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Bacteria are micro- and nanoorganisms that spatially colonize the plant organism and comprise various types of
interactions with the host ranging from pathogenic to mutualistic and symbiotic. The presence of these exo- and
endosymbionts may affect the plant host physiology. Non-pathogenic bacteria can enhance defensive capacity in
plants that provides protection against phytopathogens and herbivores, as well as makes a valuable contribution
to the protection of plants from abiotic stressors. Endophytes demonstrate the protection of photosystem in
plants under environmental challenges. The putative mechanisms of bacterial effects on plant photosystem are
discussed in this paper.
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Introduction. Plants need energy to drive photosyn-
thesis which converts light energy to chemical energy
in the form of energy-rich carbohydrates. Photosynthe-
sis is regulated by environmental factors as well as en-
dogenous sugar signals. Plant-associated bacteria con-
sume plant-derived photosynthates, and this is why stee-
ring the photosystem.

A rate of photosynthesis is usually evaluated by mea-
suring chlorophyll (Chl) a fluorescence. In intact leaves
at room temperature, the majority of Chl a fluorescence
arises from photosystem II (PSII). The fluorescence yield
of PSII is variable as a result of competition between pho-
tochemical and non-photochemical processes, and the
outcome of this interaction changes Chl fluorescence
yield. Chl a fluorescence measurement has been pro-
ven to be a useful non-invasive tool for the study of diffe-
rent aspects of photosynthesis, and for the quantifica-
tion of any stressor impact in plants [1]. Interaction of

microorganisms (beneficial or pathogenic) with plants
leads to complex alterations in fluorescence, and the con-
clusions that can be drawn about the metabolic proces-
ses underlying the interactions are limited. A number of
parameters can be calculated from Chl a fluorescence
measurements that can, with caution, be related to chan-
ges in the photosynthetic apparatus of the host under an
impact of microorganisms.

Fv/Fm – the maximum quantum yield of PSII pho-
tochemistry – is one of the most common fluorescence
measurements which shows the efficiency of light ab-
sorbance by the pigment matrix associated with PSII
when all PSII centres are in the open state [2]. An es-
timate of the PSII maximum efficiency is provided by
Fv/Fm in the dark-adapted state and Fv'/Fm' in the
light-adapted state [3]. The Fv/Fm-value may serve as
an indicator of plant stress and can be measured quickly
on dark-adapted leaves. The parameter ÔPSII is the ope-
rating efficiency of PSII when illuminated. At very low
irradiance levels, this will be close to Fv/Fm, but as
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irradiance increases, values of ÔPSII will fall, and ener-
gy is dissipated by non-photochemical processes. qP –
photochemical quenching – coefficient reflects the capa-
city of reaction centers to compete for Chl excited sta-
tes, and it is related to the redox state of primary quino-
ne acceptor of PSII (QA). In the case where all reaction
centers are open and capable of photochemistry, qP is
maximal (estimated as 1), and the fluorescence yield is
low. However, when reaction centers are closed due to
reduction of QA, qP is zero, and fluorescence yields are
maximal. NPQ – Stern-Volmer non-photochemical
quenching – is a measure of heat dissipation and reflects
the combination of photo-protective mechanisms. NPQ
is affected by non-photochemical quenching that ref-
lects heat-dissipation of excitation energy in the anten-
na system [2]. So it may be thought of as an indicator of
«excess excitation energy». In this paper we provide
the data on impact of microorganisms, including endo-
phytic bacteria, on PSII efficiency and discuss putative
mechanisms of endophytic bacterial effects on the plant
photosystem.

Impact of phytopathogens on PSII efficiency. Da-
ta on the effect of phytopathogens on PSII efficiency
are widely represented in the literature. A spectrum of
plant host responses to the attacks of pathogens, ran-
ging from complete susceptibility to complete resistan-
ce, allows suggesting that not a single pattern of res-
ponses will emerge. A typical host response observed
in plant–fungal interactions is an initial reduction in
Fv/Fm and ÔPSII, but an increase in NPQ. At the later
stages of infection, all these parameters decline as the
photosynthetic apparatus is destroyed. In necrotrophic
infections, these effects will appear quickly, whilst in
biotrophic infections, the impacts on steady-state valu-
es of ÔPSII and NPQ often become apparent only at the la-
ter stages of infection when visible symptoms appear.
The impairments of photosynthesis associated with bio-
trophic infections include the reduction in photosyn-
thetic pigment contents and maximum quantum yield
of PSII photochemistry. Pathogens may also produce
the toxins that have direct or indirect effects on photo-
synthetic metabolism or the compounds that act as plant
growth regulators. In oat leaves infected with Puccinia
coronata (crown rust), there was a small and highly
localized reduction in ÔPSII as the first symptoms be-
came visible on a leaf 5 days after infection [4]. How-

