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Drought and soil salinization are global environmental issues, and Elymus nutans play an
important role in vegetation restoration in arid and saline environments due to their
excellent stress resistance. In the process of vegetation restoration, the stage from
germination to seedling growth of forage is crucial. This experiment studied the effects of
PEG-6000 simulated drought stress and NaCl simulated salinization stress on the
germination of E. nutans seeds, and explored the growth of forage seedlings from sowing
to 28 days under drought and salinization stress conditions. The results showed that under
the same environmental water potential, there were significant differences between
drought stress and salinization stress in response to E.nutans species germination,
seedling growth, organic carbon, total nitrogen and total phosphorus in above-ground and
underground parts. Using the membership function method to comprehensively evaluate
the seed germination and seedling indicators of E.nutans, it was found that under the
same environmental water potential, E.nutans was more severely affected by drought
stress during both the seed germination and seedling growth stages. E.nutans showed
better salt tolerance than drought resistance.
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Abstract: Drought and soil salinization are global environmental issues, and Elymus nutans play an important
role in vegetation restoration in arid and saline environments due to their excellent stress resistance. In the
process of vegetation restoration, the stage from germination to seedling growth of forage is crucial. This
experiment studied the effects of PEG-6000 simulated drought stress and NaCl simulated salinization stress on
the germination of E. nutans seeds, and explored the growth of forage seedlings from sowing to 28 days under
drought and salinization stress conditions. The results showed that under the same environmental water
potential, there were significant differences between drought stress and salinization stress in response to
E.nutans species germination, seedling growth, organic carbon, total nitrogen and total phosphorus in above-
ground and underground parts. Using the membership function method to comprehensively evaluate the seed
germination and seedling indicators of E.nutans, it was found that under the same environmental water
potential, E.nutans was more severely affected by drought stress during both the seed germination and seedling
growth stages. E.nutans showed better salt tolerance than drought resistance.

1. Introduction

At present, soil salinization caused by drought, unreasonable irrigation and other factors is a global
environmental problem that needs to be solved urgently, and soil drought and salinization are the main abiotic
stress factors affecting crop growth (Dai ,2013; Pokhrel et al., 2021). The arid zone in China accounts for 1/3
of the total area, including a large amount of saline soil. The important factors affecting agricultural
development and ecological environment protection in arid zone are drought, soil salinization, and secondary
salinization caused by irrigation. (Zhang et al., 2021; Zhao et al., 2022). The unique and complex and diverse
climate of Tibet, with high altitude, low temperature, large diurnal temperature difference; low precipitation
and large regional differences; strong sunlight and long daylight hours, is the main reason for its susceptibility
to drought and soil salinization, and the annual crop yield reduction caused by drought and water shortage or
soil salinization limits the development of agriculture in the region (Zhang et al.,2021; Javed et al.,2021; Kong
et al.,2018).

Elymus nutans is a perennial grass of the Elymus spp. in the family Gramineae, distributed in Tibet, Hebei,
Qinghai, Sichuan, Shaanxi, Gansu, Xinjiang, and Inner Mongolia in China, and also in Turkey, Mongolia,
India, and Russia (Liu et al., 2021; Ma et al., 20006). E. nutans has strong growth ability, high crude protein and
fat content, and good palatability. And it plays an important role in the improvement of alpine grasslands and
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the construction of artificial grasslands. (An et al., 2022; Sun et al., 2022).

Through long-term natural selection, E. nutans has gradually developed resistance to cold, drought,
salinity and other high quality genetic characteristics, which not only have high forage value, but also can play
an important role in resisting wind and sand damage and conserving water and soil (Li et al.,2021;Luo et
al.,2019).

Soil drought and salinization, as two major abiotic stress factors affecting plant growth and crop yield,
both belong to environmental water potential stress (osmotic stress) on plants in a certain sense (Do et al., 2022;
Bashir et al., 2019). Seed germination is the beginning of spermophyte life history and the most sensitive
period to the environment (especially in arid and saline environments), while in some arid and semi-arid areas
seed germination is subjected to both drought and salt stress (Wijewardana et al.,2019; Silva et al.,2018). The
successful establishment of vegetation communities is directly determined by the success of seedling
formation after seed germination, and seedlings also respond to environmental stress during their growth
process (such as adjusting plant height, changing root structure, etc.) (Sun et al., 2019; Andivia et al., 2021).
Current research has shown (Wang et al., 2021) that both drought stress and salt stress can affect the
germination rate of E.nutans seeds, with higher concentrations of PEG-6000 and NaCl directly inhibiting the
germination of E.nutans seeds. Moreover, PEG-6000 and NaCl stress led to the increase of proline,
malondialdehyde and soluble protein content, and the increase of superoxide dismutase, peroxidase and
catalase activities inhibited the growth of E. nutans seedlings (Wang et al.,2017;Song et al., 2022). In order to
study the response of E. nutans seed germination and seedling formation to drought and salt stress, we
conducted a pot experiment in the artificial climate incubator of the Grassland Laboratory of Tibet Agricultural
and Animal Husbandry College in Linzhi, Tibet. We studied the effects of drought stress and salt stress on the
germination and seedling growth of E. nutans seeds under the same osmotic potential, and measured the
germination rate, germination potential, root length, bud length, and germination index of E. nutans seeds;
Seedling growth indicators and the content of organic carbon, total nitrogen, and total phosphorus in the
aboveground and underground parts. Explored the similarities and differences in the response of E. nutans to
drought stress and salinization stress, comprehensively evaluated the degree of drought stress and salt stress
suffered by E. nutans seeds and seedlings, and clarified the tolerance of E. nutans seeds and seedlings to
drought and salt stress under the same environmental water potential, in order to provide reference for
vegetation restoration in arid and salinized areas.
2.Materials and Methods

2.1 Material

The experiment was completed in the Grass Science Laboratory of Tibet Agricultural and Animal
Husbandry College, Tibet Autonomous Region (29°39'57.5" N ,94°20'31.4" E). The test seeds is Elymus
nutans. cv. Baqing, provided by the Grass Science Laboratory of Tibet Agricultural and Animal Husbandry
College. The experiment commenced on October 18, 2022, and the germination experiment ended on October

28, totaling 10 days. And the seedling experiment ended on November 15th for a total of 28 days.
2.2 Experimental design

2.2.1 Germination test
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PEG-6000 solution (simulated drought stress) and NaCl solution (simulated salt stress) were prepared
with water potential of 0 (CK), -0.04, -0.14, -0.29, -0.49, -0.73, -1.02 MPa, respectively (Michel et
al.,1973;Burlyn et al.,1995). The experiment used the paper germination method. After soaking the filter paper
in the stress solution mentioned above, it was placed in a Petri dish. 50 seeds were evenly placed in each
culture dish as one replicate, and each treatment setting was repeated three times. To ensure a constant water
potential in the environment, culture dishes were placed in a 25 °C constant temperature incubator, and each
dish was weighed. Distilled water was added the next day to reach a constant weight. The artificial climate
incubator has been set with a light intensity of 1250Ix, a light cycle of 12h, and a dark cycle of 12h. The
experiment considered root length or bud length equal to seed length as germination, and the number of

sprouts was counted daily and moldy seeds were promptly treated.
2.2.2 Seedling test

The artificial climate incubator and solution preparation settings are the same as 2.2.1.The experiment
used sand culture as culture medium, each germination box (19x13x12 cm) was spread onto 1000 g of dry
sand, 100 ml of different gradients of PEG-6000 and NaCl solutions were added. After stirring evenly, sow at
a depth of 2-3 cm and a seeding rate of 5 g/m>To guarantee the water potential of the sand culture environment,
the distilled water was replenished three times a day, morning, noon and night, according to the evaporation in
the germination box, using the weighing method to ensure that the solution content in the sand culture was
around 10 %. Replenish Hoagland Total Nutrient Solution every 7 days, 20ml each time. Shoots extending out
of the sand surface were considered as emergence. After all seedlings have emerged, the height of the
aboveground part was recorded. After 28 days, the root morphology indicators and the content of organic

carbon, total nitrogen, and total phosphorus in the aboveground and underground parts were measured.
2.3 Measurement indexes and methods
2.3.1 Germination test index

The Germination percentage, Germinating energy, root length, shoot length and other indicators related to

seed germination were determined and equated as follows:

Germination percentage (G,%) = (number of normally germinated seeds within 10 d of final

germination/number of seeds for testing) x 100%;

Germinating energy (GE, %) = (Number of seeds that germinated normally on the 5th day of germination
test /number of seeds for testing) x 100%;

Germination index (GI)=)_ (Gt/Dt),Gt means the number of seeds germinated on day t and Dt means the

corresponding number of days to germination;

Vigor index (VI) = germination index x Sx, Sx is the mean shoot length;
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Shoot length and root length: After the germination test, 10 seedlings were randomly selected from each
treatment petri dish and the test shoot length and root length were measured using a straightedge (1 mm).

