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CHemICAL EooLooy

Arthropod Assemblage Related to Volatile Cues in Flowering Wheat:
Interaction Between Aphid Herbivory and Soil Conditions as
Induction Factors

ADRIANA E. LENARDIS.'? ALFONSINA SZPEINER? axp CLAUDIO M. GHERSA®

Environ. Entomol 43(2): 445-457 (2014): DOL htipe/ (dx deiorg/ 10,1603/ EN13235
ABSTRACT  Volatile cues released by plants play an important role in plant-insect interactions and
are inlluenced by pests or soil conditions affecting plant metabolisim. Field microcosm experiments
were nsed to characterize arthropod spontaneous assemblies in homogenous unstressed wheatpatches
exposed to volatile cues coming from wheat plants with different levels of stress. The design was a
factorial completely randomized block design with three replications. Seurce wheat pots combined
two stress factors: 1) soil degradation level: high and low_and 2) aphid herbivory: with (A) and without
(B). Eighteen experimental units consisted of source stressed wheat pols. connected by tubes
conducting the volatile cues to sink wheat patehes. These patches were located at the end of the tubes
placed in a flowering wheat field. Arthropod asserblies on wheat sinks were different between years
and they were associated to the source cues. Soil condition was the main diseriminating factor among
arthropods when a clear contrast between high and low soil degradation was ebserved. whereas aphid
herbivory was the main diseriminating factor when soil condition effects were absent. Main soil
properties related with arthropods assembly were Mg and K in the first year and cation exchange
capacity, total nitrogen. and pH in the second year of experitnent. According to this study. spontaneous
arthropad distributions in the homogeneaus. unstressed wheat patch responded to the volatile cues
coming from wheal sources growing in particular soil conditions. Tt is possible to suggest that
soil-plant-herbivore interactions change wheat cues and this phenomenon produces significant

differences in neighboring arthropod community structure,
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Volatiles released by plants play an immportant role in
plant-insect interactions ( Pichersky and Gershenzon
2002 ). Volatile organic (‘f.n'n;_)ounds (VOCs) can act as
constitutive defenses (Wittstock and Gershenzon
2002) or as induced defenses when they are released
orsynthesized in response to tissue damage (Paré and
Tumlinson 1996). Both constitutive and induced vol-
atile composition and concentration are influenced by
stress factors. such as pests or soil condition affecting
plant metabolism ( Herms and Mattson 1992 Paré and
Tumlinsen 1999, Bezemer and van Dam 2005).
Herbivore-induced plant volatiles may directly in-
fluence herbivore development (Bernays and Chap-
man 1994, Karban and Baldwin 1997, Scheonhoven et
al 1995 ) and may indirectly attract hetbivore's natural
enemies ( Bruinetal. 1995, de Moraes et al. 1995 Dicke
1999, Paré and Tumlinson 1999, Kessler and Baldwin
2001 . Steidle and Van Loon 2003). For ex;m'iph‘. vola-
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tiles released from corn seedlings (Zea mays L.} in-
fested by herbivores may function as chemical cues for
parasitic wasps ( Turlings et al. 1991). The same phe-
nomenon was observed from wheat leaves wounded
l.)}' a‘tphi(! { Sitolion avenae Iy Zhao et al. 2009
Intensive agricultural land vuse causes soil erosion
and degradation as well as changes in plant and ar-
thropods communities (de la Fuente et al. 2006). Le-
nardis et al. (2007} tound that ;1[lugvm‘ic- VOCs emil-
ted by plants (wheat and coriander winter crops)
grown in soil with different degradation level played
some role in the determination of spontanecus arthro-
pod assernblies in erop plants growing withoul stress.
Mereover. Szpeiner et a L (2009 shewed that when
the two stresses were acting simultaneously . the re-
sponse tovolatile emissions caused by aphid herbivary
was greater than that caused by soil conditions, De-
spite these studies. there is no information on how the
influence of allogeneic VOCs may affect crop arthro-
pod assemblages along different growth stages. Sig-
nificant morphological and physiological changes oc-
cur during crop development. and the effects of
allogeneic plant VOCs on arthropods assemblage
could be blurred by local plant VOCs emissions. Un-
derstanding how arthropods assemblages are affected
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by allogeneic plant VOCs during the erop reprodue-
tive stages is important. especially cansidering their
potential impact during these stages that are eritical
for yield determination {Fischer 1985). For this rea-
son. the aim of this study was to evaluate spontaneous
arthrapod assemblies in unstressed flowering wheat
erop patches expased to allogeneic cues coming from
wheat plants growing under different levels of stress.

