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ABSTRACT 
 

 The aim of this study is to assess the extent of heavy metals contamination 
in soil and plants grown thereon (i.e., bean. clover, cotton and swiss chard) due to 
irrigation with different qualities of water. Therefore, soil, water and plant samples 
were taken from the investigated area, which located Eastern the Nile Delta, South 
Manzala lake and West canal of Suez. Soils of this area are, generally, irrigated with 
mixed water from El-Salam canal except for a small area that is irrigated with 
wastewater from Bahr El-Bakar drain. Results obtained showed that total 
concentrations of Zn, Cu, Ni, Pb, Cd. As and Se in the mixed water of El-Salam canal 
and wastewater of Bahr El Bakar drain were greatly less than the maximum levels 
allowed for irrigation .The sequence of irrigation water sources according to their 
contamination with heavy metals was El-Salam canal-2 water (1 El-Salam canal -1: 1 
drainage water)> El-Salam canal-1 (7 Nile water: 1 drainage water) > Bahr El-Bakar 
drain water. Total concentrations of Zn, Cu, Pb, Cd, Ni and Se in the surface layer of 
studied soils ranged from 73.9 to 80.4, 50.8 to 55.1, 26.5 to 41.1, 0.66 to 1.5, 53.8 to 
60.8 and 2.23 to 6.0 mg kg-1, respectively; whereas As was not found in a detectable 
concentration. Also, concentrations of the DTPA-extractable Zn, Cu, Pb, Cd and Se 
ranged from 0.82 to 1.25, 3.6 to 5.85, 0.53 to 0.82, 0.006 to 0.015 and 0. 043 to 0.12 
mg kg-1 soil, respectively. Whereas Ni and As were not found in detectable 
concentrations. Total accumulations of the concerned heavy metals in the soils were 
less than the maximum permissible loadings according to USEPA-503 regulations. 
Total content of Zn, Cu, Se, Pb and As in shoots and roots of the grown plants were, 
to a great extent, in the normal range. However total content of both Cd and Ni were 
slightly higher. Generally, the sequence of heavy metals in the studied plant shoots 
and roots according to their concentrations was as follows: Zn≥ Cu> Ni> Pb> Se> 
Cd>As. Total concentrations of Zn, Cu, and Ni in all plant shoots were mostly higher 
than in roots; whereas concentrations of As and Se in both shoots and roots were, 
more or less, the same. On the other hand, total contents of Pb and Cd in the roots 
were higher than in shoots.  
Keywords: Heavy metals, soil, irrigation mixed water, wastewater and plant.    
 

INTRODUCTION 
 

 Heavy metals pollution in air-water-plant systems is of major 
environmental concern on world scale. Heavy metals may enter the 
ecological environment through anthropogenic activities, such as mining, 
smelting, sewage sludge disposal, application of pesticides and inorganic 
fertilizers and atmospheric deposition (Alloway, 1995 and Wang and Stuanes, 
2003). Some heavy metals are important for proper functioning of biological 
systems and their deficiency or excess could lead to a number of disorders; 
however, some others are toxic even at a very minute concentration. Food 
chain contamination by heavy metals has became a burning issue in recent 
years because of their potential accumulation in bio systems through 
contaminated water, soil and air (Lokeshwari and Chandrappa, 2006). 
Therefore, a better understanding of heavy metal sources, their accumulation 
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in the soil and the effect of their presence in water and soil on plant systems 
seemed to be particularly important issues of present-day research on risk 
assessments. A major part of heavy metals is taken up by crops from the soil 
via roots. Heavy metals transportation from the soil to the roots largely 
depends on the type and genetic features of soil forming rocks, 
granuliometric soil composition, amount of organic mater, pH of the soil, 
sorption capacity, and amount of CaCO3 , mineral oxides, anthropogenic load 
and other chemical and physical properties of the soil (Cataldo and Wildung, 
1978 and Lokeshwari and Chandrappa, 2006).   
 In the last decades, the reuse of water or low quality water became a 
part of the extension program for maximizing the use of water resources. 
However, the uncontrolled application of such waters must have many 
unfavorable effects on both soils and plants grown especially on the long-
term use. The hazard effects are mainly related to the soil properties and 
water quality, beside the types of growing crops (Elgala et al., 2003).  
Therefore, the present study has been undertaken to (i) assess the extent of 
heavy metals contamination in different qualities of irrigation water  (ii)  
investigate the accumulation of seven heavy metals in the grown plants in 
order to establish advice regarding consumption of vegetable grown on these 
contaminated soils (iii) know the availability of metals to plants and their 
accumulation in the food chain and also to quantify the impact of heavy 
metals on the vegetation irrigated with  El-Salam canal water or Bahr El-
Bakar drain water. 
 