Subsequent use for variance analysis.

2.3.2 Seedling test index determination and methods

Ten seedlings were randomly selected from the germination boxes of each treatment, and the
aboveground height of 10 seedlings was measured daily. The trend of plant height change was plotted using
the average value. The plant growth rate was calculated every 7 days for a total of 4 cycles. The plant height
growth rate R= (L2-L1)/7, where L2 refers to the plant height measured on the last day of each cycle and L1
refers to the plant height measured on the first day of each cycle. The total root length, surface area, volume
and number of root tips were determined by EPSON GT-X980 root scanner; plant height and root length were
determined by straightedge. After measuring the morphological indicators, Elymus nutans was dried in a 65 °C
oven for 48 hours, and total nitrogen content was determined by Kjeldahl method (Sing et al., 2020); total
phosphorus content was determined by molybdenum blue ascorbic acid method (Li et al., 2022); determination
of organic carbon content by Elementar vario TOC elemental analysis (Wolski et al., 2022).

2.4 Data Statistics and Analysis

One-way ANOVA, Germinating energy, root length, shoot length, vigor index, and germination index
under PEG-6000 versus NaCl solution stress was performed using SPSS, respectively. SPSS was used to
analyze seedling plant height, growth rate, total root length, root tip number, root surface area, root volume,
leaf root organic carbon content, root organic carbon content, leaf total nitrogen content, root total nitrogen
content, leaf total phosphorus content, root total phosphorus content, leaf C:N, root C:N, leaf N:P, root N:P
under PEG-6000 and NaCl solution stresses, respectively. The significance was analyzed by one-way ANOVA.
Principal component analysis and correlation analysis were performed using Origin Pro 2021 on the
environmental water potential, seedling height, total root length, root surface area, root volume, leaf root
organic carbon content, root organic carbon content, leaf total nitrogen content, root total nitrogen content, leaf
total phosphorus content, and root total phosphorus content of PEG-6000 and NaCl solutions, respectively. A
dose-response meta-analysis was conducted on seed germination rate using SPSSAU, based on the number of
tested seeds, germination number, and environmental water potential. The drought and salt resistance of
Elymus nutans seeds and seedlings were analyzed and compared using the affiliation function method. The
index was calculated as:X (u) = (X-Xmin)/ (Xmax-Xmin), and if the index was negatively correlated with
drought resistance then the formula was:X (u) =1- (X-Xmin)/ (Xmax-Xmin).

3.Results

3.1 Effects of treatments on seed germination

The PEG-6000 solution simulated drought stress affected the germination rate of E. nutans. When treated
at -0.14 MPa, the germination rate of E. nutans seeds decreased by 15.33% compared to the control group
(P<0.01); With the decrease of environmental water potential, the germination rate of Elymus nutans seeds
under PEG-6000 solution stress showed a significant decrease trend (P<0.05); The lowest germination rate
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was only 26.00% under the treatment of -1.02MPa (Figure 1: A). For germination potential, when the
environmental water potential was lower than -0.14 MPa, the germination potential was significantly lower
(P<0.01) than CK, with a minimum of -1.02 MPa and a germination potential of 7.33 (Figure 1: B). In terms of
shoot length, with the decrease of environmental water potential, the shoot length of E. nutans showed a
significant decrease trend, and all treatments were significantly lower than CK (P<0.01) (Figure 1C). In terms
of root length, there was no significant difference between the -0.04 and -0.14 MPa treatments and CK, while
the other treatments were significantly lower than CK (P<0.01) (Figure 1D). The germination index showed a
very significant downward trend with the decrease of environmental water potential (P<0.01), with the lowest
being -1.02 MPa treatment and the germination index being 11.67 (Figure 1E). The vitality index and
germination index showed a very significant downward trend with the decrease of environmental water
potential (P<0.01), and the lowest germination index was 22.24 when treated with -1.02 MPa (Figure 1F).

The NaCl solution simulated salt stress affected the germination of E. nutans seeds. Among them, the -
0.04 MPa treatment had a 2.77% higher germination rate than CK treatment. As the environmental water
potential decreased, the germination rate also showed a decreasing trend. When the environmental water
potential was less than -0.49, -0.73, and -1.02MPa treatment, the seed germination rate was significantly lower
than CK treatment (P<0.01), with the lowest being -1.02 MPa treatment, and the germination rate was 41.33%
(Figure 1A). In terms of germination potential, when the environmental water potential was less than -0.29
MPa, it was significantly lower than CK (P<0.01), with a minimum of -1.02 MPa and a germination potential
of 11.33 (Figure 1B). For shoot length, with the decrease of environmental water potential, the shoot length of
E. nutans showed a significant decrease trend, and all treatments were significantly lower than CK (P<0.01)
(Figure 1C). For root length, there was no significant difference between -0.04 and -0.14 MPa treatments and
CK, while the other treatments were significantly lower than CK (P<0.01) (Figure 1D). The germination index
decreases with the decrease of environmental water potential, and is significantly lower than CK when treated
with -0.14 MPa (P<0.01). The lowest germination index is 16.29 when treated with -1.02 MPa (Figure 1E).
The vitality index showed a very significant decrease with the decrease of environmental water potential
(P<0.01), with the lowest being -1.02 MPa treatment and the vitality index being 49.71 (Figure 1F).

3.2 Effects of treatments on plant height and root structure

Under simulated drought stress with PEG-6000 solution, the plant height and root structure of E. nutans
showed a decreasing trend with the decrease of environmental water potential within 7-28 days (Figure 2A). In
terms of plant height growth rate, CK was significantly higher in the first week than other treatments (P<0.01).
As time increased, the growth rate of CK plant height slowed down, with the fastest growth rate being -0.49
MPa treatment in the second week, -1.02 MPa treatment in the third week, and -0.73 MPa treatment in the
fourth week (Figure 2C). For the total root length, the treatment with -0.04 MPa has the longest root length,
which is 64.36 cm, 11.7 cm longer than CK; With the decrease of environmental water potential, the total
length of the root system showed a decreasing trend, with treatments of -0.29 MPa and below significantly
lower than CK (P<0.05). When treated with -1.02 MPa, the total length of the root system was the lowest, at
22.78 cm (Figure 2E). In terms of root surface area, the treatment with -0.04 and -0.14 MPa significantly

increased the root surface area compared to CK (P<0.05). As the environmental water potential decreased, the
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root surface area showed a decreasing trend, with the lowest being -1.02 MPa treatment, resulting in a root
surface area of 2.05 cm? (Figure 2F). In terms of root volume, the root volume of -0.04 and -0.14MPa
treatments was higher than that of CK. When treated with -0.29, -0.49, -0.73, -1.02MP, the root volume
showed a significant decrease trend compared to CK (P<0.05). The minimum root volume is 0.02 cm? after
treatment with -1.02MPa (Figure 2G). In terms of the number of root tips, -0.04, -0.14, -0.29, -0, and 49MPa
treatments were significantly higher than CK (P<0.01), with -0.04 treatment having the highest number of 251
(Figure 2H).

