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Abstract. The present study investigated the mass rearing, storage technology,
and biological efficiency of the entomophagous insects Chrysoperla carnea
(Stephens) and Chrysopa septempunctata (Neuroptera: Chrysopidae) under
laboratory and agrobiocenosis conditions. During the research, the rearing
technology based on Sitotroga cerealella (Olivier) was optimized, and the optimal
storage parameters for different developmental stages were evaluated. Under
laboratory conditions, 0.5 g of Sitotroga cerealella eggs were placed into 3-liter
glass containers and maintained at 25-27°C temperature and 60-70% relative
humidity. Subsequently, 400-500 eggs of Chrysoperla carnea were introduced into
each container, and larval development as well as adult emergence were monitored.

The results demonstrated that Chrysoperla carnea eggs could be successfully
stored for 30-35 days at 5-8°C and 60-85% relative humidity. Under these
conditions, 70-80% viable larvae successfully emerged from the stored eggs. In
addition, adult insects maintained at 8°C and 85-90% relative humidity remained
viable for up to 6 months. Photoperiod reduction to 10 hours induced diapause,
resulting in decreased physiological activity of adults.

Laboratory observations revealed a high predatory capacity of Chrysoperla
carnea larvae. Third instar larvae consumed an average of 40-80 aphids (Aphididae)
per day. Furthermore, Chrysopa septempunctata larvae exhibited high biological
efficiency in vegetable and melon agrobiocenoses, significantly reducing pest
populations when released at a ratio of 1:50.

The obtained results indicate that Chrysoperla carnea and Chrysopa
septempunctata can serve as effective biological control agents and provide an
important scientific basis for their mass production, long-term storage, and
application in Integrated Pest Management (IPM) systems.
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Annotatsiya. Mazkur tadqiqotda Chrysoperla carnea (Stephens) va Chrysopa
septempunctata (Neuroptera: Chrysopidae) entomofaglarini laboratoriya va
agrobiotsenoz sharoitida ommaviy ko‘paytirish, saglash texnologiyasi hamda
biologik samaradorligi o‘rganildi. Tadqiqotlar davomida Sitotroga cerealella
(Olivier) asosida ko‘paytirish texnologiyasi takomillashtirildi hamda turli
rivojlanish bosgichlarini saglashning magbul parametrlari baholandi. Laboratoriya
sharoitida 0,5 g Sitotroga cerealella tuxumlari 3 litrli shisha ballonlarga
joylashtirilib, 25-27°C harorat va 60-70% nisbiy havo namligida saglandi.
Keyinchalik har bir ballonga 400-500 ta Chrysoperla carnea tuxumlari Kiritilib,
lichinkalarning rivojlanishi va imagolar chiqishi kuzatildi.

Tadqiqot natijalari Chrysoperla carnea tuxumlarini 5-8°C harorat va 60-85%
nisbiy havo namligida 30-35 kun davomida muvaffaqgiyatli saqlash mumkinligini
ko‘rsatdi. Bunday sharoitda saglangan tuxumlardan 70-80% hayotchan lichinkalar
ochib chiqganligi qayd etildi. Shuningdek, 8°C harorat va 85-90% nisbiy havo
namligida saglangan imagolar 6 oygacha yashovchanligini saqglab qoldi.
Fotoperiodni 10 soatgacha qisqartirish diapauza induksiyasini chagqirib, imagolar
fiziologik faolligining pasayishiga olib keldi.

Laboratoriya kuzatuvlari Chrysoperla carnea lichinkalari yuqori yirtgichlik
xususiyatiga ega ekanligini ko‘rsatdi. III yosh lichinkalari bir sutkada o‘rtacha 40-
80 ta shira (Aphididae) bilan oziglanishi aniglandi. Shuningdek, Chrysopa
septempunctata lichinkalari sabzavot va poliz agrobiotsenozlarida yuqori biologik
samaradorlik ko ‘rsatib, 1:50 nisbatda tarqatilganda zararkunanda populyatsiyalarini
keskin kamaytirishi qayd etildi.

