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ABSTRACT

A field experiment was conducted during the 2022 and 2023 kharif seasons at Melanur and Kilambakkam
villages of Tiruvallur district, Tamil Nadu, to evaluate the combined effects of off-season land management
and on-season weed management on the growth and productivity of black gram (Vigna mungo L.). The
experiment was laid out in a split-plot design with four main-plot treatments of off-season land management
(M : Glyphosate, M: Summer ploughing, M: Halosulfuron @ 150 g ha=! and M: Control) and four sub-plot
treatments of on-season weed management (S: Hand weeding on 15 & 30 DAS, S: Pendimethalin @ 1 kg ha-
! + Hand weeding on 30 DAS, S: Imazethapyr @ 50 g ha™ on 15 DAS + Hand weeding on 30 DAS and S:
Unweeded control), replicated thrice. Results showed that the combined effect of Halosulfuron followed
by Imazethapyr + Hand weeding(MS) recorded the highest values for all growth and yield attributes across
both years. At 45 DAS, MS recorded the highest values of plant height (39.02 cm), branches per plant (8.34),
LAI (4.59) and dry matter accumulation (2544kg ha™). Correspondingly, yield attributes such as pods per
plant (31.30), seeds per pod (7.57), seed yield (1314 kg ha™') and haulm yield (1955 kg ha™). The lowest
values were observed in the unweeded control (MS). The superior performance of MS is attributed to
enhanced early crop establishment, vigorous growth and sustained weed suppression throughout the crop
period. The findings emphasize that adopting Halosulfuron-based off-season land treatment in combination
with Imazethapyr and strategic hand weeding can serve as an efficient, sustainable practice for maximizing
yield potential in blackgram under the agro-climatic conditions of Tamil Nadu.
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Introduction growth duration and ability to fix atmospheric nitro-

gen, thereby enhancing soil fertility and supporting
Blackgram (Vigna mungo L.), commonly known as ~ cereal-based cropping systems (Kavisri and
urad dal, is one of the most important pulse crops in Sundararaj, 2025). Blackgram contributes substan-
India, cultivated across diverse agro-climatic re- tially to the livelihoods of smallholder farmers and
gions. It is valued for its high protein content, short ~ plays a key role in maintaining soil health through
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biological nitrogen fixation. Despite its agronomic
and nutritional importance, the average productiv-
ity of blackgram in India remains low compared to
its genetic potential, largely due to improper land
management, severe weed infestation and sub-opti-
mal agronomic practices (Varatharajan et al., 2022;
Banerjee et al., 2024).

Crop weed interaction is one of the most critical
constraints affecting blackgram yield. The crop has
a slow initial growth rate and a relatively short
canopy, making it less competitive against weeds
during the early stages of growth (15 - 45 days after
sowing, DAS). Uncontrolled weed growth during
this period can cause yield losses of up to 45 - 60%,
depending on the weed species and intensity
(Reddy, 2023). Weed interference reduces light in-
terception, nutrient uptake and moisture availabil-
ity, ultimately diminishing plant growth, nodulation
and pod formation (Pathak et al., 2024). Studies have
shown that timely and integrated weed manage-
ment strategies, including pre-emergence and post-
emergence herbicide applications coupled with me-
chanical weeding, significantly improve crop perfor-
mance and yield (Marimuthu et al., 2024). However,
the effectiveness of these strategies can be strongly
influenced by the condition of the soil prior to sow-
ing.

