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Abstract

The two-spotted stink bug, Bathycoelia distincta Distant, is a serious pest in South African macadamia
orchards. This pest is predominantly controlled using insecticides, thus alternative control methods
are essential. The stink bugs arrive as adults in the orchards, during the early nut set season, but little
is known about their alternative plant hosts prior to their arrival. The aim of this study was to develop
a PCR-based metabarcoding assay to identify plant material in the gut of B. distincta. Thereafter, the
persistence of plant DNA in the gut, after switching food sources, was determined by rearing the stink
bugs on Zea mays, transferring them to Macadamia sp. and then collecting insects at different time
points. As a proof of concept, the assay was tested on insects collected from commercial macadamia
orchards to determine if it can identify alternative food sources. The chloroplast gene markers, trnL
and trnF, were most successful for plant DNA amplification. The time trial suggested that plant
material can be detected 24 hours after switching to the alternate food source and one of the samples
still contained Z. mays DNA after five days. Various plant species were detected from the orchard
collected samples, including known food sources of other stink bugs, such as tea plants (Camellia
sinensis) and sunflowers (Helianthus annuus). This study provides the first indication of potential
alternative food sources of B. distincta. The assay developed in this study can now be implemented

for large-scale field surveys to contribute to future integrated pest management strategies.
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Introduction

Macadamia nuts are a highly profitable crop (van Wyk 2018) and the industry is well established in
sub-tropical countries such as Australia (its native range), South Africa, Kenya, USA (Hawaii), China,
and at least 13 other countries (Topp et al. 2019). South Africa is currently the largest producer of
macadamia nuts, predominantly grown in three provinces, of which Limpopo has the oldest industry,
Mpumalanga is the largest producer and KwaZulu-Natal has a newer but rapidly growing industry
(South African Macadamia Association, SAMAC, Loss Factor Benchmark 2021). Several pests
contribute to annual macadamia nut losses but the two spotted stink bug, Bathycoelia distincta
Distant (Hemiptera: Pentatomidae), is the most serious and contributes to 15.23 million USD of losses

annually (Taylor et al. 2018).

Stink bugs have very adaptive feeding strategies and can feed on either the xylem/phloem sap or
mesophyll/parenchyma cells of seeds, fruit and new plant shoots, using their stylets for sheath feeding
or cell rupture feeding (Serteyn et al. 2020). This can induce serious damage in agricultural crops
(McPherson et al. 2018) or even introduce pathogens (Medrano et al. 2007). During a recent survey
in South Africa, 20 stink bug species were detected in macadamia orchards, including Parachinavia
prunasis Dallas, Nezara viridula L., Chinavia pallidoconspersa Stal, Boerias species and Piezodorus
species, but B. distincta was the dominant species (Sonnekus 2021). C. pallidoconspersa and B.
distincta are also considered as the most damaging species of mature macadamia nuts (Schoeman
2019). Although B. distincta is considered a native species, little is currently known of where this
species overwinters or what alternative food sources it feeds on. Scouting surveys have confirmed
that these insects arrive in the macadamia orchards as adults, early in the nut season, and must
therefore be residing on other plants when not in the orchards. Later in the season egg patches and
nymphal stages are detected during scouting, when the stink bugs establish in the orchards, although

more adults may also enter from surrounding areas throughout the nut season.



Stink bug species in South Africa are currently controlled using insecticides, especially pyrethroids
(Schoeman 2014). The spraying of chemicals is, however, becoming more problematic; as the trees
become older they are too tall to effectively reach the insects at the top of the canopy. In addition,
sub-lethal exposure to the chemicals leave the pending threat of the development of insecticide
resistance (Schoeman 2019). An integrated pest management system is, therefore, imperative to

prevent insecticide resistance and reduce the detrimental impact on the environment.

