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ABSTRACT

A field experiment was conducted to study the influence of individual or combined application of
imazethapyr herbicide on nutrients depletion by weeds in black gram at Berthin, Bilaspur district of
Himachal Pradesh, India. Twelve weed control treatments viz., imazethapyr at 70 & 80 g/ha as pre-
emergence and 3-4 leaf stage, ready mix combination of imazethapyr + imazamox70 & 80 g/ha as pre-
emergence and at 3-4 leaf stage, pendimethalin at 1000 g/ha as pre-emergence, ready mix combination of
imazethapyr + pendimethalin 1000 g/ha as pre-emergence, hand weeding twice (25 &45 DAS) and
unweeded check were tested in a randomized block design (RBD) with three replications to determine the
most efficient treatment. The results of the study revealed that the NPK uptake by blackgram was enhanced
on the application of all weed management treatments. Further, a reduction in the depletion of the nutrients
by weeds was also reported in all treatments. Among the various treatments, pre-emergence application of
ready mix compound imazethapyr + imazamox 80 g/ha was found the best treatment, this was followed the
combined application of imazethapyr + imazamox 70 g/ha, these two do not significantly different to each
other. Overall, a higher uptake of nutrients by weeds in weedy checks tended to decrease available NPK in
soil necessitating the control of weeds in the production system.
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Effect of individual or combined application of herbicide imazethapyr on nutrient uptake by Blackgram

1 Introduction

Pulses belong to the family Fabaceae and constitute an important
source of proteins (22%) for the 40 percent vegetarian population
of India (Avinash & Patil, 2018). Along with biological nitrogen
fixation, it helps in the reduction of greenhouse gases emission by
5-7 times as compared to other crops (Stagnari et al., 2017). India
is the largest pulses producer, importer, consumer, and processor in
the world. The total world area under pulses cultivation is about
85.40 Mha with an annual production of 87.40 mt and a
productivity of 1023 kg/ha. India cultivates around 24 percent of
the world’s area under pulses and produces around 26 percent of
the world’s production. Blackgram is one of the important pulse
crops grown in India over an area of 5.44 Mha (Kharif + rabi) with
a production of 3.56 mt and productivity of 655 kg/ha
(Anonymous, 2018). In Himachal Pradesh, it is cultivated over an
area of 9000 ha with a production of 7000 tonnes and productivity
of 733 kg/ha (Tiwari & Shivhare, 2016). The yield in the state is
higher than the national average yield but far below the potential
yield (1600 kg ha™) of the crop witnessed (Rana et al., 2019a).
Among the various constraints to realize its potential yield, weeds
are the major hindrance in exploiting the full utilization of
production factors for higher yield. The common weeds associated
with blackgram are Echinochloa colonum, Sorghum halepense,
Echinochloa

benghalensis, Cyperus iria, Cynodon dactylon, Cleome viscose,

crusgalli,  Cyperus  rotundus, =~ Commelina
Trianthema monogyna, Amaranthus spp, Eleusine indica and
Physalis minima (Shweta et al., 2017; Rana et al., 2019b; Pankaj et
al., 2020). Weeds compete for water, light, and deplete nutrients
from the soil resulting in a drastic decline of 66.67 percent yield in
blackgram if grown uncontrolled (Mansoori et al., 2015). In
general, weeds have a higher nutrient requirement and will absorb
nutrients more than the crop. Choudhry et al. (2012) reported that
blackgram is less competitive against numerous weeds during the

first stages of crop especially 3 to 6 weeks after sowing

The nutrient (NPK) uptake by the blackgram is significantly
enhanced with the adoption of weed management technology along
with a reduction in nutrients removal by weeds. The weed
management by herbicides in a tropical country like India is very
efficient since a wide spectrum of weeds is observed here. Still, the
continuous use of herbicides can lead to the development of
resistant weeds or cause residue accumulation in the succeeding
crops. The commonly used pre-emergence herbicides are alachlor,
pendimethalin, fluchloralin, nitrofen, etc. Whereas, imazethapyr,
the

