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Abstract: In India, agricultural soil has been deteriorated by various on-going practices involving 

application of chemical fertilizers, pesticides and effluents. Presently, Amritsar (Punjab), an 

agricultural land, is undergoing rigorous cultivation of wheat and rice crops which consequently 

increased the application of chemical pesticides and fertilizers for high yield.  These agricultural 

practices are not only pulling out the essential nutrients from the soil but also adding up huge 

quantity of  heavy metals and other dreadful contaminants. Keeping this in view, the present study 

was planned to assess the physico-chemical parameters and genotoxic potential of soil of four 

agricultural fields of Amritsar, India by employing Allium cepa root chromosomal aberration 

assay. The responses of different antioxidative enzymes in A. cepa on exposure of Allium bulbs to 

different soil samples were also analyzed. In case of physico-chemical parameters cadmium was 

found more (9.70–30.0 mg-1.kg-1) than the typical range (3–6 mg-1.kg-1). The genotoxicity in A. 

cepa (treated with agricultural soil samples) revealed induction of different types of chromosomal 

aberrations in both modes of treatment (in situ and root dip). Among anti-oxidative enzymes, the 

activities of superoxide dismutase (SOD) and ascorbate peroxidase (APX) were low and 

gluthione-S-transferase (GST) and dehydro-ascorbate reductase (DHAR) were high in treated 

bulbs as compared to control A. cepa bulbs. Moreover, the results obtained in this study clearly 

show harmful consequences of agricultural soils of Amritsar in terms of mitotic abnormalities as 

well as their harmful effect on antioxidant defense system of crop plants cultivated at that 

particular field. 

Keywords: Agricultural soil - Heavy metals - Anti-oxidative enzymes - Root chromosomal 
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INTRODUCTION 

Soil is found to be one of the key elements which sustain life on earth. It acts as an important part of all 

terrestrial systems, providing habitat for micro-organisms, plants, and animals (Deyn & Van der Putten 2005); 

and also act as a storage system for several natural resources (Achazi 2002). Soil is mainly composed of 

minerals, organic matter having different texture, structure, consistency, colour, chemical, biological and other 

features. It forms a loose covering of mineral particles that finely cover the earth's surface (Birkeland 1999). 

Soil has important ecological functions in recycling resources and has purification property as well. Soil 

supports life through main five processes, biomass productivity, detoxification of pollutants, cycling of C, N, P, 

S, and H2O; and also acts as carbon sink (Hansen et al. 2008, Blakeslee 2010, Lal 2004). 

Enormous studies have revealed that human beings are accidentally or mistakenly exposed to different kinds 

of contaminants in soil, water, air and food by different direct and indirect routes of exposure like inhalation, 
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ingestion and dermal contact which result in different acute and chronic health problems (Bhatnagar 2001, 

Rekha & Prasad 2006). There are about 3 million cases registered worldwide every year for pesticide poisoning 

out of which 220,000 are fatal (Bolognesi 2003). Pesticide poisoning results in dreadful ailments like cancer, 

chronic kidney diseases, sterility among males and females, endocrine disorders, suppression of the immune 

system, neurological and behavioral disorders, especially among children (Agnihotri 1999). The increase in 

chromosomal damage and reproductive abnormalities has been reported in agricultural workers (Lander et al. 

2000, Bhatanagar 2001).  Many other reports confirmed the alarming level of pesticide residues in water, air, 

soil, food commodities and even in biological materials like human blood, fat, milk etc (Gupta 2004). The 

microbial populations of soil also get affected due to drastic changes in soil pH, alkalinity and organic matter 

(Zwietan 2004). Keeping this in mind, the present study was planned to analyse four soil samples collected from 

rice cultivated fields of Amritsar, Punjab, India, as per following objectives: 

1. Estimation of physico-chemical parameters including heavy metals viz, cadmium, chromium, nickel, zinc, 

manganese and lead of the soil samples. 

2. Genotoxicity assessment of soil samples using A. cepa root chromosomal aberration assay  

3. Analysis of effect on activity of different anti-oxidative enzymes in A. cepa bulbs treated with soil samples. 

MATERIAL AND METHODS  

The present study pertains to analysis of four soil samples collected from rice cultivated fields of Amritsar, 

Punjab, India, with respect to their physico-chemical parameters including heavy metals (cadmium, chromium, 

nickel, zinc, manganese and lead), genotoxicity by A. cepa root chromosomal aberration assay and potential to 

influence activity of anti-oxidative enzymes in A. cepa bulb. 

Site description and Collection of soil samples 

Soils under rice cultivation from four different sites (agricultural fields) of Amritsar district of Punjab were 

collected. Four sites included Site 1 (S1) Vill. Heir, Verka Block, Amritsar; Site 2 (S2) Vill. Akalgarh, Dhapian, 

Teh., Baba Bakala, Amritsar; Site 3 (S3) Dera Ramdass, Amritsar and Site 4 (S4) Vill. Chabba, Amritsar (Fig. 

1). Random sampling method was adopted for soil collection. Soil was collected from 5–6 different sites of each 

agricultural field by digging soil to depth of 15–20 cm (10×10×20 cm3 approximately) and pooled together to 

form one representative sample. The samples were brought to laboratory, dried at room temperature for 72 h and 

finally ground into fine powder (Cabrera & Rodriguez 1999a). Washed sand was considered as negative control 

for further analysis.   

 
Figure 1. The location of the study area and distribution of the sampling sites. (S1- Verka Block; S2- Baba Bakala; 

S3- Dera Ramdass; S4- Chabba Village). 
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Physico-chemical analysis 

For physico-chemical analysis, the soil extract was prepared by suspending soil in distilled water in ratio of 

1:5 (w/v), shaken on mechanical shaker for 12 h at room temperature. The physico-chemical properties of soil 

samples were determined by following standard protocols given in Trivedi et al. (1985) with slight 

modifications. pH was measured by pH meter model µ pH system 361 make Shimadzu. The parameters like 

calcium, magnesium and alkalinity were determined titrimetrically whereas, nitrates and phosphates were 

estimated using spectrophotometer (model 2202, make Systronics). The contents of sodium and potassium were 

estimated by flame photometer (model CL 26 D, make ELICO).  

