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SUMMARY

Cowpea, Vigna unguiculata (L.) Walp, is the most important legume crop in West
and Central Africa. However, these beans before harvest or in storage are
vulnerable to attack by the cowpea beetle Callosobruchus maculatus which
causes enormous economical losses. The use of biological control is a safe and
viable method to protect the stored-beans. Uscana lariophaga is a natural control
factor of C. maculatus and may be used in a conservation strategy of biological
control. To locate its host, the parasitoid uses semiochemicals emanating from the
host itself or from its habitat. Odours emanating from the eggs of C. maculatus are
used as a cue. In order to determine this, female wasps were exposed to odours
from eggs on marbles and to clean marbles as a control in different bioassays. In
the first one a diffusion olfactometer was used, but due to high percentage of non-
responding wasps was necessary to change for an airflow olfactometer. The Y-
tube was introduced as a new bioassay, however low response was still present.
Food supplementation and increasing the age of the wasps were implemented in
the bioassay. An important improvement in the response of the wasp was
achieved, but preference by the wasps to odours from egg on marbles or clean
marbles were the same. The linear airflow olfactometer was used in a new set of
experiments. Female wasps spent more time in the section closer to the source
when it was baited with clean marbles than eggs on marbles. In addition, during
this bioassay no clear preference by the wasp to odours from eggs on marbles
was also observed. Finally, from all the results obtained were not able to
demonstrate that odours from eggs on marbles act as a cue of U. Lariophaga to
locate its host, however some bioassay conditions for future studies are suggested

in this report.



1. INTRODUCTION

Grain legumes are a major source of protein in tropical and subtropical areas.
Cowpea, Vigna unguiculata (L.) Walp, is the most important legume grown
throughout West and Central Africa. According to FAO (2003), the total worldwide
production of cowpea is estimated at 3.779.544 Mt of dry grain and 93% is
produced in Africa. Cowpea dry grain contains: 23-25% protein; 50-67% starch; B
vitamins such as folic acid; and essential micronutrients like iron, calcium and zinc
(Hall, 2002). Therefore, it has been described as “poor man’s meat” (Aykroyd &
Doughty, 1982; cited by van Huis et al. 2002).

Cowpea is an annual herb which can tolerate annual rainfall of 280-4100 mm,
mean annual temperatures of 12.5-27.8 °C, and a soil pH of 4.3-7.9 (Duke, 1981;
cited by van Alebeek, 1996). In addition, this crop has a high potential for
biological nitrogen fixation in marginal soils with an organic matter content of less
than 0.2% (Hall, 2002). Due to these favorable characteristics, cowpea is very
much appreciated among the many others crops currently grown in Africa.
However, cowpea beans before harvest or in storage are vulnerable to several
pests of which the cowpea beetle, Callosobruchus maculatus Fab. is economically
the most important (Langyintuo et al. 2004). Caswell (1981) reported that over
90% of the damage to cowpea seeds is caused by this beetle, and infestation may
reach 100% within 3-5 months of storage (Singh, 1977).

Callosobruchus maculatus (Fab.) is a coleopteran insect belonging to the
Bruchidae family. This beetle has a worldwide distribution throughout the tropical
and subtropical regions and attacks not only stored grains of cowpea, but also
mung bean, Vigna radiata (L) and pigeon pea, Cajanus cajan (L) (Talekar, 1988;
cited by Bandara & Saxena, 1995). The bruchid female lays her eggs on the
surface of the seeds and approximately four days later, depending on the
temperature, the eggs hatch and the larvae start to penetrate the seed. Another 3

to 4 weeks are necessary before an adult beetle emerges from the bean (Groot,



1995). Larval development, pupation and adult eclosion entirely takes place inside
the bean (Howe & Currie, 1964). One generation of the insect takes an average of
24 days at 30 °C and 70 % R. H. (Raina, 1970). The females are able to lay 40 to
120 eggs during their lifetime (Degaga, 1994).

Many protective measures such as storage in airtight or steel containers, gamma
radiation, freezing the beans or heating them, application of chemical insecticides,
are some of the possibilities to prevent the damage by this pest. However, their
low effectiveness under local conditions and the requirements of high inputs are

often problems for subsistence farmers (van Huis, 1991a; Boeke et al. 2004).

Using chemical insecticides is one of the methods to combat this pest. Studies
made by Langyintuo et al. (2004) indicated that over 50% of the traders
interviewed in Ghana used chemicals in storage. The author also mentioned that
68% of the trades in Cameroon used Pyrimiphos methyl, 23% Carbosulfan and
9% wood ash. However, the use of chemical insecticides has several inherent
problems, such as development of resistance by insects, environmental pollution,
contamination of stored grains, and poor availability of safe, effective and cheap
insecticides (Ramaswamy, 1995). In addition, restrictive regulations in the use of
pesticides in storage products are gradually being imposed (van Alebeek, 1996).

