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Abstract Storage of natural enemies at low tempera-
tures has an important role in biological control pro-
grams. It is an very critical factor that the stored indi-
viduals is used without losing their characters such as
longevity, survival, fecundity, etc. In this study, the
storage possibilities of Rhyzobius lophantae Blaisdell
(Coleoptera: Coccinellidae) adults under low tempera-
tures (4 °C and 12 °C) for four different periods (10, 20,
30 and 40 days) were investigated. The survival rates
and life span of adults (male and female), daily and total
egg numbers laid by females stored at 4 °C and 12 °C for
10, 20, 30 and 40 days were determined. The survival
rates of adults stored at 4 °C for 10 and 20 days were
found to be 94.54% and 58.02% respectively. However,
no adults stored at 4 °C for 30 and 40 days were
observed to survive. The highest survival rate was
88% for the adults stored at 12 °C for 10 days. The
average daily laid egg numbers were 12.51 and 9.37,
and total egg numbers were 850.30 and 738.30 of adults
stored at 4 °C for 10 and 20 days, respectively. The
decrease in daily and total egg numbers of females
stored at 12 °C was observed with increasing storage
period. There was no significant difference in longev-
ities of male and female stored at 4 °C and 12 °C. These

results show that short-term storage at low temperatures
does not affect certain properties of the predator when
compared to 12 °C and storage periods.
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Introduction

Rhyzobius lophantaeBlaisdell (Coleoptera: Coccinellidae)
is an important natural enemy of most armored scales of
Diaspididae family (Flores and Carlson 2009; Stathas
2000a; Stathas 2000b; Stathas et al. 2002; Uygun 1981)
and it has the characteristics of undiapaused, highmobility,
well prey selectivity, adult longevity, high fecundity, rapid
development (five to seven generation in a year) and lack
of parasitism (Flores and Carlson 2009; Stathas 2000b).
These superior abilities have allowed the effectively use of
R. lophantae in biological control of armored scale insects
in the USA, Italy, Argentina, Bermuda, Algeria, Tunisia,
Morocco, Georgia, Greece, Texas, Pacific (Cave et al.
2013; Flores andCarlson 2009; Stathas 2000b). The recent
studies pointed out that, it has become fortuitously
established on Cycad Aulacaspis Scale, Aulacaspis
yasumatsui (Hemiptera: Diaspididae) in South Texas,
USA since October, 2006 (Flores and Carlson 2009).
Furthermore, the researchers mentioned that cycad
aulacaspis scale was controlled by R. lophantae and
Aphytis lignanensis after established. On the other hand,
R. lophantaewas introduced to Guam (2004), Rota (2007)
and Palau (2009) in the Pacific, and released on native
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cycads infested by A. yasumatsui. The predator rapidly
established and controlled heavily infested plants
(Anonymous 2010; Cave et al. 2013).

The practices used in biological control are realized
as the mass production and periodic releases of natural
enemies or adaptation and import of new beneficial
species, in such cases the beneficial populations in the
agroecosystem do not adequately control the pests
(Uygun 1991; Uygun et al. 2010). Sufficiently large
numbers of beneficials in periodic releases or shipped
of some natural enemies in cooled containers are in-
creasing the importance of storage at low temperatures
in biological control (Ghazy et al. 2014; Luczynski et al.
2008). Moreover, developing storage techniques are
very important to store insects when the colony is not
in use, to assist in accumulating sufficient numbers of
insects for innundative releases, or to reduce costs of
retaining a colony between inoculative releases (Abdel-
Salam and Abdel-Baky 2000; Chang-Chun et al. 2012;
Coudron et al. 2007; Gagne and Coderre 2001;
Hofsvang and Hagvar 1977; Jalali and Singh 1992;
Özgökçe et al. 2006; Tauber and Tauber 1978; Tauber
et al. 1993). Thus, storage of natural enemies may
permit economic and limited production, stockpiling
during low production or unexpected periods of high
demand, rearing to occur at a time of the year (Riddick
andWu 2010). In order to be able to use natural enemies
effectively in biological control practices, a certain num-
ber of storages are required under appropriate circum-
stances without adversely affecting the basic features of
the beneficial such as reproductive potential, develop-
ment, life span, consumption, survival, etc. (Ghazy et al.
2014; Özgökçe et al. 2006; Riddick and Wu 2010). For
all that reasons, the beneficials have to be kept in perfect
storage conditions and techniques.

