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Screening Of Rice Germplasm Lines For Genetic Variability Under Saline Conditions


ABSTRACT
Development of salt-tolerant rice varieties is important for sustaining rice production in coastal saline soils. The present investigation evaluated genetic variability and identified promising rice genotypes under natural saline conditions. Twenty-eight genotypes were assessed during Kharif 2024 at the Agricultural Research Station, Machilipatnam, using an alpha-lattice design with two replications. Seedlings were transplanted into saline soil with pH 8.5 and electrical conductivity of 7.3 dS m⁻¹. Agronomic and physiological traits were recorded, including plant survival, flowering and maturity duration, plant height, ear-bearing tillers, panicle length, spikelet fertility, grain yield, salinity tolerance at seedling and reproductive stages, and shoot Na⁺/K⁺ ratio. Analysis of variance showed significant differences among genotypes for all 11 traits at P < 0.01, indicating substantial variability under salinity. Estimates of GCV, PCV, heritability and genetic advance indicated useful scope for selection. Ear-bearing tillers, salinity scores at seedling and reproductive stages, and shoot Na⁺/K⁺ ratio showed comparatively high variability, while panicle length and grain yield showed moderate variability. Across the evaluated material, MCM 253-8-2-2, NIC 2-1-1B and C3-22-IR 1 exhibited superior salinity tolerance at both seedling and reproductive stages together with good yield performance. These lines represent promising material for further selection and use in breeding programmes aimed at improving rice performance under coastal saline conditions.Top of Form
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1. INTRODUCTION
	 Rice is an important staple food crop that helps relieve hunger for much of the world. Ensuring high and constant rice production is vital for facilitating human food supplies, as over three billion people around the globe rely on rice as their primary source of dietary intake (Zhao et al., 2024). Although India ranks next to China in rice production, productivity and yield are affected by biotic and abiotic stresses. One such stress is salinity, which occurs in coastal parts of India. Salinity causes partial grain filling, reduced panicle length, chaffy panicles and reduced yields for farmers who rely solely on rice as their primary source (Samy et al., 2024). Salt tolerance is a quantitative trait controlled by multiple genes and affected by environmental conditions (Girija Rani et al., 2024). Approximately 20% of the world’s irrigated land experiences the detrimental effects of salinity, which leads to a decrease in rice yield as a result of ionic toxicity, osmotic stress, nutrient imbalance and oxidative damage (Oelviani et al., 2024). Escaping the stress is the only way to achieve proper yields in such situations. Breeding salt-tolerant rice varieties with stable yield under salinity is necessary to overcome the adverse effects of climatic change in coastal areas. Genetic variability and heritability estimates under saline conditions can help distinguish traits with greater potential for effective selection in rice breeding programmes (Bindu et al., 2024). Likewise, integrating genetic parameters with salinity-tolerance indices can improve the identification of genotypes with favourable responses under salt stress (El-Refaee et al., 2023). Genotypic coefficient of variation, phenotypic coefficient of variation, heritability and genetic advance are essential tools for evaluating the effectiveness of selection and predicting the genetic variability present in the breeding population (Vinnakota et al., 2025). Evaluating this population under field conditions rather than controlled conditions exposes the genotypes to natural saline conditions, thereby increasing the breeding relevance of the results (Laghari et al., 2025). Evidence from long-term salinity breeding trials also indicates that systematic selection of high-performing genotypes can support continued genetic improvement for yield under saline environments (Khanna et al., 2024). Recent physiological evaluation of contrasting rice genotypes further demonstrates genotype-specific differences in growth and physiological responses under salinity, reinforcing the value of multi-trait screening (Saleh et al., 2025). However, the extent of exploitable variability among the medium-duration advanced lines used in the present study under natural coastal salinity, particularly across agronomic traits, seedling- and reproductive-stage tolerance, and shoot Na⁺/K⁺ ratio, had not been established. Since most researchers have identified specific breeding lines through conventional methods, our research focused on identifying and isolating elite medium-duration lines through variability studies under salinity.
Objective
The objective of the present study was to assess genetic variability among 28 rice genotypes under natural coastal saline conditions and to identify elite medium-duration lines with favourable salinity tolerance and yield performance.

