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[Abstract- Rice (Oryza sativa L.) is the staple food for more than half of the world's population. Over ninety per cent of world rice is produced and consumed in Asia. As\
a consequence of competition among agricultural, industrial, environmental and domestic users led to scarcity of water and is going to threaten the sustainability of
irrigated rice ecosystem. In this context aerobic rice production system plays a vital role in overcoming the problem related to water. Weeds are the greatest constraint
in aerobic rice systems, resulting in 62.2 to 91.7 per cent yield losses. The absence of standing water makes aerobic rice more weed infested resulting in competition
for resources with crop plants. The studies have revealed that the weed should be controlled with in 20-60 days after sowing to reduce the yield losses. A major chunk
of the cost in aerobic rice production is attributed to cost of weeding. In this contrast, usage of herbicides is proven to be more effective but intensive herbicide use can
cause environmental contamination and the development of herbicide resistance by weeds. Hence, the sustainability in weed management is achieved by adopting

integrated weed management practices.
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Introduction

Among all staple food crops, Rice (Oryza sativa L.) accounts for the dietary energy
requirements of almost half of world population. Over 90 % of world rice is
produced and consumed in Asia, where it provides 35 - 80 % of total calories
uptake. Further, 55% of rice area is irrigated and accounts for 75% of total
production, where 90% of the fresh water is used for irrigated agriculture and of
which more than 50% is used in rice cultivation. It consumes 3000 to 5000 liters of
water to produce 1 kg of rice. In India rice alone consumes 40 % of the irrigation
water [1,2]. Rice occupies an area of 43.39 million hectares with an average
production of 104.32 million tones with productivity of 2.4 tonnes per hectare in
India [3]. Demand for rice is growing every year and it is estimated that in 2010
and 2025 AD, the requirement would be 100 and 400 million tonnes, respectively.
India has to increase its productivity by 3 per cent per annum in order to meet the
future food requirement [4]. Asia’s food security depends largely on irrigated rice
fields. But, traditional lowland rice with continuous flooding, in Asia has relatively
high water inputs. Water is a looming crisis due to competition among agricultural,
industrial, environmental and domestic users. By, 2025 30 % of human population
would be threatened by water scarcity because worldwide 70% of water
withdrawals is used in irrigated agriculture. Water scarcity is also an important
yield constraint in rainfed lowland rice areas which accounts 25 % of rice
production. The increasing scarcity of water threatens the sustainability of irrigated
rice ecosystem. By 2025 it is expected that 2 million hectares of Asia’s irrigated
dry season rice and 13 million hectares of its wet season rice will experiences
“physical water scarcity “ and most of the approximately 22 Million hectares of
imgated dry season rice south and southwest Asia will suffer “Economic water
scarcity” [5]. In 2001, IRRI started experimenting on aerobic rice for the Asian
tropics to quantify the water savings potential of aerobic cultivation of rice and to
evaluate the performances, yield stability and water productivity of continuous
aerobic condition."Aerobic rice system involves growing input-responsive, drought

tolerant rice varieties in non flooded and non puddle soil using supplementary
irrigation and fertilizers to achieve high yields [6]. But major constraint in aerobic
rice to get higher yield is weed infestation. Aerobic rice is more prune to weed
infestation because of direct seeding practices, dry tillage practices, alternate
wetting and drying cycles, wide spacing, and reduced seed rate. All these
practices make the condition conducive for germination and growth of highly
competitive weeds and cause yield loss of 62.2 to 91.7 per cent [7-11]. Thus the
weed management in aerobic rice is critical to enhance production and
productivity.

Important Weed flora associated with aerobic rice

Aerobic rice weed community appears as a complex ecological entity. About 51
species have been reported along with aerobic rice of which 34 species were
broad leaved weeds (66.7%), 12 species were narrow leaved weeds (23.5%) and
5 species were sedges (9.8%). Among the 75 weed species reviewed, 18 are
considered as major weed species such as Phyllanthus niruri, Aegeratum
conyzoides, Celosia argentia L., Mimosa pudica, Protulaca oleraceae L.,
Aeschynomene indica, Spilanthus acmella Murray not (L) L., Alternanthera
sessilis L., Emilia sonchifolia (L.) DC. ExWight and Eclipta prostrata (L.) L. among
broad leaved weeds, Echinochloa colonam L., Dactyloctenium aegyptium
(L.) Willd., Panicum repens L., Eleusine indica (L.) Gaertn., Cynodon dactylon (L.)
Pers. and Digitaria marginata L. among narrow leaved weeds and Cyperus
rotundus L., Cyperus iria L. and Fimbristylis miliaceae (L.) Vahl., among sedges
[10,12-15].

