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HAERESPHALE pHAS, SN T LR ETLBAXASR TS KM ML LR RE G ERES NI, AL
SRS FHBANELE pHMEZ AW X, SIREAN, RRELEFTARXELERE S HAREDRES
Fe, Mn, Pb, Zn, Cu, Ni, Co, Cd, Cr. R HAXESELE R E 5 MMM H 3 mm 2 F 3w, 5HhibAat,
¥ # Fe, Mn, Pb, Zn, Cu, Ni, Co. Cd, Cr F® 45 &5 M ¥ 7T 353%, 67%, 130% ., 67%, 218%, 68%, 110%,
105%, 88%. kAR L EMmT, 0~20cm L EFYELBARXSEREIHIEEE T T E(20~40 cm F# 40~60 cm)
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The Effect of Long-Term Application of Organic Fertilizer
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Abstract: Heavy metal pollution in the intensive vegetable production seriously affects the crop quality and
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threatens the human health. To reveal the effect of organic fertilizer application on heavy metals accumula-
tion and migration, and provide guidance for further reducing the risk of heavy metals, the research was
conducted with 24 typical pepper-Chinese cabbage rotation crop system from 4 villages randomly selected
in Shizhu County in Chongging according to four terms of cropping years: 0 years (forest land), 1-3 years,
4-9 years and 10-15 years. The soil pH value and the contents of iron (Fe), manganese (Mn), copper
(Cuw), zinc (Zn), nickel (N1), lead (Pb), cadmium (Cd), cobalt (Co) and chromium (Cr) in different soil
layers were determined. The results showed that the order of available heavy metal content in vegetable
soil from high to lowwas Fe, Mn, Pb, Zn, Cu, Ni, Co, Cd, Cr. The content of available heavy metals in
vegetable field increased significantly with the increase of planting time. Compared with forest land, the
content of Fe, Mn, Pb, Zn, Cu, Ni, Co, Cd and Cr in vegetable fields increased by 353%, 67%, 30%,
67%, 218%, 68%, 110%, 105% and 88% , respectively. In terms of different soil layers, the content of
available heavy metals in the 0-20 cm soil layer was significantly higher than that in the lower layer (20-
40 cm and 40-60 cm). The accumulation of available heavy metals in soil was positively correlated with the
average annual manure input, and negatively correlated with soil pH. In the study area, the available heavy
metals in vegetable soil showed severe accumulation tendency. The 0-20 ¢cm was the main soil layer accu-
mulation of available heavy metals. In vegetable production, the heavy metals pollution caused by applica-
tion of manure should be reduced and soil acidification should be controlled.
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1 ME5RE®
1.1 RS

WF 58 X B A7 T 3 PR A A B (29°39" —30°32'N, 107°59' —108°34'E), HAF 30 N2, %X
J& T AR IR X, HRIE A DRI, A CF R . BB Chttp: //cgszx. gov. en/). AR AR
oS L HE W Chttp: //data. cma. en) BOECHE , A AR B 2003 4F & 2018 4R AR F RN 15 °C, 48
I RER B 1352 mm. XY R HERAU MR A L, 0~20 em £E W pH (N 5. 290K
+H 1 s 2.5), AL RS MBS R A] 32 ek BE (1 mol/L NH, OAc #2 B0 i & 2> %073 5 279 mg/kg.,
31. 3 mg/kg, TIEFBIRRLLLHIR 20 %0 ~25%.

