butyl 225 g a.i ha'! (Fusilade forte® 150 EC)
serving as the reference post-emergence treatment.
The concentrations of herbicides were varied to
ascertain the optimum effective dose of herbicides
for weed control. Herbicide formulations were
randomly assigned to plots, applied with a water
volume of 200 L ha'!, and arranged in a
Randomized Complete Block Design (RCBD)
with three replicates.

Data were collected from 5 tagged plants in
each plot in pre- and post-emergence herbicide
studies. The soybean canopy cover was visually
rated on a scale of 1 — 10, where 1 represented the
lowest canopy coverage and 10 represented the
highest. The number of pods /plant was counted on
the tagged plants and the average was recorded.
Grain yield/hectare was measured by harvesting
and threshing the soybean pods in the sample area
(1 sqm) in the middle of each plot. The grains were
weighed and extrapolated to yield/hectare.
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Weed weight was measured at soybean
harvest by taking weed samples from a 1 X 1 m
quadrat in the plot's middle. The weed samples
were identified and oven-dried at 80° C for 48
hours. The dried weed samples were weighed with
a sensitive weighing scale Model HC Shanghai
Huachao Industrial Co. Limited China. Weed
control efficiency (WCE %) and relative yield loss
(%) were calculated from equations 1 and 2,
respectively according to Mani et al., (1973) and
Gill and Kumar, (1969).

WCE% = {(Wwy — Wt)/Wywy} x 100 (1)
Where: WCE is weed control efficiency; Wy is
the weed weight in the weedy plot; Wi is the
weed in the treated plot.

RYL= {(Yht —Yt)/Yht} x 100 (2)
where: RYL is the relative yield loss; Y is the
highest yield; Yt is the yield from treatment

Data collected were statistically analyzed using
Statistical Analysis System (SAS) 2001 GLM and
means separated with Duncan’s Multiple Range
Test (DMRT) at p < 0.05.

Results
Effect of Herbicides on weed composition

At 5 weeks after application of treatments
(WAA), plots with pre-emergence herbicides in
Ibadan had weeds from seven families and nine
species (Table 3). Tithonia diversifolia,
Commelina  benghalensis, and Mitracarpus
villosus were the major weeds in these plots.
Tithonia diversifolia plants were major weeds
when 0.58 kg trifluralin a.i ha' was applied.
However, increased trifluralin concentration to
0.70 kg a.i ha'! and 0.82 kg a.i ha-1 successfully
reduced these weed plants to minor weeds. On the
contrary, Commelina benghalensis plants were
major weeds in plots treated with 0.82 kg
trifluralin a.i ha! and minor weeds in lower
concentrations. Applying 0.70 kg of trifluralin a.i
ha'! in Ibadan resulted in only less frequent weeds.
Mitracarpus villosus, which was observed to be a
minor weed in trifluralin-treated plots, was a major
weed in the metolachlor-treated plots and the
weedy checks. However, Tithonia diversifolia and
Commelina benghalensis were major weeds in

trifluralin-treated plots and minor in metolachlor-
treated plots.

Plots treated with pre-emergence herbicides in
Ilora had weeds belonging to eight families and ten
species at 5 WAA (Table 4). The frequent weeds
in these plots were Aspilia africana, Tithonia
diversifolia, Commelina benghalensis, and
Cyperus rotundus. Aspilia africana plants were
the less frequent and frequent weeds in plots
treated with 0.58 kg trifluralin a.i ha™! and 0.82 kg
trifluralin  ai ha', respectively. Tithonia
diversifolia plants were the frequent weeds in all
plots where pre-emergence herbicides were
applied. Commelina benghalensis plants were the
less frequent weeds in plots treated with 0.70 kg
trifluralin a.i ha' and frequent weeds in plots
treated with 0.58 kg trifluralin a.i ha! and 0.82 kg
trifluralin a.i ha'. Cyperus rotundus plants were
frequent weeds in plots treated with 0.58kg
trifluralin a.i ha™! and the weedy checks. However,
this weed species was less frequent weed in plots
treated with 0.70 kg trifluralin a.i ha! and 0.82 kg
trifluralin a.i ha™'.

