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Cd BB TINEABEEH KX X BB R E
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AR, AR, BW, BEE ATRE, Bk

(1. =M K 2E B S BB 2B, BRI 6502015 2. = pg b KE M2 B, BRI 6502015 3. = Alh K 2# AR 252 e, B2
650201)

1 OE O ER (CD MR R AMNEAS BEH K (GSH) XHEAEE 18 (Medicago sativa AR Fe Cd BAVERAE 5400, DL 4 Fh &L E 15 4
TP RE, B BT B Cd 2L PUANR 5 AP (Cd+GSH) HFJR/K B5 S0 . S5 2R3R W], Cd W38 52 58 46 5 45 AR, A 2R G UG 1
B0 PRA P 5 B AR 43.79% 0 Cd WA R Wit GSH i, AL VAR D R B 1 07 88 2 SRR R VA PR 1 45 CA AL 38 AN )
JIE AR L rf 2 S R B RS TR A Cd A B S = B 0 79.05% 0 AMIE GSH SZ M AL E 4 VR N Cd A A4 T 285 5 0. 490 Al 4 A < it Jon
GSH J&5 £hFR B BUES | HLA Cd Ab PHLER 3 38 01 14.81 4 4325 s /MR GSH AR PR H 9 Cd & 0 He g ed b Py BT 11,914
43 a5 s GSH AL FIA E i 25 18 = S5 A6 B s A2 5 K (PCs) B i A3 28 BH L Cd DA B S I 20tk A4t g5 . B oR 3R 0, Cd it T 4k
U5 GSH AT 42 2 52 46 5 435 i B 00 I g 55 U QI DG B RS 1, 44 R0 A QI LE W R4 T 5 SR GSH T BRE 3 42 5 PCs 195 IO R
CdRES , 2R A SR T 2

SRR AL B 5 Cd WA s AR T B : Cd SRBVRHE

RESHES X173;8541.9 XEREREM:A  XE4S:2095-6819(2022)06-1225-09  doi: 10.13254/j.jare.2022.0108

Effects of exogenous glutathione on nitrogen metabolism and cadmium accumulation in Medicago sativa under
cadmium stress

LI Hang', LI Zuran®, LI Bo', CHEN Jianjun', HE Yongmei', YANG Shu*

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. School of Science, Yunnan
Agricultural University, Kunming 650201, China; 3. School of Horticulture, Yunnan Agricultural University, Kunming 650201, China)
Abstract: To study the effects of exogenous glutathione (GSH) on nitrogen metabolism and cadmium (Cd) accumulation in Medicago sativa
under Cd stress, four Medicago sativa varieties were used as plant materials. The treatments were control, Cd, and mixed (Cd+GSH). The
results showed that Cd stress had higher impact on the four Medicago sativa varieties for total nitrogen content and activity of major nitrogen
metabolism enzymes with up to 43.79% reduction in glutamate synthase activity. After spraying GSH under Cd stress, total nitrogen, key
enzyme activities of nitrogen metabolism, free amino acids, and soluble protein all changed to different degrees compared with Cd
treatment, with the highest increase of 79.05% in glutamate synthase compared with Cd treatment. Exogenous GSH affected the chemical
form and subcellular distribution of Cd in Medicago sativa, with the highest increase of 14.81 percentage points in the hydrochloride
extracted state after GSH application compared with the Cd treatment. The proportion of Cd content in vesicles under exogenous GSH

treatment increased by 11.91 percentage points compared with the Cd treatment. GSH treatment also significantly increased the content of
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phytochelatin in Medicago sativa plants, effectively preventing Cd from entering the organelle in its free form. This study shows that

exogenous GSH under Cd stress can increase the activity of key enzymes of nitrogen metabolism such as nitrate reductase in Medicago

sativa and maintain normal nitrogen metabolism. Cd toxicity can be mitigated by compartmentalisation. Exogenous GSH may indirectly

regulate nitrogen metabolism in this way.

