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ABSTRACT

The present study evaluates the genotoxic potential of different soil samples collected from rice fields employing
Allium cepa root chromosomal aberration assay using in situ and root dip modes of treatment. The study also
invol ves assessment of oxidative stress by analyzing responses of certain antioxidative enzymes viz. catalase (CAT),
ascorbate peroxidase (APX), glutathione reductase (GR), glutathione-Stransferase (GST), superoxide dismutase
(SOD), guaicol peroxidase (POD) and dehydroascorbate reductase (DHAR) in A.cepa bulbs exposed to soils.
Besides these, estimation of various physico-chemical parameters including metals was also carried out. All the
parameters were shown to vary among different soil samples studied. Exposure of onion bulbs to soil samples
resulted in induction of different types chromosomal aberrations (physiological and clastogenic). The activities of
different antioxidative enzymes in A. cepa bulbs exposed to different soil samples was found to be higher for CAT,
APX, GST, DHAR, SOD and lower for POD and GR than those observed for control bulbs.
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INTRODUCTION

Soil has a complex nature that depends on its palysihemical and biological composition, represena dynamic
interface between atmosphere, hydrosphere andh®ospin densely populated regions, soil may beéarnimated
as a result of discharges from industries, by déimsswage, from metallurgical activities, by veliar emissions,
and application of fertilizers and pesticides. Onoetaminants enter the soil, they may stay tfmra long period
or may slowly percolate to other compartments ground water as leachates, surface water bodiaseoffs, and
the atmosphere as dust particles. Metals havenattajreat attention in this respect as some maynadate in
agricultural soils and via consumption of contartedafood crops can enter human beings [1]. Forox@mtlogical
assessments, plant bioassays have gained atteht®mo the fact that plants are readily availabild aasier to
handle than animals [2]. Among different plant Isigays, theA. cepa root chromosomal aberration assay is
routinely used to evaluate the genotoxic potembfalchemicals in the environment [3]. Enzymes inealvin
detoxification, in particular antioxidative enzymesay serve as markers of environmental pollutignlf has been
shown in several studies that some metals may caxgkative stress by intervening with the actistief
antioxidative enzymes [5-7]. Stress induced by somtals may lead to changes in the activities dDSGR, CAT,
APX and DHAR [8].
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The present study was planned to investigate theuimiral soils of Amritsar, Punjab (India) undése cultivation

for genotoxicity and antioxidative defense respdngbeA. cepa test system. The study also comprised estimation
of various physico-chemical parametefg., pH, alkalinity, soil texture, bulk density, ammbncentrations of
nitrates, phosphates, potassium and me&talsron (Fe), manganese (Mn), zinc (Zn), nickel (NQpper (Cu), lead
(Pb), chromium (Cr) and cadmium (Cd).

EXPERIMENTAL SECTION

1.1.Study Area

The study area of the present investigation isdtbict of Amritsar, located in the northwestemrtpof the Punjab
(India), between 328'30" to 3903'15" north latitude and 729'30" to 7824'15" east longitude, with a population
of 2,490,700 and 778 villages [9].

1.2. Collection of samples

The soil samples were collected from 8 agricultfiedtls under rice cultivation during September 2@Bigure 1).
The samples were collected from 4-5 sites of egcit@tural field randomly by digging soil to deptii 15-20 cm
(10x10x20 crapproximately) and were pooled to make single sarnpthat site. All the samples were brought to
the laboratory, dried at room temperature for 72nd ground to fine powder with the help of morad pestle.
The samples were coded and 4-5 Kg of powdered il sample was packed in poly bags until further

investigation.
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Fig.1. Location of different regions of study
Source: CGWB/NWR (S. K. Singh) Do.N0.219/2008

1.3.Chemicals

The chemicals for physico-chemical analyses wetaioéd from Sisco Research Laboratories (Mumbalial
Loba Chemie (Mumbai, India), and Spectrochem (Munbadia). The chemicals for genotoxicity study wer
obtained from Spectrochem, Thomas and Baker Chdsni®ddumbai, India), and Qualigen Fine Chemicals
(Mumbai, India). For the enzyme analyses, substratel reagents were obtained from Himedia (Munlbdia).
Bulbs ofA. cepa were purchased from a local market.

1.4. Estimation of physico-chemical parameters

The physico-chemical propertiegz., pH, calcium, alkalinity, nitrates, phosphates,isodand potassium were
determined following standard protocols [10]. Seiture classification, based on fractions of sejpparates (sand,
silt and clay) present in a soil, was done usiegisg method. 20 g of soil sample was taken andgehthrough a
series of sieves of decreasing pore size. Theidractvere weighed individually. Soil texture wagetteined by
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calculating percentage of each fraction. The sdilaet was prepared by suspending soil in distilleder in ratio of
1:5 (w/v) and shaken on mechanical shaker for 18t room temperaturepH was measured bgH meter
(Systronics; model p pH system 36The parameters like alkalinity and calcium wereed®ined using titration
method. Nitrate$NOs) andphosphates (P®) were estimated usingldV-Visible spectrophotometeiSgstronics;
model GS5701A\ For estimation ofitratessoil extract was taken in a crucibleeated till dryness and cooled.
Phenol disulphonic acid was added in left residue the mixture was then diluted to 50 ml with deutistilled
water followed by the addition of ammonium hydraxig80%) and kept undisturbed for 15 min for deveiept of
yellow color. The optical density was recorded kging spectrophotometer at 410 nm and nitrate comers
calculated using standard calibration curve. Famedion of phosphates the ammonium molybdate aadnsus
chloride were added to the soil extract and keplistarbed for blue color development which showesl gresence
of phosphates and the optical density was reccati&@5 nm using calibrated standard graph curkie.contents of
sodium and potassium were estimated using flaméopteier ELICO; model CL 260 and concentrations were
estimated using calibration curves.

