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Abstract Soybean aphid, Aphis glycines Matsumura, can be an economically important pest
in soybean, Glycine max (L.) Merrill. In 2002 and 2003, we evaluated the use of nonattractive
pan traps to estimate soybean aphid densities in commercial soybean fields. A regression
analysis indicated a strong relationship between log-transformed pan trap counts and whole-
plant counts (r* = 0.70). To measure soybean aphid dispersion as characterized by each
sampling method, Taylor's power law a and b values were calculated. The mean-to-variance
ratios for pan trapping (a = 0.85, b = 1.63, r? = 0.96) were comparable to whole-plant counts
(a=1.67, b=1.99, r? = 0.93). The precision and cost (i.e., time) of each sampling method
was evaluated using relative net precision. Both sampling methods were generally precise
throughout the season (<0.25). However, the relative net precision of whole-plant counts
(4.21) was greater than for pan traps (0.67), and therefore whole-plant counts are a more
cost effective sampling method. We also evaluated trap placement within fields during the
initial colonization period. Trap catches did not differ among directions within the field or at
the edges of fields versus the interior of fields. This lack of a preference for alates to land at
field edges may preclude the use of border sprays, which have proven effective in other
systems.
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Since the initial detection in 2000, the soybean aphid, Aphis glycines Matsumura,
has spread rapidly in soybean, Glycine max (L.) Merrill, throughout the United States
and Canada. Every soybean-growing county in Minnesota was infested with soy-
bean aphid by August 2001 (Venette and Ragsdale 2004). There are over 2.9 million
ha of soybean grown in Minnesota every year; only corn precedes soybean as the
top field crop in the state (NASS 2004). High densities of soybean aphid can severe-
ly reduce yield up to 45% (Ostlie 2001) and photosynthetic rates by 50% (Macedo et
al. 2003). Soybean is an economically important crop and the invasion by soy-
bean aphid necessitates development of an integrated pest management (IPM)
program.

In southern Minnesota, temperatures are favorable for successful overwintering of
the soybean aphid (McCornack et al. 2005). The overwintering host (Rhamnus spp.)
is readily available (Ragsdale et al. 2004), and spring migrants can colonize early
vegetative soybean (Hodgson 2005). These data suggest that soybean aphids may
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overwinter in southern Minnesota and subsequently migrate to more northern fields
each summer.

Soybean aphids are migratory and continuously produce alatoid nymphs during
soybean reproductive stages (Hodgson 2005). Favret and Voegtlin (2001) describe
different types of aphid flight behavior, including migratory (i.e., long distance) and
trivial (i.e., short distance) flight. Although the large-scale migratory dynamics of
soybean aphid have been explored (Hodgson 2005), the within-field movement and
trivial landing behavior is not fully understood. Specifically, sampling soybean aphids
during spring colonization and describing the landing preference in soybean must be
examined.

Sampling is a fundamental activity necessary for decision making in an IPM pro-
gram (Pedigo 1994). To compliment an overall IPM strategy, sampling should be
efficient and dependent upon the overall objectives of the decision maker (Hutchins
1994). In general, whole-plant counts are used to estimate soybean aphid densities
(Hodgson et al. 2004, Hodgson 2005). Perhaps one of the most effective methods for
sampling alate aphids is using nonattractive pan traps (Irwin 1980). Boiteau (1990)
and Hanafi et al. (1995) used pan traps to monitor aphid colonization in potato,
Solanum tuberosum L., but the effectiveness of pan trapping for soybean aphid has
not be documented.

To compare sampling methods of soybean aphid, we examined the precision and
cost (i.e., time) of pan trapping and whole-plant counts. Pan trapping is a passive
sampling method for collecting alate aphids and is generally effective for most aphid
species (Irwin 1980). Pan traps can also be monitored on a weekly basis, minimizing
the frequency of trips to the field and eliminating time of day trapping conflicts. How-
ever, pan trapping requires supplies, some of which may be relatively expensive (e.g.,
propylene glycol, green tiles, and a microscope). Pan trapping can only account for
alate forms, and therefore it does not estimate apterous adults and immatures in the
population. To sort through insects and other aphid species caught in pan traps takes
training that goes beyond counting on plants. Identifying aphids to species is tedious,
but bias is virtually eliminated once that skill is learned because generally one person
is sorting and counting weekly samples.