MATERIALS AND METHODS 
 

Study area; 
 The study area is located east of the Nile Delta, south Manzala Lake 
and west canal of Suez. It is a new reclaimed area, flat spreads across an 
area of about 130,000 feddan and lies between latitudes 30o 55- and 31o 10- 
N and longitude 32o 00- and 32o 17- E. It is irrigated from El-Salam canal, 
except for four sites irrigated with water of  Bahr El-Bakar drain. El-Salam 
canal water is a mixture of the Nile and drainage waters at a ratio of 7 Nile 
water: 1 drainage water from El-Serw agricultural drain (El-Salam canal-1) 
and this water is being used in irrigation of El-Mataria area; El-Salam canal-1 
water is mixed thereafter with Hadoos drain water with mixing rate 1:1 (El-
Salam canal-2) to irrigate the soils of the rest area. 
Sampling: 

Sampling had been carried out for a year from May 2007 to May 
2008. Water samples (1L) were taken once in three months from two sites 
along El-Salam canal (at the beginning from El-Salam canal-1 nearby El-
Mataria area and at the middle from El-Salam canal-2 as mentioned above), 
and from two sites close to Bahr El-Bakar drain before and after shader 
Azzam point. For heavy metals determination, subsamples (500 ml) were 
preserved with 2 ml nitric acid to prevent precipitation and adhesion of metals 
on the bottle walls (APHA, AWWA and WPCF, 1998). 
 Soil surface samples (0-30) were collected from twelve sites where 
the plants were sampled (Fig 1).These sites are divided into three groups 
irrigated with different water qualities as follows; group No.1 (El-Mataria) 
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irrigated with El-Salam canal-1 water (7:1), group No.2 (10th of Ramadan, 
Khaled Ebn El-Waleed, El-Rowaad, El-Esraa, El –Nasr and El-Zohor, Bahry 
Naser and 6th of October soldiers)  irrigated with El-Salam canal-2 water (1:1) 
and group No.3 (Tarek Ebn Zeiad, El-Salah, El-Ekhlass and El-Hammareen) 
irrigated from Bahr El-Bakar drain. The samples were air dried, ground, 
sieved using 1.0 mm sieve and were kept in plastic bottles for analysis. Well- 
mixed samples of 2g each were taken in 250 ml digestion tubes, digested 
with 10 ml aqua regia (7.5 ml conc. HCl:2.5 ml conc. HNO3) in digestion unit, 
filtered using whatman paper No. 40 and and were diluted to 50 ml with 
distilled water (Cottenie et al., 1982). 
 Faba bean, clover, cotton and Swiss chard plants grown on the 
aforementioned   twelve sites were sampled. The plant samples were 
thoroughly  washed to remove all adhered soil particles, cut into shoots and 
roots, air-dried for 2 days, oven dried at 70o C over night, ground and kept in 
plastic bottles for analysis. Digestion of the samples (1.0g each) was carried 
out using 10 ml of aqua regia according to Cottenie et al. (1982).  
Analysis: 

Electrical conductivity (EC), pH, cations and anions of the water 
samples and soil paste saturated extracts were carried out according to 
APHA, AWWA and WPCF, (1998) and Black, (1965), and were presented in 
Tables (1) and (2), respectively. Some physical properties of the soil samples 
(texture, CaCO3 and organic matter (O.M) were determined according to 
Black (1965) and presented in Table (3). Total heavy metals concentration in 
each of the water, soil and plant were analyzed using an Inductively- Coupled 
Plasma Atomic Emission Spectrometer (ICP), (Plasma JY Ultima). 
 
