Selcuk Journal of Agriculture and Food Sciences

https://dergipark.org.tr/tr/publ/selcukjafsci SELCUK
. UNIVERSITY
Research Article PRESS
(2024) 38 (1), 1-8 DOI:10.15316/SJAFS.2024.001 e-ISSN: 2458-8377 Selcuk ] Agr Food Sci

Investigation of Cold Storage Possibilities in Mass Production of Adult
Stages of Nesidiocoris Tenuis Reuter (Hemiptera: Miridae)

Biisra Candan?’, \“'Levent Unlii2

1 Biopheropoint Biological Control Systems Agriculture Chemical Industry Company, Konya, Tiirkiye
2 Selguk University, Faculty of Agriculture, Department of Plant Protection, Konya, Tiirkiye

HIGHLIGHTS

¢ This study will help prevent the irregular use of pesticides in agriculture and increase the application of
biological control techniques.

o This study aims to increase the availability of Nesidiocoris tenuis, the natural enemy of Bemicia tabaci and
Tuta absoluta pests, which are economically important in agriculture.

Abstract

In this study, the effect of exposing the adult stages of the predator Nesidiocoris tenuis (Reuter) (Hemiptera: Miridae) to
cold temperatures at different times was examined. In the experiments, individuals that reached the adult stage on the
same day were kept in the dark for 5, 10, and 15 days at 7, 10, and 15°C. Adults kept at low temperatures were fed three
times per week with Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) eggs and honey water. Individuals of N. fenuis that
survived after cold exposure were reared at 25°C under a 16:8 (L:D) day-night cycle. The lowest adult survival rate after
cold exposure was 65.00% when held at 7°C for 15 days. The highest survival rates were 94.00% and 98.00% when stored
at 7 and 10°C, respectively, for 5 days. The most extended longevity in individuals reared following cold exposure was
14.06 days at 7°C and 14.94 days at 10°C, respectively, while the shortest lifespan was 8.10 days in adults held at 15°C for
15 days. The average number of nymphs produced by adults kept at 7°C for 15 days was 322.4, while the number produced
by adults kept at 15°C for 15 days was 47.6. Except for the nymphs acquired from adults held at 15°C for 15 days, the
number of nymphs obtained from adults stored at other temperatures and durations did not differ statistically from the
control group. The study concludes that those who intend to mass-produce N. tenuis adults should store them at
temperatures between 7 and 10°C for up to 10 days.
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1. Introduction

The primary objective in the management of numerous pests that cause product loss in terms of quality
and quantity in agriculture is to produce a high yield per unit area and to cultivate crops that are suitable for
sustainable agriculture techniques sensitive to the environment, human, and animal health (Uygun et al. 2010).
The intensive use of pesticides increases the development of resistance in pests. Besides, it poses a threat to
human and animal health, causes environmental pollution, and deteriorates the natural balance. However, the

Citation: Candan B, Unlii L (2024). Investigation of Cold Storage Possibilities in Mass Production of Adult Stages of Nesidiocoris Tenuis
Reuter (Hemiptera: Miridae). Selcuk Journal of Agriculture and Food Sciences, 38 (1), 1-8. https://doi.org/10. 15316/SJAFS.2024.001
Corresponding Author E-mail: busracndan98@gmail.com

Received date: 14/05/2023

Accepted date: 31/07/2023

Author(s) publishing with the journal retain(s) the copyright to their work licensed under the CC BY-NC 4.0.
https://creativecommons.org/licenses/by-nc/4.0/



mailto:busracndan98@gmail.com
https://orcid.org/0009-0009-2656-7340
https://orcid.org/0000-0002-1933-4006

Candan and Unlii / Selcuk J Agr Food Sci, (2024) 38 (1): 1-8

high cost of pesticides indicates that alternatives to chemical control should be developed. Therefore,
biological control agents have been commercialized, mass-produced, and released for the control of pests.

