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R EE A HEXT PEG 1355 T il A Al Rz 41 1

E: [Hi] TR2REEY A KK EEE AR —, WIMIESHE (Betula pendula Roth) 57, 19814
FIRPERLAR L X, RS WO SRS MEAE -5 e AR BRI AL B BRI A ek 4l e 72T e T & A KA S AU S O
EHRRPERI ARG, LAZR S TP R T A M) B0 2 JH e 17 o K759 DASHIE SR AN IR BE A PEG-6000 b BE AL 54 B
X B G 5 52K WO A ATy AT A A AR AR AR 0 I 5 A R i 4 0 RLA M LA B 2 B Tl A L%, 4R BRI
T B PEGIK FE I B K I AN ST R RE 1. (4R PEGIR BEMUBM B I (8] FRISE 0, 6T R BOME )y v A ke B A i
S (p<0.01); PUAMMER M BRI 5238 W0 R P P 3 942 FEE 8 R i B ) PO Ty 8 i LR A I 25 2 57
(p<0.01); SeESHEE6 A O FRBEMIEIARIE G A E S 8] SR TR 22 B (p < 0.01); A[FPEGHKE AP R4 Hint
F R AR EONIT , F BAE AP S AR RAT R (p<0.05), X AL P a0 oA A 25
(p < 0.01). [E5I&T RRIMTEATHE A A BRI I A5 254, FLEG A L LAl o B A 46 1) R A2 AL AR AN HE AR ELRT 5230
SRR B BB S, LA e BT 2B, U BRI S RMEAE T R A5 R A RAFRIUIMERED ), AR T WM T A A B
PERFF FC S IR EARHE ™, AT DU AT 3 RO G 73 LXK, 22 bty SR B KR 285 B AN R e mT Rp s bkl B9 e B Ao

B : WRNAEAGAE: PEG AbFE; T FMbE; A FRE AL

Response mechanism of European birch to PEG-induced drought stress

Abstract: [Objective] Drought is one of the important abiotic factors limiting plant growth and development, Betula pendula
Roth is native to Europe and introduced to the mountains of eastern Liaoning in 1981, in order to explore the physiological response
mechanism of European weeping birch under drought stress, to clarify the changes of growth physiological parameters and
photosynthetic characteristics of European weeping birch seedlings under drought stress, so as to comprehensively evaluate the
response of European weeping birch seedlings to drought stress. [Methods] In this study, different concentrations of PEG-6000
were used to simulate drought stress, and the growth physiological indexes and leaf anatomy, stomatal structure and organelle
ultrastructure of European weeping birch seedlings after stress and rehydration were determined, and the maximum threshold value
and drought resistance of European weeping birch on PEG concentration were explored. [Results] The increase of PEG concentration
and stress time had a significant effect on the growth characteristics of European weeping birch seedlings (p < 0.01). The activity of
antioxidant enzymes, membrane lipid peroxidation and osmomodulator concentrations increased with the increase of stress
concentration and the prolongation of stress time, and there were significant differences (P < 0.01). The photosynthetic parameters and
photosynthetic pigments decreased significantly with the increase of stress concentration and the extension of stress time (P < 0.01).
The changes in leaf anatomy were obvious under different PEG concentration treatments, and the change of average stomatal length
of seedling leaves had a significant effect (p < 0.05) and a significant effect on the average stomatal structure change (p < 0.01).

[ Conclusion] It is not difficult to reflect its positive response to arid environment from the physiological response of growth to the
changes of anatomical structure, stomatal structure and organelle ultrastructure, with extremely high plasticity, and also indicates that
European birch has good training ability in arid environment, and the future research on resistance and afforestation technology

promotion of European weeping birch can make it better adapt to most areas, and lay the foundation for the local area to bring greater
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economic value and develop sustainable forestry.

Keywords: European weeping birch; PEG treatment; drought stress; Physiological response mechanisms

TR R IR A KR B MR R 2 —, S AR REAT b5 80 O o ARk
ST 2N, UM AR AR K EMESE (Li etal, 2022; Semerci etal., 2017; Bréda et al,
2006). Ak, TR MR R, T RHEE IR AR VPE R, T 5 52 BIK A Bk
IMAET: (Ruehr etal, 2016; Anderegg, 2015), ITLEAER, AATNEE TR+ RHXIAEE, KM
ITPLRR ML E S, TR AR M R AR B, IR O HETT S PR R 0%
B (Wangetal., 2012; Jacobs et al, 2015; Lu et al, 2018; McDowell et al., 2013 ).

