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ABSTRACT 
 

Farmers view weeds as the number one barrier to organic rice production. Also, organic rice-
growing farmers feel weed management is their number one priority, so they need more research 
about weed management under organic conditions from the researchers. Weeds can be 
considered a significant problem because they have a tendency to decrease crop yields by 
increasing competition for moisture, sunlight and nutrients also serving as host plants for pests and 
diseases. Since the development of herbicides, farmers have been used these chemicals to 
eradicate weeds from their fields. Using herbicides not only increased crop yields as well as 
reduced the labour required to remove weeds. Today, some farmers have a renewed interest in 
organic methods of managing weeds since the widespread use of agrochemicals has affected the 
environment and health. It has also been found that in some cases herbicides use can cause some 
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weed species to dominate fields because the weeds develop resistance to herbicides. Moreover, 
some herbicides are destroying weeds that are harmless to crops, resulting in a potential decrease 
biodiversity. It is important to understand that under an organic system of seed control, weeds will 
never be eliminated but only managed. Consistent methods of weed management can reduce the 
costs and contribute to economical crop production without endangers the environment. 
 

 
Keywords: Azolla; botanicals; integrated weed management; organic rice production.  
 
1. INTRODUCTION 
 
Rice is one of the major crops that receives 
higher quantity of fertilizers and pesticides. The 
rampant use of chemical and fertilizers 
contributes largely to the deterioration of the 
environment and soil fertility which has adverse 
impact on agricultural productivity and soil 
degradation. Now, there is a growing realization 
that the adoption of ecological and sustainable 
farming practices can only reverse the declining 
trend in the global productivity and environment 
protection. Organic farming is one among the 
broad spectrum of production systems that is 
supportive of the environment [1]. Organic 
farming is defined as production system which 
avoids or largely excludes the use of 
synthetically compounded fertilizers, pesticides, 
growth regulators and livestock feed additives to 
the maximum extent feasible. Organic materials 
(animal waste, plant waste, bio agent, etc.) are 
the safer sources of plant nutrient without 
causing any detrimental effect to crops and soil. 
However, after the industrial revolution, 
widespread introduction of inorganic fertilizers 
led to a decline in the use of organic material in 
the cropping systems. Today, the awareness on 
organic agricultural produce is increasing and the 
demand for organic food is also rising, leading to 
increase in land area under organic farming [2]. 
About 71.5 million ha of land is under organic 
farming worldwide with 2.8 million producers [3]. 

 
Irrespective of the method of rice establishment, 
weeds are a major impediment to rice production 
through their ability to compete for resources and 
their impact on grain yield and quality. Weeds 
are responsible for heavy rice yield losses under 
extreme conditions. Uncontrolled weeds reduced 
the rice yield by 62.6% under transplanted 
conditions [4]. It is estimated that every year, 
weeds cause yield losses ranging from 15 to 
76% in rice [5,6,7,8,9,10]. Experiments showed 
that yields were comparable across all 
establishment methods of rice when competition 
from weeds was removed. Thus, weed control is 
major pre-requisite for improved rice productivity 

and production using different methods of rice 
establishment.  
 

Although weeds can be effectively managed 
through herbicides, the use of herbicides is affect 
the soil properties environment quality and 
human health. Hence organic weed management 
practices is the alternate option to control the 
weeds in organic rice production system. Organic 
weed control encourages weed suppression 
rather than elimination. This is done by 
promoting soil health through a combination of 
crop rotation, cover crops, biologically based bio-
fertilizers, manure, compost and mulch. Proper 
management through organic methods offer 
varied benefits over chemical herbicides, 
including increased biodiversity, improved soil 
nutrition and structure, and protection of ground 
and surface water [11]. In this context review has 
been made to study the effects of various weed 
management practices in the organic rice 
production system. 
 

2. WEED MANAGEMENT PRACTICE IN 
ORGANIC RICE PRODUCTION 

 
2.1 Manual Weed Control 
 
Hand weeding in transplant crop was relatively 
easy, because the seedlings planted in rows 
between which the weeder can walk [12]. Prasad 
et al. [13] reported that manual weeding in 
transplanted rice recorded more number of tillers, 
panicles, filled grains, 1000 grain weight, grain 
yield and straw yield in comparison to chemical 
methods. They further opined that the traditional 
method of weed control practice in India was 
manual weeding by hoe and hand pulling.  
 
Usually, hand weeding was practiced two or 
three times for growing a rice crop depending 
upon the nature of weeds, their intensity and the 
method of rice establishment. Hand weeding 
twice at 20 and 45 days after sowing (DAS) or 
day after planting (DAT) for broadcast or 
transplanted crop had been found superior to the 
chemical weed control for all the growth and yield 
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attributes [14,13,15,16]. Higher weed control 
efficiency of 93.1% was recorded in hand 
weeding treatments [17]. The maximum values of 
yield attributing characters like tillers, panicle 
length, grains panicle-1, grain weight plant-1, test 
weight as well as grain yield under manual 
weeding twice was also reported [18,19].  
 
