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Abstract: The current work was performed to know the impact of cadmium (Cd) toxicity on two different genotypes of chickpea (Cicer arietinum L.) namely Pusa-BG1053 and Pusa-BG372. Cadmium was applied in the form of cadmium chloride (CdCl2), in varying levels, 0, 25, 50, 75, and 100 mg Cd kg-1 soil. Plant growth as well as physiological attributes were decreased with increasing concentration of Cd. Both genotypes showed the maximum and significant reduction at the maximum dose of Cd (100 mg Cd kg-1 soil). Results of this study proved that the genotype Pusa-BG1053 was more tolerant and showed a lower decline in growth, photosynthetic and biochemical attributes than Pusa-BG372. This later genotype showed the maximum reduction and was sensitive to Cd stress. A better activity of antioxidants protected Pusa-BG1053 from Cd toxicity; on the other hand, the activity of antioxidants was much lower in Pusa-BG372. Scanning electron microscopic studies showed differences in both genotypes. In Pusa-BG1053, stomatal quantity was higher and stomata were slightly close to the characteristic guard cells. In Pusa-BG372 stomata were lower, slightly open and with highly affected guard cells. Root cell mortality due to the harsh effects of Cd appeared to be more evident in Pusa-BG372 than Pusa-BG1053, which was visible under a confocal microscope. As a result of this study, Pusa-BG1053 was a more tolerant genotype, and exhibited a minimum reduction in terms of all studied parameters than Pusa-BG372, which was a sensitive genotype to Cd toxicity.
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1  Introduction

Legumes are important in the food and nutritional security of millions of people worldwide, particularly of low-income families. Besides being a vital source of protein, starch, fibre, oil, and nutrients essential for human health, they also contain plenty of iron and zinc. It is an asset for the dietary management of protein for vegetarians as well as the poor populations. Besides containing a good amount of proteins, they also contain fats and carbohydrates [1]. Among various legumes, chickpea is considered, one of the essential grown legumes worldwide. It provides the second main source of proteins after Glycine max (soybean) and is also used as green manure, playing a pivotal role in crop rotation, hence, enhancing soil fertility. It is also used as fodder for animals.

Plants are exposed to many environmental situations that negatively affect plant growth and development. These factors include cold, drought, flooding, freezing, heat, salinity, or heavy metal stress [2,3]. Heavy metal toxicity, the most known abiotic environmental issue that causes hazardous effects in plants particularly legumes, change their physiological as well as metabolic activities, among various heavy metals (HMs), cadmium (Cd) is one of the major ones its toxicity reduces the general plant growth [3–6], and the symptoms of Cd injury in plants can be in the form of a slight injury to lethality resulting in crop failure. This is because Cd causes complex changes at biochemical, physiological, and genetic levels [7,8]. A high level of Cd alters the carbohydrate, proline, and protein contents [8–11], and fluster the absorption of nutrients like Nitrogen (N), Phosphorus (P), Potassium (K), Calcium (Ca), Magnesium (Mg), Manganese (Mn), Nickel (Ni), Copper (Cu), Iron (Fe), and Zinc (Zn) [6]. Fe deficiency causes chlorosis or yellowing of young leaves, affects root growth, decreased yield, and it also alters photosynthesis by reducing the chlorophyll and carotenoids contents. This is because it affects the photosynthetic apparatus and hence affects stomatal opening, size and density in the plant leaves [6,12]. Moreover, Cd can uplift the reactive oxygen species (ROS) levels [13,14]. The ROS causes oxidative damage by reacting with lipids, proteins, pigments as well as nucleic acids [6]. The peroxidation of lipids is normally recorded by an enhanced concentration of the malondialdehyde (MDA) content [10,14,15]. Plants have developed various strategies to deal with Cd toxicity, consisting of enzymatic and non-enzymatic systems [6,13,14,16–18], regulating Cd influx, accelerating Cd efflux, Cd chelation, Cd sequestration and remobilization, and scavenging of Cd-induced ROS [19,20]. Antioxidative enzymes like superoxide dismutase (SOD), catalase (CAT), and peroxidase (POX), can diminish the concentrations of ROS in plants [14]. High levels of Cd affect the cellularity of roots, due to a rapid reduction in vacuolization and osmotic disbalance [6].

