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ABSTRACT: Phosphorus (P) is a major limiting factor for crop
production from many tropical and subtropical soils. However, there
is concern that this practice can increase the concentration of heavy
metals in the soil. Greenhouse experiment using alfalfa (Medicago
sativa 1.) was carried out to evaluate the effects of different types of
phosphatic fertilizers and P levels on the growth and the uptake of P,
Zn, Mn, Pb and Cd by alfalfa. Surface soil samples of five locations
were selected to represent soils cultivated for 10 and 50 years,
irrigated with normal water and sewage effluent and uncultivated
soil. Eighteen treatments were used. Treatments consisted of all
combination of three types of phosphatic fertilizers and six P levels.
Phosphorus was added to pots, containing 7 kg seil, as single
superphosphate (SSP), triple superphosphate (TSP) and rock
phosphate (RP) at levels of 0, 45, 90, 135, 180 and 450 kg P fed”. The
TSP had higher total Zn compared with SPP and RP, while RP had
higher total Mn compared with SSP and TSP. Low levels of Pb and
Cd were detected m phosphorus fertilizers 13.6 + 2.5 mg Pb kg and
3.4+ 0.7mg Cd kg™. Dry matter production of alfalfa increased with
application of phosphatic fertilizers, The total uptake of Zn, Mn, Pb,
and Cd by alfalfa grown on the studied soils is closely related to the
time of cultivation. In general, Zn, Mn, Pb and Cd uptake by alfalfa
were reduced significantly by phosphorus fertilizers. The
effectiveness of various phosphorus fertilizers in reducing the heavy
metals generally followed this order at the equivalent P addition
level: RP > SSP > TSP, Further study is needed in order to measure
and predict the long-term availability of Cd and Pb in various soils
which will be important in determining the acceptable loading limits
of this metal in agricultural lands.
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INTRODUCTION

The continuous application of
large amounts of fertilizers to
agricultural lands has raised
concern regarding the possible
accumulation of toxic levels of
their heavy metals and potential
harm to the environment. Recent
statistics show that about 18.9
million tonnes and 68000 tonnes P
are applied annually to soils all
over the world and in Egypt,
respectively (FAO, 2004).
Considering the concentrations of
heavy metals in P fertilizers,
substantial amounts are added to
the soil every year. As an average,
9 kg of P is used for 1 feddan (0.42
ha) containing averages of 145,
481, 325 and 3.5 mgKg" of Zn,
Mn, Pb and Cd in a P fertilizer
~would result in 2.9, 9.6, 6.5 and
0.07 g fed” in a year of Zn, Mn, Pb
and Cd, respectively.

Contamination levels of soils
with heavy metals from various
anthropogenic sources and their
subsequent uptake by crops depend
upon several factors, These factors
include the total content, form and
origin of the metal in the soil as
well as the properties of the soils

themselves. Soil pH, texture,
organic matter content, cation
exchange capacity, and other
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elements may be particularly
important with respect to the form
of the heavy metal that is present
in the soil and its bioavailability
for plants.

Heavy metals in the
environment are a source of some
hazards because of their potential
reactivity, toxicity, and mobility in
the soil. Some heavy metals (e.g.,
Zn and Mn) are essential for plant
and animal health; however, at
environmental concentrations
above those necessary to sustain
life, toxicity may occur. Other
heavy metals (e.g. Pb and Cd) are
not known to be essential to plants
and animals. Toxicity may occur
when these metals become
concentrated in the environment
above background levels.

Sells et al. (2003) found that the
phosphorus fertilization
significantly increased cadmium
concentration in plants. However,
Zwonitzer et al. (2003) pointed out
that additions of phosphorus did
not influence lead concentration in
plant tissues but zinc concentration
in plant tissues increased with
increasing amount of P from
KH,PO, and decreased with
increasing amounts of P from rock
phosphate.

On the other bhand, many
researchers showed that
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phosphorus fertilizers significantly
reduced plant Zn, Pb and Cd
uptake (Prochnow et al, 200%;
Hettarachchi et al, 2002; Knox et
al, 2003; Basta and McGowen,
2004 and Brown ef al, 2004).
Basta and Gradwohl (1998)
evaluated effect of rock phosphate
(RP) in reducing the plant and oral
bioavailability of Cd, Pb and Zn.
They pointed out that the soil
amended with RP reduced Zn
toxicity and plant available Cd, Zn
and Pb were also reduced by RP
treatment, but the extent of
reduction is uncertain. Ma and Rao
(1997) investigated the feasibility
of using Florida rock phosphate
(RP) to immobilize aqueous Pb
from Pb-contaminated soils. Rock
phosphate effectively immobilized
Pb from different Pb contaminated
soils, but its effectiveness was
affected by soil pH and extent of
Pb contamination, with aqueous Pb
reduction ranging from 21.8 to
100%.

