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Yiksek Lisans Tezi

AVCI BOCEK Anthocoris minki DOHRN (HEMIPTERA: ANTHOCORIDAE)’NIN ESEY
OLGUNLUGUNUN BELIRLENMESI

Yasser ALRAMADAN

Harran Universitesi
Fen Bilimleri Enstitust
Bitki Koruma Anabilim Dali

Danisman: Dog¢. Dr. Mehmet MAMAY
YIL: 2019, Sayfa: 28

Tarimsal zararlilara kars1 pestisitlerin bilingsiz ve yogun kullanimi dogal diismanlarin yok olmasina, zararl
boceklerin direng kazanmasina ve zararlilarin lehine dogal dengenin bozulmasina sebep olurlar. Ayrica,
yogun pestisit kullanimi insan ve hayvan saglhigini tehdit etmektedir. Kimyasal miicadelenin bu
dezavantajlart ile birlikte pestisit kalintisi ve gida giivenligi konusunda artan duyarlilik alternatif
yaklagimlar gerektirmektedir. Bu alternatif yaklagimlardan birisi de ilagsiz bir miicadele yontemi olan ve
zararlilara karsi insan katkisiyla birlikte predator, parazitoit ve entomopatojenler gibi dogal diismanlarin
kullammmina dayanan biyolojik miicadeledir. Anthocoris minki (Hemiptera: Anthocoridae), Antep fistigi
bahcelerinde Agonoscena pistaciae Burckhardt ve Lauterer (Homoptera: Psyllidae) gibi birgok zararlinin
biyolojik kontroli i¢in umut vaat eden yerli bir predatordiir. Bu ¢alismada predatér A. minki’nin eseysel
olgunlugunun belirlenmesi amaglanmistir. Calismada, A. minki’nin besini olarak kullanilan Ephestia
kuehniella Zeller (Lepidoptera: Pyralidae) 'nin yumurtasi ve predatoriin yumurtlama materyali fasulye
(Phaseolus vulgaris L.)’dir. Caligmada A. minki’nin eseysel olgunlugunu belirlemek i¢in disiler 1, 2, 3, 4
ve 5 ginluk iken 3 gunlik erkeklerle ¢iftlestirilirken ayni sekilde erkek bireyler de 1, 2, 3, 4 ve 5 giinltk
iken 3 giinliik disi bireylerle ¢iftlestirilmislerdir. Calismanin sonucunda, farkli yaslarda giftlestirilen disi
bireyler i¢in preoviposizyon biitiin yaslarda 5.30 giinden daha kisa belirlenirken en uzun postovipozisyon
stiresi 5 gunlik iken ciftlestirilen disilerde belirlenmistir. Benzer sekilde 5 giinliik erkeklerle ¢iftlesen sabit
yagh disiler (3 giinluk) igin postoviposizyon stresi 7.90 giin olarak belirlenmistir. En uzun ovipozisyon
stiresi 36.90 giin ve toplamda en fazla yumurta 144.4 ve 141.6 sayisi ile sirastyla 4 ve 5 gilinliik disilerin 3
giin sabit yasli erkeklerle ciftlestirilmesinden elde edilmistir. Sabit yash (3 gtnlik) disiler 3 ve 5 giin yash
erkeklerle ¢iftlestirildiginde ovipozisyon siiresi sirasiyla 34.10 ve 32.90 giin olarak belirlenmistir. Sonug
olarak, A. minki’nin kitle {iretiminde ve predatériin biyolojisinin arastirildig: bilimsel ¢aligmalarda disilerin
4 glin yaginda ve erkeklerin ise 3 giinliik yaslarinda ¢iftlestirilmeleri uzun ovipozisyon siiresi ve daha fazla
yumurta elde edilmesini sagladig belirlenmistir.

ANAHTAR KELIMELER: Biyolojik miicadele, Anthocoris minki, esey olgunlugu, ciftlesme, Ephestia
kuehniella
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ABSTRACT

