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WE: v Wkt 4e4’ Osmanthus fragrans ‘Boyejingui’ #0% A 44, RAATIE R K5I F F AL RGLE T
%, o ket eR ERIGHARRAYSERT R ARANEBG AR B RAENRNEITT L, ERE T
W& FFmant ME K, o A AR AR Bt K T, T FhE 20 d B4 5] bt B IEAK T 28.0%7F9 76.9% (P<
0.05); TiEEt, HEBIHEBWARFLERATHRRAELSRHETFRBEGEmm TS, TFWa 16d TEk
AE A A SE AR M 3 GG A T 48.7%F= 53.5%(P<<0.05) ,F Fmhit 20 d B, # B W AR AT B T 344 £ (P<
0.05); AT Fanrmgk, "t Z (vt Fa, TEEZDFETEI)R T HEZHKGLS, TFHia20d
SR B EAR T 19.0%, 16.2%%= 18.4%(P<<0.05), »H4k4 alb % % H £ A S 38 hm; W& T 3 Wit ot 4] 49 28 % |
AR BT (0,7), it RA A (H00) R FJE R BB #IE Av, 85 BERE L RACAE A Amdk, ARG, »F A W45 F 5
e, FFME20d M, BIEFFAER RKRM; S AAAYHPOD), i AL A5 (CAT) A=A A AL 4 B ALE (SOD) &
WM ETE it kAN S LI B %, T2t 16 d i SOD Fo CAT 451 b xF BB 32 n T 31.7% %= 89.6% (P<<0.05),
POD & sr BT 1.36 42 (P<0.05), Ak 6dJ/E, BIAFABFI — RO REL, TR, EFFmia
WA, ‘krvteR BAWREEZRATHM. RELBERESFEYAS AR T EWHa4E,; MEWEEEK 5
MR ERG, RANKBERETE, TEREFGEZBRESHAMARY, BEMARRKE>HFS LI, AR E
FRAYHRERFHEATEELTEER, BT Fa0; ARG, “Kriet’ &AM FFIRAL,
AILBE R AT T4, B3 A2 449
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Physiological characteristics of Osmanthus fragrans ‘Boyejingui’  with

drought stress and rewatering

ZHOU Huanhuan, FU Lucheng, MA Ling, ZHAO Yahong, ZHANG Rumin, GAO Yan
(School of Forestry and Biotechnology, Zhejiang A&E University, Hangzhou 311300, Zhejiang, China)

Abstract: To reveal the physiological response mechanism for osmotic adjustment substances and antioxidant
enzymes in a drought-resistant defense response system, seedlings of Osmanthus fragrans ‘Boyejingui’ were
used as materials to artificially control the water levels and simulate drought stress and rewatering. Results
showed that with prolongation of drought stress, there was a significant decrease (P<<0.05) in the relative wa-
ter content (28.0% ) and leaf water potential (76.9%) of leaves at 20 d compared to the ck. At 16 d of drought
stress, the content of soluble sugar significantly increased 48.7% and betaine 53.5% compared with the ck
(P<<0.05), and free proline significantly increased 3.44 times compared with the ck at 20 d (P <<0.05).
Chlorophyll content at 20 d significantly decreased with the prolongation of drought stress (Chl a-=-19.0%, Chl
b--16.2%, and Chl total-—18.4%) (P<<0.05) compared with the ck. With prolongation of drought stress, the

superoxide anion (0O, ~) and hydrogen peroxide (H,0,) contents increased gradually, membrane lipid peroxida-
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tion increased, the membrane was damaged, and the damage rate of the leaves increased. When drought stress
was 20 d, each indicator reached its maximum value. With prolongation of drought stress, at 16 d SOD signifi-
cantly increased (P<<0.05) (31.7%) and CAT significantly increased (P<<0.05) (89.6% ), with POD content
significantly increasing (P<<0.05) 1.36 times compared with the ck. Thus, in the early stage of drought stress,
‘Boyejingui’ protected itself from drought stress by increasing osmotic adjustment substances and antioxidant
enzyme activities; with the prolongation of stress time and an increase in stress level, the antioxidant enzyme
activity decreased, the content of soluble sugar and betaine decreased slightly, and the content of free proline
continued to increase indicating that osmotic adjustment substances played a major role in drought resistance
and increased the drought resistance of plants; after rewatering, the physiological indexes of O. fragrans ‘Boye-
jingui’ were restored showing strong drought tolerance characteristics. [Ch, 3 fig. 2 tab. 49 ref.]
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AR R BT A R B . PESER I IS E A T RS XEY 1 A R R, R
K I 23 XA 0 7 A U R O L 3k Al A M AR T XS [ 1 7 3 Sorghum bicolor i B F Y K&
B AR SR AR S KR L KBRS SECERE T S I A PR R, KIS A R R
FORART MO, JIN 7058 kB, T 508 T 5% 08 Portulaca oleracea [l . AT VWS A1 DR 37 il 14
bF, MEKE ERIER TR, IR E IEE AR HEAE O. fragrans S KRR EL Oleaceae A B J& Osman-
thus fHY), ERMAEERE RS, £ . Bl B B DA Rk " DLAEXTEEAE (9 0 5% 5 22l &
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Do ABESELL 2 AR R BORETNARL, BESR TR T R R B KX P 0. fra-
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IR, fEs B EE FEHUS B RN FR GE G A ) o AT A A ) A e R AL, DA e
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1.1 RgE s

