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J.; Matysiak, K.; Jakubowska, M.

Screening for Antagonistic Yeasts to

Manage Alternaria spp. in Organic

Farming. Agriculture 2022, 12, 1693.

https://doi.org/10.3390/

agriculture12101693

Academic Editor: Renata Bažok

Received: 18 August 2022

Accepted: 12 October 2022

Published: 14 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

agriculture

Article

Screening for Antagonistic Yeasts to Manage Alternaria spp. in
Organic Farming
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Abstract: Early blight of potatoes when not controlled can lead to major yield loss. In organic
farming, disease control methods using beneficial microorganisms are needed. This study aimed to
use commercially available yeast strains to prevent early blight in organically grown potatoes. Six
commercially yeast strains used in the food industry, mainly in baking, brewing and winemaking,
were evaluated against Alternaria alternata and A. solani. An in vitro test was conducted to assess
yeast antagonistic properties. Production of lytic exoenzymes by yeast strains was determined. In the
greenhouse experiments, the abilities of yeast strains to colonize potato leaf surface and to minimize
Alternaria symptoms on plants were assessed. Saccharomyces cerevisiae Coobra strain inhibited in vitro
Alternaria mycelium growth and most effectively reduced Alternaria symptoms on inoculated plants
(from approximately 60% to 9% for A. solani and 14% for A. alternata) after seven days. This strain
produced the most enzymes, i.e., amylase, pectinase and protease. After eighteen days, only the S.
cerevisiae Coobra population was isolated from the leaves. In conclusion, the Coobra strain shows
antagonistic properties against Alternaria spp. and is promising for further field tests.
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1. Introduction

Early blight of potatoes caused by Alternaria spp. is a global disease that, when
not controlled, can cause a huge leaf loss and lead to yield loss of up to 30% [1,2]. The
predominant species Alternaria solani Sorauer and a species that usually infects plants
later in the plant growing season, Alternaria alternata (Fr.) Keissl., are soil-borne fungal
pathogens that cause necrotic lesions on potato leaves. The lesions are spots with concentric
rings, frequently surrounded by yellow chlorotic tissue created by the diffusion of fungal
toxins [3]. Symptoms usually appear a few weeks after plant emergence on lower leaves
as black or brown spots. The spots coalesce, which causes the leaves to die and disease
to spread to other leaves [4]. Cultural methods to control early blight in potatoes are
limited. It includes long crop rotation, good weed management, removing alternative hosts,
appropriate fertilizer application and irrigation [5,6]. In organic farming, in which chemical
pesticides are prohibited, other additional control methods, such as biological methods,
need to be investigated [7].

Biological agents are a vital alternative to chemical pesticides [8,9]. To be successful,
microorganisms antagonistic against plant pathogens can produce substances harmful
to targeted pathogens. They also efficiently colonize plant surfaces such as leaves and
fruit, effectively competing for available nutrients and space and surviving in shifting
environments [10,11]. It is also crucial that they do not produce any harmful metabolites
for animals and people, or that they negatively affect the final product and, therefore, cause
any biosafety concerns. Among the microorganisms potentially antagonistic against plant
pathogens, many yeast species meet these criteria [12].

Yeasts occur in every environment, including water, soil, plants and animals. These
single-cell organisms have been used in the food industry and for direct human consump-
tion as dietary supplements for millennia [13–15]. Usually, they do not produce toxic
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substances such as mycotoxins, allergens or antibiotics; therefore, they are considered
harmless for the health of humans and animals, even if directly digested. They also quickly
adapt to the environment [16,17]. Many yeast species have been described as antagonists
against various plant pathogens. They compete with plant pathogens for space and nutri-
ents [18–20], and can produce lytic exoenzymes [21,22], toxins [23,24] and volatile organic
compounds [25–28], which can damage plant pathogens and negatively influence their
growth. They can also induce plant immunity [29–31].

