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ABSTRACT

Survey experiment was carried out in northern area of Gaza strip—Paiestine to
evaluate the heavy metals accumulation in the scils and edible parts of (spinach,
wheat, strawberry, carrot, onion, squash, cabbage, potato, faba bean and cucumber)
which were grown in three sites of this area. The concentration of these heavy metals
(Cd, Zn, Pb and Fe) in the soils and plants were lower and within the normal range,
except concentration of Pb which was higher and above the normal range by the soils
and plants on site B (Monttar and Gaza City Center).

Pot experiments were carried out in the two successive seasons, 2006 and 2007
on carrot Daucus carrot L. var. Nantesa superior on Ministry of Local Government (Al
Zahra Municipality), Gaza strip-Palestine, to study the effect of heavy metals (Cd and
Zn) soil addition at different rates (10, 20 and 40 ppm Cd) and (75, 150 and 225 ppm
Zn) on plant. All the studied growth characters (root length, shoot height, fresh and dry
weights of shoot and root) were decreases with increasing Cd soil addition either
alone or combined with Zn soil addition at all levels, while, plant pigments {(chicrophyli
a, chlorophyll b and total carotenoids} were non significantly effected, except
chiorophyll a which was decreased with increasing Cd soil addition, but increased
when increasing Zn at all levels. Also, the effect of Cd and Zn either alone or there
combination on minerals (Cd, Zn and Fe) were studied. Adding Zn alone was non
significantly affected on growth characters, while if combined with Cd in different
levels may be overcome to some exent the toxicity of Cd on growth characters as
well as minerals and chlorophyil & goncentration.
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INTRODUCTION

Gaza strip as one of the most densely populated areas in the world with
limited and deteriorated resources has already started to suffer the outcomes
of environment quality deterioration. The situation in Gaza strip below the
desired standard which is attribuied to the absence of environmental
legislation and the public awareness. The engine to motor vehicles is the
most important resources of air pollutant near the city center (Sawidis ef al,
1984) this fact for the city to Gaza, where thousands of motor vehicles. Trace
metals released in the environment may be a hazard to natural biological
system and human heath, plant and soil surface are the major sink for
airborne metal. Moreover, plants form the basis of food chains by which bio-
toxic trace metals are transmitted to man {Alfani et al., 1996). Cd is classified
as probable human carcinogen (Group B1) by inhalation; however, only
limited data are available to determine if it causes cancer in humans. Cd is
also known to cause damage to the kidney, liver and nervous system
(ATSDR, 1997a and b).The total Zinc content in adult human tissue is 2 -4 g.
The daily requirement of 6 — 22 mg is provided by a normal diet. Zinc
deficiencies in animals cause serious disorders, while high zinc intake by
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humans is toxic (Belitz and Grosch, 1999). Salim et al. (1992) treated the
carrot plants by Cd and Pb foliar or root application of 0, 10 and 90 ppm Cd
and 0, 18 and 80 Pb. They found that Cd toxicity was mora obvious than Pb
toxicity and these symptoms were more sever in foliar treated than in root-
treated plants, Cd application decreased Dw of whole plants, shoots and
roots, when compared with control-unireated plants. Baccio ef al (2005)
reported that transition metals such as zinc are essential micronutrients for
many physiological processes, but they become toxic at elevated levels, zinc
is one of the most abundant trace heavy metals present in agro-ecosystems.
Madhoolika and Rajesh (2006) treated carrot plant with two Cd concentration
{10 and 100 pug M) and two Zn concentrations (100 and 300 pyg M) and their
combination. The author pointed that bioaccumutation of Cd in root and leaf
was greater at the iow metal-application rates of Cd and Zn in combination
than the higher rates. Zn was found in some cases to depress Cd uptake,
indicating some kind of interaction between these metals. {Cakmak ef al,
2000 and Qliver et af.,1997). The aims of the present study was to investigate
the effect of different levels of Zn soil addition to reduce the physiological
impact caused by Cd soil addition and their effects on growth, vield and
cthemical composition of carrot plants. As well as to estimate the
bicaccumulation of metals such as (Pb, Cd, Zn and Fe) in plant species and
soils of Gaza strip- Palestine.

MATERIALS AND METHODS

Field survey and pot experiments were carried out o evaluate the
nutritional status of certain crops growing under different levels of heavy
metals soil pollutants and to overcome to some extent the hazard effects
induce by Cd on carrot plant by using Zn soil addition.

2-1-Field survey experiment:

Gaza strip—Palestine area is bout 360 Km®. The area under field survey
experiment is about 120 Km?, The area of survey has several anthropogenic
influence and we can divided it into three different sites, {Industrial, urban and
rural site}, as all sites under study were lies between Israel Gump and
bordered and Mediterranean sea. A field survey experiment was carried out
in the north area of Gaza sfrip to asses the levei of certain heavy metal in
soils and some growing plants at three different locations. Four samples of
plants and four samples of soils were taken at January 2006. These samples
were collected from each three sites, (site A, B and C) as illustrated in table
(1) and fig. (1). Thus, the survey experiment included 12 samples from all
sites. Also, soil samples were taken from the same position of plants sample
location, also included 12 samples on all sites. Samples of spinach, wheat,
strawberry and carrot were coliected from site {A) onion, squash, spinach and
cabbage from site (B) and potato, carrot, faba bean and cucumber from site
(C). All plants samples were taken at flowering stage and washed in water
and dipped in distilled water and divided into its parts, then oven dried at 70
°C for 2 days, as well as soils samples were oven dried at 40 °C for 2 days
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and they were then shipped to Egypt in plastic bags. Available Fe, Pb, Zn and
Cd were extracted by DTPA according to Lindsay and Norvell (1978) and
estimated by Atomic Absorption Spectrophotometer GBC 938 and
determined on the Ministry of Agriculture—Agriculture Research Center—Soils,
Water and Environment Res. Institute, Soils, Water and Environment Unit-
Egypt.

Table 1. and Fig 1. Anthropogenic influence of Site on northern area of
Gaza strip-Palestine location from which samples were taken.

| Location Site |  Anthropogenic
| influence
rmhem area of |Beit Hanon and Beit Lahya site (A) industrial and rural site
Gaza Strip Al Monttar and Gaza City Center site{B) Industrial and urban site
WBlZvtoon and Shakh Ejleen sile ( C} Hural and urban site
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Fig . (1): Gaza strip Palestine region and site of sassples.
2-2-Pot experiment:

Pot experiment was carried out in the open field of the Ministry of Local
Government (Al Zahra Municipality) Gaza Strip-Palestine in the two
successive seasons, 2006 and 2007. The aim of this experiment was to
evaluate the effect of some heavy metal (Cd and Zn) and their interaction on
the growth and chemical composition of camrot plants. Moreover, attempts
were carried out to reduce the toxic effect of Cd in plant by using different
rates of Zn. Plastic pot of 80 cm length, 20 cm width and 25 cm depth were
used in this experiment. Each pot was filled with 25 kg soil obtained from
Ministry of Local Government (Al Zahra Municipality)-Gaza Strip-Palestine.
Seeds of carrot (Daucus carrota L.) var. Nantesa superior were sown on 11"
October 2006 in the first season and on 157 January 2007 in the second
season. 15 seeds of carrot were placed in each plastic pot. Fertilization was
carmried out according to recommendation of the Ministry of Agriculture—Egypt.
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Each pot was received 18 gram ammonium sulfate (20.5% N), 9 gram of
potassium sulfate (48%K;0) and 21.5 gram of calcium superphosphate (15.5
%P,0s). The fertilizers were applied to the plants as soil dressing at three
doses / season, the first dose after seeding from 21 days and the second
dose after the first dose from 21 days and the third dose after the second
dose from 21 days. The mechanical, chemical analysis of the soil and water
irrigation of plants under investigation were analyses in the Libratory of
Ministry of Agriculture-Palestine, and in the Ministry of Agriculture—Agriculture
Research Center-Soils, Water and Environment Res-institute- Scil, Water
and Environment Unit-Egypt, The results of analyses were presented in table

{2).

Table 2.Chemical properties of water irrigation and mechanical,
chemical properties of soil under study.