Therefore alternative methods of pest control are necessary.

For cowpea, biological control can be a safe and viable method of stored-product
protection (Stolk, 2002). Various predator and parasitoid species of bruchids have
been reported, such as Xylocoris flavipes (Reuter) (Hemiptera: Anthocoridae),
Eupelmus vuilleti (Craw) and Eupelmus orientalis (Hymenoptera: Eupelmidae),
Dinarmus basalis (Rond) (Hymenoptera: Pteromalidae) and Uscana lariophaga
Steffan (Hymenoptera: Trichogrammatidae) (van Huis et al 1990: Steffan, 1981;
van Alebeek, 1996; Monge et al. 1991). Especially U. lariophaga Steffan is a
potential candidate for this purpose (van Huis et al. 1991a, Baker, 1990; cited by
van Alebeek, 1996).



Uscana lariophaga belongs to the family Trichogrammatidae and it was first
described from Callosobruchus maculatus eggs in Mali (Steffan, 1954). Adult
males and females are 0.4 mm long and they can be differentiated by the shape of
their antennae (Steffan, 1954). Van Huis et al. (1991) reported an adult longevity
of 2.5 days and lifetime fecundity of approximately 25 eggs at 30 °C in the
absence of food and host. However, the longevity is increased fivefold and the
lifetime fecundity threefold, if there is a supply of honey (van Huis et al. 1991).
The searching behavior of U. lariophaga is influenced by chemical cues (Schutte,
1991; Premchand, 1992; van der Hoek 1993; Simbule 1994, Ormel 1992), but until
now the chemical nature of the cues used by U. lariophaga to locate C. maculatus

are still unknown.

Semiochemicals play an important role in the lives of stored product insects
(Phillips, 1997). Many parasitoids use pheromones and other semiochemicals
emanating from their host, or their host’s habitats, as cues to locate hosts (Mbata
et al. 2004). The oviposition deterrent pheromone from C. maculatus could be one
of the cues through which U. lariophaga can localize the eggs. Studies made by
Renou et al. (1989) show that extracts from the surface of eggs of Ostrinia
nubilalis, stimulated the upwind locomotion of Trichogramma maidis in an airflow
olfactometer and concluded that these substances function as a short-range
kairomone. Also, cabbage leaves treated with egg extracts of Pieris brassicae, are
being searched longer by Trichogramma evanescens than untreated leaves
(Noldus & van Lenteren 1985a).

1.1. Previous studies

The role of semiochemicals in the host location of the egg parasitoid U. lariophaga
has been studied by several people in the Laboratory of Entomology of the
Wageningen University. Different bio-assays and odour sources have been tested

in order to answer this question.



Piquet (1989) and Fanget (1990) reported good results testing volatile chemicals
emanating from dry cowpea grains, infested cowpea grains, virgin host females
and host eggs, when they used a four-armed air-flow olfactometer (Vet et al.
1983), modified by Noldus and Van Lenteren (1985). However, when Schitte
(1991) used the same olfactometer she had to abort her experiments, because the

wasp showed a persistent lack of activity.

Ormel (1992) used glass Petri-dishes as diffusion olfactometers. In the beginning
he got good results but during his experiments wasps became less motivated and
sat still or flew away. Nevertheless, in his experiment Uscana lariophaga was
attracted by odours from fresh (< one day old) and old (> three days old) eggs on
marbles, and he found no significant difference in attractivity between both egg
ages. With this result, he concluded that at least some components of the host
odours were relatively persistent. One year later, Bezemer (1993) did not get any
result in the attractivity of U. lariophaga to fresh laid eggs on cowpea beans when

he used glass Petri-dishes due to the high percentage of wasps flying.

In 1993, van der Hoek designed a tube diffusion olfactometer. He found a good
response of U. lariophaga females to odours derived from C. maculatus females or
its synthetic sex pheromone, but the reaction was stronger when exposed to
odours from eggs on marbles. Jack-Vesper (1993) used a filter paper divided in
four quadrants, as standard walking substrate for U. lariophaga. He evaluated the
behavioral responses of the wasp to traces on the paper left by virgin female
beetles, mated female beetles and virgin male beetles. He found a significant
difference between treated and untreated (control without traces) quadrants but
there was no difference between the quadrants treated with different sources of

chemicals.

Degata (1994) tested in the diffusion olfactometer different egg densities on

marbles and using a waiting time (time between introducing the odour source and



testing the parasitoid, i.e. 10 and 30 min.) he could not demonstrate an attraction
of U. lariophaga to distinct egg odour concentrations. However, Simbule (1994)
using the same olfactometer found a weak significant preference for the odour
side with only eggs (scraped-off from Eppendorffs plastic tubes), but when using

eggs on marbles no preference was observed.

