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Abstract This study evaluates the possibility of
using contaminated soil by treated tannery wastewater
and the use of tannery sludge in agriculture. The
plants of Vigna radiata var. PDM 54 grown on con-
taminated soil and irrigated with ground water have
not shown the translocation of toxic metal (Cr) in the
upper part. The biomass of the plant increased when
irrigated with treated tannery wastewater compared to
ground water, whereas no signiWcant change was
observed in chlorophyll and protein contents. In both
the varieties (var. PDM 54 and var. NM 1) of V. radi-
ata grown on tannery sludge amendments, the growth
parameters exhibited a pronounced positive growth
response up to 35% tannery sludge amendments com-
pared with the plants grown on garden soil. Despite
the Cr accumulation at lower amendments, no toxicity
symptoms were observed in both the varieties of the
plants. Higher amendments aVected various growth
parameters, NR activity, and carbohydrate content of
the plants. The results suggest that the plants of V.
radiata (var. PDM 54) may be grown on contaminated
soil or lower sludge amendments and irrigated with
ground water. No translocation of toxic metal Cr was
found in the seeds of the plants grown in up to 25%

tannery sludge. However, periodical monitoring is
required before the consumption of seeds. Overall, the
results showed that plant growth patterns were inXu-
enced to some extent by the level of soil contamina-
tion and the water used for irrigation.
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Introduction

Unmindful disposal of industrial waste has created
problems twofold: it has degraded the soil fertility
and contaminated the food-chain. As a cheap manage-
ment practice, lower amounts of sludge are amended
with agricultural soil to enhance the productivity, and
treated wastewaters are also used for irrigation pur-
pose. The beneWcial eVects of using sewage sludge in
agriculture have been proven. It improves the physi-
cal, chemical, and biological properties of the soil and
increases crop production through the addition of
nutrients and organic matter (Mantovia et al. 2005;
Cassado-Vela et al. 2006; Dolgen et al. 2007), at the
same time preventing it from entering other ecosys-
tems and further polluting.

India is one of the largest producers of leather in
the world and there are at present more than 3,000
tanneries, with annual processing capacity of
0.7 million tonnes of hides and skins. In India, Jajmau,
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Kanpur (about 400 tanneries) is a major industrial
town which specializes in processing hides into heavy
leather. The wastewaters discharged from leather
tanning industries also contain signiWcantly high
amounts of heavy metals, particularly chromium. It
has been common practice to use the treated wastewater
for irrigation of crops, vegetables, etc. The prevalent
practice has contaminated the top soil of the adjoining
agricultural Welds. Thus, edible plants growing on
such contaminated soil represent an important
pathway for the movement of potentially toxic
elements from soil to human beings (Singh et al.
2004a). Today, however, the decline of arable land
and an increasing food demand, has left no choice but
to continue growing crops on such contaminated
lands (Barman et al. 2000; Fytianos et al. 2001; Sinha
et al. 2005; Gupta and Sinha 2006a; Sinha et al. 2007;
Sinha and Gupta 2007). Recently, Sinha et al. (2006a)
have demonstrated healthy growth of vegetables and
crops grown on tannery wastewater contaminated
soil. The accumulation and translocation of metal
varies from plant to plant. It was observed that leafy
vegetables have shown more accumulation and trans-
location of toxic metal chromium than in the edible
parts of other vegetables and crops. Metals such as
Fe, Zn, and Mn are essential as micronutrients for
many cellular processes, however, at higher concen-
trations their ions act as eYcient generators of reac-
tive oxygen species. Moreover, metals at excessive
concentrations aVect plant growth, development, and
yield by suppressing metabolism and translocation.

Vigna radiata (mung bean) is widely grown as
mixed, intercrop, or in rotation to improve nitrogen
status of soil or to break the disease pest cycles in
most parts of the World. Mung is a very tolerant
crop, therefore, it is expected that the plant may grow
healthy in contaminated soil, and may accumulate
toxic metal ion in edible parts which can enter the
food chain through dietary intake. Therefore, the
growth alone should not be criteria for choosing
crops to be grown in contaminated areas. Singh et al.
(2003) reported inhibition of seedling (Vigna radi-
ata) growth and nitrate reductase activity in response
to Pb2+ and salt stress; they also reported the syner-
gestic eVect due to these stresses. Sinha et al.
(2006b) reported that Mn stress alters phytotoxic
eVects of Cr in Vigna radiata grown in solution
culture. Similarly, Shankar et al. (2004) studied anti-
oxidant response of enzymes and metabolites to

chromium speciation in V. radiata roots grown in
solution culture. These studies were carried in solu-
tion culture and the extrapolation of these studies to
Weld conditions is not feasible due to many environ-
mental factors which may interfere synergistically or
antagonistically. Besides, there are several reports
(Singh et al. 2004b; Sinha and Gupta 2007; Sinha
et al. 2007) demonstrating better growth of the plants
when grown on tannery sludge amended soils. Thus,
it is necessary to experimentally validate the suitable
dose to be amended with soil to grow V. radiata.

This study was planned to take place in the con-
taminated soil of Jajmau, Kanpur where up-Xow
anaerobic sludge blanket (UASB) treated tannery
wastewater has been used for irrigation for many
decades. Experiments were planned using Vigna radi-
ata var. PDM 54 on naturally contaminated soil
(Weld) with two diVerent types of waters for irriga-
tion: UASB treated wastewater and ground water, in
order to check the use of contaminated land for culti-
vation. In another experiment (pots), two varieties of
Vigna radiata (var. PDM 54 and var. NM 1) were
grown in diVerent amendments of tannery sludge in
order to simulate various level of contamination and
its eVect on morpho-anotomical parameters, chloro-
phyll, and protein contents. The plants were irrigated
with ground water.

