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Biological control of Alternaria and late blight of potatoes

Abstract. Infectious diseases, such as Alternaria and late blight, caused by the microorganisms
Alternaria solani and Phytophthora infestans, often reduce potato yields and quality. Disease control
involves the intensive use of chemical pesticides, which leads to pathogen resistance and various
environmental challenges. Therefore, it is vital to investigate safe methods of plant protection. The
purpose of the present study was to evaluate the effectiveness of various combinations of biological
products against Alternaria and late blight of potatoes. The experiments were conducted at the
Ukrainian Research Station of Plant Quarantine of the Institute of Plant Protection of the National
Academy of Agrarian Sciences. Biofungicides based on micromycetes of the genera Gliocladium
and Trichoderma and bacteria of the genera Pseudomonas and Bacillus were used for the study.
The use of combinations of different products included pre-planting treatment of tubers and
three sprayings of vegetative plants at different stages of their growth and development. The use
of biological products on potatoes reduced the spread of Alternaria by 38.7-51.2% and reduced the
intensity of the disease development by 19.1-24.2% compared to the control. The technical efficiency
ranged within 70.0-88.6%. The most effective combinations for disease control were Biospectrum
BT + Vitastim BT, Bactofit BT + BioHibervit BT, Bactofit BT + Vitastim BT, which provided technical
efficiency of 82.0-88.6%. The studied biological products also reduced the damage to plants by
the pathogen of late blight. Technical efficiency under different variants of application of the
preparations ranged from 61.6% (Trichopsin BT + BioHibervit BT, Fluorescin BT + BioHibervit BT) to
84.9% (Bactofit BT + Vitastim BT). The biological products had a positive effect on plant growth, yield
formation, and overall productivity. The highest yield increase was observed in the variants with
the use of Bactofit BT + BioHibervit BT, Trichopsin BT + Vitastim in Biospectrum BT + Vitastim BT.
The studies confirmed the potential of biological products in the management of potato diseases
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INTRODUCTION
Potatoes are one of the main crops and are es-
sential for food security. Infectious diseases are
among the factors that lead to lower crop yields
and poorer product quality. Fungi often cause
the most harmful plant pathologies. Specifi-
cally, potato plants are parasitised by the fun-
gus Alternaria solani Sorauer and the oomy-
cete Phytophthora infestans (Mont.) de Bary,
which cause early dry spot or Alternaria and
late blight, respectively (Hjelkrem et al., 2021).
M. Riolo et al. (2020) emphasised the great
harmfulness of late blight worldwide, while
K. Schiffer-Forsyth et al. (2023) estimated an-
nual global potato yield losses and costs of late
blight control at USD 3-10 billion.

R. Quds et al. (2023) pointed out that in po-
tato cultivation technologies, pesticides must
be used repeatedly during the growing sea-
son to control Alternaria and late blight. At the
same time, according to C. Davies et al. (2021),
the widespread use of numerous synthetic fun-
gicides has led to the development of pathogen
resistance to their active ingredients and a de-
crease in the effectiveness of the preparations.
S.Juby et al. (2023) noted that to address a series
of negative phenomena, the world is research-
ing environmentally sustainable approach-
es to plant disease control based on biological
agents. Specifically, the use of fungi of the gen-
era Trichoderma, Chaetomium, Pythium, micro-
mycetes Gliocladium virens, and Coniothyrium
minitans, as well as yeast and other organisms
is promising. The protective effect of biocontrol
agents lies in direct antagonistic interaction or
indirect interaction through induced changes in
plant structure and physiology.

The findings of U. Alshimaysawe et al. (2024)
suggest that the strains of micromycetes T. ha-
matum T8 and T. harzianum T5 have great po-
tential as biocontrol agents for inhibiting the
growth of pathogens in dual culture and culture
filtrate methods, specifically, potato pathologies
caused by R. solani. J. Hao et al. (2024) found an
inhibitory effect of the fermentation broth of
bacteria Bacillus subtilis ZWZ-19 (B) and fun-
gus Trichoderma asperellum PT-29 (T) on the
pathogen Fusarium oxysporum. The effect was
better when co-cultivated with a 111 inoculation
ratio (B1T1). M. Shuang et al. (2022) established
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the ability of the Bacillus sp. strain K-9 to in-
hibit in vitro the common potato scab pathogen
(Streptomyces scabies). In addition, the studied
strain K-9 inhibited the growth of the pathogen
of black scab of potatoes at 70.39%. In field tri-
als, the protective effect of the K-9 strain against
potato scab did not differ significantly from the
effectiveness of a mixture of bacteria or chem-
icals, but the disease index under K-9 treat-
ment was significantly lower than in the con-
trol. The potato yield under the treatment with
Bacillus sp. K-9 was 12.44% greater than in the
control. H. Jabnoun-Khiareddine et al. (2023)
found antifungal activity against a series of po-
tato pathogens (Fusarium oxysporum f. sp. tu-
beros, Rhizoctonia solani, Colletotrichum coc-
codes) of strains SV39 and SV104 (B. tequilensis),
SV41 (B. subtilis), SV44 (B. methylotrophicus) and
SV65 (B. amyloliquefaciens subsp. plantarum).
Field studies showed that soil treatment with
Bacillus spp. strains provided substantial control
of fungal diseases and improved potato growth
and productivity parameters.

