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Physiological responses and drought resistance evaluation of
12 plants to drought stress and rehydration in the
northern piedmont of Tianshan Mountains in Xinjiang
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Abstract [ Objective] The front piedmont belt of the northern slope of the Tianshan Mountains in Xinjiang
is a crucial component of the mountain-oasis-desert ecosystem of the Tianshan northern slope. Investiga-
ting the dynamic physiological adaptations of plants to drought stress and assessing methods for drought

resistance, as well as selecting suitable tree species for vegetation restoration holds significant importance
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for the ecological restoration in this region. [ Methods] 12 plant species planted in the piedmont belt of the
northern slope of the Tianshan Mountains in Xinjiang were selected as the subjects. The study observed
the spatiotemporal distribution of soil moisture following irrigation and analyzed the impact of drought
stress and rewatering treatment on plant photosynthetic and physiological indicators. The drought resist-
ance of these 12 species was evaluated using principal component analysis. [ Results | (1) Following
drought stress, soil moisture depletion occurred most rapidly in the 0—20 cm layer, followed by the 20—
40 cm layer, and was slowest in the 40 —60 c¢m layer. Different plants employed different strategies to
adapt their growth to drought stress. (2) Following drought stress, net photosynthetic rate (P,), stoma-
tal conductance (G,), transpiration rate (T,), intercellular CO, concentration (C,), potential activity of
PSIl (F,/F,), maximum photochemical efficiency of PSIl (F,/F,), electron transport rate (ETR), and
chlorophyll content were decreased, while the activity of superoxide dismutase (SOD), proline content,
malondialdehyde (MDA) content, and non-photochemical quenching coefficient (gy) were increased. Af-
ter rehydration, there was a certain degree of recovery in each parameter, but none of them reached the in-
itial levels. (3) The results of principal component analysis highlighted that factors like P, chlorophyll
content, ETR, and MDA content were major contributors. Species such as Haloxylon ammodendron ,
Tamarix chinensis, Rosa acicularis, and Caragana korshinskii demonstrated significant drought resili-
ence. Hippophae rhamnoides, H. rhamnoides ‘Xinji 5, H. rhamnoides ‘Xinji 17, and Prunus sibirica
showed moderate levels of drought resistance, while H. rhamnoides ‘Xinji 4’ , H. rhamnoides ‘Xinji 37,
Xanthoceras sorbifolium, and H. rhamnoides ‘Xinji 2’ exhibited relatively lower drought tolerance.
[ Conclusion ] P, chlorophyll content, ETR, and MDA content were crucial indicators for evaluating the
adaptability of various plant species to drought stress. In the context of ecological restoration efforts in the
piedmont belt of the Tianshan Mountains’ northern slope in Xinjiang. prioritizing the cultivation of H.
ammodendron, T. chinensis, R. acicularis, and C. korshinskii were recommended.

Key words northern piedmont of Tianshan Mountains in Xinjiang; drought stress; vegetation restoration;

drought resistance evaluation
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Fig. 2 Changes in the temporal and spatial distribution of soil moisture of various plants during drought stress



(i

o A R AU SR LY 12 b A X T 5 A 0 S KR A B N B SR PR AN

695

H, %2 11020 cm) & 7K 2 B IR %K,
FETEARWT H 26 H, T FED 4 F Y2 ok 56
FIAC7T A 5 H, T REDBEAC 69, 97% . 3F DL i
T TR B SR dR R (74L 59 %0) S 1 ETBE 15 R R R
K (66.36%) ;R 1 HE(20—40 cm) F K BKEKE
TR, T R B A T ORI 4 R 2 L
I R A 49. 98 %0, I LA BT 2 57 T B R I
5 (57.81%0) 1M LU A T BRI AIK (43. 94 %0) 5 K2 +
HE(40—60 cm) &K AR, T BEIE W, T 52
A A5 FIAE ) 7 2 LR 5 R0 3 R R 34,51 %, Hoh
VB A ) S KRR BRI T 30% . H L
CHIBE 3 5 R R (48, 91 %) 1M SO S T ek
BAK(28.57%) . BRI A 1 H, T, &4
WY R E )2 £ K & B AR T TR AR
ST 9.26% 4. 94 % s T LK T B HUREK
ROR2EEES K EAE S A 8 HH B ETHCR¥ T
1840 ARG KT T REass . DL b g5 Ryt WA [m] 4
Poxt K T RASTA], 3 3 e T AR ) AR B Xt
IBE A HEK 53 1038 I M R W
2.2 FEEX 12 #EYEKASZMm

