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Abstract

Grassland degradation has become a core issue in research and policy due to recognition of the magnitude of
anthropogenic and environmental threats in Qinghai-Tibetan Pleatu (QTP). The problem of soil salinity could worsen in
recent scenario of global change. Therefore, an urgent need exists to select salt efficient forage species for sustaining
ecosystem services in changing environment. The aim of this study was to investigate different level of salinity treatments
and, recovery situations in three forage species (Avena sativa L., Elymus sibiricus L., and Phalaris arundinacea L.). The
results showed that increase in salinity level was associated with more symptoms of damage while recovery benefited with
the effects being different among three species. Gas exchange (Pn rates and iWUE) and chlorophyll fluorescence (gP, NPQ,
Fv/Fm and ®PSII) parameters revealed that performance of Elymus sibiricus was better during progressive salt stress
followed by Phalaris arundinacea. However, Phalaris arundinacea performed better than Elymus sibiricus during recovery
situation. Similar trend was observed through relative water content (RWC) and electrolyte leakage (EL) results. Taken
together, these results demonstrated that Elymus sibiricus was relatively more salt-tolerant species, while Phalaris
arundinacea exhibited better ability to recover in QTP environment. On the other hand, Avena sativa was screened as the
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most salt sensitive among these three species.
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Abbreviations: FV/FM, the maximum photochemical efficiency of PSII; NPQ, non-photochemical quenching
coefficient; IWUE, instantaneous water use efficiency; PN, net photosynthetic rate; qP, photochemical quenching;

@PSII, actual photochemical efficiency.
Introduction

The alpine grassland is mainly found on Qinghai-
Tibetan Plateau (QTP) in western part of China (Sun,
2005). This region has become crucial for researchers as it
represent the most intensive distribution of world’s alpine
ecosystem (Brandt et al., 2013; Chen et al., 2014). In a
previous study by He et al., (2008) it was revealed that
alpine grassland productivity in QTP declined significantly
over the recent half-century. The grassland degradation has
become an important issue in this region because of climate
change and anthropogenic effects (Zhang et al., 2007;
Yang et al., 2013; Qin et al., 2014). In recent years, the
restoration of degraded alpine grassland has become a
challenge (Ma et al., 2007; Zhao, 2011) as it directly
associates with local economy (Liu et al., 1999).

There is an urgent need to identify key factors which
could possibly involve in restoring particular area.
Degradation could negatively affect soil functionality by
changing soil acidification and salinization level
(Krasilnikov et al., 2016). Degradation of soil through salts
has threatened forage and cattle production in arid and
semi-arid regions around the world (Bossio et al., 2007).
Semi-arid rangeland degradation in western China
demonstrates highest salinization degree affecting 2.3% of
total country area. One effective method to sustain

ecosystem services could be to introduce salt efficient
species exhibiting excellent qualities to survive in changing
environment (Qin et al., 2010). Salinity can cause many
adverse effects including low osmotic potential, specific
ion toxicity and nutrients imbalance (Lauchli & Epstein,
1990). These irregularities affect plants growth and
development especially photosynthetic and leaf relative
growth rate (Munns, 2005). However, the mechanisms of
salinity tolerance in plants are not straightforward. To
improve salt tolerances plants require many physiological
adaptations to environment. In plants, photosynthesis
process is primarily affected by salinity (Chaves, 1991;
Munns et al., 2006). Several previous studies described
salt-tolerant and salt-sensitive species response to salinity
stress (Pearcy & Ustin, 1984; Seemann & Critchley, 1985).
Despite causing damaging effects to stomatal features,
salinity can also affect PSII. Chlorophyll fluorescence is
considered as an effective method used to screen varieties
for salinity tolerance (Maxwell & Johnson, 2000; Naseer et
al., 2017). In a study, Abdeshahian et al., (2010) reported
that PSII was more prone to damaging effects of salinity by
increasing NPQ, decrease in qP, Fv/Fm and ®PSII in wheat
plants. Garg & Garg (1982) in a previous study stated that
increased salinity level could decrease chlorophyll content.
Soil salinity could increase in recent scenario of global
change. Therefore, we need to focus on identifying salt
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tolerant species which could sustain ecosystem services
(Yarsi et al., 2017). The role of salt stress in inducing
oxidative damage has been investigated previously (Stepien
& Klobus, 2005). However, the extent to which species can
differ in response to environmental factors is not well
studied.

