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Effects of drought stress and rehydration on the physiological characteristics of
Gymnocarpos przewalskii seedlings

WANG Xiao-feng, MA Bu-dong, HUANG Hai-xia , LUO Yong-zhong, QI Jian-wei, DENG Zhuo
College of Forestry, Gansu Agricultural University, Lanzhou 730070, China

Abstract: Gymnocarpos przewalskii is an endemic species in the desert region of central Asia. It is tolerant to
drought and barrenness, with a strong ability to reduce wind erosion and stabilize sand. Thus, it is a key wild plant
for environmental protection in China. The aim of this work was to determine how drought stress affects the
physiological characteristics of the leaves of G. przewalskii seedlings, and to evaluate their ability to recover
after rewatering, with a view to exploring its drought adaptation mechanism. In these experiments, 2-year-old
G. przewalskii seedlings were subjected to drought treatments (soil moisture at 40% —50%, 30% —40%,
20%—30%, 10%—20%, and 5% —10% of field capacity) or control conditions (soil moisture at 60% —70% of
field capacity) and then rewatered. The leaf water potential, osmotic regulator content, and antioxidant indexes
were determined to investigate its responses to drought and rewatering. The results showed that proline (Pro) ,
soluble protein (SP), soluble sugar (SS), and malondialdehyde contents and peroxidase (POD) activity increased

significantly as the duration of the drought treatments extended. Superoxide dismutase (SOD) activity first increased

Wk H 39 - 2024-05-14 5 2 1] H 3 - 2024-06-05
BT < E 5K A4 (32160409) FIEE 0] & FE T H “ Vb £k 1= b B 25 SR 47 X 23 28 R 20045 W 7 (03723019) B Bl o
YEH A E/NR(1996— ), &, Hl Pt AL e+ . E-mail: 2658125190@qq. com

* WAF{E# Corresponding author. E-mail: 1057821914@qq. com



94 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 4

and then decreased, and catalase (CAT) activity and leaf water potential showed a decreasing trend during the
drought treatments. The SP content and SOD and CAT activities recovered to levels similar to those in the control
at the 5" day after rewatering, and other indexes recovered to levels similar to those in the control at the 10" day after
rewatering. Under drought stress, G. przewalskii seedlings reduced their osmotic potential by actively accumulating
Pro, SP, and SS, and adopted a drought-tolerant state by maintaining a low water potential. In drought-affected
seedlings, reactive oxygen species were effectively scavenged because of increased activities of SOD and POD and
the accumulation of ascorbic acid. After rewatering, the G. przewalskii seedlings showed a strong ability to recover.
These findings provide new information about the drought adaptation mechanism of G. przewalskii, a plant with
potential uses in environmental conservation projects.
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KA+ HEFEKE R 14. 0%, FHEN1.27 grem o R KRG HRATIE R 40 cm X< 40 cm , #3850 15 6 4>
ANIXC, 5 b H XORT S BRX RE AL E AESIN I N A SRR, X 0 1) 7 6 b A B R A
1.3 XI&i&it

F 2023 4F 6 A A FF AR G L X 90 AT HE AT 78 40 WE K L T S X BE Y A 8 K 43 A FE AR )RR K B 60%6~70%
7 5% 4k 200 5 S 5% 1 PR K ol e B K O3 AU I 2 T I 4 K A 4000 ~5006 3020 ~40% . 2026 ~30% . 1096~
209 .5%~10% o #RAEH WET 43K 70 I B2 3 A (WET-2-K3, i [E) I 5 0~20 em 3 B2 7Y £ 38 A R 3 K
RO AT B TR F KR M K o B TR K R B TSR K R K B E R
4 524 B ) A K o PR R A RS S L R AT B K A B 3 K R A B R R K B 60 %6 ~T70 %6, FE A B K
TF B0 45 K 50 B B Je B2 /KBRS 5 R 10 K SR S i F 0 5 2E BRAE A
1.4 F54Fn 2

A 1505D-EXP BUAE 5 AR B K R N & (SEH) TR 5:00—6:00 MIEAF 12:00— 14: 00 76 A [ 4k 2
P 45 B 6 BRI S ¥ R I K SR TR b K # . a0 IOR R R T R b i A G-250 Y gk TR
P e m AR B b R AT AR R R R kI S il 202 (proline, Pro) W] % 2 1 (soluble protein,
SP) Al %P B (soluble sugar, SS) N ¥ (malondialdehyde, MDA ) % Bt H ik (glutathione, GSH) % i ; 2 % Pei
VRN A WU ST R O 1 I A2 IR I R (ascorbic acid, AsA) F t HEE AR 1k ¥ B 4k B (superoxide dismutase,
SOD) it S AL Y B (peroxidase, POD) id A AL A (catalase, CAT){GPE, FA 41K
1.5 H¥E%it5 5

K SPSS 21. 0 #4047 1 2 43 4 K6 50 R 3 7 22 430 07, JH Duncan s K6 56 43 B S [) 4 3 22 8] 1Y 22 5 1 3%
PE, Hod g 2P X P<<0. 05, fi#i ] Origin 2021 #A4E1E A .

