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SHORT COMMUNICATION

The fig-tree skeletonizer moth, Choreutis nemorana (Hiibner,
1799) (Lepidoptera: Choreutidae), a new species for the Algeria

fauna

H. Belguerri', B.A. Boulaouad', S. Bella?*, M. Belkacem?, B. Harzallah* and

B. Bakhouche?®

Summary The fig-tree skeletonizer moth, Choreutis nemorana (Hiibner, 1799) (Lepidoptera, Choreuti-
dae), is a widespread species in the Mediterranean region. In October 2023 and June 2024, during pest
control operations as part of the harvesting campaign in the fig groves of the Bordj Ghedir and Wilaya
de Bouira regions (Algeria), C. nemorana was documented for the first time in Algeria.

Additional keywords: Africa, Algeria, Choreutis nemorana, fig-tree skeletonizer moth, first record

Introduction

The fig tree (Ficus carica L.) is a highly prev-
alent plant species in the Mediterranean re-
gion. It represents one of the oldest culti-
vated fruit trees globally and possibly the
earliest domesticated plant of the Neolith-
ic revolution, being cultivated approximate-
ly a thousand years before cereals (Kislev et
al., 2006). In Algeria, fig trees have been cul-
tivated for centuries, renowned for their ex-
ceptional quality (Abdelkader et al., 2023).
Alongside olive and citrus, fig trees stand
out as economically and socially significant
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fruit species, comprising over 10% of the na-
tional arboricultural heritage. According to
FAO (2023), the cultivated area for fig trees
in Algeria was 39.065 ha in 2021. A notable
decline from the 80.000 ha was recorded in
1950 (Rebour, 1952). In 2021, the fig tree pro-
duction in the country reached 107.266 tons
(FAQ, 2023) with a relatively low yield, not
surpassing 2.75 tons per ha. These statistics
highlight that fig tree cultivation in Algeria
persists in a traditional manner, being part
of an extensive farming system.

There are few studies on the pests affect-
ing the fig tree in Algeria; the species stud-
ied include: Hypoborus ficus Erichson and
Hypocryphalus scabricollis (Eichhoff) (Cur-
culionidae, Scolytinae), Niphona picticornis
(Mulsant) and Trichoferus fasciculatus (Falder-
mann) (Cerambycidae), Scobicia chevrieri (A.
Villa and G.B. Villa) and Sinoxylon sexdentat-
um (Olivier) (Bostrichidae), Lagria viridipennis
(Tenebrionidae, Lagriinae), Ceroplastes rus-
ci (Hemiptera, Coccidae), Paratylenchus sp.
(Nematoda, Tylenchidae) (Biche et al., 2012;
Chelli et al., 2023; Mellal et al., 2023).

In this account we report the first occur-
rence in Algeria of the fig-tree skeletonizer
moth, C. nemorana (Hibner, 1799) (Lepidop-
tera: Choreutidae), a monophagous species
on F. carica (Moraceae).
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Choreutis nemorana (Hibner, 1799)
Tortrix nemorana Hiibner [1799]: pl. 1, fig. 3.

Examined material

Algeria - Bordj Ghedir region, Bordj Bou Ar-
reridj (35°53"N, 4°53’ E), 1 ¢, 05-X-2023; Wila-
ya de Bouira region, Bouira 1 3, 12-VI-2024,
leg. et coll. B.A. Boulaouad.

Results and discussion

The first specimen of C. nemorana (Fig. 1) was
observed on 5 October, 2023, during the fig
harvest period in the Bou Arreridj territory,
located to the south of the provincial capital
and on 12 June, 2024, in the Bouira territory,
in Algeria. In the first site the moth was ob-
served flying from a fig tree to a nearby lem-
on verbena (Aloysia citrodora Palau) (Verben-
aceae). The specimen was identified based
on the specific wavy wing shape: forewings
mainly reddish brown to ochreous brown,
suffused with black and marked extensively
with white to grey scales; hindwings brown-
ish, each with a pair of pale spots towards the
margin (Alford, 2007). The damage caused
by this species on fig trees includes signifi-
cant skeletonization of leaves, resulting in
visible deformation, discoloration, and tear-
ing of the laminae (Alford, 2013).

Choreutis nemorana is a widely distribut-
ed species in the Mediterranean region, in-
cluding Southern Europe and North Africa

Figure 1. Fig-tree moth Choreutis nemorana (Hiibner) on Aloy-
sia citrodora in Bordj Ghedir region, Algeria.
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(Fig. 2).Itis also presentin the Canary Islands
and Madeira, and in parts of Asia (Armenia,
Georgia, Iran, Iraq, Azerbaijan, and Uzbeki-
stan) (Rota et al., 2014; Lepiforum, 2024). In
Europe, ithas been observedin Albania, Aus-
tria, Belgium, Bosnia and Herzegovina, Brit-
ish Isles, Bulgaria, Croatia, Czech Republic,
Cyprus, France (including Corsica), Germa-
ny, Gibraltar, Greece (including Crete, Aege-
an and Dodecanese Islands), Hungary, Italy
(including Sicily and Sardinia), Macedonia,
Malta, Portugal, Romania, Serbia, Slovakia,
Spain (including Balearic Islands), Switzer-
land, the Netherlands, Turkey, and Ukraine
(Gaedike, 2008; De Prins and De Prins, 2014;
De Prins et al., 2014; Werno, 2014; Szaboky,
2015; Vossen, 2015; Fauster, 2016; Lendel,
2017; Vaneva-Gancheva, 2017; Stojanovic¢ et
al., 2020; Singh et al., 2022; Sumpich et al.,
2023; Lepiforum, 2024). Choreutis nemora-
na was observed in North Africa in Tunisia
(Zouba, 2010) and Egypt (El-Abbassi et al.,
1997) but no prior observations have been
made in Algeria and Morocco. Thus, the cur-
rent record represents the first documented
observation of this species in Algeria.
Regarding the introduction of C. nemora-
na in Algeria, global plant trade and climate
change offer great opportunities for numer-
ous insect species to occupy new territories
and most likely, these aspects are also hav-
ing an impact on the spreading of C. nemo-
rana in the Mediterranean basin. In fact,
the moth has rapidly expanded its distribu-
tion area northwards and eastwards during
the last 20 years (Vaneva-Gancheva, 2017;
Stojanovi¢ et al., 2020; Lepiforum, 2024).
The cultivation of fig trees in Algeria is
conducted within a traditional extensive sys-
tem that heavily relies on natural resources
and the intrinsic characteristics of cultivated
varieties. The improvement of current situa-
tion in terms of surface area, yield, and pro-
duction depends on various factors, with a
primary emphasis on cultural practices at the
orchard level. In addition to the moderniza-
tion of the irrigation systems and the estab-
lishment of effective fertilization programs,
controlling pests and diseases in this culti-
vation has become an absolute necessity for
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Figure 2. Distribution of Choreutis nemorana (Hiibner) in Northern Africa - Yellow indicates the new record, orange repre-
sents the countries where the species was recorded before, and white indicates no reports.

the preservation of this traditional species
(Di Silvestro et al., 2021). Notably, C. nemora-
na poses a new threat to fig growers, necessi-
tating national awareness campaigns for the
pest recognition (harmful stages, number of
generations, etc.). Choreutis nemorana is con-
sidered a minor pest of F. carica, that mainly
attacks abandoned, spontaneous, and ne-
glected plants. Control measures are per-
formed by removing and destroying the in-
fested leaves with the caterpillars. In these
agroecological conditions, it is important to
encourage the spread of the natural enemies
of the fig-tree skeletonizer moth, i.e. tachinid
diptera, and numerous generic predatory in-
sects (Baviera et al., 2017; Singh et al., 2022).
Furthermore, the development of a control
strategy is crucial, emphasizing prevention
as the primary approach and considering in-
secticide treatment as a last resort. Chitgar
et al. (2014) examined digestive enzyme in-
hibitors in the gut of C. nemorana in the per-

spective of application in transgenic plants
as a safe method against the pest while min-
imizing environmental impact.

We are grateful to Dr Jadranka Rota (Finland)
and Dr Verovnik Rudi (Slovenia) for the helpful
comments.
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2YNTOMH ANAKOINQ2H

Choreutis nemorana (Hiibner, 1799) (Lepidoptera:
Choreutidae), éva véo €ido¢ yia tnv mavida tng AAyepiag

H. Belguerri, B.A. Boulaouad, S. Bella, M. Belkacem, B. Harzallah kat
B. Bakhouche

NepiAnPn O evtopoloyikdc exBpdC TG oukiag, Choreutis nemorana (Hiibner, 1799) (Lepidoptera,
Choreutidae), ival éva supéwc diadedopévo gidog otnv meploxr TN Meooyeiou. Tov OkTwRpLo TOU
2023 kat Tov lovvio Tou 2024, Katd Tn SIdPKELN EQAPUOYWY GUTOTIPOOTACIAC OTO TMAQICIO TNG GUYKOUL-
dN¢ og omwpwveg ouklag Twv meptoxwv Bordj Ghedir kat Wilaya de Bouira (AAyepia), TekunplwOnke n
napouaia tou C. nemorana yla mpwtn @opd otnv AAyepia.
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Comparative effect of biopesticides against the fall armyworm
Spodoptera frugiperda (J.E. Smith)

A.A.M. Atta', A.A. Al-Ayat’, H.A. Gad™ and S.A.M. Abdelgaleil?

Summary The current study evaluated the effect of microbial-derived insecticides (abamectin and
spinosad), two microbials (Beauveria bassiana (Balsamo) Vuillemin, Bacillus thuringiensis Berliner), and
three chitin synthesisinhibitors (CSIs) (chlorfluazuron, hexaflumuron and lufenuron) against Spodoptera
frugiperda larvae. Spinosad and abamectin caused pronounced mortality against second larval instar
of S. frugiperda using the leaf dipping method. Spinosad induced higher toxicity (LCs, = 4.01 mg/L)
than abamectin (LCso = 8.33 mg/L) one day after treatment. The treatments with B. bassiana and B. thu-
ringiensis caused higher mortality of S. frugiperda larvae 7 days after treatment with LCs, values of 3.0
x 10%spores/ml and 8.2 x 106 cells/ml, respectively. In the case of the CSls, hexaflumuron showed high-
er toxicity than chlorfluazuron and lufenuron with LCs, values of 0.01,0.009 and 0.005 mg/L 3,7 and 10
days after treatment, respectively.

Additional keywords: abamectin, Beauveria bassiana, Bacillus thuringiensis, chitin synthesis inhibitors, fall ar-

myworm

Introduction

Spodoptera frugiperda (J.E. Smith) (Lepi-
doptera: Noctuidae) is a destructive insect
species for many crops including field crops,
such as maize, rice, sorghum, sugarcane, and
cotton, and vegetable crops, such as tomato,
potato, cucumber, and cabbage. The insect
causes massive loss crop yield either in qual-
ity or quantity (Murua et al., 2006; Prasanna
etal., 2018). Recently, the insect has become
a key pest in grain crops, especially maize,
in most of the countries in America and Af-
rica (Rwomushana et al., 2018; Mendesil et
al., 2023). Typical insect damage symptoms
include holes in plant leaves and death of a
heart of young plants due to larvae feeding
(Abrahams et al., 2017; Capinera, 2017).

In Egypt, S. frugiperda was first recorded
in May 2019 in a maize field in Aswan Gov-
ernorate (Upper Egypt) and since then it
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has been spread out throughout the coun-
try (Dahi et al., 2020; Gamil, 2020; Al-Ayat et
al., 2022). Spodoptera frugiperda was first re-
ported in West Africa in late 2016 (Goergen
etal., 2016), and by early 2017 the pest invad-
ed Sub-Saharan Africa. Recent reports con-
firmed the occurrence of fall armyworm in
28 countries in Africa (Day et al., 2017). Since
the outbreak of S. frugiperda in Africa, the
synthetic insecticides have been broadly
applied for the management of this insect
pest on infested crops, particularly maize
(Tepa-Yotto et al., 2022). As the overuse of
synthetic insecticides is connected with se-
rious problems, such as the increase of envi-
ronmental pollution, adverse effects on ani-
mals and humans, and emerging resistance
of insects (Yu, 1991; Prasanna et al., 2018), al-
ternative strategies, such as bioinsecticides,
entomopathogenic fungi, pheromone traps,
and parasitoids, have been examined and
used against S. frugiperda (Mendez et al.,
2002; Gutierrez-Martinez et al., 2012; Varsh-
ney etal., 2021).

Many studies report the efficacy of bi-
opesticides, such as entomopathogenic bac-
teria, fungi, viruses and microbial-derived
insecticides (spinosad, spinetoram, and ab-
amectin) on larvae of S. frugiperda (Polanc-
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zyk et al., 2000; Mendez et al., 2002; Molina-
Ochoa et al., 2003; Rios-Velasco et al., 2010;
Deshmukh et al, 2020; Kulye et al., 2021;
Han et al., 2023). However, no information
is available on the efficacy of such products
against the Egyptian strain of S. frugiperda.
Therefore, the study focuses on examining
the effect of microbial-derived insecticides
(abamectin and spinosad), the microbials
(Beauveria bassiana (Balsamo) Vuillemin)
and Bacillus thuringiensis Berliner and three
CSls (chlorfluazuron, hexaflumuron and
lufenuron) on S. frugiperda larvae in Egypt.
Also, the latent effects of CSls on biological
aspects of this insect pest were assessed.

Materials and Methods

Source and Insect Rearing

Larvae of S. frugiperda were first collect-
ed from a maize field in Al-Shargia, Egypt
and reared on maize leaves until completing
a life cycle (Sayed et al., 2022). Healthy male
and female adults were allowed to mate and
female laid eggs in plastic jars. The result-
ing neonate larvae were fed on fresh castor
bean leaves, Ricinus communis, under lab-
oratory (28x1°C, 65+5% relative humidity
(RH) and 12:12 h of light and dark). The lar-
vae were reared on castor bean leaves be-
cause the plantis available all the year and is
cultivated in an area free from insecticides.

Tested insecticide compounds

The tested insecticides were: spinosad
(98%) and hexaflumuron (95%) (Dow Agro-
Sciences LLC, USA); abamectin (98%) and
lufenuron (94%) (Syngenta, Switzerland);
chlorfluazuron (95%) (Simonis BV, Nether-
lands). The microbial compounds were pro-
duced as follows:

Culture of Beauveria bassiana

The original source of B. bassiana fungus
was Bioinsecticides Production Unit, Agricul-
ture Research Center, Giza, Egypt. The fun-
gal strain was cultured and maintained fol-
lowing a protocol described by Mohamed et
al. (2018). The fungal spores were prepared

and the concentration was calculated using
a haemocytometer and adjusted to 1.0x10%,
1.0x10°, 1.0x108, 1.0x107, 1.0x10% and 1.0x10°
spores/ml to be used in the bioassay exper-
iments.

Bacillus thuringiensis

Bacillus thuringiensis subsp. kurstaki was
used as a Protecto product (9.4% WP contain
32,000 international unit/mg) produced by
Bioinsecticides Production Unit, Agriculture
Research Center, Giza, Egypt. The six concen-
trations of B. thuringiensis (3.0x10%, 3.0x109,
3.0x107, 3.0x108, 3.0x10° and 3.0x10 cells/
ml).

Bioassays

Bioassays were conducted by using the
leaf dipping method according toInsecticide
Resistance Action Committee (IRAC) meth-
od (IRAC, 2018). The concentrations of test-
ed insecticides, spinosad, abamectin, chlo-
rfluazuron, hexaflumuron and lufenuron
were prepared in acetone and tested at 0.01,
0.05,0.1,0.25,0.5, 1.0, 2.5 and 5.0 mg/L. Ace-
tone was used as solvent because the active
ingredients of insecticides are not soluble in
water. The concentrations of B. bassiana and
B. thuringiensis were prepared in distilled
water. The fungus (B. bassiana) was tested
at 1.0x10% 1.0x10°, 1.0x10°, 1.0x10’, 1.0x10®
and 1.0x10° conidia/ml, while B. thuringiensis
was tested at 32.0x10% 32.0x10°, 32.0x106,
32.0x107,32.0x108 and 32.0x10° cells/ml.

The castor bean leaves were cut into
small pieces (4 X 4 cm). The pieces were im-
mersed for five seconds in each concentra-
tion and then left to complete evaporation
of solvent. Three treated pieces were trans-
ferred to each plastic cup (8 cm diameter x
5 cm high). Ten newly molted second instar
larvae of S. frugiperda were introduced to
each cup. The second larval instar was cho-
sen to give sufficient time to complete the
experiment before the larvae turned into
pupae. The cups were covered with cheese
cloth and kept under above mentioned in-
sect rearing environment. Three replicates
were used in each tested concentration. An
additional series of castor bean leaves were
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treated with pure acetone (99%) or distilled
water alone and served as a control. After
24 h, the treated leaf pieces were discarded
and fresh untreated leaf pieces were intro-
duced daily for 10 days.

Mortality percentages were recorded 1,
3,5,7 and 10 days after treatment. Addition-
ally, the larvae fed on the treated leaves with
CSls were examined daily until complete pu-
pation and adult emergence and percentag-
es of pupation, adult emergence and mal-
formation were calculated.

Data Analysis

Abbott’s formula (1925) was used for cor-
rection of mortality data. Values of LCs, were
calculated using probit analysis (Finney,
1971). Percentages of pupation, adult emer-
gence and malformation were analyzed with
ANOVA using Tukey’s HSD test at a signifi-
cance level <0.05 (SPSS, Chicago, IL, USA).

Results

The mortality of larvae in control treat-
ments, both water and acetone did not ex-
ceed 10 and 15%, respectively; the mean of
these mortalities was used to correct the lar-
vae mortalities by Abbot for the insecticide
treatments, and for the estimation of corre-
sponding LCs, values.

Toxicity of the two microbial-derived
insecticides (abamectin and spinosad) ex-
pressed as LCso values against the second
larval instar of S. frugiperda 1 and 3 days af-
ter treatment is summarized in Table 1. Both
insecticides showed pronounced toxicity in
leaf dipping application; spinosad showed
higher toxicity (LCso =4.01 mg/L) than abam-
ectin (LCso = 8.33 mg/L) one day after treat-
ment. However, both compounds showed
similar toxicity 3 days after treatment where
LCs values were 0.18 and 0.19 mg/L for
spinosad and abamectin, respectively.

