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ABSTRACT

The heavy metals play an important role in the metabolic pathways during the growth and development
of plants, when available in required concentration. The heavy metal concentration of cadmium (Cd),
cobalt (Co), copper (Cu), iron (Fe), nickel (Ni), lead (Pb) and zinc (Zn) was analysed using Inductive
Coupled Plasma Analyser (ICPA) in 20 vegetable crop plants and their parts along with the soil,
collected from Shivam organic farm, Valasan, Anand, Gujarat, India. The vegetables selected for the
present investigation were Abelmoschus esculentus, Allium sativa, A. cepa, Anethum graveolens,
Brassica oleracea, B. oleracea, Capsicum annum, Coccinia indica, Coriandrum sativum, Cucumis
sativus, Cyamopsis psoralioides, Lagenaria vulgaris, Luffa acutangula, Lycopersicon esculentum,
Mentha piperata, Momordica charantia, Raphanus sativus, Solanum melongena, Spinacia oleracea
and Trigonella foenum-graceum. The concentration of heavy metals of vegetable crop plants, grown in
organic farm, falls within the prescribed limit except Fe. The Accumulation Factor (AF) and Mobility
Index (MI) were calculated for the assessment of accumulation and mobility of heavy metals from soil
to various plant parts, i.e., roots, stems and leaves through different levels: Level 1 (soil-root), Level 2
(roots-stem) and Level 3 (stem-leaf) in the plants. The accumulation factor (AF) for Cd, Co and Pb
metals was found greater in plant parts as compared to available levels in soil. On the other hand, the
concentration of Cu, Fe, Ni and Zn was lower in plant parts than the soil. The mobility index (MI) of
heavy metal in plant parts was found to be greater compared to available metal concentration in soil.
The results showed concentration dependent variables of heavy metal levels among vegetable crop
plants. The lower and higher concentration gradient along with their mobility gradient was also
determined. A perusal of data reflects that accumulation gradient of each plant component vary according
to nature, properties and podsol climate of a particular plant. The data on accumulation factor and
mobility index of the heavy metals from soil to leaves suggest that all the metals are highly mobile in
the soil.

INTRODUCTION

Organic farming is about building a sustainable, healthy and productive future for every aspect of
our planet, i.e., the soil, water supply, animals and humans. Organic foods have higher nutrient and
mineral level than non-organic food. They have considerably low level of heavy metals and fewer
pesticide residues, especially in fruits and vegetables (Organic Gardening Almanac, 2003). Organic
farming helps in better soil management such as crop rotation, cover crops and composting to enrich
the soil and increase the concentration of vitamins and minerals in the plants. Though organic farm-
ing has a tremendous scope in India, there exist a number of bottlenecks for farmers who are inter-
ested in organic farming and for the industry who want to process and export organic food products
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(Chaturvedi & Nagpal 2001). Scanty literature is available on accumulation factor and mobility
index of heavy metals in vegetables (Leita et al. 1991).

Prince et al. (2001) and Nivethitha et al. (2002) have worked out utilization of heavy metal
accumulating plants in reclamation of contaminated soil. Some studies on distribution and charac-
terization of heavy metals in vegetable crop plants from the fields around Anand, Gujarat as well as
common edible vegetables sold in market were also carried out (Nirmal Kumar et al. 2004). How-
ever, the mobility of heavy metals from soil to specific plant parts is needed to be investigated in
vegetables grown in organic farms. Therefore, the present study was undertaken to carry out heavy
metal content in vegetable crops and their mobility among various plant parts through soil gradient.

Earlier, Rana & Nirmal Kumar (1988) observed heavy metal concentration through Energy Dis-
persive Analysis of X-Rays in certain sediments in central Gujarat and noticed that Fe content was
highest in sediment of Undeva region, followed by presence of Si and Al. Nirmal Kumar et al.
(1989) have also investigated elemental composition of certain aquatic plants by EDAX, and found
high level of heavy metals such as Al, Si, Mn and Fe in Vallisnaria spiralis, Hydrilla verticillata and
Azolla pinnata. Nirmal Kumar & Rita Kumar (1997) investigated elemental composition of certain
economically important plants and found greater accumulation of Fe, Cu and Zn in Mangifera indica,
Annona squamosa and Manilcara hexandra. Nirmal Kumar et al. (2007) analysed heavy metals in
market vegetables of Anand and found that accumulation of heavy metals was higher in Alium cepa
(Cd, Pb), Brassica oleracea var. botrytis (Co, Cu, Fe), Cyamopsis soralioides (Ni) and Cucumis
sativus (Zn).

