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Experimental phytoplasma transmissions by insects

D. Bosco and R. Tedeschi
DIVAPRA - Entomologia e Zoologia applicate al’Ambiente “Carlo Vidano”, Universita degli Studi di Torino
Grugliasco (TO), Italy

Summary

Phytoplasmas are transmitted in a persistent pedpa&gmanner by phloem-feeding vectors
belonging to the order Hemiptera, suborder Homapteollowing acquisition from the infected
source plant, there is a latent period before #wtor can transmit, so transmission assays casfsist
three basic steps: acquisition, latency and indicuiaMore than ninety vector species (plant-,
leafhoppers and psyllids) have been discoveredrsout many others are still undiscovered, and
their role in spreading economically important ctigeases is neglected. Therefore, screening for
vectors is an essential step in developing ratiooatrol strategies for phytoplasma-associated
diseases, targeted against the actual vectoraméhe detection of a phytoplasma in an insect does
not imply that the insect is a vector; a transmississay is required to provide conclusive evidence
Transmission experiments can be carried out usisgcts from phytoplasma-free laboratory
colonies or field-collected. Moreover, transmissamsays can be performed by feeding vectors on
an artificial diet through Parafilfy then phytoplasmas can be detected in the sufgeding

medium by PCR. Transmission trials involve the afsdifferent techniques according to the
biology of the different vector species, planthagp&afhoppers and psyllids.

1. Introduction

Phytoplasmas are phloem-limited pathogens assdomth a huge number
of diseases in both cultivated and wild plantsnéiture phytoplasmas are
transmitted by insect vectors in a persistent, @gapive manner. The insects
acquire phytoplasmas feeding on an infected pladttlaen transmit them to
a healthy plant after a latent period, during whibh phytoplasma move
through and multiplies in the vector body. The giseften remain infective
for the entire lifespan.

Since phytoplasmas are phloem-limited their vectoetonging to the order
Hemiptera, are phloem feeders. Most of phytoplasawors are confined
into three main taxonomic groups: leafhoppers (Aunchrhyncha:
Cicadellidae), planthoppers (Auchenorrhyncha: HRuagwrpha) and
psyllids (Sternorrhyncha: Psyllidae).

Even though phytoplasmas can be experimentallystnitted by grafting,
by dodder {), and in at least one case by root bridg8y (nsect
transmission is by far the most important manneploftoplasma spread
under field and natural conditions.

Seed transmission of phytoplasmas has been repdated although
phytoplasma DNA can be detected in embryos, tregsiyet no evidence
that the pathogen is seed transmitted throughetaé¢ledling to cause disease
in progeny palms3).

Vector insects can be polyphagous, oligophagoustrastly monophagous
according to their ability to feed and reproducensany, few or one host
plant, respectively. Similarly, phytoplasmas may deneralists, infecting
several different plant species, or specialist®gcting one or a few related



plant species. As a consequence, a generalist glhgtna can be
transmitted by several vector species. Plant-gfistphytoplasmas can be
transmitted by a narrow range of vector specidsya specific vector4).
When screening for phytoplasma vectors, PCR asehyfgeld-collected
insects may provide indications on the possible afl a given species in
transmitting phytoplasmas. However, since phytopkss may be acquired
but not injected with feeding), the mere detection of a phytoplasma in an
insect does not imply that the insect is a vedta;transmission assay is the
final evidence needed.

Transmission experiments are mandatory to i) ifientiew vectors ii)
describe the transmission characteristics, suclramsmission efficiency,
duration of acquisition, incubation and inoculatiperiods iii) understand
the epidemiology of a phytoplasma disease (is teetov feeding and
breeding on the infected crop or is it a visitingact that erratically transfer
the phytoplasma from a weed or a natural reselintar a crop species?).
Even though nearly 100 phytoplasma vector specée® lbeen listed by
Weintraub and Beanlan®)( many of them are still undiscovered and their
role in spreading economically important diseaseteglected.

The present chapter aims to provide the technidatmation necessary to
perform transmission trials using leaf- and plaopirers as well as psyllids.
First, the basic techniques for vector rearingdmscribed, then methods for
transmission experiments using laboratory-rearetieta-collected insects
are described. Finally, techniques used to asdegegasma transovarial
transmission in the vector are presented. The rdiite techniques are
discussed for leaf- plant-hoppers and psyllidshm light of their different
biology.

