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Abstract

YP6 was isolated from Triticum aestivum L. seeds and YBS14 was isolated from the roots of Helichrysum italicum L.
Partial sequence analysis of ITS5-5.8-1TS4 region of the nuclear ribosomal DNA with universal primers identified YP6
as Pichia fermentans and YBS14 as Saccharomyces cerevisiae. Both yeast strains produced indole-3-acetic acid when
cultivated in a medium supplemented with 0.2 % L-tryptophan. The antimicrobial activity of yeast strains against plant
pathogenic fungi was determined. YP6 and YBS14 were tested for endophytic colonization of Solanaceae plants by soil
drenching and leaf spraying. To establish colonization in the various tissues of tested plants, samples were taken and
explants were inoculated on yeast malts agar. The effect of the microbial endophytes on photosynthesis, stomatal
conductivity, and transpiration intensity was analyzed by using the portable photosynthetic system for CO, analysis in
plants. In all treated plants photosynthesis was intense and growth stimulation was observed. The final aim of the
present study is to evaluate endophytic yeast and demonstrate their PGP activity.

Key words: endophytic yeast, Solanaceae, biosynthetic potential, physiological parameters, antimicrobial activity.

INTRODUCTION . . . .
Yeasts inhabit all aerobic habitats, but most

Local varieties of Solanaceae plants and species are known for their biotechnological
populations obtained as a result of long applications and/or medical relevance, rather
evolutionary development are of significant than their potential application in agricultural
potential interest in this direction. They are  Production systems or their biological function
well adapted to different agro-ecological i the environment (Buzzini et al, 2012;
conditions and are carriers of valuable Cantrell et al., 2011; Sundh et al., 2011). Yeast
economic, taste and technological qualities. ~ endophytes are found in intercellular space or
This is confirmed by the enormous interest inside cells of host plants causing no apparent
shown by foreign breeders, scientific institutes ~ damage (Saikkonen et al., 1998). They benefit
and private companies in genetic material from  plants by promoting plant growth (Dai et al.,
local Bulgarian varieties. Unprecedented ~ 2008), improving resistance to multiple stress
advances in science and new biotechnologies, ~ (Lewis, 2004; Malinowski et al., 2006,
including microbiology, microbiomes, etc., protecting from diseases and insects (Wilkinson
enable the development of flexible ot al., 2000; Tanaka et al., 2005; Vega et al.,
management models involving local genetic ~ 2008). Relatively few yeast-based products for
resources, research and the development of  Pplant protection have reached advanced

innovative biopreparations for pathogen control developmental stages and were suggested as
and yield enhancement. commercial ~ products ~ for  postharvest
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applications. Saccharomyces cerevisiae strain
LASO02, is also being evaluated for its
biological activities (Droby et al., 2016; EFSA,
2015; Liu et al., 2013). These examples clearly
demonstrate the potential use of yeasts for plant
production and protection, but also indicate
their limited exploitation for commercial
applications in agriculture. In addition to
biocontrol, yeasts have been implicated in
benefiting soil structure and plant nutrition, and
biostimulation of growth, development, and
stress resistance (Yakhin et al., 2016). The
elucidation of the modes of action underlying
all bio-activities is a prerequisite for the
development  of  science-based, reliable
products. Until recently, however, the mode of
action underlying the beneficial activities of
yeast and yeast-based products has been little
understood.

Endophytes may contribute to their host plant
defences against phytopathogenic organisms
through plant physiology control (Giménez et
al., 2007). An increase in plant growth will
prevent a variety of abiotic and biotic stresses,
reflecting plant vigour or persistence and being
considered as potential protection against
pathogen challenges (Kuldau and Bacon, 2008;
Kim et al.,, 2006). Many studies demonstrate
that plants infected with endophytes obtain
growth promotion (Barka et al., 2002; Petkova
et al.,, 2022), resistance to drought stress
(Swarthout et al., 2009) and tolerance to
unsuitable soil conditions (Belesky and
Fedders, 1995; Malinowski et al., 2006).
Previous research has examined the effect of
single and double treatment with yeast Z. bailii
YE! and S. cerevisiae YD5 inoculum on the
development and biochemical parameters of
tobacco (Petkova et al., 2022). According to
this publication the effect of leaf spraying
versus root drench and the effect of single
treatment versus duplicate treatment, Z. bailii
YE1 strain was the most effective by foliar
inoculation, while for S. cerevisiae YD5
application was better with single soil
treatment.

In the current study, the focus of research is the
biosynthetic and biocontrol potential of two
endophytic yeast strains YP6 and YBS14 on
four different Solanaceae plants. Endophytic
inoculation with yeast strains was done by soil
drenching and leaf spraying and the
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observation of the physiological and biometric
parameters of treated plants was accomplished.
Finally, current experiments must also assess
whether it is worthy or useful to promote crop

growth, development, photosynthesis, and
disease protection.

MATERIALS AND METHODS

1. Isolation and molecular identification
of yeast

YP6 was isolated from surface-sterilized

Triticum aestivum L. seeds and YBS14 was
isolated from surface-sterilized roots of
Helichrysum italicum L., grown on the
training-experimental field Institute of Plant
Genetic Resources “K. Malkov”- Sadovo. The
surface sterilization to remove the adhering
microorganisms was done according to Petkova
et al. (2022). Yeast colonies, isolated from each
explant were subculture on separate yeast malts
agar (YMA) (Himedia, Mumbai, India) plates
at room temperature, morphologically analyzed
by microscope observation and then identified.
To demonstrate the success of surface
sterilization, the wash water from the last wash
was inoculated with YMA without antibiotics
and the plates were incubated at 27°C for 5
days.

