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1. Introduction

ABSTRACT

Plants can host many herbivores and their natural enemies during their growth cycles. For this reason,
changes in the relative abundance of crop and weed plants in a monocropping system as well as dif-
ferent crop plants in an intercropping system may produce great bottom up impacts in the specific and
functional structure of spontaneous communities of arthropods. The hypothesis of this study was that
the combination of two contrasting species, soybean (Glycine max, Fabaceae, N, fixing plant) and annual
wormwood (Artemisia annua, Asteraceae, VOCs plant), would be related to different spontaneous commu-
nities of arthropods depending on the proportion of each species, and this would favor crop biodiversity
without compromising crop production. The objectives of the study were: (a) to analyze the differences
of spontaneous communities of arthropods related to different soybean (S)-annual wormwood (W) mix-
tures, using standard crop management for S production in Argentina, (b) to determine S and W total
biomass and W essential oil content and yield and, (c) to analyze the relationship between arthropod
communities and crop productivity. Factorial field experiments with 3 replications were done during
2006 and 2007. S density was kept constant (40 plants m~2) and different W densities (plants m~—2) were
added. Treatments were pure S, S+2W, S+4W, S+ 8W and pure W (8 plants m~2). Arthropods were sam-
pled at soybean full flowering and were classified in functional groups as herbivores and non-herbivores.
S and W total and relative biomass and W essential oil content and yield from leaves and inflorescences
were estimated in reproductive stage. Arthropod morphospecies abundance and richness were deter-
mined for each treatment. Data were analyzed using uni (ANOVA) and multivariate (CCA) techniques.
Arthropods belonging to 7 orders presented a total richness of 48 morphospecies in 2006 and 36 in 2007,
while total abundance was 379 in 2006 and 318 in 2007. The proportion of non-herbivores was higher
than the proportion of herbivores. Different arthropod communities were observed according to each
treatment. No differences were found among treatments in S+W and S total biomass production, while
W total biomass and essential oil yield were both different among treatments. Relative biomass produc-
tion of S and W was the main explanatory variable related to the contrast of arthropod communities
between pure annual wormwood (W) and the rest of the treatments. Annual wormwood could be used
as an accompanying essential oil crop or left as a weed in the densities tested in this work, favoring
biodiversity and, eventually, pest management without compromising soybean crop yield.

© 2010 Elsevier B.V. All rights reserved.

directly serve as food for herbivores and, in turn, herbivores can
serve as a food source for beneficial arthropods. Weeds can also

Plants can host many herbivores and natural enemies of her-
bivores during their growth cycles. For this reason, changes in
the relative abundance of different plant components may pro-
duce great bottom up impacts in the spontaneous communities of
arthropods (Marshall et al., 2003). Said components are crop and
weed plants ina monocropping system or different crop plantsinan
intercropping system. As primary producers, crop and weed plants
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serve as alternative hosts for crop pests when the crop is absent
or its phenological stage is unsuitable for the pest. Many benefi-
cial arthropods also feed directly on plant material, such as nectar
or pollen, at some stage during their life cycle. Such plant feeding,
at adult or immature stages, is often required for optimum per-
formance of the beneficial arthropods (Norris and Kogan, 2005) in
addition to the herbivore prey.

Interactions between arthropods and plants are mediated by
physical (color, shape, and texture) and chemical (odor and taste)
characteristics of the plants (Gershenzon, 1984; Coleman, 1986;
Rausher, 1992; Dicke, 1999; di Giulio et al., 2001; Norris and Kogan,
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2005). Plant traits such as leaf nitrogen and water content, tough-
ness, thickness, color, internal and volatile organic compounds
(VOCs), are known to be important determinants of arthropod
behavior (Coleman, 1986; Gershenzon, 1984; Howe and Westley,
1988; Pastor et al., 1997; Tomassini Barbarossa et al., 2007) and
thus, of community structure (Lenardis et al., 2007). For instance,
VOCs often serve as attractants or repellents for feeding and ovipo-
sition (Stddler, 1986; Bernays and Graham, 1988; Unsicker et al.,
2009). Stimulus showed dose-dependent opposite effects, attrac-
tion or repellency, on odor-induced insect behavior depending on
signal concentrations (Dethier and Yost, 1952, cited by Tomassini
Barbarossa et al., 2007). VOCs dose is related to the genotype and
the environment (Gershenzon, 1984).

