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Abstract

This study of animal—plant interaction focused on the impact of oviposition by an insect on the leaves of Prunus avium
(cherries). We examined whether the oviposition by Caliroa cerasi affects leaf mechanical and spectral traits in P. avium.
Three cultivars of P. avium were studied. Infested leaves had from 1 to 18 eggs and exhibited higher leaf dry mass per area
(LMA) than leaves without eggs. Leaf dry weight and LMA were positively correlated with egg number per leaf. Infested
leaves tended to have higher number of trichomes. Leaf thickness and material and structural resistance tended to increase
in infested leaves. The reflectance across all wavelengths (500-700 nm) in leaves with larger number of eggs was higher
compared to leaves without eggs. Photosynthetic performance was reduced and oxidative activity was increased in leaves
with eggs. Extrafloral nectaries increased with increasing the number of eggs per leaf and thus play an important role in
defense against herbivores by providing nectar rewards that attract their depredators. These responses to oviposition may be
beneficial for the plants in terms of resistance to feeding larvae.

Keywords Extrafloral nectaries - Inducible leaf traits - Leaf spectral characteristic - Leaf trichomes

Introduction

Most studies of induced plant responses by herbivory con-
sider feeding damage as a first interaction between the insect
and the plant. However, egg deposition often precedes feed-
ing damage in many herbivores (Pashalidou 2015). Insect
eggs when laid on the plant can induce changes in the pri-
mary and secondary plant metabolism. The egg-induced
effects can be considered at the same time plant defensive
responses against egg deposition by herbivorous insects.
Unlike feeding herbivores that can move away from the
plant that induces the production of toxins, eggs cannot
move. Therefore, plant responses to oviposition can kill them
and prevent feeding damage caused by the hatching larvae
(Pashalidou 2015). Egg-induced plant defense strategies
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directly targeting the eggs rather than the egg-laying female
include plant-mediated desiccation of eggs, egg dropping,
egg crushing, and egg killing (Hilker and Fatouros 2015).
Also feeding by herbivorous insects can induce changes in
the emission of volatile compounds (Colazza et al. 2004;
Heil 2009) or enhance the development of extrafloral nec-
taries (Pulice and Packer 2008) that act as indirect defenses
against herbivores via tritrophic interactions with carnivores

@ Springer


http://orcid.org/0000-0003-1079-9277
http://crossmark.crossref.org/dialog/?doi=10.1007/s11829-018-9609-x&domain=pdf

614

M. L. Peschiutta et al.

involving three trophic levels: the plant, the herbivore, and
its natural enemies.

Some studies have shown that in addition to these egg-
induced direct and indirect plant defenses, plants can use
insect egg deposition as a warning signal for future larval
herbivory. Plants warned by egg deposition start to prepare
their defense against feeding larvae even before larval hatch-
ing (Hilker and Fatouros 2015) or accelerate their growth
and thus begin flowering and reproducing earlier than non-
warned plants (Pashalidou et al. 2013).

Egg deposition by herbivorous insects can reduce the
expression of photosynthetic genes (Little et al. 2007), and
induce the expression of many defense-related genes, includ-
ing pathogenesis-related proteins (chitinases and glucanases)
and genes involved in abiotic stress and phytohormone sign-
aling (Biichel et al. 2012). The mechanisms of egg-induced
effects in tissue adjacent to the oviposition site are unknown
(Hilker et al. 2002).

Although many studies have evaluated the defenses
induced by plant tissue consumption by insects, only recently
there has been substantial increases on defense induction by
insect egg deposition (Fatouros et al. 2012; Lucas-Barbosa
et al. 2012; Pashalidou et al. 2013; Penaflor et al. 2011; Pet-
zold-Maxwell et al. 2011). Most of these studies on defenses
induced by eggs were oriented towards the study of leaf vola-
tile components (Colazza et al. 2004; Fatouros et al. 2012;
Lucas-Barbosa et al. 2012; Pefaflor et al. 2011), which play a
key role in plant defenses, while leaf mechanical and optical
changes as a consequence of egg deposition have been less
studied. However, there are reports that herbivorous insects
induce morphological resistances in plants when they feed,
for example, the mechanical protection on the surface of
the plants (e.g., hairs, trichomes, thorns, spines, and thicker
leaves) that kill or retard the development of the herbivores
(Dalin et al. 2008; Dalin and Bjorkman 2003; Hanley et al.
2007; Liu et al. 2010; Peschiutta 2015).

