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Abstract; [ Objective] To select species for afforestation in difficult sites by evaluating the drought resistance of five
native and alien tree species. [ Methods] Pot experiments were conducted to study the physiological response and drought
resistance of 1-year-old seedlings of Liquidambar formosana, Pistacia chinensis, Ulmus elongata, Koelreuteria bipinnata,
and Quercus texana under conditions of appropriate humidity and light, moderate, and severe drought (75% —80%,
55%-60% , 40%—-45% and 30%—35% of the soil field capacity).[ Result] With the increase of drought extent, five
species showed different levels of symptoms of drought stress and major symptoms are yellow leaves and wilting. Severely
affected branches’ tops dried up with the increasing time of continuing drought. After sereve drought stress for 30 days,
partial seedings of U. elongata and K. bipinnata died, whole leaves of P. chinensis turned yellow or red, and leaves in
the middle and lower portions of L. formosana and (. texana turned yellow and dry. The chlorophyll and relative water
content in the leaves of the five tree species decreased; the relative conductance and malondialdehyde ( MDA) concen-
tration in leaves increased; the content of free proline, soluble sugar and protein in leaves increased. The SOD, POD,

and CAT activities in the leaves of (. texana increased, whereas it increased and then decreased in L. formosana, P.
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chinensis, and K. bipinnata trees. With the increasing drought extent, the SOD and CAT activities in the leaves of U.

elongate increased at first and then decreased, while the activity of POD increased with the increasing drought stress.

Membership function analysis showed that under moderate and severe drought stress, drought resistance levels were Q.

texana > L. formosana > P. chinensis > U. elongate > K. bipinnata.[ Conclusion] Q. texana has the strongest drought re-

sistance among the five tree species, which provides a competitive advantage for afforestation usage in difficult sites.

Keywords : afforestation tree species; drought stress; physiological responses; evaluation of drought resistance; subordi-

nate function method
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Table 1 Effects of drought stress on morphological characteristics of five tree species
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Table 2 Effects of drought stress on leaf relative water content, relative conductivity and chlorophyll

content of five tree species

MR R B A

g Ab B it AR K A % FEXTHL %/ % (mg-g™")
species treatments LRWC REC total chlorophyll
content
CK 71.45£0.93 a 28.90+0.60 ¢ 4.45+0.14 a
ik T1 70.87£0.74 a 30.94+1.80 ¢ 3.97£0.27 b
L. formosana T2 69.37+1.17 ab 34.76£0.72 b 3.62+0.15 ¢
T3 67.40+1.77 b 39.83+1.03 a 3.20+0.24 d
CK 66.53+£1.85 a 25.77£0.67 d 5.80£0.11 a
WA T1 61.40+2.62 ab 32.29+0.52 ¢ 5.32+0.18 b
P. chinensis T2 60.53+3.20 b 34.36+0.59 b 4.34£0.11 ¢
T3 58.84+3.76 ¢ 36.06+0.55 a 3.12+0.40 d
CK 68.87+£0.91 a 43.13£2.26 ¢ 5.72£0.19 a
K T1 67.16£1.04 a 47.85£2.33 b 5.36+0.09 b
U. elongata T2 63.92+0.59 ¢ 61.21+1.09 a 5.03+0.12 ¢
T3 63.03+£0.74 ¢ 62.01£0.71 a 3.20+0.23 d
CK 68.04+0.67 a 23.55+1.12d 5.86£0.12 a
T 1L 2 T1 66.83+0.82 a 27.64+1.32 ¢ 4.07+0.08 b
K. bipinnata T2 61.57+1.91 b 30.16+0.45 a 3.87+0.12 b
T3 59.23+2.50 b 32.99+1.59 b 3.45£0.19 ¢
CK 59.86£0.91 a 35.10+0.80 ¢ 5.34£0.18 a
TR AR T1 56.74+1.51 b 38.39+0.75 b 4.91+0.26 b
Q. texana T2 55.23+2.63 b 38.50+0.57 b 4.90+0.04 b
T3 54.26+1.09 b 50.54£2.17 a 3.99+0.20 ¢

L RIBIA R PR R2ZE 7 B3 (P < 0.05), FIAl, Different letters in the table indicate significant differences between processing of uniform

tree species (P < 0.05). The same below.
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T 5 AR R 4R PR i N B HE T R
T (37.82%) < B % K (39.93%) < i L 25
(40. 10% ) <t ¥ 11 (43.78% ) <BIsE5#E (43.96%) .

