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Abstract 
Chromium (Cr) and its compounds are widely used in various industries. 
Chromium does not remain in the atmosphere for long but gets deposited 
into the water and soil and has emerged as an environmental toxic 
pollutant. Chromium accumulates in edible plants and is hazardous to 
animals as well as humans. The present study was conducted to 
determine the changes due to chromium toxicity in black gram (Vigna 
mungo L. var. S-9). Plants were treated with chromium superimposed on 
nutrient supply at varying concentrations of Cr- nil (control), 25, 50, 75 
and 100 µM supplied in the form of K2Cr2O7. Germination, growth and 
biochemical parameters of shoot and root were recorded. The chromium 
toxicity in seedling was expressed as decrease in seedling length, 
germination percentage and tolerance index, while the phytotoxicity 
percentage was increased. Photosynthetic pigments were also decreased 
in the treatments as compared with control. The concentration of lipid 
peroxidation and proline content was increased with increase in 
chromium concentration in shoot and root. The antioxidant defense 
system of shoot and root was modulated with increasing chromium 
concentration as observed by changes in the activities of superoxide 
dismutase (SOD), ascorbate peroxidase (APX), and glutathione reductase 
(GR), and the contents of non protein thiol (NPT), ascorbate and dehydro 
ascorbate. From the given experiment we concluded that chromium 
induced oxidative damage in black gram seedlings. 
Key words: Chromium toxicity, black gram seedling, oxidative stress, 
antioxidative enzymes. 

INTRODUCTION 
The heavy metal pollution problem has been increased immensely in last few decades. 

The heavy metals accumulate in the soils and their absorption by plants cause toxicity in 
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plants and thereafter humans that feed on those plants. Chromium (Cr) is the 17th most 

abundant element in the mantle of earth [1]. Cr is mostly used in industry for alloying, 

plating, tanning of animal hides, inhibition of water corrosion, textile dyes and 

mordants, pigments, ceramic glazes, refractory bricks and pressure-treated lumber [2]. 

Chromium exists in several oxidation states of which trivalent and hexavalent 

chromium forms are stable. The environment has chromium in the form of insoluble Cr 

(III) and Cr (VI) compounds. The Cr (III) and Cr (VI) differ with each other in terms of 

mobility, bioavailability and toxicity. Cr (VI) is found to be more toxic than Cr (III) [3]. 

Both the forms differ clearly in their mechanism of crossing the biological membranes. 

Cr (VI) as chromate, readily penetrates through the transport system, whereas Cr (III) 

complexes cannot permeate the membrane. The hexavalent form of chromium is 

biologically extra toxic as the absorption rate of Cr (VI) in the intestinal track is high as 

compared to trivalent form [4]. The plant consumption helps chromium to enter into 

food chain. Vegetation has been found to be harmed at high concentration of chromium. 

Various biological parameters are affected in plants as chromium concentration 

increases and these cause loss of vegetation and sometimes land becomes unproductive  

[5-6]. 

The Cr (VI) uptake mechanism is an active type performed by other carriers or 

transporters of essential elements that are similar in electronic structure such as 

sulphates. Chromium competes with Phosphorous (P), Sulphur (S) and Iron (Fe) for 

carrier binding [7-9] to get entry into the plant system. 

Cr toxicity symptoms in plants are very different and include poor seed germination, 

decrease in growth, reduction of yield, inhibition of enzymatic activities, deterioration 

of photosynthesis, oxidative and nutrient  imbalance and genetic mutation [10;6]. The 

Cr (VI) is an oxidizing agent and can create the formation of free radicals while 

reduction of Cr (VI) into Cr (III) forms in a cell. Cr (III) generates reactive oxygen species 

(ROS) and also inhibits some metalloenzyme system as it interrelates various organic 

compound when found in high concentration [9]. 