Property Value Progerty Value
pH 79 Magnesium mg/t | 48.1
EC m mho /cm 21 Potassium mg/l 3.0
Water irrigation T.0.S mg/l 1413.0 Sodium mg/l 2736
Chloride mg/| 462.6 Total alkalinity mg/l | 210.0
Sulfate mg/ 142.4 HCO 3 mg/l 256.2
Nitrate mg/l 50.0 CO3a mgfl 0.0
Calcium mgfl 106.7 Hardness mg/las | 465.2
CaCO;

Property| Value ¢ Property | Value | Property |Value
Sand % | 82.0 |E.Cmmholc| 0.579 | K(meq/l)| 6.50
Soil Clay% | 11.0 [ NOs mg/l | 106.1 Fe ppm |80.90
Silt % 7.0 [CO; megia| 0.0 Znppm | 52.40
SP% 19.3 |[HCOamea/l, 3.0 Ph ppm |22.00

pH 7.8 |Ca+tMgmeqg/i| 10.4 Cd ppm | 0.02

In the two successive seasons, before planting, four levels of cadmium (0, 10,
20 and 40 ppm) were added to soil, which were obtained by adding cadmium
sulphate (CdS0, . 5H,0} salt. For each cadmium level the pots were divided
into 4 groups, the first group received the normal level of fertilizers as
mentioned before, but without any other soil additions. The second, third and
fourth groups were similar to the first group but the pots received zinc as the
soil addition before planting in the farm of zinc oxide (ZnQ) at the rates {0, 75,
150 and 225ppm). Thus, the experiment included four levels of cadmium soil
addition represented the main treatments while zinc soil addition served as
sub-treatment, this given 16 treatments. In the experiment, each treatment
included 45 plants / 3 pots arranged randomized in three replicates. Two
samples were taken from each treatment after 70 and 140 days from sowing
and the plant was divided into roots and leaves, the following measurements
were recorded: root length (cm), shoot height (cm), fresh and dry weights of
the shoot and root (g). Growth analyses were aiso calculated. Leaf weight
ratio (LWR) and relative growth rate {(RGR mg g'd") were estimated
between the two successive samples on the average of two seasons. Also,
rate of production of one sub-cellular component per unit of Cd and Zn (mg/g
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Cd or Zn per day) and Specific utilization rate(SUR mg dw. mg Cd™ or Zn™* &'
'Y were estimated between the two successive samples on the second
season according to the methods described by Hunt (1978).using the
following equaticns:
(LWR) = {(Lw1-W) +(lw, S W) + 2
(RGRmg g’ d )—’“wv}- E'w 1$T2- T
(SUR mg mg ™) = (- %,+7, )x('“M ="My + M, - My)
Rate of production eg. of mg (A) g (B)d" =% M+ LT x (MB- "By +B2- By)
B = Cd or Zn content, A = elements contents, T = Time samples W = dry
weightt M = Cd, Zn and Fe accumulations, 1 = first sample, 2 = second
sample. Lw = leaves dry weight.

Also, Heavy metals Fe, Zn, and Cd were determined in the two samples
{70 and 140 days after sowing) for root and shoot in the 2™ season. For the
determination using the atomic absorption Spectro-photometer (Pu $100*) in
the Ministry of Agriculture — Agriculture Research Center—Soils, Water and
Environment Res. Institute. Soils, Water and Environment Unit-Egypt. As
well as, Chlorophyll & total carotenoids {mg/g FW) were extracted by acetone
80% and calorimetrically determined according to the method described by
Hoyden (1965} in the fresh leaves of plants. In the pot experiment statistical
analysis data were statistically analyzed by using factorial experiments and
the means of different reatments were compared using the least significant
different test (L.5.D} at 0.05 level of probability in the two samples as average
of two successive seasons {Snedecor & Cochran, 1980}

RESULTS AND DISCUSSION

1- Field survey experiment.

Soii samples were collected from three selected sites of northern area of
Gaza strip-Palestine, (site A, B and C). Data in table {3) revealed that the
extractable heavy metals Pb, Zn, Cd and Fe were 9.9, 41.2, 0.0075 and 333.6
ppm, respectively in site A (Beit Hanen and Beit Lahya site) and were 20.9,
429, 0.0075 and 18.2 ppm, respectively in site B {(Monttar and Gaza City
Center site} and were 16.3, 53.9, 0.00 and 248.9 ppm in site C (Al Zytone and
Shakh Ejleen site). Similar results were obtained under Palestine condition by
Shomar (2006) for ali metals except, Fe. The author mentioned that the total
Pb, Zn, Cd and Fe were 32, 50, 0.0052 ppm and 2.2% respectively, in the
open farm soils of Gaza strip and were 61, 60, 0.0067 ppm and 1% for iron
respectively, in the strawberry farm soils in Gaza strip.

Concerning the heavy metals concentration in the plants growing in the
area under study, data in table (3) indicated that lead concentration in plants
is affected by plant organs. The highest concentration of Pb in site (A} was
(22.1 ppm) which was recorded in the root of carrot but the lowest
concentration (12.t ppm} was recorded by strawberry (fruit).Lead
concentration in the edible parts of the plants under studied can be arranged
in the following order: carrot {root) > spinach {leaves} > wheat (shoot) >
strawberry (fruit). Moreover, the highest concentration of Pb in site (B) was
(95.0 ppm) which was recorded by the bulb of onion while the lowest:
concentration (0.11 ppm) was recorded by spinach (leaves), the values can
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be arranged in the following order according to Pb concentration in site (B):
cnion (bulb) > cabbage (leaves) > squash (fruit) > spinach (leaves). As well as
in the site (C) the highest concentration of Pb (12.5 ppm) was recorded in
tuber of potato, but the lowest concentration (10.1ppm} was detected by
cucumber {fruit). The values of Pb concentration in site (C) can be arranged in
the following order: potato (tuber) > faba bean (seeds) > carrot{root) >
cucumber (fruit). In this respect, it can be suggested that the highest
concentration of Pb was recorded by root, bulb and tuber when compared
with another parts of plants (leaves, fruit and seeds). Moreover, it is important
here to mention that, the increase on Pb concentration in the different organs
of plants among different three sites can be arranged in the following order:
cnion bulb {95.0 ppm) > carrot roots (16.6 ppm) > wheat shoets (13.15 ppm)
> potato tuber (12.5 ppm) > strawberry fruit {12.1 ppm) > faba bean seeds
(11.25 ppm) > cucumber fruit. (10.1 ppm) > spinach leaves (7.8 ppm) >
cabbage leaves (1.21 ppm) > squash fruit {1.12 ppm). In this respect, Bowen
(1997) reported that the normal range of Pb in edible vegetables range
between 0.20 - 20 ppm Thus, from these data, it can be suggested that Pb
concentration in all plants grown under study area were within the normal
range except for onion and carrot which were contained Pb up the normal
concentration range.

Table 3. Heavy metals concentration {ppm} in the soil and plants
growing in the area under study.
Sites name SitesiName and organs Metals concentration (ppm)
of plant Soils Plants {dry matter)
Ph | Zn | Cd Fe Pb|Zn | Cd Fe
{Beit Hanon A1 [Spinach (leaves) | 18.1{46.8[0.0200( 711.0 {15.5]| 32.0{0.0000( 19.4
nd Beit A2 Wheat (shoot) 6.5 [38.7|0.00006{ 412.0 |13.1]90.3|0.0200f 13.5

Lahya A3 Strawberry (fruit) ; 8,9 ;34.7]0.0000] 112.0 112.1]33.20.0000] 78.3
A4 [Carrot {root) 6.0 [44.7(0.0100| 99.4 |22.1]|25.6]|0.0100| 114.0

Mean A 9.8 |41.20.0075! 333.6 {15.7145.2 |0.0075] 56.3
Monttar and [B1_ [Onion (bulb} 5.8 [54.6)0.0300] 447,2 195.0/33.2)0.0200] 55.3
Gaza City |§2 iSquash (fruit) 20.1[51.20.0000! 111.2 11.12154.2 [0.0300; 66.0
iCenter B3 [Spinach (ieaves) |24,5]|5.8010.0000( 71.0¢ [0.11]25.410.0000( 65.2
B4 Cabbage (leave} (33.2{60.1/0.0000; 115.5 11.2133.2/0.0100/ 114.0

