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Abstract 

 

To study (genotype × environment) interaction (GEI) of available maize germplasm against different saline 

environments present study was conducted under four saline environments S0.89 dSm
-1 (T1; Control), S5.2 dSm

-1 (T2), S6.7 dSm
-1 

(T3) and S11 dsm
-1 (T4) in natural saline environments of saline soil research institute, Pindi Bhattian on the basis of standards 

like grain yield per plant, 100 grain weight, stomata conductance, total soluble sugars, chlorophyll-a, chlorophyll-b, relative 

water con tents, no of grain per cob, water potential, protein contents, transpiration rate, plant height, photosynthetic rate, 

leaf fresh weight and leaf area. Sowing was performed with split plot arrangement by following randomize complete block 

design. Based on performance, UAF-0020 and UAC-0036 were selected as a most tolerant even in highly saline 

environment S11 dsm
-1 on the basis of protein contents, grain yield per plant and number of grains per cob, chlorophyll-b, 

chlorophyll-a, using biplot on the basis of principal component analysis (PCA). Based on photosynthetic rate, 100 grain 

weight and protein contents the most susceptible genotype recorded were UAF-0028 and UAF-0033 even in low salinity S5.2 

dsm
-1. Under all the variable saline environments the ramming genotypes performed in same manner either in positive or 

negative fashion. Protein contents, number of grains per cob, chlorophyll-b, chlorophyll-a, rate of photosynthesis, grain 

yield per plant, Plant height and 100 grain weight were considered the best standard for selection. To study GEI Principal 

Component Analysis based biplot is proved as an effective procedure. Reported salinity tolerant genotypes could be used for 

further salinity tolerance breeding programs. 
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Introduction 

 

Maize (Zea mays L.) is one of the important as well 

as produce highest grain. It was originated in 9000 years 

ago in Central Mexico where was grown as a wild grass 

(Ahmad & Jhon, 2005; Noman et al., 2015; Nawaz et al., 

2021). Globally, maize is used as raw material for 

industrial product as well as consumed as staple food. All 

plant parts of maize are useful for food as well as for non-

food products (Ahanger et al., 2020; Kaya et al., 2015; 

Nawaz et al., 2020). Maize seed contains starch 72%, 

protein 10%, sugar 3%, oil 4.8%, ash 17% and fiber 8.5% 

(Noman et al., 2015). In Pakistan maize fulfils 60% 

demand of poultry industry (Pandolfi et al., 2016). 

Globally, increasing population trend narrates that 

population will reach to 9.7 billion till the year 2050 

(population prospects of United Nations 2015-2016); 

which is a serious threat to crop production and food 

security. To fulfill the anticipated loads, it is the need of 

hour to double crop production till 2050 (Saleem et al., 

2020). But in contrast, due to biotic and abiotic stresses 

there is reduced food production and these adverse effects 

are serious threat to nation (Ali et al., 2021; Hassan et al., 

2021; Hussain et al., 2021). 

Salt stress is serious hazard among various abiotic 

stresses to economy of agriculture, particularly in 

semiarid and arid areas (Ahmad et al., 2012, 2019; Ali 

et al., 2020; Alam et al., 2021; Kaya et al., 2020). In 

2400 BC, salts affected land were found in Iraq. The 

early civilizations were affected by salinity badly 

(Parida & Das, 2005). Globally, 831 M ha land is 

affected by sodality and salinity. Mostly these areas are 

arid. In these semiarid humid and coastal areas mostly, 

there is humid and sub humid climates along rivers and 

estuaries (Yun et al., 2018; Hameed et al., 2021; 

Mumtaz et al., 2021; Waseem et al., 2021). Many salts 

like NaCl, CaS04, KCI, Na2S04, MgCI2, MgS04 and 

NaC03 cause soil salinity in varied conditions (Afzal et 

al., 2020; Javed et al., 2020; Kaleem & Hameed, 

2021). Sodium and chloride contribute significantly 

towards soil salinity which play important role in 

reducing crop production by reducing osmotic potential 

and specific ion toxicity (Mumtaz et al., 2019; 

Mohamed et al., 2020; Hassan et al., 2021). In two 

stages, the maize plant growth is reduced (Carpýcý et 

al., 2009). There is reduction take place in external 

water potential at first stage due salts availability in 

soil near roots (Anjum et al., 2011; Yaseen et al., 
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2020; Saleem et al., 2021). Older leave senesces at 

second stage. Salt sensitive maize plants accumulate 

greater ionic concentration when contrasted with salt 

tolerant ones prompting continuous plant death 

(Parihar et al., 2015; Yun et al., 2018). Salinity 

destroys plants by three different ways like increasing 

ion toxicity (sodium and chloride), reducing water 

potential and obstruction with fundamental nutrient 

supply (Parida & Das, 2005; Baghel et al., 2019). 

Decline in turgor pressure due to reduction in water 

potential causes death of plant. Leaves senescence due 

to high salts causes decrease in photosynthetic zone 

ultimately reduces photosynthetic rate in plants which 

disturbs carbon balance necessary for plant growth 

(Abdel-Hamid & Mohamed, 2014; Ali et al., 2020; 

Saleem et al., 2020). In overflowed region, decreased 

oxygen in roots badly influences respiration of roots 

eventually plant growth (Ashraf & Orooj, 2006). 

Furthermore, accessibility of iron, nitrate, sulfate and 

manganese to plant are decreased (Deng et al., 2021; 

Walayat et al., 2021) which upsets particular particle 

passage (Saleem et al., 2020). Salinity and such 

anaerobic conditions together affect severely the crop 

development (Zafar et al., 2015; Yasmin et al., 2020). 

