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Abstract

In the last years, there is a growing demand for plants used in traditional medicine. Licorice (Glycyrrhiza
glabra) contains different phytocompounds, that have demonstrated various pharmacological activities. The
endophytic fungus, Piriformospora indica, has been reported to enhance the growth of host plants and allow
them to survive under abiotic and biotic stress. This study was undertaken to investigate the effect of P.
indica on drought stress tolerance of G. glabra. The experiment was conducted in a completely randomized
design with three fungus treatments (spore, mycelium and non-inoculated), and two levels of drought
treatments (Filed capacity and 50% F.C.) in three replications. Four weeks after stress induction (six weeks
after inoculation), samples were collected and, growth and morpho-physiological traits were measured. The
drought stress decreased shoot, and root dry weight, chlorophyll content, potassium, and phosphorus
content and increased electrolyte leakage, H,0,, proline, and Na; but, the interaction of licorice with P. indica
resulted in an overall increase in plant biomass. The photosynthetic pigment (Chl a, Chl b, total Chl, and
carotenoid), proline, K, and P were significantly higher for inoculated seedling. Furthermore, the inoculated
seedling had lower H,0,, electrolyte leakage, and Na content. In conclusion, our findings indicated that the
symbiotic association of endophytic fungus P. indica had a positive effect on growth and morpho-
physiological traits and also can help the plants to tolerate drought stress. These results are opening up a
window of opportunity for application of this fungus in desert agriculture of medicinal plants.
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among the most important raw herbal drug.
Pharmacological characteristics of glycyrrhizin
include anti-bacterial, insecticidal, anti-allergic
properties, as well as the capacity to elicit a boost
of the immune system (Davis and Morris, 1991;
Karkanis et al., 2018).

Drought stress severely reduces plant

Introduction

Licorice (Glycyrrhiza glabra L., Fabaceae) is one of
the most popular medicinal plants and has
extensively used in traditional medicine and
pharmaceutical industry. Also, licorice can be used
as a source for livestock feeding. In Iran, licorice is
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growth and vyield in arid and semi-arid regions,
which include parts of Iran (Tabari and Talaee,
2011; Golian et al.,, 2015). Decrease in water
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availability to plants leads to changes in the
concentration of many metabolites, thus it can
limit plant growth and development (Boyer,
1982). Stressed plants responses to drought stress
by using different defensive strategies. A different
approach to strengthening the plant capacity to
tolerate drought involves exploiting their
interaction with endophytic fungi (Achatz et al.,
2010).

The endophytic fungi have played an
important role in nutrient acquisition, stimulating
plant growth, and tolerance to abiotic stress.
Piriformospora indica is a plant-root colonizing
endophytic fungus belonging to division
Basidiomycetes that discovered in the Indian Thar
desert. This fungus could be simply replicate in
axenic culture (Varma et al., 1999). P. indica has
attracted considerable attention due to its
growth, and yield promoting ability, besides its
potential to confer abiotic stress tolerance
(Ghabooli et al., 2013; Kord et al., 2019; Li et al.,
2017). The positive effects of P. indica on growth
and development of several different medicinal
plants such as Bacopa monniera (Prasad et al.,
2013), Stevia rebaudiana (Kilam et al., 2017)
Withania somnifera (Ahlawat et al.,, 2017) and,
Valeriana officinalis (Ghabooli et al., 2018) have
been reported. The results indicate that the
inoculation of medicinal plants with P. indica can
improve plant growth and may help them
overcome abiotic stress. P. indica inoculation may
promote nutrient uptake into the hosts, increasing
K/Na ratio, compatible solute accumulation and
the overall performance of the plant.

Drought stress together with P. indica
inoculation may influence the growth and
development in licorice plants. In this research,
the impact of P. indica on mitigating the adverse
effects of drought stress on licorice plants was
investigated. For this purpose, we evaluated some
morpho-physiological responses of licorice plant
inoculated with P. indica and its impact on drought
stress tolerance via the measurements of biomass,
photosynthetic pigments, proline, electrolyte
leakage, elements contents, and relative water
content.

