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With aims of improvement of soil fertility management, achievement of safe crop production and
development of sustainable agriculture in the orchard, surface and subsurface soil samples were collected
at nine different orchards in the two regions of Dashitong and Jiajiazhongchun in Yantai City, Shandong
Province, China. Concentrations of selected heavy metals in soil were determined to carry out the environ-
mental impact assessment of the orchard soils.

The soils in Dashitong where 50-year—old trees are growing showed a clear tendency of Cu accu-
mulation, and the simple pollution index was 0.45 for Cu as a whole. The Cd concentration exceeded the
soil environmental standard in all soils to show the simple pollution index of 1.73. The overall pollution
index of the soils was 1.27, which indicated the pollution status of “slightly polluted” in the orchard soils.

In order to reduce the heavy metal concentration of the orchard soils, the mixed cropping with crops
such as soybean is desirable to make absorption of heavy metals by the crops as much as possible, in addi-
tion to application of organic fertilizer of the environmental preservation type having no or safe-level heavy

metal.

INTRODUCTION

The type and amount of chemical substances
released to arable land is rapidly increasing with
development of industrial technology. In harmony with
it, pollution of soil by heavy metals is becoming
conspicuous. In every year Hg of 15,000 ton, Cu of
3,400,000ton, Pb of 5,000,000ton and Ni of
1,000,000 ton are discharged in the world. The arable
land area polluted by heavy metals reaches
20,000,000 ha in China, which causes the economic loss
of 20billion yuan. Recently, development of industry
and enlargement of the area irrigated by polluted water
bring about serious environmental pollution by heavy
metals in Shandong Province of China. It makes a limit-
ing factor of industrial development. Therefore, preven-
tion of soil from heavy metal pollution and remediation
of polluted soil are urgent tasks to be solved.

Yantai City is located in the coastal area of
Shandong Province where innovation was first per-
formed in China. As a result, urbanization of the city
advances rapidly and the heavy metal pollution of soil
around the city becomes severe more and more with
advancement of the urbanization. Due to impossibility
of the complete recovery of the polluted soil by the pre-
sent technology and necessity of enormous cost, materi-
als and manpower for remediation of the polluted soil,
our research policy is to control soil pollution mainly by
practicing scientifically the fertility management of
cultivated soil.
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Orchard is widely distributed around Yantai City. In
recent years, fruit farms of a certain size are being
developed, and keeping quality of fruit trees becomes
important. In the present study, chemical properties of
the orchard soils were clarified for the proper fertility
management of the orchard, and the heavy metal
concentrations of the orchard soils were measured,
followed by the environmental impact assessment, with
aims of maintenance of the quality of fruits and sus-
tainable development of fruit production.

MATERIALS AND METHODS

Soil samples

Eighteen surface and subsurface soil samples were
collected at 9 different orchards in the two regions of
Dashitong (D1 to D3) and Jiajiazhongchun (J1 to J6) in
Yantai City, Shandong Province of China. Brief descrip-
tion of the soil samples is given in Table 1. The age of
trees in the orchard was 50 years in Dashitong and 30
and 15 years in Jiajiazhongchun. Sampling was done in
April 2006, and 1kg of soil sample was taken from each
depth at the sampling locations. Collected soil samples
were air—dried at room temperature followed by the
chemical and heavy metal analyses.

Chemical analyses

Chemical properties of soils were mainly analyzed
according to the soil standard methods for analysis
(Committee of Soil Standard Methods for Analyses and
Measurements (ed), 1986). The pH was measured in
the suspension having a soil:water ratio of 1:2.5. The
organic carbon content was determined by the Tyurin
method and multiplied by the coefficient of 1.724 to give
the organic matter content. The total nitrogen content
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Table 1. Brief description of the soils used in the study
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was determined by the Kjeldahl method. The total
phosphorus content was determined by the ascorbic
acid method after decomposition with perchloric acid.
The soil was digested by the HF-HNO,-HCIO, acid treat-
ment and analyzed for total potassium by an atomic
absorption spectrophotometer.

