KSU Tarim ve Doga Derg 25 (4): 511-520, 2022
KSU J. Agric Nat 25 (4): 511-520, 2022
DOI:10.18016/ksutarimdoga.vi.870090

Use of Extreme Low Temperatures Against Callosobruchus chinensis L. (Coleoptera:

Chrysomelidae) in Storage Management

Onur AKER™, Celal TUNCER?

1Amasya University, Suluova Vocational School, Department of Plant Protection, Amasya, Tirkiye, 20ndokuz Mayis University, Faculty of
Agriculture, Department of Plant Protection, Samsun, Turkiye

thttps://orcid.org/0000-0002-9581-9697, 2https://orcid.org/0000-0002-9014-8003

P<: onur.aker@amasya.edu.tr

ABSTRACT

This study was carried out to determine the effect of extreme low
temperatures on different biological stages of Callosobruchus
chinensis L. (Coleoptera: Chrysomelidae). Different extreme low
temperatures were tested for egg, larva, pupa and adult stages in all
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experiments with different exposure times. For larval, pupal and ieceivecoil f01'02'2021
adult stages, 100% mortality was obtained after 45 minutes at -16 °C, EEEp 0S92
30 minutes at -20 °C and 20 minutes at -26 °C. LT95 value was Keywords

determined as 38.3, 39.0 and 36.8 minutes at -16 °C for larva, pupa
and adult, respectively. LT95 value was determined as 27.4, 27.5 and
26.0 minutes at -20 °C for larva, pupa and adult, respectively. At the
end of 120 minutes at -20 °C, 100% mortality was obtained in the egg
stage and it was determined that the adults did not hatch from the
eggs kept at -20 °C for 60 minutes. From these results, it is understood
that extreme low temperatures are effective in all biological stages of
C. chinensis that cause damage in storage.
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Depolama Yoénetiminde Callosobruchus chinensis L. (Coleoptera: Chrysomelidae)’e Karg: Asirn Diisiik
Sicakliklarin Kullanilmasi

OZET Bitki Koruma

Bu galigsma, asir1 diusik sicakliklarin Callosobruchus chinensis L.

(Coleoptera: Chrysomelidae)’nin farkl biyolojik dénemleri tizerindeki Aragtirma Makalesi
etkisini belirlemek igin yapilmigtir. Farkli maruz kalma stirelerine

sahip tiim deneylerde yumurta, larva, pupa ve ergin dénemleri icin Makale Tarihgesi

farklh asira dusiuk sicakliklar test edilmistir. Larva, pupa ve ergin Gelis Tarithi  :01.02.2021
doénemleri i¢in, -16 °C'de 45 dakika, -20 °C'de 30 dakika ve -26 °C'de Kabul Tarihi :21.08.2021

20 dakika sonunda %100 6lim orani elde edilmigtir. LT95 degeri
larva, pupa ve ergin icin -16 °C'de sirasiyla 38.3, 39.0 ve 36.8 dakika
olarak belirlenmistir. LT95 degeri larva, pupa ve ergin i¢in -20 °C'de

Anahtar Kelimeler
Callosobruchus chinensis

sirasiyla 27.4, 27.5 ve 26.0 dakika olarak belirlenmigtir. -20 °C'de 120 Dustik sicaklik
dakika sonunda yumurta doneminde %100 6lim saglanmis ve -20 Maruz Kalma suresi
°C'de 60 dakika bekletilen yumurtalardan erginlerin ¢gikmadig tespit Depolama
edilmigtir. Bu sonuglardan, asira dugsiik sicakliklarin depolamada Nohut

zarara neden olan C. chinensisin tiim biyolojik donemleri tizerinde
etkili oldugu anlagilmaktadir.

