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Introduction 
 

Submergence has been identified as the 3rd 

most important constraints affecting rice 

production in Eastern India (Hossain and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Laborte, 1996). About 29% of India’s total 

rice area (approximately 13 million hectare) is 

rainfed low land and this area is prone to 
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Rice occupies a pivotal place in the Indian agriculture and has been grown under diverse 

ecological conditions and gets exposed to different environmental stress like drought, 

salinity and submergence. Development of rice varieties for submergence affected areas is 

emphasized on the improvement of rice yield potential in specific environment. However, 

grain yield mostly depends on net result of yield contributing traits. While information 

related to the relationship between yield and its components in the breeding programme 

particularly for submergence is very limited. Hence, the present investigation was carried 

out to study the correlation and path analysis in two crosses namely ADT 43 x FR13A 

(Cross 1) and Improved White Ponni x FR13A (Cross 2) were evaluated under low land 

submerged field condition at Agricultural College and Research Institute, Madurai, Tamil 

Nadu, India during 2015 for the study of character association between yield and yield 

components under submerged condition where the water depth was more than 30 cm at 

least for two weeks at the vegetative stage of crop. On the basis of association analysis, the 

traits number of tillers per plant, number of productive tillers per plant, number of filled 

grains per panicle, total number of grains per panicle and spikelet fertility percentage 

expressed significant positive association with single plant yield in cross 1. Character 

association of the yield and its attributing traits revealed that significant positive 

association of single plant yield with plant height, number of tillers, number of productive 

tillers, number of filled grains, total number of grains and spikelet fertility was positive 

and significant in cross 2. Hence, selection for these traits might improve yield. 

Investigation on path coefficient analysis showed that number of productive tillers and 

number of filled grains in cross 1 had high and positive direct effect on single plant yield, 

while in cross 2 number of productive tillers and total number of grains per panicle had 

high and positive direct effect and the traits number of filled grains per panicle and spikelet 

fertility had moderate direct effect on single plant yield. The study also inferred that 

productive tillers per plant and filled grains per panicle contributed equally through direct 

and indirect effects for yield improvement. Such attributes could be utilized as the 

selection indices for submergence tolerance in rice. 
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unscheduled submergence of the rice crop 

(Sarkar et al., 2006, Maurya et al., 1988). 

Nearly 25% of the world’s rice is cultivated in 

the rainfed lowland ecosystem which 

accounts for only 17% of the global rice 

supply (Mohanty et al., 2000). Genetic 

approaches to improve crop submergence 

tolerance (i.e. breeding) will be important, 

since management practices require a large 

investment that poor farmers are unable to 

accept those large investments. Submergence 

affects plant growth and development which 

ultimately affect seed yield. Seed yield is a 

complex and polygenic trait which is a final 

product affected by large numbers of its 

component characters (Renukadevi and 

Subbalakshmi, 2006). According to Mohanty 

et al., (2000) submergence tolerance in rice 

plants occurs by which certain rice varieties 

survive submergence of 10 days or more 

particularly in shallow water for water depth 

up to 40 cm (as per the classification followed 

in India) and up to 50 cm (as per the 

classification followed at the International 

Rice Research Institute). Flash-floods are 

highly unpredictable and may occur at any 

growth stage of the rice crop, which may 

results in yield loss up to 100% depending on 

different climatic & agronomic factors (Setter 

et al., 1997). Character associations of 

different genotypes and seed yield component 

are very much important aspects for 

improvement of any character. In this 

circumstance improvement of germplasm is 

likely the best option to withstand 

submergence and stabilize productivity in 

these environments. High yielding genotypes 

coupled with submergence tolerance can 

increase the productivity under submerged 

condition. Selection for submergence 

tolerance is very important. Current 

understanding of the physiological and 

biochemical bases of submergence tolerance 

has made it possible to design efficient 

phenotypic protocols and has laid the 

foundation for further genetic and molecular 

studies. This will subsequently speed up the 

breeding process. Breeding would be more 

efficient by focusing on those traits which are 

linked with submergence tolerance (Jackson 

and Ram, 2003). Hence, the present 

investigation was carried out to study the 

importance of studying the character 

association for genetic improvement of 

submergence tolerant rice varieties of 

different agro morphological characters, 

association between the characters and direct 

and indirect effects of yield components on 

seed yield under submergence. 

