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Prevention of weed competition during the critical period of rice necessitates the identification of effective and economic
options to manage weeds to enhance the rice productivity. Hence, an experiment was conducted to study the efficacy of a
new post-emergent herbicide bispyribac-sodium + metsulfuron-methyl + chlorimuron-ethyl (pre-mix) in managing mixed
weed flora and improving transplanted rice productivity. Ten treatments were evaluated, during the kharif seasons of 2019
and 2020, at the Research Farm of Department of Agronomy, Punjab Agricultural University, Ludhiana, using a randomized
complete block design replicated thrice. The post-emergence application (PoE) of bispyribac-sodium 38% plus
metsulfuron-methyl 2.5% plus chlorimuron-ethyl 2.5% (bispyribac-sodium + metsulfuron-methyl + chlorimuron-ethyl)
(pre-mix) 43 g/ha recorded 42.3% and 19.8%; 63.3% and 56.6% and 75.0% and 83.6% reduction in biomass of grasses,
broad-leaved weeds and sedges, at 42 days after application (DAA) during 2019 and 2020, respectively, over control.
Bispyribac-sodium + metsulfuron-methyl + chlorimuron-ethyl at 43 g/ha also resulted in 52.8% and 47.0% higher rice grain
yield in 2019 and 2020, respectively, over control, there by demonstrating its ability to efficiently control the mixed weed
flora and improve the productivity of transplanted rice.
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INTRODUCTION
Weeds are major contributor to yield loss in rice,

along with other biotic and abiotic stresses (Jabran et
al. 2019). Gharde et al. (2018) reported 4420 million
USD annual economic losses due to weeds in India.
The range of loss in productivity is estimated by the
duration and intensity of crop-weed competition
(Sardana et al. 2017). In Indian rice cultivation, hand
weeding twice is commonly practiced, mostly at
three and six weeks after transplanting. However,
manual weed control is increasingly becoming
unaffordable to farmers due to limited labor
availability, rising labor costs, the difficulty of
distinguishing rice plants from Echinochloa spp.
during early growth (Rao 2021). To address these
challenges, farmers also rely on herbicides for weed
management, owing to their effectiveness,
affordability and widespread use (Wang et al. 2018).
Some of the grasses, broad-leaved weeds and sedges
are not effectively controlled by application of narrow
spectrum herbicides. Premix of herbicides provided
broad-spectrum weed control as compared to
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application of narrow spectrum herbicide (Choudary
and Dixit 2024).

Bispyribac-sodium is a systemic, post-emergent
herbicide in the pyrimidinyl oxybenzoic acid group.
Bispyribac-sodium translocate within plant tissues
and primarily functions by inhibiting acetolactate
synthase (ALS), a critical enzyme involved in the
biosynthesis of essential branched-chain amino acids
necessary for plant growth (Osuna et al. 2002).
Several studies have confirmed its efficacy in
controlling weeds in rice ecosystems, but limited
research was done on its performance in combination
with other herbicides, particularly in transplanted
rice. Another herbicide from the sulfonylurea class, is
metsulfuron-methyl, recognized for its ability to
manage over 60 weed species, especially effective
against broad-leaved weeds in rice fields (Boutin et al.
2012). Similarly, chlorimuron-ethyl also a
sulfonylurea compound, acts by inhibiting ALS,
thereby blocking the biosynthesis of vital amino acids
such as valine, leucine, and isoleucine, ultimately
causing plant death.

The mixture of bispyribac-sodium,
metsulfuron-methyl and chlorimuron-ethyl provides
an opportunity to effectively manage diverse weed
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flora during the critical period of crop-weed
competition in transplanted rice with its single
application after 15-25 days of transplanting (DAT).
The pre-mix formulation of this combination is now
available. Hence, this study was conducted with an
objective to evaluate the efficacy of a new post-
emergent herbicide bispyribac- sodium +
metsulfuron- methyl + chlorimuron- ethyl (pre-mix)
in managing mixed weed flora and improving
transplanted rice productivity in Punjab.

