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INTRODUCTION

Legumes are of a special importance as staple food 
worldwide and are therefore cultivated in a wide range 
of climatic and environmental conditions (Mounir et al., 
2015).  Broad bean Vicia faba L. and snap bean 
Phaseolus vulgaris L. are essential leguminous crops in 
Egypt.  Broad bean is one of the oldest crops and the 
third most important grain legumes in the country 
whereas snap bean is a pioneer export crop (Nassib et 
al., 1991; Anil et al., 2013).

Dipteran leafminers are insect herbivores whose lar-
vae live inside plant leaflets, feeding on mesophyll tissue 
(Johnson et al., 1983; Parrella et al., 1985; Salvo and 
Valladares, 2007).  Presently, more than 20 Liriomyza 
species of the family Agromyzidae (Diptera) are 
recorded as economically important pests (Spencer, 
1972; Anonymous, 2009).  The American serpentine 
leafminer L. trifolii (Burgess) is one of the most destruc-
tive pests for many vegetable crops, including bean crops, 
in the world (Spencer, 1972; Morgan et al., 2000).  In 
Egypt, L. trifolii has been causing an economically sig-
nificant loss and damage of many bean crops (Abul–Nasr 
and Assem, 1961; Shahein and El–Maghraby, 1988).

Many Liriomyza species have proved to show a 
host plant preference, and, hence, the infestation can 
depend on crop species and variety (Parkman et al., 
1989; Zhao and Kang, 2001; Ueno, 2006; Tran et al., 
2007).  On the other hand, Liriomyza populations sea-
sonally fluctuate and frequently differ in density among 

regions because they can respond to changes in temper-
ature, precipitation and other climate conditions (e.g., 
Tran et al., 2007).  Thus, a number of biotic and abiotic 
factors may affect the severity of infestation caused by 
Liriomyza pests.  However, the severity of leafminer 
infestation and factors influencing leafminer occurrence 
have not been studied thoroughly in Egypt.

The current study addresses the importance of 
leafminer management in bean production in Egypt by 
examining the severity of leafminer infestation on bean 
crops in Kafr EL–Shiekh Governorate.  This study first 
shows the species composition, infestation level and pop-
ulation fluctuation of leafminers on bean plants in the 
Kafr EL–Shiekh region.  Furthermore, our study focuses 
on how bean species, planting dates and weather factors 
could influence the infestation by the leafminers 
detected.  We discuss the importance of Liriomyza con-
trol in bean fields.

MATERIALS AND METHODS

Field surveys were carried out to monitor agromyzid 
leafminers attacking broad and snap bean fields.  For 
this purpose, three different fields of broad bean with 
different planting dates and one French bean field were 
selected, and field sampling was initiated from the earli-
est growing stage of beans in the four fields, and contin-
ued once per week until the beans were harvested.  
Sampling started when bean plants were one month old.  
Thus, sampling was done from 15/12/2015 to 15/03/2016, 
from 29/12/2015 to 16/03/2016, and from 12/01/2016 to 
22/03/2016 for each of the three fields of broad bean var.  
Giza 3 and one field of snap bean var.  Giza 6 from 
15/12/2015 to 15/03/2016 in Kafr El– Sheikh Governorate. 

For each sampling field, four points were selected 
randomly, and from each point 25 leaflets were collected.  
The cross–diameter method was used for collecting from 
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each plant; from all different plant height levels one leaf 
each was picked out.  The collection was made on a 
weekly basis.  Collected leaflets were turned back to the 
laboratory, and the numbers of leafminer larvae were 
examined for each leaf; the numbers of empty mines were 
also counted.  The sampled leaflets from each replicate 
were placed separately into Petri dishes (10 cm diam.), 
and were kept in a growth chamber at 25 ± 2ºC, 70 ± 5% 
RH, with a photoperiod of 14:10 (L: D) h for the emer-
gence of leafminer adults.

The samples in each Petri dish were checked every 
day for the emergence of leafminer pupae.  When they 
were found, they were separated carefully from the leaf-
lets, and transferred into a new Petri dish (10 cm diam.) 
to record their origin.  The number of pupae from each 
replicate was recorded, and the Petri dish was then 
placed in the same growth chamber for further develop-
ment into adults.  The numbers of emerging adults of 
leafminers were checked and were then identified to the 
species level.  Liriomyza spp. and Melanagromyza spp. 
were identified by the external morphology and male 
aedegous (Spencer, 1972).  To examine the effects of two 
abiotic factors, i.e., temperature and rainfall, on leafminer 
populations, we calculated the average temperature and 
precipitation during 10 days before each collection date.  
Data were analyzed using JMP software (SAS Institute).

RESULTS AND DISCUSSION

In the current study, the majority of leafminers in 
our region were identified as Liriomyza trifolii, which 
was collected from all broad bean and snap bean fields 
surveyed.  In addition, Melanagromyza phaseoli 
Coquillet were detected in French bean field though the 
density was very low.  Liriomyza trifolii is known as 
one of the major dipteran leafminers attacking various 
vegetables and is distributed widely in the world, includ-
ing Egypt (Spencer, 1972; Shahein and El–Maghraby, 
1988; Anonymous, 2009).  We also detected another dip-
teran pest, the bean fly M. phaseoli.  This pest, also 
known as Agromyza phaseoli Coquillet, is recorded as 
the most damaging in the seedling stage of bean plants 
(Spencer, 1972; Webster and Parks, 1993).  Below we 
mainly focus on L. trifolii rather than M. phaseoli 
because it was the major leafminer in our study.

