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Effects of PEG 6000 simulated drought stress on physiological and chlorophyll
fluorescence characteristics of Dendrobium candidum seedlings

FENG Rui, ZHOU Qi, WU Lingshang, ZHU Yuqiu, GAO Yanhui
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The objective is to study the effects of PEG 6000 simulated drought on physiological
and chlorophyll fluorescence characteristics of Dendrobium candidum, so as to provide reference for variety
selection, industrial cultivation, and near wild cultivation of D. candidum. [Method] The seedlings of D.
candidum ° Jingpin No. 1’ were used as experimental materials and treated with PEG 6000 at different

concentrations to simulate drought stress. The stem segment and leaf cell structure of D. candidum seedlings
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were observed, and the dynamic changes of peroxidase (POD), catalase (CAT) activity, malondialdehyde
(MDA), soluble sugar, soluble protein, chlorophyll content and chlorophyll fluorescence parameters in D.
candidum leaves were detected. [Result] (1) The content of chlorophyll in the stem and leaf cells of D.
candidum decreased after treatment with high concentration of PEG 6000 (20%—30%). (2) PEG 6000 simulated
drought stress significantly affected the content of soluble sugar and protein, MDA, POD and CAT activity of
D. candidum seedlings. The soluble sugar content increased with the increase of PEG 6000 concentration and
the extension of treatment time, reaching its highest value on the 12th day, while the soluble protein showed a
downward trend. MDA content, POD and CAT activity increased first and then decreased with the increase of
PEG 6000 concentration, reaching the peak at a PEG 6000 concentration of 20%. (3) PEG 6000 simulated
drought treatment of D. candidum seedlings significantly affected chlorophyll fluorescence parameters such as
maximum photochemical efficiency (F,/Fy,, photosynthetic efficiency (a), electron transfer rate (ETR),
photochemical quenching coefficient (¢p) and non-chemical quenching coefficient (gyp). With the extension of
PEG 6000 stress treatment time and the increase of PEG 6000 concentration, a, ETR, F,/F,, and gp showed a
significant downward trend, while gyp showed a trend of first increasing and then decreasing. [Conclusion] 20%
PEG 6000 treatment for 12 days can be used as a method for screening drought resistant varieties of D.
candidum, which can resist and adapt to a certain degree of drought stress by increasing the content of soluble
sugar, reducing the content of soluble protein and improving the activities of defense enzymes such as POD and
CAT. The maximum light energy conversion efficiency of D. candidum seedlings decreases, and the
photosystem I (PSI) is damaged by stress, which seriously affect the photosynthesis of D. candidum

seedlings. At the same time, D. candidum seedlings consume the excess light energy absorbed by the PS1I

reaction center by activating the ¢yp pathway to maintain normal photosynthesis. Therefore, soluble sugars and
protein, POD and CAT, and chloroplast fluorescence parameters can all be used as indicators of drought
resistance in D. candidum. [Ch, 6 fig. 44 ref.]

Key words: Dendrobium candidum; drought stress; physiology and biochemistry indicators; chlorophyll

fluorescence parameters; PEG
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] i f 2088 PEG 6000 A1 32 b BEA 71595, JEIR 1500~3 000 Ix, 45 KGR AR RS I [E]) 4350 % 14 h A1 10
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1.4 HESIT
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R (30%) XK B A fRHA AR A 1 B, FIRA TR A RB T R R .
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Figure | Change of MDA contents in D. candidum seedlings under PEG 6000 simulated drought stress
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) 3.87 £ ; PEG 6000 J5i it 53 £ R 30% B CAT 16 PEREAR, I fE T /& BT it 43 40 PEG 6000 7] ifi 24 Jfd i
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Figure 2 Changes of CAT and POD enzyme activities in D. candidum seedlings after PEG 6000 simulated drought stress
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Figure 3 Changes of soluble sugar and soluble protein contents in D. candidum seedlings after PEG 6000 simulated drought stress
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R A B AUR R B, B8R — IR ck 43 ) R BT 32.019% (5%PEG 6000), 35.03% (10%PEG 6000) .
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Figure 4 Chlorophyll contents (A) and its distribution on stems and leaves (B) of D. candidum seedlings after PEG 6000 simulated drought stress treatment
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Figure 5 Changes of photosynthetic efficiency and electron transfer rate of D. candidumseedlings after PEG 6000 simulated drought stress
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6000 AbFEIAfH gp TE55 2~12 KIBWIFEAL, HFEZE PEG 6000 Gt /0503 b FFE, Ui PSIT B2 il
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Figure 6 Changes of chlorophyll fluorescence parameters of D.candidum seedlings after PEG 6000 simulated drought stress
3 itk
3.0 BRI T R A TR A L N AL