MATERIAL   AND  METHODS
A field experiment was carried out for two

consecutive Kharif seasons of 2019 and 2020 at the
Research Farm of Department of Agronomy, Punjab
Agricultural University (PAU), Ludhiana, Punjab,
India. The Ludhiana district of Punjab is located at the
central plain zone of northwest India (30°542  N and
75°482  E, 247 m above MSL) and experiences semi-
arid, subtropical climate, marked by distinct seasonal
variations. The early summer months from March to
June are typically hot and dry, followed by a hot and
humid monsoon period from July to September. The
region then transitions into mild winter during
October and November, with the coldest conditions
occurring from December to February. Average
annual rainfall of Ludhiana district of Punjab is 759
mm, 75-80 percent of which is received during the
monsoon period. The soil of experimental field was
neutral in pH (7.1-7.4) and electrical conductivity
(0.14-0.17 dS/m), low in OC (0.34-0.37%), low in
KMnO4-N (233.1-248.2 kg/ha), high in Olsen P
(29.8-32.9 kg/ha) and NH4OAc-K (296-317 kg/ha).

Treatments  evaluated include: bispyribac-
sodium 38% + metsulfuron-methyl 2.5% +
chlorimuron-ethyl 2.5% (hereafter: bispyribac-
sodium + metsulfuron-methyl + chlorimuron-ethyl)
(pre-mix) at 34.4, 43 and 51.6 g/ha; penoxsulam
1.02% + cyhalofop 5.1% OD (hereafter: penoxsulam
+ cyhalofop) at 135 g/ha; bispyribac-sodium 10% SC
(hereafter: bispyribac-sodium) at 25 and 38 g/ha,
metsulfuron-methyl 10% + chlorimuron 10% WP
(hereafter: metsulfuron + chlorimuron) at 4 and 5 g/
ha, unsprayed weedy check (control) and hand
weeding twice. All the herbicides were sprayed at 15-
25 days after transplanting (DAT) except metsulfuron
+ chlorimuron, which was applied at 7-10 DAT. A
battery-operated knapsack sprayer equipped with flat
fan nozzle using 375 liters of water/ha was used for
herbicides application at 2-5 leaf stage of weeds
under sufficient soil moisture conditions.  Hand
weeding twice was done at 15 and 30 DAT. The
experiment was conducted in a randomized complete
block design, and replicated thrice.

Rice cv. PR 126 was transplanted on June 26th,
2019 and June 25th, 2020, at 20 cm row spacing and
15 cm plant spacing using 20 kg/ha of seed rate for
nursery sowing. Each plot was 5.5 m × 2.7 m,
forming 14.85 m2 area. All recommended cultivation
practices were followed to raise the crop, except
weed management. The crop was fertilized with 105
kg N, 30 kg P and 30 kg K/ha. Appropriate plant
protection practices were implemented to manage
insect pests and diseases, ensuring healthy crop
growth. The crop was harvested manually on
October 24th, 2019 and October 26th, 2020. After
harvesting, the crop from each plot was labelled and
bundled before threshing. Data on weeds (grasses,
broad-leaved weeds and sedge) was recorded
species-wise using quadrat (50 cm × 50 cm)
randomly placed at two places in each plot at 7, 14,
28 and 42 days after application (DAA) of herbicide.
At 42 DAA, weed species, including grasses, broad-
leaved weeds, and sedges, were identified, counted,
and harvested by cutting at the collar region of the
plants. After being collected, each sample was put in
brown paper bag and allowed to dry in the sun for 3-
5 days. Once surface moisture had evaporated, the
bags were transferred to a hot air oven set at 70°C
(±2°C) for 72 hours until a constant weight was
reached. This final weight was recorded as the weed
biomass for each species. For data analysis, weed
density (no./m2) and biomass (g/m2) were calculated
by averaging the values from two quadrats. Weed
control efficiency was calculated using the weed
biomass recorded in control plot at 42 DAA, using the
formula suggested by Mani et al. (1973), as shown
below:

          WDC - WDT
        WCE (%) =        ————————  × 100

 WDC

where,

WDC - Weed biomass in control plot

WDT - Weed biomass in treated plot

The grain yield was recorded at harvest and
adjusted at 14% moisture.

