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ABSTRACT

Entoloma clypeatum, a kind of edible ectomycorrhizal fungus, can be usually symbiotic with Rosaceae fruit trees.
Fruit trees have become an important part of China’s agriculture. The present work focused on exploring how
E. clypeatum affected symbiotic Rosaceae plants and establishing a symbiotic culture with Malus robusta, Pyrus
betulifolia and Prunus armeniaca rootstocks. The results showed that E. clypeatum and three Rosaceae plants
can generate cylindrical or clavate mycorrhizae. The inoculation treatment had different degrees of positive
effects on the three plants. Relative to the non-inoculated group, biomass in symbiotic plants increased
(32.8%-191.1%), and photosynthesis enhanced. In the level of plant endogenous hormones, the concentration
of zeatin, auxin and gibberellin increased (45.45%-228.95%), and the concentration of abscisic acid decreased
(35.99%-76.21%). In roots and leaves of plants, the activities of antioxidant enzymes increased (19.0%-249.8%),
soluble sugar, soluble protein and free proline concentrations increased (24.9%-373.3%), and the concentration
of malondialdehyde decreased (43.6%-79.1%). According to these findings, E. clypeatum stimulated the growth
of M. robusta, P. betulifolia and P. armeniaca and improved stress tolerance and adaptability. Our study pro-
vides a basis for developing and applying E. clypeatum, facilitates fruit tree industry development and serves as a
resource for studying ectomycorrhizal fungi.
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1 Introduction

Ectomycorrhizal fungi (ECMF) are crucial for forest ecosystems [1]. They form ectomycorrhiza in
approximately 2% of vascular plants [2]. Additionally, ECMF form epitaxial hyphae, mantles, hating
nets, and rhizomorphs on plant root surfaces, which elevates root absorption area, increasing nutrient and
deep soil moisture absorption by plants [3]. ECMF dramatically elevates seedling height, biomass,
rhizosphere mineral element level, and root length and can promote nutrient release and mineral,
increasing plant development [4—6].

Furthermore, ECMF can significantly increase photosynthesis in host plants [7,8]. Gao et al. [9] found
that inoculation of Pinus massoniana, Pinus elliottii, and Pinus thunbergii with ECMF, like Pisolithus
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tinctorius and Boletus speciosus markedly elevated seeding chlorophyll contents. As reported by Chen et al.
[10], ECMF inoculation apparently elevated transpiration and net photosynthetic rates in Castanopsis hystrix
seedlings. Moreover, ECMF increased protective enzymes activities and osmotically active substance
amount within plants. Superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD) represent
principal antioxidases in plants [11]. Based on Franco et al. [12], Pisolithus tinctorius and Suillus bellinii
increased SOD and CAT activity within the roots and stems in Pinus pinea. According to Chen et al.
[13], Pisolithus tinctorius affected SOD, CAT, POD, soluble sugar (SS), free proline (Pro), soluble
protein (SP), and malondialdehyde (MDA) levels within symbiotic Quercus acutissima seedlings. When
ECMF was symbiotic with Pinus massoniana, osmotically active substances had increased amounts
compared with non-mycorrhizal seedlings, while antioxidant enzyme activities were markedly enhanced
[14,15].

ECMF can also stimulate increased plant hormone release, including auxin (IAA) and gibberellic acid
(GA5) [16]. Fungi can release IAA via auxin transporters, altering endogenous IAA dynamic balance within
plants, inhibiting main root development, increasing the lateral root branch number, and facilitating fungal
infections [17,18]. During early ectomycorrhizal generation in Laccaria bicolor and Populus tremula, the
poplar lateral root number markedly elevated, demonstrating the influence on auxin deposition within
plant root tips. Its action mechanisms include PtaPIN9-dependent auxin redistribution and the PtalAA-
mediated auxin signaling pathway. Mycorrhizal fungi increase auxin deposition within plant root tips
while promoting lateral root generation [19]. The new lateral root formation can lead to increased
mycorrhizal formation [19,20]. In the eighteenth century, Joseph Talon in France transplanted seedlings
from truffle-grown oak forests and used these seedlings to establish new parks, and years later, truffles
grew in the new parks, inventing the first method of cultivating ectomycorrhizal fungi [21]. Subsequently,
researchers optimized Talon’s method by using parent plant technology [22]. In the 21st century, aseptic
seedlings have been cultivated using plant tissue culture technology [23], and seedlings have been
infected with spore suspensions, fungal broth irrigation or direct contact between plant roots and vigorous
mycelia [24]. This method has been the most commonly used method for mycorrhizal synthesis. Some
researchers have also isolated the mycelia of ectomycorrhizal fungi by using mycorrhizal root tips;
however, there has been interference from many ‘miscellaneous bacteria’, which makes obtaining a pure
cultured strain difficult.

Entoloma clypeatum belongs to Basidiomycota, Agaricomycetidae, Agaricales, Entolomataceae,
Entoloma [25,26]. The type of ECMF is commonly found in late spring and early summer [26-28]. It
generates mycorrhizae with Rosaceae plants, especially pears, apples, and apricots [29,30]. There are few
reports on E. clypeatum diversity in China. Sziics and Véghelyi reported that E. clypeatum probably
formed ectomycorrhizae in Rosaceae. An investigation of orchards from Hungary revealed that
mycorrhizae generation between fruit trees and E. clypeatum was unrelated to soil type. Apricot trees
with symbiotic fungi are resistant to water stress and high temperatures, with a 50% reduction in leaf
decay, greener leaves, and a 12% increased yield than non-symbiotic apricot trees [31]. Shishikura et al.
[25] utilized strains separated from the E. clypeatum complex for infecting pear trees, synthesizing
mycorrhizae, and obtaining fruiting bodies.

Shandong Province has one of the most important fruit industries in China. This province has a wide
range of fruit tree planting and fruit industry development and is known as the ‘northern deciduous fruit
tree kingdom’. Apples, pears, grapes, apricots and other fruits are important part of its planting industry.
Among these, apples and pears are the most important fruit tree varieties grown in Shandong Province.
The Yantai area is the main production area, and its planting area and yield are among the highest in the
country [32]. After nearly three decades of China’s development, the fruit industry has entered a stage of
rapid development, with the implementation of dwarf rootstock close planting, eight ridge crabapple, pear
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and other dominant rootstocks by farmers. This has gradually formed a characteristic industry that has played
a positive role in increasing production and income.