There are different ways to overcome salinity issue. 

Out of various, cultivation of salt tolerant plants has 

received extensive significance because of its being an 

efficient manner of making use of the salt affected soils 

(Hussain et al., 2016; Jing et al., 2018; Nawaz et al., 

2020). Crop germplasm screening is requirement to find 

genotypes having tolerance against salinity for any 

breeding programmed. The purpose of present research 

was to judge the degree of variability and adaptability of 

maize germplasm against different salinity conditions to 

find salinity tolerant and sensitive genotypes and best 

selection traits against salinity stress. 
 

Materials and Methods 
 

Experimental conditions and treatments: This 

experiment was conducted under natural saline field 

conditions in Saline Soil Research Institute (SSRI), Pindi 

Bhatian, Punjab, Pakistan. Forty maize genotypes namely 

UAC-0013 to UAC-0052 were screened at different 

salinity concentrations i.e. S0.89 dSm
-1

(T1; Control), S5.2 dSm
-

1
(T2), S6.7 dSm

-1
(T3) and S11 dsm-1 (T4). Thirty plants per 

replication were grown in each treatment on ridges by 

maintaining 50 cm row × row and 20 cm plant × plant 

distance. Sowing was done following triplicated split plot 

design. To raise crop suggested agronomic and plant 

protection measures were accomplished. Data were 

computed for the following morphological and 

physiological traits; Plant height, leaf area, leaf fresh 

weight, photosynthetic rate, transpiration rate, water 

potential, relative water contents, chlorophyll-a, 

chlorophyll-b, protein substances, total soluble sugars, 

stomata conductance, no of grain per cob, 100 grain 

weight and grain yield per plant. 
 

Determination of chlorophyll contents: Chlorophyll 

contents (Chl a, b) were measured by following (Nagata 

& Yamashita, 1992). From 10 labeled plants per enter 

the plant leaf samples were collected. In 80% acetone 

one-gram fresh plant leave was pulverized using pestle 

and mortar and the resolution was centrifuged at 3000 

rpm for 10 minutes. By using pipette, the supernatant 

was taken sensibly. Total 3ml supernatant was used to 

measure the absorbance at 663nm, 645nm, 505nm and 

453nm wavelengths using spectrophotometer 

(Spectronic 21 D. Milton Roy). 

The Chlorophyll a and b substances were determined 

in (mg/g f.wt) by following (Nagata & Yamashita, 1992). 

Calculations were made by using the following formulas: 

 

Chlorophyll A (mg/100ml) = 0. 999A663-0.0989A645 

Chlorophyll B (mg/100ml) = 0.328A663+1.77A645 

 

Determination of physiological attributes: Leaf relative 

water content was determined by following methodology 

devised by (Jones & Turner, 1978). Entirely prolonged 

leaves of identical size from every replicate were weighed 

instantly. All leave samples were saturated for 10 hours at 

room temperature weight was recorded. Then leaves were 

oven dried at 70°C for 48 hours and weight was recorded 

as dry weight. Relative H2O content of leaf was then 

calculated in (%) using the following formula: 

 

RWC (%) = 
Fresh wt. of leaf – Dry wt. of leaf × 100 

Turgid wt. of leaf – Dry wt. of leaf 

 

Fully matured leaf from top was detached at dawn for 

the measurement of water potential using a Scholander 

pressure cavity of Arimad-2-Japan (Scholander et al., 

1965). Leaf water potential was taken in (-Mpa). 

Completely soluble proteins were determined using 

methodology devised by (Ku et al., 1979). Total soluble 

sugars were calculated using method of Laboratory (Steel 

& approach, 1997).  

Analysis of variance with randomized complete 

block design under triplicated split plot design was used 

to calculate consequence difference in conducts for each 

trait studies. Analyzed the recorded data by principal 

component based biplot analysis. It is a data reduction 

method to elaborate the relationship in more than one 

character and to divide total variance of these original 

characters into uncontrolled new variables. Bi-plot 

analysis based principal component analysis indicated 

presence of genetic variability among studied genotypes 

under both normal and stress conditions which divided 

into four components. Genotype farther away from origin 

in positive region was good performer while genotype 

scattered towards negative quadrant was poor performer 

relative to origin of graph. 

 

Statistical analysis  

 

(Steel & Torrie, 1980) developed analysis of variance 

to calculate consequence of treatment differences in 

genotypes. Principal component based biplot analysis was 

used to analyzed the variations among genotypes against 

diverse saline environments for each character. 
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Table 1. Mean sum of squares with respective levels of significance for all of studied traits in maize at different salinity levels in field condition. 

