
INTRODUCTION

The cotton aphid, Aphis gossypii Glover (Sternorrhyn-
cha: Aphididae), is a phytophagous cosmopolitan species
widely distributed in tropical, subtropical and temperate
regions. It is a major pest of many cultivated plants such
as Cucurbitaceae, Rutaceae and Malvaceae. In Europe,
the cotton aphid is an important agricultural pest of
cucumber and some other greenhouse crops (Van Schelt
1993). Because of the increasing insecticide resistance of
pests (Furk & Hines, 1993; Villatte et al., 1999; Wang et
al., 2001) current research is directed towards the use of
biological control. Despite numerous studies of aphido-
phagous insects, only a few of them are suitable for use as
biological control agents in greenhouses on a large scale
because they do not always match the reproductive and
developmental rates of aphids (Van Steenis, 1995b). A
knowledge of the influence of abiotic factors on the bio-
logical and ecological traits of a potential natural enemy
is important for determining whether the natural enemy is
likely to be effective in the new environment. Tempera-
ture is an important abiotic factor and in the case of para-
sitoids, light intensity also affects parasitization success.
For example, Encarsia formosa Gahan (Hymenoptera:
Aphelinidae), a parasitoid of the white fly Trialeurodes
vaporariorum (Westwood) (Homoptera: Aleyrodidae) is
very sensitive to light. Laboratory studies by McDevitt
(1973) indicate that this parasitoid laid few eggs at light
intensities below 4200 lux, and only at 7300 lux is this
parasitoid fully reproductive. Moreover Van Lenteren et

al. (1992) record that E. formosa was able to disperse at
high (8000 lux) and low (500 lux) light intensities but
covers greater distances at high light intensities. Several
authors describe the effect of day length on Aphelinus
species (Yu, 1992; Bernal et al., 2001; Tatsumi &
Takada, 2005b, 2006), but the influence of light intensity
is unknown.

One promising candidate for the biological control of
the cotton aphid is a Japanese strain of the aphelinid para-
sitoid, Aphelinus asychis Walker (Hymenoptera: Aphe-
linidae) (Sengonca et al., 2007). A. asychis is a solitary
endoparasitoid of aphids and it is able to reproduce par-
thenogenetically. In addition to ovipositing in aphids, A.
asychis females immobilize some aphids by stinging them
and then feed on their hemolymph and other tissues. This
trait is called host feeding and it is necessary for the pro-
duction of eggs and it prolongs survival of females (Bai
& Mackauer, 1990a). This species is widely distributed in
Europe, Asia and North America and is known to parasi-
tize many species of aphids such as cereal aphids, Myzus
persicae Sulzer and Acyrthosiphon pisum Harris (Sternor-
rhyncha: Aphididae) (Jackson & Eikenbary, 1971; Raney
et al., 1973; Zohdy, 1976; Bai & Mackauer, 1990a,b).
More recent studies reveal that A. asychis is also able to
parasitize the cotton aphid, A. gossypii (Elliott et al.,
1999; Tatsumi & Takada, 2005a). Sengonca et al. (2007)
recently examined some life table characteristics of this
parasitoid and described the influence different host ages
have on its biological and ecological traits. In order to
maximize its successful use in biological control it is
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important to conduct detailed studies on the influence of
different abiotic factors on the biology and ecology of
this potential biocontrol agent. However, there is a lack of
detailed knowledge of the effects of some climatic factors
on the biology and ecology of A. asychis parasitizing A.
gossypii.

Therefore, the aim of the present study was to evaluate
the influence of temperature, relative humidity and light
intensity as well as host age on the development, mortal-
ity, sex ratio, longevity, fecundity and host feeding of A.
asychis parasitizing the cotton aphid.

