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keep participants and interested persons up to date on the progress of the pro-
gram. The ARS discovered that the message on the effectiveness of the technol-
ogy also was communicated among growers: when growers saw their neighbors
using and discussing the good points of the technology, they wanted to partici-
pate as well.

Many growers with extensive acreages are now conducting their own area-
wide projects and some are bringing in their neighbors with smaller acreages.
Many growers with small orchards are cooperating with their neighbors to cre-
ate extensive acreages under the same treatment regimes. This participation is
what ARS had hoped would happen. The CMAP was designed to be a self-help
program to transfer the technology to the growers in a form that they could use
profitably with minimal use of hard pesticides. The ARS support of this 5-yr
program will end in October 1999.
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ABSTRACT Kansas State University initiated a Rootworm Areawide
Management Project (RAMP) under the auspices of the United States
Department of Agriculture (USDA) in 1997. This 4-yr project is being
conducted in north central Kansas with the cooperation of 47 owners or
operators. The project is a concerted effort to suppress adult western corn
rootworms, Diabrotica virgifera virgifera LeConte, over a large contiguous
area of continuous corn (Zea mays L.) production by using the principles of
integrated pest management (IPM), including carefully timed applications of
the semiochemical insecticide-bait SLAM®. In addition to this adult
suppression program, technology is being developed or modified to determine
treatment thresholds and application timing so that private consultants and
growers can continue rootworm areawide suppression after the year 2000,
when the intensive research program terminates. The managed area is
located in 41.4-km? (16-mi2) of intensely irrigated corn-soybean production
near Scandia, Kansas. A similar 10.36-km2 (4-mi2) area near the town of
Norway, Kansas, will serve as a control and will not be treated with Slam
throughout the duration of this project. One hundred and twenty-one
cornfields were monitored in 1997 with Pherocon AM® yellow sticky traps.
Treatment thresholds were >35 western corn rootworm adults per sticky trap
per week or 0.6 western corn rootworm per plant based upon plant
inspections that were used to supplement trap counts. One thousand one
hundred and seventy-seven hectares required treatment (68.5% of the total
from the managed area). The Slam application resulted in >95% adult
western corn rootworm control in all treated fields. Treated and untreated
fields were selected for 10 additional experiments that were initiated to refine
sampling technology necessary for adequate timing of insecticide
applications. All experiments will be continued, with appropriate
modifications, throughout the duration of the project.

KEY WORDS Diabrotica virgifera virgifera, western corn rootworm, SLAM®,
cucurbitacin, pest management, sticky trap, lure trap, com, soybean

Corn rootworms (Diabrotica spp.) are among the most economically and
environmentally important insect pests of corn (Zea mays L.) production
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2Southwest Research and Extension Center, Kansas State University, Garden City, Kansas 67846.
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systems in Kansas and in the United States. Levine & Oloumi-Sadeghi (1991)
reported that 50-60% of the total corn acreage in the United States is annually
treated with soil insecticides to protect the crop from larval feeding damage.
This represents the single largest use of insecticide in the United States with
growers generally applying insecticides based on previous field history instead
of need. Levine & Oloumi-Sadeghi (1991) suggested that more than half of the
fields treated do not have corn rootworm densities that warrant an insecticide
application. Foster et al. (1986) concluded, however, that applying soil insecti-
cides prophylactically every year to continuous cornfields was more cost- effec-
tive than sampling for adults. Foliar insecticide applications for beetle control,
although not as widely used as soil insecticides, can impact nontarget organ-
isms, including beneficial arthropeds, and may result in pest resurgence. Insec-
ticide drift also can be problematic.

Due to the problems associated with traditional soil and foliar insecticide use
for management of corn rootworms, scientists with the United States Depart-
ment of Agriculture-Agricultural Research Service (USDA-ARS) and several
midwestern state agricultural experiment stations have developed a manage-
ment concept based on suppression of corn rootworm adults by using an envi-
ronmentally friendly product applied by either aircraft or high-clearance
sprayers. The premise of this strategy is to kill beetles prior to oviposition and
thus to prevent root damage if corn is planted in the subsequent year. The tac-
tic uses behavior-modifying chemicals that are specific for corn rootworm bee-
tles; these chemicals induce adults to feed compulsively on a bait formulation.
The semiochemical insecticide-baits are composed of cucurbitacins, nontoxic
edible carriers, and the toxin carbaryl. The baits use 95 to 98% less active
ingredient per acre than widely used soil or foliar insecticides and can be
applied using either ground or aerial methods.

