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(1. g ol BHE R 2 R EE R 5 TR ABE, KD 4100045 2. K B T2 A HIHIMEA TRIRE, K 410004)

WE. Exﬁﬂ%é{mﬁ?ﬁ%%n(cd)m Je R H R AT T TR 6, B9F 9T /K R 5 o A 300 (2 el 00 R T 2300 ) i Jon &0 5 ( Zn ) VS /K Xt 4
HERR S Cd i | FLIK Cd ¥ B2 DL ROK AR 45380 Cd WU 328 (0 52 ) . 53 205 SR R B D DG A6 & 301 Jin AL Zn VEE W 7K AT 410 361
ii%rh?c%ﬁw Cd [ FL B K B9 BT R, P A e 2 Cd 5 1 5 % M BL G W 35 22 5 L (HDS ) B ALK Cd Wk 8 3 IR
16. 7%~57. 6%. @) It £ F 1t in AR Zn HE W 7K 7T A7 R0 B AR K R 45350 08 Cd 5 k5 1 v o 2 A 400 oy R 98 3 301 17 289 6 Jin & Zn 20
mg- L ATEE K AL BE R (BF1) , KRG AR . 25 FRE K Cd 5 10 1) (2 35 1% A1K 56. 0% . 83. 8% F11 85. 2%. DHFA % T il il &% Zn 100 mg- 1.
B FHE IR K, AN 4 Zn 20 mg LAY 3 T 7K 4% 42 B S R ARG K R X Cd A W 5 535 L K R AR - 25 22 1) 1 Cd %638 2 80 (TF) [ IR
12. 5%~56. 3% , H: 11 B1 #1 BF1 AL I T 35 3 8 257K °F- . FaRBESE R B, it i AR Zn E R 7K 5 35 B (IR R X Cd 1 W AR 58, 7 2
ST A0 S 0D 34 0 2 Zn 20 mg - LAY HEIE K AT A 8CSE B Cd V5 e e T 28 4 e

KA AMRVEE(Zn) HEMEK ; SCBEAF I KRG W (CHWRIL; ¥z

FESES: X171.5 XEKFRIREE: A XEHS: 0250-3301(2024)02-1118-10 DOI: 10. 13227/j.hjkx. 202302196 = f..v--"' |
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Effects of the Application of Irrlgatlon Water Containin g,-ZLn at the Key Gr0wth P’erlod
on the Uptake and Transport of Cd i Rice ¢ |1 o \‘ f?”
ZHOU i, HU Yu-dan', ZHOU Hang'™, CHEN[Qiong' { TAN Wen-tao', ZENG Peng’”, U Jlao G, LIAOBo-han'” & ,f
(1. Collge ofEnuronmem'al Scidhce and Engmeermg,,CenfralISoulh Unne?lf\}fj stry and Technology Chmgsha4l(1004 JuChmaJ2 Bunan Engineering LZboraM{orconlrol
of Rife Quaht\ and Sd-fety;, phdn,gshduoom China) | /w 47 &\l u F (¥ _~

|
Absﬂ'act In this stud'y‘" d fl@’ﬂ‘ experiment was condueted Ig:ﬂlamme i effevls ofithe application of i nrlgatlon w\;ater containing Zn at the key growth period (bonung %tagf; and ﬁﬁf!
stage) fon exchangepble Cd/ éontent in the soil, Cd cmceritrau.dn."m pore wa.tbr, and Cd uptake and lran@poﬂ rice in a Cd‘(‘&ntammated paddy field in Lfﬁvang City P iHunan
Plow_uce The resuh% indicated that: @ the apphcauork of m.lgai.bjn W ater_.l’omalnmg Zn during the key growth p'érlod (ould inhibit the releasing process of exchangeable Qﬂom the
.5011 mto pore Ayaler. Comparéd with that in the control | the contém of-’exchangeable Cd in spil was slightly cha.ﬂ.ged burthe concentration of Cd in soil pore water at the mature stage
Was. SIgnlﬁqﬁnlly reduged by 16. 7%"'5'-7 6%. ) The apph(’atlon of it _ﬂgﬁtlonl waj.e-}"t‘om
rice. Cd (’or}g’_‘atg i oot stem and brown rice with the aﬁph(’auon of iz

ing Zn at the key growth period could %1gn1flcanﬂ\ reduce the Cd content in various parts of

