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Abstract: A field experiment was carried out at El-Bustan area-west Nile Delta, Egypt for two successive
seasons (summer season 2007 and winter season 2007/2008) using peanut and wheat plants, respectively to
study the tolerance of both plants to heavy metal (lead) in the presence of different rates of N, P, and K and
their contents in different organs of the plants. Lead was applied as foliar application by rates of 0, 5, 10 and
20 mg 17", The treatments of NPK were applied to soil at rates of 30 and 45 kg N/fed, 30 and 45 kg P,O,/fed for
P, and 24 and 36 kg K,O/fed in the first season, while in the second season, they were applied at rates of 80 and
120 kg N/fed, 15 and 20 kg P,O./fed, and 24 and 36 kg K,O/fed. The results showed that the best yield of pods
and weight of 100 seeds of peanut were obtained when NPK were added at rates of 45+45+36 kg/fed,
respectively, combined with foliar of Pb by rate of 20 mg 17", The contents of NPK in different parts of peanut
take similar trends with that obtained m the yield. In the second season, wheat yield (grain and straw)
and its N, P, K and Pb contents were enhanced by treating the soil with 120+20+36 kg/fed for N+P,0.+K,0,
respectively especially with foliar application of Pb at rate of 20 mg 17", The cencentration of lead in peanut
seeds and wheat grains or straw was less than the permissible limits, which affect plant growth, ammals and

humans.
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INTRODUCTION

Soil contaminated by heavy metals from mdustrial
wastes, agricultural roadways and
automobiles now are considered to be one of the largest
sources of heavy metals. In Egypt, many of industrial
activities were either established on agricultural lands or
adjacent to the Nile branches or their irrigation network
canals. Hence, the discharge of these activities is pumped
into the River Nile, irrigation canals or directly to the
surrounding soils. From an environmental point of view,
all heavy metals are very important because they cannot

fertilizers and

be bioedegraded 1n soils, so they tend to accumulate and
persist m soils for a very long tume [1]. Thus, pollution
with heavy metals, especially Pb would be expected for
the wrigated soils which enter the food cham and produce
unhealthy food that consumed by human beings.

Abd El-Aziz et al. [2] demonstrated the tolerance of
corn, wheat, clover, soybean and sunflower plants to Pb
uptake and found that the response of the tested plant
species to heavy metals were differed, since the highest
amounts of Pb were recorded in corn, clover and soybean,
while the lowest ones were associated with sunflower and
wheat. Verma and Dubery [3] reported that the retention of
Pb in roots mvolves binding to the cell wall and extra

cellular precipitation, maimnly in the form of lead carbonate,
which 1s deposited in the cell wall. The endoderm acts as
a partial barrier to the translocation of Pb through the
roots to the shoots. On the other hand, many researchers
studied the stimulating effect of Pb salts, especially Pb
(NO,), when i1t was added with minor concentration
combined with different essential elements on plant
growth. In this concern, Sainl and Gupta [4] found that
the initial level of Pb (5 mg kg ™" soil) in the soils enhanced
grains and straw yields of wheat, however, higher rates
of Pb had a significant depressing effect on vyield.
Application of 80 mg Pb/kg soil alleviated mean grain
yield by 20.23 and 14.06% and straw yield by 12.53 and
6.87% 1n sand and clay soils, respectively. Dahdoh ef al.
[5] showed that Pb has a sigmficant effect on the dry
matter yield of shoots and roots of both alfalfa and
rocket in sandy soil. Aery and Jagetiya [6] found that a
slight increase (4.87% and 9.9%) was observed at the
10 ug g Pb addition only in root and shoot dry
weights, respectively, over the control of barley plant.
However, further increase in Pb concentrations resulted
in significant decrease in dry matter yield.

Salem [7] recorded that application of Pb levels up to
100 mg kg™ to sandy soil significantly increased the
dry matter yields of shoots and roots of kenaf over
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that of control. The optimum growth was observed at
50 mg Pb kg™ soil, indicating a favorable effect of Pb in
the form of Pb (NO,), on plants grown in sandy soil. This
stimulation effect reached 34.0% and 51.4% for shoots
and roots, respectively. Misra and Pandy [8] also
obtained siunilar results.