The intense use of pesticides to control the agricultural pests endangered natural enemies, pests become
resistant to pesticides and the natural balance deteriorated. In addition, human and animal health, and
environment were negatively affected. Along with these disadvantages of chemical control, the increased
sensitivity of pesticide residues and food safety necessitates alternative approaches. The most important of
these methods is the biological control, which is a non-chemical based method and relies on using natural
enemies (predators, parasitoids and entomopathogens) together with human contribution against pests.
Anthocoris minki Dohrn (Hemiptera: Anthocoridae) is a promising indigenous biological control agent for
many pests like Agonoscena pistaciae Burckhardt and Lauter (Homoptera: Psyllidae) in pistachio orchards.
In this study, it is aimed to determine of sexual maturity of predatory insect A. minki. The main materials
of the work are the predatory insect A. minki, eggs of Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) as
feeding source, and beans (Phaseolus vulgaris L.) as egg laying material. Female individual of A. minki
were mated in 1, 2, 3, 4 and 5-days old with 3-days old male, similarly male individual of A. minki were
mated in 1, 2, 3, 4 and 5-days old with 3-days old female, in order to determine the sexual maturity of the
predatory insect. As a result of the study, the pre-oviposition period for different age of female were less
than 5.30 days, and the shortest preoviposition period was obtained from mated in 5-days old female with
2.5 days. The longest post-oviposition period was 6.50 days for 5-day old female and 7.90 for the 5-day old
male of A. minki. The 4-days and 5-days old female had the longest oviposition period with 36.90 days for
both. Likewise, the highest total number of eggs during the oviposition period was determined for the 4-
and 5-days old female with 144.4 and 141.6 eggs, respectively. The longest oviposition period was 34.10
and 32.90 when a female mated with the 3 and 5-days old male, respectively. As a result of the study, it
was determined that the most suitable age for mating is 4-day old female with 3-day old male in mass
rearing and scientific researches studies to reach the preferred oviposition period and maximum number of

eggs.

KEY WORDS: Biological control, Anthocoris minki, sexual maturity, mating, Ephestia kuehniella
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1. INTRODUCTION Yasser ALRAMADAN

1.INTRODUCTION

The intensive pesticides application to control the agricultural pests in the
field, made many pests resistance to these pesticides and the natural balance is
disturbed by the disappearance or reduction of natural enemies. At the same time,
have negative effect on human and animal health. The goal is to increase the
environmental resistance in integrated pest management, which is described as
"Integrated Pest Management (IPM)”. IPM is an ecologically-based strategy for
pest control that depends on natural factors such as natural enemies, crop
management and weather. Increasing the number of natural enemies’ populations
and activities in the environmental resistance trials is an important issue (Onciier,
1995).

Many methods are applied to control the agricultural pests. Chemical
method is the most preferred because the chemical application is easier and has
immediate results. Unfortunately, the chemical pesticide has not only impact on
the agricultural pests but also environment and human health negatively. It causes
destroying the natural balance, emergence of new pests, the pesticide resistance,
water, soil and air pollution. For these reasons, studies on the protection of
agricultural products all over the world have focused on the production of
environmentally friendly pesticides as well as the production of alternative
products to synthetic chemical pesticides. In this context, increasing awareness of
pesticide residues and food safety in recent years has furthered the trend towards
alternative methods. One of the most important of these methods is the biological
control which is a pesticide-free method using a useful organism against harmful

organisms (Oncier, 1995).

Biological control is described in the form of the application of all
necessary actions to keep the pest’s population below the economic threshold

level, with the help of natural enemies present in the nature. In biological control,

1
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other insects aren’t target as they are in the chemical control. The target pests
aren’t completely destroying in the biological control. In the biological control,
the pest’s density is kept below the threshold economic level, thus aiming to
ensure the continuity of the natural enemies of the pests in nature. Biological
control is the use a living organism to manage the population density of a pest.
And similar control programs operate in different part of the world. Biological
control agents (BCASs) include predatory insects and mites, parasitoids, and
parasites and microbial pathogens, such as nematodes, fungi, bacteria, viruses and
protozoa, which cause lethal infections. examples these agents such as the
application of parasitoids to control whiteflies in greenhouses; use of viruses to
control codling moth in apple orchards entomopathogen fungi to control plant
diseases (Onder, 1982).

The most important factor for the biological control to achieve its goal is
release enough natural enemies in the nature to control the pest at the intended
time. For this, predators and parasitoids sometimes need to be multiplicated in big
quantity (Ozder and Saglam, 2002). This process called mass rearing. The
predator and parasitoid populations naturally found in agro-ecosystems are
insufficient to keep the concentration of pest’ population below the economic
threshold level. Therefore, mass rearing and release of predators is necessary to
manage the pest populations. Because of that sufficient natural enemies must be
mass-reared and released. Mass rearing; insectariums, which are known to be
useful in biological control. Mass rearing methods; host-hunter, dormancy and
cold storage is the practical application of information provided by research
studies (Van lenteren, 2000).

Most of the useful insects that are important in biological control are in the
order of Coleoptera, Orthoptera, Heteroptera, Thysanoptera, Neuroptera, Diptera
and Hymenoptera. The most important family in Hemiptera is Anthocoridae.