TRESBREINE RS2 — . YAk 1) AR AE, HRR NS N & Ahivibs . K24k
R AT A B 0 AR B AE AR o B T R B, DAAERRE IR AR K

MDA J2 4 i I8 52 2] 39 158 36 43 3 5 RS A B 2ot S04k ™ ), MIDA JUT 5k B8 7K e 8 14 WA ) A4 L 32
N0 E AR E AR AR, MDA JT B R U B s 150 WY 200 RS2 4 A B 25 2430 AR gl Bk
4T MDA J 2 B JR Mk B2 B PEG 6000 J5i et 43 BRI BRIRH [ AS [R] A7 A 25 5%, S8R (R] (<8 d) PEG 6000 £
LT 52 3 b 38 S R R A S MDA B AN K, X A RS i AN, i B ] (=10 d) b B S
MDA ZJil 7+, H PEG 6000 it /-4, MDA Jifa BE/RVEEE MR, R, PEG 6000 B4l T S FEEE
B2 FEA I Z B 3, AR LR K . X S Broussonetia papyrifera®® . Jt3%
21Kk Quercus rubra®" FIK 5. Glycine max® 4l ¥ 7F + 2 b Bf MDA )28k —2L(.

AN BB D R A . N RS T IA AR AR L E R P AT A B E A, R A O
KRBT M AERF AN A E 5 A B R . RIS, TR MNA & S B AR Z 3, BRI, SR A
ORI, S8R T i, PR LA P nl s s R AR R AR S R e B m R R T, R BT
BYEMARAE R Z U RIS, Bk A R T TR 5T i 3 BB PEG 6000 JTT R 43 E5ORT R Ak



140 WroIL R R K A R 2024 4E2 H 20 H

PR E] A ZEHC 52 Th S, Bk R A Akl v 200 B e R SR T A R s A R R R, AR R Y
BiBH, AERARNAIEHS S ERS A S IEF AP . X5 5 OKR A T PR T4 B0 T S0 Y
T2 5 ) v 2 Ak S — 0 FEAL BRI R AR RIS, PEG 6000 Jifa 20 Bob e, 4 B A Al 4 ml i v
AT EAL, BT R IRBE X B A A s AR R ) 135

FE) A PR ATR )95 P AN 2 X AL A L 2 5 54, i AR ) 52 T S 30 e 3 P A ) A R T ™
EIR, EIEEIE L, b o LS R B R AR A, (A B A S 3R AR A AR AA, NI AE )
Y= A FPEE EAEH . POD. CAT S5 0R3 B BEAT 0 A1V BRAT 14 P4 1) 45 F ik o 420 1l 20, R
WF5E R W] . PEG 6000 AT FAb Bk 2 A4 iRt 4 1 f5 . POD Al CAT I PE#R S 3 TG TR 3,
POD Fll CAT [l 4 18 A W 12 1 R A it X ¥ 1 S SR BB T RIS A G S LA AR Y RE . 245 R S
=M-EL Trifolium repens 32 3T 5 WA EF POD Al CAT BTG AL —2>), R, Y2 T 5 r0 i i o
P 1o A DG DR il 175 P R DR P 3 P 21
3.2 PEG 6000 1= 2 iii8 X It 48 5 5 L S E0 3 M