Caliroa cerasi (L.) (Hymenoptera: Tenthredinidae),
commonly called “pear slug,” is endemic to the Northern
Hemisphere, is widespread in South America, and is one of
the most important pests of sweet cherry (Prunus avium L.)
(Mareggiani et al. 2012). Caliroa cerasi females are parthe-
nogenetic and they insert their eggs inside the leaves using
a serrated ovipositor, and thus they are also known as “saw-
flies.” Eggs hatch 1 or 2 weeks later and the larvae begin to
feed on the upper surface of leaves (Bado 2007; Cittadini
and San Martino 2007; Peschiutta et al. 2016; Raffa and
Lintereur 1988; Shaw et al. 2004). C. cerasi is polyphagous,
but prefers to attack trees of the genus Prunus (cherry, plum)
and Pyrus (pear) (Carl 1972). The effects of oviposition by
C. cerasi on leaves of Prunus avium (sweet cherry) are even
unknown. The main aim of this study was to evaluate leaf
mechanical and spectral traits related to C. cerasi oviposi-
tion through field studies. Recent studies (Peschiutta et al.
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2016, 2018) show that during the leaf expansion phase and
before infestation began, leaves of similar age from non-
infested trees and chronically infested trees are of similar
size. However, at the end of the expansion phase, damaged
leaves have lower size (it is considering the area removed by
herbivore) than leaves from non-infested trees. In addition,
some morpho-physiological traits of non-damaged and dam-
aged leaves from chronically infested trees differ from traits
of leaves from trees non-infested for several years. Based on
these findings, we hypothesized that most of the mechanical
and spectral responses analyzed are induced by the insect
oviposition and not merely selected by the insect to enhance
its fitness. Two of the variables studied (photosynthesis and
oxidative activity), however, should only have detrimental
effects on the plant as a consequence of the insect activity.
This study was carried out on leaves of three P. avium cul-
tivars after 2 weeks of egg depositions, which occur while
leaves are in the expansion phase.

Materials and methods
Location and study species

The study was conducted in the Bahia Solano S.A. Ranch,
Comodoro Rivadavia, Chubut, Argentina (46°19'S, 71°62'W,
altitude 220 m). In the study area, the rains are concentrated
in winter. The average annual rainfall is 287 mm (National
Weather Service, Comodoro Rivadavia Meteorological Sta-
tion). The climate of this site is influenced by the proximity
to the ocean and the average annual temperature is 12.9 °C
(Beeskow et al. 1987).

The study was conducted at the beginning of the infes-
tation by C. cerasi, after about 14 days of oviposition and
when leaves were in the expansion phase, during Decem-
ber 2012. Three cultivars of sweet cherry (P. avium) were
selected: Lapins, Bing, and Van. These cultivars are among
the most widely used in southern Patagonia, representing a
28.9, 23.7, and 4.8% of sweet cherry cultivars, respectively
(Cittadini 2007). Three to seven trees per cultivar affected
per C. cerasi were randomly selected during the egg-laying
period and individual leaves with and without eggs were
chosen. Trees were more than 4 years old and drip-line irri-
gation was used in all trees. The number of C. cerasi eggs
was counted under a magnifying glass to try to establish
a relationship between the leaf properties and oviposition.

Leaf morphological traits

Twenty-five fresh leaf images with and without eggs col-
lected from each tree (n=3-7) were obtained using a scan-
ner. Leaf area (AF) was determined by an image analysis
program (ImageJ). Leaf thickness was measured using a
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digital caliper (0.01 mm precision). Leaves were then oven
dried at 70 °C until constant weight and the dry weight was
used to calculate the dry mass per unit leaf area (LMA)
(Sack et al. 2003). The extrafloral nectary number (EFN)
occurring in each petiole base was counted.

Leaf density (p;) was calculated as p; =M/V, where M
is the dry mass of the leaf and V is the leaf volume. Vol-
ume was estimated by submerging a fresh sample in a con-
tainer with distilled water resting on a digital balance with a
0.001 g precision using the Arquimides principle. Saturated
water content (SWC) was determined as the ratio between
saturated mass minus dry mass, and dry mass.

