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EXECUTIVE SUMMARY

The potato leafminer Liriomyza huidobrensis Blanchard (Diptera: Agromyzidae) is a devastating potato pest
worldwide. However, there is little information with regard to the biology and ecology of this pest in the Westemn
Cape, with both factors being cardinal elements in implementing an effective integrated pest management
(IPM) programme. Control of the pest has always relied on the extensive use of synthetic insecticides.
Nevertheless, there have been concerns with regard to human safety, insect resistance and environmental
effects. The concerns have encouraged the development of more environmentally friendly options that are
sustainable. This study, therefore, focused on factors like population dynamics of L. huidobrensis during the
winter and summer periods, as well as a parasitoid survey and biological control bioassays using EPNs and
EPF. The results indicated differences in adult leafminer populations in both the potato fields and the natural
vegetation for winter and summer monitoring periods. The observed trend with regard to leafminer populations
was that they increased with crop development. Overall, few parasitoids were identified, but four EPN species
and two fungi species were screened for pathogenicity and indicated the potential for adoption into IPM
strategies.
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INTRODUCTION

Background

Potatoes are among the most important vegetable crops in South Africa and are also known as the number one
non-grain commodity worldwide. The potato production industry contributes up to 60 % of the total vegetables
grown in South Africa and represents 3 % of total agricultural products (DAFF, 2012). However, the potato crop is
infested by various pests and diseases, like the devastating leafminer, Liriomyza huidobrensis (Blanchard) (Diptera:
Agromyzidae). This leafminer species has become the most important pest of vegetable crops nationwide since
the early 2000s. The leafminer is a highly invasive species damaging solanaceous crops, causing up to 70 % crop
damage.

Figure 1. A, Adult Liriomyza huidobrensis, with a division on the second abdominal segment. B, eggs within punctures on the
upper leaf. C, newly hatched pupae after leaving the leaf (images: Thabu Mugala).

Problem statement

Liriomyza huidobrensis is a highly invasive species, with control of the pest relying on the extensive use of chemical
insecticides, resulting in insecticide resistance and having negative environmental impacts. Therefore, this situation
has encouraged the development of sustainable and environmentally friendly options, including the use of
entomopathogenic nematodes (EPNs) and fungi (EPF), which can potentially provide effective control. However,
these options have not yet been investigated in South Africa.

Study aim and objectives

The study aimed to obtain information on the bio-ecology of L. huidobrensis and provide preliminary data on
biological control agents in potato fields of the Western Cape Province. The objectives of the study were to:

e Survey potato fields in the Sandveld district to confirm the leafminer species causing damage, to identify
potential parasitoids, and to investigate the feasibility of establishing a colony of the dominant species
found;

o Determine the mode of infestation of potato fields, whether from surrounding natural vegetation or from
within potato fields (e.g. previous plantings);
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e Screen potato field soil for potential soil-borne pathogens (EPNs and EPF) using bait insects (mealworm
larvae); and

o Evaluate the susceptibility of the potato leafminer to EPNs and EPF to be used as biocontrol agents.
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METHODOLOGY

General materials and methods

Two potato fields in the Sandveld were regularly sampled for adult potato leafminer and larvae damage for 12
weeks. Monitoring involved placing yellow sticky traps in potato fields at specific distances (25 m, 50 m and 100 m)
from the centre point following transects running from the centre line to the edge and into the surrounding natural
vegetation (Fig. 1). Each potato field comprised four such transects and each contained six sticky traps. The traps
were placed at the beginning of the growing season (winter: 25 June to 1 October 2019 and summer: 1 October to
23 January 2020) and monitored and replaced every two weeks.
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Figure 2. Four transects running from the centre point with six traps. The green circle indicates the circumference of the potato
field; everything outside of this includes natural vegetation.

