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Comparison of drought resistance of three Hippophae species in Tibet
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Abstract: [Objective] The effects of drought stress on photosynthetic fluorescence and physiological
and biochemical characteristics of three Hippophae species in Tibet were studied to provide basis for selec-
tion of afforestation tree species in arid and semi-arid areas of Tibet. [Method] The 2-year-old seedlings of
Hippophae rhamnoides subsp. Yunnanensis, H. gyantsensis,and H. neurocarpa were planted in pots with
continuous droughts for 0,10, 20, and 30 days. Changes in photosynthetic fluorescence and physiological
and biochemical indexes were measured,and their drought resistance was comprehensively analyzed and e-
valuated. [Result) With the increase of drought stress time,photosynthetic rate, stomatal conductance,in-
tercellular CO; concentration, transpiration rate, electron transfer rate, actual photochemical efficiency, ef-
fective photochemical efficiency,relative water content, leaf water potential and SPAD value all decreased
to varying degrees,while water saturation deficit, malondialdehyde, proline,and peroxidase increased. Water
use efficiency and carboxylation efficiency of H. rhamnoides subsp. Yunnanensis and H. neurocarpa de-

creased,and those of H. gyantsensis showed inverted “V” and “V” type changes,respectively. Photochemi-
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cal quenching coefficients of H. rhamnoides subsp. Yunnanensis and H. neurocar pa decreased,while that of

H. gyantsensis declined first before increasing. The content of reducing sugar of H. rhamnoides subsp.

Yunnanensis and H. gyantsensis showed an inverted “V” shape, while that of H. neurocarpa showed a

downward trend. The membership function and principal component analysis showed consistent results in

evaluating the 18 indicators of three Hippophae species. [Conclusion) The drought resistance of three test-

ed Hipopophae species in Tibet was in the order of H. gyantsensis™>H. neurocar pa>H. rhamnoides sub-

sp. Yunnanensis , H. gyantsensis was the preferred tree species for afforestation in the arid and semi-arid

areas of Tibet.
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Table 1  Growth status of three Hipopophae plants under drought stress
il 44 A KRB Growth status
Species 0(CK) 10d 20 d 30 d
o o TR BEFR I AR B R A e R R
YA BB KRUE BB KRS HUPR LA IR Gy g

H. gyantsensis Plants grow well Plants grow normally

JEE AR T b AR B A

Py aRUy VR 7%

H. rhamnoides sub- FLBR A K LA
. Plants grow well
sp. Yunnanensis
fall off

FEH I Fr AR T BV
Discoloration of basal
leaves without flaking

H. neurocarpa

HLBR A2 1 R4

Plants grow well

The bottom leaves begin
to turn yellow,slightly

Plant base leaves open

discoloration The leaves of plant base turn yellow,

partial leaves start to fall off

A K A I A B 5
TERRFET

Leaves change color, most leaves
shedd.some plants die

T 1/4 RNt B B
BETAH b

Nearly 1/4 of the leaves fall
off,emerged dead plants

B4y AR BB TR
Some leaves turn yellow

and fall off

IF Uy th AT T A bR

Dead plants begin to appear
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Effects of drought stress on photosynthetic parameters of three Hippophae species
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Effect of drought stress on chlorophyll fluorescence parameters of three Hippophae plants

¥R L, 5 CK AL, T R W E g5 Rt 1Lk
W = 7 U0 R RV ) RWC 43 51 F B T
8.91%,19. 13% F1 22. 84%, WSD 43 %l FJF T
27.24% .52. 88 % Al 80. 88% . 7E T 518 I 1a] . vT



42

P AL AR AMRB 3 2222 4R (A SRR 2 B

519 %

VDI WP S RV R Z s = v YD i /s 5
CK ZLHH LE . 50 45 3 V400 L 2w v A
ISR YP R WP 43 5 R BE T 93,1206, 91, 6126 Fl
94.62% . 3 Fb B ALY SPAD HA1E& T 5
®2 TEMEX3HIPREEYEEIER

SRR T 2R B E(P<<0. 05) JLR . = /1
AR VDB SPAD B 7E T 52 6 b 38U 18] 43 531 oy
38. 007 ~54. 347,29. 423 ~72. 897,33. 157 ~68. 529,
o DIV AV SPAD {8 (4975 2y i B2 e/

sk

Table 2 Effects of drought stress on physiological indexes of three Hippophae plants