MR EOCEEHREEN AR, CEEMNRHERRIRER, N CO, i 72 ik & Wit itie
iy KO REM SRR NG RER, TR e R G IR E K SRR A, HE R B R TR
B ADF5RH PEG 6000 4L T AL e 2 A s i e, 22 BRIt it g R i B Ak, 5
PEG Ffl+ B Wp i AR P PEAR AL Gossypium hirsutum W4 2R A8 AL #H—514)

MR RDOCHMYDCEER KRB, MR I, A 7 A R0k G AE 4 - 1A N I )
JGRERR LT A AR v A AR D2 SO B RE B I AR M sk i DGRBS AR SR IALA , A LADEO B T
KRB e DR E R ER ;. BRSSPSR RIOCFY G R 2 A, MR
HAR S A R R, R Z IR MY 2 W ia R 56 A AR s ORI B E DI
R AR H, PEG 6000 B4U 1 FAL IR K A B4, F/Fn. gp. ETR B2 TGS, KU PEG
6000 T S a X G S VE T 42 T 4% s PEG 6000 T 5 e 8 4 fz A1 T gnp 2 b THEH, 180
Bk KA Rk v o R s AR AR KGR AR R KB THAE PS 1T S Wi i D RE . BEE PEG 6000 Jik
HEARWIINEE, gep IR RIE R FRER S, FTREE o THRFEBHLEISZBH, Jouk (EFE S ol ) i
FtRE, FBOCRGZBIRAW 0, D EIEM . B, Y32 2T 2P a e a /e be ) %
TR SE M AR ) 1) 1E 5 AR o

4 i

AT R B A BT HEAT PEG 6000 #5480 52 bk kb BRLS (9 2R BRI SR ROkt R
AT EA —E PR ), FEEYTRAG N ES A Bk EIEE A KW B, B %
FREE . TR PEG 6000 i 4340 (<5%) Whiaist, mT LS JE 1R Se el A A=Y, 76 5 i 434X PEG
6000 (=20%) i}, +RWhia SEAGAY, g B R ADEA1EH- . 20% PEG 6000 JifE 10 d 7] 7 Ak
B A e T 5 SRR O A A AR 5 R R A T e s R, s e s A T, $2% POD Al
CAT %5 57 B B M0 00 0 — & P2 T 52038 (=20%PEG 6000 40 BH =10 d); 4k e A7 4 i ek
HERBFLARCRREAL, PSTTZ R Mia s, ek, 25 A SRS IE 3 gne R AHFE PSRN 10>
W G RE, AERFIER ROCAER . Hitk, RIE MR DA . B POD A CAT DA K4
IRDSCSHI ATAE R B A R T T S48 4 o

5 2% ik

(1] 57, sk, T, 55, PEG 60004Y 1 S ba X RSN # A 1 S AR BRAR R A2 [J/OL ). JRIB TR [ AR
274, 2023, 40[2023-04-11]. doi: 10.13482/j.issn1001-7011.2022.05.112.
ZHAI Yuning, ZHANG Guanghua, DONG Yinzhuang, et al. Effects of PEG-6000 imulated drought stress on growth and
physiological indexes of sugar beet seedling [J/OL]. Journal of Natural Science of Heilongjiang University, 2023, 40[2023-
04-11]. doi: 10.13482/j.issn1001-7011.2022.05.112.

(2] XU, ek, Dok, S5, 4 RS T S0 T R SRAAC A0 Rl i AR BRAS A  SE (D] BB AE AR, 2023,



541 5 1 o B55%: PEG 6000 AL SR Xk B A R4l v A BRI 2R RO GRHE I R0 141

(3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

31(1): 130 - 139.

LIU Shulan, LI Jin, MA Yonghui, et al. Effects of strigolactones on seed germination and seedling physiological changes of
Lycium ruthenicum under drought [J]. Acta Agrestia Sinica, 2023, 31(1): 130 — 139.

bz, BT, SRVEAH, 55, T W0 N ECRR e 88 K DX 3 b i Rh 7 R A KR 0] A3, 2022, 42(22):
9175 —9185.

DENG Yang, WANG Yao, GUO Yangnan, et al. Effect of drought stress on the seed germination and growth characteristics
of switchgrass [J]. Acta Ecologica Sinica, 2022, 42(22): 9175 — 9185.

