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A EHERERAX B L IRR. HEMSEER
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wE X, BHL, BEE'T, XNHEK, 5 W, %EHE, fEWE
(1. SIS RS MBS, TL05 B AT 210042; 2. ZEAEASIHRERIEsEE, =/ P 650034)

WE: [ B ] B IR ISR H 5 SR 5 XS AR B R E 2B S B R, hELRTS
Yok 1+ R e FI RS E . [ 5] RABRERE 3, TR0 A FUI AL B S i R 5 A 8 Bl it
X4 (Cd) A (Cu) 75 4R 1 381 pH [EFIE 4 8 A 850G & 2 sh AL L R g Bk A 304 R S CH T & A
Cd fl Cu Fritfysgm, [ 255 ] A DU AR RS /1 ) e 4 =+ pH {, MEHILIESRRICH3E pHE; 5
STIBAR LG, BATA HLAR 22.5 t/hm® FIECHEA PUAE 22.5 ho*+HBEFRAS A3 K3 1.5 t/hm? AL BRTE 45 d I3 + 30 ks
Cd Fl Cu % 52 M AR TE N B (308 Cd & 240 I AR 38.41% i1 43.12%, A ALA Cu & &40l b
Ik 54.79% #1 53.79%), it FHALIE AR F) F 3 3038 Cd Al Cu & /RS SXTIRAE L, Ay
22.5 t/hm® FIECHEA AL 22.5 Yhm™HRERES A1 8 1.5 thm? 23 BIELEER A= 3477 184.33% H1 153.31%, 3¢
i Cd A AIREAIL 60.17% F1 36.40%, AE3EH Cu &AL 47.27% 1 19.35%; it AL AN RRFEAIR A5 Bk
AR Cd Al Cu i, [ 4538 ] 2t MUAE A HLAE 5 5% B8 45 0 40 e it BE 42 5 408 pH, [k L3 Cd A
Cu A=A, REES i ML 2, PR E R BRI Cd F1 Cu ¥5 4L XU L) R B2 =
LA TR AL %

KRR A B MR RIS AR HEEAACE Cd; REEARS Cu
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Effects of Different Fertilization Patterns on Available Cadmium
and Copper in Acidic Soil and Its Impact on Cd and
Cu Accumulation in Head Lettuce
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Abstract: [ Purpose] To study the effects of different fertilization patterns on reducing the risk of
heavy metal pollution in farmland soil and the content of heavy metals in vegetables, so as to provide

reference for the safe utilization of heavy metal polluted farmland soil. [ Method ] A field experi-
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ment was conducted to investigate the effects of organic fertilizer, chemical fertilizer and their com-
bined application with calcium carbonate powder on the dynamic changes of pH value and available
content of Cd and Cu in acidic soil, the growth of head lettuce and the enrichment of Cd and Cu in its
edible parts.

could increase the soil pH, while the application of chemical fertilizer reduced the soil pH. Compared

[ Results ] Combined application of organic fertilizer and calcium carbonate powder

with the control, the effect of application of organic fertilizer 22.5 t/hm’ and combined application of
organic fertilizer 22.5 t/hm*+calcium carbonate powder 1.5 t/hm’ on reducing the content of available
Cd and Cu in soil was more obvious at 45 days (the content of available Cd in soil decreased by
38.41% and 43.12%, respectively, and the content of available Cu in soil decreased by 54.79% and
53.79%, respectively); the application of chemical fertilizer was not conducive to the reduction of the
content of available Cd and Cu in soil. Compared with the control, the application of organic fertilizer
22.5 t/hm® and the combination of organic fertilizer 22.5 t/hm*+calcium carbonate powder 1.5 t/hm’
increased the yield of head lettuce by 184.33% and 153.31%, respectively; the content of Cd in lettuce
decreased by 60.17% and 36.40%, respectively; the content of Cu in lettuce decreased by 47.27% and
19.35%, respectively; the application of chemical fertilizer could not reduce the contents of Cd and Cu
in head lettuce. [ Conclusion ] The application of organic fertilizer and the combination of organic
fertilizer and calcium carbonate powder can improve soil pH, reduce the bioavailability of soil Cd and
Cu, and improve the yield and safety quality of vegetables. The results can provide reference for redu-
cing the risk of Cd and Cu pollution in farmland in similar areas and improving the safety and quality
of vegetables.

