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Abstract. Mycocenosis in sod-podzolic soil for soybeans growing had been mainly represented by Penicillium Link:Fr,

Fusarium Link:Fr,

Trichoderma Hers, Acremonium Link, Alternaria Nees, Cladosporium Corda, Gliocladium Corda,

Rhizopus Ehrenb, Mortierella Coem, Mucor Mich. Micromycetes biodiversity was different between rhizosphere soil and root
surface by its quality and quantity but in both cases the most numerous had been Fusarium genera representatives. Endophytic
mycobiota of soybean plants had been formed with fungal genera Penicillium, Chaetomium, Trichoderma, Fusarium, Verticillium,
Phoma. Taking into attention that representatives of genera Fusarium, Verticillium and Phoma often used to be found as agricultural
crops root diseases causative agents, the object of our research were elected the fungi of genera Penicillium, Chaetomium and
Trichoderma. Pre-sowing treatment of soybean seeds with spores of the studied endophytic fungi had positive effect on plants
growth and symbiotic indicators. The height of inoculated plants increased on 11.9-13.3% according to the control. Above-ground
dry mass increased on 12.7 and 14.3% in accordance to inoculation with Chaetomium sp. 2061 and Trichoderma sp. 2227. Dry roots
mass was raised up on 10.5% using Penicillium sp. 2221 and Chaetomium sp. 2061. A trend to increase the number and mass of
nodules on plant roots as well as nitrogenase activity increase on 25.2 - 56.2% using researched endophytic fungi strains has been
recorded. The total phosphorus content increased from 0.281% in control to 0.297%, 0.342%, and 0.318% in variants using
Penicillium sp. 2221, Chaetomium sp. 2061, and Trichoderma sp. 2227 respectively.
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INTRODUCTION

Soil fungi play an important role in nature. Due to
their ability to produce biologically active compounds
such as amino acids, proteins, peptides, sugars, organic
acids, etc., they create a certain environment in
microbiocenoses. In this case there may be favorable
conditions for the development of some organisms and,
negative for others. In addition fungi form various
relationships which can be antagonistic and parasitic as
well as symbiotic to plants because fungal genetic and
biochemical systems associated with plant relevant
systems.

Soybean (Glycine max (L.) Merr.) is one of the
most widespread and promising legume crops. It is
grown all over the world under different climatic
conditions. Soybean plays a significant role in global
food security as well as agricultural sustainability due
to a high seed protein and oil concentration and low
reliance on N fertilization [18]. Along with nodule
bacteria for biological nitrogen fixation both with free-
living bacteria soil fungi actively develop in
rhizosphere and on the plant roots. The genus
composition and fungi biodiversity in soybean root
zone depends on many factors such as cropping
system, soil physical and chemical properties, crop
rotation, fertilizing, pre-sowing seed inoculation with
nodule bacteria [1, 14, 31, 33, 48, 55].

The last decades, researchers considerable attention
had been focused on endophytic fungi and their
interaction with plants studying. According to the
modern ideas endophytic fungi are a phylogenetically
diversed. Having a saprophytic, commensal or
mutualistic  interaction with host plants they
asymptomatically colonize plant tissues for some time
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[44]. Endophytes can provide a number of benefits to
plants: produce regulatory substances or induce
phytohormones formation, stimulating the
accumulation of above-ground biomass and root mass
by microsymbiont [3, 19, 57, 61] increase coming to
the plant mineral nutrition elements quantity and
availability [57-59]; activate photosynthesis process
[45]; induce resistance of plants to diseases [32, 42]
and pests [12, 49], abiotic stress (drought [20], the heat
[22], the cold [39], salting [19], toxic metals [3, 23]).
The endophytic soybean fungi strains promising for
agriculture can be isolated from sterilized seeds
surface, leaves, stems, soybean plant roots of different
varieties [6, 10, 40, 42].

The goal of our work was to study the fungi genus
composition of soybean root zone, investigate the
influence of endophytic fungi on plant growth,
nodulation process, symbiotic nitrogen fixation activity
and total phosphorus content in soybean plants.

MATERIALS AND METHODS

Sampling and fungi isolation

The fungi genus composition of soybean root zone
was investigated in field conditions. Soil type — sod-
medium podzolic silty-sandy (humus content — 1.02%,
nitrogen — 54.9 mg/kg; mobile forms of phosphorus —
110-120 mg P,0s, exchangeable potassium — 120-130
mg K,O per 1 kg of soil; pHge — 5.2, pHyaeer — 6.0).
Soybean variety — Legenda (foundation — Institute of
Agriculture of the NAAS of Ukraine).

Soil samples between rows and plants (with soil on
the roots) had been collected in sterile polyethylene
bags. The fungi quantity in rows and rhizosphere (a
layer of soil 1-2 mm thick directly on plant roots) was
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studied using the method of soil dilutions by Waksman
[54]. To obtain fungi elements the method of washing
from plant root surface was used, followed by dilution
and deep sowing in a nutrient medium. Endophytic
fungi were isolated from healthy (undamaged) root
tissues after surface sterilization with ethanol (96%) for
1.5 min. In all cases, wort agar (4-5° according to
Baling) with streptomycin addition (40-50 mg per 1
liter of medium) was used as a nutrient medium to
inhibit bacterial growth. Petri dishes were incubated at
26°C for three days, after that the number of colonies
had been counted. The number of fungi in the inter-
rows, rhizosphere and on plant roots was calculated per
1 g of dry soil or roots. The percentage composition of
different genera relative to the total fungi number was
detected.

