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Farmers use wastewater for irrigation in many developing countries, for example Bangladesh, India, China, Sri Lanka and Vietnam because they have limited access to clean water. This study explored cadmium (Cd) bioaccumulation in two spring wheat cultivars (cv. Mustang and Lancer), which were grown in different concentrations of Cd (0,1, 2, 4, and 8 mg kg−1) in agricultural soils. The half maximum inhibitory concentration (IC50) values were 4.21 ± 0.29 and 4.02 ± 0.95, respectively, whereas the maximum health risk index (HRI) was 3.85 ± 0.049 and 5.33 ± 0.271, respectively, for Mustang and Lancer. In other words, the malondialdehyde content increased significantly in Mustang (around five-fold) and Lancer (around four-fold) compared with the control treatment. Results revealed that Cd content was well above the acceptable limit (HRI >1) in the two cultivars when exposed to different levels of Cd stress. The tolerant cultivar (Mustang) has potential to chelate Cd in the nonedible parts of plants in variable fractions and can be used efficiently to improve growth and macro- and micro-nutrients content while reducing Cd concentration in plants in Cd-contaminated soil. It can also diminish the HRI, which may help to protect humans from Cd risks. The two cultivars’ nutrient availability and sorption capacity significantly shape their survival and adaptability under Cd stress. Based on what is documented in the current study, we can conclude that Mustang is more tolerant and poses fewer health hazards to people than Lancer because of its capacity to maintain grain macro- and micro-nutrients under Cd stress.
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INTRODUCTION
Irrigation with wastewater is a concern for farmers due to limited access to clean water for farming in many developing countries, for instance Bangladesh, India, China, Sri Lanka and Vietnam (Ansari and Malik, 2007; Qadir et al., 2010; Rezapour et al., 2019). One consequence of the Industrial Revolution’s effect on farming is that agricultural modernization has dangerously polluted agricultural soils with heavy metals including cadmium (Cd) (Singh et al., 2021). Cadmium is an unessential heavy metal, is highly toxic to plants and represents one of the most dangerous environmental challenges worldwide. The European Food Safety Authority recommended the tolerable daily intake is 0.358 μg Cd kg−1 body weight, which is lower than the World Health Organization’s (WHO’s) recommended value (25 µg kg−1 BW month−1) (Jinadasa et al., 2019). Cadmium is a toxic trace metal that is detrimental to different cereal crops including wheat since it can typically block the essential plant nutrients transport in different plant organs, such as roots, shoots and grain during seedlings’ emergence to through to their growth and developments stages (Mahawar et al., 2021). The bread wheat (Triticum aestivum L.) is the third most cultivable and earliest domesticated cereal crop worldwide, and it is grown in around 20% of cultivable agricultural soil globally (Mehta and Bharat, 2019). Hence, wheat, as a food consumed by most of the world’s population, if contaminated with Cd might be hazardous to humans. When Cd accumulates in the human body it poses a very serious cancer risk, kidney diseases and renal dysfunction (Hayat et al., 2019).
The concentrations of Cd in cultivated soils ranged from 0.11 to 6.37 mg kg−1, whereas in the background soil it ranged from 0.02 to 1.99 mg kg−1 in the Sydney region (Gray et al., 2019). The ANZ environmental investigation guideline for soil Cd is 3 mg kg−1 (Siddique et al., 2021). Ecological urban soil investigation level is 3 mg kg−1 although background Cd in soil is 1 mg kg−1 (Kandic et al., 2019). Moreover, wheat grain Cd concentrations exceed the Australian and New Zealand food standards for Cd when it is grown in soil with 0.6 mg Cd kg−1 soil (Gray et al., 2019). The low-Cd accumulating wheat cultivars with high macro- and micro-nutrients contents in plant biomass are the best way to diminish Cd concentration in wheat grain.
