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Long—-term effect of fertilization on accumulation and availability of heavy metal in a calcareous paddy soil

LIU Can'?, QIN Yu-sheng’, ZHAO Xiu-lan"*

(1. College of Resources and Environment, Southwest University, Chongqing 400715, China; 2. Chongqing Key Laboratory of Agricultural
Resources and Environment, Chongqing 400716, China; 3. Soil and Fertilizer Research Institute, Sichuan Academy of Agricultural Scienc-
es, Chengdu 610066, China )

Abstract: To investigate the effects of organic and chemical fertilizers on the accumulation and availability of heavy metals in calcareous
paddy soil, soil samples were collected from a long—term experimental field established by the Soil and Fertilizer Research Institute of the
Sichuan Academy of Agricultural Sciences in 1982. Eight treatments were included: (1) unfertilized control (CK); (2) chemical nitrogen
fertilizer (N); (3) N plus chemical phosphorus fertilizer (NP); (4) NP plus chemical potassium fertilizer (NPK); (5) organic fertilizer
(M); (6) M plus N (MN); (7) M plus NP (MNP); and (8)M plus NPK (MNPK). Results showed that long—term application of NP and
NPK decreased the values of pH and cation exchange capacity (CEC), but increased the soil organic matter content (SOM), alkali hydro-
lyzed nitrogen(AN), and available phosphorus (AP), and therefore, improved soil fertility. These effects were more profound in the NP and
NPK treatments containing organic fertilizer. Chemical fertilizers did not change the total Fe, Mn, Cu, Zn, Pb, and Cd content in soils. Or-

ganic fertilizer along with chemical fertilizer significantly increased the Cu and Zn content but did not affect that of other metals. However,
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all these metals were under the limit prescribed by the Chinese soil environmental quality of agricultural land (GB 15618—2018). Amend-

ing the chemical fertilizers did not influence the availability of heavy metals except for treatments with chemical P fertilizer, which signifi-

cantly increased available Fe, but decreased available Mn in soils. However, treatments with organic fertilizer increased soil available Cu,

Pb, and Cd significantly. Correlation analysis showed that the relationships between the availability of heavy metals and the properties in

the soil varied with elements. The results reported here indicate that long—term application of chemical fertilizers and organic fertilizers

does not cause the risk of excessive heavy metal accumulation in calcareous purple paddy soil.

Keywords : long—term fertilization; calcareous purple soil; heavy metals; availability
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FEVERN, (HZEAR & e AMRIES T B A %
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A H RN EE R Z — 1, peab, it B8 w] L
7R - 398 () BR300 R A o B 4 T A W
SR, AT e A e 398 BRI I LR 7 i O 2 4 1Y
MBI T Sz R,

5 LR I 2 55 A [t I 2% 1 T - e 4
J& BRI A RO AR e AR IR i A5 R
AT T AS TR) 7 it A 080 LA e R e e 4 P - 4
MR . A PR 24 AT 1 22 a Y AU E 5 AT HLAE
Fic it g6 % B, it AR 4 + B TR 4 )R Pb R A,
e 0 A o AR R . IR IR T B, -4 PD
B A2 KTt P AL AR A R, Cu  Zn  Cd 75 2 3%
JIEL S , LBt 36 I 2 4 i 5 18 72 A St i B R )
B, 48 Al A 7 o B S 3 1 i A HILAE , 2
RIS o W5 R A, Bt Ak AE bR T 43
AR B A TR A R Wl . MR
SEOHEVT PR LI L ARG R B, K G A B T
F2 MR Cu Zn Cr il As & 1 (AR H 4 8 1 2
RO AR TE I 0 22 55, Forh Cu Tl As 11 8 A JRURS: 4
K, Zn Fl Cr (FBAR KU 38/ . BT L, PR 358 o
R INEIR AR AN [R] D3OG 4 B i AE X 1= 98 F 4
J& BB A MR S R E R TR
DX A ) i AL 2% T - 4 4 J R R A R AR ik
HAFEEEY,

S KRG AP A 1 s X, FE TR KR
B b G A R T RO B AR pH R RS
S AL R ERYE PR RS A T
e 30 it AT - 9 R 4 e R ARURIA S5 A B e A
SV O e R R T TR (b NS S ¥ a3 - SV
i RE o AR SCRADY I 4 Alb B2 e - 3 AT R
WFR TR A0 - & L FERT AR TR R A

