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Abstract The present study was done to elucidate the
effects of vanadium (V) on photosynthetic pigments,
membrane damage, antioxidant enzymes, protein, and de-
oxyribonucleic acid (DNA) integrity in the following
chickpea genotypes: C-44 (tolerant) and Balkasar (sensi-
tive). Changes in these parameters were strikingly depen-
dent on levels of V, at 60 and 120 mg V L−1 induced
DNA damage in Balkasar only, while photosynthetic pig-
ments and pro te in were decreased f rom 15 to
120 mg V L−1 and membrane was also damaged. It was
shown that photosynthetic pigments and protein produc-
tion declined from 15 to 120 mg V L−1 and the membrane

was also damaged, while DNA damage was not observed
at any level of V stress in C-44. Moreover, the antioxidant
enzyme activities such as superoxide dismutase (SOD),
catalase (CAT), and peroxidase (POD) were increased in
both genotypes of chickpea against V stress; however,
more activities were observed in C-44 than Balkasar.
The results suggest that DNA damage in sensitive geno-
types can be triggered due to exposure of higher
vanadium.
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Introduction

Soil is an integral component of terrestrial ecosystems, har-
boring several vital ecological functions such a primary pro-
ductivity and decomposition. In recent years, heavy metal
contamination in agricultural soil has attracted global attention
owing to its adverse effects on environmental health, quality,
and security aspect of food product (Harmanescu et al. 2011).
Vanadium (V) is the fifth most abundant transition element,
widely distributed Earth’s crust (approximately 10–
220 mg kg−1), and abundantly found in 65 different types of
minerals. Additionally, V is extensively mined in China, USA,
Russia, and South Africa to meet the growing demand of its
use as an important constituent of various alloys. Industrial
use of V and associated fossil fuel burning have considerably
increased both environmental and human health concerns of
anthropogenic Vemissions in past few decades (Małuszynski
2007; Wazalwar et al. 2011; Reijonen et al. 2016). Moreover,
V loading in environment could be originated from V-
containing fertilizer, mine-tailing leachates, and municipal
and industrial sludge (ATSDR 2012).

Ecotoxicological effects of V involved various biochemical
alterations related to enzymatic activity, interaction with pro-
tein, and protein-DNA unit of living organisms and plants
(Anke 2004; Goc 2006). As previous few studies only elabo-
rated the toxic effect of V on plant physiology through leaf
chlorosis, chloroplast damage, shoot and root mortalities
(Imtiaz et al. 2015; Xiao et al. 2012), the molecular mecha-
nism of V toxicity to plants is still an avenue to be explored.

Programmed cell death (PCD) is a critical physiological
process of plant development involving precise degradation
of cellular components and/or selective cell death, being
employed as plant defense strategy against metal or other en-
vironmental stress factors (Gadjev et al. 2008; Lohmann and
Beyersmann 1993). PCD in plants and animals is associated
with cell shrinkage, vacuolization, chromatin condensation,
and DNA fragmentation (Papini et al. 2011; Wang et al.
2012; Poor et al. 2013). To the best of our knowledge, no study
has investigated the vanadium-induced PCD in plants.
However, several studies have reported the activation of plant
defense through PCD against cadmium toxicity (Fojtova and
Kovarik 2000), salt stress (Banu et al. 2009), changes in growth
plant medium (Koukalova et al. 1997), and under pathogen
attack (Greenberg et al. 1994).

Occurrence of PCD in both plant and animal cells is quite
similar (Havel and Durzan 1996). PCD usually involved the
degradation of deoxyribonucleic acid (DNA) fragments from
50 to 200 kb by an apoptotic process. In most of the cases,
subsequent fragmentation will lead towards further cleavage
of DNA into nucleosomal linker regions through characteris-
tic display of DNA ladder on agarose gels. Moreover, some
reports also disclose various enzymatic regulation involving

several molecular mechanisms of PCD (Wyllie 1980; Walker
and Sikorska 1994).