Off-season land management comprising land
preparation, weed seed bank depletion and soil
moisture conservation plays a pivotal role in deter-
mining the success of subsequent crops. Practices
such as summer ploughing, chemical fallow treat-
ments and herbicide applications during the off-sea-
son can help suppress perennial weeds, improve soil
tilth and enhance early crop establishment. Never-
theless, limited research has been conducted on how
off-season land management interacts with on-sea-
son weed control practices to influence the produc-
tivity of blackgram under field conditions (Kasirajan
et al., 2024). Malviya et al. (2023) and Chandar et al.
(2023) emphasized that integrated crop and weed
management strategies enhance yield, water-use ef-
ficiency and sustainability in legume-based systems.
In the increasing need for sustainable intensification
in pulse production, integrating off-season land
preparation with effective on-season weed manage-
ment could provide synergistic benefits. Such inte-
gration aligns with the principles of Integrated Crop
Management (ICM), which combines soil, water,
nutrient and weed management practices to opti-
mize resource use and improve productivity
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(Varatharajan et al., 2022; Arthanari et al., 2021). De-
spite evidence supporting individual components of
ICM, few studies have systematically evaluated
their combined effect in blackgram under the irri-
gated conditions of Tamil Nadu.

Therefore, the present study was undertaken to
assess the interactive effects of off-season land man-
agement practices and on-season weed management
strategies on the growth, yield and productivity of
blackgram. The hypothesis posits that appropriate
off-season land preparation particularly herbicide-
based or mechanical interventions when integrated
with effective on-season weed control, would im-
prove early crop vigor, reduce weed competition
and ultimately enhance yield performance. The out-
comes of this study are expected to provide a scien-
tific basis for developing integrated and sustainable
management recommendations for blackgram culti-
vation in Tamil Nadu and similar agro-ecological
regions.

Materials and Methods

Experimental Site

The field experiments were conducted during the
Kharif 2022 and Kharif 2023 seasons at the farmers’
fields located in Melanur and Kilambakkam vil-
lages, Tiruvallur District, Tamil Nadu. The study
aimed to develop an ideal integrated weed manage-
ment (IWM) practice for effective control of diversi-
fied weed species in black gram (Vigna mungo L.)
under the Northeastern agro-climatic zone of Tamil
Nadu. In kharif 2022, the mean maximum and mini-
mum temperatures were 37.2°C and 24.8 °C, respec-
tively, with an average relative humidity of 85%.
The total rainfall received during the cropping pe-
riod was about 176.6 mm, distributed over 14 rainy
days and the mean sunshine duration ranged be-
tween 6.5 and 8.0 hours per day. During the season,
the weather was slightly more humid and conducive
for black gram growth. In kharif 2023, the mean
maximum and minimum temperatures were 36.9°C
and 28.1°C, respectively, with an average relative
humidity of 88%. The total rainfall received was
191.0 mm, distributed over 16 rainy days and the
average bright sunshine duration ranged from 6.5 to
7.2 hours per day.

The experimental fields were characterized by
sandy loam soils, belonging to the Typic Ustifluvent
order with moderate fertility status. The soil pH
ranged from 7.20 to 7.34, indicating a neutral reac-
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tion and the electrical conductivity (EC) was 0.52 to
0.67 dS m™, showing non-saline conditions. The or-
ganic carbon content was low to medium, varying
between 0.27 and 0.30%. The available nutrient sta-
tus of the soil was low in nitrogen (232.32-245.24 kg
ha™!), medium in phosphorus (15.80-17.45 kg ha™)
and high in potassium (275.51-292.34 kg ha™). These
soil properties were determined before sowing and
after harvest following standard analytical proce-
dures suggested by Subbiah and Asija (1956) for ni-
trogen, Olsen et al. (1954) for phosphorus and Jack-
son (1973) for potassium.

The experimental design was a split-plot arrange-
ment with the main plots assigned to off-season land
management treatments and subplots assigned to
on-season weed-management treatments. Each
treatment combination was replicated three times.
The specific treatments were as follows:

Main plot (Off season land management practices)

M, - Glyphosate

M,- Summer ploughing

M, - Halosulfuron @ 150 g ha™'
M,- Control

Sub plot (Cropping season weed management
practices)

S,- Hand weeding on 15 & 30 DAS
S,- PE Pendimethalin @ 1 kg ha™ + Hand weeding on
30 DAS
S,- EPoE Imazethapyr @ 50 g ha™ on 15 DAS + Hand
weeding on 30 DAS
S,- Unweeded Control

The data on the various parameters were ana-
lyzed statistically as per the procedure suggested by
Gomez and Gomez (2010). Wherever the results
were found significant (‘F’ test), the critical differ-
ences (CD) were calculated at a five per cent prob-
ability level.