F. Fathi et al (2021) investigated the abil-
ity of the bacterium Pseudomonas fluo-
rescens VUPF506 to effectively suppress the
causative agent of potato black scab, the fungus
Rhizoctonia solani. X. Shi et al. (2024) estab-
lished the growth stimulation and biological
control of fungal diseases of another solana-
ceous crop, tomatoes, using the rhizobacterium
Pseudomonas chlororaphis subsp. aureofaciens
SPS-41. Specifically, the antifungal properties
were manifested against the phytopathogenic
fungi Fusarium oxysporum and Botrytis cinerea.
S. Feng et al. (2021) identified a rare strain of
the actinomycete Saccharothrix texasensis 6-C,
which was isolated from the potato rhizosphere
and proved its ability to inhibit P infestans.
L. Zhang et al. (2024) observed a reduction in
Alternaria leaf spot index from 78.36 to 37.03%
in potato plants treated with Talaromyces muroii
strain SD1-4, along with significantly improved
growth characteristics, including plant height,
root length, fresh weight, dry weight, chloro-
phyll content, and photosynthetic rate.

Thus, considering the significance of pota-
toes as a valuable food crop in the world and in
Ukraine and the harmfulness of Alternaria and
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late blight, it is vital to investigate the effective-
ness of plant protection products based on bio-
logical control agents. The purpose of the pres-
ent study was to investigate the effectiveness
of various combination schemes of biological
products against the main diseases of potatoes -
Alternaria and late blight.

MATERIALS AND METHODS

Field studies were conducted during 2020-2021
at the Ukrainian Research Station of Plant Quar-
antine of the Institute of Plant Protection of the
National Academy of Agrarian Sciences. The soil
of the experimental plot was grey forest heavy
loam. To protect potatoes from Alternaria and
late blight, the technical effectiveness of a series
of biological products was investigated. Gliocla-
din BT is a biological product based on mycelium
and spores of a micromycete from the genus Gli-
ocladium with a titre of at least 1.5x10° CFU/cm?3;
biologically active substances. Trichopsin BT
contains mycelium and spores of micromycetes
of the genus Trichoderma; rhizosphere bacteria
of the genus Pseudomonas with a titre of at least
2.0x10% CFU/cm?, biologically active substances.
Fluorescin BT is a preparation based on a bac-
terium of the genus Pseudomonas with a titre
of at least 5.0 x10° CFU/cm?; biologically active
substances (phenazine-carboxylic acids, sidero-
phores, cytokinins). Biospectrum BT consists of

rhizosphere bacteria of the genus Pseudomonas
with a titre of at least 5.0 x 10° CFU/cm3, bio-
logically active substances (acids of the genus
phenazine-carboxylic, a complex of active pig-
ments). Bactofit BT contains live cells and spores
of bacteria of the genus Bacillus with a titre of at
least 2.0 x10° CFU/cm?®. BioHibervit BT consists
of chlamydospores, mycelium, and conidia of
Trichoderma micromycetes, as well as their me-
tabolites. Vitastim BT is a preparation based on
the joint deep cultivation of three strains of fun-
gi and bacteria of the genera Trichoderma and
Pseudomonas in liquid nutrient medium.

Field studies, disease diagnostics, evalua-
tion of the technical effectiveness of biological
preparations, and structural analysis of the crop
were conducted according to generally accepted
methods (Trybel et al., 2001; Kyryk et al., 2012).
The potato variety Podolyanka was cultivated.
The experimental design included the variants
presented in Table 1. Tubers were treated before
planting potatoes at the rate of 20 litres of work-
ing solution per 1 tonne. The vegetative plants
were treated with a battery-powered backpack
sprayer FORTE KF-16 during the following pe-
riods of plant growth and development: at the
beginning of plant closure in the row; in the bud-
ding phase; in the flowering phase. Combina-
tions of preparations were applied at the rate of
200 litres of working solution per 1ha.

