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Introduction 
 

Rice is one of the most important cereal crop 

in the world and staple food of the global 

population. Rice is indeed one of the oldest 

types of cereal recorded in the history of 

mankind. Being the major source of food after 

wheat, it meets 43 per cent of calorie 

requirement of more than two third of the 

Indian population. The cultivation of rice in 

intensive subsistence agriculture becomes 

synonymous with agriculture. India is the 

second largest producer of rice in the world 

being superseded only by China in the gross 

annual output. In South Asia, rice was 

cultivated on 60 million hectares (m ha), and 
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Rice is commonly grown by transplanting of seedlings into puddled soil, which is not only 

intensive water user but also cumbersome and laborious. Looming, fresh water scarcity, 

water pollution, competition for water use, growing population, rising demand for food, 

climate change and global warming, water-intensive nature of rice cultivation and 

escalating labour costs have threatened the puddled transplanted rice system.  The 

excessive utilization of natural resource bases and changing climate are leading to the 

negative yield trend and plateauing of rice productivity. The conservation agriculture 

based efficient and environmental friendly alternative management methods to increase 

water productivity in rice cultivation.  Direct seeded rice(DSR) alternative establishment 

method of aerobic rice to sustain productivity of rice as well as natural resources. Aerobic 

rice is a projected sustainable rice production technology, which can reduce water use in 

rice production and produce more rice with less water.  It offers certain advantages viz., 

less labour,  less water requirement, less drudgery, early crop maturity, low  production 

cost, proper placement of seed and fertilizer, increase fertilizer use efficiency,  improve 

soil health for crops and less methane emission, under aerobic rice production system. 

However, the hurdles in achieving potential yield under aerobic system has to be overcome 

by focused research, then only we can make aerobic rice a potentially viable alternative to 

direct seeded rice (DSR). Direct seeded rice can be obtained by adopting various package 

and practices with scientific intervention contribute to increase the productivity and 

profitability of rice in Chhattisgarh state. 
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production was slightly above 225 million 

tonnes (m t) of rice, accounting for 37.5 and 

32 per cent of global area and production, 

respectively (Mohanty, 2014). At present it is 

being grown on an area of about 43.39 m ha 

with the production of 104.32 m t and average  

productivity of 2.4 t ha
-1

. In Chhattisgarh, it 

occupied 3.82 m ha with the production of 

6.09 m t and average productivity of 1.59 t ha
-

1
 (Anonymous, 2016). It shows Chhattisgarh 

has low productivity / ha than national level 

even through state is facing the scarcity of 

irrigation water and deterioration of soil 

health. Direct seeded rice (DSR) alternative 

establishment method of aerobic rice to 

sustain productivity of rice as well as natural 

resources. Aerobic rice is a projected 

sustainable rice production technology, which 

can reduce water use in rice production and 

produce more rice with less water. Direct 

seeded rice (DSR) is the only viable option to 

reduce the unproductive water flows. Direct 

seeded rice as a resource conservation 

technology which has several advantages over 

transplanted puddled rice system (TPR). It 

helps in reducing water consumption as it 

does away with raising of seedling in nursery, 

puddling and transplanting. Thus, it reduces 

the labour requirement to the extent of about 

40 per cent and water saving up to 60 per cent 

from nursery raising, field preparation, 

seepage, percolation and evaporation losses 

(Singh et al., 2018).  It offers certain 

advantages viz., less labour,  less water 

requirement, less drudgery, early crop 

maturity (07-10 days), low production cost, 

proper placement of seed and fertilizer, 

increase fertilizer use efficiency,  improve soil 

health for crops and less greenhouse gas 

emission, in different cropping systems (Kaur 

and Singh, 2017).  A transformation 

represented by an on-going shift from 

conventional to conservation agriculture i.e., 

from an earlier set of principles based on 

massive soil inversion with a plough towards 

a new set of principles based on minimal soil 

disturbance, management of crop residues and 

innovative cropping systems is the best option 

of farming under rice-wheat cropping system. 

Recent studies indicate a slowdown in the 

productivity of growth in the rice-wheat 

systems of India (Kumar et al., 2002). 

Evidence from long-term experiments shows 

that crop yields are stagnating and sometimes 

declining. Current crop cultivation practices 

in rice-wheat systems degrade the soil and 

water resources thereby threatening the 

sustainability of the system (Gupta et al., 

2003 and Ladha et al., 2003). Many 

innovations have contributed to the expanding 

use of resource conserving technologies in the 

country. In this regard, one of the most 

important technology has been introduced 

seed-cum-fertilizer drill which can establish 

crops with a minimum of soil disturbance. 

This seed-cum-fertilizer drill can take best 

advantage of residual soil moisture and 

thereby reduce irrigation requirements, can 

help in improving the timeliness of sowing, 

can place seed and fertilizer nutrients at 

suitable soil depths, and can foster the 

development of innovative inter-cropping 

systems that are particularly suitable for 

flood, rainfed and drought prone 

environments (Kumar and Ladha, 2011). The 

growing labor and water shortages are likely 

to adversely affect the productivity of the RW 

system (Ladha et al., 2003., Jat et al., 2009; 

Saharawat et al., 2009, and Gathala et al., 

2011). In the changing climatic conditions, 

the increased night temperature at flowering 

stage causes spikelet sterility in rice and a 

reduction in yield of about 5% per degree 

Celsius rise above 32°C. Therefore, 

conventional rice-wheat practices need future 

transformation to produce more food at higher 

income levels and reduced risk; more efficient 

use of land, labour, water, nutrients, and 

pesticides than at present; mitigation of 

greenhouse gas (GHG) emissions; and 

adaptation to climate change (Jat et al., 2011; 

Pathak et al., 2011, and Saharawat et al., 
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2011). Suitable thermal regimes for rice and 

wheat crops during the annual cycle, 

development of short duration cultivars, 

irrigation, and ever-increasing demand for 

food were the driving forces for the expansion 

of rice–wheat systems during the Green 

Revolution. In the last few decades, high 

growth rates of food grain production (3 and 

2.3% per decade, respectively, for wheat and 

rice) in RWC countries have kept pace with 

population growth (APAARI, 2000). 

However, evidence is emerging that the 

continuous rice–wheat systems are exhausting 

the natural resource base (Duxbury et al., 

2000). Thus, the food security of the region is 

under continuous threat, creating new 

challenges in post-Green Revolution 

agriculture. Conservation agriculture based 

resource conservation technologies  including 

new cultivars are more efficient, use less 

input, improve production and income, and 

address the emerging problems (Gupta and 

Seth, 2007 and Saharawat et al., 2010).  

Transplanted Irrigated rice requires a lot of 

water for puddling, transplanting and 

irrigation and significant water losses can 

occur through seepage, percolation and 

evaporation, it is estimated that it consumes 

3000–5000 liters of water to produce 1 kg of 

rice (Barker et al., 1998). A growing scarcity 

of fresh water will pose problems for rice 

production in future years; therefore there is a 

need to develop technologies that can reduce 

these water losses. Promising technologies 

include water management practices such as 

intermittent irrigation (e.g., alternate wetting 

and drying), saturated soil culture (where soil 

is kept between field capacity and saturation 

by frequent irrigation, but water is not ponded 

on the field) and growing rice intensively to 

increase the ‗crop per drop‘ (Bouman et al., 

2002). However, each of these approaches 

still requires prolonged periods of flooding 

and/or wet surface soil, and so water losses 

remain relatively high. International Rice 

Research Institute (IRRI) has coined the 

concept of ―aerobic rice‖, to address the water 

crisis with a mission of more rice with less 

water. The concept of aerobic rice holds 

promise for farmers where water has become 

too scarce or expensive to grow flooded rice, 

and in rainfed areas where rainfall is 

insufficient for flooded rice production but 

sufficient for upland crops. Climate change as 

the consequence of global warming and 

depletion of the ozone layer is already being 

experienced across the world. Lowland rice 

cultivation is the major source of methane 

emissions, contributing 48% of the total green 

house gases emitted by agricultural sources. 

