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ABSTRACT

In a field experiment two crop establishment techniques viz. SRI and traditional, four nitrogen
levels viz. N0, N50, N100 and N150 kg ha-1 and two spraying of homo-brassinolide viz. at panicle
initiation (PI) stage and PI+ flowering stages. The results showed that SRI technique of crop
establishment improved leaf area index (LAI), crop growth rate (CGR), total chlorophyll
content and increased the grain yield, straw yield and harvest index. The leaf area index (LAI),
crop growth rate (CGR), total chlorophyll content and increased the grain yield, straw yield and
harvest index increased markedly by increasing nitrogen levels and spraying homo-brassinolide
at PI+ flowering stages. SRI techniques of crop establishment recorded significantly higher
grain yield (6603 and 6925 kg ha-1) as compared to traditional technique of crop establishment
(5675 and 6039 kg ha-1) respectively. The highest grain yield (7508 and 7801 kg ha-1) was
produced in crop receiving nitrogen 150 kg ha-1. Similarly, the highest grain yield (6507
and 6914 kg ha-1) was recorded in crop with spraying of homo-brassinolide at panicle
initiation + flowering stages, respectively, during the both years.

Keywords: Crop establishment, CGR, chlorophyll, homo-brassinolide, hybrid rice, LAI,
nitrogen

INTRODUCTION

Rice (Oryza sativa L.) is the staple food providing about two-thirds of the calories for more
than two billion people in humid and sub-humid Asia and one-third of the calorie intake of
nearly one billion people in Africa and Latin America. Most Asian countries have done
remarkably well in meeting the food needs of the growing population over the last quarter
century. However, the future poses even more challenging and ambitious tasks. The yield
ceilings of rice varieties of the green revolution era must be lifted yet again to meet the
demand of increasing population. This production increase must comes from less land, less
labour, less water and less pesticides and it must be sustainable. Using hybrid rice may be an
appropriate strategy to meet the challenge of food security (Chadha, 2009) because hybrid
rice produces more yields (30% yield advantage) over conventional high yielding cultivars
(Krishnakumar et al., 2005). System of Rice Intensification (SRI)  cultivation  could  save
water,  protect  soil  productivity,  save  the  environment  by methane  gas  produced  from
submerged  paddy  cultivation  practices,  brings  down  the  input requirements besides
increasing the yield (Reddy, 2002). Orthy (2001) opined  that SRI being  a  sustainable  rice
farming  technology  can help small  farmer  to  increase  their  rice  yields up  to 10  t ha-1

without depending on hybrid seeds, chemical fertilizers and pesticides. Nitrogen is essential
for synthesis of protoplasmic proteins and nucleic acids as well as carbohydrate use and
uptake of other nutrients. It is an integral part of chlorophyll which is the primary absorber of
light and also responsible for more leaf area and dry matter production due to higher rate of
photosynthesis (Murata, 1959; Baba, 1961). Brassinosteroid, homo-brassinolide playing
pivotal roles in the hormonal regulation of plant growth and development was also found to
induce disease resistance in rice plants (Nakashita et al., 2003). The response of recent rice
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hybrids to various levels of nitrogen, single seedling with wider spacing and spraying of
homo-brassinolide needs to be studied thoroughly to get in insight into the physiological basis
of yield variation in hybrid rice. The present study was, therefore, undertaken to investigate
how crop nutrition, SRI establishment techniques and spraying of homo-brassinolide
influence the growth and productivity of hybrid rice.

MATERIALS AND METHODS

A field experiment was conducted during the kharif season of 2009 and 2010 at the adjacent
farm of the Institute of Agriculture (Palli Siksha Bhavana), Visva-Bharati, Sriniketan, West
Bengal. The place is situated at 23039/ N latitude, 87042/ E longitude and an elevation of 58.9
m above mean sea level. Normally the area received about 1000 mm rainfall during the kharif
season (July to October). But there was low rainfall during the crop season of both the years
(897.37 mm in 2009 and 672.49 mm in 2010). The soil of the experimental plot was sandy
loam in texture (62.50% sand, 23.23% silt and 16.70% clay), slightly acidic in reaction (pH
6.1) medium in organic carbon (0.49%) and available N (193.40 kg ha-1), low in available P
(12.40 kg ha-1) and available K (171.90 kg ha-1) status.