Table 1. Scheme of the experiment to investigate the effectiveness of combinations
of biological products against potato diseases

No: o . Spraying of plants during the growing season
exper.lment Treatment of tubers before planting (3 times)
variant
1 Control (without preparations)
2 Gliocladin BT, 1.5 I/t + BioHibervit BT, 1.5 I/t Gliocladin BT, 3 I/ha + BioHibervit BT, 3 |/ha
3 Trichopsin BT, 1.5 I/t + BioHibervit BT, 1.5 I/t Trichopsin BT, 3 |/ha + BioHibervit BT, 3 I/ha
4 Fluorescin BT, 1.5 I/t + BioHibervit BT, 1.5 I/t Fluorescin BT, 3 |/ha + BioHibervit BT, 3 I/ha
5 Biospectrum BT, 1.5 I/t + BioHibervit BT, 1.5 I/t | Biospectrum BT, 3 |/ha + BioHibervit BT, 3 I/ha
6 Bactofit BT, 1.5 I/t + BioHibervit BT, 1.5 I/t Bactofit BT, 3 I/ha + BioHibervit BT, 3 I/ha
7 Gliocladin BT, 1.5 I/t + Vitastim BT, 1.5 I/t Gliocladin BT, 3 I/ha + Vitastim BT, 3 |/ha
8 Trichopsin BT, 1.5 I/t + Vitastim BT, 1.5 I/t Trichopsin BT, 3 |/ha + Vitastim BT, 3 I/ha
9 Fluorescin BT, 1.5 I/t + Vitastim BT, 1.5 I/t Fluorescin BT, 3 |/ha + Vitastim BT, 3 I/ha
10 Biospectrum BT, 1.5 I/t + Vitastim BT, 1.5 I/t Biospectrum BT, 3 I/ha + Vitastim BT, 3 I/ha
11 Bactofit BT, 1.5 I/t + Vitastim BT, 1.5 I/t Bactofit BT, 3 I/ha + Vitastim BT, 3 I/ha

Source: developed by the authors based on the findings

=)
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Statistical processing of experimental data
was performed using Microsoft Office® for Mi-
crosoft Windows®. The study followed the eth-
ical standards specified in the Convention on
Biological Diversity (1992) and the Convention
on International Trade in Endangered Species of
Wild Fauna and Flora (1973).

RESULTS AND DISCUSSION

One of the ways to protect potato plants from
pests in an environmentally friendly way is to
use biological products. Thus, during 2021-2022,
the study investigated various schemes of com-
binations of biological products based on micro-
organisms, their metabolites, and biologically
active substances against the most widespread
potato diseases during the growing season — Al-
ternaria and late blight. The treatment of potato
tubers before planting and threefold spraying
of plants led to a decrease in the spread and
development of Alternaria on the aboveground
organs in all variants of the experiment (Fig. 1).
Specifically, the number of diseased plants was
less by 387-51.2%, and the degree of damage
decreased within 191-24.2% compared to the
control, where these indicators were 65.8% and
27.3%, respectively. Preparations based on fungi
of the genera Gliocladium and Trichoderma and
bacteria of the genera Pseudomonas and Bacillus
provided technical efficiency against Alternaria
within 70.0-88.6%. Mixtures of Biospectrum
BT + Vitastim BT, Bactofit BT + BioHibervit BT and
Bactofit BT + Vitastim BT had the greatest effect
on reducing the damage to potato plants by the
pathogen (technical efficiency - 82.0-88.6%).
The studied biological products also had a
fungicidal effect on potato late blight, which was

P, %

R, %

manifested in a decrease in the spread of the
disease by 23.3-37.2% and a decrease in its devel-
opment within 11.4-157% (Fig. 2). In the variants
with the use of mixtures of Bactophyte BT (Bacil-
lus spp.) + Vitastim BT (Trichoderma spp., Pseu-
domonas spp.), Biospectrum BT (Pseudomonas
spp.) + Vitastim BT (Trichoderma spp., Pseu-
domonas spp.), Trichopsin BT (Trichoderma spp.,
Pseudomonas spp.) + Vitastim BT (Trichoderma
spp., Pseudomonas spp.) and Bactophyt BT (Ba-
cillus spp.) + BioHibervit BT (Trichoderma spp.)
showed the maximum effect on reducing the in-
tensity of late blight development. Technical ef-
ficiency under different variants of application
of the preparations ranged from 61.6% (Trichop-
sin BT + BioHibervit BT, Fluorescin BT + BioHi-
bervit BT) to 84.9 % (Bactofit BT + Vitastim BT).

