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Effect of foliar spraying different forms of sulfur on cadmium accumulation in rice

ZHAO Nana'*?, PENG Ou'*?, LIU Yuling"*’, DONG Sijun'**, CHEN Zhuo'**, YIN Xuefei"*’, HUANG Xinming"*’, WU De"*’, ZHANG
Puxin'?*, TIE Boqing"*"

(1.College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2. Hunan Engineering & Technology
Research Center for Irrigation Water Purification, Changsha 410128, China; 3. Key Laboratory of Southern Farmland Pollution Prevention
and Control, Ministry of Agriculture, Changsha 410128, China)

Abstract: The effect of foliar spraying different forms of sulfur(S) on reducing the cadmium (Cd) uptake of the brown rice "Xiangzaoxian
45" were carried out through pot and field experiments. Three forms of sulfur [cysteine (Cys) in —SH form, potassium sulfate (K,SO.) in SO,
form, and potassium sulfide (K»S) in S* form] were sprayed on the surface of leaves of "Xiangzaoxian 45" (once at the tillering stage, and
twice at tillering stage and booting stage). In the pot experiment, silicon(Si) fertilizer, potassium nitrate (KNOs), and tap water were used
as a control, while in the field experiment, tap water was used as a control. The results showed that the three forms of sulfur and silicon had
significant effects on reducing Cd uptake in the brown rice compared with the tap water control, and KNO; had no effect on reducing Cd in
rice. The ability the different forms of sulfur to reduce the Cd concentration in the rice was in the following order: Cys > KsS > Si > K,SOs,
and the Cd concentration in the rice decreased by 53.57%, 46.43%, 39.29%, and 28.57%, respectively, after spraying the leaf fertilizers
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twice in the pot experiment. In the field experiment, the Cd concentration in the brown rice decreased by 47.18%, 39.49%, and 27.69% by

spraying Cys, K;S, and K;SOy4, respectively. Spraying different forms of S and Si foliar fertilizer reduced the Cd concentration in the brown

rice by reducing the Cd transfer coefficient from stem to leaf. The results of the pot and field experiments suggested that the effect of the

three different forms of S on reducing the Cd concentration in brown rice was Cys>K,S>K,S0., while Cys and K,S can reduce the Cd content

to <0.2 mg-kg™', and spraying twice was better.

Keywords : cadmium; sulfur; rice; foliar spray
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Table 1 Physical and chemical properties of soil in tested plot

[ . . ] BT s AR
AUlE =gy pHfE  HCd/  fPAs P/ HCw  HEZo/ HHLE . MATLRE ARER
. o o o o 1y Organic matter/ Cation exchange capacity/ Available cadmium/
Test index pH value (mg-kg") (mg-kg") (mg-kg') (mg-kg") (mg-kg™) o o o
(g-kg™) (emol -kg™) (mg-kg™)
ik 1% 6.55 1.3 7.59 39.8 35.8 127 75 19.6 0.514
Test soil
GB 15618—2018  6.5~7.5 0.6 25 140 100 250
JRURS: i 3L 1
Risk screening values
IR e 65~75 3.0 120 700

Risk control values
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Table 2 Tested foliar fertilizers

AT E Foliar fertilizer  43F i Molecular weight 1 Content/% PR Character J” i Manufacturer
2B 2R (Cys) 121.16 >99 TeAO T (02 i [ 2 A AL AR A BR 2 )
AL (KS) 110.26 240 A s HE PR [ 25 2 AL A 2 A R )
BiARH (K.S0.) 174.26 >99 TE5, 75 W45 Sl S0k A [ 28R AL AR A BR 2 )
fili R 8 (KNOs) 101.10 299 Tt 2 i ] 25 432 P Al 23 A R )
AR (S1) 28.09 220 EEEEETIER I E M TE KA R AT B )
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Table 3 Treatment and operation procedure of pot experiment
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Jr5 b E A % it 4 Uy RV €3OS anE: W% itk
Serial number ~ Treatment Foliar fertilizer ~ Spraying concentration/(g-L™") Spraying frequency and period Spraying amount
1 Te1(CK) — — 53 BE R 5 2 R L it P K I TET 5 3l 240k B
2 T2 PR 2.88 3 BE R it I, A BB K I R S
3 T3 Bk 2.62 3 BRIt RIS , 2 BB A K TR S5
4 Tv4 i R 4.15 Sy BEREIIBTIERT T , P BTG RIS S O B
5 TS5 fiFf R 241 Sy BEREIIBTIE R W, P BTG PR IR ST O B
6 T6 M EEAD 3.33 Sy BERR I - TETAC , PRIt IR S A
7 7 AR 2.88 S BERIY] 5 2 R I P YR TS I 2 A
8 T8 itk 2.62 Sy BERIY] 5 2 R St P YR TS e 2 A
9 T:9 TR 4.15 S BRI 5 2 R It P VR RIS I T 25 A
10 T 10 Y mR AN 2.41 S BERIY] 5 2 R It P VR TS I 25 A
11 Tell TR REN 3.33 3 eI 5 2 R Tt P VR T P 2 A