TERE, PR TN, Ui AL, 55, 5B 0 AN [ AR B 4 AR AR A A SR s A T 2 i) (0] AR 25241, 2021, 41(19):
7735 —7742.

WANG Kun, NAN Lili, SHI Shangli, et al. Influence of root growth and bacterial community in the rhizosphere of different
root types of alfalfa under drought stress [J]. Acta Ecologica Sinica, 2021, 41(19): 7735 — 7742.

PHII85 R - 3007, WRIGERH, w8 SCHL, 45 AMF-Z2 BOREAN &)y i 2 A 0RO - SR 30 A 28 B 7 (D] MR- 24, 2022,
40(5): 724 - 732.

Yilinuer Aili, CHEN Xiaonan, GAO Wenli, et al. Physiological responses of arbuscular mycorrhizal fungus-Tamarix
ramosissima Ledeb. seedling symbionts to drought stress [J]. Plant Science Journal, 2022, 40(5): 724 — 732.

XU ZE, (YRAH, T, A5, SPOMNRY TN TS0 T 2B R A5 A K A8 (] VLR 2R, 2022, 42(7): 1169 —
1179.

LIU Xin, FU Lijuan, YU lJing, et al. Alleviation effect of five exogenous substances on Sphaeropteris lepifera seedings
under drough stress [J]. Acta Botanica Boreali-Occidentalia Sinica, 2022, 42(7): 1169 — 1179.

PR, SE e, XUBEM, 45, T 5 A X £ KL B0 A M-SR 9O SE o m (1], #eii Rl B, 2022, 42(6): 11 —
16.

LU Binghan, ZHUO Dinglong, LIU Xiaozhou, et al. Effect of drought stress on photosynthetic and chlorophyll fluorescence
parameters of Curcuma ‘Hongyu’ [J]. Chinese Journal of Troical Agriculture, 2022, 42(6): 11 — 16.

TR, 2N, T oA, A, A RED KPS A6 A TCP AL R G A 4 B AR T FEMiaa R 2ah it (1], Folk 241z,
2022,31(1): 118 — 130.

WEI Na, LI Yanpeng, MA Yitong, et al. Genome-wide identification of the alfalfa TCP gene family and analysis of gene
transcription patterns in alfalfa (Medicago sativa) under drought stress [J]. Acta Prataculturae Sinica, 2022, 31(1): 118 —
130.

G, RS, P =, S BT R S e 4 R 3 B T R A X PF S R R GR A IR (D] P E2Y, 2020, 51(6):
1600 — 1608.

LI Xiaoyan, ZHOU Jingwen, YAN Zhuyun, et al. Sequencing and analysis of transcriptome to reveal regulation of gene
expressionin Salvia miltiorrhiza under moderate drought stress [J]. Chinese Traditional and Herbal Drugs, 2020, 51(6):
1600 — 1608.

RSN, KR HOR, B2, A5 T T A0 X AN ) AL A R OE AR E A A BRI B2 [ v M 4, 2020,
42(3):37 —43.

HAN Zhishun, ZHENG Minna, LIANG Xiuzhi, et al. Effects of drought stress on morphological and physiological
characteristics of different alfalfa cultivars [J]. Chinese Journal of Grassland, 2020, 42(3): 37 — 43.

W, 5K, SRR, 45 T RMA T 2 R IR ST 4 O S FUR RO A: A AR AR s e (1], L ve ol B2, 2022,
50(2): 161 — 169.

WU Xi, ZHANG Gang, GUO Hua, et al. Effects of drought stress on morphology, physiological and biochemical indexes in
different parts of Nepeta multifida L. seedlings [J]. Journal of Shanxi Agricultural Sciences, 2022, 50(2): 161 — 169.
Pise, SR, 4, . LI BURAR ZO6 PEGREU TS0 i 42 3R B 28 5340 [V s 5 Ml B4, 2020, 48(3):
1-6.

