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Abstract: To investigate the effects of arbuscular mycorrhizal (AM) fungi on the growth and saline–alkaline tolerance of

Potentilla anserina L., the seedlings were inoculated with Claroideoglomus etunicatum (W.N. Becker & Gerd.) C. Walker &

A. Schüßler in pot cultivation. After 90 days of culture, saline–alkaline stress was induced with NaCl and NaHCO3

solution according to the main salt components in saline–alkaline soils. Based on the physiological response of P. anserina

to the stress in the preliminary experiment, the solution concentrations of 0 mmol/L, 75 mmol/L, 150 mmol/L, 225 mmol/L

and 300 mmol/L were treated with stress for 10 days, respectively. The mycorrhizal colonization rate, mycorrhizal

dependence, chlorophyll content, malondialdehyde content, antioxidant enzyme activities, osmoregulation substances

content and water status were measured. The results showed that with the increase of NaCl and NaHCO3 stress

concentration, mycorrhizal colonization rate, colonization intensity, arbuscular abundance and vesicle abundance

decreased, and reached the lowest value at 300 mmol/L. Strong mycorrhizal dependence was observed after the symbiosis

with AM fungus, and the dependence was higher under NaHCO3 treatment. Under NaCl and NaHCO3 stress, inoculation

with AM fungus could increase chlorophyll content, decrease malondialdehyde content, increase activities of superoxide

dismutase, peroxidase and catalase, increase contents of proline, soluble sugar and soluble protein, increase tissue relative

water content and decrease water saturation deficit. It was concluded that salt–alkali stress inhibited the colonization of

AM fungus, but the mycorrhiza still played a positive role in maintaining the normal growth of plants under salt–alkali stress.

Introduction

Soil salinization is a worldwide environmental problem.
Relevant data show that saline–alkaline land accounts for
more than 7% of the world’s total land area (Evelin et al.,
2009). Moreover, by 2050, more than 50% of cultivated land
will be seriously salinized (Wang et al., 2003). Excessive
salinity (especially NaCl) in these saline–alkaline soils is the
main abiotic stress factor restricting plant growth and
development (Asish and Anath, 2005), and the high pH of
alkaline salts (mainly NaHCO3 and Na2CO3) will cause more
serious damage to plant cells (Shi and Wang, 2005). Saline–
alkaline stress leads to membrane peroxidation, increases
membrane permeability, and exudes small molecular
substances and ions in cells, resulting in increased osmotic
potential and water outflow of plants, further leading to
osmotic stress (Zhang et al., 2019; Balliu et al., 2015); In

addition, the stability of cell membrane structure and some
biological macromolecules (such as enzymes and proteins)
will be destroyed, resulting in a series of physiological and
biochemical metabolic disorders in plants (Dinneny, 2015). In
order to reduce the influence of saline–alkaline stress on
plant growth, many technical measures such as physical,
chemical and biological methods have been adopted. Among
them, the biological method using arbuscular mycorrhizal
(AM) fungi to enhance the tolerance of plants is considered
to be a green and efficient method, which plays an
irreplaceable role in the ecosystem (Zhang et al., 2019; Deng
et al., 2019). Therefore, it is necessary to screen and apply
more mycorrhizal symbionts with salt–alkali tolerance.

AM fungi, one of the largest components of the soil
microbial community, which account for more than 10% of
the total biomass of soil microorganisms (Fitter et al., 2011).
About 90% of vascular plants can be colonized by AM fungi
and form a symbiotic system (Lanfranco and Yong, 2012),
through which plants provide carbohydrates whereas the
vast mycelium system of AM fungi improves plant
absorption of water and mineral nutrients, and the two are
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mutually beneficial (Wang et al., 2018a). In addition, AM
fungi naturally exist in the saline environment, which can
affect the metabolic process of plants in different ways,
promote plant growth and development, and improve the
ability of plants to resist saline–alkaline stress (Becerra et al.,
2014; Estrada et al., 2013; Parvin et al., 2020). An increasing
number of studies have clearly demonstrated that
Claroideoglomus etunicatum (W.N. Becker & Gerd.) C.
Walker & A. Schüßler, a common AM fungus, is of great
value to host plants (such as Prunus maritima, Trifolium
repens, and Puccinellia distans) in saline habitats, including
promoting the absorption of water and nutrition, the
enhancement of photosynthesis and the activation of
antioxidant system and so on (Zai et al., 2013; Huang et al.,
2017; Dashtebani et al., 2014). More importantly, C.
etunicatum can be isolated in saline soil, so symbiosis with
plants to improve salinizationmay have great application
potential (Yang et al., 2015; Wang and Liu, 2002).