Stress factors were generated by high and low level of

soil degradation and with or witheut aphid hedsivory.

Materials and Methods

Microcosm Fxperiment. Two factorial experiments
in a completely randomized block design with three
replications were carried out in the Faculty of Agron-
omy. University of Buenos Aires (34833908 latitude.
558299 W longitude) during 2004 and 2005, Experi-
mental units consisted of source pots with stressed
wheat emitting cues. connected with sink patches
with unstressed wheat receiving cues from the source
(Lenardis et al 2007). Seurce pots combined bwo
factors: 1) soil conditions: contral (CON) and high
(D) and low (ND) degradation level and 2) aphid
herbh-m‘y: with (A) and without (B}, Wheat sink
patches were chosen within a wheat field sown in
winter and were structurally similar considering
plants” phenology. density. and height.

Soil candition treatiments consisted of different land
use conditions of top soils from the Rolling Pampas”
Mollisols. Argentina (34 and 368S and 58 and G28W).
The topsoil (20 cm) samples were collected randomly
from eropping fields atseveral locations: Santa Juana,,
(M). Las Polvaredas (LP). and Santa Juana (S]) in
2004 and La Matilde (LM). Las Polvaredas (LP).and
Santa Juana (S]) in 2005, In 2004, M consisted of soils
samnpled the previous vear (2003) from an agricultural
field (S]}. The levels of soil degradation were deter-
mined based on cropping histories. soil physic. and
chermical mmlysis and weed communities (Ciarcova et

al. 1998, de la Fuente et al. 1999 Sudrez el al. 2000) of

fields belonging to a typical Agiudoll (Luvie Pha-
eozen) of the Arroyo Dulece soil series (INTA 1974).
The fields of D group had many agricultural cyeles
(. 10y low (, 20%) relative soil stability index.and
absence of the floristic groups characteristic of the
Sonchus-Bidens or Bidens-Stellaria weed communi-

Sink

Experimental area dingram,

ties. present in ND sails (de la Fuente et al. 1999,
Sudrez. et al. 2001). ND fields had few agricultural
eveles (, 10 yry, high (. 20%) relative seil stability
index. and weed communities of the Sonchus-Bidens
or Bidens-Stellaria tvpe (de la Fuente et al. 1999,
Sudrez etal 2001 ). CON foreach year was commereial
potting top soils.

Aphid herbivory treatments were carried out intro-
ducing 100 apterous aphids into source pots during
tilling (Zadoks et al. 1974). Adult aphids were previ-
ously obtained from a greenhouse culture of Sipha
mayeis ( Passerini) in wild Sarghum halepense (L.

The whole experimental area and source pots were
sown (330 seeds m??) with wheat (Guapo. cultivar)
on 19 June 2004 and | July 2005, For each experiment,
a block consisted of each of the three locations with
two different levels of degradation (ST LP. and M in
2004 and S]. LP. and LM in 2003) together with CON.
Each treatment was repeated twice with herbivory
(A) or without herbivory (B). Eighteen source pols
consisted of plastic containers of 0.25 n? that were
syrmm-tri{-nﬂ_\:p[acc-‘d [0 (2004 or 5 m (2005) apart
in the experimental area. Each source pol was pro-
tected by a metallic mesh covered with nylon (100 1)
and voile to prevenl undesirable arthropods and to
concentrate the volatile cues emitted by the crops.
Sinks consisted of wheat patches of 2 m? in the ex-
perimental area. At the beginning of the wheat spike
emergence. source and sink were connected by a
plastic tube of 0.2 min diameterand 5 m (2004} or4m
(2005) in Lenj;ih. Electric fans (12 V) installed inside
each of the tubes gently forced air from source to sink
(2.8 o /ming. I this way. the velatile cues were con-
ducted from the souree wheat growing in different soil
conditions and aphid herbivory to sink with homoge-
neous unstressed wheat patch (Fig, 1),

Measurements. Soil Analysis. On 2004 and 2005,
before the sowing date. composite soil samples from
source pols were taken for each soil condition and a
homogenized subsample of 1 kg wasanalyzed. Organic
C tatal N (N1} extractable P. pH. CE (electric con-
dn(-ti\'Et)-'}. Ca. Mg, K. Na. CEC {cation exchange ca-
pacity). and Zn (Page et al. 1952} were guantified.

