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Abstract; During adaptation to the environment, plants can gradually develop drought resistance via a process of natural
selection. Plants are often under water stress in the cold and dry environmental conditions on the Tibetan Plateau, and these
conditions can directly affect various physiological activities. The aim of this study was to analyze and evaluate the drought
resistance of selected plants from the Tibetan Plateau, and to provide a reference for selecting drought—tolerant plants. We

collected six species of plants from the Tibetan Plateau; Hedysarum multijugum Maxim, Comarum salesovianum ( Steph.)
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Asch. et Graebn., Berberis diaphana Maxim., Sibiraea laevigata ( Linn.) Maxim., Caragana arborescens ( Amm.) Lam.
and Sophora moorcroftiana Benth Baker. To protect themselves against drought and low-temperature stress, plants have
evolved efficient antioxidant systems to scavenge reactive oxygen species. We evaluated changes in the amounts of
malondialdehyde ( MDA), proline, soluble protein, chlorophyll, soluble sugars, and starch in leaves of these species
subjected to increasingly severe drought conditions in a pot experiment. The soil moisture was greater than 80% of field
capacity for the normal level, 50%—70% for mild drought, 30%—50% for moderate drought, and less than 30% for
severe drought. In all six plant species, the MDA content increased slowly from day O to day 12 of the drought treatment,
and then increased significantly after day 16 to reach a peak when the soil water content was approximately 12%. Caragana
arborescens showed the smallest increase in MDA content under drought, but had the highest MDA content (4.72 mmol/g)
among the six plant species. The proline content increased in all six species under drought, and there were significant
differences among species in the amount of proline accumulated. The largest increase in proline content was in S.
moorcrofiiana ( peak value, 9981.67 mg/g; 37.43 times that in CK) , and the smallest was in S. laevigata ( peak value was
0.49 times that in CK). The leaf soluble protein content increased under drought conditions in all six species, but began to
decrease when the drought conditions became more severe. The largest decrease in protein content under severe drought
conditions was in S. moorcrofiiana (a decrease of 39.22% , compared with the peak protein concentration). The chlorophyll
concentrations in the leaves of the six species first increased and then decreased as the drought conditions became more
severe. In the moderate drought period, the chlorophyll content of seedling leaves began to recover, probably because of a
decrease in leaf water content. In all six species, the chlorophyll content on day 24 of the drought was lower than that on day
0. The largest decrease in chlorophyll concentration was in C. salesovianum (15.43 mg/g). The soluble starch contents in
all six species decreased under drought because of a reduction in photosynthesis; however, all species showed an increase in
soluble sugars content, which improved the osmotic adjustment capability of cells. The largest increases in soluble sugars
contents and the largest reductions in starch contents were in S. moorcrofiiana and C. arborescens. These species were able to
retain higher cell turgor pressure at lower water potential, compared with the other species. After day 16 of the drought
treatment, the decreases in starch and soluble sugar contents in the leaves indicated that prolonged water stress caused
decomposition of biomass, reduced biosynthesis, and a weaker ability for osmotic adjustment. The drought resistance of
plants is the sum of many physiological factors, and represents complex interactions among these factors. Thus, it is a
complicated physiological adjustment mechanism. The six species were ranked differently in terms of each of the
physiological indexes measured. Therefore, we used principal component analysis to select the most important physiological
indexes of drought resistance: chlorophyll, MDA, and starch contents. The results of the principal component analysis
indicated that species could be ranked, in terms of most to least drought resistant, as follows: C. arborescens >

H. multijugum > S. moorcrofiiana > B. diaphana > S. laevigata > C. salesovianum.

Key Words: drought stress; Tibetan Plateau; physiological indexes; principal component analysis

LXK o i3t A P 2 2 3 3o A5 78 S 1 4R
VBRI T B, 33 ol F 60 7 1 5 A 0 Y P S
Py AEEDR LA VI R SR i 4k
7E 4 000 m DL L, BERRCA AR EE = AR