Bik e AR FENFMEAEYZ —, AR AR EBBZ 27, BB A SR K S A 1 E
SRR, BRI AR 2 0 hm®, B ROEEY 0.2 hm'. ARHFSE LA PG FE M X8R B SR A AR R
G RI R, BH 4 BB (Capsicum annuum 1.. ), 8 AWK, K HZF(Brassica cam pestris 1. ) TE
9 AR# . WA 1 AR, MG — BB E 3 A, 7EBM. KAEAEREMN, FHEFEEK 11K,
it AE 7 YK
1.2 AAAX. FRRESNUE

Wt ) W O A T R AR 71 B, AR HOR . KSR i SR B R
T A RO A 35 S T AR L S A 2 A A 7R G AR BR DA Kt AR Rl S R BCEE. O R IE— Bk, fE 71 B p
VEHC T 24 HAUHE VR BRAUR K 1138 1 S A M BFGE X 42, 401 T4 ke LR BREE . AN3E S . =B MY+
HE AN, BAORERE 6 (7324, AL SRR N — B g . X A — B S b A FoR A B DL R AT 1R
b % JFOR T — S b i A8 B g S R O A AR X 24 B S M AR AR DK T SR BB Y B E) A )
B 43— 3. BRI Z Ah, [F) B 7E B A B 7 B R 1 5 S M AH A Y 2 BRObK Ml A SR 6 R ORI AE D . 3¢
Hiu 0 FAB B[R] 43Ry 1~ 3 4R L 4~9 4F K& 10~15 4. 43 i AE BN R = v Bl AL 356 B0 45 A oA BsF (8] B ) 2 B g
M, bR o N () B B AL E H S B .

VAR s . SEHE A IE R TR | BRIR A R . BEIR TRk . EIRNCAIBEERAY . X Hh SRR A Y
AP FEZA R MAPUAE . 438, ARG, MG A P 32 AL Y 25 b B B AR i A AT HLIE 0 F 2t 5 8000, 4%
HEAS [ A HLAE B 4 B B A0 B (G DY I 4 AR B B B (R 4 8 1O AE 3 B B = HLIE4E
Yot FH 2 <A LA T R 4 R T A E0 (R 2).

T 2018 4F 9 A %1, RIFEBABUR ARG o XF 24 He3E b K S8 A MR b R4 £ BERE &, HI“STIB BURE IR . 7245
Heth R4 6 A, A S BIRE 0~20 cm, 20~40 cm Fl 40~60 cm 3 AN T2 1 FE. FEMRHE A RERT
FERIE T2 G P AT LR, R HIEMHESEYR R A 2R, B 3> L2HITUR. AR
IR I, 0~20 em AFHEIR , BAEIEAT 2 UBERFIEIE AN T4 3N 5 BRABURI R 1138 1 A o5 R 2B TR B /N
T 40 cm, BIMEPIMR RS2 E] 20~40 em HJZ MR F AL TR 40 em DL A+ R AR AMESZ B HHE
BCE R R, BN IRE W FREARRS A, SR PORFE R REA. KR 0 R
KT, 3 2 mm B, KT 22 =2 (DTPA)RAR )G . 152 32 W SR & 45 8 11K & 51O 1 100
BEfb 9 FoC R S T I .

1 AEABEINEELERENH mg/kg
A Ak 2 Al Cd Co Cr Cu Fe Mn Ni Pb Zn
T A U 1.1 55 126. 7 91.2 1242.2 172 21 22 213.6
X 2 1.6 3.918  13.7 132. 8 8 121.208  396.278  16.612 18.4 366.7
EE. 1.3 0 8 28.7 5412.424  549.215  12.4 12.4 2
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R2 SHWRBERNGVIENMESHE

b B T A AR BR / 4F AHUEAA A HLIE i #/ (kg » hm ™)
M 1 0 0
Modh 2 0 0
M 3 0 0
M 4 0 0
M 5 0 0
M 6 0 0
M 7 0 0
M 8 0 0
Hb 1 1 X 2 1412
o 2 2 PEES 1424
S 3 3 P 968
o 4 3 PLE 1857
5 3 PEES 1230
S HL 6 3 F 3 1093
S 7 3 B A LIS 820
S i 8 3 B A ALIE 512
Seih 9 5 T A L 2 028
S 10 5 T A L 2 313
¥ 11 5 EEERIN 603
S 12 5 T A L 683
S 13 5 PLE S 1538
SEHh 14 6 P 2 256
S Hh 15 6 PEES 296
S 16 6 PLE S 2 461
S 17 10 PEES 1777
K18 10 PLE S 1276
S 19 10 i A B 1914
4 20 10 i A LR 1538
S 21 10 PLE 1230
S 22 10 i A LS 2 028
¥ 23 10 pEES 1686
S 24 15 PLE 1709

