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MYCOFLORA OF STRAWBERRY PLANTS

Goal. To identify fungi associated
with the tissues of strawberry plants and
evaluate the frequency of their isolation
at different stages of plant growth. Me-
thods. The research was conducted in
the Right Bank Forest Steppe of Ukraine
(Cherkasy Region) in 2021—2023,
cv. ‘Clery’. Plant samples were taken in
the phases of rosette formation (April),
budding-flowering (May), fruit ripen-
ing (June) and in the post-harvest pe-
riod (July-August). The analysis was car-
ried out in laboratory conditions using
macroscopic and biological methods.
Results. During the research period,
fungi belonging to 27 genera were iso-
lated from strawberry tissues. In general,
they can be divided into three groups:
pathogens of leaves, which is the most
numerous, berries, roots and crown.
Representatives of the genera Alternaria,
which were isolated from 57—100% of
samples, and Fusarium (40—88%) oc-
curred most often. Less often, but also
during the entire growing season, Peni-
cillium spp. (36—69%), Podosphaera
aphanis (11—80%), Botrytis cinerea
(27—67%), Paraphomopsis obscurans
(24—77%) were isolated. Among the leaf
diseases powdery mildew was recorded
during all growing season, with a maxi-
mum in the fruit ripening phase. White
leaf spot was observed starting from the
budding-flowering phase, and leaf scorch
was found from the fruit ripening phase.
Gray rot was the most common fruit
disease. The root system was more often
affected by Fusarium spp. Conclusions.
The obtained results demonstrate that
during the entire growing season fungi
of the genera Alternaria, Fusarium, Peni-
cillium, as well as Podosphaera aphanis,
Botrytis cinerea and Paraphomopsis ob-
scurans were most often isolated from
strawberry tissues. R. grevilleana was
isolated starting from the budding-flo-
wering phase, and D. earlianum from
the fruit ripening phase. Species from
the genera Podosphaera, Ramularia, Dip-
locarpon, Colletotrichum, Pestalotiopsis,
Verticillium, Sclerotinia, Gnomoniopsis,
Rhizoctonia, Coniella, Rhizopus, Septoria,
Cylindrocarpon require constant control
of their spread. Under favorable condi-
tions for their development, they can
cause damage to plants and a significant
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lack of harvest. The seasonal monitoring
of fungi on strawberry provides a means
for establishing the optimal periods for
their control and developing effective
disease protection system.
strawberry; mycoflora; species
composition; isolation frequency;
monitoring; leaf diseases; berry
diseases; root and crown rots

According to the State Statistics
Service, the total area of strawberry
plantations in Ukraine is 7.1 thou-
sand hectares. At the same time,
only 1.1 thousand hectares are in
commercial production. The aver-
age crop yield reaches 7.48 t/ha [1].
Strawberry (Fragaria L.) is valu-
able for the high taste, nutritional,
medicinal and dietary properties of
the fruits. The strawberry is the first
to open the season of fresh berries.
They are especially rich in sugars,
organic acids, pectin, vitamins (C,
P, Bg, B2, E, K) and mineral ele-

KapaHmuH i 3axucm pocaux

ments (potassium, phosphorus, cal-
cium, sodium, magnesium, iron,
iodine). Berries are consumed fresh
and processed. The yield and quality
depend on the place where straw-
berries are grown, the weather con-
ditions of the year, the cultivar, the
special cultural practices.