M, AR il T R i R AR 52 R A 1, LK 23 O A e
[FIREAF 7R, JF XA W 19 A RS 3h 3 B R 5
230 R R R TSR E R R K
T4 4 38 SR b aa T S TR B 2

4.8 °C , M I RAH 4% , HAT AR VAL 5 5
R K B0 B R 0% M 3 DA AR R ) G L U
(4000—20 mm) "', F= A A EL AN 210 R
J A IR | Bl /K FRE AT S B ) 37 2K 43 8 1 5

B HIIEA T AR A R G B W
BT A3 O SR L 1 4 0
1,120 4D 90 4E AR 7 XK S e Bt
AV B 10 56 B AR HE A TR AR SRR,

http ; //www.ecologica.cn



3560 VST

34 4

WFEINA T W (MDA ) 2R | AT M2 1 i 4
A DR A P08 A BEPEAN (09 3 B F5 b, 40 i
it AR R B PR W) o DR I TR e A ) ) A=
HHIEAR , MDA 5 55k [ 7 A ) 240 JBE 1) 52 403 3 A
ATV AR R AR T A0 B I R
AT b 240 K A5 L R e TR A
SEFEA T B, 8 I 5 A B B 7 2 4 A
YIRS AR 2D, T2 B2 4R vp 7 b e A ) S R 1 E
R BIFEE S E, Hoea S W Y
MG R RIFORT , B g 52 S50 1 o A7
6L LS R I k7 R R N SR VP S
L EBI A RN T R R e i
2 RWTEK 70 W 3e T v kAR R B AL, 2 H
] PN 9P X6 5 e A 40 ) B 9 A ) o BRI 6
DSE F A B R Y Jmy BRAA: , oA BE 4 T A% X A4 i Bt
SRE N HATERGIPAS , Bz DOREE D' RS IR 85
XA A AN RE

ARG LL 6 Flr 35 58 5 S H LA W) < 204K A R
( Hedysarum multijugum ) . P4 4 ¥H 22 % 3¢ ( Comarum
palustre ) | 6 B /N BE ( Berberis diaphana ) | %% YL 1E
(Sibiraea laevigata) B8R39 JL ( Caragana arborescens) |
P LE R ( Sophora moorcroftiana ) s A #4775 HE
B RAL . M 6 Rl 21 K T 3000—4000 m
IR DA VD L e A TR LA T

R e, A 2 B BN O R A BT A
fiF, et 6 FhAE A 9 ibt . X AL X L 6 Bl
AR RN TR (MDA) R | TR
ZRE CAIATERE TR S R4, is ] FE R o b
BB TS S BN, R R
AES1. HITTXFIE 6 FAs Y B HT FAEDF ST D, dAR
TG T A T R e S 5 DA P RPN R AR )
S7AIC T B4 5 1 B AR Al RS ARl

1 #REFZ®

1.1 B5ttR

VEPEIZ 6 FRAEY Y 2 AR A G R, 10 AKFP TR
KL M S A R T HEBR T AN ) R a3 A 22 5
B ARKEE A H R KK /NG LR T
HIFHLE B 105°5437"E 34°28'50"N, i B X - ¥ g4k
1160 m, 4Ef& 7K it 600—800 mm, H 49 & Ky 21.7
C,mARERE I 1, K H AL/ N LR T
KM, KA AR LA S E 1.8 ¢, =R
JEY R 58.7% , L HEhPEREE , pH (B8 7.2, T 2012
4E 3 AR 30 emx30 em {675 A vEAT 200k, 5 b
FaY) 60 7, SRR L e e £ 093 =7:2:1 1+ 3
YE AL, 2 H (0.8740.03) g/em’, [HE]HF K &
H(46.59+£4.05) %, f5 i AWK E £ K G178
SO

