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			Abstract | Salinity is a major issue for tinda gourd (Citrullus vulgaris L.) production throughout the world. In a pot experiment, five selected tinda gourd genotypes i.e., Green ball, Dilpasand, Durga, Round gold, and Indian desi were sown. One month after emergence, the growing medium was supplied with the lowest NaCl level 2, two medium levels 4, 6, and the highest salinity level was 8 dS m-1 and was compared with the control (1.5 dS m-1 considered as normal). The Hoagland solution was applied every week as a nutrient solution. High sodium contents lead to sodicity. Finally, selected genotypes displayed significantly dissimilar responses toward the concentration of sodium ions according to their genetic potential. Various agronomic traits and physiological traits along with seedlings’ ionic content of sodium, phosphorous, potassium, and sodium in leaves revealed that ‘Round ball’ has better NaCl tolerance ability compared with other genotypes used in this study. The highest ionic sodium concentration (10.34 µg g-1 DW) was found in Green ball, whereas Round gold (8.92 µg g-1 DW) showed the minimum. NaCl-induced salinity leads to chlorophyll damage in Round gold (58.44 SPAD index) and ‘Green ball’ (50.55 SPAD index) accordingly. On an overall basis, ‘Round gold’ (12.1 µg g-1) had maximum followed by Indian desi (11.7 µg g-1) at the highest level of salinity (8 dS/m-1) with respect to control (6.9 µg g-1). It was revealed that the lowest ionic sodium concentration was observed in the Green ball (6.3 µg g-1). Considering the result of this study, the Round gold tinda gourd genotype may be used for cultivation in salt-affected soils. 
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			1. Introduction

			Tinda gourd (Citrullus vulgaris) is a nutritious vegetable that belongs to the family Cucurbitaceae. In Pakistan, total land covered by tinda gourd is 10,588 ha with an annual production of 101,734 tons. Punjab is the leading province for its cultivation (6,170 hectares) and production (61,929 tons), followed by Sindh (2,221 hectares, 13,990 tons), KPK (1,299 ha, 19,928 tons), and Baluchistan (898 ha, 5,887 tons) (GOP, 2019). 

			It has been reported that about 6% of agricultural land is under salinity stress by different chemicals in the world (Parihar et al., 2015). Overall, 900 MH of land is affected in the world is under cultivation for agronomic and horticultural crops, including vegetables (Velmurugan et al., 2020). For sustainable agriculture development to secure the globe from salinity, defensive mechanisms are vital to protect plants against reactive oxygen species and cellular damage (Arif et al., 2020). 

			Salt stress damages plant organs by producing reactive oxygen species that affect plant growth and development and water potential (Kamran et al., 2020; Ferreira et al., 2022). The major abiotic factor restricts crop growth and development and reduces crop yield (Roy et al., 2014). H+-ATPase factors are necessary to produce energy to cope with the upcoming, and entrance of NaCl in the tonoplast (Munns et al., 2020). The most recent developments in nanotechnologies are used nowadays to deal with salinity (Fu et al., 2023).

			Various soil chemical characteristics, soil particle disintegration, soil moisture, removal of organic matter, acidity, hardpan, immobilization of soil nutrients to plants, and addition of calcium and magnesium salts reduce crop growth and production (Jung et al., 2011). Sodium and chloride particles cause salt stress. Soils having unnecessary sodium substances have a sodicity issue and are known as sodic soils, and soils with exorbitant solvent salts have a saltiness issue and are called saline soils. Saltiness is an overall rural issue; as half of the flooded grounds and 20% of developed regions are saline (Edelstein et al., 2011). Further, this fact was supported by Moldakimova et al. (2012) who depicted that between 2001 and 2011 saline areas became two times gradually. Various techniques such as biological, chemical, and physiological have been adopted to cope with salinity (Yang et al., 2013). In addition to these, grafting is also a suitable technique to cope with salinity stress (Elsheery et al., 2020; Singh et al., 2020). 

			The Cucrbitaceae family contains a morphologically diverse group of plants that have META genes for salinity, heavy metals, and drug-tolerant plants (Shah et al., 2022). Among these family members’ pumpkin and squashes have ability to save salts in stems could work as rootstocks in saline soils. Plant development and growth are greatly influenced by a variety of soil elements, including the physical and chemical properties of the soil (Munns and Tester, 2008). The total area under salinity in Pakistan is about 6.3 million hectares which were forecasted to increase by up to 14% and 64% yield losses were expected (Afzal et al., 2005).

