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Bassia dasyphylla is a prevalent herbaceous plant that exhibits enhanced
resilience to dryness and elevated temperatures. It is frequently found in
dispersed or grouped formation on sandy soil within steppe, semi-desert, and
desert regions. Herein, we conducted experiments to examine the growth and
physiological traits of B. dasyphylla seeds originated from various regions in
response to water scarcity. The study seeks to investigate the ability of these
seeds to germinate under drought conditions and offer valuable insights for the
development and breeding of high-quality germplasm resources in Inner
Mongolia. The results demonstrated that B. dasyphylla originating from desert
steppe (DS) exhibited a greater capacity to endure drought conditions in
comparison to its counterparts from sandy land (SL). At a water potential of
-0.30 MPa, the Seed germination rate from DS was 33.3%, while from SL it was
22.7%. With the increase in drought duration and intensity, germination rate,
plumule length, both single-seed weight (SSW) and seed water content (SWC) of
B. dasyphylla declined. The protective enzyme activity exhibited an initial
increase, followed by a subsequent decline as the duration of the drought
increased. Notably, we found that the protective enzyme activity from DS was
higher than that from SL. During the initial and intermediate stages of dryness, the
soluble sugar and protein of the plant from DS effectively inhibited the
peroxidation of membrane lipids, whereas the osmoregulatory properties from
SL did not have a significant impact. The findings suggest that the ability of B.
dasyphylla to withstand drought conditions in DS can be attributed to its elevated
amounts of protective enzymes and osmoregulatory factors, which serve to
safeguard the cell membrane during periods of drought.
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1 Introduction

About 36% of the world’s area is arid and semi-arid, while 52%
of China’s land area is arid and semi-arid. Plants growing in humid
and sub-humid regions often encounter atmospheric drought or
soil drought during their growth (Chen et al., 2019). Economic
development and human activities cause the insufficiency of water
resources in these regions to become increasingly severe, and
aggravate drought sufficiently that it regulates community
composition and species diversity (Li et al., 2022). Under the
background of global warming, the frequent occurrence of
drought events has an important impact on the ecological
adaptation of plants (Sala et al., 2015). There are great differences
in the seed germination of different plants and their responses to
water deficits, and many plants in arid and semi-arid regions have
formed various mechanisms and strategies to adapt to water deficits
(Jurgen et al., 2014).

Seeds serve as fundamental prerequisites for the growth and
reproduction of plants. The adaptability of seeds to sprout and
seedlings to emerge in face of stress plays a crucial role in
determining the successful establishment and perpetuation of
vegetation in challenging environments. Moreover, this adaptability
directly impacts the distribution and diversity of vegetation (Li et al,
2009; Paul et al., 2012). Seed germination is influenced by both the
exterior environment and its internal heredity, and its susceptibility to
adverse conditions is quite great. Soil moisture is an essential element
that influences seed germination. For example, seed germination rate is
proportional to the level of soil moisture within specific range
(Habtamu et al,, 2014; Dasanayaka et al., 2022). Polyethylene glycol
(PEG) is frequently employed in the simulation environmental
conditions through the regulation of various osmotic potentials
inside the culture medium (Wang, 2016). The study revealed that the
application of a low concentration of PEG has a positive impact on the
germination of Artemisia halodendron, Agriophyllum squarrosum and
Caragana microphylla. However, the process of seed germination
would be impeded and progressively enhanced as the concentration
of PEG increases (Chen et al, 2021b). The radicle length, plumule
length, germination potential, germination index, and germination
percentage of oat seeds that were stressed by drought were all much
lower than those in the control group. This observation suggests a
notable inhibitory impact of drought stress on these growth parameters
(Xiang et al, 2012). Plants have different physiological adaptation
mechanisms to withstand adverse environments, such as an
upregulation of antioxidant enzymes (eg., peroxidase, superoxide
dismutase and catalase (CAT) and accumulation of osmoregulatory
substances (Sala et al.,, 2015). The research conducted on the artificial
regulation of soil water in the presence of simulated drought stress
demonstrates that moderate drought conditions can lead to an
augmentation in the activity of antioxidant enzymes in
psammophytes. Conversely, severe drought conditions can result in
the impairment of the antioxidant enzyme system and a reduction in
such activity (Su et al., 2005; Chen et al,, 2021a). In addition, the activity
of antioxidant enzyme and malondialdehyde (MDA) content exhibited
an upward trend in response to the intensification of drought
conditions, while demonstrating a downward trend in response to
irrigation when the soil saw repeated arid and rehydrated cycles
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(Drazkiewicz et al, 2004; Atkin et al., 2006). Plants exhibit diverse
phenotypic traits and undergo genotypic changes in order to adapt to
the spatial and temporal variations present in the various habitats. The
phenomenon of flexibility can be observed in both morphology and
physiology, serving as a crucial factor for plants to thrive in the various
environments (Loretta, 2014; Bizet et al., 2015).

