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Abstract A field experiment was designed to investigate

the effects of cadmium and lead on biomass production,

sugar and vitamin C content of dietary vegetables. At

seedling stage the reduction magnitudes in biomass pro-

duction with added cadmium up to 50 mg kg-1 soils were

49–51 % in fenugreek root and 32.2–39.6 % in spinach

leaf; while at 40 days after sowing (vegetative growth

stage); they were observed as 36.1–47.2 % in spinach root

and 17.8–20 % in coriander leaf. Cadmium caused maxi-

mum reduction in sugar content (62 %) in radish leaf and

vitamin C content (56.4 %) in coriander leaf at seedling

stage; whereas, maximum reduction in sugar content

(66.7 %) and vitamin C content (59.4 %) was observed in

spinach leaf and coriander leaf, respectively, under the

combined treatment (Cd 50 mg kg-1 ? Pb 500 mg kg-1)

at vegetative growth stage. The dietary vegetables enhance

their antioxidant activity against metal stress when applied

below the critical level, however, dosage of Cd higher than

critical level (C25 mg kg-1 soil in treatments II, III and

IX) drastically alters plant growth (stunted), reduced yield

as well as dietary contents (sugar and vitamin C) of these

important vegetables especially it’s antioxidant content;

and the hazardous effect was more visible at higher bio-

accumulation of heavy metals during vegetative growth

stage. It is concluded that dietary vegetables should be

utilized for human consumption before the vegetative

growth stage especially in the soils polluted with cadmium

and lead in order to minimize the intake of pollutants.

Keywords Cadmium � Dietary vegetables � Lead �
Sugar � Vitamin C

Introduction

The purpose of the present study is to develop the under-

standing of behaviour of heavy metals in the soil, their

bioaccumulation during growth stages and their impact on

dietary contents of some important dietary vegetables.

Vegetables supply minerals, vitamins, certain hormone

precursors as well as proteins and energy [1, 2]; and they

help the human beings to maintain healthy diet. Vitamin C

(ascorbic acid) is a water soluble antioxidant found in

variable quantities in different vegetables [3, 4] which is

required for normal metabolic function of our body.

Mostly heavy metals accumulate in the top soil and in

the long term, increase their concentration resulting into

increase in their absorption and accumulation in plant. The

discharge of heavy metals as by-product of various human

activities has been accompanied by large scale soil pollu-

tion and bioaccumulation, so that contamination levels in

these soil–plant systems were either more than normal

level, or expected soon to reach those levels. The anthro-

pogenic use of heavy metals either through sewage-sludge
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or through fertilizers has received much attention due to

enrichment of heavy metals in soil which affects human

health causing social problems [5–7]. Among toxic heavy

metals, cadmium is of great environmental concern

because of its higher bioavailability and toxicity to human

and livestock by readily getting in the food chain [8].

Cadmium (Cd) toxicity in plants causes leaf roll, chlorosis

and reduced growth of both root and stem. The levels of

Cd, Chromium (Cr), Nickel (Ni), and lead (Pb) have been

observed above the critical toxic level in plant leaves in

both dry and wet seasons. In general, the concentration of

Cd in plant decreases in the order: Root [ fruit [ seed.

The pH-induced Cd immobilization in soil is attributed

to various reasons such as increase in adsorption due

to increase in surface negative charge, greater affinity of

hydroxyl species (Cd OH?) for adsorption sites [9, 10] than

Cd?? and precipitation of Cd as Cd(OH)2. Cadmium is

also an effective inhibitor of photosynthesis [11].

Human studies have shown that chronic exposure to

cadmium can lead to serious health problems including lung

cancer, emphysema, other lung diseases and kidney damage.

Cadmium, with normal levels of 0.06–1.10 mg kg-1 soil, is

considered as one of the most important and most active

heavy metals present in soil. Permissible level of consump-

tion of Cd for human being is 70 lg/day.

The study regarding the impact of heavy metal pollution on

the quality of vegetables is very limited in India. The authors

therefore, carried out the present experiment to investigate the

effects of Cd and Pb in isolation as well as in combination on

biomass production and quality of vegetable. Keeping in view

the above mentioned facts the present study has been con-

ducted to determine (a) the effects of Cd and Pb pollution on

biomass production of leafy vegetables (b) vitamin C and

sugar content in Cd/Pb polluted soils and (c) bioaccumulation

of Cd and Pb in vegetables in the Cd/Pb polluted soils. In order

to develop the database, the values of sugar contents and

vitamin C contents in common tropical dietary vegetables are

hereby presented. The uses of vitamin C in diseases where it

can promote healing are also discussed.