Determination of heavy metal concentration

Digestion with the HF-HNO,~HCIO, acid treatment
was used to determine total concentrations of heavy
metals (Committee of Soil Standard Methods for
Analyses and Measurements (ed), 1986). One g of the
pulverized air—dry sample was weighed accurately into a
teflon beaker, and 5 mL of the conc. HCIO, solution and
5mL of the conc. HNO, solution were added to the sam-
ple. The beaker was covered and heated for 3h on a hot
plate, and then heated without cover until dryness.
After cooling and gradual addition of 5mL of the conc.
HCIO, solution and 10mL of the HF solution in this
sequence, the beaker was heated for 15min. Heating
was stopped and then continued until dryness after
addition of another 10mL of the HF solution. The
beaker was cooled, added with 5mL of 6 M HCl and 1 mL
of the conc. HNO, solution, and heated with cover for 1
h. The beaker was filled—up to two—thirds of the volume
with water, covered, and heated to boiling for 2h. The
solution was transferred into a 50-mL volumetric flask
and made up to the mark with water after cooling. The
solution was quickly transferred into a plastic bottle and
analyzed for Cd, Cr, Cu, Pb and Zn by an atomic absorp-
tion spectrophotometer.

Ten g of the air-dry sample was weighed accurately
into a 100-mL wide-mouth bottle, added with 50.0 mL
of 0.1 M HCI, shaken for 1h with keeping temperature at
30°C, and centrifuged. The heavy metal concentration
in the supernatant was measured by an atomic absorp-
tion spectrophotometer to determine the concentration
of soluble heavy metals in soil.

Calculation equation of simple and overall pollu-
tion indexes

The simple pollution index by a heavy metal was
calculated by the equation of (measured heavy metal
concentration/soil environmental standard). The overall
pollution index by heavy metals was calculated by the
equation of (¥ (square of the average of the simple
pollution indexes + square of the maximum simple
pollution index)/ V2).

RESULTS

Fruit cultivation

The examined orchards were all an apple orchard.
The planting density was 800 100 trees per 667 m?”.
Compound fertilizer and raw poultry manure were
applied to apple trees. The application rate of com-
pound fertilizer (N-P-K: 14-6-10) was 2500 300 kg per
667 m”.

Chemical properties of soils in the orchard

Chemical properties of soils in the orchard are
shown in Table 2. The pH of the surface soil (0-20cm
deep) was 6.3 to 7.5 and was in the almost neutral
range. In contrast, the pH of the subsurface soil
(20-40 cm deep) varied considerably from 4.8 to 7.6 and
was in the strongly acid to neutral range. It suggests
that reclamation of soil pH is limited to the surface soil
depending on the locations.

The organic matter content ranged from 5.9 to
43.9¢g kg™ in the surface soil and from 3.2 to 39.3g kg™
in the subsurface soil. The organic matter contents of
D1, D3, J2 and J3 exceeded 41.0g kg™ in the surface soil
and 30.8g kg™ in the subsurface soil. The relatively
heavy application of poultry manure is supposed to the
orchard of those locations.

The total N content of the surface soil was highest
for D1 with the value of 1.11g kg™; it was lower than
0.7g kg™ for the other locations. The total P,O, content
exceeded 1.0g kg only for D1 and J1 in both surface
and subsurface soils; the highest value was 2.26 g kg of
the surface soil of J1. The total K,O content ranged
from 6.4 to 18.6 g kg™ in the surface soil and from 8.3 to
27.6 g kg™ in the subsurface soil.