 

Materials and Methods 

 

The experiment was conducted at Department 

of Plant Breeding and Genetics, Agricultural 

College and Research Institute, Madurai. Two 

parents namely ADT43 and IWP and 

submergence tolerant donor FR13A, sowing 

were taken staggerdly in the crossing block at 

10 days interval in order to develop F1’s of 

the following cross combinations during 

August 2014 at the Department of Plant 

Breeding and Genetics, Agricultural College 

and Research Institute, Madurai. These 

parents were crossed and crossed seeds were 

collected. Single seedling was transplanted 

per hill following Randomized Block Design 

(RBD) with two replications in three meter 

row length with spacing a of 20 x 15 cm in 

the Department of Plant Breeding and 

Genetics, Agricultural College and Research 

Institute, Madurai during 2015. Observations 

were recorded on ten randomly selected 

plants from the above four F1s in each 

replication for days to 50 per cent flowering, 

plant height, number of tillers per plant, 

number of productive tillers per plant, panicle 

length, number of filled grains per panicle, 

total number of grains per panicle, 1000 grain 

weight and single plant yield. The 

submergence level were evaluated based on 

standard evaluation system (SES) in rice. The 

tests were most effective when 21 days old 
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seedlings were submerged in 80cm column of 

water (Mackill et al., 1996). But many 

scientists perform screening by using 14 day 

young seedlings. Use of young seedlings of 7- 

21 days has advantage over use of old plants, 

due to possibility for rapid rotation of 

experiments and requirement of short time 

duration (45 days), requirement of small 

space and possibility to screen large amount 

of plants in small space. 10 days of complete 

submergence is enough to kill tolerant 

cultivars under unfavorable weather and water 

conditions (Mackill et al., 1996). The 

Phenotypic correlation coefficients between 

yield and yield components as well as among 

the yield components were done by following 

Al-Jibouri et al., (1958). The relative 

influence of 9 components on yield by 

themselves (direct effects) and through other 

traits (indirect effects) was evaluated by the 

method of path coefficient analysis as 

suggested by Dewey and Lu (1959). 

 

Results and Discussion 

 

Correlation studies 

 

The phenotypic correlation coefficients 

between grain yield and its component traits 

and inter correlation among different traits in 

F2 generation of two crosses were presented 

in tables 1 and 2 respectively. 

 

F2 generation – Cross 1 

 

In the present study, single plant yield showed 

positive and significant correlation with five 

traits viz., number of tillers per plant (0.370), 

number of productive tillers per plant (0.405), 

number of filled grains per panicle (0.862), 

total number of grains per panicle (0.794) and 

spikelet fertility percentage (0.544), while the 

trait panicle length (-0.272) expressed 

significant negative association with single 

plant yield. Whereas, days to flowering 

showed negatively non-significant association 

with single plant yield. Panwar and Ali (2007) 

also obtained similar results for this trait. 

These findings are supported by earlier work 

done for agro morphological characters under 

intermediate deep water conditions in rice 

(Reddy and Ghosh, 1987; Sharma, 1992; 

Ashura, 1998 and Oad et al., 2002). 

Significant and positive contribution of 

panicle weight, filled grains per panicle, 1000 

grain weight and plant height to grain yield 

was already confirmed by the findings of 

Gonzales and Ramirez (1998). 

