Estimation of genetic variability parameters for various yield
attributing traits in germplasm collection of Rice (Oryza sativa L.)

ABSTRACT

Genetic variability parameters waswere studied in 2879 germplasm accessions of rice for
11 quantitative traits. Moderate value of genotypic coefficient of variation (GCV) and phenotypic
coefficient variation (PCV) was observed for the traits, 100 seed weight, seedling height, L:B ratio,
plant height, and number of effective tillers, whereas rest of the traits had low GCV and PCV
values. High heritability was observed for all the traits except leaf length, leaf width and grain
yield per plant. High heritability coupled with high genetic advance as percent of mean was
observed for 100 seed weight, seedling height and L:B ratio. High heritability coupled with
moderate genetic advance as percent of mean was recorded for days to 50% flowering and plant
height. The presence of high heritability and high genetic advance as percent of the mean indicated
the presence of additive gene effects for controlling aforesaid traits, hence selection in later
generations will be rewarding in a breeding programme.
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(PCV) and genotypic coefficient of variation (GCV).

INTRODUCTIONS

Rice is the most consumed cereal grain in the world, constituting the dietary staple food
for more than half of the planet’s human population. India being the second largest producer of
rice still lags behind is productivity per unit area. The rising demand, saturation of cultivable
field and low gross domestic production of rice are likely to cause a supply shortage of a crop in
near future. By the year 2025, about 785 million tons of paddy, which is 70 per cent more than
the current production will be needed to meet the growing demand (Manonmani and Khan,
2003). This ranks first among the three major cereals, followed by wheat and maize. It is one of
the oldest cultivated sources of nutrients to flourish under a wide range of environments and it
has 22 wild species in the Oryza genus. It may be cultivated in a variety of environments,
including upland, lowland, and rain-fed. It is one among India's most important crops. Moreover,
it is a nutrient-rich cereal crop that provides 20-% of the calories and 15-% of the protein
consumed by the world's population.



Crop improvement is heavily dependent on understanding the genetic diversity and
population structure of germplasm collections. Because rice is an important crop in the globe,
there is a lot of curiosity in the origins and diversity of Oryza sativa. Current theories suggest
that domesticated rice originated from a polyphyletic source, most likely from either an annual
or perennial variety of O. rufipogon, through at least two separate domestication processes
(Second 1982; Cheng et al., 2003; Second-1982:-Vitte et al., 2004).

Minerals and fibers are also present in the rice grains. Collection and classification of

existing germplasm is critical not only for using appropriate attribute-based donors in breeding
programmers, but also for protecting the distinctive rice for the future. In Asia, rice production
contributes to almost 90-% of global output (Faysal et al., 2022). Estimating genetic gain under
selection will be more accurate when heritability and evolution are combined (Demeke et al.,
2023). To enhance rice production, many programmes and activities were developed. However,
the successes continue to be up to par, which has prompted the country to shift from being a net
rice producer to an import in recent years (Joshi et al., 2011; ard-Bishwajit et al., 2013). Crop
failure in recent years has been mainly caused by climate change scenarios such as unpredictable
rainfall, disease and pest attack, and genetic degradation owing to developmental activities (Ali
et al, 2017).

The characterization and evaluation of conserved genetic resources in gene banks are
very essential to document the presence of genetic variability and diversity for different
important traits. Keeping in view the importance of variability, the present study has been

conducted to estimate the variability parameters in large number of germplasm accessions.

MATERIALS AND METHODS

The materials for the study comprised of -2879 germplasm accessions of rice i.e. 2879
germplasm accessions received from ICAR- NBPGR (National Bureau o©f Plant Genetic
Resources), New Delhi including 6 checks namely, Annada, IR 64, Pusa Basmati-1, Swarna,
NDR-97 and Jaya of different duration groups. The experimental materials were grown in
Kharif, 2022 in Augmented Block Design. 21-Twenty-one days old seedlings of each genotype
were transplanted manually in 2 rows of 2-m2-meter length maintaining a spacing of 20 cm

between rows and 15 cm between plants in each row. Observations were recorded on 3 randomly



selected plants from each genotype for 11 quantitative traits and means values of these were
used for statistical analysis.