Heavy metals analysis 

Heavy metal analysis in soil samples were carried out in triplicate as given below. 1 g of soil was digested in 

glass digestion tube of 250 ml along with 15 ml of nitric acid (HNO3) at 140ºC and the content was evaporated 

till dryness. The dried sample was further treated with 3 ml of perchloric acid (HClO4) for oxidation from the 

sample solution for 30 min at 245ºC. The content was cooled down after digestion, filtered and final volume 

was made up to 50 ml with distilled water. The heavy metals measurement was performed at Institute of 

Himalayan Bioresource Technology IHBT Palampur with a Shi-madzu model AA 6300 Atomic Absorption 

Spectrophotometer (Tokyo Japan). The radiation source was Hallow cathode lamps (HAMA- MATSU 

PHOTONICS K.K. JAPAN) of metal (Chand et al. 2011). 

Genotoxic potential 

For estimation of genotoxic potential, the soil extract was prepared by suspending soil in distilled water in 

ratio of 1:2 (w/v), shaken on mechanical shaker for 12 h at room temperature (Cabrera & Rodriguez 1999b). 

The genotoxic potential of soil extracts was estimated by using A. cepa root chromosomal aberration assay. 

Fresh and young onions were purchased from local market. The primary roots of uniform sized onion bulbs 

were removed with the help of forceps. For In situ treatment, the denuded bulbs were grown directly in small 

pots containing soil whereas in root dip treatment, the bulbs were placed on couplinjars filled with distilled 

water for 24–36 h for rooting. After 24–36 h, A. cepa bulbs with freshly emerged roots of size 1–2 cm were 

treated with five concentrations (20, 40, 60, 80 and 100 %) of the soil extract and distilled water (negative 

control) for 3 h. After treatment, the bulbs were thoroughly washed, root tips were plucked and fixed in 

Farmer’s fluid (glacial acetic acid and ethanol; 1:3). At least 9 root tips were squashed in aceto-orecin to prepare 

slides. The slides were screened under microscope to score different types of aberrations taking approximately 

900 dividing cells. The chromosomal aberrations were apportioned into physiological (attributed to spindle 

inhibition) and clastogenic (attributed to direct breaking action on chromosomes). Different types of 

physiological aberrations included laggards, vagrants, stickiness, delayed anaphases, and c-mitosis while 

clastogenic aberrations included chromatin bridges and chromosomal breaks. Some physiological aberrations 

such as deviation of chromosome from poles at anaphase, asteroid structure at anaphase, deviation of alignment 

of chromosome at metaphase, which could not be included among any of the categories, were counted as 

abnormal metaphase and abnormal anaphases under other physiological aberrations. 

Anti-oxidative enzymes 

The denuded bulbs were placed on different soil samples contained in small pots for 72 h under saturated 

conditions. Anti-oxidative enzymes activity was checked by preparing supernatant of 1 gm of treated onion 

bulb, homogenized in pestle and mortar in 3 ml of chilled phosphate buffer (0.01 M, pH 7.6) and centrifuged 

(7000 rpm at 4°C for 15 min). The supernatant was used for estimating total protein content (Lowry et al. 1951) 

and activities of different anti-oxidative enzymes spectrophotometrically. The activity of catalase was 

determined by method of Aebi (1984); Superoxide dismutase activity was estimated according to the 

methodology of Kono (1978); the level of GST was determined according to protocol of Habig et al. (1974); the 

enzymatic activity of DHAR was measured by method of Dalton et al. (1986) and APX activity was measured 

according to the protocol of Nakano & Asada (1987). 

Statistical Analysis 

Arithmetic means of activation of antioxidant enzymes: CAT, SOD, GST, APX and DHAR and mean 

concentrations of physico-chemical parameters and heavy metals Cd, Cu, Ni, Mn, Pb, and Zn in soil samples 

were calculated. The dependence of activity of antioxidant enzymes in A. bulbs and concentrations of physico-

chemical parameters including heavy metals in soils were calculated by correlation matrix (significance level at 

p<0.05). Correlation matrix was developed using Microsoft excel 2007. 
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RESULTS 

 

Physico-chemical parameters 

The results for different physico-chemical parameters are shown in table 1. Bulk density of all soils studied 

was found in the optimal range (1–1.89 g.cc-1). Water holding capacity (WHC) was found to be low (24.96–

36.17 %) in all the sites. pH was found to be slightly alkaline (8.14–8.25) in all the soil samples. The contents of 

calcium (53.33–90.6 mg.kg-1), magnesium (189.3–446.50 mg.kg-1) and phosphates (0.614–0.76 µg.kg-1) were 

found in permissible/safe limits while nitrates (0.004–0.016 mg.kg-1) were found to be less in all samples. The 

potassium content was found in the range of 0.12–0.35 mg.g-1 while sodium ranged from 0.07–0.39 mg.g-1 in all 

soil samples studied. Soil textural composition of different soil samples showed higher concentration of sand 

(55.60–74.70 %) followed by clay (24.53–44.01 %) whereas the concentration of silt (0.28–0.77 %) was found 

to be very low. 

Heavy metals 

Soil samples collected from different agricultural fields showed varied levels of heavy metals. The content of 

manganese (Mn) ranged from 282.5–422.1 mg.kg-1. Following manganese, Zinc (Zn) was the second most 

abundant metal determined in range of 61.6–98.1 mg.kg-1. The concentration of Copper (Cu) (19.2–58.1 mg.kg-

1), lead (Pb) (19.6–25 mg.kg-1) and nickel (Ni) (24.7–27.9 mg.kg-1) were found to be in safe limits required in 

agricultural soils while cadmium was found much higher (9.70–30 mg.kg-1).  

Genotoxic potential 

Genotoxicity of all agricultural soil samples was assessed by employing A. cepa root chromosomal 

aberration assay. Different types of physiological (stickiness, delayed anaphase, vagrants, laggards etc.) and 

clastogenic (chromosomal breaks, bridges etc.) chromosomal aberrations were observed following treatments  

Table 1. Physico-chemical parameters of soil samples of four different agricultural fields of Amritsar.  

