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Abstract

A number of soils from Southeastern Italy have been characterized for their principal physico-chemical properties and total and available contents of trace
metals in order to evaluate their possible phytotoxic effects on locally-grown crops. Trace metal toxicity was evaluated by measuring their content in the
shoots of different crops (olive, orchards, vineyards and vegetables) grown on these soils, and by using phytotoxicity tests based on seed germination and
seedling growth. The total contents measured for trace metals are generally within the usual range found in Italian soils. Only total Pb and Cd contents were
close to the upper limits of environmental hazardous concentration. Trace metal contents in plant shoots and results of phytotoxicity tests confirmed the
presence in these soils of metal concentrations not harmful to plants.
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Introduction
In recent decades several anthropogenic activities have caused a
remarkable release of trace metals into agricultural soils. The most
relevant of these include the application of fertilizers, liming
materials, agrochemicals, sewage sludges and other wastes used
as soil amendments, the use of irrigation waters, and atmospheric
deposition from industrial, urban and road emissions1-2. Although
some trace elements are important plant micronutrients, an ex-
cessive concentration may result in soil contamination and plant
uptake, which in turn may affect negatively the yield and quality of
agricultural crops. Further, toxic trace elements may enter the food
chain and/or leach down to groundwater, thus contaminating drink-
ing water resources, with obvious negative consequences for the
environment and human and animal health2. The total content of a
trace metal in soil is generally of limited use for evaluating the
amount of metal that can be absorbed by plants. An increase in the
total metal content does not necessarily correspond to an increase
in plant uptake. Bioavailability of trace metals in soil and their
phytotoxicity are related to the specific forms of metals in soil,
and to several soil properties, such as pH, clay, silt and organic
matter content and quality, redox potential, and cation exchange
capacity3-5. Further, the amount of trace metals absorbed by plants
is a critical aspect in evaluating the risk of phytotoxicity in a par-
ticular site6. Several chemical methods using various extractants
have been applied to assess metal speciation and availability in
soils5,7-8. Chemical analysis of soil metals are, however, not com-
pletely reliable for the purpose of evaluating their actual phyto-
toxicity in field conditions9-10. Plant toxicity tests, including seed
germination, root elongation and early seedling-growth tests, are
simple, rapid, reliable and reproducible methods that can be used
to study metal phytotoxicity11-13. The evaluation of metal uptake
by selected metal-sensitive plant species (bio-indicators), such
as cress (Lepidium sativum L.) and oat (Avena sativa L.), which
promptly react to soil contamination by metals, resulted more
informative than results obtained by the use chemical methods14,
and more advantageous than tests using animals, algae and bacte-
ria, in assessing the phytotoxicity of metals and other chemicals

in soil15. The main purpose of this work was to determine the total
and available concentrations of trace metals in various Southeast-
ern italian soils by chemical methods and phytotoxicity tests, and
to evaluate their correlations with various physico-chemical soil
parameters. Another purpose of the work was to investigate the
influence of soil depth and agricultural practices related to crop
species on trace metal concentrations in the soil. Further, the up-
take of two representative trace metals, Cu and Pb, by cress and
oat plants grown on soils containing the largest amount of total
and available metals was evaluated.

Materials and Methods
Soil samples: Soil samples were collected from 42 rural sites
(including some greenhouses) in Southeastern Italy (Apulia re-
gion) cropped to olive, vineyard, orchard and vegetables. The lo-
cation and number of sites sampled in each location are indicated
in Figure 1. Soils in each field site were sampled at two depths, 0-
10 cm and 10-30 cm, whereas greenhouse soil samples were col-
lected at a depth of 0-10 cm. A total number of  75 soil samples
was analyzed. Before analysis each soil sample was spread on trays
and air-dried, then thoroughly mixed and rolled in a mortar to break
up clods, and finally passed through a 2-mm sieve.