Twenty-two weed species belonging to nine
families were in plots treated with post-herbicides
in Ibadan at soybean harvest (Table 5). Tithonia
diversifolia, Cyperus rotundus, Mimosa invisa,
Desmodium scorpiurus, Megathysus maximum,
Mitracarpus villosus, and Oldenlandia corymbosa
were frequent weeds on these plots. Tithonia
diversifolia plants were frequent weeds in plots
treated with 48 g clethodim a.i ha! and 72 g
clethodim a.i hal. On the contrary, this weed
emerged as a less frequent weed in plots treated
with 96 g clethodim a.i ha™!. In oxyfluorfen-treated
plots, Tithonia diversifolia plants were less
frequent weeds on plots treated with 960g
oxyfluorfen a.i ha! and 1200 g oxyfluorfen a.i ha”
I, Conversely, they were frequent weeds in plots
treated with 1440g oxyfluorfen a.i ha™. Similarly,
Tithonia diversifolia plants were major weeds in
plots treated with 10g quizalofop-p-ethyl a.i ha
land 20 g quizalofop-p-ethyl a.i ha!. However,
plots treated with 225 g gfusilade a.i ha! and the
weedy checks had Tithonia diversifolia as a less
frequent weed. Cyperus rotundus, Mimosa invisa,
Desmodium  scorpiurus, and  Megathysus
maximum were the weeds with high density in
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Mitracarpus villosus plants were major weeds in
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Effect of Herbicides on weed growth and
soybean performance