Biological control strategies explored for stink bugs include the use of insectivorous bats (Weier et al.
2019), entomopathogenic fungi (Erper et al. 2016, Dalla Nora et al. 2021) and egg parasitoids
(Buffington et al. 2018, Stahl et al. 2019). An alternative approach might be to identify the food sources
of stink bugs when they are not in the macadamia orchards, since these plants could serve as breeding
hosts where the insects accumulate before and during the nut set season. Knowledge of other host
plants of B. distincta could identify other crops to target for early pest control. Alternatively, the plant
species could be planted as a trap crop to reduce the insect numbers entering the orchard or for an
“attract and kill” approach, where more localised control is implemented (Shelton and Badenes-Perez

2006, Gordon et al. 2017).

Assays to detect plant material in the insect gut have been developed for various insects (Navarro et
al. 2010, Garcia-Robledo et al. 2013, Avanesyan et al. 2021). Phloem-feeding insects, however, present
a greater challenge, since plant DNA are less likely to be present or are at very low levels in the sap
these insects feed on. Nonetheless, effective assays have been developed for psyllid species (Cooper
et al. 2016, Cooper et al. 2019) and leafhoppers (Avanesyan et al. 2020). Stink bugs likely feed on both
xylem/phloem sap and mesophyll cell contents (Serteyn et al. 2020) so plant DNA detection might be
less of a restriction for this insect family. The first assay for a stink bug species was recently developed
for Halyomorpha halys (Hepler et al. 2020), where a feeding time trial suggested the initial plant food

source can be detected between 3-14 days after the food were switched to another plant species. The



longevity of plant material could vary largely between the aforementioned insects, due to the very
different gut structures, and thus food digestion, between heteroptera (a straight gut) and homoptera

insects (a midgut loop and filter chamber) (Terra and Ferreira 2003).

The aim of this study was to develop an effective PCR-based plant detection assay for the two-spotted
stink bug, B. distincta, and to use this assay to determine the lifetime of plant material in the gut once
feeding was switched to another food source. For this purpose, several plant barcode markers were
evaluated and the two best-performing markers were optimised for metabarcoding with Illumina
MiSeq technology. As a proof of concept, this assay was further tested in a small number of
macadamia orchard-collected stink bugs, obtained during different times of the nut set season, to

evaluate its efficiency in detecting alternative plant material in their gut.

Materials and methods

Time trial experiment

A lab-reared population of B. distincta was maintained at the Forestry and Agricultural Biotechnology
Institute Biological Control Centre of the University of Pretoria. The insects were kept in modified
plastic containers, with sieve-covered openings in the lids for aeration, at controlled temperature and
light conditions of 25-27 °C and a 16:8 h day/night cycle. The insects were fed with Zea mays (maize)

kernels on the cob.

A feeding time trial was performed, to determine how long one plant species remain detectable in the
gut once meals were switched to a different plant, by using adult insects reared on Z. mays and
transferring them to nuts and branches of a Macadamia integrifolia x M. tetraphylla hybrid cultivar

(Beaumont). Five adult insects were used per time point. Insects were collected at 6 hours, 1 day, 3



days, 5 days and 7 days after transfer to macadamia and immediately frozen at -20°C for later

dissection and DNA extraction. The adults included a mixture of both males and females.

Macadamia orchard collected samples

A total of 32 insects were collected in 2020 and 2021 from two macadamia farms in the Limpopo
province (Limpopo 1 and 2) and two farms in Mpumalanga (Mpumalanga 1 and 2) (Table 1).
Collections were made from Limpopo 1 and Mpumalanga 1 farms during early nut set stages, when
nuts were between match head and pea sized (October - November), and from Limpopo 2 and
Mpumalanga 2 farms at the end of the nut set season when nuts were fully developed (February -
March). Insects were collected as part of routine scouting surveys on the farms, where different blocks
were selected each week and knock-down sprays were applied to 10 random trees to represent trees
from the edge as well as deeper inside the orchard. The insects were frozen at -20°C and stored for

later processing.

Table 1. Sample collection and PCR amplification of B. distincta samples, obtained from macadamia orchards.