MATERIALS AND METHODS

In the present study, 20 fresh vegetable crop plants were collected separately along with their soil
from Shivam Organic Farm, Valasan near Vallabh Vidyanagar in Gujarat where vegetable crops are
grown using only vermicompost without addition of chemical fertilizers. The common vegetables
were Abelmoschus esculentus (L.) Moench. (lady’s finger), Allium sativa L. (garlic), A. cepa L.
(onion), Anethum graveolens L. (anthem), Brassica oleracea L. (beat), B. oleracea L. var. botrytis
(cauliflower), Capsicum annum L. (chilli), Coccinia indica W. & A., Coriandrum sativum L. (cori-
ander), Cucumis sativus L. (cucumber), Cyamopsis psoralioides DC. (vetches), Lagenaria vulgaris
Ser. (white gourd), Luffa acutangula (L.) Roxb. (lufa), Lycopersicon esculentum Mill. (tomato),
Mentha piperata L. (mint), Momordica charantia L. (bitter gourd), Raphanus sativus L. (radish),
Solanum melongena L. (brinjal), Spinacia oleracea L. (spinach) and Trigonella foenum-graceum L.
(fenugreek). Rhizosphere soil samples for extractable element analysis were also collected from 0 to
20 cm depth from selected agricultural fields and extracted with DTPA (diethylene triamine penta-
acetic acid), filtered through Whatman filter paper No. 42 and analysed for elemental concentration.

All vegetable crop plants were rinsed with double distilled water; moisture and water droplets
were removed with the help of blotting papers; and separated into roots, stems and leaves. Approxi-
mately 0.5 g of dry powder was weighed and digested with HNO3, H2SO4 and H2O2 in the ratio of
2:6:6 as prescribed by Saison et al. (2004). Towards the end of digestion, the flasks were brought to
near dryness. The solutions were made to 20 mL each with double distilled water. The blanks were
run with the sets; the samples were then ready for analysis in Industrial Coupled Plasma Analyser
(ICPA) (Perkin-Elmer ICP Optima 3300 Rl). The concentration of heavy metals such as Cd, Co, Cu,
Fe, Ni, Pb and Zn was estimated and calculated in µg/g in duplicate samples.
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As total heavy metal concentration of soils is poor indicator of metal availability for plant uptake,
accumulation factor was calculated based on metal availability and its uptake by a particular plant.
The whole experiment was divided into three categories: Level 1 (soil-root), Level 2 (roots-stem)
and Level 3 (stems-leave). Mobility Index (MI) was calculated for each level; the mean value was
also elaborated with root square (R2) value (y = 0.0009x + 1.2223; R2 = 0.0001).

Accumulation factor for plants was calculated as:
                                                    Mean plant concentration (µg/g) (roots +  stems + leaves)
Accumulation Factor (AF) =    ––––––––––––––––––––––––––––––––––––––––––––––––
                                                              Mean soil available (µg/g) concentration

Mobility index (MI) was calculated for each level by using the formula:

                                      Concentration of metal (µg/g) in the receiving level
Mobility Index (MI) =    ––––––––––––––––––––––––––––––––––––––––––––

      Concentration of metal (µg/g) in the source level

RESULTS AND DISCUSSION

Accumulation Factor: Accumulation factor and mobility index of heavy metals such as Cd, Co,
Cu, Fe, Ni, Pb and Zn in vegetable crop plants are presented in Table 1. Accumulation factor was
calculated for the assessment of accumulation capacity of heavy metals by soil and different plant
parts, i.e.,  roots, stems and leaves, which showed concentration dependent variables of heavy metal
levels among vegetable crop plants. It was observed that high content of Cd was accumulated in
roots of C. sativum (0.036), whereas Pb content in M. charantia (0.300), Co (0.709), Ni (1.242) and
Cu (2.441) in L. esculentum and Zn in C. sativum (31.221) were registered. The greater concentra-
tion of Fe was achieved in roots of L. esculentum (826.09). Present results showed that Cd content
was maximum in stems of C. sativum (0.040), Co in S. melongena (0.047), Pb in C. sativum (0.348),
Ni in S. oleracea (0.787), Cu in C. sativum (1.017), Zn in S. melongena (9.803) and Fe in C. sativus
(37.690). High content of Cd was encountered in leaves of R. sativum (0.015), whereas accumula-
tion of Co content in M. piperata (0.049), Pb in M. charantia (0.266), Ni in C. soralioides (0.724),
Cu in C. sativum (0.862), Zn in A. sepa (4.698) was observed. The highest content of Fe was re-
corded in S. oleracea leaves (43.07).

