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REVIEW ARTICLE

Scale insect species (Hemiptera: Coccomorpha) and their 
natural enemies, recorded on agricultural, ornamental and 
forest plant species in the wider area of Messenian Province 
(Peloponnese, Greece), 2000 – 2020

G.J. Stathas1,*, E.D. Kartsonas2, A.I. Darras2 and P.J. Skouras1

Summary   The scale insects (Hemiptera: Coccomorpha) recorded on agricultural, ornamental and 
forest plant species in the wider area of Messenian Province (Peloponnese, Greece) during the years 
2000 – 2020 are reviewed. Twenty species were recorded, which belong to four families: Diaspididae: 
Aonidiella aurantii (Maskell), Chrysomphalus aonidum (L.), Diaspis echinocacti (Bouché), Dynaspidiotus 
abieticola (Koroneos), D. abietis (Schrank), Lepidosaphes beckii (Newman), L. gloverii (Packard), Lineas-
pis striata (Newstead), Targionia vitis (Signoret); Coccidae: Ceroplastes rusci (L.), Eulecanium sericeum 
(Lindinger), Nemolecanium graniformis (Wünn), Parthenolecanium corni (Bouché), P. persicae (Fabricius), 
Physokermes hemicryphus (Dalman), P. inopinatus Danzig and Kozár, Protopulvinaria pyriformis (Cocker-
ell); Pseudococcidae: Phenacoccus madeirensis Green, Planococcus vovae (Nasonov) and Kermesidae: 
Kermes echinatus Balachowsky. The biology, phenology and natural enemies in Messenia are discussed 
for fi fteen of these scale species.

Additional keywords: Coccidae, Diaspididae, Kermecidae, Messenia, natural enemies, Pseudococcidae

Messenia is a dynamic productive area in 
which economically important crops are 
cultivated, such as olives, citrus, vines, fi gs, 
potatoes, vegetables, etc. The knowledge of 
entomofauna in the wider region of Messe-
nia and the record of the existing complex 
of the natural enemies of harmful insects, 
could be considered important to design 
plant protection programs in agriculture. 
The existence of dispersed small colonies of 
scale insects near the cultivated areas, could 
constitute a potential reservoir of parasi-
toids and predators for the control of pro-
spective infestations of cultivations by these 
scale insect pests.

In fi fteen out of the twenty record-
ed species, which were found in adequate 
population, biology, phenology and ecolo-
gy data are available from studies conduct-
ed in the Laboratory of Biological Control 
of the Benaki Phytopathological Institute 
(years 2000 - 2003) and the Department of 
Agriculture of the University of the Pelopon-
nese (former Technological Educational In-

Introduction

Information about the scale insects 
(Hemiptera: Coccomorpha) of Greece has 
been published in several articles of ento-
mological journals, monographies and web-
sites (Argyriou et al., 1976; Argyriou, 1983; 
DeBach, 1964; García Morales et al., 2016; 
Katsoyannos, 1996; Koroneos, 1934; Kozár et 
al., 1991; Milonas and Kozár, 2008; Paloukis, 
1979; Pellizzari et al., 2011). 

The present review contributes to this 
knowledge with a collective reference for 
twenty scale insect species found in Mess-
enian Province, Peloponnese, Greece (Fig. 
1) on agricultural, ornamental and forest 
plants species during the last twenty years. 
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stitute of Peloponnese) (years 2004 - 2020). 
Information about the identifi cation of the 
species, locations and materials and meth-
ods used for the biology/ecology studies is 
described in the articles of the cited bibliog-
raphy. However, some information on mate-
rials and methods may be briefl y presented 
when considered necessary.

Some scale insects recorded in this ar-
ticle were fi rst records for Greece or fi rst 
records on new host plant species of the 
scales, as it is referred in the cited referenc-
es. Additionally, some natural enemies of 
the reviewed scale insects were fi rst records 
for Greece or for Europe.

DIASPIDIDAE

Aonidiella aurantii (Maskell)
Aonidiella autantii is a cosmopolitan spe-

cies distributed in 89 countries, infesting 
plants of 178 genera belonging to 84 families 
(García Morales et al., 2016). 

It was recorded in Kalamata infesting Citrus 
sinensis (L.) Osbeck (Rutaceae) (Fig. 2). Field 
observations and laboratory examinations of 
infested leaves during March 2004 - April 2005 
showed that A. aurantii completes three over-

lapping generations in Kalamata (Stathas et al., 
2005). It overwintered under all developmen-
tal stages, but the majority of the population 
during November 2004 – March 2005 consist-
ed of preovipositing and ovipositing female 
adults. During the rest months, scales of all 
developmental stages were recorded. Three 
picks of numbers of crawlers were observed: 
the fi rst during the third ten days of April to 
the beginning of May, the second during the 
third ten days of June to the beginning of July 
and a third smaller increase observed from the 
end of August to the end of September. 

Figure 1. Messenian Province in Peloponnese, Southwestern Greece (Google map 1; Google map 2). 

Figure 2. Orange fruit infested by Aonidiella aurantii in Kala-
mata, Greece (Photo by George Stathas). 
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Natural enemies of A. aurantii found in 
Kalamata were the ectoparasite Aphytis chry-
somphali (Mercet) (Aphelinidae) and the pred-
ator Chilocorus bipustulatus (L.) (Coleoptera: 
Coccinelidae). These natural enemies are re-
ported also in other studies in Greece (Ar-
gyriou et al., 1976; Katsoyannos, 1996).

Chrysomphalus aonidum (L.)
Chrysomphalus aonidum originates from 

Asia but has become distributed in subtropi-
cal countries and worldwide in 87 countries, 
infesting plants of 181 genera belonging to 74 
families (García Morales et al., 2016). It could 
be considered a serious threat for many Eu-
ropean countries as it has been recorded to 
infest more and more several plants in Spain 
(Garcia Mari et al., 2000), Italy, (Pellizzari and 
Vacante, 2007), Hungary (Reiderne and Kozàr, 
1994), France (Germain and Matile Ferrero, 
2005) and the Netherlands (Jansen, 2004). 

The fi rst record of C. aonidum in Greece 
was reported by Koroneos (1934), as a pest 
of imported Citrus sp., which was not accli-
matized in the country. Later, Argyriou and 
Mourikis (1981) reported that the scale was 
accidentally introduced in Greece during 
1962-1965, but it had been under complete 
control. In April of the year 2000, C. aonidum 
was found on Dracaena sp. in Athens. The 
colony of this pest on Dracaena sp., was 
used to infest artifi cially pumpkins Cucurbita 
maxima Duchense (Cucurbitaceae) and po-
tato tubes Solanum tuberosum L. (Solanace-
ae) in the laboratory and was the fi rst record 
of the scale on plant species of these fami-
lies (Stathas et al., 2002). 

In January 2007, C. aonidum was found 
on heavily infested fruits of Citrus limon 
and C. sinensis (L.) (Rutaceae) and leaves of 
Ficus benjamina L. (Moraceae) and Ligus-
trum japonicum Thunb. (Oleaceae) in Kala-
mata (Stathas and Kozár, 2008) and later in 
the same year on Nerium oleander L. (Apocy-
naceae) (Fig. 3). Infestation on F. benjamina 
(Moraceae) was the fi rst record of the scale 
on this new host. It is a biparental and ovip-
arous species. The population of the scale 
found on all the host plants in Kalamata 
from January to April 2007 consisted main-

ly of young female adults.
Regarding the natural enemies of the 

scale, the biology of the predator Rhyzobius 
lophanthae Blaisdell (Coleoptera: Coccinel-
lidae) was studied under controlled condi-
tions in the laboratory (Stathas et al., 2002). 

Diaspis echinocacti (Bouché)
Diaspis echinocacti (Bouché) is record-

ed in 74 countries of the world, infesting 58 
plant species belonging to the family Cacta-
ceae and 9 plant species belonging to other 
families (García Morales et al., 2016). 

In Kalamata it was recorded on Opuntia 
fi cus-indica (L.) Mill. (Cactaceae) (Fig. 4) and 
examination on its populations were made 
in nature and in laboratory, from February 
to June 2009 (Japoshvili et al., 2010). Diaspis 
echinocacti was found to be biparental and 
oviparous. The populations of the scale in 
February 2009 consisted of all development 
stages except crawlers, which hatched dur-
ing the fi rst half of April. Until June, all devel-
opment stages of the scale were present on 
O. fi cus-indica. 

Natural enemies of D. echinocacti record-
ed in Kalamata include the ectoparasitoid 
Aphytis debachi Azim (Hymenoptera: Aph-
elinidae), the endoparasitoid Plagiomerus 
diaspidis Crawford (Hymenoptera: Encyrti-
dae), the predator Cybocephalus fodori En-
drödy-Youga (Coleoptera: Cybocephalidae) 
and small numbers of individuals of an un-
identifi ed predatory mite of the family Bdel-
lidae (Prostigmata) (Japoshvili et al., 2010). 
Aphytis debachi parasitized second instar 
nymphs and preovipositing females of the 
scale. Its parasitization rate reached 9.3% 
in March 2009. Both sexes of the parasitoid 
were recorded, which support the biparental 
status of the species (Japoshvili et al., 2010) 
whereas only female adults were obtained 
in Hong Kong (Rosen and DeBach, 1979). Pla-
giomerus diaspidis parasitized second instar 
nymphs. Its parasitization rate reached 86% 
in March 2009. The endoparasite P. diaspid-
is has also been reported as a natural ene-
my of D. echinocacti in other studies (Gordh 
and Lacey, 1976; Panis and Pinet, 1999). The 
predator C. fodori was found to be very ac-
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tive as the predated scales reached 90% of 
the population in June 2009 in Kalamata. 
This is the fi rst record of A. debachi in Europe 
and the fi rst record of P. diaspidilis in Greece 
(Japoshvili et al., 2010). 

Dynaspidiotus abieticola (Koroneos)
Dynaspidiotus abieticola is a Paleartctic 

species, recorded in Greece, Iran, Lebanon 
and Turkey, on the following plant species of 

the family Pinaceae: Abies bornmuelleriana, 
A. cephalonica, A. concolor, Cedrus libani and 
Picea pungens (García Morales et al., 2016). 
The fi rst record of the scale in Greece was 
made by Koroneos (1934) on A. cephalonica, 
in the area of Ano Lekhonia and in the sur-
rounding region of mount Pelion (Thessaly). 

In the area of Messenia, it was record-
ed on Taygetus mountain at an altitude of 
760m (Fig. 5). The study of phenology of the 

Figure 3. Infestation of Chrysomphalus aonidum on several host plants in Kalamata, Greece: (a): Citrus sinensis, (b): Citrus li-
mon, (c): Ficus benjamina, (d): Nerium oleander, (e): rearing of the scale on Cucurbita maxima in laboratory for experimental 
reasons (Photo by George Stathas).
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scale was made by examinations of branch-
es of the infested trees in the laboratory 
from February 2013 to January 2014 (Stathas, 
2015). It was recorded as an oviparous bipa-
rental species which completed one gen-
eration per year. It was settled on fi r trees 
causing chlorosis (Fig. 5). On heavily infest-
ed fi r trees, needles got dry. It overwintered 
as a mated adult female from the beginning 
of October to the end of April. Egg-laying 
and hatching of crawlers occurred from ear-
ly May to the end of June. Settled fi rst instar 
nymphs were present from early June until 
early September. Second instar nymphs oc-
curred from the fi rst days of August until late 
September, the male nymphs in September 
and the fi rst adult females at the beginning 
of October.

Dynaspidiotus abietis (Schrank)
Dynaspidiotus abietis is a species of 

Nearctic and Palaearctic region, recorded in 
26 countries, infesting plants of the families 
Cupressaceae, Pinaceae, Rosaceae and Sap-
indaceae (García Morales et al., 2016). 

Its fi rst record for Greece was made by 
Koroneos (1934), who referred to the scale 
as Aspidiotus abietis (Schr.) Loew, on A. ce-
phalonica on the mountains Parnitha (Atti-
ca) and Oeta (central Greece). 

In Messenia, D. abietis was recorded on 
A. cephalonica on northwestern part of the 
mountain Taygetus (near to the County 
Dyrachi). Its morphology, biology, phenol-
ogy and natural enemies were studied dur-
ing June 2004 – August 2006, on infested fi r 
trees and on samples of infested branches 
examined in the laboratory (Stathas, 2008). 
The scale was found to infest only needles of 
the fi r trees, in low infestation levels (Fig. 6). 
It is biparental and oviparous; it developed 
one generation per year and it overwintered 
as mated pre-ovipositing female adult. Ovi-

Figure 4. Diaspis echinocacti on Opuntia fi cus-indica in Kala-
mata, Greece (Photo by George Stathas). 

Figure 5. Dynaspidiotus abieticola on Abies cephalonica on Tay-
getus mountain, Messenia, Greece (Photo by George Stathas).

Figure 6. Female adults of Dynaspidiotus abietis settled on 
needles of Abies cephalonica on Taygetus mountain, Messenia, 
Greece (Photo by George Stathas).
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positing females were recorded from the 
second week of May to the beginning of 
July. Crawlers appeared from the end of May 
to the beginning of July. Settled fi rst instar 
nymphs were recorded during July and sec-
ond instar nymphs from August to October. 

Predated individuals of the scale on the 
infested trees were attributed to the activ-
ity of the larvae and adults of the predator 
Chilocorus bipustulatus (L.) (Coleoptera: Coc-
cinellidae), which were recorded between 
the months May to August (Stathas, 2008). 
Activity of C. bipustulatus against D. abietis 
is also reported in other European countries 
by Kozstarab and Kozár (1988).

Lepidosaphes beckii (Newman)
Lepidosaphes beckii is a widely distribut-

ed, cosmopolitan, tropical and subtropical 
species. It infests citrus in all northern Med-
iterranean countries and is especially harm-
ful in littoral areas (Katsoyannos, 1996). It 
is distributed to 120 countries and its host 
plant species belong to 60 genera of 42 fam-
ilies, but most of its hosts belong to the fam-
ily Rutaceae (García Morales et al., 2016). The 
presence of L. beckii in Greece was report-
ed by Hall (1922), DeBach (1964), Argyriou 
(1976) and Katsoyannos (1996). 

The ecology of the scale was studied on 
infested Citrus sinensis var. navelina in Kala-
mata during 2009-2011 (Fig. 7) (Stathas et al., 
2015a). Its phenology was studied on sam-
ples of infested leaves, which were trans-
ferred in the laboratory. The numbers of 
caught males of L. beckii, the parasitoids and 
predators of the scale were monitored by 
yellow sticky traps on the infested trees. Lep-
idosaphes beckii mainly infested the leaves 
and fruits and to a lesser extent the shoots 
and stems. The fl uctuations of the popula-
tion of crawlers were recorded using sticky 
transparent band traps placed on shoots of 
the infested trees. All developmental stag-
es of the scale were observed during all the 
period of the study. Three peaks of crawlers 
were recorded in June, August and October 
in both years of the study. 

The natural enemies of L. beckii record-
ed in Kalamata were the parasitoids Aphytis 

lepidosaphes Compère and Encarsia sp. (Hy-
menoptera: Aphelinidae) which reached a 
parasitization rate 32%, and the predators 
Chilocorus bipustulatus (L.) and Rhyzobius lo-
phanthae Blaisdell (Coleoptera: Coccinelli-
dae) (Stathas et al., 2015a). García Morales et 
al. (2016) reported that the recorded natural 
enemies of L. beckii belong to 35 genera of 
17 insect families, in which the above-men-
tioned natural enemies of the scale record-
ed in Kalamata are included. 

Lepidosaphes gloverii (Packard)
Lepidosaphes gloverii is distributed to 81 

countries of Central and North America, Asia 
and Europe, recorded on host plants of 40 
genera in 28 families. Its main host is citrus 
(García Morales et al., 2016).

In Greece, it was recorded in southern 
Peloponnese in the area Gastouni on Citrus 
sinensis var. navelina (Stathas, 2004a). Its bi-
ology, phenology and ecology were studied 
during June 2001 – August 2003, with exam-
ination of the infested trees and on samples 
of infested leaves in the laboratory. The scale 
infests mainly the upper leave surface and 
the fruits and less the lower leaf surface and 
the shoots of the trees. Although all devel-
opmental stages were recorded during the 
winter period, the scale was found to over-
winter mainly as preovipositing and ovipos-
iting female adult. It developed 3 overlap-
ping generations per year. Three peaks of 
the population of crawlers were recorded 
in June, August and October. The number 

Figure 7. Male and female nymphs and adults of Lepidosaphes 
beckii settled on upper surface of orange tree leaf in Kalamata, 
Greece (Photo by George Stathas).
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of eggs recorded under the ovipositing fe-
male adults in June, ranged between 32 and 
57 eggs, with a mean number of 37.7 eggs 
per female. 

Concerning its control, the combination 
of mineral oil applications in September 2001, 
February and September 2002 with mass re-
leasing of adults of the predators Chilo-
corus bipustulatus (L.) and Rhyzobius lophan-
thae Blaisdell (Coleoptera: Coccinellidae) in 
July 2002, reduced signifi cantly the infesta-
tion density of the scale (Stathas, 2004a). The 
coccinellid predators C. bipustulatus and R. 
lophnathae are also cited as natural enemies 
of L. gloverii in other studies (Belguendouz et 
al., 2017; Herting and Simmonds, 1972).

Lineaspis striata (Newstead)
Lineaspis striata is recorded in 16 coun-

tries infesting plants of 9 genera belonging 
to the families Cupressaceae, Iridaceae, San-
talaceae and Taxaceae (García Morales et al., 
2016). 

It was recorded and described in Greece 
by Koroneos (1934) as Chionaspis striata 
Newstead found on the species of the fam-
ily Cupresaceae: Thuja orientalis L. in Volos, 
Cupresus sempervirens L. in Peloponnese, on 
Juniperus oxycedrus L. in Pelion Mountain 
(Tsangarada and Milies), on Juniperus mac-
rocarpa (Sibth. and Sm.) in Attica (Voula) and 
on Juniperus phoemicae L. in Attica (Vouliag-
meni). It is also recorded in Crete by Panis 
(1981) and by Pellizzari et al. (2011) on C. sem-
pervirens in Agios Nikolaos and on Cupresus 
sp. in Heraklion. In Messenia, L. striata was 
found on Juniperus oxycedrus L. (Cupres-
saceae) on Taygetus Mountain in January 
2007 (Stathas et al., 2011). 

The phenology and the natural enemies 
of the scale were studied by Katsoyannos 
(1993) on diff erent species of the family Cu-
presaceae during the years 1991-1992 in At-
tica. As it is referred in the above study, the 
scale is oviparous biparental species. It devel-
oped three generations per year and it over-
wintered as pre-ovipositing female adult. 
The average fecundity was 50 ± 12 eggs per 
female. The endoparasitoid Physcus testaceus 
Masi (Hymenoptera: Aphelinidae) was found 

to parasitize female adults of L. striata and the 
parasitism rate reached 44.8% in May 1991. 
Parasitism of a single female adult L. striata 
by an ectoparasite Aphytis sp. was recorded 
in April 1991 (Katsoyannos, 1993).

Pseudaulacaspis pentagona (Targioni 
Tozzetti)

Pseudaulacaspis pentagona is distribut-
ed in 113 countries, was recorded on host 
plants of 251 genera, belonging to 89 fam-
ilies (García Morales et al., 2016). Its presence 
in Greece is referred by Balachowsky (1954), 
Paloukis (1967), Argyriou et al. (1976). Its phe-
nology and ecology have been studied in 
the past in northern Greece (Paloukis and 
Mentzelos, 1971; Kyparissoudas, 1992).

