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Abstract Soybean aphid, Aphis gtycines Matsumura, can be an economical ly important pest

in soybean, Glycine max(L.) Merri l l .  ln2OO2 and 2003, we evaluated the use of nonattract ive

pan traps to estimate soybean aphid densit ies in commercial soybean f ields. A regression

analysis indicated a strong relat ionship between log-transformed pan trap counts and whole-

plant counts (r2 = 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, r2 = 0.96) were comparable to whole-plant counts

(a = 1 .67,  b  = 1 .99,  r2  = 0 .93) .  The prec is ion and cost  ( i .e . ,  t ime)  o f  each sampl ing method

was evaluated using relat ive net precision. Both sampling methods were general ly precise

throughout  the season (<0.25) .  However ,  the re la t ive net  prec is ion of  whole-p lant  counts

(4.21) was greater than for pan traps (0.67), and therefore whole-plant counts are a more

cost ef1ective sampling method. We also evaluated trap placement within f ields during the

init ial  colonization period. Trap catches did not dif fer among direct ions within the f ield or at

the edges of f ields versus the interior of f ields. This lack of a preference for alates to land at

f ield edges may preclude the use of border sprays, which have proven effect ive in other

systems.
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Since the init ial detection in 2000, the soybean aphid, Aphis glycines Matsumura,

has spread rapidly in soybean , Glycine max (L.) Merri l l , throughout the United States

and Canada. Every soybean-growing county in Minnesota was infested with soy-

bean aphid by August 200'1 (Venette and Ragsdale 2004). There are over 2.9 mill ion

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 lo 45"k (Ostlie 2001) and photosynthetic rates by 50% (Macedo et

al .  2003).  Soybean is an economical ly important crop and the invasion by soy-

bean aphid necessi tates development of  an integrated pest management ( lPM)

program.
In southern Minnesota,  temperatures are favorable for  successful  overwinter ing of

the soybean aphid (McCornack et  a l .  2005).  The overwinter ing host (Fhamnus spp.)

is readily available (Ragsdale et al. 2OO4), 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 subsequent ly migrate to more northern f ie lds
each summer.

Soybean aphids are migratory and cont inuously produce alatoid nymphs dur ing
soybean reproduct ive stages (Hodgson 2005).  Favret  and Voegt l in (2001) descr ibe

di f ferent types of  aphid f l ight  behavior,  including migratory ( i .e. ,  long distance) and
tr iv ia l  ( i .e. ,  short  d istance) f l ight .  Al though the large-scale migratory dynamics of

soybean aphid have been explored (Hodgson 2005),  the wi th in-f ie ld movement and
tr iv ia l  landing behavior is not fu l ly  understood. Speci f ical ly,  sampl ing soybean aphids
dur ing spr ing colonizat ion and descr ib ing the landing preference in soybean must be

examined.
Sampl ing is a fundamental  act iv i ty necessary for  decis ion making in an IPM pro-

gram (Pedigo 1994).  To compl iment an overal l  IPM strategy, sampl ing should be

eff ic ient  and dependent upon the overal l  object ives of  the decis ion maker (Hutchins

1gg4).  In general ,  whole-plant counts are used to est imate soybean aphid densi t ies
(Hodgson et  a l .  2004, Hodgson 2005).  Perhaps one of  the most ef fect ive methods for

sampl ing alate aphids is using nonattract ive pan traps ( l rwin 1980).  Boi teau (1990)

and Hanaf i  et  a l .  (1995) used pan traps to monitor aphid colonizat ion in potato,