2 Transmission of phytoplasmas by insects

Phytoplasmas are transmitted by insect vectors jreraistent, propagative
manner. Only selected species can act as vectarshentransmission of
phytoplasmas by insects certainly involves, at sdvkevels, elements of
host-pathogen specificityl).

Following acquisition from the infected source plahere is a latent period
before the vector can transmit, so transmissioraygssonsist of three
fundamental steps: acquisition, latency and indmna

During the acquisition phase the insect vector stgg@hytoplasma particles
feeding on an infected plant. Acquisition can bettmal’, when insects
collected in the field, thus naturally infectede arsed in transmission trials,
or “controlled” when healthy putative vectors aeged on infected plants. In
this latter case the period of time given to thsests to acquire the
phytoplasma is called Acquisition Access Period BAAUsually AAP lasts
from a few to several days to ensure a high adgumsefficiency. Even if few
hours are enough for some species to acquire aplagma [, 8, author’s
unpublished results), when the optimal AAP is unknplong acquisition
times should provide maximum efficiency.

The latency period (LP), also called “incubatiomipd’, is the time interval
between acquisition and the beginning of infecfiviburing this phase the
phytoplasmas invade the insect batlythe haemolymph, multiply and reach
the salivary glands. LP varies from 12 days to wekr a month depending
on the insect species, phytoplasma strain/speci@sahbiotic factors such as



temperature). During this phase, the insects should be reared suitable

plant to ensure the highest survival rate.

Once LP is completed, the insects inject the pHg®wpas directly into the

sieve tubes of a healthy plant. Therefore putateetors should be isolated,
individually or in batches, onto healthy plants #&3sess phytoplasma
transmission. The period of time given to the puéavector to transmit the
phytoplasma is called Inoculation Access PeriodPjlLAFew hours can be
sufficient to transmit the pathogen, but longeresmcan provide higher
transmission efficiencies.

Based on the procedure, we can distinguish i) obatt transmission

experiments (in which all the steps are carriedunater controlled conditions
in climatic chambers or greenhouses) ii) transmisgixperiments with field-

collected insects (in which only the inoculatiorestis carried out under
controlled conditions)

3 Controlled transmission experiments

Materials

>
>

VVVYY

phytoplasma-free insect vector colony

phytoplasma-infected source plants (source plaamsbe obtained by
graft inoculation from diseased to healthy material a previous
insect transmission, or by micropropagation of ppiasma-diseased
shoot cultures9).

potted seedlings of test plants

climatic chambers or greenhouse or screenhouse

rearing cages (plexiglas and/or net cages) (Fige BA

insect aspirator

insecticides

Methods

» The availability of a laboratory colony of the vecdepends mainly

on the biology of the insect. Most of the leafhappectors (family
Cicadellidae) are relatively easy to grow undertcaied conditions
since they breed continuously (multivoltine) or ena year
(monovoltine) on one (monophagous), few (oligophegoor many
(polyphagous) host plants. Planthoppers are muate miidficult to
rear since nymphs are root feed#d)( In this case the rearing cage
must include the soil with the roots of the hostni$ and attention
must be paid to the disturbance or predation bgroginthropods in
the soil (e.g. ants) and to the watering of potdahts to avoid
drowning of nymphs. The rearing technique has lokstribed for
the planthopperHyalesthes obsoletugll). Some psyllids (e.g.
Cacopsyllaspp.) are migrating insects that lay eggs andidpvan a
host plant and then migrate to shelter plants festigation and
overwintering. In this latter case, even though, tireory, the
complex cycle can be reproduced under controlleditions, in the
practice permanent rearings of these species arfeasible. In some



cases, e.g. leafhoppers laying eggs on woody hibssspossible to
collect branches with eggs in the field, let themn hatch under
controlled conditions, and establish an annuaimgaForS. titanus
the vector of Flavescence dorée, grapevine branefibseggs are
collected in winter and stored in a fridge untieded (eggs are vital
after some month storage); newly hatched nymphs deegrapevine
or broad bean plants and can be further used #orstnission
experiments. In our experience, broad bean plaetsnare suitable
than grape, even though both plant species carsda (together or
alternatively). As an optior. titanusnymphs can be easily reared
in small batches in cylindrical plastic boxes (1 beight, 5 cm
diameter), the top covered with a net and contgiai 1-cm layer of
technical agar solution (8%) on which a disk ofpgnane leaf is laid
and replaced twice a week?). This system may avoid the use of
plants when a limited number of individuals aredesk

