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ABSTRACT

A field experiment was conducted during kharif season of 2016 at Central Rainfed Upland Rice
Research Station (CRURRS), Hazaribagh, Jharkhand to evaluate the effect of planting methods,
irrigation scheduling and soil adjuvant on growth, productivity and nutrient content of aerobic
rice. The experiment was laid-out in a split-plot design keeping 8-combinations of
4-irrigation schedules, viz., I1: Irrigation at 0.9 IW/CPE ratio, I2: Irrigation at 1.2 IW/CPE ratio,
I3: Irrigation at 1.5 IW/CPE ratio and I4: Un-irrigated (rainfed) and 2-soil adjuvants (A1: soil adjuvant
applied and A2: No-soil adjuvant) in the main-plots and 2-planting methods (P1: Conventional dry
seeding at 20 cm row spacing and P2: Spot-sowing (dibbling of 4-seeds per hill at 20 × 15 cm) in the
sub-plots, thus there were a total of 16 treatment combinations. Scheduling irrigation at 1.5 IW/
CPE ratio recorded highest plant height (95.4 cm), DMA (1053 g m–2) and LAI (3.44); similarly grain
yield increased by 37.3% over rainfed crop, 23% over crop irrigated at 0.9 IW/CPE ratio and 13.5%
over 1.2IW/CPE ratio. Effect of irrigation scheduling was found non-significant on nutrient
concentration except P concentration in grain and straw. Crop irrigated at IW/CPE ratio 1.5 exhibited
significantly higher P-concentration in grain and straw, over irrigation at IW/CPE ratio 0.9 and
rainfed crop. Application of soil adjuvant (APSA 80TM) didn't bring significant changes in any of the
studied parameters.  Between the two planting methods, spot-sowing resulted in higher growth
and improved grain yield by about 7% over conventional method of sowing, however, effect on
nutrient content remained non-significant.
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Rice (Oryza sativa L.) is the staple food of
millions of people and provides about 700
calories/day/person for about 3000 million

people living mostly in developing countries
(Sangeetha and Baskar, 2015; Dass et al. 2016; Dass
et al., 2017b). It has been estimated that India will
require about 130 million ton (mt) of rice
production by the year 2025 (Rao, 2012), which
envisages that the country need to add 21 mt of
rice to its current production level of 109 mt
(MoA, 2017). It is also reiterated in several forums
that such an increase in rice production will have
to be realized from India's depleting resources,
particularly land and water (Dass et al., 2016). It
is a well established fact that water requirement
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of rice is highest among the field crops and
production of one kg of rice grain consumes
about 5000 litres of water. Kukal et al. (2010)
predicted that with the looming water threat and
erratic rainfall pattern, an additional 500 litres of
water will be required to produce one kg of rice
in 2025. This scenario calls for economizing
water-use in rice by developing and deploying
water conservation and water-saving methods of
rice cultivation. Among all water-saving rice
technologies, aerobic rice provides the highest
yield per unit of water used. Aerobic rice systems
can reduce water applica-tion by 44% relative to
conventional transplanted systems, by reducing
percolation, seepage and evaporative losses,
while maintaining yield at an acceptable level of
6 t ha–1 (Wang et al., 2002 and Bouman et al., 2005).
Out of the total 44 m ha of rice area in the country,
18.8 m ha is under rainfed condition, of which
67% lies in the eastern India including Jharkhand,
so aerobic rice has great a scope in this region. In
water scarce area, effect of drought further can
be eliminated by modifying the properties of
irrigation water itself which helps in increasing
water holding capacity (WHC) of soil that helps
absorb greater amounts of water and retain it for
a longer period, this can be achieved by the use
of surfactants which increase the speed of water
penetration in the soil and reduce water loss
through evaporation. Surfactants function at the
interface between compounds by lowering the
surface tension of a liquid. Their mode of action
allows water to penetrate and wet agricultural
soils more easily, potentially improving water-
use efficiency (WUE) and crop quality
(Karagunduz et al., 2001; Krogh et al., 2003).  The
row to row spacing is an important cultural
practice which affects the grain yield quantity and
quality in different rice ecosystems. Several
studies have proved that proper spacing can
maintain the optimum plant population which
is essential for the optimization of the yield of
the aerobic rice. Reliable information on potential
of aerobic rice, planting methods, water-efficient
management options are lacking in eastern region
of India, therefore an experiment was undertaken
to study the effect of planting methods, irrigation
regimes and soil adjuvant on growth, produc-
tivity and nutrient concentration of aerobic rice.

