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Abstract
Background: Highland barley has good resistance to low temperature and is the most commonly used
pasture and greenery in high altitude area. Beyond that, Artemisinin is an allelochemical in the common
weed Artemisia annua and remains in the soil, which affects the growth and development of highland
barley. Most studies on its resistance are under single stress, while plants are often affected by many
factors in reality. In this paper, highland barley was used to study the effects of combined stress of
simulated freeze-thaw and artemisinin with different concentrations (10mg/L, 30mg/L, 50mg/L) on
antioxidant enzyme activities, photosynthesis and osmotic regulation substance concentrations.The
response characteristics of physiological characteristics under combined stress can study the damage
mechanism of artemisinin on highland barley and provide a theoretical basis for reducing the damage
caused by freeze-thaw to the growth of barley.

Results: The results showed that under freeze-thaw stress, malondialdehyde(MDA) and soluble sugar in
leaves decreased signi�cantly by 9.0-40.9% and 21.0-29.8%, respectively, catalase(CAT) continued to
decrease during the freeze-thaw cycle, photosynthetic rate �rstly decreased and then increased,
superoxide dismutase(SOD) reached the minimum value of 1470.9U/mgprot at -5℃, and the soluble
protein maintained a relatively stable state.As the concentration of artemisinin increased, MDA and
soluble sugar �rstly decreased and then increased, reaching the lowest concentration at 10mg/L. Soluble
protein, CAT, SOD and photosynthetic rate �rst increased and then decreased.

Conclusion: All measurements indicated that under the compound stress of freeze-thaw and artemisinin,
highland barley seedlings showed high cold resistance, and low concentration of artemisinin exerted a
certain promotion effect on the growth of highland barley seedlings. Besides artemisinin and freeze-thaw
showed an antagonistic effect on highland barley seedlings, and low concentration of artemisinin can
alleviate the damage caused by freeze-thaw to highland barley seedlings.

Introduction
Highland barley (Hordeum vulgare L. Var. NudumHook. F.) is widly cultivated in the Qinghai-Tibet Plateau
region of 2800 ~ 3600m as an important food crops, has the characteristics of both high yield and short
maturity. Highland barley is the only grain that can mature normally in the alpine area with an altitude of
more than 4200m [1].

Artemisinin is an allelochemical in the common weed Artemisia annua. Artemisia annua is widely
distributed in China, as well as in the temperate, frigid and subtropical regions of Europe and Asia.
Artemisia annua may cause the transfer of artemisinin to the soil, thereby affecting soil organisms and
aquatic environment [2, 3].Artemisinin released into the environment during the growth process of
Artemisia annua werill produce allelopathy, and inhibit the growth of surrounding plants to a certain
extent. However, whether artemisinin has an allelopathic effect on highland barley is not well understood.
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Freeze-thaw refers to a physical geological effect and phenomenon in which the soil layer freezes and
thaws when the temperature falling below zero and rising above zero. Freeze-thaw is the main ecological
limiting factor in areas such as the Qinghai-Tibet Plateau. Long-term low temperature will cause tissue
damage to plants, which in turn affects the growth and development of plants. It is revealed that the
adaptability of highland barley seedlings to adversity environment is the key to cultivating highland
barley varieties with strong cold resistance, which is helpful to take effective measures to reduce the
harm caused by low temperature to plants.

The effects of freeze-thaw of plant are often accompanied by other ecological stresses, this study uses
the freeze-thaw and artemisinin compound stresses that are widespread in the Qinghai-Tibet Plateau in
spring as the in�uencing factors. Taking the highland barley seedlings as experimental materials, the
physiological response characteristics under different concentrations of artemisinin stress, this study
was conducted to explored the mechanism of physiological in�uence of both the single and multiple
stress of freeze-thaw and artemisinin, in order to provide a theoretical basis for the scienti�c planting and
management of highland barley.