Olingan natijalar Chrysoperla carnea va Chrysopa septempunctata
entomofaglarini samarali biologik agent sifatida baholash imkonini berib, ularni
ommaviy ko‘paytirish, uzoq muddat saglash va integrallashgan himoya (IPM)
tizimlarida qo°‘llash uchun muhim ilmiy asos bo‘lib xizmat qilishi mumkin.

Kalit so‘zlar: Chrysoperla carnea, Chrysopa septempunctata, Sitotroga
cerealella, Chrysopidae, entomofag, biologik kurash, ommaviy ko‘paytirish,
sovuqda saglash, diapauza, IPM, agrobiotsenoz.

AnHoTtamusi. B maHHOM wucciegoBaHUM M3yUeHbl TEXHOJIOTUM MacCOBOTO
pasBemeHMsl, XpaHeHMsT U Ouojormueckass 3G@EeKTUBHOCTb SHTOMOGAroB
Chrysoperla carnea (Stephens) u Chrysopa septempunctata (Neuroptera:
Chrysopidae) B 1abopaTOpHBIX YCJIOBUSIX U arpobmolieHo3ax. B xome mccienoBanmin
OblJIa YCOBEPIIIEHCTBOBAHA TEXHOJIOTUS pa3BelleHNsT Ha OCHOBe Sitotroga cerealella
(Olivier), a Takxke oIlpeneseHbl ONTUMa/IbHbIE MMapaMeTPbl XpaHEeHUs PasIUUHbIX
craguii pasButus. B ymabopatopubix ycimoBusx 0,5 r aunr Sitotroga cerealella
MOMelllIM B CTeKJSIHHble €MKOCTM OOBEMOM 3 JUTpa U COAepsKau Ipu
temieparype 25-27°C 1 OTHOCUTENbHOV BaXKHOCTM Bosmyxa 60-70%. 3atem B
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Kakayilo émkocts BBommiau 400-500 sauiy Chrysoperla carnea, mociie dYero
HaOJTIOIa/IM 32 Pa3sBUTMEM JIMUMHOK M BBIXOJIOM MMaro.

PesynbTaThl MccaeqoBaHUM Iokasanu, uto suiia Chrysoperla carnea Moryr
yCIIeIIHO XpaHuTbcsa B TeueHme 30-35 cyrok mnpu Ttemmneparype 5-8°C u
OTHOCUTEJIbHOM BJI&KHOCTM Bo3gyxa 60-85%. B [maHHBIX VCJIOBUSIX U3
coxpaHéHHbIX sull BeiBoamioch 70-80% skmu3HecnocoOHbIX anMunHOK. Kpome Toro,
UMmaro, copepskamyecss npu Temiepatype 8°C UM OTHOCUTENBHOM BJIAsKHOCTU
Bo3myxa 85-90%, coxpaHsui >KM3HECHOCOOHOCTb [0 6 MmecsieB. CokpailieHue
dotomnepmoga mo 10 yacoB MHAYLUMPOBAIO [Ouamnay3y, 4YTO COIPOBOXKIATIOCH
CHIDKeHreM (U3MOJIOTMYECKOM aKTUBHOCTM MMAaro.

JlabopaTopHble HAOIMIOIEHMS TTOKA3aIM BBICOKYIO XUIIHMUYECKYIO aKTUBHOCTD
muuanHOK Chrysoperla carnea. JInunnaku 111 Bospacta notpe6sisuii B cpeagaem 40-80
tnen (Aphididae) B cyrku. Taxke mumumaku Chrysopa septempunctata
MIPOJIEMOHCTPUPOBAIM BBICOKYIO OMOJIOrMYECKYI0 3()(GEKTUBHOCTh B OBOIIHBIX U
6axueBbIX arpoOMOLIEHO3aX, 3HAUMTE/IbHO CHIKASI UMCJIEHHOCTh BpeIuTesIei Mpu
BBIITyCKe B cooTHoIeHuu 1:50.