Material and Methods

Experimental Site

The experimental site is situated in northern India at

258570N latitude and 818500E longitude on south-east facing

slopes of comparable inclination at altitudes between 200

and 80 m above sea level. A sandy clay loam soil, derived

from sewage-sludge irrigated Indo-Gangetic alluvial soils of

SDI farm situated on the confluence of Ganga and Yamuna

alluvial deposit, was sampled from Allahabad city, India.

The properties of the soil were: pH 8.0, EC 0.28 dSm-1,

organic matter (K2Cr2O7 oxidation) 5.6 g kg-1, total N

0.08 %, total P 0.04 %, CEC 19.8 C mol (P?) kg-1, DTPA–

Cd 0.38 mg kg-1 and DTPA–Pb 0.64 mg kg-1. The texture

comprised of sand ([0.2 mm) 56.0 %, silt (0.002–0.2 mm)

20.0 % and clay (\0.002 mm) 24.0 %. The detailed physi-

cochemical properties of the investigated soil have been

given in the Table 1. The soil was ground to pass through a

2 mm sieve. Nitrogen, phosphorus and potash were added to

all the plots @ 120, 30 and 30 kg ha-1 respectively through

calcium ammonium nitrate, di-ammonium phosphate and

sulphate of potash. The experiment was replicated thrice and

conducted in completely randomized block design following

nine treatments as follows:

(I) control (II) Cd 25 mg kg-1 (III) Cd 50 mg kg-1 (IV)

Pb 250 mg kg-1 (V) Pb 500 mg kg-1 (VI) Cd 25 mg

kg-1 ? Pb 250 mg kg-1 (VII) Cd 25 mg kg-1 ? Pb 500

mg kg-1 (VIII) Cd 50 mg kg-1 ? Pb250 mg kg-1 and

(IX) Cd 50 mg kg-1 ? Pb 500 mg kg-1. Cadmium was

added as CdCl2 and Pb as Pb(CH3COO)2. After 24 h of the

treatment seeds were sown. There were 27 plots, each plots

having (1 9 1 m2). Soil moisture was maintained by irrigat-

ing the crops at interval of 5–6 days. Some samples were

taken at seedling stage or at 20 days after sowing (DAS) for

fresh weight, bioaccumulation analysis as well as quality

analysis (sugar content and vitamin C). Vegetables were

harvested at 40 DAS for the aforesaid analyses. Other samples

were oven-dried at 70–80 �C for further mineral analysis.

Soil Analysis

Soil Sampling

For surface soil sampling, the larger fields were divided

into suitable and uniform parts, and each of these uniform

parts was considered a separate sampling unit. In each

Table 1 Mean (± SD) concentrations of physicochemical properties

of the investigated soils at Sheila Dhar Institute (SDI) Experimental

Farm, Allahabad, India

Parameters Values (mean (± SD))

(Sand, silt and clay) (%)

(texture name: sandy clay loam)

(56 ± 5.5, 20 ± 2.6 and

24 ± 5.2, respectively)

pH 8.0 ± 0.3

EC(dSm-1) at 25 �C 0.28 ± 0.07

Organic carbon (%) 0.56 ± 0.14

CEC [C mol (P?) kg-1] 19.8 ± 8.45

Total nitrogen (%) 0.08 ± 0.03

Total phosphate (%) 0.09 ± 0.04

DTPA-extractable Cd (mg kg-1)) 0.38 ± 0.23

DTPA-extractable Pb (mg kg-1) 0.64 ± 0.16

EC electrical conductivity, CEC cation exchange capacity, DTPA
diethyl-triamine-penta-acetic acid, SD standard deviation
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sampling unit, soil samples were drawn from several spots

in a zigzag pattern, leaving about 2 m area along the field

margins. Silt and clay were separated by Pipette method

and fine sand by decantation.

Extraction for Total Heavy Metals Content in Soil

One gram of soil in 5 ml concentration HNO3 and 5 ml

HClO4 (Perchloric acid 60 %) were added and the contents

were heated up to dryness. The hot distilled water was added.

The contents filtrated and volume was made up to 50 ml.