The experiment was laid out in split-split plot Design with three replications in 5 m x 4 m
plots with two crop establishment techniques viz., System of Rice Intensification (SRI) and
traditional in main plots, four nitrogen levels viz., N0, N50, N100 and N150 kg ha-1 in sub-plots
and two levels of homo-brassinolide viz., panicle initiation (PI) stage and PI+ flowering stage
in sub-sub plots. All plots received full dose of P and K and 1/4th N fertilizer at basal and
remaining N fertilizer in three equal splits - at mid-tillering, panicle initiation and flowering
as per treatments. The crop irrigated as and when required. Insects were controlled by
chemicals to avoid biomass and yield loss.
Data was recorded on plant height, leaf area index and crop growth rate were counted from
ten randomly selected plants. Grain and straw yield were obtained from each treatment after
threshing and their weight was recorded, which was later converted into grain yield (kg ha-1)
as well as harvest index were recorded at maturity.
Total chlorophyll content was measured adopting the method of Hiscox and Israelstam
(1979), using Dimethyl sulfoxide (DMSO) and the chlorophyll content was determine by
using the formula given by Arnon (1949) and expressed as mg g-1 of fresh leaf. Arnon’s
formula estimate total chlorophyll as follows.

Total Chlorophyll = [20.2 (D645) + 8.02 (D663)] ×
XW

V

1000
Where, D = Absorbance, V = Final volume of DMSO (ml) and W = Weight of fresh leaf (g)

All  experiments  were  repeated  twice  in  a  split-split plot design; data  recorded  each
time were pooled for  statistical  analysis  using  software  MSTAT-C to determine
significance  of  variance  (P<0.05).

RESULTS AND DISCUSSION

Plant height
Under crop establishment techniques SRI showed higher plant over traditional techniques of
crop establishment at all the crop growth stage (Table 1). It might be due to more space,
sunlight and nutrients available to wider spaced plants of SRI which increased the
photosynthetic rate leading to taller plants (Shrirame et al., 2000) than close spaced plants of
traditional techniques of crop establishment during both the years of experimentation. The
plant height increased gradually due to successive increasing level of nitrogen fertilizer
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application at all the growth stages in the both years. The maximum plant height was
recorded in crop receiving N150 kg ha-1 over those of the crop grown at lower levels i.e. N0,

N50 and N100 kg ha-1 at all growth stages. The increase in plant height was due to various

Table 1: Plant height (cm) of hybrid rice at different growth stages as influenced by
nitrogen levels and homo-brassinolide grown under SRI and traditional
techniques of crop establishment

Plant height (cm)
LAI

Treatments
40 DAT 80 DAT 40 DAT 80 DAT 100 DAT

Crop establishment

Traditional
60.20 98.3 3.56 1.66 0.50

SRI
73.72 113.8 4.28 2.36 0.73

SEm (±) 0.96 0.80 0.036 0.02 0.007

CD (P=0.05) 3.34 2.78 0.124 0.08 0.024

Nitrogen levels (kg ha-1)

N0 53.93 78.4 2.69 1.28 0.29

N50 63.38 104.4 3.46 1.76 0.46

N100 71.28 114.5 4.29 2.32 0.65

N150 79.25 126.9 5.24 2.67 1.05

SEm (±) 1.00 0.96 0.041 0.028 0.011

CD (P=0.05) 2.93 2.81 0.121 0.083 0.031

Time of homo-brassinolide spraying

Panicle initiation (PI) stage
66.37 100.4 3.92 1.97 0.57

PI+flowering  stage
67.55 111.6 3.92 2.05 0.65

SEm (±) 0.34 0.56 0.008 0.004 0.004

CD (P=0.05) 1.19 1.95 NS 0.013 0.014
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physiological processes including cell division and cell elongation of the plant. The results
are in agreement with the findings of Zhilin et al. (1997) who reported higher plant height
under higher dose of nitrogen application. Geethadevi (2000) also reported that application of
150 kg N ha-1 recorded the highest values for plant height. Time of homo-brassinolide
spraying had significant influence on plant height of hybrid rice. At 80 DAT spraying of
homo-brassinolide panicle initiation (PI) + flowering (FL) stages produced significantly taller
plants as compared to spraying of homo-brassinolide at PI stage. The similar results were
reported by Bera and Pramanik (2012).