5 AR Sk 2R RS B T 0 AR R Y
DRI R R, S5 R A Sk s A e sh—a, 1
JBALEE 30 d,T3 AbH 5 AR P b SR 2R B &
Rty /N 2 K HE T by B8 SE MR (25.31%) < Bl F&
(28.07% ) <H ILIZERT (41.06% ) <K JFHf (44.03%)
<HE IR (46.14%) , I b G5 55 A% 1) Bt i Jme /N, ol
25.31% , B AR IRE ok 153 46.14%

23 FTEBEXS MR EERATYRN
=20

T X i R A T W s L3R 3
M 3 AT LU 5 AR i B il R | T
PEER AT VA R 0 B B A B T R e R 1 )
T3, b v L L ARy i 25 il 2 R 1 b A e 72
FE R IR 2 B0 e TS R R

*x3 TEBEX S MW ERTYRESENEN

Table 3 Effects of drought stress on contents of

osmolyte of five tree species mg/g
gl A R IR EHEA
species treatments  freeproline soluble sugar  soluble protein
CK 0.05:0.00 ¢ 40.38+0.14 ¢ 17.05+1.93 ¢
i Tl 0.0820.00 ¢ 43.75:0.50 ¢ 20.64x1.08 b
L. formosana T2 0.12£0.03b  55.70+1.46 b 29.17+0.96 a
T3 0.18+0.01 a  79.62+¢3.74a  29.75%2.17 a
CK 0.95:0.02 b 49.86+2.89 ¢ 24.05+3.07 d
WA T1 0.96+0.00 ab  57.430.56 b 30.10£0.92 ¢
P. chinensis T2 0.97+0.00 ab  58.45+0.34 b 37.04+0.88 b
T3 0.98+0.01 a  63.52+0.77a  42.09+2.92 a
CK 0.680.01 ¢ 26.44:0.81 ¢  42.27+1.04 b
K Tl 0.95:0.19b  28.77+4.14 ¢ 47.61%6.89 ab
U. elongata T2 0.96+0.00 b 65.72+2.49 b 51.1245.12 ab
T3 1.04+0.19 a  84.82+4.59a  53.38+4.13 a
CK 0.16£0.00 ¢ 21.93+1.11a  39.64+5.41 ¢
11125k Tl 0.2120.01 b 2535:1.58 ¢ 47.64x2.14 b
K. bipinnata T2 0.26+0.03 a  34.79+2.29 L  51.77+0.88 ab
T3 0.25:0.01 a  53.83:024a  55.51%4.07 a
CK 0.09£0.02d  50.00+4.53 b  41.49+1.33 ¢
REEAE T1 0.15£0.03 ¢ 50.15+¢1.32 b 45.760.60 b
Q. texana T2 0.22+0.01 b~ 57.08+4.33 b 46.54+1.51 b
T3 0.27£0.01 a  67.76+9.30 a  51.35+2.05 a




5 2 1 bR AE S RO T A AT R 115

T3 ALFER | A G0 3 R P 1 4 b 892 385 1A
T 5 LA S R R R R R A, 43 R S ELK
AYAbFER Y 3.35 A% 3.03 135, AT VA A B 1 IR
I3RS HOK AR BE R B9 1.97 £5% 0 1.36 f%, AT
PEER (1 R /N, R 2 B8 1,74 50 1.24
% 5 4 P A R 1L 2 AR A ) 92838 R 40 I LA
PV MRS B B IR 5, 43 BE EK A A B R
3.21.,2.46 £, Ui 25 Il 20 o5 2 14 R 23 ) S 3 B K
SPALEET Y 1.52 1. 56 %, AT M ER B b iR 43
B 1.26 1,40 A ; 25 1 A B 5 35 8 45 190 I LA T 9%
PEEA T ER R KR, RE KT 1.75
5, TR A IR K, RS EK A B R Y
1.27 fif5 , Ve i M 2 7 k8 1 /0, 238 ‘B0 K 43 Ak
I 1.03 %5,