During the resource investigation, we found that E. clypeatum was widely distributed in Rosaceae fruit
trees and was able to form mycorrhizal symbioses with its roots, especially in orchards cultivating, for
example, apples, pears and apricots. Malus robusta, Pyrus betulifolia and Prunus armeniaca are
commonly used rootstocks at present; therefore, based on the aforementioned research status, this study is
the first time to use E. clypeatum with Malus robusta, Pyrus betulifolia and Prunus armeniaca to
synthesize mycorrhiza and measure the biomass and physiological indexes of plants before and after. This
research provides a theoretical basis for rational developing and utilizing E. clypeatum while promoting
fruit tree industry development.

2 Materials and Method

2.1 Strain Obtaintion and ldentification

E. clypeatum was collected from Dadongkuang orchard (121°37°E, 37°50°N), Yantai City, Shandong
Province, China. This strain was obtained through performing tissue isolation from the fruiting bodies,
cultured with potato dextrose agar (PDA) (consisting of potato 200 gL', agar 16 gL', glucose
20 g'L "), until the mycelia were covered with plates, and, moved to a new plate to obtain a pure culture.

We isolated fungal genomic DNA in fruiting bodies and mycelia by Ezup Column Fungi Genomic DNA
Purification Kit, followed by amplification and sequencing of the internal transcribed spacer (ITS). PCR primers
used were ITS1 (5-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5-TCCTCCGCTTATTGATATATGC-3).
The 50 pL PCR system: included 20 pL. ddH,O, 25 pL of 2 x SanTaq PCR Mix, 2 pL respective primers
(10 pmol/L), and 1 pL. DNA (20-30 ng/uL). PCR reaction conditions: 5-min pre-denaturation under 94°C,
30-s under 94°C, 30-s under 52°C, 30-s under 72°C for 35 cycles; 10-min under 72°C and preservation
under 4°C. Later, products were subjected to 1% agarose gel electrophores. After the swimming test,
samples were sent to the sequencing department at Bioengineering (Shanghai) Co., Ltd. Qingdao for
sequencing. We then imported the sequence into GenBank and aligned it using GenBank’s basic local
alignment search tool (BLAST). Thereafter, those strains detected were cultivated within modified PDA
(potato 200 g-L™', glucose 25.58 gL', agar 16 gL', peptone 2.52 gL', casein 2.51 g'L™', KH,PO,
0.15 gL', MgSO,7H,0 0.05 gL, vitamin B1 0.03 g-L™", vitamin B2 0.01 g-L™") for 60-day period
under 22°C for obtaining solid strains. The liquid culture was cultured at 130 rmin ' at 22°C for 14 days in
a modified PDA medium without agar.

2.2 Host Seedling Preparations

Malus robusta, Pyrus betulifolia and Prunus armeniaca seeds were selected from Manyuan nursery
(117°14"E, 36°17"N) of Tai’an county, Shandong Province, China. These three obtained seed species
were blended uniformly with moist sand at the 1:3 ratio at 80%—90% humindity, put into the plastic bag,
and stored under 4°C for an 80-day period. The contents of the bag were stirred and ventilated at 7-day
intervals, and the humidity was measured. After breaking the dormancy of the seeds stored in sand, we
cleaned seeds and sew them within vermiculiteat 20°C-25°C, for seed germination. Seed germination
was monitored regularly, and water was regularly supplemented. After the production of 2-3 true leaves,
5% sodium hypochlorite solution was added to disinfect seedings prior to transplantation in the sterile
cultivation matrix to further culture seedlings.

2.3 Preparation of Solid Inoculation Agar Culture Matrix

The modified PDA solid medium was poured into a canned bottle, 40 mL per bottle, the bottle mouth
was sealed with a breathable bottle cap, sterilized at 116°C for 30 min, and cooled and solidified for
backup use.
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2.4 Preparation of Liquid Inoculation Cultivation Substrate

The peat soil and vermiculite were mixed at 1:2 (v/v) water, placed into the polyethylene bacteria bag,
sealed, sterilized at 120°C for 20 min, and cooled for backup use.

2.5 Mycorrhizal Synthesis Method

Solid inoculation culture: Under sterile conditions, the liquid strain of E. clypeatum was inoculated into a
canned bottle of medium prepared as described in Section 2.3. Each bottle was inoculated with 5 mL, placed
into the 22°C incubator, and cultured in dark till mycelia covered medium surface. The plants seedling
surface was wiped with ultrapure water, and the root system was attached to the mycelial surface. The
prepared cultivation substrate was covered as in Section 2.4 and placed in a culture room: 22°C, relative
air humidity 60%, and a 16 h/8 h photoperiod., The culture room was relatively sterile. Mycorrhizal
information was obtained after 90 days of culture.

Liquid inoculation culture: Seeding surfaces were wiped with ultrapure water. After impurities were
removed, the seedlings were transplanted into a cultivation matrix prepared as in Section 2.4. Liquid
strains of E. clypeatum were inoculated near plant roots. Each plant was inoculated with 10 mL, and
placed them in a culture room: 22°C, relative air humidity 60%, and a 16h/8h photoperiod. Mycorrhizal
formation was observed after 90 days of culture. The culture room was disinfected before seedlings
placement.

2.6 Mycorrhizal and Non-Mycorrhizal Seedling Preparation
Mycorrhizal seedlings: the liquid inoculation culture method in Section 2.5 was used, the plants of this
symbiosis system under these conditions were designated as +E.

Non-mycorrhizal seedlings: The preparation method was the same as the liquid inoculation culture
method in Section 2.5. When the seedlings were treated with a liquid medium without strains, they were
designated as —E.

2.7 Mycorrhizal Infection Rate

We measured the artificial mycorrhizal synthesis rate as described by Phillips et al. [33]. Fifty fine root
segments of Malus robusta, Pyrus betulifolia and Prunus armeniaca were chosen at random and prepared in
the 1-cm root segments. Mycorrhizal cells number from every root segment was counted microscopically.
Myecorrhizal infection rate was calculated by ectomycorrhizal symbiotic root segment number/overall root
segment number tested % 100%.

2.8 Mycorrhizal Morphology Analysis
Mycorrhizal morphology was analyzed. To be specific mycorrhiza site was cleaned with ultrapure water,
and its macro morphology was observed using a stereoscope.

2.9 Three Plants Physical Index Determination

2.9.1 Growth Index Measurement

Five non-mycorrhizal and five mycorrhizal seedlings of Malus robusta, Pyrus betulaefolia and Prunus
armeniaca of the same seedling age were selected, and fresh weight was measured using an electronic
balance. The plant height, leaf area (length x width) and ground diameter were determined using a ruler.
A vernier caliper was used for measuring the stem diameter. Then, number of leaves was counted.