Under simulated salinization stress with NaCl solution, the plant height of Elymus nutans showed a
decreasing trend with the decrease of environmental water potential within 7-28 days (Figure 2B). In terms of
plant height growth rate, CK and -0.04 MPa were significantly higher in the first week than other treatments
(P<0.01). The plant height growth rate was the fastest in the -0.73 MPa treatment in the second and third
weeks, and the growth rate was the fastest in the -1.02 MPa treatment in the fourth week (Figure 2D). For the
total length of the root system, the treatment with -0.14 MPa had the longest root length, which was 92.36 cm,
showing a highly significant level of 39.7 cm longer than CK (P<0.01); With the decrease of environmental
water potential, the total root length showed a very significant decrease trend (P<(0.01), with the lowest being -
1.02 MPa treatment, resulting in a total root length of 5.37 cm (Figure 2E). In terms of root surface area, the
root surface areas of -0.04, -0.14, and -0.29MPa treatments were all greater than CK. The maximum root
surface area of -0.14 MPa treatment was 10.61 cm?, while the minimum surface area of -1.02 MPa treatment
was 2.1 cm? (Figure 2F). For the root volume, when treated with -0.04, -0.14, and -0.29 MPa, it was
significantly higher than CK (P<0.05), with a maximum root volume of 0.131 ¢cm? under -0.14 MPa treatment.
As the environmental water potential decreases, the root volume showed a downward trend, with a minimum
of -1.02 MP treatment reaching 0.02 cm? (Figure 2G). In terms of the number of root tips, -0.04, -0.14, and -
0.29MPa treatments were higher than CK, with -0.14MPa treatment being significantly higher than CK
(P<0.01), with 134 root tips. The minimum processing time was -1.02 MP for 50 units (Figure 2H).

3.3 Effects of treatments on the Content of C, N, and P in leaves and roots

Under simulated drought stress with PEG-6000 solution, the organic carbon content in leaves of CK
treatment was lower than that of other treatments. Except for -0.04 MPa treatment, the organic carbon content
was significantly higher than CK (P<0.05), with the highest being -0.73 MPa treatment and the highest being
467.54 g/kg. The -1.02 MPa treatment decreased by 4.64 g/kg compared to -0.73 MPa treatment (Figure 3A).
In terms of root organic carbon content, with the decrease of environmental water potential, the root organic
carbon content showed a decreasing trend, and all treatments were significantly lower than CK (P<0.01). The

root organic carbon content of CK was 411.11 g/kg. The minimum treatment pressure was -1.02 MPa, and the
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organic carbon content was only 286.59g/kg (Figure 3D). In terms of total nitrogen content in leaves, the
treatments of -0.04, -0.14, and -0.29 MPa were significantly lower than CK (P<0.05), while the treatments of -
0.73 and -1.02 MPa were extremely significantly higher than CK (P<0.01), with the lowest content of 18.58
g/kg in the -0.04 MPa treatment. The maximum total nitrogen content of -1.02 MPa treatment was 29.44 g/kg
(Figure 3B). In terms of total nitrogen content in the root system, the total nitrogen content in the root system
decreases with the decrease of environmental water potential. The nitrogen content in the CK root system was
11.21 g/kg higher than that in the treatment group, and the lowest nitrogen content in the -1.02 MPa treatment
was 7.07 g/kg (Figure 3E). In the total phosphorus content of leaves, with the decrease of environmental water
potential, the total phosphorus content of leaves showed a trend of first increasing and then decreasing. The
total phosphorus content of leaves in all treatments was significantly higher than CK (P<0.01), with the highest
content of 4.06g/kg in the -0.73 MPa treatment (Figure 3C). In terms of total phosphorus content in the root
system, with the decrease of environmental water potential, the total phosphorus content in the root system
showed a trend of first increasing and then decreasing. The highest content in the -0.29 MPa treatment was
1.87 g/kg, and the -0.04, -0.14, and -0.29 MPa treatments were significantly higher than CK (P<0.01). The -
0.49, -0.73, and -1.02 MPa treatments were all significantly lower than CK (P<0.01), and the lowest was 1.50
g/kg in the -1.02 MPa treatment (Figure 3F).

Under simulated salinization stress with NaCl solution, the organic carbon content in leaves showed a
trend of first increasing and then decreasing. Among them, the organic carbon content in leaves under -0.04, -
0.14, and -0.29 MPa treatments was significantly higher than CK (P<0.01), but with the decrease of
environmental water potential, the organic carbon content in leaves under -0.49, -0.73, and -1.02 MPa
treatments was significantly lower than CK (P<0.01) (Figure 3A). In terms of root organic carbon, with the
decrease of environmental water potential, all treatments were significantly lower than CK (P<0.01) and
showed a very significant downward trend (P<0.01), with the lowest being -1.02 MPa treatment, and the
organic carbon content was only 288.29 g/kg (Figure 3D). In terms of total nitrogen content in leaves, with the
decrease of environmental water potential, the total nitrogen content in leaves of all treatments was
significantly higher than CK (P<0.01). Among them, the -0.73 MPa treatment had the highest total nitrogen
content of 30.09 g/kg, and the -1.02 MPa treatment decreased by 2.01 g/kg compared to the -0.73 MPa
treatment (Figure 3B). In terms of root total nitrogen, the -0.04 MPa treatment had a root total nitrogen content
of 13.29g/kg, which was significantly higher than the other treatments of C (P<0.01). The root total nitrogen
content of -0.14, -0.29MPa, -0.49, -0.73, and -1.02MPa treatments was significantly lower than that of CK
(P<0.05), with the lowest content of 9.15g/kg in the -1.02MPa treatment (Figure 3E). In the total phosphorus

content of leaves, with the decrease of environmental water potential, the total phosphorus content of leaves

Peer] reviewing PDF | (2023:03:83049:2:0:NEW 17 Jun 2023)



Peer]

244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272

273
274
275
276

showed a trend of first increasing and then decreasing. The total phosphorus content of leaves in all treatments
was significantly higher than CK (P<0.01), with the highest content of 3.66g/kg in the -0.29 MPa treatment
(Figure 3C). In the total phosphorus content of the root system, with the decrease of environmental water
potential, the total phosphorus content of the root system first increases and then decreases. The highest
content of 0.29 MPa treatment was 1.87 g/kg, and the treatments of -0.04, -0.14, and -0.29 MPa were all
significantly higher than CK (P<0.01). The treatments of -0.49, -0.73, and -1.02 MPa were all significantly
lower than CK (P<0.01), and the lowest was 1.53 g/kg under -1.02 MPa treatment (Figure 3F).
3.4 Effects of treatments on C: N, N: P of seedlings

Under simulated drought stress with PEG-6000 solution, in terms of leaf C: N, with the decrease of
environmental water potential, leaf C: N showed a trend of first increasing and then decreasing. Among them,
the maximum C: N value under -0.04 MPa treatment was 21.87, and the minimum value under -1.02 MPa
treatment was 15.72.Moreover, under -1.02 MPa treatment, it was significantly lower than CK (P<0.01)
(Figure 4A). In terms of root C: N, the root C: N of each treatment was significantly higher than that of CK
(P<0.05), with the highest being 42.76 in the -0.04 MPa treatment (Figure 4C). In terms of leaf N: P, the N: P
values of all treatments were significantly lower than those of CK (P<0.01), with the lowest N: P value of 5.94
in the -0.73 MPa treatment (Figure 4B). In terms of root N: P, the N: P values of each treatment were
significantly lower than those of CK (P<0.01), with the lowest being -0.29 MPa treatment, 4.34 (Figure 4D).

Under simulated salinization stress with NaCl solution, with the decrease of environmental water
potential, the C: N value of leaves showed a trend of first increasing and then decreasing. Among them, the
maximum C: N value under -0.14 MPa treatment was 19.86, and the minimum value under -1.02 MPa
treatment was 12.72.Among them, the values under -0.29, -0.49, -0.73, and -1.02 MPa treatment were
significantly lower than CK (P<0.01) (Figure 4A). In terms of root C: N, the root C: N of each treatment was
significantly lower than that of CK (P<0.01), with the lowest being 27.23 in the -0.04 MPa treatment (Figure
4C). In terms of leaf N: P, the N: P values of -0.04, -0.14, -0.29, and -0.49 MPa treatments were significantly
lower than CK (P<0.01), while the N: P values of -0.73 and -1.02 MPa treatments were slightly higher than
CK, with the highest being 10.23 under -1.02 MPa treatment (Figure 4 B). In terms of root N: P, the N: P value
of -0.04MPa treatment was 7.33, which was significantly higher than CK (P<0.01), while the N: P values of
other treatments were significantly lower than CK (P<0.01). Among them, the lowest N: P value of -0.29 MPa

treatment was 5.66 (Figure 4D).