Cadmium could be available in the plant-soil interface because it is easily available with pore water and transported by plants’ roots from rhizosphere soil, then to the other vegetative and reproductive parts of the plant, and finally to the grains (Seyfferth et al., 2018). The small Cd concentrations can compromise wheat yield and quality when exposed for long periods of time to one of the most toxic contaminants in soil that can inhibit plant growth. The protease inhibitor, mitosis disruptions, discourages cell proliferation and division and mitochondrial disintegration which triggers the negative influence on chelators detoxification, cellular antioxidants activity, and signaling in reactive oxygen species (ROS). These in turn wield some effect on chlorophyll and MDA contents directly in wheat plants (Kaya et al., 2019; Qiao et al., 2019). The antagonistic effect of Cd on plant growth is a result of photosynthesis malfunctioning, which reduces antioxidants and increases lipid peroxidase, causing biomass reduction. Furthermore, resulting chlorosis impairs the uptake of nutrients, and ultimately causes yield decline and crop death (Hassan et al., 2019; Kabir et al., 2021). As well, crop plants generate free radicals and reactive oxygen species under Cd stress by antioxidant enzymes via different mechanisms inside the cell (Gill and Tuteja, 2010; Li et al., 2019). Plants can cope with Cd stress by various mechanisms, such as chelation and complexation of Cd with different protein and non-protein thiols and plant hormones such as auxin and cytokinin which minimize Cd toxicity in plants (Pál et al., 2018).
The plants can develop tolerance to Cd toxicity by developing morphophysiological parameters and adaptation to Cd stress. For example, a crop can prevent Cd absorption by blocking the elemental transport pathway and uptake of more antagonistic nutrients elements such as calcium (Ca), magnesium (Mg), potassium (K), zinc (Zn), iron (Fe), manganese (Mn) and copper (Cu) in its roots, shoots and grain. This process may decrease Cd uptake from polluted soil (Ondrasek et al., 2021). So for this reason it is crucial to recognize the mechanism of bread wheat cultivar responses and resistance to Cd stress, in order to improve cultivars’ growth and grain quality. By selecting Cd-tolerant and high nutrient-containing wheat grain, wheat-based foodstuffs have the potential to be Cd safe, thus protecting people’s health.
Understanding the tolerance level of wheat under different plant soil conditions is crucial to curtail Cd bioaccumulation in wheat grain and hence develop effective remediation strategies. It is hypothesized that potentiality of bread wheat cultivar can be achieved by accumulating higher macro- and micro-nutrients contents in grains to reduce Cd bioaccumulation. Most studies have been done on hydroponics to explore Cd bioaccumulation and tolerance concentration. To the best of our knowledge, no study has yet been conducted on soil to discover Cd inhibitory concentration trends in response to grain macro- and micro-nutrients under different levels of Cd. In this study, two commonly grown Australian spring wheat cultivars (Mustang and Lancer) were investigated to identify Cd tolerance levels and bioaccumulation in the plant soil ecosystem. In addition, the HRI was used to assess how toxic Cd was to humans under different Cd treatments of the examined wheat varieties.
MATERIALS AND METHODS
Experimental Soil Preparation
For pot experiment, soil (0–20 cm) was collected from the Patterson and Hunter regions of New South Wales, Australia. Soil physicochemical properties were determined by standard procedures including pH, electrical conductivity (EC); cation exchange capacity (CEC); carbon (C), nitrogen (N) and sulphur (S) contents; and aqua regia extractable total metals (Cd, Ca, Mg, K, Zn, Fe, Mn, and Cu). Results are listed in Table 1.
TABLE 1 | Soil physicochemical characteristics used in the current study.
[image: Table 1]Plant Growth Study
Two commonly cultivated Australian spring wheat varieties (Mustang and Lancer), usually cultivated in northern and south-eastern zones (New South Wales and Queensland) of Australia were chosen for this study. Seeds were disinfected by 0.5% NaOCl (20 min) and rinsed carefully with ultrapure water. NPK fertilizers (i.e., N = 60 mg kg−1 soil, P2O5 = 30 mg kg−1 soil and K2O = 60 mg kg−1 soil) were applied as urea (46%N), triple superphosphate (TSP, 48% P2O5) and potassium chloride (KCl, 60% K2O), respectively. Uniform seeds were potted in 1.9 L plastic pots (five seeds per pot) filled with 1.5 kg of soil per pot. The soil was spiked with Cd to generate different concentration gradients of 0 (control), 1, 2, 4, and 8 mg/kg (120 days with Cd (NO3)2.4H2O). These were given the codes CK, Cd1, Cd2, Cd4 and Cd8, respectively. Soil Cd was extracted using 10 ml of 5 mmol L−1 diethylenetriaminepentaacetic acid, 100 mmol L−1 triethanolamine, and 10 mmol L−1 CaCl2 (DTPA) (pH 7.3) (Li et al., 2021) and aqua regia (Aqua regia extracted Cd) (Supplementary Table S1 in Supplementary Information). Plants were grown in pots in a glasshouse during October 2018 to February 2019 with a day and night temperature of day/night 25/16 ± 2°C and 65 ± 5% relative humidity. Each treatment had three replicates. Plant seedlings were grown to maturity stage, then plants were collected and stored for biomass and elemental (Cd, Ca, Mg, K, Zn, Fe, and Cu) analysis. Fresh leaves were collected at 50% anthesis stage (65 days after seedling emergence, DASE) for measuring the physiological parameters (stored at −20°C after treating with liquid nitrogen) such as chlorophyll content and lipid peroxidase (malondialdehyde MDA).
