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INTRODUCTION

Alir, water and soil are three basic necessitie;s for li‘fe on earth and
all three are closely associated in the terrestrial environment. Though the
need to protect atmosphere and water from pollution has been understood
for well over a century, it is only within the last decade that policies to
safe guard soils and the crops they sustain have emerged. Polluted soils
are those which contain alien substbances that are likely to cause harm,
directly or indirectly to man, to the environment and other targets.
Agricultural activities are responsible for the addition of smali but repeated

1
amounts of contaminants to soil in large areas over long periods of time.

Heavy metals form an important group of contaminants in
agricultural lands which may find an entry into human or animal food chain.
The term ‘heavy metal’ is commonly adopted as a group name for the metals

and metalloids which are associated with pollution and toxicity.

Some heavy metals like Cu, Fe, Mn, Zn, Co and under certain
conditions Ni are essential plant nutrients, although they are phytotoxic at
high concentrations. Others such as As, Cd, Cr, Hg and Pb are toxic even
at very low concentrations. The accumulation of metals of the latter group
in agricultural ecosystems from various sources has become the focus of

interest from the point of view of soil pollution.



Historically soil hz;.s been used as an ideal waste disposal system, a
biological incinerator digesting all the wastes deposited on or in it over
periods of time. Surveys carried out since t-he 19603 have indicated that
soils in many parts of the world especially in urban and industrial areas
contain dangerously high concentrations of heavy metals. Reports from
European Community and United States on the widespread use of Cd-Ni
cells in rechargeable batteries of electronic and electrical commodities
and their disposal in land fills have evoked great concern on the

accumulation of heavy metals in soil system.

Various inputs in agriculture such as commercial fertilizers,
manures of plant and animal origin and agricultural chemicals have also
been identified as the major carriers of heavy metals like Pb, Ni, Cd, Cu,
Zn, Hg and Cr. Concentrations of these heavy metals in soils high enough
to negatively affec}t its quality have been identified as an important threat

to the environment and soil ecosystem by Swedish Environmental

Protection Agency.

Heavy metals in soils and plants have received inbreasing attention
in recent years because of the growing scientific and public awareness of
environmental issues and their direct bearing on human health and
agricultural productivity. Although in most cases, the levels are not (yet)
high enough to cause acute toxicity problems, increased concentrations in
the food chain may cause significant health hazards in the long run. The
metals viz., Cd and Pb which accumulate in human body are of particular

cause for concern. The continuous intake of even minute quantities of




these heavy metals result in their build up in human system leading to
diseases like neuritis, proteinurea, osteomalacia and cancer. It must be
remembered that heavy metal pollution represents a relatively new set
of stresses to plants. Plant species thrive on soil rich in heavy metals by
mechanisms of avoidance or'tolerance. Studies on these aspects of the

important crops of Kerala is scanty.

The world’s increasing population needs an adequate supply of
healthy food. Heavy metals can affect both crop yield and composition.
Therefore periodical monitoring of the content of heavy metals in soils
need to be done so that yield limiting deficiencies of micronutrients can
be rectified, polluted soils identified and appropriate remedial actions taken
against their entry into the crop and animal systems.

In countries like US, UK, GDR, The Netherlands and Japan
standards and reference values have been proposed on the levels of heavy
metals in soils and plants for phytotoxicity and food safety. Legislative
regulations on maximum permissible level (MPL) of heavy metals in
manures and fertilizers have also been imposed in many of these nations.
However, no serious attempts have been made in India to stipulate such

regulatory measures so far.

Although the fertility status and other physico-chemical aspects
of the soil types of Kerala have been elaborately studied and documented,
no detailed information is available with regard to the status of heavy metals

or metallic pollutants in them. Further, information on the content of heavy




metals in the crop plants and manures commonly used for crop production
is also lacking though some data on the status of Cd, Pb and Ni in common
fertilizers and few rice soils are available. High density micronutrients,
Fe and Mn are not included in the study in view of the voluminous literature
already available on their status, toxicity, deficiency and related aspects

on important soils and crops in Kerala:

The retention pattern of heavy metals in the different soil types of
Kerala and their impact on growth and yield of crops are also areas not so
far investigated in detail. In the foregoing scenario, the present study has

been planned with the following main objectives :

1. To determine the status of heavy metals like Cu, Zn, Ni, Pb and
Cd in samples of soils, fertilizers, manures and crop plants

from selected locations in Kerala.

2. To monitor the retention pattern of Cd and Ni in different soil

types of Kerala.

3. To establish the effect of applied Cd and Ni on the growth, yield
and nutrient content as well as their retention in plant parts

of rice, sesame and cowpea.
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REVIEW OF LITERATURE

The term heavy metal which is in common use refers to metals which
are mostly of high density and belong largely to the group of transition elements
in the periodic table (Taylor, 1964). The term is commonly adopted as a
group name for the metals and metalloids which are associated with
contamination, pollution and toxicity of the environment. Heavy metals include
elements like Zn, Cu, Mn and Fe which are essential for living organisms at
low concentrations. They are frequently referred to as micronutrients in
agriculture. When concentrations of such elements exceed the upper critical
levels they become toxic to plants (Scott, 1972 and Bolt and Bruggenwert,
1978). The term toxic / harmful heavy metal is applicable to some non-essential
elements like Cd, Pb, Hg and Ni that are absorbed by plants without any
physiological function at low concentrations, but having deleterious effects on

crop growth at higher concentrations (Alloway, 1990).

The sources and status of heavy metals, especially in agricultural soils
and their effect on crop growth, nutrient uptake, germination of seeds and the

methods to combat heavy metal pollution are reviewed in this chapter.

2.1 Sources of heavy metals in soils

All soils are found to contain heavy metals from a trace to an

appreciable level being derived from various sources. Some of the important



sources which contribute to the status of heavy metals in soils with emphasis on

Zn, Cu, Ni, Pb and Cd are reviewed here.

2.1.1 Geogenic origin

Metals contained natively in rocks and minerals from which the soils
are formed are considered the primary source of heavy metals in soils (Taylor,
1964). According to him, the main factors that determine heavy metal content
of soils are the cof;1position of the parent rock and the process of soil formation.
He found that soils formed from the same barent material contained different

heavy metal concentration and that the surface soils in Tasmania formed from

dolerite had 5 to 140 mg kg'! Ni.

Rose et al. (1979) reported that the mean contents of Cd, Cu, Ni, Pb
and Zn in earth’s crust were 0.1, 50, 80, 14 and 75 mg kg-!. According to
them, the major rock types containing heavy metals as trace constituents are
ultrabasic (dunite, i)eridotite and serpentinite),'basic (basalt), granitic igneous

rocks and sedimentary rocks (lime stone, sand stone and shales).

Lund et al. (1981) observed that residual soil material developed from
shale parent material had the greatest Cd concentration with a mean value of
7.5 mg kg'! whereas soil developed from sandstone and basalt had a Cd
concentration with a mean of 0.84 mg kg™!. Alluvial soils from parent materials
of mixed sources had a mean Cd content of 1.5 mg kg-!. Vegetables grown on

these soils contained Cd sufficient to be of public health concern.

Alloway (1990) proposed the name “geochemical pollutants” to the toxic

metals derived from parent materials. According to him, the rocks with highest



concentrations of Cu, Pb and Ni are basic, ultra basic and granite and that of Zn
and Cd are shales and clay. He further stated that the natural input of metals into
the environment from volcanoes is high and it is a major source of natural
atmospheric deposit of metals. He also reported that the concentration of Cd,
Cu, Ni, Pb, and Zn in air from volcanoes in Hawaii were 8 - 92, 200 - 3000,

330, 28 - 1200 and 1000 ng m™3
2.1.2 Anthropogenic origin

Heavy metals are introduced into soil by land application of sewage
sludge, fertilizers and other waste materials (Adriano, 1986, Alloway, 1990).
The extent of land contaminated with heavy metals has increased during the

last century due to mining, smelting and other industrial activities (Brown

et al., 1995).

As stated by Bridges (1989) and Tiller (1989), deliberate addition of
heavy metals to agricultural soils occur through the use of chemical fertilizers,

organic manures, plant protection chemicals and irrigation water.

Swaine (1962), Williams and David (1973), Mulla et al. (1980)
Sathyaprakasan (1989), Kongshaug et al. (1992), Mineev and Gomonova (1993)
and Mortvedt (1996) have reported that several fertilizers mined from the earth
or subsidiary fertilizers, derived from these always contain heavy metals as
impurities and is a potential source of contamination. Continuous application of
these fertilizers implies the build up of significant amount of heavy metals in the

soil.



Chaney (1973), Tiller (1989), Sakal ef al. (1992) Norwal ef al. (1994)
and Rao and Shantharam (1994) have reported that long term application of

municipal, urban and farm wastes resulted in heavy metal accumulation in soils.

Emmerich er al. (1982), Logan (1985), Tiller (1989) and Mortvedt
(1996) have reported appreciable amounts of heavy metals in sewage $ludges
produced world wide. Disposal of sludges on land or its application to soil

as a nutrient and soil conditioner has led to heavy metal contamination and

pollution df soils.

Very high amounts of toxic metals like Pb, Cd, Ni, and Cr were reported
to be present in sewage from several cities in India by Singh and Kansal
(1985), Gupta et al. (1986), Karunakaran Nair (1987), Jayabaskaran and

Sreeramulu (1996).

Increased ‘concentration of heavy metals has been observed by
Anderson and Nielson (1976), Azad (1981), Sharma and Kansal (1986) and
Kumar (1992) in industrial and domestic waste water, sewage water and fresh
water which receive industrial, municipal and sewage effluents or wastes.
According to them, their use for irrigation or disposal on agricultural land has

resulted in heavy metal enrichment of soils and crops.

Azad (1981) compared the contents of Pb and Zn in a sewer irrigated
soil and a normal soil. The content of Pb and Zn was observed to be 2.5 and 4.1
ppm in sewer irrigated soil, and 1.4 and 2.1 ppm in normal soil. Gupta ef al.

(1986) and Sharma and Kansal (1986) observed that the application of municipal



waste water had substantially increased the accumulation of available Zn, Cu, Pb
and Cd in Indian soils. The accumulation was reported to be higher in soils

receiving waste water from industrial towns than non-industrial towns.

Increased concentration of heavy metals was also observed in soils

and crops due to sewage irrigation by Karunakaran Nair (1987) and Rao and

" Shantharam (1994).

High levels of metal contamination was documented by Donald (1972) in
orchards of horticultural crops due to the extensive use of pesticides containing
Cu, Zn and Pb salts and metallo-organic compounds. He reported that metals
added as impurities and as constituents of agricultural inputs become phytotoxic
due to repeated annual applications. Tiller (1989) reported soil levels of Cu, Pb
and As as 1000, 500 and 100mg per kg of soil in several countries due to the.
extensive use of Bordeaux mixture and lead arsenate sprays. Fergusson (1990)
noted high DTPA ey;tractable Cd in soils receiving Cu and Zn containing fungicides

due to the presence of Cd as a contaminant of fungicides.

Kumar (1992) has reported that long term application of sewage water
considerably increased the amount of available Fe, Cu, Zn and Ni in soils in
Punjab. He analysed the DTPAvextractable Fe, Mn, Zn, Cu and Ni and found
that the content of these elements were 52,25,21,25 and | ppm respectively in
sewage water while the soils receiving tube well irrigation fecorded values
of 26, 15, 5, 4 and 0.2 ppm respectively. He also found that disposal of
domestic and industrial wastes into “Buddha Nullah”, a fresh water tributary has

elevated the level of heavy metals in its water. The content of Fe, Zn, Mn, Cu
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and Ni in the unpolluted water was 1.3, 0.3, 0.04, 0.09 and 0.04 mg 1! and it

was increased to 12.3, 2.8, 0.4, 0.3 and 0.9 Mg mg I"! on merger of sewer

containing wastes of industrial areas.

2.1.3 Inadvertent transfer

Buchauer (1973) and Lagerwerff et al. (1973) have reported that a large
variety of industrial exhausts may be responsible for air pollution with heavy metals

and consequently soil pollution when the elements reach soil surface through dew

or rain.

As proposed by Bridges (1989), the industrial activities like manufacture
of pesticides, paint and colouring materials, explosives and mining, smelting, refining
and working of metals, gas works, chemical works, amunitions, oil and petroleum
production and storage, pharmaceutical works, tanneries and wood preservation
factories, docks and railways, asbestos factories, manufacture of inteérated circuits
and semi-conductors, scrapyards and land fills and waste disposal site etc. have

found to result in extensive soil pollution.

Tiwana (1985), Bhatia et al. (1990), Saini and Kansal (1990) and Bhagat
(1992) have reported that distilleries, sugar mills, pulp and paper mills,
electroplating, dyeing, tanneries and dairying technologi_es produce‘d large
volume of effluents with variable chemical characters and metal content.
According to them, the release of these effluents into adjacent agricultural
land will significantly increase the concentration of Cu, Cr, Pb, Ni and Zn so as to

affect the quatity of crops making them unfit for consumption by animals and human

beings.
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Chrenekova ef al. (1987) reported that power plants emit large quantities
of metal containing particulates into the atmosphere. Fly ashes are reported by

Bilski and Alva (1995) to contain a wide range of metals and other contaminants.

Tiller (1989) reported that incineration of plastics, wood products,
fossil fuels and organic wastes by householders and municipal authorities result

in the emission of heavy metals to the atmosphere.

2.2 Status of heavy metals in soils

It is worthwhile to review some of the reports on the status of heavy

metals in agricultural soils to get an idea of the extent to which these soils are

contaminated.

Yagamata and Shigematsu (1970) reported that Cd content of soils in
non-polluted areas of Japan is below 1.0 ppm. They reported for contaminated
rice soils, levels upto 50 ppm Cd. For top soil samples. near a Zinc smelter,
values as high as 1700 ppm Cd have been reported by Buchauer (1973). limura

© (1981) reported that the average content of Zn and Cd in paddy soils of Japan

as 99 and 0.45 ppm.

‘Michael (1983) has reported that DTPA extractable Cu, Zn and Ni in
the soils of Hebbal in Bangalore as 18.64, 0.92 and 0.08 ppm.

Okamoto et al. (1989) showed that the surface soils in Kanagawa
prefecture of Japan had an average content of 0.58, 89.5, 8.5, 22.0 and 31.3

ppm Cd, Cu, Zn, Pb and Ni respectively. They also compared the content of
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Cu and Zn in paddy soils with the orchard soils and found that the content of Cu
and Zn were 178 and 164 ppm for paddy soils, while these values were 214 and

216 ppm for orchard soils, indicative of the increased use of agricultural chemicals

in orchard soils.

As per the standards adopted in The Netherlands (Bridges, 1989), the
reference values for Cu, Zn, Cd, Ni and Pb in soil were fixed as 50, 200, 1,

50 and 150 mg kg! dry weight.

Merry (1989) has reported that the virgin soils in the rural areas of
Australia contained about 0.09 mg Cd per kg in the top soil while soils

contaminated with sewage sludge in metropolitan areas had as high as 1-10 mg

Cd kg™! soil.

The range of values for DTPA extractable Cd, Pb and Ni in Kuttanadu
soils of Kerala was reported by Sathyaprakasan (1989) as 0.014-0.026, [.1-8.1
and 0.6-1.3 ppm resmpectively. He also found that the total content of Cd, Pb and

Ni in these soils were between | - 2.3, 9 -18 and 30-53 ppm respectively.

Kabata-Pendias and Dudka (1991) reported that the average content
of total Cd and Pb in the surface soils of Poland was 0.4] and 18.3 ppm.
They proposed the reference values for evaluation of soil contamination as 0.1 to

0.6 and 7.6 to 22.5 ppm for Cd and Pb respectively.

Holmgren et al. (1993) analysed the surface soil samples in USA for Pb,
Cd, Zn, Cu and Ni and reported the minimum - maximum values of Cd, Pb, Zn,

Cu and Ni as 0.005 - 2, 0.5 - 135, 1.5 - 264, 0.3 -495 and 0.7 - 269 mg kg"!

dry soil.



13

Ogawa (1994) has reported that the average content of Cd, Cu, Zn and
Pb in some of the polluted paddy fields in Japan was 2.1, 31.5, 34.4 and 22.3

ppm respectively.

Natural levels of heavy metals in red loamy soils of Hyderabad were
determined by Rao and Shantharam -(1994). No concentration of total and
DTPA extractable Cr and Cd at all depths and Pb, Ni and Cr after 150 c¢m
could be detected. The distribution of DTPA extractable heavy metals followed

closely the pattern of organic carbon distribution in the soil profile.

Wallace and Wallace (1994) reported that DTPA extractable Pb in the
soils of USA indicated levels beyond 20 mg kg"! soil, which may be passed
on to the food chain. Keller and Vedy (1994) measured the back ground .
concentration of Cu and Cd in a Typic Dystrochrept (acid brown soil) of

Switzerland and reported the presence of 13.5 ppm Cu and 0.44 ppm Cd in the

top soil.

Soil samples from fields in North Norway, on the Russian border were
collected and analysed by Almas et al. (1995) for concentration of Cd, Cu,.
Cr, Ni, Pb and Zn to determine whether the atmospheric deposition from the
Russian metal industry nearby has caused contamination. The mean concentration
of HNO3 extractable Cd, Cu, Ni and Zn was 0.8, 44, 30.4 and 47.5 mg kg"!
soil respectively which indicated an accumulation of these elements. The mean
soil concentration of Pb and Cr was 9.1 and 20.4 mg kg! soil respectively
which are near to the normal levels of these metals in Norwegian soils. The

concentration of DTPA extractable Cd in the soils was also high and ranged up'

to 0.58 mg kg'!.
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The tolerance limit set for heavy metal addition to the surface plow layer

(20-30 cm) in German soils for Cd, Pb and Ni were 2.0, 50 and 100 mg kg"!

(Mortvedt, 1996).

2.3 Status of heavy metals in fertilizers

Agricultural soils regularly amended with fertilizers show a large build
up of various heavy metals. Commercial fertilizers are reported to contain a
great range of heavy metals ‘like Cd, As, Cr, Pb, Hg, Ni and V. Contamination
of soils b;r heavy metals, especially Cd from phosphatic fertilizers is getting

increasing attention of the environmentalists.

World wide range in concentrations of Cd in rock phosphates as
reported by Williams and David (1973) are 1- 90 mg kg'!. Cd is the heavy
metal receiving more attention because of its relative ease of transfer from
soil to plant and the perceived healith hazards. The content of Cd in some
phosphatic fertilizers in Canada, Australia, United States, The Netherlands and
Sweden as reported by Williams and David (1973) and Reuss et al. (1978) are
2.1-9.3, 18-91, 7.4-156, 9-60 and 2 - 30 mg kg™! respectively.

The cadmium content of commercial fertilizers like urea, calcium ammonium
nitrate muriate of potash, diammonium phosphate, super phosphate and rock

phosphate was reported to be 1, 6, 14, 109,187 and 303 ppm respectively by -

Singh and Sekhon (1977).

Jaakola (1977) reported that application of P fertilizers containing 10,
150, 285 or 405 mg Cd/kg P did not affect Cd uptake by wheat. Mortvedt and

Giordano (1977) reported that commercial diammonium phosphate fertilizers
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contained 100 to 260 mg Cd kg! while reagent grade DAP contained only 5 mg
Cd kg'! P. They have also reported greater Cd upfake by maize from commercial

DAP.

Goodroad and Coldwell (1979) noticed that when concentrated
superphosphate was applied continuously for 19 years, there was no addition
of Pb, As or Cr in the soil. Their studies have revealed that P fertilizers at
the rates presently applied would not add substantially to the natural levels of

Pb, As or Cr in the soil.

According to Gunnarsson (1983) the current hazard due to heavy metals
in phosphatic fertilizers appears minimal, but requires monitoring because the
net transfer of these elements from phosphate rock deposits to agroecosystems

is considerable and is disseminated widely.

.
’

Rothbaum et al. (1986) have reported that annual application rates of
Cd through fertilizers in long term experiments were 5g ha'! for 95 years in

Rothamsted and 20 g ha"! for 30 years in Newzealand.

Implemented Cd limits in mg kg*! P for fertilizers in Australia, Germany,
Japan, Sweden, Switzerland and The Netherlands were 350, 200 343, 100, 50
and 35 respectively (Anon, 1989).

The results of the study by Sathyaprakasan (1989) has revealed that
phosphatic fertilizers contained the highest amount of heavy metals and among the
phosphatic fertilizers, factamphos contained the maximum amount of Cd (7 ppm).
Ni (45.2 ppm) and.Pb (8'ppm). They were found to be highest in mussorie rock

phosphate.
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A tendency for accumulation of bulk forms of heavy metals like Cd, Ni
and Pb in Sod-Podzolic soils had been observed due to the prolonged use of

mineral and organic fertilizers, by Mineev and Gomonova (1993).

Srikallt"l"!.' et al. (1994) have reported that market samples of
superphosphate sold in India had a concentration of cadmium in the range of
18-28.5 mg kg~!. They have further shown that excess dose of such samples
of superphosphate in the vineyards around Hyderabad has resulted in elevated
concentrations of cadmium in the ground water. Recently Mortvedt (1996)
has reported that 91 per cent of phosphate rock reserves of the world contain
on-an average 16, 16.5, 66 and 189 ppm of Cd, Pb and Ni respectively. He

has also quantified the content of Cd, Pb and Ni added to soil every year with

20 kg P ha'l as 3.3, 1 and 4 g ha! respectively.

2.4 Status of heavy mectals in organic manures

The application of organic wastes on land has become increasingly popular
as a. means of waste disposal as well as a source of nutrients and a soil conditioner
(Chaney, 1973). Bridges (1989) proposed that such materials like municipal
wéstes, sewage sludge, pig and poultry slurries etc. when spread on land as a
convenient and economic means of disposal and for the benefit of soil productivity

can cause appreciable contamination by heavy metals.

Chaney (1983) has reported the average content of Cd, Cu, Pb, Ni and
Zn in dry digested biosolids in USA as 10, 800, 50, 80 and 1700 ppm respectively.

According to Webber et al. (1984) several countries have introduced

control on heavy metal concentration in sewage biosolids because of the concern
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on heavy metal effects in the human food chain. They reported that the
recommended and mandatory maximum annual loading for Cd in European
community were 0.1 and 0.15 kg Cd ha™! respectively while the recommended

and mandatory cumulative limits were 2.4 and 8.4 kg Cd ha'l.

Tiller (1989) reported that both composted and uncomposted municipal
wastes add to soil in several countries as much as 2, 330, 215 and 800 mg
kg! of Cd Cu, Pb and Zn. He also reported that pig and poultry waste slurries

on a dry basis contained 600 to 900 mg Cu kg-'.

The commission of European Community (Anon, 1989) has issued a
directive specifying mandatory and recommended limits of 40 and 20 mg Cd

kg"! (dry weight basis) for biosolids applied to agricultural soils as a nutrient source.

Gupta ef al. (1986) have.shown that sewage from many towns in India’
contained very high amount of toxic elements like Pb, Cd, Ni and Cr. He has
reported that the average total content of Cd, Ni and Pb in sewage sludge of
many tov\vns of India were 3.8, 58.1 and 39.9 ppm while the average available
content of these elements were only 0.7, 3.4 and 4.8 ppm. In most towns in
India, the sewage as such is used either directly to irrigate the agricultural land
and aé a supplement of essential plant nutrients or disposed into a fresh water

tributary which again is used for agricultural purposes (Kansal, 1992 and

Sakal es al. 1992).

Harada et al. (1993) showed that the content of Cu and Zn was very
high in swine poultry waste compost. Such high content of heavy metals is

believed to be caused by the addition of these elements to animal feed. Toharisman
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(1994) analysed the compost made from sugar factory wastes for Zn, Cu, Pb and
Cd and found that none of the samples contained Cd and that the content of other
heavy metals except Zn was low in all composts. Apart from Zn in pressmud, all
the héavy metal concentrations were well below the German and Swiss limits for

soil amendments.

Rao and Shantharam (1994) have reportéd that long-term application of
garbage in agricultural fields around Hyderabad has resulted in increased
concentration of Zn, Cu and Mn. Soils to a depth of 30 cm were found

contaminated with heavy metals due to the addition of such garbage.

Tam and Wong (1995) reported that spent pig litter had high content of
Cu and Zn but did not interfere plant growth in any way. The amount of Zn
and Cu accumulated in edible tissues was not in excess, indicating that heavy
metal contamination was not a serious problem when the spent litter was recycled
on to agricultural land. Tisdell and Breslin (1995) have reported that municipal
solid waste composts in the US were enriched with Pb (3 14-.6'71 mg kg1), Cd
(2.6 - 10.8 mg kg'1), Cu (121 - 762 mg kg™!) and Zn (540- 2790 mg kg™1).

Jayabaskaran and Sreeramulu (1996) observed that accumulation of Fe,
Cu, Mn, Zn, Co, Cd, Cr, Pb and Ni in the surface soils of sewage farms of

Tamil Nadu was due to continuous application of sewage.

Paino et al. (1996) detected no toxic concentration of heavy metals in
soils amended with increasing quantities of municipal refuse compost. The
concentrations of Cd and Pb were observed to be below 0.5 and 5 ppm

respectively. However, concentrations of Cu and Zn in maize increased
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relative to the amount of urban compost added, but never reached toxic

concentrations.

2.5 Heavy metal content in plants

The wide spread interest in the pattern of uptake and translocation of
heavy metals by plants in recent years has arisen from the reported harmful health

effects due to their dietary intake (Rivai et al. (1990) Wagner (1993) and Groten
and Vanbladeren (1994)).

Allaway (1968), Haghiri (1976) and Gupta and Dixit (1992) observed
depression in plant growth due to Cd toxicity when its concentration in plants

was approximately 2 to 3 mg kg'!.

Bingham et al. (1975) reported spinach, soybean and lettuce as Cd
sensitive plants. Jarvis ef al. (1976) suggested that high retention of heavy metals
in roots was particiilarly desirable in forage, cereal and vegetable crops where the
roots were not utilized, tfmus reducing the heavy metal burden to animals and men.

They estimated that the retention of Cd in roots varied from 34-97 per cent of the

total plant Cd.

" Mc Lean (1976) showed that Cd was present in higher concentrations in
roots than in other organs of oats, soybean, alfalfa, maize and tomato. However,

in lettuce, carrot, tobacco and potato, Cd content was higher in the leaves

compared to roots.

Davis et al. (1978) proposed the upper critical concentration of Cd in

plants as 15 ppm. Bowen (1979) reported the normal range of Cd, Cu, Ni, Pb
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and Zn in plants as 0.1 - 2.4, 5-20, 0.02-5, 0.2- 20 and ] - 400 ppm

respectively.

Etherington (1982) reported that the normal content of Zn, Cu, Pb, Ni
and Cd in agricultural crops was 15 to 100; 4to 15, 0.1 to 10, above 1.0 and
0.05 to 0.5 ppm while the limits for phyto toxicity in shoot were more than

50, 5, 15, 5 and 1.0 ppm for Zn, Cu, Pb, Ni and Cd respectively.

Kabata=Pendias and Pendias (1984) and Nicol and Beckett(1985)
reported that the concentrations or the levels above which toxicity effects were

likely in plants for Cd, Cu, Ni, Pb and Zn were 5-30, 5-64, 8-220, 30-300 and

100-400 ppm respectively.

Alloway (1990) noticed the concentration of Ni in plants growing in a
non-contaminated and non-serpentinic soil was generally in the range 0.1 - 5
mg kg!. Slightly higher values have been found in crops grown on organic
soils. The concentration of Ni in plants from serpertine areas was commonly in

the range 20 - 100 mg kg-!. He has further reported that oats was especially

susceptible to Ni uptake.

~ Guo and Marschner (1995) observed highest Cd concentrations in shoots
of cereals and lowest in shoots of pulses. Contrary to Cd, the Ni concentration

was highest in the shoots of pulses and lowest in cereals.

2.5.1 Cereals and Pulses

Giordani et al. (1975) found that the concentration of Ni in grain and

forage ranged from 2.6 to 6.9 ppm with application of municipal waste.



21

Iwai et al. (1975) studied the Cd uptake in some plants and concluded
that with increased Cd concentration in soil, the Cd content of plants increascd
and total dry matter and grain yield decreased. The relationship between dry

weight and Cd content indicated that the critical Cd content above which plants

suffer from Cd toxicity was about 20 ppm.

Ito and limura (1976) found that in rice plants grown in culture
solutions containing zero to 3 ppm of Cd, tillering and root hair elongation
were- inhibited and grain yield decreased. They also showed that the Cd

concentration decreased in the order root, stem, leaves and brown rice.

Mitchel et al. (1978) reported that Cd was most toxic to wheat

followed by Ni, Cu and Zn. Yield reduction was noticed when the leaves

contained 36 to 43 ppm Cd.

Chino (1981) indicated that the critical cadmium concentration which
was injurious to rice plant was 5-10 mg kg-! in top and 100-600 mg kg"! in the

root. The injurious concentration of Zn was 100-300 mg kg™! in shoot and 500-

1000 mg kg™! in roots.

Threshold values of Cu in shoot portions of wheat and barley for
sufficiency was 4 to 10 and 8 to 9 ppm and for toxicity 40 and 19 ppm respectively
as reported by Bould ef al. (1984). They have also reported that concentration

of Zn in wheat and barley for sufficiency was 40 and 20 to35 ppm and for exhibiting

toxicity 90 and 40 ppm respectively.
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Sathyaprakasan (1989) reported the ranges of Cd, Ni and Pb in rice

plants grown in different rice soils of Kerala as 0.9 - 2.4, 2 - 23 and 4.4 to 10.1

mg kg"! respectively.

Boluda ef al. (1993) reported that rice development was adversely
affected when grown on soils contaminated with heavy metals. They have claimed
that the contamination could be detected by remote sensing before it was actually

detected in the field.

In a pot culture experiment with 15 varieties of rice conducted at CRRI,
at two levels of Cd, no foliar symptoms of Cd toxiéity was observed by
Sarkunan ef al. (1995) in many of the rice varieties. However, application of

Cd caused significant decrease in both grain and straw yield and the magnitude

of decrease varied among varieties.

Miller et al. (1995) studied the effect of different levels of sludge
application to barléy on the absorption of Cd, Cu, Ni and Zn. The content of
metals was relatively low in the grains and high in straw. Metal content in plants
increased with increasing sludge loading. Most plants grown on soil amended

with the higher sludge rate were too high in Cd (0.5 mg kg'!) to be suitable for

feeding animals.

Singh (1995) reported that the toxic or upper critical level of Ni in

cowpea leaf tissue which led to a reduction in the dry matter production was

'computed to be 30 mg kg™l

Guo and Marschner (1995) analysed plant parts of beans and rice

grown in a nutrient solution with Cd and Ni concentrations of 0.5 mg each. They
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found that the content of Cd in shoots of beans and rice was 6.6 and 56.3 and
that Ni was 14.2 and 9.3 mg kg"! dry wt. They also found the content of Cd in
roots of beans and rice as 293 and 336 and Ni as 48.8 and 44.5 mg per kg dry

weight.

Mec Grath ef al. (1995) reported that the symbiotic nitrogen fixation in
legumes decreased by several orders of magnitude when concentrations of Zn,

Cu, Ni and Cd were 130-200, 27-48, 11-15 and 0.8 - 1 mg kg"! soil.

2.5.2 Other crops

Bingham et al. (1975) reported that spinach and lettuce accumulated
175 to 354 mg Cd kg*! in their tissues. Michael (1983) noted the Ni content of
coriander and amaranthus from Dharward in Karnataka as 1.32 and 1.21 ppm

respectively.

P

‘Kohiyama et al. (1992) detected Ni in oil seeds and found that its average
content was more than 3 ppm in soyabeans and walnut, more than 2 ppm’in cotton
seed and more than 1 ppm in sunflower, sesame, groundnut and copra. The content

of Cu was highest in sesame (17 ppm) and lowest in maize (<2 ppm).

Kim et al. (1993) reported the natural content of Cd, Cu, Zn, Pb and Ni

in orchard fruits in Korea as 0.07, 3.8, 20.7, 0.5 and 2.1 ppm respectively.

Guttormsen et al. (1995) reported that Cd removal by chineese cabbage
and carrot was 0.7 and 1.3 g ha"! and the Nordic food industries committee
has proposed the maximum tolerable limit of Cd in vegetable crops as 0.1 mg Cd

kg'! fresh weight.
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Lehoczky et al. (1996) reported that the content of Cd in leaves and
bulbs of garlic was 0.6 and 1.6 mg kg'! fresh weight and with Cd treatment at the

rate of 10 mg kg'! of soil, the content was raised to 1.6 and 4.6 mg kg! fresh weight.

Semu and Singh (1996) showed that the content of Cd, Zn and Cu in
tobacco leaves was 0.08, 19.4 and 3.3 under low management where as it was

0.16, 31.9 and 3.7 mg kg'! at high level management.
2.6 Factors controlling the availability of heavy metals in soils

Miller et al. (1977), Mc Bridge et al. (1981), Rana and Kansal (1983),
Sposito et al. (1982), Mc Bride (1989) and several others have found that the
availability of heavy metals in soils to be a function of various soil properties.
According to them, sorption of heavy metals by soil is influenced by pH, organic
matter, cation exchange capacity, clay content, presence of other ions and solution

composition. The important literature available on these to"pics is reviewed.
2.6.1 pH and CEC

Chaney (1973) identified pH and CEC as soil factors controlling the
bioavailability of heavy metal elements in soil. limura (1973) and Ito and limura
. (1975) have stated that among the soil conditions affecting Cd availability in rice
fields, the pH and oxidation-reduction state are prominent. They have shown that
at a higher pH range, both the stability of complex compounds with soil humus
and the extent of their adsorption by the hydroxides of aluminum and iron increased.
The availability of Cd to the plant was lowered under these conditions. Korte
et al. (1976) and Christensen (1984) correlated soil pH and clay content with

heavy metal adsorption.
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Miller et al. (1977) noticed that Cd uptake decreased as soil pll and
CEC increased. However, availability of Cd increased with increase in acidity.

Harter (1979, 1983) correlated heavy metal adsorption with soil properties

such as pH and CEC.

Sposito ef al. (1982) stated that heavy metals in soil react with organic
matter and clay exchange sites, carbonate and oxide surface and get precipitated

as hydroxides, carbonates, sulphides, phosphates and silicates.

Rana and Kansal (1983) showed that pH through its indirect effect on
organic matter, clay and CaCO3 content depressed the availability of Cu, Zn and

Cd in the soil. But Pb availability was found to be controlled by almost all soil

properties.

Zang et al. (1987) and Sakal er al. (1992) found a significant multiple

correlation between soil pH and heavy metal content of soil.

Mc Bride (1989) reviewed the reaction controlling heavy metal solubility

in soils and stated specific sorption and surface precipitation on oxides and

carbonates as the chief process."

Mann and Ritche (1993) have reported that in a sandy soil, the proportion
of Cd present in the exchangeable form increased as the soil solution pH increased.
However an opposite trend was observed in a peaty sand. In soils where the
main adsorption surface was dominated by hydrous oxides, 50-70 per cent of the
Cd extracted was bound to oxides. At pH values greater than 5, 90 per cent of

Cd was extracted in this way in soils containing clay (mainly Kaolinite) as the
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major adsorbent. These soils retained Cd mostly in the exchangeable form at all

pH values.

Allen (1993) reported that the primary variable of soils contributing to
metal mobility and availability to plants is pH. Sanchez and Sanchez (1993) |

confirmed that CEC of a soil is highly influential on Cd adsorption and mobility.

Guttormsen et al. (1995) reported that the Cd concentration consistently
and significantly increased with decreased soil pH. They have reported that
Cd uptake by cabbage and carrot was significantly higher at pH 5.5 than at pH
6.5 and Cd concentrations in these crops were 23 and 46 per cent higher at pH

5.5 than at pH 6.5.