MATERIALS AND METHODS

A field experiment was carried out during
kharif season of 2016 at Central Rainfed Upland
Rice Research Station (CRURRS), Hazaribagh
(23°56′34′′ N and 85°21′46′′ E with an altitude of
614 m above the mean sea level.), Jharkhand,
India. Hazaribagh falls in NARP-classified agro-
climatic zone 7 (Eastern Plateau and Hill Regions,
and sub region-Central North-eastern Plateau
Region of Jharkhand), which is characterized by
humid and sub-humid tropical climate. The
climate of the districts is warm and humid with
mean maximum and minimum temperature of
31.4°C and 13.7°C, respectively. April, May and
June are the hottest months and December,
January and February are the coldest months. The
maximum and minimum relative humidity was
67.4% and 36.3%, respectively. Soil of the
experimental field was clay loam in texture
having a good water holding capacity. Soil of the
experimental site was categorised as medium
in organic C (0.62%), low in available N (153 kg
ha–1), medium in available P (11.3 kg ha–1) and
high in available K (380 kg ha–1). Soil reaction
was in neutral range (pH 6.8). Field capacity and
permanent wilting point moisture content of
experimental field soil was 28.72, 14.87%,
respectively. Total rainfall during crop period
was 1237 mm which was higher than normal
rainfall (1084 mm) of the region.

The experiment was laid-out in a split-plot
design keeping 8-combinations of 4-irrigation
schedules, viz., I1: Irrigation at 0.9 IW/CPE ratio,
I2: Irrigation at 1.2 IW/CPE ratio, I3: Irrigation at
1.5 IW/CPE ratio and I4: Un-irrigated (rainfed)
and 2-soil adjuvants (A1: soil adjuvant applied
and A2: No-soil adjuvant) in the main-plots and
2-planting methods (P1: Conventional dry
seeding at 20 cm row spacing and P2: Spot-sowing
(dibbling of 4-seeds per hill at 20 × 15 cm) in the
sub-plots, thus there were a total of 16 treatment
combinations. Sahabhagi Dhan a drought
tolerant variety was sown at the rate of 60 kg
ha–1 in conventional drilling and 30 kg ha–1 in
spot sowing method. The crop was uniformly
fertilized with 120 kg N, 60 kg P2O5, and 30 kg
K2O ha–1. Nitrogen was supplied through N-
containing fertilizers, urea and di-ammonium
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phosphate (DAP). Phosphorus and potassium
were supplied through DAP and muriate of
potash, respectively. A pre-emergence applica-
tion of pendimethalin @ 1.0 a.i. kg ha–1 followed
by post-emergence application of bispyribac-Na
@ 0.025 a.i. kg ha–1 was done for effective weed
management. For computing different levels of
IW/CPE ratio (0.9, 1.2 and 1.5), IW (irrigation
water requirement) was kept constant at 50 mm.
However once the CPE (cumulative pan
evaporation) reached to a level that would result
in desired IW/CPE ratio for deciding timing of
irrigation, the quantity of irrigation water to be
actually applied was determined taking into
account the effective rainfall. Also, irrigations
were delayed if sufficient rainfall occurred. Soil
adjuvant (APSA 80TM) was applied on soil surface
twice @ 450 ml ha–1 dissolved in 500 litres of
water, once at tillering stage and subsequently
at panicle emergence stage. The experimental
data were statistically analysed by using the
standard technique of analysis of variance
(ANOVA). The significance of treatment means
was tested using F-test (Gomez and Gomez,
1984). The critical differences (P=0.05) were
worked out to compare treatment means.

RESULTS AND DISCUSSION

Growth parameters

During initial stage of crop growth, the effect
of irrigation schedules on growth parameters like
plant height, dry matter accumulation (DMA)
and leaf area index (LAI) remained non-
significant due to the continuous rainfall (Table
1). The slow root development during initial
growth stages might be the reason behind the
uniformly slow development during the early
stages (Singh et al., 2015) across the irrigation
treatments. However, all growth parameters
were of higher magnitudes when irrigations were
scheduled at 1.5 IW/CPE ratio followed by
irrigation at 1.2 IW/CPE ratio. This might be due
to the positive role of water on plant cell turgidity
and adequate availability of nutrients during the
plant growing activity (Yadav et al., 2011). At the
later stages, the effect of irrigation schedules on
all the growth parameters was clearer and was
found to be significant. This might be due to the
increased cell division, elongation and optimum

