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Biocontrol potential of Antarctic endophytic bacteria

Abstract. Antarctic endophytes, adapted to harsh environmental conditions, possess unique metabolic capabilities that
can influence plant-microbe interactions. In this study, we investigated the impact of 15 plant growth-promoting bacte-
rial strains isolated from Deschampsia antarctica and Colobanthus quitensis on the growth of phytopathogenic fungi.
Besides everything else, among growth-promoting traits it was shown that bacteria synthesized biosurfactants, ammonia,
and auxin-like hormones for plant growth, and also have shown significant growth in a wide temperature range. While
these endophytes exhibited significant antifungal activity against agriculturally important fungi, we also observed the
stimulation of fungal growth by certain strains. This dual role of endophytes highlights the complex and context-
dependent nature of plant-microbe interactions. Our findings suggest that the effects of endophytes on plant health can
be multifaceted. While they can directly inhibit pathogens, they can also indirectly influence the plant microbiome,
potentially leading to beneficial and detrimental outcomes. Further research is needed to elucidate the mechanisms
underlying these complex interactions and to harness Antarctic endophytes’ potential for sustainable agriculture.

Keywords: Antarctic region, antifungal activity, plant-microbe interactions

1 Introduction

Plants are constantly exposed to a myriad of bi-
otic and abiotic stresses, including pathogens, her-
bivores, drought, salinity, and extreme tempera-
tures. To survive and thrive in these challenging
conditions, plants have evolved sophisticated strate-
gies, including establishing symbiotic relationships
with beneficial microorganisms. Endophytes, mi-
croorganisms that colonize plant tissues without
causing apparent disease symptoms, play a crucial
role in plant health and resilience. Endophytic bac-
teria, which colonize both intercellular and in-

tracellular spaces within plant tissues by forming
biofilms, are ubiquitous in the natural ecosystem,
associating with all plants. In terms of biodiver-
sity, endophytic bacteria are among the most di-
verse species on earth (Mamarasulov et al., 2023).
Many studies have shown the antifungal activity of
endophytic bacteria associated with different species
of plants, including medicinal herbs (Lodewyckx
et al., 2002; Santoyo et al., 2016; Duhan et al.,
2020). Once inside the plant, endophytes can adopt
various lifestyles, ranging from latent to systemic.
In return for the protection and nutrient supply pro-
vided by the plant, endophytes can confer various
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benefits to their host. For example, they can en-
hance plant growth, stress tolerance, and resistance
to pathogens and herbivores (Mengistu, 2020).
In recent years, there has been growing interest
in understanding the role of endophytes in plant
adaptation to harsh environments. Extreme en-
vironments, like the Arctic and Antarctic regions,
present unique challenges for plant survival. The
harsh conditions, including low temperatures, high
salinity, and intense UV radiation, limit plant growth
and development. However, plants in these re-
gions have developed strategies to cope with these
stresses, often with the help of endophytic micro-
organisms. By understanding the complex inter-
actions between plants, bacteria, and fungi with-
in the plant microbiome, we can develop novel
strategies for improving crop productivity and re-
silience in the face of climate change and other
environmental challenges. Endophytes have estab-
lished intricate symbiotic relationships with their
host plants. These associations often involve the
production of bioactive compounds by the endo-
phytes, providing the plant with enhanced de-
fense against pathogens (Barra et al., 2016). This
ecological interplay highlights the potential of
endophytes as natural biocontrol agents, offering
a sustainable alternative to synthetic pesticides in
modern agriculture (Rong et al., 2020). By colo-
nizing plant tissues, endophytes can protect their
hosts from fungal pathogens, suggesting their po-
tential as a sustainable source of natural antifungal
compounds. Endophytic bacteria synthesize many
biologically active secondary metabolites, includ-
ing flavonoid, terpenoid, phenolic, and volatile
organic compounds. These molecules can effec-
tively inhibit fungal growth (Deshmukh et al., 2018).
Within the “endophytic bacteria-host plant” sys-
tem, bacteria provide first-line defense for keep-
ing plants healthy and protected from invasive
pathogenic fungi that could cause plant diseases.
This study aimed to assess the antifungal po-
tential of bacterial strains associated with Antarc-
tic vascular plants in order to define promising
sources of novel antifungal agents with further ap-
plications in medicine, agriculture, and industry.
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2 Materials and methods
2.1 Bacterial strains used in the study

