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Introduction 
 

Rice (Oryza sativa L.) is one of the most 

important food crops of India, contributing to 

about 40% of total food grain production. It 

plays a vital role in food security and 

livelihood for almost every household. The 

rice production in India in 2015-16 was 

104.32 MT (Directorate of Economics and 

Statistics 2016-17). Out of the total 44 Mha 

area under rice cultivation, puddled rice 

culture occupies 56 % (Anonymous, 2005).  

 

Weeds remove a large amount of nutrients 

from soil. An estimate shows that weeds can 

deprive the crops by 47% N, 42% P, 50% K, 

39% Ca and 24% Mg of their nutrient uptake 

as well as reduce the yield potential by 

harboring number of crop pests 

(Balasubramaniyan and Palaniappan, 2001). 

Hence successful weed control is essential for 

obtaining optimum yield of rice (Hussain et 

al., 2008; Kumar et al., 2007; Sathyamoorthy 

et al., 2004). Transplanted rice is the most 

common practice throughout the world. 

Normally puddling is done to reduce 

percolation losses, to control weeds and to 

make transplanting operation easier. Puddling 

and land submergence in transplanted rice 

provide a greater competitive advantage to 

crop over weeds as latter suffer due to 

unfavorable conditions for growth and 

development as compared to other methods of 

rice establishment. Thus, management of 

weeds is a fundamental requirement in 

transplanted rice cultivation. Weed free period 
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during the critical period of competition is 

essential for obtaining optimum rice yield. 

This can be achieved by removing weeds 

manually, mechanically and through chemical 

sprays or by their combinations. Manual 

weeding is although effective and most 

common method, however, scarcity and high 

wages of labour particularly during peak 

period of agricultural operations make this 

method uneconomic. Further, it is possible 

only when the weed growth is to a size large 

enough for hand removal, by that time the 

weeds have done considerable damage to the 

crop. Further, mechanical method of weed 

management is also time taking, cost 

intensive, much tedious and also does not 

remove all the weeds. Weed management in 

transplanted rice through herbicide application 

may be the best suited option. It is practiced 

by farmers for past several years as it offers 

selective and economic control of weeds right 

from the beginning of crop growth and thus, 

minimize the crop-weed competition. It also 

save valuable time by covering more area in 

short period and is also cost effective. Raising 

cost of labour and their reduced availability 

has led to search for alternative methods such 

as herbicide use either alone or in combination 

with manual or mechanical weeding. 

 

Weed species in transplanted rice 

 

A broad spectrum of weed flora infests rice 

crop. The composition and competition by 

weeds is dynamic and is dependent on soil, 

climate, cropping and management factors. 

Various studies were conducted regarding 

weed flora all over India (Table 1) and there is 

a serious need to investigate problems 

regarding weeds and to plan their proper 

management. 

 

Crop weed competition 

 

Weed competition is one of the most 

important factors in limiting the yield of rice. 

Competition between crop and weed begins 

when the supply of any of the growth factor is 

limiting and falls below the demand of both 

crop and weeds, when they grow in close 

proximity. Weeds having faster growth rate, 

accumulate large amount of biomass in a short 

period, which interferes with the growth of 

rice plants and ultimately affects the yield of 

rice crop. 

 

Among the different weed species, grassy 

weeds pose greater competition. They have an 

extensive and fibrous root system. Similarly, 

sedges grow huge in number and cause serious 

competition for nutrients. The roots of the 

sedges also dominate the surface feeding zone 

and obstruct nutrient flow to crop roots. weeds 

interferes with rice growing by competing for 

one or more growth limiting resources i.e 

nutrients, water, space, light and carbon 

dioxide, because of the limited supply of these 

valuable elements, their association therefore, 

leads to competition for these elements for the 

survival. Generally, one-third duration of the 

crop period should be maintained weed free. 

The critical crop weed competition from 28-45 

DAT in transplanted rice was reported by 

various workers (Raju and Reddy, 1995; 

Nandal et al., 1999 and Singh et al., 2003). 