Leaf trichome density (number/mm?) and trichome length
were determined in 2-3 sections (disks) on the abaxial sur-
face of three leaves with and without eggs from each plant
studied (n=3-7 trees per cultivar). Disks were examined
using a magnifying glass (Zeiss, Germany) and images were
obtained using a camera (TCA-3C Tucsen, China) mounted
on the magnifying glass and acquired with TSView v 6.1.3.9
program. Photographs were taken at 25X to estimate tri-
chome density and size using randomly tissue visual fields.
Trichomes associated with the main veins were measured
and counted using the Image] software.

Foliar nitrogen and carbon

Carbon and nitrogen content of leaves with and without eggs
from trees infested by C. cerasi (3—4 trees per cultivar) was
determined by calcination in a muffle at 550 °C (Schles-
inger and Hasey 1981) and by Kjeldahl method (Miller and
Miller 1948) at the Estacion Experimental Agropecuaria
Bariloche—INTA, Argentina. This information was used to
calculate the carbon—nitrogen (C/N) ratio.

Leaf mechanical resistance

A penetrometer built in the laboratory (Peschiutta 2015) was
used to evaluate the leaf mechanical resistance. Leaves were
firmly held between two plates forming the base of the pen-
etrometer and having a central hole. Plates were made of
transparent acrylic to allow visualization of the blade position
with respect to a metal rod or punch hole (5.03 mm diameter)
slightly rounded tip. The upper punch is fixed to a container,
which receives water at a constant rate and can increase the
mass of the penetrator (=punch + container + water) until a
critical value is reached and the metal rode penetrate through
the blade. In all cases, the measurements were performed on
blades excluding the higher order veins. Penetrator mass is
proportional to the leaf hardness. Hardness can be expressed
as the critical mass (g) of the penetrator with a standard
punch necessary to penetrate the blade. Maximum force can
then be expressed per fracture length along the lamina sur-
face (force to punch or structural resistance, F - kN m'l) and

per cross-section area of lamina (specific force to punch or
material resistance, Fps, MN m~?) (Onoda et al. 2011). 20
leaves with eggs and 20 leaves without eggs randomly col-

lected per plant and per cultivar were used.

Optical properties of the leaves

Reflectance of 25 leaves with and without eggs of C. cerasi
was measured in the spectrum range of 400-900 nm using a
spectrometer (Ocean Optics USB 2000) coupled to an inte-
grating sphere designed and built in our laboratory (Peschiutta
2015). A leaf sample was placed between a collimated light
source and a leaf sample located on an opening in the inte-
grating sphere wall. A fiber optic was inserted on the opposite
side of the wall and connected to the spectrometer port. The
inner surface of the sphere was covered with barium sulfate
to allow for maximum reflectance. The light was directed
towards the adaxial side of the leaf. Darkness adjustments
and white point calibrations were regularly performed (using
painted with barium sulfate plates) for each leaf. The diffuse
reflectance was calculated as a ratio relative to the reference
target data. Curves of reflectance were performed for leaves
without eggs (no eggs), with 1-3 eggs (low), with 4-6 eggs
(medium), and with 7 or more eggs (high) per leaf. Reflec-
tance measurements at 550 nm wavelength were used as an
estimate of leaf nitrogen (Blackmer et al. 1994). Photochemi-
cal Reflectance Index (PRI)—an estimator of photosynthetic
performance—and Brown Pigment Index (BPI)—an index
of oxidative stress—both were calculated from the spectral
reflectances as (Pefuelas et al. 2004):

Rs;; — R
PRI = ( 531 570).

(R531 - R570)

The BPI index was calculated as the difference between
the wavelengths where the second derivative of the reflec-
tance in the far-red region intercepts 0, that is the difference
between the wavelength with maximum reflectance slope (A
red edge) and the wavelength with the minimum reflectance
slope in the near infrared (Pefiuelas et al. 2004).

