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ABSTRACT 

 
Salinization is a major factor influencing agroecosystems in arid and semi-arid environments. Elevated salt levels in 

irrigation water and soils hinder crop and tree productivity and result in a reduction of cultivable land. The present 

study evaluated the germination and early growth responses of seedlings of two cosmopolitan commercial tree species 

with reclamation potential for salt-affected sites, Syzygium cumini (L.) and Vachellia nilotica (L.), under different 

salinity levels ranging from 0 to 20 dS m-1 to assess their salt tolerance potential. Morpho-physiological (root length, 

shoot and root fresh and dry weights, stem diameter, leaf area, transpiration rate, photosynthetic rate, and intrinsic CO2 

concentration) and ionic concentration (Na+ and K+) were evaluated. Seed germination and survival rate were adversely 

affected by increasing salinity; however, the effects were more pronounced in S. cumini. The highest decline in 

germination of V. nilotica was recorded at 20 dS m⁻¹ (78%), whereas S. cumini failed to survive at this salinity level. 

Root and shoot biomass, leaf area, and gas-exchange parameters declined progressively above 10 dS m⁻¹, with V. 

nilotica showing higher tolerance. Growth was negatively affected at and above 10 dS m⁻¹. V. nilotica root length was 

reduced to 64.89% at 20 dS m⁻¹, while root fresh and dry weights of S. cumini were reduced to 67.69% and 53.12%, 

respectively, at 15 dS m⁻¹. Na⁺ ion concentration increased in different organs of both species, whereas potassium 

absorption, transpiration, and photosynthesis decreased with increasing salinity.  This study concludes that V. nilotica is 

more tolerant to salt stress in terms of biomass production, leaf gas-exchange parameters, and ionic regulation, whereas 

S. cumini is suitable for cultivation in moderately salt-affected soils. 
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INTRODUCTION  

 

Salinization is one of the most crucial factors affecting agroecosystems in arid and semi-arid regions. Excess salt in 

irrigation water and soil suppress crop production and reduces the availability of arable land. In South Asia, continued 

degradation and loss of agricultural production capacity are converging with an alarming rate of increased demand for 

food and wood (Kennedy and de Filippis, 1999; Hossain, 2019). Multipurpose tree establishment provides opportunities 

to combat economic destabilization and food insecurity in regions where soil salinity threatens agricultural productivity 

(Singh, 2009; Yousaf et al., 2020).  

Seed germination and seedling establishment are particularly vulnerable to salinity stress compared to other growth 

stages of plants and thereby serve as logical foci for assessing tree species tolerance (Catalan and Karlin, 1994; Yousaf 

et al., 2018). Although tree and crop species differ in their sensitivity and responses to salt stress, several traits are 

widely expressed (Garg and Gupta, 1997; Madsen and Mulligan, 2006). Osmotic and toxic effects include reduced plant 

root soil water extraction, specific-ion effects, and, ultimately, cell injury (Yousaf et al., 2020). Salinity creates 

unfavorable growth conditions for plants, resulting in stunted seedling growth due to delayed germination (Kang and 

Saltveit, 2002). Salinity reduced seed vigor index, percentage and rate of germination, and suppressed root and shoot 

biomass growth under saline and waterlogged conditions (Kader and Jutzi, 2004; Ramoliya et al. 2004). Salinity 

increased plant water deficit, similar to drought-induced deficiency (Nawaz et al., 2016 and 2021). Compared with 
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other salt-specific stresses, shoots and roots are more damaged by water deficiency during the initial stages of 

development (Munns, 2002). In Acacia ampliceps (Maslin), absorption of Mg
+
, Ca

+,
 and K

+
 was blocked by heavy 

sodium accumulation (Gopa and Dube, 2003; Mahmood et al., 2009). High salinity reduced photosynthesis and 

transpiration rates in seedlings and resulted in oxidative, osmotic, secondary, and ionic stresses (Xiong et al., 2017; 

Yang et al., 2019; Yousaf et al., 2020). The adverse effects of salt on seed germination seem to result from osmotic or 

ionic toxicity rather than limited imbibition (Rehman et al., 1997). Given the manifold impacts of salinity on tree 

germination and growth and the extent and severity of this phenomenon, species specific information regarding 

suitability for tree establishment on affected sites would help inform tree establishment initiatives. Vachellia nilotica 