VOCs emitted by crops can mix with those emitted by other
species that share the habitat, for example weeds or accompanying
crops (Harborne, 1987; Stddler, 1992; Bernays and Chapman, 1994).
Many arthropods may be very sensitive to the relative species com-
position in the mixture (Khan et al., 2008). The role of different
weeds-crop or intercrop mixtures on spontaneous communities of
arthropods may be explained considering that weeds or accompa-
nying crops represent a diluting factor in the concentration of the
predominant crop plant. The introduction of an element of bio-
diversity expands the spectrum of natural enemies available to
colonize the crop stand depending on the availability of prey or
hosts (Root, 1973). If the weed or accompanying crop is chemically
or taxonomically related to the main crop, the associated fauna may
be a threat to the crop. Otherwise, the herbivores may be irrelevant
for the crop, unless they are a polyphagous species. The arthro-
pod fauna on unrelated weeds or accompanying crops may harbor
prey for natural enemies that are important for the crop. However,
the importance assigned to plant mixtures to develop IPM and as
sources of diversity should be weighed in relation to competition
(i.e. crop yield loss) and their role in hosting beneficial arthropods
as well as crop pests (Norris and Kogan, 2005).

Although habitat richness provides organisms that can take
advantage of this habitat (Benton et al., 2003), the general trend
of agricultural intensification has been the simplification and spe-
cialization of the agro ecosystem including very low richness of
species (few weeded crops), genes (few cultivars) and manage-
ment (few active ingredients or tillage systems) (Vandermeer et al.,
1998). Moreover, high input of fertilizers and chemical pesticides
hasledtolossesinthe arthropod populations (Ewald and Aebischer,
1999; Biaggini et al., 2007), directly through toxicity and indirectly
through both food availability and habitat quality (Kromp, 1999;
Holland and Luff, 2000). The Pampean agroecosystem is not an
exception to this trend since transgenic soybean [Glycine max (L.)
Merr.], resistant to glyphosate and permanent no-tillage, is the
main land use in Argentina (Pengue, 2005; Cerdeira and Duke,
2006). In addition to the effect of agroecosystem simplification,
fields growing with herbicide resistant soybean could have fewer
arthropods (Buckelew et al., 2000), probably due to the reduction
of weed population and not through the direct effect of herbicide
or transgenic varieties on arthropods (Marshall et al., 2003; Norris
and Kogan, 2005).

Annual wormwood (Artemisia annua L.) is a component of the
weed community in the Rolling Pampa Argentina (de la Fuente
et al., 2006) that could interfere with soybean crop by competi-
tion for resources and by the release of VOCs affecting crop growth
(Duke et al., 1987; Weston, 1996; Weston and Duke, 2003). How-
ever, annual wormwood is also an essential oil crop of economic
value (Bagchi et al., 2003; Fulzele et al., 1995) that could be intro-
duced as a planned component of the agroecosystem.

It is expected that the combination of two contrasting species
(i.e. soybean, Fabaceae, N, fixing plant and annual wormwood,
Asteraceae, VOCs plant) will lead to greater overall biological pro-
ductivity than each species grown separately because the mixture

can use resources more effectively than separate monocultures
(Willey, 1979; Willey et al., 1986). In many instances, the increased
resource use is not a necessary condition for intercrop advan-
tage over separate monocultures (Vandermeer, 1989; Keating and
Carberry, 1993; Ong and Black, 1994). Facilitation is frequently
involved, such as when one crop attracts natural enemies to the
system and thus facilitates the escape of the second crop from some
fraction of pest attack (Vandermeer, 1984, 1989).

