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Abstract

Introduction— Slugs of the genus Arion are
important pests of many crops, causing consider-
able decreases in yields. Given the need to meet
food demand worldwide, it is important to have pest
management systems, plant resources are natural
alternatives for this purpose.

Objective— Evaluate the effect of formulations of
essential oils of Eucalyptus globulus and Eucalyptus
cinerea in the control of Arion spp.

Methodology— Two trials were developed with
completely randomized designs with 5 treatments
and 10 repetitions (one for the effect by contact
and the other for ingestion), spraying on Arion spp.
slugs, concentrations at 100 and 200 ppm of essen-
tial oils of Eucalyptus globulus or Eucalyptus cine-
rea. The corresponding analyzes of variances were
carried out.

Results— The affectation of mobility for Arion spp.,
was very similar for all treatments. The formula-
tions of both species of Eucalyptus caused mortal-
ity of Arion spp by contact since the 9th day and by
ingestion on the 4th day, higher than 85% by con-
tact, and 95% by ingestion. The TL50. per contact
varied between 10.31 and 10.12 days for the essen-
tial oil of E. globulus and between 13.31 and 6.69
days for that of E. cinerea, while by ingestion they
ranged between 7.31 and 5.55 days for E. globulus
and between 8.22 and 6.6 days for E. cinerea at 100
and 200 ppm respectively.

Conclusions— The formulations of both Eucalyp-
tus species caused mortality by contact since the 9th
day and by ingestion since the 4th day, while the TL
50 were relatively lower by ingestion for E. globulus

Keywords— Phytopesticide; garden slugs; contact;
ingestion; mortality; lethal dose

Resumen

Introduccion— Las babosas del género Arion consti-
tuyen plagas importantes de muchos cultivos, ocasio-
nando disminuciones considerables de rendimientos.
Ante la necesidad de satisfacer la demanda alimentaria
a nivel mundial, es importante contar con sistemas de
manejo plagas, siendo los recursos vegetales alternati-
vas naturales para tal fin.

Objetivo— Evaluar el efecto de los formulados de
aceites esenciales de Eucalyptus globulus y Eucalyptus
cinerea en el control de Arion spp.

Metodologia— Se desarrollaron dos ensayos con dise-
nos completamente aleatorizados (uno para el efecto
por contacto y otro por ingestién) con 5 tratamientos y
10 repeticiones, asperjando concentraciones a 100 y 200
ppm de formulados de aceites esenciales de E. globulus
o E. cinerea para controlar babosas Arion spp. Se rea-
lizaron analisis de varianzas.

Resultados— La afectacion de la movilidad para
Arion spp., fue muy similar para todos los tratamien-
tos. Los formulados de ambas especies de Eucalyptus
causaron mortalidad de Arion spp por contacto a partir
del noveno dia y por ingestién al cuarto dia, superiores
a 85% por contacto y 95% por ingestion. Los TL50. por
contacto variaron entre 10.31 y 10.12 dias para el aceite
esencial de E. globulus y entre 13.31 y 6.69 dias para
el de E. cinerea, mientras por ingestion oscilaron entre
7.31 y 5.55 dias, para E. globulus y entre 8.22 y 6.6
dias para E. cinérea a 100 y 200 ppm respectivamente.

Conclusiones— Los formulados de ambas especies de
Eucalyptus causaron mortalidad por contacto a partir
del 9no dia y por ingestion al 4to dia, mientras que los
TL 50 fueron relativamente mas bajos por ingestion
para E. globulus

Palabras clave— Fitoplaguicida; babosa de jardin;
contacto; ingestion; mortalidad; dosis letal
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EVALUATION OF THE EFFECT OF ESSENTIAL OIL FORMULATIONS FROM EUCALYPTUS SPECIES AGAINST ARION SPP.

I. INTRODUCTION

Slugs are a common pest in global horticulture due to the wide range of plant species that
serve as food. This plague is favored by the meteorological conditions present in certain areas,
such as high relative humidity, constant rainfall, temperatures between 5°C and 25°C, among
others, necessary for the proliferation of its species [1]. It is recognized that slugs may have
greater activity in places with high relative humidity [2], [3].

In South America, damage by slugs is reported in countries where the aforementioned con-
ditions occur, as 1s the case in Peru, reporting the species Agriolimax spp., Limax spp. and
Vaginulus spp., causing damage to a wide variety of crops [4].