Keywords : Medicago sativa; Cd stress; glutathione; nitrogen metabolism; Cd accumulation characteristics

T N o0 b DX EE A i Vs YL O M EE L 2014 AR A
] - e R B A A i B, EAJE Cd i YL bn
ST G AT EBURE S 7%, A A R TS Y 2 1

AL E 18 (Medicago sativa) j&=—Fh L B4R, 78
B A B AR AL g R R — 2 1 Cd
i A Cd Wl RARAE I, A BE T K (GSH) & —2
W 3 A AE TR RN & S B9 Rl
WA A R (PCs) I TAR ) I AN 43 b6 T K -S- R Bl 1Y)
KW, R SRR AR S E U ST AR (H0,) 5 2
Pl R4 (ROS) B Hi 3, th BE A o P R i iR - 4 e
JIK(AsA-GSH) JE ¥R ] 42315 Bk ROSP. H iy, #ME GSH
X Cd 8 F ZMAE R BEEPES CAE S .
AsA-GSH 3 | BHIET Cd 5% 128 WS L 40 48 AL B 3L ) £
FHESE AN ROS % 7 T . Cd JPhia 2552 M A 6 4
RIS A SR, T R R AL, R
BAEPISET M, GSH SRR ERERR, 2R S
B B % 22 (A1 IR A S e, 990 i R 4 TR 1) ff ),
GSH TE A=Wy [ 20 1Y 259 ok # vh B OCsEE T, GSH
B I e = S T 5 AR AE AR A TR B s [ A
AW R BI SN GSH REHS H] 55 71 L 1Bk18 X5 TAH ) A
R AP0, i e a2 2 S AL B aa i), SRR GSH REZE
— BRI R R AR T HET, X Cd
18T GSH XA 9 A A A0 5% i AF 5 4 20, AS BiF 5 LA
LKACETE AR, FF KBRS, BT Cd i
SR GSH X 28 46 1 1 A G M Cd BAFRIE Y 52
Sk R AR A B A S R 38 5 A A A A SR AT
FE SR HEEE S HE [l Ry S84 s T Cd i g + 35
MG ELAIZE G R PSR LRI PE A 52 BT R)

1 MRETE

1.1 X
P4 A AL E G N TR 35 Tk 95
H 15 F WL525HQ, H 15 # F i = m ARk K22 85 1)
PR AR 2= B OB 22 S g0 = A, Bl PRk kL
TR0 TG H S R A AT RS IS VE 30 s,
0.1% HgCL B £ 8 min, FFHZE MK ik 4~5 1K,
S H.
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1.2 RBIgIT

LWE T8 T 25 CHEl  BENE W&
K2E fF TR B SN T RERF
B 5 BRI T AR AR A B SR R RS
AKE: £ (12.6 cmX8.6 emx11.2 em) W, /K55 & N i
BHARE, 24 h KR P R & HEHEE LR
(10 000 1x) FOGRE 12 h, BEFR FREE Hy (25+3) C. HiFs
WA Hoagland 5 FR W , 25 85 F 7K HATHECH , JL2H g
FAHFRES 945 mg- L AR 607 mg - L™ BEIR Bk 115
mg- L7 HREREE 493 mg- L7 ERERVE W 2.5 mg- L7 iR
JLE 5mg-L,pH 5 6.0,

R PR AR ZH A i g 25 R, 1 X FRAR B (0 mg -
L' Cd,0 mg-L"' GSH) .Cd 4b# (15 mg+L™' Cd,0 mg- L™
GSH) FRA A3 (15 mg-L™' Cd,25 mg-L™' GSH) , HHh
Cd A CACLIE A T E TR, AMIE GSH LA IROE 2
WEMN A Eo BB 3ANER A EE S
Mo B3 d B — YO TR0 Cd JBkiE , [F] B
GSH W, Wil s AR A AR I/ING T 22 5%, A 375
IR, AR 4TS R EALE TS T E T8 hr
1.3 $E4RiME