Morphological identification

The cultural and morphological properties of the
identified fungi were studied on wort agar, Czapek’s
agar (CZA) and potato dextrose agar (PDA) in the dark
on Petri dishes at a temperature of 26°C. Taxonomic
identification by morphology of fungal isolates was
mainly based on the identification keys in the 10th
edition of Anisworth & Bisby's Dictionary of the fungi
[26].

Vegetation experiment

The vegetation experiment was carried on in
vegetation house on the same with field experiment
type of soil. Soybean seeds of the Arnica variety had
been used. Soil moisture was maintained at 60% of full
moisture capacity. The duration of the experiment was
35 days. It was used five-fold repetition for the
experiment.

In order to obtain fungi spores for pre-sowing seed
treatment, endophytic fungi had been growing on wort
agar for 10 days. Seeds were treated with spore
suspensions at the rate of 1.5% of the seed weight).
The inoculation load was 1x10° spores per seed.

The vegetation experiment was carried out
according to the following scheme:

1. Control (seeds were treated with sterile tap
water at the rate of 1.5% of the seed weight);

2. Seed treatment with Penicillium sp. 2221;

3. Seed treatment with Chaetomium sp. 2061,

4. Seed treatment with Trichoderma sp. 2227.

In vegetation experiment, the influence of
endophytic fungi Penicillium sp. 2221, Chaetomium
sp. 2061 and Trichoderma sp. 2227 on growth (height,
above-ground dry mass, root dry mass) symbiotic
activity (number and mass of nodules and their
nitrogenase activity) and total phosphorus content in
soybean plants had been studied.

Determination of plant growth and symbiotic
indicators

Growth and symbiotic indicators of soybean plants
were determined after 35 days of vegetative
experiment at the beginning of the flowering phase of
plants. To determine the mass of dry shoots and roots
matter, plants had been dried in a drying oven at a
temperature of 105°C to a constant mass.
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Nitrogenase activity of nodules was determined by
the acetylene method [15]. Soybean roots with nodules
were placed in vials with a capacity of 120 cm’,
acetylene was introduced in an amount of 10% of the
volume of the gas phase of the vial. The samples were
incubated with acetylene for one hour, after which
samples were taken and analyzed on an Agilent GS
System 6850 gas chromatograph (USA). The amount
of ethylene formed during incubation was determined.
Determination of total phosphorus content in
above-ground plant mass

The total phosphorus content in soybean plants
above-ground mass was detected according to Denizhe
method modified by Bouvatier [53].

Statistical processing

Statistical processing of results was performed
using generally accepted methods. Parametric criteria
for average, standard deviation and confidence interval
had been applied. To assess the reliability of
differences between overlapping it was used Student-t
test at a rank of 0.05 by default.

RESULTS

Soybean root zone mold genus composition

According to obtained results the soybean row
spacing mycocenosis had been formed with molds of
genus  Penicillium Link:Fr, Fusarium Link:Fr,
Trichoderma Hers, Acremonium Link, Alternaria Nees,
Cladosporium Corda, Gliocladium Corda, Rhizopus
Ehrenb, Mortierella Coem, Mucor Mich and
Dematiaceae family. Penicillium molds were the most
numerous (Fig. 1a).

The differences between mycocenosis in soybean
rhizosphere soil and row spacing were qualitative and
quantitative (Fig. 1b). As far as Penicillium species
were more numerous in row spacing (41.6 %),
Fusarium fungi had a higher number in rhizosphere
soil (71.7%). The relative number of Penicillium
species decreased (from 41.6 to 8.9%) as well as
Trichoderma (from 4.1 to 1.0%), Rhizopus (from 1.2 to
0.5%), Gliocladium (from 6.1 to 0.7%), Mortierella
(from 6.1 to 0.1%). Instead, the relative amount of
Fusarium species raised up almost 13 times (from 5.7
to 71.7%). The relative number of Acremonium fungi
also increased slightly (from 4.5 to 5.8%). The single
Verticillium molds were noted (0.3%), which had not
been observed in soil without plants. Simultaneously
Alternaria, Cladosporium and Mucor species being
represented in row spacing could not been found in
rhizosphere soil.

The soybean root surface mycocenosis was
comparatively depleted and consisted of Fusarium
(48.6%) and Gliocladium (32.9%) species above all.
The relative amount of fungi Penicillium species
decreased down to 4.0% compared to rhizosphere soil.
Instead, the relative number of Verticillium, Rhizopus
and Trichoderma fungi slightly increased (Fig. 1c¢).
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Figure 1. Soybean fungi genus composition in row spacing and root
zone, total amount percents (field experiment, 2021): a) -
row spacing, b) -rhizosphere soil, ¢) - washed roots of
plants
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Fungi capable for endophytic in the soybean
internal plants roots tissues

During the research, special attention was paid to
molds isolated from soybean histosphere because it's
known the ability to penetrate into the internal plant
roots tissues is common to certain species and strains
of micromycetes and interaction with endophytic fungi
can expand the adaptive capabilities of plants giving
them new metabolic functions which provides a
significant  increase  agrocenoses  productivity.
According to the results we obtained the endophytic
mycobiota of soybeans was formed by micromycetes
of the genera Penicillium, Chaetomium, Trichoderma,
Fusarium, Verticillium, Phoma. The isolates of
Penicillium sp. 2221, Chaetomium sp. 2061,
Trichoderma sp. 2227 were selected to study the effect
on soybean plants because the literature data state that
the fungi of the mentioned genera are characterized by
their positive effect on soybean plants and other crops
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[3, 9, 23, 25, 30, 42, 52, 62, 64] while the fungi of the
genera Fusarium, Verticillium, Phoma are described
mainly as phytopathogens of many types of culture
plants [2, 5, 7, 43, 47, 50, 51, 56, 63].
The influence of endophytic fungi on soybean plants
growth parameters

