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Scale insects are the most damaging pests of citrus production in Turkey. Rhyzobius lophanthae Blaisdell
(Coleoptera: Coccinellidae), a polyphagous coccinellid, is one of the most important predators of these pests. In this study,
the life tables of R. lophanthae on three different armored scale insects, Aonidiella aurantii (Maskell), Aspidiotus nerii
Bouché, Chrysomphalus dictiyospermi (Morgan) (Hemiptera: Diaspididae), were produced. The study was conducted in a
climate chamber under constant conditions of 26°C, 60% relative humidity and 16-hour photoperiod.

The net reproductive rate (R,), intrinsic rate of increase (r,) and mean generation time (7}) were 36.027, 12.520
and 6.600 females/female/generation, 0.120, 0.061 and 0.041 females/female/day, and 30.005, 41.151, 45.826 days,
respectively, when R. lophanthae was reared on A. nerii, C. dictiyospermi and A. aurantii, respectively. The doubling time
(DT) and finite rates of increase (L) were 5.803, 11.286 and 16.832 days, 1.127, 1.063 and 1.042 individuals/female/day,
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respectively, when R. lophanthae was reared on A. nerii, C. dictiyospermi and A. aurantii, respectively.
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INTRODUCTION

Fruit and vegetable production is an important segment of
world agriculture. Citrus fruits are considered some of the
most important due to the huge production area and
commercial value. Originating from China, India and South-
East Asia, citrus is now grown throughout areas with a
temperate climate (AKGUN, 2006). In Turkey, citrus
production is approximately 3.7 million tonnes annually
(FAO, 2013).

Among the many pests of citrus, scale insects cause
significant economic losses everywhere that citrus is grown.
Aonidiella aurantii (Maskell), Aspidiotus nerii Bouché and
Chrysomphalus dictiyospermi (Morgan) (Hemiptera:
Diaspididae) feed and cause damage on citrus fruits. In
addition, 4. aurantii infestation damages the trunk, branches
and shoots (UYGUN et al., 2013).

Chemical control of scale insects on citrus is very difficult
due to the wax these pests. Therefore, comprehensive studies
have been carried out recently to develop biological control
methods against these armored scale pests. One of the most
effective predators is the coccinellid, Rhyzobius lophanthae
Blaisdell (Coleoptera: Coccinellidae) (STATHAS et al., 2002).

This study examined the development and life table
parameters of R. lophanthae when reared on three armored
scale species, 4. aurantii, A. nerii and C. dictiyospermi. The
ultimate goal of this study was to identify the armored scale
species on which R. lophanthae could be most efficiently
reared.
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MATERIALS AND METHODS

PREY SOURCE

The scale insects which were used as the prey in this
study were obtained from a laboratory colony at Siileyman
Demirel University in Isparta, Turkey, with production in
weekly periods throughout the study. 4Aspidiotus nerii was
produced on potato tubers (Solanum tuberosum L.)
(Solanaceae), and infestation was initiated by putting
potatoes infested with 4. nerii next to clean potatoes.
Chrysomphalus dictiyospermi and Aonidiella aurantii
were produced on pumpkins (Cucurbita moschata Duch.)
(Cucurbitaceae), and infestation was achieved by placing
pumpkins infested with A. aurantii next to clean
pumpkins.

SOURCE OF RHYZOBIUS LOPHANTHAE

Rhyzobius lophanthae individuals, collected from citrus
orchards in Adana Province in southern Turkey with the
shaking method of STEINER (1962), were used to establish a
laboratory colony at the Biological Control Research and
Application Laboratory of the Department of Plant
Protection, Siileyman Demirel University, Isparta, Turkey.
The conditions in the climate chamber were set at 25+1°C ,
65+5% relative humidity and long-day lighting (16 h: 8 h).
Rhyzobius lophanthae individuals were taken from this
stock culture for experimental purposes.

EXPERIMENTAL DESIGN

This study was conducted in a climate chamber at a
temperature of 26+1°C, 60+5% relative humidity and long-
day lighting (16 h light: 8 h darkness). The day before the
establishment of the experiment, 20-30 Rhyzobius
lophanthae individuals that had emerged from pupae on the
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same day were placed on potato tubers infested with
Aspidiotus nerii and deposited in a plastic container. After
ten days, the eggs laid by R. lophanthae on these potato
tubers were removed with a soft sable brush without
damage for use in in this study.