ISR R 2 454 (B AT, B W VAN AL A PR A FI R, R 50 em, 4
F 2017 4F 4 7 A #om T A B 3% 2 [m (e ) im (W 1) m (85 41 )=1:2:1, T Fiik 1.5 kg [ 4675 1 (0=25
cm, h=30 cm), 1 #k-%57" TWITLRMAKEZRMANZ ST LA, STIEF RIS S50 0 W X
BB 28 °C/20 °C, 25 SAHXNREE N 5%, JEREE N A %R0k,
1.2 RIGAbE

2017 45 4 20 H, AR RYF . JopmF HOMAER ‘Bt 85 4, bl 45 2t
HRALFRE, 40 Z T 540 HE, XF BRAH Ry 45 Al i bEdL o O 4, IEWHEK, RARE LS L &K,
B RAGHE S B A FE Ky, IR K R RARRAE 20% A4 . TR N 8 4, SATHR T R4, 5 1
20 HiUsE 1A% BR, RfJSEIFG 4 d e iE . FR08% 14, T4d (5H24H), 8d (5H28H),
12d(6 H1H), 16d(6 45 H), 20d(6 J1 9 H )M &£ 4845 o W2 58 f5 % T 520 & 3 k475K
AbEE, KR 4 E K AR RRTE 20% A A0 . (IR 2 d e PR, T RAEEA 14, F22d (6 A 11
H), 24d(6 J1 13 H), 26 d(6 J] 15 H )& & Widshr.
1.3 KA %
13.1 X34 K3. vtA AT AR ERvt K SAm 2 L3S KRR H A X S K R I SR AR
7K A 7 R ] 26 [E] WES-COR 23 7] 7 i) PSYPRO 8% s K #5407 o
132 k&eFone HO0S5 g i, Y5 E T am e b, IR 20N 80% 1 74 i i Wi 5
mL, ZE FEEEAER 48 h, B2, R R 10 5, 5000 E 663, 645 1 470 nm 956
FEEAE (D). RGP LICHTENTHALER 2 24 203 F 5 & 60 R i i 4340
133 BBRATHIRFE 080w 2 R B B 6075 200 n s P o o 0 45 D o i 2R T o 0 2K
T 7 SR FRVRH: 56 7K A R 44 BB — 0 S €0 325 R SR o o 40 BMOR AR AN A TR R bL 6 7 2
1.3.4 ROS fe i i AL eyl i FEFR B SOOENE . B P aH Bk BEman R, i
A LB TR, FFTALERTTHL 20 AS/NE 7 i ABS AT 20 mL 58 /K B/VRedRh, Z3 R CE 30 min
(B 5 min g4 1O FME R SR, ARG, IEGEW 10 min 5 PR IE B35, GFFRITHEAL:

o1 AT (A 5 (]
B = O o i At e s S g 1 00%

Oy ~JTT 5t B IR ok B2 DN o 2 B 2= IO 4 PO O i 5 HLO, JUT i RE JR VR B I E 2 B CHANDRA 4571y J5
5 MDA Jit it BE IR vk B2 D 7 2 BR HODGES 55 (1 5 vk .
135 RAABEEGMN T FERIRECT I K 0.5 g BRI R, WAEEE, A 9 mL 8RR Z: vh
V(0.1 mol - L', pH 7.4)FFEE A%, 10 000 x g £5.0> 15 min(4 C), B i T SOD, POD il CAT
PRI AE o SOD I PR 7 2 B R ot (B AE MR A R W) 2B 7™ 19 A001-1 Y SOD 3205 & #4790 7 Fr it
. POD il CAT i £ & 2 Bt KUMARI 28/ Jy ik .
1.4 HiE4E