For molecular identification, DNA was isolated
with a HiPurA fungal DNA purification kit
(Himedia, Mumbai, India) (Petkova et al.,
2022). Control of the purity and concentrations
of genomic DNA is performed by agarose gel
electrophoresis. The protocol for DNA
extraction of filamentous fungi was conducted
according to Rosa et al. (2009). The internal
transcribed spacer (ITS) domains of the rRNA
gene were amplified with the universal primers
ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’)
and ITS4 (5’-TCCTCCGCTTATTGATATGC-
3%), as described by White et al. (1990) and
0.5 pL Taq polymerase mix (5 U/uL, Canvax,
Spain). Amplification of the ITS region was
performed as follows: 95°C for 5 min; followed
by 35 cycles consisting of 94°C for 1 min,
58.5°C for 1 min, and 72°C for 1 min; and a
final extension at 72°C for 5 min. Amplified
PCR products were sent to Macrogen (Seoul,
South Korea) for DNA sequencing. The
nucleotide sequences of endophytic yeast
isolates were aligned using the BLAST



software package (http://www.
https://blast.ncbi.nlm.nih.gov) and submitted to
the GenBank database.

2. The biosynthetic potential of the studied
strains

2.2.1. Production of indole-3-acetic acid,
phosphate solubilization, ZnO solubilization,
and proteolytic activity

Yeast inoculum was prepared by cultivation in
a 5 ml sterilized broth which contains in one
litre of water 10 g/l yeast extract, 20 g/l
peptone, and 20 g/l dextrose and the culture
was incubated at 30°C for 48 h. Quantification
of indole-3-acetic acid was accomplished by
the addition of an equal volume of Salkowski
reagent. Measurement was done
spectrophotometrically according to Limtong
and Koowadjanakul (2012). Statistical analysis
data are calculated as mean standard deviation.
Student t-tests were used for the expression of
the differences between groups and variance
was considered statistically significant at
p<0.05 (Silva-Hughes et al., 2015).

The inoculum density was adjusted to an
optical density at 600 nm (OD600) and 100 pl
was spotted onto Pikovskaya’s agar (Zaidi et
al., 2006) and incubated at 30°C for 5 days.
The formation of a clear zone around the
colonies was considered a positive result for
phosphate solubilization. PSE (Phosphate
Solubilization Efficiency) = Z/C x 100, where,
Z is the clearance zone including microbial
growth and C is the colony diameter (Nagaraju
etal., 2017).

To determine the zinc solubilization ability,
research strains YP6 and YBS14 were plated
into the 9 mm agar wells of ZnO agar
according to Rokhbakhsh-Zamin et al., 2011.
The plates were incubated at 30°C for 3 days
and observed for showing a zone of
enlightenment around the colonies. The halo
area was measured to determine the zinc
solubilization efficiency (ZnE) of the strains
using the method of Dinesh et al., 2018: ZnE =
(HZ/C) x 100, where HZ is the diameter of the
solubilizing halo area, and C is the diameter of
the colony.

The phosphate and zinc oxide solubilization
efficiency was calculated as a ratio between the
diameter of the halo zone and the diameter of
the colonies.
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Proteolytic activity was determined from a
clear zone in skimmed milk agar (Himedia,
India) (Petkova et al., 2022). The agar plates
were prepared and then YP6 and YBS14 were
plated into the 9 mm agar wells and inoculated
at 30°C for 3 days. The halo zone around the
colony was measured and accepted as positive
for cell wall degrading enzyme production.

2.2.2. Screening for siderophore production
The production of siderophore from yeast was
performed in 2% yeast malts agar with the
addition of chrome azurol S (CAS) (Himedia,
India) according to Schwyn and Neilands
(1987). After inoculation of the medium, the
yeast was incubated at 27°C for 5 days in the
dark. The development of a yellow-orange halo
around the colony was considered a positive
result for siderophore production producing
ability.

2.2.3. Antifungal activity of YP6 and YBS14
against  Fusarium, Rhizoctonia, and
Alternaria

The studied yeast strains were tested to
determine their antifungal action against
Fusarium solani, Rhizoctonia solani, and
Altenaria solani as was performed by the agar
diffusion method (Cardenas et al., 1999).
Phytopathogenic fungi have been isolated from
damaged tobacco plants. Pathogenic species
were  identified by  morphology-based
identification of spore and mycelium
characteristics (Matute et al., 2019). The fungal
plant pathogens were tested for their ability to
cause host damage under the application of
Koch’s postulates.

3. Plant colonization by endophytic
P. fermentans YP6 and S. cerevisiae YBS14

For the purposes of the experiment, seedlings
of  well-developed tomato (Solanum
lycopersicum L.), pepper (Capsicum annuum
L.), eggplant (Solanum melongena L.) and
tobacco (Nicotoana tabacum L.) plants were
used. On the 7%, 14™ and 21% day after
treatment (DAT), some samples of the studied
plants were taken to determine the presence of
yeast in them by inoculating explants from
leaves, stems and roots on yeast extract agar
(Merck, Germany) as was described by Petkova
et al., 2021. The isolation frequency (IF) of the



colonization of tobacco by yeast strains is
calculated by the following formula published
by Petrini and Fisher (1986).

The soil application was done by the root
application and the leaf spraying was made on
all leaves with a suspension at a concentration
of 1 x 10 yeast cells, separately for each strain
as was well-defined by Petkova, 2021. Control
plants were sprayed only with water without
treatment with yeast suspension. The effect of
yeast isolates on the roots of tobacco was
studied after treatment, using a magnification
of 4 x on light microscope Leika M320.