Bassia dasyphylla is an annual herb with a well-developed root
system and increased resilience to adverse environments such as
drought, high temperatures, wind-erosion and sand-fixation. The
surface layer has a notable abundance of flat pubescence, which
functions as a highly effective barrier against the process of water
evaporation. In the autumn season, as the plants undergo
desiccation, the apical appendages of the five-star fruit tip attach
themselves to persons or animals with the purpose of dispersing
seeds. The pioneer plant species is commonly observed in desert
steppe and sandy terrain and has a regular distribution or clustering
pattern in grasslands and semi-arid areas in northern China
(Zhuang and Sophia, 2012). The Urat desert steppe is situated in
the transition zone that lies between desert and typical steppe, while
the Horqin sandy land is positioned in the ecotone that lies in
between agriculture and husbandry. In recent years, the
exacerbation of water scarcity and the heightened challenges with
vegetation restoration have been as a result of land degradation in
these two places (Kinugasa et al., 2016; Yue et al., 2019). With global
warming, the occurrence of frequent drought episodes would
significantly affect the community structure and function, as well
as the characteristics of plant germination and physiological
responses in desert steppe and sandy ecosystems. There existed a
limited body of research pertaining to the community structure,
spatial distribution pattern analysis and bio-indicator function of B.
dasyphylla. However, physiological adaptation and regulation
mechanism of B. dasyphylla inhabiting sandy land and desert
steppe remain uncertain (Tobe et al., 2005; Zhou et al,, 2015; Xu
etal., 2022). Do the physiological and morphological plasticity of B.
dasyphylla vary significantly depending on the native regions? The
primary aims of the study were two folds: (1) to explore the
physiological adaptation capabilities of B. dasyphylla in desert
steppe and sandy land, and (2) to offer guidance for the
identification and cultivation of high-quality germplasm resources
in Inner Mongolia.

2 Materials and methods

2.1 Study site

The research area of sandy land was selected in Naiman
Banner, Inner Mongolia, with an altitude of 350m, annual
average precipitation of 351.7mm, and annual average
evaporation of 1900mm. This area belongs to semi-arid
continental climate and the main plant species are Agriophyllum
squarrosum, Artemisia halodendron, Caragana microphylla and
B. dasyphylla (Chen et al., 2021b). The other study area of desert
steppe was chosen in Wulathou Banner, Inner Mongolia, with an
altitude of 1650m, annual average precipitation of 180mm, and
annual average evaporation of 1800mm. This area belongs to
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typical continental arid climate and the main species are Stipa
capillata, Reaumuria songarica, A. squarrosum, B. dasyphylla
(Yue et al., 2022).

We gathered mature reproductive branches of B. dasyphylla
with strong plants and high seed setting rat from sand land and
desert steppe in late September and brought them back to the
laboratory and let it air-dry, and then conserved them in a dry room
at 15-25°C. Mean seed weights of B. dasyphylla from sand land and
desert steppe were 0.70 + 0.01 g (N=1000) and 0.75 + 0.02 g (mean
+ SD). Seed moisture contents from sand land and desert steppe
were 6.45 + 1.23% and 7.21 + 1.56% before experiments.

One hundred randomly chosen seeds with good kernel
plumpness and uniform shape were uniformly placed in a 12 cm
diameter Petri dish containing double-layer filter paper humidified
with 5 mL of treatment solution. Seeds were cultured in 0, 2.5%, 5%,
7.5%, 10% and 15% solutions ready by dissolving PEG-6000 in
distilled water, and the water potential of the above concentration at
25 °C at room temperature was 0 MPa, -0.02 MPa, -0.05 MPa, -0.09
MPa, -0.15 MPa, -0.30 MPa, respectively (Chen et al., 2021b). The
experiment was made in the incubator at 25°C and the assessment
criterion for germination was discernible protrusion of the radical.

