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F1 THMHESEREERE
Table 1  Utilization ages and numbers of soil samples
() 1 3 4 5 6 7 8 9 10 112 13 14 15 16 17
() 4 15 12 3 5 7 4 19 34 8 13 11 3 4 4 4
Zn Cu
2 Zn Cu
1.2 Zn Cu Mn Fe
pH pH ( 211 Fe Cu
Mn Zn 6D - Mn Fe
(PE5000) 1979—1985
[11]
1.3 ( 3 Fe Cu Mn Zn
Excel 2003 Zn
SPSS 16.0 t Zn 4 Mn
2.2 Cu
2.3 Fe
2 1.3
2.1 Fe Cu Mn Zn
150 Fe Mn Cu 80
Zn 3
/n
35.2 ~ 183.8 mg/kg
2 1/3 Cu
8.6 ~ 77.2 mg/kg 3
2 3/10 26.7% ~ 39.2%
F2 17 DEAER KM IR AL ER
Table 2 Information of fertilization at 17 sampled villages
()
19 45 000 kg/hm® 1 200 kg/hm? 3000 kg/hm®  K,SO, 750 kg/hm?
7 30 000 kg/hm? 3 000 kg/hm? 375 kg/hm?
22 500 kg/hm? 1 500 kg/hm* 750 kg/hm?
12 15 000 kg/hm? 750 kg/hm?
Hift 5 67 500 kg/hm’ 2 400 kg/hm? 1 125 kg/hm?
6 37 500 kg/hm? 1 125 kg/hm?
8 22 500 kg/hm? 600 kg/hm? 1 800 kg/hm®
7 75 000 kg/hm? 1 500 kg/hm?* 1 500 kg/hm?
6 15 000 kg/hm? 1 500 kg/hm* 2250 kg/hm?
6 37 500 kg/hm® 900 kg/hm*  K,SO, 750 kg/hm®
7 15 000 kg/hm? 750 kg/hm?
10 30 000 kg/hm? 1 500 kg/hm? 1 500 kg/hm®
5 22 500kg/hm? 3 000 kg/hm? 600 kg/hm?
7 37 500kg/hm? 1 500kg/hm? 1500 kg/hm?  K,SO4 750 kg/hm?
15 30 000 kg/hm® 1 500 kg/hm?
13 22 500 kg/hm? 1 500 kg/hm* 3 750 kg/hm?
8 45 000 kg/hm? 1 500 kg/hm?
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% 3 WHEMAAMLIE Fe. Cu. Mn. Zn ZE/EAMSEIT

Table 3 Descriptive statistics of Fe, Mn, Cu and Zn contents of greenhouse soils in Haiyang, China

[12] [13] [13]

T
(mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (mg/kg)
Fe  10162~33269 18 874 + 5038 26.7 14 900 29 400 % 9 480 40 000
Zn 35.2~183.8 80.1 = 28.9 36.1 19.8 742 + 32.8 90
Cu 8.6~77.2 27.7 £ 108 39.2 11.8 22,6 + 11.4 30
Mn 197 ~911.5 467.5 + 1523 32,6 216 583 + 363 1000
Fe Mn Cu Zn 900 y=-0.14x* + 2.95x + 14.1
80.0 R*=0.51 .
700 .
< 600 .
E 500
Eﬂ 40.0
(4 3 300
Cu Zn Cu 20.0
Zn , 10.0
> o Fe 0074 6 s 10 12 12 16 18
Mn Zn KB FHAERR ()

* 4 WKBMAKXHLE Fe. Cu. Mn. Zn SEATHEERE
Table 4 Correlation coefficients of soil Fe, Cu, Mn and Zn
concentrations in greenhouse soils of Haiyang, China

Fe Cu Mn Zn
Fe 1
Cu 0.299 1
Mn -0.190 0.102 1
Zn —-0.170 0.505 0.360 1
* P<0.05 *% P<0.01
2.2 Fe Cu Mn Zn
[6-10]
10 ( 1 ~4)
200.0 y= —0.57x* + 10.65x + 39.08
180.0 « R=036

) 2 4 6 8 10 12 14 16 18
KA FIERR (2)
1 WHKEMAAMLIE Zn S EMEETHARE
Fig. 1 Changes of soil Zn content with time greenhouses used in
Haiyang, China