2. MATERIALS AND METHODS
The present investigation was conducted during Kharif 2024 at the Agricultural Research Station, Machilipatnam, Krishna District, Andhra Pradesh, India, located at 16.10° N latitude and 81.70° E longitude. The study aimed to assess genetic variability and identify elite rice breeding lines under natural coastal saline conditions. A nursery was raised under normal soil conditions, and 35-day-old seedlings were transplanted into saline soil having a pH of 8.5 and an electrical conductivity (EC) of 7.3 dS m⁻¹. Salinity conditions were monitored at different crop growth stages, and the corresponding pH and EC values are presented in Table 1.
A total of 28 rice genotypes, including advanced breeding lines, tolerant checks, a susceptible check and donor lines, were evaluated. The experiment was laid out in an alpha-lattice design with two replications. Seedlings were transplanted at a spacing of 20 × 15 cm in plots of 10.2 m², and all recommended agronomic practices were followed throughout the crop period. Phenotypic screening of the genotypes was carried out from September to December 2024 under the prevailing natural saline conditions.
Data were recorded from five randomly selected plants per genotype for 11 agronomic, physiological and salinity-related traits: plant survival (%), days to 50% flowering, days to maturity, plant height (cm), ear-bearing tillers/m², panicle length (cm), spikelet fertility (%), grain yield (kg ha⁻¹), salt tolerance at the seedling stage, salt tolerance at the reproductive stage and shoot Na⁺/K⁺ ratio at harvesting. These traits were used to assess genotypic performance and variability under saline field conditions.
Salinity tolerance was evaluated according to the Standard Evaluation System (SES) of the International Rice Research Institute (IRRI, 2014). At the seedling stage, visual salinity scores ranged from 1 to 9, where a score of 1 indicated high tolerance with normal growth and no visible leaf symptoms, while a score of 9 indicated high susceptibility and severe plant injury. At the reproductive stage, tolerance was assessed at maturity based on spikelet sterility, allowing the genotypes to be classified as tolerant, moderately tolerant or susceptible. The shoot Na⁺/K⁺ ratio was also recorded at harvesting as a physiological indicator of salinity response.
Where the assumptions for statistical analysis were not satisfied, the data were subjected to appropriate logarithmic or square-root transformation. Analysis of variance (ANOVA) was performed at P < 0.01 using PBIB.test in the agricolae package of R software, while trait means were computed in Microsoft Excel. The mean values were subsequently used to estimate the genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), broad-sense heritability and genetic advance as a percentage of the mean using the variability package in RStudio version 4.4.3 (Popat et al., 2020).

3. RESULTS AND DISCUSSION

The analysis of variance (ANOVA) revealed significant differences (P < 0.01) among the 28 genotypes for the 11 traits studied under salinity. Mean performance of the entries revealed the presence of transgressive segregants, which was consistent with the results of Vinnakota et al. (2025). Among the 28 entries studied, three entries (MCM 253-8-2-2, NIC 2-1-1B and C3-22-IR 1) exhibited high salinity tolerance at both the seedling and reproductive stages, together with good yields, indicating their potential for future selection for varietal release while considering other traits such as ear-bearing tillers/m², panicle length and Na⁺/K⁺ ratio.

Low estimates of GCV (6.24%, 5.62%, 5.29% and 7.87%) and PCV (6.24%, 5.63%, 5.29% and 7.88%) were observed for plant survival (%), days to 50 per cent flowering, days to maturity and plant height (cm), as these are highly influenced by the environment, suggesting limited scope for selection, as observed in the results of Nishanth et al. (2017) for plant survival (%), Sedeek et al. (2025) for plant height and days to maturity, and Pranaya et al. (2024) for days to 50% flowering. The traits recorded high heritability (99%) with moderate genetic advance as a percentage of the mean, indicating moderate expected gains from selection. Despite the low GCV and PCV values, selection can be followed effectively for preferred early- or medium-duration salt-tolerant varieties with good plant height and early maturity.

The character ear-bearing tillers/m² possessed higher GCV (20.56%) and PCV (20.58%) values, indicating the possibility of improving the genotypes for salt tolerance through selection. High heritability (99%) with high genetic advance as a percentage of the mean (42.33%) represented additive gene action and indicated effective selection in later generations. This pattern of results was consistent with Bhargava et al. (2021).

The moderate estimates of GCV (12.26%) and PCV (12.27%) for panicle length (cm) revealed moderate variation among the genotypes. High heritability (99%) coupled with high genetic advance as a percentage of the mean (25.23%) was noted for this trait. According to the results, this trait is suitable for breeding programmes involving phenotypic selection in saline soils. The results were in agreement with Zhang et al. (2019).

Low estimates of GCV and PCV (4.80%) were observed for spikelet fertility (%), indicating environmental influence on the expression of the trait, as seen in the results of Pranaya et al. (2024). High heritability (99%) with low genetic advance as a percentage of the mean (9.88%) for this trait indicated that the trait is predominantly governed by non-additive gene action; therefore, indirect selection for spikelet fertility (%) might be effective.

