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D EK I ZAERIE

EHZ, M &, BEE, T R, REH
(FEBTOl B AR B, B8 FEil] 241103)

WE. N THRESTZIRI RN AR T LIATZS 5 R B ORISR, SR SR S8 07 2%, BF 55 I 1R e
Jiti 1-FR LR A (1-MCP ) XFAT 254l H i 1k 0y 2 ) S AR AL, 255K 388, AR T2 40 20 d B A T75254h
WA REREGAE] 70. 65% . HMF I 1-MCP R B 5 2% 1 52 28 X A5 25 40 i i 9 4345, 80 ¢/hm® 1-MCP
ORI e, T EAIA A E) 20 d B, B 80 g/hm? 1-MCPARYAT 254tk e 258 T i AR A3 % 4R
T EL i E X I (CK2) 3255 28. 17% (14, 10% (14. 51% 1 25. 31% , B ESERUEAR 53. 63% (P<0.05) , M H 4 2 & ik
FIAR R IE J1 40 9% CK2 $2F 93. 05% 1 132. 30% , 1§06 H @?’F(P ) AL (G,) MIZER R (T,) 4054 CK2 $#
Tt 58.95% 84. 73% 1 74. 05% , HIXF LT3R (4 [ (MDA ) it i AL %0 (H, 0, ) & it Sl & BB 7 (0,7) ARl
RIPHEE CK2 F#AR 25. 17% 25. 47% 21. 02%F1 22. 91%, Jrqzﬂj}a_ A3 10 d B, W5t 80 g/hm® 1-MCPHEYATZH4 1
M 2R AT RS RV PR A 1 BT R B s, 4 I ER CK2 2T 78. 67% 67. 62% il 94.02% (P<0.05) ,
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Effects of spraying exogenous 1-methylcyclopropene (1-MCP) on growth
of Paeonia lactiflora Pall. seedlings under drought stress and its mechanism

WANG Tao-yuan, TAO Ye, XIA De-mei, WANG Kai, ZHU Zhi-guo
( Wuhu Institute of Technology, Wuhu 241103, China)

Abstract: In order to improve the drought tolerance of Paeonia lactiflora Pall., the variety Fenyunu was used as experi-
mental material in this study. The effects of spraying exogenous 1-methylcyclopropene( 1-MCP) on the drought tolerance of Paeo-
nia lactiflora Pall. and its mechanisms were studied by natural drought stress method. The results showed that the growth of Paeo-

nia lactiflora Pall. seedlings was inhibited under natural drought stress for 20 days, and the drought injury index was 70. 65%.

Application of exogenous 1-MCP could significantly alleviate
Y H #7:2019-08-27

BEE£TE e ARG S [ SR S 3EE 0 H (Wzyzrzd201906) ;
A AIRBIEREAIT H (KJ2019A0081) s MY F A 24 B
BB AT I ASE 42351 H (Waykj2018ZX01)

EHZ B EHE(1987-) , B A yTIA RN L PRI, =2 A5

the damage of Paeonia lactiflora Pall. seedlings caused by
drought stress, and the optimal concentration was 80 g/hm’.
At twenty days of natural drought stress, compared with those

in the treatment of natural drought stress (CK2), the plant

R MR i s 2 2R B SRS, (Tel) 18375328619 height, stem diameter, dry weight and total root length of
(E-mail ) wangty@ whit.edu.cn Paeonia lactiflora Pall. seedlings in the treatment of spraying

WIAEE ARG E , (E-mail) zhuzg@ whit.edu.cn 80 g/hm’ 1-MCP were increased by 28.17%, 14.10%,
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14.51% and 25.31% respectively, the drought injury index was decreased by 53.63% (P<0.05) , the chlorophyll content, root ac-

tivity, net photosynthetic rate, stomatal conductance, transpiration rate were increased by 93.05%, 132.30%, 58.95%, 84.73%,

74.05%, the relative conductivity, malondialdehyde (MDA ) content, hydrogen peroxide (H,0,) content and superoxide anion
(0,7) production rate were decreased by 25.17%, 25.47%, 21.02% and 22.91%. At ten days of drought stress, proline content,

soluble sugar content, soluble protein content of Paeonia lactiflora Pall. seedlings in the treatment of spraying 80 g/hm’ 1-MCP

were increased by 78.67% , 67.62% and 94.02% compared with those in the treatment of CK2. In conclusion, exogenous spraying

1-MCP could effectively reduce the accumulation of active oxygen and the peroxidation of membrane lipid under drought stress,

alleviate the injury caused by drought stress and improve the drought tolerance by improving the antioxidant capacity and osmotic

regulation capacity of Paeonia lactiflora Pall. seedlings.

