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ABSTRACT

The field experiment was conducted in a farmer’s field at Madhya Kamakhyaguri village of
Kumargram Block, Alipurduar District, West Bengal during the summer season of 2014 and
2015 to find out the effect of water, nutrient and crop establishment techniques on the yield
attributes and yield of hybrid rice (CV. ARIZE 6444). The experiment was laid out in split
plot design keeping water management and crop establishment in main plot i.e. W1:
Continuous saturation and W2: alternate wetting and drying; two crop establishment
techniques i.e. E1: conventional transplanting and E2: SRI transplanting and nutrient
management in sub-plot i.e. N1: RDF = N:P:K =150:75:75 (kg ha-1)   N2:75% of RDF +10 t
FYMha-1,  N3: 75% of RDF +15 t FYM ha-1 and  N4: 75% of RDF +20 t FYM ha-1.Results
showed that the water management and crop establishment technique reflected positive and
exerted significant influence on all the yield attributes like increasing the number of panicles
m-2, length of the panicle, number of filled grains panicle-1 and even test weight of hybrid rice
crop that finally led to production of higher grain yield (6744, 7304 and 7024 kg ha-1) and
straw yield (8191, 8575 and 8383 kg ha-1) in 2014, 2015 and pooled, respectively with the
crop grown under continuous saturation. The nutrient management showed positive influence
on the yield attributes, yield and nutrient uptake. Among the nutrient management, 75% of
RDF +20 t FYM ha-1 recorded higher yield attributes like number of panicles m-2, panicle
length, number of filled grains panicle-1 and 1000-grain weight which helps to produce
maximum grainyield (7236 kg ha-1) and straw (8166 kg ha-1) yield of hybrid rice.
Key word: water management, nutrient management, crop establishment technique, hybrid
rice.

INTRODUCTION

Rice (Oryzasativa L.) is one of the most important staple food crops in the world. In Asia, more than
two billion people are getting 60-70 per cent of their energy requirement from rice and its derived
products. More than 90 per cent of the global production and consumption of rice is in Asia. As for
India, rice is not only a food commodity but also a source of foreign exchange earning about 11,000
crores annually. At the current rate of population growth (1.5 per cent), the rice requirement by the
year 2025 would be about 125 million tonnes (mt). The slogan “Rice is life” is most appropriate for
India; as this crop plays a vital role in our national food security and is a means of livelihood for
millions of rural households. Demand for rice is growing every year and it is estimated that in 2025
AD the requirement would be 140 million tonnes. India has to increase its rice productivity by 3 per
cent per annum to sustain present food self-sufficiency and to meet future food requirements.
Heterotic hybrids hold great potential for improving economic yield in order to meet the global food
needs (Hossain et al., 2003) Good rice hybrids have the potential of yielding 20-30 per cent more than
the conventional inbred varieties cultivated under similar conditions (Pramanik and Bera, 2015).
Water is one of the most important factors in rice production. It is well known fact that water
management is one of the major factors responsible for achieving better yield in crop production.
More than 80 per cent of the water is used for irrigation. Continuous submergence throughout the
growth period is common practice. However, now it has been proved that intermittent drainage
increases the growth, as well as the grain yield of rice. The proper use of available irrigation water
and application of suitable nutrient supply system may play an important role in minimizing the large
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gap between achieved and achievable yield. The System of Rice Intensification (SRI), a revived
method of transplanted rice cultivation by exploiting the genetic potential of rice provides a
favourable growing environment to increase the productivity and economic returns. Besides, it
enhances soil health with reduction in input use such as seeds, water, etc. (Gujja and Thiyagarajan,
2009). Hybrids have shown their ability to perform better under adverse conditions of drought and
salinity. Nutrient management by integrating inorganic fertilizers and organic manures may play vital
role in maintaining yield stability and quality of produce through correction of marginal deficiencies
of nutrient, enhancing efficiency of applied nutrient and providing favourable soil physical condition
and chemical fertilizers will remain the major and most important component of INM system under
intensive cropping system as these contribute about 50% to the increase in food grain production for
the increased population of our country (Mahajan and Gupta, 2009). In view of the above fact, the
field experiment was carried out to study the effect of water and nutrient management on yield
attributes and productivity of hybrid rice under different crop establishment techniques.