MATERIAL AND METHODS

Insect rearing
The stock culture of A. gossypii was established with indi-

viduals obtained from the Institute of Crop Science and
Resource Conservation, University of Bonn and was reared on
cotton plants in climate chambers at 25 ± 1°C, 60 ± 10% RH
and a photoperiod of 16L : 8D. Two different age groups of the
aphid, 1–2 and 4–5 day old nymphs were used in the experi-
ments. While 1–2 day old aphids consisted of first and second
instar individuals, 4–5 day old aphids consisted predominantly
of fourth instar individuals. Neither adults nor alate individuals
were used in the experiments. The aphid nymphs were obtained
by using freshly excised cucumber leaf discs, about 4.5 cm in
diameter, which were placed upside down on top of a 0.7%
layer of agar gel in round Plexiglas Petri dishes. The Petri dishes
were about 5 cm in diameter × 1.8 cm in height and had a mesh-
covered hole in the lid to allow air exchange. A moistened fine
camel hair brush was used to place gently up to ten young adult
virginoparous A. gossypii individuals in each Petri dish. These
females were left in the Petri dishes for 24 h. Their offspring
were then reared to the desired age at 25 ± 1°C.

The stock culture of A. asychis was started with few indi-
viduals obtained from Kyoto Prefectural University in Kyoto,
Japan. They were originally collected from A. gossypii on
Cucumis sativus in Kyoto, Kyoto Prefecture (Tatsumi &
Takada, 2005a ). The parasitoids were reared in climate cham-
bers under the same climatic conditions as described above on
A. pisum, feeding on broad beans, Vicia faba L. New aphids
were added twice weekly. In order to obtain suitable hosts, a
separate culture of pea aphids was maintained under identical
conditions. For the experiments, a few adult females were taken
from the stock culture and transferred to an A. gossypii culture
feeding on cucumber in order to adapt the parasitoid to this
aphid host. After three generations, mummified aphids were put
individually into small glass vials (1 cm in diameter × 7 cm in
length), sealed with Parafilm® M, and checked for adult emer-
gence every day. The parasitoids (0–24 h old) were sorted by
sex, and before starting the experiments females were presented
to males for mating for 6 h in the same glass vials described
above.

Experimental procedures
All experiments were conducted at two constant temperatures

of 18 ± 1°C and 30 ± 1°C (RH: 60 ± 10%; 3000 ± 100 lux), at
two light intensities of 1000 ± 100 lux and 7000 ± 100 lux (RH:
60 ± 10%; 25 ± 1°C) as well as at 30 ± 10% and 60 ± 10% rela-
tive humidity (25 ± 1°C; 3000 ± 100 lux). Illumination was pro-
vided by high pressure sodium lamps HPS (Philips
SON-T-AGRO 400). The spectrum of the light from those
lamps is similar to that of visible light but with a high intensity
of yellow and red light (approx. 550–660 nm). The relative

humidity was achieved by putting bowls of water in the climate
chambers. In addition, a hygrometer was used for monitoring.

In order to determine the duration of development, mortality
and sex ratio of A. asychis, ten mated females (6–30 h old) were
placed singly for 24 h in round Plexiglas Petri dishes (see
above) containing 50 individuals of either 1–2 or 4–5 day old A.
gossypii nymphs on cucumber leaf discs and kept in the climatic
conditions described above. After removal of the parasitoid the
aphids were kept in an incubator under the same constant cli-
matic conditions and checked once per day at the same hour for
mummification. Mummified aphids were transferred to small
glass vials, like those used for rearing, until adult emergence.
Developmental duration from egg to mummification, mummifi-
cation to adult emergence and mortality during development
from mummification to adult emergence was determined. The
larva develops as a solitary endoparasite and pupation takes
place inside the dead host, which is transformed into a bluish-
black mummy (Bai & Mackauer, 1990a; Brodeur & Rosenheim,
2000). Thus, the developmental period from egg to mummifica-
tion represents the period required for larval development and
the period from mummification to adult emergence referred to
as pupal development. Mummification in this experiment was
defined as hardening and blackening of the body. The sex ratio
of A. asychis was calculated by determining the percentage of
females in the total progeny of all ten females in the same
experiment. Only those females that produced one or more
female offspring were considered as mated. Based upon pre-
vious studies, unmated female parasitoids produced only male
progeny (Raney et al., 1971). Results for unmated females were
excluded from statistical analysis.