Oborn et al. (1995) determined the content of heavy metals in crops
grown in commercial fields in Sweden. They found that Soncentrations of Cd,
Ni, Zn and Cu showed significant negative correlation with surface soil pH.
They concluded that if the decrease in pH of arable soils due to various
acidifying processes are not balanced by liming it will lead to increased levels of

trace elements in crops.

Reddy et al. (1995) indicated that at near neutral pH dissolved metal
concentration in soil water extracts was dominated by dissolved organic carbon
(DOC) metal complexes. At low pH dissolved metal concentration in soil water
extracts was dominated by free ionic forms followed by ion pairs. As soil pH
decreased the availability and mobility of metal ions increased due to the nature

of the chemical form in which these metal ions are present in soil solution.
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Singh et al. (1995) found that the concentration of Cd in different plant
species decreased with increasing soil pH. Significant difference between soil pH
levels was seen more in wheat and carrot than in lettuce. The effect of pH was

more pronounced in a loamy soil than in clay loam soils.

Lehoczky et al. (1996) recorded the availability of Cd in an acidic soil of

pH 4.2 as 0.06 mg kg™! soil whereas, it was 0.08 mg kg"! in a neutral soil having

a pH of 6.8.

2.6.2 Organic matter

Organic matter is reported to play an ifnportant role in the sorption /
complexation of heavy metals and their availability in soils. Petruzzelli ef al.
(1978) have suggested that metals were adsorbed by organic matter through
complexation. White and Chaney (1980) stated that a high content of organic
matter was very effective in reducing metal availability and it limited the uptake of

Cd by plants. The soil type also exerted a strong influence on Cd and Zn uptake

of plants.

Khalid ef al. (1981) reported that bio_availability of heavy metals tend to |
“decrease in the presence of dissolved organic matter (DOM) and organic matter
generally had a positive effect on decréasing availability of heavy metals in soil.
However, Sharma and Kansal (1986) have reported a positive correlation between
organic éarbon and availability of heavy metals indicating that an increase in organic
matter would increase the availability of these metals by forming organo-metallic

complexes which could exist in soil solution for a longer period.
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Piccolo (1989) showed that addition of humic substances efficiently
immobilised the soluble and exchangeable forms of Cu, Pb, Cd, Zn and Ni.
Retention capacity was directly related to the amount of added humic substance
Metal forms extracted with DTPA showed that the amount of soil borne organic
matter determined the availability of heavy metals. The interaction of native
organic matter with added organic matter reduced the extractability of metals.
In soils low in native organic matter, freshly added humic substances bound
the metals in readily accessible complexes which could be displaced by DTPA

thereby enhancing their availability.

Karapanagiotis et al. (1991) studied the role of organic matter in metal
retention. They noted that the organic complexes of copper and cadmium were
stronger than that of the other metals and the binding capacity of the organic

matter for metals was greater for copper and nickel.

Basta et al. (1993) obtained a positive correlation between organic matter
and metal adsorption indicating the capacity of organic matter for adsorption of
heavy metals. Retention of heavy metals by organic matter reduced the availability

of heavy metals to plants (He and Singh, 1993).

2.6.3 Flooding

Flooding of soils, leading to the elimination of O,, creates a gradient of
oxidised and reduced soil conditions bringing out changes in the availability of

heavy metals.

Ito and limura (1976a) have shown that when the submerged water was

drained in the middle and later growth stages of rice, the capacity of the soil for
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metal adsorption increased markedly. The authors have observed that when
submerged condition was maintained throughout the growing period, the cadmium
concentration in brown rice was only less than 1 ppm even in the case where the
soil content was 100 ppm. Upon draining the soil after the tillering stage, the

content of Cd in brown rice reached a peak level of 5 mg kg'!.

Khalid et al. (1981) demonstrated that an increase in redox potential

(Eh) from -150 to 500 mV led to a decrease in exchangeable Cd.

The influence of waterlogging on the availability and uptake of Cd, Pb,
Zn, Cu, Mn and Fe was studied by Bjerre and Schierup (1985) in a pot experiment
using different soils. Waterlogging resulted in the release of more Cd, Pb and Zn
to the inorganic reservoir. Mn and Fe concentrations increased during waterlogging.
The availability of Cu was not much affected. The total uptake of all heavy metals
decreased during waterlogging. The uptake of all metals except cadmium was

lowest in plants grown in the organic soil under flooded conditions.

Ogawa (1994) has reported that continuous flooding of rice soils from
panicle formation stage to 20 days after heading could reduce the content of

heavy metals to a safe limit in brown rice in polluted soils.

2.7 Mobility of heavy metals in soils

Taylor and Griffin (1981) carried out pot culture experiments to determine
the leaching potential of topically applied lead, cadmium and nickel in soil. They
found that lead was confined to the upper few centimeters of soil whereas Cd
moved down to a considerable depth. Ni was seen to be more uniformly distributed

over the total soil depth. Cd and Ni were found to be more mobile.
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Legret et al. (1988) have reported Cd as the most mobile heavy metal
element in soil. They have found Cd in an exchangeable form up to 60-80 cm
depth in the soil profile. Ni was seen to be associated with the oxidisable
phase of the soil and migrated down to 40-60 cm. They found Pb t.o be
associated with the acid soluble and reducible phases and moved as far as the

20-40 cm layer and Cr remained mostly in the surface horizon.

In a study conducted to assess the vertical movement of Cu, Zn, Ni and
Cr added to clay loam and sandy loam soils through urban waste compost,
Giusquiani ef al. (1992) found that the increase in these metal concentrations was

greater in the sandy loam soil and that 70 to 80 per cent of the water soluble

fraction was retained in the upper 10 cm layer of soils.

Koch and Grupe (1993) studied the mobility of Cd, Pb, Zn and Ni in
three German Soils. The results showed that heavy metals from anthropogenic
sources showed sigx}iﬁcantly greater mobility than those from geogenic (parent
material)-sources. Variations in heavy mectal mobility with the exception of
Pb were relatively marked in the soil water system. Variations in pH, causing
mobility variations were more marked in geogenic than anthropogenic source of

heavy metals.

Swarup and Ulrich (1994) studied the movement of applied Zn, Pb and
Cd under steady state unsaturated flow condition in soil. Most of the applied
heavy metals were retained in the top 10 cm of soil and this resulted in low recovery
of heavy metals in the leachate. They estimated the retention as 87 to 96 per cent

of the total quantity applied. The recovery of Zn, Pb and Cd in the leachate was

12.6, 6.0 and 8.3 per cent respectively.
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Berthelsen and Steinness (1995) studied the vertical distribution of Zn, Pb,
Cu and Cd in soil profiles of forested and clear cut areas in Norway. Lower Zn and
Cd content were observed in the top H horizon of clear cut areas than in forest areas.
The total content of Pb was significantly lower in clear cut than in forested areas.
Higher Pb content in the B-horizon on clear cut area soils than in forest soil areas
showed that Pb lost from the H-horizon was readsorbed and repreceipitated in the B-

horizon. Compared to Pb, retention of Zn, Cu and Cd was high in the humus layer.

Bezvodova (1995) reported that the extractable portion of Cr, Co, Ni,

Cu, Pb and Zn was higher in topsoil than in subsoil.

Cong and Tu (1996) reported that transfer of added Ni in soil was greater
than native Ni but declined with time. The mobility was greater for the soluble
plus exchangeable fraction of soil Ni, but much smaller for residual and Fe / Mn
 oxide bound fractions. This showed that Ni was more mobile and more harmful

in soils with a low pH and or low content of Fe / Mn oxides.

2.8 Absorption of heavy metals by plants

Fleming and Parle (1977), Singh (1981), King and Hajjar (1990), Singh
and Jeng (1993) and He and Singh (1994 a, 1994b) reported that large quantities
of Cd, Zn, Cu and Pb were absorbed by oats, rye grass, carrot, spinach, lettuce,
tobacco, peanuts and by a variety of crop plants when grown on soils containing

elevated levels of the metals.

Plant species and also genotypes within the same species differ greatly in
their ability to take up and transport heavy metals within the plant as shown by Petterson

(1977). Similar observations were made by Gabrielli et al. (1990) also.
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Allison and Dzialo (1981) reported that presence of added Cd, Pb and
Ni to the soil resulted in enhanced tissue concentration of these in rye grass and

oats. This effect was particularly enhanced in a soil of pH 4.5.

Taylor and Allison (1981) observed that addition of Pb, Cd and Ni to
the soil resulted in both increased metal uptake and concentration in alfalfa tissue
particularly for Cd and Ni. The highest tissue concentration of Cd and Ni was
associated with plant stunting and necrosis. However, at rates of 125 ppm or
less, substantial increase in Cd and Ni concentration was obtained without any
yield reduction or phytotoxic éymptoms. The tissues however were unsuitable for

consumption due to the high content of Cd and Ni.

Michael (1983) reported that with graded levels of Ni (10-100 ppm)
its uptake by coriander and amaranthus ranged from 53 to 104 and 23 to 65
mg pot'l. Cataldo e al. (1983) reported that in soybean, about 98 per cent
of the absorbed C-Zd. is strongly retained by roots and only 2 per cent is
transported to the shoot systém. Similar observations were made by Guo and

Marschner (1995) in many other pulses and cereals.

Sharma and Kansal (1986) observed that spinach grown on sewage
irrigated soils accumulated the maximum amount of Cd and other elements followed
by bers;eem. Wheat had absorbed the least amount of these elements. These
results indicate the need for selection of a crop which absorbs the lowest amount

of metals to prevent the entry of these toxic elements from contaminated soils into

the food chain.

II'in (1991) reported that the uptake of heavy metals from soils into the

top organs of plants especially storage organs was limited by some non-specific
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protective mechanisms in the plants. The uptake of heavy metals was less in

cabbage and tomatoes than in beets and potatoes.

Lubben and Sauerbeck (1991) reported that accumulation of Cd, Zn Pb
and Cr in grain was lower than those of straw in spring wheat, They proposed
that Cd content in soil should be less than 0.5 mg kg! and pH more than 5.7 to
produce grains with Cd content lower than the German guide value of 0.12 mg

kg-! dry weight.

Sa.uerbeck (1991) confirmed that most dicotyledonous plants absorb
more heavy metals than monocotyledons. An exception was rye grass which
absorbed Ni in unusually large amounts. The uptake of Cu, Pb and Cr was
small compared with Cd, Zn and Ni. Cu and Ni were preferentially translocated
into fruits and seeds. Cd, Zn and Ni content was influenced by soil acidity, but

no significant change in uptake was found for Cu, Pb and Cr.

Plant species and even varieties differed in their susceptibility and
tolerance to heavy metals. Leafy vegetables and root crops accumulated higher
amounts than grain crops. Other factors like the nature of various agricultural
inputs used, native soil content, soil reaction and interaction among metal ions

(Davies, 1992 and Gorlagh and Gambus, 1992) also aflected their uptake.

Singh and Nayyar (1994) have observed that under normal conditions
plants take up small quantities of Cd from soil. But in areas of suspected Cd
contamination, the plant levels may be higher and cause total reduction in
growth as measured by reduced dry matter yield and root damage. Forage species

belonging to Leguminosae family prove more sensitive to Cd than those belonging

to Graminae.
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2.9 Effect of heavy metals on plants

Foy et al. (1978) have emphasised that increasing use of heavy metals in
various products and their continuous discharge from foundaries, smelting
industries, from burning coal, diesel, fuel, heating oil and impurities of fertilizers
have led to a build up of their toxic levels in the soil. As Hagemeyer ef al.
- (1986) have stated, during récexit years great interest has been generated to examine

the toxic effects of heavy metals on plant growth and metabolism.

2.9.1 Germination

Heale and Ormrod (1983) studied the effect of Ni and Cu ranging in
concentrations from 4 to 20 mg I'! on seed germination and development of
seedlings of some tree species. They found that germination was-delayed at lower
concentrations and prevented at higher concentrations. Increasing metal concentration

resulted in the development of fewer lateral roots which were stunted and thicker.

Leblova et al. (1986) reported the inhibitory concentration of Cd, Cu,
Pb and Zn as 10, 100 and 1 mM respectively for seed germination and seedling
development of maize. 30 to 70 per cent of the metal ions present in the
medium accumulated in the roots and 5 to 14 per cent in the shoots. They
have noticed the metal induced prodﬁction of low molecular weight proteins
rich in SH groups called metallothionines more in roots than in shoots. Binding of
metals to metallothionines probably reduced their toxicity and prevented the

inhibition of enzymes containing SH groups.

Herstein and Jager(1986) observed that seedlings of grass species

originated from metal contaminated habitats, possessed tolerance to Cd, Zn Cu,
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Pb and Ni. Tolerance was determined by comparing the root growth in metal free

and metal enriched culture solutions.

Dubey and Dwivedi (1987) reported that soaking soybean seeds in solution
containing various concentrations of Cd, Co, Ni and Zn for 6 to 24 hours decreased
germination percentage and seedling growth. Cd showed the greatest inhibitory
effects. The effect was found to increase \;vith increase in concentrations of heavy

metals as well as increase in soaking time.

Rani and Paliwal (1988) germinated seeds of forage crops in blotter papers
" wetted with distilled water and 10-5000 mM Cu?* and Cd2*. The percentage
germination increased with concentrations of Cu and Cd upto 100 and 50 mM. A
concentration of 25 mM Cu?* or Cd?* increased shoot elongation but this was
inhibited with further increase in concentration. Inclusion of Cd and Ni in water
(Bishnoi ef al., 1993) to moisten filter paper differentially induced dry matter
mobilisation from cotyledons of germinating pigeon pea seeds. Cd depressed the
activities of enzymes in germinating seeds. The activities of these enzymes were
stimulated at lower concentrations of nickel and suppressed at higher ones. The
dual response of hydrolytic enzymes to Cd and Ni was postulated to account for

the promotary and inhibitory effect of these heavy metals on dry matter mobilisation.

Al-Helal (1995) reported that percentage germination of rice and alfalfa
decreased with increasing concentration of Cd and Hg. There was little or no
germination at 50 mM Cd Cl, and 10 mM Hg Cl, in rice. In alfalfa germination
was completély inhibited at 5 mM Cd Cl, and 2 mM HgCl,. Heavy metals

adversely affected the growth of roots more than that of shoot in rice seedlings.



36

Subramani ef al. (1997) investigated the influence of Cr, Cd and Hg on
germination and seedling growth of black gram. Germination percentage and
growth parameters of seedlings showed a gradual decline with increase in
concentrations of heavy metals. Cr and Cd showed a growth promoting effect at
the lowest concentration of 5 mg I-!. No such promoting effect was noticed in
' germination index, vigor index, root / shoot ratio and dry weight of seedlings.

The order of toxicity of the metals recorded was Cr < Cd < Hg.

Mathew and Abraham (1998) studied the effect of graded levels of Cd
and Ni on germination of rice and cowpea. They found that low concentrations
of Cd (5 ppm) stimulated germination while higher concentrations did not show
any significant effect. Presence of Ni decreased the germination of rice seeds
at a concentration of 15 ppm, but the effect was not significant. In the case of
cowpea both Cd and Ni produced significant negative effect on germination at a
concentration of 25 ppm only. The growth of hypocotyl and epicotyl of germinated

seeds was scverel); affected by Cd and Ni.

2.9.2 Growth of plants

Khalid and Tinsley (1980) observed a depression in shoot yield when Ni
level in the nutrient medium was above 30 ppm. Ni concentration of 50 ppm in
plants did not reduce dry matter production in rye grass, although slight chlorosis
appeared at this level. Allinson and Dzialo (1981) reported that addition of Cd

to the soil lowered the dry matter yield in rye grass and oats.

Wong et al. (1988) reported that'Cd damaged tissue growth by the

narrowing of vascular pits and deposition of unknown debris which blocked water
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transport. Root was the most tolerant plant part and it prevent Cd from being
transported to the upper plant parts which were more susceptible. Barcelo and
Poschenreider (1990) and Godbold and Kuetter (1991) reported that cell growth

as well as whole plant growth was drastically inhibited due to Cd toxicity.

Singh et al. (1994) noted severe reduction of fresh weight of roots and
leaves of sesame seedlings due to Cu and Cd while it was little affected by Pb.
They reported that nitrate reductase activity was inhibited in the roots in the order

Pb > Cu >.Cd.

Shah and Dubey (1995) indicated that Cd in the growth medium caused
a decrease in length of roots and shoots, altered RNA level and inhibited
ribonuclease activity. Chen and Kao (1995) observed that the reduction of root

growth induced by Cd was closely associated with accumulation of proline in roots.

Guo and Marschner (1995) observed no adverse cffect on dry matier

production when rice, maize, beans and kale were grown in nutrient solutions with

0.5 mM Cd and 1.0 mM Ni.

Wetzel and Werner (1995) observed an adverse effect of heavy metals
on the macro and or microsymbionts 'vitality and reduced nodulation in legume
roots before any visible damage of the plant occurred. Therefore formation and

extent of damage of nodules may serve as a criteria for the ecotoxicological

evaluation of contaminated soils.

2.9.3 Metabolism of plants

Bingham et al. (1975 and 1976), Foy et al. (1978) and Taylor and
Allinson (1981), Muthuchelian et al. (1988) and Kumar and Banerjee (1992)
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have reported that plants accumulate high concentrations of heavy metals such as

Cd and Ni and produce several adverse effects on plant metabolism.

Fuhrer (1982) reported that Cd exerts its toxicity through membrane
damage and inactivation of enzymes possibly through reaction with SH groups
of proteins. A SH interaction was suggested to explain the small inhibitory
effects of Cd on the activity of the cholroplast enzyme RUBP carboxylase and

phosphoribulokinase in presence of millimolar metal concentration.

Stobart et al. (1985), Weigel (1985), Shrivastava and Singh (1986) and
Satakopan and Rajendran (1989) have stated that high Cd levels interfere with the
primary process of photosynthesis and inhibit the biosynthesis of cholorophylls and

ntucleic acids.

Krupa (1988) stated that heavy metal accumulation in the leaves of higher

plants was associated with reduction in net photosynthesis.

Becerril et al. (1989) observed inhib'ition of electron flow in chiloroplasts
of maize plants exposed to 0.2 mM Cd. Krupa et al. (1993) noticed a decrease
in total chlorophyll content and chlorophyll a / b ratio in higher plants and concluded
that Cd primarily affected the photosynthetic pigments before photosynthetic

function.

Moya et al. (1993) reported that treatment with 0.1 mM Cd and 0.5
mM Ni inhibited rice growth and stimulated carbohydrate accumulation especially
in seeds. Immobilization of carbohydrate reserve in such seeds resulted in slow

seedling emergence and crop stand.
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Prasad (1995) reported that excess cadmium caused toxic symptoms in
plants such- as growth retardation, inhibition of photosysnthesis, induction and
inhibition of enzymes', altered stomatal éction, water relations, efflux of cations
and generation of free radicals. He further stated that plants attempted to adapt
to environments contaminated with excess Cd by tolerance mechanisms like

accumulation, sequestration, synthesis of Cd binding complexes and their

stabilization by sulphides.

Gangopadhyay and Santra (1996) observed marked reduction in
chlorophyll content and nitrogen fixation activity when Azolla pinnata was grown
in nutrient solution containing 5- 15 ppm of Cu and Cd. The reduction was directly

correlated to concentration of toxicant and period of exposure. Cu was found to

be less toxic than Cd.

2.9.4 Nutrient composition and crop quality

Knight and Crooke (1956) reported that high Ni concentration reduced
the uptake and utilization of most nutrients. In cereals, Ni toxicity produced pale
yellow strips running along the length of the leaves. Later, the entire leaf turned

white and necrosis occurred at leaf margins.

" The effect of supplying Pb, Cd, Cr and Cu to the roots of coconut palms
on the concentration of P, K, Ca and Mg in the leaves was investigated by
Biddappa ef al. (1987). The results showed that compared to the control, the
amount of leaf phosphorus'was reduced‘by the presence of heavy metals. They
also reported a reduction in concentration of K by Cd. Leaf Ca on the other

hand, increased in the presence of Cd. The amount of Mg was not affected by

Cd but increased by Pb.
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Frossard et al. (1989) studied the effect of different heavy metals on
fructan, sugar and starch content of rye grass, They noted that the fructan
content of shoots increased by 25 per cent due to Cd and Ni added to soil at
the rate of 0.4 and 100 bpm respectively. Addition of 100 mg Cu and 360 mg
Zn kgl soil resulted in 42 and 118 per cent increase in fructan content. Sucrose
concentration increased by 26 and 38 per cent at 0.4 and 5 ppm of Cd and Ni in
soil but decreased by 38 per cent at 100 ppm Ni. Starch content decreased with
increasing Ni in the soil, but decreased with high Cu supply. The results suggested
that accumulation occurred without yield reduction and any visible symptoms of
phytotoxicity in the case of Cd and Zn. They also reported that a high concentration

of Cd, Ni and Cu in soils just below the toxic level altered carbohydrate content

of fodder plants.

Chernykh (1991) observed that raising of soil Cd to 5 ppm, Zn to 250 .
ppm and Pb to 125 ppm did not alter the uptake of minerals but higher heavy
metal concentration disrupted mineral Liptake and translocation. Reduction in the
uptake of P, Ca, Mg and Fe was more pronounced in pulses than in cereals. The
effect of heavy metals was more pronounced in acid soils than in calcareous soils.

Plant N concentration increased with increase in Zn, Pb and Cd.

-Hlusek and Richter (1992) reported that increasing concentration of Zn,
Pb and Cd in soil reduced leaf N and P content in potatoes and had variable
effect on K content. Leaf Ca and Mg contents were increased at the higher
levels of soil contamination. Tuber N content was reduced only at highest
contamination level and P content was variable. K content was highest at highest

contamination whereas Ca and Mg contents were usually reduced as contamination

increased.
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Significant nitrate accumulation in the above ground parts of many crops
was revealed when they were grown in heavy metal pollul;ed soils by Yevdokimova
(1994). He observed a lower content of carotene due to heavy metal accumulation
in plants. Higher concentration of various nitrogen forms in plants seems to be
due to their accelerated sorption by roots from the polluted soils with a consequent

detoxification of heavy metals ions by nitrogen compounds, proteins and free

aminoacids.

Trivedi and Singh (1995) attempted to establish the relationship between
air pollution and protein content in a few plants growing in the vicinity of a thermal
power plant. The reduction in total protein content was more in herbs and shrubs

as compared to trees. This reduction in total proteins may be used as a bio-

indication of air pollution.

Brune and Dietz (1995) analysed the elemental composition of barely
seedlings grown in the presence of toxic concentrations of Cd, Mo, Ni and Zn,
They noted a decrease in root Mn and Mg at elevated levels of all heavy metals,
They also concluded that heavy metal toxicity caused excessive accumulation or
depletion of nutrient elements which may be deleterious to the plants in addition

to other primary damages caused by the heavy metal ions.

2.10 Methods to combat heavy metal pollution

Crooke (1956) has found that Ni toxicity in soils can be alleviated by
liming. When a serpentine soil was limed to increase the pH from 4.8 to 6.8, the
concentration-of Ni in leaf dry matter was reduced from 188 to 77 ppm. K

application was also found to reduce Ni toxicity.
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Takijima and Katsumi (1973) noticed that Cd uptake in rice after
earforming stage was reduced remarkably by a basal application of soil
amendments followed by top dressing. Combined use of calcium silicate and
fused magnesium phosphate was most effective in producing rice with lowest
Cd content. Chaney et al. (1977) have noticed that application of lime along

with sewage sludge reduced the availability and uptake of Cd and Ni by maize

plants.

Strickland er al. (1979) reported that inhibition of growth by Cd was
reduced by the addition of organic matter. Tissue levels of Cd was markedly

reduced in treatments with 2, 4 and 8 per cent organic matter.

The efficiency of barley in removing heavy metals was investigated by
Larsen and Schierup (1981) who concluded that one gram of barley straw was
able to absorb Zn, Cu, Pb, Ni and Cd ranging from 4.3 to 15.2 mg. The capacity

to absorb these metals by straw was improved by 10 to 90 per cent when mixed

with CaCO,.

Yoshikawa et al. (1986) discovered that manganese sulphate and other
soluble manganese salts had a suppressive effect on cadmium absorption by rice
plants grown in a pot culture experiment under oxidised soil conditions. In polluted
soils, application of 0.1 per cent by weight of manganese to the soil decreased

cadmium uptake of rice plants by 83 per cent.

Obata and Umebayashi (1988) found that the flooding of soils between
the booting and milk stage in rice considerably depressed the accumulation of -

cadmium in brown rice. They concluded that it was essential to keep paddy
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fields submerged during heading stage to lower cadmium concentration level in

rice grains.

Truby and Raba (1991) studied the content of Cd, Zn and Pb in vegetables
grown on fields contaminated and not contaminated by heavy metals in Germany.
Cd content at both sites was often at the same high level. NPK fertilization along
with liming stimulated plant growth and reduced the heavy metal concentration by
two third. Higher Cd concentration in the vegetables from uncontaminated field
was primarily due to sub-optimal growth conditions. They concluded that sufficient

NPK fertilization and liming must be carried out to produce vegetables complying

with the standards.

Leidmann ef al. (1994) reported that grass silage effluents containing
organic compounds were able to complex heavy metals and could be used for the
removal of Cd, Cu and Ni from polluted soils. Utilisation of sorbents to produce
ecologically pure farm products was evaluated in Russia by Kireicheva and
Glazunova (1994). A new organo mineral sorbing ammendment SORBEKS (a
dark grey dust, pH 6.5-7.5, water content 5-10 per cent, more than 30 per cent

potassium content) was found useful.

* A new technology to use plants to clean up soil and water contaminated
with heavy metals known as phytoremediation was reported by Raskin ef al.
(1994). This is based on the observation that certain plants are able to concentrate

heavy metals in their roots and shoots to levels far exceeding those present in soil.

Kumar er al. (1995) and Huang and Cunningham (1996) tested the ability

of various plant species including crops to accumulate heavy metals in shoots and
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roots. The hi gh metal accumulation by some cultivars of maize, Brassica juniea,
rag weed, Thlaspi sp. etc. suggested that these plants may be used to clean up
toxic metal contaminated sites by a process termed phytoextraction. They also
found that the addition of synthetic chelates like HEDTA (2 g per kg soil) to Pb
contaminated soil (total soil Pb more than 2500 mg/kg) resulted in a surge of Pb
accumulation in phytoextraction. The content of Pb in sﬁoot was increased from
40 ppm in the control to 600 ppm in HEDTA treated soil. It was suggested that
" in combination with soil ammendments, agronomic crops such as maize can be

used for the clean up of heavy metal contaminated soil.

Genetic improvement of Cd-hyper sensitive genotypes of agricultural,
horticultural and silvicultural plants could be achieved through genetic engineering
through transfer of mettalothionein genes (Prasad, 1995). Gutierrez ef al. (1995)
reported that heavy metals in soils from anthropogenic sources accumulate in the
upper layers. The high level of organic matter and high pH of soils are preventing

the solubility of heavy metals and their absorption by crops.

Brailier et al. (1996), Oliver et al. (1996) and Hooda and Alloway (1996)
studied the effect of liming on heavy metal uptake in wheat, barley, carrot, spinach
and potato. They found that liming reduced uptake of Cd, Ni and Zn in most
crops but generally did not change Cu and Pb. According to them, raising soil
pH to 6.0 was not sufficient to decrease Cd concentration in the edible parts of
crops below the maximum permissible concentration and raising the soil pH above

this value would not be considered economically viable in many areas.



| MATERIALS AND
METHODS

A




45

MATERIALS AND METHODS

The study on the “Status and impact of heavy metals in selected soils
and crops of Kerala” was conducted at the College of Agriculture, Vellayani

during 1995-98 as detailed below.
The three experiments conducted to complete the investigation are

1. Determination of heavy metal status of selected soils, fertilizers,

manures and plants.

2. A study on the pattern of retention of applied Cd and Ni in different

soil types and

3. Studies on the influence of Cd and Ni on the growth, yield and nutrient

content of plants.

The materials used and methods followed for these experiments are

described,

3.1. Heavy metal status of selected soils, fertilizers, manures and plants

The total and available content of Zn, Cu, Pb, Ni and Cd in the samples
of soils, fertilizers, manures and plants collected from different locations as indicated

below were assessed by chemical analysis.
3.1.1. Collection of soil samples
1.1.1. Wetland soils

Ten surface samples (0-15 cm) of soils were collected from each of the
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following locations representing four major rice growing soil types.

Pattambi - Eight plots of PME in rice at RARS, Pattambi (35 years and

70 crops) and two farmer’s rice fields

Moncompu - Nine plots of PME in rice at RRS, Moncompu (nine years
and 18 crops) and one farmer’s rice field
Kayamkulam - Eight plots of PME in rice at RRS, Kayamkulam (32 years

and 64 crops) and two farmers rice fields

- Purakadu kari Ten farmer’s rice fields in kari lands

The treatments applied in the PME plots at the three locations are given

in Tables la to lc.

“e

1.1.2. Upland soils

Ten surface samples (0-15 cm) each were collected from plots
cultivated to vegetables in the Instructional Farm attached to the College of
Agriculture, Vellayani and farmer’s fields cultivated to vegetables in
Pathanamthitta and Alappuzha distric.ts and plots cultivated to fodder in the

sewage disposal site in Thiruvananthapuram.

Surface samples from the wetland rice fields were collected during
March-May, 1996 and upland soils were collected after harvest of vegetables
during the same period. The soil samples were air dried, powdered with a
wooden mallet, passed through 2 mm plastic sieve and stored in air tight

containers for further chemical analysis.



Table 1a. Details of collection sites of wetland soils - Pattambi
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Sample
number

Location - Pattambi

Si
S2

S3
sS4
85
S6
s7
8
$9

S10

PME plots treated with cattle manure @ 18 t ha"!
PME plots treated with green leaf @ 18 t ha™!

PME plots treated with cattle manure and green leaf
each @ 9 t ha"!

PME plots treated with ammonium sulphate @ 45 kg
ha!

PME plots treated with cattle manure @ 9 t ha'! + NPK
@ 45-45-45 kg ha'l

PME plots treated with grcen leaf @ 9 t ha-! + NPK
@ 45-45-45 kg ha'l

PME plots treated with cattle manure and green leaf
each @ 4.5 t ha’!

PME plots treated with NPK @ 90-45-45 kg ha'!
Farmer’s rice field near RARS, Pattambi

Farmer’s rice field near RARS, Pattambi

(N, P and K applied as ammonium sulphate, super phosphate and muriate of potash

respectively)



Table 1b. Details of collection sites of wetland soils - Moncompu
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Sample Location - Moncompu
number
S1 PME plots treated without any inputs (absolute
control) '
32 PME plots treated with rice straw only
S3 PME plots treated with rice straw + N @ 90 kg ha-!
S4 PME plots treated with rice straw + N and P @ 90
and 45 kg ha™!
S5 PME plots treated with rice straw + N and K @ 90
and 45 kg ha'!
S6 " PME plots treated with rice straw + P and K @ 45
and 45 kg ha”!
S7 PME plots treated with N, P and K @ 90-45-45 kg
ha!
S8 PME plots treated with N, P and K @ 90-45-45 kg
ha! + lime @ 600 kg ha'!
S9 PME plots treated with rice straw + soil test based
recommendation of fertilizers and lime
S10 Farmer’s rice field near RRS, Moncompu

(N, P and K applied as urea, Mussorie phosphate and muriate of potash

respectievly respectively)



Table 1c. Details of collection sites of wetland soils - Kayamkulam
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Sample Location - Kayamkulam
number
| S1 PME plots treated with cattle manure to supply N @
40 kg ha'!
S2 PME plots treated with ammonium sulphate to supply
N @ 40 kg ha'!
S3 PME plots treated with N and P @ 40 and 30 kg ha™!
S4 PME plots treated with N and K @ 40 and 30 kg ha'!
S5 PME plots treated with P and K @ 30 and 30 kg ha'!
S6 PME plots treated with N, P and K @ 40-30-30 kg
ha-l
S7 PME plots treated with N, P and K @ 40-30-30'kg
ha'! + cattle manure to supply N @ 10 kg hal
S8 PME plots without any fertilizers and manures
(absolute control)
SO Farmer's rice field near RRS, Kayamkulam
S10 Farmer's rice field near RRS, Kayamkulam

(N, P and K applied as ammonium sulphate, superphosphate and muriate of potash

respectively)
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1.1.3. Collection of fertilizers

Random samples of si'ngle superphosphate, rock phosphate and complex
fertiizers marketted in the districts of Thiruvananthapuram, Alappuzha and Pathanamthitta

were collected durihg August - September, 1996 and January - February, 1997. The

details of the Jocations are as follows.

Name of fertilizer Number Location
of samples
Single superphosphate 10 Pathanamthitta and
Thiruvananthapuram
Rock phosphates
Mussooriephos 5 Thiruvananthapuram and
Alappuzha
Rajphos . 5 Thiruvananthapuram

Complex fertilizers

Factamphos ‘ 10 Alappuzha and

i Thiruvananthapuram
Diammonium phosphate 5 Thiruvananthapuram
Suphala (15 : 15 : 15)- 5 Thiruvananthapuram
Vijay complex (17 : 17 : 17) 5 Thiruvananthapuram

3.1.1.4. Collection »of manures

Ten random samples each of the following manures were collected

from locations as noted below.

1. Sewage sludge from sewage farm, Valiyathura, Thiruvananthapuram

2. Vermicompost from households in the Kalliyoor village of Thiruvananthapuram

district under the vermicultre demonstration scheme of the Department of
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Agricultural Extension and from the Instructional Farm of the College of

Agriculture, Vellayani

3. Ordinary compost prepared from household wastes in homesteads in the

villages of Kalliyoor and Venganoor in Thiruvananthapuram district

4. Dung from cows of the above homesteads fed on fodder grass from sewage

farm and those not fed on fodder from sewage farm were seperately collected.

3.1.1.5. Collection of plant samples

Whole plant samples (10 each) of rice, amaranthus, cowpea,
graminaceous fodder and leguminous fodder were collected from the locations
mentioned under 3.1.1.1 and 3.1.1.2 above. The plants were first washed in
running water and then in distilled water, pressed between folds of blotting
paper, dried in shade, separated into roots, edible and hon-edible parts and
dried in an electric air oven at 65°C. The dried samples were finely ground

in an agate mortar and stored in air tight containers.

3.1.2. Chemical analysis
3.1.2.1. Soils

3.1.2.1.1. Total heavy metals

One gram soil sample was digested vs}ith 15 ml of a mixture of 10 ml
concentrated H,8O, and 5 ml HCIO, in a 100ml conical flask, evaporated to
incipient dryness, extracted with 50 ml boiling IN HCI, filtered and made up
to 100 ml. The heavy metal concentrations (Zn, Cu, Pb, Ni and Cd) in these

extracts were measured in an atomic absorption spectrophotometer (AOAC, 1980).
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3.1.2.1.2. DTPA extractable heavy metals

Ten gram of soil was mixed with 20 ml of DTPA - TEA solution (0.005
M) in polythene bottles and were shaken for two hours and filterd through
Whatman No. 42 filter paper. Extractable heavy metals in the extract were

measured in an atomic absorption spectrophotometer (Jackson, 1973).

Statistical analysis

The data generated from the soil analysis described above were
subjected to suitable statistical analysis to estimate the degree of variability of the

content of heavy metals in the soil samples collected from each location.

3.1.2.2. Fertilizers

.
i

One gram of the well ground fertilizer sa'mple was dissolved in 10 ml
of concentrated HCI in a 100 ml spouted beaker and evaporated almost to
dryness. The residue was redissolved in 2 N HCI by gentle boiling. The
solution was filtered through Whatman No.1 filter paper into a 100 ml
volumetric flask, diluted to volume with double distilled water. This solution
was used for the determina.tion of Zn, Cu, Pb, Ni and Cd using the standard

conditions for each element in an atomic absorption spectrophotometer (Everson, 1975).