Materials and methods

Study location

In India, Jajmau (Kanpur) is a major industrial town
and lies in the Indo-Gangetic plains between the par-
allels of 26°28� N and 80°24� E. The discharge from
these industries is treated in an up-Xow anaerobic
sludge blanket (UASB) treatment plant before release
in an agricultural Weld (»2,100 acre). The present
study was conducted in an experimental plot in the
same area.

Seed procurement

The seeds of Vigna radiata (var. PDM 54 and var.
NM 1) were obtained from the Indian Institute of
Pulse Research, Kanpur (Uttar Pradesh, India). All
the seeds were sterilized in 3% formalin for 5 min to
avoid fungal contamination, then washed with
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distilled water for three changes and soaked in water
overnight.

Experimental set-up

In the Weld, seeds of Vigna radiata (var. PDM 54) were
cultivated on contaminated soil of Jajmau, Kanpur in
plots measuring 2 m £ 2 m, in Wve replicates from
March until June 2005. The plants were irrigated by
two diVerent types of water: UASB treated wastewater
and ground water, then harvested after 90 days.

In the laboratory, the experiment was designed to
simulate diVerent levels of contamination prevailing
in the Weld by amendments made out of tannery
sludge. Dried tannery sludge cakes were collected
from the sludge beds of the Wastewater Treatment
Plant in Jajmau, Kanpur (Uttar Pradesh, India) in
large plastic bags and brought to the Weld laboratory.
Various amendments (10, 25, 35, 50, 75, and 100%)
of tannery sludge (TS) were prepared after pulveriz-
ing and sieving (2 mm) using garden soil (GS), where
garden soil served as control. For the purpose of con-
venience, the tannery sludge amendments have been
denoted as 10% TS, 25% TS, 35% TS, 50% TS, 75%
TS, and 100% TS. Soaked seeds of both varieties of
V. radiata (var. PDM 54 and NM 1) were evenly
sown in pots (14�� in diameter) Wlled with diVerent
amendments (10, 25, 35, 50, 75 and 100%) of tannery
sludge (10 kg dw), along with one set of control in
soil, and each in three replicates. Ten seeds were
sown in each pot to a depth of 5 cm. A total of 21 pots
were randomly divided into 7 groups (amendments),
each group with 3 pots (replicates). The pots were
watered daily until seed germination. When the seed-
lings had developed Wve or six leaves, they were
thinned out to retain three uniform ones per pot and
allowed to grow. Pots were placed in a greenhouse in
a randomized block design at an average diurnal tem-
perature of 25–45°C. Pots were irrigated using tap
water when required. The experiments were repeated
twice, each time with three replicates. The plants
were harvested monthly for three consecutive months
(90 days).

Metal accumulation

Oven dried contaminated soil (CS), tannery sludge,
and soil samples (0.5 g) were digested in HNO3

(70%) and HF (3:1) using the Microwave Digestion

System MDS 2000 (CEM Corp., USA) for the esti-
mation of metal contents.

DiVerent parts of the treated and control plants
were separated manually, washed thoroughly with
running deionized water, blotted dry, cut in small
pieces and oven dried (70°C for 1 week). After dry
weight determination, the oven-dried samples were
ground and digested in HNO3 (70%) using the Micro-
wave Digestion System MDS 2000 and metal con-
tents were estimated using the Atomic Absorption
Spectrophotometer (GBC Avanta �, GBC ScientiWc
Equipment, USA). The concentration of metals in the
control plant had already been subtracted from the
data of metal accumulation in the treated plants.

Growth parameters

The plants (one plant from each pot) were harvested
after 30, 60, and 90 days after sowing and repeat-
edly washed with double distilled water. At each
harvest, the length of roots and shoots of all the
plants was measured by Vernier calipers, photosyn-
thetic area was determined by a delta T device, and
the number of leaves was recorded manually. Chlo-
rophyll content in the fresh leaves of the plant
(100 mg) was estimated by the method of Arnon
(1949). Protein content in the roots and leaves of the
control and treated plants was estimated using BSA
as a standard protein (Lowry et al. 1951). Total car-
bohydrate content was determined according to
Dubois et al. (1956). The nitrate reductase activity
was estimated in the leaves using the method of Sri-
vastava (1974).

Scanning electron microscopic studies

The leaves of the plant (pots) V. radiata (var. PDM 54
and var. NM 1) grown on 50 and 100% TS along with
control were harvested after 90 days of growth and
examined by scanning electron microscope. The leaf
samples were kept in 2.5% gluteraldehyde for Wxation
and left overnight. The material was passed through
alcohol series (30, 50, 70, 90, and 100%) for dehydra-
tion, and drying was done in BAL-TEC CPD-030
critical point drier using liquid CO2 as the carrier gas.
The mounted specimens (six samples from each cate-
gory) were coated with 15 nm thin gold and studied
with the Philips XL-20 scanning electron microscope
(USA).
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Data analysis and interpretation

The experiment was performed in a completely ran-
domized block design involving seven amendments
of tannery sludge and at three growth periods. To con-
Wrm the variability of data and validity of results, all
the data were subjected to an analysis of variance
(ANOVA), and to determine the signiWcant diVerence
between treatments, least signiWcant diVerence (LSD)
analysis was performed (Gomez and Gomez 1984).

Quality control and quality assurance

The standard reference material of metals (E-Merck,
Germany) was used for calibration and quality assur-
ance for each analytical batch. For sludge and soil
analysis, analytical data quality of metals was ensured
through repeated analysis of sewage sludge (cata-
logue no. CRM029-050; lot no. JC029a) and soil (cat-
alogue no. CRM 028-050; lot no. IH020) samples of
the Resource Technology Corporation (EPA CertiWed
Reference Material), and results were found to be
within predicted levels. The reference solution (BND
1101.02) for multi-elements (Zn, Fe, Cu) and (BND
402.02) for Cr was also used for calibration of the
atomic absorption spectrophotometer and validation
of the test methods provided by the National Physical
Laboratory (NPL), New Delhi (India), and the results
were found to be within §1.50% of certiWed values.
The recoveries of metals from the plant tissues were
found to be more than 98.5% as determined by digest-
ing three samples each from spiked plant samples.