Total heavy metal concentrations of soils in the
orchard

Total heavy metal concentrations of soils in the
orchard are shown in Table 3. The total Cu concentra-
tion varied from 26.80 to 175.59mg kg™ in the surface
soil and from 11.07 to 40.94mg kg™ in the subsurface
soil, and the total Cu concentration in the surface soil
was higher by more than double for the orchards in
Dashitong than for the orchards in Jiajiazhongchun. The
total Zn concentration ranged from 15.63 to 29.50 mg
kg™ in the surface soil and from 12.60 to 26.13mg kg in
the subsurface soil, and the total Cr concentration was
in a range between 23.16 and 41.53mg kg™ in the sur-
face soil and between 21.43 and 32.64mg kg™ in the sub-
surface soil. The total Pb concentration ranged from
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Table 2. Chemical properties of soils in the orchard
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Organic Total Total Total
Region Sample No Depth pH matter N P.0; K0
(cm)
(gkgh
DI 0-20 7.5 43.9 1.11 1.24 15.8
2040 7.6 39.3 0.52 1.10 10.5
Dashitong D2 0-20 7.0 14.8 0.38 0.85 16.1
2040 5.2 8.6 0.29 0.55 9.9
D3 0-20 6.9 42.0 0.68 0.98 18.6
20-40 4.8 30.8 0.46 0.72 14.8
n 0-20 7.0 14.5 0.25 2.26 9.1
20-40 5.3 13.8 0.25 1.24 25.3
19 0-20 6.8 42.8 0.63 0.55 15.4
20-40 5.3 375 0.37 0.38 27.6
13 0-20 6.4 41.0 0.43 0.45 15.9
o 20-40 6.9 32.3 0.31 0.39 12.6
Jiajiazhongchun 14 0-20 6.3 5.9 0.19 0.79 9.7
20-40 5.8 4.5 0.11 0.78 8.6
5 0-20 6.3 22.2 0.24 0.77 7.9
20-40 6.5 11.0 0.24 0.75 11.6
16 0-20 6.7 15.5 0.13 0.74 6.4
20-40 6.2 3.2 0.11 0.71 8.3
Table 3. Total heavy metal concentrations of soils in the orchard (mg kg™)
Heavy metal Cu Zn Cr Pb Cd
Depth(cm) 0-20 0-20 0-20 0-20 0-20
D1 175.59 29.50 36.86 12.28 0.50
Dashitong D2 150.63 15.63 32.59 5.52 0.64
D3 144.08 25.69 32.47 5.17 0.48
J1 43.45 20.47 29.17 11.01 0.62
J2 90.24 24.94 39.65 12.41 0.36
Jiajiazhongchun J3 35.31 16.41 36.58 6.66 0.47
J4 69.91 19.31 27.05 7.15 0.57
J5 69.80 24.38 41.53 8.66 0.46
J6 26.80 26.31 23.16 6.05 0.58
Averaget SD 89.53+ 18.21 22.52+ 7.67 33.23+ 2.01 8.32+ 0.96 0.52+ 0.03
Heavy metal Cu 7n Cr Pb Cd
Depth(cm) 20-40 20-40 20-40 20-40 20-40
D1 11.07 23.12 24.67 7.07 0.97
Dashitong D2 23.17 26.13 23.36 5.51 0.47
D3 40.94 22.59 25.51 5.32 0.60
J1 12.04 23.75 31.04 7.66 0.48
J2 25.61 12.60 28.93 10.42 0.58
Jiajiazhongchun J3 21.10 12.79 32.64 6.00 0.59
J4 34.04 18.76 26.35 7.65 0.52
J5 32.10 18.70 21.43 5.78 0.35
J6 39.89 19.18 30.41 7.37 0.77
Averaget SD 26.66x 3.66 19.74+ 1.57 27.15% 1.27 6.98+ 0.53 0.59+ 0.06

5.17 to 12.41 mg kg in the surface soil and from 5.32 to
10.42mg kg’ in the subsurface soil, and the total Cd
concentration was in a range of 0.36 to 0.64mg kg’ in
the surface soil and of 0.35 to 0.97mg kg in the subsur-
face soil. In the total concentrations of Zn, Cr, Pb and
Cd, there was observed not much difference between
orchards in the two regions and between soil depths in
an orchard.