In the present study, two genotypes of chickpea, C-44 (tol-
erant to V stress) and Balkasar (sensitive to V stressImtiaz
et al. 2015), were compared for their responses to V toxicity,
in order to elucidate the difference in DNA integrity between
tolerant and sensitive chickpea plants.

To our knowledge, this is the first study that investigated
the V-induced DNA integrity in chickpea genotypes. This
study had the following objectives: (1) to determine the effect
of Von DNA of selected chickpea genotypes and (2) to inves-
tigate the effect of V on various biochemical responses, i.e.,
enzyme activities, electrolyte leakage, protein, and photosyn-
thetic pigments in selected chickpea genotypes.

Materials and methods

Materials

C-44 (tolerant to V stress) and Balkasar (sensitive to V stress)
seeds were purchased from Ayyub Agricultural Research
Institute (AARI), Faisalabad, Pakistan. The seeds were sur-
face sterilized with 0.1 % (v/v) sodium hypochlorite
(NaClO) for 10 min and then rinsed five times with distilled
water.

The growth room was climate controlled with a tempera-
ture range of 22–25 °C and relative humidity of 70 %. A 14-h
photoperiod with an average photon flux density of
820 mmol m−2 s−1 was supplied by an assembly of cool-
white fluorescent lamps.

Plant culture

The seeds were sown in dark on cheese cloth dipped in deion-
ized water. After 10 days, the uniform-sized seedlings were
transferred into 4-L plastic boxes (four plants per box) con-
taining one-quarter-strength Hoagland nutrient solution
(2.5 L). The pH of Hoagland nutrient solution was adjusted
at 6.5 by adding NaOH/HCl solution.

After 5 days of transplanting, the nutrient solution was
upgraded to 50 % along with the following five different va-
nadium treatments that were performed: control (0 vanadium),
15, 30, 60, and 120 mg V L−1 by using ammonium
metavanadate (NH4VO3). The nutrient solution was renewed
after every 2 days and aerated continuously. In total, the seed-
lings were remained for 12 days in nutrient solution/or plus
vanadium. Then, plants were harvested and washed thorough-
ly with distilled water, and harvested shoots were put in the
liquid nitrogen and stored at −80 °C for future analyses.
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DNA extraction and gel electrophoresis

The frozen leaves of chickpea genotypes, C-44 and Balkasar,
exposed to different vanadium treatments were grounded in
liquid nitrogen to fine powder. DNAwas isolated by means of
cetyl trimethylammonium bromide (CTAB) method
(Thompson 1980). Extracted DNAs from all the samples were
treated with 25 μg mL−1 DNase-free RNase A (Sigma,
Missouri, USA) for 1 h at 37 °C before gel electrophoresis.
Finally, the breakdown of DNA was observed by standard
agarose gel electrophoresis and stained with ethidium bromide
and visualized under ultraviolet (UV) light.

Preparation of enzyme extracts

To examine the enzyme activities in aerial parts of the treated
and control plants, washed fresh aboveground part (0.5 g) was
ground in liquid nitrogen and homogenized in 5 mL of
0.2 mol/L sodium phosphate buffer (pH 7.8). The homogenate
was centrifuged at 12,000 rpm for 15 min at 4 °C, and the
supernatant was collected in another falcon tube for the deter-
mination of enzyme assays.

Enzyme assay

Superoxide dismutase (SOD) activity was checked by mea-
suring the ability to reduce the photochemical reduction of
nitroblue tetrazolium as illustrated by Beauchamp and
Fridovich (1971). Catalase (CAT) activity was determined
using the method demonstrated by Aebi and Bergmeyer
(1983). Peroxidase (POD) activity was assayed using the
method by Putter (1974).