Potentilla anserina L., a perennial herb of Rosaceae, has
high ornamental value and can be used as a low
maintenance ground cover (Yan et al., 2020). Besides,
P. anserina can rapidly occupy patch grassland and
secondary bare land through asexual propagation and it is
also a halophyte with great development and utilization
potential (Wang et al., 2015). This important salt–tolerant
germplasm could be found in the lakeside saline–alkaline
land of Qinghai Lake in China (salt concentration up to
2400 ds·cm-1) and in the saline–alkaline grassland of
Songnen with pH up to 8.4, and be considered as an ideal
candidate for maintaining the sustainability of saline soils
(Su et al., 2014; Wang and Yang, 2020; Khan et al., 2009).
Therefore, the combination of P. anserina and AM fungi
may provide a new idea for the restoration of saline–alkaline
land by mycorrhizal technology. However, related studies
only reported the spore morphological diversity of AM
fungi in the rhizosphere of P. anserina, and the mechanism
of how AM fungi affect the plant growth of P. anserina was
not reported (Wang and Yang, 2020). Based on this, the
work simulated saline–alkaline stress with different
concentrations of NaCl and NaHCO3 solutions, and took C.
etunicatum as AM fungus inoculum to explore the mechanism
of AM fungi on the growth and saline–alkaline tolerance of P.
anserina from the aspects of physiological and biochemical
characteristics, which provided a theoretical basis for the
application of AM –P. anserina symbiotic system in saline–
alkaline land greening. For this purpose, we put forward
hypotheses: 1) saline–alkaline stress has negative effects on the
colonization of AM fungi and P. anserina; 2) AM fungi may
play an important role in promoting the growth, physiology
and biochemistry of P. anserina under saline–alkaline stress.

Materials and Methods

Experimental materials
The AM fungus (C. etunicatum) used in mycorrhizal
treatment was provided by the Institute of Plant Nutrition
and Resources, Beijing Academy of Agriculture and Forestry
Sciences, China. The AM fungus inoculum consisted of
hyphae and spores (around 18 spores/g). P. anserina was
introduced from Songnen grassland in Zhaodong City,

Heilongjiang Province, China (located at 125°54' E, 46°2' N)
in 2017, and cultivated in the seedling cultivation base of
Northeast Forestry University. The seedlings that germinated
in the year of the experiment were collected, which with the
same status and vigorous growth were selected and cultured
in sterile water for 5 days after cleaning the residual soil of
their roots for seedling adaptation and recovery. After that,
the lateral roots and some main roots of the seedlings were
cut off, leaving only about 3 cm long main roots to avoid the
influence of the original rhizosphere soil and microorganisms.
The roots of seedlings were washed with sterile water 3 times
for experiment. The culture substrate (pH = 5.96, EC =
179 us·cm-1, 304.18 g·kg–1 of soil organic matter, 129.53
mg·kg-1 of alkali hydrolyzable nitrogen, 58.27 mg·kg-1 of
available phosphorus, and 142.65 mg·kg-1 of available
potassium) was vermiculite, river sand and peat soil, mixed
evenly in the volume ratio of 1:1:3, and autoclaved (121°C,
2 h). The specification of pot for cultivating seedlings is
15 cm × 15 cm, sterilized under the same conditions.

Culture of mycorrhizal seedlings
The experiment design included AM fungal inoculation and
saline–alkali stress. The treatment of AM fungi level was
divided into inoculation treatment (AM group) and non–
inoculation treatment (N–AM group). In the AM group, after
400 g substrate was added to the pot, 20 g inoculum was
evenly mixed in 2 cm soil on the surface of each pot, while
20 g sterilized inoculum and filtrate were added to the N–AM
group. As for stress treatment, according to the physiological
response value of P. anserina to saline–alkaline stress obtained
in the pre–experiment, 4 stress gradients of NaCl solution and
NaHCO3 solution with concentrations of 75 mmol/L,
150 mmol/L, 225 mmol/L, and 300 mmol/L were set
respectively. At the same time, distilled water (0 mmol/L) was
used as the control treatment. There were 18 treatments in
the present research, and each treatment was repeated 6 times.
Therefore, 108 pots of plants were randomly arranged. The
cultivation of mycorrhizal seedlings is carried out in the plant
light culture laboratory. The cultural environment was: the
average temperature in the day and night was 24°C, the air
relative humidity was 60%–70%, the light intensity was
8000lx, the light time was 14 h a day, the distilled water was
watered regularly to keep the soil water content at 55%–70%
of the maximum field water capacity. When the seedlings
were 90 days old, stress treatment began. In order to avoid the
impact effect of salt–alkali, referring to the method of Yang et
al. (2014), the NaCl solution and NaHCO3 solution were
increased by a gradient of 50 mmol/L every day until the
predetermined concentrations were reached. Then, each pot
was irrigated with 100 ml of different stress solutions at the
predetermined concentrations every day for 10 consecutive
days. After that, the colonization indexes, growth indexes, as
well as physiological and biochemical indexes were measured.

