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Abstract
Drought and salinity have become major factors limiting plant growth and de-
velopment, and plant growth and development are affected to a certain extent
under dual stress of drought and NaCl. To investigate the adaptability of Ly-
cium ruthenicum to salt-drought stress, this study employed a pot experiment
to examine the effects of combined NaCl and drought stress on seedling growth,
and observed the physiological responses of Lycium ruthenicum seedlings to
exogenous salicylic acid under salt-drought stress, aiming to improve the sur-
vival rate of Lycium ruthenicum seedlings under NaCl and drought stress. The
results showed that under exogenous salicylic acid treatment (0.1, 0.5 mmol・
L−1), the contents of soluble sugars, soluble protein, and proline (Pro) in Lycium
ruthenicum leaves increased, while malondialdehyde (MDA) content decreased
significantly (P < 0.05), and the activities of catalase (CAT), peroxidase (POD),
and superoxide dismutase (SOD) increased, with the 0.5 mmol・L−1 salicylic
acid treatment being more effective than the 0.1 mmol・L−1 treatment. Based
on these results, it can be concluded that Lycium ruthenicum possesses cer-
tain adaptability to mild salt-drought stress, and appropriate concentrations of
salicylic acid can enhance the contents of osmotic adjustment substances and
antioxidant enzyme activities in Lycium ruthenicum leaves under salt-drought
stress, providing a theoretical basis for further understanding the growth and
development of Lycium ruthenicum seedlings under dual salt-drought stress.
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Abstract
Drought and salinity are major environmental factors limiting plant growth
and development, and their combined effects significantly impact plant perfor-
mance. To investigate the adaptability of Lycium ruthenicum to combined salt
and drought stress, we conducted a pot experiment to examine the effects of
NaCl and drought stress on seedling growth and the physiological responses to
exogenous salicylic acid (SA) under these conditions, with the aim of improving
seedling survival rates. The results demonstrated that exogenous SA treatments
(0.1 and 0.5 mmol・L−1) increased the contents of soluble sugars, soluble pro-
teins, and proline in L. ruthenicum leaves while significantly decreasing malon-
dialdehyde (MDA) content (P < 0.05). Additionally, SA application enhanced
the activities of catalase (CAT), peroxidase (POD), and superoxide dismutase
(SOD), with the 0.5 mmol・L−1 treatment showing superior effects compared
to 0.1 mmol・L−1. These findings indicate that L. ruthenicum possesses a cer-
tain capacity to adapt to mild salt-drought stress, and that appropriate SA
concentrations can enhance osmotic adjustment substance content and antiox-
idant enzyme activity under combined stress conditions. This study provides
a theoretical foundation for understanding the growth and development of L.
ruthenicum seedlings under combined salt and drought stress.

Keywords: Lycium ruthenicum, salt-drought stress, salicylic acid, physiology,
stress resistance

Introduction
Lycium ruthenicum is a perennial shrub belonging to the family Solanaceae and
genus Lycium, widely distributed in northwestern China. Due to its strong
environmental adaptability, it predominantly grows in environments character-
ized by combined drought and salt stress. In recent years, L. ruthenicum has
been extensively planted as a soil and water conservation species. The wild
berries contain the highest known concentration of proanthocyanidins among
natural fruits and are rich in anthocyanins, flavonoids, and polysaccharides,
exhibiting hypolipidemic and antioxidant effects. As one of the most effective
natural antioxidants, it has been dubbed “soft gold” and shows significant mar-
ket potential, with relevant extraction processes already reported. However, the
habitats of L. ruthenicum face increasing stress factors, particularly severe salt
and drought conditions. While numerous studies have investigated physiologi-
cal and biochemical responses to either drought or salinity stress individually,
this study examines the combined effects of NaCl and drought stress on L.
ruthenicum seedlings to improve survival rates under dual stress conditions.
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Salt and drought-induced osmotic stress substantially affects plant growth and
development. Previous experiments demonstrated that both drought and salt
stress inhibit L. ruthenicum seed germination, reducing germination rate, germi-
nation potential, germination index, and relative root length to varying degrees.
Exogenous salicylic acid application can alleviate these inhibitory effects by ac-
celerating germination rate and improving seed vigor.