PEATE W18 PR EE  Ae i adi ik (B B 0 BR8E (e B 8 SR B A AR R 490 ( Ahmad et al., 2019; Wang et
al, 2019). HTF RPN A B R R R, 72 A T R B S M E I R ) 2 6T (Yang
etal, 2021; Nadarajah,2020), TAEAIR A 282 5t 2 R 38 5 30 DR B Rt P52 D 12 B8 0 il P52 e
T FEA% (Lourkisti et al., 20215 Ashraf, 2013). 4 7 R R A1 FE, MY 80E H 5 R SHL
], AR A B RS DLN T B K IR (Ruehr et al., 2014; Berner et al, 2017), AT A BT AL 1 B8 2R 45 4
— RIS, WK EER, BEFEYREGHK (Lietal, 2022; Liuetal, 2011; Leietal, 2006), &AL
BEEPEN , PUSEE R B3k DL T B ha i 30015 % (Ahmed et al,, 2009; Basu et al., 2016;
Bhusal et al., 2020), Y F Y62 R NS AT N K N (Ameye et al., 2012; Baquedano et al.,
2006). BrRULZ AL, TEBRERIREE TS0 A KR E G (Anjum et al, 2011), EABRILE T
n] WAEYI g s S5 T AR TR A O B E A A BTl (Shao et al,, 20165 Oustric et al.,
2019).

DR A A FA B K IE N, TR A AR SR LB AR (Tabatskaya et al., 2020; Giagli et al., 2019),
B REE VD K AR B PR G e S, 5 B A R A A S T S i AR D, IR
A T X A O R A A 1) 5| PR S B P, 5 35 A M R R ) R R R R P 2
FIPRH) (Paskkonen et al., 1998). Kk, AHFFFIF PEG 48l [ 5R T 5320 RN T B Me 4 w3047 1 5
A AR, W RN ER A L2 T REEME KRG, mEKSPsERE. Jea R F
fRFIGER . UM B M RRAE, i — 5 WA R S A B A HE 28 13 S Bl 3 R s R — R AR
TR AL o 12T R D R A ME R0 T8 e B BE BT AU SRR, D el RS 4
FEl e 53T o PR AHE T S (LR A 4

1 W57k

1.1 #8}

BRI0 FT 75 WO A 4 1 A S AR R R R . KA T IR FIE S m R S K R SIS R L Bk
Feo A=A R, 2 BEAKRFKH 2-3 FlH B EERE R 15emX 12em X 13ecm 1 H 1
P, RN LIEEEES—EHITE 400g, HHERAERESER (2500 B (600) F 12h JEHE =+
Ak IR

1.2 753

BRI R HE LN I 22 20cm LA E s EAT PEG AL R e ik . SRI0 it 6 4 0% 5% 10%-.
15%-+ 20%- 25%/A[FIREE PEG ¥R T e Ab 3, JLHh 0%PEG iR E VX R, 4 5 4N ia kb
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H, AR ES 3R, BANES 10 Ry, RIGILT 180 MRERINEA ML . [ 2022 4 10 A-
12 AT sRss, Fim) 5 FkE PEG ¥, B HBE S0mL A AHT B R B 1) BRI A AR 4l e b, o e
ZH% SomL /K, RBEFEYH K S FTESBAIER, TEMHE ISR 10d A5 20d SR &AL EE AR
FARIALE A, B S A0 3 JE RO RO VR 2 -80 VKA AR AE, & . Bhf 20d J5, BEATEKSLE
PRESRIR S5 R, K T AR R K B A S IR AR TR, 7E KSR 10d A 20d BURE, 7Y
k.

1.3 £ KBHNE

FEIETFAE T — KX 6 AL B 1) RRH 22 B4 i AT AR K B, B3 Ji5 78 BRI BURE ]Iy 7 O &2
FEMEPIR . HRHE Han et al. (2022) HJEIERE & ESAEYREIFTEERE L.