Results

Weed control efficiency at 45 DAS (Table 1)

The pooled data from 2022-2023season that the
treatment combinations, the maximum weed control
efficiency was recorded under MS (91.59%), which
proved to be the most effective treatment. The next
best and statistically comparable treatments were
MS (90.41%) and MS (90.21%). In contrast, the least
WCE was observed under MS (0%)
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Table 1. Influence of weed management practices on
weed control efficiency on blackgram at 45 DAS

Treatment 2022-2023

M, M, M, M, Mean
S, 86.26 79.98 90.41 69.73 81.55
S, 77.71 74.07 90.21 66.74 74.79
S, 87.28 82.81 91.59 70.56 83.06
S, 60.2 50.56 62.20 0 43.24
Mean 77.86 71.85 81.17 51.75 0

M S MxS SxM

0.25 0.23 0.48 0.47
0.52 0.48 0.98 1.005

Growth Attributes at 45 DAS (Table 2 to 4)

Among the treatment combinations, the best perfor-
mance at 45 DAS was recorded under MS
(Halosulfuron @ 150 g ha* + Imazethapyr @ 50 g ha
1 on 15 DAS + hand weeding at 30 DAS). The pooled
data revealed that MS recorded highest value of
plant height of 39.02 cm, leaf area index (LAI) of
4.59, dry matter production of 2544 kg ha’, number
of branches plant? of 8.34. Also, on-par treatment
was MS (Halosulfuron @ 150 g ha + hand weeding

Table 2. Influence of weed management practices on
plant height (cm) of blackgram at 45 DAS

Treatment 2022-2023

M, M, M, M, Mean
S, 36.62 34.57 38.12 27.22 34.19
S, 31.49 29.97 38.36 25.95 30.12
S, 37.31 35.44 39.02 27.91 34.92
S, 24.55 23.07 25.43 18.85 22.97
Mean 32.49 30.76 33.97 24.98

M S MxS SxM

0.36 0.29 0.61 0.60
0.73 0.62 1.25 1.3

Table 3. Influence of weed management practices on leaf
area index of blackgram at 45 DAS

Treatment 2022-2023

M, M, M, M, Mean
S, 3.92 3.44 431 2.15 3.33
S, 3.02 2.77 4.32 2.04 2.95
S, 4.16 3.67 4.59 2.31 3.65
S, 2.55 2.42 2.87 1.87 2.42
Mean 3.41 3.07 4.02 2.09

MxS SxM
0.09 0.09 0.19 0.18
0.19 0.19 0.38 0.38
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at 15 and 30 DAS), which attained a plant height of
38.12 cm, LAI of 4.31, dry matter accumulation of
2439 kg ha'. The lowest performance was consis-
tently observed under MS (unweeded control) the
lowest plant height of 18.85 cm, LAI of 1.87, dry
matter production of 1180 kg ha™.

Yield Attributes and Yield (Table 5 to 9)

The pooled data from 2022-2023 revealed that
thetreatment MS (Halosulfuron @ 150 g ha* +

Table 4. Influence of weed management practices on dry
matter production (kg ha™) of blackgram at 45
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Imazethapyr @ 50 g ha' on 15 DAS + hand weeding
at 30 DAS) recorded the highest pods plant?, seeds
pod?, seed yield and haulm yield among all treat-
ment combinations. This treatment produced
abranches plant™® of 8.34, pods plant™ of 31.30, seeds
pod? of 7.57, seed yield of 1314 kg ha' and ahaulm
yield of 1955 kg ha!, which were significantly on-
par with the treatment, MS recorded abranches
plant? of 7.92, pods plant? of 29.39, seeds pod™? of
7.32, seed yield of only 301 kg ha and ahaulm yield

