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ABSTRACT 

 
Forty two diverse genotypes of rice collected from different rice growing states of eastern India 

were grown during warm wet season of 2016. A wide range of variability was observed for 

different panicle characters in this population. The high magnitude of both phenotypic and 

genotypic coefficients of variation was recorded for  panicle number  plant
-1

, secondary branches 

panicle
-1

, spikelet number panicle
-1

, grain number panicle
-1

, test weight, yield panicle
-1

 and grain 

yield plant
-1

. High heritability accompanied with high genetic advance as percent of mean was 

observed for all the panicle characters studied except days to flowering and primary branches 

panicle
-1

 indicating preponderance of additive gene action for these characters and hence selection 

to be effective. Panicle weight exhibited highest positive and significant correlation with grain 

yield plant
-1

 followed by yield panicle
-1

, test weight, plant height and primary branches panicle
-1

 at 

genotypic and phenotypic level. Panicle weight showed the highest positive direct effect on grain 

yield plant
-1

. This indicates that panicle weight is very important component of grain yield. 

Another important character with high direct effect on grain yield is spikelet number panicle
-1

 

which showed positive direct effect on grain yield. Hence, panicle weight and spikelet number 

should be given more attention for improvement rice in this population. Presence of wide 

variability for different panicle characters in this population may be helpful in selecting climate 

proofing genotypes which may be able to cope with the growing driversof climate change. 

Keywords: correlation, direct-indirect effect, genetic variability, heritability, panicle characters, 

rice 

 

INTRODUCTION 

Rice (Oryza sativa L.) is one of the world’s most important food crops, feeding two thirds of the world’s 

population (Kahani and Hittalmani, 2015). Rice plays a pivotal role in Indian economy being the staple 

food for two third of the population. India stands second with 108 million tons as China occupies the first 

place with 144 million tons in the world’s production of 479.3 million tons (Kumar et al., 2013). 

Presently, rice is cultivated an area of 438.56 lakh hectare with the total production of 104.80 million tons 

in India during 2014-2015 (Annual Report, 2015-2016).  In West Bengal state Rice is cultivated in area 

5.50 million hectare with a total production of 15.31 million tons and productivity is 2786 kg hectare
-1 

during 2013-2014 (Agricultural Statistics at a Glance, 2014). The world population is expected to reach 8 

billion by 2030 and therefore, rice production must be increased by 50% in order to meet the growing 

demand (Miah et al., 2013).The presence of sufficient genetic variability, the knowledge of nature of 

association among different characters and relative contribution of different characters to yield is a 

prerequisite to any success in breeding program for developing superior genotypes with high yield 

potential. Knowledge of correlation between yield and its contributing characters are basic to find out 

guidelines for plant selection. Keeping in view the above facts, the present investigation was undertaken 

to know variability and correlation among yield and its contributing characters.  
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MATERIALS AND METHODS 

The present experiment was carried out at Agriculture Farm, Visva-Bharati, Sriniketan, Birbhum, West 

Bengal, India, situated at 23º19’N latitude, 87 º 42’ E longitudes and at an elevation of 58.9 above mean 

sea level. Forty two diverse germplasm collected from different rice growing states like West Bengal, 

Orissa, Bihar, Manipur and Arunachal Pradesh comprising mostly aromatic, few non aromatic and some 

advanced generation mutant lines which derived from traditional scented rice of West Bengal were the 

experimental materials. The experiment was laid out in a Randomized Complete Block Design (RCBD) 

with three replications during warm wet (kharif) season of 2016.  Each plot consisted of three rows of 15 

hills. Twenty five days old seedlings were transplanted with 20cm × 15cm spacing between row to row 

and plant to plant. All necessary precautions were taken to maintain uniform plant population in each 

treatment per replication. All the recommended package of practices was followed along with necessary 

plant protection measures to raise a good healthy crop. Five hills were randomly selected from each plot 

from the middle row to avoid border effect and harvested individually. The plants were dried up to 

optimum moisture level. Data were recorded on 13 panicle characters viz. days to flowering, plant height 

excluding panicle length (henceforth called plant height), panicle number plant
-1

, panicle length, primary 

branches panicle
-1

, secondary branches panicle
-1,

spikelets number panicle
-1

, spikelet fertility, test weight, 

panicle weight and grain yield plant
-1

. Observations were recorded and the data was subjected to 

statistical analysis. 

