Fournal of Plant Interactions, March 2007; 2(1): 11-15 e Tawhor & Francis

Tk BFrancs G

ORIGINAL ARTICLE

Root colonization by the arbuscular mycorrhizal fungus
Glomus mosseae and enhanced phosphorous levels in cucumber do not
affect host acceptance and development of Frankliniella occidentalis
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Tnstitute of Plant Protection, Department of Applied Plant Scisnces and Plont Biotechnology, Unrsersity of Natural Resources
and Applied Life Sciences (BOKLD) Vienna, Austria

(Racemad 10 Ogober 2006; acepted 22 Famuary 2007)

Abstract

We tested the dtect of root colonizaton of cucumber (Cucesis sativus L) by the arbusoular mycorrhizal fungus (AME)
(o mosseae on different parameters of a plant-thrips ( Franbfimella occidenzalic Pergande) interaction. In leat disc
hioassays, the feeding activity, the oviposidon mte, the setiling preference of adult females and the developmental time (first
instar larva to adult) on leaves of mycorthizal and non-mycorrhizal plants were sudied. To distinguish betwem a nutrition al
ctteat through an improved phosphorous () status of the mycorrhizal plant and other effects caused by mycorrhization,
non-mycorthizal plants watered with a nutrient solution with (+P) or without P { —P) were included in the study.
Mycorrthizadon did not attect any of the parameters on host accepiance tested, whereas on plants with a higher P-level the
duration of the non-teeding stages (pronymphae, nymphae) of F osccidensals was shortened, but all other developmental
parameters were similar as in the control and the mycorrhizal plants, Our data indicate that the polyphagous thrips
F occidenzalis is neither affected by mycorrhizaton of cucumber plants nor by enhanced P-levels.

Kevwords: Arbuscuwlar mpcorrfiza, Cuecomis sativies, Franklimells occdentalis, Glomus mosseae, herbivors, thrips

[Introduc ion

Arbuscular mycorrhiza (AM) is 2 symbiosis bewween
rool colomzng sol-borme (el and most land
plants. Root colomzanon by arbuscular mvcorthizal
fungi (AME) results in 2 positve effect on plant
growth mainly through an improved nutrtonal
starus of the host plane (Smith & Read 19977, Apart
fromm an effect on below-ground plant=microbe
intersctions, it has been reported ther myeorrhize-
ton alse affects herbivores fzeding on above-ground
plant organs (reviewed by Gehring & Whitham
2002).

Varnable effects of mycorthizanon on leal chewing
of sap sucking herbivores have been reported. The
performance of leall chewing herbivores such as
the generalist lepidopteran species Aroma cgja L.
(Gange & West 1904), Heioths zea (Boddie) and
Spodoptera frugperda Smith (Rabin & Pacowsky
1985% has been reported o be negadvely affeceed
by mycorthization of their host planes. In contrast,
CGange et al. (2005) found leaf-mining generalists
ey respond posidvely o AM colonization. Other

generalists such as grasshoppers feeding on tallgrass
prairie plants showed no preference for planes with
or withour mycorthizal fung (Kula ezl 2005).
CGoverde et al, (2000} reported that the survival and
larval weight of the leal chewing lepidopteran
specialist Polvommatus warus Rottemburg was posi-
tvely affected by mycorthizaton of s host planc
Lowes cormicwlams L. (Fabaceas), Reports on the
effects of mycorthizadon on phloem ssp feeders
range fFom positve to neganve, While other hife
history traits were unaffected, mycorchizal coloniza-
on exhibited & positive effect on raits such as
adult weight and fecundity of the generslist aphid
species Myzus ascalomicus Doncaster and M. persicas
(Sulezer) (Gange et al. 1999, whereas no effect on
the reproductive behaviowr and feedineg of the
generalist Schizaphs gramimum (Rondam) (Pacovsky
et al. 19857 was found. In contrase, the development
and the reproducdon rate of the generalist Macro-
sippfieommn euphiorbiae (Thomas) was significantly lower
onn arbuscuar mycorrhizal  tomato planes come-
pared o non=mycorrhizal planes (Guernien er al
2004}, Gehring and Whitham (2002} examined the
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performance of the spedalist phloem-feeding aphid
Chaitophorus  populicola Thomas on  cottonwood
(Popedus angustifolia <P fremvonni) and found thar
the aphid population was higher on plants without
mycorthizal colonizanon.

