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ABSTRACT

Rice (Oryza sativa L.) grain quality traits are important for milling, cooking, physico-chemical and nutritional 
aspects. Three hundred thirty-three genotypes consisting of both germplasm and advanced lines of rice were evaluated 
during rainy (kharif) seasons of 2021 and 2022 at ICAR-Central Rice Research Institute, Cuttack, Odisha to study 
variability, heritability and correlation coefficients of different grain quality traits at genotypic and phenotypic. The 
study revealed significant variations among all the quality traits studied. The rice grain quality characters, viz. kernel 
length to breadth ratio, water uptake and gel consistency were found to have high estimates of genotypic coefficients 
of variation and phenotypic coefficients of variation. Kernel length (99.13% and 32.66%), kernel breadth (98.99% 
and 23.08%), kernel length to breadth ratio (99.11% and 41.43%), alkali spreading value (65.90% and 27.01%), 
water uptake (87.46% and 39.25%), kernel length after cooking (97.49% and 33.35%) and gel consistency (99.22% 
and 47.72%) were found to show high heritability and genetic advance for respective year. The grain quality traits 
with high heritability and medium genetic advance values such as head rice recovery (99.54% and 15.14%), amylose 
content (80.89% and 13.033%) and linear kernel elongation ratio (91.55% and 13.44%) indicated mixed gene action 
of both additive and non-additive effects suggesting phenotypic selection is reliable with a slow progress. There was 
significant positive association of kernel length after cooking with linear kernel elongation ratio and kernel length 
to breadth ratio; alkali spreading value with water uptake and kernel length; and hulling percentage with milling 
percentage and head rice recovery percentage suggesting that these traits are of prime importance in future rice 
breeding to improve quality traits.
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Rice (Oryza sativa L.) is a principal staple grain for more 
than 50% people of world and it has a pivotal importance 
in the sustenance and stability of food, economic and social 
security of major Asian agrarian countries (Jabeen et al. 
2023, Hashim et al. 2024). India got rid of food grain deficit 
and became food surplus country with the success of green 
revolution during late 1970s. Increase in per capita income 
and purchase power of people enabled them for preference 
and choice for diverse quality food and living standards. 
Although there is a consistent demand for increase in 
total rice production and productivity for growing global 
population, there is steady market demand for high quality 
rice (Sultana et al. 2022, Zafar and Jianlong 2023). Thus, 
there is need to produce more quality rice from less available 
resources by minimising the production and post-harvest loss 

and increasing the efficiency of biomass production with 
enhanced nutritional and other grain quality attributes. Rice 
is maximally eaten as whole grain and due to this aspect, 
grain quality consideration in rice is most important (Hossain 
et al. 2009). Quality rice refers to the physicochemical 
characteristics of rice grain such as grain shape, size, general 
appearance and uniformity (Cruz and Khush 2000), milling 
efficiency, cooking properties, aroma, chemical behaviour 
and nutritional factors. The chemical properties of rice 
such as gel consistency, amylose content and gelatinisation 
temperature directly influence the physico-chemical, cooking 
and eating properties in rice (Little et al. 1958).

In different parts of the world, rice grain quality 
preference is very diverse and distinct (Juliano et al. 
1964). In China, people prefer sticky rice while Indian 
citizens like non-sticky medium slender grains with aroma 
or without aroma according to the cuisine of food. The 
rampant use of white rice made many rice eating people 
worldwide prone to diabetes due to high glycaemic 
index. In this regard, India and Indonesia are striving 
for developing rice varieties with high amylose content 
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to manage a low glycaemic index which would maintain 
the blood glucose level in diabetic patients. It is most 
important to evaluate the genetic variation present in a 
population with relation to quality traits to integrate the 
desired potential traits in development of transgressive 
high yielding quality rice (Pandey et al. 2021). The grain 
quality traits of rice are most complex aspect and hence, it 
surmounts to study the association of different grain quality 
traits to develop a successful consumers’ preferred variety 
(Singh et al. 2022). In this experiment, an attempt has been 
made to study the genetic variations and the associations 
of different quality traits in a diverse set of rice germplasm 
including both aromatic and non-aromatic accessions in 
irrigated ecology.

