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Abstract
Miscanthus (M.) sacchariflorus is an important perennial bioenergy feedstock. To investigate its responses to
salt stress, M. sacchariflorus seedlings were grown hydroponically for 14 d with the different concentrations of
NaCl (0, 50, 100 and 200 mM). Our results showed that NaCl treatment significantly inhibited plant growth and
net photosynthetic rate of M. sacchariflorus. The limiting factor of photosynthesis was changed from stomatal
factor to non-stomatal factor with the increase in NaCl concentration. The declined degree in chlorophyll fluorescence parameters was less than that in net photosynthetic rate. Salt stress dramatically triggered new shoot
formation and enhanced contents of proline and MDA, activities of SOD, POD and CAT in leaves, roots and
shoots. In addition, the activities of SOD and POD in shoot were always higher than that in leaf and root in all
salt concentrations and the new shoot formation was positive correlation with the antioxidant enzymes activity
under less than 100 mM NaCl stress. Therefore, higher activities of SOD and POD, which could protect new
shoots from lipid peroxidation, could be an important mechanism for new shoots to resist higher salt stress.
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Introduction
Salinity is one of the most important environmental
factors that negatively affect plant yield and quality [1].
Excessive soil salinity is caused by not only mine in natural processes but also irrigating saline water [2]. Salt stress
interferes in different metabolic processes and leads to
an imbalance of ion and water homeostasis, which finally resulted in the chlorosis and growth retardation and
even plant death [3]. Salt stress also alters photosynthesis
rate and, secondary metabolites, and disturbs the metabolism of Calvin cycle and antioxidant enzymes [4,5].
The oxidative stress induced by salt is known to produce abnormally high levels of the reactive oxygen species (ROS), which causes oxidative damage of lipids, proteins and nucleic acids through the disruption of normal

cellular metabolism [6,7]. Plants have developed a series
of defense strategies to mitigate the oxidative damage
initiated by ROS. Among the defense strategies, antioxidative enzymes, such as superoxide dismutase (SOD, EC
1.15.1.1), peroxidase (POD, EC 1.11.1.7), catalase (CAT,
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1.11.1.6), ascorbate peroxidase (APX, 1.11.1.1) and glutathione reductase (GR, EC 1.6.4.2), play an important
role in scavenging ROS by a series of complex reactions
[8,9]. Many previous studies reported that salt tolerance
is most associated with the activities of these enzymes in
plants [6,7,10,11].

The number of culm and shoot was recorded. Plant
height was recorded with the length of the highest culm
deprived from leaf as well as the longest root length.
Roots were generously rinsed with tap water to remove
NaCl deposits. For dry weight determination, all plant
parts were dried at 75 °C to constant weight.

Miscanthus is grown worldwide as an important bioenergy crop with their fast growth and high biomass production. The responses of Miscanthus to abiotic stresses
have been studied on heavy metals [12,13], low temperature [14] and drought [15,16]. However, it is known little about the responses of dry matter accumulation and
photosynthesis of Miscanthus to salt stress. Therefore,
the aims of this study are (1) To evaluate the effects of
salt stress on plant growth, photosynthesis and the activity of anti-oxidative enzymes and lipid peroxidation,
(2) To understand the relationship between dry matter
accumulation and photosynthesis and (3) To uncover
what are determinants for physiological and biochemical
mechanisms of M. sacchariflorus to salt tolerance.

