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Abstract 

In the present investigation two accessions of 
Vigna angularis L. were subjected to 
Chromium toxicity. The detailed root mitotic 
studies were made in control and treated 
plants. The effect of Cr was clearly visible on 
root growth. No seeds germinated in 10-1 M 
Cr. In 10-2M, the mitotic index (MI) was 
found to be extremely low (0.029 in V1 and 
0.023 in V2). In the course of mitosis various 
anomalies were observed as fragmentation, 
stickiness of chromosomes, early movement 
of chromosomes, restitution nucleus, random 
grouping at anaphase, micronuclei, 
multinucleate condition, chromosome bridges 
at anaphase, and C-metaphase. Chromosome 
stickiness, clumping, chromosome bridges 
and c-metaphase were observed in almost all 
the treated sets. Most of the anomalies were 
observed at 10-2

Keywords: Vigna angularis  | Cr-toxicity |  
Mitotic Index  

 M Cr concentration in both 
of the accessions of Vigna. 

 

 

 

 

 

Introduction 

Chromium (Cr) occurs in nature in bound 
forms that constitute 0.1-0.3 mg/kg of the 
Earth’s crust and has several oxidation states 
from Cr(-II) to Cr(+VI) (Zayed and Terry, 
2003). It is unique among the heavy metals 
because of its existence in two 
environmentally important oxidation states: 
trivalent (Cr III) and hexavalent (Cr VI) 
(Srivastava et al., 2006). Chromium is 
recognized as an essential element for 
humans and animals but not for plants (Liu et 
al., 1992), although some investigations 
report that it is beneficial to plant growth 
(Zheng et al., 1987). The toxicity of 
chromium and chromium-content in plants, 
however, is species specific. Much research 
has been conducted to determine the toxic 
effects of chromium on different plant 
species (Jain et al., 2000; Ren and Gao, 
2000; Peralta et al., 2001; Manjappa et al., 
2002; Gardea-Torresdey et al., 2005; 
Karbassi et al., 2008). The pulse plants can 
uptake heavy metal from polluted soil 
(Bishnoi et al., 1993). 

Plants take water and other essential metal 
ions from soil for their metabolism. They 
utilize these nutrients for various 
biochemical processes taking place in them. 
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The plants growing near industries emitting 
liquid pollutants or air pollutants or solid 
waste do not survive. This is because the 
heavy metals cause changes in their genetic 
contents thus leading to abnormal phenotype 
and irregular meiosis. These plants do not 
produce normal seeds. It has been observed 
that certain strains of plants takes these heavy 
metals and store them in their body parts. 
This is because of change in the genetic 
constitution of these plants. The phenotype is 
the result of interaction of genotype and 
environment. These metals may be 
recollected from the ashes of plant parts. The 
ability of these plants to accumulate heavy 
metals in them is utilized in the removal of 
these heavy metals from soil. This process is 
known as Phytoremediation. Cary et al. 
(1977) found that plants accumulated Cr 
from nutrient solutions but retained most of 
this in their roots. It was also found that 
plants tend to accumulate Fe also 
accumulated Cr. It was observed that the 
leafy vegetables have more potential to 
accumulate Cr than the seed plants. A 
number of crop species have been tested for 
this and are used in phytoremediation. Zakia 
et al (2014) reported remarkable reduction in 
Mitotic induction and abnormal Mitosis in 
Vicia faba after treating seeds with 1% 
Melathion. 

Materials and Method 

The purpose of the current work was to 
assess the Chromium effect on the 
cytogenetic changes in one of the most 
economically important crop plant of 
Garhwal, Vigna angularis. Two accessions 
of Vigna were procured from local sources at 
different altitudes and subjected to detailed 
root mitotic studies. Vigna angularis 

(Wild.) Ohwi and Ohashi (Adzuki Bean) 
is commonly known as Soonthiya or Rayans 
in Garhwal. It belongs to the family 
Papilionaceae. In Vigna angularis the 
chromosome number (2n = 22; Karpechenko, 
1925). 