Statistical analysis

All data were analyzed to assess normality using Shap-
iro—Wilks and homogeneity of variances using the Levene
test before performing the ANOVA. When data were not
normal, a non-parametric test was applied as Kruskal Wallis
or the y? test. Student ¢ test was used to compare means of
leaves with and without eggs in each cultivar. All data were
analyzed using the R software (version 2.15.1). Leaf traits
were selected assuming that the response of the plant to the
insect attack will enhance resistance to herbivory and that
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they were not auto-correlated. Linear regressions were used
to test the dependence of reflectance (550, 516, 590, and
596 nm) on egg number per leaf.

Results
Number of eggs

Leaves infested by C. cerasi had from 1 to 18 eggs. From a
total of 482 randomly collected leaves with eggs, the 38.59%
of leaves had one egg, 20.95% had two eggs, 12.86% had
three eggs, and only 9.75% had 7 or more eggs. There were
no differences in the percentage of infested leaves along a

branch and egg number did not differ significantly among
cultivars (F=2.43; P=0.12); however, Bing tended to have
more eggs per leaf than Van and Lapins. We observed an
average of two eggs per leaf in Lapins and three eggs per
leaf in Bing. Despite the higher number of eggs per leaf in
Bing, this cultivar exhibited the largest number of necrotic
eggs and surrounding leaf tissues (4%) compared to Van and
Lapins (2 and 1.8%, respectively).

Morphological characteristics and leaf mechanical
properties

Leaves with eggs (Eggs) had a higher leaf dry mass per
unit area (LMA) than leaves without eggs (No eggs) in all

Fig.1 a Leaf dry mass per unit 110 ‘ ‘ 0.22
area (LMA), b leaf thickness, (@) ek k _— :g;gg (b) »x -
¢ material resistance (Fps), and 100 0.21 E
d structural resm}ance (Ii,) of & 90 % 020 7
three Prunus avium cultivars. € - b4
Each bar is the mean value + SE 2 30 0.19 2
(n=3-7 trees per cultivar) for < ’<.f>
leaves without eggs (filled bars) E 70 0.18 :“5_
and leaves with eggs (open bars) B
from infested trees. Significant 60 0.17 5
differences between leaves with
. o 50 0.16
and without eggs are indicated (¢) (d)
as **P <0.05 and ***P <0.01 16 0.36
*%
S 0.33 <
e c
=~ 14 0.30 Z
= =
\/g 0.27 o*
s 0.24
0.21
1.0

Bing Lapins Van

Bing Lapins Van

Prunus avium cultivars

Table1 LA, p;, saturated water content (SWC), density and length of trichomes, nitrogen content (N), and C/N ratio in leaves without eggs (no
eggs) and leaves with eggs (eggs) from infested Prunus avium L. trees by Caliroa cerasi per cultivar

LA L SwWC Leaf trichome density Leaf trichome N (%) C/N ratio
(cm?) (g cm™) (%) (number mm™?) length (mm)
Bing
No eggs 49.49 +3.09* 0.33+0.02* 235.62+11.59* 3.54+037* 0.77+0.01* 1.74+0.09° 26.28 +1.48*
Eggs 51.67+1.82% 0.36+0.02* 222.48+7.61° 4.43+0.89* 0.79+0.04* 1.77+0.14° 25.68+2.01*
Lapins
No eggs 69.32+3.71* 0.30+0.01* 261.88+14.74* 1.73+0.18* 0.80+0.05* 2.06+0.08* 21.93+0.67*
Eggs 75.01+5.87* 0.29+0.02* 259.36+21.09* 3.27+0.61° 0.63+£0.05° 2.20+0.08* 20.68 +0.63*
Van
No eggs 54.55+3.66 0.33+0.01* 236.23+2.45? 3.02+0.57* 0.82+0.05* 1.76 +0.12° 26.25+1.76*
Eggs 53.63+3.43% 0.36+0.01* 218.22+8.78* 3.72+0.69* 0.76 +0.05* 1.63+0.10° 27.92+1.80*

