Salinity-Tolerance Benchmarking in Fenugreek (Trigonella foenum-graecum L.) Accessions for Sustainable Crop Productivity
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ABSTRACT
  Salinity stress is one of the important constraints to fenugreek production globally. The salinity is important factor in production of fenugreek during the germination, vegetative growth, flowering and pod filling due to a long dry spell and scared water.  Fenugreek is important spice used in food product and also having medicinal property. Breeding for salinity tolerance using novel genetic resources is an important mitigation strategy. This study aimed to identify and select the superior fenugreek genotypes that are tolerant to salinity stress and provide them to researchers and seed spices breeders for more intense evaluation and screening. Fifteen genotypes of fenugreek were evaluated in RBD with three replications under different salinity levels during rabi season 2022-23 at College of Horticulture and Forestry, Jhalawar for salinity tolerance. Salinity and genotypes were recorded highly significant differences among the studied characters. Genotype x Salinity interaction was observed highly significant for germination (%) and sodium content(ppm). Genotypes RMt-351, AGF-2, RMt-303, RMt-305 and GM-2 showed the highest seed yield under normal and salinity levels. Based on stress tolerance indices (STI), genotypes RMt-351 had the highest mean values followed by RMt-303 and AFG-2. The first principal component (PC) accounted for about 95.60% of the variation in salt tolerance indices with yield and the second PC for 4.20% by using biplots. Genotypes RMt-351, AGF-2, RMt-303 and RMt-305 were identified as the most stable high yielding genotypes under salinity stress. It is suggested that these genotypes can be consider as parents for hybridization or as a selection in yield improvement of fenugreek under salinity condition. 
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1. INTRODUCTION 
Spices are good appetizers and also considered an essential in the culinary art all over the world. Spices are used for adding aroma and flavor in foods. Some of spices also used as a preservative in some food products like pickles and chutneys etc. while others some spices also possess strong anti-microbial, anti-oxidant properties and antibiotic activities. Many of them possess medicinal properties and have a profound effect on human health. Fenugreek (Trigonella foenum-graecum L.) is extensively used as fresh leaves (green leafy vegetable), chopped leaves (flavouring agent), seeds (spice, condiment or medicines), extracts and powders (medicines). India is indeed the largest producer, consumer, and exporter of fenugreek in the world, cultivating over 80% of the global supply.  In India, the total area 1.47 lakh hectares sown under fenugreek with an annual production of 2.26 lakh metric tonnes (Anonymous, 2024-25). It is largely cultivated in Rajasthan, Gujarat, Punjab, Uttar Pradesh, Madhya Pradesh and Maharashtra. Rajasthan and Gujarat are contributing more than 80 percent of total seed spices produced. In Rajasthan, area and production of fenugreek are 1.30 lakh hectare and 6.50 lakh quintal, respectively (Anonymous, 2024-25). It is mainly grown in Chittorgarh, Sikar, Nagaur, Jaipur, Jhalawar, Kota and Jhunjhunu districts. Fenugreek can be grown under a wide range of climatic conditions. The country suffers from severe salinity problems due to irrigation with low-quality water and poor drainage systems, 33% of the cultivated land is already salinized (El-Ramady et al.,2013). Overcoming salinity stress is an important issue in these areas to overcome crop production problems (Ghassemi et al.,1995; El-Raey,1997). Therefore, genetic improvement for salinity tolerance in fenugreek crop, particularly because this approach is less expensive for farmers than others, has become necessary in dealing with salinity problems in the Indian agriculture sector.
The production of salt-tolerant varieties represents the most practical option to increase the yield of fenugreek from salt-affected soils (Singh et al., 2018). Increasing genetic variability of current fenugreek varieties can be achieved by the integration of exotic alleles/genes from related progenitor species in breeding programs (Dadshani et al., 2019). A major objective of fenugreek breeders is to produce salinity tolerant varieties, however, the genotypes showing clear differences to environmental stresses and adequate screening techniques are limited also, screening techniques for salinity tolerance would be beneficial in developing high yielding and salt tolerant fenugreek varieties (Zafar et al., 2015). Screening of fenugreek genotypes is necessary to determine the genetic potential for salt tolerance, which enhances breeding for high-yielding, salt-tolerant fenugreek cultivars. Breeders seek to produce and identify germplasm that tolerates osmotic and ionic stress (Janmohammadi et al., 2008). Stress indices are among the most useful tools for assessing plant response under stress. These indicators are a reflection of crop plant behaviour under stress by correlating grain yield under stress conditions. Although stress index has been used for some crops such as fenugreek and potatoes in the field and greenhouse conditions (Hassanpanah, 2010), to our knowledge, there is little data on the use of salinity indices to determine the response of fenugreek under salt stress using different fenugreek genotypes. Singh and Rajpoot (2022) tested some fenugreek genotypes for stress tolerance indices (STI) and they observed different responses for STI. Principal Component Analysis (PCA) is a statistical method used to reduce the dimensionality of large datasets while preserving as much information as possible. The objectives of this study were to identify and select the best fenugreek genotypes that are tolerant to salinity stress and provide them to researchers and seed spices breeders for more intense evaluation and screening and use in breeding programs.
2. MATERIALS AND METHODS 
The present experiment was conducted at College of Horticulture and Forestry, Jhalawar, Rajasthan. The Jhalawar district is situated between 230 45’ 20” and 240 52’ 17” North latitudes and 750 29’ 35” and 760 56’46” East longitudes at 131.14 m above mean sea level. Agro-climatically, the district falls in Zone-V (Humid South-Eastern Plains of Rajasthan) to investigate the effects of salt stress on fenugreek genotypes. All cultural practices were adopted for raising a healthy crop.
2.1 Media of the experimental pots and preparation
