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ABSTRACT

The present research aimed to study the biologyraasgs production of the predatory bug Deraeocartedcens
Schilling (Hemiptera: Miridae) at 25+1°C temperatyrrelative humidity of 60+10% and a photoperiod16f8 h

(L:D). Predatory bug reared on broad bean leavesha round plastic Petri dishes or on bean plamisr the

predator, a small measure of Sitotroga cerealeltdi\ier) (Lepidoptera: Gelechiidae) eggs was ofter@s food
every two days. The fecundity experiments on diifgulant species were investigated among four gsaf plants,
five crop plant species, three greenhouse plantispesix orchard plant species and five ornameplait species.
Among different plant species, most oviposition masroad bean leaves with a total of 41.743.7, etngepper
with 31.1+3.4, grape leave with 13.942.8 and begomiith 39.3+3.0 eggs in each group. In order toeatstine

preference of D. lutescens for oviposition, broaai leaves which infested with different nutritiosaurces, Aphis
fabae, eggs of S. cerealella, 10% honey emulsian1®¥% honey emulsion + yeast extract were used.ngnteese
leaves as substrates of oviposition, the adult fesnahowed higher preference for leaves infest¢d @ggs of S.
cerealella than with other nutritional sources.

Key words: Predatory bugDeraeocoris lutescensiology, mass production, oviposition.

INTRODUCTION

Interest in biological control has increased coesitlly as a response to the various effects ofgmss on the
environment and as a result of new internationahds, which favors conservation and the sustainabée of
biological resources. International food productmiicies increasingly demand alternatives to the of chemical
control, and biological control resurfaces with nemergy in this scenario by means of techniques ritake it
viable to be used economically. According to [3@Ep populations of predators and parasitoids énatnaturally
present in the agroecosystems are insufficientamtain the density of a pest organism below tl@emic injury
level. Thus, mass-production and release of natmramies is needed to obtain sufficiently low pegiulations.

Primarily through the study of many insects, it Hacome clear that oviposition behaviour, and ahoof
oviposition sites in particular, can increase threfgrmance and survival of insect progeny. Suctpasition
behavior is largely driven by variation in the eoviment. Choice of oviposition sites and dispersfreggs by
adult insects can vary among host species, amaligidnals within a host population, and within awdividual of a
particular host population.

A positive correlation between female preferenaedaiposition sites and offspring performance wasedted in
many studies, primarily for herbivorous insects§4, 10,13,21,27,28]. Females of the gall agtédnphigus betae
indeed maximise their overall fithess; stem mothpgefer to establish galls at sites on the leakat gupport more
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offspring [31,32]. Determinants of oviposition cbeiby phytophagous insects include allelochemiagsntity
and/or quality of resources, plant morphology amdural enemies [29]. Such factors can lead to traniain

performance and survival of insect progeny for edgposited in different locations [5,16,19,20,2%,Zecause
variation in oviposition behaviour can be genetid &eritable [11,12,29], natural selection may favine choice of
oviposition sites that facilitate growth and sualief offspring.

Moreover, oviposition site selection by predatong$ to be correlated positively with offspring penmhance at the
substrate of oviposition. This is supported by $ignificantly higher hatching success of eggs dipadsat the
preferred vein origin site as compared with thospadited on other parts of the leaf [8]. When d&lgcan
oviposition site, omnivores are expected to resgonidoth prey availability and, even more strongdyplant traits
that affect both females and their offspring [8heTrelation between omnivore oviposition prefereand offspring
performance was tested on two spatial scales, ketgkants of different nutritional value, and betweareas within
a leaf [8]. Some predators deposit their eggs wpeeg is concentrated [9]. Others oviposit awayrfrprey [22],
possibly relying on the high mobility of the hatehiyoung. However, a rigorous exploration of thiatrenship
between offspring mobility and oviposition strateigypredators has not yet been attempted. Evenideksown
about the oviposition preference—offspring perfamogrelationship in omnivorous insects that feedboth prey
and plant food sources [2]. Omnivory is widespréadature, and may be exhibited by most consumeringl at
least one of their life stages [3,18,33]. Thesesoamers are therefore expected to respond to baiht pl
characteristics and prey availability when choosingoviposition site.