Most Anthocoridae species are predators and feed on Arthropoda species.
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Especially, Aphididae, Psyllidae and Cocoidae species of the homoptera order
(Onder, 1982).

the population density of some insect species which have no economic
importance, have become the main pest as a result of the deterioration of natural
balance. Clear example is Agonoscena pistaciae (Hemiptera: Psyllidae) which
was consider as secondary pest and did not require control in 1980s in the areas of
Southeastern Anatolia region, but in 1990s considered as main pest, in 1992, 1
million 500 thousand trees were controlled against this pest in Sanliurfa (Mart and
Karaat, 1990; Altin et al., 1992). Among the pest insect species in pistachio in
Sanlurfa province, the most chemical control application was against pistachio

psyllid (Altin et al, 1992; Ycel et al, 2000).

Pistachio psyllid (Agonoscena pistaciae) is an important pest that causes
economic losses in pistachio (Mart et al. 1995; Mehrnejad 2001; Souliotis et al.
2002). It is difficult to control this specie because it’s became resistant to
pesticides (Mehrnejad, 2001). Therefore, it is very importance in biological
control to keep psyllid under control. Insect from Anthocoridae consider as
predators widely used in the biological control of pests such as psyllid, aphid,
mites (Yanik and Unlii, 2010). Also, there are other important predatory insect
species found in pistachio and feed on pistachio psyllid such as Campylomma
lindbergi Hoberlandt, Deraeocoris pallens Reuter (Hemiptera: Miridae) ve
Oenopia conglobata (L.) (Coleoptera: Coccinellidae) (Yanik et al., 2011).

Anthocoris minki is an important biological control agent feeds on eggs
and nymphs of pistachio psyllid (Celik 1981; Mart et al, 1995; Bolu and
Kornosor, 1995; Bolu et al, 1999; Yanik ve Unlii 2010). In Turkey A. minki is
exist naturally in the orchard filed such as pistachio, pear, almonds, pine, apple,
rose, oak and even in olive trees (Onder, 1982).



1.

INTRODUCTION Yasser ALRAMADAN

The family of Anthocoridae can be active during the winter when the
weather is good (Onder, 1982). Also, Yanik and Ugur (2002) reported that they
could mass reared both of A. nemoralis and Orius species in the laboratory during
the year. Anthocoridae family species are feed on insects and other Arthropoda
species such as Psyllidae, Aphididae and Coccoidea species of Homoptera are
more preferred (Onder, 1982). Mass rearing of A. minki and release it to control

pistachio psyllid showed good result (Yanik et al, 2007).

Optimum conditions may vary according to species in mass rearing of
useful insects under laboratory conditions. Anthocoris minki is one of the most
important biological control agents that can be used in biological control of
agricultural pests and is a general predator who feeds on many pests. However, in
order to achieve the most effective mass rearing of A. minki in laboratory
conditions, it is necessary to determine the sexual maturity of predatory insect A.
minki. For this purpose, the sexual maturiety should be evaluated in terms of
preoviposition, oviposition, postoviposition, number of eggs, reproductive rate
and male-female lifespan of the insect. In this study carried out in 2019 at Harran
University, Faculty of Agriculture, Department of Plant Protection, Insect Mass
Rearing Center, it was aimed to determine the sexual maturity of predatory insect
A. minki.
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2.LITERATURE REVIEW

Horton et al. (2000), conducted a study to compare the mating preferences,
propensities, and some life history traits between a European and North American
population of Anthocoris nemoralis (Hemiptera: Anthocoridae). The North
American population colonized the source locale apparently between 10 and 30
years ago. females from UK were less likely to mate during a 30-min than
females from California (regardless of male source); and males from California
were less likely to mate than males from the UK (regardless of female source).
80% of females matured ovaries from all population crosses. Duration of
copulation was shorter in pairings involving males from California than mating
involving males from UK. The average of the pre-oviposition period was ~ 3 d for

females from UK and California.

Hemptinne et al (2001), studied the behavior of mature sexually of the
female and male of Adalia bipunctata L. (Coccinellidae: Coleoptera). The new
emerged males and females of A. bipunctata showed similar refractory periods in
their mating behavior. The statistically indicate that the females are willing
mating and store sperm for a short period prior to becoming sexually mature,
whereas the males need to become sexually mature in order to mate. As the A.
bipunctata has overlapping generations, the theory predicts that the most effective
strategy for both male and female is to have similar period of sexual maturation.
However, will depend largely on the rearing condition such as temperatures and

the quality and quantity of food available.

Pervez et al (2004), conducted a research to study the effect of different
age on the reproductive performance of the predator, Propylea dissect (Mulsant).
(Coccinellidae: Coleoptera) The effect of different age (1-30 days) on
reproductive of P. dissecta was studied using male and female beetles. All the
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different age (10 to 30 days old) female mated with similar ages of males, while
only a fraction (0.29%) of younger females (1 to 5 days old) mated with males of
similar or older age. The willingness to mate was depend on the age of the male,
and increased sigmoidally with increasing the age. Adult males were more willing
to mate with females regardless the age. Mating duration was longest among older
adults (30-day-old males and 20-day-old females). Fertility was depending on the
age of the female and increased with age up to 20 days and thereafter decreased.
20-day-old females were most fecund producing 867 eggs after a single mating.
Offspring production was depending on the age of the male. Prolonged mating
increased fecundity and egg viability. The results reveal that males of

intermediate age were better mates.

