55 40 4555 1 1] R AR (AR DO HEE/R30) Vol.40, No.1
2025 4F 10 A Journal of Xinjiang University(Natural Science Edition in Chinese and Uyghur) Oct., 2025

4 P EID BRI TR R MR R RHET
X SN IR 55 B e Loz *

% % 34
(Bgle A S TREA, I B3 033001)

8 . NESTEFE EVD R I A T S HER A T NEAS A N, DA2FRET AR B E VR (B2 1F1582) A
KRR, X T 5 MR K- (30 .60 .90 . 120 . 150 mmol /L) FINaCIER AL , LIZEIR KA B S0 HRZH (CK) , Fe
B A p E VDR IR S5 SXT IR SR UM IR R | KRR KRR BN a CLR E B3 i 2
B EREGHEE (P<0.05) ; 32287730 . 60 mmol /L NaCIAbBRZH Y & ZFHE 805 TR (P>0.05) , K ZER B E = TR
21 (P<0.05) . 2R A rh E VAP F-7£90 mmol/L NaCIHART , # & 145 ifa ot IR 2 T B (P<0.05) ; NaClAk
PR 25 1790 mmol /LI, A ZFAR UG RACHBON IRATHER 1 d. 521 52201 5T0.2% . 0.3% . 0.4% . 0.5% (w/v) CaCla i
Wb Fh24 h, DIZEIB/KIZRI24 DB X RAL, )5 7E90 mmol/L NaCUbf ab3 T i#178 & k%, R IMAMECaCly i)
ANRIFEBE AR AT 221 | 22280 K IR, Hid10.4% CaCla iR Ab BN E Ml MBSt , 28R | & 234
R ZER B B E R T IRA (P<0.05), KRIERIGRECG S IRAMN. 2 L nlE, sofhFif L m ikt Fae1, 4b
RS X 2 B A [ P R 19 2 A £ A 35 BT R

KRR . FhA ; Pk BEAE T EVR T 5 SNEAS

HRESES: S793.6 XEIRIREE: A XEHS: 2097-5333(2025)01-0026-012

SISTHE: AR, B A v E VDR & S vk R R e T X A MIRES R 0 (). B R (H SRR R U
YETIRIC), 2025, 40(1) : 26-37.

HE 3 5131&3: HOU Donghua. Salt tolerance of wild Hippophae rhamnoides subsp. sinensis Rousi seeds during

germination and response to exogenous calcium under salt stress[J]. Journal of Xinjiang University (Natural Scien-

ce Edition in Chinese and Uyghur), 2025, 40(1): 26-37.

0 351 &

IR AR 2 A BR A M P RO 2 A ) DR D T FR AR L MR LA B, 24, 4pkih
WETRUG10% . LT RS AERWN . R SR 145 | B RS | 28 R
W L KIS Y | b MR — R AL ST SR R R B | A ER I (0 37 L B ]
R A I, SRR R | R e e LA B ),

T8 2 A2 X SR 0 P R 0T, R B R A B TR VTR T RN T R . R
33— IR S PR RS, T U EER 0 -+ R R O R B AR . S R B T
TERTYIAEIR RERBE R b R A5 T B O L X2 h W H 4B ) | PO B — 2 v B 11045, 7T AL
G e

YWk (Hippophae rhamnoides L.), JESFITRIUDHR , L ARMI . A, NZARETENTEA . VBRI FRE
AR HOSE R | )12 FE T VD B AR 0 , AT I (2R 252 B 100 Jigdh , vk AT e (9 2%
VUM, HORST O R TS A IR R B TSN T | EEZG R | Al R Rl 2 2
T AR 190 POk ) 5 SR Bl T R B RN | 0 707 i R BB 35 2 RS A

VORI HD RN AR T | RS R AR AR A . e R A RV A G i R A T
BB RARV R RO PG AE R EEAMAGIX, A KRV BRI 1024% , AL E s —, %
A HEF PR, AR LG " T . B A LU P TR LR K IR B VK L 4 R AR YD

« iS5 B HA: 2025-07-02
EEMB: ILPT4 B ETEAM LRI E (2024NY08) .
EZ R 440 (1980—), 2, Wi, PP, MIEHEY s A 24 S T, E-mail : 497041495@qq.com.
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R 2 248 RARVD AR R 20% , HE =G A E VB ( Hippophae rhamnoides subsp. sinensis Rousi) ,
AR B DA T BRI Al DX PSR | BRI | G TR | SRISCAR S i BRI AR, B
J R A A DX T R R AR o= S BT R A B A v PRI R, PR i DA AR A
JR RAHE T .

