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Abstract: Contamination of toxic metals in the agricultural crops is a global dilemma. The metals enter in to the
soil through various sources and get accumulated in agricultural crop plant parts and contaminate the food
chain and as a result pose a major threat to the plant, animals and human life due to their bioaccumulations and
toxicity. Chromium (Cr) is a toxic element and well known carcinogen and is highly reactive/oxidative due to
unstable electronic configuration (3d ) in the d orbital. Thus, it can easily accumulate into soil, agronomical5

plant and animals including soil microorganisms and cause various harmful effects in the living system.
Increasing concentrations of chromium causes reduction in growth, yield attributes and nutrients of
agronomical plant. Different method like adsorption, bioremidation, phytoremidation etc. can be used to mitigate
the chromium pollution in the environment. In the present review paper we discuss the toxicity mechanism, toxic
effects of Cr in agricultural crops and control measures of chromium (Cr) toxicity in the soil and plant
environment with reference to its chemical speciation.

Key words: Agricultural crops  Chromium, chemical speciation  Contamination  Soil  Toxicity

INTRODUCTION most commonly observed in Cr compounds, whereas the

Chromium (Cr), with atomic number of 24 and relative containing this element is chromate FeCr O , which
atomic weight of 52.0, belongs to the group VIB in the contains up to 70% of pure Cr O . Its higher content in the
periodic table. Elemental Cr is a grey, lustrous metal that environment  is  caused  by  anthropogenic  activities.
is extremely resistant to ordinary corrosive agents [1, 2]. The risk of global pollution of the natural environment by
Cr is the earth's 21st most abundant element and the 6 Cr does not yet exist, although its local emissions into theth

most abundant transition metal. It was discovered in 1797 atmosphere, hydrosphere and lithosphere may cause its
by French chemist Louis Nicolas Vauquelin and it was excessive inclusion in biochemical circulation, thus
named as chromium (Greek chroma, colour) because of the posing a danger to man and animals [14, 15].
many  different  colours characteristic of its compounds
[3- 5]. Cr is used mainly in metal alloys such as metal- Methodology: This review article gives a glimpse of the
ceramics,  stainless  steel and is used as chrome plating occurrence of chromium and their toxicity in the soil and
[6- 8]. The average Cr concentration in the soils is around agricultural crops derived from various sources like
40 mg/kg [9-11]. Naturally occurring Cr is composed of compost and amended soil, sewage sludge and industrial
three stable isotopes; Cr, Cr and Cr with Cr being effluents. The literature has been collected using the52 53 54 52

the most abundant (83.789% natural abundance). Cr is a Departmental library of the Department of Zoology and
member of the transition metals, in group 6. Cr has an Environmental Science, of the Gurukula Kangri University.
electronic configuration of 4s 3d , owing to the lower The research papers have been downloaded from different1 5

energy of the high spin configuration [12, 13]. Cr exhibits sources like Springer, Elsevier, Taylor & Francis journals
a wide range of possible oxidation states, where the +3 in the e-library provided by the University Grants
state is most stable energetically; the +3 and +6 states are Commission, New Delhi, India.

+1, +4 and +5 states are rare. Cr The main mineral
2 4

2 3
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Chemistry of Chromium: Cr is found in three major states oxides [40]. Adsorption of Cr(VI) can reduce or completely
as Cr (III), Cr (V) and Cr (VI). Among these states Cr (VI) prevent its reduction to Cr(III); increasing soil pH by
is highly toxic in nature. This is due to the fact that one of liming or addition of phosphate fertilizers, would likely
the reduction products of Cr (VI) is Cr (V). Cr (V) is a result in the remobilization of adsorbed Cr(VI). In general,
known carcinogen and will lodge in any tissue to form Cr(VI)  is  absorbed  into  cells more readily than Cr(III)
cancerous growths [16-18]. The Cr (VI) is a very strong [41, 42].
oxidizing agent and therefore very fast in reacting, unlike
Cr (III) and likely to form complexes. Cr (VI) is not a very Occurrence of Chromium in Agro Environment:
stable state when compared to Cr (III). Almost all naturally Terrestrial plants can accumulate Cr-III and VI from soil,
found Cr is trivalent while hexavalent Cr is mostly of sediment, water and atmospheric deposition on leaves.
industrial origin. Most Cr compounds are halides, oxides Plant exposure to excess Cr-III or VI can negatively affect
or sulphides. Divalent Cr (Cr ) is a strong reductant; the plant health and survival. It is still unclear whether Cr-III2+

form is readily oxidized when it came in the contact with or Cr-VI is more toxic to plants [43, 44]. Cr toxicity to
air, producing Cr . This explains why divalent Cr is not plants has been observed at exposure to levels as low as3+

available in the biological systems [19-21]. Hexavalent Cr 160 ug Cr-VI/L and 104 ug Cr-III/L when grown in soil less
(Cr ) is the second most stable form and a strong solution and 1.8 mg Cr-VI/kg and 21 mg Cr/kg when grown6+

oxidizing agent, especially in acidic media. Hexavalent Cr in the soil. Sensitivity and effects of Cr vary between
is bound to oxygen as chromate (CrO ) or dichromate species, making toxicity predictions difficult without4

2–

(Cr O ) with a strong oxidative capacity. This form of Cr extensive plant studies. Cr accumulation in soil can cause2 7
2–

crosses biological membranes easily, reacting with protein serious problems and may affect the physiology of plants
components and nucleic acids inside the cell while being and animals [44-46]. Vegetables grown at contaminated
deoxygenated to Cr . The reaction with genetic matter sites could take up and accumulate metals at higher3+

provides for the carcinogenic properties of Cr  [22, 23]. concentrations that are probably toxic to human health6+

The chemistry of Cr is very complex. Its solubility, [47].
mobility and bioavailability in soil strongly depend on the Cr is extremely stable in soil, but usually well
various oxidation states from 0 to + 6 [24-26]. Depending immobilized on iron and manganese oxides and
on its oxidation state and concentration, Cr acts as a toxic hydroxides  or  complexes  to  organic  matter  [48,  49].
or essential element for living organism. The two most The toxicity of Cr(VI) strongly depends on its
common species of Cr are Cr(III) and Cr(VI) available in concentration in the  soil  and  its  uptake  mechanism.
anionic form as chromate, dichromate and hydro chromate The sources of Cr in environment are both natural and
ions. Cr(III) is essential for animal and human at low anthropogenic. Cr is used on a large scale in many
concentration while hexavalent chromium (Cr VI) is the industries, including metallurgical, electroplating,
most toxic form for living organisms [27-29]. production of paints and pigments, tanning, wood

Although naturally occurring Cr is present as preservation, Cr chemicals production, pulp and paper
relatively inert forms of Cr(III) in most soils, with time the production. The leather industry is the major cause of
Cr(III) can be mobilized by acid leaching (podzolization) high influx of Cr to the biosphere, accounting for 40% of
[30- 32]. Cr(III) can be oxidized to Cr(IV) by the manganese the total industrial use. Sewage and fertilizers are also the
oxides present in soils, but only a small percentage of the main sources of Cr [50, 51].
Cr(III)  in  soils  is  normally present in oxidizable forms The anthropogenic activities may lead to the
[33, 34]. The oxidation of Cr(III) to Cr(VI) is facilitated by widespread contamination in the environment. A high
the presence of moisture and small amounts of organic concentration of Cr was found to be harmful for plant life,
matter and can be enhanced in surface soils by elevated reducing the protein contents, inhibiting the enzyme
temperatures created in brush fires [35]. activity and  causing  chlorosis  and  necrosis  [52-54].

Cr(IV) added to or formed in soils can be removed The Cr concentration in plant adversely affects several
from solution by uptake into living organisms, leaching morphological and biochemical parameters. Cr toxicity
(resulting in transfer to groundwater), adsorption, or interferes with several metabolic processes in plant,
reduction to relatively immobile Cr(III) [36, 37]. In general, causing reduced seed germination or early seedling
reduction is favoured in anaerobic (e.g., waterlogged or growth, biomass, photosynthetic impairing [55, 56].
organic-rich) or acidic soils [38, 39]. Adsorption is Phytotoxicity of Cr is considered inhibitory for plant
expected to be most effective in neutral to slightly acidic growth. Its presence in surplus amount inside the plant
soils, especially those containing large amounts of iron can  cause  stunted  growth.  The   presence   of  Cr in soil
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disturbs  the   pattern  of  nutrient  uptake  in plant The amount and fate of Cr taken up by plants varies
because  of  nutrient  metal  interaction.  Phytotoxic among species due to differences in absorption,
effects  of  different  Cr  concentration on seed transportation, tolerance mechanism and storage of metals
germination   and    seedling   growth   in  various (Fig. 1; Table 1). Although, most plants studied store the
vegetable crops viz., Daucus carrota (L.), Raphanus majority of Cr in their roots, translocation to all other parts
sativus  (L.),  Beta  vulgaris (L.),   Lycopersium of a plant does occur. Many studies have found low plant
esculentum  (L.) and Solanum melongena (L.), Vigna ability  to  transport  Cr  from  root  to other plant parts
radiata (L.), Vigna angularis (L.), Lablab purpureus (L.), [63- 65]. However, greater Cr concentrations in the leaves
Lathyrus ordoratus (L.), Triticum aestivum (L.) were than in the roots has also been observed and several
reported [57- 59 ]. Toxicity of Cr is observed at multiple species with the ability to accumulate over 1000 mg Cr/kg
levels, from reduced yield, through effects on leaf and in their above ground parts have been identified and are
root growth, to inhibition on enzymatic activities and classified as hyper accumulators [66, 67]. The original
mutagenesis [45, 60- 62]. The toxic effects of Cr exposure form of Cr taken up by the plant may also influence its
on plants include: storage location [68-71].

Reduced growth; dependent on its content in bedrock [72-74]. The greatest
Decreased chlorophyll production causing yellow amounts of chromium (approaching 15%), occur in soils
leaves; formed from ultra alkaline rock as well as some
Narrow leaves; metamorphic rock [75-77]. Cr is the 22nd most abundant
Small root systems; element in the earth's crust with an average concentration
Damage to root membranes and ability to take up of 100 ppm [78- 80]. Cr compounds are found in the
water; environment, due to erosion of Cr containing rocks and
Alteration  of   uptake   and   translocation of can be distributed by volcanic eruptions [81, 82]. 
essential elements (i.e. nitrogen, potassium, calcium
etc.); Toxicity of Chromium in Agricultural Crops: The
Decreased or complete inhibition of seed toxicity of Cr in various agricultural crops has been
germination; reported by a number of researchers (Table 1). The details
Delayed growth; of these studies are given below:
Decreased seed yield; Bishnoi et al. [3] reported that hexavalent chromium
Wilting and (Cr ) supplied as potassium dichromate did not affect
Death percent germination of  pea  seeds,  but  at concentrations

The occurrence of Cr in the soils is generally

6+

Fig. 1: Mechanisms of tolerance and accumulation of metals in plants (Source: Chandra et al. [30]
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Table 1: Sources and toxic effects of chromium (Cr) in different agricultural crops. 
S.N. Name of the crop Source of contamination Toxic effects Citations
1. Bradyrhizobium sp. Cr was applied as K Cr O  in the Cr was found to inhibit the activity of Wyszkowska [84]2 2 7

amounts of 0, 10, 20, 30, 40, 50, dehydrogenases, urease, acid and alkaline
100 and 150 in mg Kg  of soil. phosphatases and to depress the yield of1

above ground parts of lupine, yield of
roots, number and weight of root nodules.

2. Amaranthus viridis L. Synthetic concentrations of Cr (VI) Cr (VI) had toxic effects on the root tip Zou [89]
(10-6 M to 10-3 M) cells during mitosis, such as colchicine

mitoses, anaphase bridges and
chromosome stickiness.

3. Fenugreek (Trigonella foenum- Sponge iron factory effluent Affected the seed germination, vegetative, Kumar et al. [75]
graecum L.) flowering, fruiting and maturity stage

attributes of T. foenum-graecum
4. Barley (Hordium vulgare L.) Phytoremediation of soils Retardation of plant growth and Águeda et al. [95]

contaminated by metals interference in chlorophyll content.
5. Cowpea (Vigna unguiculata Paper mill effluent Cr inhibited the seed germination, shoot Chopra et al. [43]

L. Walp) height, root length, biomass and
chlorophyll content and yield attributes
like number of pods and crop yield of
V. unguiculata.

