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Abstract 
 
The probing behaviour of the green peach aphid, Myzus persicae Sulzer (Rhynchota Aphididae) was evaluated by electrical pene-
tration graph (EPG-DC) on the tomato (Solanum lycopersicum L. syn. Lycopersicon esculentum Mill.) cultivar Motelle, contain-
ing the Mi gene conferring resistance to the potato aphid, Macrosiphum euphorbiae (Thomas) (Rhynchota Aphididae), to test the 
resistance degree of the cultivar to M. persicae. The aphid probing behaviour was also evaluated on a susceptible (mi) tomato cul-
tivar, Moneymaker, after treatment by a chemical plant resistance elicitor, benzo(1,2,3)thiadiazole-7-carbothioic acid S-methyl 
ester (benzothiadiazole or BTH). Concerning a possible antixenotic effect due to physical and chemical barriers, no significant 
differences were found between the two cultivars in the probing and phloem phases. However, a difference was detected between 
the preinfested and non-preinfested susceptible cultivar in the total duration of phloem ingestion. The lack of significant differ-
ences in the entire process of host feeding between resistant and susceptible cultivars is probably due to the fact that the resistant 
cultivar identifies only the specific elicitors produced by M. euphorbiae. By contrast, the BTH treatment apparently makes the 
susceptible cultivar less palatable to a generalist aphid like M. persicae: the main component of this induced resistance is the re-
duced phloem ingestion. 
 
Key words: Myzus persicae, Solanum lycopersicum, EPG-DC, insect plant resistance, Mi gene, chemical elicitor, 
benzo(1,2,3)thiadiazole-7-carbothioic acid S-methyl ester, Motelle, resistance induction. 
 
 
Introduction 
 
The green peach aphid Myzus persicae Sulzer, the po-
tato aphid Macrosiphum euphorbiae (Thomas), the 
melon aphid Aphis gossypii Glover and the black bean 
aphid Aphis fabae Scopoli (Rhynchota Aphididae) rep-
resent the most common aphid species infesting tomato 
crops Solanum lycopersicum L. syn. Lycopersicon escu-
lentum Mill. (Solanaceae). All these species, except    
M. euphorbiae, are notably polyphagous. Usually set-
tling in immediately after crop transplant, their colonies 
stunt plant growth and induce water stress that causes 
the wilting of leaves, flower buds and young fruits. The 
aphids ingest the phloem sap through piercing mouth-
parts and the resulting damage becomes serious only 
when pest density is high and leaves are covered by 
large aphid colonies that produce abundant honeydew 
on which sooty moulds rapidly develop (Blackman and 
Eastop, 1984). Aphid damage is mainly due to viral 
transmission, caused not only by the structure of 
mouthparts, but also by high aphid mobility associated 
with a typical feeding behaviour that involves random 
probing (Tjallingii and Hogen Esch, 1993, Powell et al., 
2006). 

The green peach aphid, M. persicae, is a Palearctic 
species now common in most world regions. It is char-
acterized by high polymorphism and extremely high 
polyphagy (Blackman and Eastop, 1984). The aphid life 
cycle develops on one primary host, the peach tree, and 
many herbaceous plants, both cultivated and wild, as the 
secondary ones. There are about 440 of the latter herba-

ceous species belonging to about 40 families, including 
Solanaceae. M. persicae is a vector of about hundred 
viruses and its pathogenicity depends on season, attain-
ing a peak during flights of winged virginoparae, which 
reach different herbaceous plants and increase the prob-
ability of viral infection (Van Emden et al., 1969). 