Critical period for crop weed competition

The critical period has two components: (1) the length of time weed control is
required to prevent crop yield losses, and (2) the length of time crops can tolerate
weeds before resulting in yield losses. These components combinedly define the
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critical weed-free period [16]. Thus, knowledge of weed emergence pattern
becomes essential for successful implementation of this concept. Several studies
on critical period of crop weed competition were conducted and the critical period
for crop weed competition in aerobic rice was 20-60 days after sowing [17-19].

Methods of weed control in aerobic rice

Weed management practices in rice depends on the prevalent weeds and weeds
that are likely to occur. Any one method may not be effective under all conditions
because weeds vary so much in their growth habit and life cycle. Weed control
methods can be grouped into direct and indirect methods. Direct methods include
physical, chemical and biological methods. Indirect methods include weed
prevention, weed eradication and cultural practices.

Indirect Methods

Prevention of weeds

Nature has provided weeds with a number of devices that help them to be
disseminated widely. The agencies that facilitate the dispersal of weed seeds far
and wide are water, wind and animals, including man. The troubles that weeds
create in crops, soil and water are summed up in the adage "one year of seeding
is seven years of weeding". To avoid such a situation, a wise step is to follow the
principle "prevention is better than cure". Preventive methods consist in sowing
crop seeds not contaminated with weed seeds, using manure and irrigation water
not laden with them and the enforcement of weed control laws and seed-
certification measures [20].

Weed eradication

Eradication of a weed species is an appealing option because it completely
removes the detrimental effects of the weed as well as the high cost of continuing
control. Eradication is defined as the complete and permanent removal of all wild
populations from a defined area by a time-limited campaign. It is important that an
eradication campaign is ‘time-limited’, that is, eradication needs to be achieved by
a fixed date otherwise it is really continuing control. Eradication of a newly
introduced pest is seen as a favorable option if the pest wil: i) increase the cost of
production or reduce the volume or value of production, ii) pose health risks, iii)
cause extensive environmental damage, iv) lead to quarantines and export
restrictions and v) Increase the use of chemicals and other expensive controls.
However, controlling an invader at a density sufficiently low that it is tolerable is
usually seen as the appropriate response. Often a management plan is
specifically aimed at eradication of a species, but the methods are the same as
those that would be used to reduce a population to an economically or ecologically
acceptable level. Eradication of a species is assumed to be successful when the
infestation area has been free from any individuals for the known life of the seed
bank. This can be difficult to define as the life of a seed in the seed bank can only
be an estimate, and often nothing is known about the seed bank. The main
difficulty in eradicating terrestrial plants is that seeds can remain viable in the soil
for up to a century. Furthermore, for eradication to be successful the area should
be sufficiently isolated so that recolonisation is unlikely to occur [20].

Cultural practices

Cultural practices like competitive varieties, tillage, seed rate, seeding method,
spacing and seed priming, water management, Fertilizer management, crop
rotation, intercropping and mulching will also plays a vital role in effective weed
management in aerobic rice.

Competitive Varieties

Weed competitiveness is defined as the ability of a crop to suppress and tolerate
weeds [21]. Cultivar weed suppressive ability is determined by measuring weed
biomass in a weedy environment; however, cultivar weed tolerance can only be
assessed by comparing grain yields of cultivars with the same yield potential and
weed suppressive ability (WSA) in a weedy environment [22]. Though suppressing
weeds reduces weed seed production and benefits weed management in the long
term, while tolerating weeds only benefits yield in the current growing season, and
may result in increased weed pressure from unsuppressed weeds in consecutive

seasons. However, strong WSA does not guarantee high yield under weed
competition if the yield potential is low. Therefore, the weed competitive genotype
should not only suppress or tolerate the weeds but also should improve the
yielding ability of the genotype [23]. The aerobic rice genotypes should be short to
medium duration varieties with medium to tall plant height, droopy leaves, higher
leaf area index and moderate to high tillering ability and highly input responsive
[23,8, 24]. Along with the above characters high root biomass and volume
correlated positively with competitiveness [25].