Therefore the study was performed to determine the effect of chromium toxicity on the 

Vigna seedling and its impact has been calculated in terms of growth and development 

in both shoots and roots. Alteration in oxidative metabolisms during in-vitro culture of 

seeds was also studied. 
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MATERIAL AND METHODS 

Seeds of black gram were surface sterilized by mercuric chloride solution (5% v/v) 

prior to sowing. Sterile seeds were shown in petridishes having three layer of filter 

paper (Whatman). The composition of nutrient solution (control) used was a ten times 

dilution of Hoagland nutrient solution which consisted of 4.0 mM KNO3, 4.0 mM Ca 

(NO3)2, 2.0 mM MgSO4, 10 µM MnSO4, 1.0 CuSO4, 1.0 µM ZnSO4, 100 µM NaCl, 0.33 mM 

H3BO3, 0.1 µM Na2MoO4. Chromium was supplied in four levels 25, 50, 75 and 100 µM Cr 

in the form of K2Cr2O7 superimposed over the above nutrient solution and control level 

was without Cr [10]. All were in 3 replications per treatment. The Petri dishes were kept 

in seed germinator under controlled light conditions (12 hour photoperiod), humidity 

(88%) and temperature (28ºC) and nutrient solutions were changed every alternate 

day to maintain the desired level of nutrients. At 7 day of the experiment, biochemical 

parameters were studied. 

Chromium toxicity in seedlings was evaluated by the decrease in percentage of 

germination, seedling length, tolerance index, and biomass production and increased % 

phytotoxicity and % difference from control. 

The seed percentage germination (GP) was recorded at 48 hours by using the formula 

[11]: 

GP= [Germination seeds/Total seed] x100 

Tolerance Index percentage (TI) of shoot and root was calculated according to the 

formula [12] as follow: 

 TI= [Mean length of longest shoot or root in test sample / Mean length of longest shoot 

or root length of control] x100 

Percentage Difference From Control (DFC) for germination was calculated by formula 

[13]: 

DFC= [(% Germination of control - % Germination of test sample) / % Germination of 

control] x100 

Percentage phytotoxicity for shoot and root was determined by using formula [14]: 

% Phytotoxicity= [(shoot or root length of control – shoot or root length of test 

solution)/shoot or root length of control] x100 

Plant samples were separated into shoot and root and total biomass was determined by 

oven drying (70°C). The tissue Cr concentration determined in shoots and roots was 
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measured by atomic absorption spectrophotometer (Shimadzu AA-7000 series) in wet 

acid HNO3: HClO4 (10:1) digests. 

Pigments like Chlorophyll (a+b) and Carotenoids were extracted with acetone (80%) 

from sample and absorbance read spectrophotometrically [15]. 

For Lipid peroxidation [16] tissue  was blended in TCA (1%) and centrifuged at 10,000 g 

for 5 min. Supernatant was extracted with 0.5 % TBA prepared in 20 % TCA and then 

reaction mixture was kept in boiling water bath for 30 min at 95ºC. Mixture was cooled 

on ice bath and centrifuged at 10,000 g for 10 min and absorbance was read at 532 nm 

and 600 nm. 

Proline was determined colorimetrically as ninhydrin complex in toluene [17]. 

Reduced ascorbate (Asa) and oxidized ascorbate (DHA) was extracted with 10 % 

trichloroacetic acid (TCA) and were assayed colorimetrically [18] and  the color 

intensity of  reaction mixture were measured at 525 nm. 

Non protein thiol (NBT) was estimated in plant samples homogenized in 5% 

sulfosalicylic acid [19] and  after centrifugation, the reaction was carried out with 10 

mM dithiobis 2-nitrobenzoic acid (DTNB) and 0.1 mM glutathione reduced (GSH).The 

mixture color intensity  was measured at 412 nm after 15 min. 

Catalase (CAT) and peroxidase (POD) were extracted by plant sample in ice cold 

distilled water (1:10) in a chilled mortar and pestle. CAT enzyme assayed by method of 

Euler and Josephson [20] and POD was assayed by Luck [21].  

Assay of SOD, APX and GR was carried out in enzyme extract of shoot and root in a 

mixture of 50 mM potassium phosphate buffer (pH 7.0), and EDTA (1 mM). 

Total SOD was assayed [22] by monitoring the inhibition of photochemical reduction of 

nitroblue tetrazolium (NBT).  

Ascorbate peroxidase (APX) was assayed by rate of ascorbate oxidation at 290 nm [23]. 

Glutathione Reductase (GR) was assayed by rate of NADPH oxidation at 340 nm per min 

[24]. 