			Salinity is a major abiotic factor for vegetable production (Toscano et al., 2023). Salt stress hinders the uptake of essential ions (K+, Ca+2, and Mn+2) and causes imbalance (Hasegawa et al., 2000). There is a need to check the response of plants under salt stress conditions (İbrahimova et al., 2021). The plant has adopted interaction strategies that influence plants grown under salt stress to modify them biologically (Acosta-Motos et al., 2017). Keeping in view the above-mentioned review, the study aimed to evaluate the genetic potential of genotypes of tinda gourd against salt stress. 

			2. Materials and Methods

			At the research area of Horticultural, University of Agriculture, Faisalabad (31°30’N, 73°10’E), experimental plastic pots were kept underneath the greenhouse. The Green ball, Dilpasand, Durga, round Gold, and Indian desi genotypes genetic material was acquired from a reputable breeding research facility in Faisalabad, Pakistan. Data were compared with the control (EC of the growth medium was kept at 1.5 dS m-1) after seedlings were treated with 2, 4, 6, and 8 dS m-1 of sodium chloride. These levels were induced by adding sodium chloride in the growing medium and were maintained by daily confirming with an EC meter (DEC-2-4340). EC was induced by following a formula.
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			Where EC is electrical conductivity, TSS is total soluble salts, 35.5% is the saturation percentage of salts in the sand, and 58.5 is the molar mass of sodium chloride. 7 is the weight (kg) of sand in one pot.

			In each pot (plastic pot with 25 cm x 10 cm dimension) four seedlings were maintained in the sand as a growing medium. NaCl concentrations were applied and EC was established after thirty days of seed sowing and was replicated thrice. The salinity was produced gradually so that it may not injure the plants. We measured morphological characteristics such length of seedlings, root length, the total length of the seedlings, total seedlings’ fresh biomass (SFB), and total seedling s’ dry biomass (SDB). Similar to this, SPAD measuring device (CCM-200plus Bio- Scientific USA). SPAD values were used to directly evaluate physiological traits including chlorophyll concentration. Additionally, the ionic contents of nitrogen, phosphorous, potassium, calcium, and sodium were determined. 

			2.1 Chemical analysis

			The most influential ionic content in seedlings i.e., nitrogen, phosphorus, potassium, sodium, and calcium concentrations were determined using the Kjeldahl and wet digestion procedures, as per Kjeldahl’s (1883). Furthermore, N+, P, K+, Na+, and Ca2+ ions were measured by Flame Photometer (Sherwood Flame Photometer Model-410), and actual values of nutrients were calculated from the standard curve.

			 

			2.2 Hoagland solution 

			Hoagland solution (Table 1) was prepared by adding various chemicals already present in the stake solutions according to Hoagland and Arnon (1950) and to avoid its negative influence its pH value was kept between 6 and 6.5 by measuring with a pH meter (Model Genway, 3510 USA).

			Table 1: Macro and micronutrients composition of Hoagland solution applied during the experiment.

			
				
					
					
					
					
				
				
					
							
							Reagent

						
							
							Stock (g/L)

						
							
							ml of stock soln. for 10L ½ conc.

						
							
							ml of stock soln. for 200L ½ conc.

						
					

					
							
							Macro nutrients

						
					

					
							
							KH2PO4

						
							
							136

						
							
							5

						
							
							100

						
					

					
							
							KNO3

						
							
							101

						
							
							25

						
							
							500

						
					

					
							
							Ca(NO3)2.4H2O

						
							
							236

						
							
							25

						
							
							500

						
					

					
							
							MgSO4.7H2O

						
							
							246

						
							
							10

						
							
							200

						
					

					
							
							Micro nutrients

						
					

					
							
							H3BO3

						
							
							2.86

						
							
							5

						
							
							100

						
					

					
							
							MnCl2.4H2O

						
							
							1.81

						
							
							5

						
							
							100

						
					

					
							
							ZnSO4.7H2O

						
							
							0.22

						
							
							5

						
							
							100

						
					

					
							
							CuSO4.5H2O

						
							
							0.08

						
							
							5

						
							
							100

						
					

					
							
							H2MoO4.H2O

						
							
							0.02

						
							
							5

						
							
							100

						
					

					
							
							Fe-EDTA

						
							
							37.33

						
							
							5

						
							
							100

						
					

				
			

			2.3 Statistical analysis

			The research plan was executed according to Complete Randomized Design (CRD) with 2-factor factorial studies with three replications. Statistical significance among the treatment means was evaluated by ANOVA (LSD) techniques at P ≤ 0.05. 

