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Abstract

Weed infestation is a major production constraint in direct-seeded rice (DSR), causing severe yield losses due to intense crop weed
competition. A field study was conducted at the Experimental Farm, Department of Agronomy, Annamalai University, Annamalai Nagar, Tamil
Nadu during the kharif seasons of 2022 and 2023 to assess the efficacy of new generation herbicides and cultural practices on weed
suppression, crop performance and economic returns in DSR. The study employed a randomised block design with 3 replications, comprising
treatments of bensulfuron methyl + pretilachlor (PE), triafamone + ethoxysulfuron (EPoE) and bispyribac sodium (PoE), each combined with
manual or cono weeding, along with an unweeded control. Results indicated that bensulfuron methyl 0.6 % + pretilachlor 6 % granules (GR)
(PE) at 10 kg ha* on 7 days after sowing (DAS) followed by manual weeding on 40 DAS (T.) achieved the most effective weed control, with
weed control efficiencies of 77.95 % and 81.68 % and grain yields of 4.86 and 5.30 t ha in both seasons. While the treatment of bensulfuron
methyl 0.6 % + pretilachlor 6 % GR (PE) at 10 kg ha* on 7 DAS followed by manual weeding on 40 DAS (T4) maximised productivity, Ts
(bensulfuron methyl 0.6 % + pretilachlor 6 % GR (PE) at 10 kg ha on 7 DAS followed by cono weeding on 40 DAS) recorded the highest benefit-
cost ratio, indicating better economic efficiency. The study clearly demonstrates that the integration of pre-emergence herbicides with cono
weeding provides an efficient and economically viable weed management strategy for DSR under labour- and water-constrained conditions.
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Introduction suppresses weed emergence (6). Early weed flush under DSR was
occurs within the first two weeks after sowing, emphasising the
importance of early-stage weed control. Without proper
management, severe weed infestations can lead to significant yield
reductions or even complete crop failure (7). Effective weed
management is therefore essential for optimising the benefits of
DSR. Labour shortages and the rising costs of manual weeding have
made herbicides an integral component of DSR cultivation (8). At the
same time, economic sustainability remains a critical consideration,
especially for farmers in resource-limited areas. Addressing these
challenges requires integrated strategies that balance input use with
profitability. The combination of preemergence herbicide
application and manual weeding reduces dependence on chemical
control measures; however, this approach results in higher labour
expenses. Alternatively, cono weeding, a labour saving technique,
provides an alternative approach by improving weed control
efficiency with reduced labour input (9). Therefore, the present study
was undertaken to evaluate weed management practices that are
both effective and economically sustainable for DSR cultivation.

Rice is the most widely cultivated cereal and the primary source of
nutrition for over half of the global population. In India, rice is grown
on about 50 million hectares, producing 145 million tonnes with an
average productivity of 4.35 t ha? (1). Puddled transplanted rice
(PTR) remains the predominant method of rice cultivation, but its
long-term sustainability is under critical scrutiny due to excessive
water use, soil degradation, green house gases and high labour
demand (2). In response, direct-seeded rice (DSR) is gaining
recognition as a sustainable, resource efficient alternative,
particularly in regions facing water scarcity and labour shortages.
Direct-seeded rice offers a water-saving advantage by reducing the
dependency on continuous ponding, leading to 15-20 % less water
than PTR. It also lowers labour requirements, enhances operational
efficiency, facilitates planting, reduces methane emissions and
serves as a more cost-effective, environmentally sustainable
alternative to the conventional PTR system (3-5). However, weed
proliferation is more pronounced in DSR than in transplanted
systems due to the absence of a standing water layer that naturally
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Materials and Methods

The field experiment was conducted at the Experimental Farm,
Department of Agronomy, Annamalai University, Annamalai Nagar
[11°24' N, 79° 44' E, +5.79 m mean sea level (MSL)] during the kharif
season of 2022 and 2023 to evaluate the performance of new
generation herbicides and cultural practices on weed dynamics,
crop performance and economic efficiency in DSR. The region is
characterised by a moderately warm climate, with relatively high
temperatures during the summer months. The experimental soil
was clay loam in texture, with a pH of 7.5, organic carbon content of
0.48 %, low available nitrogen (248 kg ha?), medium available
phosphorus (21.7 kg ha?) and high available potassium (292 kg ha').