Every treatment composed of 30 Petri dishes and seeds were
cultivated in succession for 7 days until no seeds germinated. The
number of germinated seeds was noted daily and randomly chosen
10 seedlings from each dish were used to determine the radicle and
plumule length on days 3, 5, 7. Ten dishes were applied to
determine seed weight and water content, while the rest 20 dishes
were used to determine the antioxidant enzyme activity and
osmotic regulator content. We washed and dried the seeds with
clean water after sampling and stored them in liquid nitrogen for
the determination of physiological indicators.

2.2 Analytical methods

Random 0.1 g fresh samples were extracted with chilled buffer
(50 mM phosphate, 1% PVP) and centrifuged at 15,000 g for 20
minutes. The supernatant was applied to measure MDA content
and physiological indices. MDA content was determined with
thiobarbituric acid method. The activities of antioxidant enzymes
(POD, SOD and CAT) were measured spectrophotometrically
according to Chen et al. Soluble sugar content was determined
spectrophotometrically at 630 nm with anthrone method. Soluble
protein content was measured spectrophotometrically at 595 nm
using coomassie blue dye combination method and free proline
concentration was measured spectrophotometrically at 520 nm with
ninhydrin method (An and Liang, 2013; Chen et al., 2021a). The
spectrophotometer we used was UV-1601 (Shimadzu
Corporation, Japan).

2.3 Statistical analysis
All data were presented as the mean + SE and diagnosed for

normality of distribution and homogeneity of variance before
conducting parameter statistical tests. Data have passed the
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normality and equal variance tests, and the analysis of variance
(ANOVA) was performed across the plot level using SPSS 20.0.
Correlations between seedling growth and physiological
characteristics of B. dasyphylla from different provenances were
analyzed with Origin software.

3 Results

3.1 Characteristic of germination rate and
seedling growth

In comparison to the control group, the germination of B.
dasyphylla was significantly hindered by drought stress (Figure 1) in
both habitats. Furthermore, the inhibitory effect on the germination
rate became more pronounced as the level of drought stress
increased. Numerous DS seeds exhibited germination within a
single day of culture, whereas the germination rate of SL seeds
was found to be negligible. The majority of seeds from both plants
had undergone germination by the sixth day. When the water
potential was 0 MPa, the final germination rate of DS seeds was
observed to be 76.0%, whereas that of SL seeds was found to be
67.3%. At a drought stress level of -0.30 -0.30 MPa, germination rate
of DS and SL seeds decreased by 33.3% and 22.7% seeds,
respectively, compared to the control, which had germination
rates of 56.2% and 66.3% lower.

With the aggravation of drought, the radicle length of the two
plants first increased and then decreased. On day 3, the radicle
length (2.3-3.2 cm) of DS was significantly longer than that of SL
(0.4-1.6 cm) (P < 0.05). When the water potential was -0.05 MPa,
the radicle length of both plants reached the maximum on days 5
and 7; on day 5, the radicle length was 5.1 cm and 3.7 cm of DS and
SL seeds, respectively, and were 82.1% and 54.2% higher than in the
control; on day 7, the length was 6.1 cm and 5.5 cm of DS and SL
seeds, respectively, and were 48.8% and 61.8% higher than in the
control, and significantly higher than those of other treatments.

The plumule length of DS exhibited a downward trend with the
intensification of water stress. On day 7, the plumule length reached the
maximum (3.7 cm) at the potential of 0 MPa. Subsequently, the length
experienced a decline of 6.8%, 13.6%, 19.1%. 35.5% and 38.6%, in
comparison to the control group, as the water potential decreased from
-0.02 MPa to -0.30 MPa. The variation of plumule length for SL was
comparable to that of DS. On day 7, the plumule length reached its
maximum (3.4 cm) at the potential of 0 MPa and was significantly
higher than other potentials (P < 0.05). During the drop in water
potential from -0.02 MPa to -0.30 MPa, the length reduced by 12.1%,
15.0%, 26.7%, 35.0%, and 44.2% compared to the control.

