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& N TR AL DG R B AR K Cd A R R SE e, X 4 - FLRR SRR AR T 1Y Cd B i O Ca Fe Min Zn Fl 2 3%
R S AL AT T 4 Hr . S5 R R EHE 2~3 YK 5 mmol - L SR BR BE M REOK BES BT AN i 1) Cd & i 35 TR R R
Cd P25 1 )N 0.26 mg-kg ' 435 T FE 2 0.14 mg-kg ™ H10.09 mg- kg™, B35 4y 46.15% #165.38%. Wi 3 CER IR , K iy
R R R S BN T 46.45% F134.56% . FEY HF I Cd & SR BEAURE I Cd &4 10 2~ 1047, W5h{E 2~3 YRSE SRR B 2
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B3 ETF, Fe Mn . Zn B9 50 B35 B R HOh AR A Ca & BEE N 16.029%~26.60% , Fe 57 1R 15 30.54%~43.14% , Mn & 1 R [
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Effects of foliar application with malic acid on the accumulation of cadmium in rice

WANG Hui—jun', XUE Wei—jie', ZHANG Xin', ZHANG Chang-bo', HUANG Yong—chun', REN Xing—hua’, LIU Zhong—qi"

(1.Key Laboratory of Original Agro—Environmental Pollution Prevention and Control, Agro—Environmental Protection Institute, Ministry of
Agriculture and Rural Affairs, Tianjin 300191, China; 2.Xiangtan Agricultural Science Research Institute, Xiangtan 411134, China)
Abstract: To explore the effect of spraying malic acid on the characteristics of Cd accumulation in rice during the grain filling period, the
content of Cd, Ca, Fe, Mn, Zn, and amino acids in the organs of four early rice varieties was analyzed. Experimental results showed that the
application of 5 mmol+ L™ malic acid significantly reduced the Cd content in grain, panicle neck, node, and flag leaf 2~3 times. The average
Cd content in the four varieties of grains decreased from 0.26 mg « kg to 0.14 mg « kg and 0.09 mg - kg™, and the corresponding
percentages of Cd decrease were 46.15% and 65.38%, respectively. After three applications of malic acid, the glycine and valine content in
the grains increased by 46.45% and 34.56%, respectively. The Cd content in the nodes was approximately 2~10 times higher than that in
the panicle necks and flag leaves. The application of malic acid significantly inhibited the transfer of Cd from flag leaves to nodes 2~3
times, which reduced the Cd content in the nodes by 35.00%~56.88%. At the same time, the application of malic acid significantly
increased the Ca content but reduced the content of Fe, Mn, and Zn in the rice organs. The Ca content in grains increased by 16.02%~
26.60%, whereas those of Fe, Mn, and Zn decreased by 30.54%~43.14%, 23.07%~28.55%, and 11.31%~19.57%, respectively. These
results indicate that the application of malic acid significantly decreases Cd content in grains, by inhibiting the transport of Cd from the
vegetative organs to the grains and promoting the transport of Ca and the synthesis of amino acids in rice grains simultaneously.
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FEKLAFH 65% N1 LUREK R B/, REKNE
TR 5 NS FR A DIAR G, KA A K AE Cd s
e IRy, Cd BETE AR (25 i RLR R H R B AR
2L AW KRR A K R T T LI ™ E 5 e K
A ot , JF 2 B EESE S NSRS W R . A it SR
KA 2.35%10" m* BBk B T 63 Ja ¥ e 76 A 35
JEH, Cd & —Fhim gl Mok H 81k R ny 24 @ 7E 3
[l g 5 R e v, BT FH 424 Cd 35 5 7E 0.3 mg-
kg LATR A AT REAE 77 CdBAR AR, PRI,
A BRI FEK Cd B R B EOARKT XS T rh 2 Cd s
YA H 22 A A B0

SE R R (Malic acid, MA ) &2 = 3% 2 7 #F (Tricar-
boxylic acid cycle, fai #X TCA {3 ) S H 32 f% £ TR
PR ik A e ) i v ) ), T DL o A )
JE, R NSRRI B He 2 5 R AU, X T NADH /)
RS HN ATP Y5 MUK 536 B RE Y. T ARIIE
20 2% A A QI SI0EER IR A 5K, KR AN+ AE )
FEL A PN BEAR ) 22 3 2R BR i (NADP-ME ) 2 [H 5
JoeheRl, AE Y 2 B E AR TR R R R AR AR
Yyl iE i), NADP-ME J [A] 8 2 1K 7K - R 28 ) v 1 5
R R T2 BEWG 2, SMJRESnSE R R g !
FH P A AR IO A R 1D Ha0, 1R
2 HG5R AL R TG, SR R Cd By W A s
HET IR Cd i 25 35 A P KRS T A 3 o T s i
SRR 6 KA R R R TR - PR R Cd
AE7 A S 2 A VE L, X Mn  Zn 88 8B FR 00 R 0 %
EWA B R, kST 45 R AR, SR R R
SEUNEC= e iIve o O IR E] =R L L IR AL e
fiff C.d R KRR P A 1Y A BRRE AR