Using a circular diffusion olfactometer, Premchand (1995) found no significant
effect of egg odour on the walking behavior of U. lariophaga. However, U.
lariophaga flew up significantly less in the treatment with fresh eggs on marbles
than in the one with clean marbles, which indicates that semiochemicals probably
emanated from fresh eggs on marbles. He also used a pit fall diffusion
olfactometer and found that C. maculatus males where attracted to freshly laid

eggs on marbles, suggesting that fresh eggs could have traces of sex pheromone.

Finally, Bouchaut (1995) studying the preference for mated females or virgin
females bruchid odour by U. lariophaga in the diffusion olfactometer found no
significant difference between them. Problems of lack of activity by the wasp,
material contamination, lack of an odour gradient and wrong management were

put forward to explain the negative results of this experiment.

After all these studies with a great variability of results, the main question of which
semiochemicals are involved in host location by U. lariophaga still remains. One of
the problems could be that until now there is no bioassay that gives the same
results when it has been used several times. In the beginning all of them show
good results (Piquet, 1989; Fanget, 1990; van der Hoek, 1993; Ormel, 1992), but
later on lack of activity or no clear response by the wasp was observed (Schitte,
1991; Bezemer, 1993; Simbule, 1994; Bouchaut, 1995). It is very likely that
U. lariophaga uses egg odours on marbles as a cue, however contradictory results

have been obtained. Therefore, the aims of my thesis were:



To find and optimize a bioassay in which semiochemical cues used by Uscana

lariophaga females to locate its host can be effectively tested.

To determine if the Uscana lariophaga female responds to semiochemicals

emanating from eggs laid on marbles by its host, Callosobruchus maculatus.



2. MATERIAL AND METHODS

2.1. The continuous rearing of insects

The colony of U. lariophaga and the strains of C. maculatus used in this
experiment were derived from collections made in cowpea fields in Niamey-Niger
in December 1990. The techniques of rearing the wasp have been described by
Van Alebeek (1991) and those of the bruchid by Cools et al. (1994) (cited by
Simbule, 1994).

Beetles are reared on cowpea (Vigna unguiculata, var. Blackeye) grains in plastic
Petri-dishes (14 cm diameter) at 60 + 10% relative humidity (RH), 35°C during the
day and 25°C during the night with a photoperiod of 12 hours (12L: 12D). Uscana
lariophaga parasitoids are reared on host eggs of C. maculatus and kept in glass
tubes (10 cm long and 2 cm diameter) at 30°C constant temperature, 30% * 10%

RH and photoperiod of 12 hours (Figure 1 & Figure 2 see appendix)

2.2. Preparation of eggs and insects

2.2.1. Female wasps 1l-day-old

The day before the experiments at 17:00 h wasps were blown out of the rearing
tubes. The next day at 09:00 h, the newly emerged wasps were collected and
gave them one hour to mate. Then, they were sexed under the binocular using
antennal characteristics (Steffan, 1954). Female wasps were kept and used the
same day for the experiment.

2.2.2. Female wasps 2-days-old

Two days before the experiment at 17.00 h wasps were blown out of the rearing

tubes. The following morning, emerged adults were collected and provided with a



drop of honey. The next day, wasps from 36-48 h-old were sexed and the females

used for the experiment.

2.2.3. Fresh C. maculatus eggs (0 -5 hours-old) on marbles

To obtain fresh C. maculatus eggs, 15 female and five male beetles less than one
day old were taken from the rearing and placed in a Petri-dish (diameter 10 cm)
with four glass marbles (diameter 0.5 cm). Five of such Petri-dishes were prepared
for every experimental day. The beetles were allowed to oviposit on the marbles
from 09:00 to 14:00 h after which the number of eggs per marble were counted.
For the experiments marbles with 10 and 20 eggs were put at one end of the

olfactometers.

2.3. Olfactometers

2.3.1. Tube diffusion olfactometer

The glass tube diffusion olfactometer, designed by van der Hoek (1993), consisted
of a small glass tube (10 cm long, 8 mm inner diameter) with open ends and a
hole in the middle. The open ends were closed with a small glass jar connected to
the glass tube with a piece of silicone tube. A piece of gauze net was put between
the jar and the tube to prevent access of the wasp to the marbles with or without

eggs (Figure 3), see also appendix (Figure 4).
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Figure 3: Tube diffusion olfactometer (Van der Hoek, 1993). The tube contains
imaginary sections (B1, C1) in order to indicate the position of the wasp during the

bioassay.

2.3.2. Y-tube olfactometer

The second olfactometer was a Y-tube with a stem of 8 cm; arms of 6 cm and an
inner diameter of 8 mm. A stream air of 26-28 ml/min regulated by flowmeters
passed through each arm (van Huis, personal communication, 2004). The open
ends of the arms were connected with a silicon tube to an Eppendorff vial. A piece
of gauze net was put between the silicon tube and the Eppendorff vial to prevent
access of the wasp to the marbles with or without eggs placed inside the
Eppendorff vial. Both ends of the Eppendorffs were open so the air could pass

through (Figure 5), see also appendix (Figure 6).
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Figure 5: Y-tube olfactometer. A, DP (decision point), B1, B2, C1 and C2 are

imaginary sections to indicate the position of the wasp during the bioassay.

