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SUMMARY
Rice (Oryza sativa L.) is one of the most important staple cereal crops. Among the various possible approaches, hybrid
rice cultivation is the most feasible and practical one in view of its 10-15 per cent yield advantage over the high yielding
varieties. To obtain the benefits of hybrid rice cultivation, it is essential to develop effective hybrid seed production
techniques. Poor panicle exertion of CMS lines of most of the released hybrids of rice is affecting the seed yield
considerably. To overcome this problem, gibberellic acid (GA

3
) is being used in hybrid seed production. But the high cost

of it in India, limits its use in large quantity. Therefore, the aim of the present investigation was to test the effectiveness
of GA

3
 and search for other-cheaper alternatives and to enhance the effectiveness of GA

3
. Various chemicals such as,

GA
3
, boric acid, urea, glycine, etc. were twice applied either individually or in combination of various concentrations at

10% heading and 50% heading by hand sprayer. Total 9 different treatments were used and data were recorded on ten
floral and yield traits. The percentage of exserted stigma (%), anther length(mm), panicle length (cm), filled spikelets per
panicle, plat height (cm), grain yield /plant(g) were highest found in application of GA

3
 80ppm + glycine 80ppm coupled

with flag leaf clipping and rope pulling. Panicle exsertion (%), and spikelets length (cm) were highest found in glycine
80ppm coupled with flag leaf clipping and rope pulling. The panicle exertion was higher to the extent of 40 per cent with
glycine 80ppm coupled wih coupled with flag leaf clipping and rope pulling. The increases in seed yield with GA

3
 80ppm

and glycine 80ppm coupled with flag leaf clipping and rope pulling was to the extent of 200 per cent, over control.
Spraying of GA

3
80ppm in combination with glycine 80ppm coupled with flag leaf clipping and rope pulling resulted in

higher profits. Results showed that glycine 80ppm was found be alternative of gibberellic acid.
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MEMBERS  OF THE  RESEARCH  FORUM Rice (Oryza sativa L.) is one of the most important
staple cereal crops. Increasing the productions
of rice is necessary to meet out the food

requirement of growing population. Among the various
possible approaches, hybrid rice cultivation is the most
feasible and practical one in view of its 10-15 per cent
yield advantage over the high yielding varieties. To obtain
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the benefits of hybrid rice cultivation, it is essential to
develop effective hybrid seed production techniques.

To enhance the efficiency of hybrid seed production,
it is necessary to increase the yield of hybrid seed by
improving the out crossing capacity of CMS lines. The
female parent of most of the released rice hybrids have
problem of poor panicle exertion because of which nearly
25-30 per cent of the spikelets remain inside the flag
leaf, resulting poor outcrossing and reduced hybrid seed
yield. In China, application of gibberellic acid (GA

3
) at

fairly high concentration (150-225 g/ha) plays an
important role in solving the problem of poor panicle
exertion, besides enhancing wider glume opening, better
stigma exertion and stigma receptivity, thereby increasing
the outcrossing rate (Duan and Ma, 1992). But, the higher
cost of GA

3
 in India, is a limiting factor for its use at

higher concentration in hybrid rice seed production. Thus,
there is a need to findout the suitable substitutes for GA

3
.

Several cheaper chemicals like urea and boric acid are
found to be promising to some extent in this regard
(Prasad et al., 1988). However, effect of alternate
chemicals alone or in combination with GA

3
 at lower

concentration on hybrid seed yield and quality need to
be studied. The aim of the present investigation was to
test the effectiveness of GA

3
 and search for other-

cheaper alternatives and to enhance the effectiveness
of GA

3
. This experiment was conducted to study the

artificial parameters which may increase the outcrossing
on CMS line IR 58025A and thus, seed yield of A line in
seed multiplication plots.

MATERIAL AND METHODS

The experiment was conducted at Udai Pratap
Autonomous College, Varanasi, U.P. during Kharif
season in Randomized Block Design with three
replications. Various chemicals such as, GA

3
, boric acid,

urea, glycine, etc. were twice applied either individually
or in combination of various concentrations. Physical
Barriers were applied to prevent pollen contamination
between the different combinations block. Total twelve
treatment combinations included, flag leaf clipping
(FLC), rope pulling (RP), spraying of urea 2%, boric
acid 1.5%, urea 2% and boric acid 1.5% along with FLC
and RP, gibberellic acid (40ppm and 80ppm) along with
FLC and RP, glycine (60ppm, 80ppm and 100ppm) along
with FLC and RP, GA

3
 80ppm plus glycine 80ppm along

with FLC and RP and a control were used in experiment
which is given in Table A.