Keywords: farmland soil remediation; fertilization pattern; calcium carbonate powder; available Cd

of soil; available Cu of soil
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TE BT KR BEALT, B RE S T 4 A IO A A

ERATI (A E G YRR E AR ) , P
i 35S A AR IR 19.4%; N5 HbRTE
OUKE, B (Cd) SN RN 7.0%, i (Cu)
(s ALEARR N 2.1%, TEFTA 53R T4 54
JEEE—FMEE U Cd Al Cu %5 E 4 B M 115
FORWI R, S mRIE AR, FEUR ™6
R TR, FEER I AR B
R, M, 4R TS Y s B R N
— A N AMIF ST A T
HIEESIRGRBERE TEAYHBE | b
B2 . YR RLLAEBBE ST EY, T
W RESZ 15 YR N RO FE AN R IR ARl A 7= 1Y
M4, EHEAE LA FEERESEIEYL,
[5G 2 Fe 16 R FME B A, LAE R T
SEBRAR R RE R AR R Bk B
0% . AR RSN, ERIESETS
P s )Y, H R AR RS AR
YIRG . ML AT APUERRLE 5
Go WRIRES R —FokIET 1z . AR AR AP R

ULVE, JFdat s 3 pH (i -5 rh i B 4 8 2k
WEEADTE, BABIRERER™ ., HL
Yrkb e E N AN E T 4 8 T el s 2 b
B B R . it AT HUIE A BE RS REAIG 1
e CATE M, WAREY X E LR MR,
W REEE TR BAE M T, B AR Ty, R—Fb
BT ROIA T e 4R T s = ik

X R ENAENE o B A AT L . R AR S
5 HURE R FAK 2 e B 4 B Vo Y H -3 p
AR CAdF Cu KBS Cd Al Cu 1Y & i AUR
W R — BRI PR A PR A T A% M
X 38 M A= 36 Cd Al Cu ST, ABFFELA
A ESE G YR RN S, K
PRI 5T A (] B A JHC 5 ke T 5 0 493 T it o) 4 458
pH ARG Cd., Cu S sh BB KA e =
AT B RN TP R4 R SR A, ISR
AR B TR A Y ok R A 7= ST IR T 4 s
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TR AR
1 RS

1.1 R0 R 2 AR

RE T 2019 4F 10—12 HE =8 BT i
T X B g R A S I SR (N25.05°, E102.7°,
1975 m) o R0 X & rhoT R e R ZE KU X
SAEIS IR 14.9 °C, AR EREK A 1000.5 mm,
H KK 208.3 mm,

B R LLE, S 00k [14] B9 e
KHFE Al AT LM . pH 5.86, RS
2.3 glkg, AP 48.32 gkg, S F
41.96 mg/kg, PFHE F3cH 18.55 cmol/kg; 4= Cd
T 0.70mg/kg, AREES Cd FE 0.26 mg/kg, 4 Cu
HH 193.27 mg/kg, ARG Cu & i 11.10 mg/kg.
ZHIX HEE 4R Cu il Cd &t (At
ey ge XU A bR AE GRAT) ) U I AU i
{8 (5.5<pH<6.5Hf, 4 Cu<<50mgkg. & Cd<
0.3 mg/kg)