MATERIALS AND METHODS

The field experiment was carried out in a farmer’s field at Madhya Kamakhyaguri village of
Kumargram Block, Alipurduar District, West Bengal during the summer season of 2014 and 2015.
The experimental site is situated at Kamakhyaguri at 26045‘57”N latitude and 89027’22”E longitude
with an average altitude of 43 meters above mean sea level. The experimental soil was sandy loam in
texture, acidic in reaction (pH 5.45), medium in organic carbon (0.64%) and low in available nitrogen
(117.5 kg ha-1), medium in available phosphorus (18.52 kg ha-1) and low in available potassium 94.3
kg ha-1). The experiment was laid out in split plot design keeping water management and crop
establishment in main plot and nutrient management in sub-plot. The treatments  comprised of two
water managements i.e. W1: continuous saturation(irrigation given immediately after the
disappearance of  water) and W2: alternate wetting and drying(irrigation given when hair like cracks
developed on the field); two crop establishment techniques i.e. E1: conventional transplanting (20 cm
X 20 cm)and E2: SRI transplanting (25 cm X 25 cm)and four nutrient management i.e. N1: RDF =
N:P:K =150:75:75 (kg ha-1)   N2: 75% of RDF +10 t FYM ha-1,  N3: 75% of RDF +15 t FYM ha-1 and
N4: 75% of RDF +20 t FYM ha-1. In case of SRI, transplanting was done at 16 days age seedlings and
for traditional method, it was done at 25 days aged seedlings. One seedling was transplanted in line
following a spacing of 25 cm × 25cm for SRI and 20 cm × 20 cm for conventional methods. The
Farm Yard Manure (FYM) and fertilizers (urea for nitrogen, single super phosphate for phosphorus
and muriate of potash for potassium) was weighed separately as per need of the treatment for
individual plots and was applied uniformly in the plots through broadcast method of application. In
case of SRI, FYM was applied as basal application. ¼ N+ full P + 3/4 K were applied as basal
application. ½ N was applied 15 DAT as top dressing and ¼ N + ¼ K was applied before PI stage. In
conventional method, FYM was applied as basal application. ¼ N+ full P + full K were applied as
basal application. ½ N was applied 15 DAT as top dressing and ¼ N was applied before PI stage. The
number of panicles hill-1was counted on ten hills selected randomly and mean value was computed.
Again ten panicles were selected randomly for panicle length measurement. A seed counter was used
for counting of 1000-grains of hybrid rice and their weight was measured with electronic balance.
Harvesting was done manually with sickles after leaving the border area. Net plots were demarcated
at first from the portion of the plot kept for recording grain yield. Plants from the demarcated net plot
area were harvested, tied in bundles and taken to the threshing floor for drying and threshing. The
harvested plants were dried for 3–4 days to bring down the moisture content to around 14 %. The
weight of the harvested plants after sun drying and before threshing was recorded. After threshing, the
seeds were cleaned and sundried and their weight was recorded. The yields in kg plot-1 were converted
to kg ha-1. Straw yield was obtained by deducting the seed weight from the total weight. The grain and
straw yields were expressed in kg ha-1. Harvest index was calculated using the formula as under:

Harvest index (%) =
( / )( / 100
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The experimental data recorded for various parameters under study were subjected to statistically
analysed ANOVA given by Gomez and Gomez (1984) to draw a valid conclusion.The variation in the
treatments mean was tested by using critical difference (CD) values at 5% level of significance.

