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Variations in metal elements contents of greenhouse soils with
different vegetable growing years
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Abstract: With cropland filed and open vegetable fields as control, the experiment was carried out to study the
change of contents of K, Na, Ca, Mg, Al, Fe, Mn, Cu, Cd, Cr, and Li in different layers (0 ~20, 20 ~ 40 cm) of
greenhouse soils with six vegetable growing years (1, 4, 7, 11, 14 a, and 17 a) in northern Shanxi. The results indicat-
ed that K, Ca, Mg, Al, Cd and Li contents in greenhouse soils decreased during the first 4 years, then increased until
14th year, and decreased after that. Fe, Mn, Cu and Cr contents increased during the first four years, then decreased to
the 11th year, and increased after that. The analysis of variance showed significant difference in minerals content of the
same soil layer between different treatments. Contents of K, Na, Al, Fe, Mn, and Cu were higher than the natural
background soil metal concentrations of northern Shanxi, whereas Ca and Mg showed no significant change. According to
environmental quality standard for soil pollution, the contention of Cd, Cu, and Cr fell into the allowable range, while
that of Cd was above the upper limit. In addition, Cd was within the range of 0.28 ~0.56 mg-kg™", nearly approaching
to the maximum threshold.
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AERI A 375 tohm %o RO SR M A2 EUAR 247t A L
HE 2.25 x 10° kg, BEER — 8% 750 ~ 850 kg, i 0 iR 45
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FEME—RPERA o D3 AN B 3 A Tl it FH it A
8534346 NP K FIH i 56 &K )3 500 ~ 5 000 kg-
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hm =2, B2 %% 750 kg hm ™2, JR 2 450 kg hm =2,
Mg — %81 90 kg hm ™2, R HJEAHLIL 0~3.38 % 10
kg*hm =2, BEfR 4% 750 kg*hm ™2,
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SPSS 18 #4414 A

2 gER 5
2.1 FEFBEREEHETESETESEN

T

MFE 1 AT Y, AN [ R) AP B 15 it % 455 18
SEITE T RZEFBRE (P <0.05) K. FiEF|
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K.Ca Mg, Al.Cd F1 Li & &, 2 3 “FRAL—T & —F%
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ALLCd 1 Li 3,4 a B4R L CK, FEAIK T43.94% |
70.81% .44.69% .48.06% .20.75% F170.41% , 14 a
I3 I T 8. 53% . 19. 24% . 4. 52% . 39. 96% .
52.95%F1 4.28% . Pi~)ZIK L 5E Fe . Mn,Cu F1 Cr
i, BRI TR — AT AR A, it
3 0~20 cm )2 Fe . Mn.Cu f1 Cr & ,4 a B
B CK BT 13.77% .9.39% . 38. 60% Fii
27.60%,11 a BFEEAR T 1.90% .0.17% . 8. 15% Al
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THOTR SR BRI T ORI A R A