The use of biological products in the treat-
ment of potato tubers and spraying of plants
during the growing season positively influenced
plant growth, yield formation, and generally in-
creased crop productivity (Fig. 3). Depending on
the biological products used, potato growth was
stimulated. Specifically, compared to the control,
the height of plants in different variants was 1.9-
6.7 cm higher. Under the influence of the stud-
ied biological preparations, the total number of
tubers increased by 0.4-8.5 per plant. Therewith,
the marketable fraction increased, depending
on the variant, from 1.3 to 4.5 pieces per plant.
The greatest increase in potato yield was ob-
served in the variants Bactophyt BT + BioHiber-
vit BT - 14.0 t/ha, Trichopsin BT + Vitastim BT -
14.7t/ha, and Biospectrum BT + Vitastim BT - 15.0
t/ha. The increase in potato yield in other vari-
ants with the use of biological products ranged
within 4.4-12.8 t/ha.
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Figure 1. Efficiency of biological products against potato Alternaria (average for 2021-2022)

Note: P - disease spread; R - disease development

Source: developed by the authors based on the findings
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Figure 2. Efficiency of biological products against potato late blight
(Podolyanka variety, average for 2021-2022)

Note: P - disease spread; R — disease development
Source: developed by the authors based on the findings
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Figure 3. Influence of fungicidal and stimulating biological preparations on the indicators
of structure elements and yield of potato tubers (average for 2021-2022)

Source: developed by the authors based on the findings

The conducted studies confirmed the re-
sults obtained in different regions of potato
cultivation using biological products and an-
tagonist microorganisms (Tleuova et al.,, 2020).
N. Rokaya et al. (2023) tested isolates of Tricho-
derma spp. against the potato late blight path-
ogen. Their effectiveness was manifested in a
decrease in the size of the pathogen lesion area
by 19-46% compared to the control. It was found
that isolates of Trichoderma spp. together with
the commercial product Sanjeevni (based on
T. viride), in field experiments on a natural in-
fection background stimulated plant growth,
tuberyield, and reduced the development of late
blight. Specifically, Trichoderma isolates TL1-2A,
TL4-81A, and TL5-21A reduced the intensity of
the disease by 37.3%, 37.2%, and 30.4%, respec-
tively. According to the findings of two-year

%)

studies, isolate TL1-2A increased tuber yield by
46.4%. S. Kumar et al. (2023) found that bioprim-
ing of potato tubers by a microbial consortium
(T. viride, B. subtilis, P. fluorescens) improved
plant growth and induced defence responses
against A. solani, which was conditioned by the
induction of systemic resistance.

In laboratory experiments conducted by
M. Sulaiman et al. (2020), the inhibition of the
pathogen of soft rot of potato tubers — Erwinia
carotovora, subsp. carotovora - by Trichoder-
ma spp. isolates was proved. A decrease was
also found in the damage of tubers treated
with T viride (TV3) and T. harzianum (TH2), re-
spectively, by 20.27% and 16.47%, compared to
the control. Yu. Kolomyets § L. Butsenko (2023)
emphasised that soft rot pathogens are the pri-
mary reason for limiting potato production in
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many regions around the world. J. Leiminger &
H. Hausladen (2012) noted that parasitism of
potato plants by A. solani can lead to a 50% yield
loss. M. Solomiychuk et al. (2024) used the bi-
ological product PhytoDoctor (Bacillus subtilis),
2 1/ha in combination with Humat Ultra, 60 g/
ha in the conditions of Ukraine and noted a
decrease in the development of Alternaria by
54.9% compared to the control.

I. Debez et al. (2024) found endophytes of
Bacillus (B. halotolerans SpS5, B. amyloliquefa-
ciens LiR9, B. haynesii ReR10, B. velezensis KnL15,
B. aryabhattai FaR1) to have an antagonistic ef-
fect against the fungus R. solani, the causative
agent of potato black scab. The vegetative and
spore-forming strain SpS5, as well as 5 other
Bacillus and their Sps5-based consortia were
effective in reducing disease development and
increasing the yield of healthy, high-quality po-
tato tubers. The results of the study of the effec-
tiveness of various biological products suggest
the possibility of their use for the protection of
potatoes against Alternaria and late blight. The
studied biological agents had a protective effect
on potato plants, which was manifested in a de-
crease in their damage by pathogens compared
to the control. In addition, the mechanisms of
plant growth and development were activated,
and the yield increased.