Observation of colonization characteristics
The fresh lateral roots of mycorrhizal seedlings were cleaned and
cut into 1 cm segments, then soaked in FAA fixed solution (5 ml
formalin, 5 ml glacial acetic acid, 90 ml 70% alcohol), labeled and
stored at 4°C. The AM fungal colonization rate was measured as
described by Philips and Hayman (1970). The root segments
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were washed 3–5 times until the pungent smell was not detected,
after which they were incubated in a 10% KOH solution at 90°C
for 60 min to make them soft and transparent, then
decolorized in alkaline hydrogen peroxide for 15 min. After
that, the roots were neutralized with 2% hydrochloric acid
for 5–10 min, and then stained at 90°C for 30 min with
glycerol lactate reagent containing 0.05% trypan-blue. The
morphological structures of hypha, arbuscules and vesicles
were examined under an optical microscope (OLYMPUS-
DSX500). The colonization status was assessed and graded
using the method of Trouvelot et al. (1986), after which the
colonization rate (%), arbuscular abundance (%), vesicle
abundance (%) and colonization intensity (%) were
determined using MYCOCALC software.

Growth indexes and mycorrhizal dependency
The fresh weight (FW), dry weight (DW), and saturated fresh
weight (SFW) of the whole seedlings were determined by the
weighing method. The mycorrhizal dependency (MD) was
calculated according to the formula (1) (Gong et al., 2000):

Mycorrhizal dependency MDð Þ ¼
DW of AM plants=DW of N� AM plantsð Þ � 100

(1)

MD of P. anserina was divided into the following four levels:
(1) MD < 1: The host plants showed no dependency on

AM fungi, that is, AM fungi played little role on
plant individual biomass accumulation;

(2) 1 < MD < 2 (Grade I): The host plants depended on
AM fungi to a certain extent, that is, AM fungi could
promote the individual biomass accumulation of host
plants;

(3) 2 < MD < 3 (Grade II): The host plants had moderate
dependence on AM fungi;

(4) MD ≥ 3 (Grade III): The host plants had a strong
dependence on AM fungi.

Physiological and biochemical indexes
After stress treatment, according to the method described by
Wang (2006), the chlorophyll content was determined by the
95% ethanol extraction method and the content of
malondialdehyde (MDA) was determined by the thiobarbituric
acid method, the superoxide dismutase (SOD) activity was
determined by the NBT method, the activity of peroxidase
(POD) was determined by the guaiacol method, the activity of
catalase (CAT) was determined by the permanganate titration,
and the content of proline, soluble protein, and soluble sugar
were determined by the acid ninhydrin method, Coomassie
brilliant blue G–250 staining, and anthrone colorimetry
method. Relative water content (RWC) and water saturation
deficit (WSD) were measured according to the method
described by Barr and Weatherley (1962) to analyze the water
status of leaves, and the formulas are as follows:

RWC ¼ FW � DWð Þ= SFW � DWð Þ½ � � 100 (2)

WSD ¼ SFW � FWð Þ= SFW � DWð Þ½ � � 100 (3)

Statistical analysis
SPSS (Statistical Product and Service Solutions) 22.0 was used
to test the normality and homogeneity of the data, and to

compare and analyze the data between each treatment.
When variance was homogeneous, one-way ANOVA with
Duncan’s multiple range test was used to analyze the
average value and the significant difference between the
treatments, and two-way ANOVA was used to analyze the
effects of the stresses, AM fungi and their interactions on
the growth and physiology of P. anserina. When the
variance was not homogeneous, ARtool of the R
Programming Language (version 3.6.3) was used for the
non–parametric test. Spearman correlation coefficient was
used to describe the correlation between mycorrhizal
colonization indexes and the correlation between plant
growth physiological parameters. When P < 0.05, the
difference was statistically significant. The mean ± standard
error (SE) was used to express the measurement results.
Excel (2019) was used to make charts.