Province and Sample name No. of Samples with Samples with
insects successful trnlL successful trnF Date collected
Farm ipe - .
collected® amplification amplification
Limpopo 1 LP1.0ct20 (early 4 EF2, EF3, EF4 EF2, EF3, EF4 October 2020
season)
Limpopo 2 LP2.Feb20 (late 7 Ar4, Ar5, Ar8, Ar2, Ar4, Ar5, ArS, February 2020
season) Ar10 Ar10
Mpumalanga 1 MP1.Nov20 4 DB1, DB4, DB5 DB1, DB4, DB5 November 2020
(early season)
Mpumalanga 1 MP1.Feb21 (late 4 DB14, DB17 DB10, DB11, DB14, February 2021
season) DB17
Mpumalanga 1 MP1.Mar21 4 DB18, DB21, DB18, DB21, DB23 March 2021
(late season) DB23
Mpumalanga 2 MP2.Feb21 (late 9 DK2, DK3, DK9 DK3 February 2021

season)

3DNA extraction and PCR amplifications were not successful for all samples collected. The third and fourth

column indicates the final samples used for Illumina MiSeq sequencing.



The farms in the Mpumalanga province are located in a bushveld/forest biome where various native
forest trees occur as well as planted forests and other nut, fruit and vegetable crops such as citrus,
avocado, mango and banana. The farms in the Limpopo province are located in a bushveld/savanna

grassland biome but are also surrounded by forest plantations and fruit orchards.

Insect dissections and DNA extraction

The insects collected from the time trial and from the macadamia farms were surface sterilised by
washing for 2 minutes in 100% ethanol, twice in 70% ethanol and then rinsed in Sabax water. The
insects were then dissected in phosphate buffered saline solution under a stereomicroscope, using
insect dissection tools, to remove the entire gut from the insect. The last section of the midgut (M4
section) contains a high abundance of bacterial symbiont colonies and, based on a pilot trial, if this
section was removed the downstream PCR amplification was more effective. Hence, the M4 section
was removed from the gut and the rest of the gut was used for DNA extraction. The gut was rinsed in

70% ethanol and water and then stored at -20 °C for later processing.

DNA was extracted from the gut samples using a commercial kit. The first samples were processed
with the Macherey-Nagel Nucleospin Tissue XS kit (Diliren, Germany), but this proved less effective for
downstream plant DNA amplification. The rest of the samples were processed using the QlAamp
PowerFecal DNA Kit (Qiagen Sciences, Germantown, MD, USA). DNA concentrations and quality were
determined using a Thermo Scientific Nanodrop ND_100 spectrophotometer (Wilmington, DE, USA)

and samples with high concentrations were diluted to a standard of 50 ng/pl.

PCR optimisation and sequencing of plant barcode markers

One nuclear plant DNA barcode marker, internal transcribed spacer region 2 (ITS2), and four

chloroplast markers, rbcl, trnH-psbA, trnL and the intergenic spacer between trnL and trnF (referred



to here as trnF) were tested for PCR amplification success. The universal plant-specific primers used
for ITS2 were ITS-p3 and ITS-u4 (Cheng et al. 2016), the primers for rbcL were rbcl-a_f and rbclL-a_r
(Kress and Erickson 2007), as well as an alternative reverse primer rbcL_Rev (Kress et al. 2009), those
for trnH-psbA were trnH-psbA_f and trnH-psbA_r (Kress and Erickson 2007), for trnL were trnL_c
(B49317) and trnL_d (A49855) and for trnF were trnL_e (B49873) and trnF_f (A50272) (Taberlet et al.

1991), respectively.

Initial PCR optimisation of the five different barcode markers were tested with Z. mays DNA and the
DNA from gut samples of two insects fed on Z. mays. Despite various optimisations, PCR amplification
for the rbcL and trnH-psbA gene regions either resulted in no amplification or multiple fragments. A
single PCR amplicon fragment could be obtained for the ITS2 region in an insect sample, but a pre-
screening with Illumina MiSeq (data not shown) indicated only bacterial DNA contamination and no Z.
mays DNA. Optimisations included different Tag DNA polymerases (MyTaq (Bioline Ltd., UK) and
FastStart Tag (Roche Applied Science, South Africa), annealing temperatures ranging from 48°C to
53°C, addition of bovine serum albumin and alternative amplification programs such as touchdown
PCR (-1°C annealing temperature each cycle) and expand PCR (5s increase of elongation step each

cycle).