1.5. Atomic absorption spectrophotometric method for meal analysis

1 g soil sample was digested in glass digestioa aftl250 ml with 15 ml of nitric acid (HN{pat 140°C for 2 h in
digestion chamber. The content was evaporatedytoeds. The dried sample was treated with 3 ml oftperic
acid (HCIQy) for further oxidation at 240°C for 1h. After digjeon, the content was cooled; filtered and finalwne
was made up to 50 ml with double distilled wated][1Metals were analyzed using atomic absorption
spectrophotometer (Shimadzu model AA 6300, Tokgpah).

2.6. Estimation of genotoxic potential

2.6.1. A. cepa root chromosomal aberration assay

Two modes of treatment were employeid,, in situ and root dipln situ conditions were simulated by allowing the
denuded onion bulbs to root directly in soil sarsptentained in pots for 24 - 48 h. Sand was usedegstive
control. For root dip treatment the soil extractsrevprepared by suspending soil in distilled wateratio of 1:2
(w/v) on shaker for 12 h and then filtered [12].heTfiltered extract was considered as 100 % anferdift
concentrations (20, 40, 60, 80 and 100%) of sditaex were made. The denuded onion bulbs were ¢lace
Couplin jars containing distilled water for rootingfter 24 - 48 h, the emerged roots of about 0150-cm length
were treated for 3 h by placing them on treatmeand fontaining different concentrations of each egfract.
Distilled water was used as negative control.

2.6.2. Cytological investigations

After treatment, the bulbs were thoroughly washedt tips were plucked and fixed in Farmer’s flgg#acial acetic
acid : ethanol: 1:3) for 24 h and preserved in 76tB@anol till further use. The fixadot tips were hydrolyzed in 1N
HCI with intermittent heating for 1 min at 60°C athe:n transferred to a watch glass containing méxaf 1 N HCI
and aceto-orcein (1:9). The root tips in watch glagre heated intermittently for 3 - 5 min usingrispamp,
covered and kept aside undisturbed for 15-20 m&h. [Then the root tips were squashed in a drop58b 4jlacial
acetic acid. The slides were observed for diffetgpes of chromosomal aberrations. About 900-9%@tig cells
from 9 root tips (~ 100 cells/root tip) were scar@thotomicrographs were taken with the help ofgitali camera
(Olympus-E520) fixed on microscope (Magnus- ML)ijat was connected to a computer in order to trabspo
images.

2.7.Estimation of antioxidative enzymes

CAT, APX, GR, SOD, POD and DHAR were assayed iroorbulbs exposed to agricultural soil samples fbh7
The denuded onion bulbs were placed on soil sanggletined in pots which were kept in a seed geatoimin the

darkness at about 5. The protocol of Fatima and Ahmad (2005) wasofetid. A. cepa bulbs after 72 h of
treatment were cut into small pieces with the h@isharp knife and 1 g of sample was homogenizdd thie

chilled sodium phosphate buffer (50 mM , pH 7.0xipre-chilled mortar and pestle. The homogenats d¢ibtained
was centrifuged at 8,000 rpm for 20 min al@ The onion bulb extract was further used for wibeation of

antioxidant enzymes and proteins as described byn&het al [14].

2.7.1. Protein quantification

Total protein content of treated as well as una@at cepa bulbs was quantified by following the Lowry’s meth
[15] using bovine serum albumin as a standard. foke protein content was calculated as proteirignigesh
weight of the sample.
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2.7.2. Ascorbate peroxidase assay (APOX, EC 1.11.1.11)

The activity of ascorbate peroxidase was determgpeattrophotometrically according to the protocedatibed by
Nakano and Asada [16]. The enzymatic reaction méxtf 3.0 ml contained 50 mM potassium phosphaféebu
(pH 7.0), 0.1 mM EDTA, 0.5 mM ascorbate, 1.0 mMCsland 100ul of onion bulb extract. The 40, dependent
oxidation of ascorbate was followed by monitorihg tlecrease in absorbance at 290 nm for 3 minuf#s & and

enzyme activity was calculated using the extinctioafficient 2.8 mNf cmi*. One unit of APOX activity is defined
as the amount of enzyme that can oxidizerbl of ascorbate per minute.

2.7.3. Catalase assay (CAT, EC 1.11.1.6)

The activity of catalase was measured in termsititl rate of HO, disappearance or liberation of Oaccording
to the protocol of Aebi [17]. The enzymatic reantimixture of 3.0 ml contained 50 mM potassium pinage buffer
(pH 7.0), 15 mM HO, and 100ul onion bulb extract. The decrease in hydrogeroxide was followed and
catalase activity was estimated as decrease icabptensity at 240 nm for 30 s at 26 as a result of O,
decomposition . The enzyme activity was calculatsidg an extinction coefficient 39.4 mem’® for H,O,.

2.7.4. Dehydroascorbate reductase assay (DHAR, EC 1.8.5.1)

The enzymatic activity of dehydroascorbate redectaas measured according to the protocol of Dadtoal [18].
The enzymatic reaction mixture of 3.0 ml contaire® mM potassium phosphate buffer (pH 7.0), 0.2 mM
dehydroascorbate, 0.1 mM EDTA, 2.5 mM reduced thinae (GSH) and 100l of onion bulb extract. The DHAR
activity was measured by following the increasealysorbance at 265 nm due to formation of ascorhate
glutathione disulphide as their final product ab26n using extinction coefficient of 14 mMem™.

