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SUMMARY 

 

Salinity is one of the major threats to sustainable maize (Zea mays L.) production. The presented 

study sought to compare 50 maize inbred lines in pots filled with sand under three salinity levels: T1 = 

NaCl @ 0 dsm-1 (control), T2 = NaCl @ 8 dsm-1, and T3 = NaCl @ 12 dsm-1 at the seedling stage, held 

in the College of Agriculture, University of Sargodha, Sargodha, Pakistan. The NaCl solutions of 0, 8, 

and 12 dsm-1 salt concentrations served to irrigate the pots. Data collection of maize seedling traits 

continued after 28 days of seed sowing. The results have shown a significant differences among 

genotypes, NaCl levels, and their interaction effects on all studied plant traits. Statistical means 

comparison and principal component analysis indicated inbred lines G-2 (ILYL-19), G-11 (ILYL-30), G-

26 (ILYL-7), and G-45 (DDR-15) showed high values for cell membrane stability under studied salt-

stress conditions. Meanwhile, G-2 (ILYL-19), G-3 (PEIL-6), G-11 (ILYL-30), G-13 (ILYL-34), G-32 

(ILYL-44), G-33 (ILYL-45), G-35 (PEIL-20), and G-45 (DDR-15) exhibited high mean values for shoot 

and root length, potassium contents, and root and shoot dry weights. They proved to be salt-tolerant 

maize inbred lines under all treatments at the seedling stage. 
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Key findings: The presence of genetic variability of maize (Z. mays L.) inbred lines for salinity 

tolerance and cell membrane stability under saline conditions indicated maize inbred lines G-3 (PEIL-

6), G-11 (ILYL-30), G-33 (ILYL-45), G-35, and G-45 could be desirable for breeding salt-tolerant 

hybrids to enhance maize production in saline soils. 
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INTRODUCTION 

 

Maize (Zea mays L.) is the third most 

important cereal crop in the world, known as 

the king of cereals, with a total production of 

1099.61 million metric tons (Zahra et al., 

2020). Nutritionally, maize contains 72%–73% 

starch, 8%–11% protein, 3%–18% oil content, 

and vitamins and minerals in trace amounts 

(FAO, 2019). In Pakistan, its cultivation covers 

an area of 1.6 million hectares, with a 

production of 9.8 million tons, showing a 

decrease of 4.5% in area and 10.4% in 

production from the previous year (Economic 

Survey of Pakistan, 2023–2024). Salinity is 

one of the chief threats to agricultural 

production worldwide. In Pakistan, where 

major source of irrigation is canal water with 

high amounts of sodium and chlorine in it, 

salinity is a continuous hazard for field crops. 

General reports state salinity is common in 

irrigated soils. Globally, 15% of arable land is 

under salinity, with 50% of the cultivated land 

expected to be saline by 2050 (Akram et al., 

2010; Ren et al., 2025). 

Plants have several mechanisms to 

reduce the extreme effects of salinity. Ion 

toxicity, poor uptake of nutrients, imbalanced 

osmotic adjustment, reduced chlorophyll 

contents, and membrane disintegrity are some 

major issues related to salinity. Maize is an 

essential C4 plant that is moderately salt 

sensitive. The maize plant responds against 

salinity in two phases—in the first phase of 

imbalanced osmotic adjustment and ion 

toxicity with stunted growth in the second 

phase. Nutritional imbalance due to increased 

uptake of sodium and chloride ions by 

rhizospheres in maize under salinity was 

evident (Farooq et al., 2015). Accounts of low 

uptake of nitrogen, phosphorus, and potassium 

occur under salinity (Katerji et al., 2000). Salt 

stress has adversely affected the 

photosynthetic activity of maize plants, leading 

toward reduced yields (Jattan et al., 2023). 

Maize production bears more ills from sodium 

augmentation than chloride accumulation, 

while irrigation water has high electrical 

conductivity and high sodium concentration. 

