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Effects of Salinity on Growth and Root Development of Cowpea in Hydroponic System



	Abstract 
The experiment was conducted in August 2018 at the Tennessee State University (TSU) greenhouse in Nashville, Tennessee, United States of America. Cowpea is a protein-rich leguminous crop and an important source of food for humans and fodder for animals. It has numerous benefits to mankind and is the second most important legume crop in Ghana. However, cowpea production is far below its potential due to various abiotic stress factors. Among the major abiotic factors affecting cowpea production in both tropical and temperate regions is salinity. Although cowpea is cultivated on saline soils, its yield is significantly reduced under such conditions. The adverse effects of salinity can be mitigated through the use of genotypes that are tolerant to high soil salinity. The objective of this study was to screen cowpea genotypes for salt tolerance. The experiment consisted of 2 × 42 and 2 × 93 factorial treatments (salt × genotype) arranged in a randomized complete block design with three (3) replications for both field and greenhouse experiments. Seedlings were established in a hydroponic system and subjected to two treatments, namely, with and without salinity (sodium chloride) stress, using a standard nutrient solution. Cowpea growth parameters were used to assess salt tolerance. All measured parameters showed significant differences (p ≤ 0.05). Salinity stress severely affected yield, resulting in a 39% reduction. Eleven USDA and seventy RIL genotypes survived the salt stress in the growth medium. These genotypes can be utilized in breeding programs to develop salt-tolerant cowpea varieties for farmers.
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[bookmark: _Toc11797706]1.0 Introduction
[bookmark: _Toc11237147][bookmark: _Toc11797707]Food productivity worldwide is adversely affected by environmental stress factors (Tuteja et al., 2011). Ion toxicity, drought, and extreme temperatures, whether excessive or deficient, negatively impact crop yield and plant growth globally (Macedo, 2012). Abiotic stresses are among the major causes of agricultural production losses and have also contributed to environmental degradation (Wang et al., 2003).
Climate change affects both the availability of and access to food worldwide and has compromised the sustainability of agricultural industries across the globe (Tuteja et al., 2011). Stress factors may also limit crop yield through their adverse effects on the genetic potential of crops (Mahajan and Tuteja, 2005). For instance, abiotic and biotic factors can cause up to a 20% reduction in the yield potential of crops (Tuteja et al., 2011). Furthermore, reductions of up to 70% in crop yields have been attributed to abiotic stress (Vorasoot et al., 2003).
Drought and salinity are major abiotic stress factors that often occur simultaneously and collectively reduce crop growth and yield (Tuteja, 2007; Jaleel et al., 2009). These stresses are interconnected and can potentially lead to plant cell damage (Wang et al., 2003). A common feature of both salinity and drought stress is the disruption of cellular homeostasis and ion equilibrium through osmotic stress (Zhu, 2001). Salinity and drought interfere with plant physiology and metabolism and can ultimately result in plant death due to hyperionic and hyperosmotic stress (Tuteja, 2007).
Salinity affects both irrigated and rain-fed soils (Düzdemir et al., 2010) and may extend to as much as 50% of agricultural land by 2050 (Wang et al., 2003). In plants, salinity causes molecular damage, growth inhibition, and mortality due to extreme disturbances in ion and water homeostasis (Zhu, 2001). The impact of salinity on plant performance varies depending on soil properties, vapour pressure, radiation, and temperature (Chinnusamy et al., 2005).
The growth and productivity of crops such as cowpea are influenced by both abiotic and biotic factors (Pandey et al., 2017). The severity of these effects varies depending on the type of stress and the interactions among multiple stress factors. Cowpea is a drought-tolerant crop and the third most important leguminous crop cultivated worldwide (Düzdemir et al., 2010).
Cowpea is the second most important grain legume grown in Africa after groundnut (NRC, 2006), with production predominantly concentrated in Nigeria (Coulibaly and Lowenberg-deBoer, 2014). The crop improves farmers’ economic resilience during drought periods and under fluctuating environmental conditions due to its high production plasticity (Dadson et al., 2005). Among grain legumes cultivated in Ghana, cowpea is particularly important for food security and farmer asset creation. It is one of the most nutritious food legumes in the diets of many populations (Dadson et al., 2005). Beyond its nutritional value, cowpea enhances soil fertility through biological nitrogen fixation in symbiosis with rhizobia. It has been reported to fix up to 210 kg N ha⁻¹ and contribute nitrogen to subsequent non-legume crops (Dakora et al., 1987).
According to Tuteja et al. (2011), climate change has intensified the negative impacts of abiotic stress, creating an urgent need to mitigate its destructive effects on agriculture. In 2008, the United States Secretary of State’s Science and Technology Adviser, Nina Fedoroff, called for a “Second Green Revolution” aimed at developing stress-tolerant crop varieties to address future abiotic stress challenges (Tuteja et al., 2011). Plant breeders have therefore focused on screening cowpea genotypes with high tolerance to drought, heat, and shade, as well as enhanced biological nitrogen fixation and nutrient-use efficiency, particularly within IITA germplasm collections (Singh, 2014a).
Plant breeding has traditionally relied on conventional methods but is increasingly being enhanced through biotechnological approaches, particularly molecular breeding techniques supported by modern research facilities. Muchero et al. (2009) developed tools that enable the use of molecular markers in breeding programs, creating opportunities for novel crop improvement strategies. Successful molecular breeding has been achieved through the use of markers for quantitative trait loci (QTL) analysis and linkage mapping (Lucas et al., 2011; Pottorff et al., 2014). The present study focused on screening cowpea for adaptive traits associated with stress tolerance. QTL analysis is essential for identifying divergent parental lines and promising varieties for use in future breeding programs aimed at maximizing genetic recombination for drought tolerance.