Mean B 20.9142.9(0.0075( 186.0 | 24.3(36.510.0150] 75.1

Al Zytoon and IC1 Potato (tuber) 12.2141.2]0.0000} 211.0 {12.5{41.50.0400( 54.0
Shakh Ejleen [C2 [Carrot (root) 14.2(55.5(0.0000] 324.2 {11.1]42.0{0.0000] 88.0

IC3 iFaba bean (seed) | 22.5]65.2|0.0000] 211.5 {11.2132.7 |0.0000| 22.4
IC4 [Cucumber (fruit) | -—- | —— | ~——- ~--— [10.1[30.110.0100[ 41.0
Mean Cl 16.453.9(0.0000] 248.9 [11.136.7 [0.0120{ 51.3

Moreover, it's clear from the results in table {3) that, the leveis of zinc
concentration in the studied pilants grown in site {A) could be arranged in the
following order according to their zinc concentration: wheat shoot (95.3 ppm)
> strawberry fruit {33.2 ppm) > spinach leaves (32ppm) >carrot root
{25.6ppm), but in the site (B) it can be arranged in the following order; squash
fruit (54.2 ppm) > onion bulb = cabbage leaves (32ppm) > spinach leaves >
(25.4ppm), while in the site (C) it can be arranged in the following: carrot root
{42 ppm) > potato tuber (41.5ppm)> faba bean seed (32.7ppm)>cucumber
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fruit {30.1 ppm). However, it's important here to mention that the uptake of
zinc depends on plant species and their plant parts. Moreover, the data
revealed, that leaves of some plant and root of another plant contained the
highest values of Zn compared with other plants parts. Regarding the normal
zing fevel in plant its reported to be within 8—400 ppm, while the toxic level
is>400 ppm (Kabata-Pendias & Pendias, 1984). Therefore, it can be
suggested that zinc concentration in all plants grown under the studied area
were within the nommal range.

Moreover, it's clear from the results in table (3), that the levels of iron
concentration in the different parts of plants grown in site (A) can be
arranged in the following order according to their iron concentration which
were: carrot root (114.0 ppm) > strawberry fruit (78.3 ppm) > spinach leaves
{19.4 ppm) > wheat shoot (13.5 ppm), but in the site {B} it can be arranged in
the following order which were, cabbage leaves (114.0 ppm) > ‘'squash fruit
{66.0 ppm) > spinach leaves > (65.2 ppm) > onion bulb {55.3 ppm), while in
the site (C) it can be arranged in the following order which were: carrot root
{88.0 ppm) > potato tuber {54.0 ppm) > cucumber fruit (41.0 ppm) > faba
bean seed (22.4 ppm). In this respect, Das (2000) reported that, the normal
iron level in plant was between 50 — 250 ppm. Therefore, it can be suggested
that the iron concentration in ali plants grown in the studied sites was within
the normal range.

Concerning the concentration of cadmium in plants the results in table (3}
revealed that, the plants grown in site {A} cadmium concentration in wheat
shoot and carrot root were 0.02 and 0.01 ppm in respectively, but in site {B)
Cd concentration were 0.02, 0.03 and 0.012 ppm in onion bulb, squash fruit
and cabbage leaves respectively, while cadmium cencentration in site (C)
were 0.04 and 0.01 ppm for potato tuber and cucumber fruit. However, in the
other piants Cd can not be detected. In this respect, Kabata Pendias &
Pendias {1984) reported that the cadmium concentration in contaminated
plants ranges between 5 - 30 ppm, therefore, Cd concentration in all plants
grown in the three different studied sites was within the normal range.
2-Pot experiment:

The aim of this experiment was to evaluate the effect of heavy metal (Cd
and Zn) on growth, yield and chemical composition of carrot piants as well as
to study the interaction between Cd and Zn in plants. Moreover, attempts
were carried out to reduce the toxicity effect of Cd in plants by using different
rates of Zn.

1- Growth and yield Parameters:

Growth of carrot at the two different ages (70 & 140 days after sowing)
was measured by recording {height of shoot, root length, as well as fresh and
dry weights of shoots and roots).Moreover, at harvesting (140 from sowing)
yield and yield components of carrot was recorded. It's worthy to mention
that in the two successive seasons showed similar re sponse to Cd and Zn
soil addition either alone or in combination.

A- Effect of cadmium:

It's clear from the results in table {4) that, the cadmium soil addition
either alone or combined with zinc soil addition gradually and significantly
decreased all of the studied growth characters (shoot height, root length, as
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well as fresh and dry weights of shoots and roots). In generally, the
decreases due to cadmium soil addition were more sever toxic in some
growth parameters when cadmium used alone. Similar results were obtained
by Salim et a/.(1992) and Lata & Johri (1999) on carrot plants, Bai Song et al.
(2003) on rice plants. Bayctailu and Ozden (2004) on common oak and
Azevedo et al. (2005) on sunflower plant cv. {Helianthus annuusl). In this
respect, Smilde et al. {1982) & Bayctailu and Ozden (2004) they mentioned
that toxic effects of Cd accumulation on Quercus robur su sp, Robur
{(Common Qak) and Acre negundo (Box Elder) were due to decreases in
chlorophyll content and fluctuations in peroxides activity.

Generally, it's important here to mention that, in carrot plants, the
decreases in shoot and root dry and fresh weights as a result of cadmium
soil addition were associated with pronounced decreases in shoot height and
root length. This might be atiributed to its effects on cell division and/or cell
expansion, might be through its effect on DNA and RNA synthesis. These
results were agree with those reported by Barcelo ef al. {(1988) & Cakmak, et
al. {2000) they pointed out that the content of nitrogen, amino acids, DNA
and RNA were decreased with increasing Cd application. Moreover, Shah &
Dubey (1995) working on rice reported that Cd application caused a
concomitant inhibition of enzyme RNAase activity;, results suggest possible
suppression of RNA hydrolysis in rice plants under Cd toxicity. It's therefore,
possible that the effect of Cd on plant height and root length observed here
may have been induced as a result of inhibition of cell elongation and or cell
division through its effect on genetic components (DNA and RNA
formation).Furthermore, it is important here to mention that, Cd as a metal
constitute a trace amount of the dry weight of plants. Hence, cadmium
cannot in itself, cause any large change in growth in terms of rate of increase
in dry weight. Any change in the growth rate which results from increasing Cd
supply must be dependent on change in the rate of net photosynthesis, these
reduces the supply of carbchydrates or proteins and consequently decrease
the growth of the plant. In this respect, Abo Kassem et al. (1997) working on
wheat, Skorzynska and Baszynski {1995) working on bean plant, they
peinted out that; the application of Cd resulted in reduction of photosynthesis
efficiency and transpiration. In this connection, Kater ef al. (1991) working on
faba bean reported that chlorophyll content decreased with increasing Cd
rate. Tukendorf & Baszynski (1991) and Geiken et al. {1998) working on pea
and faba bean plants found that both photosystem { (PSI) and photosystem ||
{PS1l) were decreased with increasing Cd addition.

B- Effect of Zinc:

Data in table {4) revealed that, the effect of three different levels of
zing (75, 150 and 225 ppm) soil addition on the growth characters (fresh and
dry weights of root and shoot, root length and shoot height) tended to record
non-significantly affected, except fresh and dry weights of shoot in the
second sample and shoots height in the first sample which were significantly,
increased as compared with control-zinc untreated plants. Similar resuits
were reported by Salam (1998), Hegazy (2001) on faba bean plants. In this
respect, Zn is an essentiai component of over 300 enzymes, {Fox &
Guerimot, 1998). .
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Table 4. Root length, shoot height {cm), fresh & dry weight (g) of carrot
root & shoot as the average of the two seasons in the two
samples (70 & 140 days after sowing) as affected by different
levels of Cd and Zn soil addition.