1. 4 ST EALEEIER N E

FIFA R E PEG AL EE 5 5 10d. 20d FIEKJE IS 10d. 20d BrEURI I iR & FE AR 34T P15
PBEE I 2, FREXZD 0.1g AP IR A RER, T 0.05mol/L FilvA HIBERR 25 vi I TRAE VKIS T HITBE 51352,
15000rpm #.0r 15mins, _FiEHCONEERIREGK . R4 Giannopolitis et al.  (1977) MIJ77A7E 560nm A E
SOD ifitE, HR¥E Nakano etal. (1981) )5 VEAE 470nm 5 POD &1, R4l Zengetal. (2019) K
V2AE 240nm AL E CAT 3514

1.5 LA MHEARNE

KREHREIEH 24 (815 L1-6400, LI-COR M AR A, Lincoln NE) it & ot 1@ &
R IR KOG E (Giannakoula  etal., 2021), 7F 8:00-12:00 Z [BJEF G EHE (Pn). [ILFE
(Gs) ZEMEIER (Tr). M CO#E (Ci) (Igbal etal, 2019,

AR ESBNE T ESIE Wilson etal. ¢ 2000) 17572,

1.6 BRI S5 E AT HRNE

MDA & &€ 2% Johnston J W et al. (2007) 7 ¥EHEAT I 52 o

TS I E BRI € 2% Bates LS etal. ( 1973) K7 iEBHTIE o

1.7 RSN . SRS, AERUE

I g5 45 M R EEAN (R FE PEG ARE 10d J5 HIBR I TE RGN T i, B B BT SmmxSmm (175
B, F FAA [F5E 24h DA b, TPRERE LK F ARSI D) A, e IS I8 S5 A R A5

A S FLTE S IEE AL PR TS B Raza etal. ¢ 2020) Y7L, BEVEIEEL, &5 F) I Regulus8100
F B AT S AL SR

5 4H 5 451 2 Kong et al. (2013) WJ7vEHI& it dn, FFEgEE e, /5 FIH Hitachi TEM
system AT AL 2R ML E2

1.8 WIBAIBS 557

BT 343 1 20 R F Microsoft Excel 2010 #ET 70 K Gt 52 Wi, SPSS22.0 B ARk AT % 7t .3
PRI SAHCE AT, RPN p<0.05, BRI KFECH p<0.01, 3R FTA Bl 1 LLF 258 + Arifk
ZERT AR

2 iR 500

2.1 N[E] PEG iR FEALIE X BIOGM E R HE S A K MR AR M

#< | I[E PEG K E IR BOMBERHESTE S KA E200
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Table 1 Effects of Different PEG Concentrations on the Height Growth of European Betula platyphylla Seedlings

Treatme Seedling Height /cm Relativ Relativ Relativ
m 10d 20d 30d 40d ¢ ) )
concentr Increas Increas Increas
ation e e e
20d 30d 40d
CK 27.73+0. 37.56%2. 45.67+ 48.33+ 34.36 64.69 74.28
45a 25a 1.12a 1.20a % % %
Tl 25.63+1. 34.53%0. 40.50+ 4421+ 34.72 58.00 72.49
47b 97b 0.79b 1.63b % % %
T2 24.17%0. 32.00%1. 37.97+ 40.30+ 32.39 57.09 66.73
43bc 68c 0.56¢ 0.75¢ % % %
T3 23.36%0. 29.64%1. 33.67% 38.06+ 26.88 44.13 62.29
82cd 42c 1.85d 0.49d % % %
T4 22.23+0. 25.68%0. 3043+ 3333+ 15.52 36.88 49.93
73d 41d 0.76e 1.84e % % %
T5 22.36+0. 23.67x0. 2852+ 3226+t 5.86% 27.54 44.27
70d 85d 1.21e 0.35¢ % %

e [ SANG FREARE RS I ()R A A AR B R AR 5 22 57 (p < 0.01).