Biological control is one of the most promising methods that have been widely used and demonstrated to
be environmentally friendly (Abdel-Baky et al. 2015). In recent years, it has been utilized extensively,
particularly in ecologically based integrated pest management programs.

It is widely acknowledged that mass production is a vital instrument of biological control programs (Kui
et al. 2014). It focuses on the mass-rearing of insects, known to be effective in biological control, in climate-
controlled rooms where optimal circumstances may be modified, in sufficient numbers to meet demand
(Stirticii 2009). In terms of application, the cold storage of these laboratory-grown natural enemies is crucial
for the advancement of biological control (Pitcher et al. 2002; Ayvaz et al. 2008).

Cold storage refers to the practice of storing beneficial insects or their hosts at low temperatures for a set
period. This method enables natural enemies to be stored in the freezer to extend their shelf life.
Simultaneously, it allows for the collection or stockpiling of natural enemies in acceptable climatic conditions,
enabling the synchronized release of sufficient quantities of natural enemies to production regions during
critical occasions such as epidemics (Siiriicii 2009).

Several parameters of natural enemies, such as morphology, behavior, physiology, development, egg
production, fecundity, lifespan, nutritional effects, adult-larvae emergence, and sex ratio, should not degrade
after cold storage (Leopold 1998). Accordingly, an effective storage temperature and duration significantly
contribute to the sustainability of natural enemy populations. As a result, numerous experiments have been
conducted to preserve natural enemies employed in biological control. For example, JeongHwan et al. (2009)
indicated that Orius laevigatus (Fieber), Bueno et al. (2014) demonstrated the same for Orius insidiosus (Say),
Yanik and Unlii (2015) for Anthocoris minki (Dohrn), Yaz and Ozder (2016) for Ephestia kuehniella eggs
parasitized by Trichogramma pintoi (Voegele), and Zhang et al. (2020) for Tamarixia radiata (Waterston), all of
which can be stored in cold conditions.

Predator N. tenuis is a significant zoophytophagous species that is commonly and commercially used in
both greenhouses and open vegetable areas as part of biological control programs. Whiteflies (Bemisia tabaci
(Hem.: Aleyrodidae)) and tomato moths (Tuta absoluta (Meyrick) (Lep.: Gelechiidae)) can be controlled by
releasing this predator (Sanchez 2009; Sohrabi and Hosseini 2015). In addition to these two essential pests,
Nesidiocoris tenuis helps to control thrips, mites, leaf gallery moths, and other lepidopteran pests in
greenhouses (Urbaneja-Bernat et al. 2013).

No research is found on the storage of the commercially released predator N. fenuis at low temperatures in
the literature. The aim of this study is to investigate the effects of low temperature storage on post-storage
survival rates, life spans and egg production in N. tenuis adults. The two most important factors for natural
enemy cold storage are the level of cold storage and the duration of cold exposure, therefore these parameters
were studied in this work. This study thus attempts to expand the usability of N. tenuis efficiently by achieving
the best combination of low temperature and storage time.

2. Materials and Methods

The eggs of the predator bug N. tenuis and the laboratory host E. kuehniells were the primary study
materials. Climate chambers with adjustable temperatures were employed in the experiment. In addition,
green bean pods, binoculars, various glass and plastic containers were used. Ephestia kuehniella was grown
using a mixture of flour and bran.

2.1.Rearing of Nesidiocoris tenuis

Adult N. tenuis was obtained from Biopheropoint Biological Control Systems Agriculture Chemical
Industry Company. The stock culture was reared in climate rooms with 25+1°C temperature, 65+10% relative
humidity, and 16:8 hours light-dark conditions in 12 cm diameter and 13 cm high plastic containers with
ventilation holes in the laboratory. As food, E. kuehniella eggs and green bean pods were placed in the
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containers during experiments. Simultaneously, cottons soaked with 10% honey water were placed in plastic
containers to suit the water needs of N. tenuis nymphs and adults (Urbaneja-Bernat et al. 2013). Bean pods
containing N. tenuis eggs were removed every two day and transferred to another container in the controls,
and new fresh pods were placed into the container for oviposition. Adult N. tenuis individuals ranging in age
from 0 to 24 years old were collected from the laboratory colony and used in the experiments.

