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Abstract. Endophyte microorganisms are vital in protecting plants from pathogens and environmental
stressors, such as abiotic and biotic stresses. They produce various useful compounds, including
phytohormones, siderophores, and bioactive substances that can protect against insects, microbes,
and viruses. Climate change is a significant threat to plant communities, but despite numerous studies
investigating the impact of climate change on plants, there has been relatively little research on the role
of the plant microbiome in helping plants adapt to changing conditions. This is a significant issue because
global agriculture will face significant challenges due to worsening drought conditions caused by climate
change. However, research has shown that plant microbiomes, particularly fungal endophytes, can help
crops cope with drought stress. To understand the role of these endophytes and their diversity in plant
symbiosis is essential to anticipate their function in a changing climate.
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Introduction

Plant-endophytic interaction enhancing stress tolerance

The endophytic microorganisms are beneficial
microorganisms that have no negative impact on the
plant they live on. Thus, endophytic microorganisms
produce biologically active secondary metabolites in
the same or similar manner as their host plants, as well
as participating in the growth and development of their
hosts, and protecting them from external influences, such
as biotic and abiotic stress.

Additionally, endophytic microorganisms and
their diversity, distribution, how they form symbiotic
relationships with plants, as well as their role in climate
change, need to be studied. There has been little research
into the role of microorganisms in helping plants adapt

to climate change, and most studies have focused on
the effects of climate change on plants and their stress
tolerance. An overview of endophytic microorganisms,
their mechanisms of protection from stress, and their role
in plant adaptation to climate change is provided in this
review

Potential of endophyte in tolerating biotic stress

Insects, worms, nematodes, bacteria, fungi, viruses,
and other biotic stress cause negative impacts on
agricultural production and the ecosystem. There has
been a 10—40% decline in crop losses worldwide and food
security has been threatened due to these factors [11],
[15], [45]. Pathogenic invasions cause disadvantages
to plants by regulating reactive oxygen species (ROS),
hydroxyproline-rich glycoproteins (HPRGs), plasma
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membrane H+-ATPases,
enzymes (CWDE) [35].

It is considered that endophytes play an essential role
in suppressing pests and phytopathogens, preventing
pathogenic invasion, and reducing harmful damages
caused by biotic stress by both directly and indirectly
inhibiting activities [10], [24], [43]. Biocontrol has
been characterized by the synthesis of phytohormones,
defense enzymes, siderophores, bioactive, insecticidal,
antimicrobial, antiviral, and volatile metabolites,
competition for essential nutrients and space, as well as
stimulation of host-plant defense systems such as ROS,
induced systemic resistance (ISR) or systemic acquired
resistance (SAR) [10], [23], [35], [43]. Through the use
of signaling molecules, the SAR enhances the resistance
of necrotizing pathogens in locally infected tissues, while
the ISR enhances the resistance of various pathogens in
the whole plant [24].

As biocontrol agents, endophytes synthesize
CWDEs and peptaibols to attack pathogens. Their action
activates the plant defense system’s MAMP-triggered
immunity (MTI) and effector-triggered immunity (ETT)
responses. In addition to MTI and ETI, they can also
synthesize direct responses such as acyl-homoserine
lactone (AHL), AHL-acylase, AHL lactonase, and
polyhydroxyanthraquinones  for  blocking these
pathogenic quorum sensing signals [35]. Moreover,
there is a cross-communication between endophytic
l-aminocyclopropane-1-carboxylic acid (ACO)
deaminase activity with jasmonic acid (JA) and ethylene
(ET) regulation, which leads to lower ET accumulation
or indirect inhibition of 1-aminocyclopropane-1-
carboxylate synthase (ACS) expression against
pathogens [35]. The accumulation of pathogenesis-
related (PR) proteins, activation of hormone-dependent
pathways, and elicitation of antioxidant machinery also
contribute to inhibitory activity [33].

and cell wall degrading

Antagonistic mechanisms of endophytes

The host-pathogen-endophyte interaction is so
complex that genetic, proteomic, and metabolomic
activities occur simultaneously [45]. In the case of
bacterial endophytes, plants attract them by releasing
coumarins, triterpenes, camalexin, flavonoids, and
strigolactones through their phosphotransferase system
or by using periplasmic binding proteins [35]. Bacterial
endophytes attach by using polysaccharides, proteins,
CWDEs, and microbe-associated molecular patterns
(MAMPs) including succinoglycans rhamnoses,
outer membrane lipoproteins, muropeptide permease,
arabinogalactan proteins, flagellins, cellulases, xylanases,
pectinases, and endoglucanases [32], [35], [45]. The
MAMPs and MTI are signal perception for bacteria.

Bacteria without type 3 or 6 secretory systems (T3SS)
are recognized as pathogens and activated SAR using
synergistic interaction of salicylic acid (SA) and JA-ET
pathways. A synergistic interaction of salicylic acid (SA)
and JA-ET pathways activates SAR against bacteria
lacking type 3 or 6 secretory systems (T3SS). With
T3SS, bacteria can surpass MTI, symbiotic relations,
cellular reprogramming, and ISR to overcome pathogens
using JA-ET pathways [27]. Besides, pathogens can be
prevented by activated SAR and T3SS elicitor proteins
[35].

As fungal endophytes grow within host plants,
they release CWDEs and metabolites such as chitins,
lipochitooligosaccharides (LCOs), elicitins, glucans,
cerebrosides, ergosterols, and MAMPs, among others
[35], [45]. It can be argued that MAMP signaling
molecules and elicitors activate the plant immunity
systemto fight pathogens [32],[56]. Inresponse to signals,
mitogen-activated protein kinase (MAPK) activates the
MTI and ETI systems, leading to the induction of ISRs
by NPR1 [32], [36], [45]. In addition, phytohormones
are also used to induce biocontrol activity: JA and ET
regulate necrotrophic pathogens, while SA regulates
biotrophic and hemibiotrophic pathogens [45].

This study reveals tremendous advantages of using
antagonistic endophytes as biocontrol agents to control
phytopathogens as biocontrol agents due to their
greater colonization efficacy, reduction in chemical
pesticides, and acclimatization to stressful conditions
[11], [35], [43]. Biocontrol agents and substitutes for
chemical pesticides, such as endophytes, have therefore
been considered eco-friendly solutions in sustainable
agriculture.

Effects of plant-endophytic interactions as a biocontrol
agent

The biocontrol effect of endophytes has been observed
in Table 1. Regardingly, bacterial endophytes have
been considered a promising biocontrol agent to inhibit
vascular wilts, a serious disease damaging annual crops
and woody perennials [14]. Regardingly, Endophytic
Paenibacillus isolated from wheat seeds exhibited the
most significant antagonistic activity against Fusarium
graminearum, the causative pathogen of wheat head
blight [12]. It was found that Alcaligenes strain EIL-2
associated with Hvea brasiliensis inhibits Phytophthora
meadii in 62.5 % of the cases and reduces lesion size by
43% of the cases in H. brasiliensis leaves [1].

Additionally, endophytic Bacillus species have been
considered to be a significant biocontrol agent against
diverse pathogens, and a promising bioinoculant used
widely in agrobiotechnology [15]. The SCB-1 strain of
B. subtilis secretes antifungal surfactins and volatiles
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that bind to Saccharicola, Cochliobolus, Alternaria, and
Fusarium and inhibit their growth [19]. As a biocontrol
agent, B. subtilis TPJ-16 effectively eliminated
sclerotiniosis in mulberry fruit (90.84%+1.41%).
Moreover, their cell suspension and supernatant could
stimulate mulberry seed germination and facilitate the
growth of mulberry seedlings in greenhouse experiments
[54].

The grapevine industry is threatened by downy mildew
disease caused by Plasmopara viticola. However, B.
subtilis GLB191 and B. pumilus GLB197 were effective
in controlling this disease [58]. In another study, B.
velezensis strains MZ-4, YN-23, and F14 from healthy
maize plants were able to inhibit Klebsiella pneumoniae,
which is a dangerous maize-top-rot pathogen. The
control effects were around 81.2%, 74.7%, and 66.7%,

Table 1. Endophytes as biocontrol agents

respectively [29]. Moreover, B. velezensis YW17 from
Pinus sylvestris can inhibit root rot disease caused by
Fusarium oxysporum in Panax ginseng. The strain
exhibited two genes (trpA-C and gatA) in the synthesis
of the phytohormone IAA, ten genes (efp, hfq, epsA-O,
spo0A, sinl/sinR, lysC, yjbB, flgK, fliD, srfABC) in
biofilm formation and root colonization, two genes (ilvB
and alsD) in the biosynthetic pathway of acetoin, and 18
gene clusters in the synthesis of secondary metabolites
concerning antifungal activities [53].

58 endophytes were isolated from the root system
of one-year-old grafted Vitis vinifera plants. Among
them, 15.5% displayed activity against Diplodia seriata
while 13.8% exhibited activity against Dactylonectria
macrodidyma. Accordingly, a significantly antagonistic
Streptomyces sp. VV/E1 could decrease the infection

Pathogen Endophyte Biocontrol effect Reference
C. gloeosporioides Aspergillus terreus Inhibit the leaf spot on ginger [18]
. o .
C. gloeosporioides Epicoccum dendrobii Inhibit a 5.04) growth rate of Colletotrichum [8]
gloeosporioides, an anthracnose pathogen
. . Inhibit 33.91% the growth rate of Dactylonectria
Dactylonectria macrodidyma Streptomyces sp. VV/E1 macrodidyma [5]
Diplodia seriata Streptomyces sp. VV/E1  Inhibit 53.47% the growth rate of Diplodia seriata [5]
Exserohilum turcicum T harzianum KUFA0710 Inhibit 55.70% of leaf blight disease in sweet corn [30]
Exserohilum turcicum T harzianum KUFAQ0713 Inhibit 49.92% of leaf blight disease in sweet corn [30]
F. graminearum Paenibacillus sp. Inhibit the growth of F. graminearum on wheat and [12]
barley kernels
. Inhibit F. oxysporum in Panax ginseng by secreting
E oxysporum B. velezensis antifungal lipopeptides, proteins, and volatile substances 53]
Klebsiella pneumoniae B. velezensis Inhibit maize-top-rot pathogen at up to 81.2 % [29]
. L. Trichoderma sp. strain ~ Reduce colonization of the esca-related pathogen
Phaeoacremonium minimum . . . [9]
T154 concerning grapevine trunk diseases
Exhibit 62.5 % inhibition of Phytophthora meadii and
Phytophthora meadii Alcaligenes strain EIL-2  43% reduction of lesion size on infected H. brasiliensis [1]
leaves
Plasmopara viticola B. subtilis GLB191 Reduce 69.0% of downy mildew disease in grapevine [58]
Plasmopara viticola B. pumilus GLB197 Reduce 57.5% of downy mildew disease in grapevine [58]
Pythium myriotylum Rhizopycnis vagum Inhibit soft rot pathogen on ginger [6]
Saccharicola
Cochliobolus e Against sugarcane pathogens including the genera
Alternaria B. subtilis SCB-1 Saccharicola, Cochliobolus, Alternaria, and Fusarium [19]
Fusarium
L N ..
Scleromitrula shiraiana B. subtilis 7PJ-16 Control up t0 90.84 £ 1.41 % of sclerotiniose on [54]

mulberry fruit
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rates of pathogens Dactylonectria sp., Ilyonectria sp.,
Phaeomoniella chlamydospora, and Phaeoacremonium
minimum on young grapevine plants preventing the
decline of young grapevines in nurseries and vineyards
[5]. The wine and grape industry is facing a serious
threat due to grapevine trunk diseases that result in
a significant reduction in grape yields and quality and
even plant death. To combat this, a study found that
endophytic Trichoderma sp. strain T154 was able to
inhibit Phaeoacremonium minimum, a fungus involved
in grapevine trunk diseases, through spore adhesion,
niche exclusion, and hypha coiling mechanisms. [9].

The endophytic fungi in wheat could reduce pustules’
density and size in a susceptible wheat cultivar caused
by leaf rust pathogen Puccinia triticina [13]. Endophytic
Trichoderma asperellum KUFA0702, KUFA0703, T.
hamatum KUFAO0706, T. harzianum KUFA0710, and T.
harzianum KUFAQ713 isolated from healthy corn leaves
could inhibit leaf blight disease caused by Exserohilum
turcicum. Their antagonistic activity was demonstrated
by their rapid growth, high competition for space and
nutrients, and production of antifungal compounds.
Accordingly, the fresh and dry formulations of T.
harzianum KUFAO0710 showed a disease reduction rate
of 55.70% and 47.46%, respectively. Meanwhile, the
fresh and dry formulations of 7. harzianum KUFAQ713
showed disease reduction rates of 49.92% and 43.84%,
respectively [30].

An article by Anisha reports that Rhizopycnis vagum,
a microbe found in Zingiber officinale Rosc. has the
potential to antagonize the soft rot pathogen Pythium
myriotylum [6]. In addition, Aspergillus terreus also
found in the same plant, can control leaf spots on ginger
that Colletotrichum causes gloeosporioides through the
use of an active molecule terrein [18].

Epicoccum dendrobii strain SMEL1 was isolated
from Chinese fir (Cunninghamia lanceolata) and found
to inhibit 50% growth of Colletotrichum gloeosporioides,
an anthracnose pathogen [8].

Plant-endophytic interaction to abiotic stress

Abiotic stresses such as nutrient deficiency, drought,
cold, heat, heavy metals, salinity, and pH of soil along
with climate change have become significant threats
to crops [22], [45]. Environmental changes can lead
to stress and trigger alterations in plant metabolomic
and transcriptomic activities. As climate change has
increased over the past few decades, plants have been
exposed to more extreme weather and environmental
conditions, leading to a reduction in crop yield and
quality and damage [45].

Drought stress

Drought stress can severely impact plant growth and
development based on onset time, duration, and severity
[45]. When plants experience drought, they undergo
significant changes in their physiology, biochemistry,
and gene expression. These changes include producing
more ABA, closing their stomata to reduce water loss
through transpiration, increasing respiration, decreasing
cell size and membrane integrity, slowing down growth
and photosynthesis, and promoting leaf senescence. [45],
[52]. Endophyte-mediated tolerance mechanisms include
both direct and indirect methods to combat drought. This
can be achieved through the accumulation of organic
solutes in tissues, an increase in osmolytes, the formation
of a thicker cuticle layer, reduction of leaf conductance,
and slowing down transpiration. [40], [52]. In addition,
endophytes can trigger an antioxidant defense system and
osmotic adjustment to alleviate drought-induced stress
[52]. The plants associated with symbiotic endophytes
increase the production of phytohormones such as ABA,
IAA, ethylene, gibberellin, and strigolactone. They also
accumulate compatible solutes such as polysaccharides,
glycine betaine, organic, and amino acids. Moreover,
these plants have increased levels of ROS that include
hydroxyl radical, hydrogen peroxide, superoxide anion
radical, and singlet oxygen, along with oxidative
enzymes such as superoxide dismutase, peroxidase, and
catalase. [40]. Besides consuming less water, producing
ACC deaminase and activating mitogen-activated
protein kinase increases drought tolerance [40], [52].

