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The efficacy of sulfonyl urea herbicide like pyrazosulfuron ethyl, benzothiadiazi-
none like bentazon alone and its combination with MCPA, clefoxydim and quinclorac 
were studied in comparison to traditional acetamides like butachlor and pretilachlor 
under field condition in transplanted boro rice. The dominating weed species in the 
experimental site were grasses like Echinochloa crusgalli, Paspalum distichum, 
sedges like Cyperus iria, Fimbristylis miliacea and broad leaved weeds like Amma-
nia baccifera and Ludwigia parviflora. The herbicidal treatments were significantly 
superior to weedy check. There was 32.97% reduction in the grain yield of rice due 
to competition with weeds in the weedy plots. The pyrazosulfuron ethyl @ 30 g 
a.i. ha-1 applied as pre-emergence, with an weed control efficiency of 71.78%, was 
found to be the most effective in controlling predominant weeds, in comparison to 
acetamide and benzothiadiazinone herbicides. In terms of profitability, application of 
pyrazosulfuron ethyl @ 20 g a.i. ha-1 gave the highest gross and net return than other 
weed control treatments.
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1.  Introduction

In India, Rice is grown in an area of 44 mha with a production 
of 105 mt, contributing 40.5% of food grain production of India 
(Government of India, 2013). It is cultivated in a very wide 
range of ecosystems from irrigated to shallow lowlands, mid-
deep lowlands and deep water to uplands. Transplanting is the 
major method of rice cultivation in India. Weeds are a major 
impediment to rice production through their ability to compete 
for resources and their impact on product quality. Out of losses 
due to various biotic stresses, weeds are known to account for 
nearly one third. Uncontrolled weeds reduced the grain yield 
by 62.6% under transplanted rice (Singh et al., 2005). Under 
transplanted condition, 20 to 45 days after transplanting (DAT) 
is the most critical period of weed competition reducing the 
yield of crop significantly (Mukherjee et al., 2008). Therefore, 
proper and timely weed control at early stages is imperative 
for realizing desired level of productivity from transplanted 
rice. The traditional recommended pre-emergence acetamides 
like butachlor, pretilachlor are specifically effective against a 
narrow range of grassy weed species (Narayana et al., 1999). 

Also continuous use of these herbicides leads to a shift in weed 
flora from grassy to sedges and broadleaf weeds (Rajkhowa 
et al., 2006). Therefore, the investigation was undertaken 
to study the efficacy and economics of sulfonyl urea and 
benzothiadiazinone herbicides in comparison to acetamides for 
controlling weeds in transplanted boro rice of in new alluvial 
soil of lower gangetic plain zone of West Bengal.

2.  Materials and Methods

The field experiment was conducted at the Instructional 
Farm, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, 
Nadia, West Bengal, India in rabi season of 2001-02 to find 
out an effective and economic herbicide for weed control in 
transplanted boro rice. The site is situated in the new alluvial 
zone characterized by alluvial soil and sandy clay loam texture, 
having pH 6.8, organic carbon 0.64%, total N 0.056%, available 
P2O5 23.75 kg ha-1 and available K2O 134.45 kg ha-1. 

The experiment was laid out in a randomised block design 
with 12 treatments and 3 replications. The treatments consisted 
of hand weeding twice at 20 and 40 DAT, acetamides like 
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pretilachlor 50 EC @ 1000 g a.i ha-1, butachlor 50 EC @ 1000 
g a.i. ha-1, sulfonyl urea herbicides like pyrazosulfuron ethyl 
10WP @ 15, 20 and 30 g a.i. ha-1 as pre-emergence and ready 
mix of pyrazosulfuron ethyl (PSE)+molinate @ 2000 g a.i. ha-1, 
benzothiadiazinone herbicide like bentazon @ 960 g a.i. ha-1 
and its combinations like bentazon+MCPA @ 1200 g a.i. ha-1, 
bentazon 48 EC+clefoxydim 7.5 EC @ (960+75) g a.i. ha-1 and 
bentazon 48 EC+quinclorac 15 SC @ (960+150) g a.i. ha-1 as 
post-emergence along with weedy check. 

