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Cost effective techniques for enhancing hybrid rice seed
production

B Ashish Goswami and Vishal Seth

SUMMARY

Rice (Oryza sativa L.) is one of the most important staple cereal crops. Among the various possible approaches, hybrid
rice cultivation isthe most feasible and practical onein 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,) isbeing used in hybrid seed production. But the high cost
of itin India, limitsits use in large quantity. Therefore, the aim of the present investigation wasto test the effectiveness
of GA, and search for other-cheaper alternatives and to enhance the effectiveness of GA . Various chemicals such as,
GA,, 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), paniclelength (cm), filled spikelets per
panicle, plat height (cm), grainyield /plant(g) were highest found in application of GA, 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. Theincreasesin seed yield with GA , 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,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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the benefits of hybrid rice cultivation, it is essential to
devel op effective hybrid seed production techniques.

To enhancethe efficiency of hybrid seed production,
it is necessary to increase the yield of hybrid seed by
improving the out crossing capacity of CMSlines. The
femal e 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) 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
stigmaexertion and stigmareceptivity, thereby increasing
theoutcrossing rate (Duan and Ma, 1992). But, the higher
cost of GA, in India, is alimiting factor for its use at
higher concentration in hybrid rice seed production. Thus,
thereisaneed to findout the suitable substitutes for GA..
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, 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, and search for other-
cheaper alternatives and to enhance the effectiveness
of GA,. This experiment was conducted to study the
artificial parameterswhich may increase the outcrossing
on CMSline IR 58025A and thus, seedyield of A linein
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 chemicalssuch as, GA, boric acid,
urea, glycine, etc. weretwice 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%, urea2% and boric acid 1.5% along with FLC
and RP, gibberellic acid (40ppm and 80ppm) along with
FL C and RP, glycine (60ppm, 80ppm and 100ppm) a ong
with FLC and RP, GA , 80ppm plus glycine 80ppmalong
with FLC and RP and a control were used in experiment
whichisgiveninTableA.

Table A : Treatment combinations

To
T1
Tz
T
T,
Ts
Te
Tz
Ts
To
Tio
Tu

Control

Flag leaf cutting (FLC)

Rope pulling (RP)

Urea spray 2%

Boric acid spray 1.5%

Urea spray 2% + Boric acid spray 1.5% + FLC + RP
GA340ppm + FLC + RP

GA380ppm + FLC + RP

Glycine 60ppm + FLC + RP

Glycine 80ppm + FLC + RP

Glycine 100ppm + FLC + RP

GA3 80ppm + Glycine 80ppm + FLC + RP

The seedlingsof 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
acrossthe prevailing wind direction The recommended
dose of 100:50:50 kg N, P,O, and K,O per ha was
applied. Thenitrogen was applied inthree split doses, 50
per cent along with entire P,O, and K0, 25 per cent at
active tillering and remaining 25 per cent at panicle
initiation stage. Flag leaf clipping treatment wasimposed
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
toanalysisof varianceto test the singnificanncefor each
characters as per methodol ogy advocated by Panse and
Sukhatme (1967).

RESULTS AND DISCUSSION

Theanalysis of variance was significant for all the
characters except plant height under varioustreatments
(Table1). Theresult reveal ssignificant 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.
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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 CMSlinesis one of the
bottle neck in hybrid seed production. Inthe present study,
better exertion of panicle was observed with glycineand
other chemical spray over control (Table 2). The data of
panicleexertion (86.57%), spikeletslength (1.11cm) and
seedyield per plant (29.6g) were highest foundin glycine
80ppm spray along with FLC and RP, followed by
combination of GA,80ppm and glycine 80 ppm aong
with FLC and RPwith panicleexertion (84.8%), spikelets
length (1.09cm) and seed yield per plant (28.9g). The
application of GA, 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 spikel et (26.8°),
panicle length (32.67cm) and plant height (108.67cm)
were recorded with combine spray of GA, 80ppm and

Tablel: ANOVA table

glycine80ppmaong with FLC and RP, followed by spray
of GA, 80ppm along with FLC and RP which showed
26.6° angle of open spikelet, 32.43cm panicle length and
106.53cm plant height. These chemicalsindividualy 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 131cmto 162cmwith
the combine spray of glycine 80ppm and GA, 80ppm
along with FLC and RP over control whichisfollowed
by alone spray of GA, 80ppm and 40ppm along with
FL C and RP having plant height of 106.53cm and 100.9
cm, respectively. GA ;alone or in combination both also
significantly increased the panicle length and spikelets
length in different concentration. Thesefindingsarein
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

Characters

Source of variation

Replication (df-2)

Treatments (df-11) Error (df-22)