FE : Tel (CK) RN IR, To2 Te3  Tod VTo5 1 To6 23 B2 /R Bt — VR TETAE , Tv7 (T8 VTo9 T 10 F1 To 1 1 435 375 it P M TETAE o 7 I
Note: Tp1 (CK) is the control, Ty2, Ty3, Tid, Tp5 and Tp6 are means spraying foliar fertilizer once respectively, Ty7, Tp8, Ti9, Tp10 and Tp11 are means

spraying foliar fertilizer respectively twice. The same below.

F4 HEVNX R A IE K IR IENIE

Table 4 Treatment and operation procedure of field plot experiment

Fs b3 - i A WG ¥4 B2 Mt 0 230 % Bt 44 LY TRy
Serial number Treatment Foliar fertilizer Spraying concentration/(g-L™") Spraying frequency and period Spraying amount
1 Tul (CK) — — I3 B 5 2 R LIt 19 K BN LS L
2 Te2 e 2 iR 2.88 Sy BTG L, 2Rk AENX 1S L
3 Tw3 HALHN 2.62 YT AL, Rk AANX 1S L
4 Tnd B 4.15 SrBEMmE I T, PRI K AN LS L
5 TuS e R 2.88 Sy BE S Z U O R B/ LS L
6 Tn6 Ak 2.62 SrBES 2 R P T T AN LS L
7 o7 B 4.15 S B SRS T I NS L
T 2 Tl (CK) AR AR, To2 T3\ Tondk 535112 AR W — U THIHE L TS Tw6  Twi7 53350 R A P U TETAE R Tl o

Note: Tl (CK) is the control, Tp2,Tn3 and Twd are means spraying foliar fertilizer once respectively, TuS,Tr6 and Ty7 are means spraying foliar

fertilizer respectively twice. The same below.
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Table 5 Effects of different foliar application on the agronomic traits of rice in pot experiment

Qb3 PR TR H P AR B
Treatment Plant height/cm 1 000—grain weight/g Yield/(t-hm™) Effective tillers number
Te1(CK) 85.73+1.54a 23.39+0.92a 27.34+4.22a 12.67+1.53a

Te2 87.00+1.00a 22.00+0.60a 26.44+4.86a 13.00+2.00a
Te3 86.20+1.59a 22.11+0.59a 30.99+2.30a 15.00+1.00a
Te4 87.60+3.50a 23.33+1.12a 31.06£3.11a 14.33+1.52a
Tv5 87.63+0.31a 22.39+0.71a 27.54+4.56a 13.33+2.31a
Tv6 86.54+0.52a 23.45+£0.98a 28.08+1.17a 13.00+1.00a
Tv7 87.83+3.01a 21.51+£0.71a 25.86+3.00a 13.00+1.00a
T8 89.23+0.61a 22.56x1.14a 27.89+4.50a 13.33+1.15a
Tv9 87.93+2.99a 22.44+0.99a 27.59+2.32a 13.33+£1.53a
Tr10 87.93+1.68a 22.44+1.37a 29.16+4.32a 14.00£1.73a
Tell 87.17+0.76a 22.52+1.17a 27.65+2.00a 13.00£1.00a

T RS RING TR R Ab H ) 22 53 i 25 (P<0.05) . Rl

Note: Different lowercase letters in the same column indicate significant differences among treatments (<0.05). The same below.

6 BIEARREmAH LY HE/hXKFEARZ K

Table 6 Effects of different forms of sulfur foliar application on the agronomic traits of rice in field experiment

Py i TR i AT
Treatment Plant height/cm 1000-grain weight/g Yield/(t-hm™) Effective tillers number
Tul(CK) 86.60+0.70a 24.44+1.34a 5.86+1.63a 8.00+0.61a

Tr2 86.67+1.10a 25.60+1.20a 6.41+1.10a 8.00+1.00a

Tw3 87.00+0.85a 24.44+0.92a 5.84x1.44a 7.67+1.52a

Ted 86.80+1.15a 24.55+0.72a 5.83+1.27a 8.33+0.58a

TeS 89.50+1.10a 24.40+1.04a 6.44+2.05a 8.83+2.08a

Tw6 86.76+2.41a 24.52+0.94a 5.84+0.79a 7.33+1.52a

Th7 88.20+1.58a 24.61+1.42a 6.71£1.21a 8.67+1.54a

PR AN ] B - 7 RS X 8 B FH ] KA A 25 R AR i 5

Wi 10 B3 25 5+
22 BHEARESHBmIKEXEESTHSIAR
BENRM

2.2.1 T T A i i 7 AR 453 57 ) A 75 Tt
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T4 BE I A F2 A S B[] 7N X KRS 45307 4 7 ik DL 3
7o HIERT AL, AKAE A TR T i A = B AR 2R
e ZEFE M, ARG EEF B E . KREAE
B A TRALI R S RS O AR KR AT
V75 ) b FH ) /N DX 6 P /K R o s, B e
B R AR R R 2R R ZERE 4
59.1% .55.4% .40.0% #138.7%
2.2.2 Wit AN [R] e T A X K R 4 B S 45 R 4 o e
p=A|