The study was conducted in Qinghai-Tibetan Plateau,
China. The perennial grass Elymus sibiricus is an important
forage grass due to strong adaptability, high crude protein
content, and good palatability. It played a major role in
restoration of natural grassland in QTP (Lu, 1993; Yan et
al., 2007). On the other hand, Phalaris arundinacea (reed
canary grass) is considered as an important potential
bioenergy crop due to its higher apparent productivity and
strong ability of asexual reproduction (Zhang et al., 2013).
Moreover, Phalaris arundinacea exhibited broad range due
to drought and salinity stress tolerance (Ge et al., 2012;
Zhang et al., 2013; Tanka et al., 2013). Previously we
studied  photoprotective  mechanisms in  Phalaris
arundinacea to alleviate photoinhibition of PSII in QTP
(Zhang et al., 2017). Further, Avena sativa is used as source
of fiber for cattle, the oaten hay is widely used in traditional
alpine farming systems of the QTP (Long, 1995; Dong et
al., 2003; Wu, 2007). These all three species are
economically important for this area and differ in quality
and quantity of forage. However, their salt tolerance and
recovery patterns have never been tested either in the field
or under laboratory conditions. In order to understand the
dynamic responses of these forage grasses to salinity, we
conducted a manipulation experiment in 2015-2016 to
investigate their efficiency in QTP, the forage grasses were
exposed to three different possible scenarios: (1) increasing
salt stress (2) recovery situation (3), and salt adaptability
test. The main objective of this study was to select species
that exhibits excellent salt-tolerance through exploring
major physiological processes.

Materials and Methods

Plant material and salinity manipulation plots
experiment: We conducted this study in a greenhouse
located at the Sichuan Academy of Grassland Science.
The Qinghai-Tibetan Plateau is characterized as alpine
ecosystem in Sichuan province of China (Rehovot,
31.47°N, 102.33°E) at an altitude of 3504 m. The
warmest air temperature is in July (24.1°C) and the
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coldest is in January (-10.3°C), while the mean annual
precipitation is around 650 mm (SMB, undated; Yao et
al., 2000). The mean minimum temperatures and average
maximum temperatures were 5°C and 15°C, respectively
during the growing season (April-September). However,
because of high solar radiation level in this area, the
maximum leaf temperature during day could be 3-10°C
higher than air temperature. The manipulated salinity
experiment was performed in 2015-2016 to examine the
effects of salinity on 3 grassland species (Avena sativa L.,
Elymus sibiricus L., and Phalaris arundinacea L.). Seeds
of these species were first germinated in the field, and the
plots were 6 m x 6 m and the row spacing was 0.2 m in
2014. Then, the two years old tiller buds of these species
were transplanted from the field to flowerpot. Following
soil composition was maintained in flowerpot: 10%
perlite, 10% vermiculite, 10% nutrition soil, 10% sand
and 60% garden soil from Hongyuan research base (soil
pH of 6.312, organic matter of 7.58%). The greenhouse
was completely covered and plants only received water
from irrigation throughout the experiment.

