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Abstract

Phytophagous and beneficial arthropods were inventoried on three traditional aromatic plants,
lemongrass (Cymbopogon citratus), basil (Ocimum basilicum), and chives (Allium fistulosum), cropped in
separate plots in a field experiment in the Caribbean island of Martinique. The same inventory was made
on tomato plots, as a culture of association. Arthropods were collected using D-vac suction and Pitfall
traps. Our results showed that hemipterans and dipterans dominated in D-vac suction samples with a
high abundance of hemipterans on basil and of dipterans on tomato. Pitfall trap sampling revealed a high
abundance of ants (mainly of the genus Pheidole) on all four crops. Aromatic plants had a significant
positive effect on the abundance of both phytophagous and beneficial arthropods, while arthropod
composition varied almost not at all between plant species. The Shannon index of basil and lemongrass
were the highest. Aromatic plants may be used to increase population of beneficials in horticultural crops.

Keywords: Aromatic plants; Insect fauna; Companion plants; Abundance; Integrated pest management;
Biodiversity

Introduction

Under tropical climates, vegetable crops are highly susceptible to pressure from
numerous arthropod pests, which cause considerable damage [1,2]. However, as Ratnadass
et al. [3] highlighted in their review, pesticide use can be reduced with an agro-ecological
approach, which includes multispecies cropping systems [4]. Scherber et al. [5] showed that
plant diversity regulates both the abundance and species richness of organisms. Associating
companion plants within a main crop may be a useful agro-ecological practice, as these
species can be chosen to attract or repel the pests that damage the main crop, and can
increase the diversity of beneficials (parasitoids or predators) by increasing the diversity of
food resources and refuges [6]. In this context, traditional tropical “home gardens” are of great
interest, because of their multispecies structure and the principles of their functioning could
be used as foundations for the design of improved agroforestry practices [7], the home garden
as an agroforestry system [8]. The many advantages of such agro-ecosystems are exploiting
the regulatory effect of the natural enemies of crop pests, through the diversification of
spontaneous or cultivated biotopes [3,9]. In home gardens, aromatic species are omnipresent,
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intercropped or mixed with vegetable or tuber crops, or in
agroforestry plots [7,10] and such traditional aromatic plants are
an integral part of home gardens of the Caribbean islands, called
“Creole gardens” [11,12]. These plants are used for their medicinal
properties [10] but also because farmers observed their positive
effects in reducing crop pests and diseases. Indeed, the attractive
or repellent chemicals produced by the plants may promote plant
defenses and reduce pest damage [13].

Aromatic plants are thus good candidates to improve agro-
ecosystems but little attention have been paid in agricultural
research [10], and their potential beneficial effects on crop pest and
diseases need to be assessed. Pharmaceutical studies have focused
on the repellent effects of these plants and identified natural
chemicals, such as essential oils, which are used for the production
of insecticides or repellents [14,15]. However, very few field studies
have been conducted to characterize the performance of repellent
biotic species associated in situ with crops for the purpose of pest
management. Some of these investigations focused on induced,
rather than constitutive, plant defenses [16] and a few authors,
showed that intercropping with aromatic plants, compared with
intercropping with natural herb vegetation, was able to reduce both
the abundance and species richness of herbivorous arthropods in
the specific conditions of a pear orchard [17,18]. A companion
plant might have repelling and/or intercepting effects on pests and
pathogens and attract natural enemies, or provide food for natural
enemies [19]. Indeed, the companion plants can control insect pests
directly by deterring pest establishment or indirectly by attracting
natural enemies [20]. In addition, increasing plant diversity at the
local scale is recognized to support populations of natural enemies
while reducing the abundance of insect pests and their damages to
crops [21].