commonly used post-emergence herbicides (Sanbagavalli et al.,

quizalofop-ethyl, and clodinafop-propargyl are among
2016). Pre-emergence herbicides have less persistence, so they
aren’t able to control the later flushes of weed growth. Imazethapyr
is a board spectrum, a highly persistent herbicide that can be
applied as pre-plant incorporation, pre-emergence, and post-

emergence has high soil and foliar activity and low toxicity to
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mammals (Tan et al., 2005; Sasikala et al., 2019). It can control all
the annual grasses, perennial grasses, and broad-leaved weeds
(Sondhia & Varshney, 2010). However, a single herbicide is not
able to control all types of weeds. Hence, the application of a
mixture of herbicides widens the weed control spectrum, saves
cost, time, and reduces the environmental impact of herbicides. A
new class of herbicides belonging to the imidazolinone group, i.e.,
imazamox when used in combination with imazethapyr as a ready-
mix herbicide have been found very efficient in controlling weeds
in Blackgram (Upasani et al., 2017). In this direction, a treatment
whose effect lasts until the critical period of crop weed competition
will substantially help in reducing crop weed competition for
nutrients in blackgram. The present investigation, therefore, was an
attempt to estimate the removal of nutrients due to weeds and
blackgram crops as influenced by post-emergence herbicide
application under low hill conditions of Himachal Pradesh.

2 Materials and Methods

The current exploration was undertaken in an ongoing experiment
at the research farm of Regional Research Substation, Berthin
(31°41' N latitude, 76° 62' E longitude as well as 661 meters
altitude of Western Himalayas), Bilaspur during Kharif season
2015. The experimental site falls in the sub mountainous low hill
zone of Himachal Pradesh. Agro-climatically, Berthin falls under
the subtropical warm sub-humid zone of Himachal Pradesh.
Weekly maximum, as well as minimum temperature, ranged from
31.4 t0 34.9°C and 15.4 to 23.9°C, respectively, during the growing
season. The entire rainfall during the cropping season was reported
139.6 mm, the weather remained warm with inconsistent rain
during the period of crop growth and development. The soil of the
test site was sandy loam, slightly alkaline (pH 7.6), and has
medium availability of NPK nutrients, i.e. 305 kg/ha N, 24.3 kg/ha
P,0s and 249 Kg/ha K,O. Twelve weed control treatments viz.,
imazethapyr @ 70g/ha (pre-emergence), imazethapyr @ 80g/ha
(pre-emergence), imazethapyr @ 70 g/ha (3-4 leaf stage),
imazethapyr @ 80 g/ha (3-4 leaf stage), ready mix combinations of
imazethapyr + imazamox @ 70 g/ha (pre-emergence), ready mix
combinations of imazethapyr + imazamox @ 80g/ha (pre-
emergence), ready mix combinations of imazethapyr + imazamox @
70 g/ha (3-4 leaf stage), ready mix combinations of imazethapyr +
imazamox @ 80 g/ha (3-4 leaf stage), pendimethalin @ 1000 g/ha
(pre-emergence), combination of imazethapyr + pendimethalin 1000
g/ha as pre-emergence, two hand weeding (25 & 45 DAS) and
unweeded check were tested in randomized block design with three
replications (Table 1). The UG-218 variety of blackgram was sown
on July 10, 2015, and the harvesting occurred on October 5, 2015.
The application of herbicides was provided with a knapsack sprayer
using water at the rate of 600 I/ha. The fertilizer dose of 20kg N, 40
kg P,0s, and 20kg K,O was also provided. Nitrogen, phosphorus as
well as potassium had been used through IFFCO 12:32:16 and urea
(46%) at sowing.
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Table 1 Effect of weed management treatments on nutrients uptake by weeds and on soil nutrients availability

Treatment Time of application

Weed dry weight
at harvest*(g m™)

Available nutrients
(kg ha™)

Nutrients uptake by
weeds (kg ha™)

