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Abstract: Forty four lowland traditional rice genotypes were evaluated during kharif season of 2009-10 at
Zonal Adaptive Research Station, Krishnagar, Nadia, West Bengal for 23 panicle yield and its attributing traits.
Significant varietal differences were observed for all the characters. The GCV was less than PCV for all the
characters indicating considerable influence of the environment on their expression. High GCV and PCV were
observed for number of grains on secondary branches panicle™, number of spikelets on secondary branches
panicle™, 100 grain weight, 100 kernel weight, panicle yield, number of secondary branches panicle™ and
number of spikelets panicle® whereas, the remaining characters expressed low to medium GCV. High
heritability along with high genetic advance as percentage of mean were exhibited by number of spikelets on
secondary branches panicle™, number of grains on secondary branches panicle®, 100 grain weight, 100 kernel
weight and panicle yield indicating their control by additive gene action and chances of further improvement by
selection. Among the panicle yield attributing traits, number of primary branches per panicle, number of grains
on primary branches panicle™, number of spikelets on primary branches panicle™, grain length, grain breadth,
grain thickness, kernel breadth, kernel thickness, 100 grain weight, 100 kernel weight correlated significantly
and positively with panicle yield both at the genotypic and phenotypic levels whereas, high significant and
positive genotypic and phenotypic association revealed between number of secondary branches panicle™ and
number of spikelet panicle™, number of spikelets on secondary branches panicle® and number of grains on
secondary branches panicle™.
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l. Introduction

Rice (Oryza sative L.) is one of the most important cereals and is the main food crop to the lives of
billions of people around the world as world rice consumption increased 40 percent in the last 30 years, from
61.5kg per capita to about 85.9kg per capita in terms of milled rice.(Source: www.unctad.org). It is considered
as one of the oldest domesticated grain.

The genus Oryza probably originated in the humid regions of the Gondowana land supercontinents by
Chang (1976). In order to feed the growing population ventures are being made in all the rice growing areas to
augment the yield per hectare but the success of hybridization and thereafter selection of desirable segregants
depends largely on the selection of parents with high genetic variability for different characters. The diversity in
crop varieties is considered as a significant parameter for increasing food production, in mitigating poverty and
promoting economic growth overall contributing to the development of Agriculture. It serves as an insurance
against unknown future needs and conditions thereby contributing to the stability of forming systems at local,
national and global levels (Singh et al. 2000). For a rational approach to the improvement of yield, it is essential
to have some information on the nature of inheritance and association between different yield components and
their relative contributions to yield. The correlation analysis measures the existence of relationship between
various plant characters and determines the components on which selection can be based for improvement in
seed vyield. Hence, the present study was conducted to evaluate the extent of genetic variation and trait
relationship for various panicle characters in the rice cultivars that all contributed to the yield, so accordingly
after harvest, 23 such panicle component characters were examined for each variety to evaluate their
contribution to the yield value.

1. Materials And Methods
The present investigation was carried out using 44 traditional lowland rice cultivars, collected from the
gene bank of rice Research Station, Chinsurah, Hoogly during kharif season of 2009 at the Instructional Farm of
Zonal Adaptive Research Station, Krishnagar, Nadia, West Bengal (23°24'N latitude and 88°31’E longitude
with an altitude of 9.75 meters above mean sea level). The soil reaction gives a slightly acidic pH of 6.0, with
low soluble salts (EC of 0.15 dS m™), medium organic carbon content (0.57%), Total N (0.056%), medium in
available P (25.28 kg ha™) and K (148.77 kg ha™).
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The materials were grown using completely randomized block design with three replications. Each entry was
transplanted (45 days old seedling) in a plot of 6m? with a spacing of 20cm. between rows and 15cm. between
plants in a row. A random sample of five competitive plants was used for observations on different traits under
study. Nutrients (N:P,0s:K,0) @ 40:20:20 kg ha™ were applied. During the crop period the water depth of the
field was 40-50cm.