Analysis of variance was performed to assess
the efficacy of bispyribac-sodium + metsulfuron-
methyl + chlorimuron-ethyl and other weed control
treatments against complex weed flora in transplanted
rice. Statistical analysis of the recorded parameters
was conducted separately for each year. IBM SPSS
Statistics version 19 was used for analysis of
variance with weed control considered as fixed
effects. To achieve normal distribution, data related to
weed density and biomass were transformed 
before analysis. Significant differences among
treatment means were identified using Fisher’s Least
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Significant Difference (LSD) test at a 5% probability
level (Cochran and Cox 1957). Figures of weed
control efficiency and correlation between weed
biomass at 42 DAA and rice grain yield were worked
out by using MS Excel. Principal component analysis
(PCA) was performed to assess the relationship
between weed biomass at 42 DAA and rice grain
yield, using OriginPro software (Origin 2024, version
10.1, OriginLab Corporation, USA).

RESULTS  AND  DISCUSSION

Weed flora
The predominant weed flora in the study area

consisted of grasses, viz. Echinochloa crus-galli and
Leptochloa chinensis;  the broad-leaved weed
Ammania baccifera and sedge Cyperus iria.

Weed density
All weed control treatments had significant

effect on the weed density at 7, 14, 28 and 42 DAA.
Bispyribac-sodium + metsulfuron-methyl +
chlorimuron-ethyl 51.6 g/ha provided effective
control of E. crus-galli, L. chinensis, C. iria and A.
baccifera at 7, 14, 28 and 42 DAA. While,
penoxsulam + cyhalofop 135 g/ha effectively
controlled E. crus-galli and L. chinensis at 7, 14, 28
and 42 DAA (Tables 1-4). During both years of
study, penoxsulam + cyhalofop 135 g/ha and
bispyribac-sodium + metsulfuron-methyl +
chlorimuron-ethyl 51.6 g/ha recorded at par control
of E. crus-galli at 7, 14, 28 and 42 DAA except in
2019 at 14 DAA. Bispyribac-sodium + metsulfuron-
methyl + chlorimuron-ethyl 51.6 g/ha resulted in
100.0% and 66.7% at 7 DAA, 86.2% and 73.3% at 14
DAA, 85.7% and 62.5% at 28 DAA and 94.4% and

40.0% at 42 DAA control of E. crus-galli during 2019
and 2020, respectively. Moreover, bispyribac-sodium
38 g/ha also resulted statistically at par efficacy as
penoxsulam + cyhalofop 135 g/ha and bispyribac-
sodium + metsulfuron-methyl + chlorimuron-ethyl
51.6 g/ha for controlling E. crus-galli at 7 and 14
DAA in 2020 and at 28 and 42 DAA in 2019. On the
other hand, during both years, penoxsulam +
cyhalofop at 135 g/ha recorded complete (100%)
control of L. chinensis up to 42 DAA. Metsulfuron +
chlorimuron 4 and 5 g/ha and bispyribac-sodium +
metsulfuron-methyl + chlorimuron-ethyl 51.6 g/ha
provided effective and statistically similar control of
A. baccifera and C. iria at 7 DAA during both years
of study and at 14, 28 and 42 DAA in 2019 only.
Further, bispyribac-sodium + metsulfuron-methyl +
chlorimuron-ethyl 43-51.6 g/ha provided statistically
similar control of A. baccifera in 2020 and C. iria in
2019 at 7, 14, 28 and 42 DAA. However, hand
weeding twice resulted in significant control (100%)
of all weed flora at 7, 14, 28 and 42 DAA during both
years of study (Tables 1-4). The effectiveness of a
single herbicide is often limited when used alone.
However, a combination of different herbicide
chemistries can enhance the spectrum of weed
control and provide more comprehensive
management without any adverse effects on the crop
or environment (Singh et al. 2011). Use of
metsulfuron-methyl + chlorimuron-ethyl (pre-mix)
was effective in controlling a broad spectrum of
weeds (Duary et al. 2016). Bispyribac-sodium alone
was not effective against broad-leaved weeds (Nath
et al. 2024) and but provided good control of E. crus-
galli. Thus, the application of pre-mix herbicides
could be more effective in lowering the weed
competition in rice.

