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ABSTRACT

Field experiment was conducted at Periyanarkunam, Bhuvanagiri Taluk, Cuddalore District during Kuruvai 2021
and 2022 to study the effect of different herbicidal weed management on growth, yield and economics of drum
seeded rice (Oryza sativa L.) variety ‘ASD 16’. The experiment was conducted in randomized block design with
four replications. The treatments comprised of six weed management practices and are made up of a combination
of herbicides (pre-emergence, early-post and post-emergence herbicides) with hand weeding, which was com-
pared with unweeded control and twice hand weeding on 25 and 45 DAS. Application of bensulfuron methyl 0.6%
+ pretilachlor 6% GR @ 660 g a.i./ha PE fb metsulfuron methyl 10% + chlorimuron ethyl 10% WP @ 4 g a.i./ha
PoE on 25 DAS fb hand weeding on 45 DAS recorded the highest weed control efficiency of 77.55 and 74.23%
during Kuruvai 2021 and 2022 respectively, growth attributes at 60 DAS viz., plant height (96.82 and 91.79 cm),
tillers/m? (367 and 343) and dry matter production (8.01 and 7.78 t/ha), yield attributes like productive tillers/m?
(319 and 312), filled grains/panicle (100.64 and 98.42), grain yield (6.19 and 6.11 t/ha) and benefit cost ratio (2.78
and 2.49) during Kuruvai 2021 and 2022, respectively over bispyribac sodium 10% SC @ 25 g a.i./ha PoE on 20
DAS fb hand weeding on 45 DAS (farmers practice). Hence, it is an efficient weed management practice and an

economically feasible method for achieving the maximum growth, yield and economics of drum seeded rice.
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Rice (Oryza sativa L.) is a staple food crop accounting
major share in the total food grain production. In India, rice
occupies 43.90 million hectares with a production of
114.45 million tonnes and productivity of 2.61 t/ha (Direc-
torate of Economics and Statistics, 2022). In Tamil Nadu,
production and productivity under rice is 2.21 million hect-
ares, 8.07 million tonnes and 3.65 t/ha respectively (DES,
2022). Direct seeded rice refers to the process of growing
rice crop by directly sowing seeds in the field rather than
by transplanting rice seedlings from the nursery (Yadav
et al., 2018). Direct seeded rice required less labour and of-
fers the advantages of quicker and easier planting, toler-
ance to water deficit which resulted in higher profit besides
reduction in carbon footprints (Avasthe et al., 2023 and
Yadav et al., 2020). Drum seeding of rice offers many ad-
vantages: its light weight, easy to transport, gender-neutral,
and addresses labor shortages. It allows for sowing larger
areas quickly, ensures uniform spacing, reduces production
costs, and boosts returns on investment. However, the con-
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trol of weeds in drum seeded rice is a challenging task for
effective crop production (Suganya, 2023).

Herbicides are essential for weed management, offering
timely, effective, economical, and practical control. Select-
ing the right herbicide, dose, and method at the right time
is crucial for managing weeds and increasing crop yield
(Singh et al., 2023). Single herbicide applications are often
insufficient due to diverse weed flora and potential herbi-
cide resistance. Therefore, sequential applications of pre-
and post-emergence herbicides, combined with hand weed-
ing, or using tank-mix or ready-mix herbicides with differ-
ent modes of action can control a broad spectrum of weeds
and delay resistance (Gogoi and Deka 2023). New-genera-
tion herbicide mixes reduce usage rates, minimize crop
injury, lower application costs, and lessen residual buildup.

Bensulfuron methyl 0.6% + pretilachlor 6% GR is a
new generation pre-emergence herbicide mix that effec-
tively controls perennial and annual weeds in rice. Its
granular formulation simplifies application for farmers.
Triafamone 20% + ethoxysulfuron 10% WG is a recent
herbicide providing excellent weed control, enhancing pro-
ductivity, and saving time and labor. Weeds mainly ob-
served it by leaves and metabolized to inhibit acetolactate
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synthase (ALS), crucial for amino acid biosynthesis.
Metsulfuron methyl 10% + chlorimuron ethyl 10% WP
offers long-term weed management in rice at low doses and
costs. Bispyribac sodium 10% SC, a post-emergence her-
bicide, effectively controls major grasses, sedges, and
broad-leaved weeds by interfering with ALS synthesis.
Early weed control in drum-seeded rice through pre-emer-
gence and early post-emergence herbicides prevents weed
seed germination and growth, avoiding weed seed bank
development. Subsequent weed flushes are managed with
post-emergence herbicides and hand weeding. This study
focuses on the response of new-generation herbicide com-
binations on the growth and yield of drum-seeded rice.