PG ARV IR e~ 8 1 5 R T AP AR ™ E ) et A Il A, (B G T2 DB A= v [ Vb i i 1
FASCHIFTER D, RN 5T G itk B A VD MR 38 A BIF TR WA . A SORT 2 B A e [ /0 017 2 S i
EE, VIR FISNE CaCl I Fiovt R 8 22 i AR JETF ISR, T iab MERp ot , 4R G2 A VD MR P38 1 5 S M
BV RE , LIS B AR v R VD ROT R AR BT 03 | 5t b 5 43 ORI TRV R T s () s BRI S %

1 #MRl5R=%
1.1 ##
20244F 10 , REEILVEAE B F2 T 3SR EL P SR 1 %) 2R A vy VDRI 52, Pkt sl T B SRS, Bl A
T, bRCNACIRIZE2, FEATIE Ve T, PRIEFFRAETE RN, T4 CORFEARE .
1.2 A&
1.21 R
202543 H , e R/INEIAT L RFRLARE () B A v E YD OR - (B21RIER2) , FHZEIR/KIR 24 b, FRH1%IK
SR W TR L5 min, ZRIRKPES~5IK , e US4 T 3R /K 43, AL BT () 35 50 U E T
A 3JZUBARMNO eI FRILAp , B HAT I ES0R AN+, A 3K, THIRIE A H AT & .
RGP EY A VDR (Z21R1582) Sk, 12530, 60, 90, 120, 150 mmol/L 5/~NaCl¥k i
FREEBIALEELE | I DIZRIRK AR BRAE DX HRA , FTA Ab B4 #E 25 CARRE T4 TP AT &0 DAAR S8 b iz
IRBF TR/ 2/ T Abrak , ROV -0 SRR B A 00, 3 B B e AU #b 7o A B
REG2 . DLoFpHp AR rh E VDR (3C1R1582) RIS AR, 8 0.2% | 0.3% \ 0.4%F10.5% (w/v) 4L
FE ) CaCL A AL A (3024 h) , FELIZEIRKIRRh24 WVE RN IRL , AR I0 107 18 1 09 B Rtk Eh iaa 4%
P I i R FRARIREE 25 °C, & Hid sk &5 0.
1.2.2  EFEHR
(1) REFH= (AR FMFE LR 5 40) x 100%.
(2) RZFH= (i3 dWHEERAF T 10 & ZE80/ AR S50 x 100%.
(3) KT8 =S"(Gt/Dt) (Gt ISt RM LE, DEIRED .
(4) % H EZEHR= (% H R ZFTFH/ MR 7 850D x 100%.
1.2.3  FlEabaE
FIHISPSS 2604814, SR FHEA R Ry 22 0 Al i/ N2 5 38 v i B b A 1 22 5 & VAT, 9192 F Excelitt
Frifil .
2 HR59H
2.1 ERAMBIEFE R EID B F RS AR RN
2.1.1  FhWaa xR A A [ VR R ZE R R
LR Folp 0 X 2 B A Hp VR T ZE R s R 25 5 (E1) . SRR T I & ZE R RN aC L BRI B (1) 14
TR, HALBRZH SRR FEAE BEZE R (P<0.05) . Z82Fh A9 & 2F%AE30 . 60 mmol /LA Ik NaClkk
AT, B RARIEET S (P<0.05), BEHAMKER A PREAE HEACoRh T A& 5 4NaCIb FHE B 1K 5190
mmol /LI L BR}, Z22FhF- & ZE R IR N R, HACBRA 53T IR AAE B 255 (P<0.05) .
2.1.2 R hIE R A A [ VD R T ZE R
21, ZR2FP T e ZE A BN aCLAb BRI BE (38 iz A0 R e (E12) . 38 UFR 7 I A BRAH ) & 23 S5 0 R
IR B, 2R F7E30 mmol /L NaCUbPE T ()& ZEH SXH R4 T % 22 5, HAW AL BRZ 5 5 %) B2 22 57
W3 (P<0.05) . 281, 222FF A9 & ZERITENaCUL BRIR 90 mmol /LIS KIF TR, SRR K T582 , LA 1P
X ER e T A U
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a
a
C
b b 4
C
c
d d
= gt
o2
L L . A A
30 60 90 120

150

REE/%

NaCli# E/(mmol/L)

B 1 NS T e ED BT R FER
Y [l RIVR VNG TR 1E0.05K - 252 8% (P<0.05), Tl

18

R

%10

iR g

£ B3
or B2

CK 30 60 90 120 150
NaCli#& E/(mmol/L)