» A laboratory colony of an insect vector can bealelsshed on a
suitable host plant on which a multivoltine veataaly breed several
times per year. Basically we can describe two lohdontinuous
rearings: mixed-age rearing and age-structuredngeain a mixed-
age rearing a number of insects of all stages faedl breed on
several plants. New plants are provided as sodheasld ones are
ageing and dying and, when the insect populatiorios high,
exceeding insects must be removed to ensure thatsptan carry
the population. When needed, nymphs are taken frmrcage for
transmission experiments. An age-structured reacomgsists of an
oviposition chamber where a number of females (togewith
males) lay eggs on host plants for a short periiam( few days to
one week). After the oviposition, host plants aved to new cages
where the eggs complete their embryonic developraedtgive rise
to the nymphs. Each cage contains plants exposeaVipmsiting
females at the same time and therefore all the hgmpre
approximately of the same age. With this rearinigt ®f coetaneous
nymphs can be conveniently used in transmissioneraxgents.
When dealing with monovoltine species with an dikgdiapause
(generally in the egg stage), continuous rearingoisfeasible. For
these latter the natural life cycle can be repreduender controlled
conditions or the insects can be obtained as itbescabove foiS.
titanus

» Before starting the transmission experiments, aemgar analysis
(PCR) should be done to ascertain the presencaytbplasmas in
the source plants

>A number of nymphs (preferably®®" instar nymphs) from the
phytoplasma-free colony are caged onto source ptarfeed for the
AAP. The use of nymphs instead of adults is adWsatince
transmission of phytoplasmas requires that a veigtilong latent
period is completed in the insects before theytcamsmit. The use
of adults will result in a high mortality beforeettiatent period will
be completed. On the other hantf,ahd 2% instar nymphs are very
small and delicate, so the manipulation of oldanplgs is advisable.
For Flavescence dorée phytoplasma (FD) it has beeorted that



newly hatched nymphs fail to acquire the phytopsrtom grape
because their short stylets don’t reach the phl¢E8p AAP may

last from one to several days according to theability of the

source plant for the vector insect (if the sourt@pis a good host
plant for the vector, longer AAPs result in highacquisition

efficiencies; if the source plant is a poor hosttfte insect longer
AAPs result in high mortality and shorter AAPs aieeded). AAP
shorter than one day are not advisable since theyresult in very
low acquisition efficiency. AAP may take place ig@enhouse or in
a climatic chamber and nymphs can be caged on bumewplant/s
when using small potted plants as a source; aligaha AAP may

take place in the field inside net cages isolaingingle branch of
the source plant

»Insects (nymphs and adults) surviving the AAP aamdferred onto
suitable host plants to complete latent period (LP)

» At the end of the LP insects should be caged aitthetest plants for
an inoculation access period (IAP). Insects careitieer caged in
large groups on a number of test plants insidesaiglas and nylon
cage or a net cage, or caged singly or in smalugso(e.g. 3-5
insects) on individual plants inside small cagdsese can be glass
or plexiglas cylinders, topped with insect-proofsn@-ig. 1C and D)
or net cages isolating a single branch of a larggr plant (Fig. 1E).
The duration of the IAP may vary and, as a genetal longer IAPs
result in higher transmission rates. As stated\#P, if the test plant
is a poor host for the insect, longer IAPs resuligh mortality and
shorter IAPs are needed to avoid high mortalitywéitheless, if one
wishes to maximize transmission efficiency, thetvemsects can be
maintained on the same test plant/s until deatbc&asive transfers
of infectious insects on different test plants nadlpw to obtain a
high number of infected plants, provided that theis completed.
Few test plants should be exposed to healthy imsgicthe same
species (from the lab-reared colony) as a negatorgrol. These
plants, representing the healthy control, willoatdlow a reliable
and comparative evaluation of the symptoms expasby test
plants exposed to infectious insects. To study qpigsma
movement in the plant, vectors can be caged orstaated site of
the foliage (e.g. apical or basal leaves). To achihis, test plants
can be covered with aluminium foil except for onefew apical or
basal leavesld). Alternatively, vectors can be caged on a sitegpd

using clip-cageslb) (Fig. 1F).