We used 15 bacterial cultures isolated from Des-
champsia antarctica and Colobanthus quitensis sam-
ples (Iungin et al., 2024) collected during the 24th
Ukrainian Antarctic Expedition (January—April
2020) along the western part of the Antarctic
Peninsula. A short description of the studied bacte-
rial cultures is represented in the Table. Bacterial
growth was assessed across a temperature range
of 4, 26, 37, and 42 °C (72 hours, Nutrient Broth
media) by measuring absorbance at OD600 using a
UV-Vis spectrophotometer (Ulab, Shanghai, China).

2.2 Antifungal activity studies
by the disk-diffusion method

The antifungal activity of bacterial isolates was
determined using the agar disk-diffusion method
(Elkahoui et al., 2012) against six phytopathogen-
ic fungi (Nigrospora oryzae 15966, Fusarium solani
50718, Nectria inventa 3041, Botrytis cinerea 16884,
Sclerotinia sclerotiorum 16883, and Rhizoctonia sola-
ni 16036) obtained from the Ukrainian Collection
of Microorganisms from the D. K. Zabolotny In-
stitute of Microbiology and Virology of the NAS of
Ukraine. Besides the fact that those fungi are not
presented in the Antarctic region, they are used as
model test species in bacterial-fungal assays due to
their wide host range, ability to grow in vitro, and
their significant economic impact in various crops
(Kushwaha et al., 2020). Five-day-old fungal my-
celia were aseptically inoculated with a sterile nee-
dle into the center of Petri dishes filled with a nutri-
ent media. Following equidistant inoculation of
bacterial cultures, plates were incubated at 25 °C
for five days. The degree of fungal growth inhibi-
tion was subsequently determined and expressed
as a percentage (Iungin et al., 2024).

2.3 Bacterial metabolites assay

Overnight bacterial cultures (Nutrient broth, 25 °C)
were used for 100 ml of sterile media inoculation
in a 250-mL Erlenmeyer flask. They were incuba-
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ted for 3 days in a shaker-incubator set to 140 rpm
at 25 °C. Bacterial cultures were then centrifuged
for 15 minutes at 10 000 rpm at room tempera-
ture. The supernatants were sterilized by filtration
using 0.22 pm filters and added to melted agar
media reaching 20% (w/v). A 5-day mycelium of
pre-grown fungi culture was placed in the middle
of the prepared Petri dish with a sterile needle.
The results were presented as a percentage of fun-
gal growth according to control samples with fun-
gi grown on regular media.

2.4 Indole-3-acetic acid
(IAA) production

To assess IAA production, bacterial isolates were
grown in nutrient broth supplemented with 0.2%
(w/v) L-tryptophan at 26 °C for 72 hours. Fol-
lowing centrifugation (4 000 rpm for 10 min), the
supernatant was collected and reacted with Sal-
kowski’s reagent. The development of pink color,
indicative of IAA production, was measured spec-
trophotometrically at 535 nm (UV-Vis spectro-

Table. Endophytic bacteria isolated from Antarctic vascular plants

n:itr?égr Species Place of isolation Coordinates tempecr}a?tl]ilr\éatr;(;lnge, oC
Host plant Deschampsia antarctica