SOV DF PH LA LFW A E Ψw RWC Chl a Chl b PROT TSS Gs GPC 100GW GYPP 

Replication 2 20.5 238 0.03 3.2 0.03 0.01 12.9 0.002 0.004 0.06 0.03 71 68 6.5 4 

Treatment 3 70055.8* 296513* 116.4* 7236.3* 20* 2.28* 34745.5* 1.8* 1.4* 176* 18.1* 245532* 630901* 10132.3* 114048* 

ER×Trt 6 100 842 0.15 26 0.15 0.01 60 0.02 0.01 0.14 0.2 202 379 22.4 15 

Genotype 39 2516.7* 6873* 3* 135.1* 0.5* 0.08* 725* 0.03* 0.02* 2.15* 0.3* 5978* 12243* 117.7* 1778* 

Trt×G 117 762* 2877* 1.1* 49.4* 0.3* 0.03* 291* 0.01* 0.01* 0.8* 0.1009* 2437* 5082* 54.2* 776* 

ER×Trt×G 312 7110 28158 5.5 675 5.6 0 1729 1.05 0.4 5.04 5.9 7504 15781 668.2 481 

Total 479                

* denotes highly significant differences (p<0.05) 

Abbreviations: PH; plant height, LA; leaf area, LFW; leaf fresh weight, A; photosynthetic rate, E; transpiration rate, Ψw; water potential, RWC; 
relative water contents, Chl a; chlorophyll-a contents, Chl b-; chlorophyll-b contents, Prot; protein contents, TSS; total soluble salts, Gs; stomata 

conductance, GPC; No. of grains per cob, 100GW; 100 grain weight, GYPP; grain yield per plant. 
 

Results 

 

Morphological and physiological traits: Treatment, 

genotypes and genotype into treatment interaction at 

variable saline treatments were noted as significant 

(p<0.05) for morphological and physiological traits 

(Table 1). In current study, Principal component analysis 

transformed different morphological and physiological 

traits into fifteen components. Among these fifteen 

principal components, only two components PC1 and PC2 

were used to develop biplot graph in all salinity 

environments as these components were recorded with 

more than one eigen value (Table 2) otherwise in control 

environment S0.89 dsm
-1

 and least saline environment S5.2 

dsm
-1

, 1st seven components PC1-7 and 1st three 

components PC1-3 harbored eigen value more than one 

respectively. Eigen value is used as cut off value which is 

decisive for retaining the principal component for further 

study. Contribution of all the traits in saline environment 

S0.89 dsm
-1 

was positive except grain yield per plant in PC1, 

while in PC2, water potential, transpiration rate, leaf area, 

photosynthetic rate, leaf fresh weight, chlorophyll-b, 

protein contents, total soluble sugars, grain yield per plant 

and stomata contents were contributing positively. In case 

of salinity S5.2 dsm
-
1, S6.7 dsm

-1
 and S11 dsm

-1
 except water 

potential, all traits were contributing positively in PC1 

while in chlorophyll-b, chlorophyll-a, total soluble sugars, 

relative water contents, water potential, 100 grain weight 

and transpiration rate in PC2 of S5.2 dsm
-1

. Positive 

contribution was seen by chlorophyll-a, 100 grain weight, 

plant height, no of grain per cob, photosynthetic rate, 

relative water contents, transpiration rate, stomata 

conductance, water potential and total soluble sugar in 

PC2 of saline environment S6.7 dsm
-1

 while in PC2 of S11 dsm
-

1
, 100-grain weight, chlorophyll-b, chlorophyll-a leaf 

area, grain yield per plant, leaf fresh weight and 

photosynthetic rate showed positive contribution. 

Consequently, performance of UAC-0020 and UAC-

0036 was well and reported as tolerant genotypes in 

highly saline environment S11 dsm
-1 

for approximately all 

traits while UAC-0028 and UAC-0033 performed poor 

even at less saline environment S4 dsm
-1

. PCA biplot 

analysis remained best to select better and poor parents. 

Photosynthetic rate, 100-grain weight, Plant height, grain 

yield/ plant and number of grains per cob were proved as 

best traits for selection criteria. 

Biplot graph was developed between PC1 and PC2 in 

controlled condition S0.89 dsm
-1

 to elaborate the variation in 

all the genotypes for different morphological and 

physiological traits (Fig. 1). These components 

contributed 32.74% in variation collectively while 

individually PC1 contributed 20.31% and PC2 

contributed 12.43% to explain the performance of 

genotypes. Plant height and spoke lengths of grain yield/ 

plant were little bit high as compare to rest of traits which 

was indication that these traits has high discriminating 

power to explain the response of genotypes. Huge angle 

between these vectors explain their different response 

towards genotypes individually. Protein contents, water 

potential, relative water contents and no of grain per cob 

also harbored high discriminating power and individual 

response for the elaboration of performance of genotype. 

 

Interactions between different treatments: 64.37% 

interaction of PC1 and PC2 was reported in biplot 

developed under salinity S5.2 dsm
-1 

to reveal variation in 40 

genotypes. Individually, PC1 and PC2 showed 56.08 and 

8.30% interaction respectively. All the genotypes placed 

on different location with respect to their means on graph 

but high mean genotypes UAC-0036, UAC-0020, UAC-

0024 and placed in positive direction towards the heads of 

vector between photosynthetic rate and total soluble 

sugars with high variability termed as tolerant (Fig. 2). 

Low mean genotypes UAC-0041, UAC-0033 and UAC-

0028 scattered in negative quadrant towards the tail traits 

vectors revealed comparative poor adaptability termed as 

susceptible (Fig. 2). Transpiration rate, 100 grain weight, 

chlorophyll-a and leaf area remained more discriminating 

and highly responsive towards genotypes in saline 

environment S5.2 dsm
-1 

as these traits were longer with huge 

angle among Biplot analysis for saline environment S6.7 

dsm
-1 

showed 64.31% interaction for variation to explain 

the behavior of genotypes on graph for different 

morphological and physiological traits. 57.43% and 

6.89% interaction (Fig. 3). Leaf area, grain yield per plant 

and leaf fresh weight remained best indicator for 

specifying tolerant genotypes UAC-0036, UAC-0024 and 

UAC-0020 as these genotypes slided in positive side of 

graph towards heads of traits vector with high mean of 

concerned traits (Fig. 3). UAC-0048, UAC-0041, UAC-

0033 and UAC-0028 fall in negative region of graph 

having reduced variability grouped as susceptible 

genotypes (Fig. 3) while other genotypes positioned 

differently with respect to variability in positive or 

negative region of graph. Water potential and protein 

contents were making an angle of 180 which was 

indication of their huge individual response towards 

genotypes in saline environment S6.7 dsm
-1

. 
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Fig. 1. PCA Biplot for normal treatment S0.89 dsm. 