Salicylic acid (SA), or o-hydroxybenzoic acid, is a simple phenolic compound
that functions as a signaling molecule regulating physiological and metabolic
processes in plants. It plays important roles in plant responses to various abi-
otic stresses including salinity, drought, low temperature, and disease. Research
has demonstrated that exogenous SA effectively enhances plant salt tolerance,
drought resistance, and stomatal regulation. This study investigates the phys-
iological responses of L. ruthenicum to combined salt-drought stress under ex-
ogenous SA application—a topic with limited existing research. The objective
is to determine whether exogenous SA can mitigate physiological damage un-
der combined stress and to elucidate the physiological mechanisms involved,
thereby providing theoretical and technical support for artificial cultivation and
vegetation restoration of this valuable species in saline and arid lands.

Materials and Methods
1.1 Plant Material

Seeds of Lycium ruthenicum were collected in 2018 from the Kaidu River basin
in Bohu County, Xinjiang. Bohu County is located in an arid oasis region with a
dry climate and scarce precipitation. The Kaidu River basin lies within a central
Eurasian inland desert, characterized by a warm temperate desert climate. The
regional vegetation consists primarily of xerophytic shrubs, succulent halophytic
woodlands, and Achnatherum splendens communities. Plant materials were
cultivated in the Xinjiang Key Laboratory of Special Species Conservation and
Regulatory Biology.

1.2 Experimental Design

Seeds were pre-soaked in a 40°C water bath for 48 hours to break dormancy,
then sterilized with sodium hypochlorite solution. Uniform, plump seeds were
selected and sown in plastic pots containing 1 kg of oven-dried soil with a bulk
density of 1.23 g・cm−3 and field capacity of 20.16%. All pots were placed in a
natural environment for germination and growth. Drought stress was initiated
by withholding water until soil moisture naturally declined to target levels.

Drought stress was applied at three levels: control (CK) with relative water
content (RWC) of 85–90%, mild drought (D1) with RWC of 60–65%, and severe
drought (D2) with RWC of 20–25% (Hsiao et al., 1973). NaCl concentrations
were set as: control at 0 mmol・L−1 (CK, distilled water), mild salt stress (T1,
100 mmol・L−1), and severe salt stress (T2, 400 mmol・L−1). Five combined
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stress treatments were established: CK (no NaCl, no drought), T1D1 (mild
stress), T1D2 (mild salt + severe drought), T2D1 (severe salt + mild drought),
and T2D2 (severe stress). Salicylic acid solutions were prepared at concentra-
tions of 0, 0.1, and 0.5 mmol・L−1, resulting in 15 total treatments with three
replicates each.

SA was applied via root irrigation. NaCl solution was first applied to the roots,
followed by drought stress treatment according to the experimental design. Wa-
ter was withheld until target moisture levels were reached, marking the initiation
of drought stress. Exogenous SA treatments were applied on days 1, 3, and 5 af-
ter drought initiation. Each evening at 20:00, 20 mL of SA solution was applied
to each pot. Pot weights were recorded daily using an electronic balance, and
water was supplemented to maintain target soil moisture content. The stress
period lasted 28 days.

Given that L. ruthenicum naturally inhabits saline-alkali soils frequently sub-
jected to drought, this study investigated the effects of combined stress on
physiological and biochemical parameters. The objective was to understand
how L. ruthenicum regulates its antioxidant system under varying abiotic stress
levels and whether exogenous SA application could alleviate damage caused by
different intensities of NaCl and drought stress.

1.3 Physiological Measurements

On day 28 of combined stress treatment, fully expanded functional leaves from
the shoot apex of L. ruthenicum seedlings were harvested for determination of
soluble sugar, soluble protein, free proline (Pro), and malondialdehyde (MDA)
contents, as well as antioxidant enzyme (CAT, POD, SOD) activities. Soluble
sugar content was measured using the anthrone colorimetric method (Wang,
2000). Soluble protein content was determined via the Coomassie brilliant blue
method (Bradford, 1976). Free proline content was analyzed using the acidic
ninhydrin colorimetric method (Gao, 2006). MDA content and antioxidant en-
zyme activities were measured using commercial assay kits (Nanjing Jiancheng
Bioengineering Institute).

All experimental data were processed using Microsoft Office Excel and analyzed
statistically with SPSS 22.0. One-way ANOVA and Duncan’s multiple compar-
ison tests (P < 0.05) were performed among different stress treatments, along
with correlation analysis. Graphical presentations were created using Origin
software.