HH L 1 B P81 2 R, 3 B B s it — et AR =
B KNOs &b B AR, HoAth b B 5 CKOAH H , AR 55 25 3635

7 WA EIE T4 EEHA /K TR & AR AL Y
WEE(mg-kg)
Table 7 Cadmium content in various parts of rice plant at tillering

stage before foliar application(mg-kg™)

I8y =X it} E8 EYiS i
Test method Root Stem base Stem Leaf

AR 2.86+0.56 1.05+0.20 0.43+0.13  0.35+0.10

MHEHRE:  1.8420.29 0.75+0.12 0.31£0.03  0.22+0.05

A AN AR B T i, AR S A R R R Y
FRAIG, 2P B 22 5. Akl AR KaS
AR PR ZEFEFR Cys AbBE 58 Cys AT KLS 463 5 CKAH LE
IR F) B 3525 R K- (P<0.05) . HE/NK IR AR
IR AT Cys (KoS AR PR, ZE I KoS A5 CK AH FE 22
SR AFRTEAB L (Cys  KaS K.S0.) b 3L 5
Si ZbHR A FE K e 73 BE RS I - AN S TC i % 25 7 Cys
55 KoS X K AR AR R 25 5308 B i34 1 = i s e K
KaSO4, (HZE AN T3
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Different lowercase letters indicate significant differences among different treatments in the same part (P<0.05). The same below
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Figure 1 Cadmium content in various parts of rice plant at full tillering stage by foliar application in pot experiment
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Figure 2 Cadmium content in various parts of rice plant at full tillering stage by foliar application in field experiment
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Table 8 Cadmium content in various parts of rice plant at booting stage by foliar application in pot experiment (mg-kg™)

AL H Treatment Hi Root Z£5E Stem base ZEFT Stem It Leaf
Tr1(CK) 5.87+0.87d 1.89+0.24hc 0.84+0.03ab 0.74£0.12a
Tp2 6.53+0.47abed 2.21+0.47abe 0.82+0.08abc 0.53+0.10bed
Te3 6.98+0.44ab 2.37+0.53abe 0.70+0.06d 0.51+0.09¢d
Ted 6.34+0.56bcd 2.08+0.40abc 0.83+0.11abc 0.65+0.08ab
TeS 6.04+0.33cd 1.83+0.39¢ 0.81+0.04abc 0.72+0.10a
Tr6 6.65+0.33abed 2.22+0.34abc 0.75+0.07abcd 0.55+0.06bc
Te7 7.19+0.58a 2.37+0.19abc 0.69+0.06d 0.43+0.01cd
T8 7.26+0.37a 2.46+0.24ab 0.72+0.10cd 0.41+0.05d
T9 6.54+0.90abed 2.08+0.29abc 0.73+0.03bed 0.54+0.07bed
Te10 5.91+0.33d 1.78+0.67¢ 0.86+0.05a 0.77+0.08a
Tell 6.84+0.84abc 2.52+0.27a 0.68+0.09d 0.46+0.08cd
XU 2Ry 2243 B
/3 — — — *
LESYE — — — —

1 RSN RING T 3R A B ] 22 57 3.2 (P<0.05) . * FR 35 2557 (P<0.05) , # R/l B 5 225 (P<0.01) , Fix B R AZ HAE . T .

Note: Different lowercase letters in the same column indicate significant differences among treatments ( P<0.05). * Indicates significant difference

(P<0.05),** Indicates highly significant difference(P<0.01) , TreatmentxTimes represent interaction. The same below.