TP AR AR A ZF, ARG PE Al v
I ATV R S R | g TR R I A OG
Cd [ 3a FUHAR AR A W o R 22 5 | R B S A S 1 Y
AL, TE Cd 45 T 42 J& 3B BREE rh , AR 40 Jif 22 3
A R R Y 48 R A A 1 A T IR (GSH) (s )2
B3R (PCs) SR 2 Cd 75 ™, 2 JE IR 2 3 1 i Y
FEA L3 , X e A 0 1 AR KRR
) B 11 0 R S R A AT AE R R R J2 e,

AE 5 CAIE B G R B Rtk . F&EmR N
AR ARNEARR T Z RIS E R 5 Fh & 3L f 5K A
FERL R Cd P 2 J3E 4R M 6 5 45 2R 11 A L R ) ik
5, FFRL R AR Cd 1 RE T BREREY e B AT R
REPI ] Cd mFE K o i iz, RE AL IE R oK o 2 2 R
A R, ke 2 ] SRR A 5 A K Y Cd
FRBRE B UIA G . L, A 95 DL R R R 7 ik 2
SR bR, KT 2R A5 K Cd B B &
IRERRE CARUN KRR

SRR AH IR R A i T E N TR,
IEZAHY TN A K SR 5F Z i B 2 005 o2
T IS S SRR, B T BB A R OK Hh Cd B s Ah X
TR S B RR 2 5 237 A e M, LR Cd B3R 7
KA A R 15 BE A% PR FFARE , 4 R DL AR I 5 4
i o ASWEFELL 4 OKAE SRR AR, SR KR A6
I T I ot S SR TR ) 0 9, R I K R 45 R R Cd
TR R PR b ) S SE R 5 A T A0 HT , X SR R
R CARCR FPLERIEAT T 45T, B 78 R B Cd -1 34
P 0 075 1B RO A RS2 1R

1 #MEEFE

1.1 iRBE#

50 4K 1 498 R K e T EE 4w 75 Ak FH 0~20
em R JZ +, T 2019 4F 5—10 A 7ELO AR A TR R85
PRRM I AT H G 2 TPk T, S AR H b
DL 1o AN A SRR (CaHeOs) R 4 Hr alifk 23k
#ils
1.2 itk @

R i 22 41 10 FH () A 2 ks, i e o 1 44>
Cd B R FFVEAS [A] By it A, JH o A4 2 39 e 4 K T
HET B R RS S Fh T B 7057 (705) 1 5 RD 24 57
(X24)P72805 53 AR B S DN K R A% 20 5 T P20 4 1L
A A2 00 0 J5T P 7 22 HE 1 S D BR AT 557 (TGW) T i
i 367 (F36)™),

1.3 AL ESRE

TE BRI 1) — 1 K R D - 7E 1% B9 IR A TR N

W PR 15 min $EA T BE 258 KB, B T

F1 A L EEARELMR

Table 1 The basic physicochemical properties of soil

BB BREEH AR AR AL BCdfrft AR Cd i
pH Organic matter ~ Total N content/ Available P content/ Available K content/ Available S content/  Total Cd content/  Available Cd content/
content/(g-kg™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
7.41 234 2.09 63.2 132 28.1 3.0 0.05

1% WHART]
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FE M A R JE e R 25, 76 28 CAE T A6 HL & 252, 7 iR
FREOEHATE &S e TR R RS,
KR P A B W i — O 5 B B B S R KR 3 L AE
47 1/4 Hoagland & F2 W, K B MUt —.0 2 )5, UK
P — B KRR e T AL AR B S A A A
oo IKAE S AE AR T TR it A B A1 S it s
F7K(CK) ; AbFH 2 Wit 2 YK 5 mmol - LT 3R R (MA1) 5
LB 3 B 3 YK S mmol - L7 3SR (MA2) 5 4 U i
[E] B 12 h, B EE W8 SO mL, BEASAb P EE A 6 UK. JK AR
A OK R RL ST BT ZEATSERE
PEATHTALFE, I F 00 Cd & i AT G R & KR
IR T R bR . N AU S (T I TR el DB
VLR A PR W) 250 ORI 28 °CL 18 B 80%,
YR 16 h, Ot BB 3R B 400 pmol - m™ - s 7% 8] I JF
20 °C, ¥ E 70%,8 h A

