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There is indirect evidence of heavy metal build-up in some
agricultural soils due to long-term application of inorganic
phosphate fertilizers (Ewa et al. 1999). Trace elements are
normally found in phosphate fertilizers (Lee et al. 1997;
Todorova and Dombalov, 1995), and fertilization for long
periods increases their concentration in soils (He and
Singh, 1993b; Taylor, 1997). These elements are absorbed
by plants, and some are contaminants, which might become
a risk for the environment and health. Among these ele-
ments is cadmium, which is considered to be one of the
most dangerous heavy metals (Lee et al. 1997 because of
its high mobility (Barcelo and Pochenrieder, 1992) and its
ability to accumulate in plants in large quantities without
any visible signs (Lehoczky et al. 1996).

The uptake of Cd by plants increases with an increased
application rate of phosphate fertilizers (Pezzarossa et al.
1993). Thus, increased Cd in the soil leads to increased Cd
in crop plants (Zarcinas et al 1999). Cd accumulation in
plant tissues varies with the crop species and plant part
(Moral et al. 1994). Cd has the ability to be transferred to
the aerial parts of tomato plants (Moral et al. 1994). Let-
tuce can also accumulate Cd in its leaves in high concen-
trations (Lehoczky et al. 1996). Therefore, the study of the
impact of phosphate fertilizer on Cd accumulation in the
soil and in vegetable crops is very important. Thus we
investigated the impact of heavy phosphate fertilizer
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application on the distribution and accumulation of Cd
in three vegetable crop plants (tomatoes, radishes, and
lettuce).

Materials and Methods

The effects of different levels of superphosphate were
evaluated in three field experiments in 2001/2002, on to-
mato (cv. Carmello), lettuce (cv. Dark green), and radish
(cv. Baldy) plants at the Agricultural and Veterinary
Training Research Station, King Faisal University, Al-
Hassa, Saudi Arabia. The soil had a loamy sand texture
(82% sand, 7% silt, and 11% clay) and, initially, a pH of
7.8 pH and electrical conductivity of 0.54 dS/m; the
available phosphorus was 5 ppm and the available Cd was
0.0085 ppm. Phosphate fertilizer was applied in the form of
triple superphosphate (45%—47% P20S5). Fertilization
treatments were repeated on the same plots. The Cd content
was 2.9 ppm in the triple superphosphate. Phosphate
treatments were to supply 0, 24, 48, 72 kg P20O5/donum
(donum = 1000m2). One crop was used for each experi-
ment. The four fertilization treatments were arranged in a
randomized complete block design with four replicates.
The total number of plots/crops was 16. The experimental
unit was 10 rows, each 10 m long with 25 cm between
TOWS.

According to the most suitable sowing dates, tomatoes
were planted on 12 November, while radishes and lettuce
were planted on 11 and 19 February, respectively, each
year. The treatments were applied in three equal doses at 4,
7, and 10 weeks after planting. All other agricultural
practices were applied as recommended for commercial
production of these crops.
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At harvest, five plants were randomly taken as a sample
from each plot. Vegetative parts (leaves, stems, and roots)
were cut, washed with tap water, rinsed with deionized
water, and dried at 70°C in a drying oven to a constant
weight, and then ground using a gate mill for chemical
analysis.

Subsamples of ground stems (200 mg), leaves (200 mg),
and roots (100 mg) were digested in a mixture of con-
centrated HNO3 and HC1O, (4:1, by volume) and the P and
Cd elements in the solution were determined with induc-
tively coupled plasma atomic emission spectroscopy. A
certified standard reference material (SRM 1515, apple
leaves) of the National Institute of Standards and Tech-
nology, USA, was used in the digestion and analysis as part
of the QA/QC protocol. Reagent blanks and analytical
duplicates were used where appropriate to ensure accuracy
and precision in the analysis. The recovery rates were
approximately 90 + 6% for Cd and P in the plant reference
material. Soil samples were digested first with 65% and
72% HCIOy, and then with 40% HF. The ’plant available’
metal concentrations in the soil were determined after
extraction with 0.005 M diethylenetriamine pentaacetic
acid (DTPA) (Lindsay and Norvell, 1978). All digested
plant and soil materials and soil extracts were analyzed for
Cd using inductively coupled plasma mass spectometry.
The data reported in this paper are the mean values of four
replicates.