Table 7. Influence of weed management practices on

DAS Number of seeds pod™(nos.) of blackgram
Treatment 2022-2023 Treatment 2022-2023
M, M, M, M, Mean M, M, M, M, Mean
S, 2309 2165 2439 1732 2162 S, 6.88 6.44 7.32 5.39 6.53
S, 2027 1950 2436 1631 1926 S, 6.28 5.90 7.17 5.34 6.02
S, 2370 2226 2544 1792 2233 S, 7.26 6.82 7.57 5.85 6.88
S, 1526 1377 1579 1180 1416 S, 4.92 4.68 5.12 4.09 4.94
Mean 2058 1929 2165 1584 0 Mean 6.35 5.97 6.74 4.98
M S MxS SxM M S MxS SxM
18.77 25.55 51.92 46.87 0.29 0.27 NS NS
37.82 52.66 105.31 98.73 0.26 0.23 NS NS

Table 5. Influence of weed management practices on
Number of branches plant™(nos.) of blackgram

Table 8. Influence of weed management practices on
seed yield (kg ha") of blackgram

Treatment 2022-2023 Treatment 2022-2023

M, M, M, M, Mean M, M, M, M, Mean
S, 7.06 6.13 7.92 4.00 6.28 S, 1061 908 1259 575 939
S, 5.43 4.69 7.92 3.79 4.95 S, 771 703 836 525 709
S, 7.56 6.70 8.34 4.19 6.70 S, 1151 989 1314 632 1021
S, 4.21 3.98 4.46 3.22 3.97 S, 442 411 540 301 412
Mean 6.22 5.37 6.91 3.80 Mean 857 753 987 509

M S MxS SxM M S MxS SxM

0.15 0.15 0.31 0.30 11.38 17.05 34.66 31.12

0.31 0.32 0.64 0.64 22.93 35.14 70.30 65.42

Table 6. Influence of weed management practices on
Number of pods plant™’(nos.) of blackgram

Table 9. Influence of weed management practices on
haulm yield (kg ha™) of blackgram

Treatment 2022-2023 Treatment 2022-2023

M, M, M, M, Mean M, M, M, M, Mean
S, 26.59 22.45 29.39 12.25 22.15 S, 1697 1552 1857 1170 1566
S, 16.04 15.08 29.22 13.83 16.59 S, 1398 1323 1497 1060 1317
S, 28.22 24.30 31.30 13.14 23.59 S, 1773 1641 1955 1249 1652
S, 10.21 9.51 11.01 7.085 9.50 S, 959 924 1030 799 925
Mean 25.93 23.76 28.01 18.38 Mean 1507 1361 1585 1070

M S MxS SxM M S MxS SxM
0.21 0.31 0.64 0.57 21.33 21.61 43.92 41.45
0.43 0.65 1.31 1.20 42.97 44.54 89.08 88.50
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of 799 kg hal. The lowest performance was ob-
served in the MS (unweeded control) treatment,
which recorded abranches plant™ of 3.22,pods plant
1 of 7.08, seeds pod™ of 4.09, seed yield of 301 kg ha-
tand ahaulm yield of 799.5 kg ha.

Discussion

Weed control efficiency

The weed control efficiency (WCE) at 45 DAS was
strongly governed by both the off-season land man-
agement practices and the on-season weed manage-
ment techniques employed. The results clearly
showed that treatments integrating herbicides dur-
ing the off-season followed by effective chemical-
manual interventions during the crop season pro-
vided the greatest reduction in weed population and
biomass.

