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ESTIMATION OF VARIABILITY, CORRELATION COEFFICIENT AND PATH
ANALYSIS IN IMPROVED RESTORER LINES OF RICE (Oryza sativa L.)

Abstract

The present investigation was conducted to estimate genetic variability parameters such as
genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV),
heritability (h?) and genetic advance (GA) along with correlations and path coefficients from
data collected on 40 F, segregating populationderived from a cross between aerobic restorer
AR 9-18and blast resistant donorMSM 1212 possessing Pi54. Analysis of variance indicated
significant differences among the genotypes for all the characters studied. Moderate GCV and
PCV was observed for number of productive tillers per plant, number of grains per panicle,
per day productivity and single plant yield. High heritability coupled with high genetic
advance as percent of mean were observed for number of productive tillers per plant, number
of grains per panicle, per day productivity and single plant yield,whereas high heritability
coupled with moderate genetic advance as percent of mean were observed for panicle length,
spikelet fertility, thousand grain weight and plant height. Grain yield per plant showed
positive correlation with per day productivity, days to 50% flowering, panicle length, number
of productive tillers per plant, thousand grain weight and spikelet fertility, while, negative
association with number of grains per panicle and plant height. The trait per day productivity
had highest direct effect on single plant yield followed by days to 50% flowering, panicle
length, number of productive tillers per plant, thousand grain weight, spikelet fertility (%).
Hence, per day productivity and number of productive tillers per plant are identified as key

traits for developing high yielding genotypes of rice for future breeding programme.
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Introduction



Rice(Oryza sativa L.) is the staple food for more than 1.25 billion people in most
parts of India. An increase in rice production is necessary to bring self-sufficiency in the
country to feed the burgeoning population (Kumar et al.2017). Rice hybridshave yield
superiority of about 15-20 % over the best commercial inbred varieties (Virmani 1996) and
large-scale adoption of hybrid rice production is one of the feasible options to meet the food
security challenges in India (Pranathi et al.2016). However, the major problems in hybrid rice
breeding are the limited number of parental lines with specific desirable traits. Therefore,
improving parental lines must be an integral part of hybrid rice breeding programmes.
Highmagnitude of variability in a population provides the opportunity for selection to evolve

a variety having desirable characters.

Planning and execution of any breeding program for improvement on quantitative
traits depends on magnitude of genetic variability. Therefore, success on plant breeding
activities entirely depends on the existence of genetic variability with respect to desired traits
and selection skill of plant breeder (Adhikari et al., 2018). Variability, expected genetic
advances and heritability of the traits are therefore key basis for genetic improvement of the
trait. Correlation and path analysis establish the extent of association between yield and its
components and also bring out relative importance of their direct and indirect effects, thus
giving an obvious understanding of their association with grain yield. Ultimately, this kind of
analysis could help the breeder to design his selection strategies to improve grain yield (Babu
et al., 2012). In the light of the above scenario, the present investigation conducted to identify
the most important characters for breeding programme by exploiting the genetic variability
parameters, heritability, genetic advance as percent of mean, correlation coefficient and path

analysis in restorer lines of rice.

MATERIALS AND METHODS

The research was carried out at ICAR-Research Farm, Indian Institute of Rice

Research (IIRR), Hyderabad, Telangana during the kharif, 2021. For the present genetic



study, the experimental material consists of 40 segregating F, population derived from a cross
between aerobic restorer, AR 9-18 and blast resistant donor, MSM 1212 possessing Pi54.The
experiment was conducted using randomized complete block design with two replications.
Thirty days old seedlings of F4 population along with check were transplanted with 15 x 20
cm spacing between the plants and rows. Phenotypic data was recorded for nine yield and its
attributing traits viz., days to 50 % flowering, plant height (cm), number of productive tillers
per plant, panicle length (cm), spikelet fertility(%),number of grains per panicle,
thousandgrain weight (g), per day productivity(kg/ha/day) and single plant yield (g) on all the
fourty F4 segregating population and check based on flowering duration and maturity. During
the experiment for raising a healthy nursery and main crop recommended cultural practices

and crop protection measures were taken up.