Materials and methods

Fungal preparation, plant inoculation and growth
condition

P. indica was cultured according to the method of
Ghabooli et al. (2013), and after collection of
fungal spores, their numbers were counted using
Neobar slide and adjusted to 5x10° spores per mL.
To prepare the fungal mycelium, the active discs
were placed in a liquid medium and then
incubated in a shaker incubator at 28 °C and 150
rom for 7-10 days. Next, mycelium was filtered
and washed several times with distilled water
(Bajaj et al., 2015).

Licorice seeds, obtained from Pakanbazr
Co., were surface-sterilized by immersion in 95%
v/v ethanol for 2 min, and then in 10% sodium
hypochlorite (NaOCI) for 10 min. Then the seeds
were rinsed in water and were germinated for
seven days. Licorice seedlings were inoculated by
immersing in the spore suspension solution with
gentle shaking for 1-2 h. For mycelium treatment,
1% (w/w) of mycelium suspension was added to
each pot. The mock-treated seedlings whether
were dipped in sterile water or treated with
autoclaved mycelium. The seedlings were later
transferred into pots (1.5 kg plastic pots), filled
with normal soil, and then placed in the research
greenhouse of Agricultural faculty, Malayer
University. The experiment was conducted in a
completely randomized design with three fungus
treatments (spore and mycelium P. indica-
inoculated and non-inoculated), and two drought
stress treatments [Filed capacity (F.C.) and 50%
F.C.] in three biological replications. Drought was
initiated by withholding water, and drought-
stressed pots were re-watered, when the soil
moisture reached 50% F.C. The well-watered
treatment was maintained near F.C. (Ghaffari et
al., 2016). The samples for physiological analysis
were harvested four weeks after stress induction.

Shoot and root dry weight, RWC, and
Photosynthetic pigments

For dry weight measuring, the shoot and root
samples were incubated in an oven at 70 °C for
48h. Leaf RWC (Relative Water Content) was
determined, according to (Barr and Weatherley,
1962).
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RWC=[(FW-DW)/(TW-FW)]x100; where FW=fresh
weight, DW=Dry weight and TW= Turgid weight.

Photosynthetic pigments (chlorophyll a,
chlorophyll b, and carotenoids) were extracted
from leaf samples in 80% acetone (v/v) as
described by Arnon (Arnon, 1949). After
centrifugation, the optical density of supernatant
was recorded at 645, 663 and, 470 nm using a UV-
Vis spectrophotometer.

Electrolyte leakage

EL from each treatment was measured to find out
the membrane stability. In 50-ml vials, the young
leaf pieces with same size were immersed in 40 ml
of deionized water for 24 h on a shakerat 120 rpm,
and electrical conductivity (EC1) was measured.
After disrupting the cell membrane by boiling the
samples at 100 C for 20 min, the electrical
conductivity (EC2) was again measured (Ershadi et
al., 2016). The following formula was used to
define electrolyte leakage:
EL(%) = (EC1/EC2) x 100.

Hydrogen peroxide and Proline

H,0, estimation was performed according to the
modified protocol of (Velikova and Loreto, 2005).
Shoot samples (1g) were crushed in 0.1% TCA
solution and then centrifuged at 6000g for 15 min
at 4 °C. Reaction mixture was added to 0.5 mL of
10 mM phosphate buffer (pH 7.0), 1.0 mL of 1M
potassium iodide and 0.5 mL of supernatant.
Absorbance was measured at 390 nm, and H,0;
content was determined with the help of a
standard curve.

According to Bates (1973) (Bates et al.,
1973), proline was extracted from fresh leaf
samples (0.5 g) using sulfosalicylic acid solution
(3% w/v) and estimated spectrophotometrically
by acid ninhydrin solution. The optical density of
the supernatant was estimated at 520 nm against
toluene using standard curve.

Leaf elements (Na, K, and P)

lons (P, K, and Na) were extracted from 0.2 g of dry
leaves. Acid digestion was carried out by mixing
samples with 4 ml HNO; and 1 ml HCLO,; and
heated to 220 °C for 20 min. The resulting mixture

was extracted with 5 ml HNOs and adjusted to the
final volume of 250 ml of distilled water. The ions
content (P, K, and Na) in samples were analyzed by
inductively coupled plasma spectrometry. The unit
of element contents was expressed as mg/g F.W.