Results

Mycorrhizal colonization characteristics
It was found that the roots were colonized to different degrees
and formed an Arum–type mycorrhizal colonization. That is
to say, after the external hyphae invaded into the root, the
main hyphae (Fig. 1A) were formed between the cells in the
root, and then the ends of some hyphae expanded to form
elliptical (Figs. 1A and 1C), spherical (Fig. 1D), strip
(Fig. 1D) vesicles and some endophytic hyphae in the root
formed arbuscules (Fig. 1B). According to Table 1, hyphae
were the most frequently observed structures in the stained
root segments, vesicles were relatively less observed, and
arbuscules were rarely observed.

The colonization of AM fungi was inhibited by NaCl and
NaHCO3 stresses, that is to say, colonization rate, arbuscular
abundance, vesicular abundance, and colonization intensity
showed a decreasing trend with the increase of stress, and
reached the lowest value at 300 mmol/L (Table 1). Moreover,
compared with the colonization rate under NaCl stress, the
colonization rate under NaHCO3 treatment decreased to a
greater extent. Correlation analysis showed that salt–alkali stress
was significantly and negatively correlated with colonization
rate, vesicle abundance and colonization intensity at P < 0.01
level, and with arbuscular abundance at P < 0.05 level (Table 1).

Plant growth and mycorrhizal dependence
The MD of plants refers to the percentage of biomass
increased by plants with the help of AM fungi, which can
reflect the close relationship between plants and AM fungi.
The higher the MD level is, the closer the relationship
between plants and AM fungi is, and the greater the effect
of AM fungi on plants is. The results (Table 2) showed that
NaCl and NaHCO3 stresses had no significant effect on the
FW of AM plants (P > 0.05), but had significant negative
effect on the FW of N–AM plants (P < 0.01). There was a
significant correlation between the stresses and MD (P <
0.01). Additionally, under the same stress treatment, the FW
of AM plants was higher than that of N–AM. When the
concentration of NaCl was 300 mmol/L, the FW of AM
plants increased by 103% compared with that of N–AM
plants, and the MD reached grade II. Under NaHCO3 stress,
the FW increased by 102% and 100% at 225 mmol/L and
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300 mmol/L, respectively, and the MD also reached grade II.
Besides, the average value of MD was 1.6142 under
NaHCO3 treatment and 1.3648 under NaCl treatment,
indicating that P. anserina had a stronger dependence on
AM fungi under NaHCO3.

Chlorophyll
Two–way ANOVA results showed that the chlorophyll
content was significantly affected by AM fungi, the stresses
and the interactions (P < 0.01; Table 3). With the increase
of concentration, the chlorophyll content showed a
decreasing trend under salt–alkali stress, and the reductions
of the chlorophyll content in N–AM plants were higher
than that in AM plants. For example, when NaCl
concentration reached 300 mmol/L, compared to the control

plants, the chlorophyll content of N–AM plants and AM
plants decreased by 25.93% and 11.14%, respectively
(Fig. 2A), which was more significant under the stress of the
same concentration of NaHCO3, decreased by 44.87% and
20.81%, respectively (Fig. 2B). In addition, the chlorophyll
content of AM plants was higher than that of N–AM plants
except for the content at 75 mmol/L NaCl, which was 2.25%
lower than the N–AM group.

MDA
Two-way ANOVA results showed that the MDA content was
significantly affected by AM fungi, the stresses and the
interactions (P < 0.01; Table 3). In the stress environment,
the content of MDA of all plants increased with the
increasing concentration, and mycorrhizal treatment

FIGURE 1. Mycorrhizal colonization of P.
anserina seedlings (A–D). Note: H–Hypha,
V–Vesicle, A–Arbuscule.

TABLE 1

Mycorrhizal colonization of Potentilla anserina seedlings under NaCl and NaHCO3 stresses

Stress Concentration
(mmol/L)

Colonization rate (%) Arbuscular abundance (%) Vesicular abundance (%) Colonization intensity (%)

