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Abstract 

Host plant species can affect the behavior and attributes of parasitoids, such as host 

searching, oviposition, and offspring fitness. In this study, parasitism, host feeding, and sex 

ratios of Diglyphus isaea (Walker) (Hymenoptera: Eulophidae) on Liriomyza huidobrensis 

(Blanchard), Liriomyza sativae Blanchard, and Liriomyza trifolii (Burgess) (Diptera: 

Agromyzidae) larvae reared on Phaseolus vulgaris L., Pisum sativum L., Solanum 

lycopersicum L., and Vicia faba L. were determined. In no-choice tests, L. huidobrensis had 

the highest rate of parasitism when reared on P. vulgaris (46%), L. sativae when reared on V. 

faba (59%) and P. vulgaris (59%), and L. trifolii when reared on S. lycopersicum (68%). Host 

feeding in no-choice tests ranged between 2% and 36% and was highest on L. trifolii reared 

on V. faba. Results of choice tests showed a significant interaction effect for host plant and 

Liriomyza species on parasitism and host feeding. Within plant mixtures, L. sativae reared on 

P. vulgaris had the highest rate of parasitism (31%), followed by L. trifolii on S. 

lycopersicum (29%) and L. huidobrensis on V. faba (28%). Host feeding was highest on L. 

trifolii reared on S. lycopersicum (14%) and lowest on L. huidobrensis reared on P. sativum 

and S. lycopersicum (1%). In some instances, plant mixtures resulted in a higher proportion 

of females of D. isaea than single plant species. The highest proportion of females was 

obtained in plant mixtures on L. huidobrensis and L. trifolii on V. faba (71 and 72%, 

respectively). This study suggests that planting crop mixtures can potentially lead to higher 

proportions of females, thus improving parasitism and host feeding, depending on Liriomyza 

and host plant species. 
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The leafmining flies Liriomyza huidobrensis (Blanchard), Liriomyza sativae Blanchard, and 

Liriomyza trifolii (Burgess) (Diptera: Agromyzidae) are economically important pests of a 

wide range of greenhouse and field-grown plants (Murphy and LaSalle 1999, Liu et al. 2009). 

These three pests are considered alien invasive species in the Afrotropical region, and L. 

trifolii was first reported in Kenya in 1976, where 10 yr after its accidental introduction the 

pest was found to be widespread from the coastal regions to the highlands (Spencer 1985). 

The three Liriomyza species are highly polyphagous, attacking plants in several families 
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(Murphy and LaSalle 1999). Globally, they are important pests of high value horticultural 

crops such as snow pea (Pisum sativum L.; Fabaceae), French bean (Phaseolus vulgaris L.; 

Fabaceae), runner bean (Phaseolus coccineus L.; Fabaceae), okra [Abelmoschus esculentus 

(L.) Moench; Malvaceae], aubergine (Solanum melongena L.; Solanaceae), tomato (Solanum 

lycopersicum L.; Solanaceae), and passion fruit (Passiflora edulis Sims; Passifloraceae), and 

they can cause yield losses of up to 100% (Spencer 1973, 1990; Kotze and Dennill 1996; 

Chabi-Olaye et al. 2008; Gitonga et al. 2010). 

Previous studies showed that natural enemies are important in regulating Liriomyza spp. 

populations in their native and invaded areas (Johnson 1993, Shepard et al. 1998, Murphy 

and LaSalle 1999, Sivapragasam et al. 1999, Thang 1999, Rauf et al. 2000, Chen et al. 2003). 

Diglyphus isaea (Walker) (Hymenoptera: Eulophidae) is a solitary larval ectoparasitoid of 

agromyzid leafminers, including L. huidobrensis, L. sativae, and L. trifolii (Ode and Heinz 

2002, Liu et al. 2009). The parasitoid is used as a biological control agent against Liriomyza 

species in Europe, the United States, and some parts of Asia on a range of crops and 

ornamental plants (Ode and Heinz 2002, Liu et al. 2009). It also has been recorded in parts of 

Africa (Musundire et al. 2011). The highest success with D. isaea has been obtained with 

augmentative releases (Ozawa et al. 1993, 1999; Rodriguez et al. 1997). In Kenya, large-scale 

mass-production programs of D. isaea have been developed to support biological control of 

Liriomyza species both within the country and in South Africa. 