Plant Growth Parameters and Cd Bioaccumulation
The fresh harvested plant parts (roots, shoots and spikes) were soaked in distilled water to remove attached soil, rinsed with 20 mM Na2-EDTA (15 min) (Song et al., 2016), then washed thoroughly with ultrapure water (three times) to remove attached contaminants from root surfaces, and then split into roots, shoots, and spikes. Subsequently, plant samples were oven dried for 72 h at 70°C to generate completely dried samples. These dried samples were weighed (DW), ground and digested by following the digestion protocol for plant materials (Rahman et al., 2009). Cadmium, Zn and Cu were analyzed using ICP-MS (NEXION 350, Perkin Elmer, United States) while Ca, Mg, K, and Fe contents was analyzed using ICP-OES (Avio 200, Perkin Elmer). Growth parameters such as bioconcentration factors (BCFs), tolerance indices (TIs), translocation factors (TFs), and Cd bio-accumulation were determined as stated below (Khanna et al., 2019):
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Analysis of Photosynthetic Products in Wheat Seedlings
The bread wheat flag leaves were harvested at 50% anthesis stage (65 DASE) and immediately immersed in liquid nitrogen for analysis of photosynthetic products.
Measurement of Chlorophyll (Chl a, Chl b and Total Chl) Contents
The determination of chlorophyll (Chl a, Chl b and total Chl) content was done using Arnon’s (Arnon, 1949) procedure. Briefly, 1,000 mg of fresh leaves were macerated in 4 ml acetone (80%). Following that, they were centrifuged at 16128 g for 15–20 min at 4°C. The supernatant was taken to determine chlorophyll content. Absorbance was measured at 649 and 655 nm. Chlorophyll a (Chl a) and Chlorophyll b (Chl b) were estimated using the following equations (Xu et al., 2021), respectively:
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Analysis of Lipid Peroxidation
The lipid peroxidase (MDA) levels in the fresh leaves were estimated based on MDA content, which was measured following the method of Shalata and Neumann (Shalata and Neumann, 2001). Briefly, 200 mg of collected and stored fresh leaf samples were homogenized in trichloroacetic acid (TCA, 10% w/v), centrifuged at 4,000 rpm (10 min) and then monitored for homogenized supernatants. Then, the supernatant (2 ml) was interspersed with 2  ml 0.6% (w/v) TCA and incubated for 15 min in boiling water. MDA content was measured by the absorbance at 600 nm, 532 and 450 nm and determined based on a fresh weight (mmol g−1 FW) basis. MDA was measured using following formula:
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Estimation of Health Risk Index
The HRI of Cd was estimated by calculating daily intake of Cd (DIC) and dividing it with oral reference doses (RfD) of Cd. The RfD value for Cd was 0.003 mg kg−1 body weight day−1, respectively (Epa, 1989; Arisekar et al., 2020).
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Daily intake of Cd was estimated by Equation (2).
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Where, CCd, Cfactor, Dfood-intake and Baverage-weight represent Cd concentration in grains (mg kg−1), conversion factor (0.085) (Rizwan et al., 2017b), wheat grains consumption daily (g day−1 person−1) and average body weight (kg), respectively. An average body weight of 70 kg and consumption of wheat flour was 219 g day−1 per person−1 (Du et al., 2013).