R4 FEMantE/d o E XA KERWCO /% KA BE (WSD) /% 7K (WP
. . . . o . SPAD
Species Drought stress time Relative water content Water saturation deficit Water potential
0(CK) 75.47440.730 a 24.526+0.730 ¢ —0.31740.076 a 54.347+1.019 a
LA R 10 73.58442.270 ab 26.41642.270 b —1.36040.310 b 45.743+2.230 b
H. gyantsensis 20 70.343+2.564 b 29.657+2.561 ba —3.34740.375 ¢ 41.613£0.439 ¢
30 68.750+3.756 ¢ 31.250+3.756 a —4.60740.350d 38.007+1.543 d
0(CK) 73.4354+0.598 a 26.565+0.598 ¢ —0.58040.036 a 72.897+1.559 a
7 g Vb il
L . 10 71.65440.658 a 28.346+0. 658 ¢ —2.33740.355 b 50.273+£2.517 b
H. rhamnoides
subsp. Yunnanensis 20 65.235+1.011 b 34.765+1.011 b —4.87040.183 ¢ 37.257+1.321 ¢
30 59.388+2.082 ¢ 40.612+2.082 a —6.91340.348 d 29.423+1.874 d
0(CK) 79.2994+0.571 a 20.701+0.571 d —0.32740.085a 68.529+1.178 a
T S v ik 10 75.440+1.169 b 24.560+1.169 ¢ —1.99040.629 b 46.823+2.971 b
H. neurocarpa 20 70.33540.999 ¢ 29.665+0.999 b —4,68340.392 ¢ 37.380+1.091 c
30 62.556+1.467 d 37.444+1. 467 a —6.08040.034 d 33.157%1.788 d

T« 1) 50 B0 R AR A [/ 5 5 R 3 7 [ A A A [ AR B R 76 500 K7 128 5w 3% . R 3R,

Note: Different letters indicate significant difference among treatments at the 5% level. The same below.

2.5 FEBEX 3 M RREEYELIBIRE R

i3 3 nHL . A 5 30 N R] i3 . 3 A b
R AW I 2 R (Pro) (TN 8 (MDA) & & M id
Py (POD) 1 1 19 42 1 4 B — B, MR8 &2
TR T JEE R (Rs) 5 2 Bl T 5 a6 E AT
AR AT [R]  FE T AV B 2 R D R S BT
Ja N RS R R N S = U RO
RAYPMRAY Pro & B AR 44 T 5 a0 4k B A 25 S R 3
(P<20.05) ;5 38 &5 5 VLA V0 R 2= B U0 B
FI RV B Pro & 473 51 /& CK #Y 2. 46.5. 01 il
411 A%, 5 CK M E . 5030 45 3 TE A0
VD BRI R VP Ry MDA B
%3

3 9 38
F2Haxt 3

104, 48% ,145. 41 % F 54. 74 % , 3 Fhvb il )@ #5911
POD 7 ¥ 75 45 T 5 b 38 4k B8] X9 77 78 0 3% 22 &
(P<C0.05) , 8 A~ 5 i 30 40 BRI [0] L = g U0 19
POD 7 Pk f &, IL ARV B POD &/ 5 CK A
P 5 30 d VLAV B 2= e U0 3R R 10
POD 3§ ¥ 4 %) 3 Jn T 358. 05%, 349. 87% M
780.40% .3 MY BUR MY M Rs & B AE 4 T R hin
Ak B [E] AR A B BEAS T B A Y] VLAY =
BV B SRV B Rs A 5,894~ 11. 893,
1.907~10. 448 Fl 4. 358 ~ 14. 383 mg/g. HH X
T UL B Rs & 5 09 42 2 5 F N T = D R
B SUY
WY IR B

Table 3 Effects of drought stress on biochemical indexes of three Hippophae plants