1.4 CAMFT RITERFUEEBRINE %

2 B8 Liu S0 J5 v5 6 RE i AT IE VR )R L S
mmol - L' CaCL & AR 2 15 min 5 1 255 F/Kpe gt
M FRIBUR R 5 EF4& 0.20 g TIHAE N,
AT mLASER 1 mL AR KA 7 A 5056, T e R
FHICP-MS M ZEFE 5L H Cd \Ca Fe \Mn Zn i, S
Yuan 2P J5 5, BRI 0.25 g ¥R, BT A 15 mL 6
mmol « L' i) HCI7E 110 CF /K 22 h, F 58 1 /K&
KA 50 mL, W1 mLF 50 CKBP RS TR, &5
FAFT AR 6 22 vl R F BT I e o VS A SR P e R0
{0 3i% 22 45 (Agilent Technologies , Palo Alto, CA) 17
IR Fr i 53T o
1.5 #IBSIT RO

K F Microsoft Excel #E47 40 ¢ 8088 iOTT 3 . 5o it
b3, Cd & BT ICER & SPSS 17.08H 77—
P F-BEPLI T 5 25 530 B 3 S 3R 7 1 F SPSS 17.0 i
175 R F B AL T 7 22 50 07, %7 52 W% 25 7 (Duncan)
VEZ 5 H 5 (] — 45 B 0 S AR A SE SR R ok 5k 124>
AhPEIEAT 2 A ) (22 5 B ER K, IE H Origin
8.61EK,

5% RECHARLBER 0] Cd % 1 ELAEPY:

AR (TF)=a#f H Cd & m/b i E Cd &z

2 HERENH

2.1 FREMFER CARRFHER R R R0
Cd 75 R TEAN [ i o 22 8] LA K 7K AR 2% 4% B TR A7

BT 2E 5 . B PR Cd 3 b BRE 2, KPRE

AL AR B Y P i Cd &5 2 B SURIIL I Cd 5 i

1) 2~10 1% (B 1A B 1B) o HUAR 44~ iRl 9 46 10 A
A B WA E T, (0 705 Fil X24 AR RS  ZEFF
() Cd 55 2 B 20 F F36 A TGW , 3t FH A i 382 44 75
TR CAFLRAE A B .

AR E Y Cd & i 7E SRl R A B B 22 5 (1
W% it S SR PR i 7 A B R CA R B o B, o T TR
JHE DR AR N R BR3P R RSN, A S ), ik s 3P R R R
XF Cd & R RZIA B 4 SRR T T YA A A
5N  FPRL RS S Cd B R R
J3E i A 7 R R M it U AR B3 i ok . 5 CKARLE,
Wit 2 RN 3 IR SRR IS, 4 A db FoRF R i Cd -2
T M 0.26 mg - ke 435I R FEE] 0.14 mg - kg™ F10.09
mg - kg™ (] 1C) , B 43 51 b 46.15% F1 65.38% (&
1D) 5 BT ) Cd P24 5 K 0.51 mg - kg™ 43 T B
#]0.31 mg-kg ' F10.18 mg-kg™, FIE 4351 4 39.229% Fil
64.71% ; FE 15 H (1 Cd P34 5 1.60 mg - kg 4351 T
F% %] 1.04 mg-kg ' F10.69 mg- kg™, B IR 43514 35.00%
156.88%; JHEI: 111 Cd 132 7 5 M 0.18 mg - kg™ 43 5]
T REF] 0.14 mg - kg 1 0.12 mg - kg™, K& W& 43 51 Ky
22.22% F133.33%.

I TR B it S SR R AN S 5 ) A5 B R Y Cd Y i

SN Cd FEAR SR 2% B (W] B 3003 . Wit P R R
FANE T Cd NEERS e fFbL R ) BT S . 5
XTHRAH G , SERFRAC P T Cd B TF sepman 20 1) FRET
24.37% 1 23.16%, TF wymar 57 B T B T 8.99% F
28.24%.