Hand weeding twice at 20 and 40 DAT resulted 
in significantly lower weed density and dry weight  
[20] and recorded the highest weed control 
efficiency (Kathirvelan and Vaiyapuri [21] and 
Patra et al., 2006). Hand weeding twice was 
found superior to other treatments with 100% 
control of weeds in rice [22]. According to 
Sharma [23], two hand weeding, one as early as 
possible i.e., 10-15 days after transplanting and 
the second 25-50 days later were generally 
sufficient in rice field. 
 
Jayadeva et al. [24] and Subhalakshmi and 
Venkataramana [25] found that hand weeding at 
20 and 40 DAT recorded the highest plant height, 
dry matter production, tillers m-2, nutrient uptake 
by crop and highest grain and straw yields of 
rice. The maximum values of yield attributing 
characters like tillers, panicle length, grains 
panicle

-1, 
grain weight plant

-1
, test weight                   

as well as grain yield recorded under manual 
weeding twice was reported by Sureshkumar       
et al. [26] 
 
Jagtap et al. [27] reported that in case of drilled 
rice the yield attributing characters like number of 
panicles m

-2
, length of panicle, filled grains 

panicle-1, weight of filled grains panicle-1 and test 
weight were significantly higher under weed free 
check and hand weeding twice than the 
remaining weed control treatments control 
(unweeded). 
 
2.2 Mechanical Weed Control 
 
Mechanical weeding is generally economical, 
non-polluting without residual problems and 
relatively safe to the operator [28]. Mechanical 
weed control through the use of rotary weeder or 
other implements helped in minimizing weed 
competition, besides improving soil aeration [28] 
and [29]. Chandra and Manna [30] studied the 
effect of different weed management practices in 
transplanted rice grown during summer under 
shallow condition and found that hoeing with the 
use of Japanese rotary weeder twice effectively 
controlled the weeds and increased the grain 
yield by 29.7% over control.  
 

Sarma and Gogoi [31] reported that increased 
plant height was recorded, when weeders were 
operated twice at 20 and 30 days after 
emergence which was attributed to better control 
of weeds particularly, broad-leaved weeds and 
sedges, which emerged during later growth 
stages. In view of the increasing labour scarcity, 
negative impact of indiscriminate herbicide use, 
weed management strategy needs to be 
reoriented towards mechanical means for 
satisfactory monetary benefits. Rotary weeder 
was effective in controlling the weeds present in 
inter row space, but failed to control the weeds in 
intra row space or those in the vicinity of the crop 
[32].   
 

Uphoff [33] emphasized that early and frequent 
weeding was essential in rice, when fields were 
not covered with standing water. The rotary 
weeding three times at 15, 30 and 45 DAT 
recorded better weed control and higher grain 
yield in rice [34,35,36]. However, the problem of 
incorporation of perennial weeds and vegetative 
propagated weeds might result in faster 
regeneration of those under mechanical weeding 
[37]. The cost of weeding for labours could be 
reduced by 6.6 and 7.6 times by using rotary 
weeder and cono-weeder, respectively, 
compared to hand weeding [38].  
 

Akbar et al. [39] reported higher weed 
suppression and 25% increased rice yield over 
control under mechanical hoeing and it was 
statistically on par with hand weeding treatment. 
Increased demand for labour and escalated cost 
of agrochemicals together with phytotoxicity 
posed the farming community to think of 
mechanical measures, which would help the rice 
production to free itself from the scourge of weed 
menace with limited labour [40]. 
 

2.3 Cultural Weed Control 
 

Many weeds did not germinate under flooded 
conditions. The increased submergence up to 15 
cm was reported to reduce the germination and 
growth of Echinochloa crusgalli and Leptochloa 
spp. [41,42] and flooding over 10 cm depth at the 
first-leaf stage almost completely suppressed the 
growth of Echinochloa crusgalli and E. praticola 
[43]. On the other hand, emergence and survival 
of some weeds, for example Monochoria 
vaginalis, remained unaffected by deep flooding 
[44,45,46]. The submergence of rice fields was 
required only for few days after transplanting so 
as to discourage weeds and subsequently soil 
saturation was enough [47]. 
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Subbulakshmi and Pandian [48] found that 
adoption of continuous submergence registered 
lower weed density and weed dry matter 
production due to reduced weed population 
caused by possible inhibition of germination of 
weeds under anaerobic conditions. Cultural 
practices greatly altered the competitive 
relationship between rice and weeds. Proper 
agronomic management practices like suitable 
crop establishment method, efficient fertilizer 
use, proper crop stand, selection of competitive 
crop cultivars could play important role in 
providing competitive advantages to low land rice 
against weeds [13].  
 
It was the timing, duration and depth of flooding 
that determined the extent of weed suppression 
by flooding [49].  Singh et al. [4] reported that 
weeds were killed in transplanted rice due to 
puddling effect. Subramanyam et al. [50] found 
that intensive puddling with continuous 
submergence recorded lower weed dry weight. 
Transplanting of rice experienced the lowest 
weed competition thereby recorded the lower 
weed population and dry weight [22] and [51] as 
compared to sowing of sprouted seeds in 
puddled condition and dry drilling of seeds. 
Flooding was one of the most important weed 
management options in lowland rice as many 
weeds would not germinate in anaerobic 
conditions. Intensive puddling with continuous 
submergence was very effective in reducing the 
weed dry weight [50].  
 
