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ABSTRACT Soybean aphids have become a serious pest of soybean,Glycine max L. (Merrill), since
they were Þrst detected in North America in 2000. Three soybean aphid biotypes have been docu-
mented in the United States in the last 10 yr, but few studies have been done on their feeding behavior
in the United States The Electrical Penetration Graph is a convenient and successful tool to study the
feeding behavior of piercing and sucking insects. This is the Þrst attempt to study the feeding behavior
differences between biotype 1 and biotype 2 on soybean genotypes using the Electrical Penetration
Graph technique, and includes both resistant and susceptible soybean genotypes from Kansas and
Michigan. The experiments were run for 9 h each for each genotype with a total of eight channels at
a time. Results indicated that aphids feeding on susceptible genotypes had a signiÞcantly greater
duration of sieve element phase than when feeding on resistant genotypes. Furthermore, the time
taken to reach the Þrst sieve element phase in resistant genotypes was signiÞcantly greater than in
susceptible genotypes. Most of the aphids reached sieve element phase (�90%) in susceptible
genotypes, but only a few (�30%) reached sieve element phase in resistant genotypes during the 9-h
recording period; however, we found no differences in any other probing phases between resistant
and susceptible genotypes except the number of potential drops in biotype 2. Thus, the resistance was
largely associated with phloem tissues. Therefore, some biochemical, physical, or morphological
factors could affect stylet penetration of aphids.
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The soybean aphid (Aphis glycines Matsumura),
which originated in eastern Asia, is an invasive pest in
North America from the center of the United States to
the southern provinces of Canada (Ragsdale et al.
2004). It is a major pest of soybean, Glycine max (L.)
Merrill, and may cause a yield loss of �50% in the
United States and in Chinese provinces (Wang et al.
1996, Ostlie 2002). Following its Þrst detection in the
United States in 2000, this aphid rapidly spread
throughout U.S. soybean-growing areas; �80% of the
soybean Þelds were infested by 2004 (Venette and
Ragsdale 2004). Soybean yield loss is caused mainly by
direct feeding on plant tissues, especially the vascular
tissues, and indirectly by the transmission of viruses
during feeding and reduction in seed and pod quality
(Ragsdale et al. 2007). Transmission of viruses such as
soybean aphid mosaic virus and soybean dwarf virus is
a serious threat associated with soybean aphid infes-
tation (Clark and Perry 2002). Up to US$5 billion can
be lost in soybean production annually because of

insecticide application, which in turn depends on the
size of the soybean aphid outbreak and the price
ßexibility of soybean supply (Kim et al. 2008a).

The Þrst research triumphs in resistant varieties of
soybean were the discovery of Rag1 and Rag, two
single dominant genes for controlling soybean aphid
damage in Dowling and Jackson genotypes (Hill et al.
2006a,b). Until recently, multiple soybean aphid bio-
types were not identiÞed in North America. Two bio-
types were Þrst distinguished from Illinois and Ohio
soybean Þelds and were reported as the Illinois and
Ohio biotypes, respectively, based on the tests done
using theRag1 gene in the biotypes (Kim et al. 2008b).
In 2009, these two biotypes were renamed biotype 1
and biotype 2, respectively (Hill et al. 2009). Later in
2007, a new biotype, biotype 3, was identiÞed from
aphids collected from SpringÞeld Fen, IN; this biotype
shows resistance to plants withRag 2 (Hill et al. 2010).

Aphids are piercing and sucking insects that cause
injury through direct feeding with their needle-like
mouth parts (stylets) in plant tissues, especially re-
moval of phloem sap from sieve elements in the vas-
cular tissue (Crompton and Ode 2010). The Elec-
tronic Monitoring System, Þrst described by McLean
and Kinsey (1964) using alternate current (AC), has
been used to record the feeding behavior of aphids
and observe the resistance mechanism of plants (Re-
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ese et al. 2000). This technique also helps Þnd intra-
cellular and intercellular locations of the stylets with-
out damaging living cells in the plant tissue (Tjallingii
1988). The technique has been reviewed extensively
in recent years (Ellsbury et al. 1994, Walker and
Backus 2000).