2 HBREHGH

2.1 REFEAERIETHIELSKE
bifi &+ S0 ] B G, H S KBRS (R D), TR S KR EIESLFR &Kk RS T 55 9 KRG &M
R HSHMKGHZMEAEEEER., ETRE 22 Kul, B /KEFEAXTE9.0%)r98.89% .

x1 KBHEAREATFELERETHLESKE

Table 1 Soil water content under different treatment days during the test period ( %)

i [ T 5 4b B KL Drought treatment days

Ttem 5d 9d 134 184 22d
AHXF 45 K it Relative water content 40~50 30~40 20~30 10~20 5~10
SEPR & K4 Actual water content 4.940. 2a 4.140. 3a 2.6+0.1b 1.5+0.2b 0.8+0. 1c

T FPSEBR A AR RO O T B bR 28 R R/NG FEREFROR 22 53 13 (P<C0.05) .
Note: The format of actual water content data in the Table is mean=standard deviation. Different lowercase letters indicate significant difference (P<C

0.05).

2.2 EEHGF IR AKATRREKL G KA Y
7K A3 8 A2 B R SR R B 5 a5 SR K B 327 R ARSI S N LA Ak R T K
g3 b, BINE R K $50mT DU B A /K 43 R0 o T SR K S T SR R A SE A R R A (B 1A 7R T 5
9522 Rk B e /ME 2 T R 5 KM 1.83F5 . T 555 13~22 KB, i J= i 7K bk & 25 (% T CK, 43 51 T K&
1.07 1. 41 F0 1. 284% o S KJE 45 5 KIE  iE RM/KH B E EF BT 545 22 Kk EF+ 17 39. 7020 8475 18 3% 7 3
CK K 10 K, 1F & MK S B AR S B0 BRK - o A 8] I 7K 4Bl 1 58 B A e s 2 TRt 35 (&1 1B ),
AL SV R MK A — B, FE T R 13~22 R, 7 M ih /K 3 f i e 8 35 I8 T CKL 20 3 R FE 1..05.1. 03
F1.524% . BIKES 5 RKAF, 2 [ f oK 44 T 5158 22 KA i & b Fh, 2 E K5 10 K EEAR B 55 18 K- .
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Fig. 1 Effects of persistent soil drought and rehydration on leaf water potential of G. przewalskii seedlings

MM R 1 5~22 K78 T 50 BUF B R E 52K 510 RORTET A0 B 22 d J5 S /K Z 06 IROKCF 19 KRG A RVNG 57 38R 4k PR E) 22 7 3% (P<<0.05) 5 *
FER AL HO IR 2 ) 25 5 i (P<C0.05) 5 #+ FR 22 A % (P<C0.01) . T A, 5—22 in the abscissa represents the number of days under drought
treatment; rehydration 5 and 10 indicate the days of rehydration to the control level after 22 days of drought treatment. Different lowercase letters indicate
significant differences among treatments (P<<0.05). * indicates significant difference between treatment and its control (P<C0.05) ; ** indicates extremely

significant level (P<C0.01). The same below.
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Fig. 2 Effects of persistent soil drought and rehydration on the content of osmoregulatory substances in G. przewalskii seedlings
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CK.



534 B 4 Fll2F 3 2025 4 97

TS0 A A PR A R TR R AR S TR (1R 20) AR LA S R b R A — B
550 B L T 9 O I 4 4 2 8 K P A TR 59 K, B 5 T CK.L 3185 1 70. 3296 1 96. 995 5 7€
T 55 13~22 K B i3 5 85 F CKL 4 B85 1. 30, 1. 56 71 1. 6445 ; 5 A5 A1 7 T W L & K55 10 KI5 25 T
CK.

2.4 EHFGTFALAKMRRAKSL G KA 0

2.4.1 WA ZEEEREAEW ST RE AR R K RN R R B LIPS (E3A) TR
55 22 KK B, 255 5 K 2. 58 % s /6 T 245 9~22 K i, ¥ 8 2 5 T CK, 43 38 CK i i 0. 95,1, 01,
1.37 M1 1. 46 4% s K5 55 5 R mF, B35 F e BT 5245 22 RIS FEAE 1 39. 70% , M W 2 8 T CKG E K% 10 Kk R
K, W5 T CK.