% TEPGANE/d B/ (mge g D) R/ (pmol + g 1) POD M/ (pge g !« min 1) BEERE/(mg- g D
Species Drought stress time Proline Malondialdehyde POD activity Reducing sugar
0(CK) 5.3334+1.281 b 10.56841.610 ¢ 9.69941.993 d 5.89440.771 ¢
VLAY 10 7.38941.056 b 16.03341.074 b 15.008=+1. 476 ¢ 8.1354-0.483 b
H. gyantsensis 20 11.11141. 445 a 20.132£0. 940 a 25.046£1.692 b 11.8934-0. 454 a
30 13.11142.404 a 21.609+1.183 a 44,426+2.572 a 6.14341.042 ¢
0(CK) 4.22240.222d 11.86341.523 d 16.961+1.334 d 4.58241.256 b
2R . 10 12.611£2.593 ¢ 19.34140. 683 ¢ 26.59942.317 ¢ 10.4484+0.735 a

H. rhamnoides

subsp. Yunnanensis 20 17.039+1.103 b 24,0064+0.901 b 42.450+2.615 b 2.95840.639 ¢
30 21.16641.306 a 29.113+2.534 a 76.30342.901 a 1.90740.097 ¢
0(CK) 4.88940.012 d 13.15440.855 b 17.049+1.416 d 14.383+0.941 a
E S 10 10.056+1.278 ¢ 15.54440.839 b 23.433+2.774 ¢ 11.178+0.764 b
H. meurocarpa 20 16.44441.202 b 19.85740.831 a 36.1734+1.494 b 7.36340.773 ¢
30 20.11141.202 a 20.35442.777 a 47.806+£1.922 a 4.3584-1.343 d
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Table 4 Comprehensive evaluation on drought resistance of three Hippophae plants at seedling

stage based on membership function

K@ PR Membership value

K& PR Membership value

$e k7 — 5 Vb il A Ei=R N s VNEIRUY N
v LA AT TN o YA SO g
ndex . H.rhamnoides subsp. ndex . H. rhamnoides subsp.
H. gyantsensis . H. neurocarpa H. gyantsensis . H. neurocarpa
Yll”?lan(nsls YL(?’“I(I"?”SZS
P, 1. 000 0. 000 0.323 RWC 0.714 0. 000 0. 834
G, 0. 888 0.135 0.251 WSD 0.164 0.751 0.166
C; 1. 000 0.058 0.130 WP 1. 000 0. 000 0.451
T, 1. 000 0.197 0.011 SPAD 0. 500 0. 500 0. 367
WUE 0.078 0. 444 1. 000 Pro 0. 250 0. 750 0.720
CE 0. 306 0. 250 0.733 MDA 0. 085 0.875 0. 250
Yopsy 0.997 0.172 0.321 POD 0. 000 0.997 0.618
ETR 0. 280 0. 340 0.714 Rs 0.533 0.190 0.768
F.,”/F,’ 0.993 0.558 0. 000 T 0.562 0.392 0.436
Average value
q* 0. 327 0.843 0.201 HE4 Ranking 1 3 2
2.7 3T HREEYERNEENERSSIR AREA AR 18 AR R (X ~ X)) #E4T FE L4353 17
A4 PR T-52  V0 0 A W P B M Y G B AR AR L 15 3
KRR KT 2T 3 b MBS . TRRIE(E 7 22 srik R A R ST ER WL 5.,
x5 TP HEEY IBNMERNERS ST IER
Table 5 Principal component analysis score matrix of 18 indicators of three Hippophae plants
kR F 4+ Component bR F %4> Component
Index 1 2 3 Index 1 2 3
P, (X)) 0.719 0.499 0. 386 WSD(X,3) —0.528 —0.792 —0.253
G, (X3) 0.737 0.429 0.415 WP(X135) 0.698 0.599 0.376
Ci(X3) 0. 490 0.496 0.677 SPAD(X14) 0. 864 0. 391 0. 149
T,(Xy) —0.043 0.143 0. 950 Pro(X5) —0.684 —0.531 —0.476
WUE(X5) 0.584 0.626 —0.453 MDA (X5) —0.654 —0.609 —0. 269
CE(Xs) 0.782 0. 546 0.071 POD(X,7) —0.502 —0.679 —0. 444
Ypsy (X7) 0.709 0.530 0.399 Rs(Xig) —0.022 0. 889 0.136
ETR(X;s) 0. 695 0.612 —0.011 H T Eigenvalue 7.159 5.726 3.570
Tk /o
F,/F, (X9 0.468 0.080 0. 835 . m!ﬂk?‘/ﬁ 39.770 31.812 19. 835
Contribution rate
BRIk %/ %
q? (X10) 0.872 —0.074 0.125 Cumulative 39.770 71.582 91.417
contribution rate
RWC(X,1) 0.528 0.792 0.253