22 HMEABBEERBN AEEREEFRTEZSEN
A

Ca.Fe Mn fll Zn 55 20 R 19 % S 7E KR A A
APl AR 2R ) 22 SRR B . CaFil Mn & i 7E
AN TR B R S IR O < A v, BT R AR B
Z KRG (I 2A (B 2C) s Fe 35 i O A0 A1 R AE R BR
R e AR RN SR 2 T BRI (B 2B) 5 Zn
O R A R SR B A RS R PR
JHE Fe (R (K 2D) o B FRICRAEAR Rl oA oA
], X24 Fl1 F36 1 Ca 7% 1 B i & T 705 FI TGW , TGW
() Min 7% 12 B @ AIGF LA 34> S il , X 24 1705 F75 H
1) Zn 5 W 5 T F36 FITGW .

Wt SRR I, 4 1 i AP &S 4 B P AY M Fe 1 Zn
SRR B TR H Ca i F S E B FTH(AE
2E) , Wit 2 YA 3 U SRR R R P Y Ca 1 43
B 16.029% F1 26.66% , Fe 75 8 43 ) I8 /b 30.54% F
43.14% ,Mn & 43 5500820 23.07% F1 28.55% , Zn 5 1
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Figure 1 Effects of foliar application with malic acid at anthesis stage on Cd content in rice organs and transfer factors of
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Cd between jointed organs in rice plants
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Figure 2 Effects of foliar application with malic acid at anthesis stage on the content of Ca, Fe,Mn and Zn in different organs, as well as

increase percentage based on average value of 4 varieties
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Continued figure 2 Effects of foliar application with malic acid at anthesis stage on the content of Ca, Fe,Mn and Zn in different organs , as

well as increase percentage based on average value of 4 varieties
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Jin 19.60% F1 47.86%, Fe 75 & 43 il I /0> 35.24% FlI
47.52% , Mn 75 553 5 /0 12.85% F137.99% , Zn 75 5
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8.67% F 31.25%, Fe ¥ it 4 B Wk 2> 22.27% Fi
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A3 U 17.64% F137.34% , M Ca 2240 51340
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23 HEAMBEERBYKAEEREERATEZERE
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R, W2 m B IR0 R A AR A B 0] (0 8 3%
R SRR AEIEIE Ca IR (S 46 88, T L4
AR Z B 22 5, Hod X24 R F36 1 TF wavms 5
CK 22 53k 1) i KPS it g {2 0F T Fe DA
W 1) BT A RS 5 O[] A T S SR AR AR T Zin
HEAT [) BE S 5545 AR UE T Zn DR S3L [) Ffbr rp
R 705 Zn 19 TF grpmesn B & P25 (6 2) o
2.4 MEBEERBIKBIFASERSENT N

R P YA R &5 1 (18.37~24.34 mg-kg ™) B 3%
o T A S I R, 24 0 A s I R 1 2 A5 LA B (A
3A) . TECd V54 - 4 AR IG I, 705 R TGW FfAL
HHAO A R O I AR T X24 R F36. AR A
R AR AR R E R RN AR AR 2
IR e R T R 1) e S R R 25 52 HL DN,
KZHE3.49~8.52 mg-keg ' BRI Z N, FEaAmR W
SR Z R 1 5 A AR AR B AT F36 H il &
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TR i T A 3 AR I 2 UOP SRR X A oK
()22 FE IR 5 T A b 5 ), Wit 3 S SR R 2 4
U H R A2 R 0 & i, 5 CKAH LG, T2 R4
SR B BIE N T 46.45% F 34.56% (& 3B) .
WS it 3 S SRR X A 24 PR A 2 R R D 24 R 1Y) 7 il
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S TR R A 20 o P R A R X A AR PR 2 22 ARt
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FETT AL HAME it 5 mmol - L 57 SR , 4 IR RE i W /K A
FER AR Cd RV FRIC R W i ia 7 A B
MRl AR R T I AR E 28 R T K AR K Cd
P B . A RFFE R, 38 A i B Zn £ Mn 55
W TR REAS TR S KA DL M, ] Cd MAAR 3R )
KERL Y FE 12 5 W3t 8 RS TR S BROIR R A HLAE S RE S R
APRL ) Cd B g™, ABFFREE AL R, i1 et
SRR L RE 8 PR RS K Cd & i I HLBEE R U 5
mmol « L™ 3P HL R AR 350 B 4