IS S A 25 BR A= 2% (Lactuca sativa var.
capitata L.) , H#t 20d FRa = KM, 56 H
AU AR R F =F 28 R R 26 55 J5ORE 5845 A B2
B A, HEARHAEYERC N : pH7.67, BA®
i 24.70 ghkg, SBEE I 1745 gkg, BT &
32.60 g/kg, AHLTFE 505.00 gkg, 4 Cd &
1.05 mg/kg, 4 Cu & 59.00 mg/kg. A HLIEH
Cd & EMAE NY/T 525—2021" B HLE (B Cd<<
3mg/kg) o HEHXBRIRES A0 A KA (WA =/
B AN 45 B 0 70 A PR W) ) BB i 250 B i 5
15, H CdM Cu & mB M TR R, pHIEN
10.18,

1.2 kit

R 5 M (R 1), BN EE 3 IR
HAE; BT /NX 154>, B/
XHLAE R 4 mx5Smo R IEFRIK, BA/NXZE
PE S 50 cm. 5 25 om Y I Hobe pyg AR
A7, RPATSH AL T 1 m. AL
NEAE R BN, ANHEFTIB AL, it FH AR A
it AE 28 56 % A SR T RO o G BRAE SE R AR AT
1d 47 L ERIAE,  [R) A AR 4l A /N DXy it A
J7 SEAHUME FE A L flk R 5 A B3 -5 R ES ] o) it
2019 4F 10 A 15 H B #&hek43%, 1715 30 cm,
PREE 20 emo FEHAER SRR, /N XCR BUH [R]
IBEK . BRE A B B A S H A A T 2

Fz 1 HEREEL T

Tab. 1 Design for treatments of the field experiment

Ab2E it A 2 B it Y

treatment fertilization pattern and amount

CK A no fertilization

oM HHLAE 22.5 t/hm’ organic fertilizer 22.5 t/hm’
AHUIL 22.5 thn ™ HERARES £14731.5 t/hm?

oMC organic fertilizer 22.5 t/hm’+calcium carbonate powder
1.5 t/hm’
WIE (R 1.2 vhm S BERRES 2.95 vhm ™+ R H1

CF 0.38 t/hm’)

chemical fertilizer (urea 1.2 t/hm’™calcium superphosphate
2.95 t/hm*+potassium sulfate 0.38 t/hm’)
MREABRERES A4 1.5 t/hm?

CFC chemical fertilizer+calcium carbonate powder 1.5 t/hm’

1.3 FEaCRE S

F R R R, A A PR B S it AT
FIARRAE BAE, ME - 5EA 808 Cd fil Cu & it
K pHH ; A RXE RS 15, 30, 45, 60,
75 KRR /NX 0~20 cm 322 HIERES,, 22X
TR 5 100 B H T HIESE . 4
60 d Z5BRAESEMAAE , TEA/NX MR AR 10
FE N i o = N Ra b R B Y s A 1
B WA R T ARE R, B R
JEid 100 Hiffi, FEl,

158 Cd & i B SR A 2207 e iy
FOCEEILD, 158 Cu & H A R H XA R T
W oy G TR Y R 4 R A RS Cd Rl
Cu & &8 W R O — e h Oz 4 —r
GRS B PR R DGR A SR Cd FLE
Cu 7 I R R IO G AR
1.4 HEuers

& I Microsoft Excel 2010 Fil Origin 2019 i
TrEdEb BRI S s RA] SPSS 22.0 FF 47 i
FER S, K )75 R ] Duncan ¥, K
4 P<0.05,

2 RS0

2.1 A EAEAE S 3 pH E s 4L

H & 1A i ALAE (OM) AT HLIE S
BRBRES A YL (OMC) A Y + 398 pH {E BA S
Bma, 7ERRE 15 RIS 1 k&
BRI, pH{EHEE 0.49~0.91; OM AbHAESH
75 KB pH A ik & KA, AN SET 3 1.01,
OMC AbFRAESS 60 K pH (H A KAE, oAb R
FIHE AN 1.04, B AR (CF) AbFEAY + 38 pH A5
PRI S AR S, FE5E 15~30 KFEIR Y]
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i, pHEFEAL 1.21; b AE 5 8% R 45 A #) I Jiti
(CFC) Ab B ) 43 pH (B 52 SR S A S 8 hn i)
B, TEH 0~15 K pHHMEE T I, 55
ﬂ%o