The SPAR version 1.0 software, developed at IASRI, New Delhi, was used for statistical analysis. 

Analysis of variance to test the significance for each character was carried out as per methodology 

advocated by Panse and Sukhatme (1967). PCV and GCV were calculated by the formula given by 

Burton (1952). The estimates of PCV and GCV were classified as low (< 10%), medium (10-20%), and 

high (> 20%) (Sivasubramanian and Madhavamenon, 1973). Heritability estimates (broad-sense) for yield 

components were done following Singh and Chaudhary (1985). They were categorized using the criteria 

of Robinson et al. (1949): 0-30% = low; 31-60% = moderate; > 60% = high. Genetic advance was 

estimated by adopting the method given by Johnson et al. (1955): > 20% = high; 10-20% = moderate; less 

than 10% = low. Statistical analyses for the above characters were done following Al-Jibouri et al.(1958) 

for correlation coefficient and Dewey and Lu (1959) for path analysis. The estimated values were 

compared with table values of correlation coefficient to test the significance of correlation coefficient 

prescribed by Fisher and Yates (1967). 

 

RESULT AND DISCUSSION 

 

The development of an effective plant breeding programme depends on the existence of genetic 

variability present in the gene pool. Genotypic coefficients of variation ranged from 9.06 to 44.15 

whereas, phenotypic coefficient of variation ranged from 9.13 to 46.71 among various panicle characters 

in the population under study (Table 1). The difference between genotypic and phenotypic coefficient of 

variation was less for all characters studied except primary branches panicle
-1

 (16.10and 25.98). Similar 

result was reported by Seyoum et al. (2012) which is an indication of the less influence of the 

environment over these characters. The high magnitude of both phenotypic coefficient of variation and 

genotypic coefficient of variations for  panicle number  plant
-1

, secondary branches panicle
-1

, spikelet 

number panicle
-1

, grain number panicle
-1

, test weight, yield panicle and grain yield plant
-1

revealed the 

existence of considerable genetic variation in the population and hence selection can be practised. Similar 

results were found by Hemanth et al. (2014) for panicle numberplant
-1

, Singh et al.  (2014) for secondary 

branches panicle
-1

, spikelet number panicle
-1

 and test weight, Sanghera et al. (2013) for panicle yield and 

Hemanth et al.  (2014) and Tandekar and Koshta (2014) for grain number panicle
-1 

and grain yield plant
-1

. 

 

The reliability of the phenotypic value depends on the estimates of heritability for a particular character. 

Therefore, high heritability helps in the effective selection for a particular character. Highest mate of 

heritability (Table 1) were exhibited for all the panicle characters except primary branches panicle
-1

which 
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showed moderate heritability (0.38). This suggests that selection can be practiced these component traits 

to improve grain yield in rice. Similar finding were reported by Basavaraja et al.(2011) for high 

heritability of these characters. 

Genetic advance denotes the improvement in the genotypic value of the progeny population over the 

original parental population. The estimates of genetic advance as per cent of mean provide more reliable 

information regarding the effectiveness of selection in improving the traits. High heritability coupled with 

high genetic advance can be more useful in selection types with such yield contributing characters. A 

relative comparison of heritable estimates and expected genetic advance expressed as percentage of mean 

will give an idea about the nature of gene action controlling the inheritance of a particular character. High 

heritability accompanying  with high genetic advance as percent of mean for all the panicle characters 

except days to flowering and primary branches panicle
-1

 observed in present study is in agreement with 

the earlier reports of Ogunbayo et al.  (2014) for plant height, Seesang et al. (2013)for panicle number 

plant
-1

, Balappa et al. (2014) for panicle length, Hasib (2005) for secondary branches panicle
-1

, Basavaraja 

et al. (2011)for spikelets number panicle
-1

 and spikelet fertility, Basavaraja et al. (2013) and Singh et al. 