E 2 HEMETEHEED BT RES
2.1.3  FRM 0B AR v [ VR & 2R R s e
ANTR R E NaC 1A B 2 A v [ VD RR 1 & ZE A8 BRI 4% 5% (J&13) . S 1RRF B & 2EFE BB N aC 1AL Bk
FE BN T RAAR , AbFRLH 55 % BRZH (RIS AAAE B 25 53 (P<0.05) , FBAS 1RhF- Xt Eh e Fe 0t e BEdlUser: . 5t
HRZAHLL , 30 . 60 mmol/L NaCIbEEA] Ag2Ff 719 & ZE4840f it m , (A2 R A B (P>0.05) ; 4 NaCILb#lk
FEIRE]90 mmol /LK VI BB, 322Fh & 8 50T in i 2 TR, HANHRZ 5% B4 Ml B 77 AE i 3 25 5% (P<0.05) .

[
o

(sl
D72

-
=
O B N W A U AN B W

CK 30 60 90 120 150
NaCli# Z/(mmol/L)

B 3 B THEREDBRMFRFEY
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2.1.4  FhMEER A VDR 1 A AR A R R
AFIHENaCIUEBER | SR F 1912 H RV ZF R 58 EIHA 8 TRE 2%, ELErA AL BEZH 9%

H ERUL R R T X IR4. 120, 150 mmol/L NaCIZbHE v, 715 & 5 shiska] e xd BRZH AR5 1 d, HAl
AbFRZ 5% FRALARTR] , BIEE2 ATFLR I & (El4) .

X
oy
B
iR
H‘R( —a— CK
= +— 30 mmol/L
B

& 4 60 mmol/L
- /
kg »— 90 mmol/L

—=— 120 mmol/L

—e— 150 mmol/L

1 2 3 4 5 6 7 8 9 10 11 12
A is)/d

4 HMBETXRIMFIERHE

FIrA Ab B, A2 214 H BRUR 2RI 5 B TR b, HH30 . 60 mmol /L NaClkh
PR % H BRUE ZER MRS AT LRI TR, ek 2R B3 X IRAL, UL 22 28 FXHIRER 34
B EA—E M 32 M. 76120, 150 mmol /L NaCIbHRALH , FpF- A1 A i st [a] L IR S 1 d, Hoftb b BEgH 5
XTRRZHARIE , IR dIFtRi & (E5) .

100
90 |
80 |

o
g 70}

£

ik 60 —=— K

iE( 50 | *— 30 mmol/L
%; 20 L 4 60 mmol/L
m *x— 90 mmol/L
Ry 30T —=— 120 mmol/L

20

—e— 150 mmol/L

10 x

A fa)/d
5 HBMBTR2MFRERIHIE

25 L FTIR , YNaClR B = T°90 mmol /LT, 281, 222 Ayl &L iR it AR . 456281, 38 2f T &
ZER R TR FEFEEII N0 mmol /T NaCIKbHRL TR AR HME T B AR 0, 2F PR A v [ VD iRh 7 B o (. 3%
i B ER B8 E LGV 2290 mmol /L NaCl, #UF90 mmol/L NaCWE AR 46264 £ 38 4b 3.

2.2 SMNEEERTELRMNE T A P ED MM F B LN
2.2.1  ANEESXTER A TR AR o VR R 2R RN

HE 6, 1M F1E0.2% | 0.3% . 0.4% CaClAbBEZH ) % 25 R bifi CaCl R B T i BT, 0.5% CaClAb B
IR AFRBA TN, (AR IR R 2 321 0 3 3 TATIRAE (P<0.05) . 28280 F7£0.2% . 0.3% CaClyAb
PREH P & 2R R G X R T 25 (P>0.05), HAWBRA N & 2R B E 5 T IRA . 281, 302fp T & 2R
FECaClL R B 0. A% I IR BIE(E , BEJS 3 TR, (BT 5 2 v X .
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a
a
b b
C
b
c c
=St
D72
1 1 1 1
0.2 0.3 0.4 0.5

CaCLiRE/%

B 6 SMRESXTEEME T B A& B EID BRAh T R S R AR

2.2.2  ANEESXTER A TR AR rf E VR R 2R R

FHEITRTAT, ARV BE CaClLANFEXT A2 | A2 2P FFEFR A T 1 K ZF A2 i AN A . A CaCl W BT , 28 1A
TH R R ETHE PRSI EEH, 24 CaCl, R 0. 4% I A s , 5XHRA B 25, (H50.3% CaCl,kb
FHZERAEE (P>0.05) . 2R F1ECaCL R N0.2% . 0.3% WIS h BEZH F) & 25 #5020 6 i & 25 5