AR BEHERCR T AT SR AR E M I B R A, T
JEAIIAS TR AL XS A P 1 S PR o B 4 s 4 i I
HATRCR R TTE , B2 N LR E GRS
e B Pt St AL 180, iR DAl A 7 A T 3
Sk Rt S

1 #MB5EFE

1.1 X568 =R

K5 7RIS R T 1982 4F , 37 T U1 45 1% T 1
F LU X A 45, 3 B AR A7 54 30°107 507N, 105°03 726"
Eo 1% X @ W $HT 2 1 28 KU, A8 59 R T
927 mm, 4B SR 17.2 °C, T F A 300 d, 4F H 1]
B EGE 1328 he I - 8 0k B 20 % 7 AL BE i &
B AR R o I ET 0~20 em % )2 £ 5L
AT pH 8.6, H AL 159 g ke, A 4
(P.05) .21 (K:0) 43514 1.09,1.35,26.90 g- kg™, i
il O (PL05) L BAUER (KL0) 43514 66.3.3.9.
130.0 mg-kg™ """,
1.2 X3 ig it

R F 2% SCRk[14-15], A (CK) &
JE(N) VA& BEIE (NP)  E B #1IE (NPK) A HLAE (M) |
AHE+ENE (M+N) A HUIE+ A B (M+NP) FA7 L
HE -+ B (M+NPK) , 2L 8 4N Ab B, R~ Ab B EE 5 4
W, SEERALHES o /NX R 13.4 m?, £ /NK K I
A B T, PR AR e Al B b TG 20 em R EE A
F-Z2 e ERI . KRR AT T b, K 5 R
TRt AL, /NZZE R F G B Rb R, ELREAE R AE 4T it
FENEJEHE RN BEHRAF 23 P 2Rt A, R 2R I 4t 43 )
MR ZE 120 kg N ~hm™2, 13 #1855 60 kg P>0s-hm?2, 54
B8 60 kg Ko0-hm™, A HLIE 15 000 kg-hm ™, H Ay
MUIE R 320K, &5 KR 70% , 95 & N . P,05 . K,0 43
WK 2.0~2.2,18~25.13~16 g-kg™'. A HLHE 5 WEAEAE
FEAE— Wt A L K FE 2= 60% FEF 509% £ AE/FEJLAE
40% FIEFN 50% B#iEAE 43 BENE it 5 /122 2% 30% &
JEFN 509 B EAEHEIE , 384 42 70% FE F1 50% B AEAE
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PRATRE R o A Al [R] 24 b B A
1.3 H@mRESHHT
1.3.1 FEfh R4

KRR 5 F 2018 4F- 9 H RAEHFZ (0~20 cm) 1
BERE S FEREAS /N X $ S 7 55 ) B OR 4 5 A4 ) 45 o o
FESE TRAT, DU AR 1 kg 2247 . B RER IR &R |
ARk E BB B AR KT 43 B 4d 2 mm Al
0.25 mm JE B , it - PR ALk i 4 A A
Rt o3 T
1.3.2 FES T

+ 3 pH A AT (SOM) | FHE] F 52 e i (CEC) |
B A7 R0 (AN LR A5l CAP) 50 (AK) 421 L7
i E ., 14 Fe Mn.Cu.Zn.Pb.Cd &5 K% H
HC1-HNO;-HCIO. § # , A 2L & Fe . Mn. Cu. Zn H]
0.005 mol - L' DTPA-0.1 mol- L' TEA-0.01 mol - L™
CaCl, (pH 7.3)#2£ 5, Pb.Cd ] 1 mol - L' NH,OAc (pH
7.0) TR I, 714 2 TR EOR Y B 4 R VR R
TR 6 RE 7 (M —-890) M 52 o A A ik 7 P ik
B IR CPATRE R E AR HERE (GBW07428) i#E 47 5
il
1.4 HiEAbIE

St 1143 M1 % Excel 2007 F1 SPSS 20.0, A [7] 40 34t
[i1] (14 22 5 {3 P 4G 5 R Duncan 3 (P<0.05) , 2K
Origin 8.51E K.