2.2.The effect of cold storage on the biological properties of Nesidiocoris tenuis

The post-storage survival rates, life spans and nymph numbers of N. tenuis were determined after storage
at 65+5% relative humidity at 7, 10 and 15+1°C for 5, 10 and 15 days, respectively. The studies were conducted
in plastic containers with a diameter of 12 cm and a height of 13 cm with ventilation holes on them, 10 males
and 10 females from the stock culture, with 10 replications for each distinct holding time of each temperature.
The control group consisted of 10 males and 10 females produced immediately at 25+1°C without being kept
cold. During the controls, E. kuehniella eggs were added to the containers every two days, and bean pods
containing N. tenuis eggs were removed and replaced with new pods. Dried cottons were re-moistened with
honey water.

After storing N. tenuis at various temperatures and times, the viability rates were evaluated by recording
the dead individuals in each container subsequent to the controls.

The adult samples that died in the containers were counted in the controls every two days, and their life
span was computed at 25+1°C following storage. At the same time, the bean pods with eggs were placed in
separate containers and stored until the nymphal emergence was complete, then the number of nymphs
emerging was recorded. Because N. tenuis lays its eggs in plant tissue, which is difficult to observe even with

binoculars, the number of nymphs was determined rather than egg count in both application and control
dishes.

2.3.Statistical analysis

Analysis of variance to determine whether there is a difference between the averages of survival rates, life
spans and nymphal numbers of N. tenuis. Since the insects used at each storage temperature and time are
different, the measurements obtained here are not dependent on each other. Due to nymph numbers do not
show normal distribution and are obtained by counting, square root (VX) transformation was applied to these
data (Diizgiines et al. 1987). The Randomized Plot 3x3 Factorial Experimental Desing (ANOVA) was used in
the study. Tukey's multiple comparison test was applied to determine the different overall and interaction
averages.

3. Results and Discussion

3.1.The effect of cold storage on the life span of Nesidiocoris tenuis

The effect of storing adult individuals of N. tenuis for 5, 10 and 15 days at 7, 10 and 15°C on the life span is
given in Table 1.

Table 1. The effect of cold storage on the life span of Nesidiocoris tenuis (day)

Storage period (day) 7°C 10°C rempersie 15°C Control
5 13.83+0.7348€ 12.53+0.87ABC 11.42+0.835CD 15.83+1.304
10 14.06+0.4248 14.94+0.494B 9.83+0.70<P 15.83+1.30
15 12.52+0.24ABC 13.09+0.47ABC 8.10+0.61° 15.83+1.304

! The difference between the averages shown with the same uppercase letters in the same row and column is not statistically significant
(A-D: p<0.01).

In table 1, the values in the inner part of the table show the averages of the interactions. In the study, the
interaction effect between cold storage times and degrees was found to be significant. The most extended

3



Candan and Unlii / Selcuk J Agr Food Sci, (2024) 38 (1): 1-8

longevity of N. tenuis following storage was 14.06 and 14.94 days at 7 and 10°C in adults kept for 10 days,
respectively. The difference between the life spans of the adult samples kept at these two temperatures was
not statistically significant (P<0.01). Adults kept for 15 days had the shortest life duration of 8.10 days at 15°C,
and this difference was statistically significant (P<0.01) (Table 1). The difference in the samples’ storage
lifespans at 7 and 10°C for 5 and 15 days was determined to be statistically negligible (P<0.01) (Table 1).

