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Effects of glutathione foliar application on Cd and mineral elements in rice

LIU Yaping"?, WANG Changrong’’, REN Xinghua®, LIU Yuemin", HUANG Yongchun’, LIU Zhongqi’>, ZHANG Changbo’
(1. School of Environmental and Municipal Engineering, Tianjin Chengjian University, Tianjin 300384, China; 2. Key Laboratory of

Original Agro—Environmental Pollution Prevention and Control, Agro-Environmental Protection Institute, Ministry of Agriculture and
Rural Affairs, Tianjin 300191, China; 3. Xiangtan Agricultural Science Research Institute, Xiangtan 411134, China)

Abstract: To evaluate the feasibility of glutathione (GSH) as a foliar conditioner for Cd reduction in rice, field experiments in Hunan
province were conducted to study the effects of GSH foliar application on the concentration of Cd and mineral elements in different rice
organs, and the Cd reduction mechanisms of GSH application on rice were explored. The results showed that foliar application of GSH at
rice flowering stage significantly decreased Cd concentration in grains, with a maximum decrease of 76.5%, from 0.449 mg-kg™ to less than
0.2 mg- kg™, which is the food safety standard in China. In rice grains, GSH spraying significantly increased the concentration of mineral
elements such as K, Mg, Ca, and Mn. Under GSH treatment, the Cd concentration in all vegetative organs of rice significantly decreased by
68.8%~86.7%. The mineral elements K, Mg, Ca, Fe, Mn, and Zn in different organs also increased or decreased in different degrees.
Element transfer factors between different adjacent organs showed that GSH application increased the transfer factors of Cd and Zn from
second internodes to panicle nodes by 46.2% and 134.4%, respectively; while decreased those from flag leaves to panicle nodes by 44.5%
and 32.2%, respectively. However, Cd transfer factor from panicle nodes to panicle neck decreased by 31.4%. Correlation analysis showed
that among the mineral elements detected, Zn concentration had the highest correlation coefficient (0.809, P<0.001) with Cd concentration
in rice vegetative organs. Therefore, foliar application of GSH not only inhibited Cd accumulation in rice organs but also improved the Cd
interception ability of panicle nodes, the main Cd blocking organ of rice, by regulating the Cd transport between the panicle nodes and its
adjacent vegetative organs, including panicle necks, flag leaves, and second internodes. In addition, GSH application improved the Zn
fixation ability of panicle nodes and affected the concentration and distribution of mineral elements in rice organs. Among the mineral
elements detected, Zn had the highest correlation with Cd.

Keywords: glutathione; rice; Cd; mineral element; foliar application
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Table 1 Effects of GSH foliar application on mineral element contents in rice organs (mg-kg™)
#%'H Organ Kb FEZH Treatment K Mg Ca Fe Mn Zn
T CK 14 238+375he 831+54a 931+71a 102.6£12.7a 262.3+20.3a 47.7+5.4a
Rachise WG0.5 13 814=152¢ 560+23h 985+35a 90.2+8.4a 207.1210.5h 26.8+1.4h
WG 15 881+142a 65641 894+73a 85.0+2.0a 178.1+4.2be 24.7+1.7h
WG10 14 777+142b 618=41h 859+73a 99.6+2.0a 165.6+4.2¢ 23.4+1.7h
Tz CK 354893 538a 1 488+46a 844944 108.9+2.8a 266.3+21.6a 58.8+0.6a
Panicle neck WGO.5 37902+1373a  1115:81b 842:14a 51.7+4.0¢ 210.2+10.4h 37.85.1b
WG5 382011 792a 970+64b 779+46a 54.32.9¢ 196.122.5h 37.6:1.8b
WG10 397902 760a 1075+88h 797+45a 66.1+4.9h 225.0+5.6b 35.62.4h
R CK 37689+2 163 2582+213a 2275+151a  326.8+31.5ab  643.7+38.2a 308.9+24.5a
Panicle node WG0.5 29703+476h 2 324+106ab 2028+123a 287.9+153h  529.3+44.2ab  255.2+253ab
W65 31 152:203b 1925+144c 20074954 297.2+29.7ab  478.0+41.2b 169.3+1.8¢
WG10 31155:2635h 2 115+81be 2 086+64a 391.8+59.4a  565.8+74.4ab  211.5+30.5he
HEnt: CK 17 582+510a 1 857+22a 4733£183a 225.5+4.9a 936.7+46.8a 28.7+1.4a
Flag leaf WG0.5 13 932+357h 1 462+88h 3 626+20b 167.7+11.9b 653.6+43.1b 16.0+0.4b
WGS 11 871336¢ 1 352+100b 3 946+286h 174.8+5.9h 634.2+21.6b 16.1+0.4h
WG10 10 770+584¢ 1 342+99h 3837+116h 177.4+21.5h 620.0+44.9h 17.8+0.2b
55— i) CK 33 839+430b 2 844+188a 1037+72a 148.9+6.6a 495.9+19.3a 135.3212.1a
Second WG0.5 398681 691a 2 188+85h 78420 75.0+6.4bc 318.3+25.6h 59.7+7.6b
internode WG5 41634+2478a 2 058+146hc 820+80h 79.7+4.41 338.8+25.1b 48.0+2.9hc
WG10 4076815032 1662+177¢ 738241b 63.7+6.7¢ 284.7+8.6b 39.6:1.9¢