Among the 44 lowland landraces of rice, out of West Bengal, nine cultivars were collected from 24
Parganas (N), eight from Midnapore (W), two from each Midnapore(N) , Midnapore(E), West Dinajpur and
Jalpaiguri, four cultivars from Assam, three cultivars each from Uttar Pradesh and Orissa, and one from
Bangladesh. The panicle characters observed in undergoing the experiment were panicle length, number of
nodes panicle™, number of primary branches panicle™,number of secondary branches panicle™,number of
spikelets on primary branches panicle™,number of spikelets on secondary branches panicle™ number of spikelets
panicle,number of grains on primary branches panicle™,number of grains on secondary branches panicle™,
fertility% of spikelets on primary branches panicle™, fertility% of spikelets on secondary branches panicle™,
fertility% of spikelets panicle™, grain length, grain breadth, grain length/breadth ratio, grain thickness, kernel
length, kernel breadth, kernel length/breadth ratio, kernel thickness, 100 grain weight, 100 kernel weight and
panicle yield. Various statistical calculation procedures were undertaken for evaluation of the characters.
Variance and covariance analysis was in the usual way suggested by Singh and Chaudhury (1985). Genotypic
and phenotypic coefficient of variation (GCV and PCV) were calculated using the formula suggested by Al-
Jibouri et al. (1958). For calculating the genotypic and phenotypic correlation co-efficient for all possible
combination, the formula suggested by Singh and Chaudhury (1985) was adopted. Genotypic correlation co-
efficient is estimated according to the following formula.

_ C,(X1X2)
Faxe™ G xDxv(x2)

Mo = correlation between two characters

C,,(X1X2) = covariance of X1 & X2

V(X 1) = variance for the variable X1
V(X 2) = variance for the variable X2

The calculation of phenotypic correlation (r,) and genotypic correlation (rg) have been calculated from the
corresponding variance and covariance.

1. Results And Discussion

The analysis of variance revealed highly significant mean squares due to genotypes for all the 23
characters of the panicle, including the presence of significant difference among genotypes. The considerable
range of variation expressed for the traits indicated good scope for genetic improvement. The estimates of
phenotypic coefficient of variation(PCV) revealed higher values than genotypic coefficient of variation (GCV)
as for panicle length (8.34 and 7.0 respectively), number of nodes panicle™, (14 and 9.82 respectively), number
of primary branches panicle (15.30 and 12.80), number of secondary branches panicle™ ( 29.90 and 25.0) and
number of spikelets on primary branch panicle(17.11 and 13.68). Characters like kernel thickness (11.98 and
11.55), 1000 grain weight( 32.68 and 32.68), 100 kernel weight( 33.16 and 33.12), The PCV and GCV resulted
in almost equal values, indicating that environment does not have much effect on these traits, therefore selection
can be effected on the basis of phenotypic values with equal probability of success. GCV was higher for number
of spikelets on secondary branches panicle™® (35.51), 100 kernel weight ( 33.12), 100 grain weight( 32.68),
panicle yield ( 32.08), number of secondary branches panicle™ ( 25.01) and number of spikelets panicle™ (24.03)
(table 1). Ghosh et al.(1981) and Hussain et al.(1987) also reported high GCV for 100 grain weight; Singh et
al.(2000), Shibani and Sree Ram Reddy(2000) and Singh et al. (2005) for grain yield and Ahmed et al. (2000)
for 100 grain weight and grain yield. Phenotypic coefficient of variation (PCV) followed almost a similar trend.
The high values of GCV for these traits suggested the possibility of yield improvement through selection on
these traits. Similar findings were also reported by Kaul and Kumar (1982), Maurya et al. (1976) and
Chakraborty and Hazarika (1994).

Highest heritability was observed for 100 grain weight (99.99%) followed by 100 kernel weight
(99.80%), grain breadth(97.77%), kernel breadth (97.48%), kernel length (96.24%), kernel length/breadth ratio
(95.14%), grain length/breadth ratio (93.22%), kernel thickness (92.96%), grain thickness (92.70%), grain
length (92.41%), panicle yield (88.80%), and number of grains on secondary branches panicle™ (80.31%) (table
1). High heritability enables the breeder to select plants on the basis of phenotypic expression (Johnson et al.,
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1955).However high heritability alone did not necessarily lead to increase genetic advance unless sufficient
genetic variability existed in the population.