Key words:

UTAF SR, 7K e T S e 1) R ot 5 4 TR <Ak A% I T
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PR A TR BRI R A, 1 AR 03 , 400
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T BREAR P VR 2K AR AL R vk
HAR B Jf ANWFFE S S 00 A48 1 5
BEt s A P St e A K 2 0T S O A
MR B BTE  BUMERRAR, P TR Y R R
Ji3E T REPI R N G 20 5, © R B2 i R A B
PR KRR 2 —,

1-H SR N (1-MCP ) J& —Fpi B ) 06 2 1k
MR, T MRS RES ARANH LIR A5 T
S, DT AR ARR R 5 36 2 0 %) S SR | 228 2% 30 8
%, HH, 1-MCPJ 2 B FH T SR B 4 fef 45185k, n B
AR Hh 0 7 A R SRR Il R e SR S
O TSR ST BIh A8 R RS 0B IR TR
B RER RN AL, 1-MCP 7E 28 i Fi 4 306
Bea iy s 17— i sk g, AR
Jitii1-MCP R A1 w5 3 M 38 FORSUREL ok 14 & s 7 A
RO AR 1-MCP R B T
SR RE AT RIAR AR i 5 , 4R
SPUFRE 1, AT 24 (Paeonia lactiflora Pall.) , J& 7~ 24
BINi 28 24 R RA YY) P B g A e — T
HE BT TR RHIX, 55 252
RERRIR/IN I % 4 0 45 EL oA B ol HL 9 1
MFEEREZ—" ) BHAT, KT 1-MCPEIE ALY
WA D7 T RIBFFE 80 | 1-MCP & 75 1 LA i AT 25
AP RAE 17 YERIMLERANST 2 Tt — e,

PR, AR B 5 400 AT 28 Rl T DOk R B8 4R

1-methylcyclopropene ( 1-MCP) ;  Paeonia lactiflora Pall.; drought stress; drought tolerance

RIT AN IR G AS [ 1 B 1-MCP XA 25 4 K A1k
B BE 1 RS E JE RE 6952, DL AT 2
PrE AR —E S H I,

1 ARSIk

1.1 REH

RET 2018 4F 4 H 10 HZEFSHIHR £ AR 2B
RIS HOGIR = AT, A2 A R &
W, W B T I, 8 T 1-MCP 2y oy A 4
Mg A AT AR TR () e AT BR A A, 1R
mﬁﬁﬁﬁﬁﬁ%,%ﬁﬁu*ﬁﬂﬂ35 cmX45 cm (%XE
) AR EE R O R+ AR S T 6 kg, EAE L)
B 1 BE, 21 20 d, ZHAA T8 A B, 2018
AR5 NHERICR /N K H— S i i T T R
SERE
1.2 REFH*E
1.2.1 R R A AT R Iy ik it
17, ek A 4% Ab B L AR 6 55 7K Bk 3] 70% 22 47
B 5 A FEBE K, TR IR ) 20 d /9 AR T 20k
K, R E 5 AMEHE B IE R K (CKL) L H 2R
T2Ma (CK2) . A8 T 5 Wil +30 ¢/hm’® 1-MCP
(T1) AR T2 W +80 g/hm?® 1-MCP (T2) I [ 4%
TEHE+120 g/hm® 1-MCP(T3) , &M Ab 3 15 4,
3WER It 225 4, AR T R L5 aT, T1
T2 T3 Ab H it AH R v B 119 1-MCP , W it 2 DA A 24
4 H I R K EREFEA T S ME, CK1 Al CK2 A PEWT i
REK, 0T BT R A 0 d( 3
JAHXT & K EE 70%) 55 5 d (3 J5AH X K &
62%) 55 10 d (FEFTARXT & 7K & 53% ) (55 15 d (3
JEARXS K & 45%) FEE 20 d (36 5T AH X K &
37% ) AT AR BRAE AL R AR E , FF55 20 d T4
KFg bR e f R E R EOR A
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1.2.2 WEIEARAME F ik BREr EAR KR
JOM5E , ZRHR b RO, B Rk
W5E AT R ERE S IR | T 0%, Ik R
AR HTREFEREOHE, HMRESRARARNE
353 SR VR - £ BT A5 3 RN S8 Ak = 2R 35 I 2R e
(TTC) B , e A 1E IS HCR N Li-6400 fEH#EAOE
EVERACI % G B BE A 900 mol/ (m” + ), ¥
500 ml/s, HBEALYIEALET(SOD) |3 AL Y T
(POD) 3t EALE T ( CAT) FIHLIR I 1R 3t S8 4k 1y ity
(APX) B TEPE S IR FH U DUme i QA iy ik 5%
AN IEIERE R AR R Sk UEAT I A . A L R
(RC) N (MDA) it T H LA (H,0,) & &
FABE AR (0,7) 7= Az i 3R 40 R A L A3k |
B A B B2 1 i (3 | U T BRI 3 vk 0 2 e S Ak
TERAE  BREER | T Ve PRI RN T VR B R i
3 R PR 35 7K A T 1 BB | T b 2 3 0 2 S 3
FEWE G250 Yeta