HEARFAH 0~ 40 em HESBICR S HA
AR5 Z R B, Na, Mn, Fe (725 5 RBONTE 5% LA
To KMg.Cu,Cd.Cr 722 5 REUK T 5% 153504
4.4.6.6 ™54, T 5% ~ 10% Z 853 514E 4.
4224034, Ca Al Li B RZEET 5% 1Y
G3R 5.3 A 44 0 TF 5% ~ 10% Z 810 534
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HE—ERRE W, K Na,Ca, Mg, Al ,Fe Mn,Cu.Cd,
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Table 1 Effect of planting years on contents of metal elements in greenhouse vegetable soils
ZJRILE T 2R A< H R EH FHIGFFRR Cultivation years/a
Metal Soil depth Farmland Open vegetable
elements /em (CK,) field(CK,) 1 4 7 11 14 17
( N 0~20 83.21 b 65.71 d 76.04 ¢ 46.65 f 60.10 e 66.15 d 90.31 a 61.74 e
K/ (g kg~
g 20 ~ 40 83.74 b 61.75 e 70.71 d 51.60 f 53.06 f 75.76 ¢ 90.11 a 70.65 d
( N 0~20 141.28 b 144.74 a 132.25 de 88.98 ¢ 134.17 ¢ 133.22 cd 130.83 e 124.18 f
Na/(g-kg~
B 20 ~ 40 139.18 b 144.57 a 133.46 ¢ 94.37 ¢ 132.98 ¢ 130.65 d 127.22 e 122.52
( H 0~20 110.89 a 49.57 f 63.75 d 32.37h 39.51 ¢ 51.76 e 78.44 b 70.47 ¢
Ca/(g kg~
B 20 ~ 40 113.10 a 50.18 f 74.68 ¢ 35.01 g 56.26 e 65.87 d 79.33 b 74.61 ¢
( N 0~20 9.10 a 7.59 ¢ 6.51 de 5.03f 6.34 e 6.64 d 8.69b 7.62 ¢
Mg/ (g kg™
¥leke 20 ~ 40 10.00 a 8.06 ¢ 6.52e 5.00 f 7.33d 7.86 ¢ 8.60 b 8.38b
( N 0~20 94.67 d 93.54 d 70.49 f 49.17 g 76.12 e 129.51 b 132.50 a 120.35 ¢
Al/(g kg~
g8 20 ~ 40 103.08 d 99.47 e 86.99 63.09 h 82.46 ¢ 145.16 b 157.74 a 137.48 ¢
( N 0~20 31.39 e 33.69 ¢ 32.75d 36.47 a 35.63 b 30.78 f 32.75d 35.83b
Fe/(g kg™
g 20 ~ 40 30.73 f 33.97 ¢ 31.63 e 38.22 a 33.43 ed 31.10 ef 33.08 d 35.10 b
( H 0~20 737.55 781.35 ¢ 773.22 d 806.45 b 754.88 e 736.62 { 804.82 b 853.92 a
Mn/(mg-kg~
nes 20 ~ 40 710.15 h 769.65 e 749.12 ¢ 807.27 b 774.48 d 754.83 f 796.46 ¢ 833.15a
( H 0~20 39.25 ¢ 34.98 ¢ 50.32 b 54.40 a 50.70 b 36.05 f 40.52 d 49.45 ¢
Cu/(mg-kg~
e 20 ~ 40 45.82 ¢ 36.95 f 46.35 ¢ 55.25a 43.32d 37.48 f 42.05¢ 53.48 b
0~20 0.35f 0.35 e 0.36.d 0.28 ¢ 0.35f 0.38 ¢ 0.52 a 0.43 b
Cd/(mg'kg")
20 ~ 40 0.39 ¢ 0.34 ¢ 0.37 e 0.33h 0.34 f 0.38d 0.56 a 0.44 b
0~20 63.03 f 75.13 d 62.73 f 80.43 ¢ 85.83 b 61.53 ¢ 73.37 e 88.10 a
Cr/(mg-kg™!)
20 ~ 40 66.67 e 72.17d 63.80 f 90.70 a 77.93 ¢ 65.17 ef 66.86 e 81.43 b
( N 0~20 424.20 b 224.07 e 220.43 e 125.53 ¢ 233.60 d 337.50 ¢ 612.05 a 185.50 f
Li/(mg-kg~
ners 20 ~ 40 435.50 b 228.03 e 176.60 g 179.17 g 254.20 d 340.47 ¢ 579.83 a 203.30 f
I R BOREAREA R NS TR 2 22 R B3 (P <0.05),
Note: Data followed by different letters in the same line are significantly different at 5% level.
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7.5,Cd<1 mg kg™ ,Cu<100 mg- kg™, Cr<250 mg*
kg ™)1 0t 5 itk B 4 4 Jm T R R
by, HJE 38 Cd & B E A &, PREFTE 0.4 mg
'kg_IZEE, 14 a B} 55 0.56 mg-kg™ ", H 95T
1990 4 F [ BRI s 00 G130k P 4138 19 5245 £ Cd &
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Table 2 Contents of metal elements in surface layer of chestnut soil

NI K Na Ca Al Fe Mn Cu
Metal elements /(g kg™!) /(g kg™h) /(g kg™") /(g-kg™") /(g kg™) /(g-kg™") /(mg-kg™") /(mg-kg™")
i Content 13.44 13.80 52.93 7.08 49.45 23.45 406.3 15.25