B ETEIGRIE , FHRKI G FH 258 7oK
THVE 23, S ARIE T R K A, D Bk i 5 AR
Sy H b3 T S, T 105 CA R 30 min, 80 “CAH iR
LS R TN IE R b (0 W 712 N S O FA X 7 = o

Hiu b FBHR BRI A « Ui 0 S R R FH Bl
DE 5 AT PR U0 3 R A S 2 i 00 5 R
i R LG USRS 5 I 2R P R R b
Eff = VE I 5 KA WERG & iU A 2 B U A 2
2 3% S It TS P SR ) NADH 33 287000 7 5 28 2 e e A
it 35 1 SR P S A A BL 005 5 A R S D Y SR
NADPH #3000 72 5 MRS FRER 140 St BTG PR 28 L
g o R & B IR NS B A MR TR
Nl

FE ST A R 8T A 58 10 S R OO B, BRI
0.5 g IR AHEIE I, R AR (5 &R - iR =1:5,
VIV) i, FA S8 B EHR 140 CHINEAG 7 , FRRE ib T i
SEA I R ERG U8, B . R AA320N B4
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JE T WAL A3 Y6 G RE 0 1 35 1 R 3 Cd

K FH 22 3 0 2 R TR 358 0 40 it 20 40 %
A7 S T IR A3 P BE T2 I A Cd 114 I 448 i A A7
o W25 7 S SR O, 43 B b3 O REPR OGS R
PEWCS FFR A Cd, IR FH @ 74 et
JE DI RE S TEAS R Cd
1.4 HEIE

FIFH Excel 2018 X356 It A3 )5t iy B8 2547900 25
THE, 75 SPSS 26.0 #4751 Ry 2240t fll 22 =
FAVERE IR (LSD 3% ), 71 R H Origin 2018 2 il #H 5% [&]
Fo AL - E bR E R, B KR E N
a=0.05,

2 HRE5HMH

2.1 CdRME THNE GSHXTETE BTSRRI

A% 1AL, SXFREAH EE, Cd e R H & 9 5
H 15 \WL525HQ #b F#A Yyt i 2 T R, TR 95
B A 32.92% (P<0.05) . 5 CdAbHEEAA L, IR A Ab B
FOE 1S WL525HQ i & 36 A4 4 & 8 5
WL525HQ 34 111 34.33% (P<0.05) . Cd i 23t
AR, SXEMHLL, cdBEmFRE 15,
WL525HQ Hb 5 A= 9 & @ 2% B A%, WL525HQ R A%
48.84%(P<0.05) ;5 Cd 4L BRAA EL , W5 it GSH b B
H 15 WL525HQ Hb '~ & A= 9 & ¥y 36 m , Hoop
WL525HQ #4111 75.76%(P<0.05) .

&1 SR GSH Xt Cd BB TEEEEEMERKSHIM
Table 1 Effect of exogenous GSH on biomass and plant height of

Medicago sativa under Cd stress

L2 sn i X HE Cdab 2 TR A

Index Variety Control Cd treatment  Mixed treatment

Ml HA35 5.54+1.26a 5.58+0.62a 6.55+0.65a

VI frgon 489:076a  3.28+045b  4.17+0.23ab

FE 1S 477+0.18a  4.21+0.10b 5.0440.27a

WL525HQ  5.72+1.27a  4.02+0.36b  5.40+0.25a

HWFH HA&3%5  1.33x0.12a 1.19+0.06a 1.45+0.17a

WS o 1110.10a 0.64£0.26a  1.1240.08a

HE 15 14420152 0.92+0.16b 1.32+0.10a

WL525HQ  1.29+0.07a  0.6620.14b 1.16+0.04a

Medi/em  HA35  27.67+2.52a  28.83+1.89a  30.83+1.26a

495  2233+2.08a 16.00+2.65b  19.67+2.08a

FE 15 20.33+0.58a  15.33+1.26b  22.67+1.53a

WL525HQ 21.33+3.06a 16.67+1.15b  20.67+1.53a

T AR RN 225 B35 (P<0.05) o T IAL
Note : Different letters in the same row indicate significant differences
(P<0.05). The same below.
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Cd JPip 300 XA B A — IR, S0 B B,
KOS 15 WL525HQ MR 1 & A, b i
4 9 B W IR ft K, 35 28.35%; 5 Cd &b FRAH FE , W5 it
GSH AZLFRLL | 34 S lbk v 38 S 250 m , Horprp o
5 1Y GSH AL 34 11 47.88% (P<0.05) , i K .