Preparation of DTPA Solution

Di-ethyl-triamine-penta-acetic acid (DTPA) solution [1.97 g

(0.05 M) DTPA powder, 13.3 ml (0.1 M) Tri-ethanol amine

and 1.47 g (0.01 M) CaCl2 were dissolved in distilled water to

make up 1 litre after adjusting the pH to 7.3] was prepared [12]

to extract the available heavy metals in soil samples.

Available Heavy Metals in Soil

Five gram soil and 20 ml DTPA solution was added and

the contents were shaken for 2 h and then filtered through

Whatman filter paper No. 42. The clean filtrate was used

for the estimation of heavy metals (Cd and Pb) by AAS.

Soil pH

Soil pH was measured with 1:2.5 soil water ratio using

ELICO pH meter (Model LI 127) at the Laboratory of

Sheila Dhar Institute of Soil Science, University of

Allahabad, Allahabad-211002, Uttar Pradesh, India. Double

distilled water was used for the preparation of all solutions.

Organic Carbon

One gram soil (0.5 mm) was taken in a 500 ml conical flask.

Then 10 ml of 1 N potassium dichromate (K2Cr2 O7) solution

and 20 ml of concentrated sulphuric acid (H2SO4) were

added. The solution was shaken well for two minutes and kept

for half an hour and then diluted with 200 ml of distilled water.

Then 10 ml of phosphoric acid and 1 ml of diphenylamine

indicator were added in solution. The solution becomes deep

violet in colour and further it was titrated against N/2 ferrous

ammonium sulphate solution, till the violet colour changed to

purple and finally to green. Organic carbon was determined by

chromic acid digestion method [13].

Cation Exchange Capacity

CEC was determined by using neutral 1 N ammonium

acetate solution. A known weight of soil (5 g) was shaken

with 25 ml of neutral ammonium acetate solution for 5 min

and filtered through Whatman filter paper No. 42 [14, 15].

Total Nitrogen

A known weighed soil (1 g) was taken in a 150 ml conical

flask and treated with 10 ml of digestion mixture containing

sulphuric acid and selenium dioxide. Salicylic acid was also

added to include the nitrates and nitrites. Digestion was carried

out till the soil colour changed to white. The N in the digest

was estimated by using micro-Kjeldahl method [14, 15].

Total Phosphorus

Two gram soil was taken with 4 ml HClO4 (70 %) in a

50 ml beaker covered with watch glass and put on a hot

plate and digestion was carried out till the soil colour

changes to white. Ten ml HNO3 was added to the filtrate

solution. Ammonia was added to saturate the solution.

Then 30 ml standard ammonium molybdate solution was

added in the solution to extract the total phosphorus content

from soil [14, 15].

Plant Analysis

Processing Plant Samples

The fresh samples first washed with tap water followed by

0.2 % detergent solution, 0.1 N HCl and then with a plenty

of water. Final rinsing was done with distilled water. The

samples were rinsed with double distilled water. Samples

so cleaned and freed from dirt or other adhered contami-

nants were then soaked with tissue paper, and air-dried for

2–3 days in a dust- and contamination-free environment.

Thereafter the samples were placed in clean paper enve-

lopes and dried in a hot-air oven at a temperature of 65 �C.

Preparation of Plant Extract

One gram of ground plant material was taken in a 100 ml

beaker and 15 ml of tri-acid mixture (HNO3, conc. H2SO4

and HClO4 in 5:1:1 ratio) was added. The content was

heated on hot plate at low heat (60 �C) for 30 min and the

volume was reduced to about 5 ml until a transparent

solution was obtained. After cooling, 20 ml distilled water

was added to the beaker and the content was filtered through

Whitman number 42 into a 100 ml volumetric flask and the

volume was made up with distilled water [15, 16].

Biochemical Analysis

Fresh leaves of spinach, radish, coriander and fenugreek

were sampled for the determination of vitamin C and sugar
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contents. Vitamin C was measured with 2, 4-dinitrophenyl-