During the growing season (mid-April to mid-
September), salinity treatments were applied in three
different regimes to represent a realistic soil or groundwater
salinity level that could occur in Hongyuan, China and
covered the range from low to moderate NaCl
concentrations (0-400 mM). The altered growing season
salinity regime produces: (i) The primary plots were the
four salinity treatments with different NaCl concentrations
0, 125, 250 and 400 mM 85 days after transplantation
(DAT) which were termed as T1, T2, T3 and T4,
respectively (Fig. 1a), (ii) rainfall event displayed recovery
situation, where plants cultivated with different NaCl
concentrations 125, 250 and 400 mM at 85-105 DAT were
irrigated 0 mM deionized water 105 DAT. These were
termed as T5 (125+0 mM), T6 (250+0 mM) and T7 (400+0
mM), respectively (Fig. 1b), and (iii) Salt adaptability test
increased salinity event, where plants cultivated with
different NaCl concentrations 0, 125 mM at 85-105 DAT,
and then more NaCl added (400mM) in this experiment
105 days after transplantation. These were termed as T8
(0+400 mM), T9 (125+400 mM), respectively (Fig. 1c).
Above mentioned, scenarios helped us to understand
different species response tolerance at altered salinity
regimes and also their recovery patterns.
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Fig. 1. Progressive salt stress test (A), desalination test (B), and salt adaptability test (C).
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Gas exchange and chlorophyll  fluorescence
parameters  measurements:  Net  photosynthesis,
stomatal conductance, transpiration, efficiency of light
harvesting of photosystem Il and quenching coefficient
were measured after 85, 95, 105, 125 and 135 DAT at
different NaCl concentrations level. The measurements
were performed in green house conditions and on leaves
that were exposed to direct sun light. Gas exchange
measurements were performed using the Li-6400 portable
photosynthesis and fluorescence system (6400-40 leaf-
chamber fluorometer; LiCor Inc.). All measurements for
an experiment were completed in the same day between
10:00 and 15:00 h. For measurements of light response
curve, leaves were first measured at 2,000pmol (photon)
m~2 st of photo-synthetically active radiation (PAR), and
then the photo-synthetically active radiation was declined
to 1,800, 1,000, 500, 200, 100, and 0 pmol(photon) m2 s
L. The chamber CO; concentration was kept at 400 pumol
mol and leaf temperature was kept 15°C. For
measurements of A-Ci response curves, leaves were first
measured at 0 umol mol? of chamber CO,, and then the
CO; concentration was increased stepwise up to 2,000
umol mol™. Light intensity was kept at 2,000 pmol
(photon) m2 st and leaf temperature was kept 15°C.
Also, the gas exchange parameter and Chlorophyll
fluorescence parameter were monitored on leaves at O
umol (photon) m™ s in 5:00-6:00 h. For recording data
for different gas exchange attributes such as net CO;
assimilation rate (Py), intercellular CO, concentration
(Ci), and transpiration rate (T;) and stomatal conductance
(Gs), a fully expanded second leaf of one plant from each
replicate was used. Values for and were calculated using
the equations of von Caemmerer & Farquhar (1981).
Instantaneous water use efficiency (IWUE) was calculated
as the ratio between net photosynthesis and transpiration
(Condon et al., 2002). Fluorescence parameters such as
maximum photochemical efficiency were measured using
(Fv/Fm) while actual photochemical efficiency, ®PSII
was calculated using the following equation (Fm'—Fo)/ Fuv'
of Genty et al., (1989). Photochemical quenching (qP)
was calculated as indicated by the manufacturer’s manual
for the LI-6400-40 leaf chamber fluorometer (Fm'—
Fs)/( Fm—Fo’), where Fs is the ‘‘steady-state’
fluorescence. Whereas, non-photochemical quenching
coefficient (NPQ) = (Fm —Fwm') / Fum' (Bilger et al., 1990).
Further, 125 DAT, the maximum photochemical
efficiency (Fvw/Fm) and the actual photochemical
efficiency (®PSII) were determined by a chlorophyll
fluorescence imager using an internal program (CF
Imager; Technologica, UK).

Determination of leaf relative water content and
electrolyte leakage: Relative water content (RWC) was
determined as described previously by (Zhang et al.,
2014) and was calculated using the formula [(FW-
DW)/(TW-DW)] x 100, where FW corresponds to the
fresh weight, TW the turgid weight after 24 h rehydrating
of leaf samples at 4°C in the dark and DW the dry weight
of leaf samples after 24 h at 80°C.

Plasma membrane damage was assessed using the
method as described by Tang et al, (2014).
Approximately 0.3 g of fresh leaves were cut into 1 cm
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pieces and placed into test tubes containing 30 mL of
deionized water.  Subsequently, initial electrical
conductivity (EC;) was measured. Samples were than
boiled at 100°C for 30 min to achieve 100% electrical
conductivity (EC;). The relative conductivity of plasma
membranes was calculated based on the ratio of electrical
conductivity before and after boiling.