2.0 Materials and methods
[bookmark: _Toc11237148][bookmark: _Toc11797708]2.1 Experimental Site and Trial Management
The experiment was conducted in August 2018 at the Tennessee State University (TSU) greenhouse in Nashville, Tennessee, United States of America. The greenhouse facility is located at latitude 36.1752° N and longitude 86.8262° W, at an altitude of 126 m above sea level (a.s.l.). A total of forty-two (42) cowpea genotypes were obtained from the University of California, Riverside, and the United States Department of Agriculture (USDA). The USDA genotypes formed part of the core cowpea collection maintained at Griffin, Georgia. The cowpea materials from the University of California, Riverside consisted of recombinant inbred lines (RILs) derived from crosses between CB46 and IT93K-503-1, which represent drought-susceptible and drought-tolerant lines, respectively.
The seeds were sown in magenta boxes within the greenhouse. Seedlings of uniform length were subsequently transferred and grown in a hydroponic system. The treatments consisted of a sodium chloride solution (20%) in a standard nutrient solution (salinity treatment) and a control treatment without sodium chloride. The experiment was arranged in a randomized complete block design with three replications using 50-L trays (8 cm depth) covered with 2-inch-thick styrofoam sheets capable of supporting 49 seedlings per tray.
The hydroponic system was connected to the greenhouse and equipped with a double air pump to provide continuous aeration. Nutrient solutions were continuously circulated to ensure uniform mixing and prevent sedimentation. The pH, cation exchange capacity (CEC), hydroponic system temperature, and greenhouse temperature were monitored continuously in real time using an automated remote-control system. The nutrient solution was prepared using Hydro-Organic HOH38083 Earth Juice Sea Blast NPK (17-8-17), with sodium chloride supplied at a concentration of 200 mM NaCl, as described by Chankaew et al. (2013). Cowpea seeds were initially sown using pellet soil in trays.

[bookmark: _Toc11237150][bookmark: _Toc11797710]2.2 Experimental Type and Design 
[bookmark: _Toc11237151][bookmark: _Toc11797711]The experiment followed a 2 × 42 factorial arrangement conducted in a randomized complete block design with three replications, involving forty-two cowpea genotypes and two salinity levels (no salt as control and salt as salinity stress). Similarly, the RIL population experiment followed a 2 × 93 factorial arrangement and was repeated three times in a randomized complete block design with two (2) salinity treatment levels.

2.3 Data collection
Growth data from the hydroponic system
i. Growth data were collected from the hydroponic system. Observations were made from sowing to 14 days after germination, and the following parameters were measured:
ii. i. Germination rate was recorded seven days after sowing by counting emerged seedlings relative to the number of seeds planted.
iii. ii. Survival rate was assessed seven days after transplanting, and seedling survival was monitored up to 14 days after transplanting.
iv. iii. The height and fresh weight of surviving seedlings were recorded 14 days after transplanting.
v. iv. Roots of germinated seedlings were scanned using an Epson V850 Pro scanner (Epson Corporation, Japan) to obtain root parameters for comparative analysis.