Statistical analysis

Statistical analyses were done with JMP 13.2.0
software package, and mean comparison was
made using Duncan’s multiple range test at P <
0.05.

Results
Shoot dry weight, root dry weight, and RWC

The effect of P. indica co-cultivation on the licorice
plant growth was assessed under normal and
drought conditions. Colonization of P. indica
significantly increased shoot biomass compared
with un-colonized plants. The highest value was
seen in P2 treatment (mycelium treatment- 0.29
gr per plant) (Fig. 1). Total biomass in normal
conditions was significantly higher than stressed
condition (0.27 g in normal versus 0.21 g in
stressed), although the colonization increased
total biomass accumulation.

The same positive effect of co-cultivation
with P. indica was observed for root dry weight.
The root dry weight of seedlings treated with
endophytic fungus was significantly higher than
un-treated. P1 treatment has the highest root
weight (0.218 g) (Fig. I). Drought stress increased
root dry weight significantly (0.187 gr in normal
versus 0.212 gr in stressed condition).

Exposure to drought stress greatly
influenced plant water potential and reduced
relative water content (RWC) significantly (75.26%
versus 64.96%). RWC was higher in P. indica co-
cultivated plants than the un-inoculated plants at
whatever drought level assessed (Table 1). The
highest RWC value was seen in P1 treatment
(72.37%). Overall, these results showed that P.
indica considerably increased plant performance
under normal and stressed conditions.

Photosynthetic pigments
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Fig. I. Comparing shoot and root dry weight in inoculated
plants and control plants. Means with different letters
are significantly different based on Duncan’s multiple
range test (a=0.05).

The results showed that drought stress
significantly decreased the chlorophyll content in
both groups of plants (colonized and un-
colonized). However, a significant increase in
chlorophyll a, b and total chlorophyll content was
found in leaves of colonized plants under normal
and drought stress treatments. The highest value
of total chlorophyll was found in P1 treatments
(0.433 mg/g). Based on our results, carotenoid
content was increased in stressed condition
significantly as well (0.374 mg/g in normal versus
0.385 mg/g in drought stress condition). A similar
pattern with chlorophyll content was also
observed in carotenoid in endophyte treatments.
Inoculation of licorice plants with spore and
mycelium (P1 and P2 treatments) increased
carotenoid content in normal and stressed
conditions significantly (Table 1).

Electrolyte leakage

Drought increased electrolyte leakage
significantly from 15.86 % under normal
conditions to 26.41 % under drought stress. P.
indica prominently reduced the electrolyte
leakage in licorice in different treatments, as
compared to uninoculated plants (Table 2). The
highest and lowest value was seen in PO (normal)
and P1 (fungus spore) treatments, respectively
(23.13 % versus 19.74 %).

H,0, and Proline

Drought stress increased peroxide
hydrogen in different treatment of P. indica.
Under drought stress, whether P. indica colonized
in roots of licorice seedlings or not, their H,0;

change significantly; so that hydrogen peroxide
content increased from 0.182 pg / ml in normal
conditions to 0.311 pg / ml under drought stress.
Although, the effect of P. indica on this trait wasn’t
significant, the fungus decreased hydrogen
peroxide content; the highest amount of hydrogen
peroxide was observed in PO treatment (un-
inoculated plants) (0.27 pug/ml).

Drought stress increased leaf proline
content (18.79 to 27.30 pumol/gr F.W.). However,
P. indica-inoculated plants had higher proline
content. Inoculation with P. indica spores (P1
treatment) significantly increased the proline
content, as compared to uninoculated plants
(24.64 umol/gr F.W.) (Table 2).

Leaf elements (Na, K, and P)

To examine whether different treatments
of P. indica inoculum resulted in alteration of ion
accumulation in licorice, the level of Na, K, and P
ions were measured in treated experimental
plants. Drought stress significantly increased Na
content (1.22 to 1.91 mg/g D.W.). The
concentration of shoot Na was not found to be
significantly different between P. indica co-
cultivated and uninoculated plants; however, the
level of Na was reduced by P. indica mycelium
compared with the uninoculated plants. The
results of mean comparison showed that drought
had a decreasing effect on leaf potassium content,
so stress reduced the leaf potassium content from
10.35 mg/g under normal conditions to 7.79 mg/g
D.W. under stress conditions.