 

  
 

Fig. 2. PCA Biplot for stress treatment S5.2 dsm
-1. 

 

  
 

Fig. 3. PCA Biplot for stress treatment S6.7 dsm
-1. 
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Fig. 4. PCA Biplot for stress treatment S11 dsm
-1. 

 

Principal component analysis: Collective interaction 

between PC1 and PC2 towards variation shown by biplot 

of high saline environment S11 dsm
-1 

was 65.53%. 

Individually, PC1 and PC2 contributed 57.96% and 7.57% 

interaction towards variation in genotypes. Genotypes 

UAC-0020 and UAC-0036 secured position in positive 

quadrant towards heads of vectors leaf area, leaf fresh 

weight, grain yield/ plant with high variability and good 

adaptability while UAC-0024 attracted by the high 

response of relative water contents and no of grain per 

cob in positive quadrant of graph away from origin 

termed as tolerant genotypes. Genotypes UAC-0048, 

UAC-0041, UAC-0033 and UAC-0028 fall in negative 

quadrant towards tail of traits vector showed poor 

adaptability in high stress treatment S11 dsm
-1

 known as 

susceptible (Fig 4) while rest of genotypes scattered in 

different regions of graph with respect to response of 

different traits.  Spoke length of water potential, 100 grain 

weight and relative water contents was longer showing 

high discriminating power for genotypes. 

 

Discussion 

 

The present study revealed that sensitive genotypes 

were badly affected while tolerant genotypes performed 

well during the salinity stress. Salinity S5.2 dsm
-1

 produced 

undesirable effects on protein contents, chlorophyll-a and 

chlorophyll-b of susceptible genotypes (UAC-0028; 

UAC-0048). However, the performance of tolerant (UAC-

0024; UAC-0020) genotypes were better in chlorophyll-b, 

chlorophyll-a and protein contents under salinity S6.7 dsm
-1

. 

Similar results about chlorophyll-b and chlorophyll-a 

were reported by (Doğan et al., 2012) that salinity 

decreases the contents of chlorophyll-b, chlorophyll-a and 

this reduction mainly depends on plant species regarding 

salinity tolerance capacity. (Mumtaz et al., 2021) noted 

that salinity caused accumulation of ROS (reactive 

oxygen species) in cells by which membrane, nucleic 

acids, lipids and proteins are destroyed.  

Harmful effects of salt stress have also been detected 

on proline contents, sugar contents and relative water 

contents in sensitive genotypes. Current results had 

similarity with the findings of (Yun et al., 2018). All 

these studies concluded from their studies that salinity 

stress triggered significant decrease in plenty of plant 

parameters like potassium concentration, relative water 

contents, chlorophyll contents, nitrate reductase activity in 

pea and other plants. Experimental results of (Mumtaz et 

al., 2019) explained that physiological parameters of 

maize crop were affected by salinity stress which caused a 

prominent decrease in leaf area, shoot length, relative 

water contents, fresh and dry weight. 

Osmoregulation is most frequent process occurs in 

salt tolerant species that has capability to control the 

salinity stress (Mumtaz et al., 2019). Photosynthesis is 

considered as a growth controlling vital factor and it 

yields organic osmotic, which have main role in 

osmoregulation process (Kamran et al., 2020; Rana et al., 

2020; Saleem et al., 2020). Osmoregulation has key role 

in adaptation to salinity stress (Kaleem and Hameed, 

2021; Mumtaz et al., 2021; Waseem et al., 2021) and 

drought (Ghafar et al., 2021). (Kaleem & Hameed, 2021) 

stated that photosynthesis rate is less inhibited in salt 

tolerant genotypes. It was also reported that growth 

related all activities under saline condition functioning 

properly with the production of proteins, free proline and 

total soluble sugars (Perveen & Nazir, 2018). A plenty of 

species gather proline and glycine betaine in reaction to 

salt stress and their gathering may help in controlling salt 

stress (Khodarahmpour, 2011). Similar results were 

shown by current study as tolerant genotypes (UAC-0020; 

UAC-0024) were noted with increased production of 

proline, proteins and sugar contents even under high 

salinity S11dsm
-1

. Water potential decreased without decline 

in cell turgor in osmotic adjustment which is due to 

increase in solute contents (Pandolfi et al., 2016). 

Reduction in leaf water potential is most apparent 

effect of salt stress on growth of maize which varies 

among maize salinity tolerance species or genotypes. 
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(Yun et al., 2018) reported that plant shortage of water 

occurs before ion imbalance and toxicity. These findings 

showed similarity with the results of present research that 

salt tolerant UAC-0024 and UAC0036 genotypes shown 

high water potential and salt susceptible genotypes (UAC-

0028; UAC-0041) displayed reduced water potential 

under salinity S6.7 dsm
-1

. In current investigation, maximum 

leaf area and plant height were noted in salt tolerant 

genotypes (UAC-0020; UAC-0024) while minimum in 

salt susceptible genotypes (UAC-0028: UAC-0033) when 

maximum salt stress medium (S11 dsm
-1

) was applied. 

