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ABSTRACT

Objective: Plodia interpunctella (Hiibner) (Lepidoptera: Pyralidae) originating from South America is one of the important insect
pests that damages storage products and is found on every continent. There is a new interest in using enthomopathogens for
microbial control of P. interpunctella as well as other stored product pests. Coccidia as a group of protistan entomopathogens are
host specific and their pathogenic effects on the hosts are more pronounced. Although this pathogenic effect results in increased
host mortality or higher susceptibility to insecticides, the suppressive potential of coccidia in natural populations has not been
adequately studied. In this study, characterization, distribution and occurrence of a coccidian entomopathogen was aim to show
its natural suppressing potential in P. interpunctella populations.

Methods: During the three years (from 2019 to 2021), a total of 3.432 P. interpunctella samples (2.047 dead and 413 living
larvae, 932 adults and 40 pupae) were collected from fourteen populations. After macroscopic examination, suspected samples
were dissected in Ringer’s solution and then prepared wet smears including host fat body were examined for presence of
coccidian pathogens under a light microscope at a magnification of 400-1000X. The oocysts of the coccidian were measured and
photographed using a microscope with a digital camera and soft imaging system.

Results: The pathogen was observed in the fat bodies of the larvae, pupae and adults. Oocysts measured as 29.52+3.32 (25.27-
35.08) um in diameter and they include 8 sporocysts. Sporocysts measured as 9.11+0.61 (8.90-9.85) pm. Forty-five of 3.432 P
interpunctella larvae, pupae and adults were found to be infected. Coccidian infections have also reached to the levels that can be
considered high in some populations, as significant as 29.2%. The infection was observed in the three (21.4%) of the examined
fourteen populations.

Conclusion: The coccidian entomopathogen presented in this study is the first Adeleid coccidian record from P. interpunctella
populations in Tirkiye. The detection of Adelina mesnili Perez (Coccidia: Adeleidae) in at least three populations and the infection
rate reaching 29.2 percent, confirms that this pathogen has a considerable effect P. interpunctella populations that cannot be
underestimated. Our results confirm that the coccidian pathogen is very effective in the larval stage.
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Amag: Giney Amerika kokenli Plodia interpunctella (Hiibner) (Lepidoptera Pyralidae) her kitada bulunan ve depolama firiinlerine zarar veren énemli
zararhlardan biridir. P. interpunctella ve diger depolanmus tiriin zararhlarinin mikrobiyal kontroli i¢cin entomopatojenlerin kullanimina yénelik bir ilgi vardir.
Bir protistan entomopatojen grubu olarak Coccidia, konakg¢iya 6zgii olup, konaklar tizerindeki patojenik etkileri daha belirgindir. Bu patojenik etki, artan
konakg 6lumi veya insektisitlere kars: daha yitksek duyarhlik ile sonu¢lanmasina ragmen, dogal popiilasyonlarda coccidianlarin baskilayici potansiyeli
yeterince aragtirlmamugtir. Bu ¢caligmada, bir coccidian entomopatojenin karakterizasyonun yapilmasi, dagilimi ve enfeksiyon oranlarinin belirlenerek P.
interpunctella populasyonlarindaki dogal baskilama potansiyelinin ortaya konulmas: amaglanmugtir.

Yontemler: Uc yil boyunca (2019-2021), on dért popiilasyondan toplam 3,432 P. interpunctella érnegi (2,047 6lii, 413 canh larva, 932 ergin ve 40 pupa)
toplanmigtir. Makroskopik incelemeden sonra, siipheli numuneler Ringer solisyonunda disekte edilmis ve daha sonra konak yag dokusunu iceren preperatlar
hazirlanarak Coccidian patojenlerin varlig1 agisindan 1g1k mikroskobunda 400-1000X biiytitmede incelenmistir.

Bulgular: Patojen larva, pupa ve erginlerin yag dokusunda gozlenmistir. 29,52+3,32 (25,27-35,08) pm ¢apinda dl¢iilen ookistler, 8 sporokist icermektedir.
Sporokistler 9,11+0,61 (8,90-9,85) pm olarak élcilmistir. incelenen 3,432 P. interpunctella larva, pupa ve ergininin 45 tanesinin enfekte oldugu tespit
edilmistir. Coccidian enfeksiyonlarinin bazi popiilasyonlarda %29,2 gibi énemli sayilabilecek seviyelere ulagtig: tespit edilmistir. Enfeksiyon, incelenen on
dért popiilasyonun iiciinde (%21,4) gozlenmistir.