MATERIALS AND METHODS

Field experiment was conducted at Periyanarkunam,
Bhuvanagiri taluk, Cuddalore District during Kuruvai 2021
and 2022. The field is geographically located at 11°46'
North latitude, 79°49' East longitude at an altitude of +5.79
m above mean sea level. The weather of the experimental
site is moderately warm with hot summer months. The tex-
ture of the experimental field soil is clay loam with pH
(6.80), EC (0.18 dS/m), Available nitrogen (236.42), phos-
phorus (20.63) and potassium (305.30) kg/ha. The experi-
mental design adopted was randomized block design with
four replications and a gross plot size of 5x4 m. The ex-
perimental period for Kuruvai 2021 was 26 May to 12 Sep-
tember 2021 and for Kuruvai 2022 was 24 May to 10 Sep-
tember 2022. The treatments comprised of T, - unweeded
control, T, - twice hand weeding on 25 and 45 DAS (days
after sowing), T, - application of bispyribac sodium 10%
SC @ 25 ga.i./ha PoE on 20 DAS fb hand weeding on 45
DAS, T, - application of bensulfuron methyl 0.6% +
pretilachlor 6% GR @ 660 g a.i./ha PE fb metsulfuron
methyl 10% + chlorimuron ethyl 10% WP @ 4 g a.i./ha
PoE on 25 DAS, T, - application of bensulfuron methyl
0.6% + pretilachlor 6% @ 660 g a.i./ha PE fb metsulfuron
methyl 10% + chlorimuron ethyl 10% WP @ 4 g a.i./ha
PoE on 25 DAS fb hand weeding on 45 DAS and T, - ap-
plication of triafamone 20% + ethoxysulfuron 10% WG @
60 g a.i./ha early post-emergence (EPoE) on 12 DAS fb
metsulfuron methyl 10% + chlorimuron ethyl 10% WP @
4 ga.i./ha PoE on 25 DAS fb hand weeding on 45 DAS.
The field was ploughed to fine tilth and made to puddled
condition. Rice seeds at the rate of 40 kg/ha were soaked
in water for 24 hours and stored in gunny bags for 24
hours. The seeding drums were filled with the pre-
germinated seeds up to three-fourths of its capacity and
sown in the field with a spacing of 20 cm between the rows
and 10 cm between the plants of rows. The short duration
rice cultivar ‘ASD 16’ was used as test variety for the ex-
periment.
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A fertilizer schedule of 120-17-27 kg N-P-K/ha, respec-
tively was applied. 50% N, full dose of P and 50% K were
applied as basal. The remaining 50% each of N were top
dressed in two equal splits at active tillering and panicle
initiation stages. The balance 50% of potassium was top
dressed at panicle initiation stage. The fertilizer materials
used were urea, single super phosphate and muriate of pot-
ash to supply nitrogen, phosphorus and potassium respec-
tively. As per the treatment schedule, the pre-emergence
herbicide, bensulfuron methyl 0.6% + pretilachlor 6% GR
(ready mix) @ 660 g a.i./ha was broadcasted. The
granular herbicide was applied with dry sand @ 50 kg/ha.
The early post emergence herbicide, triafamone 20% +
ethoxysulfuron 10% WG (ready mix) @ 60 g a.i./ha was
applied on 12 DAS and the post emergence herbicide
metsulfuron methyl 10% + chlorimuron ethyl 10% (ready
mix) @ 4 g a.i./ha was applied on 25 DAS and bispyribac
sodium 10% SC @ 25 g a.i./hawas applied on 20 DAS.
The post emergence herbicides are Acetolactate Synthase
(ALS) inhibitors and calculated quantity was mixed with
water (@ 500 L/ha and sprayed through knapsack sprayer
fitted with flood jet nozzle. A thin film of water was main-
tained at the time of both liquid and granular herbicide
application. Two hand weeding were done on 25 and 45
DAS. The unweeded control plots were maintained
unweeded throughout the cropping period.