The experiment consists of 135 pots of diameter having media of black soil (clay loam type), sand and vermicompost in the ratio of 3:1:1 respectively.  All the media components were mixed thoroughly and filled into the pots leaving 5 cm of space at top and with adequate drainage facility. After final pot filling fertilizers were applied in pot as per requirement at the time of sowing. The soil of experimental pots was clay loam in texture, low in reaction and medium in respect to nitrogen, phosphorus and potassium content. 
 2.2 Experimental material
Seeds of fifteen fenugreek genotypes (Table-1) were obtained different parts of the country. Seeds were sorted with hand to eliminate broken and small seeds. Uniformly selected seeds were used for sown in lines in pots according to circumference of pots after application of recommended manure and fertilizers.
2.3 Experimental design and layout 
The experiment consists of fifteen genotypes of fenugreek and three NaCl salt concentrations solution was laid out in randomized block design (RBD) with three replications. The numbers of pots needed for this experiment were 135 (15×3×3). 
2.4 Preparation of NaCl solutions 
For making different concentrations of NaCl solution, NaCl and distilled water were used. Three NaCl solutions were used viz., control 0%, 0.5% and 0.75%. For making 0.5% solution 5g NaCl was dissolved in 1000 ml of double distilled water in a volumetric flask. Then the flask was shaked for several times until NaCl salt get completely dissolved in double distilled water. After dissolving, 0.5 % solution was ready for experiment. For making 0.75 % NaCl solution, 7.5 g of NaCl was dissolved in 1000 ml double distilled water in different volumetric flask. Thus, the NaCl salt solutions were ready for experiment. The volumetric flasks were priorly marked by permanent marker for identification.
2.5 Application of treatments
Salt solutions of different concentration (0%, 0.5% and 0.75%) were treated on each pot. 100ml of prepared salt solution was applied to each pot according to layout. Salt treatment was applied to pots for five times at an interval of 15 days. The first treatment was applied at the time of sowing.
2.6 Statistical Analysis 
The experiment was laid out in a randomized complete block design (RCBD) with three replications in each salinity levels. Morphological and yield parameters viz., germination (%), number of leaves at vegetative stage, plant height (cm), number of pods per plant, pod length(cm), number of seeds per pod, seed yield per plant(g) and sodium content (ppm) were recorded from each pot as well as calculating stress tolerance indices. The recorded data were subjected to analysis of variance suggested formula by Gomez & Gomex, 1984.
The salinity tolerance indices were calculated as follows: 
1. Stress susceptibility index (SSI) = 1 – (Ys / Yp) / SI, where SI = 1 – (Ŷs / Ŷp) whereas SI is stress intensity and Ŷs and Ŷp are the means of all genotypes under stress and normal water conditions, respectively (Fischer & Maurer, 1978). 
2. Stress tolerance index (STI) = (Ys x Yp)/ Ῡp2 (Fernandez ,1992). 
3. Mean productivity (MP) = (Ys / Yp) /2 (Rosielle & Hamblin,1981). 
4. Geometric mean productivity (GMP)= (Ys / Yp) 1/2 (Fernandez,1992).
5. Yield stability index (YSI) = Ys / Yp (Bouslama & Schapaugh,1984).
6. Tolerance (TOL)= Yp - Ys (Rosielle & Hamblin,1981). 
7. Yield index (YI)= Ys / ῩS (Gavuzzi et al.,1997).
8. Harmonic mean (HM)=2 (Ys x Yp)/ (Ys + Yp) (Schneider et al., 1997). 
9. Stress Susceptivity percentage (SSPI)= {(Yp -Ys) / (2 x Ŷp)} x 100 (Moosavi et al., 2008). 
Finally, to identify ideal genotype, principal component analysis (PCA) and GGE biplot were performed for stress tolerance indices (STI) and seed yield using GRAPES (Gopinath et al., 2020).
Results and discussion 
The pooled analysis of variances was indicated that the highly significant differences among the salinity (S) and genotypes (G) for the studied traits viz., germination (%), number of leaves at vegetative stage, plant height (cm), number of pods per plant, pod length (cm), number of seeds per pod, seed yield per plant (g) and sodium content (ppm) (Table 2). The recorded significant variation among genotypes might reflect partially their different genetic background. However, these results reflect the importance of genotype (G) × salinity (S) interaction to identify the most stable genotypes and G × S was exhibited non-significant for all the studied character except germination (%) and sodium content (ppm). Replication/Salinity was observed non-significant differences for the characters. Similar results were reported by (Darwish et al., 2017; Morsy et al., 2020 in wheat). The highly significant differences were indicated among the genotypes for all the studied characters under different salinity levels (Table 3). Replication was non-significant for all the characters under study Meena et al., 2016 was reported similar result in fenugreek.
Comparison of seed yield and its attributing characters of fenugreek genotypes and Reduction (%) of genotypes under salinity levels
The seed yield of fenugreek genotype under salinity stress revealed a greater variation than the non-stress condition. This variation can be explained, in part by the fact that characters which are appropriate for a given environment may be unsuitable in another environment (Singh and Rajpoot,2022 in fenugreek). The range of studied characters was recorded{85.00(CHF-4) -94.00(AGF-2),73.00(CHF-4)-89.00(RMt-351) and 60.00(CHF-4)-84.00(RMt-351)} in germination percent, {73.00(GM-2)-90.00(RMt-351), 66.67(GM-2)-86.00(RMt-351) and 62.67(CHF-2)-82.33(RMt-351)} in number of leaves at vegetative stage, {69.89(AFG-2) - 84.23(CO-2), 60.45(Pant Ragni) - 73.76(RMt303) and 56.11(CHF-5) – 72.22(RMt-303)} in plant height(cm), {36.00 (CHF-4)-47.00(RMt-351), 29.00(CHF-4)-45.33(RMt-351) and 26.00(CHF-4)-43.00(RMt-351)} in number of pods per plant, {11.57(CHF-4)-16.33(RMt-351), 8.70(CHF-4)-15.70(RMt-351) and 7.93(CHF-4)-14.97(RMt-351)} in pod length(cm),{13.00(CHF-4)-18.67(RMt-351),9.67(CHF-4)-17.33(RMt-351) and 8.00(CHF-4)-16.67(RMt-351)} in number of seeds per pod, {5.50(CHF-4)-8.10(RMt-351), 4.29(CHF-4)-7.70 (RMt-351) and 3.68(CHF-4)-7.35(RMt-351)} in seed yield per plant(g) and {34.99(CHF-4)-52.96(RMt-351), 72.05(CHF-4)-156.01(RMt-351) and 100.28(CHF-4)-197.43(RMt-351)} in sodium content(ppm) under different salinity levels (0.00,0.50 and 0.75) (Table 4 & 5). The mean value of the studied characters viz, germination (%) (90.00,81.00 and 71.00), number of leaves at vegetative stage (79.69,71.07 and 67.62), plant height (cm)  (78.33,67.19 and 63.36),  number of pods per plant (41.93,36.58 and 33.96), pod length(cm) (13.83,11.80 and 10.93), number of seeds per pod (16.24,14.00 and12.11), seed yield per plant (g) (6.26,5.38 and 4.87) and sodium content (ppm) (41.38,103.29 and 134.42) were recorded under 0.00, 0.50 and 0.75 levels of  salinity. Treatment means indicate that the higher means values of genotypes for all the studied characters were obtained by favourable conditions, while the lower means values were obtained unfavourable condition (Table 4 & 5). 
