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ABSTRACT
A field experiment was conducted during kharif season of 2010 and 2011 to investigate the
optimization of nitrogen levels under different phytohormones application on growth and yield of
hybrid rice. Eight treatment combinations consisted of four levels of nitrogen viz. N0, N50, N100

and N150 kg ha-1 and two levels of phytohormones viz. brassinosteroids and salicylic acid. Among
of the nitrogen levels N150 kg ha-1 and brassinosteroids gave significant higher plant height,
effective tillers hill-1, panicle length, filled grains panicle-1, total grains panicle-1, test weight,
fertility %, sterility %, grain yield, straw yield, biological yield and harvest index as compared to
N0, N50, N100 during both years. N150 kg ha-1 produced significantly highest grain yield of 69.13
and 71.03 kg ha-1 in 2010 and 2011, respectively. The percentage of two years mean grain yields
an increase of 53.33, 28.19 and 11.17 per cent over N0, N50, N100, respectively. Brassinosteroids
had marked effect on all the yield attributing traits. Spraying of brassinosteroids significantly
recorded highest grain yield of 60.90 and 62.90 kg ha-1 in 2010 and 2011, respectively. The
percentage of two years mean grain yields an increase of 13.21 per cent over salicylic acid.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the most important cereal crops of the world, grown in wide range of
climatic zones, to nourish the mankind. Introduction of hybrid rice is an important step towards
augmentation of rice yield. Hybrid rice yields about 15-20% more than the promising high-yielding
commercial varieties. Earlier studies reveal that judicious and proper use of fertilizers can markedly
increase the yield and improve the quality of rice (Place et al., 1970). Nitrogen is a key nutrient is
promoting the plant growth and determining the yield level of rice so, given the importance of nitrogen
fertilization on the yield in grain from the rice plant, it is necessary to know what the best dose is for each
variety as well as its influence on components of yield and other agronomic parameters such as the, plant
height, effective tillers hill-1, panicle length, filled grains panicle-1, total grains panicle-1, test weight,
fertility %, sterility %, grain yield, straw yield, biological yield and harvest index. Salicylic acid is (SA)
an endogenous growth regulator of phenolic nature, which participates in the regulation of physiological
processes in plants such as growth, photosynthesis, nitrate metabolism, ethylene production, heat
production and flowering (Hayat et al., 2010) and also provides protection against biotic and abiotic
stresses such as salinity (Kaya et al., 2002). Brassinosteroids are a new group of phytohormones with
significant growth promoting properties (Bishop and Yokota, 2001; Clouse and Sasse, 1998).
Brassinosteroids are plant hormones with pleiotropic effects, as they influence diverse physiological
processes such as growth, seed germination, rhizogenesis, senescence and leaf abscission (Sasse, 1997).
In addition, BRs are implicated in plant responses to abiotic environmental stresses. In cereals, BRs
promote the number of ears and in some cases also their length, and the number and weight of kernels ear-

1 (Ali et al., 2008). The present investigation was undertaken during the kharif seasons of 2010 and 2011
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to have a detailed account of the effect of nitrogenous fertilizers and phytohormones on the growth and
yield of hybrid rice (Oryza sativa L.).

