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CHAPTER FOUR 

 

Olfactory responses of Diglyphus isaea (Hymenoptera: Eulophidae) to Liriomyza 

(Diptera: Agromyzdae) species-induced volatiles of Phaseolus vulgaris, Pisum 

sativum, Solanum lycopersicum and Vicia faba  

 

Abstract 

 

The role of volatile stimuli in host finding of Diglyphus isaea was studied on Liriomyza 

huidobrensis, L. sativae and L. trifolii  on four plant species (Phaseolus vulgaris, Pisum 

sativum, Solanum lycopersicum and Vicia faba). Two experiments were carried out in 

the laboratory using a Y-tube olfactometer. In the first experiment four-day-old pre-

mated D. isaea females were exposed to undamaged and mechanically damaged plants, 

plants infested with third-instar larvae of one of the three Liriomyza species and a blank 

control. The second experiment compared the behaviour of D. isaea females on P. 

vulgaris, P. sativum and S. lycopersicum infested with third-instar larvae of L. 

huidobrensis against a L. huidobrensis-infested V. faba control. First and final choices 

and time spent by parasitoids in arms of the Y-tube olfactometer were recorded. 

Mechanically damaged and undamaged plants were not more attractive than the blank 

control. Compared to the blank control, preference of D. isaea for L. huidobrensis-

infested plants was similar for all plant species, while V. faba was preferred when plants 

were infested with L. sativae and P. vulgaris and S. lycopersicum were preferred when 

plants were infested with L. trifolii . Against a V. faba control, parasitoids were more 

attracted to V. faba than to P. sativum and P. vulgaris. However, there were no 

significant differences in attraction between the V. faba and S. lycopersicum. This work 

shows that attraction of D. isaea to plant volatiles released by leafminer-infested plants 

is dependent to a various degree on interactions between Liriomyza species and host 

plants. 
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Introduction 

 

The agromyzid leafminers Liriomyza huidobrensis (Blanchard), L. sativae Blanchard 

and L. trifolii  (Burgess) are polyphagous and important pests of agricultural crops 

worldwide (Spencer, 1985; Murphy & LaSalle, 1999; EPPO, 2006; Burgio et al., 2007). 

Diglyphus isaea (Walker) (Hymenoptera, Eulophidae) is used as a biological control 

agent of Liriomyza species in many parts of the world (Heinz & Parrella, 1989; Murphy 

& LaSalle, 1999; Ode & Heinz, 2002). Although D. isaea parasitises several species of 

Liriomyza on different crops, the distribution of parasitoids among crops is uneven, that 

is, parasitoids  are associated with certain host plants and habitats but not with others 

(Zehnder & Trumble, 1984; Johnson & Hara, 1987; Chabi-Olaye et al., 2008). 

Occurrences of these patterns indicate the huge challenge that parasitoids encounter 

before locating Liriomyza hosts. In locating their hosts, parasitoids must search for 

potential hosts living on different plants growing in diverse habitats (Zhao & Kang, 

2002). 

Host plant and leafminer-larvae related factors that are important in host finding 

by D. isaea include visual cues from the plants (colour of leaves, mine shape, mine 

size), size of leafminer larvae and volatiles released by the feeding larvae (Finidori-

Logli et al., 1996). Among these factors, chemical stimuli (volatiles released due to 

adult and larval plant damage) act as cues that direct many parasitoids to plant habitats 

and their hosts in the long to short distance range (Dicke & Minkenberg, 1991). A study 

by Zhao & Kang, (2002) on L. sativae revealed that D. isaea was more attracted to 

volatiles emitted from mined bean (Phaseolus vulgaris L.) leaves than from other host 

plants infested with L. sativae larvae. From these studies, it was concluded that 

herbivore-induced volatile (HIV) components were variable among plants depending on 

the type of plant damage and important in guiding D. isaea to their hosts. 

A variety of crops grown in Kenya, for example snow peas (Pisum sativum L., 

Fabaceae), French beans (Phaseolus vulgaris L., Fabaceae), tomatoes (Solanum 

lycopersicum L., (Solanaceae), faba bean (Vicia faba L., Fabaceae) and cut flowers, 

which are of high commercial value are prone to high levels of Liriomyza attack (Chabi-

Olaye et al., 2008). Very little is known about differences in volatile composition of 

these host plants when attacked by different Liriomyza species with different feeding 
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habits, e.g. L. huidobrensis mines extend towards the base of the leaf, which tend to 

sieve leaf segments between the veins (Wei & Kang 2006). Furthermore, L. 

huidobrensis larvae consume mesophyll both in palisade and in spongy tissues (Parrella 

& Bathke, 1984, Wei et al., 2000), whereas L. sativae and L. trifolii  larvae only feed in 

palisade tissue (Kang, 1996; Salvo & Valladares, 2004). 