As evidenced by vegetation experiment results
(Table 1), pre-sowing treatment of soybean seeds with
endophytic fungi spores had positive effect on plant
growth indicators (height, above-ground mass and root
mass). All investigated strains contributed to a reliable
increase of inoculated plants height up to 11.9-13.3%
compared to the control variant. The usage of
Chaetomium sp. 2061 and Trichoderma sp. 2227 for
seeds treatment allowed to increase dry aerial plant
mass in accordance on 12.7 and 14.3%. The dry roots
weight increased on 10.5% by using Penicillium sp.
2221 and Chaetomium sp. 2061.
The influence of endophyte fungi on Glycine max —
Bradyrhizobium japonicum symbiotic system

Since the studied endophytic fungi contributed to
the growth of soybean plants it was the interest to

investigate their effect on Glycine max —
Bradyrhizobium  japonicum  symbiotic  system
functioning. The soil for vegetation experiment

contained soybean nodule bacteria population owing to
previous years agricultural crop cultivation. That's why
the soybean had in average 15 nodules per plant for
control variant (Fig. 2a). During pre-sowing seeds
treatment with endophytic fungi spores it was noted a
tendency to increase both the number and mass of
nodules on plant roots surface (Fig. 2a, 2b). The most
important indicator for effective symbiotic system
functioning is the nodules to fix molecular nitrogen.
The obtained results proved that nitrogenase activity of
nodules increased on 25.2-56.2% using investigated
endophytic fungi strains (Fig. 2c).

Along with studying endophytic fungi effect on
soybean plants growth and symbiotic indicators, it was
important to assess their influence on phosphorus
plants nutrition after inoculation. As we know,
phosphorus plays a key role in almost all major
metabolic processes, in particular, photosynthesis,
respiration, energy metabolism, macromolecular
biosynthesis [24] and biological nitrogen fixation in
legumes [41]. According to obtained results, the total
phosphorus content was 0.281% in the above-ground
mass in control variant. Pre-sowing treatment of seeds
with endophytic fungi spores raised up the phosphorus
content to 0.297%, 0.342% and 0.318% in variants
with Penicillium sp. 2221, Chaetomium sp. 2061 and
Trichoderma sp. 2227 (Fig. 3).

Table 1. The influence of endophytic fungi on soybean plant growth (vegetation experiment)

Variants Height Above-ground dry mass Root dry mass
(cm) 2 ()
Control (without inoculation) 45.2+0.9 1.26+0.02 0.38+0.01
Inoculation with Penicillium sp. 2221 50.7+£1.7* 1.37+0.03 0.42+0.01*
Inoculation with Chaetomium sp. 2061 51.242.1% 1.4240.03* 0.42+0.01*
Inoculation with Trichoderma sp. 2227 50.6+1.8* 1.444+0.07* 0.40+0.01

* —significant differences at the level of 0.05
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Figure 2. The influence of endophytic fungi on soybean symbiotic
indicators (a - number of nodules, b - mass of nodules, ¢ -
nitrogenase activity in nodules) in vegetation experiment:
1 - Control (water), 2 - Penicillium sp. 2221, 3 -
Chaetomium sp. 2061, 4 - Trichoderma sp. 2227.
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Figure 3. The influence of endophytic fungi on total phosphorus
content in above-ground part of soybean plants (vegetative
experiment): 1 - Control variant (water), 2 - Penicillium
sp. 2221, 3 - Chaetomium sp. 2061, 4 - Trichoderma sp.
2227.
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DISCUSSION

According to literature sources there are a lot of
soybean endophytes fungi genera representatives such
as: Acremonium [37, 64], Alternaria [17, 37, 60],
Ampelomyces  [6, 10], Aspergillus [37, 64],
Cladosporium [10, 17, 37], Chaetomium [6, 9, 37],
Colletotrichum [10, 37], Fusarium [10, 17, 37, 40, 60,
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64], Penicillium [19, 25, 37, 64], Phoma [10, 17, 60],
Scopulariopsis [37, 40], Trichoderma [17, 32, 42, 64].
The most positive effect on plants was revealed among
Chaetomium, Penicillium and Trichoderma genera
representatives that had been isolated by us capable for
endophyte with soybean plants.

The influence of endophytic fungi on plants is
multifunctional. Fungi are able to produce biologically
active metabolites with phytohormonal, antimicrobial,
antiviral, insecticidal, antioxidant, antagonistic activity.
Thus in a review article Toghueo & Boyom [52] report
about more than 280 biologically active substances
produced by Penicillium endophyte fungi. A special
attention has to be paid to their ability for producing
phytohormones such as auxin (indolyl-3-acetic acid)
[21, 61], gibberellin (GA;, GA;, GA4, GA; and GAy)
[3, 19, 21], cytokinin (zeatin) [61] which impacts to
plant growth and productivity enhancement. It had
been shown a positive effect of Penicillium endophytes
on soybean germination [21], growth characteristics of
plants (the shoots length [21, 62], aerial and root mass
[19, 62], leaf area [19] and chlorophyll content [19]).