Solanum tuberosum L., but the effectiveness of pan trapping for soybean aphid has

not be documented.
To compare sampl ing methods of  soybean aphid,  we examined the precis ion and

cost ( i .e. ,  t ime) of  pan trapping and whole-plant counts.  Pan trapping is a passive

sampl ing method for col lect ing alate aphids and is general ly ef fect ive for  most aphid

species ( l rwin 1980).  Pan traps can also be monitored on a weekly basis,  minimizing

the frequency of  t r ips to the f ie ld and el iminat ing t ime of  day t rapping conf l ic ts.  How-

ever,  pan trapping requires suppl ies,  some of which may be relat ively expensive (e.9. ,
propylene glycol ,  green t i les,  and a microscope).  Pan trapping can only account for

alate forms, and therefore i t  does not est imate apterous adul ts and immatures in the
populat ion.  To sort  through insects and other aphid species caught in pan traps takes

training that goes beyond count ing on plants.  ldent i fy ing aphids to species is tedious,

but bias is v i r tual ly el iminated once that ski l l  is  learned because general ly one person

is sort ing and count ing weekly samples.
Nondestruct ive,  whole-plant counts may be preferable because populat ions can

be est imated in "real- t ime",  general ly require few suppl ies,  are convenient for  most

exposed insects,  and can target speci f ic  parts of  the plant (Musser et  a l .  2004).  Few
insect pests resemble soybean aphid in soybean, so a relat ively inexper ienced sam-
pler can learn to est imate densi t ies wi th l i t t le t ra in ing. Disadvantages of  whole-plant

counts include a prominent samplrng bias among observers,  especial ly for  est imat ing

high populat ions (Powel l  et  a l .  1996).  Also,  costs may be incurred walking through

fields (Stephens and Losey 2004), and the time at which samples are taken may

affect  overal l  counts (Musser et  a l .  2004).  Despi te these l imi tat ions,  enumerat ive and

binomial  sequent ia l  sampl ing plans were developed for soybean aphid in soybean
(Hodgson et  a l .  2004).

The intent of  th is paper was to evaluate pan trapping as a sampl ing method for

soybean aphid in commercial  soybean. Object ives were to descr ibe the seasonal

dynamics of  the soybean aphid using pan trap counts and whole-plant counts and to

compare these two di f ferent sampl ing methods. Also,  we wanted to est imate the
precis ion throughout the growing season and calculate the relat ive net precis ion of

each sampl ing method. Final ly,  we evaluate t rap placement by test ing for  soybean
aphid landing preference within f ie lds dur ing spr ing colonizat ion.
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Mater ia ls and Methods

ln 2002, f ields 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, respect ively.  The pan trapping
layout was simi lar  in al l  f ie lds,  wi th eight t raps arranged into four pairs.  For each pair ,
one trap was placed direct ly on the f ie ld edge; the other t rap was 25 m into the f ie ld
for f ie lds 1 and 3 and 75 m into the f ie ld for  f ie lds 2 and a (Fig.  1A, 1B).  In 2003, f ie lds
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 f ie ld edge and the compl imentary t rap was 45.7m from the border
trap, and the second trap was placed along the southern f ie ld edge with the compl i -
mentary t rap placed 45.7 m from the border t rap (Fig.  1C).

Each pan trap consisted of  a 10.8-cm'green t i le (D-22 green Dal-Ti le Corp. ,
Dal las,  TX) placed into a 1.32-L plast ic round container and f i l led wi th 750 ml of
propylene glycol .  Each container was held in a metal  tomato cage, and the container
was adjusted weekly to al ign wi th canopy height.  Pan traps operated for 8 wk from
June unt i l  mid-September in both years.  Once per week, al laphids were removed from
the samples and permanent ly stored in 1.5-mL vials wi th 70% ethanol ,  and containers
were ref i l led wi th f resh propylene glycol .  For the purpose of  th is study, alate aphids
were classi f ied as "soybean aphids" or "other" .  The total  number of  soybean aphids
in each trap for each sampl ing week was determined Ior 2002 and 2003.

For comparison of  pan trapping counts to plant counts,  the same six soybean f ie lds
were systemat ical ly sampled, ensur ing al l  areas of  the f ie ld were covered for al l
stages and morphs of  soybean aphid.  Whole-plant counts were nondestruct ive,  and
f ie lds were sampled once per week f  rom ear ly vegetat ive stages to pod set.  Each f ie ld
had di f ferent sample s izes,  ranging from 120-1500 plants per f ie ld depending on f ie ld
size,  p lant stage and soybean aphid densi ty.

