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Abstract; Physiological process is essential for plant growth, and is sensitive to environmental change. The Minjiang River
dry valley in the upper reaches of the Yangize River is increasing as it is affected by human activity, environmental
changes, and their interactions under global climate change scenarios. Water deficit is a major limiting factor in vegetation
recovery in this region. Therefore, evaluation of the physiological and biochemical levels is important to determine drought
stress adaptations in plants and the selection of drought —tolerant plants. The aim of this study was to investigate the
adaptation mechanisms of selected shrubs to drought stress in the Minjiang River dry valley, and to provide a reference for
selecting drought —tolerant shrubs. We selected six mountain shrubs from this region, including Hippophae rhamnoides,
Bauhinia faberi, Sorphora davidii, Caragana arborescens, Berberis sargentiana, and Cotinus szechuanensis. We evaluated
changes of anti—oxidant protective enzyme activities, membrane injury indexes, and osmotic adjustment substances in leaves
of these shrubs subjected to increasingly severe drought conditions, using pot experiments. The results showed that the
responses of different anti—oxidant protective enzymes of these shrubs to drought stress and subsequent oxidative stress were
different. In all six shrubs, superoxide dismutase ( SOD) activities first increased and then decreased with prolonged
drought stress, peroxidase ( POD) activities increased gradually as drought stress continued, whereas catalase ( CAT)
activities increased in the middle and late stages of drought stress, indicating various protective enzymes could be playing
inter—coordinating roles at different stress stages. Malondialdehyde ( MDA ) in all shrubs showed a slow increase with the
prolonged drought stress, indicating that the membrane lipid peroxidation of cells gradually increased, and plants began to
experience toxicity. With prolonged drought stress, the membrane permeability of H. rhamnoides and B. faberi initially
increased, then decreased, and finally returned to the initial level at the end of the stress period, probably because these
two shrubs obtained drought resistance by drought hardening. Membrane permeability of S. davidii and C. szechuanensis
remained unchanged between 0 and 4 days when exposed to drought stress, and then sharply increased after 8 days, and
then was maintained at a relatively high level. These findings implied that the membrane structure and function of these two
plants was still intact and physiological activities could still proceed normally at early stages of drought stress; however, the
cell membranes suffered serious damage during the middle stages of drought stress. In all six shrubs, proline contents
increased with increased drought stress, indicating that drought stress resulted in proline accumulation and thus improved
cell osmotic adjustment capabilities. Principal component analysis can provide a quantitative evaluation of the different
physiological and biochemical indexes for the seedlings under drought, which indicated that the six shrubs could be ranked
from the most to least drought resistant as follows; B. faberi, H. rhamnoides, C. arborescens, C. szechuanensis, S. davidii ,
B. sargentiana. The study revealed that all six shrubs positively responded to drought stress through improved antioxidant
enzyme activity and the accumulation of osmotic adjustment substances, which could help to reduce reactive oxygen injury,

improve osmotic adjustment capabilities, and reduce cell damage.

Key Words: shrub; drought stress; physiological and biochemical characteristics; adaptation mechanisms; dry valley

TR 58 AT G5 b A s T HLA AR B AR A e 55 2 Uk b R AR R L A i 37, 3%
RN AWLIPRY - K7/b 0 Buies A7) BTSN SIL ) D@ AN R 7 SIS i € E R /L% N R e e 2N e R RO LU I 27 NI B
TR R JF B s R Sk AR R b R AL A RO B AL R G LA R R TR
P BRAr R AE RS0 E ALY B LK B B P R AE L ST R T R 38 RE A E 4 88 A ( Potentilla
fruticosa) " W ( Cinnamomum camphora ) ' K7 A WA ( Mentha citrate ) | FLZ& 5. A ( Vatairea macrocarpa
(Benth.) Ducke) ™ S HY) P A #E AL PILAL R (SOD) i SALYI G (POD ) i S 1L 205 ( CAT) S5 (R 5 A
PR B A AN S S0 BRI 30 % P A — Al 1 S N T SR R B O, TR A A A i R A
SRHIS R TR CRYEE R GG ME S BB B SR A BIF 9 B, AT AL AR i 2 B
AT R A LR IR ARSI SRS TR L Y B (MDA) 1R BRI i S A 1 B 7, AL 11

http ; //www.ecologica.cn



7 39 pat A5 DR FEAT A DX TR A = 5 Jiip e ) A P A A ) 17 3
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Table 1 General information of experimental seedlings