Determination of chlorophyll and protein

Protein contents were determined with the method used by
Bradford (1976). The final concentration of soluble protein
was calculated by using bovine serum albumin (BSA) stan-
dard curve. The photosynthetic pigments, i.e., chlorophyll (a
+ b) and total carotene (Cx + c), were measured according to
the method explained by Lichtenthaler and Wellburn
(Lichtenthaler and Wellburn 1985).

The amount of photosynthetic pigments was calculated by
using the following formula:

Ca ¼ 11:75A662−2:350A645

Cb ¼ 18:61A645−3:960A662

Cx þ c ¼ 1000A470−2:270Ca−81:4Cb=227

where Ca = chlorophyll a, Cb = chlorophyll b, Cx + c = total
carotene.

Determination of electrolyte leakage

Electrolyte leakage was estimated by using the method of
Dionisio-Sese and Tobit (Dionisio-Sese and Tobit 1998).

The electrolyte leakage (EL) was expressed by using the
following formula:

EL ¼ EC1=EC2 � 100

where EC = electric conductivity, EC1 = electric conduc-
tivity before boiling, EC2 = electric conductivity after boiling.

Vanadium determination

The vanadium concentration in shoots and roots of chickpea
plants of both chickpea genotypes was determined according
to Hou et al. (2013). The vanadium concentration was deter-
mined by using a graphite furnace atomic absorption spectro-
photometer (GFAAS-GTA 120).

The experimental design was laid out and analyzed based
on a complete randomized design (CRD) with four replica-
tions, and data means ± SD are presented. All the collected
data were subjected to analyze using SAS software. Firstly,
analyzed analysis of variance (ANOVA) to find out the sig-
nificant (P ≤ 0.05) vanadium treatment and cultivar effect
mean comparison was evaluated by Duncan’s multiple-range
test at 1 %.

Results

Effects of vanadium on antioxidant enzymes

The obtained findings indicate the positive correlation be-
tween antioxidant enzyme activities and V treatments in both
genotypes of chickpea. The activities of SOD, CAT, and POD
in both genotypes were significantly (P ≤ 0.05) more in vana-
dium treated as compared to control; however, C-44 showed
more activities than Balkasar in response to V stress (Figs. 1
and 2). The results of analysis of variance indicated that the
activity of SOD was increased about 200 and 303 %, CAT
exhibited about 331 and 846 %, and POD was also increased
about 340 and 757 % for Balkasar and C-44, respectively,
from 0 to 120 mg L−1.

Vanadium induces DNA degradation

Degradation of genomic DNA during PCD consisted of the
two succeeding steps: an early degradation into high-
molecular-weight fragments and, after this, an extreme disin-
tegration; commonly, oligonucleosomal fragments are formed
after this kind of cleavage (Brotner et al. 1995), which can be
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examined by gel electrophoresis. Therefore, DNA cleavage
patterns were determined via gel electrophoresis against V
stress in C-44 (tolerant) and Balkasar (sensitive) genotypes
of chickpea. Exposure of chickpea seedlings to V leads to
concentration-dependent alterations in DNA integrity
(Fig. 3). There was no DNA degradation observed at any level

of V-stress in C-44 and at 15 and 30 mg V L−1 in Balakasar;
however, it caused DNA breakdown in Balakasar genotypes
at concentrations of 60 and 120 mg V L−1 and became more
significant at 120 mg V L−1. Our findings show that V stress
caused progressive DNA fragmentation in a dose- and
genotype-dependent manner.

Fig. 2 Effect of vanadium stress on enzyme activities in seedling of chickpea genotypes, a superoxide dismutase (SOD), b catalase (CAT), and c
peroxidase (POD). Data means of four replicate ± SD and significant (P ≤ 0.05) difference according to Duncan’s multiple-range test

Fig. 1 Effect of vanadium stress
on root appearances and lateral
roots of chickpea genotypes, a
Balkasar (sensitive to V stress)
and b C-44 (tolerant to V stress)
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Change of chlorophyll in response to vanadium

