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i EFFECT OF HEAVY METALS ON THE DISTRIBUTION

OF P, K, Ca, Mg AND MICRONUTRIENTS IN THE
CELLULAR CONSTITUENTS OF COCONUT LEAF

C. C. BIDDAPPA and M. G. BOPAIAH
Central Plantation Crops Research Institute, Kasaragod 670 124, Kerala, India

ABSTRACT

The distribution patterns of P, K, Ca, Mg and micronutrients with special reference
to heavy metal treatments have been evaluated in coconut and the results indicated that
the P distribution in organic acids, polar compounds, proteins and nucleic acids and
polysaccharides has been, influenced by the heavy metals. However, the K content of
lipids and pigments, organic acids, cellulose and insoluble residues has been signifi-
cantly altered due to heavy metal treatment. The Ca concentration in lipids and pigments
and organic acids has been significantly depressed by heavy metals. A similar pattern

of depression of Mg content has been recorded in nucleic acid, polysaccharides and
organic acid fractions.

Among micronutrients, iron content in proteins, cellulose and insoluble fractions
increased by heavy metals in-general and due to Pb and Cd significantly in pigments.
All the sevenheavy metals increased the Mn content in polar compounds over control.
Cadmium, Bismuth, Chromium and Barium exerted profound increase in Zinc distribution
in polysaccharides and insoluble residues over control. There was no change in Zinc
concentration with lipids, pigments and organic acids. In respect of Copper there was
noticeable change due to heavy metals in pigments, cellulose, polysaccharides and
insoluble residues. Copper content increased insoluble residues and pigments.

INTRODUCTION

The effect of heavy metals on the
nutrition of coconut has been exten-
sively studied. Biddappa et al, (1987)
have shown the inhibitory role of heavy
metals on the uptake and translocation
of major nutrients in coconut. The
alteration in physiological processes in
plants following an excess of heavy
metals has been well documented (Foy,

Chancy and White, 1978). The associ-
ation of nutrient ions with various
subcellular components is a well

. established fact because of their promi-

nent role in various biological synthesis.
The gradual loss of nutrient elements:

from stored subcellular components

~might be due to dissociation, degradation

or disappearance (Rathore, Bajaj and
Wittwer, 1972). Whatley, Ordin and
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Amon (1951) emphasised the importance
of subcellular localisation of nutrients
in relation to their functional role in
cellular activities. Thusa knowledge of
changes in subcellular distribution
pattern of nutrients accompanying
changes in growth and development due
to heavy metals seemed to be a valuable
method to define their possible bioche-
mical role. The need for such studies
with mammalian tissues indicated that
several metallic ions showed character-
istic distribution pattern in subcellular
organelles (Edwards et al, 1961). The
present study was undertaken with a
view to evaluate the specific inhibitory/
synergistic effect of heavy metals on the
incorporation of nutrient elements in
various functional cellular constituents
of coconut which further governs the
productivity of this crop.

MATERIALS AND METHODS

A pot culture experiment in which
high yielding one year old coconut
variety West Coast Tall was grown on
pure quartz sand during September 1982.
During October 1983, the treatment of
heavy metals viz., Pb, Cd, Bi, Cr, Ca, T, and
Ni were imposed. A control treatment
was also kept for comparison. Major,
secondary and micronutrients were
supplied in the form of normal nutrient
- solution and replaced once every month
throughout the experimental period.
The treatments of heavy metals in tripli-
cate were imposed in a completely
randomised design (Table I).

The treatments were also replaced
once per month by flushing out the old
solution with water and replacing it with
new solution. The tissue samples from
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Table I.

Treatments of heavy metals and
their concentrations
Treat.  Salts  Metals respocise il
ment no. used _—
1 2 3
1. Pb(Noj); Pb 5 10 " 20
2. Cd ClL, Cd 1 2 4
3.  Bi (Noy)s Bi 2 4 8
4.  X,Cr, 04 Ct 5 10 20
5. Ba Cl, Ba 5 10 20
6. Ti Cl3 Ti 5 10 20
7. Ni (Noj), Ni 2 4 8
8. Control 0 0 0

the third youngest leaj were taken from
the third highest concentration of heavy
metal treatments for the fractionation
of the cellular constituents and nutrient
distribution in 4 year old coconut plants
during May 1986. The third concentr-
ation was used due to handling problems
with an assumption that the basic
process would be almost same in the
lower concentrations also with lesser
magnitude. Cellular fractionation was
carried out by using the procedure
described by Brooks, Shaw and Asensi
Marfil (1981). The P, K, Ca, Mg, Fe,
Mn, Zn and Cu contents in each fraction
was estimated in a diacid digest with an
atomic absorption spectrophotometer
(A 975) as per the procedure described by
Jackson (1967). The data were statisti-
cally processed in order to evaluate the
specific inhibitory role of heavy metals
on the nutrient incorporation in various
cellular constituents.