Materials And Methods

Materials
The experiment was carried out in the laboratory of the School of New Energy and Environment of Jilin
University in 2019. The highland barlery seeds were provided by the Life Science of Northeast Normal
University of China. Barley seeds with full and uniform grain size were selected ,disinfected with 0.1%
KMnO4 for 2h, rinsed with deionized water, cultured in a tray containing wet �lter paper, and 500 ml
Hoagland nutrient solution was added. It was cultured in 20°C light incubator (MGC-450BP) for 24h, then
arranged neatly on a 40cm × 30cm (long × wide) tray. The outdoor growth environment was simulated
with the light incubator of which the germination condition was set as 12h light (25°C) and 12h non-light
(15°C), and Hoagland nutrient solution was used to supply water once every day, each 40ml. Cultivated
for 7days when the seedlings grow to 15cm, and selected seedlings with the same growing vigor for the
experiment

Methods

Preparation of artemisinin solution and Freeze‐Thaw
Treatment
Weighed the dry crystalline artemisinin and dissolved it in the Hoagland nutrient solution, added a small
amount of acetone to aid solubilization, stirred and added to the volumetric �ask to prepare the
artemisinin solution of 0mg/L, 10mg/L, 30mg/L and 50mg/L, respectively.
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The samples of highland barley seedlings that require freeze-thaw stress in the experiment were marked
and then subjected to freeze-thaw treatment. The other groups were still cultured in the incubator. The
initial temperature of the test was 15°C,The temperature dropped steadily to -5°C at a speed of 5°C every
2h, and then the temperature rose from − 5 to 10°C at same speed. The corresponding freeze-thaw
sampling temperature was 10°C, − 5°C, and 10°C (denoted as T1–T3, respectively) At each temperature,
samples were taken from freeze–thaw treatments and non-freeze–thaw treatments at random according
to the required amount of the measurement. The freeze-thaw machine was started at 6 am on the day of
the experiment. After 2 hours, the �rst batch of samples were taken and randomly sampled. After that,
samples were taken every 6 hours, and then taken twice, with three parallel samples each time. A total of
24 groups of samples in 3 time periods for index determination, divided into T1 (room temperature group
at 8 am), T2(room temperature group at 2 PM), T3(room temperature group at 8 PM), T1 (D) (10℃
freeze-thaw group at 8 am), T2(D) (-5℃ freeze-thaw group at 2 PM), T3(D) (10℃ freeze-thaw group at 8
PM).

Determination
Soluble protein content in seedlings was determined by Coomassie Brilliant Blue method [4] after grinding
the leaves into tissue homogenate and centrifuging. Malondialdehyde (MDA) content and soluble sugar
content was measured with thiobarbituric acid chromatometry method (TBA) [5]. The SOD and CAT
activity was measured with the enzyme kit produced by the Institute of Nanjing Jiancheng Biological
Engineering. Using a photosynthesis measuring instrument to determine the net photosynthetic rate. Each
indicator had 3 sets of parallel samples to calculate the average value

Data Analysis
The experimental data were graphed with Microsoft (Redmond, USA) Excel, and statistical analysis was
performed with R 3.3.1 statistical software (R Foundation for Statistical Computing, Vienna, Austria).
using single factor variance analysis (one-way analysis of variance) and multiple comparisons with least
signi�cant difference (LSD). The signi�cance level was at 0.05, the experiments were repeated �ve times,
and all of the results are presented as mean ± SE.

Results And Analysis

3.1 Effects of Freeze-Thaw and Artemisinin Stress on MDA
Content in Highland Barley Seedlings
According to Fig. 1, the MDA content under freeze-thaw stress treatment was lower than that of the
control group, which decreased by 9.0-40.9%. Under the same other conditions, the freeze-thaw treatment
led to the consumption of MDA in the barley leaves. The results were in good consistent with Fan
Yuzhen’s research on the response of white clover to low temperature stress [6]. Malondialdehyde (MDA)



Page 5/18

is one of the products of cell membrane lipid peroxidation, Its production can exacerbate membrane
damage. Therefore, the increase of MDA concentration under normal temperature conditions is not
conducive to the metabolism of highland barley seedling cells. The lower the temperature, the greater the
damage to the membrane, and the stronger the membrane lipid peroxidation. Under the single freeze-
thaw conditions and T3 sampling time, MDA content was the lowest, which was 4.9589µmol/g. MDA
content decreased in both freeze-thaw and thaw-freeze stages, indicating that under freeze-thaw stress,
MDA content in the body of highland barley seedlings gradually decreased in order to adapt to the
environment and gradually repair the damage of cell membrane lipid.