(P>0.05), HAKb B 25 TXTRZ (P<0.05) . 381, 322Fh - & ZEAIIHE CaCl Wk BE M 0.4% i 1A 3 ey , Bl
Ja FF%, 1H0.5% CaClLAMHZHA 8 2 5 xR (P<0.05) .

o N IS

a
a
a
o a
b
® 10 b
£R
# 8 b ¢ c c .
N [ el
| ]I .
1 1 1 1
CK 0.2 0.3 0.4 0.5

CaCLIR /%

7 SNERESITERANE T I A R ELS BRI F A F BRI

2.2.3  HNEAGXTER e T B A b VDR T & 2R B R

HEISFT AL, 381 | 3828 T & 25U BE S CaCL IR EE 38N , ¥ 2 SeTh s R IR AR (bt ®s . HL7E CaCl, ik
JE 0. A% IR B, SRHRAA BEZER (P<0.05) . IR T HI K FHEEHE A CaCL AL BRZH vh iy 2 0 T
XHRL] (P<0.05), MAC2FPT1 % 2FFa8NAE0.4% CaCl A FHZH B3 = T X R4 (P<0.05) .

=
o
1

[n el
B %2

-
ZF

O R N WA U N ® O

T T T T T T T T T

CK 0.2 0.3 0.4 0.5
CaClyiR /%

B 8 SMNFEESXTERNE T B 4 B B AT & SF e S0
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2.2.4  HNEEGRER A T B AR b D R T i e AR AR
HEIOR] T, ZE1FF3 452 AP IR I & , ARV EE CaClL AN 22 1RPF 193 H BRFUR 2R 5 5 E IS

FROEMARLER. A% i, Fra A g B SFUL SR TXHRAL, HAS A B 355 % R AH de 2K 2
FEFBE (P<0.05) . HirCaClLHE 0. A% WA FIH R o, Fe R 230 IR 5 17 16%.
0 r
80 |
o 20 * * *
f\I 60
Eso ~ ’ —=—CK
< *—0.2%
%E 40 —a— 0.3%
e ‘ —n— 0.4%
20 F —e— (0.5%
10

fi{e)/d

B 9 SMNEEEXEEME TR 1FFiER AR RIFM

R FEE2 AP IR &, B H B R WS ETH S TR AR e iEH (K10) . 0.2%.0.3% . 0.5%
CaCLACBRLATESE2 AR EE9 dANIIZE H BRA R SX AT R E LS. MIRA K HFKE, 0.4% . 0.5% CaClib
PR 34 B 25 T IR, Horp2h0.4% CaClLANIRAH FEIREAL , Fe R R w4 35 1 30%.

90
80

70

=2}
(=}

—a— CK
*—0.2%

—a— 0.3%

EARAKFE/%
= v
o o

—x—0.4%

—e— 0.5%

B fe)/d

10 SRS EEME T 2 280 FEA R 2R

L5 TR, TR SIS b B R T A e %o 2 £ e bR T R IR L FEr0.4% CaClokb
PR AR AT-
3 wig

TR TR S L 9% R A e JR ) P o S LR B Bl T8 22 391 10 R 23 S A
TR RN T ESGRT | K 2SR R BT Wl T 5 2 RS FEIE | R 25 SR T AU A B T3 )
FOHUR A, 0Tl BRI | T B0 2 2L B A 1) 2RI B M T 5 1 e B T
Az — , FEEA AR MO SO Y R L SR | 7 1 B RS 75 3 A DU R S0,
B (9 AR IS0 SR B B T, UGB R T IRK , IR SRR AR 2 ST R B, W o
VOAS TR TH0 S 2558 | e 24 T o 3 HS B B N a 1Ak B F35 B R4 T T S0 S AT, 5 X 2 oo T 2 S —
SEOFN TR R | R AR YR (30 . 60 mumol/T.) NaCUh BRI 50k A FF T125 , T RE SR fh T & B ES
3 YUK B NaCUL IR T I B T — M, MR TR Ty 85535, MR T Ho R T & (10725 1
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3829, M NaCIhFEVR A 5190 mmol /LA LA, 2T A i [V BRR 11 45 R FE A28 W 3 IR X IR, & 28
LRI AIAE 5 , 22 PR Eh e s B, G AR rp ViR 7 & a5/ 03200 | 2Rl
RO 4 AR —F. ZE LA, VR R Ik ER e SRR, IRIREEERMNA T, S 2Rh B & W T A2
PRI T2 1M F