Table (1): Average values of some chemical properties of the irrigation 

waters used in the studied areas 

No. 
Source of irrigation 

water 
pH EC (dSm-1) 

Soluble ions ( mmolc dm-3) 

Cations Anions 

Na+ K+ Ca2+ Mg2+ CO3
2-

 HCO3
- Cl- SO4

2- 

1 
2 

3 

El-Salam canal-1(7:1) 
El-Salam canal-2(1:1) 

Bahr El-Bakar drain 

7.63 
7.33 

7.31 

0.77 
1.29 

3.80 

2.30 
5.60 

23.0 

0.28 
0.37 

0.31 

2.60 
3.40 

7.81 

2.80 
3.90 

7.25 

0.0 
0.0 

0.0 

4.80 
4.20 

4.27 

1.50 
3.20 

14.90 

1.68 
5.87 

19.20 

 
Table (2): Some chemical characteristics of the studied soils 

Source of 
irrigation 

water 
Site 

pH 

 

EC 
(dSm-1) 

Soluble ions ( mmolc dm-3) 

Cations Anions 

Na+ K+ Ca2+ Mg2+ CO3
2-

 HCO3
- Cl- SO4

2- 

El-Salam 
canal- 
1(7:1) 

El-MATARIA 7.66 2.80 14.1 0.30 8.24 5.70 0.0 4.42 4.62 19.3 

 
El-Salam 
canal-2(1:1) 
 
 
 

 

El-Rowaad 
Kaled Ebn El-Waleed 
El-Esraa 
El-Nasr and  ElZohor 
Bahry Naser 
6thof October soldiers 

10th of Ramadan 

7.88 
7.82 
7.66 
7.53 
7.67 
7.36 

7.83 

8.83 
10.5 
3.48 
2.91 
7.48 
14.2 

6.35 

82.3 
39.4 
18.1 
18.8 
48.3 
82.2 

43.9 

1.20 
1.30 
0.66 
0.86 
1.10 
2.20 

1.10 

17.0 
48.7 
9.50 
6.36 
10.0 
25.4 

9.50 

8.10 
39.0 
9.54 
3.18 
10.6 
38.2 

14.9 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

2.40 
1.70 
9.00 
8.00 
8.00 
9.00 

10.0 

49.9 
52.2 
17.7 
14.8 
42.7 
90.9 

37.7 

56.3 
74.5 
11.1 
6.40 
19.3 
48.1 

21.7 
 
 
Bahr El-
Bakar drain 

Tarek Ebn Zeiad 
El-Salah 
El-Ekhlass 
El-Hammareen 

7.74 
7.80 
7.81 
7.20 

4.13 
13.2 
6.38 
11.4 

23.6 
87.7 
18.2 
88.2 

0.40 
1.50 
0.74 
1.70 

8.24 
33.6 
35.2 
9.50 

9.50 
38.0 
20.0 
20.6 

0.0 
0.0 
0.0 
0.0 

3.74 
2.40 
2.04 
5.00 

18.6 
71.3 
24.4 
69.3 

19.4 
87.1 
47.7 
45.7 
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Fig. (1): Map of the study area showing the sampling locations. 
 