Note: Different lowercase letters in the same column indicate highly significant differences between treatment concentrations at the same time (p < 0.01).
3R 2 F[E] PEG iR B LR B EE Rt 4w R A K A2

Table 2 Effects of Different PEG Concentrations on the Ground Diameter Growth of European Betula platyphylla

Treatme Diameter /mm Relativ Relativ Relativ
nt e e e
concentr 1od 20d 30d 40d Increas Increas Increas
ation e e e
20d 30d 40d
CK 2.85+0.1 4.491+0.1 5.99+0. 7.03+0. 57.54 110.17 146.66
3a 6a 15a 1la % % %
Tl 2.76+0.0 4.1410.1 5.54=%0. 6.76 0. 50.00 100.07 144.92
4ab 1b 11b 23b % % %
T2 2.59+0.0 3.74%0.1 4.8610. 5.85+0. 44.40 87.64 125.87
7bc 2c 12¢ 15¢ % % %
T3 2.58+0.2 3.21%+0.1 4.14%0. 5.07%0. 24.42 60.47 96.51
1bc 4d 14d 06d % % %
T4 2.37%0.1 2.9440.0 3.55+0. 4.4940. 24.05 49.78 89.45
2cd 9e 17e 13e % % %
T5 2.24+0.07 2.56+0.07f 3.23+0.1 4.08+0.0 14.28 44.19 82.14
d 6f 4f % % %

e 7 SNG TR R I (8] R A R A ERR EE R R 27 (p < 0.0
Note: Different lowercase letters in the same column indicate highly significant differences in the concentrations of different treatments at the same time (p

<0.01).
% 3 [E PEG iR E B SR ER ML £ =20

1245



) Usd El AR 2 S16 MR H M T 2

Table 3 Effects of Different PEG Concentrations on the Biomass of European Betula platyphylla

Biomass/g-Plant-1

The Aboveground Part/g-Plant-1 The Underground Part/g-Plant-1

C 10D 20D 30D 40D 10D 20D 30D 40D
5.619 6.646 7.249 8.201+0 3.010+0 3.616+ 4.161x  4.565+0.12
K +0.124a +0.486a +0.345a .305a .319b 0.273a 0.127a la
5.870 5.524 6.256 7.975+0 2.379+0 2.719+ 4.233+ 4.480+0
1 +0.262a +0.303b +0.341b Illa .164d 0.234b 0.123a .017a
4.452 4.206 5.853 6.222+0 2.611+0 2.886+ 2.709+ 4.455+0
2 +0.211b +0.563¢ +0.169b .198b .833cd 0.034b 0.287b .106a
4.697 2.719 3.755 5.682+0 3.473+0 2.338+ 2.579+ 3.691+0
3 +0.214b +0.155d +0.236¢ .141c .107a 0.155¢ 0.081b .148b
3.703 2.195 2.223 4.383+0 2.892+0 2.029+ 1.352+ 2.637+0
4 +0.236¢ +0.170d +0.127d .188d .013bc 0.136¢ 0.075¢ .087¢
2.793 2.181 3.119 3.871+0 2.426+0 2275+ 2.492+ 3.200+0
5 +0.208d +0.176d +0.225¢ .141e .081d 0.085¢ 0.167b .265d

e [F =3NS - REAE AT () A [F) AR B B2 AR R 2 22 57 (p < 0.01). TC: AbEH p [H]
Note: Different lowercase letters in the same column indicate highly significant differences between treatment concentrations at the same time (p < 0.01).TC:

treatment time

4 TR PEG iR B A0TE BN EE R 4w AR 7 EE B S0

Table 4 Effects of different PEG concentration treatments on root crown ratio of European weeping birch

Treatment Root-Crown Ratio
concentration 10 20 30 40
CK 0.535+0.04c 0.544£0.005¢ 0.575£0.037¢ 0.557£0.035d
TI 0.40610.03d 0.492+0.043¢ 0.677£0.028bc 0.5631£0.043cd
T2 0.599+0.05¢ 0.694+0.092b 0.46210.037d 0.716£0.036b
T3 0.740£0.02b 0.860%0.049a 0.68910.063b 0.64910.024bc
T4 0.783£0.05b 0.927+0.091a 0.610£0.060bc 0.602£0.042cd
TS 0.871£0.06a 0.923+0.076a 0.802£0.086a 0.827+0.085a

Ve SN FREARE R I (8] R A [ AR B R AR 22 57 (p < 0.01),

Note: Different lowercase letters in the same column indicate highly significant differences between treatment concentrations at the same time (p < 0.01).