[bookmark: _Toc11237152][bookmark: _Toc11797712]2.4 Statistical Analysis
Quantitative data were analyzed for mean differences using analysis of variance (ANOVA) with the GENSTAT statistical software package, version 16. Fisher’s protected least significant difference (LSD) test was used to separate treatment means that differed significantly.

3.0 Results and Discussion
3.1 Results
3.1.1 Effects of salinity on the shoot growth of USDA cowpea genotypes
None of the genotypes was fully tolerant to salinity in the growth medium. Approximately twenty-seven percent (27%) of the genotypes tolerated the salt stress in the hydroponic system (Tables 1 and 2). Seventy-three percent (73%) of the USDA genotypes wilted before the 21st day after transplanting into the hydroponic system. The overall effects of treatment and genotype were primarily observed in plant height (PHplt), fresh shoot weight (FSW), and dry shoot weight (DSW). The treatment × genotype interaction was not significant for PHplt and FSW in the hydroponic system but was significant for the genotype × treatment interaction on DSW. Salinity resulted in a more pronounced reduction in PHplt and FSW.

Table 1: F-statistics of the PHplt means, FSW, and DSW of the 11 survived genotypes in the hydroponic system
	Source of variation
	d.f.
	PHplt
	FSW
	DSW

	Treatment (T)
	1
	44.88***
	120.48***
	102.63***

	Genotype (G)
	10
	19.28***
	25.2***
	8.22***

	T *G
	10
	0.2ns
	0.2ns
	7.29***

	Mean 
	
	13.78
	14.14
	10.51

	Control
	
	15.36
	15.8
	10.71

	Salt
	
	12.2
	12.49
	10.32

	CV
	
	13.9
	8.6
	1.5

	SED
	
	1.563
	0.997
	0.128

	% Reduction
	
	20.57
	20.95
	3.64




Variation in plant height and shoot weight among the eleven genotypes grown in the hydroponic medium was observed (Table 2). The greatest plant height was recorded in genotype PI447895, whereas genotype PI632778 exhibited the shortest plant height. Fresh shoot weight and dry shoot weight in genotypes PI632797 and PI293457 were higher than those of the other surviving genotypes in the hydroponic growth medium. In contrast, genotype PI612535 recorded a significantly lower shoot weight.

Table 2: Methods of PHplt, FSW, and interactive effects of genotype and treatment on DSW in the 11 USDA genotypes were still present in the hydroponic system, with different letters in a column are significantly at p≤0.05
	Genotype
	PHplt
	FSW
	DSW

	
	
	
	Control 
	Salt

	PI293452
	15.26def
	14.45cd
	10.85ghi
	10.4b-d

	PI293457
	16.55fg
	16.26ef
	11.1i
	10.35bc

	PI447895
	18.43g
	16.66ef
	11.1i
	10.15ab

	PI583259
	11.88c
	13.66c
	10.75f-h
	10.45b-e

	PI612529
	13.08cd
	14.43cd
	10.65d-g
	10.4b-d

	PI612535
	9.53b
	8.72a
	10.4 bc
	10b-d

	PI612536
	13.59cde
	13.69c
	10.75f-h
	10.5c-f

	PI632778
	6.51a
	10.79b
	10.3a
	10a

	PI632797
	15.99ef
	17.18f
	10.95hi
	10.3bc

	PI632801
	14.47def
	14.48cd
	10.65d-g
	10.25a-c

	PI632804
	16.28fg
	15.27de
	10.7e-h
	10.3bc

	CV
	13.9
	8.6
	
	