2.2 CdBp8 THMNE GSH MR B R R RS20
221 AEBE LG &

P LRI, ST BEAR B, Cd A A B H R 95
HE 15 \WL525HQ SVAUS i B 35 TR, e 15
Ik 37.19%(P<0.05) . MR GSH IR A5 AL P 4 Fh 25 18
B A R Cd Ab L 253w, Hoh WLS25HQ 34
R K, #2798 107.36%(P<0.05) .

1 2% 2 AT, Cd 3t A IR GSH X i B 24 3 i
B AN Y WL525HQ %8 % B8 2 B IR
41.67% , HAth i FP G 2 3 A2 46 (P>0.05) . CAFMAT,
HA& 95 P 15 M WL525HQ iy Al % v 8 (A & =
A o A 2 ARG, WLS25HQ R i B K, 468 o) A P AIG
21.94%; 5 Cd Ab BRAH LL , W5 it GSH 40 B H 4 345 |
WL525HQ WAl M E A S LR &2k, hE 15
MERIOSAEEEA SRR ERN, HhdhiEg15
MR A K, B8 20.46% (P<0.05) . Cd il RS
T D H AR 95 42.45% , FEEROK ; bt
Jiti GSH T A st A (A i A8 &L % 5 42 Cd Ab 334\ 25 34
i, H A 35 G f AL B T 100.39%(P<0.05) . Cd
Ab P I 2R B ot ) 2 SRR, kT HER B TR
9 5[ 59.20%, {4 35 \HHE 15 F1 WL525HQ (1)
AT AN T 37.02% . 130.75% F1 92.13%; W Jifi

50T O %+ Control 2 R4 b Mixed treatment

— O Cd4b¥ Cd treatment  a
z el

T a

w0 40 a

- {—

o a ,ZE, b
= b L E b7 %

£ 30r 3 27 7 7 a

® A7 Z a7

2 vz 77 7 %
Z Z Z Z Z

=] L 7 77 77 I
< féz fz 22 fz
] % % 7 %
= 7 % 7 %

/77 S s /7.
& 101 % Z Z 7
B 7 Z 7 Z
-4 /7. /7 7 /7
= 7 % 7 %
% 7 Z %
O = =1 = =
B3y HA&9'S  HEIL1'S  WL525HQ
i Variety

AR REFIR ] — SRR A TR b 22 S 5. 35 (P<0.05) . R[]
Different letters indicate that there are significant differences

among treatments of the same variety (P<0.05). The same below

B 1 5ME GSH Xt Cd BME TERERE SRS 2N
Figure 1 Effect of exogenous GSH on the total nitrogen content of

Medicago sativa under Cd stress
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2 HSME GSH X Cd BB TR EE M LR
REESREENH N
Table 2 Effect of exogenous GSH on the above—ground nitrogen