For recording longevity, fecundity and host feeding by the
female parasitoid, ten mated A. asychis females (6–30 h old)
were offered daily a number of 20–50 A. gossypii nymphs (1–2
day old) throughout their life span. The number of aphids pro-
vided depended on the age of the parasitoid, as revealed in pre-
vious studies. A. asychis females were transferred daily into new
round Plexiglas Petri dishes with fresh aphids and the number of
aphids killed by host feeding recorded. The old Petri dishes
were returned to the incubator and after 3–4 days all aphids
were dissected and the number of parasitoid larvae counted.

Statistical analysis
The influence of host age was analysed using SPSS-12.0G

(SPSS inc. 1989–2003). Differences among the means of devel-
opmental duration, mortality, longevity, reproduction and host
feeding were tested using a t-test at a probability level of p 
0.05. Data sets that did not fulfill the assumption of a normal
distribution were statistically analysed using the non-
parametrical Mann-Whitney-U-Test. For evaluating significant
differences in the sex ratio a chi-square-test was used.

RESULTS

The results indicate that A. asychis can develop in A.
gossypii and reach the adult stage at all the temperatures,
light intensities and relative humidities used. The devel-
opmental duration from egg to mummification and mum-
mification to adult, as well as the total developmental
duration under different climatic conditions are summa-
rized in Table 1. When parasitizing the same age of the
host, the mean developmental duration at 18°C was sig-
nificantly longer than at 30°C for all immature stages.
The same significant differences were recorded in the
total developmental duration from egg to adult
emergence. They varied from 11.3–24.6 days. Further-
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more, the results demonstrated that the relative humidity
had a significant effect on the immature development of
A. asychis.

The mean total developmental duration at 30% RH was
12.4 and 12.2 days, and at 60% RH 14.4 and 13.2 days,
when 1–2 or 4–5 day old aphid nymphs were used as
hosts, respectively. Regarding light intensity, the mean
developmental duration was significantly shorter at 7000
than at 1000 lux. The total developmental duration varied
between 13.3 and 17.4 days. The results indicate that
under the same climatic conditions, A. asychis completed

its development in a significantly shorter period when it
parasitized 4–5 rather than 1–2 day old A. gossypii
nymphs.

The mortality during development (from mummifica-
tion to adult emergence) and mean percentage of females
at all climatic conditions for both host age groups is sum-
marized in Table 2. Depending on temperature, the mor-
tality tended to increase with increasing temperature, but
not significantly. Relative humidity had no effect on mor-
tality, while light intensity did as parasitoids developing
in the younger hosts experienced greater mortality at
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Means with different lower case letters indicate significant differences between temperatures, relative humidities or light intensities
and means with different capital letters indicate differences between host ages at p  0.05% (t-test).

12–1713.6 ± 0.0 bB5–96.7 ± 0.0 bB5–106.8 ± 0.0 bB3904–5
11–1613.3 ± 0.1 bA5–96.7 ± 0.0 bB5–96.6 ± 0.0 bA3151–27000 ± 100
14–2117.4 ± 0.1 aB6–117.8 ± 0.1 aB8–129.6 ± 0.1 aB1994–5
12–1713.9 ± 0.1 aA5–96.7 ± 0.0 aA6–107.2 ± 0.1 aA1841–21000 ± 100

Light intensity (lux)
11–1713.2 ± 0.2 bB4–96.4 ± 0.1 bB5–86.8 ± 0.1 bB794–5
11–1714.4 ± 0.1 bA5–96.9 ± 0.0 bA6–117.3 ± 0.0 bA3031–260 ± 10
10–1512.2 ± 0.0 aB4–86.0 ± 0.0 aB5–86.2 ± 0.0 aB4804–5
11–1512.4 ± 0.0 aA5–86.3 ± 0.0 aA5–86.0 ± 0.0 aA2871–230 ± 10

Relative humidity (%)
10–1411.3 ± 0.1 bB4–75.4 ± 0.1 bB5–85.8 ± 0.1 bA1474–5
10–1611.9 ± 0.1 bA3–75.4 ± 0.1 bB5–85.9 ± 0.1 bA1561–230 ± 1
16–2821.0 ± 0.1 aB9–1511.5 ± 0.1 aA5–149.6 ± 0.1 aB2504–5
20–3224.6 ± 0.2 aA8–1411.3 ± 0.1 aA9–1813.0 ± 0.2 aA  1851–218 ± 1

Temperature (°C)
min–maxmean  ±  SEmin–maxmean  ±  SEmin–maxmean  ±  SE

TotalMummy – AdultEgg – Mummy
Developmental duration (days)

n
Host
age

(days)

Abiotic
factors

TABLE 1. Mean duration of development of immature stages of Aphelinus asychis parasitizing Aphis gossypii nymphs of different
ages at different temperatures, relative humidities and light intensities.