Within this context, the hypothesis of this study was that the
combination of two contrasting species, soybean and annual worm-
wood, would be related to different spontaneous communities
of arthropods depending on the proportion of each species and
this would favor crop biodiversity without compromising crop
production. Therefore, the objectives of the study were (a) to
analyze differences in spontaneous communities of arthropods
related to different soybean-annual wormwood mixtures using
standard crop management for soybean production in Argentina,
(b) to determine soybean and annual wormwood total and relative
biomass and annual wormwood essential oil content and yield and,
(c)toanalyze the relationship between arthropod communities and
crop productivity.

2. Materials and methods
2.1. Field experiment

Two factorial field experiments were carried out in the Faculty
of Agronomy, University of Buenos Aires (34°35’5” lat. S, 58°29’
long. W), during 2006 and 2007. Treatments were arranged in a
completely randomized block design in 2006 and in a completely
randomized design in 2007 with three replications. In both years a
soybean cultivar of maturity group IV (DM 4800) inoculated with
Bradyrhizobium japonicum (10° colony forming units/g inoculant)
was sown in plots 8 m long and 2 m wide with 0.35m inter-row
spacing on 10 January. In order to synchronize soybean and annual
wormwood growth, annual wormwood was sown previously and
then transplanted into the inter-row, 10 days after soybean sowing.

According to an additive model, soybean density in each plot
was kept constant (40 plants m~2) and different densities of annual
wormwood plants were added. Thus, different treatments were
pure soybean (S) and annual wormwood (W) (8 plants m~2), and
different mixtures of soybean (40 plantsm~2) and 2 (2W), 4 (4W)
and 8 (8W) annual wormwood plants m—2.

During the experiment, spontaneous weeds were removed
manually. The crop was irrigated when needed to avoid water
stress. Herbivorous arthropods were chemically controlled only
during vegetative stage of soybean (V2; Fehr and Caviness,
1977) with the equivalent of 100 cm? aiha~! of cypermethrin and
0.81ha~! of chlorpyrifos.

2.2. Arthropod sampling and determination

In both years, arthropods were sampled when soybean was at
full flowering (R2; Fehr and Caviness, 1977). This time interval was
chosen based on three criteria: (1) spring—-summer communities
were present, (2) chemical control had already been applied, and (3)
crops had achieved maximum ground cover. Arthropod sampling
was done using a sweep net (Tonkyn, 1980). Fixed net sizes (30 cm
diameter) and sweeping patterns were used (two net sweepings in
each plot) in the central zone of each plot, avoiding margins. In both
years, the sampling was carried out under similar climatic condi-
tions (sunny and without wind), at the same time of day, between
10.00 AM and 15.00 PM (h) each day.

Arthropod determination was performed at order, family and
morphospecies level in all cases, and order and morphospecies
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level for Araneae. Although detailed taxonomy usually improves
the interpretation of results, the determination work at species
level is usually time-consuming, if not impossible, due to lack of
taxonomic expertise in some orders, at the study site. The analysis
at morphospecies level allows the study of arthropod communities
since the differences between the number of morphospecies and
taxonomic species are in many cases less than 3, 3% (Derraik et al.,
2002). Each family was represented by only one morphospecies.

Each arthropod morphospecies was classified in functional
groups as herbivores and non-herbivores. Their habits and food
preferences during the crop cycle were determined using anatomic
characteristics mainly based on feeding traits and not exclusively
on taxonomic membership and bibliography (Richards and Davies,
1984; Arroyo Varela and Vifiuela Sandoval, 1991). Although defin-
ing functional groups in such a way is not a perfect approach, it is
an efficient and useful step forward to relate diversity and agroe-
cosystems function (Perner et al., 2005).

The arthropod specimens that document the observations are
available in the author’s personal arthropod collection in the Fac-
ulty of Agronomy, University of Buenos Aires.