Under Egyptian conditions,
Tahoun and Abdel-Bary (2000)
studied the efficiency of gypsum
and superphosphate in suppressing
Pb bioavailability. Additions of
superphosphate or gypsum could
reduce Pb uptake from polluted
soils.
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Normal metal values in alfalfa
range from 25 to 70 mg Zn Kg'
dry weight, 30 to 300 mg Mn Kg™!
dry weight, 0.72 to 1.0 mg Pb K¢’
dry weight (Abdel-Bary, 1990 and
Bergmann, 1992). Shacklette et al.
(1978) found that the concentration
of lead in aifaifa was 2.0 mg Pb
Kg' dry weight. The background
levels of Cd in alfalfa that are
reported in various countries range
from 0.02 to 0.28 mg Cd Kg™' dry
weight (Linzon, 1978). The critical
toxicity levels in leaves of cro
plants are: 100-400 mg Zn Kg',
400-1000 mg Mn Xg', 30-300 mg
Pb Kg' and 5-30 mg Cd K¢
(Jones, 1972; Davis ef al, 1978;
Gough et al., 1979; Kitagishi and
Yamane, 1981; Adrano, 1986;
Mengel and Kirkby, 1995 and
Kabata - Pendias and Pendias,
2001).

The objectives of this study
were to evaluate effects of
different types of phosphatic
fertilizers and P levels on the
growth and the uptake of P, Zn,
Mn, Pb and Cd by alfalfa.

MATERIALS AND
METHODS

Surface soil samples (0-30 cm)
from five different localities in
Egypt were collected to be used in
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this work. The localities included
El-Kattara Experimental Farm, a
marginal area between the Nile
Delta and the Eastern Desert
(uncultivated sandy soil). El-Zant,
El-Hessinia EL-Sharkia
Governorate (cultivated vertisols
for 10 and 50 years) and El-Gabal
Al-Asfar (where the soils were
subjected to Cairo sewage effluent
irrigation for 10 and 50 years).

The soil samples were air dried,
crushed and passed through a 2.0
mm sieve before being subjected
to determinations of relevant
physical and chemical properties.
Seven kilograms of each soil
sample were placed in plastic pots
of 25 cm-diameter and 23 cm-
heightt The experiment was
conducted in a randomized
complete block design with three
replications, under green house
conditions at the Experimental
station of the Faculty of
Agriculture, El-Zagazig
University. Treatments consisted
of all combinations of three types
of phosphatic (P} fertilizer (single
superphosphate, SSP,  triple
superphosphate, TSP, and rock
phosphate, RP) and six application
levels of P (0, 45, 90, 133, 180 and
450 Kg P fed™) were added to the
soil samples in the pots.
Ammonium sulfate was added as
an aqueous solution in two equal
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doses at a level of 60 kg N fed’l.,
the first immediately after planting
and the second after 3 weeks.
Alfalfa seeds were sown on
November 1, 2002 to give about
80 plants pot'. The seeds were
covered with a thin layer of soil.
Tap water was used for irrigation
to maintain the soil moisture
contents when required close to
80% of field capacity. The tap
water used for irrigation had a pH
value of 7.8 and an average
electrical conductivity of 0.7
dSm™. It contained undetectable
quantities of P (<0.06 mgL™) and
minimal N (<10 mg total kjeldahl
NL™). Sixty days after planting,
the plants in each pot were
harvested to yield the first cut. The
pots were watered again to allow a
second cut which was harvested
after 45 days from the first cut.
The plant material was dried to
70°C in a forced air oven for 48
hours to obtain the dry matter
weight and then was ground to
pass through 40 mesh-sieves prior
to storing in plastic bags for
subsequent analysis. Samples of
the dry matter were digested in
sulfuric and percholric acids and
then Zn, Mn, Pb and Cd was
determined in the digests using
atomic absorption
spectrophotometer, whereas P was
determined colorimetrically using
the method of Schouwenburg and
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Walinga (1967). Particles-size
distribution  were  determined
according to Piper (1950). Organic
matter, pH, EC, cations and anions
in the soil were estimated
according to standard method of
Jackson (1958).