			2.4 Morphological attributes

			The plants that were grown under control conditions got maximum seedling height (SH) (3.12 cm), followed by the plants grown at 2 dS m-1 (2.82 cm), 4 dS m-1 (2.47 cm), and 6 dS m-1 (2.17 cm), while minimum plant height was observed at 8 dS m-1 (1.90 cm). It was observed that the ‘Round gold’ genotype exhibited the longest SH (3.18 cm), followed by ‘Dilpasand’ (2.56 cm), ‘Indian desi’ (2.51 cm), ‘Durga’ (2.29 cm), and its maximum value of SH was seen in plants of ‘Green ball’ (2.90 cm). Combined data analysis of EC levels in the growing medium and genotypes was also significant. On an overall basis, the longest SH was observed at the control and 4 dS m-1 (3.54 cm) in ‘Round gold’, and the least SH in ‘Green ball’ (1.71 cm) at 8 dS m-1, respectively regarding sodium chloride-induced salinity (Figure 1).
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			Figure 1: Effect of various levels of salt stress on shoot length (cm) of selected tinda gourd cultivars.

			Control (no salt application) revealed a significantly higher root length (RL) (5.77 cm), while the minimum RL was found at the highest salt level 8 dS m-1 (3.93 cm). Whereas, 2 dS m-1 (5.28 cm), 4 dS m-1 (4.59 cm), 6 dS m-1 (4.16 cm) decreased RL with increasing concentration, respectively. The genotype ‘Round gold’ exhibited the longest RL (5.58 cm), followed by ‘Indian desi’ (5.38 cm), ‘Durga’ (4.69 cm), ‘Dilpasand’ (4.69 cm), and the shortest RL was observed for ‘Green ball’ (3.44 cm). Combined data analysis of EC levels in the growing medium and genotypes was also significant. On an overall basis, the longest RL was observed at control (8.33 cm), followed by 2 dS m-1 (6.47 cm), 4 dS m-1 (5.33 cm), 6 dS m-1 (4.50 cm), and 8 dS m-1 (4.63 cm), respectively. The least value of RL was observed in ‘Green ball’ at 8 dS m-1 (2.74 cm), while ‘Round gold’ showed a significantly higher value at control (8.33 cm) regarding NaCl-induced salinity (Figure 2). 
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			Figure 2: Effect of various levels of salt stress on root length (cm) of selected tinda gourd cultivars.

			Plant fresh biomass was influenced by salt stress. The maximum seedling fresh biomass (SFB) was observed under control conditions (1.37 g) and the minimum SFB at 2 dS m-1 (1.21 g), followed by 4, 6, and 8 dS m-1, respectively. ‘Round gold’ genotype showed greater seedling fresh biomass (1.42 g) as compared to other genotypes. ‘Round gold’ showed the maximum SFB at the highest salinity application. Combined data analysis of EC levels in the growing medium and genotypes was also significant (Figure 3). 
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			Figure 3: Effect of various levels of salt stress on total plant length (cm) of selected tinda gourd cultivars.

			The minimum value of seedling dry mass (SDB) ‘Green ball’ (0.33 g), followed by ‘Indian desi’ (0.47 g) and ‘Durga’ (0.47 g), respectively. The maximum SDB was found in control (0.67 g) and minimum SDB at 8 dS m-1 (0.34 g), respectively. Thus, the influence of the highest salinity level 8 dS m-1 was more prominent. Combined data analysis of EC levels in the growing medium and genotypes was also significant. The maximum SDB (0.83 g) was observed in ‘Round gold’ at 2 dS m-1 NaCl. ‘Indian desi’ genotype at the highest salinity level 8 dS m-1 (0.34 g). ‘Round gold’ was highly influenced by all treatments than other genotypes (Figure 4). 
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			Figure 4: Effect of various levels of salt stress on plant fresh biomass (g) of selected tinda gourd cultivars.