Burton (1952) suggested that GCV together with heritability estimates would give the best picture of
the amount of advance to be expected from selection. Characters like number of spikelets on secondary branches
panicle™, 100 grain weight, 100 kernel weight, and panicle yield showed high amount of GCV along with high
heritability. These characters could be improved directly through selection. This indicated predominance of
additive gene action in expression of these traits as suggested by Panse (1957) and Gandhi et al. (1964). Some
additive portion of genetic variance is fixable in nature, so selection of these traits (on the basis of phenotypic
performance) is expected to be effective. For effective selection, genetic advance was computed because high
heritability does not necessarily mean an increased genetic response to signify the selective advantage accruing
in an additive character (Johnson, 1955). Hence, one has to consider high heritability estimates and high genetic
advance together to select better potent with desirable additive effect (Panse, 1957). In the present study,
number of spikelets on secondary branches panicle™, number of grains on secondary branches panicle™,100
grain weight, 100 kernel weight, and panicle yield itself showed high heritability together with high genetic
advance. This indicated that these characters were mostly governed by the additive gene action. Therefore,
selection based on phenotypic performance of these traits would be effective.

Regarding correlation study, interrelationships of major yield contributing characters on yield is
essential to the plant breeder in order to ensure effective selection. In rice, number of findings based on common
yield contributing traits has been reported (Rajagopalan, 1967; Shivani and Sree Rama Reddy, 2000) but these
lacking for panicle components have also been reported (Jauoria et al., 1991). Of the two types of correlations,
the genotypic correlation is chiefly accounted for linkage, pleiotropic action of genes and effect of selection.
The phenotypic correlation is genotypic and environmental in origin and provides information about association
between two observable characters.

In this study, genotypic correlation coefficients were in general higher than corresponding phenotypic
ones demonstrating that the observed relationships among various characters were due to genetic causes. Panicle
yield was significantly and positively correlated with number of primary branches panicle™, number of spikelets
on secondary branches panicle™, number of grains on primary branches panicle™, grain length, grain breadth,
grain thickness, kernel length, kernel breadth, kernel thickness, 100 grain weight and 100 kernel weight at both
genotypic and phenotypic level (table 2). This was in agreement with the earlier reports of Sinha et al (1999).
Reddy (1991), Acharya et al. (1995) and Prashnath et al. (1999) also observed significant positive correlation at
both genotypic and phenotypic level for 100 grain weight. With regard to component characters, panicle length
exhibited significant positive association only with number of nodes panicle™at phenotypic level. Number of
primary branches panicle™ showed highest significant positive association with number of spikelets on primary
branches panicle™, number of grains on primary branches panicle™, and number of spikelets panicle™ at both
phenotypic and genotypic level (table 2).

High significant and positive genotypic and phenotypic association revealed between number of
secondary branches panicle™, number of spikelets panicle™, number of spikelets on secondary branches panicle
! number of grains on secondary branches panicle™.This is in agreement with earlier works of Sinha et al.(1999)
for number of grains on secondary branches panicle™. For number of spikelets on secondary branches panicle™,
results revealed a significant and negative relationship with most of the traits except number of grains on
secondary branches panicle™. Importance of secondary branches for improvement of grain number was also
reported by Prasad and Sharma (1973).

V. Conclusion

It has been observed that yield of rice per unit area is primarily determined by the mean panicle yield
and the number of effective tillers (i.e. number of panicles). But beyond a certain limit, accommodating more
tillers per unit area through choice of cultivar and for agronomic management cannot be expected to enhance
yield; further, increase in yield per unit area would necessarily come from increase in mean panicle yield. Thus,
information on panicle yield determination should be of considerable value in the development of heavy panicle
type rice varieties having high yield potential and productivity.

Thus, in overall, it can be concluded that the grain characters in particular, as, grain length, grain
breadth, grain thickness, kernel length, kernel breadth, kernel thickness, 100 grain weight and 100 kernel weight
show a direct impact on the yield character of the panicle as a whole while the rest of the panicle component
characters, as, panicle length, number of primary branches panicle™,number of secondary branches panicle
! number of spikelets panicle™ ,;number of spikelets on primary branches panicle™ ,number of spikelets on
secondary branches panicle™ ,number of grains on primary branches panicle™ , number of grains on secondary
branches panicle™ fertility % of spikelets panicle™, fertility % of spikelets on primary branches panicle™ and
fertility % of spikelets on primary branches panicle™ contribute indirectly, i.e., via the grain components, to the
yield character of the panicle.
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Table 1: Estimation of statistical and genetical parameters of agromorphological traits for different

