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abstract

The probing behavior of Myzus persicae (Sulz.) was examined on the ornamental 
plant aurinia saxatilis (L.) Desv. that has not been known as a host of M. per-
sicae in nature, and compared to the behavior on cultivated plants of the genus 
brassica, b. rapa L. ssp. pekinensis L. and b. oleracea var. gongyloides, that are 
known hosts to this aphid. The purpose was to determine whether a. saxatilis 
can be exploited by M. persicae thus providing a potential refuge for the aphid 
population. The EPG (Elelctrical Penetration Graph) study demonstrated that 
on a. saxatilis, M. persicae showed mainly non-probing activities that occupied 
70% of experimental time. The remaining time, which was probing, consisted 
mainly of pathway activities divided into numerous short probes not reaching 
beyond 1–2 cell layers and very few aphids reached phloem vessels. None aphid 
was able to ingest sap in a sustained way. In contrast, on brassica plants, the 
probing of M. persicae was rarely interrupted, all aphids reached sieve elements 
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elements and ingested sap for long and uninterrupted periods. It is postulated 
that high content of glucosinolates in the outer tissues of a. saxatilis leaves may 
be responsible for the termination of M. persicae probing at the very early stage, 
thus preventing the contact with vascular elements and the ingestion of phloem 
sap. In consequence, a. saxatilis is rejected as a host plant by M. persicae.

Keywords: glucosinolates, probing behavior, EPG, Chinese cabbage, kohlrabi, 
basket of gold

introduction

The peach potato aphid Myzus persicae (Sulz.) (Hemiptera: Aphididae) is highly 
polyphagous and according to Blackman and Eastop (1985) it can infest plants of 
over 40 different families, including many economically important ones world-
wide. Among others, it is a common pest of cultivated plants of the family Bras-
sicaceae (= Cruciferae). Brassicaceae comprise 350 genera and more than 3000 
species that occur mainly in the Northern Hemisphere (Hegi 1986). Being nota-
ble components of all kinds of natural plant associations, agricultural landscapes, 
and ornamental arrangements, the brassicaceous plants play an important role 
as hosts and reservoirs for many phytophagous insects, including M. persicae 
(Nault and Styer 1972). However, several widespread plants of Brassicaceae fam-
ily, such as the ornamental basket of gold aurinia saxatilis (L.) Desv., have never 
been listed as hosts for the peach potato aphid. This may suggest the existence of 
variation in susceptibility of brassicaceous plants to M. persicae despite its broad 
polyphagy. Considering the commonness of a. saxatilis in home gardens and 
communal green areas, it is important to determine whether this plant species 
can function as a host plant for the peach potato aphid population. M. persicae is 
a vector of more than 100 plant virus diseases, therefore it is crucial to define the 
possible reservoirs of this aphid population.

The acceptability of a host plant for an aphid is often measured by its quality 
as a food source, especially in studies on plant resistance mechanisms (Montllor, 
Tjallingii 1989). An aphid can evaluate the chemical properties of the plant only 
while its stylets are penetrating plant tissues from epidermis to vascular elements 
(Harrewijn 1990). Therefore, valuable information on resistance factors and their 
location in plant tissues, which may affect feeding, is provided by monitoring of 
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aphid probing behavior using the electrical penetration graph (EPG) technique 
(Tjallingii, Mayoral 1992). The analysis of parameters derived from EPG (fre-
quency, duration and sequence of different waveforms) may reflect behavioral 
responses of aphids to differences in plant suitability (Mayoral et al. 1996). 

The aim of the present study was to determine whether a. saxatilis can be uti-
lized as a host by M. persicae. For this purpose, the probing behavior of M. per-
sicae on a. saxatilis was examined and compared to the behavior on cultivated 
plants of the genus brassica, b. rapa L. ssp. pekinensis L. and b. oleracea var. 
gongyloides, that are well known host plants of this aphid.

Material and Methods

The laboratory culture of  M. persicae was maintained on Chinese cabbage bras-
sica rapa L. ssp. pekinensis L. M. persicae probing behavior was monitored on 
b. rapa ssp. pekinensis (the plant it was reared on), which was considered as 
a control plant, kohlrabi b. oleracea var. gongyloides, and basket of gold aurinia 
saxatilis. Aphids and plants were kept in the laboratory at 20°C, 65% r.h., and 
L16:8D photoperiod. The stock colonies were kept as follows: an adult aphid was 
placed on a plant and allowed to reproduce for 24 hours. Then the female was 
removed and the remaining larvae were allowed to develop. Young, 2–3 days old 
(i.e., 2–3 days after the final moult) viviparous apterous females were selected for 
experiments. The plants used in the bioassays were 5–6 weeks old.