ever, NPQ was strongly reduced across the entire leaf
with marked changes in the pattern observed during
photosynthetic induction, which is thought to reflect a
leaf-wide increased demand for ATP. As the infection
progressed, both ÔPSII and NPQ were much reduced in
the areas of visible symptoms. A similar leaf-wide re-
duction in ÔPSII was found in lupine infected with the
necrotroph Pleiochaeta setose [5]. In contrast, wheat
leaves infected with the hemibiotroph Mycosphaerella
graminicola showed a typical localized decline in Fv/Fm,
a decline in ÔPSII and an increase in NPQ in the vicinity
of developing necrotic lesions [6].

In common with many plant–fungal interactions,
the reduction in Fv/Fm and ÔPSII was also a result of
infection by pathogenic bacteria and viruses [7]. More
specifically, a diminution of Fv/Fm and ÔPSII was seen
in leaves of bean (Glycine max) infected with avirulent
Pseudomonas syringae pv. glycinea, although little ef-
fect was caused by the virulent strain that elicited a hy-
persensitive reaction. In the study on the Arabidopsis–
P. syringae pathosystem, Matous et al. [8] and Berger
et al. [9] found that Fv/Fm and ÔPSII declined upon
infection along with an initial rise in NPQ followed by
a decline. Bonfig et al. [10] examined the infection of
Arabidopsis thaliana by virulent and avirulent strains
of P. syringae pv. tomato DC3000 and found that in both
strains infection led to a localized decline in Fv/Fm,
ÔPSII, and NPQ before symptoms were visible by eye.

Effect of non-pathogenic microorganisms on pho-

tosynthetic apparatus has been shown in a set of stu-

dies. Transcriptome analysis of Arabidopsis plants co-
lonized by a plant-growth promoting rhizobacterium
Pseudomonas thivervalensis revealed a low level of
transcripts related to photosynthesis, and the real pho-
tosynthesis rates were repressed consistently with the
reduced growth of plants colonized by the bacterium.
Interestingly, the plants treated with P. thivervalensis
were more resistant to subsequent infections by the vi-
rulent pathogen P. syringae pv. tomato DC3000 than
the control plants. In this case, the down-regulation of
photosynthesis is thought to be only a transient effect
needed for the production of other transcripts necessary
for the conditions of colonization and priming plants
for fast response against phytopathogen [11].

A smashing effect was discovered by Zhang with
co-authors [12] in Arabidopsis plants exposed to Ba-
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cillus subtilis colony at a distance, without physical
contact with plant roots: they showed that the bacte-
rium elevated the photosynthesis level through the mo-
dulation of endogenous sugar/abscisic acid (ABA) sig-
naling and established its regulatory role in the photo-
synthetic activity. The studies revealed the elevation of
endogenous sugar accumulation in the plant, suppres-
sion of classic glucose signaling responses, and overlap
in sugar/ABA sensing with suppression of ABA-bio-
synthetic transcripts. The authors explain such effect
by sustained volatile signaling emitted by the bacte-
rium. The volatile-triggered plants exhibited also the in-
crease of salt [13], as well as osmotic tolerance [14]. It
is not excluded that the bacterium triggered the plant al-
so indirectly, via endophytic microbial residents which
sensed its signals at a distance.

Very little is known about the physiological in-
teractions between plants and endophytic bacteria in the
respect of effect on photosynthesis. Shi et al. [15] inve-
stigated the impact of three endophytic bacteria species,
Bacillus pumilus, Chryseobacterium indologene, and
Acinetobacter johnsonii, on the photosynthetic capacity
of sugar beet (Betula vulgaris). The measurements of to-
tal chlorophyll content revealed very significant diffe-
rences between non-inoculated beet plants and those
inoculated with endophytic bacteria. The maximum
photochemical yield was significantly higher for en-
dophyte-inoculated than control plants. It is possible
that the increased Fv/Fm-value in sugar beet was pro-
moted by phytohormones produced by the bacteria. In
another study, microarray technique revealed that endo-
phytic bacterium Burkholderia ðhytofirmans PsJN dif-
ferentially influenced the activity of genes responsible
for photosynthesis in different potato cultivars [16].
Thus, the challenge inoculation of potato cultivar Rus-
set Burbank, where bacteria promoted plant growth,
resulted in the down-regulation of a number of genes
for photosynthesis, and vice versa in cultivar Bionta
where their expression was up-regulated on the back-
ground of poor plant growth.

