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Abstract A 2-year field experiment was carried out to
test the effect of root symbionts treatments in combina-
tion with different watering levels on tomato yield and
pest infestation rates. A split-plot experimental design
was followed, where the main treatments were three
irrigation regimes, and the subplot factor was the mycor-
rhizal treatment (two mycorrhizal treatments [M1 and
M2] and the control). The M1 treatment consisted in the
use of a commercial preparation (Micosat F; CCS Aosta,
Italy) containing a mixture of vesicular-arbuscular my-
corrhizae (VAM), bacteria of the rhizosphere and sapro-
phytic fungi, while M2 treatment used only arbuscular
mycorrhizal fungi. Insect pests sampled in the field
during the 2 years of experiment were all sap-feeders
(Trialeurodes vaporariorum, Macrosiphum euphorbiae,
Frankliniella occidentalis and an unidentified species of
leafhopper). Results did not show any impact of root
symbionts on pests, whereas water deficit significantly
reduced plant infestation rates. Both mycorrhization

treatments and water supply resulted in a significantly
positive effect on crop yield.
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Introduction

By altering plant physiology, agronomic techniques
have a major impact on crop yield but also strongly
affect plants’ suitability as food for herbivorous arthro-
pods. We address here the effects of using deficit
irrigation and root symbionts on tomato yield and on
plants’ infestation rate by phytophagous insects in the
field.

Tomato (Lycopersicon esculentum Mill.) is a crop
widely distributed in the Mediterranean area where the
climate is warm to hot, with dry summers. Water re-
source scarcity requires an increase in use efficiency of
water allocated to agriculture and a possible option is
deficit irrigation, an irrigation practice whereby plants
are exposed to certain levels of water stress without
significant reduction in yields. Tomato is classified as
sensitive or moderately tolerant to water stress depend-
ing on cultivar, the phenological stage at which the
deficit occurs (Patanè et al. 2011), and the severity of
the stress (Candido et al. 2000; Perniola et al. 1994).
Moreover, water deficit during certain stages of the
growing season improves fruit quality (Favati et al.
2009; Patanè & Cosentino 2010; Patanè et al. 2011).
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Effects of plant water stress on phytophagous in-
sects may be variable and largely dependent upon
feeding guilds and stress level (Huberty & Denno
2004). We can expect an inconsistent effect of water
stress on chewing insects, which are influenced by the
variation of several factors (nitrogen, tissue turgor,
accumulation/reduction of allelochemicals in tissues).
In contrast, bouts of stress and the recovery of turgor
allow sap-feeders, limited mainly by the availability of
free amino acids, to benefit from stress-induced in-
creases in plant nitrogen. Plant water stress may also
influence host selection by pest insects. In fact, insect
orientation and host selection are affected by volatile
compounds (Dicke 2000;Webster et al. 2008). Climatic
conditions and nutrient availability can be important fac-
tors in determining the intensity and variability in the
release of plant volatiles (Gouinguené & Turlings 2002).
Moreover, herbivores’ feeding activity and abiotic condi-
tions can lead to an increase in the same secondary plant
chemicals (Dicke 2000). Jasmonates trigger defense
response pathways in both biotic and abiotic stresses
and stimulate production of volatile isoprenoids (Vickers
et al. 2009), which play an important role because of their
antioxidant activity. This means that stressed plants might
be perceived by herbivores as already infested hosts, then
colonized by competitors and less suitable because of
defense mechanisms already active. Inbar et al. (2001)
found that Bemisia argentifolii and Liriomyza trifolii
adults, in a choice experiment, prefer ovipositing on
vigorous tomato plants rather than on water- and /or
fertilizer-stressed ones.