Determination of photosynthetic parameters

Materials and Methods
Plant material and culture conditions
Cultures of M. sacchariflorus were initiated from
mature seeds which were collected from the Daming
Mountain Scenic Spot in Lin’an, Zhejiang Province, in
October 2013. Seeds were soaked in water for 2 h, rinsed
in 10% liquid dishwasher detergent, surface-sterilized
in 70% ethanol for 30 s, and rinsed with sterile water
3-4 times. Then seeds were planted on commercial potting mix in plastic trays and allowed to germinate in a
growth chamber. The seedlings after germination for
4 weeks were transferred to hydroponic cultures supplied with half strength of Hoagland nutrient solution
(pH 6.0). Half-strength Hoagland nutrient solution
was used containing the following macronutrients in
mM: KNO3, 2.5; Ca(NO3)2·4H2O, 2.5; MgSO4·7H2O, 1.0;
NH4H2PO4, 0.5, and the following micronutrients in μM:
CuSO4·5H2O, 0.5; ZnSO4·7H2O, 1.0; MnCl2, 1.25; H3BO3,
7.5; (NH4)6Mo7O24, 0.25 and NaFeEDTA 50. To ensure
proper growth, the solutions were renewed every week.
Following a 4-week hydroponic growth, the seedlings
were subjected to NaCl treatments of 0, 50, 100 and 200
mM. Each treatment was replicated three times and each
replicate included eight seedlings. The entire experiment
was conducted under light conditions (1200 μmol m-2 s-1,
16/8 h light/dark period) at 25 °C and 65% relative humidity.

Determination of plant growth
After 14 d treatment, eight plants per treatment were
randomly harvested. Harvested plants were divided into
the culm, leaf and hypogeal parts (rhizome and roots).
Hong et al. J Plant Biotechnol Res 2018, 1(1):16-25

PN was measured by using a portable photosynthesis
system (Portable Photosynthesis System LI 6400, LI-COR,
Lincoln, NE, USA) with red/blue LED light source with
a 6 cm2 clamp-on leaf chamber. Fully expanded youngest leaves of 3-5 plants per treatment were used for measurements. Samplings were measured after gas-exchange
parameters reached the steady state. Gas exchange parameters were calculated according to Von Caemmerer
and Farquhar [17]. The results are the means of at least
three measurements. All measurements were made in a
temperature-controlled room [30 ± 2 °C, 16/8 h light/
dark period, 1000-1200 µmol (photon) m-2 s-1 and 65%
relative humidity]. Once PN was obtained, fresh leaf,
shoot and root were collected from plant and immediately frozen in liquid nitrogen and stored at -80 °C for
chlorophyll, proline, malondialdehyde (MDA) content
and enzyme activity analysis.

Determination of chlorophyll fluorescence parameters
Chlorophyll fluorescence parameters and images
were obtained using a FluorImager chlorophyll fluorescence imaging system (Technologica Ltd., Colchester,
UK). The 10-d-old hydroponically seedlings were grown
in 1/2 Hoagland nutrient solution (pH 6.0) or 1/2 Hoagland nutrient solution containing 50, 100 or 200 mM
NaCl for 5 d, respectively, then transferred in 96-well
microtiter plate. Following a 20 min dark adaptation, the
minimal (F0) level of fluorescence was measured at very
weak measuring pulses, while the maximal (Fm) level of
fluorescence was measured during an 800 ms pulse at a
PPDF of approximately 6000 μmol m-2 s-1. The maximal
photochemical efficiency (Fv/Fm) of PSII was expressed
as the ratio Fv/Fm = (Fm-F0)/Fm. Then the plants were
light-adapted at the PPFD of 1000 μmol m-2 s-1 for 20
min before measurements of the yield of effective photochemical quantum [Y(II)], the photochemical (qP)
and nonphotochemical (NPQ) quenching of chlorophyll
fluorescence. And the apparent electron transport rates
(ETR) were calculated according to the formula: ETR =
Y(II) × PPFD × 0.84 × 0.4.

Determination of chlorophyll, proline, malondialdehyde (MDA) content
Chlorophyll was extracted in 95% ethanol and characterized by the method of Hong, et al. [18]. Proline ac• Page 17 •
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cumulation was determined as described by Köşkeroğlu
and Tuna [19]. The proline concentration was calculated using proline standards (0-50 mg/ml) in the identical manner. The content of MDA was determined using
the thiobarbituric acid reaction, following the method of
Madhava Rao and Sresty [20], and calculated from the
absorbance at 532 nm. The measurements were corrected for non-speciﬁc turbidity by subtracting the absorbance at 600 nm, and the results expressed as μmol g-1
flesh weight (FW).