Analysis of variance (ANOVA) for the randomized complete block design was
computed using the method of Panse and Sukhatme (1985), genotypic coefficient of variation
(GCV) and phenotypic coefficient of variation (PCV) were computed using the method of
Burton and Dewane (1953). Variation ranges were classified as high (> 20%), moderate (10-
20%), or low (< 10%) as proposed by Sivasubramanian and Madhavamenon(1973). Broad
sense heritability (h? (bs)) was estimated as the ratio of genotypic variance to total variance,
categorized as high (> 60%), moderate (30-60%), or low (0-30%) based on Robinson et al.
(1949).Geneticadvance was calculated and categorized as high (> 20%), moderate (10-20%),
or low (< 10%) following Johnson et al. guidelines (1955).Simple correlations were
computed using Weber and Moorthy's formula (1952), and path analysis was computed using

the method suggested by Dewey and Lu (1959).
Results and discussion

The analysis of variance carried out for the single plant yield and its attributing traits.
The variations among the treatments were highly significant for all the characters under study

indicating the existence of considerable genetic variation in the experimental material. The



analysis of variance was calculated using the method of Panse and Sukhatme (1985) and

presented in Table 1.

To uncover the role of environmental effect on different traits GCV and PCV values
are vital (Akinwale et al., 2011). For all the traits studied it was observed that PCV values in
comparison with GCV values were slightly higher which indicates that the expression of
traits was influenced less by the environmental factors.Moderate PCV and GCV were
recorded for number of productive tillers per hill, number of grains per panicle, per day
productivity and single plant yield. Similar results of moderate PCV and GCV was reported
by Dhanwaniet al.(2013), Yadav et al. (2017), Lingaiah et al. (2018) for number of
productive tillers per plant and number of grains per panicle, Yadav et al. (2017) and

Sudeepthi et al. (2020) for single plant yield.

The traits viz., days to 50 percent flowering, panicle length, plant height, spikelet
fertility, thousand grain weight recorded low levels of PCV and GCV, which suggest that
these traits exhibited less variability so, the selection may not be fruitful based on these traits.
Similar results were given by Sravan et al. (2012) Yadav et al. (2017) for thousandgrain
weight, days to 50 percent flowering, panicle length, spikelet fertility, Savitha and Usha
Kumari (2015), Sala and Shanthi (2016), Singh and Varma (2018), Abhilash et al. (2018) for

plant height.

All the studied traits exhibited high heritability. The traits viz., number of productive
tillers per plant, number of grains per panicle, single plant yield and per day productivity
recorded high heritability with high genetic advance, which favours additive gene action.
Earlier researchers, Savitha and Usha Kumari (2015), Ali et al. (2018), Pradeep et al. (2018),
Subbulakshmi and Muthuswamy (2018),reported similar findings for productive tiller number

per plant, number of grains per panicle and single plant yield.

The traits viz.,panicle length, spikelet fertility and thousandgrain weight and plant
height showed high heritability but genetic advance was moderate which limits further

improvement through direct selection. Panwar and Mathur (2007) reported similar



findingsfor spikelet fertility, panicle length, thousandgrain weight and Nath et al.(2021)

reported similar findings with plant height.

Correlation analysis provides information regarding nature and degree of relationship
among various traits and decides the component traits, on the basis of which traits can be
chosen to improve grain yield genetically. In this study, correlations between yield and its
related traits namely days to 50 % flowering, plant height, number of productive tillers per
plant, panicle length, spikelet fertility, number of grains per panicle, thousandgrain weight,
per day productivity and single plant yield were computed. Correlation coefficient results
were represented in Table 3 which was done by considering single plant yield as dependent

variable.

Thousand grain weight exhibited positive and significant correlation with spikelet
fertility, per day productivity, panicle length and single plant yield. Similar results were
reported by Prasad et al. (2017) for single plant yield, Gautam et al. (2018) and Tripathi et al.
(2018) with number of productive tillers per plant and number of grains per panicle,Ghazyet
al. (2020) with panicle length.Days to 50 percent flowering exhibited negative and significant
correlation with per day productivity. Plant height exhibited negative and significant
correlation with number of grains per panicle, similar results were reported by
Muthuvijayaragavan and Murugan (2020). Number of productive tillers per plant exhibited
significant positive correlation with single plant yield and per day productivity, similar results
were reported by Saha et al. (2019) Kiruthikadeviet al. (2020). Panicle length showed
positive and significant correlation with thousand grain weight, per day productivity and
single plant yieldSimilar results were reported by Prasad et al. (2017).Spikelet fertility
exhibited positive and significant correlation with number of grains per panicle and thousand
grain weight. Similar results were reported by Tripathiet al. (2018). Per day productivity
revealed positive and significant correlation with thousand grain weight, number of grains per
panicle, number of productive tillers per plant, panicle length and single plant yield and

negative significant correlation with days to 50% flowering. Similar results were reported by



Bhadruet al. (2011) with single plant yield and days to 50 % flowering. Thousand grain
weight, number of productive tillers per plant, panicle length, per day productivity and
number of grains per panicle exhibited significant and positive association with single plant
yield. This suggests that ultimate increase in yield may be due to improvement of these traits.
Similar results were reported by Touhiduzzamanet al. (2016) with days to 50 % flowering,
Shrivatsav et al. (2020) with plant height, number of grains per panicle and panicle length,
Padmaja et al. (2011) with number of productive tillers per plant and thousandgrain weight,

Parimala et al. (2019) with spikelet fertilityandBhadruet al. (2011) with per day productivity.

