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ABSTRACT

Phytoremediation isan alternativelow cost approach for treatment of heavy
metal polluted soil. This study demonstrates the phytoremediation poten-
tial of neem leaf extracts on textile effluent contaminated soil. The textile
effluent contaminated soil was treated with three different concentrations
(0.25mg/ml,0.5mg/ml and 0.75mg/ml) of neem leaf extracts and overnight
soaked Vigna radiata seeds were germinated in treated soils. Germination
percentage was recorded and soil and plant analysis were carried out after
radical emergence. pH of leaf extracts treated soils were decreased and
catalase activity and microbial biomasscarbon levelsintreated soil, germi-
nation percentage, root and shoot length of Vigna radiata plants grown in
treated soilswere significantly (p<0.05) increased. Growth of Vignaradiata
plants grown in untreated soil wasimpaired. Total proteinlevel, chlorophyll
contents, peroxidase activity, superoxide dismutase activity, and ascorbate
level in roots and shoots of Vigna radiata plants grown in treated soil
mainly 0.5mg/ml and 0.25mg/ml treated soil only slightly decreased and
lipid peroxidation levels were dlightly increased compared to roots and
shoots of Vigna radiata plants grown in normal soil. These results imply
the positive effect of neem leaf extract on textile effluent contaminated soil.
© 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Environmenta pollution hasbeen recognized asone
of themgjor problems of modern world¥, Thetextile
dyeingindustriesin Tirupur usesbleachingliquids, ac-
ids, dyesand chemica sin dyeing and bleaching pro-
cesses. All thisleadsto the effluentsand having high
inity-sodility contentintheriver Noyya whereit flows.
It isthreet to crop yield when usedfor irrigation. Organo
chlorides used are aknown potent carcinogen which

degradesagricultura lands?. Theuntreated textile ef-
fluentsthat arerel eased and disposed in openland and
into agquifer are high in conductivity, biochemical oxy-
gendemand (BOD), chemica oxygen demand (COD),
total dissolved solids(TDS) and a'so contain high con-
centration of heavy metal ssuch aschromium, cadmium,
lead, selenium etc®. Excessivemeta concentrationin
contaminated soil can result in decreased soil microbia
activity, soil fertility, and yield losses¥. Heavy metal
pollution of soil enhances plant uptake causing accu-
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mulationin plant tissuesand eventud phytotoxicity and
changeof plant community™®. Plants have devel oped
complex antioxidative defensesystemsto dleviatethe
damage caused by reactive oxygen species and the
degree of damage depends on the balance between the
formation of reactive oxygen speciesanditsremova
by the anti oxidative scavenging systemsthat defend
against them®7,

The phytoremediation of metal-contaminated soils
offersalow cost method for soil remediation and some
extracted metals may berecycled for value®. High-
biomass crops can be considered asan alternativeto
hyper accumulator plantsto phytoremediate soilscon-
taminated by heavy metal§%. Neem (Azadirachtain-
dica A. Juss) is perhaps the most useful traditional
medicinad plantin India?. Neemleaf extract and oil-
seed cakes can reduce the plant damage produced by
root-knot nematodes even in the soils polluted with
heavy metal %Y.

In the present study it is aimed to determine the
potential of neem |eaf extractsto eliminatethe heavy
meta toxicity in textileeffluent contaminated soil by us-
ing certainbiologica methods.

EXPERIMENTAL

Soail collection and processing

Thetextileeffluent contaminated soil wascollected
from theareanearer totextiledyeingfactory in Tirupur,
Tamil Nadu, India. The normal soil whichisnot con-
taminated with heavy metal wascollected fromtheag-
ricultura land, Pollachi anditiscongtituted ascontrol.
After collection, these soil sampleswerebrought tothe
laboratory and hand picked to remove discrete plant
residuesandlarge soil animals (earthworms, etc). Soil
sampleswereair dried at roomtemperatureand sieved
to removedebrisand thissoil wasfilledinfour polythene
bags. These soils were treated with water and three
different concentrationsof fresh neemleef extracts(0.25
mg/ml, 0.5 mg/ml and 0.75 mg/ml) which were col-
lected from Karpagam University campus, Coimbatore,
Tamil Nadu, India

Seed collection and processing

The seeds of Mung bean (MVigna radiata) were
collected from thelocal market, Coimbatore. Healthy

ESAIJ, 6(1) 2011

seeds of Mung bean (Vigna radiata) were selected
for uniformity and were surface sterilized with 0.1 %
mercuric chlorideand thenwashed with digtilled water.
After washing thoroughly, these seedswere soakedin
water and three different concentrations of fresh neem
leaf extracts (0.25 mg/ml, 0.5 mg/ml, 0.75 mg/ml) for
over night.