The total photosynthetic pigments, i.e., chlorophyll a, chloro-
phyll b, and total carotene, significantly decreased (P ≤ 0.05)
as the V concentrations increased from 15 to 120 mg V L−1 as
compared with control in both genotypes. The plants treated
with 0 V showed 17.49, 8.25, and 4.09 chlorophyll a, chloro-
phyll b, and carotene contents, respectively. The highest de-
cline in chlorophyll a and chlorophyll b were observed at
120 mg V L−1 (7.25 and 3.97) in C-44 and Balkasar. In addi-
tion to this, total carotene contents were significantly declined
(P ≤ 0.05) from 2. 99 to 1.34 in Balkasar, while C-44 also
indicated decrease in total carotene (3.11 to 1.79) but less than
Balkasar when exposed to V (15–120 mg V L−1; Fig. 4).

Effects of vanadium on protein contents

Figure 5 presents the results about V-induced changes in pro-
tein contents in chickpea genotypes. In general, the protein

contents decreased about 11.40–55.50 % in C-44 and 13.81–
76.07 % in Balkasar for the application of 15–120 mg V L−1,
respectively, whereas C-44 indicated non-significant results
for 15 to 60mgV L−1 treatments. Overall, the protein contents
showed decreasing trend (P ≤ 0.05) as the V concentrations
increased from 15 to 120 mg V L−1 as compared with 0 V.

Effects of vanadium on electrolyte leakage

The relative conductivity of leaf leachate was significantly
(P ≤ 0.05) affected by V stress. The degree of cell membrane
integrity was estimated indirectly by solute leakage from leaf
tissues of vanadium-treated chickpea genotypes. Clearly, the
results showed that the values of electrical conductivity in-
creased with higher dosed of V (Fig. 6). The results illustrated
that addition V caused the disruption of membrane integrity in
both genotypes; C-44 showed about 5-fold, and Balkasar ex-
hibited about 6.7-fold higher by the application of
120 mg V L−1 as compared to control. However, there was a

Fig. 3 DNA breakdown in
chickpea genotypes, a C-44 (toler-
ant to V stress) and b Balkasar
(sensitive to V stress) grown in
hydroponic conditions under vana-
dium stress. DNAwas isolated
from control and V-treated seed-
lings after 27 days of germination
and analyzed by agarose gel elec-
trophoresis. Lane 1 control DNA (0
V) and lanes 2 to 5 DNA from V-
treated seedlings, lane 2 15 mg L−1

NH3VO4, lane 3 30 mg L
−1

NH3VO4, lane 4 60 mg L
−1

NH3VO4, lane 5 120 mg L
−1

NH3VO4. The arrow indicates the
breakdown of DNA

Fig. 4 Effect of vanadium stress on photosynthetic pigments of chickpea genotypes, a C-44 (tolerant to V stress) and b Balkasar (sensitive to V stress).
Data means of four replicate ± SD and significant (P ≤ 0.05) difference according to Duncan’s multiple-range test
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non-significant result for control and 15 mg V L−1 in C-44
genotype. In general, the ion leakage showed increasing trend
(P ≤ 0.05) as the V concentrations increased from 15 to
120 mg V L−1 as compared to control.

Accumulation of vanadium in chickpea tissues

The accumulation of V in roots and shoots of both chickpea
genotypes is shown in Fig. 7. The accumulation of V in aerial
parts and roots was proportional with increasing levels of V in
Hoagland nutrient solution. In all treatments, roots accumulat-
ed significantly (P ≤ 0.05) higher V as compared to shoots in
both genotypes of chickpea. Especially, roots and shoots of C-
44 plants accumulated higher concentration than Balkasar. At
higher stress of V (120 mg L−1), there was about 30-fold in
shoots and 64-fold higher in roots of C-44 genotype, whereas
24.4-fold increase in shoots and 47.4-fold increase in roots of
Balkasar genotype were examined when compared with their
respective controls (Fig. 7). Overall, under V stress, shoots
accumulated about 4–30-fold and roots accumulated about
7–64-fold higher V as compared to control in C-44 plants,
while in Balkasar, shoots accumulated about 2.7–24.4-fold

higher and roots accumulated about 6.2–47.4-fold higher V
than untreated plants when treated with 15–120 mg V L−1,
respectively. Moreover, results also indicated that root growth
was badly affected by V stress and root damage was evident
(Fig. 1).

