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Experiments based on life tables are suitable for the understanding of the population dynamics of
insects. In this work, suitability of an artificial diet was studied through age-specific life tables.
Development, survival, reproduction rate and population growth parameters of the rape aphid,
Brevicoryne brassicae (Hom: Aphididae) were evaluated on leaf discs of Brassica oleracea, and a liquid
artificial diet enclosed in parafilm sachets under incubator condition. Life parameters of 2 treatments
were close to each other. The artificial diet that was used in this study had no significance differences
in life table parameters compared with these parameters on leaf of B. oleracea. The results obtained in
this study indicated that this artificial diet can be useful for rearing and other tests based on artificial

diet.
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INTRODUCTION

In large measure, the success of entomology over the
past century is founded on our ability to rear insects on
artificial diets (Cohen, 2004). Insects that are reared on
artificial diets are used in many programs, as agents of
biological control and sterile insect technologies
(Knipling, 1979), as feed for other animals (Versoi and
French, 1992), as bioreactors for production of phar-
maceuticals and other recombinant proteins (Hughes and
Wood, 1998). Since the first development in 1962 of an
artificial diet for rearing an aphid, the green peach aphid,
Myzus persicae, (Mittler and Dadd, 1962), diets for
rearing this and other aphid species have all been chemi-
cally defined solutions of sugars, amino acids, vitamins
and minerals (Mittler and Koski, 1974). Over the past
century of research, only a few diets have been develop-
ed that can be clearly considered fully successful. Al-
though success is a subjective term, there are several
qualities that can be taken as key requisites for a highly
useful diet (Cohen, 2004).

The present study aimed to evaluate the suitability of a
general artificial diet on the Brevicoryne brassicae
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through a life table approach, because its parameters are
good index for study on insect dynamic.

In this experiment a completely defined synthetic diet
which was suitable for rearing of some other aphids was
found that with some changes can support continuous
culturing of rape aphid. Rape aphid is a specialist on
plants in the cruciferae family and prefers feeding on
younger plant tissues. This aphid can cause economic
damage on this family because it can move to developing
floral buds and render the head unmarketable (Sheehan
and Shelton, 1989) and for testing of some oral toxic
material, such as lectins and enzyme inhibitors, we need
to use an artificial diet that can support at least one
generation of B. brassicae.

MATERIALS AND METHODS
Plants and insects

All Brassica oleracea plants were grown in pots under stable green-
house conditions (23-26°C and L16:D8 photoperiod). The rape
aphid from cabbage field of university of Tehran was utilized for all
our ex-periments. Aphids were maintained in growth chambers
(controlled environments) under optimal conditions for aphid
development (20°C, L16:D8 photoperiod and ~70% h).
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Table 1. The comparison of some life time records of B. brassicae on leaf and artificial diet (Data are means + SD).

Development time* Total Pre Productive Post Adult
Treat ¢ of different instar nymphs development | productive time productive | longevity
reatmen i i i
First Second Third Fourth time time time
instar instar instar instar
Leaf 32104 | 22+05 | 3£05 [ 3+0.2 3814 12+0.7 15+1.7 9.6+1.1 23.5+0.6
Artificial diet 3+0.2 3+0.15 | 25403 [ 3+£0.5 37105 12.3+0.4 14.3 £0.9 8+15 21.2+1.3
*Time = day.

All the data between treatments, in this table were not significantly different (P < 0.05).

Table 2. Demographic analysis of the aphid B. brassicae
on leaf discs and artificial diet.

Life Treatment
parameter - — -
Leaf disks Artificial diet

rm 0.16 0.15

RO 27.10 26.20

Tc 20.20 21.20
DT 4.20 4.70

A 1.20 1.15

rm: intrinsic rate of increase, RO: net reproduction rate or
gross fecundity, A: discrete daily growth rate, DT: doubling
time, Tc: generation time.

Table 3. Demographic analysis of the aphid B. brassicae
on leaf discs and an artificial diet with jack-knife method
(Meyer et al., 1986 and Sokal and Rohlf, 1981) (Data are

Life parameter tests

For study on life parameters on plant, 50 Leaf discs from young
plants on agar plates with lids that had net in center (for ventilation)
were prepared. 3 to 4/5" instar aphid putted on each leaf and after
12 h, adults and all their nymphs except one (0 - 12 h age) were
omitted. Plates were under stable incubator condition (20°C and
L16:D8 photoperiod). Every 24 h, aphids status (dead or alive),
ecdysis and number of winged adults were checked and recorded
until all aphids died. During the reproductive period of resulting
adults, newborn aphids were counted and removed from the leaves
every day. During life period, unsuitable leaves were changed with
new one. For artificial sachets, conditions and records was as
described above.