High-temperature stress

In light of climate change, the average temperature
is projected to increase by 1.1 to 5.4°C by 2100. [45].
The impact of heat stress on plants can be observed
through a range of symptoms, including a reduction
in photosynthesis, changes in plasma membrane
activity, transpiration, enzymatic dysfunction, and a
reduction in plant growth and development. [44], [50].
Under heat stress, the relationship between plants and
their endophytes can increase the accumulation of
phytohormones. These include gibberellin, cytokinin,
SA, TAA, and ABA - which serve as endogenous
growth regulators. ABA helps to close cellular stomata,
preventing the loss of osmolytes through evaporation,
reducing oxidative stress damage, and activating
the defense system. Auxins enhance the defensive
antioxidant system in plants, while gibberellins help
regulate the development process at all stages. [4],
[44]. In addition, endophyte-induced thermotolerance
activates heat-shock transcription factors, heat-shock
proteins (HSP), and ACC-deaminase production [44],
[46]. Organic osmolytes induce thermotolerance by
activating defense mechanisms, solubilizing nutrients,
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and alleviating heat stress, while promoting plant growth
through nitrogen fixation, siderophore production,
and volatile compounds [44]. Nitrogen fixation is the
natural process of converting atmospheric nitrogen into
a usable form for plants and other organisms for energy
metabolism, protein synthesis, and photosynthesis [44].
Siderophores are high-affinity iron-chelating compounds
that transport iron across cell membranes via membrane
receptors [44]. Volatile metabolites as growth inducers
induce the defense system and the inhibition of oxidation
against heat stress [44].

Salinity stress

Insufficient precipitation, poor irrigation, soil
pollution, and saline deposition cause ionic and osmotic
stress, negatively impacting plants due to salinization
and salinity stress [22], [52]. Under salinity stress, plants
exhibit slow growth and closed stomata, leading to
increased oxidative stress, damage to the photosynthetic
system, and synthesis of harmful stress by-products [22].
Endophytes and their interaction with plants can help
reduce the negative effects of salinity stress by producing
various organic osmolytes (such as exopolysaccharides,
trehalose, proline, glycine, and betaine). They can also
regulate the antioxidant defense system, alter defense
enzymes, and produce phytohormones (such as IAA,
ABA, and gibberellin) for adaptive responses [22], [31],
[38]. The antioxidant defense system plays an important
role in scavenging ROS, using antioxidant metabolites
such as glutathione, ascorbate, and tocopherol, as well
as antioxidant enzymes such as superoxide dismutases
(SOD), catalases (CAT), ascorbate- or thiol-dependent
peroxidases (APX), glutathione reductases (GR),
dehydroascorbate reductases (DHAR), and mono-
dehydroascorbate reductases (MDHAR) [52]. Plant
growth is affected by salinity stress, which can cause the
accumulation of sodium ions. However, the high-affinity
K+ transporter (HKT1) plays a crucial role in regulating
Na+ homeostasis and can help reduce the accumulation
of Nat+ in plants. When plants are under stress, the
interaction between the plant and its endophytes works
to regulate Na+ homeostasis by down-regulating HKT1
expression in the roots and upregulating it in the shoots
[22], [58]. The interaction induced essential transcripts:
four of them (NADP-Me2, EREBP, SOSI, BADH, and
SERK1) were up-regulated, and two of them (GIG and
SAPK4) were repressed as well [31].

Application of endophytes for mitigating abiotic stress

Rice is the most important food worldwide.
Cooperation of P. pseudoalcaligenes and B. pumilus
cooperated to enhance salinity tolerance in local paddy
rice (Oryzasativa L.) variety GJ-17, by accumulating high

concentrations of glycine betaine-like compounds [21].
Under 2.5% salinity, rice exhibited a reduction of 55%
in dry biomass and 65% in plant height. In comparison,
P. pseudoalcaligenes and B. pumilus reduced the dry
biomass of rice by only 33%, and plant height by 44%
[21]. Fungus Nigrospora oryzae strain #20STUR9a was
found in drought-resistant rice, producing [AA (351.01 £+
7.11 pg/mL), phosphate solubilization (PI 1.115 £ 0.02),
siderophore (72.57 + 0.19 %), antioxidant activity and
ACC deaminase (305.36 + 0.80 nmol a-ketobutyrate/
mg/h). The strain was found to enhance rice growth
salinity stress. The strain was found to enhance rice
growth under salinity and drought stress. Specifically, it
led to an increase in relative water content by 48.39%
and 50.31%; chlorophyll content by 30.94% and
39.47%; phenolic content by 25.32% and 32.95%; and
osmolyte content by 43.67% and 50.42% respectively,
under salinity and drought stress. (the relative water,
chlorophyll, phenolic, and osmolyte content increased
by 48.39%, 30.94%, 25.32%, and 43.67%, respectively)
and under drought stress (the relative water, chlorophyll,
phenolic, and osmolyte content increased by 50.31%,
39.47%, 32.95%, and 50.42%, respectively) [48].
Expressing at least 14 genes in B. amyloliquefaciens
NBRISN13 colonization promotes rice growth and
salinity tolerance up to 200 mM NaCl. During times
of stress, four genes (NADP-Me2, EREBP, SOSI,
BADH, and SERKI1) were up-regulated, while two
genes (GIG and SAPK4) were down-regulated [31].
Aspergillus flavus strains ACJ-2 and ACJ-5, Aspergillus
sp. strains SAP-3, SAP-6, and LAS-4, and Chaetomium
sp. strain LAS-6 were isolated from plants in the Thar
Desert, Rajasthan, India. They were able to survive at a
temperature of 45°C. The strain Chaetomium sp. LAS-6
enhances the growth of rice cultivar IR-64 under drought
and high temperatures at the early seedling stage [41].
Besides, various endophytes exhibited plant growth—
promoting abilities under abiotic stress conditions.
Fungal endophyte Serendipita indica can promote plant
growth under abiotic stress conditions by increasing the
systemic resistance, metabolite synthesis, antioxidant
mechanism, phytohormone regulation, uptake of
nutrients, maintaining ionic homeostasis and improving
gene transcription for Na+ and K+ homeostasis [50].
The endophyte Enterobacter sp. SA187 improved wheat
tolerance to heat stress by enhancing H3K4me3 levels
and ethylene signaling through transcription factors EIN3
and HSFA2. [47]. A strain of Thermomyces, isolated from
the roots of hot desert-adapted delile (Cullen plicata),
was found to be capable of inducing thermo-tolerance
in cucumber plants during the summer season in Egypt.
This was achieved by maintaining the maximum quantum
efficiency of photosystem II and photosynthesis rate,
inducing water use efficiency, increasing root length,
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Table 2. Endophytes enhancing abiotic stress tolerance in plants

Stress Endophyte Host plant Tolerance effect References
Drought Chaetomium sp. LAS-6 rice promote survival percentage as well as shoot [41]
and root growth
Niar ., e strain the relative water, chlorophyll, phenolic, and
Drought #é‘%gfﬁ?ﬁ;gw ae rice osmolyte content increased by 50.31%, 39.47%, [48]
32.95%, and 50.42%, respectively
Trichoderma hamatum DIS enhance seedling growth, increase root weight,
Drought 219b cacao and root water content 7]
High temperature ~ Chaetomium sp. LAS-6 rice promote survival percentage as well as shoot [41]
and root growth
promote thermotolerance and decrease death
High temperature ~ Curvularia crepinii G1-29 rice rates of indica rice under 50°C for 4 days [59]
conditions
reprogram the transcriptome via HSFA2-
High temperature  Enterobacter sp. SA187 wheat dependent enhancement of H3K4me3 levels at [47]
heat stress memory gene loci
Paccilomyces formosus total polyphenol, abscisic acid, fatty acids (C18:2
High temperature LHLI10 4 cucumber and C18:3), glutathione, and lipid peroxidation [25]
activities were decreased
. Pseudomonas putida increase the root and shoot length, dry biomass,
High temperature AKMP7 wheat tiller, spike let, and grain formation (4]
. promote cucumber plants grown well in the field
High temperature ~ Thermomyces sp. cucumber during the hot summer season in Egypt [3]
- B. amyloliquefaciens . promote rice growth and salinity tolerance
Salinity NBRISN13 hee  (NaCl 200 mM) [31]
.. . . enhance salinity tolerance in rice variety GJ-17
Salinity B. pumilus riee under 2.5% NaCl condition (21]
Arabidopsis lowering Na* accumulation by down- and
Salinity B. subtilis GB03 tha lia5 § upregulates HKT1 expression in roots and [57]
shoots, respectively
Nierospora orvzae the relative water, chlorophyll, phenolic, and
Salinity #ZZ%S]PUR% b rice osmolyte content increased by 48.39%, 30.94%, [48]
25.32% and 43.67%, respectively
Salinit Pseudomonas rice enhance salinity tolerance in rice variety GJ-17 [21]
Y pseudoalcaligenes under 2.5% NaCl condition

and accumulating polysaccharides, flavonoids, saponins,
soluble proteins, and antioxidant enzymes [3]. Research
has shown that B. subtilis has the ability to improve the
ability of tomato plants to withstand drought and salinity.

After exposure to stress, plants associated with B.
subtiliswere found to have higher biomass and chlorophyll
content. In addition, these plants had higher levels of K+
and P+ ions, and lower levels of Na+ ions. The plants also
exhibited less oxidative stress, as evidenced by lower
activities of total polyphenol and enzymes catalase,
peroxidase, and polyphenol oxidase. Furthermore,
the plants had higher levels of SA accumulation and
gibberellin content [28]. B. subtilis GB03 can promote the
growth of Arabidopsis thaliana under the 100 mM NaCl

condition by down- and upregulating HKT1 expression
in roots and shoots, respectively [57]. Paecilomyces
formosus LHL10 enhanced the thermotolerance ability
of cucumber (Cucumis sativus) at high temperatures
(38°C). Regardingly, total polyphenol, abscisic acid,
fatty acids (C18:2 and C18:3), glutathione, and lipid
peroxidation activities were decreased in endophyte-
associated plants [25]. 7 hamatum DIS 219b improved
Theobroma cacao growth under drought by enhancing
seedling growth, root weight, and water content. [7]. The
plants that were colonized by endophytes showed a 64%
decrease in stomatal conductance, and a 46% decrease
in net photosynthesis, as compared to the non-colonized
seedlings, which showed an 85% decrease in stomatal

74 Microbiology



Adiyadolgor et al. / Proc. Inst. Biol. 39 (2023) 69-90

conductance and 76% decrease in net photosynthesis.
Additionally, the colonized plants had increased Ala
and GABA levels, while the Asp and Glu levels were
decreased [7]. Pseudomonas putida strain AKMP7 can
enhance wheat plant survival and growth under heat
stress by increasing root and shoot length, dry biomass,
and tiller, spikelet, and grain formation.

Besides, the interaction between plants and their
endophytes induces the biosynthesis of various
metabolites including chlorophyll, polysaccharides,
proline, starch, amino acids, and proteins while inhibiting
the activity of antioxidant enzymes such as SOD, APX,
and CAT [4]. The positive effects of plant growth-
promoting and thermotolerant Curvularia crepinii G1-
29, isolated from the root of Hedyotis diffusa growing
in geothermal ecosystems of Southwest China, was
significantly investigated in indica rice under 50°C for 4
days conditions [59].

Endophyte Community and Climate Change:

Climate change significantly challenges global
ecosystems, agriculture, and human societies. As we
face unprecedented shifts in weather patterns, rising
temperatures, and environmental degradation, it is
imperative to explore innovative, sustainable solutions
to mitigate its impact. Plant communities are threatened
by rapid climate change. Less research has been done
on the role of the plant microbiome in assisting plants’
adaptation to climate change, even though numerous
studies address the impact of climate change on plants
and the mechanisms of their resilience to climatic
stressors.

Global agriculture will face substantial challenges
due to climate change, which is anticipated to worsen
drought conditions globally. It has been shown that plant
microbiomes can help crop species cope with drought
stress [20]. Understanding endophytes and diversity and
how they work in symbiosis with plants are essential
components of anticipating their function in a changing
climate [2]. Researchers have examined the effects of
high and low soil moisture on the performance of 20
endophytes separated from wetter and drier regions in
symbiosis with grass seedlings. The plasticity of plant
attributes provided by the various fungal taxa varied by
up to two orders of magnitude, indicating significant
variation in how individual endophytic taxa altered plant
features under high and low water availability [17].

A study showed that wheat inoculated with isolates
from various target taxa, including Curtobacterium
faccumfaciens (Cf D3-25) and Arthrobacter sp. (Ar
sp. D4-14), displayed the capacity to encourage growth
under drought conditions. According to this study, the
beneficial bacteria in the seed microbiomes of wheat

lines with different genetic backgrounds are enhanced
in both line- and stress-responsive ways. As a result,
seeds from stress-phenotyped lines are a priceless source
for finding helpful microorganisms that have plant
growth-promoting abilities and could boost the output of
commercial crops [20].

Endophytes play a crucial role in the adaptive response
of plants to climate change. They promote plant growth
by fixing nitrogen, solubilizing minerals, producing
phytohormones, and enhancing nutrient availability.
Endophytes also induce systemic resistance in host plants
by producing hydrolytic enzymes and antagonizing
agents. Fungal endophytes, in particular, can transfer
resistance to their hosts, aiding in fast-tracking plant
adaptation to climate stressors. The plant microbiome,
including endophytes, may be key to plants’ ability to
adapt to climatic stressors. Furthermore, endophytes can
help mitigate the effects of abiotic stresses, such as high
temperature, drought, and salinity, by promoting plant
growth and development. Overall, understanding and
harnessing the potential of endophytes can contribute
to sustainable and productive agriculture in the face of
climate change.

The secondary metabolites produced by endophytes
have the potential to serve as a valuable adaptation
strategy in the face of climate change. These metabolites
can enhance stress tolerance in the host plants, allowing
them to better withstand the adverse effects of changing
environmental conditions. By utilizing the metabolites
produced by endophytes, plants can potentially mitigate
the repercussions of climate change and maintain
their growth and productivity even under challenging
circumstances [16]. The face of climate change.
Additionally, the alteration of secondary metabolite
composition by endophytes can also provide plants with
enhanced defense mechanisms against microbial and
insect attacks.

This means that plants harboring endophytes may
have lower susceptibility to diseases and pests, further
contributing to their resilience in the changing climate
[34]. Furthermore, the use of endophytes or their
metabolites in agriculture can potentially reduce the
dependence on synthetic chemical fertilizers [16]. We can
move towards a more sustainable and environmentally
friendly agriculture system by incorporating these
endophyte metabolites into agricultural practices.

Fungal endophytes, specifically Class 3 fungal
endophytes, play a significant role in aiding plants’
adaptation to climate change [49]. Further research
is needed to improve our understanding of fungal
endophytes and their potential contributions to plant
resilience in the face of climate change.

Endophytic metabolites play a significant role
in extreme heat conditions by enhancing nutrient
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availability, providing protection against biotic and
abiotic stresses, and modulating the defense mechanisms
of host plants [39] These metabolites are synthesized
and supplied by microorganisms living in internal
tissues of plants, and they improve the physical fitness
of microorganisms by enhancing nutrient availability
and protecting against predators and parasites. In arid
ecosystems, the role of these metabolites increases due
to the presence of biotic and abiotic stress conditions.
Additionally, endophytic plant growth-promoting
microorganisms are also exploited for the production of
high-value biochemicals with commercial interest.

Numerous pieces of evidence show that soil and
plant microbiomes are crucial in creating nutritional
balance in the soil that is easily accessible to plants
and that gives them resilience against various stresses.
Microbial communities are effective biogeochemical
cycle regulators, which makes them a superior strategy
for reducing the effects of shifting climatic patterns
and enabling optimum usage of greenhouse gases for
metabolic processes.

Endophytes play a crucial role in nutrient cycling
within plants. They enhance the assimilation of nutrients
and aid in the uptake of essential elements such as
nitrogen, phosphorus, potassium, and zinc. By forming
a symbiotic relationship with the host plant, endophytes
can access and mobilize nutrients that may be otherwise
unavailable to the plant. This enhances the overall
nutrient availability and promotes plant growth.