Root symbionts, such as N-fixing bacteria or
vesicular-arbuscular mycorrhizae (VAM), supply plants
with additional nutrients (mainly nitrogen and phospho-
rus) (Conversa et al. 2007; Harrison& vanBuuren 1995;
Hodge et al. 2001), increasing plant growth and altering
foliar chemistry (Goverde et al. 2000). Moreover, VAM
constitute endotrophic symbiotic associations with plant
roots, directly interacting with the host plant. As a con-
sequence of this interaction, VAM can induce a better
resistance to drought (Augè 2001; El-Mesbahi et al.
2012; Lee et al. 2012) and a significantly higher degree
of resistance against pests and diseases (Fritz et al. 2006;
Guerrieri et al. 2004; Liu et al. 2007; Vos et al. 2012).
Nevertheless, the tritrophic interaction “host plant –
VAM – phytophages” is complex (Cosme et al. 2011;
Gange 2001; Goverde et al. 2000). Insect feeding on the
upper plant parts may be either enhanced or reduced by
the presence of VAM, or have no observable effect

(Cosme et al. 2011; Guerrieri et al. 2004; van Dam
et al. 2003). Root symbionts may also alter volatiles’
production of uninfested plants, in the same way as
herbivore feeding activity and abiotic stress do. In fact,
a significant increase in plant attractiveness toward
Aphydius ervi (Hymenoptera: Braconidae), an aphid par-
asitoid, that uses plant volatiles as foraging cues (Du
et al. 1998; Sasso et al. 2007), is observed either after
aphid infestation or root colonization by the mycorrhizal
fungus Glomus mosseae (Guerrieri et al. 2004).

The association of water deficit irrigation with plant
mycorrhization is an interesting technique, since ben-
efits induced by VAM symbiosis include a better resis-
tance to drought (Augè 2001). VAM can improve
drought resistance through several possible mecha-
nisms, including increased root hydraulic conductivity,
enhanced water uptake due to extraradical hyphae,
osmotic adjustment that promotes turgor maintenance
(Davies et al. 1993), and accumulation of antioxidant
compounds (Baslam & Goicoechea 2011).

Recently, commercial preparations of VAM have
appeared on the market; supplying them to seedlings
seems at the moment the most promising method for
implementation of mycorrhization in horticultural crops
(Karagiannidis et al. 2002). The commercial inoculum
most frequently consists of Glomus intraradices
Schenck and Smith, either pure or in a mixture with
growth-promoting bacteria and with ectomycorrhizal
fungi (Dalpé & Monreal 2004). A previous study on
plants inoculated with a mixture of bacteria, ectomy-
corrhizal fungi and VAM seems to support the idea
that fungal antagonists do not interfere with arbus-
cular mycorrhizae; however, modifications of the mi-
crobial community structure and ecology take place
(Vázquez et al. 2000). Therefore, a commercial inoc-
ulum containing a mixture of VAM and other micro-
organisms may have different effects on plant growth
and health as compared with a commercial inoculum
containing only VAM. To take into account these
possible effects, in this work we tested a commercial
inoculum containing a mixture of VAM (Glomus
mosseae, G. intraradices, G. viscosum), bacteria of
the rhizosphere and saprophytic fungi (Micosat), as
well as the same mixture of VAM without the other
microorganisms (bacteria and saprophytic fungi). The
two inoculum types (with or without bacteria and
saprophytic fungi ) were tested in combination with
different levels of water supply. In addition, we mon-
itored insect infestation rates to have a measure of
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insects’ preference for host plants under different
treatments in field conditions.

Materials and methods

Crop cultivation The experiment was carried out at the
experiment farm “Pantanello” (40°24’N; 16°48’E; 10 m
a.s.l.), situated in the Metapontum plane (Basilicata Re-
gion, southern Italy) in the years 2008 and 2009, on a
silty-loam soil, with pH 7.68, low total nitrogen content
(0.8 g kg-1) and a good level of exchangeable phospho-
rus (21.2 mg kg-1) and potassium (215 mg kg-1). Soil
was plowed to a depth of 30 cm and then rotavated and
leveled at the time of basic dressing, before crop plant-
ing. Plants of the hybrid (F1) cultivar ‘Faino’ (Syngenta
Seeds Company; Wilmington, DE, USA) were sown at
the end of April into alveolate containers and reared in a
plastic greenhouse (PE 200 μm), provided with lateral
openings and anti-insect net. Seedlings at the 4–5 true
leaf development stage were transplanted into the field at
the end of May, with 30 cm spacing between plants and
150 cm between twin-rows (4.94 plants per m2). Two
insecticide spray applications were performed in 2008
for control of whiteflies: a spray with imidacloprid
(Confidor 200 SL – Bayer; 50 ml hl-1) on June 27 and
a spray with methomyl (Lannate® 25 - Du Pont; 150 g
hl-1) on July 18. At harvest time, weight of marketable
fruits, percentage of waste fruits, fruit mean weight and
soluble solids content (°Brix) were assessed on samples
taken from 8 m2 for each plot.