A parasitoid survey was conducted through laboratory rearing of parasitoids, morphological identification and DNA
sequencing, while the sampling of alternative hosts took place twice, on 21 March 2019 and 22 October 2019. The
infected leaves were incubated in the laboratory, and emerging flies and parasitoids were identified. The isolation
of EPNs and EPF was done through insect baiting (adding mealworms to the soil, which was collected in the potato
fields) and incubating the cadaver on petri dishes to obtain nematode offspring. With regard to fungi, the collected
dead insects were plated on Petri dishes and kept incubated at 25°C for fungal growth. The fungi from the bodies
were scraped and placed on Saboraud Dextrose Agar with yeast (SDAY) plates. Then the fungal isolates collected
were identified using both morphological and molecular techniques. Screening for virulence and pathogenicity for
EPNs and EPF was conducted using 24 well bioassay plates. The EPN species below were used during screening,
while Beauveria bassiana and Metarrhizium robertsii were the fungal isolates used (Table 1).
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Table 1. Origin of different entomopathogens, with their associated host plants and GenBank accession number, used in the

study
Species Isolate GenBank Associated Origin

Accession Host

number
Heterorhabditis SF351 FJ4558443 Grapevine Wellington, Western Cape
bacteriophora
H. baujardi MT19 MF535520 Natural vegetation KwaZulu-Natal
H. zealandica S9 MW085080 Potatoes Sandveld, Western Cape
Steinernema 157 C EU625295 Citrus Nelspruit, Mpumalanga
yirgalemense
Beauveria bassiana 1ARC MT355658 Apple Grabouw (ARC), Western Cape
Metarhizium robertsii 14N MW122513 Potatoes Sandveld, Western Cape
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RESULTS

The results with regard to the population dynamics of adult potato leafminers showed that the mean trap catches
of leafminers differed between the two fields (winter: 25 June to 1 October and summer: 1 October to 23 January)
and between weekly trappings. However, there were no differences observed in the population densities of
leafminers in surrounding natural vegetation at the beginning of the planting season and before harvest (Fig. 3). In
fact, numbers in natural vegetation remained low throughout the monitoring periods (including off-season
monitoring) and are therefore not thought to contribute to infestations in potato fields or thought to be significant
refuge sites. Likewise, the number of leafminers trapped in the potato fields was relatively low in both fields at the
beginning of the growing season. However, a build-up of trap catches after plant emergence occurred between
weeks 6 and 8 for the winter sampling period and as early as between weeks 2 and 4 for the summer sampling
period. The highest number of flies caught was during September (weeks 10 and 12) for the winter sampling period
and December (weeks 8 and 10) for the summer sampling period. During the last two weeks of plant development
(tuber maturity), severe damage was observed in both fields, amounting to 100 % leaf damage.
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Figure 3. Mean number of adult leafminers caught on yellow sticky traps throughout two growing seasons in two different
potato fields and adjoining natural vegetation. Different letters denote statistically different means (p<0.05).
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The survey also demonstrated that L. huidobrensis is well established in both cultivated potato plants and
weeds. However, few samples of other Liriomyza species were identified in the Western Cape Province. Some
samples of Liriomyza sativae were found in the Sandveld area, which was confirmed through molecular
identification. In the laboratory, colony establishment proved useful using bean plants for larval development
due to their large leaf surface area, which permitted more punctures on one leaf. The other advantage is that

bean plants are fast-growing compared to tomato plants.

The parasitoid population obtained was relatively low in both number and diversity, which could be attributed to the
time of the year when the experiment was conducted (during the winter monitoring period). In total, 50 parasitoids
emerged from the sampled leaves, most of which were identified as Diglyphus isaea. The parasitoid species that
emerged from the monitored fields, even though they were low in abundance, are indicated in Table 2.

Table 2. Parasitoid species of Liriomyza huidobrensis found during the summer and winter monitoring periods

Parasitoid species Origin Environment
Diglyphus isaea -32.588679,18.335529 Potato field
Dacnusa sibirica -32.588679,18.335529 Potato field
Alysiinae sp. -32.588679,18.335529 Potato field
Eulophinae sp. -32.588679,18.335529 Potato field
Utetes africanus -32.588679,18.335529 Potato field