Judel and Stelte[9] concluded that no toxicity
symptoms or yield reduction of radish, carrot and spinach
plants occurred even at 500 ppm Pb. Abd El-Aziz [10]
reported that the first visible symptoms of Pb toxicity are
common at 100 mg Pb/kg for soybean and 300 mg/kg for
sunflower. Stmad et al [11] found that changes in the
luminescen spectra of leaf mesophyll cells of potatoes,
maize and Medicago sativa was noted at 100 mg Pb/kg.

Abd El-Malak [12] added that the response of Cd,
Pb and N1 te uptake and accumulate in root and shoot
tissues of lettuce showed a closely relationship to their
corresponding bioavailable content m the soil, which were
more attributed to the added levels of the studied heavy
metals to the soil.

Therefore, the aim of tlus mvestigation 1s to study
the effect of lead and some essential elements (NPK) on
plant growth of peanut and wheat, and plant tolerance to
heavy metal and their uptake by plants.

MATERIALS AND METHODS

A field experiment was carried out at El-Bustan area,
representing sandy soil for two successive seasons
(summer season of 2007 and winter season 2007/2008)
using peanut and wheat plants, respectively to study the
combined effect of lead and mineral fertilizers i.e. nitrogen,
phosphorus and potassium on the yield of peanut and
wheat as well as their contents of N, P, K and Pb.

Some physical and chemical characteristics of the
studied soil are presented in Table 1 which were
determined according to Klute [13] and Page et al. [14].

The experimental design was a complete randomized
block design with three replicates. The plot area was
10.5 m’ (3 m width and 3.5 m length). The plots were
ploughed twice in two ways and received superphosphate
(15.5% PjO;) at a rates of 30 and 45 kg P,0./fed in the first
seasont and 15 and 20 kg P,0./fed m the second one.
Nitrogen and potassium fertilizers were added also to the
plots in two equal doses during the growing period (after
15 and 40 days of planting) in the form of ammonium
nitrate (33.5% N) and potassium sulphate (48% K,0) at
rates of 30 and 45 kg N/fed and 24 and 36 kg K,O/fed,
respectively in the first season. While, in the second
season, they were added at rates of 80 and 120 kg N/fed
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Table 1: Some physical and chemical properties of the studied soil

Characteristics Value
« Particle size distribution (%6):
Sand 98
Silt 1.3
Clay 0.7
Texture class Sand
«Chernical analysis:
pH (1: 2.5, soil suspension) 7.9
Tatal carbonates (%6) 4.5
Organic matter (%6) 0.27
EC d8 m™!, soil paste 0.12
Soluble cations (meq/T)
Ca** 6.96
Mg 4.76
Na* 14.60
K* 0.62
Soluble anions (meq/1)
CO5”
HCOy 2.74
Cl 15.4
o)y 8.80
Available N (ug ) 12.80
Available P (ugg™!) 5.60
Available K (pgg™) 114
Available Pb (ug g™» 0.20

and 24 and 36 kg K,0/fed. Lead solution was sprayed on
the plants in the form of Pb (NOQ,), at rates of 0, 5, 10 and
20 mg 17" After 21 and 45 day from peanut planting, and
after 45 and 90 days from wheat planting.

For the two seasons, plant samples were analyzed
for N, P, K and Pb according to Cottenie ef al. [15]. The
obtained data were statistically analyzed according to
S.AS[16].

RESULTS AND DISCUSSION

Content of N, P, K and Pb at Tillering Stage of Peanut:
Data in Table 2 show the effect of different rates of
lead with different rates of N, P and K on the content of
N, P, K and Pb in peanut at tillering stage. Data indicated
that the mcreasing the rate of N, P and K fertilizers
tended to a slight increase of N, P and K percentages
in peanut plants. Data also show a slight increase mn Pb
content in the plants. The highest values of N, P, K and
Pb were achieved, upon treating the soil with 45+45+36
kg/fed for N+P,O+4K,0 respectively, combined with
foliar application of Pb at the rate of 20 pg g~ The
corresponding  values were 3.71, 0.29, 3.99 (%) and
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Table 2: Effect of lead and mineral fertilizers on the contents of N, P, K and Pb at tillering stage of peanut plant