Weed growth and soybean performance were
influenced by applied pre-emergence herbicides
(Table 7). Dry weights of weeds from plots treated
with pre-emergence herbicides (PREH) were
statistically at par with each other and weed-free
(WF) but all had significantly lower weed dry
weight (WDW) than weedy check (81.47 g m?).
Weed control efficiency (WCE) of these weed
control treatments maintained an inverse
relationship with WDW but a similar trend with
the latter. Notably, variations in WDW and WCE
from trifluralin-treated plots with an increase in the
active ingredient rate applied were insignificant
(Table 7). Soybeans in plots treated with 580 g of
trifluralin a.i ha' had the maximum canopy
coverage score (8.67) though compared
significantly with scores from WF (7.67) and other
herbicidal-treated plots (Table 7). Numerically,
seed pods produced by soybean in metolachlor-
treated plots were highest (55.33) and significantly
superior to the number recorded from plots treated
with 700 g of Trifluralin a.i ha' (34.67) and
unweeded control (22.33). However, decreasing
the application rate of Trifluralin from 700 to 580
g a.i ha'! had no significant effect on the number
of seed pods produced by soybean (Table 7). The
grain yield obtained from soybean in WF plots
(3.67 t ha!) and corresponding relative yield loss
incurred (11.35%) were the highest and least,
respectively but compared significantly with yield
and percentage losses from plots treated with
Trifluralin applied at 580 g ha'! (2.45 t ha'l;
40.90%) and 700 g a.i ha' (2.27 t ha'!; 45.25%).
Meanwhile, differences in grain yield and relative
yield loss from soybeans in all PREH treatments
were not significant (Table 1). Significantly least
grain yield (0.98 t ha') and highest relative yield
loss (76.37%) were recorded from weedy check
plots. The response of weed and soybean to
applied post-emergence herbicides (POEHs) was
significant (Table 8). The WDW and WCE from
WF plots were least (0 g m™) and highest (100%),
respectively though compared favourably with
values from all POEHs treated plots except
oxyfluorfen (at all application rates) and fluazifop-
P-butyl applied at 225 g a.i hal. Howbeit,
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differences in WDW and WCE from all POEHs
treated plots were not significant however,
oxyfluorfen (at all application rates) consistently
had the highest and lowest values, respectively
(Table 8). The canopy coverage score for soybean
in the WF plot was highest (8.67) and significantly
superior over scores from other POEH treatments
except for clethodim at 72 g a.i ha™! (7.67) and
fluazifop-P-butyl at 225 g ai ha'! (7.67).
Meanwhile, variations in canopy coverage scores
for soybeans in these two POEH treatments and
plots treated with 10 g of quizalofop-P-ethyl ha™!
(7.00) were not significant. Application of
quizalofop-P-ethyl at 10 or 20 g a.i ha'had
significantly comparable effects on soybean
canopy development (Table 2). Similarly, canopy
coverage scores of soybeans in plots treated with
1.2 kg of Oxyfluorfen a.i ha™! (5.33), 48 or 96 g of
clethodim a.i ha' (5.33; 6.00), 15 or 20 g of
quizalofop-P-ethyl a.i ha' (5.67; 6.00) were
statistically at par. However, the application of
oxyfluorfen at the rate of 960 g a.i ha™! or 1.44 kg
a.i ha'! resulted in the lowest canopy coverage
score of soybeans among the POEH treatments
(4.67) which did not differ significantly from
scores recorded from plots treated with 15 g
quizalofop-P-ethyl a.i ha!, 1.2 kg oxyfluorfen a.i
ha-land 48 g—clethodim a.i ha’!(Table 8). The
highest number of seed pods was on soybean in
plots kept weed-free (79.00) which compared
significantly with the quantity from only plots
treated with 15 g quizalofop-P-ethyl a. i ha!
(67.00). Moreover, the effect of quizalofop-P-
ethyl applied at 15 g ha! on this soybean trait did
not differ significantly from other POEH except
xyfluorfen (at all evaluated application rates),
quizalofop-P-ethyl at 20 g a.i ha™! and Clethodim
at 48 g a.i ha'!(Table 8). The number of seed pods
per soybean plant in plots treated with these later
mentioned POEHs were statistically at par.
Notably, the significantly highest grain yield (3.36
t ha'!) and least relative yield loss (3.36%) were
recorded from soybeans in WF plots. The applied
POEH varied significantly in their effects on grain
yield and relative yield loss from soybeans. The
grain yield of soybeans in POEH-treated plots
ranged between 0.82 t ha'! (oxyfluorfen applied at
1.44 kg ha') and 2.06 t ha!(quizalofop-p-ethyl
applied at 15g ha™).
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Application of quizalofop-P-ethyl at 15 g a.i ha™!
and oxyfluorfen at 1.44 k g a.i ha! resulted in the
least (34.39%) and highest (73.89%) relative yield
loss incurred from POEH treated plots,
respectively. Meanwhile, weed growth and
soybean performance in the weedy check were
significantly highest and least, respectively.

Discussion

Weed flora composition as influenced by
herbicide rates

This study corroborates earlier reports by
Olubode and Ibrahim (2023) and Kareem et al.
(2021) concerning the general dominance of
Tithonia diversifolia and Commelina benghalensis
in Ibadan. However, the non-dominance of
Commelina benghalensis in plots treated with
post-emergence herbicide in Ibadan suggests that
this weed may be better managed after emergence.
The possession of underground tuber by this
species makes pre-emergence chemical control
difficult. The decreasing dominance of Tithonia
diversifolia with increasing concentrations of
trifluralin suggests that applying the average label
concentration and high label concentration of this
herbicide may be effective for controlling this
weed. However, the study further suggests that the
efficacy of Trifluralin's average and high-level
concentrations is weed species-dependent since
plots treated with the high label concentration of
Trifluralin had Commelina benghalensis as a
major weed. It is opined that weeds having
perennating structures may resist the weed control
mechanism of trifluralin since it controls weeds by
inhibiting seed germination and the formation of
new radicle and hypocotyl cells (Gonzalez-
Torralva, and Norsworthy, 2021).