1.3 RBBPHERZE
AW FEBETE T B T 5 5 12 R SRR AR B0 ok T B S A A X AR - T o RS A R 1 B
B, HFRIEE RS E 48 RN
Li-n =CHi-n/LHi-0
Hop Li-n AFHAER 2 AR+ P A S ESE 0 RBHEEG CHi-n 8RR R 2 4 1928 1+
W ASEESE MRS, me/kgs LHi-0 FRMAAFEBR N 0 4F it + b ARS8 ¢ 195k
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=8, mg/kg.
1.4 ZitoH

FH SPSS 20. 0 #EATEIE G404, IR ZR T 22 0 01 i (ANOVA) AT e it 22 40 . MZERA 4%
TR S (p<<0. 05), HIXR S 22 31 H 5008 LA [A] Ak B 1] 199 22 S ] Excel 2010 B4 %8 Jir A7 %5040 ik
A7 4ab B P % i £

2 ER55MH

2.1 ESEETFHRANE

AR5 DI P A it B A HLAE 2 X 2 R A ILIE . B B S 2 5 43 50 1509 kg/hm?,
1382 kg/hm®. 4 J@4FE 28 A i/ 2K K Fe, Mn, Zn, Cu, Cr, Pb, Ni, Co, Cd. H Fe 4E
AR B, FEFPRE 10~15 AERYSEH L 3ER , Fe B4R A B B m ik 8 650 kg/hm?’. Cd HY4EFE1y
P A EAR B 10~ 15 AE I3 38, Cd AR P AR 2. 29 kg/hm”. F& FAE I (0] (938 i,
&R AP RS . b, BOIER AR Co Ml Cr AT HR ., S5FE 1~3 A, Fifd
A~9 FEH 10~15 4R -3, Co MYAF-F-XH AR A0 38 T 3. 34 £%. 3. 30 5, Cr WA P4 A
SrAEINT 2,95 £, 2. 94 £ (3R 3).

3 ECEETHRAE kg/hm’

AR AR B Fe Mn Zn Cu Cr Ph Ni Co cd

1~34  7946+1824a 445+80a 352+83a 134+27a 34.0%11.7a 21.24+2.7a 19.5+2.3a 12.5+5.6a 1. 7440. 28a
4~9 4 7531+2869a 446+123a 451+110a 173+39a 100.04+3%a  30.6+6.2a 28.4+5.7a 41.9+17.6a 2.08+0.47a
10~154F 8 650+1953a 498+6la  498+42a 190+12a100.0+13a  32.7+2.7a 30.3+2.8a 41.4+17.5a 2.29+0.15a