9.1 Siminovitchia terrae Lahille Island —65.553580° 15—42
—64.394883°

15.6 Arthrobacter psychrochitiniphilus Ronge Island —64.683430° 15—30
—62.644170°

16.7 Arthrobacter psychrochitiniphilus Ronge Island —64.683430° 15—30
—62.644170°

23.2 Agreia sp. Santos Peak, —64.405750° 15—-30
Graham Passage —61.547410°

24.3 Pseudomonas sp. Santos Peak —64.405750° 4-37
—61.547410°

24.4 Pseudomonas yamanorum Santos Peak —64.405750° 15—42
—61.547410°

25.2 Hafnia psychrotolerans Galindez Island —65.244807° 4-37
—64.255709°

26.2 Pseudomonas sp. Galindez Island —65.244807° 4—42
—64.255709°

26.6 Lysinibacillus macroides Galindez Island —65.244807° 4-30
—64.255709°

26.7 Pseudoarthrobacter sp. Galindez Island —65.244807° 4—42
—64.255709°

40.1 Kocuria salsicia Lagotellerie Island —67.88486° 15—42
—67.38765°

Host plant Colobanthus quitensis

10.1 Pseudomonas salomonii Lahille Island —65.553580° 15—42
—64.394883°

10.4 Psychrobacter arcticus Lahille Island —65.553580° 4-37
—64.394883°

39.4 Pseudomonas sp. Lagotellerie Island —67.884860° 4-37
—67.387650°

39.12 Brachybacterium sp. Lagotellerie Island —67.884860° 4—42
—67.387650°
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Figure 1. Antifungal activity of the endophytic bacteria (data presented as mean = SD, %)
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Figure 2. Stimulation of plant pathogenic fungi by endo-
phytic bacteria — Pseudomonas sp. 24.3, Pseudomonas
yamanorum 24.4, and Lysinibacillus macrolides 26.6 (fun-
gal growth stimulation is presented as percentage to the
control fungal growth area)

photometer Ulab, China). Commercial IAA was
used as a standard for comparison.

2.5 Drop collapse assay

A drop collapse assay was performed to assess
biosurfactants (BSF) production according to (Tha-
vasi et al., 2011) using a Parafilm hydrophobic film.
Reduction of the surface tension and collapse of
a 10 pL droplet (an aliquot of bacterial overnight
culture) indicated the presence of biosurfactants.
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2.6 Ammonia production

Bacterial cultures were grown in peptone water
at 26 °C for 48 hours to assess ammonia produc-
tion. After incubation, Nessler’s reagent was added
to the supernatant. A change to yellow-brown was
indicative of ammonia production (Abdelwahed
et al., 2022).

2.7 Statistical analyses

Experimental replicates (n) were used, and quan-
titative results were presented using bar plots with
the median and standard deviation (SD). We also
compared multiple groups using a one-way anal-
ysis of variance (ANOVA) using Python (visual
studio code) with a Tukey post hoc test. For all
tests, p < 0.05 was considered significant. How-
ever, the results were inconclusive, so we do not
present the data here.

3 Results
3.1 Antifungal activity
The extreme Antarctic environment, with its low

temperatures, high UV radiation, and limited wa-
ter resources, shapes the habitat of vascular plants
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Figure 3. Growth stimulation of Rhizoctonia solani 16036 by Antarctic endophytic bacteria. From left to right — control
(nutrient media without bacterial metabolites), nutrient media with metabolites synthesized by Pseudomonas sp. 24.3,
Pseudomonas yamanorum 24.4, and Lysinibacillus macrolides 26.6, respectively

and the associated microbial communities. These
challenging conditions likely select for endo-
phytic bacteria with specialized metabolic adap-
tations, including the production of antifungal
compounds. Bacterial cultures were maintained
at 4 °C and 15 °C to simulate relevant environ-
mental conditions. However, the observed tem-
perature tolerance of studied strains (Table) sug-
gests their potential for broader ecological inter-
actions, possibly involving other hosts such as
mammals or birds.

Some strains (10.4, 24.3, 25.2, 26.2, 26.4, 26.7,
39.4, and 39.12) were capable of psychrophilic growth.
However, most strains showed active biomass growth
at 37 °C and 42 °C, which could be evidence of
mammals and/or birds as intermediate hosts.

Besides, strains Arthrobacter psychrochitiniphi-
lus 15.6, Pseudomonas yamanorum 24.4, Hafnia psy-
chrotolerans 25.2, and two Pseudomonas sp. iso-
lates (24.3 and 39.4) showed antifungal potential
against diverse species of phytopathogenic fungi
(Fig. 1).

Interestingly, only one of the two tested strains
of Arthrobacter psychrochitiniphilus had antifungal
activity. This isolate was effective against almost
all phytopathogenic fungi used in this study.

3.2 Profungal activity

While endophytic bacteria are often considered
beneficial to plant health, they may inadvertently

stimulate the growth of plant pathogenic fungi
under specific conditions. This seemingly para-
doxical effect can be attributed to several factors,
including nutrient release and indirect interac-
tions. Besides the antifungal activity of the stud-
ied bacteria, growth-promotion (the effect of
bacterial metabolites on fungal biomass) was no-
ticed as well (Figs. 2, 3).