We hypothesized that field observations of insect fauna of
aromatic plants could help to guide the choice of companion
plants in vegetable crops. In Martinique (French West Indies), we
inventoried populations of phytophagous and beneficial arthropods
on three traditional aromatic plants cultivated in separated plots,
known for their repellent essential oils [22,23]: lemongrass
(Cymbopogon citratus), basil (Ocimum basilicum) variety with
small leaves and chives (Allium fistulosum). Allium is known for its
insect repellent properties [24,25]. The repellent properties of the
allelochemicals (sulfur compounds) of Allium in associated crops
were revealed by Yu [24] in a test associating Allium and tomato
and by Auger et al. [26] for its anti-palatable effects on insects. We
made the same inventory on tomato (Lycopersicon esculentum)
plots, as beneficiary plants, tomato being one of the main vegetable
crops grown on the island. In Martinique, tomato cultivation is
greatly reduced due to Ralstonia solanacearum, the causal agent of
bacterial wilt disease [27] and two main insect pests Bemisia tabaci
and Helicoverpa zea. Bemisia tabaci, the whitefly vector of Tomato
yellow leaf curl virus (TYLCV), seriously reduces tomato production
and quality [28]. Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae),
is a major pest of tomato. It is present throughout the island all year
round and its population increases during the tomato growing
season [29]. We assessed (i) the abundance of phytophagous and

beneficial arthropods on the three aromatic plants and on tomato,
(ii) the correlation between the abundance of beneficials and the
abundance of phytophagous arthropods and (iii) the dynamics of
these abundances.

Materials and Methods
Study site and experimental design

We conducted our study from early October 2010 to mid-
January 2011 in the Caribbean Island of Martinique (French West
Indies) at the CIRAD research station located at Lamentin (14 °37’
N, 60 °58" W, altitude 16ma.s.l). The site has a mean annual rainfall
of 2007mm and a mean annual temperature of 26.5 °C. The climate
is tropical and humid with a rainy season from June to October, and
a dry season from November to May. The soil at the study site is an
alluvial continental Ferralsols. The experiment was conducted in
field conditions during the tomato growing season. The plants were
purchased from a nursery and plotted about 10cm high. Before
planting, the plants used were selected to be of a similar size. At the
start of the experiment, 20 days after planting, the average plant
height was 20cm for basil, 27.4cm for lemongrass, 12.8cm for onion
and 12cm for tomato. A randomized complete block experimental
design was set up, with three replications, each comprising four
5x2m plots spaced 5m apart [30]. Each plot was planted with one
of the four species. The same crop management was used for four
plant species and no pesticide or fertilizer treatments were carried
out during the experiment. To avoid weeds and stagnating water, the
inter-crop spaces were covered with a canvas made of UV resistant
woven polypropylene. The ground in the vicinity of the plots was
regularly mowed and the ground in the plots was regularly hand
weeded.

Observations and sampling

The observations were made during from November 2010 to
January 2011. The arthropod populations were monitored from
December 1 to January 12 by combining two trapping methods
(D-vac suction and pitfall traps) in 1m2 located in the center of
each plot to avoid edge effects [31]. During this period, at intervals
of 20 days, three samplings of arthropods were made on the same
day with each trapping method. The D-vac suction was switched
on for 16 seconds to capture arthropods circulating on foliage
[32]. Captured arthropods were placed at -20 °C for one hour
before identification and counting. Pitfall traps (12cm in diameter)
were filled with water and a few drops of detergent (commercial
dish cleaner) to weaken water surface tension and placed on the
ground for 24 hours at each collection to collect arthropods that
are active on the soil [33-36]. The trapped arthropods were placed
in 70° alcohol for several hours before identification and counting.
Identification was made to the at least to the family level [37-39].

