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UTILIZATION OF NON-CHEMICAL (MECHANICAL AND PHYSICA L) METHODS TO
CONTROL SOIL-BORNE PESTS IN ORGANIC STRAWBERRY PLAN TATIONS

Summary

Pests living in the soil cause great damage toiboltural crops every year, particularly those maea by organic farm-
ing methods. The most damaging pests are larvdbeofienera Melolontha. The purpose of the researab to develop
and evaluate the efficacy of a variety of non-cleaimnethods to reduce the damage caused by thes gmulbrganic straw-
berry plantations. The used mechanical methodsidted soil ploughing and tilling, and hand pickingulgs from damaged
plants during inspection or manual weed controleTused physical methods were: soil and plants nmgctvith white
agro-textile to limit egg laying and light traps #dtract and collect adults. The results indicater though each method
alone is not sufficient to effectively protect angastrawberry crops against Melolontha spp gruthir integrated use
could drastically reduce the population pressurghaf insect on the crop and thus increase alsceffieacy of other meth-
ods, e.g. based on biocontrol mechanisms.
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WYKORZYSTANIE METOD NIECHEMICZNYCH (MECHANICZNEJ | FIZYCZNEJ)
DO ZWALCZANIA SZKODNIKOW ZYJACYCH W GLEBIE W TRUSKAWCE
UPRAWIANEJ SYSTEMEM EKOLOGICZNYM

Streszczenie

Szkodnikiyjqce w glebie, co roku powodugliee szkody w uprawach sdych railin, takze na truskawce, szczegolnie pro-
wadzonej systemem ekologicznym. N&jsde szkody powodujpedraki chralyszcza majowego Melolontha melolontha.
Celem prowadzonych badlédyto opracowanie i ocena fdych niechemicznych metodeddy innymi mechanicznej: stoso-
wanie orki i wszelkiego rodzaju zabiegéw uprawowytszynami z ostrymi elementami oraz wybieraeiFgkéw spod
uszkodzonych gtin podczas lustracji lubdcznego odchwaszczania plantaciji. Z metod fizyczmgistosowano: agrowtok-
nine do przykrycia rélin i gleby (rodzaj bariery) by ograniczysktadania jaj do gleby przez samice chysixzy oraz pu-
tapki swietlne do wabienia i odtawiania chrabzczy w celu redukcji liczbygrakéw. Wyniki wskazgj ze chocia kazda

z tych metod nie wystarcza do skutecznego zabeepiacekologicznych upraw truskawek przed uszkaatrémpowodo-
wanymi przez larwy chrajszcza majowego, to ich zintegrowargaie mogtoby drastycznie zmniejspppulacg owadow
w uprawach, a tym samym zkézy' skuteczn@' innych metod, np. metody biologicznej, czyli st@sve grzybow i nicieni
entomopatogenicznych.

Stowa kluczoweMelolontha spp., zwalczanie, mechaniczne, fizyczn

The aim of the present study was to evaluateegfied
to reduce the number of larvae and adultdVielolontha
spp using mechanical and physical methods. Experisnent
were carried out on strawberry plantations or éhdfs certi-
Yied for organic farming, often characterized bghipest
population.

1. Introduction

Poland is one of the leading producers of straridsein
the world (FAOSTAT, 2014). Strawberry plantatiorsnc
be managed in accordance with Integrated Pest Mana
ment (IPM) standards, allowing the use of synthetiemi-
cals, or following organic farming methods. Howevac-
cording to the EU Regulation 1107/2009, the avditgiof
chemical plant protection products for control ofl-borne
pest is very limited and, at present, there arehemicals
registered for this purpose in Poland [18]. Everutih the
control against the beetles in other areas, paatiguin
woods, helped to limit their number in the envir@mn[11,
12], they have been causing great damage to thetstrry
plantations, particularly those managed by orgéniming
methods. Studies have been performed trying to fiod-
chemical methods suitable for this method of préidac

2. Materials and methods

Trials were established in fields for organic watoarry
production in 2015 and 2016 in two locations, NdVala
and Brzostowka (Voievodeship Lubelskie).