After soaking, the seedsweretransferred to soil
filled polythene bags. During the vegetation period, the
plants were irrigated with corresponding solutions.
When the plantsreached the phase of stem extension,
they wereused for biologicd andysis.

Biological analysis
Soil analysis

Thesoil pH wasdeterminedinal:2.5 soil towa
ter ratio using the glass electrode pH metert*?. The
catd aseactivity wasmeasured by thetitrimetric method
of Euler and Josephson®!. Soil microbia biomasscar-
bon was estimated by extracting 30 gm of ovendried
soil samplesin 0.5 M K_SO, (1:4 W/V), known as
the chlorof orm-fumigation-extraction method, de-
scribed by Vance, Brookes, and Jenkinson. Micro-
bial biomass carbon was cal culated by measuring the
differencein extractabl e organic carbon between the
fumigated and unfumigated soils, which aresmply for-
mulated asequation 1,

Biomasscarbon=2.64 x EC

Where EC refersto the differencein extractable
organic carbon between the fumigated and
unfumigated treatments; 2.64 isthe proportionality
factor for biomass carbon rel eased by fumigation ex-
traction. The catalase activities of thetest and control
samplesweremeasured at interval sby the method of
Euler and Josephsoni*3.

Plant analysis

The percentage of germination was considered af-
ter radical emergence. Morphological parametersin-
cluding shoot and root length of the plantswere mea-
sured with thehel p of meter scde. Chlorophyll a, band
total chlorophyll were calculated by the method of
Witham, Blaydes, and Devlin*®. Total proteinwases-
timated by Lowry’s method!*®. Lipid peroxidation was
estimated by thiobarbituric acid assay method™”. The
enzymatic antioxidant peroxidase activity wasascer-
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tained by the method of Addy and Goodman*®, the
superoxide dismutase activity was ascertained by the
method of Misraand Fridovich* and the non-enzy-
matic antioxidant ascorbic acid was estimated by the
method of Omaye, Turabull, and Sauberlichi®.

Satistical analysis

Satidticd analysiswascarried out usng SPSS11.0
package program. Theeffect of neem leaf extractson
textileeffluent contaminated soil was determined by Su-
dent ‘t’ test. A 95% confidence limit (p<0.05) was cho-
sentoindicate the s gnificance between the control soil
and |esf extractstreated and untreated soils.

RESULTSAND DISCUSSION

Soil analysis

Thechangein pH of control and effluent contami-
nated soilstreated with three different concentrations
of neemledf extracts(0.25, 0.5and 0.75mg/ml) treated
soil isshowninFigure 1.

(11111

N-0.25

pH
QO B N W Pk U O N W
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Samples

Figurel: Effect of threedifferent concentrationsof neem
leaf extracts(0.25, 0.5 and 0.75 mg/ml) on the pH of textile
effluent contaminated soil. NS- normal soil; CS-contaminated
soil; N- neem.

The pH of control soil was 6.7, which were
dlightly acidic, and the untreated contaminated soil
was 8.1, whichwere moderately dkaline. Theirriga-
tion water analysi sshowed that the pH of textilewaste
water is8.01to 8.09 which are dlightly alkalinein
nature?l, In this study, the neem leaf extractsmainly
N-0.5 greatly reduced the pH of effluent contami-
nated soil and thispH valueswere nearer to pH value
of norma control soil.

C_._had been suggested as possible indicator of

m|c

soil environmental quality intoxicity assayd? and en-
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zymatic activities can sengitively reflect thebiol ogica
situationinthesoil®l. Microbia biomassisasensitive
parameter and can be used asan indicator of changes
Inorganic matter composition earlier thanit could be
registered in another way. TABLE 1 showsthe C
level and catalase activity in control and leaf extracts
treated soils.

