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ABSTRACT: A pot experiment was carried out during the two
successive seasons of 2005 and 2006 to study the effect of some heavy
metals, i.e., lead (Pb), cadmium (Cd) at 200,400,800 and 1200 ppm of
cach and nickel (Ni) at 50,100,200 and 400 ppm as foliar sprays
beside control treatment (without heavy metals), on growth, leaf
pigments content as well as some physiological activities and
anatomical structure of Washington navel orange transplants onto
sour orange rootstock.

The tested treatments of such heavy metals tended to reduce leaf
water content, leaf fresh and dry weights, stomatal density, leaf
pigments content, thickness of leaf palisade tissue, thickness of stem
epidermis and cortex tissues, diameter of stem vascular cylinder,
thickness of root epidermis, thickness of root cortex and diameter of
the root vascular cylinder. The depressing effect was more
pronounced with the higher concentrations of any heavy metal.

On the contrary, the tested heavy metals clearly promoted
transpiration rate, concentration of the heavy metal in leaf tissues,
leaf preline content, peroxidase and catalase enzyme activity,
thickness of leaf midrib tissues, diameter of leaf midrib xylem vessel
(mainly with Ni and Pb at 200 ppm) and stem total diameter
{especially with higher concentrations of Pb and Ni) as well as pith
tissue of stem,

Key words:Navel orange, heavy metals, foliar application, proline,
enzymes activity, leaf pigments and anatomical structure.

INTRODUCTION tissues especially for trees was
reported in many investigations.
The presence of heavy metals, The source of heavy metals

such as lead (Pb), cadmium (Cd} correlated  mainl with  the
and nickel (Ni), in higher plants envi ental polhz‘,ion (Marschner,
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1997). Accumulation of Pb, Cu, Zn
and Cd was mainly due to aerosols
fallings from the atmosphere
- containing such metals. To some
extent, these metals go into the soil
and penetrate via the root system
into the plants (Angelova et
al.,1999). Nowak et al(1999)
mentioned that in about 90 % of
vegetable and fruit samples grown
near roads, heavy metals contents
were too high, especially Cd and
Pb.

The higher concentration of
heavy metals in the growing
medivm were found to reduce leaf
water content, leaf fresh and dry
weights, respiration rate, stomatal
opening and density as well as the
thickness of different stem tissues
(Bazzas et al., 1974, Poschenrieder
et al., 1989; brahim er al., 1994,
Cieslinski et al., 1998; Zhang et
al., 2001; Veselov et al., 2003;
Yang et al., 2004; Radwan, 2007).
On the other hand, Sayed (1999)
on sunflower plants and Radwan
(2007) on mango seedlings found
that proline and enzymes activity
were increased as leaf Pb and Cd
contents were increased.

Therefore, the present
investigation was outlined to study
the effect of foliar spray of
Washington naval orange with Pb,
Cd and Ni solutions at different
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concentrations on growth, leaf
water content, stomatal density,
leaf pigments, transpiration rate,
leaf Pb, Cd and Ni contents as well
as peroxidase and catalase activity.
In addition, the anatomical features
of leaf, stem and root organs were
taken into consideration.

MATERIALS AND
METHODS

This study was carried out in
the nursery of Fac. Agric., Zagazig
Univ. in 2005 and 2006, seasons.
Healthy two years old orange
transplants of Washington navel
orange grafted on sour orange
root-stock were used. The
transplants were planted in 20
liters plastic pots in size equipped
with bottom holes (for drainage)
and filled with washed sandy soil.
The contents of Pb, Cd and Ni in
the experimental soil were 0.015,
0.021 and 0.090 ppm, respectively.
While tap water used contained
0.045, 0.052 and 0.068 ppm for
Pb, Cd and Ni, respectively. The
transplants were irrigated twice/
week, with Hoagland solution
modified by Johanson et al. (1957)
Schedule 1. and the soil water
content was kept within the range
of field capacity. Afterwards, the
experimental transplants were kept
in a lath house for 1.5 month
before the onset of foliar spray
treatments.
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This experiment included 13
treatments comprised the
following heavy metals and
concentration: Pb at 200, 400, 800
and 1200 ppm; Cd at 200, 400,
800, 1200 ppm and Ni at 50, 100,
200 and 400 ppm beside control
treatment (without heavy metals).
The transplants were sprayed three
times (April, June and August).
This is truc in both studied
s€asons.

