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ABSTRACT    32 

Heavy metal pollution and salinity is a serious ecological concerns posing a threat to agriculture 33 

sustainability and global food security. Chromium (Cr) accumulation in arable lands is of serious 34 

concern due to its long term persistent in the soil and strong detrimental impacts on crop yield. 35 

Soil salinization is also a primary abiotic stress in arid to semi-arid lands which restricts plant 36 

metabolism and sustainable growth. A hydroponic study was performed to investigate the effect of 37 

salinity (100 mM NaCl) and chromium (15 µM and 30 µM) in integrated and sole form on two 38 

wheat genotypes (Sahar and Lasani). In the current experiment, it was noticed that imposition of 39 

salinity stress notably reduces plant biomass, chlorophyll contents, Relative Water Contents 40 

(RWC), Membrane Stability Index (MSI), potassium / sodium (K+/Na+) ratio and gas exchange 41 

attributes in wheat seedlings. The effect of Cr on plant dry matter, physiology and photosynthetic 42 

activity varied with Cr concentration. Under low Cr level (15 µM), ceased plant growth and 43 

nutritional imbalance caused by salt stress was generally mitigated and this effect is more 44 

prominent in wheat genotype Sahar as compared to Lasani. The interactive stress of elevated Cr 45 

(30µM) and salt stress results in further reduction in plant biomass, water relations along with 46 

stomatal regulation as compared to two stresses (Cr and salinity) alone. The results of the current 47 

study may help in understanding the mechanisms involved in sustaining plant growth subjected to 48 

different abiotic stresses under the current climate change scenario.   49 

Key words: Abiotic stress; Antioxidants; Leaf gas exchange;  Oxidative stress; Wheat genotypes   50 

1. INTRODUCTION   51 

Wheat is a widely cultivated global staple crop as it tolerates a wide range of temperature and 52 

humidity and is a significant source of food and nutrition for one-third of the global population 53 

(Mottaleb et al. 2022; Jalil et al. 2024). Pakistan is the 4th largest producer of wheat in Asia and 54 

ranks 11th in the world but onset of abiotic environmental stress especially soil salinity and heavy 55 

metal toxicity limits its growth and productivity (Rehman et al. 2020). The arable land under wheat 56 

productivity in the world is significantly increased but during the last few decades, global warming 57 

and climate change in arid to semi-arid regions severely affected wheat crop yield (Manzoor et al. 58 

2022). Degraded arable land that is characterized by high concentrations of certain soluble salts 59 

especially NaCl poses multiple negative impacts on agronomic crop yield and results in notable 60 

economic degradation especially in arid to semi-arid environment (Ali et al. 2021). The Food and 61 



 

 

Agriculture Organization (FAO) predicts that the application of saline water for crop irrigation, 62 

inappropriate irrigation land drainage and a noticeable increase in global temperature increase the 63 

amount of saline degraded land in different regions of the world (Negacz et al. 2022). Elevated 64 

salt concentration in the root medium reduces the plant water potential, which in turn inhibits 65 

proper cell division. It also damages plant antioxidant enzymes and plasma membrane function, 66 

causes stomatal closure, removes water from the plant and lowers the amount of CO2 inside the 67 

olant photosynthetic sites (Parihar et al. 2015; Zulfiqar et al. 2022). High NaCl contents in the soil 68 

subjected to crop plants growth inhibition, imbalance nutrients uptake, specific ions toxicity and 69 

plants life sustaining process photosynthetic inhibition (Ali et al. 2017; Zulfiqar, 2021). Human 70 

induced soil salinity converts the arable land into salt prone zones and it is estimated that 50 % of 71 

cultivated land will be out of cultivation up to 2050 due to high soluble salt contents (Hussain 72 

2019). Abiotic environmental stress such as drought, salinity and temperature variations alter 73 

wheat plant growth patterns and biochemical reactions that ultimately reduced grain yield 74 

(Mehmood et al. 2021; Alhaithloul et al., 2023; Hayat et al. 2024; Zulfiqar et al. 2024a). Wheat is 75 

moderately salt tolerant agronomic crop however; wheat plant physiology and biochemical process 76 

are disturbed when subjected to salt stress that leads to lower plant vigor and low grain yield. 77 

(Abobatta et al. 2020). In Pakistan, out of total 21 million hectares of arable land, 6.67 million are 78 

vulnerable to elevated saline stress. Due to its ability to withstand harsh environments and its 79 

multiple uses as a food source for humans, animal feed and a raw material for agro-based industry 80 

of the world, sustainable production of wheat is in the spotlight under current scenario of climate 81 

change (Cui et al. 2022).     82 

 Chromium (Cr) is found in all spheres of the environment including air, water and soil and 83 

its compounds are highly detrimental to plant growth (Stambulska et al. 2018). Chromium can 84 

enter the ecosystem as contaminated water, airborne particles and sludges that deteriorate the 85 

quality of water and soil ability to provide certain essential nutrients for plant growth not only near 86 

source but also on locations thousands of kilometer apart (Ali et al.  2013; Ma et al., 2024; Zulfiqar 87 

et al., 2024b). Another instance is the excessive use of Cr in leather and electroplating industry 88 

along with use of phosphorus (P) and other organic fertilizers which are known to have significant 89 

amount of Cr (Gupta et al.2013). Plants exposed to chromium stress show stunted growth (El Nemr 90 

et al. 2015), poor physiology (Shahid et al. 2017), less photosynthetic activity, inferior gas 91 

exchange attributes and plant water relations along with imbalance mineral nutrition (Lukina et al. 92 



 

 

2016). Although Cr can stimulate growth of certain plant species at lower concentration (Sathya 93 

et al. 2020), but its higher concentration in the growth medium may inhibit various metabolic 94 

activities in wheat and may even lead to a complete damage (Datta et al. 2011). Cr tends to bind 95 

sulfhydryl group of enzymes results in suppressed functioning of essential biological components. 96 