3.2 Characteristic of seed fresh weight and
water and malondialdehyde contents

The single-seed weight (SSW) of DS and SL (Figure 2) prior to
germination was 0.70x107g and 0.75x107%g, respectively. SSW of
both plants exhibited a progressive decline as the level of drought
stress increased. During the intermediate phase of germination (day

frontiersin.org


https://doi.org/10.3389/fevo.2024.1358694
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Chen et al.

10.3389/fevo.2024.1358694

DS DS
1d

90 |
260 %

O
g
g 5
£ o
5 g
830 &

0

90 |-
) —~
B 2
2 S
: g
8 b
Ei 2
£ s
g g’
Lk &

0.00 -0.02 -0.05 -0.09 -0.15 -0.30
Water potential (MPa)

FIGURE 1

0.00 -0.02 -0.05 -0.09 -0.15 -0.30
Water potential (MPa)

DS I 3d
[ sd
4 d 7d
= c
E be
= b
2
2l
=

IS

Plum'glc length (cm)

0.00 -0.02 -0.05 -0.09 -0.15 -0.30
Water potential (MPa)

Trend of water potential at germination, radicle length and plumule length of B. dasyphylla seedlings from desert steppe (DS) and sandy land (SL).
Bars labeled with different lowercase letters differed remarkably among different water potentials of the same time (P < 0.05).

3 to 5), the enhancement of SSW in both plants was comparatively
lower than that observed in the initial phase (day 0 to 3) and the
advanced phase (day 5 to 7). On day 7, SSW in both plants exhibited
anotable drop compared to the control group, as the water potential
decreased from -0.05 MPa to -0.30 MPa; SSW of DS and SL at water
potential of -0.30 MPa was 1.55x107g and 1.58x107g. Notably,
there was no observed disparity in the water potentials.

The alteration of seed water content (SWC) in both plants
exhibited a comparable pattern with SSW. SWC of DS was greater
than that of SL under the same water potential. The increase of
SWC in both plants in the early stage (day 0 to 3) of germination
and the advanced phase (day 5 to 7) was higher than that in the
middle stage (day 3 to 5). As the duration of drought extended, the
water intake of DS demonstrated a higher level of intensity in

30 DS DS , PS - 3d
300 -8 5d
s v—7d
5 a
T b b 200 | oo
Sis .\.\l.b\ol\“ + 2 F
D a . ' Y 1+
%] <
100 | g
0.0 1 1 1 0 1 1 1 1
30 BT SL SL
300 -
ES
e = -
T 200 |- =
= Q<
15+ S £, L
a a
100 - S . - a
ool ol . L N

|
0.00 -0.02 -0.05 -0.09 -0.15 -0.30
Water potential (MPa)

FIGURE 2

0.00 -0.02 -0.05 -0.
Water potential (MPa)

I ! I
09 -0.15 -0.30 0.00 -0.02 -0.05 -0.09 -0.15 -0.30

Water potential (MPa)

Trend of water potential at single-seed weight (SSW), seed water content (SWC) and malondialdehyde (MDA) of B. dasyphylla seedlings from desert
steppe (DS) and sandy land (SL). Bars labeled with different lowercase letters differed remarkably among different water potentials of the same time

(P < 0.05).
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comparison to SL. On day 7, SWC of DS (281.1%) and SL (267.2%)
exhibited the highest values in the control.

In both habitats, the malondialdehyde (MDA) content of B.
dasyphylla was found to be below 2mmol-g'DW, but the content of
DS was less than that of SL. In the case of DS, the levels of MDA
exhibited an initial increase followed by a subsequent decline on day
3, coinciding with the escalation of drought stress. The content
surpassed that of the control and reached its peak value (1.493
mmol-g'DW) at the potential of -0.09 MPa. For SL, the content
fluctuated and was higher than in the control. Its peak value (1.892
mmol-g 'DW) was seen at a potential of -0.15 MPa on day 7.