(Kaleem and Hameed, 2021) have also reported such type 

of findings that salinity stress reduced leaf area and plant 

height. The drastic impacts of salinity nutrients 

deficiencies, ion cytotoxicity and reduced external water 

potential (Khayatnezhad & Gholamin, 2011). 

Low photosynthesis, ion imbalance and toxicity in 

plants occur due to salinity and photosynthesis directly 

associated to water potential, stomata conductance, 

chlorophyll contents and transpiration. (Perveen & Nazir, 

2018) stated that low or moderate salinity is responsible for 

decrease growth, which linked with reduced photosynthetic 

area instead of a reduced photosynthesis per unit leaf area. 

It was also reported that at maximum salinity level, water 

imbalance decreased the stomata conductance while toxic 

ions produced non-stomata factors (Baghel et al., 2019). As 

result of these reactions, reduction occurred in leaf 

photosynthesis (Tajdoost et al., 2007). The similar results 

of present investigation stated that salt tolerant genotypes 

exhibited higher photosynthetic rate and stomata 

conductance while salt susceptible genotypes displayed 

lower photosynthetic rate and stomata conductance. 

Comparing drought stress with salt stress, 

transpiration ratio might be though the better criterion 

(Waseem et al., 2021). Because, one of the stress induced 

by different salts is osmotic stress and leaf transpiration 

rate in salinity tolerant cultivars can be improved to 

increase their salt resistance under salinity stress (Agami, 

2014). Many studies showed that transpiration rate is the 

managing factor in the salt ion accumulation in plant 

shoot. In current research, susceptible genotypes UAC-

0028 and UAC-0033 were reported with low transpiration 

while tolerant UAC-0020 and UAC-0024 genotypes were 

noted with high transpiration rate under salinity S6.7 dsm
-1

. 

Susceptible UAC-0028, UAC-0048 genotypes were 

reported with reduced yield related traits while tolerant 

UAC-0020, UAC-0024 genotypes were observed with 

increased yield. (Kaya et al., 2013) favored the current 

results that at high salt stress condition, decreased grain 

weight was noted; due to low photosynthetic efficiency 

under saline environment. 

 

Conclusions 
 

According to our results we concluded that different 

traits interact with environments differently. Plant height, 

100 grain weight, grain yield/ plant, photosynthetic rate 

and no of grain per cob were reported as best salinity 

tolerant indicators. Performance of UAC-0020 and UAC-

0036 genotypes was good, even in maximum salinity 

conditions S11 dsm
-1 

while UAC-0033 and UAC-0028 was 

fewer performers even in reduced salinity level S5.2 dsm
-1

. 

Biplot analysis is verified as best procedure for 

manipulation of GEI. Screening of present genotypes 

stated meaningful to deliver raw material for salinity 

tolerant breeding programs. 
 

Acknowledgements 

 

This research was supported by University of 

Agriculture, Faisalabad Pakistan. The authors would like 

to extend their sincere appreciation to the Researchers 

Supporting Project Number (RSP-2022/182), King Saud 

University, Riyadh, Saudi Arabia and Higher education 

commission (HEC) Pakistan for financial support under 

Ph.D. Indigenous Fellowship Program to conduct 

present study.  

 
References 

 

Abdel-Hamid, A.M. and H.I. Mohamed. 2014. The effect of the 

exogenous gibberellic acid on two salt stressed barley 

cultivars. Europ. Sci. J., 10(6): 

Afzal, J., M.H. Saleem, F. Batool, A.M. Elyamine, M.S. Rana, 

A. Shaheen, M.A. El-Esawi, M. Tariq Javed, Q. Ali, M. 

Arslan Ashraf, G.S. Hussain and C. Hu, 2020. Role of 

ferrous sulfate (feso4) in resistance to cadmium stress in 

two rice (Oryza sativa L.) genotypes. Biomolecules, 

10(12): 1693. 

Agami, R. 2014. Applications of ascorbic acid or proline 

increase resistance to salt stress in barley seedlings. Biol. 

Plant, 58(2): 341-347. 

Ahanger, M.A., U. Aziz, A.A. Alsahli, M.N. Alyemeni and P. 

Ahmad. 2020. Influence of exogenous salicylic acid and 

nitric oxide on growth, photosynthesis, and ascorbate-

glutathione cycle in salt stressed Vigna angularis. 

Biomolecules, 10(1): 42. 

Ahmad, P. and R. Jhon. 2005. Effect of salt stress on growth and 

biochemical parameters of Pisum sativum L. Arch. Agro. 

Soil Sci., 51(6): 665-672. 

Ahmad, P., A. Kumar, M. Ashraf and N.A. Akram, 2012. Salt-

induced changes in photosynthetic activity and oxidative 

defense system of three cultivars of mustard (Brassica 

juncea L.). Afr. J. Biotech., 11(11): 2694. 

Ahmad, P., M.A. Ahanger, P. Alam, M.N. Alyemeni, L. Wijaya, 

S. Ali and M. Ashraf. 2019. Silicon (si) supplementation 

alleviates nacl toxicity in mung bean [Vigna radiata (L.) 

wilczek] through the modifications of physio-biochemical 

attributes and key antioxidant enzymes. J. Plant Grow. 

Reg., 38(1): 70-82. 

Alam, H., J.Z. Khattak, T.S. Ksiksi, M.H. Saleem, S. Fahad, H. 

Sohail, Q. Ali, M. Zamin, M.A. El‐Esawi and S. Saud. 

2021. Negative impact of long‐term exposure of salinity 

and drought stress on native Tetraena mandavillei L. 