6. Datura stramonium, Parthenium Contamination of soil amended Phytoremediation and biomagnifications Singh et al. [88]
hysterophorus, Lycopersicum with fly ash of Cr in these plants. 
esculentum, Brassica campestris

7. Wheat (Triticum aestivum L.) Composite industrial effluent Accumulation and translocation of Cr Liu et al. [22]
discharged in Zhengzhou, China in plant parts (stems and leaves and grains).

8. Vegetables Industrial effluents Contamination of Cr in vegetables Liu et al. [23]
9. Paddy (Oryza sativa L.) Potassium dichromate was used to Increasing doses of chromium caused Singh et al. [28]

produce Cr (VI) concentration of 1.0, reduction in growth and concentration
2.0 and 4.0 mM. of chlorophyll, sugar and protein in

paddy leaves
10. Rice (Oryza sativa L.) Industrial effluents discharge Uptake and translocation of Cr in plant Liu et al. [24]

parts (stems and leaves and grains).
11. Indian mustard Anthropogenic sources photosynthesis and associated attributes Diwan [98]
12. Sunflower (Helianthus annuus), Five different concentrations (10, Eco-toxicological effects of hexavalent Dheeba and Kumar [99]

maize (Zea maize), pearl millet 20,30,40,50 ppm) of Cr as Cr (Cr) on germination, early seedling
(Sorghum bicolour), green gram potassium dichromate growth and chlorophyll content
(Vigna radiata) and ground nut
(Arachis hypogaea)

13. Trigonella foenum-graecum Distillery effluents concentrations Affected the shoot length, root length, Kumar and Chopra [86]
such as 5%, 10%, 25%, 50%, 75% number of leaves, flowers, pods, dry
and 100% weight, chlorophyll content, LAI, crop

yield and HI of T. foenum-graecum
14. Aquatic macrophytes viz., Various concentrations of treated Reduction in chlorophyll and Gupta et al. [92]

Vallisneria spiralis and Hydrilla tannery effluent collected from protein content
verticillata UASB, Jajmau and Kanpur

15. Mung bean (V. radiata L.) Paper mill effluent irrigation Adverse effects on seed germination, Kumar and Chopra [62]
shoot length, root length, number of
secondary roots/plant, number of
branches/plant, chlorophyll content,
LAI/plant, root nodules/plant, number
of flowers/plant, pods/plant, pod length,
seeds/pod, crop yield and HI of V. radiata

16. Faba bean (Vicia faba L.) Sugar mill effluent Decrease in the yield components of V. faba Kumar et al. [91]
17. French bean (Phaseolus vulgaris L.) Paper mill sludge Translocation in plant parts (shoot, root, Kumar and Chopra [100]

leaves, fruits).
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Table 1: Continued
S.N. Name of the crop Source of contamination Toxic effects Citations
18. Onion (Allium cepa cv. Hybrid) Synthetic concentration treatment. Toxic effects of chromium on growth and Nafiseh et al. [113]

development of plants including inhibition
of germination process decrease of growth
and biomass

19. Mango (Mangifera indica) Adsorption process Absorption of Cr was ranged between 93%- Manjusha et al. [110]
95% after adsorption using M. indica

20. Okra (Abelmoschus esculentus Distillery effluent Decreased the chlorophyll content and leaf Chopra et al. [47]
L. Moench) area index of A. esculentus

21. P. vulgaris, V. faba V. radiata Biomethnated textile effluent Contamination and translocation in and Kumar et al. [97]
L. usitatissimum different parts of these
plants (shoot, root, leaves and fruit)

22. Okra (Abelmoschus esculentus) Agro-based paper mill effluent Inhibited the agronomical attributes Kumar and Chopra [101]
and synthesis of biochemical components
like crude proteins, crude fiber and crude
carbohydrates.

23. Sweet sorghum (Sorghum bicolor L.) Field study using sugar mill effluent Inhibited the agronomical attributes and Kumar and Chopra [103]
synthesis of biochemical components like
crude proteins, crude fiber and crude
carbohydrates.

24. Faba bean (V. faba L.) Distillery effluent Accumulation and enrichment in plant parts Kumar and Chopra [104]
inhibited the plant parameters at higher
concentrations

25. Fenugreek (Trigonella foenum- Paper mill effluent Adverse effects due to distribution, Kumar and Chopra [107]
graecum L.) enrichment and accumulation of heavy

metals in soil and plats
26. Faba bean (Vicia faba L.) Sugar mill effluent Inhibited the agronomic parameters Kumar and Chopra [108]

namely shoot length, root length, number
of flowers, pods, dry weight, chlorophyll
content, leaf area index (LAI), crop yield
and harvest index (HI) of V. faba at higher
doses

27. Mung bean (Vigna radiata L.) Ferti-irrigation with distillery effluent Adverse effects on growth and yield Kumar and Chopra [111]
attributes at higher treatments

28. French bean (Phaseolus vulgaris L.) Sewage sludge amendments Accumulation and translocation in plant Kumar and Chopra [65]
parts

29. Microbial flora Ferrochrome smelting plant in Adverse effects on biomass Mandina [109]
Gweru, Zimbabwe

30. Alfalfa and sorghum Synthetic chromium treatments Can be used for phytoremediation of Cr Karimi [105]
31. Spearmint (Mentha spicata L.), Concentrations (0, 1, 5, 10, 15 Increasing Cr additions to the soil resulted Barouchas et al. [5]

lemon verbena (Lippia citriodora L.) mg kg-1) of K Cr O in an increase in the total Cr concentration2 2 7

and peppermint (Mentha piperita L.) in the vegetative parts of all the plants
32. Peas Hexavalent chromium (Cr ) Cr  was much more toxic when applied Bishnoi et al. [3]6+ 6+

supplied as potassium dichromate to 40 day old seedlings
33. Eucalyptus camaldeulensis, Medicago Road side contamination Highest Cr concentration (133.9 mg/kg Coupe et al. [61]

dwt) sativum and Brassica juncea was
determined in the root of
E. camaldeulensis.

34. Scirpus lacustris, Phragmites Tannery effluent and sludge The plants significantly reduce the Chandra et al. [116]
karka and Bacopa monnieri concentrations of chromium after

phytoremediation
35. Citrullus plants Chromium as dichromate were Chromium levels >0.2 mM plants Dube et al. [63]

added at 0.05, 0.1, 0.2, 0.3 and showed growth depression, with
0.4 mM chlorosis and loss of turgor of middle

leaves
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Table 1: Continued
S.N. Name of the crop Source of contamination Toxic effects Citations
36. Sunflower (Helianthus annuus L.) Synthetic chromium (Cr) i.e., 20, Germination, root and shoot lengths Fozia et al. [32]

40 and 60 mg/kg were decreased with increase in Cr
concentrations. gradual decrease was
observed for various morphological
parameters like root fresh and dry weights,
shoot fresh and dry weights and plant
height with increase in Cr levels

37. Tumbleweed (Salsola kali) Agar-based media containing Significant inhibition of plant Gardea et al. [31]
different concentrations of either morphological characteristics
Cr(III) or Cr(VI)

38. Brassica juncea L. Eight Cr levels ranging from Reduction in growth, chlorophyll Ghani [12]
5,10,15,20,25,30,35,40 ppm per contents and mineral mutrients of brassica
kg soil was applied.

39. Lablab purpureus, Glycine max, Plants were exposed to seven Lablab purpureus and Glycine max are the Jun et al. [42]
Lathyrus odoratus, Dumasia villosa, different concentrations of Cr most sensitive to Cr , their germination2+

Vigna radiate and V. angularis (0-3.2 mM) percentage, root and coleoptile length were
significantly lower than other tested species

40. Eichhomia crassipes Tannery industry, Jajmau, Kanpur E. crassipes was tolerant to the elevated Mishra et al. [34]
and Electroplating industry, Scooter Cr concentration
India Limited

41. Raphanus sativus L. Treated tannery effluent concentration Reduction in seedling growth and related Nath et al. [20]
of chromium (Cr6+) enzymatic activities with increase in

concentration of Cr6+ in treatments and
effluent both

42. Pea (Pisum sativum) Different concentration of CuSO Germination percentage seedling growth Pandey [40]4

and K CrO and pigment concentrations were affected2 4

by elevating concentration
43. Spirogyra sp. Chromite pit bottom water with 2.0 Spirogyra sp. reduced the Cr+6 content Pattanaik et al. [53]

mg/L of hexavalent chromium levels up to 0.05 mg/L at normal room
temperature and at pH 7.0.

44. Silene vulgaris Plants were treated for 12 days with Showed visual toxicity symptoms, Pradas-del-Real et al.[37]
60 M of Cr(III) or Cr(VI) in semi biomass reduction
hydroponics

45. Spinach (Spinacia oleracea L), var. Paper mill effluent Contamination factor of heavy metals was Kumar and Chopra [117]
Hybrid-7 Cr > Cd > Mn = Cu = Zn for soil and

Cr = Cd = Mn >Cu = Zn for S. oleracea
averaged over seasons after fertigation

above 0.5 mM suppressed growth of radicle and plumule Barouchas et al. [5] conducted a study on three
significantly. In contrast, Cr  was much more toxic when medicinal species, spearmint (Mentha spicata L.), lemon6+

applied to 40 days old seedlings grown, either on verbena (Lippia citriodora L.) and peppermint (Mentha
combined nitrogen, or under nitrogen-fixing conditions. piperita L.), were grown in pots to study the effect of
Its deleterious effect was more pronounced on the growth trivalent (Cr III) and hexavalent (Cr VI) Chromium (Cr) on
of roots than on shoots. Though Cr  hastened flowering, the total Cr concentration in the  vegetative  plant  parts.6+

the total number of flowers and consequently the number A completely randomized block design with five
of pods per plant was reduced drastically. In Cr treated concentrations (0, 1, 5, 10, 15 mg kg-1) of Cr (III) and Cr
plants a larger proportion of pods failed to set seeds and (VI) was laid out. Trivalent Cr was applied as CrCl 6H O
the average number of seeds per pod was lower. All  these and hexavalent Cr as K Cr O . Total Cr concentration in
factors contributed towards lowering seed yield of the the plant tissues was measured by two methods: dry ash
plants receiving 0.2 mM Cr  by 75–80%. The impact of method (DAM) and microwave-assisted acid digestion6+

this metal on growth was more severe on plants supplied method (MADM). Increasing Cr additions to the soil
with combined nitrogen than on nitrogen-fixing plants. resulted in an increase in the total Cr concentration in the
Concentration of the metal in various plant parts was: vegetative parts of all the plants measured by both
roots>leaves>stem>pod walls>seeds. methods  and   irrespective   of  the  Cr  oxidation  state

3 2

2 2 7
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(i.e. from 0.72 to 2.55 mg kg , from 0.78 to 10.12 mg kg heavy metals in the order of Mn  > Zn  > Cu  > Cd >1 1

and from 0.43 to 7.41 mg kg , in lemon verbena, spearmint Cr  for soil and Mn  > Zn  > Cu  > Cr  > Cd  for Z.1

and peppermint, respectively, for Cr added as Cr (III) and mays in both seasons after fertigation with sugar mill
from 0.82 to 6.02 mg kg , from 1.07 to 6.02 mg kg  and effluent. Although the contents on Cr was found with in1 1

from 1.99 to 11.16 mg kg , in lemon verbena, spearmint the prescribed limit of Indian irrigation standards but it1

and peppermint, respectively, for Cr added as Cr (VI)). significantly (P<0.05/ P <0.01) decreased the plant height,
Uptake of Cr was relatively low in all plants, but the total chlorophyll content, leaf area index, crude protein, crude
Cr concentration was significantly lower in plants exposed fiber and total carbohydrates content of the maize plant
to Cr (III) than Cr (VI) in both methods of measurement. due to interference in the biochemical and physiological
The total Cr concentration measured by the MADM was processes.
significantly higher than the total Cr measured by the Kumar [25] studied the fertigation response of sugar
DAM. mill effluent doses namely: 5%, 10%, 25%, 50%, 75% and