Panicle exsertion (%) 0.008 10.22** 3.243
Angle of open spikelet(®) 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** 1112
Seed yield /plant (g) 0.14 28.452** 1.897
** jndicates significance of value at P=0.01
Table2: Mean performance of eight floral and seed traitsunder different treatments

Panicle Angle of Percentage  Spikelets  Panicle Filled Plat Seed
Treatments exsertion open of exserted length length spikelets  height yield/

(%) spikelet (O stigma (%) (cm) (cm) [panicle  (cm)  plant (g)

Control 58.0 19.63 22.23 0.97 26.97 131 91.33 18.8
Flag leaf clipping (FLC) 65.33 211 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% 68.6 221 26.13 0.96 25.47 135 90.67 20.6
Boric acid spray 1.5% 70.2 218 27.43 0.98 258 138 91.83 23.27
Urea spray 2%+Boric acid spray 1.5%+FLC+RP 7177 23.83 28.2 0.99 30.2 145 93.37 26.4
GA;40ppm + FLC + RP 78.6 230 27.6 1.02 30.67 142 100.9 255
GA380ppm + FLC + RP 84.33 26.6 322 1.08 3243 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 24.8 333 111 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
GA; 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
SD.+ 9.92 2.24 4.00 0.05 2.76 11.09 6.51 3.83
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differential application of GA alsoincreasestherelative
height of the pollen over the seed parent. The GA , and
other chemicals might have triggered the metabolic
activitiesinvolvedin cell division and cell elongationin
the upper most internode to grow taller than flag |eaf
resulting inincreased paniclelength, panicleexertion 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 , 80ppm in combination
with glycine 80ppm along with FL C 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 stigmato outcrossing
dueto 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 panicleand stigmaexertion 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 variousfloral traitsof CM Slineslike 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 traitsis a
necessary requirement. Theapplication of GA influences
panicle exertion, spikel et opening angle and other floral
traits which increases outcrossing rate of CMS lines
leading higher yield. Xu and Li (1988) reported 18%
higher seedyield with application of GAinrice. Similarly,
Elankavi et al. (2009) observed upto 50.52% increasein
grainyieldsover control. [Realizing higher seed yield on
CMSlinesisthemaintarget in hybrid rice seed production
Prasad et al. (1988) and Ponnuswamy et al. (1998) also
observed similar results]. The seed yield isvery complex
trait. It is multiplicative end product of severa basic
componentsof 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 80ppmand
GA, 80ppm aong with FLC and RP (28.9g) which is
close to alone spray of GA , 80ppm along with FLC and
RP (28.8g) and glycine 80ppm along with FLC and RP

(28.79). Theincreasein 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 isobviousfrom resultsthat
the higher seed yield per plant in these treatments was
duetoincreased 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, @ 50 g per haenhanced the seed
set rates due to increased exposer of panicles to
outcrossing (Mishraand Pandey, 1994). These chemicals
might have facilitated better translocation and
mobilization of metabolitesfrom sourceto sink, resulting
in better seed filling. Theseresultsarein 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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Yogeshaet al. (2000); Elankavi et al. (2009) and Tiwari
et al.(2011). Results showed that spray of GA, 80ppm
in combination with glycine 80ppm along with FL C and
RP was better than treatments of GA ,alonein different
concentrations. Results a so showed that glycine 80ppm
alongwith FLC and RPwas best alternative of gibberellic
acidwhich canbeuseful inincreasing seed yieldin hybrid
rice.

Acknowledgement :
Theauthorsare grateful to UGC for the funding of
project.

REFERENCES

Buu, R.H. and Huang, C.S. (1980). Effect of the application of
plant growth regulators on yield components of early
maturingrice. J. Agric. Res. China, 29: 115-130.

Duan, X.M. and Ma, H.S. (1992). Effect of gibberrellic acid
application on seed yield and quality of hybrid rice.
Seed Sci. & Technol., 9: 379-4009.

Dunand, R.T. (1998). Effects of preheading applications of
gibberellic acid on rice growth and production.
Proceedings of the 27th Rice Tech. Working Group,
(RTWG'98), Reno, NV, pp: 211-211.

Elankavi, S., Kappaswamy, G, Vaiyapuri, V. and Raman, R.
(2009). Effect of phytoharmones on growth and yield
of rice. Oryza, 46 : 310-313.

Finongar, V. (2007). Gibberellic acid (GA3) influence on
vegetative growth nodulation and yield of cowpea
[Vigna unguiculata (L.) Walp]. J.Agron., 6:509-517.

Garg, O.K., Sharma, A.N. and Kona, GR.S.S. (1980). Effect of
boron on the pollen vitality and yield of rice plants.
Plant & Soil, 52 : 591-594.