Parameter 
Sample codes

*
 

       S1        S2       S3      S4 

Bulk density (g.cc-1) 1.88±0.006 1.89±0.010 1.01±0.003 1.00±0.003 

Water holding capacity (%) 31.93±0.56 24.96±1.74 31.08±1.58 36.17±1.33 

pH                                                                    8.20±0.058 8.20±0.000 8.25±0.000 8.14±0.003 

Alkalinity (meq 100g-1) 1.23±0.033 2.33±0.203 2.33±0.033 1.20±0.000 

Calcium (mg.g-1)         90.6±2.667 80.16±0.00 80.16±0.00 53.33±2.66 

Magnesium (mg.g-1)                                                                         189.3±2.66 259.80±0.0 446.50±6.6 406.70±2.66 

Nitrates (mg.g-1)                                                                                0.015±0.00 0.016±0.00 0.009±0.00 0.004±0.00 

Phosphates (µg.g-1)                                                                            0.614±0.03 0.65±0.012 0.74±0.025 0.76±0.032 

Potassium (mg.g-1)                                                                           0.35±0.005 0.26±0.004 0.12±1E-09 0.32±0.002 

Sodium (mg.g-1)                 0.13±0.000 0.39±0.015 0.10±0.004 0.07±0.002 

  
S

o
il

 t
ex

tu
re

 

  
  
  

 (
%

) 

Sand 74.70±0.13 69.10±0.21 55.60±0.38 69.92±0.05 

Silt  0.77±0.319 0.33±0.127 0.39±0.035 0.28±0.139 

Clay   24.53±0.23 30.56±0.34 44.01±0.34 29.78±0.34 

  
  
  

  
H

ea
v

y
 m

et
al

s 

  
  
  

  
  

 (
m

g
 k

g
-1

) 

 

Cd  (3-6)** 30.0±1.48 25.3±1.78 22.0±0.71 9.70±1.08 

Cu  (135-270)** 58.1±0.12 19.2±0.33 28.4±0.15 20.8±0.08 

Ni  (ND)** 24.7±0.50 27.2±0.14 26.7±0.43 27.9±0.74 

Zn  (300-600)** 96.5±0.11 98.1±0.34 90.6±0.20 61.6±0.46 

Mn  (ND)** 345.5±2.2 282.5±1.34 422.1±3.6 318.5±1.64 

Pb  (250-500)** 24.8±0.95 19.6±0.36 25.0±0.62 22.1±0.36 

All values are Mean ± SD. of 3 observations for each parameter 

*S1- Soil sample from Vill Heir, Amritsar; S2- Soil sample from Vill, Akalgarh, Dhapian, Teh. Baba Bakala, 

Amritsar; S3- Soil sample from Dera Ramdass, Amritsar; S4- Soil sample from Chabba Village, Amritsar; Cd- 

Cadmium; Cu- Copper; Ni- Nickel; Zn- Zinc; Mn- Manganese; Pb- Lead  
** Indicates safe limits, India for heavy metals in agricultural soils (mg.kg-1) (Awasithi 2000). 
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Anti-oxidative enzymes 

Among all samples, the onion bulbs treated with soil of Site 4 (S4) showed maximum content of proteins 

(0.15 mg g-1) whereas bulbs treated with soil of Site 2 (S1) showed minimum content (0.075 mg g-1). Catalase 

activity was found low in two sites (S3 and S4) of the four sites while higher in other two sites (S1 and S2). The 

activities of superoxide dismutase (SOD) and ascorbate peroxidase (APX) were found lower and activity of 

gluthione-S-transferase (GST) and dehydro-ascorbate reductase (DHAR) were found to be higher as compared 

to control in A. cepa bulbs treated with all agricultural soil samples (Table 2). 

 

DISCUSSION  

Physico-chemical parameters 

Vast application of chemicals like pesticides and chemical fertilizers results in deterioration of soil and crop 

quality of a particular field. Bulk density of all soils studied was found in the optimal range (1–2 g.cc
-1) which is 

required for better growth of plants (1.0–2.0 g.cc-1). Increase in soil bulk density due to deforestation and 

subsequent cultivation period was earlier reported by many scientists (Mulugeta et al. 2005, Mojiri et al. 2012). 

Water holding capacity depicts good physical condition of soil. In present study, water holding capacity (WHC) 

was found to be low (24.96–36.17 %) in all the sites as compared to suitable range (60–80%) obtained in other 

soils studied (Castillo & Torstensson 2007). The low WHC in present study can be due to its sandy texture 

which results in limited storage of water. The similar results were reported earlier by Longwell et al. (1963) in 

Tennessee soils. pH is an important property which can directly affect the solute concentration and absorption in 

the soil and also assure maximum availability of essential nutrients to plants required for growth and 

development. The pH values for different soil samples observed in the present study ranged from 8.14–8.25. 

These results are in conformity with earlier studies on the soils of Kano Urban agricultural land (Dawaki et al. 

2013) and agricultural soil of Vishakapatnam (Srinavas & Kumar 2001). However in some studies, this range 

has been considered higher as compared to the ideal range for rice cultivated soils i.e. 5.5–6.5 (Focht 1979, 

Bandara et al. 2005). The contents of calcium, magnesium and phosphates were found under permissible limits 

while nitrates were found to be less in all samples as shown in table 1. Decrease in nitrate content in our study 

can be attributed to its sandy texture as reported earlier (Gaines & Gaines 1994). Other important factor which 

can be responsible for low nitrates in agricultural soils can be successive cultivation as reported by Eyayu et al. 

(2009). Also, high nitrate contents in different agricultural soils were reported in previous studies (Rai et al. 

2011). The potassium content was found in the range of 0.12–0.35 mg.g-1 while sodium ranged from 0.07–0.39 

mg.g-1 in all soil samples studied. Almost similar results for potassium and sodium were earlier reported by 

Udotong et al. (2008) in soils of wetlands of Eket, Nigeria. Soil textural composition of different soil samples 

showed higher concentration of sand followed by clay whereas the concentration of silt was found to be very 

low. The same variation in soil texture of different soils has also been reported earlier (Mohapatra et al. 1996). 

Similarly, many other authors also reported lower clay content in cultivated lands (Eyayu et al. 2009, Mojiri et 

al. 2012) might be due to selective removal of clay from the surface by erosion. 

Heavy metals 

The total concentrations of the heavy metals in agricultural soils are shown in table 1. These are important 

and very essential micronutrients required for healthy plant growth (Delbari & Kulkarni 2011). Both manganese 

and zinc were found high but under safe limits (Awashthi 2000). Similar results were reported in agricultural 

Table 2. Activity of different anti-oxidative enzymes in onion bulbs treated with different agricultural soil samples. 