(L.) and Syzygium cumini (L.) are important agroforestry tree species present mostly in tropical and sub-tropical areas 

(Kheloufi et al., 2017; Nahid et al.  2017). V. nilotica is a tree of great economic importance in Africa, the Middle East, 

and the Indian subcontinent as most of the tree parts are used for timber, fuelwood, fodder, medicine (National 

Academy of Sciences 1980). Similarly, S. cumini is commonly found and has multiple uses in the Indian Subcontinent 

and Southeast Asia, with particularly high value as a food source and medicine (Mahmoud et al., 2001). Both species 

have demonstrated utility in reclaiming salt-affected soils; however, V. nilotica is the more commonly planted tree in 

saline soils due to its prized wood, compared to S. cumini (Yousaf et al., 2020).  

We hypothesized that Vachellia nilotica (L.) and Syzygium cumini (L.) perform differently under saline conditions 

by adjusting their physiology and biochemistry. Therefore, we aimed to examine and compare salt tolerance during 

seed germination, initial seedling development, and ionic responses under various salinity treatments. In a broader 

perspective, this research will help identify the better species according to their salt-tolerance capacity for saline arid 

lands. 

 

1. MATERIALS AND METHODS 

 

1.1 Study area  

A pot experiment was conducted under greenhouse conditions at the Department of Forestry and Range 

Management, University of Agriculture, Faisalabad (31°25′7.37″N, 73°4′44.79″E). Soil samples were evaluated for 

EC, pH, saturation percentage, organic matter content, and textural class (Table 1) according to (Richards 1954).  

 

Table 1. Physicochemical properties of soil. 

Characteristic Unit                                                           Values 

Texture  Loam 

Sand % 35.44 ±  0.45 

Silt % 41.71± 0.92 

Clay % 21.6 ± 0.82 

SP % 29±1.72 

OM % 0.78 ±0.13 

pH  7.51±0.04 

Ec dS/m 2.56±0.31 

SAR (mmolcL
-1

)1/2 8.54±0.45 

Note: SP = Saturation Percentage; OM = Organic Matter; SAR = Sodium Adsorption Ratio 

 

1.2 Germination conditions and treatments  

Before applying salinity treatments, the soil was air-dried, and 5 kg of soil was added to each pot. Four 

salinity levels were developed by adding calculated volumes of NaCl (5, 10, 15, and 20 dS/m), plus an untreated 

control. A completely randomized design (CRD) was employed using a two-factor factorial arrangement (species at 

two levels and salinity at five levels), with five replications per treatment, for a total of 50 experimental units. Each 

pot initially contained 5 kg of soil and 10 seeds. Soil salinity was monitored throughout the experiment with an EC 

meter, and treatment concentrations were maintained as needed. Fresh seeds of V. nilotica and S. cumini were 

collected from plants originating from saline sites in Faisalabad, Pakistan. Selected seeds of V. nilotica were soaked 

in 0.4 % KNO3 solution for 30 minutes, then air-dried for 24 hours before planting in pots. S. cumini seeds were not 

subjected to pre-sowing treatment prior to planting. 10 seeds were sown, for a total of 100 seeds per species across 

all treatments. Seed germination percentage was calculated as described by Zarchini et al. (2011). 

 

1.3 Data collection and analysis 
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Six months after establishing salinity levels, plants were harvested, and roots cleaned with tap water. Root 

length was measured from the shoot base to the tip using a measuring tape, while stem diameter was recorded with 

Vernier calipers. Leaf area was determined using a leaf area meter. After harvest, fresh and dry weights of shoots 

and roots were recorded using an electronic balance (Extech SC600, USA). For dry weight determination, plant 

parts were separated and oven-dried in a thermostatic drying oven (DHG 9202 series) at 75 °C for 48 hours.   