All data were statistically
analyzed according to the
technique of analysis of variance
{ANOVA) and the least significant
difference between the treatment
means was obtained using the
Statistical Analysis System (SAS)
computer package (SAS Institute,
1989).

RESULTS AND
DISCUSSION

General properties of soils :

The general properties of the
soils of the five locations under
study are shown in Table 1. The
clay content of the investigated
soils ranged from 5.1% in the El-
Khattara soil to 50.1% in El-Zani |
soil. With the exception of the El-
Gabal El-Asfar soils sample, the
organic matter content is closely
related to the clay content,
increasing from 032% in El-
khattara to 2.60% in El-Zani 1. The
organic  matter content was
relatively high in the Ei-Gabal El-
Asfar soil (5.16% and 3.12%) as a

547

result of the irrigation with sewage
effluent. The cation exchange
capacity values were closely
related to the clay content, ranging
from 5.0 to 32.7 cmol kg' soil.
The EC values ranged from 0.35 to
102 dSm'  Magnesium  and
calcium were the dominant cations
in the soil extract. The pH value of
the studied soils was very high
ranging from 8.2 to 8.8, except that
of the FEl-Gabal El-Asfar (7.0 +
0.2). The complete data concerning
these soils are given by Mohsen
(2005).

Characteristics of phosphatic
fertilizers :

The heavy metal content of the
studied phosphatic fertilizers is
shown in Table 2. Triple
superphosphate  (TSP) had the
highest total content of Zn, while
rock phosphate (RP) had the
highest total content of Mn. Low
levels of Pb and Cd were detected
in the studied phosphatic fertilizers
(13.6 £ 2.5 mg Pb kg and 3.4 +
0.7 mg Cd kg"). The results
obtained for phosphatic fertilizer
agree with those obtained by
Webber et al. (1984) and Alloway
et al. (1988). El-Sokkary (1993)
found metal levels in phosphatic
fertilizers ranged from 50 to 1450
mgkg™ for Zn, 40 to 2000 mgkg”
for Mn, 7 to 225 mgkg™ Pband 0.1
to 170 mgkg " for Cd.
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Table 1. Some physical and chemical properties of the investigated soils

Investigated soils

Sail parameter EbZanil  El-Zanill  El Asfarl El Asfar I

(S0year  (10year (50 year (10 year ~ E-Khattara

cultivated) cultivated) cultivated)  cuitivated) (uncultivated)
Sand (%) 34.80 37.70 77.60 85.20 90.00
Siit (%) 15.10 17.80 10.30 6.90 4.90
Clay (%) 50.10 44.50 12,10 7.90 5.10
Textural Class Clay Clay Sandy loam Sand Sand
CaCO; (%) 1.95 1.64 1.40 0.10 0.37
OM. (%) 2.60 1.40 5.16 3.12 0.30
pH’ 8.80 8.80 7.20 6.80 8.20
EC” (dSm™) 1.02 0.97 0.42 0.35 0.70
Soluble ions * (me L7)
Ca™ 224 2.10 1.82 1.40 1.82
Mg 4.90 5.04 2.80 2.94 3.64
Na* 1.12 1.40 0.39 0.28 0.84
K 0.70 0.70 0.14 0.28 0.42
HCOy 2.10 2.66 2.10 1.26 1.54
cr 2.10 1.96 0.45 0.70 1.40
S0, 4,76 4.62 2.60 2.94 3.78
CE.C, cmol kg 32.70 27.80 14.00 12.30 5.00

* Soil to water extract of 1: 2.5

Table 2. Concentrations of heavy metals (mgkg™) in phosphatic fertilizers.

Fertilizer Total heavy metal, mg_li_g“

Zn Mn Pb Cd
Ssp+ 122.5 349 17.9 3.0
TSP 3464 698.8 12.8 27
RP 194.1 980.0 10.1 4.5

* SSP = Single super phosphate TSP = Triple super phosphate
RP = Rock phosphate
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Plant growth and biomass
production :

Table 3 shows the amount of
dry matter produced by alfalfa in
two cuts and their total as affected
by the different treatments. The
maximum  yield concept of
Mitscherlich, as reported by Millar
(1955), was used as a further basis
for comparison. The dry matter of
each treatment is given as a
percentage of the total yield of
treatment which gave the highest
dry matter production.