Sites 

Catalase (CAT) 

(U min
-1.mg

-1.g-1
 

.protein
-1

) 

Superoxide 

Dismutase (SOD) 

 (U min
-1.mg.g-1

 

.protein
-1

) 

Glutathione-S-

Transferase (GST) 

(U min
-1.mg

-1.g-1
 

.protein
-1

) 

Ascorbate 

Peroxidase (APX) 

(U min
-1.mg

-1.g-1
 

.protein
-1

) 

Dehydroascorbate 

Reductase (DHAR) 

(U min
-1.mg

-1.g-1
 

.protein
-1

) 

NC* 0.23±0.031 1091±98.84 0.26±0.055 0.60±0.175 0.37±0.062 

S1 0.50±0.024 459.40±58.58 0.87±0.054 0.16±0.012 0.86±0.013 

S2 0.39±0.035 493.40±104.4 0.47±0.018 0.11±0.023 0.59±0.025 

S3 0.15±0.011 917.60±370.6 0.52±0.010 0.47±0.185 0.64±0.022 

S4 0.15±0.009 845.50±242.4 0.35±0.027 0.16±0.016 0.42±0.031 

Note: NC- Negative control (washed sand); U- Units; S1- Soil sample from Vill Heir, Amritsar; S2- Soil sample from 

Vill, Akalgarh, Dhapian, The. Baba Bakala, Amritsar; S3- Soil sample from Dera Ramdass, Amritsar; S4- Soil sample 

from Chabba Village, Amritsar. 
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soils of Abobo area, Western Ethopia (Yitbarek et al. 2013). The concentration of Copper (Cu), lead (Pb) and 

nickel (Ni) were found to be in permissible limits. Cadmium (Cd) was found much higher as compared to its 

safe limits required for any agricultural soil as given by Awashthi (2000). As cadmium is highly soluble in soil 

and is extremely toxic in its nature so its presence in the soil is totally undesirable and harmful. In present study, 

the increase in cadmium can be due to excessive use of phosphate based fertilizers containing high content of 

Cd as earlier reported by McLaughlin et al. (1996). Moreover, many scientists in the past studies had witnessed 

significant increases in cadmium in fertilized soils as compared to unfertilized ones (Williams & David 1973, 

Mann et al. 2002). High cadmium toxicity/stress may sometimes leads to death of plants as reported in seedlings 

of bean (Mo & Li 1992). High amounts of heavy metals especially Cd and Pb in the plants adversely affect the 

absorption and transport of essential elements, disturb the metabolism, and showed direct impact on growth and 

reproduction (Xu & Shi 2000). Metal uptake by plants can be affected by metal concentration in soils, soil pH, 

cation exchange capacity, organic matter content, types and varieties of plants, and plant age (Alloway & Davies 

1971). 

Genotoxic potential  

In case of genotoxicity study, different types of physiological (stickiness, delayed anaphase, vagrants, 

laggards) and clastogenic (chromosomal breaks, bridges) chromosomal aberrations were observed following 

treatments (in-situ and root dip) with different soil samples studied using Allium cepa assay (Fig. 2 & 3). Lah et 

al. (2008) also evaluated the genotoxicity of soil from six different sites of agricultural and industrial areas using 

Tradescantia MCN assay. In present study, genotoxicity has shown negative correlation with lead and positive 

with sodium content in the soil (Table 3). Since, lead is not soluble in water, thus it can be possible that lead is 

not fully translocated into plant system. Due to increase in sodium content, lead can be possibly replaced by 

sodium (important nutrient) which reached plant easily. Besides, the mobility, solubilty and bioavailability of 

lead in soil is largely controlled by complex interactions governed by several biogeochemical factors (Dumat et 

al. 2006, Kopittke et al. 2008, Lawal et al. 2010, Vega et al. 2010, Arias et al. 2010, Bi et al. 2010, Liu et al. 

2010), which may resist the availability of lead in the plants. So this may be the main reason that present soils 

under study do not showed lead toxicity and thus induced moderate genotoxic effect in all soil samples. 

 
Figure 2. Percent aberrant cells in Allium cepa root tips following in situ and root dip treatment. 

It was reported that heavy metals show deleterious effects on cell division of plants (Mo & Li 1992). Duan 

& Wang (1995) observed in his study that when beans were treated with low doses of  Cd, Pb and Zn, the period 

of cell division elongates while with increased dose period remain shorter. Genotoxicity caused by heavy metals 

in plants affects the synthesis and the duplication of DNA and chromosomes by inducing different chromosomal 

aberrations. Pohren et al. (2013) also reported different types of chromosomal abnormalities in barley and A. 

cepa under heavy metals stress respectively. In our study cadmium was found higher than the safe limits as 

compared to other toxic metals. Cadmium generally has a capability to bind with the nucleotides causing direct 

damage to DNA by modifications in base structure and ultimately leads to lesions, DNA strand breaks, 

exchanges of sister chromatids, destruction of DNA-proteins crosslinks, effect on activity of different anti-

oxidative enzymes and inhibition of DNA repair enzymes (Badisa et al. 2007, Lin et al. 2007, Markovska et al. 

2009, Unyayar et al. 2010).  The same results were observed  by Zhao & Mo (1997) in his study where he found 
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that continuous exposure of beans, garlic and A. cepa with Cd, Pb, Hg resulted in different mitotic abnormalities 

viz., polyploidy, C-karyokinesis, chromosomal bridges, rings, fragments, chromosomal fusion, micro-nucleated 

cells and nuclear decomposition. 

 
Figure 3. Allium cepa root tip cells treated with different soil samples showing spectrum of aberrations: A–C, 

Normal stages of cell division; D–I, Different types of chromosomal aberrations. 