Na+ alters the photochemical activity of 

photosystem II (PS II), which interferes with 

photosynthetic activities in maize, while 

penetration of Cl- and Na+ in hydration shells 

leads to conformational change in the proteins 

(Dionisiosese and Tobita, 2000; Hussain et al., 

2010). The presented study aimed to detect 

the genetic variability for salt tolerance in 

maize inbred lines at different salinity levels. It 

intends to benefit future selection of suitable 

parents for hybridization, which will ultimately 

develop salt-resilient maize hybrids. 

 

 

MATERIALS AND METHODS 

 

The experiment commenced at the College of 

Agriculture, University of Sargodha, Sargodha, 

Pakistan, in the year 2018 to evaluate 50 

maize inbred genotypes (Table 1), with one 

control and two levels of salinity as treatments. 

Pots (14 cm × 8 cm) contained sieved sand 

(500 g in each pot). Electric conductivity (EC) 

of sand, as measured by an EC meter, was 

0.89 dsm-1 for the control, with salt solutions 

made accordingly, as described by the US 

Salinity Lab (Richards, 1954). The research 

trial was in a two-factor layout under 

completely randomized design (CRD) and three 

repeats in the screening house. Salinity 

treatments’ designations were T1 = NaCl @ 0 

dsm-1 (control), T2 = NaCl @ 8 dsm-1, and T3 = 

NaCl @ 12 dsm-1. Salinity levels’ maintenance 

was by adding exact amounts of NaCl salt in 

the sand, as described by the US Salinity Lab 

(Richards, 1954).  

 
NaCl salt (g) per kg of soil = TSS × Eq. wt. of NaCl salt × SP 

                                    1000 × 100 

 

Where: TSS = Total soluble salts, Eq. wt. = 

Equivalent weight, and SP = Saturation 

percentage of soil.  

 

Evaluation of maize genotypes 

 

At the age of 28 days of seedlings, the 

recorded data comprised root length (cm), 

shoot length (cm), root dry weight (g), shoot 

dry weight (g), and cell membrane 

thermostability, following the formula 

formulated by Sairam (1994). Measurements 
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Table 1. List of maize genotypes along with names and codes used in research trials. 

Inbred 

code 

Inbred 

name 

Inbred 

code 

Inbred 

name 

Inbred 

code 

Inbred 

name 

Inbred 

code 

Inbred 

name 

Inbred 

code 

Inbred 

name 

G1 ILYL-41 G11 ILYL-30 G21 PEIL-7 G31 PEIL-16 G41 DDR-4 

G2 ILYL-19               G12 ILYL-36 G22 PEIL-8 G32 ILYL-44 G42 ILYL-8 

G3 PEIL-6 G13 ILYL-34 G23 PEIL-9 G33 ILYL-45 G43 DDR-5 

G4 DDR-25 G14 ILYL-17 G24 ILYL-6 G34 PEIL-18 G44 DDR-6 

G5 ILYL-12 G15 ILYL-48 G25 PEIL-10 G35 PEIL-20 G45 DDR-15 

G6 ILYL-7 G16 ILYL-49 G26 ILYL-7 G36 PEIL-55 G46 DDR-21 

G7 ILYL-23 G17 ILYL-5 G27 PEIL-19 G37 ILYL-38 G47 DDR-22 

G8 ILYL-14 G18 ILYL-50 G28 PEIL-11 G38 PEIL-21 G48 DDR-23 

G9 ILYL-16 G19 PEIL-1 G29 PEIL-12 G39 PEIL-22 G49 DDR-24 

G10 ILYL-32 G20 PEIL-23 G30 PEIL-15 G40 DDR-3 G50 ILYL-15 

Source: Maize and Millet Research Institute, Yousafwala, Sahiwal, Punjab, Pakistan. 

 

 

Table 2. The mean sum of squares of seedling traits of maize genotypes at different salinity levels. 