Deraeocoris lutescenSchilling (Hemiptera: Miridae) is apredatory bugihd commonly on a wide variety of plants
across Middle East and Europe, that feeds on a weidge of arthropod pests such as aphids, smadfpilars,
mites and insect eggs [15]. Females insert thejjsag leaf tissue. The females' choice of ovipositsite is
important for the subsequent distribution of nymphsprey's host plants. Oviposition behaviour ofiynansects has
been investigated by others on anthocorids [1,3,89. Oviposition behaviour of this predator artiess of the
genusDeraeocorisis not well known. This research investigates dleeeptability and preferences of a range of
plants for oviposition by the predatory bily lutescensin the laboratory. Moreover, we examined ovipositi
preference on the same plant with different natmial sources.

MATERIALS AND METHODS

Insect rearing

For obtaining of individuals in the desired agehidpspecies ofAphis fabaeScopoli was kept in a climatically
controlled chamber at 25+1°C temperature, reldtiwaidity of 60+10% and a photoperiod of 16:8 h (.i» broad
bean leaves in the round plastic Petri dishes (@liameter) that were filled with 2 cm-thick-layer@7% agar gel.

The predatory bud). lutescensvere originally obtained from the experimentalctdag garden of Shahid Bahonar
University of Kerman, Iran. This species was idiédi by department of insect taxonomy researchidraresearch
institute of plant protection, Tehran, Iran. Thegatory bugs were reared on freshly excised bread keaf discs 5
cm in diameter (as substrate of oviposition) whigre placed in the abovementioned round Petri disimel bean
plants in Plexiglas cages. Broad bean leaves wéested with eggs dbitotroga cerealellgOlivier) (Lepidoptera:
Gelechiidae) as food. The cages were held in aalted climate and adults were transferred to nages every two
days. Broad bean leaves with eggs were incubatédegy hatching. These leaves and first nymphsewsaced
into new Plexiglas cages (7.5 x 15 x 4.5 cm), witimesh-covered hole in the lid, to start the pragimal rearing.
Food and water were supplied up to adult emergence.

Experimental conditions

The biology ofD. lutescensvas comprehensively investigated in the laboratir5+1°C temperature, relative
humidity of 60+10% and a photoperiod of 16:8 h (L:[For all the experiments on embryonic and nymphal
development, mortality, longevity as well as fedtyydound plastic Petri dishes 6 cm in diameter.

The preference oviposition d@. lutescenswas determined by multiple-choice experiments iRlexiglas cages
(21x12x9 cm), with three mesh-covered holes inlithan a climatically controlled chamber.

The oviposition preference . lutescen®n different plant species was investigated anfoog groups of plants.
During each experiment, leaf discs (5 cm in diamaiefive crop plant species (bean, potato, brbadn, sugar beet
and cabbage), three greenhouse plant species (becuegg plant and sweet pepper), six orchard Epaties
(grape, walnut, pistachio, cherry, peach and paad) five ornamental plant species (geranium, colBegonia,
Stonecrop and giant dumb cane) were placed upsisn @nto, the round Petri dishes 5 cm in diameterew
partially filled with 2 cm thick layer of 0.7% Agayel. The round plastic Petri dishes containindedént leaves of
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each group were randomly positioned in the abovéomed Plexiglas cages during a trial. The adutldkes and
males ofD. lutesceng1-day-old) were transferred for 7 days into thexijlas cages, containing leaves of different
plant species of each group infested with egg$.oterealella This step was necessary in order to reduce the
possibility thatD. lutescensnight get adapted to a certain plant species amive the adult females and males the
chance to mate. After 8 days, three mated female® wansferred together into another Plexiglase cagh
different leaves and offered eggsSfcerealellaas food. The oviposition substrates were dailyaegd by new ones
and the numbers of laid eggs on the leaves wermrded. A trial lasted seven days from 9th till 15kays of
longevity and replicated 12 times.

In order to determine preference @f lutescendor oviposition on broad bean leaves, which irddstvith different
nutritional sources, six freshly excised broad bleaf discs (5 cm diameter) placed in the aboveimeed round
plastic Petri dishes were used. The round plasétri Rlishes containingd. fabae (3-4-days-old), 10% honey
emulsion, 10% honey emulsion + yeast extract argb e S. cerealellaon broad bean leaves were randomly
positioned in the Plexiglas cages. ThiBe lutescensfemales (mated, 9-days-old) were kept togetheeaoh
Plexiglas cage. After that, the females were temsél to another Plexiglas cage containing newelgavery 24
hours. The leaves in the old Plexiglas cage wemxlad under a binocular for recording of the edbse
experiment was continued for one week and replicafetimes.