To Cite: Aker O, Tuncer 2022. Use of Extreme Low Temperatures Against Callosobruchus chinensis L. (Coleoptera:
Chrysomelidae) in Storage Management. KSU J. Agric Nat 25 (4): 511-520. DOI:10.18016/ksutarimdoga.vi.
870090.
Ataf igini Aker O, Tuncer 2022. Depolama Yonetiminde Callosobruchus chinensis L. (Coleoptera: Chrysomelidae)’e Kars:
Asin Diisiik Sicakliklarin Kullanilmasi. KSU Tarim ve Doga Derg 25 (4): 511-520. DOI:10.18016/ ksutarimdoga.
vi.870090.
INTRODUCTION originated in Turkey's southeast (Ali et al., 2009;

Legumes are an essential part of the human diet, as
they are very rich in protein, carbohydrates and
dietary fiber (Chibbar, 2009). Chickpea (Cicer
arietinum L., Fabales: Fabaceae) is one of the most
important legumes in many parts of the world and it

Baloch and Zubair, 2010). According to FAO-2019
data, chickpeas are grown on an area of approximately
13.7 million hectares with 14.2 million tons of
production in the world. India, Turkey, Russia,
Myanmar and Pakistan are the biggest chickpea
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producing countries in the world (Faostat, 2020).
Chickpeas are highly nutritious and rich in energy in
terms of high protein content and balanced fat,
carbohydrate and fiber values (Ravi and Harte, 2009).

Chickpeas are exposed to the damage of many pest
species both in the field and in storage conditions
(Clement et al., 2000; Hill, 2003). Stored product pests
are very dangerous because of the extent and
prevalence of the irreversible losses they cause in
legumes (Kumar et al., 2009; Jat et al.,, 2013).
Callosobruchus chinensis L. is one of the most
destructive pests of stored legumes, including
chickpeas (Kutbay et al., 2011; Tessema et al., 2015).
This pest not only causes loss of quantity and quality
of chickpeas, but also reduces the economic value and
nutritional content of the product (Righi-Assia et al.,
2010; Homan and Yubak Dhoj, 2011).

Chemical management methods using fumigation with
methyl bromide, phosphine or dusting with pirimiphos
methyl are very successful against this pest in stored
chickpeas (Athanassiou et al., 2004; Shaheen and
Khaliq, 2005), however there are some disadvantages
such as shipping hazards, pesticide residues, the
possibility of developing resistance, health risks and
environmental pollution, so there are a few limitations
on chemicals (Boateng and Kusi, 2008; Boyer et al.,
2012).

In recent years, due to the negative effects caused by
chemical control methods, it has focused on alternative
reliable control methods against stored product pests.
One of these methods is to prevent the development of
stored product pests by keeping the product at low
temperature for a certain period of time (Fields and
White, 2002; Zhong et al., 2013). Studies have shown
that low temperatures can have negative effects on the
growth of many stored product pests (Fields and Muir,
1996; Loganathan et al., 2011). During storage, pests
are highly susceptible to dropping the storage
temperature below 10 °C, and this sensitivity level can
vary with biological stages (Zakladnoi and Ratanova,
1987; Maharjan et al., 2017). Also, susceptibility to
deadly low temperatures; depends on pest species,
exposure temperature, exposure time, sex of insects
and ambient humidity (Mason and Strait, 1998; Zhong
et al., 2013).

The aim of this research was to determine the adverse
effects of extreme low temperatures on the different
biological stages of C. chinensis, thereby minimizing
the damage this pest can cause to stored products. In
this way, an alternative method will be developed for
stored product pests.

MATERIAL and METHODS
Insect Rearing

C. chinensis adults were obtained from stock cultures
grown on chickpea seeds at the Ondokuz Mayis
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University, Faculty of Agriculture, Entomology
Laboratory. C. chinensis were reared in glass jars (1 L)
covered with muslin cloth in climate cabins at 28+1 °C,
70£5% RH and a 16:8 h (L:D) photoperiod.

The Extreme Low Temperature Experiments

The healthy chickpea seeds to be used in the
experiments were sterilized in the oven at 50 °C for 24
hours, then the chickpea seeds were cooled. The
moisture content of the sterile seeds was adjusted to
14% moisture and the seeds were made ready for
experiments (Wright et al., 1987). The moisture
content of chickpea seeds was monitored regularly
throughout the experiments with a digital moisture
meter (WILE Grain Moisture Meter). Low temperature
experiments were performed in a temperature-
controlled refrigerator (SIEMENS KG57NP0O1NE) and
temperatures were monitored hourly using a digital
data logger.