Plant height was measured from the base of the plants to
the tip of the top most leaf and expressed in cm. In each
plot, four quadrates of 0.25 m? each were placed at random
and the total tillers were counted and expressed in number/
m?, Five hills from each plot were selected from outside the
net plot of each treatment area and harvested by cutting
close to the ground level at 30, 60 DAS and at 90 DAS.
These plants were first air dried in shade and then oven
dried at 80 + 5°C for 48 hrs. The oven dry matter produc-
tion of plant samples was computed and expressed as kg
ha’'. At harvest, four quadrates of 0.25 m? area were
marked in each plot and the number of productive tillers
was counted. After counting the number of productive
tillers/m?, five sample panicles per treatment plot were
separated and grains were counted and used for determin-
ing the mean number of filled and unfilled grains/panicle.
The grains from net plot were cleaned, sun dried and
weighed at 14 per cent moisture content and the grain yield
was calculated, computed and expressed in kg/ha. The
gross and net income/ha for each treatment was worked out
based on the prevailing market rates. The net income was
calculated by deducting the cost of cultivation from the
gross return. Benefit cost ratio was worked out by dividing
the gross return by the cost of cultivation. The data on vari-
ous characters studied during the course of investigation
were statistically analyzed as suggested by Panse and
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Sukhatme (1978). Data on weed population and weed dry
matter production showed high variation and hence they
were subjected to square root transformation \(x + 0.5) and
analyzed. Wherever, statistical significance was observed
the critical difference at 0.05 level of probability was
worked out for comparison and the non-significant com-
parison was indicated as ‘NS’.

RESULTS AND DISCUSSION
Weed characteristics
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post-emergence herbicides may maintain weed free condi-
tion up to 35 DAS and the weeds emerged at the later stage
was removed by hand weeding at 45 DAS (Singh et al.,
2023). The highest grasses (98.38 and 106.01/m?), sedges
(66.30 and 70.28/m?), broad-leaved weed population
(46.82 and 48.93/m?), total weed population (211.50 and
225.22/m?), weed dry matter production (138.90 and
146.39 g/m?) was recorded under unweeded control.

80

The predominant weed flora of the experimental field "
was Echinochloa colona, Echinochloa crus-galli among I |
grasses, Cyperus difformis, Cyperus rotundus among 60 d
sedges, Eclipta alba and Bergia capensis among broad-
leaved weeds. Application of bensulfuron methyl 0.6% +
pretilachlor 6% GR @ 660 g a.i./ha PE fb metsulfuron
methyl 10% + chlorimuron ethyl 10% WP @ 4 g a.i./ha
PoE on 25 DAS b hand weeding on 45 DAS recorded the
lowest grasses (21.78 and 27.12/m?), sedges (15.98 and
19.16/m?), broad-leaved weed population (9.73 and 11.77/ o
m?), total weed population (47.49 and 58.05/m?), weed dry
matter production (23.81 and 28.90 g/m?) (Table 1) and the RS~ 1 4w - am -
highest weed control efficiency (77.55 and 74.23%) during
Kuruvai 2021 and 2022 respectively (Fig. 1).

This might be due to pre-emergence application of her-
bicides will maintain weed free condition up to 15 DAS,
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Fig. 1. Effect of chemical weed management on weed control effi-
ciency in drum seeded rice (Oryza sativa L.) during Kuruvai
2021 and 2022

Table 1. Effect of chemical weed management population and dry weight of weed in drum seeded rice (Oryza sativa L.) during Kuruvai 2021