It was also observed that roots of C. indica have lowest content of Cd and Co, being 0.001 and
0.008 respectively, whereas Pb in L. esculentum (0.060), Cu in B. oleracea (0.063), Ni (0.065), Zn
(0.736) and Fe in A. esculentus (2.610) were observed. Present findings revealed that stems of T.
foenum-graceum contained lowest content of Co (0.001), Cd  (0.002) in C. indica, Pb in of L.
esculentum (0.025), Cu in C. sativus (0.027), Ni in C. sativus (0.067), Zn in M. piperata (1.005) and
Fe in R. sativum (6.32). Cd content was accumulated in a very low concentration in leaves of C.
indica (0.001), Co in T. foenum-graceum (0.002), Pb in L. esculentum (0.014), Cu in S. oleracea
(0.123), Ni in L. esculentum (0.128), and Zn and Fe in A. esculentus being 0.814 and 0.6.83 respec-
tively. The concentration of heavy metals in vegetable crop plants grown with organic farming
technique falls within the prescribed limit except Fe could be due to iron-rich nature of soil of the
region (Nirmal Kumar et al. 2007). This may be due to the fact that Fe is more readily available than
other metals in surface soil. Similar trend was observed by Bunzl et al. (2001) who have investigated
soil to plant transfer ratio of heavy metals like Cu, Pb and Zn in vegetables grown in environmentally
contaminated sites of Addis Ababa, Tanzania.
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The accumulation factor in vegetable crop plants ranged from 0.51 to 5.76 (Cd), 0.03 to 2.48
(Co), 0.11 to 6.12 (Cu) and 0.02 to 2.24 (Fe), 0.23 to 2.34 (Ni), 0.30 to 3.08 (Pb) and 0.47 to 5.68
(Zn). Leafy vegetables like Anthum graveolens, Coriandrum sativum, Trigonella foenum-graceum,
Alium sativum, Mentha piperata, Alium sepa and Spinacia oleracea were found with very high
levels of Cd, Zn, Cu, Mn and Pb (Fig. 1). Similarly accumulation factors for Cd, Co and Pb metals
were also found higher in plant parts compared with available level in soil. On the other hand, the
concentration of Cu, Fe, Ni and Zn was lower in plant parts than the soil, which corroborated the
observations of Prince et al. (2001). An indirect negative correlation between Pb and Zn levels in
green leafy vegetables, viz. amaranth, Chinese cabbage, cowpea leaves, leafy cabbage and pumpkin,
collected from several areas in Dar Es Salaam, Africa, was observed by Othman (2001), which is
very well substantiated with the present findings.
Mobility Index: Mobility Index (MI) showed transport of heavy metals through different levels:
Level 1 (soil-roots), Level 2 (roots-stems) and Level 3 (stems-leaves) in vegetable crop plants, which
becomes functional to understand the transport mechanism of heavy metals in plant components,
such as roots, stems and leaves. Present findings exhibited that Level 1 (soil-roots) showed high
mobility of Pb in C. indica (1.90), Co (5.45), Ni (5.60) and Fe (6.48) in L. esculentum, Cd in S.
oleracea (9.20), Cu in L. esculentum (13.35) and Zn in C. sativum (14.17). In case of Level 2 (roots-
stems), Co in C. sativus (1.40), Pb and Cd in A. esculentus being 3.232 and 3.794 respectively, Zn in
S. melongena (3.93), Ni in A. esculentus (4.09), Cu in B. oleracea (5.52) and Fe in A. esculentus
(6.85).

On the other hand, Fe content was found lowest in R. sativum (0.02), Co and Cu in C. indica and
A. esculentus being 0.03 and 0.11 respectively, Ni in C. indica (0.23) Pb in L. esculentum (0.30), Zn
in M. piperata (0.47), and Cd in C. sativus (0.51). The accumulation factor for different metals in
vegetable crop plants ranged from 0.51 to 5.76 (Cd), 0.03 to 2.48 (Co), 0.11 to 6.12 (Cu) and 0.02 to
2.24 (Fe), while in case of Ni, concentration of heavy metal ranged from 0.23 to 2.34, Pb (0.30 to
3.08) and Zn (0.47 to 5.68). Among the metals, Zn showed maximum rate of mobility in different
plant parts (1.46), followed by Cd (1.44), Cu (1.40), Ni (1.13), Pb (1.11) and Co and Fe with 1.065
and 0.884 respectively (Table 1, Figs. 2, 3).

Mobility index (MI) of metals at different levels varies among various plant parts. Mobility
index was ranged from 0.009 to 0.370 in Level 1 (soil-roots), 0.022 to 0.420 in Level 2 (roots-stems)
and 0.165 to 0.365 in Level 3 (stems-leaves). Similarly, metal transport mechanism was found sig-
nificant in terms of mobility of a particular metal content from source to receiving level. High mobil-
ity index was observed at different levels, which is established by the fact that very low content of
heavy metals is transported from roots to stems (Level 2), being only 0.149. Gradual increase in
transport of metal content was observed in Level 1 (soil-roots) with 0.182, while highest content of
metals is transported through Level 3 (stems-leaves) being 0.280.

Data on mobility index of various heavy metals from soil to leaves suggested that all the metals
are mobile in soil with varied transfer rates. Comparing transfer potential of metals among various
plant parts, these metals markedly exceeds in Level 3 (stems-leaves), followed by a gradual declin-
ing drift in Level 1 (soil-roots) and Level 2 (roots-stems). These results are significant and coincid-
ing well with findings of Martin & Coughtrey (1975). Mobility index of heavy metals in various
plant parts was found greater compared to available metal concentration in soil, which substantiated
the findings of Breckle (1991). This proves that roots usually show higher heavy metal content than
shoots, because they are absolutely origin and with direct contact with the soil.
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Fig. 2: Mobility index (MI) of heavy metals in different vegetable crop plants (I).

Fig. 1: Accumulation factor (AF) of heavy metals in studied vegetable crop plants.
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