Pb treatment (pug™")

Pb treatment (pu g™")

0 5 10 20 0 5 10 20
NPK* (kg fed™) N% P%
30-30-24 3.10 3.18 3.20 3.26 0.17 0.18 0.19 0.20
30-30-36 3.10 3.20 3.28 3.28 0.18 0.19 0.21 0.21
30-45-24 3.20 3.21 3.51 3.33 0.19 0.18 0.20 0.20
30-45-36 3.21 3.26 3.40 3.38 0.20 0.20 0.22 0.23
45-30-24 3.4 3.28 3.51 3.48 0.22 0.23 0.22 0.22
45-30-36 3.23 3.31 3.60 3.62 0.22 0.25 0.24 0.26
45-45-24 3.30 3.45 3.61 3.64 0.24 0.25 0.26 0.28
45-45-36 3.30 3.50 3.66 3.71 0.25 0.26 0.27 0.29
L.8.D0.05 for Mineral (M) 0.07 0.019
L.8.D0.05 forLead (L) 0.06 0.019
L.8.D0.05 for M= L) 0.12 N.§

Pb treatment (u g™")

Pb treatment (u g~*)

0 5 10 20 0 5 10 20
NPK* (kg fed™) K% Pb(ng™)
30-30-24 2.22 3.00 3.31 3.50 1.00 1.30 1.42 1.80
30-30-36 2.26 3.10 3.40 37 1.10 1.50 1.50 1.92
30-45-24 2.29 3.30 3.52 3.80 1.11 1.53 1.52 2.00
30-45-36 2.36 3.32 3.60 3.90 1.20 1.58 1.60 2.20
45-30-24 2.49 3.40 3.68 3.91 1.21 1.70 1.72 2.21
45-30-136 2.51 3.49 3.80 3.89 1.22 1.76 1.80 2.60
45-45-24 2.60 351 3.88 3.92 1.23 1.82 1.86 2.66
45-45-36 2.61 3.60 3.90 3.99 1.23 1.90 1.98 2.80
1..8.D0.05 for Mineral (M) 0.109 0.08
L.8.D0.05 for Lead (L) 0.104 0.078
1.8D0.05 for M= L) N.S 0.14

*As N, P,05 and K;O, respectively, one feddan = 4200m?

2.8 (ug g for N, P K, and Pb, respectively. This
increase of N, P and K in peanut may be attributed to
the effect of lead on plant growth, especially at low
concentration and sprayed in the form of Pb (NO,),. This
finding stands in well agreement with those of Salem [7].
The statistical analysis for the data indicated that the
contents of N, P, K and Pb at tillering stage of peanut
were sigmficantly affected by applied treatments except
that of P% and K% for MxL.

Peanut Yield and its Macronutrients and Lead Contents:
The effect of foliar application of Pb withmineral fertilizers
(NPK) on the vield of peanut and its N, P, K and Pb
contents is recorded in Tables 3 and 4. Data in Table 3

show that the pods yield of peanut (Ardab/fed) and
weight of 100 seeds (g), increased with application of
lead especially when the rate of N, P and K increases.
The highest yield was achieved upon treating the soil
with 45+45+36kg/fed for N+P,0.+K,0, respectively with
foliar application of lead sclution at rate of 20 (pug g™
A comparison of the highest pods yield and weight
of 100 seeds under with or without lead application
showed that their values were 35.60 (Ardab/fed) and
100.6 (g) without Pb application, while they were 37.2
{Ardab/fed) and 109.99 (g) when Pb was sprayed at 20 (ug
g™"). So, application of lead slightly increased pods yield
and weight of 100 seeds by about 4.5 and 9.3% over that
of the treatments without Pb application, respectively.
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Table 3: Effect of lead and mineral fertilizers on the yield of peanut