RESULTS

Number of panicle m-2

Statistical analysis of the data (Table 1) indicated that different water managements, crop
establishment technique and nutrient management exerted significant effect on number of panicles m-2

irrespective of treatments during the experiment. In respect to water management, the results showed
that the number of panicle m-2 on hybrid rice was significantly influenced by different water
management during the experiment. On the basis of pooled data, the maximum number of panicle m-2

(441) was recorded with continuous saturation over alternate wetting and drying (388). The
percentage increase in number of panicle m-2 with continuous saturation over alternate wetting and
drying was 13.7. In regard to crop establishment technique, the results revealed that the number of
panicle m-2 was significantly influenced by different crop establishment technique during the
experiment. On the basis of pooled data, the maximum number of panicle m-2 (440) was recorded with
SRI over conventional technique of crop establishment (389). The percentage increase in number of
panicle m-2 with continuous saturation over alternate wetting and drying was 13.1.Nutrient
management with chemical and organic fertilizer had a significant effect on number of panicle m-2

(Table 1). On the basis of pooled data, the maximum number of panicle m-2 was recorded with 75 %
RDF + 20 t FYM ha-1 (466) over 75 % RDF + 15 t FYM ha-1 (420), 75 % RDF + 10 t FYM ha-1 (400)
and  RDF (372). The percentage increase in number of panicle m-2 with 75 % RDF + 20 t FYM ha-1,
75 % RDF + 15 t FYM ha-1, 75 % RDF + 10 t FYM ha-1 over RDF was 25.3, 12.9 and 7.5,
respectively.
Number of filled grains panicle-1

Results showed that the number of filled grains panicle-1 of hybrid rice was significantly influenced by
different water management during the experiment (Table 1). The number of filled grains panicle-1

was higher during 2015 over the year 2014 of experiment. In the first year (2014), the maximum
number of filled grains panicle-1 (140) was recorded with continuous saturation over alternate wetting
and drying (127). Whereas as second year, the maximum number of filled grains panicle-1 (148) was
recorded with continuous saturation over alternate wetting and drying (134). Again on the basis of
pooled data, the maximum number of filled grains panicle-1 (144) was recorded with continuous
saturation over alternate wetting and drying (130). The percentage increase in number of filled grains
panicle-1 with continuous saturation over alternate wetting and drying was 10.8. On the basis of
pooled data, the maximum number of filled grains panicle-1 (158) was recorded with SRI over
conventional technique of crop establishment (116). The percentage increase in number of filled
grains panicle-1 with continuous saturation over alternate wetting and drying was 36.2.
Nutrient management with chemical and organic fertilizer had a significant effect on number of filled
grains panicle-1 (Table 1). On the basis of pooled data, the maximum number of filled grains panicle-

1was recorded with 75 % RDF + 20 t FYM ha-1 (148) over 75 % RDF + 15 t FYM ha-1 (140), 75 %
RDF + 10 t FYM ha-1 (135) and  RDF (126). The percentage increase in number of filled grains
panicle-1 with 75 % RDF + 20 t FYM ha-1, 75 % RDF + 15 t FYM ha-1, 75 % RDF + 10 t FYM ha-1

over RDF was 17.1, 11.1 and 7.1, respectively.

Length of panicle
Statistical analysis of the data (Table 1) indicated that different water managements, crop
establishment technique and nutrient management exerted significant effect on length of
panicleirrespective of treatments during the experiment. The longest panicle (27.1 cm) was recorded
with continuous saturation over alternate wetting and drying (26.0 cm).  In regard to crop
establishment technique, the longest panicle (27.0 cm) was recorded with SRI over conventional
technique of crop establishment (16.1 cm).Nutrient management with chemical and organic fertilizer
had a significant effect on length of panicle(Table 1). On the basis of pooled data, the longest  panicle
was recorded with 75 % RDF + 20 t FYM ha-1 (27.8 cm) over 75 % RDF + 15 t FYM ha-1 (26.9 cm),
75 % RDF + 10 t FYM ha-1 (26.0 cm) and  RDF (25.6 cm).
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Table 1: Effect of nutrient, water and crop establishment techniques on yield parameters of hybrid rice

Treatments Yield attributes
Number of panicle m-2 Number of filled grains panicle-1 Panicle length (cm) Test weight (g)

2014 2015 Pooled 2014 2015 Pooled 2014 2015 Pooled 2014 2015 Pooled
Water Management
W

1
400.7 480.6 440.6 140 148 144 26.6 27.6 27.1 25.7 26.4 26.0

W
2

363.7 412.8 388.2 127 134 130 25.6 26.5 26.0 24.9 25.7 25.3

SEm(±) 5.98 6.92 3.04 1.44 0.84 0.81 0.12 0.15 0.10 0.13 0.13 0.08
CD(P=0.05) 20.70 23.94 10.52 4.97 2.90 2.80 0.40 0.53 0.34 0.44 0.44 0.27