CONCLUSIONS

As aresult of the study, the use of combinations
of various biological preparations based on mi-
croorganisms, their metabolites, and biological-
ly active substances was found to decrease the
spread and development of potato diseases on
the aboveground organs of plants in all variants
of the experiment. Treatment of potato tubers
before planting and threefold spraying of plants
during the growing season reduced the spread
of Alternaria by 387-51.2% and reduced the

intensity of plant damage within 191-24.2%
compared to the control. Biological products
provided technical efficiency against Alternaria
in the range of 70.0-88.6%.

The investigated biological products re-
duced the spread of late blight within 23.3-37.2%
and limited the intensity of the disease by
114-157%, while their technical -efficiency
ranged within 61.6-84.9%. The use of biologi-
cal products positively influenced the growth
of potato plants, the formation of the crop and,
as a result, the overall productivity. Specifical-
ly, the height of plants in different variants was
19-6.7 cm higher compared to the control. Under
the influence of the studied biological prepara-
tions, the total number of tubers increased by
0.4-8.5 per plant. The marketable fraction in-
creased, depending on the experimental vari-
ant, from 1.3 to 4.5 pieces per plant. The highest
increase in tuber yield was observed in the var-
iants with the introduction of biological prod-
ucts Bactophyt BT + BioHibervit BT - 14.0 t/ha,
Trichopsin BT + Vitastim BT - 14.7 t/ha and Bio-
spectrum BT + Vitastim BT - 15.0 t/ha.

In further research, it will be significant to
assess the technical effectiveness of biological
products under different meteorological condi-
tions, as well as on potato varieties with different
resistance, which will allow establishing the best
combinations of biological control agents and
improve the scheme of their application. Over-
all, the findings of the study confirmed the abil-
ity of biological products to control Alternaria
and late blight of potatoes, which is relevant in
modern agrarian production.

ACKNOWLEDGEMENTS

None.
CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES
[1] Alshimaysawe, U.A.A.A.A, Mohammed, A.E., Ali,S.M., Al-Gburi, B.K.H., § Al-Fallooji, S.A.K.(2024).
Controlling stem canker and black scurf disease complex on potato plants using Trichoderma
isolates. Pakistan Journal of Phytopathology, 36(1), 19-27. doi: 10.33866/phytopathol.036.01.0972.
[2] Convention on Biological Diversity. (1992, June). Retrieved from https://zakon.rada.gov.ua/laws

show/995 030#Text.

[3] Convention on International Trade in Endangered Species of Wild Fauna and Flora. (1973, June).
Retrieved from https://zakon.rada.gov.ua/laws/show/995 129#Text.

Plant and Soil Science (16)1


https://doi.org/10.33866/phytopathol.036.01.0972
https://zakon.rada.gov.ua/laws/show/995_129%23Text

Biological control of Alternaria and late blight of potatoes

(4]

(5]

6]

(7]

(8]

(o]

Davies, C.R., Wohlgemuth, F, Young, T, Violet, ]J., Dickinson, M., Sanders, ].W, Vallieres, C., &
Avery, S.V. (2021). Evolving challenges and strategies for fungal control in the food supply chain.
Fungal Biology Reviews, 36,15-26. doi: 101016/j.fbr.2021.01.003.

Debez, LB.S, Alaya, A.B, Karkouch, I, Khiari, B, Garcia-Caparros, P, Alyami, N.M,, Debez, A,
Tarhouni, B, § Djébali, N. (2024). In vitro and in vivo antifungal efficacy of individual and
consortium Bacillus strains in controlling potato black scurf and possible development
of spore-based fungicide. Biological Control, 193, article number 105527. doi: 101016/].
biocontrol.2024.105527.

Fathi, F, Saberi-Riseh, R, § Khodaygan, P. (2021). Survivability and controlled release of
alginate-microencapsulated Pseudomonas fluorescens VUPF506 and their effects on biocontrol
othzzoctoma solamon potato. International Journal of Biological Macromolecules, 183, 627-634.

Feng S ]1an Y, Jin, L., Tang S § Li, Z. (2021). Complete genome sequence data of rare
actinomycetes strain Saccharothrix texasensis 6-C, a biological control agent for potato late
blight. Molecular Plant-Microbe Interactions, 34(5), 571-574. doi: 10.1094/MPMI-10-20-0300-A.
Hao,]., Wang, Z., Zhao, Y., Feng, S., Cui, Z., Zhang, Y., Wang, D., § Zhou, H. (2024). Inhibition of potato
Fusarium wilt by Bacillus subtilis ZWZ-19 and Trichoderma asperellum PT-29: A comparative
analysis of non-targeted metabolomics. Plants, 13(7), article number 925. doi: 10.3390/
plants13070925.