SOV DF RL SL RDW SDW   CMS Na K 

Genotypes 49 69.1* 58.2* 0.05* 0.03*   32* 50* 101.5* 

Salinity 3 38419.2* 18164.3* 1.18* 1.32*   103887* 295726* 23855.5* 

Genotype × Salinity 147 18.2* 11.6* 0.0042* 0.012*   16* 12* 16.5* 

Error 400 0.8 2.3 0.0013 0.004   1.4 1.9 1.1 

*denotes significant difference (P < 0.05), RL = Root Length, SL = Shoot Length, RDW = Root Dry Weight, SDW = Shoot 

Dry Weight, CMS = Cell Membrane Stability, Na = Sodium Contents, K = Potassium Contents. 

 

for sodium (Na+) and potassium (K+) contents 

(mol m-3) followed the method described by 

Noiur et al., (1978), while cell membrane 

stability (%) employed the approach as 

reported by Sairam (1994). 

 

Biometrical analysis 

 

The analysis of variance (ANOVA) of seedling 

traits progressed as described by Steel et al., 

(1997), using the window-based statistical 

software Statistix 8.1. It assessed the genetic 

variability among inbred lines. Biplot analysis 

also took place for all studied traits for the 

control and each treatment separately. Biplot 

analysis employed the window-based statistical 

package XLSTAT 17.0. 

 

 

RESULTS  

 

Analysis of variance  

 

The results of ANOVA for seedling traits 

indicated all maize genotypes showed 

significant differences (P < 0.05) among them 

for all studied plant attributes. The similar 

pattern was also evident for treatments and 

treatment × genotypic interaction effects, 

where substantial (P < 0.05) changes 

appeared for studied traits (Table 2). This 

revealed the presence of ample genetic 

variation among maize inbred lines for salt 

tolerance.  

 

Mean comparisons  

 

Means of plant traits for salinity stress 

provided the basis of bifurcation of genotypes 

as salt tolerant and salt susceptible. Mean 

comparisons of maize genotypes (Table 3) 

displayed maximum shoot dry weight (1.27 g) 

and potassium contents (53.7 mol m-3) in G-2 

at T1 = 0.89 dSm-1 (control). Similarly, maize 

genotypes G-11 and G-35 performed better 

than others for root length (36 cm). The 

maximum value for shoot length (49 cm) 

resulted in G-26. Maize lines G-3 and G-26 

remained the best performing in the seedling 

experiment, with high mean values for root dry 

weight (1.34 g each) and cell membrane 

stability (96% and 95%, respectively) and low 
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Table 3. Mean performance of maize genotypes for seedling traits under Treatment-I (T1 = 0.89dsm-

1). 

