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ABSTRACT

Sand culture experiments were carried out at the greenhouse of the Department of Soil and Waler Sciences, Faculty
of Agriculture, Alexandria University to study the effect of Zn and Cd on the growth of wheat (Triticum aestivum L.) variety
Giza 168, element content, photosynthetic pigments content, carbonic anhydrase activity (CAA) and phytochelatins (PCs)
contents.

The results showed significant increases in the fresh and dry weights of shoots and roots with increasing Zn
concentrations in the nutrient solution and significant decreases in both with increasing Cd concentrations. However, Zn and
Cd contents in the leaves and roots were increased with increasing Zn or Cd concentrations in the nutrient solution. The
leaves contents of Chl a, Chl b and Carotenes were increased with increasing Zn treatments and were decreased with
increasing Cd treatments. The results showed that Zn stimulated Chl b synthesis more than Chi a while Cd inhibited Chl b
synthesis more than Chl a while carotenes synthesis was less inhibited by increasing Cd concentrations.

Significant increases in CAA in leaves of wheat plants were found with increasing Zn concentrations while significant
decreases in CAA were found with increasing Cd concentrations. The activity of carbonic anhydrase enzyme is positively
associated with Zn increases in leaves and is negatively associated with Cd increases in plant leaves. On the other hand,
increasing Cd concentrations in the nutrient solution stimulated the synthesis of phytochelatins in leaves and roots of wheat
plants than that of Zn. The results also showed that the concentrations of PCs were almost higher in roots than in leaves with
either Zn or Cd treatment.

Transmission electron microscope (TEM) examinations of root tips of wheat seedlings exposed to 0.04 mg Cd L for
28 days showed thickness of cell walls relative to the comtrol. Alsg, granular depasitions were observed, in cell walls of the
epidermis at the outer cell layer cortex of Cd- treated roots than the control. The results clearly showed that Cd altered the

nucleolus features where granular deposits occurred on.niicleolus as compared with the control.
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INTRODUCTION

inc is an essential nutrient and is involved in

several aspects of biochemical reactions in plant.
On the other hand, cadmium is a nonessential element
for plant. In spite of their physicochemical similarity,
their absorption by plant roots, translocation and
accumulation, in different plant organs, are not similar
(Clemens et al., 2002).

The studies on the phytotoxic effects of Cd in
higher plants have been focused principally on the
inhibition of photosynthesis where long term exposure
of plant to Cd may affect chlorophyll synthesis and
chloroplast development in young leaves (Baszynski
et al., 1980; Barcelo et al., 1988; Sheoran et al. 1990;
Abo- Kassem et al., 1997; Oncel et al., 2000 and
Shukla et al., 2003).

In response to excessive Cd uptake by plant,
metal- binding nonprotein- SHs (phytochelatins:PCs)
are produced. It has been reported that the synthesis of
phytochelatins is induced by Cd*" and other trace
eclements such as Cu®* , Hg" , Pb®" , and Zn*, but
larger amounts of PCs are synthesized when exposed
to Cd* (Gill, et al., 1985 ; Klapheck et al., 1995;and
Keltjens and van Beusichem (1998).This suggests that
PCs may have a role in heavy metal detoxification in

plants (Vatamaniuk et al., 2001 and Cobbett and
Goldsbrough.,2002)). The formation of Cd- PC
complex is up to 1000 times less toxic to many plant
enzymes than the free Cd** ion (Knewr and Zenk,
1992).

While Cd induces the synthesis of PCs greater
than Zn, it reduces the activity of carbonic anhydrase
enzyme (Aravind and Prasad, 2004) and Zn is an
essential element for stimulating carbonic anhydrase
catalytic activity (Silverman, 1991 and Marschner,
1990). It was found that in wheat genotypes suffering
Zn deficiency, a sharp decline in carbonic anhydrase
activity (CAA) was measured -‘(ROmheld and
Marschner, 1991; Rengel, 1995 and Pandey et al,
2002).