and 2022
Treatment Total grass weed Total sedge Total broad- Total weed Total weed
population population leaved weed population dry matter
(No./m?) at (No./m?) at population (No./m?) at production
60 DAS 60 DAS (No./m?) at 60 DAS (g/m?) at
60 DAS 60 DAS
2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
T, (9.94) (106.01) (66.30) (70.28) (46.82) (48.93) (211.50) (225.22) (138.90) (146.39)
98.38 10.32 8.17 8.41 6.88 7.03 14.56 15.02 11.81 12.12
T, (28.20) (35.52) (21.09) (26.57) (13.57) (17.10) (62.86) (79.19) (33.92) (42.47)
5.36 6.00 4.65 5.20 3.75 4.19 7.96 8.93 5.87 6.56
T, (24.90) (31.29) (18.13) (23.28) (11.43) (13.73) (54.46) (68.30) (28.27) (35.30)
5.04 5.64 4.32 4.88 3.45 3.77 7.41 8.29 5.36 5.98
T, (31.80) (41.06) (23.62) (30.49) (15.57) (20.10) (70.99) (91.65) (39.72) (52.24)
5.68 6.45 491 5.57 4.01 4.54 8.46 9.60 6.34 7.26
T, (21.78) (27.12) (15.98) (19.16) 9.73) (11.77) (47.49) (58.05) (23.81) (28.90)
4.72 5.26 4.06 443 3.20 3.50 6.93 7.65 4.93 5.42
T, (25.10) (31.80) (18.47) (23.40) (11.59) (14.68) (55.16) (69.89) (28.67) (36.33)
5.06 5.68 4.36 4.89 3.48 3.90 7.46 8.39 5.40 6.07
SEm+ 0.13 0.15 0.11 0.13 0.09 0.11 0.20 0.21 0.15 0.17
C.D (p=0.05) 0.28 0.31 0.24 0.28 0.20 0.23 0.42 0.45 0.32 0.35

