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Abstract: The effects of water management and foliar spraying of exogenous plant hormone ethylene (ETH) on the ac-
cumulation of rhizosphere iron membrane, cadmium (Cd) and health risk index of rice were studied. Through the potting
test, two concentrations (50 umol/L and 100 umol/L) ethylene (ETH) were sprayed three times at the jointing stage, the
flowering stage and the grouting stage, and the water management modes of continuous flooding (CF) and interval
flooding (IF) were adopted. Compared with the IF water management mode, the storage morphology of Cd in the soil
was changed in the CF water management mode, and the soluble Cd was reduced from 36% to 30%, and the reducing
state Cd was increased from 30% to 40%. Compared with the IF water management mode, the Fe and Cd content in the
rice root surface iron film were significantly increased in the CF water management mode, and the exogenous spraying
of ETH also significantly increased the Fe and Cd content in the iron film under the two water management modes, up to
50.59% and 58.06%. Compared with the IF water management mode, the Cd content in rice roots, leaves, brown rice
and polished rice decreased significantly under the CF water management mode. The external spraying of ETH was also
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conducive to reducing the cadmium content of rice under the two water management modes, among which the Cd con-
tent in polished rice under CF+50ETH treatment was the lowest, and the Cd content in polished rice decreased from
0.68 mg/kg to 0.45 mg/kg, a decrease of 33.82% compared with CF treatment. Exogenous spraying of ETH significantly
reduced the transport coefficients of Cd from rhizome and stem-grain under the two water management modes, and the
transport coefficients were the lowest under CF+50ETH treatment, which was reduced by 55.17% and 23.81% respec-
tively compared with CF treatment. CF water management mode and spray ETH treatment have a good effect on reduc-
ing the health risk index of rice Cd. It can be seen that CF water management mode and exogenous spraying of ETH

have certain application prospects for reducing the accumulation of Cd in rice.
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Fig. 1 Proportion of each form of Cd in soil under differ-

ent treatments

22 AEEIKEHHXEIERSHNENE

Cd Wrift AR BN KAE A Py Gs. G
TR L 1, ARG FEXKFEN G, T, 5
MESALE, 5 IF ZHMEL, CF+50ETH Al
CF+100ETH Ab¥E & ZE 425 TKFEM Y P, (P<
0.05), /M9 E T 5.49%F 6.22%., CF+50ETH
il CF+100ETH AbHE & EREAL T KRR Y C

#1 FELETKENEESERSH

Tab. 1 Photosynthetic parameters of rice leaves under
different treatments
. P, G c T,
Treat- /(umol-m*-s") /(mol'-m2-s™)  /(uL-L™") /(mmol-m>s™")
ment
IF 16.39+0.53"  0.35+0.02* 320.59+4.10° 5.22+0.10°
IF+ ab a ab a
SOETH 16.87+0.51 0.38+£0.02* 317.31+£6.87 5.33+0.08
IF+ ab a ab a
100ETH 16.98+0.50 0.35£0.01* 315.26+5.82 5.21+0.01
CF 16.43+0.62*  0.36+0.02° 316.42+4.99®  5.30+0.08"
CF+ b a b a
SOETH 17.29+0.52 0.36+0.01* 310.87+3.17 5.27+0.05
CFY  17412038°  0.37£0.01° 31249+4.19° 531£0.10°
100ETH ’ ' ’ : ' : ’ ’

H: ARVNG FREFR R 2 5 B2 (P<0.05) .
Note: Different lowercase letters in the same column indicate
significant difference among treatments (P<0.05).
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(P<0.05), 5 IF AbFEAH LA T 3.03%F0
2.53%,
23 AELEIFKBEKRNME
ANFEEEXKFE RSB mILE 2. 5
IF ZbFEAH L, CF Fl IF+100ETH AbFH 52 &A% T
KRG IIRE B (P<0.05 ), JHAth At HH I X6 A v 52 M 2
SAEE . Bk CF AFRAN, HALALHER B & 5
T/AKRERMZETE (P<0.05), Hrp IF+50ETH Fl
CF+50ETH R SR & br, sl s T 16.48% Fl
15.73% AL BN K FEAR I T H 2 0 22 55 A8 i
% . IF+100ETH AbFHEAI CF+50ETH Ab PR T 18 5
TKFERFRLE (P<0.05), Zr#4EE T 17.34%
F117.91%.,