Crop establishment techniques
E

1
352.0 426.6 389.3 113 120 116 25.5 26.7 26.1 25.1 25.8 25.4

E
2

412.4 466.8 439.6 154 163 158 26.7 27.4 27.0 25.5 26.3 25.9

SEm(±) 5.98 6.92 4.97 1.44 0.84 0.74 0.12 0.15 0.09 0.13 0.13 0.10
CD(P=0.05) 20.70 23.94 16.22 4.97 2.90 2.42 0.40 0.53 0.30 0.44 0.44 0.31

Nutrient Management
N1 341.9 401.4 371.6 123 130 126 24.8 26.4 25.6 24.8 25.6 25.2
N2 372.3 427.4 399.9 131 138 135 25.5 26.5 26.0 25.1 25.8 25.5

N3 383.4 457.4 420.4 136 144 140 26.6 27.2 26.9 25.3 26.1 25.7
N4 431.3 500.6 465.9 144 152 148 27.6 28.1 27.8 26.0 26.7 26.3

SEm(±) 6.52 6.42 4.57 1.64 1.18 1.01 0.19 0.19 0.13 0.19 0.13 0.11
CD(P=0.05) 20.10 19.77 13.35 5.05 3.65 2.95 0.58 0.59 0.39 0.57 0.41 0.33

W1: Continuous saturation, W2: Alternate wetting and drying; E1: Conventional transplanting, E2: SRI transplanting; N1: RDF (N: P2O5:K2O:
150:75:75 kg ha-1), N2: 75 % of RDF+10 T FYM ha-1, N3: 75 % of RDF+15 t FYM ha-1 and N4: 75 % of RDF+20 t FYM ha-1
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Test weight (g)
The test weight in the experiment ranging from 24.8 to 26.7 g irrespective of the different water
managements, crop establishment technique and nutrient management involved. The maximum test
weight (26.0 g) was recorded with continuous saturation over alternate wetting and drying (25.3 g)
based on pooled data. In regard to crop establishment technique, the highest test weight(25.9 g) was
recorded with SRI technique of crop establishment over conventional technique of crop establishment
(25.4 g).On the basis pooled data, the maximum test weight was recorded with 75 % RDF + 20 t FYM
ha-1 (26.3 g) and it was significantly higher than 75 % RDF + 15 t FYM ha-1 (25.7 g), 75 % RDF + 10
t FYM ha-1 (25.5 g)  and RDF (25.2 g).

Grain yield (kg ha-1)
The grain yield recorded in each net plot from different treatments at maturity was analysed
statistically and presented in the table 2 irrespective of water managements, crop establishment
technique and nutrient management. The results indicated that grain yield on hybrid rice was
significantly influenced by different water management during the experiment. The highest grain
yield (7024 kg ha-1) was recorded with continuous saturation and the lowest grain yield (6235 kg ha-1)
was recorded with alternate wetting and drying. The percentage increase in grain yieldwith continuous
saturation over alternate wetting and dryingwas 12.7.The highest grain yield (7424 kg ha-1) was
recorded with SRI and the lowest grain yield (5835 kg ha-1) was recorded with conventional
technique. The percentage increase in grain yieldwith SRI over conventional techniquewas 27.2. The
maximum grain yield was produced with 75 % RDF + 20 t FYM ha-1 (7236 kg ha-1) over 75 % RDF +
15 t FYM ha-1 (6835 kg ha-1), 75 % RDF + 10 t FYM ha-1 (6429 kg ha-1) and  RDF (6018 kg ha-1).
The treatment 75 % RDF + 15 t FYM ha-1 also recorded the significantly higher grain yield over 75 %
RDF + 10 t FYM ha-1 and RDF. Even crop receiving 75 % RDF + 10 t FYM ha-1 also recorded
significantly higher grain yield over RDF. The percentage increase in grain yieldwith75 % RDF + 20 t
FYM ha-1, 75 % RDF + 15 t FYM ha-1, 75 % RDF + 10 t FYM ha-1 over RDF was 20.2, 13.6 and 6.8,
respectively.
Table 2: Effect of nutrient, water and crop establishment techniques on yield and harvest index
of hybrid rice
Treatments Grain yield (kg ha-1) Straw yield (kg ha-1) Harvest index (%)

