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ABSTRACT

Parasitoids are the most widely used group of natural enemies in biological control programs of insect pests especially
for aphid species. Among the aphid parasitoids, Diaeretiella rapae is one of the most important to parasitize the aphid
species Brevicoryne brassicae. The present study was done under laboratory condition (25+2 °C temperature and 65-
70% R.H.) to assess the biotic potential of D. rapae on B. brassicae. We used host densities of 10, 20, 40, 80 and 120
aphids per cage. For each host density only two couples of male and female of D. rapae were released. Results showed
that the highest parasitism rate (40.95%) was observed at the lowest host density (10 aphids), while minimum parasitism
(23.41%) was observed at the highest host density (120 aphids). Parasitism rates of 36.08%, 33.63% and 31.76% were
observed in host densities of 20, 40 and 80 aphids, respectively. The percent emergence of adult D. rapae from each host
density of 10, 20, 40, 80 and 120 aphids was 81.17%, 69.44%, 63.34%, 48.42% and 44.76% respectively. The
coefficients of determination (R?) values for percent parasitism and adult emergence were 91.95% and 90.24%,
respectively. Our f0069ndings revealed that an increase in host density decreased the parasitic potential as well as the

percent emergence of the aphid parasitoid.
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INTRODUCTION

Canola (Brassica napus) belongs to the family Cruciferae
and is newly established as an oilseed crop in Pakistan. It
is promoted as a health food due to its nutritional value
i.e, little erucic acid <2% and <30% micro mg, low acid
glucosinolates and lack of cholesterol (Beversdorf and
Hume, 1990). In Pakistan the normal yield of canola is
very low compared to other Brassicae growing countries
for many reasons. Among them pest attack is prominent
as canola is attacked by thirty (30) different types of pests
(Hati et al., 2001; Rahnema and Bakhshandeh, 2006).
Among the pests of canola, aphids are a serious threats to
canola crops (Talpur et al., 1991; Syed et al., 1999;
Saljoqi et al., 2001).

Parasitoids are used as a biological control of aphids. One
species of parasitoid used to control Brevicoryne
brassicae. The name Brevicoryne refers to the small pipes
called cornicles at the posterior end of abdomen. Their
waxy coating (present on the surface of the body) and
small cornicles distinguish them from other aphid species
(Carter and Sorenson, 2013; Opfer and Mcgrath, 2013).
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Aphid attack on Brassicae seedlings can cause wilting of
cotyledon and flower, yellowing of leaves and cessation
of flowering and podding (Berlandier, 2004). Generally
aphids cause 30-35% yield losses of canola crops (Butin
and Raymer, 1994; Rana, 2005), but this damage can
reached up to 70% (Khattak et al., 2002). Diaeretiella
rapae is the most important parasitoid of B. brassicae
(Jankowska and Wiech, 2003; Saleh, 2008; Saleh et al.,
2009; Pramanik et al., 2012). It has the potential to
control B. brassicae but, among the factors which affect
the efficacy of this parasitoid, host density is an important
one (Sinha and Singh, 1979). The percentage of
parasitism increases with an increase in number of
parasitoids. However, the functional response and rate of
parasitism by D. rapae at different densities of Diuraphis
noxia are different. The increase in host densities leads to
a decrease in proportion of host parasitized by the
parasitoid (Zahra et al., 2011; Ralec et al., 2011).
Nutritional and physiological components of the host
directly disturb development, death rate, longevity and
fecundity of bio control agents such as parasitoids
(Roitberg et al.,2001). The present study was done to
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evaluate the efficacy of D. rapaeon different densities of
its host B. brassicae under laboratory conditions.

MATERIALS AND METHODS

To check the impact of B. brassicae density on the biotic
potential of D. rapae, an experiment was carried out
under laboratory conditions at 25+2 °C and 65-70% R.H.

Experimental procedure

Seeds of canola “cv, Punjab sarsoon” were bought from a
local market and sown in plastic pots under laboratory
conditions. Aphids and parasitoids were selected from
reared cultures. After three weeks of germination,
different aphid densities (10, 20, 40, 80 and 120 aphids)
were released on this cultivar (one pot for each density).
A third instar of aphid was released on the canola plant.
The potted plants were put into plastic cages (35%25%25
cm). Two pairs of (=2 and 3=2) of newly emerged
aphid parasitoids were released for each aphid density. D.
rapae was offered for a 24 hour stinging period for each
aphid density (Behan et al., 2007). After one day of
stinging period the parasitoids were removed from the
cages with the help of an aspirator. The aphids were kept
under laboratory conditions until the formation of
mummies.

