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Abstract 

The weed-rice ecological relationship is very complex and dynamic. Weed distribution and successions 

are always affected by management and environmental factors. Weed spectrum and degree of infestation 

in rice field are often determined by rice ecosystems and establishment methods. Due to high weed 

pressure, weed management in direct seeded rice has been a major issue for the researchers and farmers 

as well. Integrated weed management approach based on critical period of crop weed competition, 

involving different direct and indirect control measures, has been developed and widely adopted by 

farmers to overcome weed problem in direct seeded rice in a sustainable way. Weed control methods 

must be sought that are friendlier to the environment and substantially reduce the cost of weed 

management to farmers. Weed competitive and allelopathic rice varieties, seed priming for increased 

weed competitiveness, higher seeding density should be considered as a management strategy. In order to 

devise a sustainable weed management strategy for dry and irrigated dry seeded rice, detailed studies 

need to be done on the biology and ecology of notorious rice weeds, particularly Oryza sativa L. (weedy 

rice), Echinochloa spp., Leptochloa chinensis (L.) Nees, Limnocharis flava (L.) Buch. Commelina 

benghalensis, Ipomoea aquatic, Cyperus iria and Fimbristylis miliacea. This review paper describes 

different approaches, including preventive, cultural approaches, mechanical approach and biological 

approach to manage weeds in dry seeded rice as well as irrigated DSR culture systems. 

 

Keywords: direct seeded rice, critical period of weed control, weed flora 

 

Introduction 

Rice is considered one of the most important staple foods in the world as it supplies the major 

food requirement for more than one half of the world’s population. Traditionally, rice is grown 

by raising rice nursery and transplanting one month old nursery seedlings in a puddle and 

flooded field (Ehsanullah et al., 2007) [22]. This method not only effectively suppresses the rice 

weeds by preventing the light to reach the weeds through a layer of the standing water and also 

provides the rice plants with a better growing environment (Farooq et al., 2011) [24]. However, 

this method of rice establishment requires immense labour and water (Bouman et al., 2007) 
[12]. Out of the total amount of water (~150cm), 20-25cm is used only for puddling (intensive 

cultivation in wet conditions). Puddling breaks soil aggregates, and soil becomes hard after 

drying, leading to the development of cracks and thereafter the water requirement increases 

manifold because of deep percolation through cracks. Puddling also results in poor soil 

physical conditions for establishing and raising succeeding crops (Tripathi et al., 2003) [58]. In 

the backdrop of the declining water resources and reduced availability of the labour, the 

conventionally flooded rice system is losing its sustainability and economic viability. Declined 

water table, increasing costs of diesel and electricity and climatic changes have further 

aggravated the problem. Due to these reasons there is a need to shift from the conventionally 

flooded transplantation to direct seeding. Direct-seeded rice (DSR) is the oldest method of rice 

establishment and prior to the late 1950s, direct seeding was the major method used in 

developing countries (Pandey and Velasco, 2005) [45].  

In India, direct seeding of rice is largely a low-productivity system more common in rainfed 

areas. Direct seeding offers such advantages as faster and easier planting, reduced labour and 

drudgery, earlier crop maturity by 7–10 days, more efficient water use and higher tolerance of 

water deficit, fewer methane emission (Dry-seeded-DSR<Wet-seeded-DSR<Transplanted 

Rice), and often higher profit in areas with an assured water supply (Balasubramanian and  

Hill, 2002) [6]. Direct seeding also eliminates the use of seedlings and related operations such 

as seeding, nursery preparation and care of seedlings, pulling, bundling, transporting, and 

transplanting (Serrano, 1975) [52].  
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Direct seeding is a good alternative of transplanting and yield 

potential of DSR is equivalent to the transplanted rice under 

good water management and weed control conditions (Awan 

et al., 2011) [4]. Direct seeding of rice is accomplished by 

either of the methods as water seeding, wet seeding and dry 

seeding (Farooq et al., 2011) [24]. A DSR crop grown without 

standing water, intended to use less irrigation water than 

conventional flooded rice, is referred as aerobic rice. Dry-

seeding of rice with subsequent aerobic soil conditions 

eliminates the need of puddling and maintains submerged soil 

conditions, thus reducing the overall water demand and 

providing opportunities for water and labour savings (Sharma 

et al., 2002) [53]. However, weeds are a serious problem 

because dry tillage practices and aerobic soil conditions are 

conducive for germination and growth of weeds, which can 

cause grain yield losses from 50 to 90% (Prasad et al., 2011) 
[47]. The productivity of the DSR is often reported to be lower, 

mainly due to problems associated with weed management. In 

order to save water and labour and promote conservation 

agriculture, with no/reduced tillage, it is absolutely essential 

to replace puddled transplanting with direct seeding. 