			2.5 Physiological attributes

			The highest chlorophyll contents index (CCI) was found at the control (61.56 SPAD index) and the lowest at 8 dS m-1 (46.43 SPAD index). ‘Round gold’ showed the highest CCI (58.44 SPAD index) under salinity stress, after that ‘Durga’, ‘Dilpasand’, and ‘Indian desi’ (53.38 SPAD index), respectively. Whereas, the minimum CCI were exhibited by ‘Green ball’ (50.55 SPAD index). Combined data analysis of EC levels in the growing medium and genotypes was also significant. The maximum CCI were observed at control (without salt application), and the minimum at the highest level of sodium chloride application in the growing medium, while it was recorded that the minimum SPAD value was observed in ‘Green ball’ (46.43 SPAD index). At all salinity levels, all CCI were reduced in all genotypes but the maximum reduction of CCI was observed in ‘Green ball’ at 8 dS m-1 (46.43 SPAD index) (Table 1). 

			2.6 Ionic attributes

			A significant difference was observed among the means of genotypes regarding NaCl-induced salinity. ‘Round gold’ (0.50 mg g-1) revealed the highest, whereas, ‘Green ball’ (0.43 mg g-1) least.  

			Table 2: Effect of various levels of salt stress on chlorophyll contents (SPAD index) of selected tinda gourd cultivars.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							Green ball

						
							
							Dilpasand

						
							
							Durga

						
							
							Round gold

						
							
							Indian desi

						
							
							Mean

						
					

					
							
							Control

						
							
							53.34±2.0

						
							
							59.88±2.1

						
							
							58.87±2.1

						
							
							61.57±2.7

						
							
							57.66±2.2

						
							
							58.26 a

						
					

					
							
							2 dS m-1 NaCl

						
							
							52.22±2.3

						
							
							55.28±2.4

						
							
							56.88±2.1

						
							
							60.55±2.1

						
							
							55.56±2.1

						
							
							56.09 b

						
					

					
							
							4 dS m-1 NaCl

						
							
							50.32±2.1

						
							
							53.33±2.4

						
							
							55.14±2.1

						
							
							58.68±1.9

						
							
							53.35±2.1

						
							
							54.16 b

						
					

					
							
							6 dS m-1 NaCl

						
							
							48.44±2.1

						
							
							52.23±2.3

						
							
							54.67±2.5

						
							
							56.77±1.8

						
							
							51.02±2.9

						
							
							52.63 bc

						
					

					
							
							8 dS m-1 NaCl

						
							
							46.43±2.2

						
							
							51.33±2.0

						
							
							50.34±2.7

						
							
							54.66±2.1

						
							
							49.35±2.4

						
							
							50.81 c

						
					

					
							
							Mean

						
							
							50.55 c

						
							
							54.41 b

						
							
							55.18 b

						
							
							58.44 a

						
							
							53.39 bc

						
							
					

				
			

			In a row or column, same lettering depicts non-significant difference, while different lettering depicts significant difference (Tukey HSD Test at 0.05)

			Table 3: Effect of various levels of salt stress on nitrogen contents of selected tinda gourd cultivars.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							Green ball

						
							
							Dilpasand

						
							
							Durga

						
							
							Round gold

						
							
							Indian desi

						
							
							Mean

						
					

					
							
							Control

						
							
							0.45±0.02

						
							
							0.50±0.01

						
							
							0.50±0.01

						
							
							0.50±0.01

						
							
							0.45±0.02

						
							
							0.48 a

						
					

					
							
							2 dS m-1 NaCl

						
							
							0.45±0.01

						
							
							0.40±0.01

						
							
							0.45±0.02

						
							
							0.50±0.02

						
							
							0.45±0.01

						
							
							0.45 ab

						
					

					
							
							4 dS m-1 NaCl

						
							
							0.45±0.02

						
							
							0.45±0.04

						
							
							0.45±0.03

						
							
							0.50±0.01

						
							
							0.40±0.01

						
							
							0.45 ab

						
					

