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TCHA S RZ . DR — b R4 R 2 PRANROR Cd & & (EFRARRUR A IR A A0 2 2 et R LS B Zn JEAYALEE (L1ZIF
L1Z1F2 | [2Z1F1 F 12Z1F2) o 545 F1 B R R oK Cd & 5 43 50l B AR 64. 9% ~ 67. 5% F1 56. 1% ~ 80. 6%, HH [12Z1F1 (4500
kg+hm [ LS +90 kghm ) Zn JIE + I 0. 2 g- L~ Zn JIE) Ab BISCR et @45 A B R KA 45 007 Cd/Zn LA 25 K
fIX, BEK T Cd/Zn A S Cd & 240 38 IR MM G ULAA A0 P Zn & REAIBIIERTK Cd é‘%ﬁ%ﬁ%ﬁ"ﬁ@%ﬁ%ﬁlz
—. AR RAEA Zn INEE H AR BEA SPH R K RESE Cd B REE 2 | IR AR Cd &, R —Flie A s B B Cd

YRR 122 S PO B AL, u ' /
KR BIE . ALRCHCRLN; KR Cd Vo bE L & | \ i 4
hESES, X171.5 SCEERIRAG. A iﬁéﬁ%;0250l3301(2(_)21)09-4452-10 DOI./ 10. 13227/j. hikx. 202101150 :

- d J f ¥ .”" . \ ‘e n"‘ ‘ . : " e
Combine(f,iu-fEffects of Soil Amendment and Zinc Fertilizer jon” Accumulation and
Transportation of Cadmium in-Soil-Rice System ,/ o | - ¢,

ZHOU Kun-hua', ZHOU Hang'?* ,) WANG Zisya', LIU Ya', LIU Jiatwei', GU Jiao-feng'?"*, ZENG Penig'”,
LIAQ Bo.“-'hanl’2 "y r et ~ -

(1. Céllege of Er}#ironmentuScience and Engineering #*Central Sqmﬁ University of Forestry and Technology, Changsha 410004, China;
2. Hunan ]!E;lgineeringnLaboratory for Control of Rice Qualli.ty.:dnd Safety, Changsha 410004, China)

Abstract: A field experiment was conducted in moderately and severely Cd contaminated paddy fields in Beishan Town, Changsha
City, Hunan Province. This study examined the effects of LS amendment (limestone + sepiolite) , in combination with soil application
and foliar spraying of Zn fertilizer, on Cd uptake in early and late rice plants. The results showed that; (D the application of LS (2 250
kg-hm > and 4 500 kg+hm ™?) significantly increased pH and CEC values in paddy soil during the early and late rice seasons, but the
addition of Zn fertilizer (90 kg/hm”) to soil and through foliar spraying (0.2 g-L™" and 0.4 g-L™") had no significant effects on the
pH or CEC of the soil. @ LS application decreased concentrations of TCLP-Cd and CaCl,-Cd in the soils, by 11.5%-38.8% and
24.0% -81. 0%, respectively, while neither of the treatments involving the addition of Zn fertilizer to soil or through foliar spraying had
any significant effects on the concentrations of TCLP-Cd and CaCl,-Cd. 3Single treatments involving only LS amendment, Zn fertilizer
in soil, or foliar spraying of Zn fertilizer also reduced Cd concentrations in brown rice, but to a lesser degree than the combined
treatments. The combined treatments (L1Z1F1, L1Z1F2, [2Z1F1, and 12Z1F2) reduced Cd concentrations in brown rice by 64. 9% -
67.5% and 56. 1% -80. 6%, for early and late rice, respectively, while I2Z1F1 (4 500 kg-hm ™ LS +90 kg-hm > Zn fertilizer +
foliar spraying 0.2 g-L~" Zn fertilizer) resulted in the largest reduction in Cd concentration in brown rice. @ The Cd/Zn ratio in
brown rice was significantly positively correlated with Cd concentrations, indicating that increased Zn concentration in different rice
tissues was one of the key reasons for decreased Cd concentration in brown rice. Clearly, as a remediation technology, combining LS
amendments with zinc fertilizer is an effective method for achieving the safe utilization of moderately and severely Cd contaminated
paddy fields, by effectively inhibiting the uptake, accumulation, and transportation of Cd in rice plants and decreasing Cd
concentrations in brown rice.