TEARLR Az Hivn R Eprres

Shrub types Basal diameter/cm Height/cm Average crown diameter/cm
YRR Hippophae rhamnoides 0.49 24.43 13.5

B W Bauhinia faberi 0.69 53.64 15.7

FHIAE Sorphora davidii 0.25 15.37 15.5

H3X8 )L Caragana arborescens 0.34 16.41 16.1

=Yk Berberis sargentiana 0.29 28.86 17.9

#HY Cotinus szechuanensis 0.58 52.38 21.2

2015 4 7 H AE H RIS S0 T (AT 13 {20 - 8 5 H ] R B [RDR ) | @ik 455 1k A Tk
A H AR T R I AR AR EHOK a1 X T B i AR JE T 5 — WS ) 2 R IBORE 7 S itk
HIARIEH K5 TR IR Z 52 AR T2 IFE AT REME 2.4 .8.12.,20 .28 KEUFE JLHUHE 7 1K,
(7] s SR FHPAE 300 2 3 K A 7 F IR K R LU i (3R 2) o AR e TS i i 2—4 d
BRI, 8—12 d A, 20—28 d HJEIHH,

x2 TRTEMERBEARTESKESHEFKENL (%)

Table 2 The proportion of soil water content of field capacity of seedlings in different drought stress period

AR T E Wl K AL Drought stress days/d

Shrub types 0 2 4 8 12 20 28
VDIl Hippophae rhamnoides 89.3+2.9 71.9+6.6 55.242.9 43.2+2.9 32.3+2.4 21.4%1.1 15.0x1.4
LB Bauhinia faberi 90.1£2.0 68.7+1.2 50.0£3.0 34.2+3.8 28.8+4.0 18.0+1.2 12.2+0.5
ML Sorphora davidii 91.0+3.7 69.3+1.0 56.2+2.7 42.5+3.1 37.6+2.9 18.4+1.6 13.0£0.9
#3% )L Caragana arborescens 86.5+2.5 72.8+5.7 56.9+4.0 42.3+6.0 34.1+4.3 23.6+2.5 15.5+2.5
= W%t Berberis sargentiana 87.3+3.7 70.9+2.8 47.2+3.4 41.3%3.0 31.0£2.7 21.2£0.7 14.50.3
HH Cotinus szechuanensis 92.1+1.2 75.3+7.5 51.9+5.1 46.0+5.3 30.5+3.6 24.1+1.1 15.7+0.7
KIS BEE Water gradient 1EH 7K 38 3 SRR 36 v e v o6 i 3 o6 i 4

1.3 WENES T

WRERS , B IBORE RO RS — B0, T 45 1 60 009 8 B0 45 08 R & v R b 0t e 5 2 i e (R T 18
3—5 1) A H B R UK PR AT [0 52 50 28 R B 4 M rp B HR 33 AR ot 2R AT AR DG A B AR AR FR Bn 119
W5 BEAEAR L Y BT bR A 3 1K

JITAT A B AR TR AR I 2 Jy R S IR R R R FH U Ul Ak ST 2 SOD i I M 5 B K
A E POD 6 5 SN OB BRI CAT BEE M s MDA 5 5 (90 2 SR AR 2 LU 2 Rk 5 SO BB A )
VR AT LA BT/ MB RN AE 5 I 2R 2 R TR M i = B I 7
1.4 Hdliiba

FIA B AL BEFNGE 20 7 2 5 T Excel 2003 F1 SPSS 19.0 #3647, R A & J5 2% 43 HF ( One-way
ANOVA) #l Duncan 2 5 HCRG 50 AN [RIHE AR 4 2 [B) A= BRAE ARS8 R 10 22 Sk, B3 KN 0=0.05,

T EINA T RGN 6 R AAEY R ER AP FERE X AR v S 38 I A 6 SR OCAE A
FEAEVR A B AT A 28T . ARAE 3205 A A5 B A 45 RS 9A5- 53, TR LLAS F2 050 1 5 22 DTRR 3 AL
B, % PR B A S A T IR AN A5 380 4 18 R S W SV RE 25545943, A5 008 A A R B S B
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2 EREH

