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ABSTRACT

The present case report communicates a pilot approach to managing a white grub infestation in
a productive, 1-acre (4 stremma), strawberry var. Fortuna greenhouse, where a severe collapse
of young seedlings was reported. In this work, the damage caused by Melolontha sp. larvae was
monitored for the whole area of the greenhouse (~20,000 plants). Monitoring included detection
and recording of the number of affected plants, i.e plants in which a partial or complete absence
of the root system upon where the specific larvae were feeding was observed. Other symptoms
recorded included smaller plant size, reduced production and complete wilting. A series of non-
chemical insecticide formulations (mainly entomopathogenic fungi and entomopathogenic
nematodes) were applied alone or in different combinations, in order to test and assess their
effectivity against this significant problem. At completion of the cultivation/experimentation
period, a 12 ton/acre final production was estimated by the producer, which is considered
satisfactory.
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reported for many European countries, and
this has led to significant economic losses,
especially when the larvae of the pest are in
the last instar stage (Dolci et al. 2006;
Labanowska and Bednarek 2005; Malusa et
al, 2020; Nageleisen et al. 2015).

Introduction

The common name “white grub” refers to
the larvae of Melolontha spp., a coleopteran
genus of the family Scarabaeidae,
subfamily Melolonthinae (Freude et al,
1969). To date, some 62 Melolontha species
have been recorded worldwide, six of White grub infestation symptoms

Symptoms — Current control approaches

which are found in Europe, with four
having been recorded from Greece, i.e. M.
albida, M. melolontha, M. pectoralis and
M. taygetana (Fauna Europea, 2022;
Catalogue of Life, 2022).

During the recent years, there is a
notable increase in the presence of white
grub in nurseries and horticultural crops,
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include leaf damage induced by direct
feeding of adults, and wilting, chlorosis and
necrosis due to the feeding activity of larvae
on the roots. Occasionally, fruit lesions may
be recorded. The attack of the root system
by the soil-dwelling larvae may be decisive
at high or widespread infestations that cause
total necrosis of the affected plants.
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Unfortunately, the treatment of white
grubs is an intractable problem due to the
biology of the species, extended life span,
soil inhabiting behavior and low possibility
of controlling the adults by leaf insecticide
applications, while for many crops, such as
strawberry, a very important culture for the
Prefecture of Achaia, Greece, there are no
licensed insecticides for soil applications.

Historically, during the pre-industrial
era, Melolontha adults were collected by
hand to be subsequently used as animal feed
or even for human consumption in some
areas. Later, as economic damage and need
for food availability escalated, the
application of synthetic insecticides
provided sufficient control. However today,
the European regime for the sustainable use
of pesticides (Directive 2009/128/EC), and
the implementation of European Union
legal provisions and the Green Deal plan,
the reduction of pesticide applications is
imperative so the use of insecticides in
agriculture, forces us to curtail such
interventions.

Entomopathogenic nematodes

Entomopathogenic nematodes have
repeatedly been reported for their ability to
efficiently kill several species of insect
larvae and actively disperse in the soil,
although the effectiveness of most species
against white grub larvae is reported as
quite low (Gerritsen et al., 1998). Also,
although the species Heterorhabditis
bacteriophora has delivered positive results
against  Melolontha, Peters  (2000)
postulated that this method is not
economically advantageous. On the other
hand, H. bacteriophora application could
reduce the population of white grubs by up
to 65%, at the rate of 1,000.000 infective
juveniles (1Js) per m? (Berner & Schnetter,
2001).

So far, Steinernema glaseri has given
the most promising results against white
grub larvae, while Peters (2004) stated that
laboratory tests with S. scarabaei produced
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very promising results, however, the
problem with the latter is that mass
breeding has been proved unsuccessful
(Huiting et al, 2006).

Entomopathogenic fungi

Beauveria brongniartii is considered the
main natural enemy of white grubs (Keller,
2000). This fungus has the ability to infect
all life stages of the insect. Two methods of
application of these fungal species have
been developed to control white grub
larvae: 1) spray application against adults
with  fungal blastospores, that are
transferred by the insects to their breeding
areas, thus infecting other members of the
population and 2) soil application of barley
seeds colonized by the fungus.