					
							
							6 dS m-1 NaCl

						
							
							0.40±0.01

						
							
							0.45±0.02

						
							
							0.45±0.03

						
							
							0.45±0.02

						
							
							0.40±0.05

						
							
							0.43 b

						
					

					
							
							8 dS m-1 NaCl

						
							
							0.40±0.03

						
							
							0.40±0.02

						
							
							0.40±0.03

						
							
							0.40±0.02

						
							
							0.40±0.03

						
							
							0.400 c

						
					

					
							
							Mean

						
							
							0.43

						
							
							0.44 ab

						
							
							0.4500 b

						
							
							0.47a

						
							
							0.42 ab

						
							
					

				
			

			In a row or column, same lettering depicts non-significant difference, while different lettering depicts significant difference (Tukey HSD Test at 0.05).

			Combined data analysis of EC levels in the growing medium and genotypes was also significant. NaCl-induced salt stress negatively influenced the nitrogen concentration so the lowest nitrogen contents were noted in the ‘Green ball’ (0.43 mg g-1) at 8 dS/m-1. The highest concentration of nitrogen was verified in the ‘Round gold’ genotype (0.50 mg g-1) at control regarding NaCl-induced salinity (Table 2).

			Round gold exhibited the maximum phosphorous concentration in plants, while the lowest concentration was found in ‘Green ball’ under NaCl-induced salt stress. The highest value of phosphorous was noted at 6 dS/m-1 (0.952 mg g-1), while the lowest value was observed at 8 dS/m-1 (0.590 mg g1). Combined data analysis of EC levels in the growing medium and genotypes was also significant. The lowest phosphorous concentration was noted in the ‘Green ball’ (0.041 mg g-1) at 8 dS/m-1. The highest concentration of phosphorous was present in ‘Round gold’. (1.01 mg g-1) at control comparing NaCl-induced salinity (Table 3).

			Under NaCl-induced salinity the maximum potassium concentration in plants was seen in ‘Round gold’ (24.1 mg g-1), and lowest in ‘Green ball’ (10.2 mg g-1), however, potassium concentration in ‘Indian desi’ and ‘Dilpasand’ was observed as non-significant. Combined data analysis of EC levels in the growing medium (owing to the different levels of uptake in genotypes) and genotypes was also significant. The highest potassium concentration in the ‘Round gold’ genotype (16.2 mg g-1) was maximum at control regarding NaCl-induced salt stress (Table 4). 

			The ionic concentration of calcium in plants declines with an increase under NaCl-induced salinity. The maximum decline in Ca+ concentration was seen in ‘Green ball’ (0.037 m eqv L-1) at 8 dS/m-1 as compared to its respective control (0.09 m eqv L-1) and as compared with other genotypes. Combined data analysis of EC levels in the growing medium and genotypes was also significant (Table 5). 

			It was depicted that sodium ion concentrations were maximum at the highest level of salinity (8 dS/m-1) and decreased with a decrease in the level of sodium ion concentration i.e., 6 dS/m-1 (11 µg g-1), 4 dS/m-1 (10.08 µg g-1), 2 dS/m-1 (9.54 µg g-1), and control (6.66 µg g-1). Regarding genotypes, its concentration was highest in ‘Round gold’ (10.34 µg g-1). Combined data analysis of EC levels in the growing medium and genotypes was also significant. On an overall basis, ‘Round gold’ (12.1 µg g-1) got maximum followed by ‘Indian desi’ (11.7 µg g-1) at the highest level of salinity (8 dS/m-1) with respect to control (6.9 µg g-1). It was revealed that the lowest ionic sodium concentration was observed in the ‘Green ball’ (6.3 µg g-1) at the same salinity level as compared to other genotypes under NaCl-induced salinity (Table 6).

			Table 4: Effect of various levels of salt stress on phosphorous contents of selected tinda gourd cultivars. 

