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ABSTRACT

Direct-seeded rice (DSR) is emerging as a sustainable alternative to transplanted rice owing to its lower
water requirement, reduced labour dependency and decreased production costs; however, heavy weed
infestation remains a major yield-limiting factor. A field experiment was conducted during samba season
(August-December, 2023) with the rice variety TKM 13 at the Experimental Farm of the Department of
Agronomy, Annamalai University, to evaluate different weed management strategies in DSR. The study
comprised eight treatments involving combinations of pre-emergence, early post-emergence, and post-
emergence herbicides integrated with hand weeding, along with a weedy check and hand weeding twice
at 15 and 30 DAS, laid out in a randomized block design. Pre-emergence applications included pretilachlor,
pyrazosulfuron-ethyl, and their ready-mix followed by hand weeding at 15 DAS, while early post-emergence
treatments involved metsulfuron-methyl, bispyribac-sodium, triafamone + ethoxysulfuron, and metsulfuron-
methyl + chlorimuron-ethyl with hand weeding at 30 DAS; 2,4-D was applied as a post-emergence herbicide.
Herbicide-based treatments significantly reduced weed infestation, lowering weed biomass by 58-98% at
50 DAS. Among the treatments, triafamone + ethoxysulfuron followed by hand weeding at 30 DAS was
most effective, achieving 90.8-96.7% weed control efficiency and producing higher grain yield (3667-5080
kg ha™). The study concludes that integration of new-generation herbicides with cultural practices is an

effective strategy for improving weed control,and productivity in direct-seeded rice systems.
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Introduction

Rice (Oryza sativa L.) is a vital staple cereal crop,
serving as the primary food for more than half of the
world’s population and forming the cornerstone of
diet, culture, and food security in India and much of
Asia (Dharshini et al., 2025; Teja et al., 2024;
Kalaiarasanvenkatesan et al., 2024; Karthickraja et al.,
2022). Conventional puddled transplanted rice is

increasingly constrained by rising labour costs, lim-
ited water availability, and delays in crop establish-
ment. In this context, direct-seeded rice (DSR) has
emerged as an efficient alternative, offering savings
in labour and water, timely sowing, and improved
resource-use efficiency (Kumar et al., 2020; Chauhan
et al., 2021). However, severe weed infestation dur-
ing early crop growth remains a major limitation to
DSR adoption due to the absence of standing water
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and slow initial crop growth, which favour the pro-
liferation of grasses, sedges, and broad-leaved
weeds (Chauhan and Johnson, 2019; Singh et al.,
2022).

Although manual weeding is effective, labour
scarcity and high costs have reduced its feasibility,
making chemical weed management essential in
DSR systems (Rao et al., 2021). Conventional herbi-
cides often provide inadequate control because of
their narrow weed spectrum and increasing resis-
tance issues (Gogoi et al., 2022). In contrast, new-
generation herbicides, characterized by low applica-
tion rates, improved selectivity, and diverse modes
of action, offer broader weed control and better
compatibility with mechanized farming (Mahajan et
al., 2020; Kaur et al., 2023). Their performance, how-
ever, depends on weed composition, application
timing, and environmental conditions (Singh et al.,
2021). Effective DSR weed management therefore
relies on the appropriate use of pre-emergence, early
post-emergence, and post-emergence herbicides,
including combination formulations such as
triafamone + ethoxysulfuron, which have shown
improved weed suppression, crop establishment,
and yield (Tripathi et al., 2023; Jehangir et al., 2024).
Evaluation through weed indices such as weed den-
sity, weed dry matter, and weed control efficiency
provides a reliable assessment of treatment perfor-
mance. The adoption of low-dose, high-efficacy her-
bicides also reduces production costs and environ-
mental risks, justifying the need for the present
study under lowland DSR conditions (Kaur et al.,
2025).