The data has been analyzed by one-way analysis of variance (ANOVA) and presented in 

tables and figures. The given results were the mean of three replicates of four 

petridishes each as a replicates and least significance difference (LSD 0.05) was used to 

determine significance difference between treatment means to the control by using IBM 

SPSS Statistics 20. 
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RESULTS AND DISCUSSION 

Germination % and seedling growth 

The seed germination was highest in control and decreased in treatments of 25, 50 and 

75 µM Cr (VI) and being lowest at 100 µM Cr supply. As chromium concentration 

increased from 25 to 100 µM Cr (VI) concentration, a decline in seed germination was 

observed (Table1). Reduction in seed germination was earlier reported in plant species 

like black gram [25] and bush bean [26] due to chromium toxicity. 

Seedling growth was decreased as the concentration of chromium increased as 

compared to control. The growth of plumule and radical was slow due to Cr treatments. 

Shoot growth was reduced as Cr concentration increased. The effect on growth of roots 

was found to be more than shoot in plants supplied with higher concentration of Cr. The 

decrease in root growth was more as compared to shoot probably because of the direct 

contact of roots with element (Table 1). Root growth has been reported to be inhibited 

due to the soil contamination by heavy metals [27]. Our results were also in accordance 

with those in black gram and green gram [28], in maize [29] and in beans [25].  

Phytotoxicity was 8.1 percent in shoot and 31.42 percent in root at 25 µM Cr supply and 

it was increased to 71.58 and 92.42 percent respectively as Cr concentration increased 

upto 100 µM Cr (VI). Tolerance index was decreased from 25 to 100 µM Cr (VI) 

concentration compared to control in shoot and root. Percentage Difference from 

Control (%DFC) of germination was increased from 7.3% to 56.67% with increase in 

concentration (Table 1). 

Table- 1. Effect chromium on germination percentage, length, %DFC, 
phytotoxicity and  tolerance index (TI) in wheat (Triticum aestivum L. var. PBW 
502) seedlings grown in petriculture. 
 

 
 

 
     µM  Cr  supply   

Parameters Nil 25 50 75 100 
Percentage       Germination 94.40 87.50 76.47 47.8 40.9 
Percentage DFC - 07.30 18.99 49.36 56.67 
Plant Length (cm) 20.3 15.8 12.4 8.1. 5.2 
Phytotoxicity in shoot (%) - 8.1 32.2 55.73 71.58 
Phytotoxicity in root (%)  - 31.42 81.42 86.57 92.42 
Tolerance index in shoot (%) 100 91.8 69.39 44.2 28.41 
Tolerance index in root (%) 100 68.57 18.57 13.42 0.075 
Shoot length (cm) 13.3 12 11.1 7.16 4.67 
Root length (cm) 7 4.8 1.3 0.94 0.53 
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Fresh and Dry Matter Yield and Tissue Chromium  

 Chromium toxicity caused growth inhibition and significant decline in biomass as 

compared to control plants at 7 days after treatment. Fresh and Dry matter yield of 

plants was decreased with increase in chromium concentration. The decrease in dry 

matter yield was more pronounced at 100 µM chromium supply as compared to control 

plant (Table 2). Similar results were also noticed in wheat [30], maize [29] and 

blackgram [25]. 

Table- 2. Effect of chromium on fresh matter yield, dry matter yield and tissue 
chromium concentration in wheat (Triticum aestivum L. var. DBW-17) seedlings 
grown in petriculture 
 

 µM Cr supply 
Days of 
growth 

 Plant 
Part 

Nil 25 50 75 100 

                               Fresh weight: mg plant-1 
7 Shoot 138  117.4      104.8  88  85.8 
7   Root         34.9 33 31  23.8 22.7 

                                                Dry weight: mg plant-1 
7 Shoot 10 9.3 9.1  8.57 7.3 
7 Root 2.2 2.1 2.3 2.0 2.23 
                                              Tissue Cr: µg g-1 dry weight 

7 Shoot 0.062 4.093 6.050 9.431 12.882 
7 Root 0.105 3.038 4.911 9.249 12.75 

 
The accumulation of chromium in shoot and root tissue of black gram was increased as 

chromium concentration increased. The chromium concentration was higher in root 

tissues as compared to shoot (Table 2), as earlier reported [31] in Ocimum tenuiflorum. 