Despite the increasing knowledge about the
diverse effects of Cd on the biochemical processes in
plants, there is scarce informations about Cd effects on
the structural and ultrastructural changes of difterent
organs of Cd- treated plant. Most studies revealed that
Cd caused more marked ultrastructural changes in the
aerial parts of plants than in roots (Barcelo et al.,
1988). This may be explained by both the capacity of
roots to store Cd in a more inactive form and by the
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relatively low mobility of Cd within plants. Rauser and
Ackerley (1987) and Bargelo et al. (1988) reported that
despite of high Cd concentration in plant roots, plastid
ultrastructure was hardly affected. However, Vizquez
et al. (1992) found high Cd accumulation in the
vacuoles and nuclei in roots of bean and this produced
ultrastructural disorders. These conflicting results may
be due to differences between Cd concentrations, plant
species, differences between monocots and dicots and
detection methods used by the authors.

The objectives of this study, therefore, were to
investigate the comparative effects of Zn and Cd on
plant growth, metals and phytochelatins contents,
activity of carbonic anhydrase enzyme, and the
ultrastructure of roots of wheat grown on sand culture.

MATERIALS AND METHODS

Sand culture experiment was carried out to
investigate the effect of Zn or Cd on the growth
performance of wheat grown in the glasshouse of Soil
and Water Sciences department, Faculty of
Agriculture, Alexandria University. The sand- water
system had pH of 6.5 and total soluble salts of 9.6
mg/L. Seeds of wheat (Triticum aestivum L.) variety
Giza 168 was used as the test plant.

Modified Zn-free nutrient solution of

Hoagland and Arnon (Hewitt, 1966) was used as the .

base solution. Zinc- free stock nutrient solution was
obtained by dissolving 10.2, 4.9, 2.3, 4.9 g/L. KNO;,
Ca(NOs),, NHH,PO, and MgSO,.7H,0 respectively
and 28.6, 18.1, 0.8, 1.0 mg/L. H;BO;, MnCl,.4H,0,
CuS0,.5H,0, (NH,)sM070,4.4H,0, respectively. Iron-
EDDHA was freshly prepared in a concentration of
100 mg/l.. This solution is 10 times strength the
modified Hoagland and Arnon nutrient solution. The
working solution (base solution) was obtained by
diluting 50 ml of the stock solution to 1 liter by
distilled water to obtain half strength nutrient solution.

Stock Zn solution No.l was obtained by
dissolving 0.5191 gm ZnSO,7H,O in one liter
distilled water. This solution contains 100 mg Zn L.
Stock Zn solution No. 2 was obtained by diluting 100
ml stock Zn solution No. 1 to one liter with distilled
water. This solution contains 10 mg Zn/L. The Zn
working solution was obtained by mixing 0, 2.5, 5, 10
ml stock Zn solution No.2 with 50 ml stock nutrient
solution No.l and made one liter by distilled water.
The concentrations of Zn, therefore, in the working
solution were 0,0.025,0.050,0.100 mg Zn L in 0.5-
strength modified nutrient solution . The pH of this
working Zn solution was adjusted to 7.5 by 0.1M Tris
(hydroxy! methyl)- aminothane buffer according to
Hajiboland et al. (2003).
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Stock Cd solution No.l was obtained by
dissolving 0.1632 gm CdCl, in one liter distilled water.
This solution contains 100 mg Cd L. Stock Cd
solution No.2 was obtained by diluting 100 ml stock
solution No.l1 to one liter by distilled water. This
solution contains 10 mg Cd L. For preparing the Cd
working solution; 0,1,2,4 ml stock Cd solution No. 2
was mixed with 50 ml stock nutrient solution No.1 and
made to one liter with distilled water. This working
solution contains 0, 0.01, 0.02, 0.04 mg Cd L .The pH
of this working Cd solution was adjusted to 7.5 by 0.1
M Tris (hydroxyl methyl) aminothane buffer
according to Hajiboland et al.(2003).

Experimental layout:

One Kg oven-dried pre-washed sand (Hewitt,
1966) was placed in a plastic pot of 15 cm inside
diameter and 12 cm depth. The seeds of wheat were
washed with tap water, then distilled water and surface
sterilized by 10% H,0, and then washed with distilled
water (Hewitt, 1966). These seeds were germinated
directly in the sand culture and watered with distilled
water for 7 days. After 7 days from planting the wheat
seedlings were thinned to 10 plants/pot and irrigated
daily with 100 ml half strength nutrient solution
containing Zn or Cd. Each treatment was repeated in
six replicates and distributed randomly in a complete
block design in the glasshouse.