3.5 Comprehensive evaluation
As shown in Figure 5A, the environmental water potential of PEG-6000 solution showed a linear
relationship with germination rate (p<0.001). The model formula was Probit (p)=0.670+1.442 * environmental
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water potential (PEG-6000), and the LDs, value was -0.465 (95% CI: 0.425, 0.505). According to (Figure 5B,
C), it can be seen that under PEG-6000 stress, environmental water potential showed a highly significant
negative correlation with leaf organic carbon content, leaf total nitrogen content, and leaf total phosphorus
content (P<0.01). The environmental water potential showed a highly significant positive correlation with
plant height, total root length, root surface area, root volume, root organic carbon, root total nitrogen content,
and root total phosphorus content (P<0.01). There was a highly significant negative correlation between plant
height and leaf organic carbon content, leaf total nitrogen content, and leaf total phosphorus content (P<0.01).
And there was a highly significant positive correlation between plant height and total root length, root surface
area, root volume, root organic carbon, root total nitrogen content, and root total phosphorus content (P<0.01).
The total root length, root surface area, and root volume showed a highly significant negative correlation with
leaf organic carbon content, leaf total nitrogen content, and leaf total phosphorus content (P<0.01); The total
root length, root surface area, root volume showed a highly significant positive correlation with plant height,
root organic carbon, root total nitrogen content, and root total phosphorus content (P<0.01).

As shown in Figure 5D, there was a linear relationship between the environmental water potential of NaCl
solution and germination rate (p<0.001), with Probit (»)=0.961+1.131 * environmental water potential (NaCl),
corresponding to an LDs value of -0.850MPa (95% CI: 0.770, 0.929). Under the simulated salinization stress
of NaCl solution (Figure SE, F), the environmental water potential showed a negative correlation with the total
nitrogen content and total phosphorus content of leaves, among which it reached a very significant level with
the total nitrogen content of leaves (P<0.01); The environmental water potential showed a highly significant
positive correlation with leaf organic carbon content, total root length, root surface area, root volume, plant
height, root organic carbon content, root total nitrogen content, and root total phosphorus content (P<0.01).
There was a highly significant negative correlation between plant height and total nitrogen content in leaves
(P<0.01). And there was a highly significant positive correlation between plant height and total root length,
root surface area, root volume, leaf organic carbon, root organic carbon, root total nitrogen content, and root
total phosphorus content (P<0.01). The total root length, root surface area, root volume, and total nitrogen
content in leaves showed a highly significant negative correlation (P<0.01); The total root length, root surface
area, root volume showed a significant positive correlation with plant height, leaf organic carbon content, root
organic carbon, root total nitrogen content, and root total phosphorus content (P<0.05).

4 Discussion
4.1 Effect of drought stress and salinity stress on seed germination of E.nutans

Seed germination is the starting point of spermophyte life history, and water is one of the necessary
conditions for seed germination. Water deficiency will affect the activity of internal enzymes, cell division,
and other physiological metabolic processes in seeds. At the same time, water deficiency may cause seeds to
lose vitality due to not being able to absorb enough water at once, thereby affecting seed germination. (Costa et
al., 2021; Atia et al., 2011). This experiment showed that water deficit caused by PEG-6000 simulated drought
stress and NaCl simulated salinization stress can affect the germination of E. nutans seeds (Figure 1A). Under
-0.04 MPa treatment, NaCl solution stress promoted E. nutans seed germination, which was 2.77% higher than

CK. PEG-6000 solution stress inhibited E. nutans seed germination; Moreover, under the lowest
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environmental water potential of -1.02 MPa in this experiment, the germination rate of NaCl solution treatment
still exceeded 40%, while the germination rate of PEG-6000 solution treatment was only 26%. According to
the dose-response analysis results, the LDsy values under PEG-6000 and NaCl stress were -0.465 and -
0.850MPa, respectively. This may be due to the different expression of ABA signals in drought and salt stress
during the germination process of E. nutans seeds, or because E. nutans has relatively high salt tolerance, and
the PEG-6000 solution stress treatment has a more direct impact on the seed germination process. (He et al.,
2022; Li et al., 2020; Nakashima et al., 2013). And under all treatments of the two solutions, GE, GI, and VI
were lower than CK (Figure 1B, E, F), which may be related to the response of seed enzyme activity to water
deficiency. Although both solutions reduced GE, GI, and VI under stress, under the same environmental water
potential treatment, the GE, GI, and VI of NaCl solution were higher than those of PEG-6000 solution
treatment. This may be due to the PEG-6000 solution treatment affecting the process of seed germination,
causing the seeds to not fully absorb water and resulting in slow germination speed. (Dietz et al., 2021; Pan et
al., 2021). The study by Wang (Wang et al.,2017) showed that with the increase of PEG-6000 and NaCl
solution concentration, the germination index of Elymus nutans seeds showed a downward trend, which is
basically consistent with this study.

Under the same environmental water stress of the 2 solutions in this study (Fig. 1C, D), E. nutans bud
length showed a significant decrease, and each treatment was highly significant lower than the CK treatment
(P<0.01), but the decrease in bud length was lower under the NaCl solution treatment than the PEG-6000
solution treatment; The bud length of PEG-6000 treatment was higher than that of NaCl treatment when the
ambient water potential was -0.04, -0.14 and -0.29 MPa treatments; the bud length after NaCl treatment
exceeded that of PEG-6000 when the ambient water potential was -0.490, 0.73, and -1.02 MPa treatments.
PEG-6000 and NacCl solution treatments also reduced root length, and root length was greater under all PEG-
6000 treatments than NaCl treatments. This is due to the fact that under PEG-6000 solution stress E. nutans
safeguards root water uptake by increasing root biomass, whereas NaCl solution causes direct damage to plant
root cells inhibiting plant root growth (Dietz et al., 2021; Pan et al., 2021). It has been shown (Song et al., 2000;
Wang et al., 2021) that the root length and bud length of E. nutans seeds show a decreasing trend when
stressed by PEG-6000 and NaCl solutions during germination, which is basically consistent with the present
study. Moreover, the analysis of seed germination indexes under PEG-6000 and NaCl stresses by the
affiliation function method revealed that (Table 1), the inhibition of E. nutans seed germination by PEG-6000
solution stress under the same environmental water potential was stronger than that by NaCl solution stress.

4.2 Effects of drought stress and salinity stress on E.nutans plant height, total root length, root surface

area, and root volume
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The most intuitive response of plants to water deficiency is the morphological indicators of the
aboveground and underground parts. Water deficiency can lead to shorter plants, thinner stems and leaves, and
also affect the total length, surface area, volume, and other aspects of the root system. (Ulrich et
al.,2022;Dell' Aversana et al.,2021). This experimental study showed that with the decrease of environmental
water potential, the stress of two different solutions would reduce the plant height of E.nufans. As the
environmental water potential decreased, the stress of two different solutions reduced the plant height of E.
nutans. However, the treatment with PEG-6000 solution at -0.04, -0.14, and -0.29 MPa showed a significant
decrease trend, while the treatment with NaCl solution did not show this situation. However, the two solutions
showed the same decrease trend at -0.49 MPa. However, with the decrease of environmental water potential,
the growth rate of plant height under both solution stresses showed an increase in low environmental water
potential over time, while a decrease in high environmental water potential over time. The reason may be that
during the first two weeks after seed germination under high environmental water potential, the growth rate of
plant height is faster than under low concentration environmental water potential stress. As time goes on, the
growth rate of plant height under low concentration environmental water potential gradually increases, which
is due to the slowing down of plant height growth under high concentration environmental water potential.
This is basically consistent with Ling's (Ling et al.,2020) research on rice seedlings under salt stress.