The two barcode markers with the most successful amplification were trnL and trnF. The primers for
these barcode markers were modified with lllumina Nextera adapter sequences, required for Illumina
MiSeq library preparation. PCR amplification reactions were performed in a total volume of 25 pl and
consisted of 50-100 ng of DNA, 5 ul of 5 x Q5 Reaction buffer, 0.02 U/ul Q5 High-Fidelity DNA
Polymerase (New England Biolabs, Ipswich, MA, USA), 200 uM of all dNTPs combined, 1 ul of the
forward and reverse trnF primers each (10 uM stock concentration, 0.4 uM final) or 0.7 pl of each trnL
primer (10 uM stock concentration, 0.28 uM final). The PCR cycler program was set at 98°C for 30 sec,

35 cycles of 98°C for 10 sec, 53-55°C (ranged for optimisation) for 30 sec, 72°C for 30 sec, and a final



extension step at 72°C for 2 min. PCR amplicons were visualised by combining the DNA with 1.5 pl
Novel Juice (Sigma-Aldrich, St. Louis, Missouri, United States), performing agarose gel electrophoresis

(AGE) on a 2% gel and visualising it under UV illumination.

PCR amplifications of the orchard collected samples were performed separately for each sample, but
all the successful amplicons were combined for each orchard and collection timepoint (two to five
amplicons combined) for Illumina MiSeq sequencing (Table 1). This resulted in six bulked samples for
the orchard collections. The PCR amplicons for all the time points of the feeding time trial were
sequenced separately for each sample. The PCR amplicons of the trnL and trnF gene regions were
purified with Agencourt AMPure XP beads (Beckman Coulter, CA, USA) and, to reduce sequencing
costs, were then combined in equimolar concentrations for each sample for further library
preparation and sequencing. Barcodes where then added to each sample through another PCR step
and samples were combined for multiplex sequencing with Illumina MiSeq paired-end sequencing.
Library preparation and sequencing was performed at the Bioinformatics division, Agricultural

Research Council, Pretoria, South Africa.

lllumina MiSeq sequence data analysis

The quality of the lllumina MiSeq reads was determined using FastQC v0.11.5 (Andrews 2010). QC
summary data indicated the presence of short fragments (<70 bp) for which the sequencer sequenced
the entire short PCR fragment, as well as the Nextera Transposase Adapter at the 3’ end of the read.
All reads were trimmed for any residual Nextera Transposase Adapter sequences on the 3’ end, using
cutadapt v3.2 (Martin 2011). The trnL and trnF sequence reads were then separated for each sample,
with cutadapt (Martin 2011), by trimming the primer sequences at the 5’ end and splitting the read
output based on which primer was present in the read. All reads that were untrimmed and those

shorter than 100 bp were discarded.



The processed sequence reads for trnL and trnF, respectively, were further analysed with DADA2
(Callahan et al. 2016) using R v. 4.0.3 (R Core Team 2020) in RStudio (RStudio Team 2019) to obtain
amplicon sequence variants (ASVs). For the trnF sequence reads, the reads were filtered and trimmed
based on a minimum read length of 100 bp, maximum number of N’s = 0, maximum number of errors
= 3 (forward) and 5 (reverse) and truncQ = 2. Sequences were then de-replicated, denoised and
merged after which chimeras were removed to produce the final ASVs. The trnL region can have a
large variation in size between plant species and, for some amplicons, the forward and reverse reads
could not be assembled, hence, the forward and reverse reads were analysed separately. All analyses
in DADA2 were performed the same as for trnF, except reads were not merged. The obtained ASVs

were separated and analysed separately for the orchard collected samples and the time trial.