Soil analysis: Standard methods have been used for soil analy-
sis16. In particular, pH was measured by a glass electrode in water
and in 1M KCl suspension (pHH2O and pHKCl, respectively) at a
1:2.5 soil to liquid phase ratio. Electrical conductivity (EC) and
soluble salt content (saltssol) were determined by a conductimeter
on soil suspensions at a 1:2 soil to water ratio. Particle size dis-
tribution was determined by the hydrometer method after disper-
sion of the sample in sodium hexametaphosphate solution. Total
organic carbon (Corg) was measured by the Walkley-Black method,
and organic matter (OM) was calculated by multiplying Corg by
1.724. Total nitrogen (Nt) was determined by the Kjeldahl method,
and available phosphorus (P2O5) by the Olsen method. Cation ex-
change capacity (CEC) and exchangeable bases (Ca, Mg, Na and
K) were determined on BaCl2-triethanolamine (TEA) soil extracts
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by means of an inductively coupled plasma spectrometer (ICPS,
Tracescan Thermo Jarrel Instrument). Total CaCO3 content was
measured by the gas-volumetric method using the Dietrich-
Fruehling calcimeter. Exchangeable sodium percentage (ESP) was
calculated as the ratio Na to CEC. Total trace metal concentra-
tions in soils were determined by using the U.S.-EPA Method n.
305217. Briefly, a solution of HCl-HNO3 (3:1, v/v) was added to 3
g of soil in closed pressure boxes which were then placed in a
microwave oven (Milestone, model Ethos 900). Mixtures were
heated by using an energy program consisting of 4 steps, 250 W,
400 W, 600 W and 250 W, at 6 min each. The samples were then
cooled and added with distilled water up to 25 mL, stored in plas-
tic containers, and finally measured for their metal contents by
ICPS. Optical lines were chosen so that to ensure the lowest in-
teraction between emissions of the various elements present in
the extracted solutions. The available trace metal contents were
determined by extracting the soil samples by diethylenetriamine
pentaacetic acid (DTPA)7, and analyzing the extracts by ICPS18.
All reagents used were Fluka analytical grade.

Phytotoxicity tests: Metal phytotoxicity of  33 soil samples (all
from the upper soil layer), which were selected from the total  75
samples on the basis of the higher trace metal (one or more) con-
tents, was evaluated by seed germination and short-term plant
growth indexes which are widely utilized to test phytotoxicity of
various substrates including composts, sludges, organic chemi-
cals and wastewaters13,15,19-22. Two plant species, oat (Avena sa-
tiva L.) and cress (Lepidium sativum L.) were used in these two
tests.

Seed germination: The experiment was conducted in quadrupli-
cate on sets of   25 oat or cress seeds placed on a 5-mm moist-
ened layer of each soil sample and covered with a moistened fil-
ter paper in 8-cm diameter petri dishes23. A metal-unpolluted soil
sample  mixed with 30% of perlite was used as the control. All
dishes were sealed to avoid water evaporation and left in the dark
in a Phytotron growth chamber at 21 ± 1 °C. Seed germination and
primary-root lengths were evaluated after 2 and 3 days, respec-
tively for cress and oat. The percentage of seed germination (SG)
and the germination index (GI) were calculated according to
Zucconi et al.19:
where Gs and Gc are, respectively, the percentages of seed ger-
mination in the sample and in the control, and Ls and Lc are the
primary-root lengths of the sample and the control, respectively.

Short-term growth: The experiment was conducted by transplant-
ing  10 oat and cress seedlings into small plastic pots filled with
200 mL of soil sample, and irrigating with tap water every 3 days
for 21 days. Growth was determined by measuring the fresh and
dry weights of shoots at the end of the growing period. The rela-
tive growth index (RGI) was obtained by the following equation13:
where Ws and Wc are, respectively, the shoot weights of the sample
and the control. This index was calculated both on fresh and dry
shoot weights.