VBB I5 /DNE FRE R 7 3 A IR R R 4R BR8] 9 2 5 462 3 3 (p<0. 05).,
2.2 EERELIETHNEMRSEIR
W I AR )2 R 3Eh 9 R S E A B U - B it a5 R R, AR LEY, ARESESR
Jo A3 U I 2 Fe A Min, 5 2 20 BOHDW B2 /0 1 J2& Cr Bl Co. ER)Z(0~20 em) H3E, HEE &R
5 5 Z MR B /MER N Fe, Cos Cr, Zn, Mn, Cd. Ni, Pb, Cu, X 9 FiE 488 T8 2% F (50% ~
100%), BB K. 7 20~40 cm 220, AREE LR LR REMNKE /MK N Co, Cr, Pb, Cu,
Cd, Mn. Ni, Zn, Fe, Hhp Fe B THELR 5% ~50%), MHASHAMERELBHYE TREEALR. 7
40~60 cm L2, Co fl Cu MBS BRERK, B8 TIRELF(C>100%), HR 7THARSHEE B BT
EEAS, EMEXELEES, ARERESE ZREEMNZL B KK A Fe, Mn, Pb, Zn, Cu, Ni, Co,
Cd, Cr. A FRE, REZO~20 cm) HIEPKAUEELBRE /B D ES T FJZQ20~40 cm fil 40~
60 cm) T (p<C0.05). ZEAMEHBBITRAERZE LD BT & B AAETZE & 1200 91% ~
1.290.90% » Hph AR5 Cr Ml Zn WA TR B 20 K, RZ LEP AR Cr. Zn B 530800 i g 20~
40 cm 1 40~60 cm LSRR 14 5H 345, 10 5 2 5 GR .

VAT, REE FRLAE R AR, e RO R A JE i B B E . AEARE S X 0~20 em £
g, FAE 0 AR MARHL YA RS Fe, Pb, Cu 2R E BEIRTFAE 1~3 4. 4~9 4F, 10~15 FF R HLAY R
TR, R 4 4E DL FAYSEML + A 204 Mn, Zn, Ni, Co, Cd, Cr BYF 88 W E 8 (p<<0.05). 1 40~
60 cm e, BEEFRIAEBRAUEE AN, A B Fe, Pb, Zn, Cu, Co, Cd 2 M H WM (p<
0.05). BASKRE ., SHHAHLL, 3EH P AR Fe, Mn, Pb, Zn, Cu, Ni, Co, Cd, Cr Jii & 43543 548
T 353%, 67%, 130%, 67%, 218%, 68%, 110%, 105% , 88%. FELEJEILE A 0~20 cm LJEZ T
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A RS T B AT T 40~60 em 2 Hf in g B 5 K (186. 52 % ~1 291.59%) , 5 40~60 cm AHHL, 0~
20 em 2 HBE I B B K AT JE Co(1 291.59%) , fe/NAYA Pb(186.52%). Z5R /R, S AMESHE
SIBRITRYAAFREERNITHE. Fe Ml Co MMt RHEM MM 20~40 cm, 40~60 cm £ 2 B E T
B (p<<0.05). Mn Ml Cr 1] 20~40 cm + 2B FITH, 1 40~60 cm L2 B EFTBMILEA Pb, Zn,
Cu, Cd(p<<0.05) (& 1).

B 05 (FAih) B -3 " 4-9%F B 10-15%
800 r 100 4 -
A B B A 2 B B
=~ 600 ~ ~ 3p 2
2 " 2 2
: i ] :
g 400 a g g 2| i -
= E 2 b ald
B 200 F = ~ 1 b a 5
b dc¢ &b bb a b
0 0
0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60
+E/em +E/em TE/em
a C
101
0.8
B b4 206
; o0 o0
g & E 04
s 2 Z
N © 02
0 0
0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60
TR/em TR/em tTE/em
d e f
250 60
A B B
200
i ‘o '?
2 ~ 150 e
& & &
& < 100 &
3 3 570
= 50
n 0
0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60
TR/em ITRE/em TE/em
g h i