2 ZREW®R

2.1 KRR MERE AT I E A RAI M
KA A AT IS A i L 1, 84
Ab P 438 pH Ry 7.81~8.16, 51X 56 %7 4 1 1 pH 8.60

AH EL , FEAIR 0.44~0.79 A~ BT, S 21 B S8 1 R AL Ea 3,
X5 Li S5 F 30 a VU1 b 1358 pH A L G fiiE
—5, 5 CKAMH, B MALERAN , HoAth b BE 4 35 pH &
fI£.0.06~0.34 4~ 547 o Horft N M M+N ZbHEARfb A
¥ ,NP.NPK.M+NP ., M+NPK &b 3l i % [ Ik (P<
0.05) ; 5 Byt FH AL AR AH L, A3 HLIE — A AT P it Ak 2
4398 pH AR IR B2 R, Horp M+ NP 5 NP [A] 22 57
o FWTt A R BE AR A R A AR
5 PR LA it FH S R AL AE R 3 ok, 45 SR 5 T g Ae
SIS — B0, (H 5 0T AR SO i AR T A AT
ORISR BT, R it 8 28 EL A BELAE o0 R 213 1R Ak
MIVER . BFFEBH, IR ZE A 3805 FERBEVE R T
KA B NHG , NHEEHE— 25 i A A= i Y, 308 4
S A R B H 5 3 pHBRAIER (E AR B 5 1) £
BN A L A BRI S v RE ST, BRI N M L
M+N 4h P 4 1€ pH AR fL AN 8 3% . NP NPK 4b #f 4 58
pH I 2 A%, 5 1 B R 25 N RF K VS B vk 5o A
— 2 M S IR A SR, T A MLIE 5 NP UNPK P jiti R 1k
VE A3 5% T B S5 A HLIE Al A SE 7RI AR At
ek 2 1) Ca Mg K Z5ER 3L F5 /04 56

SOM S S e T S e 0y o s () 248 hn . AR 1
F S AP SOM 5 JEAE 16.76~21.66 g+ kg ' 5 CK
AL, it AR A SOM 5 42 51 5.19%~29.24% , $2 = i i
DL M+NP b FR K N AR FRf /N, B N NP Ak, HoAl it
JIE AL 3 SOM % 44 i 48 %5 (P<0.05) o FEAN it A AL
NERS LT, SOM 75 & 5 NPK>NP>N>CK , NPK 4b 3 i
F =T CK, X AT A5 U0 B0 I8 A bt B 1 97 ik 2
WS A AR TR SR AR Y B TR
FRAE A A P, 5APURECES , SOM 7 i &I

K1 NEHERALIE + EEIR{L MR

Table 1 Physicochemical properties of soils under different fertilization treatments

Jih g SOM CEC AN AP AK
- ’ pH Soil organic matter/ Cation exchange Hydrolyzable nitrogen/  Available phosphorus/  Available potassium/
l'reatments N . 1 - o -1
g-kg capacity/cmol kg mg-kg mg-kg mg-kg
CK 8.15+0.01a 16.76+0.91d 21.34+0.57a 72.42+3.06¢ 2.15+0.13¢ 121.12+0.74a
N 8.09+0.04ab 17.63+1.64cd 20.76+0.16ab 76.88+5.01bc 1.27+0.16¢ 106.25+5.35b
NP 8.02+0.04bc 18.04+1.36¢d 19.69+0.57abe 79.46+2.33bc 25.41+2.38b 89.98+5.54d
NPK 8.00+0.10bc 19.49+1.67bc 19.23+0.50bc 75.71+4.11bc 23.20+1.43b 124.12+0.35a
M 8.16+0.03a 19.01+0.31bc 20.32+0.87abc 81.57+6.89ab 2.27+0.17¢ 105.99+1.75b
M+N 8.08+0.02ab 19.50+0.47bc 19.59+1.81bc 84.38+4.87ab 2.05+0.20¢ 95.03+3.31cd
M+NP 7.81+0.07d 21.66+0.58a 19.69+0.57abe 92.11+3.65a 32.07+3.41a 90.51+7.52d
M+NPK 7.96+0.04¢ 20.22+0.97ab 18.69+1.06¢ 85.78+8.55ab 30.04+2.94a 100.67+2.68bc

T AP R N B 22 [R5 AN R]/ING P RE s A B ) 22 5 2.3 (P<0.05) , T T4

Note: Values are means = SD of four replicates and are significantly different at P<0.05 when followed by the different lowercase letters. The same below.
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H M+NP>M+NPK>M+N>M, H 4% 4b B2 25 40 1 Y
FEAEAR B, 55 Th Rk S PIRI 5 /N T S5 F o8 25 5 —
2, K INA HUIE 5 A0 IR AL it BE 4 25 SOM % &, A
FITF SOM YRR 2, #2372,