hydrazine (DNP) method [17] using Spectrophotometer

(Model SP 1700). DNP method involved the following steps:-

(a) Homogenization of 10 g sample of vegetable with

50 ml of freshly prepared 6 % (6.0 g/dL) metaphosphoric

acid, centrifuged at 6,000 rpm for 10 min at 4 �C and the

volume preparation up to 100 ml with standard meta-

phosphoric acid. Filtration of the solution through What-

man No. 1 filter paper followed by further filtration using

0.45 lm or 0.2 lm filter paper for the final working solu-

tion, (b) Preparation of 25 mL standard ascorbic acid

solution of each of the concentrations: 0.10, 0.40, 0.80,

1.20, 2.0, 3.0 and 4.0 mg/dL using 6 % metaphosphoric

acid, (c) Mixing of triplicate samples of 1.2 mL of both the

clear supernatant extract and the working calibrators into

13 9 100 mm Teflon-lined screw–cap test tubes. Then

1.2 mL of the 6 % metaphosphoric acid was placed into

two separate tubes for use as blanks, (d) Addition of

0.4 mL of di-nitrophenyl-hydrazine-thio-urea-copper sul-

fate (DTCS) reagent to all tubes, (e) Removal of the tubes

from the water bath and chilling for 10 min in an ice bath,

(f) Addition of 2.0 mL cold sulfuric acid (12 mol/L) to all

tubes followed by capping and mixing in a vortex mixer,

(g) Adjustment of the Spectrophotometer with the blank to

read zero at 520 nm.

To the filtered sample a few drops of bromine water was

added until solution became coloured (oxidation of ascorbic

acid to dehydroascorbic acid). Then a few drops of thio-urea

were added to remove the excess of bromine and finally a

cleared solution was obtained. Then 2, 4 dinitrophenylhy-

drazine solutions were added with all standards and also with

oxidized ascorbic acid. The ascorbic acid content was deter-

mined with spectrophotometric determination. In the second

part of reaction L-dehydroascorbic acid reacts with 2, 4 dini-

trophenylhydrazine to produce osazone which forms red

coloured solution on treatment with 85 % H2SO4 [17, 18].

Sugar was directly measured by hand sugar meter. The

Delta TRAK Brix meter was used to measure sugar in

juices prepared from vegetables. The readings relative to

Brix scale, representing the unit in percent of dissolved

sugar were recorded [19].

Heavy Metals in Plant

Heavy metals (Cd and Pb) in plants and soil were deter-

mined with inductively coupled plasma spectrometry (ICP-

AES [15, 20]; Model- LABTEM, Perkin Elmer, Inc.) at

Central Environment Pollution Control Lab, Indian Farmer

Fertilizer Cooperative (IFFCO) Ltd., Phulpur Unit, Ghiya

Nagar, Phulpur, Allahabad-212404, Uttar Pradesh, India.

Statistical analysis and graphical illustrations were deter-

mined and designed using Prism 5.04 software.

Results and Discussion

Effects of Cd and Pb Pollution on Biomass Production

of Leafy Vegetables

Vegetables show the immense ability to accumulate heavy

metals due to the assimilation of these elements from soil

by the roots of plants. These elements gradually get

accumulated in different parts of the plant including leaves

and roots. Plant response to increased levels of Cd in soil

differs in terms of the ability of various plant species to

take up and transport varied levels of Cd. Cadmium can be

easily transported within plants. Table 2 shows that the

yield of vegetables was reduced remarkably by the addition

of Cd (25–50 mg kg-1) as compared to the control. The

reduction magnitudes were 32.3–42.7 %, 26.8–32.9 %,

44.6–54.2 % and 48.9–51 % in roots and 32.2–39.6 %,

33.3–34.2 %, 23.9–32.6 % and 33.3–38.8 % in leaves of

spinach, radish, coriander and fenugreek respectively, at 20

DAS, due to heavy metals addition at the aforesaid two

levels. Similarly the reduction magnitudes were

36.1–47.2 %, 16.9–33.8 %, 37.5–40.6 % and 40.9–42.5 %

in roots and 18.4–24.6 %, 13.6–15.9 %, 17.8–20 % and

14.9–25 % in leaves of spinach, radish, coriander and

fenugreek respectively, at 40 DAS [21] after addition of the

heavy metal.

On the other hand, the biomass yields of vegetables

marginally decreased by the addition of Pb. Although the

amount of Cd addition was rather less than that of Pb, the

influence of Cd was greater than that of Pb. Cd thus leads

to higher yield reduction of vegetables as compared to Pb

[22, 23]. The reduction of biomass production by Cd tox-

icity could be the direct consequence of the inhibition of

chlorophyll synthesis and photosynthesis [24].The most

common effect of Cd toxicity in plants is stunted growth,

leaf chlorosis and alteration in the activity of many key

enzymes of various metabolic pathways [25]. The study

clearly indicated that Cd application C25 mg kg-1

severely inhibited root growth of all the tested edible

vegetables. It might be due to increase in Cd-induced

Indole-3 acetic acid- peroxidase (IAA-POD) activity as

well as H2O2 production in root tips [26].