Means with different lower case letters indicate significant differences between temperatures, relative humidities or light intensities
and means with different capital letters indicate differences between host ages at p  0.05% (mortality: t-test, sex ratio: Chi-square);
n = 10.

12–8339.9 ± 7.8 aA0–6221.9 ± 6.4 aA4–5
29–6750.1 ± 3.7 aA0–4117.1 ± 3.5 aA1–27000 ± 100
26–6743.1 ± 3.9 aA0–3516.6 ± 3.0 aA4–5
13–6329.6 ± 6.1 bA0–2311.4 ± 2.4 bA1–21000 ± 100

Light intensity (lux)
18–7542.3 ± 6.5 aA0–8126.8 ± 8.2 aA4–5
27–8747.8 ± 6.2 aA4–7623.6 ± 7.1 aA1–260 ± 10
15–6440.5 ± 5.4 aA5–7223.5 ± 6.3 aA4–5
2–8633.1 ± 8.1 aA8–4820.2 ± 3.7 aA1–230 ± 10

Relative humidity (%)
31–6449.2 ± 3.8 aA8–6239.4 ± 5.7 aA4–5
17–6338.0 ± 4.3 aA0–8231.5 ± 9.8 aA1–230 ± 1
6–6727.6 ± 5.6 bA5–6723.4 ± 5.4 aA4–5
7–3317.9 ± 2.6 bA0–4019.2 ± 4.4 aA1–218 ± 1

Temperature (°C)
min–maxmean  ±  SEmin–maxmean  ±  SE

Percentage of females (%)Mortality (%)
Developmental duration (days)Host

age
(days)

Abiotic
factors

TABLE 2. Mean percentage mortality (from mummification to adult emergence) and percentage of females of Aphelinus asychis
parasitizing Aphis gossypii nymphs of different ages at different temperatures, relative humidities and light intensities.



7000 than at 1000 lux. In the other experiments there
were no significant differences in mortality.

The mean percentage of females at 30°C (38.0 and
49.2%) was significantly higher than at 18°C (17.9 and
27.6%) when 1–2 and 4–5 day old aphid nymphs were
used as hosts, respectively. The mean percentage of
females was not affected by relative humidity. Regarding
light intensity the higher light intensity of 7000 lux
favoured females as the average percentage of females
decreased significantly at the lower light intensity when
1–2 day old aphid nymphs were used as hosts.

When 1–2 day old A. gossypii nymphs were used as
hosts the longevity of A. asychis females varied between
15 and 67 days, depending on temperature, relative
humidity and light intensity (Fig. 1). At 18°C the mean
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Fig. 1. Mean longevity of Aphelinus asychis females parasi-
tizing 1–2 day old Aphis gossypii nymphs at different tempera-
tures, relative humidities and light intensities (mean ± SE). (*
indicates significant differences between temperatures, relative
humidities or light intensities at p  0.05; Temperature & rela-
tive humidity: T-test; Light intensity: Mann-Whitney-U-test, n
= 10).

Fig. 2. Mean daily number of eggs laid by females of Aphelinus asychis parasitizing 1–2 day old Aphis gossypii nymphs at dif-
ferent temperatures, relative humidities and light intensities (n = 10).



longevity was significantly longer than at 30°C (47.2
days versus 20.3 days).

Relative humidity had no effect on the longevity of the
female parasitoid. The maximum longevity of 67 days
was recorded at 18°C, 3000 lux light intensity and 60%
relative humidity. Regarding light intensity, the mean lon-
gevity was significantly longer at the higher illumination
of 7000 lux (36.1 days) than at the lower illumination
(30.1 days at 1000 lux).