In southern Greece P. pentagona was re-
corded in Kalamata infesting Actinidia deli-
ciosa (Actinidiaceae), Prunus persica (Rosace-
ae) Morus alba (Moraceae) (Fig. 8) (Stathas et 
al., 2020). In Kalamata the biology and ecol-
ogy of P. pentagona on M. alba was studied 
during the years 2016 – 2018. It is a biparen-
tal and oviparous species. It overwintered 
as mated female adult. The fecundity of fe-
males on September 2017 fl uctuated be-
tween 97 to 133 eggs, with a mean 118.5 ± 
25.7 eggs per female. The scale completed 3 
generations per year. Three peaks of crawl-
ers were recorded in April, July and Septem-
ber. The parasitism rate by an unidentifi ed 
ectoparasite reached 18 and 21% in 2016 
and 2017, respectively. The main natural en-
emies of the scale were the coccinellid pred-
ators Chilocorus bipustulatus and Rhyzobi-
us lophanthae (Stathas et al., 2020). These 
predators are referred as natural enemies of 
P. pentagona in other countries (García Mo-

Figure 8. Pseudaulacaspis pentagona on branch of Morus alba 
in Kalamata, Greece (Photo by George Stathas).
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rales et al., 2016) and in northern Greece (Ar-
gyriou et al., 1976). 

Targionia vitis (Signoret)
Targionia vitis is recorded in 25 countries, 

infesting plants of 9 genera in 6 families, but 
most of its host plants belong to the fami-
ly Fagaceae (García Morales et al., 2016). Its 
presence in Greece was recorded by Koro-
neos (1934) on Arbutus unedo (L.) (Ericace-
ae), Quercus sp. and Q. coccifera L. (Fagaceae) 
and Platanus orientalis L. (Platanaceae). 

Targionia vitis was recorded and stud-
ied in Messenia on Vitis vinifera L. (Vitaceae) 
in a vineyard containing the varieties Black 
Currents (black raisin), Rodites and Fraou-
la (Stathas and Kontodimas, 2001). It was re-
corded as a biparental, viviparous univoltine 
species, which overwinters as mated female 
adult. The crawlers hatched in mid – May, 
while the fi rst and second instar nymphs ap-
peared in June and developed to male and 
female nymphs by mid-July. Male adults 
were observed from mid-July until the end 
of August while by the beginning of Septem-
ber, the whole population of the scale con-
sisted of mated female adults. The fecundity 
of T. vitis ranged between 82 and 105 eggs, 
with an average of 94.9  9.37 eggs per fe-
male. The natural enemies of T. vitis, which 
were recorded in Messenia, included the ec-
torarasite Aphytis abnormis (Howard) (Hy-
menoptera Aphelinidae), an unidentifi ed 
endoparasite and the predator Cybocepha-
lus fodori Entrödy-Younga (Coleoptera: Nit-
idulidae). The activity of the above natural 
enemies could not reduce the population 
density of the scale on the infested grapes 
(Stathas and Kontodimas, 2001).

COCCIDAE

Ceroplastes rusci (L.)
Ceroplastes rusci is distributed to 58 coun-

tries, infesting plants of 79 genera belong-
ing to 48 families (García Morales et al., 2016). 
In Greece it is referred by Argriou (1983) as 
widely distributed scale insect causing seri-
ous damage, especially in southern areas of 

the country, on Ficus carica L. (Moraceae) in 
Attica and Messenia and on citrus in Aege-
an islands. Kozár et al. (1991) referred C. russci 
in Greece on Albizia sp. (Fabaceae) in Athens, 
on Pittosporum sp. (Pittosporaceae) in Irak-
lion, on Nerium oleander L. (Apocynaceae) 
in Knossos and on Osyris alba L. (Santalace-
ae) in island Hydra. Ceroplastes rusci was re-
ported to develop two generations per year 
on fi g trees in Greece (Argyriou and Santo-
rini, 1980).

In Messenia, C. rusci is widely spread on 
fi g trees (Fig. 9). Pellizzari et al. (2010) record-
ed C. rusci on F. carica in a fi g cultivation area 
near Kalamata (province Aristomenes). De-
scription of immature females from this 
population provided an identifi cation key of 
the diff erent instars of the scale which is a 
useful tool for the determination of the ap-
propriate period for eff ective chemical con-
trol applications in fi g cultivation.

Eulecanium sericeum (Lindinger) 
Eulecanium sericeum is distributed in 14 

European countries, infesting 6 species of 
genus Alba (Pinaceae). In Greece, it has been 
recorded on A. cephalonica and A. borisii-re-
gis Mattf. (Argyriou, 1983; Santas,1983;1988). 
Santas (1983) reported that E. sericeum ap-
peared in patches on the Abies trees, al-
though sometimes a whole tree may be in-
fested. In Messenia, E. sericeum was found 
on A. cephalonica on Taygetus Mountain in 
June 2005 and in June 2007 in small colonies 

Figure 9. Immature stages of Ceroplastes rusci on fi g tree leaf 
(Photo by George Stathas).
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(Stathas et al., 2011). According to Hadzibej-
li (1967) E. sericeum develops one generation 
per year in Georgia.

Nemolecanium graniformis (Wünn) 
Nemolecanium graniformis is recorded 

only in Europe, in Czech Republic, France, 
Germany, Greece, Italy and Poland, infest-
ing Abies alba, Abies cephalonica and Abies 
nebrodensis (Pinaceae) (García Morales et al., 
2016). It was fi rst recorded in Greece in Au-
gust 1996 on A. cephalonica in the area Thra-
comacedones (Attica) (Stathas, 1997). 

Its phenology and natural enemies were 
studied on Parnis Mountain (Attica) dur-
ing 1998-1999, where the scale was found 
to be univoltine, oviparous and overwin-
tered as second instar nymph. The average 
fecundity of the scale on Parnis Mountain 
was counted to 188.4 eggs per female adult 
(Stathas, 2001). In Messenia N. graniformis, 
it was found on A. cephalonica on Taygetus 
Mountain where it was studied from De-
cember 2005 to November 2007 (Fig. 10) 
(Stathas et al., 2011). It is oviparous and bipa-
rental species and it completed one genera-

tion per year and overwintered as second in-
star nymphs. Regarding its natural enemies 
in Messenia, female adults of the scale were 
found parasitized by unidentifi ed endopar-
asitic larvae on Taygetus Mountain, in June 
and November 2006. Moreover, the preda-
tors E. quadripustulatus and C. bipustulatus 
were found in the colonies of the scale on 
the infested fi r trees (Stathas et al., 2011). In 
other studies in Greece, the aphelinid para-
sitoids Coccophagus lycimnia (Walker), Coc-
cophagus sp. Westwood and the encyrtid 
Aphycoides sp. Mercet, as well as the pred-
ators Exochomus quadripustulatus L. and C. 
bipustulatus were recorded on Parnis Moun-
tain, County of Attica (Stathas, 2001).

Parthenolecanium corni (Bouché)
Parthenolecanium corni is distributed in 

73 countries, infesting 109 plant species be-
longing to 48 families (García Morales et al., 
2016).

In Greece it is referred by Argyriou (1983) 
on Prunus persica L. (Rosaceae) and by Santas 
(1985) on P. persica, Prunus armeniaca, Cra-
taegus spp. (Rosaceae) and Corylus avellana 
L. (Betulaceae) close to Grevena (Northwest-
ern Greece). Its distribution in Greece is not 
well known, but it has been found in Cen-
tral and Northern Greece. The adults excrete 
honeydew which is exploited by honeybees. 
Parthenolecanium corni had one generation 
per year on C. avellana. It overwintered as 
second instar nymph, the adults appeared 
early in April and the crawlers in the middle 
of June. The second instar nymphs appeared 
in mid-July and by the end of October all the 
scale population was in this stage. The fe-
cundity of the scale fl uctuated between 700 
and 1100 eggs per female (Santas, 1985). 

Natural enemies of P. corni in Greece in-
cluded the parasitoids Coccophagus lycimnia 
(Wlk.) (Hymenoptera: Aphelinidae), Meta-
phycus insidiosus (Merc.) (Hymenoptera: En-
cyrtidae) and the predators Scutellista cya-
nea Motsch. (Hymenoptera: Pteromalidae), 
Leucopis alticeps Czerny (Diptera: Chamae-
myiidae), Eubletnma scitula (Ramb.) (Lep-
idoptera: Noctuidae), Chrysoperla carnea 
(Stephens) (Neuroptera: Chrysopidae) and 

Figure 10. Nemolecanium graniformis on Abies cephalonica: 
Second instar nymph (a) and female adults (b) on Taygetus 
mountain, Messenia, Greece (Photo by George Stathas).
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Chilocorus hipustulatus (L.) (Coleoptera: Coc-
cinellidae) (Santas, 1985). The hyperparasites 
Pachyneuron concolor (Forst) (Hymenoptera: 
Pteromalidae) and Marietta picta (André) 
(Hymenoptera: Aphelinidae) were also re-
corded (Santas, 1985).

In Messenia, P. corni was found in the 
area Asprochoma close to Kalamata on Mo-
rus alba in July 2005. The population of the 
scale consisted of ovipositing females. Fe-
male adults of the scale were deposited to 
the collection of the Hungarian Academy of 
Sciences. Superparasitism of female adults 
P. corni by an unidentifi ed parasitoid spe-
cies was also observed in the above infesta-
tion (Fig. 11) (Stathas and Kartsonas, unpub-
lished data). 

Parthenolecanium persicae (Fabricius)
Parthenolecanium persicae is distributed 

in 59 countries on several host plants of 54 
genera, belonging to 33 families. Most of its 
hosts belong to the families Fabaceae and Ro-
saceae (García Morales et al., 2016). In Greece, 
it was recorded by Kozár (1985) on Morus sp. 
in northern Greece and on Viburnum tinus (L.) 
(Adoxaceae) in Athens (Stathas, 2004b).

In Messenia, P. persicae was found on Vi-
tis vinifera L. (Vitaceae) in the province Ar-
fara in October 2000 (Stathas et al., 2003; 
Stathas, 2004b). In studies of P. persicae in 
vineyards cv. Rodites during the years 2001-
2002 it was found to be parthenogenic, ovi-
posoting, univoltine species. Although P. 
persicae appears to be largely parthenogen-
ic, two male adults of P. persicae were col-
lected from vineyards in the Hunter Valley 
(Australia) during early September (Rakimov 
et al., 2013). The scale overwintered as a sec-
ond instar nymph. Female adults appeared 
in April and oviposition took place from ear-
ly May to late June. Crawlers hatched in May 
and during the rest of the summer period the 
population consisted of fi rst and second in-
star nymphs. From late September until the 
following spring the population consisted 
of second instar nymphs. Regarding natural 
enemies of P. persicae, two parasitoids were 
recorded, Metaphycus sp. (Hymenoptera: 
Encyrtidae), which parasitized the scale up 

to 34.5%, and the predator Chilocorus bipus-
tulatus (Stathas et al., 2003). 

Physokermes hemicryphus (Dalman)
Physokermes hemicryphus is distributed 

in 28 countries on conifers of the families 
Pinaceae (on species of genera Abies, Picea 

Figure 11. Parthenolecanium corni on Morus alba. Dorsal (a) 
and ventral (b) view of ovipositing female adults, parasitized 
females (c) in Kalamata, Greece (Photo by George Stathas). 
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and Tsuga) and Cupressaceae (on Juniperus 
sp.) (García Morales et al., 2016). 

In central Greece it has been recorded on 
Abies cephalonica and A. borisii regis, where 
the honeydew excretions of the scale is used 
in beekeeping as a main source for honey 
production in the country (Argyriou, 1983; 
Santas, 1988; Gounari et al., 2004). In Mess-
enia, P. hemicryphus was recorded on Tayge-
tus Mountain infesting A. cephalonica (Fig. 
12). The biology and ecology of the scale was 
studied in this area during the years 2004 - 
2006 (Stathas et al., 2011). It is an oviparous 
biparental and univoltine species, infesting 
the nodes of the annual growth of the trees. 
It overwintered as second instar nymph. 
Young female adults secrete honeydew from 
the middle of May until the beginning of July 
(Fig. 12). On Taygetus Mountain, ovipositing 
females laid 70-280 eggs in July 2006 and 
the mean fecundity was 193.9±44.6 eggs per 
female. The crawlers appeared from the end 
of August until the middle of September.  

Concerning the natural enemies on Tay-
getus Mountain, the parasitoid Pseudorho-
pus testaceus (Ratzeburg) (Hymenoptera: 
Encyrtidae) was found to parasitize female 
adults of P. hemicryphus. Percentage par-
asitism was 24% in July 2005 and 47.8% in 
July 2006 with 1–4 or more parasitoid adults 
emerging per parasitized female adults. Τhe 
predators Chilocorus bipustulatus (L.), Exo-
chomus quadripustulatus (L.) and Scymnus 
sp. (Coleoptera: Coccinallidae). Exochomus 
quadripustulatus and Scymnus sp. are also 
reported as predators of the scale in west-
ern and central Greece (Santas, 1988). The 
role of E. quadripustulatus against other coc-

cids in Greece such as Saissetia oleae Olivier 
has been studied by Katsoyannos (1976).

Physokermes inopinatus Danzig and 
Kozár

Physokermes inopinatus is recorded in 
Austria, Hungary, Greece, Romania, Sweden 
and Ukraine. Its hosts are species of genus 
Abies and Picea (Pinaceae). It causes damage 
to the host trees by its feeding on the sap 
from the needles as well by its honeydew 
secretions, on which sooty mold is created 
(García Morales et al., 2016). 

The fi rst record of P. inopinatus in Greece 
was on Abies cephalonica on Taygetus Moun-
tain, in Messenia (Stathas and Kozár, 2010). 
The phenology of the scale was studied on 
infested fi r trees in this area from July 2006 
to June 2008. The scale settles on the base 
of young shoots and needles. It is oviparous 
and biparental. It completed one generation 
per year and overwintered as second instar 
nymphs. Pre-ovipositing females appeared 
during May and June. Eggs were laid from 
mid-June to early August. Hatching of crawl-
ers occurred during July and August. Larvae 
and adults of C. bipustulatus were observed 
on colonies (Stathas and Kozár, 2010). The 
coccinellid predator C. bipustulatus is includ-
ed among the natural enemies of P. inopina-
tus by Kosztarab and Kozár (1988).

Protopulvinaria pyriformis (Cockerell)
Protopulvinaria pyriformis is a serious 

pest of fruit trees and ornamentals in sever-
al tropical and subtropical countries, totally 
recorded in 42 countries, infesting plants of 
60 genera, belonging to 36 families (García 

Figure 12. Young female adults of Physokermes hemicryphus on nodes of Abies cephalonica partially covered by white waxy fi la-
ments (a) and totally covered by fi laments and honeydew excretion (b) on Taygetus mountain, Messenia, Greece (Photo by George 
Stathas).
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Morales et al., 2016). 
In Greece, it was recorded for the fi rst 

time on Laurus nobilis L. (Lauraceae) in Ka-
lamata (Fig. 13), Messenia, in 2003 (Ben-Dov, 
et al., 2003). Later, P. pyriformis was found 
on more host plants in Messenia. In June 
2007, it was found on Hedera helix L. (Arali-
aceae) at the area of Almyros, Messenia and 
in May 2008 on Citrus aurantium L. (Rutace-
ae) in the city of Kalamata (Fig. 13). On both 
of the above host plants, P. pyriformis was 
found to settle mainly on the lower leaf sur-
face (Stathas et al., 2008).

The phenology, biology and natural en-
emies of the scale were studied in Messenia 
during the years 2003 – 2005 (Stathas et al., 
2009). It settles mainly on the lower leaf sur-
face producing increased amounts of hon-
eydew throughout the year. It is partheno-
genetic and oviparous developing several 
overlapping generations per year. It over-
wintered under all developmental stages 
(egg, fi rst and second instar nymph, adult). 

The life cycle was estimated to last in nature 
about 52 days during winter and 29-33 days 
during summer. The main natural enemy of 
the scale was the parasitoid Metaphycus hel-
volus (Compere) Hymenoptera: Encyrtidae). 
The parasitism rate reached 31.2% while en-
capsulation of the parasitoid eggs occurred 
in up to 23% of the adult scales. The number 
of the encapsulated eggs ranged from 1 to 
5 eggs per scale individual. The coccinellid 
predator C. bipustulatus was also recorded 
as a natural enemy of the scale in Kalamata. 

PSEUDOCOCCIDAE

Phenacoccus madeirensis Green
Phenacoccus madeirensis is widely spread 

in 83 countries, recorded on host plants be-
longing to 150 genera of 54 plant families 
(García Morales et al., 2016). 

In Greece it was recorded by Papado-
poulou and Chryssohoides (2012) in June 
2010 in the regions of Thessaloniki, Xanthi 
and Kavala (Northern Greece) on Onicum 
basilicum L. (Lamiaceae) and by Szita (et al., 
2017) in 2014 in the island Kefalonia (West-
ern Greece) on Campanula sp. 

In Messenia, P. madeirensis was found in 
Kalamata in May 2014 on Aloysia citriodora 
Palau (Verbenaceae) and on July of the same 
year on Osteospermum jucundum (Phillips) 
(Asteraceae) (Fig. 14). Osteospermum jucun-
dum recorded for the fi rst time as host plant 

Figure 13. Protopulvinaria pyriformis on Laurus nobilis (a) and 
on Citrus aurantium (b) in Kalamata, Greece (Photo by George 
Stathas).

Figure 14. Infestation of Phenacoccus madeirensis on Oste-
ospermum jucundum in Kalamata, Greece (Photo by George 
Stathas).
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of P. madeirensis (Stathas et al., 2015b). 
As far as the phenology is concerned, P. 

madeirensis completed 5-6 generations per 
year in Sicily; it overwintered mainly as fi rst 
and second instar nymphs however, female 
adults were also found (Sinacori, 1995).

Planococcus vovae (Nasonov)
Planococcus vovae is distributed to 38 

countries, infesting plants of the families Ar-
aceae (genus: Anthurium), Cupressaceae (ge-
nus: Calocedrus, Chamaecyparis, Cupressus, 
Juniperus and Thuja), Lauraceae (genus: Lau-
rus) and Taxaceae (genus: Taxus) (García Mo-
rale et al., 2016). 

The presence of P. vovae in Greece is re-
ferred by Cox (1989) and Cox and Ben-Dov, 
(1986). Milonas and Kozár (2008) recorded 
the scale on Cupressus leylandii (Jacks. and 
Dallim.) in Kifi ssia (Attica) in 2004. In Messe-
nia, female adults of P. vovae were found on 
Juniperus oxycedrus L. in June 2006 on Tay-
getus Mountain (Stathas et al., 2011). The 
low population of the infestation of the 
scale found on Taygetus, was not adequate 
to study the biology of the scale in this area. 
In Italy P. vovae develops two annual gener-
ation (Francardi and Covassi, 1992). 

KERMESIDAE

Kermes echinatus Balachowsky
Kermes echinatus has been recorded only 

in Israel and in Greece. Its host plants are 
the species Quercus calliprinos Webb., Quer-
cus coccifera L. and Quercus ilex L. (Fagace-
ae) (Spodek et al., 2014; García Morales et al., 
2016).

In Greece, K. echinatus was found on Q. 
coccifera in Crete in April 2010 and again in 
June 2011 (Porcelli and Pellizzari, 2014). In 
Messenia, it was recorded on Q. ilex in Kala-
mata, in November 2012 (Fig. 15). In Decem-
ber of the same year, the scale was recorded 
in Athens on Quercus ilex which was report-
ed as host of this scale for the fi rst time 
(Stathas et al.,2013; Stathas et al., 2018).  