25 LN AR RIAE 4 b S HR AR S e 174 e
VS Bvios R 70107 N 1 1 82 T R N O A
TR U5 8 VAT ) TR T B I R, KA
VB 1L 2R A ) o A 1 5 e SRR 1) 95 35 1A
Y IR AT PN | B0 AR T R R SRR 75 15 1

YU PR
24 FTEBMEX S MM FAZESEMERE
FiE R0

TSR i P U R AR T T
M ULER 4, MR 4 TR ETREEET 5 A RF
I MDA 7 £ ¥ Bl 25 T 5 30 78 52 i 384 hn it
o EETREMET,S MM R MDA &5
T B K 43 A FE R Y 2.29,1.89,2.85.9.52 Al
1.98 1%, UiHARE T2 aa R, 5 AR Fp it
F A R A o S A A T 380 308 3 ], 35 (L A i R 4
32 B IR ARG AR BE e K, HOR K e, Bl 5
Joih I AR B P T AN B OR B LU R 3 SRR
) DR il % 1 340 2 RS T e J AR AR e i e K
FEATEY) SOD A CAT ¥ M 52 B JE T i Jia PR A A AR
A, T POD 1 4 D 2 Fifi 2 Foip 360 A% 2 i) 365 o v
Fhi o WRSEAR A PRI B PR R 25, U I R
BRIl 22 G0 T 5 a8 1) 3 30 N fe i, H:
A A4 DT Bl R S0 7E R T R 0hE T ek )
REV T AR FRAEL, Bl J5 pi S AL 8 ks

x4 TEMEX S DRI A RPEEENE RS

Table 4 Effects of drought stress on protective enzyme activity and MDA content of five tree species

o e i R A I AL R 1 ALY o AL SR
spe(:ies treatments (mmOI-g_] ) . (U-g_l ) ( Mg.g_l 'l’l?il:l_l ) ‘( U.g_.l )
MDA content SOD activity POD activity CAT activity
CK 4.65+0.96 ¢ 446.88+11.76 a 3.27 £0.19 ¢ 129.91+6.98 d
W T1 7.84+0.87 b 475.90+10.81 a 5.81+1.16 a 140.35+4.38 ¢
L. formosana T2 10.57+0.85 a 301.96+37.82 b 5.26 +0.53 ab 164.78+2.21 a
T3 10.62£0.50 a 270.80+36.28 b 4.26 +0.60 be 152.47+0.71b
CK 3.59+0.23 b 709.80+24.49 ¢ 3.67 0.17 b 60.83+0.29 ¢
e A T1 4.42+0.36 b 854.73+42.24 b 4.32+0.86 b 137.58+2.64 b
P. chinensis T2 5.78+1.23 ab 1352.13+43.57 a 5.87+1.07 a 179.32+2.84 a
T3 6.79+1.89 a 1287.30£24.51 a 5.68+0.39 a 168.61+22.19 a
CK 15.31£1.34 ¢ 388.62+23.55 b 17.49£2.38 b 40.45£2.00 ¢
K T1 16.74£2.07 ¢ 411.23+33.76 b 20.43+6.68 ab 49.26+2.38 b
U. elongata T2 33.11£2.70 b 560.64+47.62 a 27.80+3.50 a 59.65+4.00 a
T3 43.62£2.13 a 510.08+46.63 a 28.16+1.12 a 57.39+3.71 a
CK 5.32+0.58 b 1 007.64%58.02 ¢ 17.26£1.19 ¢ 250.30£23.70 b
1 skt T1 7.95+2.80 b 1 079.292+41.35 be 23.12+£3.24 b 284.21£14.36 a
K. bipinnata T2 19.09+4.25 a 1264.01£119.46 a 34.56+2.42 a 287.16+18.56 a
T3 25.33+5.56 a 1 173.25%24.50 ab 26.23+1.48 b 239.93+5.01b
CK 9.60+1.29 b 608.33+89.93 ¢ 15.10+4.34 b 26.54+2.45 ¢
a3 Tl 12.55+3.50 ab 781.17£45.60 b 20.96+2.07b 41.03£1.50 b
Q. texana T2 12.99+3.48 ab 784.31+58.03 b 32.14+6.66 a 45.13+3.07 b
T3 19.03+6.41 a 827.62+78.35 a 34.16+1.96 a 53.80+1.12 a
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Table 5 Comparison and comprehensive evaluation of the subordinate function values of five afforestation tree species