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							Green ball

						
							
							Dilpasand

						
							
							Durga

						
							
							Round gold

						
							
							Indian desi

						
							
							Mean

						
					

					
							
							Control

						
							
							0.089±0.004

						
							
							0.096±0.002

						
							
							0.094±0.007

						
							
							0.101±0.002

						
							
							0.096±0.002

						
							
							0.095 a

						
					

					
							
							2 dS m-1 NaCl

						
							
							0.072±0.002

						
							
							0.079±0.004

						
							
							0.081±0.002

						
							
							0.099±0.005

						
							
							0.087±0.004

						
							
							0.083 ab

						
					

					
							
							4 dS m-1 NaCl

						
							
							0.640±0.003

						
							
							0.067±0.005

						
							
							0.076±0.002

						
							
							0.090±0.003

						
							
							0.078±0.001

						
							
							0.075 b

						
					

					
							
							6 dS m-1 NaCl

						
							
							0.059±0.003

						
							
							0.064±0.005

						
							
							0.071±0.002

						
							
							0.081±0.004

						
							
							0.065±0.005

						
							
							0.068 bc

						
					

					
							
							8 dS m-1 NaCl

						
							
							0.041±0.005

						
							
							0.058±0.004

						
							
							0.066±0.004

						
							
							0.074±0.002

						
							
							0.056±0.003

						
							
							0.059 c

						
					

					
							
							Mean

						
							
							0.065 c

						
							
							0.0782 b

						
							
							0.0776 b

						
							
							0.089 a

						
							
							0.076 b

						
							
					

				
			

			In a row or column, same lettering depicts non-significant difference, while different lettering depicts significant difference (Tukey HSD Test at 0.05).

			Table 5: Effect of various levels of salt stress on potassium contents of selected tinda gourd cultivars.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							Green ball

						
							
							Dilpasand

						
							
							Durga

						
							
							Round gold

						
							
							Indian desi

						
							
							Mean

						
					

					
							
							Control

						
							
							18.2±0.91

						
							
							21.9±0.89

						
							
							21.4±0.91

						
							
							24.1±0.92

						
							
							22.7±0.84

						
							
							21.66 a

						
					

					
							
							2 dS m-1 NaCl

						
							
							17.7±0.72

						
							
							19.7±0.99

						
							
							19.1±0.94

						
							
							22.6±0.93

						
							
							20.7±0.90

						
							
							19.96 b

						
					

					
							
							4 dS m-1 NaCl

						
							
							16.6±0.94

						
							
							17.9±0.97

						
							
							18.8±0.88

						
							
							20.0±0.72

						
							
							19.3±0.96

						
							
							18.52 b

						
					

					
							
							6 dS m-1 NaCl

						
							
							13.7±0.67

						
							
							17.1±0.78

						
							
							15.1±0.87

						
							
							18.3±0.59

						
							
							18.8±0.92

						
							
							16.6 bc

						
					

					
							
							8 dS m-1 NaCl

						
							
							10.2±0.98

						
							
							16.1±0.93

						
							
							14.1±0.99

						
							
							16.2±0.59

						
							
							14.3±0.58

						
							
							14.18 c

						
					

					
							
							Mean

						
							
							15.28 c

						
							
							18.54 bc

						
							
							17.7 bc

						
							
							20.24 a

						
							
							19.16 b

						
							
					

				
			

			In a row or column, same lettering depicts non-significant difference, while different lettering depicts significant difference (Tukey HSD Test at 0.05).

			Table 6: Effect of various levels of salt stress on calcium contents of selected tinda gourd cultivars.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							Green ball

						
							
							Dilpasand

						
							
							Durga

						
							
							Round gold

						
							
							Indian desi

						
							
							Mean

						
					

					
							
							Control

						
							
							0.080±0.004

						
							
							0.090±0.002

						
							
							0.100±0.002

						
							
							0.098±0.001

						
							
							0.088±0.003

						
							
							0.091 a

						
					

					
							
							2 dS m-1 NaCl

						
							
							0.059±0.002

						
							
							0.066±0.002

						
							
							0.090±0.003

						
							
							0.086±0.002

						
							
							0.062±0.005

						
							
							0.07 ab

						
					

					
							
							4 dS m-1 NaCl

						
							
							0.049±0.001

						
							
							0.059±0.005

						
							
							0.077±0.004

						
							
							0.083±0.003

						
							
							0.058±0.003

						
							
							0.065 b

						
					

					
							
							6 dS m-1 NaCl

						
							
							0.040±0.005

						
							
							0.050±0.008

						
							
							0.056±0.006

						
							