Two methods of control were tested: a mechanical
method based on soil tilling with different mactsrwefore
the establishment of the plantation and collectétarvae
during hand weeding, and a physical control methased
on the use of mulching or traps.

[22, 13]. Biological methods based on the use tdreopa-
thogenic fungi have been also tested [9, 23] d@ietpalso
methods to support the evaluation of their efficaogl in-
oculum persistence in the soil [3, 4]. Moreovek tise of
entomopathogenic nematodes is also studied [19,a2]

Ploughing and tillage using sharp-edged machinery,

such as a tiller and saucers, was carried out gluttie
preparation of the fields before plantation. Theubgr
emerging on the ground during the ploughing werk co
lected by hand. In 2015 the treatment was appliedume 3

some phytosanitary methods are proposed based da buin Nowa Wola and on July 13 in Brzostowka, on féeld

wheat cultivation [23].
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where cereal mixtures were previously grown. In®ie
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treatment was carried out in 6 fields: on 1 anduiedin
Nowa Wola (potato was the previous crop), 17 andi&
in Brzostéwka (clover was the previous crop) andJuily
and 20 September in Brzostéwka (strawberry wagptbe
vious crop). The living larvae collected during threat-
ments were transported to the laboratory in spedatain-
ers, fed with carrots, and after 3-4 days theivisat was
determined, counting live specimens.

Collection of larvae was also carried out durifg t
normal hand-weeding process of plantations, frordeun
damaged plants. In 2016, manual removal of larvae f

damaged plants was evaluated at three dates: Jihy 2

August 3rd and August 18th on several strawberaytal
tions in both locations. Plants showing symptomsian-
age from larvae were up-rooted and checked fompties-
ence and abundance of larvae.

To create a barrier to egg laying, by female lesethhe
soil after planting was covered with fabric-like lehing on
the row during the period of mass flights of ad(kgy. 1).
The trial was conducted in three plantations in N&\wla
in 2015, covering from May 8 to June 5, and in planta-
tions in 2016, from May 7 to May 31. The numbetasfrae
in soil was assessed by the end of September i6 aad
end of August in 2016. For this purpose, the conat
done on soil samples taken from a total of2ofrfield area
from each treatment (with or without mulching), digging
32 wells having a size of 25cm x 25cm and deptBO€Em
(4 repetitions of 8 wells each).

Two kinds of light traps were utilized for triatsrried
out on two plantations, spaced about 1.5 km aparated
in Brzostowka: a light-headed trap (Fig. 2) witlbatery-
powered Led lamp with 10 W in 2015, and a trap Widi®
W halogen lamp positioned beyond a white screem sifze
1.8x2.6 m in 2016 (Fig. 3). The light-headed trapsre
placed in the strawberry plantation at a distantabmut

Source: own work Zrodlo: opracowanie wlasne
Fig. 2. The light-headed trap
Rys. 2. Putapkawietina

Source: own work Zrodio: opracowanie wiasne
Fig. 3. The white screen
Rys. 3. Bialy pafWietlany ekran

3. Results and Discussion
3.1. Mechanical methods of control

The effect of ploughing or tilling on the mortgliof

100 m from the place where adult were found feedinggrubs differed considering the larval developmetags.

while the traps with screens were positioned néasd
sites. The catches were made three times duringethson:
20, 28, 29 May 2015 and 10, 11, 12 May 2016, fréhdQ
to 24:00. The trapped beetles were taken to therdabry
to determine their number, sex and species.

O
Source: own work Zrodlo: opracowanie wiasne

Fig. 1. The soil after planting plants was covengtth fab-
ric-like mulch
Rys. 1. Gleba przykryta agrowtdkpipo posadzeniu tin
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The larvae in plots not being tilled were consideas not
possible to be damaged, thus the data presenteshave
ing the effect of the treatment under different aod infes-
tation conditions. About 30 to 55% of larvae didtema
week of breeding in laboratory (Table 1), with legimor-
tality observed in k-L; larvae as compared tq (data not
shown). A similar trial carried out in Austria [1dhowed
that up to 60-90% of larvae could be damaged alhebkby
this method. The obtained results provide furthédence
that a substantial number of grubs may be mechénica
damaged during tillage operations with sharp maalyin
and die directly during soil tillage or in subsequelays
[14]. However, the efficacy of the method is deerresif-
ficient to reduce the damage to the plants undaditions
of limited tillage [8] or when the pest populatisrhigh.