XYL T S A ns B AE KA T, T RRREAAE AR KT B0 7K 435 BRI A e
HAEEER L. BT TS ENKSEK, WSS 5 R R RS, AREIE R Y
ARIRHETR Sy, RUERR TR A K . KBS R I, AR K B 5 5 Bl At I e RRE P (44
n, Heim. AR, AP E AR BT R TR AR, EARE e SR I . B T AR A R
KAk, IS BCEAI B (kR 2 BRGNS v K D 20 ) B R0 7% AL B 4 o 5%
TRAE WP, BB ER AR, M FEAR T A0 AR KT . WO el
()T 7 (Table 1)H14%(Table 2)f4E K . A=W (Table 3) AR 22542 [t i 4% 5 186 KA i 36 ) ] f) 4 K 7
BERN, RO IT B, 20 G AR ZEAR T ) IR A AR K DASRAS TR 2 (K A AR, RIS T s 1
A PR 1350 40 (0 AR A B AR BT Rk, BRI I 5 8 2 5 4 (AR G L (Table 4)38 . A 151 e i
[ AN[E PEG AbHRIRFE XA T s AR B R AIAR G Ll B R B &5 (p < 0.01).
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2.2 AN[G) PEG jREE AL T8 X KR ERAE L e S L BR TR M RO R2 M
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Figure 1 Effect of Different PEG Concentrations on Antioxidant Enzyme Activity of European Betula platyphylla
A: PODB: SOD C: CAT

HEYTEE T RIS I AR 2R N K ER RIE AR, TSR SRR B, T Bkt —2
XTYfEAL, MY G RO EPUANEERIGRIE A, Bk, BASPEERS 568 ) Yt 2 £
HE P RAE 1. AFEREPEGE T KT 5 7R AN [F) b B B 1) 5% &)y i 470 8010 B 14 B A 5 35 5 )
(p<0.01), {EAFR10dfG, PODIFEM: M PEGUE IS i 2 %, TS B AR 55 20dm) 1A 2 5 K354.29
umoL-g ! (ILEMA). [FIFE, 7EMMELFEZE10dR15520d, FrEPEGIE T 1T FALH %) 1 FISOD A CATE
PR nE (H1B, C). fEMHEH20dI T42H %)) 1 () SOD G PEIA 2 5 50 1219.89 g s TSALBRZH 1
CATIEMEIA B i 51 9968.97 pmoL-g ' MBI IHR ] LUE AR I s B2 (25%PEG) Ak B 2H i id (1) 55204
I}, PODYCATHIEVEI R b &S, BLEASH v DLARSZ B0 s M yk B, B BRI 21k, & EK
LI HIREAT, AETAT DL SRR — R R T BIRE R, RN RS RS IR R B AL,
FIt LAFE 527K S5 I 55 10d 46 25 A BEA 45 1 Be AL A 1 0T 46 SR IR E 3 . 7ESKEE20dm), TSALREZ
G PTE RS M S R R AR EE, HLPOD. CATHISODREE 4 ) N B4 1725479 794.12 pmoL- ™!
F1588.79u-g 1o

2. 3 N[E] PEG iR FE LIRS WOM ER ML E L & SRS
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Figure 2 Effect of Different PEG Concentrations on Photosynthetic Parameters of European Betula platyphylla
A: SALRE B @OGEHEE C: ] CO IR D: Z&JEiH %
JeEAE IR YR BEA AR B B RO B, R AT A B B 5 A SN RE
Riffr, -5 pha FEH sz, SALA A, BIEYIDOL EEIB 22 20, e d S BAUE th 2 1%
K. T TSR] DU B BE RIS N E AR 50, T8
STl TR GRS 2 RN R R AR AT, T R R B D RE R AT e A AR, XA
R A D) B e S 2 32 BIRE M0, i TR E AR EEOR, MR 2 ke ™ L, RIS AL R
(B 28). #otaEE (8 2B). i CO WK E (8 2C) MZRMEEAR (K 2D) #ieh HiZH It Jf
HEEO9gup & it 2 A ardi i, e g #AT 2K a, i SRR LA kR, B
AWERIF UK. AR PEG IKEEMEX & &S HMFMAGIREEZR (p<0.01).