RESULTS AND DISCUSSION

The experiment was carried out in an Augmented Block Design with the objective to
access the variability present in the rice accessions. In almost all the traits evaluated in the
experiment, the phenotypic coefficient of variation (PCV) was greater in magnitude than the
genotypic coefficient of variation (GCV). This indicated that the apparent variance is
attributable not just by genes but also due to environmental effects. The mention of a slight
distinction between GCV and PCV was also reported by Mustafa and Isheikh (2007), Kole et
al. (2008) and Mulugeta Syoum et al. (2012). Classifying the overall variation into its
constituent parts could facilitate the preservation and application of genetic resources. Also, it
provides the possibility to use appropriate germplasm for crop enhancement of certain plant
features (Pecetti et al., 1996).

The phenotypic coefficient of variation (PCV) with higher magnitude is presented in Table
No.1. Higher phenotypic coefficient of variation (PCV) was recorded for the traits grain yield per
plant (37.43), similar to the findings of Lingaiah et al., (2014). Moderate phenotypic coefficient
of variation was observed for the traits, seedling height (16.34), L/B ratio (15.65), leaf width
(14.12), leaf length (13.18), plant height (12.04), 100 seed weight (19.4) and number of effective
tillers (19.39) and rest of the traits had low PCV. The lowest GCV was recorded in days to 50%
flowering (9.35), days to maturity (7.3) and panicle length (5.81). The results are in agreement
with Bisen et al. (2009), Singh et al. (2011), Subbaiah et al. (2011) and Babu et al. (2012).
Moderate GCV was recorded for 100 seed weight (17.93), seedling height (16.34), L/B ratio
(14.05), plant height (10.98) and the number of effective tillers (11.27). Prajapati et al. (2011) and
Ananadarao et al. (2011) also reported similar observations in their study.

The presence of higher genotypic coefficient of variation (GCV) suggests that the
population has a considerable genetic diversity. The phenotypic coefficient of variation was higher
than the GCV in the present research, but the difference was moderate, indicating that environment
impact on traits expression was low. Similar findings has also been reported by Sarawgi et al.
(1994), Ganesan et al. (1995) and Sharma and Dubey (1997).
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To identify a trait's response to phenotypic selection, heritability is crucial. For a breeding
programme to be successful, improving quantitative traits in plants requires accurate heritability
estimation (Saidon et al., 2020). The estimates of genetic advance expressed as a percentage of the
mean offer greater confidence about the efficacy of selection in enhancing the traits. Genetic
progress indicates the new population's genotypic value is higher than that of the original
population. Heritability estimates alone are less useful in predicting the gain under selection than
heritability estimates combined with significant genetic advancement.

However, it's not always the case that a trait with high heritability also has strong genetic
advances (Johanson et al., 1955). High heritability was recorded for seedling height (100), days to
50-% flowering (100), days to maturity (100), 100 seed weight (85.45), pPlant height (83.23) and
L/B ratio (80.68). Li-Yun et al. (2003) and Satyanaryan et al. (2005) also reported similar findings.
Genetic advance as percent of mean was higher for the 100 seed weight (33.72) and L/B ratio
(26.04). High heritability coupled with higher genetic advance as percent of the mean were
observed for 100 seed weight, seedling height and L/B ratio. High heritability coupled with
moderate genetic advance as percent of mean was recorded for plant height and days to maturity
and rest of the traits are low heritability and genetic advance as percent of mean. The result shows
the presence of additive gene effects. Hence, selection of desirable genotype for future breeding

programme will be rewarding.