Yeasts have been commonly used in the food industry, mainly in baking, brewing and
winemaking. As such, many yeast strains are available on the market. Some of them may
exhibit antifungal properties. Therefore, this study aims to explore the possibility of using
strains of yeast, which are already commercially available and used in the food industry,
to repurpose them for agriculture and prevent early blight in potatoes grown as organic
crops.

2. Materials and Methods
2.1. Antagonistic Yeast and Pathogenic Fungi

Six commercial yeast strains were used. The names of the suppliers were substituted
with capital letters (Table 1). The yeast strains were isolated from commercial products
after rehydration and cultivation on a PDA medium (Potato Dextrose Agar, Difco, Thermo
Fisher Scientific, Waltham, MA, USA) for 72 h at 23 ◦C.

Table 1. List of commercially available yeast strains used in the presented study.

Strain Code in Tests Comercially Strain Supplier Species

01 Biodiva TD 291 A Torulaspora delbrueckii
02 W 34/70 B Saccharomyces pastorianus
03 V 116 C Saccharomyces cerevisiae
04 EC 118 C Saccharomyces bayanus
05 US 05 B Saccharomyces cerevisiae
06 Coobra D Saccharomyces cerevisiae

Biodiva TD 291 is a pure culture of Torulaspora delbrueckii used to enhance wine
complexity. This strain is tolerant to osmotic shock [32]. W 34/70 is the most popular
yeast strain in brewing, used worldwide for its stability [33]. V 1116 is a killer yeast strain
designed for the fermentation of red and white wine [34]. US 05 is a beer brewing strain
active at lower temperatures such as 14–16 ◦C [35]. The strain EC 118, Saccharomyces bayanus,
has low nutrient requirements [36] and Coobra is a highly productive distillery yeast strain.

Alternaria alternata (strain 12/124) and Alternaria solani (strain 1558) were obtained
from the Institute of Plant Protection—National Research Institute Bank of Pathogens in
Poznan, Poland.

2.2. Antagonism between Yeast and Alternaria spp.

In the in vitro experiment, each yeast culture was streaked onto a PDA medium
(pH 6.5) as parallel lines (60 mm in length), each line 25 mm from the centre of the plate in
five replications. Pathogenic fungi discs (A. alternata and A. solani), taken from the margin
of a fresh colony, 5 mm in diameter, were placed in the middle of the plate (Figure 1). Plates
with pathogenic fungi discs on the PDA medium were used as the control. The plates were
incubated at a controlled temperature of 23 ◦C.

After six days, when any of the combinations were completely covered by pathogenic
fungi mycelium., the diameter of the pathogenic fungi was measured. The percentage
of growth inhibition was calculated: growth rate of control—growth rate of treated sam-
ple)/growth rate of control × 100%.

After six days of cultivation, a pathogenic fungi disc from each plate was moved to a
fresh PDA medium to assess whether it can resume growth. After the following three days
the plates were checked for pathogenic fungi mycelium growth.



Agriculture 2022, 12, 1693 3 of 12

Agriculture 2022, 12, x FOR PEER REVIEW 3 of 13 
 

 

with pathogenic fungi discs on the PDA medium were used as the control. The plates 

were incubated at a controlled temperature of 23 °C. 

 

Figure 1. The layout of the plate experiment (1—antagonistic yeast; 2—pathogenic fungi). 

After six days, when any of the combinations were completely covered by pathogenic 

fungi mycelium., the diameter of the pathogenic fungi was measured. The percentage of 

growth inhibition was calculated: growth rate of control—growth rate of treated sam-

ple)/growth rate of control × 100%. 

After six days of cultivation, a pathogenic fungi disc from each plate was moved to a 

fresh PDA medium to assess whether it can resume growth. After the following three days 

the plates were checked for pathogenic fungi mycelium growth.  