Anti-oxidative enzymes 

A very common deleterious effect of pollutants is to produce high amounts of free radicals and other reduced 

oxygen species. In plants, the main sources of ROS (reactive oxygen species) production include pathogens, 

heavy metals, herbicides, air pollutants, drought and UV-B rays. ROS has been identified as the superoxide 

radical (O2-), hydroxyl radical (-OH), hydroperoxyl radical (HO2*), hydrogen peroxide (H2O2), alkoxy radical 

(RO˙), singlet oxygen (1O2) and excited carbonyl (RO*) which are found to be highly cytotoxic to plants 

(Karuppanapandian et al. 2011, Vellosillo et al. 2010). ROS production and removal must be controlled strictly 

in order to avoid oxidative stress in plants. High levels of these reactive oxygen species can cause irreplaceable 

damage to biomolecules such as lipids, proteins and DNA. Plants possess complex anti-oxidative defence 

system which comprised of enzymatic (SOD, CAT, APX, GST, DHAR, MDHAR, detoxifying lipid 

peroxidation (LP) products like ascorbate and glutathione) and non-enzymatic (tocopherols, carotenoids and 

phenols) components which play very important role in scavenging these ROS. These systems are mostly 

located in organelles like chloroplasts, mitochondria and peroxisomes. Enzymatic components can convert the  
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potentially harmful superoxide radical and hydrogen peroxide to water and molecular oxygen, thus preventing 

cellular damage (Scandalios 2005).  

Catalase showed low activity in two sites (S3 and S4) while high in other two sites (S1 and S2) as compared 

to control. Heavy metal stress leads to accumulation of H2O2 that can result in inactivation of catalase activity 

(Olteanu et al. 2011). Decrease in CAT activity with high content of cadmium was reported by Fornazier et al. 

(2002) and Sandalio et al. (2001). Dey et al. (2007) also reported a decline in CAT activity in wheat seedlings 

grown in the presence of cadmium chloride and lead nitrate and Allium cultivars under the stress of soil moisture 

respectively. Vitoria et al. (2001) determined increase in CAT activity in radish following exposure to high 

cadmium concentrations. Increase in CAT activity is adapted possibly to overcome the damage caused to tissue 

metabolism by toxic levels of reducing H2O2 (Karuppanapandian et al. 2011). These two reports confirmed that 

in present soils studied, cadmium may be the main culprit which leads to this type of CAT nature. Other reports 

stated that other than heavy metals, salinity and drought conditions may be the other reasons for decrease in 

CAT activity (Boo & Jung 1999, Karuppanapandian & Manoharan 2008, Hojati et al. 2010). 

Superoxide dismutase activity was found lower in present study. Similar reduction in activity of SOD was 

earlier reported in pine roots due to cadmium toxicity (Schutzendubel et al. 2001). Contradictory to our results, 

Sharma et al. (2010) found increase in activity of SOD in plants of family Brassicaceae in response to heavy 

metal stress whereas Dixit et al. (2001) reported similar findings in pea roots and leaves. It was reported that 

cadmium increases the binding of metal ions to sulphydryl group of enzymes which ultimately increase the 

phytotoxicity of metals (Van Assche & Clijsters 1990) and resulted in low activity of SOD (Somashekaraiah et 

al. 1992, Guan et al. 2009). In another study, inefficiency of SOD in ROS scavenging has reported in rice crops 

under water deficit conditions (Boo & Jung 1999). Therefore in our study cadmium can be one of the factors 

that played a major role in inducing low activities of SOD.  

The activity of gluthione-S-transferase (GST) was found high as compared to control in the present study. 

According to Marrs (1996), GST is involved in detoxification of herbicides, heavy metals and pathogen attack. 

Fatima & Ahmad (2005) also determined increase in GST activities in A. cepa under high stress of heavy 

metals. During stress conditions, lipid peroxidation products like hydroperoxides, epoxides, organic 

hydroperoxides and oxidative products of DNA degradation acts as substrates for GST. All these products get 

conjugated to glutathione and ultimately detoxified and get stored in vacuoles of cytosol. High activity of 

scavenging these toxic peroxidation products in barley vacuoles via GST were described earlier (Tommasini et 

al. 1993). Apart from this, ascorbate peroxidase also mediated this conjugation and detoxification of oxidized 

glutathione to unsaturated phenylpropanoids (cinnamic and coumaric acids) in plants (Dean & Devarenne 

1997). 

All soils studied showed low activity of ascorbate peroxidase (APX). Perioxidase catalyses the oxidation of 

phenols, amines and act as biomarkers of sublethal toxicity caused by heavy metals so called as stress enzyme 

(Zhang et al. 2007). Low activity of APX with exposure to high content of cadmium in pine roots was reported 

earlier (Schutzendubel et al. 2001). According to Schutzendubel & Polle (2002), cadmium induced inhibition 

can be associated with high H2O2 accumlation and growth retardation as he reported in popular roots. Fatima & 

Ahmad (2005) observed increase in APX activity in A. cepa under high stress of heavy metals. Boo & Jung 

(1999) reported low activity of APX in detoxification of ROS in rice under water deficit conditions. Increase in 

DHAR levels as compared to control were observed in our study. Increase in DHAR activity was previously 

reported in many plants in response to stresses like drought, metal toxicity and chilling effect (Sharma & Dubey 

2005 & 2007, Yoshida et al. 2006, Maheshwari & Dubey 2009). Contradictory to our findings, Fatima & 

Ahmad (2005) reported no significant change in DHAR activity in A. cepa under high stress of heavy metals. 

CONCLUSION 

Present study showed clearly that cadmium act as one of the major factor governing genotoxicity in A. cepa 

root tip cells by induction of different mitotic abnormalities and showed significant variations in the antioxidant 

enzymes of A. cepa. It can be emphasized that the A. cepa test system responds to contaminants that are existing 

in the areas of study. A. cepa test system was found to be quick, simple, highly sensitive and capable of 

identifying genotoxicity of soil samples. This test system can be used as useful biomarker/ indicator for the 

detection of pollutants in the any ecosystems viz., air, water and soil. This information can be used for 

generating developmental strategies for soil management and as well as in implementation of risk assessment 

procedures in future. 

ACKNOWLEDGEMENTS 



Kaur et al. (2014) 1(3): 49–61 

. 

www.tropicalplantresearch.com  58 

 

Thanks are due to University Grants Commission (UGC) for financial assistance. The authors wish to thank 

Dr. P.S Ahuja, Director, Institute of Himalayan Bioresource Technology (IHBT) for permission to carry out 

heavy metal analysis. 

REFERENCES 

Achazi RK (2002) Invertebrates in risk assessment development of a test battery and of short term biotests for 

ecological risk assessment of soil. Journal of Soils & Sediments 2: 174–178. 

Aebi H (1984) Catalase in Vitro. In: Colowick SP, Kaplan NO (eds) Methods in Enzymology. Acadamic Press, 

Florida. 105, U.S.A., pp. 114–121. 