Trace metal contents in the shoots: The content of Pb and Cu
was determined in the shoots of plants grown on  9 soil samples
that presented a potential risk of phytotoxicity on the basis of the
bioavailable amounts of Pb and Cu in these soils and the previ-
ously obtained SG, GI and RGI indexes. Shoots were cut with a
blade and then oven-dried at 80°C until a constant weight was
achieved. Each oven-dried sample was ground in an agata mortar
and then stored in a plastic container until analysis.
    The extraction of Cu and Pb from the shoots was performed by
digesting in a microwave oven 100 and 150 mg, respectively, of
cress and oat dry material in a mixture of 0.5 mL of 30% H2O2 and
3 mL of 65% HNO3

17. The resulting mixtures were collected with
distilled water, filtered through a 0.45-µm syringe sieve, and then
analyzed for Pb and Cu content by ICPS.
     In order to assess the influence of soil properties on Cu and Pb
uptake by plants, the soil-to-plant transfer ratio5 were evaluated
by calculating the biological absorption coefficients (BAC), i.e.,
the ratio of Cu and Pb  concentrations in the plant shoots (Meplant)
to either the total or the available corresponding metal concentra-
tions in soils (Metot and Meava, respectively) according to Chen et
al.14:

BACT = Meplant/Metot           (4)

BACA = Meplant/Meava           (5)

Statistical analysis: Correlations between soil properties data and
total and available trace metal contents were statistically evalu-
ated by calculating the correlation coefficients (r) at P < 0.001.
Regression equations and determination coefficients (R2) between
total and available contents of some metals were also calculated.
The values of SG, GI and RGI have been statistically analyzed by
one-way analysis of variance (ANOVA) at both 95% and 99% con-
fidence levels. The mean values were separated by using the least
significance difference (LSD) test. Data obtained for all treat-
ments were statistically compared to the control treatment data.

Results and Discussion
Table 1 shows the average values of physical and chemical param-
eters of the 75 soil samples examined, including the total and avail-
able contents of some trace metals together with the usual and
extreme ranges of total trace metal contents in soil2. In general,
soils examined can be classified as medium-fine-textured soils
(30.6% are clay soils, 16% silty-clay soils and 24% silty loam
soils). Some parameters markedly differ between the two layers,
e.g., the EC of the 0-10 cm layer is almost twice than that of the
10-30 cm layer. The contents of organic matter (OM), P2O5, Nt,
Na and ESP are also higher in the surface layer than in the bottom
layer, whereas no significant difference is observed between the
two layers for pH, texture and CEC. Figure 2 shows the distribu

tion (in %) of the 75 soils examined for their range values of pHKCl
and Corg. The majority (92%) of soil samples shows pH values
close to neutrality (6.5-7.5), 5.3% of samples show a pH > 7.5,
and only two soils are acidic (pH 6.5-5). The amount of Corg can
be considered adequate or good in most soils (97.3%), with only
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two samples presenting a small Corg content. These results may
suggest a scarce mobility of trace metals in most soils which are
expected to be adsorbed and/or immobilized by OM. The total
content of each trace metal generally falls in the usual range re-
ported in the literature2, and is similar between the two layers,
whereas the contents of available metals are slightly higher in the
surface layer than in the deeper layer. The values of the ratio Metot/
Meava follows the order Cu > Ni > Cd > Zn > Pb >> As > Cr. Only
the total content of Cd is above the upper limit of the usual range,
probably because of Cd impurities added to soil by phosphate fer-
tilizers24-26. The lowest concentrations of total and available trace
metals are found in sandy soils, while the highest ones are mea-
sured in soils rich in OM. These effects can be ascribed, respec-
tively, to the limited weathering and/or great metal mobility in the
former soils and the high metal adsorption by OM in the latter
soils1,26. Relevant differences can be observed between some soil
parameters as a function of the crop species grown (Table 2). The
largest contents of OM, Astot, Cdtot, Asava and Cdava are measured in
soils cropped to olive, whereas exchangeable cations, CEC and
ESP show the highest values in soils cropped to vegetables. Vine-
yard soils show the highest values of EC, saltssol, CaCO3, P2O5,
Crtot, Zntot, Cuava and Znava. These differences are probably related
to the different agricultural practices used for the various crops,
such as types and doses of fertilizers and pesticides applied and
irrigation water quality. The correlation coefficients calculated
between some soil parameters are shown in Table 3. Silt is posi-
tively correlated to the contents of OM, Ca, K, Nt and to CEC. The
pHH2O is negatively correlated to EC, P2O5 and Nt. As expected,