In the tritrophic interaction involving host plants, leafminers and D. isaea, both 

the host insects and the parasitoid are generalists (Zhao & Kang, 2002). Considering the 

wide host range of the three Liriomyza species and D. isaea, it is critical to establish 

which host plant-leafminer combinations are suitable for D. isaea in biological control 

programmes. Host plant association of D. isaea is poorly understood in Kenyan 

horticultural systems. As an important step in understanding the role of volatiles in 

guiding D. isaea to plant and leafminer habitats, this study was undertaken to determine 

the behavioural responses of D. isaea to herbivore-induced volatiles of different plants 

induced by L. huidobrensis, L. sativae and L. trifolii. 

 

 

Materials and methods 

 

Plants  

Four plant species, P. vulgaris (variety Julia), P. sativum (variety Oregon Sugar Pod III) 

S. lycopersicum (variety Moneymaker) and V. faba (a local Kenyan open pollinated 

variety) were used in the experiments. Plants were grown and maintained in a 

leafminer-free screen house at the International Centre of Insect Physiology and 

Ecology (icipe) in Nairobi, Kenya as described in Chapter 2. The average leaf areas of 

the plants before the experiments were: P. vulgaris, 111.68 cm2, P. sativum, 76.65 cm2, 

S. lycopersicum 98.43 cm2 and V. faba 37.40 cm2. 

 

Insect rearing 

The three Liriomyza species, L. huidobrensis, L. sativae and L. trifolii , were obtained 

from the International Centre of Insect Physiology and Ecology (icipe) leafminer 

rearing facility (see Chapter 2). All species were reared at 27 ± 2 ºC with a photoperiod 

of 12L: 12D and relative humidity of approximately 30 %. Liriomyza huidobrensis was 

 
 
 



 

 122

reared on V. faba while L. sativae and L. trifolii  were reared on P. vulgaris. All species 

had been reared on the respective host plants for approximately 18-20 generations prior 

to the experiments. 

For experimental purposes, three potted plants of each of the four plant species 

were exposed to 50 four-day-old adult male and female leafminers (sex ratio 1:1) for a 

period of 24 hours. Plants were then monitored until at least 30 larvae had developed to 

the third-instar stage. Any damage to the exposed plants was avoided as much as 

possible to prevent the release of volatiles not associated with the insect damage. The 

mean number of mined leaves and leafminer larvae per plant species were: FrLH3 (81 

larvae/10 mined leaves), SNLH3 (36 larvae/17 mined leaves), TMLH3 (36 larvae/15 

mined leaves), FBLH3 (92 larvae/17 mined leaves), FrLS3 (105 larvae/10 mined 

leaves), TMLS3 (31 larvae/15 mined leaves), FBLS3 (60 larvae/19 mined leaves), 

TMLT3 (30 larvae/16 mined leaves) and FBLT3 (61 larvae/14 mined leaves). 

Diglyphus isaea adults were supplied by Dudutech Pvt (K) (Ltd) (Kenya) where 

the parasitoid was mass-reared on P. sativum under uniform conditions. Parasitoids 

were received from Dudutech within 24 hours of emergence. They were then allowed to 

mate for a period of 48 hours in ventilated Perspex cages (40 cm × 20 cm × 20 cm) and 

thereafter given a pre-oviposition period of 24 hours. The parasitoids were fed on a 10 

% honey solution and kept at 25 ± 1 oC, approximately 45 % relative humidity, and a 

12h: 12h L: D photoperiod during the mating and pre-oviposition period. After this 

period, 30 females per treatment were randomly selected and placed singly in a small 

cylindrical vial (3 cm long, internal diameter 1 cm). All parasitoids used in the 

experiments were four-day-old naïve female adults, with no previous exposure to either 

leafminer or plants. Each individual female was used only once. 

 

Y-tube olfactometer behavioural experiments 

A Y-tube olfactometer was used to determine the response of D. isaea females to 

different volatiles emitted from the four host plant species (P. vulgaris, P. sativum, S. 

lycopersicum and V. faba) with damage induced by three different leafminer species (L. 

huidobrensis, L. sativae and L. trifolii ). The Y-tube olfactometer was similar to that 

described by Ngi-Song et al., 1996; Wei & Kang, 2006). It consisted of a 15 cm-long 
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stem, 15 cm-long arms joined at an angle of 60°, an internal diameter of 2.3 cm and an 

observation arena measuring 95 cm × 60 cm × 45 cm arena (Fig.4.1). 