However, aerobic rice emits 80-85 percent 

lesser methane gas into the atmosphere thus 

keeping the environment safe. Moreover, 

there is savings of water, along with labour, 

nutrients, and other inputs in aerobic rice 

compared with irrigated transplanted rice. 

Aerobic rice has been identified as a water 

saving, eco-friendly and economical 

technology for rice production. Aerobic rice is 

seen as a as a water saving, eco-friendly and 

economically feasible alternative to lowland 

rice. The resource conservation technologies 

involving no- or minimum-tillage with direct 

seeding, and bed planting, innovations in 

residue management to avoid straw burning, 

and crop diversification are being advocated 

as alternatives to the conventional rice-wheat 

system for improving productivity and 

sustainability (Sharma et al., 2002; Barclay, 

2006, and Ladha et al., 2009). Keeping the 

above facts in view, the present study was 

carried out in farmers managed participatory 

approach to evaluate and validate the effects 

of various resource conservation technologies 

on productivity, resource (water, labour and 

energy) use efficiency, cost effectiveness and 

environmental impact that is, nitrogen loss, 

green house gases emission and biocide 

residue in soils. Water is undoubtedly one of 

the most precious natural resource; however 

water is becoming increasingly scarce 

globally. Rice production and food security 
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largely depend on the irrigated lowland rice 

system, but whose sustainability is threatened 

by fresh water scarcity, water pollution and 

competition for water use. From the review, it 

is unambiguous that, aerobic rice is a 

potentially viable alternative to lowland rice 

when water scarcity is a limiting factor. 

Above all, adopting aerobic rice will help to 

minimize greenhouse gas emission rates from 

rice fields without affecting the productivity.  

 

Direct seeding of aerobic rice 

 

Direct seeding alternative establishment 

method of aerobic rice and relatively less 

water requirement compared to transplanted 

rice. Direct seeded rice is relatively more 

popular in the rainfed rice growing states like 

Chhattisgarh. Technological innovations have 

contributed to the expanding use of resource 

conserving technologies in the country. In this 

regard, one of the most important technology 

has been the developed and tested is low cost 

seed-cum-fertilizer drill which can establish 

crops with a minimum of soil disturbance. 

This seed-cum-fertilizer drill can take best 

advantage of residual soil moisture and 

thereby reduce irrigation requirements, can 

help in improving the timeliness of sowing, 

can place seed and fertilizer nutrients at 

suitable soil depths, and can foster the 

development of innovative inter-cropping 

systems that are particularly suitable for 

flood-prone and drought prone environments. 

There is scope to upscale the technology 

focused on maximizing productivity of rice in 

relation to promote optimizing water use 

efficiency. Generally, about 40% of all 

irrigation water goes to paddy cultivation. It is 

estimated that flooded rice fields produce 

about 10% of global methane emissions. 

Also, injudicious use of nitrogenous fertilizers 

is a common feature in paddy cultivation 

which is a source of nitrous oxide emissions. 

The current practice of excessive exploitation 

of ground water has led to a decline in the 

quality of natural resources. A transformation 

represented by an on-going shift from 

conventional to conservation agriculture ie., 

from an earlier set of principles based on 

massive soil inversion with a plough towards 

a new set of principles based on minimal soil 

disturbance, management of crop residues and 

innovative cropping systems is the best option 

of  farming under rice-wheat cropping system. 

Recent studies indicate a slowdown in the 

productivity of growth in the rice-wheat 

systems of India (Kumar et al., 2002).  Direct 

seeded rice avoids repeated puddling, 

preventing soil degradation and plough-pan 

formation. It facilitates timely establishment 

of rice and succeeding crops as crop matures 

10-15 days earlier. It saves water by 35-40% 

and reduces production cost by Rs 3000 ha
-1

 

with an increase in yields by 10%. (Singh et 

al., 2012). In general, a total of 1382 mm to 

1838 mm water is required for the rice-wheat 

system accounting more than 80% for the rice 

growing season (Gupta et. al., 2003). It saves 

energy, labour, fuel and seed besides solving 

labor scarcity problem and reduces drudgery 

of labours. Several countries of Southeast 

Asia have been shifted from Transplanted 

Puddled Rice (TPR) to Direct Seeded Rice 

(DSR) cultivation (Pandey and Velasco, 

2002). The shift in TPR to DSR is due to 

issues of water scarcity and expensive labour 

(Chan and Nor, 1993). DSR has several 

benefits to farmers and the environment over 

conventional practices of puddling and 

transplanting. Direct seeding helps reduce 

water consumption by about 30% (0.9 million 

liters acre
-1

) as it eliminates raising of 

seedlings in a nursery, puddling, transplanting 

under puddled soil and maintaining 4-5 inches 

of water at the base of the transplanted 

seedlings. Direct seeding (both wet and dry), 

on the other hand, avoids nursery raising, 

seedling uprooting, puddling and 

transplanting, and thus reduces the labor 

requirement (Pepsico International, 2011). 

Due to avoidance of transplant injury, DSR is 
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established earlier than TPR without growth 

delays and hastens physiological maturity and 

reduces vulnerability to late-season drought 

(Tuong, 2008). For instance, substantially 

higher grain yield was recorded in DSR (3.15 

t ha
-1

) than TPR (2.99 t ha
-1

), which was 

attributed to the increased panicle number, 

higher 1000 kernel weight and lower sterility 

percentage (Sarkar et al., 2003). 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), conducive to 

mechanization (Khade et al., 1993), have less 

methane emissions (Wassmann et al., 2004) 

and hence offer an opportunity for farmers to 

earn from carbon credits than TPR system 

(Pandey and Velasco, 1999, and 

Balasubramanian and Hill, 2002).
 

 

Seed priming  

 

Seed priming is the most pragmatic 

approaches to overcome the drought stress 

effects on seed. The priming process have the 

potential to improve emergence and stand 

establishment under a wide range of field 

conditions. These techniques can also 

enhance rice performance in DSR culture. It 

involves partial hydration to a point where 

germination-related metabolic processes 

begin but radical emergence does not occur 

(Farooq et al., 2006). Primed seeds usually 

exhibit increased germination rate, uniform 

and faster seedlings growth, greater 

germination uniformity, greater growth, dry 

matter accumulation, yield, harvest index and 

sometimes greater total germination 

percentage (Kaya et al., 2006). For primed 

seed, treatment with fungicide or insecticide 

should be done post-soaking to control seed 

borne diseases/insects. Seed can also be 

soaked in solution having fungicide and 

antibiotics  for 15-20 hours (Gupta et al., 

2006 and Gopal et al., 2010). Priming with 

imidacloprid resulted in increased plant 

height, root weight, dry matter production, 

root length, increased yield by 2.1 t ha
-1

 

compared to control (non-primed), which was 

attributed to higher panicle numbers and more 

filled grains per panicle. Use of biofertilizer 

like Azospirillum treatment had the highest 

shoot:root ratio during early vegetative 

growth and the maximum tillers. Seed 

priming also reduced the need for high 

seeding rates. (Farooq et al., 2006). 

 

Weed management  

 

The major hurdle has been paucity of 

knowledge / awareness and contributing to 

high yield for weed management in direct 

seeded rice (DSR). Weeds are a major 

constraint to the success of DSR in general 

and to Dry-DSR in particular (Johnson and 

Mortimer, 2005; Singh et al., 2006 and Rao et 

al., 2007).  Results revealed that, in the 

absence of effective weed control options, 

yield losses are greater in DSR than in 

transplanted rice (Baltazar and De Datta, 1992 

and Rao et al., 2007). Weed reduces the 

economic yield (31.5%) by competing with 

crop plant for nutrients, moisture, space, light. 