The pronounced efficacy of Trifluralin in
sustaining Mitracarpus villosus as a minor weed
and the inability of metolachlor, which showed
superior ability in managing Tithonia diversifolia
and Commelina benghalensis, is a justification to
recommend the adoption of integrated herbicide
management in a heterogeneous weed population.
The inability of pre-emergence herbicides to
effectively control Tithonia diversifolia in llora
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could be due to its production of many seeds.
Tithonia diversifolia produces approximately
80,000 to 160,000 seeds m™ 2 yearly, with about 18
to 56% germination rates (Ajao and Moteetee,
2017)

It is beneficial to unravel the reasons for the
absence of major weeds in plots treated with 0.70
kg Trifluralin a.i ha™! in Ibadan. It may be logical
to assume that the weed species on these plots were
susceptible to this concentration of Trifluralin.
More so, the absence of a moderately dominant
weed attributes the emergence of these minor
weeds solely to herbicide treatment. However, the
presence of Tithonia diversifolia and Commelina
benghalensis as minor weeds could be due to the
non-uniform distribution of Tithonia diversifolia
seeds and Commelina benghalensis rhizomes in
the soil or interspecific competition from other
weeds. This could justify the seeming efficacy of
Trifluralin in controlling Cyperus rotundus against
previous reports of its inability to control sedges
by Sitangshu and Majumdar (2013).

Clethodim herbicide did not repeatedly reduce
the dominance of Tithonia diversifolia plants in
Ibadan and Ilora plots. Hence, the efficacy of these
herbicide rates in controlling Zithonia diversifolia
is not reliable. This assertion is consistent with the
report of USEPA (2021) that clethodim herbicide
does not control broadleaf weeds. Therefore, it is
opined that the seeming efficacy of clethodim in
controlling some broadleaf weeds in this study
may have emanated from the interspecific
competition from the major weeds on the plots.
However, it may have contributed to the low
density of grasses on plots where it was applied.
Notably, among the post-emergence herbicide
treatments in this study, oxyfluorfen was the only
herbicide that had only major weed. The repeated
instances of the absence of major weeds emanating
from plots treated with the low label concentration
of oxyfluorfen indicate the efficiency of this
herbicide in managing most weeds found in Ibadan
and Ilora. However, management of Tithonia
diversifolia plots with this herbicide may not be
effective.
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Weed Growth and Soybean Performance

Soybean production is mainly limited by weed
infestation sequel to its slow initial growth which
makes it a poor competitor with weeds at the early
growth stage (Arsenijevic et al., 2022). This is
reflected significantly in the highest relative yield
loss, lowest canopy coverage, yield, and yield-
related traits of soybean in weedy check plots due
to the least WCE of the treatment. This observation
aligns with the earlier reports of Rupareliya et al.
(2020), Ribeiro et al. (2021), and Arsenijevic et al.
(2022). Uninterrupted early weed-soybean rivalry
in unweeded control plots increased weed density
in the treatment (inferred from its highest weed dry
weight) which could have induced stress,
biochemical and physiological alteration in
soybean resulting in reduced growth and yield
potential (Ribeiro et al., 2021; Arsenijevic et al.,
2022). Specifically, Patel et al. (2019) and
Rupareliya et al. (2020) asserted that weed density
in soybean and its attended competition within 42
days after sowing are preponderant to yield loss.
The present huge relative yield loss of 76.37%
incurred from the weedy check is within the range
of 31 and 84% reported by Kachroo et al. (2003)
for percentage reduction in soybean yield due to
uncontrolled weed growth. This has huge
economic implications, connotes the wastage of
resources invested in the production of the crop,
and poses a threat to the future availability of the
crop. Since the critical period of weed competition
in soybean is between 3 and 6 WAS (Patel et al.,
2019), observation of significantly higher WCE
from all weed control treatments at 7 WAS
indicates the effectiveness of the treatments in
reducing weed population and consequently early
season soybean-weed competition. This may be
due to the ability of PREHs to suppress weed
growth and control perennial troublesome weed
species with an extended emergence window
(Raphael et al., 2013). Thus enabling soybeans in
WF and PREH-treated plots to optimize available
soil nutrients, water, light, space, CO., and other
growth resources for the production of a higher
number of leaves and branches than soybeans in
weedy check. Subsequently, these leaves and
branches spread to form wider canopy coverage
recorded from weed control treatments at 10 WAS.
Plant growth characteristics have been reported to