Physiol. Plant, 172(2): 1336-1351. 

Ali, M., M. Kamran, G.H. Abbasi, M.H. Saleem, S. Ahmad, A. 

Parveen, Z. Malik, S. Afzal, S. Ahmar, K.M. Dawar, S. Ali, 

S. Alamri, M.H. Siddiqui, R. Akbar and S. Fahad. 2020. 

Melatonin-induced salinity tolerance by ameliorating 

osmotic and oxidative stress in the seedlings of two tomato 

(Solanum lycopersicum L.) cultivars. J. Plant, Grow. Reg., 

40: 2236-2248. 

Ali, M., Q. Ali, M.A. Sohail, M.F. Ashraf, M.H. Saleem, S. 

Hussain and L. Zhou. 2021. Diversity and taxonomic 

distribution of endophytic bacterial community in the rice 

plant and its prospective. Int. J. Mol. Sci., 22(18): 10165. 



KHALIL AHMAD ET AL., 

 

768 

Anjum, S.A., X.Y. Xie, L.C. Wang, M.F. Saleem, C. Man and 

W. Lei. 2011. Morphological, physiological and 

biochemical responses of plants to drought stress. Afr. J. 

Agri. Res., 6(9): 2026-2032. 

Ashraf, M. and A. Orooj. 2006. Salt stress effects on growth, ion 

accumulation and seed oil concentration in an arid zone 

traditional medicinal plant ajwain (Trachyspermum ammi 

[L.] sprague). J. Arid Environ., 64(2): 209-220. 

Baghel, L., S. Kataria and M.J.A.A. Jain. 2019. Mitigation of 

adverse effects of salt stress on germination, growth, 

photosynthetic efficiency and yield in maize (Zea mays L.) 

through magnetopriming. Acta Agrobot., 72(1): 

https://doi.org/10.5586/aa.1757 

Carpýcý, E., N. Celýk and G.J.A.J.o.B. Bayram. 2009. Effects 

of salt stress on germination of some maize (Zea mays L.) 

cultivars. Afr. J. Biotechnol., 8(19): 4918-4922. 

Deng, G., M. Yang, M.H. Saleem, M. Rehman, S. Fahad, Y. 

Yang, M.S. Elshikh, J. Alkahtani, S. Ali and S.M. Khan. 

2021. Nitrogen fertilizer ameliorate the remedial capacity 

of industrial hemp (Cannabis sativa L.) grown in lead 

contaminated soil. J. Plant Nutr., 44(12): 1-9. 

Doğan, İ., G. Kekeç, İ.İ. Özyiğit and M.S.J.P.J.o.B. Sakçalı. 

2012. Salinity induced changes in cotton (Gossypium 

hirsutum L.). Pak. J. Bot., 44: 21-25. 

Ghafar, M.A., N.A. Akram, M.H. Saleem, J. Wang, L. Wijaya 

and M.N. Alyemeni. 2021. Ecotypic morphological and 

physio-biochemical responses of two differentially adapted 

forage grasses, Cenchrus ciliaris L. and Cyperus arenarius 

Retz. to drought stress. Sustainability, 13(14): 8069. 

Hameed, A., N.A. Akram, M.H. Saleem, M. Ashraf, S. Ahmed, 

S. Ali, A. Abdullah Alsahli and M.N. Alyemeni. 2021. 

Seed treatment with α-tocopherol regulates growth and key 

physio-biochemical attributes in carrot (Daucus carota L.) 

plants under water limited regimes. Agronomy, 11(3): 469. 

Hassan, A., S.F. Amjad, M.H. Saleem, H. Yasmin, M. Imran, M. 

Riaz, Q. Ali, F.A. Joyia, S. Ahmed and S. Ali. 2021. Foliar 

application of ascorbic acid enhances salinity stress 

tolerance in barley (Hordeum vulgare L.) through 

modulation of morpho-physio-biochemical attributes, ions 

uptake, osmo-protectants and stress response genes 

expression. Saudi J. Biol. Sci., 28(8): 4276-4290. 

Hussain, I., M.H. Saleem, S. Mumtaz, R. Rasheed, M.A. Ashraf, 

F. Maqsood, M. Rehman, H. Yasmin, S. Ahmed and M. 

Ishtiaq. 2021. Choline chloride mediates chromium 

tolerance in spinach (Spinacia oleracea L.) by restricting 

its uptake in relation to morpho-physio-biochemical 

attributes. J. Plant Growth Reg., 1-21. 

Hussain, M.I., D.A. Lyra, M. Farooq, N. Nikoloudakis and N. 

Khalid. 2016. Salt and drought stresses in safflower: A 

review. Agro. Sustain. Develop, 36(1): 4. 

Javed, M.T., M.H. Saleem, S. Aslam, M. Rehman, N. Iqbal, R. 

Begum, S. Ali, A.A. Alsahli, M.N. Alyemeni and L. Wijaya. 

2020. Elucidating silicon-mediated distinct morpho-physio-

biochemical attributes and organic acid exudation patterns of 

cadmium stressed ajwain (Trachyspermum ammi L.). Plant 

Physiol. Biochem., 157: 23-37. 

Jing, X., J. Yang and T. Wang. 2018. Effects of salinity on 

herbicide lactofen residues in soil. Water Air Soil Poll., 

229(1): 3. 

Jones, M.M. and N.C.J.P.P. Turner. 1978. Osmotic adjustment 

in leaves of sorghum in response to water deficits. Plant 

Physiol., 61(1): 122-126. 