The most widespread strawberry
diseases in the world are anthrac-
nose (black spot) — the pathogens
are Colletotrichum spp., phytophtho-
ra root rot — Phytophthora fragariae
var. fragariae Hickman, fusarium
wilt — Fusarium oxysporum f. sp.
fragariae Winks et Williams, pow-
dery mildew — Podosphaera apha-
nis (Wallr.) U. Braun & S. Takam
(Sphaerotheca macularis (Wall. ex
Fries) Jazz f. sp. fragariae (Peries),
white spot — Ramularia grevilleana
(Tul. & C . Tul. ex Oudem.) Jumrst.
(Ramularia tulasnei Sacc., Cylindro-
sporium grevilleanum Tul. & C. Tul.
ex Oudem, Mycosphaerella fragariae
(Tul.) Lind.), leaf scorch — Diplo-
carpon earlianum (Ellis & Everh.)
F.A. Wolf (Marssonia potentil-
lae (Desm.) J.C. Fisch., Ascochyta
fragariae Sacc., Phyllosticta potentil-
lae Desm.), leaf blight — Parapho-
mopsis obscurans (Ellis & Everh.)
Udayanga & Castl. (Phomopsis ob-
scurans (Ellis & Everh.) B. Sutton)
[2—35]. These diseases lead to a sig-
nificant decrease in the productivity
of plantations (from 15 to 92%), and
their epiphytotic development can
cause up to 100% yield losses [2, 6,
7]. In addition, due to diseases the
general weakening of plants occurs,
and as a result fruit-bearing plan-
tations form lower yield next year
and the yield of standard seedlings
in nurseries decreases [6, 7, 8].

In Ukraine, root rot, leaf scorch,
white spot, powdery mildew, verti-
cillium wilt and gray rot are consi-
dered the main diseases of strawber-
ries [6, 7, 9, 10, 11]. At the same
time, when studying pathogens of
strawberry diseases, the main atten-
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tion was focused on their harmful-
ness, plant resistance, and the im-
pact of protective measures. Little
attention was paid to the processes
of formation of mycoflora com-
plexes on strawberry. A wider study
of this issue will be important for
the improvement of protective
measures, may become the basis for
their rational selection and increase
the effectiveness of their application.

The goal of the research was to
identify fungi associated with the
tissues of strawberry plants and to
estimate the frequency of their iso-
lation in different periods of the
growing season.

Methods of investigation. Surveys
of fruit-bearing strawberry crops
were carried out under conditions
of the Right Bank Forest Steppe
of Ukraine (Cherkasy Region)
in 2021—2023 on the cv. ‘Clary’.
Plant samples were taken in the
phases of rosette formation (April),
budding-flowering (May), fruit rip-
ening (June) and in the post-harvest
period (July-August). Samples were
labeled and delivered in paper bags
to the laboratory, where they were
analyzed using macroscopic and bi-
ological methods. At the first stage,
microscopic methods were used to
detect the sporulation of fungi. In
order to stimulate mycelial growth
and improve sporulation, a moist
chamber and nutrient medium were
used. The tissue segments were
washed with tap water, sterilized
with 96% ethanol and washed twice
with sterile water. Then they were
placed in a humid chamber and
in Petri dishes with potato-glucose
agar (PDA) and kept at temperature
24°C. Pathogens were identified by
cultural and morphological charac-
teristics of colonies and morpho-
metrics of sporulation [12].

The frequency of isolation (IF,
%) was calculated according to the
formula:

IF = (m/M) x 100,

where m is the number of samples
from which this genus or species
was isolated; M is the total number
of samples.

Results and discussion. During
the research period, fungi belon-
ging to 27 genera were isolated
from strawberry tissues (Table 1).
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The most common were Alternaria
spp. (in average 82%) and Fusarium
spp. (70%). Botrytis cinerea Pers.
and Paraphomopsis obscurans (El-
lis & Everh.) Udayanga & Castl.
were isolated from 48% of samples,
Penicillium spp. — from 46% of
samples. These fungi were present
at all stages of plant development.
Representatives from the genera Po-
dosphaera Kunze, Ramularia Unger,
Diplocarpon F.A. Wolf, Colletotri-
chum Corda, Pestalotiopsis Steyaert,
Trichoderma Pers. were found less
frequently. Fungi from the genera
Acremonium Link, Epicoccum Link,
Verticillium Nees, Mucor P. Micheli,
Sclerotinia Fuckel, Gnomoniopsis
Berl., Trichothecium Link, Rhizoc-
tonia DC, Aspergillus P. Micheli,
Coniella Hohn., Rhizopus Ehrenb.,
Chaetomium Kunze, Sepforia Sacc.,
Cylindrocarpon Wollenw., Doroto-
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myces Corda occurred periodically
in certain phases of plant develop-
ment or in small quantities.