Five male-5 female C. chinensis adults were placed in
sterile glass jars each containing 40 sterile chickpea
seeds. C. chinensis adults were allowed to lay eggs on
sterile seeds, and these egged seeds were transferred
to sterile petri dishes. There were 20 chickpea seeds in
each petri dish. In this way, more than 100 sterile petri
dishes were prepared. The adults emerged from these
eggs were collected daily. Some of the adults emerged
from these eggs were used to determine the effect of
low temperatures on adults. In addition, 2 male-2
female pairs from newly emerged adults were
transferred to new sterile petri dishes each containing
10 sterile chickpea seeds. In this way, more than 300
new sterile petri dishes were prepared. Eggs laid on
chickpea seeds in each petri dish by the pest pairs
within 24 hours were used in all experiments.

Low-temperature experiments were performed on
eggs, larvae, pupae and adults of 24-48 hours ages.
Since larval and pupal stages occur in chickpea seeds,
eggs between 0-24 hours at 28+1 °C - 70+5% RH were
used to determine the biology of the C. chinensis.
Accordingly, the larval stages started to form on the
6th day on average, and the pupal stages on the 22nd
day on average. For 24-48 hour larval and pupal
studies, 6-day-old chickpea seeds were used in the
larval trials and 22-day-old chickpea seeds were used
in the pupal trials. Different temperatures and
different exposure times were used to determine the
effects of extreme low temperatures on different
biological stages of C. chinensis. The effects of low
temperature on C. chinensis’eggs were studied at two
constant temperatures (4 and -20 °C) and eight
exposure times (5, 10, 15, 30, 45, 60, 120 and 180
minutes). The effects of low temperature on C.
chinensis’ larvae and pupae were studied at three
constant temperatures (-16, -20 and -26 °C) and seven
exposure times (10, 20, 30, 45, 60, 120 and 180
minutes). The effects of low temperature on C.
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chinensis’ adults were studied at six constant
temperatures (8, 4, 2, -16, -20 and -26 ° C) and seven
exposure times (10, 20, 30, 45, 60, 120 and 180
minutes). 480 eggs, 120 larvae, 120 pupae, and 60
adult pests were used in 4 replicates for each exposure
time of each temperature. In addition, control groups
with 4 replicates were formed under normal growth
conditions for each biological stage in the experiments
(28+1 °C, 70+5% RH, 16:8 h (L:D) photoperiod).

It was observed that adults started to emerge from
chickpeas 28-36 days after the first egg was laid under
normal growth conditions. It has been determined that
the lifespan of C. chinensis is about 36-42 days. Egg,
larva, pupa and adult stages exposed to different low
temperatures in the experiments were taken to normal
growth conditions after different exposure times. Eggs
that have not completed their development or have not
reached the larval stage are considered dead as a
result of the controls made for 30 days after being
placed in normal growing conditions. Larvae that did
not complete their development or did not reach the
pupal stage as a result of the controls made for 60 days
after being placed in normal growth conditions were
considered dead. Pupae that did not complete their
development or did not mature as a result of the
controls made for 60 days after being placed under
normal growing conditions were considered dead. In
order to determine whether the adults died as a result
of the experiment, adults were touched with a fine-
tipped brush and adults who did not respond were
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considered dead. Adults were checked for 30 days after
being placed under normal growing conditions, and
dead adults were counted again for control after 30
days.

Statistical Analysis

The data obtained from low temperature applications
and exposure times were tried to be analyzed using a
One-Way Anova program (SPSS 21). Mortality rates
was considered significantly different at P<0.05.
Statistical means are separated by Duncan's mean
separation  test. Statistical significance was
established by comparing the p value in the "t" test
table. The data obtained were corrected using Abbott's
control formula (Abbott, 1925) and subjected to probit
analysis (Finney, 1971) to estimate the L'T50 and LT95
values (Polo Plus, LeOra Software, Robertson et al.,
2003).