Percent reduction/increase of studied characters under different salinity levels
The percent reduction of studied characters under different salinity levels revealed a greater variation. This variation can be explained, in part by the fact that the studied characters which is appropriate for a given level may be unsuitable in another levels (Mohammadi et al., 2011). In order to demonstrate the effects of different salinity levels, the decrease percentage of studied characters was calculated for different salinity levels. Percent reduction/increase of studied characters of fenugreek genotypes under different salinity levels were observed (Table-5). Genotypes RMt-351(5.60 &12.30;4.65&7.57;5.68&8.66;3.68&9.30;4.03&9.13;7.69&12 and 5.19&10.25) was recorded minimum reduction of studied characters viz. germination (%), number of leaves at vegetative stage, plant height(cm), number of pods per plant, pod length(cm), number of seeds per pod and seed yield per plant(g) under 0.5 and 1.0 levels of salinity followed by genotypes AFG-2, RMt-303, GM-2 and RMt-305 and sodium content (ppm) (194.59&272.81) was maximum increase genotype RMt-351 in 0.5 and 1.0 levels of  salinity under studies. In general, the studies characters were decreased in content according to the increase in salinity levels. Reduction of seed yield during cropping seasons was also reported by Akcura et al. (2011), and Choudhary et al. (2017) in fenugreek.
Comparing genotypes based on salinity tolerance indices 
The salinity tolerance indices and the genotypes rank based on the indices data are presented in Table 6. Differences were found in ranking genotypes from one salinity tolerance index to another, indicating that the indices differed in discriminating salinity tolerant genotypes. Seed yield per plant under non salinity level (0.0 %) ranged from 5.5(CHF-4) to 8.1 (RMt-351) with mean values of 6.26. Seed yield per plant under salinity level (0.75%) ranged from 3.68(CHF-4) to 7.35 (RMt-351) with average values of 4.87. SSI ranged from 0.42(RMt-351) to 1.49 (CHF-4) with mean values of 1.03. STI ranged from 0.52 (CHF-4) to 1.52 (RMt-351) with mean values of 0.79. MP ranged from 0.33 (CHF-4) to 0.45 (RMt-351) with mean values of 0.39. GMP ranged from 0.82 (CHF-5) to 0.95 (RMt-351) with average values of 0.88. YSI ranged from 0.67(CHF-5) to 0.91 (RMt-351) with mean values of 0.77. TOL ranged from 0.74(RMt-303) to 1.93 (CHF-5) with mean values of 1.39. YI ranged from 0.76(CHF-4) to 1.51 (RMt-351) with mean values of 1.0. HM ranged from 4.41(CHF-4) to 7.70 (RMt-351) with average values of 5.46 and SSPI ranged from 5.94(RMt-303) to 15.45 (CHF-5) with mean values of 10.77. As described by Hohls (2001) selection for MP should increase yield in both stress and non-stress conditions. The similar findings were reported by Meena, et al. (2016) in fenugreek, Mittal and Singh, 2021 in maize, Farshadfar and Elyasi (2012) in bread wheat, Pour-Siahbidi and Pour-Aboughadareh (2014) in chickpea, Sahar et al. (2016) in bread wheat and Choudhary et al.  in (2017) in fenugreek.
Changes in ranking of genotypes in response to salinity tolerance indices
Differences were found in ranking of genotypes in each salinity tolerance index (Tables 7). Under this situation, it would be useful to identify genotypes with consistent tolerance to salinity. The higher ranks of Yp and Ys in descending order of RMt-351, AFG-2, RMt-303, RMt-305 and GM-2 and lowest value observed in descending order of CHF-4, CO-2 and CHF-3. The greater rank value of salinity tolerance parameters, it means the lower yield reduction under salinity stress condition. The highest rank of salinity tolerance indices was found in RMt-351, RMt 303, AFG-2, RMt-305 and GM-2 and the lowest in genotypes viz., CHF-4, CHF-3 and CO-2. According to the salinity tolerance indices, the genotypes with SSI less than unit are drought resistant, since their yield reduction in drought condition is smaller than the mean yield reduction of all genotypes (Singh and Rajpoot,2022).  Total ranks for all salinity tolerance criteria were calculated. In this regard, genotypes RMt-351, RMt 303, AFG-2, RMt-305 and GM-2 determined highest total ranks and genotypes CHF-4, CHF-5 and CHF-3   were lower total rank (Table 7). The results showed a great deal of inconsistency in ranking of genotypes as tolerant based on each one of the indices over years. The similar findings were reported by Mittal, et al. (2021) in maize, Farshadfar and Elyasi (2012) in bread wheat, Pour-Siahbidi and Pour- Aboughadareh (2014) in chickpea, Sahar et al. (2016) in bread wheat, Choudhary et al. (2017) in fenugreek, Mittal, et al. (2024) in coriander and Ansari et al. (2025) in fenugreek.
Identifying ideal genotypes based on principle component analysis
The principal component analysis (PCA) was used to identify ideal genotypes. This analysis revealed that the first one PCA of seed yield per plant under both conditions (Normal and Salinity) and Salinity tolerance indices explained 95.6 % of the total variation (Table 8 and Figure 1). An ideal genotype should have invariably high average seed yield per plant under both conditions (Normal and Salinity) and Salinity tolerance indices in the entire salinity level. This ideal genotype is graphically defined by the longest vector in PC1 and without projections in PC2 (Costa De Mattos et al. 2013). RMt-351, AFG-2, RMt-303, RMt-305, GM-2 and AFG-4 genotypes and Salinity tolerance indices were located between PC1 concentric circles (Figure 2). These genotypes are closest to the ideal and can be considered desirable in terms of yield and stability of the seed yield in both conditions. The similar findings were reported by Pour-Siahbidi and Pour- Aboughadareh (2014) in chickpea, Meena et al. (2016) in fenugreek and Singh and Rajpoot,2022 in fenugreek.
Conclusion
In conclusion, the findings from this study showed that seed yields were influenced by the salinity effect under both the environments.  Differences in ranking of genotypes based on each index from salinity levels, indicating that the salinity tolerance of genotypes were also influenced by the salt effect. Consequently, based on the results of these study genotypes RMt-351, AFG-2, RMt-303, RMt-305, GM-2 and AFG-4 were determined more salinity tolerant and can be used as parents for developing the salinity tolerance varieties in fenugreek.
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Table 1: List of fifteen genotype of fenugreek used under study.
	S. No.
	Genotype
	Source
	S. No.
	Genotype
	Source
	S. No.
	Genotype
	Source