Quality Control and Assurance
Montana soil (SRM 2711a) and spinach leaves (SRM 1570a) were used as standard reference materials (SRMs) from the NIST [National Institute of Standard and Technology, United States of America (USA)] to validate the elemental concentrations for soil and wheat samples using the same extraction techniques employed for samples. The standards studied were consistent with the standard values, with recovery rates ranging from 93 to 103%.
Statistical Analysis
Statistical evaluations for comparing mean significant difference were conducted by a two-way analysis of variance (ANOVA) using JMP Pro 14.0 (SPSS Inc. Chicago, IL, United States). Mean comparison was conducted utilizing Duncan’s multiple range test among the different treatments at p < 0.05. Pearson’s correlation analysis was followed among TIs, BCF, TFs, Cd bioaccumulation and total chlorophyll for the two cultivars tested. Inhibition concentration of Cd (IC) for the dose-dependent nonlinear model using the fitted line equation, namely Y = a * X + b and graphs was plotted using Origin 2020b (Tisi et al., 2021).
RESULTS
Consequences of Cd on Biomass of Two Australian Spring Wheat Varieties
The growth of wheat cultivars (during harvesting) at different levels of Cd is presented in Supplementary Figure S1 (Supplementary Information, SI). The data shows that the two cultivars were significantly affected by increasing Cd treatments. The root biomass for Lancer declined significantly (up to 40%) using different Cd treatments compared with the control, whereas for Mustang, it fell by up to 25% (Figure 1A). Under the treatments of Cd4 and Cd8, the root biomass in Mustang was significantly higher (p < 0.05) compared to Lancer. Under different levels of Cd stress, the variation of shoot biomass was significantly higher for Mustang (5–30%) than for Lancer (Figure 1B). Referring to the spike biomass, Mustang showed significantly higher biomass than Lancer and the variation was 10–65% with different Cd treatments (Figure 1C). The grain was affected severely by varying levels of Cd for both cultivars. However, Lancer was more seriously affected than Mustang except for the Cd8 treatment (Figure 1D). When the plants were exposed to different concentrations of Cd, the plant biomass diminished significantly compared with the control treatment. Generally, higher soil Cd affected plant biomass severely in both cultivars. Result of plant biomass revealed that the Mustang cultivar was less affected by increasing the Cd concentration in soil compared with Lancer (Figure 1).
[image: Figure 1]FIGURE 1 | Plant root, shoot, spikelets, and grain biomass dry weight under different levels of soil cadmium (Cd) concentrations in two wheat cultivars (Mustang and Lancer). Data are mean ± standard error of three replicates. Different letters indicate the significant differences by letters (a, b, c, d, e for Mustang and z, y, x, w, v for Lancer) among treatments at (p ≤ 0.05) as per Duncan’s multiple range test. 
Cd Bioaccumulation in Different Plant Parts
Cd bioaccumulation varied significantly between the two cultivars, shown in Figure 2A and Table 2. Cd concentration in different plant materials varied significantly among treatments (p < 0.05). Regarding the different parts of wheat, the root bioaccumulated significantly higher (p < 0.05) Cd concentrations compared with the control treatment. Mustang bioaccumulated Cd more in shoot compared with Lancer (Table 2). Cadmium concentrations in wheat grains of both cultivars in Cd treatment groups demonstrated an upward trend compared with the control treatment.
[image: Figure 2]FIGURE 2 | Cadmium and macro-nutrient element (Mg, K, and Ca) concentrations in the grain. Data are mean ± standard error of three replicates. Different letters indicate significant differences by letters (a, b, c, d, e for Mustang and z, y, x, w, v for Lancer) among treatments at (p ≤ 0.05) as per Duncan’s multiple range test. 
TABLE 2 | Concentrations of Cd in root, shoot and spike of two spring wheat cultivars.
[image: Table 2]The Cd concentrations in grains rose by 29–65% and 35–72% in Lancer and Mustang, respectively, compared to control and the highest Cd concentrations in wheat grain were detected at Cd8 treatment (Figure 2A). Cd concentrations in the spike of Mustang increased by 46.7–66.1% and those in the shoots increased by 41.0–70.7% compared to the control, which was significantly higher in shoot than Lancer. Cd concentrations in the roots of Mustang and Lancer increased by 43.8–58.9% and 50.7–70.3%, respectively, compared with the controls (0.004 and 0.033 mg kg−1 for Mustang and Lancer, respectively). Overall, the results demonstrated that the Cd concentrations in shoot are statistically significant between cultivars in all Cd treatments (Table 2). For grain, Lancer accumulated more Cd than Mustang (Figure 2A). However, no noticeable trend was observed for root and spikes under different Cd treatments.