Pb treatment (pug g ') Pb treatment (pug )
0 5 10 20 0 5 10 20

NPK* (kg fed™) Pods (Ardab/fed)* * Weight of 100 seeds (g)
30-30-24 31.95 35.00 35.60 35.90 94.94 96.10 97.20 99.30
30-30-36 31.90 36.04 36.05 36.20 94.90 100.00 100.00 102.00
30-45-24 32.00 36.20 36.00 36.82 95.10 100.20 101.90 104.65
30-45-36 32.20 36.60 36.69 36.81 95.30 100.40 102.00 105.00
45-30-24 33.00 36.90 36.70 36.73 97.00 100.60 102.80 109.81
45-30-36 34.20 36.91 36.95 36.96 99.10 100.80 105.20 109.88
45-45-24 3543 36.99 37.00 37.10 100.20 101.00 105.90 109.80
45-45-36 35.60 36.99 37.10 37.20 100.60 102.10 107.44 109.99
L.S.D0.0S for Mineral (M) 0.40 0.82
L.8.D0.05 forLead (L) 0.38 0.78
L.8.D0.05 for (M x L) 0.71 1.45

#* Ardab= 75 Kg peanut pods
*Asg N, P,0; and K, 0, respectively

Table 4: Effect of lead and mineral fertilizers on the content of N, P, K and Pb in peanut seeds

Pb treatment (1 g71) Pb treatment (1 g~1)

0 5 10 20 0 5 10 20
NPK* (kg fed™) N% P%
30-30-24 3n 4.10 4.12 4.50 0.35 0.37 0.39 042
30-30-36 373 4.13 4.20 4.63 0.35 0.46 0.39 045
30-45-24 3.81 4.15 4.21 4.71 0.37 0.48 0.41 047
30-45-36 3.84 4.16 4.62 4.71 0.39 0.49 0.42 047
45-30-24 3.88 4.21 512 4.76 0.39 0.49 0.43 0.49
45-30-136 3.89 4.26 5.67 57 0.40 0.50 0.48 0.49
45-45-24 3.99 4.29 5.68 577 0.41 0.51 0.49 0.51
45-45-36 3.99 4.34 57 591 0.43 0.51 0.52 0.53
L.8.D0.05 for Mineral (M) 0.08 0.01
1..8.D0.05 for Lead (1) 0.08 0.01
L.8.D0.05 for M =1) 0.15 0.02

Pb treatment (u g™") Pb treatment (un g

0 5 10 20 0 5 10 20
NPK* (kg fed™) K% Pb(ng™
30-30-24 2.3 2.35 2.40 2.53 1.10 1.60 1.70 1.91
30-30-36 2.3 241 2.49 2.58 110 1.80 1.89 220
30-45-24 2.36 2.42 2.58 2.60 112 1.88 1.94 2.50
30-45-36 2.38 2.4 261 2.67 1.14 1.92 2.00 2.54
45-30-24 2.42 2.51 2.63 2.68 1.14 1.96 2.22 2.60
45-30-36 2.47 2.57 2.68 2.69 119 2.00 2.3 2.62
45-45-24 2.52 2.59 2.68 270 1.20 2.10 2.31 2.62
45-45-36 2.55 2.67 2.69 27 1.20 2.30 2.33 2.64
L.8.D0.05 for Mineral (M) 0.029 0.106
L.8.D0.05 forLead (L) 0.027 0.101
L.8.D0.05 for (M x L) 0.051 0.187

*Asg N, P,0; and K, 0, respectively
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Table 5: Effect of lead and mineral fertilizers in wheat yield

Pb treatment (1 g71)

Pb treatment (1 g~1)

0 5 10 20 0 5 10 20

NPK* (kg fed™) Grains (Ardab/fed)** Straw (Mg fed™)
80-15-24 11.40 16.60 17.00 17.20 4.90 5.30 5.60 6.10
80-15-36 11.80 17.60 17.61 17.60 4.90 6.00 6.00 6.80
80-20-24 12.10 17.70 17.76 17.70 5.00 6.30 6.90 7.00
80-20-36 14.90 17.80 17.80 17.90 5.20 6.80 7.00 710
120-15-24 15.50 17.91 18.20 17.90 5.50 7.00 7.10 7.20
120-15-36 15.80 18.10 18.31 18.60 5.80 7.10 7.10 T7.20
120-20-24 16.00 18.20 18.81 18.83 6.40 7.20 7.30 730
120-20-136 16.20 18.40 18.82 18.90 6.60 7.30 7.40 7.50
1..8.D0.05 for Mineral (M) 0.184 0.133
L.8.D0.05 forLead (L) 0.175 0.126
L.8.D0.05 for (M x L) 0.324 0.234
#* Ardab= 150 Kg of wheat grains
*As N, P,0, and K, 0, respectively