Growth character Root length (cm) Shoot height (cm
lplant Mean Mean
ge{days) Treatment|Control{ Zn1 | Zn2 | Zn3 | Cd |Controll Zn1 ! Zn2 | Zn3 | Cd
Control 152 [145(139 {125 (140 158 /158 16.2 | 153 | 158
ICd1 121 113001311127 31127 | 129 (140:145[129} 136
70 [£d2 10.8 [ 124127 ]13.0]) 122} 124 11381431129 13.3
Cd3 9.2 108114 (118108 [ 101 1 119713.0 119} 11.7
ean Zn 11.9 1127 ]128]125 128 | 138145 13.2
LSDO005Cd=151 Zn=NS Cd*Zn= 2.26Cd =1.02 Zn=102 (CdZn=1.5
IControl 212 1216 (213|176 | 204 | 236 |254 (248|219 23¢9
Cd1 17.1 18311864169 | 477 | 209 1224236233225
[Cd2 148 1164 (16.0| 164 | 159 | 185 | 21.9(21.7 | 206 | 206
140 [Cd3 136 (162 (144 {153 [ 149 16.9 1198202 | 21.4;: 19.6
Mean Zn 16.7 (181 117.5| 16.5 199 | 224 1226 (218
Cd=2%1 Zn=NS Cd'ZnH
L.5.D 0.05 3.1& Cd=3.77 Zn=NS Cd"Zn =556
Root Shoot
Fresh weight {g)
IControl 373 [3.99(325[2901346: 475 |4.34(4854.05]| 452
Cd1 235 (2742721236254 315 [365|3.890334 350
70 Cd2 246 | 2762701274267 321 (36513411259 324
Cd3 178 [162 (1,76 (204 [ 180 ( 250 (253292 !3.13| 277
Mean Zn 258 | 2753128611251 3.40 [ 354 (379]3.28
5.00.05] Cd=124 Zn=NS Cd'Zn=185Cd =147 Zn=NS Cd*Zn=220
ontrol 44,18 143.18138.27132.25{39.47 ] 12.24 | 9.50 111.80| 9.60 | 10.80
d1 28.45 134.72/3580)30.12132,.27| 7.50 | 8.70 [11.40[11.60| 9.80
140 [Cd2 26.43 137.00|3647137.90{3445| 589 (10.00]8.70(9.00] 840
d3 19.89 |29.65)25.50|29.65|127.17} 798 | 8.80(9.00 850 880
[Meanzn | 29.70 136.10[35.00]32.50 840 {9.30 [10.30{10.00
LSD0.05| Cd=650 Zn=NS Cd"'Zn=975 CA=1.76 Zn= 1.88 Cd"Zn = 2.52
[ Dry weight_{g]
iControl 0.475 [0.438]0.376][0.366]0.414 | 0.526 [0.500][0.466]0.480]0.483 |
Cd1 0.267 [0.337({0.354[0.278(0.309! 0.364 /0.408]0.455/0.404] 0.408
70 Cd2 0.235 [0.258|0.274{0.288;0.264 | 0.350 {0.423}0.406(0.327]0.376
d3 0.212 10.213/0.204/0.240)0.217 ] 0.292 }0.31110.35810.352] 0.328
ean Zn 0.297 10.311(0.,30210.293 0.383 [0.410]0.421]10.390
L.S.D0.05,Cd=0.122 Zn=NS Cd*Zn=0.183Cd =0.0589 Zn = NS Cd*Zn = 0.148
IControl 458 14311427 1338 444 | 1.41 136 | 134 11,121 1.3
iCd1 275 [3581349[3.15] 3241 0.90 1,21 11168 | 1.17 | 1.11
140 [Cd2 247 1329339343314 080 {136 [1.04 {121 1.10
d3 200 [2981300(3.091277 ¢ 085 | 1024112 ]1.01-[ 1.00
ean Zn 295 [354(353]326 099 ;124 /117 }1.13
L L.S.00.05: Cd=0.950 Zn=NS Cd*Zn =142 Cd=0.212Zn=0.21 Cd"Zn=0.}1
Zn1 =75 ppm,.Zn2=:150 ppm, Z13=:225 ppm, .. Cd1.=-10.ppm , Cd2/= 20 ppm Cd3 = 40 ppm

In most of these enzymes, Zn makes up an integral of the enzyme structure.
Moreover, Dickinson et al. (2003) reported that the role of Zn in DNA and
RNA  metabolism, in cell division, and protein synthesis has been
- documented for many years. Zn is very closely involved in the nitrogen
metabolism of plants. In plants with Zn deficiencies protein synthesis and
protein levels are drastically reduced whereas amino acids accumulate. On
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the other hand, it is important here to mention that, in the first sample, high
values of root fresh, dry weights and length of root, as well as shpots dry
weight were obtained by the plants treated with the lowest rate of Zn alone
when compared with the plant treated by the highest rate of Zn alone. In this
respect, Rashad and Hanafy Ahmed {1997) working on faba bean plants
mentioned that Zn {50 ppm) foliar applications significantly increase most of
the study growth characters (plant height and number of leaves per plant)
while the highest rate of Zn (75 ppm) had adverse affect on most of studies
growth and yield parameters. In this respect, Smited ef al.(1982) reported that
Zn soil addition of 2000 mg/kg substrate proved toxic for lettuce and spinach,
whereas 3000 mg Zn was toxic for grass and french beans. Moreover, Van et
al. (1987) found that toxic doses of Zn inhibit shoot growth but increase the
capacity of several leaf enzymes in dwarf bean. In this connection, it can be
suggested that, the reduction in carrot plant growth as affected by high Zn
treatments may be induce due fo its inhibitor effects on enzyme system
responsible for growth process.

2- Plant pigments:

Data in table (5) revealed that, the concentration of the all plant pigments
{chlorophyll a, chiorophyll b and total carotencids) were non significantly
affected in the two samples, except chlorophyli 2 which was significantly
decreased with increasing cadmium soil addition either alone or in combined
with zinc at all levels as compared with control untreated cadmium plant. in
this connection, Bazzaz and Govindjee (1974) reported that Cd adversely
affects the emerge producing mechanisms of chloroplasts and mitochondria.
Chioroplasts isolated from corn leaves and treated with 0.005mM Cd (NQO3)
exhibited inhibitions of photosystem |l activities at the water oxidation level. In
addition, exposure to Cd resulted in the total amount of chiorophylls, a
decrease in the ratio of chlorophyll a to chlorophyll b and the decrease in the
ratio of shoot to long wave length forms of chlorophyll a. This might be due to
the role played by Cd in photosynthesis, PSIl activity, enzymes activity and
accumulations of organic matter in plants exposed with cadmium. In this
respect, Bai Song et al. (2003) pointed out that Cd application at the rates of
0, 1, 5, 30 and 100 mg /I nutrient solutions reducing the chloropiwll on rice
seedlings. Also, Bayctailu and Ozden {2004).mentioned that toxic effects of
Cd accumulation on Quercus robur su sp, Robur {Common Oak) and Acre
negundo (Box Elder) was due to decreases in chlorophyll content and
fluctuations in peroxides activity. Rat et al.(2003) working on Potamogenton
pectinatus, L. cultured in Hogland solution containing 0, 5, 5, 25, 50, 100 and
200 pM cadmium. They found that Cd significantly reduced photosynthesis
pigments (chlorophyll a, b and the total chicrophyil) and the highest reduction
in carotenoids content was observed when plant treated with 200 uM, protein
and cystiene content decreased in plants exposed to 100 pM of cadmium.
Moreover, Nagoor &Vyas (1997) reported that carbohydrate metabolism,
including alpha amylase, beta amylase, invertase activities as well as
reducing and non reducing sugar contents, were reduced by 20, 150, 200,
250 and 300mg CdCl; /Mi on wheat cv. Soualika.
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Moreover, alt plant pigments (chlorophyll a, b and carotenoids} in the two
samples were non significantly affected with increasing zinc soil addition,
except chlorophyll a in the first sample which was increased when compared
with control zinc untreated plant. In this respect, Garg et al. (1986) reported
that the application of zinc increased chlorophyll a and b concentration. In
addition, Zn plays a key role in photosynthesis, affecting the activity of
enzymes such as carbonic anhydrase {Rengel, 1995), as well as affecting
chlorophyll concentration .and stomatal conductance (Hu & Sparks, 1991)
Also, Rashad & Hanafy Ahmed (1997) working on faba bean plant,
menticned that in the first sample (55 days) there were increases on total
chlorophyll and carotenoids concentration in response to zinc foliar
application (S0 ppm) if compared with the control — untreated plants,

Table 5. Chlorophyll a & b as well as carotencids concentration (mg/g
fresh weight) in the leaves of carrot plant in the two samples
(70 and140 days after sowing)as affected by different levels of
Cd and Zn soil addition, as the average of two seasons.