Harzianic acid (HA), 6-pentyl-a-pyrone (6PP), and
hydrophobinl (HYTLOT1) had been discovered among
biologically active metabolites affecting on plants
growth, nutrients absorption and soybean productivity
produced by Trichoderma spp. [35]. Plant growth
stimulation is an important research and usage aspect
for Trichoderma fungi genus [4, 35, 46]. Senger et al.
revealed that Trichoderma fungi usage contributed not
to only soybean plants germination, preservation and
increasement of shoots and roots biomass but a
significant nodules number and mass increasement
according to control variant [46]. A significant soybean
growth stimulation (up to 39-41%) with the influence
of Trichoderma spp. had been noted by another authors
[4, 35]. Trichoderma fungi are able not only to rise up
soybeans productivity increasement [35, 46] but they
may improve the grain quality, in particular, it was
mentioned a boosting of fatty acids (oleic, linolenic,
11-eicosenoic, and stearic) content in grain [35].

According to our experience the fungus
Chaetomium cochliodes 3250 is able to penetrate into
soybean plants inner tissues [28] and to have positive
influence on growth indicators and crop yield [30].
Pre-sowing treatment of seeds with C. cochliodes 3250
influenced affirmatively on symbiotic system of
soybean plants [29]. Thus, the number of nodules on
roots per plant increased up to 3.4 times compared to
control variant. The nodulation process had happened
at the expense of nodule bacteria local population
formed in soil as a result of crop cultivation in previous
years. Mass of nodules per plant and their nitrogenase
activity raised up during inoculation with C. cochliodes
3250 respectively on 22.2 and 66.2%.

An important property of soil fungi is the ability to
convert phosphorus from mineral and organic
compounds into a form available to plants, which
improves their phosphorus nutrition. The most
described PSF (phosphate-solubilizing fungi) in
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scientific literature are representatives of Penicillium,
Aspergillus, Rhizopus, Fusarium, Trichoderma and
Sclerotium genera [11]. Information about endophytic
fungi influence on phosphate-mobilizing ability is not
significantly enough. In the article Khan et al. [21]
there is a mention that soybean endophyte
P. funiculosum LHLO6 dissolves tricalcium phosphate.
We revealed an increase of total phosphorus content in
soybean above-ground mass after the action of
endophytic strains Penicillium sp. 2221, Chaetomium
sp. 2061 and Trichoderma sp. 2227.

It was revealed the ability of endophytic fungi to
alleviate plant abiotic stress. A number of experiments
according to Penicillium endophytic fungi influence on
soybean plants had been carrying out in salt stress
conditions [19, 21, 62] or in soil contaminated with
heavy metals [3, 23]. Via abiotic stress in tissues of
plant treated with endophytic fungi of Penicillium
genus the level of abscisic acid being a plant stress
marker is reduced and also isoflavones biosynthesis
intensifies [3, 19, 21]. Endophytic fungi, in particular
Chaetomium genus fungi, also has demonstrated a
positive effect on host plants improving biotic stress
tolerance level which was evident via higher
production of resistance markers such as salicylic acid
and polyphenols content with further antioxidant status
improvement [9].

The systemic resistance of plants is getting more
because of endophytic fungi. Chaetomium cochliodes,
using to penetrate in soybean roots tissues, produces
2,4-epibrasinolide which has an important role in plant
resistance to pathogens. In addition the fungus
synthesizes phytohormonal substances: indole-acetic
and gibberellic acids, as well as ergosterol. Indol-3-
acetic acid and ergosterol synthesized by the fungus
can be the basic mediator molecules in forming of
endophytic symbiotic systems between fungus and
plants [8, 27]. While forming such systems the activity
of succinate dehydrogenase (SDH) in plant roots may
be increased up to 2.9 times [28]. It was also
established that systematic plant resistance caused by
pre-sowing soybean treatment with Trichoderma fungi
may be associated with such changes in plants as
increase of abaxial leaf surface stomatal index, root
cortex thickness, adaxial epidermis thickness, vascular
cylinder diameter, mesophyll thickness and spongy
parenchyma thickness among soybean plants [36].

Trichoderma fungi are widely known and described
in many works primarily as soybean phytopathogens
biocontrol agents [13, 32, 34, 35, 38, 46, 64].
Representatives of various Trichoderma species are
effective against series of soybean pathogen such as
Sclerotium rolfsii [64], Fusarium virguliforme [38],
Macrophomina phaseolina [32] and Sclerotinia
sclerotiorum [34]. Mycoparasitism is an essential
biocontrol mechanism of Trichoderma spp. which are
able to secrete chitinases, degrade the cell wall of
another fungi and lyse their cells contents [16]. It
should be noted that investigations of Trichoderma
fungi interaction with soybean plants had been carrying
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out not only with endophytic representatives of the
genus but also with saprotrophic Trichoderma strains.
There are scientific data of Penicillium endophytic
fungus isolated from soybean seeds which is able to
limit the development of Sepforia glycines and
Diaporthe eres phytopathogens up to 60-80% [25].
Chaetomium genus endophytic fungus also had limited
the development of phytopathogenic fungi known as
soybean root rot causative agents [9]. Along with this it
had been shown high nematocidal activity of the
mentioned fungus which led to 100% death of root
knot nematode after 48 hours of exposition [9].

We obtained the results evidently for Penicillium,
Trichoderma and Chaetomium endophytic fungi to
have positive influence on soybean symbiotic
apparatus, molecular nitrogen fixation and total
phosphorus content in above-ground biomass of plants.
It complements the experimental data of many
researchers regarding the multifunctional effect of
these fungi on plants.
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interest in relation to this article.