Alleviating photoinhibitory stress by endophytic

microorganisms. Non-optimal temperature, salinity,
drought, irradiation cause stresses in plants, leading to
the disturbance of homeostasis and impairment of pho-
tosynthesis. Environmental stress enhances the extent
of photoinhibition, a process that is determined by the

balance between the rate of photodamage to PSII and
the rate of its repair. The recent investigations suggest
that the exposure to environmental stresses does not af-
fect photodamage but inhibits the repair of PSII
through suppression of the synthesis of PSII proteins
[17]. To deal with stresses, plants have evolved several
defense mechanisms. Maximum quantum yield is an
indicator of a stress under various conditions [18] but
efficient quantum yield is more sensitive at water stress
and high light [19], salinity [20] or freezing [21].

Marks and Clay [22] measured the photosynthetic
rate and leaf conductance of 13 genotypes of tall fescue
(Festuca pratensis) infected by endophytic fungus Neo-
typhodium coenophialum and revealed that at tempe-
rature 35 °C, stressful for this plant species, the non-
colonized endophyte-free plants photosynthesized at a
significantly lower rate (20 ± 25 %) than the infected
plants. Inoculation of garlic plants (Allium sativum L.)
with mycorrhizal Glomus fasciculatum was found to
be more promising to induce plant growth under lower
and moderate salinity levels. Mycorrhiza protected the
plants against salinity injury by increasing photosyn-
thetic activity and biomass content [23]. The exposure
of an endophytic fungus Piriformospora indica that co-
lonizes the roots of many plant species to Arabidopsis
seedlings under mild drought stress for 84 h showed
that the photosynthetic efficiency was only slightly re-
duced in the colonized and was severely impaired in the
non-colonized seedlings [24]. The Fv/Fm value indica-
ted that photosynthesis performance in the non-coloni-
zed seedlings was severely impaired. This demonst-
rates that the root-colonized seedlings suffered from
drought stress less than the non-colonized controls.

Endophytic bacteria, exogenously applied for both
plant inoculation, as well as resident ones, possess a po-
tency to alleviate the effect of stressors on PSII [25]. In
our project, the photosynthetic efficiency of PSII comp-
lexes of Crassulacean Acid Metabolism plant Kalan-
choe daigremontiana Hamet & Perr. inoculated with
endophytic bacteria Methylobacterium sp. IMBG290
was assessed under ambient and stressful conditions
(low atmospheric pressure, high CO2 concentration,
and UVB) [25]. The stressful conditions were simula-
ted inside the experimental facility [26] where the spe-
cimens of Kalanchoe plants were placed. The fiberptic
fluorometer was mounted in the experimental chamber,
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so that the maximum quantum yield of PSII and other
parameters were measured under stress in situ, within
the facility. Chl a fluorescence measurement under
stressful low pressure and high concentration of CO2 in
the experimental camera showed positive impact of the
Methylobacterium sp. pretreatment on Kalanchoe plants
which was seen as higher Fv/Fm and ÔPSII values (Fi-
gure). In contrast, the plant treatment with Pseu-
domonas sp. led to the decrease of Fv/Fm value under
the same conditions. In both cases the effect of bacteria
was associated with a day-time phases of PSII activity
and reflected an increase in ribulosebisphosphate car-
boxylase/oxygenase (Rubisco)-mediated daytime CO2

uptake while it was not relevant to phosphoenolpyru-
vate carboxylase-mediated night-time CO2 uptake.

Putative mechanisms of plant protection under

assistance of endophytic microbial communities. Ac-
tivating resident endophytic community as a response
to environmental stress. Diverse endophytes occupy
econiche in the plant interior and interact with the plant
partner under their life-span as mutualists or commen-
sals without deleterious effects on the plant system [27].
Often endophytes reside within the phytoendosphere
latently until being activated by the environmental sig-
nals [28–30].