The current study was aimed to elucidate the effect of Cd stress on the two chickpea genotypes based on their growth, chlorophyll and carotenoid content, nitrate reductase activity, carbonic anhydrase activity, proline content, lipid peroxidation, antioxidants, and scanning electron microscopic (SEM) and confocal microscopic studies.

2  Materials and Methods

2.1 Cd Treatment and Plant Material

Seeds of two genotypes of chickpea (Cicer arietinum L.), Pusa-BG372, and Pusa-BG1053 were collected from IARI Pusa, New Delhi. Seeds were treated for disinfection with 0.01% of mercuric chloride, then rinsed three times with distilled water, and then were sown in pots of 25 × 25 cm size, having a mixture of compost and soil in a 1:3 ratio. After 10 days of seed germination, thinning of seedlings was done to three per pot. The plants were treated with varying concentrations of Cadmium Chloride solutions (25, 50, 75, and 100 mg Cd kg-1 soil), and the control pots were supplied with tap water only and all the plants were irrigated on every alternate days. After 45 days of sowing, sampling was done and the following parameters were taken.

2.2 Morphological Parameters

Plant (1) length, (2) dry weight, (3) leaf area, and (4) nodules number were determined, after 45 DAS. Plant length was taken with a centimetre scale. Dry weight of the plant was determined using an electronic balance (CY204, Scalteo Ins., Germany) after drying the plant material in an oven for 72 h at 80°C. Leaf area was measured on a leaf area meter (LA211, Systronics, Ahmedabad, India). The number of nodules per root system was counted on fresh roots.

2.3 Physiological and Biochemical Attributes

2.3.1 Total Chlorophyll and Carotenoid Concentrations

The method of Lichtenthaler et al. [21] was used to measure the total chlorophyll and carotenoid concentrations, by crushing 100 mg fresh leaves in 10 ml of 80% acetone. Absorbance for chlorophyll was measured at 663 nm and 645 nm and for carotenoid, at 480 nm and 510 nm on a UV-Visible spectrophotometer (Spectronic 20D; Milton Roy, USA).

2.3.2 Nitrate Reductase (NR) Activity

The activity of nitrate reductase (NR) was calculated according to the Jaworski protocol [22]. Small fragments of leaves were collected in separate vials, and potassium nitrate, phosphate buffer, and isopropanol were added, Vials were then incubated at 30°C for 2 h. Four ml of the mixture were taken out and sulphanilamide and N-1-naphthyl ethylenediamine hydrochlorides were added. Pink colour was developed after some time, and the absorbance was read at 540 nm on a spectrophotometer (Spectronic 20D; Milton Roy, USA).

2.3.3 Carbonic Anhydrase (CA) Activity

CA activity was calculated by the method of Dwivedi et al. [23]. Leaves were cut into smaller sections, and kept in a test tube containing cysteine hydrochloride. They were incubated in the mixture for about 20 min. The incubated mixture was treated with phosphate buffer, bromothymol blue indicator, and sodium bicarbonate, and then was again incubated. After that, some drops of methyl red were added as an indicator.

2.3.4 Proline Concentration

The estimation of leaf proline concentration was done following Bates et al. [24]. Sulphosalicylic acid was used for the extraction of samples. An equal amount of a solution of ninhydrin and glacial acetic acid was added to the extract. The reaction mixture was heated at 100oC; 5 ml of toluene were then added to the reaction mixture after cooling in an ice bath. Thereafter, the uppermost layer of the mixture was taken out, and the absorbance was measured at 528 nm on a spectrophotometer (Spectronic 20D; Milton Roy, USA).

2.3.5 Malondialdehyde (MDA) Concentration

Peroxidation of lipids in terms of MDA in fresh leaves was measured by the method of Cakmak et al. [25]. Homogenates of fresh leaves were made with 0.1% trichloroacetic acid (TCA). The supernatant was collected after centrifugation of samples, followed by 0.5% thiobarbituric acid addition. The mixture was heated at 100oC for about 30 min, and centrifuged again after cooling in an ice bath. The supernatant was collected and the absorbance was recorded at 523 and 600 nm.