Resuts and Discussion

Data were subjected to a statistical analysis of variance,
and when the F ratio was significant, the least significant
difference (LSD) test was applied using the SPSS statistical
package version 9.0 for Windows 98 to compare treatment
means. Using the same data, a correlation analysis was also
calculated to evaluate the extent of the association and its
significance.

The results of the present study revealed that the Cd
content of tomato plant parts increased with increasing
phosphate fertilization levels as compared with the un-
treated control (Table 1). Thus, the Cd level in the plant
tissues depended on the concentration of available Cd in
the soil, which corroborates earlier results in rice (Oryza
sativa L), sweet corn (Zea mays L), and tomato (Lycop-
ersicon esculentum) (Reddy and Patrick, 1977; Mahler
et al. 1980).

The results presented in Table 1 show that the distribution
of the metal taken up was not homogenous; a higher pro-
portion remained in the roots than was transported to the
shoots. This observation is consistent with findings reported
by Petterson (1976), who indicated that when cucumber
(Cucumis sativus L.), wheat (Triticum aestivum L.), oat

Table 1 Effect of phosphate fertilizer treatments on Cd concentra-
tions in the tomato cultivar “Carmello”

Phosphorus Treatment Cd (ppm*¥*)
(kg P,Os/dn*) -
Fruits Roots + Whole
B Shoots plant
Juice Flesh
0 0.080 0.009 0.212 0.100
24 0.090 0.010 0.228 0.109
48 0.100 0.015 0.228 0.114
72 0.120 0.020 0.387 0.176
LSD 5% 0.032 0.004 0.057 0.029

* dn = donum = 1000 m?
** ppm = mg/kg dry weight

**% .SDgos: Least significant differences at 0.05 significant level

(Avena sativa L), and tomato (Lycopersicon esculentum) are
grown in nutrient solution with 1, 10, and 100 uM Cd, the
shoot and root Cd content increases 5 to 10 times if the metal
concentration increases 10 times.

The results also demonstrate that the Cd content was
highest in the roots (Table 1) and decreased during onto-
genesis (Table 1). Thus, the root system of the tomato
seems to act as the first barrier to Cd in the soil. In spite of
the different mobility of metals in plants, the root system
accumulates them to a significantly higher extent than do
the above-ground organs. As a result, the root system is one
of the targets of their toxic effect. A similar conclusion was
drawn by Ernst et al. (1992).

There are significant differences in the Cd concentration
in different parts of the plants. Nevertheless, variations in
the Cd concentration as a function of the rate of application
of phosphate fertilizer were clear cut. The Cd concentration
in various plant parts is generally higher at 72 kg P,0s/dn
treatment. The increase of the Cd concentration at other
P,Os5 levels, however, was not significant between treat-
ments. The Cd concentrations were highest in the roots and
shoots, then the juice, and lowest in the flesh. The con-
centrations of Cd ranged between 0.009 and 0.020 ppm,
0.08 and 0.120 ppm, and 0.212 and 0.387 ppm in tomato
flesh, juice, and roots + shoots, respectively. These results
indicate that the vegetative parts, especially the roots, re-
stricted the transportation of the ion to tomato fruits and
reduced its accumulation in the tomato fruit. In other
words, Cd preferentially accumulated in the roots and
shoots, with low transport to the fruit. The data revealed
that the concentration of Cd in different tissues of tomato
plants increased with increasing levels of P. In general, the
pronounced concentration of Cd in the vegetative parts of
the tomato might be due to the presence of Cd in phosphate
fertilizer, which increased with increased application.
Increasing the rate of the phosphate fertilizer application
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Table 2 Effect of phosphate fertilizer treatments on the Cd con-
centrations in the lettuce cultivar “dark green”.

Table 3 Effect of phosphate fertilizer treatments on the Cd con-
centration in the radish cultivar “Baldy”

Phosphorus Treatment Cd ( ppm*¥*) Phosphorus Treatment Cd (ppm*¥*)

kg P,Os/dn)* kg P,Os/dn)*

(kg P0s/dn) Leaves Roots Whole plant (kg P0s/dn) Leaves Roots
0 0.07 0.16 0.12 0 0.78 0.51
24 0.08 0.23 0.17 24 0.90 0.52
48 0.11 0.34 0.03 48 1.01 0.52
72 0.13 0.37 0.24 72 1.04 0.54
LSDg os*** 0.02 0.07 0.04 LSDg g5*** 0.04 0.03

* dn = donum = 1000m*
** ppm = mg/kg dry weight

*#% L.SDg s: Least significant differences at 0.05 significant level

increased the soil DTPA-extractable Cd, leading to an
increased uptake of Cd by tomato plants and its accumu-
lation in the vegetative parts, and indicating a reduced
translocation of Cd from the vegetative to the reproductive
organs. These results are in agreement with those of Pez-
zarossa et al. (1993). ACMS (2003) reported that health
authorities have set an upper limit for Cd in root, tuber, and
leafy vegetables. This is called the “Maximum Permitted
Concentration (MPC)” and is set at 0.1 milligrams per
kilogram (mg/kg) of fresh weight.