RESULTS and DISCUSSION
Effect of Low Temperatures on Eggs

Mortality and adult emergence rates of C. chinensis’
eggs were studied at different temperatures and
different exposure times (Fig. 1), and significant
differences were found between exposure times at 4 °C
and -20 °C (P<0.001). After the eggs were kept at 4 °C
for 180 minutes, it was determined that 44% of the
eggs died and 78% of the remaining eggs were emerged
as adults. After the eggs were kept at -20 °C for 120

(-) 20 °C Egg mortality (%)
++++(-) 20 °C Adult emergence (%)

60

Exposure time (minutes)
Figure 1. Mortality and adult emergence rates of Callosobruchus chinensis’eggs at different exposure times at 4

°C and -20 °C (P<0.001).

Sekil 1. 4 °C ve -20 °C'de farkli maruz kalma siirelerinde Callosobruchus chinensis yumurtalarinin oliim orani ve

ergin ortaya ¢ikma oranlar: (P<0.001).
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minutes, it was determined that all the eggs died, and
the eggs were kept at -20 °C for 60 minutes did not
reach adulthood (Fig. 1). It was observed that egg
mortality increased due to the increase in exposure
time to -20 °C and at the same time the probability of
reaching adulthood from egg was significantly
reduced.

Effect of Low Temperatures on Larvae

Mortality rates of C. chinensis’larvae were studied,
and significant differences were found between

100

temperatures and exposure times (P<0.001). When the
exposure time of the larvae to low temperatures was
examined, it was observed that deaths occurred within
the first 10 minutes. After the larvae were exposed to
extreme low temperatures at -16 °C, -20 °C and -26 °C
at the end of the first 10 minutes, mortality rates were
determined as 7.36 %, 16.65 %, 54.24 %, respectively
(P<0.00D). As a result of the experiments, 100% larval
mortality was achieved after 20 minutes, 30 minutes
and 45 minutes at temperatures of -26 °C, -20 °C, -16
°C, respectively (Fig. 2).
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Figure 2. Mortality rates of Callosobruchus chinensis’larvae at different exposure times at -16 °C, -20 °C and -26

°C (P<0.001).

Sekil 2. Callosobruchus chinensis larvalarinin -16 °C, -20 °C ve -26 °C'de farkli maruz kalma stirelerinde oliim

oranlar: (P<0.001).

Effect of Low Temperatures on Pupae

The differences between pupae death rates according
to exposure times for each low temperature were found
to be statistically significant (P<0.001). Mortality rates
have been observed to increase as the exposure time to
low temperatures increases. Deaths started in the first
10 minutes of the experiment, and this mortality rate
progressed very rapidly. After the pupae were exposed
to extreme low temperatures at -16 °C, -20 °C and -26
°C at the end of the first 10 minutes, mortality rates
were determined as 8.42 %, 17.12 %, 57.64 %,
respectively (P<0.001). As a result of the experiments,
100% pupal death was achieved at temperatures of -16
°C, -20 °C, -26 °C after 45 minutes, 30 minutes and 20
minutes, respectively (Fig. 3).

Effect of Low Temperatures on Adults

Comparing the 3 low temperatures applied to adults in
7 different exposure times, no deaths occurred in
adults exposed to 8 °C after 180 minutes. 8.08 % and

514

3.31 % deaths were observed after 180 minutes at 2 °C
and 4 °C, respectively (P>0.05) (Fig. 4). Comparing the
3 extreme low temperatures applied to adults in 7
different exposure times, the adults died after 10
minutes. 9.24 %, 18.64 % and 60.04 % deaths were
observed after 10 minutes at -16 °C, -20 °C and -26 °C,
respectively (P<0.001). Mortality increased with
increases exposure to extreme low temperatures and
100% adult deaths were reached at -16 °C, -20 °C, -26
°C after 45 minutes, 30 minutes and 20 minutes,
respectively (Fig. 4). It was determined that the control
groups at each biological stage were between 95-100%
successful.