The whole plants were collected after 15 and
30 days from planting, where three replicates were
collected each time. The plants of each pot were
washed with tap water, then distilled water, plotted
between tissue paper to remove adhered water. Each
plant was secparated into leaves and roots, and their
fresh weights were measured. Proportions of the fresh
plant materials were oven-dried at 70° C for 48 hrs,
and their weights were measured, ground in a stainless
steel mill and stored ‘for analysis (Chapman and Pratt,
1961). Half gram oven-dried plant material was
subjected to wet digestion with concentrated analytical
grade HNO;, and H,0, (Jones, 1989). The
concentrations of Zn and Cd in the digested solution
were measured by atomic absorption
spectrophotometer (Varian, spectra AA220). The other
proportions, of fresh leaves and roots, were preserved
for the determination of the concentrations of
photosynthetic pigments; chlorophyll a and b and
carotenes (Horowitz, 1975), carbonic anhydrase
activity (Barman,1974) and total phytochelatines
(Ellman,1959). In addition, the ultrasgucture of roots
were examined by transmission electron microscope
(TEM) according to Stempak and Ward (1964) and
Reynolds (1963).The obtained results were statistically
analyzed of the least significant difference, using PC-
SAS software (SAS Institute, 1988).
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RESULTS AND DISCUSSION

Plant Growth:

Table 1 showed significant increases in the
fresh and dry weights of shoots and roots with
increasing both Zn concentrations in the nutrient
solution and plant age. However, the relative increases
of roots weights were higher than those of shoots. This
can be observed by the decreased shoots/roots ratios
due to Zn concentrations. These data reveal that Zn
had stimulated the growth of roots more than shoots of
both plants collected after 15 and 30 days from
planting. On the other hand, Table 2 showed
significant decreases in the fresh and dry weights of
shoots and roots with increasing Cd concentrations in
the nutrient solution. However, the weights of shoots
and roots increased with plant age. The resulis showed
that the relative decreases of roots weights were
greater than those of shoots. This can be noticed by the
increased shoots/roots ratios with increasing Cd
concentrations. This indicated that plant roots had
adversely more affected by increasing Cd than shoots,
and this adverse effect had increased with increasing
plant age.

Trace Elements Contents:

Table 3 showed significant increases of Zn
contents in leaves of wheat plant with increasing Zn
concentrations in the nutrient solution. The relative
increases of Zn contents in leaves, were 191.7, 219.3
and 239.3% for the 15 days old plants and were 113.5,
164.5 and 211.9 % for the 30 days old plants. These
results showed high Zn translocation to leaves, and
that the rate of Zn translocation to leaves had
decreased with plant age.

Table 4 showed significant increases of Cd
contents in leaves of wheat plant with increasing both
Cd concentrations in the nutrient solution and plant
age. The relative increases of Cd contents in leaves
were 800, 2000 and 3400% for the 15 days old plant
and were 650, 1900 and 2650% for the 30 days old
plant. This indicates high Cd translocation to leaves
and also the rate of Cd translocation to leaves had
decreased with plant age. These results reveal
similarity of the mode of both Zn and Cd translocation
to plant leaves. However, the magnitude of Cd
translocation to leaves was greater than that of Zn.

Photosynthetic Pigments Contents:

Table 3 showed significant increases in Chl a,
Chl b, and carotenes contents in leaves of wheat plant
with increasing Zn concentrations in the nutrient
solution. The results showed that the ratio of Chl a/
Chl b decreased with Zn increasing which indicate that
Zn stimulated Chl b synthesis more than Chl a. This
can be observed from the data of the relative increases
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of Chl a which varied from 2.84 to 14.89% and from
523 o 15.69 % for 15 and 30 days old plants,
respectively as compared with those of Chl b which
varied from 13.33 10 46.67% and from 12.5 to 37.5%
for 15 and 30 days old plants, respectively. The resulis
also showed that Zn stimulated carotenes synthesis in
leaves of 30 days old plants more than in leaves of 15
days old plants since the relative increases varied from
1.04 to0 5.31% for the 15 days old plants and from 6.02
to 14.5% for the 30 days old plants. The results in
Tablie 3 showed higher stimulating effect of Zn for the
synthesis of Chl b than for Chl a and carotenes.