	1
	AFG-2
	NRCSS, Ajmer
	6
	CHF-2
	Collection from Jhunjhunu
	11
	GM-2
	AU, Kota

	2
	Hisar Suvarna
	CCSHAU, Hisar
	7
	RMt-305
	SKNAU, Jobner
	12
	CO-2
	AU, Kota

	3
	Pant Ragini
	GBPUAT, Pant Nagar
	8
	AFG-4
	NRCSS, Ajmer
	13
	RMt-303
	SKNAU, Jobner

	4
	CHF-1
	Collection from Nagaur
	9
	CHF-3
	Collection from Jhalawar
	14
	CHF-4
	Collection from Karnataka

	5
	RMt-351
	SKNAU, Jobner
	10
	AFG-3
	NRCSS, Ajmer
	15
	CHF-5
	Collection from Chouhmula




Table 2. Pooled analysis of variances for the studied characters under different salinity level.
	Source of Variation
	d. f.
	C-1
	C-2
	C-3
	C-4
	C-5
	C-6
	C-7
	C-8

	Salinity
	2
	4195.34**
	1759.34**
	2719.38**
	744.02**
	99.23**
	195.16**
	22.20**
	97780.58**

	Replication/Salinity
	6
	11.94
	10.04
	2.96
	4.88
	0.75
	2.75
	0.17
	5.50

	Genotype
	14
	230.12**
	192.17**
	160.58**
	153.39**
	32.96**
	50.50**
	6.67**
	4737.88**