YANG Shungiang, WU Yinmei, WANG Lei, et al. Physiological response and comprehensive evaluation of the root
systemof Davidia involucrata var. vilmoriniana to drought stress simulated by PEG [J]. South China Forestry Science,
2020, 48(3): 1 - 6.

N, BrE AR, TR XA G Rk R Tt 52 (1] ZRAE bl R 2274z, 2010, 38(8): 54 — 56.


https://doi.org/10.3969/j.issn.1000-5382.2010.08.017

142 WroIL R R K A R 2024 4E2 H 20 H

SUN Ping, DUAN Xihua. Effects of drought stress on souble sugars and photosynthetic characteristics of Catharanthus
roseus seedlings [J1. Journal of Northeast Forestry University, 2010, 38(8): 54 — 56.

(14] JED7, XU R, PN, S5, Frh) T SRR A AR 2R P IR0CR e T e & B s 0] Bl VR4, 2013, 34(3):
486 — 494.

ZHOU Fang, LIU Enshi, SUN Haiyan, et al. Effect of drought hardening on the content of endogenous phytohormone and
soluble sugar incassava roots [J]. Chinese Journal of Tropical Crops, 2013, 34(3): 486 — 494.

(15] Thdp, BAME, oA, 45, T SN0 X AR SE2AF A I HE B I REGS 5 7K e R T VAl 2 i i S (0] AR 22441, 2017, 7(1):
91 —94.

XU Yang, ZHAO Jian, ZHANG Lei, et al. Effect of drought stress on leaf relative water content and soluble sugar content of
2-year-old grafted Castanea mollissima [J]. Journal of Agriculture, 2017, 7(1): 91 — 94.

(16] FO, AW, BKIF, 55, T S WRE XA I SR 3R & R SR IO SR [1]. 255, 2020, 38(3):
16 —25.

DONG Bin, LAN Laijiao, HUANG Yongfang, et al. Effects of drought stress on photosynthetic pigments and chlorophyll
fluorescence characteristics in leaves of Camellia oleifera [J]. Non-wood Forest Research, 2020, 38(3): 16 — 25.

[17] AZZEME A, ABDULLAH S N A, AZIZ M A, et al. Oil palm drought inducible DREBI induced expression of DRE/CRT-
and non-DRE/CRT-containing genes in lowland transgenic tomato under cold and PEG treatments [J]. Plant Physiology and
Biochemistry, 2017, 112: 129 — 151.

(18] FE &, 23X, M, 55, PEG-6000# L T R XA RIHTIE/INAE it Rl & At S 3R DO R R [T]. HR Al Ry
1%, 2022, 57(4): 49 - 56.

WANG Aiying, LI Shuang, JIAO Zhen, et al. Effects of PEG-6000 simulated drought stress on photosynthetic and
chlorophyll fluorescence characteristics of different drought resistant wheat varieties [J1. Journal of Gansu Agricultural
University, 2022, 57(4): 49 — 56.

[19] &, JHREr, T, 4. FORESAUT R Bha 24 LT X DNA JEAL A2 4 o4 (7). PYJbAi o4k, 2021, 41(10):
1691 — 1699.

WANG Xia, YIN Xiaoyu, YU Xiaoming, et al. Transgenerational drought stress on memory physiological mechanism and
changes of DNA methylation in maize [J]. Acta Botanica Boreali-Occidentalia Sinica, 2021, 41(10): 1691 — 1699.

[20] $r<F, 5kl 2R, . AMHS BB A ECR AR IE D], FPIEh254%E, 2017, 42(10): 2001 — 2005.

SI Jinping, ZHANG Yuan, LUO Yibo, et al. Herbal textual research on relationship between Chinese medicine “ Shihu”
(Dendrobium spp. ) and “ Tiepi Shihu” (D. catenatum) [J]. China Journal of Chinese Materia Medica, 2017, 42(10):
2001 —2005.

(21] tofi, SRk, BIRE, A% S TARE RO A BB AT Mo (0], s P 252, 2018, 43(6): 1118 — 1123,
YANG Jian, WU Hao, LU Chaogeng, et al. Geographical origin discriminant of Dendrobium officinale based on stable
isotope ratios [J]. China Journal of Chinese Materia Medica, 2018, 43(6): 1118 — 1123.