—-+-CK —=-OMC —o—CF
—-o—OM —e—CFC

0 15 30 45 60 75
Ab IR A]/d

treatment time

H: CK. ANAL; OM. HiitiAHLAL; OMC. A HUACHIRFRES A ¥ ; CF.
HALAL; CFC. ALAC+BRFRES A1 43 ; R Ilo

Note: CK. no fertilization; OM. organic fertilizer;, OMC. organic fertil-
izertcalcium carbonate powder; CF. chemical fertilizer; CFC. chemical
fertilizer+calcium carbonate powder; the same as below.

B 1 FEREEKERTLIE pH EaSE RS
Fig. 1 Dynamic change trend of soil pH under different
fertilization patterns

2.2 ARG T LIPS ESESEN
AL

AP 2 Al A Ab T A S Cd AR
Ab BB (] 1) A K 2 S BRAR S TR i . 7
45d B}, OM Fll OMC AR HIEA RS Cd & &
BB, SACFEFTAR EL BRI 430 R 38.41% Al
43.12%, [F)3] CK Ab B AR IE M 21.99%; CF 4k
PR H ARG Cd & E e 45 d BFFE 2= A,
RN 12.98%; CFCAbBRA)HHEAREES Cd S8
30 d BRI, FRIE N 24.46%, [RIH) CK AL BRI 4
W& K 14.45%, OM Fl OMC kb 3 ) + S8 45 3 2
Cd FEAE 0~15 1 30~45 d IFREIRER, Hib oM
Ab B 1) [ B 43 1 16.05% i 21.10%, OMC Ak
T 1 B 1 43 51 4 23.67% Fl 23.46%; CF il CEC
Ab BRI 3G 8ES Cd & B A BB R A TE 15~
30d, 430l AR 7.54% Al 21.43%, %] 75 d ),
SR FEFTAR G, OM I OMC Ab BR A 3347 302
Cd & 73 B FEAR 12.50% F1 16.67%, CFC 4b B
) IR Cd &Rt 13.04%, CF A3
A HES Cd S AR, T, A LR L
T A RS Tt 8 R 65 A oy 357 8 A4 et o ) P 1 i 3
FRAS Cd &R,

—e-CK —=+OMC —=—OM —CFC ——CF
041

i
[

AW Cd Fit/(mgkg™)
available cadmium content
o o
—_— (3]
.
N

WA Cu FiE/(mg-kg™)

7
R
available copper content
©

i

0 15 30 45 60 75
B ]

treatment time
B2 FREHMAEERTLEHEYE CdF Cu
SENEEN
Fig. 2 Dynamic changes of available Cd and Cu content in
soil under different fertilization patterns

HE 2 0T H: R ARG Cu R
EREH RS Cd HA—F, HREREETHER
¥, OM F1 OMC AR + A A Cu FEAE
45 d IR B AR, AL BET 43 B FEAR 54.79% F
53.79%, [R13M CK &b B ) % i >4 40.03%. CF
CFC AR +3EA S Cu & E7E 30 d B Z i
%, FEIESTHIK 28.51% Fi138.46%, [Fli] CK 4bHE
B B W R 31.67%. OM Hl OMC AbHEFE 0~15 Fil
30~45 d [FFIRAER, OM Ab B EE IR 43510 32.17%
Al 31.69%, OMC 4k BE [ i 43 5] A 27.86% F
34.10%; CF Fl CFC AbEEIIFE 15~30 dAFEIRER,
VRSN 22.39% F131.90%., F|75 d i, S4abs
HIAHEE, OM 1 OMC AbFRAY + AR Cu &
A3 A 36.61% F1 35.43%, i CF H1 CFC 4b B
THEARES Cu &5 THE 17.66% il 28.30%.
AL, KW AL RE AR R T 5 30 Cu B F%
IS, AR Tt o P 05 A A9 T DA et 1 PN A - 38
A Cu SR,
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2.3 AFEAEEL A 23Rk A e e B A H E SR &
oAl