FEIRAEYIE R E BT REICRZ —, S 5EYIE AR, nAERRANMRE | 4 K B4 #4 25 H
MRENE , R TCHLES FiYig e , Seffaiin i v, BoA syt E AR . wi AR, Ca2t i)
VE S AN P 5 A5 00, L ERmPa (55, AT RERRAR N 2 P55 . Ca IR EE IS8 o] L S R Al A b
A AR AR S e, SR THE R 1) ER R 37 P 2527 ARBIFGY R E, 2FR AR v [ YD R T4 k4R
PRI AMNRAS R 3, 258 ETHE TR LS. 1R 45 CaCLALFRAL I & 285 | Kk 2F 3 R 245
B TR, 222 F7E0.2% | 0.3% CaClLANPRA A A H8 R S5 X ML T i 2 22 5, FLA AL BRAE W 38 5 X
HRZH. DhCaCl, ¥R BE M 0.4% oAb FRE X ER olp 18 T 270 7 A v [l Y BRD 1 85 2 O s e . 25 LAk | AMNAS
GRf T RO X 2 Fp R A v VDR A A, R S R TIRIT RS SRR N | R 50 25
P71 & O 98 45 R A — 3K

4 Hie
a2 2 Az v R VDR R A, SRR SO BURR, BT A BRAL R 2R Rk
AR W AR TR IR S22 BA S m MR A AR RIS N, AT LTI E . R IAME CaClL iR

AL RZE S 1 TR0 Xt 2 B A [E VDR W AR, A AL BRAL I AR AR L R SR AR B BN IR
friin. SMRCaCL YRR N0.4% , W RO A B BORERAF . $hMihan TSP AR v [ Vb1~ 8 & Rt A ik
FER BT RGTHERR BTG IR 0 i 1 S A= KA BAT B

B2 3Rk
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Salt Tolerance of Wild Hippophae rhamnoides subsp. sinensis Rousi

Seeds During Germination and Response to Exogenous Calcium

under Salt Stress

HOU Donghua
(Department of Biological and Food Engineering, Lyuliang University, Lyuliang Shanzi 033001, China)

Abstract: To explore the salt tolerance of wild Hippophae rhamnoides subsp. sinensis Rousi seeds during
germination and their response to exogenous calcium under salt stress, two types of wild Hippophae rhamnoides
subsp. sinensis Rousi seeds (Jiao 1 and Jiao 2) are used as experimental materials. Firstly, the seeds are subjected
to NaCl salt stress treatments at five concentration levels (30, 60, 90, 120, 150 mmol/L), with distilled water
treatment as the control (CK), to compare the salt tolerance of the two types of wild Hippophae rhamnoides subsp.
sinensis Rousi seeds. The results show that, compared with the control group, the germination rate, germination
energy, and germination index of Jiao 1 seeds are showed a significant decreasing trend with the increase of NaCl
concentration (P<0.05). For Jiao 2 seeds, the germination index in the 30 and 60 mmol/L NaCl treatment groups
is higher than that in the control group (P>0.05), and the germination rate is significantly higher than that in
the control group (P<0.05). When the two types of wild Hippophae rhamnoides subsp. sinensis Rousi seeds are
under 90 mmol/L NaCl stress, all indicators during the germination period significantly decreased compared with
the control (P<0.05). In the treatment groups with NaCl concentration higher than 90 mmol/L, the germination
initiation days are delayed by 1 day compared with the control group. Seeds of Jiao 1 and Jiao 2 are soaked in
0.2%, 0.3%, 0.4%, and 0.5% (w/v) CaCl, solutions for 24 hours, with seeds soaked in distilled water for 24 hours as
the control, followed by germination tests under 90 mmol/L NaCl stress. The results show that exogenous CaCls
could alleviate the effect of salt stress on the germination of Jiao 1 and Jiao 2 seeds to varying degrees. The soaking
treatment with 0.4% CaClz has the best alleviating effect on salt stress, with germination rate, germination energy,
and germination index significantly higher than those of the control group (P<0.05), and the germination initiation
days are the same as those of the control group. In conclusion, the salt tolerance of Jiao 2 seeds during germination
is better than that of Jiao 1, and exogenous calcium can alleviate the salt stress during the germination period of
the two types of wild Hippophae rhamnoides subsp. sinensis Rousi seeds.

Key words : salt stress; seed germination; wild Hippophae rhamnoides subsp. sinensis Rousi; exogenous calcium
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