Determination of SOD, CAT and POD activities
Five grams of frozen leaf, shoot or root were ground
at 4 °C in a mortar with 5 ml of 50 mM phosphate buffer solution (pH 7.8) containing 1% polyethylene pyrrole
(PVP). The homogenate was centrifuged at 10,000 rpm
at 4 °C for 30 min. Supernatants were collected for measuring enzyme activities.
Superoxide dismutase (E.C.1.15.1.1) activity was estimated spectrophotometrically as the inhibition of photochemical reduction of NBT at 560 nm, a minor modiﬁcation of the method of Köşkeroğlu and Tuna [19]. The
reaction mixture consisted of 0.3 mL each of 0.75 mM
NBT, 130 mM methionine, 0.1 mM EDTA-Na2, 0.02

mM Riboﬂavin, and sterilized water and 1 mL of 50 mM
Na-phosphate buffer (pH 7.8). The reaction was initiated by adding 0.1 mL of the enzyme extract and carried
out for 10 min at 25 °C under a light intensity of about
300 mmol-1 m-2 s-1. One unit of SOD was deﬁned as that
which inhibited photo reduction of NBT to 50%.
Catalase (E.C.1.11.1.6) activity was detected according to the method of Cakmak and Marschner [21] with a
slight modification (1992). The reaction mixture, in a total volume of 3 mL, contained 1.5 mL of 50 mM sodium
phosphate buffer (pH 7.8) and 0.3 mL of 0.1 M H2O2. The
reaction was initiated by adding 0.1 mL of the enzyme
extract, and the activity determined by measuring the
initial rate of disappearance of H2O2 at 240 nm.
Peroxidase (E.C.1.11.1.7) activity was assayed using
the method of Medina-Pérez [22]. The reaction mixture
contained 50 mM potassium phosphate buffer pH 6.0, 10
mM H2O2 solution, 20 mM guaiacol and 0.1 ml of crude
extract (Chance and Maehly 1955). The reaction was
started by adding at the same time H2O2 and guaiacol
solution and the activity was determined by monitoring the increase of absorbance at 470 nm, as a result of
guaiacol oxidation.

Figure 1: Effects of the different NaCl concentrations on the growth of M. sacchariflorus, (A) Growth characteristics of M. sacchariflorus seedlings; (B) Enhanced adventitious shoot formation; (A) Bar = 15 cm; (B) Bar = 3 cm.
Hong et al. J Plant Biotechnol Res 2018, 1(1):16-25

• Page 18 •

SCHOLARLY PAGES

Citation: Hong C, Zheng B, Guo H, et al. (2018) Salt Stress Induces Shoot Formation and Physiological and
Biochemical Changes in Miscanthus sacchariflorus. J Plant Biotechnol Res 1(1):16-25
Table 1: Effects of NaCl treatment on growth and dry weight of M. sacchariflorus plants.

NaCl
(mmol/L)
0
50
100
200

Plant height
(cm)

Root length
(cm)

113.67 ± 7.99a
109.50 ± 9.50a
100.42 ± 7.80b
88.50 ± 4.65c

19.55 ± 0.64a
17.58 ± 1.18b
13.75 ± 1.44c
12.90 ± 1.03c

Shoot number Culm number Dry weight (g per plant)
(per plant)
Aboveground Underground
(per plant)
part
part
4.1 ± 0.6c
5.0 ± 1.7a
9.34 ± 1.73a
2.49 ± 0.47a
7.1 ± 1.3b
3.8 ± 1.1a
8.24 ± 0.92b
2.06 ± 0.28b
9.3 ± 1.8a
4.0 ± 1.4a
7.83 ± 1.18b
2.32 ± 0.90a
7.4 ± 2.6b
4.8 ± 2.3a
3.09 ± 0.46c
0.71 ± 0.14c

Root-shoot
ratio
0.29 ± 0.03b
0.30 ± 0.06b
0.32 ± 0.04a
0.23 ± 0.05c

Data are means ± SD (n = 6); Different letters indicate a significant difference at p < 0.05.