Tillage

Tillage influences the weed emergence due to changes in the mechanical
characteristics (bulk density, penetration resistance, aggregate mean weight
diameter, and surface roughness) of the seedbed [26] as well as the vertical
distribution of seeds in soil [27]. By doing primary tillage reduces the annual weed
populations by deep placement of weed seeds and also reduces the perennial
weed population like Cyperus rotundus and Cynodon dactylon by exposing its
vegetative propagation materials [28]. Aerobic rice needs secondary tillage for fine
seed bed preparation for better germination of rice seeds and helped in reducing
the weed infestation [8] and also helped in better proliferation of roots into deeper
layers inturn helped in uptake of nutrients and water resulted in better grain yield
[29]. Among the weed control practices, these are critical for success, timeliness
of weeding is important. Because, weeds offer the greatest competition and cause
the most damage at early crop growth. So, early weed control is important and the
final choice of any weed control method depends largely on its effectiveness and
economics [8].

Seed rate, seeding method, spacing and seed priming

Higher seeding rate is one approach that helps increase crop competitiveness
against weeds was reported by [13]. High seeding rates facilitate quick canopy
closure, which helps suppress weeds more effectively. At low seeding rates, crop
plants take more time to close their canopy, which encourages weed growth [30].
High seeding rates improve the ability of crops to suppress weeds and can reduce
yield loss under partially-weedy conditions [31, 24, 32]. Reduced weed density
and weed dry weight was observed in row seeding in east west direction [33, 24].
Chauhan and Johnson also reported that providing less row spacing is congenial
and effective in controlling weeds as well as getting higher yield [13]. Seed priming
(controlled moisture addition technique allowing seeds to be hydrated partially
without radicle emergence) reduces emergence time, boosts germination
percentage and favours synchronized emergence, this might have a great
influence on weed suppression, seedling stand and yield [34]. Seed priming
(soaking seeds in Zappa® solution for 24 hrs followed by air drying for 12 hrs) has
increased the weed suppressive ability of rice by 22-27 per cent [35].

Water management

The importance of water management in weed control in aerobic rice is well
known [36]. Rice emergence and seedling growth is not influenced by drought
stress, keeping dry soil surface as long as possible will largely suppress weed
emergence and give rice a ‘head start’ over weeds. However, if a pre-emergence
herbicide is applied, an irrigation following sowing is necessary to create a wet soil
surface to ensure herbicide efficacy [23]and in southern US many rice producers
are using pin-point (PP) irrigation to get rid from red rice (Oryza sativa) a major
curse in rice cultivation [37].

Fertilizer management

Fertilizer management is the key factor in increasing the vigour of the crop as well
as to withstand the competion posed by weeds and may contribute in long term
weed management [38]. Fertilizer management should aim at decreasing the
nutrient uptake by weeds and vice versa [39]. Reduced uptake of N and
attainment of weed biomass was observed due to subsurface band placement of
N than broadcasted N [40]. Results have shown that N influenced the germination,
emergence and competitiveness of different weeds. In a study, it was reported that
total weed biomass increased with increasing N application rate [41]. Application
rate should be according to crop requirement and prevailing conditions otherwise
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leads heavy weed infestation [42]. Furthermore, varying fertilizer application timing
may reduce nutrient uptake by weeds as improper time might develop stressful
environment to weeds irrespective to crop stand establishment [43).

Crop rotation

Crop rotation is often considered to be a vital tool of weed management [44]. Crop
rotation is one of the most important agronomic practices in minimizing the crop
associated weeds by reducing weed seed additions to soil weed seed bank [36].
Increasing cropping system diversity has been advocated as a potential means of
decreasing the need for intensive chemical inputs for weed control [45]. Inclusion
of pulses has reduced the weed infestation in rice [46,47].

Mulching

Weed Density and its dry weight was reduced significantly by application of
mulches viz., Polythene sheet mulch, sugarcane trash, maize stover rice straw
and Biological mulch. However, Mulching with black polythene cover showed good
potential for total weeds control in aerobic rice under the sub-tropical soil and
climatic conditions [48,49].

Intercropping

Intercropping is a common practice followed both in developing and developed
countries. Intercropping suppresses weeds better than sole cropping and thus
provides an opportunity to utilize crops themselves as tools of biological weed
management. Smother crops like Amaranthus, Indian till was found to be much
effective in reducing weed growth (because of its broader leaves and early rapid
growth which blocked light from reaching the ground) without affecting productivity
of aerobic rice [50, 51]. Intercropping with Sesbania for 40 days was found
effective in controlling weeds in aerobic rice [48].

DIRECT METHODS

Physical methods

The primary and age old methods of weed control followed most commonly in Asia
and African countries are removal of weeds by hand, with weeding tools (hoe,
scythe and spade) or with mechanical implements. Although hand weeding is
labour intensive, it is still commonly practiced, particularly in areas where labour is
abundant and inexpensive [52]. Though these methods are effective and
environmental friendly, they require labour input hectare upto 190 man days for
two to three weeding operations [53]. Quite often, weeding is delayed or cancelled
due to the lack of availability of labour or the expensive labour costs [54]. However
the other important problems associated with manual weeding are damage to the
rice crop when weeders are moved across the field and mistaken removal of rice
seedlings instead of weeds as it is difficult to distinguish between most of the
grassy weeds with rice crop at initial stages[55).

