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	ABSTRACT	
To	select	improved	rice	lines	under	aerobic	conditions	according	to	a	selection	index,	degree	of	association	between	grain	yield	and	
yield	attributing	characters	and	their	direct,	indirect	effects	on	grain	yield,	a	�ield	experiment	was	conducted	using	forty	advanced	
breeding	lines	of	rice	during	kharif	season	of	2024	at	�ield	of	All	India	Coordinated	Research	Project,	Nagpur.	The	examination	used	a	
Randomized	Complete	Block	Design	with	 two	replications.	All	 the	 traits	exhibited	highly	 signi�icant	differences,	 indicating	 the	

-1existence	of	genetic	variability	among	the	progenies.	The	�indings	revealed	that	traits	like	grain	yield	plant 	exhibited	highest	value	
of	genotypic	and	phenotypic	coef�icient	of	variability	along	with	high	heritability	and	genetic	advance	percentage	of	mean	however,	

-1number	of	spikelet's	panicle ,	panicle	length	and	1000	grain	weight	displayed	moderate	genotypic	and	phenotypic	coef�icient	of	
-1	variability	along	with	high	heritability	and	genetic	advance	percentage	of	mean.	Correlation	studies	revealed	that	grain	yield	plant

-1 -1showed	a	signi�icant	positive	correlation	with	plant	height,	number	of	panicles	plant ,	panicle	length,	number	of	spikelet's	panicle ,	
-1spikelet	fertility	and	1000	grain	weight,	while	number	of	spikelet's	panicle 	had	the	strongest	direct	positive	impact	on	grain	yield	

-1	 -1plant followed	by	panicle	length,	number	of	panicles	plant .	The	selection	index	based	on	the	combination	of	plant	height,	panicle	
-1 -1 -1length,	number	of	panicles	plant ,	number	of	spikelets	panicle 	and	grain	yield	plant 	has	the	highest	genetic	advance	and	relative	

ef�iciency	percentage.	This	indicated	that	indirect	selection	via.,	these	traits	would	be	more	ef�icient	than	direct	selection	using	grain	
-1 -1yield	alone.	The	selection	index	based	on	the	combination	of	Grain	yield	plant 	+	Plant	height,	No.	of	panicles	plant 	+	Panicle	length	+	

-1No.	of	spikelet	panicle 	has	the	highest	genetic	advance	and	relative	ef�iciency.	This	indicated	that	indirect	selection	via	these	traits	
would	be	more	ef�icient	than	direct	selection	using	yield	alone.	Therefore,	the	progenies	SKL-19-01-120-44-32-60,	SKL-19-02-77-
221-98-83	and	SKL-19-02-77-221-98-94	could	be	selected	based	on	multiple	traits	selection	under	aerobic	condition	for	further	
evaluation.
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Introduction
Rice (Oryza	sativa L.) is the most important staple food crop. 
Rice is commonly cultivated by transplanting seedlings into the 
puddled soil. This transplanting method is water-intensive and 
labour-intensive and hence, less pro�itable. [19]. Aerobic rice is 
one such strategy to decrease water requirements in rice 
production. Direct sowing of high-yielding varieties in non-
puddled conditions without standing water and maintenance of 
aerobic soils throughout the growing season describe this novel 
technique for cultivating rice,  whenever necessary, 
supplemental irrigation is required. Hence, for this condition 
there should be special bred aerobic genotypes which combine 
the features of both upland (drought tolerance) and lowland 
(high yielding) which is pre-requisite for successful cultivation 
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of rice with limited water resource. [18].
Assessment of variability for the grain yield and yield attributes 
is essential for the successful yield improvement through 
breeding. Further grain yield depends on various component 
characters and knowledge of correlation with yield and among 
yield component traits in addition to identi�ication of the direct 
and indirect effects of the traits on yield would help in effective 
yield improvement. [26]. It is necessary to choose individuals 
with the best combination of desirable traits when considering 
several traits. The basis for this selection is a selection index, 
which is a combination of traits to select, according to their 
relative weighting. [9].
The present investigation was undertaken in this context to 
elucidate information on variability, heritability, genetic 
advance, character association, path coef�icients and selection 
indices with their relative ef�iciencies among existing aerobic 
rice progenies to �ind promising lines for further multilocational 
yield trials. 
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Materials	and	Methods
The experiment was conducted at the �ield of All India 
Coordinated Research Project, Nagpur during the kharif season 
of 2024. The experiment involved thirty- eight F  advanced rice 6

progenies of 21 crosses along with two checks viz., Samleshwari 
and Vandana and was laid out in a randomized complete block  

design (RCBD) with two replications, utilizing a spacing of 20 cm 
× 10 cm under aerobic conditions. The recommended  

agronomic practices were followed to raise a good and healthy 
crop. The observations were documented for nine agro-
morphological traits which are days to 50% �lowering, days to 