“Wwaler conlaining 20 mg* L™ Zn before the booting and the filling stage (BF1) were significantly
devrea%ed by 56.0%, 83. 8% and 85. 2%, respectively. (3) Compared with the application of 100 mg* L' irrigation water containing Zn, the application of 20 mg* L irrigation water
contalnmg Zn significantly reduced the uptake and transport of Cd in rice, and the translocation factor (TF) of Cd from rice roots to stems was also significantly reduced by 12. 5%
-56. 3%, with the B1 and BF1 treatments reaching significant levels. These results suggested that the application of irrigation water containing Zn could significantly reduce the
uptake and accumulation of Cd in rice, and the application of 20 mg* L™ irrigation water containing Zn before the hooting and filling stage could effectively realize the safe production of
(Cd-contaminated paddy fields.

Key words: irrigation water containing Zinc(Zn) ; key growth period; rice; cadmium(Cd) uptake; transport
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fi 0 NS KRR T 5 Ik g Cd p ks BORRIROCE AR A KR A R TR A R A
BAEY), PE IR TE & F R KR O AR Cd #8A R e - )
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MM BT Zn 5 CAFy = MocE MmO, ZERLY
AT LA BB, S8 Zn 5 CA7ERI PR N FE7E 3
G ol B HTVE . Koleli 2 & B Zn 38 i1 55 Cd 55 4+
5 OGR4 B A o CRIVR  RSERR T R EE 1 ) i 45 & L)

2 A X Cd 75 5 1 S A L 1 B Ak B AR, DA
TAP ) %52 CA B2 5 . MWK N AEAE Zn A1 Cd L =2
ZIP %32 B (A (W IRT1 A IRT3) , 1 Zn 5 Cd Xt FAH
) F) 2 32 B 14 e A B L R T ARYE X Zn (R WM
J& T Bhas iy, i Cd B as SRR i,
Zon Xt R 240 L P VR A7 e AR 350 3 i 3 3 ) B 4 i

FR Y CAW IR T RE L SR BF5E 3 K B, Zn
Xt F KRG Cd WSR2 28 25 1 F A7 72 45 B IR VE 7.
Wang L0810 0 2 7 Yk BE R 32,0 wmol- L™ F1 56. 0
wmol* LB, K Fi b B 3B Cd & B S5 AR Cd & &2 [
WEFEMP <0.05), RN 20 Zn 232 R &
Cd o) L b3RR3, i B Zn 5 Cd 16K R AR N A7 7E B
) 7, DT T BB i K A Cd B B KU . B A, A —
SERIF 5 A - [ B Zn JET A B Zn AR R
AR A C M W B3R . A OK R JF A 391 Iy st it
ZnSO, 4b @Maﬁ*ﬂlﬂ(:d ﬁz?ﬁkm 9%~
28. 5% Jiﬁ&i#miﬂlﬂﬂlﬁhﬂﬁiﬂ jiiz%%h‘ﬁi
Zn EX 52 | *E{e%i%ékéﬁ**&ﬁ*ﬂ}eﬁ
ﬁ%ﬁmm%ﬁ%ﬁ%wﬁ%TﬁTﬁ;%

75.0 kg-hm > AbBE T, fif + 3¢ b CaCl, AT $2 HL Cd 75 &
TE 43 308 56 b B AR 329%0~64% , 75 H 18] 32 56 v F A%
16%~30%.

KRG —FIR AEAEY) , KRS W
B 7K 0.75~1.05 m’»m™( %) 500~700 m*- F ). 4k
T, 76 7K i O 58 A= & A Bt i AR Zn 38 86 7K 2 75 1T B
AR ARG X Cd W ik Fn % 32 0 75 F — 25 T R iF 5% . A
W, A SCLL e A W BE T S Cd v g A A A A R
G5 T AE K A Cd AR 2R G B A 3 309 (2 Al 300 A o
) it AP IR Zn HE R K, PR 1 IEAC R AN Cd B
LB K Cd HeE LA KK RS 4 A Cd Wl S5
iz py sz, LU Cd V5 g f 48 4 HE = S ik 4
RIHE .