Bioaccumulation of Macro-Nutrients in Different Plant Parts
Macro-nutrients (Mg, Ca, and K) bioaccumulation in the wheat plant parts was significantly influenced by different levels of soil Cd compared to the control, as shown in Figures 2B–D and Table 3. When exposed to Cd8 treatment, Mg content in roots, shoots, spike and grain fell by around 62, 55, 41 and 62.5%, respectively, for Mustang, and 68, 66, 20 and 60%, respectively, for Lancer compared with the control treatment. Ca contents decreased by up to 48–94% and 25–95% for Mustang and Lancer, respectively, for all plant parts undergoing Cd8 treatment compared with the control treatment. Again, under the same Cd8 treatment, K content decreased by more than 90% in all plant parts except for grain where it was around 64% for both cultivars compared with the control treatment. Under different levels of Cd stress, grain Ca, Mg and K concentrations in both wheat cultivars were not significant (Figures 2B–D).
TABLE 3 | Plant essential macro-nutrients (Mg, Ca, K) in different plant parts under different Cd stress.
[image: Table 3]Bioaccumulation of Micro-nutrients in Different Plant Parts
Micro-nutrient (Zn, Fe, Mn, and Cu) bioaccumulation in wheat plant parts was significantly (p ≤ 0.05) affected by different levels of soil Cd compared to the control, as presented in Figure 3 and Table 4. Under Cd8 treatment, Zn content in plant parts such as roots, shoots, spike and grain reduced by 42, 59, 60 and 64%, respectively, in Mustang. The percentages for Lancer were 39, 62, 93 and 76%, compared with the control treatment (CK). In the case of iron (Fe) content, Mustang indicated a 64, 63, 52 and 64% and Lancer showed 68, 55, 38 and 58% decrease in roots, shoots, spike and grain, respectively. However, the content of Mn exhibited 79, 67, 46 and 68% decrease in root, shoot, spike and grain, respectively, for Mustang. Conversely for the Lancer cultivars the figures were 80, 67, 38 and 79% decrease in root, shoot, spike and grain. Again, the element Cu contents reduced by 59, 78, 70, and 48% in root, shoot, spike and grain, respectively, for Mustang and 60, 79, 81 and 55% for in root, shoot, spike and grain, respectively, for Lancer. The experimental data confirmed that micro-nutrient (Zn, Fe, Mn, and Cu) contents in the grain significantly decreased in Lancer compared with the Mustang cultivar.
[image: Figure 3]FIGURE 3 | Micro-nutrient element (Zn, Fe, Mn, and Cu) concentration the grain. Data are mean ± standard error (SE) of three replicates. p < 0.005. Different letters indicate the significant differences by letters (a, b, c, d, e for Mustang and z, y, x, w, v for Lancer) among treatments at (p ≤ 0.05) as per Duncan’s multiple range test (DMRT).
TABLE 4 | Plant essential micro-nutrients (Zn, Fe, Mn and Cu) in different plant parts under different level of soil Cd stress.
[image: Table 4]Photosynthetic Pigment Under Cd Stress
Chlorophyll content was severely decreased by the Cd treatments, and a statistically significant difference was noted among treatments (Figure 4A). Chla, Chlb and total Chl declined by 80, 67 and 76% in the Mustang cultivar and by 89, 91 and 90% in the Lancer cultivar, respectively, when subjected to Cd8 treatment. Chlorophyll content decreased with increasing Cd levels for both varieties. These results demonstrated higher amounts of Chl in leaves in Mustang regardless of Cd stress levels compared with Lancer (Figure 4A). The higher the Cd stress which occurred under Cd4 and Cd8 treatments, the more the chlorophyll content of the Lancer cultivar was affected compared with the Mustang. This was evident judging by the decrease in total Chl in the leaves (Figure 4A).
[image: Figure 4]FIGURE 4 | Photosynthetic pigment (total chlorophyll) (A) and malondialdehyde (MDA) (B) content in leaves of two Australian wheat varieties under Cd stress. Data are mean ± standard error of three replicates. Different letters indicate significant differences by letters (a, b, c, d, e for Mustang and z, y, x, w, v for Lancer) among treatments at (p ≦ 0.05) as per Duncan's multiple range test.