Aspidiotus nerii was used as the prey in the first
experiment in which infested potato tubers were placed
individually in plastic containers (10x10x5 cm). One R.
lophanthae egg was placed on each potato tuber with a soft
brush. Aonidiella aurantii and C. dictiyospermi were used
as the prey in the second and third experiments in which
infested pumpkins were placed individually in plastic
containers (20x13.5x10). One R. lophanthae egg was placed
on each pumpkin with a soft brush. R. lophanthae
individuals, reared on the three different preys to the adult
stage, were observed daily under a stereomicroscope (Leica
S6D, x10 magnification) to determine their developmental
periods.

Individuals were separated into males and females after
developing into adults (STATHAS et al., 2002). After this
process, one male and one female R. lophanthae were placed
in each plastic container for the three different groups. Then,
the eggs produced by these individuals were counted daily.
This process continued until all adult individuals had died so
that life tables of females of R. lophanthae were able to be
calculated for the 3 different preys.

The data from the experiments were used to develop age-
related life tables for each prey used. All parameters in the
life table were calculated with the Euler-Lotka equation
(BIRCH, 1948) by using RmStat-3 (OzGOKCE & KARACA,
2010).

Parameters used for calculations:

Age-related survival rate (/) and fertility rate (m,) (BIRCH,
1948);
Net production rate, (BIRCH, 1948);

RO = E Ex'mx
Intrinsic rate of increase (r,,), (BIRCH, 1948)
SelmA| m =1

Mean generation time, (BIRCH, 1948)

_ InR,
=
Total productivity rate, (BIRCH, 1948)
GRR =Ym,
Daily maximum reproductive value, (BIRCH, 1948)
A=¢gm
Doubling time, (KAIRO and MURPHY, 1995),
_ln2
2T

Reproductive value, (IMURA, 1987).

Z(erm'y'ly'my)
v, =22

g~ Tm=x

Ly

The pseudo-rmij values were calculated with the Jack-
knife method (MEYER et al., 1986; OzGOKCE & ATLIHAN,
2004) to include the use of intrinsic rate of increase values
calculated for these populations in comparison tests.
Furthermore, the developmental periods of immature stages
for each prey were evaluated separately. The Tukey multiple
comparison test was then used for the comparison of these
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with SPSS (ver. 17) program. The significance difference
was set at p<0.05.

RESULTS AND DISCUSSION

The development period of the egg stage of R.
lophanthae fed on three different prey was not significantly
different (F=0.68, df=3, P=0.507). The first stage of R.
lophanthae fed on A. nerii developed more rapidly than
those fed on the other two armored scale species (F=119.02,
df=3, P=0.0001). The second larval stage of R. lophanthae
fed on A. nerii also showed more rapid development than
those fed on the other armored scale insect species
(F=24.85, df=3, P=0.0001). For the third stage, while the
larvae of R. lophanthae fed on A. nerii developed more
rapidly than on other two species, larvae of R. lophanthae
fed on C. dictiyospermii developed faster than when fed on
A. aurantii (F=28.48, df=3, P=0.0001). Results for the fourth
larval stage were similar to the third larval stage. Overall, the
larvae of R. lophanthae fed on A. nerii developed more
rapidly than on the other two species, and larvae of R.
lophanthae fed on C. dictiyospermii developed faster than on
A. aurantii (F=32.66, df=3, P=0.0001). Larvae of R.
lophanthae fed on A. nerii developed more rapidly than
those fed on C. dictiyospermii (F=33.13, df=3, P=0.0001).
For total development times, larvae fed with A. nerii
developed more rapidly than those fed on A. aurantii and C.
dictiyospermii (F=166.08, df=3, P=0.0001) (Table 1).