Statistics and data processing

We calculated two diversity indices, the Shannon Weaver Index
to account for the diversity of the insect fauna in the treatments and
distributions. The Shannon Weaver Index (H’) was calculated as
follows Shannon [40] & Jost [41]: H’=-)"" pi*ln (pi),where i is one
species relative to the total number of species, S is the total number
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of species, p(i) the study area calculated as p(i) is the proportion of
species [, where ni is the number of individuals of the speciesi,and N
the total number of individuals of all species. Overdispersion in the
data was taken into account using a quasi-generalized linear model
(quasi GLM) with a Poisson error to assess the effect of plant type,
sampling date, and the abundance of beneficials on the abundance
of phytophagous arthropods. To account for heterogeneity in the
data, we used a Generalized Least Square model (GLS) Zuur et
al. [42] with the date as a variance of error function to assess the
effect of the plant type, the sampling date and the abundance of
phytophagous taxa on the abundance of beneficials. For GLS, the
abundance of beneficials was log transformed to reach normal
distribution. We used Likelihood Ratio Tests (LRT), Zuur et al.
[42] to assess the significance of explanatory variables in the GLS
models. For all statistical analyses, we used a significance level of
0.05.

Results
General features of the arthropods we collected

In total we trapped 1,817 arthropods, representing 45 taxa
in 9 orders. D-vac suction accounted for 1,534 arthropods from
41 taxa, 8 orders and 33 families were identified (Table 1). Pitfall
traps accounted for 283 arthropods from 21 taxa, 8 orders and
15 families were identified (Table 2). Seven of the nine identified
orders were common to both trapping methods: Araneae,
Collembola, Diptera, Hemiptera, Hymenoptera, Lepidoptera, and
Orthoptera. Coleoptera was only trapped with D-vac, and individuals
of the order Diplopoda only with pitfall. Regardless the crop and
sampling dates, hemipterans represented the highest number of
arthropods trapped by D-Vac, with 252.0+80.8, mean+SE (65%) of
all arthropods trapped) while hymenopterans (almost exclusively
ants) represented the highest number of arthropods trapped by
pitfall traps with 47.0+£7.9 (66%) of all arthropods) (Figure 1).

Table 1: List of arthropods collected in the 12 plots with the D-vac (4 cropsx3 replications: 12 plots, trapping done in

the central (1m?) of each plot.

Taxon Abundance (Number of Individuals) Total
Order Suborder ‘ Family Genus Species Tomato Lemongrass Basil Chives
Phytophagous Trophic Level
Coleoptera Curculionidae 1 1 2 0 4
Diptera Brachycera Agromyzidae Liriomyza sp. 2 5 0 0 7
Diptera Brachycera Droso;ryn h;;;ii;gg:;:p hila 17 0 0 0 17
Diptera Brachycera Ephydridae 1 0 0 4 5
Diptera Brachycera Ulidiidae Euxesta sp. 25 3 0 28
Diptera Brachycera ND 24 8 1 14 47
Diptera Brachycera Chloropidae 0 2 5 6 13
Diptera Nematocera Sciaridae 17 13 26 6 62
Diptera Nematocera ND 29 1 2 21 53
Diptera Nematocera Chironomidae 2 0 0 0 2
Diptera Nematocera Simuliidae 0 0 1 0 1
Diptera Nematocera Lauxaniidae 0 26 0 0 26
Diptera Nematocera Tipulidae 0 3 5 0 8
Hemiptera Cicadomorpha Cicadellidae 19 119 140 53 331
Hemiptera Cicadomorpha ND 0 1 0 0 1
Hemiptera Fulgomorpha Cixiidae 0 0 18 0 18
Fugi’;’;ﬂg:;ha Delphacidae 3 22 0 4 29
Hemiptera Heteroptera ND 0 0 5 0 5
Hemiptera Heteroptera Lygaeidae 0 5 312 179 496
Ste’:i’;’r"f;;;‘zha Aphididae 1 5 31 1 38
s teHrz:)nrif ht;;Z ha Aleyrodidae Bemisia tabaci 1 0 1 0 2
Hymenoptera Apocrita Cynipidae 1 0 1
Hymenoptera Apocrita Apidae Apis mellifera 0 3 4 4 11
Lepidoptera ND 0 1 0 0 1
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Lepidoptera Glossata Noctuidae Spodoptera sp. 0 0 1 0 1
Orthoptera ND 0 9 5 11 25
Orthoptera Caelifera Tridactylidae 0 6 0 3 9
Beneficials Trophic Level
Arachnida Teragnathidae 0 9 16 0 25
Araneomorpha
Arachnida Saltlcza‘{ae Hen‘tZla 0 8 6 8 22
Araneomorpha whitcombi
Coleoptera Coccmelllc.iae Plomus 4 0 0 1 5
roseicollis
Diptera Brachycera Dolichop Odlg;e Diaphorus 0 8 0 1 9
Diptera Brachycera Empididae Elaphropeza sp. 0 2 0 11 13
Diptera Nematocera Ceratopogonidae 26 0 10 9 45
Hemiptera Heteroptera Anthocoridae Orius sp. 0 0 5 3 8
Hemiptera Heteroptera Miridae 5 12 63 0 80
Hemiptera Heteroptera Reduviidae 0 0 0 1 1
Hymenoptera Apocrita Braconidae 0 0 1 0 1
Hymenoptera Apocrita Formicidae B;[r)achy myrmex 0 4 0 0 4
Hymenoptera Apocrita Formicidae Pheidole sp. 0 1 0 1 2
Hymenoptera Apocrita Formicidae ND 0 10 0 0 10
Saprophagous Tropic Level
Collembola ND 15 ‘ 13 31 9 68