Study Parameters

Percent parasitism

After mummies formation, percent parasitism was
recorded by using by the formula:

No. of mummies
Total number of aphids

Percent parasitism =

Percent emergence

x 100

For percent emergence of adult parasitoid, each mummy
was put into an Eppendorf tube. When mummies changed
dark brown (near to emergence), a honey solution (9:1)
soaked cotton ball was placed in the tube (Wang et al.,
2010). Percent emergence was recorded by using the
formula:

No. of adult emerged
- 100
Total number of mummies "

Percent emergence =

Adult longevity

To calculate adult longevity of D. rapae from each aphid
density, emerged parasitoids were transferred into clean
Eppendorf tubes. Parasitoids were fed with the 10 %
honey solution. Daily observation was done to check their
longevity until they died.

Statistical analysis

Data on percent parasitism, adult emergence and adult
longevity of parasitoids were analyzed using a completely
randomized design (CRD) to check the effect of different
aphid densities. The means were separated using Tukey’s
HSD all pair-wise comparison test.

RESULTS

Analysis of variance for percent parasitism and
percent emergence of adult D. rapae against different
B. brassicae densities

The analysis of variance regarding percent parasitism and
adult emergence is shown in Table 1. The results show
that host density had a significant impact on percent
parasitism and adult emergence of parasitoids.

Table 1. Analysis of variance for percent parasitism and percent emergence of adult D. rapae against different B.

brassicae densities.

SOV DF SS MS F-value P-value
% Parasitism
Treatment 4 832.10 208.026 3.51 0.0251*
Error 20 1185.65 59.282
Total 24 2017.75
% Emergence
Treatment 4 4523.03 1130.76 243 <0.0071***
Error 20 931.45 46.57
Total 24 5454.48

* Significant (P < 0.05), *** Highly Significant (P < 0.001)
g g

Percent parasitism of Diaeretiella rapae at different
host densities, Brevicoryne brassicae

Percent parasitism of the parasitoid at different host
densities is shown in Figure 1. The result showed that
maximum percent parasitism (40.95% + 1.84)was
recorded at the lowest host density (10 aphids) and

minimum parasitism(23.41% + 2.24) was observed at the
highest host density (120 aphids). Host densities of 20, 40
and 80 aphids resulted in 36.08% + 1.88, 33.63% + 1.55
and 31.76% + 1.28 parasitism respectively. The percent
parasitism of D. rapae decreased with the increase in B.
brassicae density.
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Fig. 1. Percent parasitism of D. rapae at different host densities (B. brassicae) (Mean = SE). Means followed by the
same letter are not significantly different (Tuckey HSD, P<0.05).
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Fig. 2. Percent emergence of adult D. rapaeat different host densities (B. brassicae) (Mean £ SE). Means followed by the
same letter are not significantly different (Tuckey HSD, P<0.05).
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Percent emergence of adult Diaeretiella rapae from
different host densities (Brevicoryne brassicae)

Percent emergence of adult D. rapae at different host
densities is shown in Figure 2. The results show that the
maximum (81.17% + 1.67) adult percent emergence was
recorded at the lowest host density (10 aphids) and the
minimum(44.76% = 2.05) adult emergence was observed
at the highest host density (120 aphids). Host densities of
20, 40 and 80 aphids resulted in 69.44% + 1.90, 63.34% +
1.57 and 48.42% =+ 2.08 emergence, respectively. The
percent adult emergence of D. rapae decreased with an
increase in B. brassicae density.
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Relationship of different B. brassicae densities with
percent parasitism and adult emergence of D. rapae
The relationships between host density and percent
parasitism and adult emergence of parasitoid are shown in
Figure 3. The results show that percent parasitism was
closely related to B. brassicae density (R>=0.9195) but
this relation was negative because when host density
increased the parasitism rate of D. rapae decreased. The
rate of adult emergence of parasitoids from mummies of
B. brassicae also showed a close relationship to host
density but this was also negative because increased host
density led to decreased adult emergence of the
parasitoid.
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Fig. 3. Relationship of different B. brassicae densities with percent parasitism and adult emergence of D. rapae.