Heavy metals induced phytotoxicity is closely related to the generation of ROS in plants. It is 97 

observed that excess Cr in the growth medium leads to significant production of H2O2 and 98 

membrane lipid peroxidation in wheat plant (Adrees et al. 2015).  99 

 As salinity and Cr are toxic at all concentrations or above certain threshold level, their 100 

interaction and its influence on plant growth should be taken into consideration and investigated. 101 

Until now most researchers focus on response of plant to imposition of a single stress but in nature, 102 

plant often confront to more than one stresses, however very few studies in the literature are 103 

reported on the coincide behavior of salinity and metal element. The current experiment was 104 

conducted with an objective to investigate the alteration in growth, gas exchange and ionic 105 

response of two wheat genotypes under combine effect of NaCl and chromium. The working 106 

hypothesis is under current climatic change conditions, plants may have subjected to more than 107 

one abiotic stress which is a major reason for low growth and quality of wheat crop. We sought to 108 

clarify several stress indices under several abiotic stresses and this information will provide a novel 109 

approach to scientists working on salt effected and metal contaminated soils.    110 

2. MATERIAL AND METHODS 111 

2.1 Growth Conditions and Treatment Plan  112 

 The current project was carried out at The Islamia University of Bahawalpur (29.354º N, 113 

71.691º E, 25.7 ºC and 28% humidity and 153 mm precipitation in the form of rainfall, Pakistan. 114 

Certified sterilized seeds of two wheat genotypes Sahar (V1) and Lasani (V2) were sown in moist 115 

sand culture. Wheat seedlings at two leaf stage were uprooted and transferred to Styrofoam sheet 116 

fixed on the upper surface of glass tubs having 50 liters of distilled water. Proposed salt (control 117 

and 100 mM NaCl) and Cr levels (15 µM and 30 µM) in sole and interactive form were mixed by 118 

calculating the required amount of NaCl and K2Cr2O7. The wire house-controlled conditions 119 

experiment was conducted by following complete randomized design with split plot arrangement 120 

and each proposed treatment is repeated with four replications.  Treatments include control (T1), 121 

15 µM L-1 Cr (T2), 30 µM L-1 Cr (T3), 100 mM NaCl, (T4), 15 µM 1Cr + 100 mM NaCl (T5), 30 122 



 

 

µM Cr + 100 mM NaCl (T6). Oxygen was supplied to plants by artificial oxygen provision air 123 

pumps and half strength Hogland solution as proposed by Hoagland and Arnon, 1950 was provided 124 

to maize seedlings as a nutrient supplying media for growth. The pH range of the solution was 125 

maintained at 6 + 0.5 till the harvesting of the wheat seedlings.   126 

2.2 Plant growth and Physiological attributes  127 

Wheat seedlings were harvested at seedling stage, plant shoot and root length were measured by 128 

using measurement scale and root area meter (WinRhizo, 2022A, Netherlands), while fresh and 129 

dry biomass was measured by using analytical weighing balance. Relative water contents (RWC) 130 

were calculated for wheat plant leaves according to the method adopted by Ahmed et al. 2022 by 131 

selecting 2 cm of fresh upper leaves (mid-rib free leaves).  Fresh mass (FM) and dry mass (DM) 132 

of leaves disc were weighed and the fresh samples were placed overnight in stoppered vials 133 

containing ion-free distilled water for 24 hours turgid mass (TM).  To calculate RWC, the following 134 

equation was applied:  135 

RWC =
𝐹𝑊 –  𝐷𝑊 

𝑇𝑊 –  𝐷𝑊
 ×  100 136 

 137 

Fresh upper fourth leaves sample (0.2 g) were boiled in deionized distilled water (10 mL) in a 138 

water bath for a half-hour at 40 ◦C (C1) and at 100 ºC for ten minutes (C2). (Gautam et al. 2023). 139 

To calculate RWC, the following equation was applied:  140 

MSI = 1 − (
𝐸𝐶1

𝐸𝐶2
)  ×  100 141 

In both wheat genotypes, the chlorophyll contents in plant samples were determined by following 142 

the method described by Wellburn 1994 by using UV visible spectrophotometer (UV-1720, 143 

Shanghai, China) while leaf area was measured by using leaf area meter (WinFolia, 2022A, 144 

Netherlands).     145 

2.3 Gas Exchange Attributes  146 

 Gas exchange attributes in seedlings of both wheat genotypes (photosynthetic rate and 147 

transpiration rate) were taken between 9.00 AM and 11.00 AM by taking young expanded leaf of 148 



 

 

each plant from each treatment in the leaf cuvette portion of infrared gas analyzer (IR202, 149 

Yokogawa, Japan) (Ali et al., 2025)  150 

2.4 K+ and Na+ contents  151 

 Leaf tissues from wheat seedlings  (0.5 g) was taken and samples for the determination of 152 

K+ and Na+ contents were prepared by following the method demonstrated by Chapman and Pratt 153 

1961 through flame photometer (FP-910- Camspec, UK).      154 

2.5 Chromium concentration in plant tissues  155 

 The chromium contents in plant tissues were determined by adopting differential 156 

centrifugation of subcellular fractions of roots and leaves. Root and leaves samples (1g) were 157 

homogenized and centrifuged at 3000 x g for 15 minutes at 4 ºC by adopting the method describe 158 

by Sun et al., 2023. The chromium contents in cell fractions of root and leaves of wheat genotypes 159 

were determined by using atomic absorption spectrophotometry (Zeng et al. 2011).   160 

2.6 Statistical Analysis  161 

 All values reported in this study are analyzed by using statistical software statistics 8.1 162 

(USA). The bars in the graph depict the values of four replicates and the error bars are the standard 163 

deviations. The bars not showing the same lower-case letters are significantly differ from one 164 

another at P < 0.5 (Steel and Torrie 1960).   165 

3. RESULTS 166 

3.1 Plant Biomass 167 

 The analyzed data under salinity and Cr stress regarding growth attributes of wheat 168 

genotypes (Figure 1 and Figure 2) reveals that salt stress exerted strong negative impacts on root 169 

and shoot length, fresh and dry biomass along with leaf area of both wheat genotypes used in the 170 

current project. Cr at low level (15 µM) did not significantly affect all examined morphological 171 

attributes; however, maximum reduction in terms of growth (more than 50 %) was observed under 172 

high chromium and salt level (30 µM Cr + 100mM NaCl). Combine effect of Cr and salt stress 173 

differ significantly among both wheat genotypes and it was observed that maximum fresh and dry 174 

biomass was shown by wheat genotypes Sahar as compared to wheat genotypes Lasani which 175 

depicts its tolerance against both abiotic stress.  176 



 