[bookmark: _Toc11241138][bookmark: _Toc11241614][bookmark: _Toc11247526][bookmark: _Toc11247847][bookmark: _Toc11290960]In general, plants grown in the control hydroponic medium performed better than those grown under salt-treated conditions (Table 2). Control plants attained heights ranging from 10.9 to 20.4 cm, whereas salt-treated plants reached heights of 5.73 to 16.46 cm. Similar trends were observed for fresh shoot weight (FSW) and dry shoot weight (DSW), with higher values recorded in the control treatment, although salt-treated plants were still able to survive in the hydroponic system.
3.1.2 Effects of Salinity on Root Growth and Development of USDA Cowpea Genotypes
Significant differences (p ≤ 0.05) were observed between treatments for root length (Len) and surface area (SA) (Table 3). The overall mean values for Len and SA were 135.9 and 29.6, respectively. Mean values of Len and SA under salt stress were consistently lower than those under non-saline conditions. The percentage reductions in Len and SA due to salt stress were 74.57% and 70.39%, respectively.
The main effects of genotype and treatment were also significant (p ≤ 0.05) for root volume (Vol) and projected area (PA) (Table 3). However, the interaction effects for Vol and PA were not significant. Non-salt-stressed plants consistently recorded higher values than salt-stressed plants across all measured parameters (Table 3). The percentage reductions caused by salt stress in PA and Vol were 70.39% and 61.90%, respectively.
The main effects of treatment and genotype were significant (p ≤ 0.05) for average diameter (AvgD), number of tips (NTips), number of forks (NForks), and number of crossings (NCross). The interaction effect was not significant for AvgD; however, significant treatment × genotype interactions were observed for NTips, NForks, and NCross. Non-stressed plants exhibited higher values than stressed plants for all parameters measured, except AvgD (Table 3). The percentage changes due to salt stress in AvgD, NTips, NForks, and NCross were −21.62%, 81.81%, 72.07%, and 37.25%, respectively.
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Table 3: F statistics and means of Len, SA, PA, Vol, AvgD, NTips, Nforks and Ncross on the 11 survived USDA genotypes
	Source of variation
	d.f.
	Len
	SA
	PA
	Vol
	AvgD
	Ntips
	Nforks
	Ncross

	Treatment (T)
	1
	105.7***
	93.78***
	93.77***
	47.05***
	6.36***
	134.27***
	83.72***
	38.92***

	Genotype (G)
	10
	2.39*
	2.47*
	2.47*
	2.58*
	1.85ns
	3.42**
	2.38*
	2.14*

	T*G
	10
	1.98ns
	1.33ns
	1.33ns
	1.05ns
	0.86ns
	3.52**
	2.36*
	2.44*

	Mean 
	 
	135.9
	29.6
	9.41
	0.58
	0.82
	247
	1093
	133

	Control
	 
	216.7
	45.6
	14.52
	0.84
	0.74
	418
	1708
	102

	Salt
	 
	55.1
	13.5
	4.3
	0.32
	0.9
	76
	477
	64

	SED
	 
	68.85
	13.47
	4.29
	0.31
	0.26
	119.9
	546.5
	89.7

	CV
	 
	47
	45.6
	45.6
	53.1
	31.5
	48.6
	50
	69.6

	% Reduction
	 
	74.57
	70.39
	70.39
	61.9
	-21.62
	81.82
	72.07
	37.25




3.1.3 Main effect of genotype or root system parameters
Genotype did not have a significant effect (p ≤ 0.05) on average diameter (AvgD). However, genotype had a significant effect on root length (Len), surface area (SA), root volume (Vol), and projected area (PA) (Table 4). Although genotypes PI293452, PI583259 and  PI583259 did not differ significantly in terms of AvgD, they showed slightly higher AvgD values.

Table 4: General effect of Genotypes on SA, PA, AvgD, and Len in the 11 survived USDA genotypes
	Genotype
	SA
	PA
	AvgD
	Len
	Vol

	PI293452
	31.71bc
	10.10bc
	1.02a
	127.5abc
	0.70abc

	PI293457
	30.82abc
	9.81abc
	0.85a
	136.8bc
	0.60abc

	PI447895
	31.14abc
	9.91abc
	0.80a
	155.8bc
	0.52ab

	PI583259
	37.44bc
	11.92bc
	1.0a
	135.6bc
	0.96c

	PI612529
	21.41ab
	6.81ab
	0.72a
	86.1ab
	0.48ab

	PI612535
	13.26a
	4.22a
	1.01a
	52.7a
	0.32a

	PI612536
	26.92abc
	8.57abc
	0.83a
	126.4abc
	0.56abc

	PI632778
	27.18abc
	8.65abc
	0.59a
	159.9bc
	0.38a

	PI632797
	44.82c
	14.27c
	0.74a
	200.9c
	0.82bc

	PI632801
	23.24ab
	7.40ab
	0.74a
	138.3bc
	0.34a

	PI632804
	37.2bc
	11.84bc
	0.69a
	174.7c
	0.66abc


Dissimilar letters in the same column are strongly different (p≤0.05)