2.3.3. Linear airflow olfactometer

The third olfactometer was a linear one and constituted of a glass tube (10 cm
long, 8 mm inner diameter) with open ends (Figure 7), see also appendix
(Figure 8). One end of the glass tube was connected with a silicon tube to an
Eppendorff vial and a piece of gauze net was put between the glass and the
silicon tube to prevent access of the wasp to the marbles either with or without
eggs. One open end of the Eppendorff vial was connected to a tube supplying the
air. A stream air of 26-28 ml/min regulated by flowmeters passed through the tube

via the treated or untreated marbles into the direction of the release point.

Falssss
palnt Marhles Air flow
| (= = =
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Figure 7: Linear airflow olfactometer. Sections A1 to A5 were used to record the

behaviour of the wasps in the tube.

10



2.4. Bioassays

All experiments were conducted in a climate room at 25°C and 55% RH (Figure 9
appendix). In this room a carton box (30x50x30) covered with a white cloth in the
case of the diffusion olfactometer experiments, and a metal frame (65x100x64)
covered with a black plastic in the case of the Y-tube olfactometer and linear
olfactometer were placed (Figure 10 and 11, appendix). The experiments were
done inside the boxes. This was done to give the wasp more natural dark
conditions instead of the high light intensity (more than 10.000 lux) in the room,
and also to prevent any visual orientation by the wasp. The position of the tube
and the baits were randomized to reduce any possible phototactic responses.
During all experiments surgical gloves were used in order to handle the materials,
such as glass tubes, marbles and olfactometers to prevent any odour
contamination. At the end of the day, all glass and silicone materials were
thoroughly washed. The glass parts were washed in the washing machine, rinsed
with ethanol and dried in a stove (120 °C) for 24 hours. Materials such us

Eppendorffs, gauze net and marbles were used only once.

2.4.1. Experiment 1

The diffusion olfactometer was used during this bioassay. At one end of the tube
10-20 eggs on marbles (0-5 h old) were placed inside the (small) glass jar; the
marbles were separated from the main compartment by a gauze net. At the other
open end clean marbles were placed as a control. Before introducing the wasp, 10
min were allowed for an odour concentration to build up inside the tube. One
female wasp (1-day-old) at a time was introduced at the release point and left
during 10 min to choose one of the two sides of the olfactometer. After this time
the experiment ended whether or not it had made a first choice. A choice was

considered to have been made when a wasp passed a line 1.6 cm from the end of

11



the tube diffusion olfactometer (Figure 3). For each replicate a clean tube diffusion

olfactometer was used.

2.4.2. Experiment 2

Fifteen to 20 eggs on marbles were placed inside an Eppendorff vial connected to
one arm of the Y—tube. Laboratory air filtered by passing through a column filled
with activated charcoal and regulated by flowmeters (Brooks Instrument B.V,
series 1355, The Netherlands) at 26-28 ml/min passed through each arm. The
distribution of the stream air in the Y-tube was checked before by using smoke
that came from the airflow tester (airflow tubes, Drager Lubeck, Germany), (Figure
12, see appendix). After introduction of a female wasp (1-day-old or 2-days-old)

the following observations were made during 10 minutes:

e First choice made between border DP/B1 (egg odour arm) or DP/C1 (clean
marble arm) (see Figure 5)

e Crossing or not for the first time border B1/B2 or C1/C2

e Time in seconds spent in sections A, DP, B1,B2,C1, and C2

2.4.3. Experiment 3

A linear airflow olfactometer was used in this bioassay. Fifteen to 20 eggs on
marbles were placed inside the Eppendorff vial. A stream of air with same
characteristics as the previous experiment passed through the tube. A single wasp
was introduced into the linear tube at its entrance and observed for 10 min using
the behavior recording program “Observer 5.0 Software Package” (Noldus
Information Technology, Wageningen, The Netherlands). The same procedure
was used to observe the behavior of the wasp against clean marbles. Separate

tubes where used for each treatment (marbles with and without eggs) to prevent

12



any odour contamination. To record the position of the wasp the glass tube was

divided in five sections (Figure 7). The following parameters were recorded:
e Time in seconds spent in sections A1, A2, A3, A4 and AS.

e Time in seconds spent standing, walking or jumping.

e Arriving or not to section A2, A3, A4 and A5 (see figure 7).

13



3. RESULTS

3.1. Experiment with the diffusion olfactometer

In this experiment, 83 (individual) wasps were observed to determine whether
there was a preference for marbles with or without eggs. Twenty-six percent of the
wasps crossed section B2/B3 or C2/C3 in the diffusion olfactometer. The number
of U. lariophaga females choosing immediately the side of the tube with eggs was
significantly higher compared to the number of wasps choosing the clean marble
side (Table 1).

