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Although endoparasitoids are widely used for biological control of Plutella xylostella
(Linnaeus) (Lepidoptera: Plutellidae) throughout the world, current methods do not allow
for easy estimation of parasitism levels. I investigated the potential of using ratios of
parasitoid cocoons to infestations to develop a simple and practical method of estimating
parasitism levels in the field. Crop infestations by the pest and densities of its
endoparasitoids’ cocoons were recorded at weekly intervals over six consecutive years on
unsprayed cabbage. In order to establish if there was a relationship between parasitism
levels and ratios of parasitoid cocoons to infestations, samples of hostlarvae and pupae were
collected every week during scouting for rearing in the laboratory. The majority of parasitoid
cocoons belonged to the larval endoparasitoid Cotesia vestalis (Haliday) (Hymenoptera:
Braconidae), which was the major mortality factor of P. xylostella. Total parasitism levels were
positively related to ratios of parasitoid cocoons to infestations. Crop infestation by
P. xylostella was low during periods of high parasitism (=50 %) than during low parasitism
(<50 %), and 50 % parasitism corresponded with 20 % ratio of parasitoid cocoons to infesta-
tions. This study shows that ratios of parasitoid cocoons to infestations can be used to
estimate background parasitism levels.
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INTRODUCTION

One of the biggest challenges for integrated
insect pest management is the integration of bio-
logical and chemical control methods. This is
because, in many crop systems, there are no specif-
ics on ratios of biological control agents to hosts
required to provide sufficiently high levels of bio-
logical control that would exceed the cost of insec-
ticide application (Giles et al. 2003; Weinzierl 2009).
This is especially true where population densities
of natural enemies cannot be readily determined.
Not only is it impossible to determine absolute
densities of adult parasitoids in the field (Gauld &
Janzen 2004; Fraser et al. 2007), it is an additional
challenge to estimate parasitism levels when
immature parasitoids develop inside the body of
their hosts. Immature stages ectoparasitoids are
visible on the body of their hosts and thus it is easy
to determine parasitism levels on conclusion of
each scouting event (Babendreier et al. 2005), but it
takes much longer to verify that hosts are parasit-
ized by immature endoparasitoids, which develop
inside their host’s body (Naranjo 2001). Methods

currently used to estimate parasitism levels by
endoparasitoids include: 1) rearing samples of
host stages that are vulnerable to parasitoid attack
to the point where either parasitoids or adult hosts
emerge (van Driesche et al. 1991; Waage & Cherry
1992); 2) dissecting representative samples of hosts
(Naranjo 2001); and 3) application of PCR-based
identification techniques (Ashafaq et al. 2004;
Greenstone 2006). Not only are these methods
expensive in terms of the additional resources
required, as well as time and labour, but they are
also too specialized to be performed by growers.
The diamondback moth, Plutella xylostella
(Linnaeus) (Lepidoptera: Plutellidae), is a world-
wide pest of Brassica crops against which all bio-
logical control efforts using parasitoids utilize
endoparasitoids (Talekar & Shelton 1993; Sarfraz
et al. 2005). Despite overwhelming evidence from
different parts of the world that parasitoids play
an important role in curtailing its populations
(Talekar & Shelton 1993; Saucke et al. 2000; Kfir &
Thomas 2001; Macharia et al. 2005; Sarfraz et al.
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2005; Nofemela 2010), effective integration of
endoparasitoids with chemical control has not
been achieved. Instead, there is a persistent and
widespread decimation of its parasitoid popula-
tions due to indiscriminate application of insecti-
cides by growers (Talekar & Shelton 1993; Sarfraz
et al. 2005; Upanisakorn et al. 2011) largely due to a
lack of simple and practical methods of estimating
levels of parasitism in the field. For example, the
method widely used to estimate rates of parasit-
ism of P. xylostella by rearing samples of its imma-
ture stages (Liu et al. 2000; Martinez-Castillo et al.
2002; Guilloux et al. 2003; Gichini et al. 2008;
Nofemela 2010) allows only for a retrospective
estimation of parasitism levels, and thus relation-
ship between parasitism levels and infestations, as
it may take two weeks or more to establish the
fate of these samples, during which time the pest
population density in the field can change sub-
stantially. Thus, growers cannot easily determine
if the impact of parasitoids is sufficiently large to
suppress the pest population density adequately.