2.9.2 Determination of Photosynthetic Index
Five non-mycorrhizal and mycorrhizal seedlings of Malus robusta, Pyrus betulaefolia and Prunus
armeniaca of the same age were selected. The transpiration rate, photosynthetic rate, intercellular carbon
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dioxide content and stomatal conductance were analyzed using an LI-6800 new-generation photosynthesis
automatic measurement system.

Chlorophyll concentration determination: reference Chance and Maehly’s methods were modified, with
five replicates in each group [34]. First, 0.2 g fresh plant leaves and 10 mL 95% ethanol was placed in a
mortar, the leaves were ground, and the mixture was filtered in the 25-mL brown volumetric flask. Later
95% ethanol was added to wash both grinding bar and mortar, and the resultant solution was also filtered
through a volumetric flask for obtaining the 25 mL constant volume. Absorbance values were read at
665, 649, and 470 nm, with 95% ethanol being adopted to be the blank control. Chlorophyll a,
chlorophyll b, and carotenoid concentrations could be determined as follows by Formula (1)—(3).

Chlorophyll a = 13.954465 — 6.88A4¢49 (1)
CthI‘Ophyll b= 24.96A649 — 7-32A665 (2)
Carotenoid = (10004479 — 2.05C, — 114.8C}) /245 3)

2.9.3 Determination of Plant Hormone Concentration

Non-mycorrhizal and mycorrhizal seedlings of Malus robusta, Pyrus betulaefolia and Prunus
armeniaca of the same seedling age were selected. Each plant was thoroughly cleaned with ultrapure
water, and excess water was absorbed using absorbent paper. Zeatin (ZT), IAA, GA; and abscisic acid
(ABA) concentration within plant leaves and roots were determined as described by Tan [21]. The
accurate weighing of 2 g samples was achieved with the analytical balance. The samples were sufficiently
ground within the mortar after being frozen in liquid nitrogen. Next, after adding 80%, the mixed sample
was subjected to 8 h of storage under 4°C.

All pretreated samples for underwent 10 min of centrifugation under 4°C at 8, 000 rrmin_' in a low-
temperature centrifuge. Supernatants were obtained into the clean centrifuge tube and preserved under
4°C. Whereas the residual precipitate experienced an additional 2 h of extraction by using 80% methanol
aqueous solution, and then 10 min of centrifugation under 4°C at 8, 000 rmin_'. Both supernatants were
pooled. Methanol was later removed from supernatants with the nitrogen blow dryer, and the residual
liquid was extracted and decolored three times in a separation funnel by using petroleum ether. 1 mol-L™
citric acid was introduced to adjust solution pH 3 followed by ethyl acetate extraction thrice. All extracts
were later pooled, and the ethyl acetate was removed by the same nitrogen blow dryer, dissolved with
ImL methanol and filtered using the 0.22-pm organic filter membrane for later use.

Plant hormone concentration of the aforementioned treated sample was above determined using a high-
performance liquid chromatograph (HPLC) under the following conditions: The ZORBAX SB-
C18 chromatographic column (4.6 mm, 250 mm, 5 um; Agilent, Santa Clara, CA, USA) was utilized,
with methanol-formic acid gradient elution being the mobile phase. Column temperature, injection
volume, and flow rate were 25°C, 20 uL and 1.0 mL-min "', separately. Detection wavelengths were set at
260 and 220 nm (Table 1).

Table 1: HPLC gradient elution system for plant hormone extraction

Time Methanol 0.06% formic
0—15 min 48.7% 51.3%
15-20 min 50.7% 49.3%

20-30 min 50.8% 49.2%
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2.9.4 Determination of Antioxidant Enzyme Activity

Three types of plant mycorrhizal seedlings and non-mycorrhizal root seedlings with the same culture
cycle were selected, and washed with ultrapure water. The excess water was absorbed, and weighed with
the plant roots and leaves. There were five replicates in each group.

A centrifuge tube was filled with 0.1 g fresh plant root, stem, and leaf samples, they were homogenized
with 0.5 mL pre-cooled 0.05 mol-L ™' phosphate buffer (pH 7.8). The homogenate was later added into the
10-mL volumetric flask by using a pipette gun, and stored for a 10-min duration under 4°C. Supernatants

were added into the clean centrifuge tube for 15 min of centrifugation at 12,000 r-min”'.

The SOD absorbance was read bynitrogen blue tetrazolium approach at 560 nm, while the SOD activity
was calculated (as depicted by Beauchamp et al. [35] after modification) using Formula (4).

SOD activity (U - g™') = (Adck — 4g) X extract sample liquid volume/ @
x (0.5 x Acx x fresh weight x sample determination volume)
The POD was measured using the guaiacol method at 470 nm at 30, 60, 90, and 120 s. The POD activity
was calculated (as depicted by Zong et al. [36] after modification) using Formula (5).

POD activity[u/(g - min)] = AA470 X extract sample liquid volume/ 5)
x (fresh weight x sample determination volume x 0.01 x reaction time)

The CAT activity was measured using ultraviolet spectrophotometry at 240 nm and 30, 60, 90, and 120 s.
Using the enzyme reduction amount per 0.1 within 1 min as an enzyme activity unit. The CAT activity was
calculated (as depicted by Chance et al. [34] after modification) using following Formulas (6) and (7):

CAT activity[u/(g - min)] = AAy4g X extract sample liquid volume/ ©)

x (0.1 x sample determination volume x last reading time x fresh weight)

AAri = Aso — (Asi +Asz) /2 (7
Ascorbate peroxidase (APX) was measured by using an ascorbate peroxidase kit.

2.9.5 Osmotic Regulatory Substance and Malonaldehyde Concentration Determination

Mycorrhizal and non-mycorrhizal seedlings of Malus robusta, Pyrus betulaefolia and Prunus
armeniaca were selected from the same growth cycle. The samples were cleaned with ultrapure water
without any interfering impurities. Plant root and leaf samples were harvested, and every treatment was
repeated five times.

The Coomassie brilliant blue method of Gao [37], with some modifications was used to measure soluble
protein: 0.1 g fresh plant root, stem, and leaf samples were homogenised with distilled water (1-mL).
Following repeated washing, samples were added into the 20 mL volumetric flask prior to dilution to
20 mL. Thereafter, this resulting solution underwent 10 min of centrifugation at 3000 rmin~' to collect
supernatants as test solution. Thereafter, 1 mL supernatantwere blended with 5 mL coomassie brilliant
blue and incubated for 2 min at 22°C-25°C. Absorbance values were read at 595 nm, with distilled water
being the reference. The protein concentration was determined according to the standard curve by using
the Formula (8).