Results
2.1 Effects of Exogenous SA on Soluble Sugar Content

As shown in [Figure 1: see original paper], soluble sugar content in L.
ruthenicum leaves increased with intensifying salt-drought stress across all
treatments, following the pattern: distilled water (CK) < 0.1 mmol・L−1 SA <
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0.5 mmol・L−1 SA. Exogenous SA application induced accumulation of soluble
sugars under combined stress, with the most significant increase observed under
severe combined stress (T2D2) at 0.5 mmol・L−1 SA (P < 0.05). These results
indicate that soluble sugar content is sensitive to NaCl and drought stress and
can serve as an indicator of plant stress resistance. Moreover, SA-promoted
soluble sugar accumulation represents one strategy for coping with combined
salt-drought stress, playing an important role in alleviating synergistic toxicity.
Two-way ANOVA revealed that salt-drought stress, SA treatment, and their
interaction all significantly affected soluble sugar content (P < 0.05), with
salt-drought stress and SA × stress interaction showing highly significant
effects (P < 0.001) ().

2.2 Effects of Exogenous SA on Soluble Protein Content

After 28 days of combined stress, soluble protein content in L. ruthenicum leaves
showed an initial increase followed by a decrease compared to CK, with increases
of 47.6%, 51.4%, 61.7%, and 44.1% across treatment groups. The lowest content
occurred under severe stress, suggesting that new soluble proteins are synthe-
sized under mild combined stress to enhance stress resistance. Exogenous SA
application increased soluble protein content under NaCl and drought stress,
with 0.1 and 0.5 mmol・L−1 SA treatments showing significant increases (P
< 0.05) of 34.6%/41.3%, 62.0%/72.8%, 74.7%/89.4%, and 49.5%/50.1% com-
pared to CK. Under severe stress (T2D2), soluble protein content decreased
substantially, though SA application still demonstrated positive effects on salt
and drought tolerance. The 0.5 mmol・L−1 SA treatment was most effective
in promoting soluble protein accumulation. Two-way ANOVA indicated that
combined stress and SA × stress interaction had highly significant effects on
soluble protein content, while SA treatment alone showed no significant effect
().

2.3 Effects of Exogenous SA on Free Proline Content

Proline content in L. ruthenicum leaves increased significantly with stress inten-
sity, showing increases of 20.9%, 44.1%, 48.8%, and 77.1% compared to CK (P
< 0.05). Exogenous SA application effectively promoted proline accumulation
under NaCl and drought stress, with 0.1 and 0.5 mmol・L−1 SA treatments
increasing proline content by 27.2%/29.0%, 50.8%/65.7%, 68.4%/74.8%, and
88.7%/96.6% compared to CK. These results demonstrate that proline accu-
mulation becomes more pronounced with increasing combined stress intensity
within a certain range, and that appropriate SA concentrations can enhance
proline accumulation, with 0.5 mmol・L−1 SA showing the greatest effect. Two-
way ANOVA revealed that combined stress had a highly significant effect on
proline content, while SA × stress interaction was significant (P < 0.05) and
SA treatment alone had no significant effect.
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2.4 Effects of Exogenous SA on MDA Content

Malondialdehyde (MDA), a product of membrane lipid peroxidation, indicates
the degree of cell membrane damage. As shown in [Figure 4: see original pa-
per], MDA content in L. ruthenicum leaves increased rapidly with intensifying
NaCl and drought stress, with greater accumulation under more severe stress.
This indicates that varying degrees of combined stress caused different levels of
membrane lipid peroxidation in L. ruthenicum leaves, with excessive free radi-
cals triggering membrane damage that was most severe under combined stress.
Exogenous SA application reduced MDA content compared to CK, demonstrat-
ing that appropriate SA concentrations can decrease MDA accumulation under
combined stress. The 0.5 mmol・L−1 SA treatment showed the most significant
reduction in MDA content compared to both CK and 0.1 mmol・L−1 treatments,
effectively enhancing salt and drought tolerance. Two-way ANOVA confirmed
that both combined stress and SA treatment significantly affected MDA con-
tent.