2.4 Analysis of Enzymatic Antioxidants

For the estimation of enzymes, 1 g of fresh leaves was homogenized in 5 ml of 50 mM potassium phosphate buffer (pH 7.0), 1 mM phenyl methane sulfonylfluoride, 1 mM EDTA, 2% polyvinyl pyrrolidone, and 0.5% Triton X-100. After that, the homogenate was centrifuged for 10 min at 5°C at 15,000 rpm. The supernatant was collected and used for the estimation of the antioxidant enzymes.

The activity of Superoxide Dismutase (SOD) was calculated following the Beyer et al. [26] method, by recording the absorbance at 560 nm for 2 min at 25°C.

The activity of Peroxidase (POD) was calculated by using the method of Sanchez et al. [27]: the change in absorbance was measured at 436 nm on a spectrophotometer (Spectronic 20D; Milton Roy, USA) at 25°C for 1 min.

The activity of Catalase (CAT) was measured following Aebi [28], by observing the decrease in optical density at 240 nm at 25°C for one min with an interval of 30 s.

2.5 Estimation of Reactive Oxygen Species

Estimation of the superoxide radical O2•− was determined according to the method proposed by Kaur et al. [29], by immersing the leaf in a solution of 6 mM nitrozolium blue tetrachloride, which was prepared in sodium citrate buffer, incubated for 8 hours at room temperature. The leaf material was taken out from the solution and immersed in 100% ethanol followed by boiling at 100oC until chlorophyll removal; samples were transferredto 20% glycerol after cooling thenimages were captured with NIKON digital camera (COOLPIX110).

2.6 Scanning Electron Microscopy

Scanning electron microscopy (JEOL JSM-JSM 6510) was used to know the effect of Cd stress on stomata. Fresh leaf samples were fixed in 2.5% glutaraldehyde buffer (pH 7.3) for 2 h, and then fixed by 1% osmium oxide followed the critical point drying protocol. Fixed samples were dehydrated with ethanol (50, 70, 80, 90, and 100%), and they were coated with gold-palladium and observed at a magnification of 250X and 3000X under a scanning electron microscopy.

2.7 Confocal Microscopic Study for Cell Viability

Carefully uproot the plant, and separate the roots from the shoot. Roots were washed properly under tap water to remove the soil. Then, roots were cut into thin sections by using a sharp razor and collected in propidium iodine dye (5 µM) for 30–35 min. After staining the roots, they were placed on fresh glass slides and observed under a confocal microscope.

2.8 Statistical Analysis

Three biological replicates were used for each treatment. Data were analyzed by one-way ANOVA, using a SPSS software (17.0 Version).

3  Results

3.1 Effect of Cadmium Stress on Morphological Characteristics

Morphological characters of both chickpea cultivars showed a clear and significant reduction when the Cd stress conditions were increased (Figs. 1, 2a–2d). Among the concentrations of Cd, the lowest level (25 mg Cd kg-1 soil) caused a minimum reduction, sometimes statistically significant (e.g., plant height and dry weight on Pusa-BG372; Figs. 2a and 2b). The highest decline in morphological parameters in both varieties of C. arietinum was recorded at 100 mg of CdCl2 as compared to their respective controls. The highest level (100 mg Cd kg-1 soil) caused a maximum percent reduction of 56.32%, 61.99%, 49.47%, and 71.05% in plant length, plant dry biomass, leaf area, and nodule numbers, respectively, in Pusa-BG372 (Figs. 2a and 2d). These reductions were, respectively, of 31.01%, 38.72%, 27.02%, and 46.29% in Pusa-BG1053 at the highest Cd concentrations. Hence, more damage was recorded in Pusa-BG372 than Pusa-BG1053.
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Figure 1: Effect of 100 mg Cd kg-1 soil on two varieties of C. aerietinum, PUSA-BG1053 and PUSA-BG372
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Figure 2: Effect of Cd on (a) Plant length, (b) Plant dry weight, (c) Leaf area, and (d) Nodule number per plant on two varieties of C. aerietinum, Pusa-BG1053 and Pusa-BG372. Different letters above the histograms on each variety of C. aerietinum indicate significant differences (P < 0.05) among the various Cd concentrations. Each histogram is the mean of n = 3. Vertical bars indicate S.E. of the means