The EPF and EPNs isolated from this survey are listed in Table 3. EPNs were isolated from one field (6.25 %), with

five out of 16 fields (31.25 %) being EPF isolates.
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Table 3. Insect-associated nematodes and entomopathogenic fungi isolated from potato field soil samples in the Sandveld

region of the Western Cape Province

Isolations Isolate Region/ Sequence GenBank GenBank Origin
Number Gene Length Number Number
(bp) ITS EF
Heterorhabditis zealandica S9 ITS 803 MW085080 n/a -32.631928,
18.398416
H. zealandica S9 ITS 800 MWO085081 n/a -32.631928,
18.398416
H. zealandica S9 ITS 800 MW085082 n/a -32.631928,
18.398416
H. zealandica S9 IS 801 MW085083 n/a -32.631928,
18.398416
Acrobeloides sp. S4 ITS 751 MW150803 n/a -32.563138,
18.427660
Acrobeloides sp. S6 ITS 747 MW150804 n/a -32.579270,
18.380687
Metarhizium robertsii 14N EF Pending - Pending -32.678611,
18.698789
M. robertsii 13C EF Pending - Pending -32.655359,
18.398941
M. robertsii 10C EF Pending - Pending -32.678611,
18.698789
M. robertsii 14G EF Pending - Pending -32.678611,
18.698789
M. robertsii 14 EF Pending - Pending -32.580764,
18.334819
Metarhizium majus 2G EF 226 - MW122513 -32.580764,
18.334819

The results obtained while screening different Metarrhizium robertsii isolates indicated very high mortalities (more
than 80 %) of the insects (pupae) treated with different isolates as compared to the control (Fig. 4).
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Figure 4. Average percentage mortality (95 % confidence interval) of the pupae of Liriomyza huidobrensis, as induced by five
different Metarhizium robertsii isolates, and the control treatment using distilled water only, seven days post-treatment (one-
way ANOVA, F1o,32 = 5,9517; p = 0.00004). Different letters on the bars indicate a significant difference (p < 0.05) between the
treatments and the mortality of L. huidobrensis pupa.

The analysis of the screening of nematodes on pupae showed that all the EPN species caused higher mortality of
L. huidobrensis pupae than the untreated control treatment (Fig. 5).

The screening data analysis showed that all the screened EPN species caused significantly higher mortality of L.
huidobrensis larvae than the untreated control treatment. The highest percentage mortality of L. huidobrensis larvae
was obtained with H. baujardi (71.7 %= 4.08 %), Heterorhabdlitis bacteriophora (51.5 %z 7.67 %), Steinernema
yirgalemense (64.4 %= 6.24 %) and H. zealandica (56.05 % + 3.80 %) (Fig. 6).

The highest EPF mortality (infection) was associated with M. robertsii (81.4 + 3.12 %), followed by B. bassiana
(67.6 £ 3.12 %), which were significantly different from each other (Fig. 7).
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Figure 5. The percentage mortality of Liriomyza huidobrensis pupae (95 % confidence intervals) caused by the three
Heterorhabditis and one Steinernema species tested using a concentration of 200 1Js/50 pl and water-only control. Deviations
in lettering above the bars indicate significant differences between treatments (P<0.05) and the mortality of the pupae.
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Figure 6. The percentage mortality of Liriomyza huidobrensis larvae (95 % confidence intervals) caused by the four
entomopathogenic nematode species tested, using a concentration of 100 IJs/50 pl and water-only control. Deviations in
lettering above the bars indicate significant differences between treatments (p < 0.05), the nematode treatments, and the
larvae's mortality.
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Figure 7. The percentage mortality of Liriomyza huidobrensis pupae (95 % confidence intervals) caused by the two
entomopathogenic fungi species tested, at a concentration of 1x 107 conidia per mI-* and water and tween as control. Deviations
in lettering above the bars indicate significant differences (p < 0.05) between treatments with fungi and the mortality of the
pupae.

The EPN treatments that exhibited the lowest LDso, LDgo and LDgs in the pupae trials was H. baujardi with
233.38, 11130.15 and 33290.17 respectively, whereas H. bacteriophora had the highest LDso, LDgo and LDgs with
233.38,11130.15 and 33290.17 respectively (Table 4). With regard to the larvae trials, the treatment with the lowest
LDso, LDgo and LDgs again was H. baujardi, indicating values of 99.93,752.73 and 1334.27 respectively, whilst H.
bacteriophora again had the highest LDsy, LDgy and LDgs with 189.489, 2235.13, and 4499.04 respectively (Table
5).