Despite the fungal growth-promotion effect,
these three endophytic bacterial strains also showed
plant growth-promoting (PGP) activities. Ly-
sinibacillus macrolides 26.6 and Pseudomonas sp.
24.3 were positive in BSF and ammonia produc-
tion. BSF are surface-active compounds produced
by microorganisms that enhance microbial adap-
tation in the rhizosphere by promoting biofilm
formation on plant roots and improving bacterial
motility. Importantly, these compounds are con-
sidered effective antifungal agents against patho-
genic fungi, including Fusarium spp. and Aspergil-
lus spp. (Styczynski et al., 2022). Besides, Lysin-
ibacillus macrolides 26.6 was also able to synthe-
size 1AA. Lysinibacillus spp. are well-known for
entomopathogenic activity and were reported to
have a biocontrol potential against a significant
spectrum of phytopathogens, including but not
limited to such species as Rhizoctonia solani, Bot-
rytis cinerea, Fusarium oxysporum, and Alternaria
alternata (Ahsan & Shimizu, 2021). However, an-
tifungal activity in different studies within a group
of bacteria was species- and strain-dependent due
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to the possible presence and expression of a wide
range of genes responsible for PGP and biocon-
trol activities in every particular case. Therefore,
there is a need for further investigation of the
anti- and pro-fungal activity of particular endo-
phytic bacteria.

4 Discussion

The fungi used in the study (Nigrospora oryzae, Bot-
rytis cinerea, Fusarium oxysporum, Alternaria al-
ternata, Sclerotinia sclerotiorum, and Rhizoctonia
solani) are widespread plant pathogens that cause
significant economic losses in agriculture. They
can infect a broad range of crops, including agri-
cultural and ornamental plants (Soltani Nejad et
al., 2017; Lotfalinezhad et al., 2024). Sclerotinia
sclerotiourum and R. solani are well-established
models in phytopatology research. Their patho-
genicity is linked to the production of toxins and
enzymes that degrade plant tissues (Aggeli et al.,
2020; Wu et al., 2023). Understanding the influ-
ence of environmental factors on the growth and
development of these pathogens is crucial for de-
veloping effective disease management strategies.

A microorganism with plant growth-promoting
potential could reprogram the growth of its as-
sociated plant host. This effect could be achieved
through physiological signaling pathways, specif-
ically during fungal pathogenic attacks, which
leads to changes in the phytohormonal profile of
the plant (Shahzad et al., 2017).