Rice bran application under deep flooding 
significantly increased both spikelet number per 
panicle and panicle number, leading to 
substantial increase in total spikelet number per 
unit area and grain yield as compared to deep 
flooding with no rice bran reported by Yan et al. 
[52].  
 
Transplanting and growing rice in submerged 
conditions were probably the first two traditional 
steps towards weed control.  Water served as an 
effective cultural means of weed control in rice, 
as many weeds could not germinate under 
flooded conditions. In transplanted rice 
cultivation, weeds were suppressed by standing 
water and transplanted rice seedlings had a head 
start over germinating weed seedlings [53].  
 
Gnanasoundari and Somasundaram [11] found 
that higher grain yield of rice (4816 kg ha-1) was 
recorded with the application of rice bran at 2 t 
ha-1 on 3 DAT and hand weeding on 35 DAT. 
The favourable conditions created through the 

efficient weed control resulted in lesser weed 
competition between crop and weeds. This 
favoured the crop to produce more leaf area and 
plant dry matter production. The increase in 
number of productive tillers, panicle length and 
number of filled grains panicle

-1
resulted in the 

higher grain yield in application of rice bran at 2 t 
ha

-1
 on 3 DAT. 

 
Bavaji and Somasundaram [54] Mulching with 
biodegradable polyethylene sheet recorded 
consistently higher value of yield components 
viz., panicle length (19.91 cm), fertility 
percentage (85.70) and least sterility percentage 
(14.30), the panicle length was not influenced by 
the adoption of different weed management 
practices. This might be due to decreasing the 
germination and nourishment of weeds and 
keeping the weeds suppressed during the critical 
growth stages. 
 

2.4 Biological Weed Control 
 
Biological control of weeds is the deliberate use 
of natural enemies to reduce the density of a 
particular weed to a tolerable level. The objective 
of biological weed control is not eradication but 
simply the reduction of the weed population to an 
economically low level In fact for biological 
control to be continuously successful, small 
numbers of the weed host must always be 
present to assured the survival of the natural 
enemy. It has most frequently been applied 
against these alien weeds and attempts are 
made to restore the natural control of these weed 
pests by introducing one or more host-specific, 
damaging natural enemies from the native region 
of the weed. The biological control approaches 
are classified into two broad categories: 1. 
Classical or inoculative approach 2. Mass 
exposure or inundative approach. The classical 
approach is based on introduction of host-
specific organisms viz., insects, pathogens, 
nematodes from the weed’s native range into 
regions where the weed has established and 
become a widespread problems. In a mass 
exposure or inundative approach is the bio 
herbicide approach, which involves application of 
weed pathogens in a manner similar to herbicide 
applications Reddy, [55]. 
 

Boyette et al. [56] reported that the endemic 
fungus Colletotrichum gloeosporioides f. sp. 
Jussiaeae reduced winged water primrose in 
rice. It controlled>80% of weed plants in rice 
after four weeks. Dubey [57] conducted research 
on the beetle’s ability to suppress weeds in the 
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rice field as well as under caged conditions. In 
the field, Steel blue beetles (Haltica cyanea 
Web.) were released in plots planted with rice, 
under presence of sedges, Sphenocleazey lanica 
Gaertn. and Ludwigia parviflora Roxb, which are 
common weeds of puddled transplanted rice 
fields. It was observed that the beetles 
completely denuded the Ludwigia, without 
harming the rice crop. 
 
The rust fungus Puccinia canaliculata (Schw.) 
Lagerh. having the potential for controlling yellow 
nutsedge (Cyperus esculentus L.). Release of 
the pathogen early in the spring on seedling 
yellow nutsedge reduced plant populations, tuber 
formation, and flowering reported by Phatak         
et al. [58]. The water lily aphid Rhopalosiphum 
nymphaeae L. Controlled duck salad 
(Heteranther alimosa) biomass by 58-87% and 
seed pods by more than 82%, without causing 
any noticeable damages to rice [59]. 
 
Nagargade et al. [60] reported that COLLEGO, a 
powder formulation of Colletotrichum 
gloeosporioides (Penz.) Sacc. f. sp. 
aeschynomene, was control of northern joint 
vetch (Aeschynomene virginica L.) in rice. The 
practices of ducks [61] and water birds [62] were 
also found effective in managing weeds and 
therefore it have used as a components of weed 
management in direct seeded rice systems 
(DSR). The combination of common carp and 
grass carp in the irrigated lowland rice-fish 
farming system recorded good suppression of 
Fimbristylis miliacea, Cyperus iria and Sripus 
maritimus [63]. 
 
2.4.1 Use of Azolla for weed control 
 
Watanabe [64] estimated that azolla contained 3 
to 6, 0.5 to 0.9 and 2.0 to  
4.5% N, P and K, respectively on dry weight 
basis, besides secondary and micro nutrients. 
According to Liu [65] application of azolla to rice 
resulted in an average yield increase of          
18.6%. Dual crop of azolla produced higher grain 
yield in addition to supplying N equivalent to 30 
Kg ha

-1 
[66]. Azolla when inoculated in rice fields, 

covered the water surface rapidly and 
suppressed the weeds to the tune of 60 to 100 % 
depending on the weed species [67,68] and [69]. 
 