							0.078±0.002

						
							
							0.050±0.001

						
							
							0.054 bc

						
					

					
							
							8 dS m-1 NaCl

						
							
							0.036±0.003

						
							
							0.037±0.003

						
							
							0.047±0.003

						
							
							0.067±0.005

						
							
							0.049±0.002

						
							
							0.047 c

						
					

					
							
							Mean

						
							
							0.053 c

						
							
							0.060 b

						
							
							0.074 ab

						
							
							0.082 a

						
							
							0.061 b

						
							
					

				
			

			In a row or column, same lettering depicts non-significant difference, while different lettering depicts significant difference (Tukey HSD Test at 0.05).

			Table 7: Effect of various levels of salt stress on sodium contents (µg g-1) of selected tinda gourd cultivars.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							Green ball

						
							
							Dilpasand

						
							
							Durga

						
							
							Round gold

						
							
							Indian desi

						
							
							Mean

						
					

					
							
							Control

						
							
							6.9±0.41

						
							
							6.7±0.54

						
							
							6.6±0.67

						
							
							6.3±0.45

						
							
							6.8±0.47

						
							
							6.66 e

						
					

					
							
							2 dS m-1

						
							
							10.2±0.51

						
							
							9.2±0.76

						
							
							9.6±0.68

						
							
							9.2±0.56

						
							
							9.5±0.51

						
							
							9.54 d

						
					

					
							
							4 dS m-1

						
							
							10.6±0.55

						
							
							9.8±0.59

						
							
							10.4±0.59

						
							
							9.4±0.45

						
							
							10.2±0.53

						
							
							10.08 c

						
					

					
							
							6 dS m-1

						
							
							11.9±0.29

						
							
							11.7±0.59

						
							
							11.4±0.58

						
							
							9.6±0.34

						
							
							10.4±0.40

						
							
							11.0 b

						
					

					
							
							8 dS m-1

						
							
							12.1±0.36

						
							
							11.7±0.66

						
							
							11.8±0.72

						
							
							10.1±0.50

						
							
							11.8±0.43

						
							
							11.5 a

						
					

					
							
							Mean

						
							
							10.34 a

						
							
							9.82 b

						
							
							9.96 b

						
							
							8.92 c

						
							
							9.74 b

						
							
					

				
			

			In a row or column, same lettering depicts non-significant difference, while different lettering depicts significant difference (Tukey HSD Test at 0.05).
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			Figure 5: Effect of various levels of salt stress on plant dry biomass (g) of selected tinda gourd cultivars.

			3. Results and Discussion

			Genetic diversity exploration is a dynamic tool for the tolerance of salts in the soil, and plant adopts various strategies to cope with this (Shahbaz et al., 2012). The main threat of sodium chloride is sodium ions which affect the growth and productivity of Cucurbitaceae vegetables because of loss of water balance (Ghani et al., 2018). In the present research, different genotypes of tinda gourd responded differently to various salt levels applied under consideration due to different genetic behavior. HKT, a Na+/K+ symporter that controls the movement of Na+ and K+ through the membrane of plant cells, may be adopted by genotypes that are tolerant to it. The HKT transporter in rice eliminates excess Na+ from the xylem in heat-tolerant genotypes, shielding the photosynthetic leaf tissues from Na+ harmful effects (Schroeder et al., 2013). Outcomes of peas under saline conditions by Ahmad and Riffat (2005) support current results as high sodium chloride concentrations reduced fresh and dry mass of leaves and roots which might be due to hindrance of K+ uptake. Similarly, plant height and root length were affected by salinity (Qu et al., 2012). 

			Tolerant genotypes have more salinity tolerance linked gene networks (Soda et al., 2013). Salinity is becoming most dangerous for plant growth and development (Kumar, 2020). Similar results were observed in the Basil plant under salinity with the lessening of chlorophyll content along with a decrease in root growth and development (Heidari, 2012). It was also revealed previously that chlorophyll content (both a and b) is destroyed with the enhancement of salt stress in the cucumber plant (Shu et al., 2012). Tolerant genotypes keep their chlorophyll a/b ratio under salt-stress conditions (Senguttuvel et al., 2014). When under salt stress, mitogen-activated protein kinase (MAPK) is stimulated, which results in the generation of reactive oxygen species (ROS) (Jammes et al., 2009). 