Geno RL SL RDW SDW CMS Na K  Geno RL SL RDW SDW CMS Na K 

G1 31 38 0.81 0.98 94 18.3 44.1  G26 37 49 1.34 0.93 95 16.2 49.9 

G2 33 42 1.19 1.27 95 15.7 53.7  G27 33 40 0.96 0.81 90 18.2 39.1 

G3 31 42 1.34 1.19 96 15.4 43.4  G28 26 35 0.76 0.83 93 17.7 43.1 

G4 25 32 0.96 0.97 93 18.1 39.2  G29 23 43 0.76 0.87 95 17.4 42.8 

G5 32 41 0.76 0.91 92 17.6 42.7  G30 32 38 0.56 0.91 96 17.2 41.6 

G6 30 35 0.76 0.94 94 16.7 43.1  G31 28 39 0.74 0.88 92 17.7 38.2 

G7 31 36 0.56 0.74 93 19.1 35.3  G32 39 41 0.68 0.83 95 16.2 46.8 

G8 36 41 0.74 0.81 93 16.1 41.6  G33 29 34 0.77 0.94 96 16.5 48.2 

G9 34 38 0.68 0.74 92 17.5 38.2  G34 27 33 0.79 0.86 95 18.3 38.4 

G10 27 32 0.77 0.87 93 18.1 39.1  G35 36 38 0.78 0.88 92 16.5 48.7 

G11 36 43 0.79 0.91 94 17.9 51.3  G36 28 35 0.89 0.91 91 16.2 41.1 

G12 27 33 0.78 0.88 93 18.7 49.4  G37 27 33 1.10 0.94 88 18.9 38.9 

G13 28 32 0.89 0.83 94 16.1 51.9  G38 27 37 0.67 0.87 89 16.3 41.2 

G14 34 42 1.29 1.31 96 17.5 52.4  G39 30 32 0.88 0.79 95 17.4 41.7 

G15 30 38 0.67 0.86 94 18.1 43.1  G40 31 36 0.67 0.81 95 17.3 40.9 

G16 27 36 0.88 0.88 96 16.7 38.1  G41 27 31 0.78 0.87 96 18.1 44.7 

+G17 31 38 0.67 0.91 95 16.3 42.7  G42 30 43 0.59 0.98 89 16.9 45.3 

G18 30 35 0.78 0.94 95 18.1 42.6  G43 35 47 0.67 0.88 95 18.1 43.2 

G19 30 36 0.59 0.87 95 18.1 43.4  G44 35 47 0.67 0.93 96 17.7 44.1 

G20 34 34 0.67 0.98 95 16.4 38.1  G45 31 43 0.79 0.95 95 14.2 45.4 

G21 25 35 0.67 0.87 95 17.8 38.5  G46 35 29 0.78 0.97 96 16.4 43.2 

G22 33 34 0.79 0.79 95 17.5 38.3  G47 31 33 0.79 0.88 91 18.8 36.3 

G23 26 38 0.87 0.87 95 18.8 43.1  G48 28 35 0.68 0.87 95 17.2 41.2 

G24 32 34 0.81 0.91 95 15.1 51.1  G49 28 33 0.69 0.91 95 18.1 40.9 

G25 28 32 1.19 0.94 94 16.9 42.7  G50 29 36 0.78 0.71 93 18.4 43.1 

 

mean values for sodium contents in leaf sap at 

15.4 and 16.2 mol m-3, respectively.  

Mean comparison for seedling traits 

under T2 = 8 dSm-1 salinity level exhibited that 

G-26 had the highest mean value for root 

length (34 cm) and shoot length (45 cm). 

Inbred G-2 emerged to have the highest mean 

values for root dry weight and shoot dry weight 

(1.19 g and 1.07 g, respectively). The lowest 

value for cell membrane stability (55%) was 

notable for G-37, and the maximum value 

(78%) was evident in G-2. However, mean 

values for cell membrane stability decreased 

significantly even at low salinity levels. 

Regarding sodium content in leaf sap, G-33 

appeared to have the lowest value of 32 mol 

m-3, while the premiere value (41 mol m-3) 

emerged for G-7 and G-20. Two maize 

genotypes, G-33 and G-35, surfaced with the 

highest value (33 mol m-3) of potassium 

content in leaf sap. Meanwhile, G-27 resulted 

in the lowest value of 21 mol m-3 under T2 = 8 

dSm-1, as shown in Table 4.  

In the case of the T3 = 12 dSm-1 

salinity level, maize genotype G-35 gained the 

highest mean values for root length (27 cm) 

and shoot length (31 cm), while maize 

genotype G-3 had the topmost mean value for 

root dry weight (0.89 g). The maximum mean 

value for potassium content (21 mol m-3) 

occurred in G-45 and G-14 at T3 = 12 dSm-1 

salinity. Regarding cell membrane stability, a 

maximum value (24%) was available in the G-

35 genotype (Table 5). Thus, maize genotypes 

G-2, G-3, G-13, G-26, G-32, G-33, and G-35 

proved to be salt-tolerant under all treatments 

in the seedling experiment.  