Under the single artemisinin stress treatment, when the artemisinin concentration was 10mg/L, the MDA
content was lower than without artemisinin treatment. As the artemisinin concentration increased, the
MDA concentration also increased, indicating that the appropriate concentration of artemisinin is
bene�cial to the growth of highland barley. With the increase of the concentration of highland barley, the
resistance of highland barley was weakened, so the content of MDA in the body increased, which was
supported by the research results of Wei Liben et al.'s allelopathy on artemisinin on pasture [7].Under
freeze-thaw treatment, when the artemisinin concentration was 0 mg/L, there was little difference from
the 10 mg/L MDA concentration. One important conclusion from our results was that freeze-thaw stress
and artemisinin stress have antagonistic effects under certain conditions. The longer the treatment time,
the higher the artemisinin concentration and the lower the MDA content in the seedlings. Therefore, the
effect of artemisinin on highland barley seedlings is stronger than that of freeze-thaw.

3.2 Effects of freeze-thaw and artemisinin stress on soluble sugar content in highland barley seedlings

The increase in the amount of osmotic adjustment substances can alleviate or resist the damage caused
by low temperature, and its content can re�ect the strength of the plant's cold resistance ability [8]. As
shown in Fig. 2, under a single freeze-thaw stress, the soluble sugar content of the freeze-thaw group was
lower than that of the control group. In the freeze-thaw group at T1 (D), the soluble sugar content in the
leaves was the highest, reaching a peak of 3.4349 µmol/L. Kamata et al. found that plants increase the
osmotic pressure by increasing the soluble sugar content and reduce the harm caused by low
temperature stress [9]. After T2(D) and T3(D) continue to decrease, they decreased by 6.25% and 55.88%
respectively (P < 0.05). It revealed that compared with the thaw-freeze stage, the freeze-thaw stage has a
bigger effect on the soluble sugar content in the leaves of the seedlings. Compared with the control
group, the soluble sugar content of the freeze-thaw group was reduced by 29.83%, 23.54%, and 21.04%
(P < 0.05). On the basis of our �ndings, it can be concluded that freeze-thaw hindered the transportation
of soluble sugar and inhibited the accumulation of soluble sugar in the leaves of barley seedlings,
resulting in a decline in the growth rate of seedlings and yellow and soft leaves. This was consistent with
the observation from the results of Zhang Yue's research on the physiological regulation mechanism of
white clover in temperature adaptation in different seasons [10].

After the artemisinin stress, the soluble sugar content showed different changing trends with the
artemisinin concentration and action time. With the accumulation of the effect of artemisinin on the
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leaves, the soluble sugar content in the leaves was the lowest at T3 time. When the artemisinin
concentration was between 0-10mg/L, the highland barley seedlings were the most sensitive and the
soluble sugar content in the leaves decreased. Compared with the control group, when the artemisinin
concentration was between 10-30mg/L, the highland barley seedlings appeared stress-resistant, and the
soluble sugar content in the leaves increased. This was in accord with the research results of Lai Jieqing
et al.on the effect of artemisinin on wheat seed germination and seedling growth [11]. Our results con�rm
that when the concentration was higher than 30mg/L and less than 50mg/L, the leaf resistance was not
enough to resist the in�uence of high concentration of artemisinin, and the leaves were damaged.