N R [ 37 AR [ Rl R BRI 2 50 0425 1 X (p <20, 05) K5 B 7 0 AR 7 2 1022 S e 25 3 3 (p<<0. 05),
1 AEMEERZHNARTIEEASELERESY

X ST XA - rh 9 Bl ROS B 4 i R AR BT I RO 0T, SRR, B TR A AR S
S EOAN [ 5 A I A RS T A R BT R A RO SRR HE A ) R BUE RO R B R R g, H
i, 8 Co, Cry Cus Fes Mn, Ni#E 0~20 cm +)2H RRIEHE T 20~40 em H)2, HRGE RS éﬂz
£ 0~20 cm LJEHE T 40~60 cm LREPHAMEESEITERA Cd, Cr, Fe, Mn, Ni, RPAREES
JBEEAERZEO0~20 cm) HEh R E R ERBIRE L, GRS ESE RPUEECRIA 1290 & b
P ] 4 334 1 43 A0 A B A, HG b BRI 1] R 20~ 40 em 2 A RS Cr, Fe 9 BFAE L & 40~60 cm
TR AR Cd, Cr, Fe 9 REUEHIYA B E W GE 5.
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x4 FALEFXHMITEFAELERESTH mg/kg
+J2/em 1 Cd Co Cr Cu Fe Mn Ni Pb Zn
0~20 /IME 0. 00 0.02 0. 00 0. 02 6.03 1.29 0.01 0. 09 0.01
R 0.52 0.49 0. 09 2.58  758.89 143.59 1.51 1. 64 6.79
-1 0.12 0.18 0.03 1.05  232.26 44. 40 0.47 2.00 2.13
b o 22 0.09 0.15 0.02 0. 66 215. 39 33.17 0.32 1. 30 1. 60
BRZRE/ % 73.96 81.19 76. 09 62. 61 92. 74 74.71 68.58 65. 25 74. 85
20~40 /IME 0. 00 0. 00 0. 00 0. 00 20. 70 3.10 0. 00 0.03 0. 00
SN 0.11 0.13 0.03 1.00  110.70 56. 20 0. 44 2.83 0. 84
SE 41 0. 04 0. 04 0.01 0. 40 55.11 19. 59 0.16 0. 90 0.42
FRifE2E 0.03 0. 04 0.01 0. 32 24. 45 15.15 0.11 0.75 0.22
BRERE/ % 78.17 95. 47 82.55 79. 89 44. 37 77.32 72.04 82. 50 52.79
40~60 /MY 0. 00 0. 00 0. 00 0.01 1.53 1.71 0. 00 0. 00 0. 00
i KAE 0.11 0.07 0.03 1. 23 112. 74 22.73 0.19 2. 00 0.50
R o) 0.03 0.01 0.01 0.31 37. 38 11.79 0.05 0.70 0.21
b i 2 0.03 0.02 0.01 0.32 30. 36 6.77 0.05 0. 66 0.15
AR RK/ % 90.32  131.78 84.00  103.12 81. 20 57. 45 96. 20 94. 10 74. 94
x5 AEAMBEERFHTBEEUSELERRER mg/kg
TR/ ER . . . . . .
. E Co Cr Cu Fe Mn Ni Ph A
0~20 1~3  6.87+4.15a 3.1340.82a 2.36+0.47a 11.4%5.95a 10.143.77a 4.70+1.77a 7.27£5.30a 9.4245.09a 58.5+52. 2a
4~9 7.07+3.19a 3.89%1.36a 3.7320.68a 14448 46a 19.7+9.46a 14.0410.1a 12.9+10.7a  7.76+3.8la 83.4£77.3a
10~15  8.86%5.05a 4.87+£1.35a 3.7540.77a 11.1%5.13a 14.4£7.99a 10.9+5.29a  6.66+4.5a  6.2242.65a 45.3%36. 6a

20~40 1~3 39.8438.7a  0.6440.32a 1.07£0.07b  2.28+0.38a 1.53+0.19b 1.2740.48a 1.3040.46a 8.53£6.91a 1.01£0.14a

S5

. 42£0.70a

-
l
©
-3
(=3
=2
I+
o
—
I3

&

-
—_
=3
H
[SS)
—_
=3
I~y

w
—_

.98+0.66a 3.14+0.43a 3.83+1.68a 1.51+0.59a 2.48+0.70a 1.42+0.28a
10~15  28.34+27.3a 0.6340.16a 1.1840.14b

[SS)