Culture techniques traditionally used to characte-
rize the endophytic ensemble often show rather limited
size of populations and diversity of microbes residing
within specific plant tissues, however, a range of spe-
cies isolated from different higher plants, sphagnum

and fern allows the conclusion that a spectrum of en-
dophytic bacteria is wide [31]. Culture-independent
molecular-based techniques and high-throughput pyro-
sequensing revealed an incredible level of endophytic
populations in the plant partner [32, 33]. This permits
to accept the plant-microbial ecosystem as a superor-
ganism where endophytic microbes might be active play-
ers in plant physiology.

Endophytes, being in intimate contacts with the
plant partner, impact the plant defensive system and en-
dow the tolerance to heavy metals, radiation, etc. [25,
31, 34]. Endophytic bacterial communities, known as
dynamic systems, are influenced by both internal (gene-
tically determined plant metabolism and associated mic-
robiota) and external (environmental signals) factors.
The changes in bacterial endophytic communities ref-
lect the current plant physiological state and develop-
ment phase, as well as the effect of the plant-microbe
system surrounding. Fluctuations in bacterial popula-
tions may mean that in the core microbiome, some po-
pulations are being activated or fallen into unculturable
or VBNC (viable but-non-culturable) state, even quen-
ched, giving their metabolites and space for successive
populations within the period of plant vegetation. Un-
der necessity, for example, under some external threat,
the endophytic bacterial community can be mobilized
by some external stimulus and rise a size of their popu-
lations [28, 29, 35]. Activating endophytic residents
coincided with the better survival of potato vitroplants
under post vitro conditions and this may serve as an in-
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The maximum quantum yield (Fv/Fm), the efficient quantum yield (ÔPSII), the PSII maximum efficiency (Fv'/Fm'), the photochemical quenching
(qP), the non-photochemical quenching (NPQ) of the Kalanchoe daigremontiana plants under stressful conditions (1 – non-inoculated outside
MSF; 2 – non-inoculated inside MSF; 3 – P. fluorescence; 4 – Paenibacillus sp.; 5 – Methylobacterium sp.; 6 – all bacteria). Error bars indicate
the SD of the means (n = 3). Kalachoe plants treated with various bacterial strains. Plants lighted with light-emitting diode (LED) during a day pe-
riod under conditions; control plants were grown inside the facility and without stressful conditions



direct preliminary evidence that resident endophytes
invest in the immune response [36, 37]. We can pos-
tulate that resident endophytic bacterial communities
(as well as other endophytic microorganisms) have a
potency to modulate the plant protection system against
external threat. A respond occurs in plants triggered by
an elicitor when resident microbial populations have a
certain level of activity (competency), size and potency in
defensive reaction. Mechanisms of endophytic commu-
nities defensive performance are expected to be various:
the activation of the plant reactive oxygen species (ROS)-
detoxification system and complementation with its
own antioxidant systems, antagonism, the induction of
a systemic disease resistance via hormone-dependent
signaling pathways, synergistic action with epiphytic
commensals, a quorum-like mechanism of synchroni-
zation of the plant microbiome by the incoming bacteria.

Protection against oxidative stress. In all phases of
photosynthesis in the light period all plants are subjec-
ted to oxidative stress when photorespiration is per-
formed. Vigorous photosynthetic CO2 assimilation due
to high internal CO2 concentration behind closed sto-
mata also generates high internal O2 concentrations.
Chlorophyll triplets are known to readily react with
oxygen to produce ROS. Photodamage process leads to
the impairment of PSII electron transport and induction
of D1 protein degradation [38]. Endophytic inhabitants
possess a variety of own non-specific tactics to defend
against the production of ROS, as well as nitric oxide,
and phytoalexins. For example, the genome of endophy-
tic Klebsiella pneumoniae 342 encodes mechanisms to
protect itself against these three plant defense mecha-
nisms. There are three superoxide dismutases, four puta-
tive catalases, 6 putative peroxidases, 1 hydroperoxide
reductase, and 12 putative glutathione-S-transferase
that can defend the cell against ROS [39]. The activa-
tion of plant ROS-detoxification system by resident en-
dophytes may be a way to protect plants against toxic
effects of ROS.

The antioxidant systems serve as the first barrier
against pathogen invasion compared to the defense ge-
nes that are activated upon pathogen attack. For exam-
ple, the pre-treatment of Arabidopsis plants with endo-
phytic bacterium Methylobacterium sp. IMBG290 acti-
vated ascorbate peroxidase, superoxide dismutase, ca-
talase, guaiacol peroxidase [36].