4. Biometrical and physiological analysis of
tobacco plants after the first and the second
treatment with P. fermentans YP6 and
8. cerevisiae YBS14

Biometrical analysis by the important traits
such as stem height, root and leaf number, and
leaves biomass of the aboveground part of
plants were taken weekly. Measurements were
conducted in three biological replicates and the
statistical data were calculated with MS Excel
2010.

Physiological measurements were performed
on three fully developed leaves by the
utilization of a portable photosynthetic system
Q-box CO650 - Plant CO2 Analysis Package
(Qubit Systems Inc., Canada). The intensity of
photosynthesis (A, pmol m-2 s-1), stomatal
conductance (Gs, pmol m-2 s-1), and intensity
of transpiration (E, pmol m-2 s-1) were
monitored and the results are presented as
arithmetic mean <+ SD. Parameters of
photosynthesis and transpiration measurements
were done by using a portable photosynthetic
system Q -box CO650 - Package for CO:
analysis in plants (Qubit Systems Inc., Canada).
Statistica 7.0 software was used for the
statistical evaluation (Stat Soft Inc. 2004).

RESULTS AND DISCUSSIONS

1. Identification of yeast strains
To isolate endophytes from selected plants,
healthy and well-developed plants were
selected. YP6 was isolated from Triticum
aestivum L. seeds. YBS14 was isolated from
the roots of Helichrysum italicum L., which is
mainly used for its limited habitat and
importance as a medicinal plant. DNA-based
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methods are used to classify and identify yeast
and are extremely valuable in the study of
microbial species isolated from natural habitats.
Using molecular identification methods, the
nucleotide sequences of the resulting 950 bp
PCR fragments were sequenced. After
processing the results of sequencing and
performing BLAST analysis with the available
data in GenBank, the identity of the strains is
determined. Partial sequence analysis of ITS5-
5.8-1TS4 region of the nuclear ribosomal DNA
with universal primers identified YP6 as Pichia

fermentans and YBS14 as Saccharomyces

cerevisiae with accession number in the Gene
bank MZ798453 and MZ798454, respectively.

2. Biosynthetic potential of the studied
strains

The result in table 1 revealed that the isolated
strains possess high (solubilization zone greater
than 2 cm) phosphate-solubilizing activity,
measured as the phosphate-solubilization index
(PSI) on PVK medium. The highest dissolution
index was observed in YBS14 (135.37%),
followed by YP6  (134.50%). Acid
phosphatases and phytases synthesized by
rhizosphere microorganisms are involved in the
organic solubilization of soil phosphorus
(Thaller et al. 1995). The established ability of
three of the investigated strains to improve the
solubility of inorganic phosphates is an
important characteristic of PGP-
microorganisms. Several fungi and bacteria
have been shown to be phosphate- and Zn -
solubilizers (Young et al. 2013; Sharma 2011;
Kumar et al. 2009) but few of them exhibited
also antimicrobial activities. The ZnO
dissolution index for P. fermentans YP6 was
calculated to be 132.85%. When inoculation
was performed with S. cerevisiae YBS14, no
solubilization of zinc oxide was observed.

Phytohormone IAA is the most common
naturally occurring and methodically examined
plant growth regulator. The amino acid
tryptophan is a prominent precursor of TAA.
The current experiment showed that the
concentration of TAA production was strain
specific. In the current study, yeasts were able
to produce IAA. The tested yeasts have a
medium level of TAA synthesis ranging from
28.3 + 0.0134 mg/L by P fermentans YP6
strain to 15.0 £ 0.026 mg/L by S. cerevisiae



YBS14 strain when there is 0.1% L-tryptophan
in the medium (Table 1). Plant growth

hormones are well-known to increase crop
growth and yield (Saharan and Nehra, 2011).

Yeast can produce plant growth hormones such
as auxin, gibberellic acid, and ethylene, which
promote plant growth and yield (Amprayn et al.
2012; Nassar et al. 2005).

Table 1. Phosphate-solubilization index and IAA production, and qualitative determination of proteolytic activity
and synthesis of siderophores of tested yeast strain

Yeast strains Clear zone of Phosphate- |ZnO ZnO IAA production | Proteolytic
phosphate- solubilizati |solubilization as |solubiliza | ron tryptophan | activity, measured
solubilization on index azone inmm* |tion as zone in mm +
activities inmm | (PSI)in % |SD, N=3 index in SD, N=3
+SD, N=3 %

P. fermentans 27.6 +0.095 134.50 23.5+0.086 132.85 [28.3+£0.0134 23.53+0.238

YP6

S. cerevisiae 28.3+0.134 135.37 ND ND 15.0 +0.026 18.63 +0.087

YBS14

*SD - standard deviation; N-number of replicates. ND - not detected. The results are presented as arithmetic mean of three replicates (N = 3).

Synthesis of siderophores by yeasts in the
rhizosphere also leads to the difficulty of iron
access to harmful microflora and is reported as
a significant PGP feature (Deshwal and Kumar,
2013). In the present study, the ability of strains
to produce siderophores was determined on a
solid medium after the addition of Chrome
Azurol S (CAS) according to Schwyn and
Neilands (1987). The synthesis of siderophores
by the yeast strains was detected by a change in
the colour of the culture medium (from blue to
red-purple or yellow). Only P. fermentans YP6
showed activity when cultivated on CAS solid
medium (Figure 1). Synthesis of siderophores
leads to the deterrence of iron access to harmful
microflora and is reported as a significant PGP
feature (Deshwal and Kumar, 2013).