(22] JAIS&¥%y, SRAEHE, ARt 45, AR BRECO ™l A EBUIR B 3 L] AR R, 2018(13): 89 — 90.

ZHOU Meiling, ZHANG Zhiyong, JIANG Chunyan, et al. Development status and countermeasures of Dendrobium
candidum industry in Fujian Province [J]. Modern Agricultural Science and Technology, 2018(13): 89 — 90.

(23] Bewkhe, DEE5, PRIFIE, 55, T MO X BB A Rt s M T BR R 50 5 M R VOURHERYSZ R (1], PUapoll o7,
2017, 46(6): 104 — 107.

RUAN Lingxuan, MA Xiaoyong, LIN Xiulian, et al. Effects of drought stress on active oxygen scavenging systems and
chlorophyll fluorescence characteristics of Dendrobium officinale leaves [J]. Journal of West China Forestry Science, 2017,
46(6): 104 —107.

[24] B, w8, XA, 55, 2R A B AE YOG SRR T 530 Aok s iz L. 35 7KHEE, 2023(2): 111 — 120, 127.
LU Chaoyan, GAO Zhixi, DENG Fumei, et al. Responses of photosynthetic characteristics of two Dendrobium plants to
drought stress and rewatering [J]. Water Saving Irrigation, 2023(2): 111 — 120, 127.

[25] Z=U0F, RAUSE, BH#, . IR L ZEE(PEGYRBL T e X = it FiA: & Kb S BRE P ry 2 (3], dbJr 2, 2019(11):
92 —96.

LI Yan, SONG Kaixuan, ZHAO Jing, et al. Effect of drought stress stimulated by PEG on growth and anti-oxidative enzyme


https://doi.org/10.3969/j.issn.1000-5382.2010.08.017
https://doi.org/10.3969/j.issn.1000-5382.2010.08.017
https://doi.org/10.3969/j.issn.1000-5382.2010.08.017
https://doi.org/10.3969/j.issn.1007-5739.2018.13.058
https://doi.org/10.3969/j.issn.1007-5739.2018.13.058

5541 55 1 1 #54. PEG 6000 R 52 i X 2k Bz A k4l i Ak BRI R 0GR A 52 1) 143

activity in white clover [J]. Northern Horticulture, 2019(11): 92 — 96.

[26] XISEHE, KA, BURE, 45, IR RS AR SE D 4027 € 3 1% CN110398483A[P]. 2019-11-01.

LIU Meiya, ZHANG Qunfeng, NI Kang, et al. An Efficient Cytological Mapping Method of Tea Tree Genes:
CN110398483A[P]. 2019-11-01.

[27] BHEZ, VIR, AR5, 25 AR Z i —REDN A D5 vk iy itk 0] A A BRE2E IR, 1994, 30(3): 207 — 210.

ZHAO Shijie, XU Changcheng, ZHOU Qi, et al. Improvements of method for measurement of malondialdehvde in plant
tissues [J]. Plant Physiology Communication, 1994, 30(3): 207 —210.

(28] TR, KA. HEPIPR N T —IE(MDA) & X T S (1] Afoll B #riit, 2019(1): 110 — 112.

ZHANG Qinghang, ZHANG Yongtao. Study on response to drought stress of MDA content in plants [J]. Forest
Investigation Design, 2019(1): 110 — 112.

[20] (A, SRR, Wi, A5, AN E LDA ] P PRl o s A PR AL (0], B2 dhBlaE, 2014, 35(24): 136 — 140.

WEI Jie, WU Cuiyun, JIANG Yuan, ef al. Sample preparation optimization for determination of soluble sugar in red jujube
fruits by Anthrone method [J]. Food Science, 2014, 35(24): 136 — 140.

[30] PRIZR, sk T &R, AT B, 55, BRAEXT SR AL B R AR 0N I . PV PR & i S PR R SR [T, Roi2e 4, 2021,
29(4): 717 — 723.