Additionally, an in planta greenhouse experiment was conducted. For each combi-

nation, three unfertilized potato plants (Tajfun cultivar, FN Granum, Wodzierady, Po-

land) in the stage of development BBCH 19, in four replicates, were inoculated by conidial 

suspension of 105 conidia/mL of A. alternata and A. solani isolates grown on PDA (Potato 

Dextrose Agar, Sigma-Aldrich, St. Louis, MO, USA). The foliar spray inoculation method 

was performed with a hand sprayer. On average, 5 mL per plant was applied mainly di-

rectly to the leaves, incidentally coating stems. After inoculation, plants were covered with 

a plastic bag and kept at 25 °C and 12/12 photoperiod for 24 h to maintain a high level of 

humidity. Next, plants were transferred to a greenhouse and each plant was sprayed with 

an aqueous yeast suspension (McFarland concentration: 2 [37]). Inoculated plants, 

sprayed with distilled water were used as a control. After a week, when chlorotic and 

necrotic symptoms appeared, a disease severity assessment was conducted on 5 leaves 

per each plant selected at random. The following scale was used: grade 0—disease free, 

grade 1—1–10% of leaf area infected, grade 2—11–25% of leaf area infected, grade 3—26–

50% of leaf area infected, grade 4—51–75% of leaf area infected, grade 5—over 76% of leaf 

area infected [38]. Next, the disease severity index (DSI) was calculated. 

𝐷𝑆𝐼 (%) =
𝛴(𝑔𝑟𝑎𝑑𝑒 𝑠𝑐𝑜𝑟𝑒 𝑥 𝑔𝑟𝑎𝑑𝑒 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦)

(𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠)𝑥(𝑚𝑎𝑥𝑖𝑚𝑎𝑙 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑠𝑐𝑜𝑟𝑒)
× 100  

2.3. Production of Lytic Exoenzymes 

The production of lytic exoenzymes by yeast strains was determined. Amylase, xy-

lanase, lipase, pectinase and protease secretion were estimated according to the methods 

of Gabriel [39] and Strauss [40]. Yeast isolates were grown on specific media for each ex-

oenzyme: base medium and starch for amylase secretion, base medium and 0.1% Remazol 

Brilliant Blue R−D-Xylan for xylanase secretion, Bacto Spirit Blue Agar with lipase reagent 

Figure 1. The layout of the plate experiment (1—antagonistic yeast; 2—pathogenic fungi).

Additionally, an in planta greenhouse experiment was conducted. For each combina-
tion, three unfertilized potato plants (Tajfun cultivar, FN Granum, Wodzierady, Poland)
in the stage of development BBCH 19, in four replicates, were inoculated by conidial
suspension of 105 conidia/mL of A. alternata and A. solani isolates grown on PDA (Potato
Dextrose Agar, Sigma-Aldrich, St. Louis, MO, USA). The foliar spray inoculation method
was performed with a hand sprayer. On average, 5 mL per plant was applied mainly
directly to the leaves, incidentally coating stems. After inoculation, plants were covered
with a plastic bag and kept at 25 ◦C and 12/12 photoperiod for 24 h to maintain a high level
of humidity. Next, plants were transferred to a greenhouse and each plant was sprayed
with an aqueous yeast suspension (McFarland concentration: 2 [37]). Inoculated plants,
sprayed with distilled water were used as a control. After a week, when chlorotic and
necrotic symptoms appeared, a disease severity assessment was conducted on 5 leaves per
each plant selected at random. The following scale was used: grade 0—disease free, grade
1—1–10% of leaf area infected, grade 2—11–25% of leaf area infected, grade 3—26–50% of
leaf area infected, grade 4—51–75% of leaf area infected, grade 5—over 76% of leaf area
infected [38]. Next, the disease severity index (DSI) was calculated.

DSI (%) =
Σ(grade score x grade f requency)

(total number o f observations)x(maximal disease score)
× 100

2.3. Production of Lytic Exoenzymes

The production of lytic exoenzymes by yeast strains was determined. Amylase,
xylanase, lipase, pectinase and protease secretion were estimated according to the methods
of Gabriel [39] and Strauss [40]. Yeast isolates were grown on specific media for each
exoenzyme: base medium and starch for amylase secretion, base medium and 0.1% Remazol
Brilliant Blue R−D-Xylan for xylanase secretion, Bacto Spirit Blue Agar with lipase reagent
for lipase secretion, YNB medium with 1.25% polygalacturonic acid, 0.68% potassium
phosphate (pH 3.5), 1% glucose and 2% agar for pectinase secretion and YPD medium
with 2% casein for protease secretion. The observable transparent zones in specific media
indicated the secretion of amylase, lipase, pectinase and protease by the tested yeast strains.
The blue halo surrounding yeast colonies indicated their xylanase production.