Table (3): Some physical characteristics of the studied soils 

Source of irrigation 
water 

Site 
Organic 
matter % 

CaCO3 

% 

Particle size 
distribution 

% 
Textural 

class 
Sand Silt Clay 

El-Salam canal-
1(7:1) 

El-MATARIA 0.72 
 

1.10 
 

21.0 
 

51.8 
 

27.2 
 

Silty loam 
 

El-Salam canal-
2(1:1) 
 

El-Rowaad 
Kaled Ebn ElWaleed 
El-Esraa 
El-Nasr and  ElZohor 
Bahry Naser 
6thof October soldiers 
10th of Ramadan 

0.71 
0.56 
0.51 
0.65 
0.74 
0.56 
0.61 

1.65 
3.55 
2.56 
1.75 
1.65 
1.15 
1.70 

41.4 
14.0 
31.5 
16.5 
16.8 
28.2 
32.8 

20.0 
46.0 
45.3 
50.4 
48.2 
41.2 
22,6 

36.6 
40.0 
23,2 
33,1 
35.0 
30.6 
44.6 

Clay loam 
Silty clay 

Loam 
Silty clay loam 
Silty clay loam 

Clay loam 
Clay 

Bahr El-Baker drain 
 
 
 

Tarek Ebn Zeiad 
El-Salah 
El-Ekhlass 
El-Hammareen 

0.98 
0.86 
0.93 
0.90 

1.62 
1,24 
0.89 
0.95 

20.5 
15.0 
40.0 
32.2 

45.5 
25.4 
20.5 
30.6 

34.0 
59.6 
39.5 
37.2 

Clay loam 
Clay 

Clay loam 
Clay loam 

 

RESULTS AND DISCUSSION 
 

Heavy metal contents in the used waters: 
Average values of heavy metals concentration in El-Salam canal-1(7 

Nile water:1 drainage water), El-Salam canal-2 (1 El-Salam canal-1 water : 1 
drainage water), and Bahr El- Bakar drain were presented in Table (4). 
Obtained results showed that concentrations of Zn, Pb, Cu, As, Se, Ni, and 
Cd in the three sources of irrigation water ranged from 3.3 to 89.7, n.d. 
to77.0, n.d to 19.2, 3.1 to 8.2, 0.41 to 5.3, n.d to 0.96 and n.d to 0.88 µg dm-3, 
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respectively, and they were less than their permissible maximum 
concentrations (PMC) in irrigation water according to Ayers and Westcost 
(1994). Concentrations of these metal ions in El-Salam canal-2 were the 
highest, but their concentrations in Bahr El-Bakar drain were the lowest ones. 
These findings could be attributed to the different in mixing ratio between 
fresh and drainage water in El-Salam canal on one hand, and adsorption and 
precipitation of these heavy metals on the suspended matter and organic 
compounds on bed and sides of Bahr El-Bakar drain on the other hand. The 
sequence of heavy metals according to their concentrations in the studied 
irrigation waters was, to a great extent, as follows: n>Pb>Cu>As>Se>Ni>Cd. 
 

Table (4): Average values of heavy metals concentration in the irrigation 
waters used in the studied area 

No. Source of irrigation water 
Metal ( ug dm-3) 

Zn Cu Pb As Se Ni Cd 

1 

2 
3 

El-Salam canal-1(7:1) 

El-Salam canal-2(1:1) 
Bahr El-Bakar drain 

21.9 

89.7 
3.30 

5.80 

19.20 
n.d 

6.70 

77.0 
n.d 

7.60 

8.20 
3.10 

1.7 

5.30 
0.41 

n.d 

n.d 
0.96 

n.d 

0.88 
n.d 

PMC according to Ayer and 

Westcost (1994) 

2000 

 

200 5000 100 20.0 200 10.0 

PMC=Permissible Maximum Concentration   n.d= not detected 
 

Heavy metal contents in soils irrigated with the used irrigation waters:  
Total contents: 