4.3 Effects of freeze-thaw and artemisinin stress on soluble protein content in highland barley seedlings

Figure 3 shows that compared with the control group, the soluble protein content of leaves in the freeze-
thaw group increased �rst and then decreased. This was supported by the results of Zhou Ruilian on the
physiological response of white clover and red clover to arti�cial stress [12]. In the thawing phase, the leaf
cell membrane permeability increased and the content of osmotic regulators increased. During the freeze-
thaw phase, cell membrane permeability decreased. As time goes on, the soluble protein in the leaf cells
of highland barley seedlings remained at a relatively stable content, which coincided with with Fleck et al.
on the stable protein accumulation and frost resistance of winter wheat leaves [13]. The results are
further highlighted here that the barley seedlings have strong cold resistance, can produce protective
substances when subjected to external stimuli, and are suitable for growth in cold environments.

When the concentration of artemisinin was at 10mg/L level, the soluble protein content remained
relatively stable with the change rate of only 2.4-6.0% over time(Fig. 4). At this time, the leaves of barley
seedlings were maintained at a higher level of soluble protein, which was conducive to the growth of
barley seedlings. This was inconsistent with the observation from the results of Wang Shuo et al. on the
mechanism of allelopathy on wheat seedlings [14]. This difference may arise from that this experiment
used different time periods to measure the soluble protein of highland barley seedlings, and the change
of time and light conditions would affect the photosynthesis of the highland barley seedlings, resulting in
the consumption of soluble protein.

Under the combined stress of freeze-thaw and artemisinin, the soluble protein content in the leaves of
barley seedlings changed signi�cantly. Compared with the control group, the soluble protein content of
leaves under the compound stress treatment increased to different degrees. During the thaw-freeze
process (T1-T2), the change of artemisinin concentration had little effect on the soluble protein content,
while in the freeze-thaw phase (T2-T3), the soluble protein content �rst increased and then
decreased(Fig. 5). When the concentration of artemisinin was 10mg/L, freezing and thawing stress had
little effect on the soluble protein content of barley seedlings, from the results we had obtained, one can
conclude that the barley seedlings have a certain degree of stress resistance and and the stress
resistance was the strongest in artemisinin culture medium at 10% concentration.

4.4 Effects of freeze-thaw and artemisinin stress on CAT activity in highland barley seedlings
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CAT is one of the main protective enzymes in plants. It has the function of scavenging active oxygen free
radicals and can reduce the damage of active oxygen to plants [15]. CAT enzyme can promote the
decomposition of H2O2 produced in plants due to environmental changes to alleviate the damage
caused by adversity stress [16]. Antioxidant enzyme system is an effective mechanism to resist low
temperature stress [17]. As shown in Fig. 6, artemisinin and their combined stresses. Under single
artemisinin stress, the CAT activity of the control group �rst increased from 12.2804U/mgprot to
12.6422U/mgprot (increased by 2.95%) at T1 and then decreased to 7.2031U/mgprot (decreased by
41.34%) at T2 and T3. It showed that the concentration of artemisinin increased gradually, increasing by
13.78% and 21.79% respectively (P < 0.05); after the adaptation of T1 ~ T2 time, the resistance ability of
highland barley seedlings gradually increased, and CAT activity during T2 ~ T3 gradually recovered. It
must also be mentioned that under a single freeze-thaw stress, the CAT activity in the barley seedlings in
the freeze-thaw group continued to decrease during the thaw-freeze and freeze-thaw processes, indicating
that the freeze-thaw process would lead to a decrease in CAT enzyme activity. Under the combined stress
of freeze-thaw and artemisinin, the CAT activity in the barley seedlings were 33.28% lower than those in
the control group. Under single artemisinin stress, each concentration group showed a decrease �rst and
then an increase, and after freeze-thaw stress, then showed a gradual decrease. On the basis of these
results we concluded that freeze-thaw will enhance the inhibitory effect of artemisinin on the growth of
highland barley seedlings, making the compound stress more inhibitory to the growth of highland barley
seedlings and lasting longer. While CAT activity appears at 50mg/L, the rebound growth reached 13.5598
U/mgprot, and the decrease in CAT activity decreased at 0–30 mg/L. The behavior of the correlation
coe�cient makes us conclude that the resistance of highland barley seedlings was signi�cantly
enhanced, and an in�ection point of inhibition may appear between 30–50 mg/L.