Pests cause large amounts of damage in stored
products, which can reach 5-10% in temperate climatic
regions and 20-30% in tropical regions (Caswell, 1981;
Nakakita, 1998). Temperature application is one of the
most promising methods to control stored product
pests (Fields, 1992). The lethal low temperature is
highly effective in controlling the pests of stored seeds
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(Loganathan et al., 2011). At low temperatures, the
progeny of stored product pests decreases, and their
development slows down to a certain point (Flinn and
Hagstrum, 1990; Abdelghany et al.,, 2015). Stored
product pests usually stop growing at temperatures
below 20 °C, and stored product pests usually begin to
die at temperatures below 5 °C (Fields and Muir,
1996). The results of this study have shown that

100

extreme low temperatures have a lethal effect on all
developmental stages of C. chinensis, and the egg stage
is relatively more tolerant of cold than the other three
stages (Fig. 5, 6, 7). Many extreme low temperature
applications on Callosobruchus species also support
these results (Mullen and Arbogast, 1979; Dohino et
al., 1999; Johnson and Valero, 2000; Johnson and
Valero, 20083).
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Figure 3. Mortality rates of Callosobruchus chinensis’pupae at different exposure times at -16 °C, -20 °C and -26

°C (P<0.001).

Sekil 3. Callosobruchus chinensis pupalarinin -16 °C, -20 °C ve -26 °C'de farkli maruz kalma siirelerinde oliim

oranlari: (P<0.001).
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Figure 4. Mortality rates of Callosobruchus chinensis’adults at different exposure times at 2 °C, 4 °C, 8 °C and at

-16 °C, -20 °C, -26 °C (P<0.001).

Sekil 4. Callosobruchus chinensis erginlerinin 2 °C, 4 °C, 8 °C ve -16 °C, -20 °C, -26 °C'de farkli maruz kalma

stirelerinde 6liim oranlar: (P<0.001).
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Figure 5. Mortality rates of Callosobruchus chinensis’larvae, pupae and adults exposed to -16 °C (P<0.001).
Sekil 5. -16 °C've maruz kalan Callosobruchus chinensis larva, pupa ve erginlerinin éliim oranlar: (P<0.001).
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Figure 6. Mortality rates of Callosobruchus chinensis’eggs, larvae, pupae and adults exposed to -20 °C (P<0.001).
Sekil 6. -20 °C've maruz kalan Callosobruchus chinensis yumurta, larva, pupa ve erginlerinin 6liim oranlari

(P<0.001).

In this study, 100% death was achieved in the eggs
after 120 minutes at -20 °C and it was observed that
these eggs did not reach maturity after the eggs were
kept at -20 °C for 60 minutes (Figure 1, 6). In other low
temperature studies performed on C. chinensis eggs,
LT50 and LT99 values at -5 °C were found to be 12.57
and 77.03 hours, respectively (Zhong et al., 2013). In
another study, it was said that the time required for C.
chinensis eggs to die completely at -4 °C should be
about 20 days (Maharjan et al., 2017). In the study of
Dohino et al (1999) on Callosobruchus rhodesians (Col:
Chrysomelidae), they found a value very close to the

516

results we found and recorded the LT99 value of the
eggs as approximately 124 minutes at -18 °C. Johnson
and Valero (2000) stated that after exposure of
Callosobruchus maculatus (F) (Col: Chrysomelidae)
eggs to an extreme low temperature such as -18 °C for
180 minutes, no egg reached maturity. As noted in
another study by these authors, the complete mortality
rate of C. maculatus eggs on Vigna unguiculata (L.)
occurred after 14 days of storage in a commercial cold
storage at -18 °C, and no adults emerged from these
eggs kept at -18 °C for 24 hours (Johnson and Valero,
2003). Similarly, Loganathan et al. (2011) found that
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the LT50 and LT95 values of C. maculatus eggs were important stored product pest, reported that more
1.0 hour and 1.3 hours at -15 °C, respectively. A study than 8 hours of exposure at -18 °C was required to kill
on Tribolium castaneum (Col: Tenebrionidae), an all eggs (Arthur et al., 2015).
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Figure 7. Mortality rates of Callosobruchus chinensis’larvae, pupae and adults exposed to -26 °C (P<0.001).
Sekil 7. -26 °C've maruz kalan Callosobruchus chinensis larva, pupa ve erginlerinin 6liim oranlar: (P<0.001).