Statistical analysis

For statistical comparison among several meanthalllata from the laboratory studies on biology egg laying of
the predatory bug were subjected to a one-way sisatf variance (ANOVA) followed by a Tukey Testg®lus,
2007).

RESULTS AND DISCUSSION

This study’s part deals with the results of theezkpents, which had been carried out to investigat@ass rearing,
the embryonic and nymphal development, mortalipngevity and fecundity oD. lutescenswith eggs ofS.
cerealellaas food at a temperature of 25+1°C, relative hityniof 60+10% and a photoperiod of 16:8 h (L:D) on
broad bean leaves or bean plants in the laboratory.

In fact the artificial rearing could be used for mpgourposes that could be grouped into two genabo@ctives:
academic research and practical use.

The mass production for utilization of parasitoid predator insects in biological control strategiegshe most
evident aim. There are some advantages such adif@atipn of the production line, higher flexibi}i of the
production, reduction or suppression of allergybpems generated by moth scales (from factitiougshos prey),
lower costs expected with scaling up effect. Basect colonies are also used by many commerciapanies for
pesticide testing, production of insect derivatphatmaceutical products). Of course there is a igigwgector
concerning the multiplication of beneficial insecEspecially the bio-control strategy using inundatreleases
needs huge quantities of insects. The basic foathdbr entomophagous insects is the "naturalfopitic system,
with plant, pest insect (host or prey), and pap#sior predator. One of the first ideas to imprdvie production line
was to try to reduce the number of compartmentdirgt step consisted in using bitrophic systemsthwivo
possibilities of substitutes. Artificial food coutéplace plant to feed host or prey insects: tlageemany examples
with lepidopterous or coleopterous larvae usedastshfor parasitoid rearing. Also alternative hurgty, easier to
produce in laboratory conditions than natural ones)d be used, such as coleopterous larvaenébrio molitor_.
and lepidopterous larvae Gflleria mellonella(L.), or eggs oEphestia kuehniellZeller andS. cereallela

The mean duration of embryonic development of egas 10.7+ 0.1 days. Percentage hatching of egg8ads
2.7%.

D. lutescensncluded five nymphal instars. The mean develogrdenation of the nymphal instars is summarized in
table 1. There were not differences in the mearldgwmental duration of the five different nymphastars of both
sexes (P<0.05).

The percentage of nymphal mortality calculated 22.The highest percentage of nymphal mortality inatbe N1.

The longevity of females and males were respegti2dl8+ 1.1 and 22.5+ 2.4 that was not observedifsignt
difference among them (P<0.05).
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Table 1: Mean developmental duration of nymphal intars of D. lutescens on broad beanat 25+1°C.

Duration of nymphal instars (days) mean+SE Totahplyal

n  sex duration
N1 N2 N3 N4 N5

22 99 3.8#x0.1 3.0+0.3 27+03 3.1+01 5.7%¥0.3 18.4+0.4 a
44 39401 2.940.3 3.0#0.2 2.9+0.3 5.1+0.2 17.7+04 a
Significant difference among of nymphal duratiothteexes= a

Egg-laying of D. lutescens on different plants

The daily and total number of eggs laid by thiledutescendgemales from the 9th till the 15th days of londggvin
three species of greenhouse plants, cucurmracymis sativys egg plant $olanum melongehand sweet pepper
(Capsicum annuupwith eggs ofS. cerealellaas food at 25+1°C are summarized in Table 2. Tedaiory bug was
not able to lay eggs on greenhouse plant specsbinghe experiment equally.

The adult females showed most oviposition on Swasiper leaves with a total of 31.1+3.4 eggs andtlea

oviposition on Cucumber with 7.1+1.5 eggs. Howewaenpng the three greenhouse plant species useéf Samper
had significantly the highest counts of the predatigs (P<0.01).

Table 2. Mean daily and total number of eggs laidypD. lutescens females on different leaf of greenhouse plant spies at 25+1°C.

Mean number of laid eggs on the day
Hostplant n 9" 10" 11" 12" 13" 14" 15" Total

Cucumber 12 0.9+#0.3 1.2+0.8 0.6+0.3 0.3x0.2 1.6+0.8 1.2+0.8 1.3#05 7.1%¥l5a
Eggplant 12 3.7¢1.4 27+0.8 2.2+1.1 2.7+15 3.0+x1.1 25+1.6 1.4+05 18.2+3.3Db
Sweet pepper 12 8.1+2.7 4.9+1.8 6.9+1.9 27410 42+1.3 23411 2.0+0.6 31.1+34c

The Broad bean leaves with a total of 41.7+3.7 eglgswved significantly (P<0.05) the highest numbérDo
lutescenseggs among the crop plant species. No clear tegdenoviposition of the predator females was to be
distinguished among the other crop plant specigtsatte showed in Table 3.