Arthropods Sampling and Determination. In both
vears, aerial arthropods were sampled onsink patches
when wheat was at anthesis (Zadoks etal. 19743 using
a small vacuum collector operated during 30 s in each
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POA ardination of seil degradation Lreatments (20001 arranged by soil chempeal variables. Senree pots soil codes

are: NI (low soil dewradation ). I (high soil dearadation ), Loeation codesare: trianele O (Las Polvare das, LF) . cirele @ (Santa

Juanz, ] square

nil!k[.\ult‘]l (Buflington and Redak 1995) T]l(‘ﬁilliﬁ.\]illg
was carried out under similar climatic conditions
(stnny and without wind). at the same time of day
Bretween 1K oo and 15600 (i

Arthropods were taxonomically determined at or-
der level inall cases and at suborder or families when
was possible. Momphospevies were considered as a
croup of biological organisios that ditfer insome mor-
phological characteristics from all other groups. con-
sidering that differences between morphospecies and
taxonomic species are very small in many cases (Der-
railk et al. 20023 Althouch detailed taxonomy usually
tproves the interpretation of results, the determina-
tion work at species level is vsually time consnming, if
not impossible. because of lack of taxanomic expertise
available for some orders. Each suberder or family was
]'t‘I)l't_'Sl‘lil!’l:l |)}' mlE}-’ one l;ml‘[‘p}u'a.\;] secies, Bach arthro-
pod marphospecies was classified into herbivores and
nonherbivores according to its habits and food pref-

Tablel. Principal componentsscoresofsnil properties(2004)
Varialles Soores

PCA L S
Ca 20450 015
Mg 2026 043
Na 2037 20,13
- 026 023
CEC 2010 —
iy i 2050
N 208 022
§ 2032 0.26
: 20058 2050
pH 2002 2058
o 2020 2036

Distance based in biplat was used For seoring seil propertios.

(Santa Juanam, M) and stur+ (Contrel, CONG . (Online fgure o color)

erences in/during the erop evele. based onanatomical
characteristies and bibliography (Richards and Davies
1954 Arrove Varela and Vitoela Sandoval 19913 The
arthropods that dacument the observations are avail-
able in the author’s personal arthropod collection at
the Faculty of Acronomy. University of Bucios Aires

Although defining functional groups in such a way
is not a perfect approach, itis an efficient and vseful
step forward to relate diversity and agroecosystems
function ( Perner el al. 20057

Data Analyses. Soil data of source pots was analyzed
using indirect gradient analvses, principal component
analyses (PCA; ter Braak 19587a). Using PC-ORD Mul-
tivariate analysis of ecological dataversion 30 (MeCuone
ane! Grace 2002 Mjm Safbware Design. Gleneden Beach,
OR).

A correlation matrix was used in the PCA becanse
the soil variables were not measured on the same scale
{(James aned MeCullach 1990},

The presence-absence data of arthropods on sink
patches was elassified vsing o cluster analyses (Me-
Cune and Grace 2002). Classification provides a nseful
sumtary of large data matrices. A Sorensen coeffi-
cient version modified by Bray and Curtis ( Magurran
[958 ) was tsed as a distance measure. Farthest neigh-
bor (complete linkage ) was vsed as a similarity mea-
SO (vl Tmlgf-rt“u 1987 ).