We can assume that due to this bacterium (probab-
ly, in concert with a resident endophytic bacterial
community) the elimination of ROS, actively formed in
leaf tissues in stressful conditions, occurred more effici-
ently than in untreated plants, and this process may pro-
tect photosynthetic centers.

Improving the PSII electron transport. The fluores-
cence yield of PSII is a result of competition with pho-
tochemical and non-photochemical processes. Non-pho-
to chemical quenching NPQ transforms into heat the ex-
cess of light energy that cannot be used in photosyn-
thesis and may lead to the ROS formation. These pro-
cesses utilize the recovered molecules of ATP and
NADPH that cannot be used in photosynthesis. A high
value-NPQ may represent the down-regulation of pho-
tosynthetic electron transport.

In bacteria-treated plants, the quantum yield of non-
photochemical dissipation in PSII complexes is redu-
ced as compared to untreated plants [12, 13, 25]. This
may mean that there is the fraction of QA, the primary
electron acceptor of PSII present in the reduced state,
indicating improved electron transport downstream
from PSII.

The NPQ is higher in stressed plants than in control
plant, exhibiting enlarged de-exciting by thermal dissi-
pation processes [40, 41]. NPQ-value rises as a protec-
tive mechanism, however, high value-NPQ may repre-
sent a down-regulation of a photosythetic electron trans-
port so that the production of ATP and NADPH would
match the decreased CO2 assimilation. Under stress, imi-
tating Mars conditions, in situ chlorophyll fluorescence
measurement in stressed Kalanchoe leaves pretreated
with Methylobacterium sp. showed that nonphotoche-
mical dissipation in PSII antenna complexes was redu-
ced. This may indicate indicating improved electron
transport downstream from PSII compared to non-ino-
culated plants and increased demand for ATP [25]. At
the same time, qP of stressed plants decreased as com-
pared to control plants kept under ambient conditions.
This supposes the decrease in electron flow through the
electron transport chain of PSII and appropriate synthe-
sis of ATP and NADPH. In contrast, pretreated with
Methylobacterium sp. plant specimens had higher qP-
value close to the control (outside of stress) plants value
(see Figure). Based on these results, it is possible to as-
sume that the photoprotective role of bacteria was mani-
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fested by the improving of PSII downstream electron
flow under model stressful conditions.

Induction of systemic resistance. Another putative
mechanism of plant defense against stressors where en-
dophytic populations participate is the induction of sys-
temic resistance. Plant growth-promoting bacteria cause
Induced Systemic Resistance (ISR), defined as an en-
hancement of the plant’s defensive capacity against a
broad spectrum of pathogens that is acquired after ap-
propriate stimulation/priming [42, 43]. Most reports of
the bacteria-mediated ISR involve free-living rhizo-
bacterial strains, but endophytic bacteria have also been
observed to have ISR activity [36, 44]. ISR is asso-
ciated with expression of defense-related genes which are
regulated by a network of hormones. In our recent stu-
dy, endophytic Methylobacterium sp. IMBG290 was ca-
pable of priming JA/ET pathway by the up-regulating
genes in response to the pathogenic bacterium attack
[36]. Microorganisms also induce systemic tolerance to
abiotic stressors. Thus, P. indica conferred drought-
stress tolerance to Arabidopsis, and this was associated
with the priming of the expression of a quite diverse set
of the stress-related genes in leaves [24].

Conclusions. Photosynthesis is a major physiolo-
gical function of the plant-microbial ecosystem, giving
the energy for every constituent of the system, and, in
turn, all of them defend the photosystem via a network
of signals, coordinating the operating system. Endophy-
tes attenuate in some range the stressful effects of
drought, salt, UV, a combination of high content of CO2

and low atmospheric pressure on plant physiology. Pu-
tative endophyte-mediated mechanisms of photosystem
protection under external cues may be different; some
of them anticipated the enhancement of hormone-de-
pendent plant defense systems, improvement of PSII
electron transport, activation of endophytic microbio-
me. With caution it can be suggested that these mecha-
nisms depend on the activity and «talents» of endophy-
tic microorganisms at a certain developmental phase of
the plant host. The structure of endophytic bacterial com-
munities reflects the current plant physiology state, as
well as the impact of the plant-microbe system surroun-
ding. In the core microbiome, some populations are be-
ing activated or fallen into the VBNC state or quenched
under certain internal messages from the environment.
Experimentally derived arguments can provide an im-

portant insight into the precise mechanisms of toleran-
ce to abiotic stressors in the endophytosphere via plant
microbiome.