Table 1. Effect of different weed control treatments on weed density (no./m2) at 7 days after herbicide application (DAA)
in transplanted rice during Kharif 2019 and 2020

Treatment 

Grasses Broad-leaved weed Sedge 
E. crus-galli L. chinensis A. baccifera C. iria 

2019 2020 2019 2020 2019 2020 2019 2020 
Bispyribac-sodium + metsulfuron-methyl + 

chlorimuron-ethyl 34.3 g/ha 
2.99(8) 3.87(14) 2.63(6) 3.19(9) 2.87(7) 2.07(3) 1.96(3) 4.65(21)

Bispyribac-sodium + metsulfuron-methyl + 
chlorimuron-ethyl 43 g/ha 

2.32(5) 3.40(11) 2.37(5) 3.31(10) 2.73(7) 1.24(0.7) 1.24(0.7) 2.20(4) 

Bispyribac-sodium + metsulfuron-ethyl + 
chlorimuron-ethyl 51.6 g/ha 

1.00(0) 2.46(5) 2.44(5) 3.40(11) 1.41(1) 1.24(0.7) 1.00(0) 1.55(2) 

Penoxsulam + cyhalofop 135 g/ha 1.00(0) 2.63(6) 1.00(0) 1.00(0) 4.35(18) 1.49(1) 1.00(0) 2.99(8) 
Bispyribac-sodium 25 g/ha 2.07(3) 3.50(11) 2.51(5) 3.08(9) 3.21(9) 1.66(2) 2.67(2) 2.85(7) 
Bispyribac-sodium 38 g/ha 2.20(4) 2.51(5) 2.37(5) 3.31(10) 2.88(7) 1.66(2) 2.07(3) 2.20(4) 
Metsulfuron + chlorimuron-ethyl 4 g/ha 3.31(10) 3.85(14) 2.14(4) 3.87(14) 1.24(0.7) 1.00(0) 1.32(2) 1.00(0) 
Metsulfuron + chlorimuron-ethyl 5 g/ha 3.46(11) 3.77(13) 2.07(3) 3.60(12) 1.00(0) 1.00(0) 1.49(1) 1.00(0) 
Control 4.35(18) 3.95(15) 2.07(3) 3.69(13) 5.19(26) 2.99(8) 4.49(19) 6.75(45)
Hand weeding 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 
LSD (p=0.05) 0.54 0.71 0.44 0.53 0.65 0.59 0.76 0.73 
 *Figures in parentheses are original means. Data were subjected to a square root transformation
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Table 2. Effect of different weed control treatments on weed density (no./m2) at 14 DAA in transplanted rice during
Kharif 2019 and 2020

Treatment 

Grasses Broad-leaved weed Sedge 
E. crus-galli L. chinensis A. baccifera C. iria 

2019 2020 2019 2020 2019 2020 2019 2020 
Bispyribac-sodium + metsulfuron-methyl + 

chlorimuron-ethyl 34.3 g/ha 
3.32(10) 4.01(15) 2.99(8) 3.60(12) 2.99(8) 2.20(4) 1.66(2) 4.12(16) 

Bispyribac-sodium + metsulfuron-methyl + 
chlorimuron-ethyl 43 g/ha 

2.99(8) 3.37(11) 2.83(7) 3.60(12) 2.75(7) 1.48(2) 1.24(0.7) 3.41(11) 

Bispyribac-sodium + metsulfuron-ethyl + 
chlorimuron-ethyl 51.6 g/ha 

2.20(4) 2.20(4) 3.08(9) 3.68(13) 1.55(2) 1.24(0.7) 1.00(0) 2.51(5) 