Experimental design A split-plot experimental design
was performed with three replicates. The main treat-
ments were three irrigation regimes, while the subplot
factor was the mycorrhizal treatment (two different
mycorrhizal treatments and the control). Treatments
were as follows:

1. Treatment with the commercial inoculumMicosat F.
(produced by CCS Aosta S.r.l.; Quart, Italy) contain-
ing VAM (Glomus mosseae GP 11, G. intraradices
GB 67, and G. viscosum GC 41), bacteria of the
rhizosphere (Agrobacterium radiobacterAR 39, Ba-
cillus subtilis BA 41, and Streptomyces spp. SB 14 )
and saprophytic fungi (Beauveria spp. , Trichoderma
harzianum TH 01, Pichia pastoris PP 59) (M1). In
particular, 100 g of this product contains 25 g of
ground mycorrhizal roots together with spores and

hyphae ofGlomus (crude inoculum). The percentage
of biologically active ingredients was 6.2%.

2. Treatment with only the mycorrhizal fungus Glo-
mus spp. (produced by CCS Aosta S.r.l.), as de-
scribed above, without bacteria and saprophytic
fungi (M2);

3. Control, without any treatment (C).

Mycorrhizal treatments were carried out 20 days
before transplanting of seedlings, providing 1.15 ml
of product into each alveolus. The schedule of mineral
fertilization after transplanting was the same in all
plots, and two applications of ammonium nitrate were
made, with total input of 80 kg ha-1 of nitrogen.

A drip irrigation system (2.5 l ha-1) was used. Hos-
es, pierced with holes every 30 cm, were placed in the
middle of the twin-rows. Watering intervals were 8.8
days in 2008 and 10 days in 2009. In detail, three
irrigation regimes were compared: full restoration of
crop evapotranspiration (ETc) (V100); 50% restoration
of crop evapotranspiration (ETc) (V50); and control,
irrigated only at transplanting time (V0).

ETc was calculated according to the evapotranspi-
ration approach of Doorenbons & Pruitt (1977) fol-
lowing the simplified soil water balance (ETc = ET0 *
Kc), where ET0 is the reference evapotranspiration,
calculated according to Hargreaves & Samani (1985),
and the crop coefficient (Kc) as reported by Allen
et al. (1998) for tomato crops. Water was applied on
a weekly basis.

Mycorrhizal colonization At transplanting time (20
days after inoculation) and at the middle of the crop
cycle (flowering–fruit setting stage), 20 rootlets per
treatment were sampled to check on mycorrhizal colo-
nization. Arbuscular and vesicular structures were de-
tected using the technique described by Brundrett et al.
(1983) and then the rate of roots’ mycorrhization
(Trouvelot et al. 1986) was estimated using the My-
cocalc software.

Insect sampling Forty plants, selected at random from
the central part of each subplot, were sampled every 7–
10 days to check for the presence of pests. Selected
plants were examined in the field by using a magnify-
ing lens and without removing plant parts. Plants were
gently beaten over a blank sheet of paper to collect
thrips. Samples of insects were collected and taken to
the laboratory for species identification. Percent of
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infested plants was calculated for each sampling date
and insect pest.

Statistical analysis Percent data were arcsine trans-
formed before analysis as Arcsen√ (original value/100)
(Zar 1984), and analyzed by applying a full factorial
model analysis of variance (ANOVA), including my-
corrhizal treatments, water volume and date of sam-
pling as main fixed effects. The following model was
used: Xijkr = μ + Vi + Mj + Dk + VMij + VDik +
MDjk + VMDijk + Er(ijk). In this model the measure
of a generic data X, belonging to the water regime Vi,
to the mycorrhizal treatment Mj, to the sampling date
Dk and to the replicate Er, is equal to the sum of the
general mean μ, the effects of the water regime i, the
mycorrhizal treatment j, the sampling date k, all the
interactions and the residuals r.