Transplants were irrigated with
tap water to represent the field
capacity of the sandy soil
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twice/week during the first three
months (Feb., March and April)
and three times/week during the
period extended from May until
the end of COctober. A
supplemented mineral nutrition
was added to all treatments with
irTigation water (once/ week) using
modified Hoagland solution.

To  evaluate the  tested
treatments, samples were taken
from the experimental transplants
on late September; i.e., 180 days
after the onset of the considered
treatments,

Schedule 1. Composition of modified Hogland solution nutrients

Molecular Concentration Volume of
Compound* o . 0 r . solution ml/ lot Element
weight  of stock solution .
final solution
KNO; 101.00 1.00M 6.0 KN
(CaNO,)2.4H0 235.16 1.00M 4.0 Ca, N
(NH,);H,PO, 115.08 1.00 M 2.0 p
MgsS0,.7 H,0 246.49 1.00 M 1.0 Mg, S
H:BO; 61.84 25.00 mM - B
MnS0,.H,0 169.01 2.00 mM Mn
ZnS0.7H,0 287.55 2.00 mM 1.0 Zn
Cu 50,..5H,0 24971 0.50 mM - Cu
H2M004(85%M003) 161 79 050 n'lM - MO
Ferric citrate selution - -— 1.0 Fe
composed of 10g citric

acid.

*A combined stock solution was prepared containing all micronutrients, except (Fe™).
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The following parameters were
used to determine the effect of
tested treatments:

Leaf characteristics

In each season, a sample of 25
mature leaves of spring growth
cycle (about six months old) was
collected from the medium
position of the shoots and taken
immediately to the laboratory to
determine: leaf fresh weight (gm),
leaf dry weight {(gm) and leaf water
content (%).

Stomatal density

Frequency of stomata/ mm” on
the lower surface of mature leaf
were counted. Leaves of the same
age and located on the third node
from the shoot base were used.
The Xantopren method, described
by Stino ef al. (1974) was used for
determination of number of
stomata / 1 mm? of the lower blade
surface.

Transpiration rate

On the middle of July, Aug. and
Sept., of each season, transpiration
rate (gm 10/ Dec’/hr) was
determined by the Phytometer
method described by El- Sharkawi
(1969) and Mohsen (1975).

Leaf Pb, Cd and Ni contents

They were determined by the
Atomic Absorbed Thermo Jarral
ash AA- Scani methods (Paker,
1974).
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Leaf proline content

It was determined in fresh
leaves according to the method
described by Bates ez al. (1973).

Peroxidase enzyme activity

It was carried out following the
method described by Purr (1950).

Catalase enzyme activity

It was carried out according to
the method described by Feinstein
(1949).

Leaf photosynthetic pigments

Leaf samples were taken to
determine chlorophyll-a, chlorophyli-
b, total chiorophylls (a+b) content, as
well as carotenoides. The method
described by Wettestein (1957) was
adopted.

Histological traits

Leaf: Samples were collected
from the mature leaves in Sept.,
using three plants at random from
each treatment. Samples were
washed then dried with plotting
paper and, then immediately billed
and fixed in FAA. Afierwards
samples were dehydrated with
normal butyl alcohol and paraffin
wax (m.p. 58-60C°) for infiltration
and embedding (Jobansen, 1940).
Transfer section of 15 micron was
cut using a rotory microtone.
Saffranin (0) and fast green (FCF)
technique was used in staining,
then washed in absolute ethanol
and cleared in xylol and mounted
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in Canada balsam (Johansen,
1940). Slides were oven dried at
30 °C for one week then prepared
to scrutinization.

Main stem and roots: Five
roots and shoots of half cm long
and about 1 ¢m in diameter were
prepared directly for sectioning.
The samples were immediately cut
by a sliding microtome with a
thickness of about 20 micron (M).
The sections were placed in 50 %
ethanol having few drops of
saffranin and left ovemmight.
Dehydration was followed up to
absolute ethanol. The sections
were stained by fast green (FCF),
then washed in absolute ethanol
and cleared in xylol and mounted
in canada bealsam (Franklin,
1945). Five replicated sections
were microscopically examined
for each of the roots and shoots.