The experiment was replicated three times using a
randomised block design with 9 treatments comprising different
weed management practices. The treatments were included
unweeded control (Ty), twice manual weeding on 20 and 40 days
after sowing (DAS) (T,), twice cono weeding on 20 and 40 DAS (Ts),
bensulfuron methyl 0.6 % + pretilachlor 6 % granules (GR) (PE) at
10 kg ha™ on 7 DAS followed by manual weeding on 40 DAS (Ta),
bensulfuron methyl 0.6 % + pretilachlor 6 % GR (PE) at 10 kg ha™ on
7 DAS followed by cono weeding on 40 DAS (Ts), triafamone 20 % +
ethoxysulfuron 10 % WG (EPoE) at 225 g ha* on 12 DAS followed by
manual weeding on 40 DAS (Té), triafamone 20 % + ethoxysulfuron
10% WG (EPoE) at 225 g ha™ on 12 DAS followed by cono weeding on
40 DAS (T), bispyribac sodium 10 % SC (PoE) at 200 mL ha on 20
DAS followed by manual weeding on 40 DAS (Ts), bispyribac sodium
10% SC (PoE) at 200 mL ha* on 20 DAS followed by cono weeding on
40 DAS (T).

The rice variety “ADT 43” was sown at 40 kg ha™ with a
spacing of 25 x 10 cm in the gross plot of 20 m?. The recommended
fertiliser dose of 120:40:40 kg N:P:K ha® were applied following
standard agronomic practices. Herbicide application was carried out
as per the treatment plan, manual and cono weeding was
performed on 20 and 40 DAS according to the respective treatments.
Herbicides were applied as per the treatment schedule using 500 L of
water per hectare and applied using a knapsack sprayer fitted with
flatfan nozzle.

Biometric observations on weed, crop growth and vyield
attributes were recorded and the mean values were taken. The data
on weed biomass and density showed high variation and were
subjected to +/(x+0.5) transformation before analysis. Weed control
efficiency was calculated by using the formula suggested by Mani et
al. (10). The experimental data on weeds and crops were statistically
analysed as per the procedure to find out the treatment difference
by Gomez and Gomez (11). Results from both years were recorded
and treatment differences were tested using analysis of variance
(ANOVA).

Results and Discussion
Weed flora

The experimental field was predominantly infested with grassy
weeds such as Echinochloa colona, Echinochloa crus-galli and
Leptochloa chinensis; followed by sedges, namely Cyperusdifformis
and Cyperus rotundus; and the broad-leaved weed of Ecliptaalba,
collectively representing a weed flora composition characteristic of
the DSR ecosystem.

2

Effect on weed density, weed dry matter and weed control
efficiency

The weed density and weed dry matter were significantly influenced
by different weed management practices during both kharif2022
and 2023 (Table 1). Among the treatments, the application of
bensulfuron methyl 0.6 % + pretilachlor 6 % GR (PE) at 10kg ha™ at 7
DAS followed by manual weeding at 40 DAS (T,) recorded the lowest
weed density (68.24 and 53.31 m?) and weed dry matter (40.19 and
27.32 g m?) with the highest weed control efficiency of 77.95 % and
81.68 % in both seasons. On average, T, reduced weed density by
79.82 % compared to the unweeded control, with consistent
performance across seasons. Bensulfuron methyl + pretilachlor
followed by cono weeding (Ts) was the subsequently most effective
treatment and was statistically comparable to triafamone +
ethoxysulfuron followed by manual weeding (Tg). The superior weed
suppression under T, was due to the combined action of
bensulfuron methyl and pretilachlor. Bensulfuron methyl, a
sulfonylurea herbicide, inhibits acetolactate synthase (ALS), resulting
in disruption of amino acid synthesis and subsequent inhibition of
weed growth through absorption by young shoots and secondary
roots. Pretilachlor complements this action by inhibiting weed seed
germination and seedling establishment through interference with
cell division and protein synthesis (12). The broad-spectrum activity
of this herbicide combination against grasses, sedges and broad-
leaved weeds effectively reduced weed density and dry matter
accumulation, which consequently enhanced weed control
efficiency. Similar findings on improved weed suppression and
reduced weed biomass due to integrated herbicide action have also
been reported earlier (13, 14). In contrast, significantly higher weed
density and dry matter accumulation were observed under the
unweeded control (T;) due to the uninterrupted growth of weeds
throughout the crop cultivation period, leading to an overallincrease
in their abundance (15).