Sonug: Bu ¢alismada sunulan coccidian entomopatojen, Tiirkiye'deki P. interpunctella popilasyonlarindan elde edilen ilk Adeleid Coccidian kaydidir.
Adelina mesnili Perez'in (Coccidia: Adeleidae) en az ti¢ popiilasyonda saptanmasi ve enfeksiyon oraninin %29,2’ye ulagmasi, bu patojenin P. interpunctella
popiilasyonlarinda kigiimsenemeyecek kadar énemli bir etkiye sahip oldugunu dogrulamaktadir.

Anahtar Kelimeler: Plodia interpunctella, Adelina mesnili, depo zararlisi, dagils, biyolojik miicadele

INTRODUCTION
Plodia interpunctella (Hibner) (Lepidoptera: Pyralidae) originating

susceptibility to insecticides, the suppressive potential of coccidia
in natural populations has not been adequately studied. In this
study, characterization, distribution and occurrence of a coccidian
entomopathogen were studied to show its natural suppressing
potential in P. interpunctella populations.

from South America is one of the important insect pests that
damages storage products and is found on every continent. It is
a harmful species in a wide range of products such as dried figs,
dried apricots, hazelnuts, raisins, oil seeds, cereals, flour and

P METHODS

products, cocoa and spices. P. interpunctella larvae feed both inside

and on the surface of the food. The infestation of P. interpunctella Insect Samples

During the three years (from 2019 to 2021), a total of 3.312 P.
interpunctella samples (2.032 dead and 413 living larvae, 830
adults and 37 pupae) were collected from warehouses, shops and
houses in the fourteen provinces (Ankara, Aydin, Bolu, Denizli,
Gaziantep, Isparta, Istanbul, izmir, Kastamonu, Malatya, Ordu,

causes direct crop loss and economic cost.

There is a new interest in using enthomopathogens for microbial
control of P. interpunctella as well as other stored product pests
(1,2). Among the entomopathogens, protistan entomopathogens
are often prevalent and persistent in natural populations of pest

insects. Coccidia as a group of protistan entomopathogens are all
intracellular parasites and multiply extensively in the host insect.
Most species are host specific. Coccidia carry out extensive and
more multiplication cycles in the insect host, so the pathogenic
effects on the host are more pronounced (3). Although this
pathogenic effect results in increased host mortality or higher

Samsun, Siirt and Trabzon), widely dispersed geographically in
Turkiye (Table 1).

Macroscopic-microscopic Examinations

Insect specimens suspected of having disease were subjected to
macroscopic examination. The most common symptoms in larvae

Table 1. Sampling localities and dates

Sampling localities Sampling date

Ankara 08.07.2021

Aydin 12.06.2019, 02.07.2019, 22.07.2019, 18.06.2020, 30.06.2020

Bolu 22.05.2019, 28.06.2019, 08.07.2019, 20.08.2019, 05.09.2019, 05.09.2019, 12.09.2019, 20.01.2020,
18.02.2020, 11.03.2020, 23.03.2020, 30.04.2020, 01.06.2020, 13.07.2020, 17.06.2021, 12.07.2021

Denizli 01.06.2019, 28.06.2019

Gaziantep 05.07.2019, 05.08.2019, 11.09.2019, 22.07.2020, 27.07.2020, 25.07.2021

Isparta 02.05.2019, 13.07.2019, 06.08.2020, 31.08.2020, 26.05.2021

istanbul 20.12.2019, 16.03.2020, 02.04.2020

izmir 12.06.2019

Kastamonu 08.12.2021

Malatya 13.06.2019, 21.06.2019, 12.09.2019, 16.07.2020, 20.08.2020

Ordu 18.06.2019, 21.06.2020

Samsun 10.06.2019, 10.07.2020, 28.07.2021

Siirt 28.06.2019

Trabzon 15.06.2019, 10.07.2020
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were discolored death, slow movement, loss of appetite. After
macroscopic examination, suspected samples were dissected in
Ringer’s solution and then prepared wet smears including host
fat body were examined for presence of coccidian pathogens
under a light microscope at a magnification of 400-1000X.
When an infection was found, the slides were air-dried and fixed
with methanol, then stained with freshly prepared 5% solution
of Giemsa stain. They were then washed in running tap water,
air-dried and examined under a microscope (4). The oocysts of
the coccidian pathogen detected by the light microscopy were
measured and photographed using a microscope with a digital
camera and soft imaging system.