(2014) for test weight, Singh and Pandey (2011) for panicle weight and Patel et al. (2014)for grain 

number panicle
-1

 and grain yield plant
-1

. Above result indicated the preponderance of additive gene action 

in the expression of these traits. This type of character could be improved by through selection due to 

reliability of preponderant additive gene action (Table 1).  

 

Phenotypic and genotypic correlations between yield and yield components viz. days to flowering, plant 

height, panicle number plant
-1

, panicle length, primary branches panicle
-1

, secondary branches panicle
-1

, 

spikelets number panicle
-1

, spikelet fertility, test weight, panicle weight and grain yield plant
-1

were 

estimated (Table 2). These provide basic information extremely useful to the breeder for proper 

understanding of the nature of the character association. The genotypic correlations in general were 

higher than the corresponding phenotypic correlations. Very close values of genotypic and phenotypic 

correlation were observed between most of the characters. Panicle weight exhibited highest positive and 

significant correlation with grain yield plant
-1

 followed by yield panicle
-1

, test weight, plant height, 

primary branches panicle
-1

, grain number plant
-1

, spikelet fertility, spikelet number panicle
-1

, and 

secondary branches paniclee
-1

, whereas days to flowering and panicle length did not exhibit any 

significant association with grain yield. These results are in agreement with Senjam et al. (2013)for 

panicle weight, Patel et al. (2014)for plant height, grain number plant
-1

, and test weight, Singh et al. 

(2014) for spikelet number panicle
-1

, and Raut et al. (2009) for secondary branches panicle
-1

.Character 

having direct effect on yield is selected, but their mutual association with each other is to be considered 

simultaneously as these traits will indirectly influence yield.  

All the yield attributes, except panicle number were observed negative and significantly correlated with 

panicle height. The correlation of number of spikelets panicle
-1

 exhibited positive and significant 

association with panicle length. Similar results were reported by Reddy et al. (2013). Basavaraja et al. 

(2011) reported that panicle number plant
-1

 showed significant positive correlation with grain yield. 

Seyoum et al. (2012) and Shanthi et al. (2011) reported the positive association of grain yield with grain 

number panicle
-1

. Panicle length showed negative and non-significant correlation with days to flowering 

and panicle number plant, secondary branches panicle
-1

 and panicle weight and grain yield. Ratna et al. 

(2015) observed number of effective tillers plant
-1

 had negative significant correlation with panicle length. 

Primary branches panicle
-1

 negatively correlation with panicle number plant
-1

. Secondary branches 

panicle
-1

showed negatively correction with panicle number plant
-1

 and panicle length. Panicle number 

plant
-1 

showed negative and significant correlation with grain number panicle
-1

 and spikelet fertility. Test 

weight showed negatively correlation with all the panicle character except panicle weight and yield 

panicle
-1

.  But test weight had positive and significant correlation with grain yield plant
-1

. Panicle weight 

had negative and significant correlation with panicle number plant
-1

.Ratna et. al. (2015) reported panicle 

length was correlated negatively and significantly with 1000-seed weight and grain yield at genotypic 

level. Similarly negative genotypic correlation of yield plant
-1

with panicle length was reported by Saini 
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and Gagneja (1975).The association of grain yield with all the character except panicle length and panicle 

number plant
-1

waspositive at both levels (Table 2). It suggests that, priority should be given to these traits 

while making selection for yield improvement.  