However, weeds with strong nature and 
abundant food supply could pierce through azolla 
mat and weeds growing above the water surface 
before mat formation and largely floating weeds 
were unaffected by azolla [70]. Janiya and 

Moody [71] reported that azolla inoculation 
reduced the weed dry weight by 80 % as 
compared to un-inoculated control. A thick layer 
of azolla was found to ward off Marselia 
quadrifolia [72]. Rapid growth and multiplication 
of azolla limited weed growth and probably 
altered their gas exchange, light penetration and 
temperature [73]. 
 
It was evident from the experimental findings that 
Azolla intercropping (dual cropping) with rice 
significantly reduced the weed population that 
ranged from 4 to 72% over control. This 
reduction may be primarily due to the dense mat 
of Azolla which developed a few days after 
inoculation and effectively reduced light available 
for weed growth [74]. Azolla as dual culture 
recorded significant increase in the tiller number, 
plant height, and number of panicles, 1000 grain 
weight and yield [75,76]. Azolla incorporation 
increased the plant height as well as grain and 
straw yields during both dry and wet seasons 
[77].  
 
Sreenivasan and Veerabadran [78] noticed that 
azolla significantly suppressed the weed growth 
in rice up to 45 days and further that the 
suppression was more at 45 days than 30 days 
probably because of the thick mat development 
at 45 days. Addition of azolla in rice fields 
suppressed the weeds like Echinochloa crusgalli 
and Cyperus difformis and the degree of 
suppression increased with increase in 
percentage of azolla cover and water depth [79]. 
Azolla intercropping significantly reduced the 
weed density [80,81]. The ability of azolla to 
multiply very fast resulted in reduction of weeds 
in flooded rice fields [82]. Gnanasoundari and 
Somasundaram [11] reported that growing of 
azolla as a dual crop with rice resulted in 
significantly more tillers, longer panicles and 
more spikelet. 
 
2.4.2 Use of botanicals for weed control 
 
Many farmers in Japan spread rice bran and 
hulled soybeans in their rice fields as a form of 
weed control. Japanese farmers use rice bran 
(200 g m-2) for weed control and as a fertilizer for 
transplanted rice, resulting in weed reduction and 
high-quality grain [83]. Rice hulls at half or one 
inch depth provided 100% weed control. No 
weeds grew in these pots.  
 
Kuk et al. [84] stated that rice by-products could 
reduce weed emergence and shoot weight in 
broadleaf species. The weed population was 
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decreased by the application of rice bran at 5 
days after rice transplanting, and the weed 
occurrence rate decreased by 68% after the 
application of 3.5 Mg ha

-1
. Rice bran application 

in combination with deep flooding not only 
effectively suppressed major paddy weeds 
without herbicide use but also increased grain 
yield by increasing soil mineral nitrogen 
concentration.  
 
Rice bran farming had been increasingly adopted 
in farmers fields. Only a few studies have 
addressed the potential use of rice bran for 
paddy weed control and soil amendment          
[85,86]. Kim et al. [85] reported that rice bran 
application under shallow flooding conditions 
suppressed the occurrence of Scirpus juncoides, 
Monochoria vaginalis and Cyperus serotirus 
substantially but not the occurrence of 
Echinochloa crusgalli.  
 
Kuk et al. [86] reported that the aqueous extracts 
of rice bran could suppress the germination and 
early growth of some paddy weeds; the aqueous 
extracts of rice bran significantly inhibited the 
germination and early growth of Eclipta prostrate 
even at the low concentration of the extract but 
Echinochloa crusgalli to a much lesser extent. 
Maeda et al. [87] also mentioned that scattering 
rice bran on the surfaces of fields effectively 
controlled both the germination and growth of 
weeds. Rice bran application at 7 DAT for weed 
suppression significantly increased mineral 
nitrogen concentration in the top soil during 
tillering stage providing much more available 
nitrogen for rice growth [88]. Gnanasoundari and 
Somasundaram [11] reported that the aqueous 
extracts of rice hull solution 50% spray had much 
effect on the weed control. 
 
Nongmaithem et al. [89] found that Ocimum 
sanctum extracts 5% (w/v) gave highest grassy 
weed population control while Ageratum 
conyzoides extract 5%(w/v) gives highest broad 
leaf weed population control .Again an another 
experiment it was shown that higher growth and 
yield of seasame and green gram under 
Ageratum conyzoides extract but higher harvest 
index and soil nutrient status under Ocimum 
sanctum extracts [90] 
 
Gayatri and Mahadev [91] concluded that 
application of either Cucumis sativus leaf extract 
or Bambusa vulgaris leaf and shoot extract or 
Echinochloa colonam plant extract or Xanthium 
strumanium leaf extract along with one 
mechanical weeding at 30 DAT can be used as 

an effective weed control measures in 
transplanted paddy field. 
 