Fluorescent tubes fixed at 1 m above the observation arena provided artificial 

light while temperatures inside the experimental room were maintained at 25 ± 1 oC. A 

pump was used to draw air through activated charcoal to purify it from any 

contaminating odours. The air from the activated charcoal was led to two flow meters, 

each leading to an arm of the Y-tube via the target (plant treatment). 

 

Fig. 4.1. Schematic diagram of the Y-tube olfactometer (Ngi-Song et al., 1996)  

 

The treatments in the first experiment were as follows: (1) blank (control), (2) 

healthy undamaged plants, (3) mechanically damaged plants (mechanical damage was 

induced by making four scratch lines along the entire length of eight leaves per plant to 

simulate larval damage) and (4) plants infested with third-instar larvae of Liriomyza 

species. All plant treatments were compared pairwise with the blank control. 

The second experiment was undertaken to determine differences in responses of 

D. isaea to third-instar L. huidobrensis-damaged P. vulgaris, P. sativum and S. 

20 cm 
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lycopersicum plants, each compared against a control consisting of V. faba infested with 

third-instar larvae. Vicia faba has been suggested as a good host plant for rearing 

Liriomyza species and parasitoids (Videla et al., 2006). Some commercial insectaries in 

Kenya have adopted the use of V. faba infested with L. huidobrensis for mass-rearing D. 

isaea (East Africa Growers Ltd, Kenya, pers. comm.). While D. isaea can directly 

benefit from larger-sized hosts (Videla et al., 2006) and abundance of host larvae, this 

can only be of advantage if the plants and/or plant-leafminer interactions enable the 

parasitoid to locate the host. The ability to provide volatile cues that can attract D. isaea 

was therefore tested for V. faba against other similarly treated plant species. 

Each female parasitoid was introduced individually into the stem of the Y-tube 

at a distance of 5 cm from the opening of the stem. A parasitoid was considered to have 

made a choice when it traversed the 10 cm-distance of the stem and an additional 5 cm 

into either arm (visually assessed by a line marked on both arms) (Du et al., 1996). 

After release, each parasitoid was allocated 5 minutes in the olfactometer to make a 

choice between the two treatments. A “no choice” was recorded when a parasitoid failed 

to satisfy the conditions outlined above. 

With the Y-tube olfactometer, short-range responses to volatile compounds can 

be detected by walking insects in the absence of visual cues (Wei & Kang, 2006). In the 

current study, the olfactometer was used for a small flying parasitoid. According to Du 

et al. (1996), a legitimate criticism of many Y-tube experiments has been the failure to 

take into account mistakes made by insects during initial exploration of the apparatus. 

Therefore, Du et al. (1996) suggested recording final choices of insects after a set time 

period. Wei & Kang (2006) proposed that parasitoids might spend longer time in the 

arm of an olfactometer containing the preferred odour. Thus, the final choices and the 

amount of time spent by parasitoids in each arm of the olfactometer were recorded in 

the current study. 

The position of the arms containing plant treatments was reversed to avoid bias 

after every five parasitoids tested. The Y-tube was replaced with a clean one after 10 

parasitoids were tested. The plant treatment was replaced with a similar set of plants 

after every 10 parasitoids tested. Thirty female parasitoids were tested for each plant 

treatment. The used-Y-tubes were rinsed with dichloromethane and water and dried for 

later use in an oven maintained at 100 oC. 
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Data Analysis 

The percentage responses for each of the treatments versus the blank control and the V. 

faba control were calculated. The number of non-responding insects in each set of the 

experiment was also noted but was excluded from the analyses. Chi-square tests for 

differences between numbers of parasitoids making choices between plant treatments 

and controls for both first and final choices were done using the PROC FREQ model 

(SAS/STAT, SAS version 9.1.3) (SAS Institute Inc., 2002-2003). The paired-sample t-

test (two tailed) was used to analyse differences between percentages of time spent in 

each arm of the olfactometer for each test. Non-responding female D. isaea ranged 

between 3 % and 23 % for all the experiments. 

 

 

Results 

 

Plant treatments vs. blank control 

There were no significant differences in first and final choices and time spent between 

undamaged plants and the blank control for all plant species except for the final choice 

of parasitoids for undamaged S. lycopersicum (70 % vs. 30 % for control) (Fig. 

4.2a,b,c). However, as their first choice (Fig. 4.3a), D. isaea females significantly 

preferred the arm leading to host plants infested with L. huidobrensis (P. vulgaris: 75 % 

vs. 25 % for control; P. sativum: 71 % vs. 29 % for control; S. lycopersicum: 79 % vs. 