The mean daily fecundity of A. asychis parasitizing 1–2
day old aphid nymphs and at the different climatic condi-
tions is presented in Fig. 2. Because a surplus of aphids
were offered to females of A. asychis, superparasitism did
not occur. In all experiments the parasitoid started ovipo-
siting on the first day after emergence and stopped on the

28– 44th day, depending on temperature, relative humidity
and light intensity.

The mean number of eggs laid daily on the first day
after emergence was 2.2 and 5.6 eggs/& at 18°C and
30°C, respectively. Afterwards it fluctuated and reached a
maximum on the 5th day at 18°C and 7th day at 30°C.
After that, the mean number of eggs laid each day
decreased until no eggs were laid on the 28th and 42nd day
after adult emergence at 30°C and 18°C, respectively.
The mean number of eggs laid on the first day after emer-
gence was 5.4 and 7.3 eggs/& at 30% and 60% RH,
respectively. Then it fluctuated in a similar manner at
both humidities and decreased gradually; no eggs were
laid after the 43rd day. The mean daily fecundity was sig-
nificantly higher at the higher illumination. At 7000 lux a
female laid an average of 4.8 eggs on the first day after
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Fig. 3. Mean daily number of aphids killed by host feeding by Aphelinus asychis females when provided with 1–2 day old Aphis
gossypii nymphs as hosts at different temperatures, relative humidities and light intensities (n = 10).



emergence, while at 1000 lux 1.9 eggs were laid. During
the first 20 days after emergence, the mean number of
eggs laid at 7000 lux fluctuated between 4.3 and 14.2
eggs, while at 1000 lux it did not exceed 4.3 eggs/&. The
maximum at 7000 lux was 14.2 eggs/& on the 17th day
and the maximum at 1000 lux was 10.0 eggs/& on the
21st day. After this the mean fecundity decreased slowly
until no eggs were laid after 27th day and 39th day at 1000
and 7000 lux, respectively.

Fig. 3 shows the mean daily host feeding by females of
A. asychis at different temperatures, relative humidities
and light intensities. In all experiments A. asychis females
started host feeding on the first day after emergence and
continued until they died.

The average number of aphids killed by host feeding
was 4.9 at 18°C and 8.0 aphids/& at 30°C on the first day
after adult emergence, after which at 18°C it fluctuated
between 1.5 and 5.2 aphids/& and decreased to zero on
the 67th day after emergence. At 30°C it increased to a
maximum of 9.9 aphids/& and then decreased gradually
to zero on the 31st day after emergence. The average daily
host feeding at 30% relative humidity was 8.2 aphids/&
while at 60% relative humidity a parasitoid female host
fed on 7.5 aphids on the first day after emergence. After
that, the mean daily host feeding at 30% relative humidity
increased and reached a maximum of 8.7 aphids/&. At
60% relative humidity, the average of daily host feeding
fluctuated between 3.8 and 6.6 aphids/& until day 43 and
then approached zero on the 47th day after emergence at
both 30% and 60% RH. Depending on light intensity, the
mean daily host feeding on the first day after emergence

was higher at 7000 lux (8.2 aphids/&) than at 1000 lux
(3.8 aphids/&). While at 7000 lux the values then fluctu-
ated between 3.1 and 9.1 aphids/& the mean daily host
feeding at 1000 lux did not exceed 5.4 aphids/&. Host
feeding at 7000 lux approached zero on the 44th day,
which was slightly longer than that recorded at 1000 lux
(39th day).

Fig. 4 presents the mean total number of eggs laid and
aphids killed by host feeding by A. asychis females
during their entire life under different climatic conditions.

The total number of eggs laid at both temperatures,
relative humidities and light intensities varied between
41.0 and 234.7 eggs/& and the total number of aphids
killed by host feeding between 109.8 and 214.10
aphids/&. While parasitization and host feeding were not
influenced by temperature and relative humidity, they
were both significantly affected by light intensity. At
7000 lux a female produced five times more eggs and
consumed twice as many aphids by host feeding during
its entire life than at 1000 lux.

DISCUSSION

The present study revealed that the biological traits
studied were mostly affected by temperature and light
intensity, whereas relative humidity and host age had only
a slight effect.