Cluster llfkl.lﬂll'ﬂl.‘lu{.l?i and treatments from the elas-
sification were presented in a table for cach vear,
where faunistic groups of arthropods are shown in
rows and communities are shown in columns. Con-
staney (proportion of sink samples in which a given
morphaspecies oceurs in the survey) was caleulated
for cach arthropod morphespecies { Mueller-Dambois
and Ellenberg 19714).
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The relationship between arthropods presence-ab-
sence on sink patches and soil properties on source
pols was analyzed using a direct gradient analysis.
canonical correspondence analysis (CCAY by PO-
ORD Multivariate analysis of ecological data version
50 (MeCune and Grace 20021, CCA constructs those
linear combinations (axes) of explanatory variables
along which the distribution of the worphospecies are
maximally separated (ter Braak 1987h) and has a great
potential for examining the response of compmumities
to diverse variables (Kenkel et al. 20021, The explan-
atary variables used were soil properties. To deter-
mine association between arthropods data and explan-
atery variables, a biplet from CCA was obtained by
averlayingavector diagram based on coeflicients from
the canonical functions deseribing cach canenical
axis. I the resulting ordination diagram. treatments
and arthrepads are represented by points and soil
properties by arrows.

Results

In 200, PCA Axis 1. explaining 35% of the variance,
revealed o contrast between sails from fields with
different agricultural history (ND left part of diagram
and Drright part of diagram) regardless the location
CON was similar to D i Axis L Axis 2. which explained
28% of the variance, ]]I'l)ﬁ;l-'lll’(‘tl a vontrast between
soils withineach location (Fig 2). Main soil properties
related with Axis 1 were CEC. Ca (left part of dia-
gram ). and K (right part of diagram 1. Mg (top part of
diagram) and P (bottom part of diagram) were related
with Axis 2. The sail properties related with axis were
represented by veetors (Fig 2 Tabile 17},

In 2005, PCA Axis | and Axis 2 explained 72% of the
varianee (31 and 21% respectively). Most of the vari-
ation in Axis | was caused by the large difference of
soils fromdifferent locations (left part of diagram y and
CON soil (right part of diagram . Variation in Axis 2
was related to differences bebween LP soils (})Uih:;m
part of diagram) and LM soils (top part of diagram;
Fig. 3). Location sails were related to high levels of
CEC (left part of diagram) and CON was related to
hizh levels of pH (right part of diagram): whereas in
Axis 2. LP was related to high levels of K (battom part
of diazram) and LM and S] te hizh levels of Mg (top
part of diagram) The sail properties related with axis
were represented by veetors (Fig, 3 Table 2)

The classification of 33 arthropod mophospecies
and 18 experinental nnits from 2000 experiment re-
sulted in four commmunities {cehmms ) and six arthro-

Table2. Principal componentsscores ofsoil properties(2000)
Varialles Sonres

PCA | PCA 2
Ca 2030 2003
Ne 2o 030
% 2020 2041
p gt 2055
CEC 2042 2007
¢ "> 2012
N g 07
s 2010 i
¥ 2051 2054
rH 035 2000
s 012 022

Distance based in biplat was used For seoring seil propertios.
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Table 0. DOfCerEBborCer of famil MFMhetionBnOconstancOofartDropo Omotp hepeciesan ODhits (fa Guistic O oDoean Ocomn Chities)

resOtin Ofrorm t0e clCter anal Chis o fsin 0 O0eat art Cropolk eOhoseOto cOes comin Ofrom so Bree plants OnOer soilan O Derbilbr Otreatments

(2004)