2.3. Plant measurements

During reproductive stage (R5; Fehr and Caviness, 1977), soy-
bean plants in 0.75 m? and annual wormwood plants in 1 m? were
harvested and total aerial biomass was determined. Another sam-
ple of five annual wormwood plants per plot was kept in the freezer
(—=10°C) until hydro distillation. At the moment of distillation, the
stems of the plants were separated from whole aerial parts. Then
the contents of essential oil from leaves and inflorescences (LI)
as a whole were determined from the fresh material. A subsam-
ple of all units LI was dried at 70°C to determine water content.
Each unit LI was sliced and hydrodistilled for 1 h using a Clevenger
type apparatus according to the European Pharmacopeia method
(Pharmacopée Européene, 1997).

2.4. Data analyses

Data were summarized in a table considering the abundance
(number of individuals by morphospecies in each treatment) and
the richness (or number) of morphospecies or functions occurring
in each treatment (Whittaker, 1975; Magurran, 1988).

Abundance and richness data were transformed using square
root and then analyzed with analysis of variance, ANOVA, using
SAS version 9.1 (SAS Institute Inc., 2003). Means were compared by
the Tukey’s significant difference test at the 0.05 probability level.

The presence-absence data of arthropod morphospecies in each
treatment was subjected to Multi-Response Permutation Proce-
dures (MRPP) (Mielke, 1984) using PC-ORD Multivariate Analysis
of Ecological Data Version 5.0 (McCune and Mefford, 1995). This
method was used to analyze differences among treatments in mor-
phospecies composition.

Biomass and essential oil yield were analyzed using analysis of
variance, ANOVA SAS Version 9.1 (SAS Institute Inc., 2003). In 2006,
two samples of the essential oil of pure stand annual wormwood
treatment were omitted from the analysis because of problems
during hydro-distillation. In 2007, essential oil yields were trans-
formed using square root to homogenize variance. Means were
compared by the Tukey’s significant difference test at the 0.05 prob-
ability level.

The relationship between arthropod abundance and explana-
tory variables of plants in the different treatments was analyzed
using a direct gradient analysis, canonical correspondence analysis
(CCA) using PC-ORD Multivariate Analysis of Ecological Data Ver-
sion 5.0 (McCune and Mefford, 1995). CCA constructs those linear
combinations (axes) of explanatory variables along which the dis-

tribution of the morphospecies are maximally separated (ter Braak,
1987), and it has a great potential for examining the response of
communities to diverse variables (Kenkel et al., 2002). Axis scores
were centered and standardized to unit variance, and were scaled to
optimize representation of treatments. The explanatory variables
used were total biomass (soybean +annual wormwood) and rela-
tive annual wormwood biomass (annual wormwood biomass/total
biomass). To determine association between data and explanatory
variables, a biplot from CCA was obtained by overlaying a vector
diagram based on coefficients from the canonical functions describ-
ing each canonical axis.

3. Results
3.1. Arthropod communities

Forty-eight and 36 arthropod morphospecies were surveyed
during 2006 and 2007, with a total abundance of 379 and 318
morphospecies during 2006 and 2007, respectively. In both years,
arthropods belonged to the same 7 orders, Coleoptera, Diptera,
Hemiptera, Hymenoptera, Araneae, Orthopthera and Lepidoptera.
Functions were determined in more than 94% of the cases. In both
years, total abundance and richness of non herbivorous arthro-
pods was higher than total abundance and richness of herbivorous
arthropods (P=0.05). Although species composition was differ-
ent, the relationship herbivores/non herbivores of morphospecies
abundance and richness was similar among treatments, ranging
from 0.17 to 0.29 for abundance and 0.33 to 0.46 for richness dur-
ing 2006 and from 0.1 to 0.29 for abundance and 0.17 to 0.46 for
richness during 2007 (Tables 1 and 2).

The combination of arthropod morphospecies and treatments
resulted in 5 different arthropod communities and 10 faunistic
groups in 2006 and 9 faunistic groups in 2007. Each of those
communities represented treatments of pure annual wormwood,
soybean and different mixtures of soybean annual wormwood
(columns in Tables 1 and 2).