Imazethapyr @ 70 Pre-emergence 8.7 (75.6) 15.9 2.5 11.6 305.5 34.8 261.1
Imazethapyr @ 80 Pre-emergence 7.2 (51.7) 11.4 1.9 9.2 309.6 35.6 262.4
Imazethapyr @70 3-4 leaf stage 11.1(122.6) 24.5 35 20.7 285.2 32.7 243.6
Imazethapyr @ 80 3-4 leaf stage 10.3 (107) 21.9 3.0 19.9 286.4 33.0 2475
Imazethapyr + imazamox @ 70 Pre-emergence 6.0 (35.8) 6.2 1.2 5.1 3214 36.3 271.1
Imazethapyr + imazamox @ 80 Pre-emergence 4.8 (23.3) 3.6 0.8 2.5 323.9 37.1 274.7
Imazethapyr + imazamox @ 70 3-4 leaf stage 9.6 (92.7) 20.4 29 18.0 294.1 332 252.0
Imazethapyr + imazamox @ 80 3-4 leaf stage 8.6 (73.6) 16.6 2.8 14.2 296.9 334 254.8
Pendimethalin @ 1000 Pre-emergence 9.3 (85.9) 17.5 2.6 12.3 302.7 343 259.8
Imazethapyr + pendimethalin @ 1000 Pre-emergence 6.6 (44.0) 7.3 1.4 8.0 3139 35.8 265.8
Hand weeding twice 25 & 45 DAS 2349 1.1 0.2 0.7 315.8 35.8 267.9
Unweeded check - 17.1 (293.6) 60.7 7.5 51.8 281.6 32.1 214.2
SE (m+-) 0.4 1.2 0.03 0.1 1.4 0.1 0.8

CD (P=0.05) 1.2 3.7 0.1 0.3 43 0.3 2.5

*Value in parentheses are the means of original values. Data transformed to square root transformation (vx + 0.5)

Observation on weed count was documented at 30, 60 days after
sowing (DAS) and at harvest by utilizing a quadrate estimating 25
cm x 25 cm at two arbitrarily spots in each plot and changed over
into one square meter zone. The oven-dried samples of black gram
crops and weeds collected at harvest had been analyzed for
nitrogen, phosphorus, and potassium content, making use of the
strategy as reported by Li (1966). The uptake of the nutrients by
black gram crop and weeds was computed on the foundation of the
respective dry weight of theirs as follows:

Nutrient uptake Nutrient content (%)xdry weight (kg/ha)

(kg/ha)

100

The ‘OPSTAT’ software of CCSHAU, Hisar, India was used for
data statistical analysis (Sheoran et al., 1998). Analysis of variance
( ANOVA) is analyzed to check the significance of differences
among the treatments by the ‘F’ test at 5 % level of significance in
randomized block design. The standard error of the mean was
calculated in each case. When the ‘F’ value from analysis of
variance tables was found to be significant, the critical difference
(LSD) was computed to test the significance of the difference
between the two treatments.

3 Results and Discussion

the Echinochloa  colona,

Dactyloctenium aegyptium, and Cyperus iria had been the main

Among recorded weed flora,

weeds and constituting fifty-one, thirty-two and seventeen percent,
respectively, of the complete weed flora. Some other less prevalent
weeds such as Medicago denticulata, Physalis minima, Commelina
benghalensis, Convolvulus arvensis as well as Sorghum halepense
were present in pre-emergence treatments only while being lacked
in unweeded check (except at harvest) and post-emergence
treatments.

3.1 Effect on herbicides on weeds

Data on weed dry weight at optimum dry matter stage, i.e. at
harvest has been given in table 1. The repetitive hand weeding at
25 and 45 DAS eliminated most unwanted weeds until harvest
except Dactyloctenium aegyptium which was observed at 60 DAS
and its population escalated up to harvest. Pre-emergence pre-mix
combination of imazethapyr + imazamox at 80 g/ha was equally
effective as a pre-emergence prepared blend of imazethapyr +
imazamox at 70 g /ha, which resulted in drastically lower weed dry
weight over the other herbicidal treatments. These results are in
line with findings of Upadhayay et al. (2012) who have reported
that application of Odyssey + adjuvant (87.5 g + 1000 ml/ha)
considerably decreased the weed dry weight as compared to the
weedy check and other treatments when observed at 40 DAS and
harvest in soybean. Further, a combination of Imazethapyr +
pendimethalin at 1000 g/ha and pre-emergence imazethapyr at 80
g/ha statistically behaved similarly and were the next best
enhancement, or additive