Figure 2: Effects of the different NaCl concentrations on plant total weight (A) and relationships between the total dry weight
and net photosynthesis rate (PN, B), the maximal photochemical efficiency (Fv/Fm, C) and the apparent electron transport
rates (ETR, D) in M. sacchariflorus. Data are mean ± SD (n = 3). Different letters indicate a significant difference at p < 0.05.

Statistical analysis
All data were evaluated by one-way ANOVA using
SPSS 6.0.1 for Windows as well as the least signiﬁcance
difference and Tukey’s honestly signiﬁcant difference
tests.

Results
Growth parameters were taken as a measure of the
growth of M. sacchariflorus plants, and Table 1 showed
the dose-dependent effect of NaCl treatment on plant
growth (Figure 1A). All NaCl stress reduced M. sacchariflorus growth. Especially treatment with 200 mM NaCl,
plant height and root length were decreased by 22%
and 34% respectively. Interestingly, salt stress triggered
largely new shoot formation in spite of not significant inHong et al. J Plant Biotechnol Res 2018, 1(1):16-25

fluence the number of culm (Figure 1B and Table 1). The
dry weight of NaCl-treated shoot and root was much lower than that of controls. Those were decreased by 66.9%
and 71.5%, respectively, with the further increase of NaCl
concentration of 200 mM. The total dry matter accumulation in salt-treated plants was also significantly decreased in
comparison with the control plant (Figure 2A). However,
all treated plants significantly promoted new shoot formation. Among those, treatment with 100 mM NaCl induced markedly new shoot formation and the numbers
increased to 2.3 times as compared to the control group.
Perhaps, a marked increase of shoot formation in those
NaCl treatments compensated for the growth inhibition
by NaCl. Root/shoot ratios were promoted under moderate NaCl treatments but inhibited by 21% in 200 mM
NaCl treatment as compared with control.
• Page 19 •
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Table 2: Effects of NaCl treatment on net photosynthesis rate (PN), stomata conductance (gs), intercellular CO2 concentration (Ci)
and transpiration rate (E) of M. sacchariflorus plants.
NaCl (mmol/L)
0
50
100
200

PN (µmol CO2 m-2 s-1)
26.32 ± 0.94a
24.23 ± 0.58b
24.47 ± 0.95b
10.90 ± 0.72c

gs (mol H2O m-2 s-1)
0.2297a
0.1893 ± 0.01b
0.1716 ± 0.01c
0.0680d

Ci (µmol CO2 mol-1)
205.00 ± 12.00a
193.67 ± 11.37ab
174.67 ± 27.30b
177.89 ± 16.38ab

E (mmol H2O m-2 s-1)
4.90 ± 0.18a
4.37 ± 0.29b
4.09 ± 0.12b
1.85 ± 0.27a

Data are means ± SD (n = 3); Different letters indicate a significant difference at the p < 0.05.

Figure 3: Effects of the different NaCl concentrations on Fv/Fm of whole plant seedlings using chlorophyll fluorescence imaging.

The growth inhibition of M. sacchariflorus plants was
accompanied by a significant decrease in net photosynthesis rate (PN), which was about 2.5 times reduced at
the highest NaCl concentration in comparison with control plant (Table 2). Interestingly, PN in leaves showed
no signiﬁcant difference between 50 and 100 mM NaCl,
and they were only lower by 8% and 7% than that in the
control group, respectively. Those indicated the higher
resistance of M. sacchariflorus to salt stress. The stomata conductance (gs), intercellular CO2 concentration (Ci)
and transpiration rate (E) were also markedly reduced
with the increasing NaCl stress. Especially gs in the treatment with 200 mM NaCl was only 0.06, PN decreased by
70% less than that in the control group.
To explore the chlorophyll fluorescence change after
short time salt treatments, we used a FluorImager chlorophyll fluorescence imaging system (Technologica Ltd.,
Colchester, UK) to take the imaging of chlorophyll fluorescence of the plant seedling. The picture was shown in Figure 3 and some of chlorophyll fluorescence parameters were
Hong et al. J Plant Biotechnol Res 2018, 1(1):16-25