The phenology and the natural enemies 
of K. echinatus on Q. ilex were studied in Kal-

amata during the years 2015 – 2017 (Stathas 
et al., 2018). Kermes echinatus is a univoltine, 
oviparous and biparental species. It overwin-
tered as fi rst instar nymph on the branches 
of the infested trees and it was developed 
to second instar by the middle of April and 
to third instar until the end of May. The im-
mature males (larvae and pupae) were ob-
served from the end of April until the end of 

Figure 15. Kermes echinatus on Quercus ilex. (a): oviparous fe-
male adults, (b): scale covers of male nymphs, (c): crawlers 
dispersed on branches in Kalamata, Greece (Photo by George 
Stathas).
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May, while the pre-ovipositing and ovipos-
iting adults were recorded during May and 
June. The hatching of crawlers occurred by 
the end of June, which remained under this 
instar until the April of the next year. Natural 
enemies included the predator Chilocorus 
bipustulatus and the parasitoids Metaphy-
cus gennaroi Guerrieri and Noyes, The hy-
perparasite Cheiloneurus claviger Thomson 
(Hymenoptera: Encyrtidae) was also found 
parasitizing the scale. The total parasitiza-
tion rate of both parasitoids reached to 21% 
(Stathas et al., 2018).

Concluding remarks

Twenty species of scale insects were record-
ed on agricultural, ornamental and forest 
plant species in the wider area of Messenian 
Province between the years 2000 and 2020. 
Nine of them belong to the family Diaspidi-
dae, eight to Coccidae, two to Pseudococci-
dae and one to Kermesidae. Some of these 
scale species or their parasitoids are record-
ed for the fi rst time in Greece. For some oth-
er, this is the fi rst report of several host plant 
species.

First records of these scale species in 
Greece include: Physokermes inopinatus on 
Taygetus mountain; Protopulvinaria pyri-
formis in Kalamata (Ben-Dov et al., 2003); 
Kermes echinatus in Messenia (the scale has 
not been previously recorded in continen-
tal Greece, but only in Crete) (Stathas et al., 
2013; Porcelli and Pellizzari, 2014). 

First records of host plant species in-
clude: Physokermes inopinatus was recorded 
on A. cephalonica (Stathas and Kozár, 2010); 
Kermes echinatus was recorded on Quercus 
ilex; the scale was previously recorded only 
on Q. calliprinos and Q. coccifera (Stathas et 
al., 2013). Chrysomphalus aonidum was re-
corded for the fi rst-time infesting species 
of the families Cucurbitaceae and Solanace-
ae (mass reared on C. maxima and S. tubero-
sum) and the plant F. bensamina (Stathas et 
al., 2002; Stathas and Kozár, 2008). Infesta-
tion by P. madeirensis was recorded on Oste-
ospermum jucundum (Stathas et al., 2015b). 

First reports of parasitoids of the scale 
species include: Aphytis debachi found on D. 
echinocacti is the fi rst record of this ectopa-
rasistoid in Europe; Plagiomerus diaspidilis in 
Kalamata is the fi rst report of this ectopara-
sitoid in Greece (Japoshvili et al., 2010). 

The data on biology, phenology and 
ecology of the scale insects provided in this 
article, could contribute to their eff ective 
control. The knowledge of the time of ap-
pearance of the most susceptible stages of 
the scale to chemicals, the number of gen-
erations developed per year, their fecundi-
ty and the evaluation of the action of their 
natural enemies, is necessary and essential 
when planning an eff ective program of their 
Integrated Pest Management.   

The fi rst author expresses his gratitude to Dr 
Panayiotis Katsoyannos, Research Director of 
National Agricultural Research Foundation 
(NAGREF), Head of the Laboratory of Biolog-
ical Control of the Benaki Phytopathological 
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struction on scale insects and on their natural 
enemies. 
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ΑΡΘΡΟ ΕΠΙΣΚΟΠΗΣΗΣ

Επισκόπηση των κοκκοειδών εντόμων (Hemiptera: Coccomorpha) 
και των φυσικών εχθρών τους σε καλλιεργούμενα, 
καλλωπιστικά και δασικά φυτικά είδη στην ευρύτερη περιοχή 
της Μεσσηνίας, 2000 – 2020

Γ.Ι. Σταθάς, Ε.Δ. Κάρτσωνας, Α.Ι Δάρρας και Π.Ι. Σκούρας

Περίληψη   Αναφέρονται τα κοκκοειδή έντομα (Hemiptera: Coccomorpha) τα οποία κατεγράφησαν 
στην ευρύτερη περιοχή της Μεσσηνίας (Πελοπόννησος) κατά την εικοσαετία 2000 - 2020. Τα είδη αυτά 
βρέθηκαν σε καλλιεργούμενα, καλλωπιστικά και δασικά φυτικά είδη. Στα δεκαπέντε από τα είκοσι ανα-
φερθέντα είδη, μελετήθηκε η βιολογία, η φαινολογία και οι φυσικοί εχθροί τους στη Μεσσηνία. Τα 
είδη αυτά ανήκουν σε τέσσερις οικογένειες Diaspididae: Aonidiella aurantii (Maskell), Chrysomphalus 
aonidum (L.), Diaspis echinocacti (Bouché), Dynaspidiotus abieticola (Koroneos), D. abietis (Schrank), 
Lepidosaphes beckii (Newman), L. gloverii (Packard), Lineaspis striata (Newstead), Targionia vitis 
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(Signoret), Coccidae: Ceroplastes rusci (L.), Eulecanium sericeum (Lindinger), Nemolecanium graniformis 
(Wünn), Parthenolecanium corni (Bouché), P. persicae (Fabricius), Physokermes hemicryphus (Dalman), 
P. inopinatus Danzig and Kozár, Protopulvinaria pyriformis (Cockerell), Pseudococcidae: Phenacoccus 
madeirensis Green, Planococcus vovae (Nasonov) και Kermesidae: Kermes echinatus Balachowsky.

Hellenic Plant Protection Journal 14: 47-64, 2021
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Investigation of the eff ects of household processing on 
the reduction rate of chlorpyrifos, metalaxyl and diazinon 
residues in orange fruit

E. El-Sayed1*, H. Hassan2, A. Abd El-Raouf3 and S.N. Salman2

Summary   The eff ect of the household processing on the reduction rate of chlorpyrifos, metalaxyl and 
diazinon residues in contaminated oranges has been investigated and the processing factors were de-
termined. The evaluation included validation parameters, matrix eff ect (ME %), reduction behavior and 
processing factors (PFs). Validation parameters were successfully applied; the three pesticides showed 
satisfactory recovery (70–120%) and precision (relative standard deviation - RSD<20%); they also ex-
hibited no matrix eff ect. The most eff ective process in the pesticide residues reduction was juicing, fol-
lowed by pulping while the washing process was less effi  cient in removing all pesticide residues; soni-
cation showed a high reduction rate with both chlorpyrifos and diazinon. The processing factors (PFs) 
were generally less than one which indicates that all processes can reduce pesticide residues in orang-
es. The results could guide the safe and reasonable use of chlorpyrifos, diazinon, and metalaxyl. These 
processes contribute substantially to reduce consumer exposure to pesticide residues in oranges. 

Additional keywords: GC/MS, QuEChERS, matrix eff ect, oranges, pesticides, Processing Factor

kets in Madrid (Spain). Knezevic, et al. (2012) 
studied 103 pesticides (including isomers) 
in 105 commercial orange samples in Croa-
tia from 2007 to 2009, and diazinon residues 
were found up to levels of 0.28 mg.kg−1.

Eff ects of food processing on pesti-
cide residues have been reviewed compre-
hensively over the last decade (González-
Rodríguez et al., 2011) and the literature 
review shows that most household process-
ing treatments lead to considerable reduc-
tions in residue levels in the prepared food, 
particularly through washing and peeling, 
fermentation, refrigeration singly or in com-
bination. The behavior of residues in stor-
age and processing can be rationalized in 
terms of the physico-chemical properties of 
the pesticide and the nature of the process 
(Vinita et al., 2013). 

Bonnechere et al. (2012) studied the pro-
cessing factors of several pesticides and deg-
radation products in carrots by household 
and industrial processing, such as wash-
ing, peeling, blanching, microwave cook-
ing, pasteurization and sterilization. The 
levels of six pesticide residues and eight as-
sociated degradation products were quan-
tifi ed. The washing step allowed decreasing 

Introduction

Oranges are among the fruits most widely 
accepted as they are an excellent source of 
vitamin C, fi ber, and antioxidants (Barrose et 
al., 2012). Analysis of 141 pesticide residues 
in 31 orange samples from Egypt by Malhat 
et al. (2017) showed 66.7% of them being 
contaminated with 8 diff erent pesticide res-
idues, including fenpropathrin and chlorpy-
rifos, which were also detected in this work.

 Chlorpyrifos is an organophosphorus 
insecticide and acaricide that is widely used 
to combat pests infesting citrus fruits (Eu-
ropean Food Safety Authority, 2011; Jardim 
and Caldas, 2012). Two organophosphorus 
pesticides, chlorpyrifos (5.3%) and diazinon 
(10.5%) were found by Iñigo-Nuñez et al. 
(2010) in 19 orange juice samples from mar-
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the concentration of residues for all pesti-
cides up to ~ 90%. It was the most eff ective 
step to remove pesticide residues from car-
rots. The second process, peeling, resulted 
in a reduction comparable to washing. The 
blanching step, combining heat with a large 
quantity of water, enhanced the elimination 
of residues (maximum 50%). After cutting 
and washing, the residual concentrations 
were below 5 ppb.

Processing factors (PFs) are the ratio of 
residue concentrations after processing 
to those in the raw commodity. PF values 
greater than 1 indicate an increase in pesti-
cide residue concentrations during process-
ing; PF values less than 1 indicate decreases 
(Ramezani and Shahriari, 2014). PFs depend 
on both the crop and the physicochem-
ical properties of pesticides (González-
Rodríguez et al., 2011), especially water sol-
ubility and the water–octanol partition 
coeffi  cient (Kow). Pesticides with high wa-
ter solubility and with low Kow and Koc are 
mostly transferred to the juice, but those 
with low solubility and high Kow and Koc 
are retained on some fruit skins. Peeling and 
storage were found to be two important 
processing procedures that may remarkably 
reduce non-systemic pesticide residues in 
some fruits and vegetables (Ramezani and 
Shahriari, 2014; Jiang et al., 2013). 

Validation parameters such as sensitivi-
ty, linearity, specifi city, trueness, precision, 
limit of detection (LOD), limit of quantita-
tion (LOQ), and matrix eff ect are common-
ly evaluated in pesticide residues deter-
mination. Chromatographic techniques 
established that matrix eff ect is signifi cant 
when higher than ± 20% (Sherif et al., 2016; 
SANTE/11813/2017). In recent years, it has 
been essential to use matrix-matched cali-
bration in routine procedure for the analy-
sis of pesticides in food by chromatograph-
ic methods to avoid an error caused by the 
presence of matrix eff ect (Kwon et al. 2012). 
In previous study, in which the validation 
of the GC-MS method was the main focus, 
QuEChERS was employed as a sample prep-
aration technique for the determination of 
chlorpyrifos and metalaxyl residues in to-

matoes matrices (Hassan et al., 2019).
Lozowicka et al. (2016) determined the 

processing factor (PF) for 16 pesticides pro-
cessing techniques in strawberries. Wash-
ing with ozonized water was demonstrated 
to be a more eff ective reduction strategy, 
displaying percentage ranges from 36.1 to 
75.1% compared to washing with tap wa-
ter (respective ranges fl uctuated from 19.8 
to 68.1%). Boiling decreased the residues of 
the most compounds with reductions rang-
ing from 42.8 to 92.9%. Ultrasonic cleaning 
lowered residues for all analyzed pesticides 
with removal above 90%. According to Ba-
jwa and Sandhu (2014), ultrasonic cleaning 
and boiling were the most eff ective treat-
ments for the reduction of 16 pesticide resi-
dues in raw strawberries, resulting in a low-
er health risk exposure.

The aim of the present study was to eval-
uate validation parameters, matrix eff ect 
and the impact of several processing tech-
niques on the reduction rate of chlorpyrifos, 
metalaxyl and diazinon pesticide residues 
on orange fruits.

Materials and Methods

Organic Oranges were bought from BIO 
COMPANY®, GmbH, Rheinstrasse, Berlin, 
Germany. Commercial plant protection 
products were used in artifi cial contamina-
tion of oranges: Ridomil 72 (8% metalaxyl), 
Helban 48 (48% chlorpyrifos), Basudin 60 EC 
(diazinon) were purchased from Al-Mukhtar 
for pesticides and chemicals, Monufi a Gov-
ernorate, Egypt. Metalaxyl (1000 μg/ml) dis-
solved in acetone was supplied from SPEX-
CertiPrep, New Jersey, USA. Chlorpyrifos 
1000 μg/mL in methanol, Diazinon 1000 μg/
mL in methanol were supplied from Restek, 
Pennsylvania, USA. Acetonitrile (HPLC grade, 
assay 99.9%) was obtained from Merck 
KGaA, Darmstadt, Germany. Hydrogen per-
oxide solution 31% (Ultrapure), anhydrous 
Sodium bicarbonate and acetic acid were 
purchased from Sigma-Aldrich, St. Louis, 
USA. The QuEChERS kit consisted of extrac-
tion packets and dispersive SPE kit suited to 
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the orange matrix, were purchased from Ag-
ilent Technologies, California, USA.

Instruments
The equipment used in processing and 

sample preparations were: a laboratory 
Blender (Waring, Stamford, USA), an analyt-
ical balance, model ME 104 (Mettler Tole-
do, Greifensee, Switzerland), a Vortex-mixer, 
(VELP scientifi c, Usmate Velate, Italy), cen-
trifuge (BOECO, Hamburg, Germany), and 
Ultrasonic Tabletop Cleaner, model P 230 
(CREST Ultrasonics, Penang, Malaysia).

Extraction and clean-up
The samples were treated according to the 

QuEChERS methodology [EN 15662: (2008)].

GC-MS analysis
Qualitative and quantitative determina-

tion of pesticide residues were performed 
on a 7890B gas chromatograph coupled 
to an Agilent 5977A mass detector (Agi-
lent Technologies, Wilmington, USA). The 
chromatographic analytical conditions are 
shown in Table 1.

Method validation and matrix eff ect
The proposed method was validated fol-

lowing the European Commission guide-
line (SANTE/11813/2017). The parameters as-
sessed were selectivity, specifi city, linearity, 
LOD, LOQ, precision, recovery (trueness) and 
matrix eff ect.

The linearity was studied during the con-
struction of the analytical curves obtained 
using analytical solutions of the mixture of 
the pesticides prepared in pure solvent and 
the extract of the orange matrix in the con-
centration range from 0.001 to 2 mg /L. The 
studies to evaluate the recovery of the pes-
ticides were made in orange samples devoid 
of pesticides residues, which were fortifi ed 
fi ve times with an analytical solution con-
taining the pesticides under study, at two 
diff erent concentration levels. The study of 
repeatability of the instrument was evalu-
ated with fi ve injections in the chromato-
graphic system for each level of concen-
tration of the analytical solutions in pure 
solvent and in the extract of the matrix.

LODs and LOQs have been calculated 
based on two analytical parameters: the re-
sidual standard deviation of the matrix cal-

Table 1. GC/MS instrumental and analytical condition for analysis of metalaxyl, chlorpyrifos 
and diazinon residues.

Column Zebron ZB-5MS Crossbond (30 m, 0.25 mm internal diameter, 0.25 mm 
fi lm thickness) from Phenomenex®, Torrance, CA, USA.

Inlet Multimode inlet (MMI) operated in splitless mode 
Inlet liner An Agilent ultra-inert splitlesss single taper liner with glass wool (p/n 

5190-2293)*
Carrier gas Helium with purity grade 6 for 9 s,
Flow rate 1 mL/min (constant fl ow mode)
Inlet temperature 250°C
Injection volume 2 μL
Purge fl ow to split vent 50 mL/min at 0.75 min
Oven temperature program 60°C (1 min), 20°C/min to 170°C (0 min), 5°C/min to 285°C 
Mass detector operated in electron impact (EI) ionization mode at 70 eV.
Scan mode  mass spectra for stock solutions of metalaxyl, chlorpyrifos and diazi-

non was collected at the rate of 1.5 scans/s over the mass range (m/z) 
of 40–550 

Quantitative measurement was carried out at Selected ion monitoring SIM mode **
The temperatures of  the transfer line, 
ion source, quadrupole 285°C, 250°C, 150°C

*Zhao and Mao (2011); Zhao (2013). **Refer to Table 3 for settings in detail
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ibration curve (σ) and the slope of the cali-
bration curve as in Eq (1) &Eq (2) (Ellison et 
al., 2000). 

LOD= 3.3σ/slope  Eq (1)
LOQ= 10σ/slope   Eq (2)

The precision of the method was ex-
pressed as the relative standard devia-
tion (RSD) for repeatability of 5 replicates 
of spiked blank orange samples (raw, juice, 
and pulp) at two concentration levels of 0.03 
and 0.5 mg/ kg for metalaxyl, 0.01 and 0.5 
mg/ kg for chlorpyrifos and diazinon. The 
percentage recoveries (R %) for chlorpyri-
fos, diazinon and metalaxyl were calculat-
ed according to the European Commission 
guideline (SANTE/11813/2017). Acceptable 
mean recoveries are those within the range 
of 70–120%.

Matrix eff ect (ME %) was determined by 
comparing the slopes obtained from sol-
vent calibration and matrix-matched cali-
bration curves. ME % was calculated accord-
ing to Guedes et al. (2015):

        
Eq (3)

Preparation of contaminated samples
Orange fruits were contaminated by im-

mersion into the pesticide’s solution. Or-
ganic oranges were manually washed in dis-
tilled water and dried with fi lter paper, then 

dipped into a dipping solution containing 
0.5 g Ridomil WP 72 WP, 2 ml of Helban 48 
EC and 2 ml Basudin 60 EC per liter of water 
to obtain a suffi  cient quantity of suspension. 
The samples were immersed for one hour 
until the pesticide residue levels did not in-
crease. The contaminated oranges were air 
dried for 24 h at room temperature before 
processing (Hassan et al., 2019).

Processing treatments
Processing treatments for removal of 

pesticide residues from contaminated or-
anges samples are illustrated in Table 2. Af-
ter each process, three representative rep-
licates were taken from each treatment for 
residue analysis. After each experiment, the 
samples were extracted immediately and 
analyzed, the percentages of reduction were 
calculated and compared with control.

Processing factors
Processing factors (PFs) were calculat-

ed for all transformation steps by a ratio be-
tween the pesticide residue concentration 
(mg kg-1) in the processed commodity and 
the pesticide residue concentration (mg 
kg-1) in the raw, non-processed commodity. 
If a PF is lower than one, it indicates the re-
duction of a pesticide, while if higher than 
1, it indicates a concentration in regulatory 
practice, regardless of changes in volume or 
weight for the processed food. (Aurore et al., 
2012; Bonnechère et al., 2012). PFs were cal-

Table 2. Processing treatments for removal of pesticide residues from contaminated orang-
es samples.