[TosryueHHBIE pe3yabTaThl CBUAETEILCTBYIOT O TOM, uTO Chrysoperla carnea u
Chrysopa  septempunctata  MOTI'yT  CIYKUTb  3(G@EKTUBHbBIMM  areHTamu
O6MOJIOrMUeCKOM 3allUThl PACTeHMI U MPEACTAB/ISIOT BasKHYIO HAYYHYIO OCHOBY [IJISI
MX MaCCOBOTO pasBeIeHMsl, AJUTEIbHOI'O XpPaHEHMSI M IIPUMMEHEHUS B CUCTeMax
MHTEerpMpOBaHHON 3a1nThl pacteHun (IPM).

KmoueBnble cioBa: Chrysoperla carnea, Chrysopa septempunctata, Sitotroga
cerealella, Chrysopidae, 3sHTOMOGar, OMoorMueckasi 6opnba, MaccoBoe
pasBe[ieHNe, X0JI0I0BOe XpaHeHne, auanaysa, IPM, arpobuoreHos.

INTRODUCTION

In recent years, the development of environmentally safe and sustainable plant
protection systems has become one of the most important challenges in global
agriculture. The long-term and excessive use of chemical pesticides against
agricultural pests has resulted in ecological imbalance within agrobiocenoses, a
sharp decline in beneficial entomophagous insects, the development of resistance in
pest species, and environmental pollution. In particular, the maccoBoe occurrence of
aphids (Aphididae), whiteflies (Bemisia tabaci Genn., Trialeurodes vaporariorum
West.), thrips (Thripidae), and spider mites (Tetranychidae) in vegetable, melon, and
greenhouse agrobiocenoses causes significant economic losses. In this regard,
considerable attention has been paid worldwide to the implementation of Integrated
Pest Management (IPM) systems. Biological control methods are considered one of
the major components of IPM, and the use of parasitic and predatory entomophages
is recognized as an environmentally friendly approach to pest regulation. Among
beneficial insects, representatives of the family Chrysopidae are of particular
importance. Especially Chrysoperla carnea (Stephens) and Chrysopa
septempunctata are distinguished by their high predatory capacity, polyphagy, and
adaptability to various agrobiocenotic conditions.
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Chrysoperla carnea is one of the most widely used entomophagous insects in
biological control programs worldwide. Its larvae actively feed on aphids, whiteflies,
thrips, spider mites, and other soft-bodied insect pests. According to various studies,
third instar larvae are capable of consuming up to 40-80 aphids per day.
Furthermore, this entomophagous species is considered a suitable object for
insectaries due to its high survival rate, rapid development, and ability to be mass
reared under artificial conditions. At present, technologies for the mass rearing and
application of Chrysoperla carnea in IPM systems have been widely implemented
in countries such as the United States, China, India, Turkey, the Netherlands, and
Israel. International studies have reported important scientific achievements
regarding the rearing of this entomophagous insect on Sitotroga cerealella (Olivier),
Ephestia kuehniella, and Galleria mellonella, as well as cold storage techniques,
diapause induction, and the development of artificial diets. However, under the
conditions of Uzbekistan, technologies for the mass production, long-term storage,
and application of local populations in agrobiocenoses remain insufficiently studied.
One of the most critical stages in mass rearing technology is the long-term storage
of entomophages. Determining optimal temperature, humidity, and photoperiod
conditions is essential for year-round maintenance, seasonal release planning, and
transportation of entomophages in biological laboratories. Therefore, improving
storage technologies for the eggs, larvae, pupae, and adults of Chrysoperla carnea is
considered an important factor for increasing the efficiency of biological control.

Accordingly, the main objective of the present study was to improve the
laboratory mass rearing technology of Chrysoperla carnea and Chrysopa
septempunctata, determine the optimal storage parameters for different
developmental stages, and evaluate their biological efficiency in agrobiocenoses.

MATERIALS AND METHODS

The studies were conducted during 2025 in vegetable and melon
agrobiocenoses of the Tashkent region as well as under laboratory conditions. The
research focused on the mass rearing technology, storage methods, and biological
efficiency of the entomophagous species Chrysoperla carnea (Stephens) and
Chrysopa septempunctata (Neuroptera: Chrysopidae).