Weeds are mostly removed from the field 

manually in traditional method of rice 

cultivation. But high weed infestation is a 

major problem in direct-seeded rice (DSR) 

and causes grain yield losses up to 90 percent. 

Weeds are more problematic in DSR than in 

puddled transplanting because (1) emerging 

DSR seedlings are less competitive with 

concurrently emerging weeds and (2) the 

initial flush of weeds is not controlled by 

flooding in Wet- and Dry-DSR (Rao et al., 

2007 and Kumar et al., 2008). It is important 

to review the weed-related issues emerging 

with the adoption of DSR based on the 

experiences from those countries where 

transplanting is being replaced widely by 

DSR.  Most of the rice herbicides available 

have been developed for transplanted rice and 

these are not as effective in dry seeded rice. It 
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has been observed that application of pre 

emergence herbicides and keeping fields 

submerged early in the season helps in 

controlling chlorosis and weeds. It has also 

been observed that puddling doesn‘t have 

much influence on rice yields. Gandhe 

(Ageratum conyzoides), Lunde (Amaranthus 

species), Kane (Commelina diffusa), 

Bhringraj (Eclipta prostrate), Jwane 

(Fimbristylis miliace) Dubo (Cynodon 

dactylon), Banso (Digitaria adcendens), Sawa 

(Echinochloa colona) Kade sawa 

(Echinochloa crusgalli), Madilo (Ischaemum 

rugosum), Godhe dubo (Paspalum distichum), 

and Sedges (Cyperus iria, Cyperus difformis) 

are the major weeds of direct seeded rice 

(Gaire et al., 2013). For high productivity of a 

direct-seeded crop, good and effective weed 

management is essential. Weed can be 

managed through Integrated weed 

management practices which includes stale 

seed bed techniques in which weeds are 

allowed to germinate by giving irrigation and 

then killed by nonselective herbicides two 

days before seeding, using mulch and 

subsequently killed by 2,4-D at 30 DAS, and 

growing of rice varieties having greater 

ability to compete with weeds. However, 40-

50 percent reduced weed densities are 

reported by mulching. Various mechanical 

methods are also available for weed control in 

direct- seeded rice such as manual weeding 

and using hand weeder. For chemical weed 

control, it is necessary to select the right 

herbicide depending upon the weed flora, and 

the herbicide should be applied with proper 

spray techniques. Glyphosate (systemic 

herbicide) or paraquat (contact herbicide) can 

be used as pre-plant herbicide. pendimethalin, 

pretilachlor, butachlor, thiobencarb, 

oxadiazon, oxyfluorfen, and nitrofen are used 

as preemergence herbicides, almix and 

fenoxaprop are the most effective post- 

emergence herbicide used to control the 

weeds of direct seeded rice. When the stale-

bed technique is used to establish a direct dry-

seeded rice crop, pre-plant application of 

glyphosate followed by the pre-emergence 

herbicide pendimethalin and post-emergence 

herbicide azimsulfuron/almix can eliminate 

weed problems in a DSR crop, including 

weedy rice. However, the best result of weed 

control can only be seen in case of integrated 

weed management (Singh et al., 2005). 

Weeds are major constraints responsible for 

low productivity in direct seeded rice. DSR 

have indicated that pre - emergence 

application of pendimethalin at 1 kg ha
-1

 

dissolved in 500-600 L of water followed by 

post emergence application of ready mix of 

chlorimuron + metsulfuron @ 4 g ha
-1

 for 

broad leaved and sedges weed control or 

ethoxysulfuron @ 15 g ha
-1

 for sedges and 

broad leaved weeds, or 2,4–D at 500 g ha
-1

 

applied around 20 days after sowing for broad 

leaved weeds and Fenoxaprop @ 50 g ha
-1

 for 

grassy weeds have been found effective in 

realizing higher rice grain yield. 

Azimsulfuron is also performing well in 

controlling complex weed flora in DSR 

(Pathak et al., 2011). This would assist in 

developing effective and economically viable 

medium- to long-term sustainable weed 

control strategies. This section reviews some 

of the weed related issues that have emerged 

in countries where DSR is widely practiced. 

The practice of direct seeding on large scale 

increased herbicide use for weed management 

in aerobic rice, which slowly resulted in the 

appearance of resistance in weed against 

certain herbicides. Therefore, the first case of 

herbicide resistance was reported in 

F.miliacea against 2,4-D in 1989 in Malaysia. 

But, later on, the number of resistant weed 

biotypes to different herbicides increased to 

10. In, Thailand, Korea and Philippines, the 

number of herbicide-resistance cases in weeds 

increased from zero before DSR introduction 

to 5, 10 and 3, respectively, after its 

introduction (Kumar and Ladha, 2011). 

Weeds are the most important constraint to 

the success of DSR in general and to Dry-
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DSR in particular (Singh et al., 2006 and Rao 

et al., 2007). The weeds pose to be more 

problematic in DSR than puddle transplanting 

because (1) The emerging weeds are more 

competitive as compared to the 

simultaneously emerging DSR seeding and 

(2) lack of water layer in Wet-DSR makes 

these crops more prone to initial weed 

infestation which lacks otherwise in case of 

transplanting (Rao et al., 2007 and Kumar et 

al., 2008). The revealed that, in the absence of 

effective weed control opinions, yield losses 

are greater in DSR than in transplanted rice. 

The reported range of such yield losses in 

DSR in India is 20-85% (Rao et al., 2007). 

Weedy rice/ red rice (O. Sativa, F. 

spontanea), has emerged as a serious concern 

to rice production in areas where direct 

seeding especially Dry-DSR widely replaces 

CT-PTR.  

 

Weeds in rice are highly efficient and causes 

severe rice yield losses ranging from 15- 

100% (Kumar and Ladha, 2011). Milling 

quality is also impaired if weedy rice gets 

mixed with rice seeds during harvesting (Ottis 

et al., 2005). Weedy rice is difficult to control 

because of its genetic, morphological and 

phonological similarities which rice. Selective 

control of weedy rice was never achieved at a 

satisfactory level with herbicides (Noldin et 

al., 1999). In Malaysia, proper land 

preparation along with the stale seedbed 

technique using nonselective herbicides 

before planting rice has been recommended to 

reduce the density of weedy rice (Karim et 

al., 2004). Recommends an integrated 

approach that combines preventive and 

chemical methods (FAO, 1999).  

 

The important factors for control and to avoid 

further infestation are to use clean and 

certified seeds (Rao et al., 2007). Herbicide 

resistant rice technologies offer for selective 

control of weedy rice but the risk of gene flow 

from herbicide resistant rice to weedy rice 

poses a constraint for the long-term utility of 

this technology (Kumar et al., 2008). There is 

need to develop effective management 

strategies for keeping weedy rice under check. 

 

Precise water use efficiency  

 

Precise water use efficiency, particularly 

during crop emergence phase is crucial in 

direct seeded rice (Balasubramanian and Hill, 

2002). From sowing to emergence, the soil 

should be kept moist but not saturated to 

avoid seed rotting. After sowing in dry soil, 

applying a flush irrigation to wet the soil if it 

is unlikely to rain followed by saturating the 

field at the three leaf stage is essential 

(Bouman et al., 2007). There are few reports 

evaluating mulching for rice, apart from those 

from China, where 20–90%  input water 

savings and weed suppression occurred with 

plastic and straw mulches in combination 

with DSR compared with continuously 

flooded TPR. Bund management also plays an 

important role in maintaining uniform water 

depth and limiting water losses via seepage 

and leakage (Humphreys et al., 2010). Some 

researchers (Gupta et al., 2006) have 

recommended avoiding water stress and 

keeping the soil wet at the following stages: 

tillering, panicle initiation, and grain filling. 