{ Final report: Ecology of the leafminer in the Werstern Cape Page 13
,f“)) ‘

potatoes
aartappelsSA



Table 4. The lethal dose (LD) of infective juveniles against Liriomyza huidobrensis pupae inoculated with varying
concentrations of Heterorhabditis baujardi, H. bacteriophora, H. zealandica and S. yirgalemense at 95 % confidence intervals

H. bacteriophora H. baujardi H. zealandica S. yirgalemense
Lethal Dose Std. Error Dose Std. Error Dose Std. Error Dose Std. Error
dose Dose Dose Dose Dose
LDsp 233.38 41.23 117.86 6.93 203.44 31.26 22410 30.32

LDgo 11130.15 9289.86 1064.31  260.75  8923.83 6928.95 4754.55  2602.10

LDgs 33290.17 3419225  1986.10  609.40  26065.62 25020.79 1130322  7558.42

Table 5. The lethal dose (LD) of infective juveniles against Liriomyza huidobrensis larvae inoculated with varying
concentrations of Heterorhabditis baujardi, H. bacteriophora, H. zealandica and Steinernema yirgalemense at 95 % confidence
intervals

H. bacteriophora H. baujardi H. zealandica S. yirgalemense
Lethal Dose Std. Error Dose Std. Error Dose Std. Error Dose Std. Error
Dose Dose Dose Dose Dose
LDsp 189.49 17.90 99.93 5.21 139.16 8.06 160.83 11.27

LDgo 2235.13 802.32 752.73 147.16 986.56 209.99 1331.20 344.06

LDos 4499.04 1972.52 1334.27 330.10 1718.93 451.20 2425.20 767.63
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CONCLUSIONS AND RECOMMENDATIONS

This study provides insight into the alternative control measures and benefits of integrating locally isolated EPF and
EPNs in managing the potato leafminer, which has developed resistance against several chemical insecticides,
such as organophosphates (Guantai et al. 2015). The present study thus demonstrates the potential of EPNs and
EPF to cause mortality to the larvae and pupae stage of the potato leafminer, paving the way for future field trials.
During this study, it was concluded that the larvae stage is more susceptible than the pupae stage and it is
recommended that foliar applications of entomopathogens be investigated. The higher temperatures during the
summer monitoring period would have favoured the development of L. huidobrensis populations and contributed to
the high mean trap catches obtained during this period. Similarly, Rodriguez-Castafieda et al. (2017) obtained a
higher percentage emergence of L. huidobrensis and Liriomyza sativae when temperatures were high compared
to when they were low during a study in Guatemala. Thus the application of nematodes for the summer growing
season should first be done before planting. Low temperatures have been shown to prolong the development of L.
huidobrensis from the egg to the adult stage, whereas high temperatures shorten the development period (Mujica
etal., 2017).

Additionally, given the fact that the summer growing season begins in October in South Africa, a pre-soil application
of EPNs before potato planting to control the pupae stage of the leafminers that may be undergoing “overwintering”
could be considered, as temperatures of 25°C are favourable and will not promote desiccation of nematodes.
During the monitoring period, the highest population densities were observed between August and September for
the winter monitoring period. In contrast, December and January had the highest catches for the summer monitoring
period in the present study. As such, winter application of nematodes should be done before planting and at tuber
initiation, usually around weeks 6 and 8 after plant emergence. Applications during the summer period should be
accompanied by constant irrigation to maintain adequate moisture (Shapiro-llan, Han & Dolinski, 2012). Proper
timing in applying different chemical and biological insecticides is vital in implementing an effective integrated
management programme. Any wrongly timed treatment leads to poor insecticide performance and ultimately
increases production costs (Ekesi et al. 2001). These recommendations on soil application should be tested
in field trials and form part of a future research strategy.
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