Table 1. Number and percentage of U. lariophaga females making a choice in the
olfactometer in which one end of the tube (B) was baited with eggs on a marble
compared to the other end (C) with a clean marble. (First choice = crossing for the
first time border B2/B3 or C2/C3).

Response of wasps®

No. of released Chi-square (X?)

Crossing border | Crossing border
wasps B2/B3 C2/C3

83 (100%) 17 (20%) 5 (6%) 6.54 (P=0.01**)

"Wasps that crossed border B2/B3 or C2/C3.
(P=Probability) **=P < 0.01

3.2. Experiment with Y-tube olfactometer
In an attempt to increase the number of responding wasps (because in the

previous experiment the wasps showed a low activity) it was decided to use an Y-

tube olfactometer instead of the diffusion olfactometer. Using a continuous airflow

14



we made sure the wasp was exposed to the odour source and its low activity was
not due to the absence of odour. A number of 54 one-day-old wasps were tested
in the Y-tube olfactometer to determine the choice of the wasps for the arm with
eggs compared to the one not containing eggs. Of the wasps tested 84% did not
cross DP/B1 or DP/C1 in the Y-tube. However, a significant difference was found
between wasps that crossed DP/B1 and DP/C1 in the direction of the eggs on
marbles side. Also, there was significant difference between the number of wasps
that crossed B1/B2 and C1/C2 (Table 2).

Table 2. Number and percentage of U. lariophaga females making the first choice
in the Y-tube olfactometer in which one arm (B) was baited with eggs and the

other arm (C) with no eggs.

No. of released Border No. of wasps Chi-square (X?)
wasps responding
DP'/B1 8 (14%)
DP/C1 1(2%) 5.44 (P=0.02%)
54 (100%)
B1/B2 7 (13%)
C1/C2 0 (0%) 7.00 (P=0.01*)

" DP = Decision point (see Figure 5)
(P=Probability) **=P <0.01; *=0.01 <P<0.05

From the total time spent by U. lariophaga in the Y-tube, more than 90% was
spent in sections A and DP of the Y-tube stem. Significantly more time was spent

by females wasps in section B12 compared to section C12 (table 3).
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Table 3. Mean time in seconds and percentage of residence time spent by U.
lariophaga females in different sections of the Y- tube olfactometer, in which one
arm (B) was baited with eggs and the other arm (C) without eggs. Non-responding
wasps (n=16) were left out of the analysis. Total humber of responding wasps
(n=38).

Section Residence time Probability
A’ 534.7 (89%) | e
DP? 227 4%) | e
B12 42.3 (6.9%)

0.01**
C12 0.3 (0.1%)

A and “DP = sections of the olfactometer (see Figure 5)
Wilcoxon Matched-pairs signed-rank Test (P=Probability) **=P < 0.01

To increase the number of wasps arriving in any of the Y-tube arms, two-days-old
female wasps fed with a drop of honey were using instead of one-day-old wasps.
A total number of 110 two-days-old female wasps were tested in the Y-tube. Of the
female wasps 73 % made a decision for the arm with eggs and the arm without
eggs. Significantly more wasps were attracted towards B1 compared to C1
(P=0.03). However, the number of wasps that crossed section B1/B2 of the egg
odour side and those that crossed section C1/C2 of the clean side was not
different (table 4).

16



Table 4. Number and percentage of U. lariophaga females making the first choice

in the Y-tube olfactometer in which one arm (B) was baited with eggs and the

other arm (C) was clean.

No. of released Border No. of wasps Chi-square (X%
wasps responding
DP'/B1 50 (45%)

DP/C1 31 (28%) 4.45 (P=0.03")

110 (100%)

B1/B2 40 (36%)

—_ ns

C1/C2 29 (26%) 1.75 (P=0.187)

" DP = Decision point (see Figure 5)

(P=Probability) *=0.01 <P< 0.05; ns= P> 0.1

Less than 60% of the total time was spent within the sections A and DP of the Y-

tube. Therefore, more time was spent by the wasps in sections B12 and C12

compared to the previous experiment. In this way, the wasps spent 24% and 20%

of their time in sections B12 and C12 respectively, but no preferred side was

observed (Table 5).
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Table 5. Mean time in seconds and percentage of residence time spent by
U. lariophaga females in different sections of the Y- tube olfactometer, in which
one arm (B) was baited with eggs and the other arm (C) was clean. Non-
responding wasps (n=22) were left out of the analysis. Total number of responding

wasps (n= 88).

Section Residence time Probability
A 283.4 (47%) |
DP 56.4 (9%) | = e

B12 143.3 (24%)
0.37"
C12 116.9 (20%)

Wilcoxon Matched-pairs signed-rank Test (P=Probability) ns= P> 0.1

3.3.  Experiment with the linear olfactometer

This no-choice experiment was designed to determine if U. lariophaga females
behave differently when they were exposed to marbles with or without eggs. The
number of wasps released in the linear olfactometer was 36 for the treatment with

eggs on marbles and 34 for the treatment with clean marbles.