Penoxsulam + cyhalofop 135 g/ha 1.24(0.7) 2.37(5) 1.00(0) 1.00(0) 3.77(13) 1.66(2) 1.24(0.7) 2.63(6) 
Bispyribac-sodium 25 g/ha 1.90(3) 3.50(11) 3.31(10) 3.60(12) 2.63(6) 2.20(4) 2.51(5) 2.07(3) 
Bispyribac-sodium 38 g/ha 1.24(0.7) 2.88(7) 3.08(9) 3.60(12) 1.41(1) 1.41(1) 2.07(3) 1.66(2) 
Metsulfuron + chlorimuron-ethyl 4 g/ha 4.03(15) 3.41(11) 3.20(9) 3.60(12) 1.00(0) 1.00(0) 1.55(2) 1.00(0) 
Metsulfuron + chlorimuron-ethyl 5 g/ha 3.60(12) 3.85(14) 3.21(9) 3.51(11) 1.00(0) 1.00(0) 1.24(0.7) 1.00(0) 
Control 5.45(29) 3.92(15) 3.69(13) 3.96(15) 3.69(13) 3.69(13) 5.13(25) 4.93(23) 
Hand weeding 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 
LSD (p=0.05) 0.56 0.73 0.66 0.42 0.74 0.64 0.77 0.52 
 

Table 3. Effect of different weed control treatments on weed density (no./m2) at 28 DAA in transplanted rice during
Kharif 2019 and 2020

Treatment 
Grasses Broad-leaved weed Sedge 

E. crus-galli L. chinensis A. baccifera C. iria 
2019 2020 2019 2020 2019 2020 2019 2020 

Bispyribac-sodium + metsulfuron-methyl + 
chlorimuron-ethyl 34.3 g/ha 

3.19(9) 4.34(18) 3.31(10) 3.69(13) 3.41(11) 2.32(5) 1.00(0) 4.24(17) 

Bispyribac-sodium + metsulfuron-methyl + 
chlorimuron-ethyl 43 g/ha 

3.21(9) 3.49(11) 3.41(11) 3.60(12) 2.88(7) 1.49(1) 1.00(0) 2.43(5) 

Bispyribac-sodium + metsulfuron-ethyl + 
chlorimuron-ethyl 51.6 g/ha 

1.73(2) 2.63(6) 3.11(9) 3.67(13) 1.67(3) 1.24(0.7) 1.00(0) 1.90(3) 

Penoxsulam + cyhalofop 135 g/ha 1.24(0.7) 2.49(5) 1.00(0) 1.00(0) 2.99(8) 1.41(1) 1.66(2) 2.20(4) 
Bispyribac-sodium 25 g/ha 1.49(1) 3.41(11) 3.31(10) 4.12(16) 1.80(3) 1.49(1) 1.49(1) 4.19(17) 
Bispyribac-sodium 38 g/ha 1.24(0.7) 3.21(9) 3.60(12) 3.95(15) 1.66(2) 1.24(0.7) 1.49(1) 1.90(3) 
Metsulfuron + chlorimuron-ethyl 4 g/ha 3.50(11) 3.68(13) 3.31(10) 3.69(13) 1.49(1) 1.00(0) 1.24(0.7) 1.00(0) 
Metsulfuron + chlorimuron-ethyl 5 g/ha 3.87(14) 3.85(14) 3.60(12) 3.69(13) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 
Control 3.87(14) 4.10(16) 3.96(15) 3.87(14) 3.60(12) 3.89(14) 5.25(27) 4.98(24) 
Hand weeding 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 
LSD (p=0.05) 0.54 0.68 0.41 0.50 0.80 0.64 0.53 0.62 
 

Table 4. Effect of different weed control treatments on weed density (no./m2) at 42 DAA in transplanted rice during
Kharif 2019 and 2020