Cotesia vestalis (Haliday) (Hymenoptera: Braco-
nidae) (Shaw 2003) and Diadegma semiclausum
(Hellén) (Hymenoptera: Ichneumonidae) (Azidah
et al. 2000) are the most important parasitoids of
P. xylostella in many parts of the world (Talekar &
Shelton 1993; Sarfraz et al. 2005). Both species are
solitary and spin easily distinguishable cocoons on
the plant surface on completion of their larval
development (Ullyett 1947; Broodryk 1971). Since
each parasitoid cocoon represents a dead host, the
higher the proportion of intact parasitoid cocoons
to infestations on a weekly basis, the higher the
likelihood that the majority of host larvae contain
immature endoparasitoids at different stages of
development. Thus, ratios of parasitoid cocoons to
infestations have a potential to estimate back-
ground parasitism levels reliably during scouting
events (Giles et al. 2003).

Cotesia vestalis is the dominant parasitoid of
P. xylostella in South Africa, often accounting for
>80 % of total parasitism (Waladde et al. 2001;
Mosiane et al. 2003; Smith 2004; Nofemela & Kfir
2005). This study provides evidence that ratios of
C. vestalis cocoons to infestations can be used to
reliably estimate background parasitism levels in
the field.

MATERIAL AND METHODS

The study was conducted at a research farm in
Brits (25°59'S 27°76'E, altitude 1082 m), North West

Province of South Africa. Itis a high plateau inland
region characterized by a temperate climate and
summer rainfall (Rutherford et al. 2006). Long-
term annual precipitation is 600-700 mm, and
mean maximum and minimum temperatures are
35.3 °C (January) and -3.3 °C (June) (Rutherford
et al. 2006).

Cabbage, Brassica oleracea var. capitata (L.)
(Brassicaceae), is one of the major crops grown
under irrigation on farms in the vicinity of the
study site. Growers transplant cabbage seedlings
on several hectares, usually 25000 cabbages/ha,
every week during summer and autumn, but
a few hectares are planted during winter and
spring. It appears that the major reason for trans-
planting fewer cabbages during cool seasons is
influenced by the slower developmental rate of
the crop, which affects produce flow rate from the
farm. Since immature Brassica plants were always
present at a landscape level around the study site
at any given time, the cabbage fields are assumed
to be connected (i.e. a metapopulation] due to
free movement of P. xylostella and its parasitoids
between farms (Vandermeer & Carvajal 2001;
Desouhant et al. 2003).

Between 2000 and 2500 cabbage seedlings were
transplanted three consecutive times per year
(February 2002-January 2008) at a plant spacing of
0.5 m within rows and 1.0 m between rows. Stan-
dard agronomic practices that included plough-
ing, irrigation, fertilization and weeding were
followed in each crop, but without the application
of insecticides. For each crop, monitoring of
P. xylostella infestations (i.e. larvae and pupae) and
its parasitoids was initiated two weeks after
cabbage transplants. In subsequent plantings, a
new crop was prepared next to the old one five
weeks before harvest of the current crop, and two
weeks later scouting on the older plot was termi-
nated and begun on the new plot. This practice
ensured that investigations were continually con-
ducted on crops of reasonably good quality. There-
fore, until it was completely harvested and
remaining plants ploughed under, the older crop
served as a reservoir for P. xylostelln and its
parasitoids at a local scale. One experimental
plot was monitored at any given time and a total
of 18 plots were monitored during the study
period.