The data presented in Table 2 indicate that Cd concen-
trations in leaves and roots of lettuce plants after harvest
varied from 0.07 ppm to 0.3 ppm in response to the
application of different levels of P,Os. The data indicate
that, generally, Cd concentrations in both leaves and roots
increased with an increased P,O5 level. There were sig-
nificant differences between P,0O5 treatments. The differ-
ence in the Cd content in leaves between treatments with
24 and 48 kg P,0s/dn as well as that in the roots between
treatments with 0 and 24 kg P,Os/dn and between 48 and
72 kg P,Os /dn were not significantly different. In the
whole plant, the Cd content was not significantly different
between the 48 and 72 kg P,Os/dn treatments. The maxi-
mum concentration of Cd occurred at the 24 kg P,Os/dn
level in the leaf and root samples. The results demonstrate
that P,O5 application causes a more significant buildup of
Cd in the roots than in the leaves at the applied levels of
P,Os. The Cd concentrations in the leaves ranged between
0.07 with no treatment and 0.13 ppm at 72 kg P,Os/dn,
whereas in roots, the levels varied between 0.16 and 0.37
ppm. This can be attributed to the enrichment of Cd in the
soil from phosphate fertilizer, which consequently in-
creased the Cd concentrations in the plant tissues. These
results are in agreement with the findings of Moral et al.
(1994) and Pezzarossa et al. (1993). The data shown in
Table 2 show that P,Os fertilization increased Cd accu-
mulation in the roots more than in the leaves. The results
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* dn = donum = 1000m*
** ppm = mg/kg dry weight

*#% L.SDg s: Least significant differences at 0.05 significant level

also indicated that lettuce roots obtained Cd from the soil
and transported it to the shoots to varying degrees, but most
of the absorbed Cd remained in the root or was redistrib-
uted to the root from the shoots. This suggestion was
confirmed by the study of Cataldo et al. (1983), who re-
ported that normally Cd ions are retained mainly in the
roots, and only small amounts are transported to the shoots.
Greger and Lindberg (1986) reported a 4- to 10-fold in-
crease in the Cd content in the roots of the sugar beet (Beta
vulgaris L.) when the Cd concentration was raised from 5
to 10 puM. They also reported that the Cd content of the
shoots was only 10% to 20% that of the roots. A similar
result was observed when weeds were grown in clay soil
and irrigated with different concentrations (5, 10, 20 mg/
kg) of Cd (Ewais 1997). Ewais further revealed that most
of the Cd was accumulated in the roots (81%), and only
19% was transported to the shoots. In this respect, lettuce
plants might be considered “Cd shoot excluders,” with Cd
accumulating at higher concentrations in the roots than in
the shoots. This strategy is one of several that plants use to
tolerate Cd (Weigel and Jager 1980). This might be due to
hindrance of the transportation of Cd to the leaves, which
would contradict the findings of Moral et al. (1994).
Table 3 shows the effect of applying P,Os at four dif-
ferent levels (0, 24, 48, and 72 kg P,Os/dn) on the Cd
concentration in radish plants. The Cd concentrations in the
leaves were 0.78 ppm at 0 level of P and reached 1.04 ppm
at 72 kg P,Os/dn of P. Statistical analysis revealed sig-
nificant increases in the Cd concentrations in the leaves
with respect to control plants with increasing levels of P
treatments. When the P,Os5 level was increased from 48 to
72 kg/dn, however, the resultant increase in Cd concen-
tration in leaves was not significant. There were no sig-
nificant variations in Cd concentrations in the roots
between P,Os treatments. The Cd concentrations ranged
between 0.51 ppm and 0.54 ppm at 48 kg P,Os/dn and 72
kg P,Os/dn, respectively. The data indicate that the leaves
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Table 4 Effect of phosphate treatments on the concentration of
available P and Cd in sandy soils after harvesting tomato, lettuce, and
radish plants