2.4. Alternaria Mycelium Evaluation after Contact with Yeast Strains

Yeast strains’ influence on A. alternata and A. solani mycelium was evaluated. Within
5 days, pathogens were co-cultured in a Petri dish on PDA medium with each tested
yeast strain. The pathogen mycelium was evaluated under a light microscope at ×100
magnification for hyphal damage. Mycelium disks were taken from different parts of
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the dish and excess media were removed. The mycelium morphology was compared to
A. alternata and A. solani mycelium growing separately on PDA medium. The test was
repeated.

2.5. Colonization of Yeasts on the Potato Leaf Surface

Each tested strain of the yeast was suspended in distilled water at 2 × 107 CFU/mL.
Potted, unfertilized potato plants (Tajfun cultivar) at BBCH 19 were used. They were
uniformly sprayed onto leaves with 5 mL of the suspension using a hand-held sprayer
in a sterile controlled environment. Plants sprayed with distilled water were used as a
control to inspect for contamination with non-target yeasts. The experiment was held in
the greenhouse at 18–23 ◦C. There were three replicates of one pot holding one plant for
each treatment. Every three days, starting on the third day and up to the eighteenth day,
one leaf from each plant was carefully collected by clipping with sterile pliers and three
round pieces measuring 1 cm2 each were collected from each leaf. The fragments of the
leaves were placed in test tubes in sterile water and shaken for 2 min at 6000 rotations/min
in a mini centrifuge rotator. A total of 0.1 mL of the obtained suspension was collected
and plated on a PDA medium. Plates were placed at 23 ◦C. Colonies were counted after
48 h. The result was expressed as CFU/1 cm2 of a leaf surface and compared to the control
sprayed with distilled water.

2.6. Statistical Analysis

Mean values were calculated. Final experimental data were represented as the mean. A
one-way ANOVA was performed, and Tukey’s test was used to identify whether differences
among data were significant at the level of p < 0.05 using Statistica 12.

3. Results
3.1. Growth of Alternaria spp. Inhibited by Antagonistic Yeast Strains

Compared with the control, the growth of A. solani was significantly inhibited by four
out of the six yeast strains (p = 0.05), i.e., strains number 03 (V 116), number 04 (EC 118),
number 05 (US 05) and number 06 (Coobra). After six days of co-cultivation, mycelium
growth was inhibited by 25.1% (mycelium measured 67.33 mm on the tested plate and
90 mm on the control plate) by strain number 04. The Coobra strain inhibited mycelium
growth by 23.7% (mycelium measured 68.67 mm on the tested plate) and strains V 116 and
US 05 by 20.7% (mycelium measured 71.33 mm on tested plates). Strain W 34/70 negatively
influenced mycelium growth just by 5.9% (mycelium measured 84.67 mm on the tested
plate) and the difference from the control plate was insignificant. The mycelium growth
on the plate with strain number 01 was not inhibited. When the fungal discs were moved
to fresh agar, the mycelium did not grow after being in contact with yeast strains number
04 (EC 118) and number 06 (Coobra) and it grew slower after being in contact with yeast
strains number 02 (W 34/70), number 03 (V 116) and number 05 (US 05). Strain 01 (Biodiva
TD 291), which belonged to the species T. delbrueckii, did not inhibit the mycelium growth
of A. solani (Figure 2 and Table 2).