Data in Table (5) showed that total contents of Zn, Cu, Pb, Cd, Ni, 
and Se in the surface layer (0-30 cm) of the investigated soils, in general, 
ranged from 73.9 to 80.4, 50.8 to 55.1, 26.5 to 41.1, 0.66 to 1.5, 53.8 to 60.8, 
and 2.23 to 6.0 mg kg-1 soil, respectively; whereas As was not detected. The 
sequence of heavy metals according to their total concentrations in soils was: 
Zn> Ni> Cu> Pb> Se> Cd> As. Total contents of Zn, Cd, Pb and Se in soils 
irrigated from El-Salam canal-1 (7:1) were slightly higher than the 
corresponding ones of the other soils. On the other hand, differences in total 
concentrations of these metal ions between the soils irrigated with El-Salam 
canal water and Bahr El-Bakar drain water were, generally, not detected. 
These findings could be attributed to the lower concentrations of heavy 
metals in the irrigation water as aforementioned, chemical and physical 
properties of the soils, downward movement of heavy metals from surface to 
subsurface layer or ground water with water filtration process and/or their 
removal from soil by grown plants (Cataldo and Wildung, 1978 and 
Lokeshwari and Chandrappa, 2006).  

 

Table (5): Average values of total content of heavy metals in the studied 
soils as affected by source of irrigation water 

No. Source of irrigation water 
Metal ( mg kg-1 soil) 

Zn Cu Pb As Se Ni Cd 

1 
2 

3 

El-Salam canal-1(7:1) 
El-Salam canal-2(1:1) 

Bahr El-Bakar drain 

80.4 
73.9 

74.8 

50.8 
52.5 

55.1 

41.1 
26.8 

26.5 

n.d 
n.d 

n.d 

6.00 
2.27 

2.23 

53.8 
60.8 

60.4 

1.50 
0.30 

0.66 

Maximum permitted loadings in soil 
(established by USEPA-503 

regulations) 

1400 750 150 20.5 50 210 19.5 

n.d= not detected 
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Accumulation of these metals in the studied soils still less than the maximum 
permitted metal loadings in soil (mg kg-1) established by the U. S. 
Environmental Protection Agency 503 regulations (McBride, 1995). 

 

DTPA-extractable contents: 
 Results given in Table (6) show values of the DTPA-extractable Zn, 
Cu, Pb, As, Se, Ni and Cd from the surface soil samples collected from the 
studied area as a result of irrigation with different water qualities. 
Concentrations of DTPA-extractable Zn, Cu, Pb, Cd and As ranged from 0.82 
to 1.25, 3.6 to 5.85, 0.53 to 0.82, 0.006 to 0.015 and 0.043 to 0.12 mg kg-1 
soil, respectively; whereas available concentrations of both Ni and As were 
not detected. Available concentrations of Zn, Cu and Cd in soils irrigated from 
Bahr El-Bakar drain were slightly higher than the corresponding ones in soils 
irrigated from El-Salam canal waters. On the other side, concentrations of Pb 
and Se in soils irrigated with El-Salam canal-1water were the highest as 
compared with the corresponding ones of the soils irrigated with El-Salam 
canal-2 water or Bahr El-Bakar drain water. This findings may be due to the 
differences in soil physical properties, i.e. organic matter content, CaCO3 
content and particle size distribution, (Table 3), as well as their different forms 
in soil; where variable parts of their contents would be bound with the 
different soil components, i.e.  organic matter, carbonates, oxides and /or clay 
minerals in unsoluble forms (McGrath and Cegarra, 1992, Ma and Rao, 1997 
and El-Sayed, 1999). 
 
Table (6): Average values of DTPA- extractable heavy metal contents in 

the studied soils as affected by source of irrigation water 

No. 
Source of irrigation 

water 
Metal ( mg kg-1 soil) 