The seedlings of female (IR 58025A) and male (IR
58025B) parents were raised on wet bed nursery. The
male parent was staggered sown, three and seven days
earlier to female parent to achieve synchronization in
flowering. The 25 days old seedlings were transplanted
at 4:2 row ratio with row to row and plant to plant spacing
of 20 cm x 15 cm. Planting of A and B lines was done
across the prevailing wind direction The recommended
dose of 100:50:50 kg N, P

2
O

5
 and K

2
O per ha was

applied. The nitrogen was applied in three split doses, 50
per cent along with entire P

2
O

5
 and K

2
O, 25 per cent at

active tillering and remaining 25 per cent at panicle
initiation stage. Flag leaf clipping treatment was imposed
by cutting two third of the flag leaves of female parent
at boot leaf stage of primary tiller. The chemicals were
spayed at 10% heading and 50% heading by hand
sprayer. A supplementary pollination with rope pulling
was done on male parent during flowering. Observations
on growth and yield parameters were recorded on five
randomly selected plants. Mean values were subjected
to analysis of variance to test the singnificannce for each
characters as per methodology advocated by Panse and
Sukhatme (1967).

RESULTS AND DISCUSSION

The analysis of variance was significant for all the
characters except plant height under various treatments
(Table 1). The result reveals significant influence of the
treatments on floral traits and seed yield compared to
control. Remarkable increase in growth and yield
characteristics with the exogenous application of
gibberellic acid, boric acid and other growth hormones
were also reported by earlier workers such as Yogesha
et al. (2000); Kalavathi et al. (2000) and Tiwari et al.

Table A : Treatment combinations

T0 Control

T1 Flag leaf cutting (FLC)

T2 Rope pulling (RP)

T3 Urea spray 2%

T4 Boric acid spray 1.5%

T5 Urea spray 2% + Boric acid spray 1.5% + FLC + RP

T6 GA3 40ppm + FLC + RP

T7 GA3 80ppm + FLC + RP

T8 Glycine 60ppm + FLC + RP

T9 Glycine 80ppm + FLC + RP

T10 Glycine 100ppm + FLC + RP

T11 GA3 80ppm + Glycine 80ppm + FLC + RP
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(2011) in rice, Naeem et al. (2001) in tomato,
Muthukumar et al. (2007) in baby corn, Finongar (2007)
in cowpea and Mobin et al. (2007) in mustard.
Incomplete panicle exertion in CMS lines is one of the
bottle neck in hybrid seed production. In the present study,
better exertion of panicle was observed with glycine and
other chemical spray over control (Table 2). The data of
panicle exertion (86.57%), spikelets length (1.11cm) and
seed yield per plant (29.6g) were highest found in glycine
80ppm spray along with FLC and RP, followed by
combination of GA

3
80ppm and glycine 80 ppm along

with FLC and RP with panicle exertion (84.8%), spikelets
length (1.09cm) and seed yield per plant (28.9g). The
application of GA

3
 80ppm in combination with glycine

80ppm along with FLC and RP was the next best
treatments to increase the all other traits under
investigation. The highest angle of open spikelet (26.8o),
panicle length (32.67cm) and plant height (108.67cm)
were recorded with combine spray of GA

3
 80ppm and

glycine 80ppm along with FLC and RP, followed by spray
of GA

3
 80ppm along with FLC and RP which showed

26.6o angle of open spikelet, 32.43cm panicle length and
106.53cm plant height. These chemicals individually also
increased these parameters significantly over unsprayed
control. The results are in line with findings of
Jagadeesha (1997) and Singh and Sahoo (1998). Plant
height significantly increased from 131cm to 162cm with
the combine spray of glycine 80ppm and GA

3
 80ppm

along with FLC and RP over control which is followed
by alone spray of GA

3
 80ppm and 40ppm along with

FLC and RP having plant height of 106.53cm and 100.9
cm, respectively. GA

3
alone or in combination both also

significantly increased the panicle length and spikelets
length in different concentration. These findings are in
closely agreement with that of Dunand (1998) who also
reported significant increase in plant height, stem
elongation and yield in response to gibberellic acid
application. Virmani et al. (2007) reported that

Table 1 : ANOVA table
Source of variation

Characters
Replication (df-2) Treatments (df-11) Error (df-22)

Panicle exsertion (%) 0.008 10.22** 3.243

Angle of open spikelet(0) 0.003 11.683** 1.864

Percentage of exserted stigma (%) 0.001 12.998** 0.868

Spikelets length (cm) 0.005 13.77** 6. 788

Panicle length (cm) 0.11 16.006** 2.987

Filled Spikelets / panicle 0.075 23.219** 4.676

Plat height (cm) 0.087 16.567** 1.112

Seed yield /plant (g) 0.14 28.452** 1.897
** indicates significance of value at P=0.01

Table 2 : Mean performance of eight floral and seed traits under different treatments

Treatments
Panicle

exsertion
(%)

Angle of
open

spikelet (0)

Percentage
of exserted
stigma (%)

Spikelets
length
(cm)

Panicle
length
(cm)

Filled
spikelets
/ panicle

Plat
height
(cm)

Seed
yield /

plant (g)

Control 58.0 19.63 22.23 0.97 26.97 131 91.33 18.8

Flag leaf clipping (FLC) 65.33 21.1 24.6 0.95 26.03 138 90.03 19.9

Rope pulling (RP) 60.2 20.6 24 0.94 24.8 129 89.03 22

Urea spray 2% 68.6 22.1 26.13 0.96 25.47 135 90.67 20.6

Boric acid spray 1.5% 70.2 21.8 27.43 0.98 25.8 138 91.83 23.27

Urea spray 2%+Boric acid spray 1.5%+FLC+RP 71.77 23.83 28.2 0.99 30.2 145 93.37 26.4