Han and Yan (1995) Þrst reported the use of the
electrical penetration graph (EPG) techniques for
monitoring feeding behavior of soybean aphids. They
found that phloem ingestion fromGossypiumhirsutum
(L.), Cucumis sativa (L.), and Luffa cylindrical (L.)
(nonhost plants) was less than that from the host
plant,Glycine max. Later, DiazÐMontano et al. (2007)
carried out EPG studies on feeding behavior of the
soybean aphid on resistant and susceptible soybean
genotypes. Their results showed that the duration of
the sieve element phase was long in susceptible ge-
notypes and very short in resistant genotypes. Cromp-
ton and Ode (2010) conducted EPG experiments with
a resistant soybean genotype, ÔDowling,Õ and a sus-
ceptible soybean genotype, ÔGlenwood,Õ and found
that antibiotic resistance resides in the phloem tissue
of the resistant genotype but not in any other plant
tissues.

The objective of our study was to compare the
feeding behavior between the two of soybean aphid
biotypes using EPG technique on different resistant
and susceptible soybean genotypes. In the current
study, we used four soybean genotypes (E06902,
E07906Ð2, K1639, and KS4202) and two soybean aphid
biotypes (biotype 1 and biotype 2). Only a few EPG
studies have been conducted on soybean with soy-
bean aphid; this study is the Þrst in a series including
two biotypes of soybean aphid recorded on different
resistant and susceptible genotypes. This is also the
Þrst EPG study with biotype 2 in United States since
it was Þrst reported in 2006 (Kim et al. 2008b).

Materials and Methods

Aphid Cultures and Soybean Genotypes. Soybean
aphid biotype 1 was collected from Þelds in Nebraska
in spring and July of 2008, and biotype 2 was collected
from Þelds of Ohio and kindly provided by Brian W.
Diers, Department of Crop Sciences, University of
Illinois, Urbana, IL. Voucher specimens 180 and 218
have been Þled at the Kansas State University Museum
of Entomological and Prairie Arthropod Research for
biotype 1 and biotype 2, respectively. Aphid colonies
were maintained on susceptible soybean genotype
KS4202 in different locations for each biotype to avoid
contamination. The biotype 1 colony was maintained
in a cage with ventilation under pesticide-free green-
house conditions at 20Ð30�C, 23Ð40% relative humid-
ity (RH), and supplemental high-pressure sodium va-
por lamps set for a photoperiod of 14:10 (L:D) h. The
biotype 2 colony was located in the laboratory inside
a growth chamber (Percival ScientiÞc, Inc., Perry, IA)
under environmental conditions similar to the green-
house. During the experiments, biotype 1 was trans-
ported to the laboratory in tightly closed petri dishes
to avoid contamination from the environment and

biotype 2 aphids. However, experiments with the two
aphid biotypes were conducted separately as an extra
measure to avoid mixing up of biotypes during col-
lecting, wiring, and recording (some aphids may ac-
cidently detach from the wire at the time of probing).

Soybean genotypes used in these experiments in-
cluded E06902, E07906Ð2, K1639, and KS4202. Geno-
types E06902 and E07906Ð2 have been shown to be
resistant to biotype 2 while K1639 is resistant only to
biotype 1 (P. C., unpublished data). Thus for biotype
1, three resistant plants (E06902, E07906Ð2, and
K1639) and one susceptible (KS4202) plant were used
in each experiment. But for biotype 2, two resistant
(E06902 and E07906Ð2) and two susceptible (K1639
and KS4202) plants were used. Soybean plants were
grown individually in plastic coneÐtainers (3.8 cm in
diameter and 21.0 cm in depth) (Ray Leach ConeÐ
tainer, Hummert International, Earth City, MO) Þlled
with steam-sterilized potting mix (Premier Promix,
RivièreduÐLoup, Québec, Canada) and were kept un-
der sodium vapor lamps in laboratory conditions.
Plants used for the experiments were in V1 stage or 9 d
after planting (DiazÐMontano et al. 2007).
EPG Recording and Experimental Design. Exper-