Ghani [12] reported that increasing concentrations of 100% on Abelmoschus esculentus (var. IHR 31) in two
chromium caused reduction in growth, chlorophyll different seasons. The study revealed that fertigant had
contents and mineral nutrients of brassica. At increasing significant (P<0.01) effect on physico-chemical and
concentrations of chromium, all the attributes were found microbiological characteristics of the soil. Fertigation with
to be reduced. higher concentrations 50% to 100% of sugar mill effluent

Nath et al. [20] were studied different dilution levels significantly (P<0.01) decreased crop yield and
of tannery treated effluent and their corresponding biochemical components of A. esculentus due to the
concentration of chromium (Cr ) in a Petridish culture higher contents of metals which inhibited the metabolic6+

experiment on seed germination and seedling growth in activities of the crop plant.
radish (Raphanus sativus L). The different concentrations Kumar and Chopra [26] was undertaken a study to
of  Cr   (2,  5  and 10 ppm) and treated tannery effluent determine the potential of an agro-residue-based paper6+

(10, 25 and 50%) showed reduction in seedling growth mill effluent as an alternative of irrigation water on
and related enzymatic activities with increase in spinach (Spinacia oleracea L), var. Hybrid-7. The study
concentration of Cr  in treatments and  effluent  both. was conducted during the rainy (July to October) and6+

The low concentration of Cr (2 ppm) and effluent dilution winter (November to February) seasons of 2011 and 2012.
(10%) showed significant growth reduction separately. At Doses of paper mill effluent of 5%, 10%, 25%, 50%, 75%
this concentration of Cr and effluent dilution chlorophyll and 100% were used along with bore well water (control).
content, amylase, catalase and protein contents remained Paper mill effluent increased electrical conductivity (EC),
unchanged while with increase in Cr6+ concentration pH, organic carbon (OC), total Kjeldahl nitrogen (TKN),
(>2ppm) and effluent dilution (> 10%) in treatments calcium (Ca ), iron (Fe ), potassium (K ), magnesium
showed growth inhibitory effects. (Mg ), sodium (Na ), phosphate (PO ), sulfate (SO ),

Liu et al. [22] was conducted a field experiment to cadmium (Cd), chromium (Cr), copper (Cu), manganese
study the accumulation of toxic heavy metals by winter (Mn) and zinc (Zn) of soil in both seasons. There were no
wheat (Triticum aestivum L.) grown in the agricultural soil changes in soil water-holding capacity and bulk density
in the suburb of Zhengzhou City, China. The quantities of due to fertigation. Agronomic performance of S. oleracea
heavy metals (Cd, Cr, Pb, As, Hg) were determined in increased due to treatment with 5% to 25% paper mill
different parts of wheat plant. The content of five toxic effluent and decreased due to treatment with 50 to 100%
metals was found significantly higher in roots than in the paper mill effluent compared to the control in both
aerial parts of wheat (stems and leaves and grains). seasons. Crude proteins, crude fiber and total
Additionally, wheat roots were enriched in Cd, Pb and Hg carbohydrates were highest due to treatment with 25%
from the soil, while Cr and As were hardly taken up by the paper mill effluent in both seasons. Heavy metal
roots. On the other hand, the winter wheat transported concentrations increased due to treatment with all
five toxic heavy metals very weakly from root to grain in concentrations of paper mill effluent in  both  seasons.
the various irrigation regions. The order of contamination factor of heavy metals was Cr

Kumar [24] investigated the effects of sugar mill > Cd > Mn = Cu = Zn for soil and Cr = Cd = Mn >Cu = Zn
effluent fertigation on soil properties and agronomical for S. oleracea averaged over seasons after fertigation.
characteristics of Maize (Zea mays L. cv. NMH 589) in two The paper mill effluent can be used as a bio-fertigant after
seasons. The results showed the contamination factor of appropriate dilution to improve yield of S. oleracea.

2+ 2+ 2+ 2+

3+ 2+ 2+ 2+ 3+ 2+

2+ 2+ +

2+ + 3- 2-
4 4
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Singh et al. [28] were investigated the effect of weight in three varieties. Cr was significantly absorbed by
different doses of Cr on growth and some physiological roots but its transport to other parts of plants was slow
parameters of paddy (Oryza sativa L.). Increasing doses and uptake in seeds was much lower than in roots and
of Cr caused reduction in growth and concentration of shoots.
chlorophyll, sugar and protein in paddy leaves. At Mishra et al. [34] studied the physico-chemical
increasing doses of Cr, catalase and peroxidase activity parameter and metal concentration in effluents of two
was found to be reduced. industries i.e. Tannery industry, Jajmau, Kanpur and

Gardea et al. [31] were conducted experiments to Electroplating industry, Scooter India Limited (SIL),
determine the differential absorption of Cr species by Lucknow were determined to assess the toxicity of Cr.
tumbleweed (Salsola kali) as well as the effect of this Metal accumulation in Eichhomia crassipes growing in
heavy metal on plant growth and nutrient uptake. these contaminated sites was also determined. For
Tumbleweed seeds were grown in an agar-based media laboratory toxicity testing the plants were exposed to
containing different concentrations of either  Cr(III) or nutrient solution containing Cr concentration ranging
Cr(VI). The results demonstrated that the uptake of Cr was from 0.01-10 µg ml  for 24-96 hrs. Accumulation of Cr was
influenced by the Cr concentration in the growth medium observed to be dependent on its concentration and time
and the speciation of this heavy metal. When supplied in of exposure and was greater in roots (789.3 mg g  d.wt.)
the hexavalent form, the concentration of Cr in the than in leaves (335.6 mg g  d.wt.) after 96 hrs at 10 µg
different plant parts (2900, 790 and 600 mg kg  for roots, ml  concentration. Under field conditions the1

stems and leaves, respectively) was between 10 and 20 accumulation of Cr was 1258 and 733.3 in roots and 94 and
times higher than the amounts found when Cr was 53 µg g  d.wt. in leaves of E. crassipes growing in
supplied in the trivalent form. In addition, it was found Jajmau, Kanpur tanning industry and SIL effluents,
that in most of the experiments, Cr(III) exhibited more toxic respectively. It was found that lower doses (0.01-0.1 µg
effects on tumbleweed plants than Cr(VI). The size of ml  of Cr had stimulatory effect on various metabolic
roots of plants grown in 20 mg L  Cr(III) were activities in plants including chlorophyll a, b and total1

significantly smaller (P < 0.05) than those grown in 20 mg chlorophyll, protein, nitrate reductase and mitotic index.
L  Cr(VI). Plants exposed to 20 mg L  Cr(III) produced Whereas, higher doses of Cr showed inhibitory effect.1 1

shoots significantly shorter (P < 0.05) compared with the The carotenoid content and number of micronuclei was
size of control plants and with those grown in 20 mg L found directly proportional to the concentration of Cr and1

Cr(VI). In addition, the absorption of macronutrients and increased with increase in concentration of Cr to which
microelements was in general lower when the plants were plants were exposed. It may be concluded from the
grown in the medium containing Cr(III). The amounts of present study that E. crassipes is tolerant to the elevated
Cr concentrated in the aerial plant parts under Cr concentration as there is no inhibition of chlorophyll
experimental conditions may indicate tumbleweed as a and carotenoid up to 0.1 µg ml  at 24 and 48 hrs
new option for the phytoremediation of Cr-contaminated exhibiting phytotoxicity at higher concentration.
soil. Therefore, E. crassipes may be used as bioassay for

Fozia et al. [32] was conducted a pot experiment to biomonitoring and control of Cr pollution in the
evaluate the effect of Cr contaminated soil in sunflower environment.
(Helianthus annuus L.) growth attributes. Three different Pradas-del-Real et al. [37] reported that chromium
levels of chromium (Cr) i.e., 20, 40 and 60 mg/kg were released into the environment from industrial activities
applied to three varieties of sunflower (G-3, G-9 and G-59). has become an important environmental concern. Silene
The results of morphological, chemical and yield vulgaris has been proven to be tolerant to many heavy
parameters were recorded at crop maturity. The result metals, so it is considered an interesting species in the
showed that germination, root and shoot lengths were revegetation and restoration of polluted soils, but no
decreased with increase in Cr concentrations. A gradual information is available about its response to Cr. The
decrease was observed for various morphological objective of this work was to study uptake and influence
parameters like root fresh and dry weights, shoot fresh on plant growth of Cr(III) and Cr(VI) in six genotypes
and dry weights and plant height with increase in Cr (four hermaphrodites and two females) of S. vulgaris from
levels. A comparison among Cr treatments obtained a different sites of Madrid (Spain). Plants were treated for 12
significant decrease in yield parameters as days with 60 M of Cr(III) or Cr(VI) in semi hydroponics.
achenes/capitulum, achenes/plant and 100 achenes Dry weights, soil-plant analysis development values
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(SPAD) reading with chlorophylls and micronutrient and The significantly negative correlations between
total Cr concentrations were determined. Metal uptake germination and increasing concentration of Cr  were
was higher in presence of Cr(VI) than of Cr(III) and poorly shown for G. max, V. radiate and V. angularis.
translocated to the shoots. In both cases S. vulgaris did Chopra et al. [43] conducted a comparative study on
not show visual toxicity symptoms, biomass reduction, or agro-potentiality of paper mill effluent and synthetic
differences among SPAD values as consequence of Cr nutrient (DAP) on Vigna unguiculata L. (Walp) cowpea.
additions. However genotypes SV36 and SV38 showed Fe They reported the higher contents of Cr (0.40 mg L ) in
and Mn imbalance. This is the first report on the relatively the absolute paper mill effluent. The paper mill effluent
good performance of hermaphrodite and female S. irrigation significantly increased the contents of Cr in the
vulgaris genotypes in Cr uptake and physiological traits, soil (0.90 mg L ) and V. unguiculata (0.78 mg L ).
but further studies will be necessary to elucidate the Moreover, the contents of Cr inhibited the seed
mechanisms by which the gender may influence these germination, shoot height, root length, biomass and
variables. S. vulgaris presented high diversity at chlorophyll content and yield attributes like number of
genotypic level; the treatment with hexavalent Cr pods and crop yield of V. unguiculata at 100%
increased the differences among genotypes so the use of concentration of paper mill effluent.
cuttings from a homogeneous genotype seems to be an Chopra et al. [47] was concluded that higher content
adequate method for the study of this species. of Cr in higher concentration of distillery effluent

Pandey [40] studied the impact of heavy metal on irrigation significantly decreased the chlorophyll content
field pea (Pisum sativum) Var. Malviya Matar-15 (HUDP- and leaf area index of Abelmoschus esculentus L.
15) and Pusa Prabhat (DDR-23) at germination, seedling (Moench) and as a result it decreased the crop yield of A.
growth and pigments concentration after having esculentus.
subjected it to different concentration of  CuSO   and Pattanaik et al. [53] reported the use of Spirogyra sp.4

K CrO . The germination percentage seedling  growth and in reducing hexavalent chromium from contaminated2 4

pigment concentrations were affected by elevating water. The chromite pit bottom water with 2.0 mg/L of
concentration, where Pusa Prabhat (DDR-23) is more hexavalent chromium after allowing for one hour in a
sensitive to the elevated concentration of CuSO  and beaker containing cleaned Spirogyra sp. reduced the Cr4

K CrO  solutions concentrations then Malviya Matar-15. content level up to 0.05 mg/L at normal room temperature2 4

But the negative stress of the non essential Cr is more and at pH 7.0. At successive span of 4 hrs, 8 hrs, 16 hrs,
vigorous than essential Cu. This justifies that the field pea 48 hrs, the reduction does not change appreciably with
variety Pusa Prabhat is less suitable for the cultivation same quantity of biomass. The results indicate that during
under situation where water and soil suffer from continuous discharge of mine effluent the treatment by
intermittent and momentary metal pollution like Cu and Cr. Spirogyra sp. may not be very much effective. It may be