3.1.2.3. Manures

One gram of the finely ground sample was digested with 10 ml of
concentrated HNO; and 3 ml HC1O, in a 100 ml conical flask and evaporated

to dryness. The residue was dissolved in 5 ml of 6N HCI and made upto 50 ml
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with double distilled water and used for the determination of total Zn, Cu, Pb, Ni
and Cd using the standard conditions for each element in an atomic absorption

spectrophometer (AOAC, 1980).

The extractable content of these elements in manures were estimated

as in 3.1.2.1.2.

3.1.2.4. Plants

The content of Zn, Cu, Pb, Ni and Cd was estimated in the extracts of
plant samples prepared as under 3.1.2.3 above by direct reading in an atomic

absorption spectrophotometer.

Statistical analysis

»
’

The degree of variability in the content of heavy metals in rice samples
collected from different locations were estimated as suggested by Panse and

Sukhatme (1967).

3.2. Pattern of retention of applied Cd and Ni in different soil types

The pattern of retention of Cd and Ni in six different soil types of
Kerala was studied by taking their core samples in PVC columns and
equilibrating with known amount of Cd and Ni for thirty days under specified
moisture conditions. The influence of organic matter in modifying the pattern
was also studied by including FYM in one set of soil column. The details of

the experiment and the soil samples used for the study are described here.
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The description of the soil types used for the column study is given

below.

Location

Common name

Taxonomic name

Upland soils

Kayamkulam

Kottarakkara
Thiruvallam
Wetland rice soils

Vettikavala
(Kottarakkara)

Karumadi
(Kuttanadu)

Mangalam kayal
(Kuttanadu)

Sandy Onattukara

Laterite soil

Red soil

Lateritic alluvium

kari soil

kayal soil

Oxyaquic
Quartzipsament

Typic Plinthustult

Rhodic Haplustox

Typic Tropaquept

Typic Sulfaquent

Typic Hydraquent

2.1. Collection of core samples

Two core samples each were collected from the following six locations
during May, 1997 before the onset of south west monsoon. PVC tubes of 10
cm diameter and 60 cm length were placed on the soil surface, covered witha

wooden plank and driven into the soil with a wooden hammer to a depth of
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" 50cm. The tubes were carefully withdrawn and both ends were closed with PVC
caps, kept in an erect position and transported to the College of Agiculture,
Vellayani. The soil columns were placed in an erect position with the help of

metallic stands and clamps.

The wetland soils were flooded to maintain a layer of 5 cm water on
the surface and the upland soils were maintained at field moisture capacity by
pouring calculated quantity of distilled water. The base of flooded soil columns

were covered with gauze cloth and closed with a PVC cap (5cm long), sealing

the joint with m-seal.

The basic physico-chemical properties of soils relevant to the study
were determined by standard analytical procedures as outlined by Jackson

(1973) and are given in Table 2.

Samples were separately collected from each 10 cm segment to a depth

of 50 cm for all the above soil types and analysed for total and extractable Cd

and Ni as given under 3.1.2.1.

Experimental details

Uniformly dried and powdered FYM, to represent a level of 10 t ha"! '
was mixed with surface 10 cm of soil in one set of each soil column. Solutions of
CdCl,.2H,0 and NiCl,.6H,0 to supply 10 and 100 mg Cd and Ni per kg of soil
were poured on the surface of soil in all columns, mixed with the upper 15 cm and
maintained at the prescribed water Ievels for a period of 30 days. After 30 days,
the standing water in submerged soil columns was completely drained and collected
along with leachate in labelled containers. Each soil column was then cut into
five segments of 10 cm length with a hack saw blade and soil from each segment

was transferred to labelled plastic containers.



Table 2. Basic physico-chemical properties of soils used in column study

Organic Clay CEC Cadmium Nickel
Soil type pH matter content (cmol (P*) kg!) mg kg-! mg kg!
(%) (%)
Total Extractable Total Extractable

Sandy Onattukara 6.2 0.5 6.2 5.2 5.3 0.10 23.3 0.50
Laterite soil 5.7 1.7 30.4 6.9 6.8 0.18 43.6 1.30
Red soil 5.2 1.4 39.5 7.5 2.8 0.12 16.8 0.13
Lateritic alluvium 5.5 2.2 38.2 8.8 4.3 0.11 50.3 0.48
kari soil 3.9 8.5 52.5 31.6 2.2 0.06 26.9 0.53
kayal soil 4.6 8.1 53.1 37.5 3.5 0.15 453 0.90

oS
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These soils were then air dried, powdered with a wooden mallet, passed
through 2 mm plastic sieve and analysed for total and extractable Cd and Ni as
given under 3.1.2.1. The leachate collected from wetland soil columns was also

analysed for Cd and Ni as above.

3. Influence of applied Cd and Ni on the growth and yield of plants

This experiment was conducted to study the effect of graded levels of Cd
and Ni on the pattern of growth, yield, nutrient uptake and accumulation of Cd
and Ni in different plant parts. Three important crops in Kerala viz., rice, sesame
and cowpea were used for the study. Levels of Cd and Ni which permitted the
establishment and growth were selected in each crop as the upper limit. Weather
data recorded at College of Agriculture, Vellayani during the cropping period is
given in Fig. 1. Chemical composition of manures and fertilizers used for the pot

culture study is given below. '

Analysis of manures, fertilizers and lime used in the pot culture studies

Content of
Materials Nutrient composition
Cd Ni
(mg kg!) (mgkg?)
FYM 0.5% N, 0.32% P, 0.25% K 1.8 4.4
- Urea 46% N 0.9 1.0
Super phosphate 16% P 20.4 29.8
Factamphos 20% N, 20% P 18.2 11.0
Muriate of potash ~ 60% K 1.7 2.9
Burnt Jime 71% Ca Traces 0.5
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3.3.1. Experiment with rice (Oryza sativa L.)

A pot culture experiment using rice var. Jyothi was conducted during
Octobe; 1996 to March 1997 at the College of Agriculture, Vellayani, using a

lateritic alluvial soil (Aquic Ustipsamment) collected from the rice fields in Nemom,

a village adjacent to Vellayani.

The soil was air dried, powdered and 8.0 kg was placed in earthern
pots of 30 cm diameter, puddled and maintained in a waterlogged condition.

The physico-chemical properties of the soil are given in Table 3.

Table 3. Physico-chemical properties of the soils used in pot culture studies

Common name Lateritic Sandy Red soil
alluvium Onattukara

A. Mechanical composition

Sand (per cent) . 57.80 87.40 48.52
Silt (per cent) 19.70 6.00 27.50
Clay (per cent) 20.10 5.50 23.10
Texture Sandy Sandy Sandy
clay loam loam clay loam
pH 5.30 6.00 5.00
CEC (cmol (pH)kg! 8.20 5.30 7.20
Organic carbon (per cent) 1.57 0.40 0.82

B. Chemical characteristics

Total N (per cent) 0.070 0.045 0.051
Total P,O5 (per cent) 0.080 0.120 0.070
Total K,O (per cent) 0.12 . 0.019 0.430
Total Cd (mg kg™) 2.90 5.00 "2.30
Total Ni (mg kg™ 26.20 15.10 19.10
Available N (kg ha'!) 430.00 106.00 228.00
Available P,Os (kg ha'') 56.30 45.00 18.50
Available K,0 (kg ha'!) 286.00 74.00 126.00
Extractable Cd (mg kg™!) 0.08 0.10 0.06

Extractable Ni (mg kg'!) 0.23 0.12 0.10
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3.3.1.1. Influence of Cd on rice |

The treatments were given as follows in a completely randomised design

in three replications

To - Absolute control (without any inputs)

T, - Fertilizers + FYM + lime °
T, - Fertilizers + lime

T; - T,+Cd 5mgkg! soil

T, - T, +Cd15mg kg-! soil

Ts - T, +Cd25mgkg!soil

T, - T,+Cd 5mgkg! soil

T, - T,+Cd15mg kg! soil

Ty - T,+Cd25mgkg! soil

Fertilizers, FYM and lime were given as per package of practices
recommendation of the Kerala Agricultural University (KAU, 1993). NPK at the
’ rate of 70-35-35 kg ha™! as urea, factamphos and muriate of potash were applied
on the transplanting day. Uniformly dried and powdered FYM at the rate of 5 t
ha"! was applied 10 days before transplanting. Fully burnt lime with a neutralising
value of 99% was applied to each pot at the rate of 600 kg ha"! one day before
transplanting. A stock solution of CdCl,.2H,0 was prepared in water and the
quantity required to provide the prescribed amount of Cd in each treatment was
applied before transplanting rice seedlings. Three seedlings (18 days old) were
transplanted in each pot and water level was maintained at 5 cm after two days.

Pests and disease infected plant parts were removed by hand. No plant protection

chemicals were used.
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Observations

Biometric characters like height of plant, number of total and productive
tillers and yield characters like length of panicle, number of spikelets per
panicle, total number of grains and number of filled grains per panicle were

recorded at the time of harvest. Number of days to flowering and harvest

were also noted.

At the time of harvest the entire plants along wih roots in each pot were
carefully removed, washed free of adhering soil particles, dried between folds of
blotting paper and air dried. Plants were then separated into roots, straw and
earheads, ovendried at 65°C and total dry matter produced per pot was estimated.
The earheads were removed and grains separated into filled and unfilled grains.

Weight of grain and hundred grain weight were noted and chaff percentage was

calculated.

Plant analysis

The oven dried roots, straw and grains were powdered and stored in air
tight containers and analysed for N, P, K, Ca, Mg and Cd following standard

procedures outlined in AOAC (1980) and Piper (1944).

Post harvest studies on rice grains

Starch content

Starch content in rice grains was estimated by the method described in

AOAC (1980).
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Germination

Germination was tested by keeping 50 seeds on a filter paper kept in

petridish moistened with distilled water. Germination percentage was recorded

on the seventh day.

3.3.1.2. Influence of Ni on rice

This experiment was conducted as described in the study on the

influence of Cd on rice. The treatments were the same except that the levels

of Ni used were different as shown below

Treatments
T, - Absolute control (without any inputs)
T, - Fertilizers + FYM + lime
T, —  Fertilizers + lime
T, - T, +Ni50mg kg! soil
Ty, - T,+Ni75mgkg! soil
Ty - T+ Nil00 mgkg! soil
Tg - T,+Ni 50 mgkg! soil
T, - T, + Ni 75 mg kg! soil
T, - T, + Ni 100 mg kg! soil

Each treatment was replicated thrice and Ni was supplied as a solution
of NiCl,.6H,0 in water.
Observations

Biometric and yield characters, plant analysis and post harvest studies

on rice grains were made as described under 3.3.1.1.
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3.3.2. Experiment with sesame (Sesamum indiciun)

Details of the pot culture experiment to study the effect of Cd and Ni on sesame
(Sesamum indicum) an important oil seed crop of Kerala cultivated in the sandy soils of
Onattukara region (Oxyaquic Quartzipsamment) are presented. Sandy soil of the
Onattukara region was collected from the garden land of the Rice Research Station,
Kayamkulam, brought to the College of Agriculture, Vellayani, air dried and filled in
earthern pots of 30 cm diameter at the rate of 8 kg per pot. The experiment was conducted
during Jan_uary to April, 1997 corresponding to the third crop season of sesame in

Onattukara. The details of physico-chemical properties of soil used in the study are

given in Table 3.

One set of pots were used for studying the effect of Cd and another set

for the effect of Ni as per the following treatments.

3.3.2.1. Influence of Cd on sesame

The following treatments were given in a CRD

T, - Absolute control (without any inputs)
T, —  Fertilizers + FYM + lime

T, - Fertilizers + lime

T, - T;+Cd 5mg kg! soil

T, — T, +Cd 15 mg kg! soil

T - T, +Cd25mgkg! soil

Ty - T,+Cd 5mg kg-! soil

T, - T,+Cd15mgkg! soil

T, - T, +Cd 25 mg kg'! soil

The treatments were replicated thrice in.a CRD. The fertilizers were

given as per the POP recommendations for sesame of the Kerala Agricultural
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University (KAU, 1993) at the rate of 30-15-30 kg ha"! N, P and K as urea,
factamphos and MOP. FYM was used at the rate of 5 t ha"! and cadmium was

provided as a solution of CdCl,.2H,0 in water.

Ten seeds of sesame var. Thilak was sown in each pot and population
thinned to two plants. The plants were given light irrigation. One dusting with 10
per cent carbaryl and one spray with 0.2 per cent carbaryl were given as plant

protection measure against leaf and pod caterpillar and gall fly respectively.

Observations

Biometric characters like height of plant, number of branches, leaves,
nodes and yield components like number and weight of capsules per plant and

100 seed weight were recorded at the time of harvest. Days to flowering and

harvesting were also noted.

When the capsules were mature, the plants from each pot were carcfully
uprooted along with the roots, washed free of adhering soil particles and air
dried by keeping in brown paper covers and oven dried at 65°C. After

determining the total dry matter, the plants were separated into tops and roots

and the capsules separated from the tops.

Plant anlysis

Roots, haulm and seeds were powdered and analysed for N, P, K, Ca,

Mg and Cd following standard analytical procedures as described earlier.

Post harvest studies on sesame

Qil content

Content of oil was estimated by cold percolation method (Kartha and

Seth, 1957).
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Germination

50 seeds were placed in petridishes moistened with distilled water and

germination percentage was recorded on seventh day.

3.3.2.2. Influence of Ni on sesame

This experiment was conducted as described above with the following

treatments replicated three times in a CRD.

Ty —  Absolute control (without any inputs)
T, - Fertilizers + FYM + lime

T, . Fertilizers + lime

T, - T, +Ni 5mg kg-! soil

T4 - T, +Nil5mg kg™t soil

T - T, +Ni25mgkg! soil

Te - T,+Ni 5mg kg"! soil

T, - T,+Nil5mgkg"' soil

Tg - T, +Ni25mgkg! soil

Nickel was given as a solution of NiCl,.6H,0 in water.

Biometric observations, plant analysis and post harvest studies were

made as under 3.3.2.1
3.3.3. Experiment with cowpea (Vigna unguiculata)

The ];ot culture studies with conea were conducted in the red soil
(Rhodic Haplustox) of the Instructional Farm, College of Agriculture, Vellayani
during March to May, 1997. Two plants of cowpea var. C152 were grown in
earthen pots of 20 cm diameter filled with 5 kg soil treated as follows and

replicated six times in a CRD. Three replications were used for destructive
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sampling of plants at maximum flowering stage. Table 3. presents the physico

chemical properties of the soil used.

3.3.3.1. Influence of Cd on cowpea

The treatments used in the pot experiment were as follows

Ty - Absolute control (without any inputs)
T, E Fertilizers + FYM + lime

T, - Fertilizers + lime

T;, - T,+Cd 5mgkg’! soil

T, - T,+Cd!15mgkg! soil

T - T, +Cd25mgkg! soil

T - T,+Cd 5mg kg! soil

T, - T,+CdI15mgkg! soil

Tg -  T,+Cd25mgkg! soil

Fertilizers, lime and FYM were applied as per package of practices
recommendation of KAU (KAU, 1993). NPK were given at the rate of 20-
30-10 kg ha"! as urea, super phosphate and muriate of potash. Lime and
FYM were added at the rate of 250 kg and 20 t ha'! respectively. The
plants were irrigated daily and two sprays of malathion (0.05%) for
controﬂing pea aphids and one spray of carbaryl (0.2%) to protect the crop

from pod borers were given as plant protection measure.
Observations
Maximum flowering stage

Observations on height of plant and number of leaves per plant as

well as days to flowering were recorded. The plants were very carefully



66

removed from the pot along with roots and nodules, after lavishly wetting the
soil, washed free of soil and separated into tops and roots. The nodules were
removed from the roots, counted separtely and weight of nodule per plant was

recorded. Dry weight of roots and tops was also determined after drying in an

oven at 65°C.

Plant analysis

Oven dried samples of tops and roots were powdered and analysed for
N, P, K, Ca, Mg and Cd following standard analytical procedures as described

earlier. N content in nodules was determined by Kjeldhal method.

Harvest stage

Observations on biometric characters like height, number of leaves,

branches and peduncles per plant, number of seeds per pod, total seed and haulm

yield including roots as well as number of days for harvesting were recorded.

Total dry matter was estimated after drying the plant parts in an oven at 65°C.

Plant anlysis

Oven dried and powdered samples of seeds, haulm and roots were
analysed for N, P, K, Ca, Mg and Cd. Protein confent in grains was expressed

by multiplying N conent with the factor 6.25.

Post harvest studies

Germination percentage was determined as described for sesame and

rice.
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3.3.3.2. Influence of Ni on cowpea

The treatments adopted for this experiment were as follows. Ni was

supplied as an aqueous solution of NiCl,.6H,0.

T, - Absolute control (without any inputs)
T, - Fertilizers + FYM + lime

T, - Fertilizers + lime

T, - T,+Ni 5mg kg-! soil

T, - T, +Nil5mg kg! soil

T, - T, + Ni 25 mg kg! soil

Te - T,+Ni 5mg kg! soil

T, - T, +Ni 15 mg kgl soil -

Tg - T,+Ni25mg kg! soil

Observations on biometric and growth characters and plant analysis

were made at maximum flowering stage and harvest as in the experiment with

Cd.

Statistical analysis

" The data generated from the pot culture experiments were subjected to

analysis of variance technique (ANOVA) in CRD as suggested by Cochran and

_ Cox (1962).
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RESULTS

Data on the status of Zn, Cu, Pb, Ni and Cd in the soils, fertilizers and

manures used as inputs in agriculture and plants collected from the locations

described in chapter 3 are presented.

4.1.1. Heavy metal status in soils

The soils collected for the study represent soil samples from important
wetland rice soils and upland soils cultivated to vegetables and fodder in
different parts of the state. The data presented in tables 4 to 10 indicate the
loading of Cu, Zn, Ni, Pb and Cd in each soil showing their total and
extractable content. The status of each heavy metal is presented in the order
of their abundance in soil. The results have shown that the content of

extractable heavy metals in all the soils is very low compared to their total

content.

Copper

‘As seen from tables 4-10, Cu is the most abundant heavy metal present
both in wetland and upland soils. The content of Cu was highest in plots
cultivated to vegetables in Pathanamthitta and Alapuzha districts where it ranged
from 38.5 to 159.0, with an average value of 84.4 mg kg! (Table 9). In the
other upland soils, as seen from Table 8, total Cu content ranged from 31.3 to
62.7 with a mean value of 46.0 mg kg™! in the vegetable plots of Instructional
farm, Vellayani and in the fodder plots of sewage farm, Valiyathura, total Cu content

was in the range of 20.1 to 48.4 with a mean value of 29.3 mg kg-! (Table 10).
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The ranges of extractable Cu content in the above three locations were
1.5t0 5.8, 0.56 to 2.62 and 0.06 to 0.21 mg kg™! with means of 3.60, 1.10 and

0.15 mg kg"! (Tables 9, 8 and 10)

Among the wetland soils, total content of Cu was highest in the PME
plots and farmer’s field at Moncumpu and ranged from 63.5 to 87.8 mg kg"!
with an average value of 77.9 mg kg! as seen from Table 5. The highest
content of 87.8 mg kg'! was recorded in the plots receiving fertilizers and lime
as per package of practices along with straw as treatment. The lowest
content of 63.5 mg kg™! was noted in the absolute control plots. The extractable

content was very low and it ranged from 1.9 to 3.0 mg kg'! with an average of

2.5 mg kg!l.

In the PME plots and farmer’s ficlds at Kayamkulam (Table 6), the total
Cu content ranged from 60.0 to 79.0 with a mean of 65.3 mg kg'!. The maximum
and minimum values of 79.0 and 60.0 mg kg~! were noted in.samp(es S, and S
(Table 1c) collected from plots receiving FYM alone as treatment and absolute

control plots respectively. Extractable content of Cu ranged from 1.8 to 3.0 with

a mean of 2.5 mg kg-!.

The total content of Cu in the PME plots and farmer’s fields at Pattambi
ranged from 39.2 to 68.4 mg kg"! with a mean of 55.9 mg kg'!, the maximum and
minimum values being recorded in samples (Table 1a), collected from plots
receiving cattle manure along with NPK fertilizers (S5) and ammonium sulphate
alone (S4) as treatments. Range value for extractable Cu content was 1.2 to 4.3

mg kg™! with a mean of 2.3 mg kg™! (Table 4).



Table 4. Content of heavy metals (mg kg™!) in the PME plots and farmer's fields (rice) - Pattambi

Copper . Zinc Nickel Lead Cadmium

Sample )

No. Total Extractable Total Extractable Total Extractable Total Extractable Total Extractable
S1 62.7 2.8 40.1 - 6.0 50.6 0.40 28.0 2.6 2.5 0.04
S2 41.1 - 1.5 24.6 2.1 53.5 0.28 28.5 2.9 2.0 0.04
33 60.8 2.9 30.8 34 589 0.50 29.4 2.7 2.2 0.04
S4 39.2 1.2 24.8 2.2 53.7 0.54 25.8 2.4 22 0.04
S5 68.4 23 29.1 2.6 S3.1 0.44 30.4 2.6 2.1 0.02
S6 66.5 24 34.8 4.4 53.0 0.26 273 2.5 2.1 0.06
S7 58.4 23 22.8 1.8 46.4 0.50 25.7 2.1 22 0.04
S8 44.2 1.3 22.6 1.6 49.2 0.50 28.9 2.4 2.1 0.06
S9 61.6 43 26.1 2.8 524 0.50 29.2 2.4 2.2 0.06
S10 56.1 2.0 25.1 2.6 50.1 0.48 25.7 2.5 22 0.06

Mean 55.9 23 28.1 2.9 52.1 0.44 279 2.5 2.2 0.05

CV(%) 56.9 117.2 62.1 146.0 19.1 66.4 162 25.5 37.6 86.2

0L



Table 5. Content of heavy metals (mg kg!) in the PME plots and farmer's field (rice) - Moncumpu

Copper Zinc Nickel Lead Cadmium

Sample ;

No. Total  Extractable Total Extractable Total Extractable Total Extractable Total Extractable
S1 63.5 2.2 68.1 1:4 34.7 1.5 10.6 2.1 1.7 0.04
S2 71.2 1.9 79.3 1.8 349 1.5 10.3 1.8 23 0.04
S3 74.9 2.4 74.1 1.3 40.1 2.2 11.5 1.8 1.9 0.02
S4 75.5 2.4 752 0.9 54.9 3.1 12.8 2.1 3.2 0.08
S5 84.6 2.8 80.4 1.6 46.2 2.6 10.5 2.0 2.0 0.04
S6 78.3 2.0 78.5 1.4 563 3. 13.2 23 22 0.06
S7 81.2 2.8 88.6 1.7 58.5 3.8 12.6 24 3.6 0.08
S8 87.8 3.0 82.0 1.5 65.1 4.0 13.3 2.0 3.4 0.04
S9 87.0 3.0 82.7 1.4 63.8 3.8 T 117 2.1 3.4 0.02
S10 75.2 2.8 80.2 2.0 44.7 2.1 12.9 2.0 32 0.04

Mean 77.9 2.5 78.9 1.5 49.9 2.8 11.9 2.1 2.7 0.05

CV(%) 29.0 48.1 21.0 60.4 68.1 103. 29.4 27.6 81.7 138.2

(7



Table 6. Content of heavy metals (mg kg™!) in the PME plots and farmer's fields (rice) - Kayamkulam

Copper | Zinc Nickel ~ Lead Cadmium

Sample -

No. Total  Extractable Total Extractable Total Extractable Total Extractable Total Extractable
S1 79.0 3.0 35.6 2;5 19.8 0.17 8.8 1.9 5.9 0.10
S2 63.5 2.4 233 1.4 15.2 0.10 5.8 1.7 3.1 0.06
S3 61.4 2.6 24.1 0.9 25.2 0.20 4.6 1.3 7.0 0.12
S4 60.1 . 20 239 1.5 16.5 0.12 44 1.4 32 0.06
S5 60.2 2.4 25.4 0.9 18.9 0.12 7.5 1.8 6.4 0.08
S6 65.8 2.6 23.2 1.1 - 20.6 0.14 13 1.8 6.0 0.08
S7 75.6 3.0 346 . 2.6 27.4 0.22 8.4 2.1 7.2 0.10
S8 60.0 1.8 15.8 1.0 15.0 0.12 4.9 1.5 - 3.0 0.08
S9 65.0 2.5 18.2 1.1 211 0.15 5.8 200 32 0.06
S10 62.6 2.3 17.8 1.1 20.9 0.14 58 1.8 33 0.06
Mean 65.3 2.5 249 1.4 20.1 0.15 6.4 1.7 4.9 0.08
CV(%) 30.7 46.4 74.4 129.6 60.5 77.5 73.4 449 115.1 72.8

cL



Table 7. Content of heavy metals (mg kg™!) in the farmer's fields (rice) — kari land

Copper Zinc Nickel . Lead Cadmium
Sample Location
No. Total Extractable Total Extractable Total Extractable Total Extractable Total Extractable
1 Tharayakkari 18.9 0.3 15.5 0.9 324 0.6 17.6 3.1 2.3 0.06
2 Thakazhi 15.7 0.2 20.5 1.0 353 1.2 18.6 3.0 2.3 0.06
3 Muonorampadavu  15.9 0.6 19.5 1.0 30.5 0.6 20.4 4.2 1.5 0.04
4 Kalleppuram 187 0.9 28.8 1.6 .30.8 1.1- 21.1 4.6 2.4 | 0.06
5 Kavilthekkumpuram  18.3 0.8 40.2 2.5 29.0 0.8 243 4.8 2.0 0.06
6 Valiyathuruthu 16.9 0.8 41.5 2.6 32.6 0.9 20.8 4.2 29 0.08
7 Cheriyathuruthu 21.8 1.6 274 1.3 27.1 0.6 15.7 4.0 1.6 0.04
7 Ezhavankari 13.1 0.2 23.1 1.1 304 0.6 25.2 6.4 1.3 0.04
9 Karuvarta 14.4 0.2 30.8 1.6 30.9 0.7 20.1 6.0 1.9 0.06
10 Varikkattukari 18.7 1.0 314 1.5 353 0.7 229 5.8 22 0.08
Mean 17.2 0.7 27.9 1.5 314 0.8 20.7 4.6 2.0 0.06
CV(%) 443 206.9 92.2 120.1 245 84.7 42.6 75.7 70.8 76.3

1574



Table 8. Content of heavy metals (mg kg"!) in the vegetable plots of Instructional Farm, Vellayani

Copper

Zinc

Nickel Lead Cadmium
Sample '
No. Total Extractable Total Extractable Total Extractable Total Extractable Total Extractable
1 62.7 2.62 18.4 1.36 26.5 0.10 20.2 4.3 3.3 0.10
2 452 0.76 8.3 0.67 20.4 0.09 14.7 2.3 3.1 0.08
3 44.6 0.76 8.0 0.61 20.7 0.09 13.5 2.1 2.2 0.07
4 313 0.57 8.0 0.60 18.0 0.07 11.8 1.9 3.5 0.10
5 49.2 0.76 17.9 1.48 21.1 0.09 14.5 23 4.1 0.11°
6 325 0.56 8.0 0.55 19.3 0.07 13.4 2.1 3.4 0.10
7 46.7 0.74 8.7 0.56 19.6 0.08 14.5 2.2 3.7 0.12
8 60.8 2.58 19.5 1.40 25.4 0.10 20.0 42 4.3 0.12
9 41.8 0.78 é.l 0.64 18.2 0.08 142 23 2.0 0.09
10 45.1 0.76 10.5 0.62 18.1 0.07 14.0 1.8 23 0.09
Mean 46.0 1.10 11.5 0.9 20.7 0.08 15.1 2.6 32 0.10
C.V (%) 66.2 220.5 128.5 138.5 43.0 41.9 55.2 118.3 74.4 49.6

17



Table 9. Content of heavy metals (mg kg™') in the vegetable plots of Alapuzha and Pathanamthitta districts

Copper Zinc Nickel _ Lead Cadmium
Sample Location

No. Total = Extractable Total Extractable Total Extractable Total Extractable Total Extractable

1 Kayamkulam 68.1 1.5 24.5 | 1.4 332 0.50 17.9 2.5 22 0.06

2 Krishnapuram 62.5 3.6 42.7 1.3 31.5 0.49 224 21 3.1 0.08

3 Venmony east 40.4 2.1 385 3.5 43.1 0.52 19.6 23 1.2 0.08

4 Venmony west 38.5 2.0 37.6 34 40.6 0.44 19.8 2.2 1.0 0.08

5 Kollakadavu 56.2 3.1 30.0 35 51.2 0.50 249 22 1.0 0.04

6 Kidanganooreast  159.0 5.8 62.4 4.2 46.3 0.51 21.7 2.8 4.1 0.10

7 Kidanganoor south  108.0 4.6 64.1 4.5 48.0 0.42 222 2.8 3.6 0.10

8 Mekkozhoornorth ~ 90.7 43 476 . 34 45.7 0.54 17.8 2.0 1.6 0.08

9 Mekkozhoorsouth  91.0 44 48.2 | 34 39.4 0.41 17.5 20 1.0 0.08

10 Elanthoor 129.2 4.1 39.8 3.6 50.9 0.48 25.1 2.6 1.0 0.06

Mean 84.4 3.6 43.5 3.2 43.0 0.48 209 2.4 2.0 0.08

C.V(%) 139.2 115.0 87.1 98.2 47.7 27.2 40.4 39.1 182.2 725

274



Table 10. Content of heavy metals (mg kg™) in the fodder plots of sewage farm, Valiyathura

Sample - Name of

Zinc

Copper

Nickel

Lead

Cadmium

No. fodder Total Extractable Total Extractable Total Extractable Total Extractable Total Extractable
1 98.1 11.1 21.3 :0.10 24.9 2.0 17.1 2.6 6.4 0.09
2 Guinea grass 53.7 4,2 20.6 0.11 24.7 1.8 26.0 4.1 6.1 0.09
3 53.9 4.1 20.1 0.09 25.0 2.6 15.9 2.5 8.5 0.12
4 69.2 5.5 31.4 0.21 30.5 3.4 19.8 2.9 12.0 0.10
5 Para grass 782 54 27.0 0.20 24 6 1.7 29.5 6.5 5.1 0.10
6 103.4 17.6 20.3 0.14 242 1.6 25.7 32 43 0.10
7 59.8 42 43.2 0.24 249 1.8 27.9 5.3 11.2 0.12
8 Népicr grass 81.8 10.3 30.8 0.27 28.1 3.0 18.3 2.9 10.4 0.10
9 76.9 23.1 48 .4 0.06 28.8 3.1 29.5 6.5 8.1 0.09

Subabool

10 89.3 23.8 29.7 0.06 27.4 2.9 26.0 3.7 7.5 0.09
Mean 76.4 10.9 29.3 0.15 26.3 2.4 23.6 4.0 8.0 0.10
C.V(%) 68.6 2157 101.1 154.9 25.8 85.2 66.8 115.5 97.9 34.6

9.
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Total Cu content in soil samples {rom farmer’s ficlds of kari lands was
the lowest and ranged from 13.1to 21.8 mgkg™! with a mean of 17.2 mg

kgl. The extractable content of Cu ranged from 0.2 to 1.6 mg kg!

(Table 7).

Zinc

As seen from Tables 4 to ‘10,' Zn content was highest in the PME plots
and farmer’s fields at Moncompu, ranging from 68.1 to 88.6 mg kg™! with a
mean of 78.9 mg kg-!. The maximum and minimum values were recorded by
samples S, and S, (Table 1b) receiving NPK fertilizers along with straw and PME

absolute control plots. The extractable content ranged from 0.9 to 2.0 mg kg~

with a mean of 1.5 mg kg"l (Table §).

The total Zn content in the PME plots and farmer’s field at Pattambi
(Table 4) was lower and ranged from 22.6 to 40.1 mg kg'! with a mean of 28.1
mg kg'!. The maximum and minimum values of 40.1 and 22.6 mg kg™! were
recorded by S; and Sy (Table 1a) receiving NPK fertilizers and cattle manure

alone as treatments. The extractable content of Zn ranged from 1.6 to 6.0

mg kg" with a mean of 2.9 mg kg".

The total content of Zn in rice soils of 4ari lands ranged from 15.5 to
41.5 mg kg™! with a mean of 27.9 mg kg-!. The extractable content ranged

from 0.9 to 2.6 with a mean of 1.5 mg kg"! (Table 7).

Among the wetlands, the total Zn content was lowest in the PME plots and
farmer’s fields at Kayamkulam, where it ranged from 15.8 to 35.6 mg kg! with a
mean of 24.9 mg kg'!. The maximum and minimum values of 35.6 and 15.8 mg

kg'! were noted in S, and S, (Table Ic) collected from PME plots receiving cattle
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manure alone as treatment and PME absolute control plots. The extractable content

ranged from 0.9 to 2.6 mg kg™! with a mean of 1.4 mg kg™t (Table 6).

In the upland soils, total Zn content was highest and ranged from 53.7
to 103.4 mg kg'! with a mean value of 76.4 mg kg'! in the fodder plots of
sewage farm. The extractable content ranged from 4.1 to 23.8 mg kg! with a
mean of 10.9 mg kg'! (Table 10). In the vegetable plots of Alapuzha and
Pathanamthitta districts, the total Zn content ranged from 24.5 to 64.1 with a
mean of 43.5 mg kg'!. The extractable content ranged from 1.3 to 4.5 mg kg"!
with a mean of 3.2 mg kg-! (Table 9). The total and extractable Zn content
was lowest and ranged from 8.0 to 19.5 and 0.55 to 1.48 mg kg'! with means

of 11.5 and 0.9 mg kg"! in the vegetable plots of Instuctional Farm, Vellayani

(Table 8).

Nickel

Total and extractable nickel content was maximum and ranged in the
wetland soils from 46.4 to 58.9 and 0.26 to 0.54 mg kg'! with mean values
of 52.1 and 0.44 mg kg! in the PME plots and farmer’s fields at Pattambi
(Table 4). The maximum and minimum values of 58.9 and 46.4 mg kg! were
noted in S; and S, (Table 1a) collected from the PME plots receiving organic

manures alone and organic manures along with NPK fertilizers as treatments.

In the PME plots and farmer’s field at Moncompu, total Ni content
was in the range of 34.7 to 65.1 mg kg-! with a mean value of 49.9 mg kg™!
(Table 5). The maximum and minimum values were noted in Sg and S, (Table
1b) from plots receiving NPK fertilizers with lime and absolute control plots.

The extractable Ni content ranged from 1.5 to 4.0 mg kg™ with a mean value of

2.8 mg kg™l
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It may be seen from Table 7 that the total and extractable Ni content
in the ten soil samples collected from kari lands ranged from 27.1 to 35.3 and

0.6 to 1.2 mg kg~! with mean values of 31.4 and 0.8 mg kg™!.

In"the rice PME plots and farmer’s fields at Kayamkulam, the total
extractable Ni content was lowest and ranged from 15.0 to 27.4 and 0.10 to
0.22 mg kg! with mean values of 20.1 and 0.15 mg kg*!. The maximum and
minimum values of 27.4 and 15.0 mg kg'! were recorded by S, and S
(Table 1¢) collected from PME plots receiving NPK fertilizers with cattle manure

as treatments and absolute control plots.

The total and extractable Ni content in the upland soils were in the
range of 31.5 to 51.2 and 0.41 to 0.54 mg kg'! with mean values of 43.0 and

0.48 mg kg'! in the vegetable plots of Alapuzha and Pathanamthitta districts

(Table 9).

The total and extractable Ni content in the fodder plots of sewage
farm, Valiyathura were in the range of 24.2 to 30.5 and 1.6 to 3.4 mg kg"! with

mean values of 26.3 and 2.4 mg kg! (Table 10).