Materials and Methods

To assess the effectiveness of next-generation herbi-
cides on weed dynamics, a field investigation was
conducted at Field A4, Experimental Farm, Depart-
ment of Agronomy, Faculty of Agriculture,
Annamalai University, Annamalai Nagar,
Chidambaram, Tamil Nadu, India, during the samba
season (August - December 2023) by using TKM 13
rice variety. The experimental location is +5.79
meters above mean sea level and is located at lati-
tude 11°24' N and longitude 79°44' E. The statistical
design used for research was RBD (randomized
block design) with ten treatments and three replica-
tions. The treatment details are viz., T, — Pretilachlor
30% EC 150 g a.i. ha™ on 3 DAS, T, - Pyrazosulfuron
ethyl 10% WP @ 20 g a.i. ha® on 3 DAS, T, -
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Bisyribac sodium 10% SC @ 20 g a.i. ha™ on 14 DAS,
T, — Metsulfuron methyl 10% WP @4 ga.i. ha' on
14 DAS™, T, - 2,4-D sodium salt 80% WP @0.8 kg a.i.
ha?' on 25 DAS, T, — Triafamone 20% +
Ethoxysulfuron 10%WG @40 g a.i. ha™ on 14 DAS fb
Hand Weeding on 30 DAS, T, — Pretilachlor 30%
@150 g a.i. ha + Pyrazosulfuron 0.75% WG ethyl @
3.75 g a.i. ha' on 3 DAS fb Hand Weeding on
15DAS, T, - Metsulfuron methyl 10% @4 g a.i. ha™ +
chlorimuron ethyl 10% WP @4 g a.i. ha on 14 DAS
fb Hand Weeding on 30 DAS, T, - Two Hand Weed-
ing (15 & 30 DAS), T, — Weedy check. To maintain
a uniform plant stand in broadcast direct-seeded
rice, gap filling was performed at 8 DAS by dibbling
pre-germinated seeds in sparsely populated or va-
cant areas of the field after providing light irrigation
to ensure rapid establishment. Herbicides were ap-
plied according to the treatment schedule using a
knapsack sprayer fitted with a flood-jet deflector
nozzle, with a spray volume of 500 L ha for pre-
emergence and 375 L ha! for post-emergence appli-
cations. For soil-applied treatments, the calculated
quantity of herbicide was thoroughly mixed with
sand and evenly broadcast over the field to achieve
uniform distribution.

Data collection

Using quadrats (0.5 m x 0.5 m), observations on
weed density and weed dry weight were recorded
from representative areas of each plot at 25, and 50
days after sowing (DAS) in direct-seeded rice. The
collected weed samples were initially shade-dried
and subsequently oven-dried at 60 °C until a con-
stant weight was attained for dry matter estimation.
Weed count data were square root-transformed us-
ing the formula (\/Sx + 0.5) to stabilize variance, and
all observations were subjected to statistical analysis
using ANOVA in Agres software, with differences
considered significant at p < 0.05.

Weed control indices

A. Weed control efficiency (WCE)
The effectiveness of weed control (WCE) is deter-
mined by comparing the weed population in treated
plots to that in untreated (control) plots. The for-
mula by Verma et al. (2024) used to calculate WCE is
as follows
WPC - WPT

WCE = x 100
WPC
Where,
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WPC = Weed population in the control plot
WPT = Weed population in the treated plot

Weed control index (WCI)

The weed control index (WCI) is calculated based on
the reduction in weed dry weight in the treated plot
relative to the dry weight reduction in the untreated
(control) plot. The following formula is used to cal-
culate WCI as suggested by Verma et al. (2024).

WC-WT
WC

WCI = x 100

Where,
WC = Dry weight of weeds in the control plot
WT = Dry weight of weeds in the treated plot

Weed dry matter production

For weed dry matter production, weeds were col-
lected by randomly placing 0.25 m?>quadrants in
field on 25 and 50 DAS. The weeds were removed
from field and cleaned, kept under the sun for few
hours and kept in hot air oven drying at 80 °C+5 °C
for 48 hours. The samples were cooled in shaded
area and weed biomass was converted in g m™.