MATERIALS AND METHODS
This investigation was conducted during rainy (kharif) 

2021 and 2022 season at ICAR-Central Rice Research 
Institute (CRRI), Cuttack (20.45oN, 85.93oE; at an elevation 
of 23.5 m amsl), Odisha. The experimental material 
contained 333 rice genotypes which included both aromatic 
and non-aromatic landraces, and varieties collected from 
ICAR-National Bureau of Plant Genetic Resources, Cuttack 
Base Centre; ICAR-CRRI, Cuttack; and Odisha University 
of Agriculture and Technology, Bhubaneswar. The genotypes 
were transplanted in a randomised block design with each 
treatment replicated thrice. Thirty days old rice seedlings 
were transplanted in field containing three rows of 3.0 m 
length with spacing of 0.2 m × 0.15 m in shallow lowlands. 
Basal dose and top dressing of fertiliser were applied with a 
dose of 60 kg N, 30 kg P2O5 and 30 kg K2O/ha following 
the standard crop management practices in rice. After 
maturity, seeds were harvested separately replicationwise 
from each entry and packed in cotton cloth, dried to 14% 
moisture content and stored for breaking of seed dormancy. 

Rice seeds (100 g of each sample) were de-husked 
by Sateke dehuller and polished in Sateke polisher. The 
obtained seeds after polishing were used for analysis of 14 
grain quality traits such as hulling yield (HULL%), milling 
yield (MILL%), head rice recovery (HRR%), moisture 
content (%), kernel length (KL) (mm), breadth of the kernel 
(KB) (mm), ratio of kernel length to breadth (L/B Ratio), 
alkali spreading value (ASV), water uptake (WU) (g/100 g 
seeds), volume expansion ratio (VER), kernel length after 
cooking (KLAC) (mm), linear kernel elongation ratio (ER), 
apparent amylose content (AC%) and gel consistency (GC) 
(mm) following the standard protocols for analysis of each 
trait at Grain Quality Laboratory, ICAR-CRRI, Cuttack. 

The analysis of variance (ANOVA) was estimated 
following the method of Federer (1956). The phenotypic 
and genotypic coefficients of variations were estimated by 
the methods of Burton and Devane (1953). The heritability 
(h2

b in broad sense), genetic gain by genetic advance (GA), 
genetic advance by percent of mean (GAM), and correlation 
coefficients were estimated as per Burton and Devane (1953), 
Johnson et al. (1955), Comstock and Robinson (1952) and 
Searle (1961), respectively.
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RESULTS AND DISCUSSION
The ANOVA revealed presence of highly significant 

variations among all the 14 grain quality traits across all 
genotypes (Ahmed et al. 2020). The genotypes with highest 
value of grain quality trait studied are mentioned in Table 1. 

It was noted that the genotypes CR Dhan 101, Pooja, 
Jaya, Dharitree, Tapaswini, Basantibhog, Tulasibasa, 
Swarnakranti, IET25450 and Kakhru (Table 2) possessed 
correspondingly required effect of important quality traits, 
i.e. intermediate values for amylose content, gel consistency 
and alkali spreading value, grain superiority for higher kernel 
length during cooking and ratio of kernel length after cooking 
to kernel length before cooking. The intermediate ASV of 
4–5 of 133 genotypes in this investigation showed medium 
disintegration of rice kernels by alkali digestion is a highly 
important quality trait in rice and similar observation was 
reported by Bansal et al. (2006).

All the phenotypic coefficient of variation (PCV) 
estimates in this study were found to be higher than their 
corresponding genotypic coefficient of variation (GCV) 
estimates, and there was very little difference between PCV 
and GCV (Table 3) which explained better correspondence 

Table 1	 Rice genotypes with highest observed estimates of quality 
traits

Sl 
no.