2.5 Effects of Exogenous SA on CAT Activity

Catalase (CAT) is a protective enzyme in plant membrane systems that scav-
enges hydrogen peroxide accumulated during environmental stress, mitigating
damage. As shown in [Figure 5: see original paper], CAT activity increased to
varying degrees under NaCl and drought stress, suggesting that L. ruthenicum
may enhance CAT activity to resist abiotic stress. Exogenous SA at 0.1 and 0.5
mmol・L−1 increased CAT activity compared to CK by 0.5%/6%, 7.7%/3.0%,
6.2%/12.3%, 5.2%/10.4%, and 13.5%/57.8%. The 0.5 mmol・L−1 SA treat-
ment was markedly more effective than 0.1 mmol・L−1. Under severe stress
(T2D2), CAT activity decreased substantially due to severe membrane damage,
but 0.5 mmol・L−1 SA effectively enhanced CAT activity and alleviated NaCl
and drought-induced damage. Two-way ANOVA showed that combined stress
and SA × stress interaction had highly significant effects on CAT activity.

2.6 Effects of Exogenous SA on POD Activity

Peroxidase (POD) activity in L. ruthenicum leaves showed a slight increase after
28 days of combined stress. Exogenous SA at 0.1 and 0.5 mmol・L−1 enhanced
POD activity compared to CK by 3.0%/6.1%, 16.2%/16.9%, 27.1%/34.5%,
34.9%/38.2%, and 41.6%/53.8%. The 0.5 mmol・L−1 SA treatment was most
effective in enhancing POD activity. Under mild combined stress, POD activ-
ity changed minimally, indicating that L. ruthenicum can tolerate mild stress.
Under severe stress, SA application substantially increased POD activity, en-
hancing stress resistance. Two-way ANOVA revealed that combined stress and
SA × stress interaction significantly affected POD activity, while SA treatment
alone had no significant effect.

chinarxiv.org/items/chinaxiv-202108.00052 Machine Translation

https://chinarxiv.org/items/chinaxiv-202108.00052


2.7 Effects of Exogenous SA on SOD Activity

Under increasing NaCl and drought stress without SA application, SOD activity
in L. ruthenicum leaves initially increased then decreased. Following SA applica-
tion, SOD activity increased across all treatments, with 0.1 and 0.5 mmol・L−1

SA treatments increasing activity by 2.8%/6.1%, 14.0%/17.0%, 19.6%/19.5%,
22.6%/24.5%, and 22.5%/25.8% compared to CK. Appropriate SA concentra-
tions enhanced SOD activity under combined stress, reducing damage and im-
proving stress resistance. Two-way ANOVA showed that combined stress had a
highly significant effect on SOD activity, while SA treatment alone and SA ×
stress interaction had no significant effects.

Discussion and Conclusion
Previous seed germination experiments showed that L. ruthenicum seeds germi-
nated well under mild combined stress, but germination capacity decreased with
increasing stress intensity, confirming that drought and salinity are important
factors limiting seed germination. In this study, combined NaCl and drought
stress increased the contents of soluble sugars, soluble proteins, and proline in
L. ruthenicum leaves. Soluble sugars serve as primary osmotic adjustment sub-
stances that stabilize cell membranes and protoplasmic colloids during stress,
with greater accumulation indicating stronger stress resistance. The significant
increase in soluble sugar content under combined stress (P < 0.05) suggests a
substantial contribution to osmotic adjustment.

With intensifying stress, soluble protein content initially increased then de-
creased, with the most significant increase under severe stress. This pattern
may be related to degradation rates and is consistent with changes observed in
Ammodendron argenteum under salt-drought stress. Proline content increased
with stress intensity, with progressively greater accumulation under more se-
vere stress, consistent with studies on Gleditsia sinensis and Diospyros lotus.
Under mild stress, increasing soluble sugar and proline contents enhanced os-
motic adjustment capacity, maintaining low leaf damage rates and relatively
good growth. However, MDA content accumulated substantially with increas-
ing stress intensity. As a primary product of lipid peroxidation, MDA damages
biological membrane structure and function, serving as an indicator of mem-
brane injury. The accumulation of reactive oxygen species under combined
stress disrupted the protective enzyme system balance, leading to membrane
damage. Protective enzymes such as CAT, POD, and SOD function as free
radical scavengers.

Previous research on Gleditsia sinensis showed that POD and SOD activities
initially increased then decreased with prolonged salt-drought stress. In this
study, CAT, POD, and SOD activities in L. ruthenicum showed different pat-
terns under varying stress intensities. CAT and SOD activities increased under
mild and moderate stress (T1D1, T2D1, T1D2) but decreased under severe
stress (T2D2). POD activity increased with salt concentration under T1D1 and
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T2D1, but showed an initial increase followed by decrease under severe drought
conditions (T1D2, T2D2). The antioxidant protection system was disrupted un-
der severe stress, leading to reduced enzyme activity and significant membrane
damage that limited plant growth.