Alternaria spp. are known as
pathogens of strawberry leaf spot,
which is considered an economi-
cally significant disease. It was
found in many Asian countries and
in Europe [13, 14]. In addition,
fungi of this genus can occur as a
secondary infection, i.e. they colo-
nize tissues damaged by hail, pests,
or have other physical or biological
injuries [15]. They are also included
in the complex of pathogens that
cause mold and rotting of berries
during the fruiting period of straw-
berries [13].

Fusarium spp. can cause signifi-
cant damage to strawberry plants.
The complex of fungi of this ge-
nus (Fusarium oxysporum Schlecht.,
F. commune K. Skovg., F. equiseti

The frequency of isolation of fungi during the growing season
(Cherkasy region, cv. ‘Clery’, average for 2021—2023), %

Development phase
Genera/species rosette budding- fruit post-harvest

formation flowering ripening period
Alternaria sp. 89.0+11.5 833+17.5 56.7 +10.1 100.0
Fusarium sp. 40.0+5.8 76.7+ 8.8 87.7+33 76.7 £6.7
Botrytis cinerea 56.7 £5.8 433+6.7 66.7 £ 10.6 26776
Paraphomopsis obscurans 76.7 £8.8 63.3+6.6 243+6.8 26.7 £33
Penicillium spp. 35.7+88 433+47 36.7+£5.0 69.0+4.4
Podosphaera aphanis 11.0+£33 233+44 80.0 +8.8 46.7+5.8
Ramularia grevilleana 0.0 26.7 £6.6 83.3+10.1 93.3+12.0
Diplocarpon earlianum 0.0 0.0 523+76 76.7 £8.6
Cladosporium sp. 60.0+£15.3 333176 333176 26.7 £6.6
Colletotrichum sp. 40.0£8.7 26.7 +6.7 16.7 £5.8 26.7 £6.7
Pestalotiopsis sp. 16.7 £33 11.0£33 343+58 46.7 £ 4.4
Trichoderma sp. 20.0+8.0 16.7 £ 44 16.7 £ 4.4 26.7+5.8
Acremonium sp. 20.0+838 10.0+3.3 16.7 4.4 6.7+34
Epicoccum nigrum 36.7£10.9 10.0£5.8 0.0 0.0
Verticillium sp. 0.0 0.0 16.7 £33 233+93
Mucor sp. 0.0 100+ 44 16.7 £5.8 0.0
Sclerotinia sclerotiorum 0.0 0.0 16.7+58 6.7+3.3
Gnomoniopsis comari 20.0+11.5 0.0 0.0 0.0
Trichothecium roseum 0.0 0.0 0.0 17.7+13.2
Rhizoctonia sp. 0.0 0.0 0.0 16.7 £6.7
Aspergillus sp. 0.0 0.0 16.7 £6.7 0.0
Coniella fragarie 13.3+48 0.0 0.0 0.0
Rhizopus sp. 0.0 0.0 6.7+3.3 0.0
Chaetomium sp. 6.7+3.4 0.0 0.0 0.0
Septoria fragariae 0.0 0.0 33+3.0 0.0
Cylindrocarpon sp. 0.0 0.0 33+3.0 0.0
Doratomyces sp. 0.0 0.0 33%£3.0 0.0
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(Corda) Sacc., F. solani (Mart.)
Sacc., F. tricinctum (Corda) Sacc.,
F. sambucinum Fuckel ) are caus-
ative agents of root and collar rots.
Fusarium oxysporum also cause fu-
sarium wilt [15, 16].