All agronomic data were statistically processed by
analysis of variance (ANOVA); Student–Newman–
Keuls (S-N-K) test was performed for the comparison
of means at P≤0.05.

Results

Weather data Climatic conditions in the 2 years of the
experiment were quite different (Fig. 1). During June–
July, the weather was warm and dry in the year 2008,
unsteady and wet (particularly in June) in the year 2009.
Temperature gradually increased during spring 2008.
Daily average temperatures varied between 20°C and
25°C during the last 10 days ofMay and the first 20 days
of June. In the last 10 days of June and in the whole
month of July, the daily average temperatures usually
were above 25°C and maximum temperatures often
came close to 35°C. A series of small rainy events was
recorded in June and only two rainy events in July. Total
rainfall was 7.6 mm and 24.8 mm in June and July,
respectively. In 2009, after very warm weather in May,
there was a rapid drop in temperature in the first 10 days
of June, followed by an increase to normal levels in the
second 10 days of the month and another rapid decrease
during the last 10 days. Temperature finally increased
gradually during the month of July. Total precipitation
was 63.8 mm in June and 25.2 mm in July.

Roots mycorrhization At transplanting time (20 days
after inoculation) the treated seedlings already exhibited

evident development of the fungal symbiont. However,
in the seedlings used as control, endomycorrhizal struc-
tures were almost or completely absent (Table 1). At the
destructive sampling carried out in the middle of the
crop cycle (flowering–fruit setting stage), the frequency
of root mycorrhization varied significantly between
years, with higher values in 2009. The different irrigation
regimes did not affect the efficiency of mycorrhization.
The artificial mycorrhization positively influenced the
frequency of root mycorrhization, thus confirming the
success of inoculation.

Insect infestation rate Insect species observed and
levels of infestation differed markedly in the 2 years of
the experiment (Figs. 2, 3). Trialeurodes vaporariorum
(Westwood) (Hemiptera: Aleyrodidae) was the main
pest during 2008, with an infestation rate of 100%
(Fig. 2a), whereas aleurodids infestation was much low-
er during 2009 (Fig. 3b). During both years we sam-
pled the potato aphid Macrosiphum euphorbiae
(Thomas) (Hemiptera: Aphididae) (Figs. 2b, 3a). Dur-
ing 2008 we also collected the western flower thrips
Frankliniella occidentalis (Pergande) (Thysanoptera:
Thripidae) (Fig. 2d) and leafhoppers (unidentified
species) (Fig. 2c). The percent of infested plants never
differed significantly as a function of mycorrhizal
treatments, in both years and for all species sampled,
whereas the effect of water management and its inter-
action with date were significant for the whiteflies,
thrips and leafhoppers in 2008 and only the interac-
tion was significant for aphids in 2009 (Tables 2, 3).
Regardless of insect species, the infestation rate, as a
tendency, was the highest in plots where plants re-
ceived the full restoration of crop evapotranspiration
(V100) and the lowest in plots where plants did not
receive water (V0).

In 2008 two insecticide spray applications were
performed for control of whiteflies. The effect of insec-
ticide spraying on the infestation rate of T. vaporariorum
differed depending on the water regime (Fig. 2a). In the
V100 plots, the whitefly infestation rate remained high
and never dropped below 70%. In the V50 and V0 plots,
the infestation rate decreased significantly after insecti-
cide spraying, which took place on June 27, and rose
afterwards. On July 22, a 100% infestation rate was
recorded in all plots. After the second insecticide spray
(on July 18) infestation rates tended to decrease, with
trends similar to those observed after the first insecticide
spraying. The percentage of plants infested with F.
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occidentalis remained below 10% in V0 plots, whereas it
reached 30% in V100 plots, decreasing after each insec-
ticide spraying. The infestation rate in V50 plots had
intermediate values (Fig. 2b).

Macrosiphum euphorbiae was the most important
pest in 2009 but the infestation was short-lived. Aphids
appeared after June 2 and completely disappeared be-
fore July 7 (Fig. 3a). The infestation peak on June 16
was significantly lower in V0 plots than in the others
(F2,18=5.25, P=0.016).

