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Abstract

This study was conducted to determine the effects of four constant temperatures (10, 15, 20 and 25+1 °C) on life table
parameters of Diuraphis noxia (Mordvilko) (Hemiptera: Aphididae) and its parasitoid Diaeretiella rapae (MclIntosh) (Hymenoptera:
Braconidae) as a step toward efficient biological control of Russian wheat aphid. The survival rates (/,) of D. noxia and D.rapae
decreased with increasing temperature. The Kolmogrov-Smirnov test revealed significant difference between survivorship of D.
noxia and D. rapae at different constant temperatures. The highest life expectancy of D. noxia and D. rapae was observed at 10°C
and were 45.69 and 19.61 days, respectively. The highest R,-value for D. rapae was obtained at 10 °C. The r,,-value of D. rapae was
higher than D. noxia at 10 °C and it was exactly equal for both Russian wheat aphid and its parasitoid at 15 °C. The mean generation
time of D. rapae was significantly shorter than D. noxia at all examined temperatures. The obtained results of this research showed
that D. rapae is potentially able to control D. noxia, especially at 10 and 15 °C.
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Introduction

Parasitoids are as part of important biological control
agents to control pests. They can help reduce pest infestation
levels and the number of their hosts, preventing the outbreak
of the pests (van Driesche and Bellows, 1996). The Russian
wheat aphid, Diuraphis noxia (Mordvilko) (Hemiptera:
Aphididae) is one of the most important pests of wheat in Iran
(Zare et al., 1995; Rakhshani et al., 2008). This aphid causes
severe damage to plants at seedling, vegetative and generative
stages (Rezvani, 2001). Parasitoid wasp, Diaeretiella rapae
(McIntosh) (Hymenoptera: Braconidae, Aphidiinae), is a
polyphagous parasitoid of aphids. It has been reported
attacking D. noxia (Hem., Aphididae), in many areas of the
world including central Asia, eastern and western Europe, the
Mediterranean region, the Middle East, northern Africa, South
America, North America including the USA and Iran
(Kovalev et al., 1991; Mc Kinnon et al., 1992; Feng et al.,
1991, 1992; Bernal & Gonzalez, 1993; Zare et al., 1995;
Rakhshani ez al., 2008).

Insect demography has always been very important
research fields in entomology and pest management (Carey,
2001). Demographic parameters are important in measurement
of population growth capacity of a species under specified
conditions (Southwood and Henderson, 2000). The
information about the demographic parameters of pest and its
parasitoids are essential to understand their role in preventing
the pest outbreak. Many factors, including temperature,
photoperiod, and size of the adult female may influence the
performance and efficiency of parasitoids (Force &
Messenger, 1964; Botto et al., 1988; Powell & Bellows, 1992;
van Steenis, 1993).

Several studies have been carried out on the
demographic parameters of D. rapae on D. noxia and
Brevicoryne brassicae (L.) (Reed et al., 1992; Bernal &
Gonzalez, 1997, Hosseini-Gharalari ez al., 2003), but there are
no studies on demographic parameters of Iranian population of
D. rapae in association with D. noxia in [ran as native area of
distribution for the both species (Durr, 1983; Dolatti et al.,
2005).

The objective of this study was to determine the effect
of temperature on demographic parameters of D. noxia and its

parasitoid, D. rapae and evaluation of efficiency D. rapae to

control of D. noxia at different constant temperatures. The
results of this research provided useful information for the
establishment of a Russian wheat aphid management program

in Iran.

Materials and Methods

Insect culture: Russian wheat aphid was collected from
wheat fields in the suburbs of Karaj, Iran (35° 45'47.69" N,
50° 55'53.50” E, 1235 m) during October 2009 to initiate the
culture. laboratory colonies of Russian wheat aphid were
continuously reared on young foliage of wheat (Pishtaz
variety) at 25+1 °C, relative humidity of 60+5% and a
photoperiod of 16L: 8D h. The D. rapae colony was originally
established from mummified cabbage aphids, B. brassicae
collected from the canola field in the college of agriculture,
Tarbiat Modares University in Tehran, Iran, (35°4428.99" N,
51°09°50.07"E, 1205 m) in April 2010. Emerged adult
parasitoids were transferred on D. noxia and reared for at least
one generation. Laboratory colonies of D. rapae were
continuously reared on infested young foliage of wheat by D.
noxia at 20+l °C, relative humidity of 60+5 % and a
photoperiod of 16L: 8D h.