Aphid probing was monitored using the technique of electronic registration of 
aphid probing in plant tissues, known as EPG (Tjallingii 1995). In this experi-
mental set-up, aphid and plant are made parts of an electric circuit, which is com-
pleted when the aphid inserts its stylets into the plant. Weak voltage is supplied 
in the circuit, and all changing electric properties are recorded as EPG waveforms 
that can be correlated with aphid activities and stylet position in plant tissues 
(Tjallingii 2001). Aphids were attached to a golden wire electrode with conduc-
tive silver paint and starved for 1 h prior to the experiment. Probing behavior of 
20 apterous females per studied plant/aphid combination was monitored for 8 
h continuously with a four-channel DC EPG recording equipment. Each aphid 
was given access to a fresh plant. The plant electrode was placed in the soil. Sig-
nals were saved and analyzed using the PROBE 3.1 software provided by W. F. 
Tjallingii (EPG-Systems, Dillenburg 126703 CJ Wageningen, The Netherlands). 
The following aphid activities were distinguished: np – non probing, C – pathway 



42 T.T. Hong Phuong, A. Wróblewska-Kurdyk, K. Dancewicz, B. Gabryś

(probing in non-vascular tissues), G – xylem phase, E – phloem phase (divided 
into E1 and E2 that represent watery salivation and sap ingestion, respectively) 
(Gabryś 2000). The parameters derived from EPGs were analyzed according to 
their frequency and duration in configuration related to activities in peripher-
al and vascular tissues. The incomplete (i.e., shorter than 8 hours) recordings 
were excluded from analysis. The values of EPG parameters were analyzed using 
Mann-Whitney U-test.

results

The EPG recording revealed all kinds of aphid activities related to plant penetra-
tion: non-probing, pathway phase ‘C’ that included the unidentified (‘derailed’) 
stylet movements ‘F’, phloem watery salivation and sap ingestion ‘E1’ and ‘E2’, 
respectively, and xylem sap uptake ‘G’. ‘F’ and ‘G’ activities occurred sporadi-
cally and irrespective of a treatment.

The typical behavior of M. persicae on control Chinese cabbage b. rapa subsp. 
pekinensis consisted mainly of probing activities (93% of experimental time), 
which were associated with pathway and phloem phases: 38 and 55% of the prob-
ing time, respectively (Tab. 1). Aphids typically had 16 probes of approximately 
28 minutes duration. Non-probing intervals between probes were relatively short, 
generally less than 2.5 minutes. In the period that preceded the first phloem phase, 
the probes were usually longer than 2 minutes and 50% of these probes were 
longer than 10 minutes (Fig. 1). All aphids reached sieve elements during the 
8-hour experiment (50% of them during the initial 2 hours after having access 
to the plant) and more than 90% of these aphids ingested sap in a sustained way 
(Tab. 1, Fig. 2). There were usually two phloem phases per aphid, which includ-
ed watery salivation E1 as well as sap ingestion E2. Generally, the proportion of 
salivation was very low (< 7%) (Tab. 1). On kohlrabi b. oleracea var. gongylodes, 
probing activities consisted mainly of the phloem phase (61%) while non-prob-
ing occupied approximately 6% of experimental time (Tab. 1). The mean number 
of probes was 13.5 per aphid of 33 minute average duration. 75% of probes 
before the first phloem phase were longer than 2 minutes and 30% of them were 
probes longer than 10 minutes (Fig. 1). All aphids reached sieve elements during 
the 8-hour experiment (50% of them during the initial 1 hour after having access 
to the plant) and more than 94% of these aphids ingested sap in a sustained way 
(Tab. 1, Fig. 2). There were usually six phloem phases per aphid, which included 
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watery salivation E1 as well as sap ingestion E2. Generally, the proportion of 
salivation was very low (< 6.5%) (Tab. 1).