®1 EREKEBER

Table 1 General character of seedlings

HiAR SR HbL Az Hi

Seedlings Collection site Ground diameter/mm Height/cm
L6 W Hedysarum multijugum Hilg 18.02+3.17 0.66+0.05
VLB 2B 3% Comarum salesovianum Hig 6.12+0.92 0.52+0.06
18 85 /NGE Berberis diaphana Hifg 8.96+1.75 0.35+0.06
ftf YLAE Sibiraea laevigata Hiff 9.17+1.72 0.86+0.11
WX L Caragana arborescens Hiff 6.11£2.20 0.98+0.11
H:AR Sophora moorcrofiiana Hig 6.11+£2.20 0.36+0.06

1.2 Wik

SFH AT HH S B, S R S R A A K
FEOLAHIE Y 6 R i A48 30 #&, T 2012 4E7 A 14 H
XA BER T A GEE K G, WA I T A A B,
Bij 11 - HEIK 43 7% 2 T 5% e v e 2% 1 RE K 1 E 5T, 9T
T2 HERAE A S A IE # K 3 SRR IR 22
JEET 555 4 .8.7,12,16 20,24 K RAE | [A] Fh 45 ¢

B3 RREAT 5, R 00 0 - 4 35 K e R o i)
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Table 2 The proportion of soil water content of field capacity of seedlings in different period/ %

WA T KEX Drought stress days/d

Seedlings 0 4 8 12 16 20 24
LIAEA K EE Hedysarum multijugum 96.8 61.8 31.3 31.6 14.2 12.4 10.1
LB ZEB R Comarum salesovianum 95.5 54.7 37.6 36.9 23.2 20.9 10.1
fitf % /NBE Berberis diaphana 82.3 63.6 45 38.9 35.5 24.7 14.0
#EWAE Sibiraea laevigata 80.8 54.9 37.4 35.9 21.6 11.6 10.4

W ER Y L Caragana arborescens 79.9 52.3 34.7 25.2 15.6 18.9 10.4
AR Sophora moorcrofiiana 86.0 66.2 48.7 41.2 36.2 25.1 14.5
IKRHEIE Water gradient CK RETR  TJhETR  JHETR =HETER HETR TR

1.3 ESsbR Sk

FH A 35 K i PR E AL Easttest (38 1) I %
AR K i (IR &K (%) = KRR & K &
(%)/ TIEZSH (g/em®) T H AR 1 g K IAHA
H1 em?’,

N R R E AR L % R (TBA)
VAL Tt R i A R B R AT
PR A I E S S G-250 510 gk
FO R E PP BRI AT M VE A e Y
0 2 P T 7

I A EE ST 1 Microsoft Excel F1 SASS. 1
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B, Bl 385 K B (3 2>, MDA & B AR R 3 &
Wy B S T X 0—12 d M iRAR S
12,16 d Jo 3G W2, WP AR MDA % &8 b i
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ek, Al UL S e XN [ R o MDA %
WA AR, J5 22507 3R 0], T2 24 d )5 6
FREGAC ] I A9 MDA & 2 7 B 3% (P<0.05), 5
I RO A5 AR L 22 57 18 3 (P<0.05)

2 HRE5SH

#3 HBEEABAMHE MDA (Malondialdehyde) &8/ ( mmol/g)

Table 3 MDA content of seedlings’ leaves in different period
HiAR FRREL Drought stress days/d
Seedlings 0 4 8 12 16 20 24
LIAEH T Hedysarum multijugum 0.70£0.02 b 0.71+0.10 ¢ 0.82+0.03 d 0.83+0.13 d 0.87+0.03 ¢ 1.2120.23 d  2.64+0.22b ¢
PEALTBZB 3 Comarum salesovianum 0.67+0.10 b 0.73£0.01 ¢ 0.77+0.01 d 0.94+0.05 d 1.35+0.04 ¢d 1.56+0.12 ¢ 3.42+0.16 a
#E#/NEE Berberis diaphana 1.17£0.02 a  2.03+0.01 ab 2.47+0.16 b 2.48+0.19 b 2.78+0.20 b 3.16+0.11 b  3.18+0.09 ab
£ YLAE Sibiraea laevigata 0.70£0.02 b 1.21+0.18 be 1.23+0.09 ¢ 1.24+0.03 ¢ 1.520.05 cd 1.6220.27 ¢ 2.26+0.21 ¢
WERRY L Caragana arborescens 2.55¢0.36 a  2.95+0.05a 2.99+0.06 a 3.06£0.21 a 3.2#0.19a 3.84x0.14a 4.72+0.20 a
WAL Sophora moorcrofiiana 0.70£0.02 b  0.820.01 ¢ 0.97+0.08 cd 0.99+0.09 cd 1.14+0.12d 1.25+0.09 d  1.32+0.09 d