4.5 Effects of freeze-thaw and artemisinin stress on SOD activity in highland barley seedlings

SOD is one of the important cell protection enzyme defense systems in plants [18],and it is the �rst line of
defense to protect plant cells from reactive oxygen species. It can convert superoxide anion free radicals
into H2O2 and protect plants from hydroxyl free radicals. Its activity directly re�ects the ability of plants to
be exposed to and tolerate reactive oxygen stress. The negative effects of various environmental stresses
are at least partly due to the production of reactive oxygen species (ROS) and the suppression of the
systems that protect them [19]. During the freeze-thaw treatment stage, the SOD activity of seedling
leaves decreased �rst and then increased under both 0mg/L and 30mg/L artemisinin stress. At 10mg/L,
it �rst increased and then decreased. When the artemisinin concentration was 50mg/L, it always showed
a downward trend. When the artemisinin concentration was 0mg/L, compared with the CK group, the
freeze-thaw group decreased by 16.90% at T2 and increased by 4.22% at T3; at 10mg/L, frozen
Compared with the CK group, the thawing group increased by 29.51% at T2 and 11.44% at T3; at 30mg/L,
compared with the CK group, T2 and T3 decreased by 25.03% and 12.55% respectively (P < 0.05); 50mg/L
compared with the CK group, the freeze-thaw group increased by 0.32% at T2 and decreased by 6.77% at
T3(Fig. 7). It shows that the barley seedlings are more resistant to stress under freeze-thaw stress, and
can maintain normal growth within a certain temperature range through their own metabolism. According
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to the research of Li Chen et al ,the activity of SOD increased with decreasing temperature and reached a
peak at -2℃. In this experiment, due to the large sampling temperature span, it can only be seen that the
overall trend �rst decreased and then increased. It was impossible to determine the speci�c peak value.
For each moment corresponding to T1, T2, and T3, the SOD activity of CK group changed with the change
of artemisinin concentration. When the concentration increased from 0mg/L to 10mg/L, the SOD activity
decreased; from 10mg/L when increased to 30mg/L, SOD activity increased and was greater than the
activity at 0mg/L; when increased from 30mg/L to 50mg/L, SOD activity decreased. From the results we
have obtained, one can conclude that with the increase of artemisinin concentration, the stress resistance
re�ected by SOD of highland barley �rst decreases and then increases.

For different stages of the freeze-thaw group, as the concentration of artemisinin increased from 0 mg/L
to 10 mg/L, SOD activity decreased; when the concentration increased from 10 mg/L to 30 mg/L, SOD
activity increased; the concentration increased from 30 mg/L to 50mg/L, SOD activity decreased. On the
surface, in the range of artemisinin concentration of about 0mg/L-30mg/L, highland barley seedlings
could maintain normal growth through metabolism. It is speculated that 50mg/L artemisinin would
cause greater damage to the seedlings and could not pass effectively. Metabolism removes harmful
substances such as peroxides, so it cannot grow healthily. Zhu Hui-xia et al. pointed out that SOD, as an
important component of the active oxygen scavenging system in plants, is closely related to the stress
resistance of plants [20]. This is demonstrated in a number of studies that the change of SOD enzyme
activity can be used as an evaluation index of plant cold tolerance. Mckerise B D et al. also proposed in
the quantitative evaluation of chrysanthemum at the seedling and �owering stage that the SOD activity
of varieties with strong cold tolerance was higher, while the change trend of SOD activity of varieties with
weak cold tolerance was not signi�cant [21]. In general, freeze-thaw stress has little effect on SOD
enzyme activity in highland barley seedlings, while artemisinin has a more obvious effect on SOD
enzyme activity. The effects of both of them on SOD enzyme activity �rst increased and then decreased.
The results were in bad consistent with Zhang Mengyu et al [22]. The results of Zhang Mengyu et al. �rst
increased and then decreased. It should be pointed out that in this experiment, only the 30 mg/L
concentration group without freeze-thaw satis�es this trend. The behavior of the correlation coe�cient
makes us conclude that the effect of artemisinin on highland barley Stress resistance has a great impact.
Artemisinin can help highland barley alleviate freezing and thawing stress at low concentrations, while
excessively high concentrations will increase the stress effect.