In both years, group | included morphospecies common to all
arthropod communities, whereas the other groups characterized
different communities. In 2006, the arthropod community related
to pure annual wormwood was characterized by groups I, II, Il and
IV and pure soybean community was characterized by the pres-
ence of groups I, II, III, V and VI and the absence of the rest of the
groups. The 2W mixture was characterized by groups [, I1, III, IV, V1
and VII; 4W by groups I, Il and IX and 8W by groups I, III, VIII and
X. Thus, group V was present only in soybean community; group
VI in pure soybean and 2W communities; group IV mainly in pure
annual wormwood community and groups VII, VIIl and IX were only
present in the mixtures (Table 1). According to MRPP, species com-
position was different between communities of pure soybean and
mixtures with high proportion of annual wormwood (W and 8W,
P=0.10 and 0.06, respectively) and between mixtures with high
(8W) and low (2W) proportion of annual wormwood (P=0.005).
No differences were found between treatments in total abundance
and richness of arthropod morphospecies (Table 1).

In 2007, pure annual wormwood community was characterized
by groups I, II, III, IV and V and the absence of the rest of the groups,
while pure soybean was characterized by groups I, Il and VI and the
absence of the rest of the groups. The 2W mixture was character-
ized by groups I, II, 11, VI and VII; 4W by groups I, I, III, IV, VI and
IX and 8W by groups I, II, III, VI and VIII. Thus, group V was present
only in pure annual wormwood community and groups VII, VIII
and IX were present only in the mixtures (Table 2). According to
MRPP, species composition was different (P=0.001) between com-
munities of pure annual wormwood and the rest of the treatments
(S, 2W, 4W and 8W). Total abundance of arthropod morphospecies
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Table 1
Faunistic group, order, family, function and abundance of arthropod morphospecies of the pure soybean, pure annual wormwood and different soybean-wormwood mixtures
during 2006.
Faunistic group Order code? Family Function Abundance
Communities
Pure stands Mixtures of soybean/annual wormwood
wb Se 2wd 4We swr
DIP Dolichopodidae nh& 12 12 12 9 9
HYM Serphidae nh 9 12 17 5 2
I CoL Coccinelidae nh 4 4 21 1 11
DIP Tephritidae nh 4 6 9 6 1
HEM Corixidae hh 2 6 2 1 3
HYM Evaniidae nh 5 7 7 5
DIP Phoridae nh 2 3 10 6
Il HEM Miridae h 1 2 9 2
HYM Braconidae nh 1 2 6 2
HEM Pentatomidae h 5 1 3 1
HYM Chalcididae nh 4 6 9 3
COoL Chrysomelidae h 4 1 3 1
111 DIP Lonchopteridae nh 3 3 1 1
ARA nh 1 1 2
ORT Tettigoniidae h 1 1
HEM Ochteridae nh 2 3 1
v HYM Vespidae nh 1 1
LEP Noctuidae nh 1
LEP Pyralidae h 1
HEM Nabidae nh 3
DIP Conopidae nh 2
HEM Gerridae nh 2
CoL Tenebrionidae nh 1
\% DIP Empididae nh 1
DIP Mycetophilidae nh 1
DIP Nemestrinidae nh 1
HEM Alydidae h 1
HEM Potamocoridae 1
HEM Thaumastocoridae h 1
HYM Ichneumonidae nh 3 5
VI COoL Scarabaeidae h 4 4
DIP Calliphoridae nh 1 2
DIP Ceratopogonidae nh 1 1
COL Staphylinidae nh 4
DIP Culicidae nh 2
HEM Tingidae h 2
VII DIP Bombyliidae nh 1
DIP Anisopodidae 1
DIP Sarcophagidae nh 1
HEM Piesmatidae h 1
HYM Formicidae nh 1
DIP Sepsidae nh 2
VIII DIP Cuterebridae nh 1
ORT Acrididae h 1
IX DIP Piophilidae nh 1
DIP Sciaridae nh 1
X HEM Ceratocombidae h 3 2 2
DIP Tachinidae nh 2 1
Total morphospecies abundance 63a 93a 142a 42a 39a
Total morphospecies richness 19a 30a 29a 13a 14a