Protenin concentration (mg . g_l) = Standard curve value x extract sample liquid volume/

@®)

x (sample determination volume X fresh weight x 1000)
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The soluble sugar was measured using anthrone colorimetry by Chance et al. [34], with some
improvements: 0.1 g fresh plant root, stem, and leaf samples underwent homogenization with 1 mL
distilled water. After repeated washing, we added samples into the 10 mL volumetric flask, followed by
dilution till 10 mL, 10 min of centrifugation at 10,000 rmin ', and the resulting supernatant were diluted
to 50 mL. The test solution (1 mL) and anthrone (5 mL) were mixed before 10 min of heating within the
boiling water bath. After cooling, absorbance values were read at 620 nm, with distilled water as the
blank control (9).

Soluble sugar concentration (mg : g’l) = (Standard curve value x extract sample liquid volume
x dilution multiple)/(sample determination volume )
x fresh weight x 106)

The free proline concentration was measured using the acid-ninhydrin chromogenic approach: 0.2 g
fresh plant root, stem, and leaf samples were ground into homogenates within the mortar and transferred
to the test tube. Next, 3% sulfosalicylic acid (5 mL) was introduced, extracted for a 15-min period within
the boiling water bath, cooled till ambient temperature, and filtered. Later, filtrate (2 mL) was mixed with
2 mL glacial acetic acid, and 3 mL 5% acidic ninhydrin thoroughly before 40 min of heating within
the boiling water bath. Afterwards, added 5 mL toluene in it and mixed well in the dark for 20 min. The
toluene layer was collected to measure the absorbance at 520 nm. Through using distilled water as the
control, the proline concentration could be determined according to the standard curve using a modified
method by Bates et al. [38], Formula (10).

Proline(pg : g_l) = extract concentration x extract sample liquid volume/

(10)

x sample determination volume/fresh weight

Malondialdehyde was determined using the thiobarbituric acid method: 0.1 g fresh plant root, stem, and
leaf samples were put into the centrifuge tube, 0.5 mL pre-cooled 0.05 mol-L™" phosphate buffer (pH 7.8)
was introduced, mixed well and pipetted into a 10 mL volumetric flask by using a pipette gun. The
centrifuge tube was washed repeatedly, and all the filtrate was added into the volumetric flask too to
dilute to 10 mL, mixed, and incubated under 4°C for a 10-min duration.

Next, supernatants (2 mL) were mixed with 0.6% thiobarbituric acid (2 mL, TBA) solution and mixed
thoroughly before 10 min of boiling within the boiling water bath and 15 min of centrifugation at 4,
000 r-min ' after cooling. Supernatants were used as the test solution, whereas 0.6% TBA solution as
blank control. Absorbance values were read at 532 nm, 600 nm, and 450 nm, and the malondialdehyde
concentration was determined (as depicted by Wasowicz et al. [39] after modification) by Formula (11).

MDA (pumol - L") = 6.45(As3: — Agoo) — 0.56A450 (11)

2.10 Statistics Analysis

Data statistics were performed using Microsoft Excel 2019. Results were represented by means +
standard errors (GraphPad Prism 8.0). One-way ANOVA plus a ttest was performed to analyze
significant difference at p < 0.05 (IBM SPSS 19.0). The symbols *, ** *** and **** stand for
significant differences at p < 0.05, P < 0.01, p < 0.001 and p < 0.0001, respectively. Associations of
parameters such as plant biomass, photosynthetic parameters, plant hormones, antioxidant enzyme
activity, osmotic adjustment substance and MDA concentration were analyzed by Pearson correlation
analysis (IBM SPSS19.0, ChiPlot).
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3 Results

3.1 Molecular Identification of Strains

After DNA extraction from the fruiting bodies (Fig. 1A) and mycelia (Fig. 1B), PCR amplification was
performed to acquire sequence (OR294061, ON819567) was acquired by using PCR amplification, whereas
GenBank was applied in BLAST comparison. ITS sequence showed a 100% alignment rate to fruiting body,
consistent with results obtained by He et al. [40] (JQ281479). Besides, mycelia had an identical ITS sequence
to that of Shishikura et al. [25] (LC533315). Therefore, we concluded that our harvested samples and
mycelial isolates were E. clypeatum. In early culture period (Fig. 1B, 2-month culture), the solid strain
was dominated by aerial hyphae, while it was predominated by basal hyphae during late-stage culture
(Fig. 1C, 8-month culture).

Figure 1: Fruiting body (A) and mycelia (B, C) of E. clypeatum

3.2 Infection Rate and Mycorrhizal Morphology

Measuring the mycorrhizal infection rates of the two infection methods in the three plants, demonstrated
that (Fig. 2) the mycorrhizal formation of the three plants by liquid inoculation was higher than that by solid
inoculation. Two methods of the same plant showed significant differences. The mycorrhizal infection rates
in the solid inoculation culture were 8%—18%, 15%—26% and 8%—15%. The mycorrhizal infection rates in
liquid culture were 38%—53%, 50%—66% and 39%—-59%. The mycorrhizal infection rates of the liquid
inoculation culture were 4.11, 2.88 and 4.18 times higher than those of the solid inoculation culture in
Malus robusta, Pyrus betulaefolia and Prunus armeniaca, respectively. Under a stereomicroscope, those
generated mycorrhizal roots showed enlargement, clavate or cylindrical shape, silvery-white, and slightly
entangled with the hyphae, accompanied by robust and well-developed plant roots (Fig. 3). Un-inoculated
seedlings showed no such phenomena. Therefore, artificial E. clypeatum inoculation produced
ectomycorrhiza.