3.3 Characteristic of antioxidant
enzymes activity

Peroxidase (POD) activity in both habitats (Figure 3) initially rose
and subsequently declined as the duration of drought increased. DS
exhibited greater activity than SL at all levels, with the exception of
-0.30 MPa on day 3. POD activity of DS on day 5 was significantly
higher than those on day 3 and 7, except for -0.09 MPa. Additionally,
the activity on day 7 was significantly higher than that on day 3. The
level of SL on day 5 was significantly higher than those on day 3 and
7. However, nonsignificant difference was observed between the levels
on day 3 and day 7. On day 5, POD activity of DS reached its
maximum (91.57 Ug'lDW) at water potential of -0.15 MPa, 2.1 times
greater than the control (43.47 Ug"DW). Similarly, the activity of SL
reached its maximum (32.90 Ug'lDW) at -0.09 MPa, 1.6 times higher
than the control (20.56 Ug’lDW).

SOD and CAT in both habitats showed the similar patterns with
POD. On day 5, SOD activity of DS reached its maximum (153.32
Ug 'DW) at water potential of -0.30 MPa; the activity of SL reached

10.3389/fevo.2024.1358694

its maximum (77.92 Ug’lDW) at water potential of -0.09 MPa and
decreased with increasing drought duration and intensity. On day 5,
CAT activity of DS increased with the increase of stress intensity,
and increased by 34.8%, 47.8%, 57.3%, 74.5% and 123.4%,
respectively, compared with the control. CAT activity of SL
exhibited an increase followed by a subsequent decrease as the
stress intensity escalated.

3.4 Characteristic of osmoregulatory
substances content

As the duration of drought increased, the soluble sugar content
of DS (Figure 4) decreased as the level of drought stress increased to
-0.09 MPa. However, when the drought stresses increased from
-0.09 MPa to -0.30 MPa, the content initially increased and then
decreased. On the other hand, the content of SL showed a
downward trend. The soluble sugar content in both plants on day
7 exhibited a notable decrease compared to the levels observed on
day 3 and 5. At the water potential of -0.15 MPa and -0.30MPa, the
content was 39.061 mg.g ' DW and 37.004 mg.g ' DW, respectively.
These values were found to be 2.4 and 2.3 times of the control.
When drought stress increased from -0.05 MPa to -0.30 MPa, the
soluble sugar content of SL was higher than that of the control.
When the water potential was -0.15 MPa and -0.30 MPa, the
contents of DS exhibited a statistically significant increase
compared to the other treatments, and a statistically significant
increase compared to the SL treatment.

Both plants exhibited a significant decrease in soluble protein
contents over time, with the expectation of SL at a water potential of
-0.05 MPa The content of DS (22.91-95.15 mg.g 'DW) was
significantly higher than that of SL (7.07-38.78 mg.g'DW) (P <
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Trend of water potential at soluble sugars, soluble proteins and proline of B. dasyphylla seedlings from desert steppe (DS) and sandy land (SL). Bars
labeled with different lowercase letters differed remarkably among different water potentials of the same time (P < 0.05).

0.05). On day 3, the soluble protein content reached its highest point
(39.06mg.g 'DW) at the water potential of -0.30 MPa and was 1.9
times higher than the control. On day 7, the content of DS was lower
compared to the control, but significantly higher than that of SL.
The proline content of DS exhibited an initial increase followed
by a subsequent decrease as the duration of drought increased,
whereas the content of SL demonstrated a gradual decrease. The
proline content of DS exhibited an increase on day 3 and 5 in
response to the escalating drought stress, while displaying
fluctuations on day 7. When the water potential was -0.30 MPa,
the maximum content was observed on day 3 and 5, 1.5 times and
2.9 times as much as the control and was significantly higher than
those of other treatments. On day 3, the proline content of SL
reached its maximum (14.310mg.g ' DW) at -0.02 MPa, which was
significantly different from the control and other treatments.

3.5 Correlation analysis

Based on the correlations observed between seedling growth
and physiological characteristics of B. dasyphylla from different
provenances (Figure 5), the findings indicated a significant
positive correlation between MDA and the factors, such as
radicle length, SSW, and SWC. Conversely, soluble sugar and
protein exhibited a significant negative correlation with plumule
length, SSW, and SWC. However, a significant positive correlation
was seen between plumule length and MDA. In addition, strong
negative correlations were observed between germination and
soluble sugar from SL. Additionally, there was a strong negative
association between free proline and radicle length, as well as SSW
and SWC.
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4 Discussion

