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("Abstract: Rice is a semi aquatic plant being an important staple food crop in Asia and it occupies the enviable prime place among the food crops after wheat. Human )
consumption accounts 85 percent of total production for rice and it deserves a special status among cereals as world's most important wetland crop. In India, rice is grown in an
area of 43.97 million hectare with a production and productivity of 104.32 million tonnes and 2372 kg ha!, respectively. The increasing shortage of water resources accelerates the
development and adoption of aerobic rice system. Aerobic rice is a production system where in rice is grown in well-drained, non- puddled and non saturated soils. The yields that
can be obtained here range from 4.5 to 6.5 t ha'. Adoption of micro irrigation might help in increasing the irigated area, productivity of crops and water use efficiency. Drip
fertigation can be given at various intervals like once a day or once in every two days or even once a week, depending on type of soil and crop. Fertigation interval significantly
influenced the growth and yield attributes in aerobic rice due to maintenance of adequate soil moisture by frequent irrigation and nutrient supply match with crop growth demand
along with good soil aeration throughout crop growth period. In drip fertigation system the yield increment was up to 61.84 percent as that of surface irrigation with soil application of
fertilizers. Scheduling of drip fertigation in right time is optimum for getting maximum yield in direct seeded drip irrigated aerobic hybrid rice.
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Introduction

Rice (Oryza sativa L.) is the most important staple food crop in Asia and it
occupies the enviable prime place among the food crops after wheat. Human
consumption accounts 85 percent of total production for rice and it deserves a
special status among cereals as world’s most important wetland crop. Worldwide,
rice is being cultivated on an approximate area of 147 million hectare with a total
production of 525 million tonnes and average productivity of 3571 kg ha'. Asia
contributes 59 percent of world population and accounts for 92 percent of global
rice production. Among many food grains cultivated in India, rice has the pride of
being cultivated over an area of 43.97 million hectare with a production of 104.32
million tonnes which contributes to 41.5 percent of total food grain production of
our country with the productivity of 2372 kg ha-!.

The estimated water availability for agriculture which is 83.3 percent of total water
used today and it will shrink to 71.6 percent in 2025 and to 64.6 percent in 2050
[1]. The shrinking water resources and competition from other sectors, the share
of water allocated o irrigation is likely to decrease by 10 to 15 percent in the next
two decades. Hence, the expansion of irrigation may depend upon the adoption of
new systems such as pressurized irrigation methods with the limited water
resources. Among those pressurized irrigation methods, drip irrigation has proved
its superiority over other methods of irrigation due to the direct application of water
and nutrients in the vicinity of root zone [2]. Fertigation is the judicious application
of fertilizers through irrigation water. Fertigation can supply nutrients directly to
root zone in available forms, control of nutrient concentration in soil solution and
saving in application cost. Thus, fertigation becomes prerogative for increasing the
yield of most of the crops under drip irrigation [3]. Aerobic rice is a production
system where in rice is grown in well-drained, non-puddled and non-saturated
soils [4].

Characteristics and Constraints of Aerobic Rice

More than 75% of the rice production comes from 79 million ha of irrigated
lowland. However, the sustainability of the irrigated rice systems is increasingly
threatened by scarcity of fresh water resources. It was estimated that 17 million ha
of Asia's irrigated rice may experience “physical water scarcity” and 22 million ha
may experience “economic water scarcity” by 2025 [5]. The increasing shortage of
water resources accelerates the development and adoption of aerobic rice
system. Aerobic rice is a new term coined by the International Rice Research
Institute (IRRI), for high-yielding rice grown under non flooded conditions in non-
puddled and unsaturated (aerobic) soil, which is responsive to nutrient supply, can
be rainfed or irrigated, and tolerates (occasional) flooding [6]. This system has
been developed and adopted by farmers in Brazil, China, and other Asian
countries [7,8]. In broad sense, upland rice can be considered as aerobic rice
because of the availability of oxygen in the soil. Aerobic rice is defined in the
context of a water-limited irrigated lowland system without puddling. In aerobic rice
production system, soils are kept aerobic throughout the growing season.
Supplemental irrigation is applied as necessary. The cultivars used are adapted to
aerobic soils and have higher yield potential than traditional upland cultivars [9]. In
Asia, upland rice is aerobically grown with minimal inputs and it is usually planted
as a low-yielding subsistence crop in the adverse upland conditions [10]. Upland
rice cultivars are drought tolerant, but have a low-yield potential and tend to lodge
with high levels of external inputs such as fertilizer and supplementary irrigation.
Aerobic rice is adopted in upland areas where supplementary irrigation is available
and soil problem is minimum [11]. In 2001, IRRI started a breeding program to
develop tropical aerobic rice cultivars for the Asian tropics [12] and some
improved tropical upland rice cultivars (such as Apo) that performed well under
aerobic conditions were identified [13].
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To achieve high yields under aerobic conditions, aerobic rice cultivars should
combine the drought-tolerance characteristics of upland cultivars with the high-
yielding characteristics of lowland cultivars. In northern China and Brazil, aerobic
rice cultivars with high yield potential and moderate tolerance of drought stress
have been developed through crosses of traditional upland cultivars with improved
irigated cultivars [14]. Furthermore, aerobic rice cultivation has another merit,
which is reducing greenhouse gas emission from rice field [15]. The grain yields of
5-6 t ha-' have been reported in aerobic rice system with high-yielding rice
cultivars [16-18]. In Brazil, aerobic rice cultivars with high grain yields of 5-7 t ha-1
have been developed [19]. While, in northern China, the grain yields of 8 t ha-1
and even higher have been achieved using high-yielding aerobic rice cultivars
under appropriate management practices. It is well-known that weeds are the
most severe constraints to widespread adoption of aerobic rice [20]. Weed
pressure in dry direct-seeded aerobic rice is significantly greater than that
recorded in transplanted rice [21]. Weeds in plots with a lower seeding rate have
more chances to emerge, grow, and build up a strong population and thus pose a
serious crop-weed competition. [22] Higher seeding rate to reduce weed biomass
in dry direct-seeded aerobic rice.