21 % for control; V. faba: 80 % vs. 23 % for control). No significant differences (P > 

0.05) were recorded for D. isaea females when P. vulgaris (41 % vs. 59 % for control), 

and S. lycopersicum (54 % vs. 46 % for control) infested with L. sativae were used. 

However, D. isaea females significantly preferred V. faba plants infested with L. sativae 

(70 % vs. 30 % for control). Significant first choice preferences were also recorded for 

D. isaea females for P. vulgaris (69 % vs. 31 % for control) and S. lycopersicum (66 % 

vs. 35 % for control) infested with L. trifolii . However, there was no significant first 

choice difference for V. faba infested with L. trifolii  compared to the blank control (37 

% vs. 63 % for control).  
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Fig. 4.2. First (a) and final (b) choice of naïve D. isaea females in a Y-olfactometer 

with one of four undamaged host plants versus a blank control. Bars indicate mean 

percent response for first/final choices of 30 individual females over an observation 

time of 5 min. χχχχ2 test statistic for differences between the number of parasitoids in 

each arm and P-values are given in parentheses. Treatments (y-axis): P. vulgaris 

(FrUN), P. sativum (SNUN), S. lycopersicum (TMUN), V. faba (FBUN). 
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Fig. 4.3. First (a) and final (b) choice of naïve D. isaea females in a Y-olfactometer 

with one of four host plants infested with third-instar larvae of one of the 

Liriomyza species versus a blank control. Bars indicate mean percent response (x-

axis) for first/final choices of 30 individual females over an observation time of 5 

min. χχχχ2 test statistic for differences between the number of parasitoids in each arm 

and P-values are given in parentheses. Treatments (y-axis): plants infested with 

third-instar larvae of L. huidobrensis: P. vulgaris (FrLH3), P. sativum (SNLH3), S. 

lycopersicum (TMLH3), V. faba (FBLH3), third-instar larvae of L. sativae: P. 

vulgaris (FrLS3), S. lycopersicum (TMLS3), V. faba (FBLS3), third-instar larvae of 

L. trifolii: P. vulgaris (FrLT3), S. lycopersicum (TMLT3), V. faba (FBLT3), 

mechanically damaged plants: P. vulgaris (FrMC), P. sativum (SNMC), S. 

lycopersicum (TMMC) and V. faba (FBMC) 
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As their final choice D. isaea females significantly preferred P. vulgaris (77 % 

vs. 23 % for control), P. sativum (65 % vs. 35 % for control), S. lycopersicum (89 % vs. 

11 % for control) and V. faba (75 % vs. 35 % for control) plants infested with L. 

huidobrensis (Fig. 4.3b). There were no significant difference in final choice compared 

with blank controls for P. vulgaris (42 % vs. 58 % for the control) and S. lycopersicum 

(62 % vs. 38 % for the control) infested with L. sativae. However, there was a 

significant difference in final choice for V. faba (92 % vs. 8 % for the control) infested 

with L. sativae. For plants infested with L. trifolii , there were no significant preferences 

for final choices by D. isaea female for V. faba (40 % vs. 60 % for the control), in 

contrast to P. vulgaris (64 % vs. 36 % for the control) and S. lycopersicum (67 % vs. 33 

% for the control). 

Diglyphus isaea females significantly spent more time in the arms leading to 

plants infested with L. huidobrensis compared to blank controls (P. vulgaris: 55 % vs. 

16 % for the control; P. sativum: 45 % vs. 21 % for the control; S. lycopersicum: 55 % 

vs. 4 % for the control; V. faba: 45 % vs. 15 % for the control) (Fig. 4.4). For plants 

infested with L. sativae, there were no significant differences in the amount of time that 

D. isaea females spent in arms leading to either of P. vulgaris (17 % vs. 29 % for the 

control) and S. lycopersicum (34 % vs. 22 % for the control) compared to the blank 

control. However, D. isaea females significantly spent more time in the arm leading to 

V. faba (43 % vs. 13 % for the control) infested with L. sativae compared to blank 

controls. For plants infested with L. trifolii , D. isaea females significantly spent more 

time in the arm leading to S. lycopersicum (44 % vs. 15 % for the control). However, 

there was no significant difference in the amount of time spent in the arms leading to P. 

vulgaris (23 % vs. 22 % for the control) and V. faba (34 % vs. 34 % for the control). 