In Colombia, pest molluscs are found in thermal floors that have relative humidity higher
than 80 %. It 1s mentioned that molluscs cause damage to the foliage, tubers and roots of
plants, with a wide variety of crops attacked [5]. One of the most important cases occurs in
the cultivation of coffee, causing lesions in the fruits until they fall, scratching of stems, total
wilting of seedlings due to girdling of the stem, among other damages [6]. Additionally, slug
attacks occur in many vegetables, including cabbage, cauliflower, lettuce, spinach and chard,
reporting damage by Deroceras reticulatum Muller, Limax marginatus Muller, and Milax
gagates Draparnaut [5]; these species of slugs also cause damage to black and criolla potato
crops [7]. In the case of annual fruit trees for fresh consumption, damage to blackberry crops
1s reported, which is attributed to M. gagates [8].

The municipality of Pamplona, Norte de Santander, has a marked inclination of agricul-
tural production for fruit and vegetable products, as it has adequate agroecological conditions
for the production of fruits and vegetables, niches where molluscs that can act as herbivores
in a wide variety of crops [9]. A large part of the crops in Pamplona show damage caused by
slugs and, in the specific case of strawberries, considerable damage [10], which makes it neces-
sary to carry out treatments with chemical products such as metaldehyde, which, in addition
to being expensive, contaminates the harvest and the ambient.

Under the conditions of Pamplona, the damage caused by molluscs in the cultures had been
attributed to M. gagates, D. reticulatus, Arion subfuscus Draparnaud [11]. Subsequently, the
ISER (CO) carried out studies on the slug species Arion distinctus (Mabille) considering it to
be important in the region and damages are currently reported in orchards and gardens by
the garden snail Helix aspersa Muller [12], [13].

On the other hand, in a study carried out recently, the following species of slugs have been
1dentified, affecting numerous crops, including vegetables, peas, potatoes, strawberries and
fruit trees: from the Agrolimacidae family, Deroceras reticulatum and Deroceras laeve, from
the Limacidae family, the species Limax sp. and from the family Arionidae with the species
A. distictus [14]. In another work, an evaluation of damage caused by slugs in strawberry
cultivation in Pamplona was carried out. The incidence levels of fruits damaged by slugs in
the plots were significant at low populations (0.1 and 2 individuals/traps) increasing up to
40% when the populations exceeded 6 individuals/traps. Monetary losses were estimated at
$50000000/ha with rates up to 2 slugs/trap [10].

A. About Arion spp.

The order Pulmonata was proposed by Blainville in 1814; reference is made to gastropods that
adapted to life on earth, which is why they have pulmonary respiration, although the term
1s not currently shared by many authors. The anatomy of land slugs is very similar to that
of snails and a large number of mollusks. In their lower part they have the foot, the muscu-
lar and flat organ that through contractions allows the movement of the animal. To facilitate
locomotion, they secrete a mucous substance, which has given them the popular name of
slugs. Like snails, they have two antennae on the front of their heads. These antennae have
sensory functions: the larger pair has light receptors that function similar to eyes, and the
smaller pair detects odors [4].
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Within the genus Arion, there are species of mollusks in the order Stylommatophora of the
family Arionidae. For example, the group A. hortensis Ferussac species are among the most
important slug pests of field crops in the UK, France and other parts of continental Europe.
A. hortensis and A. distinctus are considered sister species that were considered as a species
complex under the name A. hortensis for a long time but later the complex was divided into
three species: A. hortensis, A. distinctus and A. owenii [15]. For Kentuchy USA, six Arion
species are reported; A. Rufus, A. intermedius, A. distinctus, A. hortensis, A. fasciatus and
A. susfuscus, posing difficulties on many occasions for the morphological identification of the
species [16].

As previously mentioned, the species of Arion initially reported in vegetable crops in the
Province of Pamplona was A. subfuscus [11]; however, due to the importance of A. distinctus
in Pamplona, according to other authors, investigations were carried out to control this spice
with diatomaceous earth [12]. This slug is similar to the morphological characteristics of A.
subfuscus, so its precise identification is difficult since it belongs to the Arion complex that
groups species that are closely similar [16], demanding meticulous identification by an expert
on the subject. However, [17] also reported A. distinctus as the species of this genus present
in Pamplona. In other control works with agricultural lime and diatomaceous earth, results
were published, also considering A. distinctus as the present species [18].