The vegetable plots of Instructional Farm, Vellayani, recorded values
for total and extractable Ni contents in the range of 18.0 to 26.5 and 0.07 to

0.10 mg kg~! with mean values of 20.7 and 0.08 mg kg-! (Table 8).

Lead

Total content of Pb was highest and in the range of 25.7 to 30.4 mg
kg~! with a mean value of 25.7 mg kg™! in the rice PME plots and farmer’s fields

at Pattambi, the maximum and minimum values being recorded by Sg and S,
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(Table 1a). Extractable Pb content ranged from 2.1 to 2.9 mg kg! with 2 mean

of 2.5 mg kg~! (Table 4).

The total and extractable contents of Pb in soil samples collected from
farmer’s fields of kari lands ranged from 15.7 to 25.2 and 3.0 to 6.0 mg kg'!
with mean values of 20.7 and 4.6 mg kg™! (Table 7).

It may be noted from Table 5 that the total Pb content in soil samples
collected from rice PME plots and farmer’s field at Moncompu was in the
range of 10.3 to 13.3 mg kg! with a mean value of 11.9 mg kg™!, the maximum
and minimum values being recorded by Sg and S, (Table 1b). Extractaﬁle Pb

content ranged from 1.8 to 2.4 mg kg! with a mean of 2.1 mg kg 1.

As revealed from Table 6, the total and extractable Pb content in the
soil samples obtained from rice PME plots and farmer’s fields at Kayamkulam
were in the range of 4.4 to 8.8 and 1.3 to 2.1 mg kg™! with mean values of 6.4
and 1.7 mg kg*!. The maximum and minimum values of 8.8 and 4.4 mg kgl
were recorded by S; and S, (Table 1c) collected from PME plots receiving

cattle manure alone and NK fertilizers as treatments.

Among the upland soils, the total and extractable content of Pb was
highest in the fodder plots of sewage farm, Valiyathura which ranged from
17.1 to 29.5 and 2.5 to 6.5 mg kg-! with mean values of 23.6 and 4.0 mg kg™!
(Table 10).

The total and extractable Pb content in the vegetable plots of Alapuzha
and Pathanamthitta districts followed next and were in the range of 17.5 to

25.1 and'2.0 to 2.8 mg kg"! with mean values of 20.9 and 2.4 mg kg*! (Table 9).
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The vegetable plots of Instructional Farm, Vellayani recorded lowest
value for the total and extractable Pb content existing in the range of 11.8 to

20.2 and 1.8 to 4.8 mg kg™! with mean values of 15.1 and 2.6 mg kg™! (Table 8).

Cadmium

Cadmium content waé‘,highest in the fodder plots of sewage farm,
Valiyathura. The total and extractable content of Cd in these soils were in the
range of 4.3 to 12.0 and 0.09 to 0.12 mg kg"! with mean valus 8.0 and 0.10 mg
kg (Tablé 10). The vegetable plots of Instructional Farm, Vellayani followed
with a total content of cadnijum ranging from 2.0 to 4.3 mg kg*! with a mean
of 3.2 mg kg! (Table 8). The extractable content of Cd in these soils ranged
from 0.07 to 0.12 mg kg'! with a mean of 0.10 mg kg'!. The total and
extractable Cd content in the vegetable plots of Alapuzha and Pathanamthitta
districts were lower and ranged in content from 1.0 to 4.1 and 0.06 to 0.10 mg

kg~! with mean values of 2.0 and 0.08 mg kg™! (Table 9).

Tables 4 to 7 show that among the wetland soils, Cd content was
highest in the rice PME plots and farmer’s fields at Kayamkulam. The maximum
and minimum values of total Cd content were recorded in S, and Sy (Table

1¢) collected from PME plots receiving NPK fertilizers and cattle manure as

treatment and PME absolute control plots respectively.

The highest and lowest values of 3.6 and 1.7 mg kg™! were recorded in

PME plots of Moncompu receiving NPK fertilizers as treatment (S,) and PME

absolute control plots (S) (Table 1b).

The highest and lowest content of 2.5 and 2.0 mg kg~! were recorded
by S, and S, (Table la), collected from PME plots of Pattambi receiving

cattle manure and green leaf as treatments.
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It may be seen from Table 7 that the total and extractable content of Cd
in soil samples collected from farmer’s fields of kari lands was lowest and in the
range of 1.3 to 2.9 and 0.04 to 0.08 mg kg-! with mean values of 2.0 and 0.06
| mg kg"\only.

Generally, the extractable content of heavy metals showed a greater

variation than their total content in the samples collected from the same location.

4.1.2. Heavy metal content in fertilizers

Status of heavy metals in selected phosphorus containing fertilizers
collected from southern and central districts of Kerala are summarised in Table
11. The results indicated that Zn was the highest contaminant in all fertilizers

followed by Pb, Ni, Cd and Cu.

| The highest content of 1.4 to 2.9 per cent Zn was Eresent in the samples
of Rajphos and ranged from 0.05 to 0.36 per cent in the rest of the samples:
Status of Pb and Ni was highest in Mussooriephos with an average value of 598.0
and 95.6 mg kg, closely followed by Rajphos which was another type of phosphate
rock with an average of 241.0 and 56.5 mg kg™! of Pb and Ni.

All the other samples of water soluble phosphatic fertilizers contained only
much lesser amount ranging from the highest value of 140.0 and 29.8 mg kg™! Pb
and Ni in single super phosphate (SSP) to the lowest of 7.4 and 6.6 mg kg'! Pb
and Ni in Vijay (17-17-17) complex. Next in abundance is Cd, recording 20.4

.mg kgl in SSP closely followed by Factamphos (18.2 mg kg™!), Suphala (15-15-
15) complex (17.5 mg kg™!), Mussooriephos (16.6 mg kg-!) and Rajphos (12.8
mg kg'!). The other fertilizer samples were much low in Cd content. Cu was the
heavy metal element present in the least amount ranging in value from 1.6 in SSP

to 13.9 mg kg~! in Mussooriephos.



Table 11. Status of heavy metals in fertilizers (range and mean values)

Sample Name of fertilizer No. of Zinc Lead Nickel Cadmium Copper
No. samples (per cent) (mgkg!) (mgkg*) (mgkg™ (mgkg?)
1 Single super phosphate 10 0.15-0.24 112.0-232.0 25.2-35.1 16.2-23.9 1.0-2.5

(0.20) (140) (29.8) (20.4) (1.6)
2 Rock phosphates
a. Mussooriephos 5 0.05-0.12 189-922 58.4-154 13.1-20.2 10.2-22.3
(0.08) (598) (95.6) (16.6) (13.9)
b. Rajphos S 1.4-2.9 191-312 32.4-80.7 6.2-19.6 4.8-10.1
(2.0) (241) (56.5) (12.8) (7.0
3 Complex fertilizers
a. Factamphos 10 0.11-0.36 48.1-95.4 9.7-14.5 9.2-25.1 6.4-15.6
(0.27) (71.1) (11.0) (18.2) (9.6)
b. Diammonium phosphate 5 0.10-0.15 12.6-28.1 6.5-10.7 7.4-13.3 1.5-3.9
(0.13) (19.3) (9.0 (9.9) (2.5)
c. 15-15-15 5 0.18-0.31 11.7-38.2 4.9-9.9 12.8-25.3 9.1-12.4
(Suphala) 0.27) (20.6) (7.5) (17.5) (10.8)
d. 17-17-17 5 0.16-0.21 5.2-8.3 4.2-8.1 4.1-73 9.8-13.9
(Vijay complex) (0.19) (7.4) (6.6) (5.8) (11.1)

€8



Table 12. Status of heavy metals (mg kg') in manures (range and mean values)

Zinc Copper Lead Nickel Cadmium
Sample Name of manure No. of
No. samples Total Extractable Total Extractable Total Extractable Total Extractable Total Extractable
1 Sewage sludge S 327412 753932 108-147  94-158 444616 1634 149207 1724 6.1-88  0.16028
(352) (823) (127 (13.1) (54.4) 23) (174) @n (72) 023)
2 Ordinary compost 10 90.2-148 7.8-10.9 10.8-18.1 0.20-0.30 2.3-4.5 0.4-0.8 7.1-13.4 0.20-0.40 1.8-2.8 0.06-0.09
(119) 9.2) (14.0) (0.24) 3.5 (0.6) (11..3) (0.3) 2.3) (0.08)
3 Vermicompost
a. Homested waste 5 77.3-98.2 3.4-55 10.2-28.5 0.10-0.24 3.5-7.4 0.22-0.40 12.3-16.2 0.32-0.70 2.0-2.5 0.10-0.20
(83.8) (4.2) (14.0) (0.16) (5.3) .31 (14.2) (0.49) 2.3) (0.12)
b. Banana waste 5 144-293 11.2-18.1 19.3-36.1 1.3-3.0 2.3-3.2 0.13-0.21 6.1-9.2 0.11-0.22 1.1-2.9 0.04-0.08
(208) (14.0) (27.5) 2.1 2.9) 0.19) (7.5) (0.16) (1.8) (0.07Y
4 Cowdung from cows 10 79.5-111 [.8-3.0 212431 040-1.0 2934  0.10040 4667 010030 1830 004008
fed with sewage fodder (89.0) (23) (353) 03) @.n (030) 6.5 ©.17 22) (0.06)
5 Cowdung from 10 62.1-96.2 1.4-34 20.5-37.2 0.4-0.8 1.6-2.5 0.08-0.20 2.8-4.1 0.11-0.25 1.5-2.0 0.03-0.06
cows not fed with (80.2) 22 (26.8) 0.5) @.n 0.13) (G.4) (0.15) (1.8) (0.0
sewage fodder

12°]



85

4.1.3. Heavy metal content in manures

The data given in Table 12 summarise the status of heavy metals in
some of the common manures largely used in Kerala as organic supplements
along with inorganic fertilizers for various crops. It may be seen that as in the
case of fertilizers Zn was the most abundant element among the heavy metals

studied followed by Cu. Cd was present in the least magnitude in all the organic

manures.

It is clearly evident from the results that sewage sludge was loaded
with the highest amount of all heavy metals compared to the rest. The mean
values of total content of Zn, Cu, Pb, Ni and Cd in sewage sludge were 352.0,

127.0, 54.4, 17.4 and 7.2 mg kg! respectively.

Variation in the content of heavy metals was evident in vermicompost
depending on the materials used for composting.  Vermicompost made from
house hold waste recorded higher values for all the elements except Zn and
Cu compared to vermicompost made {rom banana crop residues. Appreciable
difference between ordinary compost and vermicompost was however not

apparent in the content of Pb, Ni and Cd.

The results also revealed that the dung from the cows fed with fodder
grass from the sewage farm contained a higher amount of all heavy metals

compared to dung from cows not fed on fodder grass from sewage farm.

4.1.4. Heavy metal contents in plants

The content of heavy metals in different plants collected from the same

locations of soil sample collection are presented in Tables 13-19. Among the
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five elements studied Zn was the most abundant element in plants. In all cases,

above ground plant parts registered much lower values of all heavy metals

compared to roots.

Rice

In rice samples collected from the PME and farmer’s fields at Pattambi
(Table 13), Zn content was in the range of 16.0 to 22.0 mg kg™! in grains, 33.0
to 45.8 mg kg'! in straw and in root it was in the range of 58.8 to 75.0 mg
kg!. Cu content in grains, straw and root was in the range of 10.0 to 20.5, [3.5
to 21.3 and 22.0 to {15.0 mg kg-!. Content of Pb was in the range of 6.5 to 11.0
mg kg! in grain, 8.0 to 15.3 mg kg"! in straw and 16.0 to 28.5 mg kg™! in roots.
Ni content in grain, straw and root was in the range 0.5 to 3.5, 1.0 to 6.8 and 2.0
to 9.5 mg kg~!. Content of Cd ranged from 2.0 to 3.5 mg kg"! in grain, 3.3 to

5.3 mg kg"! in straw and 4.0 to 6.5 mg kg™! in root.

As seen from Table 14, in rice samples collected from PME and
farmer’s field at Moncompu, Zn content was in the range of 9.5 to 16.5 mg kg™! in
grains, 8.8 to 22.5 mg. kg'! in straw and 15.0 to 25.8 mg kg'! in roots. Cu
content in grain, straw and root ranged from 6.0 to 13.8, 8.5 to 14.5 and 9.8 to
24.5 mg kg™, Content of Pb in grain straw and root was in the ranges of 2.5
to 7.5, 4.5 to 8.0 and 3.5 to 8.8 mg kg™). Ni content was in the range of 2.5 to
4.5 mg kg"! in grains, 2.5 to 5.0 mg kg™! in straw and 10.5 to 17.8 mg kg! in
roots. Content of Cd in grain, straw and root was in the ranges of 1.0 to 1.5,

2.3 to 2.8 and 3.5 to 5.5 mg kg"!.

In samples of grain, straw and root of rice collected from PME and

farmer’s fields at Kayamkulam, Zn content ranged from 8.0 to 14.3, 10.0 to



Table 13. Content of heavy metals (mg kg') in different plant parts of rice - Pattambi

Zinc Copper Lead Nickel Cadmium

Sample »
No. Grain Straw Root Grain Straw Root Grain Straw Root Grain Straw  Root Grain Straw  Root
1 165 395 750 175 213 235 7.0 8.3 16.5 0.5 1.0 2.0 3.0 4.0 5.8
2 170 385 673 13.0 185 220 8.5 10.5 203 1.5 3.0 7.3 2.0 3.3 4.0
3 165 385 660 100 180 305 11.0 153 285 3.0 53 8.5 3.3 4.5 6.3
4 16.0 330 700 113 145 34.0 8.3 9.0 19.5 1.3 1.8 3.0 2.8 4.0 6.0
5 160 425 638 205 165 388 8.0 9.0 19.0 20 3.5 7.8 2.0 3.3 4.5
6 16.5 458 - 588 160 135 450 7.5 8.5 16.8 3.0 5.0 8.3 3.5 5.0 6.5
7 170 425 615 143 193 285 6.5 8.0 16.0 3.5 6.8 9.5 3.0 4.5 6.0
8 220 343 705 115 180 353 108 150 258 23 33 7.5 3.5 5.3 6.5
9 203 430 648 123 193 298 7.8 9.0 188 25 4.0 8.0 2.5 43 53
10 198 408 665 19.0 208 305 7.5 8.8 20.5 2.3 4.5 8.0 2.0 3.8 5.0
Mean 17.8 398 664 145 18.0 31.8 8.3 10.1 202 2.2 3.8 7.0 2.8 4.2 5.6
CV(%) 114 9.5 6.7 232 133 205 17.1 255 19.0 39.0 422 333 208 149 146

18



Table 14. Content of heavy metals (mg kg') in different plant parts of rice - Moncompu

Zinc | Copper Lead ~ Nickel Cadmium
Sample

No. Grain Straw Root Grain Straw Root Grain Stx_‘aw Root

Grain Straw Root Grain Straw Root

1 9.5 10.3 158 6.0 8.5 9.8 2.5 4.5 3.5 2.5 2.5 10.5 1.0 2.3 3.5
2 11.0 10.5  20.0 6.5 9.5 12.0 30 - 45 4.8 35 3.5 123 1.5 2.5 3.8
3 9.8 175 193 6.0 8.5 10.3 4.5 4.5 6.5 3.5 3.3 14.5 1.3 2.3 3.5
4 9.5 3.8 15.0 9.5 12.0 213 5.8 5.5 7.5 4.0 3.8 14.0 1.5 2.8 5.5
5 140 21.0 243 6.5 8.5 10.5 6.5 7.5 8.0 3.8 4.3 17.8 1.2 2.5 4.5
6 12.8 17.5  20.8 9.0 10.8 13.0 7.5 7.5 8.0 3.5 4.0 15.8 1.5 2.8 5.0
7 13,5 208 210 120 140 228 7.3 8.0 8.8 40 . 45 16.5 1.5 2.8 5.0
8 165 225 258 138 145 24.0 3.5 5.0 7.8 4.0 5.0 17.8- 1.0 23 3.8
9 155 223 245 125 140 245 33 4.8 5.5 4.5 4.8 16.8 1.2 2.3 3.8
10 12.8 165 183 6.8 9.0 11.3 5.0 5.5 7.8 3.8 4.0 16.5 1.3 2.8 5.0

Mean 12.2 16.8  20.5 8.9 10.9 16.0 4.9 5.7 6.8 3.7 4.0 15.3 1.3 2.5 435

CV(%) 205 294 168 319 21.7 376 354 231 237 134 178 150 146

88
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15.0 and 10.5 to 23.8 mg kg'! respectively. Cu content was in the range of 5.3
to 17.8 mg kg™l in grain, 5.8 to 19.0 mg kg™! in straw and 10.3 to 32.5 mg kg'! in
roots. Content of Pb in grain, straw and root was in the range of 1.5 to 4.0, 2.0
to 7.8 and 4.5 to 11.8 mg kg-!. Ni content ranged from 1.0 to 2.8 mg kg™! in
grain, 2.0 to 3.0 mg kg! in straw and 2.5 to 6.8 mg kg! in root. Content of Cd

ranged from 1.8 to 3.0, 2.0 to 6.0 and 2.0 to 8.3 mg kg"! in grain, straw and root

respectively (Table 15).

The data presented in Table 16 indicate the content of heavy metals in
rice.samples collected from kari lands. Zn content in grain, straw and root
was in the range of 10.0 to 14.0, 11.0 to 15.0 and 13.5 to.18.3 mg kg!. Cu
content was in the range of 4.0 to 7.0 mg kg™! in grain, 5.0 to 8.5 mg kg™! in
straw and 8.5 to 13.8 mg kg'! in root. Content of Pb in gfain, straw and root
was in the ranges of 5.0 to 8.5, 6.0 to 10.5 and 9.0 to 12.0 mg kg'!. Ni
content ranged from 1.5 to 2.5 mg kg*! in grain, 2.0 to 4.5 mg kg'! in straw
and 2.5 to 4.0 mg kg" in root. Content of Cd in grain, straw and root was in

the range of 1.5 to 2.0, 2.5 to 3.5 and 3.0 to 4.0 mg kg™'.

Variation in the content of heavy metals in rice plants was much less

compared to their content in corresponding soils.

Amaranthus

Range and mean values of Zn, Cu, Ni, Pb and Cd content in the top and
in the root of amaranthus collected from the districts of Alapuzha and
Pathanamthitta and Instructional Farm, Vellayani are given in Table 17. Highest
content of all heavy metals was noted in the samples collected from Pathanamthitta
district. With the exception of Zn, content of all other heavy metals was more in

the root than in the top of amaranthus.




Table 15. Content of heavy metals (mg kg™') in different plant parts of rice - Kayamkulam

Zinc ' Copper Lead Nickel Cadmium
Sample :

No. Grain Straw Root Grain Straw Root Grain Straw Root Grain Straw Root

Grain Straw  Root

1 140 148 168 5.8 7.0 103" 2.5 2.5 4.5 1.2 2.0 2.5 20 4.0

o

113 13.0 150 83 125 228 3.0 6.5 9.3 1.5 20 3.0 2.0 4.3

(U8

7.5 10.0 21.5 5.0 9.5 23.5 3.5 7.0 9.0 2.5 2.5 6.0 2.8 5.5 6.3

4 9.0 11.5 135 5.3 6.5 12.0 3.0 6.0 11.8 1.5 2.2 3.0 23 4.3 5.5
5 83 128 238 11.0 125 225 3.5 7.3 11.0 2.5 2.8 5.8 28 5.5

6.0
6 13.0 135 15.0 105 140 193 4.0 7.8 10.5 2.8 3.0 6.8 3.0 6.0 8.3
7 14.3 150 185 143 5.8 32.5 3.5 7.5 9.8 23 2.0 3.0 2.5 4.8 5.5
8 3.0 10.000 105 17.8 190  26.8 1.5 2.0 4.5 1.0 2.3 25 . 1.8 2.0 2.0
9 13.3 143 150 11.0 185  20.0 3.0 5.8 8.8 2.8 3.0 6.0 2.0 43 6.0
10 12.8 129 198 105 16.0 19.5 3.0 6.0 9.0 2.8 2.8 6.3 2.0 4.5 5.5

Mean 11.2 128 169 104 121 209 3.1 5.8 8.8 2.1 24 4.5 2.3 4.6 5.6
CV(%) 228 133 223 341 379 294 2153 327 266 323 168 382 174 229 259

06



Table 16. Content of heavy metals (mg kg™') in different plant parts of rice - kari land

Zinc ' Copper Lead Nickel Cadmium
Sample

No. Grain Straw Root Grain Straw Root Grain Straw  Root

Grain Straw  Root Grain Straw Root

1 10.5 11.5 135 4.5 5.0 8.5 . 5.5 6.0 9.3 1.5 2.0 3.0 1.5 3.0 4.0

2 123 11.0 158 4.3 5.0 10.5 5.0 5.8 9.0 1.5 2.0 2.5 1.5 3.0 4.0
3 12.5 120 150 5.0 7.3 12.0 5.8 7.5 9.5 1.5 2.5 2.5 1.5 3.0 3.0
4 13.0 13.5 165 5.5 8.0 13.5 5.8 7.5 9.8 2.0 3.0 4.0 1.8 2.5 4.0
5 13.0 145 18.0 53 7.5 128 6.0 7.0 10.0 2.0 3.5 4.0 20, 25 3.5
6 13.0 150 18.0 5.5 8.0 13.5 7.0 7.5 10.8 2.5 3.5 3.5 2.0 3.0 3.0
7 140 150 183 7.0 8.5 13.0 5.0 6.8 9.0 2.0 4.0 3.0 1.5 2.8 4.0
8 10.0 11.5  13.5 4.5 5.8 11.0 8.5 10.3 11.5 2.5 4.5 357 15 2.8 4.0

9 13.5 11.3 148 4.0 5.0 10.5 8.5 10.3 12.0 2.5 4.5 3.5 1.8 3.5 3.5

10 13.3 13.0 16.0 5.8 7.5 13.8 8.0 10.5 11.8 23 4.5 4.0 2.0 3.5 3.5

Mean 12.5 128 159 5.1 6.8 11.9 7.3 7.1 10.3 2.0 34 3.4 1.7 29 2.7

CV(®) 98 1.7 106 163 197 138 12.1 308 108 19.6 27.7 164 129 145 147
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Table 17. Content of heavy metals (mg kg™') in different plant parts of amaranthus in different locations (range and mean values)

Location Plant Zinc Copper Lead Nickel Cadmium
part
Top 31.0-36.0 1.5:2.5 1.0-1.8 2.0-5.0 0.5-1.5
(45.4) 2.0) (1.3) (3.6) 0.9)
Alappuzha district
Root 18.0-30.0 2.5-6.0 1.5-33 2.3-5.5 2.0-2.5
(25.7) 3.9) (2.4) (4.5) (2.2)
Top 63.0-90.5 2.5-4.0 1.5-5.3 2.8-5.5 0.8-1.8
(71.3) (3.2) (3.4) (3.4) (1.1)
Pathanamthitta
district
Root 30.0-44.0 3.5-6.0 3.5-6.0 3.0-5.8 2.0-2.8
(37.6) (4.6) (5.0 (3.7) (2.4)
Top 16.0-22.0 1.0-1.8 1.0-2.0 0.8-1.5 0.3-1.0
(19.4) (1.4) (1.2) (1.2) (0.6)
Vellavani
[nstructional Farm
Root 9.8-14.0 1.5-2.5 1.8-2.5 1.0-1.5 1.0-1.5
(10.9) (1.8) Q.1 (1.3) (1.9

6
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Zn content was in the range of 16.0 to 90.5 mg kg™! in the top and 9.8 to
44.0 mg kg™! in the root. Content of Cu in the top and in the root was in the
range of 1.0 to 4.0 and 1.5 to 6.0 mg kg"! respectively. Ni content ranged from
0.8 to 5.5 mg kg'! in the top and 1.0 to 5.8 mg kg"! in the root. Content of Pb
in top and in root was in the range 1.0 to 5.3 and 1.8 to 6.0 mg kg™'. Cd content

varied from 0.3 to 1.8 mg kg! in the top and 1.0 to 2.8 mg kg"! in root.

Cowpea

Range and mean values of Zn, Cu, Pb, Ni and Cd content in the pod,
vine and root of cowpea collected from the vegetable plets of Alapuzha
and Pathanamthitta districts and Instructional Farm, Vellayani are presented in
Table 18. Among the three locations, samples collected from Pathanamthitta district
recorded the highest content of Zn, Cu and Ni in all plant parts while for Pb
and Cd highest values were noted in samples collected {rom Instructional Farm,

Vellayani. In all cases, a higher accumulation of all heavy metals was noted

in the root.

Zn content in pod, vine and root varied from 10.5 to 67.0, 14.5 to 325.0
and 25.0 to 351.0 mg kg-!. Content of Cu was in the range of 2.0 to 15.5 mg
kg! in pod, 4.0 to 15.5 mg kg™! in vine and 5.0 to 17.5 mg kg'! in root. Content
0f4Pb in pod, vine and root ranged from 2.0 to 3.0, 3.5 to 6.5 and 3.0 to 10.5
mg kg!. Ni content was in the range of 1.0 to 2.5 mg kg™! in pod, 0.5 to 2.5 mg
kg in vine and 2.0 to 3.5 mg kg"! in root. Cd content in vine and root varied
from 1.0 to 2.3 and 1.2 to 2.5 mg kg™! which was more than that in the edible

pods. The Cd content in pod ranged only from 0.3 to 1.8 mg kgl



Table 18. Content of heavy metals (g kg') in different plant parts of cowpea in different locations (range and mean values)

Location No. of Plant Zinc Copper Lead Nickel Cadmium
samples part
5 Pods 43-62 - 2.3-5.5 2.0-2.5 1.0-2.0 0.7-1.2
(53) (3.8) (2.3) (1.6) 0.9
Alappuzha 5 Vines 108-190 4.8-8.3 3.5-5.5 0.5-1.5 1.0-1.6
district (152.8) (6.4) 4.2) 0.9) (1.3)
5 Roots 143-230 5.8-14.3 3.0-7.0 2.0-3.0 1.5-2.0
(152.8) (6.4) (4.2) (0.9) (1.3)
5 Pods 50-67 9.6-15.5 2.0-3.0 1.5-2.5 0.3-0-0.8
(54.6) (12.4) (2.4) (1.9) (0.6)
Pathanamthitta 5 Vines 153-325 10.0-15.5 4.0-6.0 1.0-2.5 1.0-2.0
district (251.6) (13.0) (5.4) (1.8) (1.4)
5 Roots 280-351 8.0-17.5 5.0-6.5 2.5-3.5 1.2-2.0
(316.6) (13.4) (6.0) (2.9) (1.6)
S Pods 10.5-30.0 2.0-2.5 2.0-3.0 1.0-1.5 0.8-1.8
(18.3) (2.3) (2.6) (1.3) (1.0)
Vellayani
Instructional Farm 5 Vines 14.5-34.0 4.0-8.0 5.0-6.5 0.8-1.5 1.0-23
21.7 (4.4) (5.7 (1.2) (1.9)
5 Roots 25-32 5.0-8.0 8.0-10.5 2.0-3.0 1.5-2.5
(28.0) (6.8) 9.2) (2.6) (2.0)
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Table 19. Content of heavy metals in different plant parts of fodder in sewage farm, Valiyathura (range and mean values)

Fodder No. of Plant Zinc Copper Nickel Lead Cadmium
samples ' part (per cent) (mgkg™) (mgkg™) (mg kg™) (mg kg™')
4 Top 0.034-0.046 13.2-17.6 1.0-3.0 0.5-2.5 0.4-1.5
Guniea grass (0.040) (14.6) 2.3) (1.4) (1.1)
4 Root 0.048-0.081 5.5-9.5 4.0-7.5 2.5-33 2.2-3.5
(0.067) (7.8) (5.9) (2.9) (3.0)
4 Top 0.038-0.030 12.0-19.6 1.5-3.4 1.5-2.0 0.3-1.8
Napier grass (0.043) (16.9) (2.8) (1.8) (1.1)
4 Root 0.048-0.065 9.5-11.5 5.3-6.5 3.3-5.5 2.0-3.5
(0.058) (10.4) (6.1) (4.5) (2.6)
4 Top 0.068-0.090 8.3-14.5 1.0-3.0 1.8-3.0 0.3-1.0
Para grass (0.080) (11.9) 2.3) (2.5) 0.7
4 Root 0.071-0.095 23.3-45.0 2.5-4.5 3.5-6.0 2.0-3.0
(0.086) (34.4) 3.9) (4.9) (2.3)
4 Top 0.031-0.046 8.5-18.8 2.8-4.0 2.0-3.3 1.0-2.3
Subabool (0.035) (133 (3.5) 2.8) (1.5)
4 Root 0.038-0.045 _ 29.0-40.5 3.5-6.5 4.2-6.8 2.54.0
(0.042) (32.5) (5.5) (5.9) (3.1)
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Fodder

Range and mean values of the heavy metal content in the top and root
of four types of fodder cultivated in the sewage farm, Valiyathura in
Thiruvananthapuram are presented in Table 19. A greater accumulation of all

heavy metals was noted in the roots except in the case-of copper in guniea and

napier grasses.

Zinc content was highest in paragrass with a mean value of 0.080 per
cent in the top and 0.086 per cent in the root. Highest mean copper content of
16.9 mg kg'! in the top was recorded by napier grass and in the root, highest
copper content of 34.4 mg kg! was noted in para grass. Highest mean nickel
content of 3.5 and 6.1 mg kg™! was noted in subabool top and napier root
respectively. Highest content of lead and cadmium in both top (2.8 and 1.5

mg kg~!) and root (5.9 and 3.1 mg kg-!) was observed in subabool.

4.2. Retention of applied Cd and Ni in soils
i

The pattern of retention and extractability of applied Cd and Ni with and
without FYM in undistrubed soil columns of selected upland and wetland soil types
of Kerala are presented in Tables 20 to 27. Basic physico-chemical soil properties

influencing the retention and extractability of Cd and Ni in the soils used for the

study are given in Table 2.

4.2.1. Cadmium

Retention of applied Cd in soil layers during downward movement in upland
soils showed a regular gradation with depth, a greater proportion being retained

in the upper layers and it was invariably higher in soils treated with FYM. It



Table 20. Depthwise distribution of total cadmium in upland soils as influenced by applied Cd and FYM (mg kg™!)

Sandy Onattukara Laterite soil _ Red soil
Depth of soil
Column{cm) Control  WithFYM  NoFYM Control  WithFYM  NoFYM Control  WithFYM  NoFYM
10 5.3 18.4 13.9 6.8 36.4 27.2 2.8 27.6 16.7
(27.3) (17.8) (55.8) (38.5) (40.7) (22.8)
20 5.0 19.2 14.5 6.5 22.5 17.3 2.2 17.9 17.4
- (31.6) (21.0) (30.2) (20.4) (25.7) (24.9)
30 4.5 11.7 17.5 6.1 9.6 13.4 1.9 8.9 17.0
(16.0) (28.3) (6.6) (13.8) (11.5) (24.8)
40 3.0 9.5 12.4 3.5 4.3 10.5 1.8 8.2 12.9
(13.3) 20.9) (1.5) (13.2) (10.5) (18.2)
50 3.0 5.8 6.3 3.4 6.1 9.2 1.9 7.0 6.7
(6.2) (7.3) (5.1) (5.8) (10.0) (7.9
Cadmium added — 45.0 46.0 —_ 53.0 53.0 — 61.0 61.0
(mg per column)

(Percentage retention of applied cadmium is given in brackets)

16
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may be seen from Table 20 that the retention of applied Cd in sandy Onattukara
soils was 27.8 and 6.2 per cent in the top 10 cm and bottom 10 cm layers of the
soil column mixed with FYM and 17.8 and 7.3 per cent Cd was retained in the

top and bottom layers of soil column not mixed with FYM.

In laterite soil, retention of applied Cd in the top and bottom layers
was 55.8 and 5.1 per cent in the soil column treated with FYM. It was 38.5
to 5.8 per cent in the soil column not treated with FYM. Percentage of applied
Cd retained in the top and bottom layers of red soil varied from 40.7 to 10.0

in the column mixed with FYM and 22.8 to 7.9 in the column not mixed with

FYM.

Data given in Table 21 revealed that the pattern of depthwise retention
of applied Cd in the columns of wetland soils was also the same as that in
upland soils. In all the wetland soils studied, a greater proportion of applied
Cd was retained in the upper 30 cm soil layers and it was higher in soil
columns mixed with FYM than without FYM. In lateritic alluvium, retention
of applied Cd varied from 43.4 to 6.6. per cent in the top and bottom layers of

soil column mixed with FYM and 35.7 to 8.8 per cent in the corresponding

layers not mixed with FYM.

Retention of applied Cd in the top and bottom layers of columns of
kari soil varied from 49.7 to 3.0 per cent in the presence of FYM and 36.5 to
4.4 per cent in its absence. In the columns of kayal soil mixed with and without

FYM, retention of applied Cd in the top and bottom layers varied from 36.5 to

6.0 per cent and 24.7 to 6.7 per cent respectively.

Among the wetland soils, leaching loss of applied Cd was found to be

lowest in lateritic alluvium. It was 14.7 per cent in the column treated with



Table 21. Depthwise distribution of total cadmium in wetland soils as influenced by applied Cd and FYM (mg kg!)

Lateritic alluvium " karisoil kayal soil
Depth of soil
Column(cm) Control ~ WithFYM NoFYM Control ~ WithFYM NoFYM Control ~ WithFYM NoFYM
10 43 273 225 2.2 33.5 24.8 3.5 283 18.3
(43.4) (35.7) (49.7) (36.5) (36.5) (24.7)
20 2.0 10.5 9.6 2.0 7.6 4.3 3.2 17.6 13.9
: (16.0) (14.3) (8.9) 4.5) (21.2) (17.8)
30 1.6 7.2 7.5 1.5 3.8 6.3 1.5 7.5 6.7
(10.6) (11.6) 3.7 (71.7) (8.8) 8.7)
40 1.8 53 6.8 1.5 5.0 6.9 1.2 6.3 4.6
(7.2) (9.8) (5.4 (8.5) (7.5) (5.7)
50 1.5 5.0 6.0 0.6 2.5 33 1.0 5.1 5.0
(6.6) (8.8) (3.0) 4.4) (6.0) 6.7)
Leachate - 7.8 8.4 — 17.7 22.6 — 16.4 20.2
(14.7) (16.5) (28.1) (36.5) (24.1) (33.7)
Cd added — 5.0 510 — 63.0 62.0 — 68.0 60.0
(mg per column)

(Percentage of applied cadmium retained and leached are given in brackets)
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FYM and 16.5 per cent in the column without FYM. In the column of kayal
and kari soils, leaching loss was 24.1 and 28.1 per cent in the presence of

applied FYM and 33.7 and 36.5 per cent in the absence of applied FYM.

Extractable portions of applied Cd in different layers of ihe upland
soil columns are presented in Table 22. Among the .three upland soil types,
highest concentration of DTPA extractable Cd was recorded by laterite soil.
Extractable Cd content in the top layer of all the upland soils was found to be

higher in the columns mixed with FYM .than in the columns not mixed with

FYM.

Extractable portions of applied Cd in the wetland soil columns are
given in Table 23. It was more in the columns mixed with FYM than in the
columns not mixed with FYM in all wetland soils. Highest concentration of
extractable Cd in the presence of applicd FYM was recorded by lateritic
alluvial soil. In the absence of applied FYM, highest concentration of

extractable Cd was recorded by kayal soil.

4.2.2. Nickel

The pattern of retention of Ni in upland soils (Table 24) unlike Cd
showed only a slight gradation in content from the top to bottom layers of the
soil column at the end of 30 days. Ni content in the top and bottom layers of
soil columns of sandy Onattukara varied from 23.8 to 17.8 per cent in the presence
of FYM and 21.0 to 17.8 per cent without FYM. In the laterite and red soils, the

pattern of retention was more or less same both in the presence and absence of

applied FYM.