REFERENCES

[1] Bai, L., Cui, J., Jie, W., Cai, B., (2015): Analysis of the
community compositions of rhizosphere fungi in
soybeans continuous cropping fields. Microbiological
Research, 180: 49-56. doi:10.1016/j.micres.2015.07.007

[2] Bhosale, S.B., Jadhav, D.S., (2013): Bioefficacy of
medicinal plant extract and pathogenicity of Verticillium
wilt of soybean (Glycine max (L.) Merr.). International
Journal of Science and Research, 4(3): 1175-1178.

[3] Bilal, S., Shahzad, R., Khan, A.L., Al-Harrassi, A., Kim,
CK., Lee, L-J, (2019): Phytohormones enabled
endophytic Penicillium funiculosum LHLO6 protects
Glycine max L. from synergistic toxicity of heavy metals
by hormonal and stress-responsive proteins modulation.
Journal of Hazardous Materials, 379: 120-824. doi:
10.1016/j.jhazmat.2019.120824

[4] Bononi, L., Chiaramonte, J.B., Pansa, C.C., Moitinho,
M.A., Melo, LS., (2020): Phosphorus-solubilizing
Trichoderma spp. from Amazon soils improve soybean
plant growth. Scientific Reports, 10: 2858. doi:
10.1038/s41598-020-59793-8

[5] Chang, X., Li, H., Nacem, M., Wu, X., Yong, T., Song,
C., Liu, T., Chen, W., Yang, W., (2020): Diversity of the
seedborne fungi and pathogenicity of fusarium species
associated with intercropped soybean. Pathogens, 9(7):
531. doi: 10.3390/pathogens9070531

[6] de Souza Leite, T., Cnossen-Fassoni, A., Pereira, O.L.,
Mizubuti, E.S.G., de Araujo, E.F., de Queiroz, M.V.,
(2013): Novel and highly diverse fungal endophytes in
soybean revealed by the consortium of two different
techniques. Journal of Microbiology, 51(1): 56-69. doi:
10.1007/s12275-013-2356-x

[7] Deb, D., Khan, A., Dey, N., (2020): Phoma diseases:
Epidemiology and control. Plant Pathology, 69(7): 1203-
1217. doi: 10.1111/ppa.13221

[8] Drahovoz, 1.V., Kopylov, Ye.P., Yovenko, A.S., (2018):
Metabolites of Chaetomium cochliodes Palliser with
phytostimulating and protective activity. Microbiological
Journal, 80(1): 45-56. doi: 10.15407/microbiolj80.01.045
[in Ukrainian].



Shakhovnina, O., Kopylov, E., Nadkernychna, O., Pyshchur. I. - Plant-microbial interaction in the system Glycine max / endophytic fungi

[9] Farhat, H., Urooj, F., Sohail, N., Ullah, S., Ali, M.S.,
(2023): Plant disease management with amelioration of
systemic resistance in soybean by endophytic fungi
associated with GC-MS metabolic profiling of
Chaetomium sp. Physiological and Molecular Plant
Pathology, 126: 102049. doi:
10.1016/j.pmpp.2023.102049

[10] Fernandes, E.G., Pereira, O.L., da Silva, C.C., Pereira
Bento, C.B., de Queiroz, M.V., (2015): Diversity of
endophytic fungi in Glycine max. Microbiological
Research, 181: 84-92. doi: 10.1016/j.micres.2015.05.010

[11] Fu, S.-F., Balasubramanian, V.K., Chen, C.-L., Tran,
T.T., Muthuramalingam, J.B., Chou, J.-Y., (2024): The
phosphate-solubilising fungi in sustainable agriculture:
unleashing the potential of fungal biofertilisers for plant
growth. Folia Microbiologica, 69: 697-712. doi:
10.1007/s12223-024-01181-0

[12] Gange, A.C., Eschen, R., Wearn, J.A., Thawer, A.,
Sutton, B.C., (2012): Differential effects of foliar
endophytic fungi on insect herbivores attacking a
herbaceous plant. Oecologia, 168: 1023-1031. doi:
10.1007/s00442-011-2151-5

[13] Gao, P., Qi, K., Han, Y., Ma, L., Zhang, B., Zhang, Y.,
Guan, X., Qi, J., (2023): Effect of Trichoderma viride on
rhizosphere microbial communities and biocontrol of
soybean root rot. Frontiers in Microbiology,
14:1204688. doi: 10.3389/fmicb.2023.1204688

[14] Han, L.-L., Wang, J.-T., Yang, S.-H., Chen, W.-F.,
Zhang, L.-M., He, J.-Z., (2017): Temporal dynamics of
fungal communitieis in soybean rhizosphere. Journal of
Soils and Sediments, 17: 491-498. doi:10.1007/s11368-
016-1534-y

[15] Hardy, R.W.F., Burns, R.C., Holsten, R.D., (1973):
Application of the acetylene-ethylene assay for
measurement of nitrogen fixation. Soil Biology and
Biochemistry, 5(1): 41-83.