It is interesting to note that there
is much difference between the
yield of the first and second
cutting. These results correspond
with the findings of Khaliefa
(1995) and Tahoun e al (2004)
who reported that the dry matter
yield of alfalfa declined as a
function of progressing cuts but it
was not in a linear trend.

There was a great increase in
dry matter production of alfalfa as
a result of phosphorus fertilization
to different soils. The response of
soils to phosphorus fertilizers
could be descending arranged as
follows: Eil-Zani II > El-Zani 1 >
El-Asfar I > El-Khattara > El-
Asfar 1. The effect of P fertilizer
types on the dry matter under the
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investigated soils presents
somewhat complicated relations.
Superiority of SSP over TSP and
RP was in the El-Zani | and El-
Asfar 1 soils; superiority of RP
over SSP and TSP was in the El-
Zani [l and El-Khattara, TSP in El-
Asfar 11 soil produced the highest
biomass.

Addition of different levels of
phosphorus has induced a marked
increase in dry matter production.
This effect was highly significant
at- the different levels of
application to surpass the yield of
the control by a 27%, 32%, 8.5%,
20.2% and 14.6% in El-Zani 1, El-
Zani II, El-Asfar I, El-Asfar II and
El-Khattara soils, respectively.

El-Zam 1 soil had the greatest
yield of alfalfa. The total dry
matter was found to e
proportional to the clay content of
soils. Statistical analysis verified
this relationship, as it showed that
the correlation coefficient between
the dry matter yield and the clay
content was 0.60. It should be
added, however, that the potential
for a soil to store nutrients depends
upon its texture (particularly clay
content) and its organic matter
content. This result is in an
agreement with the findings of
Tahoun et al., (2004).
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Table 3. Effect of added phosphatic fertilizer on the dry matter
production by alfalfa in different soils.

Source of Level of . 1 Relative yield (%) of
fertilizer  fertilizer Actual yield, g pot maximum
(KePfed) " juigt  2™cut  Total 1% 2% Total %
El-Zani 1 (50 year-cultivated)

SSp# ] 10.66 6.70 1736 4503 2831 73.34
45 11.59 8.13 1972 4896 3435 8331
90 12.75 7.84 20,60 53.87 3312 87.03
135 13.32 9.31 2263 5628 3933 9561
180 14.37 9.30 23.67  60.71 3929 100.00
450 14.49 1.70 22.19 6122 3253 9375
45 12.87 8.80 2167 5437 3718 9155

TSP 20 12.39 9.74 2213 5234 4115 9349
135 12.91 8.13 21.04 5454 3435 8839
180 14.02 2.00 23.02 5923 3802 9725
450 14.85 8.14 2299 62.74 3439  97.13

RP 45 10.08 6.80 1688 4258 28.73 71.31
90 9.95 7.92 1787 4204 3346 7550
135 11.18 7.00 18.18 4724 2957 76381
180 11.62 6.91 1853 49.09 2919  78.28
450 11.76 8.55 2031 4968 3612 8580

El-Zani [1 (10 year-cultivated)

SSP 0 6.8 5.13 1193 2873 21.67 5040
45 7.41 4.80 12.21 3131 2028  51.58
90 8.05 5.10 13.15  34.00 21.55 55.56
135 8.25 4.60 1285 3485 1943 5429
180 7.85 4.70 1255 3316 1986  53.02
450 8.17 5.52 1369 3452 2332 5784

TSP 45 932 5.30 1462 3937 2239 6117
S0 922 6.00 1522 3895 2535 6430
135 9.69 6.17 1586 40.94 2607 67.00
180 929 7.01 1630 3925 29462  68.86
450 10.22 6.60 1682 43.18 2788  71.06

RP 45 10.44 6.09 16.53 4411 2573  69.84
90 10.70 6.00 1670 4520 2535  70.55
135 9.82 6.30 16.12 4149 2662  68.10
180 11.60 7.89 1949  49.01  33.33 82.34

450 11.52 8.00 19.52  48.67  33.80 82.47
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Table 3. cont.