Endophytes also contribute to nutrient cycling through
various mechanisms such as phosphate solubilization
activity and indole acetic acid production. These
mechanisms allow endophytes to break down complex,
insoluble forms of nutrients into more readily available
forms for the host plant. This increased availability of
nutrients allows plants to efficiently utilize resources,
leading to improved plant growth and development.
Additionally, endophytes can facilitate organic matter’s
cycling by decomposing plant residues and releasing
nutrients back into the soil. As a result, endophytes
not only enhance nutrient uptake and utilization by the
host plant but also contribute to the overall cycling of
nutrients in the ecosystem. In summary, endophytes
play a vital role in nutrient cycling by enhancing the
assimilation and uptake of essential nutrients, promoting
the breakdown of complex nutrients, and facilitating the
recycling of organic matter in the ecosystem.

In studies conducted in soils where Sorghum
halepense had invaded, researchers discovered long-
lasting changes to eight biogeochemical cycles, including
those involving nitrogen, phosphate, and iron. In this
case, three bacterial isolates solubilized phosphate, and
in vitro generated iron siderophores and IAA. In growth
chamber studies, bacteria were transported vertically,

while endophytes were also recruited horizontally,
according to a molecular study of bacterial community
fingerprints from rhizomes. Antibiotic use inhibited
bacterial activity, causing severe rhizome reductions and
considerable drops in biomass and growth rate [37].

In particular, two features of fungal endophytes
offer the potential to help plants adapt to climate
change. The first has to do with generation time and
genome size. Considering their relative Recombination,
sexual reproduction, short generation times, and small
genome mechanisms involved in reproduction,fungi
are probably more likely to enable rapid evolution
than as a result, plants respond to climate change more
quickly [49]. Therefore, the effects of climate change
could speed up evolution, and selection could then
act to create populations that are better able to cope
with stress. The grouping of these fungi Mycorrhizas
or endophytes, could alter plant growth with plants.
Community adaptation to climate change particularly
in light of endophyte colonization of the host, is better.
Numerous endophytes are the Ascomycota subphylum
Pezizomycotina [51] which display mesosynteny, a
unique type of chromosomal evolution in which “genes
are conserved within homologous chromosomes, but
with randomized orders and orientations” [51].

It is well-known that fungal endophytes can influence
the plasticity of various plant phenotypes and increase
the host plant’s resistance to metals, heat, drought, and
salt [3], insect pests (Raman), and salinity [55] as well
as pathogens. This capacity to alter the characteristics of
their host plants, as well as their ubiquity, wide range
of hosts, and nonpathogenic nature of many fungal
endophytes, provide a compelling reason in favor of using
endophytes for stress relief in plants. For example, plants
that are stressed by drought alone experience decreased
leaf area, stem length, leaf water potential, stomatal
conductance, net photosynthetic rate, and productivity.
For bacterial endophytes, more knowledge is available
regarding the mechanisms that increase plants’ ability
to withstand stress [26]. A few research have suggested
some potential explanations, even though the precise
mechanism underlying the fungal endophyte-induced
abiotic stress tolerance is unclear. Antarctic plant species
include Cryptococcus victoriae, Cystobasidium laryngis,
Rhodotorula mucilaginosa, Sporidiobolus ruineniae,
and Leucosporidium aff. golubevii have leaf endophytic
yeasts that boost their plant’s growth [42].

Conclusions

Scientific research has highlighted the importance
of fungal endophytes in influencing plant responses to
biotic and abiotic stresses. Endophytes are eco-friendly,
non-toxic, easily applicable, and cost-effective. To better
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control plant diseases, the metabolites of endophytes must
be studied at the multiomics level. With climate change
posing a continuous threat to plant communities, many
studies have focused on the impact of climate change
on plants and the role of endophyte microorganisms.
Endophytes are crucial in the adaptive response of plants
to climate change. They can even transfer resistance to
their hosts, enabling fast-tracking of plant adaptation to
climate stressors. Fungal endophytes, in particular, can
induce systemic resistance in host plants by producing
hydrolytic enzymes and antagonizing agents. As a result,
the plant microbiome, including endophytes, may be
key to plants’ ability to adapt to climatic stressors. In
general, understanding and harnessing the potential of
endophytes can contribute to sustainable and productive
agriculture in the face of climate change.

References

1. Abraham, A., Philip, S., Kuruvilla Jacob, C., &
Jayachandran, K. (2013). Novel bacterial endophytes
from Hevea brasiliensis as biocontrol agent against
Phytophthora leaf fall disease. BioControl, 58(5), 675—
684. https://doi.org/10.1007/s10526-013-9516-0.

2. Ahlawat, Om Parkash, Dhinu Yadav, Prem Lal Kashyap,
Anil Khippal, and Gyanendra Singh. 2022. “Wheat
Endophytes and Their Potential Role in Managing
Abiotic Stress under Changing Climate.” Journal of
Applied Microbiology 132 (4): 2501-20. https://doi.
org/10.1111/jam.15375.

3. Ali, A. H.,, Abdelrahman, M., Radwan, U., El-Zayat,
S., & El-Sayed, M. A. (2018). Effect of Thermomyces
fungal endophyte isolated from extreme hot desert-
adapted plant on heat stress tolerance of cucumber.
Applied Soil Ecology, 124, 155-162. https://doi.
org/10.1016/j.aps0il.2017.11.004.

4. Ali, Shaik. Z., Sandhya, V., Grover, M., Linga, V.
R., & Bandi, V. (2011). Effect of inoculation with a
thermotolerant plant growth promoting Pseudomonas
putida strain AKMP7 on growth of wheat (Triticum
spp.) under heat stress. Journal of Plant Interactions,
6(4), 239-246. https://doi.org/10.1080/17429145.2010
.545147.

5. Alvarez-Pérez, J. M., Gonzéalez-Garcia, S., Cobos, R.,
Olego, M. A., Tbafiez, A., Diez-Galan, A., Garzon-
Jimeno, E., & Coque, J. J. R. (2017). Use of endophytic
and rhizosphere actinobacteria from grapevine plants
to reduce nursery fungal graft infections that lead to
young grapevine decline. Applied and Environmental
Microbiology, 83(24). https://doi.org/10.1128/
AEM.01564-17.

6. Anisha, C.,Jishma,P., Bilzamol, V. S., & Radhakrishnan,
E. K. (2018). Effect of ginger endophyte Rhizopycnis
vagum on rhizome bud formation and protection
from phytopathogens. Biocatalysis and Agricultural
Biotechnology, 14, 116—119. https://doi.org/10.1016/].
bcab.2018.02.015.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bae, H., Sicher, R. C., Kim, M. S., Kim, S.-H., Strem,
M. D., Melnick, R. L., & Bailey, B. A. (2009). The
beneficial endophyte Trichoderma hamatum isolate
DIS 219b promotes growth and delays the onset of
the drought response in Theobroma cacao. Journal of
Experimental Botany, 60(11), 3279-3295. https://doi.
org/10.1093/jxb/erp165.

Bian, J. Y., Fang, Y. L., Song, Q., Sun, M. L., Yang,
J-Y, Ju, Y. W, Li, D. W., & Huang, L. (2021).
The fungal endophyte Epicoccum dendrobii as a
potential biocontrol agent against Colletotrichum
gloeosporioides. Phytopathology®, 111(2), 293-303.
https://doi.org/10.1094/PHYTO-05-20-0170-R.
Carro-Huerga, G., Compant, S., Gorfer, M., Cardoza, R.
E., Schmoll, M., Gutiérrez, S., & Casquero, P. A. (2020).
Colonization of Vitis vinifera L. by the endophyte
Trichoderma sp. strain T154: Biocontrol activity
against Phaeoacremonium minimum. Frontiers in Plant
Science, 11. https://doi.org/10.3389/fpls.2020.01170.
Chaudhary, P., Agri, U., Chaudhary, A., Kumar, A.,
& Kumar, G. (2022). Endophytes and their potential
in biotic stress management and crop production.
Frontiers in Microbiology, 13. https://doi.org/10.3389/
fmicb.2022.933017.

De Silva, N. I, Brooks, S., Lumyong, S., & Hyde, K.
D. (2019). Use of endophytes as biocontrol agents.
Fungal Biology Reviews, 33(2), 133—148. https://doi.
org/10.1016/j.1br.2018.10.001.

Diaz Herrera, S., Grossi, C., Zawoznik, M., & Groppa,
M. D. (2016). Wheat seeds harbour bacterial endophytes
with potential as plant growth promoters and biocontrol
agents of Fusarium graminearum. Microbiological
Research, 186—187, 37-43. https://doi.org/10.1016/].
micres.2016.03.002.

Dingle,J., & Mcgee, P.A. (2003). Some endophytic fungi
reduce the density of pustules of Puccinia recondita f-
sp. tritici in wheat. Mycological Research, 107(3),310—
316. https://doi.org/10.1017/S0953756203007512.
Eljounaidi, K., Lee, S. K., & Bae, H. (2016). Bacterial
endophytes as potential biocontrol agents of vascular
wilt diseases — Review and future prospects. Biological
Control, 103, 62-68. https://doi.org/10.1016/].
biocontrol.2016.07.013.

Etesami, H., Jeong, B. R., & Glick, B. R. (2023).
Biocontrol of plant diseases by Bacillus spp.
Physiological and Molecular Plant Pathology, 126,
102048. https://doi.org/10.1016/j.pmpp.2023.102048.
Garcia-Latorre, Carlos, Sara Rodrigo, and Oscar
Santamaria. 2021. “Effect of Fungal Endophytes
on Plant Growth and Nutrient Uptake in Trifolium
Subterraneum and Poa Pratensis as Affected by Plant
Host Specificity.” Mycological Progress 20 (9): 1217-
31. https://doi.org/10.1007/s11557-021-01732-6.
Giauque, Hannah, and Christine V. Hawkes. 2013.
“Climate  Affects Symbiotic Fungal Endophyte
Diversity and Performance.” American Journal of
Botany 100 (7): 1435-44.

Gupta, S., Choudhary, M., Singh, B., Singh, R., Dhar, M.
K., & Kaul, S. (2022). Diversity and biological activity

Microbiology 77


https://doi.org/10.1007/s10526-013-9516-0
https://doi.org/10.1111/jam.15375
https://doi.org/10.1111/jam.15375
https://doi.org/10.1016/j.apsoil.2017.11.004
https://doi.org/10.1016/j.apsoil.2017.11.004
https://doi.org/10.1080/17429145.2010.545147
https://doi.org/10.1080/17429145.2010.545147
https://doi.org/10.1128/AEM.01564-17
https://doi.org/10.1128/AEM.01564-17
https://doi.org/10.1016/j.bcab.2018.02.015
https://doi.org/10.1016/j.bcab.2018.02.015
https://doi.org/10.1093/jxb/erp165
https://doi.org/10.1093/jxb/erp165
https://doi.org/10.1094/PHYTO-05-20-0170-R
https://doi.org/10.3389/fpls.2020.01170
https://doi.org/10.3389/fmicb.2022.933017
https://doi.org/10.3389/fmicb.2022.933017
https://doi.org/10.1016/j.fbr.2018.10.001
https://doi.org/10.1016/j.fbr.2018.10.001
https://doi.org/10.1016/j.micres.2016.03.002
https://doi.org/10.1016/j.micres.2016.03.002
https://doi.org/10.1017/S0953756203007512
https://doi.org/10.1016/j.biocontrol.2016.07.013
https://doi.org/10.1016/j.biocontrol.2016.07.013
https://doi.org/10.1016/j.pmpp.2023.102048
https://doi.org/10.1007/s11557-021-01732-6

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

78

Adiyadolgor et al. / Proc. Inst. Biol. 39 (2023) 69-90

of fungal endophytes of Zingiber officinale Rosc.
with emphasis on Aspergillus terreus as a biocontrol
agent of its leaf spot. Biocatalysis and Agricultural
Biotechnology, 39, 102234. https://doi.org/10.1016/].
beab.2021.102234.

Hazarika, D. J., Goswami, G., Gautom, T., Parveen,
A., Das, P., Barooah, M., & Boro, R. C. (2019).
Lipopeptide mediated biocontrol activity of endophytic
Bacillus subtilis against fungal phytopathogens. BMC
Microbiology, 19(1), 71. https://doi.org/10.1186/
$12866-019-1440-8.

Hone, Holly, Ross Mann, Guodong Yang, Jatinder Kaur,
Ian Tannenbaum, Tongda Li, German Spangenberg,
and Timothy Sawbridge. 2021. “Profiling, Isolation and
Characterisation of Beneficial Microbes from the Seed
Microbiomes of Drought Tolerant Wheat.” Scientific
Reports 11 (1): 11916. https://doi.org/10.1038/s41598-
021-91351-8.

Jha, Y., Subramanian, R. B., & Patel, S. (2011).
Combination of endophytic and rhizospheric plant
growth promoting rhizobacteria in Oryza sativa shows
higher accumulation of osmoprotectant against saline
stress. Acta Physiologiae Plantarum, 33(3), 797-802.
https://doi.org/10.1007/s11738-010-0604-9.

Kamran, M., Imran, Q. M., Ahmed, M. B., Falak, N.,
Khatoon, A., & Yun, B.-W. (2022). Endophyte-mediated
stress tolerance in plants: A sustainable strategy to
enhance resilience and assist crop improvement. Cells,
11(20), 3292. https://doi.org/10.3390/cells11203292.
Kandel, S., Joubert, P., & Doty, S. (2017). Bacterial
endophyte colonization and distribution within plants.
Microorganisms, 5(4), 77. https://doi.org/10.3390/
microorganisms5040077.

Kashyap, N., Singh, S. K., Yadav, N., Singh, V. K,
Kumari, M., Kumar, D., Shukla, L., Kaushalendra,
Bhardwaj, N., & Kumar, A. (2023). Biocontrol screening
of endophytes: applications and limitations. Plants,
12(13), 2480. https://doi.org/10.3390/plants12132480.
Khan, A. L., Hamayun, M., Radhakrishnan, R., Waqas,
M., Kang, S. M., Kim, Y. H., Shin, J. H., Choo, Y. S.,
Kim, J. G., & Lee, I. J. (2012). Mutualistic association of
Paecilomyces formosus LHL10 offers thermotolerance
to Cucumis sativus. Antonie van Leeuwenhoek, 101(2),
267-279. https://doi.org/10.1007/s10482-011-9630-x.
Khare, E., Mishra, J., Arora, N.K., 2018. Multifaceted
interactions between endophytes and plantS
development and prospects. Front. Microbiol. 9, 2732.
Komal, Rani, Tyagi Mitali, Singh Akanksha,
Shanmugam Vairamani, Shanmugam Annaian, Pillai
Manoj, and Srinivasan Alagiri. 2019. “Identification
of Annotated Metabolites in the Extract of Centella
asiatica” Journal of Medicinal Plants Research 13 (5):
112-28. https://doi.org/10.5897/JIMPR2018.6711.
Kumar, M., Sharma, S., Gupta, S., & Kumar, V.
(2018). Mitigation of abiotic stresses in Lycopersicon
esculentum by endophytic bacteria. Environmental
Sustainability, 1(1), 71-80. https://doi.org/10.1007/
$42398-018-0004-4.

