SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

Laboratory Rearing of the Diamondback Moth
Plutella xylostella (L..) (Lepidoptera:
Plutellidae) with Artificial Diet

Htwe, Ah Nge
Institute of Biological Control, Graduate School of Bioresource and Environmental Sciences,
Kyushu University

Takasu, Keiji
Faculty of Agriculture, Kyushu University

Takagi, Masami
Laboratory of Insect Natural Enemies, Division of Biological Control, Department of Applied
Genetics and Pest Management, Faculty of Agriculture, Kyushu University

https://doi.org/10.5109/14051

HIRIER : N KEXRZREFAERLE. 54 (1), pp.147-151, 2009-02-27. Faculty of
Agriculture, Kyushu University
N—=2 3

HEFIBAMR

KYUSHU UNIVERSITY




J. Fac. Agr., Kyushu Univ,, 54 (1), 147-151 (2009)

Laboratory Rearing of the Diamondback Moth Plutella xylostella (L.)
(Lepidoptera: Plutellidae) with Artificial Diet

Ah Nge HTWE', Keiji TAKASU? and Masami TAKAGI**

Laboratory of Insect Natural Enemies, Division of Biological Control, Department of Applied
Genetics and Pest Management, Faculty of Agriculture, Kyushu University,
Fukuoka 812-8581, Japan
(Received November 14, 2008 and accepted December 5, 2008)

The diamondback moth Plutella xylostella (L.) (DBM) is a serious pest of crucifers worldwide. Both
augmentative biological control and autocidal genetic control of DBM require an efficient mass-rearing sys-
tem. We developed a wheat germ based artificial diet with kale leaf powder (ADK) and one without the pow-
der (AD) and compared development of DBM on these diets, together with cabbage (Cab), its natural host.
We used both laboratory and wild strains of DBM. ADK diet supported significantly higher percentage sur-
vival to pupation in laboratory and wild strains, than cabbage and AD. Survival rates within diets were rela-
tively higher in laboratory strain than in wild strain. Larval period was significantly shorter with ADK than
with cabbage in the laboratory strain but the reverse was observed in the wild strain. Pupal weights were
similar between diets in wild strain, although females were significantly heavier than males. ADK diet able
to support growth and development of DBM optimally, with no microbial contamination, thus suitable for

mass production of DBM in laboratory.

INTRODUCTION

The diamondback moth (DBM), Plutella xylostella
(L) (Lepidoptera: Plutellidae), is a serious pest of crucif-
erous crops worldwide, including cabbage, cauliflower
and collards (Harcourt, 1957; Miyata et al., 1982; Abro et
al., 1992; Talekar and Shelton, 1993; Potting et al., 1999;
Reddy et al., 2004; Shelton, 2004). DBM is believed to
have originated in the Mediterranean region (Harcourt,
1957) which is also the place of origin of some of the
important crucifer crops (Tsunoda, 1980). Outbreaks of
DBM in Southeast Asia sometimes cause more than 90%
crop loss (Verkerk and Wright, 1996). Although insecti-
cides have often been used to control DBM, this pest has
been developing resistance to many different insecti-
cides (Liu et al., 1982; Shelton et al., 1993; Sarfraz and
Keddie, 2005). Both augmentative biological control and
autocidal genetic control of DBM require an efficient
mass—rearing system (Carpenter and Bloem, 2002).

Conventional laboratory rearing of DBM uses live
plants such as seedlings or leaves of cruciferous crops
(Koshihara and Yamada, 1976; Omar and Mansor, 1993;
Shirai, 2000). However, this practice requires more labor
space and greatly increases the chances for microbial
contamination (Carpenter and Bolem, 2002). To alleviate
these shortcomings, artificial diets for mass rearing of
DBM have been developed. However, most of them are
not sufficient to sustain large DBM colonies under labora-
tory conditions (Berger, 1963; Biever and Boldt, 1971;
Hisao and Hou, 1978; Shelton et al., 1991; Carpenter and
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Bloem, 2002). Although an artificial diet developed by
Miyasono et al. (1992, 1996) can effectively mass-rear
DBM, the diet contains either fresh cabbage leaves or
fresh foliar parts of germinating radish which may make
the dietary effect inconsistent due to variation in water
content of fresh leaves in each preparation. This also
makes the diet prone to microbial contamination.

Our objective was to develop effective rearing method
for DBM using artificial diet. Towards this goal, we devel-
oped an artificial diet using plant powder by modifying a
wheat germ based diet (Miyasono et al., 1996) for rear-
ing DBM. We compared the performance of two DBM
strains, laboratory and wild, on our artificial diets with
fresh cabbage.