10 B /b ¥ Treatment 450 -
CICK B A C
8t ‘ 375+ - »
b c
300} ., .

e (=)}
T T

MDA it
MDA content (umol-g ' FW)
IS

AR
i A A B T
Peroxidase activity (U-g' FW-min™')
9
]

(=]
1

450 e .
£ 50360 | ’
= ' 5
o i = * o b IHE =
Yo, pr. b 412 270 ! .
%(? D = " = < cd d
Mi; 3:::[ N % 8 * *
& = d 55 180f ¢
w5 & B
pa i . 2
Q o
L § 90}
8 <

S

0 0
5 9 13 18 22 ®H/K5HKI10 5 9 13 18 22 H/KS5HEKI0 5 9 13 18 22 ®H/KS5EKI0
Jb ¥R 4 Treatment days (d)

B3 TERZFEREKAMBRAGEAEMFEHZE

Fig. 3 Effects of persistent soil drought and rehydration on antioxidant properties of G. przewalskii seedlings
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continuum, SPAC) H1 [ 7K 4332 shHLHE B %A IE . EAEYI SPAC REEH KA IR N2 5 2 21K B B BERY XL,
3 o K A AR A B, T K A R I S B R M T AR R RS S SR S RE W 4L S K B S oK BE
A OC, BT I — R K AR S S AR P 1 T AR R R AR T R REAE A B AR e S
WFFT K& L, Bl 38 & K B R A, R SR K 0 oK 3 5 R R A 3, X 5 38 B (Malus domestica) ™ B (Robinia
pseudoacacia) W EE R LB Y)W HTRVEVLEI AL . B ALY AR S KT |, W R I K 424 I 25 52 K IR R0 7 i
S TR WS ER W] R T K LA — S B N M 7E B S ORK B R B 2 X, TR S AN A
KGR ) A A 2 e AR 6 3K A3 R R R B R AMEE PR Y . 2k SCRE Y R T AR R I R T R aa i
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B AN, U B 0 1) 1 52 W 3 2 X R R AR I R K R O T K 52 B — R 1 S
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B35 VR T SR A A TG R T ISR A — P AR N X SR . FE IR OL R L A A0 R RE 2 s E T A Bk
FRAC TG 2y, 8 A AR SRR 8 VA T, R B A DY A MR X — AR L R AT BT R AR A Y
B TR B 5 A R O K T RE O 2 5 40 IR R K T o DR 0 A KR AR 3R Sh AR DL EH BETT . B aE T ) R
B AL PG AR T AR R DA R a2 A e T N T RSB A B MM WA
i 2 — P = O AT BILIB 3 IR 1T ), 8 3 A L K 3 AT 55 25 ) K 8 B K M T I S L B SR T A Ry TR K
[ 35 AN J7 o BIVE 78 AT F K 4300 1 200 WRE AR R 2E 0 K4 F K BOIRAEDY . AT AR S — R A 2 3
B VR AT AR AT L R R 0, A Bl T A R A0 0 T, AT R SR A A R PR AR T AT i M R
1 E T R K B AR | AR 6% 1 0 A A 1 DR K RE 0, A S B A B T AR AR I AR aE N R T R
X AE ) 05 o IR AR B LA T AR A o P B 40 A S R A 1 R TR T M A T s R
FIKSF XA B e T R4 T OREEK S 080 T 2 XY 1 40 3 o X — IR TE £ K (Zea mays) "
A1 4% (Stachys sieboldii)"* SR 1 AFE] T 5

XFFBER ARG R, BEE TR A R ISR | R R R R R R R S S O TR
22 R IR B o 3k 3¢ BRI SR R &)y 1 3 Ao AR 52 30 S ) T R 42 3 40 B DY 1) 9 VR B L AT RO Y T A I B
JEBESR T A K TR K B ] Jy, i s T BT R AR 0 BT ORIE B T R B R B e EH
XTE— R DR TR R G B LA R TR M R L SR, 5 R LA IS R AR B R AR S A T
LA 18 FN 22 B, X Sy J5T 5 ek () 39 R B AT T O a3k 3 W T R AR R 04 R T R 23 % 4 R — S BB L O
S0 B SR T VS PR B T IA AR AR A Rt R . B K 2, Bl S B ) B HE RS L 3 3 R T Y B ek K W
FEARZ X ALK F o BRI R ARG AR & 00 T R 5 B & T REC S KK FIRE , Wow AR 1k
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A B T R RE LR R AR Y R B B 6 1 S R 2K (reactive oxygen species, ROS )W He 1E & 19 4= B A= 1k
T B 3E T 51 S 0 A 4P P AR 405, (2 0 RS & 2 B TR A S A BN . MDA Sy i T ok Rk G B R A,
A AR KO T DL M B R R SR T L RS b B T S A B R 4l e o
MDA B & it 2 ET s, B7E T 55 22 R A B S . X — KBS Ge %75 B F KT 541 1 0F 58 25 SR AR W)
AL RWALET R R ARG A0 R 40 Az 300 A A A . ROKER 5 R R ARG R
MDA & A b 2 3 = T % BEOKF o 3l E S O MDA 1 52 W 20 390 1 58 i ok 4800k B4 7= 9, 20K O A7 8% £ i
Fr RS 8 KT S8 0 e AR W Bk o e Ak, RS R Mt B AR i SR T e ks . e
K 10 B, A IR 2 6T HEKOF, 00 BB SR A 4 1 76 T 52 52 K i i AR 4R 05 B B s R . R TE TR K
M EAL TR v, R R T — B T AR R G X R G AL L SOD (POD F CAT AR 3 (1 il 25 i S Ak,
P Ke AsA I GSH A5 AR [ 2 P AL 1) o 3 620 43 D3 IR0 A D T o3k ok & A0 9 P 0, 020 A L i 4 Ak i 0, k- AL 4
IEwEAERmEF™ ",