The experiment was conducted by transplanting of 37 days old 
seedlings of the variety IET 4786 (Shatabdi) at 20×15 cm2 row 
spacing using two seedlings hill-1. The field was fertilized with 
N, P2O5, K2O @ 120, 60, 60 kg ha-1 respectively. One-fourth of 
N (30 kg), full of P2O5 and K2O (60 kg each) were applied at 
final land preparation before transplanting. Half N (60 kg) was 
applied as first top dressing at active tillering and the remaining 
one-fourth of N (30 kg) were applied as second top dressing at 
panicle initiation stage. All the recommended agronomic and 
plant protection measures were adopted to raise the crop. 

All the herbicides were applied as per the protocol of application 
time in saturated soil moisture using knapsack sprayer fitted 
with flat fan nozzle at a spray volume of 500 liters ha-1. The 
observations of weed density and weed dry matter weight were 
recorded at 60 DAT with the help of quadrate of 1×1 m2. The 
yield attributing characters like number of effective tillers m-2, 
number of filled grains panicle-1, test weight of grains, grain yield 
and straw yield of rice were recorded at harvest. The economic 
performance of the treatments were evaluated in terms of gross 
return, net profit and benefit cost ratio taking the cost of inputs 
and market value of the produce for the year 2012-13.

3.  Results and Discussion

3.1.  Weed flora

The most predominant weed flora present in the plot throughout 
the crop growing season are grasses like Echinochloa 
crusgalli, Leersia hexandra and Paspalum distichum, sedges 
like Cyperus iria, Fimbristylis miliaceae, and broad leaved 
weeds like Ammania baccifera, Ludwigia parviflora and 
Alternenthera sessilis. The population of sedges constituted 
38% followed by broad leaved weeds (BLW) (34%) and 
grasses (28%) at 60 DAT. But with respect to weed biomass, 
broad leaved weeds were having the highest biomass (35%) 
followed by sedges (34%) and grasses (31%) at 60 DAT. Some 
aquatic weeds like Pistia stratiotes and Salvinia molesta were 
also observed in the field.

3.2.  Crop toxicity and weed control efficiency (WCE)

Regular visual field observation revealed that none of the 
chemical treatments showed phytotoxicity to the crop at any 
stage. All the herbicidal and cultural treatments registered 
significantly lower population of weeds than control (Table 
1). Among all the treatments, hand weeding twice maintained 
its superiority with highest weed control efficiency (74.9%) 
(Table 2). Among the herbicides, PSE @ 30 g a.i. ha-1 recorded 
the highest WCE (71.78%) which is higher by 8.36% and 
17.82% than pretilachlor @ 1000 g a.i. ha-1 (66.24%) and 
butachlor @ 1000 g a.i. ha-1 (60.92%) respectively. The 
herbicides bentazon+quinclorac @ (960+150) g a.i. ha-1, 
bentazon+MCPA @ 1200 g a.i. ha-1, bentazon+clefoxydim @ 
(960+75) g a.i. ha-1 and bentazon  @ 960 g a.i. ha-1 recorded 
WCE of 58.48%, 53.46%, 44.61% and 36.15% which were 

Table 1: Effect of weed control treatments on population density of weeds at 30 and 60 DAT  
Treatments Population density of weeds