Table 2: Arthropods collected on the 12 plots with Pitfall traps (4 cropsx3 replications: 12 plots, trapping done in the
central 1m? of each plot.

Taxon Abundance (Number of Individuals) Total
Order Suborder Family (:}enus Tomato Lemongrass Basil Chives
Species
Phytophagous
Diptera Sciaridae 2 0 0 1 3
Nematocera
Diptera ND 2 6 2 24 34
Nematocera
Diptera Brachycera Chloropidae 0 0 0 1 1
Diptera Brachycera UIzdndaS;Euxesta 0 1 0 0 1
Diptera Brachycera ND 0 0 1 5 6
Hemiptera .
Heteroptera Lygaeidae 0 0 0 3 3
Hemiptera Aleyrodidae 0 1 0 1
Sternorrhyncha Bemisia tabaci
Lepidoptera ND 0 0 0 1
Orthoptera . .
Caelifera Tridactylidae 0 0 2 2
Orthoptera ND 0 0 0 1
Orthoptera Ensifera | Gryllidae Gryllus sp. 0 1 0 1
Beneficials
Araneae Tetragnathidae 0 1 0 1
Araneomorpha
Araneae Salticidae Hentzia
Araneomorpha whitcombi 6 4 1 21
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Araneae ND 2 0 0 0 2
Araneomorpha
. Dolichopodidae
Diptera Brachycera Diaphorus sp 1 3 0 0 4
Hymenoptera Formicidae
; 1 1 0 0 2
Apocrita Brachymyrmex sp
Hymenoptera Formicidae
Apocrita Pheidole sp. 66 42 28 48 184
Hymenoptera Formicidae ND 0 0 1 1 2
Apocrita
Hemiptera Miridae 0 0 0 4 4
Heteroptera
Saprophagous
Collembola ND 2 0 1 1 4
Diploda - Julida Julidae 0 0 4 1 5
ND: Not determined.
3 -
2 i
0O Dvac
m Pitfall

> & & & @ &
0‘ @ @'ﬁb (@ ':‘:‘S’ & 6& .©° 6@‘: ‘QOQ\.?,
¥ %ﬁ &

Figure 1: Distribution of arthropod orders collected with D-vac and Pitfall traps. Average numbers of individuals
(mean*SE) for the four plants studied (tomato, lemongrass, basil, chives), replicates (3), and collections (3)
(Martinique, 2010-2011).