Demographic parameters: In order to obtain
demographic parameters of Russian wheat aphid at each
temperature, an apterous female of D. noxia was randomly
selected from the stock culture transferred individually on
wheat leaves into 1.5 ml micro tube and placed in BD
Falcon™ 50 ml conical centrifuge tubes
(http://www.bdbiosciences.com/cellculture/tubes) as a leaf
cage. According to previous studies (Kazemi et al., 2001; Clua
et al., 2004), apterous females were used for the experiments
because they were more dominant than winged females. After
24 hours, adult females of D. noxia were removed and only
one newly born nymph was maintained per each leaf cage.
The nymph on each leaf cage was checked daily and their
survival recorded. The presence of the discarded exuviae was
used to determine time of molting. The experiments carried
out with 250 newly born aphids at each temperature. When the
immature nymphs become adults, they were observed daily for
reproduction and survival and all new-born nymphs were
counted and removed from each leaf cage. The observations

continued until the death of all examined aphids in all



temperatures. To reduce the effects of plant age on
reproduction and survivorship, aphids were transferred on new
wheat leaves every 4-5 days.

For studying demographic parameters of D. rapae,
young leaves of wheat were initially infested with 50 third
instar nymphs of D. noxia, put into the 1.5 ml micro tube and
placed in BD Falcon™ 50 ml conical centrifuge tubes.
Subsequently, a pair of male-female parasitoid was released
into the each container tube for a period of 12h. The 25%
diluted honey was streaked on the inside of each container to
feeding of adult parasitoids during the experiment. After 12h,
parasitoid wasps were removed and the exposed aphids were
maintained under experimental conditions until formation of
the mummies. Each mummified aphid was separately placed
into a 7 ml glassy tube. The lids of glassy tubes were closed
with micromesh screen. They were checked daily until adult
emergence then the gender were determined. These parasitoids
were used in the experiments <12 h after emergence, without
regard for prior mating or oviposition experience
(Weathersbee ef al., 2004). Adults of D. rapae were daily fed
on a 25% diluted honey was streaked on the inside of each
container. When the male died before the female, an
alternative male were replaced from the stock culture. Fresh
wheat leaves infested with 50 third instar nymphs of D. noxia
were daily offered to each examined female parasitoid for
oviposition. The exposed nymphs were removed after 24h and
maintained under experimental conditions until formation of
aphid mummies. The numbers of mummified aphids were
counted and considered as the number of laid eggs by each
female parasitoid.

These experiments were similarly carried out at four
constant temperatures of 10, 15, 20 and 25 °C, relative
humidity of 60+£5% and a photoperiod of 16L: 8D h.
Temperatures of 10, 15, 20 and 25 were tested because both
aphid and parasitoid rise in early spring season and increase
their populations in range temperatures. Both aphid and
parasitoid were reared at each temperature for 20 days prior to
the start of the experiments to adapt to the experiment
conditions.

Data analyses: All data of longevity and stable
population growth parameters were analyzed for each

temperature using SAS statistical package (SAS Institute,
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2003). Using the fertility and survivorship schedules, the life
table parameters were calculated according to the formulae
suggested by Carey (1993, 2001). The pseudo-values of life
table parameters were calculated using jackknife procedure
(Meyer et al. 1986; Maia et al. 2000). The estimated pseudo-
values of life table parameters at different temperatures were
subjected to a one-way ANOVA. If significance differences
were detected, multiple comparisons were made using the
SNK procedure (P < 0.05).

Age specific survival rates (/,) of Russian wheat aphid
and D. rapae were compared using Kolmogorove-Smirnove
test (P<0.05) (Pyke & Thomson 1986).

Statistical analysis was carried out using SAS (SAS
Institute, 2003) and MINITAB softwares (MINITAB, 2000).
The differences in reproduction and population growth
parameters between D. noxia and D. rapae at each constant
temperature were compared using z-fest (Py,p.<0.05) with
SPSS 16 (SPSS, 2004).