When lacking water, plants compensate for the decrease in root absorption area by enhancing root vitality
and maintaining a higher root biomass, thereby maintaining a higher root water absorption capacity. The total
length, surface area, volume, and number of root tips of the root system have a significant impact on the water
absorption capacity of the plant root system. (Bloom ,2015;Fowda et al.,2022;Lambers et al.,2015). This
experimental study showed that with the decrease of environmental water potential, the total root length of E.
nutans showed a trend of first increasing and then decreasing. Among them, under the treatment of PEG-6000
solution, the total root length of -0.04Mpa treatment was the longest, while under the treatment of NaCl
solution, the total root length of -0.14MPa treatment was the longest. Moreover, under the treatment of -0.04, -
0.14, -0.29, and -0.49, the total root length of NaCl solution treatment was greater than that of PEG-6000
solution treatment, but under the treatment of -0.73 and -1.02 MPa, the total root length of NaCl was
significantly reduced, treatment below PEG-6000.The surface area, volume, and total length of the root system
showed identical trends, and the maximum area and volume of PEG-6000 and NaCl solutions were also -
0.04Mpa and -0.14MPa treatments, respectively. However, in terms of surface area and volume, NaCl
treatments were higher than PEG-6000.The number of root tips also showed a trend of first increasing and then
decreasing. The PEG-6000 solution with -0.04 MPa treatment had significantly higher root tip numbers than

other treatments (P<0.01), and the NaCl solution with -0.14 MPa treatment was also significantly higher than
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other treatments (P<0.01). However, the PEG-6000 solution had a relatively gentle decrease in root tip
numbers, while the NaCl solution had a significant decrease in root tip numbers, which was lower than the CK
treatment at -0.73 and -1.02 MPa treatments. Related studies have shown (Hazman et al., 2018; Wang et al.,
2018) that a small amount of water deficiency promotes plant root growth, resulting in an increase in the total
length, surface area, volume, and number of root tips of plant roots. However, as the environmental water
potential decreases, the degree of drought and salt damage to the roots increases, leading to root growth
inhibition, which is basically consistent with the results of this study.

4.3 Effects of drought stress and salinity stress on the organic carbon, total nitrogen and total

phosphorus contents of E. nutans leaves and roots

When facing drought and salt stress, the organic carbon content of plant leaves and roots is affected to
adapt to the impact of environmental water potential changes on plant growth. (Ulrich et
al.,2022;Dell'Aversana et al.,2021). This study indicated that the organic carbon, total nitrogen, and total
phosphorus contents of E. nutans leaves were all affected by the decrease in environmental water potential. In
terms of organic carbon content, PEG-6000 solution showed a gradual upward trend under stress, and the
highest content was observed when treated with -0.73 MPa. Under NaCl solution stress, the content showed a
trend of first increasing and then decreasing, with the highest content observed under -0.14 MPa treatment. The
organic carbon content in the root system of E. nutans was directly affected by environmental water potential.
With the decrease of environmental water potential, both PEG-6000 solution and NaCl solution showed a
significant decrease trend (P<0.01), and except for the -0.04MPa treatment, the organic carbon content in the
root system under NaCl solution stress was higher than that under PEG-6000 solution stress. As the degree of
water deficiency increases, the organic carbon content in the roots of E. nutans showed a decreasing trend,
which is different from the results of Dell'Aversana (Dell' Aversana et al.,2021) under salt stress in barley and
may be due to different research subjects.

Nitrogen (N) and phosphorus (P) are both basic macronutrients that limit plant growth and primary
productivity in different terrestrial ecosystems (Bloom,2015;Fowda et al.,2022;Lambers et al.,2015). In
terms of leaves, the effects of PEG-6000 and NaCl stress on the total nitrogen content of E. nutans showed
completely different trends. Under salt stress, the total nitrogen content of leaves was higher than CK, but
under drought stress, it showed a trend of first decreasing and then increasing. Both solutions of stress
increased the total phosphorus content in E. nutans leaves, and both showed a trend of first increasing and then
decreasing. Both solutions of stress increased the total phosphorus content in E. nutans leaves, and both
showed a trend of first increasing and then decreasing. In terms of roots, under PEG-6000 stress, the total
nitrogen content of E. nutans' roots was lower than that of CK, while under the treatment of -0.04MPa in NaCl
solution, the total nitrogen content of E. nutans' roots was higher than that of CK, and under the same
environmental water potential, the total nitrogen content of E. nutans' roots was higher than that under PEG-
6000 solution stress. The decrease in environmental water potential had little impact on the total phosphorus
content in roots, and both solutions showed a trend of first increasing and then decreasing under stress. The
trend of nitrogen content changes in plants in this experiment is basically consistent with the study of Zhao on
E. nutans under drought stress (Zhao et al.,2020;). The changes in phosphorus content are consistent with the
research results of Liang, which may be due to different experimental environments and methods (Liang et
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al.,2022).
4.4 Effects of Drought Stress and Salinity Stress on C: N and N: P in Leaves and Roots of E. nutans

C and N are the two most fundamental elements for plant growth and development, and their mutual
coupling makes C:N an important indicator for exploring plant element allocation and adaptation strategies
(He et al.,2019; Wang et al.,2015). For example, high C:N plants have high nitrogen use efficiency; Low C:N
litter has the characteristic of fast decomposition. This experiment showed that water deficit affected C:N of E.
nutans leaves and roots, basically showing a rise followed by a fall, and that C:N was higher for PEG-6000
simulated drought stress than for NaCl simulated salinity stress under the same environmental water potential
treatment. It may indicate that water potential stress had an effect on the nitrogen utilization of E. nutans and
showed a trend of first had and then decreasing, and NaCl solution stress at the same ambient water potential
had a greater effect on nitrogen utilization, which is consistent with the study of Wan (Wan et al.,2022).

The balance of the coupling of N and P has a great impact on the structure and function of plants from the
molecular level to the biome level or different biological tissues (Niu et al.,2019; Liang et al.,2022). This
experiment showed that water deficit affected the nitrogen and phosphorus balance of E. nutans leaves and
roots, and showed a trend of first will then increase in the leaves nitrogen and phosphorus ratio; Both leaves
and roots N:P were higher in NaCl solution treatment than in PEG-6000 solution treatment under the same
ambient water potential treatment. It may be suggested by the N:P aspect that NaCl solution stress has a greater
effect on the biological organization and function of E. nutans.

4.5 Effects of C, N and P contents of above and below ground parts on the growth of E.nutans

Drought stress and salt stress alter the C, N, and P contents of plant leaves, and the changes in plant leaf

and root morphology are particularly pronounced (Zhou et al., 2022; Dibar et al., 2020).
The results of the correlation analysis showed (Fig. 5C, F) that the growth of plant leaves and roots under
drought stress would be hindered by the reduction of leaf organic carbon, total nitrogen and total phosphorus
contents. The main factor leading to the stunted growth of plant leaves and roots under salinity stress is the
total nitrogen content of the leaves. The main factor affecting plant growth under the 2 solution stresses is the
change of elements in the leaves, so it may be possible to improve the resistance of forage seedlings to drought
stress and salt stress by foliar spraying of fertilizers (Gao et al.,2022; Shabbir et al.,2015). The results of the
analysis of the growth indicators of E. nutans seedlings using the affiliation function method showed (Table 2)
that under the same environmental water stress, E. nutans seedlings were subjected to salinity stress to a lesser
extent than drought stress and showed some salt tolerance.

5 Conclusions
This experiment unified the effects of PEG-6000 and NaCl solutions on water deficit in forage by
adjusting the osmotic potential of the solution, and explored the effects of drought stress and salinization stress
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on the growth of E. nutans seedlings under the same environmental water potential stress. The results indicated
that although even under the same environmental water potential, there was a significant difference in the
performance of drought stress and salinization stress on the germination of Elymus nutans seeds, and the
inhibition of drought stress on seed germination was stronger than that of salt stress. This difference was
further reflected in the normal growth of the aboveground and underground parts of the seedlings, as well as
changed in the content of organic carbon, total nitrogen, and total phosphorus. A comprehensive assessment of
E. nutans seed germination and seedling indicators using the affiliation function method revealed that E.
nutans was more severely affected by drought stress at both the seed germination and seedling growth stages,
showing results of better salt tolerance than drought tolerance.

