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1.2 KEWigit

1.21 bR SRR G AT T X% #iES
AR A RRBAL A DLAEK 24 H 1 84K 1
Rk, 7E 84K AT EMMERT 0. 1. 2 F1 3 d #f7
AN L-AY R RIR 256 50 mL (10 mmol-L™") 2021,
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D0). AEMmAMEIF R T2 (505 4 X D4)
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DU AH L A B AR A, HLARC IR A0 3E UL E] b,
1.3 R
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W oa: AMNEARERAEE T TR, DO: KA ; D4: AEMAEEITHR TR, D10: T2PME 6d; XH: E#HPK; TR EFBK
Ja+5; GO: MiMAZEMREIEF DK, GO+ T5. M EmRET5; G1: MMAER 1dFIEFEK; G+ T52: MinaaEm 1dEH T+
By G2: MmAERR 2d JFIEF DK G2+ T5: JMAER 2d /T T5; G3: JEMAREIR 3d/FIEREK; G3+ T5: EMAEmR3dE
HFTE; FHE. b: 2/KikE, DO: FK4bH; D6: T2 6d; D6+ 3h: HAMKEEF 3 h; HyO: TEMNAJEHEH 50 mLK; Glu: TFb
05 EE LA &R (10 mmol-L™) 50 mL; Asp: T RMHAJEFEME L-RAZ RS (10 mmol-L™") 50 mL

Notes: a: Drought experiment after glutamate treatment. DO: untreated; D4: drought after Glu treatment; D10: drought for 6 days; Control:
normal watering; Drought: drought after normal watering; GO: normal watering after glutamate application; GO + drought: drought after glutamate
application; G1: normal watering after 1 day of glutamate application; G1 + drought: drought after 1 day of glutamate application; G2: normal
watering after 2 days of glutamate application; G2 + drought: drought after 2 days of glutamate application; G3: normal watering after 3 days of
glutamate application; G3 + drought: drought after 3 days of glutamate application.The same below. b: Re-water experiment. DO: untreated; D6:
drought for 6 days; D6 + 3 h: re-water for 3 hour; H,O: irrigate 50 mL H,O after drought stress; Glu: irrigate 50 mL L-glutamate solution (10
mmol-L™") after drought stress; Asp: irrigate 50 mL L-aspartate solution (10 mmol-L™") after drought stress

E1 SEBRLOERWIET
Fig. 1 Experimental design of glutamate treatment

Master Mix ( #55: Q311-02) ML X5, (RWC) ., WUF M F 57 BRFR BB BT 2 (idh
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RWC=(FW-DW)/((TW-DW) x 100%.,
1.3.3 A E  STIEH AR USORFE LS
84K W 55 5 K Thfig it (L5) #EAT i 1 iy il
o MR RRE B ERAS , SR LS i AR /)N
(R Ff BE, TEARRRRT 60 om Ab [ & i &, At i) 3%
%ML (ATLI, T100 TS) %ik% 30 min #E4541 1 .
M Image J #fF, it RISt R &
Fafl e 2R 2 AT AP0, AR BRI 3 4
Yt EE | 3R ESE .
1.34 w@pAHER BUEHERK DAL
J& 84K 5 7 ik il g LR R B R (e),
FHAEBEFREERM A, 4 TRk, Tk
Wi 6 mm fTFLER 44T 5 /N R, BT Bt
ABEH 2 mL EE TR 10 mL .08, B4R
WHIE 2 20 min J5, W EOETPIMA 6 mL 5
Tk, 25 °C 200 rpm FEIR PR 1 h, HFRL
SR (G0R ST), KR E A KIS FKS
15 min, FREBAHEZEG, MR L HE S
F (0N S2), HMFIBFITE A