The complete randomized block
design was followed throughout
the whole work. Four
concentrations were investigated
for each heavy metal beside
control, each concentration was
represented by three replicates and
each replicate comprised of three
pots (Snedecor and Cochran,
1968). The data were subjected to
analysis of variance and the new
LSD was used to compare between
means (Waller and Duncan, 1969).
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RESULTS AND
DISCUSSION

Leaf Fresh and Dry Weights
From Table I it is clear that, the
leaf fresh weight was, generally,
higher with the lower heavy metals
concentration than with the higher
ones. This was particularly
obvious with Ni, as control leaf
was 3.91 and 4.92 gm in the two
seasons against only 3.00 and 3.93
gm, respectively with  the
uppermost  concentration (400
ppm). A nearly similar trend was
observed with leaf dry weight.

Leaf Water Content

The data Table, 1 also show
that leaf water content was, in
most cases, higher in control
leaves then decreased gradually to
reach minimal values with the
higher concentration of heavy
minerals. As such, the leaf water
content was 40.63 and 39.65% in
control leaves, while fell to 40.38
and 33.51 % with Pb at 1200 ppm,
36.58 and 30.82% with Cd at 1200
ppm and 30.42 and 26.75 % with
Ni at 400 ppm. It seems that Ni
severely depressed leaf water
content compared with the other
tested heavy metals (Pb and Cd).

Many investigators, working on
different plants, reported the
depressive effect of heavy metals
on fresh and dry weight as well as
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Table 1. Effect of some lead (Pb), cadmium (Cd) and nickel (Ni) treatments on leaf fresh weight, leaf
dry weight, leaf water content, stomatal density and transpiratien rate of Washington navel
orange transplants (2005 and 2006 seasons)

- Stomatal Transpiration

Leaf fresh weight Leaf dry weight Leaf water content density rate (gmH,0

Concentration

(/leal) (gm/leaf) (%) (/mm?) Dec.z/hr.)
Metal  ppm 2005 2006 2005 2006 2005 2006 - 1ve  AvTwe
seasons Seasons
0.0 Control 391 492 240 341 4063 39.65 24033 0.22
200 411 521 238 348 4210 3914  238.33 0.81
Ph 400 401 511 211 311 4031 37.60  120.66 0.88
800 385 496 209 3.09 4064 33.17  127.66 1.06
1200 342 542 203 200 4038 33.51 15833 1.10
200 400 501 237 347 4076 3410  222.66 0.22
cd 400 382 493 240 341 3719 3240 22533 0.38
800 361 472 210  3.11 3785 3073  204.66 0.52
1200 321 432 203 292 3658 3082 23066 0.82
50 362 473 235 345 3705 3256 21466 0.20
Ni 100 302 423 290 311 3510 2705  238.00 0.18
200 301 411 204 301 3221 2639  230.00 0.28
400 300 393 203 265 3042 2675 21233 0.30
NewL.S.D.0.05 001 010 003 007 08 126  21.42 0.11
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the water content of leaves and the
whole biomass (Paivake, 1983;
Veresolgou et al., 1987; Salim ef
al., 1988;  Azpiazu, 1989,
Khristodorov et al., 1989; Abdcl-
Aal and Abdel-Nasser, 1995;
Begonia et al., 1998; Michalska et
al., 1998; Cieslinski et al, 1998,
Zhang et al., 2001; Radwan, 2007).

Leaf Stomatal Density

As shown in Table 1, the
highermost stomatal density was
recorded by the control (240.33
stomata /mm°). The concentrations
of 200ppm Pb, 200 and 400 ppm
Cd and 100 and 200 ppm Ni were
statistically equal to control in this
respect. However, the least
stomatal density values were
recorded by Pb at 400 and 800
ppm (120.66 and 127.66 stomata
/mm?) Cd at 800 andi200 ppm
(204.66, 230.66 stomata /mm’,
respectively) and by Ni at 400 ppm
(212.33 stomata /mm>).

Available literature concerning
the effect of heavy metals on leaf
stomatal density are scarce.

Transpiration Rate

Tabie 1 also demonstrates that
leaf  transpiration rate  was
gradually increased as the
concentration of the heavy metal
was increased. As such, control
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leaves recorded only (0.22 gm
HQO/DGC.Z./}]I'.). A gradual
promotion of transpiration rate was
observed with the higher levels of
tested heavy metals 1.1, 0.82 and
0.30 gm H,O/Dec.’/hr for Pb 1200
ppr, Cd 1200 ppm and Ni 400
ppm, respectively. It seems that Ni
was of insignificant effect in
promotion of transpiration as
compared with Pb or Cd metals.