The time trial samples’ analyses were only performed with ASVs identified as Macadamia sp. or Z
mays (based on BLASTn to NBCI nucleotide database; Sayers et al. 2019) to compare the abundance
of the plant material, since reads with any other identity are most likely sequence errors, chimeras or
contamination. The ASV taxonomy and abundance data were analysed with Phyloseq (McMurdie and
Holmes 2013) using R v. 4.0.3 (R Core Team 2020) in RStudio (RStudio Team 2019) for relative
abundance analyses. Data were rarefied based on the number of reads present in the smallest sample

size, then transformed to relative abundance and plotted using ggplot (Wickham 2016) in RStudio.

The identity of all trnL and trnF ASVs of the orchard collected samples were determined by performing
a BLASTn analysis to the NCBI GenBank nucleotide database (Sayers et al. 2019). If discrepancies were
found in the taxonomic classification of the forward and reverse reads of trnL, both sequences were
aligned to the full length trnL-trnF region of the top five most likely hits and analysed in combination.
The orchard collected samples were each analysed individually, data was thus not rarefied for

comparison between samples, but sequence read abundance was converted to relative abundance
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for each sample. All ASVs with a relative abundance above 1 x 102 were considered for downstream

analyses and a relative abundance bar plot was generated in Excel.

Results

Plant barcode markers PCR optimisation and metabarcoding

The ITS2, rbcL and trnH-psbA markers could not be optimised for PCR amplification of plant material
from the insect gut. The trnF primers produced a +450 bp fragment and the trnL primers a £530 bp
fragment, based on AGE, but many of the samples resulted in a second small fragment of £150 bp for
the trnL region. This small fragment was removed from the sequence data during sequence trimming
and filtering. Not all samples for which DNA was extracted could be amplified. The average PCR success
rate for the time trial samples were 100% for trnL and trnF, although three samples produced faint
bands or double bands for trnL. The orchard collected samples had a lower PCR success rate with trnL
56% successful and trnF 59%. The samples from the Mpumalanga 2 farm were specifically difficult to
amplify, possibly due to the DNA quality, and when these samples are excluded, trnL had a 65%

success rate and trnF 78%.

The number of sequence reads per sample ranged from 110 000 to 690 000 (Table S1). After reads
were trimmed and split between the two markers, the trnF reads ranged from 39 500 to 350 000 and
trnL from 5 250 to 360 000 per sample. The low number of reads retained for the trnL marker for some
samples was due to many reads assigned to the short additional amplicon that was removed during
sequence trimming. Due to the difference in quality between forward and reverse reads and the read
length retained after quality trimming, only the forward reads were used for downstream analysis of
the trnL marker. Sequence data were submitted to the NCBI SRA database (BioProject ID

PRINA769672).
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Time trial experiment

DADA?2 analyses of the time trial samples resulted in 40 ASVs for the trnF region (Table S2) and 14
ASVs for the trnL region (Table S3). In the trnF data, the majority of the reads were assigned to five
abundant ASVs, identified as Macadamia sp. (1 ASV) and Z. mays (4 ASVs) and 30 of the ASVs were
low abundance sequences that either had not BLAST hit (likely chimeras) or matched to bacterial
sequences. Four samples (7Days.5, 6Hours.1, 1Day.1 and 1Day.5) had apparent cross-contamination,
as they also contained ASVs from plant species present in the orchard collected samples, which could
have occurred during amplicon processing or sequencing. These contaminants were removed before

analyses.

The trnL data consisted of four abundant ASVs, identified as Macadamia sp. (3 ASVs) and Z. mays (1
ASV) and 9 ASVs that either had no BLAST hit or were identified as bacterial or stink bug DNA. Five
samples (6Hours.2, 6Hours.3, 1Day.4, 5Days.5, 7Days.4) had a low level of other plant DNA
contamination. Interestingly, the two samples that had a high contamination of alternative plant
species in the trnF region (1Day.1 and 1Day.5) did not contain any contaminating plant species
sequences in the trnL region. This further confirms that there likely was a cross contamination from
orchard collected samples in the trnF marker. Only the Z. mays and Macadamia sp. sequences were

considered for analysing the relative abundance of plant material for the time trial.

