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Effects of foliar application with zinc on the characteristics of cadmium accumulation in organs of rice plants
HAN Xiao—xiao', REN Xing—hua’, WANG Pei—pei', HUANG Yong—chun', ZHANG Chang-bo', LIU Zhong—qi'

(1.Agro—Environmental Protection Institute,Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2.Xiangtan City Agricultural
Science Research Institute, Xiangtan 411134, China)

Abstract: In order to explore the effects of ZnSO, on the accumulation of cadmium in different organs of rice plants, different concentra-
tions of zinc were sprayed during the anthesis period and quantities of cadmium as well as other essential elements in the organs were ana-
lyzed. Experimental results showed that when plants were grown in the same Cd-contaminated farmland, the cadmium content in different
organs of late rice in different treatments was significantly higher than that in early rice. Compared with the control, foliar application with 5
mmol - L™ and 10 mmol - L' ZnSO, was found to significantly reduce cadmium in grains and rachises and in the uppermost nodes of late rice
and early rice. Grain Cd was significantly and positively correlated with Cd content in the uppermost nodes and in the second nodes. Fur-
thermore, irrespective of the control plot or the treatment plot and regardless of late rice or early rice, the concentration of Cd in uppermost
nodes was approximately 10 times higher than that in rachises and flag leaves, and the concentration of Cd in the second nodes was approxi-
mately three times higher than that in the second internodes. The results showed that Zn concentrations in grains of late rice increased by
13.81% and 44.60%, and in grains of early rice increased by 39.02% and 47.88% respectively, after spraying with 5 mmol + L™ and 10
mmol « ™" of zinc. The concentration of K in grains and rachises decreased in late rice and early rice and foliar application with ZnSO, did
not have a significant effect on the concentration of Mg in grains. Spraying with 10 mmol « ™' of zinc significantly reduced levels of K, Ca
and Mn in grains of late rice and early rice. These results indicate that foliar application with different concentrations of zinc is able to effi-
ciently increase Zn level and decrease Cd quantity in grains by promoting Zn allocation and inhibiting Cd transport from vegetative organs
to grains.
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KABUBRP AU RAEDNERLT S5 T
fAKALA P AT AR 1 B A LA R 2R 2R 1
Rl FEY, Cd 5 Zn? VBN M BHE 1 b T e
AR, AR AA AR P 1 IR A RN R SR A7 AE — 2 I AH
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15 /KRG I T O A 4 L G2 A Cd XA 9 1) AR P R
B A ARG Cd 1 R B I8 Zn 38 fE 4R
PR Zn 7 L S0 ARER Zn ARIR AL,

KR I FAAR I0 25 R R W, Zn XK FE Cd 1Y
W i iz HLAT B SR AR PR R B R b s i Ak
B TS it Zn AE B AE Cd 75 % 435 it hin Zn HE AR
REAZ ARG Cd g%, FH [ it P B I i 1 45
BEAL R L ZnSOL B R}, REA BUFRAIR/ N ZZ (U1 2 AN
HH L SEEDRT Cd I ™) I TR it Zn A X 7K RS
FERE R ) Cd 25t B B A R s SR, (HL7E H R
F R ST, T 5 it ZnS 0.2 75 BE 8 X A [ 25 78 7k
FeiHh b 2 A4 10 Cd B R DL R HoAp 75 o6 3
H & B AR, M R RIESE . R, AR
L Cd V5 G F b FRs i) 7 RS AN RS Sy 4R 3l 2o 7
KA AL 9T - T W5 it AN ] V4 2 1) ZnS 0., X R Cd 5K
TR HoAE RS RN R AR B) 1) 22 S04 T T B A, DA hy
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1.1 g T EFED