Nondestructive, whole-plant counts may be preferable because populations can
be estimated in “real-time”, generally require few supplies, are convenient for most
exposed insects, and can target specific parts of the plant (Musser et al. 2004). Few
insect pests resemble soybean aphid in soybean, so a relatively inexperienced sam-
pler can learn to estimate densities with little training. Disadvantages of whole-plant
counts include a prominent sampling bias among observers, especially for estimating
high populations (Powell et al. 1996). Also, costs may be incurred walking through
fields (Stephens and Losey 2004), and the time at which samples are taken may
affect overall counts (Musser et al. 2004). Despite these limitations, enumerative and
binomial sequential sampling plans were developed for soybean aphid in soybean
(Hodgson et al. 2004).

The intent of this paper was to evaluate pan trapping as a sampling method for
soybean aphid in commercial soybean. Objectives were to describe the seasonal
dynamics of the soybean aphid using pan trap counts and whole-plant counts and to
compare these two different sampling methods. Also, we wanted to estimate the
precision throughout the growing season and calculate the relative net precision of
each sampling method. Finally, we evaluate trap placement by testing for soybean
aphid landing preference within fields during spring colonization.
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Materials and Methods

In 2002, fields 1 and 2 (4 and 20 ha, respectively) were located at the University
of Minnesota Outreach, Research and Extension Park, Rosemount, MN. Also, in
2002, fields 3 and 4 (4 ha and 20 ha, respectively) were located 2 km west of
Owatonna, MN, and 1 km north of Potsdam, MN, respectively. The pan trapping
layout was similar in all fields, with eight traps arranged into four pairs. For each pair,
one trap was placed directly on the field edge; the other trap was 25 m into the field
for fields 1 and 3 and 75 m into the field for fields 2 and 4 (Fig. 1A, 1B). In 2003, fields
5 and 6 (4 ha each) were located at the University of Minnesota Outreach, Research
and Extension Park, Rosemount, MN. Pan traps were organized in four north-south
transects. Each transect consisted of two pairs of pan traps: one trap was placed
along the northern field edge and the complimentary trap was 45.7m from the border
trap, and the second trap was placed along the southern field edge with the compli-
mentary trap placed 45.7 m from the border trap (Fig. 1C).

Each pan trap consisted of a 10.8-cm? green tile (D-22 green Dal-Tile Corp.,
Dallas, TX) placed into a 1.32-L plastic round container and filled with 750 ml of
propylene glycol. Each container was held in a metal tomato cage, and the container
was adjusted weekly to align with canopy height. Pan traps operated for 8 wk from
June until mid-September in both years. Once per week, all aphids were removed from
the samples and permanently stored in 1.5-mL vials with 70% ethanol, and containers
were refilled with fresh propylene glycol. For the purpose of this study, alate aphids
were classified as “soybean aphids” or “other”. The total number of soybean aphids
in each trap for each sampling week was determined for 2002 and 2003.

For comparison of pan trapping counts to plant counts, the same six soybean fields
were systematically sampled, ensuring all areas of the field were covered for all
stages and morphs of soybean aphid. Whole-plant counts were nondestructive, and
fields were sampled once per week from early vegetative stages to pod set. Each field
had different sample sizes, ranging from 120-1500 plants per field depending on field
size, plant stage and soybean aphid density.
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Fig. 1. Field layout for pan traps. A) Fields 1 and 3 in 2002 (4 ha each), B) fields 2 and
4 in 2002 (20 ha each), and C) fields 5 and 6 in 2003 (4 ha each).

$S9208 93J) BIA 20-20-GZ0Z e /wod Aiooeignd-poid-swd-yiewlaiem-jpd-awiid//:sdiy wouy papeojumoq



412 J. Entomol. Sci. Vol. 40, No. 4 (2005)

A regression analysis was performed to better understand the relationship be-
tween whole-plant counts and pan trapping counts throughout the season using the
six fields described above. The mean number of soybean aphids trapped per week
from all traps for a given field was compared with the mean number of soybean aphids
sampled in whole-plant counts per week from all sampled plants for that field. A linear
regression of the log(x + 1) transformed mean number of soybean aphids per plant
per week versus the log(x + 1) transformed mean number of soybean aphids per trap
per week across both years was performed (PROC REG; SAS Institute 2001).

To understand the mean-to-variance relationship and dispersion pattern resulting
from each sampling method, we calculated Taylor's power law (s = ax®) a and b
values (Taylor 1961) for soybean aphids sampled in 2002 and 2003.

Although data for two sampling methods may be closely related over a wide range
of densities, one method may be consistently more precise and hence preferred.
Precision is defined by the following equation:

D = (SE/x) = 100,

where D is precision, SE is the standard error, and x is the mean. Greater precision
(i.e., a low value) is preferred to minimize sampling error. Southwood (1978) recom-
mends precision to be at most 25% for pest management purposes. The precision of
pan trapping and whole-plant counts throughout the sampling period was examined
so they could be directly evaluated. A strong relationship between sampling methods
could potentially indicate a consistent bias and a reliable estimate with either sam-
pling method (Musser et al. 2004).