3.2 Effect of Cadmium Stress on Physiological and Biochemical Attributes

3.2.1 Effect of Cadmium Treatment on Total Chlorophyll and Carotenoid Concentration

Total chlorophyll and carotenoids concentration were showed significant and maximum percent reduction under higher Cd levels (100 mg Cd kg-1 soil), in both the genotypes. Pusa-BG1053 showed a maximum and significant percent reduction of 29.29% and 32.23% in total chlorophyll and carotenoid respectively, while the same level of Cd caused severe and significant damage in Pusa-BG372, and reduced the total chlorophyll and carotenoid content by 65.8% 73.56% respectively than their respective control (Figs. 3a and 3b).
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Figure 3: Effect of Cd on (a) Total chlorophyll concentration, (b) Carotenoid concentration, (c) Nitrate reductase activity, and (d) Carbonic anhydrase activity on two varieties of C. aerietinum, Pusa-BG1053 and Pusa-BG372. Different letters above the histograms on each variety of C. aerietinum indicate significant differences (P < 0.05) among the various Cd concentrations. Each histogram is the mean of n = 3. Vertical bars indicate S.E. of the means

3.2.2 Effect of Cadmium on NR Activity

The activity of the NR enzyme also showed a reduction under Cd treatment. The highest Cd level proved most toxic and caused a maximum and significant percent reduction of 65.83% in Pusa-BG372 than their respective control while the lowest level (25 mg Cd kg-1 soil) caused minimum and non-significant reduction. However, Pusa-BG1053 proved less sensitive as compared to Pusa-BG372 which is highly sensitive to Cd stress. Pusa-BG1053 exhibited a significant percent reduction of 33.16% in NR activity at 100 mg Cd kg-1 soil (Fig. 3c).

3.2.3 Effect of Cadmium on Carbonic Anhydrase Activity

The activity of Carbonic anhydrase was altered in response to different Cd concentrations (0, 25, 50, 75, and 100 mg Cd kg-1 soil) at 45 DAS in both the chickpea varieties, sometimes statistically non-significant (in Pusa-BG1053 at 25 mg Cd kg-1 soil; Fig. 3d). 100 mg of CdCl2 caused a maximum and significant reduction of 55.64% in Pusa-BG372 and 28.7% in Pusa-BG1053 as concerning their control (Fig. 3d).

3.2.4 Proline Concentration

Under Cd stressed condition, there is higher proline concentration was found in leaves of both the chickpea verities (Fig. 4a). The proline concentration was increased with increasing Cd concentration and was found maximum and statistically significant at the highest dose of Cd (100 mg Cd kg-1 soil) and maximum percent enhancement of 60.43% and 26.17% were recorded in Pusa-BG1053 and Pusa-BG372, respectively, in concern to their controls.
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Figure 4: Effect of Cd on (a) proline concentration and (b) MDA concentration on two varieties of C. aerietinum, Pusa-BG1053 and Pusa-BG372. Different letters above the histograms on each variety of C. aerietinum indicate significant differences (P < 0.05) among the various Cd concentrations. Each histogram is the mean of n = 3. Vertical bars indicate S.E. of the means

3.2.5 Effect of Cadmium Treatment on MDA Concentration

MDA content which reflects the lipid peroxidation showed enhancement on increasing Cd concentration and was found maximum at 100 mg Cd kg-1 soil level. Both the varieties of chickpea exhibited enhanced MDA concentration and the maximum and statistically significant percent increase of 63.94% was found in Pusa-BG372, while Pusa-BG1053 showed a percent increase of 31.19% in MDA concentration (Fig. 4b). Hence it was proved that Pusa-BG372 exhibited more oxidative stress as compared to Pusa-BG1053.

3.3 Antioxidant Enzyme Activities

Antioxidant enzymes followed a similar trend of increase as of proline. Results showed that the activity of antioxidant enzyme enhances in response to Cd stress, and was maximum and statistically significant (statistically non-significant in case of Pusa-BG1053 at 25 mg Cd kg-1 soil) at the highest dose of Cd (100 mg Cd kg-1 soil). The activities of SOD, POD and CAT enzymes exhibited a maximum percent increase of 56.61%, 61.56%, and 56.91% in Pusa-BG1053 and 25.38%, 37.17%, and 25.65% in Pusa-BG372, respectively as compared to their respective control (Figs. 5a–5c).
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Figure 5: The effect of Cd on (a) SOD activity, (b) POD activity, and (c) CAT activity on two varieties of C. aerietinum, Pusa-BG1053 and Pusa-BG372, Different letters above the histograms on each variety of C. aerietinum indicate significant differences (P < 0.05) among the various Cd concentrations. Each histogram is the mean of n = 3. Vertical bars indicate S.E. of the means

