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FE T BT 5 AN R T B 038 2 F 4 BRI RN 4B Iy (80X H, S S50 B 35 o0t B SR v g e R b T i 5 T
JHE T B T R AT AR &Iy e o 0 R % i L 2y, R A IR &1y D) 4l 285 00 B A [ S b ) R A 4l e e R
f10 It 23 28 /NI B 54 SRl 0 10 3o SIS A 8 ( SOD ) 5 14 P M3 I ] 8 Jor v 22 2% TH i B ) 8, R v K A R A B
LTI SOD 1 P RFEE A R FE R R /K7 s far AR (TR 8 (MDA ) 5 i S TH I B, 5 Rxt BT ARG , ARSI T A MDA 5
PR X T 5 A T 4 Fhaly i R B Al v RE & R R RO TR 4 FhA BB RE TR AT AR > K
JiHE > RBE > WA,

KGR : W4 PEG ; T FhA ;A JRAR AR ; Eisr o4

Physiological responses of four broadleaved seedlings to drought stress simulated

by PEG

FENG Huifang' , XUE Li""*, REN Xiangrong'”*, FU Jingdan' , ZHENG Weiguo', SHI Xiaoling'
1 College of Forestry, South China Agricultural University , Guangzhou 510642 , China
2 Synthetic Proving Ground of Xinjiang Academy of Agricultural Science , Urumqi 830000 , China

Abstract; The amount and seasonality of rainfall varies strongly in South China, so that drought is a very obvious ecological
factor limiting tree growth in drought season, whereas drought stress of tree species in this region has received less attention.
Understanding how tree physiological characteristics respond to drought is a key element for a deeper understanding of
sustainable management of forest ecosystems. Tree species with relatively high water requirements are very sensitive to
periodical soil drought because of low rainfall level during the drought season, whereas those with relatively low water
requirements have evolved a wide variety of physiological tolerance mechanisms in response to drought. A deficiency of
water often results in physiological changes of tree species, which depends on the drought severity and duration of the
drought stress. Michelia macclurel, Eucalyptus urophylla, Liquidambar formosana and Schima superba are important tree
species in South China. To develop a drought stress response function in these tree species, efficient laboratory tests were
used to analyze the effect of drought on their physiological characteristics under varying degrees of stress and different stress
duration time. Different responses among four seedlings were observed, and the physiological differences that confer drought
resistance or susceptibility are well explained. Experiment of seedlings of Michelia macclurel, Eucalyptus urophylla,
Liquidambar formosana, Schima superba was conducted under drought stress using treatments of different PEG6000
concentrations (mild stress, moderate stress, severe stress) and different stress duration time (12 hours, 24 hours, 36
hours). The results showed that relative water content of four seedlings decreased after being treated with drought stress,
and decrement of the E. urophylla and L. formosana was greater than M. macclurel and S. superba. Relative conductivity

of the four seedlings significantly was greater than the controls, and increment of the E. urophylla and L. formosana was
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greater than M. macclurel and S. superba. Under drought stress, complex carbohydrates and proteins can be broken down
by enzymes into soluble compounds simpler sugars and amino acids, such as proline, respectively, and accumulation of
soluble compounds in cells increase osmotic potential and reduce water loss from cells. The content of free proline of M.
macclurel and S. superba fluctuated after being treated with drought stress, whereas that of E. urophylla and L. formosana
increased significantly compared to the controls. With increasing stress intensity and prolonging duration, chlorophyll
content of the four seedlings slightly fluctuated. With increasing stress intensity and prolonging duration, the activity of
super oxide dismutase (SOD) of the four seedlings increased and then decreased, and that of M. macclurel and S. superba
remained relatively high level. The content of malondidehyde (MDA) of S. superba increased and then declined to level of
the control, whereas that of other seedlings was greater than the controls. The content of soluble sugar of four seedlings
increased obviously under drought stress. Principal component analysis can provide a quantitative evaluation of the different
physiological indices for the seedlings under drought, which indicated that the order of drought resistance of the four

seedlings was S. superba > M. macclurel > E. urophylla > L. formosana.