However it was reported that crop and weed 

competition up to 60 days stage of 

transplanted rice resulted in 72% reduction in 

grain yield (Singh et al., 2004). Dhammu and 

Sandhu (2002) observed that Cyperus iria 

competition for the first 30 days caused less 

than one-fourth (12.9%) of the total yield loss 

in transplanted rice while competition for 40 

days resulted in more than half (43.5%) of the 

total yield loss due to the weeds. Singh et al., 

(2005) found that grasses constituted 14.1%, 

sedges 71.4% and broad-leaf weeds 14.5% of 

the total weed population in rice crop at 30 

days stage. Mukherjee et al., (2008) noticed 

that 20-40 days after transplanting was the 

most critical period of crop weed competition 

and found that weedy situation throughout the 
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crop growth caused yield reduction to the tune 

of 57-61% in transplanted rice. 

 

Yield reduction by weeds in rice 
 

Considerable losses in the grain yield of rice 

due to infestation of weeds have been reported 

by different workers in the country. Janiya 

(2002) reported that grain yield losses due to 

weeds in lowland rice field ranges 20% to 

60% and 30% to 80% in transplanted and 

direct-seeded rice, respectively. Reddy et al., 

(2003) from Hyderabad noticed that Cyperus 

spp., Paspalum spp., Caesulia axillaris, 

Rotala densiflora and Monocharia vaginalis 

caused 28-40% reduction in yield of 

transplanted rice. Hossain et al., (2010) from 

Ranchi reported that the weed population as 

well as dry matter was reduced in transplanted 

rice with higher weed control efficiency 

resulting in higher grain yield.  

 

Methods of weed control 

 

Weed control methods are grouped into 

cultural, manual, mechanical, chemical and 

biological methods. Each of them has their 

own advantage and disadvantage and single 

method is rarely found effective so, 

summarized reviews are given below 

particularly for manual weeding and chemical 

methods of weed control in transplanted rice. 

 

Manual weeding 
 

The earliest ways of weed control in rice were 

cultural methods. In spite of labor intensive 

hand weeding is still most common direct 

weed control method in rice in India using 

bare hands and hand tools. These practices are 

only effective when weeds attain height to 

provide better grip for uprooting Bhan et al., 

(1980). Rekha et al., (2002) reported that 

twice hand weeding resulted in lower weed 

density as compared to herbicides and 

untreated control. Kathirvelan and Vaiyapuri 

(2003) recorded that hand weeding at 20 and 

40 DAT resulted in significantly lower weed 

population (2.7 m⁻ ²) and weed dry matter 

production (155.7 kg/ha) as compared to 

herbicidal treatments. Halder and Patra (2007) 

from Orissa reported that twice hand weeding 

at 20 and 40 DAT resulted in the minimum 

weed population and dry weight and the 

highest weed control efficiency at both the 

stages. Jayadeva et al., (2009) from karnataka 

observed that Hand weeding twice (20 and 24 

DAT) recorded lower weed dry weight and 

higher mean grain and straw yield in rice. 

 

Chemical control  

 

For effective weed control in transplanted rice, 

judicious application of herbicide as pre and 

post-emergence is given below. 

 

Bispyribac sodium 

 

Bispyribac sodium belongs to the Pyrimidinal 

Thiobenzoates group of herbicides. It is 

recently introduced herbicide have the similar 

mode of action as the Sulfonylureas. It is 

highly selective, post-emergence, low 

mammalian toxic and low dose (15-40g/ha) 

require herbicide so become popular now a 

days to control weed in rice growing area 

either transplanting or direct seeded (Das, 

2008). The highest net benefit was obtained by 

the application of bispyribac sodium 100 SC 

followed by Ethoxysulfuron 60 WG 

treatments while the lowest net benefit was 

provided by control (weedy check). NO doubt, 

the result of hand weeding is significantly 

better as it is time consuming and laborious 

hence cannot be recommended at large scale 

(Hussain et al., 2008). Veeraputhiran and 

Balasubramanian (2010) conducted an 

experiment during 2010 and 2011at Madurai 

(Tamil Nadu) recorded that the total weed 

population and dry weight under post 

emergence application of bispyribac- Na at 25 

g/ha was on par with its higher doses of 35 
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and 50 g/ha while weed control efficiency and 