Xiangsong Li Pengfei He, Pengbo He, Yongmei Li,

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Yixin Wu, Chan Mu, Shahzad Munir, & Yueqiu He.
(2023). Native endophytes from maize as potential
biocontrol agents against bacterial top rot caused by
cross-kingdom pathogen Klebsiella pneumoniae.
Biological ~ Control, 178, 105131. https://doi.
org/10.1016/j.biocontrol.2022.105131
Limdolthamand, S., Songkumarn, P., Suwannarat, S.,
Jantasorn, A., & Dethoup, T. (2023). Biocontrol efficacy
of endophytic Trichoderma spp. in fresh and dry powder
formulations in controlling northern corn leaf blight in
sweet corn. Biological Control, 181, 105217. https:/
doi.org/10.1016/j.biocontrol.2023.105217

Nautiyal, C. S., Srivastava, S., Chauhan, P. S., Seem,
K., Mishra, A., & Sopory, S. K. (2013). Plant growth-
promoting  bacteria  Bacillus  amyloliquefaciens
NBRISN13 modulates gene expression profile of leaf
and rhizosphere community in rice during salt stress.
Plant Physiology and Biochemistry, 66, 1-9. https://
doi.org/10.1016/j.plaphy.2013.01.020

Newman, M.-A., Sundelin, T., Nielsen, J. T., & Erbs, G.
(2013). MAMP (microbe-associated molecular pattern)
triggered immunity in plants. Frontiers in Plant Science,
4. https://doi.org/10.3389/fpls.2013.00139

Ohm RA, Feau N, Henrissat B, Schoch CL, Horwitz
BA, et al. (2013) Correction: Diverse Lifestyles
and Strategies of Plant Pathogenesis Encoded in the
Genomes of Eighteen Dothideomycetes Fungi. PLOS
Pathogens 9(3): 10.1371/annotation/fcca88ac-d684-
46e0-a483-62af67¢777bd. https://doi.org/10.1371/
annotation/fcca88ac-d684-46e0-a483-62af67e777bd
Omomowo and Babalola. 2019. “Bacterial and Fungal
Endophytes: Tiny Giants with Immense Beneficial
Potential for Plant Growth and Sustainable Agricultural
Productivity.” Microorganisms 7 (11): 481.https:/doi.
org/10.3390/microorganisms7110481

Pathak, P., Rai, V. K., Can, H., Singh, S. K., Kumar,
D., Bhardwaj, N., Roychowdhury, R., de Azevedo,
L. C. B., Kaushalendra, Verma, H., & Kumar, A.
(2022). Plant-Endophyte Interaction during Biotic
Stress Management. Plants, 11(17), 2203. https://doi.
0rg/10.3390/plants11172203

Rodriguez, R. & Duran, P., 2020. Natural holobiome
engineering by using native extreme microbiome
to counteract the climate change effects. Front.
Bioeng. Biotechnol. 8. 568. https://doi.org/10.3389/
fbioe.2020.00568

Rout, Marnie E., and Thomas H. Chrzanowski. 2009.
“The Invasive Sorghum halepense Harbors Endophytic
N,-Fixing Bacteria and Alters Soil Biogeochemistry”
Plant and Soil 315 (1): 163-72. https://doi.org/10.1007/
s11104-008-9740-z.

Rout, Marnie E., Thomas H. Chrzanowski, Tara K.
Westlie, Thomas H. DeLuca, Ragan M. Callaway,
and William E. Holben. 2013. “Bacterial Endophytes
Enhance Competition by Invasive Plants.” American
Journal of Botany 100 (9): 1726-37. https://doi.
org/10.3732/ajb.1200577.

Saikkonen, K, J Mikola, and M Helander. 2015.
“Endophytic Phyllosphere Fungi and Nutrient Cycling in

Microbiology


https://doi.org/10.1016/j.bcab.2021.102234
https://doi.org/10.1016/j.bcab.2021.102234
https://doi.org/10.1186/s12866-019-1440-8
https://doi.org/10.1186/s12866-019-1440-8
https://doi.org/10.1038/s41598-021-91351-8
https://doi.org/10.1038/s41598-021-91351-8
https://doi.org/10.1007/s11738-010-0604-9
https://doi.org/10.3390/cells11203292
https://doi.org/10.3390/microorganisms5040077
https://doi.org/10.3390/microorganisms5040077
https://doi.org/10.3390/plants12132480
https://doi.org/10.1007/s10482-011-9630-x
https://doi.org/10.5897/JMPR2018.6711
https://doi.org/10.1007/s42398-018-0004-4
https://doi.org/10.1007/s42398-018-0004-4
https://doi.org/10.1016/j.biocontrol.2022.105131
https://doi.org/10.1016/j.biocontrol.2022.105131
https://doi.org/10.1016/j.biocontrol.2023.105217
https://doi.org/10.1016/j.biocontrol.2023.105217
https://doi.org/10.1016/j.plaphy.2013.01.020
https://doi.org/10.1016/j.plaphy.2013.01.020
https://doi.org/10.3389/fpls.2013.00139
https://doi.org/10.1371/annotation/fcca88ac-d684-46e0-a483-62af67e777bd
https://doi.org/10.1371/annotation/fcca88ac-d684-46e0-a483-62af67e777bd
https://doi.org/10.3390/microorganisms7110481
https://doi.org/10.3390/microorganisms7110481
https://doi.org/10.3390/plants11172203
https://doi.org/10.3390/plants11172203
https://doi.org/10.3389/fbioe.2020.00568
https://doi.org/10.3389/fbioe.2020.00568
https://doi.org/10.1007/s11104-008-9740-z
https://doi.org/10.1007/s11104-008-9740-z
https://doi.org/10.3732/ajb.1200577
https://doi.org/10.3732/ajb.1200577

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Adiyadolgor et al. / Proc. Inst. Biol. 39 (2023) 69-90

Terrestrial Ecosystems.” CURRENT SCIENCE 109 (1).
Salvi, P., Mahawar, H., Agarrwal, R., Kajal, Gautam, V.,
& Deshmukh, R. (2022). Advancement in the molecular
perspective of plant-endophytic interaction to mitigate
drought stress in plants. Frontiers in Microbiology, 13.
https://doi.org/10.3389/fmicb.2022.981355
Sangamesh, M. B., Jambagi, S., Vasanthakumari, M.
M., Shetty, N. J., Kolte, H., Ravikanth, G., Nataraja, K.
N., & Uma Shaanker, R. (2018). Thermotolerance of
fungal endophytes isolated from plants adapted to the
Thar Desert, India. Symbiosis, 75(2), 135-147. https:/
doi.org/10.1007/s13199-017-0527-y

Santiago, LF., Rosa, C.A., Rosa, L.H., 2017.
Endophytic symbiont yeasts associated with the
Antarctic angiosperms Deschampsia antarctica and
Colobanthus quitensis. Polar Biol. 40, 177e183. https://
doi.org/10.1007/s00300-016-1940-z

Segaran, G., & Sathiavelu, M. (2019). Fungal
endophytes: A potent biocontrol agent and a bioactive
metabolites reservoir. In Biocatalysis and Agricultural
Biotechnology (Vol. 21). Elsevier Ltd. https:/doi.
org/10.1016/j.bcab.2019.101284

Shaffique, S., Khan, M. A., Wani, S. H., Pande, A.,
Imran, M., Kang, S. M., Rahim, W., Khan, S. A.,
Bhatta, D., Kwon, E. H., & Lee, 1. J. (2022). A review
on the role of endophytes and plant growth promoting
rhizobacteria in mitigating heat stress in plants.
Microorganisms, 10(7), 1286. https://doi.org/10.3390/
microorganisms10071286

Sharma, I., Raina, A., Choudhary, M., Apra, Kaul, S.,
& Dhar, M. K. (2023). Fungal endophyte bioinoculants
as a green alternative towards sustainable agriculture.
Heliyon, 9(9), ¢19487. https://doi.org/10.1016/].
heliyon.2023.e19487

Shekhawat, K., Almeida-Trapp, M., Garcia-Ramirez,
G. X., & Hirt, H. (2022). Beat the heat: plant- and
microbe-mediated strategies for crop thermotolerance.
Trends in Plant Science, 27(8), 802—813. https://doi.
org/10.1016/j.tplants.2022.02.008

Shekhawat, K., Saad, M. M., Sheikh, A., Mariappan, K.,
Al-Mahmoudi, H., Abdulhakim, F., Eida, A. A., Jalal,
R., Masmoudi, K., & Hirt, H. (2021). Root endophyte
induced plant thermotolerance by constitutive
chromatin modification at heat stress memory gene
loci. EMBO Reports, 22(3). https://doi.org/10.15252/
embr.202051049

Sodhi, G. K., & Saxena, S. (2023). Plant growth-
promoting endophyte Nigrospora oryzae mitigates
abiotic stress in rice (Oryza sativa L.). FEMS
Microbiology Ecology, 99(9). https://doi.org/10.1093/
femsec/fiad094

Suryanarayanan, T. S., and R. Uma Shaanker. 2021.
“Can Fungal Endophytes Fast-Track Plant Adaptations
to Climate Change?” Fungal Ecology 50 (April):
101039. https://doi.org/10.1016/j.funec0.2021.101039.
Tyagi, J., Chaudhary, P., Mishra, A., Khatwani, M., Dey,

51.

52.

53.

54.

55.

56.

57.

58.

59.

S., & Varma, A. (2022). Role of endophytes in abiotic
stress tolerance: with special emphasis on Serendipita
indica. International Journal of Environmental
Research, 16(4), 62. https://doi.org/10.1007/s41742-
022-00439-0

U’Ren, J.M., Lutzoni, F., Miadlikowska, J., Arnold,
A.E., 2010. Community analysis reveals close affinities
between endophytic and endolichenic fungi in mosses
and lichens. Microb. Ecol. 60, 340e353.

Verma, A., Shameem, N., Jatav, H. S., Sathyanarayana,
E., Parray, J. A., Poczai, P, & Sayyed, R. Z. (2022).
Fungal endophytes to combat biotic and abiotic
stresses for climate-smart and sustainable agriculture.
Frontiers in Plant Science, 13. https://doi.org/10.3389/
pls.2022.953836

Wei, J., Zhao, J., Suo, M., Wu, H., Zhao, M., &
Yang, H. (2023). Biocontrol mechanisms of Bacillus
velezensis against Fusarium oxysporum from Panax
ginseng. Biological Control, 182, 105222. https://doi.
org/10.1016/j.biocontrol.2023.105222

Xu, W, Ren, H., Ou, T, Lei, T., Wei, J., Huang, C., Li,
T., Strobel, G., Zhou, Z., & Xie, J. (2019). Genomic and
functional characterization of the endophytic Bacillus
subtilis TPJ-16 strain, a potential biocontrol agent of
mulberry fruit sclerotiniose. Microbial Ecology, 77(3),
651-663. https://doi.org/10.1007/s00248-018-1247-4
Yamaji, K., Watanabe, Y., Masuya, H., Shigeto, A.,
Yui, H., Haruma, T. 2016. Root fungal endophytes
enhance heavy-metal stress tolerance of Clethra
barbinervis growing naturally at mining sites via
growth enhancement, promotion of nutrient uptake and
decrease of heavy-metal concentration. PloS One 11,
€0169089.

Yu, K., Pieterse, C. M. J., Bakker, P. A. H. M,,
& Berendsen, R. L. (2019). Beneficial microbes
going underground of root immunity. Plant, Cell
& Environment, 42(10), 2860-2870. https://doi.
org/10.1111/pce.13632.

Zhang, H., Kim, M.-S., Sun, Y., Dowd, S. E., Shi,
H., & Paré, P. W. (2008). Soil bacteria confer plant
salt tolerance by tissue-specific regulation of the
sodium transporter HKT1. Molecular Plant-Microbe
Interactions®, 21(6), 737-744. https://doi.org/10.1094/
MPMI-21-6-0737.

Zhang, X., Zhou, Y., Li, Y., Fu, X., & Wang, Q. (2017).
Screening and characterization of endophytic Bacillus
for biocontrol of grapevine downy mildew. Crop
Protection, 96, 173-179. https://doi.org/10.1016/].
cropro.2017.02.018.

Zhou, W. N., White, J. F., Soares, M. A., Torres,
M. S., Zhou, Z. P., & Li, H.-Y. (2015). Diversity of
fungi associated with plants growing in geothermal
ecosystems and evaluation of their capacities to
enhance thermotolerance of host plants. Journal of
Plant Interactions, 10(1), 305-314. https://doi.org/10.
1080/17429145.2015.1101495

Microbiology 79


https://doi.org/10.3389/fmicb.2022.981355
https://doi.org/10.1007/s13199-017-0527-y
https://doi.org/10.1007/s13199-017-0527-y
https://doi.org/10.1007/s00300-016-1940-z
https://doi.org/10.1007/s00300-016-1940-z
https://doi.org/10.1016/j.bcab.2019.101284
https://doi.org/10.1016/j.bcab.2019.101284
https://doi.org/10.3390/microorganisms10071286
https://doi.org/10.3390/microorganisms10071286
https://doi.org/10.1016/j.heliyon.2023.e19487
https://doi.org/10.1016/j.heliyon.2023.e19487
https://doi.org/10.1016/j.tplants.2022.02.008
https://doi.org/10.1016/j.tplants.2022.02.008
https://doi.org/10.15252/embr.202051049
https://doi.org/10.15252/embr.202051049
https://doi.org/10.1093/femsec/fiad094
https://doi.org/10.1093/femsec/fiad094
https://doi.org/10.1016/j.funeco.2021.101039
https://doi.org/10.1007/s41742-022-00439-0
https://doi.org/10.1007/s41742-022-00439-0
https://doi.org/10.3389/fpls.2022.953836
https://doi.org/10.3389/fpls.2022.953836
https://doi.org/10.1016/j.biocontrol.2023.105222
https://doi.org/10.1016/j.biocontrol.2023.105222
https://doi.org/10.1007/s00248-018-1247-
https://doi.org/10.1111/pce.13632
https://doi.org/10.1111/pce.13632
https://doi.org/10.1094/MPMI-21-6-0737
https://doi.org/10.1094/MPMI-21-6-0737
https://doi.org/10.1016/j.cropro.2017.02.018
https://doi.org/10.1016/j.cropro.2017.02.018
https://doi.org/10.1080/17429145.2015.1101495
https://doi.org/10.1080/17429145.2015.1101495

Adiyadolgor et al. / Proc. Inst. Biol. 39 (2023) 69-90

PROCEEDINGS OF

PIB

THE INSTITUTE OF BIOLOGY

TorMm eryynni

https://doi.org/10.5564/pib.v39i1.3145

YpramaJj 3H10puT OMYNWJI OMETIHTIH XaPWINAH YIHJIYIIX Hb TYYHHI
YYP aMbCTAJIbIH 66PYWI6JITO/ JACAH 30XHII0X O0JIOH CTPecC TICBIPJIIX
4aJBapT HOJI06/10X Hb

, Bssmbacypan Bymipaa?
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'Moneon YVac, Ynaan6aamap, LLlunscnsx yxaansr akademu, buonozuiin xypaonsu
’Mowneon Yac, Ynaanbaamap, Luncnsx yxaausl akademu, Buonoauiin xypansn, Muxpobuonozuiin rabopamopu
’Bvemuam Ve, Xo [Llu Mun xom, Xo LLlu Mun Texnonoeutin ux cypeyyiv, bBuomexuonozuiin manxum, Xumuitn Hnoicenepuiin
gakynemem
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XypaaHnryil. DunodpuT 6uunI GHETHYYI Hb OBUMH YYCTATYI39C OOJOH XYPIdadH Oyl OpuHbI abHOTHK,
OMOTHK CTpeccIIC ypramjbIl Xamraajjgar 4yXajl ad XoJIOOTIOJTOW OpraHu3Myyn oM. DIrasp OWdmi
OMETHYYA Hb IIaBXK, OakTepu OOJIOH BUPYCYYIHIH 3Cpar xamraanax (HUTOropMoHyyd, Temep, docdar
00JIOH OMOJIOTHIH HMIJBXT OJIOH TOPIIMIH OOAMCYYNBIT HUHIAIKYYJIST. YYp aMbCrajblH ©O0pWIONT Hb
ypramiiblH OYJr3MIRJ] TOMOOXOH aloyNbIl yupyy/DK Oailiraa Gereej ypramaij y3YYJIdX HOIOOIUIHIr
CyJiaJicaH OJIOH Cyjaiiraa 06aiiraa X3iui 4 ypraMiiblH OpUHBI 00PWISINITO 1aCaH 30XHIIOXO0] ypraMal J0TOpX
OMYWIT OMEeTHHUI IYHITIIX YYPTUiH Tanaap XapbllaHryii 0ara cymajiraa XUirac s OaiiHa. Yyp aMbCrajibH
00pUJIeNITOOC YYAITIH raH rauruiiH HOXIIeN 0aliaai yaaM XyHIpY, AIXUIAH X600 aX axyd candapyyn
TOMOOXOH COPHWITYYATall HYYp TyJrapax Tyl 9H Hb UX 4yxall acyyman Oojpk Oairaa roM. ['3caH Xomuit
Y Cy[ulaaqu]i ypramai Jaxb OM4ui OMEeTHYY/ sUIaHTysa SHAO(GUT MOereHUpYYA Hb Yp TapuaH] FaHTHHH
CTPECCHHT JaBaH TyyjaxaJ| Tycajiar O0JOXbIT OJDK MAICOH. THHMIIC 3Ar3dp S3HI0(DUT MOOTeHLPYYAUHH
YYPO3T, OJIOH sIH3 OalJTBIT OMIITOXK YYP aMbCTaJIbIH 00pWIONTO A 03J9H OaliX Hb HOH UyXajl oM.