Table 22. Depthwise distribution of DTPA extractable cadmium in upland soils as influenced by applied Cd and FYM (mg kg*1)

Sandy Onattukara Laterite soil Red soil

Depth of soil

Column(cm) Control WithFYM No FYM Control WithFYM No FYM Control WithFYM  No FYM
10 0.10 0.57 0.29 0.15 13.87 10.04 -0.12 11.04 0.24
20 0.00 0.48 0.34 0.06 4,74 12.83 0.05 5.35 0.14
30 0.04 0.14 0.22 0.06 0.98 6.42 0.02 1.29 3.17
40 0.02 0.24 1.86 0.04 0.15 2.23 0.00 1.48 3.05
50 0.03 0.55 1.40 0.00 3.17 1.27 0.01 297 4.24

o3 k1) |\
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Table 23. Depthwise distribution of DTPA extractable cadmium in wetland soils as influenced by applied Cd and FYM (mg kg™!)

Lateritic alluvium kari soil , kayal soil

Depth of soil

Column (cm) Control ~ WithFYM  NoFYM Control  WithFYM  NoFYM Control ~ WithFYM NoFYM
10 0.11 6.04 0.16 0.06 4.9 3.60 0.15 4.20 3.11
20 0.04 1.58 0.60 0.02 0.24 0.22 0.06 0.62 0.38
30 0.02 1.72 0.58 0.00 0.00 0.08 0.04 0.60 0.40
40 0.00 0.90 0.12 0.00 0.02 0.20 0.00 0.07 0.52
50 0.00 0.34 0.08 0.00 0.14 0.30 0.00 0.62 0.64
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Table 24. Depthwise distribution of total nickel in upland soils as influenced by applied Ni and FYM (mg kg™!)

Sandy Onattukara Laterite soil . Red soil
Depth of soil -
Column(cm) Control  WithFYM  NoFYM Control ~ WithFYM  NoFYM Control  WithFYM  NoFYM
10 232 130.2 119.6 43.6 183.8 152.4 16.8 178.3 102.5
(23.8) (21.0) (26.5) (20.5) (26.5) (14.0)
20 24.5 128.5 118.7 432 147.2 143.8 16.5 97.5 108.2
(23.1) (20.5) (19.6) (19.0) (13.3) (15.0)
30 25.2 90.8 128.1 48.7 154.3 144.5 17.1 116.4 120.0
(15.6) (22.4) (19.9) (18.1) (16.3) (16.9)
40 20.6 112.4 103.4 405 127.5 147.1 18.3 149.6 183.5
(19.4) (18.0) _ (16.4) (20.1) (21.5) 27.1)
50 17.2 97.5 99.0 40.1 136.9 158.0 203 160.3 186.8
(17.8) (17.8) (18.3) (22.2) (23.0) (27.3)
Nickel added — 450 460 L — 530 530 — 610 610
(mg per column)

ercentage retention of applied nickel is given in brackets)
p g pp g
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Data given in Table 25 reveal the amount of applied Ni retained at
different depths of wetland soil columns and that lost through leaching. In the
wetland soils gradation in retention of applied Ni with depth was more prominent
in the soil columns treated with FYM than without FYM. Ni content varied
from 24.1 to 6. 9 and 19.7 to 7.7 per cent of applied Ni in the top to bottom
layers of the soil columns of lateritic alluvium with and without FYM. In kari
soil, retention of applied Ni in the top and bottom layers of the soil column was
27.9 and 10.6 per cent in the presence of FYM and 20.9 and 12.4 per cent in
the absence of FYM. Retention of Ni on the top and bottom layers of kayal

soil columns varied from 27.6 to 11.2 per cent with FYM and 24.9 to 11.2

without FYM.

As seen from Table 25, among the wetland soils, leaching loss was !

highest in the soil columns of lateritic alluvium both in the presence and absence
of FYM. Leaching loss of Ni did not show much variation between soil columns
treated with and without FYM in the case of kari' and kayal soils. However,
in lateritic alluvium, leaching loss of applied Ni was markedly higher when
the soil column was not mired with FYM than when it was mixed with FYM.
Loss of applied Ni through leaching was 20.6 and 23.7 per cent in soil columns
of lateritic alluvium mixed with and without FYM. In kari soil, loss of applied
Ni thrbugh leaching was 20.5 per cent in the column treated with FYM and
21.4 per cent in the column not mixed with FYM. Leaching loss accounted

for 18.4 and 19.0 per cent of Ni in the columns of kayal soil with and

without FYM.

Tables 26 and 27 reveal the extractable portions of applied Ni at different
depths of upland and wetland soil columns mixed with and without FYM. As seen

from Table 26, among the upland soils, highest concentration of extractable Ni

qf..



Table 25. Depthwise distribution of total nickel in wetland soils as influenced by applied Ni and FYM (mg kg!)

Latenitic alluvium kari soil < kayal soil
Depth of soil
Column(cm) Control  WithFYM  NoFYM Control  WithFYM  NoFYM Control  WithFYM  NoFYM
10 50.3 178.0 150.6 26.9 202.4 156.5 380 225.8 187.6
(24.1) (19.7) (27.9) (20.9) (27.6) (24.9)
20 51.7 169.4 -152.5 27.1 135.6 129.0 353 161.2 1423
(22.2) (19.8) (17.2) (16.4) (18.5) (17.8)
30 51.2 130.8 145.3 223 108.5 112.8 40.1 130.6 130.5
(15.0) (18.5) (13.7) (14.6) (13.3) (15.1)
40 48.6 95.3 96.6 18.5 76.0 99.3 39.6 112.4 115.6
(8.8) (9.4) 9.1) (13.0) (10.7) (12.7)
50 45.5 82.3 85.0 20.8 87.3 97.6 40.5 . 1168 108.1
(6.9) (7.7) (10.6) (12.4) (11.2) (11.2)
Leachate 0.12 109.5 120.8 0.10 129.2 132.5 0.08 125.5 114.0
- (20.6) (23.7) (20.5) (21.4) (18.4) (19.0)
Nicke added — 530 510 — 630 620 — 680 600
(mg per column)

(Percentage of applied nickel retained and leached are given in brackets)
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Table 26. Depthwise distribution of DTPA extractable nickel in upland soils as influenced by applied Ni and FYM (mg kg™!)

Sandy Onattukara Laterite soil Red soil

Depth of soil

Column (cm) Control ~ WithFYM  NoFYM Control  WithFYM  NoFYM Control  WithFYM  NoFYM
10 0.45 258 15.8 13 364 30.5 0.10 142 7.2
20 0.45 18.6 8.1 1.3 31.5 33.1 0.10 9.4 7.6
30 0.50 19.8 10.5 1.3 10.9 22.3 0.11 10.1 13.9
40 0.38 10.1 23.0 0.9 6.3 17.8 0.12 12.8 20.0
50 0.26 11.8 242 1.1 104 16.0 0.11 10.6 23.1

904



Table 27. Depthwise distribution of DTPA extractable nickel in wetland soils as influenced by applied Ni and FYM (mg kg!)

Lateriticalluvium lari soil , kayal soil

Depth of soil

Column (cm) Control  WithFYM  NoFYM Control  WithFYM  NoFYM Control  WithFYM  NoFYM
10 0.48 25.5 14.3 0.59 19.5 132 0.75 13.3 12.4
20 0.50 20.8 13.5 0.56 6.0 5.8 0.74 10.1 9.5
30 0.41 12.0 10.4 0.25 54 2.5 0.92 10.5 9.8
40 0.38 10.6 11.6 0.14 3.9 8.1 0.81 11.0 10.8
50 0.25 42 39 0.25 4.8 9.3 0.79 12.8 11.6

01
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was noted in laterite soil both in the presence and absence of FYM. Top layers of
the column recorded higher values of extractable Ni than the bottom layers in
laterite soil both in the presence and absence of applied FYM. In the columns of
sandy Onattukara and red soils, top layers recorded higher concentrations of

extractable Ni than the bottom layers in the presence of FYM and reverse was

the case in the absence of FYM.

It may be seen from Table 27 that extractable Ni content in the wetland
soil columns was more in the presence of FYM than without FYM. Among the
wetland soils, extractable Ni was highest in the columns of lateritic alluvium
both in the presence and absence of FYM. Gradation in extractable Ni with
depth was also clearly evident in lateritic alluvium. No regular pattern was

observed in the extractable nickel content in different segments of the columns of

kari and kayal soils.

4.3. Influence of applied Cd and Ni on the growth and yield of plants

Results of the pot culture experiments conducted to study the effect of
applied Cd and Ni on growth, yield, nutrient composition, quality and
accumulation in different plant parts of rice, sesame and cowpea are presented in
Tables 28 to 72. Influence of applied Cd and Ni at three levels with and without

FYM are compared with POP treatments with and without FYM.

4.3.1.1. Influence of Cd on rice

Biometric and growth characters

Among the biometric characters (Table 28), plant height and total

number of tillers per hill showed no significant reduction at any level of Cd.



Table 28. Biometric and growth characters of rice under varying levels of Cd

Treatments Plant Tofal tillers Straw Root Days to Days to Total dry matter
height (cm) hill! (gpoth) (gpot')) flowering harvesting (g pot'l)

T, 64.3 3.3 60.7° 5.7 79.3 110 85.7
T, 72.0 53 94.5 25.5 82.0 112 159.4
T, 72.7 6.3 100.5 30.4 80.3 110 162.7
T, 65.7 4.7 75.3 12.8 82.3 110 111.6
T, 64.0 5.3 74.6 12.7 79.3 110 107.7
Ty . 65.3 5.0 723 122 78.0 104 103.2
Te 65.0 4.7 86.5 229 80.7 110 134.1
T, 65.3 4.7 86.3 18.6 81.0 110 128.3
Tg 65.0 5.0 76.2 14.5 78.7 104 111.1
’CD — — 17.22 5.33 2.29 0.66 248
SE 2.14 0.63 5.71 1.77 0.76 0.22 8.23

601
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Significant reduction was noted in straw and root dry weight and total dry matter

at all levels of Cd both in the presence and absence of FYM.

Days to flowering and harvesting were reduced significantly at the
highest level of Cd in the presence of FYM. In the absence of FYM, days to
flowering showed no significant variation, while days to harvesting was

reduced significantly at the highest level of Cd.

An’interesting observation was the profuse algal growth observed in

the Cd treated pots.

Yield and yield attributes (Table 29)

. Number of panicles per hill was highest (5.3) in the treatment as per
POP (T,) and it was reduced significantly when Cd was applied along with it
at three levels (T, T4 and Ts). In the POP treatment without FYM (T,), number
of panicles per hill was significantly lower than T, (4.0). However when Cd

was applied along with T, at three levels (T¢, T, and Tg), further reduction

was not significant.

Other yield components like panicle length, spikelets per panicle, total
number of grains per panicle, filled grains per panicle and chaff percentage were
not affected by Cd treatment. But hundred grain weight was reduced significantly

at all levels of Cd in the presence and absence of FYM.

Grain yield was significantly affected due to the effects of various
treatments. Absence of FYM significantly reduced grain yield. It was reduced

from 39.4 in T, to 31.8 g pot’! in T,. Reduction was significant even at the



Table 29. Yield and yield attributes of rice

Treatments  Number of Paﬁicle Spikelets Total grains  Filled grains  Grain yield Chaff 100 grain
panicles length panicle™! panicle™! panicle! (g pot')) (per cent) weight
hill'! (cm) - (2)
Ty 2.7 19.8 9.3 | [11.7 79.0 19.3 28.8 3.01
T, 5.3 198 9.1 134.8 85.0 39.4 22.4 3.02
le 4.0 18.8 8.7 101.7 69.7 31.8 315 2.95
Ty 33 194 9.1 109.3 7.7 23.5 35.1 291
T, 3.7 18.1 8.9 98.3 66.0 20.4 33.6 291
T 3.7 18.6 8.3 91.3 58.3 18.7 36.6 2.39
T 3.7 19.4 8.6 113.3 71.0 24.7 323 2.92
T, 33 18.7 8.2 115.3 79.0 23.4 313 2.91
Tg 3.3 18.7 8.3 91.7 69.3 204 32.6 2.89
CD 1.24 — — — — 7.04 — 0.024
SE 0.41 0.71 0.44 10.10 8.86 2.34 3.41 0.008

127"
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lowest level of Cd both in the persence and absence of FYM. Percentage reduction

increased with increasing levels of Cd and it was more in the presence of FYM

than without FYM.

Nutrient content and uptake

Compared to T| and T,, the content of nitrogen in grain increased at all
levels of Cd (Table 30) both in the presence and absence of FYM. Variations in P
content was not signiﬁcant, but K content slightly changed at varying levels of Cd.
Ca content in grain increased significantly with increasing levels of Cd, but a

significant reduction was noted at the highest level. Variations in Mg content were

not significant.

No significant variation was noted in the content of N and P in straw
(Table 31) at varying levels of Cd both in the presence and absence of FYM.
K content was reduch significantly at higher levels of Cd with and without FYM
whereas Ca content increased due to Cd treatment in the presence of FYM and
it decreased in the absence of FYM. Content of Mg increased significantly at all

levels of Cd in the presence of FYM and in its absence, the increase was not

significant.

Compared to T, variations in the content of N, P, K, Ca and Mg in
root (Table 32) was significant when Cd was applied along with T, at different
Ie‘vels. N content increased significantly with increasing levels of Cd without
FYM. Variations in P and Mg contént was not significant at any level of Cd
without FYM. K and Ca decreased significantly with increasing levels of Cd
without FYM. The uptake of nutrients also followed more or less similar pattern

as seen from Tables 31, 31 and 32.



Table 30. Nutrient content and uptake in rice grains

Content (per cent) Uptake (g pot™!)
Treatments

N p K Ca Mg N p K Ca Mg
Ty 1.05 0.21 0.27 0.08 0.04 20.2 4.1 5.2 1.5 0.3
T, 0.92 0.21 0.31 0.16 0.06 36.4 8.3 12.2 6.3 2.4
T, 0.94 0.21 0.34 0.18 0.09 29.9 6.7 10.8 5.7 2.9
T; 1.18 0.23 0.35 0.20 0.08 27.7 54 8.2 4.7 1.9
T, 1.05 0.21 0.31 0.22 0.06 21.5 4.3 6.3 4.5 1.2
T, 0.95 0.16 0.32 0.22 0.08 17.9 3.0 6.0 4.1 1.5
T, 1.09 0.25 0.34 0.18 . 0.09 26.9 6.2 8.4 44 22
T, 0.96 0.23 0.34 0.16 0.08 22.4 54 8.0 3.7 1.9
Ty 1.11 0.24 0.38 0.13 0.07 22.6 5.0 7.8 2.7 1.4
CD 0.104 — 0.031 0.026 — 7.88 2.48 2.08 1.31 0.27
SE 0.035 0.018 0.011 0.009 0.008 2.61 0.82 0.69 0.43 0.090

ell



Table 31. Nutrient content and uptake in rice straw

Content (per cent) Uptake (g pot™!)
Treatments .

N P K Ca Mg N P K Ca Mg
Ty 0.38 0.12 1.61 0.27 0.19 23.1 7.3 97.7 16.4 11.5
T 0.39 0.15 1.78 0.44 0.24 36.9 14.2 168.2 41.6 22.7
T, 0.39 0.13 1.69 0.46 0.27 39.2 13.1 169.8 46.2 27.1
T 0.39 0.11 1.72 0.48 0.28 29.4 8.3 129.5 36.1 21.1
T, 0.39 0.10 1.67 0.48 0.33 29.1 .15 124.5 35.8 24.6
T 0.40 0.19 1.53 0.50 0.38 28.9 13.7 110.7 36.2 275
T 0.44 0.11 1.68 0.39 0.28 38.1 9.5 1453 33.7 242
T 0.41 0.10 1.57 0.40 0.27 355 8.6 135.5 34.5 233
Tg 0.45 0.08 1.49 0.35 0.28 372 6.1 113.5 26.7 213
CD 0.099 0.047 0.098 0.043 0.032 8.69 3.78 30.#1 8.10 +.31
SE 0.033 0.016 0.033 0.015 0.011 2.86 1.25 10.02 2.69 1;43

1475



Table 32. Nutrient content and uptake in rice root

Content (per cent) Uptake (g pot™!)
Treatments

N P K Ca Mg N P K Ca Mg
T, 0.17 0.09 0.63 0.09 0.02 1.0 0.5 3.6 0.5 0.1
T, 0.24 0.10 1.00 0.15 0.03 6.1 2.6 25.5 3.8 0.8
T, 0.17 0.09 0.90 0.14 0.04 5.3 2.8 28.3 44 1.3
T, 0.22 0.06 ° 0.83 0.15 0.04 2.8 0.6 10.6 1.9 0.5
T, 0.23 0.06 0.97 0.12 0.02 2.9 0.8 12.3 1.5 0.3
Ts 0.21 0.09 0.87 0.10 0.03 2.6 1.1 10.6 12 0.4
T 0.28 0.07 1.0 0.12 0.03 6.4 1.6 29 2.8 0.7
T, 0.40 0.09 0.97 0.09 0.03 7.4 1.7 18.0 1.7 0.6
Ty 0.41 0.11 0.63 0.08 0.03 6.0 1.6 ‘9.1 1.2 0.4
CD 0.043 0.035 0.249 0.026 0.012 1.93 1.08 8.00 0.90 0.14
SE 0.015 0.012 0.084 0.009 0.004 0.64 0.36 2.65 0.30 0.05

GHL
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Starch content and germination of seeds

Compared to T, and T, starch content in grain (Table 33) was increased
due to Cd treatment at lower levels. Seed germination was affected only by the
highest level of Cd (25 mg kg'!) in treatments Ts and Tg. Lowest germination

(46.7 per cent) was recorded by T (25 mg Cd kg! soil with FYM).

Table 33. Starch content and germination of rice seeds

Starch content Germination
(per cent) (per cent)
. Treatments
Cd Ni ' Cd Ni

Ty 48.0 50.2 99.3 78.0
T, 51.6 51.5 99.3 92.0
T, '- 48.8 48.4 100.0 96.3
T; ' 52.2 51.7 98.7 90.7
T, 51.8 51.4 100.0 93.3
T, - 493" 48.2 46.7 50.7
T 52.1 - 50.9 100.0 100.0
T, 51.7 49.7 99.3 100.0
Tg 48.5 47.9 94.3 100.0
CD 0.89 0.91 4.48 4.91
SE 0.30 0.30 1.49 1.63
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Cadmium content in rice

It may be seen from the Table 34 that the Cd content in grain was not
éigniﬁcantly affected at 5 and 15 mg Cd kg-! soil in the presence of FYM and a
significant increase was noted only at 25 mg kg-!. In the absence of FYM, a
significant increase compared to T,, was qbserved at higher levels of Cd. Even in

absolute control pots (T,) Cd content in grain was 1.0 mg kg!and in T, and T, it

was 2.1 and 1.7 mg kg! respectively.

Table 34. Cd and Ni content in rice

Cd(mgkg™) Ni (mgkg™)
Treatments

Grain Straw Root Grain Straw Root
T, 1.0 1.2 2.8 2.0 3.1 6.0
T, 2.1 2.7. 6.2 2.7 3.5 6.4
T, 1.-7 2.2 5.2 2.8 4.0 6.6
T; 2.4 4.7 24.2 10.7 18.6 73.1
T, 2.8 6.8 49.0 18.3 252 96.5
T; 6.3 9.3 . 91.2 22.9 36.8 109.8
T 22 2.7 11.0 8.1 15.6 75.3
T 2.7 42 233 9.5 18.5 99.0
Tg 3.2 7.8 51.7 10.2 21.2 112.3
CD 07t - 093 1.29 0.76 1.98 3.26
SE 0.24 0.31 043 0.26 0.67 [.10
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In straw and root Cd content in control pots ranged from 1.2 to 2.7 and
2.8 to 6.2 mg Cd kg™! dry weight respectively. When the level of Cd in soil was
increased, its content in straw and root increased significantly. A greater amount
of Cd was retained in grain, straw and root in the presence of FYM than without

FYM. Accumulation of Cd was highest in root and the amount of Cd translocated

to the above ground plant parts was comparatively low.

4.3.1.2. Experiment on rice with Ni
Growth and yield characters

As seen from Table 35, plant height, weight of straw and root as well
as total dry matter were significantly reduced with the highest level of Ni in
the presence of FYM, whereas only plant height and root weight were affected

at this level of Ni in the absence of FYM.

Data on yield and yield attributes given in Table 36 show a significant
reduction in the number of filled grain and yield only in treatments T¢ and T,

receiving the highest level of Ni.

Nutrient content and uptake

N content in grain (Table 37) increased significantly when Ni was applied
along with T,. But it decreased in the treatments where Ni was applied in the
absence of FYM. Compared to T and T, no significant variation in P content
was observed with different Ni levels. Effect of Ni treatment on Mg content
was not signi\ﬁcant. K and Ca content increased with increasing levels of Ni.

Uptake of nutrients also showed a similar trend.



Table 35. Biometric and growth characters of rice under varying levels of Ni

Treatments Plant Total tillers Straw Root Days to Days to Total dry
height hill-! (g pot™1). (g pot'!) flowering harvesting matter
(cm) (g por'!)
Ty 62.3 3.0 12.6 | 8.8 79.7 110 31.9
T, 70.3 6.0 34.6 22.2 823 104.3 88.7
T, 67.0 4.3 26.3 21.1 83.0 106.3 728
T 71.7 6.0 342 254 81.0 101.0 88.2 |
T, 67.3 5.0 29.9 17.6 81.3 101.3 75.0
Ts . 673 5.0 25.4 17.4 81.0 101.0 65.3
Tg 66.7 4.7 26.1 215 | 81.0 100.7 73.5
T, 65.7 43 249 17.8 80.3 99.3 66.8
Tg 63.7 4.3 229 16.3 81.3 103.7 573
CD 2.66 1.51 7.37 3.69 0.81 : 0.87 15.80
SE 0.88 0.50 244 1.22 0.27 0.29 5.24

6Ll



Table 36. Yield and yield attributes of rice

Treatments ~ Number of Panicle Spikelets Total grains ~ Filled grains .Grain Chaff 100 grain
panicles length panicle-! panicle’! panicle’! (g pot')) (per cent) weight
hill-t (cm) : (2)
Ty 23 15.7 8.3 101.0 523 10.5 48.3 2.86
T, 6.0 117.3 9.0 113.7 . 58.7 31.9 494 3.02
T, 4.3 15.7 8.9 95.0 66.8 254 30.7 2.91
T; 6.0 16.0 - 9.2 107.3 533 28.6 494 298
T, 5.0 17.0 8.3 101.0 60.7 27.5 40.0 3.02
Ts 5.0 17.0 - 9.0 104.7 49.6 22.5 53.5 3.02
Ty 4.7 15.7 8.5 91.3 63.4 25.9 31.8 2.92
T, 43 17.0 8.5 100.7 64.1 24.1 36.9 2.89
Tg 3.7 15.7 8.8 103.7 . 56.7 18.1 46.9 2.90
CD 1.51 — — — ' 8.73 6.83 11.13 0.218
SE 0.50 0.62 0.40 6.54 2.90 2.27 3.69 0.072

oct



Table 37. Nutrient content and uptake in rice grain

Content (per cent) Uptake (g pot™!) |
Treatments

N P K Ca Mg N P K Ca Mg
T, 0.93 0.21 0.25 0.08 0.05 9.8 2.2 2.6 0.8 0.5
T, 0.89 0.22 0.32 0.08 0.08 28.4 5.5 10.2 26 - 2.6
T, 1.07 0.20 0.32 0.11 0.06 27.2 5.8 8.1 2.8 1.5
T 1.07 0.22 0.34 0.09 0.05 30.6 6.3 9.7 2.6 1.4
T 1.09 0.22 0.35 0.11 0.07 30.0 6.1 9.6 3.0 1.9
T 1.03 0.20 0.37 0.13 0.06 23.2 4.5 8.3 2.9 1.4
T 1.01 0.22 0.31 0.11 0.05 26.2 5.7 8.0 . 29 1.3
T, 1.01 0.20 0.35 0.12 0.06 243 4.8 8.4 29 1.5
Tg 0.97 0.19 0.35 0.13 0.06 17.6 3.4 6.3 2.4 1.1
CD 0.106 0.023 0.035 0.022 — 7.01 1.45 2.75 0.68 0.37
SE 0.035 0.008 0.012 0.007 0.008 2.33 0.48 0.91 0.23 0.12

(XA



Table 38. Nutrient content and uptake in rice straw

Céntent (per cent) Uptake (g pot™!)
Treatments

N- P K Ca Mg N P K Ca Mg
T, 0.30 0.08 1.60 0.25 0.20 3.8 1.0 20.2 3.2 25
T, 0.40 0.14 1.78 0.25 0.30 13.8 4.8 61.6 8.7 10.4
T, 0.41 0.09 1.70 024 0.27 10.8 2.4 44.7 6.3 7.1
T, 0.49 0.12 1.78 0.30 0.26 16.8 4.1 60.9 103 8.9
T, 0.40 0.12 1.76 0.32 0.26 12.0 3.6 52.6 9.6 7.8
T 0.38 0.11 1.78 0.34 0.23 9.7 2.8 452 8.6 5.8

| Tg 0.46 0.09 1.70 ‘0.24 0.23 12.0 2.4 444 6.3 6.0

T, 0.44 0.09 1.69 0.23 0.25 11.0 2.2 42.1 5.7 6.2
Tg 0.35 0.07 1.70 0.21 0.25 8.0 1.6 38.9 4.8 5.7
CD 0.083 0.020 0.082 0.035 0:052 3.32 1.00 13.19 2.35 2.00
SE 0.028 0.007 0.027 0.012 0.017 1.10 0.33 4.38 0.78 0.66

el



Table 39. Nutrient content and uptake in rice root

Content (per cent) Uptake (g pot'!)
Treatments

N P K Ca Mg N P K Ca Mg
T, 0.25 0.09 0.77 006 0.0 2.2 0.8 6.8 0.5 0.3
T, 0.44 0.09 090 010 0.04 9.8 2.0 19.9 22 0.9
T, 0.24 0.09 0.90 0.08 0.04 5.1 1.9 19.0 1.7 0.8
T, 0.32 0.06 093 0.13 0.04 8.1 1.5 23.6 33 1.0
T, 0.33 0.06 0.93 0.12 0.03 5.8 1.1 16.4 2.1 0.5
T, 0.31 0.04 0.97 0.1 0.03 5.4 1.1 24.4 2.8 0.5
T, 024 0.07 0.97 0.12 0.04 5.2 1.6 215 2.7 0.9
T, 0.24 0.07 1.07 0.12 0.02 42 1.3 19.0 2.1 0.7
T, 0.24 0.08 1.10 0.13 0.03 5.2 1.8 23.6 2.8 0.6
CD 0054  0.025 — 0.029 — 137 0.55 4.67 0.70 028
SE 0.018 0008 0063  0.010 0.005 0.45 0.18 1.55 0.23 0.09

gcl



124

Nitrogen content in straw (Table 38) decreased at the highest level of Ni
) )»’:l‘

with and without FYM and reverse was the case at the lowest level compared to .
T, and T,. P content decreased with increasing levels of Ni with FYM and no
significant variation was noted with increasing levels of Ni without FYM. Variation

in K content was not significant, due to treatments with Ni and Mg content in

straw showed a decrease due to Ni treatment.

Compared to T; and T,, content of N in roots (Table 39) decreased
when Ni .was applied at varying levels along with T, and remained the same
at all levels of Ni along with T,. Content of P has decreased while that of K and
Ca increased at all levels of‘Ni with and without FYM. Mg content was not

significantly affected by Ni treatment. Uptake of nutrients in straw and root also

showed a similar pattern.

Starch content and germination (Table 33)

Compared to T, and T,, starch content decreased significantly at the
highest level of Ni with. However, a significant increase in starch content
was noted at lower levels of Ni without FYM. Seed germination was significantly

reduced only at the highest level of Ni with FYM.

Nickel'content in rice

The Ni content in grain in T, was 2.0 mg kg! and in T, and T, it was
2.7 and 2.8 mg kg! respectively as revealed from Table 34. Ni content in
grain increased significantly with increasing levels of Ni both with and without
FYM. Ni content in grain was more when Ni was applied along with FYM
than when Ni was applied without FYM. Content of Ni i." straw and root also

followed the same pattern. Content of Ni was highest in root and lowest in grain.
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4.3.2.1. Experiment on sesame with cadmium

Biometric and growth characters (Table 40)

Vegetative characters of sesame, like plant height, number of leaves,
nodes and branches per plant were reduced signiﬁcanily in all the treatments
of Cd with and without FYM compared to T, and T,. The extent of reduction
was more or less same in Cd treated plants in the presence and absence of
FYM.. The length of tap root was found t.o be significantly reduced at higher
levels of Cd. It was 22.3 and 17.3 cm in T, and T, and was reduced to

17.0 and 14.0 em in T4 and Ty receiving 25 mg kg'! Cd.

Root dry weight was reduced significantly in all treatments. Reduction
in root dry weight was more severe in the Cd treatment without FYM. The
stover yield in sesame was also affected by the addition of Cd. It decreased

significantly at all levels of Cd with and without FYM.

As in the case of rice, the days to flowering and maturity showed
significant variations between treatments. Flowering was significantly delayed
at all Iévels of Cd in the absence of FYM. However, early flowering was
observed when Cd was applied @ 25 mg kg™! soil. Plants in Ts flowered
36.3 days after sowing while it was 38.7 days for plants in T,. Days to
harvesting also'was significantly reduced at the highest l'evel of Cd both in
the presence and absence of FYM. ‘Total dry matter decreased significantly

with increasing levels of Cd.



Table 40. Biometric and growth characters of sesame under varying levels of Cd

AN

Treatments Plant Lenve§ Branches Nodes Stover Tap root Root Days to Days to Total dry
height plant’! plant’! plant! yield length (gpot!)  flowering  harvest matter
(cm) (gpot!)  (cm) (gpot!)
T, 38.7 313 13 16.7 4.8 17.3 1.7 417 84.0 8.6
T, 68.8 60.0 3.7 32.7 10.8 22.3 2.8 38.7 83.0 21.1
T, 58.0 493 2.0 24.0 7.6 17.3 2.3 40.0 80.3 13.1
T 52.0 47.3 0.7 22.0 8.2 21.0 2.6 40.0 82.0 13.8
T, 50.5 453 2.0 20.7 7.4 18.7 2.2 38.0 82.0 12.0
Ty 49.3 427 1.7 19.3 5.6 17.0 2.0 36.3 79.0 9.7
T 49.0 353 1.7 16.7 6.6 19.0 1.8 42.0 80.7; - 10.6
T 47.0 32.7 0.7 15.3 6.2 15.0 1.8 43.0 80.7 10.2
Ty 37.7 26.0 0.0 12.0 6.2 14.0 1.7 43.0 78.0 9.2
CD 6.82 476 1.14 1.98 1.40 1.65 0.09 0.57 1.04 1.50
SE 2.26 1.58 0.38 0.66 0.46 0.55 0.03 0.19 0.35 0.50

ozl
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Yield and yield attributes

All characters contributing to yield depicted in Table 41 were significantly
affected by Cd resulting in an appreciable decrease in yield of sesamum. The
number of capsules per plant was decreased from 24.0 in T to almost half or
less than half in all the treatments of Cd with FYM. The lowest capsule number
was recorded by plants in Ty (6.7) which received Cd @ 25 mg kg! soil without
FYM. The same trend was noticed in the weight of capsules also. The highest
weight of seeds in T, was 7.5 g pot™! which decreased to 3.2 g pot™! in T,
when no FYM was given. When Cd was applied at var.ying levels along with T
and T,, it was reduced to the lowest extent of 2.1 and' 1.3 g pot! in Ts and Ty
indicating the drastic effect of Cd in decreasing yield. The weight of hundred
seeds which indicates the extent of seed filling was 0.33 g in T; and in all other

treatments it was significantly reduced revealing the harmful effect of Cd on seed

setting.

Table 41. Yield and yield attributes of sesame

No. of Capsule Seed 100 seed
Treatments capsules weight weight weight

plant’! (gplant™) (gpot’!) &)
Ty 8.0 2.0 : 2.1 0.30
T, - 24.0 5.6 7.5 0.33
T, 123 2.7 3.2 0.29
T 10.7 2.6 3.0 0.30
Ty 10.0 2.2 24 0.29
T; 9.7 2.1 2.1 0.28
Ts 10.0 2.1 2.2 0.27
T, 10.0 2.1 2.2 0.28
Tg 6.7 1.6 1.3 0.27
CD 2.64 0.25 0.31 0.009
SE - 0.88 0.08 0.10 0.003
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In general, the adverse effect of Cd on the growth and yielding pattern
of sesame was significant even from the lowest level. The adverse effect of
Cd on growth and yield of sesame was comparatively higher in the presence

of FYM than without FYM.

Nutrient content and uptake

Nitrogen content in sesame seed was maximum (3.86 per cent) in T,
but decreased significantly at all levels of Cd (Table 42). It was 2.91 per
cent in T, and no significant decrease was noted when Cd was applied at
three levels along with T,. P content was 0.55 and 0.52 per cent in T; and
T,. When Cd was applied along with T, at varying levels, no significant
variation was noted. On the other hand, a significant increase in P and K
content was obtained when Cd was applied in the absence of FYM. Percentage
of Ca decreased significantly when Cd was applied @ of 25 mg kg! soil
with and without FYM. Mg content increased significantly with increasing
levels of Cd with FYM, while no significant variation was noted with Cd in

the absence of FYM. Nutrient uptake decreased significantly with increasing

levels of Cd. '

Coﬁpared to T;, content of N, P, K and Ca decreased at varying
levels of Cd in the presence of FYM (Table 43). Variations in content of
these nutrients were not significant when Cd was applied without FYM. Mg
content alone increased with increasing levels of Cd in the presence and absence

of FYM. Compared to T, and le, nutrient uptake decreased due to Cd

treatment.