Data in Table 4 showed that there were marked Data i Table 6 showed increments in the

mcrease m the content of N, P, K and Pb of peanut seeds
by increasing their rates from 30 to 45 kg/fed for N, 30 to
45 kg/fed for P,0; and 24 to 36 kg/fed for K,0. These
increases were more obvious with increasing the rate
of lead from O to 20 (ug g).The highest values for N, P
and K content were 3.99, 0.43 and 2.55%, respectively
without Pb application and reached to 5.91, 0.53 and
2.71% with 20 {ug g Pb application. On the other hand,
the highest Pb content (2.64 ng g™") was obtained when
N, P and K were applied at hugh rates combined with Pb
foliar application by 20 (ug g"). This value of lead was
less than the permissible limit of Pb toxicity. These results
are in agreement with that obtained by Judel and Stelte,
[9] Abd El-Aziz [10] and Stmad ez al. [11]. The statistical
analysis for the data indicated that peanut yield and its
seeds content of N, P, K and Pb were significantly
affected by all treatments.

‘Wheat Yield and its N, P, K and Pb Contents: The effect
of lead application and mineral fertilizers on the yield of
wheat and its N, P, K and Pb content was shown in
Tables 5, 6 and 7. Data in Table 5 revealed that the yield
of wheat grains (Ardab/fed) and straw (ton/fed) increased
by increasing rate of N, P and K especially when the rate
of Pb application was increased from zerc to 20 (ug g 7).
With this respect, increasing the rate of Pb from zero to
20 (ug g "), increased the grains yield by 16.6% and the
straw yield by 13.6%. These results are in agreement with
those obtained by Saml and Gupta [4].
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concentration of N, P and K in wheat grains and straw
with increasing their addition rates from 80 to 120, 15 to
20 and 24 to 36 kg/fed for N, P,O; and K,0, respectively,
especially with foliar application of Pb. Generally, these
increments were more obvious when Pb application was
increased from zero to 20 (ug g~ "). The highest values of
N, P and K concentration were 3.0, 0.39 and 2.46%, for
grain and 1.88, 0.24 and 1.99% for straw respectively,
which recorded under treatment at rates of 120420436 kg
N, P,0; and K,O/fed, with foliar application of Pb at
rate of 20 (ug g~ ").

The highest concentration of Pb was 4.5 and
4.99 (ug g™ for grain and straw, respectively (Table 7).
This concentration was shown at the highest rates of
N, P and K with folar application of Pb with rate of
20 (ug g~ ). The concentration of Pb that recorded in
wheat yield (grains and straw) was less than the
permissible limit of Pb toxicity. In this connectior, Abd-
Aziz et al [2] recoded that low amounts of Pb were
associated with wheat yield Lead was retained in the
roots, due to its less translocation to the shoots.

Therefore, in this experiment Pb concentration mn
peanut and wheat was lying inside the permissible
range according to Abd El-Aziz [10] and Stmad et al. [11].
[9] concluded

reduction of

In this comnection, Judel and Stelte
that no toxicity symptoms or yield
radish, carrot and spinach plants occurred even at
500 (ug g™ Pb. On other hand, Kabata Pendias and
Pendias [17] recorded that the toxic limits of Pb was
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Grains

Pb treatment { pg g™*)

Pb treatment ( pg g~!)