The K content of seedlings treated with P.
indica spores (P1 treatment) was significantly
higher than untreated ones (Table 2). Like K, the
result showed that drought stress decreased P
content (3.81 mg/g D.W. versus 3.30 mg/g D.W.).
The same positive effect of co-cultivation with
endophytic fungus P. indica was observed for P
content. P. indica colonization affected the
phosphate concentration in licorice seedling, and
significantly  increased  phosphorus levels,
compared with un-inoculated treatments. P1
treatment has the highest P content (3.92 mg/g
D.W.) (Table 2).

Here, drought stress was accompanied by
an apparent increase of Na concentration,
combined with low K concentrations of both
colonized and non-colonized plants. When



Table 1

Effect of Piriformospora indica on licorice under drought stress

Mean and SD of RWC, Chl. a, Chl. b, total Chl and Carotenoid in different treatments of fungus.

RWC
Treatments

(%)
Po (non-colonized) 67.0+6.85P
P1 (fungus spore) 72.4+7.052
P> (fungus mycelium) 71.0+4.892

Chl. a

mg/g F.W.
0.250+0.023b
0.286+0.018°

0.279+0.0182

Chl. b

mg/g F.W.
0.118+0.016°
0.147+0.0222

0.124+0.015°

Total Chl.
mg/g F.W.
0.368+0.037°
0.433+0.0402

0.403+0.0312b

Carotenoid
mg/g F.W.
0.371+0.010°
0.383+0.0082

0.387+0.0092

Means with different letters are significantly different based on Duncan’s multiple range test (a=0.05).

Table 2.

Mean and SD of electrolyte leakage, proline, potassium and phosphorus content in different treatments of fungus

Electrolyte leakage
Treatments

(%)

PO (non-colonized)
P1 (fungus spore)

P2 (fungus mycelium)

23.13+7.169a

19.74+5.426b

20.55+5.476b

Proline P K

umol/gr F.W. mg/g D.W. mg/g D.W.
22.02+4.418b 2.9940.63b 8.61+1.56b
24.64+5.566a 3.92+0.44a 9.83+1.57a
22.48+4.653b 3.77+0.62a 9.23+1.64a

Means with different letters are significantly different based on Duncan’s multiple range test (a=0.05).

compared to non-colonized plants, plants
colonized with P. indica accumulated less Na, but
more K. This pattern was confirmed by calculating
K/Na ratios in colonized and non-colonized plants.
Under drought stress, colonization with P. indica
increased K/Na ratios in licorice (Fig. Il).
Collectively, P1 and P2 treatments (spore and
mycelium of P. indica) had a positive effect of
measured parameters; so, it can be concluded that
both fungus inoculum can colonize the licorice and
enhance plant growth and drought stress
tolerance.

Discussion

In this study, different inoculums of P.
indica were co-cultivated with licorice in drought
stress and well-watered conditions. Drought
stress had been adversely affected the growth
rates of both P. indica-colonized and non-
colonized plants. Reduced growth in licorice plants
has reported under drought stress (Nasrollahi et
al., 2014). The symbiotic efficiency of P.indica was
measured in terms of plant biomass production

and some morpho-physiological traits under
drought conditions, which demonstrated its
stimulating effect on the growth of licorice. P.
indica increased shoot and root dry weight and,
hence the biomass was higher in P. indica-
inoculated plants. P. indica has been reported in
antagonizing abiotic stress conditions like drought
stress in Valeriana officinalis (Ghabooli et al.,
2018), rice (Ghabooli et al., 2015) and, barley
(Ghaffari et al., 2016). The results showed that the
leaf relative water content of non-inoculated
plants significantly reduced by drought stress.
However, this reduction was lower in inoculated
plants. This research showed that P. indica
inoculation promotes water uptake and relative
water content in the water stressed plants. Some
reports pointed out that P. indica-mediated
drought resistance has been mainly attributed to
ameliorated water and nutrient uptake. The P.
indica mycelia form a network around the roots of
inoculated plants, which extend into the
rhizosphere and support prompt water and
nutrients uptake (Sherameti et al., 2005).
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Fig Il. Comparing K/Na ratio in inoculated plants compared with control plants

Additionally, the presence of this network in the
rhizosphere may stabilize the soil, hence
increasing its water holding capacity (Rillig and
Mummey, 2006). This would elucidate the
improved water balance under drought stress.
Moreover, symbiotic fungi by increasing the level
of compatible osmolytes, such as proline and
soluble sugars, regulate osmotic pressure, and
improve the absorption of water under abiotic
stress (Ruiz-Lozano et al., 1995).