Adult longevity of Diaeretiella rapae at different
densities of Brevicoryne brassicae

The adult longevity of D. rapae at different host densities
of B. brassicae is shown in Figure 4. The results show
that when aphid density increased the total longevity of
adult parasitoids decreased. The maximum adult
longevity (8.6+0.25 days)of D. rapae was noticed in

lowest host density (10 aphids) and minimum adult
longevity (6+0.32 days) of the parasitoid was observed in
the highest density (120 aphids). Host densities of 20, 40
and 80 aphids resulted in adult longevity of 8+0.32,
7.6+£0.4 and 6.8+0.2 days, respectively.
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Fig. 4. Longevity of Diaeretiella rapae at different densitiesof Brevicoryne brassicae (Mean + SE). Means followed by
same letter are not significantly different (Tuckey HSD, P<0.05).

DISCUSSION

To reduce B. brassicae population, D. rapae is the most
important natural enemy of this aphid specie all over the
world. D. rape is important among all the natural enemies
of cabbage aphid due to its high population densities and
high rates of parasitism (Stary et al., 2000). As seen from
present results, the percent parasitism of D. rapae
decreased with an increase in B. brassicae density
because the egg laying capacity of D. rapae decreased
with an increase in B. brassicae density. This might be
due to searching time and number of patch visits by
parasitoids. The percent parasitism decreases with
increased host density (Stadler and Volkl, 1991; Van
Steenis and El-Khawass, 1995). These results are similar
to those of Henter (1995), who concluded that parasitism
rate decreased due to hyper parasitism. According to
Foster et al. (2007) and Gillespie et al. (2009) parasitoids
use different aspects for host selection, thus leading to
different host consequences in host suppression and host
acceptance by the parasitoid (4. colemani). Likewise,
percent parasitism and emergence of adult parasitoids are
also depending upon the aphid life history (Gillespie et

al., 2009). Present results are similar to those of
Messelink et al. (2012) who observed that at the lowest
density of the host, the parasitoid (4. colemani) showed
maximum parasitism and gave better control.

Our results are also in accord with Pedro et al. (2016)
who observed that parasitism rate depend on host density.
The fertility ratio of parasitoid decreased with increase in
host density and mortality increased with increase in
parasitoid densities. Our results show that percent adult
emergence of D. rapae decreases with increase in host
density. These findings are similar to the findings of Chau
and Mackauer (2001) who observed that parasitoids
prefer lower host densities. D. rapae is the most important
biological control if it is available at the right place and
the right host parasitoid ratio (Rehman and Powell, 2010).

Findings of study show that percent parasitism has a
negative relation with B. brassicae density. When B.
brassicae density increased, the parasitism rate of D.
rapae decreased. In the case of adult emergence of D.
rapae from mummies of different B. brassicae our results
showed that as aphid density increased the adult
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emergence of the parasitoid decreased. Adult longevity of
D. rapae decreased with increase in aphid density. Our
observation are also similar to Yu (1999) who reported
that when egg density is higher on the hosts then the death
rate of immature progeny is increased with respect to
time.

Present findings are similar to those of Ull-yett (1945)
who reported that B. hebetor normalizes distribution of
eggs among hosts by reducing the number of eggs laid on
a host as host density increases (Doutt, 1959; Hagstrum
and Smittle, 1977). Khaskasa et al. (2016) observed that
the 3" instar of B. brassicae is the most favorable host for
parasitism of D. rapae. The percent parasitism was higher
on 3" instar of B. brassicae. Different factors can be
affect the efficacy of parasitoids like number of instars
(Colinet ef al., 2005) and egg laying capacity of the host
(Stary, 1970).

CONCLUSION

It was concluded that the percentage parasitism of D. rape
decreased as the density of host increased and at lower
density the percent parasitism increased. The reduction of
percentage parasitism was due to decrease in egg laying
capacity. The egg laying capacity of the parasitoid
decreased when host density increased. In the case of
adult emergence of D. rapae, the emergence rate was
highest at the lowest host density. Strongly negative
correlations exist between percentage parasitism and adult
emergence with host density.
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