28 5 AT, DURRAE A > 1 32 4 A4S F gy, =
W3 A AL A Y O 25 BT Rk R 4 A 39. 770% .
31.812% F1 19. 835%. J5 £ B F 51 ik K ik F|
91417 % UL HIX 3 A B & T 3 Fh v i A
Y1 18 A48 hm 19 KA 4015 B ALK JEoR 0 18 AN F8
Ak 3 ASHE ST LR A TR AR, TV R Y
PREEMLZE AN, 1 E8ah P, G CE,
Yosy ~ETR.q” WP SPAD {f (i 5 fif {8 55 155 - 156 B 78
91 £ P, .G CE %5 8 AN hr B T

%2 EA T WUE.RWC. Rs [ 2% #7 (8 %5 55 . Ui B
52 ER4rh WUE.RWC. . Rs S FEH T4 3 &
WAy T, F)/F,  # fr (5 . B W46 3 &
Wt G T, F,)/F, N EEH T,

M ZZ, Zy 55 34D ER R 18 A48
bR ARYE 5 THEARAE R AE L IFE R R W
B RBGAE A R MEMEAS P X~ Xl
5 PR RbRELL S AR ) R .

Z,=0.269X,+0.275X,+0. 183X, —0. 016 X, +
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0. 218X, + 0. 292X, + 0. 265X, + 0. 26X; +  0.235X,,+0.072X,;.

0.175X,+ 0. 326X, + 0. 197X,, — 0. 197X,, + DL 3 A~ 5T 9 BTIR 2 (a1 vae vas ) PE R

0.261X,;+ 0. 323X,, — 0. 256X,; — 0. 244X,y —  NE MWEZEGIEM TR . F=aZ ta:Z: Ta: Zs»

0.187X,;,—0.008X s Bl F=0.397 70Z,+0. 318 12 Z,+0.198 35 Z, , 4
Z, = 0. 209X, + 0. 118X, + 0. 207X, +  WitELZEEIFME F.

0.06X, —0. 262X, +0. 228X, +0. 221X, +0. 256 X, + FRAE b 3R 2 i+ 5 [R50 38 88 BE 4% (O

0.033X,— 0. 031X,, + 0. 331X,, — 0. 331X,, + (CK),10,20,30 &)F 3 F b i s 485 ) 19 25 5 VP AN

0.250X,;+ 0. 163X,, — 0. 222X,; — 0. 254X,y —  (H.SFEHFHYENLE 6. HE 6 iTLUEFH  ITAD

0.284X,,40.371 X5 3 WELE A VT M A e & (0. 985) ., B BV
Z,=0. 204X, +0. 220X, 40. 358X, +0. 503X, — (—0.437) s = H VP IR (—0. 548) , 0 3 Fpvb ik

0. 239X + 0. 038X, + 0. 211X, — 0. 006X, +  JE MY bL 568 F7 A0 58 55 00 R A O Ry < T A0 00 T8> Ay

0.442X,+ 0. 066X,, + 0. 134X,, — 0. 134X,, + Wb > S Y,
0.199X,,+ 0. 079X, — 0. 252X,; — 0. 142X,5 —
£6 3HMIBBEVAEMINNESENERIES

Table 6 Comprehensive evaluation value and rankings of drought resistance of three Hippophae plants

e F )i 4r 1 Component 1 F 4 2 Component 2 F 4 3 Component 3 S ] A4
Species FLVAS HE4 154 HE% 54y HE% Comprghensive Comprel’llensive
Score Ranking Score Ranking Score Ranking evaluation value ranking
¥ Il
LA . 0.768 1 0.874 1 2.023 1 0. 985 1
H. gyantsensis
PRy
H. rhamnoides —0.431 3 —0.517 3 —1.068 3 —0.548 3
subsp. Yunnanensis
Il
R —0.337 2 —0.357 2 —0.955 2 —0.437 2