Tyaxyyp yre: Ctpece TCBIPIRX, YYP aMbCTalIbIH ©6PUIONT, 3HAODHUT MOOTOHIIOP, Ypramall Xamraaiax, raH rauymr

Xymoou aBcan 2023.10.20; xsHan Toxuoiyyincan 2023.10.22; sesmeepcen 2023.10.24
© 2023 3oxuorung. CC BY-NC 4.0 license. byx 30xnord T3HIyYy 3pXTai.

Opumna

OHpoduT Omumi OHMETSH HBb 333H ypramaiuaa
siMap HAIDH Ceper Hejee Y3YYJIAITYH, alurT HIMHX
YaHapTal MuUKpoopraHmamyyn Oaiigar. TyxaiinOan
sHIo(UT Onumin OWETHYYZI Hb 333H ypramanrairaa
anuiIxaH OOJIOH TecT3H OMONOTMHH HJIPBXT XOEpIOrd
METa0OJIINTYYABI' HUMIBIKYYJIDX  TOAMHTYH, 033dH
ypramiiblHXaa eceiT XOIKWJIJ TOJOPXOH XIMKI3Irasp
OpOJILIOX00C Ta/IHA YPraMIIBIT TaTHBI HOJIO0IeJ, ONOTHK
00JIOH aOMOTHK CTpeccIdC xamraamgar OaiiHa. MeH
SHAOGUT OWYMWI OWETHYYI OOJIOH TIArIAPUIH OJIOH
siH3 Oaiijan, TapxanT, ypraMmairtail XdpxdoH cuMOnos

Xapuimaa yycraadr OOJIOH yyp aMbCTaJIbIH ©epPHIIeNnT
JaXb THIAMIIPUMH YYPIUHTr 3alIryd oK  MDAdX
mraapaiaraTaii Oaiiraa. Yyp aMbCrajblH ©OpUIONTO.
JlacaH 30XMI0X ypramMai Tycaaaar OndmI OneTHYY IniH
YYpruiiH Tanaap Oara cyaanraa XHHTICIH 06Tee 1 HX3HX
CyAairaa yyp aMbCTraJblH ©0pWIeNT ypramail y3YYIdx
HOJIee THArIPUHH CTPecC TICBIPIIX MEXAHH3MBIH
Tajyaap XMWATICIH. DHIXYY TOUM OrYYJUdp SHAOPHUT
Onumn OWETPH ypramibll  XdpXdH  fax, sSMap
MEXaHH3Maap CTPECcCIC Xamraangar OONOH ypramibIr
YYp aMbCTalIbIH ©6PWISNTe ] AaCaH 30XHUIIOXO0] X3PXIH
HeJIeeJier Tajaap TOMMIIOH XYPI3IXUIT 30pHII0O0.
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BuoTtuk cTpeccHiir Ta¢BIPIRX IHAOPUT OMIMIT OHMEeTHMIA
6071011100

[laBx, Hemaron, OakTepH, MOOreHIep, BUPYC
O0oioH Oycanq OHWOTHK CTpeCC Hb 3KOCHUCTEM OOJIOH
X0J100 aX axXyWH YHIIBIPIRIA coper Heylee Y3YYJAAT.
DIragp XY4YdH 3YHICIAC IMIANTraanaH IdJIXUM jasap
ypran angargan 10-40% xyp4 XyHCHMH aroynryu
Oaiinany aroyn yupyysok Oavna [11], [15], [45]. OMrar
TOPYYJISrd Hb peakTUB XydmireperduitH tepei (ROS),
rujpokcunpoianHoop Oasutar raukonporeiH (HPRGs),
mwia3mMbeiH  MemOpanel  H+-ATPases, 3cuitH XaHBIT
3aganaar pepment (CWDE)-uiir 30XuIyyK ypramisIr
mMTIRr  [35]. DHIoduTyyn HB XOPTOH IIABX,
(UTONATOTCHUIT NapaHryiiax, 3MIar TOPYYISTYHHH
Xajularaac ypbIuuiiaH COPIruiiinx, OHOTHK cTpeccidc
YYCOX XOp XOHeeJuir Oyypyynaxaa dyxal yypar
TYHPTrIRr 1% y3a0r [10], [24], [43]. buokonTpon
Hb (PUTOTOPMOHBI CHHTE3, TOMPHIH HOH 300BOPIIOJNT,
OMONOTMIH  WJPBXT Oomucyyn, (GEepMEHTYY, ILaBkK
OakTepy BHUPYCHHH 3CPAT JIITAIMXUH METaOOIUTYY[
33prap topopxoinorgaor [10], [23], [35], [43]. SAR
CUTHAJ MOJIEKYJI HAMATICIHIIP YpramiblH TOJOPXOH
XOCTUHH 3197 XaljiBapiacaH YXXKHJI YYCIATrd SMIAT
TOPYYJIITYUIH 3CPIT 3COPryymda HIMAITr 6on ISR
Hb ypramiiblH OJIOH TOPJIMHH DMIAT TOPYYJIATYIUIH
ACPIT ACOPTYYIUIMUAT HAIMATAYYIINT [24]. BuokoHTpoa
6osiron ammriargaar supopuryya b CWDEs Gonon
nenTaif0oIyyaplr HUMIDMKYYIIH SMIAT TOPYYIRIYI 1
nHeneenjer. Men MTI, ETI Hb anui-roMocepyH JaKTOH
(AHL), AHL-anuna3a, AHL nakToHa3a, NOJUruapoxcu
AQHTPAKMHOH HUIDDKWIL OIyyA opoiyior Oereen
SMIAT TOPYYJIITYMHH KBOPYM MOAPIrd JOXHUOHJ Caaj
yupyynaar Oaitna [35]. PR yypryyasir Xypummiyynax,

TOPMOHBl ~HUIDIKIMHH — 3aMyyJIbIl  HAIBXOKYYIIX
AQHTUOKCUJIAHT MEXaHU3MBII  ©J106X 33p3T  3IMIAT
TOPYYJIITYAMNT  JapaHryinax  yHa — aXkusularaasj

opouor [33].

IHA0PUT OUYMJI OMEeTHHIT AHTATOHUCT MeXaHU3MYY/

D39H-3MI3I  TOPYYIIrd-dHIODUTYYABIH XapHiIaH
YHIWINT Hb TEHETHK, IMPOTEOMHK OOJIOH OOIMCHIH
COJIMIILIOOHBI YHJI @)KMJijIaraa 33parT TOXHOJIIOT HapHiH
MexaHu3M oM [45]. Ypraman vb (ochorpanchepasbin
CHCTEM 93CBAJI TEPUILIA3MBIH XOJIOOX yypar aiuriaH
KyMapuH, TPHUTEpICH, KaMaJeKCHH, (IIaBOHOUN,
CTPUIOJIAKTOHYYJIBIT  sUIrapyyjiax 3aMaap SHIOPHUT
Oaktepuynblr eepree Tatmar [35]. XapuH sHIOQHT
Gakrepuyn Hb nosmcaxapuj, yypar, CWDE, (MAMP)
ammmIaH ypramanrait xonbormmor [32], [35], [45].
MAMPs Gonmon MTI Hb OakTepuiiH IIOXHO XYJIIdH
aBaruu oM. T3SS surapyysnarryi 6akrepuy 1 Hb SMrar
tepyymrunn 6eree JA-ET GouChIH COMIIIIOOHEI 3aM
0O0JIOH canMIMINKHH XyWwinitH (SA) cCHHEprauT XxapuiiaH

yimwauiir ammrnad SAR wapBx»kaor. Canunuauitn
xyamn (SA) 6a JA-ET 3amyynslH CHHEpreTuk
xapwinal yimwnn T3SS Oalixryit OaktepuiiH 3cpar
SAR-uiir wumBxkyyaaer. T3SS  yypruiir aryyncan
6aktepu Hb JA-ET ropmonsr tycmamkraii ISR, MTI
00JIOH CHMOHWOTHK Xapwilaar mak dyanmgar [27].
Yynaac ramna anmucutop yypryyn T3SS oGomon SAR
WA9BXPKCOHIIP  OMIAT  TOPYYJIrdad3C  ypbAUHIIaH
Copruiar [35]. DHIOPUT MOETOHIIEP Hb 333H ypramall
notop yprax yeac 3ximH CWDEs depmenTuiir 6osion
xuTuH, nunoxuroonurocaxapun (LCOs), sauuutu,
IJIOKaH, 1epedpo3un, sprocreposr, MAMP  3apor
METaboMTYYABIr HUAIBDKYYr [35], [45]. MAMP
JIOXUOHBI MOJICKYJTYyZ OOJIOH DIIMCUTOPYYA Hb OMIAT
TOPYYJIITYANITH 9CPAT ypramiIbH 1apXJiaaHbl CHCTEMUIT
UIBXKYYIIIr [32], [56]. JIoXMOHBI MOJEKYIyyAbIH
xapuyn (MAPK) pepment ub MTI 6010 ETI cucremuiir
umBxKyyok NPRI1, ISR-uitr egeex ermer [32], [36],
[45]. TyyHwdH, (UTOTOPMOHYYZ Hb OWOKOHTPOJIBIH
yiin axusuiaraar egeexen amurinanar: JA 6a ET yxokun
YYCIard 3MIrar TepPYYJISrYIUir 30XHIyyiamar 0oia SA
Hb OMOTpouK 0a reMuONOTPOd IMIAT TOPYYIIYAUNT
oxunyyngar [45]. DHaXyy cynaiaraa Hb CTPeccTdi
HOXIOJ JacaH 30XMIOX, XUMUNH HEeCTUIUIUIT
Oyypyynax, pUTONaTOreHUHT XTHaXbIH TYJ1Jl aHTarOHUCT
SHIODUTYYIMHT OMO KOHTPOJI OOJTOH allIUIiIax 33par
OJIOH JIaBYY TalyyIbIr Xapyyink Oaitra [11], [35], [43].
Twuiimaac sH10PUT OGN OMETHYYT Hb XUMHIH XOPTOU
0OMCYYIBIT OPJI0K XOPTOH MIABXK YCTrax, TOITBOPTOM
X6J100 aX axyil OOJIOH OalrajbI 33ITAH MM TIK
TOOLIOT/JIOT IOM.

Ypramai 3HA0(pMTHITH XapWILAH YT Hb
OHOKOHTPOJILIH TOJI66J16.1

Brokontpon Oonron ammwmriagar 3HIOQUTYYABIT
XYCHOIT 1-71 y3yyieB. DHoduT OakTepry Hb HIT HACT
ypramai 00JIOH OJIOH HACT yPTraMJIbIT T3MTI319T OBYHUIT
JlapaHTyiiax uIPBXTIH OMOKOHTpOIN Toonoranor [14].
MeH ymaan OyynaiiH Yp33C sUIT@X aBcaH JHIOQUT
Oakrepu Paenibacillus Hbp ymaan OyynmailH TYypyYH
OBUHMI yycrary Fusarium graminearum HHUW 3CPar
OH/IOP aHTarOHKUCT WIPBXUIT Y3YYJDK Oaiican [12]. Hvea
brasiliensis-1a1 Toctait EIL-2-uiin Alcaligenes omor Hb
H. brasiliensis Mmomusl HaBuHBI 62.5%-1 Phytophthora
meadii-uiT TAPaHTYMIDK, TOMTIMHAH XoMXkIdr 43%-
uap Oyypyynmar Hb TorrooracoH [1]. Hamx mypnaxan
sunohuT Bacillus Tepnuita GakTepuy 1 Hb TOPOI OYpHIHH
SMIAT TOPYYJIATYAUHH 3CpIr OMOKOHTPOJ areHT TIK
TOOLOT/JIOT 06ree] Xeaee aX axyHH OMOTEXHOJIOTH
OPTOH XIPATIAIIT ONONHOKYJISHT oM [15]. B. subtilis
nitH  SCB-1 omor Hb Saccharicola, Cochliobolus,
Alternaria, 60onoH Fusarium T9X M3T MOOTOHIPYYIUHH
OCONITUIT JapaHTyiIaxX JIPTIOMXUE Ooaucyyn OOJIOH
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cypdbakTHHUNT eepeecee surapyyingar [19]. Men
XYIIMXKUJT XMHCAH TypUIMATaap TIATIAPUMH ICHilH
cycrieH3 0a CyNepHATaHT Hb sUlaM JKHUMCHHH YPHIH
COGOJIONTHIT HMIPBXXKYYJIDX OOJIOH OCOIT XOTKIUIT
HAMATAYYIDK OaiicaH [54]. Y caH y3MuUITH YHIIBIPIDIUIH
sBran Plasmopara viticola YYCraragsr MeereHIpUitH
eBuJION N UX epTaer x3auit u B. subtilis GLB191 6onon
B. pumilus GLB197 Hb 3H? ©BUHHUNII XsHAX XaMTHUIH
YP AYHT3H OHMOKOHTpon omryyn oM [58]. ©ep Hor
cyJalraaraap 3pJoH? HIMIINAC SUITaX aBcaH B. velezensis
MZ-4, YN-23, 6onon F14 omryyn Hb 3p/9HD IIUIIUHH
OPOWH X3CTUUT sUI3PYYNJar SMrar tepyynary Klebsiella
pneumoniae napanryingar Oaite. TyyHwidnH Pinus
sylvestris -aac suracan B. velezensis YW17 omor Hb
Panax xyH opxoonoiin Fusarium oxysporum YYIDITIH
YHIDC sI3pax eBUHMMI fmapaHryitngar. Yr omort IAA
(bUTOTOPMOHBI HUMIIATKUITHL opoiaor 2 reH (trpA-C
0a gatA), yuasc KonoHuwIoxX 600soH 6noduimM yyerax 10