TABLE 1: Effect of neem|eaf extractson catalaseactivity and
biomassC in textileeffluent contaminated soil

Samples Catalase acti\_/it_¥ B BiomaasC
(Mm of H,0, min"g") (ngg)
Control 0.43+0.036 110.9+ 0.45
CS+ Water 0.03+0.01 7.2+0.2
CS+N-0.25 0.25 + 0.09%* 729+045%
CS+N-05 0.36+0.013%* 76.0+0.5%
CS+N-0.75 0.23+ 0.02%* 38.0+0.5

CS-contaminated soil; N-neem; 0.25, 0.5 and 0.75-concentra-
tion of neem leaf extracts(mg/ml); Values represent mean =+
S.D (n = 5);® — Comparison between control and different con-
centrations of neem leaf extracts; * - indicates significant at p<
0.05 level

N-0.25 and N-0.5 treatment highly increased the
C,..level andinN-0.75trestment moderately increased
theC _ leve intextileeffluent contaminated soilswhen
compared to untreated soil. In contaminated soil s, mi-
croorganisms need more energy to survivein unfavor-
ableconditions. Similar result wasreported inthat inhi-
bition of carbon biomasshby heavy metdsisevenhigher
than 809624, Effluent contamination decreased the cata-
laseactivity in soil and different concentrationsof neem
leaf extractstreatment increased itsactivity at different
level. N-0.5 treatment greatly increased and it was
nearer to normal soil. N-0.25 and N-0.75 treatment
moderately increased the catal ase activity.

Crop growth isaffected when the concentration of
heavy metalswereincreased®!. Itiswell known that
heavy metalscause severd toxic effectson plantssuch
asinhibition of seed germination? and metabolic dis-
turbancesby altering the essential biochemical reac-
tiong?’. The germination percentage of Vignaradiata
grownin control and treated soil isshowninFigure 2.

Thenormal soil showed 100% germinationandin
untreated soil, the germination percentagewasonly 30.
Amongtheleaf extractstreated soil, maximumgermi-
nation percentage (95%) was recorded in N-0.25
treated soil. Untreated soil containshigh heavy metd
concentration which affectsthe seed germination. The
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growth of the germinated seedswasimpaired in un-
treated soil and it showed clear phytotoxic symptoms.
The neem leaf extractstreatment reduced the heavy
metal toxicity ineffluent contaminated soil.

100 -
90 A
80 -
70 A
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50 A
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30 A
20 4
10 A

N-0.75

Germination percentage

NS+WATER CS+WATER  N-0.25

Samples

Figure?2: Effect of threedifferent concentrationsof neem
leaf extracts (0.25, 0.5 and 0.75 mg/ml) on ger mination of
Vignaradiata seedsin textile effluent contaminated soil. NS
nor mal soil; CS-contaminated soil; N- neem.

Theroot and shoot length and chlorophyll contents
of Vignaradiata grownin control and treated soil is
showninTABLE 2.

Heavy metal toxicity depresses the seedling
growth and neem leaf extractsimproved the seedling
growthintermsof shoot and root length. The shoot

ESAIJ, 6(1) 2011

and root length of Vigna radiata plants grown in
normal soil was 14.14 cm and 3.74 cm respectively.
N-0.5 caused a considerable increase in root and
shoot length even under stress. Theroot and shoot
length was also improved in N-0.25 and N-0.75
treated soil when compared to shoot and root length
of Vigna radiata seeds germinated on untreated soil
which wasimpaired dueto the high heavy metal con-
centration. Thisresult isinaccordancewith theresult
of @ inwhich growth and biomass of Cicer arietinum
weredecreased by distillery effluent. Impaired chlo-
rophyll devel opment dueto heavy metalsmay bethe
result of interference with protein. The heavy metal
treatments presumably blocked the synthesisand ac-
tivity of enzyme proteinsresponsiblefor chlorophyll
biosynthesis?. In this study, Vigna radiata plants
grown in N-0.5 treated soil was showed high levels
of chlorophyll & b andtotal chlorophyll contentsand
it was nearer to Vignaradiata plantsgrown in nor-
mal soil. Theselevelsweredightly reduced in leaves
of Vigna radiata plants grown in N-0.25 and N-
0.75 treated soil. Theresults of the present study are
also in accordance with the earlier reports of ! in
which the effluent receiving plants showed retarded
photosynthetic pigment activity.