At weekly intervals, leaves of 30 randomly
selected plants in each plot were thoroughly
inspected and numbers of P. xylostella larvae,
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pupae, and cocoons of its parasitoids found on
each plant were recorded. Since no egg parasitoid
species have been recorded from P. xylostella in
South Africa (Kfir 1997), rates of parasitism were
determined from samples of host larvae and
pupae, and cocoons of its parasitoids. However,
first and second instar larvae were not sampled
for all known P. xylostella egg-larval and larval
parasitoids complete their larval development
once the hosts have reached the fourth instar.
Thus, parasitism of P. xylostella eggs and larvae
accumulates over the larval instars (Nofemela &
Kfir 2005). Furthermore, sampling of host instars
that are too young to be parasitized is inappropri-
ate, as it tends to grossly underestimate parasitism
levels (van Driesche et al. 1991). Depending on the
number of cabbages that were transplanted and
the season, the number of sampled plants during
summer (December-February) and autumn
(March-May) accounted for 14.4 % to 18 % of
the plant population, and 19.2 % to 24 % of plant
population during winter (June-August) and
spring (September—November). Thus, sampling
hardly influenced population densities of the pest
and its parasitoids.

The field-collected samples were maintained in
the insectary of the ARC-Plant Protection Re-
search Institute, Rietondale campus in Pretoria, at
25 +1°C, 65 =5 % RH, and L16:D8 photoperiod.
The larvae were provided with sections of fresh
cabbage leaves and held individually in Petri
dishes. The leaves were replaced every second
day until all of the larvae pupated or parasitoid
cocoons formed. The samples of P. xylostella pupae
and parasitoid cocoons were confined individu-
ally in ventilated glass vials (2.5 X 10 cm). All emer-
gent parasitoids were identified and their
incidence determined. Parasitism was calculated
as the percentage of emergent parasitoids out of
total samples of P. xylostella larvae and pupae.
Thus, the impact of primary parasitoids on
P. xylostella population density was determined
from parasitism of corresponding infestation
levels. However, samples that died of unknown
causes were excluded from calculations.

Data analysis

One-way analysis of variance (ANOVA) was
used to compare the incidence of the parasitoid
species (%). Prior to ANOVA, the data were
square-root transformed and where significant
differences were detected, the means were com-
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pared using Fisher’s LSD test. Using mean values
obtained over six consecutive years for each
variable, linear regression analyses were per-
formed to determine the relationship between
total parasitism levels (%) and ratios of parasitoid
cocoons to infestations. The data for ratios of
parasitoid cocoons to infestations and parasitism
levels were square-root transformed prior to
performing linear regressions. All statistical analy-
ses were performed on Statistica (2012), and treat-
ment effects were considered significant at P <
0.05.

RESULTS AND DISCUSSION

Cabbage infestations by P. xylostella larvae and
pupae were low during November—-August, fluc-
tuating between (mean + S.D.) 0.1 = 0.12 and
2.2 % 2.61 P. xylostella per plant per week, and were
high during September—October peaking at 10.6 =
9.59 P. xylostella per plant (Fig. 1). Field samples of
P. xylostella larvae and pupae yielded five species
of indigenous primary parasitic Hymenoptera:
C. wvestalis; Oomyzus sokolowskii (Kurdjumov)
(Eulophidae), a larval-pupal parasitoid; Apanteles
halfordi (Ullyett) (Braconidae), a larval parasitoid;
Diadromus collaris (Gravenhorst) (Ichneumo-
nidae), a pupal parasitoid; and Diadegma mollipla
(Holmgren) (Ichneumonidae), a larval-pupal
parasitoid. The incidences of the primary para-
sitoids were significantly different (F4,1128 = 235.73,
P < 0.001) with C. vestalis causing highest host
mortality (42.05 *= 33.10 %) followed by O. soko-
lowskii (9.02 = 16.75 %), whereas the incidences of
D. collaris (2.25 = 5.07 %), A. halfordi (1.33 = 6.26 %)
and D. mollipla (0.22 + 1.81 %) were not signifi-
cantly different. Cotesia vestalis, O. sokolowskii
and D. collaris were active throughout the year,
whereas incidence of A. halfordi and D. mollipla was
sporadic. These results are in agreement with pre-
vious studies in South Africa (Waladde ef al. 2001;
Mosiane et al. 2003; Smith 2004; Nofemela & Kfir
2005).