Water stress at the time of anthesis results in 

maximum panicle sterility. Research showed 

that 33-53% irrigation water can be saved in 

Dry-DSR with AWD as compared with 

conventional tilled-transplanted puddled rice 

(CT-TPR) without compromising grain yield 

(Joshi et al., 2013). Conventional transplanted 

rice with continuous standing water has 

relatively high water inputs and low water 

productivity as compared to other 

technologies of rice cultivation. Reports from 

on-farm experiments to reduce water input by 

water saving irrigation techniques and 

alternative crop establishment methods, in the 

Philippines reported that with continuous 

standing water, direct wet-seeded rice yielded 
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higher than traditional transplanted rice by 3-

17%, required 19% less water during the crop 

growth period and increased water 

productivity by 25-48%. Rice can be 

established by DSR once 150 mm rain or 

irrigation water has accumulated compared to 

450 mm needed for transplanting. 

Furthermore, because DSR establishes deeper 

roots and is more efficient at using soil 

moisture, less frequent irrigation is required 

during the growing season. Water saving of 

35-55% have been reported for dry seeded 

rice sown into non-puddled soil with the soil 

kept near saturation or field capacity 

compared with continuously flooded (~5 cm) 

transplanted rice in research experiments in 

north west India (Lav Bhushan et al., 2007). 

In some other studies the DSR crop saved 

32% water compared to transplanted rice 

without any yield penalty. The productivity of 

water in conventional rice cultivation needs 

3000 to 5000 L of water to produce 1 kg rice. 

At global level 70-80% of fresh water is used 

in agriculture and rice accounts for 85% of 

this water. Rice‘s large water demand is 

expected to outstrip the available supply in 

the near future. The declining availability and 

quality of water, increased competition from 

domestic and industrial sectors, and 

increasing costs are already affecting the 

sustainability of irrigated rice production 

systems in many parts of South Asia. For 

example, in the upper transect of the IGP, rice 

cultivation resulted in a decline in water 

tables and water quality. Many districts in the 

rice-wheat growing area of Haryana, India, 

show a water table decline in the range of 3–

10 m over the last two decades. The 

groundwater table has fallen at about 23 cm 

yr-1 in the Central Punjab, India. Excess 

pumping depletes ground water and causes 

pollution such as arsenic contamination as has 

been observed in many parts of West Bengal. 

Water application in rice production, 

therefore, needs to be decreased by increased 

water-use efficiency through reduced losses 

caused by seepage, percolation, and 

evaporation; laser land leveling; crack 

ploughing to reduce bypass flow; and bund 

maintenance. The direct seeded rice has got 

potential to improve the efficiency of water 

use. Aerobic rice is a new practice of 

cultivating rice that requires less water than 

lowland rice. The conventional transplanting 

method of rice used higher quantity of water   

(16,200 m
3 

ha
-1

) whereas aerobic rice used 

minimum quantity (9,687 m
3 

ha
-1

) and 

observed a water saving of 32.9 to 43.9 per 

cent over transplanted rice (Geethalakshmi et 

al., 2009). According to Belder et al., (2005) 

water requirement was less in aerobic rice 

(842 and 940 mm) as compared to flooded 

rice (1233 and 1473 mm) in 2002 and 2003. 

Aerobic way of growing rice saves water by 

eliminating continuous seepage, percolation 

and by reducing reducing evaporation 

(Castaneda et al., 2002). Flooded rice used 

three times more irrigation water (358 mm) 

than aerobic rice (89 mm) for land preparation 

and twice during the crop growth period 

(1148 and 481 mm). In aerobic rice 

production system, continuous seepage, 

percolation and evaporation losses are greatly 

reduced; it effectively utilizes the rainfall and 

help in enhancing the water productivity 

(Bouman et al., 2005).  Kadiyala et al., (2012) 

reported that the total amount of water applied 

(including rainfall) in the aerobic plots was 

967 and 645 mm compared to 1546 and 1181 

mm in flooded rice system, during 2009 and 

2010, respectively. This resulted in 37 to 45% 

water savings with the aerobic method.  

Bouman et al., (2002) estimated water 

requirement for aerobic condition by growing 

two elite aerobic rice genotypes and one 

popular lowland variety both under flooded 

and aerobic conditions. The results of their 

study has shown that compared with lowland 

rice, water inputs in aerobic rice were more 

than 50% lower (only 470 mm-650 mm), 

water productivities 64%-88% higher, and 

labour use 55% lower. The lower water input, 
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kept at field capacity in direct seeded rice 

reduced the rates of evapo-transpiration (22-

31%) and percolation (22-38%) as compared 

to traditional system (Chaudhary et al., 2008). 

The direct seeded aerobic rice is a typical 

technology, wherein an additional 130-150 

mm of water input can be saved by foregoing 

the wet land preparation (Bouman et al., 

2005).  In experiments at Japan by Kato et al., 

(2006) in aerobic fields, the total amount of 

water supplied (irrigation plus rainfall) was 

800-1300 mm. The aerobic rice cultivation 

saves 40-50 per cent of water with marginal 

reduction in grain yield of about 10-20 per 

cent (Singh and Chinnuswamy, 2006). Wang 

et al., (2002) reported that in aerobic rice, 

water use was 60 per cent less than that of 

flooded rice, requires less labour (55 per cent) 

and it facilitates mechanization also. Patel et 

al., (2010) reported the higher WUE of 

aerobic rice compared to flooded condition, 

similar results were also given by Singh et al., 

(2008).  Jinsy et al., (2015) found that 

compared to conventional flooded rice, the 

average water productivity of aerobic rice 

(0.68 kg m3) was 60.7 per cent higher. Gill et 

al., (2006) reported that the irrigation water 

productivity of rice on beds and furrow 

system was significantly higher (0.69 g kg
-1

) 

than that of paddy raised on puddled flat 

plots. According to water productivity in 

direct seeded rice was 0.34 and 0.76 kg grain 

m
-3

 in 2002 and 2003, respectively. 

According to Wang et al., (2002) total water 

productivity of aerobic rice was 1.6 to 1.9 

times higher and water use about 60 per cent 

less than lowland rice.  Reddy et al., (2010) 

reported that water productivity was higher 

under aerobic (0.20 to 0.60 kg m
-3

 of water) 

than that under transplanted (0.14 to 0.43 kg 

m
-3

 of water) condition. Under aerobic 

conditions, the WUE of aerobic rice cultivars 

was higher (0.65 0.83 g grain kg
-1

 water for 

HD 502) compared to the WUE of lowland 

cultivar JD 305, which was 0.26 to 0.66 g 

grain kg
-1

 water Reddy et al., (2010) 

According to Bouman et al., (2002) 

experiments on aerobic rice have shown that 

water inputs were more than 50 per cent 

lesser (only 470-650 mm) and water 

productivities were 64-88 per cent higher than 

the lowland rice. From the pertinent literature 

available, it could be concluded that rice can 

be grown under aerobic conditions like any 

other upland crop by developing different 

agro practices like nutrient management, 

irrigation methods and schedules for reaping a 

bountiful yield while saving water.  The water 

use efficiencies of aerobic varieties under 

aerobic conditions were 164-188 per cent 

higher than that of lowland varieties under 

lowland conditions (Wang and Tang, 2000). 

Aerobic rice could be successfully cultivated 

with 600-700 mm of total water in summer 

and entirely on rainfall in wet season 

(Sritharan et al., 2010). Field experiments 

were conducted in clay loam soils with five 

rice production systems indicated that the 

water saving through semi-dry rice with 

rotational irrigation was 20% with a water use 

efficiency of 6.1 kg ha
-1

 mm
-1

 compared to 

farmers practice of transplanting with 

continuous flooding (5.2 kg ha
-1

mm
-1

). 