 

3.2 Physiological Attributes 177 

In the present study, it was observed that in both wheat genotype seedlings, the application of a 178 

saline treatment (100 mM NaCl) and Cr substantially (P <0.05) reduced membrane stability, RWC, 179 

and chlorophyll levels (Figure 3). To investigate variations among the wheat genotypes in terms 180 

of total chlorophyll contents, RWC and MSI, these attributes were calculated in leaf strips of NaCl 181 

and Cr treated wheat genotypes. Maximum values were observed at control where no Cr and salt 182 

stress were applied. The results show that high salt and Cr concentration restricted plant water 183 

contents, membrane integrity and chlorophyll in both under examined wheat genotypes and 184 

maximum reduction was displayed by wheat genotypes Lasani as compared to wheat genotype 185 

Sahar. Combined NaCl and Cr stress (15 µM Cr + 100 mM NaCl) results in slight increase in 186 

chlorophyll contents and plant water relations while at higher concentration (30 µM Cr + 100 mM 187 

NaCl), a significant reduction was observed as compared to salt and Cr stress alone.    188 

3.3 Leaf Gas Exchange  189 

 Several plant gas exchange and photosynthetic parameters in both wheat genotypes under 190 

combine effect of salinity and Cr stress are shown in Figure 4. Maximum values for transpiration 191 

and photosynthetic rate was recorded at control while gradual increase of NaCl and Cr in the 192 

growth channel reduced the wheat seedlings capacity of photosynthesis and transpiration as 193 

minimum values were recorded under combined application of 30 µM Cr + 100 mM NaCl. 194 

Stomatal conductance and internal CO2 concentration follow the same pattern and as compared to 195 

control, show inferior values (30% and 35%) under high salt and Cr stress. However Low Cr stress 196 

with salt stress (15 µM + 100 mM) exhibits little increase in gas exchange attributes and this effect 197 

is more observed in wheat genotypes Sahar as compared to wheat genotypes Lasani.    198 

3.4 Sodium / Potassium (K+/Na+) Ratio 199 

 The concentration of K+, Na+ and K+/Na+ ratio in leaves of both wheat genotype examined 200 

in the current experiment under elevated saline and Cr toxicity were measured in view to detect 201 

the combine effect of these two-abiotic stress on ion homeostasis. It was noticed that increase in 202 

Na+ contents were more reported by wheat genotypes Lasani as compared to Sahar. Sodium 203 

concentration decreased under sole application of Cr (15 and 30 µM Lˉ1) while a remarkable 204 

increase in Na+ is noted when NaCl was applied @ 100 mM. When compared with the control 205 



 

 

treatment where no stress compared to control, exposure of plants to sole application of salt and 206 

Cr stress results in remarkable reduction in K+ concentration while a minor increase in K+ 207 

concentration was noted at low Cr and salt stress (15 µM Cr + 100 mM NaCl) which facilitate K+ 208 

uptake. The increase in Na+ and Cr influx under combine stress results in poor uptake of K+ 209 

contents resulted in inferior K+/Na+ ratio in wheat seedlings (Figure 5). The results also show that 210 

the maximum K+ contents under all treatments resulted in maintaining highest K+/Na+ ratio in 211 

wheat genotypes Sahar, showing better growth under high NaCl and non-saline conditions.     212 

3.5 Chromium Concentration in Root and Shoot 213 

 In the current project, exposure of wheat seedlings to NaCl and Cr contamination and their 214 

combine effect on chromium uptake in plant root and shoot is illustrated in Figure 6. A significant 215 

increase in Cr concentration in wheat seedlings were noted with increasing Cr stress being 216 

significantly higher in roots than in shoots. The effect of salinity on Cr contents varied with plant 217 

genotype, organs and Cr level. A remarkable decrease in root and shoot Cr concentration (33% and 218 

52%) in wheat genotype Sahar was noted when NaCl was applied to growth medium with low Cr 219 

level (15 µM Cr + 100 mM NaCl). In roots of both wheat genotypes, maximum Cr concentration 220 

was observed under sole application of Cr @ 30 µM and least value was recorded at control while 221 

in shoots, the highest Cr concentration was observed at combined stress of high Cr and salt stress. 222 

Wheat genotype Sahar depicts low Cr uptake under all treatments and show its tolerance against 223 

sole and combine stress of Cr and NaCl.  224 

3.6 Relationship between Chromium and Sodium (Na+) Uptake and Growth Attributes of 225 

Wheat Genotypes  226 

 The Spearman's correlation results indicated that the Cr concentration in the roots of Lasani 227 

and Sahar cultivar is significantly (P≤ 0.01) positively correlated with the Cr concentration in the 228 

shoots while a significant negative relationship was found with the growth and gas exchange 229 

parameters of both wheat cultivars. Similarly, Na+ ion concentration is significantly negatively 230 

correlated with growth and gas exchange parameters of Lasani and Sahar cultivar (Figure 7).  231 

4. DISCUSSION  232 

Wheat is a most significant source of plant proteins and have high nutritional contents than any 233 

other cereal crop. Chromium (Cr) is among the toxic heavy metals extensively found in soil and 234 



 

 

water, causing environmental toxicity. Soil salinization under current global warming situation is 235 

the most brutal abiotic environmental stress restricting wheat crop production worldwide. Soil 236 

salinity poses a major constrain to global crop productivity as most of the agronomic plant species 237 

are glycophytes (Guarino et al. 2020). There are certain regions where soils contaminated with 238 

elevated levels of certain heavy metals simultaneously report high soluble salt concentrations and 239 

most of these soils are found in semi-arid areas where high temperature, extensive use of 240 

agrochemicals and some mining activities releases soluble salt and heavy metals (Zaman et al. 241 