Pb treatment ( pg g™%)

0 5 10 20 0 5 10 20 0 5 10 20
NPK* (kg fed™) N% Po% K%
80-15-24 1.86 1.92 2.10 2.24 0.26 0.28 0.29 0.30 2.26 2.29 2.30 233
80-15-36 2.00 2.06 2.21 2.4 0.28 0.31 0.32 0.31 2.27 2.31 2.35 2.36
80-20-24 2.20 222 2.30 2.50 0.29 0.32 0.33 0.31 2.29 2.33 2.38 231
80-20-36 2.42 2.50 2.7 271 0.29 0.34 0.34 0.33 2.29 2.35 2.42 2.40
120-15-24 2.50 2.55 2.87 2.87 0.30 0.36 0.34 0.35 2.3 2.35 242 2.42
120-15-36 2.61 2.62 2.98 2.99 0.32 0.36 0.36 0.37 2.34 2.36 2.43 2.44
120-20-24 2.67 272 2.98 2.98 0.33 0.37 0.38 0.38 2.36 2.37 2.44 2.45
120-20-36 2.68 2.87 2.99 3.00 0.33 0.37 0.38 0.39 2.37 2.38 2.45 2.46
1.8.D0.05torMineral (M) 0.082 0.013 0.061
L.8.D0.05 forLead (L) 0.078 0.012 0.058
L.8.D0.05 for M =1) N.8 N.8 N.8

Straw

Pb treatment (ug g™!) Pb treatment (ug g~!) Pb treatment (ug g~!)

0 5 10 20 0 5 10 20 0 5 10 20
NPK* (kg fed™) No% Po% K%
80-15-24 1.10 1.19 1.40 1.51 0.15 0.15 0.16 0.16 1.48 1.48 1.59 1.68
80-15-36 1.11 1.30 1.02 1.69 0.17 0.12 0.16 0.17 1.49 1.55 1.68 1.68
80-20-24 1.12 1.51 1.69 1.70 0.17 0.16 0.17 0.18 1.51 1.57 1.77 1.78
80-20-36 1.22 1.62 1.72 1.72 0.18 0.19 0.19 0.19 1.62 1.75 1.86 1.89
120-15-24 1.26 1.66 1.77 1.78 0.19 0.21 0.20 0.20 1.77 1.78 1.88 1.89
120-15-36 1.29 1.68 1.84 1.85 0.20 0.22 0.21 0.22 1.78 1.80 1.95 1.96
120-20-24 1.36 1.70 1.85 1.86 0.21 0.22 0.22 0.23 1.87 1.89 1.96 1.98
120-20-36 1.37 1.73 1.86 1.88 0.22 0.23 0.23 0.24 1.88 1.94 1.98 1.99
L.8.D0.05 for Mineral (M) 0.046 0.019 0.032
L.8.D0.05 forLead (L) 0.044 0.018 0.031
L.8D0.05 for M =L) 0.081 N.8 0.057
*As N, P,0s and K;O, respectively
Table 7: Effect of lead and mineral fertilizers on the content of lead in the yield of wheat

Pb treatment (ug g™") Pb treatment (ug g™")

0 5 10 20 0 5 10 20
NPK* (kg fed™) Grains Straw
80-15-24 0.20 1.40 2.30 3.40 1.80 2.00 2.51 3.90
80-15-36 0.21 2.00 2.40 3.40 1.80 2.20 2.84 4.20
80-20-24 0.22 2.00 2.60 3.60 1.90 2.40 2.99 4.80
80-20-36 0.22 2.20 2.60 3.50 2.00 2.90 3.10 4.82
120-15-24 0.23 2.10 3.20 3.80 2.40 3.10 3.52 4.90
120-15-36 0.24 2.20 4.10 4.00 2.60 3.40 3.60 4.92
120-20-24 0.26 2.30 4.20 4.40 3.00 3.50 3.61 4.94
120-20-36 0.28 2.30 4.30 4.50 3.10 3.65 3.72 4.99
1..8.D0.05 for Mineral (M) 0.131 0.085
L.8.D0.05 forLead (L) 0.124 0.081
L.8.D0.05 for M =1) 0.230 0.150

*Asg N, P,0; and K, 0, respectively
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30-300 mg kg™" in plant. The statistical analysis for data
indicated that the wheat yield and its content of N, P, K
and Pb were significantly affected by all treatments except
that of N%, P% and K% in wheat grains and P% m wheat
straw for M x L.