3.1.4 Main Effect of Treatment on the Growth and Development of USDA Genotypes
A visible impact of salt stress on cowpea plants was observed across all root parameters analyzed (Figures 1–3). Plant performance under salt treatment was generally poor for all parameters measured. Although the treatment influenced plant performance across all parameters, the magnitude of the effect varied among parameters. Plants grown under salt-free conditions consistently outperformed salt-treated plants in all parameters, except for average diameter (AvgD), where salt-treated plants exhibited higher values than the control plants.

3.1.5 Interaction Effects of Genotype and Treatment on Root Performance of the Eleven USDA Genotypes
The results indicated a significant effect of salt stress on root number of forks (NForks), number of tips (NTips), and number of crossings (NCross) among the genotypes, as shown in Figures 1–3. Non-salt-stressed (NS) plants exhibited higher values of NForks, NTips, and NCross compared with salt-treated plants (Figures 1–3). Although all genotypes differed in their sensitivity to salinity, most genotypes showed a strong response to salt stress in the hydroponic system. The responses to salinity in terms of tip number, forks, and crossings demonstrated that non-stressed conditions resulted in greater numbers of tips, forks, and crossings than salt-stressed conditions (Figures 1–3).


Figure 1: Interactive effect of genotype and treatment on the number of tips of the 11 genotypes


Figure 2: Interaction effect between treatment and genotype on the number of forks' root of the 11 genotypes


Figure 3: Treatment by genotype interaction on the number of crossings of the 11 genotypes


3.1.6 Effects of Salinity on Recombinant Inbred Lines (RILs) in a Hydroponic System
Seventy percent (70%) of the seedlings remained viable in the salt-treated hydroponic solution. Plant height showed significant differences among genotypes and between treatments. Genotypes subjected to salt stress exhibited shorter plant height compared with their non-salt-treated counterparts (Table 5). The mean plant height under salt stress was 13.5, whereas under non-salt stress it was 14.3. Salinity reduced genotypic performance for plant height by 5.9%.
Shoot biomass varied significantly among genotypes and between treatments. The mean dry matter content under non-stress conditions was higher than that observed in stressed plants. Fresh shoot weight was greater in the control treatment, with a difference of 10.92 compared to salt-treated plants. The genotype × treatment interaction significantly influenced the shoot parameters measured.

Table 5: F-statistics of PHplt, FSW, and DSW of 70 Recombinant Inbred Lines (RIL) grown under a hydroponic system
	[bookmark: _Hlk128601246]
	DF
	PHplt
	DSW
	FSW

	Environment (E) 
	1
	70130.44***
	239.06***
	30972.31***

	Genotype (G)
	69
	39943***
	145.64***
	2319.17***

	E x G
	69
	15089.97***
	152.59***
	1192.66***

	Mean
	
	13.88
	9.43
	13.42

	Control
	
	14.3
	9.47
	14.19

	Salt
	
	13.46
	9.39
	12.64

	% reduction
	5.87
	0.84
	10.92


There were significant differences (p ≤ 0.05) in Len and SA among genotypes and between treatments. The combined genotype × treatment interaction had a strong and significant effect on the parameters measured (Table 6). The mean values of Len and SA were 181.44 and 38.55, respectively. Mean Len and SA values under salt stress were consistently lower than those under non-salt stress. The percentage reduction in Len and SA due to salt stress was 30.43% and 31.13%, respectively.
The overall genotypic effect was significant (p ≤ 0.05) for PA, Vol, AvgD, NTips, Nforks, and number of crossings, but not for volume (Table 6). Values recorded under non-salt stress were consistently higher than those under salt stress for all measured parameters (Table 6). The percentage decrease due to salt stress for PA, Vol, AvgD, NTips, Nforks, and Ncross was 33.38%, 55.41%, 36.51%, 17.43%, 21.75%, and 4.43%, respectively.