FE ) A8 I VR T EE 4 S T YL A H (28°427 N,
112°51"E) , 43 5 LAFA i F b 5 35 RN B AR S R AR
PR B =t R W T RN A 85wk T EA R 4d5
KAE A, )2 13 (0~20 em) B9 FEA BRAL P 5 Jy < pH
5.5, AP 41.54 g- kg, PHES FAC 5 (CEC) N
19.55 emol -kg ™', 13 Cd &5 4 0.69 mg-kg ™' WHFJE
HR I BRGHE Z JRUTR I S [X K R A e 3T, e TG
o3 e = A A Fn-B T A A T 4& R, 75 1 A RULA
R 43 S TR AR . 22 b FE [ i S v A4 R
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1.2 Rt 54018
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ZnSO., kb P2 2 Wit 1 L 3 >4 10 mmol - L' Zn-
SO., AN PR R & 3ANEL . KRS, 451
W4 e 1 4559 5 mmol - L7 1 10 mmol - L™ Y ZnSO. ¥ W
BIAZFR 1 LA TFHELCmt e b, R it fff Lt
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Figure 1 Effects of ZnSO4(Zn5F1Zn10) on Cd concentrations in different organs of late rice and early rice
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WA FARA . Mg AR K P EE K FE AL S, 1
Jiti ZnSO. {6t B R A4l v 119 Mg 25 o AT 380, AEL X
TG REA AL P 1) Mg 5 2 T S 35 R ] o R A A
HY Ca B Mn DG 2 35 S AR B 25 Zn A9 M55 it 1777 261G, Mt
Jiti 10 mmol - L™ Y Zn fig i & FEARAE K o () Ca A1 Mn 55
o Wit ZnSOLIE N T AR ARG Y Fe LR 5,
I8 E T TR A A Zn 5 &, WEitE 5 mmol - L7 Al

T A K O 2 % it B AR T M R R A rp ) K
HAth oo R R RE 220548 K o Wit 5 mmol - L7 Y
ZnSOLFFFHE FIAE A P A Mg Ca Mn Fe AT T, {H
JEHF KL Mg Mn | Fe 22 57 K 15 2] i 27K 7, FE A1 Ca
il Fe A3k 2 8 2 /K- B 10 mmol - L™ ) ZnSO,{#
FERL K Ca il Mn 9 75 1 12 25 F % . Wit 5 mmol - L™
110 mmol « L™ (1) B JIEL (5 F e o o E’»J Zn 45

10 mmol - L™ Y Zn AT B R AFRL P B Zn 25 5 53 591 1 B 39.02% . 47.88% , T il v (14 Zn 75 S 43 0 3
T 13.81% F144.60%(#£2) . 26.93% F11105.00% -
XFFRARM SRR B K& 8 T MRk AL, Mn . Zn PRI G Z FE KR 45 B H 2 AR AN [R] 7
F1 BEMEBEARKZER CIEEMEXNE
Table 1 Correlation between Cd concentrations in different organs of late rice and early rice

Rfffies Flaﬁfli[aves Iﬁj;z:if 1 BB Node 1 Secfi;liLves Ijlillernodti?Z 1;?;:2

kD 0.904% 0.557 0.856% 0.761% 0.333 0.899% 0.614
TAREATRL 0.813% 0.912% 0.982% 0.803%* 0.932% 0.551 0.863%*

G e Al 0.218 0.758 0.716* 0.533 0.781% 0.543
TRl 0.843%% 0.809%* 0.688* 0.738* 0.771%* 0.789*
Al At 0.442 0.356 -0.078 0.541 0.386
R 0.900%* 0.685%* 0.816%* 0.492 0.8267
[k S AR ] 0.896%* 0.266 0.874% 0.785%
TR R ) 0.798* 0.8567%* 0.650 0.9407%
R T 0.330 0.848%* 0.9217%%
TR 0.694* 0.490 0.708*

I A £ — - 0.025 0.034
LR 0.349 0.659
M A5 451l 0.832%
FLARHE] — 5 1R) 0.796*

R FORTE 0.01 /KB BE  +FORTE 0.05 KF FE2 . TH.

Note: ** is significant at 0.01 level and * is significant at 0.05 level. The same below.

F2 ZnS04(Zn5F Zn10) X EEFE A R FBAFAL R B4 K Mg .Ca Mn .Fe .Zn & 28I
Table 2 Effects of ZnSO4(Zn5 F1Zn10) on concentrations of K, Mg, Ca,Mn, Fe,Zn in grains and rachises of late rice and early rice