3.3 Effect of E. clypeatum on the Biomass of Symbiotic Plants

Biomass directly reflects plant growth quality, while E. clypeatum inoculation remarkably enhances
seedling development. After inoculation for five months, mycorrhizal seedlings roots showed better
development, with denser leaves compared with non-mycorrhizal root seedlings. These results showed
that fresh weight, ground diameter, plant height, stem diameter, leaf area and leaf number of Malus
robusta mycorrhizal seedlings increased by 191.12%, 46.88%, 133.18%, 82.22%, 151.22% and 130.43%
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compared with non-mycorrhizal seedlings (p < 0.05). The Pyrus betulaefolia mycorrhizal seedlings were
103.52%, 100.00%, 93.15%, 71.43%, 120.00% and 66.50% higher than the non-mycorrhizal seedlings,
respectively. Ground diameter, plant height and leaf number were significantly different (p < 0.05).
Compared with those of the mycorrhizal seedlings and non-mycorrhizal seedlings of Prunus armeniaca,
the determination indexes were increased by 117.24%, 32.76%, 48.89%, 69.23%, 103.70% and 72.09%,
respectively, and mycorrhizal and non-mycorrhizal seedlings were significantly different (p < 0.05).
Among the three plants, inoculation promoted plant growth. Additionally, among the three plants, Malus
robusta has a greatest effect on fresh weight, plant height, leaf area and leaf number. Fresh weight, leaf
area and stem diameter were not significantly affected in Pyrus betulaefolia (Fig. 4).

Solid inoculation culture

801mmm Liquid inoculation culture
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Figure 2: Mycorrhizal infection rate of solid inoculation and liquid inoculation. Data are average from
5 replicates (SEM) under one treatment. “*” stands for a significant difference in an identical tree
species between control and treatment groups (“***”, p < 0.001, “****” p < 0.0001)

Figure 3: Mycorrhizal morphology of different plants. (A) Malus Robusta, (B) Pyrus betulaefolia,
(C) Prunus armeniaca. Bar = 2 mm
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Figure 4: Roles of E. clypeatum in biomass of Malus robusta, Pyrus betulaefolia and Prunus armeniaca (A)
Fresh weight, (B) Ground diameter, (C) Plant height, (D) Stem thick, (E) Leaf number, (F) Leaf area. —E
Non-mycorrhizal seedings, +E Mycorrhizal seedlings. Date are average from 5 replicates (+SEM) of each
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stands for a significant difference in one tree species between control and treatment groups
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3.4 Effect of E. clypeatum on Photosynthetic Characteristics of Symbiotic Plants

After inoculation with E. clypeatum and symbiotic plants to form mycorrhiza, transpiration rate, net
photosynthetic rate, stomatal conductance of symbiotic plants markedly elevated, and the intercellular
CO; concentration decreased (p < 0.05). For Malus robusta mycorrhizal seedlings increased by 188.94%,
126.11% and 104.12%, and decreased by 38.74%, compared with non-mycorrhizal seedlings. The
mycorrhizal seedlings increased by 121.44%, 173.73% and 129.22%, and decreased by 30.97%,
compared with the Pyrus betulaefolia non-mycorrhizal seedlings. In Prunus armeniaca, increased by
224.37%, 126.62% and 92.45%, and decreased by 37.18%. In the net photosynthetic rate, the effect of
mycorrhizal formation on Pyrus betulaefolia was relatively small, and the effect on Prunus armeniaca
was more significant than that of the former, however, the increase in stomatal conductance had little
significant effect on Prunus armeniaca, and the significant effect on Malus robusta was relatively small
for transpiration rate and intercellular CO, concentration (Fig. 5).
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Figure 5: Roles of E. clypeatum in photosynthetic parameters of Malus robusta, Pyrus betulaefolia and
Prunus armeniaca (A) Net photosynthetic rate, (B) Transpiration rate, (C) Stomatal conductance, (D)
Intercellular concentration of CO,. —E Non-mycorrhizal seedings, +E Mycorrhizal seedlings. Date are
average from 5 replicates (+SEM) of each treatment. “*” stands for a significant difference in one tree
species between control and treatment groups (“*”, p < 0.05, “**” p <0.01, “***” p < (0.001)
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Chlorophyll represents a key pigment used for assessing plant photosynthetic potential. The amount
of chlorophyll represents the efficiency of leaf photosynthesis and defines plant growth and development.
The chlorophyll concentration in the three plants was determined, in Malus robusta, the concentration of
chlorophyll-a and carotenoids in mycorrhizal seedlings increased respectively by 46.34% and 17.35%,
compared with that of non-mycorrhizal seedlings. Chlorophyll-b concentration increased by 237.12%,
and the difference was of statistical significance (p < 0.05), and chlorophyll a/b ratio declined by 56.59%.
Chlorophyll-a, chlorophyll-b and carotenoids concentrations within mycorrhizal and non-mycorrhizal
seedlings of Pyrus betulaefolia increased by 130.31%, 145.50% and 59.11%, respectively, and
chlorophyll a/b decreased by 6.18%. Differences in chlorophyll-a and chlorophyll-b contents within
Prunus armeniaca showed statistical significance between the mycorrhizal and non-mycorrhizal seedlings
(»p < 0.05), increasing by 116.38% and 136.81%, separately. Carotenoid concentration was not
significantly different, which increased by 23.21%, and chlorophyll a/b declined by 8.63%. Among these
three plants, effect of mycorrhizal formation on chlorophyll-a concentration was more significant in
Prunus armeniaca. Chlorophyll-b concentration within Pyrus betulaefolia was not significantly different.
And the increase in carotenoid content was not significant (Fig. 6).
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Figure 6: Roles of E. clypeatum in chlorophyll concentration in three plants (A) Malus robusta, (B) Pyrus
betulaefolia (C) Pruns armeniaca. —E Non-mycorrhizal seedings, +E Mycorrhizal seedlings. Date are
average from 5 replicates (SEM) of each treatment. “*” stands for a significant difference in one tree
species between control and treatment groups (“*”, p < 0.05)



Phyton, 2024, vol.93, no.12 3561

3.5 Effect of E. clypeatum on the Concentration of Symbiotic Plant Hormones

Phytohormones are signaling molecules produced by plant metabolism that can trigger significant
physiological responses at very low concentrations. The formation of mycorrhiza between symbiotic
plants and E. clypeatum will affect plant hormones concentration. ZT, IAA and GAj; can disrupt
dormancy and promote plant growth. In contrast, ABA enhanced plant dormancy, abscission and
promoted senescence. Root and leaf hormones levels in the three plant types were measured and
compared (Fig. 7). As a result, ZT, GA; and ABA contents within the roots of the three plants
demonstrated significant differences (p < 0.05), and effect on Malus robusta was more significant. Except
for Malus robusta, the IAA concentration in the roots of Pyrus betulaefolia and Prunus armeniaca
revealed a significant difference (p < 0.05). ZT content in Malus robusta, Pyrus betulaefolia and Prunus
armeniaca increased by 186.45%, 192.56% and 165.79%, separately. IAA concentration elevated by
45.45%, 93.30% and 69.8%, separately. GA3; concentration increased by 164.28%, 126.44% and 83.97%,
separately. ABA concentrations decreased by 76.21%, 55.98% and 52.31%, separately. Concentrations of
four hormones were not significantly different in the leaves of the three plants (p < 0.05). The ZT
concentration in the leaves of Malus robusta, Pyrus betulaefolia and Prunus armeniaca increased by
226.18%, 178.85% and 228.95%, respectively. IAA concentration increased by 66.51%, 126.37% and
54.24%, respectively. The concentration of GAj; increased by 66.57%, 92.30% and 88.17%, respectively.
ABA concentration decreased by 35.99%, 44.15% and 49.23%, respectively.