2. 4 7TE] PEG SREEAMEESI KM BB AT & 2 B OB
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Figure 3 Effect of Different PEG Concentrations on Photosynthetic Pigments of European Betula platyphylla
A: MR a SR B: MERDbD &R C: HRREE
BRI T BME A i AR AR RR EER R IR, iR AR R X St atE E VI <, Jea R

REAEROC RIS TS, ZECEEMNEZERDY, tEORGENZ D ULELSEE
DriSsg a5 A A, pE FLRE T VM RIR Bt RE R (AR T s, ASLIROT S 4R K] PEG
A W T AL T e R AR (p < 0.0, MARER a (B 3A). M4 Db (
3b). MrERERSE (K 3¢) M FEN A FABERE T, PEG KM, SEMIFHLTFEBR; H5
FERMZ, EEUKE 10d B S%PEG A3 4R b & S8 ALG Pt s, U IR T2 id l BLe

BEM2RE b BB .

2.5 N[E] PEG R RSO M BRI AT S5 V54 R O
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Figure 4 Effect of Different PEG Concentrations on Osmotic Regulating Substances in European Betula platyphylla
A: MDA & B: HERERSE

YUY E B AR SRR TE BRI L T AT a3 A FERRAS, HE i T R sl 5e i m,
Yot RS2, A IS E TR I, XM AT S T, S B ) A0 AR R A T A R
MDA 21 P03 A S S ) B 24 7728, B (R D AR P 1) 2 13 B 45 R0 T B AC ISR, DR B i)
AR B AR 3 2 A BRI AR BRI L . AN 4 AT RLE TR PEG MR B2 AR B 5 it Ja 5 4
MDA FIif &R & i AR AL LA M B 2 R (p < 0.01), T B NEAR I Sk, HERRVE NS E A
TP, PEG T RMHaIE, XWFPIR KSR E TN (B 4A. B): WHEZE 10d B R HE A A1 #
P& B bE PEG WK BRGNS I, T4 AFEA L) MDA & &5 T3 3G 1 22.85nmoL-g !, Vi &S
PR S N T 285.98ug-g! o TS AR MDA & &/E4 i /K G GE N, FHERKESE 20d
I &AL SR BN IR B TR, B X RRAKSF, 1 s I IR & B A EE K 10d T BRI,
{HAE 20d I T F# 2 263.41ug g '

2. 6 N[E] PEG iR EE AL XS B E AL ME LN E I BRI S5 A IS M

Bl 5 “RIF] PEG ¥R AbFE 20d JG 4 i A I &S RFAE
Figure 5 Morphological characteristics of leaves treated with different PEG concentrations for 20 days

MBS TTLE Y, ARKEER PEG 5 B RO S MEME S B 1) R T35 728 1 W R 820 . PEG
KePE20d 5, 5 CKAAALE, Dysm MR L T2 78 T2 B P Z BT IR AR, 1
FKHEAFR (10 JE) Bl EE B ol 4, T3 BRI T M GOTRAS B L, A L IR AR I FLIZ AT R P9 AR E fif,
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IR PEG ALHE R, B REIREE AN ™ 5, Rp 2 T5 ARERALL (i R AN G th Bl AU Tl
%.

CK " T1
T2 T3
T4 TS

Bl 6 “NIF) PEG ¥R BEALTE 20d J5 4J iy fifkisl S5 K RAALE
Figure 6 Anatomical structural characteristics of leaves treated with different PEG concentrations for 20 days
M 6 By Al S5 A B AT LA e e R rp S B R R G (R B AR B S B, TR S
¥, BE%E PEGIREERIMGIN, A R AMIT a6 MBUE S, R R ML S Bk 4 =, /£ TS &b
HEAL R ARME DX 23T 1= A

<5 A EIPEGIKE A IR20d/5 Sh & F i SE S BT (UHHE

Table 5 Changes in leaf anatomical structure parameters after 20 days of treatment with different PEG concentrations

Anatomical PEG Concentrations
Structure Index CK T1 (5%) ) T3 T4 T5
(0%) (10%) (15%) (20%) (25%)
UE/p 25.6410.86 23.17£0.5 20.08+0.7 19.28+0.4 16.19£0.2 13.07%0.
m a 3b 8c 8c 6d 65e
LT/n 11.784+0.35 10.48+0.5 9.24+0.45 7.24+0.53 5.50%£0.44 4.841+0.2
m a 8b c d e Oe
PT/n 22.99+0.61 21.90+0.7 19.30+1.2 17.94+0.4 15.02+0.7 13.03 0.
m a 6a 1b 3b Oc 84d
ST/n 46.6010.73 42.71%0.5 37.55+£0.9 35.53+0.7 30.59+0.8 28.18+0.
m a 4b 6¢ 2d 4e 68f
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P/S/ 0.49+0.01a 0.51£0.01 0.51£0.02 0.5040.02 0.4940.03 0.461+0.0
pm b a a ab ab 2b