Table 3. Mean daily and total number of eggs laidD. lutescens females on different leaf of crop plant species @&5+1°C.

Mean number of laid eggs on the day
Host plant n g" 10" 11" 12" 13" 14 15" Total

Bean 12 3.3#1.6 0.4+0.3 1.1+09 1.1+0.7 1.1+0.9 #08 0.0+0.0 8.2+23a
Cabbage 12 1.2+0.7 1510 0505 0.2#0.2 0.2#0®24+0.3 0.1#0.1 4.2+l11a
Broad bean 12 5.8+2.2 8.8+1.8 6.6+1.8 3.2+1.5 8R+25.8+2.0 3.2+1.2 41.7+3.7Db
Sugarbeet 12 22+10 2910 12+08 20+1.0 1+01.0+0.7 0.2+0.1 11.2+1.7a

Potato 12 1.0+0.7 2.7#1.2 4.3+14 2.6+1.1 0.9+0.7.2+0.5 0.1+0.1 12.6+25a

Among six species of orchard plant, pear, walnigtaghio and peach leaves were not as a suitablgrate for
oviposition. Although among these leaves, cheravés (with a total of 1.0+0.5 eggs) were obsenigdificant
difference in total eggs laid by the predator. Bigt adult females showed significantly higher osifion for grape
leaves (with a total of 13.9+2.8 eggs) than othrehard plant species (P<0.005) (Table 4).

Table 4. Mean daily and total number of eggs laid byD. lutescens females on different leaf of orchard plant specieat 25+1°C.

Mean number of laid eggs on the day
Host plant n 9" 1d" 11" 12" 13" 14" 15" Total

Cherry 12 0.2#0.2 0.2+0.2 0.0+0.0 0.0+0.0 0.2+0.2.2+0.1 0.0£0.0 1.0+05b
Pear 12 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0£0.0 x@® 0.0+0.0 0.0x0.0a
Grape 12 2.2+#1.5 4.0+1.5 22+#1.4 1.6+1.0 1.740.96+03 0.3x0.2 13.9+2.8c¢C
Walnut 12 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0.040.0 0.0+0.0 0.0+0.0a
pistachio 12 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0.0+0.0 0.0+0.0 0.0+0.0 &
Peach 12 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.00+@MO0 0.0+0.0 0.0+0.0a

Begonia leaves with a total of 39.3+3.0 eggs shosigdificantly (P<0.005) the highest numbembflutescengggs
among the ornamental plant species (except geramiame used (Table 5).

Among stonecrop, giant dumb cane and coleus leavesibstrate of oviposition, no significant diffece in egg-

laying was observed (P<0.01). No clear tendenayviposition of the predator females was to be oleskbetween
coleus and geranium (P<0.005).
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Table 5. Mean daily and total number of eggs laidYD. lutescens females on different leaf of ornamental plant spees at 25+1°C.

Mean number of laid eggs on the day

Host plant n gn 1d" 11" 12" 13 14" 15" Total
Begonia 12 3.6£1.5 8.4+1.7 7.2+1.8 6.4+29 4.7+18.7+1.0 3.240.7 39.3x3.0c
Geranium 12 22+1.0 54422 22+09 5.7+1l4 54+182+20 5.2+2.0 33.2t4.2bc
Stonecrop 12 0.0£0.0 0.0#0.0 0.2+0.2 0.4+0.4 01+00.0+0.0 0.0+0.0 0.7+0.6 a
Giant Dumb Cane 12 0.2#0.1 0.8#0.6 0.8+0.7 0.0:0D2+0.7 1.1+0.8 0.7+0.6 4.8+19¢a
Coleus 12 0.7+0.3 0.9+0.7 14+11 3.3%#1.6 2.3+1.35+0.7 0.7£0.2 10.9+2.0ab

Oviposition of D. lutescens to different nutritional sources

Table 6 represents the daily and total number gé égid by thre®. lutescengemales on the leaves from the 9th to
15th days of longevity. Among these leaves as saiiest of oviposition, the adult females showed dighviposition
for leaves infested with eggs 8f cerealella than with other nutritional sources with a totél19.3+3.3 eggs. No
significant tendency in oviposition of the predafemales was to be distinguished among the nutatisources
(P<0.05).