iments were conducted at room temperature (22Ð
26�C), 35Ð45% RH, and with ßuorescent ceiling-
mounted lamps for illumination. At the beginning of
the experiments, adult apterous aphids were collected
from the respective aphid colonies using a moist cam-
elÕs-hair brush (number 0) to avoid bodily damage,
and were kept starved in a petri dish for 1 h (DiazÐ
Montano et al. 2007). A thin gold wire (10Ð12 �m in
diameter and 2Ð3 cm in length) (Johnson Matthey,
Materials Tech, Royston, England) was attached to
the dorsum of aphids using high-purity conductive
silver paint (SPI Supplies, West Chester, PA). The
opposite end of the gold wire was attached to a copper
wire, 0.2 mm in diameter and 1Ð2 cm in length, and this
copper wire was soldered to a copper nail (1.6 by 19.0
mm). This served as an insect electrode. The plant
electrode consisted of a copper wire (2 mm in thick-
ness and 10 cm in length) inserted into the soil of a
potted plant (Tjallingii 1988).

The two electrodes (insect and plant) were con-
nected to a Giga-8 DC EPG monitor with 109 � input
resistance and 50Ð100� ampliÞcations (Wageningen
Agricultural University, Wageningen, The Nether-
lands). The insects and plants were kept inside a Fara-
day cage to avoid electrical noise during the recording
of EPG. EPGs were recorded from aphids feeding on
the upper side of the fully developed unifoliate leaf.
The voltage source was adjusted so that the output
signal voltage was between �5 and 	5 V, and the
signal voltage was positive when the stylet tips were in
an intercellular position and was negative during in-
tracellular punctures (Tjallingii 2006). Eight channels,
each with one soybean plant and one insect electrode,
were used to record EPG output. Each repetition of an
experiment included eight plants, two for each of the
four genotypes. EPG output was recorded continu-
ously for 9 h for each of 15 replications from each
genotype. Output was digitized and annotated using
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PROBE 3.0 (Windows) software (Wageningen Agri-
cultural University, Wageningen, The Netherlands)
(Tjallingii 1988) at a rate of 100 samples per s.
Different Feeding Variables and Statistical Analy-
ses. Response variables calculated and statistically
compared in this experiment were almost the same as
those recorded earlier by DiazÐMontano et al. (2007)
on resistant and susceptible soybean genotypes. Vari-
ables are similar to those of Sarria et al. (2009). The
following variables were expressed as means per event
for each type described: 1) time from beginning of
recording to Þrst pathway phase or Þrst probe (FP);
2) time from the beginning of recording to Þrst xylem
phase (f-XP); 3) time from the beginning of recording
to Þrst sieve element phase (f-SEP); 4) time from the
beginning of probe to Þrst sieve element phase; 5)
number of pathway phases (n-PP); 6) number of xy-
lem phases (n-XP); 7) number of sieve element phases
(n-SEP); 8) number of potential drops (n-PD). In
addition, the following variables were calculated by
summing noÕs or durations of all events of each type for
each insect, then averaging across insects to achieve
the mean per insect: 9) duration of pathway phase
(s-PP); 10) duration of xylem phase (s-XP); 11) du-
ration of nonprobing (resting phase) (s-NP); and 12)
duration of sieve element phase (s-SEP). Finally, 13)
the mean percentage of time that an (average) aphid
spent in sieve elements since Þrst probing phloem
tissues (percentage SEP); and 14) the mean number
of aphids that reached the sieve element during the
9-h recording period. One of the main objectives of
this study was to compare the time aphids spent in the
phloem phase and nonphloem phases (pathway phase
and xylem phase) in resistant and susceptible geno-
types. Consequently, both E1 and E2 sieve element
waveforms were considered as a single E waveform in
this study (Annan et al. 2000, DiazÐMontano et al.