T AR/ INE PRI R AR P 25 58 B 5% B E K. T A

Note: Different lowercase letters indicate significant differences of 5% among treatments. The same below.

2K AERE AT R AR ) i S R (530
g-kg!), REICHE CafETEM 9 & S (>4 g+
kg!), KAELJOHE Mg EBE T 15 AIEE 5 M i & 4%
(52 g-kg ™), T T 2 Min 76 RO T i B
AR (>600 mg-kg ™), IR IGE Fe Ml Zn ZEFE T 45
B AR (5300 mg-kg ') o M GSH i , AN [H]
T E AN TR f AR LRSI R R
BN T I R ERS 4T (] Mg Min Rl Zn 55 6 2 B
fi%, Mg B $5z IR R 43 531 T 3K 32.6% . 34.8% . 25.4% |
27.7% F1 41.6% , Mn 11 5z K B W& 43 51 W] i85 36.9% .
26.4% .25.7% .33.8% F1 42.6% , Zn 14 F5: K FE g 43 591 A ]
ik 50.9% .39.5% . 45.2% .44.3% F11 70.7% ; L - F 45 —
A H Ca % S BEAI, B B K AT 3K 23.4% F1128.8%;
TS0 R R AR T ) Fe 5 R FRAIG, FA R AT 3K
52.5%.25.6% 1 57.2% ; BT 7 FE - K AL,
R P 35 21.2% F1 38.7% 5 1 Rl A2 — 45 ) v K 7%
N, B AT A 11.5% F123.0%

HE—2 X0 G BRAEK R RERL Rl Fla
AT RS O [R] 2 (R B IS I A T A,
B RBORF R G RANE 5 iR . 5 Cd ML, KA
Mg F Zn WAl i) F 7 (455 7% 2 8508, i i GSH

REME AL UERR Fe LLANHAth o0 28 RS [ FFRE (0 55 32 .
KRR H KM T o A B A R B Zn 1Y i
i£(0.191) H5 Cd(0.205) A3 , Wit GSH i — 2541 #F
T K NEE R B 5502, [ T Fe A1 Cd 1
iz, 5 CAHRL, KRG Ca Fe Al Zn VAR — 45 ] [i]
BN 0 7 22804 7 F 2, WA [A] vk i GSH REf%
P K ERS 45 (] ) BT 49 195532 |, [ T HoAth
JURICE S . KRR Zn DRET 5 2 i 55 7%
Z50(0.094) F ik, HkJ& €d(0.227) , HAb JLFH L&
()56 B R BCER T Cde 5 C AR TR, Wt it A ] e 2
GSH REME 2 1M 1 K F Zn MR T 5 2t i 5% 02
P AT L W55t GSH 45 5 T Zn DA — 7 (] [ Rl 45
FRHE R 280, SR N 134.4% , FAIR T Zn BT Y 11 i
2 B 2B, BRI K 32.2% , i 254 5 T R i 0t
Zn W [EEBETT o