form and content of Medicago sativa under Cd stress

Bzt ARl ot HEt Cd b3 TRA b3
Index Variety Control ~ Cd treatment Mixed treatment
BRI HA&R3S  0.10:0.0la  0.11£0.0l1a  0.12+0.01a
(mg-g") o8  0.100.02a 0.09:0.02a  0.1120.02a
FE 15 0.12+0.01a  0.09+0.02a  0.12+0.01a
WL525HQ  0.12+£0.01a  0.070.02b  0.1220.01a
ATV HA&3%5  4.11+0.13b  4.47+0.10a  4.33+0.21ab
Eﬁ@l’ H&95 51520152 4.08+0.14c  4.67+0.06b
(mg-¢) FE 15 4.02:0.08a 3.47+0.14b  4.18+0.04a
WL525HQ  5.06£0.33a  3.95+0.30b  4.52+0.35ab
fiHA A HA3S  78.11+6.34b 46.01+0.64c  92.20+2.28a
(ng-g™) H4&95  91.38+4.71a 52.59+6.33¢  76.67+4.82b
FE 15 119.05+4.55a 72.14+8.85¢ 93.74+11.55b
WL525HQ  85.10£2.10b 60.51+13.31c¢ 105.47+9.18a
it/ H435  24.20+1.06b 33.16+1.21a 22.94+0.62h
(ng-g™) HA&9E  70.96+6.06a 28.95+3.50b 23.36+2.40c
FE 1S 28.13+3.12b 64.91+16.74a 20.50+9.29h
WL525HQ  17.91+7.46b 34.41£0.95a 20.82+4.64h
GSH A3 44~ i B 22 46 H A8 09 I 22 R & 5 45 Cd Ab 2R

I RFIR(P<0.05) , B IRR 19.31%~68.42%

XK EWE BRSSP AR AR T AR DG A3
Mr(E3), KB AGES M B Ay E T
Wy i 2 LR O e 2 R T S A S IR A
KRR SR GH N AEY & BRI AR
T EAN P S SE IR A2 A =N [ 2N EE B R
UNEESFRTE Y IP S
2.2.2 AR R T

5 REAH E, Cd B X H & 35 H AR 9 S 1

B TR 30 5L it i PR 30 1 it o R 44 T e 5 B TG 2 TG S
5 (] 2a~ Kl 2¢) , W E 145 \WL525HQ B9 WAl iR
I D T T A D g B R A% Tt P 5 S T e BRI
(P<0.05) , 3 Fl' B 75 Pk 5% K % iR ik 3] 37.70%
(WL525HQ) .40.00%(W1L525HQ) .55.33%(WL525HQ) .
5 CAdAb AR L, Wi AN R GSH AR E T & 35 (A9
5 A PR D il | R A T J¥e 5 ISV 1 TG . 2 72 Ak 5
HFE 155  WL525HQ A R A it il | K 4 Tk e B 1l
T R E TR (P<0.05) o AT UL Cd JBiria F1AM I GSH X}
SEAE T 1O SO TR i T S P 3 I il B R 4 T e
T W AN [) , 3k o i ] B SR T 1 R
I, B35 H&9 S Cd i fshE GSH A
JE, Cd Ab FRFNTR A AL B b AR iy 4 0 B 3 A8 4k, p
H 15 F WL525HQ 7E Cd 38 T B3 4 25 FEAIG, Ab
I8 GSH REAE — & FEIE FG2fi Cd WA , 32 S B s 1k .

Cd W38 T TR 35 FH 4% 9 5 1 4% 2018 i =0 ity
TR B TR 2d) , B0 IR T 63.41% I
131.73%, 1 H 15 \WL525HQ 4 2 2 )l 2 il 0 1k 57
B A W) AR BE B0 o0 B IR 19.18% . 21.78% (P<
0.05) ; Wit #M I GSH & , 5 Cd A FRAH F TR 3 5 At
A 95 4% G TR o S I T 2 R 11K 28.82% . 11.97% (P<
0.05) ; FE 15 A1 WL525HQ Y 4 201 It S i 16 P 5
TR, B Cd AL RIS N T 39.23% . 52.46% (P<
0.05),CAd PSR G THA 3 S HEIS 5
H 175 \WL525HQ 4 24 R It & Bl 15 M A2 Ak #a # M I,
{EXF Cd JBirie 5 A MR GSH 244 A R

Cd BT, BRTTAR 35 HP LA 5 R (14 2 202 5 1
it 5 P A2 B A [ AR B A ], T P A 0T g 2 AR
(1#l 2e) , WL525HQ R i 5 K, 35 43.79% (P<0.05) 5 Mt
MR GSH J5 , 5 CA A BEAH L H AR 95 i 15,