Path coefficient analysis facilitates to partition the correlation coefficient into direct and indirect effects, 

providing the relative contribution of each character. It also helps to elucidate the intrinsic nature of 

observed association and imparts confidence in the selection scheme. Falconer (1989) reported that 

heritability estimates for agro-morphological traits in rice are sparse and contradictory depending on the 

genetic materials. Path coefficient analysis (Table 3) revealed that panicle weight possessed the highest 

positive effect on grain yield followed by panicle number plant
-1

, spikelet number panicle
-1

, test weight, 

plant height, primary branches panicle
-1

 and spikelet fertility. This indicates that panicle weight is a 

highly reliable component of grain yield. Another important character with high direct effect on grain 

yield is spikelet number panicle
-1

 which showed positive direct effect on grain yield. Hence, panicle 

weight and spikelet character should be given due weightage in rice improvement program because of 

their major influence on yield. This finding was in accordance with Senjam et al. (2013) for panicle 

weight and spikelet fertility.  

Panicle number plant
-1

 and panicle length had negative effect on yield. The value of correlation 

coefficient between panicle weight and grain yield per plant was nearly equal to its direct effect. 

Therefore, correlation explained the true relationship and a direct selection through panicle weight would 

be effective. Similarly the value of correlation coefficient between panicle number plant
-1

 and grain yield 

per plant was nearly equal to its direct effect. Therefore, correlation explained the true relationship and a 

direct selection through panicle number plant
-1

would be very much effective. Secondary branches panicle 

was positively and significantly correlated with grain yield plant
-1

but its direct effect was negative, 

indicating that indirect effects would be the cause of correlation. In this situation, the indirect causal 

factors were to be considered simultaneously for selection. Therefore, it would be better to consider 

theother characters that showed high indirect effect on grain yield per plant. Spikelet fertility and primary 

branches panicle
-1

 was significantly correlated with grain yield per plant but they had small direct effects. 

Therefore, indirect effects of primary branches panicle and spikelet fertility through other component 

characters were mainly responsible for the production of such correlation coefficient. In this 

circumstance, indirect selection through these characters would be practised for yield improvement in 

rice.  

The estimated residual effect was 0.12 indicating that about 88% of the variability in grain yield was 

contributed by the characters studied in path analysis. This residual effect towards yield in the present 

study might be due to some other factors, which are not included in the investigation. Within the scope of 

path analysis carried out in the present study, it is therefore, suggested that panicle weight, spikelet 

number panicle
-1

 and test weight are the main components of grain yield and should be given high priority 

in the selection program. 

CONCLUSION 

Panicle weight and spikelet number should be given more attention in rice improvement program. 

Presence of wide variability for different panicle characters in this population may be helpful in selecting 

climate proofing genotypes under growing drivers of climate change.  
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Table 1. Genotypic and phenotypic coefficients of variability, heritability and genetic advance for panicle characters 

Characters Grand mean Range GCV PCV Heritability (bs) GA 

GA as 

% of 

mean 

Days to flowering 106.07 126.00- 80 9.06 9.13 0.98 19.62 18.50 

Plant  height (cm) 115.47 147.87 - 63.87 18.60 18.89 0.97 43.58 37.74 

Panicle number plant
-1

 8.03 14.67 - 3.4 24.11 27.16 0.79 3.54 44.10 

Panicle length (cm) 27.14 33.35 - 19.6 12.19 12.62 0.93 6.59 24.28 

Primary branches panicle
-1

 (No) 11.25 37.25 - 5.63 16.10 25.98 0.38 2.31 20.54 

Secondary branches panicle
-1

 (No) 32.54 58.60 - 10.56 29.68 32.27 0.85 18.29 56.21 

Spikelet number panicle
-1

 179.85 320.20 - 72.78 28.53 30.12 0.90 100.10 55.66 

Grain number panicle
-1

 156.78 290.00 - 58.22 31.32 33.26 0.89 95.24 60.75 

Spikelet fertility  (%) 0.86 0.96 - 0.68 10.24 12.38 0.69 0.18 20.85 

Test weight (g) 15.80 36.80 - 5.48 38.41 38.87 0.98 12.36 78.21 

Panicle weight (g) 2.22 4.92 - 0.67 37.30 39.05 0.91 1.63 73.21 

Yield panicle
-1

 (g) 2.08 6.25 - 0.51 44.15 46.71 0.89 1.79 86.03 

Grain yield plant
-1

 (g) 15.30 28.15 - 7.42 26.04 29.64 0.77 7.21 47.14 

 