» In order to define the actual length of the LPdem given
environmental, after the AAP, the insects should dmially
transferred, singly or in groups, to test plants doccessive one or
few day IAPs. The shorter the successive IAPsntbee precise is
the estimation of the LP duration.

» At the end of the IAP, plants must be freed frosents, sprayed with
insecticide and maintained in a greenhouse or tikcn@amber to
develop phytoplasma symptoms. If test plants amgeeted to be
used as a source plants in new transmission exgetinge.g. for the



routine maintenance of a phytoplasma strain in ldig), non

persistent insecticides (e.g. dichlorvos) must bepliad or

insecticide application should be avoided. Insestsoved from test
plants can be tested by PCR for phytoplasma presémenediately
or after storage in pure ethanol or at -20°C. Ia Way a correlation
between acquisition and transmission efficiency t&nobtained
(number of phytoplasma-positiws number of infective insects).

» After a variable time lapse from the inoculatiogesttplants should be

analysed by PCR to check for the presence of pkagopas. When
dealing with routine transmission of a phytoplasomtest plants
that develop clear symptom of infection, detectidrphytoplasmas
is not needed. Test plants may become infected dexklop
symptoms at variable time post inoculation. Herbase hosts
generally develop symptoms between 10 days andraaths post
inoculation and therefore should be checked by RCRiese time
points, while for perennials, plants should be kafpteast for one
year post inoculation and then analysed by PCR. R&fays are
sensitive enough to reveal infection also before shmptoms are
shown; in our experience, an aster yellows phy®pa was
detectable in daisy plants as soon as 4 days postlation while
symptoms were manifested only from 12 days onwélds

4 Transmission experiments with field-collected insects

Materials

» sweeping net or beating tray

» potted seedlings of test plants

» climatic chambers or greenhouse or screenhouse

» rearing cages (plexiglas and/or net cages)

» insect aspirator

» insecticides

Methods

» a number of adults are collected in or around pghlgsma-infected
fields using a sweeping net or a D-Vac equipmerantp and
leafhoppers) or a beating tray (psyllids)

» field-collected insects are caged on test plantdessribed above. A
long IAP is advisable (e.g. weeks or until inseeatth) since it is not
known if infected insects from the field alreadymueted the LP

» further steps in the transmission experiment agesdme as described

above

Transmission experiments with field-collected insemay provide
evidence that the insect is actually a vector efghytoplasma but do
not provide evidence of the nature of the sour@ntpbhnd of the
duration of the LP.



5 Transmissions to artificial feeding medium

Transmission experiments are generally performedcaging infectious
insects onto susceptible test plants. Howeveressucking insects can also
feed through membranes, it can sometimes be usefakt vector ability on
artificial media. This can be particularly usefuhen i) available test plants
are poor hosts for the potential vector ii) a higimber of insects, e.g. field
collected insects, have to be tested for the ildectte under field conditions
iii) screening for unknown vectors and thereforstimants are not known. In
this latter case a lot of insects can be easilgdeavoiding the production of
a huge number of plants that must be maintainedafdong period in
greenhouse for disease development. Moreover, &ketor feeding, the
medium can be immediately analysed by PCR for pilgtmna detection and
long incubation times in the plant are avoided. uadly, a number of
phytoplasma transmission tests have been perfoonettificial media 16,
17, 18, 19, 20, 21, 4) using plant- and leafhoppers. Even though ongy th
successful transmission to the plant is the finadence of the vector ability,
transmissions to artificial feeding media may help determining
transmission capability. Due to the “artificial g31%”, quantitative data from
transmission experiments should be interpreted wthution since
transmission capability/efficiency may be eithere@stimated (host plant
may be partly tolerant and only some inoculatiorergs may result in
transmission while feeding media may contain phigema cells injected
with saliva that provide positive results in PCRa&) or underestimated
(since the artificial feeding medium does not suppphytoplasma
multiplication, phytoplasmas are present in thet diea low number, are
rapidly degraded and feeding media may provide thegaesults in PCR
assays).