Results and discussion

Physico–chemical properties

The analysis of physico-chemical properties of UASB
treated tannery wastewater (Table 1) used for the irri-
gation of agricultural soil showed high salinity, EC,
TDS, BOD, and COD due to processing of raw hides
where a large number of chemicals are used which
Wnd their way into wastewater. The physico–chemical
properties of the soil irrigated with UASB treated
wastewater (T1) and ground water (T2) have shown
that the level of EC, CEC, OC, and OM were found
higher in T1 than T2 (Table 2). Similarly, the results
of physico-chemical analysis of CS, GS, and its

diVerent amendments (Table 2) showed higher levels
in CS and TS than the level of respective parameters
in GS except Fe. The level of Fe was higher in GS as
compared to the CS and TS, which is due to the pres-
ence of Fe as one of the major constituents in the
earth’s crust. There are some recent reports showing
high level of EC, salinity, CEC, OM, and OC in tan-
nery waste contaminated soil (Sinha and Gupta 2007)
due to long-term inputs of treated tannery wastewater
in agricultural Welds.

Metal accumulation

In the Weld experiment, the plants of V. radiata (var.
PDM 54) were grown on contaminated soil and irri-
gated with treated tannery wastewater (routine prac-
tice) and ground water to critically evaluate the use of
contaminated soil for cultivation in diVerent irrigation
practices. The analysis of results (Table 3) showed
signiWcantly higher levels of Cr in the plant parts
when irrigated with UASB treated tannery wastewa-
ter after 90 days of growth than in the plants irrigated
with ground water. This is due to the presence of high
levels of Cr in the treated wastewater used for irriga-
tion. The order of accumulation of all the metals was
found as roots > leaves > shoots.

Table 1 Physico–chemical parameters of treated tannery
wastewatera

a All values are means of Wve replicates §SD

Parameters UASB treated 
tannery wastewater

pH 7.26 § 0.01

Salinity (g kg¡1) 8.50 § 0.01

Electrical conductivity 
(�Sm¡1)

81.1 § 0.07

Total dissolved solids 
(mg l¡1)

7,990 § 102

Biological oxygen demand 
(mg l¡1)

273 § 28

Chemical oxygen demand 
(mg l¡1)

1,360 § 126

Metals (mg l¡1)

Fe 3.93 § 0.58

Cr 3.20 § 0.52

Zn 0.39 § 0.03

Mn 0.12 § 0.007

Ni Not detected
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Both varieties of V. radiata grown in pots showed
accumulation of metals in diVerent part of the plants
and increased progressively with increase in amend-
ments (Tables 4 and 5). In var. PDM 54, the maxi-
mum increase of Cr, i.e. 517.99, 399.8, and 276.5% in
its roots, shoots and leaves, respectively, was
recorded in 100% TS as compared to 10% TS
(Table 4). In var. NM 1, the maximum increase in
accumulation of Cr, i.e. 443.43, 333.10, and 319.32%,
was recorded in 100% TS in roots shoots and leaves,
respectively as compared to 10% TS (Table 5). Over-
all, the variety var. PDM 54 showed more accumula-
tion of metals than var. NM 1 in all parts of the plants.
Interestingly, no accumulation of Cr in the seeds of

the plants was recorded in lower amendments of tan-
nery sludge (10 and 25% TS).

The metal accumulation ability of diVerent plants
varies with species. Furthermore, the irrigation practice
greatly inXuence the rate of heavy metal accumulation
in the plants grown on contaminated soils (Barman
et al. 2000; Fytianos et al. 2001). Similar to the present
Wndings, more accumulation of Cr in the roots was
recorded than shoots, which may be due to reduction
of Cr (VI) to Cr (III), which reduces its mobility from
roots to shoot. A similar study reported by Singh et al.
(2003) on V. radiata seedlings grown in the presence
of Pb and NaCl showed higher accumulation of Pb+2

and Na+ in their roots than in their leaves. Shankar

Table 2 Physico–chemical properties of diVerent substratesa

a All values are means of three replicates §SD
b Sinha et al. (2007)

Parameters Substrates

T1 T2 GSb CSb TSb

pH (1:2 ratio) 7.90 § 0.24 7.18 § 0.007 6.63 § 0.04 7.86 § 0.005 7.84 § 0.005

Salinity (g kg¡1) 7.10 0.80 0.2 1.3 7.5

EC (�S m¡1) 2188 § 10.9 1,660 § 13.8 708 § 1.6 2,506 § 5.47 3,044 § 11.4

CEC (cmol kg¡1) 91.52 § 1.84 60.04 § 0.06 55.69 § 0.83 83.8 § 1.2 146.25 § 1.87

OC (%) 0.80 § 0.007 0.23 § 0.007 0.48 § 0.04 1.27 § 0.07 5.47 § 0.27

OM (%) 0.60 § 0.02 0.35 § 0.01 0.793 § 0.121 2.18 § 0.01 9.39 § 0.49

Total concentration of heavy metals (mg kg¡1 dw)