. - Relative yield (%) of
?ﬁﬁf:e (;f milzgg Actual yield, g pot — ma:imun(l )
(KgPfed”) " Toue 2 cout Total I % 2 % Total %
El-Asfar I (50 year-cultivated)
sSSP 0 8.17 470 132.87 3452 19.86 54.37
45 9.28 5.11 14.40 39,21 21.59 60.84
90 10.01 4.80 14.84 42.42 20,28 62.70
135 8.68 5.03 13.71 36.67 21.25 57.92
180 9.29 520 14.50 39.25 21.97 61.26
450 8384 6.00 14.84 37.35 25.35 62.70
TSP 45 6.31 5.40 11.71 2666 2281 49 47
90 - 6.52 493 11.45 2755  20.83 48.37
135 6.92 494 11.86 2924  20.87 5.1
180 8.30 5.30 13.60 35.10 2239 57.46
450 7.50 5.16 12.66 31.69 21.80 53.49
RP 45 5.90 4.70 10.60 2493 19.86 4478
90 5.41 491 10.32 22.86 20.74 43,60
135 6.63 5.00 11.63 28.01 21.12 49.13
180 6.31 5.30 11.61 26.66 2239 49.05
450 6.63 5.84 12.47 28.01 24.67 52.68
El-Asfar II {10 year-cultivated)

SSP 0 461 4.70 0.31 19.48 19.86 39.33
45 5.60 5.10 10.70 23.66 21.55 4520
90 5.83 5.60 11.43 2463 2366 48.29
135 6.32 4.71 11.03 2670 1990 46.60
180 5.46 533 10.80 23.10 2252 45.63
450 532 532 10.64 2248 2248 44 95
TSP 45 573 5.30 11.03 2421 22,39 46.60
90 5.95 4.70 10.65 25.14 19.86 44 99
135 6.315 5.52 11.87 26.83 2332 50.15
180 7.01 5.60 12.61 2062 2366 5327
450 8.39 5.7 14.10 3545 2412 59.57
RP 45 6.10 5.50 11.60 2377 23.24 49.01
90 6,10 5.40 11.50 2577 2284 48.58
135 6.83 5.18 12.01 28.86  21.88 50.74
180 5.95 523 11.18 2513 22.10 4723

450 6.37 5.31 11.68 2691 2243 49.35
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Source of Leve! of Actual yiel d, g po t.] Relative y.ield (°/o) of
fertilizer fertilizer maximum
(KgPfed) 1"cut 2"cut  Total 1% 2% Total %
ElKhattara (uncultivated)

SSp ] 6.14 4.50 10.64 2594 19.01 44,95
45 6.22 4.66 1088 2628 19.69 4597
90 7.58 5.20 12.78 32.02 21.97 53.99
135 8.00 476 12.76 33.80 20.11 53.91
180 6.28 4.62 10.90 26.53 19.52 46.05
450 6.87 5.00 11.87 29.02 21.12 50.15

TSP 45 8.40 5.11 13.51 3549 21.59 57.10
90 5.76 487 10.63 2433 2057 4491
135 7.32 5.00 12.32 30.93 21.12 52.05
180 7.64 512 1276 3228 2163 53.91
450 8.21 4.77 1298 3469  20.15 54.84
45 8.92 5.1% 1410 3768  21.88 59.57

RP 50 7.88 517 13.05 33.29 21.84 55.13
135 8.30 5.47 1377 3507 2311 58.17
180 8.52 5.10 13.62 3599 2155 57.54
450 8.33 331 i3.64 35.19 2243 57.63

LSD 5%

A) type of soil 0.30 021 038

B) source of fertilizer - 0.16 029

C) P level 0.32 0.36 041

AxB 0.51 0.23 0.65

AxC 0.72 0.51 0.92

BxC 0.56 - 0.72

AxBxC 1.25 (.88 1.60

* SSP = Single super phosphate

RP = Rock phosphate

TSP = Triple super phosphate
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Alfalfa metal uptake :

Figure 1 shows the amount of P
uptake by alfalfa as a result of the
different treatments. Plants grown
on the sandy soil absorbed the
lowest amount of P in the two
cuttings, indicating the low
potential fertility of the sandy soil.
Moreover, with the exception of
El-Zani 11, addition of SSP or TSP,
even at the lowest level of 45 kg
fed" induced a consistent increase
in P uptake.

The highest amount of P uptake
by plant tissues were observed in
TSP treatments, indicating that the
P uptake by alfalfa was enhanced
by the presence of TSP. Trends for
cumulative P uptake by alfalfa
were similar for all five soils. The
addition of RP did not change P
uptake significantly in most soils.