Results and Discussion

Weed floristic composition

Weed flora observed during the crop growth period
(samba, 2023), comprised three taxonomic groups,
including grasses, sedges, and broad-leaved weeds.
Among the grasses, Echinochloa colona, Echinochloa
crus-galli, and Leptochloa chinensis were predominant.
The major broad-leaved weeds recorded were Bergia
capensis, Eclipta alba, and Sphenoclea zeylanica, while
the sedge species included Cyperus rotundus, Cyperus
difformis, and Cyperus iria.

Weed density and dry weight

In comparison with the weedy check, all weed man-
agement treatments significantly reduced the den-
sity and biomass of grasses, sedges, and broad-
leaved weeds, leading to a marked decline in total
weed population and weed dry matter at 25 and 50
DAS (Table 1) (Premnath et al., 2024). Considerable
variation in weed flora among treatments was ob-
served, which may be attributed to differences in
herbicide type, dosage, and timing of application
(Rastogi et al., 2024). The weedy check recorded the
highest level of weed infestation, while 2,4-D was
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effective mainly against broad-leaved weeds but
showed limited effectiveness at early crop stages
and poor control of grasses and sedges (Nayak et al.,
2018). Hand weeding twice at 15 and 30 DAS was
comparable with the treatment that registered the
minimum weed population; similarly, the pre-emer-
gence application of pretilachlor 30% +
pyrazosulfuron-ethyl 0.75% WG at 3 DAS followed
by hand weeding at 15 DAS provided weed control
on par with hand weeding alone (Yadav et al., 2018).
Early post-emergence (EPOE) treatments signifi-
cantly influenced total weed density (Table 1), with
triafamone + ethoxysulfuron @ 40 g a.i. ha™ applied
at 14 DAS followed by hand weeding at 30 DAS
consistently recording the lowest weed density and
weed dry matter at both 25 and 50 DAS (Kaur et al.,
2025). The weedy check T, showed the highest
weed density and biomass at these stages due to
unchecked weed growth and efficient utilization of
available resources, resulting in greater biomass
accumulation, which corroborates the findings of
Premnath et al. (2024) (Islam et al., 2024). Application
at 3 DAS effectively suppresses weed emergence at
the initial stage, thereby minimising early competi-
tion for nutrients, moisture, and light (Menon et al.,
2019). The combined use of pretilachlor and
pyrazosulfuron-ethyl reduces reliance on repeated
manual weeding, which is often limited by labour
scarcity in direct-seeded rice systems (Singh and
Sharma, 2022). Pretilachlor restricts the emergence
of germinating grassy weeds and certain sedges by
inhibiting early cell division and shoot elongation,
while pyrazosulfuron-ethyl, through its systemic
inhibition of the ALS enzyme, efficiently controls
sedges and broad-leaved weeds even at low appli-
cation rates (Tomar et al., 2019).

Together, this herbicide combination offers
broad-spectrum weed control during the most sen-
sitive phase of weed establishment (Ameta and
Ameta, 2021). Subsequent hand weeding at 15 DAS
removes late-emerging and herbicide-tolerant
weeds, preventing regrowth and further reducing
weed biomass, thereby maintaining a nearly weed-
free environment during the critical crop-weed
competition period (15 — 45 DAS) (Premnath et al.,
2024). Similarly, the early post-emergence applica-
tion of triafamone + ethoxysulfuron @40 g a.i. ha at
14 DAS markedly reduced weed density and biom-
ass due to its complementary and systemic mode of
action (Rastogi et al., 2024). Both herbicides inhibit
the ALS enzyme, disrupting amino acid synthesis
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T6

options,

(EPOE)
(triafamone + ethoxysulfuron at40 g

and consequently halting protein
formation, cell division, and weed
growth, which results in severe
stunting or death of susceptible
weeds (Nayak et al., 2018). Their sys-
temic properties enable rapid foliar
uptake and movement to active
growth sites, ensuring effective con-
trol of grasses, sedges, and broad-
leaved weeds during early crop
growth (Yadav et al., 2018). Follow-
up hand weeding at 30 DAS elimi-
nated late-emerging and herbicide-
escaped weeds, preventing second-
ary flushes and sustaining low weed
pressure during the critical competi-
tion period, thereby enhancing crop
growth and resource-use efficiency
in direct-seeded rice (Menon et al.,
2019).