Bazzaz et al. {1974) reported
that relatively low concentration of
Pb, Cd and Ni inhibited
photosynthesis and transpiration of
detached sunflower leaves.

Leaf Pb, Cd and Ni Contents

From Table 2, a gradual
increase in leaf Pb, Cd and Ni
content was observed as the tested
concentrations of sprayed solutions
were increased. The transplants
sprayed with 0.0 Pb indicated leaf
Pb content of only 2.7 ppm in the
average two seasons with the
control followed by a gradual
promotion with increasing sprayed
concentration to reach 79.3 ppm in
the average two seasons with
sprayed solution of 1200 ppm. The
same trend was clear with Cd with
values of 1.1 ppm (control) and
549 ppm in the average two
seasons with spray solution of
1200 ppm.
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Table 2. Effect of some lead (Ph), cadmium (Cd) and nickel (Ni) treatments on Pb, Cd and Ni contents,
proline amino acid, peroxidase and catalase enzymes in leaf of Washington navel orange
transplants (2005 and 2006 seasons)

Concentration Pb Cad Ni Proline contnet Peroxidase enzyme  Catalase enzyme (M.

_ (ppmj} {(ppm) (ppm) (M. mnle_/E_mFW) (M. mole H,O,/gm FW}  mole H,O0,/gm FW)
Metal ppm Av. Two seasons 2005 2006 2005 2006 2005 2006
0.0 Control 2.7 1.1 1.5 1.13 0.57 9.25 8.89 14.60 12.73
200 14.1 11.3 6.6 i.l5 1.02 10.65 9.49 15.34 12.93
Pb 400 294 243 8.8 1.45 1.15 11.33 10.11 15.30 13.14
800 42.9 273 12.3 1.63 1.35 11.81 10.55 15.70 1335
1260 79.3 331 16.1 1.80 1.56 11.92 10.87 16.22 14.38
200 4.5 9.8 3.7 1.24 1.08 10.23 9.57 13.51 11.22
Cd 400 17.2 26.3 9.1 142 1.i8 10.98 10.22 14.17 12.21

800 24.2 459 14.1 1.61 1.52 11.45 10.69 14.68 12.80
1200 30.1 54.9 26.1 1.70 1.65 12.02 11.01 15.12 13.62

50 11.1 53 250 1.33 1.18 10.42 9.12 15.27 14.98

Ni 100 13.0 11.6 41.0 1.39 124 11.03 10.63 15.17 13.22
200 14.2 21.5 515 1.47 1.32 11.53 11.02 1582 1374

400 15.1 277 54.0 1.50 1.41 11.98 11.48 16.20 14.25

New L.8.D. 0.05 2.15 2.14 201 0.10 0.11 0.12 0.13 0.10 0.10
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The same trend was noticed
with Ni; the control leaf Ni content
was only 1.5 ppm in the average
two seasons, while amounted
gradually to reach 54 ppm with Ni
spray at 400 ppm.

The results were logic, and
expected and reflected the effect of
increasing concentration of the
heavy metal on its level in leaf and
merely made a positive relation.

Many literature reports declared
that increasing heavy metals in
environment surrounding the plant
(in soil, irrigation water or air)
caused considerable promotion in
the content of these metals in
different plant organs (leaf, stem,
root or fruit) {Abdel - Aal and
Abdel Nasser,1995; Zray et al.,
1995;Canet et al., 1997; Angelova
et al., 1999; Nowak et al., 1999).

Leaf Proline Content

As shown in Table 2 leaf
proline content was significantly
increased with increasing the
concentration of all used metals
compared with control. That was
true in both seasons of study.
Control leaves contained only
1.13, 0.97 M. mole proline/g FW
of the leaf in the two seasons.
However, the wvalues were
gradually increased to reach 1.80
and 1.56, 1.70 and 1.65, 1.5 and
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1.41 M. mole proline/gm FW in
the two seasons with the
uppermost tested concentration of
the concerned heavy metals; i.e.,
1200 ppm Pb, 1200 ppm Cd and
400 ppm Ni, respectively.

The amino acid proline usually
increased in cases, when the plant
suffers from a stress. The toxicity
of tested heavy metals could be
considered as a stress factor.
Literature reports in this respect
are not available.