Statistical analysis

Means of three biological replicates were measured.
Analysis of variance (ANOVA) was performed for
comparison between different treatments. A difference
was considered to be statistically significant when p<0.05.

Results

Effect of salinity on gas-exchange parameters of 3
forage species: Difference among species in net
photosynthesis P, and iWUE was found during all three
scenarios (Fig. 1). A significant decrease in gas
exchange parameters revealed that salinity in Qinghai-
Tibetan Plateau negatively influenced all 3 species (PAR
= 2,000 pmol m? s?). At the increasing salinity
treatments (Fig. 1a) during 85-135 DAT, P, rates and
iIWUE efficiency was reduced 80% and 58% in Phalaris
arundinacea whereas, in Elymus sibiricus these were
decreased 83% and 42%, respectively. Further, after 105
days Avena sativa (T4) plant died due to reduction in
both gas exchange parameters (Figs. 2 & 3a). On the
other hand during recovery situation (Fig. 1b) between
105-125 DAT, plants performed better by increasing Pn
rates (Fig. 2b) and iWUE efficiency (Fig. 3b). Here,
Phalaris arundinacea P, rates and iWUE efficiency
after 105 and 125 days were significantly higher than
other two species. While, Avena sativa T7 plant could
not survive to adverse salinity after 125 days. Hence,
Phalaris arundinacea recovery exhibited stable P, rates
(Fig. 2b) and iWUE efficiency (Fig. 3b) followed by
Elymus sibiricus. For salinization experiment (Fig. 1c),
Pn rates (Fig. 2c) and iWUE efficiency (Fig. 3c)
significantly decreased more in Phalaris arundinacea
compare to Elymus sibiricus. Whereas, Avena sativa
plants could not survive in adverse salinity after 125
days (Fig. 2 & 3c). Gas exchange parameters screened
Elymus sibiricus as the most stable species during
salinity however, Phalaris arundinacea exhibited better
recovery.

The influence of salinity on plants chlorophyll
fluorescence and related parameters: The
perturbation of leaf metabolism by salinity was
detected with CF Imager, the quantum yield (Fv/Fm)
was recorded after 30 min of dark adaptation. Actual
quantum vyield (®PSII) was measured on the fully
expanded leaves that were illuminated for 30 min in the
growth chamber with actinic light at a PPFD 1,000
umol m2 s after dark adaptation. In this study, three
different salinity situations were used to identify Avena
sativa, Elymus sibiricus, and Phalaris arundinacea
responses after 105 days of transplantation (Fig. 1).
During progressive salt stress tolerance experiment
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(Fig. 1a), values of Fv/Fm and ®PSII were higher in
Elymus sibiricus for (T1, T2, T3 and T4) followed by
Phalaris arundinacea whereas, Avena sativa appeared
least tolerant under salinity stress conditions (Fig. 4a,
b). Here, Elymus sibiricus Fv/Fm values appeared red,
and were easily distinguished better from the leaves of
other plants. Similarly, ®PSII values were also higher
in Elymus sibiricus (from red to green) displaying
pattern of tolerant species while remaining two species
were more towards blue color demonstrating
intolerance. Moreover, for recovery observation plants
were irrigated with fresh water under different level of
salinity (Fig. 1b). This recovery experiment treatments
(T5, T6 and T7), results revealed improved
performance by all species (Fig. 4a, b). Here, recovery
situation was more obvious in Phalaris arundinacea
followed by Elymus sibiricus from Fv/Fm values
(towards red color). Also, from ®PSII Phalaris
arundinacea performed better (towards red from green
and blue color) compared to Elymus sibiricus
(exhibiting green color dominance). While, Avena
sativa revealed poor recovery conditions through both
Fv/Fm and OPSII parameters. Finally, plants were
exposed to increase salinity level (Fig. 1c). In
treatments (T8 and T9), the leaves of Avena sativa
exhibited lower values of Fv/Fm and ®PSII, which
screened her relatively intolerant. Here, Elymus
sibiricus exhibited higher values of fluorescence
parameters followed by Phalaris arundinacea (Fig. 4a,
b). These fluorescence parameters screened Elymus
sibiricus as the most salt tolerant species. However,
Phalaris arundinacea exhibited better ability to
recover in QTP environment.