The LCs values of the entomopathogen-
ic fungus B. bassiana and the bacterium B.
thuringiensis against S. frugiperda second in-
star larvae 3, 5 and 7 days after treatment
are presented in Table 2. Both biological
control agents displayed different levels of
insecticidal effect which enhanced with the
increase of concentration and time after
treatment. The toxicity of Beauveria bassi-
ana and B. thuringiensis was high 3 days af-
ter treatment as their LCs, values were 3.9
x10” spores/ml and 2.6 x108 cells/ml, respec-
tively. The effect of both biological control
agents increased significantly 5 and 7 days
after treatment. Five days after treatment,
the LCso values for B. bassiana and B. thur-
ingiensis were 1.2x10° spores/ml and 2.2x10’
cells/ml, whereas the values decreased to
3.0x10° spores/ml and 8.2x10¢ cells/ml, after

Table 1. Comparative toxicity of microbial-derived insecticides against second instar larvae
of Spodoptera frugiperda 1 and 3 days after treatment.

LCso? LCoo®
Insecticide (L':;:") (Co(nmﬁgd/cle_zwce (CérTﬁgc;L_zwce Slopec+ SE (x2¢ pe
limits) limits)
Abamectin 1 8.33 684.71 0.67+0.08 411 0.391
(4.49-21.65) (163.36-7321.31)
3 0.19 4.47 0.94+0.07 13.9 0.031
(0.12-0.30) (2.74-10.96)
Spinosad 1 4,01 151.90 0.81£0.11 5.40 0.144
(2.67-7.32) (51.32-986.94)
3 0.18 3.53 0.99+0.09 5.03 0.284
(0.13-0.23) (2.37-5.98)

2bThe concentration causing 50 and 90% mortality.

¢ Slope of the concentration-mortality regression line + standard error.

d Chisquare value.
¢ Probability value.
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Table 2. Comparative toxicity of Beauveria bassiana and Bacillus thuringiensis against second
instar larvae of Spodoptera frugiperda 3, 5 and 7 days after treatment.

LCse? LCoo®
Insecticide (2:;; ((égz;?jsé:\nclc)a (((S;S(;;ijse/:]nclé Slope“+ SE (x2)e Pe
limits) limits)
Beauveria 3 3.9x107 6.5x10" 0.25+0.04 5.10 0.164
bassiana (1.3x107- 1.5x108) (2.1x10"- 5.1x10")
5 1.2x10° 4.5x10" 0.23+0.03 412 0.389
(4.0x10°- 3.5x10°) (3.1x10- 4.3x10")
7 3.0x10° 3.2x10° 0.32+0.03 1.44 0.836
(1.2x10°- 6.8x10°) (7.4x108- 2.5x10'%)
Bacillus 3 2.6x108 5.6x10" 0.24+0.04 0.68 0.879
thuringiensis (8.5x107- 1.3x10°) (1.4x10%- 8.9x10'%)
5 2.2x107 2.3x10" 0.32+0.04 0.62 0.893
(8.9x10°- 4.9x107) (3.2x10"- 6.3x10"?)
7 8.2x10° 5.9x10'" 0.33+0.03 7.29 0.121
(3.2x10°- 1.8x107) (1.5x10'° - 4,0x10™)

2bThe concentration causing 50 and 90% mortality.

¢ Slope of the concentration-mortality regression line + standard error.

4 Chi square value.
¢ Probability value.

7 days, respectively.

Toxicity of the three CSls against second
larval instar of S. frugiperda 3, 7 and 10 days
after treatment expressed as LCs, values is
summarized in Table 3. CSlIs had a strong
toxicity against S. frugiperda larvae. Hexaflu-
muron displayed the greatest insecticid-
al effect with LCs, values of 0.01, 0.009 and
0.005 mg/L 3, 7 and 10 days after treatment,
respectively. Chlorfluazuron and lufenuron
were highly effective 10 days after treat-
ment as their LCs, values were 0.09 and 0.06
mg/L, respectively, while both compounds
showed moderate toxicity 3 and 7 days af-
ter treatment.

The delayed effect of CSls on pupation,
emergence and malformation of pupae and
adults is presented in Table 4. Pupation and
adult emergence percentages of treated lar-
vae decreased significantly with increas-
ing concentrations of the tested CSIs com-
pared to untreated larvae (95.0 and 94.9 %).
The treatment with chlorfluazuron at 1.0
mg/L and hexaflumuron at 0.5 mg/L caused
complete inhibition of pupation. More-
over, treatments with 0.25 mg/L of chlo-
rfluazuron and hexaflumuron, and with 2.5
mg/L of lufenuron could induce complete

suppression of adult emergence. Also, the
treatment with the CSls induced malforma-
tion of pupae and adults. Chlorfluazuron
and lufenuron at 0.25 mg/L caused 50.0%
malformation of pupae. Chlorfluazuron at
0.1 mg/L, hexaflumuron at 0.05 mg/L and
lufenuron at1.0 mg/L resulted in 33.3, 25.0
and 33.0% malformation of adults, respec-
tively.

Discussion

The insecticidal effects of spinosad, abam-
ectin, B. bassiana, B. thuringiensis, chlorflu-
azuron, hexaflumuron and lufenuron have
been reported against S. frugiperda strains
present in some countries around the world
(Polanczyk et al., 2000; Mendez et al., 2002;
Eriksson, 2019; Kulye et al., 2021). However,
this is the first study on the toxicity of these
compounds or products against S. frugiper-
da strain present in Egypt.

The treatment of castor bean leaves
with spinosad and abamectin induced pro-
nounced mortality of second larval instar
of S. frugiperda 3 days after treatment with
LCso values less than 0.2 mg/L. In agreement
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Table 3. Comparative toxicity of three chitin synthesis inhibitors against second instar larvae
of Spodoptera frugiperda 3, 7 and 10 days after treatment.

LCso? LCoo®
<+
Insecticide Time (days) (Confidence (Confidence Slopec+SE | () pe
limits) limits)
0.34 7.81
+
Chlorfluazuron 3 (0.25-0.55) (3.31-31.27) 0.95£0.11 3.99 0.263
0.34 13.37
+
/ (0.24-0.45) (6.36.39.0) 0.80+0.08 | 796 | 0.093
0.09 7.35
+
10 (0.06-0.12) (3.34.24.32) 0.66+0.07 | 7.44 | 0114
Fexaflumuron ’ 0{31 1&_2)6 0.63x0.13 | 6.65 | 0.036
0.009 1.09
+
/ (0.003-0.018) (0.41-9.69) 0.62+0.13 | 492 | 0.085
10 0'?_35 0:;3 0.67+0.14 | 6.50 | 0.039
0.43 101.18
+
Lufenuron ’ (0.28-0.76) (28.26-777.28) 0.54£0.07 | 2.09 | 0719
0.29 32.84
+
/ (0.20-0.42) (13.51-120.87) 0.62£0.06 | 3.02 | 0.697
0.06 85.03
10 (0.03-0.12) (17.76-1528.62) 0.41£0.06 | 2.51 | 0.642

2bThe concentration causing 50 and 90% mortality.

< Slope of the concentration-mortality regression line + standard error.

4 Chi square value.
¢ Probability value.

with the present results, spinosad has been
reported to induce high toxicity against lar-
vae of S. frugiperda with LCs, of 0.557 mg/L
4 days after treatment (Hardke et al., 2011).
Furthermore, Adamczyk et al. (1999) evalu-
ated the toxicity of spinosad against third
instar larvae S. frugiperda and found the
LCso value of this compound to be 4.4 mg/L,
which is similar to the obtained value (LCs,
= 4.01 mg/L) in our study. The results may
support the potential use of spinosad for
the management of the fall army warm as
it interferes with nicotinic acetylcholine
and y-aminobutyric acid (GABA) receptors
through pathways dissimilar from those
of other insecticides, i.e,. it stimulates the
nervous system of insects, causing uncon-
trolled movement, paralysis, and death (Sal-
gado, 1998; De Deken et al., 2004). On the
other hand, abamectin showed higher toxi-
city against the second larval instar of S. fru-
giperda in this study than that demonstrat-
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ed by Ahissou et al. (2021) who reported an
LCs value of 58.5-429.9 mg/L against third
instar larvae two days after treatment using
the IRAC leaf bioassay protocol. These dis-
crepancies in toxicity could be attributed to
differences ininsect strain, larval stage, time
after treatment and assay method. Abamec-
tin binds with y-aminobutyric acid (GABA)
receptors, leading to open chloride channel
and thus allowing more chloride ions to en-
ter the nerve cell and disturb the transpor-
tation of nerve pulses, consequently, result-
ing in insect paralysis and stop of feeding
(Rohrer and Arena, 1995). Gutierrez-More-
no (2017) and Sisay et al. (2019) stated that
spinosad and abamectin had the potential
for the control of S. frugiperda in crop fields.

The B. bassiana strain caused high larval
mortality of S. frugiperda 7 days after treat-
ment with LCso 3.0x10° spores/ml which was
greater than that reported by Ramanujam
et al. (2020) against the second larval stage
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Table 4. Effect of chitin synthesis inhibitors on pupation and adult emergence of Spodoptera

frugiperda.

Conc. Pupation % Pupa.l Adult AduIF Survival
(mg/L) deformation % emergence % deformation % %
Chlorfluazuron

0.0 95.0+2.1a 0.0+£0.0c 94.9+2.0a 0.0£0.0b 90.0+1.0a
0.01 60.0+4.1b 8.3+0.2bc 66.6+6.7a 8.0+2.9ab 46.7+2.8b
0.05 40.0£2.0bc 12.5+1.0abc 50.0+2.1ab 25.0+1.0ab 20.0+2.5bc
0.1 26.7+£5.0bc 25.0+2.0ab 50.0+7.0ab 33.3+5.8a 13.3+2.4c
0.25 20.0+2.1cd 50.0+2.1a 0.0£0.0b 0.0£0.0b 0.0£0.0d
0.50 6.7+2.4de 16.7+2.4abc 0.0+0.0b 0.0£0.0b 0.0£0.0d
1.0 0.0+0.0e - - - -
Hexaflumuron

0.0 95.0+2.1a 0.0+0.0a 94.9+2.0a 0.0+0.0a 90.0+1.0a
0.01 40.0+1.2b 0.0+0.0a 83.3+6.0ab 16.0+3.0a 33.3+3.1b
0.05 33.3+2.3bc 25.0+£2.0a 66.7+5.8ab 25.0+2.0a 20.0+1.6bc
0.1 13.3+3.1bcd 33.0x6.0a 33.0+1.2ab 16.6+3.1a 6.7+2.4cd
0.25 7.0£1.2cd 17.0£2.4a 0.0+£0.0b 0.0+0.0a 0.0£0.0d
0.50 0.0+0.0d - - - -
Lufenuron

0.0 95.0+2.1a 0.0+0.0d 94.9+2.0a 0.0+£0.0a 90.0+1.0a
0.01 60.0+2.5b 8.0+3.4c 50.0+1.2b 0.0+0.0a 30.0+1.6b
0.05 53.3+4.7bc 9.7£0.9bc 44.44+3.9bc 0.0+£0.0a 23.3+0.6bc
0.1 46.7+6.2bc 25.0+£0.8b 38.9+2.2bc 17.0+£3.1a 16.7+2.3bc
0.25 46.6+5.0bc 50.0+2.0a 16.6+1.0bcd 0.0+0.0a 5.0+0.4cd
0.50 20.0+4.1cd 0.0+0.0d 11.1£2.3bcd 0.0+£0.0a 3.3+1.1d
1.0 20.0+2.0cd 0.0+0.0d 8.3+1.2cd 33.0+1.1a 1.7+0.6d
2.5 13.3+2.4d 0.0+0.0d 0.0+0.0d 0.0+£0.0a 0.0£0.0d

Values in columns within each compound followed by the different letters are significantly different (P < 0.05).

of S. frugiperda (LCso = 1.9 X 107 spores/ml).
The current results are in agreement with
those by Garcia et al. (2011) reporting that
1x10°conidia/ml of B. bassiana induced
96.6% mortality on second instar larvae of
S. frugiperda. although they did not deter-
mine LCs values. Morales-Reyes et al. (2013)
and Ramanujam et al. (2020) reported that
mortality ranged between 10 and 65% at
two concentrations of B. bassiana (1 x 10°
and 1x107 conidia/ml). The B. bassiana conid-
ia start germination when they contact in-
sect body and germinated spores penetrate
into insect body via cuticle joints. After pen-
etration inside the insect’s body, the fungus
starts to invade other insect tissues and con-
tinues a vegetative growth producing toxic

compounds, eventually leading to insect’s
death (Logrieco et al., 2002).

Bacillus thuringiensis is among the most
used microbial biopesticides for Lepi-
doptera pest control due to its high effica-
cy and less adverse effects on mammals and
non-target organisms. In the current study,
B. thuringiensis showed a pronounced toxic-
ity against S. frugiperda larvae with an LCs,
value of 8.2 x 10° cells/ml after 7 days. Simi-
lar results against the second larval stage of
S. frugiperda were found by Polanczyk et al.
(2000) for B. thungiensis at LCs, value as 8.6
x 108 cells/ml. Hernandez (1988) stated that
B. thuringiensis kurstaki caused 70% mortali-
ty of the second larvae stage of S. frugiperda
at a concentration of 3 x 107 cells/ml. Capal-
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bo et al. (2001) found that the application of
B. thuringiensis against S. frugiperda achieved
complete mortality of neonate larvae in field
trials. Furthermore, other strains of B. thur-
ingiensis have been shown to possess toxicity
against S. frugiperda larvae (Dos Santos et al.,
2009; Loto et al., 2019; Varshney et al., 2021).
A protoxin large protein (about 130-140 kDa)
of Bt solubilises in the insect gut and cleaves
by a gut protease to yield a delta-endotoxin
(about 60kD) which binds to the midgut ep-
ithelial cells, making openings in the mem-
branes and resulting in an equilibration of
ions. Consequently, the gut is quickly im-
mobilised, the epithelial cells lyse, the lar-
va stops feeding, and the gut pH is dropped
by equilibration with the blood pH. This low-
er pH allows the bacterial spores to sprout,
and the bacterium can then invade the host,
inducing a lethal septicaemia (Sanchis and
Bourguet, 2008; Schiinemann et al., 2014).
The CSls induced strong toxicity against
S. frugiperda second instar larvae with
hexaflumuron being more effective than
chlorfluazuron and lufenuron. The LCs, val-
ue of lufenuron was 0.29 mg/L 7 days after
treatment, which was similar to that (LCso =
0.23 mg/L) obtained by Nascimento et al.
(2016). But lower than that reported by Eriks-
son (2019) (LCso = 0.12 mg/L) on the third lar-
val stage 4 days after treatment. Moreover,
novaluron has shown high toxicity against
S. frugiperda larvae with LCs, value (0.166
mg/L) (Hardke et al., 2011). Beside their ef-
fect on larval mortality, the tested CSls (chlo-
rfluazuron, hexaflumuron and lufenuron) in-
duced significant malformation in pupae
and adults, and reduced adult emergence.
These results coincide with the results of
earlier studies on the activity of CSls against
lepidopteran insects (Whiting et al., 2000;
Butter et al, 2003; Biddinger et al., 2006).
The recorded malformation effect and inhi-
bition of adult emergence of CSls are prob-
ably due to their inhibitory effects on the
chitin synthesis, which adversely affect in-
sect metamorphosis (Khajepour et al., 2012;
Hamadah et al., 2015). CSls inhibit chitin for-
mation in the procuticle and the deposition
of epicuticle, causing and unsuccessful molt
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and decease. Likewise, CSls have been con-
firmed to decrease egg fertility and hatch-
ing (Haroardottir et al., 2019).

Conclusion

Based on the outcome of the present study,
the non-conventional insecticidal substanc-
es, spinosad, abamectin, B. bassiana, B. thu-
ringiensis, chlorfluazuron, hexaflumuron
and lufenuron, revealed a promising toxici-
ty against S. frugiperda larvae in Egypt with
hexaflumuron being the most effective one
in terms of LCs,. Therefore, these products
may be useful for the IPM management of
this invasive insect. The use of such prod-
ucts with diverse mechanisms of action is
highly important to delay the development
of insect resistance. Also, the use of naturally
based products is expected to minimize the
impact on non-target organisms, mammals
and the environment.
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ZUYKPITIKN 6pAacn BIOEVTOHOKTOVWVY KATA TOU EVTIOHOU
Spodoptera frugiperda (J.E. Smith)

A.A.M. Atta, A.A. Al-Ayat, H.A. Gad kat S.A.M. Abdelgaleil

NepiAnyn Hmapovoa epyacia e€étace tn Spdon eviopoktdvwy pikpoBlaknig mpoéheuonc (abamectin,
spinosad), 600 pikpoopyaviouwv (Beauveria bassiana (Balsamo) Vuillemin, Bacillus thuringiensis
Berliner) kat tpiwv avactohéwv oOvBeong xitivng (CSls) (chlorfluazuron, hexaptenauruguronper,
spofendoflumuron) oe mpovOu@eg Tou eviopou Spodoptera frugiperda. To spinosad kat n abamectin
TPoKAAeoav PeyaAn Bvnoluotnta évavtl Tou SeUTEPOU TIPOVUUEPIKOU otadiou Tou S. frugiperda peta
amo ékBeon pe n uéBodo TN euPanTtionc @UAAwV. To spinosad mpokdheoe uPnAoTepn ToéikdTNTA (L s
= 4,01 mg/L) and tnv abamectin (LCso = 8,33 mg/L), pia npépa petd v e@appoyn. Ot emepBaocelg pe
B. bassiana xau B. thuringiensis mpokaAeoav uPnAGTEPN BvnoIUdTNTA TWV TPOVUHPWV ToV S. frugiperda,
ENMTA NUEPEC UETA TNV €QapMOYH, KE TIHES LCso 3,0 X 10° omdpla/ml kat 8,2 X 108 omopia/ml, avtiotol-
xa. Ztnv nepintwon twv CSI, 1o hexaflumuron €8e1€e uPnAdTepn To&IKdTNTA A6 TO chlorfluazuron kat
10 lufenuron pe Tipég LCso 0,01, 0,009 kat 0,005 mg/L, 3,7 kal 10 NUEPEC UETA TNV EQAPOYH, AVTIOTOL-
Xa.