Among the off-season treatments, Halosulfuron
@ 150 g ha' (M) consistently produced the highest
WCE. This superior performance is attributed to its
ability to suppress perennial sedges and broad-spec-
trum weeds before sowing, thereby reducing the
initial weed seed bank and minimizing the density
of early flushes. Effective early-season weed sup-
pression has been widely reported as a critical deter-
minant of WCE in pulses, particularly where slow
initial crop growth limits competitiveness (Kumar et
al., 2019; Singh and Chauhan, 2020). With respect to
the on-season weed control practices, the early post-
emergence application of Imazethapyr @ 50 g ha at
15 DAS followed by hand weeding at 30 DAS (S)
proved most effective. Imazethapyr ensured the
timely elimination of early-emerging grassy and
broadleaf weeds, while the subsequent hand weed-
ing removed later cohorts that escaped herbicidal
activity. The effectiveness of combining a selective
herbicide with mechanical weeding has been em-
phasized by Chander et al. (2021), who reported that
such integrated approaches maintain a weed-free
environment during the critical crop growth win-
dow.

The interaction effects further revealed that the
treatment MS (Halosulfuron @ 150 g ha* during off-
season + Imazethapyr @ 50 g ha at 15 DAS + hand
weeding at 30 DAS) showed the highest weed con-
trol efficiency (91.59%), demonstrating the strong
synergy between an herbicide-based off-season land
treatment and a well-timed on-season weed man-
agement schedule. This combination maintained the
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lowest weed biomass, ensuring minimal weed—crop
interference throughout the growth period. The next
best combination, MS (Halosulfuron @ 150 g ha™*
during off-season + hand weeding at 15 & 30 DAS),
also performed efficiently due to timely manual re-
moval of weeds following strong off-season herbi-
cidal suppression.

Conversely, the treatment combination of (MS)
Control during off-season + Unweeded control dur-
ing crop season recorded zero weed control effi-
ciency, illustrating the severe impact of unregulated
weed growth on blackgram. The unchecked prolif-
eration of weeds in this treatment reduced light in-
terception, nutrient uptake and moisture availability
for the crop, a trend widely documented in previous
studies (Yadav et al., 2020).

Growth Attributes

Off-season land management had a significant influ-
ence on the early growth of blackgram. Among the
main-plot treatments, Halosulfuron @ 150 g ha* (M)
recorded the highest plant height, LAI, dry matter
accumulation and number of branches per plant.
The superior performance under M is attributed to
effective suppression of perennial and deep-rooted
weeds prior to sowing, which reduced the initial
weed seed bank, enhanced soil tilth and facilitated
better root establishment. These favourable condi-
tions at the early growth stage improved the crop’s
competitive ability and overall vigour. Similar ben-
efits of pre-season weed control and improved soil
physical properties were highlighted by Kasirajan et
al. (2024) and Malviya et al. (2023) in pulse-based
systems. In contrast, the control treatment (M) ex-
hibited the lowest growth parameters owing to se-
vere early-season weed pressure, which restricted
nutrient availability and canopy development.
Among the sub-plot treatments, EPoE
Imazethapyr @ 50 g ha* at 15 DAS followed by hand
weeding at 30 DAS (S) resulted in the highest values
of plant height, LAI, dry matter production and
branching. The early post-emergence herbicide en-
sured timely control of emerging weeds during the
critical 15-45 DAS period, thereby promoting unin-
terrupted crop growth. These findings agree with
Marimuthu et al. (2024), who reported that integrat-
ing post-emergence herbicides with mechanical
weeding enhances early crop vigour and weed con-
trol efficiency in blackgram. Hand weeding alone (S)
provided moderate improvement in growth but was
less effective due to rapid early weed emergence
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before the first weeding.