Endophytes can inhibit pathogen invasion di-
rectly and indirectly. Direct antagonism involves
competition, where endophytes restrict pathogen
growth, often by producing inhibitory metabolites.
Indirectly, endophytes can enhance plant defens-
es by stimulating the host’s immune system and
upregulating the defense-related genes (Mufioz Tor-
res et al., 2021). Endophytic bacteria produce an-
timicrobial compounds, induce host plant defense
responses, and compete for resources (Zhang et
al., 2022). A key mechanism involves the biosyn-
thesis of secondary metabolites, such as pheno-
lics, alkaloids, and terpenoids, which can damage
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fungal cells by membrane disruption, enzymatic
pathways interference, and inhibition of the syn-
thesis of essential cellular components (Chadha
et al., 2014; Deshmukh et al., 2018; Midhun &
Jyothis, 2021). Moreover, endophytic bacteria can
stimulate plant defense responses, activating sig-
naling pathways and inducing the production of
defense-related compounds. By colonizing plant
tissues, these beneficial bacteria compete with
pathogens not just for essential nutrients but for
space as well, thereby limiting the fungal poten-
tial to cause infections (Fadiji & Babalola, 2020).
Ongoing research continues to unveil the diverse
mechanisms used by endophytic bacteria in their
bacterial-fungal interactions, highlighting their po-
tential as a valuable source of promising antifun-
gal agents and sustainable biopesticides for further
use in agriculture and human health studies (De-
shmukh et al., 2018; Midhun & Jyothis, 2021).
Among bacteria, most endophytic strains of the
Bacillus and Pseudomonas genera showed anti-
fungal potential towards agriculturally important
plant pathogens. They have been reported to sup-
press fungal pathogen growth by secreting antibi-
otics and siderophores and inducing the plant’s
systemic resistance (Meliah et al., 2021). In PGP
and biocontrol activities, biofilm-forming and
quorum-sensing strategies could successfully pro-
tect plants against fungi. For example, Bauer et
al. (2016) described Pseudomonas chlororaphis sub-
sp. aurantiaca PB-St2 as an endophytic biocon-
trol strain in which the acyl-homoserine lactone
signaling system might accommodate a dual role
of related genes phzl, csal, and aurl in biocon-
trol activity as well. Similarly, another endophyt-
ic pseudomonad, Pseudomonas putida, modified
with an antifungal phz gene, reduced the fungal
population on soils in a wheat field (Glandorf et
al., 2001). Pseudomonas species are famous for
producing a wide range of antifungal metabolites
like 2,4-diacetylphloroglucinol, phenazine-1-car-
boxylic acid, pyoluteorin, pyrrolnitrin, or hydro-
gen cyanide, which suppress the growth of dif-
ferent species of phytopathogenic fungi (Soko-
towski et al., 2024). Recently, another bacteria
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Burkholderia gladioli MB39, originally obtained from
samples in Antarctica, has shown antifungal po-
tential against Penicillium digitatum and Macro-
phomina phaseolina, by affecting mycelial growth
and cell morphology (Meng et al., 2023).
Within a plant-microbial interaction system,
both partners affect each other’s metabolic prop-
erties and cause changes in the physiological pro-
file, even in the symbiotic way of interactions. This
can promote the plant’s or the fungus’s growth
under normal and extreme conditions (Mufioz Tor-
res et al., 2021). Alves et al. (2019) revealed such
fungal genera as Cladophialophora, Cladosporium,
and Penicillium in a wide range of Antarctic ter-
restrial econiches. Different types of rocks may
shelter a diverse fungal consortium, which are de-
veloped various interactions with different species,
suggesting a complex microbial web that could
also include endophytic bacteria. Recent studies
of biodiversity and ecological interactions of mi-
crobial communities in the Antarctic region have
shown intriguing insights for the plant-bacteria-
fungi triangle. For instance, Zngj et al. (2022) char-
acterized a diverse assemblage of bacteria asso-
ciated with the roots of Deschampsia antarctica,
including the plant pathogen Clavibacter michi-
ganensis alongside a significant presence of Poly-
angiaceae family members. Notably, many mem-
bers of the Polyangiaceae are known for their
predatory lifestyle and the production of antimi-
crobial secondary metabolites. Similarly, Pitsyk
et al. (2024) demonstrated that Antarctic grasses
harbor a diverse fungal community, with a no-
table prevalence of strains exhibiting plant-bene-
ficial traits, such as strong chitinolytic activity.
Chitinolytic enzymes play are crucial in control-
ling a wide range of pests and pathogens, including
phytopathogenic fungi, nematodes, and insects.
Interestingly, metabarcoding analysis of antarc-
tic mosses affected by the so-called “fairy ring”
disease (Rosa et al., 2021) confirmed the abun-
dant presence of various phytopathogenic fungi
species. A significant increase in fungal commu-
nity diversity, richness, and dominance was ob-
served from healthy to infected to dead moss sam-

ples. However, the opposite tendency was ob-
served with endophytic bacteria associated with
these mosses. Endophytic-pathogenic interactions
in the region could be altered due to changing
environmental conditions such as temperature,
water availability, wind, nutrient content, host
presence and its kind, etc.

5 Conclusions

In conclusion, the endophytes exhibited signifi-
cant antifungal activity, suggesting their poten-
tial as biocontrol agents to combat plant diseases.
Our findings demonstrate the crucial role of en-
dophytic bacteria in promoting plant growth and
stress tolerance. These microorganisms can pro-
duce a diverse range of secondary metabolites
that could enhance plant defense mechanisms
and improve nutrient acquisition not just for the
plant but for its symbiotic fungi as well. Further
investigation into the mechanisms of action of
these endophytes and the optimization of their
application in agricultural settings could lead to
the development of sustainable and environmen-
tally friendly disease management strategies.
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IoTennian anTapkTHIHIX eHAO(GITHUX OaKTepiil SIK areHTiB 6i0KOHTPOJIIO