Communities

Souree cues

Eiiuileieprotps Oriler Subarder ar family Funetion CON Jevel L.)F
E degradation
A B D ND
Constancy (%)
1 Diptera Chlaropidae hiinh 33 33 33
Hymenoptera Chalcidaidea nh 67 67 3R]
Hyinenoptera Braconidue nh 100 a3 37 17
Caleaptera Lathrididue nh 100 33 50 A0
Diptera Cynipidae hinh a4 L7 17
Thysanoptera h a4 a3 L7 17
m Diptera Brachyeera nh 33 37
Coleaptera Lyuacidae hiinh 33 L7
Diptera Cryptochaeticdae nh 33 17
Hemiptera Deelphacidae h 33 L7
Hyimenoptera Entedontidue hinh 33 L7
1 Diptera Chiranomidae nh 50
Hemiptera 33
Aracnida Araneae 1h 17
Diptera Helomyzi dae nh 17
Neuropleri Chysopidae uh 17
v Hyimenoptera Tetrastichidae hifuh a4
Diptera Nemutoeera 3
Hyimenoptera Enlophidae hfuh 3
Coleaptera Curevlionidas i 3
v Hyinenoptera Seelionidae nh L7
Hyimenoptera Aphidiinae nh L7
Diptera L7
Diptera Dalichopadidae nh L7
Diptera Bilicnidae nh L7
Coleaptera nh L7
Araenidu Araneas nh 17
Lepidoptera L7
Hyimenoptera nh L7
VI Hemiptera Aphididae h 7 7
Diptera Agromyveidas h 34 L7
Coleaptera Cantharidae nh 33 17
Coleaptera Coceinelidue nh 5 17
Tatal morphospecies richness 12 1] 23 13
Nanherbivores morphospecies richness 1 5 12 ]
Herbivores morphospecies richness 1 2 1 I}
Morp hospecies whose function was not determined L - 2 I

Caodes; control soil (CON) with {A) and without (B) herbivores, high (D) and low (ND) levels of soil degradation. h, herbiveres: nh,

non-herbivares,

pods groups (rows: Table 3). In 2005_ five communities
(eolumns) and six arthropods groups (rows) became
apparent after classification of 23 arthropads and 18
experimental units {Table 4).

Four arthropod communities were identified ac-
cording tosource cues in 2004 Two cotmmumilies were
from CON with and without herbivores (A and B) and
two commmmities from soil with different levels of
degradation (D and NI}). regardless of the location
(Table 3). Five arthropod communities were identi-
fied according to source cues in 2005. Two commu-
nities were from LM and LP with and without herbi-
vore (A and B). regardless of the location. and two
communities come from SJ with different levels of
degradation (D andND) and a community from CON.

In both vears. Group | was common to all arthropod
communities. In 2004 the arthropod community re-
lated to CON (A) was chamcterized by Groups I TV,

and VIand the arthropod community related to CON
(B) was characterized by the presence of Groups Tand
I1. The community related to level of degradation (1)
was characterized by Groups LIV, and VI, and the
level of degradation (ND) was characterized by
Groups I and VI Thus. Group I was present only
inND. Group IV in CON (A). and Croup V anly in D
(Table 3). whereas in 2005, the a rthmpo{l cormnunity
related to locations (LM-LIP: A) was characterized by
Groups L TV, V. and VI. (B} was characterized by
Groups Land IL The S] (D) was characterized by Groups
Iand TV: S] (ND) was characterized only by Graups 1
and VI The arthropod community related to CON was
characterized by Groups LTI and V. Thus. Group I was
only present in locations withaut herbivores and Group
T was only present in CON (Table 4). Arthropod mor-
phospecies were different between years and arthropod
richness was higher in 2004 than in 2005, The mor-
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Or Cer eMbor Cer or famil MFChetion hnOconstancOofartOropo Omorp b speciesan O Dhits(fa Chistic oD ean Ocomm Chities)

resOtin Ofrorm t0e clCter anal Chis o fsin 0 O0eat art Cropolk eOposeOto cOes comin Ofrom so Bree plants OhOer soilan O Derbilbr Otreatments

(2000

Commuuities

Souree cues

Favmistic grovps ; 3 ; Locations
Order Suborder ar fumily Franction -
(LM _LP) (5]} CON
A B D ND
Constaney (%)
I Thysanoptera h K5 25 100 100
Hymenoptera Braconidue nh 25 i1 100 log 7
Hemiptera Aphididae I 30 23 83
Hymenaptera Serphicie nh 30 50 100 30
Hemiptera Velidue 30 50 50
Hymenoptera Chal cididae uh 30 23 100 A5
Diptera Lonchopteridae nh 30 30 i
Hemiptera 25 50 7
Hemiptera Corixidae h 25 30 17
1 Diptera Seaptophagidae nh 15
Hemiptera Ceratocombidae h 25
Aracnidae Philodromidae uh 25
118 Hemiptera Thaimastacoridae h 17
Hemiptera Nabidae nh A5
Diptera Culicidae uh 17
Caleaptera Carabidue uh 17
v Hemiptera Ochteridue uh 30 30
Hemiptera Cerridae nh 30
Diptera Phoridae uh 25 30
v Diptera Empetidue uh 25 7
Caoleaptera Scarabaeidae uh 5 17
VI Diptera Dalichopodidae uh 30 50
Caleaptera Cocecinelidae nh 50
Total marphospecies richness 12 L ] 5 14
Nanherbivores morphospecies richness ] 5 T i ]
Herbivores morphospecies richness % 4 L i 4
Morp hospecies whose funetion was nat determined | 2 L | L