Biological methods

Weed control by myco-herbicides are now being studied to reduce herbicide
dependency. Allelopathy method. Allelopathy, the direct or indirect effect of one
particular plant on another through the production of chemical compounds that are
released in to the root environment, may provide an alternative weed control
strategy. This approach may lead to less dependence on the use of herbicides in
rice production. Rice plants with allelopathic effects on weeds can lessen
production costs because the need for herbicide application and/or hand weeding
is reduced. Dibutyl phthalate (DBP) an allelo compound extracted from culm plus
leaves of Chrysopogon serrulatus applied at 2.4 kg a.. ha-'reduced the
emergence and shoot fresh weight of L. chinensis by >50%, with negligible effect
on root and shoot growth of aerobic rice seedlings, suggesting this as the most
suitable rate and compound to control L. chinensis without injuring rice seedlings
[56].

Chemical methods

Employing herbicide for weed control constitute chemical method of weed control.
The potential use of herbicides would be the timely weed control or to delay weed
growth or to check weed growth during crop growing season and critical period

[57]. Chemical weed control in aerobic rice has gained importance because of
intensity of weed problem coupled with the lack of labour for weeding and its high
cost. Many researchers has worked and still working on weed management in
aerobic rice and revealed that herbicide may be considered to be a viable
alternative/supplement to hand weeding. Application of pre emergence, post
emergence herbicides and its combination viz. Penoxsulam @15 g a.i. ha,
Bensulfuron methyl at 60 g + pretilachlor at 600 g a.i ha!, Pendimethalin (30EC)
@1.00 kgfha b Bispyribac sodium (10% SC) @35 g/ha, Pendimethalin 1.0 kg/ha
fo Almix 4.0 g/ha and Bispyribac sodium + metamifop 14 % SE at 70 g ha! +
wetter [10, 58-61] has effectively controlled the weed flora associated with aerobic
rice and with less reduction in yield. However, controlling the weeds using
herbicides is not only our aim along with that public health and environment is also
our concern [33] and we also have to think about development of resistance to
herbicides by weeds at higher doses as reported by Heap [62], phytotoxicity to
crops [63] and reduction of beneficial soil microbial population [64] has renewed
the interest to limit the use of herbicides.

Integrated weed management practices

The IWM was first introduced and defined 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 [65]. Integrated weed
management as the choice and application of weed management practices as
‘many litle hammers” which in combination provide crop protection from weed
competition and suppress weed communities [36] without effecting the farmers
economic and ecological interests. The WM better utilizes resources and offers a
wider range of management options [66]. Integration of diverse technologies is
essential for weed management because weed communities are highly
responsive to management practices and environmental conditions [67]. A
theoretical model of IWM has been suggested by Noda [68]. 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 [69]. Adoption of IWM approach viz.,
Zero till + Stale seedbed with two irrigations + hand weeding, Pyrazosulfuron ethyl
at 25 g aijha + hand weeding + intercultivation, Pendimethalin 1 kg/ha+
bispyribac-Na 25 g/ha fb hand weeding and Pendimethalin at 1.0 kg/ha + one
hand weeding [11, 70-72] has proven to be the best technologies for controlling
the weeds and in getting sustainable yield.

Conclusion: The area under aerobic rice is expected to increase in the future
days because of labor and water shortages. Weeds, however, are the major
constraints in aerobic rice production. To achieve effective, long-term, and
sustainable weed management in aerobic rice, there is a need to integrate
different weed management strategies, such as cultural, physical and biological
weed management strategies and judiciously using herbicides as last resort rather
than as only resort.

Future research needs in aerobic rice

In order to devise a sustainable weed management strategy for aerobic rice,

o Detailed studies need to be done on the biology and ecology of notorious
rice weeds.

o Detailed studies on developing competitive transgenic rice varieties are
needed.

o In depth study on controlling notorious weeds of aerobic rice through
alleopathy is need to be an hour.

o Studies required on soil solarization technique in aerobic rice to control
perennial weeds.

¢ Indepth study on biological weed management in aerobic rice is needed.

Application of research: Aerobic rice cultivation is a technology for tail end areas
Whereas weeds are the major hurdle in getting the good yield. Therefore in order
to overcome this hurdle Integrated Weed Management is the solution with less
environmental pollution.
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