LT/u 105.25+0.7 98.38+0.4 87.941+0.5 78.921+0.5 66.6410.6 58.72+0.
m Ta 5b 3c 1d 3e 365f

VD/ 436.90%0.1. 426.35+2. 406.3212. 376.37%2. 340.66t 1. 310.32+1
pum 47a 46b 02c 00d 54e .03f

vE: UE: L% LE: FEM; PT: WHE414% ST: 444G LT: M)V ERE; VD: BkER (p<<0.0D).
Note: UE: upper epidermis; LE: lower epidermis; PT: fenestrated tissue; ST: spongy tissue; LT: leaf thickness; VD: vein diameter (p < 0.01).

MEESFTLLE i ANFIPEGIK B AL 5 WO FER AR 4 i i R 5 A B R % 7. H
PEGIH ST R a2 & R T B3R EEE., WMALUEE. R EE. HkER (p<0.01). HCK4A
FEEE, T1. T2 T3FAT4ALFRA I Fr 2 B4 HIBEAR 1 6.87um. 17.31pm. 26.22um. 38.61um#A146.53um.

2.7 AN[E] PEG iR EE LIRS WM ER ML E I SFLEAS RIS

7 ANE PEG WEEALEE 20d JE# i S FLRAE
Figure 7 Stomatal characteristics after 20 days of treatment with different PEG concentrations
ME TR CUE e A FEKREEPEGTS 31T B 52 1 R A HEME 2B 7 I SALRHAE AL
BAEZNE TR, BmikE PEGA B S 84 s i <AL LA
6 TEPEGHK B ALIE20df5 4 BAt B S LA (LAFE

Table 6 Characteristics of changes in average stomatal structure between leaves after 20 days of treatment with different PEG

1252



EFINHIE N EY SN S16 MABHE B Fi 7 237

concentrations
Treatment Stomatal Structure
concentration Stomatal Stomatal Width Stomatal Stomatal
Length (um) (um) Aperture (um) Density

(NO*mm™)
CK 44.33£0.75ab 36.5311.35ab 5.71£0.382 56.3311.52¢
Tl 43.534+0.92ab 37.56£0.70a 5.25+0.41ab 65.00£3.00d
T2 41.601+0.81bc 35.541£1.32b 5.04+0.10bc 75.671£1.53¢
T3 44.23+1.42a 36.5610.94ab 4.7240.11c 86.67+2.08b
T4 42.6+1.05ab 33.60£0.95¢ 3.74+0.17d 92.33+1.52a
TS 39.961+1.35¢ 32.671+0.93¢ 1.75£0.22¢ 73.0041.73¢

#¥: Stomatal Length: SFLKSEE  (p<<0.05) Stomatal Width: “SFLFEFE (p<<0.01) Stomatal Aperture: “{FLFLIE (p<<0.01) Stomatal Density:
HILEE (p<0.01),
Stomatal Length (p<<0.05) ;Stomatal Width (p<<0.01) ;Stomatal Aperture (p<<0.01) ;Stomatal Density (p-<<0.01) .

M 6 ITLLE H: AN PEG K FEAL BT gy i (8P B AL B A B0 (p <0.05), <AL
TR SIS RILEEEREEER (p<0.01). HiALE B2 AR, SXTRRAELT,
AR E AL BRI 4l i SSLALARRESE PEG AL PRI AO8G N S BLZ T PR S, 78 TS ALBRALN N A
KN 3.96pm.