3. CONCLUSION 
 
From the above review of literature, it can be 
concluded that instead of being an obstacle to 
progress, traditions may become an integral part 
of it. By adopting organic agriculture, farmers are 
challenged to take on new knowledge and 
perspectives and to innovate. This leads to an 
increased engagement in farming which can 
trigger greater opportunities for rural employment 
and economic uplifting. Thus, through greater 
emphasis on use of local resources and self-
reliance, conversion to organic agriculture 
definitely contributes to better socio-economic 
status of farmers and local communities. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Ramesh P, Panwar NR, Singh AB, 

Ramana S, Sushil KY, Rahul S, Subba 
Rao A. Status of organic farming in India. 
General Article. Current Sci. 2005;98(9): 
54-57. 

2. Pandi SM, Sunil CM, Shekara BG, 
Kalyanamurthy KN, Shankaralingappa BC. 
Growth and yield of aerobic rice as 
influenced by integrated weed 
management practices. Indian J. Weed 
Sci. 2013;42(3&4):180-183. 

3. Willer, Helga, Bernhard S, Jan T, Laura K, 
Julia L, Eds. The world of organic 
agriculture. Statistics and emerging trends 
2020. Research Institute of Organic 
Agriculture (FiBL), Frick, and IFOAM – 
Organics International, Bonn; 2020. 

4. Singh VP, Singh G, Singh SP, Kumar A, 
Singh Y. Effect of rice–wheat 
establishment methods and wheat 
management in the irrigated rice–wheat 
production system.In: Workshop on direct 
seeded rice in the rice–wheat system of 
the Indo-Gangetic Plains,  G.B. Pant 
University of Agriculture and Technology, 
Pantnagar, Uttaranchal, India. 1–2 
February, 2005;12. 

5. Singh UP, Singh RK, Singh RP. 
Performance of herbicides and cultivars 
under zero till situation of rainfed lowland 



 
 
 
 

Singh et al.; IJECC, 10(12): 519-528, 2020; Article no.IJECC.64468 
 
 

 
525 

 

rice eco-system. Indian J. Weed Sci. 2004; 
36(1&2):122-123. 

6. Mondal MD, Oerke EC, Dehne HW. 
Safeguarding production losses in major 
crops and the role of crop protection. Cr. 
Protec. 2005;23:275-285. 

7. Rao AN, Nagamani A. Available 
technologies and future research 
challenges for managing weeds in dry-
seeded rice in India. In: Proc. 21st Asian 
Pac. Weed Sci. Conference. 2010;391-
401. 

8. Mishra JS, Khaliq A, Matloob A. Weed 
crop competition period in three fine rice 
cultivars under direct seeded rice culture. 
Pak. J. Weed Sci. Res. 2012;17(3):229-
243. 

9. Mandal KR, Melander B, Rasmussen IA, 
Barberi P. Integrating physical and cultural 
methods of weed control-examples. Euro 
Res. Weed Sci. 2013;53:369-381. 

10. Yogita G, Singha PK. Dubeya RP, Guptab 
PK.Assessment of yield and economic 
losses in agriculture due to weeds in India. 
Crop Protection. 2018;107:12-18. 

11. Gnanasoundari P, Somasundaram E. Non 
chemical weed management in organic 
rice. Afr. J. Agric. Res. 2014;9(26):2077-
2084. 

12. Heinrichs EA, Palis FV, Moody K, Aquino 
GB. The effects as timing as butachlor 
application on the economics of direct 
seeded rice production. J. Pl. Prot. Tropics. 
1987;4(2):95-100. 

13. Prasad SS, Mishra S, Singh SJ, Effect of 
establishment methods, fertility levels and 
weed management practices on rice 
(Oryza sativa). Indian J. Agron. 2001; 
46(2):216-221. 

14. Chander S, Pandey J. Effect of rice (Oryza 
sativa) culture, nitrogen and weed control 
on nitrogen competition between scented 
rice and weeds. Indian Journal of 
Agronomy. 2001;46(1):68-74. 

15. Dutta R, Gogoi AK, Devine MD. Evaluation 
of weed control practices in direct seeded 
rice. Indian J. Weed Sci. 2005;26:109-111. 

16. Pal PS, Praba ML, Vanangamudi M, 
Thandapani V. Effect of low light on yield 
and physiological attributes of rice. IRRN. 
2009;29:71-73. 

17. Moorthy BTS, Saha S. Bio-efficacy of 
certain new herbicide formulations in 
puddle-seeded rice. Indian J. Weed Sci. 
2002;34:46-49. 

18. Suresh C, Singh OS. Herbicidal effect on 
yield attributing characters on rice in direct 

seeded puddled rice. Agric. Sci. Digest. 
2003;23:75-76. 

19. Dave AK, Sahu RK. Effect of different 
tillage and weeding methods on yield of 
rainfed transplanted rice in Bastar region. 
J. Agril. 2006;11(1):25-29. 

20. Rekha KB, Raju MS, Reddy MD. Effect of 
herbicides in transplanted rice. Indian J. 
Weed Sci. 2003;34(1-2):123-125. 

21. Kathirvelan P, Vaiyapuri, V. Relative 
efficacy of herbicides in transplanted rice. 
Indian J. Weed Sci. 2003;35:257-258. 

22. Singh S, Ladha JK, Gupta RK, Bhushan L, 
Rao AN, Sivaprasad B, SinghPP. 
Evaluation of mulching, intercropping with 
sesbania and herbicide use for weed 
management in dry-seeded rice (Oryza 
sativa).Cr. Protec. 2007;26:518-524. 