Statistical Analysis

A chi-square test was used to compare observed results. A p-value
less than 0.05 was considered significant.

RESULTS

During the microscopic observations, a coccidian entomopathogen
were found in the populations of P. interpunctella in Tiirkiye. The
pathogen was observed in the fat bodies of the larvae, pupae and
adults. Polysporocystic oocysts of the pathogen were the evidence
of the infection (Figures 1-3). Oocysts measured as 29.52+3.32
(25.27-35.08) pm in diameter and they include 8 sporocysts.
Sporocysts measured as 9.11+0.61 (8.90-9.85) pm.

During the study, 3.432 samples of P. interpunctella samples
including larvae, adults and pupa were dissected and searched
for the coccidian infections in the fourteen localities of Tirkiye
between the years 2019-2021. Totally, 2.047 dead and 413 living
larvae, 932 adults and 40 pupae were examined for the presence of
the coccidian pathogen, 45 of 3.432 P. interpunctella larvae, pupae
and adults were found to be infected. Total infection occurred as
1.3% for the pathogen (Table 2). On the other hand, the average
of coccidian infections for all populations was found as 0.2% for
dead larvae, 0.2% for living larvae and 4.2% for adults. Coccidian
infections have also reached to the levels that can be considered
high in some populations, as significant as 29.2% (Tables 2, 3).

The infection was observed in the three (21.4%) of the examined
fourteen populations (Figure 4).

DISCUSSION

Light microscopic observations of the fresh and Giemsa-stained
preperations indicate that the coccidian pathogen found in P.
interpunctella populations belongs to the genus Adelina. The
recorded parasite has typical characters of the genus Adelina
such as shape and size of oocysts (Figures 1-3), number (3-
30) of sporocyst per oocyst and number of sporozoites per
sporocyst (3). In the literature there is no coccidian record
from P. interpunctella populations in Tirkiye. The Coccidian
entomopathogen presented in this study is the first Adeleid
coccidian record from P. interpunctella populations in Turkiye.
Number of sporocyst per oocyst and the host affinity is generally
recognized as a valid taxonomic character to discriminate the
pathogen at the species level. According to Yaman et al. (2), up
to now fifteen species belonging to the genus Adelina have been
described from host insects; their distinctive characteristics are

Figures 1-3. Adeleid polysporocystic oocysts of coccidian
pathogen. (1) A group of oocysts in fat body, (2) Giemsa

stained oocyst, (3) Giemsa stained sporocysts releasing from
the damaged oocyst. Bars, 10 pm

Table 2. Occurrence of Adelina mesnili in P. interpunctella populations

Locality Examined sample Infected sample Infection rate (%)
Ankara 51 - -
Aydin 101 3 2.9
Bolu 1.115 - -
Denizli 9 - -
Gaziantep 494 - -
Isparta 120 — -
Istanbul 121 - -
fzmir 45 - -
Kastamonu 120 35 29.2
Malatya 499 - -
Ordu 193 7 3.6
Samsun 299 - -
Siirt 145 - -
Trabzon 120 - -
Total 3.432 45 1.3
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shown in Table 4. The oocyst dimension and sporocyst number
per oocyst is a good feature for comparison of the fifteen Adelina
species from host insects. As seen in Table 4, our coccidian
differs from thirteen Adelina species in oocyst size and similar
with Adelina mesnili (8 sporocysts per oocysts). The number of
sporocyst in an oocyst varies from 6 to 8 with 8 being the most
common. Pérez (5) recorded the number of sporocysts in each of
A. mesnili as generally 6 to 8, rarely 9 in the original description.
The morphological features of the pathogen show similarities

{21 A. mesnili infection

Figure 4. Distribution of Adelina mesnili infections in Plodia
interpunctella populations in Tirkiye