2007). Furthermore, for those aphids that did not
reach the sieve element phase or xylem phase during
the entire experiment, the time from beginning of
recording to Þrst sieve element phase or Þrst xylem
phase was taken as 9 h, that is, the total time of a EPG
recording in this study (Prado and Tjallingii 1997,
DiazÐMontano et al. 2007).

The feeding behavior variables were analyzed and
calculated separately for the two soybean aphid bio-
types (biotype 1 and biotype 2). Most of the variables
in this study were compared with TukeyÕs studentized
range test (P� 0.05) between the four genotypes. In
addition, the feeding behavior variable, s-SEP, was not
normally distributed and ranged from zero or low
duration to long durations. Therefore, the s-SEP data
were performed a logarithmic transformation before
the TukeyÕs comparison between the treatments. Fi-
nally, transformed data were reconverted to original
scale for summarization of the variable. SAS (SAS
Institute 2006) was used for all statistical analysis.

Results

For the Þrst variable (Tables 1 and 2), time from the
beginning of recording to the Þrst pathway phase (Þrst
probe, FP) did not signiÞcantly differ among the four
genotypes (P� 0.05) for either biotype; for the second
variable, time from the beginning of recording to Þrst
xylem phase (f-XP) did not signiÞcantly differ be-
tween the four genotypes (P � 0.05) for biotype 1
(Table 1) but biotype 2 took signiÞcantly (P � 0.05)
more time to the Þrst xylem phase on the two resistant
genotypes (E06902 and E07906Ð2) than in the two
susceptible genotypes (K1639 and KS4202) (Table 2).
For the third variable, time from the beginning of
recording to the initiation of Þrst sieve element phase
(f-SEP) differed signiÞcantly (P� 0.05) between sus-

Table 1. Comparison of EPG variables (mean � SE) for soybean biotype 1 feeding on resistant and susceptible soybean genotypes
for a 9-h (540-min) time period

No. Feeding behavior variable
Genotypea

�2 df P
E06902 (R) E07906Ð2 (R) K1639 (R) KS4202 (S)

1 Time from beginning of recording to Þrst probe
(FP)

14.6 
 1.4 12.4 
 1.4 17.6 
 1.4 9.4 
 1.4 1.32 3 0.2798

2 Time from beginning of recording to Þrst xylem
phase (f-XP)

144.3 
 28.8 199.0 
 28.8 160.5 
 28.8 127.2 
 28.8 1.14 3 0.3444

3 Time from beginning of recording to Þrst sieve
element phase (f-SEP)b

492.1 
 19.9a 509.9 
 19.9a 468.6 
 19.9a 135.6 
 19.9b 63.92 3 �0.0001

4 Time from beginning of probe to sieve element
phase

468.3 
 16.5a 487.6 
 16.5a 428.2 
 16.5a 112 
 16.5b 56.92 3 �0.0001

5 No. of pathway phases (n-PP) 15.9 
 1.9 20.0 
 1.9 17.3 
 1.9 18.4 
 1.9 0.84 3 0.4793
6 No. of xylem phases (n-XP) 2.0 
 0.3 2.5 
 0.3 1.6 
 0.3 1.7 
 0.3 2.80 3 0.0507
7 No. of sieve element phases (n-SEP) 0.4 
 0.4b 0.3 
 0.4b 0.2 
 0.4b 2.00 
 0.4a 11.76 3 �0.0001
8 Duration per insect of pathway phase (s-PP) 256.5 
 18.5 249.5 
 18.5 302.6 
 18.5 267.3 
 18.5 0.05 3 0.9868
9 Duration per insect of xylem phase (s-XP) 72.5 
 12.5 70.5 
 12.5 80.2 
 12.5 85.2 
 12.5 0.13 3 0.8237
10 Duration per insect of nonprobing (s-NP) 191.3 
 20.3 181.4 
 20.3 140.3 
 20.3 160.2 
 20.3 0.19 3 0.9009
11 % time aphid spent in sieve element phase after

the Þrst probe to sieve elements (% SEP)
2.8 
 0.2b 2.0 
 0.2b 2.2 
 0.2b 13.6 
 0.2a 39.30 3 �0.0001