Leaf Peroxidase Enzyme
Activity

Table 2 also  indicated
significant increment in peroxidase
activity with the rise in

concentration of any considered
heavy metal. This was obvious in
the two experimental seasons.
Thus, control leaves recorded only
9.25 and 8.89 M. mole H,O,»/ gm
FW in the two seasons, while
gradually amounted to reach 11.92
and 10.87 M. mole H,O,/ gm FW
with Pb 1200 ppm, 12.02and 11.01
M. mole HyO; gm FW with Cd
1200 ppm and 11.98 and 17.48
M.mole H.O,/ gm FW with Ni 400
ppm, in the first and second
seasons, respectively.

El-Mosallamy et al. (2007) on
lupine and Radwan (2007) on
mango seedlings reported that
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peroxidase activity was, generally,
increased in leaf tissues by
application of Pb and Cd without
significant  differences  among
concentrations.

Leaf Catalase Enzyme Activity

Table 2 also shows catalase
activity in leaves treated with the
concerned heavy metals. A nearly
similar trend was observed as
noticed with peroxidase enzyme.
The least values were recorded by
the control (14.60 and 12.73 M.
mole HyOy/ gm FW in the two
seasons). However, with Cd the
least wvalues came from the
concentrations of 200 ppm
(13.51and 11.22 M. mole HyOy
gm FW in the two seasons.
Anyhow, the uppermost values
were, in most cases, recorded by
the high concentration, i.e. 16.22
and 14.38 M.mole H,0,/ gm FW
with Pb 1200 ppm,15.12and 13.62
M. mole HyOy/ gm FW with Cd
1200 ppm and 16.20 and 14.25 M,
mole HO,/ gm FW with Ni 400
ppm, in the first and second
seasons, respectively,

In this concern, El-Mosallamy
et al. (2007) on lupine plants found
that catalase and peroxidase
activities ~ were  significantly
increased up to 1% sewage sludge,
while they were significantly
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decreased with sewage sludge
application at 2 %. Radwan (2007)
on mango seedlings reported that
catalase activity in leaves was less
affeced by Pb or Cd
concentrations as compared with
peroxides enzyme.

On the other hand, Wahdan
(2001) found that phosphorylase
and peroxidase activities in
Brassica oleracea var. Capitata L.
were reduced by 38 and 27 %,
respectively, after 5 weeks of
treatment with 1.44 uM Pb.

Leaf Photosynthetic Pigments

Table 3 illustrates the effect of
tested heavy metals treatments on
chl.a, chl.b, total chls. (a+h) and
carotenoides in the two
experimental seasons.

All considered leaf pigments
indicated the same trend 1in
response to the tested heavy
metals. The general direction was:
uppermost values linked with the
control with gradual reduction as
the concentration of any tested
metal were increased. For
example, the control recorded
1.25and 1.14 mg/gm FW for chl.a
in the two seasons, i.e., with 1200
ppm Pb the values decreased to
0.52 and 0.67 mg/gm FW in the
two seasons. The corresponding
values with Cd at 1200 ppm were



Table 3. Effect of some lead (Pb), cadmium (Cd) and nickel (Ni) treatments on leaf pigments contents
(mg/gm FW) in transplants of Washington navel orange ( 2005 and 2006, seasons)

Concentration Chl a ChlL b Chls. (a+h) Carotenoids

Metal  ppm 2005 2006 2005 2006 2005 R.V. 2005 R.V. 2005 R.V. 2006 R.V.
0.0 Control 125 114 091 079 216 100 193 100 071 100 065 100

200 101 095 065 055 166 77 150 78 064 90 059 91

Pb 400 095 089 056 050 151 70 139 72 059 83 056 86
800 073 078 045 035 118 55 113 59 052 73 049 75

1200 052 067 039 031 091 42 098 51 049 69 042 65

200 099 092 072 070 171 79 162 84 066 93 061 94

cd 400 097 090 059 050 156 72 140 73 063 89 056 86
800 068 075 038 031 106 49 106 55 055 77 051 78

1200 057 054 031 030 088 41 084 44 052 73 048 74

50 098 091 071 069 169 78 160 83 067 94 062 095

Ni 100 096 095 057 048 153 71 143 74 064 90 059 9l
200 067 073 036 030 103 48 103 53 056 78 048 74

400 055 056 030 028 085 39 084 52 053 75 047 72
NewL.S.D.0.05 010 010 013 013 011 -~ 012 - 008 -~ 002 -

R.Y. =relative value in relation to control as 140,

600 (9) “ON 9§ ‘104 “say ousy ‘r Sevivy

£vei
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0.57 and 0.54 mg / gm FW in the
two seasons. With Ni 400ppm the
values were 0.55 and 0.56 mg/gm
FW in the two seasons. The same
trend was noticed for chl.b, total
chls. (at+ b) and carotenoids.