216 T2 X AR AT

32 %

2.3 tEXMESH

RS &R ICR Z R B OC R , #E— 25X
11 AT S P Z AT T AT (3R 3)
250, K Na,Ca Mg . Al Cd . Li % 7% ] 52 1EAH 5,
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5 K Na,Ca Mg, Al,Cd. Li ##[E] %A, 2
B IBICR O Z A AR, A AR IC R & #E b

FIFHAEBR S AL RLAE (6 1), ol AR 11 Fl 48
JCE I M 2 K, 1 25K Na,Ca Mg . Al,Cd il Li,
[12%:Fe Mn,Cu fl Cr, B 17 3 a] 8 A HH M
PR A YR SR AT A R RCRLAE o TR IR ARVL KR
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Table 3  Correlation analysis of soil metal elements contents in greenhouse soils

Na Ca Mg Al Mn Cu Cd Cr Li
K 0.509" 0.793" " 0.762" " 0.642" " -0.668" " -0.267 -0.399 0.736" " -0.631"" 0.838" "
Na 1 0.478 0.661" " 0.358 -0.694" -0.517" -0.714" " 0.211 -0.540" 0.345
Ca 1 0.843" " 0.431 -0.641"" -0.329 -0.234 0.446 -0.517" 0.600"
Mg 1 0.636" " -0.587" -0.234 -0.487 0.557" -0.399 0.680" "
Al 1 -0.437 0.104 -0.472 0.805" " -0.307 0.626" "
Fe 1 0.719" " 0.684" *-0.235 0.916" " -0.534"
Mn 1 0.450 0.282 0.678" * —-0.238
Cu 1 -0.190 0.601° -0.479
Cd 1 -0.158 0.748" "
Cr 1 -0.453

W x % FIRTE 0.01 KB, * F/RFE 0.05 K LB MK,

Note: * * and * , significant correlation at probable levels of P <0.01 and P <0.05, respectively.
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Fath 4, TRHIS LIS T 4 26 BN AT
B ES e & E, SR LB CroNi, Cu. As,
Cd.Pb ft o b it AR 3G, 2o e it P 2o Wl e 5
IR — B, T 3 A 20 & 5™ AR L2 AR
2 W PR R TR X IR AR A L Fe
Al.Mg.Cd.Cr.Cu S0 ER M & i, U2 Cd, B AT
A2 1 LA 5T XS+ 4 Cd & T R ) 3R



5 13

T AR S5 AN R AR IR R B L BT R & LAl 217

Ko PRI TE Bt =2 26 7 o, U A0 B NIE it 4 (] i
TR & N B IE 4 S 5 e M AROR T e 4
il it AR 3 g 4w % AR B R AE . AR
K, T8 Y B BE S A 7 R A IE AL ALGE T B, R
BRAER R vh e AR e A X 3 K & TR T
BURAE 2. Y ht AR 55 4 L AT, Al
fie 5 Bt S A oK it A LIS R E VR A
5%,

4 45 ik

AT R T A X Bk + 3 4R
JG#E K.Na,Ca, Mg, Al ,Fe Mn,Cu,Cd,Cr I Li % &
Bif it R 1 - 33 R AR PR A A2 A ka4 Bl o R AT
PRGN, K Ca Mg Al .Cd F1 Li %1, 2B BEAK - Tt
15— BEAR7 AR AL AL s Fe . Mn, Cu F1 Cr &3, S 90
TR — T A . R ERREE TR T
Y W], >4 b B K 5 3 )2 4% K Na, Al Fe,Mn,
Cu 7 {8 H 35 R 4 [ 383 A i BH (g T 5, [A] )
14 Cd. Cu.Cr 7 it ¥ B A o v [ 4 1 PR 5 o o
[T AR B BR A, (H T A7 A0 PR A= 3 v Cd % & {8 D
(AT

£ % X k-

(1] KRG, 3R IIE , X5 H, 55 UL 3R 0 8 B 38 F 2508 F sy
W HTOESE[T] AR E I 5 LRI, 2005, 11(6) :822-829.

(2] XSRS, 2B, B, 45 . 3 E R A UL R A UL 59
FPE RIS BRI S 20T ()] AR BRI 2 241, 2005, 24
(2):392-397.