Fe 14,285 § 1244 13,442 § 127 38,862 § 3684 22,898 § 1740 19,401.44 § 61

Cr 197.76 § 12.83 48.50 § 3.69 5.1 § 0.34 145.87 § 21.51 7,489.76 § 203

Zn 104.91 § 0.97 147.18 § 14.8 45.15 § 0.86 217.03 § 22.81 340.69 § 11.10

Mn 360.78 § 31.12 356.27 § 31.02 238.93 § 15.3 310.76 § 68.8 294.19 § 15.50

Cu 43.79 § 1.68 53.03 § 5.82 18.67 § 0.85 18.67 § 0.85 188.09 § 5.81

Table 3 Accumulation of metals in various plant parts (mg kg¡1 dw) irrigated with UASB treated wastewater (T1) and ground water
(T2) after 90 daysa

a All values are means of three replicates §SD
b Ni was found bdl

Treatments Plant parts Metals

Fe Cr Zn Mn

T1 R 825.14 § 76.70 147.96 § 9.30 42.43 § 4.44 25.48 § 1.62

S 831.89 § 79.80 19.18 § 3.10 104.35 § 12.13 39.59 § 2.96

L 1,244.41 § 47.52 21.01 § 2.79 45.89 § 1.35 78.34 § 1.56

T2 R 335.63 § 32.13 10.35 § 1.01 31.43 § 1.93 17.53 § 1.79

S 386.72 § 32.79 9.74 § 0.73 51.04 § 4.86 21.24 § 0.24

L 1,107.56 § 8.06 bdlb 65.67 § 0.67 94.41 § 1.00
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et al. (2004) observed that roots and shoots of Vigna
radiata varied highly in their ability to accumulate Cr
regardless of the speciation in the nutrient medium.
These studies were conducted in solution culture, how-
ever, there are many reports (Sinha et al. 2007; Sinha
and Gupta 2007) on the plants grown in naturally con-
taminated soil or simulated Weld conditions showing
variable level of translocation of metals. Similar to the
present Wndings, the sunXower seeds grown on lower
amendments have not shown the accumulation of Cr in
the seeds (Singh et al. 2004b). Besides high levels of
Cr in the tannery sludge and contaminated soil, the
transfer of metal from substrate to plant was not found
to be high, which is due to binding of metal to diVerent
fractions of the soil. There are many reports on tannery
waste contaminated soil where most of the Cr was
bound to the Fe–Mn oxide fraction of the sludge and

not available to plants for uptake (Gupta and Sinha
2006b, 2007a). Thus, the addition of a proper amend-
ment contributes towards the beneWcial eVects on the
plant. A comparative study using two types of irriga-
tion water was adopted, and the eVect on plant produc-
tivity can help to understand the potential harmful
eVect of treated wastewater irrigation in agricultural
soil. These studies showed that the application of
sludge is dose and crop dependent.

Morphological parameters

The plants of V. radiata (var. PDM 54) grown in Weld
and irrigated with UASB treated tannery wastewater
(T1) have shown no signiWcant diVerence in root and
shoot lengths, whereas, number of leaves (p < 0.02)
and fresh weight (p < 0.01) increased signiWcantly as

Table 4 Accumulation of metals (�g g¡1 dw) in diVerent parts of V. radiata var. PDM 54 grown (pots) on diVerent amendments of
tannery sludge after 90 daysa,b

a All values are means of three replicates §SD
b Student t-test (two tailed as compared to 10% TS)
c Cr bdl in seeds at 10 and 25% TS

*p < 0.05, **p < 0.02, ***p < 0.01, 9p < 0.001

Substrates Plant parts Metals

Crc Fe Zn Mn

GS Roots bdl 68.41 § 6.68 16.24 § 3.15 17.53 § 1.79

Shoots bdl 105.21 § 10.51 13.25 § 1.05 21.24 § 0.24

Leaves bdl 101.21 § 9.98 25.24 § 4.05 24.41 § 1.00

10% TS Roots 70.06 § 5.67 80.74 § 4.79 16.24 § 3.15 32.29 § 2.83

Shoots 12.36 § 0.93 79.46 § 2.26*** 12.01 § 1.17 20.53 § 1.82

Leaves 16.72 § 1.19 153.04 § 13.8** 11.06 § 0.89 27.87 § 1.07

25% TS Roots 138.16 § 13.67** 153.04 § 13.8** 35.13 § 1.49** 57.83 § 5.02**

Shoots 17.98 § 2.27* 68.41 § 6.68** 24.73 § 0.81*** 41.30 § 2.61***

Leaves 20.83 § 1.55 79.46 § 2.26*** 22.19 § 1.71*** 45.99 § 0.83***

35% TS Roots 165.27 § 14.49*** 173.30 § 13.35*** 45.79 § 2.97*** 82.43 § 2.29***

Shoots 19.36 § 1.53* 77.19 § 5.88*** 37.62 § 1.46*** 64.20 § 2.52***

Leaves 26.71 § 0.77*** 105.05 § 10.81*** 31.65 § 1.31*** 72.77 § 3.34***

50% TS Roots 250.05 § 13.56*** 295.95 § 15.59*** 61.77 § 6.61*** 105.22 § 10.30***

Shoots 27.46 § 1.31*** 103.33 § 10.19*** 52.64 § 8.38** 77.11 § 7.07***

Leaves 28.67 § 0.94*** 120.95 § 3.479 45.42 § 2.74*** 82.63 § 2.209

75% TS Roots 312.45 § 30.16*** 378.91 § 15.429 76.08 § 1.78*** 145.60 § 13.14***

Shoots 36.38 § 3.43*** 125.80 § 10.63*** 59.73 § 5.04*** 103.57 § 7.03***

Leaves 43.40 § 2.78*** 148.13 § 8.75*** 52.19 § 5.19*** 118.21 § 10.01***

100% TS Roots 432.97 § 20.45*** 493.26 § 15.609 97.38 § 5.75*** 196.83 § 11.69***

Shoots 54.37 § 4.56*** 152.97 § 5.499 81.24 § 7.24*** 157.08 § 8.64***

Leaves 62.95 § 5.66*** 209.97 § 19.51*** 70.73 § 3.25*** 166.11 § 5.909
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compared to ground water irrigated plants (T2;
Table 6). Thus, the plants irrigated with treated tan-
nery wastewater have shown better growth than irri-
gated with ground water which may be due to the
presence of nutrients and richness of organic matter.