Where, GCV: Genotypic coefficient of variation, PCV: Phenotypic coefficient of variation,  GA: Genetic advance 
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Table 2: Genotypic and phenotypic correlation coefficients among panicle characters 

 

Character 

Days to 

flowering 

Panicle 

bearing 

height 

Panicle 

number 

plant-1 

Panicle 

length 

Primary 

branches 

panicle
-1

 

secondary 

branches 

panicle
-1

 

Spikelet 

number 

panicle
-1

 

Grain 

number 

panicle
-1

 

Spikelet 

fertility 

Test 

weight 

Panicle 

weight 

Yield 

panicle
-

1
 

Grain 

yield 

plant
-1

 

Days to flowering   0.51** 0.075 -0.152 0.481** 0.09 0.302** 0.38** 0.604** -0.233** 0.087 0.095 0.16 

Panicle bearing height 0.496** 

 

-0.513** 0.019 0.65** 0.285** 0.399** 0.477** 0.668** 0.209* 0.571** 0.603** 0.567** 

Panicle number plant
-1

 0.061 

-

0.434** 

 
-0.06 -0.579 -0.59 -0.568** -0.59** 

-

0.464** -0.356** -0.731** 

-

0.735** -0.422** 

Panicle length -0.146 0.015 -0.034 

 
0.054 -0.071 0.037** 0.053 0.107 0.023** -0.042 0.018 -0.066 

Primary branches panicle-
1
 0.277** 0.396** -0.3 0.034 

 

0.684** 0.706** 0.742** 0.645** -0.078 0.545** 0.522** 0.477** 

secondary branches panicle
-

1
 0.078 0.258** -0.493** -0.011 0.409** 

 
0.92** 0.894** 0.343** -0.245** 0.402** 0.345** 0.258** 

Spikelet number panicle
-1

 0.284** 0.367** -0.482** 0.074 0.453** 0.893** 

 
0.989** 0.479** -0.236** 0.488** 0.446** 0.374** 

Grain number panicle
-1

 0.355** 0.441** -0.483** 0.082 0.472** 0.853** 0.979** 

 
0.599** -0.215* 0.524** 0.48** 0.405** 

Spikelet fertility  0.493** 0.562** -0.28** 0.07 0.346** 0.24** 0.39** 0.559** 

 

-0.007 0.458** 0.428** 0.376** 

Test weight -0.231** 0.205* -0.32** 0.015 -0.052 -0.214* -0.214* -0.189* 0.016 

 
0.629** 0.666** 0.569** 

Panicle weight 0.084 0.535** -0.658** -0.023 0.291** 0.389** 0.477** 0.506** 0.367** 0.606** 

 
0.974** 0.861** 

Yield panicle
-1

 0.093 0.564** -0.684** 0.027 0.29** 0.348** 0.44** 0.466** 0.338** 0.63** 0.942** 

 
0.817** 

Grain yield plant
-1

 0.139 0.506** -0.219** -0.017 0.227** 0.273** 0.37** 0.403** 0.335** 0.505** 0.775** 0.743** 

  

*, **: Significant at P= 0.05 and 0.01, respectively. Above digonal values (bold face) are genotypic correlation coefficients and below diagonals 

(normal  face) are phenotypic correlation coefficient
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Table 3. Genotypic path coefficients among panicle characters 

Characters 

 