References

Ahmad H, Li J.2021.Impact of water deficit on the development and senescence of tomato roots grown
under various soil textures of Shaanxi, China. BMC Plant Biol. 21 (1):241. DOI 10.1186/s12870-021-
03018-1

An S, Chen X, Shen M, Zhang X, Lang W, Liu G.2022.Increasing Interspecific Difference of Alpine
Herb Phenology on the Eastern Qinghai-Tibet Plateau. Front Plant Sci. 13:844971. DOI
10.3389/fpls.2022.844971

Andivia E, Villar-Salvador P, Oliet JA, Puértolas J, Dumroese RK, Iveti¢ V, Molina-Venegas R,
Arellano EC, Li G, Ovalle JF. 2021 .Climate and species stress resistance modulate the higher survival
of large seedlings in forest restorations worldwide. Ecol Appl. 31 (6):¢02394. DOI 10.1002/eap.2394
Atia A, Smaoui A, Barhoumi Z, Abdelly C, Debez A. 2011.Differential response to salinity and water

deficit stress in Polypogon monspeliensis (L.) Desf. provenances during germination. Plant Biol (Stuttg).
13 (3):541-5. DOI1 10.1111/5.1438-8677.2010.00401 .x

Bashir K, Matsui A, Rasheed S, Seki M.2019.Recent advances in the characterization of plant
transcriptomes in response to drought, salinity, heat, and cold stress. F1000Res. 8:F1000 Faculty Rev-658.
DOI 10.12688/f1000research.18424.1

Bazany KE, Wang JT, Delgado-Baquerizo M, Singh BK, Trivedi P.2022.Water deficit affects inter-
kingdom microbial connections in plant rhizosphere. Environ Microbiol. 24 (8):3722-3734. DOI
10.1111/1462-2920.16031

Bloom AJ.2015.The increasing importance of distinguishing among plant nitrogen sources. Curr Opin
Plant Biol. 25:10-6. DOI 10.1016/j.pbi.2015.03.002

Burlyn E, Michel, David Radcliffe.1995. A Computer Program Relating Solute Potential to Solution
Composition for Five Solutes. J. Agronomy Journal, 87 (1) : 126-130.

Chaves MM, Pereira JS, Maroco J, Rodrigues ML, Ricardo CP, Osério ML, Carvalho I, Faria T,
Pinheiro C.2002.How plants cope with water stress in the field. Photosynthesis and growth. Ann
Bot.7:907-16. DOI 10.1093/a0b/mcf105

Costa AA, Paiva EP, Torres SB, Souza Neta ML, Pereira KTO, Leite MS, Sa FVS, Benedito CP.
2021.0smoprotection in Salvia hispanica L. seeds under water stress attenuators. Braz J
Biol.4;82:€233547. DOI 10.1590/1519-6984.233547

Dai, A., 2013.Increasing drought under global warming in observations and models. Nat. Clim. Chang. 3,
52-58.

Peer] reviewing PDF | (2023:03:83049:2:0:NEW 17 Jun 2023)


https://doi.org/10.1186/s12870-021-03018-1
https://doi.org/10.1186/s12870-021-03018-1
https://doi.org/10.3389/fpls.2022.844971
https://doi.org/10.1002/eap.2394
https://doi.org/10.1111/j.1438-8677.2010.00401.x
https://doi.org/10.12688/f1000research.18424.1
https://doi.org/10.1111/1462-2920.16031
https://doi.org/10.1016/j.pbi.2015.03.002
https://doi.org/10.1093/aob/mcf105
https://doi.org/10.1590/1519-6984.233547

PeerJ Manuscript to be reviewed

492 Dell'Aversana E, Hessini K, Ferchichi S, Fusco GM, Woodrow P, Ciarmiello LF, Abdelly C, Carillo
493 P. 2021.Salinity Duration Differently Modulates Physiological Parameters and Metabolites Profile in
494 Roots of Two Contrasting Barley Genotypes. Plants (Basel). 10 (2):307. DOI 10.3390/plants10020307
495 Dibar DT, Zhang K, Yuan S, Zhang J, Zhou Z, Ye X.2020.Ecological stoichiometric characteristics of
496 Carbon (C), Nitrogen (N) and Phosphorus (P) in leaf, root, stem, and soil in four wetland plants
497 communities in Shengjin Lake, China. PLoS One.15 (8):e0230089. DOI 10.1371/journal.pone.0230089
498 Dietz KJ, Zorb C, Geilfus CM.2021.Drought and crop yield. Plant Biol (Stuttg). 23 (6):881-893.DOI
499 10.1111/plb.13304

500 Du B, Winkler JB, Ache P, White PJ, Dannenmann M, Alfarraj S, Albasher G, Schnitzler JP,
501 Hedrich R, Rennenberg H.2022.Differences of nitrogen metabolism in date palm (Phoenix dactylifera)
502 seedlings subjected to water deprivation and salt exposure. Tree Physiol.29:tpac145.DOI
503 10.1093/treephys/tpac145

504 Duan L, Sebastian J, Dinneny JR. 2015.Salt-stress regulation of root system growth and architecture in
505 Arabidopsis seedlings. Methods Mol Biol. 1242:105-22.DOI 10.1007/978-1-4939-1902-4_10

506 Fowdar HS, Wong WW, Henry R, Cook PLM, McCarthy DT.2022.Interactive effect of temperature
507 and plant species on nitrogen cycling and treatment in stormwater biofiltration systems. Sci Total Environ.
508 831:154911. DOI 10.1016/j.scitotenv.2022.154911

509 Fu XQ, He HH, Wen P, Luo XD, Xie JK. 2012.Drought resistance evaluation system for backcross
510 lines of Dongxiang common wild rice (Oryza rufipogon Griff.). Chinese Journal of Applied Ecology.
511 5:1277-85.

512 Gao D, Ran C, Zhang Y, Wang X, Lu S, Geng Y, Guo L, Shao X.2022.Effect of different
513 concentrations of foliar iron fertilizer on chlorophyll fluorescence characteristics of iron-deficient rice
514 seedlings under saline sodic conditions. Plant Physiol Biochem. 185:112-122. DOI
515 10.1016/].plaphy.2022.05.021

516 Hazman M, Brown KM. 2018.Progressive drought alters architectural and anatomical traits of rice roots.
517 Rice (N Y). 11 (1):62. DOI 10.1186/s12284-018-0252-z

518 He MS, Luo Y, Peng QW, Yang SQ, Li KH, Han WX.2019.Leaf C:N:P stoichiometry of 67 plant
519 species and its relations with climate factors across the deserts in Xinjiang, China.. Chinese Journal of
520 Applied Ecology. 7:2171-2180. DOI 10.13287/1.1001-9332.201907.025

521 He Y, Chen W, Tan J, Luo X, Zhou Y, Gong X, Yao J, Zhuang C, Jiang D.2022.Rice
522 CENTRORADIALIS 2 regulates seed germination and salt tolerance via ABA-mediated pathway. Theor
523 Appl Genet. 12:4245-4259. DOI 10.1007/s00122-022-04215-8

524 Javed T, Li Y, Rashid S, Li F, Hu Q, Feng H, Chen X, Ahmad S, Liu F, Pulatov B.2021.Performance
525 and relationship of four different agricultural drought indices for drought monitoring in China's mainland
526 using remote sensing data. Sci Total Environ. 759:143530. DOI 10.1016/j.scitotenv.2020.143530

527 Kong F, Zheng M, Hu B, Wang A, Ma N, Sobron P. 2018.Dalangtan Saline Playa in a Hyperarid
528 Region on Tibet Plateau: I. Evolution and Environments. Astrobiology. 10:1243-1253. DOI
529 10.1089/ast.2018.1830

530 Lambers H, Martinoia E, Renton M.2015.Plant adaptations to severely phosphorus-impoverished soils.
531 Curr Opin Plant Biol.25:23-31. DOI 10.1016/j.pbi.2015.04.002