23. Sharma SK. Weed management in 
transplanted rice (Oryza sativa) under 
Ghaggar flood plains of North-West 
Rajasthan. Indian J. Agron. 2007;42(2): 
326-330. 

24. Jayadeva HM, Bhairappanavar ST, 
Somashekarappa PR, Rangaswamy BR. 
Efficacy of azimsulfuran for weed control in 
transplanted rice. Indian J. Weed Sci. 
2009;41(3&4):172-175. 

25. Subhalakshmi C, Venkataramana M. 
Growth and nutrient uptake of transplanted 
rabi rice and weeds as influenced by 
different weed management practices. In: 
National Symposium on Weed threat to 
environment, Biodiversity and Agriculture 
productivity, TNAU, Coimbatore. 2009;63. 

26. Sureshkumar R, Ashoka Y, Ravichandran 
S. Effect of weeds and their management 
in transplanted rice-a review. International 
Journal of Research in Applied, Natural 
and Social Sciences. 2016;4(11):165-180. 

27. Jagtap DN, Pawar PB, Sutar MW, Jadhav 
MS, Pinjari SS, Meshram NA. Effect of 
weed management practices on Kharif 
rice- A review. Journal of Research in 
Weed Science. 2018;1(2):37-47. 

28. Mishra A, Sahoo BC. Cultivation of low 
land rice in Orissa. Oryza. 1971;8:225-229. 

29. Shad RA. Improving weed management in 
wetland rice. Prog. Fmg. 1986;6:49-53. 

30. Chandra SB, Manna S. Competitive 
interactions between weedy rice and 
cultivated rice as a function of added 
nitrogen and levels of competition. Weed 
Biol. Manag. 1990;11:202-209. 

31. Sarma SK, Gogoi AR. Weed management 
in transplanted rice (Oryza sativa)       
under Ghaggar flood plains of north-west 



 
 
 
 

Singh et al.; IJECC, 10(12): 519-528, 2020; Article no.IJECC.64468 
 
 

 
526 

 

Rajasthan. Indian J. Agron. 1996;44(3): 
543-547. 

32. Choubey NK, Tripathi RS, Ghosh BC, 
Kolhe SS. Effect of water and weed 
management practices on weed growth 
and performance of transplanted rice. 
Oryza. 1998;35(3):252-255. 

33. Uphoff N. Opportunities for raising yields 
by changing management practices: The 
System of Rice Intensification in 
Madagascar. In: Agroecological 
Innovations: Increasing Food Production 
with Participatory Development. Ed. N. 
Uphoff. London; 2001. 

34. Makarim AK, Balasubramanian V, Zaini  Z, 
Syamsiah I, Diratmadja IG, Handoco PA, 
Arafah, Wardana IP, Gani A. In: Proc. 
Thematic workshop on water-wise rice 
production, 8-11, April, 2002 held at IRRI, 
Los Banos, Philippines. 2002;98-101. 

35. Bhatta K, Tripathi. On-station and on-farm 
studies on system of rice intensification 
(SRI); 2005. 
Available:http://citifad.cornell.edu/sri/countr
ies/nepal/neprupandehihtml 

36. Vijayakumar M, Singh SD, Prabhakaran 
NK, Thiyagarajan TM. Effect of SRI 
(System of Rice Intensification) practices 
on the yield attributes, yield and water 
productivity of rice (Oryza sativa L.), Acta 
Agronomica Hungarica. 2005;52(4):399-
408. 

37. Sudhalakshmi C, Velu V, Thiyagarajan TM. 
Weed management options on the 
dynamics of nitrogen fractions in the 
rhizosphere soil of rice hybrids. Madras 
Agric.Journal. 2005;92(7-9):444-448. 

38. Remesan R, Roopesh MS, Remya N, 
Preman, PS. Wet land paddy weeding-a 
comprehensive comparative study from 
south India. Agricultural Engineering 
International. 2007;9:21. 

39. Akbar N, Sanulla Eh, Khawar J, 
Mohammad AA. Weed management 
improves yield and quality of direct seeded 
rice. Aus. J. Crop Sci. 2011;5(6):688-    
694. 

40. Duary B, Mukherjee A. Distribution pattern 
of predominant weeds of wet season and 
their management in West Bengal, India, 
In: Proceedings 24thAsian-Pacific Weed 
Science Society Conference, Bandung, 
Indonesia. 191-199. October 22-25, 2013. 

41. Bhan VM. Uptake of more important 
mineral components by common field 
weeds on loamy soils. Acta Agrobot. 
1981;39:129-141. 

42. Raju RA, Reddy MN. Performance of 
herbicide mixtures for weed control in 
transplanted rice (Oryza sativa). Indian J. 
Weed Sci. 1987;27:106-107. 

43. Kwon K, Naidu NG, Bhan VM. Effect of 
different groups of weeds and periods of 
weed free maintenance on the grain yield 
of drilled rice. Indian J. Weed Sci. 1996;12: 
151-157. 