be enhanced by low weed density per square meter
of crop (Ferdous et al., 2017). Howbeit,
significantly comparable canopy coverage of
soybean in WF and PREH-treated plots suggests
that all the PREHs influenced soybean growth and
consequently canopy development to the same
extent as WF. This further highlights the
relationship between weed control and canopy
development in soybeans. Wider canopy coverage
of soybean from all the weed control treatments
enhanced light interception and simultaneously
inhibited light penetration to the soil surface. This
smothered weed growth by preventing weed seed
germination and weed seedling establishment.
Subsequently, soybeans in these plots had
enhanced WCE and optimal nutrient uptake with
resultant numerically higher pods per plant. This
observation corroborates the assertion of Adhikary
et al. 2016 and Shittu ef al. (2022) that high WCE
and enhanced nutrient uptake resulting from
limited weed infestation translates to the
production of more pods per plant. In addition, an
increase in photosynthetic activities of soybeans in
the WF and PREH treatments sequel to higher
light interception by their wider canopy may have
contributed to their better pod yield in comparison
to the weedy check. Amaregouda et al. (2013)
reiterated that soybean growth and pod yield can
be boosted by strategic weed management
measures. Although all the PREHs controlled
weed and influenced the canopy development of
soybean to the same extent as WF, the significantly
comparable grain yield and weed index from
soybean in WF with only plants from plots treated
with metolachlor and 820 g of trifluralin a.i ha’!
implies that label and sub-label concentration of
trifluralin is as effective as WF and metolachlor on
weed and soybean growth but not on grain yield.
This submission affirms the assertion of
Daneshvari et al. (2021) that increasing the applied
concentration of trifluralin will maintain crop
yield. Trifluralin is a selective PREH in the
dinitroaniline chemical family, effective for use in
controlling annual grasses and broad-leaf weeds in
crops including legumes (Adjesiwor et al. 2020).
Since increasing the applied concentration of
trifluralin had no influence on its effectiveness on
weed and grain yield of soybean, adoption of
trifluralin at 580 g ha™! may be an efficient and
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cost-effective alternative to metolachlor and WF
for soybean production. Metolachlor is a long-
existing recommended PREH for controlling
weeds in soybeans which might become scarce
due to high demand at a critical period of sowing
season. Moreover, achieving WF through hoe-
weeding is labour-intensive, and can result in soil
erosion, crop stand loss, and drudgery while being
limited by labour shortages during peak periods
(Moss, 2019).