Srivastava et al. (2004), conducted a study to determine different ages and
reproductive senescence male and female of the seven-spotted ladybird,
Coccinella septempunctata L. (Coleoptera: Coccinellidae). Different ages from
(1-50) of adults of C. septempunctata were paired for mating to record the sexual
maturity and onset of reproductive senescence in both the sexes. Mating
commenced after 2 and 4 days of emergence of female and male, respectively,
and 100% mating achieved in both cases (in the first 10 days). Willingness to
mate decreased with increasing the age from 40 to 50 days of both male and
female. Mating duration and per cent viability of eggs were depend on the male
age, whereas the pre-oviposition and oviposition periods depended on mating
stimulus. Oviposition period and fecundity depended on the female age.
Fecundity was highest when 30-day-old male and 20-day-old female were paired.
The reproductive senescence started at the age of 20 days in females and 30 days

in males.

Tagaldeen (2015), studied the mating behavior of predator A. minki. The
virgin females were never found to lay eggs, the minimum copulation duration to
egg deposition was 4.13 minute. An adverse effect on egg deposition can be by

additional copulation of A. minki female. In the presence of five virgin males,
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females deposited significantly fewer eggs than their absence. A virgin male was
copulated sequentially with three virgin females in 1 day or with 1- or 2-day
intervals between matings and they successfully inseminated all the tested females
which indicate that males tend to be polygamous. The total number of eggs laid
by the new emerged female to mate was significantly higher than the number laid

by older females.

SONMEZ. (2016), Studied the effect of female age at mating on the
reproductive traits of Orius laevigatus (Fieber) (Hemiptera: Anthocoridae). Virgin
females aged 1, 5, 10, 15, 20 and 30 days were paired with 5-day-old males.
Females of O. laevigatus that mated at the age of 1-15 days laid most eggs
(135.8-180.0 eggs) and those mated when 30 days old the least (19.5 eggs). The
age of the female at mating have significant effect on fecundity, oviposition
periods, female longevity and reproductive rate of O. laevigatus. The maximum
oviposition period per female per day were 12.9 eggs (7th day), 12.10 eggs (6th
day), 11.2 eggs (7th day), 11.5 eggs (7th day), 7.20 eggs (6th day) and 4.0 eggs
(6th day) at 1, 5, 10, 15, 20 and 30 days old mated female, respectively, thereafter

gradually decreasing.

Rat, 2018, determined the suitable spawning material for producing A.
minki in mass rearing in an economical, fast and efficient manner. Three
spawning materials were studied, prey Bean. The researcher found that the total
egg counts for beans, faba beans and peas were 430, 964 and 799, respectively.
And the percent of these eggs were found as 80.5, 71.1 and 39.0 percent,
respectively. Preoviposition was 5.75, 8.36, 7.31; oviposition was 7.83, 24.18,
19.63 and postoviposition was 7.83, 9.73 and 5.38 days for the bean, faba bean
and peas, respectively. Consequently; Rat determined that faba bean is an
economic and efficient spawning material in 3 spawning materials for mass

rearing of A. minki.
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3.MATERIAL and METHODS

2.1. Material

The main material used for this study were tested under the project by
using eggs of Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) (Mediterranean
flour moth), predator insect A. minki, and beans (Phaseolus vulgaris L.), Wheat
bran and wheat flour. During mass rearing of A. minki, eggs of E. kuehniella
glued on a black color carton, stereo binocular microscope, oven to sterilize the
flour and bran mixture, transparent plastic containers, petri dishes, soft brushes,

rubber and cartons were used as well.

2.1.1. Anthocoris minki Dohrn (Hemiptera: Anthocoridae)

The adult body has yellow and brownish red colors. Flat-shaped, the head
is black color. Body length is 3.0-3.6 mm (Figure 3.1). The nymph passes through
five instar stage before becomes an adult (Figure 3.2.). The egg is long and
sausage-shaped and are embedded in the plant tissue with the cover part
(operculum) outward. (Figure 3.3.) (Onder, 1982).
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Figure 3.1. Nymph of Anthocoris minki and exuviae.