photosynthesis, which thereby, influenced all the
growth parameters. Similar results were also
reported by Mannan et al. (2012), and Dass and
Chandra (2013).The height of aerobic rice was
significantly influenced by irrigation schedules
at later  stages (75 DAS) and at harvest stages,
obviously the tallest plants were observed for
crop irrigated at 1.5 IW/CPE ratio and shortest
ones in rainfed crop. Plant growth involves both
cell division, cell enlargement and differentiation
and these activities are very sensitive to water
stress due to their dependence on turgor pressure
(Momolu et al., 2017). The inhibition of cell
activity might have affected the heights of rice
plants under stressful soil moisture levels. Under
stressful conditions plants fail to absorb sufficient
nutrients from the soil due to lack of available
soil moisture, consequently leading to stunted
growth of plants (Werner et al., 2010).

The taller plants with larger tiller number
led to the higher leaf area index in crop irrigated
at 1.5 IW/CPE ratio compared to rainfed crop
and the crop irrigated less frequently
(particularly IW/CPE 0.9).  The reduction in LAI
in crop receiving lower number of irrigations
(IW/CPE 0.9) and rainfed might be due to
reduced turgor pressure under moisture stress
conditions which affected the leaf cell expansion
(Ramadass  and  Ramanathan., 2017). The
increased leaf area index under adequate
irrigation (IW/CPE 1.5, 1.2) could also be
attributed to the increased functional leaf area
and delayed leaf senescence by production of
phyto-hormones that enhanced cell division and
elongation (Elankavi et al., 2009).

Effect of irrigation schedule on dry matter
accumulation was significant at later stages of
growth (Table 1), and it was highest with the 1.5
IW/CPE ratio. Frequent irrigations under 1.5 IW/
CPE ratio might have facilitated higher water and
nutrient uptake applied to the crop resulting in
increased production of photosynthates,
increased plant height, production larger number
of tillers that finally resulted in higher dry matter
production. The effect of soil adjuvant (APSA-
80TM) was non-significant for almost all studied
growth parameters. However, higher growth was
recorded in adjuvant applied treatments, but
increase did not reach to significant level.
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Table 1. Effect of irrigation regimes, soil adjuvant and panting methods on growth parameters of aerobic rice

Treatment Plant height (cm) Dry matter accumulation  (g m–2) Leaf area index

45 DAS 75 DAS Harvest 45 DAS 75 DAS Harvest 45 DAS 75 DAS Harvest

Irrigation (IW/CPE ratio)
0.9 46.4 73.9 86.1 198 633 934 1.81 5.10 3.14
1.2 47.1 76.3 91.1 206 649 973 1.86 5.28 3.32
1.5 50.7 80.1 95.4 214 690 1053 2.03 5.60 3.44
Rainfed 45.2 70.1 84.6 187 601 872 1.69 4.79 2.93
SEm± 1.28 1.94 2.11 6.2 18 14 0.05 0.14 0.037
CD (P=0.05) NS 5.88 6.40 NS 54 43 0.145 0.423 0.112

Soil adjuvant
A1 47.5 76.3 90.4 203 646 963 1.86 5.21 3.23
A2 47.1 73.9 88.2 200 641 954 1.83 5.18 3.19
SEm± 0.91 1.37 1.49 4.4 12.6 10.1 0.03 0.099 0.026
CD (P=0.05) NS NS NS NS NS NS NS NS NS

Planting method
P1 46.4 73.4 87.2 195 633 940 1.81 5.07 3.16
P2 48.4 76.8 91.4 208 653 977 1.89 5.31 3.25
SEm± 0.69 1.19 1.11 3.8 6.7 7.1 0.03 0.08 0.035
CD (P=0.05) NS 3.28 3.34 11.4 20.1 21.2 NS 0.227 0.105

In the present investigation higher plant
height, LAI and dry matter accumulation was
observed in spot sowing method in which 4-seeds
per hill were dibbled at 20 × 15 cm spacing. This
might be due to higher availability of nutrients,
light and moisture to the crop plants that led to
vigorous growth, less competition for nutrients,
light and moisture between the plants due to less
plant population in spot-sowing method than the
conventional dry seeding at 20 cm row spacing.