Development time (Table 1) and a complete adult life table were
constructed to calculate intrinsic rate of increase, survivorship, net
reproduction rate or gross fecundity, instantaneous rate of increase
(number of offspring/living female/unit time), discrete daily growth
rate, doubling time, generation time (Tables 2 and 3) as follows:

Ro = Z|me
T = 2xlimy/ Zlimy
fm=(INRo) /T

DT = In(2)/ tm

means * SD).
Life Treatment
parameter Leaf disks Artificial diet
rm 0.16 + 0.01 0.15 +0.01
RO 27.0+1.25 26.43+1.16
Tc 20.71+0.76 21.26 +1.1
DT 435+017 45+0.12
A 1.18 +0.01 1.17 £0.02

rm: intrinsic rate of increase, RO: net reproduction rate or
gross fecundity, A: discrete daily growth rate, DT: doubling
time, Tc: generation time

Artificial diet

Preparing artificial diet was based on As diet that Febvay et al.
(1988) described but with some changes in sucrose percentage
(20%) and utilizing of sinigrin (Fluka) (0.5%) for feed stimulating. It
was mixed with amino acids, minerals, vitamins and some other
materials (sigma). For artificial diet, all was sterile condition and
solution was sterilized with 0.45 micrometer filter (Sartorius). Diet
was enclosed in parafilm sachets and every 3 days was changed
with a new one.

A =e ™ (Ebert, 1999)

Data on development time, longevity and fecundity were analyzed
by Excel (2007) and SAS (6.12) programs. Population growth rates
were calculated by constructing life tables according to
Andrewartha and Birch (1970):

1= Ze™le=my

The age-specific survival of the rape aphid on leaf discs and
artificial diet were fitted in the curve (Figures 1 and 2).

RESULTS AND DISCUSSION

Development times of different instar nymphs of B. bras-
sicae on the leaf discs and artificial diet are presented in
Table 1. Total development time of B. brassicae on both
treatments was close to each other. In both leaf discs and
artificial diet, nymph-to-adult survival rate of B. brassicae
nymphs had not significant difference (P < 0.01, Tables 2
and 3). Also nymphal survival rate between the leaf discs
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Figure 1. The age-specific survival curve of the B. brassicae on leaf discs (a) and

artificial diet (b).

and artificial diet was not different (P < 0.05). Overall,
nymph survivorship was not significantly higher on leaf
discs than the artificial diet (P < 0.05).

Nymphal-to-adult development time of females was
shorter on the leaf discs than on the artificial diet but
there was no significant difference between them (P <
0.05, Table 1). The intrinsic rate of increase or rm value
on leaf and on artificial diet was very close to each other
(Tables 2 and 3) and was similar to rm that Francisco
(2002) reported for this aphid. Also survivorship, net
reproduction rate or gross fecundity, instantaneous rate
of increase, discrete daily growth rate, doubling time and
generation time (Tables 2 and 3) that are important in-

dexes in life table of an insect, statistically had no dif-
ferences between the 2 treatments (leaf and artificial
diet). None of adult aphids, both on leaves and artificial
diet went to winged stage. Most of the mortality of aphids
on treatments was in first and second instars and most of
nymphs were well settled after third instar.

The host plants have a considerable effect on develop-
ment, survival and fecundity of the insects. In some tests,
for example in bioassay tests for oral components like
lectins that are very expensive, were giving insect sub-
stances through plant (like systemic pesticides) may re-
sult in digestion or transformation to another component
by plant, we need a holistic diet that do not change the
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Figure 2. The survival curve (Ix) of the B. brassicae on leaf
discs (a) and artificial diet (b).

structure of our testing material and show just the effect
of that. The results in this investigation showed that this
artificial diet can support all life stages of B. brassicae
and this aphid can be established on that. The compare-
son of results with life table parameters that Francisco
(2002) measured in condition of 4 seasons indicates that
this investigation was similar to condition of spring or
autumn. Aphids are successful insects that feed on plant
phloem sap, which is composed of large amounts of
sucrose (0.15-0.73 M), some amino acids (15-65 mM),
minerals and usually negligible quantities of peptides and
proteins (Cristofoletti et al., 2003), and some phloem sap
may contain large amounts of proteins (Ziegler, 1975).
Then finding the correct mixture of these materials is ne-
cessary for synthesis a suitable diet. Each of these com-
ponents is responsible for a vital action in the insect

body. Also some other materials for some insects, like B.
brassicae that is a specialist insect and only feed on
brassicacea plants (Sheehan and Shelton, 1989), is
needed; such as sinigrin and sucrose as feeding stimula-
tors.

In this experiment the nymphs on diet had normal
ecdysis; also adults had no winged stage that may be
due to the poor quality of the feed. For study on a diet of
an insect, life parameters are good indexes. The signifi-
cance differences between life parameters of insect on
diet and on a sensitive host plant (B. oleracea) were not
observed. We hope this study provides useful information
for rearing B. brassicae in laboratories.
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