Plant age (days) 70 140

Plant Mean Mean
Pigment |Treatment|Contrel| Zn1 (Zn2| Zn3 | Cd [Control | Zn1 |Zn2{Zn3 | Cd
" |Control 441 | 479 [4881532]|485 1 494 [563|568)|549( 543
ICd1 3.83 | 413 |293]484[1443 | 420 1458146148 | 455
Chiorophyll £d2 351 | 404 [44114.36]4.08 | 457 [5.10[5.14[5.15] 4.99
a cd3 333 ; 445 (4521482428 | 3.68 139214181439} 404

Mean Zn 3.77 4.35 (4.69] 4.84 4.35 j4.804.90(4.96
l..S.D Cd=0.70 Zn=0.70 Cd"Zn =0.99 Cd = 0.83 Zn= NS Cd*Zn=1.17
[Control 1.43 1.34 (1.2051.24 [ 130 | 1.81 [1.60[1.89(1.82} 1.73
Cd1 1.14 1.08 {1.26]1.34 | 1.21 1.72 11.7851.85j1.66| 1.75
Chiorophyll Cd2 1.20 | 115 [1.09]1.35) 1.20 [ 1.35 |1.63|1.80[1.56] 1.59
b Cd3 146 | 1.38 [142[{133| 140 ] 173 |1.75|1.75(1.72{ 1.74
an Zn 1.31 | 1.24 [1.24]1.321 165 {1.6911.77{1.69 ‘
LS.D0.05Cd=NS Zn=N§ Cd*Zn=NS Cd = NS Zn = NS Cd*Zn =0.46
Control 1.70 | 1.81 [1.76]1.73] 1.75 ] 238 2.31(2.35{2.20§ 2.31
Cd1 149 | 153 |1.5611.59] 154 | 2.03 [2.12]2.18]2.23]| 2.14
Carotenoids(Cd2 148 | 1.42 (1481142 145 { 182 [1.92(1.95(1.86{ 1.89
d3 1.27 1:42 114711371 1.38 | 1.68 {1.8812.00{1.90| 1.87

ean Zn 149 | 155 [1.57] 1.63 198 |2.06)2.12|12.05
L.S.D0.05 Cd =NS Zn = NS Cd*Zn=NS Cd = NS Zn = NS Cd*Zn=N§|

Zn1 =75 ppm, Zn2=150 ppm, Zn3.= 225 ppm.  Cd1 =10 ppm , Cd2 = 20 ppm Cd3 = 40 ppm
3- Mineral composition:
1- Cadmium.

Concerning the effect of cadmium soil addition on Cd concentration in
carrot plants, its clear from the results in table {6) that, in the two successive
samples in the second season, significant and gradually increases in
cadmium concentrations were recorded by the roots and shoot in carrot ptant
supplied with the three different rates of cadmium scil addition either alone or
combined ‘with zinc when compared with control-untreated plant or control
cadmium untreated plants. Similar results were reported by Hegazy (2001} on
radish and faba bean, Lagriffoul ef al. (1998) on maize plant, Chaoui et al
{1997) on bhean plant. Moreover, the resulis revealed, that cadmium
concentration in the different parts of carrot piant was mostly related to it's
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concentration in soil. In this respect, many workers pointed out that the
amount of cadmium absorbed by plant was a function of cadmium
concentration in the soil. Cutler & Rains (1974) working on barley found three
passive mechanisms for cadmium uptake: exchange absorption, ireversible
binding and diffusion.

Concerning the cadmium concentration in the different parts of carrot
plants, the results showed that, the root of carrot plants always contained the
higher values of Cd than shoot. In this connection, Pettersson ef al, {1976)
working on rape, cucumber, wheat, oats and tomato mentioned that cadmium
is probably mainly absorbed on the root surface and not available for
translocation. It was found that the roots had a several times higher level of
cadmium than the shoots, but only in the root part: which were directly
exposed to the contaminated soil. Moreover, Ouariti ef al (1997) working on
bean reported that Cd accumutated at higher levels in roots than in shoots,
indicating that roots acted as a carrier restricting Cd transport. Also, Leita et
al. (1896) working on bush bean mentioned that mast of the Cd was bound at
the cell wall. All forms of Cd were in higher concentrations in roots than in
leaves. Bipasha et al. (1997) working on linseed noted that, estimation of
metal uptake inside the cell demonstrated the accumulation of Cd in the
cytoplasm in the regenerated roots. In this respect, the percentage increase
of cadmium concentration in the root due to increasing cadmium soil addition
(10, 20 and 40 ppm) either alone were 230.4, 230.4 and 247.8 % in the ke
sample and were 390.6, 441.3 and 444.6 % in the 2" one, and the increases
in the shoot were 207.2, 373.8 and 496.3 % in the 1% sample and were 481.9,
509.8 and 567.2% in the 2™ sample, respectively. In this respect, Mengel and
Kirkby (1987) reported that the normal levels of cadmium in different plants
species ranged between (0.10 to 1.00 ppm}. Also, Kabata Pendias & Pendias
{1984) reported that the cadmium concentration in contaminated plants
ranges between 5 - 30 ppm. The results in table (6) revealed that, the range
of Cd concentration in the roots of carrot plants treated with the three different
rates of cadmium alone (10, 20 and 40 ppm) was between 5.33 -5.6 ppm in
the first sample and between 7.36 — 8.1 ppm in the second sample of root,
while in the shoots of carrot plants was between 3.41 — 6.62 ppm in the first
sample and 7.1- 8.14 ppm in the second samples. Thus, it can be concluded
that cadmium concentration in the shoot and root of carrot cadmium treated
plant were within the normal range and not in toxic level. However, as the
recommendation of the National Research Council of the United States

1980) the cadmium content of forage crop should not be more than 0.5 ug g’

in order to limit the concentration of cadmium in the liver and kidney of
animals feeding on these crops to protect humans against cadmium toxicity.
Moreover, the data indicated that, in the second sample, the root and shoot
always contained the highest values of cadmium when compared with the
values in the first sample. Thus, it can be suggest&d that the time of
explosion is factor very important for cadmium uptake and accumulation in
plants. Similar results were obtained by Rauser (1986) on tomato, Dang et al.
{1990} on onion, Khan & Frankland {1983) on radish, Obata & Umebayashi
(1997} on maize, cucumber and pumnpkin plants .
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Table 6. Dry weight (g) and Cd, Zn and Fe concentration (ppm) of carrot
root & shoot in the two samples (70 &140 days after sowing) as
affected by different levels of Cd and Zn soil addition, in the

second season.
lants organs Root Shoot
Plant agéi | [ I l Mean J I l Mean
{days) jTreatment|{Control| Zn1 | Zn2 [2Zn3{ Cd [Controlj Zn1 | Zn2 | Zn3 Cd
] Dry weight {g)
Control | 0.475 [0.455[0.39310.366] 0.422 3%94 0.567 ]0.517]0.548 0.557
Cd1 0.253 | 0.337 [0.34210.265] 0.300 | 0.420 {0.530]0.537[0.437] 0.480

70 [Cd2 0.222°10.228 [0.25370.275 0.245 [ 0.442 10.4620.47610.353 [ 0.433
Cd3 0.210 | 0.228 [0.191]0.228] 0.214 | 0.374 |0.360 |0.436| 0.415[ 0.396
Mean Zn | 0.260 | 0.372[0.29510.285] 0.458 10.48010.491[0.437

L.5.D0.05 Cd=0123 Zn=N5 Cd"'2n=0.175 Cd=0.142 Zn=NS Cd*Zn =0.202
Control 410 | 388 | 37012877 364 | 1.80 [ 1.8t [1.70[ 140 168
Cd1 267 | 3.13 | 3.07 |[267] 289 | 1.02 163 [1.60[ 137 | 138

140 iCd2 230 | 267 [287 (2831 267 | 087 [185 (127 153 | 1.38
cd3 173 253123312671 232 1 143 [ 127 [ 143 ] 1.27 1.28
MeanZn [ 270 | 3.05 | 2989276 1 120 {164 (1481 139