Xof it GSH B 4242 fnk (1) K e 7 F2 4 B RS TR 7
JROCE S Cd & i T AR SR A AT, A R AN SR 2
FIER o E/K AR R REST R RN B ) A
TTRVERS e s Ot BEAL AT it AS [ VR GSH
AFRZH ) Zn T f 5 Cd 7 BEY R B IE MG, H Pear-
son FH ¢ Z ¥ & T 0.8(P<0.001) , W38 AH G . i
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Figure 5 Effects of GSH application on TF of mineral elements in rice organs
Mn . Fe Ca Mg Fl K i) & mE R LLE G E P H S Cd (P<0.001) , A4 i 35 1EAH G
O BT N [ RE B Y S 2 A DG . Z5 5 43 BT GSH 3 it
W it b B I A K R E SR AR E R 6 F T B OC R, Herh
Zn &5 Cd & 5 Y Pearson M ¢ R EUR 55, 4 0.809 GSH 24 Wik N AL PR R M B E AT 2
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Table 2 Correlation coefficient between mineral element content and Cd content in rice organs
P2 Organ Mg K Ca Fe Mn i
% Rachise 0.730%* -0.386 0.295 0.345 0.9297%%#* 0.970%**
FHE Panicle neck 0.923 -0.539 0.498 0.863%*%* 0.841%** 0.910%%*%*
FET 1Y Panicle node 0.781%* 0.613* 0.534 -0.146 0.572 0.858##*
JHEM Flag leaf 0.924##%* 0.950%%*%* 0.798%%* 0.787%*%* 0.953%*% 0.913%#%*
%5 19 [0] Second internode 0.894 % —0.827%** 0.846%%#%* 0.928%##* 0.905%#* 0.941 %%
25 1 Second node 0.816%* 0.333 0.728%** 0.715%%* 0.814%* 0.867 %%
25 I Second leaf 0.892%#* 0.435 0.898%#* 0.856%%#%* 0.955%%#%* 0.919%#%*
JIi A 75 5 All organs 0.696%** 0.369%#%* —-0.050 SBlIRE 0.339%* 0.809%#%*

TE RN E 0.05 K235, R TE 0.01 /RSB35 3R 7E 0.001 K- 45

Note: * means significant at 0.05 level, ** means significant at 0.01 level, *** means significant at 0.001 level.

— JZ A T KRR A E T, ARSI BR AR AR P an
TR A B DR A A, R G S A E
A AL A IR R E & R Y. GSH AR &
SRR KL AR T R AL, B
Do FH T B 2 R0 i B4 Y ARG B, FE TR AE
3 b T W it — YR GSH R AT i 2 BRI K RS KT RL Cd &5
i I8 YR GSH BRI FF ok Cd & IR =R E
B A hRE (0.2 mg- kg™ ) YW AP, [R] A i 35 1 i
FEKA TG 2 K Mg Ca Fll Mn 19 & &, 4808 TR K Y
BRI . B R L K GSH AR S i i i B R A
BN BT CdT5 Y As R &2 a7, R R T
PRI 5 o

ARG AE K FE AL I TSt GSH, $2& 55 17K
B B Cd i 2 AEE 1, BRAIK T KRG 45462
CAdFRE R, MW HE GSH T , B 175 GSH B 423k
e B CRLRR Rl BT BT REE N BRI B
TR ) R K REAR R AT H Y Cd
Bl E AL, WA KA RS R8T Z A
CA#6H Z B0 B, I THI W8 itE GSH G /K A 78 77 4 B ()
W) Cd iz i 2R VE W84 T Cd AAER 1o [
FIBEF AR 2250, 01 W T ed R Y )
JHEN DA R 4k 2z 1) |- BB A0 H532 . GSH A PR 3E 1 1
PR RS HAEE SRR Z M Cd s 25
TOKFGA & 28 Cd RIS B ——F N % Cd i
BRAE T, HE A AN 638 SRR D Cd 1 kPR %52
IKFEE I T RE RS KR 43 Cd [8]E 76 20 i BE 5l ) 47
TER Ol B R A E T Cd )2 2 PR, &Y
FVF/ it Cd BB AE KRR AL Y, A0 51 2 7K e 1 AR A
7, HORBHAS CdFE KPR P S8 Fe i i, Hop
FEF 1 (i 5 —15) Cd B 23 RE 5o, 7E B0 ] Cd 1]
¥Rt o i R PR SR D22 KA 2 R AR