Accessions Procurement place 
V1 Chaubattakhal, 1800m asl 
V2 Uttarkashi, 1200 m asl 

asl = above sea level 
  Table 1: List of accessions of Vigna  
   angularis 

The seeds of each accession of Vigna (V1, 
V2) were first surface sterilized with 0.1% 
mercuric chloride (HgCl2) solution for 3-4 
minutes and washed thoroughly with tap 
water and finally with distilled water. The 
seeds were placed on double layered filter 
papers (3 mm, Whattman, filter papers) with 
cotton pads ‘sandwiched’ between them 
equidistantly in various treatments in petri 
dishes and incubated under white light at 
22oC. Ten molar solutions of K2Cr2O7 ranging 
from 10-10M to 10-1M were prepared. The 
control sets were raised in distilled water and 
treated sets were raised in various molar 
concentrations of K2Cr2O7

For mitotic studies, 20 root tips of control and 
treated seedlings of V. angularis were fixed in 
3:1 absolute ethanol and glacial acetic acid 
having a pinch of ferric chloride. The fixed root 
tip samples were stored in 70% ethanol in 
refrigerator. After 24 hours of fixation, the root 
tips were boiled in 3% aceto-carmine and left 
for overnight. After that these were smeared 
and squashed in 1.5% aceto-carmine. The 

. Only a fixed 
amount (about 50 ml) of distilled water or Cr 
solutions was added in petri dishes. The 
various molar concentrations of Cr were 
prepared in Hoagland’s solution. 
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following parameters were used for the 
analysis: 

a) Number of non-dividing cells, 
b) Number of dividing cells, 
c) Number of actively dividing cells, and  
d) Percent frequency of mitotic 

anomalies. 

Mitotic index was also calculated by using 
following formula: 

              Number of cells in mitosis (actively dividing cells) 

Mitotic index =  ------------------------------------------------- 

                    Total number of cells (non-dividing cells + dividing  

                                        cells + actively dividing cells) 

Results and Discussion 

Both the accessions of V. angularis were 
subjected to detailed root mitotic studies in 
control and treated plants. The effect of Cr on 
root growth varied with different 
concentrations used. No roots were available 
in 10-1

The frequency distribution of different 
anomalies in different concentrations of Cr in 
both the accessions of V. angularis is shown 
in table 3. Mitotic Index (MI) was also 
calculated by formula given in materials and 
methods and is shown in table 4. At 10

 M Cr concentration during the whole 
experiment. The mean data related to non-
dividing cells (NDC), dividing cells (DC) 
and actively dividing cells (ADC) is given in 
Table 2. 

-2

a) Fragmentation (plate 1 d), 

M, 
the MI was extremely low (0.029 in V1 and 
0.023 in V2). The graphical representation of 
mitotic index in different concentrations in 
both the accessions of V. angularis is shown 
in figure 1. In the course of mitosis various 
anomalies were observed. Following mitotic 
anomalies were observed in treated sets: 

b) Stickiness of chromosomes (plate 1 e), 

c) Early movement of chromosomes (plate 1 
f), 

d) Restitution nucleus (plate 1 g, h, l), 
e) Random grouping at anaphase (plate 1 i), 
f) Micronuclei (plate 1 j), 
g) Multinucleate condition (plate 1 k), 
h) Chromosome bridges at anaphase (plate 1 

m), and 
i) C-metaphase (plate 1 n, o). 

Anomalies like chromosome stickiness, 
clumping, chromosome bridges and c-
metaphase were observed mostly. At 10-2

The characteristic feature of heavy metal is 
poisoning and inactivation of enzyme 
systems. Heavy metals are potentially toxic 
and eventually cause harmful effects at 
higher doses. Thus plant growth is correlated 
with the disruption of physiological and 
cytological processes. The mitotic index (MI) 
reflects the frequency of cell division and is 
regarded as important parameter for 
determining the rate of root growth. Heavy 
metal accumulation in soil and its importance 
on the morphological, biochemical and 
cytological aspects of plants have received 
more attention in recent times by many 
workers (Abbasi et al., 1992; Prem kumar et 
al., 2001; Prakash et al., 2004). 