Benefits of Drip Irrigation & Fertigation
o Enhanced yield upto 50 %

Higher and cleaner straw production

Higher water use efficiency

Conserving irrigation water up to 66%

Conserving energy use for pumping up to 52%

Reduced seed rate

Higher fertilizer use efficiency

Absence of pollution from leached and washed Nitrate

Maintains aerobic condition in the soil

Prevents Methane emission and protects environment as there is no

standing water

Reduced humidity in micro climate

Incidence of diseases and insects significantly low

No need for land levelling (prerequisite for flow irrigation)

No need for labour use for trimming bunds and plugging breaches to

contain water.

o Total Labour requirement less

o Intercropping and rotation cropping is possible. Pulse rotation crop will
be beneficial.

o Soil structure is maintained (absence of puddling operation that
destroys soil structure).

o Lower mosquito population in the ecosystem as there is no standing
water.

Benefits in Adopting Aerobic Rice

Application of aerobic rice in areas of the anticipated 37 million ha of water short
irigated lowlands and 40 million ha of rainfed lowlands and uplands, where
seasonal rainfall is 600-800mm in Asia will be rescued from water shortage
problems and brought under cultivation.

Influence of Drip Fertigation on Growth and Yield Parameters of Aerobic
Rice

Application of fertilizers through drip irrigation resulted in continuous supply of
nutrients besides maintaining optimum water availability which leads to higher
uptake of nutrients. As that of growth parameters, drip fertigation at 1.5 PE up to
maturity with 100 percent RDF through normal fertilizers resulted in significantly
more panicle weight, productive tillers, total grains per panicle and grain yield.
Irrespective of fertilizer combinations, fertilizer applied at once in 2 days recorded
higher leaf area and leaf area index (LAl). Maintenance of adequate soil moisture
by frequent irrigation and nutrient supply match with crop growth demand along
with good soil aeration throughout crop growth period might have favoured faster
cell division and elongation which has ultimately resulted in higher tiller production,

more number of leaves and leaf area development [24]. Singandhupe, et al.,
(2003) [25] reasoned out that the increase in LAI due to increased N supply might
also be ascribed to the N-induced enhancement of leaf area. But in surface
irrigation with soil application, where nutrients were applied in two splits (N and K),
utilization was reduced during dry period as soil moisture was reduced with time
[26]. Application of straight fertilizers in combination with water soluble fertilizers is
the alternative source for water soluble fertilizers alone [27]. Surface irrigation with
soil application of RDF recorded lowest yield attributes. Higher yield attributes
under drip fertigation given once in two to four days were because of higher
growth parameters like plant height, tillers and leaf area and this favourable
influence was due to better and adequate supply of required quantity of water and
nutrients at the right time at right form at right place due to drip fertigation. [28]
also reported yield improvement in banana under drip fertigation which was mainly
due to the maintenance of soil near field capacity throughout the growth period in
the active root zone, leading to low soil suction, which thereby facilitated better
water utilization, higher nutrients uptake and excellent maintenance of soil-water-
air relationship with a higher oxygen concentration in the root zone. This was
attributed to complete solubility and availability of the water-soluble fertilizer as
compared to normal fertilizer. Water soluble fertilizer had higher concentration of
available plant nutrient in top layer [29]. Surface irrigation with soil application
recorded lowest grain and straw yield. Parthasarathi, ef al., (2012) [30] also
reported that split application of fertilizers in drip irrigation coincided with the actual
needs of crop up to eighty days and favoured good growth and produce maximum
yield. Scheduling of drip fertigation once in two to four days with a combination of
50 percent normal and water-soluble fertilizers is optimum for getting maximum
yield in direct seeded drip irrigated aerobic hybrid rice. A sound source in terms of
plant height, number of tillers to support and the number of leaves is logically able
to increase the total drymatter and later lead to higher grain yield. Partitioning of
drymatter production and its distribution in different parts is important for
determination of total yield of the crop. The increase in yield atiributes under drip
fertigation might be due to enhanced availability and uptake of nutrients leading to
enhanced photosynthesis, expansion of leaves and translocation of nutrients to
reproductive parts compared to conventional method of soil application of
nutrients. Similar findings were also recorded by Vijaykumar, (2009) [31]. The yield
increment is up to 61.84 percent as that of surface irrigation with soil application of
fertilizers. Higher leaf area index and crop growth rate which are contributed for
assimilation of more photosynthates and resulted in superior yield attributes and
yield [32-33). Higher grain yield may be due to its superiority in producing higher
productive tillers hill-', panicle length, thousand seed weight and total number of
filled grains panicle- with lower % chaffyness than the other treatment.