#F Organs A Treatments K/g-kg Mg/g kg™ Calg-kg Mn/mg-kg™! Fe/mg-kg™ Zn/mg-kg!
WAL CK 2.98+0.11a 0.95+0.04a 0.28+0.01a 123+10.00a 7.0+1.00a 28.3+1.25¢
Zn5 2.82+0.15ab 0.9320.02a 0.26+0.02ab 112+5.03ab 8.3+0.58a 32.2+1.65b
Zn10 2.68+0.04b 0.88+0.05a 0.25+0.01b 109+4.93b 8.0+1.00a 40.9+1.15a
o s el CK 25.3720.45a 1.1120.03a 1.5420.11a 636+80.47a 92.0+2.00b 340.2+15.1a
Zn5 20.56=1.53b 1.27+0.12a 1.3120.08b 550+17.69ab 117.3+3.21a 290.8+3.5h
Zn10 21.56=1.81b 1.1720.08a 1.4120. 05ab 486+19.35h 98.0+11.53b 210.326.6¢
WA FRRRL CK 5.23+0.02ab 1.31+0.05a 0.42+0.01a 109+2.28a 13.3+4.16a 29.4+0.15h
Zn5 5.45+0.05a 1.2120.04a 0.3620.02b 107£5.00a 8.6+0.23a 40.8+2.00ab
Zn10 5.18+0.19b 1.2420.08a 0.3620.02b 84.8+1.17b 9.0£1.07a 43.4%1.26a
T A CK 7.56+0.04a 0.91+0.06a 0.82+0.06a 291+1.01a 85.2+0.01a 106.5+4.62¢
Zn5 6.61x0.09b 0.830.01b 0.8320.01a 234+9.71b 84.4+2.97a 135.2+2.62b
Zn10 5.08+0.47¢ 0.9420.06a 0.75+0.05h 229+14.28b 89.4+8.37a 218.7+18.63a
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ﬁj\%ﬁ vﬁ Wit Zn N 52 0T A E AR A PR 1) 43 A
FEMAT Cd V5 444 I H , M Zn 5 Fl T 2548 26 30 0 B
TR A b S R, SO B FG, TS Zn
JIES AR ISR AL 0 38 — I b Y A P 4 1) Min 5 S 52 B
RS (R 3) , [ 253870 Cd I Mn B TEAHSC .
Zn AERFRL I FETR A e 8 b g AR
Bl Zn O B R3E ISR KoTR RN
T )R] T R R R, N 50~72 g - ke (]
2A), AR & A E h KU R7EA [ Ak 21 22 55 A8
o Cafll Fe JGZR AR AL ML B — it v i) 75 8 LU AR
= (2B 2D) , (H 2 & 2% F 11 Ca Fe Fll Mg L & L

VA Bt Ak B R AR Ak = A B R A 22 S

FERFE R, Mn o0 2 7EA5] b FE] 7 sp i
P, LRt s R 1 & i, Zn ot R R
T — 30, PR BN A5 FME| Ay TS e R
Tl I I e R A A Zn 1 R I BN S R
R (F4) . KUK RFEFRB BT 7 [ A e =458
W & A, M 39~62 g kg (I 3A) , I ELEE % Zn
WREE RN E I s RS BT Ko R A
AL FR ) A R B 22 574, Cai RS
GG PR A — 3, BN I R ) i e i s ([
3B) , {HIZ & 28 B Ca Ml Mg JL K 3% A B 25 40 B A

%3 ZnS0.(Zn5FAZn10) X3 BEFE & 23 E Mn F0 Zn 53 16 K R0
Table 3 Effects of ZnSO4(Zn5 #1Zn10)on Mn and Zn concentrations in different organs of late rice

47 Mn Late rice Mn/g-kg™'

MiA¥F Zn Late rice Zn/mg-kg™'

#HE Organs
CK Zn5 Zn10 CK Zn5 Zn10
AR A 0.12+0.01a 0.1120.01a 0.1120.01a 28.26+1.25¢ 32.16+1.65b 40.86+1.15a
Tl 0.64+0.08a 0.55+0.02ab 0.49+0.02h 3.370.15a 2.90+0.30b 2.13+0.06¢
ittt 0.28+0.10a 0.34+0.09a 0.300.01a 169.53+26.95h 257.60+10.00a 275.27+19.45a
TR 1A 0.42+0.03a 0.37+0.04a 0.35+0.04a 96.50+0.50a 103.60+13.88a 94.50+0.50a
R 1.29+0.08a 1.20+0.20a 1.05+0.13a 751.10+22.90a 787.67+35.55a 819.60+53.60a
5= 0.17+0.02a 0.22+0.03a 0.21+0.07a 139.30+5.90h 171.57+7.75ab 181.50+30.90a
18] =45 1a) 0.67+0.09a 0.54+0.02b 0.47+0.03b 110.33+5.55a 98.17+18.34a 101.20+1.00a
-t 1.530.13a 1.39+0.04a 1.11+0.20b 731.63+42.39a 709.93+19.65a 764.30+12.40a
901 4 ‘ 107 3 .
80 L a 9 L
a EaliG; 7H
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20 L b} aa &0 i ad
> 40 D . 4 b 3 4l a
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Figure 2 Effects of ZnSO4(Zn5 F1Zn10) on the distribution of K, Ca, Mg and Fe indifferent organs of late rice
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4 ZnSO.(Zn5FAZn10) M BREEERE Mn F Zn S BRI
Table 4 Effects of ZnS0.(Zn5 #1Zn10) on Mn and Zn concentrations in different organs of early rice