weed index at its lower dose (25 g/ha) were 

comparable with the higher doses i.e., 35 and 

50 g/ha. Post-emergence application of 

bispyribac sodium at 25 g/ha recorded 

significantly higher grain yield (6838 and 

6510 kg/ha) during 2010 and 2011, 

respectively over pre emergence application of 

butachlor at 1500 g/ha but remained at par 

with its higher doses viz., 35 and 50 g/ha, 

twice hand weeding and weed free. Parthipan 

and Ravi (2016) found that post emergence 

application of bispyribac sodium at 25 g ai/ha 

at 15 DAT followed by hand weeding at 45 

DAT produced higher grain yield and was at 

par with two hand weedings due to lower crop 

weed competition. 

 

Pretilachlor 

 

Pretilachlor belongs to Acetamides group of 

herbicides. It is selective systemic herbicide 

absorbed primarily by the germinating root 

with translocation throughout the plant. It is 

applied either as pre-emergence or early post 

emergence to control the annual grasses and 

broad leaf weeds but mainly used as a grass 

killer in transplanted rice.  

 

It is selective broad spectrum pre- emergence 

herbicide for use in early season in 

transplanted rice with cell division inhibitor as 

its mode of action. It controls grassy and 

sedges weed species viz. E. crus-galli, E. 

colona, Leptochola chinensie, C. rotundus, C. 

iria, C difformis, and Fimbristylis millacea in 

rice fields. Pretilachlor is supplied with trade 

name a surfactant under the trade name sofit 

but the trade name Rifit does not contain extra 

surfactant. Bhowmick et al., (2000) found that 

pretilachlor at 0.8 kg/ha effectively controlled 

the weeds in transplanted rice and recorded 

the maximum grain and straw yields which 

were at par with hand weeding. A 40% 

pretilachlor + bensulfuron-methyl WP used at 

675-900 g/ha either at 0 or 4 days after rice 

sown was very effective against E. crusgalli 

and L. chinensis, with more than 95% total 

efficacy (Jinhao et al., 2000). Pretilachlor in 

combination with safener and hand weeding 

resulted in the lowest weed density and dry 

matter and highest weed control efficiency, 

grain yield and number of panicles in direct 

seeded puddled rice (Mhajan et al., 2003). 

Shultana et al., (2011) recorded lowest weed 

biomass and significantly highest weed 

control efficiency (86.01%) with the 

application of pretilachlor 50 EC at 1 lit/ha 

under Gazipur, Bangladesh situation. 

 

Penoxsulam 

 

Penoxsulam is a triazolopyrimidine 

sulfonamide herbicide used to control grasses, 

broad leaf and sedges weeds in rice crop. It is 

early post-emergence herbicide absorbed 

mainly via leaves and secondarily via roots. It 

is a new acetolactate synthase (ALS) inhibitor 

herbicide for post-emergence control of 

annual grasses, sedges and broad leaf weeds in 

rice culture (Jabusch and Tjeerdema, 2005).  

 

It is commercialized in European union as oil 

dispersion (OD) containing 20g/l, requiring no 

additional adjuvant. It has a favourable 

toxicological and environmental profile that 

controls Echinochola spp., major broad leaf 

weeds and sedges. Pal et al., (2009) found that 

penoxsulam (24 SC) at 0.0225 kg a.i./ha 

applied at 8-12 days after transplanting was 

most effective in reducing the weed 

population in broad spectrum as well as of 

weeds growth. This treatment also gave the 

maximum grain yield (35.3 q/ha) and straw 

yield (47.3 q/ha) of rice resulting in lowest 

weed index (5.6%). Yadav et al., (2010) from 

Karnal reported that penoxsulam at 25 g/ha as 

pre-emergence (3 DAT) and 22.5 g/ha as post-

emergence (10-12 DAT) application provided 

satisfactory control of all types of weeds 

consequently resulting in grain yield of 

transplanted rice similar to weed free plot. 
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Table.1 Major weed flora of transplanted rice in different regions 