P A 8 2 g 5 I R S E bR 22, A Origin 9.0 Bk e Bdi b 3 . IR BIAERISE T 20
B, %iit 73k R one-way ANOVA, #47 Turkey £ 4% (P<<0.05).
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21 FEPpEMEAMLTESKE. HAENSKEMH KB

PR A S KR L P A X A A I K A S T S R A e R R A R T
s (D). TR 4d)E, BESKESR TR, HWXIREMR T 27.1%(P<0.05); +F40H 12 d &},
I R X 5 7K B R K S5 A T R B R R, 239l B X BRI T 17.2% 0 52.6% (P<<0.05); 520 d
Ja, RIEE R R AR KRR 2K S ) B IR R T 56.9%, 28.0%F1 76.9% (P<<0.05) . &K
Ja SRR | R AR K REPRGEUIK B BN BOKCE, MK TER KA MR E R, HEIEK 6
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Figure 1 Effects of drought stress and rewatering on soil relative water content, leaf relative water content and leaf water potential of

Osmanthus fragrans ‘Boyejingui’

22 TEBHEMEAMNBERATYRKEESSHANE

B T 1o I A SR R AR B A B I, W VA R L O R RN R S A A B R TR A (B 2),
TR 12 d i), FEmEAE A E, AR T 70.4%(P<<0.05); T5 16 d Bf, RIS . % 2 0 2 R
FVESERR A 590 He X BE B i T 48.7%, 2.72 151 53.5% (P<0.05). ML Al i b B s Buk ek T 5
20 d i, Z=F RIS BB T 38.5%, 3.44 f5H1 57.1%(P<<0.05), IH 7 55 I 20 R o 1 20 B8 3 i K
fHo BK4dJE, T MR E K, w7 R 2 il i e o SR 3 TR, HREK6d
Jei . R R RN B A R A YK A B UK . T RAMFE S SR TR R, W T BB
A A A1 390 35 Pl a6 v R T A VE
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Figure 2 Effects of drought stress and rewatering on osmotic adjustment substances in Osmanthus fragrans ‘Boyejingui’

2.3 FEpEMNEKXNRERENEN

TR Xy et RS EERE T — M, Chl a, Chl b Al Chl t T 565 ] 1
JERBRE TR (ER D), TR 8dHE, Chla, Chlb Al Chl t &1 FFHH S ZEFAK; THF 12d
fBf, Chla, Chl b 1 Chl t FFiE FFE; 24 T5 20 d &), Chl a, Chl b 1 Chl t i 4350 F BB &A%, 439
X R T 19.0%, 16.2%F1 18.4% (P<0.05), /KA T, Chla, Chl b Fi Chl t i & 4> %4 2 1
hn, ok 6dJE ARSI T 6.3%, 24.3%(P<<0.05)#1 10.4%,

JHA R N E (Car) Ui 40 800l T S0 B 2 2 BB E (R 1), T5 8 d il & & FXHIE, LX)
MR 1 38.1%(P<<0.05), 1520 d if, Car HbXf B 1 1.05 £% (P<<0.05). /K J5 Car [T 73 8%
ik, T5 6d )5 iAW E 2 X K,

BE& T SRR E, Chl a/b BERRAUG TR EE (R 1), 4T 5 12 d i, Chl ab XA
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T 15.5%(P<<0.05), 15 16 d J5Itthgete Lot, T5 20 d J5HAWE X oK. K5 Chl a/b i
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Table 1 Effects of drought stress and rewatering on photosynthetic pigment content of Osmanthus fragrans ‘Boyejingui’
VISR wlmee ) Chl a/b
Chl a Chl b Chl t Car
T5 1.26 + 0.10 abc 0.37 +0.03 b 1.63 + 0.08 be 021 £0.02 e 341+ 031 a
1.28 + 0.04 ab 0.41 = 0.02 ab 1.69 + 0.05 abe 0.24 + 0.02 de 312+ 028 a
136 +0.12 a 0.46 £ 0.03 a 1.82+0.14 a 0.29 + 0.03 cd 296 +0.14 a
12 1.21 + 0.08 be 0.42 + 0.02 ab 1.63 + 0.08 be 0.34 + 0.02 be 2.88+0.18 b
16 1.17 £ 0.11 ¢ 0.37 +0.04 b 1.54 +0.13 ¢ 0.39 + 0.04 ab 3.16 £ 0.21 ba
20 1.02 + 0.06 d 031 £0.03 ¢ 1.33 +0.09 d 043 +0.03 a 329+022a
2K 2 1.22 + 0.03 be 0.41 = 0.03 ab 1.63 + 0.06 be 032 +0.03 ¢ 298 +0.26 a
4 1.31 £ 0.12 ab 043 +0.01 a 1.74 + 0.08 ab 0.28 +0.02 d 305+ 021 a
6 1.34 £+ 0.04 a 0.46 £ 0.03 a 1.80 £ 0.05 a 0.24 + 0.02d e 291 +0.14 b