treatments. Owing to synergetic,
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consequences, herbicidal combinations in common were much
better compared to single herbicides in effectively reducing the
entire weed dry weight. Likewise, Yadav et al. (2015) found that
all of the weed species have been controlled effectively by premix
herbicides {imazethapyr + imazamox (post) as well as
pendimetalin + imazethapyr (pre)} as compared to the pre-
emergence application of pendimethalin or post-emergence use of
imazethapyr in black gram. Aggarwal et al. (2014) claimed that the
minimum dry weight of weed was observed under two hand
weedings (20 & 40 DAS) when compared with all the weed
control treatments at harvest. Ram et al. (2013) and Nirala et al.
(2012) likewise observed that post-emergence application of
imazethapyr might be utilized effectively in minimizing the weed
intensity and weeds’ dry matter production in black gram and
soybean. Similarly, Ram & Singh (2011) reported that in soybean,
the application of imazethapyr at 75 g/ha at 20 -25 DAS led to the
minimum weed biomass that had been considerably lower

compared to the weedy check.

Owing to a considerable decrease in dry weight, all weed
management treatments had drastically reduced N, K, and P uptake
by weeds as in comparison to an un-weeded check (Table 1).
Probably The lowest N uptake by weeds was observed in two
hand weeding ( 25&45 DAS), and it was statistically similar to
the pre-emergence pre-mix combination of imazethapyr +
imazamox at 80 g/ha. Though it was significant compared to the
pre-emergence ready mix blend of imazethapyr + imazamox at
70 g/ha as the weeds had been adequately controlled. Twice hand
weeding (25&45 DAS) resulted in the lowest uptake of
phosphorus and potassium by weeds followed by pre-emergence
pre-mix combination of imazethapyr + imazamox at 80 g/ha and
ready mix combination of imazethapyr + imazamox at 70 g/ha.
Unweeded check resulted in probably the highest N, P, and K
uptake as a result of uncontrolled weed growth throughout the
season. These outcomes are actually in conformity with the
findings of Choudhry et al. (2012), Khot et al. (2012) and Singh
et al. (2020). Any delay in weed management might end up in
stripping off nutrients by weeds and depriving the crop for the
same (Naeem et al., 1999).

3.2 Effect of herbicide application on black gram

During the experiment, the plant growth and yield parameters were
significantly influenced by the weed management practices, which
resulted in higher dry matter accumulation in the crop compared to
the weedy check. The information on dry matter accumulation by
the black gram as affected by different treatments has been
provided in table 2. Among the weed management treatments, pre-
emergence ready mix blend of imazethapyr + imazamox at 80 g/ha
resulted in the highest dry matter accumulation, followed by pre-
emergence ready mix combination of imazethapyr + imazamox at
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70 g/ha and two hand weeding (25 & 45 DAS). These results are in
agreement with Pankaj et al. (2020) those who reported that two
hands weeding at 25 and 45 DAS or imazethapyr at 100g/ha
applied at 20 DAS resulted in higher crop dry weight than the un-
weeded check. The decrease in population and dry weight of
weeds under herbicides treatments effectively produced a
favourable microenvironment for the development and growth of
the blackgram. It hence enhanced the dry matter accumulation of
black gram. This might be linked with better control of weeds in
early growth phases of the crop, which supplied the crop plants
optimal environment to make use of growth resources properly
leading to improved growth of the crop. All the weed control
treatments significantly enhanced the N, P, and K uptake by
blackgram (Table 1). Nutrient uptake is characterized by plant dry
P, and K
removal by weeds allowed blackgram to thrive and accumulate

matter and nutrient content. Moreover, lower N,
biomass which so led to higher uptake of the nutrients. N, P, and
K uptake was significantly highest in pre-emergence ready mix
blend of imazethapyr + imazamox @ 80 g/ha. A pre-emergence
available mixed blend of imazethapyr + imazamox @ 70 g/ha
was the second-best treatment for N, P, and K uptake and these
results were statistically similar in N uptake while being
statistically distinct in P and K absorption with two hands
weeding (25 & 45 DAS). Significantly lowest NPK uptake by
black gram was observed in an un-weeded check. These results
are actually in conformity with the findings of Modak et al.
(1995) and Khot et al., (2012).