Research in South Dakota demonstrated that management of corn rootworm
adults with semiochemical insecticide-baits can be successful when done over a
relatively large area. Semiochemical insecticide-baits or other management tac-
tics over larger areas (i.e., areawide management) could help eliminate these
problems. Growers participating in areawide management as part of a corn
integrated pest management (IPM) program would make decisions on need for
corn rootworm management (as well as that of other arthropod pests) based on
knowledge of existing population densities rather than by managing the pests
by using prophylactic insecticide treatments.

The objective of this study is to evaluate the effect of adult western corn root-
worm (Diabrotica virgifera virgifera LeConte) areawide management by using
semiochemical bait technology, and to integrate this semiochemical bait tech-
nology into a corn IPM system that takes into account other corn insect pests.
Comparisons of corn rootworm and other insect population data collected before
(baseline data), during, and after implementation of the study within and
among the experimental and control areas will be used to assess the efficacy of
the concept.
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Materials and Methods

Study site. The first full year for the 4-yr Kansas Rootworm Areawide
Management Project (RAMP) was 1997. The study site comprises a managed
area and a control area. The managed area consists of 41.4-km? (16-mi2) of
intensely irrigated corn-soybean production near Scandia (White Rock and
Courtland townships), Kansas. Rootworms in this area will be controlled with
SLAM®, an insecticide containing the active ingredient carbaryl and the feed-
ing stimulant cucurbitacin (Hoffmann et al. 1995). A 10.36-km2 (4-mi2} area
located 12.9 km (8 mi) south of the managed area near the town of Norway
(Norway Township), Kansas, is the control area that has not and will not be
treated with Slam throughout the duration of this project. Both areas lie within
the Republican River valley where the Kansas Bostwick Irrigation District No. 2
supplies irrigation on demand. This study site was selected because of the large
amount of continuous corn produced in the area and traditionally high popula-
tions of western corn rootworm, the significant rootworm pest in Kansas (Higgins
et al. 1995). Eighty-eight percent of the fields surveyed in this area in 1996
exceeded the treatment threshold for western corn rootworm adults. In addition,
area corn producers expressed willingness to cooperate in an areawide project.

Producer cooperation. Prior to the 1997 growing season, two memoran-
dums of understanding (MOUs) were developed by Kansas State University’s
Office of Grants and Contracts, with approval of the USDA, for all potential
owners and operators within these two sites to sign. Separate MOUs were
developed for managed-area cooperators and control-area cooperators based on
different goals established for each site. These agreements were necessary to
explain the goals and methodology and to avoid any misunderstandings by par-
ticipants. Public meetings were held with all interested parties to explain the
project before the MOUs were mailed to potential cooperators. Ninety-eight
percent of the cooperators signed the MOUs. One operator, although not
opposed to the project, would not sign the MOU because the landowner was sat-
isfied with the existing western corn rootworm management and did not wish
to change existing practices. This did not affect the concept of western corn
rootworm adult suppression on an areawide basis as this landowner is engaged
in adult suppression with a conventional insecticide. During 1997, 47 produc-
ers planted =2,247 ha (5,553 acres) of corn (36 growers with 1,719 ha [4,247
acres| in the managed area; 11 growers planted 529 ha [1,306 acres] in the con-
trol area).

An areawide project could not be conducted without cooperation by area
owners and operators. Two-way communication is very important in keeping
all of the participants informed of evaluation results, concerns, and other
issues. Kansas State University research and extension entomologists try to
have at least two meetings annually with area cooperators. One meeting is
held prior to the growing season to inform participants of plans and methodolo-
gies for the upcoming season, and the second meeting is held postharvest to

_inform participants of results. Additionally, newsletters are mailed to all par-
ticipants periodically noting results, project changes, and methodology.

Scouting protocol. Prior to initiating the RAMP the decision was made
not to use local, private consultants for adult rootworm monitoring to avoid
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competition with local pest and crop management enterprises. Thus, a program
was established to hire students for the summer and provide the training nec-
essary to scout for adult western corn rootworms. Initially, 10 scouts were
hired and divided into five teams of two scouts each. The 20 sections of land,
encompassing the total project, were divided into five equal regions (four sec-
tions per region) and one two-scout team assigned to each region. Having each
team responsible for the same region throughout the monitoring period was
beneficial because it allowed the cooperators to become familiar with the scouts
who were in the field every day. It also allowed the scouts to become acquainted
with their smaller region and facilitated noting any changes to the western corn
rootworm populations or other factors that may affect the RAMP [i.e., European
corn borer, Ostrinia nubilalis (Hiibner), other insecticide applications, ete.].
Information for individual fields was provided to an individual grower only if
requested. Growers could and did continue to employ private consultants if
that was a normal practice. Private consultants often shared their scouting
information on western corn rootworm and European corn borer.