Pigments  

Chromium toxicity caused reduction in photosynthetic pigments like total chlorophyll, 

chlorophyll a, chlorophyll b, and carotenoids as compared to control which is shown in 

Fig. 1. Degradation of chrorophylls may be due to the ROS generation in plants under 

heavy metal stress [32]. 

The lipid peroxidation measured in terms of thiobarbaturic acid reactive substance 

(TBARS) was found to increase with increase in toxicity of Cr at 7 day of pertri growth 

in shoot and root (Fig. 2). Under Cr (VI) toxicity, enhananced TBARS content was also 

reported in wheat [30] and in maize [29]. The heavy metals toxicity contributes to 

increase in the generation of reactive oxygen species, causing peroxidative damage to 

the lipids of membrane also reported by metals like Cd [33-34]. Cr (VI) toxicity caused 



Journal of Global Biosciences           Vol. 11(10), 2022 pp. 968-9484 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    9474 

lipid peroxidation and induced changes in non- enzymatic (proline, NBT and ascorbic 

acid) and enzymatic antioxidant (SOD, CAT, POD, APX and GR) system. 

To provide protection against different types of stresses, accumulation of compatible 

osmolyte like proline (Pro) occurs in most of the plants for providing membrane 

stability, osmolyte adjustment and function as antioxidant which scavenge reactive 

oxygen species. The accumulation of proline was increased significantly in all 

treatments compared to control in shoot as well as in root probably to cope with 

chromium stress are shown in Fig.1, and observed earlier in Ocimum tenuiflorum [31]. 

Glutathiones are low molecular-weight thiols present in all cellular components of 

plants like cytosol, chloroplast, mitochondria etc, and help in maintaining the reduced 

state in plants to tolerate stress. The ubiquitous tripeptide, GSH is the main component 

of the NPT of AsA-GSH pathway, and helps in directly scavenging of ROS ions like OH. 

and 1O2 [35]. NBT content increased in shoot in black gram (Fig.1) as also observed in 

leaf extract of maize, tomato and cauliflower plants [36]. NPT showed non-significant 

varied change in root in all treatments of Cr (VI) (Fig. 1). In another study, thiol content 

decreased in Ocimum tenuiflorum [31]. Chromium metal has also tendency to bind and 

utilize the reduced form of GSH and its derivatives, which play a significant role in 

ameliorating these ROS [37]. The inter-conversion of reduced and oxidised forms of 

glutathione to maintain redox status of the cell as well as to scavenge free radicals could 

have caused a decrease in NPT. Metal-binding peptides like metallothionein have been 

reported to have increased under Cr (VI) stress [9]. 

Ascorbate (AsA) is neither stable nor restricted to oxido-reduction, which changes the 

equilibrium of AsA and DHA in plants. AsA has an important role in redox function 

metabolism, therefore the recycling of AsA from MDHA and DHA (using GSH) is 

necessary to keep the redox balance to a higher of total AsA pool [38]. Asc has 

antioxdative properties and functions as redox buffer which reduces and thereby 

neutralize reactive oxygen species and reduces oxidative stress [39]. The ascorbate 

content in shoot was non-significantly changed, as it decreased at 25 µM Cr (VI) and 

then increased compared to control. Ascorbate content were significantly changed in 

root as it decreased in 25 and 50 µM Cr (VI) and increased at higher Cr levels. The 

Dehydro ascorbate (DHA) content was increased in shoot and root as chromium metal 

toxicity increased (Fig.1). 
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Fig. 1. Effect of chromium treatment on concentration of pigments (chlorophlyll and carotene 
content), proline, thiobarbituric acid reactive substances (TBARS), ascorbate, 
dehydroascorbate(DHA) and  non protein thiols (NPT)  in shoot and root of black gram 
seedlings. Bars indicates ± S.E. of three independent values. (*) indicates significant differences 
compared to control at P<0.05. 
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Fig 2. Effect of chromium treatment on activity of enzymes SOD (superoxide dismutase), CAT (catalase), 

POD (peroxidase), APX (ascorbate peroxidase) and GR (glutathione reductase) in shoot and root of black 
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gram seedlings. Bars indicates ± S.E. of three independent values. (*) indicates significant differences 

compared to control at P<0.05. 