Key words :zinc fertilizer; combined amendment; rice; Cd contaminated soil ; foliar resistance control
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Table 1  Physical and chemical properties of the tested paddy soil

s oM CEC Hcd M7 AU R %
e =] pH -1 -1 -1 n-] J > g - g
/g kg /cmol -kg /mg-kg /mg-kg T RL KD RL FhAL
KiE+ 5.31 36. 84 35.60 1. 61 93.6 19.6 51.0 29.4

1)OM FRAHR SR, CEC R HEFcHE
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BT AT it Zn AE AN TS it Zn I8, 7E X5 0 Ak
FR/NIX A it 90 kg-hm T A Zn B H: b 2 R A RN
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L"), o 2o R4 R 3R ) 43 B e 75
L-hm = {5 26 1 V8 0 S R . A RE DT R
HH 299 Bk (13 k4T 7' x 23 47) /K i, #7709 i 38

B3 AT ARREAE R A R R 'ﬁﬁﬂ%ﬁﬁ(n :

ﬁTﬂé{HﬁE % Eﬂ [ERESLEES

&2 Wit ’f &
# > Tablé 2 Experimental de51gn

45 kst s Y

LK | RO ) B Va8
CREE L P2 250 kgehm 7 1S ’ A L
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FIY R Zn 0.2 goL !

F2 T Zn AL 0. 4 gL 7!
L1Z1F1 Fjifi2 250 kg-hm =2 LS + 1t Zn A 90 kg-hm =2 +

T A Zn AR 0.2 g-1.7!
HLifi2 250 kg-hm =2 LS + +Jifi Zn AE 90 kg-hm =2 +
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[271F2
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¢ pH {1 CEC A7 B 520, 11 -7t Zn JEAY 45 40 28
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(OM) & & W A . 5 CK M ke, 32 250
kg-hm > LS f§ L1, LIZIF1 fil L1Z1F2 Ab P H
WS 13 pH {E 43034 i T 0. 55 ~0. 67 F10.28 ~
0.33; 4500 kg-hm™> LS Ay 12, 12Z1F1 FlI
1271F2 AbBRAH L e AE 398 pH (E4rJ3E 1. 12 ~
1.26 F1 0.41 ~0.71, ¥ 5XMEF B E (P <
0.05). 5 CK AL, L1, 12 F1 Z1 B—AKb PR R i
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27.2% ; ABCEC R LS BEA Zn JEALFE (LIZIFL
LIZ1F2 | [2Z1F1 1 12Z1F2) {fi 5. w55 1 3% CEC
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CEC ¥ EA MW AR FE R, 54 4 31X W Ae £ 4%
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B M RE H5E pH (EA CEC Y0 52 m.
2.2 MRPRAHE Cd Al Zn ARGS SR

K H] TCLP BRI 177 50 CaCl, $2HUE RV

i



9 1 JEIPAEAE

L R B S FENE XS L KRl R GE AR T

7% 3 5 e 4455

®3 FEAEIREETEERELERYZME)

Table 3 Effects of different treatments on basic physical

and chemical properties of the tested paddy soil

oM CEC
o 4k 3 H
T AL pH {i /g'kg_l /(‘,mol-kg'1
CK  5.31+0.20d 36.84+2.39a 35.60 +1.43d
L1 5.98 £0. 13bc 36.69 £3.35a  38.35=1.31cd
2 6.56+0.4la 39.23+2.24a  40.54 +2.26bc
Z1 5.36 £0.33d 38.41 £0.71a  40.82 +4.87bc
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F2  5.39+0.24d 38.62+3.98a  36.32 1. 19cd
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LIZIF2 5.86+0.30c 38.06+0.36a  39.65 +1.36bcd
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CK  5.44+0.10c 36.02+0.86a 33.96+1.91d
LI 5.77 £0. 15bc 39.77 £3.28a  43.03 5. 25ab
2 6.14+0.33a 37.57+2.85a  43.19 +5.26ab
Z1 5.41 £0.15¢ 39.68 £0.56a  40.65 0. 96ab
- F1 5.45£0.04c 35.91+4.91a  35.39 +1.43cd
F2 5.4220.15¢ 38.95+3.14a  34.44 +0.48d
LIZIF1  5.77 0. 12bc 39.63 £1.78a  38.26 £0.48bed
LIZI1F2 5.72 0. 10bc 39.60 +1.69a  39.69 £0. 00abc
1271F1  5.85=0. 13ab 38.50 £5. 10a~_ 43.992.39a
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Fig. 2 Effects of different treatments on Cd concentrations in rice tissues
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Table 4  Effects of different treatments on Cd and Zn concentration ratios in rice tissues