During 1997, there were 121 separate cornfields monitored by RAMP scouts.
All fields were mapped, and the maps were supplied to the aerial applicator to
aid in locating the treatment fields. This system seemed to work well and will
be used throughout the duration of the project. Crop location will change some-
what between years as crops are rotated. Because this is an irrigated area,
however, field size and location will not change considerably and a large per-
centage of the cropland will remain in continuous corn.

Aerial application. Prior to the 1997 growing season, it was decided to
employ one aerial applicator for the entire managed area even though area
growers commonly used three or four applicators. A bid process was initiated to
allow all interested applicators to compete for this contract. It also was sug-
gested that having only one applicator would reduce response time, increase
familiarity with the managed area, and simplify paperwork. This approach
worked well given the amount of corn involved, and allowed the aerial applica-
tor to focus on western corn rootworm treatment during the eritical adult treat-
ment period. Thus, the administrative network was in place to initiate the field
monitoring and treatment program for 1997.

Monitoring protocols. Pherocon®AM/NB yellow sticky traps (Trécé, Inc.,
Salinas, California) were used to monitor all 121 cornfields. At least 12 traps
were placed systematically in four rows of three traps per row in all fields by 7
July 1997. A scouting pattern was established to allow all traps to be checked
and changed weekly. Numbers of western corn rootworm adults were recorded
and traps placed in a freezer so that adults could be examined and sexes sepa-
rated at a later date. As fields reached the treatment threshold an attempt was
made to remove the traps 24 h prior to SLAM® treatment. All traps were
replaced within 24 h after SLAM® application and weekly monitoring was
resumed to determine whether retreatment was necessary. All fields approach-
ing the treatment threshold also were visually inspected for western corn root-
worm adults by making whole-plant counts of five plants selected randomly
from four separate locations (20 plants in total) in each field. Sticky traps or
visual plant inspections were used to initiate SLAM® treatments if the treat-
ment threshold was exceeded. Approximately 24 h after application all fields
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were visually inspected for SLAM® residue and efficacy as the sticky traps were
replaced. This monitoring revealed that the first 315.67 ha (780 acres) treated
required retreatment because of apparent product unreliability (SLAM® pro-
duced in 1994 and the first batch produced in 1997 did not provide desired or
expected efficacy) or droplet size and placement problems (required switching of
aircraft). After adjusting for these initial problems, SLAM® appeared to pro-
vide excellent (>95%) control in all treated fields.

Treatment thresholds. The treatment threshold for Kansas in 1997 was
established at >35 western corn rootworms per sticky trap per week (average of
the 12 traps per field) or 0.6 western corn rootworms per plant (field average)
based upon visual inspections of whole plants (Hein & Tollefson 1985, Higgins
et al. 1995). The SLAM® treatments were applied to all fields exceeding the
treatment threshold in the managed area when >35% of rootworm females,
found on sticky traps or during visual plant inspections, were gravid. Forty-
four of the 98 fields (68.5% of the total area) in the managed area eventually
exceeded the treatment threshold and received an application of SLAM®. Ten
of the 23 fields (72.8% of the total area) in the control area also exceeded the
treatment threshold but were not treated. The first application was made on 22
July and the last treatment applied on 20 August 1997 with a total of 1,178 ha
(2,910 acre) receiving at least one SLAM® treatment.

Insecticide application. D&H Aviation (Burr Oak, Kansas) treated all
fields that exceeded the treatment threshold. There was usually 24 h between
the time a field was judged to need treatment (i.e., beetles exceeded threshold
with >35% gravid females) and the time that the application was completed.
All fields were treated with 67.9 g of formulation per hectare (0.37 1b of formu-
lation per acre), which resulted in 88 g of carbaryl being applied per hectare
(0.048 1b of carbaryl per acre). The delivery volume of the carrier (water + 0.36
liter [12 oz] of an adjuvant [rain fastener)/378.5 liter [100 gall) was 3.79 liter
per 0.4 ha (1.0 gal per acre) by using D-6 nozzles (with no screens or cores) at a
delivery rate of 3.97 liter per min (1.05 gal per min) with a standard pressure of
258.08 g/cm® (40 psi) and an airspeed of 193 kph (120 mph). The targeted
droplet size was =600 nm and provided plant coverage of approximately one
droplet per 6.45 cm®. The swath width was 18.3 m (60 ft) and the spray was
delivered at 3.1 m (10 ft) above the corn plants. The same aerial applicator and
methodology will be used throughout the duration of the project (through the
vear 2000).