Therefore, an efficient and economic weed management 

program is necessary to control different types of weeds 

throughout the cropping period. Hand weeding though 

efficient is expensive, time consuming, difficult and often 

limited by scarcity of labour in time. On the other hand, 

herbicides offer economic and efficient weed control if 

applied at proper dose and stage. However, the continuous use 

of single herbicide or herbicides having the same mode of 

action may lead to the weed resistance problem and also weed 

shifts. Hence it is necessary to test some high efficacy 

herbicides to control mixed weed flora in direct seeded rice. 

 

Status of DSR   

The yield levels of DSR are comparable to the conventional 

tillage-transplanted rice (CT-TPR) in many studies. Some 

reports claim similar or even higher yields of DSR with good 

management practices. For instance, substantially higher grain 

yield was recorded in DSR (3.15 t/ha) than TPR (2.99 t/ha), 

which was attributed to the increased panicle number, higher 

1000 kernel weight and lower sterility percentage (Sarkar et 

al., 2003) [51]. In addition to higher economic returns, DSR 

crops are faster and easier to plant, having shorter duration, 

less labour intensive, consume less water (Bhushan et al., 

2007) [10], conducive to mechanization (Khade et al., 1993), 

have less methane emissions (Wassmann et al., 2004) [59] and 

hence offer an opportunity for farmers to earn from carbon 

credits than TPR system (Balasubramanian and Hill, 2002) [6]. 

Dry-seeding reduces the overall water demand by reducing 

losses due to evaporation, leaching, percolation and amount of 

water needed for land preparation etc. (Bouman and Tuong, 

2001) [1]. Direct-seeding also offers the option to resolve 

edaphic conflicts (between rice and the subsequent non-rice 

crop) and enhance sustainability of the rice based cropping 

system and succeeding winter crops (Farooq et al., 2008) [23] 

in India.  

 

Yield loss due to weeds in DSR:  

The concurrent emergence of competitive weeds, absence of 

water to suppress the weeds at the time of seedling emergence 

and prevalence of difficult to control weeds are the major 

reasons for the severe infestation of weeds in DSR. Weeds 

will adversely affect the yield, quality and cost of production 

due to competition for various growth factors (Singh, 2008). 

Because of wide adaptability and faster growth, weeds 

dominate the crops habitat and reduce the yield potential 

(Rao, 2011). Yield loss depends on several factors such as 

associated weed flora, degree of infestation, rice ecosystem, 

growing season, cultivar raised, cultural and management 

practices followed. On an average, yield loss, due to weed 

competition ranges from 15 to20 per cent, but in severe cases 

it may exceed 50 per cent (Hasanuzzaman et al., 2009) or 

even complete crop failure (Jayadeva et al., 2011). Based on 

studies conducted at Rice Research Station, Moncompu, Raj 

et al. (2013b) reported that, season long weed competition in 

wet seeded rice caused 69.71 and 67.40 per cent reduction in 

grain yield during kharif and rabi season, respectively. The 

risk of yield loss from weeds in direct- seeded rice is greater 

than transplanted rice (Rao et al., 2007) [49]. Ramzan (2003) 
[48] reported yield reduction up to 48, 53 and 74% in 

transplanted, direct seeded flooded and direct seeded aerobic 

rice, respectively. Aerobic rice is subject to much higher weed 

pressure with a broader weed spectrum than flood-irrigated 

rice (Balasubramanian and Hill, 2002) [6]. In tropic, average 

rice yield losses from weeds is 35% (Oerke and Dehne, 2004) 
[43], while in direct seeded aerobic rice, yield penalty is as high 

as 50-91% (Rao et al., 2007) [49]. Sunil et al. (2010) [56] as 

stated, season-long weed competition in direct seeded rice 

may cause yield reduction up to 80%. Weed problem is 

sought to be addressed from two basic points of view: weed 

control and weed management. Control approach only 

emphasizes on reduction of weed pressure and the 

management approach, by contrast, focuses on keeping weed 

infestation at a level compatible with environmentally and 

economically sustainable production. However, different 

weed control options are available for rice. Physical control 

are eco-friendly but tedious and labor-intensive (Roder and 

Keobulapha, 1997) [50]. Other problems include delayed 

weeding due to unavailability of labor damage to the rice 

seedlings and mistaken removal of rice seedlings. Biological 

control by using different bio-agents (Smith, 1992) [54] and 

mycoherbicides (Thi et al., 1999) [57] are practiced in irrigated 

lowland rice, but these may not be effective under aerobic soil 

conditions. Chemical control, on the contrary, is the most 

effective, economic and practical way of weed management 

(Anwar et al., 2012a) [1]. 