The research objects included, Chrysoperla carnea (Stephens), Chrysopa
septempunctata, Sitotroga cerealella (Olivier), aphids (Aphididae), whiteflies
(Bemisia tabaci, Trialeurodes vaporariorum) commonly distributed in vegetable
crops. Eggs of Sitotroga cerealella were used as the primary food source for the mass
rearing of entomophages. For this purpose, 0.5 g of grain moth eggs were placed
into 3-liter glass containers and maintained at a temperature of 25-27°C and relative
humidity of 65-70%. For the development of Sitotroga cerealella larvae, 400-500 g
of previously prepared barley or wheat grains were added to each container.

During grain preparation, the grains were first mechanically cleaned and then
sterilized by immersing them in boiling water for 3 minutes, repeated 3-4 times.
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Subsequently, the grains were incubated for 24 hours before being transferred into
containers containing developing Sitotroga cerealella larvae. The upper part of the
containers was covered with moist cloth material to maintain stable humidity
conditions.

1. Sitotroga cerealella 2. Oviposition of 3, Development of 4. Pupation of 5. Emergence of 6. Introduction of 7. Development of
adults in jar Sitotroga cerealella Sitotroga cerealella Sitotroga cerealella Sitotroga cerealella Chrysoperla carnea  Chrysoperia carnea and
on grain larvae adults cggs emergence of adults

Food base: Sitotroga cerealella reared on sterilized wheat (barley) grains.
Temperature: 25-27 °C; Relative humidity: 65-70%: Photoperiod: 16L:8D.
Chrysoperla carnea larvae feed on Sitotroga cerealella eggs, larvae and pupae.

Figure 2. Dynamics of viability of Chrysoperla carnea eggs during storage at 5-8 °C
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Egas (1-2 days old) were stored in the dark at 5-8 °C and different relative humidity (RH) levels
Viability was determined after incubation for 3 -5 days at 25-27 °C.

Figure 1. Mass rearing of Chrysoperla carnea on wheat (barley) grain in
glass jars under laboratory conditions.

After 20-23 days, when Sitotroga cerealella adults emerged and initiated
oviposition, 400-500 eggs of Chrysoperla carnea were introduced into each
container. The entomophagous larvae developed within the same environment and
subsequently passed through pupal and adult stages. Emerged adults were collected
daily and transferred into separate rearing containers for egg production. Storage
technology of the entomophages under laboratory conditions was also investigated.
Eggs were stored at 5-8°C and 60-85% relative humidity, while adults were
maintained at 8°C and 85-90% relative humidity. Larval and pupal stages were
preserved under different temperature regimes in order to determine optimal storage
conditions.

RESULTS AND DISCUSSION
The conducted studies demonstrated that the technologies for mass rearing and
long-term storage of Chrysoperla carnea and Chrysopa septempunctata under
laboratory conditions were highly effective. During the experiments, the food
medium based on Sitotroga cerealella proved to be suitable for establishing stable
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populations of the entomophagous insects. According to the obtained results, at a
temperature of 25-27°C and relative humidity of 65-70%, the egg hatching rate of
Chrysoperla carnea averaged 91.4-94.6%. Larval survival ranged between 87.2-
90.8%, while the developmental period lasted approximately 18-22 days. These
indicators confirmed the high adaptability of the entomophagous species to
laboratory conditions. During the observations, third instar larvae exhibited the
highest predatory activity. A single third instar larva consumed an average of 40-80
aphids (Aphididae) per day. In some highly active individuals, this indicator reached
95-110 aphids per day.

50 - r 50
—&— (. carnea (larvae) —&— C. septempunctata (larvae)

45 —-0-= C. carnea (adults) =&~ C. septempunctata (adults) 45
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Figure 3. Dynamics of natural population increase of green lacewing
(Chrysopidae) species in agroecosystems of the Tashkent region during the
2025 vegetation period.