3.3 Effect of herbicide application on available nutrients

All the weed management treatments resulted in substantially
higher available N, P, and K as compared to the un-weeded
check
imazethapyr +

(Table 2). The pre-emergence ready mix blend of
imazamox (@ 80 g/ha being statistically
comparable to a pre-emergence prepared mix of imazethapyr +
imazamox @ 70 g/ha which resulted in substantially higher
available N in the soil. Twice hand weeding ( 25 & 45 DAS)
was the next best treatment concerning N availability in the soil.
Available P in soil was maximum in the treatment where pre-
emergence pre-mix combinations of imazethapyr + imazamox at
80 g/ha was applied followed by pre-emergence ready mix blend
of imazethapyr + imazamox @ 70 g/ha. Likewise, the highest
amount of K in soil was found in treatment where pre-emergence
ready mix blend of imazethapyr + imazamox at 80 g/ha was
applied. In comparison, the second-best treatment which raised
the K availability in soil was a pre-mix combination of
imazethapyr + imazamox @ 70 g/ha. The maximum amount of
nutrients removal was observed in un-weeded checks due to the
prevalence of numerous weeds which resulted in the lowest
availability of NPK in the soil after harvest.
actually in conformity with the findings of Khot et al. (2012).

The results are
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Table 2 Effect of weed management treatments on total nutrient uptake by crop (kg ha™")

) Time of Crop dry matter at N P K

Treatment licati harvest (o m-2
application harvest (g m™) Straw  Total Seed Straw Total Straw  Total

Imazethapyr @ 70 Pre-emergence 387.3 422 27.3 69.5 43 3.9 8.3 11.5 18.4 29.9
Imazethapyr @ 80 Pre-emergence 486.6 46.1 29.3 75.4 4.5 43 9.0 124 202 32.6
Imazethapyr @70 3-4 leaf stage 149.4 25.4 20.7 46.1 2.7 2.2 49 6.7 10.6 17.4
Imazethapyr @ 80 3-4 leaf stage 181.3 322 222 543 3.6 2.4 6.0 8.1 14.0 22.1
Imazethapyr + Pre-emergence 5352 526 356 882 57 56 113 162 280 442
imazamox @ 70
Imazethapyr + Pre-emergence 587.1 569 380 950 64 61 125 1901 300 492
imazamox @ 80
Imazethapyr + 3-4 leaf stage 193.8 338 230 569 38 25 63 90 158 247
imazamox @ 70
Imazethapyr + 3-4 leaf stage 2282 367 243 610 40 29 68 98 172 270
imazamox @ 80
Pendimethalin @ 1000 Pre-emergence 311.6 409 268 67.7 4.5 33 7.8 11.3 19.2 30.5
Imazethapyr +
pendimethalin @ 1000 Pre-emergence 499.7 48.2 32.8 81.0 5.1 4.7 9.8 13.1 25.5 38.6
Hand weeding twice 25 & 45 DAS 513.3 50.0 33.5 83.4 54 5.2 10.6 14.8 25.9 40.6
Unweeded check - 83.5 15.3 17.6 32.9 2.0 1.7 3.7 3.8 6.8 10.6
SE (m+-) 10.6 1.8 0.8 2.1 0.1 0.1 0.1 0.3 0.4 0.5
CD (P=0.05) 329 52 2.4 6.4 0.3 0.2 0.4 0.9 1.1 1.4
Conclusion Choudhary VK, Suresh KP, Bhagawati R (2012) Integrated weed

From the results of this study, it can be concluded that pre-
emergence of ready mix blend of imazethapyr + imazamox @ 80
g/ha yields the most excellent results in terms of NPK nutrients
uptake by blackgram and availability of nutrients in the soil. These
results were comparable with pre-emergence prepared blend of
imazethapyr + imazamox @ 70 g/ha treatments while the highest
nutrients depletion by weeds occurred in unweeded check.
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