 

Principal component analysis 

 

The results of the biplot indicated that high 

genetic variability was present in the studied 

50 maize genotypes under control and salt 

stress conditions. Maize inbred lines away from 

the origin were good performers for relative 

traits as compared with the genotypes nearer 
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Table 4. Mean performance of maize genotypes for seedling traits under Treatment-II (T2 = 8 dSm-1). 

Geno RL SL RDW SDW CMS Na K  Geno RL SL RDW SDW CMS Na K 

G1 26 34 0.71 0.73 66 39 23  G26 34 45 0.67 0.99 75 36 31 

G2 28 40 0.94 1.02 78 34 31  G27 21 36 0.62 0.31 64 37 21 

G3 28 39 1.19 1.07 72 39 32  G28 23 31 0.73 0.69 74 40 27 

G4 24 28 0.86 0.18 66 37 26  G29 23 35 0.71 0.83 74 40 28 

G5 27 36 0.67 0.75 66 37 24  G30 27 34 0.69 0.67 73 40 28 

G6 25 31 0.61 0.53 70 36 23  G31 23 35 0.75 0.54 73 33 29 

G7 21 30 0.51 0.28 64 41 22  G32 34 37 0.89 0.71 74 34 31 

G8 22 38 0.67 0.34 66 35 24  G33 26 38 0.81 0.53 73 32 33 

G9 23 34 0.62 0.89 70 36 25  G34 22 29 0.75 0.71 71 40 26 

G10 22 28 0.73 0.31 71 37 26  G35 31 34 0.89 0.82 69 32 33 

G11 31 40 0.71 0.94 74 36 31  G36 23 31 0.78 0.63 73 34 24 

G12 22 29 0.69 0.49 77 37 29  G37 21 29 0.45 0.36 55 35 21 

G13 23 37 0.97 0.57 74 37 26  G38 22 33 0.92 0.52 59 36 26 

G14 29 39 1.09 0.98 77 35 34  G39 25 28 0.91 0.61 61 36 25 

G15 25 34 0.64 0.24 69 40 24  G40 26 32 0.81 0.55 59 37 24 

G16 22 32 0.75 0.12 74 39 24  G41 22 27 0.67 0.46 63 36 26 

G17 24 32 0.74 0.87 73 37 25  G42 25 35 0.67 0.79 65 36 29 

G18 25 31 0.78 0.94 71 39 25  G43 29 35 0.61 0.52 70 36 23 

G19 25 32 0.45 0.5 69 38 23  G44 28 34 0.51 0.62 66 40 25 

G20 20 27 0.68 0.26 66 41 24  G45 30 40 0.67 0.97 71 31 31 

G21 22 31 0.87 0.79 65 37 25  G46 27 25 0.62 0.7 75 40 24 

G22 28 30 0.86 0.22 70 36 26  G47 26 29 0.56 0.65 72 39 24 

G23 23 34 0.67 0.69 71 37 26  G48 23 31 0.61 0.43 69 37 23 

G24 27 30 0.61 0.36 66 39 26  G49 23 29 0.69 0.68 71 38 23 

G25 23 28 0.58 0.78 75 36 27  G50 24 32 0.65 0.51 57 37 25 

 

Table 5. Mean performance of maize genotypes for seedling traits under Treatment-III (T3 = 12 dSm-

1). 