Discussion

Project objectives. The primary purpose of this project is to determine if
an areawide adult rootworm suppression program can be successful when adult
western corn rootworms are properly monitored and application of semiochemi-
cal-based insecticides (e.g., SLAM®) accurately timed. In addition, attempts
are being made to discover new sampling techniques or to modify existing
methodology to make surveying for adults more acceptable to corn growers and
consultants. Therefore, several experiments were designed to better under-
stand the phenology of the rootworm in Kansas and to compare different sam-
pling techniques to determine which techniques provide the greatest fidelity



340 dJ. Agric. Entomol. Vol. 15, No. 4 (1998)

and which can be modified, if necessary, for widespread consultant or grower
acceptance. Thus, after mapping all cornfields in both the managed and control
areas, the following studies were initiated.

Larval rootworm monitoring. Two fields that had substantial adult
western corn rootworm populations in 1996 were selected for monitoring larval
phenology. Corn plants in both fields were in the 10-leaf stage when this study
was initiated on 11 June 1997. Weekly samples of 10 plants were randomly
selected from each field, the root system and the soil removed intact, the roots
soaked carefully and washed, and all immature western corn rootworms collect-
ed for later developmental determination. A total of 350 immature rootworms
was collected in this manner. The last larval sample was collected on 3 July
1997, and the first adults were collected 1 July 1997. An attempt will be made
to determine rootworm species from these samples; Kansas does have northern
[Diabrotica barberi (Smith & Lawrence) and southern (Diabrotica undecim-
punctata howardi Barber)] corn rootworms, although western corn rootworm is
currently the major corn pest. Larval monitoring will continue throughout the
duration of the project and include fields treated with SLAM® to determine
effects of the insecticide on subsequent larval phenology and species complexes.
Information of this nature may be useful in developing a phenological model to
predict western corn rootworm adult emergence.

In an effort to gather baseline data relative to root damage prior to initiation
of the SLAM® areawide treatment program, 23 fields were selected for root rat-
ing evaluations. These fields were arbitrarily selected and included all corn-
fields in the 2 X 2 core sections of the managed site plus one field outside this
core area that contained emergence cages and one field from each of the four
sections in the control area. Five plants were selected randomly from each of
four locations (total of 20 plants), their root systems removed intact, soil
washed off the roots, and the roots rated using the standard 1-6 scale with 1
indicating no damage or only a few minor feeding scars, and 6 indicating three
or more root nodes destroyed (Hills & Peters 1971). All plants (460 total) were
rated during the first week of July while the plants were in the pretassel stage.
An overall mean root rating of 2.82 was associated with fields subsequently
requiring SLAM® treatment (Table 1). Fields not requiring treatment had a
mean root rating of 1.35. In subsequent years of the RAMP (1998-2000) all
cornfields will be assessed using root ratings with 12 plants per field removed
from the area adjacent to each of the 12 sticky traps. Rating roots from every
cornfield should provide another indicator of the effectiveness of the areawide
adult suppression program.

Adult emergence monitoring. Determining adult emergence is important
to the development of a phenology model and is valuable in initiating timely
deployment of sticky or lure traps. It also initiates deployment of field scouts if
plant inspections are the sampling method of choice. Therefore, emergence
cages were placed in four fields (one first-year cornfield; three continuous corn-
fields) on 27 June. These fields were selected randomly (three in the managed
area and one in the control area) and 12 cages placed randomly throughout
each of the fields. Adults were collected from emergence cages in two of the
four fields. Neither field received a western corn rootworm insecticide applica-
tion, either adulticide or planting-time treatment, in 1996 or 1997. Cages were
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Table 1. Root rating and subsequent sticky trap count of western corn
rootworms from the Scandia, Kansas, study area during 1997.