GA3 40ppm + FLC + RP 78.6 23.0 27.6 1.02 30.67 142 100.9 25.5

GA3 80ppm + FLC + RP 84.33 26.6 32.2 1.08 32.43 156 106.53 28.8

Glycine 60ppm + FLC + RP 76.8 23.0 26.6 0.98 27.3 140 92.13 24.6

Glycine 80ppm + FLC + RP 86.57 24.8 33.3 1.11 28.8 158 94.87 29.6

Glycine 100ppm + FLC + RP 84.2 24.2 32.6 0.99 30.33 155 94.6 28.7

GA3 80ppm+Glycine 80ppm+FLC+RP 84.8 26.8 34.6 1.09 32.67 162 108.67 28.9

Mean 74.11 23.12 28.29 1.00 28.45 144.08 95.33 24.75

S.D.+ 9.92 2.24 4.00 0.05 2.76 11.09 6.51 3.83
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differential application of GA
3
also increases the relative

height of the pollen over the seed parent. The GA
3
 and

other chemicals might have triggered the metabolic
activities involved in cell division and cell elongation in
the upper most internode to grow taller than flag leaf
resulting in increased panicle length, panicle exertion and
plant height (Buu and Huang, 1980; Yuan and Virmani,
1988; Jagadeeshwari et al., 1998; Ponnuswamy et al.,
1998). Highest percentage of exerted stigma (34.6%)
and number of filled spikelets per panicle (162) were
also found with the spray of GA

3
 80ppm in combination

with glycine 80ppm along with FLC and RP, followed by
spray of glycine 80ppm along with FLC and RP which
showed 33.3% exserted stigma and 158 filled spikelets
per panicle. Number of filled spikelets per panicle was
increased with better exposer of stigma to outcrossing
due to increased angle of open spikelets. Supplementary
techniques such as flag leaf clipping (FLC) and rope
pulling (RP) increased the seed yield per plant in some
extent in alone and in combinations with different
chemicals. These treatments also increased percentage
of panicle and stigma exertion and angle of open spikelet.

The success of hybrid rice seed production depends
upon the potential outcrossing rate to get higher seed
yield. In hybrid rice seed production seed yield mainly
depend upon various floral traits of CMS lines like better
exertion of panicle, increased angle of open spikelets
and percentage of exerted stigma and also agro
morphological traits of pollen parents. Therefore, to
achieve higher yield improvements in these traits is a
necessary requirement. The application of GA

3
influences

panicle exertion, spikelet opening angle and other floral
traits which increases outcrossing rate of CMS lines
leading higher yield. Xu and Li (1988) reported 18%
higher seed yield with application of GA

3
in rice. Similarly,

Elankavi et al. (2009) observed upto 50.52% increase in
grain yields over control. [Realizing higher seed yield on
CMS lines is the main target in hybrid rice seed production
Prasad et al. (1988) and Ponnuswamy et al. (1998) also
observed similar results]. The seed yield is very complex
trait. It is multiplicative end product of several basic
components of yield. In the present investigation the seed
yield per plant increased significantly from 18.8g (control)
to 29.6g with glycine 80ppm along with FLC and RP,
followed by combination treatment of glycine 80ppm and
GA

3
 80ppm along with FLC and RP (28.9g) which is

close to alone spray of GA
3
 80ppm along with FLC and

RP (28.8g) and glycine 80ppm along with FLC and RP

(28.7g). The increase in seed yield with these treatments
was to the extent of 57.4, 53.7, 53.1 and 52.6 per cent
over control, respectively. It is obvious from results that
the higher seed yield per plant in these treatments was
due to increased panicle exertion, wider angle of spikelet,
percentage of exerted stigma and number of filled
spikelets per panicle. The flag leaf clipping alone or in
combination with GA

3
 @ 50 g per ha enhanced the seed

set rates due to increased exposer of panicles to
outcrossing (Mishra and Pandey, 1994). These chemicals
might have facilitated better translocation and
mobilization of metabolites from source to sink, resulting
in better seed filling. These results are in conformity with
a number of workers such as Garg et al. (1980); Kaur
and Singh (1986); Know et al. (1990); Pandey et al.
(1996); Singh and Sahoo (1998); Kalavathi et al. (2000);
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Fig. 1 : Spikelets of IR 58025A (Glycin 80 ppm + FLC+RP)
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Yogesha et al. (2000); Elankavi et al. (2009) and Tiwari
et al.(2011). Results showed that spray of GA

3
 80ppm

in combination with glycine 80ppm along with FLC and
RP was better than treatments of GA

3
alone in different

concentrations. Results also showed that glycine 80ppm
along with FLC and RP was best alternative of gibberellic
acid which can be useful in increasing seed yield in hybrid
rice.
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