We identified 1241 phytophagous, 225 beneficials and 68
saprophagous individuals. In the D-vac samples, beneficials
accounted for 14.7% of the total number of individuals collected
distributed across 5 orders and 11 families. Among these, we
observed three families of Hemiptera (38% of individuals), five
families of Diptera (32% of individuals), two families of Araneae
(20% of individuals), five families of Hymenoptera (7.6% of
individuals) and only one familie of Coleoptera (2.1% of individuals).
The first collection accounted for 17.9% of all the arthropods
collected, the second collection for 30.5% and the third collection
for 51.6%. This trend coincided with an increase in arthropod
populations observed both in the D-vac samples and in the pitfall
samples. Thus, the third collection comprised 52% of individuals
of samples collected of D-vac and 47% of individuals of samples

collected of pitfall samples (Tables 1 & 2)
Arthropod diversity: Shannon

The mean Shannon index (H’) as determined by D-vac sampling
was 0.84, with values ranging between 0.7+0.2, mean with SE and
1.1+0.2 mean with SE. The mean diversity index as determined
by pitfall trap sampling was 0.79 (H’ ranging between 0.5+0.1
and #0.3, mean with SE) depending on the plant (Figure 2). The
Shannon indices of lemongrass and chives were higher (H'=1.1+0.2,
mean+SE and H'=0.8+0.3, respectively). The mean Shannon index
of the Pitfall samples was 0.79 (with values ranging between
0.6£0.2, mean+SE and 1.0+0.3, mean+SE). The fluctuation of this
index revealed lower diversity (0.6+£0.2, mean+SE) on the three
aromatic plants than on tomato (Figure 2). The Shannon indices of
lemongrass and chives were similar (Figure 2).
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Figure 2: Shannon index (H’) showing arthropod diversity, collection with D-vac and Pitfall traps. Average values of
indices (means*SE) of the three replications on each of the four plants.

Arthropod abundance

There was a significant effect of plant species and collection
date on the abundance of phytophagous arthropods (Table 3).
The model with plant and date as explanatory variables of the
abundance of phytophagous arthropods was better than the model
with only date (ANOVA test: F(2, 31)=3.72, P=0.021), and then the
model with only the plant (ANOVA test: F(3, 31)=5.24, P=0.010).
The effect of plant was mostly due to the effect of basil, on which the
abundance of phytophagous arthropods was 1.32 more than that
observed on tomato (t-value=2.73, df=6, P=0.01). The abundance
of phytophagous arthropods on chives and lemongrass was not
significantly higher than that observed on tomato (t-value=0.83,
df =6, P=0.410 and t-value =0.41; df=6, P=0.223. The abundance of

phytophagous at different sampling dates was significantly higher
at sampling date 3 with 1.2307 more beneficials arthropods than
on tomato (t-value=2.88, df=6; P=0.007), but not at sampling date
2 (t-value=1.35, df=6, P=0.185). The abundance of beneficials had
no significant effect on the abundance of phytophagous arthropods
(P>0.05). The abundance of phytophagous arthropods and the date
of sampling had no significant effect on the abundance of beneficials
(P>0.05). The effect of the plants was mostly explained by basil for
which the log-abundance of beneficials was 1.728 greater than
that observed on tomato (t-value=1.97, df=7, P=0.0004). The
log-abundance of beneficials on chives and lemongrass was not
significantly greater than that observed on tomato (t-value=3.97,
df=7, P=0.1 and t-value=1.69, df=7, P=0.114, respectively).

Table 3: Abundance of phytophagous arthropods analyzed with a quasi-generalized linear model with a Poisson error
and log of abundance of beneficials analyzed with a generalized least square model with date as a variance function

error.
o Phytophagous Beneficials
Estimate Std. Error tvalue Pr(>|t|) Estimate Std. Error tvalue p-value
Basil 1.3196 0.5498 2.733 0.010433* 1.727571 0.434463 1.972879 0.0004*
Lemongrass 0.4578 0.4829 0.835 0.41019 0.736316 0.434463 3.976337 0.1005
Chives 0.657 0.5482 0.41019 0.223525 0.706242 0.434463 1.694773 0.1145
Date 2 0.6296 0.4641 1.357 0.185031
Date 3 1.2307 0.4261 2.888 0.007123*

*: Indicates significant effect between aromatic plants and the abundance of phytophagous arthropods and beneficial

arthropods.