Comparing the precision of sampling methods can be useful; however, evaluating
relative net precision could ultimately aid in deciding which method is most practical
(e.g., Pedigo et al. 1972). Relative net precision includes the precision and cost (i.e.,
time) of a sampling method so that sampling plans can be directly compared and is
calculated by the following equation:

relative net precision = [1/(D + ¢)] * 100,

where D is precision [(SE/X) » 100] set at 25% (Southwood 1978), and c is the total
cost related to collecting the desired number of sample units. A higher relative net
precision value indicates a more efficient sampling plan. The minimum number of
soybean aphid pan traps needed to attain 25% precision is unknown, but was set at
eight traps because of the design of this study. The weekly cost of sampling eight pan
traps for soybean aphids over a range of densities was 6 person-hours, and includes
preparing fresh traps, changing and sorting traps and identifying soybean aphids
among other species. Hodgson et al. (2004) determined the minimum number of field
count samples needed to attain 25% precision is 38 plants. The estimated weekly
cost of sampling 38 plants over a range of densities was 0.95 person-hours, and
includes 1 min to sample each plant and 0.5 min walk time between plants.

To determine if trap catches may be affected by trap placement within a field, we
compared trap catches among location within a field in 2002 and 2003. Here, we
define spring colonization as the period of time when alates are moving from primary
overwintering hosts to secondary summer hosts in addition to the absence of alatoid
nymph production in soybean (Hodgson 2005). Field counts showed an absence of
alatoid nymphs on plants until the second sampling week in 2002 and 2003, indicating
alatae collected in traps during this period were immigrants. The origin of alates found
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in pan traps for the remainder of the sampling season is unknown but likely represents
a mixture of alates arising from within the field and immigrants from outside the field.
Consequently, spring colonization (i.e., movement from overwintering hosts to soy-
bean fields) is perhaps the most accurate time to describe landing preferences of
alate aphids (Hodgson 2005).

The number of soybean aphids trapped during spring colonization was defined as
the mean number of aphids per trap for the first 2 wk. An analysis of variance was
used to test for differences in trap catches among field sizes (4 versus 20 ha),
directions (cardinal directions) and locations (edge versus interior) in 2002, and di-
rections and locations in 2003 (PROC GLM; SAS Institute 2001). In addition to these
main effects, the model included all interactions of the main effects. Prior to analysis,
trap catches were log(x + 1) transformed to stabilize variances. Because 2- and 3-way
interactions were not significant (P > 0.05) they were omitted from the models.

Results and Discussion

For our study, pan traps operated for 8 wk (2002: 9 July-2 September; 2003: 2
July-26 August). The mean number of soybean aphids at both trapping locations (i.e.,
field edge and field interior) was calculated for each sampling week at each field. In
general, trap catches at the field edge and interior were similar in all fields (Fig. 2).
The peak number of trapped aphids occurred during 6-12 August in 2002 and 30
July-5 August in 2003 (Fig. 2). During the peak trapping week, soybeans were at the
pod set stage in both years. Similarly, Hodgson (2005) showed peak alate migration
at pod set stage in Minnesota.

Soybean aphid counts for each sampling method were greater in 2003 compared
with 2002 (Fig. 3). During the initial spring colonization period, soybean plants were
in the vegetative stages, and the number of soybean aphids for each sampling
method was relatively low. This suggests that only a few alates provide the foundation
of apterous colonies within fields, and the subsequent increasing production of alates
colonize within a field or between fields during soybean reproductive stages. For both
years, the peak number of soybean aphids in pan traps was preceded by a midsea-
son peak in aphid numbers on plants (Fig. 3). The peak number of soybean aphids in
pan traps was delayed and could potentially be a result of alatoid production from
crowded plant conditions during the previous sample week.

The regression analysis demonstrated a positive relationship between log(x+1)
transformed pan traps and whole-plant counts (n = 48; y = [0.758 + 0.09 (+SE)] x -
[0.782 + 0.08]; r? = 0.63) (PROC REG; SAS Institute 2001) (Fig. 4). Although pan
traps only collect alates, this equation could be useful for estimating soybean aphid
densities on plants. Knowing that pan trapping provides a relative measure of soy-
bean aphids on plants could be implemented in future studies regarding seasonal
aphid movement. Elberson and Johnson (1995) found a relationship between suction
trap counts and field counts for Diuraphis noxia (Kurdjumov), and suggest suction
traps can be an effective sampling method for predicting immigrating populations.