Figure 1. Synthesis of siderophores by yeasts YP6 and
YBS14 strains

The main focus was to assess PGP effects on
the nightshade family of plants. During seed
bioassay, yeast inoculations improved root
development as compared to the control. A
study of the effect of YP6 and YBS14 culture
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filtrates on the tomato root showed a significant
positive impact. S. cerevisiac YBS14 exhibited
lower IAA production and as a result a smaller
amount number of root hairs (Figure 2). In
contrast, P. fermentans YP6 produced a 53%
higher amount of IAA and in a co-cultivation
experiment with S. cerevisiae YBS14, tobacco
exhibited the development of a dense complex
of root hairs. Hsu et al. published in 2010 that
TAA stimulate plant cell enlargement, cambium
cell, division, differentiation of phloem and
xylem, root initiation and lateral root

formation. This statement was confirmed by the

results of the present study.

J

Control tobacco plants YP6 treatment YBS14 treatment

Figure 2. The interaction of yeast isolates with the roots

of tobacco (N. tabacum L.) was studied after treatment,

using a magnification of 4 , of a light microscope Leika
M320

3. Antifungal activities of yeast strains
against Alternaria solani, Rhizoctonia solani,
and Fusarium solani

A large group of active yeast strains have been
described as biocontrol agents as a result of
their common ability to produce various
antifungal metabolites (Silva-Hughes et al.,
2015; Petkova et al., 2022). The antifungal
activity of the tested yeast strains against



Fusarium  solani, Rizoctonia solani and
Alteraria solani and the demonstration of their
inhibition effects are presented in Figure 3.

Pathogenic fungi YBS14

Alternaria
solani

Rhizoctonia
solani

Fusarium
solani

Figure 3. Antimicrobial activities of yeast strains against
pathogenic fungi (4/ternaria solani, Rhizoctonia solani,
and Fusarium solani)

From the obtained results, it can be noted that
two strains YP6 and YBSI4 inhibited the
growth of three of the test moulds Fusarium
solani, Rhizoctonia solani, and Alternaria
solani. The strongest effect of yeast is shown
against Fusarium fungus. The weakest effect of
YP6 and YBS14 is shown towards Alternaria
solani. Their effect is probably due to the
production of lytic enzymes and in the case of
YP6 synthesis of siderophore. This result is
similar to the previously published data by
Petkova et al., 2022 with dought yeast strains
YDS5, YEI, and YSW1 which have been shown

stimulate tobacco growth and development.
Earlier findings reported the wuse of
siderophores to control several pathogenic
fungi such as Pythium ultimum, Sclerotinia
sclerotiorum, and Phytophthora parasitica
causing plant diseases (Mcloughlin et al.,
1992). A large group of active yeast strains
have been described as biocontrol agents due to
their combined ability to produce various
antifungal metabolites (Tian et al., 2009).
Among these compounds, yeast produces low
molecular weight antimicrobial molecules.
Endophytes may contribute to their host plant
defences against phytopathogenic organisms
through plant physiology control.

4. Conducting pot and trials test cultures to
track the effect of the tested strains
separately

The highest colonization rates of leaves and
stems of 85% to 100% were reported for YP6
and YBS14 of colonization root of tested plants
(Figure 4). After data processing, the higher
incidence rate in leaves and stems was
impressive, even in the soil-inoculated
experimental plants. Both downstream and
upstream yeast migration was demonstrated up
to the 21 DAT, where the percentage of
colonization in different tissues of soil-treated
and foliar-treated tobacco plants was quite
similar to our previous results published by
Petkova et al. (2022) (Figure 4). No
colonization of plants was detected in control
plants from the Solanaceae family.

to inhibit the same phytopathogens and
120,00
100,00 -
80,00 - m21st DAT SD Roots
60,00 - m21st DAT SD Leaves
40,00 1 =215t DAT SD Stems
20,00 - m21st DAT LS Roots
0,00 - 215t DAT LS Leaves
Control Treated Treated Treated Treated Control Treated Treated Treated Treated
tobacco with  with  with  with tobacco with  with  with  with = 21st DAT LS Stems
plants  YP6 YP6 YP6 YP6 plants YBSI4 YBS14 YBS14 YBSI14
tomato pepper eggplant tobacco tomato pepper eggplant tobacco
plants  plants plants plants plants  plants plants plants

Figure 4. Percent colonization of tobacco plants at 21st days after treatment (DAT) with YP6 and YBS14 introduced by
direct soil inoculation (SD) and leaf spray (LS)
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From the results in Table 2, it can be seen that
by the 21st day, the greatest increase in above-
ground parts was recorded in tomato plants
leaf-spraying treated with YP6, which reached
a height of 2945 cm, followed by YP6
treatment by soil application of the yeast 27.42
cm.

Soil-treated plants with YBS14 showed stem
height close to that of control untreated plants.
Both strains when applied by soil drench cause
stress on root and lateral root growth.

Above-ground biomass (stem and leaves) was
higher compared to control plants.

In the case of the experiments with pepper
plants, there was variation in the height of the
aboveground mass, but a threefold increase in
root growth compared to the control (2.7 cm),
after treatment with both yeast strains and in
both treatments (12.3 to 16.6 c¢cm) (Table 2).
This leads to an increase in the biomass of the
aerial part of the plants and the number of
leaves.