It is known that low temperatures slow down in-
sect’s metabolism and activities (Colinet et al. 2006;
Ladurantaye et al. 2010). Furthermore, prolonged ex-
posure to low temperatures could cause cellular injury,
thermal shock, direct-chilling injury, spontaneous nu-
cleation of body water, metabolism perturbations or
accumulation of toxins and could be fatal for the
insects (Chen et al. 1987; Gagne and Coderre 2001).
Storage periods and low temperatures are vital impor-
tance for the without losing their biological and phys-
iological characteristics. Furthermore the storage at
appropriate conditions is advantageous in delaying
activity and preventing cannibalism of beneficials
(Ladurantaye et al. 2010).

There are several studies related with storage of
coccinellids at low temperatures. Adalia bipunctata L.
(Hamalanien 1977), Adonia variegata (Borodkin 1973),
Chilocorus bipustulatus L. (Şenal et al. 2001),Coccinella
septempunctata L.,C. undecimpunctata L. (Abdel-Salam
and Abdel-Baky 2000), Coleomegilla maculata lengi
Timberlake (Gagne and Coderre 2001), Cryptolaemus
montrouzieri Mulsant (Özgökçe et al. 2006; Yiğit et al.
1994), Harmonia axyridis (Abdel-Salam et al. 1997;
Chang-Chun et al. 2012; Deng 1982), Nephus includens
Kirsch (Yiğit et al. 1994) and Rodolia cardinalis
(Quezada and DeBach 1973). These studies have inves-
tigated that the cold storage affected some biological
characteristics of ladybirds. C. undecimpunctata adults
may survive extended periods of storage at 6 °C com-
pared to the other developmental stages. Larval stage of
predator didn’t survived after 30 and 60 days (Abdel-
Salam and Abdel-Baky 2000). Özgökçe et al. (2006)
found that the longevity, total fecundity and daily repro-
duction of C. montrouzieri adults kept at 15 °C for 5 days
were 69.7, 686.7 and 9.8, respectively. However, these
values decreased in prolonged storage periods. For the
first time, the storage possibilities of R. lophanthae at
storage periods and different low temperatures was in-
vestigated by the present study.

Determination of the storage conditions for predators
should direct us to establish suitable low temperature
and periods for long-term storage, transport, contribut-
ing to release. In this study it was aimed to determine the
post storage effects and storage potential ofR. lophantae
adults at different low temperatures for certain periods
were evaluated by measuring survival, male and female
longevities, reproductive capacity. Additionally, in order
to determine performance of stored individuals, statisti-
cal analaysis was performed on survival rate, lifespan of
adults and egg numbers.

Material and methods

Mass rearing of Aspidiotus nerii Bouché

The Oleander Scale, Aspidiotus nerii Bouché (Hemiptera:
Diaspididae) was used as prey to feed R. lophantae. The
crawlers of A. nerii obtained from infested shoots and
leaves of Acacia cyanophylla Lindley, (Fabaceae) at
Çukurova University Campus, Adana, Turkey and
transfered to potato tubers. The oleander scale reared on
potato tubers. As the individuals on potatoes continue to
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reproduce, new potato tubers were placed on a weekly
basis to ensure continuity of rearing. Mass rearing of
A. nerii were realized in the chamber room at 26 ± 1 °C,
60% relative humidity and 16:8 (L:D) photoperiod.

Mass rearing of Rhyzobius lophantae Blaisdell

The adults of R. lophantae were collected from Cyprus
acacia trees infested by A. nerii at Çukurova University
Campus. The adults transferred to plexiglass boxes
(width 13 cm, length 25 cm) including potato tubers
infested by A. nerii. Prey for R. lophantae added regu-
larly according to the prey shortage in the rearing
boxes. The plexiglass boxes were kept in the chamber
room at 26 ± 1 °C, 60% relative humidity and 16:8
(L:D) photoperiod.

Storage studies of Rhyzobius lophantae Blaisdell at low
temperatures for different periods

The experimental design was a randomized complete
plot and ten replications were made for each trial. In the
study, eleven adults of R. lophantae newly emerged
from pupae were transferred to each ventilated plastic
petri dishes (6 cm in diameter) for each temperature and
storage period. 110 adults of R. lophantae were used in
each trial. The petri dishes were initially placed at 4 and
12 °C and were kept separetely in the incubators for 10,
20, 30 and 40 days under full darkness and 60% relative
humidity. The adults were taken to the climate chambers
at 16:8 (L:D) photoperiod, 26 ± 1 °C and 60% RH after
completing the storage periods at 4 and 12 °C and kept
for 24 h. Afterwords, dead or alive adults were counted
at each replication. The dead individuals were removed
and coded at each replications. Alive adults were kept at
climatic chambers to use for further experiments.