2018). In this study, application of Cr and salt stress in sole or in combined form found to be 242 

menacing for wheat plant growth by altering plant physiology, photosynthetic and specific ion 243 

toxicity. Reduction in root length, fresh and dry biomass might be due to higher accumulation of 244 

Na+ and Cr causes toxicity in the rhizosphere, affecting permeability of cell membrane and causes 245 

accumulation of toxic ions at cellular level results in imbalance nutrient uptake, ceases the process 246 

of cell elongation and injuring hypocotyls (Zhang et al. 2020; Sheetal et al. 2016). Decreased plant 247 

height, shoot fresh and dry biomass is mainly due to consequent lower root growth, disturbed 248 

osmotic potential and less water and nutrient transport to aerial parts of the plant which ultimately 249 

results in reduced size and number of leaves under high salt accumulation (Stavridou et al. 2019; 250 

Moosa et al., 2024). High Cr stress disturbed plant photosynthetic activities and results in 251 

production of ROS which drastically reduced plant biomass (Wang et al. 2021). Similar reduction 252 

in plant biomass under Cr and NaCl stress was previously reported by Raja et al. 2023 in tomato 253 

and Javed et al. 2022 in maize.  254 

 Major physiological markers to sustain and improve plant productivity under abiotic stress 255 

environment are chlorophyll contents, plant cell membrane stability and plant water relations. In 256 

the current experiment, salt and Cr stress imposition drastically reduced the plant water contents 257 

and MSI in wheat and this effect was more eminent in wheat genotypes Lasani while least in wheat 258 

genotypes Sahar. Similar findings were previously reported by Mushtaq et al. 2021 in okra and 259 

Mustafa et al. 2024 in pepper. Elevated levels of Na+ influx and ROS production resulting from 260 

higher NaCl and Cr contents in the growth medium have a substantial impact on plant balanced 261 

nutrient uptake. These both abiotic stress also enhances plasma membrane permeability which 262 

leads to low production of chlorophyll and alter stomatal opening and transpiration (Kumari et 263 

al.2018; Ramzan et al. 2023).  264 



 

 

 Additionally, the production of ROS impose oxidative stress, severely damaging plant cell 265 

plasma membrane and lowers water retention capacity of plant cells which results in cell damage 266 

leading to cell death (Shah et al. 2017). Cr reduced chlorophyll contents which results in plant 267 

growth inhibition (Noman et al. 2020). Cr toxicity induces modifications and alteration in plant 268 

metabolism and suppresses production of pigments necessary in life retention of plants such as 269 

chlorophyll (Singh et al. 2017). Improvement in plant water relations and membrane stability at 270 

lower level of Cr under saline condition might be due to complex formation between Cr and Cl- 271 

(Ertani et al. 2017) and these results were previously supported by Ali et al. 2012 in Barley.        272 

 When plants are subjected to salinity and heavy metal stress, different plant physiological 273 

bases shown insight reduction of plant gas exchange parameters (Sharifi and Bidabadi 2020). In 274 

current study, with increasing level of Na+ in the growth channel, reduced photosynthetic and 275 

transpiration rate along with stomatal conductance were recorded. Same results were previously 276 

reported by Liao et al. 2024 in maize. The maximum reduction in leaf gas exchange attributes was 277 

shown by wheat genotypes Lasani as compared to wheat genotypes Sahar. It might be a 278 

consequence of lower water contents and poor water availability in the root medium under saline 279 

environment which was responded by plant by taking adopted measures by packing stomata 280 

(Shahbaz and Ashraf 2013). Addition of Cr with NaCl at high concentration facilitate further 281 

reduction of plant gas exchange parameters as addition of chromium and its accumulation in plant 282 

upper ground parts results in poor plant metabolism and reduced leaf size and growth results in 283 

poor plant gas exchange. In our experiment, low concentration of Cr along with NaCl results in a 284 

slight improvement in plant gas exchange and these findings were earlier supported by Ali et al. 285 

2011 in barley.    286 

 Production of plant life sustaining substances, proper plant metabolism and plant survival 287 

under abiotic environmental stress are highly dependent on plant K+/Na+ ratio. When plants are 288 

subjected to saline environment, the higher Na+ in the rhizosphere hinders the uptake of K+ which 289 

ultimately results in lower K+/Na+ ratio which in return impact normal plant metabolism and 290 

physio-biochemical reactions (Kumar et al. 2021).  Elevated concentration of Na+ damage 291 

chlorophyll biosynthesis, cause oxidative damage to the plant roots and reduction in leaf turgor 292 

potential which are established as crucial parameters in salt induced growth inhibition in various 293 

agronomic and horticultural crops (Maqbool et al. 2020). The imbalance uptake of nutrients and 294 



 

 

specific ion toxicity results in poor plant dry matter built up and reduce plant tolerance against 295 

abiotic environmental stress. Cr accumulation in different organs of plant vary significantly and 296 

Cr was poorly translocated from roots to shoot in this study and similar findings were supported 297 

in mungbean (Jabeen et al. 2016) and in rice (Ma et al. 2016). Immobilized nature of Cr in vacuoles 298 

of root cells might be the reason might be the reason of higher accumulation of Cr in roots of the 299 

plant. Under combined effect of Cr and NaCl, reduction of Cr concentration in roots was noted. 300 

Less values of Cr in plant shoot was observed because the movement of Cr is confined from the 301 

root to the plant apex as a consequence of ion binding in the root at the place of cationic exchange 302 

and immobilization of Cr root cells (Sinha et al. 2018). Despite lacking a specific mechanism for 303 