In pot experiments, in general, comparison of all
the growth parameters has shown greater increase in
var. PDM 54 than NM 1 in all the amendments in all
growth periods (Fig. 1).

The analysis of the data showed signiWcant
(p < 0.01) increase in shoot length with increase in
amendment ratio (Fig. 1a) in both the varieties except
at 10% TS in var. PDM 54. The maximum increase
(p < 0.01) in shoot length of var. PDM 54 (43.79%)
and NM 1 (59.60%) was found in 75% TS after
90 days against their respective GS. Root length

Table 5 Accumulation of metals (�g g¡1 dw) in diVerent parts of V. radiata var. NM-1 grown (pots) on diVerent amendments of tan-
nery sludge after 90 daysa,b

a All values are means of three replicates §SD
b Student t-test (two tailed as compared to 10% TS)
c Cr bdl in seeds at 10 and 25% TS

*p < 0.05, **p < 0.02, ***p < 0.01, 9p < 0.001

Substrates Plant parts Metals

Crc Fe Zn Mn

GS Roots bdl 59.31 § 7.68 18.25 § 4.91 20.33 § 3.79

Shoot bdl 115.31 § 14.11 17.29 § 3.09 29.22 § 2.14

Leaves bdl 142.21 § 10.28 35.44 § 3.07 14.21 § 3.05

10% TS Roots 63.04 § 11.03 64.35 § 6.58 14.73 § 1.18 23.78 § 2.79

Shoots 10.42 § 1.42 24.44 § 1.99 9.02 § 1.31 18.38 § 1.43

Leaves 12.21 § 0.33 29.88 § 3.42 10.40 § 0.79 22.06 § 1.66

25% TS Roots 136.93 § 12.81** 123.97 § 7.7*** 31.47 § 2.02*** 36.91 § 1.48***

Shoots 15.23 § 1.04* 57.69 § 9.59* 19.36 § 1.09*** 29.22 § 1.59***

Leaves 18.05 § 1.15** 65.88 § 5.05*** 19.95 § 0.73*** 31.69 § 1.27***

35% TS Roots 153.08 § 4.57*** 155.53 § 7.4*** 39.96 § 3.50*** 40.81 § 2.15***

Shoots 16.87 § 2.08* 64.42 § 2.60*** 28.85 § 0.94*** 31.02 § 0.81***

Leaves 19.88 § 0.83*** 74.36 § 2.45*** 29.81 § 2.89*** 35.88 § 0.889

50% TS Roots 214.25 § 7.02*** 202.6 § 6.35*** 54.91 § 5.40*** 75.95 § 4.74***

Shoots 21.09 § 1.10*** 84.31 § 7.69*** 42.74 § 2.10*** 55.13 § 6.01***

Leaves 25.54 § 1.36*** 92.96 § 2.75*** 46.95 § 1.599 66.48 § 3.52***

75% TS Roots 266.72 § 15.90*** 255.28 § 12.37*** 72.07 § 2.779 98.13 § 9.13***

Shoots 29.24 § 1.19*** 102.51 § 5.97*** 54.80 § 6.12*** 69.82 § 7.25***

Leaves 38.89 § 1.239 121.86 § 5.51*** 58.14 § 5.32*** 74.43 § 3.67***

100% TS Roots 342.58 § 22.47*** 354.52 § 11.409 88.12 § 4.37*** 152.66 § 3.279

Shoots 45.13 § 1.92*** 130.66 § 9.40*** 69.73 § 4.89*** 102.69 § 5.93***

Leaves 51.20 § 6.48*** 183.83 § 7.449 76.81 § 8.05*** 110.75 § 8.03***

Table 6 Morphological parameters, plant pigments, and pro-
tein contents of V. radiata (PDM 54) grown on soil irrigated
with UASB treated wastewater (T1) and ground water (T2)a,b

a All values are means of three replicates §SD
b Student t-test (two tailed as compared to T2)

*p < 0.02, **p < 0.01

Parameters T1 T2

Root length (cm) 19.30 § 3.54 16.70 § 0.10

Shoot length (cm) 45.40 § 1.56 48.70 § 2.40

Number of leaves 53.50 § 4.95* 27.00 § 1.41

FW (g) 83.00 § 1.41** 65.00 § 1.41

Total Chl (mg g¡1 fw) 2.51 § 0.12 2.60 § 0.33

Chl a/b 2.17 1.76

Carotenoid (mg g¡1 fw) 0.63 § 0.04 0.73 § 0.13

Leaf protein (mg g¡1 fw) 14.91 § 0.52 14.59 § 2.52
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increased signiWcantly (p < 0.01) in var. PDM 54,
until 35% TS with maximum increase (64.38%) in
25% TS, and in var. NM 1 a maximum increase of
13.59% was recorded in 25% TS at 90 days, against
their respective GS (Fig. 1b), followed by a decrease.
Both varieties exhibited increases in root length at
lower amendments; however, the increase was more
prominent in var. PDM 54 than var. NM 1.

In var. PDM 54, the number of leaves (Fig. 1c) of
the plant increased in all the amendments and in all
the growth periods except at 100% TS at 90 days;
however, in NM 1, the increase was recorded up to
75% TS. In both varieties, the maximum increase
(p < 0.01) in number of leaves was recorded up to

35% TS at all the growth periods as compared to their
respective GS. Maximum increases of 90.53% (var.
PDM 54) and 69.49% (var. NM 1) were observed in
the plants grown on 35% TS at 90 days over their GS
values. Both varieties exhibited an increase in growth
parameters at lower amendments; however, the
increase was more prominent in var. PDM 54 than
var. NM 1. In both varieties, the leaf area (Fig. 1d)
increased up to 75% TS at 30 and 60 days and up to
35% TS at 90 days over their respective GS.

