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ABSTRACT

Direct-seeded rice (DSR) offers a promising resource-efficient alternative to traditional puddled
transplanted rice, yet severe weed competition during early crop growth stages continues to limit its
productivity. The study was laid out in a randomized block design with nine treatments and three
replications. Treatments comprised weedy check, weed-free condition, hand weeding (20 and 40 DAS),
mechanical weeding (20 and 40 DAS), brown manuring terminated with bispyribac-sodium, brown
manuring terminated with 2,4-D, rice straw mulching, stale seedbed, and stale seedbed + rice straw
mulching. Weed-free plots maintained the lowest weed density and highest weed control efficiency
throughout the crop growth period. Among the practical treatments, mechanical weeding at 20 and 40
DAS proved most effective, recording 90.8% weed control efficiency at 60 DAS and grain yield of 59.0
q ha. The highest grain yield (64.7 q ha™) was recorded under weed-free conditions, while the weedy
check yielded the lowest (25.3 q ha'). Mechanical weeding also registered the highest net return (Rs.
1,35,456 ha'l) and Net benefit-cost ratio (2.53). The results demonstrate that mechanical weeding
performed twice at 20 and 40 days after sowing is an effective, economical, and environmentally
sustainable option for weed management in direct-seeded rice.

Keywords : Direct-seeded rice, mechanical weeding, brown manuring, stale seedbed, weed control
efficiency

Introduction

Rice (Oryza sativa L.) is one of the most
important cereal crops and plays a central role in food
and livelihood security, particularly in Asia (Atri et al.,
2025; Parray et al., 2026). In many rice-growing
regions, conventional puddled transplanted rice is
becoming less sustainable because it requires large
quantities of irrigation water, labour and energy.
Direct-seeded rice (DSR) has emerged as a resource-
conserving alternative because it avoids nursery
raising, puddling and transplanting, and allows faster
crop establishment under suitable field conditions
(Kumar and Ladha, 2011).

The adoption of DSR is increasing because it can
reduce labour demand and improve water-use

efficiency compared with conventional transplanted
rice. The improved crop management under DSR can
support higher productivity while reducing dependence
on labour-intensive transplanting operations. However,
the success of DSR largely depends on effective early-
season weed management (Sandhu et al., 2021).

Weed infestation is one of the most serious
biological constraints in DSR. Unlike transplanted rice,
where standing water and older seedlings suppress
early weed emergence, rice and weeds in DSR
germinate almost at the same time and compete
strongly for light, nutrients, moisture and space.
Chauhan and Johnson (2009) reported that
simultaneous emergence of rice and weeds is a major
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reason for severe weed competition in direct-seeded
rice.

The weed flora in DSR usually consists of
grasses, sedges and broad-leaved weeds. Common
weeds include Echinochloa colona, Echinochloa crus-
galli, Cyperus iria, Cyperus difformis, Eclipta alba and
Alternanthera sessilis. If weeds are not managed
during the critical crop growth period, they can reduce
tillering, panicle formation and grain yield. The
uncontrolled weed growth may cause severe yield loss
in direct-seeded rice (Rao et al., 2017).

Chemical weed control is commonly used in DSR
because it is fast and less labour-demanding. However,
repeated and continuous use of herbicides may lead to
weed shifts, herbicide resistance, crop injury and
environmental concerns. Navi et al. (2024) and
Nagargade et al. (2024) emphasised on overreliance of
herbicides in rice-based systems, which can create
long-term weed management problems. Therefore,
non-chemical and integrated weed management
options need greater attention for sustainable DSR
cultivation.

The integrated weed management is essential to
achieve long-term, sustainable and economic
management of weeds in direct-seeded rice systems
(Hashim et al., 2024). Mechanical weeding is one of
the practical options for reducing weed competition in
DSR, especially where labour availability and
herbicide dependence are major concerns. Mechanical
weeding at the critical crop growth stages removes
weeds physically and also disturbs the soil surface,
which can reduce further weed establishment. The
timely mechanical weeding can effectively reduce
weed density in direct-seeded rice (Mahajan and
Chauhan, 2013).

Cultural practices such as stale seedbed
preparation, rice straw mulching and brown manuring
can also contribute to weed suppression in DSR. A
stale seedbed encourages weed seed germination

Table 1 : The details of Treatment and their description

before sowing, while rice straw mulch limits weed
emergence by reducing light availability at the soil
surface. Shekhawat et al. (2020) observed that cultural
weed management practices can reduce weed pressure
and improve the sustainability of dry direct-seeded rice
systems.