Figure 3.2. Adult of Anthocoris minki.
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Figure 3.4. Eggs of Anthocoris minki.
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2.1.2. Ephestia kuehniella Zeller (Lepidoptera: Pyralidae)

The wingspan 18-27 mm; long forewings with rounded wing tips, pale-grey
or brownish-grey, suffused with darker grey, two darker zig-zag fascias,
sometimes indistinct. Head, thorax and abdomen grey. (Figure 3.5). Adults live 1-
2 weeks. Eggs are oval, light yellow and hatch in 3-5 days at 27 ° C. The average
size of the eggs is 0.57x0.30 mm. The Larva is head reddish- or yellowish-brown,
body pinkish-white or yellowish-white and covered with hairs. Mature larvae are
12-19 mm in length (Figure 3.6). The matured larvae leave the food environment,
and Moving towards crevices, recesses, etc. and turns into pupa (Figure 3.7),
(Demirsoy, 2006).

Figure 3.5. Adult of Ephestia kuehniella.

Figure 3.6. Larvae of Ephestia kuehniella.
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Figure 3.7. Pupa of Ephestia kuehniella.

3.2.  Methods

3.2.1. Mass rearing

3.2.1.1. Mass rearing of Ephestia kuehniella

Ephestia kuehniella were grown at 25 £ 1 ° C, 65 + 5% humidity and 16: 8 h L:D
photoperiod-controlled conditions. mixture of flour and bran (2:1) were used as a feed for
breeding (Bulut and Kilinger, 1987). Flour-bran mixture were stored in the refrigerator
after being sterilized at 60 °C for 3-3.5 hours. During mass rearing of E. kuehniella,
approximately 1 kg of this prepared mix placed into the plastic tubs (27x37x7 cm). Each
plastic tub, approximately 75 mg of E. kuehniella eggs were sprinkled, and the top of the
tub was covered with muslin (Karakus, 2018). Adults, emerging after 35-40 days, were
collected by an aspirator and taken to plastic ovulation containers covered both side with
a wire metal mesh for the eggs. These containers were placed side-by-side with plastic
tubs with white paper underneath. Eggs were taken from these tubs every two days. Some
of the fresh eggs collected were used again for E. kuehniella culture, while the rest was
stored in deep freeze to fed A. minki.

12
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3.2.1.2. Mass rearing of Anthocoris minki

Predator insect A. minki was mass reared at a temperature of 25 + 1 ° C, 65 + 5%
relative humidity, 16: 8 h L:D photoperiod. In the production of stock larvae and adults
of natural enemy A. minki, E. kuehniella eggs were used as feed source. Anthocoris minki
adults were grown in plastic containers that are transparent and covered with muslin.
Anthocoris minki individuals separated feeds on E. kuehniella eggs which loaded into
black cardboard strips in container and beans (Phaseolus vulgaris L.) for laying eggs on
their pods. Spawning materials with A. minki eggs on controls performed every day; In
another container containing E. kuehniella egg strips transferred, exiting nymph grown in

these containers until they are mature.

3.2.2. Determination the sexual maturity of predatory insect Anthocoris

minki

The genders of the adults from the nymphs determined and the experiment

conducted for each gender. The genders mated separately in 1, 2, 3, 4 and 5 days.

3.2.2.1. Determination of the female sexual maturation

Twenty-four hours old female (1 d old) transferred to 5x5.5 cm containers (10
replicates carried out) then added 3-day old male to the containers contain female for
mating purpose for 24 hours. Then the male and female separated and female were fed by
E. kuehniella eggs, bean pods were added to enable female laying eggs on it. The female
was monitored on daily basis to check laying eggs or not. Number of eggs were counted
on daily basis. In this way, preoviposition, oviposition, postoviposition, male and female
life span, total and average egg number were determined.

This process was applied for the 2, 3, 4 and 5-days female separately.

13
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3.2.2.2. Determination of the male sexual maturation

Twenty-four hours old male (1 d old) transferred to 5x5.5 c¢cm containers (10
replicates carried out) then added 3-day old female to the containers contain male for
mating purpose for 24 hours. Then the male and female separated and female were fed by
E. kuehniella eggs, bean pods were added to enable female laying eggs on it. The female
was monitored on daily basis to check laying eggs or not. Number of eggs were counted
on daily basis. In this way, preoviposition, oviposition, postoviposition, male and female

life span, total and average egg number were determined.

This process was applied for the 2, 3, 4 and 5-days male separately.

Statistical Analysis

A one-way ANOVA analysis was used to evaluate the effect of sexual maturity of
predatory insect A. minki female and male on different parameters including the (pre-
oviposition, oviposition and postoviposition) periods, for both average and total egg
number, reproduction rate and lifespan. Tukey’s multiple comparison test was used to

determine the difference between these parameters.
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4. RESULT and DISCUSSION

In this study, the effect of the sexual maturity of predatory insect A. minki

female and male on the pre-oviposition, oviposition and post-oviposition periods,

total and average egg number, reproduction rate and lifespan were investigated.