Geno RL SL RDW SDW CMS Na K  Geno RL SL RDW SDW CMS Na K 

G1 16 24 0.49 0.33 11 84 12  G26 22 27 0.72 0.49 18 77 12 

G2 23 29 0.71 0.48 21 79 16  G27 17 29 0.41 0.01 3 90 19 

G3 22 31 0.89 0.57 19 78 19  G28 14 20 0.45 0.19 12 85 11 

G4 17 20 0.61 0.18 12 82 15  G29 19 23 0.47 0.33 14 85 11 

G5 19 22 0.52 0.23 14 82 17  G30 16 22 0.61 0.17 19 87 11 

G6 19 16 0.48 0.33 11 81 11  G31 21 29 0.56 0.14 16 78 16 

G7 12 19 0.39 0.08 3 89 9  G32 22 26 0.71 0.21 20 79 18 

G8 16 29 0.41 0.14 12 83 10  G33 23 22 0.89 0.54 19 77 12 

G9 14 19 0.49 0.39 12 84 10  G34 19 24 0.47 0.51 16 86 11 

G10 16 20 0.56 0.11 19 84 11  G35 27 31 0.69 0.52 24 79 20 

G11 26 26 0.64 0.34 21 79 13  G36 16 21 0.59 0.23 14 79 12 

G12 19 28 0.53 0.19 5 80 16  G37 13 17 0.41 0.06 4 89 9 

G13 26 21 0.61 0.11 19 77 12  G38 14 19 0.51 0.12 8 76 11 

G14 21 23 0.84 0.68 21 77 21  G39 17 23 0.43 0.21 13 76 10 

G15 19 26 0.59 0.14 11 85 12  G40 16 21 0.51 0.15 12 77 12 

G16 17 20 0.59 0.12 10 84 14  G41 18 18 0.59 0.16 14 78 11 

G17 14 21 0.48 0.27 14 88 11  G42 19 21 0.62 0.39 19 79 12 

G18 15 23 0.61 0.34 19 77 11  G43 18 20 0.43 0.12 16 79 11 

G19 18 23 0.29 0.21 16 76 12  G44 21 21 0.41 0.22 4 85 11 

G20 13 23 0.58 0.06 4 84 11  G45 26 26 0.69 0.77 21 82 21 

G21 14 22 0.49 0.39 13 82 13  G46 22 21 0.42 0.3 16 85 16 

G22 14 22 0.59 0.12 16 81 11  G47 12 22 0.41 0.35 12 84 13 

G23 15 19 0.61 0.29 12 82 12  G48 21 21 0.39 0.13 14 85 12 

G24 16 18 0.63 0.06 14 84 11  G49 19 23 0.42 0.18 4 83 11 

G25 16 22 0.51 0.38 4 79 12  G50 18 20 0.41 0.11 8 85 11 
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to the origin. Maize genotypes’ response for 

seedling traits was recognizable by plotting the 

three biplot in the studied saline environments 

(T1 = 0.89 dSm-1, T2 = 8 dSm-1, and T3 = 12 

dSm-1). On the biplot for T1 = 0.89 dSm-1 

under the control condition, the first two 

components contributed collectively 56.2% of 

the variation, where PC1 contributed 38% and 

PC2 provided 18.2% individually for seedling 

samples (Figure 1).  

 Concerning the biplot for the T2 = 8 

dSm-1 genotypes under salt stress, the first 

two components contributed 63.4% variation, 

where PC1 contributed 49.2% and PC2 

indicated 14.2% variation for seedling traits 

(Figure 2). Similarly, in the biplot for T2 = 12 

dSm-1, the first two components had 

cumulative contributions of 56.2% variation, 

where PC1 contributed 38% and PC2 gave 

18.2% variation for seedling traits (Figure 3). 

The opposite vectors of sodium contents 

displayed a strong negative association with 

dry root weight, dry shoot weight, root and 

shoot lengths, cell membrane stability, and 

potassium contents. At the normal condition 

(T1 = 0.89 dSm-1), maize genotypes 

represented high values of physio-

morphological parameters, scattering opposite 

to sodium contents, and genotypes were closer 

in the biplot for the control treatment (Figure 

1).  