landraces of rice

sl. Traits Mean4S.E. Range GCV | PCV | K Genetic cVv
No. (Herit | advance in %
abilit | percent of
y) mean(%o)
1 Panicle length 26.86+0.99 23.20-30.8" | 7.00 8.33 | 70.53 | 12.11 4.52
2 No. of nodes 8.51+0.69 6.33-11 9.81 13.9 | 49.21 | 14.19 9.97
panicle™ 9
3 No. of pri. 12.09+0.82 8.66-14.88 | 12.79 | 153 | 69.91 | 22.04 8.39
Pranches panicle’ 0
4 No. of sec. 39.4245.27 20.22- 25.00 | 29.9 | 69.95 | 43.09 16.3
branches panicle™ 65.44 0 9
5 No. of spikelets 72.03+6.03 51.44- 13.68 | 17.1 | 63.98 | 22.55 10.2
?n pri. br. panicle’ 98.33 0 6
6 No. of spikelets 136.24+20.50 | 47.55- 35.51 | 40.0 | 78.77 | 64.93 18.4
?n sec br. panicle’ 282.33 1 3
7 No. of spikelets 208.07+22.83 | 108.22- 24.03 | 275 | 76.17 | 43.21 13.4
panicle™ 346.88 3 4
8 No. of grainson | 64.61+6.22 42-85.66 13.84 | 18.1 | 57.90 | 21.70 11.8
pri. br. panicle™ 9 0
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9 No. of grains on 104.54+16.15 | 39.99- 38.23 | 42.6 | 80.31 | 70.59 18.9
sec. br. panicle™ 223.11 6 2
10 | Fertility % of 89.76+4.28 79.30- 2.73 7.13 | 14.68 | 2.16 6.58
spikelets on pri. 95.82
br. panicle™
11 Fertility % of 77.2246.24 41.55- 13.67 | 16.8 | 65.63 | 22.82 9.89
spikelets on sec. 95.05 8
br. panicle™
12 Fertility % of 81.98+4.15 55.70- 9.71 115 | 70.98 | 16.87 6.21
spikelets panicle’ 93.80 3
1
13 | Grain length 8.15+0.28 6.04- 1490 | 155 | 9241 | 29.52 4.27
11.05¢ 0
14 | Grain breadth 2.83+0.06 1.89-3.72¢ | 17.85 | 18.0 | 97.77 | 36.37 2.69
5
15 | Grain 2.93+0.11 2.18-4.169 | 18.49 | 19.1 | 93.22 | 36.80 4.98
length/breadth 6
16 | Grain thickness 2.00+0.05 1.6-2.43 11.24 | 116 | 92.70 | 22.31 3.15
8
17 Kernel length 5.71+0.14 4.08-7.97% | 1556 | 15.8 | 96.24 | 31.46 3.07
7
18 Kernel breadth 2.41+0.05 1.7-3.24° 17.73 | 179 | 97.48 | 36.06 2.85
5
19 Kernel 2.41+0.08 1.77-3.42% | 19.63 | 20.1 | 95.14 | 39.45 4.43
length/breadth 3
20 | Kernel thickness | 1.78+0.04 1.46-2.27 1154 | 119 | 9296 | 22.94 3.17
7
21 | 100 grain weight | 2.37+0.007 1.08-3.65° | 32.68 | 32.6 | 99.99 | 67.32 0.37
8
22 | 100 kernel weight | 1.84+0.02 0.84-2.84° [ 33.12 |33.1 | 99.80 |68.17 1.50
5
23 Panicle yield 3.915+0.36 1.81-7.16 32.07 | 34.0 | 88.80 | 62.27 11.3
4 9