The potato pieces (about 2–3 cm2) infested byA. nerii
were placed in the petri dishes for feeding of individuals,
and this potato pieces were replaced daily with new ones
in order to determine the egg numbers of R. lophantae.
The number of eggs laid by R. lophantae was counted
every 24 h under stereo-microscope (40X zoom) during
the experiment.

There were few individuals crushed or escaped in
replications by accident and the data of these individuals
didn’t evaluated in the statistical analysis for life span of
female-male and fecundity.

The preparations of dead adults

The preparation of dead adults coded during the
experiment was made according to Uygun (1981)
to determine total-daily laid egg numbers of fe-
males, and genders in the petri dishes. The samples
were kept for one day with diluted phenol. After
softening, the abdomens were separated from the
bodies of the predator using a pin and then trans-
ferred to a 10% KOH solution. Between 12 and
24 h, they were immersed in distilled water. The
male and female were determined by removing
their genital organs.

Statistical analysis

Data on the survival rate, longevity, fecundity of R.
lophantae adults for storage periods (10, 20, 30
and 40 days) at each temperature (4 °C and
12 °C) were subject to two-factor analysis of var-
iance. The comparisons of means for each treat-
ment were made with Tukey HSD (Honestly Sig-
nificant Difference) test (p ≤ 0.05). The Statistical
software package SPSS 18.0 was used for all sta-
tistical analyses.

Results

Effects of different storage temperatures and periods
on the survival rates of adults

The data demonstrates that the survival rates showed a
rapid decrease according to storage duration and all
adults died at 4 °C for 30 and 40 days storage periods.
Although the highest survival rate was observed as
94.54% at the end of the storage period of 10d at
4 °C, the survival rates of adults stored at 12 °C was
higher than 4 °C (Fig. 1). Durations of storage at both
temperatures significantly affected the survival rates of
stored adults (F = 25.5792, df = 1–78, P ≤ 0.01). The
adult survival rates varied significantly among storage
periods of 10, 20, 30 days at 4 °C (F = 192.4841,
df = 3–36, P≤,0001). At the same time, there were
statistically significant differences between survival
rates of the adults stored at 12 °C for 10 and 40
storage days (F = 5.4135, df = 3–36, P ≤ 0.0035).
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Effect of different storage temperatures and periods
on life span of Rhyzobius lophantae female and male

Adults were held at 26 ± 1 °C, 16:8 (L:D) photoperiod
and 60% RH at post-storage period to determine the
impacts of storage on adult life span. All adults died
during storage periods of 30 and 40 days at 4 °C. Male
and female longevities varied according to storage pe-
riods at each temperature. Males (78.31 days) stored at
4 °C for 10 days lived longer than the females
(69.80 days), but females (91.27 days) survived longer
than males (62.25 days) stored at the same temperature
for period of 20 days. It was found that male longevity
(65.76 days) of R. lophantae after stored at 12 °C for
10 days was longer than females (53.02 days). In con-
trast, females at other storage periods (20, 30 and
40 days) survived longer than males (Fig. 2, Table 1).

However, the results of statistical analaysis indicate that
storage periods for each temperature had no significant
effects on life span. (F = 37.9044, df = 3–36, P≤,0001
for 4 °C, F = 2.1426, df = 3–36, p ≤ 0.1119 for 12 °C in
female; F = 15.0328, df = 3–36, P≤,0001 for 4 °C,
F = 0.1864, df = 3–36, p ≤ 0.905 for 12 °C in male)
(Table 1).

The longest lifespan of females and males were
91.27 days after storage period of 20 days and
78.31 days for storage period of 10 days at 4 °C. The
differences in both female and male longevities at 4 °C
and 12 °C for each storage period (10, 20, 30 and
40 days) were significant (F = 9.5976, df = 1–78,
P ≤ 0.0027 for female; F = 10.6052, df = 1–78,
P ≤ 0.0017 for male).

Surviving curves showed a gradual decrease in the
lifespan of adult stage after storage periods at different
temperatures except storage period of 20 days at 4 °C in
Fig. 3. It was observed a sharp decline (drop) in the
curve for storage period of 20 days at 4 °C. The adult
mortality occured at the beginning of the cohort. The
earliest mortality occurred 112nd days in the adults
stored at 12 °C for 40 days amongst all storage periods
(Fig. 3).