Quality trait Name of 
genotype

Highest 
observed 

trait 
estimates

Aro-
matic/

Non-Aro-
matic

1. Hulling percentage IET25469 81.5% Aromatic

2. Milling percentage IET25444 74.77% Non-
aromatic

3. Head rice recovery Naveen 67.61% Non-
aromatic

4. moisture content Vanaprova 13.32% Non-
aromatic

5. Kernel length Sugandhadhan 9.2 mm Aromatic

6. Kernel length after 
cooking

Sugandhadhan 17.09 
mm

Aromatic

7. kernel breadth Mugudhi 2.53 mm Aromatic

8. kernel length to 
breadth ratio

Geetanjali 4.979 Aromatic

9. Alkali spreading 
value

Nababi, 
Kalakrushna 2

7 Aromatic

10. Water uptake IET25460 338.33 
g/100 g

Aromatic

11. Volume expansion 
ratio

IET25465 5.383 Aromatic

12. Kernel elongation 
ratio

Taraori 
Basmati

2.16 Aromatic

13. Amylose content IC280581 28.29% Aromatic

14. Gel consistency IET25472 82 mm Aromatic
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between PCV and GCV for grain quality traits in rice 
(Umamaheswar et al. 2024). This indicated that GCV mainly 
contributed to the PCV of each trait or the environmental 
component of variance is non-significant which is also 
evident from the high heritability values of traits. There was 
wide variation in the ranges of PCV and GCV estimates 
i.e. from 2.06% for hulling percentage to 23.35% for gel 
consistency and from 2.01% for hulling percentage to 
23.26% for gel consistency. High estimates of PCV and 
GCV were recorded for gel consistency (23.348% and 
23.257%), water uptake (21.785% and 20.373%), and L/B 
ratio (20.202% and 20.201%). Similar reports of high value 
estimates of GCV and PCV were corroborated in earlier 
reports (Chaudhari et al. 2007) in gel consistency and water 
uptake but Bandi et al. (2018) reported high estimates of 
PCV and GCV for gel consistency and moderate PCV and 
GCV for water uptake and low PCV and GCV for L/B ratio. 
Simple selection would be effective on these traits as they 
possess high degree of variation as evidenced from high 
PCV and GCV value. Low GCV and PCV values less than 
10% were reported for the traits such as hulling percentage, 
milling percentage, head rice recovery, moisture content, 
linear kernel elongation ratio and amylose content. Allam et 
al. (2015) and Bandi et al. (2018) reported lower estimates 
of PCV and GCV for hulling percentage, milling percentage, 
head rice recovery percentage and kernel elongation ratio 
while Subbaiah et al. (2011) reported similar results for 
amylose content. Similarly Bhargavi et al. (2022) reported 
low PCV and GCV estimates for hulling percentage, milling 
percentage and volume expansion ratio. These traits having 
both low PCV and GCV estimates are believed to have 
narrow genetic base, and the genetic variability could be 
widened by mutagenesis or hybridisation. Moderate GCV 
and PCV of 10–20% range was found for ASV, KL, KB, 
VER and KLAC and similar moderate GCV and PCV 
estimates were earlier reported by Kundu et al. (2008) 

and Gangashetty et al. (2013) for KL and KB, Subbaiah 
et al. (2011) for KLAC and Bandi et al. (2018) for volume 
expansion ratio. Presence of moderate degree of variations 
for these traits indicated that these traits could be improved 
by exploiting through selection in advanced generations. 

Broad sense heritability (h2
b) contains both additive 

(fixable) as well as dominant and epistatic (non-fixable) 
variances and provides reliable information about the 
reproducibility of the traits. High heritability (>60%) plus 
genetic advance by percentage of mean > 20% were observed 
for the traits such as kernel length (99.13% and 32.66%) 
(Table 3), kernel breadth (98.99% and 23.08%), kernel length 
to breadth ratio (99.11% and 41.43%), alkali spreading value 
(65.90% and 27.01%), water uptake (87.46% and 39.25%), 
kernel length after cooking (97.49% and 33.35%) and gel 
consistency (99.22% and 47.72%), respectively. These traits 
could be selected directly and effectively on its phenotypic 
performance as these traits are governed by additive genes 
which are highly stable across environments. These results 
corresponded similarly with the findings of Nayak et al. 
(2003), Sanjukta et al. (2007) and Dhanavath et al. (2025) 
for the trait of water uptake; and Chacko et al. (2023) and 
Umamaheswar et al. (2024) for the traits of kernel breadth 
and L/B ratio.