Post-emergence  herbicides have been
considered useful in mitigating soybean weeds
(Kaur et al., 2019). Hence, significantly least WCE
and performance of soybean in unweeded control
plots reflected the effectiveness of the weed
control treatments. This finding concurs with the
results of several published reports in the literature
(Kaur et al., 2019; Patel et al., 2019; Suhaip et al.,
2020). However, the absence of significant
difference in WDW and WCE of all POEHs
treated plots suggests that the efficacy of the
POEH in controlling weed was the same
irrespective  of type or concentration of
application. This may be attributed to the fact that
they are all systemic, selective, and efficient in
controlling grasses mostly in soybeans (Sudhakara
et al., 2014; Yadav et al., 2017; Kaur et al., 2019;
Suhaip et al., 2020; Hasanuddin et al., 2022). Also,
Ariunaa et al. (2016) reiterated that weed can be
effectively controlled with a lower concentration
of herbicides. Generally, grasses have a higher
superior competitive advantage over soybeans due
to their morphology and therefore pose more threat
to its growth and yield than broadleaves (Ariunaa
et al. 2016). The ability of the POEHs to eliminate
or suppress the growth of grasses (the major or
dominant weed) on the treated plots may have
made the WDW and WCE of the treatments at par
due to the presence of only minor weeds (broad
leaves or sedges) on the plots. The WDW and
WCE from WF been statistically at par with only
quizalofop-P-ethyl and clethodim (at all applied
rates) treated plots denote the effectiveness of the
POEHs (independent of dosage applied) in
maintaining a weed status on plots like weed-free
treatment. This may be unconnected to the
similarity in the mode of action of the two POEHs
(Maet al., 2016; Blanchi et al., 2020). They inhibit
the activity of the acetyl-COA carboxylase enzyme
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which is necessary for fatty acid synthesis in
grassy weeds, thus suppressing their growth. The
widest canopy coverage, the highest number of
seed pods, and significantly highest grain yield
from WF plots in comparison to POEHs treated
and weedy check plots show that soybean can
exhibit its optimum growth and yield potential in
the absence of weed competition throughout the
season. Howbeit, WF compared significantly with
only plots treated with clethodim (72g a.i ha') and
fluazifop-P-butyl (225g a.i ha') for canopy
coverage score and quizalofop-P-ethyl (15g a.1 ha
) for several seed pods among all evaluated
POEHs suggests that effectiveness of some POEH
in controlling weeds like WF does not cumulate to
corresponding optimum growth and yield similar
to what is obtainable in WF. This may be due to the
inability of soybeans in these POEH treatments to
recover from the earlier negative impact of weed-
soybean competition before herbicide treatments.
This finding corroborates the separate submissions
of Nordby et al. (2007) and Horvath et al. (2023)
on the boomerang effect of weed interference on
crop (including soybean) growth and yield.
Keeping plots free of weeds throughout the
lifecycle of soybean on the field eliminates weed-
soybean rivalry and imminent relative yield loss
but it is costly and labor-intensive. The use of
herbicides has been asserted to reduce production
expenditure and increase the profit index of
farmers (Gianessi, 2013). Hence, the adoption of
label concentrations of quizalofop-P-ethyl (15 ga.i
ha!), clethodim (72 g a.i ha''), and fluazifop-P-
butyl (225 g a.i ha!) for post-emergence control of
weeds in soybean may be an effective, economic
and feasible substitute for WEF. Notably,
quizalofop-P-ethyl applied at 15g a.i ha',
clethodim at 72g a.i ha™!, and fluazifop-P-butyl at
225 g a.i ha™ ranked first, second, and third after
WF for the number of seed pods and grain yield.
Moreover, the POEH treatments that resulted in
significantly comparable canopy coverage and
yield components of soybean influenced these
traits to the same extent. The record of
significantly better performance of soybean in
POEHs treated plots in comparison to weedy
check highlights the beneficial role of POEHs in
reducing potential relative yield loss that can be
incurred from unrestricted weed infestation. For
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instance, Pandya et al., (2005) noted that weeds
alone remove about 21.4 kg N and 3.1 kg P ha™,
thereby reducing the amount available for soybean
use, initiating competition and declining harvest
efficacy. The consistently least canopy coverage
scores, seed pod per plant, and grain yield from
oxyfluorfen-treated plots at all application rates
when compared to other POEHs and WF may be
unconnected to its lowest weed control efficiency
and consequently higher weed dry weight.

Conclusion

Pre-emergence application of trifluralin rates
suppressed weed growth effectively at 7 WAS with
significant grain yield. Similarly, clethodim (48,
72, and 96 g a.i ha!) and quizalofop—P-ethyl (10,
15, and 20 g a.i ha'!) gave superior and comparable
weed control efficiency (WCE) with fluazifop-p-
butyl 225 g a.i ha'! (control) and weed-free control
at crop harvest. Early weed control with Trifluralin
rates (pre-emergence) gave about 53% superior
grain yield (2.58 t/ha) compared to the average
soybean grain yield (1.38 t ha!) from the post-
emergence herbicide rates evaluated. Hence, pre-
emergence weed control with Trifluralin is
effective for early weed control in soybeans. This
might be supplemented with post-emergence
herbicide [clethodim (48 g a.i ha') and
quizalofop—P-ethyl (10 g a.i ha''] application for
season-long weed suppression.
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