Treatment Description

Peeling & Juicing Group 1: Pulp
Group 2: Juice 

Washing Group 1: washing contaminated oranges with tap water for 10 min 
Group 2: washing with 10% sodium bicarbonate solution (w/v) for 10 min
Group 3: washing with 4% acetic acid solution(v/v) for 10 min
Group 4: washing with 1% H2O2 solution (v/v)

Sonication in ultrasonic bath 
(45 kHz) fi lled with distilled 
water 

Group 1(UB1): sonication for 15 min 
Group 2(UB2): sonication for 30 min
Group 3(UB3): sonication for 60 min



© Benaki Phytopathological Institute

Fungicide alternatives against late wilt disease of maize 69

culated with the following equation (Timme 
and Walz-Tylla, 2004): 

         Eq (4)

Results and Discussion

Optimization of separation conditions 
using GC/MS

The presence of matrix interferences 
from the orange fruit samples was evaluat-
ed by monitoring the specifi c ions for each 
pesticide at the retention time interval ex-
pected for their elution (Table 3). For qual-
itative analysis a full scan mass spectrum 
range form 40–550(m/z) was applied (Pano-
Farias et al., 2017).

For quantitative pesticide analysis, se-
lected ion monitoring (SIM) mode was used 
and analyte peaks from both product ions 
in the extracted ion chromatograms ful-
ly overlapped. The monitored ions for each 
compound were the m/z 137, 152, 153, 304 
for diazinon, m/z 132, 105, 142, 192, 297 for 
metalaxyl and m/z 197, 199, 314 for chlo-
rpyrifos. Pesticides were also identifi ed on 
the basis of their retention time consisten-
cy with the ones acquired by standard and 
spiked extract solutions injections (chlo-

rpyrifos 14.63 min, diazinon 11.72 min and 
metalaxyl 13.59 min).

Analytical method validation parame-
ters

Linearity in solvent and orange matrix 
extract for metalaxyl, diazinon and chlo-
rpyrifos (Table 4) was acceptable, as indi-
cated by the values of regression coeffi  -
cient (r2) that were > 0.99 for all compounds 
in solvent, and in the matrix (De Sousa et 
al., 2012; Domínguez et al., 2014). Accord-
ing to the European Commission guide-
line SANTE/11813/2017, the acceptable RSD 
should be ≤20%, where the fi t of calibration 
inspected by calculation of the residuals 
avoids over-reliance on the correlation coef-
fi cient. The ME % (suppression or enhance-
ment) is the signal increase or loss of an an-
alyte in matrix standard solution compared 
to a matrix-free one. For metalaxyl, chlorpy-
rifos and diazinon ME % were -14.16, -12.1, 
-5.48, respectively, categorized by Ferrer et 
al. (2011) as no matrix eff ect (Table 4). These 
results were in agreement with the fi ndings 
reported by Ferrer et al. 2011 and Chawla et 
al. (2017).

The analytical method was used to eval-
uate recovery, precision, LODs and LOQs for 
determining metalaxyl, chlorpyrifos and di-

     

Table 3. Optimized MS Parameters of pesticides metalaxyl, chlorpyrifos, diazinon.

Compound Diagnostic ions
(m/z)

Quantifi cation ions
(m/z)

Retention time
(min)

Metalaxyl 132, 105, 192,279,206.1 206.1 13.59 ± 0.2
Chloropyrifos 197, 199, 314 314 14.63 ± 0.2
Diazinon 137, 152, 153, 304 304.1 11.7 1± 0.2

Table 4. Matrix eff ect (ME %) and linearity parameters in solvent and orange matrix extract 
for metalaxyl, diazinon and chlorpyrifos.

Pesticide Linear range 
(mg/kg)

Solvent Matrix match orange

Slope r2 Slope r2 ME%

Metalaxyl 0.03: 2 342610 0. 9981 300110 0.9979 -14.16
Chlorpyrifos 0.01: 2 432881 0.9994 386196 0.9990 -12.1
Diazinon 0.01: 2 425793 0.9992 403666 0.9991 -5.48

Regression coeffi  cient (r2)
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azinon residues in orange (Table 5). The ob-
tained LODs and LOQs were based on ma-
trix matched calibration data at low levels of 
concentrations as we spike blank orange ma-
trix with pesticides at conc. levels 5, 10, 25, 
50, 100 mg/kg each in 5 replicates. Subject-
ed to all the method preparation and injec-
tion steps, we found the detector response 
correlating to its concentration (peak area), 
calculating the average using data analy-
sis function to calculate LOQ and LOD. The 
LOD and LOQ for metalaxyl were 0.01 mg/ 
kg, and 0.03 mg/ kg respectively, while LOD 
and LOQ for both chlorpyrifos and diazinon 
were 0.003 mg/ kg, and 0.009 mg/ kg, re-
spectively. 

Before pesticide residue analysis, recov-
ery experiments were carried out on orange 
fruit, orange juice, and orange pulp.  Recov-
ery and precision data are shown in Tables 

5 and 6. Residue analysis of the recovery ex-
periments showed that mean recovery per-
centages were highest in orange fruit than 
in orange juice and in orange pulp for all 
pesticides. Also, chlorpyrifos had the high-
est recovery rates and the lowest RSD % 
than all pesticides. The recovery percentage 
(70–120%) and precision of all pesticide res-
idue analyses (RSD ≤20%) were within the 
satisfactory limits recommended by the EC 
guideline SANTE/11813/2017.

Quantifi cation using calibration was per-
formed by means of calibration curves us-
ing the peak area of the most intense transi-
tion of metalaxyl (m/z 220). Calibration plots 
were linear, with regression coeffi  cients 
greater than 0.99. The LOQ of the method 
were 17 μg kg−1 while the LOD were 8.5 μg 
kg−1. 

Table 5. Validation parameters for metalaxyl, diazinon and chlorpyrifos in orange fruit.

O
ra

ng
e

Pesticide LODa LOQb

Recovery and precision(*n=5)

FLc
Whole fruit* Juice* Pulp*

R%d RSD%e R% RSD% R% RSD%

Metalaxyl 0.01 0.03
0.03 108.5 10.8 89.6 11.1 99.5 10.5
0.5 97.7 8.6 88.3 8.3 94.6 9.8

Chlorpyrifos 0.003 0.009
0.01 114.3 2.7 112.0 4.1 106.8 3.6
0.5 100.2 3.5 107.0 2.2 103.0 2.8

Diazinon 0.003 0.009
0.01 99.5 8.3 111.4 5.8 106.3 7.9
0.5 97.0 6.4 100.5 2.9 102.2 4.8

aLimit of detection (mg/kg), bLimit of quantifi cation (mg/kg), cFortifi cation Level,
Rd %: Percentage recovery = CE/CM× 100; 
CE: the experimental concentration, CM: the spiked concentration
eRelative Standard Deviation, *n: no of replicates   

Table 6. Repeatability and Reproducibility (precision) expressed as %RSD of peak areas for 
spiked samples.

Repeatability Reproducibility

Level 1 Level 2 Level 1 Level 2

Diazinon 1.51 1.36 8.00 9.07
Chlorpyrifos 1.78 1.82 3.66 5.12
Metalaxyl 3.02 2.71 10.00 11.0

Level 1= 0.01 mg/kg for diazinon and chlorpyrifos, 0.03 mg/ kg for metalaxyl; 
Level 2= 0.1 mg/kg for all pesticides under study
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Physicochemical properties of metalax-
yl, diazinon and chlorpyrifos 

The behavior of pesticide residues in 
processing can be rationalized in terms of 
the physico-chemical properties of the pes-
ticide and the nature of the process (Vidis-
ha and Jaswinder, 2013). Table 7 shows the 
physicochemical properties of metalaxyl, di-
azinon and chlorpyrifos. Both diazinon and 
chlorpyrifos are non-systemic, while metal-
axyl is systemic, thus it is absorbed by the 
plant surface and enters the plant transport 
system. 

Regarding water solubility, it has been 
shown (Table 7) that pesticides with high 
water solubility and with low Kow and Koc 
are mostly transferred to the juice. Those 
with low solubility and high Kow and Koc are 
retained on the fruit skin. Peeling and stor-
age were found to be two essential process-
ing procedures that may remarkably reduce 
non-systemic pesticide residues in some 
fruits and vegetables (Ling et al., 2011).

Eff ect of various household processes
The study of the reduction of pesticides 

during household processes of orange fruit 
allows calculating the PFs for the tested pes-
ticides, which are necessary to refi ne the 
risk assessment of these frequently detect-
ed pesticides.

Table 8 shows the reduction of the fi rst 
treatment by household processes (raw or-
ange, orange juice, and orange pulp) on 
metalaxyl, chlorpyrifos and diazinon resi-
dues. The juicing process was the most ef-

fective process in removing all pesticides; 
metalaxyl residues were reduced by 95% in 
orange juice and 93% in orange pulp, while 
chlorpyrifos and diazinon residues were re-
duced by 98%, 97% in orange juice and 90%, 
86% in orange pulp, respectively. 

Washing showed the less effi  cient re-
moval of all pesticide residues. The residues 
of metalaxyl after washing with running wa-
ter were reduced by 26%. Washing with 1% 
H2O2 solution reduced metalaxyl residues 
by 5%, and the reduction after washing 
with both 2% baking soda and acetic acid 
were 2%. The reduction levels for chlorpyri-
fos and diazinon were 33,29% with 1% H2O2, 
3,5% with baking soda, and 12,12% with 
4% acetic acid. The less effi  cient removal of 
metalaxyl residues from orange by washing 
may be due to the distinct nature of orange 
peels, the high log Kow values of metalaxyl 
and its behavior as a systemic pesticide pen-
etrating through the peel into the fl esh. On 
the other hand, both chlorpyrifos and diaz-
inon residues were eliminated from the or-
ange more successfully as non-systemic 
pesticides, both physically (minor part) and 
chemically (major part). 

Similar to our study, other investigations 
have shown that there were diff erences in ef-
fi cacy of removing individual pesticides from 
fruits and vegetables by washing. Rani et al. 
(2013) reported that by washing of toma-
toes with water, chlorpyrifos residues were 
reduced by 41 to 44% (Duirk and Collette, 
2006). Wanwimolruk et al. (2017) reported on 
the eff ect of washing with running water on 

Table 7. Physicochemical characteristics of pesticides metalaxyl, chlorpyrifos and diazinon.

Pesticide Category Mode of action Molecular
Formula

Mwt
(g/mol)

SW
(mg/l) log Kow

Metalaxyl Fungicide Systematic C15H21NO4 279.33 8.4
(at 22°C) 1.75

Chlorpyrifos Insecticide,
Acaricide

Non Systematic 
(Cholinsterase

inhibition)
C9H11Cl3NO3PS 350.6 1.4

(at 25°C) 4.70

Diazinon
Insecticide,
Acaricide,

Nematicide
Non-Systematic C12H21N2O3PS 304.345 40

(at 25°C) 3.81

Sw: water solubility; Kow: Octanol-Water Partition Coeffi  cient; Mwt: Molecular Weight 
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pesticide residue removal from tomatoes, 
in which both carbofuran and fenobucarb 
residues were reduced by 58% and 40%, re-
spectively, although without statistical sig-
nifi cance (p >0.2). In the same study, cyper-
methrin and λ-cyhalothrin residues were 
removed by 27% by washing with running 
water although there was no signifi cant dif-
ference (p> 0.5) between the mean concen-
trations of pesticides after washing vs. un-
washed samples. In the study by Andrade 
et al. (2015) in cucumber, washing with wa-
ter reduced the residues of procymidone by 
24%, while 85% was eliminated with the re-
moval of the peel, even though this pesti-
cide is systemic. Chlorpyrifos residues trans-
located into the internal tissue may not be 
removed physically and chemically (Pugl-
iese et al., 2004). These disparities in effi  cacy 
of washing with water may be due to water 
solubility of pesticides.

Sonication in the ultrasonic bath was ef-
fective in eliminating pesticide residues in 
orange samples and sonication time (for 15, 
30, and 60 min) signifi cantly infl uenced the 
eff ect. Sonication removed 98% and 94% of 
chlorpyrifos and diazinon residues, respec-
tively, after 60 minutes, while the percent-
age of reduction reached 82% and 75% after 
30min. Metalaxyl residues were eliminat-
ed by 32% after 60 minutes of sonication. 
Zhang et al. (2012) reported that sonication 
could eff ectively remove phorate residues 
in apple juice. Helmy et al. (2019) report-
ed that sonication treatment eff ectively re-
moved chlorpyrifos residues in tomato ma-
trices, but not metalaxyl residues. 

Processing factors (PFs)
The processing factors (PFs) for the 

household processes of oranges, which are 
necessary to refi ne the risk assessment of 
frequently detected pesticides, were lower 
than one. The lowest PFs were found in juic-
ing (0.05, 0.02, 0.03 in metalaxyl, chlorpyrifos 
and diazinon, respectively) followed by son-
ication (0.04 and 0.06, respectively in chlo-
rpyrifos and diazinon). On the other hand, 
the highest PFs were found in the washing 
treatments for metalaxyl, ranging from 0.74 

to 0.98. The PFs for both chlorpyrifos and di-
azinon were lower than for metalaxyl in all 
treatments. The results are in agreement 
with those previously reported by Ramezani 
and Shahriari (2015) and Bajwa and Sandhu 
(2014). We conclude that the status of pes-
ticide residues, mainly related to the physi-
cochemical properties of the pesticides, af-
fects their removal from oranges. 

Conclusion

The tested QuEChERS and GC-MS method 
for the separation of metalaxyl, chlorpyri-
fos and diazinon in orange fruit was prop-
erly validated using orange samples and the 
results indicate that this method is specifi c, 
accurate and reproducible. The expanded 
uncertainty of the method is acceptable ac-
cording to SANCO/12495/2011 guideline. The 
proposed method was also found to be suit-
able for diff erent kind of orange fruits. The 
eff ects of diff erent household processes in-
dicated that the levels of metalaxyl, chlorpy-
rifos and diazinon residues can be reduced 
signifi cantly by juicing, followed by peeling 
and sonication. The percentage reduction 
was lower in metalaxyl than in chlorpyrifos. 
The less effi  cient removal of metalaxyl resi-
dues from orange by washing may be due to 
the distinct nature of orange. All pesticides 
showed no matrix eff ect. The PF values for 
all treatments were lower than one, with the 
lowest for juicing, followed by sonication in 
all of pesticides. The household processes 
can substantially contribute to reduce con-
sumer exposure to pesticides.

This study is heartily dedicated to Prof. Dr Ibra-
him Abd El Salam Abd El Gawad who passed 
away before the completion of this work. The 
authors would like to acknowledge the exper-
imental support of Food Safety and Quality 
Control laboratory, Faculty of Agriculture, Cai-
ro University.
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Διερεύνηση της επίδρασης διαφόρων μεθόδων οικιακής 
επεξεργασίας στη μείωση των υπολειμμάτων chlorpyrifos, 
metalaxyl και diazinon σε καρπούς πορτοκαλιάς

E. El-Sayed, H. Hassan, A. Abd El-Raouf and S.N. Salman

Περίληψη   Εξετάστηκε η επίδραση διαφόρων μεθόδων οικιακής επεξεργασίας στη μείωση των υπο-
λειμμάτων chlorpyrifos, metalaxyl και diazinon σε καρπούς πορτοκαλιάς και προσδιορίστηκαν οι συ-
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ντελεστές επεξεργασίας. Η αξιολόγηση περιελάμβανε παραμέτρους επικύρωσης της αναλυτικής με-
θόδου συμπεριλαμβανομένης της επίδρασης μήτρας, τη συμπεριφορά μείωσης των υπολειμμάτων, 
και τους συντελεστές επεξεργασίας. Σε ότι αφορά τις παραμέτρους επικύρωσης της αναλυτικής με-
θόδου, η ανάκτηση των τριών δραστικών ήταν ικανοποιητική (70–120%), όπως και η ακρίβεια (σχετι-
κή τυπική απόκλιση - RSD <20%), ενώ δεν παρουσιάστηκε επίδραση μήτρας. Η πιο αποτελεσματική 
επεξεργασία στη μείωση των υπολειμμάτων ήταν η χυμοποίηση, ακολουθούμενη από την πολτοποί-
ηση ενώ η διαδικασία του πλυσίματος των καρπών ήταν λιγότερο αποτελεσματική στην απομάκρυν-
ση των υπολειμμάτων όλων των δραστικών. Η κατεργασία με υπερήχους έδειξε υψηλό ποσοστό μεί-
ωσης τόσο στο chlorpyrifos όσο και στο diazinon. Οι συντελεστές επεξεργασίας ήταν γενικά μικρότε-
ροι της μονάδας, γεγονός που υποδηλώνει ότι όλες οι διεργασίες μπορούν να μειώσουν τα υπολείμ-
ματα των εν λόγω δραστικών στα πορτοκάλια. Τα αποτελέσματα είναι χρήσιμα για την ασφαλή και ορ-
θολογική χρήση των chlorpyrifos, diazinon και metalaxyl. Οι πρακτικές που μελετήθηκαν μπορούν να 
συμβάλλουν ουσιαστικά στη μείωση της έκθεσης των καταναλωτών σε υπολείμματα φυτοπροστατευ-
τικών προϊόντων στα πορτοκάλια.

Hellenic Plant Protection Journal 14: 65-76, 2021
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Volatile organic compound profi ling of Capsicum annuum var. 
longum grown under diff erent concentrations of nitrogen

Y.C. David1, J.B. Ylagan1, H.A. Gonzales1, J.M.P. Chan1, J.M.S. Mondragon1, 
M.A.A. Tavera1,2 and M.C.F.R. Redillas1*

Summary   Emission of volatile organic compounds (VOCs) in plants is triggered by several biotic and 
abiotic factors, such as nutrient defi ciency, environmental stress, and pathogenic attacks. For instance, 
plants suff ering from limited or excessive nitrogen (N) supply may experience internal stress which can 
ultimately lower their stability and immunity making them susceptible to infection and infestation. 
In this study, VOCs from Capsicum annuum var. longum (Solanaceae) exposed to nitrogen (1.8 g/L, 4.5 
g/L, and 9 g/L urea) were extracted using a 100 μm Solid Phase Microextraction (SPME) fi ber coated 
with polydimethylsiloxane (PDMS). Using Gas Chromatography-Mass Spectrometry (GC-MS), extracted 
VOCs from N-treated plants were identifi ed as Butanoic acid, 3-hexenyl ester, (E)-; Butanoic acid, hex-
yl ester; Hexanoic acid, 3-hexenyl ester, (Z)-; Hexanoic acid, 4-hexen-1-yl ester; cis-3-Hexenyl cis-3-hex-
enoate and 4-Pentenoic acid 2-methyl-, hexyl ester. Among these volatiles, butanoic acid, 3-hexenyl 
ester showed the most distinctive peak from the N-treated plants in comparison with the untreated. In 
addition, the Green Leaf Volatiles (GLV) 3-Hexenal; 2-Hexenal; 3-Hexen-1-ol, (Z)-; 2-Hexen-1-ol, (E) and 
1-Hexanol were also detected from the N-treated plants. The identifi cation of plant volatiles provides 
useful information that can be used in agricultural practices and plant phenotyping.