Hulling percent, milling percentage and moisture 
content recorded estimates of high heritability and low 
genetic advance suggested that these traits were under 
more influence of environmental factors and having non-
additive gene action. This was supported by earlier report 
of Sanjukta et al. (2007) for hulling percentage. Phenotypic 
selection of these traits is avoided because these traits are 
controlled by non-additive gene action of dominance or 
epistatic effects rather than additive effects resulting very 
low or negligible genetic advance in next generation. High 
heritability and moderate genetic advance estimates were 
observed for head rice recovery (99.54% and 15.14%), 

Table 2  Rice genotypes with best overall grain quality traits

Genotype Hulling  
(%)

Milling  
(%)

HRR  
(%)

ASV KLAC 
(mm)

ER AC  
(%)

GC 
(mm)

CR Dhan 101 78.03 69.23 55.03 4.7 9.59 1.71 21.54 54.0

Pooja 77.53 68.77 64.49 4.8 9.443 1.72 23.37 59.7

Jaya 80.20 69.23 64.18 4.8 9.397 1.71 23.61 43.6

Dharitree 80.67 71.20 66.97 4.0 8.64 1.79 23.75 43.5

Tapaswini 80.33 69.07 62.33 4.2 10.897 1.7 23.6 45.4

Basantibhog 81.20 70.47 63.13 4.5 10.2 1.84 23.83 59.6

Tulasibasa 81.33 70.53 62.97 4.8 8.513 1.89 23.85 40.4

Swarnakranti 79.10 69.37 54.53 4.8 10.383 1.96 21.09 52.6

IET 25450 80.57 67.60 56.91 4.5 10.937 1.75 21.40 55.3

Kakhru 79.37 67.07 53.47 5.0 10.977 2.03 20.03 55.7

HRR, Head rice recovery; ASV, Alkali spreading value; KLAC, Kernel length after cooking; ER, Linear kernel elongation ratio; 
AC, Amylose content; GC, Gel consistency.
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supported by the investigation of Rithesh et al. (2018). 
Consumers generally prefer rice varieties with intermediate 
values of both AC and GC. The existence of significant 
negative correlation (r = -0.379) between these two 
important physico-chemical quality characters provides 
more chances of selecting a desirable rice variety or genotype 
with intermediate values of one trait will ultimately lead to 
auto selection of intermediate value of GC as evidenced 
by Shivani et al. (2007). Selection for comparatively high 
amylose containing rice genotypes for diabetic people will 
be significantly helpful.

The foremost requirement of a crop breeding 
programme is the presence of enough variation in the 
breeding population. In this investigation, it was concluded 
that all the rice genotypes have adequate variations for all 
the quality traits. Taking into account of the important grain 
quality characters, the outstanding genotypes identified 
were CR Dhan 101, Pooja, Jaya, Dharitree, Tapaswini, 
Basantibhog, Tulasibasa, Swarna Kranti, IET25450 and 
Kakhru. These varieties or genotypes may be used in 
further varietal development or disbursed to farmers for 
cultivation of quality rice. Rice grain quality traits like 
grain length, grain breadth, grain length to breadth ratio, 
alkali digestion value, water uptake, kernel length during 
cooking and cooked rice gel consistency showed high 
heritability coupled with high genetic advance by percentage 
of mean. Thus, these traits are of primary importance 
during selection. From the study of character associations 
of rice genotypes, kernel length, head rice recovery, kernel 
length during cooking, milling percentage, elongation ratio, 
amylose content, hulling percentage, gel consistency and 
alkali spreading could be selection criteria for future quality 
improvement in rice.
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