MATERIALS AND METHODS

A field experiment was conducted during kharif season of 2010 and 2011 at Agricultural research farm
(Institute of Agriculture), Visva-Bharati, Sriniketan, Birbhum. The soil was sandy-loam in texture with
high percentage of sand and low percentage of clay. The soil was slightly acidic (PH 5.7), low in available
nitrogen (132 kg ha-1), phosphorus (14.50 kg ha-1) and medium in potassium (163.5 kg ha-1). The
experiment was laid out in FRBD with four levels of nitrogen viz. 0, 50, 100 and 150 kg ha-1 and two
levels of phytohormones viz. brassinosteroids and salicylic acid. In all, eight treatments were replicated
three times. The 14-days old one seedling of PHB -71’ was transplanted into the field. Crop was sown in
5th July, 2010 and 9th July, 2011, and transplanted on 19th July 2010 and 23th July, 2011 and harvesting
was done on 1st November, 2010 and 24th October, 2011, respectively. The plant height, yield parameters
and yield were recorded at harvest (115 days). Half dose of nitrogen (as per treatments) was applied as
basal and the remaining half dose of nitrogen was applied as top-dressed in two equal splits at maximum
tillering and before flowering stages. Brassinosteroids (BR) 0.5 ppm and salicylic acid (SA) 100 ppm
were sprayed at panicle initiation and flowering stage.
Statistical Analysis: Data collected were subjected to statistical analysis of variance according to Gomez
and Gomez (1984) using MSTAT computer program

RESULTS AND DISCUSSION

Plant height and effective tillers m-2

Data in Table 1 showed that plant height and effective tillers m-2 were significantly influenced by both
nitrogen management and phytohormones spraying practice. The plant height at harvest and effective
tillers m-2 under nitrogen 150 kg ha-1 was higher than other levels of nitrogen. In first and second year,
nitrogen at 150 kg ha-1 recorded higher plant height as compared to other nitrogen levels. In first year,
nitrogen at 150 kg ha-1 and nitrogen 100 kg ha-1 the plant height were at par. The increased in plant height
and effective tillers m-2 observed for this treatments were due to favorable root growth and higher
mobility of nitrogen in soil solution and its absorption by plant root and consequently resulting in higher
plant height. The results are in conformity with those of Tripathi and Jaishwal (2006) and Bera and
Pramanik (2010). Spraying of brassinosteroids observed that plant height and effective tillers m-2 was
significantly higher as compared to spraying of salicylic acid. The higher photochemical efficiency in
terms of Hill reaction and CO2 intake in brassinosteroids treated plant may be attributed to increased
accumulation of photosynthetic pigments particularly chlorophyll and higher soluble protein content. This
in turn resulted in higher plant height and effective tillers m-2. The similar results are in conformity with
those of Nayak and Murthy, (1980) and Chowdhary et al. (1994).

Yield attributes

The result of the experiment revealed that the yield attributes were significantly influenced by levels of
nitrogen and phytohormones (Table 1). The nitrogen 150 kg ha-1 recoded that maximum panicle length
(31.25 and 32.58 cm), number of filled grains panicle-1 (154.3 and 160.1), number of total grains panicle-1

(165.8 and 172.5) and test weight (23.20 and 23.34 g) during both years of experiment. Synchronized
nitrogen uptake with the crop demand under this treatment might have led to translocation of
carbohydrates to sink and consequently resulted in favorable growth which reflected in increased yield
attributes. The similar result was obtained by Om et al. (1997), Behera, 1998 and Channabasappa et al.
(1998). Spraying of brassinosteroids recorded more panicle length (28.32 and 29.54 cm), number of filled
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grain panicle-1 (131.1 and 138.2), number of total grains panicle-1 (145.7 and 153.2) and test weight
(21.90 and 21.99 g) during both years. This might be due to increased in the photosynthetic parameters in
hybrid rice because of the enhancement in CO2 fixation. The photosynthesizing tissues of C3 and C4

plants contains carbonic anhydrase that makes CO2 available to Rubisco by catalyzing reversible
hydration of CO2 which reflected in increased yield attributes. The similar result was obtained by Tsuzuki
et al. (1985) and Sairam, (1994).

Fertility and sterility %
Data in Table 2 showed that fertility and sterility % was significantly influenced by both nitrogen
management and phytohormones. The nitrogen 150 kg ha-1 recoded that maximum fertility (93.47 and
93.80 %) and lowest in sterility (7.52 and 7.21 %) during the both years respectively. The results are in
conformity with those of Bera and Pramanik (2010). Spraying of brassinosteroids recorded more fertility
(89.92 and 90.20 %) and lowest in sterility (10.65 and 10.21 %) during the both years. The similar results
are in conformity with those of Nayak and Murthy, (1980) and Chowdhary et al. (1994).