The depressive cffect of heavy
metals, particularly at higher
concentration, on leaf
photosynthetic pigments was in
agreement with Paivake (1983) on
garden pea, Kacabova and Nart
(1986) on spring barley, Stiborova
and Ditrichova (1987) on barley
and maize, Ali (1991, 1992) on
orange tree, Zaman and Zereen
(1998) on radish plants, Sayed
(1999) on sunflower and Radwan
{2007) on mango scedlings.

Histological Traits
Transplant organs

Leaf

Calculated data in Table 4 and
Figs.1 and 2 illustrate the thickness
of leaf blade and leaf midrib as
affected by the tested treatments,
the leaf blade thickness was
always more thin with the lower
concentrations of any tested heavy
metal; i.e., Pb 200 ppm, Cd 200
ppm and Ni 50 ppm. More thick
blades resulted from the control
and the higher concentrations of
any tested heavy metal; i.e. Pb

on
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1200 ppm, Cd 1200 ppm and Ni
400 ppm.

The leaf midrib Fig. 3 indicated
another pattern of response, the
least values (739M) came from the
control, while the uppermost
midrib thickness was recorded by
Pb at 200 ppm (1029.0M), Cd
1200 ppm (1095.0M) and Ni 400
ppm (970.0M).

Thickness of the upper and
lower  epidermis was  not
significantly affected by the tested
heavy metals treatments. -

The palisade cells revealed
significant response to the tested
treatments, The uppermost
thickness was recorded by the
control (69.3M). Gradual and
significant reductions were
observed with the tested heavy
metals  concentrations  which
recorded 43.0 M with Pb 1200
ppm, 56.1M with Cd 1200 ppm
and 49.5 with Ni 400 ppm.

Thickness of spongy tissue
revealed significant response to the
tested Pb, Cd cand  Ni
concentrations Fig. 4. Pb at 200
ppm and Ni at 50 ppm induced
significant reduction (162.3 and
166.5M) as compared to control
(178.1M), while the uppermost
value came from Ni at 400 ppm
(196.3 M.).



Table 4. Effect of some lead (Pb), cadmium (Cd) and nickel (Ni) treatments on anatomical structure of
leaves in Washington navel orange transplants ( Av. of 2005 and 2006 seasons)

Total leaf thickness Thickness of  Thickness of mesophyll Diameter of

Concentration (M) epidermis (M) tissue (M) midrib
xylem vessel

Metal ppm Blade Midrib Upper Lower Palisade Spongy (M*)
0.0 Control 267.4 739.0 11.7 8.3 69.3 178.1 18.1

Pb 200 226.4 1029.0 11.6 6.6 44.9 163.3 29.7
1200 2474 920.7 9.9 6.5 43.0 188.0 18.1
Cd 200 2409 8513 117 66 445 178.1 14.8
1200 264.0 1095.0 11.6 6.6 56.1 189.7 14.8

Ni 50 244.2 943.8 10.0 5.0 62.7 166.5 24.7
400 264.0 970.0 10.0 8.2 49.5 196.3 26.4

New L.S.D. 0.05 8.29 13.77 NS NS 342 4.38 2.08

M’ : Micron, NS { Not significant)

600Z (9) 'ON 9§ ‘104 “Say ou3y 'f SRvivy
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‘a (control) (pl} ppm) e ph at 1200 ppm
Fig. 1 (a, b and c). T.S in leaf blade thickness of Washington navel orange transplants treated with
(pb) at at (.0 control, 200 and 1200 ppm (Notice: 1- Cuticle 2-upper epidermis

3 3-palisade tissue 4- spongy tissue 5- lower epidermis tissue) (X=200)

k"]

S

=

W

a (control) b (d at 200 ppm) ¢ (Cd at 1200 ppm)