(m-2) at 30 DAT
Population density of weeds 

(m-2) at 60 DAT
Grass Sedge BLW Total Grass Sedge BLW Total

Hand weeding twice at 20 and 40 DAT 3.67 4.00 3.67 11.33 5.33 6.00 5.33 16.33
Pretilachlor @ 1000 g a.i. ha-1

 at 4 DAT 5.00 7.67 6.67 19.33 7.33 9.67 8.33 25.33
Pyrazosulfuron ethyl @ 15 g a.i. ha-1 8.33 7.33 7.00 22.67 11.67 9.33 8.67 29.67
Pyrazosulfuron ethyl @ 20 g a.i. ha-1 at 4 DAT 6.67 5.33 5.00 17.00 9.00 7.33 6.67 23.00
Pyrazosulfuron ethyl @ 30 g a.i. ha-1 at 4 DAT 6.33 4.67 4.33 15.33 8.33 6.67 6.00 21.00
Butachlor @ 1000 g a.i. ha-1 at 4 DAT 5.67 9.00 7.33 22.00 7.67 10.33 9.00 25.33
PSE+Molinate @ 2000 g a.i. ha-1 at 14 DAT 4.67 7.00 5.67 17.33 6.33 9.00 7.33 22.33
Bentazon+MCPA @ 1200 g a.i. ha-1 at 14 DAT 7.67 9.67 7.67 25.00 11.00 11.00 9.33 31.33
Bentazon @ 960 g a.i. ha-1 at 14 DAT 10.67 12.33 9.33 32.33 14.67 14.33 12.67 41.67
Bentazon+Clefoxydim @ (960+75) g a.i. ha-1 at 14 DAT 9.33 10.33 8.00 27.67 12.33 12.33 10.00 34.67
Bentazon+Quinclorac @ (960+150) g a.i. ha-1 at 14 DAT 6.67 9.00 6.00 21.67 9.33 10.33 8.00 27.33
Unweeded control 15.33 19.67 17.33 52.33 19.00 26.00 23.00 68.00
SEm± 0.47 0.55 0.58 1.65 0.52 0.61 0.56 1.57
CD (p=0.05) 1.38 1.61 1.70 4.85 1.52 1.80 1.66 4.62
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lower than acetamides like pretilachlor @ 1000 g a.i. ha-1 and 
butachlor @ 1000 g a.i. ha-1. 

3.3.  Yield parameters and yield

In respect of number of effective tillers m-2, hand weeding 
twice treatment recorded maximum value (341 m-2). Among 
the herbicides, PSE @ 30 g a.i. ha-1 (337 m-2), PSE @ 20 g 
a.i. ha-1 (335.67 m-2) recorded significantly higher values than 
pretilachlor @ 1000 g a.i. ha-1 (330.67 m-2) and butachlor @ 
1000 g a.i. ha-1 (328.67 m-2) (Table 3). This might be due to 
their effect in controlling the weeds upto the critical period, 
resulting in reduction in crop-weed competition for nutrients, 
water, space and light. Among the herbicides, bentazon @ 
960 g a.i. ha-1 recorded lowest number of effective tillers 
(316 m-2). The highest number of filled grains panicle-1 was 
recorded with PSE @ 20 g a.i. ha-1 (74.67), PSE @ 30 g 
a.i. ha-1 and PSE+molinate @ 2000 g a.i. ha-1, which were 
significantly superior to pretilachlor @ 1000 g a.i. ha-1 (72.33) 
and butachlor @ 1000 g a.i. ha-1 (71.00). The treatments of 
benzothiadiazinone herbicides alone and in combinations 
recorded lower values in comparison to acetamides.

Hand weeding twice treatment recorded highest grain yield 
of 5.64 tonnes hectare-1 (t ha-1) resulting in 49.2% increase 
over weedy check. Among the herbicides, PSE @ 30 g a.i. 
ha-1 (5.49 t ha-1), PSE @ 20 g a.i. ha-1 (5.48 t ha-1) recorded 
4%, 3.7% and 1.8% higher values than pretilachlor @ 1000 
g a.i. ha-1 (5.28 t ha-1). The herbicides bentazon+quinclorac 
@ (960+150) g a.i. ha-1, bentazon+MCPA @ 1200 g a.i. ha-1, 
bentazon+clefoxydim @ (960+75) g a.i. ha-1 and Bentazon  @ 
960 g a.i. ha-1 recorded grain yield of 5.09 t ha-1, 4.97 t ha-1, 

4.84 t ha-1 and 4.68 t ha-1 respectively which were lower than 
acetamides like pretilachlor @ 1000 g a.i. ha-1 (5.28 t ha-1) 
and butachlor @ 1000 g a.i. ha-1 (5.14 t ha-1). The superiority 
of  PSE @ 30 g a.i. ha-1 and PSE @ 20 g a.i. ha-1 might be due 
to their significant control over a broad spectrum of weeds, 
offering minimum crop-weed competition. Similar type of 
findings were also reported by Pal et al. 2012.