Soluble heavy metal concentrations of soils in the
orchard

Soluble heavy metal concentrations of soils in the
orchard are shown in Table 4. The soluble Cu concen-
tration varied from 1.26 to 22.80mg kg in the surface
soil and from 0.63 to 6.61 mg kg™ in the subsurface soil.
The soluble Cu concentration was mostly higher for the
surface soil than for the subsurface soil in each orchard,
and it was ascribed to accumulation of total Cu in the
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Table 4. Soluble heavy metal concentrations of soils in the orchard (mg kg™)

Heavy metal Cu Cr Pb Cd
Depth(cm) 0-20 0-20 0-20 0-20
D1 11.87 (6.8)" 3.13 (10.6) 0.58 (1.6) 0.89 (7.3) 0.14 (27.7)
Dashitong D2 11.72 (7.8) 2.09 (5.9) 0.11 (0.3) 1.13 (20.4) 0.06 (8.9)
D3 7.48 (5.2) 1.51 (5.9) 0.69 (2.1) 1.22 (23.6) 0.10 (20.3)
J1 2.95 (6.8) 0.57 (2.8) 0.58 (2.0) 1.09 (9.9) 0.08 (12.2)
J2 9.30 (10.3) 1.61 (6.5) 0.56 (1.4) 1.13 (9.1 0.07 (19.9)
Jiatiazhonach J3 7.95 (22.5) 0.60 (3.7) 0.71 (1.9) 1.19 (17.9) 0.07 (14.8)
lajlazhongehun J4 16.61 (23.8) 0.66 (3.5) 0.53 (2.0) 1.17 (16.4) 0.08 (13.8)
J5 22.80 (32.7) 410 (16.8) 0.06 (0.2) 1.27 (14.7) 0.08 (16.9)
J6 1.26 (4.7) 0.42 (1.6) 0.07 (0.3) 1.10 (18.1) 0.04 (6.8)
Averagex SD 10.22+ 2.21 1.64% 0.43 0.44% 0.09 1.13+ 0.04 0.08% 0.009
Heavy metal Cu Cr Pb Cd
Depth(cm) 20-40 20-40 20-40 20-40 20-40
D1 1.09 (9.9) 0.80 (3.5) 0.43 (1.7) 0.90 (12.7) 0.03 (2.7)
Dashitong D2 0.97 (4.2) 0.38 (1.5) 0.55 (2.4) 0.80 (14.6) 0.08 (16.5)
D3 1.78 (4.4) 0.63 (2.8) 0.67 (2.6) 1.07 (20.0) 0.05 (8.0)
J1 0.63 (5.2) 0.46 (2.0) 0.46 (1.5) 1.15 (15.0) 0.06 (12.7)
J2 2.43 (9.5) 0.75 (6.0) 0.32 (1.1) 1.18 (11.3) 0.05 (9.3)
- J3 1.29 (6.1 0.23 (1.9) 0.64 (2.0) 1.16 (19.4) 0.02 (2.9)
Jiajiazhongchun J4 6.61 (19.4) 0.64 (3.4) 051 (L.9) 1.34 (17.5) 0.09 (17.4)
J5 1.54 (4.8) 0.72 (3.9) 0.23 (1.1) 1.19 (20.6) 0.06 (16.9)
J6 1.98 (5.0) 1.03 (5.4) 0.52 (1.7) 1.44 (19.5) 0.04 (5.3)
Average+ SD 2.04+ 0.60 0.63% 0.08 0.48+ 0.05 1.14% 0.06 0.05% 0.008

Y The ratio to the total concentration (%).

surface soil. The soluble Zn concentration ranged from
0.42 to 4.10mg kg™ in the surface soil and from 0.23 to
1.03mg kg™ in the subsurface soil, and the soluble Cr
concentration was in a range between 0.06 to 0.71mg
kg™ in the surface soil and from 0.23 to 0.67mg kg™ in
the subsurface soil. The soluble Pb concentration
ranged from 0.89 to 1.27mg kg in the surface soil and
from 0.80 to 1.44mg kg™ in the subsurface soil, and the
soluble Cd concentration was in a range of 0.04 to
0.14mg kg in the surface soil and of 0.02 to 0.09mg kg™
in the subsurface soil. The noticeable differences in soil
depth and between orchards could not be recognized to
the soluble concentrations of Zn, Cr, Pb and Cd.