			With the enhancement in the salt stress situation, a significant difference was explored in heat-sensitive and heat-tolerant genotypes as described by Maiti et al. (2010). This might be due to fact of reduction of plant height with the enhancement of toxic salts due to shrinkage of cell walls. Abid et al. (2002) supported this statement by observing the reduction of plant height in okra genotypes against salinity stress. Current research also strengthens the finding of Maiti et al. (2008), who reported that vegetables are affected by salt stress. 

			These findings of chlorophyll contents are in association with the literature of Heidari et al. (2004) who stated that NaCl has adverse effects on photosynthesis, chlorophyll, fluorescence, and their components. Plant growth of tinda gourd ceased due to the non-availability of carbohydrates as photosynthesis is affected because K+ is impaired and replaced by toxic nutrients as the opening and closing of stomata are affected. Every species of plant has a different mechanism of salt tolerance owing to K+ uptake (Pakniyat and Armion, 2007). Negrão et al. (2017) justify these ionic and physiologically negative responses. 

			A few plants can tolerate salt stress due to the selective nature of plasma membranes to uptake potassium ions. Ultimately uptake of potassium and phosphorous was higher in salt-tolerant plants. So according to data, ‘Round gold’ had a higher amount of phosphorous and potassium than others (Shaheen et al., 2013). Sodium ions are a major source of osmotic stress (Tavakkoli et al., 2011). Results depicted the screening would help alleviate the salt stress along with various techniques adopted by previous researchers (Acosta-Motos et al., 2017). Salinity disturbs the osmotic balance of tinda gourd genotypes and causes stunted growth and development. Expression of effectors and regulatory genes can improve plant tolerance to various abiotic stresses including salinity (Fita et al., 2015).

			 

			Conclusions and Recommendations

			Based on the above results, five genotypes of tinda gourd under the research trial were categorized into three groups against NaCl-induced salinity. ‘Round gold’ has more potential for salt stress, ‘Dilpasand’, ‘Indian desi’, and ‘Durga’ were moderately tolerant to NaCl-induced salinity, while the ‘Green ball’ was sensitive to salinity stress. ‘Round gold’ should be cultivated under NaCl salt-affected areas of the world to obtain the maximum yield. 
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Abstract | Salinity is a major issue for tinda gourd (Citrullus vulgaris L.) production throughout the world.
In a pot experiment, five selected tinda gourd genotypes i.e., Green ball, Dilpasand, Durga, Round gold, and
Indian desi were sown. One month after emergence, the growing medium was supplied with the lowest NaCl
level 2, two medium levels 4, 6, and the highest salinity level was 8 dS m™ and was compared with the control
(1.5 dS m™ considered as normal). The Hoagland solution was applied every week as a nutrient solution.
High sodium contents lead to sodicity. Finally, selected genotypes displayed significantly dissimilar responses
toward the concentration of sodium ions according to their genetic potential. Various agronomic traits and
physiological traits along with seedlings’ ionic content of sodium, phosphorous, potassium, and sodium in
leaves revealed that ‘Round ball’ has better NaCl tolerance ability compared with other genotypes used in this
study. The highest ionic sodium concentration (10.34 pg g DW) was found in Green ball, whereas Round
gold (8.92 pg g DW) showed the minimum. NaCl-induced salinity leads to chlorophyll damage in Round
gold (58.44 SPAD index) and ‘Green ball’(50.55 SPAD index) accordingly. On an overall basis, ‘Round gold’
(12.1 pg g™") had maximum followed by Indian desi (11.7 pug g') at the highest level of salinity (8 dS/m™)
with respect to control (6.9 pg g™7). It was revealed that the lowest ionic sodium concentration was observed
in the Green ball (6.3 pg g'). Considering the result of this study, the Round gold tinda gourd genotype may
be used for cultivation in salt-affected soils.
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1. Introduction In Pakistan, total land covered by tinda gourd is
10,588 ha with an annual production of 101,734 tons.

Tinda gourd (Citrullus wulgaris) is a nutritious Punjabis the leading province forits cultivation (6,170
vegetable that belongs to the family Cucurbitaceae.  hectares) and production (61,929 tons), followed by
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