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Abstract: Seedlings of Gentiana siraminea from five geographical provenances of Qinghai Province ( Haibe-
izhan, Delingha, Hebeixiang, Xiazangke, and Banmaxian) were used as research materials to investigate growth
and physiological characteristics of G. straminea under drought stress, salt stress, and mixed stress. The results
showed that the growth of G. straminea was significantly inhibited under stress but impacts were different in different

areas. The height of seedlings in Delingha area was the highest under drought stress, 2.36 ¢m, and the highest in
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Hebeixiang area under salt stress and mixed stress, 2.49 ¢m and 2.28 c¢m, respectively. The physiological charac-
teristics also had certain differences. Only under drought stress, the MDA content of seedlings in Delingha area de-
creased by 69.07%, and the soluble protein increased by 46.52% ; under simple drought stress, the POD and CAT
activities of seedlings in Haibeizhan area increased by 234.39% and 86.39%, respectively; under the simple salt
stress treatment, the POD and CAT activities of seedlings in Haibeizhan increased by 340.53% and 127.86%, re-
spectively. The SOD and CAT of seedlings in Delingha area also increased by 6.44% and 51.20%, respectively,
under mixed stress. From a comprehensive evaluation using membership function method, the drought resistance of
G. straminea ranked as follow: Delingha > Haibeizhan > Xiazangke >Hebeixiang > Banmaxian ; salt tolerance; Hai-
beizhan > Xiazangke > Delingha > Banmaxian > Hebeixiang; mixed stress resistance: Delingha > Xiazangke >
Haibeizhan > Haibeixiang > Banmaxian. The results showed that different geographical provenances of G. straminea
had some differences in response to stress, and G. straminea in Delingha and Haibeizhan areas were more tolerant to
stress, presumably related to the long-term growth of the natural environment.

Keywords: Gentiana straminea ; drought stress; salt stress; geographical provenance ; physiological character-

istics
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Table 1 Two-way variance analysis of seedling growth of G. straminea
B2 Factor = Plant height/cm K Root length/cm EH Fresh weight/mg R 5% . Root-shoot ratio
¥ mMs F ¥ MS F ¥ mMs F ¥ MS F
RAEHD Site 5.94 61.77" " 17.95 149.07** * 33.1 25.15* " 0.17 33.93* "~
J38 Stress 0.54 5.65%* 6.12 50.81*** 0.58 0.44 0.02 3.73"
SR AEHXJHE SitexStress 0.62 6.49" " 0.47 3.87°"" 3.64 2.77° ¢ 0.01 252"

How ox x FR 0.001 KPR W3 (P<0.001) 5 = = R 0.01 KFE2257 B3 (P<0.01) ; * /R 0.05 K255 5.3 (P<0.05) ,

Note: * * * indicates significant difference at 0.001 level ( P<0.001); * * indicates significant difference at 0.01 level ( P<0.01) ; * indicates

significant difference at 0.05 level (P<0.05).

R2 MBI R EF RN AR LI 4 B & KA R0

Table 2 Effects of stress on seedling growth of G. siraminea in different provenances

Kb R F8FR Index
Treatment Site PR Plant height/em  #R4< Root length/em  #5 Fresh weight/mg  #R7E Hb Root-shoot ratio