Different cold storage studies were carried out with Orius spp. and Anthocoris spp., which are in the same
subfamily with N. tenuis. According to Bueno et al. (2014), the most extended longevity for O. insidiosus was
14.1 days when kept at 8°C for up to 10 days. The study showed a similar result found in the literature, as the
adult life span of N. tenuis kept for 10 days at 10°C was 14.9 days. Kim et al. (2009), reported that after 20 and
40 days of storage at 10°C, the female lifetime of O. laevigatus was 19.8 and 23.7 days at 25°C, respectively.
Female O. majusculus was stored for 30 and 50 days at 9°C, followed by 25.9 and 19.8 days at 22°C, according
to Rudolf et al. (1993). According to Yanik and Unlii (2015), the longest life span of A. minki for females was
33.30 days when held at 11°C for 20 days, and 29.75 days for males when stored at 15°C for 20 days.
Furthermore, they indicated that female samples kept in the cold had a shorter life duration (54.66 days) than
the control group reared at 25°C. Similar to earlier experiments, this study discovered that an increase in the
waiting period lowered the life span of N. tenuis adults.

3.2.The effect of cold storage on the survival rate of Nesidiocoris tenuis

The survival rates of N. tenuis adults after storage at 7, 10 and 15°C for certain periods are given in Table 2.

Table 2. The effect of cold storage on the survival rate of Nesidiocoris tenuis (%)

T t
Storage period (day) o0 empe;:«:) OuCr £ 15°C
5 94.00+4.00* 98.00+3.544 89.00+4.47A8
10 90.00+1.224B 89.00+3.6748 86.003.4048
15 65.00+2.45¢ 77.002.455¢ 88.00+2.00A8

! The difference between the averages shown with the same uppercase letters in the same row and column is not statistically significant
(A-C: p<0.01).

In Table 2, the values in the inner part of the table show the averages of the interactions. According to the
experimental results, the interaction effect was found to be significant. The highest survival rate of N. tenuis
was observed to be 94.00% and 98.00%, respectively, at 7 and 10°C in adults held for 5 days, according to the
experimental data. Adults kept at 7°C for 15 days had the lowest viability rate of 65.00%, which was
statistically significant (P<0.01) (Table 2).

According to Colinet and Boivin (2011), storage time is an essential factor in cold storage research. Several
studies on cold storage at various holding times have found that natural enemy survival rates
decrease inversely as storage time increases (Abd El-Gawad et al. 2010; Tunca et al. 2014; Yanik and Unlii
2015). Similarly, in this study, the average survival rates of N. tenuis were 93.67% after 5 days of storage, 88.33%
after 10 days of storage, and 76.67% after 15 days of storage, indicating that survival rates decrease while cold
storage period increases.

When adults of O. laevigatus were kept at 6, 8, 10, and 12°C, Kim et al. (2009) reported a survival rate of 70%
after 36 days at 10°C. According to Rudolf et al. (1993), adults of O. majusculus had a 50% survival rate after 42
days of low-temperature storage, while adults of O. laevigatus had a 75-80% survival rate after 40 days of
storage at 9°C. In this study, survival rates of 77% were achieved in individuals of N. tenuis held at 10°C for 15
days, which is consistent with the literature. Bueno et al. (2014) found that adult O. insidiosus survival rates
following storage at 8, 10, and 12°C were generally greater than 70% for both females and males. According
to the study's findings for N. tenuis, a viability rate of more than 70% was recorded at all low temperatures
and waiting times. According to Yanik and Unlii (2015), the lowest survival rate (7.33%) was recorded in the
1-3 nymphal stages when held at 7°C for 40 days, while the maximum survival rate (90.0-92.0%) was recorded
in the 1-3 nymphs and adults during the period when they were kept at 11°C for 10-30 days.
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3.3. The effect of cold storage on the number of nymphs of Nesidiocoris tenuis

The effect of storage at 7, 10 and 15°C for 5, 10 and 15 days on the number of nymphs of N. tenuis was
investigated and the results are presented in Table 3.