The ratio of the soluble to total concentrations was
generally higher for the surface soil than for the sub-
surface soil in Cu, Zn and Cd, while tended to be lower
for the surface soil than for the subsurface soil in Cr and
Pb.

DISCUSSION

T-test was done to analyze significance in the
difference of total heavy metal concentrations between
surface and subsurface soils. The results are shown in
Table 5. A significant difference at the 10% level was
recognized to the total concentration of Cu between
surface and subsurface soils, and the total Cu concentra-
tion was higher for the surface soil than for the subsur-
face soil. It points out accumulation of Cu in the surface
layer of the orchards soils. This can be explained by
application of various fertilizers contaminated with Cu

and long-term use of the pesticide containing Cu as an
essential component. The surface soil was also signifi-
cantly (at the 10% level) higher on the total Cr concen-
tration than was the subsurface soil, although apparently
not much difference was observed between surface and
subsurface soils (Table 3). As causes of Cr accumu-
lation in the surface soil, application of various fertilizers
and/or long-term use of pesticides, both contaminated
with Cr, are considered. The significant difference
between surface and subsurface soils was not observed
in the total concentrations of Zn, Pb and Cd.

F-test was carried out to analyze the effect of the
age of trees on the total heavy metal concentration in
the surface soil. The significant difference in the total
heavy metal concentration between tree ages was recog-
nized only to Cu, as the analytical result is shown in
Table 6. Then, the Duncan’s multiple range test was

Table 5. T-test on significance in the difference of total heavy
metal concentrations between surface and subsurface

soils
Heavy metal t o106 Significant level
Cu 1.93 1.75 *
7n 0.41 1.75 (0)
Cr 2.56 1.75 *
Pb 1.21 1.75 (o)
Cd 1.03 1.75 (0)

*: significance at the 10% level.
(0): no significance.
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Table 6. The result of F-test done to the total Cu concentration in the surface soil between different tree ages

Factor DF SS MS F Foos Significant level
Between sets 2 264.14 132.07 0.16 6.94
During treatments 2 20340.81 10170.41 12.4 *
Error 4 3181.76 820.44
Total variation 8 23786.71

*: significance at the 5% level.

carried out to analyze variation of the total Cu concen-
tration with the three different tree ages. The result is
shown in Table 7. There was observed no significant dif-
ference between tree ages of 30 and 15 years, but the
significant difference at the 5% level was recognized
between tree age of 50 years and tree ages of 15 and 30
years. The difference in the tree ages has a possibility of
difference due to the regions. However, this possibility
is denied by the fact that the significant difference in the
total Cu concentration between tree ages was not
noticed in the subsurface soil. Accumulation of Cu in
the surface soil of orchard gradually progresses and
attains a significant level after cultivation of around 50
years due to improper fertility management or
long—term application of chemical fertilizers and agricul-
tural chemicals contaminated with or containing Cu.