Influence of Fertigation Intervals on Aerobic Rice

Fertigation can be given at various intervals like once a day or once in every two
days or even once a week, depending on type of soil and crop. The optimum
fertigation interval for drip irrigated crops has not been thoroughly researched. It is
often assumed that fertigation at few days interval with drip irrigation is preferable
than wide interval fertigation. Water soluble fertilizers having high content of
nutrients with low salt index can be used for fertigation. These fertilizers are made
of same chemical compounds as those of normal fertilizers but, they are devoid of
neutral insoluble materials such as earth, gypsum, dolomite, clay etc. and are
almost 100 percent soluble in water without leaving any sediment in fertigation
system [34]. As water soluble fertilizers are very costly inputs, efforts should be
made to reduce the quantity of water-soluble fertilizers in conjunction with normal
fertilizers [35]. Fertigation interval significantly influenced the tiller production in
aerobic rice. The maximum number of tillers is recorded with fertigation interval of
once in two and four days with 100 percent water soluble fertilizers. It was mainly
because of response of hybrid rice to frequent application of water and nutrients
through fertigation.

Influence of Drip Fertigation On

Water use and Water productivity

In aerobic rice cultivation, irrigation water use, total water needs of crop and water
productivity also shown greater variation.
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Drip fertigation at 1.5 PE up to maturity with 100 % RDF recorded higher water
productivity of 64.6 kg ha-cm besides saving 39 percent of water as compared to
surface irrigation. Higher total water use was observed with surface irrigation
method (1288 mm) followed by irrigation levels at 1.5 PE up to maturity (844.4
mm) and least total water used with 1.0 PE up to tillering and 1.5 PE up to maturity
(766.4 mm). Aerobic rice cultivation the increase in water productivity in all drip
irigated treatments over surface irrigation was mainly due to considerable saving
of irrigation water, greater increase in yield of crop and higher nutrient use
efficiency. 32-88% higher water productivity was observed under aerobic rice
cultivation compared to flooded conditions [36].

Water use efficiency

In aerobic rice situations, higher water use efficiency in drip fertigation is probable
as the volume of water applied through drip system roughly corresponds to the
consumptive use of plants. Consistent with this, Total water used was highest in
surface irrigation method (1073 mm) when compared to different levels and
source of fertilizer with drip fertigation (714.5 mm). Aerobic rice fertigated with
100% RDF through drip fertigation with water soluble fertilizer recorded
significantly higher water use efficiency (91.01 kg/ha.cm-), followed by 100 and
75% RDF in which 50% applied as basal with normal fertilizer and 50% top dress
through water soluble fertilizer (85.99 and 78.38 kg/ha.cm) and 75% RDF
through drip fertigation with water soluble fertilizer (79.27 kg/ha.cm-). In drip
irigation system increase in water use efficiency over furrow irrigation was mainly
due to the controlled water release near the crop root zone. Drip fertigation system
influence favourable effect of water and nutrients on crop growth and yield
probably due to higher water use efficiency [37].

Economics

Drip fertigation system has been found more profitable than surface irrigation due
to higher yield. Gross returns were higher when the crop were fertigated with
100% RDF through water soluble fertilizers (Rs. 121222 ha-") it was followed by
treatment with 100 and 75% RDF. This is mainly due to increase in grain and
straw yield as compared o rest of the treatments [38].

Conclusion

Lowland rice has been proven over the centuries, to be a remarkably sustainable
system for rice production mostly because of its luxurious water availability.
Sustainability of lowland rice production threatens present day water crisis and
necessitates the adoption of water saving irrigation technologies. The
technologies reduce water inputs only at the expense of yield. While, decreased
water requirements in rice production and is highly suitable for irrigated lowland
rice with insufficient rainfall and favourable uplands with access to supplementary
irrigation under aerobic rice production. In aerobic rice production it requires new
type of cultivars bred. Fertigation can supply nutrients directly to root zone in
available forms, control of nutrient concentration in soil solution and saving in
application cost.

Application of review: Maintenance of adequate soil moisture by frequent
irrigation and nutrient supply match with crop growth demand along with good soil
aeration throughout crop growth period might have favoured faster cell division
and elongation which has ultimately resulted in higher tiller production, more
number of leaves and leaf area development which increase the yield of aerobic
rice under drip fertigation systems.
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