2.1 TRWEa xRN R hu s ORI B R G5

M 3 AT LAE Y, ARl S0 A AR J i SOD Bl 1% M =22 [l A7 i 5 25 7 (P<0.05) , TE# /Ko
ZRAFR VPR EIE A RIAE I Y SOD Wi TR 4 A i, T340 202.70 U/g FW, =TI 1 SOD g P4 5
fIX A0 116.87 U/g FW, S AR SZ T S0 B & W AR R SOD il i 1 Bl % 30 8 B2 i 1 o 24 St IS T e
Je BEAR AR B IFAEIE Y 8 d B Ik B0E(E RS HF R N R, o BXS LM v i SOD B PEE IR TR 1 0—2 d
R TV ES H ZE a9 4—28 d Ui T A 5 AP AR s = BUEE I 19 SOD i 4 7 45 3 s 10 D 1y 2%
B AR T AL AR (P<0.05) . SXFHEAR LL , i A A BRI 1) SOD B PR3 iR 22 S 30K, KB/ IMEKIR
SERXG L AR AR =B R VD

£33 ARTEMEMBEANFBEUYELEEEENL/ (U/g FW)
Table 3 Changes of SOD activity of seedlings’ leaves in different drought stress period

WA KR TRBREL Drought stress days/d

Shrub types 0 2 4 8 12 20 28

U Hippophae rhamnoides 210.41£9.36a  219.64+15.46a 499.60+17.29bc 522.09£20.51hc  410.45£28.06b 332.68+29.88bc  279.02+15.56a
EBEW Bauhinia faberi 205.04218.58a  194.13+14.16ah 528.46+19.69abc 545.85+24.27ab 410.67+17.84b 398.84+27.89ab  277.20£20.42a
Ffil4E Sorphora davidii 192.65+16.17ab 236.26+13.79a  476.95+16.04c  478.11+9.68c  369.85+23.14b 317.37¢14.23cd  271.51%12.28a
%8 )L Caragana arborescens 167.20+3.23 b 205.48+18.02ab 575.65+6.98a  594.89+11.71a  539.68+23.99a 445.60+25.74a 292.78+9.36a
ZWEL Berberis sargentiana 116.87+1.91c  165.20+12.03b 387.3020.11d  396.82+6.33d  282.28+23.06c 252.94+10.07d 193.29+9.34b
Bl Cotinus szechuanensis 164.8149.17h  203.11x11.56ah 534.69+16.73ab 546.83+30.33ab  446.47+27.47h 398.67+27.53ab  265.24+8.49a
P <0.01 0.066 <0.001 <0.001 <0.001 <0.01 <0.01

A — B NEFEEFRIRTE 0.05 K- FAFAE R M2 5 (Duncan's 2 %)

OIFTEE SRR (R 4) R ET 200 A AN B 1) POD BTS2 [ A7 7E i 3% 25 57 (P<0.05) , IEH
IKAY AT VIR A POD B MR, 0 5.41 U g7 FW min™", 38 T HAl 5 F i K (P<0.05) 5 FIHI4E
MERXYILIRZ 4350 3.52 U g7 FW min™' F12.55 U g*' FW min'; SE B = A FIEEH 3 Fh G A B A9
POD G MERAR, HA B Z [ JC 3% 25 5 (P>0.05) , P4 1.23 U g™ FW min™', AR Z TR Wha nf, %
BRI R (4 POD [ 1 Bt Fh 30 i J38 ) 1 5 12 5 LR 52 0 0 1 n ) R 2, B AR A oAl 5 il AR 2497
A 20 d B SR RIUEAE , Bl S AR AR KO FORIZEDIAE 30 14 28 d SKBIIEE , AT 2 a1, v
TR F 4 POD BTG PE LA 2 T HAt 5 R A (P<0.05) , 5 Z A0 5, = JUEF W 44 2% T HAB B AR (P<0.05) .
SN, A, Y POD B PO RSN T 25.64% , B AR T HoAth 5 i AT 27 5 1 114
129.41% ( P>0.05) ,