2 WEKEHAXHLIE Cu EEMRNETLATME
Fig. 2 Changes of soil Cu content with time greenhouses used in
Haiyang, China

1.000.0 y=-0.55x"+3.31x +490.3

2 __
900.0 . R =029
o 800.0 . e
on
< 7000 i R S
& 6000} . RS *;‘ A
g 500.0 W
& 40007 * ft‘~*‘¥ s & o
. * . * *
- IR R A
100.0
0.0

0 2 4 6 8 10 12 14 16 18
R FALERR (2)
3 WHRGMAAHILIE Mn S EREE BT LRI ME
Fig. 3 Changes of soil Mn content with time greenhouses used in

Haiyang, China

y=14.21x" - 300.88x + 20 219

35000
*R =043

30000 e L3 .
%25000, e, ’!:*;ot’
£ 20000f ——t O ¢
il . 0 $ S . s ¢
r= 15000 IR AP I SN ST SR I
()
= 10000f ¢ % ° ' 4

5000

0

0 2 4 6 8 100 12 14 16 18
KL FIAE R (a)

4 WHRBHAKXHILIE Fe S 20T R T LRI
Fig. 4 Changes of soil Fe content with time greenhouses used in
Haiyang, China
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Cu Zn pH
Cu Zn Cu Zn
1~10 (el
11~17 10
Mn Cu Zn
Fe Cu Zn
Mn
( 2 Mn
Mn
15 000 kg/hm® Fe
1 500 ~ 3 750 kg/hm? Fe Fe
600 ~ 1 500 kg/hm?
[9-10]
3
4~10 (1) Fe Zn Cu Mn
[15] 18 874 80.1 27.7 467.5 mg/kg
26.7% ~39.2% 1/3
Zn Cu
6% Mn 1/4 Fe
( pH )
[16] 2) Cu Zn
17
pH Mn Fe
pH 3) Cu Zn
17 150 pH
M
pH ' M M
pH 5.44 " "
pH
pH ()
pH
[1] Wei XR, Hao MD, Shao MG, Gale WJ. Changes in soil
12 —_0.045 Le 4+ 5.848 3 properties and the availability of soil micronutrients after
10 Y Rz'z 042x ’ 18 years of cropping and fertilization[J]. Soil & Tillage
* Research, 2006, 91(1/2): 120-130
8 [2] Zhu JH, Li XL, Christie P, Li JL. Environmental
= R s : : . e i $ s o R implications of low nitrogen use efficiency in excessively
a 6 $ : $ Y fertilized hot pepper (Capsicum frutescens L.) cropping
4 ¢ i ¢ ¢ ¢ $ o ¢, s systems[J]. Agriculture Ecosystems & Environment, 2005,
111(1/4): 70-80
2 (31 , , , , , .
0 1.

0 2 4 6 8 10 12 14 16 18
KM AR (a)
5 WHiEMHM X AHIL1E pH EREET 8 2T 1L RO

Fig. 5 Changes of soil pH value with time greenhouses used in
Haiyang, China
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Distribution Characteristics of Soil Heavy Metal Elements Under
Tomato Greenhouses in Haiyang of China

WAN Xin'?, DONG Yuan-hua'?", WANG Hui'?, LI Jian-gang ", SONG Li-fen®

(1 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,

Nanjing 210008, China; 2 University of Chinese Academy of Sciences, Beijing

100049, China; 3 College of Science and

Technology, China Agricultural University (Yantai Campus), Yantai, Shandong 264670, China)

Abstract: The distribution of soil heavy metal elements in 150 vegetable greenhouses under different utilization ages were

investigated in Haiyang of Shandong Province, China. The results showed that the average contents of soil Fe, Zn, Cu and Mn

were 18 874, 80.1, 27.7 and 467.5 mg/kg, respectively. The coefficients of variation was about 26.7% — 39.2%, which have some

spatial variability. The contents of Cu and Zn in greenhouse soils increased at the first 10 years and then declined at the last 7

years. These variations were related with fertilization and soil pH. The content of Mn in greenhouse soils was decreased with the

utilization years continued. The change of Fe content was not obvious.

Key words: Greenhouse soil, Heavy metal elements, Characteristics
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