Agnihotri NP (1999) Pesticides: safety evaluation and monitoring. AICRP on Pesticide Residues: Division of 

Agricultural Chemicals, Indian Agricultural Research Institute, New Delhi, pp. 1–173. 

Alloway BJ & Davies BE (1971) Trace element content of soils affected by base metal mining in Wales. 

Geoderma 5: 197–208. 

Arias JA, Peralta-Videa JR, Ellzey JT, Ren M, Viveros MN & Gardea-Torresdey JL (2010) Effects of Glomus 

deserticola inoculation on Prosopis: enhancing chromium and lead uptake and translocation as confirmed by 

X-ray mapping, ICP-OES and TEM techniques. Environmental & Experimental Botany 68: 139–148. 

Awashthi SK (2000) Prevention of Food Adulteration Act No. 37 of 1954. Central and State Rules as Amended 

for 1999; Ashoka Law House: New Delhi, India, pp. 2000. 

Badisa VLD, Latinwo LM, Odewumi CO, Ikediobi CO, Badisa RB, Ayuk-Takem LT, Nwoga J & West J 

(2007) Mechanism of DNA Damage by Cadmium and Interplay of Antioxidant Enzymes and Agents. 

Environmental Toxicology 22: 144–151. 

Bandara WMJ, Kumaragamage D, Wickramasinghe DB & Weerawarne SBA (2005) A site specific fertilizer 

management strategy to increase the rice yield in LCIZ. Journal of Soil Science Society of Sri Lanka 17: 32-

44. 

Bhatanagar VK (2001) Pesticides pollution: Trends and Perspectives, ICMR Bulletin 31: 187–88. 

Bi X, Ren L, Gong M, He Y, Wang L & Ma Z (2010) Transfer of cadmium and lead from soil to mangoes in an 

uncontaminated area, Hainan Island, China. Geoderma 155: 115–120. 

Birkeland PW (1999) Soils and Geomorphology Vol 164 (3rd edition). New York: Oxford University Press, 

U.S.A., pp. 772–773. 

Blakeslee TR (2010) Greening deserts for carbon credits. Available from: 

http://www.renewableenergyworld.com/rea/news/article/2010/02/greening-deserts-for-carbon-credits 

(accessed: 23 Oct. 2012). 

Bolognesi C (2003) Genotoxicity of pesticides: A review of human biomonitoring studies. Mutation Research 

543: 251–272. 

Boo YC & Jung J (1999) Water deficit-induced oxidative stress and antioxidtive defences in rice plants. Journal 

of Plant Physiology 155: 255–261. 

Cabrera GL & Rodriquez DMG (1999a) Genotoxicity of soil from farm land irrigated with wastewater using 

three plant bioassays. Mutation Reserach 426: 211–214. 

Cabrera GL & Rodriquez DMG (1999b) Genotoxicity of leachates from a landfill using three plant bioassays. 

Mutation Research 426: 207–210. 

Castillo MD & Torstensson L (2007) Effect of biobed composition moisture, and temperature on the 

degradation of pesticides. Journal of Agriculture and Food Chemistry 55: 5725–5733.  

Chand P, Sharma R, Prasad R, Sud RK & Pakade YB (2011) Determination of essential and toxic metals and its 

transversal pattern from soil to Tea Brew. Food and Nutrition Sciences 2: 1160–1165. 

Dalton DA, Russell SA, Hanus FJ, Pascoe GA & Evans HJ (1986) Enzymatic reactions of ascorbate and 

glutathione that prevent peroxide damage in soybean root nodules. Proceedings of the National Academy of 

Sciences 83: 3811–3815. 

Dawaki UM, Dikko AU, Noma SS & Aliyu U (2013) Heavy Metals and Physicochemical Properties of Soils in 

Kano Urban Agricultural Lands. Nigerian Journal of Basic and Applied Sciences 21: 239–246. 

Dean JV & Devarenne TP (1997) Peroxidase-mediated conjugation of glutathione to unsaturated 

phenylpropanoids-evidence against glutathione S-trasferase involvement. Physiologia Plantarum 99: 271–

278. 

Delbari SA & Kulkarni DK (2011) Seasonal varations in heavy concentrations in agricultural soils in Teheran-

Iran. Bioscience Discovery 2: 333–340. 



Kaur et al. (2014) 1(3): 49–61 

. 

www.tropicalplantresearch.com  59 

 

Dey SK, Dey J, Patra S & Pothal D (2007) Changes in the antioxidative enzyme activities and lipid peroxidation 

in wheat seedlings exposed to cadmium and lead stress. Brazilian Journal of Plant Physiology 19: 53–60. 

Deyn GBD & Van der Putten WH (2005) Linking aboveground and belowground diversity. Trends in Ecology 

& Evolution 20: 625–633. 

Dixit V, Pandey V & Shyam R (2001) Differential oxidative responses to cadmium in roots and leaves of pea 

(Pisum sativum L cv. Azad). Journal of Experimental Botany 52: 1101–1109. 

Duan C & Wang H (1995) Studies on the cell gene-toxicity of heavy metals to beans and micro-nuclear 

techniques. Acta Botanica Sinica 37: 14–24. 

Dumat C, Quenea K, Bermond A, Toinen S & Benedetti MF (2006) Study of the trace metal ion influence on 

the turnover of soil organic matter in cultivated contaminated soils. Environmental Pollution 142: 521–529. 

Eyayu M, Heluf  G, Tekaliign M & Mohammed A (2009) Effects of land-use change on selected soil properties 

in the Tera Gedam Catchment and adjacent agroecosystems, north-west Ethiopia. Ethiopian Journal of 

Natural Resources 11: 35–62. 

Fatima RA & Ahmad M (2005) Certain antioxidant enzymes of Allium cepa as biomarkers for the detection of 

toxic heavy metals in wastewaters. Science of the Total Environment 346: 256–273. 

Focht DD (1979) Microbial kinetics of nitrogen losses in flooded soils. In: Nitrogen and Rice. International Rice 

Research Institute, Manila, Philippines. pp. 119–135. 

Fornazier RF, Ferreira RR, Vitória AP, Molina SMG, Lea PJ & Azevedo RA (2002) Effects of cadmium on 

antioxidant enzyme activities in sugar cane. Plant Biology 45: 91–97. 

Gaines TP & Gaines ST (1994) Soil texture effect on nitrate leaching in soil percolates. Communications in Soil 

Science and Plant Analysis 25: 2561–2570. 