[16] Harman, G.E., Howell, C.R., Viterbo, A., Chet, I,
Lorito, M., (2004): Trichoderma species opportunistic,

avirulent  plant  symbionts.  Nature = Reviews
Microbiology, 2: 43-56.
[17] Impullitti, A.E., Malvick, D.K., (2013): Fungal

endophyte diversity in soybean. Journal of Applied
Microbiology, 114(5): 1500-1506. doi:
10.1111/jam.12164

[18] Islam, M.S., Muhyidiyn, I., Islam, Md.R., Hasan, Md.K.,
Hafeez, A.G., Hosen, Md.M., Saneoka, H., Ueda, A.,
Liu, L., Naz, M., Barutgular, C., Lone, J., Raza, M.A.,
Chowdhury, M.K., Sabagh, A.E., Erman, M., (2022):
Soybean and sustainable agriculture for food security.
pp- 104-129. In Ohyama, T., Takahashi, Y., Ohtake, N.,
Sato, T., Tanabata, S., (eds.): Soybean — recent advances
in research and applications. IntechOpen, London.
doi:10.5772/intechopen.104129

[19] Khan, A.L., Hamayun, M., Ahmad, N., Hussain, J.,
Kang, S.-M., Kim, Y.-H., Adnan, M., Tang, D.-S,,
Wagqas, M., Radhakrishnan, R., Hwang, Y.-H., Lee, L.-J.,
(2011a): Salinity stress resistance offered by endophytic
fungal interaction between Penicillium minioluteum
LHLO09 and Glycine max. L. Journal of Microbiology
and Biotechnology, 21(9): 893-902. doi:
10.4014/jmb.1103.03012

[20] Khan, A.L., Hamayun, M., Ahmad, N., Waqas, M.,
Kang, S.M., Kim, Y.H., Lee, 1.-J., (2011b): Exophiala
sp. LHLOS reprograms Cucumis sativus to higher growth
under abiotic stresses. Physiologia Plantarum, 143: 329-
343. do0i:10.1111/j.1399-3054.2011.01508.x

203

[21] Khan, A.L., Hamayun, M., Kim, Y.-H., Kang, S.-M.,
Lee, L.-J., (2011c): Ameliorative symbiosis of endophyte
(Penicillium funiculosum LHLO06) under salt stress
clevated plant growth of Glycine max L. Plant
Physiology and Biochemistry, 49(8): 852-861. doi:
10.1016/j.plaphy.2011.03.005

[22] Khan, A.L., Hamayun, M., Waqas, M., Kang, S.M.,
Kim, Y.H.,, Kim, DH., Lee, L-J., (2012):
Exophiala sp. LHLO8 association gives heat stress
tolerance by avoiding oxidative damage to cucumber
plants. Biology and Fertility of Soils, 48: 519-529.
doi:10.1007/s00374-011-0649-y

[23] Khan, A.L., Lee, L1.-J., (2013): Endophytic Penicillium
Sfuniculosum LHLOG6 secretes gibberellin that reprograms
Glycine max L. growth during copper stress. BMC Plant
Biology, 13: 86. doi:10.1186/1471-2229-13-86

[24] Khan, M.S., Zaidi, A., Ahemad, M., Oves, M., Wani,
P.A., (2010): Plant growth promotion by phosphate
solubilizing fungi— current perspective. Archives of
Agronomy and Soil Science, 56: 73-98. doi:
10.1080/03650340902806469

[25] Kim, J., Roy, M., Ahn, S.-H., Shanmugam, G., Yang,
J.S., Jung, HW., Jeon, J., (2022): Culturable endophytes
associated with soybean seeds and their potential for
suppressing seed-borne pathogens. The Plant Pathology
Journal, 38(4): 313-322. doi:
10.5423/ppj.0a.05.2022.0064

[26] Kirk, P.M., Cannon, P.F., Minter, D.W., Stalpers, J.A.,
(2008): Dictionary of the fungi. 10th Edition. CABI,
Wallingford. 2600 p.

[27] Kopilov, E., Kyslynska, A., Nadkernychna, O.,
Tsekhmister, H., (2020): Formation and functioning of
Chaetomium cochliodes/Fagopyrum esculentum
endophytic association. Journal of Microbiology,
Biotechnology and Food Sciences, 10(2): 190-196.

[28] Kopylov, E., Kyslynska, A., Nadkernichna, O.,
Tsekhmister, A., Horban, V., (2021): Histological
examination of endophytic Chaetomium cochliodes
Palliser fungus localisation in healthy tissues of
agricultural crop roots. Agriculture and Natural
Resources, 55(4): 507-517.

[29] Kopylov, Ye.P., Nadkernychnyi, S.P., (2008): Symbiotic
interaction efficiency of the fungus
Chaetomium cochliodes Palliser with soybean plants.
Plant Physiology and Genetics, 40(3): 260-267. [in
Ukrainian].

[30] Kopylov, Ye.P., Nadkernychnyi, S.P., Melnyk, A.L,
Usmanova, H.O., (2009): The use of Chaetomium
cochliodes Palliser for rising up of soybean (Glicine max
(L.) Merr.) harvest. Introduction of Plants, 3: 88-94. [in
Ukrainian].

[31] Kostiuchenko, N.I., Liakh, V.O., (2011): Diversity of
micromycets in root zone of soybean under conditions of
Zaporizhzhya region. Actual Issues of Biology, Ecology
and Chemistry, 2: 64-72 [in Ukrainian].