IKREAFRL 1 Cd B 2 52 BE PR BRI R 1) S [m] 52
M), AR AR R R R RN 28 K
EEHR S B E R Y Cd E 08 AR5
TEHIY 4 A8 5 A Cd B R AR R] , 76 b A0
Firh Cd 7 i1t i 2 2RI R : 705>X24>TGW>F36,
X} FEALHR R K TP AY Cd 15 5 (0.22~0.29 mg-kg "))
KFCEMZ2EZRE gahis P Ra)(GB
2762—2017) FLE Y Kok Cd & FBR 0.2 mg kg™, 4%
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Table 2 Effects of malic acid on the transfer factors of nutrient elements between rice organs

TLE K Fil TF ks TF s TF s
Elements  Varieties CK MA1 MA2 CK MA1 MA2 CK MA1 MA2
Ca 705 0.23+0.02a 0.22+0.0la  0.21£0.02a 1.12+0.23a  1.18+0.76a 1.12+0.61a  1.03+0.32a  0.94+0.06b  0.92+0.03b

X24 0.29+£0.04a  0.25+0.02b  0.22+0.01b  0.58+0.06¢  0.74+0.06b  0.81+0.09a 0.13+0.0lc¢ ~ 0.18+0.01b  0.28+0.01a
F36 0.19+£0.01a  0.18+0.0l1a  0.14+0.01b  0.67+0.04b  0.73+0.02a  0.77+0.06a  0.28+0.01a  0.28+0.02a  0.26+0.02a
TGW 0.22+0.02a  0.25+0.02a  0.22+0.02a  0.95+0.04a  0.97+0.11a  0.94+0.05a 0.32+0.03b  0.37+0.01a  0.29+0.02b
Fe 705 0.36+£0.01b  0.46+£0.03a  0.47+0.03a  2.05+0.65a  1.83+0.09b 2.34+0.83a  0.19+0.01¢  0.58+0.04b  0.76+0.08a
X24 0.33+0.02a  0.32+0.02a  0.30+0.21a  3.21+0.87a  2.96+0.76b  2.36+0.74c¢  0.25+0.03¢  0.62+0.03b  1.17+0.25a
F36 2.28+0.01¢  4.14+0.51a 3.38+0.11b  2.09+0.54a 0.91+£0.12¢ 1.16+0.11b  0.09+0.01c¢ ~ 0.17+£0.01b  0.57+0.06a
TGW 2.65+0.29a 1.87+0.21b  1.87+0.09b  1.46+0.61c  1.59+0.13b  1.67+0.09a 0.43+0.05b 0.49+0.02b  0.68+0.04a
Zn 705 0.50+0.03¢  0.82+0.07b  1.12+0.85a  0.29+0.0la  0.25+0.01a  0.26+0.0la  5.20+1.14a 3.85+0.41b  2.74+0.56¢
X24 0.26+0.05¢  0.31+0.01b  0.39+0.0la  0.40+0.02a  0.34+0.01b  0.35+0.02b 10.70+0.98a 9.48+0.91b  7.08+1.26¢
F36 0.63+0.01c  0.70+0.06b  1.09+0.61a 0.36+0.0la 0.31+0.02a  0.25+0.01b  3.56+0.31b 4.77+0.63a  3.56+0.68b
TGW 0.59+0.04b  0.73+0.03a  0.75+0.06a  0.32+0.03a  0.26+0.01b  0.25+0.02b  4.75+0.33b  5.62+0.73a  5.41+0.86a
Mn 705 0.51+0.0la  0.29+0.04c  0.37+0.01b  0.80+0.04a 0.76+0.02b  0.57+0.06c  0.27+0.03b  0.50+0.02a  0.58+0.0la
X24 0.15+£0.03b  0.15+0.01b  0.20+0.01a  0.54+0.02b  0.56+0.03b  0.78+0.02a  0.71+£0.06a  0.66+0.01b  0.33+0.02¢
F36 0.15£0.01b  0.15+£0.02b  0.21+£0.02a  0.60+0.01a  0.56+0.07b  0.43+0.0lc¢  0.52+0.02a  0.49+0.03a  0.45+0.01a
TGW 0.34+0.02a  0.31+0.0la  0.39+0.0la  0.68+0.04b  0.88+0.06a 0.70+0.02b 0.47+0.01a  0.50+0.03a  0.47+0.02a
W AN FEERIR 3 BEEAL L (CK  MA T MA2) 7] 22 57K 51 5% & EH7KF-,
Note : Different letters indicate significant difference among three spray treatments (CK, MA1, MA2) at 5% level.
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Figure 3 Effects of 3 times foliar application with malic acid at anthesis stage on the amino acid content and average content of 4 varieties
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