Mean values followed by different letters within the same row are significantly different (P<0.05) according to the method of Tukey.
3 COL=Coleoptera; HEM = Hemiptera; ORT = Orthoptera; HYM = Hymenoptera; DIP = Diptera; LEP = Lepidoptera; ARA = Araneae.

b

¢ Pure soybean.

d Mixture of S and 2W plants m~2.
¢ Mixture of S and 4W plants m—2.
f Mixture of S and 8W plants m~2,

& Non herbivores.
h Herbivores.

Pure annual wormwood.
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Table 2
Faunistic group, order, family, function and abundance of arthropod morphospecies of the pure soybean, pure annual wormwood and different soybean-wormwood mixtures
during 2007.
Faunistic group Order code? Family Function Abundance
Communities
Pure stands Mixtures of soybean/wormwood
wb Se 2wd 4We swrf
HYM Serphidae nhg 12 12 9 13 9
I DIP Dolichopodidae nh 6 1 10 3 7
DIP Culicidae nh 6 2 2 1 1
HEM Coreidae hh 6 1 2 2 1
DIP Tephritidae nh 22 1 1 2
DIP Phoridae nh 15 1 1
Il HEM Miridae h 16 3 1
HYM Formicidae nh 12 1 1 2
HYM Chalcididae nh 5 3 4 1
DIP Empididae nh 2 1 1
COL Coccinelidae nh 13 2 1 6
I HEM Ceratocombidae h 2 4 8
DIP Lonchopteridae nh 2 1 7 6
HYM Braconidae nh 6 3 2
DIP Calliphoridae nh 4 1
I\% DIP Tachinidae nh 2 1
HYM Megachilidae nh 1 1
LEP Noctuidae nh 1
\% COL Curculionidae h 1
CoL Mordellidae nh 1
HYM Vespidae nh 1 1 2
COL Chrysomelidae h 1 1 2 1
VI HEM Anthocoridae 1
HYM Cynipidae 1 1
ORT Tettigonidae h 1 1
DIP Scaptophagidae nh 1
VI DIP Simuliidae nh 1
DIP Tipulidae h/nh 1
HEM Hidrometridae nh 1
DIP Scyomyzidae nh 12
VIII DIP Pipunculidae nh 1
HEM Lygaeidae h/nh 2
HEM Pentatomidae h 1
ARA nh 3
IX COL Scarabaeidae h 1
DIP Chamaemyiidae nh 1
Total morphospecies abundance 135a 30b 38b 49b 66b
Total morphospecies richness 20a 14b 15b 20ab 19ab

Mean values followed by different letters within the same row are significantly different (P<0.05) according to the method of Tukey.
2 COL=Coleoptera, HEM = Hemiptera, ORT = Orthoptera, HYM = Hymenoptera; DIP = Diptera, LEP = Lepidoptera, ARA = Araneae.

b Pure annual wormwood.

¢ Pure soybean.

d Mixture of S and 2W plants m~2.
¢ Mixture of S and 4W plantsm—2,
f Mixture of S and 8W plants m~2.
& Non herbivores.

b Herbivores.

was higher in pure annual wormwood than in the rest of the treat-
ments (P<0.0001). Total richness of arthropods was higher in pure
annual wormwood than in pure soybean and 2W mixture (P<0.01)
(Table 2).

3.2. Crop production

No differences were observed in total biomass between the
mixtures (soybean +annual wormwood) and pure soybean in both
years. Total biomass produced by pure annual wormwood was
higher in pure stands than in the rest of the treatments (P=0.006
in 2006, P<0.001 in 2007). Mimicking differences in total biomass,
essential oil yield was higher in pure annual wormwood than in

the rest of the treatments (P=0.004 in 2006 and P=0.09 in 2007,
Table 3).