CHEN Weidong, ZHANG Yuxia, CONG Baiming, et al. Effects of potassium fertilizer on MDA, SP content and antioxidant
system of alfalfa root neck [J]. Acta Agrestia Sinica, 2021,29(4): 717 — 723.

[31] WL, JH 2, T, 45, T S0 X B AT SO A 5 RS M RS2 (1], T AR R0l R 7, 2021,
48(6): 7 14.

ZENG Weijun, QU Kunjie, WAN Cheng, et al. Effects of drought stress on photosynthesis and leaf tissue structure of Litsea
coreana Levl. var. lanuginose cutting seedlings [J1. Guangdong Agriculture Science, 2021, 48(6): 7 — 14.

[32] fuf 2, B155, Rk, 2. SAUTEHAREY) R 2R R DO R RDIE T A s 8z (1], PEAEARBe4i, 2020, 35(2): 55 — 63.
HE Ji, BAO Fang, WU Bo, et al. Response of chlorophyll fluorescence characteristics of a typical desert plant species
Nitraria tangutorum to simulated rainfall enhancement [J]. Journal of Northwest Forestry University, 2020, 35(2): 55 — 63.

[33] Ed. T5MHE R Z MBS A DL A BT [D]. Kb shEgpfll BH R, 2019.

WANG Bo. Study on Photosynthetic Physiology of Phoebe minnan Seedlings under Drought Stress and Polyamine
Repair[D]. Changsha: Central South University of Forestry Science and Technology, 2019.

[34] FLIHg, 524, IMEEJE. WU R A [RIAL K BC HOG SR A BRSPS 0] JED7 e 22, 2017(16): 90 — 94.

WANG Hongmei, MENG Xi, SUN Hailong. Effect of different fertilizer and water ratios of vegetation coil on physiology
characteristic of Amorpha fruticosa [J]. Northern Horticulture, 2017(16): 90 — 94.

(35] J7 7, BRBHEE R, 20, 55, T 5 Mhan X)3 55 A2 BRARAE R 2T A0 G R% SRAEFR Ik A 52 e (0] 0 K 2= (1 SR B4 hin),
2020, 39(3): 230 — 233, 240.

WAN Yan, OUYANG Jianyong, YUAN Hang, et al. Effects of drought stress on physiological characteristics and infrared
spectrum characterization of tartary buckwheat [J]. Journal of Chengdu University (Natural Science Edition), 2020, 39(3):
230 — 233, 240.

[36] THE, B, AR T 5B X I ST A MBS R AR5 [T]. TEPG AL R 24R, 2018, 30(4): 680 — 683.
DING Fei, YANG Fang, DU Tianzhen. Effects of drought stress on activities of antioxidant enzymes in Broussonetia
papyrifera L. [J]. Acta Agriculturea University Jiangxiensis, 2018, 30(4): 680 — 683.

[37] JRFEZ, SdlHf, Hlilve. TS0 U SELOARA B A AR PR 520 (1] ZRJE Aol K224k, 2014, 42(8): 34 - 39.

SU Hanzhi, JIN Jianbang, ZHU Zunling. Effects of drought stress on physiological characteristics of Quercus rubra
seedlings [J]. Journal of Northeast Forestry University, 2014, 42(8): 34 — 39,

[38] sk, B, WEHHAT, 5. PEGIREA T 24N A Sl i 10 e i 5255 R DG i 1 B PR 38 23 (D). 43 FAE B R, 2019,
17(18): 5891 — 5898.

ZHANG Chunlan, CAO Shuai, MAN Lili, et al. Analysis of PEG stress on drought tolerance and related response genes
expression in soybean seedlings of two varieties [J1. Molecular Plant Breeding, 2019, 17(18): 5891 — 5898.
[39] HAYASHI T, HARADA A, SAKAI T, et al. Ca®" transient induced by extracellular changes in osmotic pressure in

Arabidopsis leaves: differential involvement of cell wall-plasma membrane adhesion [J]. Plant Cell Environment, 2006,


https://doi.org/10.3969/j.issn.1001-7461.2020.02.08
https://doi.org/10.3969/j.issn.1001-7461.2020.02.08
https://doi.org/10.3969/j.issn.1000-5382.2014.08.008
https://doi.org/10.3969/j.issn.1000-5382.2014.08.008

144 WroIL R R K A R 2024 4E2 H 20 H

29(4): 661 — 672.