The summarised data of the relative abundance of Z. mays and Macadamia sp. in the feeding time
trial indicated a high presence of Z. mays in all five the samples collected at six hours and in four of
the five samples collected one day after transfer (Fig. 1). Very little Z. mays material was detected later
than one day. One sample, however, still contained low levels of Z. mays DNA 5 days after transfer

(based on the trnF marker) (Fig. 1).
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Figure 1. Relative abundance of Z. mays and Macadamia sp. ASVs in the stink bug guts from the feeding time
trial, based on the trnL and trnF gene marker data. This data represents a summary of five replicates per

timepoint.

Macadamia orchard collected samples

In the six orchard collected samples 25 ASVs were identified with the trnF region (Table S2) and 16
ASVs with the trnL region (Table S3). Ten of the trnF ASVs, present at low frequencies, either had no
BLAST hit or were bacterial contamination. The most abundant trnF ASV was a Macadamia sp.
sequence, that was present in all samples, and ten ASVs representing other plant species present at a
relative abundance above 1.5% in the samples (Fig. 2). The late nut set season collections, samples
LP2.Feb20 and MP1.Mar21, only contained Macadamia sp. sequences, the insects collected at
Mpumalanga 1 farm in Nov ‘20 (MP1.Nov20) contained Camellia sinensis (tea plant) and those from
February ‘21 (MP1.Feb21) contained low levels of Lauraceae family and high levels of Prunus dulcis
(almond) sequences. The MP2.Feb21 sample contained Daucus syrticus/D. carota (carrot) and the
LP1.0ct20 sample contained Lauraceae family, Helianthus annuus (sunflower), Celtis africana, Xylopia

sp., Bridelia sp. and very low levels (1.5 — 2%) of Pinus roxburghii and Flindersia sp.
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Figure 2. Relative abundance of different plant material found in the gut of stink bugs collected from macadamia farms. Data is based on the trnF and trnL gene regions’ ASV

sequence data.




The three most abundant ASVs in the trnlL region were all assigned to Macadamia sp. (Table S3). Nine
of the 16 ASVs either had no BLAST hit or were identified as stink bug or bacterial contamination. The
trnL data confirmed a Celtis species at the Limpopo 1 farm but this gene region classified it as Celtis
biondii instead of C. africana, yet C. africana is native to South Africa and is most likely the correct
species identification. The trnL region also confirmed the presence of Camellia sinensis in the

MP1.Nov20 sample. In addition, Helianthus annuus was detected in the MP1.Feb21 sample (Fig. 2).

The combined data obtained from the two gene regions thus indicated the following alternative plant
food sources for B. distincta in the Limpopo province: H. annuus, C. africana, Lauraceae family, Xylopia
sp. and Bridelia sp. early in the nut set season. However, only macadamia was detected late in the
season. In Mpumalanga, C. sinensis and H. annuus were prominent food sources early in the nut set
season whereas the Lauraceae family, P. dulcis and D. syrticus were detected in the late nut set season.

H. annuus was the only plant detected in both provinces.

Discussion

In this study we developed and optimised a plant barcoding assay that can detect food content in the
gut of the two-spotted stink bug, B. distincta. A metabarcoding analysis of the two optimal plant
barcode markers (trnL and trnF) could determine the lifetime of plant material in the gut and was also
effective in detecting various plant species from stink bugs collected from macadamia orchards. This
study provides the first indication of alternative food sources of B. distincta, migrating into macadamia

orchards, which can guide integrated pest management strategies for this insect.

Several genes have been used effectively for plant meal detection in insects (Staudacher et al. 2011,
Garcia-Robledo et al. 2013, Cooper et al. 2016), but many of these could not be optimised for B.
distincta. The majority of insect plant meal studies have used trnL, suggesting this is an effective

barcode marker in insects (Avanesyan et al. 2021). However, from the current study, the trnF region
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had a higher PCR success rate and is suggested as the primary marker for plant screening in B. distincta.
The trnF marker has also been used for plant detection in psyllids (Cooper et al. 2019) and the H. halys
stink bug (Hepler et al. 2020) supporting this as a good marker for sap-feeding insects. The
combination of trnL and trnF, however, provided more extensive plant identifications and better
resolution in this study and it is suggested to combine these two markers for future plant meal

detections.