Table 4 showed significant decreases of Chl
a, Chl b and carotenes with increasing Cd in the
nutrient solution. Values of Chl a/ Chl b ratios
increased with Cd increase for both leaves of 15 and
30 days old plants. The relative decreases of Chl a
varied from 12.14 to 28.57% and from 9.21 to 22.37%
for leaves of 15 and 30 days old plants, respectively.
These values varied from 13.33 to 33.33% and from
12.50 to 37.50% for Chl b, respectively. These resulis
showed that Cd inhibited the synthesis of Chl b more
than Chl a. However, the relative decreases for
carotenes varied from 2.20 to 11.02% and from 2.83 to
10.44% for 15 and 30 days old plants, respectively
which indicate that carotenes synthesis was less
inhibited by Cd as compared with Chl a and Chl b. The
inhibition of Chl a, Chl b and carotenes synthesis due
to increasing Cd in plant leaves was reported by
Baszynski et al., (1980), Barcelo et al., (1988),
Sheoran et al. (1990), Pasad, (1995), Abo- Kassem
et al., (1997), Oncel et al., (2000 )and Shukla et al.,
(2003) who suggested that the inhibition was atiributed
to damage of cell membrane which led to
photosynthesis and oxidative stress in plant leaves.

Carbonic Anhvdras€ Activity (CAA):
Table 3 showed significant increases of CAA

in leaves of wheat plants with increasing Zn
concentrations for both the two ages of plants. The
relative increases in CAA were 13.64, 27.27, and
45.45% and were 10.00, 24.00 and 32.00% for 15 and
30 days old plants, with Zn concentrations of 0.025,
0.050, and 0.100 mg L™, respectively. This indicates
higher stimulating effect of Zn for increasing CAA in
leaves of younger plants than of older plants. It is clear
from Table 3 that the activity of CA enzyme is
associated with Zn concentrations in plant leaves.
Romheld and Marschner (1991) and Rengel (1995)
found that the activity of CA enzyme had sharply
declined with Zn deficiency in plant. Also, Sasaki
et al. (1928) found that Zn deficiency in plant induced
a significant decrease in the activity of CA and wiih
increasing Zn content in plant leaves the CAA was
increased. Pandey et al. (2002) found that CAA is
highly correlated with Zn supply to plant. Also,
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Table 1- The mean values of the fresh and dry weights of shoots and roots of wheat plants collected after 15 and 30 days

from planting as influence by Zn concentrations.

Zn Con. Fresh weight Dry weight
mg L Shoots Roots Shoots/Roots Shoots Roots Shoots/Roots
15d. | 30d. | 15d. 30d. 15d. | 30d. 15d. 304. | 15d. | 30d. | i5d. 30d
0.000 0285 | 1.245 | 0.213 | 0.850 1.34 1.47 0.055 | 0.212 | 0.017 | 0.078 | 1.34 1.48
0.025 0289 | 1.270 | 0.218 | 0.899 1.33 1.41 0.061 | 0.267 | 0.020 [ 0.093 | 1.37 1.56
0.050 0.293 | 1.317 | 0.223 | 0.967 1.31 1.36 0.067 | 0.299 | 0.028 | 0.127 | 1.40 1.59
0.100 0298 | 1.372 | 0.227 | 1.168 1.3t 1.18 0.078 | 0323 | 0.033 | 0.143 | 1.46 1.60
LSD0.05 | 0.001 | 0.025 | 0.001 | 0040 | - | -] 0001 |0.023|0001| 0013 |

0.01 | 0.002 | 0.038 | 0.002 | 0.060 - - 0.002 | 0.035 | 0.002 | 0.020

Table 2- The mean values of the fresh and dry weights of shoots and roots of wheat plants collected after 15 and 30 days

from planting as influence by Cd concentrations.