Table 1: Estimation of genetic variability parameters for quantitative traits

S. Traits Mean Range PCV | GCV | h’bs | GAM

No. Min. | Max. | (%) (%) (%)
1. Leaf length (cm) 55.04 | 27.16 2.06 | 1318 | 1216 | 8507 | 23.13
2. Leaf width (cm) 1.09 0.6 206 | 1412 | 11.28| 63.07 | 18.57
3. Days to 50% flowering 106.59 | 65.00 | 148.00 9.35 9.35| 99.79 | 19.29
4. Plant height (cm) 150.48 | 52.00 | 210.33 | 12.04 | 10.98 | 83.23 | 20.67
5. Panicle length (cm) 25.10 9.10 | 32.63 9.15 5.81 | 40.29 7.61
6. No. of effective tillers 6.53 133 | 1333 | 19.39 | 11.27 | 33.76 | 1351
7. Days to maturity 136.59 | 95.00 | 178.00 7.30 7.30 | 99.79 | 15.05
8. L/B ratio 3.23 1.70 540 | 15.65| 14.05| 80.68 | 26.04
9. 100 seed weight (g) 2.36 0.77 490 | 1940 | 1793 | 8545 | 34.02
10. Grain yield per plant 19.86 2.00 | 116.00 | 3743 | 3520 | 8203 | 32.03

(9)

Where, Min: minimum, Max: maximum, PCV: phenotypic coefficient of variation, GCV: genotypic coefficient of

variation, hz\bsl: heritability, GA: genetic advance, GAM: genetic advance as percent of mean
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Fig.1. Graphical representation of variability parameters for different quantitative

characters.

Reference:

Ali S, Liu Y, Ishag M, Shah T, Abdullah, Ilyas A, Din 1U. 2017. Climate Change and Its Impact
on the Yield of Major Food Crops: Evidence from Pakistan. Foods, 6 (6): 39.

Ananadrao, S. D., Singh, C. M., Suresh, B. G. and Lavanya, G. R. 2011. Evaluation of rice hybrids
for yield and yield component characters under North East Plain Zone. The Allahabad
farmer. 67(1): 63-68.

Commented [MA5]: Recheck all the references and set
according to journal requirement




Babu, V. R., Shreya, K., Dangi, K. S., Usharani, G. and Nagesh, P. 2012. Genetic variability
studies for qualitative and quantitative traits in popular rice (Oryza sativa L.) hybrids of
India. International Journal of Scientific and Research Publication. 2(6): 1-5.

Bisen, R., Sarawgi, A. K. and Verulkar, S. B. 2009. Study of heritability, genetic advance and
variability for yield contributing characters in rice. Bangladesh J. Agric. Res. 34(2):175-
179.

Bishwajit, G., Sarker, S., Kpoghomou, M.A., Gao, H., Jun, L., Yin, D., and Ghosh, S. 2013. Self-
sufficiency in rice and food security: A South Asian perspective. Agri. & Food Secu. 2.1:
10.

Cheng, C.Y., Motohashi, R., Tsuchimoto, S., Fukuta, Y., Ohtsubo, H. Ohtsubo, E. 2003.
Polyphyletic origin of cultivated rice: based on the interspersion pattern of SINEs. Mol.
Biol. Evol., 20:67-75

Demeke B, Dejene T, Abebe D. 2023. Genetic variability, heritability, and genetic advance of
morphological, yield related and quality traits in upland rice (Oryza sativa L.) genotypes
at pawe, northwestern Ethiopia. Cogent Food & Agriculture, 9(1):2157099.

Faysal, A.S.M., Ali, L., Azam, M.G., Sarker, U., Ercisli, S., 2022. Genetic variability, character
association, and path coefficient analysis in transplant Aman rice genotypes. Plants,
11(21):2952.

Ganesan, K., Manuel, W. W. and Sundram, T. 1995. Analysis in Rice. Int Rice Res. Newl., 20: 1-
4.

Johnson, H. W., Robinson, H. F. and Comstock, R. E. 1955. Estimates of genetic and
environmental variability in soybean. Agron. J., 47: 314-318.