Days to 

flowerin

g 

Panicle 

bearing 

height 

Panicle 

number 

plant
-1

 

Panicle 

length 

Primary 

branches 

panicle
-1

 

Secondary 

branches 

panicle
-1

 

Spikelet

s 

number 

panicle
-1

 

Spikelet 

fertility 

Test 

weight 

Panicle 

weight 

Correlatio

n 

Days to flowering  -0.392 0.144 0.051 0.022 0.118 -0.036 0.193 0.064 -0.068 0.062 0.16 

Panicle bearing height -0.2 0.283 -0.352 -0.003 0.159 -0.114 0.255 0.071 0.061 0.408 0.567** 

Panicle number plant
-1

 -0.029 -0.145 0.688 0.009 -0.142 0.236 -0.364 -0.049 -0.103 -0.522 -0.422** 

Panicle length 0.06 0.005 -0.041 -0.143 0.013 0.029 0.023 0.011 0.007 -0.03 -0.066 

Primary branches panicle
-1

 -0.189 0.184 -0.398 -0.008 0.245 -0.274 0.452 0.069 -0.023 0.389 0.477** 

secondary branches   

panicle
-1

 
-0.035 0.081 -0.406 0.01 0.168 -0.400 0.589 0.037 -0.071 0.287 0.258** 

Spikelets number panicle
-1

 -0.118 0.113 -0.391 -0.005 0.173 -0.368 0.640 0.051 -0.068 0.348 0.374** 

Spikelet fertility -0.237 0.189 -0.319 -0.015 0.158 -0.137 0.306 0.107 -0.002 0.327 0.376** 

Test weight 0.091 0.059 -0.245 -0.003 -0.019 0.098 -0.151 -0.001 0.290 0.449 0.569** 

Panicle weight -0.034 0.162 -0.503 0.006 0.134 -0.161 0.312 0.049 0.183 0.713 0.861** 

Residual= 0.12 

Table 4.Phenotypic  path coefficients among panicle characters 

Characters 

 

Days to 

flowering 

Panicle 

bearing 

height 

Panicle 

number 

plant
-1

 

Panicle 

length 

Primary 

branches 

panicle
-1

 

secondary 

branches 

panicle
-1

 

Spikelets 

number 

panicle
-1

 

Spikelet 

fertility 

Test 

weight 

Panicle 

weight 

Corre- 

lation 

Days to flowering  -0.141 0.134 0.039 0.003 -0.002 0.006 0.053 0.02 -0.041 0.069 0.139 

Panicle bearing height -0.07 0.269 -0.278 0.0001 -0.003 0.019 0.069 0.023 0.036 0.442 0.506** 

Panicle number plant
-1

 -0.009 -0.117 0.64 0.001 0.003 -0.036 -0.09 -0.011 -0.057 0.543 -0.219* 

Panicle length 0.021 0.004 -0.022 -0.019 0.0001 -0.001 0.014 0.003 0.003 -0.019 -0.017 

Primary branches panicle
-1

 -0.039 0.107 -0.192 -0.001 -0.008 0.03 0.085 0.014 -0.009 0.241 0.227** 

secondary branches    panicle
-

1
 -0.011 0.069 -0.315 0.0001 -0.003 0.073 0.167 0.01 -0.038 0.322 0.273** 

Spikelets number panicle
-1

 -0.04 0.099 -0.308 -0.001 -0.004 0.065 0.187 0.016 -0.038 0.394 0.37** 

Spikelet fertility -0.07 0.151 -0.179 -0.001 -0.003 0.017 0.073 0.04 0.003 0.304 0.335** 

Test weight 0.033 0.055 -0.205 0.0001 0.0001 -0.016 -0.04 0.001 0.177 0.5 0.505** 

Panicle weight -0.012 0.144 -0.421 0.0001 -0.002 0.028 0.089 0.015 0.107 0.826 0.775** 

Residual = 0.19 