F9 BHEARMEAL B E/NIKEZERAEBAMREEE (ng-kg")

Table 9 Cadmium content in various parts of rice plant at booting stage by foliar application in field experiment (mg-kg™)

Ab B Treatment # Root ZE£3E Stem base ZEFF Stem I Leaf

Tul (CK) 4.30+1.06¢ 1.35+0.22b 0.47+0.09a 0.43+0.04a
Tw2 4.80+0.30abc 1.51£0.02ab 0.52+0.06a 0.31+0.05b
T3 5.16+0.56abc 1.62+0.32ab 0.49+0.04a 0.28+0.09b
Tud 4.75+0.64bc 1.59+0.10ab 0.46+0.10a 0.34+0.06ab
TS 5.36+0.13ab 1.58+0.10ab 0.42+0.09a 0.24+0.02b
Tw6 5.77£0.32a 1.70£0.51a 0.44£0.13a 0.24+0.04b
Tu7 5.15+0.44abc 1.61+0.07ab 0.40+0.09a 0.28+0.06b

XUHE R J5 22030

Yok — — — —

RO R — — — —

0.19 mg-kg™, ML PRI , Cys (KoS . Si FTK.SO4
Ab BB KB % 43 )M 0.13.0.15.0.17 mg - kg Al
0.20 mg- kg™, HFF A CE ML 2 E AR E & s g
PrBR ) (GB 2752—2017) HokE K 47 7 i bR ok
(Cd i< 0.2 mg-kg") o HFR 11 ATHL, HIENXIAE
L CK S8 02 mg kg, ik F &5 24 R &
R, 3RO RIE A b B 55 CKAH H 3 iE— 25 B AIG
TOREA R A

IKFEAR e & AL SRR A AR A, 5
CK A EE , B KNOs &b, 45 b BRAS 5040 7 1 BRI R 45

BRI, ZEAR RIS K A A 5 C A B it — Uk SR
T A 4 ) B A 18.4%~31.6% 1 32.6%~39.5%., H [A]
N DR A 30 7K A S i et W e — % B 1 O 1 S
BIFEAR 13.3%~23.3% H116.7%~36.7% . #HF%ik
I TR W i — YR B, 45 554 B i Cys (KGS AR B 5 CK
2557 0 2 v T AT M R U, A3 e R KNOs &b
PO 3FPIE AR X SiAb BRI S CK 2 % B % . H
] /N ARG, 3 O ZS AR AL FL S CK A HL 23 52 40
B YA AN RV JEE %) R ek T R it — YR I Cys
ACFRAT CK 22 5 38 35 5 0 10 AT 5t 9 BT, Cys (KoS Ak
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Table 10 Cadmium content in various parts of rice plant at mature stage by foliar application in pot experiment (mg-kg™)

m@g 1394

AP Treatment 2 Root 253 Stem base ZEFF Stem I Leaf 45¢ Husk $&EK Brown rice
Tr1(CK) 11.84+0.77hed 2.100.13ab 1.07+0.25a 0.77+0.14a 0.38+0.05ab 0.28+0.04b
Ti2 14.89+2.31a 2.41+0.28ab 1.08+0.19a 0.55+0.04hc 0.26+0.03cd 0.17+0.01def
T3 13.07+1.64abcd 2.45+0.42ab 1.18+0.37a 0.55+0.12hc 0.29+0.03cd 0.19+0.02cde
Tv4 10.861.00d 2.28+0.36ab 0.93+0.38a 0.68+0.06ab 0.31x0.06bc 0.23+0.03¢
5 12.84%1.67abed 2.05+0.29b 1.0720.20a 0.78+0.32a 0.32+0.05bc 0.29+0.02ab
T/6 13.95+2.92abc 2.48+0.80ab 0.92+0.38a 0.59+0.12b 0.31x0.06bc 0.2120.04cd
7 13.52+1.90abed 2.56+0.30ab 1.02+0.10a 0.49+0.06¢ 0.2320.03d 0.130.01f
T8 14.66+1.02ab 2.63+0.23ab 1.0920.22a 0.51x0.08¢ 0.26+0.03¢d 0.15£0.01ef
9 11.20+1.95¢d 2.41+0.26ab 0.92+0.28a 0.60+0.11b 0.23+0.05d 0.20+0.01cde
T 10 11.9120.91bed 2.01+0.53b 1.00+0.20a 0.80+0.04a 0.40+0.07a 0.32+0.18a
Tol1 14.82+1.12ab 2.76+0.22a 0.95+0.29a 0.48+0.07¢ 0.26+0.04cd 0.17+0.09def
WEEWEZiNin
UL — — — - _ _
T xR AL — — — — — —

11 BEHEA 2 I TED AR FE 1) /N X K FE AL B R BB AL SR & 2 (mg- kg ')

Table 11 Cadmium content in various parts of rice plant at mature stage by foliar application in field experiment (mg-kg™)