F4 TETEMEREAMNFIEEEYEEETL/ (U g FW min™)
Table 4 Changes of POD activity of seedlings’ leaves in different drought stress period

TEARZEH T RIpi8 KA Drought stress days/d

Shrub types 0 2 4 8 12 20 28
U Hippophae rhamnoides 5.410.42a 5.87+0.24a 6.19£0.29a 6.59:0.80a 7.54+0.28a 7.5120.77a 6.790.28a
LR Bauhinia faberi 1.40+0.06d 2.000.14d 1.69£0.10cd  2.85+0.05¢ 2.75+0.17¢ 3.5120.27¢cd 3.09+0.14b
FfI4E Sorphora davidii 3.52+0.20b 4.03£0.37h 4.40+0.34h 5.95+0.41ab  5.67£0.25b 6.19+0.51h 6.35+0.08a
%8 )L Caragana arborescens 2.55+0.19¢ 3.05+0.18¢ 3.68+0.31h 5.05+0.05h 5.81+0.16b 6.000.25h 6.31£0.23a
=Wkl Berberis sargentiana 1.030.06d 1.09+0.03¢ 1.21+0.10d 1.930.11c¢ 1.80+0.22d 2.24+0.24d 2.11+0.15¢
Bl Cotinus szechuanensis 1.25+0.07d 1.05+0.10e 2.12+0.26¢ 2.610.21c 3.3920.24c 4.52+0.15¢ 3.68+0.56h
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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5 WoR, IEE KA, FREH | =B R AT R i CAT B IG M A, SF 39 34.85 U g7 FW
min~', B3 = T IA 3 MR (P<0.05) , FURIAERT (%) CAT BTG MR (14.67 U 7' FW min™") . MEEAT
B R &AM A CAT BEG 2 7E Whi 19 0—4 d W R] LA R ER R4, WA 8 d JF 4k 2R 1
T, FEAEMNE A 20 d A1 28 d IRENE(E, VPRI F ) SOD B P E 45 W i 3093 A i 1 HL A v A, 1 ofil 46 )
BARCT AL AR, WA A, # bt A i CAT B IE P &5, o8 269.24 U ¢7' FW min™", P 5 X8 JLAI =
Wikt ik Z 440 211.56 U ¢ FW min™", JF355 BRI FOIZE SIS, S350 116.23 U ¢7' FW min™', JBRAKH, V0
B CEBEE  HAE SRR L = ET R BT A CAT BETE PER A BB BIAR T 9.71 1% .2.34 1% .6.78 1
8.764i% .5.18 5 H17.03 £,

®5 AETEHEMNHEAMHFIELSHEEFEEL/ (U FW min™)
Table 5 Changes of CAT activity of seedlings’ leaves in different drought stress period

FEAA TE A KEL Drought stress days/d

Shrub types 0 2 4 8 12 20 28

YD Hippophae rhamnoides 18.92+¢1.98hc  38.21£0.89a  49.99+4.66a  81.40+9.6la  190.15£15.39a 193.54%15.16ab  202.59+7.28b
FBEW Bauhinia faberi 354242482 30.35:0.54c  24.31x1.68¢c  52.96+3.28b  124.60+7.87cd 119.60+6.30c 118.35+6.08¢
FURIAE Sorphora davidii 14.672.07¢ 14.79+0.78d 6.58+0.87d  51.30£1.08b  119.48+11.61d 132.13+7.04c 114.10£4.93¢
5538 )L Caragana arborescens 21.73£1.53h 17.92£0.58d  35.6423.96b  77.1826.02a  160.58%6.75ab  182.0027.47ab 212.07+9.38b
=155t Berberis sargentiana 35.63£2.28a  36.65£3.06ah  23.75:2.14c  60.19£3.69b  154.19+7.45hc  164.11£3.68b 220.01+8.08h
HW Cotinus szechuanensis 3351%1.44a  32.82+1.33bc  28.08+2.26bc  60.32+1.81b  114.91x6.78d  211.00£10.93a 269.24+6.86a
P <0.001 <0.001 <0.001 <0.01 <0.01 <0.001 <0.001