Guan Z, Chai T, Zhang Y, Xu J & Wei W (2009) Enhancement of Cd tolerance in transgenic tobacco plants 

overexpressing a Cd-induced catalase cDNA. Chemosphere 76: 623–630. 

Gupta PK (2004) Pesticide exposure-Indian scene. Toxicology 198: 83–90. 

Habig WH, Pabst MJ & Jakoby WB (1974) Glutathione S-Transferases. The first enzymatic step in mercapturic 

acid formation. The Journal of Biological Chemistry 249: 7130–7139. 

Hansen J, Sato M, Kharecha P, Beerling D, Berner R, Masson-Delmotte V, Pagani M, Raymo M, Royer DL and 

Zachos JC (2008) Target atmospheric CO2: Where should humanity aim? The Open Atmospheric Science 

Journal 2: 217–231.  

Hojati M, Modarres-Sanavy SAM, Karimi M & Ghanati F (2010) Responses of growth and antioxidant systems 

in Carthamus tinctorius L. under water deficit stress. Acta Physiologiae Plantarum 33: 105–112. 

Karuppanapandian T & Manoharan K (2008) Uptake and translocation of tri- and hexa-valent chromium and 

their effects on black gram (Vigna mungo L. Hepper cv. Co4) roots. Journal of Plant Biology 51:192–201. 

Karuppanapandian T, Wang HW, Prabakaran N, Jeyalakshmi K, Kwon M, Manoharan K & Kim W (2011) 2,4-

dichlorophenoxyacetic acid-induced leaf senescence in mung bean (Vigna radiata L. Wilczek) and 

senescence inhibition by co-treatment with silver nanoparticles. Plant Physiology and Biochemistry 49: 168–

177. 

Kono Y (1978) Generation of superoxide radical during auto oxidation of hydroxylamine and an assay for 

superoxide dismutase. Archives of Biochemistry and Biophysics 186: 189–195. 

Kopittke PM, Asher CJ, Kopittke RA & Menzies NW (2008) Prediction of Pb speciation in concentrated and 

dilute nutrient solutions. Environmental Pollution 153: 548–554. 

Lah B, Vidic T, Glasencnik E, Cepeljnik T, Gorjanc G & Logar RM (2008) Genotoxicity evaluation of water 

soil leachates by Ames test, comet assay, and preliminary Tradescantia micronucleus assay. Environmental 

Monitoring and Assessment 139: 107–118. 

Lal R (2004) Soil carbon sequestration impacts on global climate change and food security. Science 304: 1623–

1627.  

Lander F, Knudsen LE, Gamborg MO, Jarventaus H & Norppa H (2000) Chromosome aberrations in pesticide-

exposed green house workers. Scandinavian Journal of Work, Environment & Health 21: 283–288. 

Lawal O, Sanni A, Ajayi I & Rabiu O (2010) Equilibrium, thermodynamic and kinetic studies for the 

biosorption of aqueous lead (II) ions onto the seed husk of Calophyllum inophyllum. Journal of Hazardous 

Materials 177: 829–835. 

Lin A, Zhang Xu, Chen Mei & CAO Q (2007) Oxidative stress and DNA damages induced by cadmium 

accumulation. Journal of Environmental Sciences 19: 596–602.  



Kaur et al. (2014) 1(3): 49–61 

. 

www.tropicalplantresearch.com  60 

 

Liu X, Peng K, Wang A, Lian C & Shen Z (2010) Cadmium accumulation and distribution in populations of 

Phytolacca americana L. and the role of transpiration. Chemosphere 78: 1136–1141. 

Longwell TJ, Parks WL & Springer ME (1963) Moisture characteristics of Tennessee Soils. University of 

Tennessee Agricultural Experiment Station Bulletins 367, pp. 46. (Available from: 

http://trace.tennessee.edu/utk_agbulletin/303). 

 Lowry OH, Rosebrough NJ, Farr A & Randall RJ (1951) Protein measurement with the Folin phenol reagent. 

The Journal of Biological Chemistry 193: 205–220. 

Maheshwari R & Dubey RS (2009) Nickel-induced oxidative stress and the role of antioxidant defence in rice 

seedlings. Plant Growth Regulation 59: 37–49. 

Mann SS, Rate AW & Gilkes RJ (2002) Cadmium accumulation in agricultural soils in Western Australia. 

Water, Air, & Soil Pollution 141: 281–297. 

Markovska YK, Gorinova NI, Nedkovska MP & Mtteva KM (2009) Cadmium-induced oxidative damage and 

antioxidant responses in Brassica juncea plants. Biologia Plantarum 53(1): 151–154. 

Marrs KA (1996) The functions and regulations of glutathione S-transferases in plants. Annual Review of Plant 

Physiology and Plant Molecular Biology 47: 127–158. 

McLaughlin MJ, Tiller KG, Naidu R & Stevens DP (1996) Review: The behavior and environmental impact of 

contaminants in fertilizers. Australian Journal of Soil Research 34: 1–54. 

Mo W & Li M (1992) Effects of Cd on the cell division of root tip in bean seedlings. Bulletin of Botany 9: 30–

34. 

Mohapatra D, Das B, Sahoo PK & Chakraborthy V (1996) Metal pollution in harbor sediments of Pardip port, 

East coast of India. Indian Journal of Environmental Protection 16: 724–729. 

Mojiri A, Aziz HA & Ramaji A (2012) Potential decline in soil quality attributes as a result of land use change 

in a hillslope in Lordegan, Western Iran. African Journal of Agricultural Research 7: 577–582. 

Mulugeta L, Karltun E & Olsson M (2005) Assessing soil chemical and physical property responses to 

deforestation and subsequent cultivation in smallholders farming system in Ethiopia. Agriculture, 

Ecosystems & Environment 105: 373–386. 

Nakano Y & Asada K (1987) Purification of ascorbate peroxidase from spinach chloroplasts: its activation in 

ascorbate-depleted medium and reactivation by mono-dehydroascorbate radical. Plant and Cell Physiology 

28: 131–140. 

Olteanu Z, Oprica L, Truta E & Zamfirache MM (2011) Behaviour of antioxidative enzymes and of soluble 

protein in wheat seedlings after lead-induced stress.  Annals of the ''Alexandru Ioan Cuza'' University Sect.II 

a. Genetics and Molecular Biology 01/2011; 12(2): 75–85.  