Additional keywords: Butanoic acid, GC-MS, Green Leaf Volatiles, Polydimethylsiloxane, Solid Phase Micro-
extraction Fiber

based on its fruit shape, namely, C. annu-
um var glabriusculum, C. annuum var abbre-
viatum, C. annuum var grossum, C. annuum 
var anuum and C. annuum var accumina-
tum (Zhigila et al., 2014). C. annuum general-
ly grows in areas with subtropical to tropical 
climate where there is a temperature and an 
annual rainfall range of 20-25°C and 120-850 
mm, respectively. C. annuum var. longum, 
commonly known as Green long chili or “sil-
ing haba”, originated from tropical America 
and has been widely cultivated in the Phil-
ippines for food purposes, predominantly 
used as a spice and for seasoning, and me-
dicinal uses (McBride, 2016). Capsicum usu-
ally requires four to fi ve months before it 
reaches complete growth (Bargavi and Elu-
malai, 2010) while yield is also signifi cantly 
aff ected by nutrient availability (Anitha and 
Geethakumari, 2006). Some of the key fac-
tors aff ecting the growth and productivity 
of capsicums are pests, diseases, temper-
ature, soil characteristics, and water avail-
ability (Bhutia et al., 2018). The tillage, irriga-

Introduction

The Capsicum genus (Solanaceae) repre-
sents a diverse plant group where variet-
ies have been produced from diff erent cli-
matic conditions and cultivation periods 
(Gaytan et al., 2017). Among the 20-27 iden-
tifi ed species (Walsh and Hoot, 2001), Capsi-
cum chinense, Capsicum frutescens, Capsicum 
annuum, Capsicum baccatum, and Capsi-
cum pubescens are globally cultivated (Heis-
er and Pickersgill, 1969). Among these fi ve 
reared capsicums, C. annuum is the most ex-
tensively cultivated across the globe. Vari-
eties of C. annuum are further categorized 
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tion, spacing, and sowing strategies can also 
have an impact on the development of cap-
sicums (Sharma and Kumar, 2017; Islam et al., 
2011).

Nitrogen, one of the essential nutrients 
in plant productivity, is usually supplied as 
fertilizer given directly to the soil or blend-
ed with the irrigation water. Upon contact 
with soil, N-fertilizers, such as urea, begin 
to breakdown and hydrolyze into ammoni-
um and carbon dioxide.  Although the ad-
dition of urea can increase dry weight and 
enhance drought tolerance of  plants (Gou 
et al., 2017), their response to the availability 
of nitrogen varies in plant species, cultivars, 
plant organs, and tissues (Eff an et al., 2019; 
Moreau et al., 2015). This variation can be at-
tributed to the plants’ effi  ciency to absorb 
nitrogen and carbon, which can be mea-
sured as radiation use effi  ciency, root weight 
ratio, nitrogen uptake effi  ciency, and mor-
phogenic effi  ciency (Moreau et al., 2015). 

In C. annuum, the introduction of ni-
trogen is reported to have led to an in-
creased pod number (83.47%), seed number 
(19.27%), plant height (42.7%), branch num-
ber (37.7%) and leaf number (63.5%) (Molla 
et al., 2019). High accumulation of nitrogen 
can trigger the release of growth hormone 
factors such as cytokines and gibberellins 
resulting in an increased plant height. The 
phenological properties, such as fl owering, 
maturity, and pod settings of hot pepper 
plants are also aff ected by nitrogen (Molla et 
al., 2019). The addition of appropriate N con-
centration could improve production yield 
in C. annuum, however, excessive nitrogen  
may damage its reproductive structures (Al-
iyah, 2000). Besides, diff erences in available 
nitrogen levels signifi cantly aff ect plant VOC 
production (Holopainen and Gershenzon, 
2010) while defi ciency alters VOC emission 
(Lou and Baldwin, 2004). For instance, to-
mato plants exposed at high nitrogen con-
centration were able to produce various ter-
penes, such as β-caryophyllene, α-terpinene, 
β-pinene, (+)-4-carene, α-copaene, p-cy-
mene, β-phellandrene, and α-humulene (Is-
lam et al., 2017).

Approximately 1,700 of the 100,000 phy-

tochemicals are classifi ed as volatile or-
ganic compounds (VOCs) (Holopainen and 
Gershenzon, 2010; Spinelli et al., 2011). As 
plants remain the top VOC emitter, its an-
nual emission reaches around 760 Tg (°C) 
across the globe (Samburova et al., 2019). 
Its crucial role in plants can be attributed to 
the plant-plant and plant-biota interaction 
to act as a defense mechanism against in-
vasive insects, alleviation of environmental 
stress, and signal between and within plants 
(Spinelli et al., 2011). These volatile emissions 
could be traced from the bursting of plant 
organs with stored VOCs due to herbivory or 
de novo synthesis as a response to damaged 
organs (Holopainen and Gershenzon, 2010). 
In some cases, VOCs are released by carniv-
orous plants to attract their prey (Kreuzwi-
eser et al., 2014). Some of the most common 
VOCs identifi ed from plants include iso-
prene, monoterpenes, and sesquiterpenes 
(Samburova et al., 2019). Its emission can 
greatly vary depending on the plant species, 
type of organ, stage of development, and 
ecological conditions (Jassbi et al., 2010). 

The main classes of VOCs previously iden-
tifi ed from diff erent species of capsicums 
belong to aliphatic branched-chain hydro-
carbons, terpenes, aldehydes, and alcohols 
(Ziino et al., 2009). Previous studies also 
identifi ed the diff erent VOCs that are natu-
rally produced in chilli pepper plants. For in-
stance, a total of 64 plant volatiles identifi ed 
as terpenes and its derivatives, pyrazines, al-
cohols, aldehydes, ketones, esters, hydrocar-
bons, and carotenoid derivatives were de-
tected from powdered chilli pepper fruits 
using HS-SPME/GC-MS method (Cirlini et al., 
2019). These VOCs, in combination with non-
VOCs are often associated with the fruit’s fl a-
vor and aroma giving it its unique taste and 
smell (Eggink et al., 2012a, 2012b; Cirlini et al., 
2019). Similarly, a variety of VOCs were also 
detected from chili pepper seeds (Silva et al., 
2013). From these studies, only few reported 
the infl uence of elevated nitrogen concen-
trations on the profi le of VOCs in capsicums. 
Therefore, this study aims to determine the 
eff ects of nitrogen nutrition on the VOCs 
profi le of C. annuum var. longum. 
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Materials and Methods

Plant cultivation, nitrogen treatment, 
and sample collection

Forty-fi ve-day old seedlings of C. annu-
um var. longum were acquired from the Bu-
reau of Plants Industry, Manila, Philippines. 
Plants were allowed to grow for 4 weeks in a 
nursery at De La Salle University, Manila for 
the experimental process. Plants received 
similar treatments such as watering and oc-
casional rotation to attain uniform treat-
ments. For nitrogen (N) treatments, urea 
was used as N source. Three concentrations 
were prepared by dissolving 1.8 g (1x), 4.8 g 
(2.5x) and 9 g (5x) of urea in 1L distilled wa-
ter. The N-treatment started when 500 mL of 
N solutions were introduced to the soil. Un-
treated plants were given the same amount 
of water (0x). Control and treated C. annu-
um var. longum leaves were collected after 
4 weeks. All treatments were conducted in 
triplicates.  

Volatile organic compound analysis
From each plant, a total of three leaves 

were collected from the top, middle, and 
bottom parts of the plant. Then, samples 
were acclimatized for 1 hour before the 
analysis. Collected leaf samples were placed 
in a 500 mL Pyrex® Erlenmeyer fl ask sealed 
with parafi lm and covered with aluminum 
foil. The fl ask served as a headspace cham-
ber for VOC analysis (Tavera et al., 2018). Vol-
atile organic compounds were extracted us-
ing a Supelco® 100 μm Polydimethysiloxane 
Solid Phase Microextraction fi ber (SPME). 
PDMS fi ber was selected in this study to in-
clude both low and high molecular mass 
volatile compounds in addition to the short 
desorption time and thermal stability of the 
fi ber as reported by the group of Perera et al. 
(2020). Initially, the fi bers were conditioned 
at 250°C for 30 min to remove chemical resi-
dues. The fl asks containing the samples and 
the fi ber were heated at 30°C-40°C for 15 
min to initiate the release of VOCs (Silva et al. 
2017). While the samples were heating, the 
fi ber was exposed inside the fl ask to collect 
VOCs from the headspace. For the control, 

the SPME fi bers were exposed to fl ask with-
out the leaf samples (Tavera et al., 2018).

Gas Chromatography-Mass Spectrometry
The analysis of VOCs was performed us-

ing Gas Chromatography-Mass Spectrom-
etry (Shimadzu GC-MS QP2020) equipped 
with SH-Rxi-5Sil MS capillary column (30m 
x 0.25 mm x 0.25 μm). The samples were 
passed through a pre-installed SPME Inlet 
liner and Merlin Microseal Septa General 
Purpose Kit. The injection temperature was 
set to 250°C with an initial temperature of 
50°C for 5 minutes and a ramping tempera-
ture of 1°C per minute until it reached 200°C 
with a constant helium gas fl ow rate of 1 mL/
min. The mass spectra of the N treated sam-
ples were compared with the control and 
the distinct VOC mass spectra found were 
identifi ed using the NIST 2017 Mass Spectral 
Library and Wiley Registry 11th edition (Tave-
ra et al., 2018). 

Results 

The eff ect of high N-supply on the VOC pro-
fi le of C. annuum var. longum is presented in 
Figure 1. After the four-day treatment, the 
plants which received urea higher than 1.8 
g/L concentration started to exhibit curl-
ing and wrinkling of leaves. The plants treat-
ed with 5x N dried up within 48 h and were 
not included for further analysis. This type 
of response is typical in plants when urea is 
suddenly introduced. N-treated plants also 
developed black spots on the leaves which 
may be caused by a weakened innate de-
fense system or N toxicity.  Furthermore, 
aphids and whitefl ies appeared on the N-
treated plants four days after treatment. 
On the other hand, the untreated control 
plants showed normal growth and absence 
of insects, suggesting that the N supply may 
have caused the observed responses and 
the attraction of insects to N-treated plants.  
The sensitivity of C. annuum var. longum to 
N-treatment further suggests that this spe-
cies is a very good candidate for N-stress 
studies. 
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The VOCs collected from the leaves of N-
treated setups (1x and 2.5x) and compared 
to those of the control (0x) are shown in 
Figure 2A-F. In general, the VOCs common 
in N-treated and untreated C. annuum var. 
longum belonged to the group of alkanes, 
sesquiterpenes, carboxylic acids, aldehydes, 

ketones, alcohols, and alkenes. Among 
these plant volatiles, Butanoic acid, 3-hexe-
nyl ester [peak #6], (E)-, Butanoic acid, hex-
yl ester [peak #7], Hexanoic acid, 3-hexenyl 
ester, (Z)- [peak #8], Hexanoic acid, 4-hex-
en-1-yl ester [peak #9], cis-3-Hexenyl cis-3-
hexenoate [peak #10], and 4-Pentenoic acid 

Figure 1. Representatives of C. annuum var. longum treated with 0 g/L, 1.8g/L, 4.5 g/L and 9 g/L Urea after 48 h supply.
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Figure 2. (A) GC-MS analysis of the volatile organic compounds identifi ed from C. annuum var. longum. Magnifi ed version 
of the chromatograms with retention times are shown in (B) 3.40 – 3.60 (C) 5.05 – 5.80 (D) 12.60 – 12.80 (E) 15.45 – 15.70 
(F) 19.02 – 19.12. The detected compounds were 3-Hexenal [1, 3.527], 2-Hexenal [2, 5.120], 3-Hexen-1-ol, (Z)- [3, 5.207] and 
2-Hexen-1-ol, (E)- [4, 5.581], 1-Hexanol [5, 5.692], Butanoic acid, 3-hexenyl ester [6, 12.776], (E)-, Butanoic acid, hexyl ester 
[7, 12.674], Hexanoic acid, 3-hexenyl ester, (Z)- [8, 15.557], Hexanoic acid, 4-hexen-1-yl ester [9, 15.561], cis-3-Hexenyl cis-
3-hexenoate [10, 15.61315], and 4-Pentenoic acid 2-methyl-, hexyl ester [11, 15.666] and Octane, 1,1’-oxybis- [12, 19.096]. 
Samples for 1x, 2.5x and control are shown as black, purple and blue lines, respectively.
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2-methyl-, hexyl ester [peak #11] were the 
ones detected from N-treated plants. 

Other plant volatiles, such as 3-Hexe-
nal [peak #1], 2-Hexenal [peak #2], 3-Hexen-
1-ol, (Z)- [peak #3], 2-Hexen-1-ol, (E)- [peak 
#4] and 1-Hexanol [peak #5], which are part 
of the green leaf volatile synthesis were de-
tected as shown in peak areas on the GC-MS 
analysis (Fig. 2A-F). The matching factor and 
structure of the plant volatiles are shown in 
Table 1. Among these volatiles, only 2-hex-
enal, 3-Hexen-1-ol, (Z)- and 1-Hexanol 
were identifi ed from the control samples. 
The 3-Hexen-1-ol, (Z)- and 1-Hexanol iden-
tifi ed from the treated samples have in-
creased peak areas, whereas 2-hexenal only 
increased in plants treated with 2.5x urea. 
On the other hand, 3-hexenal was identi-
fi ed only from plants treated with 1x and 
2.5x urea, whereas 2-Hexen-1-ol, (E)- was 
only identifi ed in plants treated with 2.5x 
urea. Also, the peak area of Octane, 1,1’-oxy-
bis- [peak #12] increased as N concentration 
increased. These results suggest that the 
VOCs detected were in response to the in-
creased concentration of N. The character-
istics of each VOCs, including the retention 
time, matching factor, and structure can be 
found in Table 1.

Discussion

In general, plants respond to changes in 
the concentration of exogenous nitrogen 
(N) present in soil from molecular up to the 
physiological level. These changes elicit an 
appropriate response that may benefi t or 
harm the plants (Redillas et al., 2011; Waho-
cho et al., 2016; Jansson et al., 1986; Jauset et 
al., 1998; Lu et al., 2007; Veromann et al., 2013; 
Islam et al., 2017). The application of nitro-
gen in chili plants in an appropriate amount 
can aff ect the production of carbohydrates, 
protein, ash contents, fi bers, fats, and nutri-
ents. An increased nitrogen level (up to 250 
Kg/ha Urea) in the cultivation of capsicum 
can improve the plant’s height, number of 
branches, number of days before fl owering, 
and length of fruits (Wahocho et al., 2016). 

However, improper application of nitrogen 
may trigger negative eff ects on the plants. 
For instance, increased N in plants could in-
crease the population of insects which of-
ten leads to insect infestation and herbivory 
(Jansson et al., 1986; Jauset et al., 1998; Lu et 
al., 2007; Veromann et al., 2013; Islam et al., 
2017). In our study, we observed that white-
fl ies and aphids became attracted to chili 
plants when treated with N. The silverleaf 
whitefl y (Bemisia tabaci) is one of the most 
common insect pests in chili plants. It serves 
as a vector to transmit Begomovirus which 
can hamper the growth and development 
of the plant (Firdaus et al., 2011; Salas et al., 
2015; Saad et al., 2015). Similarly, the green 
peach aphid (Myzus persicae) and the cotton 
aphid (Aphis gossypii) have been reported as 
pests and viral vectors in Chili plants (Tala-
ga-Taquinas et al., 2020). This attraction of in-
sects to plants with higher nitrogen content 
has also been documented in other plants, 
such as potato and tomato plants (Jansson et 
al., 1986; Jauset et al., 1998; Islam et al., 2017; 
Veromann et al., 2013). In tomato plants, the 
greenhouse whitefl y (Trialeurodes vaporari-
um) has shown a high preference for plants 
with higher N content for egg-laying and 
oviposition compared to plants with lower 
N content (Jauset et al., 1998). Green peach 
aphids infestation has also been detected 
in potato plants with high N content (Jans-
son et al., 1986). Similarly, pollen beetles and 
cabbage seed weevils became more attract-
ed to oilseed rape plants when high N con-
centration was introduced to the plant (Ver-
omann et al., 2013). 

The emergence of black spots on chili 
plants treated with 2.5x N has also been 
reported in case of oilseed rape plants ex-
posed to high nitrogen concentration (Ver-
omann et al., 2013). The appearance of black 
spots may have been due to either a weak-
ened innate defense system or N toxici-
ty. However, further studies are required to 
confi rm the cause of the emergence of these 
black spots on N-treated chili plants.

It is widely known that plants release 
VOCs as a response to abiotic stresses, to 
reduce their negative impact, and trigger 
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Table 1. Plant volatile organic compounds identifi ed from C. annum var. longum treated with 
1x and 2.5x urea. The retention time, matching factor and structure of the VOCs are shown 
in the fi gure.

Pe
ak

 N
um

be
r

Reten-
tion time

(min) 

Match
Factor Compound Structure 

1 3.527 95 3-Hexenal  O

2 5.120 97 2-Hexenal O

3 5.207 97 3-Hexen-1-ol, (Z)-  

OH

4 5.581 98 2-Hexen-1-ol, (E)-  HO

5 5.692 97 1-Hexanol  HO

6 12.674 97 Butanoic acid,
hexyl ester  

O

O

7 12. 776 96 Butanoic acid, 
3-hexenyl ester, (E)-  

O

O

8 15.557 93 Hexanoic acid, 
3-hexenyl ester, (Z)-  

O

O

9 15.561 93 Hexanoic acid, 
4-hexen-1-yl ester  

O

O

10 15.613 97 cis-3-Hexenyl
cis-3-hexenoate  

O

O

11 15.666 83 
4-Pentenoic acid 

2-methyl-, 
hexyl ester  

O

O

12 19.096 95 Octane, 1,1’-oxybis-  O
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plant-to-plant interactions i.e. water stress 
(Salerno et al., 2017), drought stress (Han-
sen and Seufert, 1999), salt stress (Teuber 
et al., 2008), oxidative stress (Vuorinen et 
al., 2004), increased temperature (Maleknia 
et al., 2009), light intensity (Hansen and 
Seufert, 2003), mechanical damage (Kirstine 
and Galbally, 1998; 2004), and nutrient de-
fi ciency (Gouinguene and Turlings, 2002). A 
range of plant volatiles has been identifi ed 
in this study that may function in defense 
against a wide array of stresses i.e. Butano-
ic acid, 3-hexenyl ester, (E)-; Butanoic acid, 
hexyl ester; Hexanoic acid, 3-hexenyl es-
ter, (Z)-; Hexanoic acid, 4-hexen-1-yl ester; 
cis-3-Hexenyl cis-3-hexenoate; and 4-Pen-
tenoic acid 2-methyl-, hexyl ester. The dif-
ferent compounds detected in this study 
that have hexanoic acid-containing moiety 
may play an important role in the plant’s de-
fense system. Studies report that hexanoic 
acid is a priming inducer that triggers plants 
defense against fungi (Aranega-Bou et al., 
2014; Finiti et al., 2014). For instance, treat-
ment with hexanoic acid helps the plant to 
regulate oxidative stress caused by plant-
pathogen interaction. This oxidative stress 
protection was previously reported in to-
mato plants infected with Botrytis cinerea  
(Finiti et al., 2014). The protective property 
of hexanoic acid was also reported to be ef-
fective against Pseudomonas syringae (Vice-
do et al., 2009). Similarly, a total of 16 VOCs 
were detected from tomato plants treated 
with diff erent concentration of N. These in-
clude an alkane (Farnesan), Sesquiterpene 
(α-Humulene, β-Caryophyllene, α-Cedrene, 
Longifolene, α-Copaene, d-Elemene), Al-
kyl aldehyde (Nonanal), Monoterpene 
(β-Phellandrene, p-Cymene, α-terpiene, 
(+)-4-carene, Myrcene, β-pinene, α-pinene), 
and Alkyl aldehyde (Heptanal) (Islam et al., 
2017). Among these VOCs, the nonanal and 
p-cymene were also detected in chili plants, 
however, both were detected on treated 
and untreated plants. 