Hellenic Plant Protection Journal 17: 75-84, 2024
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Antibacterial potential of extracts and metabolites isolated
from the endophytic fungus Chaetomium cochliodes against
phytopathogenic bacteria

M.M.G. Saad' and S.A.M. Abdelgaleil™*

Summary Five fungal endophytes, Alternaria sp., Aspergillus sp., Chaetomium sp., Rhizopus sp.and Cur-
vularia sp., were isolated from an Egyptian herbaceous plant, Tribulus terrestris, and tested for their an-
tibacterial activity against three phytopathogenic bacteria (Pectobacterium carotovorum subsp. caroto-
vorum, Ralstonia solanacearum, Pseudomonas syringae pv. syringae). Chaetomium sp. showed the high-
est antibacterial activity. This strain was identified morphologically and molecularly as Chaetomium co-
chliodes MS03 (MW898133) based on the ITS1-5.8S rRNA-ITS2 genomic region. Chaetomium cochliodes
caused 15 and 8 mm inhibition zones of P. carotovorum subsp. carotovorum and R. solanacearum, re-
spectively. Chaetomium cochliodes isolate was fermented and extracted with ethyl acetate. The crude
extract of C. cochliodes showed strong antibacterial activity against P. carotovorum subsp. carotovorum
(inhibition zone = 27 mm). Bioassay guided isolation of the crude extract using silica gel column chro-
matography was conducted to isolate bioactive secondary metabolites. Minimum inhibitory concen-
trations (MICs) were 500, 32 and 4 mg/L for C. cochliodes extract, fraction 14 and fraction 15, respective-
ly, against P. carotovorum subsp. carotovorum. Bioactive fractions were analyzed by GC/MS. The bioac-
tive pure compound was identified as 9,12-octadecadienoic acid (Z,Z) and the chemical structure was
confirmed by H'NMR and C®*NMR spectral analysis. The isolated compound showed a promising anti-
bacterial activity against P. carotovorum subsp. carotovorum with MIC value of 32 mg/L.

Additional keywords: antibacterial activity, endophytic fungi, secondary metabolites, structure identification,
Tribulus terrestris

Introduction obstruct the development of the harmful
microbes (Kusari et al., 2012).
Several endophytes are known for their

ability to improve nutrient acquisition, pro-

The interaction between microorganisms
and their hosts is liable to the nature of the

host and the surrounding environment; it
can be symbiotic or mutualistic or patho-
genic (Sahani and Hemalatha, 2018). Fungi
are good examples of these relationships,
they can be found as plant pathogens, and/
or they can live as endophytes, asymptom-
atically without causing any signs of diseas-
es, within the intracellular spaces of leaves,
roots and stem tissues (Arnold et al., 2000).
When numerous microbial species exist in
the same plant, their interaction may pro-
mote the secretion of some secondary me-
tabolites by the endophytes or the host that

! Department of Pesticide Chemistry and Technology,
Faculty of Agriculture, El-Shatby, Alexandria Universi-
ty, Alexandria 21545, Egypt.
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mote growth, increase abiotic and biotic
stress tolerance of the host plant, and en-
hance plant defense against many phyto-
pathogens. Thus, endophytes are consid-
ered as efficient bio-control agents (Saad
and Badry, 2020). Likewise the extracellular
secondary metabolites produced by endo-
phytic fungi occasionally possess biologi-
cal activity against various plant pathogens
(Mousa and Raizada, 2013). Different bioac-
tive compounds with antimicrobial proper-
ties have been isolated from endophytes,
such as alkaloids, flavonoids, peptides,
polyketides, phenols, steroids, terpenoids,
and quinones (Gunatilaka, 2006; Mousa and
Raizada, 2013; Lugtenberg et al., 2016).

Fatty acids are long, unbranched carbon
chain carboxylic acids with saturated or un-
saturated bonds. Fatty acids and their deriv-
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atives are major components of plant and
fungal metabolites. They are playing a cru-
cial role in host defense against pests hav-
ing a broad potential of antibacterial (Kaba-
ra et al, 1972), antifungal (Walters et al.,
2004), antimalarial (Carballeira, 2008), anti-
feedant, insecticidal and nematicidal (Sta-
dler et al., 1994) activities. Therefore, there
is a continuous research interest in isolating
natural compounds from endophytes which
could serve as alternatives to synthetic pes-
ticides.

Pectobacterium carotovorum subsp. caro-
tovorum is a phytopathogenic, soil borne
facultative anaerobic bacterium causing soft
rot, blackleg or stem rot in many economi-
cally important crops, including vegetables,
ornamental plants and fruits (Pérombelon
and Kelman, 1980). Soft rot is a worldwide
distributed disease affecting a variety of
vegetable crops, such as potatoes (Solanum
tuberosum), Chinese cabbage (Brassica pekin-
ensis), carrots (Daucus carota), etc. It causes
severe disease to vegetables during culti-
vation, post-harvest handling, and storage
(Strange and Scott, 2005). Ralstonia solan-
acearum is a soil-borne bacterium causing
the widespread disease known as bacterial
wilt (Peeters et al., 2013). Pseudomonas syrin-
gae pv. syringae constitutes a diverse group
of bacterial strains that cause important
diseases, such as bacterial canker of stone
fruits, citrus blast, leaf blight of wheat and
barley, sheath rot of rice, red streak of sugar-
cane and brown spot of bean (Bultreys and
Kaluzna 2010; Dariush et al., 2012).

Synthetic antibiotics, such as kasugamy-
cin, gentamicin, streptomycin, oxolinic acid,
oxytetracycline and validamycin are used to
control pathogenic bacteria (Verhaegen et
al., 2024). However, due to their environmen-
tal hazards, their side effects on non-target
organisms and the development of patho-
gen resistance, their use has become under
restrictions. Thus the continuous efforts for
discovering and developing new antimicro-
bial compounds from natural sources, includ-
ing endophytic fungi, to overcome these dif-
ficulties, are very crucial and ever-increasing.

The present research aims to isolate and

investigate the potential of endophytic fun-
gi as a source of natural pesticides, focus-
ing on endophytic fungi in plants native to
Egypt for evaluation of their potential anti-
bacterial activity, isolation and identifica-
tion of the compounds responsible for such
antibacterial activity. Thus, the isolation and
the antibacterial activity assessment of five
fungal isolates obtained from Tribulus ter-
restris L. (Zygophyllaceae), a plant known in
ancient medicine for its diuretic, tonic, and
aphrodisiac properties, were carried out.
In addition, the antibacterial activity of ex-
tract, fractions and a pure compound from
one of these fungi, C. cochliodes, was eval-
uated against P. carotovorum subsp. caroto-
vorum.

Materials and methods

Sampling and isolation of endophytes
Apparently healthy and fresh leaves
from specimens of Tribulus terrestris were
collected from Shalalat garden, Alexandria
(31°12'56.30”"N, 29°57'18.97"E), Egypt. The
plant was identified by Prof. FathAllah Zai-
toon of Department of Plant Pathology, Uni-
versity of Alexandria. Fungal endophytes
isolation process was performed within 24 h
of sampling by a standardized surface ster-
ilization method. Briefly, plant leaves were
washed in running tap water, immersed in
70% ethanol for 1 min, then in 3% sodium
hypochlorite solution for 2 min, and rinsed
in sterile distilled water three times sepa-
rately. The surface sterilized leaves were cut
into 5 mm pieces with a sterile blade, inoc-
ulated onto Petri plates containing Pota-
to Dextrose Agar (PDA) supplemented with
chloramphenicol (100 mg/L), incubated at
28°C £ 2 for 14 days in the dark and checked
every other day for emerging hyphae. With-
in the first week, the emerging hyphae were
transferred to fresh PDA plates for sub-cul-
turing several times to ensure pure isolates.

Morphological and molecular identifica-
tion of fungal endophytes

Fungal cultures were maintained on PDA
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at 28°C £ 2°C in the dark for 14 days, then
visually examined for their morphological
characterization to genus level based on
macroscopic and microscopic features, such
as colony color, growth rate, type of conid-
iophore and shape of conidia (Barnett and
Hunter, 1998). Five fungal isolates (Alternar-
ia sp., Aspergillus sp., Chaetomium sp., Rhizo-
pus sp. and Curvularia sp.) were identified
and examined for their antibacterial activi-
ty as described in the following paragraph.
The isolate (Chaetomium sp.) showing the
highest activity was subjected to molecu-
lar identification to species level and phy-
logenetic analysis. Molecular identification
using ITS-PCR amplification was conduct-
ed from a one-week-old fungal isolate in
PDA culture. The fungal strain identification
was performed based on sequencing analy-
sis of the amplified ITS1-5.8S rRNA-ITS2 ge-
nomic region (White et al., 1990). The ampli-
fied PCR product of ITS1- 5.8SrDNA-ITS2 was
sequenced on both strands using the prim-
er set: ITS1 (5-TCCGTAGGTGAACCTGCGG-3')
and ITS4 (5-TCCTCCGCTTATTGATATGC3'),
an automated ABI-Prism 377 DNA Sequenc-
er (Applied Biosystems Inc., CA, USA) and a
Taq FS Dye Terminator Sequencing Kit (ABI,
USA). Sequence editing was carried out us-
ing Biology Work Bench 3.7 software. The
sequence was compared to the available
fungal sequences on the NCBI database us-
ing the Blast program (http://www.ncbi.
nlm.nih.gov/genbank/) and the accession
numbers were obtained. This was achieved
by generating a neighbor-joining distance-
based tree using the software MEGA 6.

Antagonistic effects of the fungal iso-
lates against phytopathogenic bacteria
Three phytopathogenic bacterial strains,
P. carotovorum subsp. carotovorum (Jones,
1901) Hauben et al. 1999 (EMCC 1687), P. sy-
ringae pv. syringae Van Hall, 1904 (EMCC
1739), and R. solanacearum (Smith, 1896)
Yabuuchi et al., 1996 (EMCC 1274) were ob-
tained from Microbiological Resource Cen-
tre (Cairo MIRCEN), Faculty of Agriculture,
Ain Shams University, Cairo, Egypt. The bac-
terial strains were cultured in Nutrient broth

© Benaki Phytopathological Institute

(NB) overnight at 30°C and their concentra-
tion was adjusted to 108 CFU ml™. The an-
tagonistic activities of the five isolated en-
dophytic fungi were tested as mycelium on
agar plates against the three selected phy-
topathogenic bacteria, and were assessed
by measuring the inhibition zone diameter.
One milliliter of bacterial culture was scat-
tered evenly onto nutrient agar plates using
a sterile Drigalsky’s handle, then a disk of 5
mm @ of seven day-old mycelia of each en-
dophytic fungus was placed in the central of
the NA plate. Plates were incubated for ap-
proximately 24 h at 30°C and the diameter of
the inhibition zones were measured in mm.

Fermentation and extraction of metab-
olites

Solid-state fermentation was carried for
the most active antibacterial fungal strain
isolated in this study, Chaetomium coch-
liodes (MW898133, as registered in NCBI, in
this study). A pure colony of this isolate was
inoculated in 1 L Erlenmeyer flasks contain-
ing autoclaved barley medium. For the bar-
ley medium, barley (100 g) was soaked in
150 mL of distilled water overnight then au-
toclaved at 121°C and pressure of 15 psi for
20 minutes. The inoculated flasks were incu-
bated with shaking at 28°C for 30 days. Then
the fungal hyphae and growth medium were
extracted with ethyl acetate (EtOAc) and the
extract was concentrated under vacuum.
This crude extract was kept at 4°C for fur-
ther investigations.

Primary antimicrobial evaluation of C.
cochliodes extract

Preliminary antimicrobial screening of
the C. cochliodes crude extract was carried
out using the agar well diffusion method.
The extract was tested against the P. caro-
tovorum subsp. carotovorum strain EMCC
1687. Nutrient agar was poured into ster-
ile Petri dishes and after solidification stan-
dardized concentration of an overnight
culture of the P. carotovorum subsp. caro-
tovorum strain was swabbed aseptically on
the agar. Holes (5 mm diameter) were made
in the agar plates using a sterilized cork bor-
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er. Fifty microliters of entophyte extract so-
lution (1000 mg/L) and DMSO (negative con-
trol) were put in each hole. Three replicates
of treatment (endophyte extract) and con-
trol were arranged in each plate. The plates
were incubated at 30°C for 24 hours and the
inhibition zone diameters were measured.

Isolation of bioactive compound from
fungal extract

Column fractionations of the EtOAc
crude extract (2 g) were conducted using sil-
ica gel column chromatography two times.
The first fractionation of the crude extract
with column 3x50 cm filled with 70 g sili-
ca gel (200-300 mesh) and eluted with 1L of
methylene chloride- methanol ( 0%, 0.25%,
0.5%, 1% and 5% MeOH/ CH,Cl, v/v) to give
fractions (1-15). The antibacterial activities
of the 15 column fractions were tested using
the 96-well plate bioassay. Fraction 14 (F14)
(1% MeOH/CH,Cl,, 300 mg), which showed
the highest activity followed by fraction 15
(F15), was subjected to further purification
on silica gel column chromatography (1x 50
c¢m) eluted with hexane-ethyl acetate (100:0
- 0:100 v/v) to give a pure compound (170
mg).

GC/MS analysis of the bioactive frac-
tions

The chemical composition analysis of
the most bioactive column fractions (F14
and F15) was performed using Trace GC-
ISQ mass spectrometer (Thermo Scientific,
Austin, TX, USA) with a direct capillary col-
umn TG-5MS (30 m x 0.25 mm x 0.25 um
film thickness). The column oven tempera-
ture was initially held at 50°C and then in-
creased to 250°C by 5°C /min and held for
2 min. The temperature was increased to
300°C by 30°C /min and held for 2 min. The
temperatures of the injector and MS trans-
fer line were kept at 270 and 260°C respec-
tively. Helium was used as a carrier gas at a
constant flow rate of 1 ml/min. The solvent
delay was 4 min and diluted samples of 1
ul were injected automatically using Auto
sampler AS1300 coupled with GC in the split
mode. El mass spectra were collected at 70

eV ionization voltages over the range of m/z
50-650 in full scan mode. The ion source
temperature was set at 200°C. The compo-
nents were identified by comparison of their
retention times and mass spectra with those
of WILEY 09 and NIST 14 mass spectral da-
tabase.

NMR of the isolated compound

The NMR spectra of the isolated com-
pound, 9,12-octadecadienoic acid (Z,2),
were obtained on a Bruker BioSpin GmbH
spectrometer (400 MHz). A sample (10 mg)
of the compound was dissolved in 0.5 ml of
CDCls. The ™H and *C NMR spectra were tak-
en at 25°C, and the chemical shift was ex-
pressed in parts per million.

Determination of minimum inhibitory
concentrations (MICs) using micro-dilu-
tion assay

The antimicrobial activity of C. cochliodes
crude extract, the column fractions and the
isolated compound were tested in 96-well
plates using nutrient broth as culture me-
dium to determine the minimum inhibitory
concentration (MIC). The bacterial inoculum
of P. carotovorum subsp. carotovorum was
prepared as described earlier. Stock solu-
tions of the tested crude extract, the column
fractions (15 fractions) and the isolated com-
pound were prepared in dimethyl sulfoxide
(DMSO). Apposite volumes of the stock so-
lutions were transferred to 96-well plates
contained the appropriate amount of NB
to obtain final concentrations of 1000, 500,
250, 125, 62.5, 31.3, 15.6, 7.8 and 3.9 mg/L.
Then the bacterial inoculum (1.0 x 108 CFU
ml”") was added and the 96-well plates (mi-
cro-dilution trays) were incubated at 30°C.
After 24 h of incubation 20 pl of 2,3,5-tri-
phenyltetrazolium chloride (TTC) was add-
ed and incubated for 30 min. at 30°C in the
dark (Ellof, 1998). A change of color from col-
orless to pink indicated the reduction of TCC
by the viable bacterial cells. The MIC was
defined as the lowest concentration of the
tested compounds that prevented this color
change. DMSO was used as negative control
and a reference antibiotic, Ampicillin, was
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used as positive control.

Statistical analysis

Experimental results (diameter of inhibi-
tion zone) were the average values of three
replicates. For the analysis of the data ob-
tained from the fungal mycelial disk diffu-
sion assay, data was subjected to one-way
analysis of variance followed by Student-
Newman Keuls test to determine significant
differences between mean values at the
probability level of 0.05.

Results

Isolation, morphological and molecular
identification of endophytic fungi

A total of five fungal endophytes were
isolated from healthy leaves of T. terrestris.
which, after identification to the genus level
(taxonomical morphological featuresinclud-
ing colony color, growth rate, type of conid-
iophore and shape of conidia), were classi-

fied in five genera: Alternaria sp., Aspergillus
sp., Chaetomium sp., Rhizopus sp. and Curvu-
laria sp. One of these strains, that was later
determined as the most bioactive antibacte-
rial strain against P. carotovorum subsp. caro-
tovorum, was morphologically identified as
Chaetomium sp. and was subjected to mo-
lecular identification. The fungal isolate was
molecularly identified as C. cochliodes based
on the ITS1-5.8S rRNA-ITS2 genomic region.
The acquired sequence was submitted to
the NCBI GenBank database and an acces-
sion number was obtained for C. cochliodes
MS03 (MW898133). The sequence was ana-
lyzed using BLAST program (http://www.
ncbi.nlm.nih.gov/BLAST). The sequence was
aligned using Align Sequences Nucleotide
BLAST. The identification of the species was
determined based on the best sequence
alignment score. The DNA sequence was in-
cluded in a phylogenetic study by means of
comparative sequence analysis of the other
rDNA sequences (Fig. 1).

MH858830.1 Chaetomium spiculipilium strain CBS 373.66
MH857935.1 Chaetomium elatum strain CBS 151.60
MH862288.1 Chaetomium subaffine strain CBS 637.91
MH864224.1 Chaetomium cucumericola strain CBS
MG889962.1 Chaetomium subaffine strain ChL-A17
MK026422.1 Chaetomium subaffine isolate sui-2

MN264617.1 Chaetomium subaffine isolate y16
MK215708.1 Chaetomium subaffine isolate N1
MN215748.1 Chaetomium concavisporum strain R541
MN215760.1 Chaetomium sacchari strain LC11916
MN215764.1 Chaetomium sacchari strain LC13509

MN215766.1 Chaetomium sacchari strain LC11917

MT520580.1 Chaetomium cochliodes strain 18ALOMO006

MH465080.1 Chaetomium elatum voucher ACAD19620F

—_—

0.0005

MW898133.1 Chaetomium cochliodes isolate MS03

Figure 1. Aneighbor-joining phylogenetic tree was constructed based on the alignment of the ITS1-5.8S rRNA-ITS2 genom-
icregion sequences of Chaetomium genotypes derived from NCBI using MEGA 6 software.