Survival and spread of B. brongniartii
requires certain conditions to be met, such
as the prevalence of wet conditions, which
is not always possible, while the application
must be performed at a depth of about five
centimeters, to avoid the inactivation of the
pathogen by UV radiation (Meinert et al.,
2001). Strasser (2004) also states that an
immediate effect on the insect is not
expected, but unlike chemicals whose
action weakens over time, the activity of the
fungus increases, even more as the insect
population increases. The same researcher
claims that this specific fungus affects all
life stages of the insect and for an interval
of three to four generations.

Other non-chemical methods

Meinert et al. (2001) tested the application
of an insecticide with the active substance
plant-derived azadirachtin, with spray
applications at the dose of 3l/ha, during
which an infestation reduction was
observed, possibly due to feeding cessation,
while Hummel & Kleeberg (2004) found
100% mortality after 9 days, under
laboratory conditions. They also report that
this particular insecticide caused a
reduction in egg production from 14.9 to
3.9 per female and a reduction in the
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percentage of hatchable eggs from 53 to
15%.

Furthermore, Huiting et al (2006)
reported that Bacillus thuringiensis and B.
popiliae could be effective against
Melolontha larvae, but so far, these
bacterial species have not been extensively
tested against this insect and, thus, no
successful efficacy has been reported.

Chemical application against
Melolontha larvae

One crucial characteristic for the control of
white grub larvae is that they complete the
larval stage of their biological cycle
underground and move up and down in the
soil during their development. Due to this,
their treatment by chemical means becomes
almost impossible. Nevertheless, there are
several reports regarding the successful
treatment  with  chlorpyrifos, albeit
controversial. Additionally, several
chemical methods have also been applied in
combination with non-chemical
applications, such as thiamethoxam or
acetamiprid and subsequent soil cultivation
before strawberry planting, that controlled
white grub almost by 80% (Labanowska et
al., 2003).

The Case Report

A few years ago, in the forest of Strofylia,
Prefecture of Achaia, Greece, adults of

-
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FIG 1.: Cut off root system of white grub infested strawberry plants.

white grub were being observed, though
there was no report on the specific species.
Their presence gradually began to spread
and now the problem is dispersed
throughout the area of Manolada, an area
traditionally dedicated to the cultivation of
strawberries, and worldwide known as most
produce is exported, thus local producers
make their living dependent on this culture.

In November 2019, in a productive one-
acre greenhouse, where the strawberry
variety Fortuna was planted, a scattered
plant collapse was recorded, for which a
cultivation autopsy confirmed the presence
of white grub larvae (Figs 1-4).

As aforementioned, there are no
approved insecticides for soil applications
for the control of this particular crop-pest
combination (Greek Ministry of Rural
Development and Foods,
http://www.minagric.gr/syspest/).

Therefore, in an effort to "rescue” the
annual yield of the producer, we started to
monitor the crop (initiation date
19/11/2019) by recording the number of
infested plants.  More  specifically,
collapsing plants were being uprooted and
when the root system appeared cut off, the
soil around the plant rhizosphere was
thoroughly scrutinized for the presence of
larvae. When larvae were retrieved, the
plant was reported as infested.

-
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The Pilot Implementation

As the situation appeared alarming, with the
number of infested plants being considered
as crucial by the producer, a pilot biological
control schedule was designed, using
various biological agents in the form of
approved plant protection products.
Application of the agents was performed on
29/11/2019. The applied products were:

Nemabac and Nemafelt (Bio-insecta GR),
containing Heterorhabditis
bacteriophora and Steinernema feltiae
respectively)

Botaniguard 10,7SC (KNE Certis GR),
containing Beauveria bassiana strain
GHA 10,735%)

Metarhizium anisopliae var anisopliae
strain F52 (Met52), containing M.
anisopliae var anisopliae strain F52)

Biorend R1 (Bio-insecta GR), containing
chitosan 1,88%.