3.3. Arthropod and crop production relationship

Arthropods and treatments were sorted in relation to the main
CCA axes. In both years, axis 1 presented a contrast between
pure annual wormwood (W) and the rest of the treatments
(Figs. 1 and 2). In 2006, W was related to the abundance of
Noctuidae, Vespidae, Lonchopteridae, Tettigoniidae, Sepsidae, Acri-
didae, Cuterebridae, Pentatomidae, Chrysomelidae, Ochteridae and
of Araneae (Fig. 1). In 2007, W was related to Phoridae, Tephriti-
dae, Tachinidae, Calliphoridae, Miridae, Formicidae, Mordellidae,
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Table 3

Total soybean and annual wormwood biomass production and annual wormwood essential oil production in the different treatments during 2006 and 2007.

Treatments Total biomass (gm~2) Soybean biomass (gm~2) Annual wormwood biomass (g m~—2) Essential oil (mlm~2)
2006 2007 2006 2007 2006 2007 2006 2007

wa 635.90 321.66 - - 635.90 a 321.66a 282.19a 119.35
Sb 551.64 506.60 551.64 506.60 - - - -
2we 578.54 488.49 515.36 479.82 37.93b 8.67b 12.82b 5.60
4wd 600.93 530.42 511.27 506.92 89.65b 23.49b 25.06b 8.72
8we 634.05 567.92 456.05 524.84 178.00 b 43.08 b 42.83b 25.75
P 0.88 0.08 0.17 0.82 0.006 <0.001 0.004 0.09

Mean values followed by different letters within the same column are significantly different (P<0.05) according to the method of Tukey.

2 Pure annual wormwood.

Pure soybean.

Mixture of S and 2W plants m—2.
Mixture of S and 4W plants m—2.

b
C
d
¢ Mixture of S and 8W plants m—2.
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Fig. 1. Ordination diagram of morphospecies and plots in the two principal axes
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Noctuidae, Curculionidae, Coreidae, Coccinelidae, Culicidae, Bra-
conidae, Empididae and Megachilidae (Fig. 2). In both years, relative
biomass was the main explanatory variable related to axis 1
(r=-0.67 in 2006 and r=-0.82 in 2007).

4. Discussion

Different spontaneous communities of arthropods were related
to the proportion of soybean and annual wormwood in the mixtures
tested in this work. Crop mixtures affected arthropod community
structure and diversity. This was probably due to the promotion of
heterogeneity in the plant growth and the chemical composition of
its tissues, in addition to the presence of refuges and the emission of
odor and visual signals, generating variability in the behavior and
movement of arthropods (Tilman and Pacala, 1993; Pastor et al.,
1997). Soybean is a good source of food for herbivores and indi-
rectly for their associated non-herbivores, thus promoting bottom
up processes. In turn, annual wormwood is a source of food for
herbivores and also an important VOCs signal emissor promoting,

CLRCY
aoros
Noery —
Fomw scara
ARAVE
H W e s rETH
= v &raco
& ) vi mgw‘ SEREH
. AR S
o Wbt Py o oy
[} resR w  coctr coK_g T owic Wiy soaer
o W CHANA
w | PHoR w < mﬁm CiHvS0
z coRgy & S roc
FENTA
v o 7
HORD
TAcH!
VEGAC
seron
LYGAC

Axis 1 (eig. 0.36)

Fig. 2. Ordination diagram of morphospecies and plots in the two principal axes
of CCA during 2007. Symbols: treatments (a) and arthropod morphospecies (+).
Treatments codes: pure soybean (S), pure annual wormwood (W) and their mixtures
including 2, 4, and 8 plants of annual wormwood (2W, 4W, and 8W). Morphospecies
codes: first 5 letters of the family name. Vectors represent explanatory variables total
biomass (BT) and relative biomass (RB).