Although several weed management practices
have been studied in DSR, their relative performance
under specific agro-climatic conditions still needs
systematic evaluation. Information on the combined
effects of mechanical and cultural practices on weed
dynamics, yield attributes, grain yield and economic
profitability is especially important for small and
marginal farmers. Therefore, the present study was
undertaken to evaluate the effects of different
mechanical and cultural weed management practices
on weed dynamics, yield and profitability of direct-
seeded rice.

Materials and Methods
Experimental site and soil characteristics

The field experiment was conducted during the
Kharif season of 2025 at the Post Graduate Research
Farm, Phonics Group of Institutions, Roorkee,
Uttarakhand (29.85°N, 77.88°E, 268 m amsl). The soil
was clay loam in texture with pH 7.75, EC 0.28 dS m’,
organic carbon 0.46%, available N 163 kg ha', P,Os
23.9 kg ha” and K,0 250 kg ha™.

Experimental design and treatment details

The experiment was laid out in a randomized
block design (RBD) with nine treatments and three
replications. Details of treatments are presented in
Table 1. Rice variety NDR-2064 was sown directly at
60 kg ha’ with 20 cm row spacing. Recommended
fertilizer dose of 120:80:60 kg N: P,Os: K,O ha” was
applied, with full P and K plus half N as basal and
remaining N in two equal splits at tillering and panicle
initiation stages.

Code Treatment

Description

T, Weedy check No weeding

T, Weed-free

Manual weeding at all stages

T, Hand weeding

Hand weeding at 20 and 40 DAS

T, Mechanical weeding

Mechanical weeding (khurpi/grubber) at 20 and 40 days after sowing (DAS)

Ts Brown manuring (Bispyribac)

Bispyribac sodium @20 g ha' at 25 DAS

Te Brown manuring (2,4-D)

2,4-D @1 kg a.i. ha” at 25 DAS

T, Mulching

Rice straw mulch @5 t ha™

T Stale seedbed

Two tillage + irrigation cycles before sowing

Ty Stale seedbed + mulch

Combination of Tg and T,
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Crop establishment and agronomic practices

The rice variety NDR-2064 was used for the
experiment. Seeds were sown directly in the field at a
seed rate of 60 kg ha™ with a row spacing of 20 cm. All
recommended agronomic practices, including irrigation
and plant protection measures, were followed
uniformly in all treatments except the imposed weed
management practices.

Weed, Growth and Yield Observations

Weed density and dry matter were recorded at 30,
60, 90 DAS and at harvest using a 0.5 m x 0.5 m
quadrat. Weed control efficiency (WCE) and weed
index were calculated using standard formulas.

WCE (%) = [(Weed dry matter in weedy check —
Weed dry matter in treated plot) / Weed dry matter
in weedy check] x 100

Weed index (%) = [(Grain yield in weed-free
treatment — Grain yield in treatment) / Grain yield
in weed-free treatment] x 100

Plant height, tillers m>, dry matter accumulation,
panicles m?, grains per panicle’, test weight, grain
yield and straw yield were recorded using standard
prolcedures. Grain and straw yields were expressed in q
ha™.

Economic analysis

Cost of cultivation, gross return, net return and net
benefit-cost ratio were calculated using prevailing
market prices of inputs and produce. Gross return was
calculated from grain and straw yields using the market
prices of Rs. 2320 q"' for grain and Rs. 600 q"' for
straw. Net return was calculated by subtracting the cost
of cultivation from gross return. The net benefit-cost
ratio was calculated as:

Net B: C ratio = Net return / Cost of cultivation

Statistical analysis

Data were analyzed using analysis of variance
(ANOVA) for RBD, and treatment means were
compared using the least significant difference (LSD)
atp <0.05.

Results and Discussion
Weed flora and weed dynamics

The experimental field was infested with a mixed
weed flora comprising grasses, sedges and broad-
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leaved weeds. The dominant grassy weeds were
Echinochloa colona, Echinochloa crus-galli and
Cynodon dactylon, while Cyperus iria and Cyperus
difformis were the major sedges. Among broad-leaved
weeds, Eclipta alba and Alternanthera sessilis were
commonly observed. The presence of mixed weed
flora indicates that direct-seeded rice provides
favourable conditions for the emergence and growth of
different weed groups during the early crop growth
period. Similar dominance of grasses and sedges in
direct-seeded rice was reported by Chauhan and
Johnson (2009).

Weed density and weed dry matter were
significantly influenced by different weed management
practices (Table 2). The weed-free treatment recorded
the lowest weed density throughout the crop season
because weeds were removed regularly from the plots.
Among the practical treatments, mechanical weeding at
20 and 40 days after sowing (DAS) recorded the lowest
weed density of 42.0 m™ at 60 DAS, followed by hand
weeding at 20 and 40 DAS with 48.0 m™. The weedy
check recorded the highest weed density of 274.0 m™
at 60 DAS, showing severe weed infestation in the
absence of weed control.