[32] Larran, S., Simén, M.R., Santamarina, M.P., Caselles,
JR. Consolo, V.F., Perello, A., (2023): Endophytic
Trichoderma strains increase soya bean growth and
promote charcoal rot control. Journal of the Saudi
Society of Agricultural Sciences, 22(7): 395-406. doi:
10.1016/j.jssas.2023.03.005

[33] Liu, H., Pan, F., Han, X., Song, F., Zhang, Z., Yan, J.,
Xu, Y., (2019): Response of soil fungal community
structure to long-term continuous soybean cropping.
Frontiers in Microbiology, 9: 3316.
doi:10.3389/fmicb.2018.03316



Analele Universitatii din Oradea, Fascicula Biologie

[34] Macena, A.M.F., Kobori, N.N., Mascarin, G.M., Vida,
JB.,, Hartman, G.L., (2020): Antagonism of
Trichoderma-based biofungicides against Brazilian and
North American isolates of Sclerotinia sclerotiorum and
growth promotion of soybean. Biological Control, 65:
235-246. doi: 10.1007/s10526-019-09976-8

[35] Marra, R., Lombardi, N., d'Errico, G., Troisi, J., Scala,

G., Vinale, F., Woo, S.L., Bonanomi, G., Lorito, M.,

(2019): Application of Trichoderma strains and

metabolites enhances soybean productivity and nutrient

content. Journal of Agricultural and Food Chemistry,

67(7): 1814-1822. doi: 10.1021/acs.jafc.8b06503.

Oliveira, C.M., Almeida, N.O., da Rocha, M.R.,

Rezende, M.H., da Silva Carneiro, R.G., Ulhoa, C.J.,

(2020): Anatomical changes induced by isolates of

Trichoderma spp. in soybean plants. PLoS One, 15(11):

¢0242480. doi: 10.1371/journal.pone.0242480

Pimentel, 1.C., Glienke-Blanco, C., Gabardo, J.,

Makowiecky S.R., Azevedo, J.L., (2006): Identification

and colonization of endophytic fungi from soybean

(Glycine max (L.) Merril) under different environmental

[36]

[37]

conditions. Brazilian Archives of Biology and
Technology, 49(5): 705-711. doi: 10.1590/S1516-
89132006000600003

[38] Pimentel, M.F., Arndo, E., Warner, A.J., Subedi, A.,
Rocha, L.F., Srour, A., Bond, J.P., Fakhoury, A.M.,
(2020):  Trichoderma 1isolates inhibit  Fusarium
virguliforme growth, reduce root rot, and induce
defense-related genes on soybean seedlings. Plant
Disease, 104(7): 1949-1959. doi: 10.1094/PDIS-08-19-
1676-RE.

[39] Redman, R.S., Kim, Y.O., Woodward, C.J.D.A., Greer,
C., Espino, L., Doty, S.L., Rodriguez, R.J., (2011).
Increased fitness of rice plants to abiotic stress via
habitat adapted symbiosis: A strategy for mitigating
impacts of climate change. PLoS One, 6: ¢14823. doi:
10.1371/journal.pone.0014823

[40] Russo, M.L., Pelizza, S.A., Cabello, M.N., Stenglein,
S.A., Vianna, M.F., Scorsetti, A.C., (2016): Endophytic
fungi from selected varieties of soybean (Glycine max L.
Merr.) and corn (Zea mays L.) grown in an agricultural
area of Argentina. Revista Argentina de Microbiologia,
48(2): 154-160. doi: 10.1016/j.ram.2015.11.006

[41] Saber, K., Nahla, L.D., Chedly, A., (2005): Effect of P
on nodule formation and N fixation in bean. Agronomy
for Sustainable Development, 25: 389-393. doi:
10.1051/agro:2005034

[42] Sallam, N., Ali, E.F., Seleim, M.A.A., Khalil Bagy,
H.M.M., (2021): Endophyte fungi associated with
soybean plants and their antagonistic activity against
Rhizoctonia solani. Egyptian Journal of Biological Pest
Control, 31(1): 54. doi: 10.1186/s41938-021-00402-9

[43] Salmaninezhad, F., Mostowfizadeh-Ghalamfarsa, R.,
Cacciola, S.0.M., (2022): Major plant diseases caused
by Phoma sensu lato species and their integrated
management strategies. pp. 135-159. In Rai, M.,
Zimowska, B., Kovics, G.J., (eds.): Phoma: diversity,
taxonomy, bioactivities, and nanotechnology. Springer,
Cham. doi: 10.1007/978-3-030-81218-8 8

[44] Schouten, A., (2019): Endophytic fungi: definitions,
diversity, distribution and their significance in plant life.

pp. 6-31. In Schouten, A., (ed.): Endophyte
biotechnology:  potential  for  agriculture  and
pharmacology. CAB International, Boston. doi:

10.1079/9781786399427.0006
[45] Selim, K.A., El-Beih, A.A., Abdel-Rahman, T.M., El-
Diwany, A.L, (2012): Biology of endophytic fungi

Original Paper

204

2025, Tom. XXXII, Issue: 2, pp. 198-205

current research in environmental. Applied Micology,
2(1): 31-82. doi: 10.5943/cream/2/1/3

[46] Senger, M., Urrea-Valencia, S., Nazari, M.T., Vey, R.T.,
Piccin, J.S., Martin, T.N., (2023): Evaluation of
Trichoderma asperelloides-based inoculant as growth
promoter of soybean (Glycine max (L.) Merr.): a field-
scale study in Brazil. Journal of Crop Science and
Biotechnology, 26: 255-263. doi: 10.1007/s12892-022-
00177-x

[47] Shvartau, V.V., Zozulia, O.L., Mykhalska, L.M., Sanin,
0.Yu., (2016): Fusarioses of cultivated plants. Lohos,
Kyiv. 164 p. [in Ukrainian].

[48] Song, X., Huang, L., Li, Y., Zhao, C., Tao, B., Zhang,
W., (2022): Characteristics of soil fungal communities in
soybean rotations. Frontiers in Plant Science, 13. doi:
10.3389/1p1s.2022.926731

[49] Strom, N., Hu, W., Haarith, D., Chen, S., Bushley, K.,

(2020): Corn and soybean host root endophytic fungi

with toxicity toward the soybean cyst nematode.