 A single weed control approach may not be able to keep 

weeds below the threshold level of economic damage, and 

may results in shift in the weed flora, resistance development 

and environmental hazards. Therefore, adoption of diverse 

technology is essential for weed management because weed 

communities are highly responsive to management practices 

(Buhler et al., 1997) [17]. Besides, farmers are now becoming 

increasingly interested in more inclusive weed management 

strategy to reduce herbicide dependence (Blackshaw et al., 

2005) [9]. Therefore, while addressing environmental concern, 

all the methods that are ecologically and economically 

justifiable should be integrated in a comprehensive way, 

known as integrated weed management (IWM). 

 

Critical period of crop-weed competition:  

Crop-weed competition is more severe in DSR than in 

transplanted rice. Because weeds and rice seedlings emerge 

simultaneously, competitive advantage of the crop is reduced 

and also the alternate events of wetting and drying enhance 

growth of weeds. When competing, plants have similar 

vegetative habits and demand on resources, and then 

competition becomes severe. The severity of competition 

depends not only on competing species but also on its density, 

duration and the fertility status of the soil. According to Singh 
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(2008), in DSR it is important to minimize the crop-weed 

competition during the early stages of the crop before it forms 

a closed leaf canopy. Weed control during the critical weed-

free period is essential to reduce the weed competition and for 

effective utilization of available resources for enhanced 

productivity. In DSR, the critical period of weed competition 

has been reported to be 14- 41 days after sowing (Chauhan 

and Johnson, 2011). Azmi et al. (2007) reported that critical 

period for weed control under mixed weed infestation in DSR 

was from 12 to 60 DAS. The effective control of weeds at 

initial stages of rice growth (0 to 40 DAS) could help in 

improving the productivity of DSR (Maity and Mukherjee, 

2008). Singh (2008) opined that a weed free situation for first 

60 or 70 DAS produced yield comparable with weed free 

situation until harvesting. The competition in DSR beyond 15 

days after seeding may cause significant reduction in grain 

yield. 

 

Weed-competitive cultivar  

Rice cultivar with strong weed competitiveness is deemed to 

be a low-cost safe tool for weed management (Gibson and 

Fischer, 2004). Extensive variation in weed competitiveness 

among rice genotypes have been documented (Zhao et al., 

2006a) [60]. Differences in weed suppressive ability among 

rice genotypes have been recorded up to 75% (Garrity et al., 

1992) [27]. Competitive rice cultivar effectively suppressed the 

infestation of Echinochloa spp. and helped reduce herbicide 

dependency (Gibson et al., 2001) [25]. Allelopathic rice 

cultivars can contribute to weed suppression (Olofsdotter, 

2001) [44]. Many potential allelopathic rice cultivars have been 

reported to inhibit weed growth significantly (Lin et al., 2000) 
[39]. Weed competitiveness of rice is often associated with 

traits like early plant height (Caton et al., 2003) [18], tillering 

ability (Fischer et al., 1997), early crop biomass (Ni et al., 

2000), early vigor (Zhao et al., 2006a) [60], leaf area index 

(Dingkuhn et al., 1999) [3], specific leaf area (Audebert et al., 

1999) [3], root characteristics (Fofana and Rauber, 2000) [26] 

and allelopathy (Dilday et al., 1994) [20].  

 

Seeding density  

Crop seeding density can be viewed as a possible strategy to 

decrease weed pressure and reduce herbicide dependence 

(Anwar et al., 2011). Seeding density of a crop determines 

solar radiation interception, canopy coverage and biomass 

accumulation which have cumulative effect on its weed 

suppressive ability. Higher seeding rate develops canopy 

rapidly and consequently suppresses weeds more effectively, 

and in contrast, lower seeding rate results in sparse stands and 

encourage weed growth (Guillermo et al., 2009) [30]. Higher 

seeding rate favors rice more than weeds and increases yield 

under weedy conditions (Phuong et al., 2005) [46]. It is evident 

that Echinochloa crussgalli and Leptochloa chinensis 

densities were reduced at higher rice seeding rates of 200 

kg/ha and 100 kg/ha, respectively (Hiraoka et al., 1998). 

Higher seeding rate of rice, especially under aerobic soil 

conditions has been advocated not only for weed control but 

also for avoiding higher risk of poor seedling establishment 

associated with lower seeding rates (Anwar et al., 2011). 

Under aerobic soil conditions, higher seeding rate of 500 

seeds/m2 reduced weed growth and increased crop yield 

compared to a lower seeding rate of 300 seeds/m2 (Zhao et al. 