Seed germination and seedling establishment play a critical role
in the natural renewal of plant life history. Plants are very sensitive
to changes in the external environment during this stage and are
more susceptible to adverse circumstances (Asri et al., 2003; Javaid
et al,, 2018). Due to the high environmental adaptability of plant
seeds in this period, the seeds continue to live and the population
continues to perpetuate (Benard and Toft, 2008). So the
germination characteristics and seedling growth status are often
used to evaluate the stress resistance of plants (Delgado et al., 2008).
However, global climate change has led to frequent droughts in
some regions, exerting a substantial influence on the process of seed
germination and seedling growth. Research has verified that in arid
environments, the germination of xerophytes is influenced to some
degree by their varying resistance to drought and the resistance
drive plant population decrease (Fernandez et al, 2018). We
revealed a negative correlation between drought stress and both
seed germination and plumule length of B. dasyphylla, which aligns
with findings from prior research (Zhang et al., 2011; Chen et al,,
2021b). The germination rate and plumule length of DS were higher
than those of SL at the water potential of -0.30 MPa, and the
germination days at each treatment were shorter than those of SL.
Our findings suggest that the seeds obtained from DS exhibited
robust drought resistance and rapid seedling emergence,
demonstrating their ability to effectively utilize the surrounding
environment for optimal growth and development (Anjum et al,
2017; Luo et al,, 2022). The radicle length of B. dasyphylla exhibited
an initial increase followed by a subsequent decrease as the drought
stress intensified, ultimately reaching its peak at a pressure of at
-0.05 MPa. Rapidly growing radicle under mild stress facilitated
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FIGURE 5

Correlations between seedling growth parameters and physiological indices of B. dasyphylla from desert steppe (Left) and sandy land (Right).
* indicates a highly significant correlation between two indexes (at 99% confidence level, P < 0.01); GER represents germination; RAD represents
radicle length; PLU represents plumule length; SUG represents soluble sugar; PRT represents soluble protein; PRL represents free proline

enhanced water and nutrients absorption in seedlings, thereby
mitigating the adverse impacts of drought stress on plant growth
(Liu et al., 2006; An and Liang, 2013). However, the suppression of
plumule development can be attributed to the initial detection of
reduced soil moisture by plant roots, which subsequently generated
signal substances and conveyed them to the aboveground tissues. In
order to survive, plants adapted the allocation of assimilates
between the root and plumule, and suppressed the growth of the
plumule (Zheng et al., 2004; Ayumi et al., 2018). The growth of
radicle and plumule was gradually inhibited due to the escalation of
drought stress (Rabiei et al., 2014). This occurred due to the scarcity
of water in the environment caused by severe drought stress, which
hindered the roots’ ability to absorb water. As a result, their growth
and reproduction were hindered, leading to a deceleration or
cessation of seedling development (Keshtiban et al., 2015). Plants
possess the ability to regulate the equilibrium between above-
ground and underground organs with drought stress, this enables
plants to effectively allocate limited nutrients and prioritize the
growth and development of the most crucial organs necessary for
their survival (Golzardi, 2016).

Seed germination initiates with water absorption, which can be
categorized into three distinct phases, such as initially rapid water
absorption is speedy, slow-augment, and eventually a rapid
enhancement (Gao et al., 2007; Fernandez et al., 2021). The
process of water absorption in B. dasyphylla exhibited similarities
to this characteristic. However, it was observed that the values of
SSW and SWC decreased as the degree of drought increased. This
suggests that drought had a suppressive effect on the water
absorption of seeds. The water absorption capacity of B.
dasyphylla from SL exhibited a lower magnitude compared to that
from DS as the duration of drought increased. The reason is that B.
dasyphylla from DS thrived in the exceedingly dry desert
environment, characterized by extremely low soil moisture levels.
The elevated seed moisture content facilitated earlier germination
compared to other plants, thereby enhancing its competitive
adaptability. The water sensitivity of B. dasyphylla from DS was
found to be high, resulting in efficient water utilization and
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enhanced seed germination (Gao et al.,, 2007; Zhang et al., 2023).
This is an additional factor contributing to the greater drought
tolerance of B. dasyphylla from DS compared to SL.