R REEIFE RIRTE 0.05 KF E2ZRARE (Duncan's ZE LEGE)

2.2 TR X AN IR & 505

XTREZE 6 B AR I R il R & AR,
4 396.73 mg/g., Bt 7K AT A IR, Bl 2008 & it
R R EFr s MiEEREE, BETH(8
d) ZJa, S /NEE AR L D AR B Y I 2 R =
AR 3G B R 2w T HAWAE Y, T 55 3 FAE Y
MMM 2R & K 2218, 6 PE W ERAE S T 5

J A (24 d) 35 3 B R, b b 2R Ml m, i
9981.67 mg/g, NHAMR S EIEHE-5 X IEEAH L, b4
MM N 2 Ry 37.43 4%, BERAG IR /INR 0.49 £, T
LT R, K43 G 24 d J5FRE] 25 Sl B3 (P<
0.01) (R 4), 5 X A2 M 22 S i 3% (P<0.01)
I 20 1 T Y R PR R B MR 0 2 A > W XS L
SZIAE A B S BE R/ INEES VYL TE e b S > fE BLAE
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Table 4 Proine content of seedlings’ leaves in different period

Hik TERHL Drought stress days/d
Seedlings 0 4 8 12 16 20 24
LIAEATETE Hedysarum multijugum DI1.14+548 b 3518447645 ¢ 57465:329d  748.33+2701 d  959.74+29.66 d 1264124388 ¢ 1927.28+151.64 ¢
PIALTAZERER Comarum salesovianum 222.89+21.54 b 300.09+51.59 ¢ 365.0+101.65(d) 686.93+19.75 d  875.53+48.02 d  1009.74+86.84 ¢ 1204.47+58.79 ¢
163/ INBE Berberis diaphana 654472671 a 1138.68+67.14 b 1486.05+106.21 ¢3473.774126.22 ¢ 3494.82+11532 ¢ 3745.70+99.73 b 4928.16+277.43 b
LAY Sibiraea laevigata 379.04+68.64 b 408.86+33.94 ¢ 145703573 ¢ 143.95£1643 ¢  140.44+1325 ¢  14947+1860d  565.00£153.81 d

WHRY L Caragana arborescens

A8 Sophora moorcrofiiana 259.74+12.06 b 1833.42+25.1 b

43.07+59.22 a 2746.58+79.67 a  5541.32+35.00 a 8796.58+67.83 a 9458.86+184.52 a
2201.84+50.00 b 4302.72+68.84 b 8589.56+34.35 b

0563.25+65.33 a  9976.40+290.97 a

9591.32+£108.88 a  9981.67+386.87 a

R F R FRTE 0.05 KF L 2ZFREHE (Duncan's ZH L)

2.3 TR0 AR R R R R
MRS T L6 R AR Al iR s s R 2
SRR, ARG L RD A MR 2w T A AL, 214K
HHRC R AR AR, AR T R IR i A B
BRI Al R R R AR B B
RF N, ELRTA I RE B T IR R K a3 2%
PFT R AT AT, R T R S AR
B — AR, AR AR BARE s P T R Y2 1E