2.2 TSP T A R B A AR Y 5 e

%6 Won, IEH KM, LB ARIAE B LA = B R Z B MDA F i 22 R AR E (P>
0.05) ,“F¥1°4 3.03 mmol/g FW ,{H &2 & TV 1.50 mmol/g FW (P<0.05) . Bt T 5 W0 FE B i 1 i
A5 AR R MDA 7 5t 52 G248 10 ) i 34, 9126 30 i R 18 204 1 R 25 W30 B30, VDt e
MDA & BIRZALT HA 5 BT AR (P<0.05) o FEHIT (1) MDA & S AE 38 1 0—4 d BIEARF 28 L Fofl
FEANERAG )L, 7EMMHAE B 8—28 d BRI & T F B H L O RIAE AT AR XS L, 550 BRORH Bb , Johh 30 R 0 4% 1 AR I 7 1Y
MDA & IR A BT 22 5, WINBIARUC R VP IR =8 SR L SEBE P B

x6 ARETEHMEMBAEAHFA-ESEEML(mmol/g FW)
Table 6 Changes of MDA content of seedlings’ leaves in different drought stress period

TEARYA F Rl KEL Drought stress days/d

Shrub types 0 2 4 8 12 20 28

YD Hippophae rhamnoides 1.50+0.09¢ 1.850.11b 2.30£0.14h 2.60£0.15h 3.5320.23h 4.75+0.43¢ 4.770.27¢
EBEW Bauhinia faberi 3.33+0.40a 3.73+0.65a 4.43+0.95a 5.38+0.92a 6.65+0.73a 7.53+0.58a 8.48+0.51ab
1146 Sorphora davidii 3.1920.17a 4.160.16a 4.800.38a 5.28+0.31a 5.68+0.57a 6.030.19hc 6.94:0.51b
X9 )L Caragana arborescens 2.92+0.55ab 4.23+0.33a 4.98+0.95a 5.42+0.82a 5.84x0.71a 6.85£0.22ab 7.49+0.44ab
ZIEF Berberis sargentiana 2.67£0.17ab  2.7420.17h 3.18£0.29ab  4.35:0.19ab  5.0820.12ab  5.970.42hc 6.69+0.88h
Bl Cotinus szechuanensis 1.98+0.12bc  2.49+0.11h 3.86+0.21ab  5.79+0.52a 6.86:0.90a 7.67+0.48a 9.09+0.62a
P <0.01 <0.01 0.054 <0.05 <0.05 <0.01 <0.01

F 7 BN IEH KA SR VPR CEEE R RER RS L 4 Pl AR R %) R SRR 0 i 1 s (SF- 3K
12.27%) , Hk R =%t (8.74% ) , SEHTHAK (4.99% ) (P<0.05) o 41 A 52 1 S Whaa i A TR i A - H (1 R
FEEAF T 375 P S B AN R ) AR AR . FORIAE R EEObT I 5 1 O RS XoF 378 M A TR0 7 0—4 d B TR)JEAR AN AR | A
A 8 d TFAR SR TE R I — B R R KO o B o6 B ) () K B X LRD = S0 it e 114 o RS o) 375
PEEISEREAR, Z 05 SURITHE A RE R o AN Bl B B) v BRI = 3 I R 1% B PR X a7 M S RS T v R R AR
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A N FEARYEFFAERI UK . WA, A RIAE B L =R h 4 R 8 B BAR X B PR 22 AN
K(P>0.05) (HHE & TV BAE B (P<0.05) . SXTHRAHE , B AW VDB SR8 HfiIiE s L =
S A I R R AR B RS R 2 R 2.21% 1.75% 15.85% . 13.32% 14.11% 1 21.00% .,

R7 TRTEMERBEARMFREEXEEEN (%)

Table 7 Changes of membrane permeability of seedlings’ leaves in different drought stress period