One day before harvest, physiological traits such as transpiration rate, stomatal conductance, photosynthetic 

rate, internal CO₂ concentration, and photosynthetic water use efficiency (Bashir et al., 2018) were recorded using a 

portable infrared gas analyzer (IRGA), LCA-4, Analytical Development Company, Hoddesdon, England, between 

10:00 and 12:00 am with maximum day light intensity. During measurements, photosynthetically active radiation 

(PAR) was 1500 ± 50 µmol m⁻² s⁻¹, reference concentrations were determined using a flame photometer 

(Sherwood-410). Significant differences among treatment CO₂ concentration was 400 µmol mol⁻¹, leaf chamber 

temperature was maintained at 27 ± 1°C, and flow rate was 300 µmol s⁻¹. Dried samples (50mg) of root and shoot 

were digested using 2 mL of HNO3. The K
+
 and Na+ ion means were assessed using Post hoc Tukey’s test. 

Statistical analysis was performed using SPSS software, with results considered significant at P ≤ 0.05. 

  

2. RESULTS  

2.1 Growth attributes  

Survival rate of S. cumini and V. nilotica declined as a function of increasing NaCl concentration. Growth 

parameters, including root length, shoot length, stem diameter, and seed germination, were significantly affected in 

both species (p < 0.05) compared with the control. Maximum reduction of V. nilotica seed germination was 

observed at 20 dS/m i.e., 77.67 %, and at 15 dS/m i.e., 81.25 % for S. cumini (Fig. 1a). No S. cumini survived under 

the highest salt level (Fig. 1b). Comparison of the mean values of morphological traits showed a significant 

reduction with increasing salinity levels in both tree species (p < 0.05). Moderate and high salinity treatments 

decreased root length by up to 65% (Fig. 2a). Reduction in stem diameter and biomass production in both tree 

species as much as 76% were recorded at higher salinity levels (Fig. 2b). Shoot and root fresh weights were 

similarly decreased at the highest salt concentration (Fig. 3a-d). Plant leaf area decreased significantly between 10 to 

20 dS/m, 40.1 % and 68.21 %, respectively (Fig. 4).  

 
 Fig. 1. Effect of NaCl salinity on morphological parameters of S. cumini and V. nilotica: (a) seed germination (%), (b) survival rate 

(%). Bars represent means ± SE (n=5). Different letters indicate significant differences at p < 0.05 (Tukey’s Test). Note: T1 

= control, T2 = 5, T3 = 10, T4 = 15, T5 = 20 dS m⁻¹. 

 
Fig. 2. Effect of NaCl salinity on morphological parameters of S. cumini and V. nilotica: (a) root length (cm), (b) stem diameter 

(mm). Bars represent means ± SE (n=5). Different letters indicate significant differences at p < 0.05 (Tukey’s Test). Note: 

T1 = control, T2 = 5, T3 = 10, T4 = 15, T5 = 20 dS m⁻¹. 

javascript:openDSC(2560248340,%202909,%20'1811');


370  M. SOHAIL YOUSAF ET AL., 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 23 (2): 367-375, 2026. 

 
Fig. 3. Effect of NaCl salinity on morphological parameters of S. cumini and V. nilotica: (a) root fresh weight, (b) shoot fresh weight, 

(c) root dry weight, (d) shoot dry weight. Bars represent means ± SE (n=5). Different letters indicate significant differences   

< 0.05 (Tukey’s Test). Note: T1 = control, T2 = 5, T3 = 10, T4 = 15, T5 = 20 dS m⁻¹. 

 

  
Fig. 4. Effect of NaCl salinity on leaf area of Syzygium cumini and Vachellia nilotica. Values are means with letters indicating 

significant differences (P < 0.05). Note: T1= Control, T2=5dS/m, T3= 10dS/m, T4= 15dS/m, T5: 20dS/m. 

 

2.2 Physiological response 

The measured physiological parameters showed a significant decrease as salinity levels increased in both tree 

species. However, at the highest salinity level, photosynthetic water use efficiency increased to 38.18% in S. cumini 

and 46.15% in V. nilotica (Fig. 5a). Intrinsic CO2 concentration was reduced to 47.85% and 38.4%, respectively 

(Fig. 5b). The decline in photosynthetic rate was 72.09% and 75.32% in both species (Fig. 5c). Stomatal conduct 
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decreased to 49.49 % and 40.19 % (Fig. 5d), and transpiration rate was reduced to 94.44 % and 85.45 %, 

respectively (Fig. 5e). 