A few individuals of Macrolophus pygmaeus
Rambur (Hemiptera: Miridae), all concentrated in
M1 plots, were caught at the end of June 2009
(Fig. 4). No mirids were captured in V0 plots.
Distribution of M. pygmaeus in the experiment
field differed significantly as a function of both
mycorrhizal treatments and water volumes supplied
(Table 4).

Agronomic data All the agronomic traits changed sig-
nificantly in the 2 years of research (Table 1). İn particular,
yield decreased from 71.2 t ha-1 in 2008 to 69.7 t ha-1 in
2009; also the fruit mean weight and the waste fruit
percentage values were higher in the first year. However,
fruit number/plant and fruit soluble solids content (°Brix)
were significantly higher in the second year. Irrigation
positively influenced tomato productivity. Compared
with the unirrigated control, the yield increased by 31.1
and 52.8 t ha-1 with the restoration of 50% and 100% of
ETc, respectively. The higher productivity levels of the
watered treatments were also accompanied by a signifi-
cant increase in mean weight and in the number of berries
per plant. Besides, the increase in water supply caused an
increase in waste berries, from 12.6% of the control (V0)
to 15.1% and 16.7%, respectively, in V50 and V100.

The yields of the treatments mycorrhized with
Micosat F and VAM did not show significant differences

Fig. 1 Ten-day minimum and maximum temperature and rainfall trends recorded during the two tomato crop cycles and compared with the
pluriannual values recorded for the 1981–2007 period
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but they exceeded the unmycorrhized control by 7.2 t
ha-1, on average. The same trend between mycorrhized
treatments and the control was observed for the fruit
number/plant, whereas none of the other tomato traits
were influenced by mycorrhization treatments.

Discussion

Insect pests sampled in the field were all polyphagous
sap-feeders. We did not observe the presence of Tuta
absoluta (Meyrick), detected for the first time in Basi-
licata in 2009 (personal communication). The rate of
infestation of the different species differed consider-
ably in the years 2008 and 2009. This may be partially
explained by the different weather trends in the 2 years.

However, many unknown factors, including popula-
tions persistence in greenhouses and other refuges in
the surroundings, their migration propensity and path-
ways, and host availability within the study area, might
have affected infestations by those polyphagous pests
(Lamp & Zhao 1993; Walter 2005). Regardless of
insect species and year, there was the same response
pattern to the imposed experimental conditions. Infes-
tation rates were affected by water regimes but not by
mycorrhizal treatments. The lowest infestation rate was
recorded in V0 plots, and the highest in V100 plots.

Water-stressed plants were colonized less than well-
watered, so they were less attractive or less suitable.
This result may be important for the transmission of
viral diseases. In the case of less attractive or less suit-
able water-stressed plants, we can expect a reduction in
the transmission of persistent virus, which requires long

Table 1 Frequency (%) of mycorrhization on agronomic traits and roots of tomato as affected by irrigation and mycorrhizal treatments
during 2 years

FACTORS Mycorrhization frequency (%) A g r o n o m i c t r a i t s

Yield F r u i t s

Transplant
time

Middle of
crop cycle

t ha-1 per plant
(no.)

waste
(% number)

mean weight
(g)

soluble solids
content (°Brix)