Cr uptake, plant roots can absorb Cr along with other essential plant nutrients. Therefore, Cr may 304 

interfere with essential plant nutrients and also compete for the same carriers for its transport 305 

within plant (Guarino et al. 2020). These results are parallel with Samrana et al. 2020 who reported 306 

decrease in K+ and other essential nutrients uptake in cotton under Cr stress. High salt 307 

concentration results in increased uptake and accumulation of Cr in plant as high Na+ influx 308 

deteriorate membrane structure, increase electrolyte leakage and increase permeability of plant cell 309 

that facilitate more passage of Cr inside the plant cell (Singh et al. 2013).  310 

CONCLUSION 311 

Several arid to semi-arid areas of the world are simultaneously affected by chromium and high 312 

soluble salt stress. In the current study, the alteration in growth, gas exchange, biochemical and 313 

ionic response of two wheat genotypes under combine effect of NaCl and chromium were 314 

investigated. Although previous studies reported the interaction of salinity and heavy metals stress 315 

on agronomic and horticultural crops, however, their interactive effects on wheat are poorly 316 

understood. Soil salinity and heavy metals stress results in desertification of large agricultural land 317 

and remarkable economic losses in wheat and other crops. High salt and chromium stress accounts 318 

for obstructive changes in morpho-physiological features and also accounts for alteration in 319 

photosynthetic activity and mineral nutrition in wheat. Application of low Cr with salinity results 320 

in little improvement in plant biomass, physiology, gas exchange attributes along with improved 321 

K/Na ratio. Wheat genotype Sahar show improved growth at all treatments as compared to wheat 322 

genotypes Lasani. Our results provide useful information to scientists working on wheat in saline 323 



 

 

agriculture and Cr contaminated soils and offer new dimensions of research under multiple abiotic 324 

stresses.        325 

Declaration of competing interest: The authors declare that they have no known competing 326 

financial interests or personal relationships that could have appeared to influence the work reported 327 

in this paper. 328 

Acknowledgment:   329 

The authors would like to acknowledge Deanship of Graduate Studies and Scientific Research, 330 

Taif University for funding this work. 331 

REFERENCES          332 

Abobatta, WF (2020), Plant responses and tolerance to extreme salinity: Learning from halophyte 333 

 tolerance to extreme salinity. Salt and Drought Stress Tolerance in Plants: Signaling 334 

 Networks and Adaptive Mechanisms, 177-210.   335 

Alhaithloul, H. A. S., Ali, B., Alghanem, S. M. S., Zulfiqar, F., Al-Robai, S. A., Ercisli, S., ... & 336 

 Abeed, A. H. (2023). Effect of green-synthesized copper oxide nanoparticles on growth, 337 

 physiology, nutrient uptake, and cadmium accumulation in Triticum aestivum 338 

 (L.). Ecotoxicology and Environmental Safety, 268, 115701.   339 

Adrees M., Ali S., Iqbal M., Bharwana S.A., Siddiqi Z., Farid M., Rizwan, M. (2015), 340 

 Mannitol alleviates chromium toxicity in wheat plants in relation to growth, yield, 341 

 stimulation of anti-oxidative enzymes, oxidative stress and Cr uptake in sand and soil 342 

 media. Ecotoxicology and Environmental Safety, 122, 1-8. 343 

Ahmad K., Aslam M., Saleem M.H., Ijaz M., Ul-Allah S.A.M.I., El-Sheikh A.H.M.A., Ali S. 344 

 (2022), Genetic diversity and characterization of salt stress tolerance traits in maize (Zea 345 

 mays L.) under normal and saline conditions. Pakistan Journal of Botany 54, 759-769.     346 

Ali M., Farooq M., Shah A.N., Abbasi G.H., Ahmad S., Parveen A., Nisar, F. (2025). Role of 347 

Melatonin in Leaf Gas Exchange by Redox Regulation, K+ Homeostasis and Gene 348 

 Expression in Canola Under Salinity Stress. Journal of Soil Science and Plant Nutrition 349 

 1, 1-18. 350 



 

 

Ali M., Niaz Y., Abbasi G.H., Ahmad S., Malik Z., Kamran M., Ayaz, M. (2021),  Exogenous 351 

 zinc induced NaCl tolerance in okra (Abelmoschus esculentus) by ameliorating 352 

 osmotic stress and oxidative metabolism. Communications in Soil Science and Plant 353 

 Analysis, 52, 743-755. 354 

Ali S., Chaudhary A., Rizwan M., Anwar H.T., Adrees M., Farid M., Anjum S.A. (2015), 355 

 Alleviation of chromium toxicity by glycinebetaine is related to elevated antioxidant 356 

 enzymes and suppressed chromium uptake and oxidative stress in wheat (Triticum 357 

 aestivum L.). Environmental Science and Pollution Research, 22, 10669-10678.     358 

Ali S., Farooq M.A., Yasmeen T., Hussain S., Arif M.S., Abbas F., Zhang G. (2013), The 359 

 influence of silicon on barley growth, photosynthesis and ultra-structure under chromium 360 

 stress. Ecotoxicology and Environmental Safety, 89, 66-72.  361 

Ali S., Rizwan M., Qayyum M.F., Ok Y.S., Ibrahim M., Riaz M., Shahzad A.N. (2017), 362 

 Biochar soil amendment on alleviation of drought and salt stress in plants: a critical 363 

 review. Environmental Science and Pollution Research, 24, 12700-12712. 364 

Ali S., Zeng F., Cai S., Qiu B., Zhang G. (2011), The interaction of salinity and chromium in 365 

 the influence of barley growth and oxidative stress. 366 

Cui M.H., Chen X.Y., Yin F.X., Xia G.M., Yi Y., Zhang Y. B.,  Li F. (2022), Hybridization affects 367 

 the structure and function of root microbiome by altering gene expression in roots of wheat 368 

 introgression line under saline-alkali stress. Science of The  Total Environment, 835, 369 