A 538 K AL Drought stress days/d

Shrub types 0 2 4 8 12 20 28
UM Hippophae rhamnoides 11.95:1.98ab  12.35%1.32b  18.55x1.48a  18.27#1.26b  17.77¢1.38b  15.32+1.09b 14.17£1.29b
EBEW Bauhinia faberi 13.5521.04a 16.20:0.83a  19.64+1.49a  18.28:0.72b  16.51x1.21be  15.432.24) 15.300.78b
HHITE Sorphora davidii 10.60+1.25ab  15.93+0.94a  12.08%1.33b  21.61%1.39ah  24.68+2.01a  26.97:0.86a 26.45+1.11a
5% )L, Caragana arborescens 12.9720.97a 14.78+1.47ab  9.57¢1.27b  11.7020.44c  10.02£0.54d  24.3421.45a 26.29+1.40a
=5t Berberis sargentiana 8.741.07he  7.64x0.30c  12.17£1.32h 839+1.29c  12.50:0.91cd  25.18%1.20a 22.85+1.66a
HH Cotinus szechuanensis 4.990.79¢ 5.34£0.35¢c  10.69+1.09b  23.22¢1.90a  25.55:1.89a  27.44%1.97a 25.99+1.82a
P <0.01 <0.001 <0.01 <0.001 <0.001 <0.001 <0.001

2.3 TR AR 5B E T Y R

NF 8 T LIE A e i 1 6 R AN A MR &R & i 22 R, IEH KSR, 2E B A i
SR Fr i f A% 376.57 mg g7t FW W @ TYBRE BRI FUORIAE 3 AR (CEHIR 212.44 mg g7 FW) (P<
0.05) , 43 B ZHAX LA = Fikt 19 11.10 f5F0 5.14 4% (P<0.05) o 41 A2 T S Wamf 6 Fhi A F 5 il
i o b A S SR R A A5 Tl et B 2 B P O R 1 I R R R A T R R KO s R I R
HEAEA R 0—2 d WIE = THXS L (P>0.05) , (HAEMMA ) 4—28 d JUI[E] AR T oAt 5 AR (P<0.05) .
ARTRY P A R 110 i 20 7 6 8 B e (1 s RIS [, HE v, A6 oA s 1) 12, U0, = ST A b g J
A 20 d, 2B REXS LA e Y 28 ., S50 AR EG Bl A A AR I R A AR B i 2 ek,
2 F R Y LR K, =R,

®8 AETEREMEMPHEAMHFHEIBREETN (ng g™ FW)

Table 8 Changes of proline content of seedlings’ leaves in different drought stress period

FEAH TE A REL Drought stress days/d

Shrub types 0 2 4 8 12 20 28

VM Hippophae rhamnoides 265.11+14.91b  328.21+14.26ab  357.97+24.74c  545.92+37.46h 662.90+33.96ab  820.96+44.72h 723.40+42.06hc
FBEH Bauhinia faberi 376.57+39.04a  377.64+24.96a  480.41+28.67a  637.98+24.40a 730.97+33.53a  978.93+12.82a 1211.75+45.78a

FHI4E Sorphora davidii 168.74+14.12¢  212.74£37.40cd  405.36+10.30cd 446.33+34.39h  571.62+15.91c  477.24+22.08d 520.38+27.07d

538 )L Caragana arborescens 33.92+£1.96d  145.28+6.18d 283.40+14.15d  432.58+22.79b  639.92+29.50bc  767.91+28.02h 770.76+12.40b

=I5 Berberis sargentiana 73.16£6.92d  155.62+19.39d  172.35£20.29¢  178.09+13.46d 204.74+16.18d  312.22+19.41e 307.27+35.48¢

W Cotinus szechuanensis 203.48+27.93be 270.17+5.84be  454.92+24.77he  474.45+£24.69bc 620.77+£22.36bc  648.87+25.92¢ 624.63+22.15¢

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

2.4 HARPURIELEG VY

9 TTLLE 5 1 B 22 5TRkEN 43.805% , X B AR HIPT R ER = FVEM L5 1.2 B 81t
J7 22 TR IR T 76.444% FEASRENS S W iy JLA B AR 40 A BHAE AL RS bR B ARG F 220 SO 2 8] 9 AR 5%
Fo X6 MEMEARIRAES FIR ST B0 T80 20 M (3 9) R, BUBEAR X Z XS 56 1 3 o3 1) 5k e
K, POD BFHETERZ 355 2 R, MDA 548 (Y STmR B o DRI, SRR o2 P ] A0 o st e AR 521
AR e A A AL PR B, FOUOE POD VG PE AN MDA & &, DLk, & AR B R LE A 150 45 R R (£
10) , FEPHA T 6 A, 31 P AVD R f o | B A LRI s b RIAE R = 5
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Table 9 Factor loading matrix of main composition and principal component eigenvalues