Jun et al. [42] studied the ecotoxicological effects of very much useful for remediation of stagnant mine water.
Cr  on germination and early seedling growth of six It helps in reducing the hexavalent chromium content from2+

pulses was investigated. Seeds of these plants were slow moving shallow surface water of Damsal Nala as well
exposed to seven different concentrations of Cr (0-3.2 in to which the surface run off and improperly treated
mM). The results indicated that root elongation and mine effluent is discharged.
coleoptile growth of six pulse plants were more sensitive Du et al. [60] was conducted a study to evaluate the
than seed germination for measurement of the toxic of Cr uptake of chromium (Cr) by Spinacea olaracea and its2+

pollutions. Different species show different levels of accumulation in roots and shoots of plants grown in pots
tolerance to Cr  pollution. Lablab purpureus and Glycine at various concentrations of Cr (30, 60, 90, 120, 150 mg/l).2+

max are the most sensitive to Cr , their germination The results revealed that the levels of Cr accumulation in2+

percentage, root and coleoptile length were significantly roots and shoots were higher at minimum concentrations
lower than other tested species, by contrast, Lathyrus (30 to 90 mg/l). 
odoratus and Dumasia villosa are the most resist species, Coupe et al. [61] was conducted a pot experiment to
their germination and seedling growth almost were not compare the plant biomass accumulation and heavy metal
influenced by Cr pollution significantly comparing the (HM) uptake by plant species grown in HM contaminated2+

control. There were significantly negatively correlations soils. The shoot dry weights of Eucalyptus
between seedling growth  and  increasing  concentration camaldeulensis, Medicago sativum and Brassica juncea
of  Cr   for  G.  max,  Vigna  radiate  and  L.  purpureus. grown   in   contaminated  soils  were reduced  by  8, 5 and2+

2+
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3-fold, respectively, compared to the same plants grown lower concentrations. Threshold of toxicity and toxicity of
in control soil. The Pb concentration in the shoots of M. Cr in old leaves were, respectively, 0.9 and 3.9 microg g
sativum, E. camaldeulensis and B. juncea grown in dry matter of citrullus.
contaminated soil was 8.7, 11.0 and 8.8-fold, respectively, Kumar and Chopra [65] was conducted a pot
higher than  Pb   concentration  in  plants  grown in experiment to study the accumulation and translocation of
control soils. M. sativum and E. camaldeulensis metals in French bean (Phaseolus vulgaris L.). Plants
accumulated higher Zn  concentrations  in  roots (71 and were grown in soil amended with up to 100% sewage
86 mg  kg )  and  shoots (49 and 47 mg kg ), sludge. Significant (p<0.01) changes to soil characteristics1 1

respectively. Zn concentrations in the roots of M. were observed. The maximum growth of P. vulgaris was
sativum,  E.   camaldeulensis   and  B.  juncea  were noted in the treatment with 40% of sewage sludge. Metal
higher  than  in  the  shoots  by  a  factor  of 1.4, 1.8 and concentrations were significantly (p<0.05) higher in P.
1.3-fold,  respectively.  The   highest   Cu  concentration vulgaris after sewage sludge amendment where
(81  and  37  mg  kg  d.wt.) was obtained in root and Fe>Zn>Cd>Cu>Cr>Pb. The translocation for Fe and Zn1

shoot  of   M.  sativum  grown  in  contaminated  soil, was in the order of leaves>shoot>root>fruits, for Cd,
while  the  highest   Cr    concentration   (133.9 mg/kg shoot>root>leaves>fruits, for Cu and Pb
d.wt.) was determined in the root of E. camaldeulensis. shoot>leaves>root>fruits and for Cr
This suggests that E. camaldeulensis was the best root>shoot>leaves>fruits of P. vulgaris. All accumulated
candidate species for phytoremediation of HM metal concentrations except Cd in the fruit were below the
contaminated soils. FAO/WHO standard limits. Moreover, the contents of Cr

Kumar and Chopra [62] reported the higher content of were higher in the roots than in the aerial parts, indicating
chromium (1.68 mg L ) in the paper mill effluent. that the roots act as barrier for translocation and protect1

Although, the value of Cr was recorded below the the edible parts from toxic contamination. Poor
prescribed limit of Cr (2.00 mg L ) for irrigation water but translocation of Cr to the shoots could be due to the1

it showed significant (P<0.05/P<0.01) accumulation in the sequesterization of most of the Cr in the vacuoles of the
soil and affected the agronomical characteristics viz., seed root cells to render it non-toxic, which may be a natural
germination, shoot length, root length, number of protective response of this plant. It must be noted that Cr
secondary roots/plant, number of branches/plant, is a toxic and non-essential element to plants and hence
chlorophyll content, LAI/plant, root nodules/plant, the plants may not possess any specific mechanism to
number of flowers/plant, pods/plant, pod length, transport the Cr. The maximum accumulation of Cd in the
seeds/pod, crop yield and HI of V. radiata after paper mill shoot of P. vulgaris represents the translocation of Cd
effluent irrigation. was effectively made from root to shoot, leaves and fruits.

Dube et al. [63] were grown Citrullus plants in As for the accumulation strategy, plants accumulated
refined sand with varying levels of Cr to determine their higher amounts of Cd in their tissues and only a small
tolerance limit to excess Cr. The plants were maintained in amount of Cd is stored in the roots and the rest will be
control nutrient solution for 24 days and on the 25th day translocated to the shoots. The content of Cd and Pb
Cr as dichromate were added at 0.05, 0.1, 0.2, 0.3 and 0.4 were less in the fruits of P. vulgaris and it is likely due to
mM. A control set of plants was grown in the same increases in the cation exchange capacity of the soil,
nutrient solution without Cr. At Cr levels >0.2 mM plants which will decrease the uptake of Cd and Pb into plants.
showed growth depression, with chlorosis and loss of Additionally, the least accumulation of metals was noted
turgor of middle leaves. Affected leaves had narrow in the fruits of P. vulgaris and it might be due to that no
lamina; tendrils were thin, short and did not  have  coiling xylem or phloem in the endosperm of fruits, which is
property. Later chlorosis became severe and changed to essential for translocation. Thus, the tolerant mechanism
necrosis in patches. Petiole along with lamina became of plants appears to be compartmentalization of metal
wilted, rugged and hung down due to complete loss of ions, i.e. sequestration in the vacuolar compartment,
water. At lower Cr concentration, (0.05, 0.1 and 0.2 mM) which excludes them from cellular sites where processes
only depression in growth was observed. With increase such as cell division and respiration occur, thus proving
in Cr concentration of nutrient solution accumulation of to be as effective protective mechanism. Thus, the
Cr in different parts of Citrullus was increased. Increase in amendment of agricultural soil by sewage sludge might be
concentrations of phosphorus, manganese and decrease feasible. However, a regular monitoring of metal levels in
in iron, copper, zinc and sulphur were observed in leaves. agricultural products is recommended to prevent their
Toxicity of Cr was greater at 0.2-0.4 mM, compared to accumulation in the food chain.

1
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Kumar and Chopra [67] studied the ferti-irrigation 50% to 100% concentrations of distillery effluent as
response of 5, 10, 25, 50, 75 and 100% concentrations of compared to control in both seasons. The heavy metals
the sugar mill effluent (SME) on French bean (Phaseolus concentration in B. juncea was increased from 5% to
vulgaris L., cv. Annapurna) in the rainy and summer 100% concentrations of distillery effluent in both seasons.
seasons was investigated. The fertigant concentrations Biochemical components  like  crude  proteins,  crude
produced significant (P<0.01) changes in the soil fiber, crude fat and total carbohydrates were found
parameters, viz., electrical conductivity (EC), pH, organic maximum  with 25% distillery effluent in both seasons.
carbon (OC), sodium (Na ), potassium (K ), calcium (Ca ), The contamination factor (Cf) of various heavy metals+ + 2+

magnesium (Mg ), total Kjeldahl nitrogen (TKN), was in the order of Mn>Cr>Zn>Cd>Cu for soil and2+

phosphate (PO ), sulfate (SO ), ferrous (Fe ), cadmium Cr>Cd>Mn>Cu>Zn for B. juncea plants after fertigation4 4
3- 2- 2+

(Cd), chromium (Cr), copper (Cu), manganese (Mn) and with distillery effluent. Therefore, distillery effluent can be
zinc (Zn), in both seasons. The contents of Cr, Cu, Mn used as a bio-fertigant after appropriate dilution to
and Zn except Cd were found to be below the maximum improve the yield of B. juncea.
levels permitted for soils in India. The agronomic Kumar and Chopra [71] studied the influence of sugar
performance   of   P.   vulgaris  was  gradually increased mill effluent on physico-chemical characteristics of soil at
at  lower  concentrations, i.e., from 5 to 25% and Haridwar (Uttarakhand), India. The results showed that
decreased at higher concentrations, i.e., from 50 to 100%, the content of Fe, Zn, Cd, Cu, Pb and Cr were increased
of the SME in both seasons when compared to controls. significantly (P <0.01) with the application of sugar mill
The accumulations of heavy metals were increased in the effluent. The contents of metals were increased from their
soil and P. vulgaris from 5 to 100% concentrations of the initial (control) level viz., Fe (2.65–8.86 mg Kg ), Zn
SME in both seasons. The contents of Cu, Mn and Zn (0.790–3.300 mg Kg ), Cd (0.046-0.232 mg Kg ), Cu
except Cd and Cr were noted under the permissible limit of (2.028-9.631 mg Kg ), Pb (0.035-0.261 mg Kg ) and Cr
Food and Agriculture Organization (FAO)/World Health (0.125-1.406 mg Kg ) to 100% concentration of sugar mill
Organization (WHO) standards. Most contents of effluent irrigated soil. Among the micronutrients the
biochemical components like crude proteins, crude fiber maximum enrichment factor (Ef) was shown by Cr (11.24)
and total carbohydrates were found with 25% while the minimum by Zn (4.18) and it was in order of
concentration of the SME in both seasons. The Cr>Pb>Cd>Cu>Zn after irrigation with sugar mill effluent.
contamination factor (Cf) of various metals was in the Kumar and Chopra [72] studied the effect of seven
order of Cd > Cr > Zn > Mn > Cu for soil and Mn > Zn rates viz. 0 (control), 5, 10 25, 50, 75 and 100 ml/Kg of
>Cu > Cr > Cd for P. vulgaris in both seasons after treated distillery effluent on the physico-chemical
fertigation with SME. Therefore, the SME can be used to properties of soils was studied under natural environment
improve the soil fertility and yield of P. vulgaris after in pot experiment. The characteristics of the soil were
appropriate dilution. determined before and after 12 weeks of distillery effluent

Kumar and Chopra [69] studied the impact of irrigation. The results revealed that the 100%
distillery effluent  ferti-irrigation  on  Brassica  juncea concentration of distillery effluent increased Zn
(var. NRCHB 506) in two seasons i.e. rainy and winter (333.33%), Cd (565.00%), Cu (417.57%), Pb (1487.50%) and
season. Different doses of distillery effluent viz. 5%, 10%, Cr (1365.38%) in comparison  to  control irrigated  soil.
25%, 50%, 75% and 100% were used for ferti-irrigation of The enrichment factor of various micronutrients was in
B. juncea along with bore well water (control). The study order of Pb>Cr>Cd>Cu>Zn after amended with distillery
revealed that distillery effluent had significant (P<0.05) effluent. Moreover, the regression equation and R  value,
effect on electrical conductivity (EC), pH, organic carbon 98%, 85%, 91%, 97%, 97% and 98% of the variation in soil
(OC), total Kjeldahl nitrogen (TKN), sodium (Na ), Fe, Zn, Cd, Cu, Pb and Cr were recorded for by distillery+

potassium (K ), calcium (Ca ), magnesium (Mg ), iron effluent.+ 2+ 2+

(Fe ), phosphate (PO ), sulphate (SO ), cadmium (Cd), Kumar et al. [75] conducted a green house experiment2+ 3- 2-
4 4

chromium (Cr), copper (Cu), manganese (Mn) and zinc to determine the agronomical characteristics of Trigonella
(Zn) of the soil in both seasons. Insignificant (P >0.05) foenum-graecum irrigated with different concentrations of
changes in water holding capacity (WHC) and bulk paper mill effluent such as 5%, 10%, 25%, 50%, 75% and
density (BD) of the soil were observed after irrigation with 100% along with control (Bore well water). The study
distillery effluent. The agronomic performance of B. revealed that the effluent is rich in some plant nutrients
juncea was gradually increased from 5% to 25% and affected the agronomical characteristics of T. foenum-
concentrations of distillery effluent and decreased from graecum  (Pusa   early   bunching)   and  physico-chemical
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characteristics of the soil as well. On irrigation of soil with with bore well water (control). The results revealed that
different effluents up to 90 days of harvesting, the higher distillery wastewater showed significant (P<0.05/P<0.01)
concentrations (50% to 100%) of paper mill effluent effect on the soil characteristics viz., EC, pH, Cl , OC, Na ,
significantly affected the germination, vegetative, K , Ca , Mg , Fe , TKN, PO , SO , Cd, Cr, Cu, Mn and
flowering, fruiting and maturity stage attributes of T. Zn of the soil. The soil characteristics were recorded to be
foenum-graecum and this is likely due the presence of positively correlated with different concentration of
more contents of heavy metals in the paper mill effluent. distillery wastewater. The agronomical characteristics viz.,