NaCl 0 100.00 ± 0a 2.35 ± 0.15a 14.45 ± 0.92a 40.83 ± 5.33a

75 100.00 ± 0a 0.86 ± 0.67b 11.52 ± 1.58a 24.40 ± 5.81b

150 93.33 ± 3.33ab 0.68 ± 0.49b 11.05 ± 1.45a 23.27 ± 1.93b

225 86.67 ± 3.33bc 0.56 ± 0.27b 5.82 ± 1.97a 11.33 ± 3.31b

300 80.00 ± 5.77c 0.23 ± 0.16b 2.30 ± 0.53a 7.60 ± 3.27c

Correlations –0.970** –0.636* –0.972** –0.963**

NaHCO3 0 100.00 ± 0a 2.35 ± 0.15a 14.45 ± 2.91a 40.83 ± 5.33a

75 96.67 ± 3.33a 0.85 ± 0.67b 10.03 ± 1.27a 18.80 ± 4.92b

150 93.33 ± 3.33a 0.62 ± 0.20b 9.33 ± 2.09a 15.13 ± 4.19b

225 83.33 ± 3.33b 0.54 ± 0.41b 7.43 ± 2.01a 13.13 ± 4.62b

300 76.67 ± 3.33b 0.19 ± 0.59b 2.04 ± 0.48a 7.10 ± 2.30b

Correlations –0.976** –0.586* –0.962** –0.895**
Note: Different letters within the same column mean significant difference at 0.05 level. *, and ** indicate significance at P < 0.05, and P < 0.01, respectively.
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resulted in a significant reduction compared to non–
mycorrhizal treatment (Figs. 2C and 2D). For example, at
225 mmol/L NaCl and 300 mmol/L NaHCO3, the differences
between AM groups and N–AM groups were more marked,
with a decrease of 31.63% and 24.39%, respectively.

Antioxidant system
Compared with the N–AM seedlings, mycorrhizal treatment
significantly (P < 0.01; Table 3; Fig. 3) raised the activities of
SOD, POD, and CAT under NaCl and NaHCO3 stresses. At
the same time, NaCl and NaHCO3 affected the POD and
CAT activities of all plants to varying degrees (P < 0.01;
Table 3), while SOD activity was not significantly affected
by these two stresses (P > 0.05; Table 3). Additionally, NaCl
and AM fungi had significant interaction effects on CAT
(P < 0.01; Table 3).

With the increase of stress concentration, POD activity
(Figs. 3C and 3D) and CAT (Figs. 3E and 3F) activity in
both AM and N–AM plants showed a trend of first
increasing and then decreasing, and reached the peak at

225 mmol/L. It was worth noting that the overall level of
POD activity under NaHCO3 stress (Fig. 3D) was lower
than that under NaCl stress (Fig. 3C).

Osmoregulation substances
Two–way ANOVA results showed that the content of proline
was affected by AM fungi under NaCl stress (P < 0.05; Table 3,
Fig. 4A), which was not affected under NaHCO3 stress (P >
0.05; Table 3, Fig. 4B). For example, at the NaCl
concentration of 150 mmol/L and 225 mmol/L, the proline
content of inoculated plants was significantly increased by
10.59% and 8.39%, respectively, compared with the non–
inoculated plants (P < 0.05; Fig. 4A).

Unlike the proline, the contents of soluble protein and
soluble sugar were affected by AM fungi, NaCl and NaHCO3

stresses (P < 0.01; Table 3), which were not affected by their
interactions (P > 0.05; Table 3). For example, under
150 mmol/L, 225 mmol/L, and 300 mmol/L NaCl stress, AM
fungi increased the content of soluble protein by 7.36%,
10.68% and 10.80% respectively compared to N–AM groups

TABLE 2

The fresh weight (FW) and mycorrhizal dependency (MD) of Potentilla anserina under NaCl and NaHCO3 stresses

Stress Concentration
(mmol/L)

FW of AM plants (g) FW of N–AM plants (g) MD Grade of MD

NaCl 0 3.96 ± 0.11a 3.53 ± 0.17a 1.12 ± 0.02c I

75 4.04 ± 0.13a 3.51 ± 0.04a 1.15 ± 0.02c I

150 3.67 ± 0.15a 2.98 ± 0.08b 1.23 ± 0.02b I

225 3.86 ± 0.11a 2.11 ± 0.15c 1.18 ± 0.01bc I

300 4.06 ± 0.10a 2.00 ± 0.07c 2.03 ± 0.02a II

Correlations -0.044 NS -0.895** 0.764**

NaHCO3 0 3.96 ± 0.11a 3.53 ± 0.17a 1.12 ± 0.01c I

75 3.96 ± 0.06a 3.42 ± 0.07a 1.16 ± 0.01c I

150 3.27 ± 0.18b 2.42 ± 0.15b 1.36 ± 0.02b I

225 4.06 ± 0.13a 2.01 ± 0.11c 2.02 ± 0.05a II

300 3.69 ± 0.14a 1.84 ± 0.13c 2.00 ± 0.07a II

Correlations -0.262NS -0.906** 0.938**
Note: Different letters within the same column mean significant difference at 0.05 level. *, **, and NS indicate significance at P < 0.05, P < 0.01, and P > 0.05,
respectively.

