VBB E RGN TR, WA HE S e R
B34 R L AKIT AR &R Ak A2
Response of Hippophae rhamnoides morphology and photosynthetic system to drought, salt alkali and their combined

stress

Zeng Zihong, Zhang Zhewen, Sun Yongjiang, Dong Shubin, Yu Ruimin, Cheng Jin

AR

Bk, SKASC, PRI, FAGE, SR R VBRSO RGO TR SR S b B R[], ARl
27412, 2026, 48(1):88-101. doi: 10.12171/5.1000-1522.20250090

Zeng Zihong, Zhang Zhewen, Sun Yongjiang, Dong Shubin, Yu Ruimin, Cheng Jin. Response of Hippophae rhamnoides morphology

and photosynthetic system to drought, salt alkali and their combined stress[J]. Journal of Beijing Forestry University, 2026, 48(1):88—
101. doi: 10.12171/j.1000-1522.20250090

TEZR R View online: https://doi.org/10.12171/5.1000-1522.20250090

LT ARG I H A SO B

Articles you may be interested in

RV LR ST A B LA BB L RS @ D0 i R o) STE R B I

Response of growth and physiological characteristics of three Magnolia spp. seedlings to drought stress
b EthRoll K 227417, 2024, 46(9): 57-67.  hitps://doi.org/10.12171/j.1000-1522.20230312

THAS SAURFE R ZE 05 4 5 S HeA T2 Wi Fe b =0 AT

Identification of SAUR gene family in Pinus tabuliformis and analysis on its expression patterns under drought stress

Jemihll K424 47, 2024, 46(8): 57-67.  hitps://doi.org/10.12171/j.1000-1522.20230333
T A X BRAG YR IO R A A S A BRI S ]

Effects of drought stress on the growth and physiological characteristics of Sect. Aigeiros clones

JEE MOl K 242448, 2023, 45(10): 81-89.  https://doi.org/10.12171/j.1000-1522.20220266
T 5 A SR K S 84K FEAE S K AR T 2= R R A5

Hydraulic characteristics and embolism repair of Populus alba x P. glandulosa after drought stress and rehydration

JEETAOL R 242447, 2021, 43(7): 22-30.  https://doi.org/10.12171/5.1000-1522.20200165
14 PeREM6 . STREAUFE T /K 53 W3 it SZ AL ]

Populus euphratica PeREM6.5 regulating tolerance mechanism to water stress in Arabidopsis thaliana

JEEiAOll R2F24 4], 2022, 44(9): 40-51.  hitps://doi.org/10.12171/j.1000-1522.20210195
M TT - U 3l AN R BE Fr B b T 52 A T 44504l

Activity analysis of different length fragments of walnut JrTT1-1 promoter in response to drought stress

JEETAL KA 47, 2022, 44(8): 31-38.  https://doi.org/10.12171/j.1000-1522.20210126


https://j.bjfu.edu.cn/
https://j.bjfu.edu.cn/
https://j.bjfu.edu.cn/
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20250090
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20230312
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20230333
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20230333
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20220266
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20200165
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210195
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210195
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210126
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210126

A EE 1 I = # I x 2 2 K Vol. 48, No. 1
2026 4F 1 H JOURNAL OF BEIJIING FORESTRY UNIVERSITY Jan., 2026

DOI:10.12171/3.1000—1522.20250090

DRSNS REX TR RE N EE & iE R iE

vrEt R kI mAR EEma 2 !
L B R 2 A PR 2 SR 22 B, SRR TR s 2 A 7 4 [ A S0 8, MROR & P 5 AR B B K TR RO, 46775
BT ST B AL T E A SR =, b5 100083; 2. JbETHOl K 2R SR, JEET 100083)