fliD, srfABC) anieToH OMOCHHTE3UIH 3aMJi OpOJIIIOT 2
reH (ilvB 6a alsD), 6010H MeOTreHLPHIH 3CPIT UIIBXTIN
X0€pory MeTaboIUTYYABIH HUHIDTKWII opoiiyior 18
TeHUH KiacTepblr WIpYYIcaH [53]. 1 xunuitH HacTait
Vitis vinifera ycan Y3MHIH YHIICHHH cHCTEM33C 58
sHAOpUT suiracan Oa 3Ar’dp 3HA0DUTYYABIH 15,5%
Diplodia seriata-nitn acpar, 13.8% Dactylonectria
macrodidyma-aiH 3Cpar UAPBXHUAT Y3YYJIC3H. YYHI3C
Y39X3]1 aHTArOHKUCT HJPBX eHaep Streptomyces sp. VV/
E1 omor Hp ycaH y3muiiH Tajnbaii 0OJOH YpPXKYYJITHHH
ra3pyynas 3ajyy ycaH Y3MHUIH MOJI ©BUJIOX06C COPTUIIIK
Dactylonectria sp., Ilyonectria sp., Phaeomoniella
chlamydospora, 6onou Phaeoacremonium minimum
39p3T OMIDr TOPYY/ATYAUIH XajABapblH TYBLIMHT
Oyypyynax Oomomkroit [5]. YcaH y3MHIH MOIOH.
XaJIBapJiafiar rojuloxX ©BYHYYAUKH yJIMaac yCaH Y3MUIH
yprai, uYaHap MO3JITIPXYHL Oyypy, Top u Oaiityrai
ypramiIbIT YX3JIJ1 XYPrak Oaiiraa Hb gapc

reH, (efp, hfq, epsA-O, spo0A, sinl/sinR, lysC, yjbB, flgK, ycaH Y3MHMHH  YWIOBOPIDIA — HOLTOW  amoyl
XyceHarT 1. DHpopuT OMOKOHTPOI areHTYY
IMI3I TOPYYJIIry SHaopuT BHOKOHTPOJILIH HO.160 Hom 3yii
C. gloeosporioides Aspergillus terreus Ilaraan raansl HABYHBI TOJOBIT JapaHTyWHITHA. [18]
A . N
C. gloeosporioides Epicoccum dendrobii HTPALTHOSBIH IMIIT TOPYYIor Colletotrichum gloeosporioides-uitH (8]
ecentuiir 50% napanryinsa.
Dactylonectria macrodidyma  Streptomyces sp. VV/E1l  Dactylonectria macrodidyma -nitn ecentuiir 33.91% napaunryitnnar [5]
Diplodia seriata Streptomyces sp. VV/E1 Diplodia seriata-uiin ecentuiia 53.47% napaHryiigar [5]
Exserohilum turcicum T harzianum KUFAO0710  DpadH> MIUIIWHH HaBUHBI ©BUHMIT 55,70% papaHryinaar [30]
Exserohilum turcicum T. harzianum KUFAO713  DpppHd mumuiiH HaBYHB! 0BYHUUT 49,92% napanryitnnar [30]
F. graminearum Paenibacillus sp. Vrnaau Oyynaii 6050H OyynailH YpuiH F. graminearum-uitH COITHIAT [12]
caaryysHa
F oxysporum B. velezensis Panax xyH opx00/0ii Jaxb F. OXySporum-uiit MeeTOHUPUHAH cpor (53]
JIMIOMNEHTH, Yypar, I3TAIMXHI OOANC suIrapyyinK JapaHryinHa.
i i i 0
Klebsiella pneumoniae B. velezensis OpadH? mumnmj OPOMT sUI3pyyJIAar 3Mrar TepyyJaruauiir 81.2% [29]
XYPTAJI JapaHryinuar.
) . Trichoderma sp. strain VYcan y3MHITH MOZHBI OBUWIOIHIAH Ye/[ 9cKaTail X010600TOH IMIar
Phaeoacremonium minimum . 9]
T154 TOPYY/IIr4uir daracrax
e . o/ .
Phytophthora meadii Alcaligenes strain EIL-2 H brastulzenszs HaBYHBI Phytophthora meadii-r 62.5%-nap napanryink, [
TOMTIUHH XOMXKID 43%-uap Oyypaar.
Plasmopara viticola B. subtilis GLB191 VYcan y3MHuitH MOIHBI MOOTOHLPHITH OBYHUUT 69.0%-1ap OyypyyiHa [58]
Plasmopara viticola B. pumilus GLB197 YcaH y3MuiiH MOIHBI MOOTOHIPUITH 6BUHUIT 57,5%-unap OyypyyaHa [58]
Pythium myriotylum Rhizopycnis vagum Ilaraan raa sn3pyysiar SMrar TepyYJISTYHIT 1apaHryinar [6]
Saccharicola
Cochllobplus B. subtilis SCB-1 Sacchaurlcola, Coch{tobolus, Alternaria, 6(1:J'IOH Fusarium 335par [19]
Alternaria YUXPUIH HUIIMHTUAH 3MI3T TOPYYISTYAUAH 3CPIr
Fusarium
. " o
Scleromitrula shiraiana B, subtilis TPJ-16 Snam xuMcHAH ckiIepoTHHHO3EH 90.84 + 1.41% XypTan XsHax [54]

GapuHa.
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3aHaN yupyyJk OaiiHa. YYHTIH TOMIDXUAH Ty
sHAOGUT MeereHipuiiH ITrichoderma sp.st T154
OMTHHT yCaH Y3MHHH MOINOHI ©BYMH  YYCrard
MO6reHLep Phaeoacremonium minimum uir
napanryinaxan —ammrinagar [9]. VYmaan Oyynaita
SHJO0(PUT MOOTOHIIPYY/ Hb 33B ©BUHHUIT YYCrary Puccinia
triticinag TapXanT HATTHIMIBIT X3IMXIIT Oyypyynjar
[13]. Trichoderma asperellum KUFA0702, KUFA0703,
T. hamatum KUFA0706, T. harzianum KUFAQ0710,
6onon 7. harzianum KUFAO713 33par spadHd MHUIIHHH
HABYHAAC sUTAX aBcaH SHAOGUTYYHN Hb Exserohilum
turcicum-33¢ YYIDITIH ypramiblH ©BYHUHT AapaHTyHinK
yagnar. Yyuuid naryy 7. harzianum KUFAO0710 1pBap
©CcreBep Hb ypramiblH eBunesuiir 55.70% -aac 47.46%
xypran, T. harzianum KUFAQ0713 omor 49.92% -ooc
43.84% xypTan Tyc Tyc Oyypyymk Oailican. Zingiber
officinale Rosc-aac siniracan Rhizopycnis vagum Hb SMIAT
yycrara Pythium myriotylum-uiiH 3Cp3r aHTarOHUCT
UI3BXTAU OaiicaH Tamaap AHUINA OTYYJINI3Y OHUCIH
6aiiB  [6]. Epicoccum dendrobii SMEL1 owmruiir
(Cunninghamia lanceolata) ranyyp MOTHOOC SUITax
aBcan 0a aHTpanHo3 3Mrar Tepyyiara Colletotrichum
gloeosporioides-nitn  ecentuiir  50%  mapaHryink
Oaiiraar ok TorToos [8].

Ypramai 3Ha0(pUTHITH XapUIIAH Y4 6a aUOTHK
cTpecc

[yM T3K9MIH JyTaraai, rad Tauur, XallyyH, XYWToH,
XYHI MeTajll, JABCKWIT, XepcHui pH 33par abuortmk
CTPECCYY/ Hb YYD aMbCTIIBIH ©0PUWIONTTIH 39p3rt3H razap
TapuaJIaH] MX39X3H aloyJl 3aHall yupyyink Oaitna [22], [45].
XypaamaH Oy OpYHBI ©OpWIeNT Hb CTpecc Omid Gonrox
ypramilblH MeTa0OJIOMUK OOJIOH TPAaHCKPHIITOMHKH YHII
@KWIaraaqJl eepwienT OpAor. Ypraman Hb Iiar araap,
XYPO2JIH Oy OpYHBI 3pC TIC HOXLONI WIYY OpTeX,
yprar anjarnai OoioH yaHap Oyypx Oaiiraa Hb CYYJMiH
apBaaJl KW Yyyp aMbCTajblH ©OpWIeNT XypAauTai
©OPWIOTTICOHTIN X0IO00TOMH FoM [45].

Tanrmiin crpecc

lanruitn = crpecc XX OOJMOH  YPIraJmKIdX
XyramaaHaac Xamaapd YpramyblH ©CeNT XOIKHJIX
HUX29X3H Hemeenner [45]. TaHruiiH yen ypramubsiH
¢$u3nosory, 6MOXMMHU OOJIOH TEHHH KCIIPEC] UXIIXIH
©OPUWIONT OPAOTr. DAr39p 00pWIOATHHH yIMaac ypramal
Hb WIyY uX ABA HUIIIMKYYJDK HAaBUHBI aMcpaa Xaax
aMbCrajaaTaa HAMITIYYICHIIP 3CHIH XOMKII KIKIIPY,
MeMmOpan OypsH OyTeH Oaiijanmaa ampax, HaBYHBI
XOTUIPONT sBarjiaX ypraiar OoJoH (HOTOCHHTE3UHH
mporece yraamupaar [45], [52]. DHmopuUT HE TaHTHITH
CTpECC TACBIPIDX MEXAHU3MBIT IIyy]] OOJIOH mIyy Oyc
3K 2 aHrmugar. YT MeXaHu3M Hb 3J], 9C3]] OpPraHuK
00MCYYIBIT XyPUMTIIyyJlaX, OCMOCHIT HIMAIYYIIX,

WIYY 3y3aaH KyTHKYJIbIH JaBxapra Ouii 0OoJrox,
TpaHCIUPALUIT yAaampyyiacHaap Ouii 6onromor [40],
[52]. TyyHwisH 3HAOGUTYY Hb TaH rayraac YyIdJITdi
CTPECCHIT 0aracraxblH TYJIJ OCMOCHIT T3HI[BIPKYYIIK,
AHTHOKCHJIAHT XaMIaajaJThlH CUCTCMUMNT ©J106K OrIer
[52]. ABA, TAA, sTuieH, ruOOepeUIHH, CTPUTOTAKTOH
33p3r (PUTOTOPMOHYYABIH HUMIADKIYYA Hb ypraman
SHAOPUTHIHH CUMOMO3 xapwinaar caibkpyynaar. Toa
MOH TMOJUCAaXapu/l, TJUIMH OCTarH, OPraHUK HATIIYY
OOJIOH aMHUH XYM 33p3T OOJUCYYIBIT XyPUMTIYYJIIAT.
TyyHWIdH 3ar33p ypramiyya Hb THIPOKCHI pajJuKal,
YCTOPOTYMUH XOT HCAJI, CYHCPOKCHUIBIH aHUOHBI
pamukan, —CymepoKCHa  JHCMyTas3a, [epOKCHasa,
KaTajiaza 33par HCAIITHIH (pepMEHTHIT aryyscHaap
ROS-wnitn xamx33 Hamaraar [40]. Yynaosc ragaa ACC
JlcaMHMHA3a HHUWIAMKYY/DK, MHUTOICH MPOTCHKHUHA3ar
UIPBXKYYJCHIID TaH Ta4urT TICBIPTIA  Oalyibir
HAMAIIYYJDK YCBIT Oara Xapramadr Oaitna [40], [52].

OH/16p TeMIepaTypbIH CTpece

VYyp ambcranbsiH ©0pwienTTdi xondooroiroop 2100
OH X34 AyHAax Temmepatyp 1.1-5.4 °C-aap HIMArIOX
TeneBTH OaiiHa [45]. Ypramana mymaaHbl CTpeccHilH
HeJeeJ1el Hb GpoTocuHTe3 Oyypax, I1a3MblH MEMOpPaHBI
WIPBX ©OpWIeraeX, TpaHCIUpaly, (pepMeHTHHH Vil
QKWUIaraaHbl aJfarjall, ypramiblH ©CeNT XOIKWJIT
Oyypax 39par OJIOH IIMHX TIMATIIDP aKHUIJIArJax
6omnHO. [44], [50]. dymaaHbl CTpECCHUH YeI ypraman
OOJIOH  TOArpUHH  SHAOPUTYYOMHH  Xapuimaa
XaMaapJiblH AYHI 3HIOQUTYYA Hb (DUTOTOPMOHYYIBIT
UX90p XYPUMTIYYIDK OXdIdr. YYHI THOOeperutuH,
uutokuHud, SA, [AA, ABA 33par sHAOreH ©cenT
30XMIlyyJlard TOPMOHYyxA Oartigar. AYKCHH T'OPMOH
Hb YpramJjblH aHTHOKCHAAHT YaHAphIl HIMAITAYYJLIAT
6o THOOEpEIUIMH Hb YpramilblH XODXKIMHH OyXxui
n yin sBuax tycangar [4], [44]. Men sumoduroop
©JI0OTJICOH TEPMOTOJEPAHT Hb JyJaaHbl I[OYPOJIBIH
TpaHckpunuuita ¢paxrop, HSP yypar, ACC-neamMmuHasbia
HUMJIDTKYYICHDP WIBXWKIAT [44], [46]. Opranuk
OCMOJIUT MOJIEKYJIyyZl Hb YypramiIblH XaMIaalajiThlH
MEXaHHM3MBIT WIIBXXKYYIDK, MM THKIIMHH OOAUCHIT
yycrax, JyjlaaHbl CTPECCHHT XOHIOBWIOX 3aMaap
XaIyyHI TICBIPTIN Oaitmibir yycramor [44]. Tempuitn
WOH 300BOPJIOX Hb TOMPHUHI 3CHHH MeMOpaH IyHIyyp
300BOPIIOK MEMOpaHbI PElEeNnTOPT AAMXKYYJIar eHaep
MOAPOMTIIUNA TOMPUNH XelnaTop HIrAAN oM [44].
OcenTuiir e/1eeA6r ASIIPMXUI HATIIYY] Hb AyJIaaHbI
CTPECCHIH 3CPAr HCAIRATHIT OYyypyyK ypramibiH
eoepHiiree xamraanax cucteM] Hojoeeaer [44].