4.6 Effects of freeze-thaw and artemisinin stress on net photosynthetic rate of highland barley seedlings

Freeze-thaw stress can directly affect plant growth or indirectly affect plant growth by inhibiting
photosynthesis. Freeze-thaw stress causes the intercellular icing to cause drought stress. Drought stress
leads to a decrease in photosynthetic rate. There are stomata and non-stomata factors. The incomplete
opening of stomata increases the resistance to CO2 diffusion to cells and decreases the photosynthetic
rate; non-stomata factors Mainly cause serious damage to chloroplasts, decrease the vitality of the
photosystem, and inhibit photosynthesis. The net photosynthetic rate re�ects the accumulation of dry
matter per unit time and unit area.
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It has been testi�ed that freeze-thaw stress damages the photosynthetic function of plants [23]. To gain
more insight qualitatively describe the effects of freeze-thaw artemisinin stress on the net photosynthetic
rate of highland barley seedlings, the leaf CO2 metabolism rate (A) and intercellular CO2 concentration
(Ci) were selected as indicators of the net photosynthetic rate of highland barley seedlings. The ability of
plants to use weak light at low temperatures is stronger than that of strong light, which leads to a
reduction in the use of light energy by plant leaves, which provesd that temperature is the limiting factor
for photosynthesis [24].

According to Fig. 8,under single artemisinin stress, as the concentration of artemisinin increases, leaf CO2

metabolism rate decreased �rst, then increased, and then decreased at T1, while at T2 and T3 it �rst
increased, then decreased, and the overall decline trend. The intercellular CO2 concentration at T1, T2, and
T3 all showed a �rst decrease and then increase, and the increase in T1, T3 was greater than the
decrease. This indicates that the presence of artemisinin prevents the stomata of highland barley
seedlings from being fully opened, which increases the resistance to the diffusion of CO2 from the
outside to the cells, and reduces the photosynthetic rate; non-stomatal factors mainly cause serious
damage to chloroplasts, decreased photosystem activity, and photosynthesis. The effect was inhibited,
the intercellular CO2 concentration increased, the photosynthetic capacity of the barley seedlings was
weakened, and the net photosynthetic rate decreased. The results were in good consistent with Lai
Qingjie [25], artemisinin promotes the growth of seedlings at low concentrations, while at higher
concentrations it inhibits photosynthesis of plants. There are deviations due to different plants in the
experiment, taking the above experimental results into account, when the concentration has an in�ection
point between 10mg/L-30mg/L, the vicinity of the in�ection point has an inhibitory effect, while other
concentrations (less than 50mg/L) have a promoting effect.

Figure 9 shows that under a single freeze-thaw stress, the A value of the control group decreased sharply
�rst, and then increased, while the A value of the freeze-thaw group was lower than that of the control
group during the same period, and showed a downward trend, but the decline was small; The Ci value of
the control group and the freeze-thaw group showed a trend of �rst increasing and then decreasing.
Compared with the control group, the Ci value of the freeze-thaw group was 41.98% higher at T1, 22.57%
lower at T2, and 43.25% lower at T3. It showed that the thaw-freeze process closed the stomata in the
barley seedling leaves to a certain extent, the Ci value increased and photosynthesis weakened; while
during the freeze-thaw process, the stomata in the barley seedling leaves gradually opened, the Ci value
decreased, and photosynthesis increased. Under the combined stress of freeze-thaw and artemisinin, the
A value of barley seedlings in the freeze-thaw group was almost all lower than that of the control group,
while the Ci value was almost all higher than that of the control group, indicating that the combined
stress would reduce the photosynthetic rate of barley seedlings. This was consistent with the observation
from Yixin’s results on the effects of freeze-thaw stress on rye seedlings[26].