Kb B Treatment i Root 25 3L Stem base Z5FF Stem I Leaf 2+ 7¢ Husk B K Brown rice
Tul (CK) 7.24+0.56¢ 1.22+0.12¢ 0.60+0.07a 0.42+0.03a 0.30+0.06a 0.20+0.03a
Te2 8.12+0.59bc 1.36+0.05abc 0.56+0.06a 0.36+0.03b 0.23+0.03be 0.14£0.01cd
Te3 8.16+0.72ab 1.40+0.10ab 0.6120.04a 0.33+0.03bc 0.24+0.05abc 0.15+0.02be
Ted 7.83+0.55bc 1.33+0.14bc 0.62+0.05a 0.35+0.02b 0.26+0.03ab 0.17+0.01b
TwS 8.64+0.37ab 1.50+0.09a 0.58+0.06a 0.30+0.02bc 0.19+0.03¢ 0.10+0.01f
Tr6 9.08+0.36a 1.52+0.07a 0.70+0.16a 0.29+0.05¢ 0.22+0.04bc 0.12+0.01df
Tr7 8.21+0.80ab 1.44+0.03ab 0.58+0.04a 0.31£0.02be 0.25+0.04abc 0.14+0.01cd
XU 2 2 430
R - — — — — —
FHCKE S B, RS M 2RO AR R AR 2 e

IR AFTRRE 2T ot o5 e B AR AL 5 2
WA, B KNOsAb, 3 BB 25 i 8 L% SiAb PR CKAH L,
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AN TR E T R, WG P I T A L MG — - T A AR
T8 R A R AR AR R AT
ST RE 2

KR ZT7 220 W R W, kg, A R Ukt
HHUR R A AL 5 1 0 B35 22 53 5 AN R R 28 Ak UK A
AR AT SR KB e 2 AR o TR/ XGR
B, AN TR UBO AR K RS 252 5 i 22 e
Rl 22 e AR AR AR R A e

1% WHART]

AN [FIRFS A PN [R] Fh 28 Ab 3 TE 22 BAEH

P2 12 AR 3 mT A0, 2k sl vp oo i JES i —
PRI, KNOs AL BEFT CK AH L RE K 58 % S g A B, I
AU A CKAH LR KR 5 & e A r R, R B
3, Cys Fll KoSO. A R[] 22 S I 2 o I 1A JIES W s 43 2K
BF, BT AT AR 38 5 CK AR b 22 5735 4 2, it A KNOs
KA K AR & B BT 3RS AR & Si AbBE Y
CK A AR & B3 F R, Cys 15 KoSOL b P25 5 3%
% X6 M e A O P T A b M e — v I T S R R R
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Table 12 Cadmium content in various parts of rice plant at mature stage by foliar application in plot experiment (% )
I8 Jy 3 Test method It Y EX Spraying frequency Cys K.S KsS04 KNOs Si
AR —IK 39.29 | 32.14 ] 17.86 | 3571 25.00 |
[/ 53.57 46.43 | 28.57 14301 39.29 |
FH i) 3 — 29.74 | 25.13 | 13.85 | — —
(i34 47.18 | 39.49 | 27.69 | — —
20350, a -~ 0250
'ep ab n
030} T i T
a . g £ 020r b
= 025+ - = be T
§ cde cde E 015k cd cd
£ 0.20] def ; def CHR df
g e g ;
£ oasH f £ o0}
£ £
S 0.10H S
b S 0.05f
B ost i
@1 41
S o S 0
T,0(CK) T2 T3 T4 T,5 T,6 T,7 T,8 T,9 T,10T,11 T, 1(CK) Tu2 T3 Tud Ta5 Tu6  Tu7

FAIRI Pot experiment

FH [E] /N X U5 Field experiment

NEING FEF R A PR 22 5 i 2 (P<0.05)

Different lowercase letters indicate significant differences among treatments (P<0.05)
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Figure 3 Cadmium content in brown rice under different foliar fertilizer
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Table 13 Effects of different treatments on cadmium accumulation and distribution in different parts of rice in pot experiment

EHE M Kb B/ (pg-gfi™)

43T 5 H Distribution/%

Growth stage Treatment  Total amount/( g« plant™) 2 Root 24 Stem base  2FT Stem I Leaf 5% Husk K Brown rice
4B Te1(CK) 6.93 72.28 8.58 8.82 10.31 — —
Tillering stage T2 7.77 76.74 10.26 6.81 6.21 — —
T3 8.46 77.63 9.11 7.15 6.11 — —
Tid 7.29 7431 9.61 7.92 8.16 — —
TS5 6.99 71.61 9.83 8.68 9.88 — —
6 7.98 75.85 9.39 7.94 6.81 — —
2P Te1(CK) 37.10 70.99 10.56 8.77 9.67 — —
Booting stage T2 39.62 73.97 11.74 7.89 6.39 — —
T3 41.42 75.69 11.99 6.48 5.84 — —
Tod 39.14 72.70 11.20 8.14 7.96 — —
5 37.52 72.19 10.39 8.19 9.23 — —
Ts6 40.00 74.59 11.56 7.32 6.53 — —
T 42.53 77.20 11.84 6.14 481 — —
T8 4291 76.91 12.23 6.29 4.57 — —
Ts9 39.14 74.91 11.26 7.18 6.65 — —
Te10 37.28 7121 10.05 8.91 9.84 — —
Tell 41.22 75.33 12.65 6.41 5.62 — —
A Ty1(CK) 71.04 73.16 10.78 6.51 5.21 1.94 2.39
Mature stage Tp2 83.43 78.19 10.56 5.65 3.22 1.12 1.27
o3 76.43 75.14 11.67 6.70 3.56 1.37 1.56
T4 65.82 72.40 12.65 6.07 5.01 1.73 2.14
5 75.09 74.96 9.98 6.13 5.04 1.53 2.36
Tv6 79.65 76.35 11.88 4.86 3.83 1.45 1.63
7 76.88 77.09 12.20 5.77 2.77 1.08 1.09
T8 82.67 77.86 11.58 5.64 2.63 112 1.17
T9 66.87 73.22 13.31 6.02 436 1.27 1.81
T/ 10 71.17 73.39 10.23 6.11 5.42 2.02 2.81
Tell 83.53 77.91 12.08 4.85 278 1.12 1.26