Jagadeesha, H. (1997). Studies on morphological traits and
flower synchronization problemsin hybrid rice seed
production. M.Sc. (Ag.) Thesis, University of
Agricultural Sciences, Bangalore, India.

Jagadeeshwari, P., Sudheerkumar, S., Ganesh, M. and
Anuradha, G. (1998). Effect of foliar application of
gibberellic acid on seed yield and quality of hybrid
rice. Oryza, 35: 26-30.

Kalavathi, O., Ananthakalaiselvi, A. and Vijaya, J. (2000).
Econonomization of GA3 use in hybrid rice seed
production by supplementing with other nutrients.
Seed Res,, 28: 10-12.

Kaur, J. and Singh, G. (1986). Harmonal regulation of grain
fillinginrelationto peduncleanatomyinricecultivars.

Indian J. Experi. Biol., 37 : 146-149.

Know, O.K.,Kim,K.S.,Hong, Y.P. and Han, |.S. (1990). Effect
of day length and GA3 on the conservation from
cliestogamy to clasmogamy in Violu mandshuricaW.
Becker. J. Korean Soc. Hort. Sci., 31: 305-310.

Mishra, M. and Pandey, M.P. (1994). Effect of certain treatments
on out pollination and seed production of cytosterile
rice(Oryzasatival.). Oryza, 31: 58-60.

Mobin, M., Rahman, A.H. and Ahmad, K .K. (2007). Timing of
GA ,application to Indian mustard (Brassica juncea
L.): Dry matter distribution, growth analysis and
nutrient uptake. J. Agron., 6 : 55-60.

Muthukumar, V.B., Velayucham, K. and Thavaprakaash, N.
(2007). Plant growth regulatorsand split application
of nitrogen improves the quality parameters and
green cob yield of baby corn (ZeamaysL.). J. Agron.,
6:208-211.

Naeem, N., Ishtiag, M., Khan, P,, Mahammad, N., Khan, J. and
Jamiher, B. (2001). Effectsof gibberellicacid on growth
and yield of tomato cv. Roma. J. Biol. Soi., 1:448-
450.

Pandey, M.P, Mani, M.C., Singh, H. and Singh, J.P. (1996).
Hybrid rice seed production. A technology manual.
power printers, New Delhi, India, pp. 44.

Panse, V.G. and Sukhatme, P.V. (1967). Sastical methods for
agriculktureworkers. 2@ Ed., ICAR Publication, New
Delhi, India, pp. 44.

Ponnuswamy, A.S., Rangaswamy, M., Rangaswamy, P. and
Thiyagarajan, K. (1998). Adapting hybrid rice seed
production technology. Internat. Rice Res. Notes,
23(2): 26.

Prasad, M.N., Virmani, S.S. and Gutuman, A.D. (1988).
Substituting urea and boric acid for GA, in hybrid
rice seed production. Internat. Rice Res. Newsl etter,
13:9-10.

Shivaragju, G. (1993). Effect of boron on seed yield and quality
parametersin sunflower populations and its parents.
M.Sc. (Ag.) Thesis, University of Agricultural
Sciences, Bangalore, India.

Singh, R. and Sahoo, S.K. (1998). Evauating hybrid seed
production technology along with the new growth
harmone mangiferin. Internat. Rice Res. Notes, 23
(2):23.

Tiwari, D.K., Pandey, P, Giri, S.P. and Diwedi, J.L. (2011). Effect
of GA,and other plant growth regulators on hybrid
rice seed production. Asian J. Plant <ci., 10:1-7.

Virmani, S.S., Mao, C.X., Toledo, R.S., Hossain, M. and Janaiah,

Internat. J. Plant Sci., 13 (1) Jan., 2018 : 76-81 %\ Hind Agricultural Research and Training Institute
N/



Ashish Goswami and Vishal Seth

A. (2007). Hybrid rice seed production technology
and its impact on seed industries and rural
employment opportunities in Asia. http://
www.agnet.org/library/tb/156/tb156.pdf.

Xu, S.and Li, B. (1988). Managing hybrid rice seed production.
Proceedings of the 1st International Symposium on
Hybrid Rice, Oct. 6-10, Internationa Rice Research
Institute, Manila, Philippines, pp: 157-163.

Yogesha, H.S., Pandey, S. and Sharma, S.P. (2000). GA3 to
obtain synchrony in hybrid seed production. Seed
Res., 28: 87-89.

Yuan, L.P. and Virmani, S.S. (1988). Status of hybrid rice
research and development. In : Hybrid rice,
International Rice Research Institute, Manila,
Philippines, pp. 7-24.

th

Year
* % % % % of Excellence » % % % %

Internat. J. Plant Sci., 13 (1) Jan., 2018 : 76-81 /—1\ Hind Agricultural Research and Training Institute

8

N—