In a subsequent study, species belonging to the family Arionidae, genus Arion, were
observed, but it was preferred not to define the species, recommending that molecular studies
be carried out to specify the species present. The morphospecies named Arion spl. was found
in the nine crops sampled in Pamplona (peas, bulb onion, strawberry, bean, blackberry, Creole
potato, black potato, tree tomato and carrot) and in the five villages studied. Arion spl. had a
size of approximately 4.5 cm, and was characterized by presenting a pneumostome positioned
in the anterior zone of the mantle, it did not have the presence of a keel, however, the keel
zone was surrounded by a membrane, the posterior end of the body was smoothly rounded
and the presence of a caudal gland (shaped like a triangle) was observed [19].

The common garden slug A. distinctus is described as yellow-gray in color with a bluish-
black head and tentacles. Towards the rear end it has a yellowish stripe in the center of the
back and stripes around the sides of the body with a length of 3 cm, it reproduces during
almost the whole year and can be an important pest of the gardens since it attacks to culti-
vated plants, fruits, tubers and bulbs. They come out at night and spend the day in humid
places under stones, logs and other objects that protect them from the heat. Arion slugs are
related to snails, the shell being reduced to a group of calcareous granules below the mantle
that appears as a bulge on the upper surface and anterior part of the slug [20].

B. Alternative Slug Control

According to the Food and Agriculture Organization of the United Nations, the main objective
of world agriculture is to provide a considerable amount of food to be able to satisfy the food
demand worldwide, due to the fact that in recent years the population rate has been increas-
ing considerably, which is why a goal has been proposed requiring agriculture to increase its
production [21]. These precedents justify the importance of conducting research that seeks
results to provide fruit and vegetable growers with alternatives for managing slugs with plant
resources, such as eucalyptus trees, abundant in the agroecosystem of the Pamplona villages,
[22] since it is stated that among the possibilities of non-chemical alternatives for slug control
1s the use of plant extracts and essential oils from the eucalyptus tree [23].

Several authors reported that E globulus essential oil exhibited antibacterial activity [24]-
[26]. On the other hand, the fungicidal effect of the essential oil of K globulus has been dem-
onstrated for the prevention of postharvest diseases of strawberries [27]. The essential oil of £
globulus also presented significant contact toxicity against the insect S. zeamais, which was
reduced by more than 50% at concentrations of 4 8% and 8%, while toxicity as a fumigant
showed mortalities greater than 70% in the treatments. to 35 pL/L [28].
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In Brazil, hydrolates and essential oils of different Eucalyptus species were evaluated as
molluscicides against adult and spawning snails of Biomphalaria glabrata and cercariae of
Schistosoma mansoni. These products were obtained by steam stripping. Of the 21 hydro-
lates tested, eight were active in snails, nine showed action in spawning, and three showed
activity in cercariae by the 1:4 (V/V) dilution. Of the oils studied, 11 had activity for pla-
norbids and spawning at concentrations of 20 ppm (w/v). Eucalyptus deanei hydrolate was
active on snails, spawns and cercariae at the 1:4 dilution, and the o1l at a concentration of
20 ppm [29].

Given this situation, the following scientific question arises: What effect could formula-
tions based on essential oils of two Fucalyptus species, abundant in the Pamplona area, have
against Arion spp slugs under laboratory conditions?

Taking this background into account, the objective of this research was to evaluate the
effect of Fucalyptus globulus and Eucalyptus cinerea essential oil formulations in the control
of Arion spp.

1I. METHODOLOGY

The experimental research was carried out in the laboratory of the Center for Biosupplies and
Plant Health (CISVEB) on the main campus of the University of Pamplona. The collection of
the leaves of Eucalyptus globulus and Eucalyptus cinerea, was carried out in the main campus
of this University and the slugs in a strawberry field near the town of Pamplona. The adult
leaves of each eucalyptus species taken from the basal third of the trees were conveniently
washed, divided and placed in a hydrodistiller to obtain the essential oil. From these, the
formulations of each species were obtained in the Biocalorimetry laboratory of the University
of Pamplona.