not only bottom up processes, but also probably top down pro-
cesses via changes in mobile organisms behavior (Coleman, 1986;
Gershenzon, 1984; Howe and Westley, 1988; Pastor et al., 1997;
Tomassini Barbarossa et al., 2007). It is well known that VOCs play
important roles in plant defense, either by direct repulsion of her-
bivores or attraction of herbivore enemies (Stddler, 1986; Bernays
and Graham, 1988; Unsicker et al., 2009). Thus, mixing oil crops,
such as soybean, with VOCs crops, such as annual wormwood, could
be an interesting strategy to enhance biodiversity (Marshall et al.,
2003)and develop sustainable pest management (Pyke etal., 1987).

Results have shown similar total abundance of arthropods in
both years (379 in 2006 and 318 in 2007) distributed according
to the proportion of different plant species in the mixtures and to
the relative biomass production of annual wormwood. Therefore,
it is possible that annual wormwood VOCs served as attractants
or repellents for feeding or oviposition (Stddler, 1986; Bernays
and Graham, 1988) depending on the relative proportion of VOCs
species in the mixture, dose dependant response (Dethier and Yost,
1952, cited by Tomassini Barbarossa et al., 2007). High annual
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wormwood biomass production during 2006 could act repelling
arthropods from pure or high proportion of annual wormwood
mixtures (40/4, 40/8), thus explaining the trend of low arthropod
abundance and richness observed in these treatments. Low annual
wormwood biomass production during 2007 could act attract-
ing arthropods to these treatments, explaining the high values of
arthropod abundance and richness observed.

Mixtures did not promote a greater total biomass production
than pure soybean, so the range of mixtures included in this study
did not use resources more effectively than soybean monocultures
(Willey, 1979; Willey et al., 1986). Moreover, soybean crop biomass
production was similar between pure soybean and mixtures, thus
annual wormwood could be used as an accompanying crop or left
as a weed in the densities tested in this work without compromis-
ing soybean crop production. Annual wormwood acted as diluting
factor in the concentration of the predominant soybean crop and
introduced an element of biodiversity expanding the list of non
herbivores species available to colonize the crop without compro-
mising crop production (Norris and Kogan, 2005). Mixtures of these
industrial crops allow the increment of biodiversity without com-
promising productivity.

Several groups of spontaneous morphospecies of arthropods
were only observed when annual wormwood was present in the
mixture. Many of these morphospecies belonged to the same
families (Noctuidae, Mordellidae, Curculionidae and Lygaeidae)
recorded in Artemisia vulgaris L. in previous works (Denys and
Schmidt, 1998; Denys and Tscharntke, 2002). The morphospecies
of Araneae and other families reported by the same authors
(Tephritidae, Coccinelidae, Chrysomelidae, Braconidae, Formicidae,
Pentatomidae and Miridae) were more abundant on annual worm-
wood in the present work. Although A. annua and A. vulgaris are
morphologically different, both species produce essential oils char-
acterized by the presence of camphor and 1.8 cineole (Mucciarelli
et al., 1995), thus it is possible that VOCs signals are similar too.

5. Conclusions

Using standard crop management for soybean production in
Argentina, including transgenic cultivars resistant to glyphosate,
5 different spontaneous communities of arthropods belonging to 7
orders were observed depending on the proportion of soybean and
annual wormwood in the mixture.

Relative biomass production of S and W was the main
explanatory variable related to the differences in the arthropod
communities. Spontaneous communities of arthropods are con-
trolled mainly by bottom up processes, when soybean is the main
crop in the mixture. Meanwhile, the role of annual wormwood
attracting or repelling arthropods will depend on the magnitude
of the signal related, not only to the proportion of plants in the
mixture, but also to the biomass produced.

No differences were found among treatmentsin S+ W and S total
biomass production, while W total biomass and essential oil yield
were different among treatments. Thus, annual wormwood could
be used as an accompanying essential oil crop or left as aweed in the
densities tested in this work, favoring biodiversity and, eventually,
pest management without compromising soybean crop yield.
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