Letters and numbers written in front of the scientific name are the GenBank accession numbers.
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Antibacterial activities of endophytic
fungi and C. cochliodes crude extract
The antagonistic activity of the five iso-
lated endophytic fungi against the three se-
lected phytopathogenic bacteria, based on
the inhibition zone diameter on agar plates
is presented in Table 1. Chaetomium coch-
liodes (MW898133) was the most active iso-
late against P. carotovorum subsp. carotovo-
rum and R. solanacerum with 15 and 8 mm
inhibition zones, respectively. In addition,
Aspergillus sp. isolate showed weak antibac-
terial activity against R. solanacerum with 3
mm inhibition zone. All of the isolated endo-
phytic fungi were not active against P. syrin-
gae pv. syringae. Based on the above-men-
tioned results, the EtOAc crude extract of C.
cochliodes (MW898133) was tested for anti-
bacterial activity against P. carotovorum sub-
sp. carotovorum using the agar well diffusion
method. This extract showed promising ac-
tivity with inhibition zone 27 mm (Table 1).

GC-MS analysis of the crude extract of C.
cochliodes

The GC-MS analysis of the most bioac-
tive column fractions of the C. cochliodes
(MW898133) crude extract led to the iden-
tification of nine (9) compounds in F14 and
five (5) compounds in F15. The characteriza-
tion of the compounds structures was ob-
tained by comparison of mass spectra with
the spectra present in those of WILEY 09 and

NIST 14 mass spectral database. The charac-
terized compounds and their retention time
(RT), concentration (peak area %), molecular
formula and molecular weight (MW) are pre-
sented in Tables 2 and 3.

Identification of a pure antibacterial
compound

Fraction 14 of C. cochliodes extract that
showed the highest antibacterial activi-
ty was further identified by using H'NMR,
C3NMR spectral data and GC-MS as 9,12-oc-
tadecadienoic acid (Z,Z) (Fig. 2). Here are 'H
NMR and C NMR spectral data of 9,12-oc-
tadecadienoic acid (Z,Z) ; '"H NMR (CDCl;): 6
(ppm) 0.82 (3H, t, J = 7.2 Hz, Me-18), 1.18-1.25
(14H, m, H-4, H-5, H-6, H-7, H-15, H-16, H-17),
1.56 2H,t,J =6.4 Hz, H-3),1.97 (2H,t,J=7.2
Hz, H-14),2.28 (2H, t, ) =7.2 Hz, H-2), 2.70 (2H,
t, J = 6.0, H-11), 5.27-5.29 (4H, m, H-9, H-10,
H-12, H-13); C NMR (CDCly): & (ppm) 14.1
(9, Me-18), 22.6 (t, C-17), 24.6 (t, C-3), 26.6 (t,
C-11), 27.2 (t, C-8, C-14), 28.9-29.8 (t, C-4, C-5,
C-6,C-7,C-15), 31.5 (t, C-16), 34.0 (t, C-2), 128.1,
128.8 (d, C-10, C-12), 130.0, 130.2 (C-9, C-13),
179.8 (s, C-1).

Antibacterial activity of C. cochliodes ex-
tract, fractions and isolated compound
Minimum inhibitory concentrations
(MIC) of C. cochliodes crude extract, fractions
and the isolated compound, 9,12-octadeca-
dienoic acid (Z,Z), are shown in Table 4. The

Table 1. Antibacterial activity (zone of inhibition, mm) of five endophytic fungi and Chaeto-

mium cochliodes crude extract.

Inhibition zone (mm)

Treatment Pectobacterium Pseudomonas syringae

Ralstonia solanacerum carotovorum subsp. .

pv. syringae
carotovorum

Alternaria sp. 0.00 c* 0.00d 0.00
Aspergillus sp. 3.00b 7.00c 0.00
Chaetomium cochliodes 8.00a 15.00 b 0.00
Rhizopus sp. 0.00c 8.00c 0.00
Curvularia sp. 0.00c 0.00d 0.00
Chaetomium cochliodes extract - 27.00a -
DMSO (control) 0.00c 0.00d 0.00

* Different letters indicate significant differences among treatments within the same column according to least

significant difference test (P < 0.05).
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Table 2. GC/MS analysis of fraction14 separated from ethyl acetate extract of the endophyt-

ic fungus Chaetomium cochliodes (MW898133).

No. Retfentlon Name Area (%) Molecular Molgcular
time formula weight
1 19.74 Butylated Hydroxytoluene 2.33 CisH240 220
2H-Pyran-3-ol, tetrahydro-2,2,6-trimethyl-6-(4-
2 25.07 methyl-3-cycloh exen-1-yl)-, [3S [33,6a(R)]]- 1.03 CisHa0, 238
3 28.67 7,9-D|-tert-butyl-1-oxasplro(4,5)deca-6,9-d|ene-2,8 0.67 CoHuOs 276
dione
4 29.63 n-Hexadecanoic acid 2.34 Ci6H3,0, 256
5 31.28 Palmitic Acid, TMS derivative 70.22 CioH400,Si 328
6 32.07 Methyl 9-cis,11-trans-octadecadienoate 1.80 CioH540, 294
7 32.94 9,12-Octadecadienoic acid (Z,2) 15.41 CigH3,0, 280
8 34.25 |9,12-Octadecadienoic acid (Z,Z)-trimethylsilyl ester 4.10 C1H400,Si 352
9 34.34 9-Octadecenoic acid, (E)-, TMS derivative 1.21 Cx»H40,Si 354

Table 3. GC/MS analysis of fraction 15 separated from ethyl acetate extract of the endophyt-

ic fungus Chaetomium cochliodes (MW898133).

19.74 Butylated hydroxytoluene 1.19 CisH:0 220
31.28 Palmitic acid, TMS derivative 80.86 CioH400,Si 328
3 32.94 9,12-Octadecadienoic acid (Z,Z) 11.17 CigH3,0, 280
4 34.25 912 OC':fi(rjne:tah?/IIiﬂ;;Z?tcef (2.2)- 5.23 CoHaoOsSi 352
5 34.34 9-Octadecenoic acid, (E)-, TMS derivative 1.55 CH405Si 354

crude extract displayed the lowest antibac-
terial activity with MIC value of 500 mg/L.
The two fractions: F14 and F15 showed
strong antibacterial activity with MIC values
of 32 and 4 mg/L, respectively. Fraction 15
(MIC =4 mg/L) was more active than a refer-
ence antibiotic, ampicillin (MIC = 16 mg/L).
Furthermore, the pure compound, 9,12-oc-
tadecadienoic acid (Z,Z), revealed a promis-
ing antibacterial activity as its MIC value was
32 mg/L.

Discussion

Medicinal plants have been recognized as
a rich source of endophytes with potential
novel secondary metabolites of agricultur-

al and pharmaceutical merit (Tan and Zou,
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2001; Strobel et al., 2004). In this study, five
fungal endophytes, Alternaria sp., Aspergil-
lus sp., Chaetomium sp., Rhizopus sp. and
Curvularia sp., have been isolated, for the
first time, from the leaves of a well-known
medicinal herb, Tribulus terrestris growing in
Egypt. In agreement with our results, Sah-
ani and Hemalatha (2018) isolated a total of
54 endophytic isolates including Alternar-
ia sp., Aspergillus sp., Chaetomium sp., and
Curvularia sp. from different parts of these
plants growing in Bengal. Similarly, the iso-
lation of two fungal strains, Curvularia aeria
MTCC-12847 and Alternaria tenuissima, have
been previously reported from the leaf and
stem of T. terrestris growing in Bengal and
China, respectively (Wu et al., 2014; Sahani
etal., 2019).

Of all isolated fungal endophytes, the
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Figure 2. Chemical structure and 'H NMR spectrum of 9,12-octadecadienoic acid (Z,Z) isolated from C.haetomium coch-

liodes (MW898133).

Table 4. Minimum inhibitory concentration (MIC) by the 96-well plate assay of Chaetomium
cochliodes crude extract, column fractions and a pure isolated compound (pug/mL) against
Pectobacterium carotovorum subsp. carotovorum.

Extract/compound

Minimum inhibitory concentration (MIC) mg/L

Chaetomium cochliodes extract
F14

F15

9,12- Octadecadienoic acid (Z,Z)
Ampicillin

500
32
4
32
16

extract, fractions and the isolated secondary
metabolite from the endophytic fungus C.
cochliodes (MW898133) showed strong anti-
bacterial activity against P. carotovorum sub-
sp. carotovorum. Similarly to our results, sev-
eral fungal endophytes are known for their
capacity to inhibit bacterial growth and pro-
duce compounds that have antibacterial ac-

tivity (Hardoim et al, 2015). For example,
altersetin, an alkaloid isolated from the en-
dophyte Alternaria spp., has been shown to
display a strong antibacterial effect against
many Gram positive bacteria (Hellwig et al.,
2002). An endophytic fungus, Muscodor al-
bus, was reported to produce volatile com-
pounds, such as aciphyllene, 2-butanone
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and 2-methyl furan with antibiotic prop-
erties (Atmosukarto et al, 2005). Further-
more, several endophytic fungi, such as
Pestalotiopsis mangiferae, Aspergillus sp., Ni-
grospora sphaerica (URM-6060), Pestalotiop-
sis maculans (URM-6061) Phomopsis sp. and
Botryosphaeria sp., have been described to
produce secondary metabolites display-
ing antibacterial activity (Phongpaichit et
al., 2006; Pinheiro et al., 2013; Subban et al.,
2013; Santos et al., 2015).

Regarding the presence of fatty acids
in the C. cochliodes extract, fatty acids and
their derivatives have been isolated by bio-
assay-guided fractionation from numerous
plants and organisms as protectants against
pathogenic bacteria (Han et al., 2003; Des-
bois et al., 2009 and 2010; Tanvir et al., 2017
and 2018). According to Sumayo et al. (2014),
linoleic acid was found to elicit induced sys-
temic resistance (ISR) of tobacco against
the bacterial soft rot pathogen, P. caroto-
vorum subsp. carotovorum. Hexadecanoic
acid ethyl ester showed antioxidant, nem-
aticidal, pesticidal and antimicrobial activi-
ties (Farmer and Ryan, 1992; Blechert et al.,
1995). There are prior reports indicating the
presence of fatty acids in endophytic fun-
gi extracts and these fatty acids had been
proven to be widely bioactive against gram-
positive and gram-negative bacteria (Han
et al., 2003; Smith et al., 2015; Malhadas et
al., 2017). Manganyi et al. (2019) stated that
among 133 endophytic fungal strains isolat-
ed from Pelargonium sidoides only the iso-
late MHE 68, identified as Alternaria sp., had
antibacterial activities against clinical bacte-
ria strains, Enterococcus faecium and E. gal-
linarum. The chemical analysis of this Alter-
naria sp. extract indicated the presence of
9,12-octadecadienoic acid (Z,Z) and cyclo-
decasiloxane which, according to authors,
could be accountable for the antibacterial
activity.

Furthermore, many studies have ex-
posed a relationship between the structure
of fatty acids and their antimicrobial proper-
ties; unsaturated fatty acids are more effec-
tive than saturated fatty acids and the dou-
ble bonds position is substantial for long
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chain fatty acids. (Kurihara et al., 1999; Cer-
deiras et al., 2000; Zheng et al., 2005; Won et
al., 2007; Hamel, 2009; Sado-Kamdem et al.,
2009). Likewise, our findings indicated that
the most active fractions against P. carotovo-
rum subsp. carotovorum were those contain-
ing the unsaturated fatty acids and their de-
rivatives, while the fractions which contain
saturated fatty acids were less active. This
could also extend to the presence of meth-
yl 9-cis,11-trans-octadecadienoate in F14,
as the F14 had a more potent antibacterial
activity compared to F15 that lacks methyl
9-cis,11-trans-octadecadienoate, given that
esters have a remarkable effect on antimi-
crobial activity. The stereochemistry of un-
saturated compounds has an important role
in bioactivity as cis-isomers are more active
than trans-isomers probably because the
structures of trans-bonded unsaturated fat-
ty acids resemble to the saturated acids and
this was noticeable in our study since the ac-
tive compound was a cis isomer (Wille and
Kydonieus, 2003; Desbois and Smith, 2010).

Despite that the antibacterial mode of
action of fatty acids is still poorly under-
stood, several studies suggested that their
prime target is the cell membrane; they dis-
rupt the electron transport chain and oxi-
dative phosphorylation. They also interfere
with cellular energy production, inhibit en-
zyme activity, reduce nutrient uptake, caus-
ing peroxidation and auto-oxidation degra-
dation or lysis of bacterial cells (Kurihara et
al., 1999; Zheng et al., 2005; Won et al., 2007;
Hamel, 2009; Kenny et al., 2009; Sado-Kam-
dem et al., 2009).

In conclusion, the present study pro-
vides information on the isolation, identifi-
cation and antagonistic activities of the five
endophytic fungi (Alternaria sp., Aspergillus
sp., Chaetomium sp., Rhizopus sp. and Cur-
vularia sp.), as mycelia, against three phyto-
pathogenic bacteria (P. carotovorum subsp.
carotovorum, R. solanacearum and P. syrin-
gae pv. syringae) with Chaetomium sp. be-
ing the most active against P. carotovorum
subsp. carotovorum, R. solanacearum. In ad-
dition, the extract, fractions and a fatty
acid, 9,12-octadecadienoic acid (Z,2), isolat-
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ed from C. cochliodes (MW898133) showed
promising antibacterial activity against P.
carotovorum subsp. carotovorum. The find-
ings encourage further studies on the anti-
bacterial mode of action and safety of en-
dophytic fungi extracts and their secondary
metabolites as a renewable source of bioac-
tive compounds with possible application in
agriculture and medicine.

We are very grateful to Dr Doaa Komeil and Dr
Youssef Mohammed for her helpful and kind
support during this work.

Literature Cited

Arnold, A.E., Maynard, Z., Gilbert, G.S. Coley, P.D.
and Kursar, T.A. 2000. Are tropical fungal en-
dophytes hyper diverse? Ecology Letters, 3: 267-
274.

Atmosukarto, I., Castillo, U., Hess, W.M., Sears, J. and
Strobel, G. 2005. Isolation and characterization
of Muscodor albus 1-41.3s, a volatile antibiotic
producing fungus. Plant Sciences, 169: 854-861.

Barnett, H. and Hunter, B. 1998. lllustrated genera
of imperfect fungi; A comprehensive resource for
recognizing, identifying, and learning various as-
pects of imperfect fungi (4" ed). St. Pau, MN: APS
Press.

Blechert, S., Brodschelm, W., Holder, S., Kammer-
er, L., Kutchan, T.M., Mueller, M.J., Xia, Z.Q. and
Zenk, M.H. 1995. The octadecanoic pathway:
Signal molecules for the regulation of second-
ary pathways. Proceeding of the National Acade-
my of Sciences USA, 92: 4099-4105.

Bultreys, A. and Kaluzna, M. 2010. Bacterial cankers
caused by Pseudomonas syringae on stone fruit
species with special emphasis on the pathovars
syringae and morsprunorum race 1 and race 2.
Journal of Plant Pathology, 92: 21-33.

Carballeira, N.M. 2008. New advances in fatty acids
as antimalarial, antimycobacterial and antifun-
gal agents. Progress in Lipid Research, 47: 50-61.

Cerdeiras, M.P.,, Fernandez, J., Soubes, M., Vero, S.,
Ferreira, F., Moyna, P., Olano, I. and Vazquez, A.
2000. A new antibacterial compound from /bi-
cella lutea. Journal Ethnopharmacology, 73: 521-
525.

Dariush, S., Ebadi, A.A., Khoshkdaman, M., Rabiei, B.
and Elahinia, A. 2012. Characterising the genetic
diversity of Pseudomonas syringae pv. syringae
isolated from rice and wheat in Iran. Plant Pro-
tection Science, 48: 162—169.

Desbois, A. P. and Smith, V.J. 2010. Antibacterial free

fatty acids: Activities, mechanisms of action and
biotechnological potential. Applied Microbiolo-
gy and Biotechnology, 85: 1629-1642.

Desbois, A. P, Mearns-Spragg, A.and Smith V.J. 2009.
A fatty acid from the diatom Phaeodactylum tri-
cornutum is antibacterial against diverse bacte-
ria including multi-resistant Staphylococcus au-
reus (MRSA). Marine Biotechnology, 11: 45-52.

Ellof, J.N. 1998. A sensitive and quick microplate
method to determine the minimal inhibito-
ry concentration of plant extracts for bacteria.
Planta Medica, 64: 711-713.

Farmer, E.E. and Ryan, C.A. 1992. Octadecanoid pre-
cursors of jasmonic acid activate the synthesis
of wound-inducible proteinase inhibitors. Plant
Cell, 4:129-134.

Gunatilaka, A.A.L. 2006. Natural products from
plant-associated microorganisms: distribu-
tion, structural diversity, bioactivity, and impli-
cations of their occurrence. Journal of Natural
Products, 69: 509-526.

Hamel, F.G. 2009. Preliminary report: inhibition of
cellular proteasome activity by free fatty acids.
Metabolism, 58: 1047-1049.

Han, J., Hamilton, J.A., Kirkland, J.L., Corkey, B.E. and
Guo, W. 2003. Medium-chain oil reduces fat
mass and down-regulates expression of adipo-
genic genes in rats. Obesity Research, 11: 734-
744,

Hardoim, P.R., van Overbeek, L.S., Berg, G., Pirttil3,
A.M., Compant, S., Campisano, A., Doring, M.
and Sessitsch, A. 2015. The hidden world with-
in plants: ecological and evolutionary consider-
ations for defining functioning of microbial en-
dophytes. Microbiology and Molecular Biology
Reviews, 79: 293-320.

Hellwig, V., Grothe, T., Mayer-Bartschmid, A., Ender-
mann, R., Geschke, F.-U., Henkel, T. and Stadler
M. 2002. Altersetin, a new antibiotic from cul-
tures of endophytic Alternaria spp. Journal of
Antibiotics, 55: 881-892.

Kabara, J.J., Swieczkowski, D.M., Conley, A.J. and Tru-
ant, J.P. 1972. Fatty acids and derivatives as anti-
microbial agents. Antimicrobial Agents and Che-
motherapy, 2: 23-28.

Kenny, J.G., Ward, D., Josefsson, E., Jonsson, I.-M.,
Hinds, J., Rees, H.H., Lindsay, J.A., Tarkowski, A.
and Horsburgh, M.J. 2009. The Staphylococcus
aureus response to unsaturated long chain free
fatty acids: survival mechanisms and virulence
implications. PLoS One, 4: e4344.

Kurihara, H., Goto, Y., Aida, M., Hosokawa, M. and
Takahashi, K. 1999. Antibacterial activity against
cariogenic bacteria and the inhibition of insol-
uble glucan production by free fatty acids ob-
tained from dried Gloiopeltis furcata. Fisheries
Science, 65: 129-132.