Low concentrations of photosynthetic
pigments can directly reduce photosynthetic
potential and primary production. Enhancement
in photosynthesis rate due to the elevation of
chlorophyll content and leaf area is a significant
phenomenon in photosynthetic potential and
plant’s primary productivity (Battie-Laclau et al.,
2013). Abiotic stress such as drought leading to
chlorophyll peroxidation and protein synthesis
alteration, and hence a decrease in chlorophyll
concentrations is a typical symptom of oxidative
stress (Levitt, 1980). Therefore, the amount of
chlorophyll content changes under drought stress
can be considered as a biological index to evaluate
stress tolerance (Ashraf and Harris, 2013). Under
drought stress, reactive oxygen species damage to
chloroplast and decrease chlorophyll level
(Smirnoff 1995).

Our results showed a reduction of
chlorophyll contents in leaves of licorice by
drought stress. P. indica colonization had a
positive effect and did increase chlorophyll a, b,
and total chlorophyll levels, which is directly linked
to the rate of photosynthesis (Ma et al., 2011). It

seems that P. indica alleviated the destructive
effects of osmotic stress according to the former
results (Sheng et al., 2008; Jogawat et al., 2013).
The increase in chlorophyll content may improve
photosynthetic capability of inoculated plants and
have resulted in increased biomass accumulation.
Results, also showed that P. indica significantly
improved the carotenoid content. Carotenoids
protects photosynthetic apparatus against free
radicals, inhibit lipid peroxidation, stabilize cell
membranes and also play a critical role in the
assembly of the light-harvesting complex (Farooq
et al., 2009). Meanwhile, inoculation with P. indica
helps the plants to overcome photo-destruction
and photo-inhibition of pigments under water-
stress conditions by increasing the content of
carotenoids.

Accumulation of proline in response to
drought stress may assist plants in the regulation
of available N and stabilizing the membrane
against its disruption in abiotic stress conditions.
Increasing proline concentration, and other
compatible solute under drought stress can help
maintain a favorable water potential gradient.
Therefore, proline content and electrolyte leakage
measurements can be a powerful tool to
determine drought stress and its effects on plants
(Mansour, 1998). In present study, proline content
was increased in drought-stressed plant leaves
compared with the control ones. Also, the level of
proline content was found to be moderately
increased after inoculation with P. indica. The
proline accumulation in inoculated plants is a hint
of endophyte-induced proline biosynthesis which
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leads to higher osmoregulatory and detoxification
capacity compared with non-inoculated plants.
Electrolyte leakage is a precious measure to
identify the degree of cell membrane injury.
Indeed, preserving the integrity of cellular
membranes is essential for plants to cope with
stress (Stevens et al., 2006). The results of this
study suggested a reduced electrolyte leakage in
drought treated plants, which were inoculated
with P. indica compared to their corresponding
controls. In non-colonized plants, drought stress
increased the electrolyte leakage. According to
these results, symbiont P. indica fungus helps the
host plant to encounter stress by increasing the
proline and decreasing the rate of electrolyte
leakage. Similar results were reported for maize
(Estrada et al.,, 2013) and pepper (Kaya et al.,
2009).

Recently, H.0,, as a common ROS, has
been regarded as a signaling molecule (Orozco-
Cardenas et al, 2001). Drought treatment
significantly increased H,O. content in licorice
seedlings, but colonization with P. indica
significantly decreased H,O, accumulation. The
decrease in H;0, content might be due to
increased activities of CAT, APX, and GPX. Similar
results have also been reported in Arabidopsis
thaliana seedlings (Camehl et al.,, 2011). The
stability of the membrane is necessary for normal
physiological functions in the cell (Liu et al., 2014).
The osmotic adjustment can be achieved by either
de novo synthesis of compatible solutes or by
increased uptake of inorganic ions (like K and Na).
Na accumulation in the cytosol results in Na
toxicity; thus, relying on K for the osmotic
adjustment in the shoot is the most preferred
option. K plays a key role in plant vital processes,
including photosynthesis, osmotic regulation,
enzyme activation, and protein synthesis. One of
the strategies that plants use to cope with drought
stress is to reduce the accumulation of toxic Na
ions in the root and shoot systems. Another way is
to counterbalance the entry of Na ions into cells is
by increasing intracellular K concentrations.
Therefore, it is essential to determine the content
of Na and K.