Conclusion
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The combined stress of freezing and thawing and artemisinin stress will cause the SOD and CAT enzyme
activities in the barley seedlings to �rst decrease and then increase, the photosynthesis will be weakened
overall, and the soluble sugar and soluble protein will �rst decrease and then increase, while the MDA
content will increase overall under the circumstances, each group still has a trend of increasing �rst and
then decreasing. The results of this study show that highland barley seedlings have strong cold tolerance.
It must also be mentioned that artemisinin still has a strong allelopathic effect on highland barley
seedlings under freezing and thawing conditions, and has a greater impact on its growth and
development. Physiological effects are manifested as incomplete synergy, and highland barley seedlings
showed strong resistance to stress. Given that this study is a short-term freeze-thaw stress, the
physiological effects of different temperature gradients and freeze-thaw durations as well as different
freeze-thaw intensities on highland barley seedlings under the condition of constant artemisinin
concentration can be considered in the future experiments.
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Figures

Figure 1

Effects of different artemisinin concentrations on MDA content of highland barley seedlings under
freeze–thaw stress. T1(D)–T3(D) represent 2nd,8th and 14th respectively, corresponding to temperatures
10, −5,and 10°C; T1–T3 represent 2nd, 8th and 14th respectively, corresponding to room temperatures.
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Figure 2

Effects of different artemisinin concentrations on soluble sugar content of highland barley seedlings
under freeze–thaw stress. T1(D)–T3(D) represent 2nd, 8th and 14th respectively, corresponding to
temperatures 10, −5,and 10°C; T1–T3 represent 2nd, 8th and 14th respectively, corresponding to room
temperatures;0,10,30,50 represent artemisinin concentration.

Figure 3
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Effects of freeze–thaw stress on soluble protein content of highland barley seedlings. T1–T3 represent
2nd, 8th and 14th respectively, corresponding to temperatures 10, −5,and 10°C; CK is control group.

Figure 4

Effects of different artemisinin concentrations stress on soluble protein content of highland barley
seedlings. T1–T3 represent 2nd, 8th and 14th respectively, corresponding to temperatures 10, −5,and
10°C; CK is control group; 10,30,50 represent artemisinin concentration.

Figure 5



Page 16/18

Effects of different artemisinin concentrations on soluble protein content of highland barley seedlings
under freeze–thaw stress. T1(D)–T3(D) represent 2nd, 8th and 14th respectively, corresponding to
temperatures 10, −5,and 10°C; T1–T3 represent 2nd, 8th and 14th respectively, corresponding to room
temperatures.

Figure 6

Effects of different artemisinin concentrations on CAT activity of highland barley seedlings under freeze–
thaw stress. T1(D)–T3(D) represent 2nd, 8th and 14th respectively, corresponding to temperatures
10,−5,and 10°C; T1–T3 represent 2nd, 8th and 14th respectively, corresponding to room temperatures.
0,10,30,50 represent artemisinin concentration.
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Figure 7

Effects of different artemisinin concentrations on SOD activity of highland barley seedlings under
freeze–thaw stress T1(D)-T3(D) represent the 2nd ,8th and 14th, C; corresponding to temperature 10,−5
and 10 T1-T3 represent 2nd, 8th and 14th respectively, corresponding to room temperature. 0, 10, 30, 50
represents artemisinin concentration.
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Figure 8

Effects of different artemisinin concentrations on CO2 metabolic rate of highland barley seedlings under
freeze–thaw stress. T1(D)-T3(D) represent the 2nd, 8th and 14th respectively, C; corresponding to
temperature 10,−5 and 10 T1-T3 represent 2nd, 8th and 14th respectively, corresponding to room
temperature. 0, 10, 30, 50 represents artemisinin concentrations.

Figure 9

Effects of different artemisinin concentrations on intercellular CO2 concentration of highland barley
seedlings under freeze–thaw stress.T1(D)-T3(D) represent the 2nd, 8th and 14th respectively, C;
corresponding to temperature 10,−5 and 10 T1-T3 represent 2nd, 8th and 14th respectively,
corresponding to room temperature. 0, 10, 30, 50 represents artemisinin concentrations.