Cd Conc. Fresh weight Dry weight

mg L™ Shoots Roots Shoots/Roots Shoots Roots Shoots/Roots

15d. | 30d. | 154. | 30d. | 15d. | 30d. | 15d. | 30d. | 15d. | 30d. | 15d4. | 304

0.00 0287 | 1244 | 0214 | 0841 | 1.34 | 148 | 0.055 | 0213 | 0.017 | 0.085 | 324 | 2.51
0.01 0280 | 1223 1 0205 | 0.782 | 137 | 1.56 | 0.050 | 0.192 | 0.014 | 0.076 | 3.57 | 2.53

0.02 0278 | 1.182 [ 0.198 | 0.744 | 140 | 1.59 | 0.047 | 0.161 | 0.012 | 0.067 | 3.92 | 240

0.04 0271 | 1.121 { 0.186 | 0.701 | 1.46 | 1.60 | 0.041 | 0.130 | 0.010 | 0.048 | 4.10 | 2.71

LSD0.05 | 0.002 | 0.016 | 0.003 | 0.020 | ___} 000t |0.020] 0001 |0.009 L

0.01 | 0.003 | 0.024 | 0.004 | 0.030 0.001 | 0.023 | 0.002 | 0.014 | -
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Table 3- The mean values of Zn (ug/g D.W), chlorophyll and carotenes content (mg/g F.W) and carbonic anhydrase
activity ( CAA,pg/g F.W) in leaves of wheat plants collected after 15 and 30 days from planting as affected by
Zn concentrations.

Zn Chla Chlib Chl a/Chlb Carotenes CAA

Zn, mg/i
154 | 304 | 15d § 30d | 15d 30d 15d 30d 15d 30d 15d 304d

0.000 300 | 453 | 141 | 1.53 | 0.15 0.16 940 | 9.56 77.2 162.8 11.0 25.0
0.025 875 { 967 | 145 | 161 | 0.17 0.18 8.52 8.94 78.0 1726 125 275
0.050 958 | 11981 155 | 1.68 | 0.19 0.20 8.15 8.40 79.3 175.0 14.0 31.0
0.100 1018 | 1413 | 162 | 1.77 | 022 0.22 7.36 8.05 81.3 186.4 160 | 33.0

LSD 0.05 3.0 68 | 001 | 001 | 0.12 0.01 02 3.1 1.3 19

———— ——

0.01 5.0 '10..3 0.02 | 0.02 | 0.02 0.02 0.4 4.6 2.0 29

Table 4- The mean values of Cd (ug/g D.W), chlorophyll and carotenes content (mg/g F.W) and carbonic anhydrase
activity (CAA ,pug/g F.W) in leaves of wheat plants collected after 15 and 30 days from planting as affected by
Cd concentrations. ‘

Cd Chla Chlb Chl a/Chlb Carotenes CAA

Cd, mg/l
15d j30d] 15d 304 | 154 304d 15d | 30d 15d 30d 15d | 304

0.00 01 |02 1.40 1.52 | 0.15 0.16 9.33 9.50 77.1 162.8 115 | 247

0.01 09 | 15 1.23 1.38 | 0.13 0.14 9.46 9.86 75.4 158.2 8.7 22:3

0.02 21 140} 105 130 | 0.11 0.13 955 | 1000} 714 153.9 15 19.5

0.04 35 1 55 1.00 118 | 0.10 0.11 1000 | 11.80 | 68.6 145.8 517 17.0
LSD 0.05 01 | 01 0.01 0.02 | 001 0.01 0.2 4.1 0.7 1.5

0.01 02 021 002 0.03 | 0.02 0.02 03 52 1.0 23

8007 “(€) €S "9y U3V °f XAV
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Hacisalihoglu et al. (2003) found that high Zn supply
to wheat plant had stimulated the CAA in plant leaves.