Note: #-cm, @ -mm, $-¢g

Table 2. Genotypic and Phenotypic correlation coefficients among twenty thee quantitative traits of 44

traditional rice cultivars

ChI|Ch2[Ch3 [Ch4 | ChS|Ch6|Ch7[ChS [Ch9[Ch!]Chl|Chi] Chl]Chi4 | Chi5 |Chl|Chl]Chl]Chi9 |Ch20 |Ch2| Ch2| Ch2
its 0 |1 |2 |3 6 |7 |8 1 12 |3
Ch 040]- - - 1= 1- - - Tos]ordfoxs]- |- s e Te e Ta e O [ =
! 0% 10350 | 0.055 | 0.12{ 0.04 | 0.11{0.022 [ 0.00|0* |9 | 7* | 0530218 | 0224 | 020 057|019 | 0.283 | 0.156 | 0.4 | 041 0.3

*k 0 1 9 9 9#* * * 5 3** 0 ¥ 2** 5#* 0*#

Ch [ 028 0355 [ 0.554 [ 0.63{039]057[ 0405 [0.66[022]081]028]- |- 002 |- |- - To003]- : [z s
2 B (ke Qe [geeex a9k | ge gak (4xe | 045 0412 042041038 0338 [ 049|046 0.05
s** *¥ 6** 3** 0** *¥ 2** 1** 8
Ch |- [023 0298 [ 037[085] 0210853 [0.18]- [004[- [022]0.158 ] 0.001 [0.10{025]0.14]0.050 [ 0.143 [025] 023]0.38
3o[016]1* # o Lgwk | Tex gk w1301 00710 | 043 1* 7|6 |9 1|7+ [ge

6* 2 1
Ch | 0.00]040] 0397 0s6fotofoss oot fos2]- |- [- |- - 05T - |- - o189 ]- - |- o009
4 [F |5 |+ 57 g 6+ | 0.19 | 044 | 0.10| 0.38] 0.526 063 | 024048 0613 | 049 0487

5 7** 6 1#* *% 0*# 4* 2** *¥ 5** 5#*
Ch | 001]043]0446 [ 0947 026]098[ot6r [os0]- |- [- |- |- 0031~ |- - T0059]- A R )
5 |8 [0ee|re [ 6* | 0% 5% 1022030 | 0.12] 040 | 0414 0530291036 0503 [ 0420442
6* 1** 2 6#* ¥ 4** 3#* T** *k I** 4#*
Ch | 0.06]024]0809 [0.192 032 007(0984 [003]- [o00r[- [o08[0246[- [o022][011]025]- {0275 [028]020(033
6 2 |8 |* 54 4 |* |3 [002]6 [008]2 [* 0170 (2% |4 |3* [0427|* |5 |8 |9
9 6
Ch | 0.00]039]0287 [08353 | 097]0.11 R EE 0073 - |- - To093]- A R T
T |1 |2 |# | |78 0031 | 0%* 022051 0.10| 0440479 059031043 0575 | 049 049 6
4* g** 9 0** *% 4## 8#* 2** *¥ 0** 7*#
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Ch | 0.08]023]0.736]0.123 | 0.23| 0.90| 0.04 — [015]019]008]0.00] 0313 |-  [027]0.13]032]- | 0327]029]025]053
§ |6 |3* |* 9x | g |6 0002 [3 |2 |4 |*= |0208|6* |7 |[3%%|0.169| %% | 1xx|3ex|gex
1 x
Ch [ 0.06| 0.43 | 0.243 | 0.880 | 0.88 | 0.06 | 0.91 | 0.049 0B~ [05]- |-
9 |9 |3 |x |= 7|1 [ges 9 |05[3* | 0490522
5 S#l XK 03# 73# 0*8
Ch [018(007(- |- |- |- |- [0153[005 086 (097 - |- |- Jo0|- |- |- - I-
10 |4 |2 |0087]0.199]0.23] 007|022 2 = [ g** | 0.10| 0.047 | 0.029 |9 |0.07[0.02 0.117 0.17 | 0.02 | 0.06
0* [0 |4 5 o o 2 |3 o
- - |- |- [03e3|- |osd 0850100303 |- |026]010|031|- | 0266 0.04] 021 ] 0.04
11 |0 |3 |0043]0.140]0.16|005|0.16]* |0.02|7** »x |6 = foas7|1* [1 [oes|oast|* |2 [3* |4
6 |3 |6 7
Ch [0 - [ - [- [o0es2[027|083 03l B - - - - - 1- 1- 1 1-
12 5% |7 |0.080]0.088]0.10] 007|009 gux | gux | un 6* | 0.152 [ 0.038 | 0.10| 0.30 | 0.11 | 0.140 | 0.096 | 0.29 | 0.14 0.13
§ |5 |s 0 |o*|3 0** s |s
= 1= - [008]- [00o91]- [- [083]- 0369 | 0472 | 049 | 0.98 | 031 | 0328 | 0.445 | 0.7 | 0.7 | 0.55
13 |042]031]* |0299]034(8 |037 042|008|0 |[017 o fa e | pee | g e e | gee | g | g
2¥¥ 6!!( XX l‘l‘ 21!! 3!!( 4 0
- 019~ - (o[- |03 T [094[035(0%9 - | 0931082079038
14 ]0.18]0.29 0425 [035|6 [o041|*  |o045|003|9 |0.11]8** 0.633 | 8% [ 2% [ 435 | 0576 | *% | 3% | 43x | 3
9 8!1‘ XX 4‘* ltl 4** 8 6 XX XK