Kaleem, M. and M. Hameed. 2021. Functional traits for salinity 

tolerance in differently adapted populations of Fimbristylis 

complanata (Retz.). Int. J. Phytoremed., 1-14.  

Kamran, M., M. Danish, M.H. Saleem, Z. Malik, A. Parveen, 

G.H. Abbasi, M. Jamil, S. Ali, S. Afzal and M. Riaz. 2020. 

Application of abscisic acid and 6-benzylaminopurine 

modulated morpho-physiological and antioxidative defense 

responses of tomato (Solanum lycopersicum L.) by 

minimizing cobalt uptake. Chemosphere, 128169. 

Kaya, C., D. Higgs, M. Ashraf, M.N. Alyemeni and P. Ahmad. 

2020. Integrative roles of nitric oxide and hydrogen sulfide 

in melatonin‐induced tolerance of pepper (Capsicum 

annuum L.) plants to iron deficiency and salt stress alone or 

in combination. Physiol. Plant, 168(2): 256-277. 

Kaya, C., M. Ashraf, O. Sonmez, A.L. Tuna, T. Polat and S. 

Aydemir. 2015. Exogenous application of thiamin 

promotes growth and antioxidative defense system at initial 

phases of development in salt-stressed plants of two maize 

cultivars differing in salinity tolerance. Acta Physiol. 

Plant., 37(1): 1741. 

Kaya, C., O. Sonmez, S. Aydemir, M. Ashraf and M. Dikilitas. 

2013. Exogenous application of mannitol and thiourea 

regulates plant growth and oxidative stress responses in salt-

stressed maize (Zea mays L.). J. Plant Int., 8(3): 234-241. 

Khayatnezhad, M. and R. Gholamin. 2011. Effects of salt stress 

levels on five maize (Zea mays L.) cultivars at germination 

stage. Afr. J. Biotech., 10(60): 12909-12915. 

Khodarahmpour, Z.J. 2011. Screening maize (Zea mays L.) 

hybrids for salt stress tolerance at germination stage. Afr. J. 

Biotech., 10(71): 15959-15965. 

Ku, M.S., M.R. Schmitt and G.E. Edwards. 1979. Quantitative 

determination of rubp carboxylase–oxygenase protein in leaves 

of several C3 and C4 plants. J. Exp. Bot., 30(1): 89-98. 

Mohamed, I.A., N. Shalby, A. MA El-Badri, M.H. Saleem, 

M.N. Khan, M.A. Nawaz, M. Qin, R.A. Agami, J. Kuai and 

B. Wang. 2020. Stomata and xylem vessels traits improved 

by melatonin application contribute to enhancing salt 

tolerance and fatty acid composition of Brassica napus L. 

Plants. Agronomy, 10(8): 1186. 

Mumtaz, S., M. Hameed, F. Ahmad and B. Sadia. 2019. 

Structural and functional modifications in osmoregulation 

for ecological success in purple nutsedge (Cyperus 

rotundus). Int. J. Agri. Biol., 22(5): 1123-1132. 

Mumtaz, S., M.H. Saleem, M. Hameed, F. Batool, A. Parveen, 

S.F. Amjad, A. Mahmood, M. Arfan, S. Ahmed and H. 

Yasmin, A.A. Alsahli and M.N Alyemeni. 2021. 

Anatomical adaptations and ionic homeostasis in aquatic 

halophyte Cyperus laevigatus L. under high salinities. 

Saudi J. Biol. Sci., 28(5): 2655-2666. 

Nagata, M. and I. Yamashita. 1992. Simple method for 

simultaneous determination of chlorophyll and carotenoids 

in tomato fruit. J-Satge, 39(10): 925-928. 

Nawaz, A., A. Haseeb, H. Malik, Q. Ali and A. Malik. 2020. 

Genetic association among morphological traits of zea 

mays seedlings under salt stress. Biol. Clin. Sci. Res. J., 

1(2020): 2020.  

Nawaz, M., X. Wang, M.H. Saleem, M.H.U. Khan, J. Afzal, S. 

Fiaz, S. Ali, H. Ishaq, A.H. Khan, N. Rehman, S. Shaukat 

and S. Ali. 2021. Deciphering plantago ovata forsk leaf 

extract mediated distinct germination, growth and physio-

biochemical improvements under water stress in maize (Zea 

mays L.) at early growth stage. Agronomy, 11(7): 1404.  

Noman, A., S. Ali, F. Naheed, Q. Ali, M. Farid, M. Rizwan and 

M.K. Irshad. 2015. Foliar application of ascorbate enhances 

the physiological and biochemical attributes of maize (Zea 

mays L.) cultivars under drought stress. Arch. Agro. Soil 

Sci., 61(12): 1659-1672. 

Pandolfi, C., E. Azzarello, S. Mancuso and S. Shabala. 2016. 

Acclimation improves salt stress tolerance in Zea mays 

plants. J. Plant. Phsyiol., 201: 1-8. 

Parida, A.K. and A.B. Das. 2005. Salt tolerance and salinity 

effects on plants: A review. Ecotox. Environ. Saf., 60(3): 

324-349. 

https://doi.org/10.5586/aa.1757


GENETIC DIVERSITY AND CHARACTERIZATION OF SALT STRESS TOLERANCE TRAITS IN MAIZE  

 

769 

Parihar, P., S. Singh, R. Singh, V.P. Singh and S.M. Prasad. 

2015. Effect of salinity stress on plants and its tolerance 

strategies: A review. Environ. Sci. Poll. Res., 22(6): 4056-

4075. 