 

2.3 Determination of potassium and sodium concentration 

Na⁺ and K⁺ concentrations varied significantly across all treatments (p < 0.05).   Reduction in K
+
 ion concentration 

was recorded in the shoots and roots at higher salinity levels (Fig. 6a,b). In roots, K
+
 ion concentration was reduced by 

up to 65.5% and 77.09% in S. cumini and V. nilotica, respectively (Fig. 6b). Na
+
 ion concentration in shoots increased 

by 70.8 % in S. cumini and 73.5% in V. nilotica, respectively (Fig. 6c). K
+ 

ion concentration in V. nilotica shoot 

decreased 55.81 % under 20 dS/m (Fig. 6d). 

 

 

  
Fig. 5. Effect of NaCl salinity on (a) photosynthetic water use efficiency (b) intrinsic CO2 Con. (c) photosynthetic rate (d) stomatal 

conductance (e) transpiration rate. Values are means with letters indicating significant differences (P < 0.05). Note: T1= 

Control, T2=5dS/m, T3= 10dS/m, T4= 15dS/m, T5: 20dS/m. 

 

  
Fig. 6. Effect of NaCl salinity on (a) K+ ion concentration in shoot (b) K+ ion concentration in roots (c) Na+ ion concentration in root 

(d) Na+ ion concentration in shoot. Note: T1= Control, T2=5dS/m, T3= 10dS/m, T4= 15dS/m, T5: 20dS/m. 
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3. DISCUSSION 

 

V. nilotica and S. cumini seed germination percentage and survival rates were sensitive to the highest salinity 

levels assessed, with complete S. cumini failure above 15 dS/m. Comparable results were observed for seed 

germination of Acacia nilotica (Gul and Weber, 1999; Tobe et al., 2001). In the current study, V. nilotica seed 

germination percentage was significantly higher than that of S. cumini at the end of the experiment. Regarding 

biomass accumulation under saline stress, V. nilotica showed a comparatively better response than S. cumini. These 

findings indicate that V. nilotica is more suitable for cultivation in salt-affected soils.  

The results indicated that biomass production in S. cumini and V. nilotica was significantly decreased under 

higher salinity levels. Reduced biomass production is very common, even among salt-tolerant plants (Munns 2002; 

Teakle et al., 2013; Harter et al., 2014). The decline in root and stem diameter of S. cumini and V. nilotica with 

increasing NaCl concentrations is consistent with the findings of (Beritognolo et al., 2007), who observed reduced 

growth in Hibiscus cannabinus under salt stress.  Lower leaf area was associated with under-salt stress (Mahmood et 

al., 2009). The decreases in plant root and shoot growth were due to increased salt levels in cell walls and disrupted 

metabolic pathways (Munns and Tester, 2008; Hameed et al., 2012). Comparable results attributed to salinity were 

also observed in other wood plants (Bilsky et al., 1988; Nabil and Coudret, 1995; Rahimi et al., 2012).  

Significant decreases in leaf gas exchange parameters were observed when salinity levels were increased. The 

findings of this study indicated that photosynthetic rates of young S. cumini and V. nilotica seedlings were 

significantly reduced by increasing salinity. This is consistent with previous research with halophytes (Yousaf et al., 

2020). In the present study, stomatal conductance decreased under salinity, leading to a corresponding reduction in 

gas exchange. Stomatal conductance also decreased, but under moderate salinity levels it remained unchanged 

(Parida et al. 2004; Singh, 2009). Related results were reported for Avicenna marina (Hoa et al., 2015). A higher salt 

concentration in the root zone elicited an osmotic effect, thereby inducing a stomatal response (Munns and Tester, 

2008). Decreased stomatal conductance is followed by a low respiration rate and less assimilation of CO2 (Martínez-

Alcántara, 2015). In the present study, stomatal conductance was relatively less responsive to salinity, suggesting 

that this variable may not be particularly useful for assessing salinity tolerance in these species. In contrast, 

transpiration rates decreased markedly with increasing salinity. Related results were observed in Avicennia marina 

(Eller et al., 2014). A comparatively low intracellular CO₂ concentration was recorded in V. nilotica at 20 dS m⁻¹, 
which agrees with the findings of Choi et al., (2005). The photosynthetic water uses efficiency (PWUE) of V. 

nilotica at higher salinity showed a rapid decline in transpiration rate relative to CO₂ assimilation rate, similar to the 

results reported by Tan et al., (2019). 