The wasps walked significantly more in the sections closer to the source (A5 and
A5+A4) when it was baited with a clean marble compared to eggs on the marble.
In spite of the fact that female wasps walked more time in all the sections of the
tube when treated with clean marbles compared to eggs on marbles the difference

was not significant (Table 6).

18




Table 6. Mean walking time in seconds spent by U. lariophaga in different sections
of the linear olfactometer in which one end was baited with marbles either with or

without eggs.

Treatments
Section Eggs on marbles Clean marbles Probability
n=36 n=34

A5 24.2 36.5 0.06 "
A5+A4 39.3 58.3 0.09°
A5+A4+A3 55.7 721 0.37 ™
A5+A4+A3+A2 71.4 90.9 041M™
A5+A4+A3+A2+A1 104.6 120.3 042"™

Wilcoxon Matched-pairs signed-rank Test (P=Probability) += 0.05< P < 0.1; ns= P> 0.1

In both treatments wasps spent almost 50% of the total observed time in section
A1. The remaining time was spent by the wasps in section A5, with 23% and 37%
of the mean total time in the treatments with and without eggs on marbles
respectively. A difference between both treatments in the mean total time in the
sections closer to the source (A5 and A5+A4) shows a shorter residence time of

the wasps in the treatment marble with eggs than without them (Table 7).
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Table 7. Mean total time in seconds spent by U. lariophaga in different sections of

the linear olfactometer in which one end was baited with marbles with or without

eggs.

Treatments
Section Eggs on marbles | Clean marbles Probability
n=36 n=34

A5 136.7 219.0 0.04 *
A5+A4 182.8 246.2 0.10"
A5+A4+A3 256.0 262.7 0.76 "
A5+A4+A3+A2 302.4 322.0 0.56 "
A1 297.6 277.0 0.57"

Wilcoxon Matched-pairs signed-rank Test (P=Probability): *= 0.01 <P< 0.05; +=0.05< P < 0.1;
ns= P> 0.1

Table 8 shows the number of wasps crossing each section at a certain time
period. Female wasps crossed in less than 106.8 sec section A2 and A3 in almost
similar percentages in both treatments. However, significantly more wasps arrived
faster to section A4 and A5 in the treatment ‘marble without eggs’ than ‘marbles
with eggs”. From the total number of wasps released in these experiments just
47% and 74% arrived at section A5 in the treatment with and without eggs

respectively.
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Table 8. Number and percentages of U. lariophaga females crossing in different
time intervals (sec) sections A1-A2, A2-A3, A3-A4, A4-A5, in the linear
olfactometer in which one end was baited with marbles either with or without eggs.
Total number of released wasps (n=36) for the eggs on marble treatment and

(n=34) for the clean marble treatment.

Time intervals (sec)
Sections | Treatments Chi-
square
8.3- 106.8 - 205.3- 303.8- 402.3 - 500.8 - X2
106.8 205.3 303.8 402.3 500.8 599.3
Egg on
A1-A2 marbles 14 (54%) | 5(19%) | 2(8%) | 1(4%) | 3(11%) 1 (4%)
Clean 6.16 "
marbles 15 (56%) 2(7%) | 0(15%) | 4 (11%) 3 (11%) 3 (0%)
Egg on
A2 - A3 marbles 10 (46%) | 3(14%) | 5(23%) | 1(4%) 2 (9%) 1(4%)
Clean 525"
marbles 13(52%) | 1(4%) | 1(4%) | 1(4%) | 5(20%) | 4(16%)
Egg on
A3 - A4 marbles 4(22%) | 3(17%) | 7(39%) | 2(11%) | 2(11%) | 0(0%)
Clean 11.30"
marbles 10 (40%) | 3(12%) | 2 (8%) 1(4%) 5 (20%) 4 (16%)
Egg on
A4 — A5 marbles 1(6%) 4 (23%) | 4(23%) | 5(29%) 3 (18%) 0 (0%)
Clean 15.41*
marbles 6 (24%) 7 (28%) | 2(8%) 1(4%) 4 (16%) 5 (20%)

df = 4; (P=Probability) *= 18.46<P=13.28; += 13.28<P29.49 ; ns= P< 9.49
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4. DISCUSSION