Vitamin C and Sugar Content of Edible Tissues Grown

in Cd/Pb Polluted Indo-Gangetic Soil

Data graphically represented in Fig. 1a–d indicates that the

sugar content of radish leaf reduces remarkably by the

single application of Cd. Cadmium @ 50 mg kg-1 caused

the maximum reduction (61.9 %) in sugar content in leaves

of radish as compared to the control at 20 DAS. However,

minimum reduction (3.8 %) of sugar content was observed
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in coriander under the application IV (Pb 250 mg kg-1) as

compared to the control at 20 DAS.

Data graphically represented in Fig. 2a–d indicates that

the vitamin C content of coriander leaf reduces remarkably

by the individual addition of Cd. Cadmium @ 50 mg kg-1

caused the maximum reduction (61.8 %) in vitamin C

content in leaves of coriander as compared to the control at

20 DAS. However, low reduction of vitamin C content was

observed in leaves of both radish (2.9 %) and coriander

(13.6 %) under the application IV (Pb 250 mg kg-1) as

compared to the control at 20 DAS [27].

Cadmium @ 50 mg kg-1 caused the maximum reduc-

tion (66.7 %) in sugar content in leaves of spinach as

compared to the control at 40 DAS [28]. However, low

reduction of sugar content was observed in leaves of both

radish (4 %) and coriander (2.7 %) under the application

IV (Pb 250 mg kg-1) as compared to the control.

The comparative study of data graphically represented in

Fig. 2a–d indicates maximum reduction of vitamin C up to

59.4 % in coriander leaf [29, 30] in combinatorial application

(Cd 50 mg kg-1 ? Pb 500 mg kg-1). The minimum reduc-

tion of vitamin C was observed up to 16.7 % in leaf of radish

under the combinatorial application (Cd 50 mg kg-1 ?

Pb 250 mg kg-1) as compared to the control.

The sugar and vitamin C content in leaves of Raphanus

sativus L. (Figs. 1b, 2b) were affected by the application of

soil pollutants and the reduction was observed up to 28 %

in sugar and 28.6 % in vitamin C in the Cd @ 50 mg kg-1

and combinatorial application (Cd 50 mg kg-1 ? Pb

500 mg kg-1), respectively. These results demonstrated

that Cd/Pb treatment in isolation or in combination resulted

in physiological changes in vegetables and induced quality

deterioration of edible plant tissues.

Ogunlesi et al. [30] also found higher content of vitamins

in leafy vegetables, spinach, lettuce, cabbage etc. In order to

maintain vitamin C content in the dietary vegetables in Cd

and Pb contaminated soil, these heavy metals must be

monitored/checked and their contamination be kept at least

below their critical levels. Vitamin C, a water soluble anti-

oxidant, has been found to prevent tissue damage, identified

to prevent sperm agglutination with resultant improvement

in male fertility and healing touch to human health against

several ailments and diseases including cold, cough, influ-

enza, sores, wounds, gingivitis, skin diseases, diarrhea,

malaria and bacterial infections. It has been reported to be

protective and therapeutic in cardiovascular diseases, cancer

as well as in eye diseases, associated with reduced risk of

ischemic stroke (high blood pressure).
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Fig. 1 Effect of different treatment of Cd and Pb on sugar content

(%) in a Spinach––sugar content reduction was maximum (66.7 %)

under application III (Cd @ 50 mg kg-1) in spinach leaf; b Radish––

sugar content reduction was maximum (60 %) under application

IX (Cd @ 50 mg kg-1 ? Pb @ 500 mg kg-1) in radish leaf;

c Coriander––sugar content reduction was maximum (33.3 %) under

application III in coriander leaf; d Fenugreek––sugar content

reduction was maximum (44.4 %) under application III in fenugreek

leaf; Data are mean values of three replications (mean ± SD)
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Bioaccumulation of Cd and Pb in Vegetables Grown