CONCLUSION

From above mentioned, discussion and under the
conditions of this experiment, Pb concentration less than
20 mg 17" did not adversely affect plant growth of peanut
or wheat. Whereas, the concentration of Pb in different
organs of plants did not reach the permissible limits that
led to toxic effects on plants and consequently ammal and
human.

REFERENCES

1. Kabata-Pendias, A. and S. Dudka, 1991. Trace
metal contents of Taraxacum officinale (dandelion)
as a convenient environmental mdicator. Environ.
Geochem. Health, 13: 108-113.

Abd El-Aziz, SM.,, S.5. Hoda and Sh. E.B. Ibratum,
2009. Uptake and tolerance of some plant species to
heavy metals. Egypt. I. Appl. Sci., 24(1): 329-342.

3. Verma, 3. and R.5. Dubery, 2003. Lead toxicity
induces lipid per oxidation and alters the activities of
antioxidant enzymes n growing rice plants. Plant Sci.,
164: 645-655.

Sainl, 3.P. and V.K. Gupta, 1999. Influence of
lead and phosphorus on  yield of wheat and
their concentration grown in texturally different
soils. Proceedings of International Conference on
Ecological  agriculture.  Towards  sustainable
development. Chandigarh, India, 15-17 November,
1997 (c.f. Soil and Fert., 62: 796).

5. Dahdoch, M.S.A., S. El-Demerdashe, S. Foda and
HI El-Kassas, 1996. Effect of phosphate addition
on some plants grown in Ph-Polluted Soil. Egypt. .
Soil Set., 36: 245-256.

Aery, N.C. and B.L. JTagetiya, 1997. Relative toxicity
of cadmium, lead and zinc on barely. Commun. Soil
Sci., Plant Annal., 28: 949-960.

695

7.

10.

11.

12.

13.

14.

15

16.

17.

Salem, S.Y.M., 2002. Monitoring of environmental
pellution for soil and water with some metals and
non-metals resulting from fertilizer factories and its
remediation. Ph.D. Thesis, Environmental Studies
and Research Institute, Ain Shams Univ., Egypt.
Misra, 3.G. and G. Pandy, 1974. Effect of different
sources of lead on the uptake of nutrients by
maize. Bangladesh. J. Bio. Sci., 3: 15-16. (c.f. Field
Crop Abstract, 245, 1978).

Tudel, G.K. and W. Stelte, 1977. Pot studies on lead
uptake from the soil by vegetables. Zeitschrift fur
pflanzenernahrung and bodenkunde, 140: 421-429.
(c.v. Soils and Fertilizers, 7442, 1977).

AbdEl-Aziz SM., 1983. Studies on trace elements
in plant and soil. Ph.D. Thesis, Fac. of Agric. Ain
Shams Umv., Egypt.

Stmad, V., BN. Zolotareva and A.J. Lisovskij, 1990.
Effect of lead, cadmium and copper contents in the
soil on their accumulation and yields of Ros crops.
Tlinna Vyroba, 36: 411-417.

Abd El-Malak, AF., 2007 Remediation of soil
pollution as a result of continuous applications
of mineral fertilizers. M.Sc. Thesis, Envircrmmental
Studies and Research Institute, Ain Shams Univ.,
Egypt.

Klute, A., 1986. Methods of Analysis. Part I, Soil
Physical Properties. ASA and SSSA, Madison, W1
Page, AL, RH Miller and D.R. Keeney, 1982.
Methods of Soil Analysis. TL:
Microbiological properties, 2™ ed. Am.Soc. Agron.
Inc.,So1l Sci Sec. Am. Inc., Madison, Wisconsin,
USA.

Cotterue, A., M. Verloo, L. Kieken, G. Velgh and
R. Camerlynck, 1982. Chemical analysis of plant
and soil. Lab. Anal. Agrochem., State Univ., Ghent,
Belgium.

S.AS. Institute 2001, S.A.S Statistics users guide.
Release 8.2 SAS Institute, Cary, NC.

Kabata Pendias, A. and H. Pendias, 1992. Trace
Elements in Soils and Plants. 2" Ed., CRC press- Inc.,
Boca Ratom Annarbor, London.

Chemical and