Similar to earlier reports (Sinha et al. 2007; Sinha
and Gupta 2007), the plants grown on lower amend-
ments facilitate the growth parameters in both varie-
ties. This phenomenon could be due to the availability

Fig. 1 EVect of tannery 
sludge amendments on root 
length (cm) (a), shoot length 
(cm) (b), number of leaves 
(c), and leaf area (cm2) (d) 
of V. radiata (var. PDM 54 
and NM 1). All values are 
means of three 
replicates § SD. *p < 0.01 
as compared to GS
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of essential metals in excess at lower amendments;
however, at higher TS amendments, the same had
become toxic, and hence this manifestation could be
seen in the form of reduction in growth parameters.
Shankar et al. (2004) reported that Cr (VI) treatments
exhibited signiWcant reduction in all the growth
parameters (root length, root dry weight, and total leaf
area). 

There are several reports of metal tolerance and
healthy growth of diVerent edible crops grown on
contaminated soil and plants tend to adapt them-
selves to cope with stress conditions which vary from
one plant to another. The leafy vegetables have
shown higher levels of toxicity (Sinha et al. 2007;
Sinha and Gupta 2007; Gupta and Sinha 2007b) com-
pared to other oil bearing plants when grown on con-
taminated soil (Singh et al. 2004b). Sinha et al.
(2006b) recently reported that the eVects of low Mn
were more pronounced on Cr toxicity than adequate
and excess manganese in the plants of Vigna radiata,
cv. PU 19.

Morpho–anatomical

The eVect on the epidermal structures of leaves of V.
radiata var. PDM54 (Fig. 2a–f) and var. NM 1
(Fig. 3a–f) grown on higher sludge amendments (50
and 100% TS) after 90 days was recorded. The analy-
sis of Wgures showed that most of the stomata were
found partially or totally closed in the leaves of the
plants growing in the tannery sludge amended soil.
The number of stomata per unit area was increased
with increase in sludge amendment ratio as compared
to GS. The observations showed slightly higher eleva-
tion of stomata than that of GS. The stomata was
more highly aVected in var. NM 1 plants grown on
100% TS after 90 days (Fig. 3) than var. PDM 54.
The epidermal layer of the plants after 90 days was
also observed to be highly convoluted (Figs. 2 and 3),
as compared to GS. This could be due to the decrease
in turgor pressure in the epidermal layer. The drop in
turgor pressure in the epidermal cytoplasm could be
due to inhibition of the cell wall to uptake requisite

Fig. 2 SEM micrographs of 
leaf surface of V. radiata 
var. PDM 54. (a) Leaf epi-
dermis of control plant 
(400£). (b) MagniWed view 
of plate A (1,550£).  (c) 
Leaf epidermis of plants 
growing in 50% tannery 
sludge (400£). (d) Magni-
Wed view of plate C 
(1,550£). (e) Leaf epider-
mis on plants growing in 
100% tannery sludge. (f) 
MagniWed view of plate E 
(1,550£)
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amount of water from the vascular bundle. The sap of
the plants growing on 100% TS is likely to contain
high salts and metals; therefore, reverse osmosis can-
not be ruled out to be occurring on the cell walls, forc-
ing water from the cytoplasm to the intercellular
spaces. As micrographs suggest (Figs. 2 and 3), the
plants of V. radiata var NM 1 were more sensitive
than var. PDM 54. The elongation in stomatal length
with increase in TS amendments has been reported
earlier in plants grown under stress conditions (Sinha
et al. 2007; Singh and Sinha 2004).

Photosynthetic pigments

UASB treated tannery wastewater irrigated (T1)
plants of V. radiata var. PDM 54 have shown no sig-
niWcant diVerence in total chlorophyll and carotenoid
contents (Table 6) in comparison with ground water
irrigated plants (T2).

Overall, the photosynthetic pigments in the plant
of V. radiata var. PDM 54 (Table 7) were higher than

in var. NM 1 (Table 8) growing in all the amendments
at all growth periods. Total chlorophyll content
increased with increase in TS amendments until 35%
TS at 90 days in both varieties and then decreased. A
maximum increase of 20.3% in var. PDM 54 and
7.8% in var. NM 1 at 10% TS in total chlorophyll
content was recorded after 90 days over their respec-
tive GS. The total chlorophyll content results were
compared for both the varieties and the increase (%)
was more pronounced in var. PDM 54 than var. NM
1. At 90 days, the chl a/b ratio decreased in both vari-
eties with increase in amendment ratio greater in
PDM than in var. NM 1.

In both varieties, the carotenoid content increased
in all the amendments at 30 days as compared to GS.
The comparison of carotenoid content in both varie-
ties (var. PDM 54 and var. NM 1) has shown a greater
increase (%) in var. PDM 54 than var. NM 1 in all
growth periods (Tables 7 and 8). A maximum
increase of 39.67% at 10% TS (var. PDM 54) and
24.48% at 25% TS (var. NM 1) was recorded at

Fig. 3 SEM micrographs of 
leaf surface of V. radiata 
var. NM 1. (a) Leaf epider-
mis of control plant (400£). 
(b) MagniWed view of plate 
A (1,550£). (c) Leaf epider-
mis of plants growing in 
50% tannery sludge (400£). 
(d) MagniWed view of plate 
C (1,550£). (e) Leaf epider-
mis on plants growing in 
100% tannery sludge. (f) 
MagniWed view of plate E 
(1,550£)
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90 days, as compared to their respective GS. The
maximum carotenoid content in var. PDM 54 at a
lower amendment (10% TS) than NM 1 (25% TS)
indicated that var. PDM 54 has developed better toler-
ance mechanisms towards metal induced stress than
NM 1.