On basket of gold a. saxatilis, M. persicae showed mainly non-probing activ-
ities that occupied 70% of experimental time. The remaining time, which was 
probing, consisted mainly of pathway activities divided into 43 probes of average 
3.3 minute duration (Tab. 1). The probes that preceded the first phloem phase 
were usually short, i.e., less than 2 minutes long (Fig. 1). 21% of aphids reached 
phloem vessels during the 8-hour experiment and none of them ingested sap in 
a sustained way. The proportion of salivation during phloem phase reached 21% 
(Tab. 1, Fig. 2).

Table 1. Summary of Myzus persicae activities during probing on brassica rapa ssp. pe-
kinensis, b. oleracea var. gongyloides, and aurinia saxatilis

Plant

Aphid activity

brassica rapa 
ssp. pekinensis                           
n = 11

brassica oleracea 
var. gongylodes
n = 17

aurinia saxatilis          

n = 14

Total duration of 
non-probing min 35.4 ±8.3 31.3 ±8.0 337.5 ±26.4

Number of probes # 16.0 ±2.2 13.5 ±2.5 43.6 ±13.0*

Proportion of probes 
with phloem phase % 11.8 ±2.5 30.1 ±8.3 2.3 ±2.0*

Number of phloem 
phases # 2.5 ±0.5 6.6 ±1.6 0.4 ±0.3*

Proportion of phloem 
phase in probing 
activities

% 54.9 ±7.9 61.2 ±6.8 1.4 ±1.2*

Proportion of saliva-
tion in phloem phasea % 6.7 ±5.9 6.4 ±2.8 21.4 ±11.4*

Proportion of aphids 
with phloem phase % 100.0 ±0.0 100.0 ±0.0 21.4 ±1.1*

Proportion of aphids 
with sustained sap 
ingestion

% 91.1 ±9.1 94.1 ±5.9 ±0.0*

Values represent means (± SE). Asterisks indicate statistically significant dif-
ferences in relation to control (b. rapa ssp. pekinensis) (Mann-Whitney U-test;  
p < 0.05), n = number of aphids analysed, a – only aphids with phloem phase were 
counted.
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Figure 1. Proportion of brief (< 10 min) and long (2–10 min and >10 min) probes before 
the first phloem phase in Myzus persicae during probing on brassica rapa ssp. 
pekinensis, b. oleracea var. gongyloides, and aurinia saxatilis

Figure 2. Cumulative proportion of Myzus persicae individuals with phloem phase on 
brassica rapa ssp. pekinensis, b. oleracea var. gongyloides and aurinia sax-
atilis during the 8-hour EPG experiment
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discussion

The present study confirmed the high suitability of cultivated plants of the genus 
brassica for the peach potato aphid: on b. rapa L. ssp. pekinensis L. as well as on 
b. oleracea var. gongyloides, phloem sap ingestion was the main activity during 
probing. At the same time, the probing towards sieve elements was rarely inter-
rupted and, in consequence, phloem phase was reached within 1–2 hours after 
aphids had been given access to the plants. Moreover, the proportion of salivation 
into sieve elements during phloem phase was very low (6–7%), which is typical 
for the behavior of aphids on host plants that lack feeding deterrents (van Helden 
and Tjallingii 1993; Gabryś et al. 2015). In contrast, M. persicae avoided probing 
and never accepted phloem sap on a. saxatilis. The proportion of salivation dur-
ing phloem phase was 3.5 times higher than on control plants, which indicates 
the presence ongestion-impeding factors in the sap (Halarewicz, Gabryś 2012).