®2 ARELETREEKIER

Tab. 2 Rice growth index under different treatments
Jest s ETHE & AR
Treatment Plant Strqw dry ROf)t dry Qrain
height/cm weight/g weight/g weight/g
IF 85.73+£0.65" 30.46+1.13"  4.63+0.27"° 29.81+0.57"
IF+50ETH  86.51+0.317 35.48+1.04° 4.65+0.31° 29.91+5.72°
IF+100ETH 82.01£0.55° 33.11x0.21*  4.39£0.05° 34.98+0.86
CF 82.11+1.24° 3227+0.99®  4.32+0.31° 33.38+0.8°
CF+50ETH 85.21+1.04° 35.25+1.51°  4.44+0.21*° 35.154+0.53"

CF+100ETH 85.26+0.83" 34.414£2.26"  4.62+0.18" 33.05+0.95%
H: RREVNG FRE R A B 22 5 8 2 (P<0.05) o

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

24 AEABEXMKERREKESR FeFICdEE
SR
AR AL PR K AR R BRI P Fe & 88 152 MR

45- A
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

0

Fe &8
Fe content /(g-kg™)

L & &

& & &
L X
¢ &
AbFH Treatment

W 2A. 5 IF 4hHAH L, Hofbab 3 W E 1
KRR R Fe MY & (P<0.05), HL
CF+50ETH AbFERC R ey, & T 50.59%; ANt
B ETH 1) CF AbBE b, 5 35 45 v 1 /KR A e ik
i) Fe & (P<0.05), #2% 1 20.00%.

ANFEAE B K AR R R T Cd & 5 (152
UL 2B, 5 IF Zb#iAHIL, IF+50ETH, CF. CF+
S0ETH ., CF+100ETH Ab P4 5 542 5 7K AR %
BRI Cd &8 (P<0.05), Hih CF+50ETH 4t
PHE R Rt b, R T 58.06%, 1 IF+100ETH
A HEE SRR P R AR R cd e, |
HEER S TF A A e 22 2R 2
25 AELEXKEEILL CdEENEIN
251 FRAEFAMGHE, £ PR Cd &EH
#Hre AFAEEXS KRR Cd B 52 ) UL A
3A, KAEFIXKREMR T Cd FEMEMNESR B
# (P<0.05), 5 IF ZbHAHEL, CF AbFE IR 35 A%
TKFEARFR Cd & &k, b4k, 50 ETH Fil 100 ETH
AbFR A b 2 A T KA AR R Cd & it (P<0.05),
PRI T 17.01%F1 37.46%.

ANEAL BT KAEZE Cd A& r5 i LK 3B,
ANFE RGBT XK REZEN Cd FEgmE
AR E . B ETH XK FE2E Cd AW 2
S (P<0.05). SAMEHNE M CK AL, 50
ETH ZEFEF1 100 ETH Zb 3 i 2[R T /K24 cd
B e, TERANET R, CF ARk FEZE Y Cd
S TET 78.90%F1 81.35%,

AN[RVAE HXT KRG B Cd & & R 52 LK 3C,
7£ CK Mgt 100 ETH AbEE T, CF Ab# i 2 F A%
1.2rB
1.0
08f
0.6 -

0.4

Cd & &
Cd content /(mg-kg™)

0.2

0

KbFH Treatment

AFANE PR FRIR AL BE] 22 5 B35 (P<0.05) o

Different lowercase letters indicate significant difference among treatments (P<0.05).
B2 ATRAETKERERKE Fe, Cd 2E

Fig. 2 Fe, Cd content in root iron plaque of rice under different treatments
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o K BNER R (P<005), 5 CK Atk S0 ETH
PRI Siooetn  ALFEFI 100 ETH ARFRE E R KRR H v Cd 1y
2 ol [E P 7E CF AbF 23 B T 19.67%701 29.97%;

3 :.f'- FE IF Rb3ir, S35IREAIR T 24.15%F1 23.94%
g0 EH 2 . 5 252 RRARSABEA, HAT Cd 4EH
S o [E =S Frt WA ETH UK 534 BEXK RERE K Cd 5
€ oo =l MIWILE 4A, KT R MR Cd 19
- i \ BUR (P<0.05), 5 IF 4b¥AHI, CF AP CK
ol R i FUBGHG SIS SR ETH A0 S W IR TRk
MBS Watormansgement modes g Cd frik. 18 2 FUKAMEEBGA T, Wi ETH

EFEREK T Cd R (P<0.05), IF ARBLT,
16 - B EICK 50 ETH A1 100 ETH A #ERE K 1 Cd & & B & KT
~ 14b a E50ETH CK (Cd &~ 0.86 mg/kg ), 7 HlFEAK 22.09%F
2 o [ HHOETH 26.74%. 7 CF AL3¥F, 50 ETH fil 100 ETH 4b 3
S o WK R Cd 7 B4 CK( Cd A7 b 0.71 mg/kg )
g sl [ AT 25.35%F1 14.08%.
3 e [ W ETH FK 54 B KRR K Cd St hy
Boal B WL 4B, SRRV, KB K Cd B
3 o % 5 % S BERW (P<0.05), WEHE ETH XK 1 Cd
oL [ & " SEAREMI (P<0.05), 76 IF AT, 5 CK
IF CF