532 Li MQ, Yang J, Wang X, Li DX, Zhang CB, Tian ZH, You MH, Bai SQ, Lin

Peer] reviewing PDF | (2023:03:83049:2:0:NEW 17 Jun 2023)


https://doi.org/10.3390/plants10020307
https://doi.org/10.1371/journal.pone.0230089
https://doi.org/10.1111/plb.13304
https://doi.org/10.1093/treephys/tpac145
https://doi.org/10.1007/978-1-4939-1902-4_10
https://doi.org/10.1016/j.scitotenv.2022.154911
https://doi.org/10.1016/j.plaphy.2022.05.021
https://doi.org/10.1186/s12284-018-0252-z
https://doi.org/10.13287/j.1001-9332.201907.025
https://doi.org/10.1007/s00122-022-04215-8
https://doi.org/10.1016/j.scitotenv.2020.143530
https://doi.org/10.1089/ast.2018.1830
https://doi.org/10.1016/j.pbi.2015.04.002

Peer]

533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573

HH.2020.Transcriptome profiles identify the common responsive genes to drought stress in two Elymus
species. J Plant Physiol.250:153183. DOI 10.1016/j.jplph.2020.153183

Li Q, Shen X, Huang Q, Sun F, Zhou J, Ma X, Ran Z, Chen Y, Li Z, Yan Y, Zhang X, Gao W, Liu
L.2021.Resource islands of Salix cupularis facilitating seedling emergence of the companion herbs in the

restoration process of desertified alpine meadow, the Tibetan Plateau. J Environ Manage. 289:112434.
DOI 10.1016/j.jenvman.2021.112434

Liang XS, Ma W, Hu JX, Zhang BC, Wang ZW, Lii XT.2022.Extreme drought exacerbates plant
nitrogen-phosphorus imbalance in nitrogen enriched grassland. Sci Total Environ. 849:157916. DOI
10.1016/j.scitotenv.2022.157916

Liu B, Tao XY, Dou QW.2021.Molecular cytogenetic study on the plants of Elymus nutans with varying
fertility on the Qinghai-Tibet Plateau. Plant Divers. 6:617-624. DOI 10.1016/j.p1d.2021.12.003

Li T, Zhou P, Ding Y, Tang Q, Zhou S, Liu Y. 2022.Distribution Characteristics and Source Analysis
of Nitrogen and Phosphorus in Different Rivers in Two Water Period: A Case Study of Pi River and
Shiting River in the Upper Reaches of Tuo River in China. Int J Environ Res Public Health.29;19
(19):12433. DOI 10.3390/ijerph191912433

Ling F, Su Q, Jiang H, Cui J, He X, Wu Z, Zhang Z, Liu J, Zhao Y. 2020.Effects of strigolactone on
photosynthetic and physiological characteristics in salt-stressed rice seedlings. Sci Rep.10 (1):6183. DOI
10.1038/541598-020-63352-6

Luo J, Deng D, Zhang L, Zhu X, Chen D, Zhou J.2019.So0il and vegetation conditions changes
following the different sand dune restoration measures on the Zoige Plateau. PLoS One. 9:¢0216975. DOI
10.1371/journal.pone.0216975

Ma FJ, Li DD, Cai J, Jiang D, Cao WX, Dai TB.2012.Responses of wheat seedlings root growth and
leaf photosynthesis to drought stress. Chinese Journal of Applied Ecology. 23 (3):724-30.

Ma X, Zhou YH, Yu HQ, Zhang HQ.2006.Genetic diversity of gliadin in wild germplasm of Elymus
nutans Griseb. Yi Chuan.6:699-706.

Michel BE, Kaufmann MR. 1973.The osmotic potential of polyethylene glycol 6000.Plant Physiol.
5:914-6. DOI 10.1104/pp.51.5.914

Nakashima K, Yamaguchi-Shinozaki K.2013.ABA signaling in stress-response and seed development.
Plant Cell Rep. 7:959-70. DOI 10.1007/s00299-013-1418-1

Niu D, Zhang C, Ma P, Fu H, Elser JJ.2019.Responses of leaf C:N:P stoichiometry to water supply in
the desert shrub Zygophyllum xanthoxylum. Plant Biol (Stuttg). 1:82-88. DOI 10.1111/plb.12897

Pan HC, Wang JF, Ao YN, Mu CS. 2021.Effects of seed size and bract of Ceratoides arborescens on
germination and seedling growth under drought stress. Chinese Journal of Applied Ecology. 2:399-405.
DOI 10.13287/1.1001-9332.202102.001

Pokhrel, Y., Felfelani, F., Satoh, Y., Boulange, J., Burek, P., Gideke, A., Gerten, D., Gosling, S.N.,
Grillakis, M., Gudmundsson, L., Hanasaki, N., Kim, H., Koutroulis, A., Liu, J., Papadimitriou, L.,
Schewe, J., Schmied, H.M., Stacke, T., Telteu, C., Thiery, W., Veldkamp, T., Zhao, F., Wada, Y.,
2021.Global terrestrial water storage and drought severity under climate change. Nat. Clim. Chang. 11,
226-233.

Priya S, Bansal R, Kumar G, Dikshit HK, Kumari J, Pandey R, Singh AK, Tripathi K, Singh N,
Kumari NKP, Kumar S, Kumar A.2021.Root Trait Variation in Lentil (Lens culinaris Medikus)

Peer] reviewing PDF | (2023:03:83049:2:0:NEW 17 Jun 2023)


https://doi.org/10.1016/j.jplph.2020.153183
https://doi.org/10.1016/j.jenvman.2021.112434
https://doi.org/10.1016/j.scitotenv.2022.157916
https://doi.org/10.1016/j.pld.2021.12.003
https://doi.org/10.3390/ijerph191912433
https://doi.org/10.1038/s41598-020-63352-6
https://doi.org/10.1371/journal.pone.0216975
https://doi.org/10.1104/pp.51.5.914
https://doi.org/10.1007/s00299-013-1418-1
https://doi.org/10.1111/plb.12897
https://doi.org/10.13287/j.1001-9332.202102.001

Peer]

574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614

Germplasm under Drought Stress. Plants (Basel). 11:2410.DOI 10.3390/plants10112410
Shabbir RN, Waraich EA, Ali H, Nawaz F, Ashraf MY, Ahmad R, Awan MI, Ahmad S, Irfan M,

Hussain S, Ahmad Z. 2016. Supplemental exogenous NPK application alters biochemical processes to

improve yield and drought tolerance in wheat (Triticum aestivum L.). Environ Sci Pollut Res Int.3:2651-
62. DOI 10.1007/s11356-015-5452-0
Silva NCQ, de Souza GA, Pimenta TM, Brito FAL, Picoli EAT, Zségon A, Ribeiro DM.2018.Salt

stress inhibits germination of Stylosanthes humilis seeds through abscisic acid accumulation and

associated changes in ethylene production. Plant Physiol Biochem.130:399-407. DOI
10.1016/j.plaphy.2018.07.025

Sun J, He L, Li T.2019.Response of seedling growth and physiology of Sorghum bicolor (L.) Moench to
saline-alkali stress. PLOS One. 7:¢0220340.DOI 10.1371/journal.pone.0220340

Sun Y, Yao X, Li C, Xie Y.2022.Physiological adaptability of three gramineae plants under various

vegetation restoration models in mining area of Qinghai-Tibet Plateau. J Plant Physiol. 276:153760. DOI
10.1016/].jplph.2022.153760

SONG JC, YANG H, JING Y.2022.Effects of exogenous GABA on seed germination and seedling
physiological characteristics of Elymus nutans under NaCl stress. Journal of Grasslands.30 (02):403-411.
DOI org/10.11733/1.issn.1007-0435.