Defence measures against the green peach aphid must 
therefore be timely distribution of specific aphicides 
when the first winged individuals appear. However, the 
aphicide treatments used to control aphids to avoid vi-
ruses are useful against “persistent” viruses but useless 
against “non-persistent” ones, among which the most 
relevant for tomato is CMV (Tomlinson, 1987; Francki 
et al., 1991; Ng and Falk, 2006). Current crop protec-
tion strategies include chemical approaches, that use 
pesticides which are toxic to beneficial insects, and ge-
netic approaches that involve the incorporation of resis-
tance genes into the plant germoplasm. Work on tomato 
aimed at inducing resistance to the root-knot nematodes 
Meloidogyne spp. introduced a single gene (Mi) in        
S. lycopersicum from the wild relative Lycopersicon pe-
ruvianum (L.) Mill.: the gene confers resistance to 
nematodes and also to the potato aphid, M. euphorbiae 
(Milligan et al., 1998; Rossi et al., 1998; Martinez de 
Ilarduya et al., 2003) and to the silverleaf whitefly, Be-
misia tabaci (Gennadius) (Rhynchota Aleyrodidae) 
(Nombela et al., 2003). It was previously thought that 
the resistance to the aphid was due to the presence of 
another gene, closely related to Mi, called Meu 1. The 
Mi gene was later cloned and the transformation of the 
tomato plant by this gene revealed that Mi and Meu 1 
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are the same gene (Milligan et al., 1998; Rossi et al., 
1998; Goggin et al., 2001). Mi belongs to one of the ma-
jor families of resistance genes encoding proteins con-
taining nucleotide binding sites and leucine-rich repeats 
(NBS-LRR) conferring plant resistance to pathogens 
such as bacteria, fungi and viruses (Hammond-Kosack 
and Jones, 1996; Milligan et al., 1998). The Mi gene 
confers resistance to nematodes and other pathogens 
through a hypersensitivity reaction (HR) at the point of 
penetration. The resistance to M. euphorbiae is charac-
terized by reduced longevity and fertility and causes 
rapid death 24 hours after exposure to resistant plants: 
literature data suggest that the resistance involves modi-
fications of the feeding behaviour of the aphid. The 
probing behaviour of M. euphorbiae on tomato contain-
ing the Mi gene was evaluated by alternating current 
electrical penetration graph (EPG-AC) (Kaloshian et al., 
2000) and direct current electrical penetration graph 
(EPG-DC) (Palliparambil et al., 2007): in the first case 
only a marked reduction of phloem ingestion was ob-
served, while in the second one an antixenotic effect in 
peripheral tissues such as epidermis and mesophyll was 
also detected. 

A number of researchers have proposed the use of 
plant resistance elicitors (“signals”) to control arthro-
pod pests and diseases in agriculture (Karban and 
Baldwin, 1997; Inbar et al., 1998; Thaler et al., 1999). 
The approach involving chemical analogues to plant 
signals was successful because these compounds were 
more effective in inducing resistance and had low tox-
icity (Karban, 1999). Among these compounds, 
benzo(1,2,3)thiadiazole-7-carbothioic acid S-methyl es-
ter (benzothiadiazole or BTH), a synthetic analogue of 
salicylic acid (SA), produces no direct effect against 
pests but induces resistance in the target plants. Appli-
cation of BTH on Arabidopsis thaliana (L.) Heynh. led 
to a decrease in M. persicae reproduction (Moran and 
Thompson, 2001). BTH and other elicitors were em-
ployed on tomato (Cooper et al., 2004; Boughton et al., 
2006): BTH reduced the growth of M. euphorbiae and 
M. persicae populations in comparison to untreated con-
trols, apparently because of reduced aphid fertility. 

Our study aims to evaluate the effect of Mi gene on  
M. persicae, by examining the probing behaviour of the 
aphid by EPG-DC on the Motelle cultivar (Mi), in com-
parison to Moneymaker (mi), susceptible to M. persicae 
and M. euphorbiae. Differences between these two cul-
tivars were also evaluated by preinfestation of both cul-
tivars with M. persicae 96 h before the trial. The induc-
tion of resistance to M. persicae after BTH treatment 
was also evaluated by EPG (EPG-DC) on Moneymaker. 
 
 
Materials and methods 
 
Plants 

Three-week plants of tomato of the susceptible culti-
var Moneymaker (mi) and of the cultivar Motelle (Mi), 
resistant to M. euphorbiae were grown under green-
house conditions (22-24 °C) in pots containing a mixed 
soil, watered daily and fertilized each week (Fito Uni-
versale®, Guaber, Bologna, Italy). 

Collection and preparation of insects 
Individuals of the apterous form of M. persicae were 

reared in environmental growth chamber 21 ± 1 °C 
(L16:D8 photoperiod) on aphid-susceptible tomato cul-
tivar Moneymaker at the Department of Agroenviron-
mental Sciences and Technologies, University of Bolo-
gna (Italy). At the beginning of each trial, the aphids 
were carefully collected from infested tomato leaves 
with a thin brush and gently immobilized by a small 
vacuum air sucker. 
 
Plant preinfestation 

Aphid parameters were investigated also on plants that 
had been previously infested (preinfested) or not by M. 
persicae. Preinfestation was performed by individually 
placing about 20 apterous adults on ten different leaflets 
of a single plant and removing them and their progeny 
96 h later, about 1 h before EPG-DC recording. No 
other individuals were added during preinfestation. 
 