Table 2. Biometry of tomato, pepper, eggplant, and tobacco to monitor the effect
of the studied strains (YBS14 and YP6) separately on their growth and development

Plant Days Yeast Method of Stem Root Above-ground Number of
after Strain treatment height, cm | length, cm | biomass (stem and leaves
treatment + SD* + SD* leaves) in gram = SD* | + SD*

Tomato | 21 DAT Control | No treatment | 21.83+1.14 | 5.96+0.15 6.55+1.79 8.00+1.29

YBSI14 | LS 20.16+1.27 | 12.52+0.64 | 5.84+1.35 7.50£1.42
YBS14 | SD 27.83+£2.34 | 24.86+1.56 | 6.66+1.12 7.33+1.25
YP6 LS 29.45+£2.56 | 17.71+1.42 | 2.96+0.07 6.50£1.67
YP6 SD 27.4242.16 | 11.6+1.06 7.5+£0.43 8.00+1.36
Pepper 21 DAT Control | No treatment | 15.00+1.44 | 2.7+0.25 0.6+0.12 5.33£2.33
YBSI14 | LS 14.03£1.92 | 12.1340.84 | 1.86+0.35 7.00+2.16
YBS14 | SD 16.86+1.85 | 11.8040.75 | 2.9+0.26 8.50+1.27
YP6 LS 14.53+£2.03 | 13.2540.63 | 2.1940.39 7.33+0.97
YP6 SD 14.45+1.38 | 16.65+0.46 | 2.46+0.17 7.66+1.02
Eggplant | 21 DAT Control | No treatment | 14.37+1.89 | 5.70+0.23 2.26+0.34 4.334+0.69
YBSI14 | LS 15.55+1.72 | 8.25+0.42 2.05+0.29 5.30+£1.49
YBS14 | SD 14.17+£2.03 | 7.03+0.59 2.6+0.46 5.50+1.22
YP6 LS 14.66+£1.47 | 8.35+0.71 3.45+0.22 3.60+0.84
YP6 SD 16.33+1.68 | 16.63+1.36 | 4.43+0.39 6.30+0.79
Tobacco | 21 DAT Control | No treatment | 22.60+3.16 | 9.20+0.62 10.65+0.45 7.00+0.84
YBS14 | LS 18.00+£2.67 | 17.63+0.53 | 13.2+0.51 8.33+1.27
YBS14 | SD 23.80+2.80 | 10.024+0.72 | 12.5440.62 7.66+0.93
YP6 LS 22.70£3.06 | 11.66+0.79 | 12.48+0.53 5.35+0.78
YP6 SD 19.26+1.85 | 17.89+0.83 | 11.86+0.76 4.3940.72

Legend: LS-leave spraying; SD-soil drenching. *SD - standard deviation; N-number of replicates was 10 plans for each treatment and 10 control

plants.

Soil treatment with YP6 of eggplants showed a
stimulating effect on plant biometric para-
meters at 215 DAT.

In contrast to the results with YP6, the soil
treatment with the other tested strain YBS14
showed the weakest stimulation of stem, root,
and leaf biomass growth in eggplant (Table 2).
The longest root length was recorded in soil
treatment of tomato with YBS14, in pepper and
eggplant in the soil treatment with strain YP6,
in tobacco with strain foliar treatment with YP6
and soil treatment with YBS14.

Biometry data show that different yeast species
have different effects on plants.
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In the case of tobacco, the growth of the above-
ground part of the plants in the initial stages
had similar values in the soil and foliar
treatments, but on the 21st day after treatment,
it was seen that the plants with the foliar
application of YP6 had almost twice higher
growth (Table 2).

The greatest effect on stimulating stem length
was shown by YP6 in leaf-spraying treatment
of tomatoes and tobacco. Strain YBS14 showed
better results in soil application of the yeast
inoculum on tobacco growth. Biometric and
quality indicators of plants also depend on
applied agricultural techniques and growing
conditions, which also contribute to changing



the composition of microorganisms and the
nature of interactions in general. This shows
that it would be good to carry out additional
studies in the future under more and different
conditions in order to use the metabolic
properties of the yeasts under investigation as
effectively as possible.

Because the quality of Solanaceae plants
depends on the specific qualities formed in the
leaves and fruits depending on a number of
factors. This requires additional research and in
different conditions in order to wuse the
metabolic qualities of the studied yeasts as
effectively as possible. It is more specific to
tested plants and should be investigated in the
future because the biometric and quality
indicators vary depending on the applied
agricultural techniques and growing conditions.
The use of the biochemical properties of
microorganisms in agriculture is a promising
and rapidly developing field in modern
agriculture, which has the potential to help
solve important problems related to plant
protection, fertilization and, respectively,
environmental protection.

Periodical measurements on 7th, 14th, 21st, and
21st day after yeast inoculation on the intensity
of photosynthesis, transpiration and stomatal

conductivity of experimental plants clearly
indicated that mutual plant-yeast coexistence
causes no stress to the plant organism. More
expressed significant positive impact on studied
physiological traits exerted by the YP6 strain
than YBS14 strain.

When regarding the effect of leaf spraying
versus root drench the statistical evaluation of
all studied biometric and physiological
parameters highlighted that for YP6 strain the
most effective is foliar, while for YBS14 is
single soil and single leaf treatment (p<0.05)
(Table 3). Photosynthesis in almost all
experimental variants was recorded at a higher
rate 21 days after treatment with the respective
yeast inoculum. When measuring stomatal
conductance and transpiration intensity, higher
values were found in almost all investigated
variants compared to the control plants.