Further, two important chlorophyll fluorescence
parameters photochemical quenching coefficient (gP)
and non-photochemical quenching (NPQ) were observed
to assess salinity tolerance. During progressive salinity
treatments (Fig. 1; a), qP was decreased while NPQ was
increased (Fig 5 & 6) (PAR = 2,000 umol m2 s7?).
Between 85-135 DAT (T4), P values increased 3% in
Elymus sibiricus than Phalaris arundinacea (Fig. 5a)
whereas for NPQ values were decreased 2% in Phalaris
arundinacea compared to Elymus sibiricus (Fig. 6a).
Slight difference was observed between these two
species. However, Avena sativa (T4) plant died due to
salt sensitive nature after 105 days (Fig. 5 & 6a).
Additionally, recovery situation was tested to understand
plants response (Fig. 1; b). Here, gP values after 125
days (T7) were found significantly higher in Phalaris
arundinacea followed by Elymus sibiricus (Fig. 5b).
Further, NPQ values were significantly declined during
recovery experiment 125 DAT. Here, NPQ values (T7)
significantly decreased more for Phalaris arundinacea
followed by Elymus sibiricus (Fig. 6b). Noticeably,
Avena sativa T7 plants could not recover after 125 days
(Fig. 5 & 6b). These results indicated that Phalaris
arundinacea species could efficiently recover under
higher salinity conditions. In last, salinization
experiment performed according to (Fig. 1c). gP was
significantly increased in Elymus sibiricus than Phalaris
arundinacea (Fig. 5¢) Whereas, Elymus sibiricus NPQ
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was significantly decreased compared to Phalaris
arundinacea after 125 days (Fig. 6¢). However, Avena
sativa plants could not survive in adverse salinity after
125 days (Fig. 5 & 6c¢). Taken together, (Fv/Fm and
®PSII) Elymus sibiricus was found as salt tolerant.

The difference of leaf relative water content and
electrolyte leakage in 3 forage species under salt
stress: In first condition, plants were exposed to
progressive salinity stress (Fig. 1la). Leaf RWC of all
three species (Avena sativa L., Elymus sibiricus L., and
Phalaris arundinacea L) was decreased by increasing
salinity and duration, especially in T3 and T4 after 125
and 135 days. RWC under 400-mM (T4) treatment was
considerably lower in Avena sativa which resulted death
of plant (105 DAT). Further, in both Phalaris
arundinacea and Elymus sibiricus RWC was decreased
about 35% between 85 to 135 days (Fig. 7a). During
recovery experiment (Fig. 1b), RWC was increased in
treatments (T5, T6 and T7), for Avena sativa (12%, 38%
and X), Phalaris arundinacea (12%, 20% and 24%) and
Elymus sibiricus (8%, 6% and 8%) between 105 to 125
days (Fig. 7b). However, Avena sativa (T7) plants died
due to severe stress conditions (125 DAT). These results
exhibited better recovery in Phalaris arundinacea. In
last, adaptability test (Fig. 1c), Avena sativa plants of
both T8 and T9 died 125 DAT. However, RWC in
Phalaris arundinacea was decreased for T8 and T9
(52% and 40%) whereas, Elymus sibiricus exhibited
(36% and 30%) decline for RWC in T8 and T9 between
105 to 125 days (Fig. 7c). Overall, these results
demonstrated Elymus sibiricus as the most stable species
under salinity whereas Phalaris arundinacea showed
better recovery.

