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Y78 B 5. 2024-04-16 Abstract:  Methylglyoxal (MG) is a new type of

ELTH . BHEARPAESTH (31960406) ; Hilt & B KRl 5 signal molecule found in plants, which has the functions of
A5 H (20JRSRAL10) 3 HR AR & 45 A4 HE2 LA 0 regulating plant growth and development, seed germina-
H (2019-09) ; H & b Bl B A0l BH B 3 Q1% %
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21ZD10NF003)
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AEABALF . (E-mail) 19968490260@ 163.com

BINVEE . 2Kk, (E-mail) lys087 @ 163. com; 7F % i, ( E-mail) 958 was used as the material to analyze the effects of seed

wangjc@ gsau.edu.cn soaking treatment with different concentrations of exoge-

tion, cell division, stomatal movement and abiotic stress
tolerance. In order to clarify the effect and mechanism of
exogenous MG on maize seed germination and seedling

growth under drought stress, the maize hybrid Zhengdan
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nous MG on seed germination and growth of maize under drought stress. The effects of exogenous MG on the accumulation of
reactive oxygen, membrane lipid peroxidation level, antioxidant enzyme activity and antioxidant content in leaves of seed-
lings were further investigated by treatments of drought stress and MG foliar spraying at 3-leaf stage. The results showed that
under drought stress, seed soaking with exogenous MG solution could improve the germination potential, germination rate
and growth index of maize seeds, and the suitable concentration of MG soaking was 0.10 mmol/L. Spraying 0.10 mmol/L
MG on maize seedlings under drought stress could significantly reduce the contents of malondialdehyde (MDA) and hydro-
gen peroxide (H,0,) in leaves, enhance the activities of antioxidant enzymes such as superoxide dismutase (SOD) , per-
oxidase (POD) , catalase (CAT) and ascorbate peroxidase (APX) in leaves, and increase the contents of ascorbic acid
(ASA) and glutathione (GSH) in leaves. In summary, appropriate concentration of exogenous MG could significantly en-
hance the germination ability of maize seeds and the antioxidant capacity of maize seedlings, alleviate the oxidative damage

caused by drought stress to maize plants, and promote the growth of maize. The results of this study provide a reference for

the drought-resistant cultivation of maize and the development of drought-resistant agents.
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Fig.1 Impact of exogenous methylglyoxal (MG) treatment during drought conditions on the sprouting rate and germination capacity of maize

seeds
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Table 1 Effects of different concentrations of methylglyoxal (MG) on the growth of maize seedlings under drought stress

AbF ZEK (em) FEMK (em) ZREEE (g) MREEHE (g) ZETH(g) WTE(g)
CK 6.53+0.95a 10.35+2.54a 2.91+0.16a 3.84+0.17a 0.31+£0.01a 0.80+0.09a
TO 2.72+0.88e 3.60+1.16d 0.94+0.04d 1.99+0.10e 0.17+£0.01¢ 0.46+0.00c
T1 3.25+1.24de 6.41+1.29¢ 1.12+0.08cd 2.51+0.33de 0.20+0bc 0.58+0.01be
T2 4.46+0.89b 9.24+2.17a 1.60+£0.09b 3.33+0.19ab 0.25+£0.01ab 0.76+0.03a
T3 4.19£0.94bc 7.99+£2.22b 1.50+0.15bc 3.08+0.20bc 0.23+0.02bc 0.60+0.04bc
T4 3.82+0.87bed 7.60+1.40bc 1.35+0.05bcd 2.57+0.14de 0.22+0.04bc 0.55+0.06bc
TS5 3.73+£0.82cd 7.82+1.34b 1.10+£0.35¢d 2.36+0.29de 0.19+0.04¢ 0.56+0.06bc
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Fig.2 Effects of exogenous methylglyoxal (MG) on H,0, and malonaldehyde (MDA) contents in maize leaves under drought stress
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Fig.3 Effects of exogenous methylglyoxal (MG) on antioxidant enzyme activities in maize leaves under drought stress