The growth of A. alternata mycelium was significantly inhibited by the Coobra yeast
strain (number 06) compared to the control (p = 0.05). The mycelium growth inhibition was
noticeably weaker in comparison with A. solani. On the sixth day of the assay, the Coobra
strain inhibited the mycelium growth by 14.44% (the mycelium measured 77 mm on the
tested plate and 90 mm on the control plate). The growth of Alternaria mycelium grown
together with strain US 05 (number 05) was inhibited by 8.14% (the mycelium measured
82.67 mm). Strains number 01–04 did not inhibit mycelium growth. After moving the
fungal discs to the fresh medium, the growth of the mycelium was completely inhibited for
the fungi that were in contact with the Coobra yeast strain (number 06) and visibly slowed
down for the mycelium that was in contact with strain US 05 (number 05) (Figure 3 and
Table 3).
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Table 3. Inhibitory effect of antagonistic yeast strains on the growth of Alternaria alternata mycelium
three days after moving the fungal disc to the fresh medium.

Strain Control Biodiva TD 291 W 34/70 V 116 EC 118 US 05 Coobra

Effect 0 0 + + ++ + ++

0 no effect on mycelium; + growth of mycelium inhibited; ++ growth of mycelium completely inhibited.
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3.2. Reducing Symptoms Caused by Alternaria spp. on Potato Plants in a Greenhouse Experiment

The disease severity index was significantly lower for strains number 03 (V 116), 04
(EC 118), 05 (US 05) and 06 (Coobra) of both A. alternata and A. solani. Strains number 05
and number 06 were the most effective. Strains number 01 (Biodiva TD 291) and number 02
(W 34/70) did not reduce symptom severity. All yeast strains were more effective against
A. solani symptoms than against A. alternata (Table 4).

Table 4. Effect of antagonistic yeast strains spraying on the DSI (%) of A. alternata and A. solani on
potted potato plants after seven days in greenhouse conditions.

Strain Control Biodiva TD
291 W 34/70 V 116 EC 118 US 05 Coobra

A. alternata 60.00 ± 3.27 a 54.67 ± 3.77 a 60.00 ± 3.27 a 41.33 ± 1.89 b 46.67 ± 1.89 b 17.33 ± 1.25 c 14.67 ± 1.89 c
A. solani 61.33 ± 4.99 a 49.33 ± 7.54 a 62.67 ± 1.89 a 25.33 ± 4.99 b 26.67 ± 5.56 26.67 ± 3.77 b 9.33 ± 2.87 c

Values in rows followed by the same letter do not differ significantly at p = 0.05.

3.3. Production of Lytic Exoenzymes—Results

The lytic exoenzymes secretion varied for tested strains. The Coobra yeast strain
produced the most enzymes, i.e., amylase, pectinase and protease. Two strains produced
two enzymes and one strain produced one enzyme. Two strains did not produce any tested
enzymes (Table 5).

Table 5. Qualitative lytic exoenzyme production in antagonistic yeast strains.

Exoenzyme
Yeast Strain

Biodiva TD 291 W 34/70 V 116 EC 118 US 05 Coobra

Amylase + - - - + +
Xylanase - - - - - -

Lipase - - - - + -
Pectinase - - - + - +
Protease + - - - - +

- enzyme not produced, + enzyme produced.

3.4. Alternaria Mycelium Evaluation after Contact with Yeast Strains—Results

The presence of yeast strains number 05 and number 06 changed the cells of both A.
alternata and A. solani. The mycelia analyzed under the microscope were partially deformed
and ruptured and the loss of intracellular content was visible. The strains number 01–04
did not cause visible cell damage at all. The test is intended to be expanded in a future
study to provide clarification of the mechanisms along with photographic evidence similar
to that of Saleh Al-Maawali et al. [41].

