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Abstract. Endophytic fungi
characterized by wide biodiversity and
formed an important component of plant
ecosystems. Endophytic fungi play a
significant role in the growth and
development of plants under biotic and
abiotic stresses. Influence of endophytic
and saprotrophic Penicillium
funiculosum strains on resistance of
Glycine max L. under salt stress was
studied. It was shown that under salinity
stress (70 mM and 140 mM NaCl,
respectively) endophyte P. funiculosum
significantly promoted soybean growth
attributes (shoot and root length, root
fresh/dry biomass) in comparison to

control plants. In contrast to the
endophyte, saprotroph P. funiculosum
Endophytic ~ fungi  are  the

widespread group of fungal symbionts
associated with tissues of host plants
without causing any symptoms of disease
[2, 7, 12, 18]. Endophytic fungi
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almost didn’t affect on the growth and
accumulation biomass of soybean roots
under both investigated NacCl
concentrations. Thus, endophytic and
saprotrophic  P. funiculosum  strains
belong to the same species of fungi,
potentially produce the same spectrum of
biologically active metabolites, but each
In its econiche plays a certain ecological
role (mutaulism or neutral), and
therefore have different mechanisms of
adaptation to stress conditions, co-
existence and interactions with plant and
soil microbiota.

Keywords: endophyte, saprotroph,
Penicillium funiculosum, soybean, salt
stress

characterized by wide biodiversity and
formed an important component of plant
ecosystems. The endophyte-host
association depends on plant-microbial
interactions, may be parasitic, mutuatistic
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or neutral and may switch with changes
of host plant and environmental
conditions [5, 18]. Endophytic fungi play
a significant role in the growth and
development of plants through different
mechanisms. Endophytic fungi (being
inside the host plant) produce a wide
array of bioactive metabolites which can
protect host plant under biotic and abiotic
stresses [6, 7, 9, 12, 19]. Some
endophytes have the ability to synthesis
gibberellins, auxins (IAA) and abscisic
acid (ABA) and this potential can be an
arsenal for enhance resistance under
unfavorable environmental conditions

[6-8, 12, 21].
Salinity, especially sodium
chloride, is main abiotic stress that

negatively affects the development of
plants (photosynthesis and diffusion of
CO;) and their productivity. It is
estimated that about 50% of the arable
land will be affected by salinity stress by
the year 2050 [15]. According to
estimates of the Food and Agriculture
Organization of the United Nations
(FAQ) in Ukraine in 2017 the area of soil
salinity is 2.8 million hectares and
continues to grow [4, 16]. Endophytic
fungi  synthesize biological active
metabolites, including phytohormones,
and promote plant resistance to abiotic
stress. Known  that  Penicillium
funiculosum Thom is isolated as
endophyte of many plants, in particular
soybean (Glycine max L.) [8, 13].
Soybean is an important agricultural
plant with high content of protein 38-
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45%, oil 17-25%, lecithin - 1-2%,
vitamins 5-6%; and therefore it’s the
world's leading source of protein and oil.
Our previous studies have shown that
P. funiculosum strains produced
gibberellins, 1AA, cytokinins and ABA
[22, 24]; these data are in agreement with
results of other scientists [8]. Khan et al.
have been shown that endophyte
P. funiculosum  LHLO6  synthesized
physiologically active gibberellins, 1AA
and ABA, and promoted the growth of
soybean under salt stress [8].

The aim of this work was to study
an influence of endophytic and
saprotrophic P. funiculosum strains on
soybean under salt stress.

Materials and methods. The
objects of the research were endophytic
strain  P. funiculosum 16795, isolated
from cranberry leaf (Zhytomyr region)
and saprotrophic strain 16790, isolated
from chernozem soil (Dnipropetrovsk
region). Strains are maintained in the
collection of cultures of microscopic
fungi of the Department of physiology
and taxonomy of micromycetes of D.K.
Zabolotny Institute of Microbiology and
Virology National Academy of Sciences
of Ukraine.

Strains were identified by a
combination of culture and
morphological characteristics and by
DNA barcoding method. For sequencing,
ITS region of the rDNA was amplified
by Sanger using primers ITS1 and ITS4
[23]. The result of the BLAST search
program revealed that the strains were
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identified as Talaromyces funiculosus
(anamorph Penicillium funiculosum) and
were submitted to the GenBank with
accession numbers KY620212 and
KY865175, respectively.