CEC is correlated positively to OM content and negatively to
CaCO3 and sand contents. The Ca content is correlated negatively
to Na and Mg contents and positively to K content. The ESP is
correlated negatively to both silt and OM contents, and positively
to clay content. When the correlation coefficients are calculated
separately for the two soil layers (data not shown), almost all the
physico-chemical parameters appear to be highly (P < 0.001) cor-
related to both silt and clay in the 0-10 cm layer, whereas these
correlations do not hold in the 10-30 cm layer. Further, in the 0-
10 cm layer, the OM content is highly correlated to Nt and ex-
changeable cation contents. The regression equations and statisti-
cal parameters shown in Table 4 indicate that the available con-
tents of Cd, Cu, Pb and Zn in the soils examined are highly signifi-
cantly correlated to their total contents, whereas no correlation is
found for As, Cr and Ni. Further, trace metal contents are all
intercorrelated positively (data not shown), which can be ascribed
to their general increased concentration due to various inputs in-
cluding atmospheric deposition, anthropogenic activities and ap-
plication of fertilizers and amendments to soil. In Table 5 only the
highly significant (P < 0.001) correlations found between the to-
tal and available trace metal contents and soil parameters are shown
distinguished for different crops. Few correlations are held for
orchard soils, whereas particularly relevant positive correlations
of several total and/or available trace metal contents are obtained
with: (a) CEC, especially for olive-cropped soils; (b) OM con-
tent, especially for vineyard soils; (c) total N content, especially
for vegetable-cropped soils; and (d) available P2O5 content for vine-
yard, olive-cropped and vegetable-cropped soils. Sand is the only
relevant soil property holding a negative correlation with some

Table1. Average values of some physical and chemical parameters, including total and available contents of some trace
metals, of the  75 soil samples examined. The usual and extreme range values of total trace metal contents in soil are also
reported (from Senesi et al.2).

Depth Sand Silt Clay CaCO3 pH H2O pH KCl EC
(cm)        (g kg-1) (dS m-1

0.9
0.5
P2O5
(mg kg-1)

143.7
110.6
K/Mg

0.8
0.8
Zntot

132.1
136.7
10-300
6-30,000
Znava

7.10
6.31

0 – 10
10 –30

0 –10
10 –30

 0 – 10
10 –30

0–10
10–30
Usual range
Extreme range

0–10
10–30

333.2
330.3
Saltssol
(g kg-1)

1.2
0.7
Na

1.0
0.6
Astot

39.0
39.2
1-50
0.1-1,000
Asava

0.08
0.09

389.0
397.3
CEC
(cmol kg-1)

32.4
32.2
K
    (cmol kg-1)
1.9
1.8
Cdtot

1.8
1.9
0.01-0.70
0.01-7.0
Cdava

0.11
0.09

277.9
272.4
Corg

17.0
15.8
Ca

25.4
26.8
Crtot

84.9
82.1
5-1,000
0.1-35,800
Crava

0.06
0.03

96.0
112.9
OM
         (g kg-1)

29.3
27.3
Mg

3.7
2.8
Cutot
(mg kg-1)

61.2
62.1
2-100
10-14,000
Cuava
(mg kg-1)