L.5.D 0.05 Cd=0.882 Zn=NS Cd"Zn=1.254] Cd=0.266 Zn= 0.266 Cd*Zn = 0.378
Cadmium {ppm}
iIControl 1.62 138 [13271.56] 1.47 1.12 | 3.31 1 1.37 ] 1.37 1.79
icdi 532 | 514 T453 (512 503 | 341 [ 4324331383 | 3.9

70 |[Cd2 532 1551 [525[596] 551 5.27 [ 5451444 | 5.09 5.06
Cd3 560 | 655 665|584 6.16 | 663 | 545 ) 5871 535 5.82
MeanZn | 446 | 465 [ 444 [4.62 410 [463 4007 3.91

[.5.00.05 Cd=0.29 Zn=N5 CdZn=041Cd=064 Zn=064 CdZn=0.92
[Control 1.50 1.84 T200[202] 184 [ 0671 220 [1.277 1.50 1.42
ICd1 736 [ 748 1757 |748] 747 | 711 1718 7231708 | 7.15
140 [Cd2 812 {822 1829|747 802 [ 744 | 704 [ 758776 | 7.68
d3 817 1852 1827|857) 838 | 3.14 {856 |/7.471847 8186
eanZn | 6.29 [ 651 [6.53[6.38 5.82 {647 1589[6.22
L.5.00.05 Cd=0392n=NS CdZn=056Cd=0.51 Zn=051 Cd*Zn=0.73
Zinc (ppm)
IControl 465 [ 735865 [970] 7580 [ 325 1415 [59.0[ 850 545
icd1 335 [ 860 | 8209351 738 [ 320 (520730770} 585

70 [Cd2 295 T 625 169.0(925] 634 | 270 [ 43564571820 | 543
ICd3 270 [ 700 [645[845] 615 | 235 [ 470 1730750 54.6
Mean Znt | 34.1 73.0 175518189 288 [ 460 [674] 79.8

L..5.D0 0.05 Cd=68 Zn=638 Cd*'Zn=0.7] Cd= Ns Zn=6.2 CdZn=848
IControl 81.0 | 145.5[156.0{153.0] 1339 [ 81.5 [93.5 (132.0[141.0] 1120 |
ICd1 71.0 1139.5[147.01148.01 126.4 | 755 {119.5{124.00133.01 1130
140 (Cd2 68.5 [ 148.0[140.0144.5] 1275 | 655 [127.0[131.0[135.0] 11456
Cd3 55.5 [135.0]136 5{140.0{ 117.8 | 60.0 [117.0{124.0[124.5( 106.4
eanZn | 70.0 [142.0[147.11146.4] 706 [114.3[127.8[1334
iL.5.D0.05 Cd=63 7n=63 Cd'Zn=90 Cd=84 Zn=84 Cd*Zn =119
Iron (ppm)
Control 545 1630 [935T108.00 798 ; 440 1520 [ 72010507 683
Cdi 625 [ 970 [740:1945] 820 | 355 [66.5[905[ 945 [ 71.

70 Cd2 845 [ 7109551105 804 | 355 | 565 [76.5[ 850 | B3.4
Cd3 850 | 84.0 [108.0{925] 924 | 785 | 610|825 76.0 | 62.0
MeanZn | 716 | 78.8 [92.5[101.4 359 1590 |404] 901

L.5.D 0.05 Cd=46 Zn=46 Cd'Zn=86. Cd=76 Zn=7. Ca'Zn=10.9
Control 159.0 1172.01162.01171.5 166.1 | 70.5 | 44.5 1 45.5] 53.0 53.4
iCd1 123.5 | 153.0{162.0[177.0 1539 | 405 | 850 [88.0| 885 | 77.8

140 Cd2 109.5 | 153.0 | 128.0|165.5] 139.0 | 42.0 | 835 | 79.0[ 87.0 | 72.9
Cd2 1465 {153.5{163.0[163.5{ 1566 [ 420 [ 8101920 840 | 748
[Mean Zn [ 134.6 1 157.91153.8]169.4( 510 [735176.1] 781

L.5.00.05 Cd=75 Zn=75 C .

Zn1= 75 ppm:ZnZ =150pp
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From the previous results, it can be suggested that several detrimental
effects attributed to cadmium soil addition on all of the studied growth
characters of carrot piants might be partiaily due to increases in cadmium
concentration and consequently its negative effects on net photosynthesis,
transpiration, chiorophyll a as well as nutrients contents. Chen et al. {1996)
concluded that when soil Cd was > 22.3 mg / kg the yield, nutrient content as
well as physiological and biochemical properties of mulberry leaves showed
distinct change, and the damage become greater as cadmium concentration
increased.

As regards the effect of zinc soil addition on cadmium concentration in
carrot plants, it is clear from the results that, in the 1 sample the lowest
value of cadmium concentration was obtained by the root and shoot of the
plant supplied with the middle rate of zinc when compared with contro! plants
untreated Zn. In this respect, it can be suggested that, zinc soil addition may
be avercome, to some extent, the inhibition effects of cadmium on absorption,
accumuiation and translocation of cadmium within carrot plant. Similar results
were reported by Choudhary et al. (1994) on wheat plant and Hegazy {2001)
on radish plant. In this respect, Das (2000) reported that the application of Zn
in soils decreased the concentration of Cd in soils and subsequently
decreased the content and uptake of Cd by the plants which also suggest
antagonistic relationship between them. However, Dabin et al. {1978)
concluded that zinc and cadmium are bound to different legends in rice roots.
Also, Zn was found in some cases to depress Cd uptake, indicating some
kind of interaction between these two metals, There are several factors
affecting the uptake and accumulation of Cd in plants. Among these factors,
soil salinity and soil zinc {Zn) status play a critical role {Cakmak et al.,, 2000 &
Cliver et al,, 1997).0n the other hand, its important here to mention that, as
reported before high values of cadmium concentration were obtained by the
root or shoot of carrot plants, supplied with the three different rates of zinc
combined with the three different rates of cadmium when compared with
control-untreated plants or plants supplied with the same level of zinc or
cadmium soil addition, in this respect, it can be suggested that the effect of
Zn soil addition on plant cadmium concentration might depended on the
concentration of Cd and Zn in soil. In this connection, Mitchell (1981},
mentioned that at low soil cadmium levels (about 0.1 pg/g), increasing levels
of soil Zn reduced the concentration of Cd in lettuce leaves, but at higher soit
Cd levels (20-80 ug/g), the added Zn either showed no effect or increased
leaf Cd concentration. The interaction between soil Zn and Cd, as well as the
corretation between leaf Zn and leaf Cd, has not been confirmed at the high
soil Cd (10ug /g) and Zn (300-600 ug/g) levels.

2-Zinc.

Concerning the effect of cadmium and zinc scil addition on Zn
concentration in carrot plants, the results in table (6) indicated that gradually
decreases in zinc concentration were detected by the shoot and roots of
carrot plant supplied with the three different rates of cadmium soil addition
either alone or combined with zinc, except in the first sample of the shoots
which was indicated non significantly effect when compared with control-
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untreated plant or control — cadmium untreated plant. Moreover, the results
revealed that, the range of Zn concentration in the shoots of carrot plants
treated with the three different rates of cadmium alone (10, 20 and 40 ppm)
was between 27.0 - 33.5 ppm in first sample and between 58.5 — 71.0 ppm in
the second sample, while in the roots which was between 23.5 - 32.0 ppm in
the first sample and 60.0 - 75.5 ppm in the second sample. Similar results
were obtained by Hegazy (2001) working on bean and Abo Hussien and
Faiyad (1996) on corn plants.