2014 2015 Pooled 2014 2015 Pooled 2014 2015 Pooled
Water Management
W

1
6744 7304 7024 8191 8575 8383 46.5 45.8 46.2

W
2

6112 6358 6235 7202 7595 7398 45.8 45.5 45.7

SEm(±) 143 112 86.0 148 139 123 0.88 0.63 0.52

CD(P=0.05) 496 387 262.8 513 480 424 NS NS NS

Crop establishment techniques
E

1
5694 5975 5835 7012 7498 7255 46.3 44.4 45.4

E
2

7162 7686 7424 8381 8672 8527 46.0 46.9 46.5

SEm(±) 143 112 77 148 139 104 0.88 0.63 0.49

CD(P=0.05) 496 387 251 513 480 338 NS NS NS

Nutrient Management
N1 5766 6270 6018 7053 7946 7499 47.9 44.0 46.0

N2 6333 6525 6429 7738 8200 7969 45.1 44.0 44.5

N3 6629 7040 6835 7924 7933 7928 45.4 47.1 46.3

N4 6983 7488 7236 8072 8260 8166 46.2 47.5 46.9

SEm(±) 154 216 133 146 263 150 1.59 1.20 0.95

CD(P=0.05) 476 667 388 451 810 439 NS NS NS
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Straw yield (kg ha-1)
The straw yield recorded in each net plot after harvesting, threshing and drying in the sun was
analysed statistically and presented in the table 2 irrespective of water managements, crop
establishment technique and nutrient management. The highest straw yield (8383 kg ha-1) was
recorded with continuous saturation and the lowest straw yield (7398 kg ha-1) was recorded with
alternate wetting and drying. The percentage increase in straw yieldwith continuous saturation over
alternate wetting and dryingwas 13.3. The highest straw yield (8527 kg ha-1) was recorded with SRI
and the lowest straw yield (7255 kg ha-1) was recorded with conventional technique. The percentage
increase in straw yieldwith SRI over conventional techniquewas 17.5.Nutrient management with
chemical and organic fertilizer had a significant effect on straw yield (Table 2). On the basis pooled
data, the maximum straw yield was produced with 75 % RDF + 20 t FYM ha-1 (8166 kg ha-1) over 75
% RDF + 15 t FYM ha-1 (7928 kg ha-1), 75 % RDF + 10 t FYM ha-1 (7969 kg ha-1) and  RDF (7499
kg ha-1). The treatment 75 % RDF + 15 t FYM ha-1 also recorded the significantly higher straw yield
over 75 % RDF + 10 t FYM ha-1 and RDF. Even crop receiving 75 % RDF + 10 t FYM ha-1 also
recorded significantly higher straw yield over RDF. The percentage increase in straw yieldwith75 %
RDF + 20 t FYM ha-1, 75 % RDF + 15 t FYM ha-1, 75 % RDF + 10 t FYM ha-1 over RDF was 8.9, 5.7
and 6.3, respectively.
Harvest index (%)
Harvest index was estimated from the grain and biological (grain + straw) yields of each plots. All the
values were statistically analysed and presented in the table 2.The values of harvest index ranged from
44.0 to 47.5 per cent, depending upon water managements, crop establishment technique and nutrient
management during the experiment. The results indicated that harvest index of hybrid rice was not
significantly influenced by different water management during the exper
iment. The highest harvest index (46.5 per cent) was recorded with continuous saturation during first
year of experiment and similarly in second year (45.8 per cent) of experiment. Similarly, in regard to
crop establishment technique, the results revealed that the harvest index of hybrid rice was also not
significantly influenced by different crop establishment technique during the experiment. Based on
pooled data, the highest harvest index (46.5 per cent) was recorded with SRI technique of crop
establishment over conventional technique of crop establishment (45.4 per cent).
Nutrient management with chemical and organic fertilizer had no significant effect on harvest index
(Table 2). On the basis pooled data, the maximum harvest index was recorded with 75 % RDF + 20 t
FYM ha-1 (46.9 per cent) over 75 % RDF + 15 t FYM ha-1 (46.3 per cent), RDF (46.0 per cent)  and
75 % RDF + 10 t FYM ha-1 (44.5 per cent).