STAaTHAS (2000) investigated the development of R.
lophanthae at different temperatures and with 4. nerii as the
prey. The development times of all stages (larval, pupal and
total time) of R. lophanthae were longer than in our study.
However, for the other preys in our study, the development
times of all stages of R. lophanthae were shorter. When this
study was compared with the literature (STATHAS, 2000), the
development times of immature stages of the individuals
fed with 4. nerii was different. This could have resulted
from the difference of the temperatures at which the study
was carried out. STATHAS et al. (2002) examined the
development of R. lophanthae at four different temperatures
under laboratory conditions, with Chrysomphalus aonidum
L. as the prey. In our study, all stages of R. lophanthae fed
on A. nerii developed more quickly than C. aonidium in
their study. When the total development times were
analyzed, it was determined that all three prey used in the
present study developed in a shorter time than C. aonidium.
When the development times of the immature stages of R.
lophanthae from the two studies were compared, there were
some differences. These may have resulted from the
difference of the temperature at which the study was carried
out and also the prey.

NAR et al. (2009) investigated the effects of 25°C
temperature on the development of R. lophanthae fed on A.
nerii. The development times of all stages (larval, pupal and
total time) of R. lophanthae were slower than in our study.
A difference was also seen between the development
periods of the immature stages of the individuals fed with
C. dictiyospremi and A. aurantii in the current study and
reported by NAR et al. (2009). When the development times
of the immature stages of the individuals fed with 4. nerii in
our study were compared with the development periods in
the literature (NAR et al., (2009), there were differences
between periods. These differences may also have resulted
from the different temperatures used.

In this study, the preoviposition periods of R. lophanthae
fed on A. nerii, C. dictiyospermi and A. aurantii were 3.7,
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Table 1 — Development times (days ) of the immature stages of Rhyzobius lophanthae ted on three different prey.

n Aspidiotus nerii n Cdiigls)?org ézfrf;;s n Aonidiella aurantii

Egg 64 4.17+0.088 a 52 4.21£0.069 a 50 4.30+0.071 a

Larva 1 42 2.57+0.085 a 34 5.65+0.211 b 37 5.89+£0.218 b

Larva 2 36 2.08+0.047 a 28 2.79+0.107 b 28 3.18+0.179 b

Larva 3 33 1.88+0.072 a 26 3.04+0.188 b 23 3.74+0.283 ¢

Larva 4 22 3.05+0.154 a 19 5.21+£0.330 b 10 6.50+0.500 ¢

Pupa 20 3.65+0.109 a 12 6.75+0.329 ¢ 9 5.1140.564 b

Total development time | 20 17.45+0.256 a 12 27.50+0.609 b 9 28.11+0.841 b

Different letters on the same line indicate a significant difference (p<0.05)

6.7 and 12.0 days, respectively, the oviposition periods were
30.5, 12.8 and 12.6 days, respectively, and the posto-
viposition periods were 3.4, 4.1 and 5.4 days, respectively.
The adult longevities of A. nerii, C. dictiyospermi and A.
aurantii were 37.6, 23.6 and 30.0 days, and the generation
times were 22.35, 36.2 and 41.0 days, respectively. The
number of eggs laid daily was 5.53, 5.16 and 2.75
eggs/female, respectively, and the total number of eggs laid
was 201.75, 123.7 and 82.5 eggs/female (Table 2).

STATHAS (2000) examined the development of R.
lophanthae on A. nerii and reported the development
periods of the immature stages and preoviposition time of
the adults at different temperatures. When compared with
our study, the preoviposition time was longer. STATHAS ef al.
(2002) examined the development of R. lophanthae on C.
aonidium at different temperatures. At 25 °C, the
preoviposition time of R. lophanthae was 5.3£0.91 days. In

the present study, the preoviposition time of the females fed
with A. nerii was shorter than in other study (STATHAS et al.,
2002). When the other two preys (C. dictiyospermi and A.
aurantii) were compared with STATHAS et al. (2002), the
preoviposition time of the individuals fed with C. aonidium
was shorter in our study. These differences may be a
consequence of the different temperature at which the study
was carried out and also the prey.

NAR et al. (2009) investigated the effects of 5 different
temperatures, including 25°C, on the development of R.
lophanthae. Compared with our study, they reported a
shorter preoviposition period, and a longer oviposition
period, while the postoviposition period was similar. These
differences may have resulted from the difference in
temperature.

In the present study, the intrinsic rate of increase values
for R. lophanthae fed with A. nerii, C. dictiyospermi and A.

Table 2 — The mean development time of adult individuals of Rhyzobius lophanthae

fed on three different preys after maturity.