 

Major weed flora Place Reference 

Echinochola crus-galli, Paspalum distichum and Caesulia axillaris Pantnagar  Sarkar (2001) 

Cyperus iria, Sphenoclea zeylanica, Leptochloa chinensis, Fimbristylis 

miliacea and Eclipta alba 

Karnal Chopra and Chopra 

(2003) 

E.colona, E.crus-galli, Cyperus rotundus, Cyperus difformis, 

Fimbristylis miliacea, Ludwigia parviflora, and Ammania baccifera  

Varanasi Mukherjee and Singh 

(2004) 

E.crusgalli, Leersia hexandra, Marsilea quadrifolia West Bengal Ghosh and Ghosh (2005) 

Echinochloa crus-galli, E. colona, Cyperus iria, C. rotundus, 

Fimbristylis miliacea, Ammania baccifera, Marsilea quadrifolia and 

Potamogeton distinctus 

Kashmir Singh et al., (2007) 

Echinochola glabrescens, E. colona (L.), Ammania baccifera (L), 

Euphorbia spp., Fimbristylis miliacea (L.), Cyperus rotundus (L.), 

Cyperus iria (L.) and Cyperus difformis (L.) 

Karnal  Yadav et al., (2009) 

Cyperus difformis, Fimbristylis miliacea, Scripus spp., C. procerus, 

Echinochola colona, Panicum tripheron, Ludwigia parviflora, 

Spinanthus acemella, Rotala verticillaris, Lindernia veronicaefolia and 

Glinus oppositifolia 

Banglore 

Karnataka 

Ramchandra et al., 

(2010) 

Echinocloa crusgalli, Cynodon dactylon, Echinocloa colona, Cyperus 

rotundus and Amaranthus viridis 

Varanasi  Sharma and Singh 

(2010) 

Digitaria sanguinalis, Echinochola crus-galli, E.colona, Panicum 

repens, Fimbristylis miliacea, Cyperus rotundus, Cyperus iria, Cyperus 

difformis, Ammania baccifera, Ludwigia parviflora, Eclipt prostrate, 

Eclipta alba, Lippa nodiflora Nich, Marsilea quadrifolium, Sphenoclea 

zeylanica, and Commelina benghalensis  

Orissa Patra et al., (2011) 

Cyperus rotundus, Cynodon dactylon, Echinochloa colonum, Ceasulia 

axillaris, Phyllanthus niruri and Parthenium hysterophorus 

Varanasi  Singh et al., (2014) 

Echinochloa crusgalli, Echinochloa colonum, Leptochloa, Chinensis 

Cyperus difformis, Cyperus iria, Fimbristylis miliacea, Eclipta alba, 

Ammania baccifera, Bergia capensis and Ludwigia parviflora 

Tamil Nadu Parthipan and Ravi 

(2016) 

Echinichloa sp., Panicum repens, Cynodon doctylon, Leptochloa 

chinensis, Eclipta alba, Ludwigia parviflora and Cyperus sp.  

Raichur, 

Karnataka 

Ramesha et al., (2017) 

 

Penoxsulam was particularly better against 

broad-leaf weeds and sedges than the 

application of butachlor and pretilachlor. Nath 

and Pandey (2013) application of penoxsulam 

@ 25 g/ha significantly reduce the weed 

population and dry weight of weeds.  

 

Ramesha et al., (2017) reported that 

application of penoxsulam @ 83.3 ml/ha 

controlled all types of weeds and increased 

the grain yield of rice 

Pyrazosulfuron 

 

Pyrazosulfuron is the member of the 

pyriimidinyl pyrazolesulfonylureas group of 

herbicide and was widely use in North East 

Asian countries like Japan and Korea, 

recently introduced in India (in rice belt) for 

weed control in rice nurseries as well as 

transplanted and direct seeded rice. It is a 

systematic type in nature and applied as pre-

emergence and early post-emergence 
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herbicide. It is highly selective to rice crop so 

also called as rice herbicide. It control 

grasses, sedges and broad leaf weed in rice. 