The results showed a little depression 

of morphophysiological traits at the salinity 

level of T2 = 8 dSm-1 (Figure 2), whereas 

genotypes moved toward the sodium-

potassium ratio and sodium content vectors 

when salinity increased to T3 = 12 dSm-1 

(Figure 3). Genotypes G-2, G-14, G-3, G-11, 

G-13, G-26, G-32, G-33, G-35, and G-45 had 

shown positive responses toward root and 

shoot morphological traits under the T2 = 8 

dSm-1 level of salinity (Figure 2). At T3 = 12 

dSm-1, Na+ content has checked the 

physiological trait of maize plants, i.e., 

potassium content of most genotypes, and only 

a few, viz., G14, G3, G11, G32, and G45, 

responded a little comfortably. However, G-2, 

G-3, G-26, G-33, and G-35 had good root and 

shoot morphological attributes. Plant cell 

stability to retain K+ is a key factor for salinity 

tolerance. 

 

 
 

Figure 1. Biplot based on principal component analysis (PCA) of maize genotypes under Treatment-I 

(T1 = 0.89 dSm-1) for seedling traits. 
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Figure 2. Biplot based on principal component analysis (PCA) of maize genotypes under Treatment-II 

(T2 = 8 dSm-1) for seedling traits. 

 

 

 
 

Figure 3. Biplot based on principal component analysis (PCA) of maize genotypes under Treatment-III 

(T3 = 12 dSm-1) for seedling traits 
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DISCUSSION 

 

In this study, maize genotypes underwent 

screening against salinity to assess genetic 

diversity in available germplasm for the 

selection of genetically distant inbred lines 

under three treatments—T1 = 0.89 dSm-1, T2 = 

8 dSm-1, and T3 = 12 dSm-1. Maize is a salt-

sensitive crop, with reports of having 

maximum yield losses at 10 EC (FAO, 2019; 

Jattan et al., 2023). Globally, abiotic stresses 

are emerging as a serious threat to agricultural 

production. Development of stress-resilient 

plants could be an effective tool to ensure 

sustainable productivity. A key factor to 

enhance stress tolerance is the assessment of 

genetic variability within existing germplasms 

(Bello et al., 2012). A short way to develop 

salt-tolerant genotypes is the use of already 

available variations in existing germplasms. 

Genetic studies for salt tolerance had been 

progressing in many crops, including maize. 

The reported study sought to screen and 

discriminate salt-tolerant and susceptible 

maize inbred lines and their utilization for the 

development of salt-tolerant F1 hybrids.  

 Better seedling growth showed a 

positive association with lateral plant 

developmental stages, resulting in high yields 

(Willenborg et al., 2005). In this current study, 

28-day-old seedlings received evaluation in 

sand pots under control and different salinity 

levels as practiced by Raza et al. (2017). 

Analysis of variance had shown that maize 

genotypes and salinity × genotypic interaction 

effects proved significant (P < 0.05) for all the 

studied standards against salinity for seedling 

traits (Table 2). Significant reductions in 

morphological and physiological parameters 

were also evident under high salt stress 

conditions due to an increase in Na+ and a 

decrease in K+ contents in plant cell sap, as 

described by Raza et al., (2017). 

Significant reduction in root length and 

dry root weight appeared under salt stress 

conditions. Maize genotypes G-3, G-26, G-35, 

and G-45 performed excellently and gained 

high values for root length under salt stress 

levels T2 = 8 dSm-1 and T3 = 12 dSm-1. Higher 

root length under salt stress conditions 

emerged to be linked with salt stress tolerance 

and helped to improve shoot length of maize 

seedlings under salt stress conditions (Mazhar 

et al., 2020).  

Salinity-induced reduction in shoot 

length and reduced root length had negative 

impacts on normal growth of the seedling. In 

the promising study, susceptible genotypes 

showed lesser shoot length, while tolerant 

genotypes attained higher shoot length, as 

genotypes G-3, G-26, and G-35 had shown 

longer shoot length than others under the 

studied salt-stressed conditions. Pessarakli and 

Kopec (2009) also reported higher salt 

concentrations reduced the shoot length 

significantly. Increasing salinity comes with a 

significant reduction in shoot length, as 

described in the past research (Ashraf et al., 

2010; Mazhar et al., 2020). In literature, it is 

reported root growth is sensitive to high salt 

concentrations in the medium and rapidly 

reduced by salinity (Ashraf et al., 2010). Under 

saline environments, the prime cause of 

decline in plant growth seemed either due to 

osmotic drop in water availability or too much 

accretion of ions (Chinnusamy et al., 2005). 