 

Nutrients management 

 

Precision land levelling not only improves 

water productivity but also the fertilizer use 

efficiency, especially N fertilizers (Jat et al., 

2006). In conventional well-tilled situations, 

half of the N is applied as basal and the 

balance is top-dressed. Results of on farm and 

station trials have shown that delaying the 

bulk of the N application to around the first 

node/ stem elongation or later results in better 

yield (Sayre et al., 2005). In South Asia, the 

general practice is to apply half of the N as 

basal with the balance top dressed in two 

equal splits, 40–45 and 60–70 days after 

sowing. Gupta et al., (2003) observed that 

early wheat planting with zero till and split 

application of N or single deep band 
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placement of N along with the seed or 

between the seed rows had insignificant 

differences on wheat yield under the different 

treatments. It has been reported that need-

based N management through use of leaf 

colour charts, shade 4, and a Soil Plant 

Analysis Development (SPAD) value of 42 

reduces the N requirement by 12.5–25% 

without any reduction in yield in the rice–

wheat system (Singh et al., 2002 and Shukla 

et al., 2004).         Sayre et al., (2005) 

reported that in minimum till or permanent 

bed situations, where soil is  not tilled to 

incorporate the basal N fertilizer but is 

banded, the differences related to timing of N 

application are not as clear for either yield or 

grain protein content. Thus not tilling while 

maintaining residues on the soil surface, 

together with basal application of N fertilizer 

to keep the fertilizer and residues separated, 

appears to change the soil N dynamics. 

Residues present on the soil surface interfere 

with the movement of top-dressed N reaching 

the root zone and therefore banding at 

planting time is more efficient. When nitrogen 

was applied in three splits in zero till wheat, 

total N uptake (144.6 kg ha
-1

) was lower than 

corresponding conventionally tilled wheat 

(184.4 kg ha
-1

) with crop residues removed 

(Pasricha et al., 2006). Surface retention of 

residues seems to immobilize N when top-

dressed and affects the decomposition rates of 

crop residues due to altered soil temperature 

and moisture regimes. Straw management is 

important as a strategy for replenishing K in 

micaceous soils, which have not been 

fertilized for a long period. In these soils the 

rate of K release is primarily dependent on the 

amount of biotitic micas only (Pal et al., 

2005). These soils release enough K to meet 

demands of early rice in semiarid climatic 

conditions, but not of the intensive rice–wheat 

system practiced in sub-humid environments. 

Straw management seems to slow down the 

rapid vermiculitization of biotitic mica and 

therefore, fixation of K
+
 and NH4

+
 from the 

applied nitrogenous fertilizers. General 

recommendations for NPK fertilizers are 

similar to those in puddled transplanted rice, 

except that a slightly higher dose of N (22.5– 

30 kg ha
-1

) is suggested in DSR (Dingkuhn et 

al., 1991 and Gathala et al., 2011). This is to 

compensate for the higher losses and lower 

availability of N from soil mineralization at 

the early stage as well as the longer duration 

of the crop in the main field in Dry-DSR. 

Early studies conducted in Korea indicated 

that 40–50% more N fertilizer should be 

applied in Dry-DSR than in CT-TPR (Park et 

al., 1990 and Yun et al., 1993), although 

higher N application also leads to disease 

susceptibility and crop lodging. The general 

recommendation is to apply a full dose of P 

and K and one-third N as basal at the time of 

sowing using a seed-cum-fertilizer 

drill/planter. This allows placement of the 

fertilizer just below the seeds and hence 

improves fertilizer efficiency. Split 

applications of N are necessary to maximize 

grain yield and to reduce N losses and 

increase N uptake. Split applications ensure a 

supply of N to match crop demand at the 

critical growth stages. The remaining two-

third dose of N should be applied as 

topdressing in equal parts at active tillering 

and panicle initiation stage. In addition, N can 

be managed using a leaf colour chart (LCC) 

(Shukla et al., 2004 and Alam et al., 2005). In 

the fixed-time option, N is applied at a preset 

timing of active tillering and panicle 

initiation, and the dose can be adjusted 

upward or downward based on leaf colour 

chart. In the real-time option, farmers monitor 

the color of rice leaves at regular intervals of 

7–10 days from early tillering (20 DAS) and 

N is applied whenever the colour is below a 

critical threshold value (IRRI, 2010). For 

high-yielding inbreds and hybrids, N 

application should be based on a critical LCC 

value of 4, whereas, for basmati types, N 

should be applied at a critical value of 3 

(Shukla et al., 2004; Gupta et al., 2006 and 
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Gopal et al., 2010). Since more N is applied 

in Dry-DSR and losses are higher than in CT-

TPR, more efficient N management for Dry-

DSR is needed. Slow-release (SRF) or 

controlled-release N fertilizers (CRFs) offer 

the advantage of a ―one-shot dose‖ of N and 

the option to reduce N losses because of their 

delayed release pattern, which may better 

match crop demand (Shoji et al., 2001). One-

shot application will also reduce labor cost.  

Fashola et al., (2002) reported that CRF 

improves N use efficiency and yield 

compared with untreated urea. Because of 

these benefits, CRF with polymer-coated urea 

is used by Japanese farmers in ZT-dry-DSR 

(Ando et al., 2000 and Saigusa, 2005). 

Despite these benefits, farmers‘ use of CRF is 

limited mainly because of the high costs 

associated with it. The cost of CRF may be 

four to eight times higher than that of 

conventional fertilizers (Shaviv and 

Mikkelsen, 1993). In addition, published 

results on the performance of SRFs/CRFs 

compared with conventional fertilizers are not 

consistent. Christianson and Schultz (1991), 

Stutterheim et al., (1994), and Fashola et al., 

(2002) have demonstrated higher N use 

efficiency through the use of CRFs. Saigusa 

(2005) reported higher N recovery of co-situs 

(placement of both fertilizer and seeds or 

roots at the same site) application of CRF 

with polyolefin-coated ureas of 100-day type 

(POCU-100) than conventional ammonium 

sulfate fertilizer applied as basal and 

topdressed in zero-till direct-seeded rice in 

Japan. In contrast, Wilson et al., (1990), 

Wells and Norman (1992), and Golden et al., 

(2009) reported inferior performance of SRF 

or CRF compared with conventional urea 

topdressed immediately before permanent 

flood establishment. Split application of K has 

also been suggested for direct seeding in 

medium-textured soil (PhilRice, 2002). In 

these soils, K can be split, with 50% as basal 

and 50% at early panicle initiation stage. 

Deficiency of Zn and Fe is more common in 

aerobic/non-flooded rice systems than in 

flooded rice systems (Sharma et al., 2002; 

Singh et al., 2002; Choudhury et al., 2007; 

Pal et al., 2008 and Yadvinder-Singh et al., 

2008). Therefore, micronutrient management 

is critical in Dry-DSR. To avoid zinc 

deficiency, 25–50 kg ha
-1

 zinc sulfate is 

recommended (Anonymous, 2008 and 2010). 

Basal application of zinc to the soil is found 

to be the best. However, if a basal application 

is missed, the deficiency can be corrected by 

topdressing up to 45 days (Anonymous, 

2010). Zinc can be supplied by foliar 

application (0.5% zinc sulfate) two to three 

times at intervals of 7–15 days just after the 

appearance of deficiency symptoms. For iron, 

it has been observed that foliar application is 

superior to soil application (Datta et al., 2003 

and Anonymous, 2010). Foliar-applied Fe is 

easily translocated acropetally and even 

retranslocated basipetally. A total of 9 kg Fe 

ha
-1

 in three splits (40, 60, and 75 DAS) as 

foliar application (3% of FeSO4.7H2O 

solution) has been found to be effective (Pal 

et al., 2008).  Farmers fertilizer application 

varied from 130-160 kg N, 0-60 kg of 

Phosphorus (P) and 0-60 kg potassium (K)   

ha
-1

 in rice and 140-190 kg N, 0-50 kg P and 

0-60 kg K ha
-1

 in wheat in all the practices. 