2.8 AN[E] PEG JREE AL TE X R ERAMELN BT 7 ARAR AR B M AR 20T
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8 ANIF] PEG ¥EEALIT 20d Jo 4l 2 LA U A KA R A
Figure 8 Ultrastructural characteristics of organelle after 20 days of treatment with different PEG concentrations
Va: ¥l Ch: Mtk Sg: JEMKL Mt: LRtk GL: FERIFJZ Cg: WEHKWU Ld: MW S: ZERUT R *: UM
Lk

A ) 25 A AR S AE AR B DT 0, ANRIR BE K PEG Ab B2 52 00 240 i 85 P 45 4 R
Eo MK 8 FTLIE H: XA LR A M 20 WA RS e B, MR e M e R R RREOR, ik
i VAR, 7R SR I AL R B Ak A RIS, HR90A 7, EIrhthm] LLE BR 2 e by
ARAE AR bR RILRBROIR, TR M. 4 PEG +FWa )5 &I, B PEG AL FRIRIEZR
K&, 4 I ST B AN ERTY, AR T2 3 T3 AR, SRR R BRI RN, ik e
AT Z B IR SRR, JF HN T3 TR KR TT 46 B W il 4, £ T4 A1 TS AbBRA ] A S5
PR, MR MERL A O 2 5E 2R, MIBAILETER, IS B 58 B 40 i 2 454

2.9 e ENEE S A ERERS B REX LS

R MENESEN SLEM FARRILE 1 Pearsontf X R %Y

Table 7 Pearson correlation coefficient between antioxidant enzyme activity and leaf anatomical structure

Enzyme Anatomical Structure Index (n = 18)
Activity UE LE PT ST P/S LT VD
POD - - - - - - -
0.959%** 0.969** 0.960** 0.971** 0.428ns 0.978** 0.962**
SOD - - - - - -
0.936** 0.975%* 0.945%* 0.966%* 0.366ns 0.972%* 0.952%*
CAT - - - - - - -
0.933%* 0.968%* 0.942%* 0.942%* 0.460ns 0.969%* 0.977%*

1+ 3KRp < 0.010F B35, nsFI/R ARG 3 . SOD: B4 L AL ; POD: i A LAl ; CAT: i E LS A ; UE: L3RI, LE: FE M PT: M 404 ;ST:
IGEASLP/S MM LY/ 4R LT S VD: #h ik B
Note: ** indicates significant at p < 0.01, ns indicates not significant. SOD: superoxide dismutase; POD: peroxidase; CAT: catalase; UE: upper epidermis;

LE: lower epidermis; PT: fenestrated tissue; ST: spongy tissue; P/S: fenestrated tissue/spongy tissue; LT: leaf thickness; VD: vein diameter

XU AR Bl v PR AN I R 25 44 S B0 AT PearsondH DGR 0T, GRTRTLAE Hi: JBhE f520d%) 18 11
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POD. SODSCATIEMEM I B3R TRE . WAL AR, mt 5 BRIk B2 2R 0
Fe: SHRLA LA A S LA X

4 ik

PEGE S 1T 2 Wit Xt KK TE B MELh B A4 AR BRI R ) 25 480 DL B ST 340 S AL 45 40 B AT B S8 35 5
(p < 0.01). HEEHEPEGHE 3N, RT3 B0 s i w0 KB AR, BIes S
FEMEHR . R BRI iR UL, BRI H . PUEULREETE . BB S ERE R R . 7E
IR EPEGAEHE T, MR B KA 778, PearsontHICTE 7 20, WA ARt 1y 2548 5 B A g s
FAAER R ARG, BRI, ANEYMRIEY SRS 2R, IF B &R 1 5 W8 i s A1 B
ANIR), E 4K 22 Bt S AR B B P £ S 3 B B PR R SR R I, E TR RS LA
AR AR 25 BE VG ER o 30T A DRI X0 IR T B ME () R R L A% 21 5 DA S AR AR AR B IR T2 B AT
DG P A A ol g 3 I A 7 DX P58 (R ASE TR o, I S AR i 5 AR A G IR 2 A L e I A AR R B A, (ELAH
RS M, WO T e B S T - S TR I X A K, OB R R SRR T 3, R R
HER M A BRI BT R o BN A A DA A AR B ) S B A S, AL A DA S A 2 4 4 1) AR Ak
AN AR I R RS A AR i 2, A AR (T B, TR B BRI R T R MR N A A R
UFRIIAGRE 77, AR T~ W A4S M (1) PR A 78 S50t AR HET ™, 05 T LISl L B 4 3 AR R 4 i X
92 b SR TR K (28 BEANEL RN R e v Hp bRl B8 s L i

Z % XM
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