1 #REFE

1.1 {3 4 skl

B FF 147 i 2 30 B T Cd 75 e Rk 28 17 ,25”N
113°52 55"E)9¥%EEIIETJutElA %imﬁjﬁﬂﬁzﬂﬁ?%
DR 1 A5 quyjlg&ﬂ(i 1 400~1 700/mmg=F ik
i 16. 8~17) 5@C 1ﬁxﬁéﬁﬂi%%ﬂxlﬂh%m%
1ﬁﬁt7mqm$¢;srmﬂ*ﬂ;ﬁﬂa Tl e
A RS A ¢ﬁ¢¢mﬁ%tmnﬁ*ﬁﬁ
ﬁ%@ﬁ@ﬂﬂﬂﬁ@%%l%%ﬁiﬁwfj

28. 21% Hwa‘ng #‘m B 58 % B S f :t i‘s%%% W7 R S d )~ # F
u | i/ ’;E 1) gt L AR { , _,;;:?
s N J'"I.‘ i Table | 1 édau ph.ysu 41 dl’ld (ht;"mlt “al properties of tHe lesle(‘rpdddy soil
T A i | = - N o
I ok oor o(ABLT) A | :—f;;ﬁ'c 0 (SeHeds cd) (3 Zn) w(SEHe Zn)
.,nl + gi'it‘;l: o 1 PH i /g.":.kg] g mg - kg™ /mg kg™ /mg kg™’ /mg-kg™!
L i 5.02 35.67 3.19 0.54 232.1 9.25

1.2 KKI

ARG A1 7 AL 2 500 Shy 2R A e A
Zn 20 mg- L' 57 100 mg- L (7 /K (B1 A B2) |
W HG % Zn 20 mg- L' 5% 100 mg- L™ A 7K (F1
FF2) DL K 2 58 300 A R HE 01 A0 Yl n & Zn 20
mg* L5 100 mg- L™ A E /K (BF1LFI BF2) , ISR N
Zn B JE T 7K R X6 BB (CK) |, 1056 45 A BRI 3% 2.
FEA RIS AL H A 3 U, I 20 AN RE DT, /N X T R
3 mx 3 m, FALHES , BHE A RE . AR KRS 2 A i
ol R, AR I A P 3 2 R B O ST SRR
a0 S I 0. 45 mP % Zn FEIE K, I AE KRG 22 A0 A
VEE IR0 A o T ) 2 1T K 2 3 B R 5 em A2 A . T[]V
W R K Cd A Zn R AR 0N 1,63 g LT AN
84.23 wg L7, JEHEE /K Cd 1 Zn e J3E 3 A% T (4 1 3
7K 5 bR ) (GB 5084-2021) FR E Cd FLEL Zn PR Ax
WE0. 01 mg- L7 I 2. 0 mg- L. /KA Ml 45 3444 BE AL 55
Al Bk VR AL 2 HE AT 6 I8 A it i AN PR B IR 4

T it .

JKFE T 20204F 7 H v R A) A B, 2020 4 10 H 26
H sk . 78 B RE 7 K REAR B BRI DL 607 1 £ BE 4 A
3R A FL B K R BE 2% (Rhizon MOM ) |, 5K B 5% 3% 122
) 25 mL 3R} E S 4 DL B BEFLBROK . o0 T
BEH] (20204E 8 13 H) (kA9 1 H ) | 2258
(OA15H)  ERIW(9OH29H ), IZJI(10 H 13H)
FUS I (10 H 26 H ) R 27K fig Az < 10 0] -+ 3L BR
K IFE R 0. 45 wm JERESEAT L8, T 4 CLRAF I

IKRE LG A FE T e 5 s BURE TR R4 5 oK
i, BT e R 4% KRS R MR A koK L 4tk R 4
KB, 105 CARTE RFEETOCT T RHE . H/M
R A DK K R AR RL L 5 , SR 5 e K R AR AR 0 AL
25 AR ST HURE KX S AN A 43 B R BT R, R R
Fﬁﬁzéﬂzﬁ RORAEGFIN . [l oR AR AR By L 48, A AR
R EERE 33 10 H AT 100 H 8 S8 0t , 40 51 FH 58k} 5 dt
APRAERRI
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Table 2 Experimental design
b 7 i 5% 4k FR
CK AN Cxf R
B1 2B Y T HE N & Zn 20 mg- L™ A9 E /K
B2 ZE RV FTRE N4 Zn 100 mg- L™ B9 B /K
F1 A YR M N 5 Zn 20 mg- L 899 BE K
F2 SV HTRE N Zn 100 mg- L™ B9 7E /K
BF1 Zj el 0 v R0 RO R 40 0 % Zn 20 mg- L7 A9 HEE K
BF2 ZR RG] RNV S 0T RG240 A Zn 100 mg- L7 3 K