While K was broadcasted for rice, N (80% of 

the total quantity) and whole of P was placed 

at 10-cm depth using no-till seed-cum-

fertilizer drill at the time of seeding in DSR.  

In transplanted rice N (80% of the total 

quantity) and whole of P, K fertilizers were 

broadcasted by some farmers before 

transplanting. Extra dose of N was applied on 

the basis of leaf colour chart (LCC) as 

described by Shukla et al., (2004). For wheat, 

all the fertilizers were applied basally using 

no-till seed-cum-fertilizer drill Fertilizer, 

especially nitrogen fertilizer, is often applied 

in excess of the crop requirement and at 

inappropriate times in many intensively 

irrigated rice systems, which increases the 

risk of poor fertilizer recovery by the rice 
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crop. Less than 35% of applied nitrogen (N) is 

taken up by rice and the remaining 65% is lost 

from soil-plant systems into the environment 

through volatilization, denitrification, 

leaching, and runoff, thus creating pollution 

problems (Ladha et al., 2005). The main loss 

pathways are (1) leaching, predominantly 

nitrate (NO3
–
) but also occasionally 

ammonium, and soluble organic N; (2) 

denitrification, resulting in emissions of 

nitrous oxide (N2O), nitric oxide (NO), and 

dinitrogen (N2) gases; and (3) ammonia (NH3) 

volatilization. Significant improvement in N-

use efficiency (NUE) is therefore crucial and 

can be made by adopting fertilizer, soil, 

water, and crop management practices that 

will maximize crop N uptake, minimize N 

losses, and optimize indigenous soil N supply. 

The key to improve NUE is the synchrony 

between N supply and demand. Nutrient 

dynamics altogether varies in both DSR and 

PTR systems mainly because of the difference 

in land preparation and water management 

techniques. In case of DSR, soil remains 

aerobic because of dry land preparation as 

compared to PTR where soil is kept flooded 

and is puddled. Puddling has positive impact 

on weed control (Sahid and Hossain, 1995) 

and nutrient availability (Wade et al., 1998).  

In submerged conditions, less oxygen in the 

rhizosphere prevent oxidation of  NH4
+ 

and 

thus reduce leaching, (Kreye et al., 2009) 

increase availability of  P (Neue and Bloom, 

1987) as well as Fe (Pandey et al.,1985). 

Deficiency of micro nutrients are major 

concern in DSR. A shift from PTR to DSR 

affect Zn availability to rice (Gao et al., 2006) 

and it reduces because of  reduced release of 

Zn from highly insoluble fractions in aerobic 

rice field (Kirk and Bajita,1995). Zn 

deficiency is caused by high pH, high 

carbonate content (Mandal et al., 2000) and 

more bicarbonate in calcareous soil (Forno et 

al.,1975) which immobilize Zn because of 

inhibition effect (Dogar and Hai, 1980). 

Availability of P and Zn increases when pH is 

below neutral in the rhizosphere (Kirk and 

Bajita,1995) because of their increased 

solubility (Saleque and Kirk, 1995). Zn 

uptake by DSR is also affected by source as 

well as time of Zn application (Giordano and 

Mortvedt, 1972). 

Diseases, insects and pests management 

 

Generally, direct seeded rice is relatively 

more susceptible to similar diseases, insects 

and pests than conventional transplanted rice; 

however, under some conditions there may be 

greater chance of outbreak of insect-pests and 

diseases in DSR with high rice plant densities. 

In wet-seeded rice, rats are big problems to 

crop establishment and it is susceptible to 

various diseases, rice blast being one of the 

evastating diseases, in both aerobic and 

direct-seeded cultures (Bonman and Leung, 

2004). Water deficit and shift from 

transplanting to direct seeding favours neck 

blast spread (Kim, 1987). Sometimes the 

attack of arthropod insect pests is reduced in 

DSR compared with TPR (Oyediran and  

Heinrichs, 2001), but a higher frequency of 

sheath blight and dirty panicle have been 

observed in DSR (Pongprasert, 1995). Direct 

seeded rice is susceptible to various disease 

and rice blast is one of the most common 

(Bonman and Leung, 2004) and damage due 

to rice blast increases under water stress 

conditions (Bonman, 1992), since the water 

level affects several process such as liberation 

and germination of spores and infection in 

rice causing blast (Kim,1987). The crop 

microclimate especially dew deposition is 

affected by water management which makes 

the environment congenial for host 

susceptibility (Savary, 2005 and Sah and 

Bonman, 2008). The change in the crop 

physiology as influenced by water 

management also triggers host susceptibility 

(Bonman, 1992).  In DSR, the other disease 

and insect problems reported are sheath blight 

and dirty panicle (Pongprasert, 1995) , brown 

spot disease and plant hoppers (Savary, 2005) 
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and soil borne pathogenic fungus 

(Gaeumannomyces graminis var. graminis) in 

dry- seeded rice in Brazil without additional 

irrigation (Prabhu et al., 2002). For poor 

Asian farmers use of natural plant derived 

biocides, such as, those from neem 

(Azadirachta indica) as it is cheaper, 

indigenously available and eco-friendly 

product. Also pathogens cannot easily 

develop resistance against neem products 

because the more than one molecule 

responsible for biocidal activity. Neem 

products have been reported to have 

fungicidal, insecticidal and nematicidal, and 

antiviral properties (Prasad, 2007). 

Cultivation of resistant crop varieties and 

summer ploughing is the pre requisite for 

efficient management of viral and other 

diseases/pests. Optimum rate of nitrogenous 

fertilizers avoid the incidence of brown plant 

hopper and blast attack. Fumigating the rat 

burrows with cow dung cake keeping the cow 

dung balls soaked in kerosene all over the 

field results in better control of rats and other 

borrowing animals. Root- knot nematodes 

pose a severe constraint when shift from PTR 

to DSR takes place (Prot et al., 1994). Root 

knot nematode, Meloidogyne graminicola was 

first reported in 1963 from the Louisiana state 

university, Baton Rouge, USA. In a study in 

Philippines, RKNs were found to be most 

damaging pathogen for aerobic rice Apo 

(Prasad, 2011). Rice yield in untreated plots 

was  0.2-0.3 t ha
-1 

 in 2006.  However, in plots 

treated with nematicide dazomet yield of 2.2 t 

ha
-1 

 was obtained in 2006 and 2.4 t ha
-1 

 in 

2007. In the first year, degree of galling in 

rice root was only 0.4 in the nematicide- 

treated plots, whereas, it was 3.4 - 4.4 in 

untreated plots. In 2007, galling increased 

even in nematicide – treated plots to 2.4, 

where, it was 4.8 -4.9 in untreated plots. 

 

Emission of greenhouse gas (GHGs)  
 

Direct seeding of aerobic rice can help in 

reducing CH4 emissions, but aerobic soil 

condition can also increase N2O emissions. 

Agricultural practices play an important role 

in the emissions of carbon dioxide (CO2), 

methane (CH4), and nitrous oxide (N2O) —

these three GHGs contribute  to global 

warming. Agriculture‘s share in the total 

emissions of N2O, CH4, and CO2 are 60%, 

39%, and 1%, respectively (OECD, 2000), 

with rice-based cropping systems playing a 

major role. Rice production systems impact 

global warming potential (GWP) primarily 

through effects on methane, but N2O and CO2 

effects can also be important in some systems. 

The GWP of CH4 and N2O is 25 and 298 

times higher than that of CO2 (IPCC, 2007). 

GHG emissions, especially CO2 and CH4 

from rice fields, are large and very sensitive 

to management practices. Therefore, rice is an 

important target for mitigating GHG 

emissions (Wassmann et al., 2004). Flooded 

rice culture with puddling and transplanting is 

considered one of the major sources of CH4 

emissions because of prolonged flooding 

resulting in an anaerobic soil condition. It 

accounts for 10–20% (50–100 Tg year
-1

) of 

total global annual CH4 emissions (Houghton 

et al., 1996; Reiner and Milkha, 2000). 