7.33
6.89

7.9
8.0
Nt

1.7
1.5
ESP
(%)
3.3
1.7
Nitot

39.3
37.5
5-500
0.5-6,200

Niava

0.44
0.30

7.1
7.2
C/N

9.8
10.6
Ca/Mg

10.2
12.5
Pbtot

99.9
103.6
2-200
0.1-10,000
Pbava

3.33
3.16
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  OAT CRESS

Soil Sample Cu Pb Cu Pb

I 17 1.65 0.20 1.99 0.78

I 31 2.77 0.17 2.07 0.61

I 75 1.50 0.19 2.73 1.10

I 79 1.45 0.09 1.87 0.13

I 84 1.53 0.23 2.14 0.53

I 85 1.60 0.58 3.31 1.02

I 102 1.98 0.22 1.84 0.88

I 103 1.71 0.31 1.69 0.71

I 105 1.53 0.16 1.74 1.26

Mean values 1.75 0.24 2.16 0.78

Control 1.38 0.19 3.09 0.72

Permissible levels in vegetables29 40 5.0 40 5.0

Maximum normal and unharmful values to plants30 20-30 10-30 20-30 10-30

Table 7. Contents of Cu and Pb  mg kg-1in shoots of A. sativa (oat) and L. sativum (cress) grown on some soils
examined (depth 0-10 cm).

OAT CRESS
Soil Sample SG GI RGI RGI SG GI RGI RGI

(%) (%) (f. w.) (d. w.) (%) (%) (f. w.) (d. w.)

I 7 66**
I 17 73*
I 31 74*
I 72 65*
I 74
I 75 64** 72** 53*
I 76 73*
I 79 44** 28** 17**
I 84 61**
I 85 61** 44** 23** 71* 75**
I 87 76*
I 98 71* 53** 53*
I 102 56** 54*
I 103 52** 58*
I 105 71** 38** 38** 23** 42**
S1 68**
S2 61**
S4 66**
S6 75*
Control 90 100 86 100 100 100

The symbols ** and * refer, respectively, to a difference significant at 0.01P and 0.05P, according to LSD test. Only values statistically lower than the control values are
shown.

Table 6. Seed germination (SG), germination index (GI) and relative growth index (RGI) related to fresh weight (f. w.) and dry
                weight (d. w.) of A. sativa (oat) and L. sativum (cress) for some representative soil samples (depth 0-10 cm).
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trace metal total contents, especially in olive and orchard soils.
These results confirm that metal contents in soils are strongly
influenced especially by the OM content, CEC, and sand content3.
An important role is also played by agricultural practices related
to the crop type grown on the soil27. The values of  the toxicity
indexes SG, GI and RGI used to evaluate the potential phytotoxic-
ity of representative soils on oat and cress are shown in Table 6. In
general, the response to these indexes is different for the two spe-
cies tested on dependence on the soil type and the index consid-
ered. In particular, with respect to the control values, the param-
eter SG is significantly reduced when oat or cress are grown on
different groups of soils, whereas RGI is affected only in very
few cases. Some soils appear to affect negatively only oat seed
germination (SG), whereas other soils influence mostly oat pri-
mary-root length (GI), and only one soil reduces oat shoot weight
(RGI). Also in the case of cress the RGI parameter, i.e., cress shoot
weight, is generally not affected with the exception of three soils.
On the other hand, the same group of soils reduce both the SG and
the GI indexes, i.e., seed germination and primary-root length of
cress. In general, cress appears to be more sensitive than oat to
these tests. According to Cheung et al.9, leafy plants such as cress
react more than cereals such as oat to the toxicity of the sub-
strate. This effect is ascribed to the larger food reserves of seeds
of cereals, legumes and root crops with respect to leafy plants9.
Only two of the soil samples examined appear to affect most of
the indexes in both species.The contents of Pb and Cu in cress and
oat shoots grown on some of the soils examined (Table 7) are in
agreement with values reported in the literature28. Although the
contents measured are slightly higher than those in the control,
they are always far below the levels permissible for vegetables
fixed by FAO and WHO29 and the limits reported as harmful to
plants30. The values in Table 7 indicate that cress tend to accumu-
late metals more than oat, which confirms that metal accumula-
tion in leafy crops are higher than in grain and fruit crops31. Analy-
sis of correlation coefficients does not show relevant relation-
ships between metal contents in plant shoots and analytical soil
parameters examined (data not shown). The only exceptions are