Yield and harvest index
Data on Table 2 showed that the grain, straw, biological yield and harvest index of hybrid rice were
greatly influenced by nitrogen application. Application of 150 kg ha-1 nitrogen was significantly higher
grain, straw, biological yield and harvest index as compared to other nitrogen levels. The percentage
increase grain yield with nitrogen 150 kg ha-1 over N0, N50, and N100 kg ha-1 was 68.13, 22.56 and 10.50 in
first year and 54.58, 26.83 and 10.70 in second year respectively. Increased in yield at 150 kg ha-1

nitrogen might be due to increased uptake of nutrients coupled with favorable growth and yield attributes.
The results are in conformity with those of Mahajan and Tripathi (1992), Dehal and Mishra (1994).
Spraying of brassinosteroids was significantly higher grain, straw, biological yield and harvest index as
compared to salicylic acid. The percentage increase grain yield over salicylic acid is 12.92 and 11.43
during both years respectively. The percentage of two year mean grain yield 13.21 over other
phytohormones.  Cell elongation and cell proliferation of meristematic tissue were known to be enhanced
by brassinosteroids interacting synergistically with auxin. Brassinosteroids application was also reported
to increase translocation resulting in increase yield attributes contributing higher grain yield. The similar
result was obtained by Sairam (1994).

Nitrogen content (%) and uptake (kg ha-1) in grain and straw
Data on Table 3 showed that the nitrogen content and uptake in grain and straw of hybrid rice were
greatly influenced by nitrogen and brassinosteroids application. Application of nitrogen 150 kg ha-1

increased nitrogen content, uptake and total uptake in grain and straw was significantly higher as
compared to N0, N50 and N100 kg ha-1. The increased in nitrogen uptake was mainly due to increased in
grain and straw yield accompanied by higher nitrogen content in grain and straw. These results are in
agreement with those of Dubey and Bisen (1989), Pande et al. (1993), Pradeep et al. (1994) and Dar et al.
(2000). Spraying of brassinosteroids increased nitrogen content, uptake and total uptake in grain and
straw significantly higher as compared to other phytohormone viz. salicylic acid. The similar results are
in conformity with those of Nayak and Murthy, (1980) and Chowdhary et al. (1994).

From the present study, it can be concluded that rice hybrid 150 kg N ha-1 as well as spraying of
brassinosteroids had a significant influence on growth parameters, yield attributes, yield, Nitrogen content
and uptake in grain and straw.
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Table 1. Effect of nitrogen levels and phytohormones on growth and yield attributing characters of hybrid rice

Treatments Plant height
(cm) at harvest

Effective
tillers m-2

Panicle
length (cm)

Number of
grains  pancle-1

Number of
filled grains
pancle-1

Test weight
(g)

2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011

Nitrogen levels
N 0 94.3 95.2 262.5 276.8 23.82 24.65 123.6 126.5 101.3 104.3 20.14 20.36
N 50 104.8 106.6 308.6 314.6 25.43 26.46 137.5 144.8 118.8 126.1 21.23 21.29

N 100 111.0 112.2 360.6 369.6 27.80 28.73 144.5 154.8 129.8 139.8 22.04 22.35
N 150 117.9 120.3 411.3 428.5 31.25 32.58 165.8 172.5 154.3 160.1 23.20 23.34
SEm (±) 2.27 2.45 6.88 7.43 0.74 0.65 2.31 2.50 2.63 2.53 0.20 0.30

CD (P=0.05) 6.88 7.43 20.87 22.54 2.24 1.97 7.01 7.58 7.98 7.67 0.61 0.91

Phyto hormones

Salicylic acid 104.4 106.0 325.4 335.6 25.82 26.67 140.0 146.1 121.1 127.0 21.40 21.68