Weed control efficiency (WCE) var-
ied significantly among treatments,
with values at 25 DAS ranging from
77.31% to 97.06% (Table 2). The
highest WCE occurred with two
hand weedings at 15 and 30 DAS
(T9), which effectively suppressed
grasses, sedges, and broad-leaved
weeds, achieving maximum values
of 98.53%, 97.43%, and 95.24%, re-
spectively, at 25 DAS. This treatment
performed on par with pre-emer-
gence application of pretilachlor 30%
+ pyrazosulfuron-ethyl 0.75% WG at
3 DAS followed by hand weeding at
15 DAS. Among early post-emer-
a.i. hatat 14 DAS followed by hand
weeding at 30 DAS) showed the
strongest results at 25 DAS, with
94.68% for grasses, 91.40% for
sedges, and 88.55% for broad-leaved
weeds. Hand weeding’s superiority
stems from its complete removal of
weeds, lowering density and biom-
ass, as noted by (Tomar et al., 2021).
The weedy check (T,)) had the low-
est WCE due to unchecked growth,

Weed control efficiency

gence
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aligning with findings by Singh and
Sharma (2022). At 50 DAS, WCE ranged
from 69.04% to 88.55%, with (T,) again de-
livering top suppression via two hand
weedings at 15 and 30 DAS, recording
92.49% for grasses, 87.67% for sedges, and
85.51% for broad-leaved weeds. (T,) fol-
lowed closely, with 89.87% for grasses,
86.86% for sedges, and 84.87% for broad-
leaved weeds. The weedy check (T, ) ex-
hibited the poorest performance from un-
controlled proliferation. Integrating chemi-
cal and mechanical methods remains es-
sential for sustainable weed management
in rice.

The pre-emergence mixture of
pretilachlor and pyrazosulfuron-ethyl pro-
vides broad-spectrum suppression against
grassy, sedge, and broadleaf weeds by
blocking seedling emergence and interfer-
ing with essential amino acid production
in young weeds, promoting early crop
dominance (Yadav et al., 2018). Follow-up
early post-emergence application of
triafamone + ethoxysulfuron targets subse-
quent weed flushes that evade initial con-
trol, enhancing overall suppression
(Bhattacharya et al., 2022). By blocking the
acetolactate synthase (ALS) enzyme, both
compounds disrupt branched-chain amino
acid biosynthesis, stunting weed develop-
ment and leading to necrosis in treated
plants (Das et al., 2023). This systemic
translocation facilitates thorough absorp-
tion through foliage and roots, delivering
active ingredients to meristematic zones
for reliable kill (Gaines et al., 2020). Com-
bining these herbicides with timely hand
weeding eliminates survivors and prevents
reinfestation, extending clean periods and
boosting rice vigor and yields in direct-
seeded systems (Nongmaithem et al.,
2024).

Weed control index and grain yield

Weed control index and grain yield were
significantly influenced by weed manage-
ment practices, highlighting the need for
timely intervention during the critical
crop-weed competition phase in direct-
seeded rice (Table 2) (Sen et al., 2020).

Table 2. Effect of different weed management practices using new-generation herbicides on weed control efficiency (%) and weed control index (%) and

grain yield in direct seeded rice

Grain

Weed control

Weed control

Weed control

Treatments

yield

index (%)

25 DAS 50 DAS

efficiency (%)

efficiency (%)

25 DAS

Grasses

50 DAS

Broad
leaved
weeds

Sedges

Broad Grasses

leaved
weeds

Sedges

4039

67.05
7247

81.30
84.05
84.57
76.99
0.20

60.63
65.22

63.26
75.89

78.86
74.19

61.55
77.17

78.50

91.20
89.43

93.00

T, — Pretilachlor 30% EC 150 g a.i. ha' on 3 DAS

3807
4278

80.57
83.70

T, — Pyrazosulfuron ethyl 10% WP @ 20 g a.i. ha’ on 3 DAS
T, — Bisyribac sodium 10% SC @ 20 g a.i. ha’ on 14 DAS