Pedepar. AnTapkTnuHi eHaogiTHI 6akTepii, 1110 acolliiioBaHi 3 CYIMHHUMM POCIMHAMM Ta aJanToBaHi 10 CyBOPUX
YMOB HaBKOJIMIIIHBOTO CEPEOBUIIIA, MAIOTh YHiKaIbHI METabOIiuHi BJIACTUBOCTI, 1110 MOXYTb BIJIMBATH HAa B3aEMO/IiIO
POCIIMH i MIKpOOpTaHi3MiB. Y IIbOMY OOCJIIXKEHHI MU BUBUWIM BIUIMB 15 OakTepiaibHUX IITaMiB, 110 CTUMYJIIOIOTh
PiCT POC/IMH, i301bOBAHUX 3 EAMHUX A0OPUT€HHUX BUIIB CYAMHHUX POCIMH AHTAapKTUYHOTO perioHy — Deschampsia
antarctica i Colobanthus quitensis — Ha picT ¢ironaroreHHUX rpu6iB. Takox Oy/10 MOKa3aHo, 110 JOCiIXyBaHi O0aK-
Tepii 3MaTHI CUHTEe3yBaTH OiocypdaKTaHTH, aMiak Ta TOPMOHOMO/IiIOHI CITOJIYKM KJlacy ayKCHHIB, SIKi BU3HAUAIOTh SIK
piCT-CTUMYJTIOBAJIBHI CTIOJNYKM JJIsT pocauH. KpiM Toro, AociiKyBaHi 1ITaMu JEMOHCTPYIOTh 3HAYHUI MPUPICT 0io-
Macu 3a IIKMPOKOTO Jiara3oHy TeMIlepaTyp, 110 MOXE CBITYMTH TPO iX B3AEMOII HE JIMIIE 3 POCIMHAMU-TOCIIONA-
psiMH, a 1 3 BUIIMMU TEeIJIOKPOBHMMU OpraHizmMaMmu. Xoda 3a3HadyeHi eHao(diTHI OakTepii BUSBWIN 3HAYHY aHTU-
(byHranapHy aKTMBHICTb MPOTH IUITAMIB MIKPOMILIETIB, 1110 MalOTh CiJIbCbKOTOCMOAAPChKE 3HAYEHHS, MU TaKOX CIO-
CTepirajii CTUMYJISILII0 POCTY rpubiB MEBHUMU IITaMaMM 3 JOCHIIKYBaHUX OakTepiil, TOOTO MpodyHraJbHy aKTUB-
HicTb. Taka noaBiiiHa posib eHIOMITIB MiAKPECTIOE CKIAIHUI i KOHTEKCTO3AJIEXKHUI XapakTep B3a€MOJIii POCIUH i
MiKpOOpraHi3aMiB, 0COOJIMBO B yMOBax AHTapKTUYHOTro perioHy. Hamii pe3yiabTaTl cBiguaTh rpo Te, 1110 BIUIMB €H-
no(diTiB HA MaKpOOpPraHi3M pocarHU Moxe OyTu G6aratorpaHHuUM. OKpiMm TOro, 110 OakTepii-eHn1odiTH MOXyTh 6e3-
MMOCEPEAHBO IIPUTHIYYBATU MATOT€HHI MiKpOMIlIeTH, BOHM TaKOX MOXYTh OIIOCEPEAKOBAHO BIIMBATU HA MiKpOOioM
pPOCIMH, 110 MOTEHUIMHO MPU3BOAUTH SIK N0 MO3UTUBHMX, TaK i HEraTUBHMUX HacaiakiB. Ilomanbiii mociaimkeHHsS
HEOOXiHi JJIs1 3’CyBaHHSI MeXaHi3MiB, 110 JieXaThb B OCHOBI LIMX CKJIAJIHUX B3a€MOJiii, Ta /Ul BUKOPUCTAHHS TO-
TeHIiaJy aHTapKTUYHUX OaKTepiii-eHmoMiTiB 1151 CTaJIOro CiIbCbKOTO TOCIOAapCTRa.

Kio4oBi ciioBa: AHTAapKTUYHUM perioH, aHTU(hYHTajlbHa aKTUBHICTb, POCIMHHO-MiKPOOHI B3a€MO/Iil
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