This study showed that 100% mortality was obtained addition, the adult mortality rate is very close to the

in larvae, pupae and adults after 20 minutes, 30 lethal time of larvae and pupae. In this study, that
minutes and 45 minutes at -26 °C, -20 °C, -16 °C, LT95 value at -16 °C was 38.3, 39.0 and 36.8 minutes
respectively (Fig. 5, 6, 7). As a result of the findings, for larvae, pupae and adults, respectively. LT95 value
lethal time of the various life stages of C. chinensis at -20 °C for larvae, pupae and adults were 27.4, 27.5

exposed to -16 °C and -20 °C, it is understood that the and 26.0 minutes, respectively (Table 1, 2).
lethal times of larvae and pupae are very similar. In

Table 1. LT50 and LT95 values (minutes) of Callosobruchus chinensis'larvae, pupae and adults exposed to -16 °C.
Cizelge 1. -16 °C'yve maruz kalan Callosobruchus chinensis larva, pupa ve erginlerinin LT50 ve LT95 degerleri

(dakika)
Stage LT50 (95% CL) LT95 (95% CL) Slope + SE Intercept + SE Xz (df)
Larva 23.4 (22.1 - 24.8) 38.3(35.9-41.3) 0.111 + 0.008 -2.594 + 0.196 3.36 (4)
Pupa 23.8(22.5 - 25.2) 39.0 (36.6 - 42.1) 0.108 + 0.008 -2.584 + 0.193 3.51 (4)
Adult 21.8(19.9 - 23.7) 36.8 (33.6 - 41.4) 0.109 + 0.011 -2.375 + 0.257 2.71 (4)

Table 2. LT50 and LT95 values (minutes) of Callosobruchus chinensis'larvae, pupae and adults exposed to -20 °C.
Cizelge 2. -20 °C've maruz kalan Callosobruchus chinensis larva, pupa ve erginlerinin LT50 ve LT95 degerleri

(dakika)
Stage LT50 (95% CL) LT95 (95% CL) Slope + SE Intercept + SE X2 (df)
Larva 17.1 (15.9 - 18.1) 27.4 (25.6 - 29.6) 0.160 +0.013 -2.720 + 0.232 6.461 (4)
Pupa 17.0 (14.9-19.2)  27.5(24.5 - 32.8) 0.157 + 0.013 -2.671 = 0.226 7.411 (4)
Adult 16.1 (14.6 - 17.6) 26.0 (23.8 - 29.4) 0.166 + 0.019 -2.672 £ 0.329 1.741 (4)

In another extreme low temperature study on C. 33.81 and 2.90 hours at -5, -10 and -20 °C, respectively
chinensis, LT50 values at -5 °C were 24.93, 30.54 and .(Zhong et al., 2013). When two studies were corrilpal.red
15.76 hours for larvae, pupae and adults, respectively. m tgrms of extreme low temperature apphcathn
In the same study, LT99 values for C. chinensis at -5 applied to the pupal stage at -20 °C, the LT95 value in
°C were 171.36, 189.70 and 126.11 hours for larvae, this study was found to be 27.5 minutes, and the LLT99
pupae and adults, respectively. In addition, C value was found to be 175 minutes in the study
chinensis pupal LT99 values were found as 189.70, conducted in 2013. In another similar study, all the
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larvae and pupae of C. chinensis used in the studies
died at -4 °C after 25 and 10 days, respectively
(Maharjan et al., 2017).