FF Factors FE 4> Principal components T Factors FE 4> Principal components
F, F, F, F,

ALY E AL SOD 0.678 0.603 TR Membrane permeability 0.936 -0.129

ALY POD 0.760 -0.174 FRHEAR Eigenvalue 2.628 1.958

i EH AL ARG CAT 0.343 -0.643 75 22 ST Variance contribution rate/% 43.805 32.639

5 % MDA -0.416 0.849 B 5T#kE Cumulative contribution rate/% 43.805 76.444

i % R Proline 0.652 0.643

SOD ; superoxide dismutase ; POD ; peroxidase ; CAT ; catalase ; MDA ; malondialdehyde

K10 ERSEFEIREANENZERS

Table 10 Principal component factor scores and synthetic scores of seedling drought resistance

{%é?k;/é?ﬂ F, F, %%f%ﬁ é%%ﬁlﬁf? _
Shrub types Comprehensive score Comprehensive ranking
VBIE Hippophae rhamnoides 1.562 -1.141 0.769 2

FBEH Bauhinia faberi -0.033 1.370 0.788 1

FHIAE Sorphora davidii -0.364 0.399 -0.100 5

B339 )L Caragana arborescens 0.218 0.413 0.450 3

=% Berberis sargentiana -1.535 -1.209 -2.149 6

BT Cotinus szechuanensis 0.153 0.169 0.243 4

3 itie

R G RN 22 5 A — 3R 90 B4 A B A Al S R3O 45 Sl kst o AR DR N A TG 22 Fh A DR 1
WA T H il (0y) G (H,0,) BRALEHE(10,) FRAMEE( - OH) FimZHhEE(O,H -)
A JE SRR T S H R A BT, P T A A M SR RN T RE Y IR REE T AR AR A i A
T BRAL T — A Bh 2P, AN XA i 3 E SR 1 52 T 5 i e AL | ERRAF 0 g Pt i | i Ao
HEREIR e BTG PR A R R | e 4 B i ik LAk, e A S 0 32 e AU 0 8l o LA 5 325 e
I R T kG 1 B2 A S S sk sh R S B PR PSS (1 SOD, POD, CAT %) Al i Ht S 1L
JR (U1 GSA (ASA 55) , i ot A E b, 3[R A PO 1 3% 30k 26 305 4 S0 R4 1 ol 2 IR AR S 0 e R 10 BT 7 A 1Y
MDA , M i i 2% FIHIRAE O IR R S ) A3 3 122

SOD M4 F f BEACHI Y SCHENE , BERT O, T BRALAL H,0, F1 0, ,POD HI CAT RFAEHF H,0, 7N H,0
RO, ARSI SOD B M 5 B Se T Jn FRAR A R 34 (35 3) 3R WITE—sE T 53t JE Rl g
T 2l SR A Y SOD BB AP 8 B B il 0+ 52 b e AR RE 7, (EL > el 5 R 1 JFC i 2 3 [ ek it
WM 2 TR RIS 0 A RE A BRI . 3K 5 22 06T T R0 0 A A A R S e
BEFELE RAR—C 1% SOD & —F i il , 76T SWa w130 , /K 43 Whae 2x P2t S B s 1 i AR, HE T
SOD PRI, Bt IR PERE AN, th SOD WAL A& A 25 57 /£ 9 H, 0, Wb R 2 s BEE 1 W0 72 2 (49 56
FK G35 WO T, AL IR Y AR TR AL, DUTAT I ) LR R ek, SOD FHE ME LT 4R R R, T 5 ihia
T YL A B TIEE 6 RN ) POD FI CAT FR B G ME 5 R Wi s (3 4 AR S) , Iz 1
WA T A IS PR I T XS FIRAEDY B A R B (HAR AR, AR ST SOD
B B T v 2R A AN (36 3) , POD B PEAE R A B30 301 ) 2 B R R 22 208 TH i (3R 4) , CAT BEIG
MBI W 32 2 AR AR a Y PR I (32 5) 3R B 3 RS 1 5 Mbihaen e it 2 T ke 14 S AR P38 4 o 1o A 7 —
25 AR AR 0 P 2 SR T IR B R GEAN TR, = R B A B DM 4 D7 a0 AR OGBS
WM, FAAE T A R T AU A Tl P 1) 20 252 A e 7 T 5 Ml 3 P A 7 22 S, — 77 T S ke A [ Tl o7 ) 57
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36 4 SRR 25 5 5 57— D TR W R AT TR B T AR VR B AR S T BE 1 I 25 S 20