Lipid Peroxidase Under Cd Stress
Oxidative membrane damage is correlated with variations in H2O2 which manifest as changes in MDA content in plant leaves tissues. MDA content was significantly different for higher levels of Cd stress, and the data are presented in Figure 4B. MDA content increased with rising Cd stress levels for both cultivars: 0.12 ± 0.05 and 0.62 ± 0.08 µg kg−1 FW for Mustang and 0.10 ± 0.04 and 0.51 ± 0.06 µg kg−1 FW for cv. Lancer when grown in CK and Cd8 treatments, respectively. Very minor variation in MDA content at Cd1 and Cd2 treatments was noted compared with the control treatment. However, at Cd4 and Cd8 mg kg−1, MDA content significantly increased in Mustang (around five-fold) and Lancer (around four-fold) leaves compared with the control treatment. Physiological levels of MDA were virtually the same when comparing the two wheat cultivars and they were the lowest at Cd0 and Cd1 in both cultivars (Figure 4B). Under high Cd stress levels, enhanced oxidative membrane damage occurred in both cultivars, which appeared to be relatively milder in Mustang compared to Lancer. In general, MDA levels in both cultivars are very similar in all Cd treatments.
Toxicity Concentration of Cd in Wheat Cultivars
The inhibition concentration of Cd (IC) was used to demonstrate biomass reduction efficiency of Cd for the two spring wheat cultivars evaluated under different Cd treatments as presented in Table 5. IC10, IC50 and IC90 represent concentrations of Cd responsible for 10, 50 and 90% reductions of biomass, respectively. IC10 was higher for the Mustang variety than for the Lancer whereas IC90 was higher for the Lancer cultivar in terms of plant biomass. However, IC50 in both cultivars was not statistically different (Table 5). The Mustang cultivar showed a higher tolerance index compared with the Lancer under different Cd stress levels, which may reduce plant biomass (Supplementary Figure S2 in Supplementary Information).
TABLE 5 | Inhibitory concentration (IC) of (DTPA extractable) Cd for two spring wheat cultivars grown in different levels of Cd contaminated soil.
[image: Table 5]Correlation Between Grain Cd Concentration and Agronomic Traits
Correlations among grain Cd concentration and agronomic traits of wheat were analyzed using Spearman correlation tests and are presented in Supplementary Figure S3 (Supplementary Information). Results revealed that DTPA Cd concentration in soil highlighted significant negative correlations with the tolerance index, shoot TF and grain TF (p < 0.05). There was also a significant positive correlation with Cd bioaccumulation (p < 0.05) in both wheat cultivars.
Health Risk Assessment From Exposure to Cd in Wheat Grain
Estimated values of DIC and HRI by consumption of the two wheat cultivar grains grown on Cd-polluted soils are given in Table 6. Cd concentrations in the two wheat cultivars were statistically different at the p < 0.05 level of significance. DIC values varied from 0.00066 to 0.0154 for Mustang and 0.00079 to 0.02131 for Lancer at CK to Cd8 treatment levels. Meanwhile, HRI values for Cd ranged from 0.53 to 12.34 and 0.64 to 17.17 for Mustang and Lancer cultivars, respectively. The results demonstrate that DIC and HRI values of Cd increased for the two spring wheat cultivars with increasing soil Cd pollution. At the Cd8 treatment, the HRI for Cd increased 20 times and 34 times for Mustang and Lancer, respectively, compared with the control treatment.
TABLE 6 | Estimated dietary intake of Cd (DIC) and hazardous human risk index (HRI) for Cd by consumption of flour from wheat grains grown on Cd-polluted soil for two well-known spring wheat varieties in Australian soil.
[image: Table 6]DISCUSSION
These results are supported by different studies that soil Cd significantly (p ≤ 0.05)reduced the biomass in different wheat species (Cai et al., 2020). Plants may develop resistance and as a result may survive in Cd contaminated soils. In several studies it was reported that leaf mesophyll damage, cell wall disruption, golgi-body diffusion, and stunted root tip growth could be caused by Cd toxicity leading to plant biomass reduction (Arshad et al., 2016; Rizwan et al., 2017a; Kamran et al., 2019). The findings from the current study reveal that the two different spring varieties of wheat responded differently under Cd stress. Higher Cd in the soil lowers the cultivars’ biomass production, which might be due to the deadly impact of Cd since it has been widely reported that Cd is toxic to crops specifically to cereal crops such as wheat, rice, maize and sorghum (Lehman et al., 2015).