TABLE 2: Effect of neem leaf extractson root and shoot length and chlorophyll contentsin Vignaradiataplantsgrown in

textile effluent contaminated soil

Shoot length Root length Chlorophyll a Chlorophyll b Total Chlorophyll
Samples ot -1 -1
(cm) (cm) (ngg™) (ngg) (ngg)
Control 14.14 +0.02 3.74+0.05 4.84+0.05 1.08 £ 0.031 592+ 0.28
CS+N-0.25 3.0+0.36 2.33+0.04 * 1.46 £ 0.03 0.59+ 0.04 * 2.0+ 0.07
CS+N-05 11.6£0.45* 51+026%* 3.46 + 0.08 * 0.67 £ 0.042 * 413+0.04*
CS+N-0.75 3.8+0.21 28+036% 1.18 + 0.053 0.38+0.04 1.56 +0.035

CS-contaminated soil; N-neem; 0.25, 0.5 and 0.75-concentration of neem leaf extracts(mg/ml); Values represent mean + S.D (n =

5); @ —

Theproteinand TBARS level inrootsand shoots
of Vignaradiata plantsgrown in control and treated
soil isshowninTABLE 3.

Nitrogen isaprecursor for the synthesisof amino
acidgd®Y, Sincethe nitrogen content of themetd treated
plantswasreduced, ultimately amino acidsand protein
contents of the plantswere a so reduced becausethere
wasonly limited avallability of nitrogenfor thesynthesis
of amino acids®. Inthisstudy, the shootsand roots of
Vignaradiata plantsgrown in N-0.5 treated soilswere
showed higher total protein content compared to roots

Comparison between control and different concentrations of neem leaf extracts;*

- indicates significant at p< 0.05 level

and shoots of Vigna radiata plants N-0.25 and N-
0.75 treated soil. This shows that N-0.5 greatly re-
ducesheavy metd toxicity mainly cadmiumtoxicity in
textile effluent contaminated soil. Roots of Vignara-
diata plantswere showed reduced total protein con-
tent compared to shoots because roots are easily af -
fected by heavy metal sthan the shoots. Similar report
was reported by who reported that protein content
decreased from 71.4-19.0% in metal exposed plants
at metal concentrations equivalent to thosefoundin
polluted soil. Asanindicator of lipid peroxidation, the
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content of thethiobarbituric acid reacting substances
(TBARS) wasmeasured. The peroxidation of cell mem-
branesseverdy affect itsfunctiondity and integrity and
can produceirreversible damageto cell functionand
can beinitiated by ROS speciessuchasO,” ,OH ",
H,O, or by theaction of lipooxygenase®!. Inthisstudy,
thelevel of TBARSIin shootsand rootsof Vignara-
diata plants grown in normal soil was20nM g* fwt
and 35nM g* fwt respectively. Thislevel wasgreatly
increased in shoots of Vignaradiata plantsgrownin
TABLE 3: Effect of neem leaf extractson total protein and

TBARSIlevelsin Vignaradiataplantsgrown in textile efflu-
ent contaminated soil

Total protein TBARSlevel
Samples (mgg?) (nM of MDA g9
Shoot Root Shoot Root
Control 165.3+0.49 1138+0.55 20.0:096 350+1.0
CS+N-0.25 103.25+0.58* 92.6+1.0%* 32.0+1.29% 56.6+1.2%*
CS+N-0.5 115+2.5% 103.2£6.0%* 25.4+1.26%* 53.0+1.83%
CS+N-0.75 107.2+0.57* 97.6+1.0* 46.0+0.96 60.6+2.83

CS-contaminated soil; N-neem; 0.25, 0.5 and 0.75-concentra-
tion of neem leaf extracts(mg/ml); TBARS- Thiobarbituric acid
reactive substances;Values represent mean + S.D (n = 5); 2 —
Comparison between control and different concentrations of
neem leaf extracts;*- indicates significant at p< 0.05 level
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N-0.75treated soils, and dightly increased in shoots of
Vigna radiata plants grown in N-0.25 and N-0.5
treated soils. Inroots, the TBARS content ismorewhen
compared to shoots. TBARSIlevel wasvery highin
rootsof Vigna radiata plantsgrownin N-0.75 treated
soil. Roots of Vigna radiata plantsgrown in N-0.25
and N-0.5treated soilsshowed dightly increased level
of TBARSwhen compared to roots of Vignaradiata
plants grown in normal soil. A high level of lipid
peroxidation wasreported in the case of higher plants
under Cr and other heavy metal toxicity!™.

Antioxidativeenzymesareconsderedtobeanim-
portant defensesystem of plantsagainst oxidativestress
caused by metal §%91. Peroxidaseisthought to beastress
marker enzyme and itshigher induction may indicate
stressexerted by heavy meta, which can becorrelated
with amount of the accumulated metal. Superoxide
dismutase (SOD) catalyzesthedismutationof O, to
H,O, and O, Ascorbic acid can efficiently scav-
engevariousoxygen-derived freeradical §%.