Table 42. Nutrient content and uptake in sesame seeds

Content (per cent) Uptake (g pot™!)
Treatments

N P K Ca Mg N p K Ca Mg
Ty 2.38 0.41 0.51 0.22 0.39 5.00 0.86 1.07 0.48 0.86
T, 3.86 0.55 0.56 0.26 0.44 28.95 4.13 422 1.95 3.30
T, 2.91 0.52 0.52 0.25 0.43 9.31 1.66 1.66 0.82 1.31
T; 3.39 0.60 0.57 0.22 0.47 10.17 1.80 1.71 1.17 2.10
T, 2.92 0.61 0.58 0.22 0.48 7.01 1.46 1.39 0.53 1.15
T 3.12 0.53 0.58 0.19 0.49 6.55 1.11 1.22 0.40 1.05
T 2.62 0.67 0.57 0.20 0.43 5.76 1.47 1.25 - 0.37 0.95
T, 2.75 0.65 0.57 0.20 0.43 6.05 1.43 1.25 0.44 0.95
Tg 2.80 0.72 0.61 - 0.18 0.45 5.64 0.94 0.79 0.23 0.56
CD 0.382 0.122 0.036 0.051 0.028 0.954 0.322 0.120 0.080 0.106
SE 0.127 0.041 0.012 0.017 . 0.009 0.316 0.107 0.040 0.027 0.035

6¢1



Table 43. Nutrient content and uptake in sesame stover

Clontent (per cent) Uptake (g pot™!)
Treatments
N P K Ca Mg N P K Ca Mg
T, 0.92 0.26 0.60 0.17 0.63 4.42 1.25 2.88 0.82 3.02
T, 0.92 0.38 0.68 0.18 0.71 9.94 4.10 7.34 1.94 7.67
T, 1.01 0.31 0.64 0.17 0.69 7.68 2.36 4.86 1.29 5.24
T, 0.92 0.31 0.66 0.13 0.74 7.54 2.54 541 1.07 6.07
T, 0.72 0.28 0.62 0.13 0.76 5.33 2.07 4.59 0.96 5.62
TS 0.52 0.32 0.56 0.14 0.80 2.91 1.79 3.14 0.78 4.48
Ts 0.94 0.28 0.62 0.13 ' 0.69 6.20 1.85 4.09 - 0.86 4.55
T, 1.02 0.28 0.62 0.14 0.71 6.32 1.74 3.84 0.87 438
Ty 1.03 0.31 0.56 0.16 0.74 6.39 1.92 3.47 0.99 4.59
CD 0.081 0.022 0.032 0.033 0.033 0.263 0.148 0.221] 0.218 0.287
SE 0.027 0.007 0.011 0.011 0.011 0.087 0.049 0.073 0.072 0.090

oel



Table 44. Nutrient content and uptake in sesame root

Content (per cent) I‘th;xke (g pot})
Treatments

N P K Ca Mg N P K Ca Mg
Ty 0.57 0.23 0.28 0.04 0.12 0.97 0.39 0.48 0.07 0.21
T, 0.64 0.22 0.32 0.04 0.17 1.79 0.62 0.90 0.11 0.48
T, 0.71 0.22 0.30 0.05 0.20 1.63 0.51 0.69 0.12 0.46
T 0.64 0.23 0.30 0.07 0.17 1.66 0.60 0.78 0.18 0.44
T, 0.67 0.18 0.26 0.08 0.19 1.47 0.40 0.57 0.18 041
TS 0.83 0.19 022 015 0.19 1.66 0.38 0.44 0.30 0.38
T 0.31 0.09 0.32 0.05 0.21 0.56 0.16 0.58 . 0.09 - 0.38
T, 0.44 0.09 0.29 0.09 0.22 0.79 0.14 0.52 0.16 0.40
Tg 0.65 0.16 0.24 0.11 0.21 1.11 0.27 041 0.19 0.36
CD 0.143 0.034 0.035 0.018 - 0.027 0.308 A 0.074 0.068 — 0.124
SE 0.047 0.011 0.012 0.006 0.009 0.102 0.025 0.023 0.189 0.041

LEL



Table 45. Oil content and germination of sesame seeds
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Oil content Germination
Treatments (per cent) (per cent)
Cd Ni Cd Ni

Ty 49.7 50.0 96.7 98.0
T, 57.7 56.7 98.7 99.3
T, 51.7 48.7 98.7 99.3
T, 58.7 55.3 93.3 100
T, 57.7 51.7 93.3 100
Ts 47.3 51.7 96.7 97.3
T 51.7 48.3 99.3 98.3
T, 517 46.7 98.7 100.0
Tg 49.3 46.0 98.0 100.0
CD 1.49 1.32 — 2.03
SE 0.49 0.44 1.27 0.67
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)

Nutrient content in root showed a varying pattern (Table 44). N content
was significantly raised (0.83%) due to the effect of 25 mg kg™! soil Cd (Tg) in
the presence of FYM. But in the absence of FYM, N content was reduced.
However, an increasing trend with increasing Cd levels was evident. P content
in root was significantly affected only in the treatments. with Cd in the absence
of FYM (Tg, T, and Ty). A decreasing tendency was noticed in the K content
of roots with increase in Cd levels both with and without FYM. The reduction
was most significant at the highest level of Cd. Ca and Mg content increased

due to Cd treatment. Uptake of N, P, K and Mg decreased due to Cd treatment.

Effect of Cd on Ca uptake was not significant.

Oil content and germination of seeds

As seen from Table 45, the oil content in sesame was 57.7 per cent in
T, and 51.7 per cent in T,. Lowest level of Cd (5 mg kg!) along with T,
increased the oil content. But, it was significantly reduced at the highest level
of Cd with and without FYM. Germination of seeds was not affected to any
significant extent due to Cd treatment. Eventhough the Cd content in seeds was
more than double and even thrice (13.7 mg kg*! Cd in Ts) in the Cd treated
plants, bompared to the untreated one, it did not in any way affect the process

of germination of seeds.

Cadmium content in sesame (Table 46)

In general, the content of Cd was highest in root and lowest in seed
and it increased with increasing Cd levels. But the increase was more appreciable

in the seed and stover in the presence of FYM and in roots in the absence of
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FYM. The content of Cd accumulated in roots increased with increasing levels
of Cd and ranged from 52.0 to 108.0 and 97.0 to 134.7 mg kg™! in different

Cd treatments in the presence and absence of FYM.

Table 46. Cd and Ni content in sesame

Cd (mgkg™) Ni(mgkg!)
Treatments

Seed Stover Root Seed Stover Root
Ty 3.2 4.0 7.0 1.0 4.7 6.0
T, 4.7 5.3 78 - 12 5.5 6.9
T, 3.5 5.0 8.0 1.3 4.3 6.5
T 8.8 19.2 52.0 1.5 12.6 24.7
Ty 12.5 315 101.3 2.0 22,5 56.6
T 13.7 31.8 108.0 4.9 | 28.4 67.5
Te 8.3 20.0 97.0 1.5 8.6 17.9
T; 9.8 22.3 126.7 25 20.5 47.7
Tq 10.7 22.8 134.7 4.8 253 63.7
CD 1.58 4.57 31.19 0.54 2.78 7.66
SE 0.53 1.54 10.50 0.18 0.92 2.54
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4.3.2.2. Experiment on sesame with nickel

Biometric and growth characters

The data presented in Table 47 show that compared to T, and T,,
characters like plant height, number of leaves, branches and nodes per plant
decreased significantly at all levels of Ni. Stover yield was 10.8 and 7.8 g pot™!
in T} and T, respectively. It decreased significantly when Ni was applied @ 15
and 25 mg kg™! along with T, and at the highest level only, with T,. Signilicant
decrease was noted in the length and dry weight of roots with increasing levels of
Ni in the presence and absence of FYM. Days to flowering was not seen affected
due to Ni treatment in the presence of FYM. It was significantly reduced at the
lowest level of Ni without FYM and increased significantly at higher [evels. Days
to harvesting was not influenced by Ni, when applied along with FYM at three

levels, while it increased significantly at the higher level of Ni without FYM

compared to T,.

Yield and yield attributes

Yield characters of sesame, like number of capsules and capsule weight
per plant, seeds per capsule and hundred seed weight (Table 48) were
significantly influenced by Ni. Number of capsules per plant was 22.7 in T
and it was reduced significantly when Ni was applied. In T, also a significant
reduction was observed at all the three levels of Ni. Weight of capsule was
5.6 and 2.4 g per plant in T, and T, respectively and it was reduced
significantly at all the three levels of Ni. Weight of hundred seeds showed a
significant decrease at the highest level of Ni with FYM (T,). Yicld of sesame
was 9.6 and 3.8 g per pot in T, and T, which decreased significantly at all
the three levels of Ni in the presence of FYM. In the absence of FYM

significant reduction was noted only at the higher levels of Ni (in T, and Ty).



Table 47. Biometric and growth characters of sesame under varying levels of Ni

Treatments Plant Lea.ves " Branches Nodes  Stoveryield Tap root Root Days to Daysto  Totaldry
: height plant’! plant! plant-! (gpot!) length(cm) (gpot!) flowering harvesting  matter

(cm) (gpot!)
T, 38.7 39.3 1.7 217 5.0 17.3 1.4 417 84.0 10.4
T, 71.7 47.3 33 293 10.8 22.3 2.4 353 82.7 228
T, 58.0 38.0 0.7 20.0 7.8 17.3 1.2 377 80.3 12.8
T 67.3 39.3 2.0 22.0 10.0 20.3 2.0 35.3 820 17.0
Ty 66.0 39.3 1.3 21.3 9.6 15.3 14 353 82.0 15.2
Ts 62.3 323 13 16.3 9.2 123 1.0 34.7 82.3 15.8
T 53.3 26.0 1.7 13.5 8.0 14.3 1.2 35.7 81.0 15.0
T, 49.3 20.7 0.0 11.3 6.8 11.0 i.O 41.3 82.7 10.0
Té 40.0 16.7 0.0 9.0 5.6 9.0 0.8 42.0 85.7 3.4
CD 5.02 3.15 0.81 3.18 1.04 2.0t 0.28 0.93 0.93 1.40
SE 1.67 1.04 0.27 1.06 0.35 0.67 0.09 0.31 0.31 0.46

ogl
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Table 48. Yield and yield attributes of sesame

No. of Capsule Seed 100 sced
Treatments capsules weight yield weight

plant’! (gplant!) (gpoth) ®
Ty 8.7 2.5 4-1.0 0.33
T, 22.7 5.6 7.9 0.32
T, ) 11.7 2.4 3.8 0.30
T 12.7 24 - 5.0 0.33
T, 13.0 2.6 4.2 0.33
T 11.0 2.1 3.6 0.28
T 9.0 2.0 3.8 ' 0.32
T, 53 1.4 2.2 0.33
Tg 5.3 1.2 2.0 0.28
CD 222 0.21 0.23 0.007
SE 0.74 0.07 0.08 0.002

Nutrient content and uptake

N content decreased while P and Ca content (Table 49) increased
significantly at varying levels of Ni with and without FYM. Effect of Ni on K
content was not significant. Mg content was not seen influenced by Ni

treatment. Uptake of nutrients also followed a similar pattern.



Table 49. Nutrient content and uptake of sesame seed

Content (per cent) Uptake (g pot™!)
Treatments

N P K Ca Mg N P K Ca Mg
To 2.4 0.21 0.50 0.32 0.40 9.6 0.84 2.0 1.3 1.6
T, 3.9 0.22 0.55 0.30 0.48 37.6 2.11 5.3 2.9 4.6
T, 3.0 0.22 0.52 0.26 0.44 11.4 0.84 2.0 1.0 1.7
Ty 3.4 0.34 0.55 0.34 0.50 17.0 1.70 2.8 1.7 2.5
T, 2.9 0.35 0.57 0.35 0.48 12.2 1.47 2.4 1.5 2.0
T; 29 0.35 0.57 0.36 0.48 10.4 1.26 2.1 1.3 1.7
T 2.5 0.31 0.55 0.37 0.46 9.5 1.18 2.1 1.4 1.8
T, 2.6 0.31 0.57 0.38 0.45 5.7 0.68 1.3 0.8 1.0
Tg 2.6 0.28 0.58 0.40 0.45 5.2 0.56 1.2 0.8 0.9
CD 0.28 0.031 — 0.037 0.054 1.25 0.122 0.39 0.19 0.16
SE 0.09 0.010 0.024 0.012 0.018 0.42 0.041 0.13 0.06 0.05

8¢t



Table 50. Nutrient content and uptake of sesame stover

Content (per cent) Uptake (g pot'!)
Treatments
N P K Ca Mg N P K Ca Mg
T, 0.90 0.27 0.58 0.25 0.65 4.50 1.35 2.89 1.25 3.25
T, 0.92 0.39 0.68 - 0.27 0.74 9.94 4.21 7.34 2.92 7.99
T, 0.99 0.30 0.65 0.21 0.70 7.72 2.34 5.07 1.64 5.46
T, 0.91 0.36 0.67 0.20 0.75 9.06 3.60 6.68 1.98 7.45
Ty 0.76 0.32 0.67 0.18 0.75 7.30 3.07 6.46 1.73 7.20
T 0.56 0.27 0.67 0.19 0.75 5.15 2.48 6.16 1.75 6.92
T . 095 0.50 0.65 0.21 0.72 7.60 2.38 5.19 . 1.68 5.76
T, 1.03 0.33 0.65 0.23 0.71 7.00 2.24 4.42 1.56 4.83
Tg 1.02 0.33 0.66 0.23 0.72 5.71 1.85 3.70 1.29 4.03
CD 0.116 0.041 — 0.039 0.068 1.332 0.459 0.885 0.422 0.674
SE 0.038 0.014 0.019 0.013 0.023 0.442 0.152 0.294 0.140 0.224

6El



Table 51. Nutrient content and uptake of sesame root

Content (per cent) Uptake (g pot™!)

Treatments
N P K Ca Mg N P K Ca Mg
T, 0.53 0.20 0.28 0.03 0.12 0.74 0.28 0.39 0.04 0.17
T, 0.63 0.23 0.35 0.04 0.18 1.49 0.55 0.84 0.10 0.43
» T 0.70 0.20 0.30 0.05 0.15 0.85 0.24 0.36 0.06 0.18
T 0.71 0.18 0.35 0.06 0.18 1.42 0.36 0.72 0.12 0.36
T, 0.69 0.18 0.36 0.06 0.15 0.97 0.25 0.51 0.08 0.21
T 0.68 0.14 0.35 0.09 0.15 0.68 0.14 0.35 0.09 0.15
Ty 0.45 0.20 0.30 0.10 0.15 0.54 0.24 0.36 . 0.12 0.18
T, 0.55 0.18 0.30 0.10 0.15 0.55 0.18 0.30 0.10 0.15
Tg 0.55 0.14 0.30 0.13 0.14 0.44 0.11 0.24 0.10 0.11
CD 0.099 0.031 — 0.018 0.029 0.220 0.083 0.158 0.030 0.043
SE 0.033 0.010 0.020 0.006 0.010 0.073 0.028 0.052 0.010 0.014

oyl
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Content of N, P and Ca decreased significantly at all levels of Ni in
the presence of FYM while K and Mg content showed no significant
variation in Stover (Table 50). In the absence of FYM, content of these
nutrients remained the same or increased at varying levels of Ni,

except in the case of N in T, The uptake of all nutrients decreased due to

Ni treatment.

Due to Ni treatment,N content in root increased in the presence of
FYM' and decreased significantly in the absence of FYM as seen from
Table 51. Decrease in P content was significant at all levels of Ni with FYM
and without FYM it was significant only at the highest level (Ty). Effect of Ni
on K content was not significant. Ca content increased significantly with
increasing levels of Ni and Mg content remained the same at the lowest level

and decreased at the higher level of Ni with and without FYM. Uptake of

nutrients also followed more or less a similar trend.

Oil content and germination of seeds (Table 45)

.Oil content in sesame was 56.7 and 48.7 per cent in T, and T,
respectively. It decreased significantly at all levels of Ni in the presence of

FYM. In the absence of FYM,oil content decreased when Ni was applied

only 15 and 25 mg kg! soil.

Germination of seeds was significantly reduced when Ni was applied

@ 25 mg kg'! soil in the presence and absence of FYM.
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Nickel content in sesame

As seen from Table 46, the content of Ni was relatively lower than Cd
and was highest in root and lowest in seed. Ni content in seed was 1.0, 1.2 and
1.3 mg kg-! in Ty, Ty and T,. Application of Ni @ 5 mg kg! soil along with T,
and T, did not have any significant effect on Ni content in seeds. Increase in the
Ni content of seeds was significant at higher levels of Ni and it was more in the
absence of FYM than with FYM. Ni content in other plant parts increased

significantly with increasing levels of Ni. It was more in the presence of FYM than

in its absence.

4.3.3.1. Experiment on cowpea with Cd
1. Maximum flowering
Biometric and growth characters

Biometric characters of cowpéa at maximum flowering stage of growth
are presented in Table 52. Height was maximum (67.3 cm) in T, where the
plants received treatments as per package of practices recommendations of
KAU. It decreased significantly in T;, T, and T when Cd was applied at
varying levels along with T,|. Between different levels of Cd the reduction
was not significant. In T, where fertilizers alone were given without FYM,
plant height was reduced and was only 53 cm. Plant height was minimuzn and
significantly low in Tg (32 cm) with the highest level of Cd (25 ppm) without
FYM. Number of leaves per plant was also reduced significantly at the highest
lIevel of Cd both with an»d without FYM. It was highest in T; where Cd was

applied along with FYM @ 5 mg kg"! soil.



Table 52. Biometric and growth characters of cowpea at maximum flowering stage under varying levels of Cd

Treatments Plant Number of Number of Shoot ‘ Root Days to
height (cm) leaves plant! branches plant! (g pot) (g pot™)) flowering
Ty 37.0 27.0 Nil 4.0 1.64 43.0
T, 673 413 4.0 19.6 5.40 40.7
T, 53.0 27.0 Nil 5.1 1.06 433
T, 573 47.7 4.0 14.7 2.76 4.7
T, 56.0 353 3.0 12.6 2.34 44.0
T, 50.0 27.0 1.0 9.5 1.87 443
T 54,7 34.0 2.0 5.6 1.49 . 45.0
T, 50.0 313 0.7 5.1 1.15 48.7
Tg 32.0 19.3 Nil 4.2 0.98 51.3
CD 8.17 3.18 1.19 2.80 0.461 0.99
SE 2.71 2.71 0.40 0.93 0.153 0.33

el




Plate I. Effect of control treatments (TO, T 1and T2) on nodulation



Plate II. Effect of Cd at varying levels with FYM on nodulation

Plate IIl. Effect of Cd at varying levels without FYM on nodulation
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Number of branches per plant was also severely affected due to Cd
treatment in the presence of FYM. It was significantly reduced at the highest level
of Cd with FYM. A significant increase was noted at the lowest level of Cd without
FYM in Té6. Shoot dry weight decreased significantly with increasing levels of Cd
with FYM compared to T,. The results did not reveal any significant difference
between treatments on its impact on shoot dry weight per pot in T6, T7 and Tg
compared to T2. Root dry weight was found to be highest in T( (5.4 g pot*])
which decreased significantly in all the other treatments. It may be noted that

flowering was delayed in all treatments receiving Cd and it was more significant in

the absence of FYM.

Nodulntion (Table 53)

Number of nodules per plant was highest in the plants in T, (88.3),
managed as per POP recommendations and it was very low in T2 in the absence
of FYM (Plate I). Significant reduction in the number of nodules was noted when
Cd was applied along with T| (Plate II). In the absence of FYM, Cd @ 5

mg kg'lsoil enhanced nodulation (Plate III).

Weight of nodules was also highest in T,, (0.24 g plant'l) and lowest
in T8 (0.07 g plant'l) grown with the highest level of Cd without any FYM.
Nodule weight was reduced significantly at all levels of Cd in the presence of
FYM. Compared to T-,, weight of nodules was significantly higher when Cd

was applied @ 5 mg kg'l soil without FYM.

Nitrogen content in nodules was highest in T, (6.0 per cent). It was
reduced significantly at all levels of Cd with FYM. Compared to 12, nitrogen

content in T6 increased significantly while in T7 and T8, a significant reduction

was noted.
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Table 53. Nodule characters of cowpea at flowering

Treatments Nodule number Nodule weight Nitrogen content
plant'l gplant'l in nodule (per cent)
To 30.3 0.15 4.2
T 88.3 0.24 6.0
T2 24.7 0.12 4.1
T3 75.7 0.20 5.2
T4 53.3 0.15 5.2
T5 37.3 0.15 5.5
T6 31.7 0.15 4.1
T7 ' 233 0.09 3.8
TS 22.3 0.07 3.5
CD 6.79 0.022 0.08

SE 2.25 0.007 0.027
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Nutrient content and uptake

Shoot (Table 54)

Nitrogen content in the shoot of cowpea at flowering did not show any
significant difference due to Cd treatment. However the highest N content of
3.26 per cent was recorded at the highest level of Cd in the absence of FYM.
Variations in P content was also not significant among different treatments of
Cd compared to T, and T2. But K content was reduced significantly at the

highest level of Cd (25 mg kg'lsoil) both in the presence and absence of FYM.

Ca content in Tj was 0.58 per cent and it did not vary significantly in the
corresponding treatments with Cd at different levels. However Ca content increased
significantly at all levels of Cd in the absence of FYM compared to T2. Significant

increase in Mg content was also observed at all levels of Cd both with and without

FYM.

Eventhough the content of various nutrients in the shoot depicted a
remarkable difference between treatments, their pattern of uptake revealed a clearer
picture. In the case of all nutrients, there was a significant decrease with increase
in levels of Cd in the presence of FYM. However, higher uptake was noted for

N at all levels, for Ca and Mg at lower levels and for P and K at lowest level of

Cd in the absence of FYM compared to T2.

Root (Table 55)

Highest N content of 2.34 per cent was recorded in Tj. Significant
decrease was noted in all the treatments of Cd along with T,. Compared to

T2, no significant variation in N content was observed in Cd treatments in the



Table 54. Nutrient content and uptake in cowpea shoot at maximum flowering

Treatments

To

T2

T3

T<

TS5

T6

T7

Tg

CD

SE

2.25

2.78

2.17

2.95

3.16

3.10

2.92

2.94

3.26

0.202

0.067

0.34

0.39

0.30

0.39

0.42

0.41

0.33

0.30

0.31

0.063

0.021

Content (per cent)

K

0.63

0.77

0.71

0.79

0.76

0.63

0.72

0.69

0.66

0.029

0.010

Ca

0.50

0.58

0.50

0.61

0.49

0.51

0.71

0.72

0.71

0.086

0.029

0.76

0.89

0.82

0.95

1.02

1.08

0.89

0.92

0.99

0.110

0.037

9.0

54.5

43.4

39.8

29.5

16.4

15.0

13.7

2.65

0.88

1.4

5.9

L5

5.7

53

3.9

1.9

1.5

1.3

0.41

0.14

Uptake (g pot'l)

K

2.5

15.1

3.6

11.6

9.6

6.0

4.0

3.5

2.8

0.67

0.22

Ca

2.0

11.4

2.6

9.0

6.1

4.9

4.0

3.7

3.0

0.21

0.07

3.0

17.4

4.2

14.0

12.9

10.3

5.0

4.7

42

0.90

0.30

Lyl



Table 55. Nutrient content and uptake in cowpea root at maximum flowering

Treatments

To

T2

Ty

T4

T5

T6

T7

T8
CD

SE

N

0.97

2.34

1.67

2.07

2.09

1.74

1.69

1.56

1.53

0.236

0.078

0.10

0.17

0.17

0.28

0.35

0.41

0.37

0.29

0.27

0.047

0.016

Content (per cent)

K

0.39
0.44
0.36
0.46
0.31
0.22
0.36
0.26
0.19

0.025

0.008

Ca

0.03

0.03

0.03

0.04

0.05

0.04

0.04

0.04

0.10

0.014

0.005

0.10

0.18

0.12

0.15

0.18

0.19

0.12

0.16

0.16

0.046

0.015

N

1.59

12.64

1.77

5.71

4.89

3.25

2.52

1.79

1.50

0.537

0.178

0.16

0.38

0.18

0.77

0.82

0.77

0.55

0.35

0.26

0.102

0.034

Uptake (gpot'l)

K

0.65

2.38

0.38

1.27

0.73

0.41

0.54

0.30

0.19

0.073

0.024

Ca

0.05

0.18

0.03

0.12

0.11

0.07

0.06

0.05

0.10

0.031

0.010

Mg

0.16
0.98
0.13
0.41
0.42
0.39
0.18
0.18
0.16
0.091

0.030



149

absence of FYM. P and Ca content increased at all levels of Cd, in the presence
and absence of FYM while K content decreased significantly with increasing levels

of Cd with and without FYM. Mg content was not affected by Cd treatment at

anyl level.

Uptake of N and K decreased and P increased significantly due to Cd

treatment in the presence of FYM. Uptake pattern of Ca and Mg was similar.

Cadmium content in cowpea (Table 56)

The content of Cd in TO, T, and T2 (Treatments with no added Cd) in the
shoot and root of cowpea at maximum flowering stage was in the range of 2.7 to
2.8 and 3.0 to 4.2 mg kg'l respectively. Content of Cd in the top increased
significantly in all treatments of Cd except T3. Higher content of Cd was observed
at higher levels of applied Cd in the shoot and root in the presence of FYM than
without it. The highest content of 6.0 and 5.7 mg kg'l Cd in above ground plant
parts was noted at the highest level of applied Cd in the presence and absence of

FYM, while the same values for the root were much higher being 60.5 and 40.0

mg kg'lrespectively.

2. At harvest

Biometric and growth characters

r
The biometric characters of cowpea under varying levels of Cd at the

time of harvest presented in Table 57 show that they have followed a more or less
similar pattern compared to the maximum flowering stage. Plant height was

maximum (84 cm) in cowpea getting treatment as per POP. It was reduced
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Table 56. Content of Cd (nig kg'l) in cowpea at different stages

Maximum flowering Harvest
Treatments

Shoot Root Grain Haulm Root
To 2.8 4.2 1.2 1.3 3.8
T, 2.7 3.0 1.7 2.2 6.5
T2 2.7 3.0 1.3 2.1 4.3
T3 3.8 14.3 1.7 2.5 11.7
T4 6.0 23.9 2.3 3.3 21.3
Ts 6.0 60.5 2.8 7.0 38.8
T6 4.5 20.6 1.7 3.3 8.1
T7 4.7 24.3 1.7 4.0 18.8
TS 5.7 40.0 1.7 5.5 21.0
CD 1.19 13.24 0.50 1.12 3.99

SE 0.40 4.39 0.17 0.37 1.32



Table 57. Biometric and growth characters of cowpea at harvest under varying levels of Cd

Treatments Plant Number of Number of Haulm Root Days to Total dry
height (cm) leaves plant"1 branches plant"l (g pot'l) (g pot']) harvesting  matter (g. pot"I)

To 44.9 32.7 Nil 15.1 « 28 89.7 23.1
T, 84.0 49.3 4.3 43.4 7.3 88.0 64.9
.2 65.5 333 Nil 10.5 2.3 90.0 16.3
L3 70.9 51.3 4.0 35.7 4.6 90.0 52.7
L4 09.1 433 3.0 334 3.4 90.0 47.8
5 60.9 323 1.0 20.4 1.9 92.0 29.1
.6 65.3 51.0 2.0 12.5 2.5 90.0 18.9
7 59.2 41.3 0.7 11.0 1.9 92.0 15.0
T8 39.2 23.7 Nil 5.6 1.6 95.7 8.3

CD 10.04 8.57 1.10 3.25 0.53 0.74 4.11
SE 3.33 2.84 0.37 1.08 0.18 0.25 1.36



significantly in the presence of FYM at all levels of Cd (T3, T4 and T5). With Cd
at lower levels in the absence of FYM (T6 and T7), the extent of reduction was
non-significant, while a significant reduction was noted at the highest level (Tg).
The number of leaves per plant did not show any significant variation at lower
levels of Cd with FYM. It was significantly higher at lower levels of Cd without
FYM. However, at the highest level of Cd (T5 and Tg), a significant reduction in
leaf number was noted, compared to Tj and T2. Plates V and VI reveal the

adverse effects of Cd on the growth of cowpea.

Maximum number of branches per plant was noted in Tj (4.3). No
significant reduction in the number of branches was observed for the treatment
in which the level of Cd applied was 5 mg kg'l soil along with pop
recommendations, while significant reduction was noted at 15 and 25 mg Cd
kg'lsoil. However, at a level of 5 mg kg'l Cd, without FYM, significant increase
in the number of branches was observed compared to the plants not treated with
Cd. Haulm yield and root dry weight followed a similar trend. Maturity was delayed
significantly in all the plants compared to those in the pop treatment. Days to
harvesting was minimum (88) in POP treatment and maximum in Tg(95.7) with

25 mg Cd kg'lsoil without FYM.

Yield and yield attributes (Table 58)

The yield components were also significantly affected resulting in a drastic
decrease in yield in treatments T? and Tg suggesting the deleterious effect of Cd
in decreasing grain yield especially in the absence of FYM. The presence of FYM
in treatments T3, T4 and TS5 along with Cd although significantly reduced grain

yield from 14.2 to 12.4, 11.0 and 6.8 g pot'l, the extent of reduction was less



Plate V. Effect of Cd at varying levels with FYM on growth of cowpea

Plate VI. Effect of Cd at varying levels without FYM on growth of cowpea



Table 58. Yield and yield attributes of cowpea

Treatments Peduncles Pods Pods Seeds Grain yield
plant*1 peduncle'l plant*1 pod*1 (g pot'l)
To 33 1.8 6.0 8.5 5.2
- 5.0 1.8 9.2 14.0 14.2
L2 4.0 L5 6.0 6.9 3.5
.3 5.0 1.6 7.8 13.1 12.4
L4 4.7 1.6 7.5 12.6 11.0
5 43 1.5 6.5 9.1 6.8
16 4.7 1.3 5.8 8.1 3.9
7 4.3 1.2 52 5.2 2.1
T8 3.0 1.3 4.0 42 L1
CD 0.74 0.29 0.83 0.92 1.01

SE 0.25 0.10 0.28 0.31 0.34
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when compared to the treatments without FYM. It may be observed that at the

lowest level of Cd (5 mg kg'lsoil) in the absence of FYM, all yield components

were slightly stimulated resulting in a better yield of cowpea.

Nutrient content and uptake

Grain (Table 59)

Content of N in grain decreased significantly at the highest level of Cd
with and without FYM compared to T, and T2. P content increased significantly
due to Cd treatment. K content in grains did not show any significant variation
at all levels of Cd in the presence of FYM, while it decreased significantly at
higher levels of Cd in the absence of FYM. Compared to T, and T2, Ca content
decreased due to Cd treatment in the presence of FYM and increased at lower
levels without FYM. Variation in Mg content was not significant among different
treatments. In general, uptake of nutrients (except P) decreased due to

Cd treatment in the presence of FYM and it showed a varying pattern

due to Cd treatment without FYM.

Haulm (Table 60)

Content of N was less at harvest than at maximum flowering. General
nutrient content in haulm decreased due to Cd treatment except in T3. P content
was varying at different levels of Cd compared to T, and T2. K content
decreased significantly at all levels of Cd in the presence of FYM. Due to Cd
treatment in the absence of FYM, decrease in K content was significant only at

higher levels. Ca content showed significant decrease only at higher levels of Cd



Table 59. Nutrient content and uptake in cowpea grains

Treatments

To

T3
T4

Ts

T6

Tg
CD

SE

2.38

3.21

2.81

3.23

3.20

2.85

3.21

2.89

2.62

0.125

0.042

0.13

0.19

0.15

0.25

0.25

0.28

0.29

0.26

0.27

0.027

0.090

Content (per cent)

K

0.59

0.66

0.64

0.67

0.64

0.63

0.62

0.56

0.58

0.033

0.011

Ca

0.05

0.07

0.07

0.06

0.05

0.05

0.09

0.08

0.07

0.012

0.004

Mg

0.29
0.38
0.33
0.36
0.39
0.37
0.30
0.34
0.32
0.028

0.009

12.4

45.6

9.8

40.1

352

19.4

12.5

6.1

2.9

4.22

1.40

0.68

2.70

0.52

3.10

2.75

1.90

1.13

0.55

0.30

0.188

0.062

Uptake (g pot'l)

K

3.07
9.37
2.24
8.31
7.04
4.28
242
1.18
0.64
0.221

0.073

Ca

0.26

0.99

0.25

0.74

0.55

0.34

0.35

0.17

0.08

0.121

0.040

Mg

1.51
5.40
1.16
4.46
4.29
2.52

1.17
0.71
0.35
1.129

0.374



Table 60. Nutrient content and uptake in cowpea haulm at harvest

Treatments

To

T2

T3

T4

T5

T8

CD

SE

N

222

1.97

191

2.24

1.83

1.69

1.82

1.87

1.83

0.244

0.082

0.18

0.17

0.20

0.19

0.22

0.22

0.18

0.17

0.16

0.036

0.012

Content (per cent)

K

0.52

0.59

0.56

0.53

0.54

0.38

0.56

0.53

0.41

0.042

0.014

Ca

0.31

0.24

0.21

0.26

0.14

0.11

0.22

0.21

0.20

0.047

0.016

Mg

0.59
0.76
0.64
0.75
0.74
0.75
0.65
0.67

0.68

0.099

0.033

335

85.5

20.1

80.0

61.1

34.5

22.8

20.6

10.3

2.62

0.87

2.7

7.4

2.1

6.8

7.3

4.5

23

1.9

0.9

0.33

0.11

Uptake (gpot" )

K

7.9
25.6
59
18.9
18.0
7.8
7.0
5.8
23
1.75

0.58

Ca

4.7

10.4

2.2

9.3

4.7

2.2

2.8

2.3

1.1

1.47

0.49

Mg

8.9
33.0
6.7
26.8
24.7
15.3
&1
7.4
3.8
1.59

0.53

9¢1



with FYM. In other treatments of Cd no significant variation in Ca content was
noted. Mg content decreased due to Cd treatment in the presence of FYM and

increased with increasing levels of Cd without FYM. Uptake pattern of nutrients

was almost similar to that in grain.

Root (Table 6 1)

In root also N content was lower at harvest than at maximum flowering.
Content of N, P and K in root decreased due to Cd treatment. Variations in
Ca and Mg content due to Cd treatment were not significant except in TS5.
Uptake of N, P, K, Ca and Mg decreased significantly due to Cd treatment in

the presence of FYM. Effect of Cd treatment without FYM on nutrient uptake

was varying.

Crude protein content and germination of seeds (Table 62)

Crude protein content of cowpea grain in T, and T2 were 20.1 and
17.5 per cent respectively. It decreased significantly at the highest level of
Cd both in the presence and absence of FYM. Compared to T2, at the lowest

level of Cd without FYM, a significant increase was obvious in crude protein

content.

Germination per cent was 99.3 and 95.3 in T, and T2. In the
corresponding treatments of T| with Cd at three levels, no significant variation
was noted, while a significant increase was recorded in T6 and Tg at the

lowest level of Cd in the absence of FYM.



Table 61. Nutrient content and uptake in cowpea root at harvest

Content (percent) Uptake (g pot™!)
Treatments

N P K Ca Mg N P K Ca Mg -
Ty 1.53 0.18 0.23 0.09 | 0.05 43 0.50 0.64 0.25 0.13
T 1.84 0.15 0.28 0.06 0.10 134 1.10 2.04 0.46 0.73
T, 1.57 0.17 0.25 . 0.07 0.08 3.6 0.40 0.58 0.16 0.19
T; 1.62 0.12 0.20 0.06 0.11 7.5 0.55 0.92 0.28 0.49
T, 1.68 0.13 0.18 0.06 0.12 5.7 0.44 0.61 0.20 0.40
T 1.83 0.13 0.19 0.03 0.13 35 0.25 0.36 0.06 0.25
T 1.54 0.09 0.23 0.Q7 0.08 39 0.22 0.58 0.18 0.21
T, 1.55 0.10 O.1§ 0.05 0.08 3.0 0.19 0.36 0.10 0.15
Tg 1.61 0.11 0.17 0.06 0.09 2.6 0.18 | 0.27 0.09> 0.14
CD 0.098 0.018 0.027 - 0.017 0.027 0.34 0.052 0.105 0.071 0.106
SE 0.033 0.006 0.009 | 0.006 0.009 0.11 0.017 0.035 0.024 0.035

8sl



Table 62. Crude protein content and germination of cowpea seeds

159

Crude protein Germination
Treatments (per cent) (per cent)

Cd Ni .Cd Ni
T, 15.0 16.0 95.3 93.3
T, 20.1 20.5 99.3 100.0
T, 17.5 12.6 95.3 91.3
T; 20.2 20.5 100.0 98.7
T, 20.0 20.5 100.0 96.7
T 17.8 20.4 100.0 97.0
Te 20.1 16.4 99.3 91.3
T, 18.1 12.8 96.7 92.3
Ty 16.4 12.2 98.7 92.7
CD - 0.68 0.95 3.10 3.78
SE 0.23 0.32 1.03 1.25
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Cadmium content in cowpea (Table 54)

Grain content of Cd was 1.2 mg kg™! in T, (absolute control) and it
was 0.7 and 1.3 mg kg! in T, (fertilizers + FYM) and T, (fertilizers alone)
respectively. With increasing levels of Cd, content in grain increased and was in
the range of 1.7 to 2.8 mg kg! in T;, T4 and Ts. However, the Cd content in
gra.in was not affected and was 1.7 mg kg! in the corresponding treatments of

T, with increasing levels of Cd.