However, the efficacy of the parasitoids depends on the ability to locate suitably sized hosts 

within crop habitats and to kill Liriomyza larvae through host feeding (ingestion of the 

contents of host larvae) or parasitism (Ode and Heinz 2002). Various attributes of host plant 

species can affect mate location (McAuslane et al. 1990), oviposition (Powell and Wright 

1991), fecundity (Shukla and Tripathi 1993), rate of parasitism (Salvo and Valladares 2002), 

survival and sex ratio (Hare and Luck 1991), and body size (Salvo and Valladares 2002) of 

parasitoids of insect herbivores. 

D. isaea and its congener Diglyphus begini (Ashmead) have been reported to host feed, lay 

eggs on hosts (parasitize), and allocate sex based on the quality of larval hosts (Heinz and 

Parrella 1989, Ode and Heinz 2002). Therefore, host feeding behavior, parasitism, and sex 

allocation of parasitoids can indirectly be influenced by the host plant, Liriomyza species, and 

the larval size of the host (Johnson and Hara 1987; Ode and Heinz 2002, Salvo and 

Valladares 2002). 

Few studies focused on the interaction between the three polyphagous Liriomyza species and 

D. isaea in agroecosytems. The current study determined parasitism, host feeding, and 

proportion of female progeny of D. isaea on three Liriomyza species reared on P. vulgaris, P. 

sativum, S. lycopersicum, and Vicia faba L. (Fabaceae) We evaluated the implications of the 

findings of the current study for biological control of Liriomyza species with D. isaea and for 

effective mass rearing of the parasitoid. 

Materials and Methods 

Plants. 

Four plant species—P. vulgaris (‘Julia’), P. sativum (‘Oregon Sugar Pod III’), S. 

lycopersicum (‘Moneymaker’), and V. faba (a local Kenyan open-pollinated cultivar)—were 

used in the experiments. Plants were grown in red clay potting soil in plastic pots (11 cm in 
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diameter by 9 cm in depth) and maintained in a Liriomyza-free screenhouse at 27 ± 2°C and 

≈30% RH at icipe in Nairobi, Kenya. One gram of a top-dressing of calcium ammonium 

nitrate (27% nitrogen) was added per pot 1 wk after germination or transplanting of plants. 

Larval density on the four host plant species is strongly positively related to leaf area 

(Musundire et al. 2012). However, larval densities did not vary significantly among the plant 

species tested when the leaf area ranged between 50 and 70 cm
2
 (Musundire et al. 2012). 

Thus, the plant species used were standardized by using the same age, size, fertilization 

regime, and leaf area (50–70 cm
2
). Two-week-old P. vulgaris, P. sativum, and V. faba plants 

and 5-wk-old S. lycopersicum plants were used in experiments. 

Insect Rearing. 

L. huidobrensis, L. trifolii, and L. sativae were obtained from cultures maintained at the 

insectary of icipe. The three species were reared at 27 ± 0.6°C, 27–35% RH, and a 

photoperiod 12:12 (L:D) h. L. huidobrensis was reared on V. faba, and L. sativae and L. 

trifolii were reared on P. vulgaris. All species had been reared on the respective plant species 

for ≈18–20 generations before the experiments. To avoid bias regarding the original host 

plant species on which the insects were reared, each of the three Liriomyza species from the 

cultures was further reared on each of the four host plants for three generations before use in 

experiments. L. sativae and L. trifolii did not produce enough progeny on P. sativum; hence, 

the effect of this host plant species on these two species was not evaluated in some cases. 