The lower weed density under mechanical
weeding may be due to the physical uprooting and
burial of weeds at the critical crop-weed competition
period. Mechanical weeding also disturbs the soil
surface and reduces the establishment of newly
emerged weeds between crop rows. Mahajan and
Chauhan (2013) also reported that timely mechanical
weeding effectively reduces weed density in direct-
seeded rice.

Stale seedbed followed by rice straw mulching
also reduced weed density compared with brown
manuring and mulching alone. This may be because
stale seedbed encouraged weed seed germination
before sowing, while subsequent mulching reduced
further weed emergence by limiting light at the soil
surface. Shekhawat er al. (2020) also observed that
cultural practices such as stale seedbed and residue
mulch can reduce weed pressure in dry direct-seeded
rice.
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Table 2 : Effect of mechanical and cultural weed management practices on weed population and weed dry matter
in direct-seeded rice

Treatment Weed population (m™~) Weed dry matter (g m~)
30 DAS 60 DAS 90 DAS Harvest 30 DAS 60 DAS 90 DAS Harvest
T, 209 274 268 248 70.0 266.3 295.7 318.7
T, 0 0 0 0 0.0 0.0 0.0 0.0
T; 53 48 453 41 17.0 28.3 32.3 37.3
T, 46 42 39 34 16.3 24.6 28.6 33.6
Ts 137 132 128 123 32.7 53.7 57.7 62.7
T 116 111 107 107 30.7 47.8 51.8 56.8
T, 106 101 97 93 24.4 38.8 42.8 47.8
Ty 89 85 80 75 23.4 34.3 38.3 433
Ty 84 80 78 73 19.8 30.2 37.9 42.9
SEm+ 3.50 6.84 9.84 9.48 0.71 1.96 1.96 1.96
CD at 5% NS 20.51 29.92 28.41 2.13 5.88 5.88 5.88

Note: DAS = days after sowing; NS = non-significant. Original weed population values are presented; data were square-root

transformed before statistical analysis.

Weed control efficiency and weed index

Weed control efficiency varied considerably
among different treatments (Table 3). The weed-free
treatment recorded the highest weed control efficiency
because weeds were completely removed from the
plots. Among the field-applicable treatments,
mechanical weeding at 20 and 40 DAS recorded the
highest weed control efficiency of 90.8% at 60 DAS.
Hand weeding at 20 and 40 DAS recorded 89.4% weed
control efficiency, showing that both manual and
mechanical weed removal were highly effective during
the critical period of weed competition.

The higher weed control efficiency under
mechanical weeding was mainly associated with lower
weed dry matter accumulation. Since weed control
efficiency is calculated on the basis of weed dry matter
reduction, treatments that suppressed weed growth
more effectively showed higher WCE values.

Dhanapal et al. (2018) also reported that effective
weed management treatments reduce weed biomass
and improve weed control efficiency in rice.

The weed index showed an opposite trend to weed
control efficiency. The weed-free treatment recorded
zero weed index, while mechanical weeding recorded
the lowest weed index among practical treatments.
This indicates that mechanical weeding minimized
yield loss due to weeds and maintained crop
performance close to weed-free conditions. Rao et al.
(2017) reported that uncontrolled weeds can cause
severe yield reduction in direct-seeded rice. The
relationship between weed control efficiency at 60
DAS and weed index clearly showed that treatments
with higher weed control efficiency recorded lower
weed index, indicating reduced yield loss due to better
weed suppression (Fig. 1).

Table 3 : Effect of mechanical and cultural weed management practices on weed control efficiency and weed

index in direct-seeded rice

Note: WCE = weed control efficiency.

Treatment | WCE30DAS (%) | "WCEOODAS | WCE9DAS | WCEatharvest | oo qingev (%)
(%) (%) (%)
T, . - - - 60
T, 1000 100.0 100.0 1000 0.0
T, 757 89.4 89.1 833 2.4
T, 76.7 908 903 89.5 8.3
T, 533 798 805 803 274
T, 56.1 82.1 825 822 258
T, 65.1 854 855 85.0 241
T, 66.6 87.1 87.0 86.4 23
T, 717 837 872 86,5 12.5
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Fig. 1 : Relationship between weed control efficiency at 60
DAS and weed index under different weed management
practices in direct-seeded rice.

Crop growth and yield attributes

Crop growth was significantly affected by weed
management treatments (Table 4). Plant height, tiller
number and dry matter accumulation were higher
under weed-free and mechanical weeding treatments
than under the weedy check. The better crop growth in
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these treatments was due to reduced weed competition,
which allowed rice plants to utilize available nutrients,
moisture and light more efficiently.