The balance of reactive oxygen species (ROS) metabolism is
destroyed under stress, leading to the production of a significant
amount of reactive oxygen species and an increase in the lipid
peroxidation. MDA is a byproduct that exhibits the capacity to
engage with various cellular constituents, leading to substantial
detrimental effects. The concentration of this substance can be used
as a measure of the harm caused to plant cells during times of stress
(Shan and Zhao, 2015; Samal et al., 2021). The findings of the study
indicate that the levels of MDA in B. dasyphylla were less than
2mmol-g 'DW, suggesting that the maintenance of a reduced level
of membrane lipid peroxidation may play a role in the plant’s
capacity to endure drought conditions. MDA content of B.
dasyphylla increased with the extension of drought time, but the
increase of B. dasyphylla from DS was relatively slow, indicating
that B. dasyphylla from SL had poor drought-resistance ability.

The accumulation of ROS in plants was induced by adversity,
leading to their activation as free radicals. At the same time, the
accumulated ROS can trigger the activation of the antioxidant enzyme
protection system, which hinders the accumulation of ROS. It
decreased the membrane lipid peroxidation and preserved the
balance of oxygen free radical metabolism. The antioxidant enzyme
system has been recognized as a significant defense system for plants in
face of adverse environment conditions (FHu et al., 2005; Ma and Zhao,
2019). Our results showed that antioxidant enzyme activity of B.
dasyphylla first increased and then decreased with the extension of
drought time. This indicated that superoxide free radical (O*) in plants
increased in the initial stage of drought, which activated the activity of
protective enzymes and played a role in removing ROS. However, the
effect diminished as the drought intensified, particularly during the
advanced phase of drought, resulting in a weakened ability to scavenge
ROS (Qu et al,, 2008). In general, the antioxidant enzyme activity of B.
dasyphylla from DS exhibited greater levels compared to SL, potentially
attributable to the specific conditions in which they were cultivated.
Desert steppe belongs to arid region, while sandy land belongs to semi-
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arid region (Ghassemi et al, 2016; Challabathula et al,, 2022). The
advantage of drought resistance is attributed to the ability of plants to
adapt to changes in their habitat. This adaptation serves as a scientific
basis for the selection of plants and reconstruction of vegetation.

One of the mechanisms employed by plants to manage stress is
the synthesis and accumulation of osmoregulation substances.
Plants can actively accumulate solutes in cells to reduce osmotic
potential, enhance water absorption capacity, maintain turgor
pressure, and avoid further damage to membrane system (Lu
et al,, 2008; Khan et al., 2021). The soluble sugar and protein of
B. dasyphylla from DS remained consistently high throughout the
initial and intermediate stages of drought, suggesting that the
soluble sugar and protein played the regulatory function. During
the subsequent phase of drought, there was a decrease in the
osmoregulation substances of B. dasyphylla derived from DS,
potentially attributed to an elevated respiratory consumption. In
order to maintain the energy for normal survival, plants have to rely
on the decomposition of proteins and other substances for their
growth, resulting in lower levels of osmoregulation substances (IMa
and Wang, 2021). The osmoregulation substances of B. dasyphylla
from SL exhibited a negative correlation with the duration of
drought. This could be attributed to the diminished humidity of
sandy terrain during periods of drought, as well as the inadequate
capacity for osmotic regulation and energy metabolism following
drought-induced stress. Hence, it is evident that there are notable
disparities in the osmotic regulation of B. dasyphylla originating
from various sources, suggesting that plants from DS exhibited
robust physiological adaptability in water.

5 Conclusion

The current investigation determined that B. dasyphylla from
various origins exhibits robust resistance to drought. However, the
drought tolerance of B. dasyphylla from DS was more pronounced
compared to SL. This adaptation to desert and arid environments is a
survival mechanism that has developed over an extended period of
time. The elongation of radicle length was facilitated by mild drought,
while growth was hindered when the drought surpassed a specific
threshold. Bassia dasyphylla exhibits the capacity for physiological
regulation and plasticity, enabling it to effectively maintain water
metabolism equilibrium through the utilization of diverse osmotic
regulators within specific ecological niches. The wide ecological range
of a species may be attributed to the physiological plasticity
demonstrated by its diverse surroundings. The examination of the
biological characteristics and stress resistance physiology of plants in
diverse environments can provide insights into the plasticity of their
phenotypic and physiological traits.
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