T KT AR AR B i A IR B iR . KA A
PR AN X ) SR RE AT i 25 e T 2RI AT
HB IR A 5T BB K AR S AR AR, X 5K AR A
IR 22 5 SR sl U3 22 o G K LA R L&
FEKRE VRN 8% 2 o AR B, An U A% 3 i B 2R 520
em-h, ARG A AL BN MU H HAT 2.4 em -h ', [A]HT,
B AR 1) bz i 2ok AR v B B R vk A
U, RIS b sy, 4 i TR IR, ZEAS [R] By R
AT KRS Rt AR R ER . Al
b, HRVRORE 25 0F T KR &30 0 i & s 4K T 2
R g, 31X 5 LR I S IR R A, ARk 1R
TR, ZAR I (0 78 5 5 25 KA RS T H Rl g A
K5 R, A BT UE B K AR IR 1 - /K AL FRA 25
KORERE TR B S T A A I K A B I 2 Y

1% WHART]

Jnesol A g v, A2 A AR FR BRI, 25 A% 1K o i
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T 5 K PR K 43RS T (R KRS 42 & 1099 Ak b
P AN FIFPAE A5 T  A  EK Ar AR AR S 1K
FE IR ZE G VR F A B, RS2 T /KRS s i) & i
3.2 AEESHEIKBEKIEFRTALRESE0FI
M it - 7 FIES Cy's KS  Si M Ko SO i 7K i 4% e A=
B IR T RN 25 BT Y AR O A A R R B A3, i
BB A 7C SR AR O A A AR B A B ATR, %o 25 AT
PSR 1 T JC R S 52 e , WS R P T IES LB it — 1
AT RE 7K e A3 0 4 2 i AR A T d 2 . 100 BH B it AN ()
TE A W B A 34 BB AT RUBH L 40 AR B ZE5E35 ) 25 7T
BB ZEFFER 1) A AL | 2 1T BEL LR 49 [ 4% 58 Rl K
o AKAEAR ZR 0 30 I 23 DT AR A M B 1 B8 DX B
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Table 14 Effects of different treatments on cadmium accumulation and distribution in different parts of rice in field experiment

T s B/ (g ) 43T 7 H Distribution/%
Growth stage Treatment Total amount/(pg+plant™) R Root Z K Stem base  ZEFF Stem W Leaf  45¢ Husk  #EK Brown rice
SrEE Tnl(CK) 5.16 71.20 7.51 10.41 10.87 — —
Tillering stage T2 6.18 78.16 791 8.93 5.00 — —
To3 6.24 77.60 8.72 8.41 5.28 — —
T 6.03 76.62 7.48 8.41 751 — —
2 Tul (CK) 29.62 75.24 10.05 6.85 7.86 — —
Booting stage Tw2 32.13 77.85 10.28 6.84 5.02 — —
To3 33.99 79.17 10.52 6.05 4.25 — —
Tod 31.94 77.38 10.97 6.21 5.43 — —
Tv5 34.45 81.12 10.08 5.14 3.65 — —
T6 36.92 81.50 10.10 5.04 3.35 — —
Tu7 33.54 80.05 10.52 5.09 4.34 — —
e Tnl(CK) 67.55 7275 12.52 5.69 4.07 2.33 2.64
Mature stage To2 72.95 75.62 12.91 4.92 3.22 1.62 1.71
To3 73.81 75.11 13.19 5.25 2.99 1.65 1.82
Tod 71.49 74.43 12.79 5.54 321 1.90 2.14
To5 76.72 76.55 13.47 4.88 2.61 1.25 1.23
To6 80.76 76.40 12.97 5.49 2.39 1.41 133
Tu7 74.09 75.35 13.41 5.01 275 1.75 1.73