Table 3. The effect of cold storage on the number of nymphs of Nesidiocoris tenuis

. Temperature
Storage period (day) 7°C 10°C 15°C Control
5 188.0+14.98B 181.6+15.12B 185.6+44.278 250.2+13.60°B
10 194.6+6.40P 216.4+23.108 172.0+15.258 250.2+13.60°B
15 322.4+14.828 166.6+9.375 47.6+8.05€ 250.2+13.607B

1 The difference between the means shown with the same capital letters in the same row and column is not statistically significant (A-C:
p<0.01).

In Table 3, the values in the inner part of the table represent the averages of the interactions. The interaction
effect was found to be significant. The average number of nymphs produced by N. tenuis adults kept at 7°C
for 15 days was 322.4, while it was 47.6 for adults kept at 15°C for 15 days. According to the statistical analysis,
this difference is significant (P<0.01). The study observed no difference in the nymph numbers of the other
groups compared to the control group, except for the adults kept at 15°C for 15 days (P<0.01) (Table 3).

Kim et al. (2009) found that after 20 and 40 days of storage at 10°C, females of O. laevigatus deposited 109.2
and 69.2 eggs, respectively, at 25°C. In contrast, the control group laid 224.5 eggs. According to Rudolf et al.
(1993), females of O. laevigatus laid 145 and 72 eggs, respectively, at 22°C after 20 and 50 days of storage at 9°C,
while the control group laid 190 eggs. When kept at 11°C, adults of A. minki laid 155.85 eggs, whereas the
control group laid 207.51 eggs, according to Yanik and Unlii (2015). In this study, the number of N. tenuis
nymphs decreased with increasing waiting time, as determined by the researchers' previous studies (Table
3).Cold storage is critical in the large production of beneficial insects. The ideal storage conditions for
predators should be found to maximize nymph productivity, life span, and viability. When we examined the
results of survival rates after cold storage for N. tenuis (Table 2), we see that the normal life expectancy in the
control group is 15 days. Therefore, 15 days of storage at different low temperatures will not be suitable for
adults, but 5 and 10 days of storage will be more beneficial. The effect of cold storage on life span indicates
that it is established that adults stored at 15°C have the shortest life span, making storage at this temperature
unsuitable for mass production (Table 1). Besides, when we evaluated the effect of cold storage on the number
of nymphs, we detected no difference between the nymph numbers of the other groups and the control group,
except for the nymph numbers of the adults stored at 15°C for 15 days (Table 3). The viability rate after storage,
life span, and nymph yield showed that N. tenuis could be preserved at 7 and 10°C for up to 10 days.

4. Conclusions

Cold storage has proven to be a valuable method for preserving predator N. tenuis, extending its shelf life,
and enabling synchronized releases of sufficient numbers of natural enemies to production areas under
favorable weather conditions, especially during critical moments such as epidemics and during off-season
periods when demand is low. Furthermore, cold storage allows for the aggregation or stockpiling of natural
enemies, which benefits mass manufacturing in a cost-effective manner. This study aimed to increase the
efficiency of N. tenuis in biological control by determining the best combination of low temperature and storage
period.



Candan and Unlii / Selcuk J Agr Food Sci, (2024) 38 (1): 1-8

Author Contributions: All authors contributed to the study conception and design. LU performed the idea of this article.
Material preparation and data collection was BC. The first draft of the manuscript was written by BC and all authors
commented on previous versions of the manuscript. All authors read and approved the final manuscript.

Funding: No funding was received for conducting this study
Data Availability Statement: All data generated or analysed during this study are included in this published article.

Acknowledgments: We would like to thank Prof. Dr. Ismail CAKMAK (Selcuk University) for statistical analysis of the
data used in the study, and PhD student Elif Rabia OZCAN (Bogazigi University), who checked the English translation.

Conflicts of Interest: The authors declare that they have no competing interests.