Field X Root * Sticky Field x Root ¥ Sticky
no. rating® trap count® no. rating? trap count®
A-10 2.9 206.5" C-14 2.9 88.9"
A-9 1.2 4.2 C-10 2.2 28.0
A-18 1.4 16.6 D-9 2.3 51.2
ki 1.1 3.5 D-8 3.5 267.4"
B-16 1.9 38.3" D-10 2.2 38.7"
B-18 1.9 4.4 D-7 1.9 37.7°
B-19 1.1 18.1 E-6 2.1 422"
B-22 3.0 103.9" E-7 1.2 1.8
B-24 4.3 43.2" E-2 12 1.1
B-17 1.9 26.7 E-1 2.1 40.6"
C-19 35 136.6" c21 3.6 68.8"
c-3 3.3 286.3"

*Mean sticky trap count exceeded treatment threshold, =35 western corn reotworm's per trap per
week.

@Mean calculated from 20 plants per field.
Mean of 12 sticky traps per field for the week prior to SLAM® treatment.
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checked approximately every 3 d after placement (27 June). The first adults
were collected on 4 July (Table 2), whereas the first adults were observed in the
field on 2 July. Adult emergence was 97 and 80% completed by 21 July in the
managed and control areas, respectively. The last adults were collected from
emergence cages on 4 and 14 August from the managed and control areas,
respectively. Peak emergence for both areas occurred during the 12-d period
from 10 to 21 July. Corn plants were silking in both fields on 14 July. All bee-
tles collected were preserved for later examination and sex determination. Sex
ratios shifted for both fields after 17 July (=2 wk after first emergence) with
males emerging earlier than females (Table 2).

Nontarget organisms. Treating large areas with a semiochemical-based
insecticide for adult rootworm suppression may reduce insecticide use as a
planting-time treatment and conventional insecticide use as an adulticide.
Reductions of these insecticide applications plus increasing semiochemical-
based insecticide use may affect the arthropod complex associated with these
cornfields. Thus, a survey for nontarget arthropods was initiated in 1997 in all
cornfields prior to the fields reaching the tassel stage and continued until west-
ern corn rootworm monitoring was terminated. A total of 100 plants was select-
ed randomly (25 plants from each cardinal direction) for visual detection of non-
target arthropods. All arthropods encountered were identified and recorded. If
leaf feeding was noted (i.e., shotholing), the plant was dissected to identify the
pest involved. Eggs of European corn borers; corn earworms, Helicoverpa zea
(Boddie); lacewings (Chrysopidae); and other insects also were recorded. This
nontarget arthropod survey will be continued in subsequent years of the RAMP
and modified as appropriate.

Adult diurnal activity. In Kansas, the most commonly used western corn
rootworm sampling method is to make plant inspections at several locations in
each field (Higgins et al. 1995). Most scouts have a weekly route and may be
monitoring fields at different times of the day. A study was initiated in 1997
and will be continued at least through 1998 to determine where on the plant
western corn rootworm adults are located throughout the day. The first field
exceeding the treatment threshold in the control site was used for this survey.
This field was selected because of the relative ease of observing western corn
rootworm adults and because it was not subject to insecticide treatment. Ten
plants were selected randomly and inspected visually at 0800, 1100, 1400, and
1700 hours (CST) for 3 d/wk. Plants selected for inspection were approached
cautiously, and beetles counted as soon as the plant came into view so that any
beetles that alerted early and took flight would be included. Number of beetles
per plant and their location was recorded. Plant phenology and ambient tem-
perature also were recorded. Table 3 summarizes the pooled data for this sur-
vey conducted for =2 wk until the beetles started dispersing or the population
level declined and beetles became scarce in the field. This study will be repeated
in subsequent years in a continuing effort to improve field monitoring for con-
sultants and growers relative to decision-making sampling for western corn
rootworm adults.

Trapping studies. Two studies also were conducted throughout the west-
ern corn rootworm adult monitoring window to evaluate selected trap and lure
attractability. Two sites were used for the lure attractability study, one near
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Table 2. Western corn rootworm adult emergence profile from the
Scandia, Kansas, study area during 1997.

Field C-192 Field B-22¢

Julian Totalc Males Females dJulian Totale Males Females

date (%) (%) date (%) (%)

183 4 4 (100) 183 10 4(50) 4(50)
186 6 4 (67) 2(33) 186 15 9(78)  3(25)
189 32 27 (93) 2(7 189 115 75(79) 20 (21)
193 95 36 (50) 36 (50) 193 225 115(57) 88(43)
196 51 22 (49) 23 (51) 196 28 13 (46) 15(54)
200 99 29 (87) 50(63) 200 100  25(25) 75 (75)
203 18 5(33) 10 (67) 204 11 2(18) 9(82)
209 21 5(24) 16(76) 211 7 2(29) 57D
217 7 1(14) 6(86) 214 1 1
(100)

224 1 1(100)

Total 334 133 (48) 146 (52) 512 245(53) 220 (47)

2Field C-19 located in the control site.

bField B-22 located in the managed site.