I AR ARXF - . k47 e g den
. ; " Atk ey | SUR N T .
Skt Bl s A L ‘ ¥ A ¥ B g =¥
s g KSR ks mame wweeme g0 RRER e RIS wi v
A leaf relative relative chloro- free pro- soluble W+ o subordinate drought
treatments species L . soluble POD CAT MDA- . .
water conductivity  phyll + line+ sugar + . L SOD L function resistance
protein+ aclivity+ . activity+
content + - activity+ values
WA
0.45 0.51 0.59 0.49 0.40 0.48 0.50 0.56 0.67 0.56 0.52 2
L. formosana
ﬁ‘é/f\ 0.46 0.44 0.38 0.33 0.62 0.59 0.60 0.60 0.59 0.55 0.52 2
P. chinesis
i
T1 . Ky 0.58 0.45 0.58 0.39 0.40 0.63 0.35 0.35 0.40 0.46 0.46 5
U. elongata
T 2R A
'Him*yj 0.49 0.37 0.35 0.42 0.64 0.47 0.42 0.52 0.53 0.62 0.48 4
K. bipinnata
T
URSEE B 0.51 0.50 0.64 0.54 0.38 0.49 0.59 0.58 0.59 0.65 0.55 1
Q. texana
WA
0.41 0.55 0.56 0.51 0.66 0.37 0.66 0.61 0.60 0.54 0.55 2
L. formosana
e
ﬁ_&?k 0.43 0.55 0.58 0.61 0.36 0.52 0.62 0.57 0.65 0.38 0.53 3
P. chinesis
T2 Kt 0.44 0.64 0.59 0.60 0.49 0.39 0.45 0.42 0.46 0.47 0.49 4
U. elongata
|2
ﬁl“%*ﬁ 0.51 0.34 0.43 0.55 0.34 0.46 0.58 0.49 0.44 0.50 0.46 5
K. bipinnata
WEEAR
0.43 0.50 0.58 0.51 0.64 0.47 0.53 0.63 0.65 0.65 0.56 1
Q. texana
W
0.38 0.44 0.48 0.53 0.61 0.53 0.59 0.64 0.67 0.54 0.54 1
L. formosana
g
ﬁ&/r\ 0.42 0.52 0.63 0.45 0.49 0.56 0.56 0.58 0.50 0.56 0.53 3
P. chinesis
T3 Jﬁ’?*ﬁ 0.49 0.36 0.34 0.65 0.53 0.59 0.51 0.48 0.34 0.49 0.48 4
U. elongata
A2
,'\U_J_;H:J 0.51 0.58 0.47 0.54 0.51 0.41 0.40 0.42 0.38 0.52 0.47 5
K. bipinnata
AR
ISE S 0.43 0.48 0.65 0.59 0.52 0.48 0.55 0.56 0.56 0.63 0.54 1
Q. texana

L+ FRIZE R SR M REAE ¢ =" RORIRIER SPURE R AAASE, “+7 indicates that the indicator is positively related to drought
resistance, and “~-" indicates that the indicator is negatively related to drought resistance.
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