Interactions between plant hormones also affects the growth of plants. Calculating the ratios of ZT, IAA,
GA; and ABA, demonstrated that mycorrhizal seedlings were improved relative to non-mycorrhizal. For
ZT/ABA, the roots and leaves of the three mycorrhizal plants are 6.58, 6.65, 5.57, 5.10, 4.99 and
6.48 times that of the non-mycorrhizal plants. The IAA/ABA rations were 6.11, 4.39, 3.56, 2.60,
4.05 and 3.04 times. GA;/ABA were 11.11, 5.14, 3.85, 2.60, 3.44 and 3.71 times.

3.6 Effect of E. clypeatum on Antioxidase Activities in Symbiotic Plants

The protective enzyme system in plants can work synergistically to effectively reduce potential
damage from ROS and additional oxidative free radicals in cell membranes. The activity level of these
enzymes is tightly associated with plant resistance to adversity. Measuring SOD, POD, CAT and APX
activities in three plants, showed that the formation of mycorrhizal roots promoted antioxida activities
(Fig. 8). In Malus robusta and Prunus armeniaca root and leaf samples, SOD activity of
inoculated seedlings increased by 25.12%, 92.43%, 26.80% and 122.90% compared with non-inoculated
seedlings (p < 0.05). This difference was more significant in Prunus armeniaca mycorrhizal seedlings
leaf samples, but roots and leaves in Pyrus betulaefolia mycorrhizal seedlings and non-mycorrhizal
seedlings were not significantly different, which increased by 66.42% and 32.97%, respectively. The
POD activity demonstrated a significant difference (p < 0.05) except in Malus robusta leaves. The
difference in the roots of Pyrus betulaefolia was smaller than that of the other two plants. Root and leaf
samples of three plant mycorrhizal seedlings increased by 111.47%, 70.57%, 73.01%, 49.02%, 54.44%
and 42.86%, compared with non-mycorrhizal counterparts. In addition to roots in Pyrus betulaefolia, the
CAT activities of the leaves of Pyrus betulaefolia, Malus robusta root and leaf samples and
Prunus armeniaca root samples were significantly different (p < 0.05). Root and leaf samples in three
plants of mycorrhizal seedlings increased by 30.74%, 35.97%, 43.23%, 19.00%, 98.83% and 140.65%,
compared with the non-mycorrhizal seedlings. The APX activity was significantly different in root and
leaf samples from three plants. Relative to the three plants, the difference of Malus robusta was relatively
small (p < 0.05), and their roots and leaves elevated by 105.87%, 232.72%, 228.98%, 119.95%, 110.25%
and 249.83%.



3562 Phyton, 2024, vo0l.93, no.12
b b b
(A) Root Leaf
2.0 -E =mm +E
"o 15
2
c
S
T 1.0
£ *
8 %%k *
c 1 [
8 os rl
N
0.0
ust? ifolie niac? pust? ifolid iac?
o o otul e o 10 tul (e
MBS yrus O s MU pyrus P s @
(B) Root Leaf
300
"o
2 200
=4
S
IS
8
£ 100
38
0
ste golie
(obV Sl
MBS pyrus nvs &
(C) Root Leaf
120 o
*
~ 100 *
‘> — . m
g e
2 |
g * *
T 60
£ 1 1
g *% T T
g 40{ M -
-
g 200
0
busta N“fo\ia o niaca robusta N“fo\'\a o n“aoa
Malus T s us @™ s s P s
PY! pruf PY! prun
(D) Root Leaf
8 -E msm +E
- *
= 6 1 *
4 * T 1
< I T
i) T
g a4
g
i =
3
b= 2 *% * *
< I 1
0l e N s
ta olia 1ac? ta olia (aC2
puS qulifo enid obus qulifo onid
us 1© e 2 us " pe! 2
Mal pyrus prunv® wal pyrus prun¥®

Figure 7: Effects of E. on hormone concentration of Malus robusta, Pyrus betulaefolia and Prunus
armeniaca (A) ZT concentration, (B) IAA concentration, (C) GA3 concentration, (D) ABA concentration.
—E Non-mycorrhizal seedings, +E Mycorrhizal seedlings. Date are average from 5 replicates (+SEM) of
each treatment. “*” stands for a significant difference in one tree species between control and treatment
groups (“*”, p < 0.05, “**” p <0.01)
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Figure 8: Effects of E. clypeatum on antioxidant enzyme activities of Malus robusta, Pyrus betulaefolia and
Prunus armeniaca (A) Superoxide dismutase activity, (B) Peroxidase activity, (C) Catalase activity, (D)
Ascorbate peroxidase. —E Non-mycorrhizal seedings, +E Mycorrhizal seedlings. Date are average from
5 replicates (£SEM) of each treatment. “*” stands for a significant difference in one tree species between
control and treatment groups (“*”, p < 0.05, “**” p <0.01)
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3.7 Functions of E. clypeatum in Osmotic Adjustment Substances and Malondialdehyde Concentration