Discussion

Agricultural soils are being polluted by various soil pollutants
arising from wide range of sources throughout the world.
Most of the recent studies about agricultural soil pollution
has revealed that major share of these pollutant is coming from
heavy metals (e.g., V, Cd, Pb, and Ni). Steel industry boom of
early 2000 resulted in increased use of V for making non-
ferrous alloys. Rapid industrial growth of V consumption
units has now raised V as a major environmental pollutant,
affecting plant, animals, and human beings. Hence, it is para-
mount to introspect process and mechanism behind V toxicity.

Plants have evolved several biochemical mechanisms to
relieve plant from metal-induced oxidative damage.
Enzymatic antioxidants, including SOD, CAT, and POD,
showed a strong antioxidant response V-treated plant com-
pared to control.

These antioxidant enzymes are efficient scavenging agent
for ROS, and other generated free radicals thus maintain via-
bility and permeability of plant cell membrane under exposed
stress. Elevated expressions of SOD, CAT, and POD are usu-
ally linked to repair mechanism due to the oxidative damage
of plants under stress (Malecka et al. 2001).

SOD activity was significantly higher under V stress. This
increment in SOD activity might be attributed to de novo
induction of enzyme protein (Lozano et al. 1996), suggesting
to keep intact the plant defense apparatus against exposed
stress conditions. Additionally, higher SOD activity also helps
to maintain plant defense system under oxidative stress.
Moreover, higher SOD activity was noticed in C-44 compared
to Balkasar. However, lower concentrations (15 and

Fig. 5 Effect of vanadium stress
on soluble protein contents of
chickpea genotypes, C-44 (toler-
ant to V stress) and Balkasar
(sensitive to V stress). Data means
of four replicate ± SD and signif-
icant (P ≤ 0.05) difference ac-
cording to Duncan’s multiple-
range test

Fig. 6 Effect of vanadium stress on ion leakage from cell membrane of
chickpea genotypes, C-44 (tolerant to V stress) and Balkasar (sensitive to
V stress). Data means of four replicate ± SD and significant (P ≤ 0.05)
difference according to Duncan’s multiple-range test

19792 Environ Sci Pollut Res (2016) 23:19787–19796



30mgL−1) showed comparatively non-significant results with
each other as compared to higher concentrations (60 and
120 mg L−1). This is possibly due to the induction of more
superoxide free radical and oxidative damage by NH4VO3 in
response to higher concentrations.

CAT is present oxidoreductase with highest turnover rate to
convert (6 million molecule min−1) H2O2 into water and mo-
lecular oxygen backed up by an efficient ROS exclusion in
stressed plant (Reddy et al. 2005). The higher activity of CAT
in plants contributed for ROS decrease under stressful condi-
tions. The CAT activity in all V-treated plants was significant-
ly higher compared with non-V-treated plant, with more pro-
nounced CAT activity in C-44 than Balkasar genotype. An
increase activity of POD highlights the intrinsic involvement
of POD to guard plant from V-induced oxidative damage me-
diated by the removal of toxic peroxides. In addition, these
toxic peroxides can also be found in many plant cell compo-
nents and used as a marker for sub-lethal metal stress in plant
(Shah et al. 2001; Pergent-Martini and Pergent 2000).