In both varieties, the increase in photosynthetic
pigments in the lower amendments (up to 35% TS) in
the early stages of growth could be attributed to the
presence of essential metal ions in tannery sludge
required for chlorophyll biosynthesis (Singh et al.
2004b; Sinha et al. 2007; Sinha and Gupta 2007).
However, reduction in chlorophyll content at higher
sludge amendments may be attributed to the interfer-
ence of heavy metals in the formation of chlorophyll
through direct inhibition of an enzymatic step. Dhir
et al. (2004) also reported a decline in chlorophyll
(Chl a and Chl b) levels in Cd treated plants of Vigna
radiata grown in solution culture.

Carotenoid, which is considered as non-enzymatic
antioxidant, plays an important role in protection of
chlorophyll pigment under stress conditions by
quenching the photodynamic reactions and replacing
peroxidation. In conformity with earlier Wndings
(Sinha et al. 2007; Sinha and Gupta 2007), an
increase in the carotenoid content with increase in
amendments and growth has been observed. How-
ever, at higher amendments and longer growth period,
there was an overall decrease in chlorophyll pigments
in both the varieties. However, more decrease in chlo-
rophyll content of var. NM 1 than var. PDM 54 was
recorded which may be due to varietal diVerence.
Sinha et al. (2006b) observed the combined eVect of
Cr on Vigna radiata cv. PU 19 in Mn deWciency as
well as excess conditions. Visible symptoms such as
depression in biomass, chlorophyll a and b, activity of
ribonuclease, and increasing peroxidase activity were
observed in the plant.

Table 7 EVect of tannery sludge amendments on total chlorophyll and carotenoid contents (mg g¡1 fw) and chl a/b ratio in the leaves
of V. radiata var. PDM 54a

a All values are means of three replicates §SD

*p < 0.01 as compared to GS

Substrates Durations Photosynthetic 
pigments

30 days 60 days 90 days

GS 1.96 § 0.45 2.14 § 0.15 2.00 § 0.21 Total chl

1.36 2.70 2.58 Chl a/b

0.51 § 0.04 0.56 § 0.02 0.50 § 0.03 Carotenoid

10% TS 2.18 § 0.27 2.42 § 0.15* 2.41 § 0.12* Total chl

1.63 2.49 2.48 Chl a/b

0.54 § 0.08 0.66 § 0.07* 0.70 § 0.03* Carotenoid

25% TS 2.60 § 0.19* 2.61 § 0.22* 2.24 § 0.17 Total chl

2.03 2.42 1.81 Chl a/b

0.71 § 0.04* 0.68 § 0.06* 0.58 § 0.06* Carotenoid

35% TS 2.71 § 0.21* 3.01 § 0.27* 2.17 § 0.13 Total chl

2.14 1.81 2.00 Chl a/b

0.73 § 0.13* 0.78 § 0.02* 0.55 § 0.03 Carotenoid

50% TS 2.40 § 0.33* 2.71 § 0.38* 1.99 § 0.18 Total chl

1.67 1.94 1.63 Chl a/b

0.59 § 0.07* 0.75 § 0.05* 0.49 § 0.07 Carotenoid

75% TS 2.30 § 0.07* 2.44 § 0.13* 1.89 § 0.1 Total chl

1.85 2.46 1.43 Chl a/b

0.55 § 0.04 0.66 § 0.03* 0.49 § 0.03 Carotenoid

100% TS 2.20 § 0.29 2.293 § 0.11 1.62 § 0.05 Total chl

0.68 0.70 0.56 Chl a/b

0.52 § 0.09 0.61 § 0.02 0.36 § 0.03 Carotenoid
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Protein and carbohydrate contents

In leaves of var. PDM 54, the protein content
increased signiWcantly in all amendments (30 days),
up to 50% TS (60 days), and 35% TS (90 days) as
compared to their respective GS, with maximum
increase of 37.2% at 35% TS (90 days) (Fig. 4a). In
roots, the protein content increased at lower amend-
ment of TS with maximum increase of 39.68% at
25% TS after 90 days of growth. In the leaves of var.
NM 1 (Fig. 4b), the protein content increased up to
35% TS after 90 days with maximum increase of
26.6% at 25% TS after 90 days as compared to GS. In
roots, a signiWcant increase of 37.11% was recorded
in the plants grown in 25% TS (90 days), as compared
to GS. Overall comparison showed that the var. PDM
54 variety showed better response than var. NM 1.

In both varieties, the carbohydrate content
increased signiWcantly up to 75% TS at 60 days and

35% at 90 days as compared to their respective GS
samples. The maximum increases of 21.49% and
29.09% were observed in var. PDM 54 and var. NM
1, respectively, in the leaves of the plants grown on
35% TS at 90 days of growth (Fig. 4e, f).