TABLE 3

Two–way ANOVA of the effects of arbuscular mycorrhizal fungi, NaCl and NaHCO3 stresses, and the interactions on the growth and
photosynthetic indexes of Potentilla anserina seedlings

Treatment Chl MDA SOD POD CAT Pro SP SS RWC WSD

AM 62.5** 61.93** 40.936** 74.995** 54.45** 4.45* 30.391** 19.842** 24.868** 62.002**

NaCl 69.98** 41.93** 2.383NS 5.220** 39.42** 21.2** 16.378** 32.817** 53.504** 126.563**

AM × NaCl 30.42** 12.34** 1.429NS 0.428NS 6.91** 2.19NS 2.303NS 0.334NS 3.497* 7.172**

AM 28.219** 18.939** 34.76** 54.724** 49.338** 1.161NS 9.744** 16.179** 92.755** 115.807**

NaHCO3 12.394** 6.884** 2.082NS 12.71** 13.436** 3.952* 20.745** 26.504** 350.356** 289.303**

AM × NaHCO3 9.169** 3.486** 0.655NS 1.163NS 1.701NS 0.121NS 1.897NS 2.243NS 8.593** 6.336**
Note: Chl–chlorophyll, Pro–proline, SP–soluble protein, SS–soluble sugar. Data represent F–values at 0.05 level. *, **, and NS indicate significance at P < 0.05, P <
0.01, and P > 0.05, respectively.
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(P < 0.05; Fig. 4C). When the NaHCO3 concentration was 225
mmol/L and 300 mmol/L, AM fungi increased the content of
soluble protein by 6.27% and 6.89%, respectively, compared
to the N–AM groups (P < 0.05; Fig. 4D).

Water status
Two–way ANOVA results showed that the RWC and WSD
were significantly affected by AM fungi, the NaCl and
NaHCO3 stresses (P < 0.01; Table 3), which were significantly
affected by the interaction between NaCl and AM fungi at P
< 0.05 (Table 3), and significantly affected by the interaction
between NaHCO3 and AM fungi at P < 0.01 (Table 3).

With the increasing stress concentration, the RWC (Figs. 5A
and 5B) increased first and then decreased, while the WSD (Figs.
5C and 5D) decreased first and then increased. When NaCl and
NaHCO3 concentration was 75 mmol/L, the RWC of N–AM
and AM groups reached the highest value, and the WSD was
the lowest value. In addition, under all concentrations of NaCl
and NaHCO3 stresses, the RWC of AM groups was always
higher than that of N–AM groups, and the WSD of AM groups
was always lower than that of N–AM groups. For example,
under 75 mmol/L NaCl and NaHCO3, the RWC in AM groups
was 31.44% and 28.07% higher than that in N–AM groups, and
the WSD was 17.47% and 15.56% lower, respectively.

Correlation analysis among plant growth and photosynthetic
indexes
Correlation analysis results (Tables 4 and 5) showed that the
chlorophyll content had negative correlation with the
content of MDA, osmoregulation substances as well as the

RWC of NaCl and NaHCO3 stresses, and had significantly
positive correlation with the WSD. Besides, the MDA
content had obvious correlation with the water status and
the content of osmoregulation substances except the soluble
protein content of NaHCO3 stress. For the antioxidant
enzymes, except CAT under NaHCO3 stress, others were
not related to chlorophyll and MDA content. Moreover, the
osmoregulation of P. anserina had significant positive
correlation with the water status.

Discussion

Effects of saline–alkaline stress on AM fungi colonization and
seedling growth
In the current study, with the increase of salt and alkali stress
intensity, the colonization of AM fungi in the rhizosphere
decreased, which indicated that soil salinity not only caused
stress to plants, but also directly hindered the growth of AM
fungi, which resulted in the decreased colonization ability of
AM fungi (Giri et al., 2007; López–Ráez, 2016; Bencherif et
al., 2015). The effect of salt–alkali stress on mycorrhizal
colonization was related to the inhibition of spore
germination and hyphal growth on the one hand (Zhu et
al., 2007). On the other hand, the decrease of chlorophyll
content caused by saline alkali stress may reduce the
accumulation of photosynthetic products and the
distribution to roots, so as to reduce the nutrients required
by AM fungi in roots, and finally inhibit the colonization of
AM fungi (Deng et al., 2019). In addition, the colonization
of mycorrhiza was reduced under alkali stress than under

FIGURE 2. The effect of arbuscular mycorrhizal fungi on chlorophyll content (A, B) and MDA (C, D) content of P. anserina under NaCl and
NaHCO3 stresses. Different small letters indicate significant difference in different treatments. The differences in each index were detected by
one–way ANOVA at P < 0.05 level. Bars represent mean ± SE (n = 3).
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salt stress, which further indicated that the toxic effect of alkali
stress with high pH was stronger, and the main reason might
be that the root damage of plant was more serious under alkali
stress with high pH. In addition to the reduced ability to
absorb water and nutrients, a large number of harmful
metabolites in plants secreted into the soil through roots,
can also affect AM fungi colonization to a certain extent
(Wang et al., 2018b).