Yields, harvest index and nutrient
concentration

The better growth characteristics were
reflected in the significantly higher grain, and
straw yields in crop irrigated at 1.5 IW/CPE ratio
(Table 2) compared to rainfed crop and the crop
irrigated at IW/CPE ratio 1.2 and 0.9. The highest
grain yield (4.12 t ha–1) was observed with
irrigation scheduled at 1.5 IW/CPE ratio which
was significantly greater than all other
treatments, the increase being 37.3% over rainfed
crop, 23% over crop irrigated at 0.9 IW/CPE ratio
and 13.5% over crop irrigated at 1.2 IW/CPE
ratio. Irrigation at 1.2 and 0.9 IW/CPE ratio also
caused significant improvement in grain yield

over rainfed crop. Similarly, straw yield was
highest with irrigation at IW/CPE ratio 1.5 due
to higher dry matter accumulation in the crop
under this irrigation schedule (Table 2).  The
physiological efficiency of rice plants to convert
dry matter into grain is measured in terms of
harvest index (HI). In the present investigation,
HI of aerobic rice was affected signi-ficantly by
the application of irrigation and it was found to
be highest in treatment where irrigations were
applied at 1.5 IW/CPE ratio (Table 2); the lowest
HI was observed in rainfed treatment. Content
of nutrients in grains and straw were higher when
irrigations were scheduled at 1.5 IW/CPE ratio,
which enhanced grain yield and quality. Soil
moisture regimes affect the availability and
uptake of nutrients (Hazra and Chandra 2014;
Dass et al., 2017a). Effect of irrigation was found
to be non-significant for   N and K concentration,
however, the concentration of P in grain and
straw was found to be significantly higher with
irrigations at 1.5 IW/CPE ratio (Table 2). This
might be due to higher availability of P under
well irrigated plots. Results are in close proximity
to those of Edwin and Anal (2008) and Dass and
Chandra (2012).
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Table 2. Effect of irrigation regimes, soil adjuvant and panting methods on yield, harvest index and nutrient concentration
in aerobic rice.

Treatment Yield (t ha–1) Harvest N-concentration P-concentration K-concentration
index (%) (%) (%) (%)

Grain Straw Biomass Grain Straw Grain Straw Grain Straw

Irrigation (IW/CPE ratio)
0.9 3.35 5.98 9.35 35.9 1.14 0.47 0.137 0.094 0.29 1.47
1.2 3.63 6.10 9.88 37.3 1.18 0.48 0.141 0.099 0.30 1.49
1.5 4.12 6.41 10.53 39.1 1.20 0.49 0.149 0.104 0.31 1.51
Rainfed 3.00 5.72 8.72 34.4 1.13 0.45 0.134 0.089 0.27 1.45
SEm± 0.10 0.13 0.20 0.63 0.028 0.013 0.003 0.003 0.008 0.008
CD (P=0.05) 0.30 0.40 0.60 1.90 NS NS 0.010 0.008 NS 0.024

Soil adjuvant
A1 3.55 6.08 9.63 36.7 1.17 0.47 0.141 0.098 0.29 1.48
A2 3.50 6.03 9.54 36.6 1.16 0.47 0.140 0.096 0.29 1.47
SEm± 0.07 0.09 0.10 0.44 0.020 0.009 0.002 0.002 0.006 0.022
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS

Planting method
P1 3.41 5.99 9.40 36.1 1.15 0.47 0.139 0.095 0.26 1.47
P2 3.64 6.12 9.77 37.2 1.17 0.48 0.141 0.098 0.30 1.48
SEm± 0.05 0.06 0.07 0.49 0.019 0.009 0.002 0.001 0.004 0.015
CD (P=0.05) 0.15 NS 0.21 NS NS NS NS NS NS NS

The effect of soil adjuvant (APSA-80TM)
was again found non-significant for yield as well
as nutrient concentration in grain and straw;
however adjuvant applied plots showed higher
yield. Maintaining a critical level of rice plant
population in field is necessary to obtain high
yields. The number of panicles is the most
important component of yield, which contributes
89% of the variations in yield (Dass and Chandra,
2013). Between two planting methods, spot-
sowing increased grain yield by about 7% and
biomass yield by about 4% over conventional
method of sowing. Harvest index remained
unaffected by the soil adjuvant application and
planting methods.

CONCLUSION

Scheduling irrigation at 1.5 IW/CPE ratio
significantly increased growth parameters, yield
(grain and straw), and P- concentration in grain
and straw, over other irrigation treatments, the
increase in grain yield being 37.3% over rainfed
crop, 23% over crop irrigated at 0.9 IW/CPE ratio
and 13.5% over 1.2IW/CPE ratio. Soil adjuvant
(APSA 80TM) did not bring significant
improvement in any studied parameters of
aerobic rice. Between the two planting methods
spot-sowing resulted in higher growth and
increased grain yield by about 7% over
conventional method of sowing, however, effect
on nutrient content remained non-significant.
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