BTH applications 

A commercial solution of BTH (Bion® 50 WG; Syn-
genta Crop Protection, Milan, Italy) was dissolved in dis-
tilled water. The concentration applied was 125 mg l-1. 
Plants of susceptible cultivar Moneymaker were ran-
domly assigned to treatment and removed from the 
greenhouse prior to solution applications in open field 
by hand atomizers. Plants were sprayed until runoff of 
leaves, left to dry for 1 h and then returned to the green-
house for 4 days before EPG-DC recording. 
 
EPG-DC recording 

EPG-DCs of aphids on aphid-susceptible Money-
maker and aphid-resistant Motelle cultivars, both prein-
fested and non-preinfested with M. persicae, along with 
further tests on BTH only on susceptible Moneymaker, 
were performed in spring (from March to April) in the 
laboratory at 21 ± 1 °C and artificial fluorescent HF 
light (4000 Lux) with a L16:D8 photoperiod. Aphids 
were recorded for 12 hours. The insects were individu-
ally placed on the lower surface of terminal plant leaf-
lets at pre-bloom, i.e. when plants were about 25 cm tall 
with at least ten leaves. Before each experiment, test 
aphids were carefully brushed from the infested tomato 
leaves on which M. persicae was reared. On the dorsum 
of each insect, gently immobilized by a vacuum device, 
a small drop of electrically conductive glue was applied 
and a thin (20 µm) gold-wire electrode about 2 cm long 
was attached. All these steps were performed under a 
stereomicroscope. 

The EPG device used was a Giga-4 model (Wagenin-
gen Agricultural University, the Netherlands) with an 
input resistance of 1G Ω (Tjallingii, 1985a; 1985b). Af-
ter A/D conversion at 100 Hz (Di710 USB, Dataq, Ak-
ron, Ohio, USA), the EPG signals were stored on a 
computer hard disk, data acquisition was mediated by 
PROBE 3 software (for Windows; Wageningen Agri-
cultural University, the Netherlands) and signals were 
analysed using the same software. The variables meas-
ured were the same as in Tjallingii (1978) and accord-
ingly indicated. 
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Data analysis 
EPG-DC features were split in non-probing variables, 

probing variables, and phloem variables. Means and 
standard errors of the mean (SEM) of variables were 
calculated on each treatment and on each individual 
tested, and differences were analysed by the non-
parametric Mann-Whitney U-test (software STATIS-
TICA 6, StatSoft, Tulsa, Oklahoma, USA). Fisher’s ex-
act test was applied to analyse the number of aphids 
showing phloem ingestion (STATISTICA 6). 
 
 
Results 
 
Comparison of preinfested and non-preinfested 
cultivars 

After preinfestation, besides the first apterous adults, 
also M. persicae offspring was observed on both Mon-
eymaker and Motelle cultivars, uniformly distributed on 
all plant leaves. 

The non-probing variables over 12 hrs of EPG-DC re-
cording of M. persicae, on preinfested and non-
preinfested Moneymaker and Motelle, are shown in ta-
ble 1. No significant differences were detected between 
cultivars throughout the total duration of non-probing 
(np, variable n 1). Significant differences were detected 
between the non-preinfested Moneymaker and the same 
preinfested cultivar in the number of non-probings 
(variable n 2; 36.41 ± 2.63 vs 55.81 ± 6.41, respectively; 
P = 0.01). The mean np duration, i.e. the ratio between 
total duration expressed in seconds and the detected fre-
quency, showed a statistically significant difference be-
tween preinfested Moneymaker and preinfested Motelle 
(variable n 3; 127 ± 26s vs 157 ± 10s, respectively;       
P = 0.003). No significant differences were detected be-
tween the two cultivars in duration of first (1st np) and 
second (2nd np) non-probing (variable n 4 and 5, respec-
tively). No significant differences were detected in the 
duration of the first non-probing after first E2 between 
the susceptible and resistant cultivars, whether prein-
fested or non-preinfested (variable n 6). 

Table 2 shows a comparison of probing variables over 
12 hours of EPG recording of M. persicae on prein-
fested and non-preinfested cultivars. No significant dif-
ferences were detected between the susceptible and re-
sistant cultivars, whether preinfested or non-preinfested, 
for the total duration of stylet intercellular penetration 
across non-phloem tissues (ABC, variable n 8) for the 
total duration of potential drops (pd, variable n 18), the 
total duration of xylem ingestion (G, variable n 15) or 
the total duration of derailed stylet mechanics (F, vari-
able n 12). By contrast, statistically significant differ-
ences were detected between the susceptible and resis-
tant cultivars in duration of the first probing (ABC + pd 
+ E), the duration being much longer in the susceptible 
than in the resistant cultivar (variable n 11; 3854 ± 
1544s vs 194 ± 61s; P = 0.01). 