Grasses includes Echinochloa colona, 

Panicum spp., sedges includes Fimbristylis 

millacea, Cyperus spp., and broad leaf weeds 

includes Ludwigia parviflora, Marsilea 

quadrifolium, Alternanthera sesselis etc. 

Pyrazosulfuron is absorbed by roots or leaves 

and translocated to meristem which inhibits 

ALS/AHAS enzyme catalyzing the 

biosynthesis of three essential branched-chain 

amino acid, namely leucine, valine and 

isoleucine they stops cell division of roots and 

check the plant growth. It has got very low 

persistence in soil and ground water with a 

half-life value of 7-10 days. Thus it is safe to 

ecosystem. Das (2008) found that the 

application of Pyrazosulfuron in general 

increase vigor of rice plants in terms of more 

number of tillers and better grain filling 

resulting in higher yield. Revathi et al., 

(2010) from Coimbatore (Tamil Nadu) found 

that the application of pyrazosulfuron ethyl 30 

g/ha at 3DAT reduce the total weed density 

and dry weight.  

 

Chlorimuron-ethyl + Metsulfuron-methyl  

 

Chlorimuron-ethyl (10%) + Metsulfuron-

methyl (10%) + 0.2% surfactant (Ready-mix) 

belong to the Sulfonylureas group of the 

herbicide. It is a herbicidal formulation 

applied as post-emergence to control broad 

leaf weed in rice field. Mukherjee and Singh 

(2005) found superiority in grain yield and net 

monetary returns with the appliances of 

chlorimuron-ethyl + metsulfuron-methyl + 2, 

4-D for transplanted rice over other weed 

control means. Patra et al., (2011) observed 

that application of chlorimuron-ethyl + 

metsulfuron-methyl 0.004 kg/ha mixed with 

butachlor 0.938 kg/ha at 3 days after 

transplanting (DAT) was at par with hand 

weeding twice at 20 and 40 DAT in 

controlling weeds and higher grain yield. This 

application increased the grain yield by 45.1% 

over the unweeded check. Sah et al., (2012) 

observed that pre-emergence application of 

chlorimuron-ethyl + metsulfuron-methyl 

(0.025kg/ha) at 3 DAT fb sequential 

application of 2,4-DEE (0.5 kg/ha) at 20 DAT 

was found most effective in minimizing weed 

population and their dry matter accumulation 

and increasing weed control efficiency and 

grain yield next to two hand-weeding, both 

were at par. 80.1% and 77.7% increase in 

grain yield was recorded in two hand weeding 

and chlorimuron-ethyl + metsulfuron-methyl 

followed by 2,4-DEE (0.025+0.5kg/ha), 

respectively over weedy check. 

 

Ethoxysulfuron 

 

Ethoxysulfuron it belong to the Sulfonylureas 

group of herbicide and acts as Acetolactate 

synthase inhibitor (ALS). It acts by reducing 

the levels of three branched –chain aliphatic 

amino acids. It is highly selective, post-

emergence low mammalian toxic and low 

dose (10-40 g/ha) require herbicide so gaining 

popularity to control weed in transplanted 

rice. Cheema et al., (2005) reported that 

Ethoxysulfuron (Sunrice, 15WG) alone @ 25 

and 30 g a.i per hectare reduced total weed 

density and dry weight in the range of 66.29 

to 73.95% and 69.23 to 85.71% respectively. 

Shahbaz et al., (2007) found there was lowest 

dry matter accumulation by Alternanthara 

triandra under the application of 

Ethoxysulfuron that might be due to better 

killing capacity of ethoxysulfuron against 

broad-leaf weeds. 