CEC JZ e - 38 Ji5e (A 35 18 171 Ha i 1) 0500, 2 RO
JE AT 2% bk RE ) B AR AR . &AL+ CEC
18.69~21.34 cmol - kg™, - HE LR NIE fiE ) 45 sl i
FEAGEA PR ESLT , 138 CEC & IRIT 4 CK>N
>NP>NPK, Bl jifi AL B A T 4 3 CEC; 5 4 HLAE Bid it
J&  M+N M+NPK 4b 3 i 21K F CK, R A PLUIE 54k
NERC it fd CEC F B IR BE 3G K, 5222 5B 1A
HLIE T 52 25 42 55 SOM 7 5, 3 01 4= 38 1% W A% 671 Ha fif
o, I H R CEC 75 = 1 45 LA ], 3 nl /g5t A
SRR pH FEARA G . WFFEERI, I A SR, 2% 1fi
PRI A7 B A2 pH 2R, pH AR, 38 I PR ks 6
T 70 H A 2L, BB 5 - A4 i o B 2 AR

+ 3 AN R 2/ R AE AR RE J15R S, o
MBI R A S &, SO AN SR 72.42~
92.11 mg-kg™', 55 CKAH LL , #2155 4.54%~27.19% , H:
M+NP AR &, NAL AR . AN S A WU AL B (CK
N NP NPK) ] 22 5 A 8 2, A ALIE 5 Ak I8 e it 40 27
A CK i #2755 (P<0.05) , Ui I AL IE e 42 i - 3 it 4
AEF7, iS5 A HUIE S A it P RO B

+I3EAP & 1.27~32.07 mg-kg ™', DL N AL B AP
SR, MNP ZbH AP & B fe i, AR B ECR AT
MUAE BEfE F 1 28 A A5k 3 v o AN W) it AT Ak 342 1 498 AP
TRAAERERES RN 3R At 1b 2= B AL
(CK.N.M M+N) &b 3 AP % 5 A ARRY 5 it FH Ak 2= B A
R Wt A5 LR &b (NP NPK) AP &5 2 S v A %% CK
W 7105 A A RO K YRS i A 3%, — 7
Gy T W AR T SRS W D, TR A A RCIR
AP b 2w R A HILIE B it A BE (M+NP . M+NPK)
AP 8 R Y B CK I 14 5 4247, R A HILIE 3

Jiti 7T 50 SOM 75, 17 SOM 7E 56 Ak 3 F2 vp 77 A A L
RS T, T/ A R 5 8 PR a CaCOs XA 2K
B ER 1) 115 , 0 S DT HLB (R i g, R HLIE
B TE 3 AP R RE 805, b SE AT 1Y it
SEAD FE B Z W 3R A O, A HLIE Ak T T it 2k SR B
e, 5 1 2 A AR AT 45 SR — 3

3 AK 550 89.98~124.12 mg-kg™'. 5 CK A
EE, B NPK AZb3#Ah | JL At A Ab B AK 75 i B SRR AT,
5B S IO 4R v 4 AR S RS SRR — 3, T
RE it A R IE R o TR AR S R
TR N W AT S B = R B 2R A A S 1
b2 40 B BE 5 AE — o A P 4 5 38 19 AK 5500 5 i
IR R A= B A A B B 1 R A
B
22 KPARKEN TIEEEES=ENEM

2 it B A F A 392 Fe \Mn 25553 51 K 23.54~24.57
g-kg ' H10.62~0.68 g+ kg™, Cu.Zn.Pb I Cd & 5 43 5]
9 18.26~21.16 . 78.76~89.93 . 28.62~31.23 mg - kg™ #il
0.219~0.247 mg- kg (£ 2) , TE AL F ( £ HE PR 55 i &=
A FH b - 458 gL XU B bR o (7 7)) (GB 15618—
2018 ) & XU 75 L1 : Cu 100 mg- kg™ (FiAfth, pH>7.5) |
Zn 300 mg- kg (pH>7.5) Pb 170 mg- kg™ CHiAth , pH>
7.5)F1Cd 0.6 mg- kg™ (FAth, pH>7.5) , T 4 Jm 15 4L K
FARAR .