[40] Ak, LRI, FEEWE, 55, TR T F KM R Al ML IS A IS (1. DUl R4k, 2018, 36(4): 436 —
443.

WANG Zhonglin, CHEN Junxu, CHENG Yajiao, ef al. Assessing the soluble sugar of maize leaves in drought stress based
on Hyperspectral Data [J]. Journal of Sichuan Agricultural University, 2018, 36(4): 436 — 443.

[41] FBERHE, JATK, ST, FY SRS MRS 5 g h A (30 B AE ik 50y FAEP02# 4k, 2017, 33(3):
220 — 226.

CUI Huiping, ZHOU Wei, GUO Changhong. The role of plant peroxisomes in ROS signalling network [J]. Chinese Journal
of Biochemistry and Molecular Biology, 2017, 33(3): 220 — 226.

[42] 5K, 2508, R, S5, AL B A AL R SRR (1], ol TR A4, 2016, 32034 1) 2): 142 — 147,
ZHANG Xue, LI Qiang, YU Hongjun, et al. Response of antioxidant enzyme system to nitrogen deficiency in cucumber
seedling [J]. Transactions of the Chinese Society of Agricultural Engineering, 2016, 32(suppl 2): 142 — 147.

(43] WAL, #EUE, SEBUE, 55, PEGHLAIT 5 Wb X AN W] 308 P AR A6 19 2 3RS R po 52 ma (0], T 5 R FFE, 2017,
35(5):223 —228.

HU Genhai, DONG Na, CHAO Maoni, et al. Effects of drought stress simulated by PEG 6000 on physiological
characteristics of different upland cotton [J]. Agricultural Research in the Arid Areas, 2017, 35(5): 223 —228.

[44] H7k, SZ AN, SR, 2. T R g i i i /A i A EUR RARZE M PR K AL S Y sE R (1], 6 S R AR
Yy, 2019, 25(6): 1261 — 1269.

YANG Bin, PENG Changhui, ZHANG Xian, et al. The mechanism of enzymatic control on soil organic carbon in response
to external input of nitrogen and phosphorus in a peatland in the Changbai Mountains [J]. Chinese Journal of Applied
Environmental Biology, 2019, 25(6): 1261 — 1269.


https://doi.org/10.11975/j.issn.1002-6819.2016.z2.019
https://doi.org/10.11975/j.issn.1002-6819.2016.z2.019

	1 材料与方法
	1.1 材料
	1.2 PEG 6000模拟干旱胁迫处理
	1.3 测定方法
	1.3.1 叶片和茎段组织细胞学观察
	1.3.2 生理指标的测定
	1.3.3 叶绿素质量分数测定
	1.3.4 叶绿素荧光参数测定

	1.4 数据统计

	2 结果与分析
	2.1 PEG 6000模拟干旱胁迫对铁皮石斛幼苗生理生化指标的影响
	2.1.1 对铁皮石斛丙二醛质量摩浓度的影响
	2.1.2 对铁皮石斛防御酶活性的影响
	2.1.3 对铁皮石斛幼苗可溶性糖和可溶性蛋白质量分数的影响

	2.2 PEG 6000模拟干旱胁迫对铁皮石斛幼苗叶绿素质量分数的影响
	2.3 对铁皮石斛幼苗光合效率和电子传递速率的影响
	2.4 PEG 6000模拟干旱胁迫对铁皮石斛幼苗叶绿素荧光参数的影响
	2.4.1 对铁皮石斛幼苗光能转换效率的影响
	2.4.2 对荧光猝灭系数的影响


	3 讨论
	3.1 铁皮石斛对干旱胁迫的生理生化响应
	3.2 PEG 6000模拟干旱胁迫对叶绿素荧光参数的影响

	4 结论
	参考文献