MATERIALS AND METHODS

Test insects

Two different strains of DBM, laboratory and wild
strains were used in this study. Laboratory strain was ini-
tially collected in Hisayama, Fukuoka Japan, in 2004, and
had been continuously reared on artificial diet with dried
kale leaf powder (ADK) (Table 1). The laboratory strain
was more than 80 generations when this study was initi-
ated. For the wild strain, DBM larvae and pupae col-
lected from a cabbage field in Hisayama in 2007 were
reared on cabbage and their F'1 used in this study.

Artificial diets

The wheat germ based artificial diet (Miyasono et
al., 1996) was modified by adding dried kale leaf powder
instead of foliar part of germinating radish (Table 1). We
also used propionic acid instead of formaldehyde solution
because propionic acid is one of the most effective mold
inhibitor (Ghosh et al., 1996). The kale leaves, dried for
two days after extraction of the juice, were provided by
Q'SAI farm aojiru, Shimane, Japan. The dried leaves
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Table 1. Artificial larval diet ingredients used in the study

Amount
Ingredient

ADK AD
Kidney bean 50g 50g
Choline Chloride 0.05 0.05
L- Cysteine 0.2 0.2
Cholesterol 0.25 0.25
Wesson salt mixture 0.5 0.6
Methyl p—hydroxybenzoate 1.42 1.42
Sucrose 2 2
L— Ascorbic acid 2 2
Casein 3.5 3.5
Dried yeast' 20 20
Wheat germ® 50 50
Dried kale powder 5 -
Agar 5 5
Linoleic acid 0.17ml 0.17ml
Propionic acid 0.8 0.8
Distilled water 340 340

" HY-GY B, Nisshin Seifun Co., Tokyo, Japan.
* Dried Yeast Ebios, Asahi Food & Health Co. Ltd., Tokyo, Japan.

were then ground and the resultant powder stored in a
freezer until it was used. We prepared two artificial
diets; a diet contained the dry kale powder (5 g/500 ml)
(ADK) and one that did not contain the powder (AD).

Rearing Methods

The two DBM strains were reared in separate ovipo-
sition cages. The pupae in a Petri dish (9 cm—diameter)
were placed in a plexiglass oviposition cage (30X30X
30 cm), one side of which had a slide door (13X13 cm)
at the center, and two other sides of which were covered
with fine nylon mesh, at 25 °C and 16L: 8D. After emer-
gence, adults were allowed to mate and oviposit in the
oviposition cage. They were provided with a piece of
cotton saturated with 10% honey—water solution. Plastic
cups (7.8 cmXx5.5 cm) containing (50 mg) kale leaf pow-
der were placed on the bottom of the rearing cage as an
oviposition substrate for 24 h. Thereafter, the cups with
newly laid eggs were collected and neonate larvae reared
with cabbage, ADK and AD diets.

To compare immature development of DBM with
artificial diets and cabbage leaves, 10 newly hatched (less
than 6 h—old) first-instar larvae were transferred with a
fine brush into a plastic cup (7.8 cmXx5.5 cm) containing
either 2g of ADK diet, 2 g of AD diet, or 2 g of cabbage
leaf. The cup was covered with tissue paper and then
with a perforated plastic lid. The diets were renewed
every two days. At the onset of pupation, the number of
pupae per day per cup was recorded, and each pupa was
weighed. Pupae were then individually kept in a 1.5 ml
centrifugal tube. Adult emergence was daily checked,
and the date of adult emergence and sex of emerging
adults were recorded. The experiment was conducted
at 25+1°C and a photoperiod of L16: D8 condition.
There were 10 replications (10 larvae per replicate) for
each treatment.

Statistical Analysis
Effects of diet and sex on survival of DBM were ana-

lyzed using a two—way analysis of variance (ANOVA), fol-
lowing arcsine transformation, and means were separated
by use of Tukey—Kramer HSD test. Survival rates, devel-
opmental times and pupal weight of DBM between the
laboratory and wild strains were compared by a two—
sample t-test. Alpha was set at 0.05 for all analyses.
Statistical analyses were done using the statistical soft-
ware package, Stat View (SAS Institute, 1998).

RESULTS

Survival of the laboratory and wild strains of DBM
on different diets

Survival of DBM was significantly affected by diet and
strain, with a significant interaction between the two fac-
tors (Survival up to pupation: diet, F, ;,=21.0; P<0.0001;
strain, F, ;,=25.9; P<0.0001; interaction between diet
and strain, F, ;,=5.6; P=0.006. Survival up to adult emer-
gence: diet, F, ;,=7.6; P=0.001; strain, F, ;,=7.9; P=0.007;
interaction between diet and strain, ¥, ,,=5.0; P=0.010).
ADK supported significantly higher percentage survival
to pupation of both laboratory and wild strains than cab-
bage. Similarly, survival to adult emergence followed the
same trend, although the difference in emergence did
not significantly differ between cabbage and ADK in the
laboratory strain (Table 2). ADK and AD supported sim-
ilar survival rates of the laboratory strain of DBM to pupa-
tion and adult emergence. However, survival rates to
pupation and adult emergence were significantly higher
with ADK than with AD in the wild strain.