The combined effect of off-season and on-season
treatments was significant. The treatment MS
(Halosulfuron @ 150 g ha* during off-season +
Imazethapyr @ 50 g ha at 15 DAS + hand weeding
at 30 DAS) recorded the highest plant height, LAI
and dry matter production. The synergy arises from
strong pre-season weed suppression (M) comple-
mented by effective on-season weed control (S),
maintaining a nearly weed-free environment
throughout the early growth stage. Early vigour and
higher dry matter accumulation under this treat-
ment are consistent with earlier reports emphasizing
the role of early-season weed-free conditions in
pulse crops (Banerjee et al., 2024; Ramesh et al.,
2020). Though MS (Halosulfuron @ 150 g ha* during
off-season + hand weeding at 15 & 30 DAS) per-
formed on par for some growth attributes, it was
inferior to MS due to insufficient early weed control.
The lowest of growth was recorded under
MS(Control during off-season + Unweeded control
during crop season), confirming the severe impact of
unchecked weed competition.

Yield and Yield Attributes

Halosulfuron (M) significantly enhanced the yield
attributes such as pods per plant, seeds per pod and
haulm production. The improved early growth un-
der M resulted in better source capacity, radiation
interception and reproductive development. These
findings correspond with results obtained by
Chandar et al. (2023) and Painkra et al. (2021), who
reported that early vegetative vigour and improved
canopy structure positively influence pod formation
and seed filling in pulses. The lowest yield and yield
attributes were observed under M, where poor off-
season land management led to a heavy weed seed
bank and increased competition during crop estab-
lishment.

Among the weed management treatments, S
(EPoE Imazethapyr @ 50 g ha™ on 15 DAS + Hand
weeding on 30 DAS) recorded the highest pods per
plant, seeds per pod, seed yield and haulm yield.
The ability of Imazethapyr to control a wide spec-
trum of broadleaf and grassy weeds during the criti-
cal reproductive phase ensured better nutrient use
efficiency and enhanced assimilate partitioning to-
wards reproductive organs. These results align with
Pathak et al. (2024) and Kumar et al. (2018), who
emphasized the importance of continuous weed
control during flowering and pod-setting stages.
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The interaction effects revealed that MS
(Halosulfuron @ 150 g ha* during off-season +
Imazethapyr @ 50 g ha at 15 DAS + hand weeding
at 30 DAS) produced the highest seed yield and
yield attributes. The synergistic impact of effective
off-season weed suppression and strong on-season
weed control optimized crop-weed dynamics, re-
sulting in a higher number of pods per plant and
greater seed development. The relationship between
early growth and final yield is widely endorsed in
pulse agronomy studies (Muduli et al., 2023;
Banerjee et al., 2024) and the present findings
strongly support this correlation. As, MS (unweeded
control) resulted in the lowest seed yield, confirming
that uncontrolled weeds severely inhibit reproduc-
tive development and drastically reduce productiv-

ity.
Conclusion

The results of the study demonstrated that both off-
season land management and on-season weed con-
trol practices significantly influenced the growth
and productivity of blackgram. Among the main-
plot treatments, Halosulfuron @ 150 g ha (M)
proved to be the most effective off-season practice,
as it reduced the initial weed seed bank, improved
soil conditions, and supported vigorous early crop
establishment. Among the in-season weed manage-
ment strategies, Imazethapyr @ 50 g ha™ at 15 DAS
followed by hand weeding at 30 DAS (S) was the
most efficient in maintaining a weed-free environ-
ment during the critical growth stages, thereby en-
hancing crop growth and yield attributes. The inter-
action effect clearly revealed that the combination
MS (Halosulfuron + Imazethapyr + hand weeding)
was consistently superior in weed control efficiency,
biomass accumulation, seed yield and haulm yield
across both seasons. This integration of a pre-season
herbicide with a well-timed post-emergence herbi-
cide and strategic manual weeding ensured sus-
tained weed suppression and optimal resource uti-
lization throughout the crop period. The findings
highlight that combining effective off-season herbi-
cide application with efficient on-season chemical
and manual interventions offers a reliable and sus-
tainable strategy for maximizing blackgram produc-
tivity under irrigated conditions of Tamil Nadu.
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