For each treatment, 16 potted plants of each of the four plant species were infested with 50 4-

d-old adult male and female Liriomyza (sex ratio, 1:1). Liriomyza adults together with the 

respective potted plant species were kept in ventilated cages (50 by 50 by 45 cm) and fed on a 

10% sucrose solution while given an oviposition period of 4 h. This exposure method 

allowed the development of almost the same aged cohort of larvae. Thereafter, plants were 

removed and transferred to another similar cage free of adult Liriomyza leafminers to monitor 

the development of larvae until the late second or third instar (8–10 d, depending on host 

plant species). Infested potted plants with late second- and third-instar larvae were used for 

the experiments. 

D. isaea used in the experiments were supplied by Dudutech (K) Pvt (Ltd), Naivasha, Kenya, 

and the identification was confirmed by C. D. Zhu (Institute of Zoology, Chinese Academy 

of Sciences, Beijing, China). These parasitoids were mass reared on L. huidobrensis on P. 

sativum under uniform greenhouse conditions. Parasitoids were allowed to mate for a period 

of 48 h in ventilated cages (40 by 20 by 20 cm) and then given a preoviposition period of 12 

h and supplied with a 10% honey solution throughout mating and preoviposition. Parasitoids 

from a single batch were used in the experiments. 

Effect of Host Plant on Parasitism and Host Feeding of D. isaea on Larvae of Liriomyza 

Species. 

No-Choice Test. Four potted plants of the same plant species infested with the same 

Liriomyza species were placed together in a ventilated Perspex cage (50 by 50 by 45 cm). 

Forty-five randomly selected premated D. isaea females were released per cage for 24 h as 

opposed to single parasitoids to simulate the releases for mass rearing and field applications. 

After the 24-h period, plants were transferred to similar-sized cages free of parasitoids to 

allow for the development of D. isaea from parasitized Liriomyza larvae. The experiment was 
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replicated four times for each host plant and Liriomyza species combination using individuals 

reared from each host and using these for testing on the respective plant species. 

Choice Test. Four potted plants consisting of one of each of the four plant species P. vulgaris, 

P. sativum, S. lycopersicum, and V. faba, each infested with live late second- to third-instar 

larvae of the same Liriomyza species, were placed in ventilated Perspex cages (50 by 50 by 

45 cm). As in the no-choice test, 45 premated D. isaea were released per cage for 24 h. The 

experiment was replicated four times for each host plant and Liriomyza species combination 

using individuals reared from each host and using these for testing on the respective plant 

species. 

The no-choice and choice tests were carried out in the laboratory under the same 

environmental conditions as described under Insect Rearing. Four days after exposure to D. 

isaea, all mines on leaves were dissected under an EZ4D stereomicroscope (Leica 

Microsystems, GmbH, Wetzlar, Germany). The total numbers of parasitized and host-fed 

larvae and of unparasitized larvae were determined for each plant and Liriomyza species 

combination. 

Larvae were recorded as host fed once they became flaccid with black spots on their body as 

a result of stings of parasitoid females and parasitized when they were found with immatures 

of D. isaea (Minkenberg 1989). D. isaea is a destructive nonconcurrent host feeder (Ode and 

Heinz 2002). Therefore, the methods used in this study were adequate to assess host feeding 

effects and parasitism as separate aspects. 

Effect of Host Plant on Sex Ratio of D. isaea. 

To determine the sex ratio of D. isaea on different host plants and Liriomyza species, infested 

plants were kept for 7 d after exposure to parasitoids to allow for complete development of 

both unparasitized Liriomyza larvae and parasitoids from parasitized larvae. After 7 d, 

infested leaves were harvested and incubated in ventilated cages (40 by 20 by 20 cm) under 

the same laboratory conditions as in the previous experiments until the emergence of adult D. 

isaea or Liriomyza species. 

Three days after the first adult emergence of D. isaea (the period during which all adults from 

the incubations were expected to have emerged), all adults were killed by instant freezing. 