2.7.5. Glutathione reductase assay (GR, EC 1.6.4.2

The enzymatic activity of glutathione reductase wesisured using oxidized glutathione (GSSG) adatsate and
decrease in NADPH was recorded according to théopob by Carlberg and Mannervik [19]. The enzymatic
reaction mixture of 3.0 ml contained 50 mM potassiphosphate buffer (pH 7.6), 1 mM oxidized glutatid
(GSSG), 0.5 mM EDTA, 0.1 mM reduced nicotinamiderade dinucleotide phosphate (NADPH) and 06nion
bulb extract. The absorbance of GR activity wassuead spectrophotometerically as oxidation of NAD&tH840
nm and enzyme activity was calculated using esitnatoefficient of 6.22 mi cm™.

2.7.6. Guaiacol peroxidase assay (POD, EC 1.11.1.7)

The enzymatic activity of guaiacol peroxidase wasasured using the protocol of Sanchez et al [2@h slight
moadifications. The enzymatic reaction mixture di &l contained 50 mM potassium phosphate buffer {gH, 20
mM guaiacol, 12.3 mM kD, and 100ul onion bulb extract. The absorbance of POD agtiwias measured at 436
nm, using an extinction coefficient of 26.6 MMm™*. One unit of POD activity represents the amounémfyme
catalyzing the oxidation of Ilmol of guaiacol in 1 min.

2.7.7. Superoxide dismutase assay (SOD, EC 1.15.1.1)

The enzymatic activity of superoxide dismutase wmasisured as the ability of the onion bulb extradgnhhibit the
photochemical reduction of nitroblue tetrazoliunB(N dye which is reduced to superoxide radicalgipoed from
autooxidation of hydroxylamine [21]. The enzymatiaction mixture of 3.0 ml contained 50 mM sodium
carbonate (pH 10.2), 20M NBT, 0.1 mM EDTA, 1 mM hydroxylamine, 0.03% (v/Wyiton X-100 and 7@l onion
bulb extract. The activity was calculated by redogdncrease in absorbance at 560 nm for 2 min. @vieof SOD
activity was defined as the amount of enzyme reglihat caused 50% of NBT reduction.

2.8. Statistical analysis

All experiments were conducted in triplicate, aradadwere analyzed by one-way analysis of variaAddQVA).

Pearson correlation coefficients (r) were calcalaad a correlation matrix was produced betweeralnoentent,
enzyme activities and genotoxicity. Significancesveansidered at four levels, i.@.< 0.05, p< 0.02,p < 0.01,
andp < 0.001).

RESULTS AND DISCUSSION
3.1.Physico-chemical analyses

Physico-chemical analysis constituted estimatioparameters like pH, alkalinity, contents of aalgj nitrates,
phosphates, sodium, potassium and soil texturswarenarized in Table 1.The pH of all agriculturail samples
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was found to be basic in nature and ranged from(RF4) to 8.1 (RF8). pH is an important parametdiciv
measures hydrogen ion concentration and depengisiyyaon the relative amount of the absorbed hyeinognd
hydroxyl ions. It indicates the chemical compasitand acidic or alkaline nature of soil. Moreosagailability of
nutrients is also directly influenced by pH of gal. Various anthropogenic activities result irane in pH of soll
and also enhance toxicity of soil. In this studye pH of all the agricultural soil samples was fdua be basic in
nature and the results were similar to previousnelpy [22]. who reported that pH of soil sampbediected from
sides of Al- Khums city ranged from 8.1 - 8.6. Sarly some other studies have also indicated baatare of
agricultural soils [23]. Alkalinity of soil measwsehe amount of carbonates, bicarbonates and higd®in soil and
is important in determining the fertility of soihd its impact on plant growth. In the present stulg alkalinity of
different soil samples. In the present study, atigi of different soil samples ranged from 5.3 &g (RF4) to
33.0 meg/kdRF2) and was similar to observations reported dnjiex studies [23]. Calcium is an essential pért o
plant cell wall structure which regulates the traors and retention of other elements in the plalitsontrols the
effect of alkali salts and organic acids within thlants. In present study, the calcium content iéfEr@nt soil
samples ranged from 48.1 g/kg (RF1) to 101.5 gR#l). Doi and Ranamukhaaracchchi [24] estimatedtmeent
of calcium of soil under paddy growth from diffetesillages of Thailand. The study revealed the icaiccontent to
range from 1.47 to 5.44 mgity all the samples studied. Nitrogen is one ofeéksential nutrients for healthy plant
growth. It acts as an important component of déifeémproteins, enzymes and metabolic processewiimg plants.
It is available in the form of ammonia and nitrades to the plants. The content of nitrates wasifboio range from
0.30 (RF1) — 0.62 g/kg (RF3) which is very low asnpared to other reports. Yao et al [25]. studredlibfluence of
sewage irrigation on agricultural soils of Chinaldaund the mean content of nitrates to be 653.@&gnand 514.
17 mg/kg for waste water and regular water irrigdtelds respectively. Phosphorous is the seconst ingportant
macronutrient after N and is essential for the fptgowth. It plays an important role for the dey@ttent of healthy
roots and fruits. It provides disease resistanaktisravailable to the plants in the form of phodphans. In the
present study, phosphate content of differentsaitiples ranged from 0.54 mg/g (RF2) to 2.13 mgkBjRAshraf
et al [26] also estimated the content of phosphatssils collected from Yusmarg hill resort, Kashiend found it
to range from 12 pg/g to 36ug/g in different s@hples. They are responsible for the plant's gbtlit resist
diseases and to survive in stress conditions. &oduinvolved in regeneration of phosphoenolpyrav@n anion
with high energy phosphate bond involved in biokgsts of various aromatic compounds) in Crassutadead
Metabolism (CAM). It helps in cation-anion exchangrocesses in sails. In the present study, saRp8&showed
minimum content (38 mg/kg) of sodium, where as mmaxn content (135 mg/kg) was found in soil sampl&8RF
Ashraf et al [26] also found the content of soditarrange from 4.5 mg/100g - 11.7 mg/100goils of Kashmir,
India. Potassium helps in the process of photoggih improves plant growth and provides resistaaganst
drought and crop diseases. The content (mg/kgptegsium observed in the present study was founahige from
8mg/kg (RF5) to 103 mg/kg (RF5) and was less aspewed to earlier reports [26]. Ashraf et al [26)aded the
content of potassium in soils of Kashmir, Indiaange from 5.0 mg/100g - 9.35 mg 100g. Soil textletermines
the relative proportion of different sized partlésand, silt and clay) present in soils. In thespnt study, the
analysis of textural composition of different sedmples revealed that content of sand in all smihples was
highest followed by clay and content of silt waswlow (< 2%). The content of sand, silt and ghayticles ranged
from 56.8 — 65.7%, 0.1 - 2.0% and 30.1 — 41.5 %aeetvely in rice cultivated agricultural fieldsshAraf et al [26]
estimated physico-chemical characteristics of lasgand soils of Yusmarg Hill resort (Kashmir,igjdand found
that major proportion comprised the sand fraction.