2 2 AT OM Ab H Ay &5 Bk A 3% 7 i A
mr, HKJE OMC ACHEL, 73 40 il He X R 3 =
184.33% A1 153.31%; CFC AbFH 45 R4 3277
WEST CFAEE, CF5 CK AMBRAYESERA: 30 ™
W LR SABRZEERA ST B M Cd
SR A CFC>CF>CK>0MC>0M, Cd &
A A F AR MEFR (0.2 mg/kg)™s
CFC Ab BBk A28 Cd it & & T CK &b
B, 5 CFAPZERAEE; OMARIAE Cd &
R FHET CFC., CF Ml CK 4b3 . 5 CK A1,
OM #il OMC AbFR A= 2% Cd & 543 9 FEAK 60.17%
1 36.40%. £SALBRAYLEER A Al & FFRAL Cu &
¥}y CF>CFC>CK>0MC>0M, H OM kb3
1) Cu & W E R T HAb AL, [N CF A FRAY
49.89%, 5 CK AL, OM Hl OMC Ab 3 ) A= 3%
Cu F 4T HIEAE 47.27% F119.35%.

+x2 BEREBETHERERNTERH CdMCu B2
Tab. 2 Yield and Cd and Cu content of head lettuce under
different treatments

WFE PP HE/(kg 667 m”)  CAEE/(mgkg') CufiE/(mgkg')
treatment yield Cd content Cu content
CK 930.35+108.96 ¢ 0.0840.01 be 0.86+0.08 a
OM 2645.25+291.11 a 0.03+0.01 d 0.46+0.04 b
OMC 2356.65+140.81 ab 0.05+0.02 cd 0.70+0.07 a
CF 1273.48+129.54 ¢ 0.09+0.01 ab 0.91+£0.20 a
CFC 2141.23+241.81b 0.11£0.00 a 0.8940.00 a

e FAEEA T AREL WIS /NG T RERIRTE0.057K
Note: Fertilization patterns of each treatment list in Tab.1; different
lowercase letters indicate significant differences at 0.05 level.

3 it

A5 OM Al OMC 4b FE + 3 pH {H B A 5
s, nTREEA VRN 585 7 AR
B RECpHE LT, S Y pH (A E F AT
RESE TS IRVEF . A HLAEJE i B A AR 22 500
M)A HLIR 3 2 6 2R A7 P2, CF 4b 9 1 4%
pH A SR 2 Se N5 AR 3, mTRRJE IR &
(7K VR FE A 13 pH (EZE Y BT, Z )50
B A AR T AT pH H FEAG . B IE an I o8 &k
M. MRPEAEPERIRERS, b lEH 2L
FESS 2~4 Ji] 5 XI/INHEAECORFIE R FEffiE Y+
it AJRZE, pH EEHE LA B RERET

K, JHrp 3~4 FIREIRR K, SARMRE RN,
MKBPRE, i HRE SIS S8R,
CFC Ab 3 PR Ay 5 2 55 1) it A P2 a0E T 4 e AL AR
FHET, P R &R (a4 A R 58 pH i 550
BN, WS BT ER S I e A OH (il 3%
pH B T+, 2% W 45 P o B R M T S
(Cd &% i 1.06 mg/kg) Jifi ] 4.5 thm® CaCO;3, 9 4>
A G R R PR AR s AHESE OMC
CFC A BEAEIR IR 2 75 KR S5 5 MR sk SR,
W 60 RITFERRSCR efE, pH {E 75l 5 4b BT
B4 1.04 F10.67,