	Genotype × Salinity
	28
	17.74**
	16.02
	25.89
	3.86
	0.56
	1.59
	0.14
	694.06**

	Error
	84
	7.58
	16.15
	20.25
	5.51
	0.39
	1.23
	0.10
	3.60

	Total
	134
	4462.72
	1993.72
	2929.05
	911.67
	133.89
	251.23
	29.28
	103221.63


*and ** significant at P< 0.05 and 0.01, respectively
Character details: C-1: Germination (%), C-2: Number of leaves at vegetative stage, C-3: Plant height (cm), C-4: Number of pods per plant, C-5: Pod length (cm), C-6: Number of seeds per pod, C-7: Seed yield per plant (g) and C-8: Sodium content(ppm)


Table 3. Mean sum squares estimate of the studied characters under different salinity level.
	Source of Variation 
	d. f.
	Salinity Level
	C-1
	C-2
	C-3
	C-4
	C-5
	C-6
	C-7
	C-8

	Replication
 
 
	2
	0.00
	22.87
	3.76
	3.28
	4.20
	1.31
	3.76
	0.45
	1.10

	
	
	0.50
	4.07
	15.00
	1.44
	3.09
	0.56
	0.47
	0.04
	5.01

	
	
	0.75
	8.89
	11.36
	4.16
	7.36
	0.38
	4.02
	0.01
	10.40

	Genotype
 
 
	14
	0.00
	23.66**
	59.07**
	71.61**
	25.53**
	6.34**
	8.36**
	1.33**
	113.85**

	
	
	0.50
	76.47**
	73.58**
	58.83**
	63.88**
	13.90**
	20.91**
	2.35**
	2391.17**

	
	
	0.75
	165.47**
	91.57**
	81.91**
	71.71**
	13.85**
	24.41**
	3.27**
	3620.98**

	Error
 
 
	28
	0.00
	7.08
	21.07
	25.31
	4.96
	0.58
	1.35
	0.15
	1.44

	
	
	0.50
	6.95
	14.74
	20.92
	7.16
	0.27
	0.82
	0.08
	5.71

	
	
	0.75
	8.72
	12.64
	14.51
	4.40
	0.31
	1.52
	0.08
	3.66

	Total
 
 
	42

	0.00
	53.60
	83.89
	100.20
	34.70
	8.23
	13.46
	1.93
	116.38

	
	
	0.50
	87.48
	103.32
	81.19
	74.13
	14.72
	22.20
	2.45
	2401.88

	
	
	0.75
	183.08
	115.56
	100.59
	83.47
	14.54
	29.96
	3.37
	3635.04


*and ** significant at P< 0.05 and 0.01, respectively
Character details: C-1: Germination (%), C-2: Number of leaves at vegetative stage, C-3: Plant height (cm), C-4: Number of pods per plant, C-5: Pod length (cm), C-6: Number of seeds per pod, C-7: Seed yield per plant (g) and C-8: Sodium content(ppm)


      Table 4: Per se performance of the studied characters of fenugreek genotype under different salinity level.
	Genotypes

	Germination (%)
	Number of leaves at vegetative stage
	Plant height (cm)
	Number of pods per plant

	
	0
	0.5
	0.75
	0
	0.5
	0.75
	0
	0.5
	0.75
	0
	0.5
	0.75

	AFG-2
	94
	88
	82
	74.67
	70.67
	68.00
	69.89
	65.11
	63.74
	45.33
	42.67
	40.00

	Hisar Suvarna
	90
	79
	69
	75.67
	67.00
	64.67
	71.57
	60.89
	57.22
	42.33
	37.00
	34.00

	Pant Ragini
	89
	78
	66
	79.00
	68.00
	64.67
	73.26
	60.45
	56.76
	41.00
	35.00
	32.33

	CHF-1
	90
	79
	67
	84.00
	73.67
	71.00
	81.78
	68.32
	63.47
	41.33
	35.00
	33.00

	RMt-351
	94
	89
	84
	90.00
	86.00
	83.67
	75.60
	71.54
	69.58
	47.00
	45.33
	43.00

	CHF-2
	88
	77
	67
	78.00
	67.33
	62.33
	81.22
	66.37
	62.21
	40.67
	34.00
	31.33

	RMt-305
	92
	85
	78
	74.33
	68.33
	67.33
	81.44
	73.44
	71.11
	44.00
	40.00
	37.67

	AFG-4
	91
	81
	74
	82.33
	74.67
	71.33
	80.89
	70.89
	67.54
	43.00
	38.33
	35.67

	CHF-3
	87
	75
	63
	80.67
	69.33
	65.33
	78.00
	63.44
	59.11
	39.67
	32.67
	30.00

	AFG-3
	90
	80
	70
	79.00
	71.00
	68.00
	84.11
	72.01
	67.40
	42.33
	37.33
	34.67

	GM-2
	92
	84
	76
	73.00
	66.67
	64.67
	70.95
	63.56
	60.56
	43.67
	39.00
	37.00

	CO-2
	86
	75
	64
	79.67
	68.00
	62.67
	84.23
	68.19
	63.21
	38.00
	30.67
	27.67

	RMt-303
	93
	87
	80
	81.00
	75.33
	73.00
	80.49
	73.76
	72.22
	45.00
	41.00
	39.00