Joshi NP, Maharjan KL, and Piya L. Production economics of rice in different development
regions of Nepal. J. Int. Dev. Coop .17.1 (2011): 103-112. Online

Kole, P. C., Chakrabarthy, N. R. and Bhatt, J. S. 2008. Analysis of variability, correlation, path
coefficients in induced mutants of aromatic non basmati rice. Trop. Agric. Res. Exten.,
113: 60-64.

Lingaiah, N., Venkanna, V. and Cheralu C. 2014. Genetic variability analysis in rice (Oryza sativa
L.). Int. J. Pure App. Biosci., 2 (5): 203-204.



Li, Y., Zhao. G. L., Zuo, Y. S. and Zhang, C. W. 2003. Studies on the combining ability of head
rice milled rate under different environmental condition in three-line Indica hybrid rice.
Southwest China J. Agric. Sciences, 16(2): 22-25.

Manomani, S. and Fazlullah Khan, A. K. 2003. Studies on combining ability and heterosis in rice.
Madras Agric. J., 90: 228-231.

Mustafa, M. A. and Elsheikh, M. A. Y. 2007. Variability, correlation and path coefficient analysis
for yield and yield components in rice. Afri. Crop. Sci. J., 15: 183-189.

Nazir, A., J. Faroog, A. Mahmood, M. Shahid, and M. Riaz, (2013) Estimation of genetic diversity
for CLCuV, earliness and fiber quality traits using various statistical procedures in different
crosses of Gossypium hirsutum L. Vestnik Orel Gau. Vol. (43): Issue 4: 2-9.

Pecetti, L., P. Annicchiario and A. B. Damania, (1996) Geographic variation in tetraploid wheat
(Tritium turgidum spp. Turgidum convar. Durum) landraces from two provinces in
Ethiopia. Genetic Resources and Crop Evolution, VVo. 43: 395-407.

Prajapati, M., Singh, C. M., Suresh, B. G., Lavanya, G. R. and Jadhav, P. 2011. Genetic parameters
for grain yield and its component characters in rice. Ele. J. PI. Bred., 2(2): 235-238.
Saidon, S.A., Kamaruzaman, R., Razak, M.S.F.A., Ramli, A. and Sarif, H. M. 2020. Studies on
heritability and genetic variability for grain physical properties in Malaysian rice

germplasm. Earth Environ. Sci., 482.

Satyanaryan, P. V., Sriniwas, T., Reddy, P. R., Madhavilatha, L. and Suneetha, Y. 2005. Studies
on variability, correlation and path coefficient analysis for restorer lines in rice (Oryza
sativa L.). Res Crops., 6: 80-84.

Sarawgi, A. K; Soni, D.K. and Shrivastava, M.N. 1994. Variability analysis in rice under irrigated
and rain-fed situations. Current Research, 23(3/4):33-35.

Second G (1982) Origin of the genetic diversity of cultivated rice (Oryza spp.): Study of the
polymorphism scored at 40 isozyme loci. Jpn. J. Genet., 57:25-57

Seyoum, M., Sentayehu, A. and Kassahum, B. 2012. Genetic variability, heritability, correlation

coefficient and path analysis for yield and yield related traits in upland rice. J. Plant
Sciences, 7(1): 1320.

Sharma, R. K. and Dubey, S.D. 1997. Variation and association among panicle traits in rice. Oryza,

34: 8-12.



Singh, S. K., Singh, C. M. and Gil, G. M. 2011. Assessment of genetic variability for yield and its
component characters in rice. Research in Plant Biology, 1(4): 73-76.

Subbaiah, P. V., Sekhar, M. R., Reddy, K. H. P. and Reddy, N. P. E. 2011. Variability and genetic
parameters for grain yield and its components and kernel quality attributes in CMS based
rice hybrids (Oryza sativa L.). International Journal of Applied Biology and
Pharamaceutical Technology, 2(3): 603-609.

Vitte, C., Ishii, T., Lamy, F., Brar, D.S., Panaud, O. (2004) Genomic paleontology provides
evidence for two distinct origins of Asian rice (Oryza sativa L.). Mol. Genet. Genomics,
272:504- 511.