12 No. of aphids that reached the sieve element
phase (n � 15)c

3 2 5 15

a Values followed by different letters are signiÞcantly different within a row (P � 0.05; TukeyÕs test).
b Time is calculated in minutes.
c All replicates are included in Þnal analyses.
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ceptible genotypes and resistant genotypes for both
biotypes (Tables 1 and 2). Time to Þrst sieve element
phase was signiÞcantly shorter (P � 0.05) on suscep-
tible genotype (KS4202) for biotype 1 and KS4202 and
K1639 for biotype 2. Similarly for the fourth variable,
time from beginning of probe to Þrst sieve element
phase was signiÞcantly greater (P� 0.05) on resistant
genotypes for both biotypes.

Comparing the mean number of two phases [path-
way (n-PP) and xylem (n-XP)] (variables 5 and 6;
Tables 1 and 2) in biotype 1, we found no signiÞcant
difference (P � 0.05) in mean numbers for pathway
and xylem phases in resistant and susceptible geno-
types, but for biotype 2 the pathway phase (n-PP) was
signiÞcantly greater (P� 0.05) for resistant genotypes
compared with the susceptible genotypes. However,

for the seventh variable, the number of sieve element
phases (n-SEP) was signiÞcantly greater for the ge-
notypes that were susceptible versus the genotypes
that were resistant to their respective aphid biotypes
(Tables 1 and 2). The mean number of potential drops
(n-PD) did not differ signiÞcantly (P� 0.05) between
susceptible and resistant genotypes for biotype 1 (Fig.
1). However biotype 1 did perform numerically more
pdÕs on the resistant genotypes, E06902 and E07906Ð2,
than on the susceptible genotype (KS4202), or the
putatively resistant genotype, K1639 (Fig. 1). For bio-
type 2, the mean numbers of potential drops (n-PD)
were signiÞcantly greater on the two resistant geno-
types than on the susceptible genotypes (Fig. 1).

The mean durations per insect of pathway, xylem,
and nonprobing phases (variables 8, 9, and 10; Tables

Table 2. Comparison of EPG variables (mean � SE) for soybean aphid biotype 2 feeding on resistant and susceptible soybean genotypes
for a 9-h (540-min) time period

No. Feeding behavior variable
Genotypea

�2 df P
E06902 (R) E07906Ð2 (R) K1639 (S) KS4202 (S)