The POD activities in both chickpea genotypes were sig-
nificantly increased against V treatments. Highest POD activ-
ity (120 mg L−1) was recorded in C-44 compared to Balkasar.
POD activity build up a physical barrier in response to a biotic
stress through lignin biosynthesis. Our results are in agree-
ment with the previous findings of Shah et al. (2001); Reddy
et al. (2005); Patade et al. (2011); Shulan et al. (2010), and
Zhang et al. (2009). In addition, these results also suggest that
C-44 has more effective scavenging mechanism to repair V-
induced oxidative damages in plant as compared to Balkasar.

PCD is essential for the development of multicellular or-
ganisms and key phenomenon to negate depressing effect of
stressor on plant. In plants, PCD involves active elimination of
unwanted and harmful cells in plant species (Gechev et al.
2006; Lam 2004).

The incidence of DNA laddering due to heavy metal
toxicity has been well documented in human and animal
cells (EI Azzouzi et al. 1994; Habeebu et al. 1998) than

plant cells. The kinetics of PCD can be employed to dif-
ferentiate both plant and animal cells. However, stress dif-
ferentiation between animal and plant cells in response to
metal stress can also be segregated based on following
characteristic observation, e.g., occurrence of PCD in tobac-
co plant 10 times higher than animals cells; cell necrosis in
cell culture of tobacco was 20-fold times more than in
lymphocyte culture, and DNA laddering appeared upon
90 % cell death (tobacco plant), while oligonucleosomal
fragmentation appeared prior to decreasing cell viability
(Fojtova and Kovarik 2000).

Our findings revealed that DNA breakdown was not de-
tected in C-44 genotype despite being exposed at higher con-
centration, followed by Balkasar at lower concentrations. It
could be linked to mechanistic efficiency of the cells to coun-
ter both higher and lower concentrations of V. Moreover,
Ojima and Ohira (1983) showed carrot cells resistant against
metal stress with enhanced systematic efficiency of the plant
cells to cope metal toxicity. More importantly, these mecha-
nistic findings may not well be suited to Balkasar genotype at
higher concentration, owing its sensitivity against vanadium
stress. In some previous studies, cadmium induced cell termi-
nation in onion root and tobacco and subsequent PCD has
been reported (Fojtova and Kovarik 2000; Behboodi and
Samadi 2004). Moreover, De Michele et al. (2009) found a
concentration-dependent effect of Cd on Arabidopsis
thaliana, tolerant at lower concentration of cadmium
(50 μM CdCl2) and initiation of PCD at higher levels (100
and 150 μM CdCl2), respectively.

The production of reactive oxygen species (ROS) is con-
sidered as one of the most important features of plant PCD
against a biotic stress (Lin et al. 2006; Gao et al. 2008). Heavy
metals block the functional capabilities of antioxidant-based
plant defense system, ultimately increasing the oxidative
stress for plant. In our study, DNA laddering was more visu-
alized in Balkasar than C-44, attributed to a substantially
higher and lower ROS production for the respective chickpea
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genotype. Moreover, ROS production highlights tolerance
(C-44) and sensitivity (Balkasar) pattern of selected chickpea
genotypes for these toxic species. Similar research finding has
also been reported earlier by Yakimova et al. (2006).

The lower concentrations of vanadium did not have any
apparent effect on DNA in Balakasar genotype, as DNA break-
down at higher concentrations disclosed that both lower and
moderate level V may possibly involve in genetic alterations
(mutation) that accumulate beyond threshold initiating episode
of PCD. These findings confirm the earlier obtained results
from Fojtova and Kovarik (2000). Moreover, metal-induced
degradation in genomic DNA has been well established in
some model plant like in Pisum sativum and A. thaliana
(Adamakis et al. Adamakis et al. 2011; Balk et al. 2003).