Studies comparing CH4 emissions from 

different tillage and crop establishment 

methods (CEM) under similar water 

management (continuous flooding/mid-season 

drainage/intermittent irrigation) in rice 

revealed that CH4 emissions were lower in 

DSR than with CT-TPR (Setyanto et al., 2000 

and Gupta et al., 2002). Methane gas 

emission and global warming potential was 

maximum under conventional-TPR and 

emission of N2O was maximum under DSR 

crop with conservation practice of brown 

manuring as the addition of organic matter to 

soil increased the decomposition rate, which 

resulted in higher emission of GHGs           

(Bhatia et al., 2011).  The reported reduction 

in CH4 emissions was higher in Dry-DSR 

than in Wet-DSR. Under continuous flooding, 
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the reduction in CH4 emissions ranged from 

24% to 79% in Dry-DSR and from 8% to 

22% in Wet-DSR, whereas, under intermittent 

irrigation, the reduction ranged from 43% to 

75% in Dry-DSR compared with CT-TPR. 

However, when DSR was combined with 

mid-season drainage or intermittent irrigation, 

the reduction in CH4 emissions increased 

further compared with flooded CT-TPR. For 

example, in Wet-DSR, the reduction in CH4 

increased from 16%–22% (under continuous 

flooding) to 82%–92% (under mid-season 

drainage or intermittent irrigation) compared 

with CT-TPR under continuous flooding 

(Corton et al., 2000 and Wassmann et al., 

2004) also suggested that CH4 mitigation 

effects can be further enhanced if Wet- or 

Dry-DSR is combined with mid-season 

drainage. This difference could be because of 

individual or combined effects of different 

soil characteristics, climatic conditions, and 

management such as soil pH, redox potential, 

soil texture, soil salinity, temperature, rainfall, 

and water management (Aulakh et al., 2001). 

The reason for low CH4 emissions from Dry-

DSR is aerobic conditions, especially during 

the early growth stage. Even under Wet-DSR, 

field is kept aerobic until seedlings are 

established. Anaerobic conditions are a 

prerequisite for the activities of methanogenic 

bacteria and CH4 production. Methane 

emission starts at redox potential of soil 

below 150 mV and is stimulated at less than 

200 mV                     (Jugsujinda et al., 1996; 

Masscheleyn et al., 1993 and Wang et al., 

1993).  Although water-saving technologies 

including Dry-DSR can reduce CH4 

emissions, relatively more soil aerobic states 

can also increase N2O emissions. Nitrous 

oxide production increases at redox potentials 

above 250 mV (Hou et al., 2000).  In a study 

conducted in India comparing N2O emissions 

from CT-TPR and different Dry-DSR 

methods (CT-dry-DSR, Bed-dry-DSR, ZT-

dry-DSR), it was found that N2O emissions 

were 0.31–0.39 kg N ha
-1

 in CT-TPR, which 

increased to 0.90–1.1 kg N ha
-1

 in CT-dry-

DSR and Bed-dry-DSR and 1.3–2.2 kg N ha
-1

 

in ZT-dry-DSR. Similarly, a study conducted 

by Ishibashi et al., (2007) in western Japan 

also observed higher emissions of N2O under 

ZT-dry-DSR than in CT-TPR. These results 

suggest the need to deploy strategies to reduce 

N2O emissions from Dry-DSR for minimizing 

adverse impacts on the environment.    Hou et 

al., (2000) suggested developing water 

management practices in such a way that soil 

redox potential can be kept at intermediate 

range (100 to þ200 mV) to minimize 

emissions of both CH4 and N2O. This range is 

high enough to prevent CH4 production and 

low enough to encourage N2O reduction to N2 

as the critical soil redox potential identified 

for N2O production is þ250 mV (Hou et al., 

2000). An overall effect of direct-seeding 

methods on GWP depends on total emissions 

of all three major GHGs. It has been observed 

that measures to reduce one source of GHG 

emissions often lead to increases in other 

GHG emissions, and this trade-off between 

CH4 and N2O is a major hurdle in devising an 

effective GHG mitigation strategy for rice 

(Wassmann et al., 2004). Very few studies 

have compared different rice production 

systems in terms of total GWP taking into 

account all three GHGs. Ishibashi et al., 

(2009) compared ZT-dry-DSR with CT-TPR 

and found ZT-dry-DSR 20% more efficient in 

reducing GWP. Pathak et al., (2009) 

simulated for Indian conditions and found that 

Dry-DSR on raised beds or ZT has potential 

to reduce CO2 equivalent ha
-1

 by 40-44% 

compared with CTTPR. Harada et al., (2007) 

reported that, just by changing puddling to 

zero tillage, GWP declined by 42% in Japan. 

In summary, despite relatively higher 

emissions of N2O in Dry-DSR, GWP of Dry-

DSR tends to be lower than for flooded CT-

TPR because of substantially higher 

emissions of CH4 in CT-TPR. However, more 

systematic studies involving simultaneous 

measurements of three GHGs are needed to 
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come to sound conclusions. Further, 

considering the burgeoning global demand for 

food, fiber, and fuel, appropriate GHG 

emission strategies must involve ecologically 

intensive crop management practices that 

enhance nutrient use efficiency and maintain 

high yields (Cassman, 1999). Globally, 

anthropogenic sources of methane (CH4) and 

nitrous oxide (N2O) are dominated by 

agriculture, and agricultural CH4 and N2O 

emissions have increased by approximately 

17 per cent from 1990 through 2005 (Forster 

et al., 2007). Traditional flooded paddy fields 

have been identified as a major source of 

increasing atmospheric CH4 accounting for 

approximately 5-19% of the annual global 

CH4 emissions to the atmosphere (IPCC, 

2007). Although most N2O emissions are 

produced in uplands, several studies on N2O 

emissions from rice fields revealed that 

substantial N2O emission results from the 

mid-season drainage and dry-wet episodes in 

rice fields (Yao et al., 2010). Methane is 

produced by anaerobic (without oxygen) 

decomposition of organic matter in the soil 

under flooded rice cultivation. Flooding 

creates anaerobic conditions a few millimeters 

beneath the soil surface and leads to the 

production of methane. The absence of 

standing water drastically reduces emissions 

of methane to the atmosphere. Adopting 

aerobic rice will help to minimize both 

methane and nitrous oxide emission rates 

from rice fields without affecting the 

productivity (Shashidhar, 2008). Methane 

flux was almost 10 times more pronounced 

under continuously flooded conditions than 

under continuously non-flooded conditions. 

The significantly lower efflux of methane 

under aerobic (3.03 mg m-2 hr
-1

) compared to 

flooded rice (6.16 mg m-2 hr
-1

) was reported 

by Jinsy (2014). Vial (2007) reported that 

approximate 50% reduction in CH4 emission 

under aerobic rice. So, we can say that the 

aerobic rice system is eco-friendly approach 

and safe for the environment. Simulated CH4 

emission in rice ranged from 25 to 59 kg ha
-1

, 

and the  farmers practice  had the largest 

emission followed by unpuddled 

transplanting.  Emission of N2O from soil in 

rice as well as in wheat varied between 0.10 

and 0.12 kg N2O-N ha
-1

. Fertilizer contributed 

0.24 and 0.37 kg N2O-N ha
-1

 in rice while it 

was between 0.42 and 0.54 kg N2O-N ha
-1

 in 

wheat.  Farm machinery including pump used 

for irrigation emitted 389 to 507 kg CO2-C ha
-

1
 in rice and 58 to 81 kg CO2-C ha

-1
 in wheat. 

Off-farm practices such as production of 

fertilizer contributed 117 to 199 kg CO2-C ha
-

1
 in rice and 222 to 252 kg CO2-C ha

-1
 in 

wheat. Production of biocides contributed 47 

to 82 CO2-C ha
-1

 in rice, while its contribution 

was negligible in wheat. Application of 

fertilizer and biocide contributed about 40 kg 

CO2-C ha
-1

 in rice-wheat system. 