Path coefficient analysis explains the direct and indirect causes of association using
other attributes by dividing the correlations for explaining the cause-andeffect relationship
clearly (Wright, 1921). Table 4 depicts the path coefficient analysis estimates for yield and its
attributing traits. Per day productivity exerted highest positive direct effect on plant yield
followed by days to 50% flowering, panicle length, number of productive tillers per plant,
thousand grain weight, spikelet fertility, indicates yield improvement is directly associated
with these traits. Similar results of direct positive effect on plant yield were reported by
Padmaja et al. (2011) with number of productive tillers per plant and panicle length,
Kalaiselvan et al. (2019) with thousand grain weight, spikelet fertility and days to 50%

flowering.

Negative direct effect on single plant yield was exhibited by plant height and number
of grains per panicle. Similar results of negative direct results were reported by Shrivatsav et
al. (2020). At phenotypic level the residual effect was 0.19. The trait per day productivity
exhibited highest positive direct effect among all the yield attributing traits. Hence, it can be
considered as major contributor to plant yield. Phenotypical path diagram for plant yield was
represented in Fig. 3.



Table 1: Analysis of variance for yield & yield attributing traits in F4 population of AR
9-18 x MSM 1212

Source of | D.
F

Mean sum of squares

variation TG TG SF PH PL PT DFF PDP SPY
W
Replicati 2 | 0.23 | 796.5 | 0.248 | 0.144 | 4.145 | 0.0959 | 55.04 | 0.00004 | 0.111
on 25 3 8 0

Treatmen | 42 | 5.81 | 1198. | 41.19 | 85.48 | 3.706 | 1.7163 | 74.32 | 0.00148 | 23.58

t 1** 0** *%* *%* *% *%* *%* 7** 51**

Error 84 | 1.23 | 262.2 | 3.083 | 5.430 | 0.358 | 0.1531 | 17.99 | 0.00023 | 2.491
87 6 3

DFF- Days to 50% flowering, PH- Plant height (cm), PT-Number of productive tillers per

plant, PL-Panicle length (cm), TG-Number of grains per panicle, SF-Spikelet fertility (%),
TGW- Thousand grain weight (g), PDP-Per day productivity, SPY- Single plant yield (g).

Table 2. Genetic variability parameters for yield and related traits in the F, population
of AR 9-18 x MSM 1212.

Traits | General Range PCV (%) GCV Heritability | Genetic

mean Minimum | maximum (%) in broad | Advance
sense (h2) as

(%) percent

of mean

(at 5%0)
TGW | 23.98 16.04 20.94 8.96 7.22 64.86 11.97
TG 162.30 | 112.00 231.00 16.54 13.24 64.08 21.84
SF 82.88 72.77 92.01 5.67 5.26 86.08 10.06
PH 117.15 101.83 128.50 5.75 5.40 88.06 12.23
PL 22.43 18.33 25.86 6.35 5.76 82.37 10.78
PT 8.27 6.00 10.00 11.68 10.68 83.62 20.13

DFF |106.78 |88.00 121.0 6.36 4.96 61.01 7.99

PDP |0.20 0.11 0.26 13.51 11.70 75.00 20.87
SPY | 27.42 15.33 33.56 13.16 11.84 80.89 21.93

DFF- Days to 50% flowering, PH- Plant height (cm), PT-Number of productive tillers per

plant, PL-Panicle length (cm), TG-Number of grains per panicle, SF-Spikelet fertility (%),

TGW:- Thousand grain weight (g), PDP-Per day productivity, SPY- Single plant yield (g).
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Figure.l. Graphical representation of PCV and GCV for yield contributing traits

DFF- Days to 50% flowering, PH- Plant height (cm), PT-Number of productive tillers per
plant, PL-Panicle length (cm), TG-Number of grains, SF-Spikelet fertility (%), TGW-
Thousand grain weight (g), PDP-Per day productivity, SPY- Single plant yield (g)
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Figure.2. Graphical representation of heritability in broad sense (h®) and genetic

advance as per cent of mean (GAM) (5%0). for yield contributing traits



DFF- Days to 50% flowering, PH- Plant height (cm), PT-Number of productive tillers per
plant, PL-Panicle length (cm), TG-Number of grains, SF-Spikelet fertility (%), TGW-
Thousand grain weight (g), PDP-Per day productivity, SPY- Single plant yield (g)