The frequency of the different waveforms over 12 
hours of recording shows significant differences be-
tween the preinfested susceptible cultivar and the same 
non-preinfested in the number of xylem ingestions     
(G, variable n 16; 2.25 ± 0.30 and 3.71 ± 0.29, respec-

tively, P = 0.01). Other statistically significant differ-
ences were found between the preinfested susceptible 
and resistant cultivar in xylem ingestions (G), which 
were lower in Moneymaker than in Motelle (variable n 
16; 2.25 ± 0.30 vs. 2.94 ± 0.27; P = 0.02). 

Table 3 shows a comparison of the phloem phase over 
12 hrs of EPG-DC recording of M. persicae on prein-
fested and non-preinfested cultivars. The only signifi-
cant difference in total duration was detected in phloem 
ingestion (E2) between the preinfested Moneymaker 
and the same cultivar non-preinfested: E2 was longer in 
preinfested than in non-preinfested plants (variable n 
22; 3320 ± 887s vs 1554 ± 337s, respectively; P = 0.04). 
Concerning the frequency of the different waveforms 
over 12 hours of recording, we found significant differ-
ences in the number of E1 (variable n 23; 18.35 ± 2.38 
and 16.00 ± 2.54; P = 0.007) and E2 (variable n 24; 2.71 
± 0.63 and 8.06 ± 1.80; P = 0.002). No significant dif-
ferences were detected in time to 1st E from the begin-
ning of that probe (variable n 27), the number of preced-
ing 1st E1 (variable n 28), and the duration of the 1st E1. 
However, significant differences were detected be-
tween Moneymaker and Motelle in the duration of the 
1st E2, which was higher in the former than in the latter 
(variable n 31; 625 ± 131s vs 264 ± 59s, respectively;  
P = 0.04). 

No significant differences were detected in such vari-
ables as the time to 1st E2 from start penetration (vari-
able n 29) and the number of penetrations preceding 1st 
E2 (variable n 30). The percentage of aphids with 
phloem ingestion (E2) (variable n 32) was higher on 
preinfested (100%) than in non-preinfested Money-
maker (82.35%). The same rate difference in Motelle 
was not significant between preinfested (84.20%) and 
non-preinfested plants (81.25%). Notably, preinfested 
Moneymaker was the only one in which all tested 
aphids ingested sap from the phloem during the trials. 
 
Comparison between BTH-treated and untreated 
Moneymaker 

Table 1 shows a comparison of data of the non-probing 
phase over 12 hrs of EPG-DC recording of M. persicae 
on untreated Moneymaker and the same BTH-treated 
cultivar. The duration of the first non-probing (1st np, 
variable n 4) and the second non-probing period (2nd np, 
variable n 5) were not significantly different between 
untreated and BTH-treated cultivar (P = 0.06). However, 
a significantly higher number of non-probing (np, vari-
able n 2; P < 0.001) was detected in BTH-treated Mon-
eymaker in comparison to untreated cultivar. 

Table 2 shows a comparison of data of the probing 
phase over 12 hrs of EPG-DC recording of M. persicae 
on untreated Moneymaker and the BTH-treated cultivar. 
Significant differences were found in the total number 
of probes (ABC, variable n 10; P = 0.001), in the total 
number of pd (variable n 19; P = 0.002) and in the dura-
tion of individual pd (variable n 20; P < 0.001) between 
untreated and BTH-treated cultivar. 

Table 3 shows a comparison of the phloem phase over 
12 hrs of EPG-DC recording of M. persicae on un-
treated and BTH-treated Moneymaker. Significant dif-
ferences between untreated and BTH-treated plants oc-
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curred in total time of phloem ingestion (E2). In BTH-
treated plants a decrease of total duration (variable n 22; 
1554 ± 337s vs 77 ± 50s; P < 0.001) and of number of 
phloem ingestions (E2) (variable n 24; 2.71 ± 0.63 vs 
0.5 ± 0.26; P = 0.003) was detected. Therefore, the 
mean of individual phloem ingestions (E2) was reduced 
about 10-fold (variable n 26; P = 0.001). The BTH 
treatment also induced an almost 10-fold reduction of 
the duration of the first phloem ingestion (1st E2, vari-
able n 31; P = 0.001). 

No difference was detected between the BTH-treated 
and the untreated susceptible cultivar concerning saliva-
tion within the phloem (E1) (variable n 21 and 23). The 
parameters of salivation during the first phloem probe 
(E) show no significant differences in penetration time 
from the beginning of the first “successful” penetration 
to the 1st E1 pattern (variable n 27), and in the number 
of penetrations preceding 1st E1 (variable n 28). The 
most interesting finding is probably the lower percent-
age of aphids that succeeded in ingesting phloem in the 
untreated in comparison to the BTH-treated cultivar 
(variable n 32; 82.35% vs 33.33%; P = 0.006). 
 