JlaBCKUIITBIH cTpece

Xyp TyHamac XaHTalTIyH, ycainraa Mmyy Oaix,
XOpPCHHUH OOXMPJ0I, TaBCHBI XyPUMTIIal Hb HOHBI OOJIOH
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OCMOCBIH CTPECC YYCTK, IaBCKHIT, HaBCKUITHIH
CTpecc Hb ypramajji Ccepreep Heleelex IIajaTraaH
6onpor. [22], [52]. JlaBCHBI cTpecCHiH Yel ypramiibiH
yprayiT yaaamupy, HaBYHbI amcpaa Xaax, UCAIITHIH
CTPECC HAIMATIK, POTOCHHTE3UIHH CUCTEMUIT TIMTIIIK,
XOPTOW HATIIYYAMUT HUMWDOKYYIIRr [22]. Ypraman
00NOH  DPHIOPUTYYAMHAH  XapWIlaH  YHIWIIHHH
JOYHJ SKCOIOJMCaxXapu, TpPerauo3, MPOJHH, TJIHMLUH,
O6eravH TPX MOT SIH3 OYpPHUHH OpPraHMK OCMOJUTYYABIT
HUMISIKYYJDK  1aBCHBI  CTPECCUHH CoOper HeJieer
Oyypyynaxan Tycanaar. MeH JgacaH 30XHIOXBIH TYJ[
IAA, ABA, rub0epenua 19X M3T (UTOTOPMOHYYIBIT
HUMIOKYYIPT  0a  aHTHOKCHAAHT — Xamraanaax
cuctemuiir soxunyynaar [22], [31], [38]. AHTHOKCHIAHT
XaMraajaax CHUCTEM Hb AHTHOKCHIAHT MeTaOOoJHTYy.X
0oJI0OX TIyTaTHOH, ackopOar, Tokodepon OoI0H
AQHTUOKCUJAHT  (DEPMEHT  CYNEpPOKCHJI  JUCMYyTa3
(SOD), xartamaz (CAT), ackopOaT »3CB3I THOJOOC
xamaapanTtait nepoxcuaas (APX), rmyratnoH peaykrasza
(GR), nermppoackopbar penykrtaza (DHAR), momHo-
neruapoackopoar penaykraza (MDHAR) ammrman ROS-
HHIT IPBIPIRXA] dyXall Yypar ryduraraar [52]. JlaBcHsI
CTpecC Hb HAaTPUWH MOHYYIBIH XypHUMTIyyJlIcHaap Ouit
Gosior 6a ypramiIbiH ©CeJIT XOr KU Hesleesaer. ['3con
xo1ui 4 eHmep maapamtrui K+ 3eesepmeru (HKTI1)
Hp Nat TOMEOCTa3bIl 30XHIlyyjlaxaJ 4YyXal YYpar
IYHIPTMIPr 6a ypramana Xypumrtiaracan Na-+-uir
Oyypyynaxazn Tycajjar. Ypramajg CTPECCT OPCOH Ye[
ypramain O0JIOH SHJO(PUTYYIBIH XapHilaH YHITWIAIUHH
ayHn yaacsn gaxe HKTI  sxenpeccuiir  Oyypyyink
HaWI3YyypYyAblH SKCHPECCUMI HAMATAYYJIACHIp Na+t
roMeocTa3uir 3oxuiyynaar [22], [58].

AOHMOTHK CTpeccHiir faracrax, SHI0QUTYYIbIH X3PI13)

araan Oynmaa Hb JPIXWI gasap TapxcaH dyxal
XYHCHUH OyTormpxyyH oM. P pseudoalcaligenes
00JIOH B. pumilus XaMTbIH a)KWJUTaraaHbl JYH/I TIUIAH
OeTanHTall TOCTIN HATUTYYAMNHH OHIOp KOHIIEHTpaTaap
XypUMTIyyJax 3amaap HyTruiiH naraan Oymaa (Oryza
sativa L.) GJ-17 copTblH AaBC TICBIPIIX UaABAPBIT
HAIMACAYYaar [21]. 2.5%-uitH faBcHBI aryyiaamiKTai
Hexuenx Oynaa Hb Xyypal OmomacceiH 55% anncan
6o enmep Hb 65% Xxypran Oyypcan. XapbllyyJcaH
cynairaansl Yp nyHA P pseudoalcaligenes 6omnon B.
pumilus YHTIUICOH ye Oynaa Hb Xyypail OHO MacChIH
epaee 33% uiir anncan 6on ennep 44% xypran Oyypcan
Gaiina [21]. 'ang TocBIpTIIi araan OynaaHaac siracaH
Nigrospora oryzae #20OSTUR9a MeereHupuitH oMOr Hb
ACC neamunaza (305.36 + 0.80 HMONB 0-KeTOOYyTHpAT
/ mr / mar), docoarem yycrax (PI 1.115 + 0.02),
temep (72.57 £ 0.19%), MIIX (351.01 + 7.11 mkr/mi)
XOMIKIITIM HUIIBIKYYIASL. YT OMOr Hb raH OOJIOH
JIABCKWJITHIH CTPECCUIH Ye 1araaH OyaaHsl yprajiThIr

HAOMATAYYJIAST OOJNIOX HBb TOrTOOTHCOH. Toapyynban
9/Ir3p OMOT Hb JIaBC OOJIOH TaHTBIH CTPECCHIH yel
ycHbl aryyiamkuir 48.39% -eec 50.31% xyptom,
xyopoduuieiH - aryynamvkuir 30.94% -eec 39.47%
XYpTaJ, GeHonbH aryyaavxuir 25.32% -ooc 32.95%
XYPT2JI OCMOJIUTBIH aryynamMxuiir 43.67%-ooc 50.42%
XYPTAI TyC Tyc HOMAIAYYJDK Oaiican [48]. Xamruitn
Oaramaa 14 renuii sxcnpecc ayua B. amyloliquefaciens
NBRISN13 omor ub 200 mM NaCl xypTan 1aBCKUITHIT
TICBIPIIIK araad OyaaH yprajaThir HIMITTYYIDK OaiiB.
Crpeccuitn yen NADP-Me2, EREBP, SOSI, BADH,
SERK1 renyyn Hamarmxk Oaiican 6on GIG Gonon
SAPK4 0yypx 6aiiB [31]. Aspergillus flavus ACJ-2 60non
ACIJ-5 omryyn, Aspergillus sp. SAP-3, SAP-6, 6omnon
LAS-4, Chaetomium sp. LAS-6 oMryyasIir DHITXATHIH
Paxacran myxwuitH Tap et 13X ypramiaac suirax aBcat
Oereej 3ar’3p ecreBpyyld Hb 45°C-uitH X3MJ yprax
yansaprail Oaiican. Chaetomium sp. LAS-6 ecreBep Hb
CYyJTalblH 3X9H YeJ] TaH OOJIOH X3T XallyyH TeMIIeparypT
naraas Oynaansl IR-64 copThIH yprajnTsIr HOMATAYYIIAT
[41]. YyH33¢C rajHa OJIOH TOPIHIH 3HI0DUTYY T aOHOTHK
CTPECCHITH Ye Il ypraMIIbIH OCOJITHHT AIMKHUX YaJ(BapTan
Hb a@Xuriarjacan. OHAOGUT MeereHuep Serendipita
indica aOMOTUK CTPECCUHH YeJ METa0OJHMTHIH CHHTE3,
AQHTUOKCHUJIAHT MEXaHU3M, (PUTOTOPMOHBI 30XMILyyJIax,
[IAM THKIIIUAH MIAMITIRITHAT HAIMATAYYIIIX, HOHBI
romeocra3 Na" Oomon K" Hb reHuil TpaHCKpUIIMIAT
HAMATAYYIIX 39pranp ypramiibiH ©CONTHIT
TOMKIIT. DHAobuT Enterobacter sp. SA187 omor Hb
tpanckpunuuiia ¢axtop EIN3 6onon HSFA2 nynnyyp
namokuH eHreprer H3K4me3 OGomoH STHIIEH JOXHO
HOMATICOHIIP yhaaH OyylalH ayllaaHbl CTPECCHHT
TICBIPIDX 4azBap HIMIruor [47]. Thermomyces widr
XaJyyH 1ein aacan 3oxuricon nemune (Cullen plicata)-
WIH YHIPCHIAC sUIrak aBcaH 0a Erumerniin 3yHbI
YIUPAJ OprecT XOMXUIH JyllaaH TICBIPIIX YaBaPbIT
HAMATAYYJIAT 000X Hb TOTTOOTICOH. B. subtilis Hb
yJlaaH JOOJIMMH YpramjblH TaH OOJIOH JaBCKUITHIT
TICBIPIIX  YaABAphIl  caibkpyyngar  OOJIOXBIT
cynanraaraap Torroocon. Crpecct epTceHuil napaa B.
subtilis 33p YHTYUICIH ypramiyyablH Ornomacc OOJIOH
XJIOPOGHUIUTHITH aryyIaMK HIMITIK 0aixk33. TyyHWIdH
saraap ypraminyyn K+, P+ nonyynein aryynamk enuep
Oaiican O0on Nat+ HOHYYyIBIH aryyiamsk Oara Oaiikd?.
MeH ypramunyyn Hb nonudeHon OOJOH KaTajasa,
Nepokcuaasa, NoiIu(eHos OKCHIA3blH HAIBX Oara
Oaifraa Hb MCOJIPITHHH cTpecc Oara Oaiiraar Xapyyik
Oaiina. TyyH?3C rajHa ypramiyyaan ru0OepesuTHHUN
OosioH SA wmiiH aryynamx ennep Oaiican [28]. B. subtilis
GB03 Hp yHmdc OonoH Haim3yypyyn naxe HKTI
UUAH DKCIPECCHUT HAIMATAYYIDK, Oyypyyhax 3amaap
100 mM NaCl roii opuunn Arabidopsis thaliana witn
ecentuiir mMxmwk 0aiiB [57]. Paecilomyces formosus
LHL10 up 38°C wuitH TemmeparypT OprecT XdMX
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XyeHarT 2. YpramiiblH a0HOTHK CTPECCHIT TACBAPIIAX YaABAPhIT caibkpyyaar SHI0pUTYY

I33H .

Crtpecc Supodur yprama TacBIpidX yagBap Howm 3yii
I'an Chaetomium sp. LAS-6 Ilaraan Oynaa aMbj YIIDX XyBb, HAHI3yypyya OOJNOH YHAIC ©CONTUHT AIMKUX [41]

Nigrospora oryzae strain yc, xiopopuint, hpexos, ocMoiuThiH aryynamx 50.31%, 39.47%,
Tan #20STUR9a Haraan Gynaa 35"50. "5 429 ryc tyc HoMorICHH. [48]
Fan Trichoderma hamatum DIS Kaxao YpUiiH yprair, YHI3CHUM KHH, YHAIC YCHBI aryyIaMKUHT 7]

219b HAMOATAYYIIHD
OHnep , . .
Tewmepatyp Chaetomium sp. LAS-6 Iaraan Oymaa ambJl YII9X XyBb, HAlI3Yyp OOJIOH YHIIC ©CONTHHAT JI3MKHH). [41]
O 4 enpuitn Typit 50°C XypTanx TeMneparypT UHIUKAT OyaaaHbl

Aop Curvularia crepinii G1-29 Ilaraan Oymaa XOpOTIUIBIT OyYpYYJDK, XaldyyH TICBIPTIH OaiUIBIT AIMIKIK [59]
TeMIepaTyp o
OaiicaH.
OHnep Enterobacter sp. SA187 YnaaHu nynaasl ctpeccuiiH H3K4me3 renuitn okyc 133px Gaipiiui Hb [47]
TeMIepaTyp Oyynaii HSFA2 aac manrtraana TpaHCKPUITOMBIT JaXMH HpOrpamMyiiaHa.
Onnep Paecilomyces formosus Oprect xovx HHUUT ONIH(EHOI, a60u1z131,1vH xy4ui, TocHsl xyuun (C18:2 6a [25]
temneparyp LHL10 C18:3), rryTaTHOH HAPBXUUT OyypyyJIcaH.
OHnep . VYnaan . .
Tewmepatyp Pseudomonas putida AKMP7 6yynait YHI3C Oa HalI3yyphIr ypTacrax, Xyypait 6uomMace H3MIIIyyiIsX. [4]
Onznep Thermomyces sp. Oproct xamx Erumnersn XamyyH 3yHbI yIHpPaL] OPrecT XOMXHUH yPrajiThil 3]
TeMIepaTyp HOMOTIYYJICOH.
JlaBcokunT zBa Irﬁ)él;llzguef aciens Ilaraan Oynaa 1araan OynaaHbl ecent OOJIOH JaBCKUNTHIN TICBIPIICaH (NaCl 200 MM). [31]
0, T -
Jlascsxmr B. pumilus [laraan 6y 1aa 2.5% NaCl taii opunng GJ-17 copThiH naraan OyaaHsl JaBc 21]
TICBIPIIX YaABAPHIT HIMITAYYIIIIL.
j i i +
Jlascxunt B, subtilis GBO3 Araézdopszs YHIDC 60310H Hanmyypu naxb Na+ HOHBI XypUMTIAIBIT OyYypyyInK (57]
thaliana HKT1-uiiH sKcnipeccuiir 6aracrax 60JIOH HIMATAYYIIX.

Nigrospora oryzae #208S- y¢, XJI0podut, GeHo, OCMOJIUTHIH aryysiamx Tyc Tyc 48.39%,

Haseknat — iRo, Haraan 6y122 304025 3504, 43.67% -uap occon 48]
- o, - i -

Jlacoxmr Pse.udomonax pseudoal Iaraan Gyaa 2.5% NaCl-rtoii opunrn GJ-17 copTbIH 11araan OynaaHsl 1aBC [21]

caligenes TICBIPIIX YaABAPHIT HIMITAYYICOH.

(Cucumis sativus)-AiH AynaaH TICBIPIIX YaJBapbIT
caibkpyyJok Oaiican. IH1o(pUT 60JIOH ypramiisiH X0j1000
xXamaapaja HA3MATICIHIIP HUUT MOTU(PEHON, aOCIU3bIH
xyumn, TocHbl xyunn (C18:2 6a C18:3), rmyrarnonst
nmBXKUN Oyypcan Oaitna [25]. T hamatum DIS 219b
OMOT Hb TaHTHMH YeJ YpUHH yprait, YHAICHUH XKUH,
YCHBI ~ aryylnaM>KUHr HAMarnyysicHap  Theobroma
cacao-uiiH 6CONTHUT HAMATAYYIK Oatican [7]. Hamx
nypaaxan sHmodurTor ypramuayyn Ala 6omon GABA-
WIH TYBLIMH HAMAIIK Oalican Oon Asp OonoH Glu-
WiH TYBIWMH Oyypu OaiiB [7]. Pseudomonas putida
AKMP7 omor Hb AynaaHbl CTPECCTdi OpUMH] yiaaaH
OyymaitH YHA3C, HAMI3yyphIT ypTacrax, Xyypaii omomacc
OOJIOH MOHI YIJANT OOJIOH ©CONTHUHT HAIMAITAYYIDK
6aiiB. YyH23C ragHa ypraman OOJIOH SHAO(QHTYYIBIH
XapwilaH YHITWIdIMHH AyH] XJI0poQuILI, mojaucaxapum,
TIPOJIUH, LAPAYYJl, aMUH XYUHII, yypar 33par siH3 OypHuitH
MeTa0OIUTYYIbIH OMOCHHTE3UIT 01106k OUil O0oJromor
6011 SOD, APX, CAT 33par aHTHOKCHIAHT (PepMEHTHIH
UIPBXUNAT napanryingar [4]. bapyyn emuen XstaabiH
9KOCUCTEM/T 1aXb Ta3pbIH TYHUH JyJaaH X3CarT yprajiar

Hedyotis diffusa nitn yapenaac sirax ascan Curvularia
crepinii G1-29 omruiir 4 enpuiin Typm 50°C xypTaax
JyNaaHa WHAWUKA OydaaH 139D TypLIMXaj, ypramJybH
OCONTHUT JPMKHX, XaTyyH] TICBIPIAXIJ Hb DEPradp
Heseesk OaiicaH [59].