< Fig. 2 (a,b and c ). T.S in leaf blade thickness of Washington navel orange transplants treated with
b (Cd) at 0.0 control, 200 and 1200 ppm ) Notice :1- Cuticle 2-upper epidermis 3-
L

| palisade tissue 4- spongy tissue 5- lower epidermis tissue) (X=200)



a (control) b (pb at 200 ppm) ¢ (pb at 1200 ppm)
Fig.3(a,band ¢). T.S in leaf midrib thickness of Washington navel orange transplants treated

with (pb) at 0.0 control, 200 and 1200 ppm) (Notice: Diameter of midrib 1-
phloem and 2- xylem vessels) (X=200)

a (control) b (Ni at 50 ppm) ¢ (Ni at 400 ppm)

Fig. 4 (a, b and c). T.S in leaf blade thickness of Washington navel orange transplants treated with
(Ni) at 0.0 control, 50 and 400 ppm ) (Notice: 1- Cuticle 2-upper epidermis 3-
palisade tissue 4- spongy tissue 5- lower epidermis tissue) (X=200)
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The diameter of midrib xylem
vessel was significantly affected in
this respect. Pb at 200 ppm tented

"to increase xylem vessel diameter
compared to control. Cd at 200 or
1200 ppm gave the same results.

Stem

From Table 5 and Fig. 5, it is
clear that the uppermost tested
concentrations of Pb and Ni were
superior to the lower concentration
and the control with respect to
stem diameter. The low tested Cd
concentration indicated
insignificant reductioneffect in this
respect. Thus, stem diameter
reached 2450 M with Pb 1200ppm
and 2574.0 M with Ni 400 ppm,
while was only 2112.0 M with the
control.

Thickness of the epidermis was
higher with the control (9.9 M), Cd
200 ppm (9.9) and Ni 50 ppm
(8.2M)as compared with the
uppermost Cd and Ni
concentration (1200 and4G0 ppm,
respectively), which recorded 6.5
and 4.9 M respectively. All Pb
concentrations failed to induce any
significant effect in this respect.

Thickness of cortex tissue was
significantly affected only by Pb
concentrations; Pb at 200 or 1200
ppm recorded clearly lower cortex
thickness (108.9 and 111.8 M,
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respectively) as compared to the
control (1254 M). Cd and Ni
treatments  failed to  show
significant effect in this concem.

Diameter of the vascular
cylinder was, generally, larger with
the contro! (396.0 M) than with the
tested heavy metals treatments.
Thus, diameter of the wvascular
cylinder was depressed by Pb 200
ppm (188.0M), by Cd 200 and
1200 ppm (316.8 and 303.6 M,
respectively) and by Ni 50 and 400

ppm  (270.6 and 3168 M,
respectively).
The pith diameter was

significantly affected by Pb and Ni
treatments. The largest pith
diameter was recorded by Pb 200
and 1200 ppm (990 and 1023 M,
respectively and by Ni 50 ppm
(1165 M.).

Root

Data in Table 6 and Fig. 6
disclose that, the root diameter
gave uppermost value with the
control {(2666.4 M);. the least
values came from the highest
concentration of any tested heavy
metal; i.e.,, Pb 1200 ppm (2329.8
M.), Cd 1200 ppm (2181.3 M.) and
Ni 400 ppm (2023.0 M.).The lower
concentration of any tested heavy
metal revealed in between root
diameter.



Table 5. Effect of some lead (Pb), cadmium (Cd) and nickel (Ni) treatments on anatomical structure of
stem Washington navel orange transplants (Av. of 2005 and 2006 seasons)

Stem Thickness Di ¢ ,
Concentration diameter M*) 'i‘:::;‘;;ro Diameter of
* .
(M%) - - cylinder (M*) pith (M*)
Metal ppm Epidermis  Cortex
0.0 Control 2112.0 99 1254 396.0 874.5
Ph 200 2002.0 8.2 108.9 188.0 990.0
1200 2450.0 9.9 111.8 445.5 1023.0
Cd 200 2072.0 9.9 122.1 316.8 841.5
1200 1949.1 6.5 118.7 303.6 726.0
Ni 50 2095.0 8.2 135.3 270.6 1165.0
400 2574.0 4.9 112.1 316.8 953.8
New L.S.D. 0.05 46.05 2.2 13.24 36.11 49.18

M’ : Micron
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Table 6. Effect of some lead (Pb), cadmium (Cd) and nickel (Ni) treatments on anatomical structure of
root tissues of Washington navel orange transplants (Av. of 2005 and 2006 seasons)