The mean infestation densities represented by the 
mean numbers of viable larvae plus pupae per 25 sam-
pled leaves in broach bean fields were 50.7, 41.2 and 
44.8 for the field 1, 2 and 3, respectively while the infes-
tation of snap bean (= French bean) was considerably low 
and the mean leafminer number was 8.0 in snap bean 
field (Fig. 1).  The infestation densities were then statis-
tically analyzed with a repeated measure ANOVA.  The 
analysis revealed that the mean number of leafminers 
differed among the four fields (n = 196, F = 30. 9, P < 
0.0001).  The result may suggest that L. trifolii prefers 
broad bean to snap bean. 

Proximal factors affecting host plant selection by 
leafminers are not well understood.  In the present study, 
broad bean was significantly susceptible to leafminers 

than French bean (Fig. 1).  A possible explanation is that 
leaf moisture or water content of broad bean leaves is 
high. Wei et al. (2000) have demonstrated that high leaf 
moisture is the most significant factor positively influ-
encing the development of L. huidobrensis and that the 
leaves of broad bean V. faba is the highest in leaf moisture 
among 47 species of plants examined.  Similarly, L. trifo-
lii may prefer water–rich broad bean as a host plant.  
Plant preference in leafminers will be a subject in our 
future study.

Agromizidae leafminers were detected in all study 
fields throughout the growing season and also showed 
great fluctuations during the growing season in all stud-
ied fields (Fig. 2 and 3).  The proportion of bean leaves 
damaged by at least one leafminer tended to increase 
later in growing season of broad bean though infestation 
was high throughout the season in the field 3 (Fig. 2).  
This may be because empty mines have been accumu-
lated among bean leaves, increasing the proportion of 
infested leaves.  The mean number of leafminer larvae per 
leaf did not show a simple pattern, and the trend of fluc-
tuations differed markedly among the sampled fields 
(Fig. 3). 

Although we found that leafminer infestation varies 
in time and space, we do not know what biotic and abi-
otic factors could affect the leafminer populations.  
Knowing such factors should help constructing effective 
management tactics against leafminers in bean fields.  
Then, we examined possible factors affecting leafminer 
populations.  In general, precipitation and temperature 
are major abiotic factors influencing insect populations.  
We suspected the two abiotic factors could affect the 
infestation by leafminers.  Accordingly, we tentatively 
constructed statistical models (least square model) with 
three independent variables (precipitation, temperature 
and sampling date) and random effects (field, collection 
point) (in the model, we did not include the data from the 
snap bean field because leafminer density was uniformly 
too low).  Although the model obtained was not perfectly 
reliable, the result suggested an involvement of rainfall 
in leafminer density.  The model was highly significant 

Fig. 1.  �The mean numbers (±SE) of leafminers (larvae + pupae) 
per 25 bean leaves sampled. The first 3 fields were planted 
with broad bean and the last was with snap bean (French 
bean). See the text for details.
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(n = 148, r2 = 0.20, P < 0.0001).  Among the three fixed 
factors entered, precipitation was highly significant with 
a negative correlation (F = 13.1, P = 0.0004), and tem-
perature was slightly significant with a positive correla-
tion.  Unfortunately, the two factors mutually correlated 

(r2 = 0.35) and our data is limited in number, we just 
suggest the involvement of precipitation and tempera-
ture determining the level of leafminer populations.

In any case, the present results together with availa-
ble literatures demonstrate the importance of leafminer 

Fig. 2.  �The relationships between the sampling dates (weekly basis from Decempber, 2015 to March, 
2016) and the proportions of bean leaves damaged by leafminers per 25 leaves sampled. Horizontal 
and vertical lines indicate the overall means and standard errors, respectively.  See the text for 
details of the dates of sampling.

Fig. 3.  �The relationships between the sampling dates (weekly basis from Decempber, 2015 to March, 2016) 
and the total numbers of leafminers  (larvae + pupae) per 25 leaves sampled.  Horizontal and vertical 
lines indicate the overall means and standard errors, respectively. 
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control in bean fields.  Leafminer infestation was consid-
erably high throughout the growing season though, in 
our study, leafminer density was fairly low in snap bean. 
The current main measure to combat the leafminers is 
chemical control in Egypt.  However, due to pesticide 
resistance frequently observed in Liriomyza leafminers 
(Salvo and Valladares, 2007; Liu et al., 2009), chemical 
control does not always work well.  Alternative measures 
are hence on demand, and integrated pest management 
tactics are necessary for effective leafminer control. 

Biological control with parasitoid wasps can be an 
effective measure to reduce leafminer damage (Salvo 
and Valladares, 2007; Liu et al., 2009).  So far, many spe-
cies of parasitoid wasps have been recorded from 
Liriomyza leafminers (e.g., Gates et al., 2002; Tran et 
al., 2007), and the parasitoid wasps adopt several forag-
ing tactics to effectively hunt leafminers (Ayabe and 
Ueno, 2004, 2012; Ho and Ueno, 2008), making them 
effective natural enemies.  In Egypt, likewise, some par-
asitoid wasps can be good candidates for biological con-
trol of leafminers (Shahein and El–Maghraby, 1988; 
Bassiony et al., 2017).  Future studies should thus 
address how we can engage parasitoid wasps into 
leafminer control in Egyptian bean fields.
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