The green leaf volatiles (GLV) with an 
increased peak in the N- treated capsi-
cum plants were 2-Hexenal, 1-Hexanol, 
and 3-Hexen-1-ol, (Z)-. The detection of the 

3-Hexenal, 2-Hexenal, 3-Hexen-1-ol, (Z)- and 
2-Hexen-1-ol, (E)- suggest that the GLV syn-
thesis is active in the N-treated plant. The 
synthesis of GLV begins when galactolipids 
and phospholipids in the thylakoid mem-
branes are digested with lipase enzymes re-
leasing linoleic acid; the oxidation of a diene 
catalyzed by the 13-Lipoxygenase produces 
13-hydroperoxide, which will then undergo 
further oxidation to produce (Z)-3-Hexenal 
or n-Hexenal through isomerization; when 
treated with aldehyde reductase, aldo/keto 
reductase or alcohol dehydrogenase 3-Hex-
en-1-ol, (Z)- and 2-Hexen-1-ol, (E)- can be 
produced, respectively (Kunishima et al,. 
2016). The emission of (Z)-3-Hexen-1-ol in 
plants can have diff erent functions such 
as the enhancement of defense against in-
sect pests e.g. the (Z)-3-Hexen-1-ol function 
to elicit a defense system in tea plants, Ca-
mellia sinensis, against the attack by the tea 
geometrid Ectropis oblique by increasing 
VOC emission and the activity of polyphe-
nol oxidase. In return, the release of VOCs 
attracted a parasitoid of the tea geometrid 
(Xin et al., 2016). The (Z)-3-Hexen-1-ol is also 
known to attract other benefi cial insects, 
such as Stethorus p. picipes, Orius tristicolor, 
Anagrus daanei, Syrphidae, Braconidae, and 
Micro-Hymenoptera (James, 2005). Similar-
ly, the detected 4-Pentenoic acid, 2-methyl-, 
hexylester, in plant treated with nitrogen, 
initiates plants’ mechanism for insect con-
trol (Janzantti et al., 2012; Tewari et al., 2014). 
On the other hand, the detected hexan-1-
ol was previously observed to have a repel-
lent eff ect on Ceutorhynchus assimilis (Smart 
and Blight, 1997). Nevertheless, the GLVs de-
tected in this study suggest the presence of 
compounds that establish an insect-plant 
relationship (Smart and Blight, 1997; James, 
2005; Xin et al., 2016; Kunishima et al,. 2016).

In conclusion, excessive concentration 
of nitrogen weakens the overall plant health 
making it more susceptible to herbivory and 
infestation (Islam et al., 2017; Veromann et 
al., 2013). In this study, we have identifi ed a 
range of volatiles that may function in de-
fense against a wide array of stresses. The 
majority of the detected volatiles were pro-
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duced by plants in response to nitrogen-in-
duced insect infestation and the presence of 
black spots. Although these volatiles have 
been reported in previous studies, this is the 
fi rst study that reports their involvement in 
C. annuum when exposed to increased nitro-
gen conditions. We believe that the results 
obtained from this study will contribute in 
understanding the mechanisms behind vol-
atile emission in C. annuum var. longum in 
response to N-nutrition. Also, the profi le of 
plant volatiles is useful especially in the fi eld 
of agriculture to avoid infestation and dis-
ease outbreak. 
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ed Science and Technology Human Resource 
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Προσδιορισμός πτητικών οργανικών ενώσεων σε φυτά 
Capsicum annuum var. longum που αναπτύσσονται κάτω από 
διαφορετικές συγκεντρώσεις αζώτου

Y.C. David, J.B. Ylagan, H.A. Gonzales, J.M.P. Chan, J.M.S. Mondragon, 
M.A.A. Tavera and M.C.F.R. Redillas

Περίληψη   Η έκλυση πτητικών οργανικών ενώσεων (VOC) στα φυτά ενεργοποιείται από διάφορους 
βιοτικούς και αβιοτικούς παράγοντες, όπως η ανεπάρκεια σε θρεπτικά στοιχεία, η περιβαλλοντική κα-
ταπόνηση και οι προσβολές από παθογόνα και εχθρούς. Για παράδειγμα, η ελλειπής ή υπερβολική πα-
ροχή αζώτου (Ν) στα φυτά είναι δυνατό να προκαλέσει εσωτερική καταπόνηση που θα μειώσει τη 
σταθερότητα και την ανοσία τους καθιστώντας τα ευπαθή σε προσβολές από παθογόνα και εχθρούς. 
Στην παρούσα εργασία πραγματοποιήθηκε εκχύλιση των πτητικών οργανικών ενώσεων από φυτά 
Capsicum annuum var. longum (Solanaceae) μετά από εφαρμογή αζώτου (1,8 g/L, 4,5 g/L, και 9 g/L 
ουρία) με τη χρήση 100 μm ίνας Στερεάς Φάσης Μικροεκχύλισης (Solid Phase Microextraction, SPME) 
επικαλυμμένης με πολυδιμεθυλοσιλοξάνιο (PDMS). Με τη χρήση αέριας χρωματογραφίας-φασματο-
μετρίας μάζας (GC-MS) οι πτητικές ενώσεις, που εκλύθηκαν από τα φυτά στα οποία είχε γίνει εφαρμο-
γή αζώτου, προσδιορίστηκαν ως 3-εξενυλεστέρας του βουτανοϊκού οξέος, (Ε)-εξυλεστέρας του βου-
τανοϊκού οξέος, (Ζ)-3-εξενυλ εστέρας του εξανοϊκού οξέος, 4-εξεν-1-υλεστέρας του εξανοϊκού οξέος, 
cis-3-εξενυλ-cis-3-εξενοϊκός εστέρας, και εξυλεστέρας του 2-μεθυλ-4-πεντενοϊκού οξέος. Μεταξύ αυ-
τών των πτητικών ενώσεων, ο 3-εξενυλεστέρας του βουτανοϊκού οξέος έδειξε την πιο χαρακτηριστική 
κορυφή (peak) στα φυτά που είχαν δεχθεί επέμβαση με άζωτο σε σύγκριση με το μάρτυρα. Επιπλέον, 
στα φυτά αυτά ανιχνεύθηκαν τα πτητικά πράσινων φύλλων (Green Leaf Volatiles, GLV) 3-εξενάλη, 2-ε-
ξανάλη, (Ζ)-3-εξεν-1-όλη, (Ε)-2-εξεν-1-όλη, και 1-εξανόλη. Ο προσδιορισμός των πτητικών ουσιών στα 
φυτά παρέχει χρήσιμες πληροφορίες που μπορούν να αξιοποιηθούν σε γεωργικές πρακτικές και στη 
φαινοτύπιση των φυτών.

Hellenic Plant Protection Journal 14: 77-88, 2021
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Lethal and sublethal eff ects of several plant compounds 
compared to spiromesifen against Tetranychus turkestani 

F. Sohrabi1* and M. Ziaee2

Summary   Tetranychus turkestani Ugarov and Nikolski is one of the main agricultural pests of south-
western Iran and some other tropical regions. In the present study, fumigant activity of three essen-
tial oils extracted from Rosmarinus offi  cinalis L., Mentha longifolia L. and Eucalyptus globulus Labill., and 
contact toxicity of two biopesticides (Tondexir and Palizin) on T. turkestani mite females were investi-
gated and compared with that of spiromesifen, a chemical acaricide. Also, sublethal eff ects of the test-
ed compounds at 50% lethal concentration (LC50) were estimated on the biological parameters of T. 
turkestani. The LC50 values for E. globulus, R. offi  cinalis and M. longifolia essential oils were 12.50, 11.52 
and 4.00 μl/l air and for spiromesifen, Tondexir and Palizin were 10.98, 327.34 and 858.13 ppm, respec-
tively. All tested compounds signifi cantly reduced adult female longevity, equally to the chemical ac-
aricide spiromesifen. Fecundity also decreased in all treatments and this reduction was even higher 
for plant essential oils than the other compounds. Palizin, E. globulus and M. longifolia signifi cantly re-
duced the hatchability of T. turkestani eggs similarly to spiromesifen. According to the results, the test-
ed plant compounds are eff ective against T. turkestani and may be applied as suitable alternatives to 
synthetic pesticides against this crop pest.

Additional keywords: biological parameters, biopesticide, Palizin, spider mite, Tondexir

applied against spider mites in various crops 
(Nikpay et al., 2016; Morteza et al., 2017; Zi-
aee et al., 2017). However, high propagation 
potential, short generation time, and arrhe-
notokous parthenogenesis, combined with 
repeated acaricide use, led to the build-up 
of resistance among mite populations. Find-
ing alternative control methods that are sus-
tainable and environmentally friendly is nec-
essary (Lee et al., 2003; Van Leeuwen et al., 
2005; Pree et al., 2005; Osakabe et al., 2009). 

Plant essential oils can be considered as 
an alternative for controlling spider mites, 
due to their compatibility with biological 
control agents and shorter residual eff ect, 
while they are safer to humans (Chiasson et 
al., 2004; Hincapié et al., 2008; Hussein et al, 
2013). As a result, the application of botanical 
pesticides and their natural compounds has 
been considered for pest control in recent 
years (Isman, 2000). Rosmarinus offi  cinalis L., 
Mentha longifolia L. (both Lamiaceae) and 
Eucalyptus globulus Labill. (Myrtaceae) are 
considered as three of the most valuable ar-
omatic and medicinal plants. The lethal and 
sublethal impact of essential oils extracted 

Introduction

Tetranychus turkestani Ugarov and Nikolski, 
strawberry spider mite, (Acari: Tetranychi-
dae) is a severe pest in some parts of trop-
ical regions and southwestern Iran (Zhang, 
2003; Karami-Jamour and Shishehbor, 2012). 
It is a polyphagous pest and has been report-
ed from 270 host plants worldwide (Jepp-
son et al., 1975; Migeon and Dorkeld, 2006-
2013). The mite feeds in a piercing-sucking 
manner on the underside of leaves, covers 
leaves by web, thus destroying plant cells 
and tissue. The feeding causes yellow chlo-
rotic spots on leaves and decreases photo-
synthetic rate of plants (Martinez-Ferrer et 
al., 2006; Mohammadi et al., 2015).

In Iran, synthetic acaricides are mainly 
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from these plants have been demonstrated 
on tetranychid mites in the past. Miresmail-
li et al. (2006) and Choi et al. (2004) pointed 
out that R. offi  cinalis essential oils was eff ec-
tive against the phytophagous mite Tetrany-
chus urticae Koch. Motazedian et al. (2012) 
stated that the essential oil of M. longifolia 
possesses a repellent eff ect against T. urti-
cae. The results of repellent, antifeedent and 
toxic eff ects of E. globulus essential oil on T. 
urticae showed that E. globulus essential oil 
can be considered as a natural agent against 
T. urticae (Hussein et al., 2013). 

Botanical pesticides have also been re-
ported as a source of bioacaricides for the 
control of tetranychid mites (Azaizeh et al., 
2007; Nikpay et al., 2016). Tondexir contains 
pepper extract (TON) and Palizin is coconut 
extract (PAL). They are two botanical pesti-
cides recently used in Iran against various 
pests, including spider mites (Kabiri et al., 
2013; Honarmand et al., 2016; Mirfakhraie 
and Mohamadian, 2017; Sohrabi et al., 2019). 

Evaluation of lethal and sublethal eff ects 
of any pesticide on spider mites is essential 
for assessing the toxicity of the pesticide and 
probability of resistance development in 
the mite population (Stark and Banks, 2003; 
Mohammadi et al., 2016). Therefore, in this 
study, the lethal and sublethal eff ects of sev-
eral plant compounds including R. offi  cina-
lis, M. longifolia, and E. globulus essential oils 
and two biopesticides (Tondexir and Palizin) 
were evaluated against T. turkestani females 
and compared with that of Spiromesifen, a 
commercial chemical acaricide.  

Materials and Methods

Mite culture
Tetranychus turkestani population used 

for the bioassays was reared in the labora-
tory on cowpea, Vigna unguiculata (L.) Walp. 
at 27±1°C, 65±5% R.H. and a 16:8 L:D photo-
period. 

Test compounds
Rosmarinus offi  cinalis, M. longifolia, 

and E. globulus essential oils of 100% puri-

ty were tested which were provided by the 
Essential Herbal Pharmaceutical Compa-
ny (Golestan, Iran). The bioacaricides used 
were Palizin SL 65% (PAL) and Tondexir EC 
85% (TON), provided by Kimia Sabzavar Co., 
Iran. Spiromesifen, as commercial formula-
tion Oberon® (SC 24%; Bayer CropScience), 
was purchased from Giah Bazr Alvand Com-
pany, Iran.

Bioassay tests

Fumigant toxicity of R. offi  cinalis, M. longi-
folia, and E. globulus essential oils on adult 
females of T. turkestani. 

The fumigant toxicity of the essential oils 
was assessed in plastic Petri dishes (6 cm di-
ameter, which off ers 75 ml air space). Leaf 
discs of bean plants (3 cm in diameter) were 
placed with their dorsal side inside the Pe-
tri dishes on wet cotton. Ten adult females 
of mite were separately placed on the leaf 
plant discs using a soft paintbrush. Filter pa-
per disks (Whatman No. 1,2 cm in diameter) 
were treated with concentrations of the es-
sential oils and placed in the Petri dishes. Five 
concentrations containing 1.33, 6.67, 13.33, 
33.33, 66.67 μl/l air of R. offi  cinalis and E. glob-
ulus, and 0.13, 1.33, 6.67, 13.33, 26.67 μl/l air of 
M. longifolia were used for the experiments 
with three replications, based on prelimi-
nary experiments and acetone was applied 
as a solvent. The caps of the Petri dishes were 
covered with parafi lm to hinder the release 
of essential oils. In the control, fi lter papers 
were treated with acetone alone. The mortal-
ity was estimated using a stereomicroscope 
after 24 h of exposure. Mites were considered 
as dead, when no reaction was observed af-
ter fi ne paintbrush stimulation. The bioas-
says were conducted at 27±1°C, 65±5% R.H. 
and a 16:8 L:D photoperiod.

Contact toxicity of Tondexir, Palizin, and 
spiromesifen acaridides against adult fe-
males of T. turkestani

Based on preliminary experiments, fi ve 
concentrations containing 200, 320, 500, 
900, 1500 ppm for TON and 100, 250, 500, 
1000, 2500 ppm for PAL, and 10, 100, 250, 
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500, 1000 ppm in case of spiromesifen were 
used against the adult females of mites. Leaf 
discs of bean (3 cm diameter) were immersed 
in acaricide concentrations for 10 seconds 
and distilled water served as the control 
treatment. They were subsequently dried 
at room temperature for 30 min, then trans-
ferred in Petri dishes (6 cm in diameter) on 
wet cotton. Three replications were used for 
each concentration. Then, ten adult females 
were introduced into each Petri dish, venti-
lated through a hole of 1-cm diameter that 
was covered with organza net. Experiments 
were conducted at 27±1°C, 65±5% R.H. and 
a photoperiod of 16:8 L:D in a growth cham-
ber. Mortality was determined under a ste-
reomicroscope after 24 h of exposure. 

Sublethal eff ects
Sublethal eff ects of the six tested com-

pounds at 50% lethal concentration (LC50) on 
biological parameters of T. turkestani, includ-
ing adult longevity, fecundity and hatchabil-
ity were studied. About 100 adult females 
(<24 h old) were exposed to LC50 of each es-
sential oil (12.50, 11.52 and 4.00 μl/l for E. glob-
ulus, R. offi  cinalis, and M. longifolia, respec-
tively) and acaricide (10.98, 327.34 and 858.13 
ppm for spiromesifen, TON and PAL, respec-
tively) using the bioassays described above. 
Untreated mites were used as control. After 
24 h, 20 alive T. turkestani females were ran-
domly selected for each treatment and trans-
ferred individually to new untreated leaves 
inside Petri dishes on water-soaked cotton. 
Leaf discs were provided daily for each fe-
male mite (Li et al., 2017). Then the adult lon-
gevity, oviposition and egg hatch were esti-
mated. To study each compound’s sublethal 
eff ects on the hatching rate, 30 eggs in six 
replicates were randomly selected and incu-
bated under the conditions described above 
for hatching. Experiments were conducted 
at 27±1°C, 65±5% R.H. and a photoperiod of 
16:8 L:D in a growth chamber. 

Data analysis
Lethal concentration value (LC50) and its 

corresponding 95% fi ducial limits (FL) for 
each essential oil and pesticides were esti-

mated using Polo-PC software. Lethal con-
centration ratios were performed to esti-
mate the compounds’ relative potency as 
described by Robertson et al. (2007). The 
log- probity curves were created using Mi-
crosoft Excel 2007. Data from the subleth-
al bioassays were analyzed using analysis 
of variance (ANOVA). The Duncan’s Multiple 
Range Test separated means at 0.05 proba-
bility (SAS Institute, 2003). The percentage 
data were transformed to the square root 
of arcsine, and longevity data were trans-
formed to square-root, before analysis.

Results

Fumigant toxicity of essential oils
The toxicity of essential oils on T. turke-

stani adults 24 h after exposure signifi cant-
ly increased with increasing concentrations 
(for E. globulus: F = 14.69; d.f.= 4, 10; p = 
0.0003; R. offi  cinalis: F = 22.71; d.f. = 4, 10; p 
<.0001; and for M. longifolia: F = 5.68; d.f. = 
4, 10; p = 0.0119) (Figure 1). LC50 values of the 
tested essential oils are presented in Table 
1. According to the LC50 values, M. longifolia 
was more eff ective than E. globulus and R. of-
fi cinalis against T. turkestani adults (Table 1).

Contact toxicity of bioacaricides 
The toxicity of acaricides signifi cantly in-

creased when T. turkestani adults were ex-
posed to increasing concentrations of the 
tested compounds for 24 h (for Tondexir: F = 
12.98; d.f.= 4, 10; p = 0.0006; Palizin: F = 5.58; 
d.f. = 4, 10; p = 0.0126; and for Spiromesifen: 
F = 35.50; d.f. = 4, 10; p <.0001) (Figure 2). The 
LC50 values of the three acaricides tested are 
presented in Table 2. These values and the 
confi dence limits of toxicity ratios revealed 
that these acaricides’ toxicity was signifi -
cantly diff erent for T. turkestani adults. The 
chemical acaricide Spiromesifen was signif-
icantly more eff ective than the two bioaca-
ricides Tondexir and Palizin against T. turke-
stani adults (Table 2).

Sublethal eff ects
The sublethal eff ects of diff erent com-
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pounds on biological parameters of T. turke-
stani adults are shown in Table 3. All tested 
compounds signifi cantly reduced the fecun-
dity (F = 58.76; df = 6, 133; P < 0.0001) and 
longevity (F = 7.37; df = 6, 133; P < 0.0001) 

of the treated females compared with the 
control. The reduction in the number of 
eggs was signifi cantly greater in the fe-
male mites treated with the essential oils E. 
globulus, M. longifolia and R. offi  cinalis than 

Table 1. Probit analysis and lethal concentration ratios (% 95 fi ducial limits) of Eucalyptus 
globulus, Rosmarinus offi  cinalis and Mentha longifolia essential oils against the adult females 
of Tetranychus turkestani.