Further, electrolyte leakage (EL) was investigated
from leaves of all three species. Increasing salinity was
associated with increase in EL while recovery benefited
all three species. First, plants were exposed to increasing
salt stress (Fig. 1a). Leaf EL of all three species (Avena
sativa L., Elymus sibiricus L., and Phalaris arundinacea
L) increased rapidly with increasing salinity and period,
especially in T3 and T4 during 125 and 135 days.
Noticeably, EL under 400-mM (T4) treatment was
significantly higher in Avena sativa causing death of
plant (after 105 days), while both in Phalaris
arundinacea and Elymus sibiricus, EL was increased
approximately 58% between 85-135 days (Fig. 8a).
During recovery experiment (Fig. 1b), EL was decreased
in treatments (T5, T6 and T7), for Avena sativa (17%,
37% and X), Phalaris arundinacea (23%, 38% and
48%) and Elymus sibiricus (0%, 13% and 24%) between
105 to 125 days (Fig. 8b). Avena sativa (T7) could not
recover after 125 days and died. In last, adaptability test
(Fig. 1c), Avena sativa plants of both T8 and T9 died
after 125 days. However, Phalaris arundinacea showed
increased EL for T8 and T9 (90% and 60%), whereas
Elymus sibiricus exhibited least EL by 64% in both T8
and T9 after 125 days (Fig. 8c). Therefore, Elymus
sibiricus maintained EL better compared to other species
under salt stress.
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Fig. 2. Photosynthetic rates (Pn) in 3 grassland species (Avena sativa L., Elymus sibiricus L., and Phalaris arundinacea L.). Here, 3

grassland species were grown at different salt concentrations (Fig. 1), where X was the plant's death. These were measured at five
different developmental stages (PAR = 2,000 umol m~2 s1; Mean + SE; n =5).
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Fig. 3. Instantaneous water use efficiency (iIWUE) in 3 grassland species (Avena sativa L., Elymus sibiricus L., and Phalaris
arundinacea L.). Plants were grown at different salt concentrations (Fig. 1), where X was the plant's death. These were measured at
five different developmental stages (PAR = 2,000 pmol m2 s~%; Mean + SE; n = 5).
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arundinacea L.). Plants were grown at different salt concentrations, where X was the plant's death. These were measured at five
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Fig. 6. The non-photochemical quenching coefficient (NPQ) in 3 grassland species (Avena sativa L., Elymus sibiricus L., and Phalaris
arundinacea L.). Plants were grown at different salt concentrations, where X was the plant's death. These were measured at five
different developmental stages (PAR = 2,000 umol m2 s1; Mean + SE; n = 5).
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Fig. 7. Relative water content (RWC) in 3 grassland species (Avena sativa L., Elymus sibiricus L. and Phalaris arundinacea L.).
Plants were grown at different salt concentrations (Fig. 1), where X was the plant's death. These were measured at five different
developmental stages (Mean + SE; n =5).
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Fig. 8. Electrolyte leakage in 3 grassland species (Avena sativa L., Elymus sibiricus L., and Phalaris arundinacea L.). Plants were
grown at different salt concentrations (Fig. 1), where X was the plant's death. These were measured at five different developmental
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Discussion

Several studies reported that salt stress could affect
photosynthesis rates through stomatal closure, damage in
photochemical reaction and carbon assimilation (Megdiche
et al., 2008; Stoeva & Kaymakanova, 2008). Recently, leaf
photosynthesis parameters were used to screen efficient one
among six alfalfa cultivars in semi-arid area. High P, rates
and IWUE mean plant can perform better during stress
condition (Wang et al., 2017). During increased salt
treatment (Fig 1a) and salinization process (Fig 1c) P, rates
and iIWUE for Elymus sibiricus performed slightly better
than Phalaris arundinacea. Here, Avena sativa could not
tolerate high salinity level and died (Fig. 2 & 3a, ¢).
However, during recovery experiment (Fig 1b), Phalaris
arundinacea significantly increased P, rates and iWUE
followed by Elymus sibiricus (Fig. 2 & 3b). Interestingly,
recovery rates were opposite to other two increased salt
experiments. This may represent that Phalaris arundinacea
can recover better to certain level of salinity. Noticeably,
Avena sativa T7 plant could not survive. In our study, salt
accumulation negatively affected P, rates and iWUE for all
three species but they respond differently in altered stress
conditions. Their response to these parameters screened
Elymus sibiricus as most tolerant whereas Phalaris
arundinacea showed better ability to recover under salinity
in QTP environment. Our results are consistent with
previous findings by (Allakhverdiev et al., 2000; Stepien &
Klobus, 2005, 2006), where the highest salinity caused
restraint in photosynthesis parameters.