Table 4 showed significant decreases in the
activity of CA enzyme in plant leaves with increasing
Cd concentrations in the nutrient solution. The relative
decrease at the lowest Cd treatment (0.010 mg Cd L™)
was 24.35% for leaves of 15 days old plants and was
9.72% for leaves of 30 days old plants while at the
highest Cd treatment (0.04 mg L) these values were
50.43% and 31.17%, respectively. These results
indicate high inhibition effect of Cd on the activity of
CA enzyme with high Cd concentration treatment and
with increasing plant age. It is also clear that the
decrease of CAA is associated with increasing of Cd
concenirations in plant leaves whether for 15 or 30
days old plants. Thus, it has been found that Cd-treated
plant showed toxicity to CA enzyme (Aravind and
Prasad, 2004). Fuhrer (1982) reported that the harmful
effect of Cd might be due to its ability to inactivate CA
enzyme through reaction with the SH-groups of
proteins.

helati n 3

Table 5 showed marked increases of Zn
concentrations in leaves and roots with Zn treatment
and with plant age. Also, Zn transport from roots to
leaves had increased with Zn treatment. The relative
increases of Zn in leaves were 239.3 and 211.9% and
in roots were 151.7 and 132.2% for 15 and 30 days old
plants, respectively. This indicates that the rates of
increasing Zn concentration in both shoots and roots
were higher in younger plants (15 days old). However,
the concentration of Zn in roofs was almost higher
than in leaves as indicated by Zn leaves/ roots ratio
which is almost less than unity. This ratio increased
from 0.73 to 0.75, for 15 and 30 days old plants,
respectively treated with Zn which points out that the
rate of Zn transport from roots to shoots had increased
with plant age.

The concentrations of total phytochelatins (PCs)
in plant leaves were increased with both Zn treatment
and with plant age (Table 5). There is positive
association between Zn and PCs concentrations in
leaves and roots. The results showed that the
concentrations of PCs in roots were higher than in
leaves and there is marked translocation of PCs from
roots to leaves. This is indicated by the ratios of PCs
leaves/ PCs roots which had increased with both Zn
treatment and plant age which indicate PCs transport
from roots to shoots. However, PCs transport is almost
low since the PCs leaves/ root ratio is less than unity.
The results showed that translocation of PCs from
roots to leaves are associated with Zn translocation
from roots to leaves. This indicates high positive
relation between Zn contents in plant leaves or roots
and PCs synthesis.

Table 6 showed marked increases of Cd
concentrations in leaves and roots with both Cd
treatment and plant age as compared with the control
plant. The relative increases in Cd concentrations in
leaves and roots were 3400 and 3450% and were 2650
and 4167% for 15 and 30 days old plants, respectively.
This indicates an accumulation of Cd in roots with
increasing plant age rather than its translocation to
leaves. This is revealed by values of Cd leaves/roots
ratio which decreased in Cd-treated plants from 0.49
(15 days old plants) to 0.43 (30 days old plants).

Table 6 showed higher concentration of total
phytochelatins (PCs) in roots than in leaves and in
older plants than in younger plants. The relative
increases of the concentrations of total PCs in leaves
and roots were 285.5 and 169.4%, and 156.6 and 127.4
% for 15 and 30 days old plants, respectively. This
indicates that the increasing rate of PCs in leaves was
greater than in roots and this rate had decreased with
plant age. This is evident by comparing values of PCs
shoots/ roots ratios which increased from 0.57 to 0.72
for the control plants and deceased from 0.86 to 0.85
for Cd-treated plants. These results showed positive
association between Cd and PCs concentrations in
plant organs. Keltjens and van Beusichem (1998)
observed a close positive relationship between Cd and
PCs concentrations in the shoots of wheat plant grown
in hydroponic culture containing Cd. They also found
that PCs contents in roots were greater than in shoots,
Stolt et al. (2003) found higher concentrations of PCs
in roots than shoots of wheat seedlings grown in
nutrient solution containing Cd and it was associated
with high PCs accumulation.

Inspite of the highest levels of Zn in plant
shoots and roots, PCs contemts in shoots and roots
were lower than those associated with Cd in plant
organs. This point out that Cd enhanced PCs synthesis
more than Zn. The PCs/Zn ratios in leaves were 2.8
and 2.0 and in roots were 2.6 and 1.9 for the control
and Zn- treated 15 days old plants, respectively. For 30
days old plants, these ratios were 3.0 and 1.8 in leaves
and 2.3 and 1.7 in roots, respectively. These results
showed that PCs/Zn ratios are within 1.7-3.0. These
ratios with respect PCs/Cd were 830.0 and 91.4 in
leaves and 725.0 and 52.4 in roots of 15 days old
plants, respectively, and were 670.0 and 65.6 in leaves,
and 620 and 33.0 in roots of the control and Cd-
treated 30 old days plants, respectively. These resulis
reveal that PCs/Cd ratios are within 33.0- 830.0. These
indicate that Cd had higher stimulating action for PCs
synthesis than Zn in spite of the low level of Cd as
compared with Zn in plant. Cobbett and Goldsbrough
(2002) concluded that PCs biosynthesis occurs within
minutes of exposure to low concentrations of Cd. They
reported that PCs synthesis was activated morc with
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low concentrations of Cd than high concentrations of
Zn in plant tissues.