3.2. Metal content

Metals are ubiquitous in the environment and areoofsiderable concern. Although some are essdntialormal

plant growth and are constituent component of jpmstencluding enzymes but elevation in their conraion can
lead to interactions at cellular and molecular levesulting in various toxicity symptoms. Some atetalso
stimulate the inhibition of plant growth, formatiarf free radicals and reactive oxygen species nguskidative
stress. Studies concerning geochemical baseliree atabackground values of different metals in Indéails are
limited [27]. In the present study metal concemndrag showed significant variations between differagricultural

soil samples of Amritsar. The mean concentratiog/kg) of metals ranged from 2.4 (RF1) to 13.1 (RF&)

chromium, 14 (RF3) to 28.1 (RF8) for copper, 15F1) to 34.5 (RF7) for nickel, 53.4 (RF1) to 82RF@) for

zinc, 208 (RF5) to 458 (RF7) for manganese, 7 (R63)7.3 (RF2) for lead and 14.8 (RF3) to 20.5 (iR§7) for

iron (Table 2). Cadmium was not detectable for naisthe soil samples except RF3 (0.7 mg/kg) and R-8

mg/kg).The order of metals on the basis of theirteot in different soil samples was found to be-Fén > Zn > Ni

> Cu > Pb > Cr > Cd. Our results are in line withdy by Jalali and Hemati [28] who determined eomtof Cd,

Cu, Fe, Mn, Ni, Pb and Zn in agricultural top saifslsfahan province in central Iran and reporteat tFe (1240.4
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mg/kg) was the most abundant metal followed by(®,7 mg/kg), Pb (51.6 mg/kg), Zn (23.8 mg/kg),(l8.4 mg
kg'), Cu (7.0 mg/kg) and Cd (2.8 mg/kg). Concentratiof Cd and Zn however were found to be higher when
compared with mean metal limits recommended by Ue Interdepartmental Committee for Restoration of
Contaminated Land [29]. for Cd (1 mg/kg) and Zn (8§/kg) in soil used for agriculture and recreation the
contrary, this study revealed that concentratioRw{50 mg/kg) was within the limits given by ICRCAgricultural
soils of Amritsar showed contamination of soils dne or the other metal when compared to soilgledrgplaces of
India like Karnataka [30] and Delhi [31].

Table 1. Physiochemical parameters of agriculturaoils of Amritsar

Physiochemical parameters N=3
Sample code pH Alkalinity Calcium Nitrate Phosphate | Sodium | Potassium Soil textl_Jre (%)

(meg/kg) (g/kg) (g/kg) (mg/kg) (ma/kg) (mg/kg) | Sand | Silt | Clay
RF1 7.6+0.00] 31.6+0.33 48.140.00 0.30+0.02  1.2730|0 65+0.00 76+0.00 594 01 304
RF2 8.0+0.00| 33.0+0.58 80.1+0.00 0.49+0.06  0.5430]0 81+0.00 73+0.00 610 20 369
RF3 7.8+0.00| 15.3+0.0Q 80.1+0.00 0.62+0.11 1.0020j0135+0.00| 103+0.00 56.9 1y 415
RF4 7.4+0.00] 5.3+.033 88.1+0.00 0.51+0.11 1.07+0/021+0.00 30+0.00 65.7 1.3 32.B
RF5 7.6+0.00| 12.6+0.08 69.4+2.6f  0.51+0.03  1.3730]0 85+0.00 8+0.00 60.00 1.6 38.4
RFE 7.7+0.0( | 7.0+0.0¢ | 101.5+2.6' | 0.51+0.0: | 1.30+0.0: | 68+0.0( 46+0.0( 60.6 | 04 | 38.
RF7 7.7+0.00| 14.6+0.05 50.742.6f  0.44+0.02 1.4420]0 55+0.00 53+0.00 61.2 05 3883
RF8 8.1+0.00| 12.3+0.03 80.1+0.00  0.50+0.18 2.1330]0 38+0.00 52+0.00 637 14 349

Table 2. Contents of some metals (mg Ry of agricultural soils of Amritsar (Mean + S.D, N=3)