The chlorophyll  fluorescence
considered as an important indicator of plants
photosynthesis  efficiency under different kind of
environmental stresses. These are often used to evaluate
nitrogen fertilizer uptake and utilization (Wang et al.,
2017). Previous studies reported that PSII adversely
affected during salt stress and resulted in decline of
different chlorophyll fluorescence parameters
(Abdeshahian et al., 2010; Gomathi & Rakkiyapan, 2011).
In a previous study by Baker (2008), crops cultivars were
screened to salt stress tolerance in term of response to PSII
efficiency. Here, visual analysis of chlorophyll
fluorescence parameters (Fv/Fm and ®PSII) after 105 day.
Elymus sibiricus displayed better followed by Phalaris
arundinacea, whereas Avena sativa exhibited least
tolerance (Fig. 4a, b) during salinization (Fig. 1la, c).
However, Phalaris arundinacea exhibited better recovery
than Elymus sibiricus (Fig. 1b). Further, chlorophyll
fluorescence parameters (gP and NPQ) during progressive
salt treatment (Fig la) and salinization process (Fig 1c)
demonstrated more stable nature in Elymus sibiricus
compared to Phalaris arundinacea (Fig. 5 & 6a, c).
Although, NPQ results revealed slightly less performance
of Elymus sibiricus but gP values for Elymus sibiricus were
significantly higher than Phalaris arundinacea in T8 and
T9. These results specified Elymus sibiricus was more salt
tolerant (Fig. 5 & 6¢). However, Avena sativa plants could
not survive to these growing salinity level (Fig. 5 & 6; a, c).
Further, during recovery experiment (Fig 1b) Phalaris
arundinacea performed better compared to Elymus

parameters are

MUHAMMAD ARFAN ET AL.,

sibiricus (Fig. 5 & 6b). These results expressed Elymus
sibiricus as more stable species to salt stress. Similar results
were described in previous studies where decrease in gP,
Fv/Fm and ®PSII was increased while NPQ was decreased
when plants were exposed to salt stress (Netondo et al.,
2004; Jiang et al., 2006; Abdeshahian et al., 2010).

Soil salinity is a key factor limiting crop vyield
through modification of several physiological and
biochemical processes. It is generally believed that plants
suffer water deficiency when exposed to salinity, resulting
growth inhibition. Plants exposed to salt stress reduce
relative water content (RWC) and increase electrolyte
leakage (EL). Several previous studies reported that RWC
level was reduced more rapidly in salt-sensitive grasses
than salt-tolerant under salinity stress (Suplick-Ploense et
al., 2002; Alshammary et al., 2004; Liu et al., 2009) and
increased in EL, is considered as indication of membrane
damge (Simon, 1974). In this study, leaf RWC (Fig. 7)
showed the earlier and more severe decline, whereas leaf
EL (Fig. 8) showed an earlier and sharper increase in
Avena sativa compared to Phalaris arundinacea and
Elymus sibiricus. However, Elymus sibiricus was found to
be the most stable species to salt stress whereas Phalaris
arundinacea demonstrated excellent performance during
recovery compared to other two species.

Conclusion

This  study revealed that Elymus sibiricus
performance was superior at high altitude under salt stress
condition by comparing differences in RWC, EL,
photosynthesis and chlorophyll fluorescence parameters.
These all parameters clearly showed that Elymus sibiricus
was more stable among three forage grasses under
salinity. Further, Phalaris arundinacea performance was
found better during recovery situation compared to other
two species. Avena sativa was found to be the most salt
sensitive among all three species. We recommend testing
of biochemical and molecular mechanisms of these
species under salt stress. This study can provide basis to
select salt-tolerant forage species in restoration of
degraded grassland at high altitude.
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