2.4 MEEBEMG M TFEBETERGEREN
Fl& =R Mm

1 Ty (G i R S e 5 S0 T = R A |
TSN E 4 B, MWEHATRIE 1 CK 4440
N, K4 ASA A GSH & B AR E , A8k
g FEE AR 452708 5200 mmol/ L H #E BE MG AL P54 ~ 24
h, ASA & it Al GSH & i AR B3 m G ¥, i
200 mmol/L H & B W 38 A1 i 5 0. 10 mmol/L

MG HIAEELR , ASA 5 A1 GSH 75 A it — L T
e s, Jran A BEIT, 200 mmol/ L H 8 M i3 +
TG 0.10 mmol/L MG 4b 3 5 200 mmol/L H #%
M 3 AR BRI 2 S AN K TR B AR B 12 h R 24
h,200 mmol/L'H & B b 30 + I T8 M5 0. 10 mmol/L.
MG bR E K 4 BT ASA £ 4 435 HE 200 mmol/L
HEREE 0 A PR T 35 5 14. 96% A 16. 10% , GSH
S RN 39. 80% il 25. 61% ., [F I, AME



8T T4 AN i 2 TR T R R FOKRD T B R A4 L A AR 33

Wi MG 7] ARG I £ K i - ASA 1 GSH &4 A1k

7V
B 6F
% 5
\‘i 4
il
4 3
< 2
<
LR 4 8 12 24
AR FRR[A] (h)

SR, RERS ARG bR T SR A 2R W ROS,

0.7
@
3
g
2
i
i
jan
w0
O .
0 0 4 8 12 24
Ab BRI [E] (h)

[ CK; [ 200 mmol/LH #Z%; Ml 200 mmol/L H Z#+0.10 mmol/L MG

AR T A B ] AL AN RN TR R R A B E] 22 57 .3 (P<0. 05)

E4 MHEBEFREZ ZBE(MG)XTEMNE T EXRMFHRMER (ASA) FAEK(GSH) & EHM# N
Fig.4 Effects of foliar application of methylglyoxal (MG) on ascorbic acid (ASA) and glutathione ( GSH) contents in maize leaves under

drought stress

3 1F i

TR REVEY G A F LA a2 — S EY A
K& LT BAE R a0+ S w1
YA AL 0 A5 Ak S 28 it 2 s s T R R 1
Tigtez—" ) AW LB, A 200 mmol /L H &
FEARAUL T S8 B, FORFP 10 & 2Rk 2F 34 %))
WA YR B AL CK A W5 R I, 3 5B
FIEENY B PR s 5 R — 2, 1R R
RNAF 557 F, MG RRAg K&K 2 Fh Ik A= W 1o aa 2% 14
R R RS PR R BB, U e 45 A AN
R0 4 e R ) 0 Bl N BE T, ARBIF ST A R
W M I MG RE S0 T R0 R Bk A
MDA F1 H,0, %54 5 (4 £ 8, 0 1 4 5 T ok 4l
MPLERE T . MG IR P REA AL i T 2 it 21
BiF B KB T8 & 2 AR ZE S AR R R4
A, XG5 RS AR R T A SR — K

H,0, ZAEYI 1A ROS i E LA, MDA J2& i
JEAALB =8, H,0, 3 5 F MDA & & 2 i 5t A
YIFE s T TR a2 A a5 3 () B AR, ARHTE
FeH, A 200 mmol/L H #5 B AL PR 5, £ K 4
H,0, 7 £ fl MDA & & 3t 3 W 25 3% . i 200
mmol/LH #EE+0. 10 mmol/LMG M-t b F8 1 &
KAH H,0, & A MDA 7 &85 200 mmol/LH &
st Arb P S 5 /0 | U BH A1 TR 2 2 U (MG)
AT LA K Fo iy ROS 2, BRAK T 52 I3
TR A KGR,