It has been found that during the monitoring ef pifanta-
tion, a significant number of damaged plants canldtected
and disposed, thus eliminating the feeding larfablé 2). In
the trials, depending on the size of the populabiothe level
of damage, from 1 to 6 larvae per 10dwere removed. Con-
sidering the economical threshold level for thistp@ lar-
vae/2n), the data showed that not all fields could besitbn
ered heavily infested, thus providing an imporfafdgrmation
for the growers about the measures to be takem tarigh
the method is labor-intensive, it resulted in ai§icant reduc-
tion in the number of larvae and is thus applicablerganic
crops. Such method was advised to be used pritetmtro-
duction of chemical agents [1, 23].
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Table 1. Number oMelolonthaspp. larvae L— L, collected from eight fields after ploughing otitiy and their mortality
after a week of laboratory breeding. BrzostéwkawddVola, 2015-2016
Tab. 1. Liczba larw Melolontha spp w stadiumIL, zebranych zgmiu p6l podczas orki oraz icimiertelng¢ po tygodniu

hodowli laboratoryjnej. Brzostéwka, Nowa Wola, 2€8.6

Trials Date of observationArea mcz)nitorec Number of larvae (I-L,) Melolonthaspp Ratio of dead larvae
[m9] Total collected Dead

Nowa Wola (field 1) 03.06.2015 6000 1800 720 40,0
Nowa Wola(field 2) 13.07.2015 7800 2600 1000 38,5
Nowa Wola (field 1) 01.06.2016 6750 360 176 32,8
Nowa Wola (field 2) 07.06.2016 6750 195 74 37,9
Brzostowka (field 1) 17.06.2016 4000 808 210 26,0
Brzostowka (field 2) 28.06.2016 4000 292 90 30,8
Brzostéwka (field 3) 15.07.2016 4800 216 45 20,8
Brzostowka (field 4) 02.10.2016 5000 2300 600 26,1
Average 5478,6 10714 364,4 31,6

Source: own work Zrodio: opracowanie wiasne

Table 2. Number of grub$/elolonthaspp.) collected under damaged plants during mongmf seven plantations. Brzo-

stéwka, Nowa Wola, 2016

Tab. 2. Liczba larw (Melolontha spp.) zebranych qead monitorowania uszkodzonyclsliro na siedmiu plantacjach.

Brzostéwka, Nowa Wola, 2016

Location Date of monitoring Arrneoanﬁg:jeeé Fr:%nts Number of found grubs NUT(I):’; :r(?)fo?rrgas per
Brzostéwka (field 1) 27.07. 800 91 11.4
Brzostéwka (field 2) 27.07. 500 85 17.0
Nowa Wola (field 1) 27.07. 3500 166 4.7
Brzostowka (field 3) 3.08. 1482 62 4.2
Brzostéwka (field 4) 18.08. 257 10 24.2
Nowa Wola (field 2) 18.08. 670 16 2.4
Nowa Wola (field 3) 18.08. 353 30 8.5
Average -- 1557 65.7 4.2

3.2. Physical methods

The efficacy in trapping adults was much highertfe
traps having also a large white screen in compariso
those formed only by the light bulb (Fig. 4). Eviiiough
they were not positioned very close to each othéo(t
1.5 km apart) they were located in similar enviremt) in
fields very close to an artificial wood charactedzby spe-
cies normally used by adults for feeding. It is thianoting
that the majority of captures occurred at the bagon of
the flight period, i.e. early May, which gives add#ional
indication about the possibility to increase thécaty of
this control measure. The traps with white screttnacted
more males than females, while in the others ahtilig
higher number of females was found (Fig. 4). A fass
interpretation of such result derives from the énvegrbe-
haviour of males, in search of females [15]. Thealtan
traps could be less effective due to an insufficlgit and
the higher number of females could be due for bénegn
positioned in the middle of the strawberry plamaticlose
to the place of laying eggs [15]. The inconsisteityhe
number of adults captured in the two seasons (Itb2the
adults caught were more than 5 times than in 204i§.-4)
can be related to the biological cycle of the inhsetich is
characterized by a mass outbreak of beetles usenadisy 3-
4 years [10]. It should also be mentioned thatrgpiin