AR A PR, 423 Fe 5 DL CK fi% /7 , NPK
F AR, it e 358 Fe 5 RERRAR, (H 25 AL 3R] 22 e AN
Z . T3 Mn 5 B DL N FIM+N fz 5, M+NPK A%, Jiti
JE X6} 443 Mn & 5 DB B2, v A8 5 3 Fe \Mn
JLER O AR BB O, A5 it IEXT 123 Fe \Mn
R TN AT L2

it RE A5 44 448 Cu % 5 DA M AL BRI 57, N A 2
eIk, AR HE AL B (N NP NPK) [A] 02 3% 22 5% 5 5 CK A
Eb A M. M+N, M+NPK 2b 3 i 2 $2 & (P<0.05) , %

R2 AEERLELZEECESSE

Table 2 The contents of heavy metals in soil under different fertilization treatments

AL Treatments Fe/g kg™ Mn/g-kg Cu/mg-kg" Zn/mg kg Pb/mg kg Cd/mg kg™
CK 24.57+1.44a 0.67+0.05a 18.91+0.35¢d 78.76+4.30c 30.03+1.33ab 0.229+0.020ab
N 24.48+0.46a 0.68+0.03a 18.26+0.92d 82.21+2.03bc 29.35+1.18ab 0.231+0.008ab
NP 24.33+0.47a 0.64+0.03a 18.66+0.284 80.72+1.58hc 28.62+0.69h 0.223+0.004ab
NPK 23.54+0.79a 0.64+0.03a 19.21£0.24cd 82.72+0.96bc 28.90+0.76b 0.219+0.004b
M 23.87+0.96a 0.67+0.06a 21.16+0.52a 82.5423.04bc 29.36x1.25ah 0.234+0.006ab
M+N 24.44+0.43a 0.68+0.01a 21.01£1.03a 85.81+3.09ab 30.41x1.25ah 0.247+0.012a
M+NP 24.50+0.78a 0.64+0.02a 19.81:0.38bec 85.68+1.97ab 29.44:0.18ah 0.239+0.007ab
M+NPK 24.440.46a 0.62+0.02a 20.46+0.62ab 89.93+3.08a 31.23+0.57a 0.230+0.014ab
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HH , Bt AL AR R 2552 0 35 Cu 19 REL (H 5 A HLAR E
WG RS T I Cu g, L Zn SR M+
NPK f5 #5 , M+NP M+N ¥R 2, H 2 3 8 F CK, H 4yt
JEAh BRI A 3R (HAS AR 8 2 5 5 it MLAE b B
A EG , #5400 M85 5 AL i Ak B A Zn 7% 2t 345 42
5 , A M+NPK T NPK i) 22 5 i 2 (P<0.05) . 3 H
APUER G2 I Cu Zn S RTFE FEN .

Jite N6 £33 Ph & AR U AN i . +3E P &
B M+NPK 4b B 5 2 55 T NP I NPK 4h , Hi 440 3]
T 2 5, R Wi AT A PR S A HLICHL
ic it X} 122 - 398 Ph &5 S G WA . 4 Cd 5 R BR
M+N kb B 25 55 F NPK AL B Ab , A Ab B A) 22 5 R
W R A PR, ¥ L EAE (M+N (N 4b
P 5, AU A IE (M+NPK  NPK) &b P A5, 1H A [
PRI ZE SRR . AR MUIEAH L, Bt 22
T Cd R 2.18%~7.17%. 15 Wit AL IE AN 25
Sl 43 Cd 2R, Bt A LA E 3 cd s A 1A,
(EESv:I et 77 S o

H AT, AR 0 e AL e 45 3 3R W, it
AL S Y HESMESE SRR R HEH
NEXT e 4R S R —E M ES . EB K
SEPVRT Rao SE T 5E 28 B, K 1 it FH 4 22 8RR E 19 +
HE Cd 2 R E U SEOHGE , KA B+ LR
B it | U FL A+ 5 AT 78 35 L U A HILAE + 55 #T 78 55 Ak
B 43 Cu . Zn  As \Pb % &, FEAIK -3 He % &, XF
43 Cd.Cr Ni 2N B3 . Gruter S5 By - B9
AN ORI 28 R R il R T R AE sl (1 7
Py HERE 2 1 2 2 5 -3 R Zn BN C P . iXAT
RESANEREFMESETEERAE L, BT
SN A AT HILAE G Joi %o+ 1 R 4 i ) R A E R
ER . AwtgRdr, KWt A PUIE A +3% Fe \Mn . Pb
T AN, CABS AN, Cu Zn & it i 45
A 85 5 P A% 25K b S B R R 1Y Cu  Zn, RAIG