A) B)

c)

0 55 1 '10

F ig .  1 Field layout for pan traps. A) Fields 1 and 3 in 2002 (4 ha each), B) f ields 2 and
4 in2002 (20  ha  each) ,  and C)  f ie lds  5  and 6  in  2003 (4ha each) .
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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 f ie lds descr ibed above. The mean number of  soybean aphids t rapped per week
from al l  t raps for a given f ie ld was compared with the mean number of  soybean aphids
sampled in whole-plant counts per week from al l  sampled plants for  that  f ie ld.  A l inear
regression of  the log(x + 1) t ransformed mean number of  soybean aphids per plant
per week versus the log(x + 1) t ransformed mean number of  soybean aphids per t rap
per week across both years was performed (PROC REG; SAS Inst i tute 2001).

To understand the mean-to-var iance relat ionship and dispersion pattern resul t ing
from each sampling method, we calculated Taylor's power law (t ' = axo) a and b
values (Taylor 1961) for  soybean aphids sampled in 2oo2 and 2003.

Although data for two sampling methods may be closely related over a wide range
of densi t ies,  one method may be consistent ly more precise and hence preferred.
Precis ion is def ined by the fol lowing equat ion.

D =  ( S E / X )  " ' 1 0 0 ,

where D is precis ion,  SE is the standard error,  and x is the mean. Greater precis ion
( i .e. ,  a lowvalue) is preferred to minimize sampl ing 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 sampl ing per iod was examined
so they could be direct ly evaluated. A strong relat ionship between sampl ing methods
could potent ia l ly  indicate a consistent bias and a rel iable est imate wi th ei ther sam-
pling method (Musser et al. 2004).

Comparing the precis ion of  sampl ing methods can be useful ;  however,  evaluat ing
relat ive net precis ion could ul t imately aid in deciding which method is most pract ical
(e.9. ,  Pedigo et  a l .  1972).  Relat ive net precis ion includes the precis ion and cost ( i .e. ,
t ime) of  a sampl ing method so that sampl ing plans can be direct ly compared and is
calculated by the fol lowing equat ion:

re la t i ve  ne t  p rec is ion  =  l i l (D .  c ) l  .100 ,

where  D is  p rec is ion  [ (SE/X)  .100]  se t  a t  25% (Southwood 1978) ,  and c is  the  to ta l
cost  re lated to col lect ing the desired number of  sample uni ts.  A higher relat ive net
precis ion value indicates a more ef f ic ient  sampl ing plan. The minimum number of
soybean aphid pan traps needed to attain 25"/" precision is unknown, but was set at
eight t raps because of  the design of  th is study. The weekly cost  of  sampl ing eight pan
traps for soybean aphids over a range of  densi t ies was 6 person-hours,  and includes
prepar ing f resh traps, changing and sort ing t raps and ident i fy ing soybean aphids
among other species.  Hodgson et  a l .  (2004) determined the minimum number of  f ie ld
count samples needed to attain 25"/" precision is 38 plants. The estimated weekly
cost of  sampl ing 38 plants over a range of  densi t ies was 0.95 person-hours,  and
includes 1 min to sample each plant and 0.5 min walk t ime between olanrs.

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
def ine spr ing colonizat ion as the per iod of  t ime when alates are moving from pnmary
overwinter ing hosts to secondary summer hosts in addi t ion to the absence of  a latoid
nymph product ion in soybean (Hodgson 2005).  Field counts showed an absence of
alatoid nymphs on plants unt i l  the second sampl ing week in 2002 and 2003, indicat ing
alatae col lected in t raps dur ing th is per iod were immigrants.  The or ig in of  a lates found
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in pan traps for the remainder of  the sampl ing season is unknown but l ikely represents
a mixture of  a lates ar is ing f rom within the f ie ld and immigrants f rom outside the f ie ld.
Consequent ly,  spr ing colonizat ion ( i .e. ,  movement f rom overwinter ing hosts to soy-
bean f ie lds) is perhaps the most accurate t ime to descr ibe landing preferences of
alate aphids (Hodgson 2005).