In terms of weed index, among the herbicides, PSE @ 30 g 
a.i. ha-1 recorded lowest value (2.65%) followed by PSE @ 
20 g a.i. ha-1 (2.83%) and PSE+molinate @ 2000 g a.i. ha-1 
which were superior to acetamides. The benzothiadiazinone 
herbicide alone and its combinations noted highest values in 
comparison to acetamides.

3.4.  Economic performance
The economic performance of weed control treatments were 
evaluated in terms of cost and return. Among all the herbicides, 
PSE @ 20 g a.i. ha-1

 recorded highest net return (` 36720) 
followed by PSE @ 30 g a.i. ha-1 (` 36610), PSE+molinate 
@ 2000 g a.i. ha-1

 (` 35137). The herbicide PSE @ 20 g a.i. 
ha-1

 registered an increase in net return of 8.33% and 13.29% 
over pretilachlor @ 1000 g a.i. ha-1

 (` 33895) and butachlor 
@ 1000 g a.i. ha-1 (` 32410).The benzothiadiazinone herbicide 
registered lower net return in comparison to acetamides.

With respect to benefit-cost ratio (B:C), among all the 
treatments, the highest value was recorded for the treatment 
PSE @ 20 g a.i. ha-1 (2.06) followed by PSE @ 30 g a.i. ha-1 
(2.05) and PSE+molinate @ 2000 g a.i. ha-1 (2.00), which 
were higher than pretilachlor @ 1000 g a.i. ha-1

 (1.97) and 
butachlor @ 1000 g a.i. ha-1 (1.94). The benzothiadiazinone 

Table 2: Effect of weed control treatments on weed biomass at 30 and 60 DAT and weed control efficiency
Treatments Weed Biomass (g m-2) at 

30 DAT
Weed Biomass (g m-2) at 

60 DAT
%WCE 

at 60 
DATGrass Sedge BLW Total Grass Sedge BLW Total

Hand weeding twice at 20 and 40 DAT 0.95 0.99 0.75 2.69 1.35 1.87 1.65 4.87 78.76
Pretilachlor @ 1000 g a.i. ha-1

 at 4 DAT 1.37 1.97 2.24 5.58 1.81 3.01 2.92 7.74 66.24
Pyrazosulfuron ethyl @ 15 g a.i. ha-1 2.63 1.75 2.45 6.83 3.45 2.97 3.19 9.61 58.08
Pyrazosulfuron ethyl @ 20 g a.i. ha-1 at 4 DAT 1.92 1.38 1.21 4.51 2.73 2.35 2.01 7.09 69.07
Pyrazosulfuron ethyl @ 30 g a.i. ha-1 at 4 DAT 1.79 1.20 0.99 3.98 2.40 2.18 1.89 6.74 71.78
Butachlor @ 1000 g a.i. ha-1 at 4 DAT 1.58 2.10 2.62 6.30 2.05 3.69 3.22 8.96 60.92
PSE+Molinate @ 2000 g a.i. ha-1 at 14 DAT 1.21 1.68 1.71 4.60 1.69 2.78 2.59 7.06 69.21
Bentazon+MCPA @ 1200 g a.i. ha-1 at 14 DAT 2.52 2.41 3.07 8.00 3.07 4.11 3.49 10.67 53.46
Bentazon @ 960 g a.i. ha-1 at 14 DAT 3.87 3.10 3.98 10.95 4.63 5.01 5.00 14.64 36.15
Bentazon+Clefoxydim @ (960+75) g a.i. ha-1 at 14 DAT 3.02 2.88 3.40 9.30 3.94 4.66 4.10 12.7 44.61
Bentazon+Quinclorac @ (960+150) g a.i. ha-1 at 14DAT 2.01 2.27 0.8 6.36 2.84 3.84 2.84 9.52 58.48
Unweeded control 5.33 5.67 5.61 16.61 7.14 7.95 7.84 22.93 0.00
SEm± 0.21 0.15 0.16 0.45 0.25 0.18 0.20 0.48 -
CD (p=0.05) 0.62 0.45 0.48 1.33 0.75 0.53 5.90 1.43 -
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Table 3: Effect of weed control treatments on yield contributing parameters, yield and economics
Treatments A B C D E F G H I J K
Hand weeding twice at 20 and 40 DAT 341.00 74.33 22.26 5.64 6.05 48.25 0.00 43390 73525 30705 1.72
Pretilachlor @ 1000 g a.i. ha-1