4.1. Olfactometers

We used three different olfactometers: the diffusion, Y-tube and the linear
olfactometer. The diffusion olfactometer designed by Van der Hoek (1993) was the
first one to be used in the beginning of this research. This was done because he
obtained good results with this apparatus testing U. lariophaga wasps for their
response to synthetic pheromones, female bruchid and egg odours. The main
reason for him to design this olfactometer was that in storage structure odours are
spread mostly by gas diffusion. Later on, authors like Degata (1994), Van Voorst
and Bouchaut (1995) were not very satisfied with this olfactometer. Problems with
the size of the tube and the uncertainty of the distribution of the odour gradient
inside the tube were some of the troubles mentioned. In addition, problems like
contamination, handling of the wasp and light conditions were also part of the
reasons of unsatisfactory results. In my opinion, one of the main problems with this
olfactometer was not knowing whether the wasps were exposed to the odour and
whether the 10 min were enough to build up an odour gradient inside the tube.
This could be one of the reasons for the high percentage of non-responding wasps
within the diffusion olfactometer. For this reason, a change in the olfactometer was
made. The Y-tube airflow olfactometer was introduced as a new bioassay. With
this we made sure that the wasp was exposed to the odour. It was the first time
this type of olfactometer was used with U. lariophaga. Nevertheless, other studies
made on semiochemicals with Hymenoptera like Trissolcus basalis (Colazza et al,
1999) and Pteromalus cerealellae (Mbata et al, 2004) an Y-tube airflow

olfactometer was also used.

A new set of experiments was started with the Y-tube olfactometer. However,
there was still a lack of response by U. lariophaga, even though it was known that
many insects exhibit positive anemotaxis including Trichogramma (Frenoy et al,

1992; Renou et al, 1989). Only 9 wasps of 54 released in the Y-tube moved to any
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of the two arms. Now the age of the wasp was a concern and two-days-old wasps
were used instead of one-day-old wasp; the reason of this change will be
explained later. A tremendous improvement in the response of the wasp was
achieved with this change. Seventy three percent of the number of released wasps
arrived to any of the Y-tube arms. However, the number of female wasps which
chose for the side with the egg odour was not different from the numbers that
chose the control side. This may have been caused by an increase or decrease of
the air pressure in the systems. In this way the air coming from the side with the
egg odour could have contaminated the entrance of the other arm, this is when the
wasp was located in the decision point (DP) it was not clear from which side the
odour source came from. This kind of problem was observed when the distribution
and the movement of the airflow inside the Y-tube was tested with smoke coming

from the airflow tester.

As a consequence, a new type of olfactometer was introduced in the experiments.
In this case it was the linear airflow olfactometer. The advantage of using this
olfactometer was that every odour could be tested separately. Also, behavioural
data of the wasps were recorded for a specific odour, and by using an airflow we

made sure that the wasps were continuously exposed to the odour.

There was no clear difference in the response of females wasps when using
marbles with or without eggs, however using this set up gave a better idea of the
behaviour of the wasp during host-searching. It is important to mention that the
airflow speed (8.9 mm/sec) used in the Y-tube and linear olfactometer was set
arbitrarily. Nevertheless, it is essential to consider that inside of the storage
structures and in open field different values of air flows could affect the host-
searching by U. lariophaga. In the open field U. lariophaga has to move according
to them in order to find its host, as well inside the storage structures where air

penetrates through small splits causing an air current between the grains.
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In any case, different authors used a diverse range of air speed, for instance
Colazza et al. (1999) used a speed of 13.58 mm/sec with Trissolcus basalis,
Mbata et al. (2004) 84.64 mm/sec with Pteromalus cerealellae and Renou et al.
(1992) 4.94 mm/sec with Trichogramma brassicae. Thus, it could be possible that
the airflow speed had influenced our results; however, there are no systematic

studies available on this topic.

4.2. Age of the female wasps

Previous experiments made by van der Hoek (1993), Jack-Vesper (1993), van
Voorst (1995), Alebeek (1996), Simbule (1994) had already used one-day-old
wasps. Therefore, we decided to use this age of the wasp for our experiments.
However, after some repetitions in the diffusion and Y-tube olfactometers the
physiological stage of the wasp (age) was questioned, due to the high number of
inactive wasps. According to Smits (1982; cited by Noldus and van Lenteren,
1985) Trichogramma females wasps with an age varying from 2-4 days are
recommended to be used in experiments, because wasps younger than 2-days-

old are apparently not strongly motivated to react to host-seeking stimuli.

In addition to increasing the age of the wasps in the following experiments, a drop
of honey was also provided as an additional food supplement. In many studies that
used airflow olfactometers, the insects are always well fed with honey before they
started to walk against the wind (Colazza et al, 2004; Colazza et al, 1999; Renou
et al, 1992; Frenoy et al, 1992). A possible reason of doing this could be explained
by Heimpel and Rosenheim (1995) and Heimpel et al. (1996) who stated that
parasitoids might be distracted from the process of searching for host by the need
to meet other physiological demands. Thus, hunger is likely the most important
physiological influence on female parasitoid foraging decisions and
responsiveness to odours, particularly for a time-limited rather than an egg-limited

parasitoid. An improvement in the activity of the wasps was clearly observed in
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the experiment with the Y-tube, however it was not possible to indicate whether

this was due to the age of the wasps or to the food supplement.