Table 6. Mean daily and total number of eggs laidypD. lutescens females on broad bean leaves infested with diffemenutritional source
portions at 25 +1°C.

Nutritional source Mean number of laid eggs on the day
n 9" 10" 11" 12" 13" 14" 15" Total
A. fabae 12 0.6+05 2.7+1.2 0.6x0.6 1.0+09 1.6+0.9 3.7+1.5.3+1.1 11.6+2.6 a
S. cerealellaegg) 12 1.241.2 39419 1.3+1.1 2.0+1.0 4.2+1.6.1+0.7 5.9+2.6 19.3t3.3ab

10% Honey emulsion 12 0.0£0.0 2.0+1.4 0.8+x0.4 0.6+02.3%x1.4 1.4+0.7 1.4+0.6 8.9+2.4 a
10% Honey emulsion 12 1.2+1.2 5.6#3.0 0.9+#0.5 0.7+04 1.7#1.0 1.3#0.8.0+1.0 12.6x39a
+yeast extract

The oviposition preference is a way of maternaésting; the females spend time and energy in sciivity, which
may result or not in providing the offspring deyaieent [14]. The oviposition dD. lutescen®n Greenhouse, crop,
ornamental plants is higher than orchard plante Thrrent study showed that the predator bug betvent
groups has distinctive preference for differentcépe It dependent to physical and chemical stractid leaves, so
oviposition-preference patterns Dbf lutescensare supposed to correspond to host suitabilityefyg hatching and
offspring development because females are assumedtimize their fitness by oviposition on high-tityahosts.
The major hypothesis of the evolution of ovipositleehavior is that the females would choose spefiptants that
could maximize offspring survival and growth [2%he predators and their herbivorous prey may regmosimilar
ways to variations in plant quality, resulting irspatial or temporal overlap in their distributidi@}. Anthocoris
confususReuter (Hemiptera: Anthocoridae) females insegirttostrum into plant tissue to determine theaguiiity
of the plant for oviposition [7]. Moreove@rius insidiosugsay) (Hemiptera: Anthocoridae) can obtain watemf
the xylem, and may ingest small amount of starchegars and amino acids from the mesophyll of plftit Both
moisture and nutrient levels could be detectedheyféemales. Therefore, the females of the predaiald detect
both moisture and nutrient levels. The femalescs@eiposition sites that maximize the hatch rdtdeposited eggs
rather than to optimize nymph performance may legad to the high mobility of the neonates andrtladility to
search for food away from the egg-hatching sitesithilar oviposition strategy is probably exhibitegt at least
some of the predators that were found to lay e@y peey aggregations [8]. Microhabitat selection deiposition
by Anthocoris nemorunis affected by plant quality and prey availabildg well as exudates from prey [24]. The
abilities of D. lutescendemales to distinguish between different nutritibeources and preferentially deposit their
eggs into leaves with eggs &. cerealellaappears to be correlated with nymphal developnseitess. The
predators may therefore respond primarily to vamiest in food or prey quality, which may be a befteedictor of
nymph performance. In choice oviposition experiradntAnthocoris nemoraliandA. nemorumhoneydew-treated
pear leaves attracted more oviposition than honeyidee leaves [24]. The predators rely on a nitregeh prey
diet, and oviposition of females may therefore oggpto prey availability. In many cases, howeveeypavailability
varies greatly in space and time, making it difidor oviposition of females to predict prey awillity for their
offspring [8].

Detectable cues to assess microhabitat qualitg asdective advantage for oviposition of femaléq.[According to
these results, the choice for oviposition siteDbyutescengemales is influenced by different factors of nieméd
above. The preference of this predator to ovipmsitifferent plant species and with different rtidri source is one
of the major factors in determining its abilitysoccessfully control the pests of these plants.
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CONCLUSION

In the laboratory,D. lutescenswas able to successfully feed, develop and repedudeen fed on eggs .
cerealellaas food on broad bean leaves or on bean plards aptimal temperature. The predator can smoothly
adapt to fluctuating prey offer and will maintais tapability of oviposition at different environmal conditions.
Moreover, the predatory bug seems to be a genemakslator. Consequently, this predatory bug setmse a
promising predator to be used alone or in IPM paiotg.
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