Effect of different storage temperatures and periods
on fecundity of Rhyzobius lophantae female

The data in Table 1 and Fig. 2 illustrates that females
stored at 4 °C laid higher number of eggs than those at
12 °C. The differences between two temperatures for
total egg numbers were found statistically significant
(F = 8.8827, df = 1–78, P ≤ 0.0038). In contrast, there
was not a significant differences between two tempera-
tures for daily egg numbers (F = 3.3895, df = 1–78,
P ≤ 0.0694). The females laid no eggs at 4 °C because
adults died at the storage periods of 30 and 40 days. The
maximum daily and total egg numbers throughout the
life span of females stored at 4 °C for 10 days were
12.51 and 850.30 respectively (Table 1).

Females stored at 12 °C for 10–20 days and 30–
40 days laid similar daily and total of egg numbers.
No significant differences in daily egg numbers were
found between the storage periods of 10 and 20 days,
and between the storage periods of 30 and 40 days. On
the other hand, significant differences in daily and total
egg numbers between storage periods of 10–20 days
and 30–40 days were found (F = 17.8588, df = 3–36,
P≤,0001 for daily egg numbers and F = 17.4945, df = 3–
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36, P≤,0001 for total egg numbers). Additionally, egg
numbers decreased rapidly with increasing storage pe-
riods (Table 1 and Fig. 2). The fecundities of females
were affected by storage periods and low temperatures.

In Fig. 3, fecundity curves was almost static in all
storage periods. Reproductive peak was reached at the
beginning of the oviposition period. Reproduction
stored at 12 °C for 30 and 40 days demonstrated no
conspicuous peaks. High fecundity values reached at the
beginning of the adult stage, but they decreased sub-
stantially toward the end of lifespan except for adults
stored at 12 °C for 30 and 40 days (Fig. 3).

Discussion and conclusion

The studies have been conducted to determine the effects
of storage at low temperatures for many biological control
agents on survival, fecundity, life span, egg viability,
consumption capacity, etc. in different developmental
stages. The studies indicated that their biological charac-
teristics were influenced by species, biotypes, precondi-
tioning, developmental stage, storage temperature and
storage period (Abdel-Salam et al. 1997; Abdel-Salam
and Abdel-Baky 2000; Chang-Chun et al. 2012; Colinet
et al. 2006; Deng 1982; Gagne and Coderre 2001;
Hofsvang and Hagvar 1977; Jalali and Singh 1992;
Özgökçe et al. 2006; Şenal et al. 2001; Tauber et al. 1993).

The results of this study show that low temperatures
and storage periods affect the survival of R. lophantae
adults. The survival rates of adults were more than 50% in

different storage periods at 12 °C. Survival decreased
rapidly and adults died at storage periods of 30 and40days
at 4 °C. The death of adults can be related with the cellular
damage, metabolism perturbations or accumulation of
toxins at low temperatures and storage periods (Gagne
and Coderre 2001). Yiğit et al. (1994) studied on storage
possibilities of Cryptolaemus montrouzieri Mulsant and
Nephus includens Kirsch. C. montrouzieri lived maxi-
mum 10 days at 7 °C and 22 days at 15 °C. On the other
hand, 50% survival rate of N. includens adult populations
obtained for 8.27 days and 11.26 days at 7 °C and 15 °C
respectively.N. includens lived maximum 20 days at 7 °C
and 25 days at 15 °C. Chang-Chun et al. (2012) found that
Harmonia axyridis (Pallas) survivedmore than 80%when
they were stored for 150 days at 3 °C and 6 °C. Abdel-
Salam and Abdel-Baky (2000) studied developmental
stages of Coccinella undecimpunctata L. were stored at
6 °C for 7, 15, 30, 45 and 60 days in a refrigerator. The
survival rates of adults newly emerged from pupae were
25, 15 and 10% for storage periods of 7, 15 and 30 days,
but no adults survived for storage periods of 45 and
60 days. The mortality rates of C. montrouzieri were
increased with increasing periods at 15 °C, especially
those longer than 5 days (Özgökçe et al. 2006). The
differences between the results can be attributed to the
different predator species.