Plants of the family Brassicaceae contain specific secondary compounds called 
glucosinolates. Toxic to unspecialized insects (Feeny 1977) the glucosinolates 
stimulate feeding of the cabbage aphid brevicoryne brassicae L. which depends 
exclusively on brassicas (Matile 1984). In low concentrations, glucosinolates can 
be tolerated by some polyphagous insects, such as the peach potato aphid, and 
under certain conditions even act as weak phagostimulants (Kunkel 1977). When 
infesting brassicaceous plants, M. persicae selects for old and senescing parts, 
especially the leaves (Van Emden 1972, 1978; Gabryś, Tjallingii 1999). This 
behavior have been explained as a preference for highly nutritious and amino 
acid-rich phloem sap in senescing leaves due to protein decomposition (Van Em-
den, Bashford 1969). At the same time, old and senescing leaves contain rela-
tively small amounts of glucosinolates in contrast to the young leaves (Gabryś 
et al. 1997). However, M. persicae ingests sap from as many sieve elements in 
young as in the old leaves and there is no difference in time spent on phloem sap 
ingestion (Gabryś, Tjallingii 1999). M. persicae contacts and ingests glucosi-
nolates during penetration through plant tissues and during sap ingestion from 
sieve elements: glucosinolates were traced in M. persicae honeydew (Gabryś, 
Tjallingii 1999; Bohinc et al. 2012). The excretion of intact glucosinolates in 
honeydew by the peach potato aphid is considered a strategy of the avoidance 
of glucosinolate insecticidal properties (Bohinc et al. 2012). a. saxatilis con-
tains aliphatic (gluconapin, glucobrassicanapin, glucoberteroin, glucoraphanin, 
glucoalyssin) and indolyl (4-hydroxyglucobrassicin, 4-methoxyglucobrassicin) 
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glucosinolates, which also occur in plant tissues of various species of brassica 
(Fahey et al. 2001; Griffiths et al. 2001; Iranshahi 2012). There are reports that 
many of the wild plants belonging to the same family as plants of agronomic 
importance often contain larger quantities of glucosinolates than their cultivat-
ed relatives (Bohinc et al. 2012). Indeed, the concentration of glucosinolates in 
a. saxatilis is two-threefold greater than in brassica napus (Griffiths et al. 2001). 
The toxic and deterrent properties of glucosinolates occurring in high concentra-
tions have been considered responsible for M. persicae reduced performance and 
its avoidance of the glucosinolate-rich plant parts under natural conditions (Nault, 
Styer 1972; Van Emden 1972; Dixon 1985). In the present study, we found that 
M. persicae is not deterred from puncturing leaf surface of a. saxatilis. However, 
it is very likely that the high concentration of glucosinolates in a. saxatilis tissues 
hinders the probing of M. persicae as early as during penetration of subepidermal 
tissues thus preventing the contact with sieve elements and the ingestion of these 
metabolites with the phloem sap. 

conclusions

The basket of gold alyssum saxatilis can not be exploited as a host plant by the 
peach potato aphid Myzus persicae. A strong deterrent effect of glucosinolates 
in subepidermal tissues is probably responsible for the low probing success on 
a. saxatilis: few aphids reach sieve elements and none is able to ingest phloem 
sap in a sustained way. 
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Zróżnicowanie podatności roślin krZyżowych 
Brassicaceae na żerowanie msZycy BrZoskwiniowej 
Myzus persicae: StudiuM przypadKu aurinia saxatilis

Streszczenie

Porównano zachowanie mszycy brzoskwiniowej Myzus persicae (Sulz.) podczas pene-
tracji tkanek roślinnych smagliczki skalnej aurinia saxatilis (L.) Desv., niewykazywa-
nej jako roślina żywicielska M. persicae w naturze oraz kapusty pekińskiej b. rapa L. 
ssp. pekinensis L. i kalarepy b. oleracea var. gongyloides, które są znanymi roślinami 
żywicielskimi tego gatunku mszycy. Celem badań było stwierdzenie, czy a. saxatilis 
jako powszechnie uprawiana roślina ozdobna może stanowić potencjalne refugium dla 
M. persicae. Elektroniczna rejestracja żerowania mszyc (EPG) wykazała, że aktywności 
niezwiązane z penetracją tkanek roślinnych przez M. persicae na a. saxatilis stanowiły 
ponad 70% czasu eksperymentu. Pozostałe aktywności obejmowały głównie krótkie na-
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kłucia tkanek, które nie sięgały głębiej niż 1–2 warstwy komórek. Większość mszyc nie 
wykazała fazy floemowej, a pozostałe nie wykazały żerowania ciągłego. Na roślinach z 
rodzaju brassica, penetracja tkanek roślinnych nie była z reguły przerywana, wszystkie 
mszyce wykazały fazę floemową i okresy żerowania trwały stosunkowo długo i nie-
przerwanie. Wydaje się, że wysoka zawartość glukozynolanów w powierzchniowych 
tkankach liści a. saxatilis powoduje zaprzestanie penetracji tkanek przez M. persicae 
na wczesnym stadium, zapobiega dotarciu do tkanki przewodzącej i pobieranie soku 
floemowego przez mszyce i w konsekwencji powoduje brak akceptacji a. saxatilis jako 
rośliny żywicielskiej.

słowa kluczowe: glukozynolany, żerowanie mszyc, EPG, kapusta pekińska, kalarepa, 
smagliczka
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