Looking at similar studies on C. maculatus, Johnson
and Valero (2000) noted that the newly emerged adults
died completely after 50 minutes of exposure to -18 °C.
In another study by the same authors, it was stated
that adults living on seeds died completely within 40
minutes at -18 °C (Johnson and Valero, 2003). In a
study on mites, all nymphs and adults of Tyrophagus
putrescentiae (Acaridae) died within 30 minutes after
cooling to -18 °C (Eaton and Kells, 2011). It took about
30-60 minutes for all life forms of Plodia interpunctella
(Hiibner) (Lep: Pyralidae) to die at -18 °C (Gvozdenac
et al., 2019). The results of these four studies are very
similar to the values found at -16 °C for this study.
However, Loganathan et al. (2011) showed that the
LT50 and LT95 values of C. maculatus pupae were 1.8
hours and 2.5 hours at -15 °C, respectively.

Generally, -18 °C was used against stored product
pests and generally the same results were obtained.
Donahaye et al. (1995) determined that approximately
180 minutes of exposure at -18 °C was required to kill
all life stages of 7. castaneum, Oryzaephilus
surinamensis (Col: Silvanidae) and Ephestia cautella
(Lep: Pyralidae). In a similar study, Ferizli et al. (2004)
found that eggs, larvae, pupae, and adults of C.
maculatus can be fully controlled by keeping them at -
18 °C for 180 minutes. However, Gvozdenac et al.
(2019) stated differently that the LT50 and LT99
values of P. interpunctella larvae died at -18 °C in a
very short time such as 1.9 minutes and 12.8 minutes,
respectively.

When extreme low temperature studies were
examined, it was seen that there were differences in
the same extreme low temperature results applied to
the same stored product pest. Eliopoulos et al. (2011)
found that the LT50 value of larvae of 7’ granarium at
-16 °C was less than four hours. However, Abdelghany
et al. (2015) found that the LT50 value of larvae of 7.
granarium at -16 °C was more than one day. In another
extreme cold application study on P.interpunctella,
P.interpunctella adults died after 120 minutes at -15
°C (Athanassiou et al., 2018), and P.interpunctella
larvae died after 180 minutes at -15 °C. (Gvozdenac et
al., 2019).

Low temperature studies have been conducted on C.
chinensis, but not extreme low temperature studies as
in this study. However, very low temperature studies
have been done on similar stored product pests. While
some researchers came to different conclusions that
eggs are the most sensitive stage in low temperature
applications (Maharjan et al., 2017), some researchers
have reached different conclusions that eggs are the
most resistant stage in low temperature applications
(Johnson and Valero, 2003). In this low temperature
study, the egg stage was found to be the most durable
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stage and the adult stage to be the most susceptible
stage. The larval and pupal stages in this study have
almost similar results. Adult stage results are close to
larval and pupal stage results. There may be many
reasons why different biological stages of C. chinensis
and other stored product pests show different
sensitivity and different responses to extreme low
temperatures. These; There may be different factors
such as the species of pests, the geographies where the
pests are located, climates and temperature
requirements, the species of stored product that the
pests live on, the storage conditions of the product
where the pests live. All these different factors can
cause similar or different results in low temperature
studies on stored product pests. Therefore, it is
important to carry out low temperature studies
carefully for each region. It would be in the interest of
valuable scientists working in this field to come
together in comprehensive regional and global studies
on stored product pests.

CONCLUSION

Today, it is known that healthy protection of
agricultural products is as important as the safe
cultivation of agricultural products. It is known that
the use of chemical pesticides in the storage of
agricultural products has some side effects. As can be
understood from previous studies, low temperature
applications as a reliable way to control of stored
product pests have gained importance in recent years
and have been defined as an alternative management
strategy against pests. As a result of this study, it was
found that C. chinensis was susceptible to extreme low
temperatures and deaths increased rapidly due to the
increase in exposure time. This study will set an
example for future low temperature studies, thus
shedding light on the development of new strategies for
a healthier and more reliable storage of stored
agricultural products for a long time.
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