L40£0. 742 2.53£0.16a 1.30£0.46a 1.06+0.43a 7.58+5.97a  1.52£0. 34a

40~60 1~3 0.47+0.15b 0.2840.05a 1.53%0. 64a

0o

.0440.60a 0.9740.31b 2.01£1.11a 0.52£0.15a 5.72£2.82a  2.19%=1. 62a
4~9 1.7640.28a 10.34+6.26a 2.68+1.4da 20.1+11.2a 4.67+1.57abl.5140.73a 1.05+0.28a 43.6+21.0a  4.97£3.12a

10~15 1.684+0.49a 5.78+1.78a 1.494+0.47a 12.8+6.59a 3.90+1.02a 2.04+1.32a 0.55+0.20a 30.0+22.9a  3.47£2.34a

W TR B TR MOR I E 07 2400, /NG B R 26 R L2 W 92 5 B2 1 3L (p <0, 05).
2.3 tHXMSW
0 X A 5 X I 3 2 3 (0~ 20 cmwﬂmﬁxﬁzuéilﬁ I3 HCS A UL AR ST 5 AT R O
PP (N =24). G5 A LI, 22 080 & 8508 51 4 8 i 50 BOE 2 A< 7 A WLIE AR S 2438 A 1%
PRGN, PRI IR, 22 LA RS Cr 1R E'éa\;fﬁz 54k A HUIE AR - 35 85 A 2 A7 e AR B 3 1Y
LRPEIE R E X R (p<<0.001) , A Cos Cu, Ni, Pb, Zn. Fe 5t 20 B % A HLAE 4E S 249 4% A HE A9 184
i B G AN (p<<0. 05), AR Cd Al Min 1Y J57 5 53 B 6 A7 LIS A7 80 B B9 3G i 52— (3
h#aH (E 2-a, b, o).
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AT FE X I3+ 98 T 45 A SO 4R TR A B0 R pH IS TR R, KPR AMESE S
J& A Bbt 5 pH (E AT e D, A RAS Co By R 40 BBl 8 p T R Y TH v A S AR (p <
0.001), A#A Cd, Cr, Cus Ni, Pb, Zn, Fe, Mn /i & 43 80 % + 3 pH {609 7 & 8 20> (p<<0. 05)
A3 Pb M B/ 505 88 pH (Eth 2 A (E 2-d, e, D.

0.6 8 - 800
@®Cu ®
sl ® eocd ~TF x y=00004x+05932 24
o0 m 4 X R2=0.276 7+ z oFe
2D 5] &6 %0 600 @
“oalm - @Ni ~ y=0.141x + 79.486
™ | . 25| - y=00001¥ 02961 R=02853*
= 2 4 A R2=0.132 3** £
=03 = o y=7E-05x +0.101 1 % 4k APb 400 b BEMn
i J R*=0.163 4* ; X X 2
SN = SN X A'A L, ¥=00006:+13347 5 °
i 02 = Ac I B et T R2=0.146 7F* b o 9
= @ ' I 2§ XZn g 00t &SR
01 00 ;= 1E-05x+00125 X . o

M!ﬁ R2=0.345 1 #**

v : L 0
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
B AE/ (kg . hm?) BERAE/ (kg . hm?) B AE/ (kg . hm?)
a b c

0.61 8- soor

ausl ® oCd s ¢Cu 3 PN
= | W y=0011&x+01326 2 | X FERAEES o ) oFe
o R2=0.040 6* I i Iy ¢ y=-39.143x + 333.62
=04t B . INi 5 R2=0.094 1%*
i BCo on xBA N -0.0484x+0.5001  op o
Eoslg® ® y=-00313c+02576 & ,| Br=lener E ol o e
< " R?=0.110 7#*+ =~ wX X APb = ® V=-5241 6x+ 55.44
& bl o = z . ® R =0.0614*
R 02F @
I# oo @y--00037x+0036s M i W0l ®eg @
1 0.1 R*=0.082 4** = ALA = 0341 7v+28870 IE o

0.0 By 0
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