A. Population and method

For the laboratory experiments, individuals of the Arion spp. species were used, which were
kept in quarantine, fed with lettuce for 15 days. After that time, 50 healthy adult individuals
were selected, without strange symptoms, as uniform in size as possible (3 cm to 4 cm) per
treatment.

B. Comparison of the effect by contact and ingestion against the Arion spp. Species

To compare the efficacy of essential oils on Arion spp., two trials were conducted with a
completely randomized experimental design with five treatments (four with the formulated
ones and one control with 10 repetitions). One trial was conducted to assess the contact effect
and another for the ingestion effect, but the treatments were similar.

From the stock solutions of the formulated Eucalyptus globulus at 9110.1 ppm and Euca-
lyptus cinerea at 9151.5 ppm delivered by the Natural Resources research group of the Uni-
versity of Pamplona, the 4 treatments listed in the Table 1.

TaBLE 1.
TREATMENTS OF THE FORMULATIONS OF TWO SPECIES OF KUCALYPTUS,
BY CONTACT AND INGESTION IN VITRO CONDITIONS.

Treatments

1 Eucalyptus globulus formulation at 100 ppm.

Eucalyptus globulus formulation at 200 ppm.

Eucalyptus cinerea formulation at 100 ppm.

Eucalyptus cinerea formulation at 200 ppm.

Qu | v~ | W | D

Control without treatment.

Source: Authors.
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The spraying to evaluate the formulations according to the treatment 100 ppm and 200
ppm of Eucalyptus globulus or Eucalyptus cinerea were carried out with a manual sprayer
and the slugs were fed in plastic containers with lids of 500 mL.

To evaluate the effect by contact, the preparation was applied to the lid of the 500 mL con-
tainer, then 5 Arion spp. slugs were introduced and fed with fresh food (Batavia lettuce) in
the 10 vials or repetitions of each treatment. Every three days the lids of the containers were
sprayed with the oil concentrations (except in the control), supplying the new untreated food
(10 g of lettuce/replication).

To determine the efficacy in the ingestion effect test, the five specimens of Arion spp. were
deposited in the containers, they were supplied with 10 g of lettuce, which were previously
treated with the corresponding formulation according to the respective treatments for three
days and every three days this same process was repeated.

These operations were carried out placing new containers every three days for both inges-
tion and contact to avoid contamination by fungi or other microorganisms.

In the two trials, daily observations were made, evaluating the loss of mobility of the
Arion spp slugs and their percentage with respect to the total in the jar, in the same way
the percentage of daily and accumulated loss of mobility and mortality was determined. For
the discrimination of mortality, the death of the individual unable to carry out some type of
movement during the observation time of each day was considered. Observations were made
up to 15 days after starting each trial.

The data on mobility affectation (%) and mortality (%) for Arion spp., were transformed
into 2 arcsenV%/100 and processed by means of a variance analysis for each trial, the means
were compared by the test of Tukey (P < 0.05), using the statistical package SPSS (Statisti-
cal Package for the Social Sciences) version 21 for Windows [33].

With the mortality percentages of slugs per bottle in each concentration of each formula-
tion of each eucalyptus species, dispersion graphs were made over time using the Microsoft
Excel application. The linear trend curve was sought using mortality as the dependent vari-
able and time as the independent variable, as well as the linear regression equation and the
coefficient of determination (R2). From the equations, the mean lethal time TL_  in days was
estimated for each concentration of the formulations for Arion spp.

II1. RESULTS AND ANALYSIS

A. Mobility affectation by contact and ingestion in Arion spp.

It was observed that the E. globulus treatments at 100 and 200 ppm and E. cinerea at 200
ppm carried out by contact showed an effect on the mobility of Arion spp. slugs from the 4th
day after application and E. cinerea at 100 ppm on the 6t day. The ANOVA result showed sta-
tistically significant difference between the E. globulus treatments at 100 and 200 ppm and
E. cinerea at 200 ppm with E. cinerea at 100 ppm and the control, on the 4t and 5t day. On
the 6th day, the best treatments were E. globulus at 100 and 200 ppm and E. cinerea at 200
ppm, since all differ from the control, although no difference was observed between E. globulus
at 100 ppm and E. cinerea at 100 ppm. After the 8t day of starting the experiment, all the
treatments showed statistical differences with the control in relation to mobility, obtaining
the highest percentages for E. globulus at 100 ppm and 200 ppm and E. cinerea at 200 ppm
(Table 2).