Potassium-retaining capability of plant 

cells is a key factor for salinity tolerance 

(Abbasi et al., 2012). The ability of plant 

genotypes to maintain higher levels of K+ and 

Ca2+ and low levels of Na+ within the tissue is 

one of the crucial mechanisms contributing to 

the expression of high salt tolerance (Jamil et 

al., 2012; Hussain et al., 2023). Our results 

indicated that more attention should focus on 

high uptake of K+ by roots when testing a 

maize inbred line for salt stress tolerance. 

Ashraf et al., (2010) reported an important 

emphasis should center on the ability of 

biomass production and ion contents for the 

categorization of maize hybrids for salt-stress 

tolerance.  

Accumulation of sodium in plant parts 

hinders the availability of essential elements (K 

and Ca), which causes damage to biological 

membranes, having negative impacts on the 

normal functioning of cellular organelles 

(Quintero et al., 2007). The results of this 

study indicated physiological traits due to their 

high sensitivity toward salinity acquired 

adverse effects from salt treatments. However, 

significant genetic variation resulted in the 
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performance of maize genotypes at different 

salinity levels. Maize genotypes G-2, G-11, and 

G-45 showed higher values for cell membrane 

stability under salt stress conditions. Thus, 

maize genotypes G-2, G-3, G-11, G-13, G-32, 

G-33, G-35, and G-45 had displayed high 

mean values for shoot and root lengths, 

potassium contents, root dry weight, and shoot 

dry weight. They proved to be salt tolerant 

under all treatments at the seedling stage.  

In the principal component analysis, at 

the normal condition (T1 = 0.89 dSm-1), maize 

genotypes represented high values for 

morphophysiological traits, as they scattered 

opposite to sodium contents (Na+), and 

genotypes were closer in the biplot for the 

control treatment. This showed a little 

depression of morphophysiological traits at the 

salinity level of T2 = 8 dSm-1, whereas 

genotypes moved toward sodium-potassium 

ratio and sodium content vectors when salinity 

increased to T3 = 12 dSm-1. Genotypes G-2, G-

3, G-11, G-13, G-32, G-33, G-35, and G-45 

had exhibited positive responses toward root 

and shoot morphological traits under the T2 = 8 

dSm-1 level of salinity. Ashraf et al. (2010) 

reported that an important emphasis is 

necessary on the ability of biomass production 

and ion contents for the categorization of 

maize genotypes for salt-stress tolerance.  

The higher root length under salt-

stress conditions revealed an association with 

salt tolerance, which facilitated shoot length of 

maize seedlings under salt-stress conditions. 

Ahmad et al., (2010), Mustafa et al. (2013), 

and Mazhar et al., (2020) also observed more 

root and shoot dry weight in salt-tolerant 

genotypes. Differential selectivity for K+ over 

Na+ of genotypes under salinity is a 

determinant of the magnitude of dry matter 

production in plants. At T3 = 12 dSm-1, Na+ 

had checked the physiological trait, potassium 

contents of most genotypes, with only a few, 

such as G-2, G-3, G-33, and G-35, gaining 

good root and shoot morphological attributes.  

 

 

CONCLUSIONS 

 

Maize genotypes G-3 (PEIL-6), G-11 (ILYL-30), 

G-33 (ILYL-45), G-35 (PEIL-20), and G-45 

(DDR-15) emerged as salt-tolerant genotypes 

at 10 dSm−1 and 12 dSm−1 levels for most 

studied traits. Thus, the study suggests that 

these genotypes should be most suitable in 

maize breeding programs to develop salt-

tolerant hybrids and open-pollinated varieties 

for saline soils. 
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