Candan and Unlii / Selcuk J Agr Food Sci, (2024) 38 (1): 1-8

References

Abdel-Baky NF, Ragab ME, Gahanim AA, El-Nagar ME, El-mtewally MM (2015). Influence of cold storage on
the viability of vedalia beetle, Rodolia cardinalis (Mulsant) (Coleoptera: Coccinellidae). Journal of Plant
Protection and Pathology 6 (6): 915- 927.  http://dx.doi.org/10.21608/jppp.2015.74522

Abd El-Gawad HAA, Sayed AMM, Ahmed SA (2010). Impact of cold storage temperature and period on
performance of Trichogramma evanescens Westwood (Hymenoptera: Trichogrammatidae). Australian Journal
of Basic and Applied Sciences 4, 2188-2195.

Ayvaz A, Karasa E, Karaborklu S, Tuncbilek A (2008). Effects of cold storage, rearing temperature, parasitoid
age and irradiation on the performance of Trichogramma evanescens Westwood (Hymenoptera:
Trichogrammatidae). Journal of Stored Products Research 44: 232-240.
https://doi.org/10.1016/j.jspr.2008.02.001

Bueno VHP, Carvalho LV, Van Lenteren JC (2014). Performance of Orius insidiosus after storage, exposure to
dispersal material, handling and shipment processes. Bulletin of Insectology 67 (2): 175-183.

Bulut H, Kilincer N (1987). Yumurta paraziti Trichogramma spp. (Hym.: Trichogrammatidae)nin un giivesi
(Ephestia kuehniella Zell.) (Lep.: Pyralidae) yumurtalarinda tiretimi ve konukgu-parazit iliskileri. Tiirkiye L.
Entomoloji Kongresi, izmir, pp. 13-16.

Colinet H, Boivin G (2011). Insect parasitoids cold storage: A comprehensive review of factors of variability
and consequences. Biological Control. 58: 83-95. https://doi.org/10.1016/j.biocontrol.2011.04.014

Duzgunes O, Kesici T, Kavunvu O, Gurbuz F (1987). Arastirma ve Deneme Metotlar: (Istatistik Metotlari- IT).
Ankara Universitesi Ziraat Fakiiltesi Yaymnlart : 1021.

Kim JH, Kim HY, Han MY, Choi MY, Hwang SJ, Lee MS (2009). Cold storage effect on the biological
characteristics of Orius laevigatus (Fieber) (Hemiptera: Anthocoridae) and Phytoseiulus persimilis
AthiasHenriot  (Acari:  Phytoseiidae). = Korean  Journal — Applied  Entomology  48:  361-368.
https://doi.org/10.5656/KSAE.2009.48.3.361

Kui K, Fu B, Lin J, Fu Y, Peng Z, Jin Q (2014). Effect of temperatures and cold storage on performance of
Tetrastichus brontispae (Hymenoptera: Eulophidae), a parasitoid of Brontispa longissima (Coleptera:
Chrysomelidae). Journal of Insect Science, 14(257). https://doi.org/10.1093/jisesa%2Fieul19

Leopold RA (1998). Cold storage of insects for integrated pest management. In: Hallman, G.J., Denlinger, D.L.
(Eds.), Temperature Sensitivity in Insects and Application in Integrated Pest Management. Westview Press,
Boulder, CO, pp. 235-267.

Ozder N, Yaz M (2016). Trichogramma pintoi Voegele tarafindan parazitlenmis Ephestia kuehniella Zeller
yumurtalarinin farkli sicakliklarda depolanmasi tizerine arastirmalar. Tekirdag Ziraat Fakiiltesi Dergisi
13(03).