Kusari, S, Verma, V.C., Lamshoft, M. and Spiteller, M.
2012. An endophytic fungus from Azadirachta

© Benaki Phytopathological Institute



Antibacterial activity of Chaetomium cochliodes extract 95

indica A. Juss. that produces azadirachtin. World
Journal of Microbiology and Biotechnology, 28:
1287-1294.

Lugtenberg, B.J.J., Caradus, J.R. and Johnson, L.J.
2016. Fungal endophytes for sustainable crop
production. FEMS Microbiology Ecology, 92:
fiw194.

Malhadas, C., Malheiro, R. and Pereira, J.A. 2017. An-
timicrobial activity of endophytic fungi from
olive tree leaves. World Journal of Microbiology
and Biotechnology, 33: 46.

Manganyi, M.C., Tchatchouang, C.D.K., Regnier, T.,
Bezuidenhout, C.C. and Ateba C.N. 2019. Bioac-
tive compound produced by endophytic fungi
isolated from Pelargonium sidoides against se-
lected bacteria of clinical importance. Mycobi-
ology, 47: 335-339.

Martins, P.M.M., Merfa, M.V., Takita, M.A. and De
Souza, A.A. 2018. Persistence in phytopatho-
genic bacteria: Do we know enough? Front Mi-
crobiology, 9: 1099.

Mousa, W.K. and Raizada, M.N. 2013. The diversity
of anti-microbial secondary metabolites pro-
duced by fungal endophytes: an interdisciplin-
ary perspective. Front Microbiology, 4: 65.

Peeters, N., Guidot, A., Vailleaz, F., Valls, M. 2013. Ral-
stonia solanacearum, a widespread bacterial
plant pathogen in the post-genomic era. Mo-
lecular Plant Pathology, 14: 651-662.

Pérombelon, M.C.M, Kelman, A. 1980. Ecology of the
soft rot Erwinias. Annual Review of Phytopa-
thology, 18: 361-387.

Phongpaichit, S., Rungjindamai, N., Rukachaisirikul,
V. and Sakayaroj, J. 2006. Antimicrobial activi-
ty in cultures of endophytic fungi isolated from
Garcinia species. FEMS Immunology and Medical
Microbiology, 48:367-372.

Pinheiro, E.A.A., Carvalho, J.M., Dos Santos,
D.C.P, Feitosa, A.D.O., Marinho, P.S.B., Guil-
hon, G.M.S.P., de Souza, A.L., da Silva, FM.A.
and Marinho, A.M.R. 2013. Antibacterial activ-
ity of alkaloids produced by endophytic fun-
gus Aspergillus sp. EJCO8 isolated from medical
plant Bauhinia guianensis. Natural Product Re-
search, 27: 1633-1638.

Saad, M.M.G. and Badry, H.H. 2020. Phytohormones
producing fungal Endophytes enhance nutri-
tional status and suppress pathogenic fungal
infection in tomato. Journal of Agricultural Sci-
ence and Technology, 22:1383-1395.

Sado-Kamdem, S.L., Vannini, L. and Guerzoni, M.E.
20009. Effect of a-linolenic, capric and lauric acid
on the fatty acid biosynthesis in Staphylococcus
aureus. International Journal Food Microbiology,
129: 288-294.

Sahani, K. and Hemalatha, K.P.J. 2018. Diversity of
endophytic fungi from Tribulus terrestris L. from
Eastern Ghat of India (first report). Internation-
al Journal of Pharmaceutical Sciences Review and

© Benaki Phytopathological Institute

Research, 50: 197-206.

Sahani, K., Thakur, D. and Hemalath, K.P.J. 2019. Phy-
tochemical analysis and antioxidant activity of
endophytic fungi Curvularia aeria MTCC 12847
isolated from Tribulus terrestris L. leaf. DOI:
https://doi.org/10.21203/rs.2.16923/v1.

Santos, I.P.D., Silva, L.C.N.D., Silva, M.V.D., Araujo,
J.M.D., Cavalcanti, M.D.S. and de Menezes Lima,
V.L. 2015. Antibacterial activity of endophytic
fungi from leaves of Indigofera suffruticosa Mill-
er (Fabaceae). Front Microbiology, 6: 350.

Smith, R.A., Mikanatha, N.M. and Read A.F. 2015. An-
tibiotic resistance: a primer and call to action.
Health Communication, 30: 309-314.

Stadler, M., Mayer, A., Anke, H. and Sterner, O.
1994. Fatty acids and other compounds with
nematicidal activity from cultures of Basidiomy-
cetes. Planta Medica, 60: 128-132.

Strange, R.N. and Scott, P.R. 2005. Plant disease:
A threat to global food security. Annual Re-
view of Phytopathology, 43: 83-116.

Strobel, G., Daisy, B. and Castillo U. 2004. Natural
products from endophytic microorganisms.
Journal of Natural Products, 67: 257-268.

Subban, K., Subramani, R. and Johnpaul, M., 2013.
A novel antibacterial and antifungal phenolic
compound from the endophytic fungus Pesta-
lotiopsis mangiferae. Natural Product Research,
27:1445-1449.

Sumayo, M.S., Kwon, D.K. and Ghim, S.Y. 2014. Lino-
leic acid-induced expression of defense genes
and enzymes in tobacco. Journal of Plant Physi-
ology, 171: 1757-1762.

Tan, R.X. and Zou, W.X. 2001. Endophytes: a rich
source of functional metabolites. Natural Prod-
uct Reports, 18: 448-459.

Tanvir, R., Javeed, A. and Bajwa, A.G. 2017. Endo-
phyte bioprospecting in South Asian medicinal
plants: an attractive resource for biopharma-
ceuticals. Applied Microbiology and Biotechnolo-
gy, 101: 1831-1844.

Tanvir, R., Javeed, A.and Rehman Y. 2018. Fatty acids
and their amide derivatives from endophytes:
new therapeutic possibilities from a hidden
source. FEMS Microbiology Letters, 365: fny114.

Verhaegen, M., Mahillon, J., Caulier, S., Mingeot-
Leclercq, M.-P., Bragard, C. 2024. Data collec-
tion on antibiotics for control of plant patho-
genic bacteria. EFSA supporting publication
2024:EN-8522. 195 pp. doi:10.2903/sp.efsa.2024.
EN-8522.

Walters, D., Raynor, L., Mitchell, A., Walker, R. and
Walker, K. 2004. Antifungal activities of four fat-
ty acids against plant pathogenic fungi. Myco-
pathologia, 157: 87-90.

White, T.J., Bruns, T., Lee, S. and Taylor, J. 1990. in: In-
nis A, Gelfand DH, Sninsky JJ (eds), PCR Proto-
cols, Academic Press, San Diego, USA, 315-322.



96 Saad & Abdelgaleil

Wille, J.J. and Kydonieus, A. 2003. Palmitoleic acid dophytic fungus Alternaria tenuissima. Journal
isomer (C16:1delta6) in human skin sebum is of Asian Natural Product Research, 16: 777-782.
effective against gram-positive bacteria. Skin Zheng, C.J., Yoo, J.S., Lee, T.G., Cho, H.Y., Kim, Y.H.
Pharmacology and Applied Skin Physiology, 16: and Kim, W.G. 2005. Fatty acid synthesis is a tar-
176-87. get for antibacterial activity of unsaturated fat-

Won, S.-R., Hong, M.-J,, Kim, Y.-M,, Li, C.-Y., Kim, J.-W. ty acids. FEBS Letters, 579: 5157-5162.

and Rhee, H.-I. 2007. Oleic acid: An efficient in-
hibitor of glucosyltransferase. FEBS Letters, 581:

4999-5002.
Wu, W.-B., Yue, G.-C., Huang, Q.-L., Sun, L.-L. and
Zhang, W. 2014. A new compound from an en- Received: 2 October 2022 ; Accepted: 30 June 2024

Avtifaktnplakn dpaon eKXUAICpHATWY Kal HETABOAITWY TOU
anmopovwoOnkav amd tov evéo@uTIKO puknta Chaetomium
cochliodes évavti putomaBoyovwv faktnpiwv

M.M.G. Saad kat S.A.M. Abdelgaleil

NepiAnyn Mévte evdouTikoi poknteg, Alternaria sp., Aspergillus sp., Chaetomium sp., Rhizopus sp.
kal Curvularia sp., amopgovwBnkav amd 1o AlyunTiakng mpoéhevong mowdeg @utd Tribulus terrestris,
Kal eAéyxOnkav w¢ mpog TNV avTiBaktnplakh toug dpdon évavtl Tplwv utomaboyovwy Baktnpiwv
(Pectobacterium carotovorum subsp. carotovorum, Ralstonia solanacearum, Pseudomonas syringae pv.
syringae). O pukntag Chaetomium sp. mapouaciace tn peyautepn avtifaktnplakn dpdon. To 0TéNexog
AUTO AVAYVWPIoTNKE LOPPOAOYIKA Kal hoplakd we Chaetomium cochliodes MS03 (MW898133) pe fdon
N yoviSlwpatikn meploxn ITS1-5.8S rRNA-ITS2. O pukntag C. cochliodes mpokdAeoe (WveG avaoToAfg
avamtuéng 15 kat 8 mm Tou P. carotovorum subsp. carotovorum xai tou R. solanacearum, avtioTolya.
Metd amo Siepyacia (Opwaong pe tov puknta C. cochliodes, mpaypatomotBnke ekxUAon pe ofIko al-
Buleoatépa. To akatépyaoto ekyxUAIopa Tou C. cochliodes €dei€e 1oxupn avtiBakTtnplaky 6pdon éva-
vTLTou P. carotovorum subsp. carotovorum ({wvn avacToAng avantuénc= 27 mm). BlodpaoTtikoi Seute-
poyevei¢ petaBoliteg amopovwbnkav améd To akatépyaoTo eKXUAIOUA Ue 0TAAN XpwHaToypagiag dio-
&e1diou Tou mupttiov (silica gel) kat Blodokipr. Ot ENAXIOTEG CUYKEVTPWOELG AVACGTONAG TNG AVATTTUENG
Atav 500, 32 ka1 4 mg/L yia to ekxUAiopa tou C. cochliodes, To kKAdopa 14 kat To KAdoua 15, avtioTolxa,
évavTi tou P. carotovorum subsp. carotovorum. Ta BlodpacTikd kKAdopata avaludnkav pe GC/MS. H Bi-
08paoTIki kaBapr évwon Tavtomolndnke w¢ 9,12-oktadekadievoikd o&L (Z, Z) kat n XnUIKA dour| M-
BeBaiwdnke pe paopatiki avdluon H' NMR kai C* NMR. H évwon mou amopovwOnke édei1ée evBappu-
VTIKA amoteAéopata yia Tnv avtifaktnplaky dpdon tng évavti Tou Baktnpiou P. carotovorum subsp.
carotovorum e TR ENAXIOTNG CUYKEVTPWONG AVAOTOARG avantuéng 32 mg/L.

Hellenic Plant Protection Journal 17: 85-96, 2024

© Benaki Phytopathological Institute



Hellenic Plant Protection Journal 17: 97-110, 2024
DOI 10.2478/hppj-2024-0009

§ sciendo

First record of Hyphopichia burtonii isolated from the
storage pest Sitophilus zeamais and its bioactivity against
mycotoxigenic fungi

M.N.P. Seco'?, A.K.M. Beltran' and M.A.O. Balendres'3#*

Summary Corn weevil (Sitophilus zeamais) is one of the most destructive pests of corn seeds during
storage. The weevil may be a vector of mycotoxigenic fungi or yeast contaminating seed lots. In this
study, an unknown yeast species was isolated from corn weevils found in stored corn seeds. We hy-
pothesized that this yeast had an antifungal activity thereby inhibiting growth of mycotoxigenic fun-
giin corn seeds. The yeast species was identified as Hyphopichia burtonii, using combined morpholog-
ical and molecular assays, and its potential inhibitory activity was assessed in vitro (spread plate and
dual culture) against three known mycotoxigenic fungi, Fusarium verticillioides, Aspergillus niger and A.
flavus. Screening of the antagonistic activity of the yeast isolate showed 50 - 69% colony growth inhi-
bition of three fungi when the yeast was spread plated on PDA but only slight inhibition (5.8 - 13.7%
growth inhibition) in the dual culture assay. The sporulation of the fungi was also affected at 57 - 96%
and 29 - 40% in spread plating and dual culture assay, respectively. In addition, volatile and non-vol-
atile fractions also showed a reduction in mycelial growth. Variable responses were observed among
the mycotoxigenic fungi. Further research would be interesting on the potential utilization of the an-
tagonistic yeast to reduce fungal growth and sporulation, and possible mitigation of mycotoxin con-
tamination in corn grains. To our knowledge, this is the first record of H. burtonii isolated from an in-
sect, specifically S. zeamais.

Additional keywords: corn weevil, insect-yeast interaction, seed pathology, yeast

Introduction

Corn (Zea mays) is one of the major staple
crops grown throughout the Philippines,
amounting to 2 million metric tons (Phil-
ippine Statistics Authority, 2021). About 14
million Filipinos prefer white corn as their
main staple while yellow corn accounts for
about 50% of livestock mixed feeds (Depart-
ment of Agriculture). Much of it is produced
by small-farm holders for their consumption
and livelihood. Corn grits are used for hu-
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man consumption, while the other parts of
the seeds produced during milling may be
used as animal feeds. Corn seeds are often
stored prior to processing, particularly dur-
ing the rainy season. Some of these seeds
are also used for the next growing season.
During the postharvest and storage peri-
od, seeds are predisposed to several fungal
contaminants and insect pests, which may
contribute to economic loss and reduce seed
quality (Balendres et al., 2019). These biotic
agents are estimated to cause 20% of food
losses, of which up to 40-50% are from de-
veloping countries (Yun et al., 2018). Among
the stored product pathogens and pests are
Aspergillus species, Fusarium species, and Si-
tophilus zeamais (Coleoptera: Curculionidae)
(corn weevil) (Ferreira-Castro et al., 2012).
Mycotoxins like aflatoxin, ochratox-
in, and fumonisin are toxic substances pro-
duced by some fungi (mycotoxigenic fungi),
namely Aspergillus flavus, A. niger, and Fusar-
ium verticillioides (Balendres et al., 2019). The
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Food and Agriculture Organization’s (FAO)
approximates 25% of the world’s annual
crop production to be contaminated with
mycotoxins, leading to significant crop loss-
es in food and feed products valued at an
estimated 1 billion metric tons (Pfliegler et
al., 2015). Meanwhile, infestation of insects
in mature cobs during grain storage is com-
mon. The corn weevil, S. zeamais, is one of
the most serious and common pests of corn
in the tropics (Paes et al., 2012; Sori and Aya-
na, 2012). It has also been reported as a vec-
tor for toxigenic fungi during storage (Fer-
reira-Castro et al., 2012); thus, it may cause
additional damage to stored products by
spreading and promoting fungal contami-
nation. Insect-microbiota interactions play
animportant role in insect biology, influenc-
ing the insect’s development, physiology,
nutrition, survival, immunity, or even vector
competence (Malassigné et al., 2021).

In 2021, individuals of corn weevil were
observed in corn seed samples from seed
lots that usually showed high fungal con-
tamination. When the seeds were placed in
a culture medium, a yeast was found and no
fungal contaminants were isolated. We hy-
pothesized that the unknown yeast spe-
cies carried by the corn weevils is bioactive
against mycotoxigenic fungal seed contami-
nants. This study aims to 1) identify the yeast
species isolated from the corn weevils using
a combined conventional and DNA-based
approach and 2) assess the antifungal activi-
ty of this yeast against three common myco-
toxigenic fungi F. verticillioides, A. flavus, and
A. niger using spread plate technique and
dual culture assays.

Materials and Methods

Sample collection, yeast isolation and
mycotoxigenic fungi source

Individuals of corn weevil were collected
in March 2021 in Laguna, Philippines, from
brown paper bags containing corn seeds.
The weevils were kept in glass flasks with a
mesh screen lid. For the experiment, weevils
were directly plated onto Petri plates (10 in-

dividuals/plate X 3 plates) containing pota-
to dextrose agar (PDA) medium. The plates
were incubated at room temperature (28-
30°C) for seven days. The yeast was isolated
and purified in new PDA medium.

The three mycotoxigenic fungi used in
this study, A. flavus, A. niger, and F. verticil-
lioides, were obtained from the fungal re-
pository of the Plant Pathology Laboratory,
Institute of Plant Breeding, College of Agri-
culture and Food Science, University of the
Philippines Los Bafos. These fungi were pre-
viously isolated from stored corn seeds and
were already identified using molecular as-
says. The fungi were also found to contain
the aflatoxin, ochratoxin, and fumonisin
biosynthesis genes and metabolites, deter-
mined using a polymerase chain reaction
(PCR) assay and ELISA kit, respectively.

Yeast identification

Identification of the yeast species was
done through a combined morpho-cultural
and molecular assays. Morphocultural char-
acterization was done in yeast extract pep-
tone glucose agar (YEPG) (10 g yeast extract,
20 g peptone, 10 g glucose, 15 g agar). The
insect genomic DNA was extracted using
the CTAB method (Doyle and Doyle, 1987).
The sequences of the D1/D2 domain using
the LROR (ACCCGCTGAACTTAAGC) and LR5
(TCCTGAGGGAAACTTCG) (Vilgalys, 1988)
primer pairs were used to amplify the LSU
rRNA gene region of the yeast in a PCR as-
say. The 25 yL PCR mix contained 1x PCR
buffer (Invitrogen), two mM MgCI2 (Invitro-
gen), 0.2 mM dNTP mix (Invitrogen), 0.2 uM
of each primer, 1 U of Tag polymerase (In-
vitrogen), one puL DNA template and DEPC-
treated water (Invitrogen). PCR reactions
were performed using MyCycler™ Thermal
Cycler System (Bio-Rad Laboratories) with
an initial denaturation for 5 min at 95°C, 35
cycles of 30-sec denaturation at 95°C, 30-
sec annealing at 55°C, and 1 min extension
at 72°C, followed by a final extension for 10
min at 72°C for LSU rRNA gene and an initial
denaturation for 5 min at 94°C, 35 cycles of
30-sec denaturation at 94°C, 30-sec anneal-
ing at 55°C, and 30-sec extension at 72°C.
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The amplified products were visualized us-
ing the Molecular Imager GelDoc™ XR+ with
Image Lab software (Bio-Rad Laboratories),
and amplified PCR products were sent to 1st
Base (Malaysia) for DNA sequencing.

Weevil Identification

A PCR assay, using the same conditions
as mentioned above, was also performed to
validate the identity of the corn weevil. Prim-
er pairs LCO1490 (GGTCAACAAATCATAAA-
GATATTGG) and HCO2198 (TAAACTTCAG-
GGTGACCAAAAAATCA) (Folmer et al., 1994)
of the COI gene were used in the PCR assay.