To our knowledge there is only one study on the
effect of mvcorrhizanon on nsects feeding on
parenchyvma cells of leaves. Borowicz (1997) re-
ported thar the performance of the Mexican bean
beetle Epdachna vareesss Mulsant, a coleopreran
species with a narrow host range, was positively
affected when reared on mycorthizal sovbean plants.

Mo dara are yer gvailable on the effect of mycor-
thization on the highly polvphagows thrps species
Franblimella ocadentalis Pergande (Thysanoprera:
Thripidae), the western flower thrips. Adults and
larvae of thrips puncrure sub-epidermal cells of green
leaves and suck out the contents (lommasim &
Maini 1995),

In the present study we tested whether parameters
of the plant-thrips inreractions such as the senling
preference, the damapge caused by feeding, the
oviposition rate and the developmental time of the
larvae of F occadenralis, feeding on leaves of cucum-
ber (Cucums sativus L) are affecred by root coloni-
zation by the AME Crlomias mossens . 'To distinguish
berween a nurritional effect through an improved
phosphorous (") starus of the mycorrhizal plant
and other effects caused by myvcorrhization, non-
mycorthizal planes wartered with 2 nurrient solution
with (I} or without PP { =17y were included in the
srudy.

Maierials and methods
Biological material

Tnoculum producion and pant moculation. The AMEF
inoculum was produced in an auroclaved (20 min;
121°C) mixmre of silicate sand, expanded clay and
soil (1:1:1; by wol) where beans were grown in
presence of sporocarps of Gl mosseae (Nicolson
& Cerdemann) Grerd. & Trappe (BEG 12; BEuropean
Bank for the Glomales) for 3 months. The AMFE
moculum comsisted in the growth substrate and a
mixtute of sporocarps, spores, hyphae and infecred
TOOL Pleces,

For the experiments cucumber (Cucinis saiitus
L., var. “Korinda F1™) seeds were surface-srerilised
in 50% commercal bleach for 5 min, rinsed three
times in sterile distilled warer and germinaved in
aurnclaved (20 min; 121°C) perite. Eight davs after
seeding the plants (one plantdevpor; pot diameter
10 mm with a wolume of aprox. 750 ml) were
ransferred into the substrate described above. For
inoculation a hole was made into the growth
substrate and aprox. 5 g of inoculum were added
to the hole. Plants were planted o this hole, thus
roots had o waverse the moculum and became
colonized.

Planr nurritiona! mearments. All plants were grown in
the greenhouse and wartered with a nursient solution
with P { 1"} or without I? (AME, =P}, The matrient
solution without I* comsisted of CaiNO5), 0.472 g1,
K50y 0.256 gl MeS04 0,136 g1, MoDy 0.07 g;
MHyMNOy B mg'ly FegHgOy =3 HaO 50 mgl;
MNaaBogy < 4H20 1.3 I‘.I"lg."]._', MnS0y =4 Ha
1.5 mgly £nS04 =7 Ha 06mel, CuS0y =5
Ho0 0.54 mel; Al(So4)s 0,028 mel; NSO, =7
Ho 0,028 me/ly, CoNOy)s < 6HL0 0,028 megl;
Ti, 0028 mels LiCl, 0014 mgl, SalCl,
0014 mel, K] 0014 me/l; KBr 0.014 mgl. To
the nurrient soluton with " additonally KHALI'O,
(0.136 g/1) was added.

At the end of the experiment the shoot fresh
weight, the degree of AM root colonmization and the
P-content in the leaves was determined.

Esrimarion of root colomizaron. To visualize the AMF
colonization, roots were cleared by boiling 4 min in
10% KOH, rinsed three tmes with tap water and
stained according o the method of Vietheilig et al.
(1998} by boiling for 4 min in a 5% ink (Shaeffer;
jet-black)/household vinegar | %% aceuc acid)
solution.  After staining, the percentage of root
colonizaton  was  determined according o the
method of Newman (1966].