WA 5 | R T AR KA AR R S BRER AN RN AR D7 1R, I s A A S Ak 9 1 el B X s iy, i
R LS FITIBE , U1 H —ATPase Fl H' —Pase 1 PEFEA, A BERAREE ), S B R SACHZEAL' . MDA 2IE
J it BN R =1, B KR AE T IR i AL AR BE Y | TR P ] s s 28 4 ) e bk R 7
BRI S ) 25 A RN D R AZ B0 3 o IR M B I RS E MERRAIG, 4 AR PN Y S R R A ) B e Bl Ak
B WY R IE R A FERENA T Y MDA SRR PR 2 PR R . AN
g Bt R R B3GR A ERIT F B MDA F i SRS R (3£ 6) , 2 W4 i i I A ok Sk 1
FHZ TN H ) I 57 — e R R B . NIRRT FEBF0 R R ID V0 . 4 P AT 52 it 14 A 2 0
MR KB, BT R ER ( Securinega suffruticosa ) VA P4 1E # 1 BE 2 5 AL AWy i A 3z B30, i B MDA 7E B8
SRR G B N e o

AT 33 BT PR A8, A A A P 4 32 Bh B BB R — L9845 A T ) TR AR S A A AR K RN K R Y IR
TR 2 AL A 0 390 458 S 1 R ) — P B 0 A VR T W 5T, X ) O AT A R I SR K M | RE AR I B IR A SN AR
AR R SORT AR R S AR SR B TS AR, T8 B s AR A ) R R T i i — LR, A
WA P F14 O R P R S A B R R 2 R A 0 UE S R 5 A ) RO P A A 0 BE B R
PRt PR LA A R S WA B R SR 5 ) S A PR AR, ARG R W, B A T 5 e i R A SR 6 A
TR 7 I 2 & it SR R IGnE (R 8) , RV Y E o L B IR Ie = TS SR Re ), XS
HAhVF Z R IR 45— 5200 R ik, ZE e % FEBI T T SR 8 X 2 A ( Gleditsia sinensis) B AR A=
PHLAE AR 1 5 e i 2 200 22 2 o Pt 1 i ] 7 3B 4 2 2 5 D ) A I 1 I P B 42 1) S PR AT g 5
T 55 R A BEAIL R 25 LT 3 UM 2R M R A A G, e Ah A IS SR W IR R 5 o 5 M 2 R 2 B A
BT AT L A S RS T S B ML R — A T

BT ERE R — N R 2 ZE A TR AR A BRIN K A L[R5 | i 4% A BRI R 22 6] NAFAEE — 2
YK A BN LA A, SO BT RV TER SO, S0 KB Z R 2 RN R bR, BT A
PEM A8 AR T RAE BIAE DI BT -k BURP AEAEA — 30, R — e 17 0 A AR XA IR B D 25 5 . A piF g rp ) A
TRt A 1 ) S e VD ORI B A ) LG SR PR AT 2 B B Il R A FRVE T B ) Sad i, = B3 R AT
FRAE 1 ST T RE 7 WA X5 . DN BRLIBERG e VSRR 1 RIAE RN S0 h 4 i A2 400 7™ o WA B OB 2 B
PESS 1D TR W 2 B R = A3 e R AR A 5 I IR RIS B T RE T . ASHIFSE R Aoy
Bridids it , 6 FhiE AR BP0 R 58 55 H e BUIR U < SF B VD ER XS L EhT | FRIgE | =L G
GBI R, 6 Fh TSR] A5 DX AR AT 2ok B v B AR A T 1 O AR R R Y W SO T R T R A R A
DAY 55 100 45 Joih 30 T PR SRR P 1 16 3 B e A AR AT A TR T RE ) Bel R A M A A
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