Based on these findings it could be concluded
that there is no inhibitory impact on plant
health status and physiology caused by the
endophytic  yeast  strains  colonization.
Furthermore, treatment with YP6 and YBS14
enhance the photosynthetic potential as well as
the plant productivity which is well
demonstrated also by data for photosynthesis
rate monitoring (Table 2 and 3).

Table 3. The intensity of photosynthesis (A. umol m-2 s-1) stomatal conductance (Gs. pmol m-2 s-1) and intensity of
transpiration (E. pmol m-2 s-1) in the different experimental conditions variants on the 7th and 21st days after treatment
of tomato, pepper and eggplant with the strains YBS14 and YP6

Tested Days after | Yeast strain | Method of Photosynthesi. Stomatal Transpiration
Solanacea | treatment treating plants mol m?s™! conductance. intensity.  mol
e plant (DAT) mol m?s™! m?s!
Tomato 7TH DAT | Control No treatment 8.444+2.76 0.678+0.06 73.71£5.06
YBS14 LS 12.039+3.39 0.149+0.05 16.94+2.48
YBS14 SD 6.813+2.78 0.145+0.03 14.73£1.78
YP6 LS 9.717+£2.01 0.511+0.05 71.03+4.53
YP6 SD 6.787+1.97 0.358+0.08 44.51£3.12
21ST DAT | Control No treatment 3.384+0.68 0.296+0.09 38.23+6.68
YBS14 LS 4.901+0.98 0.133+0.08 16.74+3.07
YBS14 SD 3.189+1.03 0.321+0.06 48.28+3.64
YP6 LS 6.489+1.66 0.191+0.05 18.69+£3.43
YP6 SD 1.368+0.28 0.132+0.05 12.79+2.17
Pepper 7TH DAT | Control No treatment 15.153+1.45 1.11+0.07 14.16+2.87
YBS14 LS 8.922+1.32 0.183+0.04 19.06+3.54
YBS14 SD 11.509+2.03 0.163+0.05 18.39+2.90
YP6 LS 8.635+1.32 0.146+0.03 15.27+£3.18
YP6 SD 11.72341.63 0.221+0.02 23.54+4.64
21ST DAT | Control No treatment 2.937+0.16 0.098+0.01 11.68+2.06
YBS14 LS 8.671+1.56 0.26+0.02 36.88+3.78
YBS14 SD 4.209+0.48 0.107+0.01 12.64+2.38
YP6 LS 8.924+1.36 0.156+0.02 17.67£3.03
YP6 SD 7.301+0.14 0.188+0.02 23.74+£2.77
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Eggplant 7TH DAT | Control No treatment 9.096+0.98 0.417+0.03 43.01+3.54
YBS14 LS 8.937+1.06 0.371+0.04 49.07+3.96
YBS14 SD 11.681£2.03 0.596+0.04 96.01+4.25
YP6 LS 16.31+2.56 0.848+0.06 146.97+6.78
YP6 SD 18.831+2.67 0.622+0.08 83.61+5.74
21ST DAT | Control No treatment 3.03+0.676 0.11+0.02 12.31+2.58
YBS14 LS 7.09£1.23 0.438+0.03 74.41+4 .48
YBS14 SD 4.502+0.690 0.293+0.05 40.97+3.28
YP6 LS 11.578£1.93 0.227+0.03 27.65+2.49
YP6 SD 13.474+2.36 0.158+0.02 17.82+3.63
Tobacco 7TH DAT | Control No treatment 4.665+2.28 0.648+0.04 18.98+3.78
YBS14 LS 6.265+1.36 0.581+0.09 17.35+2.99
YBS14 SD 7.887+1.96 0.644+0.06 18.02+3.01
YP6 LS 4.683+1.93 0.192+0.03 6.04+1.34
YP6 SD 6.685+1.32 0.534+0.05 15.50+2.87
21ST DAT | Control No treatment 12.086+4.33 0.136+0.01 4.14+1.69
YBS14 LS 13.402+2.76 0.1394+0.01 3.32+1.10
YBS14 SD 15.528+2.58 0.182+0.01 4.65+1.25
YP6 LS 12.689+3.54 0.257+0.03 6.514+2.30
YP6 SD 15.931+3.91 0.391+0.06 10.25+3.55

Legend: LS-leave spraying; SD-soil drenching
CONCLUSIONS

In conclusion, the newly isolated strains were
characterized by physiological-biochemical and
molecular-genetic studies. In both inoculation
methods, colonization was observed in all parts
of the tested plant. This testifies to the ability of
the tested yeasts to move up and down in
plants. P. fermentans YP6 and S. cerevisiae
YBS14 are capable of endophytic colonization
of Solanaceae plants without damaging their
tissues. YP6 and YBS14 can produce and
synthesize physiologically active substances
(indole-3-acetic  acid.  siderophores) and
stimulate plant growth and reduce pathogen
infection as well as biotic and abiotic stress.
They have a stimulating effect on
photosynthesis, stomatal conductivity, and
transpiration intensity. YP6 and YBS14 have a
high potential to be used as a biocontrol agents
in agriculture. The results are of interest for the
development of multifunctional biological
preparations with different biological activities.
YP6 and YBSI14 strains are promising for
inclusion in commercial PGP products for
sustainable agriculture.

ACKNOWLEDGEMENTS
We are grateful for the financial support by the

Centre of Research, Technology Transfer and
Protection of Intellectual Property Rights at the

516

Agricultural University of Plovdiv by grant
number 01-20.

REFERENCES

Amprayn, K. O., Rose, M. T., Kecskés, M., Pereg, L.,
Nguyen, H. T., & Kennedy, I. R. (2012). Plant
growth promoting characteristics of soil yeast
(Candida tropicalis HY) and its effectiveness for
promoting rice growth. Applied Soil Ecology, 61.
295-299.