Key Words: broadleaved seedling; PEG; drought stress; physiological indices; principal component analysis
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b, 38 5 FE B A TR A R BT REE T TER G, T DL BB TR BR 7, T E A A5 T R AR
PEPR UK
1 #MRl5AZ®
1.1 RIewr#t

TR b E A R A K2R AR B 6 5 b T 28 i N e O R AR B R AR A AR 4l
AERKFEATEH L 1, RAK 40 em, 58 37 em, I 17 em BRI K BE 2865 1E S RHETRBFT LG B T4
T KR T 2N E IR B IR AR 2 B TR T

K1 4 THEPERER PRI + brifE2)

Table 1 General Characteristics of four seedlings ( mean +SD)

4 T4 Seedlings T/ em I/ em FHE MR/ em

K J1## Michelia macclurel 0.54 +0. 03 46.9 6.8 22 %5

A% Eucalyptus urophylla 0.42 +0.04 53.4 6.1 21 +4

WF Liquidambar formosana 0.41 0.03 42.5+3.7 22 +4

far A Schima superba 0.39 +0.04 31.6 £2.6 19 +3
1.2 Rk

1.2.1  AN[] 5 am o B b 3

T 85 TR AN PEG6000 e il A [5) e 2 A8 JBlh 38 59 - 52 38 5% (50 /L PEG) (HPEE A 10%
(100 g/L PEG) \EJEE 15% (150 g/L PEG) . 4 i BUAR R A M8 30 b 47+ B hia kb B, DA AN
PEG6000 11 1/2Hoagland =& " S 4N HVE A X RE
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Fig. 1  Effect of drought stress on the relative water content in leaves of seedlings
a. ‘K1 Michelia macclurel ; b. JBWHE Eucalyptus urophylla; ¢. WF Liquidambar formosana, d. 1aj K Schima superba
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Fig. 2  Effect of drought stress on the relative electrical conductivity in leaves of seedlings
a, K 14§ Michelia macclurel ;b , B A% Eucalyptus urophylla ;¢ WA Liquidambar formosana; d, ffA Schima superba
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Fig. 3 Effect of drought stress on the content of free proline in leaves of seedlings

a, ‘KII Michelia macclurel ;b , BMHE Eucalyptus urophylla ;¢ MG Liquidambar formosana; d, i A Schima superba
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Fig. 4 Effect of drought stress on the chlorophyll content in leaves of seedlings

a. ‘K F1HRi Michelia macclurel ;b , B ¥ Eucalyptus urophylla ;¢ G Liquidambar formosana; d, fi A Schima superba
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Fig. 5 Effect of drought stress on the activity of SOD in leaves of seedlings
a, K1 Michelia macclurel ;b , B Eucalyptus urophylla ;¢ , WG Liquidambar formosana; d, fai R Schima superba
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Fig. 6 Effect of drought stress on the content of MDA in leaves of seedlings

a, KM Michelia macclurel ;b , FEM K% Eucalyptus urophylla ;¢ , WG Liquidambar formosana; d, iR Schima superba
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Fig. 7 Effect of drought stress on the contents of soluble sugar in leaves of seedlings
a, K Michelia macclurel ;b , M 4% Eucalyptus urophylla ; ¢, Liquidambar formosana; d, A Schima superba
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T A AR F AL TR A 1 2 RN 3 F R BFTTRRRRIE 98.89% , 55 1 F A I AR K
KR 2 T R EURRAYIE SOD MR MDA i 4 3 2 aor AR xS i S 3R S B0 K, BB AR X 5 7K
R ST S Y B AR bR, L SOD TEE MDA 7 5 AR L F

oS A B LR = AN T ¢S Q- o4 e 7 W 9 1 o = T 8 M RS B N 0 0 N1 g v QT G
ASFERSY, T R Z BAR B S H A B AN F R STERE, R, B4 32 545 o it AU, PR R
S X N P TTRRR R AR B AR (B3 0 A FE R i AR BRAR AR A RRIE (B AR 3 I | R Rl B
AR FRER RS, B 5 4% U A AR TR SR A A 2R A 4500, 1500 v B b b SR
H e 3 T, TS an A B 4 AR BTSRRI B s BUIR AT St A ok A R A A
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Table 2 Principal components of drought stress of seedlings

FE 4> Principal components

2 F8 41 Determination index

Prinl Prin2 Prin3

I F A% 75 7K i Relative water content 2.64842 -0.08829 -0.14108
A%t L 5% Relative electrical conductivity -1.20289 -0.34241 1.13845
JH &2 Free proline -0.82799 -0.69154 -0.04196
42 Chlorophyll -0.82832 0.8701 -0.67811
ALY AL RS SOD 0.69523 1.11672 0.74954
T MDA 0.50519 -1.11178 -0.26135
T4 Soluble sugar -0.98966 0.2472 —0.76549
TiHkE Contribution rate 0.6191 0.2093 0.1605
ZTTHR A Cumulative contribution rate 0.6191 0.8284 0.9889

x3 4 MpEHTIERE
Table 3 Drought resistance ability of four seedlings

ZiFFP Experimental tree species i A K Jent i LSy

= P i P Schima superba Michelia macclurel Eucalyptus urophylla Liquidambar formosana
FE 531547 Score of principal component 3.99 3.79 -0.47 -4.67
PLRALIK Ranking of drought resistance 1 2 3 4

3 Fig5itig
3.1 g PU RS R A KR
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