Table 6: F statistics and Len, SA, PA, Vol., AvgD, NTips, NForks, and Ncross of 70 Recombinant Inbred Lines (RIL) grown in the hydroponic system
	[bookmark: _Hlk128601661]
	Len
	SA
	PA
	Vol
	AvgD
	NTips
	NForks
	Ncross

	Genotype (G)
	1311.82***
	196.27***
	177.59***
	1.06ns
	4.24***
	292.32***
	284.54***
	1079.94***

	Treatment (T)
	6007.5***
	1998.49***
	1896.86***
	2.11ns
	5.63***
	664.91***
	881.99***
	66.84***

	G x E
	855.19***
	92.51***
	82.84***
	1.01ns
	4.25***
	165.16***
	135.21***
	675.77***

	Mean
	181.44
	38.55
	13.73
	1.97
	2.16
	227.21
	1146.7
	155

	Control
	214
	45.65
	16.9
	2.7
	1.824
	248.9
	1286.6
	158.54

	Salt
	148.88
	31.44
	11.258
	1.204
	2.49
	205.52
	1006.77
	151.52

	% reduction
	30.42991
	31.12815
	33.38462
	55.40741
	-36.5132
	17.42869
	21.74957
	4.427905


Len = Length, SA = surface Area, PA = Projected Area, Vol = Volume, AvgD = Average Diameter, NTips = Number of Tips, Nforks = Number of Forks and Ncross =Number of crossings  
3.1.7 Variance components of the traits
The characteristics quantified in the RIL population varied in their genotypic, phenotypic, and environmental variances. Environmental influence on these characteristics was substantial, with phenotypic variance exceeding genotypic variance, alongside high heritability estimates (Table 7). Root volume and mean root diameter exhibited lower heritability compared with the other measured characteristics.

Table 7: Mean square, mean, Environmental Variance (δ2e), Phenotypic Variance (δ2P), Genotypic Variance (δ2g), Error mean Squares, and Heritability of 11 traits 70 RIL population
	Parameters
	Mean Square
	Mean
	δ2P  
	δ2g  
	δ2e  
	H2b (%)

	PHplt
	42.16
	13.88
	14.13
	14.02
	0.11
	0.992

	DSW
	0.42408
	9.43
	0.16
	0.13
	0.03
	0.814

	FSW
	18.97
	13.42
	6.38
	6.3
	0.082
	0.987

	Length
	97230
	1814.4
	32904.1
	32162.9
	741.2
	0.977

	SA
	2081.04
	385.5
	764.35
	658.35
	106
	0.861

	PA
	239.432
	137.3
	88.8
	75.32
	13.48
	0.848

	Vol
	124.3
	19.7
	49.24
	37.53
	11.71
	0.762

	AvgD
	34.639
	21.6
	17
	8.82
	8.174
	0.519

	Ntips
	86860
	2272.1
	29151.4
	28854.3
	297.1
	0.99

	Nforks
	2653020
	11467
	890556
	881232
	9324
	0.99

	Ncross
	83642.3
	1550
	27932.4
	27854.9
	77.45
	0.997


PHplt = Plant height, DSW = Dry shoot weight, Fresh shoot weight, Len = Length, SA = surface Area, PA = Projected Area, Vol = Volume, AvgD = Average Diameter, NTips = Number of Tips, Nforks = Number of Forks and Ncross =Number of crossings 
 
Root volume exhibited the highest phenotypic coefficient of variation (PCV), while shoot dry weight showed the lowest PCV. Fresh shoot weight and root volume recorded the highest genotypic coefficient of variation (GCV) and environmental coefficient of variation (ECV), respectively (Table 8). The PCV ranged from 4.26% to 35.62%, whereas the GCV and ECV ranged from 3.84% to 26.97% and 0.57% to 17.37%, respectively.

Table 8: Phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), and environmental coefficient of variation (ECV) of 11 traits, 70 RIL population
	Parameters
	PCV
	PGV
	ECV

	PHplt
	27.08
	26.97
	2.39

	DSW
	4.26
	3.84
	1.84

	FSW
	18.82
	18.7
	2.13

	Length
	10
	9.88
	1.5

	SA
	7.17
	6.66
	2.67

	PA
	6.86
	6.32
	2.67

	Vol
	35.62
	31.1
	17.37

	AvgD
	19.09
	13.75
	13.24

	Ntips
	7.51
	7.48
	0.76

	Nforks
	8.23
	8.19
	0.84

	Ncross
	10.78
	10.77
	0.57



PHplt = Plant height, DSW = Dry shoot weight, Fresh shoot weight, Len = Length, SA = surface Area, PA = Projected Area, Vol = Volume, AvgD = Average Diameter, NTips = Number of Tips, Nforks = Number of Forks and Ncross =Number of crossings 
 
3.1.8 Correlations
Correlation among cowpea traits evaluated in the hydroponic system was generally high for most of the paired traits (Table 9). Average root diameter showed a negative relationship with all the parameters considered in the experiment. Root volume exhibited weak correlations with the number of tips, number of forks, and number of crossings, and these relationships were not statistically significant for parameters involving average diameter and root volume.