Parameters
E. globulus

Essential oil

M. longifolia R. offi  cinalis

Slope ± SE 3.01 ± 0.71 0.79 ± 0.27 1.82 ± 0.60

LC50 (95%FL) (μl/l air) 12.50
(1.40-30.12)

4.00
(0.54-29.64)

11.52
(3.87-16.73)

χ2 (df=3) 8.04 15.36 13.45

RPa - 0.572
(0.313-1.044)

-

RPb - - 1.005
(0.606-1.665)

RPc - - 1.757
(0.871-3.541)

a Relative potency for LC50 of M. longifolia/ E. globulus
b Relative potency for LC50 of R. offi  cinalis/ E. globulus
c Relative potency for LC50 of R. offi  cinalis/ M. longifolia

Figure 1. Log- Probity curve of plant essential oils of Eucalyptus globulus, Rosmarinus offi  cinalis and Mentha longifolia on the 
strawberry spider mite Tetranychus turkestani.
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in females treated with the chemical acari-
cide spiromesifen. No signifi cant diff erence 
was observed in longevity between the fe-
males treated with spiromesifen and the fe-
males treated with tested plant compounds. 
The percentage of egg hatchability was also 

signifi cantly aff ected by the treatments (F 
= 3.34; df = 6, 35; P = 0.0104). Compared 
with the control, the females treated with 
spiromesifen and three plant compounds, 
Palizin, E. globulus and M. longifolia had sig-
nifi cantly lowered hatchability (Table 3).

Table 2. Probit analysis and lethal concentration ratios (% 95 fi ducial limits) of Tondexir, Pa-
lizin and spiromesifen against the adult females of Tetranychus turkestani.

Parameters
Tondexir 

Compound

Palizin spiromesifen 

Slope ± SE 2.60 ± 0.43 1.04 ± 0.23 0.52 ± 0.16

LC50 (95%FL) (ppm) 327.34
(248.02-402.91)

858.13
(538.85-1689)

10.98
(0.23-37.20)

χ2 (df=3) 3.14 2.02 3.24

RPa - 3.143
(1.798-5.494)

-

RPb - - 0.030
(0.005-0.177)

RPc - - 0.010
(0.002-0.060)

a Relative potency for LC50 of Palizin/Tondexir
b Relative potency for LC50 of spiromesifen/Tondexir
c Relative potency for LC50 of spiromesifen/Palizin

Figure 2. Log- Probity curve of three acaricides (Tondexir, Palizin, spiramesifen) on the strawberry spider mite Tetrany-
chus turkestani.
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Discussion 

Essential oils are phytochemicals with re-
pellent and toxic properties against mites 
(Cavalcanti et al., 2010; Sertkaya et al., 2010; 
Attia et al., 2012; Camilo et al., 2017). Our re-
sults clearly showed that essential oils from 
the aromatic plants R. offi  cinalis, M. longifo-
lia, and E. globulus possess acaricidal activi-
ty against T. turkestani adults. The fumigant 
toxicity of M. longifolia was higher than that 
of E. globulus and R. offi  cinalis. Furthermore, 
mite mortality increased with essential oil 
concentration. As shown in a previous study, 
the essential oil of M. longifolia is active 
against T. urticae with an LC50 value of 20.08 
μl/l air (Motazedian et al., 2012). Aissaoui et 
al. (2019) reported substantial contact tox-
icity of E. globulus essential oil against dif-
ferent stages of T. urticae and a continuous 
increase in mortality rates of spider mite lar-
vae and adults was observed with increas-
ing concentration. In another study, Hussein 
et al. (2013) examined the contact activity 
of three plant essential oils, including that 
of E. globulus against females of T. urticae. 
They found that E. globulus essential oil is ef-
fective with an LC50 value of 2.202%. Effi  ca-
cy of rosemary oil when applied as an acari-
cide to control two-spotted spider mite has 
been reported in previous studies (Mires-
mailli & Isman, 2006; Miresmailli et al. 2006). 
In the study conducted by Choi et al. (2004), 

rosemary oil was not acutely toxic (mortal-
ity <60%) against T. urticae compared with 
oil of eucalyptus.

Spiromesifen is one of the most promis-
ing chemical acaricides for managing spider 
mites. It is an acetyl-CoA-carboxylase inhib-
itor, a lipid metabolism enzyme (Kontsed-
alov et al., 2009; Sato et al., 2011; Reddy & 
Latha, 2013). Our results suggested that 
spiromesifen was the most toxic acaricide to 
adult mites with an LC50 value of 10.98 ppm, 
which was lower than the LC50 (12.53 ppm) 
reported by Kumari et al. (2017) against T. ur-
ticae. Based on our results, the bioacaricides 
TON and PAL were toxic to adult mites. An-
tonious et al. (2007) indicated that the pes-
ticide TON has lethal eff ects on T. urticae, 
which could be attributed to pepper extract 
as an active agent in this formulation. Our re-
sults also indicate that PAL was the least tox-
ic (LC50 = 858.13 ppm) against T. turkestani, 
i.e. 78 times less eff ective than spiromesifen. 
In another study, Mirfakhraie and Moham-
adian (2017) reported the repellency eff ect 
of PAL and contact toxicity of TON against 
females of T. urticae with an LC50 value of 
2130.91 ppm. 

Our fi ndings revealed that all the com-
pounds at LC50 signifi cantly aff ected T. turke-
stani females’ biological parameters com-
pared to control. The chemical acaricide 
spiromesifen and all three plant compounds 
caused adverse eff ects on T. turkestani fe-

Table 3. Sublethal eff ects of diff erent compounds on Tetranychus turkestani adults (Mean ± 
SE)a.

Treatment Number of eggs
per female % Egg hatch Female longevity

(days)

Control 20.15 ± 1.27 a 100.00 ± 0.00 a 15.95 ± 0.68 a

Tondexir 16.10 ± 0.64 bc 82.33 ± 11.20 abc 10.45 ± 0.84 bc

Palizin 17.2 ± 0.70 b 78.66 ± 5.89 bc 12.05 ± 0.95 b

Spiromesifen 13.90 ± 0.46 c 72.16 ± 6.60 c 10.30 ± 1.05 bc

Eucalyptus globulus 10.3 ± 1.13 d 77.83 ± 5.64 bc 11.35 ± 1.00 b

Mentha longifolia 1.2 ± 0.09 e 79.28 ± 0.32 bc 7.90 ± 0.69 c

Rosmarinus offi  cinalis 8.80 ± 0.88 d 88.83 ± 11.16 ab 9.70 ± 1.02 bc
a Means in each column followed by the same letter were not signifi cantly diff erent at the 0.05 level when tested by 

Duncan’s Multiple Range Test. 
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males’ longevity. Reduced female longevity 
led to a reduction in reproductive capacity. 
The highest signifi cant decrease in fecundi-
ty rate by 94% was observed after exposing 
newly emerged adults to M. longifolia es-
sential oil. Similarly to our results, Momen 
et al. (2018) reported the great potential of 
M. longifolia to deterrent the oviposition of 
T. urticae by 99.4% decrease in egg produc-
tion. In the study conducted by Mohamed 
et al. (2015), the extract of M. longifolia re-
duced T. urticae female longevity and ovi-
positional period and the total number of 
laid eggs. Furthermore, sublethal eff ects of 
plant essential oils on the fecundity and fer-
tility of spider mites have been reported in 
the previous studies (Momen et al., 2001; 
Lim et al., 2011; Abd El-Moneim et al., 2012; 
Gholamzadeh-Chitgar et al., 2013; Esmaeily 
et al., 2017). 

Hatchability of T. turkestani eggs was 
also signifi cantly reduced by spiromesifen 
and some plant compounds tested, includ-
ing PAL, E. globulus and M. longifolia. Howev-
er, TON and R. offi  cinalis did not signifi cantly 
aff ect the percentage of eggs hatched. Sim-
ilarly, Ismail et al. (2011) reported that R. offi  -
cinalis oil did not aff ect two-spotted spider 
female fertility. There are no other studies 
concerning the impact of TON and PAL on 
biological parameters of spider mites to the 
best of our knowledge. The chemical acari-
cide spiromesifen also reduced the fecundi-
ty and egg hatchability of T. turkestani to 31 
and 28%, respectively. Similarly, Nauen et al. 
(2005) found that spiromesifen signifi cantly 
reduced the fecundity of two-spotted spi-
der mite females at the concentrations be-
tween 0.064 and 40 mg/l Marcic et al. (2009) 
also reported that the number of laid eggs 
and egg hatchability of T. urticae was signifi -
cantly aff ected by 180 mg/l, 18 mg/l, and 1.8 
mg/l concentrations of spiromesifen.

In summary, the present study showed 
that M. longifolia, E. globulus and R. offi  cina-
lis essential oils and two bioacaricides (TON 
and PAL) had satisfactory eff ects against T. 
turkestani even at a low concentration lev-
el. Given the above results and the environ-
mentally friendly properties of plant com-

pounds, along with their low persistence in 
nature and low risk for humans and mam-
mals, these compounds can be considered 
as reduced-risk pesticides and useful alter-
natives to synthetic chemicals for spider 
mite control. These laboratory fi ndings need 
to be confi rmed with further trials to inves-
tigate this bioinsecticide’ sublethal eff ect on 
fi eld populations of this pest. Furthermore, 
it is critical to test the safety of these com-
pounds before practical use in T. turkestani 
control in commercial greenhouses.
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Ακαρεοκτόνος και υποθανατηφόρος δράση διαφόρων 
ουσιών φυτικής προέλευσης έναντι του τετράνυχου 
Tetranychus turkestani σε σύγκριση με το συνθετικό 
ακαρεοκτόνο spiromesifen

F. Sohrabi και M. Ziaee

Περίληψη   O τετράνυχος Tetranychus turkestani Ugarov and Nikolski είναι ένας από τους κύριους 
εχθρούς των καλλιεργειών στο νοτιοδυτικό Ιράν και άλλες τροπικές περιοχές. Στην παρούσα εργα-
σία εξετάστηκαν η καπνιστική δράση τριών αιθέριων ελαίων που εξήχθησαν από φυτά δενδρολίβα-
νου (Rosmarinus offi  cinalis L.), άγριας μέντας (Mentha longifolia L.) και ευκάλυπτου (Eucalyptus globulus 
Labill.), και η δράση επαφής δύο ακαρεοκτόνων φυτικής προέλευσης (Tondexir και Palizin) σε ενήλι-
κα θηλυκά άτομα του T. turkestani, σε σύγκριση με αυτή του συνθετικού ακαρεοκτόνου spiromesifen. 
Επίσης, εκτιμήθηκε η υποθανατηφόρος δράση των υπό δοκιμή αιθέριων ελαίων στη συγκέντρωση 
LC50, σε διάφορες βιολογικές παραμέτρους του τετράνυχου. Οι τιμές LC50 για τα αιθέρια έλαια του ευ-
κάλυπτου, του δενδρολίβανου και της άγριας μέντας ήταν 12,50, 11,52 και 4,00 μl/ l ατμού, ενώ για το 
spiromesifen, το Tondexir και το Palizin ήταν 10,98, 327,34 και 858,13 ppm, αντίστοιχα. Όλες οι δοκιμα-
σθείσες ουσίες μείωσαν σημαντικά τη διάρκεια ζωής των ενήλικων θηλυκών ατόμων, σε ανάλογα επί-
πεδα με το spiromesifen. Επιπλέον, μειώθηκε η γονιμότητα σε όλες τις επεμβάσεις, με μεγαλύτερη μεί-
ωση αυτή στα αιθέρια έλαια. Το Palizin και τα αιθέρια έλαια του ευκάλυπτου και της άγριας μέντας μεί-
ωσαν σημαντικά την εκκόλαψη των ωών του τετράνυχου σε επίπεδα ανάλογα με το spiromesifen. Σύμ-
φωνα με τα αποτελέσματα, οι δοκιμασθείσες φυτικές ουσίες είναι αποτελεσματικές έναντι του τετρά-
νυχου Τ. turkestani και αποτελούν κατάλληλες εναλλακτικές ουσίες σε συνθετικά φυτοφάρμακα για την 
αντιμετώπισή του.
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Eff ects of gamma radiation and Bacillus thuringiensis on F1 
progeny of Cydia pomonella

I. Idris1* and K. Hussian1 

Summary   The codling moth [Cydia pomonella L. (Lepidoptera: Tortricidae)] is the main pest in most 
apple orchards in Syria. It causes billions of dollars in loss of fruit crops every year. The present work 
examined the eff ects of gamma radiation and Bacillus thuringiensis (BT) on F1 progeny of C. pomonella. 
The experimental design was based on two factors, namely F1 off spring produced by males irradiated 
at a dose of 150 Gy, and artifi cial diet of BT-treated larvae. The fi rst off spring of unirradiated and irradi-
ated C. pomonella males, F1, were from parents treated with a commercial formulation of Bacillus thur-
ingiensis BT (Dipel® 2X). F1 progeny of unirradiated was signifi cantly less susceptible to BT than that of 
irradiated parents. The results showed high mortality in F1 progeny of C. pomonella when gamma ra-
diation and BT were applied together. The LC50 in F1 progeny was 2.5 ppm for irradiated parents, while 
it was 13 ppm for unirradiated ones. A signifi cant reduction in the fecundity and egg hatchability of F1 
progeny of irradiated parents compared to unirradiated ones was observed. This study demonstrat-
ed that for F1 progeny the combination between Inherited Sterility Technique and BT can be useful to 
achieve an integrated pest management program of codling moth.

Additional keywords: Bacillus thuringiensis, biocontrol, Cydia pomonella, radiation

(Vreysen et al., 2016). In addition, research on 
mosquitoes has shown that compared with 
chemical control, the cost of using SIT are 
more acceptable in terms of monetary ex-
penditures and effi  cacy on long-term (Khat-
er, 2018). Recent studies reported that, there 
is growing evidence that applying SIT and F1 
sterility (SIT/F1) (F1 progeny of partially sterile 
male parents) or IST to suppress these pest 
populations has advantageous over chem-
ical control (Blomefi eld et al., 2011; Eyidoze-
hi et al., 2015). Thus, IST applications is con-
sidered an important approach to suppress 
population of codling moth in large areas. 
Moreover, IST was more eff ective than SIT in 
reducing C. pomonella population (Vreysen 
et al., 2016; Idris et al., 2019a). However, there 
are still some obstacles to both SIT and IST, 
such as the continued need to release steril-
ized males. Hence, SIT and IST methods can 
be used together with other methods (such 
as biological pesticides) as the main compo-
nent of an integrated pest control plan (Eyi-
dozehi et al., 2015). Moreover, the use of mi-
crobial insecticides, especially insecticidal 
toxins, has been effi  cient for the control of 
codling moth (Ammouneh et al., 2011). Com-

Introduction

Apple is a very important fruit tree in Syr-
ia. The total area of apples is approximate-
ly 41,000 hectares. The codling moth, Cydia 
pomonella (Lepidoptera: Tortricidae) is one 
of the most important pests worldwide, in-
cluding Syria, due to its distribution and 
economic impact on apple farms (Basheer 
et al., 2016; Idris et al., 2019a). The control of 
C. pomonella relies on the use of insecticides 
which are costly, non-selective, and environ-
mentally unfriendly. In addition, C. pomonel-
la, like other pests has already developed re-
sistance to a wide spectrum of insecticides 
(Carpenter et al., 2010; Harba and Idris, 2018). 
Therefore, eff orts for novel biocontrol meth-
ods are now the focus of intense studies. 

The Sterile Insect Technique (SIT) and the 
Inherited Sterility Technique (IST) are rela-
tively sustainable and environment friendly 
control methods against some major pests 
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bination of commercial BT preparations 
with other pest control methods has shown 
good results (Peralta and Palma, 2017). The 
main purpose of this study was to compare 
the response of F1 progeny of partially ster-
ile male parents (SIT/F1) to the larval protein 
produced by B. thuringiensis (BT) and the F1 
progeny of unirradiated male parents, for 
the evaluation of these practices to sup-
press C. pomonella population.

Materials and Methods

General experiment procedures
All insects used in this study were ob-

tained from our laboratory stock culture. 
The codling moth colony has been main-
tained in our laboratory for several years ac-
cording to Makee et al. (2012). 

Newly hatched larvae were placed on 
artifi cial diet consisted of the following in-
gredients: Agar-agar, maize, wheat germ, 
casein, yeast, Wesson salts, benzoic acid, fu-
midil, ascorbic acid, vitamins and nipagine 
at a constant temperature of 25 ± 1˚C with 
70 ± 5% RH, and a photoperiod of 16:8 h (L: 
D) as outlined by Idris et al. (2019a). 

Bioassays were conducted with Dipel® 
2X, a formulation of BT subsp. kurstaki con-
taining 32000 IU/mg.

Irradiation and reproduction of male 
parents 

Newly emerged (age less than 24 h) 
adult males of C. pomonella (n = 50) were ir-
radiated with 150 Gy gamma radiation. All 
irradiated males in this study were treat-
ed with Co60 source (Issledov Gamma Irra-
diator, Techsnabexport Co. Ltd., Moscow, 
Russia, hƩ p://www.tenex.ru). The average 
dose rate at the time of irradiation was ap-
proximately 44.24 Gy /min. A group of new-
ly emerged unirradiated adult males (n = 50) 
was used as control. 

Unirradiated and irradiated males were 
paired individually with newly emerged 
unirradiated females in Petri dishes (9 cm 
diameter). A wet cotton wool was placed 
in each Petri dish as drinking water source 

and the mated pairs were kept together un-
til death (Idris et al., 2019b). The Petri dish-
es which had eggs were removed daily and 
eggs were left to hatch. Newly hatched lar-
vae from unirradiated and irradiated males 
were taken for the following experiments.

Application of BT to F1 progeny
The commercial biopesticide powder 

containing BT (Dipel® 2X) was suspended 
in water at a concentration of 1 g/1000 ml 
(1000 ppm). Serial dilutions were prepared 
from a 1000 ppm solution to provide nine 
other concentrations: 500, 250, 150, 100, 50, 
25, 15, 10, and 5 ppm. Solutions of the BT 
concentrations and distilled water (control) 
were added to the artifi cial diet surface in 
the Petri dishes (1 ml/dish, 5 g artifi cial diet/
Petri dish, 5 Petri dishes/BT concentration). 
Then newly hatched F1 larvae (55 larvae/BT 
concentration) of unirradiated and irradiat-
ed parents were placed on the artifi cial diet 
in the Petri dishes. The dishes were kept un-
der the same environmental conditions as 
mentioned above until adult emergence.

Eff ect of BT concentrations on mortality 
of F1 progeny 

The number of emerged F1 adults was 
documented for each BT concentration. The 
percentage of F1 larval mortality of unirradi-
ated and irradiated male parents was deter-
mined by calculating adults emerging from 
tested larvae according to the formula: Per-
centage of mortality = (number of tested 
larvae - number of adults emerging)/ num-
ber of tested larvae X 100.

The toxicity of BT concentrations were 
calculated by determining the lethal con-
centration to kill 50% (LC50) of the F1 larvae 
of unirradiated and irradiated male parents.

Eff ect of BT concentrations on fecundity 
and egg hatching of F1 progeny

Newly emerged F1 adults of irradiated 
and unirradiated male parents at each con-
centration were singly crossed as follows: F1 
male of irradiated or unirradiated male par-
ents X unirradiated female, F1 female of ir-
radiated or unirradiated male parents X 
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unirradiated male. Twenty fi ve pairs were 
examined at each BT concentration in each 
tested cross (75 combinations/BT concen-
tration) (Figure 1). The egg number (fecun-
dity) and hatching (%) were determined for 
each pair at each BT concentration. 

Eff ect of BT and IST combination on mor-
tality, fecundity, fertility and mating of 
F1 progeny 

Three groups of larvae (unirradiated lar-
vae F1, irradiated larvae F1, treated larvae 
F1) were used for fi ve treatments (55 larvae/ 
treatment) as follows: treatment 1: new-
ly hatched unirradiated larvae on untreat-
ed artifi cial diet (control); treatment 2: newly 
hatched unirradiated larvae on artifi cial diet 
treated with 13 ppm BT (BT); treatment 3: 
newly hatched larvae, generated from irradi-
ated male parent, on untreated artifi cial diet 
(IST); treatment 4: newly hatched larvae, gen-
erated from irradiated male parent, on artifi -
cial diet treated with 13 ppm (IST + BT); treat-
ment 5: newly hatched larvae on artifi cial diet 
treated with 13 ppm BT and emerging males 
irradiated with 150 Gy (BT + IST) (Figure 2).