0.071 | - - - 0.061 | - - - 0.01
0.62 (039047 0.605 [ 0.58 [ 0.51 9
XK

4lk 9!*

0.007

- 0.01] 0.022 | 0.122 [ 0.03 | - 0.05( - 0.05] - - - 049 - - 047 - 0.992 | - - - -
15 10.16| 4 1 0.08/6 (01123 0.02 | 0.05| 0.02| 6** | 0.619 0.48 | 9** | 0.66 | ** 0.497 [ 0.16 | 0.13 | 0.09
2 6 4 |16 |3 2 4xx g* e 0 |2 5
- - - 0.15] - - 0.01]0.12 |- 0.46 | 0.903 | - 0.46| 0.4 | - 0.998 1 0.85 | 0.86 | 0.58
16 {0.17]0.25 051410453 0.51 05419 |3 0.06 | 0** | ** 0.442 8** | T*% | 0432 | ** SO | 1% |43

7 9! X% 9!‘! Glx lt!( 4 xK X%
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0181- |03)- |- - - 1009 [029]0974{- (05002 - 109341080]0.76) 0.58
0407 6** (0191038 0420023 [0.09] 2% |* [0643(0 |4* 0612 A% [3¥% [ 4%% | o8
XX 1 7“ 3" ] XX XX
Chi- |- 004701500041~ [007)- [0.4|- |- |- - 0946 (- | 055]- S S .
19 10.2(003 0.09/8 [0.100(8 [0.08]0.02]0.00| 5% |0559(* [040]9** |06l 04471 0.091 0.05{ 0.01
il 1 5142 i 4 4 A I
- - 0] = - J010)- [041]0.884(-  (092)041|089]- 085(0.83 1055
04791040 9% [0471*  |0SL{0.00]6 [0.09] 3% |** | 0459 | 1** | 6** | 4** | 0417 P2 (1%
Olt kX 9“ 9“ 5 5 0 XX XX
e - - - - - (OIS [OTELO8I| - |086(072(079(- {0826 0921 0.75
0371034(* |0415]036 043|*%  [032[04]9 [023[2% | * | 0.154 | 2% | 7% | 3** | 0.091 | ** %N | g0
0“ 6“ XX 8“ 4“ 3“ S 41(
Ch{- |- [0200(- |- [016]- [- [046]- [007(- |- [0784|- [08[073]- |0.053]0.804]052 011
22 034]031 0402(038(8 |043]0.093 | 1¥* [0.02|7 [012]0.72(* [0.128|6** |5** | 075 o L (i
4“ 8“ kX 3” 7“ 1 0 0" 5“
= |- | 0540(0.1931025(04610.16] 0475 {0.02|- | 0.08]- |051)0543|- |051{056(053 - {0301|0.70(0.67
23 [034]031]* TEO[8¥ (8 [** |9 (0016 |0.06] 1% |** | 0.080 |9** | I**|6** [0.012|** |8§**|6*
6“ 5“ 9
*and**indicate significance at 5% and 1% levels, respectively. Upper diagonal correlations are genotypic

correlations and lower diagonal correlations are phenotypic correlation. Correlation coefficient r=0.206-0.266
and r>0.266 are significant at at 5% and 1% level respectively.
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