Table 3. Correlation analysis among yield and related traits in F4 population of AR 9-18

x MSM 1212,
Traits [ TG [TG |[SF PH [PL PT DFF | PPD SPY
w
TGW | 1% [0.09 | 02220* | - [ 0.2602 | 0.1274 |-0.2053 | 0.42051 | 0.3993**
73 00410 | * - *
TG 1** | 0.3353 - |-0.0140 | 0.1570 |-0.1453 | 0.2836 | 0.2353 *
*% 1 0.2503 %k
*
SF 1% - | 0.1146 | 0.1619 |-0.0460 | 0.1778 | 0.1842
0.0966
PH 1** [0.1864 | -0.0030 | 0.0660 | -0.1229 | -0.1329
PL 1= 701229 |-0.2089 | 0.3522* | 0.3645**
* *
PT 1= [-0.1709 | 0.3092 | 0.2906
** **
DFF 1% | -0.2705 | -0.0224
*
PPD 1% [0.94735*
**
SPY Lo

DFF- Days to 50% flowering, PH- Plant height (cm), PT-Number of productive tillers per

plant, PL-Panicle length (cm), TG-Number of grains per panicle, SF-Spikelet fertility (%),

TGW- Thousand grain weight (g), PDP-Per day productivity, SPY- Single plant yield (g).




Table 4. Phenotypic path coefficient analysis representing direct and indirect effects on
single plant yield by its related traits in F4 population of AR 9-18 x MSM 1212

TGW [TG |SF PH [PL PT DFF [PPD |SPY
TGW | 00188 | 0.0018 | 0.0042 | - | 0.0049 | 0.0024 | - |0.0079 |0.3993
0.0008 0.0039
TG |-00022 | - |-0.0075] 0.0056 | 0.0003 | - |0.0033 | - |0.2354
0.0225 0.0035 0.0064
SF | 0.0020 | 0.0030 | 0.0089 | - |0.0010 | 0.0014 | - |0.0016 |0.1842
0.0009 0.0004
PH | 0.0020 | 0.0122 | 0.0047 | - - 00001 - [00060| -
0.0487 | 0.0091 0.0032 0.1330
PL | 0.0198 | - | 0.0087 | 0.0142 | 0.0763 | 0.0094 | - | 0.0269 | 0.3645
0.0011 0.0159
PT | 0.0031 | 0.0038 | 0.0040 | - | 0.0030 | 0.0245 | - | 0.0076 | 0.2906
0.0001 0.0042
DFF | -0.0546 | - |-0.0122 00176 | - - 02659 | - .
0.0387 0.0555 | 0.0454 0.0719 | 0.0224
PPD | 0.4103 | 02767 | 0.1735 | - | 0.3437 | 0.3018 | - | 0.9757 | 0.9474
0.1200 0.2639

Direct effects are represented in bold values
Residual effect: 0.191

DFF- Days to 50% flowering, PH- Plant height (cm), PT-Number of productive tillers per

plant, PL-Panicle length (cm), TG-Number of grains per panicle, SF-Spikelet fertility (%),
TGW- Thousand grain weight (g), PDP-Per day productivity, SPY- Single plant yield (g)




Fig. 3. Phenotypical path diagram for yield related traits

DFF- Days to 50% flowering, PH- Plant height (cm), PT-Number of productive tillers per
plant, PL-Panicle length (cm), TG-Number of grains per panicle, SF-Spikelet fertility (%),
TGW:- Thousand grain weight (g), PPD-Per day productivity, SPY- Single plant yield (g).

Conclusion

Analysis of variance revealed significant differences among the treatments for all the
characters under study indicating the existence of considerable genetic variation in the
experimental material. Moderate PCV and GCV were recorded for number of productive
tillers per plant, number of grains per panicle, per day productivity and single plant yield
which signifies fair level of selection in these characters. Number of productive tillers per
plant, number of grains per panicle, per day productivity and single plant yield showed high
heritability with high genetic advance as per cent of mean which signifies predominance of
additive gene action in their genetic control. So, for improvement of these traits simple

selection would be productive. Analysis of correlation and path coefficient together revealed



that among the yield traits studied, per day productivity and number of productive tillers per
plant were considered as most critical ones as they exhibited higher correlation coefficients

and direct positive effects in association to plant yield.
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