Hjelkrem, A.G.R,, Eikemo, H., Le, VH.,, Hermansen, A, § Neerstad, R. (2021). A process-based
model to forecast risk of potato late blight in Norway (the Neerstad model): Model development,
sensitivity analysis and Bayesian calibration. Ecological Modelling, 450, article number 109565.
doi: 101016/j.ecolmodel.2021.109565.

[10] Jabnoun-Khiareddine, H., Aydi-Ben-Abdallah, R., § Daami-Remadi, M. (2023). Multi-species

endophytic Bacillus for improved control of potato soilborne and tuber-borne diseases in
Tunisia: From laboratory to field conditions. Egyptian Journal of Biological Pest Control, 33,
article number 109. doi: 10.1186/s41938-023-00753-5.

[11] Juby, S., Radhakrishnan, E.K.,, § Jayachandran, K. (2023). Exploring mechanisms of disease

suppression using endophytic fungiasbiocontrol agents.In K.A. Abd-Elsalam, M.A. Alghuthaymi
§ S.M. Abdel-Momen (Eds.), Biofungicides: Eco-safety and future trends (pp. 159-190). Boca Raton:
CRC Press. doi: 101201/9781003452577-9.

[12] Kolomyets, Yu., § Butsenko, L. (2023). Potentially dangerous causes of bacterial diseases

of potatoes in Ukraine. Biological Systems: Theory and Innovation, 14(1), 26-44. doi: 10.31548/
biologiya14(1-2).2023.002.

[13] Kumar, S., Chandra, R., Behera, L., Sudhir, I, Meena, M., Singh, S., & Keswani, C. (2023). Microbial

consortium mediated acceleration of the defense response in potato against Alternaria solani
through prodigious inflation in phenylpropanoid derivatives and redox homeostasis. Heliyon,
9(11), article number e22148. doi: 10.1016/j.heliyon.2023.e22148.

[14] Kyryk,M.M., Pikovskyi, M.Y,, & Azaiki, S. (2012). Diagnostic signs of diseases of vegetable crops and

potato. Kyiv: Phoenix.

[15] Leiminger, J.H., § Hausladen, H. (2012). Early blight control in potato using disease-orientated

threshold values. Plant Disease, 96(1), 124-130. doi: 10.1094/PDIS-05-11-0431.

[16] Quds, R, Igbal, Z., Arif, A, § Mahmood, R. (2023). Mancozeb-induced cytotoxicity in human

erythrocytes: Enhanced generation of reactive species, hemoglobin oxidation, diminished
antioxidant power, membrane damage and morphological changes. Pesticide Biochemistry and
Physiology, 193, article number 105453. doi: 10.1016/j.pestbp.2023.105453.

[17] Riolo,M., Aloi,F,LaSpada,F, Sciandrello, S., Moricca, S., Santilli, E., Pane, A., § Cacciola, S.0.(2020).

Diversity of Phytophthora communities across different types of Mediterranean vegetation in a
nature reserve area. Forests, 11(8), article number 853. doi: 10.3390/f11080853.

@ Plant and Soil Science (16)1


https://doi.org/10.1016/j.fbr.2021.01.003
https://doi.org/10.1016/j.biocontrol.2024.105527
https://doi.org/10.1016/j.biocontrol.2024.105527
https://doi.org/10.1016/j.ijbiomac.2021.04.159
https://doi.org/10.1094/MPMI-10-20-0300-A
https://doi.org/10.3390/plants13070925
https://doi.org/10.3390/plants13070925
https://doi.org/10.1016/j.ecolmodel.2021.109565
https://doi.org/10.1186/s41938-023-00753-5
https://doi.org/10.1201/9781003452577-9
https://doi.org/10.31548/biologiya14(1-2).2023.002
https://doi.org/10.31548/biologiya14(1-2).2023.002
https://doi.org/10.1016/j.heliyon.2023.e22148
https://profbook.com.ua/diagnostic-signs-vegetable-potato.html?srsltid=AfmBOormnMbKHTlqGbNv_T5OWKl6FYsGKO6Q3p_YWRlnUs-VHUswZuLe
https://profbook.com.ua/diagnostic-signs-vegetable-potato.html?srsltid=AfmBOormnMbKHTlqGbNv_T5OWKl6FYsGKO6Q3p_YWRlnUs-VHUswZuLe
http://dx.doi.org/10.1094/PDIS-05-11-0431
https://doi.org/10.1016/j.pestbp.2023.105453
https://doi.org/10.3390/f11080853

Solomiichuk & Pikovskyi

[18] Rokaya, N., Paneru, A., Timila, R.D., Dhital, S.P, Shrestha, R.K., Gopal Bahadur, K.C., § Manandhar,
H.K. (2023). Evaluation of native isolates of Trichoderma spp. for controlling potato late blight
caused by Phytophthora infestans in Nepal. Journal of Phytopathology, 171(11-12), 595-603.
doi: 10.1111/jph.13214.