Assessment of P-status, The P-content in dried leaves
was  derermined with the ammoniume-vanadar-
maolvbdenum method (Gericke & Kurmies 1952).
Values are given as percentage of P of plant dry

weight,

F ocadentalis rearing. The F occidentalis rearing was
maintained in a cdimare chamber at 244+ 1°C and
60 4+ 5% relative humidity with a photoperiod of 16:8
(L:Dyh. Cucumber (O, samwme L., var, “Korinda
F17) plants were grown routinely to mamtan the
E occidenrals colony. Abour 100 adult females were
allowed to lay egpes on detached cucumber leaves on

% water agar in plasuc Perri dishes (diameter
14.0 cm}. Perri dish lids with ceneral holes covered
with a fine mesh to ensure venulaton were fixed on
the dish bottom with Nesco™® sealing film (Azwell
Inc., Osaka, Japan) o prevent thrips from escaping.
Afrer 48 h, the thrips were removed and the leaves in
the Peinn dishes were kept in the clhimantc chamber
untl emerged larvae had deweloped inwo larvae,
nymphae or adults. Larvae, nymphae or adulis
were used in biocassavs or adules were collecred
from these units and isolated on fresh leaves on
agar in separate Perri dishes to continue the rearing.

Leal dise broassays

Cremeral leaf disc assay procedure, In all bicassays, the
voungest leaves from potted cucumber plants (plant
age around 7-8 weeks) of the respective mreaument
(AME, + 1 1) were punched using a cork borer to
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obtain leaf discs (diameter 2.0 cm). All bioassavs
were conducted in a climare chamber ar 244 1°C
and 60 4+ 5% relative humidity with a photoperiod of
16:8 (L:D} h.

Assexsment of feeding damage. Leal discs taken from
the respective weatment (AME, +D I"y were
placed singly in glass Peoi dishes (diamerter
6.0 cm) on a 1% warer agar (Fluka™ Sigma Aldrich
Chemie (mbH, Steinheim, Germany) flm. Five
adult F ocademtaks females of unknown age were
collected randomly from the rearing and introduced
into these bioassay units. BEach unit was covered with
a thin plastic Glm (’I‘nppits@, Melitta Bente K,
Minden, Germany), which was perforated (one hole
per om® on average) by means of insect pins
(diameter 0.4 mm) for ventlaton. Afier 24 h, thrips
were removed and the percentage of silver damage
on the cucumber leaf discs was measured using an
image analvsis system that consisted of a binocular
microscope, 8 digital camera (Nikon Coolpix 2500,
MNikon Co-operaton, Tokyvo, Japan) and an image
analveing software (Luda G%, LIM Laboratory
Imaging s.¢.0., Prague, Czech Republic) (Koschier

et al. 2002). Each experimental series consisted of

15 replicates.

Crogposition rate. To obtain evenly aged females, thrips
pupas were collecred from the rearing units and were
molared on fresh cucumber leaves on a thin 1% water
agar film 1n separate Perrt dishes (diameter 9.0 cm).
Lids with condensation holes covered with fine mesh
(B0 pm) were fixed on the dish botrom with Nesco®
sealing film. They were checked daily for adult
emergence, and again emerged females were isolated
of fresh leaves in similar units. These females (48 h
post-emergence) were allowed to oviposit singly on
leal discs taken from the respective treatment (AME,
1, =P} on moist fleer paper in small glass Petri
dishes (diameter 6.0 cm). Each unit was covered
using a thin plasuc film as described above. After
24 h, the mumber of egps on each leaf disc was
determined using a binocular microscope. Bach
experunent was replicated 20 wmes per wreatment.

Development tome. To obrain synchronized cobores of

even-aged thrips larvae, females of unknown ages
collected randomly from the rearing were allowed o
oviposit on cucumber leaves on 1% water agar in
Petri dishes for 6 h. After four davs newly emerged
larvae were isolated singly on the leal discs [rom
the respective treatment (=P, AMFE, +P) on 1%
water agar in small Pewdi dishes (6 cm diameter).
Each unit was covered with a thin plastic film as
described above. During the following 10 days the
stage of larval development was recorded at 24-h
intervals until each individual died or became an
adule. Bach experiment was replicated ar least
20 times per treatment.
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Figume 1. Shoot fresh weight (mean+5E) of plams inoculaied
with the AMF (AMPF) or non-inoclated b with P applied (+ F)
of not applied (—P)L Means are not significantly differemt — noa.
(p =005 One-way ANOVA.