Total parasitism levels were high during late
October-May, and low during June—early October
(Fig. 1). Although the period of high parasitism
(=50 %) generally coincided with low infestations,
infestations also were low during cold winter
months (June-August). As a consequence of low
parasitism during winter, P. xylostella infestations
increased substantially during September—early
October (Fig. 1). However, parasitism levels soon



Nofemela: Estimating levels of endoparasitism by Hymenoptera in the field

12

No. of P xylostella per plant per week
O—lI\DOJAO'IO‘J\ICbCOE;:

283
100
90
80
-. g
2170 L
32
60 B
o
50 2
3
40 3
o
30 =
@
ol
20 ~
10
0

S ON D J

Months

Fig. 1. The influence of mean total parasitism (dotted line) on mean incidence of Plutella xylostella larvae and pupae
(solid line) over the course of a year. The points represent means over six years.

increased to high levels leading to a sharp decline
in the pest density, and subsequently the infesta-
tions were regulated largely below one P. xylostella
per plant per week during November-May
(Fig. 1). Since infestation level below one P. xylo-
stella per plant per week is considered too low to
negatively affect cabbage yield and crop quality
(Ayalew 2011) and the proportion of plants in-
fested generally increases with infestation levels, it
is recommended to growers not to apply insecti-
cides when infestations are below one P. xylostella
per plant due low risk to their crop.

Since high parasitism levels are a result of female
parasitoid density maintained above a critical
threshold level in the system (DeBach & Rosen
1991; van Driesche & Bellows 1996; Hawkins &
Cornell 1999), a higher ratio of parasitoid to host
density restrains the pest from attaining high in-
festation levels. As C. vestalis is the most dominant
parasitoid of P. xylostella in South Africa, it is logical
to assume that most of parasitoid cocoons in the
field belong to it. A linear regression analysis of
parasitism of P. xylostella against non-zero ratios of
parasitoid cocoons to P. xylostella infestations
showed a significant positive relationship (r* =
0.667, Fi5 = 100.11, P < 0.001; Fig. 2). Thus,
P. xylostella parasitism levels increased with the
ratios of parasitoid cocoons to infestations. Fig. 1
shows that parasitism levels of =50 % are suffi-
ciently high to suppress the pest population below

one P. xylostella per plant, whereas Fig. 2 shows
that a 20 % ratio of C. vestalis to cocoons is equiva-
lent to 50 % parasitism of P. xylostella.

The major stumbling block to effective manage-
ment of P. xylostella populations remains the lack of
practical guidelines for integrating biological and
chemical control methods. This challenge is now
more apparent than ever in southeast Asia, where
the gains obtained from parasitoid introductions
in the 1980s are being reversed by indiscriminate
application of insecticides by growers (Sivapra-
gasam 2004; Upanisakorn et al. 2011) which has
led to P. xylostella populations in that region to
develop multiple- and cross-resistance to a wide
range of insecticides (Zhao et al. 2006). In southeast
Asia, D. semiclausum and C. vestalis, are dominant
parasitoids of P. xylostella in the highlands
and lowlands, respectively (Talekar & Shelton
1993; Verkerk & Wright 1997), while Diadegma
insulare (Cresson) (Ichneumonidae) and Micro-
plitis plutellne Muesbeck (Braconidae) are impor-
tant in North America (Xu et al. 2001; Martinez-
Castillo et al. 2002). Since all of these parasitoid
species form easily distinguishable cocoons on the
plant surface on completion of larval develop-
ment, the method suggested here of estimating
parasitism levels from ratios of parasitoid cocoons
to infestations is simple and practical enough to be
implemented at farm level in several parts of the
world.
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Fig. 2. The relationship between mean total parasitism of Plutella xylostella larvae and pupae and ratios of Cotesia
vestalis cocoons to infestations. Points in the graph correspond to averages per week over six years.
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