The time trial data suggested that plant material can still be detected in the gut at least 24 hours after
feeding on another plant source. No Z. mays DNA could be detected at three days, but it is likely that
some would still have been present after two days. This provides a good indication for future surveys;
that insects should be collected as soon as possible, between one and two days, after arrival in the
macadamia orchards. The presence of Z. mays DNA after five days in one of the samples, however,
suggests that samples collected later may still provide information of alternative food sources. This
timeline differs from what was found for H. halys, fed on Lima beans and transferred to carrots, where
the bean DNA could still be detected in low amounts between seven and 14 days after transfer (Hepler
et al. 2020). This could be due to the different plant species used for feeding, physiological differences
between the two stink bug species or the use of different sequencing technologies (PacBio vs MiSeq).
Additional studies could also consider tracking the longevity of plant material when no alternative

food source is provided to determine the lifetime of the plant material without feeding.

The metabarcoding assay of the orchard collected samples proved the effectiveness of this method to
identify alternative plant material from the gut of stink bugs arriving in macadamia orchards. The time
of season seems to influence the efficacy of detecting alternative food sources, as the samples
collected early in the nut set season contained a higher abundance and diversity of plant species. The
insects collected later in the season predominantly contained macadamia DNA and were likely locally

breeding populations in the orchard.
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The data obtained from this study provided the first indication to alternative food sources of B.
distincta. One plant species that could be linked to known surrounding vegetation was Camellia
sinensis (tea plant). It was detected in insects from the Mpumalanga 1 farm, where a green tea farm
is located 26 km from this macadamia farm. Although this is not the average flight distance for
stinkbugs, long distance flight capabilities of 70-100 km have been recorded for species such as H.

halys (Lee and Leskey 2015; Wiman et al. 2015).

Some of the plants species detected are known food sources of other stink bug species, such as
almond (Rijal et al. 2021) and sunflower (Lee et al. 2013), or carrot, which is used as a diet for lab
reared H. halys (Medal et al. 2012). Many of the plants detected could also be confirmed from the
surrounding vegetation. In Mpumalanga, almond trees occur on farms in the area, although no
commercial plantations are established. Sunflower is planted commercially in both provinces, and the
one farm in Limpopo also used it as a cover crop to attract pollinators. The Lauraceae family was
detected in both provinces (classification not confirmed to genus level) and various plants from this
family occur in both regions, such as avocado, Cape Laurel and camphor trees. Celtis africana are
common trees in the savanna areas of Limpopo and two native Bridelia tree species (B. micrantha and
B. mollis) occur in this province. The Pinus sequences detected at low levels in Limpopo could also be

supported, since various pine plantations occur in the same area.

Sunflower, one of the prominent plants detected in B. distincta, has been considered as part of a
polyculture trap crop where it was planted around vegetable plots, to reduce the number of H. halys
insects entering and damaging the crops (Gordon et al. 2017, Mathews et al. 2017). The sunflowers
could also serve to attract the insects where they can be killed more locally, reducing the amount of
insecticide used. Although the development of a trap crop strategy needs significant optimization, it

might also hold potential for B. distincta.
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The assay developed in this study can be used in further screening surveys, including more insect
samples and collections over a longer timeframe, to identify the most prominent food sources of B.
distincta. Such a host range database could aid in integrated pest management in various ways. For
example, the tea farm was identified as a potential food source and this farm could serve as a site for
early pest control. Alternatively, the prominent plant species can be tested for efficacy as a trap crop.
In addition, as seen for psyllid insects, this information can provide a better understanding of the

landscape-level movements of this insect (Cooper et al. 2019) and of its biology and ecology.
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