BT AR /NE 5 BE 7R AN [F) Ak B ] 22 53 1 3% (P<<0.05)

2.4 FEMEFEAITROS FpE R E4K 2 m

BEE T REF A E R, O Hl HO, BT M ka# (£ 2). T5 0~8 d B, O, “F1 Hy0, 5 4k 2 1]
X MERARE; ST 5 12 d8, Oy F H0, it B /R B 24 w5 T X8R, X BRISn T 66.2% 1
28.19%(P<<0.05); T FA4b¥ 16 d B}, H0, Fiit B /R WK iR e K, HOX B i T 37.6% (P<<0.05) ; 1fii T
FA03 20 d B, O; Bt BE/R UK FE A TR Bl sy, Lo B3N T 82.4%(P<<0.05),

®2 TEBEREKIN ‘KM & ROS KR &L

Table 2 Effects of drought stress and rewatering on ROS and membrane peroxidation of Osmanthus fragrans ‘Boyejingui’

e id 1% %1% b e/ (umol - g™) b s/ (mol - g™) b g/ (nmol -g™)
T 5 10.92 + 0.99 ¢ 0.74 + 0.08 d 30.63 £ 248 e 1.73 £ 0.14 ¢
1594 + 1551 0.84 + 0.09 cd 3242 + 231 de 193 £ 0.15 ¢
8 25.29 + 1.90 de 1.02 + 0.09 bed 3342 + 1.68 de 2.34 + 0.69 d
12 31.29 + 1.48 be 1.23 £ 0.31 ab 39.23 + 1.65 ab 2.71 + 0.86 be
16 33.65 £2.05b 1.27 £ 0.30 ab 4215 +2.28 a 3.08 £+ 047 a
20 40.16 + 2.66 a 135+ 0.13 a 38.12 = 2.71 be 3.16 £ 0.69 a
oK 2 2749 + 2.77 cd 1.31 + 0.08 ab 34.17 + 1.57 d 2.89 + 0.12 ab
4 26.02 + 2.70 de 1.11 £ 0.05 abe 34.96 + 2.16 cd 2.53 £ 0.20 cd
6 1725 £ 091 1 0.87 = 0.07 cd 3345 + 1.69 de 235+020d

LT ) /NG 5 B A [] 4k F ] 22 5 12 3% (P<<0.05)

ROS #4218 R 40 M SNt 4800k, 77 A MDA DT 5| 76 200 i JE (g 453 40, T 405 2 3 S 3 A 0 20
J R A MR — D AR bR . MDA R4 R 15 ROS A2 fbias . T5 8 d ik, MDA Jf B /R ik
JERGEAR T, X IR T 35.3%(P<<0.05); T-5 20 d i), MDA J5i &t FE IR ¥ B2 R4 bl K, 43 )
Fo X BRI 0T 0.80 F1 2.68 fi5 (P<<0.05), B KALPEJG 44605 FRE, EK 6.d 5, MDA Ji ik B /K ik B Al
1535 243 ) FL G B3 I T 35.8% 1 58.0%(P<<0.05) . iXEEZEHLFEM] . FRAFLME PrtaH R RE
M BIEIR, EKE BB AR T RKE . TRAB X Bt aH 1 s—E m e .
2.5 TEmEFE k3T ENEEF RN

TR SOD, POD i1 CAT FBEAE FJZ I BR i 58 T 77 A WG PR 4, B I AR o 4k o Bl T 5
BF [R]85 0, 3 ol 0 M SR S T IR R AR A R B (I8 3) . TR 4 d B, 3 RRERIE MR W ST
F12 dwf, SOD iE MR BRI, XTI T 39.7%(P<<0.05), Kijs FF; 15 16 d B, 1 POD A
CAT (3G MR B IR, 40 B H % BRI N T 1.36 11 0.9 £% (P<<0.05), BlEIFHE TR, T5 20 d if, IS
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PER R, (A5 T R AR 20K 2 d JEEEE RSB TR, U5 m TR 2K 6 d R EEHEES
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Figure 3 Effects of drought stress and rewatering on antioxidant enzyme activity in leaves of Osmanthus fragrans ‘Boyejingui’