They were sexed using the key developed by Bouček (1988). Adults of D. isaea display a 

sexually dimorphic color pattern of the hind tibia. The proportions of male and female 

progeny were determined for all plant and Liriomyza species in the choice and the no-choice 

tests. However, due to difficulties in rearing L. sativae and L. trifolii on P. sativum, very few 

larvae were available for parasitism; hence, very few or no D. isaea progeny were recovered 

from this host plant species. Because of the small sample sizes, P. sativum was excluded from 

some analyses. 

Data Analyses. 

All data were analyzed with SAS (SAS Institute 2002–2003). To test for density dependence 

between the initial number of larvae and parasitism, Pearson correlation coefficients, by using 

PROC CORR, were computed between the number of Liriomyza larvae parasitized and the 

total number of Liriomyza larvae per replicate and percentage of parasitism in choice and no-
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choice experiments. Host feeding levels were consistently low in both experiments; therefore, 

the relationship between host feeding and leafminer density could not be determined. 

In the no-choice test, a logistic regression model was used to examine the effect of host plant 

cultivars, Liriomyza species, and their interaction on the number of larvae that were either 

parasitized or host fed out of the total number of larvae observed per treatment, by using 

PROC GENMOD (SAS Institute 2002–2003). Mean percentages of parasitized and host-fed 

larvae were separated using a pairwise chi-square test (Cox and Key 1993). In the choice test, 

the number of parasitized larvae and the number of host-fed larvae per host plant species 

were analyzed using a multinomial logistic regression model with the link function GLOGIT 

where V. faba was used as a reference outcome category by using PROC LOGISTIC. The sex 

ratio of D. isaea was determined as proportion of females out of the total number of 

parasitoids (males and females), and a logistic regression model was used to evaluate the 

effect of host plants, Liriomyza species, and their interaction on the sex ratios. Mean 

percentage of sex ratios were separated using a pairwise chi-square test (Cox and Key 1993). 

 

 
Fig. 1. Number of parasitized leafminer larvae plotted against the total number of larvae per replicate in choice 

(A) and no-choice (B) experiments and percentage of larvae parasitized plotted against the total number larvae 

per replicate in choice (C) and no-choice (D) experiments. 
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Results 

Effect of Total Number of Larvae per Replicate on Total Number and Proportion of 

Parasitized Larvae. 

There was a strong positive linear relationship between the total number of parasitized larvae 

and total number of larvae available for host feeding and parasitism in the choice (r = 0.95) 

and no-choice (r = 0.77) experiments (Fig. 1A and B). However, there was no such trend for 

the percentage of larvae parasitized and the total number of larvae for either choice (r = 0.33) 

or no choice experiment (r = 0.29) (Fig. 1C and D), suggesting that the number of available 

larvae did not influence percentage parasitism. 

Effect of Host Plant on D. isaea Parasitism and Host Feeding on Larvae of Liriomyza. 

No-Choice Test. There is strong evidence for Liriomyza and host plant species interaction on 

the rate of parasitism by D. isaea (χ
2
 = 193.88, df = 6, P < 0.0001). The highest rate of 

parasitism of L. huidobrensis was recorded on P. vulgaris, with a mean of 46%, followed by 

P. sativum (23%), S. lycopersicum (20%), and V. faba (9%) (Table 1). D. isaea parasitized a 

significantly higher number of L. sativae larvae on V. faba (59%) and P. vulgaris (59%), 

compared with those reared on P. sativum (35%) and S. lycopersicum (39%). The rate of 

parasitism of L. trifolii was significantly higher on S. lycopersicum (68%) compared with P. 

vulgaris (16%), P. sativum (19%), and V. faba (11%) (Table 1). The percentage of parasitism 

by D. isaea was higher on L. sativae compared with L. huidobrensis and L. trifolii on all plant 

species except for S. lycopersicum, where it was highest for L. trifolii (Table 1). 