1 Time from beginning of recording to Þrst probe
(FP)

17.6 
 1.4 7.569 
 1.4 6.2 
 1.4 10.3 
 1.4 0.61 3 0.6098

2 Time from beginning of recording to Þrst xylem
phase (f-XP)

295.7 
 33.8ab 235.9 
 33.8a 112.7 
 33.8b 110.3 
 33.8b 5.96 3 0.0017

3 Time from beginning of recording to Þrst sieve
element phase (f-SEP)b

487.1 
 31.2a 485.8 
 31.2a 184.3 
 31.2b 147.1 
 31.2b 28.29 3 �0.0001

4 Time from beginning of probe to sieve element
phase

445 
 24.6a 472.3 
 24.6a 156.4 
 24.6a 123.9 
 24.6b 19.2 3 �0.0001

5 No. of pathway phases (n-PP) 11.5 
 1.4b 19.3 
 1.4a 10.3 
 1.4bc 6.11 
 1.4c 15.28 3 �0.0001
6 No. of xylem phases (n-XP) 1.6 
 0.5 2.1 
 0.5 2.5 
 0.5 1.8 
 0.5 0.64 3 0.5945
7 No. of sieve element phases (n-SEP) 0.3 
 0.4b 0.4 
 0.4b 2.4 
 0.4a 1.9 
 0.4a 6.90 3 0.0007
8 Duration per insect of pathway phase (s-PP) 253.3 
 21.7 210.8 
 21.7 183.5 
 21.7 237.7 
 21.7 2.00 3 0.1274
9 Duration per insect of xylem phase (s-XP) 82.1 
 16.2 33.3 
 16.2 90.3 
 16.2 61.4 
 16.2 2.46 3 0.0756
10 Duration per insect of nonprobing (s-NP) 159.2 
 20.5 183.6 
 20.5 162.4 
 20.5 177.9 
 20.5 0.33 3 0.8014
11 % time aphid spent in sieve element phase after

the Þrst probe to sieve elements (% SEP)
4.5 
 2.3b 5.3 
 2.3b 19.6 
 2.3a 15.5 
 0.3a 19.96 3 �0.0001

12 No. of aphids that reached the sieve element
phase (n � 15)c

5 4 13 15

a Values followed by different letters are signiÞcantly different within a row (P � 0.05; TukeyÕs test).
b Time is calculated in minutes.
c All replicates are included in Þnal analyses.

Fig. 1. Comparison of mean number of potential drops (n-PD) by aphid biotypes on resistant and susceptible genotypes.
Bars followed by different letters are signiÞcantly different within each biotype (P � 0.05; TukeyÕs test).
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1 and 2) were not signiÞcantly different (P � 0.05)
betweensusceptibleandresistantgenotypes foreither
biotype. However, the mean duration per insect of
sieve element phase (SEP) (Fig. 2) and the percent-
age time aphids spent in the sieve elements after the
Þrst sieve element phase (Table 1 and 2) were signif-
icantly (P � 0.05) greater on susceptible genotypes
than on resistant ones, for both biotypes. Comparing
the two aphid biotypes, biotype 2 produced longer
duration of sieve element phases than biotype 1. Sim-
ilarly, biotype 2 had a larger percentage time in sieve
elementphaseafter theÞrst sieveelementphase(vari-
able 11) than biotype 1 on susceptible genotypes (Ta-
bles 1 and 2; Fig. 2). Finally, although no statistical test
could be performed between experiments, out of 15
replications for each genotype, nearly all the aphids
reached SEP on susceptible plants, whereas fewer
than Þve aphids reached SEP phase in resistant geno-
types, for both biotypes (Table 1 and 2).

Discussion

This EPG study reveals stylet probing in different
tissues of resistant versus susceptible soybean plants.
Comparing feeding behavior variables of soybean
aphids on susceptible and resistant soybean genotypes
demonstrates important factors related to resistance
and susceptibility in soybean plants. The key wave-
form and key variable that summaries host plant re-
sistance to aphid feeding is mean duration per insect
of SEP (Han and Yan 1995). In this study, mean du-
ration of SEP per insect was signiÞcantly different in
susceptible and resistant genotypes with both bio-
types. Out of the total time of recorded variables,
mean SEP duration after the Þrst probe to sieve ele-
ments in biotype 1 probing was 2Ð4% on resistant
genotypes and up to 14% on susceptible genotype

KS4202. Likewise, in biotype 2 probing, mean SEP
duration after the Þrst probe to sieve elements was
4Ð6% in resistant (E06902 and E07906Ð2) and 15Ð20%
in susceptible genotypes.

Shorter SEP duration in resistant genotypes shows
that phloem tissues are the major source of tissue
resistance (Han and Yan 1995, Prado and Tjallingii
2007). Here, K1639 showed resistance to biotype 1
with low SEP duration but susceptibility to biotype 2
with long SEP duration. This result agrees with the
Þndings of Tjallingii (2006), which showed that plants
resistant to one species or biotype of aphid may not be
resistant to other species or biotypes, that is, resistance
is speciÞc to aphid type. Similarly, time from the be-
ginning of recording to Þrst SEP was signiÞcantly
longer in resistant genotypes than in susceptible ge-
notypes with both aphid biotypes. Annan et al. (2000)
concluded that the factors for aphid resistance are
located in or at least associated with phloem tissues
and thus delay or eliminate access of aphid stylets to
phloem tissues. In resistant genotypes, morphological
or chemical factors may cause delay in the penetration
of aphid stylets into sieve elements or may negatively
change the feeding behavior of aphids because of
antixenosis (DiazÐMontano et al. 2007). In this study,
fewer than Þve aphids reached sieve element in re-
sistant genotypes, but almost all aphids reached sieve
element in susceptible genotypes.