Salicylic acid is a simple phenolic acid and endogenous plant hormone that pro-
motes accumulation of osmotic adjustment substances under abiotic stress. This
study demonstrated that 0.1 and 0.5 mmol・L−1 exogenous SA enhanced soluble
sugar, soluble protein, and proline accumulation under combined stress, with 0.5
mmol・L−1 SA showing more pronounced effects. SA application also reduced
MDA content and alleviated membrane damage, with 0.5 mmol・L−1 SA being
most effective, though the underlying mechanisms require further investigation.

Lycium ruthenicum exhibits certain stress tolerance under mild salt-drought
conditions, but long-term severe stress reduces antioxidant enzyme activity and
exacerbates membrane lipid peroxidation, causing irreversible membrane dam-
age. This explains the initial increase followed by decrease in CAT, POD, and
SOD activities under severe stress. The results demonstrate that appropriate
SA concentrations can enhance osmotic adjustment substance content and an-
tioxidant enzyme activity under combined stress, alleviating membrane lipid
peroxidation damage and improving stress adaptation.

Two-way ANOVA of all measured indicators revealed highly significant differ-
ences for all physiological parameters under combined stress. Under SA ×
stress interaction, nearly all indicators showed significant differences, with sol-
uble sugar, soluble protein, and CAT activity reaching highly significant lev-
els. Individual SA treatment only significantly affected soluble sugar and MDA
contents, indicating these parameters can serve as characteristic indicators for
SA-mediated alleviation of salt-drought stress.

In conclusion, L. ruthenicum seedlings can regulate osmotic adjustment
substances and antioxidant enzyme activity to cope with combined NaCl
and drought stress. Exogenous SA application enhances the accumulation
of resistance-related substances such as soluble sugars and proteins, while
increasing CAT, POD, and SOD activities, thereby reducing reactive oxygen
species levels and MDA content. This alleviates membrane lipid peroxidation
damage, demonstrates the physiological response to exogenous SA under
combined stress, and promotes seedling growth under dual stress conditions,
ultimately improving drought resistance in L. ruthenicum.

Acknowledgments
This research was supported by the “13th Five-Year” Key Discipline Construc-
tion Project of Biology at Xinjiang Normal University. We sincerely thank the
Desert Algae Research Institute of Xinjiang Normal University for their sub-
stantial support and assistance during this study.

chinarxiv.org/items/chinaxiv-202108.00052 Machine Translation

https://chinarxiv.org/items/chinaxiv-202108.00052


References
AROR A, SAIRAM RK, SRIVASTAVA GC, 2002. Oxidative stress and antiox-
idative system in plants[J]. Current Sci, 82(10): 1227-1238.

BRADFORD MM, 1976. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding[J].
Anal Biochem, 72(S1/S2):

CAO YL, LU YR, LIU HY, et al., 2017. Effect of soaking seeds with salicylic
acid on aerial growth and physiological characteristics of Brassica chinensis L.
seedling under salt stress[J]. N Hortic, (21): 1-6. [Cao Yanling, Lu Yanru, Liu
Haiyan, et al., 2017. Effect of exogenous SA seed soaking on aerial growth
and physiological characteristics of Brassica chinensis L. seedlings under salt
stress[J]. Northern Horticulture, (21): 1-6.]

CHEN JH, ZHANG DZ, ZHANG C, et al., 2017. Physiological characteri-
zation, transcriptomic profiling, and microsatellite marker mining of Lycium
ruthenicum[J]. J Zhejiang Univ-Sci B, 18(11): 1002-1021.

FU NX, HE MR, ZHUGE YP, et al., 2019. Effects and mechanisms of exogenous
SA alleviating the growth of winter wheat seedlings under salt stress[J]. J Chin
Agric Univ, 24(3): 10-17. [Fu Naixin, He Mingrong, Zhuge Yuping, et al., 2019.
Alleviating effects and mechanisms of exogenous SA on growth of winter wheat
seedlings under salt stress[J]. Journal of China Agricultural University, 24(3):
10-17.]

GAO JF, 2006. Plant physiology experiment instruction[M]. Beijing: Higher
Education Press: 142-211. [Gao Junfeng, 2006. Plant Physiology Experiment
Guidance[M]. Beijing: Higher Education Press: 142-211.]