Temperature is one of the most important factors
affecting the population growth of arthropods. The rela-
tion between temperature and the developmental rate of
insects is linear over most of the range of temperatures.
As expected, the current study has demonstrated that the
total developmental duration decreased as temperature
increased. These findings are similar to those reported by
Jackson & Eikenbary (1971) and Bernal & Gonzales
(1993), who studied the life cycle of A. asychis parasi-
tizing the greenbug Schizaphis graminum (Rondani) and
the russian wheat aphid Diuraphis noxia (Mordvilko)
(Sternorrhyncha: Aphididae). Mortality from mummifica-
tion to emergence in the present study was not signifi-
cantly influenced by temperature: there was only a slight
increase in mortality at 30°C. These findings are consis-
tent with those of earlier studies on A. asychis parasitiz-
ing Rhopalosiphum maidis (Fitch) (Sternorrhyncha:
Aphididae), S. graminum and Sipha flava (Forbes) (Ster-
norrhyncha: Aphididae), in which the values range from
18–35% (Raney et al., 1971). Many experiments on aphe-
linids have shown that juvenile mortality is not signifi-
cantly influenced by temperatures up to 32°C (Force &
Messenger, 1964; Tang & Yokomi, 1995; Röhne, 2002).
Aphidiinae species, on the other hand, such as Aphidius
colemani Viereck, Lysiphlebus testaceipes Cresson and
Lysiphlebia japonica Ashmead (Hymenoptera: Aphidii-
dae) have a higher juvenile mortality at higher tempera-
tures (Van Steenis, 1993, 1994; Tang & Yokomi, 1995;
Deng & Tsai, 1998; Ohta et al., 2001; Liu & Tsai, 2002).
One of the factors that affects the success or failure of a
released parasitoid is the offspring sex ratio (Waage &
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Fig. 4. Mean total number of eggs laid and aphids killed by
Aphelinus asychis females when parasitizing 1–2 day old Aphis
gossypii nymphs at different temperatures, relative humidities
and light intensities (mean ± SE). (* indicates significant differ-
ences between temperatures, relative humidities or light intensi-
ties at p  0.05; t-test, n = 10).



Hassell, 1982). The percentage of females was hardly
affected by temperature. Contrary to earlier studies
(Schlinger & Hall, 1955; Raney et al., 1971), current
results suggest that higher temperatures favoured the
development of females, as the percentage of females was
lower at the lower temperature. However, variations are
probably caused by different experimental designs and
different host species. The longevity of aphelinids
depends on various factors, among which food and tem-
perature are of special importance (Bernal et al., 1997). In
all experiments A. asychis females were provided with the
same amount of food, thus differences in longevity reflect
the influence of temperature on this attribute. The obser-
vation, that longevity increased at the lower temperature
is similar to that reported for other Aphelinus species by
various authors (Starý, 1988; Raney et al., 1971; Bernal et
al., 1997). Although the present study revealed that A.
asychis females lived significantly longer at 18°C than at
30°C, mean total parasitization and host feeding were not
significantly influenced by temperature. As a conse-
quence, the mean daily parasitization and host feeding
during the first 20 days after emergence were higher at
30°C than at 18°C. In general, Raney et al. (1973)
reported that the number of aphids parasitized by A. asy-
chis increase with increasing temperature up to about
26°C, above which the number of mummies decreased
with further increase in temperature. This is supported by
the current results and those of Sengonca et al. (2007),
who reported that A. asychis parasitized an average of
232.3 aphids/& at 25°C.

Light intensity in the current study significantly influ-
enced the duration of development, the percentage of
females, longevity, parasitization and host feeding. As A.
asychis is an endoparasitoid, which completes its devel-
opment inside its aphid host, light intensity usually is
thought to have little effect on its development. Contrary
to expectations, the current experiments revealed that
development was significantly faster at the higher illumi-
nation and the proportion of females significantly higher
at 7000 lux than at 1000 lux light intensity. In addition to
the direct effect of light intensity on parasitoid larvae and
pupae, their development is probably influenced by
changes in aphid behaviour, such as a higher sucking rate
or faster nymphal development. Moreover a higher aphid
body temperature induced by radiation might have accel-
erated the growth of parasitoid larvae inside the aphids.
According to Wyatt & Brown (1977), light intensity and
day length are important factors affecting the reproduc-
tive capacity of this aphid. In contrast, Auclair (1967)
reports that high light intensity (550 lux or brighter)
inhibits feeding and colonization. Aphids are sensitive to
different wavelengths and intensities of light, but the
nature of the effect is not clearly understood (Ebert &
Cartwright, 1997). However, there are no detailed studies
on the influence of different light intensities and wave-
lengths on physiological processes occurring inside
aphids and consequently their impact on the parasitoid
development. In addition to the effect of light intensity on
development, the present study showed that the longevity