3.5. Population Dynamics of the Antagonistic Yeast Strains on the Potato Leaf Surface

All six yeast strains colonized the surface of potato leaves under greenhouse condi-
tions. After six days, four yeast strains i.e., Biodiva TD 291, W 34/70, US 05 and Coobra
maintained a population over 20 CFU/ 1 cm2 of the potato leaf surface: 26.89 for strain
Biodiva TD 291, 23.67 for strain US 05, 22.44 for strain W 34/70 and 20.67 for the Coobra
strain. After fifteen days, colonies of the yeast strains US 05 and Coobra were present on the
leaf surface (1.22 and 5.00 CFU/ 1 cm2 of the potato leaf surface) and after eighteen days
only the Coobra yeast strain population was isolated from the leaves (2.67 CFU/ 1 cm2 of
the potato leaf surface) (Figure 4).
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4. Discussion

As biocontrol, the use of living organisms and natural products to control plant pests
and diseases is benign for the environment and for human and animal health. It also
allows for sustainable crop production, while being effective and target-specific with fewer
environmental risks, and is an excellent alternative to chemical pesticides [42–45]. Yeast,
among other microorganisms, are often used as biocontrol. Some of the researched yeast
strains used in alcohol fermentation are promising as agents against the early blight of
potatoes.

Yeasts have been reported to suppress Alternaria sp. growth both in in vitro and in
planta studies. This study demonstrated that one of the tested S. cerevisiae strains, i.e.,
Coobra, inhibited Alternaria spp. mycelium growth when placed together on a Petri dish
in an in vitro experiment. It also demonstrated that when a fungal disc was moved to a
fresh medium and another strain, i.e., US 05, it showed antagonistic tendencies against
mycelium growth. Similar results for other S. cerevisiae and other yeast species were de-
scribed. Alternaria spp. Menolli Jr. et al. [46] noted that yeast S. cerevisiae NCYC1006
inhibited Alternaria sp. growth by 65% in in vitro experiments. In the in vitro study by
Istifadah et al. [47], three yeast strains (SB 1, SB 2 and SB 10) inhibited A. alternata growth
by between 42.8 and 67.4%. In an in vitro assay conducted by Sabaghian et al. [48] several
different yeast species (i.e., Starmerella bacillaris FE08.05, Metschnikowia pulcherrima GP8,
Hanseniaspora uvarum GM19, Hanseniaspora opuntiae GA22, Hanseniaspora opuntiae GM10,
Hanseniaspora guilliermondii GA1, Hanseniaspora lachancei GM32, Hansenaspora pseudoguillier-
mondii GP14 and Candida awuaii GM3) significantly reduced A. alternata mycelium growth.
In the test conducted on yeasts isolated from tomato fruit and leaf, Meyerozyma guillier-
mondii SQUCC-33Y inhibited A. alternata mycelial growth by 29.7% [41]. In an experiment
conducted by Prendes et al. [49], 14 out of 15 yeast strains entirely prevented A. alternata
infection. Li et al. [50] proved that infiltration and coating with yeast can inhibit Alternaria
rot on tomatoes.
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In the greenhouse experiment on the potted potato plants, the antagonistic properties
of US 05 and Coobra strains, first demonstrated in laboratory conditions, were confirmed.
The disease severity index was reduced from approximately 60% for both A. alternata and
A. solani on the control plants (a week after an inoculation) to 17% and 26%, respectively, for
the plants treated with the strain US 05, and 9% and 14%, respectively, for the plants treated
with the Coobra yeast strain. Although the antifungal activity of yeasts on potatoes against
early blight is not as well documented as other biocontrol agents such as bacteria, fungi and
plant extracts [51–55], yeast activity against Alternaria symptoms on different plants was
noted. In the study by Tumpa and Khokon [56], the severity of Alternaria incidence was
significantly reduced on the chitosan and yeast elicitor-treated tomato and aubergine plants.
Wang et al. [57] showed that marine yeast Rhodosporidium paludigenum after five days from
inoculation reduced A. alternata symptoms on cherry tomato plants. The same team proved
that this yeast was also effective against A. alternata in pears and Chinese winter jujubes [58].
Another study on the biocontrol of Alternaria on cherry tomatoes showed the efficacy of
Rhodotorula glutinis, especially combined with rhamnolipids [59]. Pichia guilliermondii was
proven to prevent post-harvest decay caused by A. solani on tomato fruit at three different
stages of maturity [60].