 
Discussion 
 
Our EPG-DC data on feeding behaviour of the green 
peach aphid M. persicae on tomato cultivar resistant to 
the potato aphid M. euphorbiae support the hypothesis 
that the cultivar Motelle (Mi) is non-resistant to M. per-
sicae (Goggin et al., 2001). The only differences de-
tected during the first 12 hours of recording between the 
non-preinfested susceptible cultivar Moneymaker and 
the same cultivar preinfested 4 days before the begin-
ning of recording is that the latter became even more 
susceptible. This is a common occurrence and can be 
ascribed to the fact that the saliva injected by the aphids 
probably either prevents wound response or enhances 
the ingestion of phloem sap, as suggested by Prado and 
Tjallingii (1997). The same researchers advanced the 
hypothesis that the increased phloem ingestion and the 
reduction in salivation by the black bean aphid A. fabae, 
observed on susceptible preinfested bean plants, could 
be responsible for improving phloem sap quality or in-
creasing food elicitors. These events were also observed 
in M. persicae: the aphid was able to increase suscepti-
bility in GF305, a susceptible peach cultivar (Sauge et 
al., 2002), and in Desirée, a susceptible potato cultivar 
(Dugravot et al., 2007). 

The total duration of phloem ingestion increased only 
in the preinfested susceptible cultivar, with all individu-
als succeeding in feeding on this tissue. The lack of sig-
nificant differences between Moneymaker and Motelle 
was probably due to the lack of detection or absence of 
elicitors provided by M. persicae on Motelle, since this 
cultivar normally recognizes the elicitors produced by 
M. euphorbiae. 

By contrast, BTH treatment of the susceptible Mon-
eymaker apparently makes the cultivar less acceptable 
for M. persicae, inducing an increase of number of pd, a 
lower duration of pd, and especially a sharp decrease   
of total duration and of number of phloem ingestions 
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(already detectable in the first ingestion of the tissue). 
These results are in agreement with changes in gene ex-
pression observed on tomato and A. thaliana after BTH 
treatment, which cause a production of final defence 
chemicals (Thompson and Goggin, 2006). 

No reduction in number of pd responsible for non-
persistent virus transmission was actually observed, al-
though the data did not concern the winged aphid forms, 
transmitting virus from an affected plant to a healthy 
one during flight. Moreover, the experimental insects 
(apterous forms) were forced to remain on the same 
plant longer than they would remain in the wild (Powell 
et al., 2006). The lower number of aphids which suc-
ceeded in feeding on phloem on BTH treated plants 
could be due to the induction by BTH of defence 
chemicals. This effect could also limit the transmission 
of persistent viruses that need to reach the phloem. 

The BTH treatment was analyzed also in other ho-
mopteran and lepidopteran pests. No significant effects 
on silverleaf whitefly B. tabaci populations were de-
tected by BTH treatment on tomato plants, but in the 
same conditions some effects were detected on the leaf 
miner Liriomyza trifolii (Burgess) (Inbar et al., 1998). 
The BTH treatments on tomato plants against the moths 
Helicoverpa zea (Boddie) and Spodoptera exigua (Hub-
ner) failed to induce resistance against these two leaf-
eaters (Stout et al., 1999). More recently, in the same 
conditions a significant reduction in B. tabaci popula-
tion was reported by Nombela et al. (2005). Bressan and 
Purcell (2005) observed that the survival of the leafhop-
per Colladonus montanus (Van Duzee) was signifi-
cantly reduced on BTH-treated A. thaliana in compari-
son to untreated plants. 

Based on all the above results, the plant defensive sys-
tem could be used to enhance plant resistance to pests. 
Elicitors could be employed to activate plant defensive 
systems, but they should be applied as a preventive 
measure, before a large increase of pest populations 
(Karban, 1999). However, elicitors will probably not be 
effective in all plants, given the variety of plant defen-
sive systems; moreover, we can not expect them to be 
active against all insects, given their abilities to over-
come plant defensive systems. More research is required 
to finely tune the use of plant defence responses in in-
sect control strategies. 

According to our results, the level of control of         
M. persicae populations on BTH-treated tomato plants 
attained in this study would not be acceptable for farm-
ers. Nevertheless, the induction of resistance by BTH or 
other elicitors can be a valuable tool within integrated 
pest management programs, interfering with pest out-
breaks, enhancing the effectiveness of other manage-
ment strategies and reducing doses and costs of pesti-
cide application. 
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