Kumar and Chopra [77] reported the higher content of shoot length, root length, number of flowers, pods, dry
chromium (0.21 mg L ) in the municipal wastewater at weight, chlorophyll content, leaf area index (LAI), crop1

Haridwar (Uttarakhand), India. The value of Cr was yield and harvest index (HI) of V. mungo were recorded
recorded below the prescribed limit of Cr (2.00 mg L ) for maximum with 40% concentration of distillery wastewater.1

irrigation water given by Bureau of Indian Standards. The biochemical components viz., crude proteins, crude
Kumar and Chopra [80] was conducted an fiber and crude carbohydrates were noted maximum with

investigation to asses the agro-potentiality of agro based 40% concentration of distillery wastewater. The
sugar mill effluent as ferti-irrigant and an alternative of enrichment factor of heavy metals was in the order of
irrigation water. Six plots were selected for six treatments Cd>Cr>Zn>Cu>Mn for soil and Cu>Mn>Zn>Cr>Cd for V.
of sugar mill effluent viz. 0% (control), 20, 40, 60, 80 and mungo after irrigation with distillery wastewater. The
100% for the fertigation of Pennisetum glaucum L., cv. accumulation of various heavy metals in different parts of
Nandi 35. P. glaucum was grown, fertigated with effluent V. mungo were in order of leaves>shoot>root> fruits for
till harvest and effect of effluent fertigation on the soil and Cu, Mn and Zn, root>shoot>leaves>fruit for Cd and Cr
agronomical characteristics of P. glaucum were analyzed. after distillery wastewater irrigation. Therefore, the
Results The fertigant concentration produced changes in distillery wastewater with appropriate dilution can be used
electrical conductivity (EC), pH, organic carbon (OC), as a bio-fertigant for the V. mungo.
sodium (Na ), potassium (K ), calcium (Ca ), magnesium Viti and Giovannetti [83] reported the toxicity of Cr in+ + 2+

(Mg ), total Kjeldahl  nitrogen  (TKN),  phosphate (PO ), heterotrophic bacteria and photosynthetic2+ 3-
4

sulfate (SO ), iron (Fe), cadmium (Cd), chromium (Cr), microorganisms in the soil. The contents of Cr were4
2-

copper (Cu), manganese (Mn) and zinc (Zn) of the soil in ranged from 67 to 5490 mg Kg  of dry soil. The results
both seasons. The agronomic performance of P. glaucum showed that a chronic high concentration of Cr in soil
increased from 20 to 40% in both seasons compared to affected both oxygenic photosynthetic microorganisms
controls. The accumulation of heavy metals increased in and heterotrophic bacteria. Nitrogen-fixing cyanobacteria
soil and P. glaucum from 20 to 100% sugar mill effluent were not detected in the soil polluted with Cr. 
concentrations in both seasons. Biochemical components Wyszkowska [84] studied the effect of Cr(VI) on the
like crude proteins, crude fiber and crude carbohydrates activity of dehydrogenises, urease, acid and alkaline
were found maximum with 40% sugar mill effluent in both phosphatases and the yield of lupine was assayed in a
seasons. The contamination factor (Cf) of various metals pot experiment. Cr was applied as K Cr O  in the amounts
were in the order of Mn>Zn>Cu>Cd>Cr for soil and of 0, 10, 20, 30, 40, 50, 100 and 150 in mg Kg  of soil.
Mn>Zn>Cu>Cr>Cd for P. glaucum in both seasons after Hexavalent Cr was found to inhibit the activity of
fertigation with sugar mill effluent. Sugar mill effluent dehydrogenases, urease, acid and alkaline phosphatases
irrigation increased nutrients in the soil and affected the and to depress the yield of above ground parts of lupine,
growth of P. glaucum in both seasons. It appears that yield of roots, number and weight of root nodules. The
sugar mill effluent can be used as a bio-fertigant after negative effect of Cr occurred in both inoculated and non-
appropriate dilution to improve yield of P. glaucum. inoculated soil. 

Kumar et al. [82] was studied the distribution, Hörcsik et al. [85] studied the effects of Cr (VI) on the
enrichment and accumulation of heavy metals in soil and growth rate, element, photosynthetic pigment and amino
Vigna mungo (Black gram, var. Pant U-30) after irrigation acid composition of Chlorella pyrenoidosa. Cr (VI) was
with distillery wastewater. A field experiment was found toxic to C. pyrenoidosa. The EC  value for Cr (VI)
conducted in the experimental garden of Gurukula Kangri were 2.0 mg dm , the lethal concentration of Cr appeared
University, Haridwar during the year 2012 and 2013. to be approximately 20 mg dm  for C. pyrenoidosa. The
Treatments of distillery wastewater viz., 20%, 40%, 60%, toxic properties of Cr (VI) can arise from the possibly free
80% and 100% was used for irrigation of V. mungo along diffusion across cell membranes and strong oxidative
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potential. The toxicological impact of Cr (VI) originates the high toxicity of Cr (VI). The mitotic index decreased
from the action of this form itself as an oxidizing agent, as with increased concentration of Cr (VI), duration of
well as from the formation of free radicals during the treatment time and the ratio of anomalous dividing cells
reduction of Cr (VI) to Cr (III) occurring inside the cell. reversed. The results also indicated that the root growth

Kumar and Chopra [86] studied the fertigation effects was completely stopped by 10  M Cr (VI) after 24 hrs
of distillery effluents concentrations such as 5%, 10%, treatment time and slightly inhibited by 10  M Cr (VI)
25%, 50%, 75% and 100% were studied on Trigonella during the whole experiment. Cr (VI) had a stimulatory
foenum-graecum. Among various concentrations of effect on the root growth of A. viridis exposed to 10 M
effluent irrigation, the irrigation with 100% effluent Cr (VI) during the entire experiment. The mitotic index in
concentration increased the Zn (980.48%), Cu (451.51%), the present study can be correlated with rate of root
Cd (3033.33%), Pb (2350.00%) and Cr (2375.00%) in the growth, suggesting that the inhibition of root growth
soil. The agronomical parameters such as shoot length, resulted from inhibition of cell division.
root length, number of leaves, flowers, pods, dry weight, Kumar and Chopra [90] studied the effect of paper
chlorophyll content, LAI, crop yield and HI of T. foenum- mill effluent on the physico-chemical properties of soils
graecum were recorded to be in increasing order at low was studied under natural environment in pots
concentration of the effluent, i.e., from 5% to 50% and in experiment. The soil was treated to six rates of effluent
decreasing order at higher effluent concentration, i.e., viz., 5%, 10%, 25%, 50%, 75% and 100%. The physico-
from 75% to 100% as compared to control. The enrichment chemical properties of the soil were determined before and
factor of various heavy metals was ordered for soil at the end of the experiment, 12 weeks after irrigation with
Cd>Cr>Pb>Zn>Cu>Fe and for T. foenum-graecum the effluent. Results revealed that among various
plants Pb>Cr>Cd>Cu>Zn>Fe after irrigation with concentrations of paper mill effluent, irrigation with 100%
distillery effluent. effluent concentration decreased moisture content

Kumar and Chopra [87] conducted an investigation to (18.84%), WHC (13.26%), BD (5.63%) and increased pH
assess the characteristics of textile effluent and its effect (6.48%), EC (50.96%), ECEC (111.75%), Cl  (101.53%), OC
on water quality of a sub canal originated from Upper (2213.95%), HCO (15.65%), CO (24.64%), Na  (113.04%),
Ganga Canal at Haridwar. The  results  revealed that K (48.27%), Ca  (977.20%), Mg  (1236.31%), Fe
disposal of textile effluent showed high pollution level in (127.76%), TKN (826.87%), NO  (74.96%), PO
terms of various heavy metals viz., Cd (1.96 mg L ), Cu (141.72%), SO  (56.98%), Zn (264.71%), Cu (230.94%), Cd1

(2.88 mg L ), Cr (1.12 mg L ), Fe (4.56 mg L ), Ni (1.76 (340.00%), Pb (968.75%) and Cr (797.11%) in the soil.1 1 1

mg L ), Mn (0.68 mg L ), Pb (0.89 mg L ), Zn (1.34 mg Different effluent concentrations showed significant1 1 1

L ). The water quality index (WQI) rating of sub canal (P<0.001) effect on EC, pH, Cl , OC, HCO , CO , Na , K ,1

water was of medium and after discharge of textile effluent Ca , Mg , Fe , TKN, NO , PO and SO , Zn, Cu, Cd,
it turned to very bad. Thus, the textile effluents Cr and Pb and insignificant (P>0.05) effect on, moisture
considerably deteriorated the quality of sub canal water. content, WHC and bulk density after irrigation when

Singh et al. [88] concluded that fly ash contributed a compared to the control. The enrichment factor (Ef) of
high level of Fe, Mn, Cu, Zn, Cr, Ni, Pb and Cd in the various micronutrients was in the order Pb>Cr>Cd>Zn>Cu
contaminated soil and subsequent higher accumulation in in the paper mill effluent irrigated soil. The content of Fe,
plant parts. Higher level of metal accumulation in plant Zn, Cd, Cu, Pb and Cr were increased significantly with
parts especially in upper parts of Typha sp. Datura the application of PME. The contents of these metals in
stramonium, Parthenium hysterophorus, Lycopersicum the soil were increased from their initial (control) level of
esculentum, Brassica campestris and Croton 2.63–5.99 mg Kg , 0.765–2.790 mg Kg , 0.040-0.176 mg
bonplandianum showed biomagnification of metals and Kg ,  2.023-6.695  mg  Kg , 0.016-0.171 mg Kg  and
thus these plants can be considered as accumulator 0.104-0.933 mg Kg  in 100% of paper mill effluent,
species. respectively.

Zou et al. [89] reported the effects of different Kumar et al. [91] reported that higher concentration
concentrations of Cr (VI) (10  M to 10  M) on root growth (60% to 100%) of sugar mill effluent decreased the yield-6 -3

and cell division in root tips of Amaranthus viridis L. Cr attributes of Vicia faba L. The decrease in the yield
(VI) had toxic effects on the root tip cells during mitosis, components of V. faba were recorded to be positively
such as colchicine mitoses, anaphase bridges and correlated with the concentration of heavy metals present
chromosome stickiness. Chromosome stickiness implied in the sugar mill effluent.
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Gupta et al. [92] reported the toxicity of Cr in aquatic contents of Cu, Mn and Zn except Cd and Cr in S.
macrophytes viz., Vallisneria spiralis and Hydrilla officinarum were noted under the permissible limit of
verticillata. These plants were treated with various FAO/WHO standards.
concentrations of treated tannery effluent collected from Kumar and Chopra  [94]  studied  the  potential of
UASB, Jajmau and Kanpur under repeated exposure in agro based  paper mill effluent (PME) as ferti-irrigant.
controlled laboratory conditions in order to assess their Ferti-irrigation responses to 5, 10, 25, 50, 75 and 100% of
maximum bioaccumulation potential. The maximum PME doses on Phaseolus vulgaris L., cv. Annapurna, in
accumulation of 385.6 and 201.6 µg g  dry weight was the  rainy  and   summer   seasons   were  investigated.1

found in roots of V. spiralis and the whole plants of H. The fertigant concentrations produced changes in
verticillata, respectively at 100% concentration after 9 electrical conductivity (EC), pH, organic carbon (OC),th

day of effluent exposure. The chlorophyll and protein sodium (Na ), potassium (K ), calcium (Ca ), magnesium
content of both species decreased with increase in (Mg ), total Kjeldahl nitrogen (TKN), phosphate (PO ),
effluent concentration and duration. At highest sulfate (SO ), iron (Fe ), cadmium (Cd), chromium (Cr),
concentration and duration a maximum reduction of 67.4 copper (Cu), manganese (Mn) and zinc (Zn) of the soil in
and 62.66% in total chlorophyll content, 9.97 and 4.66% in both seasons. The agronomic performances of P. vulgaris
carotenoid content and 62.66 and 59.36% in protein increased from 5 to 25% in both seasons compared to
content was found in V. spiralis and H. verticillata, controls. The accumulation of metals increased in soil and
respectively. P. vulgaris from 5 to 100% PME concentrations in both