A AYBERIIE T HURAR I R oy BE R i 4 2
P A, 20 M REAR RS o 1) FH 41l e B 4G & B, 7K
i H Cd 322243 A7 A8 15 RN [B) 2 A5 AR 2 401 4 i B
B4 [l KA FAE AR T T 4 2 Rk K OF B 3
PEET Y OsLCT1 S5 5L ] LA 34 R AR A AN e oK
Cd ™, B BLAT UL, KRS RE T 17 A% 41 A R 245 4
FECER (7K T B Cd ) 1y is HoA SR A, st
Jiti GSH 42 /K R AR 35 %5 Cd £EREE 1 1940 AL AR
HRRAMIE . Mo, FYE A KL GSH IR ¥ itk
TTE,iBE S CdEESRE FAGIRRE Y, 8@
TR 1 B ATP 4545 R a2 (1 E A B 8 7 T
T HRBOT 25 (1)) R A0 AV T RE 0 A K A
WG K- 4B E A0, M FHFE Cd 55 8 4 & )
FERi iz o 2505 g RE R 1 ROk Cd B2 32 22
FErne2 S i GSH BENS 2 = B R Y X Cd iz
(B RE 1, J2 75 5 AN GSH 1R A Ji W 1t kAt ) 2
B B B T B2 = B R 1R R Cd AR ARE A G,
WA FFRADFS
Cd™ 55 4 Ja BH 85 -3k 3 18 B 2 1 R A 7 i o
&, HAHZ AR sa e PR IRk, KA AN TR
ENFROGR N E S CdfE s UG . MARE
FEME— 430 T W3t GSH e Cd 55 78 R B0 &4 ki
RHEEARE , RV 97 S AR B e e (R B
[ A ) Hh BT R %, K I GSH AL BX 25 78 5%
R OR R AT 3 O 2 B RN A AT R e LA R
PEo H Mg Mn fl Zn 76 FiRGRE & m 2 B %
TR, 5 Cd AR ARAEBCARARL, (H Mg Fl Mn 15 12T 1) 5 8 #R
EAK T Cd; Ca 76 Bl A RESURNBE R 35 o 19 & 1 % Fe
FERR AR AR R b a8 0 B 2 AR b Wit GSH
AR T KAERE N1 A b B i, 2048 & T K ZE 3
BhANEE R S L. iUk ] DL, BT GSH XA [H]
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B RS G2 B R A I AR ] 7R AT g
5N R TG 3R AE KRG Hh 1 6 42 3 1 s 5 18 B TR S
PEEYIHIE . IRA T TR AERS B (R 5532 3L
AR, Zn IRER 1 S RE S0 A0 e B R BRI
HWIE Cd, =35 A HABE = F HoAh ™ oo R 19 5%
FERE; Zn (CaFll Fe A AT R RIRE T 15 OFE RS 28K
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AFEESRE , Zn 5 Cd RLEEARL. BEAh, 5 Cd B
BUARARL, W% it GSH L3 85 1 Zn MEE 5 [B] £ R R 1Y
GRS 280, B T Zn IR 15 BB (0 5 B R 4K
B T RN X Zn AR E RE ) o E— 2D XK A
AN E PR RE FOCE &R Cd Sk, rA ek
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BERT WL, Tl GSH ARERI ] T KRR Cd§giz
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W1 SR GSH An ey 38 2 5 Zn 55 Cd 2Ll #% iz
T At A 1 R 1 B 8 2 A T 4 K R A
N Cd B FRE H M kPR 2 A TRt — 25T

25 L RTA Wi GSH AN H BB A% B AR K RS 45 25
Cd i, (Al 3 o A s B 1 5 A 8 F e i (i
S N RN ) 2 6] A Cd s B OK RS A B
FE Cd AR B —— RN X Cd i AR RE S, b
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P EAT B0 B LT o AN, Wt GSH A 1) il
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A TE Y
4 #ig

(1) 7€ KA A6 3 - 1D W5 e GSH ] AR 35 1K
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