As we discussed earlier, phloem phase plays a sig-
niÞcant role in plant resistance to aphid feeding. The
difference in the mean duration and percentage of
SEP for the resistant versus susceptible genotypes was
the best evidence for the presence of resistance fac-
tors in soybean genotypes. For phloem sap ingestion
to succeed, aphids require the ability to overcome
plant properties and defensive reactions associated
with phloem (Tjallingii 2006). Phloem wound re-

Fig. 2. Comparison of mean duration by aphid biotypes in SEP on resistant and susceptible genotypes for a 9-h (540-min)
period. Bars followed by different letters are signiÞcantly different within each biotype (P � 0.05; TukeyÕs test).
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sponses are inßuenced by some proteins in sieve el-
ements and are Ca2� triggered (Knoblauch and van
Bel 1998, Knoblauch et al. 2001). Molecular interac-
tions between salivary proteins and calcium help the
aphids obtain a continuous supply of phloem sap (de-
tected via EPG) without occluding the sieve elements
during their feeding (Will et al. 2007).

In this study, we also found that resistant genotypes
took a longer time to reach the xylem phase than the
susceptible genotypes, which may be because of
either morphological or chemical factors in the re-
sistant genotypes that affect the initial penetration
of the aphid stylet into xylem and phloem tissues
(DiazÐMontano et al. 2007). Changes in feeding
behavior were mainly caused by the presence of
antixenosis in resistant genotypes (DiazÐMontano
et al. 2007).

Variable 7, the mean number of potential drops, was
numerically greater on resistant genotypes with bio-
type 1; however, the difference was not signiÞcant. In
contrast, the number of potential drops was signiÞ-
cantly greater for resistant genotypes than susceptible
genotypes with biotype 2. These potential drops are
brief (5Ð10 s) intracellular punctures by the stylets
along their pathway and are also found in most sieve
element tissues without going to phloem phase
(Tjallingii and Hogen Esch 1993). During this process,
aphids inject some watery saliva into the puncturing
cells and collect some sap samples with their stylets
(Martin et al. 1997). These samples may contain dif-
ferent chemical signals for continuous stylet penetra-
tion to plant tissues, and thus host plant acceptance by
the aphids (Montllor and Tjallingii 1989). In wheat
lines, although many repeated stylet penetrations
(attempts) occurred into sieve elements preceding
E1 (notably during late pathway pdÕs, also known as
X waves), aphids failed to start E2 in resistant ge-
notypes (Caillaud et al. 1995). Consequently, the
greater number of potential drops observed in re-
sistant genotypes, the greater difÞculty of reaching
the phloem phases, and thus leading to aphid re-
jection of the host plant.

DiazÐMontano et al. (2007) reported that both an-
tibiosis and antixenosis were the categories of resis-
tance present in sieve elements of resistant genotypes
because they affected both the physiology and behav-
ior of aphids, respectively. However, it was difÞcult to
say which could be expressed more in most resistant
genotypes. The presence of one category of resistance
may be signiÞcantly affected by the other and thus, the
behavior of aphids to probe into the sieve elements
tissues (DiazÐMontano et al. 2007). In conclusion, the
factors of resistance could be mainly related to sieve
element phase and the aphid feeding behavior may be
affected during the probing, especially in phloem tis-
sues. EPG results demonstrated herein justify future
studies of the chemistry of plant saps, principally
phloem sap. Molecular and biochemical aspects of
insectÐplant interactions would provide additional in-
sight into the plant resistance mechanism to aphids.
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