Heavy metal uptake by alfalfa,
as influenced by the different P
fertilizer types and levels in the
studied soils is presented in Table
4. There were significant
differences in metal uptake by
alfalfa between types of soil, type
and dose of P fertilizer and their
interaction (Table 4). There were
differences in the metal uptake by
alfalfa, but not in clear trends,
between  different P  doses
especially in El-Zani |, Al-Asfar [
and El-Khattara.
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Generally, the total amounts of
Zn, Mn, Pb and Cd taken by alfalfa
grown on the studied soils are
closely related to the time of their
cultivation. Zinc and Mn uptake
could be descending arranged for
the soils as follows: El-Zani I > El-
Asfar | > El-Asfar I > El-Zani II>
El-Khattara. However, Cd uptake
could be arranged as follows : El-
Asfar I > El-Asfar Il > El-Zani J >
El Zani II> El-Khattara.

The data indicate that all metals
were taken up in small the
quantities, except Cd in all soils
and Pb in El-Khattara soil and with
using a specific type of P fertilizer.
The results of the present work are
interpreted in terms of three
possible reasons. First, when
relatively soluble forms of P are
added to soils some
transformations  are  possible,
including plant uptake, microbial
immobilization, precipitation with
metals (e.g., Ca, Cl, Mg, Al Fe,
Zn, Cd and Pb), and adsorption by
inorganic and organic constituents.
Laperche et al. (1997) conducted a
bioassay experiment in a sand
culture using sudax grass to
evaluate the solubility of hydroxy
pyromorphite (HP) with or without
two apatite sources, synthetic
hydroxapatite {HA) or natural rock
phosphate (RP). They found
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Fig. 1. Phosphorus uptake by alfalfa in different soils. Means with the same
letter within a soil are not significantly different at P<0.05.
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Table 4, Effect of added phosphatic fertilizer on the heavy metal
uptake by alfalfa in different soils.

Level of fertilizer Heavy metal uptake by alfalfa

Source of fertilizer (kg P fed™) 7n IMﬂ Pb 1 Cd
mgke’ gk’
E)- Zani I (50 year-cultivated)
0 1.17 037 7.80 0.40
45 1.55 0.40 5.00 0.70
SSP* 90 1.02 0.34 3.00 0.7
135 0.83 0.46 0.00 0.74
180 0.51 0.45 0.00 0.78
450 0.34 0.48 0.00 0.70
45 1.10 0.49 2.70 0.74
490 0.78 0.45 0.00 0.51
TSP 135 0.40 0.39 0.06 0.70
180 0.32 0.46 0.00 0.79
450 0.31 0.54 0.00 0.82
45 0.96 0.26 313.00 0.36
90 094 0.21 11,70 0.64
RP 135 0.95 022 12.00 0.57
180 0.21 0.16 10.00 0.42
450 0.24 0.20 12.60 0.61
El-Zani H (10 year-cultivated)
0 0.17 0.18 0.82 1.20
45 0.16 0.14 0.00 0.33
SSP 90 0.18 0.17 0.73 0.23
135 0.18 0.17 0.39 0.44
180 0.16 0.58 0.38 0.36
450 0.21 0.28 0.06 0.12
45 0.69 0.21 0.15 0.06
90 0.54 0.22 0.00 0.26
TSP 135 046 0.18 0.00 0.37
180 024 0.25 0.35 2.60
450 0.23 0.38 0.00 0.60
45 0.68 0.19 11.00 0.43
a0 1.13 0.19 11.00 0.52
RP 135 0.29 0.18 10.00 0.41
180 0.34 0.19 13.00 0.33