 155467. 370 

Datta JK, Bandhyopadhyay A, Banerjee A, Mondal N.K. (2011), Phytotoxic effect of chromium 371 

 on the germination, seedling growth of some wheat (Triticum aestivum L.) cultivars under 372 

 laboratory condition. Journal of Agricultural Technology, 7, 395-402.    373 

El Nemr A, El-Sikaily A, Khaled A, Abdelwahab O (2015), Removal of toxic chromium from 374 

 aqueous solution, wastewater and saline water by marine red alga Pterocladia capillacea 375 

 and its activated carbon. Arabian Journal of Chemistry, 8, 105-117.   376 

Ertani A, Mietto A, Borin M, Nardi S (2017), Chromium in agricultural soils and crops: a 377 

 review. Water Air & Soil Pollution, 228 1-12.                378 



 

 

Gautam H, Khan S, Alvi AF, Khan N.A. (2023), The Function of Hydrogen Sulfide in Plant 379 

 Responses to Salinity and Drought: New Insights. In Gasotransmitters Signaling in Plant 380 

 Abiotic Stress: Gasotransmitters in Adaptation of Plants to Abiotic Stress (pp. 143-165). 381 

 Cham: Springer International Publishing. 382 

Guarino F, Ruiz KB, Castiglione S, Cicatelli A, Biondi S. (2020), The combined effect of Cr (III) 383 

 and NaCl determines changes in metal uptake, nutrient content, and gene expression in 384 

 quinoa (Chenopodium quinoa Willd.). Ecotoxicology and Environmental Safety, 193, 385 

 110345. 386 

Gupta VK, Ali I, Saleh TA, Siddiqui MN, Agarwal S. (2013), Chromium removal from water by 387 

 activated carbon developed from waste rubber tires. Environmental Science and Pollution 388 

 Research, 20, 1261-1268.  389 

Hoagland DR, Arnon D I (1950), The water-culture method for growing plants without 390 

 soil. Circular. California Agricultural Experiment Station 347(2nd edit). 391 

Hussain S, Shaukat M, Ashraf M, Zhu C, Jin Q, Zhang J (2019), Salinity stress in arid and semi-392 

 arid climates: Effects and management in field crops. Climate Change and Agriculture, 13, 393 

 201-226.  394 

Hayat, A., Jilani, G., Jalil, S., Iqbal, T., Rasheed, M., Chaudhry, A. N., ... & Yong, J. W. H. (2024). 395 

Combining Urea with Chemical and Biological Amendments Differentially Influences Nitrogen 396 

Dynamics in Soil and Wheat Growth. ACS omega, 9(30), 32617-32627.    397 

Jalil, S., Zulfiqar, F., Moosa, A., Chen, J., Jabeen, R., Ali, H. M., ... & Essawy, H. S. (2024). 398 

Amelioration of chromium toxicity in wheat plants through exogenous application of nano 399 

silicon. Plant Physiology and Biochemistry, 211, 108659. 400 

Jabeen N., Abbas Z., Iqbal M., Rizwan M., Jabbar A., Farid, M., Abbas, F. (2016), 401 

 Glycinebetaine mediates chromium tolerance in mung bean through lowering of Cr uptake 402 

 and improved antioxidant system. Archives of Agronomy and Soil Science, 62, 648-662. 403 

Javed S.A., Shahzad S.M., Ashraf M., Kausar R., Arif M.S., Albasher G., Shakoor A. (2022). 404 

Interactive effect of different salinity sources and their formulations on plant growth, ionic 405 

homeostasis and seed quality of maize. Chemosphere, 291, 132678. Kumar A, Mann A, Kumar A, 406 



 

 

Kumar N, Meena B.L (2021), Physiological response of diverse  halophytes to high salinity 407 

through ionic accumulation and ROS scavenging. International  Journal of 408 

Phytoremediation, 23, 1041-1051. 409 

Kumari A., Parida A.K (2018). Metabolomics and network analysis reveal the potential 410 

 metabolites and biological pathways involved in salinity tolerance of the halophyte 411 

 Salvadora  persica. Environmental and Experimental Botany, 148, 85-99. 412 

Liao Q., Ding R., Du T., Kang S., Tong L., Gu S., Gao, J. (2024). Stomatal conductance modulates 413 

maize yield through water use and yield components under salinity stress. Agricultural Water 414 

Management, 294, 108717. 415 

 416 

Lukina AO., Boutin C., Rowland O., Carpenter D.J (2016), Evaluating trivalent chromium toxicity 417 

 on wild terrestrial and wetland plants. Chemosphere, 162, 355-364.  418 

Ma J., Lv C., Xu M., Chen G., Lv C., Gao, Z (2016), Photosynthesis performance, 419 

 antioxidant enzymes, and ultrastructural analyses of rice seedlings under chromium 420 

 stress. Environmental Science and Pollution Research, 23, 1768-1778.   421 

Ma, J., Hua, Z., Zhu, Y., Saleem, M. H., Zulfiqar, F., Chen, F., ... & Adil, M. F. (2024). Interaction 422 

of titanium dioxide nanoparticles with PVC-microplastics and chromium counteracts oxidative 423 

injuries in Trachyspermum ammi L. by modulating antioxidants and gene 424 

expression. Ecotoxicology and Environmental Safety, 274, 116181.   425 

Manzoor N., Ali L., Ahmed T., Rizwan M., Ali S., Shahid M. S., Wang, G (2022). Silicon oxide 426 

 nanoparticles alleviate chromium toxicity in wheat (Triticum aestivum L.). Environmental 427 

 Pollution, 315, 120391. 428 

Moosa, A., Zulfiqar, F., Alalawy, A. I., Almowallad, S., & Al-Massabi, R. F. (2024). 429 

Transcriptional and biochemical profiling of Bacillus strains regulating the growth of tomato via 430 

altering morpho-physiological and hormonal traits. Scientia Horticulturae, 328, 112881. 431 

Maqbool M.M., Wahid A., Ali A., Khan S., Irshad S., Batool S. J. C. R. C (2020), Screening of 432 

 maize hybrids against salt stress under hydroponic culture. Cereal Research 433 

 Communications 48, 49-55.   434 



 

 