Leaf area index (LAI) at different crop stage
The leaves of a plant are normally its main organs of photosynthesis and the leaf area of plant
is one of the major determinants of its growth. The higher productivity of a crop depends on
the persistence of high leaf area index over a greater part of its vegetative phase. The rate of
crop photosynthesis depends on the leaf area index. After germination leaf area index
increases and reaches the peak levels after that it declines due to increased senescence
(Katiya, 1980). The variations in leaf area index are an important physiological parameter
that determines crop yield (Evans and Wardlaw, 1976). The significantly higher LAI were
recorded in crop receiving SRI crop establishment technique over the traditional technique of
crop establishment during the both years (Table 2). This result might be due to better growth
of the crop under favourable condition of crop establishment. The results are in agreement
with the findings of Vijayakumar et al. (2006) who reported that maximum leaf area index
in wider spacing than closer spacing.
The results showed that the leaf area index increased gradually and steadily due to
increasing level of nitrogen application at all the growth stages under study. The
maximum leaf area index was recorded in crop receiving 150 kg N ha-1 at all the
growth stages during both years of experiment. The crop with no nitrogen level
produced the lowest leaf area index values as compared to other nitrogen levels at all
growth stages. The results showed that twice application of homo-brassinolide at panicle
initiation + flowering stages recorded higher leaf area index at 80 and 100 DAT over those
of the crop grown under traditional crop establishment technique.
The regression equations between grain yield and leaf area index at 20. 40, 60 and 80 DAT
were presented Fig.1, 2, 3 and 4. The close relationship between LAI at all the stages and
grain yield has been depicted. There was about 48%, 45%, 39% and 34% variability in grain
yield due to total chlorophyll content 20, 40, 60 and 80 DAT, respectively.

Crop growth rate (CGR) at different crop stage
The crop growth rate estimated during the periods of 40-60 and 80-100 DAT were
statistically analyzed and presented in the Table 2. Crop growth rate increased progressively
with the advancement of the age of the crop up to 40-60 DAT there after it decreased sharply
as the crop progressed towards maturity in the both years.

The values of crop growth rate were higher in the second year than the first year. Techniques
of crop establishment also exerted significant effect on crop growth rate of hybrid rice.
The highest crop growth rate was recorded in SRI technique of crop establishment and it
was significantly greater than what obtained at traditional techniques of crop
establishment during the growth periods. The results emphasized the need of high wider
spacing for better growth and productivity of hybrid rice. High crop growth rate during
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Table 2:  Crop growth rate and total chlorophyll content of hybrid rice at different
growth stages as influenced by nitrogen levels and homo-brassinolide grown
under SRI and traditional techniques of crop establishment (pooled value)

vegetative periods encouraged tillering, and leaf area index development that helped in
maintaining higher crop growth rate during reproductive period leading to greater
spikelet formation grain development and high crop productivity. The nitrogen levels
exerted significant effect of on crop with rate of hybrid rice. The crop growth rate increased
steadily due to increasing level of nitrogen application (150 kg ha-1) during of the all growth
periods under study. The maximum value of crop growth rate was recorded in crop receiving
the highest nitrogen 150 kg ha-1. The results emphasized the need of high dose of fertilizer
application for better growth and productivity of hybrid rice. High crop growth rate
during vegetative periods encouraged tillering, and LAI development that helped in
maintaining higher crop growth rate during reproductive period leading to greater
spikelet formation grain development and high crop productivity (Siddiq et al., 1996).

Treatments
Crop growth rate (g m-2 day -1) Total chlorophyll  (mg g-1 of fresh

leaf)

40-60 DAT 80-100 DAT 40 DAT 80 DAT

Crop establishment

Traditional 13.27 7.88 3.67 2.18

SRI 14.08 9.56 4.64 2.59

SEm (±) 0.26 0.21 0.04 0.03

CD (P=0.05) NS 0.72 0.15 0.09

Nitrogen levels (kg
ha-1)

N0
10.93 6.60 3.50 1.71

N50
12.76 8.11 3.95 2.00

N100
14.66 9.31 4.32 2.60

N150
16.35 10.86 4.84 3.24

SEm (±) 0.22 0.19 0.05 0.04

CD (P=0.05) 0.65 0.55 0.13 0.11

Time of homo-brassinolide spraying

Panicle initiation (PI)
stage

13.70 8.32 4.14 2.21

PI+flowering stage 13.65 9.12 4.17 2.57

SEm (±) 0.12 0.12 0.01 0.01

CD (P=0.05) NS 0.43 0.03 0.03
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Time of homo-brassinolide spraying showed positive and significant effect on
influencing the crop growth rate in hybrid rice. The results showed that twice application
of homo-brassinolide at panicle initiation + flowering stages was significantly increased the
crop growth rate at 60- 80 and 80-100 DAT.