Results and Discussion

Survivorship, mortality and fecundity: The
comparison of age-specific survival between D. noxia and D.
rapae at different temperatures is shown in Figure 1. There
were significant differences between survivorship of D. noxia
and D. rapae at all constant temperatures according
Kolmogrov-Smirnov test (P<0.05). The lowest (21%) and
highest (70%) immature mortality rates of D. noxia were
observed at 25 and 10°C, respectively. Contrarily, the
maximum mortality during pupal stage of D. rapae was
occurred at 25°C as 34%. The highest survivorship period of
both D. noxia and D. rapae were observed at 10°C as 83 and
58 days, respectively (Fig. 1). In general, life expectancy (e,)
at the time of adult emergence for both D. noxia and D. rapae
decreased with increasing age (Fig. 2). The greatest life
expectancy of one-day-old individuals of D. noxia and D.
rapae were estimated to be 27.75 and 44.52 days at 15 and
10°C, respectively. The maximum life expectancy of D. noxia
and D. rapae at the time of the emergence of adults were
45.69 and 19.61 days at 10°C, respectively (Fig. 2). Age-
specific fecundities (m,) of D. noxia and D. rapae at various
constant temperatures are shown in Fig. 3. Longer

reproductive periods for both D. noxia and D. rapae were
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observed at lower temperatures. No clear peaks were observed
during reproductive period of Russian wheat aphid at all
studied temperature, while maximum daily fecundities of D.
rapae were occurred at the beginning of its oviposition period
at different constant temperatures (Figure 3). The greatest age-
specific fecundities of D. rapae were 7.68, 12.79, 10.48 and
3.64 at 10, 15, 20 and 25°C, respectively.

Reproduction and population growth parameters:
The calculated reproductive parameters of D. noxia and D.
rapae are presented in Table 1. The effect of temperature was
highly significant for the different reproductive parameters of
both D. noxia and D. rapae including gross fecundity rate (F' =
7.109; dy = 3, 580; Pygue < 0.05 and F=48.132 ; d=3,161 ;
Pyae < 0.05), net fecundity rate (F' = 103.262; dy = 3, 580;
Pyaie<0.05 and F=48.416; d=3,161; P,;,<0.05), mean
offspring per female per day (F = 57.049.66; d; = 3, 580;
Pune<0.05 and F=37.571 ; d=3,161 ; P,;,<0.05),
respectively (Table 1). The highest values of gross fecundity
rates of D. noxia and D. rapae were found at 20 and 10°C,
respectively. The maximum values of mean offspring per day
were estimated at 20 and 25°C for D. noxia (2.08+0.05 and
2.07+0.05, respectively) and at 15°C for D. rapae (7.69+0.48)
(Table 1).

The comparison of population growth parameters of D.
noxia and D. rapae at four constant temperatures are
summarized in table 1. There were significant differences
among the net reproductive rates (R,) of both D. noxia
(F=111.734; d=3, 580; P,,,,<0.05) and D. rapae (F=55.165;
d=3, 160; P,,.< 0.05) at four constant temperatures. The
highest Rjvalue of D. rapae was observed at 10°C
(22.99+0.647). The intrinsic rates of natural increase (7,,) of D.
noxia (F=1.439; d=3, 580; Pu. <0.05) and D. rapae
(F=106.382; d=3, 161; P,;;,,<0.05) were also found to be
significantly different depending on the temperatures on which
they were reared. The highest (0.279+0.002 days™) and lowest
(0.068+0.0007ys™) r,, -values of D. noxia were obtained at 25
and 10°C, respectively, while as temperature increased, the 7,
-values of D. rapae followed a typical asymmetrical dome-
shape pattern, with maximum value of 0.189+0.003 day at
20°C. The r,-value of D. rapae was significantly greater than
D. noxia at 10°C. The A-values of Russian wheat aphid
(F=1.31; d= 3, 580; Pyuuc<0.05) and D. rapae (F=37.222;

d=3, 161; P,4;,,<0.05) showed significant differences among
the various temperatures. The aphids reared at 25 °C had the
largest A-value, and the highest A-value for D. rapae was
obtained at 20°C. Significant differences were observed
between A-values of D. noxia and D. rapae at 10, 20 and 25°C
(t-test; P,y < 0.05), but there was no significant difference at
15°C. The doubling times (D7) of both Russian wheat aphid
(F=3.358; d=3, 580; Py, < 0.05) and D. rapae (F=50.641;
d=3, 161; P,u.< 0.05) were also found to be significantly
different among various constant temperatures (Table 1). The
lowest DT-values of D. noxia and D. rapae were obtained at
25 and 20°C, respectively. The doubling time of D. rapae was
significantly shorter than D. noxia when reared at 10°C. The
mean generation time (7) of either species decreased with
increasing temperature. The 7-values of D. rapae were
significantly shorter than D. noxia at all studied temperatures
(Table 1).