BERE =Y (RFYEARLRE) /(s
Hox SRED) x100% (1)
1.2.3 2% E4H5H R Microsoft Excel 2013 {4t
TPER AT | SR SPSS18.0 #4785 50HT

x1 TEBEZEHTHHEESR
Table 1 Drought classification of Chinese herbaceous peony under

drought stress

FEGE ST SUN 2
I HIRRAARIE R, G R AL s ZE AR
I HuRor i T, R AR T
il 298 172 W ORI A8 B, 2 i A
I\ PN R CE IS e
\ Il B R MR AT T

2 HR5Hr

21 FEBETI-MCPHAHLYNHEKMEEIE
Al

2 Bon, TRPE B HIAT 2540 T A K 2
EREER, TRWEEAT] 20 d B, CK2 4bFR AT
2yglyiikim R B T T LR K 2 ¢ CKL
WA 28.59% . 16. 13% .16. 9% il 26. 78% ( P<0.05) ,
FESRHGRE] 70. 65% , HMERTE1-MCP X AT 254 1
TR HAT B 5 A AR P, % A AR Bt e o
WS PR R BUE TS R R AGES, T R ha ik
#0120 disf, i 80 g/hm® 1-MCP ({75 25 S bk i 25
FHERURR T BT R K A3 T CK2 481 28. 17%
14.10% 14.51% 1 25.31% , 5 45 K0 51K 53.63%
(P<0.05) , UtHA, JNEmTt 1-MCP ] B\ 22 i ~5 25 %))
BT 540, L 80 g/hm® 1-MCPAL B AR F ez
22 FEMETI-MCPHAHHEHEEZSEM
RERTE SRR

K1 R A28 Bt g B i FAR R T
NAET R Wa &40 PR EEAIL, TRk 20 d
ff, CK2 ZbBRIATZS 4y i i v i 28 5 i FIAR &R 7
F153 1% CK1 A% 66. 89% 1 75.22% . 5 CK2 #
L, AR it 1-MCP 7] 42 TR AT 25 41 i it R 4 R %
SRR ZRTE 7, I ELAA R P30 RECE mha 2R 5 2o
HR R T 77 Bt 1 -MC.P i it o5 2 Vi J32 348 Jon i 2 80k 56 |
FHE AL, T2 is 5] 20 d B, BTt 80 ¢/hm’
1-MCP (AT 2541 B Fr 2 26 3 it AR 2R3 7 430
i CK2 $27F 93. 05% Fl 132.30% , X 1B, 41 i s
it 1-MCP 7] W] { Z2fig~7 245 4)y i R T 5 e 5 3y ot
SR EAMR ARG JIEAL, L 80 g/hm* 1-MCP &b 2
RN E S TEEN

#2 TEPET 1I-FERREE(1-MCP) MAAYHERREZHHNZIG
Table 2 Effects of 1-methylcyclopropene(1-MCP) on growth and drought injury index of Chinese herbaceous peony seedlings under drought

stress

L B (em) 254 (mm) FbRT B (g) BRI (em) FEIER(%)
CK1 40.26+2.22d 0.930.05d 4.65+0.13d 16.73=0.22d 0a
CK2 28.75+2.33a 0.78+0.02a 3.86x0.15a 12.25+0.24a 70.65+1.24¢
T1 31.18+2.02a 0.810.02a 4.02+0.08ab 12.86=0.32a 53.85+1.53d
T2 36.85+2.06c 0.89+0.05¢ 4.42£0.08¢ 15.35£0.35¢ 32.76+1.18b
T3 34.26x2.15b 0.85+0.02b 4.15+0.11h 14.02+0.28b 41.690.96¢

ORI LT/ CK2: A TS T FLAA T 50+ 30 g/hm? 1-MCP;T2; [ 2K T 5 WHf + 80 g/hm® 1-MCP;T3; [ 28 T 2 WHifl + 120 g/ hm?