4.3. Quality of the wasps

The quality of the insect plays an important role during the progress of the
experiments. Consequently, it is important to consider the diversity of factors that
may influence the results reported. Of these, the length of the time of the unnatural
rearing conditions and the handling of the wasps during the experiments could

influence the results.

Noldus (1989) and Simbule (1994) suggested that the wasps may lose their
searching ability and responses to semiochemicals by mass rearing. But on the
other hand, Turlings et al. (1993) reported that for some parasitoids, the rearing
environment seem to have no effect on their subsequent responses.
Nevertheless, overdoses of host eggs within a short range of centimeters in
rearing conditions prevent the need for host-searching by the wasps. Thus,
unwanted selection for low responsiveness could be one of the reasons of the low

activity observed.

Handling of the wasps was one of the most difficult issues during the experiments.
Because of the size of the wasps, 0.4 mm long, the manipulation was always done
by using a very thin paint brush. The sexing of the wasps took quite some time
and transferring them from the small glass tube to the olfactometers were factors

that could also have been a cause of the inactivity.
4.4, Egg odour
Fanget (1990) using a four-armed airflow olfactometer found an attraction of

wasps to odour of bruchid eggs on cowpea grains. In 1993 Van der Hoek using a

tube olfactometer found similar results with eggs on marbles. Later on, Simbule
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(1994) and van Voorst (1995) obtained not really clear results when they were

testing eggs on marbles.

In this experiment also the results from the “eggs on marble” treatment did not give
a very clear answer about the response of U. lariophaga to egg odours on
marbles. Notwithstanding, female wasps chose significantly more the side with
‘eggs on marbles’ in the diffusion and Y-tube olfactometer than the side of only
marbles. This percentage was very low considering the total number of wasps
released. Therefore, in my opinion it is not justified to state that female wasp’s
responded to eggs on marbles. Moreover, considering the concept of arrestment
in the experiment with the linear olfactometer, the results of our experiments are
contradictory. Arrestment is defined by the increase of residence time of an
individual in a certain area after perception of a stimulus (Noldus, 1989). In the
treatment with clean marbles the residence time was higher than in the treatment
with “eggs on marbles” in all the sections. In addition, wasps were more active,
walked more and crossed sections faster in the clean marble treatment than in the

treatment with eggs on marbles.

This low response by the wasps to the eggs on marbles could be because there is
more than one cue that elicits a response to U. lariophaga. Sex pheromones from
C. maculatus, volatiles emitted by the interaction of the host eggs and the cowpea
bean, waste products and walking traces could play a major role in the host
location by the wasp than just eggs. Therefore, it is necessary to have a clearer
understanding of the semiochemical cues used by U. lariophaga , so it may offer

further opportunities to enhance control of C. maculatus.
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5. CONCLUSIONS AND SUGGESTIONS FOR FURTHER
RESEARCH

e Uscana lariophaga showed response to egg odour on marbles, however there
was a high percentage of non responding wasps during the experiments.

e The linear airflow olfactometer and Y-tube olfactometer have been introduced
as new bioassay tools in the study of the response of Uscana lariophaga to

semiochemicals emitted by its host.

e Using two-days-old wasps fed with honey improved their activity in the airflow
olfactometers but reduces the preference for egg odour of Callosobruchus

maculatus.

e Uscana lariophaga exhibits a positive anemotaxis.

e The linear airflow olfactometer is recommended for use in future research with
Uscana lariophaga females in the response to semiochemicals emanating by
its host Callosobruchus maculatus, because every odour could be tested
separately, the exposure to the odours are assured by the airflow and

behavioural data of the wasp could be recorded for each specific odour easily.
e Future studies concerning the influence of the age of the wasp, food
supplements and airflow speed in the response by the wasp to semiochemicals

should be made.

e Better techniques of handling the wasps should be developed to avoid

undesirable effects on its behaviour.
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e Improving the rearing conditions for the insects giving them more natural
situations should be implemented. This means that female wasps should not

be offered eggs in large quantities.

e Refresh the colony of wasps (and maybe also C. maculatus) as this one is

reared already 14 years in the laboratory.
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7. APPENDICES

Figure 1 Rearing of C. maculatus at 60£10% relative humidity,
35 °C during the day and 25 °C during the night.

Figure 2 Rearing of U. lariophaga at 40£10% relative humidity,
35 °C constant temperature.
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Figure 4 Tube diffusion olfactometer

Figure 6 Y-tube olfactometer
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Figure 7 Linear airflow olfactometer.

W

Figure 9 Climate room with 25 °C and 55% of

relative humidity
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Figure 10 & 11 Metal frame (65x100x64) covered with black plastic. Experiments

with the Y-tube and Linear olfactometer where conducted inside of this box.
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Figure 12 Test of the distribution of the stream air inside

the Y-tube using smoke from the airflow tester
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