The influence of P. funiculosum
strains from different econiche on
soybean (Glycine max L.) under salt
stress was studied by Khan et al. method
with some modifications [8, 11].
Soybean seeds were surface sterilized
using McCutcheon and Carroll method to
exclude the effects of  other
microorganisms [14]. After that, the
seeds were germinated for 2-3 days in
Petri dishes on filter paper moistened
with autoclaved distilled water at
temperature 26 + 2°C. Germinated seeds
(length of seedlings 0.7-1.0 cm) were
treated with inoculum of P. funiculosum
strains for 1 hour. The inoculum was
grown under submerged conditions as
described previously [22]. The treated
seeds were placed in pots with sterile
sand and grown chamber (day/night
cycle: 16 h/26°C; 8 h/18°C) for 14 days.
Sand (particle size 1.0 mm, pH 7.0)
washed three times with distilled water,
dried and put in pots (200 g per pot).
Then sand was sterilized twice at 120°C
for 15 min. Soybean plants were treated
under salt stress (70 mM and 140 mM
NaCl solutions) for 7 days, and each pot
received 1400 ml of salt solution.

The experimental design had nine
sets of soybean plants: the control
(without inoculation with fungi or NaCl
solutions); plants treated with fungal
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inoculum of endophytic and saprotrophic
P. funiculosum strains; control and
fungal inoculums treated plants, treated
with 70 and 140 mM NacCl solutions. The
growth parameters i.e. shoot and root
length, fresh and dry biomass were
studied as percentage of control. The
seed, treated with sterilized distilled
water was used as control. All variants of
the experiment were performed in
triplicate. Statistical analyses of data
were carried out using the Microsoft
Excel software.

Results and discussion. Shoot and
root length of endophyte inoculum
treated soybean increased up to 24 and
28% in comparison to control and
saprotroph inoculum treated - 4-5%,
respectively (Fig. 1). Shoot and root
length of control plants under 70 mM
NaCl solution decreased by 24 and 35%
in comparison to control and under 140
mM - by 32-42%, respectively.
Inoculation with endophyte affected
positive on treated plants under salt
stress. In particular, the shoot and root
length of plants under 70 i 140 mM NacCl
solution increased to 17-28%. However,
the effect of the saprotroph wasn’t
significant - the shoot and root length of
soybeans didn’t exceed 4-8% in
comparison to control. Consequently, the
endophytic P. funiculosum strain
stimulated the shoot and root growth of
soybean in both cases (control plants
inoculated with endophyte and the ones
under salt stress).
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Fig. 1. Effects of salt stress (70 i 140 mM) on the shoot and root length of

control soybeans and

inoculated with

endophytic and saprotrophic

P. funiculosum strains: E — endophyte, S — saprotroph, C — control plant.

It is known that the root is the most
sensitive to stress part of plants, so we
pay special attention to this parameter

(Fig. 2). Inoculation plants with
endophytic P. funiculosum strain caused
significant  changes in  biomass

accumulation — root fresh/dry weight (40
and 27% respectively), however plants
treated  with  saprotrophic  strain
accumulated less biomass (5 and 7%). It
was shown that root fresh/dry root
weight of control plants under 70 mM
NaCl solution decreased at 14-36% in
comparison to control and in case of 140
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mM salt stress — 23-44% respectively.
Increased root fresh/dry weight were
detected at 23 and 26.4% for endophyte
inoculated plants treated with 70 mM
NaCl. Also endophyte P. funiculosum
strain stimulated accumulation biomass
of soybean roots by 15-16.4% under 140
mM NaCl solution. In contrast to the
endophyte, saprotroph P. funiculosum
almost did not affect on the growth and
accumulation biomass of soybean roots
(4-7%) under both investigated NaCl
concentrations.
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Fig. 2. Effects of salt stress (70 i 140 mM) on the root fresh/dry weight of
control soybeans and inoculated with endophytic and saprotrophic
P. funiculosum strains: E — endophyte, S — saprotroph, C — control plant.
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Based on the obtained data, we can
conclude that the endophyte
P. funiculosum strain stimulated roots
biomass accumulation of soybean plants
and reduced the negative influence of salt
stress.