Prey N Mean+SE
A. nerii 20 3.7£0.19
Preoviposition time C. dictyospermi 10 6.7+0.50
A. aurantii 8 12+0.27
A. nerii 20 30.5+1.77
Oviposition time C. dictyospermi 10 12.8+0.63
A. aurantii 8 12.63+0.57
A. nerii 20 3.4+0.15
Postoviposition time C. dictyospermi 10 4.1+£0.18
A. aurantii 8 5.3840.18
A. nerii 20 37.6£1.81
Adult longevity(female) C. dictyospermi 10 23.6+0.72
A. aurantii 8 30+0.42
A. nerii 20 22.3540.13
Generation time C. dictyospermi 10 36.2+0.36
A. aurantii 8 41+0.71
A. nerii 20 5.53+£2.25
Number of eggs laid daily C. dictyospermi 10 5.16+0.40
A. aurantii 8 2.75+0.07
A. nerii 20 201.75+7.66
Total number of eggs C. dictyospermi 10 123.7+12.27
A. aurantii 8 82.5+£2.75
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aurantii were 0.120, 0.061 and 0.041 females/female/day,
respectively, the net production rates (R,) values were
36.027, 12.250 and 6.600 females/female/generation,
respectively, and the mean generation time (7)) values were
30.005, 41.151 and 45.826 days, respectively. Furthermore,
the total production rate (GRR) values were 125.542, 65.111
and 41.369, respectively, the doubling time (7,) values were
5.803, 11.286 and 16.832 days, and the finite rates of
increment were 1.127, 1.063 and 1.042 individuals/
female/day, respectively (Table 3).

The pseudo-rmij values calculated separately for each
prey were analyzed with the Tukey multiple comparison
test. The average pseudo-rmij value for R. lophanthae fed
with A. nerii was significantly different from the average for
those fed with other preys (F=32.01, df=3, P=0.0001)
(Table 3).

STATHAS et al. (2005) examined the reproductivity of R.
lophanthae on A. nerii at 25°C under laboratory conditions.
They calculated total productivity, net production rate and
intrinsic rate of increase. The intrinsic rate of increase (7,,,)
calculated in our study was similar to that of Stathas et al.
(2005). However, the net production rate (R,) was different
from this study. NAR et al. (2009) investigated the effects of
different temperatures on the development of R. lophanthae.
Its life table parameters (7,, R,, T, and T,) were calculated,
using A. nerii as the prey. The values for the individuals fed
on A. nerii, C. dictiyospermi and A. aurantii in our study
were different. The differences may have resulted from the
prey difference.

The survival rate (1,), fertility rate (m,) and reproduction
value (V,) of R. lophanthae individuals fed on A. aurantii, A.
nerii and C. dictiyospermi under laboratory conditions in the
present study are given in Fig. I. On the first prey (4.
aurantii), the survival rate, which was 1.00 at the beginning,
began to decrease from the 4" day and was 0.02 at the end of
the 61* day, with the production value (V,) highest (32.28)
on day 41. Rhyzobius lophanthae laid the maximum number
of eggs on day 45 and produced 5.31 eggs on average. They
stopped producing eggs on day 57. On the second prey (4.
nerii), the survival rate, which was 1.00 at the beginning,
began to decrease from the 3™ day and was 0.02 at the end of
the 65" day, with the reproduction value (V,) highest (46.75)
on day 24. Rhyzobius lophanthae laid the maximum number
of eggs on day 26, produced 8.34 eggs on average and
stopped laying eggs on day 62.0n the third prey (C.
dictiyospermi), the survival rate, which was 1.00 at the
beginning, decreased from the 4" day and was 0.02 at the
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end of the 55" day. The reproduction value (V,) was highest
(49.43) on day 38. Rhyzobius lophanthae laid the maximum
number of eggs on day 41, produced 10.42 eggs on average,
and stopped producing eggs on day 51 (Fig. I).

Based on the studies performed up to now, it is possible
to say that R. lophanthae is one of the most important
agents in biological control programs (STATHAS, 2000;
2001; STATHAS et al., 2002; 2005; NAR et al., 2009). Also,
the present study demonsrated that A. nerii can be used as a
prey to conduct the mass production of R. lophanthae.
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