IEHEOLT RN ROS 15 AT E

A FNHFEZ (B R RS Sh AP, (A fE TR AT, X
PP 29 4T, 2 BOE it f ROS I 484k s 26
IR 5, AT 5% I A 0 R AR e b i
H HUEALER SOD POD CAT 1 APX TR L% 41
YERT, AAWFFE &, 200 mmol/ L §EREAL B , £ K
Y1 ROS 3 A 9 I8, F oKk iy SoD |
POD .CAT Fl APX MR35 T CK, XA TR (4
P ROS B34 4%, T 7E 200 mmol /L H &% i + - 18 158 i
0.10 mmol/L MG Ab¥H 12 h Ji7, £ K A &Y SOD |
POD .CAT 1 APX W51 [t 200 mmol/ L H &% W &b P A
BERIN X5 T 5% BRI R —

ASA (GSH YA NAEAE R E 2T A L), B
AR A 5L KT B ROS FOIhRE S s A M4
e EEY R AWFSE KB, 200 mmol/LH 5 B
BT S iE 5, Bk ASA 5 GSH &%
YR FEET CK,7E 200 mmol/LH & BEHHA +0. 10
mmol/L MG M Wi B , ORI A H ASA i
M GSH & & A it — 1 iy a4, g 4b 21 12 h
H124 h 1,200 mmol/LH & % 38 +0. 10 mmol/L
MG [ it Ak P A K i 7 ASA {5 i AT GSH
Fr B FE R T 200 mmol/LH 2 B a4 B 31X 5 9
e 4 A oT et SR — 5,

4

MG ¥ W33 T BE 4R 3 Tk Bh 110 & 2E 3 & 2F
ARSI A K EEHA MG BRI E A 0. 10
mmol/L, T K& i B 0. 10 mmol/L MG J&,
MR MDA &1 H,0, & & B & F&A%, M SoD .



34

FARD NI S| A=

2025 4F 55 41 & 51 W)

POD .CAT F1 APX “5 91 8 AL B /) 36 4 | P IR 1ML R
(ASA) &R MABEH K (GSH) & 3k | i & 1

e

RSN FH MG A BEE 6 35 19 9 T K 4 1 bt

SEALRE ST, AR T 5 e 0T i 3 B A A 3, DA
T gt S X FOKR A KRR

SE Lk

—_

(1]

(2]

(8]

[9]

[10]

[11]

[12]

[14]

[15]

[16]

WL E AL A S SN TR T R N R
Kt STsZm [ )], Bl R 2023,60(9) :2173-2181.
RET R A, T RENA T ANESRERIR H B oK)
AR BOKISZI[ ) ], AR, 2018,54(6) :991-998.
ZOKAE KT, A B, 5 SN AL E X PEG AL 5
JHR R AW R B A A R sEm [ T]. e 241, 2016, 30
(4):813-821.

TR, AT, RFRI, 45, 50 B KORFIRL 58 SR A BRR
PERSE N B MR R EE [ T] . AR 4, 2022,36 (12) :
2501-2509.

BEN A T, ADRIAN J, KLEIN T, et al. Identifying indicators for
extreme wheat and maize yield losses[ J]. Agricultural and Forest
Meteorology,2016,220( 15) : 130-140.

XVTEEE A, T RHEY ™ o mpt R ke SRR T]. b
HHAE4%,2021,76(11) :2632-2646.

OB, BB TARE A T RRAXT R E KA A
BERIOCRFERE I (1], AR, 2019,34(3) :102-110.
ZE & s THOT, AR TR R AN A0 SO 4 A 4l
HOLBRYNSH A E ARG m [J]. WALE Y F 0,
2019,39(9) :1609-1617.

AHSINA S H, MOHAMMAD A H, MOHAMMAD G M, et al.
Methylglyoxal ; an emerging signaling molecule in plant abiotic
stress responses and tolerance [ J ]. Frontiers in Plant Science,
2016,7(9) . 1341.

RABBANI N, THORNALLEY P J. Glyoxalase in diabetes, obesity
and related disorders[ J]. Seminars in Cell and Developmental Bi-
ology,2011,22(3) :309-317.