Sample
code
RF1 241 16.3+0.2 | 15.8+0.: | 53.40.2 | 329.+2.€ | 12.5+1.0 | 17238.7 +61. -
RF2 8.5+0.7 23.1+0.3 24.8+0.582.2+0.2| 359.1+1.7 | 17.3+1.0| 20012.3 +56.1 -
RF3 8.2+1.1 14.0+0.2 18006 566+0.2 252.1 8.5+ 0.7 14804.7+ 59.5 0.7+0.1
RF4 11.0+1.1 249+08 255+0(1 747+0.2 .354.7 11.4+0.4] 17824.0 +157)2 -
RF5 42+15 148+0.1 18.9+05 558+0.1 0#3.4 7.0+1.4| 15677.9+143.4 -
RF6 13.1+0.8 | 241+0.1| 29.1+04 70.1+08 397.6+3/0 14.2»1.18358.0 +207.7 -
RF7 106+1.. | 28.1+0.0 | 345+0.. | 76.&£0.2 | 458.:2.C | 12.7+0.. | 20536.0+ 44. -
RFE 9.9+ 0. 28.4+0.4 | 32.6+0.4( | 68.1+0.1 | 412.:+2.1 | 11.8+0. 1999.5+ 59. 4.6+ 0.1

All the data were significantly different at p<0.05

Chromium Copper Nickel Zinc Manganese Lead Iron Cadhnium

3.3. Genotoxic potential

A. cepa root chromosomal aberration assay was used tma&sti genotoxicity of 8 soil samples collected from
agricultural fields of Amritsar under rice culti@. Two modes of treatmeniz, in situ and root dip were used to
evaluate genotoxicity in terms of chromosomal ad@ns in root tip cells oA. cepa. Both the treatments resulted
in appearance of various types of physiologicah(tesis, delayed anaphases, stickiness laggardsams) as well
as clastogenic (chromosomal breaks, chromatin éragd ring chromosomes) aberrations were observadgd
both the modes of treatments. Fig.ure 2 repred@ptphotomicrographs of representative physiolddgiga) and
clastogenic (f-i) aberrations i cepa root tip cells treated with soil samples. Someri@iens which could not be
included in any of above category were countedbasanal metaphase (such as asteroid structuredeanation of
alignment of chromosomes at metaphase) and abnamapghase (asteroid structures and deviation ohohsomes
from the poles at anaphase).iinsitu treatment frequencies of chromosomal aberrations induceditigrent soil
samples were higher than negative control (sanihwiias 4.14%. Among physiological aberrationscpetage of
delayed anaphases was highest where as chromatgedrdominated clastogenic aberrations. The ptagenof
chromosomal aberrations ranged from 7.71 (RF23t@9% (RF5) (Figure 3). IRoot dip mode of treatment, the
squash preparations of root tips of contolcepa bulbs showed 3.46% of cells with chromosomal atiems.
Among different soil samples, the sample RF6 shomagimum (25.95 %) percentage of aberrations wsdalaple
RF8 showed minimum (12.53%). Different types of radions observed in root tip cells during root dijpde of
treatment with different agricultural soil sampldracts are given in Table 3.
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Figure .2. Representative photomicrographs showinghysiological (a-e) and clastogenic (f-i) aberratias in Allium cepa root tip cells
treated with soil samples
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Fig.3 . Spectrum of different types of chromosomadberrations induced in root tip cells ofAllium cepa after treatment (in situ) with
different agricultural soil samples under rice culivation
Cm-C-mitosis, Da- Delayed anaphase; Lg- Laggard/s, St- Stickiness; Vg- Vagrant/s, Aa- Abnormal anaphases/s; Am- Abnormal
metaphases, Bg- Chromatin Bridge/s, Bk- Chromosomal Break/s; Rc- Ring chromosome/s
All the data were significantly different at p<0.05

The order of different samples with respect to pet@berrant cells observed at maximum concentratfosoil
extract tested from minimum to maximum was: RF7.51%) < RF2 (16.17%) < RF6 (16.88) < RF1 (19.2RK3
(20.26%) < RF8 (22.70%) < RF4 (24.07%) < RF5 (2%95All the soil samples collected showed increase
chromosomal aberrations with increase in conceatrabf soil extract. Samples RF4, RF5 and RF8 hagep
industry, sugar mill industry and distillery in thevicinity. High genotoxicity in terms of chromostal
abnormalities observed in the present study coaldue to the contamination caused by use of agnuichks and
various industries present in the vicinity of agtaral fields from where the soil samples werelemikd.
Chromosomal aberrations are considered as end mdsgnotoxic effects of various physical and clehagents
and are also estimates of exposure of various agerto different physical and chemical agents ithatgir human
health to which various organisms are exposed The present results on genotoxicity of soil samples in
conformity with some other earlier studies showgegotoxic potential of soil from different partstoe world [32,
33]. Masood and Malik [32]. reported the cytotoxind genotoxic potential of soil from various toxitetal
contaminated agricultural fields in the vicinityioflustrial area of Jajmau, Kanpur (India) in telwhschromosomal
aberrations which included c-mitosis, anaphasegbsdd laggards, stickiness, broken and unequaliistn of
chromosomes. Souza et al [33] investigated thetagasic/aneugenic potential of land farming soilsnf a
petroleum refinery before and after addition ofauginasse using th&. cepa root chromosomal aberration assay.
The study revealed that sugar vinasse potentibteslastogenicity of land farming soil from petuate refineries.
Main types of mitotic and chromosomal abnormaliteserved irA. cepa included anaphase with chromosome loss
and micronuclei, polyploidy and chromosomal adheeemultipolar anaphases, chromosomal breaks atgels:
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Table 3.Genotoxic potential of different agricultural soil samples of Amritsar in Allium cepa root chromosomal aberration assay (Root
dip treatment) studies