450 0.22 0.20 8.80 0.45
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Table 4 cont.
N Heavy metal uptake by alfalfa
Source of fertilizer Le‘;‘:g“;f:e':_"‘;“’ Zn Mn Ph Cd
mgkg” pgkg”
El-Asfar I (50 year-cultivated)
0 0.70 0.21 1.40 1.10
45 1.20 023 1.60 2.50
SSP 90 0.93 0.31 0.80 4.90
135 0.58 0.28 0.00 4.30
180 0.41 0.28 0.00 2.90
450 0.33 0.56 0.00 3.40
45 1.05 0.25 2.50 4.70
90 0.91 0.28 1.40 1.50
TSP 135 0.57 0.29 1.40 2.00
180 0.46 0.41 0.45 3.50
450 0.42 0.47 0.40 1.10
45 0.51 0.10 7.70 1.70
90 0.46 0.90 7.00 2,70
RP 135 052 0.11 7.90 3.20
180 0.49 0.10 7.60 3.30
450 0.29 0.80 8.40 5.20
El Asfar I1 (10 year-cultivated)
G 0.25 0.18 0.00 1.90
45 0.31 0.34 0.00 0.76
SSP 90 0.33 0.28 0.49 3.80
135 0.32 0.30 0.00 3.60
180 0.26 0.23 0.00 4.30
450 0.26 0.57 0.46 3.60
45 0.26 0.25 2.00 2.70
90 0.31 0.26 0.00 1.40
TSP 135 0.33 0.31 0.00 1.90
180 0.33 0.32 0.00 2.20
450 0.30 0.58 0.00 7.30
45 0.30 6.12 7.40 2,70
90 0.41 0.12 7.00 2.60
RP 135 0.43 0.13 730 3.40
180 0.30. 0,09 6.10 3.40
450 0.30 0.12 5.90 3.30
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Table 4 cont.
" Level of fertiti Heavy metal uptake by alfalfa
Source of fertilizer e‘;l:‘ gol’ fe:(‘]t:!;zer In M b I Ca —
gk’ pghg
El —Khattara (uncubtivated)

0 0.13 0.10 4.00 0.15
45 0.14 0.12 5.90 0.22
SSP 90 0.15 0.23 7.10 0.33
135 0.15 022 7.10 0.36
180 0.12 026 4.00 0.34
450 0.17 0.35 6.30 0.36
45 0.13 0.18 8.60 0.27
90 0.14 0.18 6.80 0.23
TSP 135 0.17 0.20 7.90 0.32
180 0.15 0.27 7.90 0.33
450 0.15 0.33 6.60 0.13
45 0.18 0.11 9.80 0.36
90 0.20 0.11 7.80 0.48
RP 135 0.21 0.11 8.30 0.39
180 0.16 0.12 7.00 0.27
450 0.15 0.11 7.40 0.35

LSD 5%
A) type of soil 0.07 0.02 0.83 0.26
B) source of fertilizer 0.50 0.02 0.64 020
C) P level 0.07 0.02 0.91 0.28
AxB 0.11 004 144 045
AxC 0.16 0.05 2.03 0.64
BxC 0.12 0.04 1.57 0.49
AxBxC 0.28 0.09 352 1.10

* SSP = Single super phosphate TSP = Triple super phosphate
RP = Rack phosphate
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that in the absence of either apatite
source, the Pb concentration in the
shoots increased by an average of
10 to 100 times, depending on the
amount of HP used, compared with
the corresponding treatments with
HA or RP plus HP. Second, there
were no significant relationships
between plant metal concentrations
and the DTPA-extractable metal
fractions. Third, many metals of
environmental concern (e.g., Cd,
and Pb) are taken up in very small
amounts by plants, Moreover, most
of the Pb and Cd taken up by
plants often is retained in the roots.
Additionally, because plants take
up Pb from the soil solution, the
low solubility of soil Pb (e.g. < 4
mg Pb L' of soil solution for soil
containing 2500 mg Pbkg™', Huang
et al., 1997).

In general, trends for Cd uptake
by alfalfa from the three soils were
similar. Cadmium uptake ranged
from 0.12 to 7.30 pgkg', while
that of El-Asfar soils ranged from
1.1to 7.3 pgkg”. The trends for Pb
uptake by alfalfa on the four soils
were similar. Pb uptake ranged
from 0 to 33.0 pgke™, while that of
El-Khattara ranged from 4.0 to 9.8
ngkg”. The low content of heavy
metal uptake from El-Kattarra soil
is probably due to low quantities of
colloids (clay and organic matter)
in that soil. However, appreciable

Foud‘da el al.

amount of Pb taken up by plants
grown in this soil (sandy soil).

The amount of Pb taken by
alfalfa from each soil tended to
decrease with increasing the P
level of each fertilizer type (Table
4). As a result of P (hydroxyaptite)
addition to soil, Pb concentration
in shoot tissue of sudax was
reduced from 170 to 3 mgkg’
(Laperche er al, 1997). It is also
clear that the soil amended with
RP resulted in highest amounts of
Pb taken up by alfalfa. This could
conclude the RP may contain
appreciable amounts of available
Pb for plants.
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