[19] Schiffer-Forsyth, K, Matika, DF, Hedley, PE., Cock, PJ.A, § Green, S. (2023). Phytophthora in
horticultural nursery green waste - a risk to plant health. Horticulturae, 9(6), article number 616.
doi: 10.3390/horticulturae9060616.

[20] Shi, XQ.,, Zhu, D.H,, Chen, J.L, Qin, Y.Y, Li, XW, Qin, S., § Xing, K. (2024). Growth promotion
and biological control of fungal diseases in tomato by a versatile rhizobacterium, Pseudomonas
chlororaphis subsp. aureofaciens SPS-41. Physiological and Molecular Plant Pathology, 131,
article number 102274. doi: 10.1016/j.pmpp.2024.102274.

[21] Shuang, M., Wang, Y, Teng, W, § Jin, G. (2022). Isolation and identification of an endophytic
bacteria Bacillus sp. K-9 exhibiting biocontrol activity against potato common scab. Archives
of Microbiology, 204, article number 483. doi: 10.1007/s00203-022-02989-5.

[22] Solomiychuk, M., Gavriluck, A., § Pikovskyi, M. (2024). Reducing potato alternaria blight: Biological
approaches. Chisinau: LAP Lambert Academic Publishing.

[23] Sulaiman, M.M,, Yass, ST.A., Aish, A.A,, Yasir, L.B,, Abdullah, SJ., § Youssef, S.A. (2020). Activity of
Trichoderma spp. against Erwinia carotovora causal agent of potato tuber soft rot. Plant Archives,
20,115-118.

[24] Tleuova, A.B., Wielogorska, E., Talluri, VS.S.L.P, Stépanek, F, Elliott, C.T, & Grigoriev, D.O. (2020).
Recent advances and remaining barriers to producing novel formulations of fungicides for
safe and sustainable agriculture. Journal of Controlled Release, 326, 468-481. doi: 101016/].
jconrel.2020.07.035.

[25] Trybel, S.0., Sigareva, D.D., Sekun, M.P, § Ivashchenko, 0.0.(2001). Methods of testing and applying
pesticides. Kyiv: Svit.

[26] Zhang, L., Xu, W, Zhao, Z., Long, Y, § Fan, R. (2024). Biocontrol potential and growth-promoting
effect of endophytic fungus Talaromyces muroii SD1-4 against potato leaf spot disease caused by
Alternaria alternata. BMC Microbiology, 24, article number 255. doi: 10.1186/s12866-024-03411-4.

Plant and Soil Science (16)1 @


https://doi.org/10.1111/jph.13214
https://doi.org/10.3390/horticulturae9060616
https://doi.org/10.1016/j.pmpp.2024.102274
https://doi.org/10.1007/s00203-022-02989-5
https://www.amazon.com/Reducing-Potato-Alternaria-Blight-Biological/dp/6207465660
https://www.amazon.com/Reducing-Potato-Alternaria-Blight-Biological/dp/6207465660
https://www.plantarchives.org/SPECIAL%20ISSUE%2020-1/21__115-118_.pdf
https://www.plantarchives.org/SPECIAL%20ISSUE%2020-1/21__115-118_.pdf
https://doi.org/10.1016/j.jconrel.2020.07.035
https://doi.org/10.1016/j.jconrel.2020.07.035
https://scholar.google.com.ua/citations?view_op=view_citation&hl=uk&user=PViZzd0AAAAJ&citation_for_view=PViZzd0AAAAJ:mVmsd5A6BfQC
https://scholar.google.com.ua/citations?view_op=view_citation&hl=uk&user=PViZzd0AAAAJ&citation_for_view=PViZzd0AAAAJ:mVmsd5A6BfQC
https://doi.org/10.1186/s12866-024-03411-4

Biological control of Alternaria and late blight of potatoes

Muxaitno Conominuyk

KaHamaaT cilbCbKOrocnofapCbKnx Hayk

YepHiBeLbka obnacHa diTocaHiTapHa nabopaTopis

58025, syn. HagpiyHa, 236, m. YepHisu,i, YkpaiHa
https://orcid.org/0000-0001-7394-0333

Mupocnas MikoBCbKuUi

[OKTOp CinbCbKOrocnoAapcbKkmx Hayk, npodecop

HauioHanbHMI yHiBEpcUTET BiopecypciB i NPMPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. Tepois ObopoHU, 15, m. Kuis, YkpaiHa
https://orcid.org/0000-0003-0689-604X