Application rates were according to
manufacturer’s instructions: 500mi/acre,
500mi/acre, 150ml/1001t, 125ml/acre ot
400ml/acre respectively). The products
were applied singly or in combinations, as
follows:

1. Botaniguard

2. Botaniguard + Metarhizium anisopliae

3. Botaniguard + Metarhizium anisopliae
+ Chitosan

4. Botaniguard + Metarhizium anisopliae

+ Nemabac + Nemafelt + Chitosan

Nemabac + Nemafelt + Chitosan

Botaniguard + Chitosan

Metarhizium anisopliae + Chitosan

8. Metarhizium anisopliae

Noa

Recording of infested plants was carried out
at regular intervals until February 2020,
when high levels of rainfall ceased to allow
it, and finally stopped completely due to the
measures imposed by the COVID-19
pandemic regulations in March 2020.

from the rhizosphere soil.

FIG. 2: Cut off root system of white grub infested pI, and isolated hite grub larva
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In all above applications, an impressive
reduction in the number of infested plants
was observed, which was maintained until
the last recording. The timing of this
reduction (ca 1 month after application) is
in accordance with scientific data, since
entomopathogenic agents do not cause a
knock down effect of insect populations but
require some time for their establishment
and action. The reduction of white grub
population is caused due to the action of the
applied products but also to the decrease of
ambient temperature during the specific
time period. Unfortunately, the lack of
recordings from February 2020 onwards,
does not serve to draw absolute
conclusions. However, it is interesting that
the final yield of 3 tons/ha that was
estimated by the producer, was completely
satisfactory based on the history of the crop.
In addition, coming May 2020, no adult
flights were recorded.

FIG.3: White grub larvae of various instar stages retrieved for the soil rhizosphere o

symptomatic strawberry plants.

www.entsoc.gr

Results

After the end of the cultivation period,
the greenhouse was treated with soil
solarization for two months (July and
August 2020), using black polyethylene
sheets. The following year, a new
strawberry plantation was established in the
same greenhouse, during which period no
presence of white grubs was reported, even
after thorough soil and plant monitoring.
Subsequently, soil solarization is applied
annually and no white grub recurrence has
been observed.

The results of the present study show a
tendency to regulate the problem of white
grub infestation and crop losses, although
there is a need for further investigation
regarding the doses, frequency of
application and form of the aforementioned
biological factors.

sl : ¥
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FIG. 4: Part of the strawberry (var. Fortuna) greenhouse where the pilot study was performed.
The rightmost plant row shows severity of infestation.
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Ava@opa mepinTmong TEPURATIKNG oLy EipLons unAorovong
(Melolontha sp.) o€ Ogppoknmokny KeAMEPYELX PPAOVIAS NE
1PNON PLOAOYIKOV TOPAYOVTMV KOl AOOTOAVNAVOT)

E. KAPANAXTAXHY, I'. KOYTPOYMANHZX! A. X“TAYPOYAIAX!
KAI K. KONETANTAKOIIOYAOX?

Epyactipio dvtompootasiog, Tunua ewmoviag, HMoavemotiuio Hatpov, Mecoldyyr, 30200
2Tewmdvog, Ioiotng, Kdrw Ayaio