Zn Cu Pb As Se Ni Cd 

1 
2 
3 

El-Salam canal-1(7:1) 
El-Salam canal-2(1:1) 
Bahr El-Bakar drain 

0.98 
0.82 
1.25 

4.13 
3.60 
5.85 

0.82 
0.53 
0.52 

n.d 
n.d 
n.d 

0.120 
0.043 
0.095 

n.d 
n.d 
n.d 

0.030 
0.006 
0.015 

n.d= not detected 
 

Heavy metal concentrations in the grown plants: 
 Heavy metal contents in plants depend on their bioavailability in the 
soil and on the atmospheric deposition, with the former media by sewage 
irrigation and fertilization, and the latter either directly entering the plants 
through stomata or taken up by plant roots after their deposition on the soil 
surface (Alloway, 1995).  
 Heavy metal total contents in both shoots and roots of faba bean as 
an edible plant, clover as a fodder crop, cotton as a fiber crop and Swiss 
chard as a vegetable plant were presented in Figs. (2 and 3). Concentrations 
of Zn, Cu, Se, Pb and As in shoots and roots of all concerned plants were, to 
a great extent, in the normal range according to Kabata- Pendias and 
Pendias (1992). However total contents of Cd and Ni were slightly higher 
than the normal ones. Accumulation of the concerned elements in the 
investigated plant shoots and roots were, more or less, similar except for Ni 
concentration which was lower in cotton plant than in other ones. The 
sequence of these metals in the plant shoots and roots, in general, was in the 
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following descending order: Zn≥Cu>Ni>Pb>Se≥Cd>As. This behavior of 
heavy metals in the plant tissues may be attributed to the variations in soil 
chemical and physical properties, total element content in soil, their chemical 
fractionation forms, element type and its essential role in plant metabolism, 
and plant genotype (Cataldo and Wildung, 1978, Kabata Pendias and 
Pendias, 1992 and Wang and Stuanes, 2003). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F2 
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F3 
 
 
 
 
Obtained data also declared that, total concentrations of Zn, Cu and 

Ni in all concerned plant shoots were higher, to a great extent, than the 
corresponding ones in roots; whereas accumulations of As and Se in the 
roots were, more or less, similar to those in shoots. On the other hand, total 
concentrations of both Pb and Cd in the roots were higher than in shoots. 
These findings may be due to Zn, Cu and, to some extent, Ni are essential 
elements for plant growth; but Pb and Cd are considered to be non essential 
elements for plant metabolic processes. Also, Pb and Cd translocation from 
roots to top may be restricted because they are easily held manly on 
exchange sites of active compounds located in the cell walls; as well as Cd 
bounds to sulphur containing proteins to form metabolically inactive 
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complexes which accumulate in roots and reduce Cd movement from roots to 
leaves (Kabata –Pendiais and Pendias, 1992 and Cieslinski et al., 1996). 
Data showed also that, the used irrigation water quality was not of an obvious 
effect on the accumulation of the concerned heavy metals in the grown plant 
shoots and roots. This finding may be due to the differences in soil chemical 
and physical characteristics (Tables 2 and 3), element chemical forms in soil 
and its bioavailability, plant genotype, chemical composition of the used 
irrigation waters (Table 1) and their little content of heavy metals (Table 4).  
 
Conclusion 
 The results of this study showed that the used irrigation waters 
(namely, El-Salam canal water and wastewater of Bahr El-Bakar drain) can 
not be considered the sole reason of contamination of the investigated soils 
with Zn, Cu, Ni, Pb, As, Se and Cd because of their concentrations in these 
waters were less than the permissible maximum concentrations. Therefore, 
accumulation of these metal ions in soil may be also due to the soil origin 
(parent material), fertilization, management processes, pesticides used, and 
atmospheric depositions. Total concentrations of the concerned heavy metals 
in the grown plant shoots and roots (bean, clover, cotton and Swiss chard) 
were to a great extent, in the normal range. Total content of Zn, Cu and Ni, 
opposite to Pb and Cd, in all plant shoots were mostly higher than in roots. 
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م أأ م ملتة أأج ال أأى ت اةأأب تأأ انا ب أأث ال   ىأأ  الر  ةأأ   أأب الت بأأج ب الأأ  تأأير   

 اة ه  ىال ب ت ت ال  م ج
 اللىلب سنحم  محى    أحم  الته مب س، مىط ب حةمب الس   

 مى  -   زتال -م نز البحىث الز اا ج -م ه  بحىث الا اضب ىالم  م ىالب ئج

 
وث بالعناصير الققي ية  يى التربية والنبياج نتيرية ل يرا بديياه هذه الدراسة الى تقييي  ديدا الت يتهدف  