Under the stress, compared with AM plants, FW of N–AM
plants decreased, indicating that salinity inhibited plant growth,
which might be due to the following reasons: 1) the saline–
alkaline stress exacerbated membrane lipid peroxidation,
damaged biofilm and its function in plants, slowed down or
inhibited a series of physiological and biochemical reactions in
plants, and finally weakened plant growth; 2) Membrane lipid
peroxidation damaged chloroplast structure, led to the decrease
of plant chlorophyll content and affected photosynthesis.

Interestingly, even if mycorrhizal stress affected
mycorrhizal, AM fungi could still improve the FW of

P. anserina under salt and alkali stress. This might be the fact
that AM fungi to a certain extent, increased the absorption
area of P. anserina root system, promoted the absorption of
nutrients and water by host plants, and formed a certain
defense mechanism against saline–alkaline stress (Augé,
2001). At the same time, AM fungi also increased the
chlorophyll content of P. anserina. It was likely that under
the action of AM fungi, the inhibitory effect of Na+ on the
absorption of mineral elements such as Mg2+ by plants was
weakened, which reduced the effect of stress on chlorophyll
synthesis and was conducive to the accumulation of dry
matter (Giri et al., 2003; Estrada et al., 2013). This further
explained the mycorrhizal dependence of P. anserina under
saline–alkaline stress.

Effects of AM fungi on antioxidant system of P. anserina under
saline–alkaline stress
As with other abiotic stresses, when plants are subjected to
saline–alkaline stress, the dynamic balance between the

FIGURE 3. The effect of arbuscular mycorrhizal fungi on the activities of SOD (A, B), POD (C, D) CAT (E, F) of P. anserina under NaCl and
NaHCO3 stresses. Different small letters indicate significant difference in different treatments. The differences in each index were detected by
one–way ANOVA at P < 0.05 level. Bars represent mean ± SE (n = 3).
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production and clearance of reactive oxygen species (ROS)
will be destroyed, resulting in membrane lipid peroxidation
and the production of a large amount of MDA, whose
content can reflect the stress damage degree of plants
(Zhang et al., 2008). At this time, the activity of antioxidant
enzymes in plants will be increased, and directly react with
ROS under saline–alkali stress, effectively preventing the
accumulation of ROS (Pandey and Garg, 2017). The present
study found that the colonization of AM fungi effectively
increased the activities of SOD, POD and CAT and reduced
the production of MDA under salt–alkali stress, which was
consistent with some previous studies (Xu et al., 2017;
Huang et al., 2011). In addition, it was also found that even
without stress, the enzyme activities of plants inoculated
with AM fungi was still higher than that of N–AM plants,

which showed that the stimulation of SOD, POD and CAT
activities of P. anserina came from AM fungi, which was
consistent with He et al. (2007). Accordingly, mycorrhiza
could stimulate the activity of antioxidant enzymes, reduce
the degree of membrane lipid peroxidation and oxidative
damage to some extent, which was an effective defense
mechanism induced by AM fungi under a certain
concentration of saline–alkaline stress, thus improving the
saline–alkaline tolerance of P. anserina.

Effects of AM fungi on osmoregulation substances of
P. anserina under saline–alkaline stress
Osmotic regulation is also one of the basic characteristics of
plant adaptation to salt and alkali stress. Under stress, plant
cells accumulate some substances, such as proline and