AR Cd A Cu 5 RRAR 32 R A AR IR
BIFIRRY 45d N, H OM A1 OMC AbBEAY +3EA
A Cd Ml Cu & BRI B KT CK, RHAL
JES Bt AN HLAE 5 A T 5 A R Bt 240 1) AR A1
FIEARGE CA A Cu & i, HAHUIE SRS A1
3 Tt 0T - ST AT RS Cd B FRAR R T BA it A7
MR . i FHA ML RERS $2 55 3 pH, 34 ina #l
B, AR EA S E ISR R A% AE
JFH T 52 1 £ 4 Ja (14 8% s R LA A A5k
BN [ A AIUAE X £ 38 7 4 8 HL A 3 Ak R e XL

S o X R ENAEIE Y L B A HUIERIEAEAE
FHAT B 48 = HHEA RS Cd A Cu i ; JONES
GG K B - A W e RN TR e T SRR AR
Cu B ahfe )y WS s B A LT
Hahm, 48 Cu Ml Cd A ACHAS & 2 o ERRAR, it
FHAPUIERT AR Cu Al Cd 55+, S
I 7= A 25 55 0 SR PR AT R A LR 4 8
WO AL A AU P R A e BLRR A
B 22 5 P K A HE B B AR R SRR AR A A5 1 (B
H . KHEARESE) AR, iR I E SR
Cd Fl Cu WEEACALEARML, — 5 hiiE i iy 3
pH AR S EAVITE, i — A Cd Ml
Cu KA O A R FRER DT, H— 52 Y il N
AR Bt 25 0k T 605 A T 391 0 48 K T 48 5 %)
CF bR (%) - A 302 Cd il Cu & & FRIE /N T
CK, CFC ¥ PREmE/NTm & T CK, R
FHACEASF] T REAR LA 2GS Cd M Cu &, BiC
it Bk R 5 P 305 SR T2 AR B ), A
AL HE HHEA RS Cd il Cu SRR .

Jite FH A HLAE IR 2 605 400 93 T S 2 1 fin 25 ek A=
Serra, B AL I X S P ROR AN 3 it
FURE 2 T30 44 pH FRAK, dEmiS A 3 AL %%
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SEURFME, MEE AR AP AT
e 1 pH, HEAIA LR &, ik R BESEH,
PEEY &, AT AEPIRE S UESS i A
6. RFE XOFEMEAER 4 i HLARSS T i 5 ey
RSB R . AR X R M 4 i
2.25~4.50 t/hm® CaCO; 7] 38 Jji1 4 3 faf A= 4 i J H:
TEVE, HETTAR T R A A LRSS hn B 4338 R
R, FATAEY AR, e
pHEMEAL, HEESEADAESER S, #E
X o4 e AR I SO s it AR BILIE AT 4 vy 0
AL SR, -3 B o I ) 4
AL NS A HLE AL iR AR ES £1
Ky RERRAR ARG Cd il Cu &4, JEmiFRA%ER
¥EAeRE SR, Hik, A5 OM fil OMC 4k
PESH P T RS BRAE ST & A I E 48
Cufll Cd & &, HRETH SRS, 25 557
Cd V5 Y i H CaCO; J5, #52KER3E Cd &
BIREAI, Hop SRt 3E od R Mmoo .
A BAEIEY R A AR B AR S B
Cd &M Ca FEEIEAMHK, RIAS54 5 1
AR A DG, X AR ASY CFC 4k
PRA 3 Cd &8 KT CF ALH DL K OM Ab Bl AE 5%
Cd &/ T OMC ZbHE SR

4 ZEig

Titi FH A3 AL RE R R 2 5 by A3 ) 1 42 = 1 3
pH fH, $INZEERAES 0, BRIRESERAE R T &
R Cd F Cu 1 &t il AR IEXT 25 3R A S0 11
H P RORAN S AN FI TR - 8 e 23k A e rh
() Cd Al Cu &, PIUL, PREA VUL LA LR
55 R A% A R T e 2 R I R P Ak T M 4
Cd F1 Cu V5 YL ARG | B i e 7 i B H 22 4 i o
1) R 4 i
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