Taylor's power law a and b dispersion values for pan trapping (a = 0.85, b = 1.63,
r2 = 0.96) were comparabile to field counts (a = 1.67, b= 1.99, r* = 0.93). The b-value
was significantly greater than 1 for pan trap counts (t = 14.82; df = 64; P < 0.0001) and
whole-plant counts (t = 14.01; df = 64; P < 0.0001). A b-value significantly greater than
1 indicates an aggregated dispersion pattern. In China, the soybean aphid also has
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Fig. 2. Comparison of soybean aphids trapped at the field edge versus field interior
in 2002 and 2003.
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Fig. 3. Phenology of soybean aphids (averaged across fields) from pan trapping
counts and whole-plant counts in 2002 and 2003.
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Fig. 4. Relationship of whole-plant counts to pan trap counts (n=48;y =[0.758 + 0.09
(+SE)] x - [0.782 = 0.08]; r* = 0.63).

been reported as an aggregated species in soybean (Liu 1986, Su et al. 1996, Huang
et al. 1992).

The precision for whole-plant counts was always greater than recommended for
pest management purposes (i.e., 25%; Southwood 1978); however, precision for pan
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trapping was less than 25% when alate counts were low in 2002 (Fig. 5). Overall,
whole-plant counts were more precise than pan trapping throughout the entire grow-
ing season for both years (Fig. 5). The relative net precision for pan trapping (0.67)
was less than whole-plant counts (4.21) and indicates pan trapping requires consid-
erably more effort; therefore, pan trapping is not likely to be a practical option for crop
professionals. However, future research possibilities could include the use of pan
trapping to study the landing preference on different varieties, various growth stages,
or in the presence of some crop protection chemicals with a repellent effect.

During spring colonization (2002: 9-22 July; 2003: 2-15 July) there were no sig-
nificant differences in trap catch among field sizes, directions within fields or locations
within fields (Table 1). In addition, all interactions were also not significant (P > 0.05).
The lack of a significant difference in trap catches among directions and locations in
a field indicates that such traps can be placed anywhere in the field without introduc-
ing bias during spring colonization.

Site-specific management (i.e., targeted insecticide applications) is appropriate for
insects that are aggregated during initial colonization; targeted applications can direct
control, improve cropping economics, reduce exposure to animals and the environ-
ment, and provide refuge to natural enemies (Weisz et al. 1995, 1996). Site-specific
management is currently recommended for green peach aphid, Myzus persicae (Sul-
zer), on potato, Solanum tuberosum L., field edges (Suranyi et al. 1999, Carroll 2005).
Our results contrast with the field edge colonizing behavior of grain aphid, Sitobion
avenae F. (Winder et al. 1999) and green peach aphid (Carroll 2005). However, Nault
et al. (2004) suggest soybean aphid, pea aphid (Acyrthosiphon pisum (Harris)), corn
leaf aphid (Rhopalosiphum maidis (Fitch)), and yellow clover aphid ( Therioaphis trifolii
(Monell)) all disperse randomly in snap bean, Phaseolus vulgaris L. Differences in
alate spring colonization may be due to the overwintering potential of the aphid
species and proximity to secondary hosts in the spring. Landing behavior appears to
vary among aphid species and cropping systems; therefore, one management tactic
is not appropriate for all aphids. Because soybean aphid does not preferentially land
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Fig. 5. Precision [D = (SE/x) = 100] of pan trapping counts and whole-plant counts for
soybean aphid throughout the growing seasons of 2002 and 2003; dashed
line indicates acceptable precision for pest management purposes (D < 0.25).
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Table 1. Analysis of variance for log(x + 1) transformed soybean aphid counts
collected with pan traps in soybean fields in 2002 and 2003

Source df F P
2002

Field size* 1, 31 0.06 0.81

Direction™” 3, 31 1.40 0.27

Locationt 1, 31 1.43 0.24
2003

Direction™” 3, 31 0.74 0.54

Locationt 1, 31 0.83 0.37

All two- and three-way interactions were not significant (P > 0.05) for each year.
*4 vs. 20 ha.

** Four carcinal directions.

T Field edge versus field interior.

at field edges, we cannot recommend the use of border or perimeter treatments as a
means of control.

Soybean aphid populations in pan traps tracked the population found using whole-
plant counts except pan traps showed a slight lag. Both sampling methods had
acceptable levels of precision (D < 0.25) for most of the season, and in general, pan
traps seem to be a good tool for monitoring aphid populations. However, the addi-
tional cost and resulting lower relative net precision may preclude the use of pan
trapping for some projects. Despite the additional costs, pan trapping holds value for
monitoring aphid colonization and migration.
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