Table 9: Correlation between 8 characteristics of a 70 RIL population under hydroponic conditions
	
	Len
	SA
	PA
	Vol
	AvgD
	NTips
	NForks
	Ncross

	Len
	 -
	
	
	
	
	
	
	

	SA
	0.61**
	 -
	
	
	
	
	
	

	PA
	0.60**
	0.99**
	 -
	
	
	
	
	

	Vol
	0.004
	0.01
	0.08
	 -
	
	
	
	

	AvgD
	-0.09
	-0.099
	-0.03
	0.67**
	 -
	
	
	

	NTips
	0.67**
	0.77**
	0.76**
	-0.0293
	-0.0874
	 -
	
	

	NForks
	0.65**
	0.87**
	0.84**
	-0.023
	-0.16
	0.92**
	 -
	

	Ncross
	0.57**
	0.62***
	0.60
	-0.02
	-0.12
	0.87**
	0.89**
	 -


Len = Length, SA = surface Area, PA = Projected Area, Vol = Volume, AvgD = Average Diameter, NTips = Number of Tips, Nforks = Number of Forks and Ncross =Number of crossings  
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3.2.1 Response of Genotypes to Hydroponic Growth Medium
Genotypes had a significant effect on plant height and shoot growth (Table 1). High variability was observed among the genotypes grown in the hydroponic medium after 14 days. Mean plant height ranged from 6.51 cm to 18.43 cm, with genotypes PI293452, PI293457, PI447895, PI612528, PI612531, and PI632797 exhibiting superior plant height compared to the other genotypes (Table 2).
Shoot growth and development were also strongly influenced by genotypic differences, as variability among genotypes was high. Mean fresh shoot weight ranged from 10.20 to 17.18 g, while dry matter content ranged from 8.72 to 10.72 g. Genotypes PI293457, PI447895, PI632795, PI632797, and PI632804 were superior for fresh shoot weight, whereas genotypes PI447895, PI447929, and PI632795 were superior for dry matter accumulation.

3.2.2 Effects of Salt Treatment on Cowpea Plants
A low survival rate was recorded for salt-treated seedlings (Table 1). Approximately 27% of the 42 USDA germplasm genotypes survived, while 73% of the seedlings died. The 11 surviving genotypes exhibited wide variation in plant height and shoot weight (Table 1). Differences between control and salt-treated plants were significant for plant height and fresh shoot weight but were low for dry shoot weight. Such variation in shoot growth and plant height may be attributed to genotypic responses to salinity in the growth medium. Genotypic sensitivity to salt stress can cause variation in plant growth and development. This observation agrees with the findings of Gupta and Huang (2014), who reported that stress signaling and response mechanisms play key roles in plant adaptation to salinity stress.
Survival was more affected in USDA genotypes than in the RIL population. Only 11 (27%) of the 42 USDA genotypes survived, whereas 70 (66%) out of 93 RILs survived salt stress in the hydroponic system. This difference may be due to variation in genotypic sensitivity to salinity. Salinity significantly reduced plant height in surviving seedlings, which agrees with the findings of Mshelmbula et al. (2015). Plant height was noticeably affected by the addition of salt to the hydroponic growth medium.
The 11 USDA genotypes that recovered from salt stress in the hydroponic system were PI293452, PI293457, PI447895, PI583259, PI612529, PI612535, PI612536, PI632778, PI632797, PI632801, and PI632804 (Table 2). Although all survived salt stress, their responses varied, indicating differences in salt sensitivity among genotypes.
Among the 11 surviving genotypes, PI293452, PI293457, PI447895, and PI632797 performed better than the remaining genotypes in terms of plant height and shoot growth. Salt-treated plants generally exhibited reduced growth compared to control plants across all measured variables. The treatment (salt) × genotype interaction was not significant for plant height and fresh shoot weight but was significant for dry shoot weight (Table 1). Survival of these genotypes may be attributed to morphological and physiological adjustments within the plant system. According to Singh et al. (2015), plants enhance salinity tolerance through the production of osmoprotectants that maintain cellular nutrient homeostasis.
The effect of salt treatment was observed across all root parameters measured (Table 4). No significant difference was observed for average root diameter (AvgD), whereas significant differences were recorded for the remaining root parameters. Genotype and salt treatment did not significantly affect most parameters except NTips, NForks, and NCross (Table 4). All parameters were significantly reduced under salt stress compared to the control, except AvgD, which increased significantly by 21.62%.
Genotypes PI293452, PI583259, and PI612535 performed better in AvgD. Genotypic differences significantly affected Len, SA, PA, Vol, NTips, NForks, and NCross (Table 4). Salt treatment negatively affected all parameters except AvgD, where treated plants recorded higher values than untreated plants (Figures 1–3).
Genotypes under non-salt stress performed better across all parameters except AvgD, which showed higher values under salt stress. The data revealed a strong influence of salt stress on NForks, NTips, and NCross across genotypes (Figures 1, 2, and 3). Non-salt stress conditions enhanced NForks, NTips, and NCross compared to salt-stressed plants. Genotypic sensitivity varied widely, with most genotypes showing weak tolerance, contributing to the high mortality observed among USDA genotypes.