1-MCP, [RIZEE 5 A RN TR oR A RIAR BRI 22 57 8 3% (P<0. 05)



450 TP 42k % 3R 2020 4E A 36 B 52

20 300
@ =250
E 15 %
& E] 200
N E 150
w10 Ho
I 8% 100

| | | | E’% |
) 5 10 15 20 04 5 10 15 20

JHpIELI T (d)

JHp 3B ) (d)

—— CK1; —«— CK2; —&— T1; [+ T2; —-O— T3

CK1.CK2.T1.T2.T3 W32 1,

1 FEHETI-MCPHATAH EM R ESEMIRR TN
Fig.1 Effects of 1-MCP on chlorophyll content and root activity of Chinese herbaceous peony seedlings under drought stress
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Fig.2 Effects of 1-MCP on photosynthetic parameters of Chinese herbaceous peony seedlings under drought stress
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Fig.3 Effects of 1-MCP on antioxidant enzyme activity of Chinese herbaceous peony seedlings under drought stress
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H,0, & & & 0, 7= 4 ¥R 4y 8 CK1 42 FF
170. 31% .144. 54% 81.93% 1 93. 66% , Fh 5 55 it
1-MCP ] BEAK T2 e N AT 254 i v s |
S, I ELAR [R] 36 BT 3 P 4R e Bl 1-MCP g it
[T B R T R PR SERRIN S B, TR e
IKF] 20 d B, W5 80 ¢/hm? 1-MCPAYAT 2540 it
FHXTHL 2 MDA & H,0, %3 & 0, 7 AEHR
Ay B CK2 B 25.17% . 25.47% . 21.02% Fi
22.91%, FW, FNFEBIE 1-MCP R 28 fift A5 25 4 i A
SRS ERC S GURR = Rts =l o) N 1] 2 AR RS 7/
a7, LL 80 g/hm” 1-MCP LB AR S

2.6 FTEMETI-MCPHAHHNEEERATYR
SENFN

3 BR, TETRHa AT S T 5 b i
[ A RE AT I R i R T W o & s RN
STl JE A3, 7E CK2 23R T R i 5 3
10 d BYATZRITET I I 222 & it | TP B B ]
PR S Y a7 il CK1 4271 138.61%
93. 08% 11 109. 60% ( P<0.05) , TR, 5k
TS 80 g/hm*F1 120 g/hm* K 1-MCP A 42145245 4)
B R BB TR B 1 30 ¢/hm® 1-MCPALEE
PRIV R T W JC I AR THER . TR Ehia
IKF) 10 d I, Wi 80 g/hm? 1-MCP FAT 25 401 i i
IZRR AT PERE AT PR T S i R B &, A
W& CK2 41 T 78.67% . 67.62% Fl 94.02% (P<
0.05), ik BH, $& 5 ¥ i3 I8 19 BE J) th 2 A1 R W e
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Fig.4 Effects of 1-MCP on relative conductivity, malondialdehyde( MDA ) content, hydrogen peroxide( H,O,) content and superoxide an-

ion( O, ) production rate of Chinese herbaceous peony seedlings under drought stress
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L A AR B T 2R AT L2 bl AR 0 36 S
WAPTERES T KR SRR TR &
A S AR AR K, bR 2O AR T iR AR K
FEARI I B RGBS EOR AR LT AR g
R, TRIRaE TAT Y A 5 CKL ML,
+ L e Ab B R AT 25 T ) R R B A R T (P<
0.05) . AMEWEHE1-MCP ] B i 22 % A5 25 40 T 5
JilpitL, LA 80 ¢/hm® 1-MCPALBE YRR Fefd:, bk iy 25
FHL BRI LB K2 %8 CK2 4255 28. 17% |
14.10% . 14.51% # 25.31%, % % 5 ¥ ¥ 1%
53.63%, ARLERGABGFHAE NIRRT Y
3, AR B O AMIE BT it 1-MCP BEAIE T+ 52
R HYIR G a7 e R IR R R
TR 205 7, AR R R 7K 43 T35 43 1 W WAL g ) B d
R, WA AT 25 i AR