Generally survival rates of DBM within diets were
relatively higher in the laboratory strain than the wild
strain. However, with regards to survival to pupation
these differences were only significant with cabbage and
AD diets while percentage emergence was only signifi-
cant with AD diet (p<0.05) (Table 2).

Table 2. Survival of DBM reared on Cab, ADK and AD diets

% survival from first instar up to

No. of
Diet insects . Adult
examined Pupation emergence
Wild strain
Cab 100 6la A 58a A
ADK 100 96b A 85b A
AD 100 49a A 42a A
Laboratory strain
Cab 100 83a B 69a A
ADK 100 99b A 84a A
AD 100 87ab B T7aB

The values with different small letters in the same columns with-
in strain were significantly different by Tukey—Kramer HSD test
(P<0.05). The values with different capital letters in the same
column with corresponding diets between strains were signifi-
cantly different by t-test (P<0.05).

Developmental time

Diet significantly affected larval, pupal and total
developmental periods in the wild DBM strain (Larval
period, F, ,,=61.0; P<0.0001; pupal period, F, ,,=14.0;
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P<0.0001; total period, F, ,,,=68.7; P<0.0001) while sex
did not (Larval period, F, ,,,=0.1; P=0.78; pupal period,
F, ,=3.9; P=0.05; total period, F, ,=0.9; P=0.34), with
no interaction between diet and sex (Larval period, F, ,,
=0.5; P=0.59; pupal period, F, ,=0.1; P=0.95; total
period, F, ,,,=0.4; P=0.66). Larval period was significantly
shorter with ADK than with cabbage in the laboratory
strain but the reverse was observed with the wild strain
in both sexes (Tables 3 and 4). However, there was no
difference between ADK and AD in the laboratory strain
in both sexes but the larval period was significantly
shorter in the former in the wild strain. Similarly, the
pupal and total developmental periods were significantly
shorter with cabbage than ADK and AD in wild strain
while they were not different with the three diets in the
laboratory strain among the males. However, the pupal
period was significantly shorter with cabbage than ADK
and AD in both laboratory and wild strains among the

Table 3. Developmental period (days) of male DBM fed on Cab,
ADK and AD diets

Larval period Pupal period Total period

No. of
Diet insects
examined  (mean =+ (mean * (mean =+
SEM) SEM) SEM)
Wild strain
Cab 34 12.2+02a A 44x02aA 16.6x0.3a A
ADK 44 14.6£02b A 5.0£0.1bA 19.6+0.3b A
AD 22 16.4+05¢c A 5.1+x02b A 21.6+0.5c A
Laboratory strain
Cab 37 10.0+£0.3b B 4.1+x0.1aB 14.1+0.3a B
ADK 38 9.4+0.1aB 42x0.1aB 135+0.2aB
AD 38 9.6+02abB 4.1+0.1aB 13.7+0.2a B

The values with different small letters in the same columns with-
in strain were significantly different by Tukey—Kramer HSD test
(P<0.05). The values with different capital letters in the same
column with corresponding diets between strains were signifi-
cantly different by t-test (£<0.05).

Table 4. Developmental period (days) of female DBM fed on
Cab, ADK and AD diets

No. of E:;‘;aé Pupal period Total period
Diet insects
examined  (mean =+ (mean * (mean =+
SEM) SEM) SEM)
Wild strain
Cab 24 12.3+0.3a A 4.2+0.1aA 16.5+0.3a A
ADK 41 142+02b A 4.7x0.1b A 18.9%0.2b A
AD 20 16.6£0.8c A 4.9+02b A 21.4%+0.8c A
Laboratory strain
Cab 32 9.6x0.2bB 3.6x0.1aB 13.2+0.3aB
ADK 46 9.2+0.1aB 4.0x0.0bB 13.3x0.1aB
AD 39 9.5+0.1abB  4.0x0.1bB 13.4*+0.2a B

The values with different small letters in the same columns with-
in strain were significantly different by Tukey—Kramer HSD test
(P<0.05). The values with different capital letters in the same
column with corresponding diets between strains were signifi-
cantly different by t-test (£<0.05).

females. Total developmental period followed the same
trend among the females but the difference was only sig-
nificant in the wild strain. Larval, pupal and total devel-
opmental periods were significantly shorter with all the
three diets in the laboratory strain than in the wild strain
in both sexes.