Botrytis cinerea (Fig. 1) causes
gray mold — a commercially harm-
ful disease of strawberries. This
pathogen infects fruits in the field,
during storage, and transportation
[16]. The fungus can develop as a
parasite and as a saprophyte [7].

Fruit rot can also be caused by
Rhizopus spp. and Mucor spp. In the
field, symptoms appear on mature
or nearly mature fruits. At the same
time, damage to the fruit surface is
necessary for infection. The pro-
cess develops very intensively, the
mycelium of the fungus can com-
pletely cover the fruit in almost a
day. Pathogens can continue to
grow on harvested infected but still
asymptomatic berries, as well as on
healthy fruits that have been ex-
posed to spores, causing fruit losses
during processing and storage [7,
15, 17].

Penicillium fruit rot (mostly
Penicillium expansum Link and some
other species of this genus), can also
cause significant post-harvest losses
[17]. However, endophytic Penicil-
lium spp. have a wide spectrum of
antimicrobial activity. Investiga-
tions of Zargar et al [18] showed
that P. hordei Stolk and P. poloni-
cum K.W. Zaleski isolated from the
leaves and shoots of strawberries
have antagonistic properties against
the causative agent of anthracnose.

Powdery mildew (Podosphaera
aphanis) was the first to appear
among strawberry leaf diseases. Its

Y. 1% 59,
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Fig. 1. Conidiophores with conidia of Botrytis cinerea

symptoms were recorded starting
from the phase of rosette formation
with an average isolation frequency
of 11% over the years of research.
Over time, the damage by the dis-
ease increased and reached a maxi-
mum during the ripening period of
the fruits.

The pathogens of the most com-
mon strawberry leaf spots — white
spot (R. grevilleana) and leaf scorch
(D. earlianum) (Fig. 2) were found
mainly in the second half of the
growing season. The frequency of
their isolation reached 93.3 and
76.7%, respectively.

In general, among the selected
pathogenic species, the causative
agents of leaf diseases are: Pestalo-
tiopsis sp., Diplocarpon earlianum,
Septoria fragariae Desm., Para-
phomopsis obscurans, Ramularia
grevilleana, Colletotrichum sp., Po-
dosphaera aphanis, Gnomoniopsis
comari (P. Karst.) Sogonov, Alter-
naria spp. The following species
caused berry diseases — Botrytis ci-
nerea, Sclerotinia sclerotiorum (Lib.)
de Bary, Colletotrichum sp., Rhizo-
pus sp. Some of the isolated fungi
were associated with collar and root
diseases — Fusarium spp., Gnomo-
niopsis comari, Rhizoctonia sp., Cy-
lindrocarpon sp., Coniella fragariae
(Oudem.) B. Sutton.

In addition, the following fun-
gi were isolated: Aspergillus sp.,
Penicillium spp., Cladosporium sp.,
Acremonium sp., Trichotecium rose-
um (Pers.) Link, Chaetomium sp.,
Mucor sp., Epicoccum nigrum Link,
Trichoderma sp., Doratomyces sp.

It is necessary to pay attention to
the rather high frequency of detec-
tion of the fungi Paraphomopsis ob-
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scurans and Pestalotiopsis sp. Fungi
of the genus Pestalotiopsis (Fig. 3)
can cause necrotic spots on leaves
and flowers, as well as affect fruits
[19, 20]. There are also reports that
they are pathogens of root and col-
lar rot [21, 22].

Black spot can appear on leaves,
stems, shoots, fruits and collar of
strawberries. Its causative agents
are fungi of the genus Colletotri-
chum. C. acutatum J.H. Simmonds,
C. gloeosporioides Penz.) Penz. &
Sacc., C. fragariae A.N. Brooks are
most often mentioned as pathogens
of black spot of strawberry [23].
Frequency of isolation of Collefotri-
chum sp. varied during the growing
season from 16.7 to 40%. Although
the pathogen was more often re-
leased during the begining of ve-
getation period, no symptoms were
observed on leaves at this time. It
is known that C. acutatum can be
present as a latent infection, causing
no symptoms on leaves, but being
an important source of infection
[24, 25].