Years (Y) z

2008 64.7 b 60.6 b 71.2 a 73.1 b 17.4 a 22.2 a 5.1 b

2009 76.3 a 85.5 a 69.7 b 82.7 a 12.2 b 19.1 b 6.6 a

F y 10.1* 11.2** 5.6 * 54.7*** 163.5*** 1674.6*** 16.4**

Irrigation regimes (I) z

V0 - 55.5 b 42.5 c 60.8 b 12.6 c 15.2 c 6.6 a

V50 - 82.0 a 73.6 b 82.4 a 15.1 b 20.8 b 5.8 b

V100 - 81.7 a 95.3 a 90.6 a 16.7 a 25.9 a 5.1 c

F y - 7.6** 574.1*** 186.1*** 34.7*** 6411.2*** 294.8***

Mycorrhizal treatments (M) z

C 25.0 c 51.0 b 65.7 b 73.1 b 15.6 20.6 5.9

M1 89.5 b 79.4 a 73.2 a 78.8 a 14.3 21.1 5.8

M2 97.0 a 88.8 a 72.5 a 81.9 a 14.5 20.2 5.9

F y 10.7** 6.6** 36.7*** 11.3*** 2.4ns 2.8ns 0.8ns

Interactions (F values) y

Y x I - 1.9ns 40.3*** 131.1*** 102.9*** 223.5*** 66.8***

Y x M - 12.1** 1.6ns 2.4ns 2.6ns 10.9** 1.3ns

I x M 5.7* 1.1ns 4.0* 0.8ns 0.1ns 0.9ns 2.9*

Y x I x M - 1.9ns 0.7ns 0.6ns 0.6ns 2.2ns 3.0*

z Within the same column, means followed by the same letter within each treatment do not differ significantly (P ≤ 0.05) according to the
SNK test
y P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ns = not significant
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acquisition times (hours to days) and long latent periods
(one day to several weeks) (Andret-Link & Fuchs 2005).
Consequences for non-persistent virus transmission are

more difficult to predict without knowing the influ-
ence of water stress on insect behavior. For example,
‘non-preference’ factors that increase movement and

Fig. 2 Infestation rates (means
± standard error) in the year
2008 as a function of water
regimes: a) Trialeurodes
vaporariorum; b)
Macrosiphum euphorbiae; c)
leaf-hoppers; d) Frankliniella
occidentalis; V0 = control, ir-
rigated only at transplant time;
V50= 50% restoration of crop
evapotranspiration (ETc);
V100= full restoration of crop
evapotranspiration (ETc). The
arrows indicate dates of insec-
ticide treatments: imidacloprid
on June 27 and methomyl on
July 18
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probing between plants can contribute to disease
spread and allow the disease to persist even at very
low vector densities (Thomas & Waage 1996). Obvi-
ously, the effect of water deficit on virus transmission
must be demonstrated with specific experiments un-
der controlled conditions.

Response of pests to non-preferred or less suitable
host plants is variable. In particular, we can expect
that the response depends largely on population den-
sity and on the availability of more suitable hosts in
the same area or in the same field (Thomas & Waage
1996). When population density is high, competition

Fig. 3 Infestation rates (means
± standard error) in the year
2009 as a function of water
regimes: a)Macrosiphum
euphorbiae; b) Trialeurodes
vaporariorum; V0 = control,
irrigated only at transplant
time; V50= 50% restoration of
crop evapotranspiration (ETc);
V100= full restoration of crop
evapotranspiration (ETc)

Table 2 Full factorial ANOVA of infestation rates (transformed data) measured in the year 2008

df Macrosiphum euphorbiae Trialeurodes vaporariorum Frankliniella occidentalis Leafhoppers

MS F MS F MS F MS F

Date 4 1868.6 96.2*** 8461.4 224.7*** 1454.4 23.6*** 43.1 3.2*

V 2 18.6 1.0 2782.4 73.8*** 1073.5 17.4*** 225.1 16.9***

M 2 18.4 1.0 6.0 0.2 4.8 0.1 0.6 0.04

Date x V 8 26.9 1.4 538.4 14.3*** 337.1 5.5*** 146.0 11.0***

Date x M 8 6.7 0.3 8.4 0.2 1.7 0.03 2.8 0.2

V x M 4 13.9 0.7 8.2 0.2 1.2 0.02 2.6 0.2

Date x V x M 16 9.1 0.5 3.6 0.1 4.7 0.08 1.4 0.1

Residuals 90 19.4 37.7 61.6 13.3

M= mycorrhizal treatments; V= water volume

*P <0.05; ***P < 0.001

df, degrees of freedom; MS, mean square; F, variance ratio
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is also high and, accordingly, the acceptance of non-
preferred plants increases. This can explain the dynamics
of whitefly infestations during 2008, when differences
among watering treatments were highly significant after
insecticide spraying with imidacloprid and were can-
celled afterwards. This trend can be observed also after
the second treatment withmethomyl but it is less obvious.
In fact, we recorded 100% infestation in all plots 4 days
after the treatment with methomyl and the decrease after
July 22 was much slighter than after the first treatment.
Obviously, the insecticide applicationmay have reduced
the insect population without eliminating all individuals
from the infested plants and then resulting in no or little
change of infestation rate. Nevertheless, the results in

this work can be an indication of poor activity of
methomyl against T. vaporariorum in the Metapontum
area.