€Discrepancy between total beetles captured and number sexed is due to inability to accurately deter-
mine the sex of each beetle.
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Table 3. Western corn rootworm adult location on plant by time of day
and date from the Scandia, Kansas, study area during 1997.

Date Leaves® (%) Silks? (%) Stalke (%)
21 July 684 21 11
23 July 68 16 17
30 July 60 25 15
1 Aug. 62 30 8
5 Aug. 51 41 8
8 Aug. 30 70 0
Time (h)

0800 69 19 12
1100 56 39 5
1400 57 15 28
1700 69 24 7

@ eaves, including area behind leaf collar, when leaves were bent down by hand for examination.
bPlants in this field started silking 14 July 1997.

€Stalk includes tassel.

dTotal of 576 observations with peak adult emergence on 21 July.
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Wamego in Pottawatomie County and the other in the managed site northwest
of Scandia. The latter field also was used for a test comparing different Trécé
prototype traps by using the standard lure Trécé #8276. The trap test was ini-
tiated 24 July and terminated 18 September. Eight trap prototypes were tested
with four replications emptied weekly. Sticky traps, Pherocon AM and Multi-
gard, baited with the standard lure #8276 consistently attracted, or at least
captured, more western corn rootworm adults than the other prototypes. This
finding may be due to the large trapping area and because kill baits, which
require a dual system for the lure traps, were required to actually contain the
beetles within the trap. The baited sticky traps also are easier to use as they
are tied to the corn plant, whereas the lure traps required a vertical polyvinyl
chloride pipe for support. Trécé is testing a modification to the lure trap that
allows direct placement on the plant. This test will be modified, probably each
remaining year of this project, to determine if direct attachment to the plant
alters the lure trap’s ability to attract and contain western corn rootworm
adults. Some of these traps will be supplied to consultants around the state to
test their interest and acceptability in an effort to involve them in initiating
other western corn rootworm areawide projects.

Lure comparison study. Tests were conducted to delineate attractivity of
the various lures by using the standard lure-trap prototype. Twelve lures were
tested at the two areas mentioned previously. Lures #8391, #8337, and #8276
consistently caught more western corn rootworm adults than the other lures.
Lure #8276 also was among the lures that seemed to consistently be the most
attractive to southern corn rootworms that are not a major corn pest in Kansas.
Lures #8391 and #8337 were consistently the least attractive for this species.
Therefore, for purposes of the RAMP in Kansas, which is primarily concerned
with the western corn rootworm, lures 8391 and 8337 may be more practical,
especially for consultants and growers. If an attractant can consistently lure
more western corn rootworms with fewer nontarget southern corn rootworms, it
would be less time-consuming counting each trap’s contents—if the correlation
between the different sampling techniques can be established. This trend
seemed to be consistent at both sites. This test will be repeated in subsequent
years by using other lures with similar chemical constituents in a continuing
effort to find the most utilitarian lure for the western corn rootworm.

Sampling techniques study. One of the objectives of the RAMP, and the
primary reason these various sampling studies are being conducted, is to devel-
op more reliable, efficient, and inexpensive monitoring techniques for insect
pests that can be used by consultants and growers. Thus, western corn root-
worm adult populations were monitored by using several different methods
(plant inspections, Pherocon AM/NB sticky traps, and traps with lure #8276) to
determine if a correlation exists between various sampling methods, larval pop-
ulations, and damage the following year. A total of six different comparisons
was made at various locations across Kansas. Populations were monitored by
plant inspections, Pherocon AM sticky traps, and lure traps placed around the
field perimeter (external) and the interior (internal) of eight cornfields. Plant
inspections were conducted and the various traps placed systematically
throughout the fields and monitored weekly. A total of 20 cornfields was used
during this study, only eight of which had both internal and external lure traps.
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The other 12 fields compared plant inspections, internal lures, and sticky traps
systematically placed throughout the fields. Treatment thresholds for the vari-
ous sampling techniques were compared to determine if a relationship existed
among these techniques.