Setdimg expenimeenits. In oa three-choice bioassav leafl
discs of all three reatments (AME, +17, —I") were
placed at equal distances from each other in a glass
Perri dish borrom on moist filver paper. Thrips
fernales were released singly in the centre of the
trigngle formed by the position of the leal discs.
Thrips position was recorded in 60-min intervals for
6 h. Bach experiment was repeated 40 tmes.

Snarictical anabisis

Data were analvsed using SPSS for Windows 11,00
Homogeneity of variances was tested using Levene’s
rest. A One-Wav-ANOVA was performed to deter-
ming dilferences berween percentage of damaged
area or me spent settled on the leal discs, develop-
ment time, shoot fresh weight or oviposition rate of
each wreatment, respectvely. Means were compared
using Fisher’s leastsipnificant difference (LSD; ;o).

Resulis

The degree of root colonizaton in the mycorrhizal
cucumber plants (AMF trearment) reached 65 4 5%,
The shoot fresh weight of all plants, whether
inoculated with the AME or P-appled, showed no
significant differences (Figure 1), The assessment
of the DP-starus of the cucumber plants confirmed
that plants watered with nutsient solution contaning
phosphorous (4 P-trearment) showed the highest

1_
E o-P
gn.s— O AMF
E m P
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Figure 2. Leal phosphoros comtemt (mean® +5E) of plants
insculared with the AMF (AMF) or non-inoculated b with P
appled (+F) or not appled { —F), mixed leaf samgples.
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Table I. Percentage of damaged area (mean value +5E) on Jeal’
dises froom plams weated with AME or withow [ —F, +F) camed
by F oaddonialis females. nos — non dagrnificant (p =005 One-

way AMOVA
Percentage of damaged arca
Teatment [mean value +SE)
—-P 6 02 5000
AMF L TR R
+P SN
F-rato 071 ns.
df 2, 42

P-level, AMF plans an  intermediare DP-level,
whereas —I" control plants had the lowest P-level
(Figure 2},

There was a tendency that the feeding activity of
F occidenialis females was slightly lower and thus
resulted in less damage on the leaf discs from plants
of the + P-rreatment, though this effect was not
significant (Table I},

A slight preference of F ocrdemtalis females o
oviposit on leall discs from plants watered with
nutrient soluton conaining phosphorous was ob-
served, however this effect was not significant
(Figure 3). Compared to the owviposition rate on
leaf discs from the +DP-treapment abour 15% and
0% less eges were lawd on leal discs from the
AMFEB-rrearment and the P-rreatment, respec-
tivelv.

While the duravion of the larval F ocudlenralis
feeding stapes was not influenced by anv treat-
ment, non-feeding stages on leaf discs from plants
reated with the 1" nument solunon developed
significantly faster (by abourt 10 h) than on leafl
discs from planes warered with the I’ nurrient
soluton (lable 1. However, the total develop-
ment tme of F ocedertals was similar in all
reatments, thus, excluding an effect of the phos-
phorous content of the cucumber leaves on the
toral development time.

Though the differences are not stavistcally sig-
nificant, when thev had a choice, the thrips females
spent about 17% more tme on leal discs fom -
reatment compared to the —P-wrearment and about

Y% more tme on leaf discs from plants inoculated
with AMF (Figure 4).
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Figure 3. Oviposidon rate (mean number of eggsfeomale/24 h+
SE) on leal diges from planis weared with AMF or withowm (—P,
+P. Meams are not significandy differem — ns. (p =00%); One-
way AROVA,

Discussion

Feeding of herbivores on mycorrhizal and non-
mycorrhizal plants has been reported n a number
ofstudies ranging from positive to negative effects on
the herbivore (Gelring & Whitham 20023, This is
the first report on how mycorchizarion in cucumber
plants affects different parameters of the plane-f
occidentaly interaction. In our study mycordhization
did not exhibit a clear effect on any of the beha-
vioural parameters of F ocodentalis. The feeding
activity, the oviposition rate and the serling pre-
ference, all indicavors for changes in the host plant
affectung the behaviour of & occudentalis, were alwavs
similar on leaves of mycorrhizal and non-mycorrhizal
cucumber plants. Thrips females showed a slight
non=significant tendency o prefer leaves with a high
phosphorous content. A similar effect was reported
by Chen et al. (2004} with poreed [mipaties sall
nerana plants. They found a srong rend towards
increased B oocadenalis population growth on planes
with higher foliar IP content.