AR IR BN IE(H 7.66 mg/g, WML RO, N
3. 42% ; HFE T 50 BT A 4B ) AR A 1k B W 2 5
FRIRREAR, AP A MR B B MR e Ko -39.22% , & HIAR
[HJIEH & E2ZEF B E (P<0.05) , BEEAE LI A0 Ao
TE YR TR A R A IR (341.37% 241.87% ) W . 75
TH A AE W, B R XS L AP AR R Y B R B D 2
9 13%.,

x5 ERPEAMHAATRAEEERAE/ %

Table 5 Soluble protein content of seedlings’ leaves in different period

HiA TERE Drought stress days/d
Seedlings 0 4 8 12 16 20 24
L4655 B 1E Hedysarum multijugum 1.74£0.12d 3.52+0.15d 3.66£0.33 d 7.66+0.81 ¢ 1.30+0.06 d 0.95+0.06 ¢  0.27x0.14 e

PUALIBZEBESE Comarum salesovianum
1 % /NSE Berberis diaphana

fit YLAE Sibiraea laevigata

WHEI L Caragana arborescens

b4 ML Sophora moorcrofiiana

10.49+0.11 b 10.02+0.70 bc14.52+£1.76 bc14.67+1.07 b 10.99+0.12 ¢
5.54+0.96 ¢ 11.08+0.29 bc20.16+1.58 b 14.03+0.35 b 18.95+2.21 bc16.54+0.81 ¢
46.74+0.82 a 47.18+0.09 a 44.60+0.78 a 45.05+0.17 a 54.40+£0.46 a 54.37+0.16 a

42.65+£0.07 a 43.08+0.77 a 39.33+1.41 a 40.42+0.05 a 47.07+0.28 ab37.05+0.86 b

15.60+0.95 b 17.75£0.61 b 13.67+0.77 bc15.72+0.49 b 21.58+0.37 b 27.34+0.11 be 18.81x1.41 be

7.75+1.46 d  4.87+0.35 d
12.17+£0.28 ¢
47.69+0.45 a

28.61+0.46 b

TR FEAH ) E FORTE 0.05 /K F2EF A3 (Duncan’s 28 L)

2.4 TR AN SR E = 0

6 FIEIAI F (4R 2 & R T R hE TR
S IR SE R I P T o B i PR AR 45 A )
FUEREWZER (P <0.05) (£6), EWKDFME
TS LA SR F R N 47.79 mg/g, B
JE TS a I, SAH A T T R 2146 A T BT
TRET 0.16 mg/g, PHILTAZ R K TR Z o 24.18
mg/g, MR T S, B R4 Z & 5P IR
LT, B R Y AR B 25 5 (P<0.05)
AT B B R S K AR i 2 25 A X T
FFEL, PEAEE TR R, a0
TBZRB S BN M R SR IH T, HAy 3

FRRLPI TSR R A P UG T %, 24 d T R 1
MR R E ST X R, TREZ N NTTILEZ
53 (15.43 mg/g) o
2.5 T EPRE AR AT RS O B R

TG 7 ATHIE AR A R e T R A
BT AEK S TR IR & A (R R
AT 22 /N ¥ R 4.06% , Horh P AL
bR SR N 4.69% , T S, A Y
B /N EE T Rb A AR AZ BT R s f /N AN
F0.09% , b iH Ze b 3¢ b FHIRBE e K, 0 0.75%
T AE HRE S0, v R A ] M L R
B EF IF HAS T R Z AR B 3 25 55 (P<0.05)
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L5008 HEAH LU AE B/ NS R B R 66.29% , B Y AE it
/NH 24.87% , FEATERET A I, el e
BES RARIH BT (B4 BT EEANR], BRib A=