the positive correlations (P < 0.01) of the Pb content to CaCO3
and sand contents in oat. Pb content is also correlated negatively
to CEC and As, Cr and Ni contents, probably on dependence of
antagonistic effects in the plant uptake. Statistical analysis does
not show any correlation between Pb or Cu contents in the two
plants and soil Pbava or Cuava. The BAC values of total and available
Cu and Pb contents in some soils are shown in Table 8 for cress
and oat shoots. In cress the BAC values for Cuava and Pbava con-
tents (0.17 and 0.21, respectively) are much higher than those for
Cutot and Pbtot contents5. The BAC values of Cu and Pb are lower
for plants grown on soils richer in available Cu and Pb, and this is
in agreement with findings of Chen et al.14. Probably, when the
concentration of trace metals in soil is high, plants can adjust their
physiological activities by decreasing biomass and growth rate so
that to reduce metal uptake and related toxic mechanisms14. Both
BAC values for Cu and Pb are smaller for cress than for oat, thus
indicating that a leafy plant such as cress tends to uptake trace
elements from soil to a greater degree than a cereal crop such as
oat32.

Conclusions
The total and available contents of trace metals in soil samples
examined generally fall within the range of the values reported in
the literature. The contents of Pbtot and Cdtot are in most samples
close to the limits reported as environmental hazardous concen-
trations. In particular, the content of Pbtot is very high in soils close
to major roads. In few cases the contents of Cutot and Zntot are
above the normal range, probably as a consequence of the use of
fertilizers and pesticides. The concentration of available trace
metals is very low in all samples, probably because of soil pH
values close to neutrality and adequate contents of OM and CaCO3
that decrease trace metal availability. The response of both oat
and cress to seed germination, plant short-term growth and metal
contents in shoots indicates that trace metal concentrations are
not harmful in all but two soils tested, even for a sensitive species

                    Figure 1. Location and number of sampling sites in
                         each lo cation in the Apulia.

Table 8. Biological absorption coefficients (BACT and BACA) of total
   and available contents of Cu and Pb in soil for shoots of A. sativa
   (oat) and L. sativum (cress).

OAT CRESS

Sample aCutot
bCuava

aPbtot
bPbava

aCutot
bCuava

aPbtot
bPbava

I 17 0.01 0.07 0.00 0.01 0.02 0.09 0.00 0.06

I 31 0.01 0.27 0.00 0.03 0.01 0.20 0.00 0.12

I 75 0.02 0.15 0.00 0.02 0.03 0.27 0.01 0.11

I 79 0.03 0.21 0.00 0.02 0.04 0.27 0.00 0.03

I 84 0.01 0.08 0.00 0.02 0.02 0.11 0.00 0,05

I 85 0.02 0.09 0.01 0.08 0.03 0.18 0.01 0.14

I 102 0.03 0.16 0.00 0.14 0.03 0.15 0.01 0.58

I 103 0.03 0.21 0.00 0.25 0.03 0.21 0.01 0.58

I 105 0.01 0.08 0.00 0.03 0.02 0.09 0.01 0.27

Mean values 0.02 0.15 0.00 0.07 0.02 0.17 0.01 0.21
Superscripts a and b refer, respectively, to BACT and BACA
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such as cress. In conclusion, the soils examined can be consid-
ered not potentially phytotoxic for their trace metal contents.
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