Barka, E. A., Gognies, S., Nowak, J., Audran, J. C.,
Belarbi, A. (2002). Inhibitory effect of endophyte
bacteria on Botrytis cinerea and its influence to
promote the grapevine growth. Biological Control,
24(2), 135—142.

Belesky, D. P. & Fedders, J. M. (1996). Does endophyte
influence regrowth of tall fescue? Annals of
Botany, 78(4), 499—505.

Buzzini, P., Branda, E., Goretti, M. & Turchetti B.
(2012). Psychrophilic yeasts from worldwide glacial
habitats:  diversity, adaptation strategies and
biotechnological potential. FEMS Microbiol Ecol.,
82.217-241,

Cantrell, S. A., Dianese, J. C., Fell, J., Gunde-Cimerman,
N., Zalar, P. (2011). Unusual fungal niches.
Mycologia, 103. 1161-1174.

Cardenas, M. E., Cruz, M. C., Del Poeta, M., Chung, N.,
Perfect, J. R., Heitman, J. (1999). Antifungal
activities of antineoplastic agents: Saccharomyces
cerevisiae as a model system to study drug action.
Clinical Microbiology Reviews, 12(4), 583—611.

Dai, C. C., Yu, B. Y., Li, X. (2008). Screening of
endophytic fungi that promote the growth of
Euphorbia  pekinensis.  African  Journal  of
Biotechnology, 7(19).



Deshwal, V. K., & Kumar, P. (2013). Production of plant
growth promoting substance by Pseudomonads.J
Acad Ind Res, 2(4), 221-225.

Dinesh, R, Srinivasan, V, Hamza, S. (2018). Isolation
and characterization of potential Zn solubilizing
bacteria from soil and its effects on soil Zn release
rates, soil available Zn and plant Zn content.
Geoderma, 321(1), 173—186.

Droby, S., Wisniewski, M., Teixido, N., Spadaro, D.
Jijakli, M. H. (2016). The science, development, and
commercialization ~ of  postharvest  biocontrol
products. Postharvest Biol Technol., 122.22-29.

European Food Safety Authority (EFSA) (2015). Peer
review of the pesticide risk assessment of the active
substance Saccharomyces cerevisiae strain LAS02.
EFSA Journal 13, 4322.

Gimenez, C., Cabrera, R., Reina, M., Gonzalez-Coloma,
A. (2007). Fungal endophytes and their role in plant
protection. Current Organic Chemistry, 11(8), 707—
720.

Kim, J-G, Park, B. K., Kim, S-U, Choi, D., Nahm B. H.,
Moon J. S., Reader J. S., Farrand S. K., Hwang I.
(2006). Bases of biocontrol: sequence predicts
synthesis and mode of action of agrocin 84, the
Trojan horse antibiotic that controls crown gall.
PNAS 103:8846-8851. DOI:
https://doi.org/10.1073/pnas.0602965103, PMID:
16731618

Kuldau, G., & Bacon, C. (2008). Clavicipitaceous
endophytes: their ability to enhance resistance of
grasses to multiple stresses. Biological Control,
46(1), 57-71.

Kumar, A., Dewangan, S., Lawate, P., Bahadur, 1., &
Prajapati, S. (2019). Zinc-solubilizing bacteria: a

boon for sustainable agriculture. Plant Growth
Promoting Rhizobacteria for Sustainable Stress
Management: Rhizobacteria in Abiotic  Stress

Management, 1. 139—-155.

Lewis, G. C. (2004). Effects of biotic and abiotic stress
on the growth of three genotypes of Lolium perenne
with and without infection by the fungal endophyte
Neotyphodium lolii. Annals of Applied Biology,
144(1), 53—63.

Limtong, S. & Koowadjanakul, N. (2012). Yeasts from
phylloplane and their capability to produce indole-3-
acetic acid. World Journal of Microbiology and
Biotechnology, 28. 3323—3335.

Liu, J., Sui, Y., Wisniewski, M., Droby, S., Liu, Y.
(2013). Utilization of antagonistic yeasts to manage
postharvest fungal diseases of fruit. Int. J. Food
Microbiol. 167. 153—160.

Malinowski, D. P., & Belesky, D. P. (2006). Ecological
importance of Neotyphodium spp. grass endophytes
in agroecosystems. Grassland Science, 52(1), 1—14.

Matute, D. R. Septlveda, V. E. Fungal Species
Boundaries in the Genomics Era. (2019). Fungal
Genet. Biol., 131, 103249.

Mcloughlin, T. J., Quinn, J., Bettermann, A., Bookland,
R. (1992). Pseudomonas cepacia suppression of
sunflower wilts fungus and role of antifungal
compounds in controlling the disease. Applied and

517

Environmental ~ Microbiology, 58. 1760-3.
10.1128/AEM.58.5.1760-1763.1992.

Nagaraju, Y., Triveni, S., Gopal, A. V., Thirumal, G.,
Kumar, B. P., Jhansi, P. (2017). In vitro screening of
Zn solubilizing and potassium releasing isolates for
plant growth promoting (PGP) characters. Bull.
Environ. Pharmacol. Life Sci, 6. 590—597.

Nassar, A. H., El-Tarabily, K. A., Sivasithamparam, K.
(2005). Promotion of plant growth by an auxin-
producing isolate of the yeast Williopsis saturnus
endophytic in maize (Zea mays L.) roots. Biology and

Fertility of Soils, 42. 97—108.