Ultrastructure of Roots:

As shown in Plates 1-6, transmission electron
microscope (TEM) examinations of root tips of wheat
seedlings exposed to 0.04 mg Cd/L for 28 days
showed that the root had thick cell walls (Plates 1
and 2). Also, several granular deposits are located in
the cell wall of the epidermis at the outer cell layer of
the cortex (Plates 1-4). In addition, Cd altered the
nucleolus features where deposits occurred on
nucleolus as compared with the control (Plates 5
and 6). This is due to the occurrence of high Cd
concentration in roots which had been deposited in cell
wall and nucleolus. Khan et al.,(1984) found that Cd
accumulates in root cell walls and cause alteration in
cell wall structure of roots of com plant. The reduced

internal membrane system may have more direct effect
of Cd on plastid development with roots of been plant
(Barcelo et al., 1988). Vazquez et al. (1992) found that
Cd had accumulated in vacuoles and nuclei of roots of
bean plant, and Cd grains had occumred in both the
walls of the cortex parenchyma cells and localized in
the nuclei and cytoplasm.

The accumulation of Cd in root cell walls
may be responsible for the restricted wansport of Cd
from roots to shoots. This is evident when discussing
Cd shoots/ Cd roots ratio which were almost less than
unity and decreased in Cd- treated plant than that of
the control plant (Table 4).0On the other hand, Zn
behaved in opposite trend where Zn shoots/ Zn roots
ratio was higher in Zn-treated plant than in the control
plant (Table). The restricted transport of Cd from roots
to shoots was also reported by Khan et al., (1984), and
Barcelo et al. (1988).

Table 5- The mean values of Zn (pg/g D.W) and total phytochelatins ( PCs, mM SH/g F.W.) in leaves of
wheat plants collected after 15 and 30 days from planting as influenced by Zn treatment.

After 15 days Afier 30 days
Treat Leaves Roots In PCs Leaves Roots 7n PCs
reat.
Zn | PCs | zn |pPcs| YR JLRY 75 Tpcs| za | pos | WR LR
Control 30.0 83 55.7 145 | 0.64 | 0.541 453 134 | 81.1 186 0.56 | 0.72
0.1 mg Zn/l 101.8 206 140.2 | 268 | 0.73 1 0.77] 141.3 | 259 | 188.3 310 0.75 | 0.84

Table6- The mean values of Cd (ug/g D.W) and total phytochelatins ( PCs,.mM SH/g F.W.) in leaves of
wheat plants collected after 15 and 30 days from planting as influenced by Cd treatment.

After 15 days After 30 days
Treat. Leaves Roots cd PCs Leaves Roots cd PCs
cd | pcs | cd |pes| YR {WRY ¢4 |pcs| ca | pcs | WR | LR
Control 0.1 83 0.2 145 0.50 | 0.57 0.2 134 0.3 186 0.67 | 0.72
0.04mgCd1| 3.5 320 7.1 372 | 049 |086] 5.5 361 | 12.8 423 043 | 0.85
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Plates1-6: TEM micrographs of roots of wheat seedling treated with 0.4 mg Cd/l for 28 days. Plate
1: roots of the control showing outer cell wall(X=5000), plate 2: Cd-treated roots
showing outer cell wall cortex (X=5000), plate 3: roots of the control showing cell wall
(X=15000), plate 4:Cd- treated roots showing granules deposits on cell wall (X=15000),
plate 5 : roots of the control showing nucleolus (X=25000), plate 6: Cd-treated roots
show granules deposits on nucleolus (X=25000).
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