HE Mn Early rice Mn/g- kg™

G Zn Early rice Zn/mg kg™

#%F Organs
CK Zn5 Znl0 CK Zn5 Znl0
KA 0.11+0.01a 0.11+0.01a 0.08+0.01b 29.35+0.15b 41.00+2.00ab 43.39+11.26a
Teih 0.29+0.01a 0.23+0.09b 0.23+0.01b 107.83+4.62¢ 135.18+2.62b 218.72+18.63a
i 1.29+0.06a 1.12+0.04b 1.18+0.10ab 105.81+8.59b 184.71+6.43a 109.54+3.25b
TR 0.19+0.01¢ 0.32+0.01a 0.29+0.02b 80.67+6.51b 95.00+1.00a 91.00+1.00a
Ry 1.23+0.02b 1.65+0.18a 1.19+0.04b 425.33+0.58a 473.67+69.50a 444.00+9.00a
18] —nf 1.50+0.06a 1.50+0.18a 1.34+0.05a 59.70+0.31c 124.32+5.99a 97.48+11.97b
8] v ) 0.43+0.03¢ 0.50+0.01b 0.71+0.01a 73.59+3.72a 95.74+20.46a 74.48+0.65a
=y 1.45+0.05a 1.42+0.16a 1.22+0.01b 552.33+19.50a 495.00+51.00ab 435.33+15.50b
701 A a 6 B . a
- b : a
60 b _1_7 a a 5F 4 N7
-I- a 27 b4
50 a b a a
b Zm <[ a T ar
5 aof E & .
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Figure 3 Effects of ZnS04(Zn5 F1Zn10) on the distribution of K,Ca, Mg and Fe in different organs of early rice

x5 EEMBEETFNFCISESEMTEZSEMHEXRY
Table 5 Correlation coefficients between Cd content of other

elements in rice grains

K Ca Mg Fe Mn Zn
WFTCd  0.881%*  0.616  0.708% —0.541  0.496 —0.833%:
RRFCd  0.339 0.63 0.134 0389  0.908**F —-0.786*
ARl = HE B IR 1 25 S

AR FDEARLH Y Cd LR 5 HABIT R B AR
FYEATF (K 5) o MEARTFARL A Y Fe JUER SRR A 19

Cd A AR B2 Zn 5 Cd S0 7 A0 56, H:
A 2B -0.833%%; K Fll Mg 5 Cd & i # 1IE A%,
Mn 5 Cd S IEM S (HRM SRR . FRTFRH
) Mn 55 Cd 20 25 TE AR OC , AHOC R ECH 0.908%* , F
K Zn 5 Cd S HAEE, HAh& o R 5 Cd iAE e
YNTEN

3 iTtig

K REAFRL A A Cd 75 48 5 3 A 8 Cd
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T S IR A G, SR, B I A L R RS Cd
AR AT KB, BERE AR ) Cd
I v A, X O] R Pl e A S B ZR LR
X, AR R K B TE 1500 mm 2245, —2F L F 1y FE
KR AE3 AR 7 Z 00, FRAR R L E
Cd B T8 /K i = BRI B 5 45 5 UL I 31 R 2% 1 4
el [R] I B K S 3 0 23 AT 0 7 75 I A
FH 080038 2 2% 1 r g 1) R A2 1 Cd B T
Hor , NI /D T A FER R Cd R R . A, A
THEIR I () S T4, 2 1 1 P LR Ao, 3k T fig 23 i ik
Cd Hy - HEVR)Z 1) 1 EB L2, R b, E SR ]
Bof 7K it 1) 2 5 T R 2 50100 I e R LR 2 ) 45 7 R
Cd i AN Rl Y E BRI E