of A. asychis females was significantly longer at 7000
than at 1000 lux. It is well known that the foraging behav-
iour, parasitization and host feeding are strongly affected
by light intensity, but this is the first report on the effect
of longevity. Some authors indicate that parasitization by
the whitefly parasitoid E. formosa starts at light intensi-
ties above 4000 lux and reaches maximum at 7300 lux
(McDevitt, 1973; Scopes, 1973), light intensities below
1000 lux cause a decrease in parasitization. Van Lenteren
et al. (1992) report that the aphelinid E. formosa, dis-
perses even at low light intensities (500 lux or less). They
suggest that at high light intensities they cover longer dis-
tances. Moreover they state that light intensity does not
seem to have the same linear and absolute effect as tem-
perature has on activity. These observations are in agree-
ment with the current results: light intensity had a
significant effect on parasitization and host feeding, but
the effect was not linear. Low light intensity negatively
affected parasitization, while at the higher light intensity
parasitization was very high. In addition, parasitization at
7000 lux is similar to that at 3000 lux when relative
humidity was varied. Low light intensity might have
caused a reduced foraging behaviour. To ensure the suc-
cess in biological control further investigations at lower
and higher light intensities are needed to elucidate
whether there is a possible threshold.

As expected, relative humidity did not have a pro-
nounced effect on most of the traits studied. But, the cur-
rent results indicate that the developmental duration of
the parasitoid differed significantly at the two relative
humidities tested. Similar to light intensity, the variations
in parasitoid development were probably caused by direct
effects of relative humidity on the parasitoid larvae or
pupae (especially in mummified aphids) or by its effect
on aphid development and behaviour, but there is no
information on this in the literature. Contrary to earlier
studies on the aphelinid Eretmocerus longipes Compere
(Hymenoptera: Aphelinidae), a parasitoid of Aleurotuber-
culatus takahashi David et Subramaniam (Sternorrhyn-
cha: Aleyrodidae) (Sengonca & Liu, 1998), the adult
emergence of A. asychis was not affected by humidities,
below 35% RH. However, such low humidity rarely
occurs in greenhouses, so it is unlikely to be an important
factor in the development of this parasitoid. But the rela-
tive humidity might be important when rearing A. asychis
in mass culture for biological control.

The current results, for the same climatic conditions,
indicated that the developmental duration was signifi-
cantly influenced by host age. That the development in
the older A. gossypii nymphs was significantly shorter
than in the younger nymphs is consistent with the results
of Sengonca et al. (2007).

In general, the current study suggests that the most
important abiotic factors influencing the life cycle of A.
asychis are temperature and light intensity. However, the
most important trait of a biological control agent is
whether its life cycle is well adapted to that of its aphid
host, A. gossypii and the greenhouse conditions necessary
for cucumber cultivation. The present study suggests that
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A. asychis conforms to those requirements. The parasitoid
is well adapted to temperatures ranging from 18°C to
30°C, while reproduction was optimal at 25°C (Sengonca
et al., 2007). Numerous studies on the cotton aphid reveal
that it is able to reproduce and survive at similar tempera-
tures (Aldyhim & Khalil, 1993; Van Steenis & El-
Khawass, 1995a, b). Although parasitization is lower at
low light intensities, A. asychis is still able to survive and
reproduce at 1000 lux. This might be important for main-
taining populations of this beneficial in open rearing sys-
tems, which are often used in biological control
programs. Hence, the short developmental duration, high
proportion of females, long life span and high fecundity,
as well as its temperature tolerance and life cycle well
adapted to this aphid host, are properties that make it
likely that A. asychis could be used in the biological con-
trol of the cotton aphid in greenhouses.
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