In the treatments by ingestion, affectation of the mobility of the slugs was observed
from the third day of the beginning of the trial, however, the ANOVA did not reflect a
statistical difference with the control at that moment. For the 4th day, it is observed that
all the treatments differ from the control, resulting in the most affected treatments E.
globulus at 200 ppm and E. cinerea at 200 ppm, which differed from E. globulus at 100
ppm, but not from E. cinerea at 100 ppm, but all treatments differed from the control.
However, the 5th, 6th, 7th and 8th day of all treatments differ with the control and not with
each other (Table 3).
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MOBILITY AFFECTATION OF THE ARION SPP WHEN USING THE FORMULATIONS BY CONTACT.

TABLE 2.

Treatments Movility ()
D4 D5 D6 D7 D8
1 | E. globulus at 100 ppm 12ab 12bc 22ab 22bc 40ab
2 | E. globulus at 200 ppm 22a 28a 34a 42ab 54a
3 | E. cinerea at 100 ppm Ob Oc 14bc 14cd 24b
4 | E. cinerea at 200 ppm 22a 22ab 32a 58a 48a
5 | Control Ob Oc Oc 0d Oc
CV (%) 1.003 0.889 0.611 0.557 0.44
ET 3.55 3.48 3.94 4.08 4.62

* Different letters in the columns indicate differences for treatments according to the Tukey test (P < 0.05).
Source: Authors.

MOBILITY AFFECTATION OF THE ARION SPP WHEN USING THE FORMULATIONS BY INGESTION.

TABLE 3.

Movility (%)

Treatments
D3 D4 D5 D6 D7 D8
1 E. globulus at 100 ppm 22a 22b 36a 40a 50a 52a
2 E. globulus at 200 ppm 24a 34a 40a 48a 48a 46a
3 E. cinerea at 100 ppm 16a 30ab 38a 42a 54a 50a
4 E. cinerea at 200 ppm 24a 34a 44a 42a 50a 46a
5 Control Oa Oc Ob Ob Ob Ob
CV (%) 0.53 |0.34 0.32 |0.26 |0.27 |0.29
ET 2.93 |2.59 3.18 2.87 | 346 | 3.66

* Different letters in the columns indicate differences for treatments according to the Tukey test (P < 0.05).
Source: Authors.

B. Arion spp. Mortality by contact and ingestion

The ANOVA analysis showed that there was mortality on the 5t day in the treatments
based on E. globulus at 200 ppm and E. cinerea at 200 ppm, but these did not differ from the
control. On the 6t 7t and 8t day, all the treatments did not differ from the control except
the E. cinerea treatment at 200 ppm. From the 9t day to the 14t day it is observed that all
the treatments differ among themselves and from the control. For the 15t day, the treatments
show a sustained control of the mortality percentage without statistically differing between

them, but with the control (Table

4).

TABLE 4.
ARION SPP. MORTALITY WHEN USING FORMULATIONS BY CONTACT.

Mortality (%)

Treatments
D5 | D6 | D7 D8 D9 | D10 | D11 | D12 | D13 | D14 | D15
1. | Eucalyptus globulus at 100 ppm Oa [Ob | 4b 12ab | 20bc | 44a | 62a | 70a | 86a | 94a | 98a
2. | Eucalyptus globulus at 200 ppm 2a | 6ab | 14ab | 18ab | 32ab | 48a | 58a | 68a | 80a | 84a | 92a
3. | Eucalyptus cinerea at 100 ppm Oa |Ob | Ob Ob 4cd 18b | 28b | 40b | 58b | 66b | 88a
4. | Eucalyptus cinerea at 200 ppm 2a | 12a | 20a | 24a |40a |[46a |62a | 80a [ 88a | 92a | 96a
5. | Control O0a [Ob | Ob Ob Oc Oc Oc Oc Oc Oc Ob
CV (%) 5 2.1 |14 1.3 079 |04 |04 |03 (02 |02 |0.1
ET 1.2 (2.4 | 3.48 | 451 |4.8 4.32 |56 |49 |46 |44 |32

* Different letters in the columns indicate differences for treatments according to the Tukey test (P <0 05).
Source: Authors.
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The mortality percentage of Arion spp. by contact presented a linear adjustment as a
function of time for all treatments, that is, the two concentrations of the two Eucalyptus
species, obtaining values of determination coefficients greater than 0.75, which allowed
the use of the regression equations to estimate the lethal time of each of the treatments

(Fig. 1).