	CHF-4
	85
	73
	60
	84.33
	70.67
	62.67
	82.79
	66.78
	60.20
	36.00
	29.00
	26.00

	CHF-5
	90
	77
	65
	80.67
	69.33
	65.00
	78.66
	63.11
	56.11
	39.67
	31.67
	28.00

	Mean
	90
	81
	71
	79.69
	71.07
	67.62
	78.33
	67.19
	63.36
	41.93
	36.58
	33.96

	Range
	85-94
	73-89
	60-84
	73-90
	66.67-86.00
	62.33-83.67
	69.89-84.23
	60.45-73.76
	56.11-72.22
	36-47
	29.00-45.33
	26-43

	CD
	4.45
	4.41
	4.94
	7.68
	6.42
	5.95
	8.41
	7.65
	6.37
	3.73
	4.43
	3.51

	CV (%)
	2.95
	3.27
	4.17
	5.76
	5.40
	5.26
	6.42
	6.81
	6.01
	5.31
	7.23
	6.18


     
      



      













      Table 5: Per se performance of the studied characters of fenugreek genotype under different salinity level.
	Genotype

	Pod length (cm)
	Number of seeds per pod
	Seed yield per plant (g)
	Sodium content(ppm)

	
	0
	0.5
	0.75
	0
	0.5
	0.75
	0
	0.5
	0.75
	0
	0.5
	0.75

	AFG-2
	15.58
	14.87
	13.73
	18.33
	17.00
	16.00
	7.06
	6.47
	6.17
	50.62
	145.67
	185.64

	Hisar Suvarna
	14.17
	11.87
	11.07
	16.33
	13.00
	11.33
	5.94
	4.97
	4.63
	37.61
	94.63
	112.33

	Pant Ragini
	13.57
	11.00
	9.97
	15.67
	12.33
	10.67
	5.90
	4.88
	4.18
	36.82
	81.38
	107.33

	CHF-1
	13.97
	11.46
	10.54
	16.00
	12.67
	11.00
	5.94
	4.94
	4.32
	37.58
	92.29
	110.14

	RMt-351
	16.33
	15.70
	14.97
	18.67
	17.33
	16.67
	8.10
	7.70
	7.35
	52.96
	156.01
	197.43

	CHF-2
	12.63
	10.07
	9.13
	15.33
	12.00
	10.33
	5.88
	4.85
	4.10
	36.64
	80.82
	105.91

	RMt-305
	14.83
	13.43
	12.57
	17.67
	16.33
	14.67
	6.57
	5.92
	5.63
	46.61
	125.86
	168.51

	AFG-4
	14.43
	12.50
	11.77
	17.00
	15.67
	14.00
	6.31
	5.38
	5.12
	42.92
	114.19
	138.50

	CHF-3
	12.30
	9.67
	8.73
	15.33
	11.67
	10.00
	5.83
	4.85
	3.95
	35.49
	74.37
	102.50

	AFG-3
	14.33
	12.15
	11.52
	16.67
	14.67
	11.33
	6.24
	5.19
	4.88
	39.61
	100.25
	120.14

	GM-2
	14.60
	12.93
	12.23
	17.33
	16.00
	14.67
	6.49
	5.77
	5.28
	45.59
	122.19
	149.93

	CO-2
	11.63
	8.93
	8.13
	14.67
	11.00
	9.33
	5.54
	4.60
	3.85
	35.32
	73.38
	101.99

	RMt-303
	15.17
	14.03
	13.00
	18.00
	16.67
	15.33
	6.64
	6.13
	5.90
	49.61
	136.89
	181.30

	CHF-4
	11.57
	8.70
	7.93
	13.00
	9.67
	8.00
	5.50
	4.29
	3.68
	34.99
	72.05
	100.28

	CHF-5
	12.30
	9.67
	8.73
	13.67
	10.00
	8.33
	5.88
	4.78
	3.95
	38.32
	79.38
	108.61

	Mean
	13.83
	11.80
	10.93
	16.24
	14.00
	12.11
	6.26
	5.38
	4.87
	41.38
	103.29
	134.42

	Range
	11.57-16.33
	8.70-15.70
	7.93-14.97
	13-18.67
	9.67-17.33
	8.00-16.67
	5.50-8.10
	4.29-7.70
	3.68-7.35
	34.99-52.96
	72.05-156.01
	100.28-197.43

	CD
	1.28
	0.87
	0.93
	1.94
	1.52
	2.06
	0.65
	0.46
	0.47
	2.00
	4.0
	3.20

	CV (%)
	5.52
	4.41
	5.07
	7.15
	6.48
	10.19
	6.21
	5.11
	5.81
	2.90
	2.31
	1.42


     

















   Table 6: Decrease/increase percent of the studied characters of fenugreek genotype under different salinity level.
	Genotype
	Germination (%)
	Number of leaves at vegetative stage
	Plant height (cm)
	Number of pods per plant
	Pod length (cm)
	Number of seeds per pod
	Seed yield per plant (g)
	Sodium content(ppm)

	
	0.5
	0.75
	0.5
	0.75
	0.5
	0.75
	0.5
	0.75
	0.5
	0.75
	0.5
	0.75
	0.5
	0.75
	0.5
	0.75

	AFG-2
	6.82
	15.10
	5.66
	9.80
	7.34
	9.65
	6.25
	13.33
	4.80
	13.45
	7.84
	14.58
	9.11
	14.54
	187.76
	266.70

	Hisar Suvarna
	13.45
	31.07
	12.94
	17.01
	17.54
	25.07
	14.41
	24.51
	19.38
	28.01
	25.64
	44.12
	19.50
	28.27
	151.62
	198.69