shown in Table 3. Only exposure of 10-d-old plants to NaCl
treatment for 5 d led to significant decrease in ETR and qP
with increasing NaCl concentrations, where in comparison
to control ETR was reduced to 93.6, 88.9 and 60.4% "and
qP". to 91.6, 84.4 and 73.4% with increasing NaCl concentration, respectively. Fv/Fm and NPQ were no significant difference in M. sacchariflorus between 50 and 100 mM NaCl
treatment, but the highest NaCl concentration (200 mM)
resulted in reduction of Fv/Fm and NPQ by 33.7% and 43.6%
after 5 d salt treatment. Those meant that the different chlorophyll fluorescence parameters exhibited the different responses to salt concentrations.
Analyzing the relationship between dry weight and
photosynthetic parameter clearly showed that all PN, Fv/
Fm and ETR were extremely significantly positively related to total dry weight of plants (R2 > 0.99) under the
salt treatment, indicating that the decrease in dry matter
accumulation was due to lower photosynthesis resulted
from salt stress (Figure 2B, Figure 2C and Figure 2D).
The levels of proline and MDA often are used as in• Page 20 •
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Table 3: Change in chlorophyll fluorescence parameters, Fv/Fm, ETR, NPQ and qP under 0, 50, 100 and 200 mM NaCl stress for
5 d of M. sacchariflorus plants.
NaCl (mmol/L)
0
50
100
200

Fv/Fm
0.803 ± 0.016a
0.789 ± 0.026a
0.778 ± 0.028a
0.532 ± 0.037b

ETR
100.8 ± 5.85a
94.3 ± 2.43b
89.6 ± 1.38b
60.9 ± 0.79c

NPQ
2.848 ± 0.044a
2.640 ± 0.080a
2.600 ± 0.123a
1.606 ± 0.224b

qP
0.557 ± 0.125a
0.510 ± 0.121b
0.470 ± 0.006c
0.409 ± 0.101d

Data are mean ± SD (n = 8); Different letters indicate a significant difference at p < 0.05.

4B). MDA contents were significantly increased in the
leaf, shoot and root treated with 200 mM NaCl. However, the level of MDA was not significantly different in
leaf, shoot treated with 50 and 100 mM NaCl. The results
clearly showed that the new shoots accumulated much
less MDA, suggesting that the salt-induced injury of the
shoots was less.

Figure 4: Effects of the different NaCl concentrations on
proline (A) and MDA contents (B) of M. sacchariflorus. Data
are mean ± SD (n = 3). Different letters indicate a significant difference at p < 0.05.

dexes for damage of tissue under stresses. Our results
showed that the contents of proline and MDA of the leaf,
shoot and root in different treatments were all enhanced
with the increase in NaCl concentrations. Proline contents were much higher in root than that in leaf or shoot
(Figure 4A) and shoot exhibited relative lower increase
after salt treatment. In three salt concentrations, proline
contents in the leaf were 1.8, 2.7 and 4.7 times of the control (2.1 μg/g), in shoot 1.5, 1.7 and 3.6 times of control
(2.5 μg/g) and in root 1.1, 2.2 and 3.7 times of the control
(6.4 μg/g), respectively. The responses of MDA in leaf
and shoot subjected to salt stress were variable (Figure
Hong et al. J Plant Biotechnol Res 2018, 1(1):16-25