[3] Abdel-Haleem A S, Sroor A, El-Bahi S M, et al. Heavy metals and
rare earth elements in phosphate fertilizer components using instrumen-
tal neutron activation analysis[ J]. Applied Radiation and Isotopes,
2001,55(4) :569-573.

(4] FRH, RO LB AL 0 T 5 & KT B 3R KU
(] ARAS LR SR BE, 2004, 20(2) :62-64.

[5] 2% A, FaE,HER, . Bl L koL A U KR AR G
SHTHETELI] . AR, 2010,25(2) : 200-205.

(6] EAL&, 20, bk IS A e AL 2 T L35
Sy AR A S S A9 AE L] 5, 2005,37(6) :620-625.

(7] ARiGHE, 7S, R R TR Bt 1% L ek o AR AL AL Ao

TEMIFREON ST [T] . L34, 2006,43(4) :571-576.

(8] Bokig, s #r,5kJ50], 55 B 135 8 4 &8 15 Qe ¥ RN
Wi R AT (] . 1458,2008,40(3) : 469-473 .

(9] FJA . Uuitiseh L3 w4 Jm 19 /3 AR IE 5 AE S KU AN AT 5
[D]. 2% AR AL K2, 2008.

[10] Ahmad J U, Goni M A. Heavy metal contamination in water, soil,
and vegetables of the industrial areas in Dhaka, Bangladesh [J]. En-
vironmental Monitoring and Assessment, 2010, 166:347-357.

(1] SRIRN, SO, SRR | L VG 28 5 3% K e IR B T 452
RERHELI] LA B2, 2011,39(7) : 761-763 .

(12] WA FoRm , AR, 5 b DO [ R 47 BR 35 it 6 1
LTIy St AR L) ] T R KA B 5E, 2012, 30(5) -
133-137.

[13] XURESS  sk&eoc. Inpy 3T M. Jbat . Bhas L, 1992,

[14] Bwet. M e SHEMM] . Jbat: sh ERL k2001

[15] EZRFERSRBHARMER] . GB15618 - 1995. - e FR1E B i
FRuE[ST . AEAT: v B R E S A, 1995 .

[16] M, REE . FIEMESCRAMM oo R IM] . de s B
2 A, 2003.

(17] SRUE  ARHERN , X2 . RO 4 X 3 b 8 4 )R 45 42 & T
RN HE LR BRI E R[], L3247, 1999,36(2) 1 253-
260.

(18] 4 VL, ¥A&53,B5 1,55 A A4 SR b 0T B Jm i o ek M
FEG YT (1] L IEAAR,2009,28(6) :934-939 .

[19]  ZIK8 , X AGR . ) 74 5 55 ) v R A K A i % 4 FH -3 11 75
PRHEL )] FRBEAEA4,2011,32(11) :3313-3317.

[20] ZEfHp, AR I, 2= 5000, 55 AN TRIRI FH AR RGBSR M 4 338 v i
BT i AR 7] 124, 2003,35(6) :495-499.

[21] Moolenaar S W, Beltrami P. Heavy metal balances of all Italian soil
as affected by sewage-sludge and Bordeaux mixture applications[ J].
Journal of Environmental Quality, 1998,27(4):828-835.

[22] fEWR=, HfE5,HMEM, % TIEESETRAMS SIE M
FKMHTREELI] AR AR HE ,2009,39(4) :42-44.

(23] B, 5Ky W] BRI RS BREE i S T (0] . o [ e 23
12,2003, 19(6) :162-165.

[24] # B ZFEH, K BEER S LR E SR S BT
B FCRB A (0] A48 77 S5 R 24412, 2010, 16(4) - 833-839.

[25] ka3 SRAEAE, B AN, 58 IR - e o 4 TR A A1 5
M )] MARREE ,2010,280(11) :51-54,60.

[26] JEBEZF %505 ,1% A, 45 Bt 0w B 3R 2 UR AR
DL L] AR A4, 2008, 23(4) : 196-200.

[27] PRI - VDR SR, KIR LR - B3R A 3K, 46 B fe)
b ok R R R A A AR AR AR IR SR L] B sl A
2#,2010,47(4) :765-769.