No. of cells with aberrations
Sample code@| Conc. of sample. (% No of dividing lte abF:;?,;tli%lr?gl(cslA) abgrlfastitgr?:r(]g A) To(}::lst().?zg?t
Cm Da | Lg | St| Vg | Aa| Am | Bg Bk Rc No. %
Control 924 4 25 - 1 - - - 2 - - 32 3.46|
20 919 20 59 1 24 - 7 3 4 - - 11 12.84
40 919 2 68 - 45) 5 14 9 11 3 E 15f 17.08
RF1 60 917 14 79 6 40 5 14 9 14 : E 168 17.47
80 924 10 87 12| 49 1 1] - 13 2 1 166 17.96
100 919 16 89 - 37 1 4 4 24 1 1 17]7 19.26
20 910 5 36 2 5 1 - - 5 - - 54 5.93
40 920 10 59 2 7 1 - - 1 - - 80 8.69
RF2 60 919 10 68 4 8 - - - 7 2 1 10 10.88
80 917 12 85 3 15 1 - - 16 3| - 135 14.72
100 921 12 96 2 1§ - - - 15 4 2 14p 16.17
20 920 29 48 1 13 - - 1 - 3 - 95| 10.3p
40 916 21 52 4 39 1 3 4 - 6) - 130 14.19
RF3 60 915 25 41 2 70 3 6 1 - 1 B 158 17.11
80 923 27 56 8 54 4 8 7 4 1 1 178 19.28
100 923 10 62 10| 7d 8 1 16 1 1p 187 20.26
20 918 32 46 - 14 - - - - 13 1058 11.48
40 920 37 53 1 19 1 - - - 15 12 13.69
RF4 60 919 42 71 1 21 - - - 1 23 159 17.30
80 912 39 86 - 32 2 - - 3 24 1 188 20.06
100 918 46 110 1 34 1 - - 2] 2 1 221 24.07
20 914 26 64 3 18 2 - - - 13 - 12 13.78
40 919 31 88 2 21 1 - - 2 16 1 16p 17.62
RF5 60 913 44 96 3 34 2 - - 2 19 - 200 21.90
80 911 46 113 2 41 3 - - - 25 - 230 25.24
100 924 52 120 3 40 2 - - 4 38 255 25.95
20 926 43 46 4 5 1 - - - 8 - 107 11.5p
40 923 43 59 - 8 - - - - 10 - 124 13.48
RF6 60 919 42 48 4 18 2 - - - 14 2| 130 14.68
80 920 42 56 1 14 4 - - 3 19 - 138 15.00
100 918 31 75 4 21 3 - - 2 19 E 15p 16.98
20 919 10 40 - 5 - - - 5 - - 50 5.44]
40 910 9 49 1 4 - - - 3 - - 66 7.25|
RF7 60 918 10 56 2 4 - - - 6 1 - 79 8.6(
80 921 13 65 4 8 - - - 4 - - 94 10.2
100 919 21 79 5 6 - - - 4 - - 114§ 12,50
20 925 18 44 1 5 1 - - 11 - - 79 8.54
40 921 16 79 1 12 1 - - 24 - - 135 14.656
RF8 60 926 30 98 3 14 2 - - 29 2 - 178 19.22
80 922 35 95 2 21 2 1 - 31 2| | 19D 20.640
100 925 36 108 2 2/ 2 2] - 34 2 210 22.10

Cm-C-mitosis; Da- Delayed anaphase; Lg- Laggard/s, - Stickiness; Vg- Vagrant/s, Aa- Abnormal anaphases/s; Am- Abnor mal metaphases; Bg- Chromatin
Bridge/s; Bk- Chromosomal Break/s; Rc-Ring chromosome

3.4. Antioxidative enzymes

Proteins are considered as the most important godupomolecules and their types as well as quanry not
only among different organisms but also in différparts of the same organism. In the present stilmyprotein
content of onion bulbs (1.08 - 2.48 mg/qg) treateith different soil samples was found to be highecampared to
that of negative control bulbs (0.98 mg/g) (Figdje This change in total content of protein clgandicated that
under stress, some of the genes responsible focamwing stress become highly active and ultimatglyregulate
the total protein content. Although both the expi@s and functions of such proteins are unclear jty@dicates
that there is a relationship between some fornpasft adaptation and tolerance to stresses an@ssipn of stress-
induced proteins [8]. Our results are in conformitigh those of Olorunfemi and Lolodi [34] who esttad total
protein content irA. cepa treated with different concentrations (0%, 0.2%490, 0.8% 1%, 2%, 3%, 4% and 5%) of
fresh effluents from the cassava processing sniill Uselu Quarters, Benin City and found doseeddpnt
increase in protein content up to four-fold at 18 compared to control. After this concentratio®o)1protein
content was found to decrease. Sharma et al [$4]raported higher content of total soluble praémRaphanus
sativus seedlings under nickel stress as compared toalontr

Different types of environmental stresses not @mhance the protein content but also trigger thiweadefense

mechanisms in plants resulting in expression obuardetoxifying enzymes. The balance between R@8ugtion
and detoxification is maintained by enzymatic axitiative system which involves different enzymestsas CAT,
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SOD, GST, APX, DHAR, GR and POD. It is well estabkd that reactive oxygen intermediates (ROI) and

antioxidative enzymes play a crucial role in thieabkshment of normoxia in biological systems amdésistance to
oxidative stress. The dual role of ROI as toxic aighalling molecules are ensured by complex amthozhte
system controlling intracellular ROI levels. The R&Ye detoxified by single or a series of antiotidia enzyme
reactions. It is clear that the capacity and #@gtiof the antioxidative defense system are impdria limiting
oxidative damage and in destroying active oxygestigs that are produced in excess of those normeilyired for
metabolism [14].