Effect on crop growth, yield attributes and yield

The weed management practices significantly influenced crop
growth and yield parameters (Table 2). Among the treatments, T,
recorded significantly higher plant height (99.42 and 105.14 cm),
number of tillers (11.18 and 12.56 hill*) and dry matter accumulation
(1043 and 11.94 t ha') during 2022 and 2023 respectively. The
superiority of T, was attributed to effective weed suppression during
early and later stages, reducing competition for essential resources
and thereby improving nutrient uptake, photosynthetic efficiency
and assimilate production, ultimately enhancing vegetative growth
(16, 17). The reduction in growth parameters under the unweeded
control (T) was primarily due to severe weed interference during the
initial growth phases of the crop, which significantly restricted the
availability of vital resources such as nutrients, moisture, light and
rooting space. This, in turmn, hindered the overall vegetative growth
and biomass development of the crop (18). Treatment T, recorded
the highest number of productive tillers (329.54 and 362.13 m?) and
filled grains per panicle (98.97 and 108.76) during both seasons. The
enhanced yield attributes under T4 may be attributed to improved
source-sink relationships resulting from better crop establishment
and sustained weed-free conditions (19, 20). Similar improvements
were also observed under Ts and Te, indicating the effectiveness of
combining chemical and cultural weed control measures. Yield
attributes were adversely affected under unweeded control (T;) due
to severe weed infestation, which restricted the availability of
nutrients and essential resources to the crop (21). Grain yield was
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significantly higher under Ts, recording 4.86 and 5.30 t ha? during
both years, which can be attributed to the combined effect of pre-
emergence herbicide application and hand weeding that effectively
suppressed early- and late-emerging weeds, reduced crop-weed
competition and resulted in higher biomass accumulation and
productive tiller formation, thereby leading to significantly higher
grain yields (22). Yield reduction under the unweeded control (Ty)
was primarily due to intense interference imposed by a variety of
weeds, leading to poor growth and reduced yield formation (14).

Economics

The economic evaluation of different weed management practices
was carried out in DSR (Table 3). Bensulfuron methyl + pretilachlor
followed by cono weeding (Ts) recorded the highest benefit-cost
ratio (B:C ratio) of 2.39 and 2.62 across both years. Although T
resulted in higher gross and net retumns due to superior yield
performance, the increased cost of cultivation associated with
manual weeding resulted in a comparatively lower B:C ratio (23). The
economic superiority of Ts highlights the advantage of integrating
herbicide application with labour-saving mechanical weed control,
which effectively reduced dependence on manual labour and
lowered production costs without compromising yield. This
combination enhanced overall profitability and proved particularly
suitable for labour-scarce and resource-constrained farming
systems (24, 25). The consistency of higher B:C ratios across both
years further confirms the economic viability and practical feasibility
of integrated weed management strategies in DSR.

Conclusion

Based on the findings, the application of bensulfuron methyl 0.6 % +
pretilachlor 6 % GR (PE) at 10 kg ha' on 7 days after sowing (DAS),
followed by cono weeding on 40 DAS (Ts), proved to be the most
economically viable option, providing effective weed suppression
along with a higher benefit-cost ratio. Although manual weeding
after herbicide application resulted in marginally higher yield, the
increased labour cost reduced profitability. Therefore, integration of
pre-emergence herbicides with labour-saving practices such as cono
weeding can be recommended as a practical and sustainable weed
management strategy for direct-seeded rice (DSR) under labour-
scarce conditions. Future research should focus on evaluating the
long term effects of these practices on soil health, herbicide
resistance development and overall system sustainability.
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