To assess the influence of aromatic plants on ground-dwelling
arthropods, we selected the three most representative arthropod
orders based on the number of individuals, and analyzed them using
a quasi-generalized linear model with a Poisson error. Aromatic

plants had a significant effect on the abundance of arthropods
(P>0.05). Plant species and sampling date had a significant effect
on cumulated abundance. The model with plant and data as
explanatory variables of the abundance of arthropods was better
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than the model with only data (ANOVA: F(3, 41) =3.732, P=0.018)
than the model with only plant (ANOVA: F(3, 44)=9.248, P<0.001).
The abundance of arthropods on tomato was 0.88 higher than on
basil (t-value=2.693, df=3, P=0.01). The abundance of arthropods

on lemongrass and chives was respectively lower than on basil
(t-value=2.77 and 1.335; df=3, P=0.008 and 0.18 respectively
(Table 4).

Table 4: Abundance of the three most frequent arthropod orders analyzed with a generalized least square model with

the date as the error variance function.

Variable Estimate Std. Error tvalue p-value
Tomato 8.78E-01 3.26E-01 2.693 0.01021*
Lemongrass 4.67E-01 3.49E-01 1.335 0.1891
Chives 9.00E-01 3.25E-01 2.77 0.00838*

*: Indicates significant effect between aromatic plants and the abundance of arthropod orders.

Discussion

To our knowledge, this is the first inventory of populations of
phytophagous and beneficial arthropods on traditional aromatic
plants known for their repellent essential oils [23]. Indeed, results
show that the three traditional aromatic plants lemongrass, basil,
chives could be used with tomato, one of the main crops produced
in Martinique. Of the three plants, lemongrass had an effect on
both the abundance and diversity of arthropod populations. For
sustainable agriculture and integrated pest management, the multi-
species system consists in combining plants with attractants and
repellents or biocides to control aerial arthropod pests of the target
crop. Ample evidence accumulated in the last few years shows that
volatiles from vegetative plant parts can directly repel herbivores
and also protect plants by attracting herbivore enemies, including
beneficials [43]. The attraction or the repulsion exerted on a pest
depends on the physiology and biochemistry of the plant, while the
emission of a particular volatile compound into the atmosphere
depends on both the rate of its biosynthesis and the rate of its
release [44]. Similarly, the extra floral nectars developed by some
of these plants (e.g. basil) are important dietary components for
the attraction of natural enemies such as omnivorous arthropod
predators, but which are able to shift between a diet comprised of
arthropod prey and one composed of plant-based resources during
periods when prey are scarce [45].

Species richness of the arthropod fauna was completely
distributed on basil, not on the other aromatic plants or on tomato
on which one to two orders of arthropods were absent. In pitfall
traps, a similar phenomenon was observed concerning diversity on
tomato where ants largely dominated. A more even distribution of
populations of arthropods was found on the soil close to lemongrass,
whereas near the tomato plants, one species dominated the
entire population. Hemipterans accounted for the great majority
of arthropods collected on the three aromatic species during the
campaign. Individuals of the Cicadellidae family were found on all
four crops, with the exception of the two of three plots of chives.
The hemipterans of the family Lygaeidae were the most abundant
representatives of the Hemiptera order and seem to be attracted to
basil, but nevertheless occupied one plot of chives. Populations of
dipterans, representing by a single family (Ceratopogonidae), were
numerically dominant on tomato plants. According to Werner and
Pont [46], the larvae of the subfamily of Ceratopogoninae, which

are essentially predators that feed on small animals as well as all
adult female Ceratopogoninae except Culicoides, are also predators
of small insects such as midges. Nearly half of these arthropods
are potential predators and they were the same families that we
found on the tomato crop. Thus, on chives, dipterans belonging to
the Ceratopogonidae, Dolichopodidae and Empididae families were
denoted as predatory. Otherwise, on lemongrass, only one family
of predaceous dipterans (Dolichopodidae) was observed. Species of
this family feeds mainly on the larvae of other Diptera [46]. Some
families, including Dolichopodidae and Ceratopogonidae, which may
play a role in predation, were present in large numbers on tomato.