-1maturity, plant height, number of panicles plant , panicle length, 
-1number of spikelets panicle , spikelet fertility, 1000 grain 

-1weight and grain yield plant . Ten plants from each progeny and 
�ive plants from checks under each replication were chosen to 
collect data from yield related traits. The inner middle rows of 
each plot were used to randomly select competitive plants in 
both replications. In each replication, data was collected using 
tagged plants from each progeny.
The analysis of variance was performed to test the signi�icance 
of differences between the treatments for all the characters as 
per the methodology suggested by [14] The genotypic and 
phenotypic coef�icients of variation was calculated as per the 
formulae given by [2] Heritability in broad sense was estimated 
for various characters by the formulae suggested by[ [12] The 
genetic advance in percent was calculated as per the method

 outlined by [10] Correlation coef�icients between yield and 
yield components as well as among the yield components, were 
worked out. Path co-ef�icient analysis was carried out using the 
simple correlation coef�icient to know the direct and indirect 
effects of the yield components on seed yield as suggested by 
[28] and illustrated by [5]. Selection indices were constructed 
using the method developed by [24] based on the discriminate 
function analysis of [6]. The 10 % selection intensity was used to 
estimate genetic advances. The estimates of genetic advance 
were expressed as a percentage of the genetic progress obtained 
from seed yield per plant alone, which was assumed to initially 
be 100%, and it was used to compare the relative ef�iciencies of 
the different selection indices.

Result	and	Discussion
Analysis	of	variance	 (mean	sum	of	 squares)	 for	different	
characters
The existence of genetic variability is of utmost importance for 
genetic improvement of desired traits in plant breeding 
program. This is the fundamental factor that must be considered 
while making selection. Analysis of variance (ANOVA) revealed 
highly signi�icant heterogeneity among rice genotypes for all the 
studied trait, suggesting high and inherent variation among 
genotypes (Table 1). The earlier scienti�ic studies by [4], [11] 
and [8] also reported varied response of rice genotypes for grain 
yield and component traits. 

Table	1:	Analysis	of	variance	(mean	sum	of	squares)	for	different	characters	under	study	in	rice

**Signi�icant	at	1%	level

Genetic	variability	parameters
The nature and degree of variation in breeding material for 
different traits can be analysed using the phenotypic and 
genotypic coef�icients of variation (Table 2).
The study revealed that the magnitude of phenotypic coef�icient 
of variations was slightly higher than the corresponding values 
of genotypic coef�icient of variation but the difference is 
minimum for the traits like days to 50% �lowering, days to 

-1maturity, plant height, number of spikelet panicles , panicle 
length, spikelet fertility and 1000 grain weight under study 
suggesting that the observed variation was least in�luenced by 
environmental factors affecting genotype expression. Thus, 
these traits expressed the true genetic potential in varied 
environments. These results are true with the �indings of [4], 

-1[15] and [22]. However, number of panicles plant  and grain 
 -1yield plant  showed higher difference between genotypic and 

phenotypic coef�icient of variability which indicates the greater 
role of environmental factors in�luencing the expression of 
these characters.
PCV and GCV were classi�ied as low (0–10%), moderate 
(10–20%) and high (>20%) according to [2]. Based on this 
classi�ication, the highest GCV and PCV were recorded for grain 

-1 yield plant (24.87, 27.47). This showed that the environment 
has minimal effect on the trait's expression and that the trait is 
heavily in�luenced by genetic factors. The existence of high 
variability for the above-mentioned trait was previously 
reported by [7] and [17]. Furthermore, number of panicles 