4.1. The Effect of Different Ages of the Female of Anthocoris minki on
Preoviposition, Oviposition and Postoviposition Periods

The effect of different ages of the female of Anthocoris minki on

preoviposition, oviposition and postoviposition periods are given in (Table 4.1).

Table 4.1. The effect of different ages of the female of Anthocoris minki on Preoviposition,
Oviposition and Postoviposition Periods

Female age (day)  Pre-Oviposition Oviposition Post-Oviposition
(day) (day) (day)
1 day old 4.10£0.66 a 34.90 £ 0.84 490+0.55b
ab
2 day old 3.60 £ 0.54 ab 34.60+0.97b 490+0.60b
3 day old 3.80+0.44 ab 34.50 £ 0.81 510+ 041ab
ab
4 day old 270+ 0.15ab 36.90+0.35a 5.80+0.42ab
5 day old 250+£0.17b 36.90+£0.43 a 6.50£0.54 a
F =2.5354 F=2.9242 F=1.8801
P =0.0531 P =0.0312 P =0.1304

*The difference between the means bearing the same letter is insignificant at the level of 5%.

The average day of the pre-oviposition period for the 1, 2, 3, 4, and 5-day ages
of female were 4.10, 3.60, 3.80, 2.70 and 2.50, respectively. According to this data,
there is no statistically significant differences in the period of the Pre-oviposition

period for the different age of female (p>0.05).

The Post-oviposition period is similar to the pre-oviposition as the average
days for the 1, 2, 3, 4, and 5-day old female were 4.90, 4.90, 5.10, 5.80 and 6.50,

respectively. Similarly, like preoviposition period, there is no statistically significant
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difference in the period of the post-oviposition period for the different age of female
(p>0.05).

In contrary of the pre-oviposition and post-oviposition period the oviposition
period was significantly different according to the different age of female (F:
2,9242; p<0.05) (Table 4.1). The average days of the oviposition period for the 1, 2,
3, 4, and 5-day old female were 34.90, 34.60, 34.50, 36.90 and 36.90, respectively.
The 4-days and 5-days old female had the longest oviposition period with 36.90 days
for both. Likewise, the highest average number of eggs during the oviposition period

was determined for the 4- and 5-days old female.

In this study, preoviposition, oviposition and postoviposition periods of
females mated at the age of 1 day were 4.10, 34.90 and 4.90 days, respectively.
Where in the study conducted by Mamay and Rat (2019) in order to determine
suitable material for egg laying of A. minki, 0-24 hours females were mated and
these periods were determined as 5.75, 7.83 and 7.83 days, respectively. Where in
the study conducted by Sonmez (2016), the preoviposition, oviposition and
postoviposition periods of Orius laevigatus females mated at the age of 1 day were

1.1, 24.4, and 6.8, respectively.

4.2. The Effect of Different Ages of the Female of Anthocoris minki on Egg
Number, Reproduction Rate and Lifespan

The effect of different ages of the female of A. minki on total and average eggs
numbers according to the lifespan and oviposition period obtained from the study

were given in (Table 4.2).

The total number of eggs during the lifespan for the 1, 2, 3, 4, and 5-days old
female were 122.8, 118.1, 124.7, 144.4 and 141.6, respectively. there was
statistically significant difference in the total number of eggs during the lifespan for
the different age of female (P<0.05).
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Table 4.2. The effect of different ages of the female of Anthocoris minki on egg number

Female age Total number of  Average number of  Average number of
(day) eggs during eggs during eggs during
lifespan lifespan oviposition
(Reproduction rate)
1 day old 122.8 +6.29 ab 2.46 £0.13 ab 352+6.29a
2 day old 118.1+3.34b 2.37+0.07b 3.48+334a
3 day old 1247 +5.97 ab 249+0.12ab 3.61+597a
4 day old 1444+ 321 a 2.89+0.06a 391+321a
5 day old 1416 +7.93a 283+0.16a 3.84+793a
F=44111 F=4.3522 F=1.7009
P =0.0043 P = 0.0046 P =0.1665

*The difference between the means bearing the same letter is insignificant at the level of 5%.

Similarly, the average number of eggs during the lifespan for the 1, 2, 3, 4,
and 5-days old female were 2.46, 2.37, 2.49, 2.89 and 2.83, respectively. There is
statistically significant difference in the total number of eggs during the lifespan for
the different age of female (P<0.05).

In the contrary of the average and total number of eggs number during
lifespan, the average number of eggs during the oviposition for the 1, 2, 3, 4, and 5-
day old female were 3.52, 3.48, 3.61, 3.91 and 3.84, respectively. There is no
statistically significant difference in the average number of eggs during the
oviposition for the different age of female (P>0.05).