Values are means + SE (n=3-7). Significant differences between leaves with and without eggs within each cultivar are indicated by different let-

ters (¢ test, P <0.05)
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Fig.2 Relationships between a leaf dry mass per unit area (LMA),
b material resistance (Fps), and structural resistance (Fp) in rela-
tion to leaf trichome density associated with major veins. The lines
are linear regressions fitted to the data, a y=45.714+10.27xx; b
y=0.894+0.15xx , and ¢ y=0.1740.03 xx. Each point represents
the mean value of leaves with (open symbols) and without (filled
symbols) eggs from three to seven trees per cultivar. Cultivars: Bing
(circles), Lapins (triangles), Van (squares)

cultivars (Fig. 1a). Other leaf characteristics such as thick-
ness, Fps, length, and number of foliar trichomes differed
depending on the cultivar. For example, leaves with eggs

from Bing cultivar were thicker than leaves without eggs

(Fig. 1b), while F,; was higher in leaves with eggs from
Van cultivar than leaves without egg (Fig. 1¢). The F,, LA,
L, SWC, N content, and C/N ratio did no differ between
leaves with and without eggs across all cultivars (Fig. 1d;
Table 1). However, leaves with eggs from Bing and Van
cultivars showed a tendency of higher p; and lower SWC
(Table 1).

Leaves with eggs from Lapins cultivar had shorter
and higher density of trichomes than leaves without eggs
(Table 1). Also leaves with eggs from Bing and Van cultivars
tended to have higher trichome density than leaves without
eggs (Table 1). Trichome density was positively correlated
to LMA, Fps and Fp (Fig. 2a—c).

The PRI was lower in the leaves with eggs than in leaves
without eggs, with significant differences in Lapins and Van
cultivars (Fig. 3a). Leaves with eggs from Van exhibited
higher BPI than leaves without eggs (Fig. 3b).

Leaf dry mass per unit area and leaf dry weight were posi-
tively and significantly correlated to the egg number per leaf
(Fig. 4a, b); however, there was not a significant relationship
between leaf size and egg number per leaf (Fig. 4c). The
PRI decreased significantly with increasing egg number per
leaf (Fig. 4d).

Optical traits

Leaves without eggs of the three P. avium cultivars exhib-
ited similar % reflectance across all wavelengths (Fig. 5a).
However, leaves with eggs of Van cultivar had higher %
reflectance than leaves with eggs from Bing and Lapins cul-
tivar (Fig. 5b). There was a trend to have a higher reflectance
across all wavelengths in leaves with larger number of eggs
compared to leaves without eggs in all cultivars (Fig. 5c).
Reflectance at 550 nm (Rssp), 516 nm (Rs4), 592 nm (Rsq,),
and 596 nm (Rsq4) wavelengths increased significantly with
increasing egg number per leaf (Fig. 6a—d).

Extrafloral nectaries

There were not significant differences in extrafloral nectary
number between leaves with and without eggs in all culti-
vars; however, extrafloral nectaries increased significantly
with increasing the number of eggs per leaf (Fig. 7).

Discussion

Plant-induced defenses can be elicited by feeding or ovi-
position of herbivores (Heong et al. 2015). Plants have
evolved responses that target exclusively the insect oviposi-
tion, because eggs might serve as reliable cues for plants,
since eggs indicate that feeding damage will start as soon
as the larvae hatch (Pashalidou 2015). Leaf characteristics
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Fig.3 a Photochemical Reflectance Index (PRI) and b Brown Pig-
ment Index (BPI) of three Prunus avium cultivars. Bars represent the
mean value+SE (n=3-7 tree per cultivar) for leaves without eggs
(filled bars) and leaves with eggs (open bar) from infested trees. Sig-
nificant differences between leaves with and without eggs are indi-
cated as **P <0.05 and ***P <0.01

in this study were determined after 14 days since the female
laid eggs, close to the emergence of the first larvae (Raffa
and Lintereur 1988; Shaw et al. 2004) and when the leaves
were still in expansion (Peschiutta 2015). The induction of
responses can occur within a few hours or days after the
attack (Escobar-Bravo et al. 2017; Karban and Baldwin
1997), and such changes may represent defenses induced
by the herbivore. In our study, we observed a tendency
to increase the values of leaf traits related to mechanical
resistance as response to oviposition. Leaves with higher
mechanical resistance may reduce the subsequent impact of
larvae on leaf by repelling to larvae or by reducing the eaten
leaf area. Consistent with this idea, Bing and Van were the
cultivars with higher leaf changes in response to oviposition
(higher increase in LMA, thickness, and Fps), and accord-
ing to the results of Peschiutta et al. (2016) these cultivars
exhibit lower removed leaf area by larvae respect to removed
area in Lapins (21, 23, and 31%, respectively).