in Cd/Pb Polluted Soil

The results presented in the Table 3 indicate that high

dosage of combined application IX (Cd 50 mg kg-1 ? Pb

500 mg kg-1 soil) enriched the content of Cd in spinach up

to 45.4–52 folds, in radish 6.2–35 folds, in coriander 38–41

folds and in fenugreek 7.2–18.8 folds over control at 20

DAS [31, 32]. However, combined application VIII

(Cd 50 mg kg-1 ? Pb 250 mg kg-1 soil) enriched Cd in

spinach up to 52.8–54.8 folds, in radish 7.6–38 folds, in

coriander 43.9–45 folds and in fenugreek 11.9–25.2 folds

over control at 40 DAS (Table 3) [21, 33]. There were no

distinct differences among treatments Nos. I, IV and V

which revealed lesser toxicity of Pb in vegetables as

compared to Cd. These findings suggest that Cd is trans-

ferable to the leaves of vegetable crops. On the basis of Cd

concentration in the leaves of the vegetable crops the

phytoaccumulation potential were established in the

descending order of magnitude as spinach [ corian-

der [ fenugreek C radish at both growth stages of the

dietary vegetables (Table 3) [34]. The higher accumulation

of heavy metals in plant led to reduced photosynthesis rate

and chlorophyll pigments, disturbed photochemical light

quenching, increased lipid peroxidation/proline content/

protein content, stunted growth and lowering of yield [35].

The results presented in the Table-4 indicate that

application VII (Cd 25 mg kg-1 ? Pb 500 mg kg-1)

increased the Pb content in spinach up to 3.1–4.5 folds, in

radish 1.2–1.3 folds, in coriander 1.8–3.5 folds and in

fenugreek 1.2–1.6 folds over the control at 20 DAS [21].

The Pb content also increased in spinach up to 3.8–5.3

folds, in radish 1.7–1.9 folds, in coriander 3.4–5.1 folds and

in fenugreek 2.3–2.4 folds over the control at 40 DAS

(Table 4). The Pb concentration in the leaves of the veg-

etable crops was observed in descending order of magni-

tude as spinach [ coriander [ fenugreek [ radish at 20

DAS (Table 4). Similarly Pb concentration in the leaves of

spinach and coriander was observed higher in magnitude

than the other two tested vegetables. The maximum Pb

content was found in spinach leaves in treatments VII

followed by treatment V and lower ones in leaves due to

treatments I, II and III. The uptake of metals from soil to

plant depends on different factors such as their soluble salt
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Fig. 2 Effect of different treatment of Cd and Pb on vitamin C

content (%) in a Spinach––vitamin C content reduction was

maximum (56 %) under application IX (Cd @ 50 mg kg-1 ? Pb @

500 mg kg-1) in spinach leaf; b Radish––vitamin C content reduction

was maximum (28.6 %) under application IX in radish leaf;

c Coriander––vitamin C content reduction was maximum (59.9 %)

under application IX in coriander leaf; d Fenugreek––vitamin C

content reduction was maximum (44 %) under application IX

in fenugreek leaf; Data are mean values of three replications

(mean ± SD)
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content, soil pH, plant growth stages, types of species,

fertilizer and soil [36, 37].

It is evident from Fig. 1a–d that dosage of Pb (treatment

IV and V) and combined treatments (VI, VII) slightly

favoured the sugar content in the dietary vegetables over

the control. Similarly dosage of Pb (treatment IV and V)

did not alter antioxidant content (vitamin C) in the four

tested dietary vegetables (Fig. 2). The study reveals that

plant physiology plays significant role in bioaccumulation

of heavy metals in plants as well as it determines the die-

tary contents during the growth stages of plants. The die-

tary vegetables enhance their specific phytochemical

against the heavy metal accumulation (below the critical

level) in order to adapt the stress condition and protect the

plants. Similarly the dietary vegetables may enhance their

antioxidant activity against Cd stress when applied below

to 25 mg kg-1 soil, whose levels were not tested in this

study.

On the other hand it is also evident from Figs (1 and 2)

that dosage of Cd higher than critical levels (C25 mg kg-1

soil in treatments II, III, IX) drastically alters plant growth,

biomass and dietary contents (sugar and vitamin C) of

these important vegetables. The bio-molecules such as

carbohydrates, amino acids, vitamins and hormones etc. are

essential for plant growth, development, stress adaptation

and defense. Besides the importance for the plant itself,

these bio-molecules determine the nutritional and other

qualities such as color, taste, smell, antioxidative, anticar-

cinogenic, antihypertension, anti-inflammatory, antimicro-

bial, immune-stimulating, and cholesteremic properties of

the food [38]. The enrichment of heavy metals in the edi-

bles through sewage-sludge, beyond a critical level

degrades the quality of dietary vegetables in terms of

reduced sugar and vitamin C as is evident from present

study, which may induce several metabolic disorders per-

taining to health of human beings. The toxicity may lead to

the simultaneous existence of chronic inflammatory

mechanism and downregulation of antioxidant defense

mechanism of cells, which are emerging as major causes of

neoplastic transformation and the progression of many

solid cancers [39]. Higher intake of cadmium chloride

through dietary vegetables may cause renal toxicity to

human beings. Al-Madani et al. [40] reported renal toxicity

of mercuric chloride at different time intervals in rats.