Cades: locations { LM=LP) with { A} and without (B) herbivare, location 8] with high (D) and low (ND) level of degradation and control

soil (CONJ. h herbivares: nh. non-herbivores.

phospecies functions were determined in . 90 and S0%
of morphospecies in 2004 aned 2005 respectively. Among
them. between 8 and 33% were herbivores and 33 and
69% of morphospecies were nonhetbivores in 2004 (bot-
torm of Table 3). whereas in 2005 between | T-36% were
herbivores and 45-77% of morphospecies were nonher-
bivores (bottom Table 4).

The first two axes of CCA explained 20% in 2004 and
37% in 2005 of the total variance inarthropod data In
both vears. a high correlation of soil properties with
first two axes {Pearson correlation coefficient: 0.563
for Axis | and 0.907 for Axis 2 during 2004; and 2 0.550
for Axis 1 and 0.747 for Axis 2 during 2005) was ob-
served. supporting the association of sink arthropods
with source soil properties.

In 2004, a contrast between LP and S] D {right part
of figure) and M and S| ND (left part of figure) was
evident in Axis 1. Axis 2 presented a contrast between
LP and S]ND (below part of figure) and LM and 8]
D (lop part of figure). In general. CON was located
near to origin. indicating no effect (or an average
effect :—-quz:l zero) of the main ordination variables
involved in CCAL Tn 2005, Axis | presented a contrast
between SJ D (right part of figure) and S] ND (left
part of figure). In Axis 2. LP was separated according
to levels of soil degradation and LM was separated

according to herbivory treatiments. CON was located
near to origin (right and below part of figure). The
main chemical soil properties with highest correlation
with bath axes are presented in Figs. 4 and 5: Mg and
K in 2004 and CEC. Nt and pH in 2005.

Dyiscussion

Experiments used in this study demonstrated that
the spontancous arthropod communities” arrange-
ments in the sink patches with wheat flowering plants
were changed by the airllows coming from the source
pols. The change in arthropod assemblies was influ-
enced by the volatile cues related to both the her-
bivory (biotic) and soil condition (abiotic) stress fac-
tors influencing the wheal plants growing in the
source pots (Szpeiner et al. 2009).

In both years. Community A was associated with
cues coming from source pots with aphids and Com-
mnity B without aphids. Cues caoming from pats with
wheat plants feeding aphids had a strong influence on
the asserbly of arthropod communities in both years.
However. in 2004 A was associated with cues from
source wheal growing in CON, and in 2005 it was
associated with cues from source wheat growing in

LM and LP.
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Fig 4. CCA ordination diagram of arthropods from sink patches receiving cues of source pols and experimental nnits

(2004) . Source soil codes ure: ND (low soil degradation ). D (high soil degradation). Location svmbels ave: triangle O (Las
Polvaredus. LP) . circle @ (Sunta Juana. S]) . square T (Santa Joanam. M) and star * (Control. CON) . Herbivory codes are;
A (with herbivore) and B (without herbivore ). Arthropods codes are: first letter of the order name and the following two
letters of the suborder or family name. The relutive length vectors indicate the importance of soil properties.