FHEE: (B R ] E K € RF IREKLL Vil R B2 S MA VTN, WA HAET B A+ 2-3mE 4 3 Mihage
FETRIRSFOGE BE TR NGO, B e8RS v MRS S8 T B BIALE], D9 5 S0 DX R4 1 52 5 b i R 4 S 13
WAKYE . [FAEILLVERKLL YW — AL TOPE R AE AT TN R, FIH B /KR AZ M o sh s, i B 8 L gk AR
K AE IR EE AR E A Wi b3, WA RALEE R IR A, W Hob & REMIRIR, I AT RIEAAH
ST [EERIDT R SR LI G A PHas e SR & R — = A MHER, H5EE a8 B E 5% T 5
—MhiE. (2)F—W a5 A IR, (BB Bl e (ERFE BEHT N, 43K & B (SPAD) . R T£ I8 03 (ETR). SRR HI %L
F (o)~ PSII g KA ZERCR(FJF,) T A WA R, SPAD. ETR. F,/F,, 2 [, PSIT B A0 2 2 (RC/CSo) [R5
N, BRI, BRI SRR . (B —BE R, vk B 1 R T R A R (Y (NPQO AR R
R MAEEEESIEFT, YINPQUIE T, JFM Tt BFEH(Y(NO) BE TR, & FEOLE REDaERRE.
(DOEGWEEFSCE 7 RERE G S 450, BEAE 26 Wi 8510, Bolichs 28 & (ABS/CSm) Rl 35 8 2 il &
(TRo/CSm) J% HL 1% i 3t £ (ETo/CSm) ¥ W) & B AR, FL R P if 52 55 35 e T 9 — M Ab B . (5)imy 9 2 B4 i aa 4145
Per3 ~ Perd B BB 5 — 41, B35 X 5T 8 — e, H. PSII A4 & MEd8 bR (F/F,, A1 RC/CS0) 564k 2 J i FA% i S 4
BIEMR, M5 K s ARG (VO T mHX T2 550 (V) K Y(NO) 235 5 5%, 2R PSIL G R T B&AEBE A it 14
M55 52 AR 74538 32 BE AR AR e AR RO IG5 . (SR8 )T 5 SR 2 S g X gl i &S SOt & R4
B FIRE LR, B E M ia s na i e E . 2 BT R e SR a i, Vb ie] DU R I e B St R AL A
HAH B I, 5 B S Wl 23 AN PO R0 o B ST SR AR AR B LA BEAT T A S, X R R RX AR
SEEWETRESENE.

BRI Y T RhE, STPE Z AN A Ee ) Wl

FESES: Q945.78  NHAFRERD: A XEHES: 1000-1522(2026)01-0088—14

SIc#&R: L, RIS, FVKIL, & WHTESAYEE KRG T2 A E A Pra i (1], Jbai ol sz 24481,
2026, 48(1): 88—101. Zeng Zihong, Zhang Zhewen, Sun Yongjiang, et al. Response of Hippophae rhamnoides morphology and
photosynthetic system to drought, salt alkali and their combined stress[J]. Journal of Beijing Forestry University, 2026, 48(1):
88-101.

Response of Hippophae rhamnoides morphology and photosynthetic system to
drought, salt alkali and their combined stress

Zeng Zihong' Zhang Zhewen' Sun Yongjiang® Dong Shubin' Yu Ruimin' Cheng Jin'

(1. School of Biological Sciences and Technology, State Key Laboratory of Efficient Production of Forest Resources, National
Engineering Research Center of Tree Breeding and Ecological Restoration, Beijing Key Laboratory of Ornamental Plants
Germplasm, Innovation and Molecular Breeding, Beijing Forestry University, Beijing 100083, China;

2. School of Forestry, Beijing Forestry University, Beijing 100083, China)

I #s B H#A: 2025-03—-17 1&[E B #A: 2025-04-25

EE&WB: B X E S0 &I (2023 YFF1304204), BUR RS 6137 B Br&7E T H (2019YFE0116500), [ 5 8t Bl 4= 50t 5 A ik &i] C 44
(GZC20240116)

F—1EE: YT, TETFRTNEYEKKEE. Email: zengzh@bjfu.educn  Hidik: 100083 db5¢ i XK is 4K 35 S AL sikklk K3
R S ER R

BAEEE: S, WA, P, REGFA T M SRR A MR AR IEAEE . Email: yurm0106@bjfu.edu.cn  Hulik: | b F2#,
e, #z . FERTTTT I TR R AEMORFI 2 BHEY AR 2 Bk AR A B, WG YR E £ . Email: chengjin@bjfu.edu.cn 1
ik [F) .