Total Chlorophyll (mg g-1 of fresh leaf)
Total chlorophyll content was higher in the second year as than the first year. The highest
total chlorophyll content in leaf was recorded at SRI technique of crop establishment and
it was significantly greater than the traditional techniques of crop establishment during
the growth periods. The nitrogen levels registered significant effect on total chlorophyll
content increased with advancement of the crop age up to 40 DAT (Table 3).

Application of nitrogen 150 kg ha-1 recorded significantly higher total chlorophyll content as
compared to other nitrogen levels all the growth stages. Spraying of homo-brassinolide at
panicle initiation + flowering stages was recorded significantly higher total chlorophyll
content than what obtained with spraying of homo-brassinolide at panicle initiation
stage at 80 DAT. The similar result also reported by Bera and Pramanik (2012).
The regression equations between grain yield and total chlorophyll content in leaf at 20, 40,
60 and 80 DAT were presented Fig.5, 6, 7 and 8. The close relationship between total
chlorophyll content at all the stages and grain yield has been depicted. There was about 67%,
65%, 80% and 81% variability in grain yield due to total chlorophyll content at 20 DAT, 40
DAT, 60 DAT and 80 DAT, respectively.

Grain yield (kg ha-1)
Grain production, which is the final product of growth and development, is controlled by dry
matter accumulation during the ripening phase (De Datta, 1981). The hybrid rice grain yield
was found to range from 4258 to 7801 kg ha-1, depending upon the techniques of crop
establishment, nitrogen levels and brassinosteroids, with an average yield in the experiment
being 6306 kg ha-1 (Table 3). Statistically techniques of crop establishment, nitrogen levels
and brassinosteroids significantly influenced the grain yield.

Significant variation was noticed in grain yield ha-1 due to different techniques of crop
establishment. SRI technique of crop establishment recorded significantly higher grain yield
(6603 and 6925 kg ha-1) as compared to traditional technique of crop establishment (5675 and
6039 kg ha-1), respectively during the both years. The percentage increase in grain yield with
SRI over traditional was 16.35 in first year, 14.69 in second year and 15.48 in mean,
respectively. 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.
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Fig1.Relationship between LAI at 20 DAT and grain yield of
hybrid rice

y = 5466.8x - 3012
R2 = 0.4866

0

2000

4000

6000

8000

10000

1.20 1.40 1.60 1.80 2.00 2.20

LAI

G
ra

in
 y

ie
ld

 (k
g 

ha
-1
)

Fig 2.Relationship between LAI at 40 DAT and grain yield of
hybrid rice
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Fg.3 Relationship between LAT at 60 DAT and grain yield of

hybrid rice
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Fig.4 Relationship between LAI at 80 DAT and grain yield of
hybrid rice
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Fig. 9: Re la tio ns hip be tween to ta l chlo ro phyll co ntentin leaf a t 40
DAT and gra in yie ld o f hybrid rice
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Fig. 10: Rela tio ns hip be tween to ta l chlo ro phyll co ntent in leaf a t 60

DAT and gra in yie ld o f hybrid rice
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Fig. 11: Rela tio ns hip be tween to ta l chlo ro phyll co ntentin leaf a t 80
DAT and gra in yie ld o f hybrid rice
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Fig. 8: Re la tio ns hip be tween to ta l chlo ro phyll co ntent lea f a t 20
DAT and gra in yie ld o f hybrid rice
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Table 3:  Grain yield, straw yield and harvest index of hybrid rice as influenced by
nitrogen levels and homo-brassinolide grown under SRI and traditional techniques of crop
establishment

Treatments Grain yield (kg ha-1) Straw yield
(kg ha-1)

Harvest index
(%)

2009 2010 Pooled Pooled Pooled

Crop establishment

Traditional 5675 6039 5857 6125 48.55

SRI 6603 6925 6764 6791 49.63

SEm (±) 119 133 76 57 0.25

CD (P=0.05) 724 812 263 197 0.87

Nitrogen levels (kg ha-1)