Pupal weight

Pupal weights of the wild strain were affected by sex
and not diet, with a significant interaction between diet
and sex (sex, I, ,,=b1.73; df=; P<0.0001; diet, F, ,,,=
1.10; P=0.33; interaction F, ,=3.24; P=0.04). These
weights were however not significantly different among
the three diets in both sexes, although females were sig-
nificantly heavier than males (Table 5). Conversely, pupal
weights were significantly affected by both diet and sex,
with no interaction between the two factors among the
laboratory strain (diet, F, ,,,=62.4; P<0.0001; sex, F| ,,,
=103.7; P<0.0001; interaction F, ,,,=1.38; P=0.25). Pupal
weights were not significantly different between diets,
for both males and females, in the wild strain. However,
they were significantly lighter with cabbage than with
ADK and AD in the laboratory strain and were signifi-
cantly heavier with all diets in the laboratory strain than
in the wild strain for both sexes (cabbage: male, P=0.03,
female, P<0.0001; ADK: male, P<0.0001, female,
P<0.0001; AD: male, P<0.0001, female, P<0.0001)
(Table 5).

Table 5. Pupal weight of DBM fed on Cab, ADK and AD diets

Pupal weight (mmg)"

Diet Male Female
N* Mean + SEM N* Mean + SEM
Wild strain
Cab 34 45+0.1aA 24 50+0.1aA
ADK 44 4.1x0.1aA 41 52+0.1aA
AD 22 42+02aA 20 5.6+04aA
Laboratory strain
Cab 37 49+02bB 32 6.0£02b B
ADK 38 6.4+x0.2aB 46 79+02aB
AD 38 6.4+02aB 39 79+0.2aB

* The numbers of insects examined.

" The values with different small letters in the same columns
within strain were significantly different by Tukey—Kramer HSD
test (P<0.05). The values with different capital letters in the
same column with corresponding diets between strains were sig-
nificantly different by t-test (P<0.05).

DISCUSSION

An appropriate artificial diet is one that satisfies the
chemical, physical and nutritional requirements of the
insects (Friend, 1958). This is important for mainte-
nance of laboratory colonies of insects which are subse-
quently used for different studies. There are therefore
continuous efforts to both develop new and improve the
already existing diets that not only ensure higher sur-
vival rates of the target insects, but that are cost—effective
and reduce/eliminate the problems of contamination.

A number of diets, based on live parts of natural host
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plants or artificial have been developed for mass rearing
of DBM, with a number of inherent limitations (Hou,
1986). In the current studies, ADK diet not only sup-
ported significantly higher survival rates to pupation of
DBM than cabbage but also removed the problem of diet
contamination. Survival rates of DBM on most available
diets have tended to be below 80%. We therefore con-
sider the rates observed with ADK (>95%) in this study
is the highest among artificial diet ever obtained. The
fact that survival rates of DBM on this diet was similarly
higher than cabbage in both laboratory and wild strains
indicate that the reason for exemplary performance of
the diet is not as a result of adaptation of the insect to
the diet. This implies that either the diet is nutritionally
more superior to cabbage or that the conversion of the
diet into nutritionally utilizable units by the insect is
more efficient. Moreover, microbial contamination which
is a major problem in insect rearing facilities (Sikorowski
et al., 1994) was not observed with ADK diet, while this
proved to be one of the reasons for lower survival of
DBM with fresh cabbage.

Developmental times were relatively longer with the
artificial diets than cabbage in the wild strain, support-
ing the generally held view that larval development is
often slower with artificial diets (Shelton et al., 1991).
The reverse was however observed with the laboratory
strain. Similarly, we observed that the laboratory strain
had generally higher survival rates and shorter develop-
mental times than the wild strain, on all diets. These
results are in agreement with those of Slansky and
Wheeler (1992) who found that field strain larvae of
Anticarsia  gemmatalis (Hibner) exhibited longer
developmental periods in artificial diets than a labora-
tory colony. Similarly, the laboratory—adapted DBM col-
ony performed better on most artificial diets when com-
pared to wild strains (Carpenter and Bloem, 2002).

Insect strain and degree of laboratory adaptation can
influence the ability of an insect to develop on different
diets, including its natural host plant (Carpenter and
Bloem, 2002). Insects must be adapted to artificial rear-
ing methods for successful mass rearing, because the
goal of mass rearing program is to produce the maximum
number of target insects as rapidly (Finney and Fisher,
1964) as possible without affecting quality (Chambers,
1977). From our studies, it is evident that DBM, in the
laboratory strain having been continuous reared on the
ADK diet for over 80 generations is well adapted to this
diet. Its rather poor performance on cabbage, one of its
host plants, and comparable performance between the
two strains goes further to indicate suitability of ADK
diet for mass production of DBM.

In conclusion, compared to the wild strain, labora-
tory strain had higher survival rate, produced heavier
pupae and required shorter developmental times when
reared not only on artificial diet but also on its natural
food, cabbage. Comparison with cabbage leaves, the ADK
diet was able to support growth and development of
DBM optimally with no microbial contaminations. Using
this diet DBM would be effectively mass produced with
no microbial contaminations in the laboratory.
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