Kumar and Chopra [93] studied the fertigational seasons. The contamination factor (Cf) of various metals
effects of 10%, 25%, 50%, 75% and 100% concentrations was in order of Cr > Mn > Cu > Cd > Zn for soil and Mn >
of sugar mill effluent on high yield cultivar of sugarcane Zn > Cu > Cd > Cr for P. vulgaris in both seasons after
(Saccharum officinarum L., cv. CoS 8436) was fertigation with PME. Therefore, PME can be used to
investigated in the winter and summer season. Fertigation improve the soil fertility and yield of P. vulgaris after
with different concentrations of the sugar mill effluent appropriate dilution.
resulted in significant (P<0.01) changes in the soil Águeda et al. [95] evaluated the potential of barley
parameters namely electrical conductivity (EC), pH, for the phytoremediation of soils contaminated by metals.
organic carbon (OC), sodium (Na ),  potassium  (K ), A growth chamber experiment was conducted with plants+ +

calcium (Ca ), magnesium (Mg ), total Kjeldahl nitrogen exposed to various concentrations of Zn, Cd and Cr.2+ 2+

(TKN), phosphate (PO ), sulphate (SO ),  iron  (Fe ), Growth parameters, chlorophyll content and chlorophyll4 4
3- 2- 2+

cadmium (Cd), chromium (Cr), copper (Cu), manganese fluorescence were measured at 15 and 29 days after
(Mn) and zinc (Zn) of the soil in both seasons. The treatment application and the metal concentration in the
contents of Cd, Cr, Cu, Mn and Zn in the soil were found aerial part of the plant, the root and the soil was also
to be below the maximum levels permitted for soils in measured. In all cases, the amount of metal accumulated
India. The agronomic performance of S. officinarum was in the plant increased by increasing the concentration of
increased from 10% to 25% and decreased from 50% to the applied metal and the roots accumulated more metal
100% concentrations of the sugar mill effluent in both than did the aerial part of the plant. The amount of Cr
seasons compared to controls. The best results of found in the soil was significantly lower than that of Cd
different agronomical parameters of S. officinarum were and Zn. The toxic effect of Zn and Cd on the plant was
noted with 25% concentration of the sugar mill effluent. low, affecting growth only at the highest concentrations.
The accumulations of heavy metals were increased in the For Zn and Cd at the concentrations used the decrease in
soil and S. officinarum from 10% to 100% concentrations water content was 14% compared with the control and
of the sugar mill effluent in both seasons. Biochemical 26% for Cr. For plants treated with the highest metal
components like total sugars, crude fiber and crude concentrations, the most significant differences were
carbohydrates were recorded highest with 25% found in chlorophyll content, which had the lowest values
concentration of the sugar mill effluent in both seasons. compared with the control (23% for Zn and 42% for Cd
The contamination factor (Cf) of various heavy metals and Cr) and in chlorophyll fluorescence (2% for Zn, 23%
was observed in the order of Mn>Cu>Zn>Cd>Cr for the for Cd and 29% for Cr). Moreover, in plants treated with
soil and Cd>Cr>Mn>Cu>Zn for S. officinarum in both Cr, these values were lower. DW, which integrates all
seasons after fertigation with sugar mill effluent. The stages of plant growth, was significantly lower in plants

+ + 2+
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treated with Cr, indicating that Cr affected plant growth factor was found of Ni for P. vulgaris, Co for V. radiata
more than Zn and Cd. These decreases occurred 29 days and L. usitatissimum and Cr for V. faba after irrigation
after applying the Zn and Cd treatments. In plants treated with BMTE. The maximum contamination factor was
with Cr, the decrease occurred 15 days after treatment found of Ni for P. vulgaris, Co for V. radiata and L.
application. Under our experimental conditions, barley is usitatissimum and Cr for V. faba after irrigation with
more tolerant to Zn and Cd than to Cr. BMTE. The contamination factor of metals were recorded

Kumar and Chopra [96] studied the hydrological in order of Ni>Co>Cu>Cd>Cr>Zn>Fe for P. vulgaris,
characteristics of abandoned Old Ganga Canal at Haridwar Co>Ni>Cr>Cu>Cd>Fe>Zn for V. radiata,
were investigated during the year 2011. The samples were Cr>Co>Ni>Cu>Cd>Fe>Zn for V. faba and
collected before the diversion (control) at Pathri Super Co>Cr>Cd>Cu>Zn>Fe>Ni for L. usitatissimum after
Passage and after diversion at Pathri Super passage, irrigation with BMTE.
Solani Aqueduct, Dhanuari, Piran Kaliyar, Mehawar Kalan Diwan et al. [98] concluded that the contamination of
and Roorkee sampling stations. Among various sampling chromium (Cr) in the soil and water is increasing
stations, the quality of Old Ganga Canal water was enormously due to anthropogenic activities. The potential
severely deteriorated at Piran Kaliyar. The hydrological of plants to accumulate or stabilize Cr compounds for the
characteristics viz., temperature, turbidity, TS, EC, BOD, purpose of remediation of Cr contamination has been
COD, Cl , Ca, Na, K, Mg, total phosphorus, nitrate recognized. A pot experiments to study on-

nitrogen, SO , Cd, Cu, Cr, Fe, Ni, Mn, Pb, Zn, SPC and FC photosynthesis and associated attributes in cv Pusa Jai4
2-

of water were significantly (P<0.05) different at all the Kisan of Indian mustard showed that high doses of Cr
sampling stations in comparison to control. Among caused toxic effects in plants, as evident by a reduction in
various sampling stations, Piran Kaliyar showed maximum photosynthetic rate (24.3 to 8.7 C mol CO  m  s  at 80
values of Cd (1.12 mg L ), Cu (1.74 mg L ), Cr (0.58 mg days after  sowing,  DAS),  nitrate  reductase  activity1 1

L ), Fe (5.69 mg L ), Ni (1.58 mg L ), Mn (0.36 mg L ), (3.76 to 1.30 C mol nitrite g  f. wt. h  at 80 DAS) and the1 1 1 1

Pb (0.64 mg L ), Zn (1.87 mg L ), SPC (8.5×109 SPC ml ) contents of chlorophyll (1.49 to 0.86 mg g  f. wt. at 801 1 1

and FC (9.6×108 FC 100 ml ) in canal water. The higher DAS) and soluble protein (2.96 to 1.93 mg g  f. wt. at 801

contents of heavy metals in the canal water are likely due DAS). Since plants lack a specific Cr transport system,
to discharge of industrial wastewater form metal based mineral nutrient contents also changed due to Cr toxicity.
industries located at SIDCUL, Haridwar. Cr accumulation in different plant parts was affected by

Kumar et al. [97] was conducted a study for the both duration and dose of Cr treatments, with a maximal
assessment of metals in vegetables irrigated with localization of Cr in roots (up to 0.77 mg g  d. wt) at initial
biomethnated textile effluent at Haridwar (Uttarakhand), stages (40 DAS) and in stem (up to 4.19 mg g  d. wt) at
India. The results showed that irrigation of soil with the later stage (80 DAS) of plant growth. Thus, Indian
biomethnated textile effluent (BMTE) resulted in mustard was able to withstand Cr stress and protect itself
significant (P<0.01) changes in iron (Fe), zinc (Zn), from Cr toxicity by altering various metabolic processes.
cadmium (Cd), copper (Cu), chromium (Cr), nickel (Ni) and Owing to its ability to accumulate large amounts of Cr, it
cobalt (Co) of the soil. The contamination of metals in the may be useful in the process of land reclamation.
soil were observed in order of Cd>Ni>Cr>Co>Zn>Cu>Fe Dheeba and Kumar [99] studied the phytoextraction
for P. vulgaris, V. faba and Cd>Ni>Cr>Co>Zn>Fe>Cu for efficiency of sunflower (Helianthus annuus), maize (Zea
V. radiata and L. usitatissimum after irrigation with maize), pearl millet (Sorghum bicolour), green gram
BMTE. The significant (P<0.05) accumulation of metals (Vigna radiata) and ground nut (Arachis hypogaea).
viz. Fe, Zn, Cd, Cu, Cr, Co and Ni were also recorded in the Seeds of these plants were exposed to five different
different parts (shoot, root, leaves and fruit) of P. concentrations (10, 20,30,40,50 ppm) of Cr as potassium
vulgaris, V. radiata, V. faba and L. usitatissimum crops dichromate. The ecotoxicological effects of hexavalent Cr
after irrigation with BMTE in comparison to bore well (Cr) on germination, early seedling growth and
water (BWW). The maximum content of metals was chlorophyll content of five plants were investigated. Cr
observed in the root of P. vulgaris, shoot of V. radiata, accumulating capacity of those plants was compared.
fruit of V. faba and leaves of L. usitatissimum after Different species showed different levels of tolerance to
irrigation with BMTE. The contamination  factor  was Cr pollution. Total chlorophyll content declined
observed to be crop specific. The maximum contamination progressively  with  increasing  concentrations   of  heavy
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metals. The maximum chromium accumulation capacity of Honnannavar et al. [102] was conducted a study to
roots was in the order of Z. mays > S. bicolour > H. annus evaluate the potential of sugarcane bagasse to remove Cr
> A. hypogaea > V. radiata with the contents of 5.56, 3.65, (VI) from aqueous solutions through adsorption process.
3.56, 0.8 and 0.08 ppm, respectively. The adsorption of hexavalent chromium from aqueous

Kumar and Chopra [100] investigated translocation of medium by activated sugarcane bagasse prepared by
micronutrients in Phaseolus vulgaris L. (var. Annapurna) activation method was studied. The extent of adsorption
grown on soil amended with paper mill sludge. The plants was studied as a function of pH, agitation time, adsorbent
of P. vulgaris were grown in soil amended with 20%, 40%, dosage and initial metal ion concentration. Optimum
60%, 80% and 100% paper mill sludge to study the results were found to be 2, 90 minutes, 1250 mg, 30 ppm
accumulation and translocation of iron (Fe), zinc (Zn), for pH, agitation time, adsorbent dosage and initial metal
cadmium (Cd), copper (Cu), chromium (Cr) and lead (Pb) ion concentration, respectively at the optimal condition
in plant parts (shoot, root, leaves, fruits). The different the adsorption of hexavalent chromium was found to be
rates of paper mill sludge showed significant (P<0.01) 96.1%.
change in pH, electrical conductivity (EC), cation Kumar and Chopra [103] studied the response of
exchange capacity (CEC), organic matter (OM), nitrate sweet sorghum after fertigation with sugar mill effluent in
nitrogen (NO N), phosphate phosphorus (PO P), Fe, two seasons. The results showed that the fertigant3 4

2-- 3- -

Zn, Cd, Cu, Cr and Pb of the amended  soil  in  comparison concentration produced significant (P<0.01) changes in
to their controls. The translocation of Fe was in order of EC, pH, OC, Na , Ca , K , Mg , TKN, PO , SO , Fe ,
leaves> shoot> root> fruits, for Zn, Cu and Pb it was Zn, Cd, Cu, Mn and Cr of the soil in both seasons. The
shoot > leaves > root > fruits and for Cd and Cr it was root agronomic performance of S. bicolor gradually increased
> shoot > leaves > fruits of P. vulgaris. The order of from 20 to 40% concentration and decreased at 60 to 100%
accumulation of micronutrients in P. vulgaris was in order concentration of sugar mill effluent fertigation in both
of Fe> Zn > Cd > Cu > Cr > Pb after amended with paper seasons compared to controls. The optimum growth of S.
mill sludge. The translocation of different micronutrients bicolor was recorded with 40% concentration of SME.
was recorded to be plant parts specific. Significant The accumulation of heavy metals increased in soil and S.
positive correlation was recorded between metal bicolor from 20% to 100% sugar mill effluent
accumulation in the soil and plants as well  after  amended concentrations in both seasons. Biochemical components
with paper mill sludge. like crude proteins, crude fiber and crude carbohydrates