The number of  soybean aphids t rapped dur ing spr ing colonizat ion was def ined as
the mean number of  aphids per t rap for the f i rst  2 wk. An analysis of  var iance was
used to test for differences in trap catches among field sizes (4 versus 20 ha),
direct ions (cardinal  d i rect ions) and locat ions (edge versus inter ior)  in 2002, and di-
rect ions and locat ions in 2003 (PROC GLM; SAS Inst i tute 2001).  In addi t ion to these
main ef fects,  the model included al l  interact ions of  the main ef fects.  Pr ior  to analysis,
trap catches were log(x + 1) transformed to stabil ize variances. Because 2- and 3-way
interact ions were not s igni f icant (P > 0.05) they were omit ted f rom the models.

Resul ts 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 t rapping locat ions ( i .e. ,
f ie ld edge and f ie ld inter ior)  was calculated for each sampl ing week at  each f ie ld.  In
general ,  t rap catc l res at  the f ie ld edge and inter ior  were s imi lar  in al l  f ie lds (Fig.  2) .
The peak number of  t rapped aphids occurred dur ing 6-12 August in 2002 and 30
July-S August in 2003 (Fig.  2) .  Dur ing the peak trapping week, soybeans were at  the
pod set stage in both years.  Simi lar ly,  Hodgson (2005) showed peak alate migrat ion
at pod set stage in Minnesota.

Soybean aphid counts for  each sampl ing method were greater in 2003 compared
with 2002 (Fig.  3) .  Dur ing the in i t ia l  spr ing colonizat ion per iod,  soybean plants were
in the vegetat ive stages, and the number of  soybean aphids for  each sampl ing
method was relat ively low. This suggests that  only a few alates provide the foundat ion
of apterous colonies wi th in f ie lds,  and the subsequent increasing product ion of  a lates
colonize wi th in a f ie ld or between f ie lds dur ing soybean reproduct ive 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 condi t ions dur ing the previous sample week.

The regression analysis demonstrated a posi t ive relat ionship between log(x+1)
transformed pan traps and whole-plant counts (n = 48; y = [0.758 t  0.09 ( tSE)]  x -

[0 .782 t  0 .08 ] ;  r2  =  0 .63)  (PROC REG;  SAS Ins t i tu te  2001) (F ig  4 ) .  A l though pan

traps only col lect  a lates,  th is equat ion could be useful  for  est imat ing soybean aphid
densi t ies on plants.  Knowing that pan trapping provides a relat ive measure of  soy-
bean aphids on plants could be implemented in future studies regarding seasonal
aphid movement.  Elberson and Johnson (1995) found a relat ionship between suct ion
trap counts and field counts for Diuraphis noxia (Kurdjumov), and suggest suction
traps can be an ef fect ive sampl ing method for predict ing immigrat ing populat ions.

Taylor 's power law a and b dispersion values for pan trapping (a = 0.85, b = 1.63,
12  =  0 .96)  were  comparab le  to  f ie ld  counts  (a=  1 .67 ,  b  =  1 .99 ,  12  =  0 .93) .  The b-va lue
was signi f icant ly greater than 1 for  pan trap counts ( t  = 1 4.82' ,  df  = 64; P < 0.0001) and
whole-plant counts ( t  = 14.01 ;  df  = 64; P < 0.0001 ) .  A b-value signi f  icant ly greater than
i  indicates an aggregated dispersion pattern.  In China, the soybean aphid also has
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trapping was less than 25"h when alate counts were low in 2002 (Fig. 5). Overall,
whole-plant counts were more precise than pan trapping throughout the ent i re grow-
ing season for both years (Fig.  5) .  The relat ive net precis ion for pan trapping (0.67)
was less than whole-plant counts (4.21) and indicates pan trapping requires consid-
erably more ef for t ;  therefore,  pan trapping is not l ikely to be a pract ical  opt ion for  crop
professionals.  However,  future research possibi l i t ies could include the use of  pan
trapping to study the landing preference on di f ferent var iet ies,  var ious growth stages,
or in the presence of  some crop protect ion chemicals wi th a repel lent  ef fect .