Nowadays more attention is paid
to the study of endophytic fungi and
synthesis by them a large number of
biologically active substances that
protect and help to survive the host plant
under adverse environmental conditions.
[8, 10, 12, 18, 20]. It is known that
endophytic strains of genus Penicillium
form a spectrum of phytohormones
(gibberellins, IAA, cytokinins and ABA),
which gives them an advantage over
other types of micromycetes [8, 10, 12,
20].
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A strain of P.citrinum isolated
from Ixeris repenes (L.) A. Gray was
described for the first time as a possible
advantage for the plants at saline
environment [7]. P. citrinum promote |I.
repenes growth by production of
bioactive gibberellins. It is known that
endophytic strains of genus Penicillium,
such as P.citrinum, Penicillium sp.
MH?7, Penicillium sp. LWL3,
P. minioluteum LHLO9, P. janthinellum
LK5 and P.funiculosum synthesize
physiologically active and inactive forms
of gibberellins, which according to the
authors promote the growth plants to re-
programmed soybean to hight growths
under salinity stress by secretion of
endogenous phytohormones [6-9, 20].
Also, P. minioluteum LHLO09, isolated

ISSN 2223-1609



BioJjiorisi, 6ioTexHoJI0TisA, €KOJIOTis

KOp’eBa O. M., Cupuin C. O., Hakoneuna JI. T., Kypuenko 1. M.

from Glycine max L. synthesize of
bioactive gibberellins GA; and GA;
under salt stress and stimulate plant
growth [1]. Endophyte P. resedanum
LKS®6, isolated from Capsicum annuum
L., was also reported significantly
promoted pepper plants growth attributes
(shoot length, shoot fresh/dry biomass,
chlorophyll content and photosynthesis
rate) in comparison to control treatments
[10]. In addition, strain P.resedanum
LK6 synthesized gibberellins GA; and
GA4, which according to the authors,
reduced the negative effect of abiotic
stress.

It has been shown that the
endophyte  P. funiculosum  enhanced
soybean seed germination and redused
the negative effects of salt stress by
stimulating  soybean  growth  [8].
Endophyte  P. funiculosum  produced
gibberellins (GA; 1.53 ng/ml; GA4 9.34
ng/ml; GAs 1.21 ng/ml; GAg 37.87
ng/ml); indole acetic acid 14.85 pg/ml
and low level of ABA under salinity
induced abiotic stress (70 and 140 mM).
Thus, the amount of ABA in plants
incubated by the endophyte was 671.32
ng/g, however, sterile plants were
characterized by a higher concentration
of this hormon 1689.05 ng/g. ABA
involved in regulation of the signaling
pathways in the growth and development
of plants under abiotic stress. In plant
ABA level increase because promotes
stomatal closure to minimize water loss
and then mediates stress damage thought
activation of many stress-responsive
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genes, which collectively increases the
plant’s stress tolerance [9].

It was established that investigated
P. funiculosum  strains  synthesized
bioactive gibberellins (GAs;, GA; and
GA;), auxins, cytokinins and ABA,
which is consistent with the literature
data [6-8, 10, 12, 20, 22, 24]. Endophyte
and saprotroph strains have been
identified as one species - P. funiculosum
by morphological, physiology and
molecular  genetic  features  [22].
Investigated strains produce the same
complex of  phytohormones, but
micromycetes, isolated from different
econishe, differently influenced on
growth and development of soybean
plants under salt stress. Thus, the
endophyte  P. funiculosum  promoted
growth of soybean shoot and root, root
fresh/dry  biomass. In  contrast,
saprotrophic fungus practically did not
affect the growth and development of the
plant under abiotic stress.

We assume that the strategies and
mechanisms of action of the endophytic
and saprotrophic P. funiculosum strains
on plants under abiotic stress differ. The
endophyte is inside the host plant in more
favorable living conditions in
comparison with saprotroph both in
terms of availability of sources of
nutrition and competition with other
microorganisms; at the same time, it
forms a mutualistic relationship with the
plant. Saprotroph can’t to compete
colonize the rhizosphere of plants and it
acts more as an associate of plants which
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fed with root extracts, products of
hydrolysis of plant residues, although it
synthesizes a number of substances with
antibiotic activity against some soil
microorganisms [3, 17]. Thus,
endophytic and saprotrophic
P. funiculosum strains belong to the same
species of fungi, potentially produce the
same spectrum of biologically active
metabolites, but each in its econiche
plays a certain ecological role
(mutaulism or neutral), and therefore
have different mechanisms of adaptation
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Enoogimui  epubu
WUPOKUM