Perveen, S. and M. Nazir. 2018. Proline treatment induces salt 

stress tolerance in maize (Zea mays L. Cv. Safaid afgoi). 

Pak. J. Bot., 50(4): 1265-1271. 

Rana, M.S., C.X. Hu, M. Shaaban, M. Imran, J. Afzal, M.G. 

Moussa, A.M. Elyamine, P. Bhantana, M.H. Saleem and 

M. Syaifudin. 2020. Soil phosphorus transformation 

characteristics in response to molybdenum supply in 

leguminous crops. J. Environ. Manag., 268: 110610. 

Saleem, M., S. Ali, M. Rehman, M. Rana, M. Rizwan, M. 

Kamran, M. Imran, M. Riaz, M. Hussein, A. Elkelish and 

L. Lijun. 2020. Influence of phosphorus on copper 

phytoextraction via modulating cellular organelles in two 

jute (Corchorus capsularis L.) varieties grown in a 

copper mining soil of Hubei province, China. 

Chemosphere, 248: 126032.  

Saleem, M.H., M. Kamran, Y. Zhou, A. Parveen, M. Rehman, S. 

Ahmar, Z. Malik, A. Mustafa, R.M.A. Anjum, B. Wang 

and L. Liu. 2020. Appraising growth, oxidative stress and 

copper phytoextraction potential of flax (Linum 

usitatissimum L.) grown in soil differentially spiked with 

copper. J. Environ. Mang., 257: 109994. 

Saleem, M.H., S. Fahad, S.U. Khan, M. Din, A. Ullah, A.E.L. 

Sabagh, A. Hossain, A. Llanes and L. Liu. 2020. Copper-

induced oxidative stress, initiation of antioxidants and 

phytoremediation potential of flax (Linum usitatissimum 

L.) seedlings grown under the mixing of two different soils 

of China. Environ. Sci. Poll. Res., 27(5): 5211-5221.  

Saleem, M.H., X. Wang, S. Ali, S. Zafar, M. Nawaz, M. Adnan, 

S. Fahad, A. Shah, M.N. Alyemeni, D.I. Hefft and S. Ali. 

2021. Interactive effects of gibberellic acid and npk on 

morpho-physio-biochemical traits and organic acid 

exudation pattern in coriander (Coriandrum sativum L.) 

grown in soil artificially spiked with boron. Plant Physiol. 

Biochem., 167: 884-900. 

Scholander, P.F., E.D. Bradstreet, E. Hemmingsen and H.J.S. 

Hammel. 1965. Sap pressure in vascular plants: Negative 

hydrostatic pressure can be measured in plants. Nat. Libr. 

Med., 148(3668): 339-346. 

Steel, R.G. and J.H.J.I. Torrie. 1980. Principles and procedures 

of statistics mcgraw-hill book co. CABI, 481. 

Steel, R.J.P. 1997. Analysis of variance II: Multiway 

classifications. 204-252. 

Tajdoost, S., T. Farboodnia and R. Heidari. 2007. Salt 

pretreatment enhance salt tolerance in Zea mays L. 

Seedlings. Pak. J. Bio. Sci., 10(12): 2086-2090. 

Walayat, N., X. Wang, A. Nawaz, Z. Zhang, A. Abdullah, I. 

Khalifa, M.H. Saleem, B.S. Mushtaq, M. Pateiro, J.M. 

Lorenzo, S. Fiaz and S. Ali. 2021. Ovalbumin and kappa-

carrageenan mixture suppresses the oxidative and structural 

changes in the myofibrillar proteins of grass carp 

(Ctenopharyngodon idella) during frozen storage. 

Antioxidants, 10(8): 1186.  

Waseem, M., S. Mumtaz, M. Hameed, S. Fatima, M.S.A. Ahmad, 

F. Ahmad, M. Ashraf and I. Ahmad. 2021. Adaptive traits 

for drought tolerance in red-grained wheat (Triticum 

aestivum L.) landraces. Arid Land Res. Manag., 1-32. 

Yaseen, R., O. Aziz, M.H. Saleem, M. Riaz, M. Zafar-ul-Hye, 

M. Rehman, S. Ali, M. Rizwan, M. Nasser Alyemeni and 

H.A. El-Serehy. 2020. Ameliorating the drought stress for 

wheat growth through application of acc-deaminase 

containing rhizobacteria along with biogas slurry. 

Sustainability, 12(15): 6022. 

Yasmin, H., S. Naeem, M. Bakhtawar, Z. Jabeen, A. Nosheen, 

R. Naz, R. Keyani, S. Mumtaz and M.N. Hassan. 2020. 

Halotolerant rhizobacteria Pseudomonas pseudoalcaligenes 

and Bacillus subtilis mediate systemic tolerance in 

hydroponically grown soybean (Glycine max L.) against 

salinity stress. PloS One, 15(4): e0231348. 

Yun, P., L. Xu, S.S. Wang, L. Shabala, S. Shabala and W.-Y. 

Zhang. 2018. Piriformospora indica improves salinity stress 

tolerance in Zea mays L. Plants by regulating Na+ and K+ 

loading in root and allocating K+ in shoot. Plant Grow. 

Reg., 86(2): 323-331. 

Zafar, S., M.Y. Ashraf, M. Niaz, A. Kausar and J. Hussain. 

2015. Evaluation of wheat genotypes for salinity tolerance 

using physiological indices as screening tool. Pak. J. Bot., 

47(2): 397-405. 

 

(Received for publication 27 June 2021) 