Within Symbiotic Plants

Plants often accumulate certain soluble substances to ensure that the water balance can be maintained by
regulating the osmotic potential energy in the cells, and such substances exert the protection maintaining
stability of enzyme activity dependent on many key metabolic reactions in the cells. The inoculation of
E. clypeatum in Malus robustum, Pyrus betulaefolia and Prunus armeniaca, had a certain effect on the
osmotic adjustment substances in the plants, the concentrations of soluble protein, soluble sugar and free
proline increased, and malondialdehyde concentration decreased (Fig. 9). The result shows the significant
difference insoluble protein levels within the roots and leaves between mycorrhizal and non-mycorrhizal
seedlings (p < 0.05), and the difference in Malus robusta was more significant. The roots and leaf
concentration of the three plants increased by 105.87%, 232.72%, 228.98%, 119.95%, 110.25% and
249.83%. The root and leaf soluble sugar concentrations of mycorrhizal seedlings increased by 75.57%,
115.87%, 95.67%, 24.94%, 79.72% and 70.81% compared with non-mycorrhizal counterparts, with the
differences were of statistical significance (p < 0.05). The difference between the roots of Pyrus
betulaefolia and the leaves of Prunus armeniaca was more obvious. The free proline concentration of the
three plants significantly increased (p < 0.05). The difference between the roots and leaves of Malus
robusta was greater, which increased by 176.60% and 373.33%, respectively. The roots and leaves of
Pyrus betulaefolia and Prunus armeniaca increased by 113.57%, 74.31%, 62.51% and 175.11%. The
concentration of malondialdehyde in mycorrhizal seedlings decreased relative to non-mycorrhizal
counterparts. The roots of the three plants were significantly different (p < 0.05), which decreased by
43.59%, 56.92% and 56.48%, respectively, and the difference in Pyrus betulaefolia was relatively small.
Leaf samples of Malus robusta were not significantly different (49.33%), and leaf samples of Pyrus
betulaefolia and Prunus armeniaca were significantly different (p < 0.05), which decreased by 60.74%
and 79.11%, respectively.
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Figure 9: Effects of E. on osmotic regulatory substance and MDA concentration of Malus robusta, Pyrus
betulaefolia and Prunus armeniaca (A) Soluble protein concentration, (B) Soluble sugar concentration, (C)
Proline concentration, (D) Malondialdehyde concentration. —E Non-mycorrhizal seedings, +E Mycorrhizal
seedlings. Date are average from 5 replicates (£SEM) of each treatment. “*” stands for a significant
difference in one tree species between control and treatment groups (“*”, p < 0.05, “**”, p < 0.01)

3.8 Correlation Analysis between Symbiotic Plant Biomass and Each Index

Through the correlation analysis of the biomass indices of symbiotic plants and the correlation between
biomass and each measured content showed a positive correlation between the biomass of plants. Net
photosynthetic rate, transpiration rate, stomatal conductance, ZT, IAA, GA;, SP, Pro and MDA were
positively correlated with plant biomass. The SOD and SS levels were negatively correlated with
biomass. Intercellular CO, concentration showed a positive relation to leaf area whereas negative relation
to additional indices. Chlorophyll concentration exhibited a negative relation to ground diameter whereas
a positive relation to the biomass of other plants. ABA demonstrated a positive relation to fresh weight,
stem diameter and leaf area, but a negative relation to ground diameter, plant height and leaf number. The
POD showed a negative relation to stem diameter and leaf area. The CAT exhibited a negative relation to
stem diameter and leaf area, but a positive relation to additional indices. APX displayed a positive
relation to fresh weight and plant height (Fig. 10).

4 Discussion

The present work separated the E. clypeatum mycelia and was the first to symbiotically culture F.
clypeatum with Malus robusta, Pyrus betulaefolia and Prunus armeniaca for synthesizing
ectomycorrhiza. The ectomycorrhiza morphology was characterized, meanwhile, physicochemical
characteristics of mycorrhizal and non-mycorrhizal seedlings post-symbiosis were analyzed.
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According to the results of the mycorrhizal infection rate, in the two culture methods of solid inoculation
and liquid inoculation, the three seedlings of Malus robusta, Pyrus betulaefolia and Prunus armeniaca
formed mycorrhiza with E. clypeatum. The number of mycorrhiza formed by different inoculation
methods in the same plant differed, and mycorrhizal infection rate by the same inoculation method in
different plants is also different. In these three plants, mycorrhizal infection rate under solid inoculation
was 8%—26%, that of liquid inoculation was 38%—66%, and that of liquid inoculation was higher. The
low mycorrhizal infection rate of solid inoculation culture may be due to the roots of the plants extending
to the bottom of the medium during the growth process, and the hyphae mostly grew on the upper part of
the medium, and the contact area between the roots and the hyphae decreased. With prolonged culture
time, mycelial activity gradually decreased, and the effect on the roots decreased, resulting in a small
number of infections. Additionally, the workload for preparing the agar cultivation matrix is large, and
mycelial activity is difficult to unify, which is not conducive to practical production and application. In
the liquid inoculation method, the interaction between the root system, mycelia, bacterial liquid and
matrix is more conducive to stimulating the response of the root system, and the cost of the liquid
mycelia culture method is lower. A bottle of liquid strain can irrigate multiple plant roots, reducing the
influence of strain difference on plant mycorrhizal formation, which is conducive to its popularization and
application in production.

ECMF remarkably enhances host plant adaptability and positively regulate plant growth [41].
Inoculation with E. clypeatum enhanced the development of Malus robusta, Pyrus betulaefolia and
Prunus armeniaca seedlings in terms of ground diameter, plant height, stem diameter, fresh weight, and
leaf area. Many epitaxial hyphae developed after the formation of ectomycorrhizal structures. These
hyphae can increase the root system effective absorption area, elevating the plant adsorption of nutrients
and water from rhizosphere soil via mycelia. Furthermore, they can promote plant development by
improving the plant soil environment [42,43].

According to our results, inoculating with E. clypeatum increased total chlorophyll, chlorophyll-a,
chlorophyll-b, and carotenoid concentration of the three seedings, conforming to results obtained by Gao
et al. [9]. The chlorophyll a/b value represents the plant shade tolerance. A lower ratio represents, better
shade tolerance [44]. After inoculation with E. clypeatum, the value of chlorophyll a/b in seedlings
decreased, the scattered light utilization rate increased, and leaf photosynthesis time was also increased.
As mentioned by Gong et al. [45], ectomycorrhizal fungi inoculation apparently elevated net
photosynthetic and transpiration rate of Castanopsis hystrix seedlings. The determination of
photosynthetic related indicators, demonstrated that inoculation with E. clypeatum could increase
transpiration rate, net photosynthetic rate, and stomatal conductance and reduce intercellular CO, content
in three plants. When the net photosynthetic rate increases, excess CO, will take part in synthesizing
organic matter, leading to reduced CO, content. The elevated in stomatal conductance increased the CO,
concentration to some extent, which aided organic matter accumulation within the plants.