TR0 12 F A B 2 IR L
TELHITAS [ B I AEL A Aol i) 398 o e B Y e AN ) (R
D, Horr, 540 PR S Bk 5 3G 08 DL R 5% 8 G LA L
EEK L AR F] 34, 47 % F1 30, 62 % . 1 LA 3C I S
FVBOE 4 5 SEIRB/N A3 R 9. 17%.8. 51 %5 T
b B M AR R R 2 T 1 S R B 2

SRR E 12, 64% 14, 17 %, T 48 0 &N 1 2
3% RN AR L 43 R 3. 99% 4. 07 % s T AL Bl S
ek R 398 0 A R A R SRR SR R R 5 5L A il ok
67.97 %6 A7, 09 Y0 » 1M H 35 34 R AT 4% B X L 3G I A
JNGAE RIS 17, 00% .20, 91 %, AT UL, o A L R
SRR LA LA AE 32 30 T 5038 B 32 R 58 Bk 1S
TR 5 AT 25 AR R 9 I f 335 1 T 5 T B R A ) 25
REL 00 8 8 48 R 2 R XOT 658 v o e v 1 S 39 A X AR L 306
BH AN ()4 40 #E A2 31T 5 38 B A9 A 4K SR g N ]
2.3 FEEREKAX 12 #iEY ERBIEFRHE0
2.3.1 MEZSE

12 PPyt b g R o B e T 2 KA
b A v 88 L 56 ) B BRI LR £ 35 B 3 KT (1A
3. H KW Fh R SR T RORMI Y WA
TR FE LI FI AR AR T B R 5 1 4 Sl ik
BT K 60 %0 Fl 69 Y0 5 52 7K A0 T L 45 AR 4 -
F O B IR EE A T T L AR R B
S5EMRK R, MEEKEHK TR £MEY
Mo R S RN R R R KRG 15 H,
TED AR AR OV R R L AR MR
R RS O e =P £ 17 B N ) <1
JRI B 2 2R 14 A U 5 BT 3
2.3.2 WIE(MDA)E=

12 FAg 4 mt i MDA & 8 78 52 8 T 5 i K
S K 3ok R v 4 AN TR o o e B LI 5 K 0 4
Hh 23k B i EKF (3.

1 TEBEINESREVHEKER
Table 1 Growth situation of tested plants before and after drought stress treatments
##E Plant height/cm #2Hl Base diameter/mm i Crown diameter/cm
L/
Species B ER:I) Joly 38 5 B ER:} Jiip 380 5 B ER: ) BN

Before stress After stress Before stress After stress Before stress After stress
RA 93.2645.82 113. 8446. 87 5.7640. 22 5.994+0.75 88.65+11. 26 103.72410. 30
CK 47.23+4.12 63.51+4.04 4.70740. 39 5.18+1.05 29.36+3.52 35.5043. 48
XS 51.7844.23 56.5343.69 4.07+0. 26 4.327+0.99 31,4444, 44 52.8143.41
PS 98.1347.96 128.18+11.25 6.98+0. 49 7.39+0. 67 73.504+9. 21 89.424+9. 65
TC 85.85410. 02 98.2649. 69 6.28+0.47 6.6840.95 43.03+6.32 62.35+11.26
HA 50.2445. 04 56.35+2.98 3.6940.41 3.84+0. 84 39.13+2.47 51.2946.35
HT 76.33412. 44 84.1046.09 4,69+0. 25 5.1240.59 51.3843.38 63.3348.54
HR1 53.1544.09 61.2844.54 5.22+0.41 5.88+0.68 33.57+5. 64 49.13+4.41
HR2 52.1443.69 57.83+2.30 5.0140.21 5.7240.49 40.2843.78 55.3146.59
HR3 55.3343.96 67.5344.59 4,80+0. 25 5.28+0. 65 48.5044. 54 61.25+8.13
HR4 61.5943. 40 66.8345. 26 4.24+0.31 4,62+0.55 35.4141. 88 48.65+6. 54
HR5 54,444+3. 64 69.65+4.88 4.33+0. 30 4.51£0. 44 34.91+2.33 51.35+4.68
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Fig. 4 Responses of photosynthesis indexes to drought stress in 12 plants
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