FOHJEGZE WIS, B R A R i S
ST [J]. YA B, 2018,54(1) : 10-18.

T H. WHEZEAE S S F RGBT E AT 8 R m]
RERUBLER[ D]. BEW]: mREUIIE R ,2019.

LI Z G. Methylglyoxal and glyoxalase system in plants:old players,
new concepts| J]. Botanical Review,2016,82(2) :183-203.
PINGERT, SR, 735K, 45, SN ZE 2 /XS 1 S ihia Al
SRYTE IR [T] . AR, 2022,33(1) 1 104-110.

LI Z G, DUAN X Q, MIN X, et al. Methylglyoxal as a novel sig-
nal molecule induces the salt tolerance of wheat by regulating the
glyoxalase system, the antioxidant system,and osmolytes[ J]. Proto-
plasma,2017,254(5) :1995-2006.

WANG Y, YE X Y, QIU X M, et al. Methylglyoxal triggers the

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

heat tolerance in maize seedlings by driving AsA-GSH cycle and re-
active oxygen species-/methylglyoxal-scavenging system[ J]. Plant
Physiology and Biochemistry,2019,138(26) :91-99.

ZE. MY A A AL S IR AR [ M. b S EE
i, 2000.

KEEK HES 2
A BRE R, 2011
HODGES D M, ANDREW C J, JOHNSON D A, et al. Antioxi-

= MY RS R HR [ M]. b

dant enzyme responses to chilling stress in differentially sensitive
inbred maize lines[ J]. Journal of Experimental Botany, 199748
(5):1105-1113.

NAKANO Y, ASADA K. Hydrogen peroxide is scavenged by a-
scorbate-specific peroxidase in spinach chloroplasts [ J]. Plant and
Cell Physiology, 1980,22(5) :867-880.

BUELT A B 0B AE. BT R AR Y T R b
JEIXK-ME-RETEOC R )] HEMELI TR % 4R ,2023,41(3)
296-304.

R, B HE AW T FERER T 38 0 R A DG miRNA B 5T i
JE[J]. BRI (1 ART ) ,2024,48(4) 1 1-11.
R, XK 2RI, 45, A/ TE R Y T 2 0 B {E
KT RREEREMIE [T]. LI R, 2024,52(5)
119-128.

ik k. RS TS GmbHLH130 5ol B e T R e b
RITIREATHT )] . Lo AR 2442, 2023 ,39(7) : 1441-1448.
B, LI R TS BT EREEAE RS TR
DAL R e AR A DS T [ 7] HEEALAR TR <240, 2023, 41
(7):716-722.

SBHER, X R R, RFEAF T RN B4 A
KARPE B K A R [ T]. TLIRAROE 2=
2024,40(2) :193-202.

skoowlLx) B A RS T RIEMNE T IREX AN A K
KA PR B2 [ )], TLoR AR R, 2024 ,52(5) £ 186-191.
B WL RRAT BRSNS T SR e R A 5 3
(17, B SIET 4 Y24, 2007, 13(4) :586-591.

WA IR R SCHE, RN AL, 45, HBRNG 17 R/ Z L MR X PEG B4
TR AT E KR AR [T]. Ak, 2021,35(8)
1916-1922.

ARRMR, BT W, SE. ANEMREE PEG BT R W aE X
FRFPF A AR [T ]. FOKER:,2021,29(6) :68-75.
T I, B ZEMGEE. SN ABA X R MNE T TR R
BB R ERILT]. Bl A= ,2019,36( 11) :2887-2894.
SHAPR X A RWEA AL FOKM RO G AT R ARG X
PRt A v [T R 2R B4R 2018 ,54(12) 1 1839-1846.
£ OO BAE, EDT. AME NO X T RPN A N E K L) R
B AALB I AR [ )], TR XA BT 5, 2015,33(5)
75-79.

2B AMEAR RS ERE I T REE M ERID].
FH 2 B K2 2023,

WAEG A B AR