T,- Unweeded control, T,- Twice hand weeding on 25 and 45 DAS, T,- Bispyribac sodium 10% SC @ 25 g a.i./ha PoE on 20 DAS fb hand weeding on 45 DAS,
T,- Bensulfuron methyl 0.6% + pretilachlor 6% GR @ 660 g a.i./ha PE fb Metsulfuron methyl 10% + Chlorimuron ethyl 10% WP @ 4 g a.i./ha PoE on 25 DAS,
T.- Bensulfuron methyl 0.6% + Pretilachlor 6% GR @ 660 g a.i./ha PE fb Metsulfuron methyl 10% + Chlorimuron ethyl 10% WP @ 4 g a.i./ha PoE on 25 DAS
fb hand weeding on 45 DAS and T - Triafamone 20% + Ethoxysulfuron 10% WG @ 60 g a.i./ha EPoE on 12 DAS fb Metsulfuron methyl 10% + Chlorimuron
ethyl 10% WP @ 4 g a.i./ha PoE on 25 DAS fb hand weeding on 45 DAS, PE — pre emergence, EPoE — early post emergence, PoE — post emergence, DAS- days
after sowing and fb - followed by. *transformed value, **original value.
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Grasses were vigorous competitors, exhausting greater al oo - oo i g4
portion of the nutrients and were dominant followed by %2 gl=33s33 L 2
sedges and broad-leaved weeds. Similar findings were also = 2 = § g
reported by Sangramsingh et al. (2022) and Singh et al. § § g AR EES | %0 §§
(2022). T ®c 2
©z 5
Growth and yield n|Eg2825c |28z
Application of pre-emergence herbicide fb post emer- slgE |T|RFRIEE T 5EE
gence on 25 DAS fb hand weeding on 45 DAS (T.) re- HEE T, b g &
corded the highest growth attributes viz., plant height e é Exsn=S6E| EEg
(96.82 and 91.79 cm), tillers (367 and 343/m?) and dry o coEmmeE S35
matter production (8.01 and 7.78 t/ha) during Kuruvai § MEEEE 3 23 ;? 50
2021 and 2022, respectively (Table 2). The increase in E Eg Slgsgsg8L -~ ?E’Ei‘g)
plant height could be due to maximum absorption of plant = % = - e £ £e
nutrients from the soil as least density of weeds and in- & tg 3185838 c9|< g =
creased crop root, shoot growth, increased number of K ° D= §§ z
leaves that produced larger amount of photosynthates, re- g S R Q’gj =
sulting in more cell division, cell enlargement and lastly fo = S|l eanI¥cacsS|<e é
rapid vegetative growth (Verma et al., 2023). Also, effec- g % § 2 g:; £
tive control of weeds led to better availability of the nutri- = & - Slecsgnagesx ii\; [f
ents and other growth input required for plants. Higher < - Slmmasense|g é”%
availability of nutrient enabled proper synchronized ‘% 2 E o
tillering (Haldar and Thakur 2023). The combination of § % E § § g § ; § ; z 5 2% g .
one herbicide followed by one or two hand weeding effec- é\ % gfé 2 § é; g
tively decreased the weed density, facilitated the crop to SIEZ2E || aoecTuen| 223 0
absorb more nutrients from soil and produce more photo- 22" Slfggg g Sa % Bk Ea ‘f
synthates through expansion of leaf area which ultimately @ ” e = E s
produce higher dry matter production (Parameswari and 2 Slzeggogz=y £ g = 3
Srinivas, 2014). El 2,7 SR I-59-5-
The lowest growth attributes were recorded under < E ZE _ ‘é £ i :;
un-weeded control. This might be due to higher weed com- 2 = SI88882885|y g =
petition, and lesser input availability to plants thus reduced £ S$EQE
the plant height to a greater extent (Padhan ez al., 2021). § o lalzeecsegse=]|¢& c“-;’mgag
The least dry matter accumulation by crop might be due to 2z soE|f|verereseBns %
adverse effect of crop-weed competition as evident from E £S5 52 3
maximum dry matter production by weeds (Yadav et al., E 5 E@ 818883825 %ﬁ £
2018). The T, also recorded the highest yield attributes viz., _: N bﬁf; E %
productive tillers (319 and 312/m?), filled grains/panicle % 8 S :;\2 ;é é“
(100.64 and 98.42) and yield of 6.19 and 6.11 t/ha during E 2z, |S|O8HETSEd éo,ff 2
Kuruvai 2021 and 2022, respectively (Table 2). g § 4 é E l; §>§ ?‘
Production of more photosynthates via more effective £ § T Sleggeegan o S é S
tillers/m? and proper dry matter partitioning (source to sink) ; spetoSane s §)§ & g
resulted in higher grain and straw (Verma et al., 2023). The g £z
lowest yield attributes and yield were recorded under & 59 g ; g g g § g S8 2% §
unweeded control. These results were in line with the find- § %; % g g é 5 £
ings of Keerthi De ef al. (2024). Higher competition by Sl [E2 ol seraaras | £223
weeds for the available resources resulted in lower growth E Slegdsegs2a H-ﬁ: £
and yield attributes and finally lower grain and straw yield ‘Z‘i % ? %0 &
(Padhan et al., 2021). g z| 522 w
g = [=l )
Economics : - & ‘Oé % §§ :
. . o | 8 DAl zEn e
Among the weed management practices tested, applica- = | E 4Ol 5%
tion of bensulfuron methyl 0.6% + pretilachlor 6% GR @ & O CERE
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10 kg/ha PE fb metsulfuron methyl 10% + chlorimuron
ethyl 10% WP @ 20 g/ha PoE on 25 DAS fb hand weed-
ing on 45 DAS recorded the highest gross income (117.36
Rs.x10%ha and 105.35 Rs.x10%ha), net income (75.11
Rs.x10%ha and 63.09 Rs.x10%/ha) and B:C ratio (2.78 and
2.49) during Kuruvai 2021 and 2022, respectively. Timely
controls of weeds with timely application of herbicides has
increased the yield, save the money in terms of labour cost
reduces the cost of cultivation and get the higher gross in-
come and monitory benefit returns. Cultivation of rice un-
der direct seeding using drum seeder significantly lessens
the dependency on labour thereby making it cost effective
with timely intercultural operation. The lowest B:C ratio of
1.93 was recorded under unweeded control. This might be
due to the highest weed infestation with the lowest yield.

Thus, it can be concluded that application of
bensulfuron methyl 0.6% + pretilachlor 6% GR @ 10 kg/
ha PE fb metsulfuron methyl 10% + chlorimuron ethyl
10% WP @ 20 g/ha PoE on 25 DAS fb hand weeding on
45 DAS can be recommended to achieve sustainable rice
crop productivity and monetary returns in drum seeded
rice. Future research work must be focused on the develop-
ment of new herbicide combinations with different mode
of actions for broad spectrum weed control. Low dosage
new generation herbicides may also be developed for
effective weed control with minimum environmental
hazards.
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