The dry biomass of roots, shoots, spikes, and grain was 4.13 ± 0.25, 21.01 ± 2.31, 0.94 ± 0.06 and 0.07 ± 0.04 g/plant, respectively, for Mustang, whereas it was 2.76 ± 0.16, 14.24 ± 1.09, 0.63 ± 0.05 and 0.081 ± 0.06 g/plant, respectively, for Lancer when grown in Cd8 treated soil. Studies have demonstrated that when plants are exposed to Cd stress it reduces the biomass dry weight (Hou et al., 2020). For instance, Cd reduces the length and weight of roots and shoots in various plants, while the adverse effects of Cd have detrimental effects on plants at the maturity stage (Ding et al., 2016). In another study it was found that root development was poor under Cd stress (Bahmani et al., 2019). Photosynthesis, macro- and micro-nutrients are the major reasons for plants biomass reduction under Cd stress27-29, which were also investigated in the present study. In the current study we found that Mustang accumulated significantly higher dry biomass in comparison to Lancer under different levels of soil Cd (Figure 1).
The Cd content in roots, shoots, husks and grain was 2.625 ± 0.049, 0.967 ± 0.023, 0.259 ± 0.025 and 0.261 ± 0.06 mg kg−1, respectively, for Mustang, whereas these parameters were 2.781 ± 0.023, 0.674 ± 0.029, 0.534 ± 0.024 and 0.328 ± 0.09 mg kg−1, respectively, for Lancer under Cd8 treatment (Figure 2 and Table 2). These findings reveal that Lancer can bioaccumulate more Cd than Mustang in different plant parts. The higher Cd content in different organs of wheat might be due to lower macro- and micro-nutrients content in plant parts since Cd and macro- and micro-nutrients have antagonistic effects during bioaccumulation. They may also compete for symport in the plant root cell wall and membrane, which has been reported previously (Mourato et al., 2019).
Again, essential macro- and micro-nutrients are positively correlated with root and grain biomass which was restricted by Cd stress in the current studies. Essential nutrients such as K, Ca, Mg, Zn, Fe, Mn and Cu strongly influenced plant growth. These results are supported by Rahman et al. (2009), Maurato et al. (2019) and Islam et al. (2021) (Mourato et al., 2019; Islam et al., 2021; Ur Rahman et al., 2021). For instance, cell wall and membrane performance is predominantly influenced by Ca whereas K influences enzyme activation, photosynthesis pigmentation and protein synthesis, which builds up the organic structures in a plant. In addition, Cd changes the ultra-structure, induces oxidative damage and decreases essential macro- and micro-nutrients in cereal crops (Rizwan et al., 2017b). The macro- and micro-nutrients concentration declined significantly in wheat biomass when subjected to Cd treatment (Arshad et al., 2016). The Cd has been shown to hamper the status of essential nutrients in many plant species. The decrease in major element concentrations with the addition of Cd may be attributed to probable competition at adsorption sites and transporters, those with the same charge. Other studies reported that micro-nutrients such as Ca, Mg and Fe could alleviate the detrimental effects of Cd stress and improve photosynthetic performance under Cd stress (Liu et al., 2015; Singh et al., 2018). Overall, it could be hypothesized that an increase in wheat biomass could be explained by: firstly, the role of macro- and micro-nutrients in controlling the antioxidant activities; and secondly, its influence on the physiological and biochemical processes in wheat tissues (Wang et al., 2020; Moussa et al., 2021).