It has been proposed that beneficial fungi
prevent the transfer of Na ions from root to shoot
and store it in vesicles, inside vacuole of root cells
or in intra-radical fungal hyphae (Evelin et al.,,

2013). In this study, P. indica showed an effect on
Na content accumulation in the leaves of licorice
with considerable impact on K content. These
findings probably show that this fungus can
regulate root to shoot translocation of Na and K
ions. Low K/Na ratio in plants and higher
accumulation of Na can cause growth retardation.
Maintenance of cellular homeostasis, higher
concentration of K, and K/Na ratio by P. indica can
play an essential role in plant tolerance to drought
stress. Our results showed that inoculation of
licorice with P. indica increased K content,
whereas decreased Na content; so, P. indica
significantly increased K/Na ratio in the shoot of
plant under drought stress, which is an index for
drought tolerance. Higher K/Na ratio in inoculated
plants could prohibit the cellular functional
disorders as a result of K-activated processes
maintenance and the ionic homeostasis. Our
findings were in consistent with Amanifar et al.,,
2019).

Phosphate plays a series of important
roles, such as energy transmission and other
regulatory mechanisms (Balemi and Negisho,
2012). Higher phosphate uptake can maintain the
cell membrane integrity under abiotic stress
conditions, reduce electrolyte leakage, and
stabilize vacuolar membrane (Evelin et al., 2013).
Enhanced P uptake by P. indica inoculation was
reported earlier (Shahollari et al., 2005; Yadav et
al., 2014). In this experiment, phosphate content
was observed to be higher in inoculated plants
under drought and well-watered conditions. This
result is in accordance with Gosal et al. (2010),
who stated that in seedlings inoculated with fungi,
the uptakes of P were increased. Moreover,
Achatz et al. (2010) showed that P content was
improved in P. indica-inoculated barley plants
(Achatz et al., 2010). In this experiment, there was
a significant increase in the contents of P and K in
licorice leaves, suggesting that P. indica indeed
stimulated the nutrition absorption and
transporting to the aerial parts. The plant-growth-
promoting ability of P. indica became evident
based on the significantly enhanced N, P, and K
uptake in chickpea plant tissue (Nautiyal et al.,
2010) and Brassica napus (Su et al., 2017). Based
on these results, P. indica stimulated the nutrition
absorption and improved the nutritional status of
the host plant. The enhanced nutritive elements
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uptake by this fungus may contribute to the
beneficial effects for licorice, such as promoting
vegetative growth and increased biomass.

We demonstrate that licorice seedlings
colonized by P. indica spore and mycelium
enhanced several vital parameters, including
growth, photosynthesis, and ion uptake under
drought stress compared with non-colonized
plants. Many reports during the last decade
confirm that P. indica mediates improvements in
the growth and yield of various plants, including
crop plants, horticultural, and medicinal plants.

Conclusion

The most advantage of P. indica compared
with arbuscular mycorrhizal (AM) fungi is that this
endophytic fungus can be easily cultured on
various synthetic media; also, it can colonize a
wide range of plants. The results presented in this
study confirm that drought stress disrupts nutrient
and water acquisition, resulting in reduced growth
and biomass of licorice plantlets. However, plant
tolerance to drought stress is improved by its
colonization with symbiotic fungus P. indica.
Based on our results, P. indica regulates plant
growth, and at the same time, also increases
photosynthetic pigments, proline, K and P content
and decreased H,0,, Na content, and electrolyte
leakage which may help plants resisting stress
conditions. Thus, the current study provides
insight into encounter drought stress by the
application of beneficial fungi in the culture of
medicinal plants like licorice. The potential of P.
indica in reducing the problems caused by drought
stress and protecting the crops in arid and semi-
arid agricultural regions is worthy of more detailed
research.
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