DNA Sequence Analysis

Sequence assembly was performed us-
ing the Geneious program. The obtained
consensus sequences were compared pair-
wise using a BLASTN search (NCBI Gen-
Bank). Sequences were then aligned with
the sequences of related species retrieved
from GenBank using multiple alignments.
A phylogenetic tree was constructed using
the maximum likelihood method of MEGA
X software, and confidence levels of the
clades were estimated from bootstrap anal-
ysis (1,000 replicates).

In vitro screening of yeast antagonistic
assay

Hyphopichia burtonii was tested on each
fungal isolate to determine the yeast’s ef-
fect on fungal growth and spore produc-
tion in a spread plate technique following
the method of Souza et al. (2017). The yeast
was grown in culture media and a concen-
tration of 107 cells mL" was obtained. For the
fungal isolates, suspension of spores was
obtained at 10° spores mL". Aliquots of 100
uL of the yeast suspension were spread us-
ing a Drigalsky handle on Petri dishes con-
taining PDA medium. Then, aliquots of 10
uL of each fungal spore suspension were
placed in the center of the Petri dishes. This
was performed in triplicates and the Pe-
tri dishes were incubated at 28°C for sev-
en days. Positive control for the growth of
each fungal isolate was conducted by inoc-
ulating the spores without inoculating the

© Benaki Phytopathological Institute

yeast isolates. The colony diameter of each
fungus was measured to evaluate the my-
celial vegetative growth, and the percent-
age of growth inhibition was obtained, con-
sidering that the positive control was 100%
of the diameter. The same treatments for
growth inhibition were conducted to ana-
lyze spore production. After seven days, the
spores were counted by placing three agar
blocks per replicate in 10 ml of sterile dis-
tilled water. The percentage of inhibition of
spore production was obtained considering
the spore concentration in the positive con-
trol as 100% for each fungal isolate.

A dual culture assay (Moradi et al., 2020)
was also performed by placing 50 pl of an ac-
tively growing suspension of H. burtonii (108
cells mL™) and streaking 3.5 cm away from
the center of the YEPG plates containing 10
g yeast extract, 20 g peptone, 10 g glucose,
and 15 agar and subsequently incubated at
25°C for 24 h. Post-incubation, 10 uL each of
the three mycotoxigenic fungal spore sus-
pensions (10° spores mL™") was placed in the
center of each Petri dish and incubated at
28°C in the dark. The inhibition of radial fun-
gal growth was recorded for up to 7 days.
Fungal growth with no yeast inoculum was
used as a control. The ability of strains to in-
hibit fungal growth was calculated with the
following equation: / = G-T/C X 100, where [ is
the inhibition of mycelial growth (%), Cis the
growth of the fungal pathogen in control Pe-
tri dishes, and T is the growth in the interac-
tion assays. The percentage of inhibition of
spore production was also conducted.

Effect of heating (volatile and non-vola-
tile compounds) on the antimicrobial ac-
tivity of H. burtonii

To assess the effects of volatile com-
pounds on the mycelial growth of fungi, the
H. burtonii strain was streaked out on YEPG
plates and incubated for two days at 28°C
(Moradi et al., 2020). Ten uL each of the three
mycotoxigenic fungal spore suspensions
(10¢ spores mL™") of 7-day-old fungi were
placed in the center of the plate and upside
down on a Petri dish containing the 48-hour
inoculated H. burtonii strain. The plates were
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then sealed with paraffin film (Parafilm, Sig-
ma-Aldrich, Germany) and incubated for
seven days at 27°C in the dark. The fungi’s
colony diameter (mm) was measured after
seven days. The YEPG plates with no yeast
isolate applied were used as a control.

In the non-volatile compound assay, H.
burtonii strain was cultured in individual flasks
containing 75 ml of sterilized potato-dextrose
broth (PDB). It was placed on a rotary shaker
(150 rpm) at room temperature to promote
the growth of yeast strain. After four days, the
suspensions were passed through No. 1 fil-
ter paper (Whatman, Sigma-Aldrich, Germa-
ny) and autoclaved. The sterilized suspension
was mixed with YEPG at three ratios (5%, 15%,
and 25%) and poured into Petri dishes. Fungal
suspensions were inoculated on the center of
the plates at 10 L (10° spores mL™"). The my-
celial growth of the fungi was monitored and
recorded at seven days.

Statistical Analysis

A paired sample (Independent) T-test
and ANOVA test were performed using Sta-
tistical Tool for Agricultural Research (STAR
Nebula) with a 95% confidence level.

Results
Yeast incidence and identity

The yeast grew from all corn weevils
(100% incidence) plated in the PDA medi-

um after seven days (Fig. 1A). No other mi-
crobes were observed growing from the
corn weevil samples. Morphocultural char-
acterization showed white, powdery, flat,
filamentous colonies with yeast-like cells
which are ellipsoidal or pyriform in shape at
about 2.5-5.0 x 1.5-2.5 um with thin, smooth
walls with septate hyphae that are 4-6 um
broad, and dichotomously branched (Fig.
1B and 1C). Analysis of the D1/D2 domain of
the LSU rRNA gene amplified a PCR product
of 860 bp (Fig. 2B) and NCBI BLAST results
showed 100% similarity to Hyphopichia bur-
tonii (CP024760) (Table 1). The phylogenetic
tree was generated based on the sequences
of the D1/D2 domain of the LSU rRNA gene
also revealed that the strain formed a cluster
with known H. burtonii (Fig. 3).

Weevil identity

PCR product of the weevil's DNA ana-
lyzed using COIl gene showed 700 bp at 1.5%
agarose gel electrophoresis (Fig. 2A). The
DNA sequences of the COI gene of the indi-
viduals revealed 99.14% similarity to Sitophi-
lus zeamais (NC030764) (Table 2).

Yeast’s antifungal activity

Four in vitro assays were conducted to
test antifungal activity of H. burtonii against
three mycotoxigenic fungi. In the spread
plate assay, H. burtonii significantly inhibited
the colony growth of three fungi with a 50-
69% reduction on spread plate assay (Fig.

Figure 1. Isolation of mycoflora in corn weevil by direct plating on PDA: (A) pure culture of Hyphapichia burtonii grown in
yeast extract peptone glucose agar (YEPG) at 3 days incubation (B) and yeast cells at 1000x magnification (bar=10 pm) (C).
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4A and Fig. 5). Spore production was also in-
hibited at 57-96% where highest inhibition
was recorded with A. flavus at 96%, followed

b

I I

Figure 2. Agarose gel electrophoresis (1.5%) of PCR product
of Sitophilus zeamais at 700 bp using COl gene (A) and Hyphopi-
chia burtonii at 860 bp using LSU rRNA gene (B).

by A. niger at 87.85% and F. verticillioides at
57.63% (Table 3). In the dual culture assay,
the isolate significantly inhibited the growth
of F. verticillioides and A. niger at 13.68% and
6.31% respectively. However, no significant
inhibition was observed on A. flavus (Fig. 4B
and Fig. 6). On fungal spore production, all
fungi were significantly inhibited (29-40%)
(Table 4). H. burtonii inhibited the mycelial
growth of the three fungi which is correlat-
ed with the inhibition of spore production.
The test for the presence of volatile com-
pounds of H. burtonii also showed a reduc-
tion in mycelial growth in F. verticillioides
and A. niger with 17.41 and 58.89% inhibi-
tion, respectively, while A. flavus growth was
not significantly affected (Fig. 7A). For the
non-volatile compound test, higher yeast
concentration amended in YEPG (15% and
25%) was efficient in inhibiting the growth
of F. verticillioides (25-30% inhibition) and A.
flavus (7.41-14.44%) but did not affect A. ni-
ger growth (Fig. 7B). At 5% yeast concentra-
tion, no inhibition was observed in F. verti-
cillioides and A. flavus. However, significant

Table 1. Sequences retrieved from GenBank according to the closest BLAST results of the
D1/D2 domain of the LSU rRNA gene.

Isolate Closest sequence match Source/Host Country Coverage | Similarity
MB Corn Weevil CP024760.1
Yeast Isolate 001 Hyphopichia burtonii nuruk South Korea 100 100
KY107882.1 .
Hyphopichia burtonii inse NI 100 100
HF952839.2 .
Hyphopichia burtonii Farm silage Netherlands 100 100
MH867400.1
Hyphopichia burtonii NI Netherlands 99 100
NG_054819.1
Hyphopichia burtonii NI NI %6 100
CP024761.1
Hyphopichia burtonii nuruk South Korea 88 100
KY106445.1 NI Finland 95 97.09
Hyphopichia fennica
KY107885.1 .
Hyphopichia burtonii Homo sapiens NI 82 100
JQ.73$412'1 Halophila ovalis China 93 96.15
Pichia sp.
CP024757.1
Hyphopichia pseudoburtonii nuruk South Korea 100 90.41

Abbreviations: (NI) No information.
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as Hyphopichia rhagii CBS 618 / KY106723

77 |l Hyphopichia heimii NRRL Y¥-7502 / JQ689033

100 | - Candida pseudorhagii NRRL YB-2076 / AY789656

Hyphopichia paratogoi NYNU 14666 [ KM272246
57
86 Candida gotoi CBS 8521 / AY489112
Candida wangnamkhiaoensis CBS 11695 / AB682910
4 Hyphopichia pseudoburtonii CBS 5510 / KY107889
Hyphopichia buzzinii UFMG-CM-YB067 [ KYA99625

82

99

010

'— Candida homilentoma NRRL Y-10941 / U45716

Hyphopichia fennica CBS 6027 [ KY106445

Candida sp. NCAIM Y.01946 / GQ396302

Hyphopichia khmerensis K28-3-2 [ AB158648

72 || Hyphopichia burtonii CBS 2352 / KY107882

MBCornWeevilYeast Isolate 001

Danielozyma ontarioensis CBS 8502 / KY107478

Figure 3. Phylogenetic tree based on the sequences of the D1/D2 domain of the LSU rRNA gene, showing positions of Hy-
phapichia burtonii with respect to closely related species. The phylogenetic tree was constructed from evolutionary distance
data using maximum likelihood method. The numbers at nodes indicate the percentages of bootstrap sampling, derived
from 1,000 samples. Danielozyma ontarioensis was the outgroup species in the analysis.

inhibition was observed in A. niger at the
lowest yeast concentration.

Discussion

The corn weevil, S. zeamais, is known to be a
vector of fungi, some of which produce toxins
(aflatoxin and fumonisin). In this study, a yeast
was isolated from individuals of corn weevil
using combined morpho-cultural and molec-
ular assays, and was identified as H. burtonii.
To our knowledge, this is the first scientific
report of H. burtonii isolated from a storage-
product insect pest. As there were no fungi

growing on weevils where the yeast was iso-
lated, it was hypothesized that the yeast in-
hibited the activity of mycotoxigenic fungi.
Yeast has been regarded as potential biocon-
trol agent against toxigenic fungi in stored
grains (Petersson and Schndurer, 1998; Peters-
son et al., 1998; Masoud and Kaltoft, 2006). In
the current study, we confirm that the H. bur-
tonii isolated from corn weevil had inhibitory
activity on the growth and spore production
of three mycotogenic fungi, namely A. flavus,
A. niger, and F. verticillioides.

The morphology and colony features of
the H. burtonii isolated strain in this study
corroborate with the description of Arx and
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Table 2. Sequences retrieved from GenBank according to the closest BLAST results of cyto-
chrome oxidase subunit | (COI) gene.

Isolate Closest sequence Source/Host Country Coverage Similarity
match
MBCornWeevil . NC—.030764'1 . NI NI 99 99.14
Sitophilus zeamais
. AY1.3”00'1 . NI NI 99 99.14
Sitophilus zeamais
MT294139.1 . .
Sitophilus zeamais Sorghum grains China 99 98.99
. MN.905575'1 . NI China 99 98.99
Sitophilus zeamais
. KU7.57289'1 . NI China 99 98.99
Sitophilus zeamais
. MK§49856'1 . NI NI 94 100
Sitophilus zeamais
. OQ.533509'1 . NI Pakistan 94 99.85
Sitophilus zeamais
. KY?Q%H . NI China 94 99.85
Sitophilus zeamais
. KY9.12950'1 . NI China 94 99.85
Sitophilus zeamais
. KM459446'1 . NI India 94 99.85
Sitophilus zeamais
Abbreviations: (NI) No information.
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Figure 4. Colony growth of three mycotoxigenic fungi using spread plate (A) and dual culture test (B) of Hyphopichia bur-
tonii at 7 days incubation. Bars, within a figure, with different letter indicate means were significant at p<0.05 based on T-
test analysis. Values represent the mean of the two trials performed.

Vab Der Walt (1976) and Pitt and Hocking  food and beverage spoilage. It is also called
(2009). This species was formerly known as  «chalk molds» because it causes defects
Pichia burtonii, a wide-spread yeast causing  on partially baked bakery products, cured
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F. verticillioides

Untreated

H. burtonii |8

A. flavus

Figure 5. Spread plate assay of the antagonistic activity of Hyphopichia burtonii against three mycotoxigenic fungi: Fusari-

um verticillioides, Aspergillus niger, Aspergillus flavus (L-R).

Table 3. Colony growth and spore inhibition of three mycotoxigenic fungi to Hyphopichia

burtonii strain using spread plate assay.

Colony diameter (mm) Spores/ml
Treatment
F. verticillioides | A.niger | A.flavus | F. verticillioides A.niger A. flavus
Control 90.00a 69.00a 78.83a 1.97x10%a 4.06x10% 6.63x10%
H. burtonii 44.83b 26.50b 23.67b 8.33x10%*b 4.93x10°b 2.65x10°b
Inhibition(%) 50.19 61.59 69.98 57.63 87.85 96.00

meat, and cookies (Lee and Fujio, 1999; Sim-
oncini et al., 2007). The species has been re-
ported in a wide variety of substrates, par-
ticularly high starch substrates such as corn,
wheat, and rice, and from insects and water
from fish ponds (Kurtzman, 2011). Hyphopi-
chia burtoniihas been isolated from grass in-
sects in Thailand (Limtong et al., 2012), cof-
fee berry borer (Hypothenemus hampei)
from a coffee tree in Brazil (Moreira, 2012),
wild edible crickets (Gryllus bimaculatus) in
Kenya (Gatheru, 2019), red flour beetle (Tri-
bolium castaneum) in rice in Korea (Yun et

al., 2018), guts of insect larvae and decayed
woods from Henan Province, Central China
(Ren et al., 2015), and insect frasses (Kurtz-
man, 2011). In addition, H. burtonii has also
been reported in rotting woods, the leaf sur-
face of a mango tree, and a freshwater lake
in Brazil (Ribeiro et al., 2017), spoiled food-
stuffs, caterpillars, silage, pollen, fish feeds,
and fishponds (Pinheiro et al., 2018; Barnett
etal., 2000). The current study, to our knowl-
edge, is the first scientific report of H. bur-
toniiisolate from corn weevil (S. zeamais).
Moreira (2012) reported that H. burtonii
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F. verticillioides

Untreated

H.
burtonii

A. flavus

Figure 6. Dual culture assay of the antagonistic activity of Hyphopichia burtonii against three mycotoxigenic fungi: Fusari-

um verticillioides, Aspergillus niger, Aspergillus flavus (L-R).

Table 4. Colony growth and spore inhibition of three mycotoxigenic fungi to Hyphopichia

burtonii strain using dual culture assay.

Radial growth (mm) Spores/ml
Treatment
F. verticillioides A.niger | A.flavus | F.verticillioides A. niger A. flavus
Control 54.83a 37.00a 37.33ns 1.7 x10°a 6.2 x10%a 4.2 x10%a
H. burtonii 47.33b 34.67b 35.17 1.0 x10°b 3.5x10% 3.0x10°%
Inhibition(%) 13.68 6.31 5.80 40.00 43.39 28.58

parasitizes the coffee berry borer Hypoth-
enemus hampei (Coleoptera: Scolytidae).
In the current study, we did not observe H.
burtonii parasitizing the corn weevil. Never-
theless, further research is necessary to de-
termine the associations of H. burtonii with
the corn weevil, aside from the latter be-
ing a vector of the yeast. Hyphopichia bur-
tonii has also been associated with cutane-
ous infection in Barbastelle bats (Simpson et
al., 2013). In 2021, a strain of H. burtonii was
reported, for the first time, to be associated
with peritonitis in humans on peritoneal di-
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alysis, which may require specific media and
other detection techniques (Chamroensak-
chai et al., 2021). The yeast strain associated
with the corn weevil in our study was easily
cultured in PDA medium within seven days.
Further research is needed to compare the
biology and pathology of H. burtonii isolates
from various sources as these may differ
based on their host (pathogenic or symbiot-
ic) and host specificity is also possible. A ge-
nomics approach may also shed light as to
whether the H. burtonii isolates from various
substrates and samples (plants, insects, and
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Figure 7. Colony diameter (mm) of three mycotoxigenic fungi on test for volatile (A) and non-volatile compounds (B) of Hy-
phapichia burtonii at 7 days incubation. Bars, within a figure, with different letter indicate means were significant at p<0.05

based on T-test analysis and ANOVA test.

animals) are the same or different strains.
Care must be considered when working on
stored grains and other products (bread,
beverages, and other substrates) where H.
burtonii has been previously reported.

The role of H. burtonii in insects and oth-
er hosts is not yet fully understood. Studies
have indicated that it might play important
roles in their hosts by detoxification of food
materials and help on the supply of essential
nutrients (Ren et al., 2015) or parasitizing in-
sects and other hosts (Moreira, 2012; Simp-
son et al., 2013; Chamroensakchai et al., 2021).
In the present study, we showed the antifun-
gal activity of H. burtonii isolated from corn
weevil to the growth and spore production
of three mycotoxigenic fungi in vitro. The re-
sults showed that the method of strain inoc-
ulation (yeasts and fungi) differed in the level
of its inhibition effect on mycelial growth and
spore production. Hyphopichia burtonii high-
ly-suppressed the mycelial growth and spore
production of the three fungi when spread-
ing the yeast isolate in the agar prior to the
inoculation of the fungi. The results corrob-
orate with those of Souza et al. (2010), where
the production of toxigenic fungal spores
was inhibited by 100% by wild yeasts.