The goal in these comparisons is to determine the relationship among sam-
pling methods for deciding whether or not an insecticide treatment is needed.
Based upon existing thresholds for the various methods used in the 20 different
fields, a comparison was made to determine if a treatment would be recom-
mended. The three thresholds used were as follows: >0.6 mean beetles per
plant, >5.0 beetles per trap per day, and total accumulation of 100 beetles per
lure trap. According to plant inspections, beetle populations exceeded the treat-
ment threshold in 11 of the 18 fields surveyed (Table 4). Seven of the 20 fields
exceeded the threshold according to sticky trap catches and 16 of 20 exceeded
the lure trap threshold. Plant inspections disagreed with sticky trap counts 4
out of 18 times, whereas plant inspections and lure traps disagreed 6 out of 18
times. Lure traps disagreed with sticky traps 9 out of 20 times. All fields will
be monitored for western corn rootworm larval damage (by using root ratings)
in 1998 to determine which sampling method is most reliable for predicting the
need for western corn rootworm adult insecticide applications. This study will
be ongoing as the sampling technology is continually refined prior to its trans-
fer to consultants and growers after RAMP formally terminates.

Soybean sampling. Because crop rotation among corn and soybeans
[Glycine max (L.) Merrill] is a common practice in the Kansas RAMP area, a
survey was initiated in 1997 to determine the incidence of the western corn
rootworm in soybeans. This study was conducted in four soybean fields (one in
the managed area and three in the control area) by using three different traps,
the Pherocon AM and Multigard, both nonbaited sticky traps, and the lure trap.
Three rows were systematically located within each field and nine traps per
row (three of each type) were randomly placed in each row on polyvinyl chloride
stakes immediately above the plant canopy. All traps were emptied or replaced
weekly. The study was initiated after corn silks in the adjacent cornfields had
senesced and the soybeans were in the R3 stage (pod 40.64 cm [3/16 in.] in
length at one of the four uppermost nodes in the main stem with a fully devel-
oped leaf) of reproductive development.

The lure traps averaged less than three beetles per week throughout the
sampling period from the field in the managed area. This finding was some-
what expected as all cornfields in the managed area exceeding treatment
threshold were treated, thus significantly reducing western corn rootworm
adults available to move into soybeans. The three soybean fields in the control
area, however, had surprisingly high numbers of western corn rootworm adults,
but only in the lure traps during the first sampling period with a dramatic
decrease in numbers during the second week (i.e., field 1: first week mean per
lure trap = 131; second week mean = 7 and field 2: first week mean per lure
trap = 469, second week mean = 21; field 3: first week mean per lure trap = 97,
second week mean = 9). Thereafter, numbers continued a steady decline. At
the last sampling date all lure traps averaged less than two western corn root-
worm adults per trap per week, which was the initial mean number collected by
nonbaited sticky traps. Field 2 had a slight increase in trap average collections
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Table 4. Sampling methods and resulting treatment recommendations
for western corn rootworm in Kansas during 1997.

Field PI ST EL IL
E1 - < NT T
C3 T T i T
(o] T NT T T
D8 iy NT T T
A10 v NT NT NT
B13 NT NT NT NT
Cl4 NT NT T T
Cc22 T T T T
D5 T i - :
D17 T NT = NT
D18 NT NT - T
D21 NT NT — NT
B22 T T = T
B9 NT NT - T
GCF —_ NT = T
GCC - NT - NT
A-13 T T — T
A4 i | - T
LT-5 NT NT - T
LT-W T ip — T

PI, plant inspection (threshold 0.6 western corn rootworm per plant); ST, Pherocon AM trap (35 west-
ern corn rootworm per trap per week); EL, external lure trap (accumulation of 100 western corn root-
worm); IL, internal lure trap (accumulation of 100 western corn rootworm); T, treatment recommended;
and NT, no treatment recommended.
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the third week after which beetle collections declined steadily. This study will
be continued in subsequent years with field monitoring initiated beginning with
the R2 stage (open flower at one of the two uppermost modes on the main stem
with a fully developed leaf). If corn is planted the following year in any of these
soybean fields larval populations will be monitored (by using root ratings) and
adult emergence cages placed in these fields to determine and compare the
first-year cornfield to populations found in continuous cornfields.

Insecticide resistance monitoring. One of the potential problems associ-
ated with the RAMP using cucurbitacin-based insecticides is the selection for
resistance to the toxic ingredient in the bait. When such a program is used, the
insecticide selection pressure to beetle populations is likely to be high due to
limited or no refuges and to the repeated use of a single insecticide formulated
in the bait. Decreased beetle response to phagostimulants (e.g., cucurbitacins)
may select for resistance to toxic baits. This is an additional risk associated
with cucurbitacin-based toxic baits used in the rootworm areawide manage-
ment programs.