In control treatments (Ty, Ty and T,) Cd content in the above ground
portion other than grain (haulm) was 1.3, 2.2 and 2.1 mg kg™! respectively. In the
presence and absence of FYM, increasing levels of Cd applied resulted in an
increase from 2.5 to 7.0 and 3.3 to 5.5 rﬁg Cd kg™! dry weight respectively. At
all levels of applied Cd, its content in haulm significantly increased in the absence

of FYM, while no significant increase was noted at lower levels of applied Cd in

the presence of FYM.

Among the various plant parts highest content was noted in root. Cd
content in root increased with increasing levels of applied Cd both in the

presence and absence of FYM and it ranged from 11.7 to 38.8 and 8.1 to 21.0

mg kg™! respectively.
4.3.3.2. Experiment on cowpea with Ni
1. Maximum flowering

Biometric and growth characters (Table 63)

At maximum flowering stage of growth, height of plant in T, and T,

were 65.0 and 53.0 respectively. Significant reduction in plant height was noted



Table 63. Biometric and growth characters of cowpea at maximum flowering under varying levels of Ni

Treatments Plant Number of Number of Shoot Root Days to
height (cm) leaves plant™! branches plant! (g pot'h) (g pot™H flowering
Ty 40.3 27.0 22 5.4 2.0 45.7
T, 65.0 41.3 5.5 19.8 4.9 44.7
T, 53.0 28.7 33 8.1 2.1 . 46.3
T; 63.0 37.7 5.8 18.9 3.0 46.3
T, 58.7 313 6.0 12.4 24 47.0
Ts 443 27.3 7.3 11.0 2.0 42.7
Tg 66.7 320 5.8 9.5 24 46.0
T, 52.7 18.7 3.3 9.1 2.0 46.7
Tg 41.7 16.3 3.7 8.4 1.7 47.7
CD 8.69 7.40 1.00 2.15 0.20 2.51
SE 2.88 245 . 0.33 0.71 0.07 0.83

191
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only at the highest level of Ni (25 mg kg™! soil) both in the presence and absence
of FYM. Number of leaves per plant was reduced significantly at higher levels
of Ni with and without FYM. An enhancing effect of Ni on branching was
evident from the results. Haulm yield decreased significantly only at the higher
levels of Ni in the presence of FYM compared to T;. Increase in haulm
yield was noted due to Ni treatment without FYM in T¢, T and Ty compared
to T,. Decrease in root dry weight was significant even at the lowest level of
Ni in .the presence of FYM and in the absence of FYM, it was significant

only at the .highest level of Ni (Ty). Days to flowering was not affected due Ni

treatment.

Nodulation

Harmful effect of Ni on nodulation as clear from Table 64 was less
. compared to that of Cd. Though the number of nodules per plant decreased
significantly due to Ni treatment in the presence of FYM, weight of noduies per
plant showed no significant variation in T; and T, compared to T;. However,
application of Ni @ 5 and 15 mg kg! soil in the absence of FYM resulted in a
significant increase of nodule numb.er and weight. The decrease in the number

and weight of nodules per plant at the highest level of Ni without FYM was not

-significant.

Nitrogen content in nodules was highest (5.8 per cent) in T,. When Ni
was applied along with T, at three levels in T;, 'i’4 and Ts, N content in nodules
showed no significant reduction. However Ni treatment in the absence of FYM
increased the N content in nodules significantly at lower levels and at the highest

level it was significantly reduced.
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Table 64. Nodule characters of cowpea at flowering

Treatments Nodule number Nodule weight Nitrogen content
plant’! gplant! in nodule (per cent)
Ty 31.0 0.15 : 4.2
T, 52.7 0.25 5.8
T, . 253 0.14 4.6
T, | 42.0 0.25 5.6
T, 34.0 0.23 5.6
T 30.7 0.17 5.6
Te 28.3 0.22 5.1
T, 290 0.18 49
Tg 23.7 0.12 | 4.0
CD 3.86 0.026 0.18
SE 1.28 0.009 | 0.06
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Nutrient content and uptake

Shoot (Table 65)

In the above ground plant parts of cowpea at maximum flowering stage,
N content was highest (3.43 per cent) in T;. Application of Ni along with T, at
three levels decreased the N content significantly. Ni application @ 5 and 15 mg
kg! soil along with T, also decreased N content significantly, but at the highest
level (Tg) a significant increase was noted. The trend was reverse in the case of P
content. Effect of Ni treatment on K content was not significant. Ca content
‘increased significantly in all the treatments of Ni except in Ts. Variations in Mg
content due to Ni treatment was not significant. Uptake of N, P, K and Mg

decreased and that of Ca increased due to Ni treatment.

Root (Table 66)

At maximu.x_n flowering stage, N content in root showed no significant
variation at different levels of Ni. However, at the lowest level in the presence of
FYM (T4), a significant reduction was observed. P content increased significantly
at all levels of Ni with FYM and without FYM, it decreased Z.lt the lower level
and increased at the highest level. Effect of Ni treatment on K content was not
significant in root also. Ca content increased significantly at all levels of Ni with
and without FYM. No significant variation was noted in Mg content due to Ni

treatment. The pattern of nutrient uptake was more or less similar to that in

shoot.

Nickel content (Table 67)

Content of Ni in the above ground plant parts and root of cowpea in T,

was 3.0 and 3.5 and that in T, was 3.5 and 4.0 mg kg'l. Application of Ni along



Table 65. Nutrient content and uptake in cowpea shoot at maximum flowering

Content (per cent) Uptake (g pot™!)
Treatments
N P K Ca Mg N P K Ca Mg
T, 2.33 0.16 0.70 0.36 | 0.60 12.58 2.52 3.78 1.94 3.24
T, 343 0.20 0.78 0.42 0.;77 67.91 14.53 15.18 8.38 15.18
T, 2.80 0.12 0.74 0.35 0.65 22.68 4.57 5.99 2.84 5.27
T 3.13 0.23 0.78 0.56 0.77 59.16 5.03 14.68 10.52 14.55
T, 2.83 0.22 0.78 0.55 0.79 35.09 3.57 9.70 6.86 9.80
T 2.90 0.23 0.75 0.41 0.79 31.90 3.20 8.23 4.51 8.70
T 2.53 0.13 0.75 0.48 0.64 24.04 2.93 7.10 . 4.53 6.07
T, 2.53 0.12 0.75 0.49 0.63 23.02 3.07 6.80 4.49 5.77
Tg 293 0.09 0.74 0.51 0.64 24.61 1.90 6.23 4.49 5.40
CD 0.119 0.024 — 0.076 0.087 2.335 0.478 0.710 0.692 1.118
SE 0.040 0.008 0.020 0.025 0.029 0.775 0.159 0.236 0.230 0.371

g9l



Table 66. Nutrient content and uptake in cowpea root at maximum flowering . °

Content (per cent) Uptake (g pot™!)
Treatments
N P K Ca Mg N P K Ca Mg
Ty 1.0 0.08 0.40 0.03 0.05 1.9 0.15 0.79 0.05 0.10
T, 2.1 0.08 0.45 0.03 0.14 10.2 0.39 2.19 0.16 0.68
T, 1.7 0.17 0.40 0.03 0.08 3.5 0.35 0.83 0.06 0.16
T; 1.5 0.14 0.45 0.06 0.14 4.4 0.41 1.35 0.17 0.42
T4 2.0 0.14 0.44 0.07 0.13 4.7 0.33 1.04 0.17 0.31
T 2.0 0.12 0.44 0.10 0.13 4.0 0.24 0.87 0.20 0.26
- T 1.9 0.10 0.40 0.05 0.08 4.5 0.24 0.98 . 0.13 0.20
T, 1.7 0.11 0.40 ' 0.07 0.08 3.5 0.23 0.82 0.14 0.16
Tg 1.7 0.19 0.41 0.10 0.10 2.9 0.32 0.68 0.16 0.16
CD 0.30 0.031 — 0.014 0.028 0.72 0.079 0.219 0.034 0.105
SE 0.10 0.010 0.020 0.005 0.009 0.24 0.026 0.073 0.011 0.035

99}
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with T, and T, at three levels raised the Ni content in top to a maximum of only
6.0 and 6.2 mg kg~!. Compared to the top content of Ni in root was very high
ranging from 8.6 to 18.8 and 10.9 to 21.2 mg kg™! with increasing levels of Ni
with and without FYM. Ni content in the top and in the root were slightly higher

in the absence of FYM than in the presence of FYM.

Table 67. Content of Ni (mg kg!) in cowpea at different stages

Maximum flowering Harvest
Treatments

Shoot Root Grain Haulm Root
T, 3.0 3.5 1.8 2.0 4.0

. T 3.3 4.0 2.0 2.2 5.0

T, 3.5 4.0 2.1 2.4 5.0
T, 4.0 8.6 2.5 3.0 6.8
T, 6.0 15.6 3.0 6.1. 11.3
Ts ' 6.0 18.8 34 6.5 15.2
T, 4.5 10.9 3.1 3.0 8.5
T, 6.0 18.2 33 6.5 14.2
Tg 6.2 21.2 34 6.9 16.5
CD 0.68 2.71 0.40 0.56 | 1.65
SE 0.23 0.90 0.13 0.19 0.55
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2. At harvest
Biometric characters

Effect of Ni on biometric characters of cowpea at the time of harvest
was almost similar to that at maximum flowering stage as seen from Table 68.
Compared to T; and T,, plant height was reduced significantly when Ni was
applied @ 25 mg kg™! soil both in the presence and absence of FYM. A significant
increase in plant height was noted at the lowest level of Ni without FYM. Number
of leaves per plant decreased significantly at higher levels of Ni with and without
FYM compared to T, and T,. Increase in the number of branches per plant was

significant at the highest level of Ni with FYM and at lower levels of Ni

without FYM.

Root dry weight also decreased significantly with increasing levels of
Ni in the presence of FYM. Without FYM, decrease in root dry weight was
significant only at the highest level of Ni (Tg). Haulm yield was decreased
significantly at higiler levels of Ni only with applied with FYM. It was not

affected due to Ni treatment in the absence of FYM.

Yield and yield attributes (Table 69)

‘ In general, the yield and yield attributes were significantly affected only
when Ni was applied @ 25 mg kg"! soil both in the presence and absence of
| FYM. Harmful effects of Ni on yield and yield components of cowpea were
very much less than that of Cd. Grain yield was higliest (11.1 g pot-1) in the
POP treatment (T,) and application of Ni along with T, significantly reduced
the yield only in Ts. In the POP treatment without FYM (T,) yield was
only 7.5 g pot-1. Here also significant reduction was noticed only with the highest

level of Ni in Ty



Table 68. Biometric and growth characters of cowpea at harvest under varying levels of Ni

Treatments Plant Number of Number of Haulm Root Days to Total dry
height (cm)  leaves plant! branchesplant! (g pot!) (g pot'}) harvesting  matter (g pot'!)
Ty : 46.7 29.0 2.2 13.7 3.0 90.0 22.1
T, 74.0 43.3 6.0 34.3 74 90.0 52.8
T, . 62.3 32.0 3.2 18.0 3.1 92.0 28.6
T 71.7 393 6.0 31.3 5.0 90.0 47.6
T, 68.3 31.7 6.0 27.3 3.9 90.0 41.2
T 53.7 28.7 7.8 21.8 3.0 90.0 33.1
Tg 74.0 32.7 6.3 23.1 3.5 90.0 339
T, 61.3 19.3 4.7 19.6 3.0 92.3 29.0
Tg 49.7 17.0 37 17.5 2.5 92.7 25.1
CD 6.58 5.05 1.03 6.41 0.39 0.47 7.10
SE 2.18 1.68 0.34 2.13 0.13 0.16 2.36

691
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Table 69. Yield and yield attributes of cowpea

Treatments Peduncles Pods Pods Seeds Grain yield
plant! peduncle’! plant’! pod-! (g pot')

- Ty 4.2 1.7 6.8 - 9.6 5.4
T, 7.5 1.5 11.7 12.6 11.1
T, 4.8 1.9 8.7 9.9 7.5
T . 6.8 1.6 11.2 12.3 10.8
Ty 6.0 1.7 10.2 11.3 10.0
T 5.8 1.5 8.8 10.4 8.3
T, 4.8 1.8 8.5 9.6 7.3
T, 4.7 1.8 8.2 8.8 6.4
Tg " 43 1.7 7.3 7.9 5.1
CD 0.52' ‘ 0.18 0.47 0.89 1.41
SE 0.17 0.06 0.16 0.30 0.47

Nutrient content and uptake

In general, variations in nutrient content in the grain, haulm and root of
cowpea due to Ni treatment was not significant as seen from Tablet?O, 71 and \
72. Effect of Ni treatment in reducing nutrient uptake was significant only at
higher levels. Significant increase in the uptake of some of the nutrients was

observed at the lowest level of Ni.



Table 70. Nutrient content and uptake by cowpea grains

Content (per cent) Uptake (g pot’!)
Treatments

N P K Ca Mg N P K Ca Mg
To 2.56 0.11 0.52 0.03 0.30 13.8 0.59 2.8 0.16 1.62
T, 3.28 0.22 0.65 0.06 0.35 36.4 2.44 7.2 0.67 3.89
T, 2.02 0.18 0.60 0.04 0.32 15.2 1.35 4.5 0.30 2.38
T, 3.28 0.24 0.65 0.05 0.36 354 2.59 7.0 0.54 3.89
T, 3.28 0.24 - 0.67 0.06 0.38 32.8 2.43 6.7 0.59 3.79
T 3.27 0.24 0.67 0.04 0.39 27.1 2.06 5.6 0.33 3.24
Ts 2.62 0.21 0.60 0.07 0.32 19.1 1.53 44 0.51 2.34
T, 2.04 0.19 0.61 0.06 0.33 13.1 1.22 3.9 0.38 2.1
Tg 1.95 0.18 0.63 0.06 0.33 9.9 0.92 32 0.31 1.68
CD 0.138 0.025 0.074 0.015 0.04] 2.20 0.302 0.60 0.143 0.337
SE 0.046 0.008 0.025 0.005 0.014 0.73 0.100 0.200 0.047- 0.112

74"



Table 71. Nutrient content and uptake by cowpea haulm at harvest

Content (per cent) Uptake (g pot™!)
Treatments

N P K Ca Mg N P K Ca Mg

Ty 2.24 0.13 0.50 0.31 0.16 30.7 1.78 . 6.9 4.2 22
T, 1.93 0.11 0.60 0.36 0.20 67.2 3.83 20.9 12.5 7.0
T, 1.91 0.15 0.53 0.32 0.12 344 270 9.5 5.8 22

T, 1.98 0.18 0.62 0.36 023 630 572 19.7 14 73
T, 1.94 0.18 0.64 0.36 0.22 53.0 4.9 17.5 9.8 6.0

Ts 1.93 0.20 0.64 0.36 0.23 42.1 4.36 14.0 7.9 5.0

Tg 1.79 0.14 0.53 0.33 0.13 41.4 3.23 122 7.6 3.0
T, 1.81 0.14 0.55 0.33 0.12 35.5 2.74 10.8 6.5 2.4
Tg 1.81 0.17 0.55 0.32 0.09 31.7 2.98 9.6 5.6 1.6
CD 0.126 0.023 0.066 0.037 0.021 6.87 0.710 1.98 1.62 0.78
B SE 0.042 0.008 0.022 0.012 0.007 2.28 0.236 0.66 0.54 0.26

(A"



Table 72. Nutrient content and uptake by cowpea root at harvest

Content (per cent) Uptake (g pot™)
Treatments
N P K Ca Mg N P K Ca Mg
T, 1.46 0.08 0.20 0.07 | 0.04 44 0.23 0.60 0.20 0.12
T, 1.83 0.10 | 0.30 0.07 0.08 13.5 0.77 2.21 0.49 0.58
T, 1.55 0.15 0.25 0.06 0.06 4.3 0.47 0.78 0.18 0.19
T 1.62 0.11 0.29 0.07 0.09 8.0 0.55 1.44 0.35 0.45
T, 1.62 0.12 0.28 0.05 0.07 6.3 0.47 1.10 0.21 0.28
T, 1.65 0.13 0.28 0.04 0.07 5.0 0.39 0.84 0.13 0.21
Ty 1.60 0.1 022 0.06 0.05 5.5 0.37 0.76 0.21 0.18
T, 1.60 0.14 0.24 OL07 0.05 4.9 0.43 0.73 0.21 0.15
Ty 1.61 0.17 0.24 0.07 0.04 4.0 0.41 0.60 0.16 0.10
CD 0.049 0.021 0.049 0.016 0.019 0.65 0.117 0.186 0.054 0.076
SE 0.016 0.007 0.016 0.005 0.006 0.22 0.039 0.062 0.018 0.025

€Ll
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Crude protein content and germination of seeds (Table 62)

Crude protein content in cowpea grain was not affected due to Ni
treatment. However a significant increase was noted at the lowest level of Ni
applied without FYM (T¢). Germination of seeds from Ni treated plants also

showed no significant variation at any level of Ni both in the presence and absence

of FYM compared to T and T,.

Nickel content in cowpea (Table 67)

Content of Ni in grain was in the range of 1.8 to 2.1 mg kg-! in the
control treatments (T, T, and T,). With increasing levels of Ni applied, content
in grain significantly increased and was in the range of 2.5 to 3.4 mg kg! and 3.1

to 3.4 mg kg! in the presence and absence of FYM respectively.

In the above ground plant parts of cowpea other than seed (haulm), Ni
content in T; and Tz" were 2.2 and 2.4 mg kg*! respectively. Application of Ni at

three levels along with T, and T, significantly increased the Ni content from 3.0

to 6.5 and 3.0 to 6.9 mg kg! respectively.

Among the various plant parts, Ni content was highest in root. It was
in the range of 4.0 to 5.0 mg kg™! in the control treatments. Increase in Ni content
of root due to Ni treatment was highly significant. It ranged from 6.8 to 15.2 and

8.5 to 16.5 mg kg'! in the presence and absence of FYM.
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DISCUSSION

The important results of the experiments carried out to investigate the
status and impact of heavy metals in soils and crops of Kerala presented in the
preceding chapter are discussed in the light of fundamental principles and evidences

from published literature, keeping in view the objectives proposed in the study.

S.1. Status of heavy metals in soils, fertilizers, manures and plants

5.1.1. Soils

Soils cultivated to agricultural crops are repeatedly contaminated with
beneficial heavy metals like Cu, Zn and non-essential heavy metals like Pb, Hg
Ni, Cd etc. due to the use of different types of fertilizers, manures, pesticides and
a variety of other waste materials arising from domestic, urban and industrial
activities. This process gradually transforms a healthy soil initially to a contaminated
soil and then to a polluted soil at a stagé when the heavy metal pollutants accumulate

in quantities above a normal background level.

Even contaminated soils can be hazardous and periodical monitoring is
essential to assess the soil quality and take appropriate remedial action against

their entry into the crop and animal systems.

The status of Cu, Zn, Pb, Ni and Cd in the selected soils of Kerala State
presented in Chapter 4 provide valuable information on these aspects, besides

serving as a database for future reference.
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Generally, it may be seen from the data presented in}bles 4 to 10 that }
only one or two of these metals are present in a few soils at levels prescribed to
cause elemental toxicity (Alloway, 1990) to plants growing in them. It also shows
that the proportion of DTPA extractable form is only a minor part of their total
content and is highly variable between samples. Brummer et al. (1983) have
stated that as the boundary between adsorption and solﬁbility is sometimes very
thin and sensitive to small changes in soil properties, a low status of availability

need not necessarily-be considered as always safe in view of their higher total

content.

In the light of the increasing concern about the hazardous effect of heavy
metals on human health by possible entry through food chain and their direct and
indirect effect on soil fertility, the status of each heavy metal is discussed in the

order of their abundance in soil, based on critical levels prescribed for plant growth

and soil health.

Copper

Copper content was highest in the vegetable plots of Pathanamthitta and
Alapuzha districts with an average value of 84.4 mg kg™! soil. The PME plots of
rice receiving combination of different inorganic fertilizers and organic manures in
- Moncompu, Kayamkulam and Pattambi had an average of 77.9, 65.3 and 55.9
mg Cu kg! soil respectively. Cu content was much less in other soils. Extractable

Cu also followed the same order as their total content.

Alloway (1990) has proposed a critical level of soil Cu as 60 mg kg™!
whereas Bridges (1989) has fixed 50 mg kg™! as critical for The Netherlands,

above which periodic monitoring is insisted.
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Based on these standards, the status of Cu appears to be above critical
level in the vegetable plots of Pathanamthitta and Alapuzha and rice soils of
Moncompu, Kayamkulam and Pattambi (Fig. 2). The high status of Cu in the
vegcté.ble plots which are actually located at a lower physiographic position of the
land may possibly be due to the washouts from Bordeaux mixture applied to the
rubber plantations in the surrounding hilly areas in addition to the residual effects
from fertilizers and manures as proposed by Mortvedt (1996). This view is
supported by the report of the collaborative project of the KAU and RRII that
the soils of some of the rubber plantations in Kerala have a Cu content ranging
from 44 to 175 mg kg'! (KAU, 1998). The fact that Cu content was lowest in
the soils of the absolute control treatment of the rice PME plots suggest that
fertilizers and manures are responsible for léaving much Cu as residue in the rice

fields.

The low values of available Cu observed in the,soils (3.6 to 0.15 mg
kg! soil), inspite of the comparatively higher total content may be attributed to
the strong binding action of Cu with organic matter and clay present in them as

proposed by Chatterjee and Rathore (1974) and Harter (1979).

Eventhough the supply of Cu as a micronutrient is quite assured under
these circumstances, an adverse influence on plant growth, when the soil solution
exceed the critical value of 0.1 mg kg™! soil, as suggested by Bolt and Bruggenwert
(1978), is a matter of concern in these soils. Presence of excessive Cu in soils
has been evaluéted by Komulainen and Mikola (1995) and Baath et al. (1998) as
disadvantageous based on the reduction and alteration of soil fauna and flora and
lowered rate of soil processes like respiration, nitrification and nitrogen fixation.
Increased mortality, reduced reproduction and retarded growth of earthworms as
a result of enhanced Cu concentration has also been reported by Ma (1982 and

1984) and Bengtsson et al. (1986).
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Zinc

Zinc content in the various soil samples as seen from tables 4-10 ranged
between 11.5 to 78.9 mg kg™! soil. It was invariably higher in the PME rice plots
and vegetable plots treated with NPK fertilizers and organic manure compared to

the absolute control plots which received neither fertilizers nor manures. The

average Zn status also follow a similar pattern.

The data on the analysis of fertilizers and manures given in Tables 11 and
12 indicate: that Zinc is abundantly present in all of them, revealing clearly the
source of zinc in these soils. However, the status is within the range of 2-285
mg kg-! reported for Indian soils by Kanwar and Randhawa (1974) and 17-125

mg kg-! reported for the surface soils of different countries as cited by Alloway

(1990).

The tentative limits of Zn proposed by Kanwar and Randhawa (1974) for
deﬁ;:iency and toxicity in soils are 1.0 and more than 100 mg kg! soil respectively.
Critical value of Zn as per the standards adopted in The Netherlands is 200 mg
kg"! (Bridges, 1989), above which periodical monitoring is advised. It is thus

clearly evident from the studies that the status of Zn in these soils is within the

"levels of deficiency and toxicity proposed by these scientists.

Nickel

The status of Ni in various soils was very low and appear to be not
dependent on the nature of inputs, as maximum and minimum values were exhibited
by PME plots receiving organic manures alone or organic manures along with
NPK fertilizers. Extractable Ni content was also very low (0.08 to 2.4 mg kg™!

soil) and ruled out any possible toxic effect on plants in view of the very high



179

concentration of 200 mg kg™! soil prescribed by Willaert and Verloo (1988) and
the upper critical limit of 100 mg Ni kg"! soil cited by Alloway (1990). However,
they have indicated a level of 20 mg kg"! soil as sufficient for exerting toxic effects
in a sandy soil, which makes the sandy soils of the sewage farm, Valiyathura
(24-30.5 mg Ni kg™! soil) as likely to induce phytotoxicity. to the fodder plants

cultivated there.

Lead

Next in abundance to Ni is Pb showing the highest content of 30.4 mg
kg'! in the PME plots at Pattambi receiving NPK fertilizers and organic manures
as treatment. Pb content was much lower in other samples and did not reveal any

specific reason or input as responsible for its contamination.

Ure and Berrow (1982) have shown the normal Pb content of
uncontaminated soils to be 29 mg kg! soil and Alloway (1990) proposed a much
higher critical level of 100-400 mg kg~! soil. On the other hand, Bridges (1989)

have suggested a level of 50-150 mg kg"! for soils to be in the safe limit.

The status of Pb in the soils studied is below the above standards

prescribed and poses no problem of soil pollution and consequences at present.

Cadmium

In view of the danger of the chronic accumulation of Cd in human body
entering through diet, a strict monitoring of its status in the soil is most important.
Cadmium pollution of the soil has been rapidly increasing in recent decades as a
result of the higher input of commercial fertilizers and manures contaminated by

this element. A perusal of the average content of Cd in the selected soils reveal
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its greater accumulation in the upland soils (4.4 mg kg*) compared to 2.5
mg kg'! in the wetland soils. Highest Cd level is noticed in the sewage disposal

sites, where it averaged to 8.0 mg kg-!. All the other soils have recorded values

ranging from 1.0 to 7.2 mg Cd kg™! soil.

Page et al. (1972) have sugg.ested that in general most soils can be
expected to contain less than 1.0 mg Cd kg~! except when contaminated from
discrete sources or developed on parent materials with enormously high Cd content.
They showed that Cd concentration in the soils uncontaminated from industrial
pollution revealed a range of 0.005 - 2.4 mg kg™!. A similar survey of 2276 soil
samples from England and Wales gave a mean content of 1.2 mg Cd kgl
Therefore, any value above this may be attributed to some sort of contamination.
Critical concentration of Cd is proposed (Alloway, 1990) to be 3-8 mg kg! in
soils with a normal range of 0.01 - 2.0 mg kg'!. Bridges (1989) has suggested a

normal level of soil Cd as 1.0 mg kg~! and insists on further investigation when it

exceeds 5 mg kg1, .

A perusal of the status of Cd in the different soils reveal that Cd content
(Fig. 3) is in the critical range (3 to 8 nig kg!) in the soils of the PME plots at
Kayamkulam (3.1 - 7.2 mg kg'!) and in the soils of the sewage farm (4.3 to 12.0
mg kg“) growing fodder grass. The vegetable plots in Vellayani also have a Cd
content of 2.0 - 4.3 mg kg™! which is critical (Fig. 3). The use of municipal waste
compost as manure in the recent years may be regarded as a reason for this higher

build up of Cd in these soils.

The fact that the absolute control plots in PME at various locations
invariably recorded the lowest status of Cd, identifies fertilizers and manures as a
probable source of Cd contamination. The Cd contamination noticed in the absolute

control plots may be attributed to seepage from adjacent plots during soil flooding.
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A dynamic equilibrium is reported to exist (Alloway, 1990) between Cd
in the soil solution and that absorbed on the soil colloidal complex depending
upon its physico-chemical properties. Usually, it may not reach a phytotoxic level,

but it is a cause of serious concern, in view of the long term risk of entry into the

food chain.

A critical analysis of the status of Cu, Zn, Ni, Pb and Cd in the wetlands
and uplands soils studied here give room for concern only with regard to two
metals existing beyond critical level. One is copper which is a beneficial heavy

metal and the other is Cd, a harmful heavy metal.

The status of Cu in soils above critical limits can obviously affect soil
biological and biochemical processes related to soil fertility rather than directly

affecting the chemistry and nutrition of plants growing in them.

Cadmium existing in critical levels, although are not phytotoxic, pose a
much serious problém by its possible entry through food into the human beings,
causing dangerous clinical conditions. The vulnerable targets of heavy metal

pollution thus not only include soil flora and fauna, but animals and human beings

also.

Heavy metals in fertilizers

In the intensive and high input farming, commercial fertilizers constitute a
major chunk to provide additional plant nutrients to ensure high productivity.
Several problems related to excessive fertilizer use have been identified, the most
important among them being the damage caused to the environment through
pollution. Pollution of soils by heavy metals especially Cd in fertilizers is receiving

increased attention from environmentalists (Kosital, 1986) in view of its possible
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entry to animals through diet. Pollution effects associated with fertilizers can be
regulated , if proper monitoring is done periodically and tangible steps taken to

redress it.

Among the commercial fertilizers, rock phosphate and other soluble
phosphatic fertilizers derived from them are the chief sources delivering heavy

metals to cultivated soils.

The results of the study presented in the previous chapter (Table 11) have
indicated that Zn is the highest contaminant in all fertilizers followed by Pb, Ni,

Cd and Cu.

The values of each metal is known to change depending on the location
of the primary P source and the method of chemical processing. A highly variable
status of heavy metals in fertilisers has been reported by Arora et al. (1975),
Singh and Sekhon (1977) and Mortvedt (1996). The hef‘;vy metal load of the
commonly used fertilizers in Kerala is thus found to be highly variable, but shows
a common pattern with regard to the abundance of each metal, Zn being the highest

contaminant and Cu the least.

There exists several reports from all over the world that heavy metals
applied to the soil through different fertilizers accumulate almost completely in the
surface soil in forms easily available to plants (Williams and David; 1973).
Mortvedt and Osborn (1982) and Rana and Kansal (1983) have shown that heavy
metals in fertilizers are conspicuously more available to plants in soils with coarser
texture and acidic reaction suggesting a possibility for greater plant uptake in the

soils of Kerala.

It may be noted in this context that in order to monitor and restrict the
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entry of heavy metals to soils, Germany, US, The Netl{erlands, UK and Australia
have set upper limits for heavy metal addition to the surface plough layer of soil

on the basis of the heavy metal content especially of Cd in fertilizers (Anon, 1989).

More than contaminating the soil and bringing it to a critical level due to
continuous usage, the uptake of Cd in fertilizers by croﬁ plants is the problem of
immediate concern. Eventhough plant species differ considerably in this respect,
some of them are reported (Semu and Singh, 1996) to accumulate appreciable
amounts of various non essential heavy metals including Cd. Because of the

potentially adverse effects of Cd on human health, several studies have been

focused on the uptake of Cd from fertilizers.

Williams and David (1973) have shown that top dressing cereals and

pastures with triple super phosphate has resulted in their increased Cd content.

A higher level of extractable Cd in the soils receiving high levels of fertilizer
is reported (Semu and Singh, 1996) t.o be a reflective of the long term use of
phosphatic fertilizers. Mulla (1978), Mortvedt (1987), Jones and Johnsten (1989)
and He and Singh (1993) have also reported elevated levels of Cd where P
fertilizers were used for a long term, confirming the role of P fertilizers in the
contamination of soils by Cd. As discussed before, the higher status of Cd in the

continuously fertilized PME plots on rice also confirms this observation.

Heavy metals in manures

Results on the analysis of some of the manures commonly used in Kerala
(Table 12) have revealed that Zn, Cu and Ni are the most abundant elements and

Pb and Cd are present only in lesser amounts. Sewage sludge was found to be
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loaded with the highest amount of all heavy metals compared to the rest.
Vermicompost made from domestic wastes was {ound to contain a higher
amount of heavy metals compared to that made from banana waste alone. This
probably indicates a higher status of these elements in the assorted domestic wastes
used for composting. Similarly, the dung from cows fed on fodder grass supplied
from the sewage farm also had a higher content of these metals compared to the

dung from animals not fed on fodder grass from sewage farm.

A higher status of these elements in the soils of the sewage farm as revealed
from the present study has naturally resulted in this observation. The fact that a
part of the heavy metals are excreted through dung, indicate a possibility of their
chronic accumulation in the meat and milk of these animals also. Use of cowdung
and other manures contaminated with heavy metals, in turn contaminate the soil

and the crops and ensure a slow but steady cycling until finally it may accumulate

in the human beings.

Eventhough the content of the most harmful element Cd appears to be
Jow in most of the organic manures, compared to inorganic fertilizers, they may be
treated as a major soil contaminant in view of their large scale use @ 5-25t
ha-! against the use of only 30-100 kg ha! of the inorganic fertilizers. As long as
larger inputs of organic manures are used as a waste management programme as
well as in organic farming, the likelihood of heavy metal contamination of

agricultural soils and food crops is also higher.

Heavy metal content in plants

Of the five elements studied, all the plant samples had the highest amount
of Zn and lowest amount of Cd in them. More heavy metals were retained in the

roots compared to the above ground portions. This pattern may be the
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consequence of a natural defensive mechanism where plant roots often function as
detoxicating agents by immobilising and holding back elements that -will be toxic
to the rest of the plant. The concentration of such elements in root, according to
Nicol and Beckett (1985), Guo and Marschner (1995) and Mortvedt (1996), may

be considered as a more sensitive indicator of soil toxicity.

The status of heavy metals in different plants, especially in the edible parts
will be discussed based on standards prescribed for food safety and phytotoxicity

by different scientists in UK, Japan, GDR, US etc.

Allaway (1968) had reported the content of Zn, Cu, Pb, Ni and Cd in
normal agricultural plants in the range 15.0-100.0, 4.0-15.0, 0.1-10.0 and 0.2-
0.8 mg kgl respectively. According to Nicol and Beckett (1985) when the content
of Cd, Cu, Ni and Zn in plants is less than 5, 10, 10 and 100 mg kg™! respectively,

then it is not phytotoxic.

According to food safety standard in Japan (Ito and Iimura, 1976a) Cd
concentration in brown rice should not exceed 1 ppm. In GDR legislation,
maximum permissible level (MPL) of Zn, Cu, Pb and Cd in vegetables (Bergmann,
1992) is fixed as 15, 5, 0.5 and 0.1 mg kg-! respectively. Such food safety

standards are not available in our country.

It may be seen from tables 13 to 16 that the status of heavy metals in the
rice plants generally do not show much variation compared to the normal ranges
suggested above and in none of samples Cd content exceed the critical level of 5
mg kg! for phytotoxicity as proposed by Nicol and Beckett (1985). In all cases,
rice grains registered the lowest values compared to roots and straw, the roots
showing the highest content of all heavy metals (Fig. 4). A perusal of the tables

also reveal a strikingly higher content of all heavy metals in the grain, straw and
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roots of rice plants collected from PME plots which were receiving a uniform
level of organic manures and inorganic fertilizers continuously for the past several

years.

Almost all the samples of rice grains fro'rn the different'locations had 1.0
to 3.5 mg Cd kg'! and exceeded the food safety standard of 1 mg Cd kg!
suggested by Ito and Iimura (1976a) indicating that rice, the staple food of the
people of Kerala is contaminated by Cd to a much higher level than is considered
as safe. The copper content in rice grain and straw also is high and lies between
5.1 and 14.5 mg kg™! and 6.8 to 18.0 mg kg"! respectively and exceeds the critical
level of 5 ppm proposed by Etherington (1982) to express phytoxicity.