Kumar and Chopra [101] studied the ferti-irrigational were found maximum with 40% sugar mill effluent in both
effect of an agro-based paper mill effluent on seasons. The contamination factor of various heavy
Abelmoschus esculentus (var. IHR-31). Different doses of metals was in order of Mn>Zn>Cu>Cr>Cd for soil and
paper mill effluent viz. 5%, 10%, 25%, 50%, 75% and 100% Cu>Mn>Zn>Cr>Cd for S. bicolor in both seasons after
were used for fertigation of A. esculentus along with bore fertigation with sugar mill effluent.
well water (control). The study revealed that paper mill Kumar and Chopra [104] studied the enrichment and
effluent had significant (P<0.05) effect on OC, Cd, Cr, Cu, translocation of heavy metals in soil and plan of V. faba
Mn and Zn of the soil in both seasons. The agronomical (Faba bean, var. Pusa Sumit) after fertigation with
performance of A. esculentus was increased from 5% to distillery effluent. Doses of distillery effluent viz. 10%,
25% and decreased from 50% to 100% concentration of 25%, 50%, 75% and 100% were used for fertigation of V.
paper mill effluent as compared to control in both faba along with bored deep tube well water (control). The
seasons. The heavy metals concentration was increased results revealed that distillery effluent had significant
in A. esculentus from 5% to 100% concentrations of paper (P<0.01) effect on soil characteristics viz. EC, pH, Cl , OC,
mill effluent in both seasons. Biochemical components like Na , K , Ca , Mg , Fe , TKN, PO , SO , Cd, Cr, Cu, Mn
crude proteins, crude fiber and crude carbohydrates were and Zn of the soil. The soil characteristics were recorded
found maximum with 25% paper mill effluent in both to positively correlate with different concentration of
seasons. The order of contamination factor (Cf) of various distillery effluent. The agronomical characteristics viz.
heavy metals was Cr>Cd>Mn>Zn>Cu for soil and shoot length, root length, number of flowers, pods, dry
Zn>Mn>Cu>Cr>Cd for A. esculentus plants after weight, chlorophyll content, leaf area index (LAI), crop
fertigation with paper mill effluent. Therefore, paper mill yield and HI of Vica faba, increased with irrigation of
effluent can be used as a biofertigant after appropriate distillery effluents from 10% to 25% and decreased with
dilution to improve yield of A. esculentus. the increase in effluent concentration from 50% to100% as
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compared to control. Maximum performance of agronomic acidic functional groups, specific surface area and
characteristics of V. faba was recorded with 25% adsorptive capacity all greatly increased with chemical
concentration of distillery effluent. The biochemical modification. The batch removal of Cr (VI) from aqueous
components viz. crude proteins, crude fiber and crude solution was investigated. The influence of pH, initial
carbohydrates were noted maximum with 25% concentration of metal ion and contact time were also
concentration of distillery effluent. The enrichment factor investigated. The maximum adsorption capacity of Cr (VI)
of heavy metals were in the order of Zn>Mn>Cr>Cd>Cu was found to be 131.68 mg/g at optimum pH of 1 at the
for soil and Cu>Zn>Mn>Cr>Cd in plant of V. faba after laboratory temperature, respectively. The equilibrium time
fertigation with distillery effluent. The translocation of for Cr (VI) were found to be 180 minutes, respectively.
various heavy metals in different plant parts of V. faba Kinetics of adsorption was found to follow pseudo-
were in order of leaves>shoot>root> fruits for Cu, Mn and second order model. Both Langmuir and Freundlich
Zn, root>shoot>leaves>fruit for Cd and adsorption isotherm could be used to describe adsorption
shoot>root>leaves>fruit for Cr after distillery effluent isotherm but the Langmuir isotherm was found to be in
irrigation. Thus, the distillery effluent with appropriate good agreement with experimental data.
dilution can be used as a bio-fertigant for V. faba. Kumar and Chopra [107] investigated the distribution,

Karimi [105] was carried out a study to investigate the enrichment and accumulation of heavy metals in soil and
potential of alfalfa and sorghum for phytoremediation of Trigonella foenum-graecum. Doses of paper mill effluent
soil contaminated chromium. Soil samplings of 0-10 cm viz. 5%, 10%, 25%, 50%, 75% and 100% were used for
depths were taken. The experiment consisted of five fertigation of T. foenum-graecum along with bore well
treatments in which chromium concentration varied from water (control). The results revealed that paper mill
0 to 10 mg/kg soil (blank (T ), soil contaminated with 2 effluent had significant (P < 0.05) effect on EC, pH, OC,1

mg/kg concentration of chromium (T ), soil contaminated Na , K , Ca , Mg , Fe , TKN, Cd, Cr, Cu, Mn and Zn of2

with 4 mg/kg concentration of chromium (T ), soil the soil in both seasons. Insignificant (P > 0.05) changes3

contaminated with 8 mg/kg concentration of chromium in WHC and bulk density of the soil were observed after
(T ), soil contaminated with 10 mg/kg concentration of irrigation with paper mill effluent. The agronomical4

chromium (T ). Alfalfa and sorghum were grown for 50 performance of T. foenum-graecum was increased from5

days after seeding in pots containing 5 kg of these soils. 5% to 25% concentration and decreased from 50% to
Chromium concentrations in soil after phytoremediation 100% concentration of paper mill effluent as compared to
by alfalfa were 0.74, 1.16, 2.08 and 4.00 in T , T , T  and T , control in both seasons. The heavy metals concentration2 3 4 5

respectively. Chromium concentrations in soil after was in-creased in T. foenum-graecum from 5% to 100%
phytoremediation by sorghum were 0.84, 1.36, 2.44 and concentrations of paper mill effluent in both seasons.
5.12 in T , T , T  and T , respectively. Concentration of Biochemical components like crude proteins, crude fiber2 3 4 5

chromium in soil in all treatments after phytoremediation and crude carbohydrates were found maximum with 25%
by alfalfa was decreased between 60-74% and after paper mill effluent in both seasons. The enrichment factor
phytoremediation by sorghum was decreased between (Ef) of various heavy metals was in order of Cd > Mn > Cr
51.2-69.5%. The evidence provided by this experiment > Cu > Zn > Fe for soil and Mn > Cu > Cr > Cd > Zn > Fe
indicated that alfalfa and sorghum are effective for T. foenum-graecum plants after fertigation with paper
accumulator plants for phytoremediation of chromium, but mill effluent. Therefore, paper mill effluent can be used as
the potential of alfalfa was more than sorghum for a bio-fertigant after appropriate dilution to improve yield
phytoremediation of chromium polluted soils. of T. foenum-graecum.

Khadka and Mishra [106] reported the potential and Kumar and Chopra [108] studied the ferti-irrigational
effectiveness of activated carbon derived from response of hybrid cultivar of Vicia faba (var. VH-82-1)
carbonization of sugarcane bagasse (Saccarhum with sugar mill effluent. Five different doses of sugar mill
officianrum) for adsorptive removal of Cr (VI) by effluent (20, 40, 60, 80 and 100%) were used for ferti-
adsorption technique. Activated carbon was prepared by irrigation of V. faba along with bore well water as control.
subjecting the raw sugar cane bagasse to chemical The study revealed that sugar mill effluent had significant
modification using concentrated sulphuric acid in 500 g/L (P<0.01) effect on EC, pH, OC, HCO , CO , Na , K , Ca ,
of ratio of adsorbent weight to volume of concentrated Mg , TKN, PO , SO , Fe , Cd, Cr, Cu, Mn and Zn of the
sulphuric acid (H SO ). Boehm method was used to soil. Insignificant (P>0.05) changes in moisture content,2 4

estimate the oxygen containing functional groups. The WHC and bulk density of the soil were observed after
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ferti-irrigation with sugar mill effluent. The agronomic with  respect   contact  time,  concentration  and
parameters namely shoot length, root length, number of adsorbent dosage. The optimum contact time found is
flowers, pods, dry weight, chlorophyll content, leaf area equal.   The    optimum    dosage   is   equal  to 0.8gms.
index (LAI), crop yield and harvest index (HI) of V. faba The percentage removal of Cr was ranged between 93% -
were gradually increased from 20 to 40% and decreased 95% after adsorption using M. indica.
from 60 to 100% concentration of sugar mill effluent as Kumar and Chopra [111] was conducted a pot
compared to the control. The biochemical components experiment to study the response of high yield variety of
namely crude proteins, crude fiber and total Vigna radiata (Mung bean; Var. Pusa-105), after
carbohydrates were noted maximum with 40% fertigation with distillery effluent (DE) in two seasons,
concentration of sugar mill effluent. The contamination that is, rainy and summer season. The DE irrigation
factor of heavy metals was in order of Cr>Zn>Cd>Mn>Cu produced significant (P<0.001) changes in electrical
for soil and Cr>Cu>Cd>Mn>Zn for V. faba after conductivity (EC), pH, organic carbon (OC), sodium (Na ),
fertigation with sugar mill effluent. The translocation of potassium (K ), calcium (Ca ), magnesium (Mg ), iron
various heavy metals in different parts of V. faba were in (Fe ), total Kjeldahl nitrogen (TKN), phosphate (PO ),
order of leaves>shoot>root> fruits for Cu, Mn and Zn; sulphate (SO ), zinc (Zn), copper (Cu), cadmium (Cd),
root>shoot>leaves>fruit for Cd; and manganese (Mn) and chromium (Cr) of the soil. The non-
shoot>root>leaves>fruit for Cr after sugar mill effluent significant (P>0.05) changes were observed in water
irrigation. Thus, sugar mill effluent can be used with holding capacity (WHC) and bulk density (BD) of the soil
appropriate dilution for the maximum yield of V. faba. in both seasons. The agronomical performance of V.
Moreover, showed that all concentrations of sugar mill radiata was gradually increased from 5 to 50%
effluent had significant (P<0.001) effect on the content of concentrations of DE in the rainy season and 5 to 25%
Cd, Cr, Cu, Mn and Zn of V. faba. It is likely due to the concentration of DE in the summer season, while it was
presence of significant quantity of these metals in the decreased at higher concentration, that is, from 75 to
sugar mill effluent and irrigated soil. The content of Cd, 100% concentrations of DE in the rainy season and 50 to
Cr, Cu, Mn and Zn in V. faba was recorded maximum with 100% concentrations of DE in the summer season in
100% sugar mill effluent. The translocation of various comparison to the control. The maximum growth of V.
heavy metals in different parts of V. faba was in order of radiata at maturity stage was observed at 50%
leaves>shoot>root>fruits for Cu, Mn and Zn; concentration of DE in the rainy season and at 25% in the
root>shoot>leaves>fruit for Cd; and summer season. The contamination factor (Cf) of various
shoot>root>leaves>fruit for Cr in V. faba after sugar mill metals were in order of Mn>Cd>Cr>Cu>Zn for soil and
effluent irrigation. Cr>Cu>Zn>Cd>Mn for V. radiata in both seasons after

Mandina and Tawanda [109] studied the chromium irrigation with DE.
pollution in soils, plants, water and slag from a Kumar and Chopra [112] investigated the influence of
ferrochrome smelting plant in Gweru, Zimbabwe. tillage on soil physical properties, weeds population and
Speciation of chromium in plant leaves, soil and slag crop yield of wheat (Triticum aestivum) in agricultural
samples was carried out by selective leaching of Cr (VI) fields in the Great Plains of Ganga River. The results
using a sodium carbonate leaching procedure prior to the revealed that summer tillage and spring tillage showed
spectrophotometric determination of Cr (VI). Total Cr and significant (P>0.05) change in moisture content, water
Cr (III) concentration in the samples were analyzed by holding capacity (WHC), hydraulic conductivity and
Flame Atomic Absorption Spectroscopy following aqua microbial biomass of the agricultural soil in comparison to
regia and oxidative acid digestion. The average no-till soil. Soil bulk density (BD) was not significantly
concentration of Cr (VI) in soil (1.0301 ± 0.0854) µgg  and (P>0.05) affected by tillage. Both the summer and spring1

plant (0.3372 ± 0.0168) µgg  samples were higher relative tillage decreased the moisture content, BD, WHC,1

to control samples with the contamination factors of 3.2 hydraulic conductivity and microbial biomass. Both
and 3, respectively. Leaching of hexavalent Cr indicated summer tillage and spring tillage significantly (P<0.05)
its poor solubility in water (0.00141 µgg ). decreased the number of weeds in the soil used for wheat1

Manjusha et al. [110] reported the removal of Cr (VI) cultivation. A total of 38 species of weeds from 22 families
by adsorption process by using a waste and ecofriendly were recorded before  the  tillage,  which  was  decreased
material such as Mangifera indica. The  experiments  are to 5 and 12 species after summer and spring tillage
conducted by batch process. Experiments are conducted respectively.   Among   the   tillage,   summer  tillage  more
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significantly (P<0.01) decreased the weeds in comparison of heavy metals was in the order Cr > Cd > Cu > Zn >
to spring tillage. Both the summer and spring tillage Mn for soil and Cu > Cr > Zn > Cd > Mn for P. vulgaris
significantly (P<0.05) increased crop yield of T. aestivum. in both seasons after fertigation with WMDE. The
Therefore, tillage improved the soil health and crop yield WMDE can be used as a fertigant after appropriate
and decreased the weed population. dilution to improve yield of P. vulgaris.