There were no significant differences in the first choices made by the female D. 

isaea parasitoids between the mechanically damaged plants and blank controls (P > 

0.05) (Fig. 4.3a). As their final choices, D. isaea females did not show any significant 

preferences for P. sativum and V. faba that were mechanically damaged while the only 

significant preference for the final choice of mechanically damaged plants was for S. 

lycopersicum (70 % vs. 30 % for the control). The parasitoids preferably chose the 

blank control (56 % vs. 44 %) to mechanically damaged P. vulgaris plants. The D. isaea 
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females, however, did not significantly spent more time in any of the arms leading to 

the mechanically damaged plants (Fig. 4.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.4. Time spent in each arm by naïve D. isaea females in a Y-olfactometer with 

P. vulgaris, P. sativum, S. lycopersicum or V. faba plants infested with third-instar 

larvae of either L. huidobrensis, L. sativae and L. trifolii (black bars) versus a blank 

control (white bars) or mechanically damaged plants (black bars) versus a blank 

control (white bars). Numbers in parentheses represent t-values, P-values (t-value, 

P-value) for paired-sample t-tests. Bars indicate mean values (± SE) of the percent 

time spent in each arm by 30 females over an observation time of 5 min. 

Treatments: plants infested with third-instar larvae of L. huidobrensis: P. vulgaris 

(FrLH3), P. sativum (SNLH3), S. lycopersicum (TMLH3), V. faba (FBLH3), third-

instar larvae of L. sativae: P. vulgaris (FrLS3), S. lycopersicum (TMLS3), V. faba 

(FBLS3), third-instar larvae of L. trifolii: P. vulgaris (FrLT3), S. lycopersicum 

(TMLT3), V. faba (FBLT3); mechanically damaged plants: P. vulgaris (FrMC), P. 

sativum (SNMC), S. lycopersicum (TMMC) and V. faba (FBMC). 
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Plant treatments vs. V. faba control 

As their first choice, D. isaea females significantly preferred the arm leading to V. faba 

plants infested with L. huidobrensis compared to P. vulgaris (68 % vs. 32 %), and P. 

sativum (68 % vs. 32 %), while there was no significant first choice preference between 

S. lycopersicum and the V. faba control (Fig. 4.5a). As their final choice, D. isaea 

females preferably chose the V. faba control compared to P. vulgaris (78 % vs. 22 %) 

and P. sativum (69 % vs. 31 %). However, there was no significant difference for the 

final choice between S. lycopersicum and V. faba infested with L. huidobrensis (Fig. 

4.5b). Diglyphus isaea females spent more time in the arms leading to V. faba plants 

infested with L. huidobrensis compared to P. vulgaris and P. sativum (32 % vs. 12 %) 

and (43 % vs. 15 %) respectively. However, there were no significant differences in the 

time spent in arms between S. lycopersicum and V. faba control (Fig. 4.5c). 
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Fig. 4.5. Responses of naïve female D. isaea in a Y-olfactometer to whole plants of 

P. vulgaris, P. sativum and S. lycopersicum infested with third-instar larvae of L. 

huidobrensis (black bars) versus a similarly infested V. faba control (white bars). 

First choice (a), final choice (b) and time spent in each arm (c) were measured. χχχχ2 

test for differences between numbers of parasitoids in each arm and a paired-

sample t-test for differences in percent time spent in each arm were calculated. 

Numbers in parentheses represent t- followed by P-values. Bars indicate mean 

values (± SE) of the percent time spent in each arm by 30 females over an 

observation time of 5 min. Treatments: plants infested with third-instar larvae of 

L. huidobrensis: P. vulgaris (FrLH3), P. sativum (SNLH3), S. lycopersicum. 

(TMLH3), V. faba (FBLH3). 

time spent 

  

FrLH3
 

SNLH3 
 

TMLH3
 

(0.069, 0.793) 
 

(7.14, 0.008) 

(6.48, 0.011) 
 

100 80 60 40 20 0 20 40 60 80 100 

% response  

T
re

at
m

en
ts

 

 

FrLH3
 

SNLH3 
 

TMLH3
 

(14.7, 0.0001) 
 

(0.07, 0.793) 

(7.7, 0.006) 
 

100 80 60 40 20 0 20 40 60 80 100 

% response  
T

re
at

m
en

ts
 

  

 FrLH3
 

 
SNLH3

 

TMLH3 
 

   

(2.31, 0.028) 
 

   
(2.86, 0.008) 

 

  

(0.46, 0.65) 
 

100 80 60 40 20 0 20 40 60 80 100

T
re

at
m

en
ts

 

b 

a 

c 

 
 
 



 

 132

Discussion 

 