As regards the effect of zinc scil addition on zinc concentration in carrot
plants, the results in table {6} revealed that, significant and gradually
increases in zinc concentration were recorded by the root and shoot of carrot
plant, supplied with the three different rates of zinc either alone or in
combined with cadmium soil addition when compared with controi- untreated
plants or plant supplied with cadmium soil addition alone. Moreover, it is clear
from the resuits, that zinc concentration in the root and shoot of carrot plant
was agreed with its levels in soil. It had been reported by many workers that
certain essential heavy metals, such as zinc are taken into plant cells by
metabolic mechanisms (Marschner, 1995). The fact that cadmium is a toxic
heavy metal and zinc an essential element makes this association interesting
as it raises the possibility that the toxic effects of cadmium may be
preventable or treatable by zinc. In this respect, Abd el Sabour ef al. (1988)
woerking on corn and soybean mentioned that Zn application reduced plant Cd
concentrations. Moreover, Dominic ef af. (1983) pointed out that in soybean
plant, root absorption and transfer from root to shoot of Cd was inhibited by
Zn,

As regards the zZinc concentration in the edible parts of carrot plants
(shoot and root) the results in table (6) showed that, the range of zinc
concentration in the roots of carrot plants treated with the three different rates
of Zinc alone (75, 150 and 225 ppm) was between 41.5 — 85.0 ppm in the first
sample and between 93.5 — 141.0 ppm in the second sample, while in the
shoots of carrot piants the range was between 73.5 — 97.0 ppm in the first
sample and 145.5 — 153.0 ppm in the second sample. Regarding the normal
Zn level in plant dry weight it is reported to be 8 - 400 ppm, while the toxic
level is > 400 ppm (Kabata- Pendias & Pendias 1984), Thus, zinc
concentration in the edible parts of carrot (shoot and rests) are within the
normal rang regardless zinc soil addition levels.

3-Iron.

Data in table (6} indicated that gradually decreases in iron concentration
were detected by the shoot and the root of carrot ptant supplied with the three
different rates of cadmium soil addition either alone or combined with zinc,
with some exceptions on the shoot in the 2™ sample, since the higher values
were recorded by the shoot of plants supplied with both Cd and Zn in this
sample. In this respect, Siedlecka and Krupa (1999) reported that Cd is one
of the most dangerous environmental pollutants, interacts with Fe modifying
effects of deficient or excessive Fe supply, and the effect of modified Fe and
Cd supply on the uptake of both metals. Their distribution, plant growth and
photosynthesis are explained. Also, the Fe transporters have been shown to
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be able to transport several metais including Cd in Arabidopsis (Korshunova
et al, 1999 & Thomine et al.,, 2002), Moreover, Yang et al. (1996) reported
that influx of Fe decreased with increasing external Cd levels, in maize plant
grown with Cd up to 14 yM compared {o control. Also, Foroughi et al, (1982)
mentioned that high Cd concentration in the growing medium suppresses the
Fe uptake by the bean plant.

As regard the effect of zinc soil addition on iron concentration in carrot
plants, the results in table (6) revealed that, the significant and gradually
increases in iron concentration were recorded by the root and shoot of carrot
plant, supplied with the three different rates of zinc either alone or in
combined with cadmium soil addition when compared with control- untreated
plants or plant suppiied with cadmium soil addition alone. Similar results were
obtained by Hegazy {(2001) on faba bean plant and Abd El Rahman (2003} on
navel orange leaves. In this respect, Foroughi et al. (1982} mentioned that Zn
had an antagonistic effect on Fe. Moreover, Lyszcz & Ruszkowska {1992)
reported that Zn application smaller increases Fe levels in pea tissue.

4- Growth analysis:

Data in table (7) revealed that, gradually increases in the mean values of
the leaf weight ratio LWR were recorded by the plants treated with the three
different doses of cadmium soil addition either alone or when combined with
Zn soil addition as the average of the two seasons when compared with
control Cd-untreated plant. Thus, in this respect, it can be suggested that, the
depressing effect of Cd supplies either alone or combined in Zn was more
severe on roct growth as compared with its effect on the growth of shoct.
Similar results were obtained by Leita et al. {1993) on pea plants and Nagoor
and Vyas (1997) on wheat. in this connection, El Enany and Abd Alla {1995)
mentioned that root of faba bean accumulated Cd at higher levels than
shoots, indicating that the roots acted as barrier restricting Cd transport.
Moreover, Hegazy (2001) suggested that the reduction in faba bean plant
growth as affected by Cd may be inducing as a result of roct damage.
Moreover, the results in table (7) revealed that the zinc soil addition either
alone or combined with cadmium tended to increased the leaf weight ratio
LWR in the all levels except, at the lowest level of Zn alone, and when the
highest level of zinc addition combined with the middle and the highest level
of cadmium soil addition.

As regards the relative growth rate (RGR mg g'd") between the two
successive samples as the average of the two seasons, it is clear from the
results in tablg (7} that, gradually decreases in RGR value were recorded with
increasing cadmium soil addition alone. However, a reverse tend was
detected when cadmium soil addition combined with any of the three different
doses of Zn soil addition or the mean vaiues of these treatments. These
results supported the assumption that Zn application can be overcome, to
some extent, the toxic effect of cadmium in piants. In this respect, Das et al.
(1997) mentioned that zinc and cadmium have many physical and chemical
similarities as they both belong to group Il of the periodic table. They are
usually found together in the ores and compete with each other for various
legends. Moreover, they mentioned that the biochemical mechanisms of Cd-
Zn interaction are unknown, but various cellular and sub-ceilular processes
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like the ratic of Cd to Zn in tissues, induction of synthesis of different types of
metallothionein, binding characteristics of metaliothionsin, alteration of
absorption and tissue distribution of one metal by another, and competition at
the level of zinc containing metalloenzymes are known to be involved in the
interactions.

Data in table (7) revealed that, the relative growth rate {RGR mg g'd™
were increased with increasing zinc soil addition either alone or combined
with any of the three different levels of cadmium except, the plants treated
with the highest level of zinc soil addition alone which recorded the lowest
value. This might be attributed to a high metabolic activity of the plant by zinc
due to increase photosynthesis and / or decrease in respiration rate thus
increased rate of dry matter production in the two parts of piant. In this
respect, Wilkinson (1994) suggested that, the basic Zn functions in plants are
related to metabolism of carbohydrates, proteins, and phosphate. and also to
auxins, RNA and ribosome formations. On the other hand, the highest value
of (RGR mg g"'d”") was recorded by the plants treated with the lowest level of
zinc combined with the highest rate of cadmium when compared with the
plants non supplied with either zinc or cadmium soil addition (untreated
control plants).In this respect, it may be suggested that the inhibiting effects
of the high levels of zinc soil addition or all levels of cadmium soil addition
alone on plant growth and dry matter accumulation can be overcome to some
extent by adding these two metals to plants. In this connection, it may be
concluded that the effect of these two ions in combination was different when
cadmium concentration in soil 40 ppm and zinc 75 ppm from the individual
effects of metal alone. In this respect, Smilde ef al. (1982) mentiocned that the
threshold dose of toxic metals (Cd and Zn) applied in combination was
generally lower than that of metals given singly.

Generally it is important here to mention that in carrot plant the
decreases in shoot or root dry and fresh weights as a result of cadmium soil
addition were associated with pronounced decreases in shoot height and
root length. This might be attributed to its effects on cell division and / or cell
expansion might be through its effect on DNA and RNA synthesis. Also, Abo
Kassem ef al. (1997) suggested that, the root and shoot dry weight, relative
growth rate RGR on wheat were significantly reduced by 5 and 10 mM Cd
and the application of Cd resulted in reduction of photosynthesis and
transpiration. Moreover, Bayctailu and Ozden, (2004).mentioned that toxic
effects of Cd accumulation on Quercus robur su sp, Robur {Common Qak)
and Acre Negundo (Box Elder) was due to decreased in chiorophyll content
and fluctuations in peroxidase activity. In this respect, Wagner {1993)
suggested that the occurrence of significant accumulation of phytochelating
(PCs) in crops exposed to low Cd concentration and suggested another two
mechanisms for detoxification of Cd, {i} phytochelating {(PCs} produced in
response to high Cd challenge appear to sequester accumulated Cd, mainly
in the vacuole , and (ii) Binding of metals in the cell walls , chelation in the
cytosol, cytosolic chelation and subsequent transfer to the vacuole, and
transport of free metal ions into the followed by sequestration with organic
acids and other legends.
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Data in table (7) revealed that the gradually decreases in the SUR
specific utilization rate (mg mg Cd™'d" ) were recorded by the plants treated
with the three different doses of cadmium soil addition either alone or
combined with any of the three different dose of zinc soil addition when
compared with control- cadmium untreated plants. In this respect, it can be
assumed that cadmium supply might affect photosynthetic activity or
respiration rate or both leading to the decrease in dry matter production per
unit cadmium concentration in plant. In this respect, El Nabarawy (2002)
pointed out that the uptake and physiological effects of cadmium {Cd) on
spinach was related to mineral accumulation, arificially contaminated with Cd
levels {11.24, 56.21, 112.41 mg Cd/kg soil), that Cd uptake in different plant
organs was parallel with Cd increments in root soil medium, and that
associated with continuous reduction of spinach organ growth, in terms of
leaf number, whole plant leaf area, and fresh and dry weights of roots and
shoots.