Treatment 

Grasses Broad-leaved weed Sedge 
E. crus-galli L. chinensis A. baccifera C. iria 

2019 2020 2019 2020 2019 2020 2019 2020 
Bispyribac-sodium + metsulfuron-methyl + 

chlorimuron-ethyl 34.3 g/ha 
3.02(8) 4.43(19) 3.95(15) 3.87(14) 3.60(12) 2.04(3) 1.66(2) 4.04(15) 

Bispyribac-sodium + metsulfuron-methyl + 
chlorimuron-ethyl 43 g/ha 

3.01(8) 3.69(13) 3.41(11) 3.87(14) 3.11(9) 1.49(1) 1.24(0.7) 2.49(5) 

Bispyribac-sodium + metsulfuron-ethyl + 
chlorimuron-ethyl 51.6 g/ha 

1.49(1) 3.21(9) 3.60(12) 3.51(11) 1.55(2) 1.24(0.7) 1.00(0) 1.66(2) 

Penoxsulam + cyhalofop 135 g/ha 1.24(0.7) 2.75(7) 1.00(0) 1.00(0) 2.88(7) 2.20(4) 1.49(1) 2.07(3) 
Bispyribac-sodium 25 g/ha 2.37(5) 3.85(14) 3.40(11) 3.61(12) 1.49(1) 2.37(5) 1.49(1) 1.90(3) 
Bispyribac-sodium 38 g/ha 1.24(0.7) 3.60(12) 4.12(16) 3.32(10) 1.66(2) 1.41(1) 1.24(0.7) 1.49(1) 
Metsulfuron + chlorimuron-ethyl 4 g/ha 3.87(14) 3.95(15) 4.12(16) 3.87(14) 1.79(3) 1.24(0.7) 1.24(0.7) 1.00(0) 
Metsulfuron + chlorimuron-ethyl 5 g/ha 4.12(16) 3.20(9) 3.40(11) 3.78(13) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 
Control 4.34(18) 4.03(15) 3.48(11) 3.85(14) 4.12(16) 3.85(14) 5.19(26) 4.02(15) 
Hand weeding 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 
LSD (p=0.05) 0.67 0.51 0.46 0.38 0.83 0.72 0.59 0.57 
 *Figures in parentheses are original means. Data were subjected to square root transformation; DAA = days after herbicide application

*Figures in parentheses are original means. Data were subjected to square root transformation; DAA = days after herbicide application

*Figures in parentheses are original means. Data were subjected to a square root transformation; DAA = days after herbicide application
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Weed biomass and weed control efficiency
Hand weeding twice resulted in complete

control of all weeds up to 42 DAA. All herbicidal
treatments recorded significantly lower grasses,
broad-leaved weeds and sedge biomass and higher
weed control efficiency than control in both years. At
42 DAA, bispyribac-sodium + metsulfuron-methyl +
chlorimuron-ethyl 51.6 g/ha recorded E. crus-galli
biomass reduction of 84.1% in 2019 and 82.1% in
2020, over control plot and was statistically similar
with penoxsulam + cyhalofop 135 g/ha. Bispyribac-
sodium + metsulfuron-methyl + chlorimuron-ethyl
51.6 g/ha provided higher weed control efficiency in
case of E. crus-galli (84.1% in 2019 and 82.1% in
2020) and A. baccifera (100% in 2019 and 88.5% in
2020) at 42 DAA. However, during both years of
study, penoxsulam + cyhalofop 135 g/ha recorded
complete (100%) reduction of biomass and 100%
weed control efficiency of L. chinensis and was
proved superior to all other herbicidal treatments.
During both years of study, metsulfuron +
chlorimuron at 4 and 5 g/ha recorded statistically