Plant hormones can modulate root growth, and IAA is especially important [46]. Endogenous hormone
accumulation and gradient distribution in root tips, such as [AA, cause mycorrhizal establishment within host
plants, thereby modifying their structure [47]. The mycorrhizae formed by fungi and seedlings in this study
were clavate or cylindrical, comparable to mycorrhizae formed by symbiosis with wild Rosaceae plants [29].
This differs slightly from wide ellipsoid to fig-shaped, occasionally globose to sub-globose, mycorrhizal
symbiosis with pear trees reported in Japan [25]. Mycorrhizae generated under both artificial and field
conditions showed no branching, which was the special mycorrhizal properties of Rosaceae plants
mediated via hormones or other fungal signals. However, the cause of this phenomenon remains unclear.
Fungi that stimulate plant development initially ‘assist’ the plant in constructing the robust root system
before absorbing further mineral components in soil [48]. Roots are important sites for ZT synthesis. ZT
regulates plant photosynthesis and growth by regulating stomatal opening and closing [49,50]. The
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changes in GA; were the same as IAA levels. Following E. clypeatum inoculation, hormone concentration of
seedlings elevated with E. clypeatum. GAj exerts the synergy with IAA, and elevates IAA levels, breaks
dormancy, enhances plant development, and inhibits abscission [51]. ABA plays an inhibitory role in
plants by accelerating senescence. Plants respond to stress and overcome survival difficulties when their
growth rate is high [52]. The ABA concentration in three plants’ seedling roots and leaves decreased
significantly after inoculation, with the difference in root concentration being the most significant.
Regarding plant hormone interaction, the ratios of ZT/ABA, IAA/ABA and GA3;/ABA of post-treatment
group after E. clypeatum inoculation increased relative to the non-inoculated control group. An increase
in the ZT/ABA ratio can increase chloroplasts activities within leaves and improve photosynthesis. The
elevated ratio of IAA to ABA enhances root development and increases nutrient absorption. The ratio of
GAj; to ABA increased, which promotes the release of dormancy and enhances the resistance of plants to
adverse environments to a certain extent. These results indicate that inoculation with the ECMF
influences plant root alterations in plant development. Through altering plant hormones levels within the
body, there is a feedback regulation mechanism between the hormones, which act together for ensuring
plant growth quality in a direct or indirect manner.

SOD, POD, CAT, and APX, the major plant antioxidases excess free radicals, postpone senescence and
keep metabolic balance, and delay senescence. During plant metabolism, SOD as the first-line defense of the
plant antioxidant system, converts 0% into H,0,, and controls cell membrane lipid peroxidation, then POD
and CAT immediately decompose hydrogen peroxide into harmless water, inhibiting the production of -OH
[53]. The POD can also catalyze the polymerization of phenolic compounds to form lignin, strengthening the
cell wall and enhancing resistance [54]. APX exerts a key effect on chloroplasts. It is an important enzyme to
remove H,O, and converts H,O, into H,O in the ascorbic acid-glutathione cycle. Plant enzymes coordinate
with each other, and their activity is a decisive factor in controlling injury, thus better-reflecting plant
adaptability to adversity. In this study, four plant enzymes activities were enhanced after inoculation
compared with non-inoculated group, suggesting that mycorrhizal fungi improved antioxidant enzyme
activities in the seedlings. Antioxidant enzymes protect the integrity of plant cells, keep relative ROS
balance, and improve plant ability to resist adversity to a certain extent. The concentration of osmotic
adjustment substances in plants is correlated with their stress resistance, and changes in their
concentration can reflect the state of the plants and the living environment. According to our results,
soluble sugar, soluble protein, and free proline levels remarkably increased in the treatment group
compared with control group. Proteins are thought to be abundant in fungal mycelia. Proteins found in
fungal secretions during root system infections increase soluble protein levels in plants. Simultaneously,
inoculation promoted seedling photosynthesis, which facilitated photosynthetic products productions. Dry
matter in plants elevated, thereby elevating osmotically active substances concentrations. Proline regulates
permeability and protects the stability of plant cell structures. Because of its metal chelating
characteristics, it can be used to be the molecular chaperone, the antioxidant defense molecule for
scavenging ROS, activates signals for specific gene functions, restores plants from stress, plays a role of
the osmoprotectant, is the candidate source of nitrogen and carbon, and exerts an important effect on
plant development [55]. Proline production within plant cells assists in maintaining water absorption,
cellular homeostasis, redox balance, and osmotic regulation restoring cell structure while reducing
oxidative damage. This provides a good physiological basis for cells to resist adverse external
environments and promote plant growth. MDA levels indicate cell membrane injury degree and plant
resistance level [56]. Following inoculation, MDA concentration in every part of the plant, including the
roots and leaves, decreased, potentially slowing membrane lipid oxidation. Based on these findings,
alterations in antioxidase activities and osmotically active substance levels can be good for improving
plant stress resistance and environmental adaptability.
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Since the symbiotic cultures of mycorrhizal synthesis are only conducted under laboratory-simulated
natural conditions, the plant development state mildly differs from that observed in nature, probably
resulting in differences between observed and actual results. Thus, researchers should return to the field
for further experimental verification. Ectomycorrhizal fungi are necessary for maintaining ecological
balance, which have gradually become a critical research topic. However, owing to the wide variety and
diversity of fungi and plants, the current research remains in the model hypothesis stage. The interaction
mechanism and signal pathway between ectomycorrhizal fungi and symbiotic plants remain unclear,
which can only explain the results from the role of the material. However, explaining these phenomena at
the molecular level is difficult. The corresponding mycorrhizal seedlings and sterile root seedlings can be
analyzed by omics, and the pathways and genes that change at different growth stages can be further
clarified, thus, corresponding research should be conducted. Because ectomycorrhizal fungi usually
release volatiles to promote the development of symbiotic plants, the secretion of E. clypeatum should
can be measured in subsequent studies to explore the mechanism of symbiotic plants and clarify the
recognition mechanism of symbiosis establishment.

5 Conclusion

In this study, mycorrhizal was synthesized using the E. clypeatum and Malus robusta, Pyrus betulaefolia
and Prunus armeniaca symbiotic cultures, and their physicochemical indices were analyzed. As a result,
inoculation positively affected seedlings. E. clypeatum serves as the effective ectomycorrhizal resource
that stimulates seedling development and sets the basis for future rational E. clypeatum resource
development. In conclusion, our results lay the theoretical foundation for applying ectomycorrhizal fungi.
Additionally, the production of mycorrhizal seedlings of fruit trees might be realized, and the role of
ectomycorrhizal fungi in the field can be realized, reducing the use of chemical fertilizers and production
costs, increasing production and income and promoting the development of fruit trees.
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