Diglyphus isaea females preferred plants infested with third-instar L. huidobrensis 

larvae compared to the blank control in both first and final choices. In addition, female 

parasitoids spent more time in the arms with plants compared to blank controls. In 

contrast to plants infested with larvae of L. huidobrensis, only P. vulgaris and S. 

lycopersicum infested with L. sativae and V. faba infested with L. trifolii  were preferred 

to blank controls. The results suggest that, depending on plant and leafminer 

combination, plants infested with larvae of Liriomyza emitted volatile compounds that 

were detected by D. isaea. For example, Dicke & Minkenberg (1991) showed that D. 

isaea uses a plant volatile emitted from tomato leaves infested by Liriomyza byoniae 

(Kaltenbach) as long-range host location cues. In general, herbivore-inflicted injury has 

been shown to induce plants to release volatile terpenoids, and natural enemies 

including parasitoids have been reported to use terpenoids as major cues to locate hosts 

(Dicke et al., 1990; Turlings et al., 1990; Turlings & Tumlinson, 1992; Ngi-Song et al., 

1996; De Moraes et al., 1998; Kessler & Baldwin, 2001; Birkett et al., 2003; Colazza et 

al., 2004; De Boer et al., 2004; Mumm & Hilker, 2005; Wei & Kang, 2006). 

The results of this study show some variation in the response of D. isaea females 

related to leafminer and host plant species. This variation in the response of D. isaea 

females to different host plants attacked by Liriomyza species has potentially important 

implications for biological control programmes. If olfactory cues are important in 

habitat location, then results from this study can partially explain the variation in spatial 

distribution patterns and efficacy of parasitoids, including D. isaea, among crops in the 

field (Zehnder & Trumble, 1984; Johnson & Hara, 1987; Schuster et al., 1991; Chabi-

Olaye et al., 2008). Results of the current study further emphasize that successful 

biological control can be achieved by using the right combinations of D. isaea, 

leafminer and host plant (Johnson & Hara, 1987). 

Mechanically damaged bean plants released a higher proportion of green leaf 

volatiles than L. huidobrensis and L. sativae damaged plants (Wei & Kang, 2006). Zhao 

& Kang (2002) demonstrated that volatiles from physically damaged bean plants 

elicited strong electronantennogram (EAG) responses by D. isaea. However, in the 

current study, mechanically damaged plants, including bean plants, did not attract this 
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parasitoid, suggesting that volatile compounds released by mechanically damaged plants 

do not play a role in attracting D. isaea. This would be beneficial because parasitoids 

can avoid false alarms. However, differences between the current study and Zhao & 

Kang (2002) and Wei & Kang (2006) may be attributed to the different cultivars used 

and further studies are needed to determine the role of volatiles from mechanically 

damaged plants in attracting D. isaea. 

The current study showed that undamaged plants did not attract D. isaea. This 

result is consistent with findings of Zhao & Kang (2002), where neither undamaged 

hosts nor non-host plants of L. sativae elicited distinctive EAG responses from the 

parasitoid. Although some parasitoids use volatiles emitted by undamaged plants (Ngi-

Song et al., 1996) to locate habitats and possibly the microhabitats of their hosts 

(Turlings et al., 1990, 1995; De Moraes et al., 1998; Kessler & Baldwin, 2001), it is 

likely that for D. isaea herbivore induced volatiles (HIVs) are more important in host 

finding than volatiles emitted by undamaged plants. 

Overall, the results of the current study indicate that the amount of time spent by 

D. isaea in arms of the Y-olfactometer was consistent with the first and final choices it 

made. While recording either the first and final choice or time spent may be sufficient 

based on the results of the current study and would greatly reduce experimental time, all 

three parameters should be recorded because in one incidence among the experimental 

treatments (P. vulgaris infested with L. trifolii)  first and final choice and time spent in 

arms were not in agreement. 

Diglyphus isaea used in this study were reared on P. sativum. Thus, the results 

from P. sativum could have been influenced by the odour experience the adults were 

receiving when emerging from dried P. sativum plant debris. However, the adults 

showed strong responses to other host plant species and overcame the bias associated 

with host plants where they were reared. This therefore makes this parasitoid a good 

candidate for augmentative biological control. 

In the pair wise comparisons between L. huidobrensis infested host plants and a 

V. faba control, parasitoids significantly preferred V. faba plants compared to P. 

vulgaris and P. sativum for first, final choices and the time spent in oflactometer arms. 

This result emphasizes that volatiles emitted from V. faba infested with L. huidobrensis 

were preferred to olfactory cues from P. sativum and P. vulgaris. However further 
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studies are needed to test if this olfactory preference can be translated into improved 

parasitism and/or parasitoid fitness of D. isaea. 