&3 GSHXY CdiE T EREBEEERERELRMEXED T

Table 3 Correlation analysis of GSH on the change rate of physiological indexes of Medicago sativa under Cd Stress

£zt P b b H R A BA AVATEEE U AR AR i 2R
Index Plant height Aboveground biomass Underground biomass Total nitrogen Soluble protein Free amino acid Nitrate nitrogen Proline
P 1
Mo FESAEY R 0.709%* 1
HNARAEY R 0.634% 0.5967%* 1
BA 0.201 0.489% 0.4567%* 1
IR s 0.265 0.226 0.230 0.153 1
i By A AR 0.380% 0.407* 0.6327% 0.406* 0.318 1
MR 0.080 0313 0.593: 0.488%* 0.160 0.478% 1
i 2R -0.335 -0.343 -0.320 0.179 0.026 -0.421 -0.123 1

1 Note: *P<0.05, ** P<0.01,
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Figure 2 Effect of exogenous GSH on the activity of key enzymes of nitrogen metabolism in Medicago sativa leaves under Cd stress

WL525HQ 4% 24 R A5 BTG 1 15 A AN W) R B v
4% Ky 58.84%~79.05% (P<0.05) . Cd i 3a %+ H 4 9
ST T e A BTG TG 2 s (R H A 3
HRE 1SR WLS25HQ 45 24 Bk e A 10 G 1 AS [ A
TR CE 26) , R0 4351 R 20.03% ., 19.65% F1 30.93%
(P<0.05) . Wi /M IH GSH I , B H 4 9 5 4b, Hofth 3
AR A A S e A RS T4 Cd A BRAT AN [R) Rt
T, o b 15 M WL525HQ 43 9 T 5 37.30% Fil
27.91%(P<0.05) . iR %5 5 3R W43 24 IR — 47 A W
B R FRAE A ) R N JCHL A B L& AR L 7E Cd
Ab 3 SR A A BER AR AL A —E, Cd it &
S 1 e 2B M ANIR GSH it — R B 48
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Cd 3% , HER MR 5 50 B8 SR AE G
2.3 MR GSH X ETE BT Cd RFRFHERI 2N
23.1 FCd BHE
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Ml db PP OG22 57 . A Ah AL T 8B Cd % s T
W Cd i, AN GSH X E T8 RN Cd e ma /.
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Table 4 Effect of exogenous GSH on the accumulation of above—

and under ground Cd in Medicago sativa under Cd stress

o e Hy 3 IR

Variety Treatment Abovegrolﬁmd/ Undergrtnfnd/

(mg-kg™) (mg-kg™)

35 Xof e 0.68+0.22b 0.59+0.49h
Cd b3 180.01=13.64a 284.88+8.11a
A b 173.07+11.72a 285.07+5.82a

HA9= PO 0.200.17h 0.29+0.53h
Cd 4b 3 190.15+19.39a 392.43+34.47a
A b3 183.02+16.14a 401.26+12.13a

CAERE Xof e 0.27+0.34c 0.66=0.23h
Cd4b 7 158.61+15.8% 382.56+6.42a
A b 135.30+10.77b 399.00+34.81a

WL525HQ X HR 0.47+0.32b 1.31+0.66¢
Cd 4b 3 159.75+8.18a 592.20+32.62a
A b 148.19+15.89a 532.39+14.95h

TE : [FIZ [ — S PN R 73R8 22 50 8. 2% (P<0.05) .

Note: Different letters in the same column indicate significant

difference for the same variety (P<0.05).
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Figure 3 Effect of exogenous GSH on the distribution of Cd in subcellular Medicago sativa leaves under Cd stress
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Figure 4 Effect of exogenous GSH on the proportional distribution of Cd content in each extraction state of Medicago sativa leaves

under Cd stress
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Figure 5 Effect of exogenous GSH on PCs content in Medicago

sativa leaves under Cd Stress
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