To explore mechanisms behind pathogenic fungi inhibition by antagonistic yeast
strains, the lytic exoenzyme production by yeast was evaluated. The production of amylase
was produced by two strains, which inhibited the growth of Alternaria spp. the most.
Additionally, other enzymes were also produced by these two strains. Both US 05 and
Coobra strains, which produced the most kinds of exoenzymes, caused damage in Alternaria
spp. Cells, and exoenzymes activity could contribute to this process. However, the presence
of Biodiva TD 291, which produced two exoenzymes as well, did not damage A. alternata
and A. solani cells, so other mechanisms are also involved. One of those mechanisms, as
mentioned below, may be the competition for nutrients and space. The system for fungal
cell lysis usually requires a complex of enzymes to lyse the cell wall [61,62]; therefore,
it may be the presence of other untested enzymes that are the reason why these two
strains proved effective. This demands further investigation. The inhibition mechanisms
are complex, so further studies are needed, and enzyme participation cannot be clearly
attributed. Biocontrol activity connected to enzyme secreting by yeasts was noted by other
authors. Bar Shimon et al. described the inhibitory effect of exo-beta-1,3-glucanase secreted
by C. olephila on spore germination [63]. Bae et al. [64] described the ability of S. cerevisiae
to produce cellulose-degrading enzymes. The Aureobasidium pullulans strain of marine
origin was reported to produce cellulase [65]. Cellulase secretion by biocontrol yeast was
linked to post-harvest control of B. cinerea [66]. Protease activity in yeast strains was also
reported [67–69]. Chen et al. [54] found an A. pullulans strain to produce protease and an
Aureobasidium sp. strain to secrete chitinase. Candida tropicalis (strain MK-160) was reported
to produce xylanase [70].

Yeast availability on plant leaves reduces colonization by plant pathogens [71]. The
substantial issue in biocontrol is maintaining a high population of antagonistic microor-
ganisms on the plant surface, since they are to a great extent influenced by conditions
of the environment and by the relatively hostile environment of leaves. This restricts
their establishment, survival and activity [72]. Microorganisms are affected by diurnal
changes in nutrient availability, light and temperature [73–75]. In this assay, Biodiva TD 291,
W 34/70, US 05 and Coobra strains remained at high population on the potato leaf surface
for a week and the colonies of Coobra strain were present on the leaf after eighteen days
under greenhouse conditions. The other strains did not adapt to plant surface conditions.
However, it is possible to enhance the ability of microorganisms to colonize the plant
surface. González-Estrada et al. [76] found that even though the population of marine yeast
Debaryomyces hansenii decreased significantly over time, the addition of dextrose and Tween
80 to the suspension favoured the permanency of yeast on the fruit surface. In the study by
Zheng et al. [77], the treatment with 10% maltose and lactose sugar solution increased the
Candida oleophila survival rate on apple surface from 42% to approximately 60%. Therefore,
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further study on yeast suspension enrichment might provide the solution to plant surface
colonization by yeast.

5. Conclusions

1. The tested commercially yeast strains showed a diversified ability to maintain
colonies on potato leaves (up to eighteen days for Coobra strain).

2. Two Saccharomyces cerevisiae strains US 05 and Coobra effectively minimized Al-
ternaria mycelium growth in vitro and early blight symptoms on potato plants in a green-
house experiment (from approximately 60% to 9% for A. solani and 14% for A. alternata).

3. The mechanisms underlying observed biocontrol need to be further investigated.
4. Two commercially available yeast strains show promise for the biological control

of Alternaria. The selected yeast strains have the potential for practical use as biocontrol
agents, and strategies will be developed for their use under habitat conditions.
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methodology, J.K. (Joanna Krzymińska); validation, M.J.; formal analysis, J.K. (Jolanta Kowalska);
investigation, M.J. and K.M.; resources, J.K. (Jolanta Kowalska) and J.K. (Joanna Krzymińska); data curation,
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