 at 4 DAT 330.67 72.33 22.13 5.28 5.63 48.33 6.38 35490 68815 33895 1.97
Pyrazosulfuron ethyl @ 15 g a.i. ha-1 331.00 72.00 22.14 5.27 5.60 48.48 6.56 35110 68675 34135 1.99
Pyrazosulfuron ethyl @ 20 g a.i. ha-1 at 4 DAT 335.67 74.67 22.18 5.48 5.80 48.58 2.83 35250 71400 36720 2.06
Pyrazosulfuron ethyl @ 30 g a.i. ha-1 at 4 DAT 337.33 73.33 22.17 5.49 5.89 51.75 2.65 35530 71570 36610 2.05
Butachlor @ 1000 g a.i. ha-1 at 4 DAT 328.67 71.00 22.07 5.14 5.48 48.39 8.86 35150 66990 32410 1.94
PSE+Molinate @ 2000 g a.i. ha-1 at 14 DAT 334.33 73.00 22.05 5.38 5.70 48.55 4.60 35533 70100 35137 2.00
Bentazon+MCPA @ 1200 g a.i. ha-1 at 14 
DAT

326.67 69.33 21.99 4.97 5.24 48.67 11.87 35990 64745 29325 1.83

Bentazon @ 960 g a.i. ha-1 at 14 DAT 316.00 67.67 21.92 4.68 4.98 48.44 17.02 35790 60990 25770 1.73
Bentazon+Clefoxydim@960+75g a.i. ha-1 at 
14DAT

321.33 68.67 21.95 4.84 5.16 48.40 14.18 36270 63080 27380 1.77

Bentazon+Quinclorac@960+150g a.i. ha-1 at 
14DAT

328.00 70.33 21.99 5.08 5.37 48.61 9.92 36390 66185 30365 1.85

Unweeded control 295.33 58.67 21.85 3.78 4.15 47.66 32.97 34390 49325 15505 1.46
SEm± 2.79 0.80 0.15 0.12 0.15
CD (p=0.05) 8.18 2.35 NS 0.35 0.43
A: No. of effective tillers m-2; B: Number of filled grains panicle-1; C: Test wei-ght (g); D: Gr-ain Yield (t ha-1); E: Str-aw 
Yield (t ha-1); F: H.I.; G: Weed Index; H: Total cost (`  ha-1); I: Gross Return; J: Net profit; K: B:C Ratio

herbicide alone and in combinations recorded lower B:C values 
in comparison to acetamides.

4.  Conclusion

The laborious, time consuming, costly hand weeding operation 
in transplanted boro rice can be replaced by the pre-emergence 
application of Sulfonyl urea herbicide like pyrazosulfuron ethyl 
10 WP @ 20 g a.i. ha-1, giving highest economic returns to 
farmers in comparison to acetamides and benzothiadiazinones. 

If due to some unavoidable circumstances the pre-emergence 
application fails, post emergence application of mixture of 
PSE+molinate @ 2000 g a.i. ha-1 can also be practised to keep 
a broad spectrum of weeds under control.
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