Amaranthus

It is a leafy vegetable cultivated all over K'e.rala.‘ Representative samples
have a content of Cd (Table 17) ranging from 03 to 1.8 mig kg"! in the leaf and
1.0 to 2.8 mg kg! in the roots indicating values coming much below 5 mg kg'!,
the phytotoxic level proposed by Nicol and Beckett (1985). However it is much
above the MPL of 0.1 mg kg"! proposed by Bergmann (1992) in GDR as food
safety standard. Zinc content in amaranthus top (19.4 to 71.3 mg kg!) is almost
double the content in root but is within the range proposed by Allaway (1968) in
normal agricultural plants (Fig. 5). The levels of Cu, Ni and Pb are within the
normal range cited as 5 to 20, 0.2 to 5 and 0.2 to 20 mg kg! respectively by
Alloway (1990) in plants. Zn and Pb content exceeded the MPL of 15.0 and 0.5
mg kg™! in vegetables according to GDR legislation (Bergmann, 1992). Cu content

in within the permissible level proposed by him.
Cowpea

Cowpea is cultivated as a vegetable on a large scale by the farmers all
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over Kerala and yields about 700 kg ha"! in response to the application of high
levels of manures and fertilizers. Their pods, vines and roots contain a variable
amount of heavy metals, ihe roots having the highest and pods the lowest content
of Zn, Cu, Pb, Ni and Cd (Fig. 6). The content of all the five metals are within
the normal range cited by Alloway (1990). As in the case of amaranthus, Zn, Pb and

Cd content exceeded the GDR food safety standards for veéetables mentioned above.

Fodder Crops

Fodder crops extensively cultivated in the sewage farm, Valiyathura in
Trivandrum are periodically cut and supplied to the farmers to feed their cattle.
As seen from Table 10, Zn is the element present in highest quantity in them
followed by Cu, Pb, Ni and Cd. Zn content varies from 0.035 per cent in subabool
to 0.080 per cent in paré grass, which is very much above the normal range of 1-
400 mg kg-! prescribed for plants by Bowen (1979) and 100 mg kg-! suggested
by Nicol and Beckett (1985). Copper content is also very high and varies from
11.9 to 16.9 mg kg"!, coming above the critical level of 10 mg kg™! suggested by
them. Ni and Pb content in fodder is within the normal range of 0.02 to 5.0 and
0.2 to 20 mg kg"! indicated by Bowen (1979). The most harmful ‘el(ement Cd is
present in the range of 0.3 to 2.3 mg kg"! which is below the upper limit of normal
range (0.1 to 2.4 mg kg'!) prescribed by Bowen (1979) for plants in general.
Although the heavy metal concentration may not affect their growth in general, its
use as a fodder for cattle will naturally result in a gradual accumulation of these
elements in their body and may pose serious clinical problem, besides making the
milk, meat and dung contaminated. The higher content of heavy metals in the

dung of animals fed on fodder from the sewage farm obtained in the present study

render support to this presumption.

A careful examination of the status of heavy metals in the soils, fertilizers,
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manures and plants selected for the study indicate that among the elements studies,
Zn is the most abundant one present in fertilizers, manures and plants whereas, it
is Cu that is present in the highest amount in soils. The status of an element in a
soil is known to be the resultant equilibrium between addition. through inputs, apart
from its native content and removal through plant uptake and leaching. Fertilizers
and manures contribute a substantial amount of Zn to the soil which is taken up
by plants leading to a high content of Zn in them. Unlike fertilizers, organic manures
are found to have a higher content of Cu and when applied at a rate of 2-25 t
ha'! for various agricultural crc;ps, normally incorporates large amount of Cu in
the soil. Due to the strong complexing action of Cu with organic colloids of the
soil (Mc Bride, 1989) it may be retained at a higher level in the soil than Zn,

which might suffer a greater loss through plant uptake as well as leaching.

. Retention of applied Cd and Ni in soils

As the residence time of many heavy metals in soils is known to range
from 75 to 900 years (Bowen, 1979) and a long term factor, it is important to
understand their transport behaviour in soil so as to get a complete picture of

their potential status in soil and availability to cultivated crops.

_The retention of heavy metals in soils has been reported to be determined
by the properties of the metal, the quantity and type of soil adsorption sites as
well as competing and complexing cations in the soil (Alloway, 1990). Soil
properties often correlated with metal adsorption include pH (Harter, 1983 and
Christensen, 1984), soil CEC (Soldatini et al., 1976; Harter, 1979), soil organic
matter (Tyler and Mc Bride, 1982) and clay content (Korte ef al., 1976). The

transport of reactive solutes in soil is driven by simultaneous physical and chemical

process as well (Buchter et al., 1996).
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As a result of all these factors, the pattern of metal retention in soil is
expected to be different in different soil types which show high variability with
respect to the characters stated above. To understand the phenomenon of metal
transport in soils, researchers have carried out laboratory experiments with large
undisturbed soil cores or monoliths (Singh and Kanwar, 1991 and Buchter ez al.,
1996); by monitoring the extent of heavy metal reiention by shaking and
centrifugation of small quantities of soils with solutions of different input
concentration (Hinz and Selim, 1994); using ion exchange methods (Gaston and
Selim, 1990) and by treating soil column with heavy metals and then eluting with
different extractants (Tyler and Mc Bride, 1982). Undisturbed soil columns under

steady state unsaturated flow conditions as used by Swarup and Ulrich (1994) is

also a useful method.

All these studies have helped in eliciting upon some aspects of heavy metal
- soil interaction and binding capacities in different soil types. Such studies also
provide a basis for the prediction of likely or possible influx of heavy metals through
inputs in agriculture like fertilizers and manures. However, although the extent of
adsorption can be measured and isotherms calculated, it is difficult to be precise
about which particular process is responsible for their retention in any soil. The
behaviour of heavy metals in the different soil types of Kerala is an aspect not so
far inveéstigated in detail. The results of the studies on the pattern of retention of
applied Cd and Ni in undisturbed soil columns of important soil types of Kerala,

revealed from Tables 20-27 gives more insight into these aspects.

Results given in Tables 20 and 21 show that more Cd is retained in the
top than in the bottom layer in all soil types. It is invariably higher when the soils
were treated with FYM and decreased in the order laterite > red > sandy

Onattukara. Basic analysis of the soils have revealed that their organic matter
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content also decrease in the same order suggesting a possible relationship between
retention of Cd and organic matter status in them. The addition of fresh organic
matter in the form of FYM has further decreased their downward mobility resulting
in greater retention in the top layers. It may be computed from the data in Table
20 that the upper 30 cm soil layer of laterite soil held more than 90 per cent of
added Cd and it was 78 and 75 per cent in the caée of red soil and sandy

Onattukara soil with added FYM (Fig. 7).

Higher retention of Cd in the surface soils has been reported earlier by
Piccolo (1989), Karapanagiotis ef al. (1991), Basta ef al. (1993) and Swarup
and Ulrich (1994). Piccolo (1989) has attributed the increased retention capacity
of added humic substances and Karapanagiotis ef al. (1991) have specifically

identified complexation reaction as responsible for greater retention of Cd.

In the completely flooded wet land soils also, a similar pattern was noticed,
the leaching loss in percolating water being less in the presence of added FYM.
A comparison of t};e extent of loss suffered in different wet land soils indicate this
to be lesser in lateritic alluvial soil which has a higher pH of 5.5 compared to the
kayal (pH 4.6) and kari soils (pH 3.9). Alloway (1990) has observed an increased
retention of Cd in soils with increasing pH value upto 8. The high pH, combined
with a moderate amount of érganic matter (2.2%) clay content (38.2) and CEC
(8.8 cmol(+)kg"!) of the lateritic alluvial soils might have also contributed to a
greater retention of Cd. These results suggest the possibility of a comparatively
higher consequential adverse effect of Cd to rice in lateritic alluvial soils compared
to the kayal and kari soils. This view is supported by a higher content of Cd in
the grain, straw and roots of rice plants collected from the lateritic alluvial soils of

the PME plots in Pattambi as presented in the preceeding sections.

It may be seen from Table 21 that leaching loss was further reduced in
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the presence of added FYM in all these soils, inspite of a rather moderate content
of initial organic matter in them. The effect may be as in the upland soils, due to
the high metal binding ability of the freshly added humic substances in FYM as
has been cited by Piccolo (1989).

The downward mobility of Ni in the soil column, as seen from Table 24,
reveal a similar pattern as that of Cd, except that it was more uniformly distributed
in the soil showing lesser difference between individual layers from top to bottom
(Fig. 8). The mobility of Ni in soil thus appears to l?e more than Cd and is in
agreement with the earlier report of Taylor and Griffin (1981). The higher mobility
of Ni, compared to Cd may be explained based on the selectivity sequence for
heavy. metals cited by Alloway (1990) where he has stated that Ni is the least
tenaceously sorbed heavy metal on the hydroxy functional groups on the edge of
kaolinite crystals and Fe oxides in soils. He has given a selectivity sequence of

these soil constituents for metals as Cd > Zn > Ni, indicating a preferential

retention of Cd compared to Ni.

From the data given in Table 24 and 25 it may be computed that the
retention of applied Ni in the upper 30 cm layer of the soil columns of the upland
and wetland soils was less than that of Cd and range from 56.1 to 72.5 per cent.
Anderson and Christensen (1988), have identified pH as the most important factor

determining the distribution of Ni in soils.

Higher retention of Ni in the soils of higher pH, noted in the present study
agrees with the report by Willaert and Verloo (1988), on the enhanced retention

or lower mobility of Ni in soils of high pH.

Higher retention and lower leaching loss of applied Cd and Ni in the

columns treated with FYM indicate that addition of FYM to soils is producing a
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negative effect on the downward mobility of Cd aﬁd Ni in general both in the
upland and wetland soils studied. Accumulation of more than 55 to 85 per cent
of applied Cd and Ni in the upper 30 cm of the soil column indicate that arable
soils will continue to accumulate these elements in the feeding zone of plant roots.
Fertilizers and manures contaminated with these elements thus tend to increase
their status in the feeding zone of agricultural crops, contéminating the soil as well

as crops to various extent.

Influence of applied Cd and Ni on the growth and yield of plants

Pot culture studies on rice, sesame and cowpea have very clearly revealed
the specific effcet of graded levels of Cd and Ni in the presence and absence of

FYM, on their growth, yield, nutrient content and accumulation in various plant

parts.

Although no phytotoxic symptoms could be noticed, a general reduction
in growth, yield and nutrient uptake was clearly evident in the Cd and Ni treated

plants. The important results obtained from the study are discussed with respect

- to each crop.
Rice

Effect of cadmium

The results presented in the preceding chapter (Tables 28 and 29) show
that the vegetative growth characters of rice like height and number of tillers did
not show any significant difference due to the effect of treatments. But, there was
a significant reduction in the total dry weight as well as the most important yield
components like the number of panicles and hundred seed weight resulting in a

significant decrease in yield of grains. The reduction was evident at all levels of
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Cd applied with FYM and only with the highest level of Cd in the absence of
FYM (Fig 9). The extent of reduction of all the parameters was very high in the
FYM treated plants than in the corresponding treatments without FYM. FYM

thus seems to aggravate the toxic effects of Cd on the growth and yield of rice

plant.

The humified organic matter in FYM might have chelated Cd and permitted
a higher intake as evident from Table 34 resulting in the adverse effects noticed in
the FYM treated plants. A higher intake of Cd in the presence of FYM has been
reported earlier by several workers. (Letunova et al., 1985; Keshan and
Mukherjee 1992 and Wetzel and Werner, 1995). The increase in the availability
of heavy metals as a result of an increase in organic matter content has been
attributed to the existence of organometallic complexes in soil solution for longer
period by Sharma and Kansal (1986). Piccolo (1989) has shown that these

complexes are readily accessible to plants as they could be displaced by DTPA.

Once the Cd enters the plant, as reported by Ghoshroy and
Nadakavukaran (1990), it is transported throughout the metabolically active sites
in the shoots where it exerts the toxic effect. The low yield and TDM obtained in
Cd treated rice plants may be due to the inhibition of growth and modification of
the carbohydrate assimilation and distribution as stated by Moya et al. (1993).
Krupa et al. (1993) attributed the inhibition of photosynthesis in Cd polluted plants
to an increased stomatal and mesophyll resistance to CO, uptake. Heavy metals
are also repbrted (Shoeran et al., 1991) to reduce phot.osynthes;is indirectly through
a decrease in chlorophyll content and by alteration of stomatal conductance and
electron transport. Inhibition of biosynthesis of chlorophyll and the interference
of primary ﬁhotosynthesis are suggested to be responsible for the low dry matter

production and consequent yield reduction in Cd treated plants (Shrivastava and
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Singh, 1986 and Atal et al., 1991). Fuhrer (1982) attributed Cd toxicity to crops
as a consequence of membrane damage and inactivation of vital enzymes through
reaction with SH groups of proteins. Any specific effect of Cd on decreasing the
number of panicles and hundred seed weight has not so far been reported.
However it implies a harmful effect of Cd on the reproductive phase of the rice

plant which needs to be investigated in detail.

Nutrient content and uptake

Nutrient content and uptake in the grain, straw and root of Cd treated
rice plants showed slight variation, but did not reveal any specific pattern except
in the case of N which was mostly higher in the grain, straw and root. [t may
partly be attributed to a higher N content in pots treated with Cd where a profuse
growth of N fixing BGA was observed. The increase in N content observed in
the Cd treated plants may possibly be due to the accelerated sorption of various
N forms from polluted soils with a consequent detoxification of heavy metal ions

by protein and free amino acids as postulated by Chernykh (1991) and

Yevdokimova (1994).

The total uptake of all nutrients inspite of slight variations in content
remained significantly low. A variable effect of Cd and Ni on the composition of
major nutrients in plants has been reported by Biddappa et al. (1987) Hlusek and
Richter (1992) and Brune and Dietz (1995). The excessive accumulation or
depletion of nutrients, which may be deleterious to plants, may be attributed to
the adverse effects imparted by metal toxicity. The increase noticed in the content
of some nutrients however, may be due to a concentration effect in the tissues on

account of the lower dry matter produced as proposed by Knight and Crooke

(1956).
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Barcelo and Poschenrider (1990) have identified retardation of water
uptake, indicated as heavy melal induced dehydration-in cells, as a major reason
for reduced content and uptake of plant nutrients. A decrease in the content of
plant nutrients due to Cd treatment may also be due to the disruption of cell

membrane by metal toxicity leading to disproportionate loss of cations as stated

by Prasad (1995).

Cd content

Cd content in the rice grain from the absolute control pot alone appears
to be within the food safety level of 1.0 mg kg! suggested by Ito and limura
(1976a). Incorporation of FYM along with inorganic fertilizers has raised the Cd
content in grain from 1.7 to 2.1. Although this is not a significant increase, a
possible higher contamination of rice grain with Cd in presence of FYM is
suggested. Cd content in rice straw which is used to feed cattle has significantly
increased from 1.2 to 2.7 due to the use of fertilizers and FYM as recommended
in the POP (T1), again indicating fertilizers and FYM as a source of Cd
contamination of rice grain and straw. Treatments with graded levels of Cd with
and without FYM has further raised the Cd content in grain, straw and root and it

has reached the highest level in T5 receiving 25 mg kg™! Cd along with FYM.

The germination of such grains (T5) is drastically reduced to less than 50
per cent, whereas grains containing 3.2 mg kg"! (T8) were only slightly affected.
The effect of high levels of Cd and Ni in seeds is reported to depress the activities
of hydrolytic enzymes in germinating seeds and inhibit dry matter mobilisation
resulting in lower rate of germination (Rani and Paliwal, 1988 and Bishnot ¢f ul.,
1993). The starch content of such seeds, however, do not show any difference

showing that it is not affected by Cd.
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Cd content in plants (Table 34) show that it is almost double in roots and
slightly higher in the straw and grain of plants treated with Cd and FYM compared
to the corresponding levels of Cd without FYM. This clearly shows that FYM
, has mobilised more Cd into the plants and such plants have retained most of it in
the roots. Rétention of Cd in the roots probably acts as a defensive mechanism
of the plant to restrict its Franslocation to the shoot and reduce harmful effects on
metabolic activities. Such a gradation in Cd content from roots to grain has been
reported earlier by Culfer and Rains (1974), Chino (1981) and Hardiman and
Jacoby (1984). Complexation of heavy metals by phytochelators and
metallothionines in roots as observed by Rauser (1990), Steffens (1990), Guo

~and Marschner (1995) and Prasad (1995) explain these results.

Effect of Ni

The adverse effect of Ni toxicity in rice was reflected in a reduction in
plant height, total number of tillers, root growth and number of filled grains in the
panicle. But a significant reduction in total dry matter and yield was there only
when 100 mg Ni kg1 soil was applied with FYM. A tendency to decrease the
number of filled grains is evident at all levels of Ni, but became significant only at
this level. This effect may be due to a reduction in photosynthesis and altered
translocation of carbohydrates to the grain as discussed in the case of Cd. A
reduction in starch content and germination observed in this treatment also may
be considered as an expression of Ni toxicity. As in the case of Cd, Ni toxicity
to rice is also aggravated in the presence of FYM. Ni content of 22.9 and 36.8
mg kg-! observed in the grain and straw of such plant (Tablf;' 34) may therefore
be considered as an upper critical level for imparting these adverse. effects. This
level, however is much above the critical level of 5-10 mg kg*! for phytotoxicity

prescribed by Nicol and Beckett (1985) and Etherington (1982). Retention of
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high amount of Ni in the roots, may be considered as a defensive mechanism to
restrict the translocation of Ni into the above ground tissues as in the case of Cd.
The mechanisms of differential retention of Cd/Ni in plant roots is not clear.
According to Culter and Rains (1974) they may be bound to the cell walls,
precipitated in roots as oxalate (Van Balan et al. 1980) or sequestered in Cd/Ni
bearing granules in the cytoplasm and vacuoles as postulated by Rauser and

Ackerlay (1987).

Sesame

The effect of Cd and Ni on the biometric and yield characters of sesame -
shows that it is a very sensitive plant compared to rice, where the addition of
even 5 mg kg'! Cd or Ni has resulted in a severe set back in almost all growth
parameters and yield components reducing TDM as well as yield (Fig. 9). Sesame
is a small shrub which normally produce a low dry matter and yield about 250 kg
seeds ha'l. Inspite of the low dry matter synthesis, plant in the control treatments
(TO, T1 and T2) have absorbed more than an equal amount of Cd in the grain,
stover and roots and very much more in the treated plants compared to rice in
similar treatments. Such a high intake of Cd, leading to adverse physiological
conditions might be responsible for the very low growth and yield. Plants are
known to differ in their capacity to absorb cations and some physiological properties
of the sesame plant might have prompted a higher intake of Cd compared to rice.
A differential capacity of plant species and genotypes in their absorption and
translocation of heavy metals has been reported by Petterson (1977), Woolhouse
(1983) and Guo and Marschner (1995). As in the case of rice, intake of Cd is

promoted by FYM indicating its role in aggravating Cd toxicity.

It may be seen from the results (Table 46) that Ni content in plant parts

of sesame is very much lower than that of Cd eventhough similar levels of both
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elements were applied. Toxic effects of Ni was prominent even in plants not
treated with FYM. The adverse effect of Ni was expressed at a lower level

.compared to Cd indicating that sesame is more sensitive to Ni than Cd.

While germination of sesame seeds was not seriously affected by Cd or
Ni, the oil content was significantly reduced. Poor carbdhydrate assimilation due
" to the reasons discussed earlier in the case of rice might have naturally reduced
lipid synthesis and ultimately reduced the oil content in seeds. It may be noted
that the weight of seeds was also significantly low in Cd and Ni treated plants.
These results are in agreement with the finding of Kumar (1992) that Ni is very
poisonous to plants even at low levels. As the stover of sesame is not used as a
fodder, the high content of Cd in them may not be a problem as in the case of rice
straw. Even sesame seeds in the absolute control and the other standard control
had a very high content of Cd of the order of 3.2 to 4.7 mg kg-!. The sesame
seed cake, obtained after the extraction of nearly 50 per cent oil, will automatically
register double the \Nralues of Cd which is much above the safety level of 0.5 mg
Cd kg"! feed on dry basis, proposed by Miller es al. (1995) prescribed for cattle

feed and render the cattle suceptible for Cd poisoning.

Cowpea

Results of the pot culture experiment have very clearly revealed the
adverse effect of not applying FYM along with inorganic fertilizers on the reduction
in growth (Plate 1V) and yield (Fig. 9) as well as nodulation and N content
(Table 53) in cowpea. It may be also noted that, in the absence of FYM, lower
levels of Cd tended to improve slightly the process of nodulation and other features
and a higher level of 25 mg Cd kg™! soil imparted its toxic effect to a greater

extent than in the case of rice and sesame of comparable levels (Fig. 9).
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At the same time, with FYM, the adverse effect of Cd became prominent
. even at the lowest level as seen from the significantly lower values for plant height,
weight of root and shoot and number and weight of nodules at maximum flowering
as well as yield and other characters at harvest. These results very clearly indicate
the influence of FYM in inducing toxic effects of Cd even when it is present only
at a low level. The role of FYM, as discussed earlier in.assisting the uptake and
mobilisation of Cd in plants to metabolic sites is evident in this case also.
However, the negative effects of Cd on cowpea even in the presence of FYM
were very much less at 5 and 15 and only at 25 mg Cd kg™! soil, it decreased
more than 50 per cent yield as in rice and sesame (Fig. 9). This shows that

cowpea is more tolerant to Cd and a higher intake in plant tissues may not often

be reflected in poor yield.

It also appears from the results that a low level of Cd is capable of
overcoming the adverse effects due to the lack of FYM especially on nodulation
(Plate III) and nitrogen content in root nodules as these characters were significantly
improved iﬁ such treatments without FYM (T6 and T7). The crude protein content
in cowpea grain at the lowest level of Cd without FYM also have registered a
significantly higher value. Thus Cd appears to exert some not yet clearly understood
physiological function in the nodulation and N fixation in cowpea. A similar
observation on the stimulation of growth in cyanobacteria (BGA) is recently reported
by Kapoor ef al. (1998) where they have recorded a higher growth rate of BGA
in culture solution under laboratory conditions. The profuse growth of BGA

observed in the pots of Cd treated rice plants in the present study also lends

support to this postulation.

A general reduction in nutrient content and uptake (Tables 59, 60 and

61) in the Cd treated cowpea plants followed a similar trend as in rice and sesame
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suggesting the existence of a similar mechanism of interaction of Cd in the

physiological and metabolical activitics of cowpea.

Cd content in.the plant at maximum flowering stage was higher in Cd +
FYM treated plahts and this trend continued at harvest a1§0. Partitioning of Cd in |
the plant parts was in the order root > haulm > grain as in other crops. Cd
content in grain of control plants ranged from 1.2 - 1.7 which is slightly above the
food safety level prescribed for vegetables. Cd content of 3.8 to 6.0 at the
maximum ﬁowering stage in the Cd treated plants was sufficiently high to exert
harmful effects on carbohydrate synthesis and translocation finally leading to

reduced TDM and yield as discussed in the case of rice and sesame. However, it

has not affected the germination of seeds.

Application of lower levels of Ni to cowpea in the absence of FYM has
also produced a non significant increase in the number of nodules and a significant
increase in their weight and N content, suggesting a tendency of Ni in ameliorating

the adverse effect of inorganic fertilizers in the absence of FYM as seen in the

case of Cd. .

"An increase in nitrogen fixation due to the stimulation of nitrogenase and
hydrogenase activity by the presence of Ni at low concentration in root nodules
has been reported by David ef al. (1985) and Vasundhara et al. (1997). Rees
and Bekheet (1982) have observed that break down of ureids formed during N
fixation produce urea which accumulate in Ni deficient plants and depress the
activity of hydrogenase enzyme involved in nitrogen fixation. This process may
probably maintain the activity of hydrogenase enzyme and lead to more nitrogen

fixation in the presence of Ni.
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Increase in crude protein content in cowpea grain at low levels of Cd and
Ni (Table 62) may be the result of the high nitrogen content in the root nodules
which was utilised by the crop. It may also be due to an accelerated sorption of
N compounds by roots inorder to detoxify heavy metals by protein, free amino

acids and nitrogen compounds as suggested by Yevdokimova (1994).

The high content of Ni in cowpea grain has not much affected its crude
protein content or percentage germination unlike the case in sesamum or rice.
Difference in plant species towards tolerance to heavy metal toxicity as stated by
Guo and Marschner (1995) holds good under these situation also. Ni content in
top and root of cowpea was greater than Cd, but the toxic effects on growth and
yield parameters were of lesser magnitude compared to Cd. A stimulatory effect
of Ni at low levels on growth and yield of plants as reported by Dalton et al.

(1988), Hopkins (1995) and Singh (1995) is observed here also.
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'SUMMARY

A detailed investigation was made to assess the status of heavy metals
(Zn, Cu, Pb, Ni and Cd) in the soils and plants (rice, amaranthus, cowpea and
fodder crops) as well as in some of the phosphatic fertilizers and manures by
taking random samples from selected locations in Kerala. The retention pattern
of applied Cd and Ni in the major soil types (upland and wetland) was also
monitored in undisturbed soil columns and the specific effect of these two elements
on three important crops (rice, sesame and cowpea) was studied in pot culture.

The salient results emerged from the studies are summarised here under.

\

O Data on the status of Zn, Cu, Pb, Ni and Cd in 40 samples of wetland rice
soils and 30 samples of upland soils revealed that Cu is the most abundant

heavy metal in.them followed by Zn, Ni, Pb and Cd. The DTPA extractable

form is only a minor part of the total content.

L1 The status of Cu is high and above the critical level for phytotoxicity in the vegetable
plots of Pathanamthitta and Alappuzha districts and wetland soils of the rice PME
plots in Moncompu, Kayamkulam and Pattambi. High Cu contamination in
Pathanamthitta district appears to have originated from Bordcaux mixture applicd
to adjacent rubber plantations in addition to the residual effect from fertilizers and

manures used. Excessive Cu is likely to affect soil biochemical processes related

to soil fertility.

Q Status of Zn is within normal range and that of Ni and Pb is very low, except
in the sandy soils of the sewage farm, Valiyathura where a likelihood of

phytotoxicity exists due to excessive Ni content.
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O The average content of Cd, the most hazardous element for human health is

highest in the sewage farm soil [ollowed by the upland and wetland rice soils.

In some individual samples it exceeds the normal and critical levels proposed.

The observation that the PME plots receiving high levels of organic manures
and fertilizers had the highest and absolute control plots with no inputs at
various locations the lowest status of all heavy metals tends to identify manures

and fertilizers as the chief agents in contaminating cultivated soils of Kerala

with these heavy metals.

Data on the heavy metal composition of fertilizers and manures have helped

to arrive at the following conclusions :

a

Rock phosphate and soluble P fertilizers derived from them (SSP and
Factamphos) are major sources delivering heavy metals to cultivated soils,

Zn being the highest contaminant followed by Pb, Ni, Cd and Cu.

The highest content of the most dangerous element Cd is noticed in SSP and

Factamphos and a much lower content of Cd is present in 17-17-17 complex.

Commonly used manures are also rich in Zn, Cu and Ni, but have only a
lesser amount of Pb and Cd. Sewage sludge recorded the highest content of
all the metals and vermicompost made from assorted domestic wastes has a

higher heavy metal load compared to that made from banana wastes alone.

Dung from animals fed on fodder grass from sewage farm has a higher load

of heavy metals compared to the dung from other animals.

In view of the use of huge quantities of organic manures compared to inorganic
fertilizers for various crops, the likelihood of heavy metal contamination of

agricultural soils and food crops is more from organic manures.
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As long as large inputs of organic manures are recommended as a waste
management programme as well as in the currently popular system of organic

farming, heavy metal contamination especially with hazardous elements of the

soil and crop is inevitable.

The heavy metal content in the plant samples collected from selected

locations for soil samples collection have also yielded valuable information as

summarised below.

a Al plzint samples have the highest load of heavy metals in the root and least

in grain, with Zn ranking highest and Cd lowest in status.

O Rice plants from the PME plots receiving a uniformly high level of organic
manures and inorganic fertilizers for a long period recorded the highest content

of all heavy metals in their roots, straw and grain.

O Almost all samples of rice grains exceeded the food safety standard of 1 mg
Cd kg! indicating that rice, the staple food of the people of Kerala is

contaminated with Cd, the most hazardous heavy metal for human health.

O Cu content in rice grain and straw is also high and exceeds the critical level

proposed to express phytotoxicity.

O None of the heavy mectals are present at phytotoxic levels in amaranthus and

cowpea. However, the content of Cd, Pb and Zn in these crops is much

above the food safety standards in GDR.

O The fodder plants from the sewage farm are found to be heavily contaminated
with these heavy metals and animals feeding on them are likely to be exposed
to their unfavourable clinical and physiological effects. The meat and manure

from them also are likely to be contaminated with such heavy metals.
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The pattern of retention of applied Cd and Ni in the undisturbed soil

column of typical soils of Kerala revealed the following :

a

Downward movement of Cd and Ni in soils was slow and 55-85 per cent

were retained in the upper 30 cm soil column.

Addition of FYM to the soil resulted in lesser downward movement and greater

retention of Cd and Ni in the upper soil layers.
Leaching loss of Cd and Ni was also less in flooded soil column in the presence

of FYM.

In the upland soil types, retention pattern in the upper 30 cm of soil column

was in the order laterite > red > sandy Onattukara soil and in the case of

wetland soils, the pattern was lateritic alluvium > kayal > kari soils.

Ni was more mobile in soils than Cd.

Greater accumulation of Cd and Ni in the upper 30 cm of the soil column

indicated that arable soils will continue to accumulate these elements in the

feeding zone of plant roots.

The specific effect of graded [evels of Cd and Ni in the presence and

absence of FYM, on the important growth and yield characters, nutrient content

and accumulation in various plant parts of rice, sesame and cowpea are summarised.

Q

A significant reduction in the total dry weight as well as the most important
yield components like number of panicles and hundred seed weight resulting
in a significant decrease in yield was seen in rice at all levels of Cd when

applied with FYM and only with the highest level in the absence of FYM.
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Nutrient content of the grain, straw and root of Cd treated rice plants showed
slight variation, but did not reveal any specific pattern except in the case of

N which was mostly higher in the grain, straw and root.

- Cd content in rice grain and straw from the control plants was in the range of
1.0 to 2.1 and 1.2 to 2.7 mg kg'! respectively. Treatments with graded levels
of Cd with and without FYM further raised the Cd content in grain. Cd
content in grain was 6.3 mg kg1 when 25 mg kg! Cd was applied along with
FYM and seed germination was reduced to more than "50 per cent in this

case.

Cd content is almost double in rice roots and slightly higher in the straw and
grain of plants treated with Cd and FYM compared to the corresponding

levels of Cd in the absence of FYM.

Reduction of total dry matter aﬁd yield of rice due*to Ni treatment was
significant only when 100 mg Ni kg-! soil was applied with FYM. A reduction
in starch content and germination of seeds was noticed in this treatment. Ni
content of 22.9 and 36.8 mg kg~! observed in the grain and straw of such
plants may therefore be considered as an upper critical level for imparting

adverse effects.

The effect of Cd and Ni on sesame showed its higher sensitivity compared to
rice and addition of even 5 mg kg! Cd and Ni resulted in significant reduction

in growth and yield.

Compared to rice, intake of Cd by sesame was higher and it was promoted
in the presence of FYM. Eventhough the intake of Ni is much less compared
to Cd, its toxic effects were more, suggesting a greater sensitivity of sesame

to Ni than Cd.
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Q0 While germination of sesame seeds obtained from treated plants was not

seriously affected by Cd or Ni, they reduced the oil content significantly.

Q Nodulation and yield of cowpea showed a remarkable decrease when inorganic
fertilizers were applied in the absence of FYM. A low level of Cd appeared

to be capable of overcoming this adverse effect.

0 Cd content in cowpea at maximum flowering stage was higher in Cd + FYM
treated plants and this trend was continued at harvest also. Germination of

seeds from Cd treated plants was not adversely affected even at a Cd content

of 2.8 mg kg-! in seeds.

QO Application of lower levels of Ni to cowpea in the absence of FYM produced
significant increase in the weight and N content of nodules in cowpea at

maximum flowering stage.

O Ni content in top and root of cowpea at maximum flowering was higher than

Cd, but the toxic effect on growth and yield parameters were of lesser

magnitude compared to Cd.

QO A general reduction in growth, yield and nutrient uptake was clearly evident
in all crops due to Cd and Ni treatment and these effects were aggravated in
the presence of FYM. It also favoured the intake of Cd and Ni by plants

and partitioned in the plant parts in the order root > shoot > seed in all the

three crops.

A critical analysis of the status of Cu, Zn, Ni, Pb and Cd in soils give
room for concern with regard to Cu, which may affect soil fertility and Cd, in
view of its potential toxicity to human health. Considering the higher retention of

Cd in the top soil contaminated from fertilizers and manures, regulatory steps are
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to be taken to prevent its entry into soil and other biological systems through
agricultural inputs. Considering the enhancing effect of FYM in promoting soil
retention and plant intake of Cd, FYM application cannot be recommended as an

ameliorative measure in heavy metal polluted soils.

Among the three crops studied, sesame was found to be the highest
accumulator of Cd. Further studies have to be taken up to monitor the status of
Cd in sesame seeds, oil and the oil cake considering the food safety of humans
and cattle. In choosing crops for polluted soils, such accumulator species have to
be avoided. In the light of the high status of some of the dangerous heavy metals
in soils and plants as revealed from the study, it is imperative to fix standards for
their maximum permissible limit in food grains, vegetables and fodder in our country

also as in the case of US, UK, Japan, The Netherlands and Germany.
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ABSTRACT

Status of Cu, Zn, Ni, Pb and Cd in samples-of selected soils, fertilizers,
manures and crops were estimated. A critical analysis of the total content of
these heavy metals in the soils studied here revealed that Cu and Cd are existing
beyond the critical level in the some of the samples. In the wetland soils, content
of all heavy metals was lowest for phytotoxicity and food safety in samples from
absolute control plots of rice PME at Pattambi, Moncompu and Kayamkulam and
highest in samples from plots receiving maximum quantity of organic manures and
inorganic fertilizers. The DTPA extractable form is only a very minor part of
their total content. The heavy metal load of the commonly used P fertilizers in
Kerala is found to he highly variable. Zn is the highest contaminant followed by
Pb, Ni, Cd and Cu. With respect to manures commonly used in Kerala, Zn is the

most abundant among the five elements studied followed by Cu.

Retention of heavy metals was found to be more in the roots of all plants
compared to the above ground portions except Zn in amaranthus. The grain,
straw and root of rice plants collected from PME plots which were receiving
organic manures and inorganic fertilizers continuously for several years had a
distinctly higher content of all heavy metals compared to the samples obtained
from absolute control plots. The content of Cu in rice samples and that of Zn and
Cu in the fodder samples from sewage farm exceeded the critical level to express
phytotoxicity. In some of the samples of amaranthus and cowpea, content of Zn,

Pb and Cd exceeded the food safety standards prescribed in Germany.
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Studies on the pattern of retention of applied Cd and Ni in undisturbed
soil columns of important soil types of Kerala showed that retention of Cd and Ni
was more in the top than in the bottom layers. Higher retention and lower leaching

loss of applied Cd and Ni was observed in the columns not treated with FYM.

Pot culture studies have shown a significant redu.ction in yield of rice,
sesame and cowpea at various levels of Cd and Ni with 'and Without FYM. Nutrient
content of seed, shoot and root showed variations but did not reveal any specific
pattern in various crops. In cowpea, low levels of Cd and Ni in the absence of

” FYM stimulated nodulation and nitrogen content. Intake of Cd and Ni in various
plant parts of rice, sesame and cowpea was in the order root > shoot > seed. It
was more in the presence of FYM than in its absence. The toxic effects of Ni on
growth and yield parameters were of lesser magnitude compared to Cd especially
in rice and cowpea. Maximum accumulation of Cd in edible portions was recorded
by sesame with no ill effect on germination. However a moderate accumulation of

Cd in rice seeds resulted in significant reduction in germination.

An alarming observation obtained from the study was that almost all
samples of rice grains exceeded .the food safety standard of 1 mg Cd kg'! indicating
that rice, the staple food of the people of Kerala is contaminated with Cd, the
most hazardous heavy metal for human health. This pioneer study on the heavy
metal status of selected soils and crop plants of Kerala has brought out the need

for conducting detailed studies on these aspects.
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