Mehmood H., Abbasi G.H., Jamil M., Malik Z., Ali M., Iqbal R (2021), Assessing the potential of 435 

 exogenous caffeic acid application in boosting wheat (Triticum aestivum L.) crop 436 

 productivity under salt stress. Plos One 16 e0259222.  437 

Mostafa M.M., El-wahed A., Ahmed H.M., Hamad S.A.,  Sheta M.H. (2024). Improved water use 438 

efficiency and yield of drip-irrigated pepper under full and deficit irrigation conditions. Egyptian 439 

Journal of Soil Science, 64, 423-442. 440 

 441 

Mottaleb K.A., Kruseman G., Snapp S (2022), Potential impacts of Ukraine-Russia armed conflict 442 

 on global wheat food security: A quantitative exploration. Global Food Security, 35, 443 

 100659. 444 

Mushtaq Z., Asghar H.N., Zahir Z.A (2021). Comparative growth analysis of okra (Abelmoschus 445 

esculentus) in the presence of PGPR and press mud in chromium contaminated 446 

soil. Chemosphere, 262, 127865. 447 

 448 

Negacz K., Malek Ž., de Vos A., Vellinga P (2022), Saline soils worldwide: Identifying the most 449 

 promising areas for saline agriculture. Journal of Arid Environment, 203, 104775.  450 

Noman M., Shahid M., Ahmed T., Tahir M., Naqqash T., Muhammad S., Aslam Z. (2020), Green 451 

 copper nanoparticles from a native Klebsiella pneumoniae strain alleviated oxidative stress 452 

 impairment of wheat plants by reducing the chromium bioavailability and increasing the 453 

 growth. Ecotoxicology and Environmental Safety, 192, 110303. 454 

Parihar P., Singh S., Singh R., Singh V.P., Prasad S.M (2015), Effect of salinity stress on plants 455 

 and its tolerance strategies: a review. Environmental Science and Pollution Research, 22 456 

 4056-4075.   457 

Pratt P., Chapman H (1961). Gains and losses of mineral elements in an irrigated soil during a 20-458 

 year lysimeter investigation. Hilgardia 30 445-467.    459 



 

 

Raja V., Qadir S.U., Kumar N., Alsahli A.A., Rinklebe J., Ahmad P. (2023). Melatonin and 460 

strigolactone mitigate chromium toxicity through modulation of ascorbate-glutathione pathway 461 

and gene expression in tomato. Plant Physiology and Biochemistry, 201, 107872 462 

Ramzan M, Naz G, Parveen M, Jamil M, Gill S, Sharif HMA (2023). Synthesis of phytostabilized 463 

 zinc oxide nanoparticles and their effects on physiological and anti-oxidative responses of 464 

 Zea mays (L.) under chromium stress. Plant Physiology and Biochemistry 196 130-138.  465 

Rehman A., Farooq M., Ullah A., Nadeem F., Im S.Y., Park S.K., Lee D.J (2020), Agronomic 466 

 biofortification of zinc in Pakistan: Status, benefits, and constraints. Frontiers in 467 

 Sustainable Food Systems, 4, 591722.  468 

Samrana S., Ali A., Muhammad U., Azizullah A., Ali H., Khan M., Chen J (2020). Physiological, 469 

ultrastructural, biochemical, and molecular responses of glandless cotton to hexavalent chromium 470 

(Cr6+) exposure. Environmental Pollution, 266, 115394. 471 

 472 

Sathya S., Ragul V., Veeraraghavan V. P., Singh L., Ahamed M.N (2020), An in vitro study on 473 

 hexavalent chromium [Cr (VI)] remediation using iron oxide nanoparticles based 474 

 beads. Environmental Nanotechnology Monitoring & Management, 14, 100333.  475 

Shah A., Wu X., Ullah A., Fahad S., Muhammad R., Yan L., Jiang C (2017), Deficiency and 476 

 toxicity of boron: Alterations in growth, oxidative damage and uptake by citrange orange 477 

 plants. Ecotoxicology and Environmental Safety, 145, 575-582.     478 

Shahbaz M., Ashraf M (2013), Improving salinity tolerance in cereals. Critical Review in Plant 479 

 Science, 32, 237-249.    480 

Shahid M., Shamshad S., Rafiq M., Khalid S., Bibi I., Niazi N.K., Rashid M.I (2017), Chromium 481 

 speciation, bioavailability, uptake, toxicity and detoxification in soil-plant system: A 482 

 review. Chemosphere, 178, 513-533. 483 

Sharifi P., Shirani Bidabadi S (2020). Protection against salinity stress in black cumin involves 484 

 karrikin and calcium by improving gas exchange attributes, ascorbate–glutathione cycle 485 

 and fatty acid compositions. SN Applied Sciences, 2, 1-14.  486 



 

 

Sheetal K.R., Singh S.D., Anand A., Prasad S (2016), Heavy metal accumulation and effects on 487 

 growth, biomass and physiological processes in mustard. Indian Journal of Plant 488 

 Physiology, 21, 219-223.   489 

Singh H.P., Mahajan P., Kaur S., Batish D.R., Kohli R.K (2013), Chromium toxicity and tolerance 490 

 in plants. Environmental Chemistry Letters, 11, 229-254.    491 

Singh M., Kushwaha B.K., Singh S., Kumar V., Singh V.P., Prasad S.M (2017), Sulphur alters 492 

 chromium (VI) toxicity in Solanum melongena seedlings: role of sulphur assimilation and 493 

 sulphur-containing antioxidants. Plant Physiology and Biochemistry, 112, 183-192.  494 

Sinha V., Pakshirajan K., Chaturvedi R (2018), Chromium tolerance, bioaccumulation and 495 

 localization in plants: an overview. Journal of Environmental Management, 206, 715-730.    496 

Stambulska U.Y., Bayliak M.M., Lushchak V.I (2018), Chromium (VI) toxicity in legume plants: 497 

 modulation effects of rhizobial symbiosis. BioMed Research International, 2018.  498 