Anomauis.
Xapakxmepusyromscs
OiopisHoManimmam ma  Ymeoprwnbv
8AJCIUBY  CKIAOOBY  eKOCUCMEM, WO
nog’sizana 3 pocauHamu. Enoogimu
gidieparomov 8aNCIUBY POJIb Y pOCmi 1
PO36UMKY POCIUH, WO 3a0e3neyyroms
3axucm pociuH 8i0 OiomuuHux ma
abiomuuyHux cmpecie. Busueno enius
eHoohimHo20  ma  canpompo@pHozo
wmamie Penicillium funiculosum ha
cmivxicms Glycine max L. do convosozo
cmpecy. Ilokazano, wo 3a 0ii co1608020
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cmpecy (70 MM ma 140 mM NaCl
sionosiono) enooghim  P. funiculosum
3HAYHO NIOBUWLYEAB POCMOGL napamempu
coi’ (0oedxcuna napocmiie i Kopewis,
goj0ca ma abconomHo cyxa bOiomaca
KOpeHig) MNOpIGHAHO 3 KOHMPOIbHUMU
pociunamu. Ha eiominy 6i0 enooghima,
wmam-canpompog P. funiculosum
mauxce He  enaueas Ha - picm 1
HaKonuueHus biomacu KopeHig coi 3a Oii
060x docnioxncenux konyenmpayiv NaCl,
Taxum YUHOM, eHOOoimHuli i
canpompognuti wmamu P. funiculosum
Hanexicamsb 00 00H020 8UQY, NOMEHYIUHO
MOJICYMb  NPOOYKY8AMU  OOHAKOBUIL
cnekmp 0i01021UHO AKMUBHUX
Memabonimie, npome KOJN*CHUU YV CB0ill
eKOHIW 8I0icpa€e neeHy eKol02iuHy poJb
(mymyanizm abo HeumpaivHa), a Mmomy
Maromsb pi3Hi MEXAHIZMU NPUCOCYBAHHS
00 YMO8 ICHY8aHHsA 3a Oii cmpecis,
CNIBICHYBAHHA MA B3AEMOBIOHOCUH 3
POCIUHOIO § MIKPOOIOMOTO.
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BJIUAHUE DOHAOPUTHOI' O
N CAITPOTPOPHOI'O ITAMMOB
PENICILLIUM FUNICULOSUM HA
YCTOMUYUBOCTD GLYCINE MAX
L. K COJIEBOMY CTPECCY
E. M. IOpseBa, C. A. CpipyuH,
JI. T. Hakoneunas, U. H. Kyp4enko

Annomauus. IHoopummbie
2pubbl  Xapakmepusyromcs — UUPOKUM
buopasnoobpaszuem u oopaszyiom

BAJICHYIO  COCMABIAIOWYIO  IKOCUCEM,
C8A3AHHYI0 C pacmenusimu. IHOogdumbl
ucspaiom GadMCHyl0 pOJb 6 HNpOYeccax
pocma U pazeumus  pacmeHul,
cnocoocmeylom 3awjume pacmeHuil om

ouomuqeckux u abuomu4ecKux
cmpeccos. Hzyueno GAUsAHUE
9HOOPUMHO20 u canpompogpHo2o

wmammos Penicillium funiculosum na
yemouuueocms  Glycine max L. «
coneeomy cmpeccy. llokazano, yumo noo
Oeticmsuem conegoco cmpecca (70 mM u
140 mM  NaCl coomeemcmeerHo)
sHooum P. funiculosum sunauumenvuo
NOBLIULAT POCMOBbIE NAPAMempbl  COU
(OnuHa npopoCcmKo8 U KOpHel, BAANCHAS
u abcontomuo cyxas duomacca KopHetl)

no  CpasHeHuro ¢  KOHMPOIbHLIMU
PAcmeHusIMu. B omaudue om
9HOOPUmMHO20, UWmMamm-canpompogh

P. funiculosum noumu ne énusan na pocm
U HaKoneHue OUOMAcCvl KOPHell cou noo
oeticmeuem UCCIIe00B8AHHBIX
konyenmpayuii NaCl. Taxum obpazom,
SHOOpUMHDLLL u canpompopHuwiil
wmammsl P. funiculosum npunaonesxcam
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Hayxosi nonosiai HYBIll Ykpainu

K OOHOMY 8UOY, MO2YM CUHME3UPOBANDb
00UHAKOBBIL ~ CHeKmp  Ouonro2udecKu
AKMUBHbIX  Memaboumos, O0OHAKO
Kaxcovlli 6 cBoell JIKOHUWe uzpaem

ONPEOeNeHHYI0  DKONOSUYECKYIO  POTb
(Mymyanusm — uiu — HeumpaivbHas), a
NOMOMY UMEIOm pa3Hble MeXaHU3Mbl
npUCNOCOOIe s, K YCI0BUAM
CYyuecmeo8aHusl noo Oelicmsuem
cmpeccos, cocyujecmeosanus u
83AUMOOMHOWEHU C pacmeHuem U
MUKPOOUOMOLL.

Kntouesvie cnoea:  snoogpum,

canpompoq, Penicillium funiculosum,
Cos1, COe8OU cmpecc
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