Theenzymic antioxidants peroxidase and superox-
idedismutaseand non-enzymicantioxidant ascorbicacid
levelsin roots and shoots of Vigna radiatagrownin
control and treated soil isshownin TABLE 4.

TABLE 4: Effect of neem leaf extr actson antioxidantsper oxidase, super oxidedismutaseactivity and ascorbicacid level in
Vignaradiata plantsgrown in textile effluent contaminated soil

Peroxidase activity

Superoxide dismutase activity

Ascor bic acid

Samples (uM min™ g*) (Unitsmg™* g*) (mg g*)
Shoot Root Shoot Root Shoot Root
Control 125+2.1 97.4+23 87.3+1.1 30.2+0.53 8.2+0.1 11.240.15
CS+N-0.25 138 +2.6%* 118+0.57% 31.8+0.21 17.5+0.25 9.6+0.12 15.5+0.25
CS+N-05 114.6+1.5% 98.4+0.58% 41.3+0.21 19.1+0.1 7.6+0.1 9.8+0.21
CS+N- 0.75 105+ 0.09 90.4+0.55 28.6+0.3 15.9+0.26 6.3+0.2 9.0+0.32

CS-contaminated soil; N-neem; 0.25, 0.5 and 0.75-concentration of neem leaf extracts(mg/ml); Values represent mean + S.D (n =
5); @ — Comparison between control and different concentrations of neem leaf extracts;*- indicates significant at p< 0.05 level

Inthisstudy, peroxidaseactivity washighin shoots
of Vignaradiata plantsgrownin N-0.25 treated soils
when compared to control. Thisisanindication of stress
of plantsby the effluents. In N-0.5 treated soil the per-
oxidase activity isnear normal to that of control soil.
Peroxidase activity in rootswas|ow when compared
to shoots. The highest peroxidase activity was showed
inrootsof Vignaradiata plantsgrownin N-0.25and
inN-0.5treated soilsit isnear to control soil. Thepresent
investigation isalsoin agreement with® who demon-
strated that the cadmium treatment significantly de-

creased the peroxidase activity in Calamus tenuis
leaves. When compared to control, moderate super-
oxide dismutase activity was observed in shoots of
Vignaradiata plantsgrown in N-0.5 treated soil (41.3
Unitsmg* protein) and reduced activity was observed
inshootsof Vignaradiata plantsgrowninN-0.75and
N-0.25 treated soils. Superoxide dismutase activity in
rootswaslow when compared to shoots. Inroots mod-
erate activity was observed in N-0.25 and N-0.5
treated soilsand reduced activity wasobserved in N-
0.75 treated soils. The present resultswere also evi-
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dent from the findings of“? who has been observed
NaCl and Cdinduced reductionin SOD activity invari-
ousplants. Theascorbic acid level washighestin shoots
of Vignaradiata plantsgrown in NO.25 treated soils
and thislevel was higher than that of Vigna radiata
plantsgrowninnormal soil. Themoderate level was
observed in shoots of Vigna radiata plantsgrownin
N-0.5and N-0.75 treated soils. Compared to shoots,
roots showed high level of ascorbic acid. Thehighest
level was observed in roots of Vigna radiata plants
growninN-0.25 treated soil and compared to control
moderate level wasobservedinrootsof Vignaradiata
plantsgrown in N-0.5 and N-0.75 treated soils. The
present findings are supported by!** who reported that
the combination of NaCl and Cd at high concentration
decreased ascorbate and glutathione content in Cala-
mustenuis|eaves.

CONCLUSION

Based on the result, we conclude that neem | eaf
extractsreduced the heavy metal toxicity intextile ef-
fluent contaminated soil. Neem | eaf extractsimproved
thetextileeffluent contaminated soil fertility by reducing
the pH and increasing the enzyme catd ase activity and
microbial biomasscarbon level and ultimately it im-
proved the germination of seedsand seedling growth.
Finally, we can conclude that neem leaf extracts par-
ticularly N-0.5isvery effectivein phytoremediation of
textileeffluent contamination. Sofurther researchinthis
areacan becarried out likefield work to determinethe
long-term field-sca e gpplicability. Additionaly, wecan
further identify and isolate the compoundsresponsible
for removingtheheavy metals.
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