SOD J2& A8 9 1 o4 1 M S0 A 1) OGS i, g 8 17 AR 4 e e AR By B 1) 28— T Bl 2R SOD il ik 43 il 5 — A ]
FEYEA E B0, ), B H,O MO, 1 CAT M POD Ay 35 B4 FH I 375 B R 9 1 P 19 5 44k & (HLO,) Y
ARTFSE 2 B, Bl T R B A3 K SOD {PEI 58, T R 255 18 K SOD il ¥ F B, i 15 A2 1 4545 Hh 19 6 1 7t
Ja T B R — B0, 2 I 0 B R T BSRR G E AZ L W BR A R SRR D T L SR Y A SR
i, DT 35 P B o POD 5 P Bt 25 S R B A IR St b T b 34 L0 38 vy 0 B, A 7 T R AR F R RO AR
4T R 3E AL B POD il 9t S04k AL R 084 1 5 R R 5, L AE T R0 R R R R G AR X 5 R
AT A R — . S AR B, CAT 1936 B 2 T 52 1 ) 14 S8 17 4% 37 B A1 L X 2R BH Bl 5 T S R
CAT il MEAE — @ B B2 8 T, X 5 T 500~ 83 (Citrus sinensis) ™ 19 CAT 16 AR (b LA — 3, #
RS AT B B 0 R B A, AR AR R POD I M B R CCAT i MR BT, X il T 52
e T R AR W A SUR B PR A AP 25 5 . TE KAL) BRI B R SOD AT POD 3% # Ak 1
BN M CAT RN 2 E T3, 242K 10 K, SOD . POD F1 CAT §if P W & F 78 40 K ik o piy itk ml
BB AAE T 5205, FOAR N I M R 7 AR S T BR AL © SRR R P AR S R A Y B BRIk E
&7 .

AsAFI GSH & — 28 & 43 1 it BB ALY BT, B AT TS AL RE 8 1 45 15 BR AL 40 4 P4 BRI BR 58 6 13 T 7 212 19 RO'S , i
A i AsA— GSH G ¥R ] 422 Hb {2 3F ROS I BRY 0 78 I3 A 90 1 P, % M S0 00 26 8 5 7 B Z Tl AR 45 35 sh 7
7,1 AsA — GSH G R AE X A A o B vh 0 6 2 B B A M . ASBF S WS 1), 76 52 k3 il ) 1 L R
BRAL T AP AsA & BB TE X SR T R an R AR R K AsA 1A . GSH A #F 2
— b G B A AL R T A S A Y (oxidized glutathione, GSSG) FlAE J5 2 (GSH) B RICIRAS o 48 e H ik 34 )5 il
(glutathione reductase , GR) i /E F 24 S AL LAY GSSG 8 J5i o GSH, #1112 5 2116 M G bRt B2 v o ARBESR
KBRS AL 1 GSH & i 2 8 25 T R X AT RE R T R W38 50 T GSH 1Y & ok H 7 A Ak TR g
AR ™, BAKZ )G, AsA S B T HES GSH & &2 EIHES 8 T4 10 KF, e & &8
TR A 3k e R SR K 4 B BT BRI T RS A AR b e 10 52 K S O B LB e g

4 Fit

TR R 2R oK SR T R, TR AR RO T E I oK S R T 6 R, Pro (SP A SS i 2% 1
B FEARE B i R WIHR R AR U 2 2 35 AR FA T 52 T 5 SR

TERFGEPE T 2600 T BRI i i MDA & 4 225 T, RV R G A AR BN o S 1 X X —
00, it A 328 i 1 38 SOD M POD Ay i 5 18, I B2 3 2219 As AR i B ol o0 A9 395 8 S, DA TG D o I 2 42 1Y)
WH
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