In contrast, dual culture significantly in-
hibited mycelial growth and spore produc-
tion of the three fungi but at a lower rate
compared with the spread-plated yeast. A
difference in the degree of inhibition by the
yeast isolate was also observed among the
three mycotoxigenic fungi: the lowest inhibi-
tion was obtained against A. flavus, followed
by A. niger, then F. verticillioides. In the case of
A. flavus, the yeast inhibited sporulation but
did not interfere with mycelial growth. Unlike
the spread plate assay, the dual test allowed
the growth of the yeast and the fungi on each
side, thus, giving time for the fungi to grow
before interacting with the yeast isolate. It
could be that the Aspergillus species spreads
faster than F. verticillioides and explains the
low inhibition effects on these two species.
Similarly, Ramos et al. (2010) explained yeast
isolates’ more significant inhibitory effect on
sporulation than on mycelial development
when they inoculated the yeast isolates con-
comitantly with the inoculation of filamen-
tous Aspergillus fungi, namely A. carbonarius
and A. ochraceus, 4 cm apart, allowing both
isolates to develop before the direct contact
of the yeast colony with the fungi. Moreover,
Ramos et al. (2010) and Souza et al. (2017) re-
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ported that the concentration of the yeast in-
oculum and the degree of inhibition were di-
rectly proportional: the higher the inoculum
concentration of the yeast species, the great-
er the inhibitory effect on sporulation.

The volatile and non-volatile tests in H.
burtonii, indicate that the yeast may con-
tain volatile and non-volatile compounds
with different effect on the fungi at different
yeast concentrations since the volatile com-
pounds significantly inhibited A. niger, while
non-volatile compounds at concentration
15% inhibited mycelial growth of F. verticil-
lioides (25% inhibition). and at concentration
5%, of A. flavus (7% inhibition).

Overall, the different inhibition effect of
H. burtonii on the three mycotoxigenic fun-
gi mycelium growth and spore production
in dual culture, volatile compound, and non-
volatile compound tests, can be related to
different mechanisms of competitive inter-
actions between the yeast strain and the
fungi. A high yeast population may likely re-
strict the availability of nutrients and sites for
colonization, which are essential for the ger-
mination of spores (Bjornberg and Schniirer,
1993). Antagonistic yeasts possess several
mechanisms of action, including competi-
tion for nutrients and space, production of
cell wall degrading enzymes, volatile organ-
ic compounds, non-volatile compounds,
and direct mycoparasitism (Freimoser et al.,
2019). Volatile compounds are known to act
directly against the pathogens (direct an-
tibiosis) by destroying the cell wall or indi-
rectly inducing systemic resistance to the
plant (Chen et al., 2008; Zheng et al., 2013).
Identification of these compounds may lead
to the their use as chemical agents against
mycotoxigenic fungi.

Conclusion

The yeast H. burtonii which was isolated from
the storage pest corn weevil (S. zeamais) for
the first time was antagonistic to three my-
cotoxigenic fungi (A. flavus, A. niger, and F.
verticillioides) of corn by inhibiting fungal
growth and spore production. Thus, the re-
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search contributes with knowledge for the
potential utilization of H. burtonii against
mycotoxigenic fungi, and the reduction of
mycotoxins in stored products.
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MNpwtn kKataypaen tov Hyphopichia burtonii mou
ATopovVWONKe amo 1o évropo amoOnkwv Sitophilus zeamais kai
n BlodpactTnPIOTNTA TOU £VaVTI HUKOTOEIVOYOVWY HUKHNTWV

M.N.P. Seco, A.K.M. Beltran kat M.A.O. Balendres

NepiAnPn O Bpoulyog Tou kahaumokiov (Sitophilus zeamais) eival éva amod Ta MO KATAGTPOPIKA £VTO-
MO Twv oTépwv Tou apafoacitou katd Tnv amobrikevuon. To évtopo duvatal va ival opEéag UUKOTo-
&lvoyévwy HUKATWVY | QUUMOMUKATWY TTOU EMUOAUVOUV TOUG OTTOPOUC. Z€ AUTH TN MEAETN, éva Ayvw-
0710 €ido¢ (UpopUKNTA amopovVWONKe amd Atopa Tou S. zeamais IOV EVIOMIOTNKAV OE AMOBNKEVE-
VOoU¢ 0mopou¢ apapoaitou. Ymobéoape OTI 0 OUYKEKPIUEVOC CUMOMUKNTAG €iXE avTIHuKNTIaKn dpd-
on avaoTéAAovTag TNV avantuén HUKOToEIvoydvwy JUKATWY 0TouC omdpou¢ Tou apafoaoitou. To &i-
d0o¢ Tou QuuopuknTa TauTomolBnke wg Hyphopichia burtonii, pe tn cuvduaopévn epappoyr Hop@o-
AOYIKWV Kal Joplakwv peBddwy, kat aglohoynonke in vitro (emiotpwon o€ TpIBAio PDA kat SimAn KaAA-
¢pyela) n mBavr) avaotaitiky dpdon Tou oTNV avAnTUEN TPLIWV YVWOTWV UUKOTOEIVOYOVWY HUKATWY,
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Fusarium verticillioides, Aspergillus niger kat A. flavus. O éAeyx0G TNG AVTAYWVIOTIKAS 6pAong TnG amopd-
vwong Tou {upopuknta €deie 50 - 69% kat 5,8-13,7% avaoToAr avanmtuéng TnE amoikiog Twv HUKATWY,
otav xpnotuomoiibnkav ol péBodot tng emiotpwong o€ TpIPAIo Kal TS SIMARC KaANEPYELag, avTioTol-
xa. Emiong emnpedotnke n mapaywyr 6Topiwv amoé Toug TPELG MUKNTEG O€ TOOOOTO 57 — 96% Kat 29 —
40%, 0Tn péBodo ¢ emioTpwong oe TPIPAI0 kat NS SIMARC KaAAIEpYELag, avTioTolya. EmmAéov, Ta mTn-
TIKA KOl TA N TTTNTIKA KAGoPaTa mpokAAeoav peiwon otnv avantuén twv puknAiwv. Mapatnpridnkav
Sl10QOPETIKEC AMOKPITELG METAEY TWV HUKOTOEIVOYOVWY HUKATWV. Mepattépw €peuva Ba ixe evdiapé-
pov yia tTnv moavr xprion Tou avtaywvioTIKoU (UMOMUKNTA YIa TN KEiwon TNE avanmtuéng Tou MUKNAL-
OV Kal TNG OTIOPLOTTIOINCNG TWV MUKOTOEIVOYOVWY HUKATWV Kal ToV MBavo YETPLACUO TNG EMUOAUVONG
omopwv apaBoaitou pe pukotoliveg. Amd 600 yvwpiloupe, auth €ival n TEWTN KATAYPAPr AmouovVw-
on¢ tou (upopuKNTa H. burtonii and évtopo Kal eI81IKOTEPA amd To S. zeamais.

Hellenic Plant Protection Journal 17: 97-110, 2024
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Population monitoring and status evaluation of the new
invasive pest, Drosophila suzukii (Matsumura) (Diptera:
Drosophilidae), in various crop systems of Georgia (Sakartvelo)

G. Japoshvili', M. Murvanidze?*, N. Inasaridze?, N. Meskhi?, Z. Lipartia® and
L. Namicheishvili*

Summary The spotted wing drosophila, Drosophila suzukii (Matsumura, 1931), population fluctua-
tions and distribution were monitored in four susceptible crops (blueberry, strawberry, cherry, wine
grapes) and five major agricultural regions of Georgia (Guria, Samegrelo, Imereti, Kartli and Kakheti)
during the years 2021 and 2022 with the aim to study the population size and evaluate the pest status.
Population monitoring was conducted in four locations of each studied region on a weekly basis from
May to November using PHEROCON® SWD traps with PHEROCON® SWD PEEL-PAK™ Broad Spectrum
Lures. The investigation indicated significant growth of population from 2021 to 2022 in most of the
studied locations. Population increase was detected in all crop orchards except cherries. The absence
of alternative host plants at crop proximity was of critical importance to save the crop from pest inva-
sion. The crop plant species did not have a significant impact on D. suzukii. Pest population was signif-
icantly larger in summer and autumn compared to spring, possibly influenced by the ripening of alter-
native crops such as blackberry and elderberry. The sex ratio between male and female individuals was
almost 1:1 and remained consistent through the two-year study period and across regions. We consid-
er that D. suzukii entered the country from the southwestern part and extended its distribution range
towards the east. No strategies for D. suzukii control have been elaborated in Georgia so far. Sprays of
effective pesticides based on pest monitoring as well as sanitation measures involving removal of al-
ternative host plants and any crop residues from the field are necessary to avoid pest outbreak.

Additional keywords: Georgia, pheromone traps, population monitoring, spotted wing drosophila

Introduction

The spotted wing drosophila (SWD), Dros-
ophila suzukii (Matsumura, 1931) (Diptera:
Drosophilidae), has become a major inva-
sive pest impacting small fruits such as ber-
ries and stone fruits in America and Europe.
The pest is native to Asian countries (Kanza-
wa, 1939; Peng, 1937; Lee et al., 2011; Walsh et
al., 2011; Asplen et al., 2015). In North Ameri-
ca it was first detected in Hawaii in 1980 and
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on the mainland (California) in 2008 (Lee et
al., 2011; Walsh et al., 2011). In Europe (Italy
and Spain) SWD was detected in 2009 (Ca-
labria et al., 2012) and currently it is distribut-
ed across the whole Western Europe (Asplen
et al., 2015) with a continuous expansion of
its range. While Caucasian ecoregion is lo-
cated on the favored latitude for the pest
(40 — 47°) (Calabria et al., 2012), the presence
of SWD was officially registered in 2017, only
when it was accidentally discovered in traps
installed close to the agricultural markets in
Khelvachauri municipality and Batumi city
(Western Georgia) (Japoshvili et al., 2018).
Although SWD prefers small and soft
fruits like cherries and berries, its host range
includes apricots, nectarines, figs, grapes
and peaches (Stacconi, 2022). The total yield
loss by damage of SWD reached up to 80%
of strawberry crops in France, and 30-40%
of various berries in Italy in 2010. Econom-
ic losses also include labor fees, costs for
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chemicals, and other expenses (Lee et al.,
2011).

Georgia is considered as one of the
promising contributors of blueberry export
in Eastern Europe with increasing share in
country’s export market. In 2019, the coun-
try’s income from blueberry export equaled
to 983.3 thousand US$, while according to
the 2023 data from January to July, the in-
come has increased to the 21,228.14 thou-
sand USS (https://www.geostat.ge/). On the
other hand, Georgia is an ancient wine-pro-
ducing country (McGovern et al., 2017), and
wine is considered as one of the major ex-
port products, accounting for 4.2% share of
the country’s overall export in 2022. Vine-
yards occupy 41.2% of the country’s crop-
land territory (https://www.geostat.ge/).

The growing demand for agricultural
products encourages Georgian farmers to
expand cultivation areas, thus increasing the
preferable host range for SWD. Although a
population outbreak has not been record-
ed, monitoring and evaluation of the pop-
ulation size of SWD in Georgian susceptible
croplands has not yet conducted. This is the
first attempt to monitor and evaluate popu-
lation of D. suzukii across the whole country
in different susceptible crops such as blue-
berry, strawberry, cherry and grape. The goal
of this paper is to: 1) monitor the population
of D. suzukii in susceptible crop orchards lo-
cated in Guria, Samegrelo, Imereti, Kartli and
Kakheti regions of Georgia for two consec-
utive years; 2) evaluate the pest status with
the aim elaborating effective management
tools to prevent a population outbreak from
reaching economically damaging levels.

Material and Methods

Population monitoring of D. suzukii was con-
ducted in major agricultural regions in both
western and eastern parts of Georgia (Guria,
Samegrelo, Imereti, Kartli and Kakheti) dur-
ing the years 2021 and 2022, from May (5"
and 15™, respectively) to October. The ma-
jor susceptible agricultural crops which are
commercially produced countrywide, were

included: blueberries, strawberries, wine
grapes and cherries.

The regions Guria and Samegrelo are lo-
cated in Plain and Piedmont hilly subtropi-
cal humid (Kolkhic forest) landscapes with
subtropical climate, influenced by close vi-
cinity of Black Sea, with high annual rainfall
(1400-1500mm) and annual average tem-
perature 14°-15°C. In Imereti, the impact of
Black Sea is less remarkable, the annual pre-
cipitation is 800-1300mm and the annual av-
erage temperature is 7°-14°C. The Kartli re-
gion is characterized by Plain and Piedmont
hilly sub-Mediterranean semi-humid land-
scapes with forest and shibliak landscapes,
400-500mm annual precipitation and 10°-
13°C annual average temperature. Moder-
ately warm plain semi-humid forest land-
scapes transient to the subtropical type are
spread within the limits of Alazani Plain of
Kakheti region, where our investigation was
conducted, with 400-600mm annual pre-
cipitation and 11°-13°C annual average tem-
perature (Bolashvili and Neidze, 2022; Eliz-
barashvili, 2007).

In Guria investigations were carried out
in three blueberry and one strawberry field,
in Samegrelo in three blueberry fields, in Im-
ereti in three vineyards and one strawberry
field, in Kartli in three cherry orchards and
one strawberry field and in Kakheti in three
vineyards and one strawberry field. In each
region, four cropland sites of 2ha area were
selected, with three sites representing the
major susceptible crops for SWD (blueber-
ry, vine grape or cherry) and one strawber-
ry field. (Table 1). The distances between
the sites within the regions ranged from 3
to 5 km (Table 1, Fig. 1). Each site received
the scheduled pesticide applications by the
farmers according to the schemes provided
by the National Food Agency (www.nfa.gov.
ge).

For the SWD population monitoring,
PHEROCON® SWD Trap with PHEROCON®
SWD PEEL-PAK™ Broad Spectrum Lures (Tré-
cé Inc., Adair, OK, USA) were used. In 2021,
the traps were installed in the first week of
May, while in 2022, they were placed in the
last week of April. Five traps were placed
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Table 1. List of in five major agricultural regions of Georgia (Guria, Samegrelo, Imereti, Kartli
and Kakheti) and monitoring locations/sites (2ha size of each) of Drosophila suzukii with GPS
coordinates and key crops where monitoring traps were located.

. Monitoring [Number| GPS coordinates and Key crop and . o
Region . . dominant Site description
Location | of traps altitude .
cultivar
Guria Laituri 5 N41.917912° E41.867443°| Blueberry: | Homogeneous blueberry plan-
25ma.s.| Legacy | tation, scarce wild vegetation in
surroundings. Drip irrigation. Pes-
ticide application scheme pro-
posed by nfa.gov.ge. Imported
bumble bees (Bombus terrestris)
for pollination
Naruja 5 N41.904938° Blueberry: |Homogeneous blueberry planta-
E41.958540° 135m a.s.| Legacy [tion, wild vegetation by herbs in-
cluding elderberry. Drip irriga-
tion. IPM scheme proposed by
nfa.gov.ge.
Natanebi 5 N41.910132° Strawberry: |Strawberry plantation with dense
E41.787358° 0m a.s.l. Fortuna wild vegetation around, most-
ly elderberry Drip irrigation. Pes-
ticide application scheme pro-
posed by nfa.gov.ge.
Tsetskhlauri 5 N41.871870° Blueberry: | Homogeneous blueberry plan-
E41.873768° 57m a.s.l. Legacy | tation, scarce wild vegetation in
surroundings. Drip irrigation. IPM
scheme proposed by nfa.gov.ge.
Imereti Melauri 5 N42.193969° Strawberry: | Subsistence farm. Multicropping.
E42.367201° 33m a.s.l. Elsanta Different crop varieties harvest-
ed at different periods of season.
No insecticide application. Fungi-
cides and NPK fertilizers applied
Obcha 5 N42.123688° E42.89659°| Grapevine: | Homogeneous partially organic
18Tm a.s.l. Tsitska and | vineyard, scarce wild vegetation
Tsolikauri in surroundings.
Rokhi 5 N42.116746° E42.720127°| Grapevine: | Homogeneous vineyard, scarce
112m a.s.l Tsolikauri | wild vegetation in surroundings.
Pesticide application scheme pro-
posed by nfa.gov.ge.
Sazano 5 N42.190810° E43.05072°| Grapevine: | Small scale vineyard surrounded
196m a.s.l. Tsolikauri | by some fruit trees and wild veg-
etation including elderberry and
blackberry. Pesticide application
scheme proposed by nfa.gov.ge.
Kakheti Kondoli 5 N41.960772° Grapevine: |[Homogeneous vineyard with fruit
E45.596703° 370m a.s.| |Saperavi and| trees (plum, peach) around. Pes-
Cabernet | ticide application scheme pro-
Sauvignon posed by nfa.gov.ge.
Kurdgelauri 5 N41.95217° E45.529221° | Grapevinee: Vineyard surrounded by wild veg-
427m a.s.l Rkatsiteli | etation mostly represented by

blackberry. Pesticide application
scheme proposed by nfa.gov.ge.

© Benaki Phytopathological Institute
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. Monitoring |Number| GPS coordinates and Key crop and . _
Region . . dominant Site description
Location | of traps altitude .
cultivar
Kakheti Mukuzani 5 N41.810777° E45.711029° Grapevine Vineyard surrounded by wild veg-
512ma.s.l. Saperavi etation mostly represented by
blackberry and other perenni-
al herbs. Pesticide application
scheme proposed by nfa.gov.ge.
Shashiani 5 N41.822433° Strawberry: | Strawberry field surrounded by
E45.6679821°669m a.s.l| Kakheti 1 |wild vegetation mostly represent-
ed by blackberry, other perenni-
al herbs and mulberry. Pesticide
application scheme proposed by
nfa.gov.ge.
Kartli Agara 5 N42.024877° Strawberry: | Homogeneous strawberry field
E43.796545° 646m a.s.l.| Fortuna |with almost no wild vegetation in
surroundings. Drip irrigation. Pes-
ticide application scheme pro-
posed by nfa.gov.ge.
Apnisi 5 N41.995626° Cherry: | Cherry orchard with adjacent ap-
E43.900884° 662 ma.s.l.| Lapins |ples. Dripirrigation. Pesticide ap-
plication scheme proposed by
nfa.gov.ge.
Kvenatkotsa 5 N42.045033° Cherry: |Homogeneous cherry orchard, al-
E 43.831335°639 m a.s.| Lapins most no any wild vegetation in
surroundings. Drip irrigation. Pes-
ticide application scheme pro-
posed by nfa.gov.ge.
Skra 5 N41.988408° Cherry: Cherry orchard with some wild
E43.995987° 618m a.s.| Regina vegetation around
Samegrelo Ingiri 5 N42.471770° E41.797044° Blueberry: |Homogeneous blueberry planta-
50m a.s.| Legacy [tion, wild vegetation in surround-
ings including elderberry. Drip ir-
rigation. Pesticide application
scheme proposed by nfa.gov.ge.
Narazeni 5 N42.422460° Blueberry: |Homogeneous blueberry planta-
E41.923300° 131Tm a.s.l. Legacy [tion, wild vegetation in surround-
ings including elderberry. Drip ir-
rigation. Pesticide application
scheme proposed by nfa.gov.ge.
Rukhi 5 N42.534009° Blueberry: |Homogeneous blueberry planta-
E41.879254° 133m a.s.| Legacy [tion, wild vegetation in surround-

ings including elderberry. Drip ir-
rigation. Pesticide application
scheme proposed by nfa.gov.ge.

at each site with 4 traps placed at the edg-
es and one in the middle of the field as rec-
ommended by the producer. They were in-
stalled at the height of 1-1.5 m from the
ground. The traps were placed at the shad-

ed areas of the canopy and were checked
for the SWD presence once a week. Lures in
each trap were changed once per month as
recommended by the producer company. In
total, for twenty-three study sites, 95 SWD
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Figure 1. Map showing the distribution of study locations of Drosophila suzukii in five major agricultural regions of Georgia

(extracted from Murvanidze et al., 2022).

traps were used.