Both varieties showed similar trends, wherein, the
maximum protein content was obtained at later stage
of growth (90 days), at lower amendments, which
may be due to the availability of essential elements
for healthy growth. Hsu and Kao (2003) reported that
Cd induced a notable decrease in protein content in
the leaves of Cd-sensitive rice genotype, but not for

Table 8 EVect of tannery sludge amendments on total chlorophyll and carotenoid contents (mg g¡1 fw) and Chl a/b ratio in the leaves
of V. radiata var. NM 1a

a All values are means of three replicates §SD

*p < 0.01 as compared to GS

Substrates Durations Photosynthetic 
pigments

30 days 60 days 90 days

GS 1.69 § 0.19 2.05 § 0.07 1.99 § 0.32 Total chl

3.58 2.77 2.20 Chl a/b

0.421 § 0.04 0.47 § 0.06 0.44 § 0.05 Carotenoid

10% TS 2.02 § 0.24* 2.42 § 0.12* 2.14 § 0.23 Total chl

2.73 1.88 2.03 Chl a/b

0.465 § 0.08 0.52 § 0.03 0.52 § 0.07* Carotenoid

25% TS 2.34 § 0.12* 2.56 § 0.45* 2.12 § 0.13 Total chl

2.84 2.11 1.75 Chl a/b

0.53 § 0.08* 0.64 § 0.06* 0.55 § 0.06* Carotenoid

35% TS 2.28 § 0.05* 2.28 § 0.24 2.08 § 0.15 Total chl

2.68 2.15 2.16 Chl a/b

0.51 § 0.07* 0.57 § 0.05* 0.53 § 0.06* Carotenoid

50% TS 2.04 § 0.16* 2.19 § 0.22 1.56 § 0.19 Total chl

2.68 2.31 2.01 Chl a/b

0.49 § 0.08 0.49 § 0.06 0.39 § 0.05 Carotenoid

75% TS 2.14 § 0.05* 2.02 § 0.21 1.47 § 0.28 Total chl

2.73 2.25 1.98 Chl a/b

0.49 § 0.03 0.46 § 0.05 0.36 § 0.09 Carotenoid

100% TS 2.14 § 0.20* 1.69 § 0.11 1.17 § 0.34 Total chl

2.80 2.21 1.98 Chl a/b

0.46 § 0.04 0.36 § 0.05 0.32 § 0.09 Carotenoid

Fig. 4 EVect of diVerent amendments of tannery sludge on pro-
tein content of V. radiata leaves. (a) Var. PDM 54. (b) Var.
NM1. (c) On protein content in roots, var. PDM 54. (d) Var.
NM1. (e) Total carbohydrate content in leaves, var. PDM 54. (f)
Var. NM1. (g) Nitrate reductase activity in leaves var. PDM 54.
(h) Var. NM1. All values are mean of three replicates. *p < 0.05
as compared to GS

�
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tolerant type. Demirevska-Kepova et al. (2004)
reported that high Cu level induced the reduction in
leaf total soluble protein in barley plants. The higher
concentrations of carbohydrate detected in the plants
in both the varieties at lower amendments was in
good coincidence with the report by Verma and
Dubey (2001), who suggested that higher concentra-
tion of soluble sugar could possibly provide an adap-
tive mechanism in maintaining favorable osmotic
potential under Cd toxicity. Guo et al. (2007) reported
poor increase in soluble sugar and decrease in soluble
protein contents in the barley plants treated with mul-
timetals.

In vivo NR activity

The overall NR activity was found higher in var. PDM
54 than in var. NM 1 (Fig. 4g, h). After 30 days of
growth, the activity was found to increase signiWcantly
(p < 0.01) with increase in amendments in both varie-
ties. After 60 and 90 days of growth, the maximum
increase was observed in 50% TS amendment in both
varieties. Maximum increase of 288.36% in NR activ-
ity was observed after 90 days of growth in var. PDM
54, whereas, 395.23% increase was observed in var.
NM 1 in 50% TS, as compared to their respective GS
samples. Nitrate reductase activity was also found to
increase signiWcantly (p < 0.01) and consistently with
increase in duration of growth at higher amendments
(35% TS onwards) in both varieties except 100% TS in
var. NM 1, as compared to initial duration (30 days).

In vivo NR activity catalyzes the nitrate assimila-
tion, which appears to be a rate limiting process in
acquisition of nitrogen in most cases (Campbell
1999). Inhibition in NR activity has been observed in
several plants (Sinha et al. 1994; Singh et al. 1998). In
plants, nitrate (NO3

¡) is the most important source of
N, an essential mineral element (Crawford and Glass
1998; Hirsch and Sussman 1999) and the nitrate must
be taken up across the plasma membrane for nitrogen
metabolism. Once inside the symplast of a plant,
NO3

¡ reduced to NO2
¡ by nitrate reductase (NR), and

NO2
¡ is converted to NH4–N by nitrite reductase. The

resulting NH4–N is then assimilated into amino acids,
nucleic acids, proteins, chlorophylls, and other metab-
olites (Marschner 1995; Stitt et al. 2002). Therefore,
nitrogen inXuences all levels of plant function, from
metabolism to resource allocation, growth, and devel-
opment (Stitt and Krapp 1999; Scheible et al. 2004).

Recently, Xiong et al. (2006) suggested that Cu toxic-
ity in the plants of Brassica pekinensis growth
decreased nitrate reductase activity and total chloro-
phyll content. Adverse eVects due to increasing Cu
concentration in plant tissues included shortened root
length, fewer leaves, and decline in plant biomass.

Conclusion

The results of the present study demonstrated that,
among both varieties, the plant V. radiata (var. PDM
54) shows more accumulation of Cr but also exhibits
a signiWcant increase in growth parameters when
grown on lower amendments of sludge or contami-
nated soil and irrigated with ground water. Interest-
ingly, no translocation of toxic metal Cr was found in
the seeds of the plants grown in up to 25% tannery
sludge and/or the plants grown on contaminated soil
irrigated with ground water. Therefore, an optimum
level of tannery sludge amendment (25%) with the
agricultural soil can act as a partial nutrient supple-
ment and, at the same time, manage the waste without
posing a potential hazard to the plant. However, care
must be taken while growing edible plants, and metal
levels may be monitored at regular intervals. Higher
concentrations of metals in the plants grown on
higher amendment of tannery sludge (>25%) aVected
various growth parameters and also aVected NR
activity and carbohydrate content of the plants. Based
on these Wndings, it is recommended that the plants
may be grown on 25% tannery sludge amendment
which has shown no accumulation of toxic metal Cr
in the seed part.
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