Pohren RdeS, da Costa TC & Vargas VMF (2013) Investigation of sensitivity of the Allium cepa test as an alert 

system to evaluate the genotoxic potential of soil contaminated by heavy metals. Water Air Soil Pollution 

224: 1460. 

Rai S, Chopra AK, Pathak C, Sharma DK, Sharma R & Gupta PM (2011) Comparative study of some 

physicochemical parameters of soil irrigated with sewage water and canal water of Dehradun city, India. 

Archives of Applied Science Research 3: 318–325. 

Rekha SN & Prasad RN (2006) Pesticide residue in organic and conventional food–risk analysis. Chemical 

Health and Safety 13: 12–19. 

Sandalio LM, Dalurzo HC, Gomez M, Romero-Puertas MC & del Río LA (2001) Cadmium- induced changes in 

the growth and oxidative metabolism of pea plants. Journal of Experimental Botany 52: 2115–2126. 

Scandalios JG (2005) Oxidative stress: molecular perception and transduction of signals triggering antioxidant 

gene defenses. Brazilian Journal Of Medical and Biological Research 38: 995–1014. 

Schutzendubel A & Polle A (2002) Plant responses to abiotic stresses: heavy-metal induced oxidative stress and 

protection by mycorrhization. Journal of Experimental Botany 53: 1351–1365. 

Schutzendubel A, Schwanz P, Teichmann T, Gross K, Langenfeld-Heyser R, Godbold A & Polle A (2001) 

Cadmium-induced changes in antioxidative systems, H2O2 content and differentiation in pine (Pinus 

silvestris) roots. Plant Physiology 127: 887–898. 

Sharma I, Pati PK & Bhardwaj R (2010) Regulation of growth and antioxidant enzyme activities by 28-

homobrassinolide in seedlings of Raphanus sativus L. under cadmium stress. Indian Journal of Biochemistry 

& Biophysics 47: 172–177. 

Sharma P & Dubey RS (2005) Lead toxicity in plants. Brazillian Journal of Plant Physiology 17: 35–52. 



Kaur et al. (2014) 1(3): 49–61 

. 

www.tropicalplantresearch.com  61 

 

Sharma P & Dubey RS (2007) Involvement of oxidative stress and role of antioxidative defense system in 

growing rice seedlings exposed to toxic concentrations of aluminium. Plant Cell Reports 26: 2027–2038. 

Somashekaraiah BV, Padmaja K & Prasad ARK (1992) Phytotoxicity of cadmium ions on germinating 

seedlings of mung bean (Phaseolus vulgaris): involvement of lipid peroxides in chlorophyll degradation. 

Physiologia Plantarum 85: 85–89. 

Srinavas K & Kumar S (2001) Physico-chemical characteristics of agricultural soils of Vishakhapatnam. Indian 

Journal of Environmental Protection 21: 822–824. 

Tommasini R, Martinoia E, Grill E, Dietz KJ & Amrhein N (1993) Transport of oxidised glutathione into barley 

vacuoles: evidence for the involvement of glutathione S-conjugate ATPase. Zeitschrift für Ökologie und 

Naturschutz 48C: 867–871. 

Trivedi RK, Goel PK & Trisal CL (1985) Aquatic ecosystem. In: Practical Methods in Ecology and 

Environmental Sciences. Enviro Media Publications, Karad, India, pp. 57–113. 

Udotong IM, Joh OUM & Udotong IR, (2008) Microbiological and physicochemical studies of wetland soils in 

Eket, Nigeria. World Academy of Science, Engineering and Technology 20: 837–842. 

Unyayar S, Guzel Deger A, Celik A, Cekic, FO & Cevik, S (2010) Cadmium-induced antioxidant status and 

sister-chromatid exchanges in Vicia faba L. Turkish Journal of  Biology 34: 413–422. 

Van Assche F & Clijsters H (1990) Effects of metals on enzyme activity in plants. Plant, Cell & Environment 

13: 195–206. 

Vega F, Andrade M & Covelo E (2010) Influence of soil properties on the sorption and retention of cadmium, 

copper and lead, separately and together, by 20 soil horizons: comparison of linear regression and tree 

regression analyses. Journal of Hazardious Materials 174: 522–533. 

Vellosillo T, Vicente J, Kulasekaran S, Hamberg M & Castresana C (2010) Emerging complexity in reactive 

oxygen species production and signaling during the response of plants to pathogens. Plant Physiology 154: 

444–448. 

Vitoria AP, Lea PJ & Azevedo RA (2001) Antioxidant enzymes responses to cadmium in radish tissues. 

Phytochemistry 57: 701–710. 

Williams CH & David DJ (1973) The effect of superphosphate on the cadmium content of soils and plants. 

Australian Journal of Soil Research 11: 43–56. 

Xu Q & Shi G (2000) The toxic effects of single Cd and interaction of Cd with Zn on some physiological index 

of Oenanthe javanica (Blume) DC. Journal of Nanjing Normal University (Natural Science Edition) 23(4): 

97–100.  

Yitbarek T, Gebrekidan H, Kibret K & Beyene S (2013) Impacts of land use on selected physicochemical 

properties of soils of Abobo area, western Ethiopia. Agriculture, Forestry and Fisheries 2: 177–183. 

Yoshida S, Tamaoki M, Shikano T, Nakajima N, Ogawa D, Ioki M, Aono M, Kubo A, Kamada H, Inoue Y & 

Saji H (2006) Cytosolic dehydroascorbate reductase is important for ozone tolerance in Arabidopsis 

thaliana. Plant Cell Physiology 47: 304–308.  

Zhang F, Wang Y, Lou Z & Dong J (2007) Effect of heavy metal stress on antioxidative enzymes and lipid 

peroxidation in leaves and roots of two mangrove plant seedlings (Kandelia candel and Bruguiera 

gymnorrhiza). Chemosphere 67: 44–50. 

Zhao B & Mo H (1997) Detoxification of ascorbic acid and molysite on the root growth of garlic under 

cadmium pollution. Journal of Wuhan Botanical Research 15: 167–172. 

Zwietan VL (2004) Impacts of fertilizers on soil biota. In: Lines-Kelly R (ed) Soil Biology in Agriculture. 

Proceedings of a workshop on current research into soil biology in agriculture. Department of Primary 

Industries. Tamworth, NSW, pp. 72–79. 