Although D. isaea responded actively to whole plant treatments in the current 

study, the results were obtained under experimental conditions. Each plant was 

presented separately in the olfactometer, whereas in natural surroundings olfactory 

stimuli are more complex. To obtain more information on host plant-host-parasitoid 

interactions, EAG assays are needed to assess the behaviour of D. isaea to different 

herbivore induced plant volatiles. Further, herbivore induced volatiles from the different 

whole plants (undamaged, mechanically damaged and infested with third-instar larvae 

of Liriomyza species) should be collected, analyzed, identified and quantified and be 

used in the Y-tube olfactometer assays.  

Olfaction is one of the many important factors involved in the search for a host 

by D. isaea. The results of the current study showed that interactions between host 

plant, Liriomyza and D. isaea are more complex than previously recognized. To 

improve biological control of Liriomyza species with D. isaea the results of the current 

study should be combined with findings on visual cues, plant chemistry and plant- 

Liriomyza species interactions. 

 

 

References 

 
Birkett, M.A., Chamberlain, K., Guerrieri, E., Pickett, J.A., Wadhams, L.J. & Yasuda, 

T. (2003) Volatiles from whitefly-infested plants elicit a host-locating response 

in the parasitoid, Encarsia formosa. J. Chem. Ecol. 29, 1589-1600. 

Burgio, G., Lanzoni, A., Navone, P., Van Achterberg, K. & Masetti, A. (2007) Parasitic 

Hymenoptera fauna on Agromyzidae (Diptera) colonizing weeds in ecological 

compensation areas in northern Italian Agro ecosystems. J. Econ. Entomol. 100, 

298-306. 

Chabi-Olaye, A., Mujica, N., Löhr, B. & Kroschel, J. (2008) Role of agroecosystems in 

the abundance and diversity of Liriomyza leafmining flies and their natural 

enemies. Abstracts of the XXIII International Congress of Entomology 6-12 July 

2008, Durban, South Africa. 

 
 
 



 

 135

Colazza, S. Mcelfresh, J.S. & Millar, J.G. (2004) Identification of volatile synomones, 

induced by Nezara viridula feeding and ovipostion on bean spp. that attracts the 

egg parasitoid Trissolcus basalis. J. Chem. Ecol. 30, 954-964. 

De Boer, J.G., Posthumus, M.A. & Dicke, M. (2004) Identification of volatiles that are 

used in discrimination between plants infested with prey or nonprey herbivores 

by a predatory mite. J. Chem. Ecol. 30, 2215-2230. 

De Moraes, C.M., Lewis, W.J., Paré, P.W., Lborn, H.T. & Tumlinson, J.H. (1998) 

Herbivore-infested plants selectively attract parasitoids. Nature 393, 570-573. 

Dicke, M., van Beek, T.A., Posthumus, M.A., Ben Dom, N., van Bokhoven, H. & De 

Groot, A. (1990) Isolation and identification of volatile kairomone that affects 

acarine predator-prey interactions. Involvement of host plant in its production. J. 

Chem. Ecol. 16, 381-396. 

Dicke, M. & Minkenberg, O.P.J.M. (1991) The role of volatile info-chemicals in 

foraging behaviour of the leafminer parasitoid Dacnusa sibirica Telenga. J. 

Insect Behav. 4, 489-500. 

Du, Y.J., Poppy, G.M. & Powell, W. (1996) Relative importance of semiochemicals 

from first and second trophic levels in host foraging behaviour of Aphidus ervi. 

J. Chem. Ecol. 22, 1591-1605. 

EPPO. (2006) Distribution maps of quarantine pests of Europe A2 List: Annex II/A2. 

Finidori-Logli, V., Bagnéres, A. & Clément, J. (1996) Role of plant volatiles in the 

search for a host by parasitoid Diglyphus isaea (Hymenoptera: Eulophidae). J. 

Chem. Ecol. 22, 541-558. 

Heinz, K.M. & Parrella, M.P. (1989) Attack behaviour and host size selection by 

Diglyphus begini on Liriomyza trifolii in chrysanthemum. Entomol. Exp. Appl. 

53, 147-156. 

Johnson, M.W. & Hara, A.H. 1987. Influence of host crop on parasitoids 

(Hymenoptera) of Liriomyza spp. (Diptera: Agromyzidae). Environ Entomol. 16, 

339-344. 

Kang, L. (1996) Ecology and sustainable control of serpentine leafminers. Beijing: 

Science. 

Kessler, A. & Baldwin, I.T. (2001) Defensive function of herbivore-induced plant 

volatile emissions in nature. Science 291, 2141-2144. 