€=(S1/82) x100%.
1.3.5 i kRE BUEH AR AR LS
84K #7154 Frik il g Rk (y)o BUR
[vi] b B I 5 37 B RR B T & ( FW), 2R,
B 0.5 h Bk 1 Ik, 12k Wy, S 4 h, &
JE R TR 75 °C AR LT e T, AT
Fit (DW)o MR RN E AR

y=(FW-W,) ! (FW-DW) % 100%.
136 BABRAE BUEHEAKL AR BE
BAK 55 5 M 6 F ik il i 45 & R 1 75 &2
HHAEAR S BRI & (LR R¥EE,
BC1580), #AMI =N (GDH ) b4 2 iR Fl
R B Mg iR 2 0 — % R ( NAD) A= i ol 15 —
fi2 . NADH FI NH, 25142 340 nm 45t 9 I
Tb, dFE 5 min 9 340 nm OGR4, it
BN E MRS (Cg). LL Cg/ (pmol-mL™) H
x fli, 5 min PIEESROMAOEE AA Ry y 4, 2
Wil y = kx + bArifE it 2 o BE A 7T 4 B B8 B 0.1
g (W), HBFAFEITA: Cs/ (pymolg™) =
X x Vg I W, X x FoR DA mL B AR
FR i, Vi 2om IMASREGRAR 1 mL,
137 MARAE BUEH AR USCRRFE LG
84K 17 155 5 FIEE 6 J it 5 il e Jilfi 20 R 1 5 &
v AR S EAN R g (I REE,
BC0290 ), K4 m#ALb ¥ f5 i 22 R 5 R 1 B — T

VAR SN A2 BLZL AR, 7E 520 nm AbAG W YA 5 il
B (Cp)o FRELZI 0.1 g M HZHE (W), JIA
1mL (Vi) S0 KRG 10 min, HIREL
10 min, BT, BEUSIARRTEES =Bk ik K
VORI 30 min. DU 2R BRSO B B AR AR X,
AAﬁ{4£=A;f,ﬁ(fgg—A£ng"]%ﬂé*ﬁéﬁ%‘”ﬁ?ﬁ;H:Hg%, Tf
B K 520 nm FHEEREAE S OLE AL (AA) AR
ABRHERTZRA55] x/ (pg-mL™" ). FMBEEA i &t
B Cpl (ug-g™") =xxVulW,

1.3.8 #FHALSF PUEFAKUEARLHSE
84K 17 B 55 S A2 6 it il & i | b &
(Hy0,) ABAMAE T (0y,7) &, wHIdHA
A R ) 6 AR S B B A )
(Jbmi& 3k, BC3595, BC1295), ki A
FEAMFEEIFEL 0.1 g (W), A 1 mL (V) $2
BURR IR, 4 °C B OB EETE TR . 7E 5
DA TIMARFIRS), 4 37ER K 415 nm
F1530 nm FIEBOGE, THEAAG= A=Az
AAge 4 =Agy sz 15 Ao g o TEAEAR TR TT 5 HL0,
i (Cy), Cy/ (umol-g™) = Cy; x Vi x (AAges/
My ) | W, P Cp ol HOp bR E IR (12
pmol'mL™) . Oy it ( Co) W T LLAAG N
y i, ORERRAER AR E A x Bl 2 hlbREZ y=
kx+b, FAAp T APEIMZASE] x {8, Co/ (pmol-
mg™) = 2x x Vil W,

1.3.9 HRAFHREEE  BOEEEK LA
AbFR S 84K #1155 5 A4S 6 R Al ik AL &
fitt CAT (BC0200). it%ft4i POD (BC0090 )
ALY LEF SOD (BCO170) HiETE, k5
Bt R SR ABRAF . FEIR AT S
JEHC0.1 g (W), i A 1 mL HEUR IR e 2],
BUDIC VS VE TR, HAb BRI AR TAER S
SEZNRAT 5 s MIE A RIS N IROGIE . CAT i P
Ph 240 nm T & 5O AU RO AR R iE{E 1 pmol
H,O, [ fift 52 R 1 A~ BTG 1 23 ; POD Lk 470
nm N & a2 ZUFE R T RN AR FR AR A RO (E
24k 0.01 Jy 1 /NG ) 5475 SOD LA 560 nm T
B NE S S AL R AR I S AR R 0 (R
9 50% B, SRR & Y SOD g 1 Ll
NS TR, AR T RN WA AL S
P CAT/ (U-g™") =764.5xAA/W, POD/ (U-g™") =
7133 x AA /W, SOD/ (U-g™") =11.11 x [R; /
(1=R; ) UIW, DA=Ayy:~Agrm. Ri = (Agp-
Agsir) | Agyze x 100% .
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Notes: a: Drought stress phenotype after glutamate treatment; b: Re-water phenotype after drought stress; c: Leaf relative water content after