IKFETE B R R v A4 T4 B SR A Y
o B IR T R ST B s Bk R B Y
A 75 X6 Cd AR J5 350 21 499) Bz 50 1) e s ke = 2 1) 1A
TR RN, AT o (55 12 B G SRR S FR 0 R B
ia A A AR A R, R T K R 2R
FEFUFFRL RO, AR R A B op i B SR e Rl
Tl i 3 Bk L rh KRR RL A 4 Cd 5 i 5 R
) Cd 1 S AR d 25 T AE O AR ke L, FE R
B Cd Pt S5 REEN 97 LRV A] R Cd 5 f A e H
A, DR Y [ R YA N AR A
Cd P B A . b AT, TGI8 2 T 2K 72 il ) Y A
B, I8 ek = I MR E 0, TFAE ATt Zn 25
T, KR AR I PR ARARE R ) Cd i, X AT B
T Zn 5 Cd HFEIL R, B0 A AR, XS Zn*
Y Cd¥ [R5 A A [ (0 iz 2 L B, B2 (1 2 dle 2
AIKREAE KR T B s T 1) Zo> , WA T Cd> DA
- ) R RIOA R A 632 o R4, it Zn 34 AT RE
T KRB R ZE RV, T Cd BRI 3 i A P43 i
FE A S 0350 [ 4B RE R [Si— 2 £F 4E 2K —Zn]
KA YIRE RN Cd 7 AR SEDTTE  FF Cd [E 8 7E 1 ZEFF I
I R S5 0 200 L RE v, DU ] T Cd A 200 i ) 1
BB T,

IKFEMR N Cd % is 5 A8 FR e R R Ik iz
HEBVIMRR ., MR -0 s 5 R i
AL BBUE 5328 Z R i) BT 5 L 5 JC R B K
Zn™  Ca™ Mg” Mn*, iR REFs iz —sedE T on &K, W
Cd>™ 0, CAAX BRI AR P 9 R 4 iR Re 5 41 il
S Ath, DA 75 76 2 (A WSO B DT 3 S A L BB T
BT R I, AKAF I ALIAT it 5~10 mmol - L™ ) ZnSO.4
AIE N T MRS AR RS RERL P Zn B B AR T

MG AR IRl PP Y Fe 25 L X AT RE R R M ik AT
FI Zn AR T R IS 1 (Z1P) ISR AR T
Xt Zn Fl Fe IR RN 3 T L2 8921 Jhdh i
FERPRL A Y Cd 75 1 55 R ) KRN Ca 1EAH G, AR
FERLH B Cd & 55 Ca FI Mn 2 25 TEAH &, XU B K
LR Cd #FBEE 1 Mn (K | Ca 85 118 18 88 # 5% 15 18
T HE AR FERFRL R I 1 Bl 25 1 28 70 22 0 e A1 i 0k
A DRI, TG ZnSO., BE AT DL 3E 2 34 ok v
I VR EE 5 Cd* 5 4 3l aE , DI 2] Cd 1Y
WM AN B, o ] DA 3 5 e 0 el A v A o
TG R MY BLR | ()42 M A0 K Rk PR Cd A W RN
&,

4 ZEig

(1) Mg FEFrRr AR P () Cd & EE 3 = T 5
Rt , KRG A6 A I it ZnS O, A 18 25 A MHC e A A A AT
R Cd & i . 5% BEAH B, W8t 5 mmol - L7 1 10
mmol « L™ ) ZnSO. fff M 5 A1 Kz Cd & & 73 5] T B
16.93% i 28.52%; fifi 5 %5 ¥F A Cd 7 1 43 51 & B
7.81% F132.00%

(2) 52 Cd 75 i doe i (1 0 B, X Al
FOFFRLH Y Cd & 4 W& . Wi 5 mmol - L™ Al
10 mmol - L™ Zn HE {7 W #7328 & 45 Cd % i (40.32 mg -
kg ™) 23 51 F B 29.00% il 44.44% , FASHE T Y Cd &
(10.53 mg-kg™) 435I~ F# 4.89% F120.66% . i 1 f#
T AR DA T fR) RS AR R Y Cd
Er i RMREE TR

(3) T % ZnS Oy, BERESE MUFFRL R Zn2 W,
RESZ AR IR Fe .Ca Mn ST TR I & i
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