44. Pons S. Evolution of rice weed control 
practices and research: World perspective. 
In: Proc. Conf. Weed Control in Rice, held 
at IRRI, Manila, Phillippines. 1982;5-19. 

45. Bhan VM. Effect of hydrology, soil moisture 
regime and fertility management on weed 
population and their control in rice. In: 
Proc. Conference on Weed Control in 
Rice, Aug 31- Sep 4, International Rice 
Research Institute, Los Banos, Philippines. 
1983;47-56. 

46. Sahid AN, Hossan RD. Crop-weed 
competition in upland direct seeded rainfed 
rice. Indian J. Weed Sci. 1995;23:51-52. 

47. Gill VS. Weed-Index. A new method of 
reporting weed control trials. Madras agric. 
Journal. 1994;18(1):77-79. 

48. Subbulakshmi S, Pandian P. Effect of 
weed control on weed growth and grain 
yield of semi-dry rice (Oryza sativa).Indian 
J. Agron. 2001;37(2):317-319. 

49. Mortimer AM, Namuco O, Johnson DE. 
Seedling requirement in direct-seeded rice: 
Weed biology and water management, In: 
Rice is Life: Scientific Perspectives for the 
21

st 
Century. Eds. Toriyama K, Heong KL, 

Hardy B, IRRI, Tokyo and Tsukuba, Japan. 
2005;202-205. 

50. Subramanyam D, Reddy CR, Reddy DS. 
Influence of puddling density and water 
management practices on weed dynamics 
and yield of transplanted rice (Oryza sativa 
L.). Indian J. of Agron. 2007;52(3):225-
230. 

51. Mishra J, Mankotia BS, Bindra AD. Bio-
efficacy of some new herbicides against 
weeds in transplanted rice (Oryza sativa 
L.). Indian J. Weed Sci. 2007;36(1&2):50-
53. 

52. Yan YF, Fu JD, Lee BW. Rice bran 
application under deep flooding can control 
weed and increase grain yield in organic 
rice culture.  J. Cr. Sci. Biotech. 2007; 
10(2):79-85. 

53. Rajkumar C, Rodenburg J, Johnson DE. 
Weed management in rice-based cropping 
systems in Africa. Adv. Agron. 2010;103: 
149-218. 



 
 
 
 

Singh et al.; IJECC, 10(12): 519-528, 2020; Article no.IJECC.64468 
 
 

 
527 

 

54. Bavaji GSR, Somasundaram E. Effect of 
Organic Rice to Weed Management 
Practices on Yield Parameters and 
Microbial Population Grown under Lowland 
Condition. Int. J Curr Microbiol App. Sci. 
2017;6(7):2154-2162. 

55. Reddy SR. Principles of crop production. 
Kalyani Publishers, New Delhi, India. 2015; 
567-569. 

56. Boyette CD, Templeton GE, Smith RJ. 
Control of winged water primrose (Jussiae 
adecurrens) and northern jointvetch 
(Aeschynomene virginica) with fungal 
pathogens. Weed Science. 1979;27:497-
501. 

57. Dubey AN. Biological control of weeds in 
rice fields, Tropical Pest Management. 
1981;27(1):143-144. 

58. Phatak SC, Callaway MB, Vavrina CS.  
Biological control and its integration in 
weed management systems for purple and 
yellow nutsedge (Cyprus rotundus and C. 
esculentus). Weed Technology. 1987;1: 
84-91. 

59. Oraze MJ, Grigarick AA. Biological control 
of ducksalad (Heteranthera limosa) by 
waterlily aphid (Rhopalosiphum 
nymphaeae) in rice (Oryza sativa). Weed 
Science. 1992;40:333-336. 

60. Nagargade M, Singh MK, Tyagi V. 
Ecologically sustainable integrated weed 
management in dry and irrigated direct-
seeded rice. Advances in Plants & 
Agriculture Research. 2018;8(4):319-331. 

61. Furuno T. The power of duck. Integrated 
rice and duck farming, 1st ed. Australia: 
Tagari Publications. 2001;1-17. 

62. Kendig A, Williams B, Smith CW. Rice 
weed control. In: Smith CW, editors. Rice, 
origin, history, technology and production; 
Wiley; New Jersey. 2003;457–472. 

63. Pane H, Fagi AM. Integrated weed control 
to minimize herbicide application in 
lowland rice. Philippines. In: International 
Rice Research Conference. IRRI, Los 
Baños. 1992;23. 

64. Watanabe I. Azolla utilization in rice 
culture. IRRN. 1977;2(3):10. 

65. Liu CC. Use of azolla in rice production in 
China.In: Nitrogen and Rice, Intl. Rice Res. 
Instt. Los Banos, Philippines. 1979; 375-
394. 

66. Kannaiyan S, Thangaraju M, Obliswamy 
G. Production and utilization of azolla for 
rice crop.In: Abstr. 23

rd
 Ann. Microbial. 

Conf., Central Food Technol. Res. Instt. 
Mysore, India. 1982;42. 

67. Muthukrishnan P, Purushothaman S. 
Effect of irrigation, weed and biofertilizer 
management on weed growth and yield of 
IR 50 (Oryza sativa).Indian J. Agron. 1992; 
37(3):456-460. 