 

Knowledge on inter-correlation between yield 

components traits may facilitate breeder to 

decide upon the intensity and direction of 

selection pressure to be given on related traits 

for the simultaneous improvement of these 

traits. In light of the above, days to flowering 

had positive and significant association with 

plant height and panicle length. This was in 

confirmation with the earlier findings of 

Muthuramu et al., (2010). The inter 

correlation of plant height with number of 

tillers was positive and significant. Similar 

findings were also reported by Shashidhar et 

al., (2005) and Adus Salam Khan et al., 

(2009) in rice. Negative and significant 

association with panicle length was exhibited 

by number of tillers, number of productive 

tillers and total number of grains. It showed 

only significantly negative associations with 

other traits, but these two traits had positive 

association between them. Pleiotropy or 

linkage may also be the genetic reasons for 

this type of negative association. This was in 

accordance with the findings of Kole and 

Chakraborty (2008). Number of tillers 

expressed positive and significant association 

with the traits namely number of productive 

tillers and 1000 grains weight. Basavaraja et 

al., (2011) also reported that Number of 

productive tillers recorded positive and 

significant correlation with 1000 grains 

weight. Positive and significant association 

existed with total number of grains (0.912) 
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and spikelet fertility (0.657) and positive and 

non-significant inter correlation expressed 

with 1000 grains weight (0.040) for number 

of filled grains. This was in accordance with 

the earlier findings of Ahmed Mustafa and 

Yassir elsheikh (2007). Total number of 

grains per panicle showed positive and 

significant association with spikelet fertility 

and positive non-significant association with 

1000 grains weight.  
 

F2 generation – Cross 2 

 

The association of single plant yield with 

plant height (0.163), number of tillers (0.536), 

number of productive tillers (0.669), number 

of filled grains (0.661), total number of grains 

(0.614) and spikelet fertility (0.283) was 

positive and significant, it had positive and 

non-significant correlation with days to 

flowering (0.084), panicle length (0.128) and 

1000 grains weight (0.088). The trait panicle 

length and number of tillers exhibited positive 

and significant inter correlation with days to 

flowering. The inter correlation of plant 

height with number of tillers (0.226) and 

number of productive tillers (0.197) was 

positive and significant. This trait expressed 

positive and significant association with 

number of productive tillers. Positive and 

highly significant association with number of 

tillers was expressed by number of productive 

tillers. The correlation coefficients of number 

of productive tillers with number of filled 

grains, total number of grains and spikelet 

fertility were negative and non-significant, 

while positive and non-significant correlation 

existed with 1000 grains weight. This was in 

agreement with earlier results of Kavyan 

Agahi et al., (2007) and Abdul Fiyaz et al., 

(2011). Number of filled grains possessed 

positive and significant association with total 

number of grains and spikelet fertility while 

1000 grains weight showed negative and non-

significant association. The relationship of 

total number of grains with spikelet fertility 

and 1000 grains weight was positive and non-

significant. It could be concluded from the 

above discussion that five traits viz., number 

of productive tillers per plant, spikelet fertility 

percentage, number of filled grains per 

panicle, total number of grains per panicle 

and number of tillers might be given 

importance in selection of promising 

genotypes coupled with submergence 

tolerance. All these traits exhibited positive 

significant association with single plant yield 

and appeared to be primary yield contributing 

traits and could be relied upon. 
 

Path co-efficient analysis 

 

Path analysis furnishes information of 

influence of each contributing trait to yield 

under submergence stress directly as well as 

indirectly and also enables the breeders to 

rank the genetic attributes according to their 

contribution. The direct and indirect effects of 

different yield components as partitioned by 

path analysis were given in tables 3 and 4 

respectively. The study reveals that number of 

productive tillers and number of filled grains 

in cross 1 had high and positive direct effect 

on single plant yield, while in cross 2 number 

of productive tillers and total number of 

grains per panicle had high and positive direct 

effect and the traits number of filled grains 

per panicle and spikelet fertility had moderate 

direct effect on single plant yield. The path 

analysis showed that the agro morphological 

characters like tillers/hill, number of fertile 

grains per panicle, length of panicle, and 1000 

seed weight may be the major contributing 

characters for selection for better seed yield in 

rice when influenced by submergence under 

low land condition. So far screening for 

submergence tolerance in rice the characters 

viz., number of tillers, number of productive 

tillers and total number of grains per panicle 

has effectively been used as selection criteria. 

This was in accordance with the earlier 

findings of Pradhan Biswajit et al., (2017). 