3.2.3 Genetic Variability
Phenotypic variation ranged from 0.16 for dry shoot weight to 890,556 for number of forks. Genotypic and environmental variances were 0.13 and 0.03, respectively (Table 7). High heritability values (0.85–0.99) were observed for PHplt, DSW, FSW, Len, SA, PA, NTips, NForks, and NCross, whereas heritability for root volume and mean root diameter was lower. Reduced heritability for root volume indicates a stronger influence of salinity on this trait compared to genotypic effects.
Cowpea shoot traits (PHplt, DSW, and FSW) showed substantial phenotypic, genotypic, and environmental variation, with higher phenotypic variance contributing to increased heritability. Oyiga and Uguru (2011) reported that increased mean square differences among traits reflect underlying genetic variability. Higher heritability indicates greater transmission of these traits to offspring.

3.2.4 Correlation
The analyzed parameters served as reliable indicators for assessing genotypic responses (Table 9). Average root diameter showed negative correlations with all parameters except root volume. Root volume exhibited no strong correlation with any measured parameter except average root diameter. A positive correlation was observed between number of tips per plant and all other parameters, except for root volume and average root diameter.

4.0 Conclusion
Salt concentration in the hydroponic solution significantly affected the viability of cowpea seedlings. Increased salinity reduced plant height and consequently decreased dry matter accumulation. Significant genotypic variation under salinity stress was observed, resulting in the loss of 74% of USDA genotypes and 29% of the RIL population.
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Control	PI293452	PI293457	PI447895	PI583259	PI612529	PI612535	PI612536	PI632778	PI632797	PI632801	PI632804	462	354	530	412	171	95	311	678	651	431	502	Salt	PI293452	PI293457	PI447895	PI583259	PI612529	PI612535	PI612536	PI632778	PI632797	PI632801	PI632804	62	78	69	63	89	65	115	38	130	42	82	Genotype


Number of Tips




Control	PI293452	PI293457	PI447895	PI583259	PI612529	PI612535	PI612536	PI632778	PI632797	PI632801	PI632804	1670	1737	2675	1717	750	417	1430	2222	2302	1944	1928	Salt	PI293452	PI293457	PI447895	PI583259	PI612529	PI612535	PI612536	PI632778	PI632797	PI632801	PI632804	531	410	452	324	500	468	548	234	798	175	812	Genotype


Number of Forks




Control	PI293452	PI293457	PI447895	PI583259	PI612529	PI612535	PI612536	PI632778	PI632797	PI632801	PI632804	162	218	377	156	70	45	146	324	225	312	183	Salt	PI293452	PI293457	PI447895	PI583259	PI612529	PI612535	PI612536	PI632778	PI632797	PI632801	PI632804	46	41	80	23	74	50	78	32	110	21	148	Genotype


Number of Crossings 