Contribution of soil to CO2 emission was 

taken as zero as organic C remained more or 

less static for the last 4-5 years in this present 

study. Several other long-term fertility 

experiments in rice-wheat cropping systems 

in northwest India also showed static organic 

C (Ladha et al., 2003). Different RCTs in 

rice-wheat system had pronounced effects on 

the GWP, which varied between 2799 kg CO2 

equivalent ha
-1

 in raised-bed system and 3286 

CO2 equivalent ha
-1

 in farmers practice.  

Compared to the farmers practice all the 

technologies reduced the GWP by 3 to 28%.  

Previous studies using the InfoRCT model 

have also reported similar results (Pathak et 

al., 2011 and Saharawat et al., 2011) under 

different tillage and crop establishment 

practices in the RW system. Rice production 

contributes to global climate change through 

emissions of methane and nitrous oxide and in 

turn suffers from the consequences. Methane 

is formed in soil through the metabolic 

activities of a small but highly specific 

bacterial group called methanogens. Their 

activity increases in submerged, anaerobic 

condition developed in wetland rice fields, 

which limit the transport of oxygen into the 
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soil, and the microbial activities render the 

water-saturated soil practically devoid of 

oxygen. The upland, aerobic soil does not 

produce methane. Water management, 

therefore, plays a major role in methane 

emission. Altering water management 

practices, particularly mid-season aeration by 

short-term drainage as well as alternate 

wetting and drying can greatly reduce 

methane emission in rice cultivation. 

Improving organic matter management by 

promoting aerobic degradation through 

composting or incorporating into soil during 

off-season drain period is another promising 

technique. Indian rice fields covering an area 

of 43.86 M ha emitted 3.37 M t of CH4 in 

2007 (Pathak et al., 2010). The CH4 emission 

estimates, the emission factors used and area 

covered under each rice ecosystems. The 

highest emission was from irrigated 

continuously flooded rice (34%) followed by 

rainfed flood prone rice (21%). Rainfed 

drought prone, single aeration, deep water and 

irrigated multiple aeration rice ecosystems 

contributed 17, 16, 8 and 4% of CH4, 

respectively. Rice soil is also a source of 

nitrous oxide, a greenhouse  gas 298 times 

more effective than CO2. Soil contributes 

about 65% of the total nitrous oxide emission. 

The major sources are soil cultivation, 

fertilizer and manure application, and burning 

organic material and fossil fuels. Appropriate 

crop-management practices, which lead to 

increased N-use efficiency, hold the key to 

reduce nitrous oxide emission. Site-specific 

nutrient management, fertilizer placement and 

proper type of fertilizer supply nutrients in a 

better accordance with plant demands, 

thereby reducing nitrous oxide emission. 

 

Economics 

 

Several studies to evaluate the performance of 

DSR compared to the conventional pudddled 

transplanted rice. Results clearly elucidated 

comparable grain yield of DSR under seed-

cum-fertilizer drill/ zero till/reduced till 

system with less water use, more water 

productivity and greater net profit over that of 

conventional puddled transplanting. The DSR 

established its superiority over manual 

transplanting in terms of higher rice-wheat 

system productivity with greater system net 

return, increased water use efficiency and 

substantial improvement in fertilizer use 

efficiency compared to manual transplanting 

(Singh and Ladha, 2011). Studies revealed 

that system productivity of aerobic rice-

wheat, aerobic rice-chickpea and aerobic rice-

mustard were higher than transplanted rice 

based systems (Gangwar and Pandey, 2007). 

The DSR also had higher number of panicles 

per unit area, longer panicle length, more 

number of grains panicle
-1

 and higher 1000 

grain weight. A major reason for farmers‘ 

interest in DSR is the rising cost of cultivation 

and decreasing profits with conventional 

practice (CT-TPR). Growers likely prefer a 

technology that gives higher profit despite 

similar or slightly lower yield. Overall 

analysis of several published studies shows 

that various methods of direct seeding 

reduced the cost of production by US$9–125 

ha
-1

 compared with conventional practice.  

The  largest reductions in cost occurred in 

practices in which reduced or zero tillage was 

combined with Dry-DSR. These cost 

reductions were largely due to either reduced 

labour cost or tillage cost or both under DSR 

systems. The effect of  planting systems on 

grain yield, straw yield, cost of cultivation, 

net income  and net returns per rupee invested 

in rice grown on sandy clay loam soil (Sanjay 

et al., 2006). They observed direct seeding 

using drum seeder produced significantly 

higher net income Rs.34,953 ha
.-1  

and returns 

per rupee investment (Rs. 3.12) compared to 

net income Rs.30,420 ha
.-1

 and returns per 

rupee investment (Rs.2.66) recorded in 

transplanted rice. Field experiment was 

conducted  to compare and assess the 

practical feasibility of different stand- 
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establishment techniques in low land irrigated 

rice (Budhar and Tamilselvan, 2002). Four 

stand-establishment techniques, viz. 

transplanting, throwing of seedlings, direct 

seeding by manual broadcasting and wet 

seeding by drum seeder were compared. Both 

the direct seeding practices registered the 

maximum net income of          Rs. 19,039 and 

Rs.18,587 ha
-1

 with B: C ratio of 2.33 and 

2.29 in manual broadcasting and drum seeder, 

respectively. However, these reduced costs 

did not always translate into increased 

profitability. For example, the cost of growing 

rice on raised beds in India was the lowest 

among different alternative tillage and CE 

methods but there was a net loss of returns of 

US$166 ha
-1

 compared with CT-TPR, which 

was primarily due to associated lower grain 

yield. Increases in net returns in other direct-

seeding methods compared to CT-TPR were 

highly variable, ranging from US$1 to 132 ha
-

1
 primarily because of large yield variability. 

On average, the increases in net returns with 

direct-seeding on puddled or zero-till soil 

were similar (US$51 ha
-1

). Overall, all types 

of direct-seeding methods, except Bed-dry-

DSR, were either more profitable than or 

equally profitable as puddled transplanted 

rice. The labour and water costs are likely to 

increase in future which will make DSR 

economically more attractive to the farming 

community. 

 

In conclusion, the conservation agriculture 

based efficient and environmental friendly 

alternative management methods to increase 

water productivity in rice cultivation. Water is 

undoubtedly one of the most precious natural 

resource; however water is becoming 

increasingly scarce globally. Rice production 

and food security largely depend on the 

irrigated lowland rice system, but whose 

sustainability is threatened by fresh water 

scarcity, water pollution and competition for 

water use. From the review, it is unambiguous 

that, aerobic rice is a potentially viable 

alternative to lowland rice when water 

scarcity is a limiting factor. Above all, 

adopting aerobic rice will help to minimize 

greenhouse gas emission rates from rice fields 

without affecting the productivity.  Direct 

seeded rice (DSR) alternative establishment 

method of aerobic rice to sustain productivity 

of rice as well as natural resources. Aerobic 

rice is a projected sustainable rice production 

technology, which can reduce water use in 

rice production and produce more rice with 

less water.  It offers certain advantages viz., 

less labour,  less water requirement, less 

drudgery, early crop maturity, low  

production cost, proper placement of seed and 

fertilizer, increase fertilizer use efficiency,  

improve soil health for crops and less 

greevhouse gas (GHGs) emissions, under 

aerobic rice production system. However, the 

hurdles in achieving potential yield under 

aerobic system has to be overcome by focused 

research, then only we can make aerobic rice 

a potentially viable alternative to direct 

seeded rice (DSR). Direct seeded rice can be 

obtained by adopting various package and 

practices with scientific intervention 

contribute to increase the productivity and 

profitability of rice in Chhattisgarh state. 
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