Cd/Zn
o - ok w i E; m
CK 0.058 £0.006a  0.029 £0.005a  0.055 £0.005a  0.025£0.012a  0.418 £0. 087ab
L1 0.050 £0.002b  0.028 £0.002a  0.053 +0.004a  0.027 +0.004a  0.486 £0.030a
12 0.029 £0.006¢  0.017 £0.004b  0.038 +0.015b  0.016 +0.008b  0.345 +0. 107b
71 0.023£0.002d  0.020+0.002b  0.009 +0.002cd ~ 0.005 +0.000cd 0. 060 0. 008c
m Fl 0.026 £0.002¢d  0.020 £0.003b  0.017 £0.00lc  0.028 £0.006c  0.453 £0. 086ab
1) 0.0250.002¢d  0.019 £0.002b  0.011 +0.003cd  0.020 £0.005cd  0.444 +0. 138ab
LIZIFI 0.016 £0.002¢f  0.010 £0.002¢d  0.009 +0.002¢d ~ 0.008 +0.000cd 0095 +0. 010c
LIZ1F2 0.013 £0.002¢f  0.009 £0.003¢cd  0.007 +0.001d  0.007 £0.001d  0.074 +0.039c
12Z1F1 0.018 £0.002¢  0.012+0.00lc  0.004+0.001d  0.010 £0.004d  0.077 £0.017c
12Z1F2 0.012£0.001f  0.006+0.002d  0.005+0.003d  0.007 +0.001d  0.048 +0.012¢
CK 0.136£0.019a  0.146£0.021a  0.145+0.029a  0.054£0.012a  0.577 £0,203a
L1 0.119£0.011b  0.096 +0.011b  0.112+0.012b  0.034 £0.013c  ,0.461 +o 0624
12 0.095£0.005c  0.113£0.033b  0.069 +0/011c 0,034 £0.008c 0.503%0098a
71 0.033 0.001e © 70,023 £0.002d  0.003 +0,00kes 0.002 £0.001d  0.045 £0.001b
- FI 0.073 £0.006d 70 101 £0.003b 0031 £0.005d  0.041£0.006c 0. 537 = 040664
F2 0.077£0.010d_  0.064 £0.016c  0.017 £0.005de  0.049£0.008ab  0/45240. 1414 |
LIZIFI 0.035 £0.004¢ © 0.024 £0.006d  0.005 £0,000¢" 0.001 £0.001d  0.037 £0.015k"
/7R 0.032 £0.006¢f * 0:017.£0.002d  0.003'+0.00%c 9. 002::0,000d  0.026 +0.004h
~— A L2ZIFI 0.018'=0.002f /. «"b{.{(‘-ﬁi £0.003d  0.00240,001" = 0.00240.001d  0.023 0.002h
o Ay 0.031'£0,003ef s --'*‘6. 018 £0.001d 0,002 0.00le = 0/003+0.001d  0.025.£0.000h"
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Table 5 Correlation coefficients between basic physicochemical paramelers of soil, Cd availability, and Cd concentrations in rice tissues

_— A SHL HIERREUS C IKFEAHBAL Cd 75
pH oM CEC TCLP-Cd CaClz-(,d BeK Bt it 2% I

pH 1 -0.005 0.772* -0.923" -0.768* -0.481 -0.901** -0.506 -0.725* -0.795*
oM 1 0. 092 0.053  -0.113 -0.468 -0.203 -0.433  -0.168  -0.028
CEC 1 -0.747% -0.724*  -0.701* -0.774™ -0.715* -0.744* —0.884"
TCLP-Cd 1 0.874* 0.565  0.955* 0. 458 0.665*  0.881"

Hfg  CaCl,-Cd 1 0.776* 0.912** 0.645*  0.806*  0.939
fii> 1 0. 663 * 0.852* 0.529 0.773*
B 1 0.573 0.788*  0.897*
nt 1 0. 604 0.653*
ES 1 0. 803 **
it 1
pH 1 0.139  0.759* -0.800*" -0.960" -0.242 -0.423 -0.392  -0.460  -0.274
oM 1 0. 449 -0.332  -0.223 -0.416 -0.509 -0.291 -0.688* -0.269
CEC 1 -0.769* -0.687* -0.418 -0.611 -0.498 -0.715* -0.430
TCLP-Cd 1 0.825* 0.438  0.661* 0. 443 0.777*  0.403

WefG  CaCly-Cd 1 0.381  0.515 0.471 0.539 0. 357
Bk 1 0.924 * 0.847* 0.696*  0.931*
Aot 1 0.730* 0.882*  0.857 ™
nt 1 0. 505 0.914 *
2 1 0.577
i 1

1) * F1 ™ 551305 P <0.05 Fll P<0.01 KT, n=10, ry g5 =0.632, ry o =0.765
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Fig. 3 Relationship between Cd/Zn ratios and Cd concentrations in brown rice
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