Concentration Thickness . '
(M*) Diameter of

vascular

cylinder (M*) (M)

Root diameter Diameter of pith

*
Metal ppm (M Epidermis  Cortex
0.0 Control 2666.4 23.1 340.0 815.0 46.2
Pb 200 2514.6 204 3333 757.0 409.2
1200 23298 13.2 267.3 580.8 102.3
Cd 200 2425.5 214 277.2 741.5 174.9
1200 2181.3 19.8 241.0 742.5 105.6
Ni 50 2178.0 21.4 207.9 706.2 72.6
400 2023.0 18.1 178.2 699.6 66.0
New L.S.D. 0.05 4215 2.17 32.14 49.72 28.08

* -
M : Micron



a (control) b (Ni at 50 ppm) ¢ (Ni at 400 ppm)
Fig.5(a,bandc). T.S in stem of Washington navel orange transplants treated with (Ni) at 0.0
control, 50 and 400 ppm) (Notice: 1- epidermis 2- cortex 3- phloem 4- xylem 5-
pith diameter) (X=200)

a (control) . b (Cd at 200 ppm) ¢ (Cd at 1200ppm)

Fig. 6(a ,bandc ). C.S in root of Washington navel orange transplants treated with (Cd) at 0.0 contrel, 200
and 1200 ppm) (Notice: 1- Epidermis 2- cortex 3- phloem 4- Diameter of vascular
cylinder and 5- pith cells in the center of section) (X=200)
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The epidermis thickness was
significantly affected by Pb, Cd at
1200 ppm and Ni at 400 ppm
treatments: more thick epidermis
resulted from the control, Pb 200
ppm, Cd at 200 ppm and Ni at 50
ppm as compared with the highest
concentrations of heavy metals.

Thickness of cortex tissue was
much bigger with the control (340
M) than with the higher
concentrations of the tested heavy
metals; 1. e., 267.3 M with Pb 1200
ppm 241.0 M with Cd 1200 ppm
and 178.20 M with Ni 400 ppm.
The lower level of each heavy
metal recorded in between cortex
thickness.

Diameter of vascular cylinder
followed the same trend as cortex
tissue. The control revealed the
greatest diameter (815.0 M), while
the least values came from the
higher heavy metals concentration,
i. e, 580.8 M with Pb 1200 ppm ,
742.5 M with Cd 1200 ppm and
699.6 M with Ni 400 ppm .

The pith diameter was affected
by Pb and Cd only. The highest
values came from the lower
concentration; i. e., 409.2 M with
Pb 200 ppm and 174.9M with Cd
200 ppm. The control and- the
higher Ni concentrations recorded
lower pith values; i. e., 46.2 M,

Saleh, er al.

72.6 and 66M for the control , 50
and 400 ppm for Ni , respectively.

Literature reports on the effect
of heavy metals on the anatomical
features of plants are meager.
However, El-Mosallamy ef al.
(2007) on tupine plants found that
application of 2 % sewage sludge
or irrigation with 100 % sewage
water increased the thickness of
blade, midveinal bundle, palisade
tissue and spongy tissue of leaves.
On the other hand, application of
sewage sludge increased number
of both cortical layer and cortex
thickness of stem. Also, Radwan
(2007) on mango seedlings
reported that lead or cadmium
application in irrigation water,
especially at 1000 ppm clearly
decreased total leaf blade thickness
(lower and upper epidermis,
palisade and spongy tissues) as
compared with untreated {control).
Also, stems of mango seedlings
treated with high concentration of
Pb or Cd (1000 ppm) revealed an
abnormal and compacted tissues
and a decrease in number of xylem
vessels and modularly rays in
xylem tissue as well as the other
stem tissues, i.e., phloem and pith.
The root appeared to be more
sensitive  to  heavy  metals
treatments than shoots.
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The obtained results in this
mvestigation should be considered
as a simulation of the
environmental pollution resulting
from the use of sewage sludge,
sewage water, some industrial
composts as well as from the
heavy metal containing aerosols
falling from the atmosphere and
fuel buring by motors and
factories; all these sources cause
the contamination of soil and
plants.

The most hazard effects of the
tested heavy metals in the present
work were the depressions in leaf
weight and leaf photosynthetic
pigments which are the source of
assimilates in plants as well as the
changes in transpiration rate,
enzymes activity and anatomical
features of the leaves, stem and
roots.
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