3.4 Production of Superoxide Radicals (O2•−)

45-day old leaves of both the verities of chickpea showed O2•− generation in the form of blue spots on leaves under Cd stressed conditions. Pusa-BG372 showed a large number of spots as compared to Pusa-BG1053 because of the excessive accumulation of superoxide radicals (Fig. 6). This generation of spots gets increased on increasing Cd concentration and was found maximum at 100 mg Cd kg-1 soil, as compared to their control.
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Figure 6: Effect of excessive accumulation of superoxide radicals due to 100 mg Cd Kg-1 soil concentrations of Cd, which leads to blue spots on leaves of two varieties of C. aerietinum, Pusa-BG1053 and Pusa-BG372, images represent (a) Control of BG-1053 (b) 100 mg Cd/ Kg soil of BG-1053 (c) Control of BG-372 and (d) 100 mg Cd/ Kg soil of BG-372

3.5 SEM Imaging

45-day old leaves of Pusa-BG1053 and Pusa-BG372 genotypes of chickpea showed a reduced number of stomata and affect stomatal behaviour, under Cd treatment. The highest Cd level (100 mg Cd kg-1 soil) presents a reduction in stomatal aperture as well as their number as compared to their control. Leaves of Pusa-BG372 as compared to Pusa-BG1053 exhibited less number of stomata, and reduced stomatal apertures (Fig. 7).
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Figure 7: Effect of 100 mg Cd kg-1soil concentrations on stomatal opening in two varieties of C. aerietinum, Pusa-BG1053 and Pusa-BG372, images represent (a) Control of Pusa-BG1053 (b) 100 mg Cd Kg-1 soil of Pusa-BG1053 (c) Control of Pusa-BG372 and (d) 100 mg Cd kg-1 soil of Pusa-BG732

3.6 Confocal Studies Showed Cell Viability of Roots

The viability of cells gets decreased with an increase in Cd concentration (0, 25, 50, 75, and 100 mg). In the current work, both the varieties of chickpea showed the maximum number of dead cells as red spots at 100 mg Cd kg-1 soil, concentration but Variety Pusa-BG1053 presents lesser spots as compared to Pusa-BG372 (Fig. 8).
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Figure 8: Effect of 100 mg Cd kg-1 soil concentrations of Cd on the cellular organization of roots in two varieties of C. aerietinum, Pusa-BG1053 and Pusa-BG372, images represent (a) Control of Pusa-BG1053 (b) 100 mg Cd kg-1 soil of Pusa-BG1053 (c) Control of Pusa-BG372 and (d) 100 mg Cd kg-1 soil of Pusa-BG-372

4  Discussion

Environmental stress adversely affects the soil quality and crop productivity, which further leads to yield loss, under various agriculture production systems [30]. The contribution of environmental stress to global losses in crop production associated with abiotic stress becomes increasingly important and thus decreasing the yield by 70% [31]. Among various abiotic stresses, heavy metal contamination is most dangerous towards crop productivity and also affects human health [6,32]. Use of pesticides and chemical fertilizers and waste water irrigation contaminate the soil and have toxic levels of heavy metals which have adverse biological effects [33]. Cadmium (Cd) has become one of the most toxic pollutants due to the development of modern industry, its uptake and accumulation in plants pose potential risks to agriculture, the environment, and the health of human beings [34,35]. Cadmium is a non-essential element for plants that induces various toxic effects in plants [6] such as stunted growth of the plant, leaf chlorosis and necrosis, alteration in activities of various key enzymes that are involved in different metabolic pathways, inhibitions of nutrient uptake, homeostasis, and disturbance of cellular redox environment causing oxidative stress are the most common toxic effects of Cd stress [36–38]. It was previously revealed that plant genotypes performed differently under Cd stressed conditions [37–39], therefore, in the present study, two chickpea genotypes were tested for their different potential under different Cd concentrations by appraising the studied parameters.