H. neurocarpa

3 W iE 52k SHCRT P SR v T, U 3 Al v e AR A T SR e A
Vi 7 A A [ B4 1 4 Joi Bt 4300 T T R A 7K 43 e
HEEHEV MDA B LS D KAE T8 T 2 g W BRI A Vb
R A ORI R AR — . 4y I 3R 9 Ol R AT PR S L SR A b Sz 3 BE
S a T AEY G ER TR R R T R 6 A VR R AR AR B 5 R 0 A VR R R
R AR R M E TR A ARBE T, 3 b v iR R O A TR
PRI E] B 5, 3 My R A P, G G T, B B (ETR) Yoesy  F.//F,, Y B F 52 0 301 i fi 1 8
R ETFREBES X5 ES MRS R — MR FEES T EPa A BmEE T ERS 1
;. AWREY, TR T YA ERZ  (PSID AT R A i L sl R i TR F
FIME A SILAMAESILI R R R L0 C R R AT R NI 3350 3 R v S Al ) 6 & 350 A s Bl
B ETHRAERALE R, AP .3 Fyy TR ARG, LAY ETR.VF/F, TR
BBAEY P, .C, 7E TR Ma & PRI R EE /N ST AP R PS 1T AR 1 5 30 19 BE
POULIITE T R T 3 MY BE YOS ENT R T VB R Y. BE T 8 8 ) Y
B F BN RSN EEHNSR. £ T2ma .3 M BEY ¢ B2 RB R, = /U
Ab BRI, 3 FR VDRI ALY P, K/AMKIR BRI RV ¢ BE T 52 30 e B) 0 38 n 2 BR AR 345, 7T
> R B> i L TRPAZ G A SOP BN 2 e TS BT o s s 3
Y P, T R WE B fe /N B SR A ST AL IR EE /N T 2 VD RN SR VD U B B T R an
A B M /0N s Bt T 5 a0 AR B (] A B, B IRD A R YL AU R Y S e T 2 RO Y
TG, . T, N FBREEHR TP AR OEEXE N RE.
T, U6 VLA OGP AL 08 K A 1R 1 E FR R M K B (RWC) L 7K 40 1 5 5 i
BAPRE N IR T S B VDA I v, TS & (WSD) WP RfE S PR I AR AR . B
T ALADBOKR S FIHBR (WU SRR FamEY seRWH A A RWC & . WSD B AI% . 156 B A
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e K UL 3 Bh YD & A b VLSO T R AR K
fE 7 ik, B SRV R K B E . KB (WP 2 AE Y
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3 Ty i A 1 K B8 B S a0 Ak B S JR] )
IR B B 7E T 5 a8 b, 3 R R
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WP T R R B S5 K Uk BA B SR Vb A R 2R B o
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VLI 7E T 52 W3 45 R 2 3 FhA 4y - R A 7 B
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[E] VLA VD i SPAD {A 9 75 £k MR B e /N B 3 Fid
T A T T R 0 T A VD e R g 3 AR i
P TE N

P (MDA J2 [z W AF ) 40 B 58 B 4204k 1) &
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3 Fpvb S AE Y T R MDA 22 5 it g, i
AH T 52 30 AT i 3 b v R A B R 1 4R PR
FH o DTS A 420 200 3 M 1 R . 7 1 S Mol 45 e
ZE R MDA b T8 B 5 i B SV R /)N - 16 B
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25 YT S A A8 N T R A8 PR Y — i S AL
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MRS, AR RN, AT R &0
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B2 b TS T R 45 e LA . =
VDO SR VD B Pro & & 4 Bl )& CK /Y 2. 46,
5.01 A1 4. 11 A%, UEBA7E 44>+ 5 38 30 ) VL 44 vb
B Pro A8 4 e B f /0N R0 SRR ) A Ak ) il
(POD) J& # 49) 41 it B85 B 3 4214 B 180 3= ¢ v 1) £ 47 il
Z— TRhiE&FEHY A POD W& 4T & .
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AR PR R S . 3 R U R A A i
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T 5 a6 1 ) 4 380 s SR VD IGA D B e
TR R B YT ROV BOR 2 T N 2 0 TR R R
T T AV BN = pE U B Rs T 1 2R
R, o L 7E T 5 a0 45 0 T o6 & VR F A2 B0 3l fil
Rs ANAB B IE 5 A A . T A Rs IR 2,
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HAZ e 1) it FE BN — A BLAS 8 A5 JC ¥ HE#H EA
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