Phytopathology, 110(3): 603-614. doi: 10.1094/PHYTO-

07-19-0243-R

Sultana, F., Hossain, M.M., (2022): Diseases of

vegetables caused by Phoma spp. pp. 91-119. In Rai, M.,

Zimowska, B., Kovics, G.J. (eds.): Phoma: diversity,

taxonomy, bioactivities, and nanotechnology. Springer,

Cham. doi: 10.1007/978-3-030-81218-8_6

[51] Sun, F.-F., Sun, S.-L., Zhu, Z.-D., (2016): Occurrence of
verticillium wilt caused by Verticillium dahliae on mung
bean in Northern China. Plant Disease, 100(8): 1792-
1792. doi: 10.1094/PDIS-01-16-0084-PDN

[52] Toghueo, RM.K., Boyom, F.F., (2020): Endophytic
Penicillium species  and  their  agricultural,
biotechnological, and pharmaceutical applications. 3
Biotech, 10: 107. doi: 10.1007/s13205-020-2081-1

[53] Volkohon, V.V. (ed.), (2010): Experimental soil
microbiology. Agrarian science, Kyiv, 463 p. [in
Ukrainian].

[54] Waksman, S.A., (1922): A method for counting the
number of fungi in the soil. Journal of Bacteriology, 7:
339-341.

[55] Xiang, X., Liu, J., Zhang, J., Li, D., Kuzyakov, Y.,
(2020): Divergence in fungal abundance and community
structure between soils under long-term mineral and
organic fertilization. Soil and Tillage Research, 196:
104491. doi: 10.1016/j.stil1.2019.104491

[56] Xu, S., Christensen, M.J., Creamer, R., Li, Y.Z., (2019).

[50]

Identification, characterization, pathogenicity, and
distribution of Verticillium alfalfae in alfalfa plants in
China. Plant Disease, 103(7): 1565-1576. doi:

10.1094/PDIS-07-18-1272-RE

[57] Yadav, A.N., Kumar, R., Kumar, K., Verma, P., Kumar,
V., (2017): Current applications and future prospects of
eco-friendly microbes. EU Voice, 3(1): 1-3.

[58] Yadav, V., Kumar, M., Deep, A.K., Kumar, H., Sharma,
R., Tripathi, T., Tuteja, N., Saxena, A.K., Johri, A.K.,
(2010): A phosphate transporter from the root
endophytic fungus Piriformospora indica plays a role in
phosphate transport to the host plant. Journal of
Biological ~Chemistry, 285: 26532-26544. doi:
10.1074/jbc.M110.111021

[59] Yang, B., Ma, H.-Y., Wang, X.-M,, Jia, Y., Hu, J., Li,
X., Dai, C.-C.,, (2014): Improvement of nitrogen
accumulation and metabolism in rice (Oryza sativa L.)
by the endophyte Phomopsis liquidambari. Plant
Physiology and Biochemistry, 82: 172-182. doi:
10.1016/j.plaphy.2014.06.002



Shakhovnina, O., Kopylov, E., Nadkernychna, O., Pyshchur. I. - Plant-microbial interaction in the system Glycine max / endophytic fungi

[60] Yang, H., Ye, W., Ma, J., Zeng, D., Rong, Z., Xu, M.,
Wang, Y., Zheng, X., (2018): Endophytic fungal
communities associated with field-grown soybean roots
and seeds in the Huang-Huai region of China. Peer
Journal, 6. doi: 10.7717/peerj.4713
Yurieva, O.M., Dragovoz, [.V., Leonova, N.O.,
Biliavska, L.O., Syrchin, S.O., Kurchenko, .M., (2018):
Biosynthesis of phytohormones by Penicillium
Sfuniculosum strains from different ecological niches.
Microbiological Journal, 80(2): 44-55 [in Ukrainian].
doi: 10.15407/microbiolj80.02.044
[62] Yurieva, O.M., Syrchin, S.O., Nakonechna, L.T.,
Kurchenko, .M., (2018): Influence of endophytic and
saprotrophic  Penicillium  funiculosum  strains on
resistance of Glycine max L. under salt stress. Scientific

[61]

205

reports of National University of Life and
Environmental Sciences of Ukraine, 2(72): 1-10. doi:
10.31548/dopovidi2018.02.002

[63] Zhou, Q., Li, N., Chang, K.-F., Hwang, S.-F., Strelkov,
S.E., Conner, R.L., McLaren, D.L., Fu, H., Harding,
M.W., Turnbull, G.D., (2018): Genetic diversity and
aggressiveness of Fusarium species isolated from
soybean in Alberta, Canada. Crop Protection, 105: 49-
58. doi: 10.1016/j.cropro.2017.11.005

[64] Zuhria, S.A., Djauhari, S., Muhibuddin, A., (2016):
Exploration and antagonistic test of endophytic fungi
from soybean (Glycine max L. Merr) with different
resistance to Sclerotium rolfsii. Journal of Experimental
Life Science, 6(2): 101-105.

Received: March 16, 2025

Accepted: October 16, 2025
Published Online: October 25, 2025

Analele Universitatii din Oradea, Fascicula Biologie
https://www.bioresearch.ro/revistaen.htm] [m]zFs
Print-ISSN: 1224-5119 )
e-ISSN: 1844-7589

CD-ISSN: 1842-6433

University of Oradea Publishing House