RESULTS AND DISCUSSION
Phosphorus

The data on the P concentration in
cellular fractions as influenced by the
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different heavy metals are summarised in
Table I.  The results indicate that the
P content in lipids and pigment fractions
was significantly high in Cd treated
plant compared to that of control.
Other heavy metals did not influence P
content of this fraction significantly. In
the case of organic acids Pb, Cd, Cr, Ba
and Ni significantly reduced P content.
The P content of proteins and pectates,
nucleic acid, polysaccharides and acid
soluble polar compounds was reduced
with all metals with the exception of
Ni, in nucleic acid. On the other hand,
the P content in cellulose was reduced
by Pb, Bi, Cr and Ni treatments. The
application of Bi and Ni enhanced the P
concentration in insoluble residues while
Ti and Cd decreased it significantly.

Potassium

The data summarised in Table II
gives the K distribution pattern in the
cellular fractions as influenced by metal
treatments. It is evident that Ni,
Ba and Cr enhanced the X content in
lipids and pigments while Pb and Cd
decreased it significantly. On the other
hand, the K content in acid soluble
polar compounds, cellulose and pectates
and insoluble residues were increased
markedly by the metal treatments especi-
ally in pectates and insoluble residues.
The X content of nucleic acid and poly-
saccharide fractions has not been affected
except Bi in nucleic acid, and Pb and Cd
in polysaccharide fractions.

Calcium

The data show that the Ca distri-
bution (Table II) in nucleic acid and
polysaccharide has not been affected by
metal treatments. However, the Ca

~ the iron concentration

content of lipids, pigments, and organic
acids was depressed by almost all the
metals except Pb in lipids and Pb and Bi
in organic acids. Cr had a profound
influence on the Ca content of acid
soluble polar compounds when compared
with control and other metals. In the
case of proteins and pectates Pb, Cd, Cr
and Ni significantly increased the Ca
concentration and Cd, Ba and Ti also
enhanced Ca in cellulose. The Ca content

" of insoluble residue was also not signi-

ficantly altered in all metal treatments
except Cd and Bi.

Magnesium

There was a decrease of Mg content
in most of the cellular fractions as a
result of metal application (Table II).
The Mg content of lipids, acid soluble
polar compounds and proteins and
pectates was least affected except by Cd
and Cr in polar compounds, Ti and Ni
in proteins and Cr and Bi in lipids. The
Mg concentration of organic acids, -
nucleic acids and polysaccharides was .
significantly decreased by most of the .
metals except Ba (organic acids) and Ni
(polysaccharides) where high concent-
rations of Mg were recorded. The Mg
content in cellulose was increased b
most of the metals. On the other hand,
Cd, Bi and Ba depressed the Mg content
of the insoluble residues significantly.

Iron

The data (Table IV) indicates that
in . pigments
is significantly more with Pb and Cd
treatments. ~ The Fe distribution in
organic acids, polar compounds and
polysaccharides has not. been altered by
heavy metal treatments except Pb in
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organic acid and polar compounds.
The Fe content of proteins, cellulose
and insoluble fractions generally incre-
ased to a varying degree with different
heavy metals. On the other hand the
Fe concentration in nucleic acid was
depressed significantly by the application
of Pb, Cd, Cr, Ti and Ni.

Manganese

In general, the Mn content of
(Table 1V) lipids, pigments and proteins
was not significantly influenced by heavy
metal treatments. Pb, Ba and Ti
enhanced the Mn content of organic acids
while all heavy metals increased the
Mn concentration in polar compounds.
A similar pattern was obtained for Mn
distribution in protein, cellulose and
insoluble residues. In the case of nucleic
acid an increase in Mn content was
recorded for Cd, Bi, Cr, Ba and Ti enh-
anced the Mn content of polysaccharides.

Zinc

The zinc concentration in lipids,
pigments and organic acids was not
affected (Table V) by metal treatments
except Pb in lipids and Ba in organic
acids. The Zn concentration in the
polar compounds was enhanced by Bi
and Cr and depressed by Ni. The Zn
concentration in proteins and cellulose
was influenced by different metals to a
varying degree, Cd, Bi, Cr and Ba profo-
undly increased the Zn distribution in
polysaccharides and insoluble residues.
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On the other hand, the Zn concentration
in nucleic acid was suppressed by all
heavy metals except Ni.

Copper

There was a considerable impact of
the heavy metals on the Cu distribution
in pigments, cellulose, nolysaccharide
and insoluble residues. Almost all of
the heavy metals increased the Cu content
in insoluble residue and pigments and
Cr, Ba and Ti affected the Cu content of
the organic acids. Only Cd increased
the Cu contents of polar compounds
and Bi in nucleic acid. In the case of
proteins, the Cu content was influenced
by Pb, Cd, Bi and Ti and in polysacch-
arides by Bi, Cr, Ba and Ti.

In general, the nutrient distribution
in various functional cellular constituents
varied with the heavy metal treatments.
This might be due to the specific
inhibitory/synergestic role of heavy
metals on the enzyme systems which
involved in such incorporation. (Foy
et al, 1978). The other possible reasons
for such differential behaviour could be
attributed to the competitive nature,
dissociation or displacement, of nutrient
element from such functional side
(Rathore etal,1972). However, this needs
further investigation to establish specific
reaction mechanisms involved in the
inhibition of incorporation of nutrient
elements in the cellular functional sides.
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