The orchard soils were evaluated in reference to the
heavy metal concentration for effective field manage-
ment and safe production of fruit products. The total
concentration in the surface soil (Table 3) was
compared with its soil environmental standard (Table 8)
in different heavy metals. Total concentrations of Cu,
Zn, Cr and Pb were within their soil environmental
standards in the second standard, and the orchard soils
were judged to be not polluted by those heavy metals.
However, the averaged total Cu concentration of the
Dashitong region was equal to 78% of the soil

Table 7. Duncan’s multiple range test to the total Cu con-
centration in the surface soil of different tree ages

Tree age (year) Average (mgkg") Significant level (5%)

50 156.76 a
30 55.50 b
15 56.50 b

Different alphabets mean the difference at the 5% significant
level.

environmental standard, and the field management for
pollution control is necessary to be performed. The
total Cd concentration exceeded the soil environmental
standard in all soils examined, and it was stated that
pollution of the orchard soils by Cd was clearly detected.
However, the total Cd concentration was not
significantly different between surface and subsurface
soils and between tree ages. Therefore, unidentified
sources or reasons for its pollution may be considered,
in addition to contamination through application of
chemical fertilizers and agricultural chemicals.

The simple and overall pollution indexes by the total
heavy metal concentrations were evaluated for the
environmental impact assessment of the soils in the
orchard. The simple pollution index is given in Table 8.
The simple pollution index was 0.45 for Cu as a whole.
It was 1.73 for Cd and exceeded 1.00. The overall pollu-
tion index for the orchard soils examined was calculated
as 1.27, and they were designated as the pollution level
of “3” or “slightly polluted” according to the classifica-
tion of the soil pollution level based on the overall
pollution index (Table 9). Contribution of Cd is great to
the overall pollution index of 1.27. The crop starts to be
suffered from soil pollution under the pollution status of
“slightly polluted”.

Based on the above discussion, it is mentioned that
status of soil pollution is more worsened without proper

Table 8. The simple pollution index of the surface soil by the
total heavy metal concentration for different heavy
metals

Soil environmental Simple

Ii:}ﬂg Avgflagglfgiﬂ)s D standard pollution
(mg kg™) index
Cu 89.53+ 18.21 200 0.45
Zn 22.52+ 7.67 250 0.09
Cr 33.23% 2.01 200 0.17
Pb 8.32% 0.96 300 0.03
Cd 0.52% 0.03 0.30 1.73

Table 9. Classification of the soil pollution level by heavy metals based on the overall pollution index

Pollution level  Overall pollution index (P) Status of pollution

Effect on soil and crops

1 POO0.7 Hardly polluted

2 0.70 PO 1.0 Near the pollution level
3 1.00 PO 2.0 Slightly polluted

4 2.00 PO 3.0 Fairly polluted

5 PO3.0 Severely polluted

Nothing
Scarcely affected
Some crops start to be suffered from pollution
Soil and crops are suffered from the middle degree of pollution
Soil and crops are suffered from severe pollution
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and scientific field management practice. It will
adversely affect quality of fruits and retard the sus-
tainable fruit production. The total Cd concentration
exceeded the soil environmental standard in all the soils
examined, and the total Cu concentration approached to
the environmental standard in the orchard of the
Dashitong region where apple trees have been growing
during 50 years. Therefore, it is necessary and impor-
tant to take measures for prevention of soil pollution on
the practice of field management in the orchard.

On the fertilizer application, the fertilizer use effi-
ciency should be improved and simultaneously the
amount of fertilizer applied should be reduced. In
addition, it is desirable to use organic fertilizer of the
environmental preservation type containing little heavy
metals. Use of biological control agent is recommended,
which exerts little pollution to the environment, when
pesticide is applied. In the cultivation technique, the
upland crop is grown between trees in the orchard to
absorb Cu and Cd as much as possible for recovery of
the soil from heavy metal pollution.

CONCLUSIONS AND PROPOSAL
In the soils of the apple orchard in Yantai City,

Shandong Province, China, the total Cd concentration
exceeded the soil environmental standard and gave the
highest simple pollution index among the five heavy
metals of Cu, Zn, Cr, Pb and Cd analyzed. The total Cu
concentration showed the tendency to accumulate with
increasing duration of the management as orchard. It is
proposed that the upland crop is grown between trees in
the orchard, by which alleviation of the soil pollution by
Cu and Cd is intended due to absorption of heavy metals
by the upland crop.
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