This was in agreement with earlier results of 

Gunasekaran et al., (2010) in rice. 
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Table.1 Phenotypic correlation coefficients between different traits in F2 generation – Cross 1 

 

Traits Days to 

flowering 

Plant 

height 

Panicle 

length 

Number 

of tillers 

Number of 

productive 

tillers 

Number 

of filled 

grains 

Total 

number 

of grains 

Spikelet 

fertility 

1000 

grains 

weight 

Single 

plant 

yield 

Days to 

flowering 
1.000 0.225* 0.250* -0.194* -0.233** 0.044 0.068 -0.074 -0.077 -0.064 

Plant height  1.000 -0.286** 0.168* 0.228 0.019 0.124 -0.196* 0.073 0.150 

Panicle 

length 
  1.000 -0.297** -0.308** -0.131 -0.162* -0.017 -0.127 -0.272** 

Number of 

tillers 
   1.000 0.915** -0.085 -0.070 -0.094 0.237** 0.370** 

Number of 

productive 

tillers 

    1.000 -0.094 -0.076 -0.096 0.290** 0.405** 

Number of 

filled grains 
     1.000 0.912** 0.657** 0.040 0.862** 

Total 

number of 

grains 

      1.000 0.306** 0.050 0.794** 

Spikelet 

fertility 
       1.000 0.005 0.544** 

1000 grains 

weight 
        1.000 0.156 

Single plant 

yield 
         1.000 

*Significant at 5 % level  

**Significance at 1 % level 
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Table.2 Phenotypic correlation coefficients between different traits in F2 generation – Cross 2 

 

Traits Days to 

flowering 

Plant 

height 

Panicle 

length 

Number 

of tillers 

Number of 

productive 

tillers 

Number 

of filled 

grains 

Total 

number 

of grains 

Spikelet 

fertility 

1000 

grains 

weight 

Single 

plant 

yield 

Days to 

flowering 
1.000 0.140 0.226* 0.181* 0.151 -0.029 -0.035 -0.006 0.077 0.084 

Plant height  1.000 -0.031 0.226** 0.197* 0.022 0.030 -0.011 -0.080 0.163* 

Panicle 

length 
  1.000 0.088 0.189* -0.010 0.012 -0.073 0.013 0.128 

Number of 

tillers 
   1.000 0.855** -0.151 -0.111 -0.128 0.031 0.536** 

Number of 

productive 

tillers 

    1.000 -0.108 -0.072 -0.125 0.135 0.669** 

Number of 

filled grains 
     1.000 0.904** 0.493** -0.019 0.661** 

Total 

number of 

grains 

      1.000 0.081 0.0150 0.614** 

Spikelet 

fertility 
       1.000 -0.085 0.283** 

1000 grains 

weight 
        1.000 0.088 

Single plant 

yield 
         1.000 

*Significant at 5 % level 

**Significance at 1 % level 
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Table.3 Direct and indirect effects of different traits on single plant yield in F2 generation – Cross 1 

 

Traits 
Days to 

flowering 

Plant 

height 

Panicle 

length 

Number 

of tillers 

Number of 

productive 

tillers 

Number 

of filled 

grains 

Total 

number 

of grains 

Spikelet 

fertility 

1000 

grains 

weight 

Phenotypic 

correlation 

with single 

plant yield 

Days to 

flowering 
0.0047 0.0044 0.0002 0.0017 -0.1179 0.0399 0.001 -0.0004 0.0020 -0.0642 

Plant 

height 
0.0011 0.0195 -0.0003 -0.0015 0.1154 0.0177 0.0018 -0.0011 -0.0019 0.1507 

Panicle 

length 
0.0012 

-

0.0056 
0.001 0.0027 -0.1557 -0.117 -0.0023 -0.0001 0.0033 -0.2727** 

Number of 

tillers 
-0.0009 0.0033 -0.0003 -0.009 0.4617 -0.0767 -0.001 -0.0005 -0.0061 0.3705** 