Source: own work Zrédlo: opracowanie wlasne

were less b-L4 larvae then L, while the opposite was
found in 2016, both in covered and uncovered sdilch is
consistent with the biological development cycletd in-
sect and with the results obtained from the trajpmsst
(Fig. 4). The fabric mulch is normally utilized farotect
plants against spring frosts and accelerate fiuitir, 21].
Mulching has been found to reduce above groundcinse
infestation [5]. Other physical barriers have beemsid-
ered to reduce the damage from soil-borne insezks [
However, we have not found any report considerisiggi
fabric mulching as a physical barrier to reduceselgging
by insects as we propose here.
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Source: own work Zrodio: opracowanie wasne

2016 was warmer than 2015, thus the period of sdultFig. 4. Average number and gender of European ¢udkc

flight started at the end of April, which accoumt fthe
slight anticipation of the captures. In the soileed with
fabric mulching during the period of adults’ flightearly 2-
3 fold less larvae were detected, particularly ¢hostage
L4, in comparison to unmulched soil (Fig. 5). In 20ttere
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adults M. melolontha captured by the two kinds of light
traps, Brzostéwka 2015-2016

Rys. 4. Srednia liczba i pté chralyszcza majowego
(M. melolontha) odtowionych przez dwa rodzajgetinych
putapek, Brzostéwka 2015-2016

,Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(4)



g eu I
8L
23
@ L
2w I
S0
72
2 N
2 L2-L4
2., 1]
S
2 v Il
0 10 20 30 40 50 60

Number of larvae/100 m2
mwith fabric-like O not fabric-like
Source: own work Zrodio: opracowanie wiasne
Fig. 5. Number of larvae (Melolontha spp.) at diffiet
stages of development detected in the field covevil

fabric mulch and uncovered. Brzostowka, Nowa Wola

2015-2016
Rys. 5. Liczba larw (Melolontha spp.) wzngch stadiach
rozwojowych stwierdzonych na plantacji przykrytgya
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widknirg i nie przykrytej. Brzostowka, Nowa Wola 2015-[13] Malinowski H.: Niechemiczne metody ochrony szkotekpraw le-
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4. Conclusions

snych przed owadami uszkadzaymi systemy korzeniowe drzew i
krzewéw. Instytut Badawczy Kpeictwa, Skocin Stary, Polska 2010.

[14] Malinowski H., Augustyniuk A., tabanowska B.H.: Nevmazliwo-
$ci ograniczania populacji owadéierujacych na korzeniach $bn.
Progres in Plant Protection, 2001, 41 (1): 175-181.

Mechanical and physical methods have shown tocedu [15] Sawicki A.: Wiosenne gody chrgzczy. Poznajmy Las, 2009, 2.

the number of larvae and beetlesMélolonthaspp. on or-
ganic strawberry plantations. Soil tillage reducpdo 50%
the number of larvae in the soil. Plantation maiitp, at
least 2-3 times per season, and collection of &arfvam
damaged plants further reduced their number. Ligdys
mounted during the period of mass flight on illuatied
screens may contribute to a significant reductibmadults
and thus of laid eggs by females. Row mulching atbric
mat also reduced the number of young larvae, crgai
physical barrier to laying females.

Even though each method alone is not sufficiergfto
fectively protect strawberry crops agaimdelolonthaspp.
grubs, their integrated use could drastically redube
population pressure of the insect on the crop &nd tn-
crease also the efficacy of other methods, e.gehan bio-
control mechanisms.
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