Yield attributes also improved with effective weed

control. The weed-free treatment recorded the highest
number of panicles m? grains panicle’ and test
weight. Mechanical weeding at 20 and 40 DAS
recorded 321 panicles m™?, 163 grains panicle” and
26.7 g test weight, which were close to hand weeding
and clearly superior to the weedy check. Saravanane
(2020) also observed that effective weed control
improves yield attributes in dry direct-seeded rice.
The weedy check recorded the lowest values for yield
attributes because weeds competed continuously with
rice plants throughout the crop season. Continuous
weed competition reduced tiller survival, panicle
development and grain formation. Dhillon et al. (2021)
reported that severe weed competition in direct-seeded
rice reduces crop growth and yield-contributing
characters.

Table 4 : Effect of mechanical and cultural weed management practices on yield attributes and yield of direct-

seeded rice
Treatment P?:Illl.czl)es Grains panicle” Test weight (g) Gl;?lnl:g}‘;ld Stz‘;z}?d
T, 213 126 21.1 25.3 40.3
T, 345 177 28.7 64.7 92.4
T 317 158 25.7 56.7 82.7
T, 321 163 26.7 59.0 86.9
Ts 222 131 22.8 47.0 63.6
T 232 135 23.3 48.0 65.6
T, 256 137 24.2 49.1 69.1
Ty 267 144 24.3 50.3 74.4
T 300 151 25.0 56.6 81.0
CD at 5% 21.7 12.0 2.05 4.21 5.94
Grain yield reported that mechanical weeding improves rice

Grain yield differed significantly among different
weed management treatments (Table 4). The highest
grain yield was recorded under the weed-free treatment
(64.7 q ha™"). Mechanical weeding at 20 and 40 DAS
recorded the next highest grain yield of 59.0 q ha’,
followed by hand weeding at 20 and 40 DAS with 56.7
q ha” and stale seedbed with rice straw mulching with
56.6 q ha'. The weedy check produced the lowest
grain yield of 25.3 q ha.

The higher grain yield under mechanical weeding
was mainly due to effective weed suppression during
the early and active growth stages of rice. Reduced
weed competition improved tiller production, panicle
formation and grain filling. Patel et al. (2025) also

productivity by reducing weed competition at critical
growth stages.

Although weed-free treatment recorded the
maximum grain yield, it may not always be the most
practical option for farmers because it requires
repeated labour-intensive  weeding. Mechanical
weeding produced yield close to the weed-free
treatment with comparatively lower cost. This makes
mechanical weeding a more practical option under
field conditions.

Stale seedbed combined with rice straw mulching
also produced comparatively higher yield than stale
seedbed or mulching alone. The better performance of
this treatment may be due to combined weed
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suppression before and after crop establishment. Gogoi
and Deka (2023) also found that integrated weed
management practices improved growth and yield of
direct-seeded rice.

Economics

Economic analysis showed that the highest grain
yield did not necessarily result in the highest
profitability (Table 5). The weed-free treatment
recorded the highest cost of cultivation because of
repeated manual weed removal. Mechanical weeding at
20 and 40 DAS recorded the highest net return of Rs.
1,35,456 ha and the highest net benefit-cost ratio of
2.53. This indicates that mechanical weeding provided
the best balance between weed control, grain yield and
cost of cultivation. The comparative economic
performance of different weed management treatments

in terms of net return and net benefit-cost ratio is
presented in Fig. 2.

The higher profitability under mechanical
weeding was due to its comparatively lower cost than
weed-free and hand weeding treatments, along with
high grain yield. Patel et al. (2025) also reported that
mechanical weeding using a grubber improved the
economic returns in rice.

The weedy check recorded the lowest economic
performance because poor weed control resulted in
very low grain yield. Brown manuring and mulching
treatments improved net returns over the weedy check,
but their profitability remained lower than mechanical
weeding. Therefore, mechanical weeding at 20 and 40
DAS emerged as the most economical and practical
weed management practice for direct-seeded rice.

Table 5 : Economics of different mechanical and cultural weed management practices in direct-seeded rice

Treatment Cost ((g:uli:?non Gl&sss 1;3;111;‘ n l\ﬁisrel::_l;;l Net B: C ratio
T, 44,116 82,876 38,760 0.88
T, 72,556 2,05,544 1,32,988 1.83
T; 58,336 1,81,164 1,22,828 2.11
T, 53,564 1,89,020 1,35,456 2.53
Ts 46,077 1,47,200 1,01,123 2.19
Te 46,102 1,50,720 1,04,618 2.27
T, 49,827 1,55,372 1,05,545 2.12
Ty 47,390 1,61,336 1,13,946 2.40
Ty 53,102 1,79,912 1,26,810 2.39

o (o] Conflict of Interest
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Fig. 2 : Net return and net benefit-cost ratio of direct-seeded
rice as influenced by different weed management practices.
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