Grain yield showed moderate GCV (13.02%) and PCV (13.03%) values, revealing moderate variation among the genotypes. High heritability (99%) with high genetic advance as a percentage of the mean (26.80%) was observed, indicating the presence of additive gene action in the inheritance of this trait; direct selection of genotypes with high yield might therefore be rewarding for developing superior varieties, consistent with Akhil et al. (2025).

The estimates of GCV (28.31%) and PCV (28.34%) for salt tolerance at the seedling stage were high, showing the influence of environmental factors on the trait. High heritability (99%) coupled with high genetic advance as a percentage of the mean (58.28%) indicated the role of additive gene action and the possibility of effective selection for tolerance, similar to the results of Vinnakota et al. (2025).

The estimates of GCV (32.08%) and PCV (32.11%) were high for the reproductive-stage salinity score, indicating the possibility of improving the genotypes for salt tolerance through selection. High heritability (99%) coupled with high genetic advance as a percentage of the mean (66.03%) was observed, indicating the presence of additive gene action for this trait; selection of salt-tolerant genotypes with a reproductive-stage salinity score below 3 might therefore be rewarding. The results of our study were comparable to those of Vinnakota et al. (2025).

Shoot Na⁺/K⁺ ratio at the harvesting stage showed high estimates of GCV (56.25%) and PCV (56.33%), indicating the possibility of improving these genotypes for salt tolerance through selection. High heritability (99%) coupled with high genetic advance as a percentage of the mean (56.32%) indicated additive gene action, and selection of RILs with a low Na⁺/K⁺ ratio might be rewarding for salt tolerance. This study identified patterns similar to those reported by Prashanth et al. (2020).

Table 1. Salinity parameters at different crop growth stages

	Stage of the crop
	pH
	E.C. (dSm-1)

	Before puddling
	8.5
	7.4

	Tillering
	8.3
	7.2

	Flowering
	8.2
	7.6

	Harvesting
	8.1
	7.8





Table 2. List of entries for generating elite salt tolerant lines
	S. No.
	Entry Number
	Designation
	Parentage

	1
	AYT 63
	MCM 144-25-1-1-1
	MTU 1121/MTU 3626/TGL 384

	2
	AYT 64
	MCM 106-2-10-2-2
	MTU 1042/MTU 1061

	3
	AYT 65
	MTU 2680-18-2-1
	MTU  I 061/MCM 100

	4
	AYT 66
	MCM 149-3-1-1- l - l
	JGL 17004/MTU 3626

	5
	AYT 67
	MCM 155-6-1-1-2
	BPT 5204/Nona Bokra

	6
	AYT 68
	MCM 253-8-2-2
	MTU 1061/MCM 100

	7
	AYT 69
	MCM 145-2-1-1-1
	MST 15/CSR 27

	8
	AYT 70
	fR 18 T 1045
	AGGRI 2020

	9
	AYT 71
	MCM 153-2-1-2- l
	MTU 1010/SN7K

	10
	AYT 72
	MCM J64-2-1-4-2
	CSR 27/BM 71

	11
	AYT 73
	MCM 153-1-1- i
	MTU  1010/SN7K

	12
	AYT 74
	MCM 103
	TOLERANT CHECK

	13
	AYT 75
	MCM 100
	TOLERANT CHECK

	14
	AYT 76
	BPT 5204
	SUCEPTIBLE CHECK

	15
	AYT 81
	C3-22-lRl
	MST 36/CSR 27//*2MST 36

	16
	AYT 82
	C4-22-I-R2
	MST 36/CSR 27//*2MST 36

	17
	AYT 83
	C6-6-5R8
	MST 40/CSR 27//*2MST 40

	18
	AYT 84
	C6-6-5-Rl1
	MST 40/CSR 27//*2MST 40

	19
	AYT 85
	C6-6-10R24
	MST 40/CSR 27//*2MST 40

	20
	AYT 88
	MTU 1010
	RP-1

	21
	AYT 89
	MST 36
	RP-2

	22
	AYT 91
	CSR 27
	DONOR FOR qSSISFH8.l

	23
	AYT 92
	FL 478
	DONOR FOR SALTOL

	24
	AYT 93
	SWARNASUB 1
	RP

	25
	AYT 94
	NIC 5-1-2B
	SWARNASUBI/MTU IR 110-9-1-1-1// SWARNASURI

	26
	AYT 95
	NIC 2-1-1B
	SWARNASURI//FL 478
SWARNASURI

	27
	AYT 96
	NIC 6-I-3B
	SWARNASUBI/AC39416A//SWARNASUBI

	28
	AYT 97
	IR 20 R 1965
	SELECTION FROM IRRI TRIAL


Table 3. Variability studies for eleven characters under saline conditions
	S. No.
	Trait
	Mean
	Range
	C.D
(5%)
	S.E