BionoriuHMM KOHTPOJIb aNibTepHapio3y
Ta ditopTOopo3y KapTonni

AHoTauiq. [HbeKLiHI xBopobu — anbTepHapios i piTodpTopo3, BUKIUKAHI MikKpoopraHizMaMu
Alternaria solani i Phytophthora infestans, — 4acTo 3HUKYIOTb YPOKAMHICTH i AKiCTh KapTOILII.
KOHTPOJIb 3aXBOPIOBaHb Ilepenbadaec iHTeHCUBHE BUKOPUCTAHHA XiMIiUYHUX MMECTUIUIB, IO
IPpU3BOLUTH IO BUHUKHEHHS Pe3UCTEeHTHOCTI[IaTOreHiB i piSHUX eKOJIOTIYHUX BUKJIUKIB. ToMy
aKTyaJIbHUM € BHMBUYEHHS Oe3[eYHUX MeTOJiB 3aXUCTy POCIMH. MeToo IOCIiIXeHHs 6yia
oriHka eQeKTUBHOCTI pi3HUX KOMbiHAIiM 6ioNoriuHuX MTpernapaTiB IPOTH aJbTepHapiosy Ta
diTodTopo3y KapTomii. ERCIIeprMeHTU ITPOBOLUIIU B yMOBax YKpaiHChKOI HAYKOBO-LOCIifHOT
CTaHLIIKapaHTUHYPOCIUHIHCTUTYTy3axUCTypocauH HallioHanbHOlaKaeMilarpapHUXHayK.
071 ZoCIifKeHb BUKOPUCTOBYBaNu 6iopyHrinuay Ha ocHoBi MikpoMineTiB pozis Gliocladium
i Trichoderma Ta 6akTepiyt pogiB Pseudomonas i Bacillus. 3acTocyBaHHs KOMbiHALiN pi3HUX
IIpenapaTiB BKJIOYAJO IIepeAIIocagKoBy 06po6Ky 6ynbb i Tpu 06MpPHUCKYBAHHSA BETETYIOUUX
POCJIVH Ha pi3HUX eTalax ix poCTy Ta PO3BUTKY. BuUKopucTaHHs biompenapaTiB Ha KapTOILIi
3MeHIIyBaJIONOIIMpeHHI aIbTepHapio3y Ha 38,7-51,2 % Ta 3HM)KyBaJI0O IHTEHCUBHICTE DO3BUTKY
xBopobu B Mexkax 19,1-24,2 % TOpiBHAHO 3 KOHTpoJieM. [Ipu 1IbOMY TeXHiuHa epeKTUBHICTH
cTaHoBuMIIA Bix 70,0 mo 88,6 %. Hatibinbin mieBuMy KOM6iHALiIMU AJ19 06MEXeHHSI XBOpo6u
6ynu BioctekTp BT + BiracTum BT, BakTodit BT + Biol'i6epsit BT, BakTodit BT + BitacTiMm BT,
AKi 3a6e3meuyBany TeXHIUHY ebeKTUBHICTb 82,0-88,6 %. JocaimkyBaHi biommpenapaTy TaKOXK
3MeHIIYBaJIU YPaskeHHs POCIUH 36yTHUKOM diTodTopo3y. TexHiuHa ebeKTUBHICTD 3a Pi3HUX
BapiaHTIB 3acTOCyBaHHA IIperapariB cTaHoBua Bix 61,6 % (Tpuxomncus BT + Biol'ibepsit BT,
dnyopecuun BT + Bioli6epsiT BT) mo 84,9 % (BakTodit BT + BiTactum BT). Bionoriuni
rpernapaTy IO3WTHUBHO BIJIMBAJIM Ha picT pocnuH, GopMyBaHHSA BPOXKAIO Ta 3arajibHy
MIPOAYKTUBHICT. HaMbiNbUINY IPUPICT yposKaIo CIIOCTepiraay y BapiaHTax i3 3acToCyBaHHAM
BakTodiTBT +Biol'i6epBiT BT, TpuxoncuH BT + BitacTuM B BiociekTp BT + BitracTiM BT. [TpoBe feHi
IOCTiIReHHs IiATBEpAUIY ITOTEHIlia 6ionpenapaTiB B yIIpaBIiHHI XBopobaMu KapTOILIi

KniouoBi cnosa: 6iompenapary; rpubHi XBopobH; MiKpOOpraHisMu-aHTAarOHICTY; ebeKTUBHICTE;
6y/Ib61; ypOSKakMHICTD
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