SeAER R A K & F W EEAR S R, o
GESREERREAMRE TR0 &M
T AEYI R SRR 2R S A Ao R DA VR
BRI BRFER ) ARBFFTah BRI, TR Mo fe ot
AT TS R i, S EUR R IE SRR DA E

F =z 2B A0, AMIFIEE 1-MCP R 28 fif: 5+ 52 b
T A B A I 2R R ADAR 2R 05 1 R R 3R T T2
8 T A E IR, L 80 ¢/hm® 1-MCP AL BRI
ROR AR, TR HAES] 20 d B, HEE S WR
61 EOE AR AL ZE S R CK2
T 93.05% ., 132.30%. 58.95% . 84.73% F
74.05% , REERGAFHE  F/NRNS BT
gER—F,

T paE 2 T R AR P A K T AR E
HFE(ROS) , 5 4l RG2S Ak, 3 At P A it
0L, Horp ARG HL SR MDA 75 1 2l e R
AACRRE R EEAGAR Y T E RN TR, R
WS B B0 R4 R (POD  SOD | CAT #l APX
S5 P R TR B AR PN e 1 3 A A, AT R B T
AT BB, A R A e i it
1-MCP R 2 T 35 P38 T BRI A+ 2 e T~
TEAITHT BT A AL T 05 P, BRI S AR B 007, AR H
MDA i, H,0, i & 0, /A ol R 55 B i
IR R R SR A R WEE 1-MCP, W] $ TSR A S
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®3 FTEPETI-MCPHAAYNEHSEFTYWREENZM
Table 3 Effects of 1-MCP on osmotic adjustment substances con-
tents of Chinese herbaceous peony seedlings under

drought stress

b AbEREFE] R AR AR R RS AR

(d) (mg/g) (mg/g) FH (mg/g)
CK1 0 40.52+2.05a 10.02+0.25a 3.68+0.13a
5 42.25+2.28a 10.16+0.18a 3.52+0.16a
10 41.18+1.96a 10.11+0.23a 3.75+0.11a
15 40.86+2.58a 10.08+0.25a 3.78+0.18a
20 42.58+2.26a 10.25+0.12a 3.73+0.13a
CK2 0 40.65+2.52a 10.15+0.23a 3.62+0.15a
5 56.85+3.11b 12.26+0.19b 4.75+0.08b
10 98.26+£2.95fg  19.52+0.16f 7.86+0.33¢
15 90.83+3.32¢f  17.12+0.32e 6.78+0.25¢cd
20 75.66+3.65cd  14.75+0.26cd 5.82+0.23¢
T1 0 42.43+1.96a 10.23+0.28a 3.59+0.16a
5 63.52+2.76bc  13.46+0.15bc 4.82+0.21b
10 107.73+3.25g 25.52+0.42h 7.82+0.26e
15 08.85+£2.58fg  22.25+0.35g 6.72+0.13cd
20 82.11+2.92de  17.12+0.22¢ 5.86+0.25¢
T2 0 41.52+2.65a 10.21+0.32a 3.63+0.18a
5 78.66+2.16cd  15.56+0.28de 8.06+0.24e
10 175.56+3.32j 32.72+0.41j 15.25+0.46h
15 141.85+2.78i 28.33+0.52i 12.18+0.42g
20 102.53+2.55¢ 22.35+0.35¢g 8.56+0.32e
T3 0 43.02+2.36a 10.12+0.26a 3.65+0.16a
5 70.36+2.22¢ 15.65+0.26de 6.83+0.26d
10 138.35+2.92i 30.05+0.26i 12.65+0.31g
15 126.73+2.86h 26.18+0.35h 10.07+0.36f
20 86.88+2.15¢ 20.32+0.18f 6.52+0.19¢d

CK1.CK2.T1.T2.T3 W 2 7F,

T MDA & H,0, & & K& 0, = AEdUR I B ik
T, 254 POD SOD . CAT 1 APX 3515 T+
5 TR BAIIAT 259 B — o P e RS S 5
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