byt HBZ 1.45+0.17Ad 3.10+0.54Aa 6.45+1.02Aab 0.32+£0.09Aa

e T,ist/»}uﬁ DLH 2.78+0.55Aa 1.81+0.47Ab 7.31x1.35Aa 0.18+0.05Ab

Con/l‘r‘;)l b % HBX 1.87+0.23Bc 1.14£0.32Acd 5.19+0.72Bc 0.14+0.06Ab

TRl XZK 2.45+0.33Ab 1.40+0.22Ac¢ 4.58+1.18Ac 0.14+0.05Ab

PEFLH BMX 2.05+0.39Ac¢ 1.00+0.32Ad 5.71+0.86Abc 0.20+0.13Ab

gLyl HBZ 1.29+0.17Bc 1.76+0.55Ca 6.67+1.16Aab 0.18+0.07Ba

T fE84 K DLH 2.36+0.26Ba 1.13+0.34Bb 6.33+0.80Abc 0.16+0.06Aa

Drought stress Wk £ HBX 1.97+0.47Bb 0.47+0.15Bc 7.61+1.52Aa 0.10£0.03Ab

TR XZK 2.14+0.27Bab 0.46+0.25Cc 4.06+0.71Ad 0.10+0.05Ab

BPEHE BMX 1.92+0.24Ab 0.45+0.22Bc 5.49+0.99Ac¢ 0.20+0.06Aa

Htut HBZ 1.65+0.31Ac 2.27+0.45Ba 6.94+1.25Aa 0.33+0.09Aa

s A1 DLH 2.26+0.24Bab 1.29+0.23Bb 6.26+0.98Aab 0.14£0.07Ab
EANS ] s

Salt stress fldk £ HBX 2.49+0.33Aa 0.57+0.14Bd 5.68+1.39Bbc 0.11+0.06Ab

TR XZK 2.15+0.32Bb 0.40+0.15Cd 4.75+1.06Ac 0.11x0.09Ab

B3 E BMX 1.43+0.15Bc 0.95+0.27Ac 5.36+0.86Abc 0.14+0.11Ab

byt HBZ 1.35+0.33Bc 2.24+0.60BCa 6.33+1.51Aa 0.29+0.08Aa

3 . 4w DLH 2.26+0.26Ba 1.30+0.40Bb 6.48+1.74Aa 0.14+0.03Ab
RA WA .

Mised stross fldk £ HBX 2.28+0.44ABa 1.10£0.25Abe 6.32+1.26Ba 0.11+0.04Ab

TR XZK 1.86+0.20Ch 0.93+0.30Bc 4.39+0.90Ab 0.15+0.06Ab

BEIG . BMX 1.63+0.17Bb 0.83+0.24Ac 5.56+1.01Aab 0.11+0.06Ab

T RIS [ RS A REA AR ) BERR R BRAE TUTE A [RI AL BEARAF R 255 .35 (P<0.05) ;5 [RFUA ) /NG - BE A QSR AR ) Ak B A% 478 A ] ol 2

PR RRAE L 22 57 2 3% (P<0.05)

Note; Different capital letters in the same column represent significant differences of G. straminea in the same provenance under different treatment

conditions ( P<0.05) ; different lowercase letters in the same column represent significant differences of G. straminea in different provenances under the

same processing condition (P<0.05).
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Table 3  The subordinative function value and resistant evaluation of G. straminea seeding in different provenances

)@ PR Subordinate function

Qb3 KA 352

Treatment Ksi IR l MDA SOD POD CAT ! Iﬁij(
Soluble protein Mean

Lyl HBZ 0.000 0.117 0.000 1.000 1.000 0.423 2.000

- Fﬁé\ﬂé DLH 1.000 1.000 0.135 0.139 0.315 0.518 1.000

Drought stress Wt HBX 0.314 0.726 0.048 0.015 0.014 0.223 4.000

TR XZK 0.287 0.610 1.000 0.039 0.000 0.387 3.000

PEF H BMX 0.281 0.000 0.360 0.000 0.059 0.140 5.000

Lyl HBZ 0.658 0.751 0.410 1.000 1.000 0.764 1.000

s {414 DLH 1.000 1.000 0.166 0.279 0.377 0.564 3.000

Salt stress kg HBX 0.000 0.932 0.000 0.000 0.000 0.186 5.000

TR XZK 0.448 0.576 1.000 0.774 0.116 0.583 2.000

HE3E BMX 0.172 0.000 0.323 0.759 0.398 0.331 4.000

WLyl HBZ 0.000 0.297 0.253 0.103 0.653 0.261 4.000

- 1841 DLH 0.208 1.000 1.000 0.305 1.000 0.703 1.000

Mixed stress it £ HBX 0.523 0.811 0.016 0.000 0.486 0.367 3.000

TRl XZK 1.000 0.709 0.000 1.000 0.777 0.697 2.000

Hr3E BMX 0.879 0.000 0.113 0.174 0.000 0.233 5.000
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