Pitcher SA, Hoffmann MP, Gardner ], Wright MG, Kuhar TP (2002). Cold storage of Trichogramma ostrinia
ereared on Sitotroga cerealella eggs. Biocontrol 47: 525-535. https://doi.org/10.1023/A%3A1016533116798

Rudolf E, Malausa JC, Millot P, Pralavorio R (1993). Influence of cold temperature on biological characteristics
of Orius laevigatus and Orius majusculus (Het.: Anthocoridae). (Influence des basses temperatures sur
lespotentialites biologiques Orius laevigatus et Orius majusculus (Het.: Anthocoridae)). Entomophaga 38(3):
317-325.

Sanchez JA (2009). Density thresholds for Nesidiocoris tenuis (Heteroptera: Miridae) in tomato crops. Biological
Control 51: 493-498. https://doi.org/10.1080/09583157.2011.605517

Sohrabi F, Hosseini R (2015). Nesidiocoris tenuis (Reuter) (Heteroptera: Miridae), a predatory species of the
tomato leafminer, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) in Iran. Journal of Plant Protection
Research Vol. 55, No. 3. http://dx.doi.org/10.1515/jppr-2015-0029



http://dx.doi.org/10.21608/jppp.2015.74522
https://doi.org/10.1016/j.jspr.2008.02.001
https://doi.org/10.1016/j.biocontrol.2011.04.014
https://doi.org/10.5656/KSAE.2009.48.3.361
https://doi.org/10.1093/jisesa%2Fieu119
https://doi.org/10.1023/A%3A1016533116798
https://doi.org/10.1080/09583157.2011.605517
http://dx.doi.org/10.1515/jppr-2015-0029

Candan and Unlii / Selcuk J Agr Food Sci, (2024) 38 (1): 1-8

Surucu F (2009). Ava bocek Anthocoris minki Dohrn. (Hetereoptera: Anthocoridae)’nin kitle {iretiminde
sogukta depolama imkanlarinin arastirilmasi. MSc Thesis, Harran University, TR.

Tunca H, Yesil AN, Caliskan TF (2014). Cold storage possibilities of a larval parasitoid, Venturia canescens
(Gravenhorst) (Hymenoptera: Ichneumonidae). Tiirkiye Entomoloji Dergisi 38(1): 19-29.

Urbaneja-Bernat P, Alonso M, Tena A, Bolckmans K, Urbaneja A (2013). Sugar as nutritional supplement for
the zoophytophagous predator Nesidiocoris tenuis. BioControl 58:57—64. http://dx.doi.org/10.1007/s10526-
012-9466-y

Uygun N, Ulusoy MR, Satar S (2010). Biyolojik miicadele. Tiirkiye Biyolojik Miicadele Dergisi 1 (1): 1-14.

Yanik E, Unlu L (2015). Storage studies of different stages of Anthocoris minki Dohrn (Hemiptera:
Anthocoridae) under low temperatures. Tiirkive Entomoloji  Dergisi 39  (3):  277-286.
https://doi.org/10.16970/ted.90470

Zhang LH, Lu ZT, Guo CF, Shen ZL, Wang ZQ, Sang W, Qiu BL (2020). Effects of cold storage on the fitness
of Tamarixia radiata, a dominant parasitoid of Asian citrus psyllid Diaphorina citri. Crop Protection 129:
104988. http://dx.doi.org/10.3390/genes11101178



http://dx.doi.org/10.1007/s10526-012-9466-y
http://dx.doi.org/10.1007/s10526-012-9466-y
https://doi.org/10.16970/ted.90470
http://dx.doi.org/10.3390/genes11101178

	1. Introduction
	2. Materials and Methods
	2.1.Rearing of Nesidiocoris tenuis
	2.2.The effect of cold storage on the biological properties of Nesidiocoris tenuis
	2.3.Statistical analysis

	3. Results and Discussion
	3.1.The effect of cold storage on the life span of Nesidiocoris tenuis
	3.2.The effect of cold storage on the survival rate of Nesidiocoris tenuis
	3.3. The effect of cold storage on the number of nymphs of Nesidiocoris tenuis

	4. Conclusions
	References