-1 -1plant (12.04%, 16.27%), the number of spikelets panicle  
(11.83%, 12.87%), 1000 grain weight (11.60%, 12.55%) and 

panicle length (11.43%, 12.34%) exhibited moderate GCV and 
PCV, respectively. Therefore, selection of these traits would 
provide far more opportunities for genetic improvement of the 
studied genotypes. The �indings of the current study in terms of 
GCV and PCV are broadly consistent with the earlier worker's 

-1[27] for number of panicles plant , [22] for 1000 grain weight 
and panicle length. The low value for GCV and PCV were 
observed for days to maturity (6.98, 8.06), plant height (6.47, 
8.66) and spikelet fertility (2.13, 3.48) while days to 50% 
�lowering (9.27, 10.72) exhibited low GCV and moderate PCV 
values. The selection of these traits offers very little scope for 
genetic improvement of the progenies examined. The presence 
of low GCV and PCV for these traits was previously documented 
by [27] for plant height and spikelet fertility, [15] for days to 
maturity and plant height.
The degree of genetic variation considered alone is of little use 
until augmented with information about heritability estimation, 
which represents the heritable portion of total variation. 
Heritability is a key factor in determining the selection response 
as it provides reliable estimates of genetic improvement of a 
character. [21] classi�ied heritability as low (<30%), moderate 
(30-60) and high (>60). Based on the above classi�ication, traits 
namely panicle length (85.86%) followed by 1000 grain weight 

-1(85.37%), number of spikelets panicle  (84.47%), grain yield 
-1plant  (81.94%), days to 50% �lowering (74.75%) and days to 

maturity (74.62%) showed high heritability. The rest of the 
traits showed moderate magnitude of heritability. High 
heritability estimate indicates strong genetic effect, which make 
selection based on observable trait useful. 
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Table	2:	Estimate	of	genetic	variability	parameters,	heritability	and	genetic	advance	in	rice	progenies

Correlation	studies
Grain yield is a multigenic traits affected by interaction of 
several traits called component traits. Direct selection for grain 
yield may mislead the �inal results. Therefore, association 
analysis of component traits with grain yield helps the plant 
breeders in identifying major traits in�luencing grain yield in 

-1 -1plant . Grain yield plant  exhibited highly signi�icant and 
positive association (Table 3) with plant height (0.844, 0.559), 

-1number of panicles plant  (0.984, 0.731), panicle length (0.681, 
-10.579), number of spikelet's panicle  (0.508, 0.409), Spikelet 

fertility (0.559, 0.338) and 1000 grain weight (0.887, 0.730) and 
it had signi�icant negative association with days to 50% 
�lowering (-0.415, -0.243) and days to maturity (-0.416, -0.248). 
These results are in concurrence with the �indings of [27] for 
Spikelet fertility and 1000 grain weight, [22] for days to 50% 
�lowering and days to maturity, [25] for plant height and panicle 
length.
Days to 50% �lowering showed positive signi�icant correlation 
with days to maturity (0.999, 0.984) and number of spikelet's 

-1panicle  (0.356, 0.259) while it exhibited negative but 
signi�icant correlation with plant height (-0.355, -0.230), 

-1 number of panicles plant (-0.279, -0.228) and 1000 grain 
weight (-0.697, -0.525) at both genotypic and phenotypic levels.

 Days to maturity exhibited a positive and signi�icant correlation 
-1with number of spikelet's panicle  (0.358,0.258) while it 

demonstrated a negative but signi�icant correlation with plant 
height (-0.358, -0.232), panicle length (-0.278, -0.226) and 1000 
grain weight (-0.694, -0.527) at both genotypic and phenotypic 
levels. Plant height exhibited a positive and highly signi�icant 

-1correlation with number of panicles plant  (0.938, 0.492), 
panicle length (0.746, 0.429) and 1000 grain weight (0.777, 

-10.492). The number of panicles plant  exhibited a positive and 
signi�icant correlation with panicle length (0.571, 0.355), 

-1number of spikelet's panicle  (0.376, 0.297), spikelet fertility 
(0.458, 0.277) and 1000 grain weight (0.834, 0.586) at both 
genotypic and phenotypic levels. Panicle length had a positive 
and strongly signi�icant correlation with the number of 

-1spikelet's panicle  (0.368, 0.324), spikelet fertility (0.609, 
0.405) and 1000 grain weight (0.588, 0.469). Number of 

-1spikelet's panicle  exhibited a positive and signi�icant 
correlation with spikelet fertility (0.275, 0.255) while it 
demonstrated positive but non-signi�icant correlation with 
1000 grain weight (0.065, 0.076) at both genotypic and 
phenotypic levels. Spikelet fertility showed positive but non-
signi�icant correlation with 1000 grain weight (0.158, 0.160) at 
both genotypic and phenotypic levels.