The present study demonstrated significant differences
in the performance of the Russian wheat aphid and its
parasitoid, D. rapae, among various constant temperatures,
because temperature is one of the most important
environmental factors in insect mass-rearing, affecting
development time, maturation, survival, demographic
parameters and population dynamics of insect pests (Force and
Messenger, 1964; Botto er al., 1988; Powell and Bellows,
1992; Van Steenis, 1993; Huffaker er al/, 1999; Kemp and
Bosch., 2005; Kalaitzaki et al., 2007). Also, study on the
effect of temperature on the performance of the parasitoid and
its host can be useful to obtain optimal biological control. No
other study has accomplished the full range of temperatures
that are suitable to development and reproduction of D. noxia
and D. rapae in Iran.

The net fecundity rates of host and parasitoid are
among the most important factors in selecting natural enemies
(Bigler, 1994). The data were reported by Hosseini-Gharalari
et al. (2003) on the number of produced eggs per female of D.
rapae was 40.82 eggs on Brevicoryne brassicae (L.), while
Fukui and Takada (1988) found 238.7 eggs of D. rapae on
green peach aphid, Myzus persicae (Sulzer) at 20°C.
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Table 1- The reproduction and population growth parameters of Diuraphis noxia and its parasitoids

Diaeretiella rapae (mean+SE) at four constant temperatures

Temperatures (°C)

Parameters
Species 10 15 20 25
Gross fecundity rate D. noxia 53.54+0.96 ab,x 48.46+2.28 b,x 59.21£1.94 a,x 55.58+0.89 a,x
D. rapae 57.96+1.52 a,x 54.62+4.51 a,x 37.59£1.46 by 13.17£1.09 ¢,y
Net fecundity rate D. noxia 13.69+0.41 d,x 21.53+0.082 c,x 32.824+0.97 b,x 37.01+0.97 a,x
D. rapae 41.21£1.17 ay 30.03+£3.17 b,x 33.80£1.51 b,x 4.91+0.60 c,y
Mean offspring per day ~ D. noxia 1.22+0.02 ¢,x 1.59+0.03 b,x 2.08+0.05 a,x 2.07+0.05 a,x
D. rapae 3.71£0.14 ¢,y 7.69+0.48 a,y 2.25+0.27 b,y 3.04+0.19 ¢,y
R D. noxia 13.794£0.41 d,y 21.66+0.81 c,x 33.19+0.96 b,x 37.58+0.94 a,x
D. rapae 22.99+0.65 a,x 18.07+0.76 b,x 17.53£1.71 b,x 2.5340.27 ¢,x
T D. noxia 0.068+0.001 d,y  0.142+0.001 ¢;x ~ 0.2194+0.002 b,x 0.279+0.002 a,x
D. rapae 0.094+0.001 c,x  0.143+£0.004 b,x  0.18940.003 a,y 0.089+0.001 ¢,y
A D. noxia 1.07+0.001 d,y 1.15+0.002 ¢,x 1.25+0.003 b,x 1.32+0.003 a,x
D. rapae 1.10+0.001 ¢,x 1.15+0.006 b,x 1.21£0.003 a,y 1.09£0.011 ¢,y
DT D. noxia 10.12+0.10 a,x 4.86+0.06 b,x 3.15¢0.03 ¢,y 2.48+0.02 d,y
D. rapae 7.36+0.08 a,y 4.84+0.16 b,x 3.67+0.05 c,x 7.62+0.86 a,x
T D. noxia 38.334+0.46 a,x 21.59+0.37 b,x 15.93+£0.20 ¢,x 12.96+0.12 d,x
D. rapae 33.2940.16 a,y 20.05+0.07 b,y 15.33+0.07 ¢,y 10.40+0.06 d,y

Different letters (a, b, ¢, d) in the rows indicate significant (P < 0.05) differences within species on various constant temperatures and different letters
(X, y) in the columns indicate significant (P < 0.05) differences between aphid and parasitoid on the same temperature; Formula and calculations

conform to Carey (1993).