 
 
 



 

 136

Mumm, R. & Hilker, M. (2005) The significance of background odour for an egg 

parasitoid to detect plants with host eggs. Chem. Senses 30, 1-7. 

Murphy, S.T. & LaSalle, J. (1999) Balancing biological control strategies in the IPM of 

New World invasive Liriomyza leafminers in field vegetable crops. Biocontrol 

News Inf. 20, 91-104. 

Ngi-Song, A.J., Overholt, W.A., Niagi, P.G.N., Dicke, M., Ayertey, J.N. & Lwande, W. 

(1996) Volatile infochemicals used in host and host habitat location by Cotesia 

flavipes (Cameron) and Cotesia sesamiae (Cameron) (Hymenoptera: 

Braconidae), larval parasitoids of stemborers on Graminae. J. Chem. Ecol. 22, 

307-323. 

Ode, P.J. & Heinz, K.M. (2002) Host-size-dependent sex ratio theory and improving 

mass reared parasitoid sex ratios. Biol. Control 24, 31-41. 

Parrella, M.P. & Bethke, J.A. (1984) Biological studies of Liriomyza huidobrensis 

(Diptera: Agromyzidae) on chrysanthemum, aster, and pea. J. Econ. Entomol. 

77, 342-345. 

Salvo, A. & Valladares, G. (2002) Plant-related intraspecific size variation in 

parasitoids (Hymenoptera: Parasitica) of a polyphagous leafminer (Diptera; 

Agromyzidae). Environ. Entomol. 31, 874-879. 

Salvo, A. & Valladares, G. (2004) Looks are important: parasitic assemblages of 

agromyzid leafminers (Diptera) in relation to mine shape and contrast. J. Anim. 

Ecol. 73, 494-505. 

SAS/STAT, SAS version 9.1.3. (2002-2003) SAS Institute Inc., Cary. North Carolina, 

United States of America. 

Schuster, D.J., Gilreath, J.P., Wharton, R.A. & Seymour, P.R. (1991) Agromyzidae 

(Diptera) leafminers and their parasitoids in weeds associated with tomato in 

Florida. Environ Entomol. 20, 720-723. 

Spencer, K.A. (1985) East African Agromyzidae (Diptera): Further descriptions, 

revisionary notes and new records. J. Nat. Hist. 19, 969-1027. 

Turlings, T.C.J., Tumlinson, J.H. & Lewis, W.J. (1990) Exploitation of herbivore-

induced plants. In Cardé, R.T. & Millar, J.G. (eds), Advances in insect Chemical 

Ecology. Cambridge University Press, Cambridge, pp 21-75. 

 
 
 



 

 137

Turlings, T.C.J. & Tumlinson, J.H. (1992) Systematic release of chemical signals by 

herbivore-injured corn. Proc. Natl. Acad. Sci. USA. 89, 8399-8402. 

Turlings, T.C.J., Loughrin, J.H., McCall, P.J., Rose, U.S., Lewis, W.J., et al., (1995) 

How caterpillar-damaged plants protect themselves by attracting parasitic wasps. 

Proc. Natl. Acad. Sci. USA. 92, 4169-4174. 

Videla, M., Valladares, G. & Salvo, A. (2006) A tritrophic analysis of host preference 

and performance in a polyphagous leafminer. Entomol. Exp. Appl. 121, 105-114. 

Wei, J.N., Zou, L., Kuang, R.P. & He, L.P. (2000) Influence of leaf tissue structure on 

host feeding selection by pea leafminer Liriomyza huidobrensis (Diptera: 

Agromyzidae). Zool. Stud. 39, 295-300. 

Wei, J.N., Zhu, J. & Kang, L. (2006) Volatiles released from bean plants in response to 

agromyzid files. Planta 224, 279-287. 

Zehnder, G.W. & Trumble, J.T. (1984) Host selection of Liriomyza species (Diptera: 

Agromyzidae) and associated parasites in adjacent plantings of tomato and 

celery. Environ. Entomol. 13, 492-496. 

Zhao, Y.X. & Kang, L. (2002) The role of plant odours in the leafminer Liriomyza 

sativae (Diptera: Agromyzidae) and its parasitoid Diglyphus isaea (Hymenoptera: 

Eulophidae): Orientation towards the host habitat. Eur. J. Entomol. 99, 445-450. 

 

 
 
 


	Front
	Introduction
	Chapter 1
	Chapter 2
	Chapter 3
	CHAPTER 4
	Introduction
	Materials and methods
	Results
	Discussion
	References

	Chapter 5
	Conclusion