Also, the 4 and 5-days old female were the highest number of eggs during
the lifespan were 144.4 and 141.6, respectively. And same for the average number of
eggs during lifespan were 2.89 and 2.83, respectively which is very important for the

mass rearing of A. minki.

In this study, the total number of eggs during the lifespan of A. minki for the
1-day old female was 122.8 eggs, where the total number of eggs during the lifespan
in the study conducted by Mamay and Rat (2019) was 35.38 eggs for the 1-day old

A. minki female mated with fixed age male. Where the total number of eggs laid by
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Orius laevigatus, in the study conducted by S6nmez (2016) was 180 eggs for the 1-
day old female mated with fixed age male.

In this study, the reproduction rate for 1-day old female of A. minki mated
with fixed aged male was 3.52, where the reproduction rate of the 1-day old female
mated with fixed age male in the study conducted by Mamay and Rat (2019) was
4.72. Where in the study conducted by Sénmez (2016), The reproduction rate for 1-

day old female Orius laevigatus mated with fixed age male was 7.2

Table 4.3. The effect of different ages of the female of Anthocoris minki on lifespan

Female age (day) Female lifespan (day) Male lifespan (day)

1 day old 44.80 £0.83 ab 12.30+0.47 a

2 day old 4430+£0.70b 11.70+047a

3 day old 44.40 £ 0.52 ab 13.20+0.44 a

4 day old 46.40 £ 0.50 ab 1150+ 0.34 a

5 day old 46.90+0.50 a 1220+ 051a
F=3.7278 F=2.1398
P =0.0105 P =0.0914

*The difference between the means bearing the same letter is insignificant at the level of 5%.

The number of lifespan days for the 1, 2, 3, 4, and 5-days old female were
44.80, 44.30, 44.40, 46.40 and 46.90, respectively. There is statistically significant
difference in the total length of lifespan for the different age of female (P<0.05). In
the contrary, the number of lifespan days for the 3-days old male were 12.30, 11.70,
13.20, 11.50 and 12.20, respectively. There is no statistically significant difference
in the total length of lifespan for the male when mated with different aged female
(P>0.05) (Table 4.3).

The life span of the 1-day old female of A. minki mated with fixed aged male
was 44.8 day where the lifespan in the study conducted by Mamay and Rat (2019)
was 24.7 day for 1-day old female mated with fixed age male of A. minki, where in
the study conducted by S6nmez (2016) the lifespan for 1-day old female Orius
laevigatus mated with fixed age male, was 33.3 day.
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4.3. The Effect of Different Ages of the Male of Anthocoris minki on
Preoviposition, Oviposition and Postoviposition Periods

The effect of different ages of the male of Anthocoris minki on female
preoviposition, oviposition and postoviposition periods are given in (Table 4.4).

Table 4.4. The effect of different ages of the male of Anthocoris minki on the female preoviposition,
oviposition and postoviposition periods

Male age (day) Pre-Oviposition Oviposition Post-Oviposition
(day) (day) (day)

1 day old 530+054a 30.10 + 0.69 bc 6.30+0.34 ab
2 day old 4.40+0.27 ab 29.90+0.84c 6.50+0.27 ab
3 day old 3.30+£0.37b 34.10+0.62a 550+0.50b
4 day old 3.70+040b 31.30+0.37 abc 6.50+0.43 ab
5 day old 3.20+£0.36 Db 3290+ 1.04 ab 790+0.71a

F =4.9097 F=5.255 F =3.3493

P =0.0023 P = 0.0006 P =0.0175

*The difference between the means bearing the same letter is insignificant at the level of 5%.

The average day of pre-oviposition period for the 1,2, 3, 4, and 5-day old male
were 5.30, 4.40, 3.30, 3.70 and 3.20, respectively. According to this data, there is
statistically significant difference in the period of the female pre-oviposition period
for the different age of male (P<0.05).

The post-oviposition period is similar to the pre-oviposition as the average
days for the 1, 2, 3, 4, and 5-days old male were 6.30, 6.50, 5.50, 6.50 and 7.90,
respectively. Similarly, like preoviposition period, there is statistically significant
difference in the period of the female pre-oviposition period for the different age of
female (P<0.05).

Similarly, like the pre-oviposition and post-oviposition period, the oviposition
period was significantly different according to the different mating age of male (F:
5.255; p<0.05) (Table 4.4). The average days of the female oviposition period for
the 1, 2, 3, 4, and 5-day old male were 30.10, 29.90, 34.10, 31.30 and 32.90,
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respectively. The 3 and 5-days old male were provided the longest female

oviposition period with 34.10 and 32.90, respectively.

4.4. The Effect of Different Ages of the Male of Anthocoris minki on Egg
Number, Reproduction Rate and Lifespan

The effect of different ages of the male mated with fix aged female (3 day old)
of A. minki on total and average egg numbers laid by female according to the
lifespan and oviposition period obtained from the study were given in (Table 4.5).