The percentage of larvae host fed by D. isaea was generally low across all the host plant 

cultivars and Liriomyza species compared with that of parasitism. It was 0.3–3.2 times lower 

on V. faba and P. vulgaris, 1.8–3.6 times lower on S. lycopersicum, and 4–10 times lower on 

P. sativum. Logistic regression analysis showed a highly significant interaction effect 

between host plant cultivars and Liriomyza species (χ
2
 = 25.44, df = 6, P = 0.0003). The 

highest host feeding level was recorded on L. trifolii reared on V. faba (36%) and P. vulgaris 

(34%) and lowest on all Liriomyza species reared on P. sativum (2–5%) (Table 1). Host 

feeding activity by D. isaea on L. huidobrensis was higher on P. vulgaris and S. lycopersicum 

compared with P. sativum and V. faba. However, L. sativae larvae reared on P. vulgaris, S. 

lycopersicum, and V. faba were equally host fed. The level of host feeding on L. trifolii was 

significantly higher on P. vulgaris and V. faba compared with P. sativum and S. lycopersicum 

(Table 1). 

Choice Test. The choice of host plant species by D. isaea varied significantly between 

Liriomyza species (parasitism: Wald χ
2
 = 297.3, df = 6, P < 0.0001; host feeding: Wald χ

2
 = 

129.2, df = 6, P < 0.0001). Parasitism was highest on L. sativae reared on P. vulgaris (31%), 

L. trifolii reared on S. lycopersicum (29%), and L. huidobrensis reared on V. faba (28%) (Fig. 

2A). Host feeding in general was highest on L. trifolii reared on S. lycopersicum (14%) and 

lowest on L. huidobrensis (1%) reared on P. sativum and S. lycopersicum (Fig. 2B). 
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Table 1. Percentage parasitism and host feeding (mean � SEM) by D. isaea on three Liriomyza leafminer species reared on four host
plant species in a no-choice test

Liriomyza
species

P. sativum P. vulgaris S. lycopersicum V. faba

% parasitism of Liriomyza larvae by D. isaea

L. huidobrensis 22.9 � 1.6bB 46.0 � 6.2aA 20.4 � 1.3bC 8.9 � 0.6cB
L. sativae 34.7 � 2.8bA 58.9 � 4.5aA 39.2 � 2.5bB 59.4 � 4.9aA
L. trifolii 19.0 � 4.7bB 16.0 � 1.4bB 68.4 � 8.0aA 11.0 � 3.1bB

% Liriomyza larvae host fed by D. isaea

L. huidobrensis 2.2 � 1.3bA 14.8 � 1.5aB 11.4 � 0.5aB 4.7 � 1.5bC
L. sativae 5.2 � 1.9bA 18.6 � 3.2aB 19.7 � 1.2aA 18.4 � 2.0aB
L. trifolii 5.1 � 3.6cA 33.6 � 2.1aA 19.0 � 3.3bA 36.4 � 4.1aA
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Fig. 2. Percentage of Liriomyza larvae parasitized (A) and host fed (B) by D. isaea in choice experiments. 

Sex Ratio of D. isaea. 

In the no-choice test, sex ratios of D. isaea varied significantly with host plant (χ
2
 = 22.26, df 

= 3, P < 0.001) and Liriomyza species (χ
2
 = 14.1, df = 2, P < 0.001). No or few D. isaea 

developed into adults from L. sativae and L. trifolii reared on P. sativum. Across Liriomyza 

species, the highest proportion of females was recorded on L. huidobrensis reared on P. 

sativum (64%) and lowest on L. sativae reared on S. lycopersicum (25%) (Table 2). 

In the choice test, there was a significant interaction effect between host plant cultivars and 

Liriomyza species on sex ratios (χ
2
 = 47.53, df = 4, P = 0.001). D. isaea yielded a higher 

percentage of female progeny from L. huidobrensis and L. trifolii reared on V. faba (71 and 

72%, respectively), whereas the highest proportion of female D. isaea from L. sativae was 

obtained from larvae reared on S. lycopersicum (50%). 