To understand whether the salt-tolerance in leaf, new
shoot and root of M. sacchariflorus plants was relevant to
antioxidant enzyme, SOD, POD and CAT activities were
determined under different concentrations of NaCl. Effects of salt on antioxidant enzyme activities were different in different parts of M. sacchariflorus (Figure 5).
The activity of SOD was markedly enhanced in all parts
with increasing of NaCl concentrations, it increased by
90%, 69% and 127% in the leaf, new shoot and root under the treatment of 200 mM NaCl, respectively (Figure
5A). Whereas the activity of POD was significantly rose
only in shoot with the increase of 12%, 36% and 52% under three salt concentrations, respectively, or in leaf and
root with the increase of 25% and 24% in 200 mM NaCl
concentration, respectively (Figure 5B). For the CAT
activity, NaCl exposure did not generate a significant
difference from the control in shoot, except the highest
NaCl concentration, with the increment of 124%. However, the CAT activity was significantly increased in leaf
and root in all NaCl levels (Figure 5C). The extremely
significantly (R2 > 0.99) or significantly (R2 > 0.93) curvilinearly correlation between shoot numbers and SOD,
POD and CAT, respectively, showed that new shoots
had higher capacity of resistance to oxidation under salt
stress, which were of advantage to new shoot formation
(Figure 6).

Discussion
Soil salinity is one of the most important factors limiting global crop production by interfering with essential
physiological processes [23]. It causes harms to plants
mainly in two ways: Firstly, excessive salt in soil leads to
decrease the water potential, which results in water stress
in plants; secondly, accumulation of some specific ions
causes nutritional imbalance [2]. Plants have evolved various mechanisms to cope with these detrimental damages [24]. Salt stress exhibited a significant decrease in the
plant height, root length and dry biomass of M. saccha• Page 21 •
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Figure 5: Effects of the different NaCl concentrations on SOD (A), POD (B) and CAT (C) of M. sacchariflorus. Data are mean
± SD (n = 3). Different letters indicate a significant difference at p < 0.05.

Figure 6: Relationships between shoot number per plant and SOD (A), CAT (B) and POD (C) in M. sacchariflorus.

Figure 7: The correlation between the stomatal conductance (gs,) (A), intercellular CO2 concentration (ci,) (B,C), the chlorophyll a (Chl a), chlorophyll b (Chl a), total chlorophyll (Chl a + b) (C) and net photosynthesis rate (PN).
Hong et al. J Plant Biotechnol Res 2018, 1(1):16-25
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riflorus plants, especially by the highest concentrations
(200 mM) (Table 1). In addition, 50 and 100 mM NaCl
treatments were able to maintain the total dry weight
above 86%, suggesting that M. sacchariflorus could withstand moderate salt stress (up to 100 mM NaCl).
The decrease of PN under salt stress has been reported
in many plants, including rice [25], and other plant species [26-28]. Decrease in PN of soybean was attributed to
the closure of stoma, which decreased the intercellular
CO2 concentration and depressed the rate of CO2 assimilation in the leaf [29,30]. Our results showed that PN, gs
and Ci were all decreased as the increase in NaCl concentrations. According to Farquhar and Sharkey’ view
PN is mainly limited by stomatal factor only when it is
significantly positively linear correlation with either gs or
Ci [31]. Regression analysis indicated that PN was linearly
relative to Gs and Ci at ≦ 100 mM NaCl, indicating that
PN is mainly limited by stomatal factor (Figure 7A and
Figure 7B); while at > 100 mM NaCl PN was only linearly
relative to Gs, rather than Ci, indicating that PN is limited
by non-stomatal factor (Figure 7A and Figure 7C). When
carbon fixation is limited by ci due to lower gs, NADPH
produced by photosynthetic electron transport is superfluous if photochemical reaction keeps normal. Those
phenomena often appear in the early stressed plants that
depression of photosystem activities and photosynthetic
electron transport rate is later than that of PN [29,30,32].
Our results supported that conclusion. Fv/Fm and NPQ
were not significantly fallen upon 100 M NaCl, while PN
decreased significant in any concentration of salt (Table
2 and Table 3). The degrees of declination of ETR and qP
were less in comparison with PN, and the decrease in ETR
and qP was slower than the PN (Table 3), which indicated
that the activities of photosynthetic system and linearly
photosynthetic electron transport were larger than those
required in CO2 assimilation under salt stress. The excessive electron resulted in the production of excessive
excitation energy in chloroplast, which causes oxidative
stress through an increase in ROS, such as superoxide
anion (O2-·), hydrogen peroxide (H2O2) and hydroxyl radicals (OH·) [4]. Under high light condition plant
develops a serious protective reaction from damage by
reactive oxygen species (ROS) that occurs via pseudo-cyclic photosynthetic electron transport under excessive
light energy [33]. The water-water cycle in chloroplast
plays a vital role in scavenging of ROS and dissipation of
excess photons [34]. In addition, the decrease in PN was
positively relative to Chl a (R2 = 0.916, n = 12), Chl b (R2
= 0.816, n = 12) and Chl (a + b) (R2 = 0.901, n = 12) (Figure 7D), suggesting that salt-induced reduction in PN was
also partially due to the decrease in chlorophyll content
of M. sacchariflorus.
Hong et al. J Plant Biotechnol Res 2018, 1(1):16-25