similar and lower weed biomass and cent percent
(100%) weed control efficiency of A. baccifera and
C. iria except A. baccifera in 2019 (Table 5, Figure
1). Bispyribac-sodium is an acetolactate synthase
inhibiting herbicide is widely utilized in rice cultivation
to manage some weeds (López-Piñeiro et al. 2022).
Another herbicide, metsulfuron-methyl, is a low-use-
rate sulfonylurea herbicide widely used for post-
emergence broad-leaved weed control in rice fields
due to its strong inhibitory effect on plant growth
(Boutin et al. 2012). As other sulfonylurea herbicides,
chlorimuron-ethyl acts by inhibiting acetolactate
synthase (ALS), an essential enzyme involved in the
synthesis of branched-chain amino acids.
Chlorimuron-ethyl is effective for providing control
for wide range of weeds at low application rates,
exhibits good crop selectivity, and has low acute and
chronic toxicity while maintaining high biological
efficiency. The adoption of newly formulated pre-mix
post-emergence herbicides has shown greater
efficacy in controlling weed flora, leading to
improved crop productivity (Babaei et al. 2022).

Table 5. Effect of different weed control treatments on weed biomass (g/m2) at 42 DAA, grain yield (t/ha) of transplanted
rice and benefit cost ratio (B:C) during Kharif 2019 and 2020

Treatment 
Grasses Broad-leaved 

weed Sedge Rice grain 
yield (t/ha) 

B:C 

E. crus-galli L. chinensis A. baccifera C. iria  
2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

Bispyribac-sodium + metsulfuron-methyl 
+ chlorimuron-ethyl 34.3 g/ha 6.13(37) 7.44(55) 7.04(49) 7.77(59) 5.67(31) 3.90(14) 5.19(26) 4.84(22) 6.06 6.95 2.80 3.48 

Bispyribac-sodium + metsulfuron-methyl 
+ chlorimuron-ethyl 43 g/ha 3.87(14) 5.45(29) 7.14(50) 8.05(64) 3.51(11) 3.33(10) 3.69(13) 3.27(10) 7.18 7.19 3.45 3.59 

Bispyribac-sodium + metsulfuron-ethyl + 
chlorimuron-ethyl 51.6 g/ha 3.31(10) 3.29(10) 6.55(42) 7.46(55) 3.60(12) 2.44(6) 1.00(0) 2.86(7) 7.38 7.39 3.53 3.66 

Penoxsulam + cyhalofop 135 g/ha 3.41(11) 3.24(10) 1.00(0) 1.00(0) 3.95(15) 3.91(14) 2.64(7) 4.16(16) 7.40 7.21 3.37 3.38 
Bispyribac-sodium 25 g/ha 6.00(35) 5.73(32) 6.90(47) 7.25(52) 5.03(24) 3.79(13) 3.87(14) 5.00(24) 6.99 6.98 3.43 3.55 
Bispyribac-sodium 38 g/ha 3.74(13) 5.37(28) 7.37(53) 8.14(65) 2.73(8) 3.56(12) 3.46(11) 3.71(13) 7.14 6.93 3.44 3.44 
Metsulfuron + chlorimuron-ethyl 4 g/ha 6.55(42) 7.30(53) 7.32(53) 7.52(56) 3.31(11) 1.00(0) 1.67(3) 1.00(0) 6.48 6.26 3.22 3.19 
Metsulfuron + chlorimuron-ethyl 5 g/ha 7.09(49) 7.55(56) 6.98(48) 7.53(56) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 6.58 6.34 3.27 3.24 
Control 7.20(63) 7.55(56) 6.98(48) 7.83(60) 5.57(30) 4.88(23) 7.27(52) 7.85(61) 4.70 4.89 2.08 2.30 
Hand weeding 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 7.33 7.21 3.31 3.37 
LSD (p=0.05) 2.26 0.57 0.38 0.27 1.10 0.74 0.97 0.41 0.41 0.43 - - 
 *Figures in parentheses are original means. Data were subjected to a square root transformation; DAA = days after herbicide application