There are no accurate data on population density,
even though there can be good correlations between
infestation rates and yield (Wilson et al. 1991); particu-
larly for aphids, the economic threshold can be
expressed as infestation rate level (Viggiani 1997). Pre-
vious studies under controlled conditions showed that
performance of phytophagous insects in tomato may be
reduced by water stress, depending on cultivars and
stress level (Inbar et al. 2001; Rivelli et al. 2013). Our
results show that water deficit also reduces infestation
rate under field conditions. The reduction of infestation,
however, was not sufficient to offset the negative effects
of water shortage on crop yield. This finding confirms
previous observations on concurrent effects of aphids
and water stress on tomato plant growth under controlled
conditions (Rivelli et al. 2012). It is also in agreement

Table 3 Full factorial ANOVA of infestation rates (transformed
data) measured in the year 2009

df Macrosiphum
euphorbiae

Trialeurodes
vaporariorum

MS F MS F

Date 1 23047.5 795.47*** 380.2 17.80***

V 2 74.0 2.55 45.7 2.14

M 2 2.1 0.07 4.5 0.21

Date x V 2 221.4 7.64** 2.2 0.10

Date x M 2 10.6 0.37 4.6 0.21

V x M 4 23.2 0.80 10.6 0.50

Date x V x M 4 11.8 0.41 10.8 0.51

Residuals 36 29.0 21.3

M= mycorrhizal treatments; V= water volume;

**P < 0.01; ***P < 0.001

df, degrees of freedom; MS, mean square; F, variance ratio

Fig. 4 Number (means ± stan-
dard error) of Macrolophus
pygmaeus per plot in 2009:
V0 = control, irrigated only
at transplant time; V50=
50% restoration of crop
evapotranspiration (ETc);
V100= full restoration of
crop evapotranspiration
(ETc) (V50); M1= Micosat
F (AMF + bacteria of the
rhizosphere + saprophytic
fungi); M2= AMF; C=
control

Table 4 Full factorial ANOVA of Macrolophus pygmaeus
numbers

df M. pygmaeus

MS F

V 2 0.7 9.5**

M 2 1.8 24.5***

V x M 4 0.7 9.5***

Residuals 18 0.07

M= mycorrhizal treatments; V= water volume

**P < 0.01; ***P < 0.001

df, degrees of freedom; MS, mean square; F, variance ratio
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with the results obtained in the case of chickpea
and soybean under different irrigation regimes
(Çıkman & Civelek 2006; Çıkman et al. 2011).

Both mycorrhization and water supply treatments
resulted in a significantly positive effect on crop yield
but, contrary to expectations, the interaction between
mycorrhization and water regimes was not significant.
This means that mycorrhization did not confer greater
resistance to drought. Moreover, the presence of bac-
teria of the rhizosphere and saprophytic fungi in the
inoculum did not produce significant benefits in terms
of agronomic results, but it might have affected the
presence of predators. In fact, M. pygmaeus, a gener-
alist predator, was collected only in plots treated with
Micosat F, containing VAM, bacteria of the rhizosphere
and saprophytic fungi all together. In particular, Micosat
F contains T. harzianum. It has recently been demon-
strated that root colonization by another Trichoderma
species, T. longibranchiatum MK1, significantly alters
the behavioral response of M. pygmaeus to tomato
plants (Battaglia et al. 2013). In choice experiments
and in the complete absence of insect infestation, plants
colonized by T. longibrachiatum MK1 are significantly
more attractive for M. pygmaeus females than unco-
lonized controls. However, plants in the experiment
field were infested and the predator was also attracted
to pests on the plants. Moreover, M. pygmaeus was
collected only once, during 2009, and the sampling
method was possibly not the most appropriate to sample
this species, which is a good flyer. For these reasons it is
necessary to be very cautious in interpreting the pres-
ence of M. pygmaeus in M1 plots, and the possible
attraction by Micosat-treated plants needs to be con-
firmed by further observations.
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