Materials
» insect feeding media, e.g.
a) 5% sucrose in TE (10 mM Tris, pH 8.0, 1 mM EDTASY
b) 10% sucrose, 0.2% fructose, 0.375%1R0O,, 0.028% MgC{, pH
7.5
» microcentrifuge tubes or cup feeding chambers
> Parafiln membrane

Methods
» The feeding chamber is prepared by

)] filling the lid of a microcentrifuge tube with 2Q0 of feeding
medium and closing the lid with parafiim. The baott@f the
tube is then cut, an insect is isolated insidentierocentrifuge
tube, then closed with a small cotton wool balg(AiG)

i) stretching a first parafilm sheet on the top oflaspc cup,
adding feeding medium on the parafilm and closinthva
second parafilm sheet (we use a 45 mm diameter folgxs
with 800-1000 ul of diet). Some leafhoppers aréaieadl inside
the cup (we generally cage 5 leafhoppers per dupugh a
hole, that is then closed with a small cotton wball (Fig.
1H). Tubes and cups should be maintained with #pefacing
a light source to attract the insects to the fegpdiedium.



Besides feeding, leafhoppers also lay eggs throgtParafiln? into
the feeding medium.

» At the end of the inoculation period, the feedingdmm is collected
with a pipette and a DNA extraction procedure isried out that
avoid the presence of the sugar in the templat @R

» Phytoplasma cells are pelleted out of the feediotution by
centrifugation at 12,000 g for 15 min. Genomic Di¢Aextracted by
adding 10 ul of 0.5 M NaOH, followed by the additiof 20 pul of 1M
Tris-HCI (pH 8.0) containing 1% sodium dodecyl sitdf and 20mM
EDTA. The mixture is then incubated at 65°C form, precipitated
with 2 volumes of ethanol, redissolved in 30 uiT&, and kept at -
80°C (18). The amounts of reagents are detailed for 2Qff pftificial
diet and should be adjusted accordingly when usigher amounts of
diets (e.g. in the cups).

» 2 pl of the extract are used as a template in dP&R, then followed
by a nested PCR

Several different liquid diets of different compiigx have been
proposed for leafhoppers but, for most of the warikh vector
transmission of phytoplasmas a simple feeding ®wlutbuffered
sucrose, can be conveniently us@)( It is also possible to feed
insect vectors on a solid diet, consisting of sbéd acqueous
solution of 5% sucrose and 4% low-melt agarose pedpwith
Parafiln? (23), but then a protocol for the isolation of phytsrhal
DNA from this medium must be experienced.

For some sap-sucking insects, Teflon membranes puaitbs of about
1 um have been used instead of Paréfilmith good results4). So
far, for phytoplasma vectors the use of these Tefloydrophobic
membranes have not been reported, and prelimiresylts obtained
in our laboratory seems to indicate that leafhopjgen’t feed through
these membranes. This is maybe due to the sizeeopdres, 1 pum,
that are too small for the insertion of the styld®embranes with
larger pores produce liquid diet leaking througle thores and
therefore are not suitable.

6 Evaluation of transmission experiment results

Results of the transmission experiments are basedeoevaluation of
the symptoms developed by the test plants expas#tetinoculation
by the vectors and/or by PCR assay of the testiplandetect the
phytoplasmas. When dealing with transmission erpemis through
Parafiln into the artificial diet, PCR assay (generallytedsPCR to
increase sensitivity) is obviously mandatory toieeé transmission
results.

When transmission trials are carried out using gsoof insects, the
actual proportion of infectious insects can benested using the
maximum likelihood estimator of p, p* = 1 “©Owhere Q is the
observed fraction of non-infected plants and henumber of insects



per plant, assuming that the vectors acted indepelyd 25).
Obviously, the smaller the groups and more presighe estimation.
Group-transmission experiments allow to convenjemgist a large
number of field-collected vectors, without losimgarmation on their
infectivity rate.

7 Transovarial transmission experiments

The transovarial transmission has been proved Her leafhopper
Matsumuratettix hiroglyphicysvector of the sugarcane white leaf
phytoplasma 46) and forC. pruni as a vector of Ca. Phytoplasma
prunorum” @7). For other phytoplasma-vector associations ohé t
presence of phytoplasma cells or DNA in the progehieafhoppers
fed on phytoplasma-infected plants has been pro@3s] 29).
Transovarial transmission trials can be carried with either field
collected or phytoplasma-free insect vector frobotatory colonies.