Table 7. Leaf weight ratio (LWR) & relative growth rate (RGR mg g"'d™)
as the average of two successwe seasons and specific
utilization rate {SUR mg mg cd” d or mg mg Zn"' d' ) and rate
of production {mg Zn or Fe g Cd™ d"' & mg Cd or Fe g Zn'd™
in the second season of carrot plant as affected by different
levels of Cd and Zn soil addition.

Cadmium affect Zinc affect
Treatment Controlj Zn1 | Zn2 | Zn3 [Mean CdControlf Zn1 [ Zn2 | Zn3 | Mean ¢
| LWR RGRmgg 'd’
Control 0.394 (0388 [0.2395 104117 0397 | 256 | 26.0 [ 271 [ 238 | 257
Cd1 0.412 {0400 | 0.406 |0.431] 0.412 | 251 | 27.0 | 250 | 26.3 | 258
cd2 0.422 {0.457 { 0.416 | 0.396| 0.423 | 247 | 270 | 267 | 288 | 269
Cd3 0.430 [ 0.424 1 0.455 |0.421, 0435 | 24.9 | 29.0 | 285 | 276 | 275
iMean Zn 0.417 | 0.420 [ 0.418 | 0.415 251 | 27.0 | 268 [ 267 |
{SURjmg_mg" Cd'd" (SURYmg mg Zn d

Control 19.24 11153 15.78[13.25] 14.95 | 0.385 | 0.251 [0.218[ 0.178 | 0.258
Cd1 406 | 388 | 3.79 | 413 ] 3.96 | 0.439[0.233 [0.207{ 0.215 [ 0.273
Cd2 325 {378 | 369 | 395 | 3.67 | 0447 | 0.266 [0.224] 0.236 | 0.293
Cd3 3.06 | 355 | 351 | 351 | 341 | 05141 0.271 10.239] 0.240 | 06.316
Mean Zn 741 | 568 | 6,69 | 6.21 0.446 | 0255 [0.222{ 0.217
| mg Zng Cd d” mg Cd g Zn d
iControl 1742.4[1671,4]2590.8]2237.5] 2060.5 | 0.463 | 0.464 [0.407] 0.356 | 0.423
Cdi 329.2 {5723 584.9]642.1] 5321 | 3508 | 1.862 [1.696] 1.740 | 2.202
Cd2 2546 [ 588.0 | 590.5 [614.8] 512.0 ] 3.863 | 2,285 [1.969] 2.031 | 2.557
icd3 210.3 | 505.1 | 505.9 |507.8] 4323 | 4.443 | 2.444 [1.893[ 2.119 [ 2.750
ean Zn 634.1 | 834.2 i1068.0[1000.6] 3.069 [ 1.764 [1.516{ 1.562

mgFe g" Cd d mgFe g7 Zn d”
Control 2695.111703.8]2118.7]1765.812120.8 [ 57.92 [ 37.13 129.441 2368 [ 37.04
Cdi 4704 | 547.0 ] 5700 | 6098} 549.3 | 50.83 [ 32.0 {31.18{ 31.74 | 36.66
Cd2 3301 | 513.9) 4405 [ 465.1] 4374 | 4537 | 36.21 |26.75| 27.78 | 34.03
Cd3 366.4 | 457.3)509.7 [517.4] 4727 | 61.46 | 37.08 {3469 3537 | 42.37
ean Zn 1015.5] 815.5 | 906.7 [ 839.5 53.90 | 36.06 [30.51( 29.64

Zn\: =T HppNEZa2s

50 DDA ZN3:7:225 PO St 1 AD, POAT, 1002 =20 ppim, CA3,= 40, ppm

As regards the rate of production of mg (Zn & Fe) g Cd™'d™ the data
indicated that the plants treated with the three different rate of cadmium alone
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or combined with zinc soil addition were gradually, and pronounced
decreased when compared with control Cd untreated plant. In this respect, it
can be assumed that, the increasing of cadmium supply might affect on
absorption and translocation of elements on piant. In this respect, Sarkunan
et al. (1996) reported that plant growth decreased progressively with
increasing levels of Cd at all rate of Zn. Cd toxicity symptoms, however,
appeared at 100 mg /kg Cd in soil. The affected plants gave a rosette
appearance. In this respect, Das (2000} suggested that cadmium and zinc
are chemically very similar. Cd is thus able to miric the behavior of the
essential element Zn in its uptake, translocation and other metabolic
functions. The presence of Cd disturbs enzyme activity, in plants excess may
also disturb Fe metabolism and cause chlorosis. Also, Alcantara &f a/.{1994)
reported that heavy metals are known to induce Fe chiorosis in different plant
species. This chlorsis is generally correlated with low plant Fe contents.
Under Fe—deficient condition, dicotyledonous plants enhance root Fe (lil)
reductase (Ferroxidase} activity, thus increasing the capacity reduce Fe (I}
to Fe(ll), the form in which rocts absorb Fe . Cd (5myu) severally inhibited the
induction of root Fe (I11) reductase.

Data in table (7) revealed that, gradually decreases in the SUR specific
utilization rate (mg mg Zn"'d") were recorded by the plants treated with the
three different doses of zinc soil addition either alone or combined with any of
the three different doses of cadmium soil addition, when compared with
control-untreated plant. In this respect, it might be suggested that the
favorable effect of Zn soil application either alone or combined with Cd soil
addition on ptant growth as well as the detfrimental effect of high Zn soil
addition might be attributed to its effect on enzymatic systems responsible for
the biosynthesis of amino acid, protein, chlorophyll and photosynthesis. In
this connection, many workers mentioned that zinc is an essential component
of number of enzymes as dehydrogenases, proteinases, phosphohydrolases
and peptidases {Singh, 1981; Wilkinson, 1994 and Marschner, 1995).
Moreover, Abd el Reheem ef al. {1992) working on faba bean mentioned that
the absence of zinc from the nutrient medium reduced catalase and carbonic
anhydrase actwmes On the other hand, in the mean values, high value of
SUR (mg mg Zn"'d") were recorded by the plants treated with any of the three
dlfferent levels of cadmium alone. Moreover, low vaiues of SUR {mg mg Zn’
'q! } were recorded by the plants treated with any of the three different levels
of cadmium combined with the highest leve! of zinc (225 ppm Zn).Such
decreases might be attributed to the inhibiting effect of high dose of both
these two elements on metabolic activity of the growth,

The results in table (7} revealed that rate of production. (mg Cd & Fe) g
zn' d' were decreased by the plants treated with the any of the three
different rate of zinc either alone or combined with Cd scil addition when
compared with control- Cd untreated plant. In this respect, it can be assumed
that increasing zinc supply might affect on decreasing elements
accumulations on plants thought the compotation between zinc and elements
uptake or translocation on plant. In this respect Dominic ef al. (1983) pointed
that in soybean plant, root absorption and transfer from root to shoot of Cd
was inhibited by Cu, Fe, Mn and Zn. Das (2000) reported that the availability
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of Cd as mentioned earlier has been found to be affected by the presence of
other cations and anions in soils particularly Zn and Cu which decreased the
availability of Cd in sqils. Also, suggested that, the application of Zn in soils
decreased the concentration of Cd in soils and subsequently decreased the
content and uptake of Cd by the plants which also suggest antagonistic
relationship between them. Moreover, Ruana et al. (1987) on bean plant
showed that significant positive relations with the Zn concentration supplied
were found for Fe content in roots. The ratios of the mineral content organs
suggested inhibition of translocation of Fe.
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