F 15 FRKIXIE I HE A B it AR K FE B A EA B DAL B SR AR IE R Y

Table 15 Effects of different foliar fertilizers on cadmium transport coefficient of different parts of rice at maturity in pot experiment

AbFT Treatment ZE/H Stem/Root I/25 Leaf/Stem 45e/M Husk/Leaf B/ Brown rice/Leal
Tv1(CK) 0.24+0.04a 0.30+0.02a 0.38+0.10ab 0.47+0.14a
Tp2 0.21+0.03a 0.2020.03¢d 0.35+0.05ab 0.40+0.02a
T3 0.25+0.03a 0.19+0.06¢d 0.40+0.08ab 0.46+0.11a
To4 0.26+0.07a 0.28+0.07ab 0.35+0.10ab 0.4320.10a
Tv5 0.22+0.01a 0.3120.03a 0.31x0.05b 0.47+0.05a
Ti6 0.22+0.08a 0.23%0.02bc 0.38+0.05ab 0.4320.05a
7 0.23+0.02a 0.1520.02d 0.40=0.08ab 0.4020.04a
T8 0.22+0.01a 0.1520.03d 0.43£0.05a 0.4420.05a
T9 0.27£0.07a 0.23%0.02bc 0.30+0.05h 0.4320.06a
1,10 0.22+0.03a 0.330.03a 0.3720.05ab 0.52+0.09a
Tell 0.22+0.01a 0.1620.01d 0.40+0.04ab 0.4620.07a

P TR R, A B SR 1] a2 K R 2R
o KR ZEIEAR (T~ 13 A A 19 ) 28 380 )4 25
W] T 2R AT (4~7 AN B SR B0 7 ) 21 180,
SRR FE A TE Y )R 4 R A SR A0 i RE
FCAR AR 1) W AR RS o KRR R T o ) 3 1y 2R B AR
Xt BRI IR AT AR B ISR . AR
TEAE VR A 5 i B e T IS 07 2 i 2EL 21 v ) o 3
JO7 7K B FABR A X i R 7 >R e SOT A adt Jit m A I
s R P AT (H R B AT AR A AR S AR

SR LR M T I 2R B 1 A A
ity BRI AL o WAt 5 BRI IR, i e (9 5
W2 AN A A B2 i 1] 25 (I ERAE RS MY 25
v R B 2o [ P A S Y e S R A A
IR AR B TR0 P AR 2R R SR A R, 25
T I g a0 5 R, i R B AR T8 2 L R0 HR
MRS 22 Z5AT AR5 25 AT P OB B A, e i
Tl RS

FERLHE S , fre 30 B0 AR B A R R A A A
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Table 16 Effects of different foliar fertilizers on cadmium transport coefficient of different parts of rice at maturity in field experiment

AR FH Treatment 25/ Stem/Root /2% Leaf/Stem 43576/ Husk/Leaf &K/ Brown rice/Leaf
Tul(CK) 0.25+0.03a 0.23+0.04a 0.57+0.08a 0.65+0.04ab
Tw2 0.24+0.02a 0.18+0.01b 0.50+0.05a 0.53+0.00cd
e 0.25+0.02a 0.16+0.02bc 0.56+0.12a 0.61+0.03abc
Tud 0.25+0.02a 0.18+0.02h 0.59+0.04a 0.67+0.04a
TwS 0.24+0.01a 0.14+0.01bc 0.48+0.07a 0.47+0.01d
Tu6 0.24+0.01a 0.13+0.03¢ 0.61+0.16a 0.5740.11bc
Tw7 0.2420.01a 0.1540.01bc 0.64+0.10a 0.63+0.04ab

SY AL S0 R — il L B R IS B R o
A e B T R S L, i R R R
1) R ARG L R AR AR K Hh 4 1 1P
3.3 AEESHIKERE AR ENTIE

W KNO: MR , 5 CK A FE , B A ss o &1
Ui B KNO, H 1 8 0 2 X /K Rk K GRS 80 . )
B, & A B OCER 5 B oc R A9 I T IE KaS T KaSO. X 7K
25 B A5 B 0 B S, T BE R 2k F T
JUE AR ICE . MEHASTHICR IR, e
AT R (CH60.S,, DMSA) 1Y iR 56 H , DMSA fig
b 2 RO A MRS O i, B R GSH & it P 4R
LT (SOD ., CAT) 76 P | I 25 28 i 7K Fd 4 1 4 1
TV 5K SE TS Sk I T it NaoS T K FERF R P 4R
T 18 T i B AR 69% , I THT 55 it NaoS 38 30 38 i vt - 3
EAH AL S (NPT)FIGSH B & &, 3t H-4e
RE IR LR, S 5kl B b R e A 1E
R A R IR K RS it . ADHI-
KARIT Z59% B, SO 1 i3 GSH i 42 Ik B4 X K )
B AR B R A B o AR IR Wit 3 FhAN ]
TE 25 BB S i Xk /K R T 4 i i 2 LA B 3R, &4k
PP A B [ AR U R Cys (KoS . Si JKaSO4o MEE 3
AN R 25 (R B % B Ak R OK G 5 2 55 CK 22 5%
B3, KNOsZRHLE CKAH H Al K i 5 B AN B
Fb, X Al GE S T NOsl i Fe 12 22 48 8] NO [8] 42 1
P 0 5 T RSO R AR B2 DR 3R A IR T R R L 3
TSR A R Cys B KGS A BB K i R
AR T Si, (H AP R) TG i 3 25 5 . KaSOL XAl K
A —E PR B Cys Ab BRI 252 55 0 3%