 

Pretilachlor (6%) + Bensulfuron (0.69%) 

 

Bensulfuron-methyl, a member of 

sulfonylurea herbicides, is a broad-spectrum 

herbicide for the control of broadleaf-weeds 

and sedges in the rice fields. As a selective 

herbicide for direct seeding and mechanical 

transplanting rice fields, bensulfuron is active 
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at a rate as low as 30 - 70 g ai/ha and has a 

good herbicidal activity on most annual and 

perennial weeds in the rice fields. This is used 

as a mixture with pretilachlor, butachlor, 

mefenacet and other grass-killing herbicides 

for the effective control of grassy weeds. The 

mode of action by bensulfuron-methyl is 

similar to other sulfonylurea herbicides. The 

primary site of bensulfuron-methyl is the 

inhibition of ALS (acetolactate synthase) 

which is an important acid biosynthesis. 

Secondary effects of the cell division and 

retardation of plant growth (Ray, 1984 and 

Takeda et al., 1985). This study was to 

examine and compare the physiological 

responses of differences in weeds showing 

different susceptibility to sulfonylurea 

herbicide which is known for representative 

herbicide in paddy fields. Singh et al., (2005) 

from pantnagar reported that Bensulfuro-

methyl at 30 to 60 g /ha applied alone or as 

tank mixture with butachlor at 1.0 kg /ha 

reduced the density of all the sedges as well 

as Caesulia axillaris and Commellina 

benghalensis. At higher doses of bensulfuion 

methyl (50 and 60 g /ha), there was almost 

complete control of sedges and non-grassy 

weeds. The differences in grain yields due to 

various doses of bensulfuron-methyl were 

non-significant and yields were at par with 

weed free treatment. Shekhra et al., (2011) 

found that application of bensulfuron methyl 

+ pretilachlor (6.6%) @ 0.06 +0.60 kg a.i/ha 

+ one intercultivation at 40 DAT recorded 

significantly lower weed population and weed 

dry weight and higher grain yield. This was at 

par with Bensulfuron methyl+ pretilachlor 

(6.6%) @ 0.06%+0.60 kg a.i/ha. 

 

Economics 

 

Weed management should be practiced by 

least expensive available technology that does 

not interfere with other phases of crop 

production or human activities. Any weed 

control measure should be used only when its 

results are expected to be more economically 

beneficial then the results of not using any 

control measures (Moody, 1993). Marginal 

benefit cost ratio and net returns are the best 

ways to assess the economic viability of a 

particular weed control treatment. Hand 

weeding is the predominant method of weed 

control. However low cost chemicals are 

being effectively used (De Dutta, 1974) often 

in combination with limited hand weeding, 

this appears to be economical in many 

situation. Pretilachlor and butachlor recorded 

good net return. Pretilachlor 625 g/ha was 

reported more economical as compared to 

butachlor 1250 g/ha getting good yield as well 

as cost benefit ratio (Sharma and Upadhyay, 

2002). Chlorimuron-ethyl + metsulfuron-

methyl fb 2,4-DEE (0.025 fb 0.5 kg/ha) 

recorded highest net returns (Rs18070/ha) and 

benefit: cost ratio (1.99).  

 

Veeraputhiran and Balasubramanian (2012) 

recorded higher economic benefits like net 

income and benefit cost ratio with the post-

emergence application of bispyribac-Na at 

25g/ha than all the other weed management 

treatments under Madurai situations. 

 

Weeds pose a major problem in rice 

production as they not only compete with 

crop but also hinder the quality of rice 

produce. Any delay in weeding will lead to 

increased weed biomass as a result there is 

drastic reduction in total yield of the crop. 

Therefore, to avert the economic losses a 

broad spectrum weed control should be 

affective during the life cycle especially 

during the critical stages of rice crop. 

Effective control of weeds in rice could be 

achieved with pre-emergence herbicide use of 

Pretilachlor, Penoxsulam, Pyrazosulfuron. 

Among the post emergence herbicides use of 

Chlorimuron-ethyl + Metsulfuron-methyl, 

Ethoxysulfuron, Bispyribac sodium gives 

promising results. But for the effective control 

of weeds combination of pre and post 
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emergence herbicides is most effective 

method foe broad spectrum weed control in 

transplanted rice. 
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