 M 
Cr concentration most of the anomalies were 
observed in both of the accessions of V. 
angularis.  

In Vigna angularis, the MI decreased 
progressively with the increase in Cr 
concentrations in V1 and V2 except in the 10-

7M of V1 and 10-6M of V2. In treated roots 
the MI was found to be lower than the 
control. At 10-2M, the MI was extremely low 
(0.029 in V1 and 0.023 in V2). The 
chromosome stickiness, clumping, c-
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metaphase were due to toxic effects of Cr and 
may probably lead to cell death. The mitotic 
index in the present study can be correlated 
with rate of root growth, suggesting that the 

inhibition of root growth resulted from 
inhibition of the cell division. 
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Alteration in nuclear structure induced by Cr 
and inhibition of cell division in roots has 
been observed by Levan, 1945; Corradi et al., 
1991 and Villalobos-Pietrini et al., 1993. The 
most appropriate reason for the increase in 
abnormalities may be due to malfunction and 
inactivation of number of key enzymes for 
ion uptake and spindle control.  

Nagpal and Grover (1994) classified induced 
chromosomal abnormalities into two groups 
viz., clastogenic effects such as fragments, 
ring chromosome bridges and micronuclei. 
The precocious movement of the 
chromosome might have been caused by the 
early terminalization, stickiness of 
chromosome or because of the movement of 
the chromosome ahead of the rest during 

anaphase (Permjit and Grover, 1985; 
Chidambaram et al., 2009). 

The mitotic index (MI) reflects the frequency 
of cell division and is regarded as important 
parameter for determining the rate of root 
growth. Heavy metal accumulation in soil 
and its importance on the morphological, 
biochemical and cytological aspects of plants 
have received more attention in recent times 
by many workers (Abbasi et al., 1992; Prem 
kumar et al., 2001 & 2014; Prakash et al., 
2004).In the present studies, induced toxic 
effects on chromosomes during cell division 
such as c-mitosis, anaphase bridges and 
chromosome stickiness, are in agreement 
with the findings of Levan (1945) and Liu et 
al., (1992).  

 

 
Table 2: Mean data related to non-dividing cells 

(NDC), dividing cells (DC) and actively 
dividing cells (ADC) in different 
accessions of Vigna angularis 
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Table 3: Mean data related to percent frequency 

of different mitotic abnormalities in 

different accessions of Vigna angularis 

 
 

  
 

  
 
 
 

 

Eleftherios et al (2015) investigated the 
detrimental effects of chromium (Cr) on 
mitotic microtubules (MTs) in some fabaceae 
members. They reported that MI disturbance 
adversely affected the proper aggregation of 
chromosomes on the metaphase plate, their 
segregation at anaphase and organization of 
the new nuclei at telophase.  

Conclusion 

The results obtained from the present study 

indicate that the chromium caused reduction 

in morpho-physiology parameters, reduced  

Mitotic Index, abnormal mitosis and  

remarkable cytogenetic effect that occurred 

in the form of the abnormal chromosome and 

chromatid behavior. 

 
Table 4: Mitotic index (MI) in various 

concentrations in different 
accessions ofVigna angularis 

 
Fig. 1: Graphical representation of mitotic 

index (MI) in various 
concentrations in different 
accessions of Vigna angularis 

a.  Clumping g.  Trinucleate condition 
b.  Restitution Nucleus h. Unequal distribution of chromosomes 
c.  C- Metaphase i. Tetranucleate condition 
d.  Late movements of  chromosomes to metaphase 

plate 
j. Micronuclei in telophase 

e.  Chromatin bridges  
f.  Binucleate condition  
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