Soil NaCl concentration was positively correlated with Na
+
 contents in the shoots and roots and negatively 

correlated with K
+
 contents in all parts of the plant. Similar findings have been documented in other tree species 

(Renault et al., 2001; Nabil and Coudret, 1995). In the present study, Na
+
 ion buildup was higher in shoots than in 

roots. Na
+
 ion concentration was higher in shoots of V. nilotica and S. cumini seedlings, due to higher Na

+ 
ion 

concentration in the soil. K
+
 ion concentration was decreased due to higher absorption of NaCl. Comparable results 

have been reported in Quercus robur (Alaoui-Sasse et al., 1998). Generally, in salt-sensitive cultivars, sodium 

content tends to increase with rising soil salinity levels (Sairam et al., 2002; Poustini and Siosemardeh, 2004; Zhu et 

al., 2016), while potassium ion (K+) concentration decreases in all plant parts as soil salinity increases. This 

relationship between concentrations of sodium ion (Na
+
) and potassium ion (K

+
) is considered a key physiological 

mechanism regarding plant response to saline environments (Willadino and Camara, 2005). This occurs because Na⁺ 
competes with K⁺ for binding sites on root ion transporters (e.g., HKT and KUP families), reducing K⁺ uptake when 

soil Na⁺ is high. Simultaneously, Na⁺ accumulation in shoots disrupts membrane integrity and K⁺ homeostasis, 

causing K⁺ efflux from cells and further lowering tissue K⁺ levels (Zhu, 2016s). 

 Morphological traits were more sensitive to salinity levels than early survival, suggesting that cumulative 

sensitivity to salt may compound early growth and survival differences.   Although a declining trend was observed 

in aboveground (leaf area, stem diameter, shoot fresh and dry weights) and belowground (fresh and dry weights) 

biomass allocation, seedling survival was not as strongly affected (Wang et al., 2011; Nawaz et al., 2016). Similarly, 

physiological traits, especially ion concentrations, are easily measured and highly sensitive to tree responses to soil 

salinity. Future research in this area should consider sequential harvests or non-destructive metrics to assess the 

utility of these traits for predicting future vitality and growth performance as a function of soil salinity across several 

candidate tree species. Furthermore, if physiological or morphological performance in plants potted in native soil is 

correlated with performance under similarly saline field conditions, researchers could develop a rapid and species-

specific screening system, such as has been used to assess herbicide sensitivity (Stanley et al., 2014, Turedi et al., 

2018) to guide tree planting on impaired sites. 
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Anticipating future tree-planting programs to combat the growing impacts of high salinity, project planners, 

land managers, and other stakeholders would benefit from strategically placing tree species to match site capabilities 

and bioremediation objectives (Minhas et al., 2020). In this way, plantation performance thresholds could be 

determined based on tree species-site salinity compatibilities. Planners could thus ensure that the most impaired sites 

are planted with the most tolerant species, and that less impaired sites are used to support higher species diversity 

and a broader suite of tree-planting objectives, thereby optimizing limited planting stock and land resources. Several 

limitations should be acknowledged. First, this was a short-term (6-month) pot study using NaCl-only salinity, 

whereas field conditions often involve mixed salts and temporal variability. Second, seed pretreatment differed 

between species (KNO₃ was used only for V. nilotica species specific based on previous studies), which may have 

influenced germination comparisons. Third, the controlled greenhouse environment does not replicate field stresses 

such as temperature extremes, wind, or biotic interactions. Therefore, we recommend field validation before large-

scale planting recommendations. This research significantly increases our understanding towards utilization of 

Vachellia nilotica (L.) and Syzygium cumini (L.) for saline soil rehabilitation,  

 

Conclusions 

We conclude that V. nilotica is suitable for planting in soils with salinity up to 20 dS m⁻¹, while S. cumini 

should be restricted to sites below 15 dS m⁻¹. Physiological traits, especially Na⁺ accumulation in shoots and 

transpiration rate, are strong predictors of salinity tolerance and could be used to screen additional agroforestry 

species. Future research should evaluate these species under field conditions and assess long-term survival and wood 

production.  
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