WEE ) Cd AP A G, BARE B0l A= v, A ik A=
FEAA B S DRLR SR A FE R, SR A A
5 Cu Zn 554 J@ Ju 2 DR 7l , S ffigg 26Kk rh
PR OCE W R, 51 13 Cu . Zn R, 17k
LS5 8 UF S il 4 208 T T it P 4 PR A 14
RN ZE L Cu Zn SR E IR . AR
W AR KNG A VUIE S 80T 13 Cu Zn R (H
FEAR I Cu Zn bR )T, X+ HEPASE T 4 49 F ok
gy B

23 KEARKEN T IEEEEERENF M

22 3 J KA [ it AR T - 398 1 4 T 1 A AR
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i) —— 36 £k 2R P15 51 R 0.07%~0.20% | 2.32%~
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Table 3 Contents of available heavy metals in soil under different fertilization treatments (mg-kg™)

AL Treatments Fe Mn Zn Pb Cd
CK 16.13+1.65d 17.57+1.83a 2.35+0.18¢ 1.60+0.20a 1.37+0.04abce 0.168+0.003b
N 17.17+1.91d 17.74+1.28a 2.32+0.19¢ 1.56+0.17a 1.27+0.09¢ 0.180+0.004a
NP 38.93+2.23¢ 15.22+1.81bc 2.18+0.13¢ 1.55+0.18a 1.33+0.08bc 0.170+0.003b
NPK 37.86+£2.97¢ 14.88+0.70bc 2.37+0.20¢ 1.57+0.13a 1.27+0.03¢ 0.157+0.008¢
M 16.04+1.52d 17.32+0.95a 2.77+0.48b 1.55+0.08a 1.46+0.13ab 0.179+0.002a
M+N 18.53+1.92d 16.13+0.95ab 3.01+0.42ab 1.60+0.06a 1.43+0.09ab 0.182+0.008a
M+NP 50.02+2.95a 15.61+0.60bc 3.23+0.11a 1.63+0.05a 1.53+0.17a 0.183+0.002a
M+NPK 43.97+4.21b 14.36+0.35¢ 3.02+0.02ab 1.62+0.07a 1.42+0.07abc 0.179+0.002a
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x4 EcRANESEAMR. EERAERAMNEXXE

Table 4 The correlation between the contents of available heavy metals and physicochemical properties and their total contents in soil

J5 7 Index H A Fe A% Mn AR Cu AR Zn AR Ph ARCd
DTPA-Fe DTPA-Mn DTPA- Cu DTPA~Zn NH.OAc—Pb NH.OAc-Cd

pH -0.923%%* 0.683 -0.504 -0.595 -0.350 -0.062
SOM 0.700 -0.615 0.833* 0.572 0.638 0.289
CEC -0.666 0.921% -0.385 -0.224 -0.091 0.066
AN 0.570 -0.426 0.887% 0.577 0.802% 0.624

AP 0.994%5 -0.869%* 0.268 0.390 0.190 -0.199

AK -0.367 0.264 -0.468 -0.187 -0.523 -0.619
4 Fe -0.039 0.219 0.226 0.506 0.295 0.572
4= Mn -0.861%% 0.850% -0.106 -0.223 -0.037 0.291
4 Cu -0.058 -0.156 0.759% 0.280 0.707* 0.473
42 7n 0.495 -0.600 0.795* 0.599 0.460 0.503
4 Ph -0.039 -0.141 0.581 0.680 0.381 0.494
£Cd -0.118 0.097 0.633 0.459 0.611 0.640
A3 Fe 1 -0.850%* 0.326 0.440 0.230 -0.152
7% Mn 1 -0.274 -0.330 -0.073 0.271
H AL Cu 1 0.732% 0.8647% 0.642
5 Zn 1 0.592 0.299
A% Ph 1 0.614

T A2 0.05 A GO _F BB AR 5 % 120,01 KGRI B E AR

Note: * significant correlation at level 0.05 (bilateral); * * significant correlation at level 0.01 (bilateral ).
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