Table 4.5. The effect of different ages of the male of Anthocoris minki on the female egg number

Male age Number of eggs Average number of Average number of
(day) (lifespan) eggs during lifespan eggs during oviposition
(Reproduction rate)
1 day old 1125+592 a 225+0.12a 3.73+0.15a
2 day old 109.6 + 6.86 a 219+0.14a 3.66+0.19a
3 day old 112.2+6.36 a 224+0.13a 3.28+0.16a
4 day old 109.4 + 6.63 a 219+0.13a 348+0.18a
5 day old 107.4 +4.02 a 2.15+0.08 a 3.30+0.17a
F=0.1240 F=0.1172 F =1.3966
P =0.9731 P =0.9757 P = 0.2504

*The difference between the means bearing the same letter is insignificant at the level of 5%.

Total number of eggs during the lifespan for the 1, 2, 3, 4, and 5-days old male
were 112.5, 109.6, 112.2, 109.4 and 107.4, respectively. There is no statistically
significant difference in the total number of eggs during the lifespan for the different
age of male (P>0.05).

Similarly, the average number of eggs laid by female during the lifespan for
the 1, 2, 3, 4, and 5-days old male were 2.25, 2.19, 2.24, 2.19 and 2.15, respectively.
There is no statistically significant difference in the total number of eggs laying by

female during the lifespan for the different age of male (P>0.05).

Likewise, the average number of eggs laid by female during the oviposition for
the 1, 2, 3, 4, and 5-days old male were 3.73, 3.66, 3.28, 3.48 and 3.30, respectively.
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There is no statistically significant difference in the average number of eggs laid by

female during the oviposition for the different age of male (P>0.05).

The 1 and 3-days old male were provided the highest number of eggs laid by
female during the lifespan with 112.5 and 112.2 eggs, respectively. Similarly, for the
average number of eggs during lifespan 2.25 and 2.24 eqggs, respectively. Which is
very important for the mass rearing of A. minki. where the highest average number
of eggs laid by female during the oviposition period was obtained when 1 and 2-days

old male mated with fixed aged female (3-day old).

Table 4.6. The effect of different ages of the male of Anthocoris minki on lifespan

Male age (day) Female lifespan (day) Male lifespan (day)
1 day old 42.70+0.62 ab 12.00 + 0.26 bc
2 day old 41.80+0.88Db 1420+ 0.47 a
3 day old 43.90£0.94 ab 14.00 £+ 0.61 ab
4 day old 45.00+£0.61a 12.90 + 0.64 abc
5 day old 4510+ 0.86 a 11.00+0.60 ¢
F =3.2937 F =6,3805
P =0.0189 P =0,0004

*The difference between the means bearing the same letter is insignificant at the level of 5%.

The number of lifespan days for the 1, 2, 3, 4, and 5-days old male were
12.00, 14.20, 14.00, 12.90 and 11.00, respectively. There was statistically significant
difference in the total length of lifespan for the different age of male (P<0.05). The
fix aged (3-day) female lifespan were 42.70, 41.80, 43.90, 45.00 and 45.10,
respectively when mated with male in different age and they were different from
each other statistically (P<0.05) (Table 4.6).
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5.CONCLUSION and RECOMMENDATIONS

5.1. Conclusions

In this study, it is aimed to determine the sexual maturity of predatory insect
A.minki. In the scope of the study, the effect of the sexual maturity of predatory insect A.
minki female and male on the pre-oviposition, oviposition and post-oviposition periods,
total and average egg number, reproduction rate and lifespan were investigated.

As a result of the study, fix aged (3-day old) females had statistical differences in
the preoviposition, oviposition and postoviposition periods when mated with different
ages (1, 2, 3, 4, 5-day old) of male of A. minki. Similarly, there was statistical difference
in the Pre-oviposition, Oviposition and Post-oviposition Periods for different ages (1, 2,

3, 4, 5-day old) of female of A. minki when mated with the fix aged (3-day old) male.

Short preoviposition period, long oviposition period and maximum egg number
were the most preferred criterion in mass rearing of biological agents such as predators.
In this study, the shortest preoviposition period, the longest oviposition period and the
maximum egg number were 2.70 days, 36.90 days, 144.4 eggs, respectively for the 4-day
old female when mated with fix aged (3-day) old male.

5.2. Recommendations

As a result of the study, it was determined that the most suitable age for mating of
female was 4-days old and for male is 3-days old in mass rearing and scientific research
studies to reach the preferred oviposition period and maximum number of eggs.
Therefore, in scientific research studies, A. minki individuals should not be mated as soon

as they reached maturity.
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