The estimated net fecundity rates of D. rapae in the
current study ranged from 4.91 to 41.21 eggs per female at
various constant temperatures (Table 1). The differences
among various studies could be attributed to factors other than
temperatures e.g. difference in host species, host plants,
photoperiod etc. Hosseini-Gharalari e al. (2003) calculated
the Ry-value of D. rapae on B. brassicae to be 10.5 at 25°C,
while reported value by Reed et al. (1992) on the net
reproduction rate of D. rapae on D. noxia was 58.6 at 20°C.
Bernal and Gonzalez (1997) found Ry-values of D. rapae on
D. noxia at 10, 21.1 and 26.7°C to be 24.77, 21.27 and 14.96
(females/female/generation), respectively. The net
reproduction rates of D. rapae in the current study were 22.99,
18.07, 17.53 and 2.53 at 10, 15, 20 and 25°C, respectively.
Different reports on the fecundity of D. rapae are presented by
various authors (Hafez, 1961; Hughes, 1963; Sedlag, 1964;
Sethumadhavan and Dharmadhikari, 1969; Wilson and
Lambdin, 1987; Abidi et al., 1990; Hayakawa et al., 1990). A
number of factors, including temperature, photoperiod and
size of the adult female are known to influence the fecundity
of aphidiid wasps (Force and Messenger, 1964; Stary, 1970,
1988; Mackauer and Kambhampati, 1988; Hagvar and
Hofsvang, 1991; van Steenis, 1993). The impact of a
parasitoid population on its host population depends upon
several interrelated factors. The ability of the parasitoid
population to increase in numbers and consequently exert a
greater suppressive effect on the growth rate of its host’s
population is of special importance (Bernal and Gonzales,
1997). The intrinsic rate of increase is a parameter that can be
used as a measure of a parasitoid population’s potential rate of
increase (Birch, 1948). This parameter also has been used as a
relative index of a parasitoid population’s potential impact on
a host population (Force and Messenger, 1968; Kambhampati
and Mackauer, 1989). Tripathi and Singh (1990) declared that
different factors to affect the r,,-value and related demographic
parameters, such as host and parasitoid species (Jervis and
Copland, 1996), host and parasitoid size (Sinha and Singh,
1982; Jervis and Copland, 1996), host plant and temperature
(Force and Messenger, 1964), the number of male, Kairomone
and adult feeding (Jervis and Copland, 1996) and photoperiod
(Bernal and Gonzalez, 1997). The intrinsic rate of natural
increase is one of the most important criterions in evaluation

of suitability of parasitoids in biological control of insect pest.
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As temperature increased, the intrinsic rate of increase (7,,) of
D. rapae followed a typical asymmetrical dome-shape pattern,
with maximum value of 0.189 day' at 20°C. On the other
hand, the 7, -values of D. noxia increased with increasing
temperature from 10 to 25°C. The comparison between 7,,-
values of D. noxia and D. rapae at different examined
temperatures reveal that D. rapae has a greater potential in
biocontrol of D. noxia at lower temperatures, especially at
10°C. Bernal and Gonzalez (1997) have reported the 7,-values
of D. rapae on D. noxia, at all temperatures according to the
pattern of 26.7 > 21.1 > 10° C. Reed et al. (1992) estimated
the r,,-value of D. rapae on Russian wheat aphid equal to 0.26
(day™), which is greater than those estimated for D. rapae in
the current study. Since the doubling time of D. rapae was
significantly shorter than D. noxia at 10°C, this parasitoid is
able to produce more generations than its host aphid at the
mentioned above temperature. The D7- values of D. rapae and
D. noxia was exactly equal at 15°C and then at 20 and 25°C,
DT of D. noxia became shorter than D. rapae. The doubling
time of D. rapae on B. brassicae was observed 3.269 days at
25°C (Hosseini-Gharalari et al., 2003), which is so smaller
than our data at the same temperature (7.62+0.86 days). This
obvious variation in our findings and other study at 25°C
reveal different thermal adaptations of various populations of
D. rapae and different host aphids. The demographic
parameters of aphids and their parasitoids may affect on
different host plants (Kazemi et al., 2001; Clua et al., 2004;
Fukui and Takada, 1988; Hosseini-Gharalari et al., 2003 )

The studied population parameters of D. rapae in the
current research had a better performance at lower
temperatures. Since the greatest density of D. noxia in Iran
conditions occurs at the beginning of spring and autumn and
during these periods, the mean daily temperature is usually
lower than 20°C, D. rapae could be considered as a good

candidate for biocontrol of D. noxia in wheat fields of Iran.
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