78.58
73.30

69.50
79.09
82.62
84.87

70.79
67.97
5.00

82.45
60.07
16.54
89.87

65.51

T, - Metsulfuron methyl 10% WP @ 4 g a.i. ha' on 14 DAS

3567
3227
4848

20.44
88.92

74.22 81.65
0.27 0.24

76.08
0.14

T, - 2/4-D sodium salt 80% WP @0.8 kg a.i. ha' on 25 DAS

86.86 92.39

88.55

91.40

94.68

on 14 DAS fb Hand Weeding on 30 DAS
T, - Pretilachlor 30% @150 g a.i. ha' + Pyrazosulfuron 0.75%

T, -Triafamone 20% + Ethoxysulfuron 10%WG @ 40 g a.i. ha™

82.95 4614

96.98

94.16 84.99 79.37 73.17

96.82

98.34

WG ethyl @ 3.75 g a.i. ha' on 3 DASfb Hand Weeding on 15 DAS

T, — Metsulfuron methyl 10% @ 4 g a.i. ha? + chlorimuron

88.23 4514

85.16

84.36

85.58 87.00 86.21

87.03

83.34

89.54 5080

0.00

97.47
0.00

97.43 95.24 92.49 87.67 85.51

98.53

ethyl 10% WP @ 4 g a.i. ha on 14 DAS fb Hand Weeding on 30 DAS

T, - Two Hand Weeding (15 & 30 DAS)

T,, — Weedy check

S.Ed
CD(p

130.5

2729
231.0
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Hand weeding twice at 15 and 30 DAS achieved the
highest weed control index through thorough physi-
cal weed removal across grasses, sedges, and broad-
leaved species, minimizing early nutrient/mois-
ture/light competition and preventing tillering-
stage reinfestation for optimal assimilate allocation
and yield (Kokilam et al., 2016). The triafamone +
ethoxysulfuron followed by hand weeding at 30
DAS matched double hand weeding in weed control
index and grain yield, validating integrated herbi-
cide-mechanical strategies (Choudhary et al., 2025).
Triafamone and ethoxysulfuron’s ALS inhibition
curtailed amino acid synthesis in emerging weeds,
slashing density /biomass early while follow-up
weeding addressed escapes (Sen et al., 2020). Al-
though double hand weeding recorded the highest
level of weed control, the integrated herbicide-hand
weeding approach achieved comparable grain yield
with substantially lower labor requirement
(Nongmaithem et al., 2024). Overall, these findings
indicate that the integration of new-generation her-
bicides with timely hand weeding constitutes an ef-
ficient and sustainable weed management strategy
for improving weed control index and grain yield in
direct-seeded rice, particularly under conditions of
labor scarcity (Parthipan et al., 2024).

Conclusion

The results of the field study clearly indicated that
weed management practices exerted a significant
influence on weed control efficiency, weed control
index, and grain yield in direct-seeded rice. While
hand weeding at 15 and 30 DAS achieved maximum
weed suppression and yield, its widespread adop-
tion is often limited by labour shortages, increased
costs, and difficulties in timely execution during
peak cropping periods, thereby highlighting the
need for effective new-generation herbicides.
Among the chemical treatments evaluated, early
post-emergence application of triafamone +
ethoxysulfuron @ 40 g a.i. ha at 14 DAS followed
by hand weeding at 30 DAS was particularly effec-
tive in minimizing weed density and dry matter ac-
cumulation, producing grain yields comparable to
double hand weeding with substantially lower
labour input. Importantly, this treatment did not
adversely affect soil microbial populations, demon-
strating its environmental compatibility. Hence, the
integrated use of new-generation herbicides with
limited hand weeding can be recommended as a
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sustainable, efficient, and economically feasible
weed management strategy for direct-seeded rice.
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