 

Superoxide dismutase (SOD) is a ubiquitous enzyme which performs a key role in 

cellular defence process against ROS [40]. SOD enzyme is localized in almost all the 

cellular parts. Dismutation of superoxide ion is catalyzed by SOD enzyme, leading to 

production of hydrogen peroxide and liberation of oxygen [41]. In shoot, the activity of 

superoxide dismutase was found to be increased and fluctuating as compared to 

control, similar result reported in previous findings under chromium toxicity in wheat 

[30] and maize [29]. In root, it increased at 25 µM Cr (VI) while at higher Cr 

concentration it declined as compared to control. At 25 µM Cr (VI) treatment enzyme 

activity was highly significant in both root and shoot (Fig. 2). Similar fluctuating result 

was also reported by Rai et al. [31]. 

The enzymes like catalase, peroxidase and ascorbate peroxidase scavenge hydrogen 

peroxide [39]. The activity of catalase was decreased due to Cr (VI) treatment as 

compared to control in the shoot and in root (Fig. 2). But in root a non significant 

increase in activity was observed at 25 µM Cr (VI). Our result are in accordance with 

findings in wheat [42] where, enzyme activity decreased in leaves while in contrast it 

was increased in root under Cr stress. The different forms of Cr caused reduction in 

catalase activity in soils, and this inhibition was more pronounced at higher doses of Cr 

[43]. The peroxidase enzyme is involved in many physiological and biological processes 

and this enzyme is also involved in response to biotic and abiotic stresses. It requires 

H2O2 for its functioning and also scavenges H2O2. POD also acts as an antioxidant [44].  

Peroxidase activity was inhibited in black gram as Cr concentration increases in both 

shoot and root (Fig. 2), but contrary to our report it was found to be enhanced in maize 

[29]. The decrease in the Fe containing enzymes in cabbage due to Cr toxicity has earlier 

been reported earlier [10]. 

APX is most important antioxidant enzyme involved in detoxification of H2O2 as it 

reduces hydrogen peroxide to water with ascorbate as the specific electron donor [45]. 

At 7 day of treatment, the activity of APX was increased in shoot as compared to control, 

but it was highest at 50 µM (Fig.2), Our results are contradictory to reports [30][42] in 

which APX activity was reduced in leaves  of  wheat plant under chromium stress. The 

APX activity in root of black gram at 25 µM Cr (VI) decreased non-significantly, but 
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maximum stimulation of APX activity was found at 50 and 75 µM Cr supply.  The APX 

increase at 50 and 75 µM Cr supply is probably because at these levels the black gram 

seedling is trying to overcome oxidative damage. In contrast to our result, APX activity 

was decreased in root of wheat under Cr stress [42] and we also observed significant 

decrease in APX activity at 100 µM Cr (Fig.2).  

The reduction in the GR activity observed in shoot of black gram showed a redox 

imbalance of cells, causing oxidative damage by Cr [30]. While the activity of enzyme in 

root was increased at 25, 50 and 100 µM Cr (VI), however slight reduction in 75 µm Cr 

(VI) treatment was observed as compared to control (Fig.3). The activity of GR was also 

much lower in root as compared to shoot. GR is a component of AsA-GSH pathway, it 

play important role in detoxification of reactive oxygen species (ROS) by GSH 

regeneration (reduction of GSSG to the reduced GSH ) and confers a biotic stress 

tolerance in plants in response to stresses like metals, metalloids, drought, UV radiation, 

salinity and heat induced stress for plant defense mechanism [35]. 

Conclusions: In our experiment, we observed that chromium toxicity affected the 

growth and development as well as antioxidant system in Vigna seedlings supplied with 

chromium at different concentrations. As the chromium level of concentration 

increased, it reduced seedling growth and inhibition of seed germination and tolerance 

index due to formation of ROS. The growth rate was decreased due to disturbed 

antioxidant system and oxidative damage to the plants due to Cr toxicity. It was also 

observed that the roots responded more to Cr toxicity showing greater oxidative 

damage in the roots as compared to the shoots. Decrease in SOD, catalase, peroxidase 

and GR activities clearly indicate that the antioxidant defense of the black gram could 

not overcome the affect of Cr toxicity. 
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