Soil condition treatments used in this study to gen-
erate different levels of stress expressed a detectable
contrast in variables related to soil degradation levels
{Michelena et al. 1959, Maddonni et al. 1999 Lenardis
el al. 2007). However. other sources of variation re-
lated to location or vear also contributed to differ-
ences in the soil environments available to the wheat
plants. In 2004. contrast between soil degradation lev-
els was observed regardless of the locations, while in
2005. soil degradation levels contrasts became evident
within each location. Soil chemical praperties that
best explain differences between soil degradation lev-
els were not the same between vears. With the ex-
ception af CEC. K. Mg Ca_and Pwere found as good
indicators of level of soil degradation in 2004 and pH
in 2005,

Despite all the variability found in seil conditions
related to vear and location. Communities D and ND
come from seil with high and low degradation level.
respectively. cansed by agricultural activities. But.
both communities were associated with cues from
wheat regm'{ih*ss of the location in 2004, whereas in
2005, they were associated with cues from wheat

srowing in S Tn 2004, Community D had the highest
species richness.

In this study, soil condition was a diserimination
factor of arthropods when a clear contrast between D
and ND was observed. Tn 2004 this cantrast was ob-
served regardless of the location. whereas in 2005, the
contrast between D and ND was observed only within
SI. Aphid hebivory appeared as a diserimination fac-
tor when soil condition effects were not present. for
example within CONs in 2004 or within LM and LP
soils in 2005,

In both years. a community resulted from cues com-
ing from wheat growing in CON. In addition. CCA
ordination showed that spontanecus arthropod distri-
butions in the homogeneons unstressed wheat patches
responded to the volatile cues from wheat source.
growing in particular soil conditions. These results are
in accordance with previous ones. suggesting that soil
conditions induce change in erop’s arthropod assem-
blies (Liddell 1999, Perner et al. 20035).

Variations in Mg and K {2004) and CEC. Nt and pI
(2005) in the soil of source pots were strongly asso-
ciated with differences in arthropod assemblies in the
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Source soil codes are: ND {low soil degradation ). D (high soil degradation ). Location symbols are: triangle O (Las Pohvaredas.
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the suborder or family name, The relative length vectors indicate the impertance of soil properties

sink wheat plants. CEC, Ca. K. P. Mg, and pll were
related to levels of soil fertility and some of these soil
factars: for example. K. P. and pH. were related to
wheat's vield without herbivory (Szpeiner et al. 2009,
Interestingly. this overlap in seil factors associated
with soil fertility (CEC. K. Mg and pH ) wheal's yield
(K and pI). and arthropod assembly variations (Mg,
K. CEC. and pH) contrast with findin;r__’,s b_\' Lenardis et
al. (2007). showing that variation of micronntrients
(M. Na. and Fe) rather than macronutrients in the
soil of source pots had a strong relationship with dif-
ferences inarthropad assenblies in the sink pots. but
were unrelated to the crop’s yvield or biomass. The
diserepancy with this previous work may be caused by
nutrient unbalances. which can produce changes in
physiological response of plants and consequently
other nulrients can be more important for controlling
arthropad assenblies (Dias et al 2009, Sarfraz et al.
2004). Other possibility is differences in yield variation
range of the experiments. Lenardis et al. (2007)
showed that source wheat produced maore biomass
and grain yield insoil with ND. whereas no differences
have been found across treatments in Szpeiner et al.
(2009).

Despite that there are many studies showing that
environmental conditions and herbivores may alfect
other arthropods behavior directly or indirectly
(Stadler 1992, Liddell 1999, Pedgley 1999, Kessler and
Baldwin 2001 . Myers and Gratton 2006) as well as
arthropad community structure (Karbian and Baldwin
1997, de Moraes et al. 1995, Dicke 1999, Liddell 1999,
Price 2002 Arimura et al. 2005 de la Fuente et al. 2006,
Lenardis et al. 2007). there are no studies evaluating
the impact of soil-plant-herbivore interactions on
cues affecting arthropod assemblies in flowering ce-
real crops. According to this study. it is possible to
sugeest that soil-plant- herbivore interactions change
wheat cues and this phenomenon produces significant
differences in neighboring arthropod community
structore,

It should be remarked that the major difference in
community structure was the richness of nonherhivo-
rous arthropods. This suggests the existence of bot-
tom-up effects on cues acting as attractants or repel-
lents toward arthropods (Price 1951 2002) . which
miay control arthropod colonization in cropping fields
before herbivore attack oceurs. In future studies. it
would be important to evaluate how these effects of
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volatile cues on arthropod community structure may
relate with crop vields. considering soil heterogeneity
and herbivery variability scenarios in eropping field
conditions.
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