Figure 1. Weed control efficiency of grasses, broad-leaved weeds and sedges at 42 days after herbicide application
(DAA) in (a) 2019 and (b) 2020
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Rice grain yield and benefit cost ratio (B:C)
Different herbicidal treatments had significant

impact on the grain yield of rice (Table 5). The
bispyribac-sodium + metsulfuron-methyl +
chlorimuron-ethyl (pre-mix) 51.6 g/ha PoE recorded
at par grain yield with its lower dose i.e., 43 g/ha,
penoxsulam + cyhalofop 135 g/ha, bispyribac-
sodium 25 g/ha and hand weeding. Moreover, in
2019, bispyribac-sodium 38 g/ha also resulted in
grain yield of rice statistically at par with bispyribac-
sodium + metsulfuron-methyl + chlorimuron-ethyl
(pre-mix) 43 g/ha. Furthermore, weed-free
conditions under bispyribac sodium + metsulfuron
methyl + chlorimuron ethyl (pre-mix) 43 g/ha led to
significant increase in grain yield up to 52.8% in 2019
and 47.0% in 2020, respectively over control.

Moreover, bispyribac-sodium + metsulfuron-methyl
+ chlorimuron-ethyl (pre-mix) 51.6 g/ha recorded
higher B:C (3.53 in 2019 and 3.66 in 2020) followed
by its lower dose i.e., 43 g/ha (3.45 in 2019 and 3.59
in 2020). During the critical growth period, weeds
compete with rice for essential resources such as
space, water, light and nutrients (Kaur et al. 2025a)
and inadequate weed management has been linked to
reduced crop yields (Boydston et al. 2017). The
tested newly formulated post-emergence pre-mix
herbicide achieved more effective weed control,
reducing crop-weed competition, and enhancing crop
productivity. Acetolactate synthase inhibiting
herbicides are widely utilized in rice crop to manage
weeds and their use often contributes to increased
grain yields (López-Piñeiro et al. 2022).

Figure 2. Relationship of grain yield of rice with weed biomass at 42 days after herbicide application (DAA) in (a) 2019
and (b) 2020

Figure 3. Principal component analysis between weed biomass at 42 days after herbicide application (DAA) and grain
yield of rice in (a) 2019 and (b) 2020; GY: grain yield (t/ha), GB: grasses biomass (g/m2), BLWB: broad-leaved
weed biomass (g/m2), SB:  sedge biomass (g/m2)
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A strong negative linear correlation was observed
between rice grain yield and weed biomass at 42 DAA,
indicating that grain yield declined as weed biomass
increased (Figure 2). This relationship suggests that
weed presence during the peak vegetative stage
significantly hinders rice crop growth by competing
for essential resources such as nutrients, sunlight and
water. The coefficient of determination (R²) values:
0.7463 in 2019 and 0.4828 in 2020, further support
this trend, showing that weed biomass accounted for
approximately 75% and 48% of the variability in rice
grain yield during 2019 and 2020, respectively.

Principal component analysis (PCA) between
weed biomass at 42 DAA and grain yield of rice

Principal component analysis (PCA) revealed
that the first (PC1) and second principal components
(PC2) together explained 91.0% of the total variation
in 2019 and 88.7% in 2020 for weed biomass
(grasses, broad-leaved weed, and sedge at 42 DAA)
and rice grain yield across various weed control
treatments (Figure 3). The blue arrows in the biplot
depict variables such as grain yield and the biomass of
different weed groups. The direction of each arrow
reflects its contribution to the principal components,
with longer arrows indicating greater influence. The
angle between arrows shows the degree of
correlation, where smaller angles indicate a positive
relationship, while arrows pointing in opposite
directions suggest a negative correlation. The
biomass of grasses, broad-leaved weed and sedge at
42 DAA displayed long arrows-oriented opposite to
that of grain yield, indicating a strong negative
correlation between weed biomass and rice grain yield.

Conclusion
It can be concluded that bispyribac-sodium +

metsulfuron-methyl + chlorimuron-ethyl 43-51.6 g/
ha (pre-mix) PoE provided effective and economical
control of grasses (Echinochloa crus-galli and
Leptochloa chinensis), broad-leaved weed (Ammania
baccifera) and the sedge (Cyperus iria) during the
critical period of crop-weed competition in
transplanted rice resulting in higher benefit: cost ratio
than all other treatments.
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