The reduction in growth parameters in Cd-treated plants has been described [38,40] due to low water potential, higher Cd accumulation in different plant parts [6], restriction in water and nutritional uptake by the plant roots [11,41], structural alterations in plants [42], eruption in photosynthesis [38], devaluation of component of cell wall and reversal in the metabolism of carbohydrates [10,43]. Cd limits plant growth because it can interfere with the photosynthesis and translocation of photosynthetic products and essential nutrients [38,39,44], In the present study, it was observed that increasing concentration of Cadmium (0, 25, 50, 75, 100 mg Cd Kg−1 soil) had reduced growth traits in both tested genotypes of chickpea, which is as a decrease in plant length, dry weight of the plant, leaf area and nodules number per plant. The findings of this work are supported by the results of Zhou et al. [45]. The reason behind the reduction in seedling’s growth in Cd-treated plants could be due to the reduction in meristematic cells, activities of hydrolytic enzymes present in the cotyledons as well as endosperm, and hindrance in the movement of food to the radical and plumule [46]. Cd-stress also reduced the number of green leaves and may deleteriously affect the younger leaves [47], thus, the decrease in growth attributes could be due to the amassed effect of all these factors. At the highest Cd level, (100 mg Cd kg-1 soil) maximum and significant reductions were recorded in growth characteristics. Among the genotypes of chickpea, BG-1053 exhibited the lowest reduction, while in all the studied growth parameters, BG-372 showed the highest reduction. While the highest Cd level (100 mg Cd kg-1 of soil) proved to be more dangerous and declines the growth parameters in both the genotypes of chickpea than their respective control, to the large extent. Our findings match with the previous researches in references as in, wheat (Triticum aestivum) [12,48,49], rice (Oryza sativa) [50], maize (Zea maize) [51], mustard (Brassica napus) [42,52], tomato (Solanum lycopersicum) [53], and bean plants [44]. To detect the metal-induced damage in roots, degradation of chlorophyll and carotenoid content was used as visible symptoms of metal toxicity [54]. In the current study, an increase in Cd concentration caused the reduction in total chlorophyll and carotenoid concentration decreased at all the growth stages in both the chickpea plants and the extent of reduction was maximum in BG-372 and minimum in BG-1053 in the total chlorophyll & carotenoids concentration. The decline in chlorophyll concentration could be due to disturbed uptake and accumulation of some essential nutrients in plant-like Fe, Ca, Mg, K due to cadmium stress [6]. Kupper et al. [55] and de maria et al. [56] put forth that an increased concentration of Cd can replace the Mg from pigment chlorophyll molecule, thus reducing the photosynthetic ability in plants. Another possible reason for the decrease of pigment content may be because the higher accumulation of Cd can inhibit the uptake of other essential elements via roots [6]. Findings of this work were also in agreement with the results reported earlier in wheat (Triticum aestivum) [57], in barley (Hordeum vulgare) [58], in mungbean (Vigna radiata L.) [59], in cotton (Gossypium spp.) [3], in lettuce (Lactuca sativa) [60].