In addition to survival, life span of male and female
at 4 °C and 12 °C was also determined in this study.
There was no differences in life span of females and
males stored at each temperature for each storage
periods. Abdel-Salam and Abdel-Baky (2000)

Table 1 The life span (day) of female-male and daily-total egg numbers of Rhyzobius lophantae after storage at two different temperatures
and four different periods (Mean ± S.E)

Temp. Storage Female Male Daily Total

(°C) Period (day) n Life span n Life span Egg Egg

4 10 46 69.80 ± 5.02 a 58 78.31 ± 6.8 a 12.51 ± 1.11 a 850.30 ± 63.81 a

20 29 91.27 ± 14.53 a 36 62.25 ± 20.08 a 9.37 ± 1.67 a 738.30 ± 133.19 a

30 0 0 b 0 0 b 0 b 0 b

40 0 0 b 0 0 b 0 b 0 b

12 10 47 53.02 ± 4.20 a 42 65.76 ± 6.40 a 6.42 ± 0.56 a 269.50 ± 18.63 a

20 35 72.04 ± 4.72 a 41 58.16 ± 8.82 a 4.69 ± 0.97 a 277.10 ± 52.22 a

30 54 67.01 ± 5.07 a 35 63.03 ± 5.71 a 1.91 ± 0.52 b 91.50 ± 15.16 b

40 31 69.59 ± 8.34 a 27 65.00 ± 9.96 a 0.62 ± 0.09 b 41.00 ± 7.90 b

n total number of surviving individuals

*Means followed by the same letters in a column at each temperature are not significantly different (Tukey, p ≤ 0.05)

Phytoparasitica (2017) 45:175–182 179



determined that male and female longevities of
Coccinella undecimpunctata were respectively 35 and
42.3 days for 7 storage period at 6 °C. Male and
female of predator stored for 15 days at 6 °C lived
respectively 31 and 40 days. Results showed that
storage period had a significant impact on adult lon-
gevity. Longevities of Cryptolaemus montrouzieri fe-
male after storage periods (5, 10, 15, 20 days) at 15 °C
were respectively 69.7, 57.3, 73.4 and 56.8 days.

Adult longevity of predator was also affected by
cooling periods (Özgökçe et al. 2006).

Compared to the individuals that develop without
being stored and the stored individuals of R. lophanae,
male and female longevities were respectively 43.1 and
53.2 days at 25 °C (Nar et al. 2009). In the other studies,
adult longevity of R. lophantae was 121.3 days at 25 °C
(Stathas 2000a). When the results are compared with
studies of Nar et al. (2009) and Stathas (2000a), the life
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spans of stored adults are longer than those of unstored
individuals. This can be attributed to slow-down in insect
metabolism and activity because of storage at low tem-
peratures (Colinet et al. 2006; Ladurantaye et al. 2010).
As a result of these studies, adult longevities are affected
by different storage periods and temperatures.

Chang-Chun et al. (2012) found that long-term cold
storage had different effects on the fecundity of
H. axyridis at different temperatures. The adults stored
90-days at 0 °C had the largest reproductive capacity.
The female stored 90 days at 0 °C, 90–150 days at 3 °C
and 120–150 days at 6 °C laid similar egg numbers. Egg
numbers increased up to 120 day storage at 6 °C and
decreased at −3 °C. Özgökçe et al. (2006) reported that
total fecundities of C. montrouzieri after storage periods
of 5, 10, 15, 20 days at 15 °C were 686.7, 478.5, 366.4
and 385.8 respectively; while daily reproductions were
also 9.8, 6.4, 3.0 and 3.1 respectively. Nar et al. (2009)
determined that the daily and total egg numbers of
R. lophantae were 13.6 and 680 respectively during
oviposition period at 25 °C. Stathas (2000b) found that
female of R. lophantae laid mean 633.7 eggs during
oviposition period at 25 °C and 65% R.H. In both
studies, similar results obtained in the egg numbers. In
this storage study, it is pointed that the egg numbers laid
by surviving female stored at 4 °C for 10 and 20 storage
period were similar with results of Nar et al. (2009) and
Stathas (2000b). But, the egg numbers decreased with
prolonged storage periods at both temperatures.

As a result of this study, we found that low tempera-
tures for each storage periods affected mortality, fecun-
dity and longevity of R. lophanae adults. While life
spans of male and female were not affected, egg numbers
were influenced by storage periods for each tempera-
tures. Survival and fecundities of R. lophantae stored at
4 °C and four different periods decreases according to
increasing storage periods. Long storage periods had a
direct impact on the decrease of the number of eggs. This
study suggests that R. lophantae can be stored at low
temperatures for short periods without any loss of bio-
logical characteristics. R. lophantae should be used in
short periods during the cross-country transport.

Future studies should focus on the feeding and perfor-
mance (predation on pests) of stored predators in the field.
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