A comparison of the sex ratios between the no-choice and choice experiments showed that 

the percentage of female progeny of D. isaea from L. huidobrensis reared on V. faba 

increased from 52% in the no-choice test to 71% in the choice test (Table 2). An increase also 

was observed for the female-biased sex ratio of D. isaea from L. sativae reared on S. 

lycopersicum, which increased from 25% in the no-choice test to 50% in the choice test 

(Table 2). For L. trifolii reared on V. faba, there was also an increase in the female-biased sex 

ratio of D. isaea from 53% in the no-choice test to 72% in the choice test (Table 2). 
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Table 2. Percentage of female offspring of D. isaea in choice and no-choice tests

Host plant
L. huidobrensis L. sativae L. trifolii

Choice No-choice Choice No-choice Choice No-choice

P. sativum 52.7 � 5.7aB 63.5 � 4.7aA
P. vulgaris 48.3 � 3.5aBC 53.2 � 5.4aA 35.5 � 6.3bA 53.4 � 4.3aA 34.2 � 3.8bB 52.0 � 5.2aA
S. lycopersicum 36.3 � 1.5bC 46.0 � 3.8aB 49.7 � 2.5aA 25.4 � 2.3bC 37.0 � 1.9bB 30.4 � 4.4bB
V. faba 71.3 � 3.7aA 52.0 � 2.4bA 30.6 � 2.9bB 37.4 � 2.1aB 72.2 � 3.2aA 53.4 � 1.2bA
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Discussion 

Females of D. isaea and D. begini, a close relative of D. isaea, oviposit on larger hosts but 

reject or host feed on smaller hosts (Heinz and Parrella 1989, Ode and Heinz 2002). Results 

of the current study suggest that the rate of parasitism may not necessarily depend on host 

size alone but also on other host plant characteristics. This is supported by the observation 

that L. huidobrensis, the largest of the three Liriomyza species (Spencer 1973, Musundire et 

al. 2012), did not have the highest rate of parasitism in the no-choice and choice experiments 

in the current study. In addition, using the same host plant species and cultivars as in the 

current study, V. faba seemed a more suitable host plant for L. trifolii than P. vulgaris or S. 

lycopersicum based on adult size as a measure of performance (Musundire et al. 2012), 

whereas parasitism was highest on S. lycopersicum. The disparity between host plant-related 

size variation in adult Liriomyza species (Musundire et al. 2012) and the current results for 

leafminer–plant-related variation in parasitism and host feeding levels could be attributed to 

several factors, including volatile cues released by leafminer-damaged host plants (Finidori-

Logli et al. 1996, Zhao and Kang 2002, Wei et al. 2006) and visual cues, such as the shape of 

a leaf mine (Sugimoto et al. 1988). 

Agromyzid leafmines can take different shapes depending on the species concerned (Spencer 

and Steyskal 1986). Salvo and Valladares (2004), who examined the role of mine shape and 

color contrast on the parasitoid assemblages of agromyzid leafminers in Central Argentina, 

observed that mine shape affected parasitism rates by specialist and generalist parasitoids. In 

the current study, there was considerable inter- and intraspecific variation in mine shape and 

appearance of different host plants attacked by different Liriomyza species (R. M., personal 

observation). These differences could have been a potential cause for host plant-related 

variation in parasitism and host feeding as mine shape and appearance have been reported to 

play an important role in aiding host finding of parasitoids (Sugimoto et al. 1988). 

Differential host plant use and differential effects of natural enemies have been suggested as 

contributing factors to displacement among Liriomyza species in the United States (Reitz and 

Trumble 2002a,b) and Japan (Abe and Tokumaru 2008). The results of the current study 

partially explain the roles that can be played by both host plants and parasitoids in the 

displacement of Liriomyza species. For example, Musundire et al. (2012) did not observe size 

differences in L. huidobrensis when reared on the same host plant species and cultivars used 

in the current study. However, parasitism and host feeding by D. isaea was highest on L. 

huidobrensis when reared on P. vulgaris, suggesting differential host plant-based preferences 

by the parasitoid. 