2007). Anwar et al. (2011) opined that direct seeding with 

300 rice seeds/m2 successfully suppressed weeds under 

aerobic soil conditions. Influence of rice seeding method on 

weed growth, and row seeding in east-west direction resulted 

in lower yield loss under weedy condition (Phuong et al., 

2005) [46]. Boyd et al. (2009) [13] also reported that planting 

uniformity shows a positive impact on the competitive ability 

of a crop. Combination of increased crop density and more 

uniform plating for better weed suppression has been 

emphasized by many researchers (Weiner et al., 2001; Boyd 

et al., 2009) [13], who concluded that row seeding allows for 

weeds to utilize the light between the rows, while evenly 

distributed crops compete better with weeds. In contrast, 

Castin and Moody (1989) did not suggest higher seeding rates 

for rice when herbicides are available for effective weed 

control. As stated in several studies higher seed rate may 

bring about problems of mutual shading and intra-specific 

competition for resources, and may cause problems like 

lodging, insect and disease infestation and rat damage (Bond 

et al., 2005).  

 

Seed quality  

Direct seeding method is expected to continue in the future 

because of scarcity in labor supply and escalation in overall 

production cost. As a result, the amount of seeds required per 

hectare of land is increased by several folds. Certified seeds 

produced through transplanting method, which is the 

recommended practice for seed production. Rice seeds 

contaminated with weedy rice seeds are important 

contributory factors to weedy rice infestation in the rice fields 

(Mai et al., 1998). The spread of weedy rice to uninfected 

fields has occurred in Europe and Southeast Asian countries 

by the distribution of rice seeds contaminated with weedy rice 

seeds to the farmers (Ferrero. 2003).  

 

Seed priming  

Beneficial effects of seed priming include increased 

germination rate, synchronized germination and faster 

emergence of seedlings (Anwar et al., 2012b). The traits 

closely associated with weed competitiveness of rice include 

early height growth rate, early crop biomass (Ni et al., 2000) 

and early vigor (Zhao et al., 2006b), which can be obtained 

through higher and faster germination of primed seeds. 

Therefore, seed priming is supposed to play a significant role 

in weed suppression. Besides, poor germination under aerobic 

soil condition (Balasubramanian and Hill, 2002) [6] results in 

sparse and patchy stands, which encourages weed growth 

(Guillermo et al., 2009) [30] and reduces the competitive 

ability of rice against weeds (Boyd et al., 2009) [13]. Higher 

and synchronized emergence of primed seeds can ensure 

vigorous crop stand with rapid canopy development giving 

rice plants a preliminary advantage over weeds (Anwar et al., 

2012b) [2]. Due to seed priming, rice seedlings could compete 

more successfully with weeds (Harris et al., 2002) [33]. A 

robust seedling stand obtained from primed seeds enhanced 

rice competitiveness against weeds and improved tolerance to 

environmental stress (Ghiyasi et al. 2008) [28]. 

 

Tillage 

The importance of thorough land preparation to minimize 

weed pressure is well recognized. Tillage can affect weed 

community through the changes in weed seed distribution in 

the soil. Primary tillage can reduce annual weed populations, 

especially when planting is delayed to allow weed seeds to 

emerge before final tillage (Buhler and Gunsolus, 1996) [16]. 

While shallow tillage before crop emergence and post plant 

tillage after crop establishment help remove annual weeds and 

inhibit the growth of perennial weeds (Buhler, 2002) [15]. On 

the other hand, zero tillage favors weed infestation (Hach, 
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1999) [31]. Conservation tillage has been criticized particularly 

in relation to lower yields and perennial weed problems which 

results in an increase in herbicide application (Koskinen and 

McWhorter, 1986) [37]. In contrast, presence of crop residue in 

conventional tillage increases weed suppression and tillage in 

darkness can delay and reduce the emergence of certain weed 

species (Jensen, 1995) [35].  

 

Water management  

Water is the “best herbicide”. Every weed species has an 

optimum soil moisture level, below or above which its growth 

is hampered, and therefore time, depth and duration of 

flooding could play an important role in suppressing weeds. 

The importance of water management for controlling weeds 

in rice is well-known but water management is yet to achieve 

its full potential (Hill et al., 2001) [34]. In wet-seeded rice, 

early flooding at 4 DAS can reduce weed infestation, 

particularly barnyard grass densities (Hach, 1999) [31]. Water 

depth influence on the efficacy of herbicide has been reported 

by Hach et al. (1997) [32] who found that increased water 

depth enhanced the efficiency of early post emergence 

application of pyrazosulfuron-ethyl but not butachlor and 

thiobencarb.  