Nitrate Reductase (NR) is an important enzyme of plants, and its activity in both varieties gets decreased with an increased concentration of Cd. However, the maximum increase was observed in chickpea genotype BG-372 and minimum in BG-1053, respectively, concerning their control. Cd reduces the absorption and transportation of nitrate via roots in plants, which is the essential substrate of NR and thus eventually reduces its activity [61]. The results obtained in this study were also reported previously in maize (Zea maize) [61], chickpea (C. arietinum) [37], tomato (Lycopersicon esculentum) [62,63], soybean (Glycine max) [64]. Increasing the concentration of Cd causes a noticeable reduction in Carbonic Anhydrase (CA) activity [65], this reduction was may be due to the inhibitory impact of Cd on stomatal opening which in turn reduces the availability of CO2, ultimately leading to a reduction of CA activity [65,66]. Cd can also alter the structure of CA hence reducing its activity [67]. In the presented study, the maximum reduction in CA activity was recorded in BG-372 and the minimum was in BG-1053. Similar results were found earlier in chickpea (C. arietinum) [38,65], in French bean (Phaseolus vulgaris) [67]. Proline is a multifunctional metabolite [68], which provides a defence to the plants against Cd stress [9,69]. It is a non-enzymatic antioxidant [35], acting as a chelating agent [70], cytosolic osmoprotectant, and balances the plant water potential under stressed conditions [7]. In the current work, the level of proline concentration was increased significantly with an increased level of Cd. Among, two genotypes of chickpea, BG-1053 shows higher concentration of proline as compared to BG-372, over their respective control. An increase in proline concentration under enhanced dose of Cd was also recorded in chickpea genotypes (C. arietinum) [37], in mustard (Brassica juncea L.) [39,71], in pigeon pea (Cajanus cajan L.) [72], mung bean (Vigna radiata L.) [73]. MDA is the end product of membrane lipid peroxidation, its concentration is customarily considered as a general yardstick of peroxidation of lipid and stress level [14,15]. MDA concentration increases with the increasing level of Cd, due to excessive ROS generation, oxidation of membrane protein-like ion channels, transporters, enzymes, protein regulators, and phospholipids, due to oxidative stress [74]. Membrane permeability is also lost due to an increased level of MDA which was reported by Abdel Latef [10], in Capsicum annuum and Hussain et al. [75] in Zea maiz seedlings. In this study, an increase was recorded in both the genotypes, but a maximum increase was recorded in BG-372 as compared to BG-1053, at the highest level of Cd. The findings of this experiment are supported by the findings of Li et al. [76], who reported that oxidative stress is generated due to high levels of H2O2 and MDA levels in Arabidopsis under Cd stress, in pea (Pisum sativum) [77], in mungbean (Vigna radiata L.) [73]. Some cell organelles of plants like mitochondria, chloroplast, and peroxisomes exploit defence systems in terms of antioxidants [39], which cope with oxidative stress and provide a defence to the plant [78]. SOD, POD, and CAT are the important enzymatic antioxidantsthat prevent oxidative damage [76]. SOD catalyzes the dismutation of O2•− radicals to H2O2 and O2 and provides the first line of defence [79,80]. H2O2 being toxic product, whose decomposition is also important, which is carried out by CAT, which is a heme-containing tetrameric enzyme, localize in peroxisomes, convert it into H2O and O2 [14], and by POD which can scavenge H2O2, which is a major product of SOD [81]. H2O2 production mainly takes place in peroxisomes because of photorespiration, β-oxidation of fatty acids, purine catabolism, and oxidative damage [82]. The chances of OH• production is removed by SOD with the Haber-Weiss reaction [83], Under Cd stressed conditions, the activity of SOD is up-regulated [84]. In the present work, Cd toxicity enhanced the antioxidant enzymes activities (SOD, POD, and CAT). This enhancement in the antioxidant enzymes activities could be due to the over production of H2O2, which leads to oxidative stress in Cd-treated plants [84]. There were differences in the activities of these enzymes that showed, C. arietinum genotypes could acclimate Cd stress with the development of an antioxidant defence system, but BG-1053 performs better as compared to BG-372.

Cd ions severely affects the stomatal structure and opening at their highest level. That can be, due to the disturbance in turgor pressure of the guard cells, and damage of the guard subsidiary cells which control the stomatal structure and functioning. This abnormal stomatal closure can be due to the damage of guard subsidiary cells and loss in the turgor of the guard cells [6]. The results of confocal microscopic studies show red fluorescence, which surrounds the dead cells due to Cd. Cd affects the plant at the cellular level, the highest dose of Cd (100 mg Cd kg-1 soil) shows maximum dead cells. BG-372 shows more dead cells as compared to BG-1053 as compared to their respective control, similar results are found in Arabidopsis thaliana confocal studies, who show the destruction of root cells [85].

5  Conclusion

A perceptible difference was noticed in the tested genotypes. The variation in the studied parameters was observed could be due to variation in the genetic constitution and environmental interactions. All the growth parameters showed significant reduction with increasing concentration of Cd, while the MDA, proline antioxidant content, increases with an increase in Cd level. Among the different concentrations of Cd, the 100 mg Cd kg-1 of soil proved most toxic to the overall growth of chickpea crop and showed affected stomatal structure and dead root cells. Among the studied two genotypes of chickpea, the genotype BG-1053 proved the best and can face the adverse effects of Cd stress while BG-372 showed sensitiveness towards Cd stress.
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