The exploring of a concept of the role of endophy-
tic microbial communities in plant protection will con-
tribute to a better understanding the plant tolerance to
stressful environmental factors. In this context, the se-
lection of plant genotype/ecosystem with adapted to
stresses microbiomes may be favoured in order to pro-
tect the plant photosystem under coming climate chan-
ge challenges or in extraterrestrial greenhouses.
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Î. Ï. Áóðëàê, Æ.-Ï. äå Âåðà, Â. Î. ßöåíêî, Í. Î. Êîçèðîâñüêà

Éìîâ³ðí³ ìåõàí³çìè âïëèâó áàêòåð³é íà ôîòîñèñòåìó ðîñëèí

çà óìîâ ñòðåñó

Ðåçþìå

Áàêòåð³¿ º ì³êðî- ³ íàíîîðãàí³çìàìè, ÿê³ êîëîí³çóþòü ïðîñò³ð ðî-
ñëèííîãî îðãàí³çìó ³ óêëàäàþòü ð³çí³ âèäè âçàºìîä³é – â³ä ïàòî-
ãåííèõ äî ìóòóàë³ñòè÷íèõ ³ ñèìá³îòè÷íèõ. Ïðèñóòí³ñòü öèõ åê-
çî- òà åíäîñèìá³îíò³â ìîæå âïëèâàòè íà ô³ç³îëîã³þ ðîñëèíè-ãîñ-
ïîäàðÿ. Íåïàòîãåíí³ áàêòåð³¿ çäàòí³ ïîñèëþâàòè ó ðîñëèí ôóíê-
ö³¿ çàõèñòó â³ä ô³òîïàòîãåí³â ³ øê³äíèê³â, à òàêîæ îï³ðí³ñòü ä³¿
àá³îòè÷íèõ ñòðåñîð³â. Åíäîô³òè ïåðåøêîäæàþòü øê³äëèâèì
åôåêòàì äîâê³ëëÿ íà ôîòîñèñòåìè ðîñëèí. Éìîâ³ðí³ ìåõàí³çìè
ïîä³áíîãî âïëèâó îáãîâîðþþòüñÿ ó äàí³é ñòàòò³.

Êëþ÷îâ³ ñëîâà: áàêòåð³¿, ôîòîñèñòåìà, àá³îòè÷íèé ³ á³îòè÷-
íèé ñòðåñè.

À. Ï. Áóðëàê, Æ.-Ï. äå Âåðà, Â. Î. ßöåíêî, Í. À. Êîçûðîâñêàÿ

Âîçìîæíûå ìåõàíèçìû âëèÿíèÿ áàêòåðèé íà ôîòîñèñòåìó

ðàñòåíèé â óñëîâèÿõ ñòðåññà

Ðåçþìå

Áàêòåðèè ÿâëÿþòñÿ ìèêðî- è íàíîîðãàíèçìàìè, êîëîíèçèðóþùè-
ìè ïðîñòðàíñòâî ðàñòèòåëüíîãî îðãàíèçìà è ôîðìèðóþùèìè
ðàçëè÷íûå âèäû âçàèìîäåéñòâèé – îò ïàòîãåííûõ äî ìóòóàëèñ-
òè÷åñêèõ è ñèìáèîòè÷åñêèõ. Ïðèñóòñòâèå ýòèõ ýêçî- è ýíäîñèì-
áèîíòîâ ìîæåò âëèÿòü íà ôèçèîëîãèþ ðàñòåíèÿ-õîçÿèíà. Íå-
ïàòîãåííûå áàêòåðèè ñïîñîáíû óñèëèâàòü ó ðàñòåíèé ôóíêöèè
çàùèòû îò ôèòîïàòîãåíîâ è âðåäèòåëåé, à òàêæå óñòîé÷è-
âîñòü ê äåéñòâèþ àáèîòè÷åñêèõ ñòðåññîðîâ. Ýíäîôèòû ïðîòè-
âîñòîÿò âðåäíîìó âîçäåéñòâèþ îêðóæàþùåé ñðåäû íà ôîòîñèñ-
òåìû ðàñòåíèé. Âîçìîæíûå ìåõàíèçìû ïîäîáíîãî âëèÿíèÿ îá-
ñóæäàþòñÿ â äàííîé ñòàòüå.

Êëþ÷åâûå ñëîâà: áàêòåðèè, ôîòîñèñòåìà, àáèîòè÷åñêèé è áèî-
òè÷åñêèé ñòðåññû.
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