ANK: Ankara, AYD: Aydin, BOL: Bolu, DNZ: Denizli, GZP:
Gaziantep, ISP: Isparta, IST: Istanbul, IZM: Izmir, KST: Kastamonu
MLT: Malatya, ORD: Ordu, SAM: Samsun, ST: Siirt, TRB: Trabzon

with other species of the genus Adelina (Coccidia: Adeleidae) and
especially resembles A. mesnili, described in lepidopteran hosts by
Pérez (5) and observed in the artificial cultures of P. interpunctella
and Ephestia kiihniella by Steinhaus (6). Therefore, the coccidian
pathogen was identified as the Turkish strain of A. mesnili. A.
mesnili found in the present study was observed first in the larvae,
pupae and adults of P. interpunctella in Tiirkiye.

No statistical difference between both dead and living larvae was
found. Asseenin Table 3, the infection rates in the adults are higher
than those in pupae. There is statistically significant difference
in the infection levels of adult and pupa of P. interpunctella
(Pearson chi-square, p=0.000 <0.05). Coccidians occur naturally
in Lepidoptera. So, have been recognized as potential biocontrol
agents against Lepidoptera. However, the use of pathogenic
protist species as a control agent should be in the early stages of
development. At the same time, extensive research is required to
be used as a protective agent (7).

There have been several studies on pathogens and parasites
of stored-product pests, mainly focused on isolation and
characterization of pathogenic microorganisms. A few of
them were carried out on the protistan entomopathogens of P
inteerpunctella. Until now, microsporidian pathogens, Nosema
plodiae (8,9), Vairimorpha plodia (1,10-12), neogregarine
pathogen, Mattesia dispora (13), gregarine pathogen, Leidyana sp.
(14), have been studied as microbial pathogen in P. interpunctella.
However, there is only one study on the distribution, occurrence

Table 3. Occurrence of Adelina mesnili in the different life stages of Plodia interpunctella

Life stage Number of examined sample Number of infected sample Infection rate (%)
Larva (living) 413 1 0.2

Larva (dead) 2.047 4 0.2

Adult 932 39 4.2

Pupae 40 1 -

Total 3.432 45 1.3

Table 4. Adelina species that infect insects and their morphological features [improved from (15)]

Adelina species ;l::::::d ll;l::t:oscl;::ocyst Oocyst diam. (pm) flr::loc(i’;i) Reference
A. akidium Fat body 12-20 30-40 10 @ae)

A. collembolae Fat body 24 40 7.5-8 @7

A. eryptocerci Various 5-21 24-51 10-12 (18)

A. mesnili Fat body 6-8 - 15 (5)

A. riouxi - 8-18 30-40 7-10 19)

A. sericesthis Fat body 4-8 30-40 10.8-11.9 (20)

A. simplex Gut 8-16 25-40 - (21)

A. tenebrionis Fat body 2-12 20-35 10-12 (22)

A. tenebrionis Fat body 3-13 29.2-45 12.3-14 (15)

A. tipulae Gut 4-10 35-40 - (21)

A. transita Various 6-20 30-40 10-11 (23)

A. grylli 4-22 - - (24)

A. triboli Fat body 4-16 40 10-13 (25)

A. melolonthae Fat body 4-12 35.62+4.04 (23.97-44.56) 11.70+0.42 (11.02-12.52) | (26)

A. mesnili Fat body 6-8 29.52+3.32 (25.27-35.08) | 9.11:0.61 (8.90-9.85) In this study
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and potential of microsporidian entomopathogen, V. plodia in P.
interpunctella under natural conditions (1). There is no any study
on distribution, occurrence and potential of microbial pathogens
about A. mesnili (Coccidia: Adeleidae) in P. interpunctella
under the natural conditions. In this study, characterization,
distribution and occurrence of the coccidian entomopathogen
of P. interpunctella from 14 localities representing all Tiirkiye
between the years 2019-2021 is given in an extensive field study
for the first time by confirming its first record from Tiirkiye and
effectiveness on natural populations. A. mesnili was detected in
three populations (21.4%).

CONCLUSION

Coccidians occurring naturally in insect pest populations are
highly pathogenic for them, therefore they have been considered
as potential natural suppressing factor in insect pest populations.
The detection of A. mesnili in at least three populations and the
infection rate reaching 29.2 percent, confirms that this pathogen
has a considerable effect in P. interpuctella populations that cannot
be underestimated.
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