Catalase and other peroxidases are the major eszyieh are required for the detoxification ofQ4 produced
during photorespiration and are present in peronem and different cell compartments such as chlastg
cytosol, peroxisomes, and mitochondria [6]. APXhaist was found to be higher in onion bulbs treateith soil
samples as compared to control sample (Figuret®.nkegative control showed ARtivity of 0.36 mol UA/ mg
fresh protein. Among all the soil samples collediedn different fields under rice cultivation, theaximum APX
activity (1.57 mol UA/ mg fresh protein) was shobyonion bulbs treated with sample RF5 and the mmim APX
activity (0.42 mol UA/ mg fresh protein) was shotwxonion bulbs treated with sample RF3. Controblsiiowed
the CAT activity of about 0.005 mol UA/ mg freshopgin. Among all the soil samples collected frorffedent
fields under rice cultivation, maximum catalasewatgt (0.012 mol UA/ mg fresh protein) was showy thhe onion
bulbs treated with sample RF7 and minimum (0.003 & mg fresh protein) was shown by the onion Isulb
treated with sample RF2 which was similar to thfatantrol onion bulb (Figure 5Bhardwaj et al [35] estimated
effect of enhanced lead and cadmium in soil on jgfhygical and biochemical attributes Bhaseolus vulgaris L.
and found that activity of APX increased with inaseng concentration of metal. Tepe and Aydemir [&plorted
increase in activity of APX in barley plants unteron toxicity.

3 -

2.5 1

Protein content (mg /g FW)

v

Sample code

Fig. 4. Effect of different agricultural soils urder rice cultivation s on protein content inAllium cepa bulbs
All the data were significantly different at p<0.05
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Fig.5. Effect of agricultural soils from different zones on protein content and antioxidative enzymectivities of ascorbate (APOX), catalase
(CAT), glutathione- s- transferase (GST), dehydroarbate reductase (DHAR), superoxide dismutase SOPjuaicol peroxidase (POD),
glutathione reductase (GR) inAllium cepa bulbs.
All the data wer e significantly different at p<0.05

Dehydroascorbate reductase (DHAR) plays an impbntale in signaling and maintains the cellular lewé
ascorbic acid by regulating its redox state therelffigcting cell response and tolerance to oxi@asitress [37,38].
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The control onion bulbs showed DHAR activity of ®.thol UA/ mg fresh protein (Figure 5). Among aletkoil
samples studied, the onion bulbs treated with smihple collected from RF5 showed maximum DHAR &gtiv
(0.32 mol UA/ mg fresh protein) while minimum adtiv(0.18 mol UA/ mg fresh protein) was shown bg tonion
bulbs treated with soil sample RF2. Arora et @B][studied antioxidative defense systemBodissica juncea L.
subjected to cobalt ion toxicity and reported imse in activity of DHAR. Karuppanapandian and Kd@][ also
investigated the effects cobalt induced oxidatitress, as well as the role of antioxidant systemshe leaves of
hyperaccumulating planBrassica juncea L and reported the increase in activity of DHARryza sativa L.
seedlings also showed increase in activity of DH#Rexposure to slight salinity by NaCl.

Glutathione-S-transferases (GSTs) are a superyarhiénzymes, principally known for their role ietdxification
reactions. The role of GST in detoxification is ddcumented by researchers throughout the wotl@])[9ncrease
in GST activity was observed in onion bulbs treatéith agricultural soil samples from different zen&he control
onion bulb (negative control) showed GST activityp)d61 mol UA/ mg fresh protees shown in Figure 5. Among
all the soil samples studied, the onion bulbs égatith soil sample RF5 showed maximum GST acti®ify92 mol
UA/ mg fresh proteiwhile minimum GST activity (0.106 mol UA/ mg fregmotein) was shown by onion bulbs
treated with soil sample RF3. The activity of G&TAllium bulbs treated with all the soil samples was fotmte
slightly higher than control. Similar increase itigity of GST has been reported by Gupta and Ahfighdwhen
they studied the effects of Mathura Refinery wast¢er (MRWW) inA. cepa bulbs.

Glutathione reductase is a member of flavoenzynmeiljawhich catalyzes the NADPH dependent reductidn
glutathione disulphide (GSSG) to glutathione (G@HJ it maintains glutathione in the reduced staiehvin turn
reduces dehydroascorbate to ascorbate. The GRitwadieclined in onion bulbs treated with rice cudtied
agricultural soil samples collected from differeaines of Amritsar. It was found that control ontmibs showed
GR activity of 0.512 mol UA/ mg fresh proteas shown in Figure 5. Among all the soil sampleslisd, the onion
bulbs treated with soil sample RF5 showed the miminGR activity (0.034 mol UA/ mg fresh protein) \ehi
maximum GR activity was shown by RF2 (0.422 mol WAg fresh protein). The GR activity in agricultusil
exposedA. cepa bulbs declined with respect to control. GR paptités not only in kD, scavenging, but also favors
a high GSH/GSSG ratio to maintain a proper celludox mechanism [14]. Decline in GR activity wdsoa
reported as a result of biotic and abiotic strassairlier studies. Similar trend was observedstudy by Tabrez and
Ahmad [41] who reported decrease in GR activityarrttie effect of trichloroethylene iA. cepa.

POD also plays an important role in carrying otfietlent physiological functions which include biosglyesis of cell
wall components like lignin and suberin, oxidatimihtoxic compounds and various developmental prsee$l4].
Onion bulbs grown in washed sand which was usetkgative control showed total POD activity of 0.0aal UA/
mg fresh proteiras shown in Figure 5. Among all the soil samplekected from different fields under rice
cultivation, maximum POD activity (0.031 mol UA/grfresh protein) was shown by onion bulbs treatéth w
sample RF6 and minimum (0.007 mol UA/ mg fresh girgtwas shown by onion bulbs treated with sam8.
the present study, POD activity Mlium bulbs also showed a decrease as compared to kertrept in bulbs
treated with two samples RF7 and RF8 where activdag found to be ennahnced. The results were isist@mce
with other report where Kou et al [40] found a d&se in POD activity in Huang guan pedPgr(s purifolia
Nakai) that were treated with calcium chloride taban and pullulan for prolonging the post harliésbof pears.