N0 4257 4717 4488 5270 45.79

N50 5920 6217 6069 5942 50.49

N100 6871 7194 7032 7006 50.04

N150 7508 7801 7655 7613 50.03

SEm (±) 10 140 89 106 0.53

CD (P=0.05) 33 432 260 311 1.54

Time of homo-brassinolide spraying

Panicle initiation (PI) 5771 6050 5911 6206 48.42

PI+flowering stage 6507 6914 6711 6710 49.75

SEm (±) 6 55 42 23 0.15

CD (P=0.05) 18 167 144 79 0.51

Too dense population might caused inter and intra plant competition, reduced the overall
efficiency of the crop. Zheng et al. (2004) reported that yield of the SRI technique of crop
establishment produce higher grain yield than the traditional technique. Nissanka and Bandara
(2004) reported that grain yield was in the SRI technique greater than the traditional
transplanting. The nitrogen levels exerted significant effect on grain yield of hybrid rice.
The grain yield increased steadily with the increase in nitrogen level up to the 150 kg ha-1.
The highest grain yield (7508 and 7801 kg ha-1) was produced in crop receiving nitrogen
150 kg ha-1. The nitrogen levels recorded significantly higher grain yield than those
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obtained at the lower nitrogen levels. The crop at no nitrogen level produced the lowest
grain yield (4257 and 4717 kg ha-1) which was significantly lower than all other nitrogen
levels tested here. The percentage increase in test weight with N150 over N0, N50 and N100kg ha-1

were 76.36, 26.82 and 9.27 in first year, 65.38, 25.47 and 8.43 in second year, 70.58, 26.13 and
8.84 in mean respectively. This might be due to continuous and steady supply of nitrogen into
the soil solution to meet the required nutrients for physiological processes, which in turn
improved the yield. Also increased nutrient uptake especially of nitrogen and phosphorus
resulted in increased photosynthetic rate and increased plant growth. Increased photosynthetic
rate resulted in higher translocation to sink and more grain yield. Time of spraying of homo-
brassinolide played an important role in regulating the grain yield hybrid rice. The grain
yield increased progressively due to more number of applications of homo-brassinolide.
The highest grain yield (6507 and 6914 kg ha-1) was recorded in crop with spraying of
homo-brassinolide at panicle initiation + flowering stages. The lowest grain yield was
recorded from the crop with only one spraying of homo-brassinolide at panicle initiation
stage (5771 and 6050 kg ha-1) respectively during the both years. The percentage increase in
grain yield with twice spraying of homo-brassinolide at panicle initiation + flowering stages
over panicle initiation stage was 12.75 in firs year, 14.28 in second year, 10.72 in mean,
respectively.

Straw yield (kg ha-1)
Analysis of the data (Table 3), showed an average straw yield of 6418 kg ha-1 across the
experimental trials, ranging from 5105 to 7771 kg ha-1. SRI techniques of crop establishment
recorded significantly higher straw yield (6642 and 6939 kg ha-1) than traditional technique of
crop establishment (6002 and 6247 kg ha-1) respectively during the both years. Hossain et al.
(2003) also found higher straw yield in SRI technique as compared to traditional technique. The
straw yield increased steadily with the increase in nitrogen level up to the 150 kg ha-1. The
highest straw yield (7455 and 7771 kg ha-1) was produced in crop receiving nitrogen 150 kg
ha-1. These nitrogen levels recorded significantly higher straw yield than those obtained at
the lower nitrogen levels. The crop at no nitrogen produced the lowest straw yield (5105
and 5435 kg ha-1) respectively during the both years which was significantly lower than
those of all other nitrogen levels. The highest straw yield (6584 and 6834 kg ha-1) was
recorded in crop with spraying of homo-brassinolide at panicle initiation + flowering stages.
The lowest straw yield was recorded from the crop with only one spraying of homo-
brassinolide at panicle initiation stage (6060 and 6352 kg ha-1), respectively during the both
years.

Harvest index (%)
Techniques of crop establishment were not significant differences in respect of harvest index.
The nitrogen levels influenced the harvest index significantly (Table 3). The crop at the no
nitrogen level recorded the lowest values of harvest index (45.29 and 46.29 %). The highest
value of harvest index recorded (50.00 and 50.06 %) respectively during the both years
with application of nitrogen 150 kg ha-1. Time of spraying of homo-brassinolide showed
significant effect the harvest index. The harvest index increased progressively due to twice
of spraying of homo-brassinolide. The highest harvest index (49.37 and 50.13 %) was
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recorded in crop twice spraying of homo-brassinolide at PI + flowering stages. The lowest
harvest index was recorded from the crop with only one spraying of homo-brassinolide at
PI stage (48.42 and 48.43 %) respectively during the both years.

CONCLUSION

The results of this investigation indicate that hybrid rice needs to be planted at SRI crop
establishment technique for better crop growth and for producing higher crop yield. The results
also show that hybrid rice be planted at higher nitrogen for higher growth and grain yield during
kharif season. Twice spraying of homo-brassinolide also recorded higher grain yield.
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