Temperature data for each region were
retrieved from local weather stations. Dai-
ly minimum, mean and maximum temper-
ature data were retrieved from 1% January
2021 to October 30 2022. Degree-days (DD)
were calculated using 7.2°C as a lower devel-
opment threshold (Tochen et al., 2014). Cu-
mulative daily DD totals were calculated for
each site until the end of monitoring in the
end of October.

The captured flies were extracted from
traps using a fine painting brush and stored
in 95% alcohol for further sorting, identi-
fication and morphological analyses. The
flies were identified and sex-separated us-
ing stereoscope UNITRON Z850 to confirm
presence of D. suzukii. |dentified flies were
counted and separated into the male and fe-
male adult individuals. After identification,
the sampled material was stored in 70% al-
cohol and voucher specimens are stored to
the insect collection of the Agricultural Uni-
versity of Georgia.

Data analysis

For the population dynamics, the aver-
age SWD captures was calculated per week,
per region for major crops, namely blue-
berry for Guria and Samegrelo, grapevine

© Benaki Phytopathological Institute

for Imereti and Kakheti, and cherry for Kar-
tli region. To estimate the sex-ratio of SWD,
the weekly average numbers of male and fe-
male individuals were used.

The effect of the year, season, region and
crop species on the SWD captures was an-
alyzed independently using a “linear mixed
effects model” with random factors of trap
and date (of weekly monitoring); the func-
tion “Imer” of the Ime4 package (Bates et al.,
2014) and ANOVA of the “car” package (Fox
and Weisberg, 2018) were used. Data on D.
suzukii captures were log transformed be-
fore the analysis to improve homogeneity of
variances. All analyses were carried out us-
ing R version 4.3.2 (R Core Team 2022).

Results

The first SWD adults in all study regions were
observed in the beginning of May. The first
SWD flies were captured in Guria and Same-
grelo regions when average daily high tem-
peratures exceeded 13°C and 10°C (172 and
246 DD?7.2 respectively). In Imereti region
first flies showed up on 21 June (745 DD7.2)
in 2021 season, while in 2022, they were al-
ready present in the field on 15 May (254
DD7.2). In Kakheti region they first appeared
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on 28 June in 2021 (954.5 DD7.2) and on 14
June in 2022 (672 DD7.2) and in Kartli they
were trapped on 17 July in 2021 (957.3 DD7.2)
and on 22 June (563.4 DD7.2) in 2022.

In blueberry fields in Guria and Same-
grelo regions, the number of SWD captures
increased in the end of July and the begin-
ning of September (Fig. 2). In vineyards, the
increase of pest abundance started with
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the beginning of ripening of grapes from
August. However, in the Imereti region it
dropped in September, while in Kakheti the
numbers continued to increase until Octo-
ber (Fig. 2).

The year was a significant factor for
overall population of SWD captures (DF =1,
p<0.001, Table 2) which were lower in 2021
compared to 2022 (Fig. 3, Table 2). The re-
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Figure 2. Fluctuation of Drosophila suzukii population in Guria, Samegrelo, Imereti, Kartli and Kakheti agricultural regions
of Georgia. Abundance represents average of weekly trap captures of adult D. suzukii in the years 2021 and 2022.

Table 2. Effect of year, season, region and
crop on the abundance of Drosophila suzukii
three crops (blueberry, strawberry, cherry,
wine grapes) in five major agricultural re-
gions of Georgia (Guria, Samegrelo, Imereti,
Kartli and Kakheti). Parameter estimates of
linear mixed effects model with the random
factor trap and date of observation with
fixed factors year, season, region and crop.
Data of D. suzukii abundance were log trans-
formed before the analysis (Significance
codes: 0 **¥'0.001 ** 0.01*' 0.05"” 0.1"1).

Chisq DF Pr (> Chisq)
Year 141.5 1 <0.0071%**
Season 61.7 5 <0.007%***
Crop 8 3 <0.05*
Region 27.8 4 <0.007%**

gion significantly affected the captures of
SWD (DF =4, p < 0.001, Table 2). The effect
of time was different in each region: from
2021 to 2022, the number of individuals in-
creased by 365% in Imereti, by 200% in Gu-
ria, by 150% in Kartli, by 1600% in Kakheti
and by 4380% in Samegrelo (Table 3, Fig. 4).
The crop (blueberry, strawberry, vine
grapes, cherry) was a less significant driver of
pest abundance (DF = 4, p<0.05, Table 2), with
lower captures in cherry orchards compared
to blueberry, strawberry and grapes (Fig. 5).
The season was another significant con-
tributor (DF = 5, p < 0.001, Table 2) to the
pest density. While the pest population re-
mained low during the 2021 monitoring pe-
riod, in 2022, the number of captures were
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Figure 3. Population of Drosophila suzukii (average number of
individuals after log transformation of data) across five major
agricultural regions of Georgia during the years 2021, 2022.

higher in autumn and summer compared to
spring (Fig. 6).

Sex ratio between the average num-
bers of male and female individuals of D.
suzukii was almost equal both, in 2021 and
2022 years (Fig. 7A). The same pattern was
observed on a regional basis with the ex-
ception of Samegrelo and Kakheti regions
where number of females exceeded the
number of males in 2022 (Fig. 7B).

Discussion

As mentioned above, the presence of D. su-
zukii in Georgia was first detected in 2017
(Japoshvili et al., 2018) and by 2021 it was al-
ready distributed countrywide (Murvanidze
etal., 2022). However, the initial date and the
route of the pest invasion remain unknown.
The preliminary, small-scale monitoring in
blueberry and strawberry fields (Guria re-
gion) conducted in 2020 (in the same loca-
tions as in the current study) from early July
to the end of October, showed presence of
SWD individuals started in early July (own
unpublished data). These and continued ob-
servations confirm the existence of well-es-
tablished population of SWD in this region
and lead us to assume that the pest invad-
ed Georgia much earlier prior to the first
detection in 2017. According to early sim-
ulation models (Cini et al., 2012) spread of
the pest was predicted all over Europe, to-
wards more humid areas compared to the
dry Mediterranean environments. Indeed,

Table 3. Mean population of Drosophila suzuki in five major agricultural regions of Georgia
(Guria, Samegrelo, Imereti, Kartli and Kakheti) during 2021 and 2022.

Sites Mean SWD = Stdev
2021 2022

_ Kondoli 0.64 +0.29 9.87 £4.71
@ Kurdgelauri 1.38+0.32 16.07 +4.94
‘r;u Shashiani 2.25+0.59 28.20 +5.57
Mukuzani 0.71+0.14 30.96 + 11.59

Skra 0.27 +0.08 0.81+0.22

£ Apnisi 113+0.23 1.99 +0.70

N Agara 0.16 + 0.08 0.61+0.18

Kvenatkoca 0.01 £0.01 0.59+0.29

Melauri 1.45 +0.38 13.78 £ 5.47

3 Obcha 1.46 + 0.42 5.24+1.72

£ Rokhi 0.74 +0.19 2.64+1.13

Sazano 2.43 +0.81 6.63 £1.33

b o Rukhi 0.28 +0.11 6.92 +2.20
£ g Ingiri 0.46 +0.22 30.75 + 10.89
2 Narazeni 143 £0.48 23.35+10.63

Tsetskhlauri 0.37 £0.08 1.81 + 045

8 Natanebi 0.54+0.14 0.83 +0.27

3 Naruja 2.28+0.65 7.17 +2.81
Laituri 0.33 +0.09 0.67 +0.20
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our studies confirm spread of SWD from the
Western part of the country, areas with hu-
mid subtropical climate towards the East, re-
gions with dry continental climate.

The pest population started to build up
from July and continued to increase through
August and September. In wine producing
regions, SWD population increased in au-
tumn, close to the vine grapes harvesting
season. These observations are in accor-
dance with the phenological records pro-
vided in regions of a similar latitudinal range
(Joshi etal., 2016; Walton et al., 2019; Swobo-
da-Bhattarai and Burrack, 2020). This allows
to state that the early season crops are out
of the risk of infestation (Joshi et al., 2016).

The year was a significant contribu-
tor showing a population increasing pat-
tern from 2021 to 2022. However, the differ-
ence was less significant for Guria region,
where pest was first detected. This finding
supports our previous assumption about
the initial invasion of SWD from Southwest-
ern part of the country. We speculate that
the pest entered Georgia from neighboring
country - Turkey, where its presence was first
recorded in 2014 in Erzerum, close to Guria-
Achara part of Georgian border (Orhan et
al., 2016). On the other hand, D. suzukii was
first recorded in Russia in 2017 in Sochi (Bi-
enkowsky and Orlova - Bienkowskaya 2020),
which is close to Abkhazeti and Samegrelo
regions of Northwestern border of Georgia.

© Benaki Phytopathological Institute

As the abundance of D. suzukii in Samegre-
lo orchards was significantly lower in 2021
compared to 2022, we assume that 2021 was
the establishment year for the pest followed
by the dramatic increase of population in
2022. In cherry orchards and the strawberry
field located in Kartli region, the pest pop-
ulation remained low. These locations rep-
resent homogeneous cherry plantations
without wild vegetation that could serve as
alternative host for the pest.

The suggested pathway of pest distri-
bution from west to east Georgia is further
supported by the dates of first observation
events: in Imereti region during the 2021
season, the presence of SWD individuals
was first detected on 21 June, while in 2022,
the pest was already present on 15 May. The
same applies for Eastern Georgia - Kartli
(first observation in 2021 - 10 July, in 2022
- 15 May) and Kakheti (first observation in
2021 - 28 June, in 2022 - 14 June). This pat-
tern is an indicator of unstable, still estab-
lishing population, while close dates of first
observations confirm adaptations of the
pest to specific climate conditions (Drum-
mon et al., 2019).

Crop type had a less significant effect
on the pest distribution and abundance. In-
deed, we could observe an increase of the
pest population in blueberry plantations in
the end of the summer when the main crop
was long harvested. These plantations were
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surrounded with wild alternative suscepti-
ble host plants for SWD such as blackberry
(Rubus spp.) and elderberry (Sambucus nigra
L.). In vineyards, the increase of pest pop-
ulation coincided with ripening of grapes,
however, the highest increase in abundance
in vineyards was observed in early Octo-
ber, when harvest was already finished. Re-
maining over ripe grapes together with sur-
rounding blackberries may have supported
the presence of the pest. The importance of
alternative hosts to maintain the population
of D. suzukii has been reported by a number
of other studies (Asplen et al., 2015; Arné et
al., 2016; Drummond et al., 2019).

The proportion of male : female individ-
uals of D. suzukii individuals captured in the
traps supported 1:1 sex ratio for Guria, Im-
ereti and Katli region in both years, while
in Samegrelo and Kakheti proportion of fe-
males was higher in 2022. Drummond et al.
(2019) reported that drop of proportion of
male individuals over seven years of obser-
vations, could affect overall population size
in a long-term period, although, he indicat-
ed that this pattern was probably due to
bacterial (Wolbachia) infestation. Similarly,
different factors, including crop phenology
or diseases could affect patterns of sex ratio
which therefore might not serve as a reliable
indicator of future population growth.

Provided investigation in current work
confirms well established population of D.
suzukii all over the country and in all sus-
ceptible crops. There is a rapid increase of
the pest population and widening disper-
sal within two observation years, indicating
the urgent need of evaluation of the applied
management strategies to prevent econom-
ic losses. Studies in other berry production
countries report 20% or higher yield losses
if SWD is left uncontrolled (Bolda et al., 2010,
Goodhue et al., 2011; Walsh et al., 2011).

At the same time the importance of pre-
ventative control tactics is widely acknowl-
edged (Lee et al.,, 2011; Leach et al., 2017;
Knapp et al., 2020). None of such strategies
for D. suzukii control are elaborated in Geor-
gia so far. Pesticide applications and sani-
tary procedures are known as immediate so-

lutions, but there is low likelihood of gaining
long-term effect. Insecticides used for con-
trol of SWD population are broad-spectrum,
killing also beneficial insects (Walsh et al.,
2011; Cini et al., 2012; Hoffmann Schlesener
et al., 2017). The problem is even worse for
organic crop producers as there are no spe-
cies-specific insecticides for D. suzukii (Tait et
al., 2021).

The most important objective in inte-
grated pest management of D. suzukii is to
monitor the population dynamics of the
pest, showing seasonal fluctuation and
peek activity (Drummond et al., 2019). Var-
ious baits for monitoring are available in
the market or self-made (Walsh et al., 2011).
Also, our study showed a clear increase of
SWD correlating with the ripening of alter-
native crops such as blackberry or elder-
berry in the surroundings of the crop field.
Rapid harvest of crops and removal of sur-
rounding alternative host plants that main-
tain pest population when the crop plant
is not available, is crucial to maintain pop-
ulation below the threshold level as report-
ed by literature (Cini et al., 2012; Leach et al.,
2017). Maintenance of spoiled fruit or other
plant residues, as well as storage containers
in the field is another possible shelter for the
pest as detected in strawberry field in Guria
region (trap close to such area showed high-
er captures of flies compared to other traps
in Natanebi) and confirmed by other studies
(Cinietal., 2012; Leach et al., 2017).

Based on our findings, integrated pest
management of D. suzukii, in our percep-
tion, should include the following major
components: continuous monitoring of
pest population using commercially avail-
able or hand-made traps; minimize the use
of broad-spectrum insecticides in cases of
increased captures in traps; sanitation pro-
cedures including removal of and of any
plant residues, compost, containers in field
and of alternative hosts surrounding crop
fields/orchards.
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MNapakoAovOnon mMAnOuopov Kat a§loAdynon tng KaTaotTaong
TOU VEOU XWPOKATAKTNTIKOV VTOpov, Drosophila suzukii
(Matsumura) (Aintepa: Drosophilidae), og diapopa cuoTipata
KaAAiépyetag tng MFewpyiag (Sakartvelo)

G. Japoshvili, M. Murvanidze, N. Inasaridze, N. Meskhi, Z. Lipartia kat

L. Namicheishvili

NepiAnyn MNpaypatomoidnke mapakodovdnon ¢ Slakuuavong Tou MANBUGHOUY Kal TG KATAVOUNAG
¢ KnAidomtepng Spocodihac Drosophila suzukii (Matsumura, 1931) o€ Té00€pIC eumaBeic KAANIEPYEL-
€C (LOPTINO, PPAOUAQ, KEPATTL, OIVOTIOINCIUA OTAPUALQ) OF TTEVTE KUPLEC YEWPYIKEG TIEPLOXEC TNG Mewpyi-
a¢ (Guria, Samegrelo, Imereti, Kartli and Kakheti) katd ta étn 2021 kat 2022 pe 0TOX0 TN KEAETN TOU E-
y€6ouc Tou MANBuGUOU Kal TNV EKTIUNON TNE KATAOTACNC Tou vTdpou. H mapakohouBnon Tou mAnbu-
opov O1e€rx0n oe T€o0epic TomoBeoieg kAOe meploxG peAETNG o€ fdopadiaia faon amod Tov Mdto £wg
Tov NoéuPpto, pe tn xprion mayidwv PHEROCON® SWD pe S6Awpa eupéwg @dopatog PHEROCON® SWD
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PEEL-PAK™. H épeuva €8e1€e onuavTikh avénon tou mAnBuopuol amd 1o 2021 éwc To 2022 OTIC TEPIOOO-
TEPEC amd TIC TomoBeaieg mou peletriOnkav. AbEnon MAnBucuol SlamoTwonke o€ GAOUC TOUC OTTWPW-
VEC EKTOC amd TIC KEPAOIEC. H amouaia eVOANAKTIKWY QUTWV EEVIOTWV O€ YeITviaon Ue TV KaAAEpyela
€XEL Kpioun onuacia yia tnv mpooTacia tng KAANEPYELag and Tnv eméKTacn Tou evidpou. To KaAAEp-
YoUueEvo €idog dev gixe onuavTiki emidpacn oto D. suzukii. O MANBUOUAE TOu EVTOHOU ATAV ONUAVTIKA
HEYAAUTEPOC TO KAAOKaipL Kal To PBIvOMwPo o€ aUYKpLon Ue TRV dvolén, mBavwe Adyw TN wpidavong
TWV KAPTIWV EVAANAKTIKWV KAAMEPYEIWV OTTWE TO BATOMOUPO Kal 0 GauTOUKOC. H avaloyia gpUAou Je-
Ta&L apPOEVIKWV Kal BNAUKWV atopwy ATtav oxedov 1:1 kat mapéueive otabepn katd tn didpkela Tne die-
TOUC TIEPLOSOU PENETNG O€ ONEC TIC TTEPLOKEC. EKTIOUpE OTLTO D. suzukii elo\Be otn Xwpa and 1o voTio-
OUTIKO TUAKA TNG KAl ETEKTABNKE TTPOC TA AVATOAIKA. MéXpt oTIyur¢ 0T Fewpyia 6ev €xouv avamTuyOei
OTPATNYIKEC Yla TOV €AeyX0 TOU D. suzukii. EmeuBACEIC UE AMOTEAECUATIKA QUTOTIPOOTATEUTIKA OKEVA-
opata e Bdon tnv mapakoAouBnaon o EVTOHoU KaBWE Kal HETPA LYIEIVAC TToU TIEpIAABAvouy amoud-
KPUVON TWV EVOANAKTIKWV QUTWVY EEVIOTWV Kal TUXOV UTTOAEIUUATWY TNG KAAAEPYELAC amd TO Xwpddl
eival avaykaia yia va amog@evy0ei mbavy mAnBuouiakn é€apon Tou eviduou.

Hellenic Plant Protection Journal 17: 111-123, 2024
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