68. Kathiresan RM, Vijayabaskaran S. Effect 
of seed rate and methods of weed control 
on weed growth and yield of direct-sown 
rice. Indian J. Agron. 1993;47:212-215. 

69. Divakaran KR, Sundaram MD. Weed 
control efficiency of azolla in lowland rice 
ecosystem. Madras agric. Journal. 1998; 
85(2):123-124. 

70. Lumpkin TK, Plucknett. Azolla – botany, 
physiology and use as a green manure. 
Econ. Bot. 1980;34:111-153. 

71. Janiya JD, Moody K. Weed suppression in 
transplanted rice with Azolla pinnata. Intl. 
Pest control. 1981;23:136-137. 

72. Srinivasan S. Population of the weed 
Marsilea quadrifolia in pots with azolla. 
IRRN. 1981;6(3):22. 

73. Kannaiyan S, Thangaraju M, Obliswamy 
G. Effect of azolla inoculation on weed 
growth in wetland rice. IRRN. 1983;89(4): 
21. 

74. Singh NB, Singh RK and Singh CS. 
Efficient energy channelization for better 
fish production. Indian Farmers Digest. 
1982;15(1):44-46. 

75. Singh G, Singh RA Yadav. Weed 
management in transplanted rice in rainfed 
lowlands. Oryza. 1992;32:21-23. 

76. Gopalaswamy G, Anthoni RS, Abdul KA. 
Dual cropping of azolla and its effect on 
tillering in rice. Madras agric. Journal. 
1994;81:292-293. 

77. Mandal BK, Das NC, Singh YV. Ghosh 
RK. Use of azolla and other organic 
materials for rice production. Oryza. 
1993;30(1):54-59. 

78. Sreenivasan K, Veerabadran V. Effect of 
azolla and weed control in rice. In: Abstr. 
VI Bienn. Conf. Indian. Soc. Weed Sc.        
9-10 Feb, 1995, Annamalai Univ., 
Annamalaingar, India. 1995;19. 

79. Sivakumar C, Kathiresan RM, 
Kalyanasundaram D. Effect of azolla on 
yield and weed suppression in rice.In: 
Abstr. VIII Bienn. Conf. Indian Soc. Weed 
Sci., Banaras Hindu Univ., Varanasi, India. 
1999;6. 

80. Singh PK. Biology of Azollaand blue green 
algae, In: Biofertilizer- Blue Green Algae 
and Azolla. (Eds., Singh PK, Dhar DW, 
Pabby S, Prasanna R, Arora A.).Venus 



 
 
 
 

Singh et al.; IJECC, 10(12): 519-528, 2020; Article no.IJECC.64468 
 
 

 
528 

 

Printers and Publishers, New Delhi, India. 
2000;1-23. 

81. Biswas M. Parveen S, Shimozawa H, 
Nakagoshi N. Effects of Azollaspecies on 
weed emergence in a rice paddy 
ecosystem. Weed Biol. Manag. 2005;5(4): 
176-183. 

82. Pandey J, Noda K, Sukla K. Herbicides for 
weed control in transplanted rice and 
puddle seeded rice. Indian J. Weed Sci. 
2008;22(3&4):7-9. 

83. Bhagat MS, Hassan G, Morimoto T. 
Weeding techniques in transplanted and 
wet-seeded rice. Weed Biol Manag. 1996; 
5:190-196. 

84. Kuk YI, Burgos NR, Talbert RE. Evaluation 
of rice by-products for weed control. Weed 
Sci.2000;49(1):141–147. 

85. Kim JG, Lee SB, Lee KB, Lee DB, Kim JD. 
Effect of applied amount and time of rice 
bran on the rice growth condition. Kor. J. 
Environ. Agric. 2001;20:15-19. 

86. Kuk YI, Shin JS, Kwon OD, Guh JO. Effect 
of aqueous extracts of rice bran on 
inhibition of germination and early growth 
of weeds. Kor. J. Environ. Agric. 2001;20: 
108-111. 

87. Maeda T, Togashi N, Yamasuchi N, 
Shiozawa T. Effect of organic materials 
application after rice transplanting on 
paddy weeds, the growth and yield of rice 
in organic culture. Bulletin of the Research 
Farm: Faculty of Agriculture, Utsunomiya 
University. 2003;20:1-7. 

88. Singh S. Effect of seeding depth and 
flooding duration on the emergence of 
some  rainy season weeds. Indian 
Journal of Weed Science. 2010;42:              
35-43. 

89. Nongmaithem D, Pal D, Ghosh RK. Weed 
control through smothering crops and use 
of plant extracts as bio herbicides. Indian 
Journal of Weed Science.2012;44(4):251-
254. 

90. Ghosh RK, Shamurailatpam D, Ghosh A, 
Sentharagai S, Labar A, Nongmaithem D. 
Use of botanical herbicides in system 
intensification. Indian Journal of Weed 
Science. 2015;47(4):401-407. 

91. Gayatri D, Mahadev P. Studies on 
efficiency of different botanical herbicides 
on weed management of rice (cv. 
Gobindobhog) Journal of Pharmacognosy 
and Phytochemistry. 2019;8(1):2083-2086. 

 

© 2020 Singh et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/64468 