The traits that exhibit high heritability do not necessarily result in high genetic gain but may be due to environmental effects. The 
breeder should be careful when making a selection based solely on heritability, as this includes both additive and non-additive gene 
effects. High genetic advance occurs mainly because of additive gene action. Therefore, estimating heritability combined with genetic 
advance makes greater sense than measuring heritability alone [10]. [10] classi�ied genetic advance as a percentage of mean into 
three categories: low (<10%), moderate (10-20) and high (>20%). High heritability coupled with high genetic advance as per cent of 

-1 -1mean was recorded for grain yield plant , number of spikelet panicle , panicle length and 1000 grain weight. This indicates that these 
traits are predominantly in�luenced by additive gene action, and direct selection based on these traits could lead to signi�icant 

-1improvements in grain yield. These results agreed with [22] and [25] for the 1000 grain weight, [13] and [23] for grain yield plant , 
-1 -1[8] for panicle length and grain yield plant , [1] for number of spikelet panicle .

However, the traits such as days to 50% �lowering and days to maturity showed high heritability accompanied with moderate genetic 
advance as per cent of mean, suggesting that these traits are governed by both additive and non-additive gene action and high 
heritability exhibited may be due to the in�luence of environment rather than genotype alone. Our �indings are supported by [18] for 
days to 50% �lowering, [19] for days to maturity. Moderate heritability with moderate genetic advance was reported by the number 

-1of panicles plant . Moderate heritability coupled with low genetic advance was reported for spikelet fertility and plant height, 
indicating the presence of non-additive gene action and hence simple selection for these traits would not be effective. Similar �indings 

 with these results were reported by [20] for spikelet fertility.
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Table	3:	Estimates	of	Genotypic	and	phenotypic	correlation	coef�icient	(r)	for	different	characters	in	rice

Path	coef�icient	Analysis
The estimates of the correlation coef�icient revealed only the 
relationship between yield and yield associated traits, with no 
indication of direct and indirect effect of different characters on 

-1grain yield plant . Path analysis on the other hand divides the 
association between two traits into its direct and indirect effect 
and provides meaningful results on the cause of the association 
between the grain yield as the dependent variable and the other 
traits as independent variable. In present study, genotypic 
correlation was partitioned in direct and indirect effect using 
path analysis, as shown in Table 4, to assess the relative 
importance of nine morpho-physiological traits. 
Path coef�icient analysis revealed that the highest positive direct 
effect on grain yield was exhibited by number of spikelet's 

-1 panicle (0.986) followed by the panicle length (0.569), number 
-1 of panicles plant (0.485), plant height (0.301) and days to 50% 

�lowering (0.293). Therefore, these two traits should be 
regarded as essential for enhancing grain yield under aerobic 
condition. The results are in conformity with the �indings of [3] 

-1for the number of spikelet's panicle  and the number of panicles 
-1plant , [11] for panicle length and days to 50% �lowering. This 

indicates that direct selection of these traits is likely to result in 
improved grain yield. Therefore, it is advisable to prioritize 
these traits in the breeding programme to identify superior 
progenies with higher yield potential. 

Days to maturity (-0.716) had highest negative direct effect on 
-1 grain yield plant (-0.157) but it demonstrated positive indirect 

effect on grain yield through panicle length, number of 
-1spikeletes panicle , spikelet fertility and 1000 grain weight. The 

direct expression of 1000 grain weight (-0.323) and spikelet 
fertility (-0.157) was negative on grain yield however it had 
positive indirect effect on grain yield through plant height, 

-1number of panicles plant , panicle length and number of 
-1spikelet panicle . These results are in agreement with the 

�indings of [16] who estimated that days to maturity had highest 
negative effect on grain yield followed by spikelet fertility. Our 
studies are in agreement with the result of [1] for 1000 grain 
weight.
In the present investigation, path coef�icient analysis revealed 

-1that the number of spikelet's panicle  had maximum positive 
direct effect on grain yield as well as indirect effect on other 
traits which suggest that selection based on this trait for yield 
improvement in direct seeded condition would be most 
effective strategy. The residual effect signi�ies the unexplained 

-1variability of the dependent factor, grain yield plant . The 
moderate value of 0.12 suggests that the traits analysed in the 
path coef�icient analysis accounted for 87.04% of the variation 

-1 -1in grain yield plant . The residual effect on grain yield plant  in 
this study could be attributed to various factors such as other 
unaccounted traits, environmental in�luences and sampling 
errors that were not included in present investigation.