6 days of drought stress; d: L5 inclination measurement after re-water. The arrow in figure A indicates that the leaves of the plant begin to wither

after drought; the arrow in figure B indicates that the leaves begin to recover after re-water; Scale bars: 5 cm

B2 SMNEASERLENTEHNET 84K RN
Fig. 2 Effects of glutamate treatment on drought stress of 84K poplar
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Notes: c: Leaf water loss rate after glutamate treatment (D4); d: leaf water loss rate after drought stress (D10). Values are represented as

mean = SE (n = 3), different letters on columns indicate significant difference at P < 0.05 according to Duncan’s multiple range test, the same blow

B3 SMNEARBRAEFI R ERERST

Fig. 3 Physiological indexes of leaf under glutamate treatment
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Fig. 4 Effect of glutamate treatment on proline metabolism
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Effect of Exogenous Application Glutamate on Drought
Tolerance of Populus alba % P. glandulosa ‘84K’

LIU Yu, QU Mei-giao, ZHENG Rui-jie, YU Jin-jian, GENG Ya,
AN Yi, HAN Xiao, HUANG Li-chao, ZENG Wei
(Zhejiang Agriculture and Forestry University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] Glutamate is a ubiquitous amino acid in plants, which plays an important role in
amino acid metabolism. In this study, poplar 84K (Populus alba x P. glandulosa '84K') was used to ana-
lyze the effect of glutamate on the growth of 84K poplar under drought stress, and to explore the role of
glutamate in the drought tolerance of 84K poplar. This study provides insights into the amino acid metabol-
ism relating to forest stress resistance. [Method] 84K grown for 2 months were subjected to drought after
glutamate treatment and re-water to analyze phenotypic and physiological changes, including the leaf wa-
ter content, electrolyte permeability, glutamic acid content, osmotic adjustment substance content, active
oxygen content, active oxygen scavenging enzyme (CAT, POD, and SOD) activity and so on. [Result] The
drought test after glutamate treatment showed that glutamate could improve the drought tolerance of
plants. Compared with normal drought plants, the relative water content of the leaves increased by 30.3%,
the proline content increased by 33.1%, the electrolyte permeability decreased by 54.0%, and the expres-
sion of proline synthesis-related genes P5CS, P5CR, and P5CDH significantly increased, 2.47 times, 2.57
times and 8.89 times higher than that of the control, respectively. The expression of proline degradation
gene PDH decreased by 48.8%. In addition, glutamate treatment plants could maintain higher CAT, POD,
and SOD enzyme activity levels, which were 1.67 times, 1.35 times, and 1.17 times higher than those of
normal drought plants, respectively, and the hydrogen peroxide content decreased by 19.3%. The applica-
tion of glutamic acid after drought significantly enhanced the recovery ability of drought plants. Compared
with the re-water plants, the relative water content of the plant leaves increased by 1.08 times, the proline
content increased by 1.09 times, the electrolyte permeability decreased by 12.1%, the CAT activity and
POD activity increased by 19.0% and 62.9%, respectively, and the hydrogen peroxide content also de-
creased by 31.2%. [Conclusion] Exogenous application of glutamic acid can increase the endogenous
glutamate content of 84K poplar, induce proline synthesis and accumulation, reduce the electrolyte per-
meability and oxidative damage caused by drought stress, and effectively alleviate the water stress of plant
leaves, thus reducing the sensitivity of plants to drought. Therefore, the exogenous application of glutamic
acid can strengthen amino acid metabolism, improve antioxidant capacity and osmotic adjustment ability,
and improve the adaptability of 84K poplar in a drought environment, which plays a reference value in re-
vealing the role of glutamic acid in abiotic stress.

Keywords: Populus alba x P. glandulosa ‘84K’; drought stress; glutamate; re-water; drought tolerance
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