Previous studies have proved that chlorophyll contents
may reflect plant’s sensitivity to abiotic stress. In general,
the chlorophyll (a + b) and total carotene contents were de-
creased with the increasing V levels, compared with their
respective control. The chlorophyll a contents were signifi-
cantly reduced in both genotypes against V stress.
Chlorophyll Bb^ revealed no significant alteration in response
to 30–120-mg V L−1 treatments. However, C-44 chlorophyll
(a + b) of C-44 genotype also showed non-significant results
for 30 and 60 mg V L−1, respectively. In addition, the results
obtained in this study also indicate the sensitivity of total
carotene of selected chickpea genotype against V stress.
Carotene content of C-44 genotype had non-significant re-
sponse at 15–60 mg V L−1. In case of Balkasar, total carotene
contents were significantly decreased against V treatments. It
reflects that carotenoid contents of Balkasar were more sensi-
tive to V stress (Fig. 4). Additionally, Marschner and Cakmak
(1986) and Chary et al. (Chary et al. 2008) found that induc-
tion of ROS is one of the key factors that reduce chlorophyll
contents in plants. Similar findings related to decline in chlo-
rophyll (a + b) and carotene contents under metal contamina-
tion were reported in Aeluropus littoralis (Rastgoo et al. 2014)
and Trigonella (Choudhary et al. 2012).

Protein synthesis n is very sensitive to heavy metal stress
(Yurela 2005). In this study, the protein content was much
higher in control plant compared to V-stressed plant. Heavy
metal toxicity is generally attributed to impair functional po-
tential of different enzymes having functional sulfhydryl
group, leading to reduction in protein synthesis (Yurela
2005). In this study, decrease in protein content was much
higher in sensitive genotype (Balakasar) than tolerant geno-
type (C-44) cultivars. Similarly, Andon and Fernando (2011)
also reported that lowering of protein synthesis due to Cd
stress was much higher in sensitive plant compared to tolerant
plant. Our results also matched with the findings of Singh
et al. (2007) and Choudhary et al. (2012).

The results generated from this study suggest that V stress
induces membrane damages in both genotypes of chickpea. A
significant positive correlation was observed between V and

ion leakage from leaves of chickpea plants. Ion leakage
caused by V is mainly due to loss of cell membrane integrity.
Furthermore, plant membrane disruption might have occurred
due to deposited V, resulting in the production of ROS that
may have distorted the lipid bilayer through cyclic cascade of
reaction (Fenton reaction), accelerating the membrane disrup-
tion under V stress. Additionally, metal toxicity usually in-
volves in protein structural interruption by defecting S and N
groups of protein, leading to wholesome disruption in ionic
channels of the cell membrane, thus favoring ionic out floe
from leaf disk cells (Gonzalez-Mendozaa et al. 2009). Similar
results were also reported by Xiong and Wang (2005) and
Tamas et al. (2006), who illustrated that V and other metals
caused electrolyte leakage in Brassica pekinensis and
Hordeum vulgare, respectively.

The results obtained in this study showed that V accumu-
lation was much higher in roots compared to shoots of both
chickpea genotypes exposed to V stress. Among genotypes,
roots and shoots of C-44 had higher V accumulation than
Balakasar. Additionally, shoots and roots of both genotypes
also showed positive correlation towards exposed level of V
stress. These results confirm the earlier findings by Xiao et al.
(2012), higher V accumulation in root biomass compared to
shoot biomass of Chinese cabbage treated with V stress. Our
results are also consistent with the findings of Imtiaz et al.
(2015), Narumol et al. (Narumol et al. 2011), and Panichev
et al. (2006), which found negative effects of V on plants
growth at higher concentrations along with higher accumula-
tion pattern of V in roots than shoots.

Conclusion

The findings of this study revealed that soluble protein and
photosynthetic pigments were significantly declined.
However, antioxidant enzyme activities and ion leakage were
increased with increasing V concentrations. Root growth in-
hibition due to V stress was noticed in selected genotypes of
chickpea. The results presented in this study also indicate the
potential involvement of V in PCD of chickpea plants.
However, DNA degradation was observed only in V-
sensitive genotype (Balkasar) at higher concentrations.
Further experimentation is required in the future to underpin
the mechanistic processes and possible pathways involved in
plant PCD exposed to V stress.
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