	Pant Ragini
	14.59
	35.53
	16.18
	22.16
	21.18
	29.07
	17.14
	26.80
	23.33
	36.12
	27.03
	46.88
	20.82
	41.15
	121.00
	191.46

	CHF-1
	13.98
	33.17
	14.03
	18.31
	19.70
	28.86
	16.98
	25.25
	21.84
	32.51
	26.32
	45.45
	20.32
	37.61
	145.61
	193.10

	RMt-351
	5.60
	12.30
	4.65
	7.57
	5.68
	8.66
	3.68
	9.30
	4.03
	9.13
	7.69
	12.00
	5.19
	10.25
	194.59
	272.81

	CHF-2
	13.79
	32.00
	15.84
	25.13
	22.37
	30.56
	19.61
	29.79
	25.50
	38.32
	27.78
	48.39
	21.24
	43.30
	120.57
	189.02

	RMt-305
	8.63
	18.88
	8.78
	10.40
	10.89
	14.53
	10.00
	16.81
	10.42
	18.04
	8.16
	20.45
	10.92
	16.63
	170.05
	261.56

	AFG-4
	12.30
	23.42
	10.27
	15.42
	14.11
	19.77
	12.17
	20.56
	15.47
	22.66
	8.51
	21.43
	17.22
	23.26
	166.05
	222.69

	CHF-3
	15.56
	37.57
	16.35
	23.47
	22.95
	31.96
	21.43
	32.22
	27.24
	40.84
	31.43
	53.33
	20.27
	47.80
	109.55
	188.80

	AFG-3
	12.92
	29.67
	11.27
	16.18
	16.80
	24.79
	13.39
	22.12
	18.00
	24.46
	13.64
	47.06
	20.23
	27.78
	153.11
	203.32

	GM-2
	9.56
	21.15
	9.50
	12.89
	11.63
	17.16
	11.97
	18.02
	12.89
	19.35
	8.33
	18.18
	12.36
	22.78
	168.00
	228.85

	CO-2
	14.60
	35.60
	17.16
	27.13
	23.53
	33.25
	23.91
	37.35
	30.22
	43.03
	33.33
	57.14
	20.51
	43.98
	107.74
	188.72

	RMt-303
	7.69
	17.15
	7.52
	10.96
	9.12
	11.46
	9.76
	15.38
	8.08
	16.67
	8.00
	17.39
	8.32
	12.60
	175.91
	265.43

	CHF-4
	16.97
	40.88
	19.34
	34.57
	23.99
	37.54
	24.14
	38.46
	32.95
	45.80
	34.48
	62.50
	28.21
	49.46
	105.91
	186.59

	CHF-5
	16.88
	39.18
	16.35
	24.10
	24.65
	40.20
	25.26
	41.67
	27.24
	40.84
	36.67
	64.00
	22.93
	48.99
	107.13
	183.40




Table 7: Estimation of sensitivity rate of fifteen genotype by different salinity tolerance indices under normal (N) and salinity (S) conditions.
	Genotype
	Yp
	Ys
	SSI
	STI
	MP
	GMP
	YSI
	TOL
	YI
	HM
	SSPI