Brassinosteroids 109.6 111.1 346.1 359.1 28.32 29.54 145.7 153.2 131.1 138.2 21.90 21.99

SEm (±) 1.61 1.73 4.86 5.25 0.52 0.46 1.63 1.77 1.86 1.79 0.14 0.21

CD (P=0.05) 4.88 NS 14.74 15.92 1.58 1.40 4.94 5.37 5.64 5.43 0.42 NS
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Table 2. Effect of nitrogen levels and phytohormones on fertility, sterility, harvest index, grain and straw yield of hybrid rice

Treatments Fertility % Sterility % Grain yield (t ha-1) Straw yield
(t ha-1)

Biological yield
(t ha-1)

Harvest index
(%)

2010 2011 2010 2011 2010 2011 Pooled 2010 2011 2010 2011 2010 2011
Nitrogen levels
N 0 82.25 82.77 18.07 17.55 4.5 4.5 4.5 5.7 5.9 10.2 10.6 44.29 44.13
N 50 86.41 87.07 13.58 12.93 5.3 5.6 5.4 6.3 6.6 11.7 12.3 45.41 45.72
N 100 90.65 90.61 10.18 9.71 6.1 6.4 6.2 7.1 73.61 13.3 13.7 46.30 46.54
N 150 93.47 93.80 7.52 7.21 6.9 7.1 6.9 7.6 7.8 14.5 14.9 47.04 47.46
SEm (±) 1.11 1.12 0.46 0.35 0.1 0.1 0.1 0.1 0.07 0.21 0.12 0.14 0.30
CD (P=0.05) 3.37 3.40 1.40 1.06 0.4 0.4 0.3 0.3 0.21 0.34 0.34 1.40 1.06
Phyto hormones
Salicylic acid 86.47 86.92 14.02 13.49 5.3 5.6 5.4 6.4 6.7 11.8 12.3 45.11 45.24
Brassinosteroids 89.92 90.20 10.65 10.21 6.0 6.2 6.1 7.0 7.1 13.1 13.4 46.40 46.69
SEm (±) 0.78 0.79 0.33 0.24 0.10 0.09 0.07 0.08 0.05 0.15 0.08 0.10 0.21
CD (P=0.05) 2.37 2.40 1.00 0.73 0.32 0.29 0.24 0.25 0.15 0.24 0.24 1.00 0.73
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Table 3. Effect of nitrogen levels and phytohormones on nitrogen content and uptake of hybrid rice

Treatments N content in grain
(%)

N content in straw
(%)

N uptake (kg ha-1)
in grain

N uptake in straw
(kg ha-1)

Total N- uptake
(kg ha-1)

2010 2011 2010 2011 2010 2011 2010 2011 2010 2011

Nitrogen levels
N 0 0.981 0.992 0.272 0.301 44.59 45.19 15.66 18.02 60.25 63.22
N 50 1.137 1.187 0.370 0.386 61.21 66.59 23.80 25.90 85.02 92.49
N 100 1.256 1.298 0.485 0.501 77.98 83.67 34.98 36.99 112.96 120.67
N 150 1.359 1.410 0.568 0.609 94.46 100.88 43.85 47.85 138.32 148.74
SEm (±) 0.059 0.056 0.021 0.025 4.06 2.62 1.51 1.78 4.59 3.65

CD (P=0.05) 0.179 0.170 0.064 0.076 12.31 7.95 4.58 5.40 13.92 11.07

Phytohormones

Salicylic acid 1.088 1.122 0.370 0.384 59.38 63.77 24.71 26.62 84.09 90.39
Brassinosteroids 1.278 1.321 0.478 0.514 79.74 84.40 34.44 37.77 114.18 122.17
SEm (±) 0.042 0.039 0.014 0.018 2.87 1.85 1.06 1.25 3.24 2.58
CD (P=0.05) 0.127 0.118 0.042 0.055 8.70 5.61 3.22 3.79 9.83 7.83
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