GUO YY, YU HY, KONG DS, et al., 2017. Response of seed germination of
Lycium ruthenicum to PEG-simulated drought stress[J]. Bull Water Conserv,
37(5): 98-102. [Guo Youyan, Yu Hongyuan, Kong Dongsheng, et al., 2017.
Response of Lycium ruthenicum seed germination to PEG-simulated drought
stress[J]. Bulletin of Soil and Water Conservation, 37(5): 98-102.]

HAO Z, 2019. Effect of salicylic acid on seed germination of Lycium ruthenicum
under different salt stress[J]. Guizhou Agric Sci, 47(3): 101-104. [Hao Zhuan,
2019. Effect of salicylic acid on seed germination of Lycium ruthenicum under
different salt stress[J]. Guizhou Agricultural Sciences, 47(3): 101-104.]

HSIAO TC, 1973. Physiological effects of plant in response to water stress[J].
Plant Physiol, 24:

KONG YJ, 2007. Responses of the seedlings of Gleditsia sinensis Lam., Diospy-
ros lotus L. and Cercis chinensis Bunge to salt-drought intercross stresses[D].
Tai’an: Shandong Agricultural University. [Kong Yanju, 2007. Responses of
Gleditsia sinensis Lam., Diospyros lotus L. and Cercis chinensis Bunge seedlings

chinarxiv.org/items/chinaxiv-202108.00052 Machine Translation

https://chinarxiv.org/items/chinaxiv-202108.00052


to salt-drought intercross stresses[D]. Tai’an: Shandong Agricultural Univer-
sity.]

KE J, LI J, LI YJ, 2016. Physiological responses of Lycium ruthenicum seedlings
on exogenous salicylic acid under the drought stress[J]. J Plant Physiol, 52(4):
497-504. [Ke Jing, Li Jin, Li Yongjie, et al., 2016. Physiological responses of
Lycium ruthenicum seedlings to exogenous salicylic acid under drought stress[J].
Journal of Plant Physiology, 52(4): 497-504.]

KE J, LI J, LÜ HY, et al., 2017. Change of stomatal aperture and ultrastructure
on Lycium ruthenicum Murr. leaves under different conditions[J]. Arid Zone
Res, 34(6): 1362-1370. [Ke Jing, Li Jin, Lü Haiying, et al., 2017. Changes in
stomatal aperture and ultrastructure of Lycium ruthenicum Murr. leaves under
different conditions[J]. Arid Zone Research, 34(6): 1362-1370.]

LI J, CUI YT, BAI YW, et al., 2019. Physiological response and drought re-
sistance evaluation of two kinds wolfberries on drought stress[J]. J Gansu Agric
Univ, 54(5): 79-87. [Li Jie, Cui Yongtao, Bai Yanwen, et al., 2019. Physiolog-
ical response and drought resistance evaluation of two wolfberry species under
drought stress[J]. Journal of Gansu Agricultural University, 54(5): 79-87.]

LI J, LI SZ, FENG W, et al., 2010. In vitro antioxidant and free radical scaveng-
ing activities of total flavonoids from the leaves of Lycium ruthenicum Murr[J].
Food Sci, 31(13): 259-262. [Li Jin, Li Shuzhen, Feng Wen, et al., 2010. In vitro
antioxidant and free radical scavenging activities of total flavonoids from leaves
of Lycium ruthenicum Murr[J]. Food Science, 31(13): 259-262.]

LI YJ, LI J, LÜ HY, et al., 2014. Effects of seed soaking with different concen-
trations of salicylic acid on the germination of Lycium ruthenicum Murr. seeds
under salt-drought intercross stress[J]. Seed, 33(8): 34-38. [Li Yongjie, Li Jin,
Lü Haiying, et al., 2014. Effects of seed soaking with different concentrations
of salicylic acid (SA) on germination of Lycium ruthenicum Murr. seeds under
salt-drought intercross stress[J]. Seed, 33(8): 34-38.]

LUO J, PENG F, WANG T, et al., 2017. Responses of seed germination and
seeding growth of halophytes Lycium ruthenicum to salt stress[J]. J Desert Res,
37(2): 261-267. [Luo Jun, Peng Fei, Wang Tao, et al., 2017. Responses of
seed germination and seedling growth of halophyte Lycium ruthenicum to salt
stress[J]. Journal of Desert Research, 37(2): 261-267.]