 

Fertilizer management  

Manipulation of crop fertilization is a promising approach to 

reduce weed infestation (Di Tomaso, 1995) [19], and may 

contribute to long-term weed management (Blackshaw et al., 

2004) [8]. Fertilizer management should be aimed at 

maximizing nutrient uptake by crop and minimizing nutrient 

availability to weeds (Di Tomaso, 1995) [19]. Since most of the 

annual weeds germinate from the top few millimeters of the 

soil, fertilizers broadcast on the top soil would give the weeds 

equal chance to utilize nutrient together with the crop 

(Melander et al., 2005) [40]. Nitrogen fertilizer has been 

reported to break weed seed dormancy and influence weed 

densities. Many weed species consume high amount of N and; 

thus, reduces N availability for crops. Several researchers 

observed that weeds became less competitive when N was 

applied at early growth stages of crop compared with later 

application, and weeds are found to be more responsive to 

added N than that of crop (Blackshaw et al., 2000) [7]. 

However, review on fertilizer management and crop-weed 

interaction has generated conflicting conclusion (Blackshaw 

et al., 2004) [8]. It is not always recognized that fertilizer 

management can affect crop weed competitiveness, and 

results may be crop and weed specific (Blackshaw et al., 

2004) [8]. Fertilizer management can definitely alter the 

competitive balance between crops and weeds, but methods to 

incorporate it into integrated weed management are yet to be 

developed (Buhler, 2002) [15]. 

 

Integrated weed management  

Until 1940s, weed control was accomplished through physical, 

cultural and biological means. Since the introduction of 

herbicides in late 1940s, their amazing performance led to the 

belief that herbicide would solve the weed problem forever. 

But, after over 50 years of extensive use of herbicides, it is 

now clear that sole reliance on herbicide is a losing strategy. 

Herbicides are often blamed for environmental pollution 

(Spliid and Koeppen, 1998) [55] and impoverishment of the 

natural flora and fauna and therefore, over reliance on 

herbicides may bring unwarranted environmental decay and 

shift in weed species dominance (Azmi and Baki, 2002) [5]. 

This demands resurgence of physical, cultural and biological 

weed management, combined with judicious application of 

herbicides- known as integrated weed management (IWM). 

The IWM was first introduced and defined by Buchanan 

(1976) [14] as “the application of many kinds of technology in 

a mutually supportive manner. It involves the selection, 

integration, and implementation of effective weed control 

means with due consideration of economics, environmental, 

and sociological consequences. The IWM better utilizes 

resources and offers a wider range of management options 

(Buhler et al., 2000). Integration of diverse technologies is 

essential for weed management because weed communities 

are highly responsive to management practices and 

environmental conditions (Buhler et al., 1997). A theoretical 

model of IWM has been suggested by Noda, (1977) [42]. None 

of the control measures in single can provide acceptable 

levels of weed control, and therefore, if various components 

are integrated in a logical sequence, considerable advances in 

weed management can be accomplished (Swanton and Weise, 

1991). Various agronomic tools have been evaluated for their 

potentiality in managing weeds (Liebman et al., 2001). But, 

all the agronomic tools may not work perfectly with every 

crop or weed species (Blackshaw et al., 2005) [9]. Integration 

of higher seed rate and spring applied fertilizer in conjunction 

with limited herbicide use managed weeds efficiently and 

maintained high yields (Blackshaw et al., 2005) [9].  

 

Conclusions  

Weed management is a fundamental practice, failure of which 

may result in severe losses in terms of yield and economic 

return. Weed is a serious problem in direct seeded rice and 

weed management has been a huge challenge for the weed 

researchers and rice farmers as well. Weeds are dynamic in 

nature and a shift in their abundance and dominance is likely 

with the changes in management practices. Herbicide is the 

smartest and most economic tool to fight against weeds. But 

recurrent use of one herbicide for a long time may result in 

development of herbicide resistant weed biotypes. Integrated 

approaches are suggested for sustainable weed control in 

direct seeded rice, such as the use of clean certified seeds, 

higher seeding densities, cultivation of competitive variety, 

seed invigoration, stale seed bed preparation, crop rotation, 

water and fertilizer management along with rotation of 

herbicides with different mode of actions followed by manual 

weeding and rouging after mid stage of rice growth. 

Moreover, any weed management approach should be aimed 

at controlling weeds only during critical period of weed 

competition for a more cost-effective and eco-friendly weed 

management. A long term changes in weed flora, herbicide 

efficacy, resistance, residual toxicity and environmental 

implications of continuous use of herbicides should be 

properly addressed for sustainability of direct seeded rice 

culture. 
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