Dur ing spr ing colonizat ion (2002:9-22 July;2003: 2-15 July)  there were no sig-
ni f icant di f ferences in t rap catch among f ie ld s izes,  d i rect ions wi th in f ie lds or locat ions
wi th in  f ie lds  (Tab le  1 ) .  In  add i t ion ,  a l l  in te rac t ions  were  a lso  no t  s ign i f i can t  (P> 0 .05) .
The lack of  a s igni f icant di f ference in t rap catches among direct ions and locat ions in
a f ie ld indicates that such traps can be placed anywhere in the f ie ld wi thout introduc-
ing  b ias  dur ing  spr ing  co lon iza t ion .

Si te-speci f ic  management ( i .e. ,  targeted insect ic ide appl icat ions) is appropr iate for
insects that  are aggregated dur ing in i t ia l  colonizat ion;  targeted appl icat ions can direct
control ,  improve cropping economics,  reduce exposure to animals and the environ-
ment,  and provide refuge to natural  enemies (Weisz et  a l .  1995, 1996).  Si te-speci f ic
management is currently recommended for green peach aphid, Myzus persicae (Sul-
zer), on potato, Solanum tuberosum L., f ield edges (Suranyi et al. 1999, Carroll 2005).
Our resul ts contrast  wi th the f ie ld edge coloniz ing behavior of  grain aphid,  Si tobion
avenae F. (Winder et  a l .  1999) and green peach aphid (Carrol l  2005).  However,  Naul t
et al. (2004) suggest soybean aphid, pea aphid (Acyrthosiphon pisum (Harris)), corn
leaf aphid (Rhopalosiphum maidis (Fitch)), and yellow clover aphid (Theiloaphis trifolii
(Monell)) all disperse randomly in snap bean, Phaseolus vulgaris L. Differences in
alate spr ing colonizat ion may be due to the overwinter ing potent ia l  of  the aphid
species and proximity to secondary hosts in the spr ing.  Landing behavior appears to
vary among aphid species and cropping systems; therefore,  one management tact ic
is not appropr iate for  a l l  aphids.  Because soybean aphid does not preferent ia l ly  land

1 0 0
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Fig.  : '  Precis ion ID = (SE/t)  .  '100] of  pan trapping counts and whole-plant counts for
soybean aphid throughout the growing seasons of  2002 and 2003; dashed
l ine indicates acceptable precis ion for pest management purposes (D < 0.25).
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Table 1.  Analysis of  var iance for log(x + 1) t ransformed soybean aphid counts
collected with pan traps in soybean fields in 2O02 and 2003

Source

2002

Field s ize.

Direct ion*"

Locationt

2003

Direct ion*.

Locationf

1 ,  3 1

3 ,  3 1

1 ,  3 ' 1

3 ,  3 1

1 ,  3 1

0.06

1 . 4 0

1 . 4 3

0.74

0.83

0 . 8 1

0.27

0.24

0.54

0.37

Al l  two-  and th ree-way in te rac t ions  were  no t  s ign i f i can t  (P  >  0 .05)  fo r  each year .
. 4  v s .  2 0  h a .

- -  Four  carc ina l  d i rec t ions .

t  F ie ld  edge versus  f ie ld  in te r io r .

at f ie ld edges, we cannot recommend the use of  border or per imeter t reatments as a
means of  control .

Soybean aphid populat ions in pan traps tracked the populat ion found using whole-
plant counts except pan traps showed a s l ight  lag.  Both sampl ing methods had
acceptable levels of  precis ion (D < 0.25) for  most of  the season, and in general ,  pan
traps seem to be a good tool  for  monitor ing aphid populat ions.  However,  the addi-
t ional  cost  and resul t ing lower relat ive net precis ion may preclude the use of  pan
trapping for some projects.  Despi te the addi t ional  costs,  pan trapping holds value for
monitor ing aphid colonizat ion and migrat ion.
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