Singh P, Singh RK, Song QQ, Li HB, Yang LT, Li YR. 2020.Methods for Estimation of Nitrogen
Components in Plants and Microorganisms. Methods Mol Biol. 2057:103-112. DOI 10.1007/978-1-4939-
9790-9 10

Ulrich DEM, Clendinen CS, Alongi F, Mueller RC, Chu RK, Toyoda J, Gallegos-Graves V,
Goemann HM, Peyton B, Sevanto S, Dunbar J. 2022.Root exudate composition reflects drought
severity gradient in blue grama (Bouteloua gracilis). Sci Rep.1:12581. DOI 10.1038/s41598-022-16408-8
Wan Z, Gu R, Yan Y, Bai L, Bao T, Yang J, Gao Q, Ganjurjav H, Hu G, Zhou H, Chun X.
2022.Effects of water levels on plant traits and nitrogen use efficiency in monoculture and intercropped
artificial grasslands. Front Plant Sci. 27;13:958852. DOI 10.3389/fpls.2022.958852

Wang L, Zhao G, Li M, Zhang M, Zhang L, Zhang X, An L, Xu S.2015.C:N:P stoichiometry and leaf
traits of halophytes in an arid saline environment, northwest China. PLoS One. 3:¢0119935. DOI
10.1371/journal.pone.0119935

Wang QH, Han W, Hou YY, Feng L, Ye ZP, Gu HM, Chen BL.2018.Responses of main characters of
root system to salt stress among cotton varieties with diffe-rent salt tolerance. Chinese Journal of Applied
Ecology. 3:865-873. DOI 10.13287/j.1001-9332.201803.025

WANG CQ, LIU WH, ZHANG YC. 2021.Drought tolerance of wild Elymus nutans during seedling
establishment. Journal of Grass Industry.30 (09):76-85.

WANG CQ,WU JX,YU CQ.2017.Effects of environmental factors on seed germination of wild Elymus
nutans in Baqing County, Tibet. Journal of Grasslands. (05):1103-1107.

Wijewardana C, Reddy KR, Krutz LJ, Gao W, Bellaloui N. 2019.Drought stress has transgenerational
effects on soybean seed germination and seedling vigor. PLoS One. 9:¢0214977. DOI
10.1371/journal.pone.0214977

Wolski L, Sobanska K, Munko M, Czerniak A, Pietrzyk P. 2022.Unraveling the Origin of Enhanced
Activity of the Nb20O5/H202 System in the Elimination of Ciprofloxacin: Insights into the Role of

Peer] reviewing PDF | (2023:03:83049:2:0:NEW 17 Jun 2023)


https://doi.org/10.3390/plants10112410
https://doi.org/10.1007/s11356-015-5452-0
https://doi.org/10.1016/j.plaphy.2018.07.025
https://doi.org/10.1371/journal.pone.0220340
https://doi.org/10.1016/j.jplph.2022.153760
https://doi.org/10.11733/j.issn.1007-0435.2022.02.018
https://doi.org/10.1007/978-1-4939-9790-9_10
https://doi.org/10.1007/978-1-4939-9790-9_10
https://doi.org/10.1038/s41598-022-16408-8
https://doi.org/10.3389/fpls.2022.958852
https://doi.org/10.1371/journal.pone.0119935
https://doi.org/10.13287/j.1001-9332.201803.025
https://doi.org/10.1371/journal.pone.0214977

Peer]

615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631

Reactive Oxygen Species in Interface Processes. ACS Appl Mater Interfaces. 20;14 (28):31824-31837.
DOI 10.1021/acsami.2c04743
Zhao Q, Guo J, Shu M, Wang P, Hu S. 2020.Impacts of drought and nitrogen enrichment on leaf

nutrient resorption and root nutrient allocation in four Tibetan plant species. Sci Total Environ.
25;723:138106. DOI 10.1016/].scitotenv.2020.138106

Zhang H, Ali S, Ma Q, Sun L, Jiang N, Jia Q, Hou F. 2021.Remote sensing strategies to
characterization of drought, vegetation dynamics in relation to climate change from 1983 to 2016 in Tibet
and Xinjiang Province, China. Environ Sci Pollut Res Int. 17:21085-21100. DOI 10.1007/s11356-020-
12124-w

Zhang Q, Shi R, Singh VP, Xu CY, Yu H, Fan K, Wu Z.2022.Droughts across China: Drought factors,
prediction and impacts. Sci Total Environ. 803:150018.DOI 10.1016/j.scitotenv.2021.150018

Zhao Y, Wang G, Zhao M, Wang M, Jiang M.2022.Direct and indirect effects of soil salinization on
soil seed banks in salinizing wetlands in the Songnen Plain, China. Sci Total Environ. 819:152035. DOI
10.1016/j.scitotenv.2021.152035

Zhou Y, Jiao L, Qin HJ, Wu JJ, Che XC.2022.Responses of leaf functional traits of clonal
plant Phragmites australis to heterogeneous environments. Chinese Journal of Applied Ecology. 8:2171-
2177. DOI 10.13287/1.1001-9332.202208.010

Peer] reviewing PDF | (2023:03:83049:2:0:NEW 17 Jun 2023)


https://doi.org/10.1021/acsami.2c04743
https://doi.org/10.1016/j.scitotenv.2020.138106
https://doi.org/10.1007/s11356-020-12124-w
https://doi.org/10.1007/s11356-020-12124-w
https://doi.org/10.1016/j.scitotenv.2021.150018
https://doi.org/10.1016/j.scitotenv.2021.152035
https://doi.org/10.13287/j.1001-9332.202208.010

PeerJ

Figure 1

Figure 1: Effects of Two Solutions on Seed Germination
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Two types of solution stress affect E .nutans seed germination rate (A) , germination

potential (B), bud length (C), root length (D), germination index (E), and vitality index (F).

Different lowercase letters indicate significant differences in the same solution under

different treatments (P<0. 05), different capital letters indicate that the differences in the

same solution under different treatments reach a highly significant level (P<0. 01).
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Figure 2

Figure 2 Effects of processing on the growth of aboveground and underground parts

Changes in plant height of E.nutans under PEG-6000 and NaCl solution stress (A, B), plant
height trends (C, D), total root length (E), root surface area (F), root volume (G), and root tip
number (H) on nutans. Different lowercase letters indicate significant differences in the same
solution under different treatments (P<0. 05), different capital letters indicate that the
differences in the same solution under different treatments reach a highly significant level

(P<0. 01).
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Figure 3

Figure 3 Effect of processing on C, N, and P content in the aboveground and
underground parts

Two types of solution stress affect E. nutans leaf organic carbon (A), leaf total nitrogen (B),
leaf total phosphorus (C), root organic carbon (D), root total nitrogen (E), and root total
phosphorus (F) contents on nutans. Different lowercase letters indicate significant differences
in the same solution under different treatments (P<0. 05), different capital letters indicate
that the differences in the same solution under different treatments reach a highly significant

level (P<0. 01).
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Figure 4

Figure 4: Effects of Two Solutions on C: N and N: P in Leaves and Roots

Two types of solution stress on E. nutans leaves C: N (A), leaf N: P (B), root C: N (C), and root
N: P (D). Different lowercase letters indicate significant differences in the same solution
under different treatments (P<0. 05), different capital letters indicate that the differences in

the same solution under different treatments reach a highly significant level (P<0. 01).
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Figure 5

Figure 5 Comprehensive Analysis

Figure 5 Dose response analysis of PEG-6000 stress on seed germination (A); Principal
Component Analysis of PEG-6000 on Seedling Growth (B); Factor analysis of PEG-6000 on
seedling growth (C).Dose response analysis of NaCl stress on seed germination (D); Principal
component analysis of NaCl on seedling growth (E); Factor analysis of NaCl on seedling
growth (F).(EWP, environmental water potential; RL, total root length; RSA, root surface area;
RV, root volume; RNT, number of root tips; H, plant height; LN, total nitrogen content in
leaves; LP, total phosphorus content in leaves; LC, organic carbon content in leaves; RN, total
nitrogen content in roots; RP, total phosphorus content in roots; RC, organic carbon content

in roots). xxP < 0.01, %P < 0.05.
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Table 1l(on next page)

table 1

Table 1 Affiliation function values and ranking of seed germination data
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Table 1 Affiliation function values and ranking of seed germination data

membership function value

bud average

Solution root Germination Vigor sort
G GE length . . value
length index index
PEG-6000 0.50 0.52 0.52 0.44 0.63 0.59 0.52 2
NaCl 0.64 0.57 0.62 0.46 0.62 0.46 0.56 1
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Table 2(on next page)

table 2

Table 2 Seedling growth data affiliation function values and ranking
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Table 2 Seedling growth data affiliation function values and ranking

membership function value

) average
Solution sort

RL RSA RV RNT H IN LP LC RN RP RC Value

PEG-600 051 045 049 032 049 035 055 033 034 050 046 043 2

NaCl 050 045 046 031 056 048 050 045 036 059 048 046 1
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