Nafiseh et al. [113] reported that chromium is a heavy Kumar and Chopra [115] was conducted a study to
metal; this element is considered as an environmental assess the agro-potentiality of sugar mill effluent (SME)
hazard. Toxicity effects of chromium on growth and as agro-based organic bio-fertigant. The fertigation
development of plants including inhibition of germination response of 5%, 10%, 25%, 50%, 75% and 100% of SME
process decrease of growth and biomass of (Allium cepa doses on Vigna radiata L., cv. Pusa-105 in the rainy and
cv. Hybrid). The onion seedlings were grown in pots summer seasons was investigated. The fertigant
including soil and sand with ratio 1:1 undergoing, concentrations produced significant (P<0.01) changes in
different treatments of Cr  (0, 5,10, 20, 40, 50, 100, 150, 200 the electrical conductivity (EC), pH, organic carbon (OC),+3

mg/L). After 4 week seedlings were removed and sodium (Na ), potassium (K ), calcium (Ca ), magnesium
morphophysiology parameters like root length, shoot (Mg ), total Kjeldhal nitrogen (TKN), phosphate (PO ),
length and dry weight of plants and accumulation of Cr sulphate (SO ), iron (Fe ), cadmium (Cd), chromium (Cr),+3

in roots and shoots were determined. The results copper (Cu), manganese (Mn) and zinc (Zn) of the soil in
indicated that the concentrations more than 150 mg/L Cr both seasons. The most shoot, root length, dry weight,
cause the reduction of morphophysiology parameters in chlorophyll content, leaf area index (LAI), number of
the treatment plants rather than control plant and Cr flowers, pods, crop yield, harvest index (HI), crude3+

addition in the cultures caused enhancement of chromium proteins, crude fiber and total carbohydrates of V. radiata
content in roots and shoots of plant seedlings. It was also was noted with 25% concentration of the SME in both
noted that accumulation of Cr in the roots was much seasons compared to the controls. The accumulation of
higher than the shoots of the seedlings under treatment. metals was increased in the soil and V. radiata increased

Kumar and Chopra [114] was conducted an from 5% to 100% concentrations of the SME. The
investigation to assess the effects of wine from molasses contamination factor (Cf) of various metals was observed
distillery effluent (WMDE) as a fertigant. Responses to in the order of Cr>Cd>Mn>Zn>Cu for soil and
5%, 10%, 25%, 50%, 75% and 100% of WMDE on Mn>Zn>Cu>Cr>Cd for V. radiata in both seasons after
Phaseolus vulgaris L., cv. Annapurna, in the rainy and fertigation with SME. The contents of Cu, Mn and Zn
summer seasons were investigated. The WMDE except Cd and Cr in the soil and V. radiata were noted
concentration produced changes in soil electrical under the permissible limit of Indian soil standards and
conductivity (EC), pH, organic carbon (OC), total Kjeldahl FAO/WHO standards respectively. Therefore, SME has
nitrogen (TKN), cadmium (Cd), calcium (Ca ), chromium the potentiality as agro-based bio-fertigant and can be2+

(Cr), copper (Cu), iron (Fe), magnesium (Mg ), manganese used to improve the soil fertility and yield of V. radiata2+

(Mn), phosphate (PO ), sodium (Na ), sulfate (SO ) and after appropriate dilution.4 4
3- + 2-

zinc (Zn) in both seasons. No changes occurred in water Chandra et al. [116] reported the ability of aquatic
holding capacity (WHC) and soil bulk density (BD). plants to absorb, translocate and concentrate metals has
Fertigation with 100% WMDE decreased soil BD (1.40%), led to the development of various plant-based treatment
pH (16.66%–17.28%) and WHC (13.26%–15.61%) and systems. The potential to accumulate Cr by Scirpus
increased EC(84.13%–86.47%), OC (3811.62%–3961.90%), lacustris, Phragmites karka and Bacopa monnieri was
TKN (1390.63%–1445.54%) Ca  (729.76%–788.31%), Cd assessed by subjecting them to different Cr2+

(437.73%–565.00%), Cr (1365.38%–1382.52%), Cu concentrations under laboratory conditions. Plants
(417.57%–419.13%), Fe  (301.90%–345.26%), K showed the ability to accumulate substantial amounts of2+ +

(31.59%–33.14%), Mg  (740.47%–805.12%), Mn Cr during a short span of one week. When the plants were2+

(1487.50%–1706.66%), Na  (273.00%–302.59%), PO grown in tannery effluent and sludge containing 2.31 µg+ 3-
4

(337.79%–346.52%), SO  (77.78%–81.07%) and Zn ml  and 214 mg kg  Cr, respectively, they caused4
2-

(333.33%–348.32%) in both seasons. Agronomic significant reduction in Cr concentrations. While there
performance of P. vulgaris increased 5% to 25% in both was an increase in biomass, no visible phytotoxic
seasons compared to controls. Heavy metal levels symptoms were shown by treated plants. The plants can
increased in soil and P. vulgaris at 5% to 100% WMDE then be harvested easily and utilized for biogas
concentrations in both seasons. The contamination factor production.

+ + 2+

2+ 3-
4

4
2- 2+

1 1
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Kumar and Chopra [117] was conducted a study to preparing Scoria powder, batch experiments are performed
investigate the contamination of heavy metals in soil and in different times and adsorbent dosages (pH = 7, heavy
spinach (Spinacia oleracea) after fertigation with sugar metals concentration = 50 mg/L and stirring/minute = 200
mill effluent. The plants of S. oleracea (var. Hybrid-7) rpm). Adsorption isotherm and kinetic reaction including
were grown in two seasons i.e. the rainy and winter Langmuir, Freundlich, Pseudo first order and second-
season during the year 2011 and 2012. Different doses of order model, Intra-particle diffusion and Elovich kinetics
sugar mill effluent viz. 5%, 10%, 25%, 50%, 75% and 100% were applied to correlate the adsorption. The results
were used for the fertigation of S. oleracea along with indicated that chromium has low absorbs and its
bore well water (control). The results revealed that sugar adsorption obeying Freundlich model. The correlation
mill effluent significantly (P<0.01) increased the nutrients coefficients obtained from Freundlich model and Pseudo-
and heavy metals viz. cadmium (Cd), chromium (Cr), second order kinetic were R  =0.996 and R  =0.999,
copper (Cu), manganese (Mn) and zinc (Zn) in the soil. respectively. So Freundlich expression and the kinetics of
The contents of metals were found to be below the pseudo-second order gave a better fit 2 to the
maximum levels permitted for soils in India. The most experimental data of Scoria powder. 
agronomic performance and biochemical components of Ibrahim et al. [120] reported that vegetables provide
S. oleracea were found at 25% concentrations of sugar the human body with the essential bioavailable trace
mill effluent in both seasons. The contents of Cd, Cr, Cu, elements and a constant supply of these various elements
Mn and Zn in S. oleracea were increased from 5% to is necessary for healthy daily life. However, high levels of
100% concentrations of sugar mill effluent in both these elements in soil and crop can have detrimental
seasons. Among different metals the contents of Cu, Mn effects on soil fertility as well as crop yield and its
and Zn except Cd and Cr in were noted under the consumers. Therefore, levels of some heavy metals (Fe,
permissible limit of FAO/WHO standards. The order of Zn, Cd, Cu, Pb and Cr) in soil and Lettuce were analyzed
contamination factor (Cf) of various heavy metals was using atomic absorption spectrophotometer. The results
Mn>Cr>Cd>Zn>Cu for soil and Cu>Zn>Mn>Cd>Cr for S. showed that the levels of the heavy metals in the soil and
oleracea plants after fertigation with sugar mill effluent. Lettuce were below the threshold levels, but the
Thus, fertigation increased concentration  of  heavy concentrations were higher in the soil than in the
metals in soil and S. oleracea. Therefore, regular vegetable. The results also revealed the trend in soil
monitoring related to the effluent fertigation and metals concentration as Fe > Zn > Cd > Pb > Cu > Cr and
contamination of soil and S. oleracea is needed. for the plant as Fe > Zn > Cd > Cu > Pb > Cr. Transfer

Muthukrishnan et al. [118] was conducted to factors (TF) decreased in the following order: Fe > Zn >
investigate the levels of heavy metals present in Cu > Cd > Cr > Pb. Therefore, the soil was healthy and the
agricultural soils. Seven heavy metals were screened (Mn, vegetable was safe for human consumption.
Zn, Ni, Pb, Cu, Cr and Cd) such as manganese 15.5472
ppm zinc-1.2411 ppmNickel- 0.1371 ppm, lead-0.1370 ppm CONCLUSIONS
copper 0.0584 ppm, chromium- 0.0270 ppm and cadmium
0.0068 ppm by atomic absorption spectroscopy. Generally, It is concluded that Cr is found in three major states
the distribution of these metals is influenced by the nature as Cr (III), Cr (V) and Cr (VI). Among these states Cr (VI)
of parent materials, climate and their relative mobility is highly toxic in nature. Cr enters in the soil through
depending on soil parameter, such as mineralogy, texture different sources like industrial effluent disposal,
and classification of soil. Exposure to heavy metals is application of industrial and sewage sludge, chemical
normally chronic due to food chain transfer and excess fertilizers etc. The solubility, mobility and bioavailability
heavy metal accumulation in soils is toxic to humans and of Cr in the soil strongly depend on the various oxidation
other animals. states from 0 to + 6. It gets accumulated in the soil and

Moradi et al. [119] reported that heavy metals, affected the soil characteristics like chemical speciation of
particularly chromium are recognized as threatening nutrients and other metals. The toxic properties of Cr(VI)
pollutants leaving serious adverse effects on human originate from the action of this form itself as an oxidizing
health and environment due to their toxicity, un- agent, as well as from the formation of free radicals during
biodegradable properties and high concentration in the reduction of Cr(VI) to Cr(III) occurring inside the cell.
industrial effluent. The present study aimed to evaluate Moreover, Cr toxicity in plants, due to the chemical
the Scoria powder efficiency, as an adsorbent, in species of Cr are toxic at different degrees at different
removing chromium from aqueous solution. After stages of plant growth and development and also that the

2 2
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toxicity is concentration and medium dependent. The 9. Barnhart, J., 1997. Occurrences, uses and properties
presence of Cr in soil disturbs the pattern of nutrient of chromium. Regulat. Toxicol. Pharmacol., 26: S3-S7.
uptake in plant because of  nutrient  metal  interaction. 10. Ekeanyanwu, R.C., J.O.  Njoku,  P.O.  Nwodu  and
The fate of Cr taken up by plants varies among species A.E. Njokuobi, 2013.Analysis of some selected toxic
due to differences in absorption, transportation and heavy metals in some branded Nigerian herbal
storage of metals. In agricultural crops the chemical products. J. Appl. Pharm. Sci., 3(4): 088-091.
speciation of Cr significantly affected the morphological, 11. Isak,  R.S.,    R.S.    Parveen,    A.S.    Rafique   and
anatomical, physiological and biochemical processes of A.S. Alamgir, 2013. Phytotoxic effects of heavy
the plants and as a results reduction in the yield of metals (Cr, Cd, Mn and Zn) on wheat (Triticum
agricultural crops. aestivum L.) seed germination and seedlings growth
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