SOD is a family of metaloenzymes which is consideas the first line of defense against ROS germrdiecause
superoxide radical is considered as a precurs@eteral other ROS. Superoxide is considered aseh&al
component of the signal transduction which activaibe genes responsible for enzymes of defensensyatluding
SOD and could serve a very useful marker for metedss. Superoxide radical generated by any means,
dismutated to kD, and oxygen by SOD, and this,®b generated is then removed by peroxidase,Hs
converted to water by APX in concert with oxidatiohascorbate and also by GPX with oxidation of G8Hhe
cytosol and chloroplasts [4, 6, 41]. A significantrease in SOD activity was found in onion bulb=ated with
different soil samples as compared to control ottialbs (negative control). Control bulb showed Saiivity of
37.82 mol UA/mg fresh proteitirigure 5). Among all the soil samples collecteahfrrice fields, the onion bulbs
treated with RF4 showed maximum SOD activity (97 UA/ mg fresh protein) while minimum activit¢§.42
mol UA/ mg fresh protein) was shown by onion lsutteated with soil sample RF1. Increase in SOiviacin
the present study was consistent with few othedistu Fatima and Ahmad [4] also studied the utdity5OD inA.
cepa as biomarker for detection of toxic metals in wasfater collected from the industrial estate ofgath city,
India. Significant enhancement of about 8 timesS@D activity was found with respect to control. &epnd
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Aydemir [36] also reported an increase in SOD dgtigf lentil and barley plants when exposed todvostress.
Sharma et al [14] also found a significant increasactivity of DHAR inRaphanus sativus L. with Ni treatment.
Pearson correlation analysis between all the vimsatvas performed. Correlation matrix has been yred to
determine relationship between metal content, @itative enzymes activities and percent chromosoma
aberrations (Table 4). Heavy metals are generddlyety associated with each other, strongest pesiorrelations
were obtained within Cr, Cu, Ni, Zn and Mn; Pb skdwpositive correlation with Cr while Cd showedosty
negative correlation with Fe. Significant corredat between these metals indicated that these snetal
contaminants in the soil have similar source ofioti Moreover, absence of any geologic factor teldyihigh
correlations could clearly indicate that these @ets are of anthropogenic origin (could be excessise of
agrochemicals, existence of industrial activitiesveell as urban and vehicular emissions). A classlysis of
correlation between antioxidative enzymes and raatapresent study revealed that among antioxidaivzymes,
APX showed significant negative correlation with Cu and Ni. Significant negative correlation caséints values
were found between CAT and metals like Cu, Ni and @ST and DHAR showed significant negative cotieta
with Mn whereas SOD was positively correlated witth,. POD showed positive correlation with Pb. Fumtiare,
among different antioxidative enzymes, only DHARwled positive correlation with GST and POD. Chroamal
aberrations showed significant negative correlatiith Mn and GR and positive correlation with GST.

Table 4. Correlation coeffient (r) matrix for relationship between heavy metal content, enzyme actiyiand percent chromosomal

aberrations
Cr Cu Ni Zn Mn Pb Fe Cd APX CAT  GST DHAR SOD POD GR %
CA
Cr 1
Cu 0.723" 1
Ni 0775  0.944™ 1
Zn 0.699" 0.808™ 07357 1
Mn 0.625" 0.916™  0.854" 07027 1
Pb 0.538 0.201 0.269 0.153 0.290 1
Fe -0.012 -0.177 -0.192 0.231 -0.027 0.190 1
Cd 0.152 0.391 0.397 -0.005 0.259 -0.166 0864 1
APX -0.809™  -0.713"  -0.740"  -0.406 0.742"  -0.408 0.118 -0.246 1
CAT -0.146 0512  -0.525 -0.543  -0.451 -0.258 -0.167 0.038 005 1
GST 0.0315 -0.43 -0.398 -0.359 -0.595 0.308 0.142 0.345 0091 0309 1
DHAR 0.131 -0.407 -0.253 -0.390 -0.551 0.440 0.040 -0.225 0.015 0232 0825 1
SOD -0.156 -0.265 -0.107 -0.365 -0.487 -0.236 -0.723 0.618° 0317 0.160  0.140 0.325 1
POD 0.029 -0.228 0.094 -0.290 -0.139 0812 0.147 0232 0054 0293 0423 0593 0.033 1
GR -0.144 -0.266 -0.315 0.091 -0.114 -0.232 0.154 790 0332 0290 -0.447 0459 -0.002 -0328 1
% CA -0.482 -0.419 -0.352 -0.421 -0.562 -0.268 0.183 -0.355  0.415 -0.099 0546 0.483 0.137  0.162 1

0.608"

* represents significance at p< 0.05; ** represents significance at p< 0.02; *** represents significance at p< 0.01; **** represents significanceat p<0.001.
Cr- Chromium; Cu-Copper, Ni- Nickel; Zn- Zinc; Mn- Manganese; Pb- Lead; Fe- Iron; Cd- Cadmium; APX-ascorbate peroxidase; CAT- catalase; GST- glutathione-
Stransferase; DHAR- dehydroascor bate reductase; SOD- superoxide dismutase; POD - guaicol peroxidase; GR- glutathione reductase; % CA- percent chromosomal
aberrations

CONCLUSION

Results from the present study aligned with previstudies, recommend using combination of bioassags
physicochemical analysis for monitoring of soilsapparticular areg. cepa root chromosomal aberration assay is
a simple and sensitive method for investigatingogexic potential of soil. In fach. cepa root aberration assay is a
cost effective assay routinely used in genotoxieggessment of environmental chemicals and mixasesell as
air, soil and water. Present study also suggests\riation in antioxidative enzymes Af cepa can serve as a
suitable biomarker for studying contamination dfssof a particular area.
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