Cys 2B R0 B B 4177 ), AL A TN ) A = 2 0
DL B 2 R R P e A R Y X AF e AR SR, Cys
FER YA N BRIEA R (AL, IR [ AL A2 T8 B NPT
(AEE AT HILY R B, & ot R
ot 2R A e H R AR B IRAEY) NPT S5 5
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Bl 58S T E Y s
Wk b 5 21 R SR 20 REL g P 9 A L PR O A
AT 5 1) BB AT 4 X K R 8 5 1 H I, NPT 357 &
2 /AT R R A T 2 AR I — T8 bR o AR R Y
it B AL A P 7 T — A NPT & 4 e, i
R o) 240 M T R A R TR GSHE R H: By
AL SRV T B e 0 I R — 45 e H KA 4 ¥ B ROS
I M 80 FF R R e RS-, 48 S A 4 )
FTRPERS SR IE T, FE AT B K ) GSH R 4k 5
RS-, BB B4 A 7 R AR R X6 A A IR AL T g B
& 5 B 1 R KT T A B 22 8 S 1 B R
NPT 5EE R4 G W mm Liis . —SHIEAM
Cys AT H 4% 550 2 1 I s EC 07 8, DA TER 48 25 7 [
ok, B, —SHIE A Cys 636G 1F H T LIy n
IKREI F ) H A5 38 8 R A G AE 1152, it Cys X
BB R R T SR A0 KS M SOTTE AW
K>S0,

1 3 Wi S* TS A HLS, JIN 2609 % 3 HLS X5 4
S—H 1 2 e R ik A B, BB AT AR
GSH T FE , 0 40 25 7 10 N IAE , 64 8 7 A Tt
X Ak 95 A a3 5 A B R A T AE .
FEBL A R AL F op, S TR A5 1 HLS B 1 A b 2 R
A, IR AT A BEHA A 5 B O & 538 ) 9 5, 40 P A 4
R G A U 1T SR T T A, i SR
1) KoS X 7K Fe i oK 8 i 2 R AR F—SH JE A 19 Cys.
{H Cys MTKS AN HFF A B & 25, X AT REjE 8 Cys
AR , FE Mt 1 3 R Hp g s AR 4R 5 RIS, 7
AT, STTEAS M 28 AR A e Ak ke % B SR
k.

fim 38 1 AR R AN R 2 AR, -8
A RO P SOT AT 2B A AR I . SOT T2
1) B 7 A A N 2t R AR S (S S+ 6 1), SO 7
ATP F1 ATP fim 2 AL 5 (/R T, 48 R Ak i 12 34 5k
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APS (JIR 1 B R 6 1R , 0 it A6 Ui B B 8 25 & A 1
S™) o HAEP AR N 4 TRk A AT, SO Bk £k
Je B JE AL ST FRHEA Cys 384215, TR Y SOT PR
[ Ak g AR 5 70 by AT B AR 1 3 SR P i 4b , il
AT DA R 5 1B A it A7 e, s A o HA AN 5%
B A WL A A DA R AR R A T
il SOITE UMY KoSO AR P55 CK AH LU RS sl R B 3 0
KaSO.Hll Cys A FR IR 22 5 8 2 o AN R 25 9 B XA K
[ B4R RE 14 Cys (—SHIEZS ) >KoS (STTE S ) >KaS0,
(SOITEZ) .

4 ik

(1) W5 it 3 Fh A [8] JE 25 59 5 i 1 AE (Cys L KsS
KaSO.) FEENE XS K A A 2Rk T e 2 52

(2) Wt I 17 IR Cys JKGS |\ Si  KoS O 46 7K R K K
A5 YA S (R FEE 1) AR, I it 7 v T IES B
M it — Y P o R Ak S o 2

(3) it I it 3 i 245 1 B B e 147 g e A oK
g R, 3 R IR A5 B B T Tk X Rl K [ R R R Cys>
KaS>Si>KoS0,, o Cys X Bé K B4R ROR fe b

(4) I 1A WS Tt A [ T 2 B ik R R AR 25358 1) 158
(R 2 ZR 500, T T R IR K 5 8
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