*Signi�icant	at	5%	level,	**Signi�icant	at	1%	level

-1Table	3:	Path	coef�icient	analysis	showing	direct	and	indirect	effects	of	various	characters	on	grain	yield	plant 	of	rice	genotypes

Values	in	the	bold	are	direct	effect	Residual	effect	=0.12966
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-1	Table	4:	Estimates	of	direct	and	indirect	effect	of	different	traits	on	grain	yield	plant in	rice	in	terms	of	percentage

Selection	Indices
-1Selection for grain yield plant  in rice based on single character 

may not be effective. On the other hand, it is a very cumbersome 
process for a breeder to involve a large number of component 
characters simultaneously in a selection program. Hence, 
knowledge of major yield components is necessary for evolving 
effective selection criteria. Selection indices provide the means 
for making use of correlated traits for higher ef�iciency in 
selection for yield. Hence different selection indices have been 
constructed and the results on the formulation of selection 
indices of different characters, the genetic advance and relative 

-1ef�iciency over straight selection for grain yield plant  of rice are 
presented below. Forty-�ive different selection indices were 
constructed in advanced breeding progenies of rice under 
aerobic condition. 

Fig.	1.	Path	diagram	for	grain	yield	in	rice

The ef�iciencies of different indices were determined by 
calculating genetic advance and comparing it with that for 

-1straight selection for grain yield plant  taken as 100%. It was 
observed that among all selection indices, the index based on	

-1 -1grain yield plant  + plant height, number of panicles plant  + 
-1panicle length + number of spikelets panicle  had the maximum 

genetic advance (90.52) with 85.96% increase in relative 
ef�iciency. Among the others, the indices based on grain yield 

-1 -1plant  + plant height + number of panicles plant  + panicle 
length + number of spikelets panicle + 1000 grain weight 
showed 84.89% increase in relative ef�iciency with high genetic 
gain (84.12) over straight selection for grain yield alone 

-1followed by grain yield plant  + days to 50 % �lowering + plant 
-1height + number of panicles plant  + panicle length + number of 

-1spikelets panicle  showed 84.23% increase in relative ef�iciency 
with 84.58 % genetic gain.
Selection based on yield alone may be often misleading due to 
high environmental in�luence and multiple traits selection can 
improve selection ef�iciency and can attain largest economic 
gain. Therefore, the relative genetic score of each genotype was 
determined by utilizing the best selection index grain yield 

-1 -1plant  + plant height, number of panicles plant  + panicle length 
-1 + number of spikelets panicle (Table 6). It was found that the 18 

genotypes performed better over the best check Samleshwari 
(275.45). SKL-19-01-120-44-32-60, SKL-19-02-77-221-98-83, 
SKL-19-02-77-221-98-94 and SKL-19-05-64-188-102-105 
were found as a superior among all genotypes tested, having the 
optimal combination of attributes. These genotypes should be 
used for further evaluation.

Table	5.	Selection	indices	for	seed	yield	and	their	relative	ef�iciency	in	advanced	breeding	lines	of	rice	under	aerobic	condition
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-1 -1 -1Note:	X1-Days	to	50%	�lowering,	X2-Plant	height,	X3-Number	of	panicles	plant ,	X4-	Panicle	length,	X5-Number	of	spikelets	panicle ,	X7-1000	grain	weight,	X8-Grain	yield	plant .

-1Table	6:	Comparison	between	relative	genetic	score	of	38	rice	genotypes	along	with	two	checks	based	on	the	best	selection	index	(Grain	yield	plant 	+	Plant	height	+	No.	of	panicles	
-1 -1plant 	+	Panicle	length	+	No.	of	spikelets	panicle )
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