Identification of Colletotrichum
species is quite difficult, their mor-
phometric features are very similar,
therefore most modern studies are
aimed at using the PCR method
of diagnosis for accurate identi-
fication. Based on the results of
research by Pei-Che Chung et al.
[26] 5 species of this genus were
isolated from strawberry plants and
identified by the PCR diagnostic
method: C. miaoliense P.C. Chung
& H.Y. Wu, C. boninense Moriwaki,
Toy. Sato & Tsukib., C. karsti You
L. Yang, Zuo Y. Liu, K.D. Hyde &
L. Cai, C. fructicola Prihast., L. Cai
& K.D. Hyde ta C. siamense Pri-

Fig. 2. Conidia of Diplocarpon earlianum
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hast., L. Cai & K.D. Hyde. Ying Ji
et al [27] isolated and identified 23
species on strawberry. The most
spread were C. nymphaea (Pass.) Aa,
C. acutatum, C. fructicola, C. sia-
mense, C. theobromicola Delacr.
and C. simmondsii R.G. Shivas &
Y.P. Tan [27].

Gnomoniopsis comari (Fig. 4)
transfers with planting material and
appears mainly at the beginning of
the season. It can exist as a systemic
infection in shoots that does not be-
come apparent until favorable con-
ditions occur and the fungus begins
to infect leaves and calyxes [28].

Rhizoctonia sp. (Fig. 5) was iso-
lated from strawberry roots in the
post-harvest period. This fungus
is considered as one of the main
pathogens of strawberry root rot
and is often found in combination
with other pathogens, in particular
Fusarium spp. [15, 28].

Fig. 3. Conidia of Pestalotiopsis sp.
-

Fig. 4. Perithecia of Gnomoniopsis comari on PDA
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CONCLUSIONS

The obtained results demonstrate
that during the entire growing sea-
son fungi of the genera Alternaria,
Fusarium, Penicillium, as well as Po-
dosphaera aphanis, Botrytis cinerea
and Paraphomopsis obscurans were
most often isolated from strawberry
tissues. R.grevilleana was isolated
starting from the budding-flowering
phase, and D.earlianum — from the
fruit ripening phase.

Species from the genera Podo-
sphaera, Ramularia, Diplocarpon,
Colletotrichum, Pestalotiopsis, Ver-
ticillium, Sclerotinia, Gnomoniopsis,
Rhizoctonia, Coniella, Rhizopus,
Septoria, Cylindrocarpon require
constant control of their spread.
Under favorable conditions, they
can cause damage to plants and a
significant lack of harvest.

Monitoring of strawberry my-
coflora during the growing season
provides an opportunity to estab-
lish optimal periods for disease
control and the development of
effective protection systems.
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Mikodmopa pocinu
CyHHUIIi cafoBO1

Merta. Inentudikaris rpn6is, mos’s-
3aHUX 3 TKAaHMHAMM POC/IVMH CyHUI, Ta
OLiHKa YacTOTH IX i3071:A11i1 B pisHi asn
po3BuTKy pocnuH. Meropu. Ilonbosi i
nmaboparopHi. JlocmimKeHHS TP OBOVIIN
B [IpaBo6epexnomy Jlicocteny Ykpainu
(Yepkacpka 0671.) y 2021—2023 pp. Ha
copti Knepi. 3paskn pocnun Bifb6upa-