PARVAIZ A, ABEER H, FATHI A, et al., 2015. Role of Trichoderma harzianum
in mitigating NaCl stress in Indian mustard (Brassica juncea L.) through an-
tioxidative defense system[J]. Frontiers in Plant Science, 6: 868.

PETRUSA LM, WINICOV I, 1997. Proline status in salt tolerant and salt sen-
sitive alfalfa cell lines and plants in response to NaCl[J]. Plant Physiol Biochem,
35(4): 303-310.

TIWARI P, INDOLIYA Y, CHAUHAN AS, et al., 2020. Auxin-salicylic acid
cross-talk ameliorates OsMYBR1 mediated defense towards heavy metal,

chinarxiv.org/items/chinaxiv-202108.00052 Machine Translation

https://chinarxiv.org/items/chinaxiv-202108.00052


drought and fungal stress[J]. J Hazard Mater, 399.

WANG EJ, LI SJ, HAN DH, et al., 2014. Effect of neutral and alkaline salt
stresses on germination and seedling growth of Lycium ruthenicum[J]. Agric Res
Arid Area, 32(6): 64-69. [Wang Enjun, Li Shanjia, Han Duohong, et al., 2014.
Effects of neutral and alkaline salt stresses on germination and seedling growth
of Lycium ruthenicum[J]. Agricultural Research in the Arid Areas, 32(6): 64-
69.]

WANG SP, ZHOU YH, LUO W, et al., 2020. Primary metabolites analysis
of induced citrus fruit salicylic acid and Pichia treatment with oligochitosan,
resistance upon disease membranaefaciens[J]. Biological Control, 148:104289.

WANG XK, 2000. Principle and technology of plant physiology and biochem-
istry[M]. Beijing: Higher Education Press: 202-204; 278-279; 118-119. [Wang
Xuekui, 2000. Principles and Techniques of Plant Physiology and Biochemistry
Experiments[M]. Beijing: Higher Education Press: 202-204; 278-279; 118-119.]

WEI HX, 2006. Responses of the seedlings of Gleditsia sinensis Lam. to salt,
drought and their intercross stresses[D]. Tai’an: Shandong Agricultural Uni-
versity. [Wei Haixia, 2006. Responses of Gleditsia sinensis Lam. seedlings to
salt, drought and their intercross stresses[D]. Tai’an: Shandong Agricultural
University.]

YANG T, KONG CY, YANG LY, et al., 2018. Effect of exogenous salicylic acid
on the metabolism of proline in Jatropha curcas seedlings under stress[J]. Acta
Bot Boreal-Occident Sin, 38(6): 1080-1087. [Yang Ting, Kong Chunyan, Yang
Liyun, et al., 2018. Effect of exogenous salicylic acid on proline metabolism in Ja-
tropha curcas seedlings under salt stress[J]. Acta Botanica Boreali-Occidentalia
Sinica, 38(6): 1080-1087.]

ZHANG WW, LI J, CAO MH, et al., 2010. Changes of osmotic adjusting sub-
stances in leaves of Ammodendron argenteum seedlings under salt and drought
stress[J]. Acta Bot Boreal-Occident Sin, 30(10): 2010-2015. [Zhang Weiwei, Li
Jin, Cao Manhang, et al., 2010. Changes in osmotic adjustment substances in
leaves of Ammodendron argenteum seedlings under NaCl and drought stress[J].
Acta Botanica Boreali-Occidentalia Sinica, 30(10): 2010-2015.]

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202108.00052 Machine Translation

https://chinarxiv.org/items/chinaxiv-202108.00052

	Physiological Responses of Lycium ruthenicum Seedlings to Exogenous Salicylic Acid Under Dual Stress of NaCl and Drought: Postprint
	Abstract
	Full Text
	Preamble
	Abstract
	Introduction
	Materials and Methods
	1.1 Plant Material
	1.2 Experimental Design
	1.3 Physiological Measurements

	Results
	2.1 Effects of Exogenous SA on Soluble Sugar Content
	2.2 Effects of Exogenous SA on Soluble Protein Content
	2.3 Effects of Exogenous SA on Free Proline Content
	2.4 Effects of Exogenous SA on MDA Content
	2.5 Effects of Exogenous SA on CAT Activity
	2.6 Effects of Exogenous SA on POD Activity
	2.7 Effects of Exogenous SA on SOD Activity

	Discussion and Conclusion
	Acknowledgments
	References