Z5F R4k https://j.bjfu.edu.cn; https:/journal.bjfu.edu.cn


https://doi.org/10.12171/j.1000-1522.20250090
https://doi.org/10.12171/j.1000-1522.20250090
https://doi.org/10.12171/j.1000-1522.20250090
mailto:zengzh@bjfu.edu.cn
mailto:yurm0106@bjfu.edu.cn
mailto:chengjin@bjfu.edu.cn
https://j.bjfu.edu.cn
https://journal.bjfu.edu.cn

51

W7 5AAE WIIRASADE A R GER 5 s S H A i A i

89

TR XA A I T W T 3 BRI iR A 2

Abstract: [Objective] This study investigated the morphological and photosynthetic responses of the
nationally certified cultivar ‘Shenqiu Hong’ of Hippophae rhamnoides under drought, saline-alkali, and
combined drought-saline-alkali stresses. [Method] One-year-old clonal seedlings were used as the
experimental material. Natural water deficit control and gradient saline-alkali irrigation were applied to
establish treatments with different soil volumetric water contents, different saline-alkali concentrations, and
combined stresses. Morphological changes were observed and photosynthetic parameters were measured.
[Result] (1) Drought stress, saline-alkali stress, and their combined stress suppressed morphological
performance and photosynthetic function in H. rhamnoides seedlings, with the combined stress exerting
markedly stronger effects than either single stress. (2) The effects of single stress were minimal at early
stages but intensified with increasing stress duration and severity, leading to declines in chlorophyll content
(SPAD), electron transport rate (ETR), light-use efficiency (o), and the maximum photochemical efficiency
of PSII (F,/F,). Under combined stress, SPAD, ETR, and F/F,, were markedly reduced, accompanied by a
concurrent decrease in PSII reaction center density (RC/CSo), resulting in impaired electron transport and
constrained light energy absorption and trapping. (3) Under drought stress or saline-alkali stress, seedlings
predominantly maintained photosystem stability by enhancing regulated non-photochemical energy
dissipation (Y(NPQ)). In contrast, during the late stage of severe combined stress, Y(NPQ) declined sharply
while non-regulated energy dissipation (Y(NO)) increased substantially, ultimately leading to functional
destabilization of the photosynthetic apparatus. (4) Combined drought-salinity stress markedly altered the
energy flux organization of the thylakoid membrane. With increasing stress intensity, the absorbed energy
flux (ABS/CSm), trapped energy flux (TRo/CSm), and electron transport flux (ETo/CSm) all declined
substantially, with reductions significantly greater than those observed under single-stress treatments.
(5) High-intensity combined stress treatments clustered independently at the Per3—Per4 stages, clearly
separated from single-stress conditions. PSII stability indices (F,/F,,, RC/CSo) showed strong positive
correlations with photochemical performance and electron transport metrics, and significant negative
correlations with Vi, ;, and Y(NO), indicating that the decline in PSII activity is accompanied by impaired
electron transport at both the donor and acceptor sides and by enhanced non-regulated energy dissipation.
[Conclusion] Morphological and photosynthetic damage in H. rhamnoides induced by combined stress are
the most severe compared with individual drought or saline-alkali stresses. H. rhamnoides activates
photoprotective mechanisms through enhanced thermal dissipation to mitigate stress damage under drought
or saline-alkali conditions. However, these adaptions were compromised under combined stress, resulting in
irreversible photodamage. The results enhance our understanding of stress adaptation in woody plants and
serve as a reference for selecting and breeding tree species for ecological restoration in drought and saline-
alkali regions.

Key words: Hippophae rhamnoides; drought stress; saline-alkali stress; combined stress; photosynthetic

capacity; stress response
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