Correlation coefficient
between P and Cd

Phosphorus treatment Available element
(kg P,Os/donm) (ppm) in soil

P Cd

Tomato plant experiment

0 5.31 0.40

24 132 0.40

48 14.7 0.45

72 17.2 0.51 0.975*
Radish plant experiment

0 53 0.40

24 7.8 0.41

48 8.5 0.43

72 9.7 0.45 0.921*
Lettuce plant experiment

0 53 0.40

24 6.3 0.39

48 6.5 0.42

72 73 0.44 0.898*

Correlation coefficient between Cd of leaves and available P in soil is
0.737*

accumulated more Cd than the roots at all levels of P. This
tendency toward increasing Cd concentration in leaves
might be due to active transport. These findings are in
agreement with the study of Pezzarossa et al. (1993).

Pezzarossa et al. reported that the application of Cd-
bearing phosphate fertilizer increased the Cd levels in soils
and plants. These results are also in agreement with the
findings of Moral et al. (1994) and Webber (2003), who
reported that Cd accumulation in plant materials varies with
crop type and plant part and that Cd has the ability to be
transported to the aerial parts. Also, Petterson (1976)
claimed that there were significant differences between plant
species in their response to different Cd concentrations.

Another view was postulated by Schierup and Larsen
(1981), who reported that differences in the ability of
plants to accumulate heavy metals is related to differences
in their root morphology. The investigators suggested that
plants with numerous roots would accumulate more metals
than plants with a few thick roots.

Table 4 shows the average Cd and P content in the soils
of the three crops. The ranges of available Cd in the soil
were 0.40 to 0.45 mg/kg and 0.38 to 0.44 mg/kg in soils of
radish and lettuce plants, respectively. The same trend was
observed for available P in the soil with increasing P,Os
levels.

Available P varied from 5.32 to 17.2, 5.3 t0 9.7, and 5.0
to 7.3 mg/kg in the soils of tomato, radish, and lettuce

plants, respectively. The variations in Cd and P levels in
the soils might be due to the amounts of phosphate fertil-
izer added to the soils.

There was a significantly positive correlation between
available P and Cd in the three experiments (0.975, 0.921,
and 0.898), which could be due to the presence of Cd in the
phosphate fertilizer as a contaminant. Also, there was a
significantly positive correlation (0.737) between the con-
centration of Cd in plants and the available P in all the
experimental soils. It could be concluded that excess P
facilitates the accumulation of Cd in both the soil and the
vegetative parts of tomato, lettuce, and radish plants.
Similarly, Pezzarossa et al. (1993) observed that the Cd
concentration in edible plant parts is dependent on P,Os
application.

Environmental quality cannot be ensured by simply
controlling the concentration of heavy metals added
therein, because soils make up a complicated and hetero-
geneous system (Chen et al. 2001).

Other criteria are also used to evaluate soil contamina-
tion by heavy metals, such as background concentrations,
which represent natural elemental concentrations in the soil
before human influence (Chen et al. 1999). The baseline
background concentration of Cd in this study was 0.40 and
the treated soils of the three crops slightly surpassed the
background level of Cd. Soil contamination, however,
might be considered when the concentration of an element
in the soil is two or three times greater than the mean
background level (Logan and Miller, 1983) and none of the
treatments reached that level.

The Cd concentration in the soils of the experimental
site increased slightly due to the application of phosphate
fertilizers, but the concentration did not reach contamina-
tion levels in the three experiments.

An intensive increase in the rate of the application of
phosphate fertilizer leads to the accumulation of available
Cd in the soil, which in turn affects the plant’s Cd content.
The data show significant correlations between available P
and Cd, both in the soil and in the plant tissue. The ability
of a plant to accumulate Cd might depend on the crop type
and plant part. To avoid the side effects or toxicity of Cd on
animals and humans, we recommend using fertilizers low
in Cd and avoiding overuse of P,Os fertilizers.

In conclusion, the results of the present study indicate
that most of the Cd absorbed accumulates in the roots of
tomato and lettuce plants, while it is freely translocated to
the leaves in radishes. Comparisons of the Cd concentra-
tion in the three plants at different levels of P,O5 revealed
that radish plants accumulated more Cd than both lettuce
and tomato plants. Radish plants accumulated Cd from 4.3
to 7.8 times more than tomato plants, while in lettuce
plants the range was from 3.23 to 5.6 times. Our results are
in close agreement with those reported by Webber (2003).
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He reported that broadleaf vegetables accumulate more Cd
than most other plants.
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