Plants can defend themselves against herbivores by
attracting its natural enemies, such as predators or parasi-
toids. Most studies have focused on volatile organic com-
pounds (VOCs) that attract predators and parasitoids, but
herbivory could also change the photosynthetic activity and/
or light reflectance of even intact parts of the plant (Amo
et al. 2013; Koski et al. 2017; Méntyld et al. 2004, 2007,
Peschiutta 2015; Zangerl et al. 2002). Therefore, changes
in photosynthesis and/or other visual properties of the
plant may provide visual foraging cues to predators, for
example, birds (Amo et al. 2013; Koski et al. 2017; Mén-
tyld et al. 2004, 2007). In our study, among the cultivars,
leaves with eggs of Van exhibited higher reflectance across

Fig.4 a Leaf dry mass per 120 ———————— 0.8
unit area (LMA), b leaf dry (b) o
weight, ¢ leaf size, d Photo- 110 | §
chemical Reflectance Index - 107 =
(PRI) as a function to the egg ' 100 | =)
number per leaf (n=3-7 trees, o 106 2
depending on egg number < 90}t >
per leaf). Solid lines are E o
linear regressions fitted to the 80 | 105 93
dataay=77.84+2.38Xx; -
by=0.46+0.02xx, and d
y=0.06-0.001 X x. Filled sym- 70 0.4
bol represents leaves without 66 |
eggs — o 10.07
E 64 [
o
< 62 10.06 _
o 1
N &
> 80 ° {0.05
“(3 O e} '
o 58 e o
o 10.04
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Fig.5 Spectral reflectance from a leaves without eggs, b leaves with
eggs of the three P. avium cultivars, and ¢ mean spectral reflectance
per cultivar of leaves without eggs, with low egg number (1-3), with
medium egg number (4-6), and with high egg number (7 or more)
(n=3-7 trees per cultivar) from 520 to 700 nm wavelength (n=7).
Inserts are reflectance spectrum from 550 to 610 nm

all wavelengths analyzed, and this cultivar also tended to
have about three eggs per leaf (less than the Lapins cul-
tivar). Leaves with more eggs, regardless of the cultivar,
were also those that exhibited higher reflectance in these
wavelengths. Leaf characteristics that could be altered dur-
ing oviposition, as wax layers, cuticle thickness, trichomes,
and sclereids, could cause changes in the optical properties
of leaves (Baldini et al. 1997), affecting the near-infrared
reflectance (750—-1350 nm). However, the reflectance in the
visible portion of the spectrum (between 400 and 700 nm)
could be altered by changes in photosynthetic pigments (Sla-
ton et al. 2001). Egg deposition by chewing and sucking
herbivorous insects can lead to a reduction of plant’s photo-
synthetic activity. Egg deposition per se may significantly

affect the plant’s primary metabolism and reduce photosyn-
thetic activity (Schroder et al. 2005). We found a decrease in
photochemical reflectance index (PRI) of leaves with eggs
compared to leaves without eggs, which suggests a reduction
in photosynthetic performance. It is known that the photo-
synthetic efficiency in trees with sawfly eggs is lower than
in plants without eggs (Délano-Frier et al. 2012). Negative
effects may occur as a result of an egg deposition process,
when female with its ovipositor damages plant tissue prior to
insertion of eggs on the leaf (Schroder et al. 2005). Reduc-
ing diffusion rates of CO, in mesophyll cells has been sug-
gested as a possible mechanism which leads to the decrease
of photosynthesis during oviposition, in the absence of plant
injury (Velikova et al. 2010). Also, oviposition can lead to
an increase in water loss in damaged leaf area (Codella and
Raffa 2002). Other factors such as production of jasmonic
acid can adversely affect photosynthetic rate almost imme-
diately after oviposition (Schroder et al. 2005; Velikova
et al. 2010). We found an increased oxidative stress and cell
damage—greater BPI—on leaves with eggs in relation to
leaves without eggs, principally in Van cultivar. These reac-
tive oxygen species (ROS) constitute an important signaling
molecules in defenses (Little et al. 2007) and they may be
generated within minutes, with only insect locomotion on
foliar surfaces (Bown et al. 2002) or in response to insect
eggs (Bittner et al. 2017).