In pitfall traps, potential ants accounted for the majority of
arthropod populations collected on tomato plants Among the ants,
the genus Pheidole, which is often the most prevailing ant genus
in warm climates such as tropics [47], accounted for a very large
majority of potential beneficials, Based on individuals counted in
the D-vac samples, the aromatic plants were more attractive than
tomato to the hemipterans. The high abundance of hemipterans
presence at the third sampling date coincided with more abundant
flowering of basil than at the two previous sampling dates. Members
of the Lygaeidae prefer the reproductive organs of host plants
[48,49]. This was also confirmed in an experiment on the natural
food needs of Oncopeltus fasciatus, a member of the Lygaeidae
family, by Ralph [49] using plant species as host plants, which
revealed that the nutrients needed for good reproduction of the
species are flowers or seeds rather than stalks or leaves. Holway et
al. [50] speculate that the pheromones produced by male member
of the Heteroptera order may play a defensive role but also play an
important role in the orientation of colonization of new habitats.
However, some foods thatare good for breeding are poor for growth,
and vice versa. Under this hypothesis, these species may play a
significant role in the natural reduction of populations of insect
pests [51]. Similarly, numerous studies have shown that members of
the Miridae family are omnivorous predators. Using the example of
Dicyphus hesperus, Gillespie & McGregor [52] showed that without
leaves or supplementary water, D. hesperus cannot complete its life
cycle or feed on prey as an adult. Thus, species belonging to the
Miridae family are among the many taxa of omnivorous predators
reported to be improvers of life-history traits when prey food is
supplemented by plant food [52-54]. Plant feeding by omnivorous
predators should promote top-down control and may increase the
likelihood of tropic cascades [55,56].
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Most collembolans were caught on the leaves of aromatic
plants. Thus, although the majority of collembolans inhabit the
soil, some can colonize plant litter, the herbaceous layer that
covers the soil under shrubs and trees, and even bare soil and rock
[57]. Many studies highlighting food preferences (mycophagy) of
collembolans, have suggested climate condition are of secondary
importance. Similarly, the effects of the wet or the dry season
could be reflected in numeric responses in arthropod populations
[58]. The different approaches we used allowed us to assess the
effects of aromatic plants on beneficial populations, which may
have great potential for the control of arthropod pests of vegetable
crops. Phytophagous insects were abundant on aromatic plants,
plant volatiles are also known to attract enemies of plants [43].
Unlike their essential oils, which are used in the manufacture of
insecticides or repellents, aromatic plants did not show the same
performance as their essential oils, but seem mostly to increase
the presence of phytophagous and beneficials. However, in the

case of aromatic plants associated with crops, moving herbivores
toward these plants could itself be a beneficial effect because the
herbivore-challenged plants also emit volatiles that attract insect
predators and bolster resistance to future threats [59]. Song et al.
[60] assessed five aromatic plants as intercrops in a pear orchard,
and all significantly reduced the pest population compared with
that in the plot with natural grasses. Similar results were obtained
by Lopez & Shepard [61] in an experiment with a medicinal plant
species, feverfew (Tanacetum parthenium. L), an aromatic plant
which attracts and maintains populations of arthropod predators.
Our survey data to our knowledge provides the first assessment of
the beneficial and pest arthropod populations present on aromatic
plants that could serve as companion plants, and enhance biological
control of tomato crop. The changes in the abundance of beneficial
and harmful insects, in Figure 3, are undoubtedly one of the most
important results of this study for the choice of companion plants.
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Figure 3: Abundance behavior of beneficial and phytofagous arthropods during the test
The abundance behavior of beneficial and phytophagous arthropods during the trial was markedly different for basil
compared to other crops.
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