In general, studies have shown that host feeding can contribute considerably to total 

parasitoid-inflicted mortality (Legner 1979, van Driesche and Taub 1983, Kidd and Jervis 

1989). In the current study, host feeding levels were relatively low (2–36%) compared with 

results of other studies; the highest host feeding rate (36%) was recorded for L. trifolii on V. 

faba. In contrast to the current study, a higher number of L. trifolii larvae were host fed than 

parasitized by both introduced and native D. isaea (Hondo et al. 2006). The differences 

between this and other studies could be due to differences in larval densities, and 

consequently larval host size, because smaller larvae tend to be host fed rather than 

parasitized (Ode and Heinz 2002). 

The relatively high level of host feeding of L. trifolii on S. lycopersicum in the choice test 

compared with the same species on V. faba was matched by a higher rate of parasitism of the 
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same Liriomyza species on S. lycopersicum compared with V. faba. The exact mechanism 

involved requires further investigation. 

However, despite the relatively low levels of host feeding of D. isaea across the host plants 

and Liriomyza species combinations evaluated, host feeding still has important consequences 

for biological control for both inoculative releases and mass rearing of D. isaea. 

Theoretically, reduced levels of host feeding imply a better chance of parasitism, directly 

leading to an increase in parasitoid numbers as opposed to high host feeding levels that do not 

result in a population build-up (Ode and Heinz 2002). However, despite apparent low levels 

of host feeding observed in the current study, from a pest management perspective, host 

feeding has an additive effect on the total mortality imposed by D. isaea. 

Host quality, host feeding, and nonhost diet can influence sex allocation by female solitary 

parasitoid wasps (Charnov 1982, King 1987, Kidd and Jervis 1989, Godfray 1994, Ode and 

Hardy 2008). A carbohydrate-rich diet, e.g., honey, may increase the proportion of female 

progeny of parasitoids (Onagbola et al. 2007). In this study, parasitoids were provided with a 

10% honey solution during the preoviposition and mating periods. Thus, the parasitoids were 

provided with sufficient food resources to avoid a sex bias toward males due to factors other 

than those associated with the Liriomyza leafminer host quality and host plant–related factors. 

The proportion of females in any D. isaea population in augmentative field releases and mass 

rearing is important as females are more valuable than males because they are directly 

responsible for killing pests by oviposition, host feeding, or both (Ode and Heinz 2002). The 

highest proportion of females of D. isaea across all the host plant species was observed for L. 

huidobrensis. Although host sizes of Liriomyza leafminer larvae were not measured in this 

study, studies by Spencer (1973) and Musundire et al. (2012) showed that under uniform 

conditions, L. huidobrensis larvae are larger than those of L. sativae and L. trifolii, suggesting 

that this species should receive a higher allocation of female progeny compared with larvae 

of L. sativae and L. trifolii. In the current study, the proportion of females depended on host 

plant and Liriomyza species tested and varied between 25% (L. sativae on S. lycopersicum) 

and 72% (L. trifolii on V. faba). Except for D. isaea populations recovered from L. trifolii 

reared on S. lycopersicum and L. sativae on V. faba, the proportion of females (46–72%) was 

higher or comparable with research results obtained in other studies on sex ratios for mass-

reared parasitoids, e.g., 45% (Ode and Heinz 2002), 56% (Chow and Heinz 2005), and 47% 

(Parrella et al. 1989). The results of the current study on the relationships among host plant, 

Liriomyza species, and D. isaea can be used for further larger scale field studies aimed at 

optimizing field releases and adapting mass rearing of D. isaea on these plant species. 

In conclusion, parasitism and host feeding levels by D. isaea obtained in this study depended 

on Liriomyza and host plant combination. L. trifolii reared on V. faba plants were preferred 

for host feeding in no-choice experiments, whereas L. trifolii on S. lycopersicum were the 

preferred host for parasitism in no-choice experiments. Plant mixtures in some instances 

altered the parasitism, host feeding levels and sex ratio of D. isaea. There is therefore a 

greater scope for evaluating the role of intercropping in the manipulation of parasitism, host 

feeding, and sex ratios of D. isaea for biological control of Liriomyza species in greenhouses 

and open fields. 
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