Plant structural traits (e.g., spinescence, trichomes, waxy
cuticles, sclerophylly) can act as a physical barrier to her-
bivores, feeding, and oviposition. Trichomes can prevent
insect attachment and limit pest movement on plants (Mitch-
ell et al. 2016). Some studies have shown that plants have
the ability to perceive and respond to simple contact (Braam
2005; Telewski 2006) by morphological (Liu et al. 2007),
physiological (Chehab et al. 2012), or chemical adjustments
(Braam 2005; Markovic et al. 2014). For example, touch in
bean leaves causes an increase in leaf weight and a decrease
in specific leaf area (inverse of LMA) within 6 days (Marko-
vic et al. 2014). P. avium leaves with eggs had higher LMA
and thickness, and tended to be more mechanically resistant
and have lower water content. Leaf dry mass per unit area
changes could be the result of significant increase in leaf dry
weight with increasing egg number, but without changes in
leaf size, due to a significant increase in trichomes abun-
dance and perhaps in other trait changes. Fornoff and Gross
(2014) found that dry matter content increases to 19% with
herbivory. Leaves with higher LMA are typically harder and
have a lower content of nutrients (Onoda et al. 2004; Poorter
et al. 2009) and thus have a greater resistance to herbivory.
Wax layers and other structures such as trichomes, thick cell
walls, fibers, thick cuticles, and sclereids have been associ-
ated with increased LMA (Coley 1983; Onoda et al. 2011;
Poorter et al. 2009).
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Fig.7 Extrafloral nectary number in relation to egg number per
leaf. Line is the linear function fitted to the data y=1.42+0.05xx.
Values are mean of egg number/leaf from 3 to 7 trees depending on
egg number found. Black symbol represents leaves without eggs.
Inset represents leaf extrafloral nectary number per leaf with and
without eggs from Bing, Lapins, and Van cultivars. Bars represent
means + SE of 3-7 trees per cultivar

Feeding by folivorous insects induces an increase in
trichomes density within days or weeks after insect attack
(Agrawal 1998; Dalin and Bjorkman 2003). Induction of
leaf trichome densities is a common phenotypic response
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described in distinct and unrelated plant species when altera-
tions in biotic and abiotic conditions take place (Escobar-
Bravo et al. 2017). In the present study, we observed that the
production of trichomes tended to increase in all cultivars by
the presence of eggs, but with significant changes in Lapins
cultivar. This suggests that not only trichome production can
be induced by foliar biomass loss after feeding but also by
oviposition. This response could protect veins of subsequent
larval feeding. The larvae leave intact leaf veins after feed-
ing which contribute to maintain water transport capacity of
damage leaves (Peschiutta et al. 2016).

Other defenses observed in this study were the develop-
ment of a necrotic zone at the site of egg deposition and the
production of indirect defenses, such as extrafloral nectaries.
Bing showed a tendency to have larger egg number per leaf,
but some of them experienced necrosis mortality, similar to
the pattern observed by Shapiro and DeVay (1987) in Bras-
sica nigra. We found also a positive relationship between
egg number and extrafloral nectaries. It is known that Prunus
has extrafloral nectaries that may be an important indirect
defense against herbivores (Bronstein 1998; Gish et al. 2016;
Oliveira 1997). Extrafloral nectaries play an important role in
plant defense against herbivores by providing nectar rewards
that attract ants and other natural enemies such as parasitoid
which help diminish the damage by the herbivorous insects.

Our results suggest that P. avium have the ability to
respond promptly after egg deposition by C. cerasi (her-
bivory early alert; Hilker and Meiners 2006). These early
responses may directly affect the larval development by
necrotizing eggs or indirectly by attracting egg and larvae
depredators (Hilker and Fatouros 2016; Koski et al. 2017).
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More importantly, P. avium may alter negatively the subse-
quent larval feeding by increasing trichome density (such
as in Lapins), leaf thickness, and LMA (as in Bing) or leaf
specific force to punch or material resistance (as in Van) as
response to oviposition. However, other experiments are
required to examine the ecological effects of these changes
on resistance of plant to feeding larvae.
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