Materials

sweeping net or beating tray

potted seedlings of test plants
phytoplasma-infected source plants

climatic chambers or greenhouse or screenhouse
rearing cages (plexiglas and/or net cages)

insect aspirator

insecticides

VVVYVYVY

Methods

» for vectors from laboratory colonies, nymphs sholoid first
caged onto source plants for the AAP and then raiaied on
the same or different plants until emergence

» one virgin female together with one or more malefs
individual mated females are isolated on pottedlg®ggs of a
phytoplasma-immune plant species for mating and/or
oviposition. When dealing with a monophagous ingleat can
not be reared on an alternative immune host, iltflestadults
can be caged on twigs (Fig. 11) of the susceptidat species
but, after the oviposition, twigs hosting the egge moved
into cages with healthy potted seedlings to alleveiopment
of the nymphs, thus avoiding acquisition through phant 27)

» after laying a sufficient number of eggs, the aglale removed
and females tested by PCR for phytoplasma pres@ndg.the
eggs laid by infected females are considered fahéun steps

» at different times after oviposition, some eggsmpiis and
newly emerged adults are sampled and tested by HOGR
phytoplasmas

» the remaining adults are caged onto healthy patesdilings



for transmission trials. At the end of the IAP #le adults
should be tested for phytoplasma presence

» after a variable time lapse from the IAP, test ashould be
observed for symptoms and analysed by PCR to clwedke
presence of phytoplasmas.

To assess the presence of phytoplasmas eggs, nyamphsewly emerged adults can be tested
singly or in batches. For eggs, that may repreagydor DNA target, batches are more feasible or,
alternatively, single eggs can be tested by PCRdtih phytoplasma and an internal insect control
gene, to avoid false negative resul8)( The presence of the phytoplasmas in all theestag

originating from the same infected female providgglence of phytoplasma DNA inheritance to

the progeny, while successful transmissions bypitogeny adults is the final evidence of the

vertical infectivity transmission.

8 Conclusions

This chapter describes the most common technigseg for phytoplasma
transmission by vector insects. Since the merectleteof a phytoplasma in
an insect does not imply that the insect is a vethe transmission assay is
required to provide conclusive evidence.

Basically, three different types of transmissionpements have been
described: a) completely controlled transmissionswhich AAP, LP and
IAP are carried out under controlled conditiongrajpsmissions with field-
collected insects, in which only IAP is carried ounder controlled
conditions c) transmission to artificial diet thgsuParafilnf, in which test
plant is replaced by a sucrose feeding medium.€eFtopn fully controlled
transmission experiments the establishment of éoplasma-free colony of
the vector is mandatory.

Besides phytoplasma transmission experiments totglalso transovarial
transmission experiments to the progeny have bescrithed.

Transmission experiments provide information omgraission capability
and efficiency, duration of acquisition, latencydamoculation periods.
Molecular detection of phytoplasmas in the sourue t@st plants as well in
the insects used in the transmission experimentyery useful and
sometimes essential to achieve reliable resul@nsiission trials involve
the use of different techniques according to thaolgy of the different
vector species, planthoppers, leafhoppers andigsyls a general rule,
monoic, multivoltine, polyphagous, leaf feeding togs are easier to
manipulate in transmission experiments; unfortugaseveral vectors are
migrating and/or monovoltine and/or monophagous /@ndaoot-feeder
insects and transmission experiments must be ati@gtordingly to these
characteristics.

For some phytoplasma species/strains, vectors maivieeen discovered yet
and for many others it is likely that many morea@es than actually known
act as a vector. For these reasons, many moranissien experiments are
needed to identify new vectors, describe the epiolegy of phytoplasma



diseases and design rational control strategies.
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Fo. 1. {a, b Plastic and net capes for vectar reaning ic): net cage solating a single branch for phytoplasma acquisition in
the field (d, a): glass cyfindrical cages for phytoplasma inoculation in the laboratory {f): net cage isolating a single branch
of a test plant for phyioplasma inoculation in the laborztory {g): clip cage (h, i microcentrifuge tube cage for phyioplasma
inoculafion to feeding medium with a single insect ) cup-like cage for phyloplasma inoculation fo feeding mediam with
insect groups (K): glass tube with an apple twig for egg faying in transovarial experiments.