To understand the relationship between the decreases
in dry matter and photosynthesis in Miscanthus, we determined the PN, Fv/Fm and ETR under salt stress as well as dry
matter of plants and did the regression analysis under different salt concentrations. As shown in Figure 2, extremely
significantly linearly positive correlation was found between total dry weight and PN, Fv/Fm or ETR, respectively, suggesting that biomass of plants was closely relative
to the determined photosynthetic parameters under salt
stress. Therefore, it is very important for breeding high
biomass productivity of plant to maintain high photosynthesis under the stresses. In addition, even in the early growth stage, the image of chlorophyll fluorescence
imaging system could detect the change of whole plant
under salt stress. It will open a door in sight of fast response of plant to stresses.
Many studies have reported that salt stress increases
the production of ROS [23,35], which in turn activates a
complex antioxidant defense system including non-enzymatic and enzymatic antioxidants. Recently, some studies
have found that an increase in tolerance to salt stress is
a positive correlation with the antioxidant capacity [3639]. In the current study, the activities of SOD and POD
in the stressed shoot were much higher than that in the
control, and the new shoot formation was extremely significantly (R2 > 0.99) or significantly (R2 > 0.93) correlated with the antioxidant enzymes activity (Figure 6). The
results indicated that the new shoot had a higher capacity to scavenge ROS and was more tolerance than root
and leaf under NaCl stress. Abiotic stresses cause oxidative stress through the increase of ROS, which lead to
lipids peroxidation [37]. As a result, MDA is a product
of lipid peroxidation and has been considered as an indicator of oxidative damage [2]. MDA content in shoot
was always lower than that in leaf and root (Figure 5B),
and the activities of SOD and POD in shoot were always
higher than that in leaf and root in all salt concentrations
(Figure 5), indicating that the new shoot suffered the less
damage from oxidative stress under salt stress. Besides,
proline is often referred as index for plant response to
some stresses. Moradi [25] and Köşkeroğlu [19] also find
that the increase in proline content may not be associated with salinity tolerance. However, salt tolerance species
have higher accumulation of free proline compared with
salt sensitive species [37]. Our results showed that the
proline content increased markedly in all parts of M. sacchariflorus under salt stress (Figure 4). Therefore, higher
SOD and POD activities which can protect it from lipid
peroxidation may be an important mechanism for new
shoots to resist higher salt stress and be play a potential
for improving plant regeneration under salt stress.

Conclusions
To investigate the responses of the M. sacchariflorus to
• Page 23 •
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salt stress, the seedlings of M. sacchariflorus were grown
in hydroponics for 14 d with the different concentrations
of NaCl (0, 50, 100 and 200 mM). The results showed
that many physiological and biochemical characteristics,
including growth parameters, chlorophyll and proline
content, gas exchange and antioxidant enzymes activities
were changed. Dry biomass of all M. sacchariflorus organs was affected by NaCl treatments. No visible symptoms of salt toxicity were observed in shoots and leaves
of plants grown in hydroponics supplemented with 50
and 100 mM NaCl. Interestingly, all salt stress induced
the novel shoot regeneration, and the proline and MDA
content were lower in new shoots than those in leaves
and roots. These results showed the new shoots could
tolerate much higher salt stress than the leaves and roots,
suggesting that new shoots could be used as a potential
mechanism for improving plant growth under salt stress.
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