In toxic condition, vegetable growth requires correction

with calcium through soil plant rhizospheric process [41,

42] to mitigate the adverse effects of metals toxicity.

Mixing of heavy metal polluted soils with Ca, Zn and

organic matter after each harvest has been shown to be

useful for a better re-growth and quality of the plants [43].

This treatment also helps to minimize the heavy metal

accumulation in plants and to depict the phenomena of

soil–plant relationship in the process of bioaccumulation.

Suitable nutrition of plants plays a very important role in

the production of yield and in the quality of agricultural

products. The soil fertility and high degree of weathering

of soil also plays an important role on the cycles of

micronutrients in soils affecting sugar and vitamin contents

in plants.

Replacement of the nutrient cation and anions by each

other may have important effects on the nutritional value of

plants and in economy of their biomass production.

Quantitatively, Ca is much more important element to

animals, and it is much less expensive, and this suggests

substituting Ca for trace metals in the investigated soil. The

reduction in quality of vegetables in term of decrease in

sugar and antioxidant content in the combinatorial treat-

ment might be ascribed due to the substitution of Ca ions

by Cd ions. Plants that are high in mineral cations tend to

be high in protein and organic acids. The mineral and

protein content of vegetable tends to decrease by the sub-

stitution of nutrient minerals by trace elements in the rhi-

zosphere of plants. The study enlarges the database for Cd

and Pb bioaccumulation, which alters the sugar and vitamin

C content of the dietary vegetables during their various

growth stages. The results presented in this study will

provide a suitable guide to the population in their choice of

vegetables with high content of antioxidants (vitamin C).

Adequate consumption of fresh vegetables at their earlier

growth stage will result in improved health thereby

reducing cardiovascular diseases, diabetes, eye diseases,

infertility and cancers that are prevalent in India and many

other developing tropical countries.

Conclusion

The present findings indicate that the individual effect of

Cd was most hazardous, the combined application of Cd

and Pb was also harmful while the individual effect of Pb

was found least harmful in relation to biomass production,

bioaccumulation of heavy metals, sugar content and vita-

min C content in the dietary vegetables.

The study shows that all the four vegetables analyzed at

20 DAS posses lower risk of heavy metals contamination.

It is concluded that dietary vegetables may be utilized for

human consumption before the vegetative growth stage

especially in the soils polluted with cadmium and lead; and

the aforesaid dietary vegetables harvested at maturity stage

must be restricted for human consumption. Bioaccumula-

tion of cadmium in leaves of spinach was maximum (mean

3.79 mg kg-1) among tested vegetables, which revealed

that leafy vegetables are more prone to heavy metal con-

tamination, therefore, selection of crop species is very

important in agricultural practices in heavy metal polluted

soil.
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Cadmium and lead contamination reduces the contents

of sugar (up to 66.7 %) in spinach leaves and vitamin C (up

to 59.4 %) in coriander leaves as compared to the control.

The contents of Cd and Pb in different tissues of vegetables

changed with various ways of treatments. The entry of

heavy metals to the food chain through soil–plant rhizo-

sphere process and the possible influence to human health

needs to be explored. Being an important part of the human

diet, vegetable consumption by human beings has got an

increasing trend. Metal accumulation in vegetables there-

fore may pose a direct threat to the human health. The bio-

molecules in the form of organic matter may be applied to

improve the nutritional quality of vegetable especially to

improve the antioxidant contents in plants.

The daily intake of these metals at present is much less

than concentrations that affect health; this situation could

however change in the future depending on the dietary

pattern of the community and the volume of contaminants

being added to the ecosystems. Caution is required for

growing the leafy vegetables, e.g. spinach in heavy metal

polluted soils. Choosing crop species or varieties with low

metal transfer factors is one effective approach. Cd moved

more easily onto the aerial parts of the plants such as leaves

whereas Pb accumulated primarily in the roots.
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