These findings indicate that Chrysoperla carnea may serve as a highly effective
biological control agent in vegetable agrobiocenoses. High fecundity of adults was
also observed in environments supplied with Sitotroga cerealella. Female adults laid
an average of 320-470 eggs during their reproductive period. Furthermore, adults
provided with additional protein-rich diets showed an increase in oviposition activity
by 18-22%. Experiments on egg storage demonstrated that temperatures of 5-8°C
and relative humidity of 60-85% represented optimal storage conditions. Under
these parameters, 1-2-day-old eggs could be successfully stored for 30-35 days.
After storage, larval viability remained at 70-80%. Temperatures below 4°C
negatively affected embryonic development and significantly reduced survival rates.

Studies on adult storage revealed that 8°C temperature and 85-90% relative
humidity were the most suitable conditions. Under these parameters, adult viability
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was maintained for up to 5-6 months. Adults periodically transferred to optimal
environmental conditions and additionally fed every 15 days maintained high
physiological activity. Experiments on diapause induction showed that reducing the
photoperiod to 10 hours triggered physiological changes in the entomophages.
Adults entering diapause exhibited a color change of wings from green to pale pink,
accompanied by reduced mobility and feeding activity. These findings suggest that
diapause induction may play an important role in improving long-term storage
technology of entomophagous insects. High biological efficiency of Chrysopa
septempunctata was also observed under agrobiocenosis conditions. Larvae released
against aphids in vegetable and melon crops at a ratio of 1:50 reduced pest
populations by 72-85% within 7-10 days. High entomological efficiency was also
recorded when adults were released at ratios ranging from 1:20 to 1:100.

N P M ! O B

Figure 4. Establishment of agrbbiocenosis and release of mass-reared
Chrysoperla carnea in field conditions for biological control of agricultural
pests.

During the experiments, it was observed that in variants treated with
entomophages, pest populations remained below the economic threshold even
without the application of chemical pesticides. This confirms the potential
application of Chrysoperla carnea and Chrysopa septempunctata as important
biological agents within Integrated Pest Management (IPM) systems. Comparison
of the obtained results with international studies demonstrated that local populations
under Central Asian conditions possess high adaptive potential. Moreover, the
findings indicate significant opportunities for further improvement of mass rearing
technologies for entomophagous insects under local biolaboratory conditions.

CONCLUSION
The conducted studies demonstrated that the technologies for mass rearing,
storage, and application of Chrysoperla carnea (Stephens) and Chrysopa
septempunctata under laboratory and agrobiocenosis conditions are highly effective.
The results confirmed that the food medium based on Sitotroga cerealella is suitable
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for establishing stable populations of these entomophagous insects. Under
laboratory conditions at a temperature of 25-27°C and relative humidity of 65-70%,
the egg hatching rate of Chrysoperla carnea reached 91.4-94.6%, while larval
survival ranged from 87.2-90.8%. Female adults exhibited high reproductive
capacity, laying an average of 320-470 eggs during their lifetime. Third instar larvae
demonstrated strong predatory activity, consuming 40-80 aphids per day. The
investigations revealed that eggs could be successfully stored for 30-35 days at 5-
8°C and 60-85% relative humidity. Under these conditions, 70-80% viable larvae
successfully emerged after storage. Adult insects maintained at 8°C and 85-90%
relative humidity retained viability for up to 5-6 months.

Diapause induction was successfully achieved by reducing the photoperiod to
10 hours. Adults entering diapause exhibited decreased physiological activity and a
characteristic wing color change from green to pale pink. These findings indicate
that diapause induction plays an important role in improving long-term storage
technology of entomophagous insects. Under agrobiocenosis conditions, the release
of Chrysopa septempunctata larvae at a ratio of 1:50 reduced aphid populations by
72-85%. High biological efficiency was also observed when adults were released at
ratios ranging from 1:20 to 1:100. In experimental variants treated with
entomophages, pest populations remained below the economic threshold level
without the application of chemical pesticides. The obtained results may serve as an
important scientific and practical basis for the mass production, long term storage,
and wide application of Chrysoperla carnea and Chrysopa septempunctata in local
biolaboratories and Integrated Pest Management (IPM) systems. Furthermore, these
technologies may contribute to reducing pesticide use, promoting environmentally
safe agriculture, and maintaining biological balance within agrobiocenoses.
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