Mustang was more tolerant to Cd than was Lancer which can be seen from the IC50 inhibitory concentration since Mustang exhibited high macro- and micro-nutrients as well photosynthesis pigmentation and MDA content in leaves compared with Lancer. Varietal Cd tolerance levels impair the morphophysiological parameters of different wheat cultivars, such as Pingan 8 (3), Aikang58 (1.98 ± 0.22), Yangmai 20 (2.20), Zhoumai-32 (0.421 ± 0.026), Sceptre (0.105) mg kg−1 soil Cd (Grant and Bailey, 1998; Ci et al., 2010; Arshad et al., 2016; Guo et al., 2019; Zhang et al., 2019; Huang et al., 2020). Furthermore, it was shown that macro- and micro-nutrients in grain uptake by varietal composition was compromised by Cd toxicity, perhaps due to chelating activities inside plants and rhizosphere (Halim et al., 2020). The greater biomass production in the Mustang cultivar might be due to high uptake of macro- and micro-nutrients of crops under Cd stress. The presence of Cd in soils decreased roots, shoots, and grains of the cultivars compared with the control treatment in the current study as presented in Table 2. It was reported that foliar application of Ca, K and Zn was effective in reducing grain Cd content in wheat grain (Abedi and Mojiri, 2020). Increased macro- and micro-nutrient concentrations in plants may increase competition with Cd for translocation to grains since a strong negative relationship was observed in leaf macro- and micro-nutrients and grain Cd content of wheat. Higher Ca, K, Mg, Zn and Fe content in wheat indicate biofortification which may enhance the quality of cereal grains (Aziz et al., 2019; Yaseen and Hussain, 2021).
In addition, the toxic effect of higher levels of Cd in plants induces redox imbalance in plants (Mir et al., 2018). The current reported that higher MDA levels were found when more Cd toxicity to plants was evident. Higher oxidative damage is the result of larger Cd concentrations in plants’ parts. In addition, oxidative stress negatively disturbs the metabolic process and structural alterations in cells (Castelli et al., 2019; Małkowski et al., 2020). Chlorophyll content and MDA attributes were affected by the toxic effect of Cd in plants compared with the control treatment (Younis et al., 2016). It was evident that chelation and complexation among amino acids and micro-nutrients might increase photosynthesis pigments in crop plants’ leaves under Cd stress. The reduction of chlorophyll content might have occurred because of the decrease in crop nutrients under increasing Cd concentration or increased Cd toxicity (Ali et al., 2019)in the two spring wheat varieties examined in the current study.
Our results showed that the tolerant wheat variety had a lower HRI value for Cd. Moreover, the tolerant variety had significantly higher macro- and micro-nutrients in the grains. Hence, such wheat variety will not only increase the quality of food but also reduce health risks that are due to consumption of wheat-based food produced in Cd-contaminated soils (Zakaria et al., 2021). However, the HRI value of Cd was >1 with increasing soil Cd in plants which may increase owing to consumption of contaminated food for longer periods. Thus, attention must be given to such areas, and the Cd tolerant variety might be helpful for minimizing Cd risk to the consumer.
CONCLUSION
The current study revealed that the wheat cultivars examined were significantly affected by Cd stress, which is expressed by IC50 and HRI index based on grain Cd exposure to human. In conclusion, under Cd stress two spring wheat cultivars were significantly affected, showing an improved lipid peroxidase defense system and reduced photosynthesis. Cd content was well above the acceptable limits (HRI >1) in two cultivars when exposed to high Cd contaminated soil. We conclude that, when compared with the Lancer cultivar, the Mustang cultivar is more tolerant, poses less risk to human health and contains higher grain macro- and micro-nutrients under Cd stress compared to Lancer. Finally, tolerant cultivar has the potential to chelate Cd in plants’ nonedible parts in variable fractions and improve plant growth and grain macro- and micro-nutrient content. So, despite growing in Cd-contaminated soil, it leads to a reduction in its HRI and might help to protect people from Cd risks. Further research is needed to explore how soil amendment could reduce human health hazards and improve macro- and micro-nutrients in Mustang cultivars grains under Cd stress.
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0.214 + 0.025y
0.634 + 0.024z

Data are by mean + SD with a statistically significant level of (p < 0.05) and the mean difference by letters (a, b, ¢, d, e for Mustang andz, y, x, w, v for Lancer) among treatments was done

using Duncan’s multiple range post hoc test.
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Mustang 1.93 + 0.33a 4.21 £ 0.29a 9.19 + 0.98b 0.984
Lancer 0.63 + 0.42b 4.02 + 0.95ab 25.57 + 6.49a 0.991

Diflerent letters by letters (a, b) between cultivars show the significant differences at (p <
0.05) as per Duncan’s muttiol range test.
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