7K & Hif X Water management modes

EICK
a* BES50ETH
100ETH

c*

Cd & Cd content/(mg-kg™)
T R R R M M e
A A e L v

ey

IK A& AR, Water management modes

RIFR/NE F BRI 22 5 25 (P<0.05) ; *%/RAH[ ETH
W T A HLH 22 57 35 (P<0.05)
Different lowercase letters indicate significant difference among
treatments (P<0.05); * indicates significant difference between
treatments at the same ETH concentration(P<0.05).

B3 ARLETKER (A) Z(B) H(C)Cda&E
Fig. 3 Cd content in rice root (A), stem (B) and leaf (C)
under different treatments

TOKREM R TR Cd i, lREIRT 9.53%F
16.71%, {H7E 50 ETH ZbFE T, /KM B KA
m e Cd SR AR E . MK S
AR, WE 2 R R ETH X/KRE M ) Cd

2l (Cd &K 0.76 mg/kg ) AHEL, 50 ETH #1100
ETH 2% PR K ) Cd 3 &, 43l BRI T 17.11%
1 23.68%. 7 CF 4b¥ T, 5 CK (Cd &&EN
0.68 mg/kg ) AL, #MEEA] 50 ETH #1100 ETH
B E AL TR R CA & =, R FEIR T 33.82%
F119.11%.,
253 REAFEIKA Cd 455 A0 Hwm W
Jiti ETH FIK 4345 BEXT KRG Cd %2 ZE %
ML S, HE SA RO, 5 CKAHEL, 7E 2 Fiok
AETRR T W ETH 28 KT Cd /KFEHR-
ZERFEIE R, TE CF ARETR, 50 1 100 ETH 4b#E
sy Cd R-ZEM5 s RN T 55.17%H
41.38%; fEIF Ab¥T, 50 ETH #1 100 ETH 4b##
SAEiAS Cd MAR-ZEM R RBFIR T 48.95%F1
53.04%,

Cd KFEZE—HF b iz i 1) % s REULKE 5B, 5
CK bFAHEL, 7E 2 Bk o8 BT Wi ETH
PR ERALT Cd KAEZE- ARG is 75, 7F
CF 43F, 50 ETH F1 100 ETH Ab3/35#45 Cd
ZEKPRLIFERS R BFAR T 23.81%1 19.13%; 7E IF
AEER, W§iE 50 umol/L A1 100 umol/L ETH 434
13 Cd Z-FR iz REEMIT 17.33%H
13.21%.
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Water management modes

/NG TR s Ab B 22 57 B2 (P<0.05) 5 *3R/n A ETH MR F AL FlE) 22 5% . 3% (P<0.05) o
Different lowercase letters indicate significant difference among treatments (P<0.05); * indicates significant difference
between treatments at the same ETH concentration(P<0.05).

B4 FEAETAIEELR (A) X (B) FCdRE

Fig. 4 Ca content in unpolished rice ( A ) and polished rice ( B) under different treatments
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Fig. 5 Ca transport coefficients from root-stem ( A ) and stem-to-grain ( B) in rice under different treatments
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Tab. 3 Correlation between Fe, Cd content in root iron plaque and Ca content in different parts and
the transport coefficient of rice
-2 2Lk
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ZECdER -0.827" -0.488" 0.977" 1
- Cd & & —-0.710™ -0.317 0.963" 0.954" 1
Rk Ccd &5 —0.821" —0.550" 0.854" 0.926" 0.830" 1
ok cd &8 -0.869" —-0.690" 0.853" 0.905™ 0.787" 0.930" 1
HR-2E85HE A -0.887" —-0.619" 0.925" 0.978" 0.892" 0.960" 0.960™ 1
E-kRisa R —0.8837 —-0.606" 0.860" 0.895" 0.831" 0.835" 0.892" 0.923" 1

o FAREFME (P<0.05) , TEARWMEBEMRL (P<0.01) .

Note: " indicates significant correlation (P<0.05), ™" indicates extremely significant correlation (P<0.01).
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Tab. 4 Daily intake of metal (DIM) and health risk index
(HRI) for Cd in adults under different treatments
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CF 0.00033 0.33
CF+50ETH 0.00022 0.22
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