	AFG-2
	7.06
	6.17
	0.57
	1.11
	0.44
	0.93
	0.87
	0.90
	1.27
	6.58
	7.17

	Hisar Suvarna
	5.94
	4.63
	0.99
	0.70
	0.39
	0.88
	0.78
	1.31
	0.95
	5.21
	10.47

	Pant Ragini
	5.90
	4.18
	1.31
	0.63
	0.35
	0.84
	0.71
	1.72
	0.86
	4.89
	13.75

	CHF-1
	5.94
	4.32
	1.23
	0.66
	0.36
	0.85
	0.73
	1.62
	0.89
	5.00
	12.98

	RMt-351
	8.10
	7.35
	0.42
	1.52
	0.45
	0.95
	0.91
	0.75
	1.51
	7.70
	6.02

	CHF-2
	5.88
	4.10
	1.36
	0.62
	0.35
	0.84
	0.70
	1.78
	0.84
	4.83
	14.20

	RMt-305
	6.57
	5.63
	0.64
	0.95
	0.43
	0.93
	0.86
	0.94
	1.16
	6.07
	7.49

	AFG-4
	6.31
	5.12
	0.85
	0.82
	0.41
	0.90
	0.81
	1.19
	1.05
	5.65
	9.51

	CHF-3
	5.83
	3.95
	1.46
	0.59
	0.34
	0.82
	0.68
	1.89
	0.81
	4.71
	15.08

	AFG-3
	6.24
	4.88
	0.98
	0.78
	0.39
	0.88
	0.78
	1.36
	1.00
	5.48
	10.84

	GM-2
	6.49
	5.28
	0.84
	0.88
	0.41
	0.90
	0.81
	1.20
	1.09
	5.82
	9.62

	CO-2
	5.54
	3.85
	1.38
	0.55
	0.35
	0.83
	0.69
	1.69
	0.79
	4.54
	13.54

	RMt-303
	6.64
	5.90
	0.50
	1.00
	0.44
	0.94
	0.89
	0.74
	1.21
	6.25
	5.94

	CHF-4
	5.50
	3.68
	1.49
	0.52
	0.33
	0.82
	0.67
	1.82
	0.76
	4.41
	14.55

	CHF-5
	5.88
	3.95
	1.48
	0.59
	0.34
	0.82
	0.67
	1.93
	0.81
	4.72
	15.45

	Mean
	6.26
	4.87
	1.03
	0.79
	0.39
	0.88
	0.77
	1.39
	1.00
	5.46
	11.11


Character details: Yp: Seed yield per plant (g) under normal condition, Ys: Seed yield per plant (g) under saline condition, SSI: Stress susceptibility index, STI: Stress tolerance index, MP: Mean productivity, GMP: Geometric mean productivity, YSI: Yield stability index, TOL: Tolerance, YI: Yield index, HM: Harmonic mean and SSPI: Stress Susceptivity percentage.
Table 8: Rank of salinity tolerance indices of fifteen genotype under studied.
	Genotype
	Yp
	Ys
	SSI
	STI
	MP
	GMP
	YSI
	TOL
	YI
	HM
	SSPI
	Total

	AFG-2
	14
	14
	13
	14
	13
	13
	13
	13
	14
	14
	13
	148

	Hisar Suvarna
	8
	8
	8
	8
	8
	8
	8
	9
	8
	8
	9
	90

	Pant Ragini
	6
	6
	6
	6
	6
	6
	6
	5
	6
	6
	5
	64

	CHF-1
	7
	7
	7
	7
	7
	7
	7
	7
	7
	7
	7
	77

	RMt-351
	15
	15
	15
	15
	15
	15
	15
	14
	15
	15
	14
	163

	CHF-2
	4
	5
	5
	5
	5
	5
	5
	4
	5
	5
	4
	52

	RMt-305
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12
	132

	AFG-4
	10
	10
	10
	10
	10
	10
	10
	11
	10
	10
	11
	112

	CHF-3
	3
	3
	3
	3
	3
	3
	3
	2
	3
	3
	2
	31

	AFG-3
	9
	9
	9
	9
	9
	9
	9
	8
	9
	9
	8
	97

	GM-2
	11
	11
	11
	11
	11
	11
	11
	10
	11
	11
	10
	119

	CO-2
	2
	2
	4
	2
	4
	4
	4
	6
	2
	2
	6
	38

	RMt-303
	13
	13
	14
	13
	14
	14
	14
	15
	13
	13
	15
	151

	CHF-4
	1
	1
	1
	1
	1
	1
	1
	3
	1
	1
	3
	15

	CHF-5
	4
	3
	2
	4
	2
	2
	2
	1
	3
	4
	1
	28


Character details: Yp: Seed yield per plant (g) under normal condition, Ys: Seed yield per plant (g) under saline condition, SSI: Stress susceptibility index, STI: Stress tolerance index, MP: Mean   productivity, GMP: Geometric mean productivity, YSI: Yield stability index, TOL: Tolerance, YI: Yield index, HM: Harmonic mean and SSPI: Stress Susceptivity percentage.

Table 9: Principal component analysis showing the contribution of salinity tolerance indices to the total variation among the fenugreek genotypes.
	Communality
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8

	Seed yield per plant (g) under normal condition
	-0.289
	0.516
	-0.214
	0.062
	0.089
	-0.165
	0.043
	0.461

	Seed yield per plant (g) under saline condition
	-0.305
	0.202
	0.049
	-0.04
	0.095
	-0.092
	0.19
	0.45

	Stress susceptibility index
	0.304
	0.23
	0.145
	-0.143
	-0.403
	0.318
	0.587
	0.202

	Stress tolerance index
	-0.297
	0.397
	0.353
	-0.103
	-0.325
	0.501
	-0.295
	-0.262

	Mean productivity
	-0.303
	-0.238
	-0.563
	-0.69
	-0.097
	0.208
	0.066
	-0.036

	Geometric mean productivity
	-0.304
	-0.246
	-0.264
	0.489
	-0.718
	-0.131
	-0.021
	0.051

	Yield stability index
	-0.305
	-0.215
	-0.096
	0.446
	0.416
	0.608
	0.319
	-0.032

	Tolerance
	0.301
	0.317
	-0.459
	0.167
	0.005
	0.127
	-0.021
	-0.128

	Yield index
	-0.305
	0.202
	0.059
	-0.021
	0.033
	-0.401
	0.556
	-0.621

	Harmonic mean
	-0.303
	0.276
	-0.071
	0.023
	0.119
	-0.008
	-0.338
	-0.138

	Stress Susceptivity percentage
	0.301
	0.318
	-0.438
	0.147
	0.017
	0.071
	-0.035
	-0.222

	Eigen value
	10.515
	0.463
	0.015
	0.005
	0.002
	0
	0
	0

	Percentage of Variance
	95.592
	4.205
	0.141
	0.041
	0.015
	0.003
	0.001
	0.001

	Cumulative percentage of variance
	95.592
	99.798
	99.938
	99.979
	99.995
	99.998
	99.999
	100


  Character details: Yp: Seed yield per plant (g) under normal condition, Ys: Seed yield per plant (g) under saline condition, SSI: Stress susceptibility index, STI: Stress tolerance index, MP: Mean       productivity, GMP: Geometric mean productivity, YSI: Yield stability index, TOL: Tolerance, YI: Yield index, HM: Harmonic mean and SSPI: Stress Susceptivity percentage.
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	Fig 1 Distribution of cultivar across PC1, PC 2
	Fig 2. Biplot graph of the first two principal component axes for nine salt tolerance indices and seed yield.
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