DISCUSSION
Results indicated that continuous saturation recorded higher number of panicles m-2 over alternate
wetting and drying. This might be due to high moisture management which creates favourable
conditions for higher production of dry matter and nutrient uptake which results in higher number of
panicles m-2. This was in accordance with findings of Thomas et al. (2003) and Balamani et al.
(2012). Continuous saturation maintained high moisture regimes which also increased in number of
filled grains panicle-1. This might have enhanced the supply of photosynthates from source to sink.
The present findings are in close association with Moorthy and Reddy (2013) and Duary (2017). The
higher grain yield of hybrid rice under higher irrigation regime i.e at continuous saturation. This might
be due to favourable situation for efficient water and nutrients uptake which boosted their growth and
yield attributes through supply of more photosynthates towards the reproductive sink. This result was
in corroboration with the findings of Maheswari et al. (2008); Mandal et al. (2013) and Duary (2017).
Reduction of grain yield under alternate wetting and drying could be due to the significant reduction
in photo synthetic rate resulting in reduced production of assimilates for growth of panicles and filling
of rice grains; ultimately paddy yield drastically decreased. Significantly, highest straw yield was
recorded with continuous saturation than the alternate wetting and drying.

The maximum number of panicles m-2was obtained from the SRI techniques of crop establishment
during the both years. This might be due to less competition for light, nutrient, space etc. of SRI which
increased plants m-2, consequently increased effective tillers m-2. Husain et al. (2004) and Bera (2013)
also observed that higher number of effective tiller m-2 under SRI over traditional technique.Number
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of filled grains panicle-1was significantly influenced by SRI technique of crop establishment as
compared to the conventional technique of crop establishment because wider space plants developed
the healthyas compared to those of high density crop. Husain et al. (2004) and Bera (2013) also
observed that the higher number of spikelets panicle-1 under SRI compared to the traditional technique
of crop establishment. The higher grain yield production in the SRI techniques of crop establishment
might be attributed to the vigorous and healthy growth, development of more productive tillers and
leaves ensuring greater resource utilization in the SRI techniques of crop establishment compared to
traditional techniques of crop establishment. Too dense population might cause inter and intra plant
competition, reduced the overall efficiency of the crop. SRI technique of crop establishment recorded
higher water productivity might be higher grain yield. Similar findings were obtained by Duary
(2017). SRI technique of crop establishment recorded higher gross return, net return and benefit: cost
ratio might be due to the higher yield of grain and straw. Similar findings were obtained byBera
(2013) and Duary (2017).

Increased number of panicles m-2, highest number of filled grains panicle-1 with increasing levels of
FYM might be due to supply of balanced macro and micro nutrients which favour structural and
functional activities of the crop, resulting in production of more number of panicles. These findings
are in close conformity with those of Rahman et al. (2014) and Mukherjee (2013). Significant increase
in grain and straw yield could be attributed to the fact that application of higher level of FYM (20 t ha-

1) along with 75 % of recommended dose of fertilizer (RDF) is capable to supply essential nutrients
other than N, P and K which ultimately accelerate photosynthetic activities resulting in better growth
and yield attributes which lay down the foundation for accumulating higher plant dry matter as well as
continuous and steady supply of nutrients into the soil solution to meet the required nutrients for
physiological processes, which in turn improved the yield. These findings are in close conformity
with those of Viraktamath (2006) and Mukherjee (2013).

CONCLUSION
From the present investigations, it may be concluded that hybrid rice grows under continuous
saturation of water, SRI technique of crop establishment as well as combined application of
inorganic and organic nutrient management i.e. 75 % RDF + 20 t FYM ha-1 may be recommended
for higher grain yield of sandy loam soils of West Bengal during summer season.
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