Stavridou E., Webster R.J., Robson P.R (2019), Novel Miscanthus genotypes selected for different 499 

 drought tolerance phenotypes show enhanced tolerance across combinations of salinity and 500 

 drought treatments. Annals of Botany, 124, 653-674.  501 

Steel R.G.D., Torrie J.H (1960), Principles and procedures of statistics. Principles and procedures 502 

 of statistics.   503 

Sun C., Gao L., Xu L., Zheng Q., Sun S., Liu X., Sun, J (2023), Melatonin alleviates chromium 504 

 toxicity by altering chromium subcellular distribution and enhancing antioxidant 505 

 metabolism in wheat seedlings. Environmental Science and Pollution Research, 30, 506 

 50743-50758.          507 

Wang B., Zhu S., Li W., Tang Q., Luo H (2021), Effects of chromium stress on the rhizosphere 508 

 microbial community composition of Cyperus alternifolius. Ecotoxicology and 509 

 Environmental Safety, 218, 112253.  510 

Wellburn A.R (1994), The spectral determination of chlorophylls a and b, as well as total 511 

 carotenoids, using various solvents with spectrophotometers of different 512 

 resolution. Journal of Plant Physiology, 144 307-313.   513 



 

 

Zaman M., Shahid S.A., Heng L (2018), Guideline for Salinity Assessment, Mitigation and 514 

 Adaptation Using Nuclear and Related Techniques (p. 164). Springer Nature.     515 

Zeng F., Zhou W., Qiu B., Ali S., Wu F., Zhang G (2011), Subcellular distribution and chemical 516 

 forms of chromium in rice plants suffering from different levels of chromium 517 

 toxicity. Journal of Plant Nutrition and Soil Science, 174, 249-256.           518 

Zhang L., Wang J., Fu G., Zhang Z (2020), Simultaneous electricity generation and nitrogen and 519 

 carbon removal in single-chamber microbial fuel cell for high-salinity wastewater 520 

 treatment. Journal of Clean Production, 276, 123203.  521 

Zulfiqar, F., Moosa, A., Alshehri, D., Younis, T., Sadique, M. A., Alghanem, S. M. S., ... & 522 

Mirmazloum, I. (2024a). Trehalose and melatonin interactions alleviate cadmium-incited oxidative 523 

stress via activating defense related genes and improve ornamental pepper growth. Plant Growth 524 

Regulation, 1-14.   525 

Zulfiqar, F., Moosa, A., Darras, A., Chen, J., Şimşek, Ö., Akgöl, M., ... & Mirmazloum, I. (2024b). 526 

Co-Application of Nitric Oxide and Melatonin Alleviated Chromium-Induced Oxidative Stress 527 

and Improved Edible Flower Quality of Calendula officinalis L. Horticulturae, 10(12), 1310.    528 

Zulfiqar, F. (2021). Effect of seed priming on horticultural crops. Scientia horticulturae, 286, 529 

110197. 530 

Zulfiqar, F., Nafees, M., Chen, J., Darras, A., Ferrante, A., Hancock, J. T., ... & Siddique, K. H. 531 

(2022). Chemical priming enhances plant tolerance to salt stress. Frontiers in Plant Science, 13, 532 

946922.     533 

 534 

 535 

 536 

 537 

 538 

 539 



 

 

 540 

 541 

 542 

 543 

0

10

20

30

40

50

f

d
e

c

b

a

e

d

e

c

b

a

S
h

o
o

t 
L

e
n

g
th

 (
c
m

)

 Sahar

 Lasani
A

0

5

10

15

20

25

30

35

40

B

d

cc
c

b

a

e
cd

de
c

b

R
o

o
o

t 
le

n
g

th
 (

c
m

)

a

Contro
l

15 µM
 C

r

30 µM
 C

r
NaC

l

15 µM
 C

r+
NaC

l

30 µM
 C

r+
NaC

l
0

10

20

30

40

50

60

C

e

dd

c

b

a

f

d

e

c

b

a

S
h

o
o

t 
fr

e
s
h

 w
e
ig

h
t 

(g
)

Contro
l

15 µM
 C

r

30 µM
 C

r
NaC

l

15 µM
 C

r+
NaC

l

30 µM
 C

r+
NaC

l
0

2

4

6

8

10

12

14

16

18 D

e
dde

c

b

a

e

cd
d

c

b
a

R
o

o
t 

fr
e
s
h

 w
e
ig

h
t 

(g
)

 544 

Figure. 1. Sole and combine effect of chromium and NaCl stress on plant fresh biomass of two 545 

wheat genotypes. The stated bar values show the average of four biological replications. The bars 546 

that do not have the same lowercase letter (LSD) differ from one another at P <0.5 level.    547 
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Figure. 2. Sole and combine effect of chromium and NaCl stress on plant dry biomass of two 549 

wheat genotypes. The stated bar values show the average of four biological replications. The bars 550 

that do not have the same lowercase letter (LSD) differ from one another at P <0.5 level.     551 
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Figure. 3. Sole and combine effect of chromium and NaCl stress on physiological attributes of 554 

two wheat genotypes. The stated bar values show the average of four biological replications. The 555 

bars that do not have the same lowercase letter (LSD) differ from one another at P <0.5 level.  556 
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Figure. 4. Sole and combine effect of chromium and NaCl stress on p of two wheat genotypes. 559 

The stated bar values show the average of four biological replications. The bars that do not have 560 

the same lowercase letter (LSD) differ from one another at P <0.5 level.  561 
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Figure. 5. Sole and combine effect of chromium and NaCl stress on K+/Na+ ratio of two wheat 563 

genotypes. The stated bar values show the average of four biological replications. The bars that do 564 

not have the same lowercase letter (LSD) differ from one another at P <0.5 level.          565 
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Figure. 6. Sole and combine effect of chromium and NaCl stress on chromium uptake in root and 570 

shoot of two wheat genotypes. The stated bar values show the average of four biological 571 

replications. The bars that do not have the same lowercase letter (LSD) differ from one another at 572 

P <0.5 level.    573 
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 597 

Figure. 7. Matrices of Spearman's correlation coefficients between shoot and root Cr 598 

concentrations and different measured variables of two wheat genotypes i.e. Lasani (A) and Sahar 599 

(B) at P≤ 0.01 (n = 18).                                 600 

 601 

 602 