3 it 5 4

TE +E—H Y — KA AR G (SPAC) H, 4 38 5 7K 2 i 7K 4T 1 Sy S WA 40 7K 4 2k K 43 4%
PERESEAR . 2 IR SRR, A 4 3 AR A X 23 7 s R K #3875 4y i K 35 4 K BAd
JE OB A ) K RE 0. SR & . T R haa T AR Eriobotrya japonica (1) 13 & K i 5 K #
UG, AWK BB 3 S K R RRAR M FEAK ;P9 AY Rhododendron hybridiu #1765 Rhododendron
pulchrum 1) £ 38 &K BRI R AEXT KRS T RRRE R EALY, ARG RER: AT 2ER M
A, BIESOKERRR, 2B U et SR RBOKKRME, iR AR SRR KR TR, T
FHT 8 d, UM AR LG R A KR R R R, RS ROKRR T, MR A AE I R
TR, bR ORT RS, REEGERNIER 1T, WA TR2WasEmE, e ki
FEO E K A K A B BRI, B B R G BZ BRI, e aE ARz, ZK)E M R A
FK AN K BBE S OK BT R TS, SR B RO, RELT et e RE T AR i 4i i HE K
D1 BAREZ R8T

BB P AR Y0 TR A AR S 3K AR AR PR 3 R Y ) A AR SR R A A e K
T ERRCH WL RN 2 AN A LR BRI B ) = Trifolium repens SR 0B OREEAT I 368 AL 2
R TR0 A BT 2 Fh i = n R AR S S B HBE PR Y S e T SR Y
AR S B TR BT BIMIAT Lycium WPl & BUE A DU AE ] v b 5 S e i
FHOGRO S ASLEG R . RIS . ISR O et 43 B BE T R0 iR B R . R RS R W] Ak
WEREH SRR A B B AT Y, M AN B K, e TR DR A B, BN B, AR AN i K
B, DT WK e BT U I A R AR T — R A A R A, AR AT R A B E T, W) RE
WCRE R T . BASEALE Y . R A BRI BRAOR A SRR AR E T RE R Y, ARSI T
P T EMEAR S R ERS TREE R IEME, NBCEE Distylium buxifolium, J& Bz 75 Tern-
stroemia gymnanthera FV5E M HBE Syzygium grijsii 55 3 TR Fi (0 Ui 125 I 220 12 Fifi 5 5+ W 38 2 5 9 384 in Pkt
BT REHEPR LI TR, KL Periploca sepium i 55 Il 20 B2 1) K i B4 3R AT R 2 L AE
W30 25 Ry A A A A 5 RN SR SR RE e ) — R O . AR SOOI AT BB ¢ Ui R I R T i A BAE T
R RS — R, M52 20 d b, RIS TENE . RS0 A L BP0, I A A R SR 3G
FEWRE T REE, HXPBEHWBEAL. B ER otk R, (Bt el TR . SR mR
it B IR R A BRI B BB U R IR . 2K, TREPEGEEE, KETHE, RN Y
JoT % 1) I KPR, BB IR B AL TR, RTINS L ATV I R RO A AR T ) B
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fiX, MMITIRIERERK,

M2 R LA E I FEMN IR 2 —, MRS SRR, 1L M S R, SRR
PRI SCT T R WA TR MM R & w1 B AIRIE A — 2SRRI TR iha
J& 1AL Sophora davidii #)j1; Chl a, Chl b, Chlt J& Car B4 T 2 hia s im 2 b I, SepEFE&
WK @ AEZ Camellia petelotii W )i Chl t, Chl a, Chl'b & BB T 5 Wria g8 5800 T B o AR,
WA T ria i igsg, P4k’ it R Chla, Chlb F1 Chl t i r O R RS, Car i 04
Frge bJt, Chla/b 2ETREE EIHp S, Al d 7T 5 0~8 d if, I Jy AR & K i AR5 B 2¢
R, MR PR AEMNA BT, RIS TE T R T 4Rt A R i A BOE LR EE
Y ERNAYE RGBT LSS, =T 5000 SRR AR T gk b — R 90 G O i
W2 KB A WG OB, AR B S RIS IR R, UH S 0, BB U, JEA M-SR, 5
M2 R N A A2 1 H0, SRR 51 R M S R R i 2o 2804k, e rb Rl 8 i SR A0 e 28 7 ) MDA #8023 ™ J 451 4
SAKMEZS R FIThRE, P BTG R M ME. KKJG Chla, Chl b F1 Chl t BT & 5340 EFb, S0 T 5
36 )5 &2 K 5 - Chl a, Chl b 1 Chl t 45 ¥ HLAT — 5@ T2 5 1 M3 .
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