ولذلك أخذج عيناج تربة وديياه ونبياج و يوبر برسيي ر  سيقر سي من ديق دنسيم الدراسية  .دخت فة الرودة
الوا عة شرق دلتا النيب الى رنوب بحيرة الدنزلة وغرب  ناه السويس والتى تروا بدياه الرا الدخ وسة 

 حر البقر. غيرة دنها تروا بدياه عاددة دق دصرف بصدساحة  بترعة السلا  دا عدا
   تحىل اة ه  الاتب:ىل   أىضحت ال ت ئج الم

التركيييز الك ييى لكييب دييق الزنييكر النحيياسر النيكييبر الرصييارر الكييادديو ر اىرسيينكر السيي ينيو   ييى الدييياه  -
 لحدود الع يا الدسدوح بها.الدخ وسة بترعة السلا  والدياه العاددة بدصرف بحر البقر ا ب بكقيردق ا

 لت وقها بالعناصر الققي ة كاىتى:ترتيب دصادر دياه الرا بالدنسقة تبعا  -
 1-ة السيلا  عيوالصيرف الزراعيىن م ديياه تر 1-ديق ترعية السيلا  1:1ونسيبة خ يس 2-دياه ترعة السلا   -

 .دق دياه النيب والصرف الزراعىنم الدياه العادده بدصرف بحر البقر 1: 7ونسبة خ س 
السي ينيو   يى السبقياج و تراوحج التركيزاج الك ية لكب دق الزنك ر النحاسر الرصارر الكادديو ر النيكب -

اليى  0.66ر 41.1اليى  26.5ر 55.1اليى 50.8ر 80.4الى  73.9دق  تحج الدراسةالسسحية للاراضى 
تركيييز   ى حيييق كيياقد  يرييرا ك كي ييوررا  تربيية ع ييى التييوالى. 6.0الييى  2.23و 60.8 الييى 53.8ر 1.5

 اىرسنك ىيدكق  ياسة.
 والس ينيو  الدستخ صة دق التربية بواسيسةنحاسر الرصارر الكادديو  تراوحج ايضا تركيزاج الزنكر ال -

DTPA  الييى  0.043ر 0.015الييى  0.006ر 0.82الييى  0.53ر 5.85الييى  3.6ر 1.25الييى  0.82ديق
   ي ية بحييث النيكب واىرسينك  تركيزاج كب دق  كانج د  يررا ك كر  تربة ع ى التوالى ر  ى حيق 0.12

 ها.ىيدكق  ياس
التراكداج الك ية لت ك العناصير الددروسية  يى التربية كانيج أ يب ديق الحيدود القصيوا الدسيدوح بهيا سبقيا  -

 .503لتشريعاج وكالة حداية البيئة اىدريكية ر   
كياق الدحتيوا الك يى لكيب ديق الزنيكر النحياسر السيي ينيو ر الرصيار واىرسينك  يى الدرديو  الخضيرا  -

والرذرا ل نباتاج النادية لحد كبير  ى الددا السبيعى العادا ر اى أق الدحتوا الك ى دق الكادديو  والنيكب 
 كاق أع ى   يلا.

خضييرا والرييذرا ل نباتيياج النادييية كيياىتى: بورييه عييا  كيياق ترتيييب ت ييك العناصيير الققي ييه  ييى الدردييو  ال -
 .الكادديو ماىرسنك≤النحاسمالنيكبمالرصارمالسي ينيو ≤الزنك

كانج التركيزاج الك ية لكب دق الزنكر النحاس والنيكب  ى الدردو  الخضرا لكب النباتاج غالبا أع ى دنها  -
 يبا دتساوية. ى الدردو  الرذرا ر اى اق تركيزاج اىرسنك والسي ينيو  كانج تقر

الدحتوا الك ى لكب دق الرصيار والكيادديو   يى ريذور النباتياج الدعنيية بالدراسية كانيج أع يى دنهيا  يى  -
 .الدردو  الخضرا