FIGURE 4. The effect of arbuscular mycorrhizal fungi on the contents of proline (A, B), soluble protein (C, D), and soluble sugar (E, F) of P.
anserina under NaCl and NaHCO3 stresses. Different small letters indicate significant difference in different treatments. The differences in
each index were detected by one–way ANOVA at P < 0.05 level. Bars represent mean ± SE (n = 3).
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soluble sugar, to regulate the osmotic potential of cells,
maintain water balance and protect the activities of many
enzymes in cells (Yang et al., 2006). A series of studies have
previously reported that inoculation with AM fungi can
promote the accumulation of osmoregulation substances in
plants. For example, the experiment of Funneliformis
mosseae colonizing alfalfa (Medicago sativa) has proved that
AM fungi has a positive effect on the accumulation of
proline, soluble sugar and soluble protein (Cai et al., 2019).
In current study, saline–alkaline stress promoted the
synthesis of proline, soluble sugar and soluble protein,

indicating that P. anserina itself could improve endurance
through the accumulation of osmoregulation substances and
had the ability of self–regulation. Besides, mycorrhizal
treatment generally increased the content of these
substances, which provided direct evidence that AM fungi
improved the salt and alkali resistance of seedlings by
promoting the accumulation of osmoregulation substances.
By contrast, Zhang et al. (2018) reported that inoculation
with Funneliformis mosseae increased the content of soluble
sugar and soluble protein of Ligustrum lucidum under salt
stress, but decreased the content of proline. In addition,

FIGURE 5. The effect of arbuscular mycorrhizal fungi on water the RWC (A, B) and WSD (C, D) of P. anserina under NaCl and NaHCO3

stresses. Different small letters indicate significant difference in different treatments. The differences in each index were detected by one–way
ANOVA at P < 0.05 level. Bars represent mean ± SE (n = 3).

TABLE 4

Correlation analysis between plant growth and photosynthetic indexes of Potentilla anserina under NaCl stress

Correlations Chl MDA SOD POD CAT Pro SP SS RWC

MDA –0.779**

SOD 0.148NS –0.093NS

POD 0.008NS 0.068NS 0.670**

CAT –0.174NS 0.251NS 0.650** 0.754**

Pro –0.833** 0.797** 0.060NS 0.112NS 0.257NS

SP –0.369* 0.475** 0.589** 0.733** 0.755** 0.487**

SS –0.567** 0.571** 0.483** 0.647** 0.716** 0.651** 0.818**

RWC –0.746** 0.754** –0.021NS 0.046NS 0.179NS 0.834** 0.570** 0.629**

WSD 0.772** –0.797** 0.045NS –0.076NS –0.187NS –0.798** –0.596** –0.654** –0.939**
Note: Chl–chlorophyll, Pro–proline, SP–soluble protein, SS–soluble sugar. *, **, and NS indicate significance at P < 0.05, P < 0.01, and P > 0.05, respectively.

CLAROIDEOGLOMUS ETUNICATUM IMPROVED SALINE–ALKALINE TOLERANCE OF POTENTILLA ANSERINA1975



Rabie and Almadini (2005) suggested that the proline content of
Vicia faba under salinity stress also decreased after inoculation
with AM fungi. Therefore, it was concluded that proline might
play only a relatively minor role in plant osmotic regulation,
and the influence mechanism of AM fungi on proline
accumulation in plants under salt stress was complex and
needed further exploration (Carillo et al., 2008).

From the perspective of water status, the result of the
study clearly showed that AM symbiosis improved plant
water use, which was in agreement with the results of
Sheng et al. (2008). The RWC of mycorrhizal P. anserina
increased significantly and the WSD decreased significantly
in the presence of salinity and alkalinity stress, which
also reflected indirectly that the accumulation of
osmoregulation substances in P. anserina could make the
water potential of plant cells lower than that of the outside
in high–salt environment, so as to keep the cells filled with
water and maintain the water balance in plants. In
addition, the enhancement of water use efficiency by
colonization was also directly attributed to the huge hyphal
system, that is, AM fungal hyphae contributed to plants
absorbing the water in the soil pores that could not be
absorbed by the normal root system (Augé, 2001), and the
water transfer rate in hyphae was faster than that in roots,
which was also conducive to plant water uptake (Garcia
and Mendoza, 2007).

Conclusion

In short, the assumptions we put forward are valid. The results
of our inoculation test showed that due to high pH, alkalinity
stress had a stronger inhibitory effect on mycorrhizal
colonization, but the positive effect of C. etunicatum on P.
anserina was not weakened. The colonization of C.
etunicatum could promote the growth of P. anserina and
improve its saline–alkaline tolerance. The results of this
study laid a foundation for further understanding the
tolerance of AM fungi–P. anserina, and provided a
theoretical basis for the application of the symbiont in
saline–alkaline land greening. However, there are still many
deficiencies in the current study, such as the effects of salt–
alkali stress on the hyphal growth in the soil and the effects

of AM fungi on the nutritional elements of P. anserina
under salt–alkali stress, etc., which are worth further study.
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