1.3 FESE S HT e

44 pH R 1 R i (PHS-3C, & #2) T 2™ +
HEAT BT R FH 7K A A 4% 2 4 A - L 3 7
+ 34 %3 Cd Fl Zn 5 12 (CaCl,-Cd Al ca012—zn)7|<ﬁﬁ
0. 01 mol- L™ CaCl, 7 M 42 B "' s +- AL BR/K R F 43
FLBR K R A %% (Rhizon MOM , & M B4 (g ) A PR
R BRI AR RN Cd, Zn M Fe R % — W Bt iR
AT R = AN B R S AN (DCB) I R U 5 7K R A
PR A 8L Cd Fl Zn 5 3 R T K AR 5 R (GB/T
5009-2010). % I A7 5 47 JR T W U 4 SLOEE it
(2407, Agllent)(ﬂ]ﬂiﬂ(*E*EHWﬁﬁg/ﬁlq:‘ Cd{f{?ﬁ&i
HEALBUK T B CAARZn e JE Fﬁﬁj:f%ﬁunmﬁﬂ}l%
%nzn—/‘ FP]ICP‘+AES(ICP6300 Thénn,e F'—slie 1
st U«Iﬂ%hﬁ%ﬁiiﬁ cgw@),gfﬁecf’}""jcyié

14 [ i %43 31 4 98. 6%~102. 1% F198. 4%~101. 8%.
1.4 BRGS0
K H Office 2016, SPSS 20 FI Origin 2021 %k 14 ¢
A7 B304 Kb PN ] e 2 1, 45 R R A T Y (E AR 1 D
#(n=3). fEP<0.05F1P<0.01 it ZF/KFEFtr F
Ko . P 2 5 2243 M1 (one-way ANOVA) | Duncan %
M Pearson A JCHE 20 AT . KA 45 3040 (8] 4% 32 g
J1 LU R B (translocation factor, TF) 7~ , B 5 —
F A 4 8 P i (C) T — BB AL A 8 & B LU AR,
WTF . =CulCy, NP CQ BT HEMES BT

i, CL RN ETHNEGE S, P mg kg

2 HERE5AH

2.1 SCHEAEE W N AN IR Zn E W AKX KRG AR )
) 5% Ml

AR 3l SR A T 0t I AU Zn VEE
IR BEIN T KR 45 LA PR . 5 CKARE, JKﬁX
55 B EIA A i . 9%
28.8%. 9. L%Am 3%, 2. 6%~26.2% . 3{ 1%=k1. 1%
A16. 4%~18. §%. 1%2151%[1 BzéLIETﬂ(ﬁ/iI&%%
EKCKAEEEPFBI:KE%‘“JJH W T s 7

L™ (K, ﬁﬁﬂhNZq 100 mg- L E’J{é(@fﬁ(ﬁﬂﬁ
Llﬁﬂi%ilﬁ@imﬁﬁﬁﬁ BT HE N 75,7 100 mg ’;;,'

[GBW10045(’GSBr23)] 13 kA ) B Cd T Zn E’J@@f?f@ﬁwﬁ AR R y
AN - %5 | géﬁﬁ%&‘ﬁﬁmuawan,ammmi%sag o 7
F Table3 ]Lffe(ttifdpplyingu';loat:bn wateglcontaining Zn on ried biomass at key grovthiperiod
1 rale L g A" ;,,f g B
(e * ] = T e Bk R
#CK 19.1+0.5¢ 9.9+1.0a 33.9+5.9a 27.0+1.9a 89.8+9.2a
Y 24.6+1.3a 11.5+2.0a 37.1:4.3a 28.0+2.7a 101.249.54
B2 23.6:1.8ab 12.551.1a 40.2:6.8a 27.0+1.5a 103.3£10.0a
Fl 21.2+1.3be 10.8£0.6a 35.4:4.7a 28.2:2.1a 95.6:7.4
F2 22.1£2.0abe 13.123.0a 34.8+4.4a 28.7+3.8a 98.7+12.5a
BF1 20.82.3be 11.7£1.7a 38.22.0a 28.5:1.6a 99.2+6.6a
BF2 22.0+2.0abe 11.6+1.2a 42.8+5.4a 30.0+2.84 106.4:11.3a

D) [l —F AR ING b R 25 b P22 5 12 25 (P < 0.05) , R Al

2.2 OCHEAEE WM N A U5 Zn HE B K X+ 58 Cd
Zn R 1 5

B A B N I A R Zn HE R K A B R, g
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Fig. 2 Effect of applying irrigation water containing Zn on Cd and Zn concentration in soil pore water at key growth stage
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