IunopuTyyI 60I0H YYP aMBCTaJIbIH 00PUJIOJIT:

VYyp aMmbcrajablH €6pwIONT Hb JIIXUHH IKOCUCTEM,
Xemee aX axyil OoNOH XYHHH HHHISMJI TOMOOXOH
copunr Oomx OaifHa. buny TtemmneparypblH eepuiednrt,
XYp33J3H OyH OpdYHBI JIOPOMTON 33P3T YpbI ©MHe
Oaifraaryii Lar yypblH €epwWIeNTYYATdH Tynrapu Oyi
9HY Y€l TYYHMH Heneemuidr Oyypyynax IIWHIJIAT,
TOTTBOPTOM  MIMHANYYAMHTr  cyAdax  3allmryu
mraapanaraTaid. Yyp aMbCrajblH XypAalTail eepunent
Hb ypramijiblH OyJITaMIBIJL al0yIl 3aHATXUIIDK YUIPYYIDK
OaiiHa. Yyp aMbCrajblH ©epWIenTe]| JacaH 30XHI0X
ypramana Tycajjgar Owdwil OWETHYYIWHH YYpPruiH
Tanaap Oara cyjanraa XMHTACOH 06reeja  HMXJHX
CyJaliraa yyp aMbCrajblH @0pulIeNT ypramainj y3YyJIdx
HOJI0® THAIIPUHH CTPECC TICBIPIIX MEXAHU3MBIH

Microbiology 85



Adiyadolgor et al. / Proc. Inst. Biol. 39 (2023) 69-90

Tamaap XMHTACOH. JPNMXWitH XOMXKIIHJ TI'aH TaurduiH
XOMXKID yJlaM HOMOTIDX TOJIOBTIH Oaiiraa 0a xe1ee
@K axylH canbap Hb yyp aMbCrajlblH ©OpWIONTHHH
yJIMaac TOMOOXOH COPWITYYITail HYyp TyJrapaxaap
Oosiooyr OaifiHa. YpramiblH MHUKPOOMOM Hb TaHTHWH
CTPECCHIT JlaBaH TyyjaxaJl TapUaJlaHTUIH Tanbaiin
yprax Oyii ypramiiblH Tepes 3YHI Tycaiaar 00J0X Hb
Oariaracad [20]. DHIOPUTYY OOIIOH THAIIPUNH OJIOH
siH3 Oaijian, TapxaiT, ypraMmairtail XdpxdH cuMOuno3s
Xapuiaa yycraJor OOJIOH Yyp aMbCTalIbIH ©0pUIIeiT
Jaxb THArIPUNHH YYPrHMr 3alimmryidl omk  MdadX
miaapjiarataii Oaiiraa [2]. DpasMTan YMHADIBT OOJIOH
Xyypail ra3pyyasiH 0d3au’dp3dc CUMOHMO3 XapuiiaaTai
20 SHAOGUTHIr sUIraH aB4Y XOPCHUHM  YMHTILIMAT
Iajirak y3Xd3. YpramjiblH HIMHXK 4YaHap, YsSH XaTaH
Oaiijian, yCHBI Heell HMX Oara HOXIeJNeec Xamaapd
MOOIOHLPUNH aHTWIAN3YH M3I3IIBXYHUL ©epuIeraex
XapwinaH anwiryd Oaiican [17]. Vmaan Oyymaiinaac
Curtobacterium flaccumfaciens (Cf D3-25) 6omnon
Arthrobacter sp. (Ar sp. D4-14) rac3H X9I3H TOPIHIAH
30pWITOT TAKCOHYYJIBIT SUIT&X aBcaH Oa raH rayrdifH
YEI ypraMmJiblH ©COJNTHUT IIMXKHX 4aJaBapTail OOIOXBIT
CyAajiraaraap xapyyJicaH. DHOIXYY cyJajiraaraap eep
©0p TEHETHK MYIPAUIMHT aryyicaH yinaaH OyynailH
YPHIH MUKPOOHOM JlaXb alllurTaid 0akTepuy/1 Hb CTPeccT
Xapuy Y3YYJIIX 3aMYYbIT HAMATAYYIK OaitB. YYHUH yp
JYHJT ypraMIIbIH ©COJITHIT IDMIKHX YaJBapTai O0JIOH yp
TapUaHbl rapIbIr HAMATAYYIIIX alIUT Taii ONum OMe THUIT
0JI0X 93X cypBak Ooik Oaitna [20]. Dumoduryya Hb
YYP aMbCTaJIBIH ©0PYJIONTO]] YPramiIbiH 1acaH 30XUII0X
Xapuy YHIJIDN Y3YYJPX dYyXaldl Yypar TYHITArAAT.
Oarasp OWumn OMETHYYA Hb a30THII XYPHUMTIyyJax
9padc OOAMCHIT yycrax, (PUTOTOPMOH HHMHIATKYYIIX,
MM TKIIMAT  HOIMOTAYYJIDIX 39pIrIdp  ypramilblH
OCONTUHIT IPMXKIAT. DHIODUTYYA Hb MOH T'HIPOIUTHK
(epMEeHT OOJIOH aHTAarOHW3aTOPBIT HUHIAIKYYJICHIIP
939H YpramyIblH ©OpHUHree Xamraajax MeEXaHHU3MbIT
07100 eryer OaifHa. SlnaHrysa SHIO(GUT MEOTOHIPYY]
Hb YpramJjblH Yyp aMbCrajlblH CTPECCT XypAaH JacaH
30XHMII0X0]] Tycajiar. Y pramiiblH MHKPOOUOM sUTaHTYysia
9HI0(UT OWMYMI OGMETPH Hb ypramilbll' Yyp aMbCTaJIbIH
eepuIeNnT OOJIOH CTPECCT JacaH 30XHUIOX YajBapTai
Oosirox Oaiiraa Hb TON TYIXYyp OOk 0O0JIOX FOM.
Haammnbai, 3HI0(QUTY YT Hb YPTaMITBIH ©COJIT, XOT HKITUIT
JOM)KHX 3amaap ©HIep TeMIlepaTyp, TraH, JaBCKHIT
39par abMOTHK CTpecCHMiHH Heseer Oyypyyhaxan
tTycanaar. Epenxuiinee 5SHIOQUTYYIBIH 4YagaBXbIT
OWJITOX, aluIiax Hb Yyp aMbCrajJblH ©OpWIONTHHH
HOXIIOJIJI TOTTBOPTOM, Yp OYTIITIH X6ee ax axyina
XYBb HAMIp OpyyJiax OOJOMXKTOW. DHIODUTYYABIH
HUMIBIKYYJICOH  Xo€paord  MeTaboiuTyyl Hb  yyp
aMbCTAJIBIH ©OPWIONTO]] JAaCaH 30XUII0X XAMIHHH caiiH
apra 0oypk yagHa. DAragp MEeTadoNUTYy] Hb XYpPAIdJIdH
Oyt OpUHBI OOPUIOITHIH COPOT HOIOOIUIHUT MYy CallH

TICBIPIIX OOJOMKHHI OJITOXK 333H ypramiblH CTpecc
TICBIPIIX YaJBAPBIT HAMAITAYYIIAT. DHIODUTYYIABIH
HUWJIATKYYIICOH METa0OIUTYYAbIT TycJaM»KTai
ypramain Hb XYHJl X3IYy HOXLOJJ Y T3CIH OCOIT
XOIKHMJ Hb SIBarZla)k YYp aMbCTallblH ©OPUJIONTHHH
Yp JAaraBpeir Oyypyyiax Oosomoktor [16]. Hoamxk
aypaaxaza dHI0QUTYya X0€pAordy MeTaboJUThIH OYTAIl
HaMpIIarelr ©0pYNUIICHOOP yPraMIIbIl OBUMH YYCIIIY190¢
OOJIOH MIaBKWIH Xaljjiaraac eepuiiree xamraaiaax
MEXaHM3MBIT calbkpyynjgar. DH3 Hb SHIO(GUT Ouuwmn
OueTHUIIT aryymk Oyii ypramall Hb ©BUMH SMTAT, XOPTOH
maBxu] Oara epTex Yyp ambCrajblH ©epuenTe.
TACBIPIdX3 Hb HAIMIp Oommor [34]. Llaammn6an,
SHI0MUTYYH OOJIOH TOATIIPUHH METAOOIUTHIT X660
X axy#] amuriax Hb XUMHHH OOPJOOHBI X3PAIridar
Oyypyyik Oonox rom. [16]. Darasp SHIOPUTYYIBIH
METa0OJIUTHIT XO/100 AKX aXyHH IMPAaKTHUKT HIBTPYYJICHIIP
Oua WYY TOTTBOPTOH, Gairaib OpYMH IIITIH XO/100
@K axyHH TOITOJIOO pyy IIMDKHX OOJIOMKTOM.
DHAOPHUT MEETOHIIOP sUIaHTysia 3-p aHTHUIUIBIH SHAO(DUT
MOOreHIep Hb YPraMiIbIH YYP aMbCTaJIbIH ©0PUJIONTO
JlacaH 30XHUI[OXOJ dYyXajdl yypar TyHmpTrmr [49].
DHAOPHUT MOOreHIep Hb YpramjblH Yyp aMbCTasIbIH
©OPUIIOIITO]] TICBIPIIIX YaJ[BAPT OPYYIIaxX XyBb HOMPUIHH
TajgaapX OWIHUI OWITONTHIT CaMKPYYIaxblH Ty
HAMIJIT cyJajiraa Xuix nraapiararaii 6aiina. Hmo¢ur
Ouumns OMCTHUH METaOOJNUT Hb XOT XalyyH HOXIION]
LM TIXKIMHH XYPTIIMKHUUT CallKpyyJDK, OMOTHK
06a abMOTHK CTpecciIdC Xamraanax, 939H ypramiblH
XaMTaaJIaJITBIH MEXaHU3MBIT 30XHILyyJiaX 39par dyXall
YYpar rydmpTramer [39]. Darasp MerabonuTyya Hb
ypramjblH JIOTOOJ 3J3]T amblapiar Owduwi OueTyyn
HUHIAKYYIIAT 06T06/1 UM TRHKIIUHH XYPTIdIMKUIT
HAMATAYY/DK, IMIMMIIY XOPXOHHOOC XaMraayiax 3amaap
Onumns OMeTHUH (PU3HMK MIMHX YaHAPBIT CalkKpyyJijar.
l'an raurumitn yen OuoTHMK 0Oa aOMOTHK CTpPECCHIH
HeX1eJ 0aliaaac nanTraaia 3Ar0p MeTaboIUTyyIbIH
YYpar HaMarar. Hamok mypaaxan ypramibiH ©CONTHIT
JIOMXHTY SHAOGHUT ONYMIT OMETYYIUHH HUHIIATKYYIICOH
OMOXMMUITH OYTI0TIIDXYYHUUT YIIABIPIAN aluriax
COHUpXONTOM  OaiiHa. Xepc OOJIOH  ypramiblH
MHUKPOOMOMYYJT Hb XOPCOH Jaxb IIUM TIKIDIUHH
TOHLBIPUHAT  XajarajcHaap sH3 OypuHH  cTpecct
TACBIPTIN OalmIBIr OMif OOJITOZOT TICHH OJIOH TOOHBI
OapumTyyn Oaiinar. DHIOMGUTYYA Hb ypramai JOTOPX
IIMM  TKIIMHH LUK 4YyXajl Yypar TyHITArIAT.
Dnarap Ouumia OWETHYYI MMM TIXKIIIANHH OOMCHIH
HIMMATIITHAT CalKpPyyJDK a3oT, Gocdop, Kamu, maip
39pAT YyXal dIEMEHTYYIMHI IIHHIIIXDJ Tycajjar.
VYpramanraii cuMOM03 Xapuiiaa YYCracoH SHA0PUTYY
Hb YPramJjblH HIMHTI®K YaJaxryd LM TIXKIDIUHH
0OMMCHII MIMHIIIXdA Hb Tycanjar. um Tax0auiH
00MC HAMATICOHIIP YpramjblH OCONT XOIKIUHT
JMKIIT OaiiHa. DHnoduTyya Hb Gocdar yycrax, vHAON
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LyYHBI XYUIJI HUMIAKYYII3X 33pII3p UM TRHKIDIUIH
SPrAAT ©6pUNHH TICAH YYPTUHT TYHLTAIrAdr. DArisp
YaJBapyyJIblH TYCJIAMKTal SHI0(DUTYY] Hb Yycaarryi
X3J09pT OyH MIMM TIXKIIUUAH OOIMCHIT 3aTaJK 333H
ypramaijiaa XdpanmxdJ WIYY Xsuioap OONToX erier.
[TuM TI3KIDIUHH XYPTIIMKUNAT HAIMITY YK ypramiIblH
©COIT XOIKIMUI CalKpyyJlICHAap ypramMilblH HOOLUUT
Yp amurraii ammuriax OOJIOMXKUHTr ojromor. MeH
SHIO(UTYY Hb ypramiiblH YIJAT/UIMAT 337aiDK, [HM
TIKIIMUT XOpCOH/T Oylaak HUMIDIKYYIdIX 3amaap
OpraHMK OOJMCHIH 3PraiATd TYC HAMPID Y3YYJIAT.
YyHuii yp OyHA 3HAOGHUTYYA Hb 333H ypramJjblHXaa
LIMM TKIDITUHH O0TMCHIH IIMMAT/IIITHHT caibkpyynaan
30rCOXTYH 9KOCHCTEM AaXb IIUM TRHKINIUIH 3PIaNTIA
XyBb HOMpI? opyyinaar OadHa. JIyrH®K Xd2mdXan
SHIO0(UTYY/T Hb ITUM TIKIIINHH OOANCHIH ITMHTIDITHAT
CalKPYYJDK, IIMMALIAITUUAT HAMAIAYYJDK, YyCHarryu
00/IMCYYIBIT yyCTax, 9KOCHCTEM JAaXb OPraHUK 00IUCHIT
JIaX¥MH 00JIOBCPYYyIaxaj| Tycax 33pradp UM TIKIIITUHH
SPraITI] 4yXaa YYpar IYHLTATIOT.

Jdyraaar

Cynmanraaraap OwoTHK ©0a aOMOTHK  CTpeccT
ypramsiblH Xapuy YHIAII Y3YYJI9X YaaBapT SHAOGUT
MOOTeHIIPYY/l Hb YyXall ad XOJIOOTZAOJITONT OHIIOICOH.
OHpoduTyyn HBH Oalirame OpYMHI D32NITIH, XOPryH,
XOPATIX Xsu10ap, 3apaan Oaratai Oaigar. Y pramibH
OBUHMHT WYY CaliH XSHAaXbIH Ty SHAOPHUTYYIBIH
METaO0OINTYYABIT MYJIBTHOMHUKHHH TYBIIMHA CyJUIax
miaapanaraTaii GaifHa. Yyp aMbCrajblH ©OpwWIeNT Hb
ypramai aroyn yupyyJnk Oairaa Ty OJIOH CyAanraa yyp
aMbCTAJIBIH ©OPWIeNT ypraMail Y3YYIdX HeIeeen[
SHAOGUT OMYmI OMETHWH TYHIPTIIX YYPIIT aHXaapiaa
xaHayyncaap OaitHa. DHIOPHUTYYA HB ypramibiH yyp
aMbCTaJIBIH ©6PWISNTe [ AACaH 30XUII0XO0J Mall JyXal
HoNeeT3! Oalnar. Smanrysa SHI0GUT MEOTOHIPYY Hb
THIPONV3UNHH (PepMEHT OOJOH aHTAarOHW3 areHTYYABIT
HUMIDIKYYJICHIpD  339H  ypramjblH — XaMraauax
CUCTEMMIT Hb 6106 oraer. YYHHUI yp AYHI ypraMmiblH
MHKPOOHOM sUTaHTysia SHAOPUTYYI Hb Yyp aMbCTaJIbIH
CTPECCT ypraMmiIbIH JacaH 30XMIOX YaJBapblH YHIIC
Oaibx Oomoxoop OaifHa. Epenxuiinee >HAOPUTYYIBIH
YaJaBXbIl OWITOX, AalIUIJIaX Hb Yyp aMbCTaJIbIH
©6pUJIeNTe]l TOTTBOPTON X6/100 aX axyia XyBb HAIMID
opyyJax 00JIOMIKTOH FOM.
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