120 y = 7.9286x — 31.429 120 | y=7.8571x - 29.524
100 = R*=0.8528 100 | R2=0.876 oo
TL .= 10.28 ds . TL;,= 10.12 days .
3 80 o Y Y Y < 80 ’ ' 000
& 60 % 60 sbe
= 40 ) = 40 ). ®
+ ..' + o
§ 20 deee g 20 o0
0 0 eeedee
90 0 5 10 15 20 99 0 B 10 15 20
—40 —40
a) Days b) Days
120 . -
120 y = 5.5x — 24 y =8.7143x — 25.714
100 | Re=0.7563 1001 R#=0.9425
£ 80 | TLs=13.43 days & 80 | TLy=6.69days o6
z 60 z 60
= 40 evoe = 40 _
5 20 g 20 KX XX
= 0 reeene = 0
20 07 5 10 15 20 90 0 5 10 15 20
—40 40
c) Days d) Days

Fig. 1. Lethal Time values in days (TL 50) of the different
concentrations of essential oils against Arion spp by contact action:
a) E. globulus at 100 ppm, b) E. globulus at 200 ppm,

¢) E. cinerea at 100 ppm and d) E. cinerea at 200 ppm.
Source: Authors.

E. cinerea at 200 ppm showed the lowest relative values of TL, , of 6.69 days, it means that
at this time a 50% mortality of the Arion spp. slug population is achieved. The rest of the
treatments had a more discreet behavior with respect to the TL,, although it should be noted
that the TL, were similar for E. globulus at 100 and 200 ppm, while the TL, for E. cinerea
at 100 ppm was relatively high 13.43 days. It was interesting that in the case of E. globulus
the TL_ for the two concentrations of the formulations were similar.

In the ANOVA it was possible to observe that the E. globulus treatments at 100 ppm
and 200 ppm and in E. cinerea at 100 ppm and 200 ppm carried out by ingestion showed
an effect on the slugs showing mortality of Arion spp. on day 2 after the application, but
they did not differ from the control. However, on day 3 it is observed that the E. cinerea
treatment at 200 ppm differs from the other treatments and from the control, however, on
the 5%, 6t and 7t day all the treatments differ with the control and not with each other.
On the 8t and 9t day the best treatment was E. cinerea at 200 ppm, although on the 8th
day it did not differ from E. globulus at 200 ppm and on the ninth from this and from E.
globulus at 100 ppm. From the tenth to the 15th day, the treatments show a sustained
growth in the mortality percentage without statistically differing between them, but with

the control (Table 5).
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TABLE 5.
ARION SPP. MORTALITY WHEN USING FORMULATIONS BY INGESTION.

Mortality (%)

Treatments
D2 | D3 | D4 | D5 | D6 | D7 | D8 | D9 | D10 | D11 | D12 | D13 | D14 | D15
1, | B-globulusat o g gp | 96a [ 30a | 30a | 36b | 46ab | 60a | 64a | 80a | 86a | 92a | 94a
100 ppm
E. globulus at
2. 2a 10a | 10b | 28a | 34a | 38a | 44ab | 56ab | 68a | 78a | 88a | 92a | 94a | 98a
200 ppm
3, | E- cinerea at 0a |Ob |4b |18a |28a |30a | 36b |42b |54a |60a | 74a | 80a | 90a | 94a
100 ppm
4. | B cinerea at 6a | 14a | 22a | 30a | 36a |44a | 52a |62a |68a | 76a |84a | 90a | 94a | 96a
200 ppm
5. | Control 0a |ob |ob |Oob |ob |ob |0c |0c |Ob |Ob |[Ob |Ob |Ob |oOb
CV (%) 3.22 [1.331.03/068|041 |041|04 |0.36 |038|032|023|018]|0.13]|0.1
ET 1.63 | 2.02 | 289 | 4.41 334 37139 |476 |6.02 566|481 | 41 31424

* Different letters in the columns indicate differences for treatments according to the Tukey test (P < 0.05).
Source: Authors.