Petkova, M., Petrova, S., Spasova-Apostolova, V.,
Naydenov, M. (2022). Tobacco plant growth-
promoting and antifungal activities of three

endophytic yeast strains. Plants, 11(6), 751.

Petkova, M., Spasova-Apostolova, V., Masheva, V.,
Atanasova, D., Tahsin, N. (2021). Endophytic
colonization of Solanaceae family plants by fungal
entomopathogen Beauveria bassiana strain 339 to
control Colorado potato beetle (Leptinotarsa
decemlineata Say). Bulgarian Journal of Agricultural
Science, 27, 1.

Petrini, O., & Fisher, P. J. (1986). Fungal endophytes in
Salicornia perennis. Transactions of the British
Mycological Society, 87(4), 647—651.

Rokhbakhsh-Zamin, F., Sachdev, D., Kazemi-Pour, N.,
Engineer, A., Pardesi, K. R., Zinjarde, S., Chopade,
B. A. (2011). Characterization of plant-growth-
promoting traits of Acinetobacter species isolated
from rhizosphere of Pennisetum glaucum. Journal of
Microbiology and Biotechnology, 21(6), 556—566.

Rosa, L. H., Vaz, A. B., Caligiorne, R. B., Campolina,
S., Rosa, C. A. (2009). Endophytic fungi associated
with the Antarctic grass Deschampsia antarctica
Desv.(Poaceae). Polar biology, 32, 161—167.

Saharan, B.S., Nehra, V. (2011) Plant growth promoting
rhizobacteria: a critical review. Life Sci. Med. Res.,
1-30

Saikkonen, K., Faeth, S. H., Helander, M., Sullivan, T. J.
(1998). Fungal endophytes: a continuum of
interactions with host plants. Annual Review of
Ecology and Systematics, 29(1), 319—343.

Schwyn, B., & Neilands, J. B. (1987). Universal
chemical assay for the detection and determination of
siderophores. Analytical biochemistry, 160(1), 47—
56.

Sharma, K. (2011) Inorganic phosphate solubilization by
fungi isolated from agriculture soil. J. Phytol., 3. 11—
12.

Silva-Hughes, A. F., Wedge, D. E., Cantrell, C. .L,
Carvalho, C.R., Pan, Z., Moraes, R.M., Madoxx,
V.L., Rosa, L.H. (2015). Diversity and antifungal
activity of the endophytic fungi associated with the
native  medicinal cactus  Opuntia  humifusa
(Cactaceae) from the United States. Microbiol Res.,
175:67-77. doi: 10.1016/j.micres.2015.03.007. Epub
2015 Mar 21. PMID: 25851725.

Sundh, I. & Melin, P. Safety and regulation of yeasts
used for biocontrol or biopreservation in the food or



feed chain. Antonie Van Leeuwenhoek, 99. 113—119,
(2011).

Swarthout, D., Harper, E., Judd, S., Gonthier, D., Shyne,
R., Stowe, T., Bultman, T. (2009). Measures of leaf-
level water-use efficiency in drought stressed
endophyte infected and non-infected tall fescue
grasses. Environmental and Experimental
Botany, 66(1), 88—93.

Tanaka, A., Tapper, B. A., Popay, A., Parker, E. J., Scott,
B. (2005). A symbiosis expressed non-ribosomal
peptide synthetase from a mutualistic fungal
endophyte of perennial ryegrass confers protection to
the symbiotum from insect herbivory. Molecular
microbiology, 57(4), 1036—1050.

Thaller, M. C., Berlutti, F., Schippa, S, lori, P.,
Passariello, C. and Rossolini, G. M. (1995).
Heterogeneous patterns of acid phosphatases
containing low-molecular-mass polypeptides in
members of the family Enterobacteriaceae. Int. J.
Syst. Bacteriol., 4. 255-261.

Tian, F., Ding, Y., Zhu, H., Yao, L., Du, B. (2009).
Genetic diversity of siderophore-producing bacteria
of tobacco rhizosphere. Brazilian Journal of
Microbiology, 40, 276-284.

Vega, F. E. (2008). Insect pathology and fungal
endophytes. Journal of invertebrate pathology, 98(3),
277-279.

518

White TJ, Bruns T, Lee S, Taylor J (1990) Amplification
and direct sequencing of fungal ribosomal RNA
genes for phylogenetics. PCR Protocols: A Guide to
Methods and Applications, 18. 315-322.

Wilkinson, H. H., Siegel, M. R., Blankenship, J. D.,
Mallory, A. C., Bush, L. P., Schardl, C. L. (2000).
Contribution of fungal loline alkaloids to protection
from aphids in a grass-endophyte mutualism.
Molecular  Plant-Microbe  Interactions, 13(10),
1027-1033.

Yakhin, O. L., Lubyanov, A. A., Yakhin, I. A. Brown, P.
H. (2016). Biostimulants in Plant Science: A Global
Perspective. Front Plant Sci., 7. 2049.

Young, L. S., Hameed, A., Peng, S. Y., Shan, Y. H., Wu,
S. P. (2013) Endophytic establishment of the soil
isolate Burkholderia sp. CC-Al74 enhances growth
and P-utilization rate in maize (Zea mays L.). Appl
Soil Ecol., 66. 40—47.

Zaidi, S., Usmani, S., Singh, B. R., Musarrat, J. (2006).
Significance of Bacillus subtilis strain SJ-101 as a
bioinoculant for concurrent plant growth promotion
and nickel accumulation in Brassica juncea.
Chemosphere, 64(6), 991-997.