KapaHmuH i 3axucm pocaux

mm 'y ¢pasu popMyBaHHs poseTKu (KBi-
TeHb), OyTOHi3auii-1BiTiHH: (TpaBeHb),
[OCTUTaHHA IJIOAIB (YepBeHb) Ta y Imic-
ns136MpanbHuit mepiof (umneHbp — cep-
IeHb). AHajIi3yBanu pesynbraTi B /1a-
60paTOPHMX YMOBaX i3 3aCTOCYBaHHAM
MaKpOCKOIIIYHOTO Ta 6i0MOriYHOro Me-
tofis. Pesynbrarn. Ilporsarom nepiony
HOCIIifKeHb 3 TKAHUH CYHMLi OY/I0 BU-
[ineHo rpubu, 1o HaaeXaTb 40 27-MU
popiB. 3arajoM iIX MOKHa IOAIINTU Ha
TpM Ipynu 30yIHMKIB XBOpPOO: mmCTA
(HaitbinpIn YncenbHa), Arif, KOpeHiB i
KopeHeBoi mmiiky. Haituacrime Tpania-
NVCSL TIPefiCTaBHUKM pofiB Alternaria,
AKUX BUpinAmm 3 57—100% 3paskis, Ta
Fusarium (40—88%). Piguue, ane Takox
NIPOTArOM BCHOTO IEpiofy BereTalii,
isomoBanu Penicillium spp. (36—69%),
Podosphaera aphanis (11—80%), Botrytis
cinerea (27—67%), Paraphomopsis ob-
scurans (24—77%). 3 xBopo6 nucts
BIIPOJOBX Ilepiofy Bererauii ¢ikcysa-
7 OOPOLIHNUCTY POCY 3 MAKCUMYMOM Y
¢asi gocturanns miopis. Ilounnaroun 3
(’pasM 6YTOHi3aHﬁ—HBiTiHHH crocrepira-
NN ypakeHH: 6171010 IJIAMUCTICTIO, a 3
¢asu gocTuranHs wioxis — O6yporo mwis-
MIUCTICTIO. 3 XBOPOO IIOfIiB HaitbinbIie
6yna noumpena cipa ruunp. Kopenesa
cyucTeMa Yacrille ypaxysanach Qysa-
piozom. BucHoBku. BripofjoBx Bcboro
BETETALiHOrO Iepiojy Halidacrime 3
TKaHVH CYHMUI Bupinsamu rpubn po-
niB Alternaria, Fusarium, Penicillium,
Podosphaera aphanis, Botrytis cinerea i
Paraphomopsis obscurans. Ilounnatoun
3 a3y 6y TOHI3aLii-BITIHHS BUAIIABCA
R. grevilleana, a 3 pa3u fo3piBaHHA IUIO-
niB — D. earlianum. Bupu 3 popis Po-
dosphaera, Ramularia, Diplocarpon, Col-
letotrichum, Pestalotiopsis, Verticillium,
Sclerotinia, Gnomoniopsis, Rhizoctonia,
Coniella, Rhizopus, Septoria, Cylindrocar-
pon BUMararThb HOCTITHOTO KOHTPOJIIO
HOUIYPEHHs. 3a CIPUATINBUX YMOB [/15
IXHBOTO PO3BUTKY I'PUOY MOXYTb CIIPU-
YYHNUTYU YPOKEHHsI POC/INH Ta 3HAYHUIL
Henob6ip ypoxaro. MoHITOpUHT MiKo-
(rropy cyHMIIi IPOTATOM BEreTaLiliIHOTO
Tepiony fa€ MOK/IMBICTh BCTAHOB/IIOBA-
TI ONTMMAJIbHI IIepioint 11 KOHTPOIIIO
XBOp0o06 Ta po3po6KM epeKTUBHUX CUC-
TEM 3aXUCTY.
CYHMISI; BUZOBUMII CKiIaj rpu0is;
4acTroTra i30/sALil; MOHITOPUMHI;
XBOPOOM NHCTS; XBOPOOH IUIOMIB;
THUTi KOPEHiB Ta KOPEeHeB Ol IITKN
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