Number of 

productive 

tillers 

-0.0011 0.0045 -0.0003 -0.0082 0.5042 -0.0845 -0.0011 -0.0005 -0.0074 0.4055** 

Number of 

filled 

grains 

0.0002 0.0004 -0.0001 0.0008 -0.0477 0.893 0.0131 0.0037 -0.001 0.8622** 

Total 

number of 

grains 

0.0003 0.0024 -0.0002 0.0006 -0.0385 0.8149 0.0143 0.0017 -0.0013 0.7943** 

Spikelet 

fertility 
-0.0004 

-

0.0038 
0.0000 0.0008 -0.0485 0.5868 0.0044 0.0056 -0.0002 0.5447** 

1000 grains 

weight 
-0.0004 0.0014 -0.0001 -0.0021 0.1463 0.036 0.0007 0 -0.0256 0.1562 

Diagonal and bold indicates the direct effects, Residual effect = 0.1272 
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Table.4 Direct and indirect effects of different traits on single plant yield in F2 generation – Cross 2 

 

Traits 
Days to 

flowering 

Plant 

height 

Panicle 

length 

Number 

of tillers 

Number of 

productive 

tillers 

Number 

of filled 

grains 

Total 

number 

of grains 

Spikelet 

fertility 

1000 

grains 

weight 

Phenotypic 

correlation 

with single 

plant yield 

Days to 

flowering 
-0.0078 

-

0.0002 
0.0004 0.0037 0.1114 -0.0059 -0.0164 -0.0015 0.0005 0.0842 

Plant 

height 
-0.0011 

-

0.0012 
-0.0001 0.0046 0.1456 0.0044 0.0143 -0.0027 -0.0005 0.1633* 

Panicle 

length 
-0.0018 0.0000 0.0018 0.0018 0.1402 -0.0021 0.0061 -0.0178 0.0001 0.1283 

Number of 

tillers 
-0.0014 

-

0.0003 
0.0002 0.0203 0.6316 -0.0302 -0.0522 -0.0312 0.0002 0.5369** 

Number of 

productive 

tillers 

-0.0012 
-

0.0002 
0.0003 0.0173 0.738 -0.0216 -0.034 -0.0305 0.0009 0.6691** 

Number of 

filled 

grains 

0.0002 0.0000 0.0000 -0.0031 -0.0798 0.2001 0.4242 0.1197 -0.0001 0.6611** 

Total 

number of 

grains 

0.0003 0.0000 0.0000 -0.0023 -0.0535 0.181 0.4688 0.0197 0.0001 0.6142** 

Spikelet 

fertility 
0.0000 0.0000 -0.0001 -0.0026 -0.0927 0.0987 0.038 0.2425 -0.0005 0.2834** 

1000 grains 

weight 
-0.0006 0.0001 0.0000 0.0006 0.0997 -0.0038 0.0071 -0.0208 0.0064 0.0887 

Diagonal and bold indicates the direct effects, Residual effect = 0.0802 
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Indirect effects 

 

Number of tillers per plant, total number of 

grains per panicle and spikelet fertility 

expressed high and indirect effect on single 

plant yield through number of productive 

tillers per plant and number of filled grains 

and exhibited low indirect effects through 

panicle length, plant height and days to 

flowering in cross 1. In cross 2, number of 

tillers and number of filled grains showed 

high and direct effect on yield through 

number of productive tillers per plant and 

total number of grains per panicle. Whereas, 

the traits days to flowering, plant height and 

panicle length expressed positive and low 

indirect effect on yield through number of 

productive tillers. The traits having high and 

positive direct effect on yield are considered 

as important yield determinants and each of 

these traits enhance the grain yield also 

through other yield components. This was in 

accordance with Yogameenakshi et al., 

(2004) and Deepa sankar et al., (2006). 

 

Direct yield improvement under low land 

submerged field condition is difficult. Hence, 

yield improvement in submerged 

environments could be achieved by 

identifying secondary traits contributing to 

submergence tolerance and selecting for those 

traits in a breeding programme. Hence, 

selection on the following secondary traits 

viz., number of productive tillers, number of 

filled grains and total number of grains per 

panicle and other physiology related traits 

may be used as reliable criteria for improving 

yield coupled with submergence tolerance in 

rice. 
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