IHEPIAHYH

Ymv mapovoa gpyocsio mapakorovdnnke n (b mopaywykod Oeppoknmiov EpaovANG,
mowiAiog Fortuna, tecodpov otpeppdtov, yio to omoio tov Noéufpio 2019 eixe dwumotmOet
napovoio mpovopedv Melolontha sp. H mapakolovOnon Eexivnoe otig 19/11/19 won
KOTaypagoviov 1o mAnBog mpooPefAnuéveov utdv (Topatnpodviay amokomy tov piikon
GLGTNUATOG GTO VYOG TNG Kopmdvag kKot 1 mpocPorn emPePfarovotov pe v aviyvevon
TPOVOUPDOV TOV €id0vg oV Tepoyn ™G ploceaipog). Ia 10 cvykekpyévo cLVILAGUO
KaAMEPYELOG-EXOPOV, OEV VTAPYOLV EYKEKPIUEVO EVTOUOKTOVO Yo EQUPUOYEG EOGPOVG.
Yovendc, o€ o wpoomdbeln «Olo®ONGY NG MOPUYOYNS, €papudéoTKay  ProAoyikol
TOPAYOVTEG G LOPOT EYKEKPIUEVOV CKEVUCLATMOV OV EKTIUAONKAY ®G TPOG TN dvvaTdTNTA
OTTOTEAEGLOTIKNG XPNONG TOVG Y1 TO dedOUEVO TPOPANLa. XPNGOTOONKAY TO GKEVAGLLOTO
Nemabac3, Nemafelt3, Biorend R3, Botaniguard 10,7SC4 xoi Metarhizium anisopliae var
anisopliae strain F525 og §60¢e1g ovppva e Tig 001yieg TV mapackevactd@v oik@v 500mi/otp.,
500mi/otp., 400ml/otp., 150ml/1001t kor 125ml/otp. aviictoya. Ot gpappoyés €ywov oe
dtpopovg cuvdvacuovs, otig 29/11/19, ondte mopatnpndnke paydaio Kot emkivovvn adEnon
0V apBuol tov mpocPefAnuéveov eutdv. Ot KOTOYPUQPEG TPOYLATOTOWOVVIOY OVEL TOKTA
ypovikd daotipata péxpt tov efpovdpro 2020 mov To VYNAEG PPOYOTTMOGELG EMAWOV VO TO
EMUTPEMOVY, EVD TEMKO OTAUATNOOY TANPAOG, AOY® EMPBOANG TOV EKTAKTOV HETPOV Y10, TNV
nmavonuic COVID-19, tov Mdaptio. e 0Aeg Tig eQopproyéc mapatnpnionke peydin peioon tov
mA0ovg TpocPefAnuévav eutdv, n omoio dtatnpnnke péypt Kot Ty tehevtaio Kotaypoen. H
YPOVIKN ToToBETNON QVTAG TG HElONG ival GOUQ®VY LE TO GYETIKO EMIGTNHOVIKG ded0uEVa,
aeoV To Proloyikd okevdoupata dev maPOLCIAlovy QUIVOUEVO GUECTC KATAPPELONG TOV
EVTOLOAOYIKOV TTANBLOUDV, ALG amotteitor ypdvog Yoo TNV €YKOTACTOOT Kot Opdon Ttov
gvtoponaboyovov moapoydviov. H peiowon tov miinbuopdv pnioidving opeiietat téco oty
Mo TG Beppokpaciog TepPAALovTog T GLYKEKPILEVN XPOVIKT TTEPI0d0, OGO Kot 6T dpdon
TOV CKEVACUATOV, EVA TUYOV OPVNTIKEG GUGYETICELS UTOPOLV VO 0T0d000VV GTO OKOVOVIGTO
TOTICHOTO, TNV EQAPUOYT OLLPLUAAIKDOV HUKNTOKTOVOV KoL TNV EAAEYT EMAPKOVS OPYOVIKNG
0voing. AVoTUYMS, 1 AdVVALIC ETITAEOV KOTOYPOQ®V TO akOAovbo dtdotnua dev e&umnpetel v
eEayoyn amdlvTemv cupnmepacpdtov. [aviog evolagépov glval to 6t M mapaymyn ftav 3 tovor
oTp., MANO ATOAVTOG IKAVOTOMTIKN LE BACT TO KAAMEPYNTIKO 16TOPIKO. Emmpochitmg, petd
v élevon Tov unvog Matov, dev mapoatnpndnkoy ttnoelg axkpaiov. Ev cuveyeia, To kalokaipt
Tov 2020 &ywve e@approy NAOTOADUAVOTG KOl EKTOTE gV EYEL TOPATNPNOEL EMAVEUPAVIOT) TNG

npocPoing. Ta amotedéopata deiyvouv pia Tdon pOOUIGNG TOV TPOPANLOTOG, TOV GE HEPIKES
mepoyEg tetvel va etvan dvoemilvuto, Adyw ™G Proroyiag tov gidovg, g duPiwong Tov yio
peydlo ypovikod dtdotnuo Babid oto £80(p0og Kot TG HIKPNS TOOVOTNTAG EAEYXOV TOV AKUAIOY
HE WEKOAGUO, OV KOl LVITAPYEL OVAYKN TEPUUTEP® OLEPELVNONG OYETIKA LE TIG OOCEL, TNV
GLYVOTNTA EQPAPLOYNS KOl TNV LOPPT TOV TPOAVAPEPOUEVOV CKEVOCUATMV.
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