DB b TEAh, oAy 5 R ) 1 R 2 s O B T

FasE o

6 SHHEHAMAHEESE/ (mg/g)
Table 6 Chlorophyll content of seedlings’ leaves in different period

WA 5 RKEL Drought stress days/d
Seedlings 0 4 8 12 16 20 24
LIAE A IS Hedysarum multijugum 17.88+0.43 d 17.72+1.70 ¢ 42.72+0.26 b 20.47+0.68 d 28.13+1.97 b 18.84+1.65d 15.36+1.28 d
PEALIEZ B Comarum salesovianum ~— 38.87+2.11 b 14.69+0.39 ¢ 37.8420.99 ¢ 24.96+3.34 ¢d40.01+3.30 a 31.88+0.38 b 23.44x1.27 ¢
i 75 /NBE Berberis diaphana 27.24+1.64 ¢ 21.64+0.46 b 20.30£0.50 f 22.19+1.64 ¢d29.96+0.39 b 29.15+2.38 ¢  26.76+1.72 b
£ YL 4Y Sibiraea laevigata 18.77+0.79 d 17.98+1.39 ¢ 28.74+0.50 e 18.22+1.41 d 11.94+0.89 ¢ 13.35+1.68 ¢ 11.59+0.53 ¢
WYL Caragana arborescens 47.79£2.41 a 41.73+1.32 a 48.57+0.86 a 45.64+3.45 a 39.77+£2.16 a 36.2+0.31 a 33.51+0.83 a
b H ML Sophora moorcrofiiana 24.71£1.97 ¢ 23.45+3.78 b 35.42+0.81 d 36.20+0.42 b 13.46+0.86 ¢ 14.01x1.40 e 14.44+1.79 d
FhFRAH R EH R RTE 0.05 K E2 5 A3 (Duncan’s 2 L)
x7 ERNPEAHRAIEEESE %
Table 7 Soluble sugar content of seedlings’ leaves in different period
A FERKEL Drought stress days/d
Seedlings 0 4 8 12 16 20 24
LIAE A IS Hedysarum multijugum 4.21+0.22 ab 4.47+0.04 b 4.93+0.40 b 5.90+0.21 abc 6.33+£0.37 ab 6.49+0.55 be  6.60+0.42 ¢
PEALTRZEBLSE Comarum salesovianum 4.69+0.28 a 5.44+0.37 a 6.15+0.44 a 6.70+0.41 a 6.86+£0.15 a 6.98+0.13 ab  7.01+0.03 be
1£ 1% /NBE Berberis diaphana 3.87£0.40 be 4.25+£0.41 be 5.70£0.32 a 6.44+£0.23 ab 6.66+0.59 ab 7.55+0.37 a 7.63+0.33 b
i ¥LAE Sibiraea laevigata 4.11£0.37 be 4.22+0.27 be 4.59+0.17 b 5.14+0.68 cd 6.54£0.40 ab 6.72£0.32 be  6.77£0.35 ¢
R3S L Caragana arborescens 3.88+0.03 be 4.10+0.44 be 4.60+0.42 b 5.77+0.40 be 5.99+0.20 be 6.11+0.63 ¢ 7.11+£0.43 be
AR Sophora moorcroftiana 3.57£0.36 ¢ 3.66+0.40 ¢ 4.45+0.35b 4.61£0.47d 5.45+0.45c¢ 6.64+0.43 be 8.52+0.55 a

FrP AR E R FRTE 0.05 KF L 2ZFREE (Duncan's £ HETE)

2.6 TR A X AR TE R F BN

JFE 8 WA, IEH KA A AF T 6 R [ R
VER B 2E AR, R RD AR R A N BE R
A LB A, R 4.90% 4.48% 4.28% , HiAx
3 FEYIEAR, YA Z TR, BE
TR /D A I R v S R A R I 3
VR BRI, R R R s B, A B R
RO IR VD R R R S L

EFEARAN , HAY 5 R 5L K R B PR AR, 1 35 R g
H46.63%, FEET 2B, ER T B TR,
AL R R 1.14% , ST HRA LG, ek 2 B AR
iR B R BN MK R A b A= WL > 8 /NBE > B ER Y
JL> VAL > LR A > WILBEK R, T2
iH 24 d J5 6 FIETARAITER & 25 7 W3 (P<0.05)
SIEH K S L 25 57 8 3 (P<0.05) ,

®8 EBERHEAMAEHEE(%)