Phywsiological gualitative/gquantitative changes in
the plant can affect s nutritonal value and thus
can result i developmental changes of the plant
feeder. Looking at the developmental wme of the
larvae of F ocademalis feeding on mycorrhizal and
non=myvcorthizal cucumber plants we observed no
differences, indicating thar changes in the mycoe-
rhizal plants had no nurridonal effect on F occiden-
tadis. In Perreated cucumber planes the duraton of
the non-feeding stages was significantly shorrer

Table II Development vime (hows) of feeding stages (larvae 1, larvae 2), non-feeding stages (prooymplae, nymploe) and woal
development vime (lavae 1 — aduli) of F accddenal individuals on Jeal dises foan plants weaved with AMFE or withour [ —B, +F). Means
ame significandy differeme at p <0005 (™) ns. — non significant (p =0005); One-way ANOVA, las significant diference (LSDy ocs).

Dumadon feeding stages Duradon non-feeding stages Total development e
Treatment " (mean vale +5E) (mean valie £5E) (meean value +5E)
+P 21 134 86 6 .08 TI14£3.50 b° 20800 £5.58
AMF 28 12000 +3 49 BOST+221ab 20057 £3.54
-P 24 130.00 4594 BI00%2 40 a 21300 £6.82
F-rado - 226 na 3.3~ 148 ns.
df - 2,70 2,70 2,70

"Aean values followed by the same lerver are not significamly differemnt.
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Figure 4. Percentage of time F ocidinoahs females spent senled
when given a chodee witldn a maximum tme span of 6 b Meams
are not dgnificandy differem — ns. (p =005); One-way ANOVA.

compared to the -1 plants. This could indicare thar
a Pareartment of the plant could alter the level of
compounds in the plant taken up by the larvae and
thus, stumulating certain developmental stages of F
ocadaiaks. However, this development-stimulating
effect had disappeared when looking at the total
development tme, thus being without any obvious
importance for the general development.

These data seem to contradict observations with
another sub-epidermal cell feeder of leaves, the
Mexican bean beetle. The mass of Mexican bean
beetle at pupation and the pupation rate was
enhanced after feeding on leaves of mycorrhizal
sovbean plants, whereas feeding on leaves of IP-
supplied plants showed no effect on the beetle
(Borowicz 19073, However, this apparently contrast-
ing effect of the two sub-epidermal cell feeders F
ocadaaks and E oariestes might be due: (i) To
different feeding rechmiques, F ocodentalis punciures
the sub-epidermal cell, whereas E. sarroeses feeds by
slashing cells and lapping up the contents, (i) o
different vest plants, of (i) vo the fact that generalist
and spedalist herbivores do not react similarly o
phvsiological changes of the host plant.

To our knowledge the absence of an effect of
mveotthization on a sap sucking herbivore has so far
only been reported with the generalist aphid species
& praminum , 2 phloem sap feeder (Pacovsky et al.
1985}, whereas other generalist phloem sap feeders
such as M. mecalomicus, M. persicae and M. suphor-
bige were positively (CGange et al. 1999 or negatively
(Guerrieri et al. (2004} affecred by mveordhization.
However, no data were available vet on the effect of
mveotthization on herbivores such as Thyvsanoptera
not feeding on the phloem sap but on the sap of sub-
epidermal cells of leaves (Tomimasin & Maim 1905,

To summarize, this is the frst report on the
interaction between mycorthizal plants and thrips.
Our data indicate that neither mycorrhization nor
enhanced P-levels in cucumber plants affect the
interaction between plants and F occidenralis and
thue should not exhibit any effect on F occidenralic
population in nature. Further studies are needed to
elucidate whether the observed phenomens, an
absence of any effect of mycorrhization on behaviour

and development, is specfic for F occidentalis or isa
more general symptom for sap feeders puncruring
sub-epidermal cells.
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