The percentage of mortality of Arion spp. by ingestion presented a linear adjustment as
a function of time for all treatments, that is, the two concentrations of the two Fucalyptus
species, obtaining values of determination coefficients greater than 0.90, which allowed
the regression equations to be used to estimate the lethal time of each of the treatments

(Fig. 2).
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Source: Authors.
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E. cinerea at 100 ppm showed the highest relative values of lethal time (TL, ) of 8.22
days, that 1s, 50% mortality of the Arion spp. slug population is achieved at that time. For
the E. globulus treatment at 100 ppm, it obtained 50% of the mortality of the population
at 7.3 days and for E. globulus at 200 ppm it was very similar with 6.6 days, therefore, the
treatment that showed lower relative values of lethal time (TL 50) was E. globulus at 200
ppm with 5.5 days to reach a mortality of 50% of the slug population. Interestingly, for
both E. globulus and E. cinerea the TL, were relatively lower for the highest concentra-
tions (200 ppm).

IV. Discussion

It was already known that the essential oil of Fucalyptus species manifested antibacterial
activity in general [24]-[26], fungicidal activity against strawberry postharvest fungi [27], and
also insecticidal activity against S. zeamais [28], and that in a review [23], refers to the use
of plant extracts and essential oils from the eucalyptus tree among the possible non-chemical
alternatives for slug control, since eight species of Eucalyptus different from those studied in
this research were reported in Brazil. with a molluscicidal effect [29], however, slugs of the
genus Arion were not studied.

Also 1n a recent review on the possibilities of using essential oils and their components as
promising for the control of gastropod molluscs, the use of E camabndulenses and its metabo-
lites 4-terpineol (+)-4-Carene, y- terpinene, p-Menth-1-en-8-ol, for its action on the terrestrial
mollusk Theba pisana and E. globulus and its metabolites 1,8-Cineole, a-Pinene on the aquatic
mollusk Bulinus truncatus [30].

With the present results, the potentiality of the essential oils of two eucalyptus species
(E. globulus and E. cinerea) for the control of molluscs 1s confirmed, since in preliminary
results the reduction of slug populations in strawberry had been verified from of rustic
baits made with extracts of E. globololus and E camandulensis under the conditions of
Pamplona [31].

It has been reported that metaldehyde-based formulations work mainly by ingestion and
do not always have the desired efficacy against the small gray slug D. reticulatum, which
depends on the concentration of the product, its attractants, and soil moisture [32], which is
why it recommends the search for other alternatives to control pest slugs.

These results show that the essential oils of eucalyptus species are candidates for the con-
trol of slugs in crops in Pamplona where E. globulus and E. cinerea are abundant [22], and are
added to the alternatives of other authors such as soil of diatoms [18], which are not always
available to farmers because high doses are recommended, which is why it is an expensive
option in practice.

The investigations should continue under field conditions based on the promising results
obtained in laboratory conditions, evaluating those formulated in different crops, for which
the links with the chemistry laboratory of the University of Pamplona must be maintained,
with a view to working in the field, improvement of the formulations that allow to define the
effectiveness and its persistence in field conditions.

As we have been able to appreciate the relative values of the TL_, in the case of Arion spp.
they were lower by ingestion than by contact for the two formulations of the two Eucalyptus
species (E. globulus and E. cinerea), an aspect to take into account to decide the type of for-
mulation to apply and the way to carry out the treatments in the field.

V. CONCLUSIONS

1) The affectation of the mobility for Arion spp., was observed in a very similar way for
all the treatments of E. globulus and E. cinerea at concentrations of 100 ppm and 200
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2) The formulations of both Eucalyptus species at the two concentrations (100 ppm and 200
ppm) caused mortality of Arion spp by contact from the 9th day and by ingestion on the
4th day, reaching mortalities higher than 85% on the 15th day by contact, and 95% by
ingestion on the 14t day.

3)

Linear regression equations were obtained with significant coefficients of determina-
tion between slug mortality and exposure time, which allowed estimating TL_ values
by contact between 10.31 and 10.12 days for the essential oil of E. globulus and between
13.31 and 6.69 days for E. cinerea, depending on the concentration, while by ingestion
the TL,, were relatively lower, varying between 7.31 and 5.55 days, for the essential
oil of E. globulus and between 8.22 and 6.6 days for E. cinerea at 100 and 200 ppm
respectively.
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