Table 8 Starch content of seedlings’ leaves in different period

WA FHEKH Drought stress days/d

Seedlings 0 4 8 12 16 20 24
LIAESA TS Hedysarum multijugum 2312027 b 1.85%0.15 ¢ 1.61£0.24d 1.25+0.18 b 1.20+0.18 b 1.18+0.15¢  1.17+0.12 b
PEALTBZB R Comarum salesovianum 2.70+0.33 b 2.51+0.21 b 2.25:0.39 ¢ 1.60+0.20 b 1.34:0.28 b 1.32+0.19 ¢ 1.29+0.14 b
¢ 85 /NGE Berberis diaphana 4.48+0.38 a 3.97£0.30 a 3.0720.42 b 2.4520.56 a 2.1620.24 a 1.9020.12a  1.7920.10 a
R YLAE Sibiraea laevigata 2.76+0.36 b 2.03+0.03 ¢ 1.7620.14 ¢d 1.47£0.24 b 1.45£0.05b 1.38£0.37 ¢ 1.30£0.25 b
488 L Caragana arborescens 4.28+0.24 a 3.80+0.24 a 3.61x0.05 ab 2.79+0.46 a 2.04:£0.23 a 1.83+0.08 ab 1.80+0.08 a
A= Sophora moorcrofiiana 4.90+0.75 a 4.17£0.27 a  3.7920.38 a 2.2320.12a 2.0020.47 a 1.5220.17 be 1.1420.22 b

[R5 A A R L 0.05 K 22 R AR (Duncan's 2 L)

http ; //www.ecologica.cn



3564 VST

S

34 4

2.7 HWARPURELER GV
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Table 9 Principal components of drought stress of seedlings

B 530 X P A A PR B A 3 R A3 43 B 2R ] . EL 23
X BN P, .
(£9): WA 1.2 W REiTsmk R A% 86.49% (KT Determ index Ilj",“j‘p‘ﬂ °°m‘;f‘?ezt°
rin Tin!
85% e ) o % 1 I)ﬁéj\qj ﬂfg%%,%ﬁ%j{ ’ ﬁ*}’}ﬂl?ﬁ N [ Malondialdehyde MDA 0.451491 -0.401879
TR Z G 2 R TR AT e R B ok, R, 4 Proline 0358091  0.516868
MR e S W 50 M KT R R p B AR b, HL AL 15 Soluble protein 0.407769  0.286507
y gy e ) , £ . -0.
{j’\%ﬁ*ﬁj\ \ﬁﬁﬁﬁ \H[Yﬁ"lf‘t%o Z;% Chlorophyll 0.524751 0.157372
¥ Starch 0.470130  -0.181966
. [T £ 2
*EJE%*EF*E%%E}E*E ﬁi E/J{E l:j IE‘II}’ ! ’ 2 E/J Al PERE Soluble sugar 0.072563 0.656793
GRUELE GBS APPSR IS S Ak S BTk Contribution rate 0.5379 0.3270
J‘ﬁﬁﬂﬂﬂ . )I% IE] - ﬁl:l *ﬁ % E]g %’ /l\ i IE :J:E‘ 4%/]? j]ﬂ 1‘1 {EZR Z1T5IHE Cumulative contribution rate  0.5379 0.8649
I, WAl 75 A AR SR S o) A0 e A
R10 EHARBUEHRE
Table 10 Order of drought resistance of seedlings
e LIAHEE [EE[AEEA 75 e 1/ NE i AL RIS L AL
RN : .
Seedlings Hedysarum Comarum Berberis Sibiraea Caragana Sophora
multijjugum salesovianum diaphana laevigata arborescens moorcrofiiana
EEE&:M%% . 1.192 0.464 0.928 0.920 1.33 1.082
Score of principal component
HRAK 2 6 4 5 1 3