	
	
	
	Minimum
	Maximum
	
	

	1
	PS (%)
	88.52
	73.66
	101.19
	0.47
	0.16

	2
	DFF
	108.23
	95.06
	121.54
	0.53
	0.18

	3
	DM
	143.92
	130.95
	175.10
	0.66
	0.22

	4
	PH (cm)
	101.12
	84.91
	122.23
	0.69
	0.23

	5
	EBT/m2
	303.29
	200.52
	446.97
	5.43
	1.87

	6
	PL (cm)
	20.28
	77.60
	25.19
	0.21
	0.07

	7
	SF (%)
	91.61
	77.60
	102.16
	0.38
	0.13

	8
	GY (Kgha-1)
	5002.57
	3160.26
	6704.27
	56.73
	19.55

	9
	SS
	3.35
	2.91
	7.21
	0.08
	0.02

	10
	RS
	5.28
	0.97
	9.27
	0.14
	0.05

	11
	Na+/K+
	1.57
	0.19
	3.67
	0.09
	0.03


PS: plant survival (%), DFF: days to 50 per cent flowering, DM: days to maturity PH: plant height (cm), EBT/m2: Ear bearing tillers/m2, PL: panicle length (cm), SF (%): spikelet fertility (%), GY: grain yield (Kgha-1), SS: salt tolerance at seedling stage RS: Salt tolerance at reproductive stage and Na+/K+: shoot Na+/K+ ratio

Table 4. Studies on heritability and genetic advance under saline conditions

	S. No.
	Trait
	h2B (%)
	Coefficient of Variation (%)
	GA
	GAM
(%)

	
	
	
	GCV (%)
	PCV (%)
	
	

	1
	PS (%)
	99
	6.24
	6.24
	11.37
	12.84

	2
	DFF
	99
	5.62
	5.63
	12.54
	11.58

	3
	DM
	99
	5.29
	5.29
	15.67
	10.89

	4
	PH (cm)
	99
	7.87
	7.88
	16.40
	16.21

	5
	EBT/m2
	99
	20.56
	20.58
	18.40
	42.33

	6
	PL (cm)
	99
	12.26
	12.27
	5.11
	25.23

	7
	SF (%)
	99
	4.80
	4.80
	9.05
	9.88

	8
	GY (Kgha-1)
	99
	13.02
	13.03
	40.74
	26.80

	9
	SS
	99
	28.31
	28.34
	1.95
	58.28

	10
	RS
	99
	32.08
	32.11
	3.49
	66.03

	11
	Na+/K+
	99
	56.25
	56.33
	1.81
	56.32


PS: plant survival (%), DFF: days to 50 per cent flowering, DM: days to maturityPH: plant height (cm), EBT/m2: Ear bearing tillers/m2, PL: panicle length (cm), SF (%): spikelet fertility (%), GY: grain yield (Kgha-1), SS: salt tolerance at seedling stage RS: Salt tolerance at reproductive stage and Na+/K+: shoot Na+/K+ ratio
4. CONCLUSION
 Higher heritability estimates indicated that the traits were comparatively less affected by the environment and could therefore be used in selecting medium-duration genotypes on the basis of phenotypic performance. High estimates of PCV, GCV and genetic advance as a percentage of the mean (GA) were observed for ear-bearing tillers/m², salt tolerance at the reproductive stage and shoot Na⁺/K⁺ ratio at the harvesting stage, while moderate estimates of PCV and GCV with high genetic advance were observed for panicle length (cm) and grain yield (kg ha⁻¹), indicating the predominance of additive gene action. Among the genotypes studied, MCM 253-8-2-2, NIC 2-1-1B and C3-22-IR 1 showed superior tolerance and yield performance. Therefore, these traits can be effectively exploited in breeding programmes for further genetic improvement through selection in successive generations. Continued selection for these traits is expected to enhance the accumulation of favourable alleles, thereby contributing to the development of superior genotypes with improved yield and salinity tolerance.

Limitation
The evaluation was conducted with 28 genotypes during a single Kharif season at one natural coastal saline location and used two replications. Consequently, the observed performance reflects the environmental conditions prevailing at the experimental site and season. Although the study identified promising genotypes and useful variability parameters, the findings should be interpreted within the tested conditions. Further evaluation across additional seasons and saline environments would be required before drawing broader conclusions about stability or suitability for varietal release.
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