Emerged adult males from each exper-
iment were paired individually with new-
ly unirradiated females (30 pairs/ each ex-
periment). Then newly hatched larvae were 
placed on artifi cial media as mentioned 
above. The percentage of larvae mortality, 

the fecundity, fertility and mating of F1 prog-
eny were determined.

Statistical analysis
Mortality was calculated based on the 

numbers of emerged adults. Data is correct-
ed by Abbott (1925) formula. The lethal con-
centration (LC50) of F1 off spring mortality 
data is analyzed by probit analysis. The resis-
tance factor is obtained by dividing the le-
thal concentration (LC50) of the off spring of 
unirradiated male parents by the lethal con-
centration (LC50) of the irradiated off spring 
according to Makee et al. (2007). The statis-
tical analysis was done using the STATISTIC 
program version 6 (Statsoft, Inc. 2003) at 5% 
signifi cance level (P = 0.05). According to the 
ANOVA-Tukey HSD test, analysis of variance 
was performed on the data of fertility, mor-
tality, mating and egg hatching to deter-
mine the statistical signifi cance of the mean 
and percentage diff erence.

Results

Eff ect of BT concentrations on mortality 
of F1 progeny 

Table 1 shows that the mortality per-
centage of F1 progeny of irradiated par-
ents was signifi cantly higher than unirradi-
ated parents (P<0.001). Compared with the 

Figure 1. Experimental design I.

150 Gy Irradiated) parents ♂ x ♀(Unirradiated Unirradiated) parents ♂x  ♀(Unirradiated 

F1 offspring F1 offspring 

(F1 ♀X ♂ Unirradiated) & (Unirradiated♀X ♂ F1) (Unirradiated ♂ X ♀ Unirradiated) 

Determination of fecundity and egg hatching  

75 combinations (25 couples per cross) / BT concentration 
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control group, by increasing the BT concen-
tration, mortality of F1 progeny of unirradi-
ated and irradiated parents increased sig-
nifi cantly (df=10, f=87893.189, P<0.01, df=10, 
f= 116073.796, P<0.01, respectively). When 
BT concentration was higher than 25 ppm 
(P<0.001), the mortalities of F1 progeny of 
both parents were not signifi cantly diff erent 
(Table1). LC50 of F1 progeny of irradiated par-
ents (2.9 ppm) was signifi cantly lower than 
unirradiated (13 ppm), and the resistance 
factor was 4.48.

Eff ect of BT concentrations on fecundity 
and egg hatching of F1 progeny

Table 2 shows the fecundity of F1 (female 
or male) of unirradiated and irradiated par-
ents. When they are crossed with their unir-
radiated counterparts of the opposite sex, 
their F1 fecundity is signifi cantly reduced 
higher than that of the control group (with-
out BT treatment) (df=6, f= 13160, P<0.01; 
df=6, f= 4580, P<0.01, df=6, f= 14802, P<0.01, 
df=6, f= 20790, P<0.01, respectively). The fe-
cundity of F1 females and males of irradiated 
parents was signifi cantly lower than unirra-
diated parents, regardless of concentrations 
(P<0.001). When BT was applied, the fecun-

dity of F1 females and males of irradiated 
parents (F1 females and males of irradiated 
parents which were crossed with unirradi-
ated counterparts of the opposite sex) was 
signifi cantly lower than that of F1 females 
and males of unirradiated parents (P<0.001).

The egg hatching percentage was signif-
icantly reduced at the concentrations high-
er than 5 ppm, when F1 females and males 
of unirradiated parents were crossed with 
the counterparts of the opposite sex (df=6, 
f= 10308, P<0. 01; df=6, f= 427; P<0. 01, re-
spectively) (Table 3). However, the increase 
in BT concentration has no signifi cant eff ect 
on the hatchability of F1 females and males 
of irradiated parents (df=6, f= 1552, P<0.01, 
df=6, f= 20790, P<0.01, respectively), but it 
was lower than that of F1 females of unirradi-
ated parents at all concentrations (P<0.001).

Eff ect of BT and IST combination on 
mortality, fecundity, fertility and mating 
number of F1 progeny 

Results in Table 4 indicate that when BT 
and IST treatments were combined, percent-
age of the mortality was signifi cantly higher 
comparing to each one separately. The mor-
tality in F1 progeny of irradiated male par-

Treatment 1 (Control) 

Unirradiated larvae on  
untreated artificial diet 

Treatment 2 (ΒΤ) 

Unirradiated larvae on 
treated artificial diet with 13ppm BT 

Treatment 4 (IST + BT) 

Irradiated larvae (male parent) on 
treated artificial diet with 13ppm BT 

Treatment 3 (IST) 

Irradiated larvae (male parent) on 
untreated artificial diet  

Treatment 5 (BT + IST) 

Unirradiated larvae on 
treated artificial medium with 13ppm BT, 

emerging males treated with 150 Gy irradiation and paired 
with unirradiated females 

Treated larvae (male irradiated parents) on 
untreated artificial diet 

Figure 2. Experimental design II.
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ents treated with BT was not signifi cantly 
diff erent from the mortality of those prog-
eny whose male parents had been treated 
with BT fi rst and then emerged F1 was irra-
diated at 150 Gy separately (df=4, f= 3227, 
P<0.01). The fecundity, fertility and mating 
frequency of F1 progeny were signifi cantly 

lower in progeny treated with both BT and 
gamma radiation compared to those of sep-
arate treatments. In addition, all parameters 
in treatment 5 was signifi cantly lower than 
in treatment 4 (df=4, f= 818, P<0.01; df=4, f= 
500, P<0.01, df=4, f= 1331, P<0.01, respec-
tively) (Table 4).

Table 1. Percentage mortality of the codling moth, Cydia polomonella, when F1 larvae of ir-
radiated and unirradiated male parents were reared on artifi cial diet treated with diff erent 
concentrations of B. thuringiensis.

BT concentration 
(ppm)

% mortality in F1 progenya

Unirradiated parents Irradiated parents

nb Observed Corrected Observed Corrected

0 55 47.7 f 0 B 61.8 d 27.6 A
5 55 72.7 e 48.3 A 78.0 c 58.6 A
10 55 70.9 d 44.8 B 83.0 b 68.9.1 A
15 55 76.3 c 55.2 B 96.6 a 93.1 A
25 55 87.3 b 76 B 100.0 a 100 A
50 55 97.0 a 93.5 A 100.0 a 100 A
100 55 100 a 100 A 100.0 a 100 A
150 55 97.0 a 93.5 A 100.0 a 100 A
250 55 100 a 100 A 100.0 a 100 A
500 55 100 a 100 A 100.0 a 100 A
1000 55 100 a 100 A 100.0 a 100 A

Percentages preceded by diff erent small letters (columns) and followed by diff erent capital letters (rows) are 
signifi cantly diff erent at P < 0.05 (Tukey HSD test).

a Observed mortalities calculated from the numbers of adults that emerged at each B. thuringiensis concentration 
were corrected for mortality in water-treated control (Abbott, 1925).

b n= Number of tested larvae/ concentration.

Table 2. Eff ect of diff erent concentrations of B. thuringiensis and irradiation upon fecundity 
(Mean ± SE) of the codling moth, Cydia pomonella, when F1 females and males were mated 
with unirradiated partners.

BT concentration 
(ppm)

No. of egg laid/ F1 female No. of egg laid/F1 male

Unirradited
parentsa

Irradiated
parentsa

Unirradited
parentsa

Irradiated
parentsa

0 183.8 ± 0.7 A 81.7 ± 0.4 A 169.0 ± 0.7 A 69.7 ± 0.4 A
5 138.6 ± 0.7 B 78.4 ± 0.3 A 146.2 ± 0.8 B 50.7 ± 0.4 B
10 135.7 ± 0.6 B 45.6 ± 0.7 B 134.1 ± 0.8 B 41.7 ± 0.4 C
15 96.7 ± 1.1 C 21.7 ± 0.6 C 112.0 ± 0.9 C 18.7 ± 0.4 D
25 68.0 ± 1.2 D 0.0 D 72.7 ± 1.0 D 0.0 E
50 0.0 E 0.0 D 66.6 ± 0.8 D 0.0 E
100 0.0 E 0.0 D 65.0 ± 1.4 D 0.0 E

Means followed by diff erent capital letters are signifi cantly diff erent at P < 0.05 (Tukey HSD test).
a Number of F1 adults tested at each concentration was 25.
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Discussion

Males irradiated with low doses of gam-
ma ray (150Gy) compete more effi  ciently 
with wild males than the completely ster-
ile males irradiated with high doses (450Gy) 
of gamma radiation (Vreysen, 2016). The 
successful production of sterile F1 progeny 
of Lepidoptera insects by IST requires two 
conditions: 1) the male parents need to be 
partially sterilized and, 2) the female par-
ents should be fully sterilized (Vreysen et al., 
2016; Idris et al. 2019a, b). Many fi eld experi-
ments using partially sterilized males by 150 
Gy dose of gamma radiation have proved 
that the competitiveness of the sterile moths 
was weak in the spring generation (fl ight pe-
riod) (Thistlewood and Judd, 2019). This re-

search combines the application of IST and 
BT to increase the effi  cacy of insect suppres-
sion under such conditions. 

Previously, our studies showed that gam-
ma irradiation increases the mortality of F1 
progeny signifi cantly (Idris et al., 2019b). It 
also aff ects other reproduction parame-
ters, i.e. reduction of fecundity and fertili-
ty, prolongation of development time, dis-
tortion of the sex ratio of F1 progeny in favor 
of males (Idris et al., 2019a). The results of 
this study showed that BT had a clear eff ect 
on the mortality of C. pomonella F1 proge-
ny, independently of whether they were 
from unirradiated or irradiated parents. This 
is probably because BT causes serious dam-
age to the gut and mouth parts of the lar-
vae, and cessation of digestive processes, 

Table 3. Eff ects of diff erent concentrations of B. thuringiensis upon % hatchability of eggs 
laid by the codling moth, Cydia pomonella, when F1 females and males were mated with unir-
radiated partners.

BT concentration 
(ppm)

% eggs hatched/ F1 female % eggs hatched/ F1 male

Unirradiated
parentsa

Irradiated
parentsa

Unirradiated
parentsa

Irradiated
parentsa

0 88.0 a 24.3 a 87.2 a 21.2 a
5 85.2 a 23.6 a 86.0 a 19.6 a
10 76.6 b 21.8 a 84.6 ab 20.4 a
15 76.0 b 21.2 a 84.3 ab 18.3 a
25 73.5 b 0.0 b 84.2 ab 0.0 b
50 0.0 c 0.0 b 82.2 b 0.0 b
100 0.0 c 0.0 b 76.9 c 0.0 b

Percentages followed by diff erent small letters are signifi cantly diff erent at P< 0.05 (Tukey HSD test).
a Number of F1 adults tested at each concentration was 25.

Table 4. Eff ect of B. thuringiensis and Inherited Sterility Technique (IST) combination on mor-
tality, fecundity, fertility and mating of the codling moth, Cydia pomonella, when F1 males 

were mated with unirradiated females.

Treatmenta Mortality
%

Mean fecundity
(±SE)

Mean egg hatch
(±SE)

Mean no. of mating 
(±SE)

1 Control 41.0 d 133.8 ± 15.2 a 94.5 ± 12.9 a 1.3 ± 0.08 a
2 BT 67.0 c 91.3 ± 7.2 b 59.1 ± 5.5 b 0.86 ± 0.03 b
3 IST 61.0b 83.4 ± 7.1 b 43.4 ± 5.6 b 0.73 ± 0.08 c
4 BT + IST  98.0 a 39.8 ± 3.8 c 13.6 ± 1.4 c 0.53 ± 0.14 d
5 IST + BT 97.5 a 21.7 ± 2.8 d 7.7 ± 1.2 d 0.42 ± 0.01 e

Means and percentages followed by diff erent small letters are signifi cantly diff erent at P< 0.05 (Tukey HSD test). 

a Number of males tested at each treatment was 30.
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which eventually lead to its death (Ignoff o 
and Gregory 1972). Similar results were ob-
tained on Cadra cautella and Ephestia calidel-
la, where larval mortality increased with in-
creasing the BT concentrations (Farukiand 
Khan, 1993; Hazaa et al., 2013). 

In addition, while the F1 progeny of both 
unirradiated and irradiated male parents 
had similar susceptibility at higher BT con-
centrations, the F1 progeny of irradiated 
male parents were more susceptible at low 
concentrations of BT. This could be attribut-
ed to the synergistic eff ects of the inherited 
damaged DNA caused by gamma radiation 
and the inhibitory eff ects of BT to DNA de-
pendent on RNA-polymerase, and the sub-
sequently cell mitosis blocking (Idris and 
Shoaib., 2019). The irradiated Lepidoptera 
moths have a wide range of susceptibility 
to BT treatments (Hazaa, 2013). This change 
in sensitivity can be resolved by resistance 
factor (RF) values. The resistance factor (RF) 
value is 4.48 for C. pomonella, and 2.04 for 
the potato tuber moth Phthorimaea oper-
culella (Makee et al., 2007). Based on resis-
tance factor, F1 progeny of the codling moth 
produced from irradiated male parents was 
more sensitive to BT than the potato tuber 
moth.

BT application signifi cantly reduced the 
fecundity of F1 progeny of unirradiated and 
irradiated parents, especially at high con-
centrations. This reduction is more signifi -
cant for F1 progeny of irradiated male par-
ents. Previous studies have shown that 
the larvae of Pectinophora gossypiella and 
Spodoptera littoralis fed withbacteria- treat-
ed food are smaller than control insects. Be-
sides, when BT is used in combination with 
gamma radiation, the weight of insects F1 
progeny is signifi cantly reduced (Makee et 
al., 2007; Makee et al., 2012; Hazaa 2013; Is-
mail and Albittar, 2016). Thus, the reduction 
in the fecundity of F1 progeny mentioned 
above is related to the decrease in size and 
weight of the insects. 

At high BT concentrations, the hatch-
ing percentage of eggs laid by F1 progeny 
of unirradiated parents was signifi cantly re-
duced for both males and females. This de-

crease in egg hatching may be due to a sharp 
drop in sperm transfer and egg fertilization, 
as reported in other economic insects such 
as Phthorimaea operculella (Makee et al., 
2007), Cadra cautella (Faruki and Khan, 2001) 
and Spodoptera littoralis (Hazaa, 2013). The 
egg hatching percentage of F1 progeny of ir-
radiated male parents was also signifi cant-
ly lower than that of unirradiated male par-
ents, and there was no change regardless of 
the BT concentration. Many studies have re-
ported that this fi nding is related to the high 
sterility of F1 progeny inherited from the ir-
radiated male parents (Vreysen et al., 2016; 
Idris et al., 2019 a,b; Idris and Shoaib, 2019).

The application of IST or combined use 
of BT leads to a deleterious eff ect on the re-
production of F1 progeny. Although, the two 
treatments have no signifi cant diff erence in 
the mortality of F1 progeny, the synergistic 
eff ects of this combination, independently 
of which treatment is applied fi rst, reduces 
the fecundity, egg hatching percentage and 
the number of F1 mated moths.

The synergistic eff ect of bacterial com-
pound on IST is consistent with previous re-
sults, that showed the increasing effi  ciency 
of IST application on many economical in-
sect pests such as Galleria mollenela (Jafriand 
Sabiha, 1947; Mohamed et al., 2006), Cadra 
cautella (Faruki and Khan, 2001), Spodoptera 
littoralis (Hazaa, 2013), Phythorimaea Opere-
ulella (Makee et al., 2007), Artogeia rapae and 
Agrotis ipsilon (Hazaa, 2013).

Conclusion

Overall, this study strengthens the idea that 
the applying BT treatment in combination 
with IST increases the suppression effi  ciency 
of C. pomonella populations. Moreover, the 
second major fi nding is that the adults from 
the surviving off spring from the BT treat-
ment, lay fewer eggs, and have signifi cant-
ly lower fertility than the untreated. These 
fi ndings indicate that applying BT and re-
leasing irradiated insects has positive syn-
ergistic eff ect against the reproduction of 
codling moth. For example, in the wild, ap-
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ple trees are treated with a low concentra-
tion of B. thuringiensis (13 ppm). Then, releas-
ing males exposed to low-dose radiation 
(150 Gy) can reduce the C. pomonella popu-
lation, and can increase its inhibitory eff ect 
on insects by delaying development of re-
sistance to BT. Therefore, the combining IST 
with BT is a promising eff ective method that 
can be used to control codling moth.
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Επιδράσεις της ακτινοβολίας γ και του Bacillus thuringiensis 
σε απογόνους F1 γενιάς της καρπόκαψας της μηλιάς (Cydia 
pomonella) 

Ι. Idris και K. Hussian

Περίληψη   Η καρπόκαψα της μηλιάς [Cydia pomonella L., (Lepidoptera: Tortricidae)] είναι ο κύριος 
εντομολογικός εχθρός στην πλειονότητα των μηλεώνων της Συρίας προκαλώντας απώλειες δισεκα-
τομμυρίων δολαρίων στην ετήσια παραγωγή. Στην παρούσα εργασία εξετάστηκε η επίδραση της ακτι-
νοβολίας γ και του βακτηρίου Bacillus thuringiensis (ΒΤ) σε απογόνους του C. pomonella. Ο πειραματι-
κός σχεδιασμός βασίστηκε σε δύο παράγοντες, συγκεκριμένα απογόνους F1 γενιάς από αρσενικά άτο-
μα που είχαν λάβει ακτινοβολία γ στη δόση 150 Gy και από άτομα που είχαν αναπτυχθεί ως προνύμ-
φες σε τεχνητό υπόστρωμα με ΒΤ. Οι πρώτοι απόγονοι (F1) μη ακτινοβολημένων και ακτινοβολημένων 
αρσενικών ατόμων C. pomonella, προέρχονταν από γονείς στους οποίους έγινε εφαρμογή με εμπορικό 
σκεύασμα BT (Dipel® 2X). Οι απόγονοι F1 χωρίς ακτινοβολία ήταν σημαντικά λιγότερο ευαίσθητοι στο 
BT από αυτούς των ακτινοβολημένων γονέων. Τα αποτελέσματα έδειξαν υψηλή θνησιμότητα στους 
απογόνους F1 του C. pomonella, όταν έγινε συνδυασμένη εφαρμογή ακτινοβολίας γ και ΒΤ. Η μέση θα-
νατηφόρα συγκέντρωση (LC50) στους απογόνους F1 ήταν 2,5 ppm όταν προέρχονταν από ακτινοβολη-
μένους γονείς, ενώ 13 ppm από μη ακτινοβολημένους γονείς. Παρατηρήθηκε σημαντική μείωση της 
γονιμότητας και της εκκόλαψης των ωών των απογόνων F1 από ακτινοβολημένους γονείς σε σύγκριση 
με τους μη ακτινοβολημένους. Η μελέτη έδειξε ότι για τους απόγονους F1 ο συνδυασμός μεταξύ κλη-
ρονομούμενης στειρότητας (Inherited Sterility Technique) και BT είναι χρήσιμος για την επίτευξη ενός 
προγράμματος ολοκληρωμένης διαχείρισης της καρπόκαψας της μηλιάς.
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