Ranking of drought resistance

3 e

WE AR IR i A S PR A B R T
Wy BAEAE R AR A, TR R A B SR S e 24 B i
PRI E R AR bR R S A P R 5
AR 416221 MDA B8 /I 11 A ) T e
SR ARG G LA | PR T R R
HERFAE RS E KT R 8 T S0 I3 5 5 /)
FEH A R 32 00 F JEE /0N | A5 i 1) 97 L JBE A o 2R
AR RE ) o 345 X0 75 R s I AR v RS 4 b e
AP R Tk HAERPUR S MDA it B LR 4
R,

i R AL 0T P30 7 A A A ) — ol
BB O B S A BT R O RUE
FEE00  R rR X L A L R ek S
SR 1y X AR R HC AL AE D, 1 B LR T A 3
BT BRI R R, H 2R AR X R S R
SR PRA AT S B R R O e NS AR, AT RE

et T 5L E R A A PEALRE S AL B 45 2R
A PR AT DA 7 TR e o (K 52 T o8 i 2 PR ) it A
i IE T

FEAY) sl T 50 30 3 B0 2 B R A )
SRR, 225 3 7= LR a0 2 11 Jo DA 4R 5 A ) 4
BARMB BSR4 RS i MR
AT RO A T s R E e RS, A
WFFEHH  2IAEA TG i /N BE T REE SE 23k T iR 52
3 A BR 5 ST A8 52 BHL nT 5 1k 2 1 B0
Wik i o,

RS SReonyi7/bine g (TR UL ST s
R SEET R 7R G SR S C N 2 S N i
W LA /N> AR P B T S AR B 1
GAEY I i 3R S /N B U Bl HR AR
TR BER G ILAE R R I A R S R
WS, 3 T BE 2 ol T I R 35 K i Y D D 5 B
Fed 3k 51 E e T R A AN, e B
FEFR IR G338 X6 A A A 30 1A s fs ) I
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BEIR G I 2B A AN BN 38 2 mT B A e S
PERI S R M A8 1 25 B VR T, W PT AR 5 7 76 e it
XA R AR IR LR

W E B B i AU A Bl T T VA PR B e A
I AR A B AR K AR SRR = B, LADZE
ARG A AR B g AR g R 6 Fl
B TE R R A PAIC T I X T B TR
A= FRARIRE 55 | A P W LA TE M 2 R A A 1
BUAY PO ) SR E R BT R R A
AV PR BN AY I B AR 16 d R AR
T YERy AT RS R T g2 R WK AT A Y
FER T W A D W A A 1 B
BRI A BRI,

PR AR TP 206 B R VE A TR R 3 R
AR EPHERR G e/ NBE SR BRI EAR , JL
HRER YL LR R DA AR AR R R, 7E 6
PR LB TR PR . WL A K
E R R AT S] 5—7 m B9 KA AR, 35
5 UIE TR TRV AR K 7R
HA T A PRES PR ALLE A R TR b R, 4T
T B D AR LB 40 A 4% 0 i 22 B M T SRR AIE
U Ay A R v A DX A A7 A T A A 3 oy
i B8 /N BE SRy /INBERL R RE R ik EL O i IR 4R
JB, A BRFE AT A SR AE 6 R i Rk —
e BLAE VULV 2 e SR A R Y, 2 A KT
3000—4000 m HyLILE A T, TTE ARG &
SUTEAR , FLJG # A R B 2 A AR Pt
PR 4 P 25, RCAT DUE Y R B
SRR 5 ARG BT LN O R EAR TR A —E
SR WHEAR T S AP O RHE AFE—E KR, TE 6 Fl
R, SR 3 R4 2 B i i B Rk, vk
F/NBERL B I R i p R PR A XA ) DX
P ) e B PRI b o

4 %t

HRIPTF1E 2 2 Fh A= PR 2R i SRR T, 2
— NI IRI A PR AL, & AR HA R —
TE BRI, AIRKE X 6 MY 6 >4 HlE Rt
AP AE PO, (H 4546 b T Rk iR It 4
IR ANTR], ME LA W8 B L SR 4528 . e, AR
SR FH F2 533 A 12 0 2 11 S I AL T P ) 2 R

HUEAR AR A N R i IR A A
ZREVRE 6 Tl A DT T rh o 2 554K U < B4
ML LI B R AR R /N BE BESRAE VL
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