To ensure the effectiveness of RAMP, it is extremely important to know the
beetle population level of susceptibility to the toxic ingredient in the baits prior
to the application program, and to monitor any changes in the population’s
response to the insecticide after the application. In Kansas, surveys were con-
ducted to determine the susceptibility of the western corn rootworm adult popu-
lations to selected insecticides in several corn-growing regions across the state
in 1996 and 1997. There were only small seasonal and regional variations in
the susceptibility of the beetles to selected insecticides, including carbaryl,
methyl parathion, and bifenthrin, but no conceivable resistance was identified
in any beetle population examined in Kansas. These findings suggest that the
cucurbitacin-based toxic baits containing one of these insecticides should pro-
vide effective control in an areawide management program, at least in the sur-
veyed areas within Kansas. Monitoring will continue throughout the duration
of the RAMP in Kansas.

Adult longevity study. A postharvest survey also was initiated in 1997 to
determine longevity of western corn rootworm adults. Thus, six lure traps were
systematically placed on polyvinyl chloride stakes on each side of one field that
had been sampled systematically throughout the growing season. These 24
traps were emptied weekly until no western corn rootworm adults were cap-
tured (initiated 2 October, terminated 9 December). Nineteen western corn
rootworm adults (18 females, 1 male) were collected during this 2-mo sampling
period.

Future work. All studies mentioned previously will be conducted through-
out the duration of the RAMP in Kansas with appropriate adjustments made
for continual fine-tuning to provide the most valid results possible. These stud-
ies and their results will be vital to the successful technology transfer at the
termination of the project (after the year 2000).
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ABSTRACT The objective of the areawide corn rootworm, Diabrotica spp.,
management project is to determine if corn rootworm populations can be
reduced to and maintained below economically damaging levels throughout a
large, contiguous area by coordinating the control of the adulls before they
mate and the females lay eggs. lowa’s Areawide Project is being conducted
on 41 km? in Clinton County. The county is located in east central lowa and
is bordered on the east by the Mississippi River. The topography is rolling
and, because much of the land is erodible, very few soybeans [Glycine max
(L.) Merrill] are grown in the area. Of the 4,144 ha in the area, >2,400 ha
was planted to corn (Zea mays L.) in 1997. Approximately 90% of the corn
was planted where corn had been planted the previous year. Hay is grown as
a strip crop between corn and grass waterways, and terraces are prevalent.
During 1997, adult corn rootworm emergence began on 12 July, about 10 d
later than normal due to below-normal temperatures in May and June.
Pherocon® AM sticky traps were placed in fields between 21 and 25 July to
monitor beetle density. Beetle populations were very high in nearly all fields.
Threshold beetle numbers of six beetles per trap per day were reached in
about 30% of the fields by 28 or 29 July. Applications of the insecticidal bait
SLAM® (560 g/ha in 3.8 liters of water) began on 5 August, SLAM contains a
feeding stimulate (buffalo gourd powder, 87%) and carbaryl insecticide (13%,
73 g/a). Of the 2,440 ha of corn planted in 118 fields, 2,269 ha (93% of the
corn) was sprayed initially. About 10 d of residual activity was obtained with
the SLAM treatments. When beetle densities returned to four beetles per trap
per day, the fields were resprayed. Resprays began on 22 August and 1,222
ha (54% of the corn) was retreated. No fields were sprayed more than twice.
Larval root-injury ratings and adult emergence from the soil in 1998 will be
used to determine the effectiveness of the adult management program.

KEY WORDS Diabrotica spp.. corn roolworm, areawide management, SLAM®

E. F. Knipling (1980) described the concept of areawide pest management,
which he termed regional management. The essence of the paradigm is that
management of a single pest is coordinated throughout a large geographical
area so that pest abundance is reduced and maintained at an acceptably low

tAccepted for publication 23 September 1998.
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density by suppressing mobile pests at the sites where they are produced.
There may be two advantages of areawide pest management over integrated
pest management practiced by individual growers. It might be less expensive
and it might facilitate the use of biorational tactics that are less hazardous to
humans and to the environment.

For corn rootworms, Diabrotica spp., the control tactic that appears to offer
reduced negative externalities is the use of semiochemical (behavior-modifying)
baits to control the adult female before she lays eggs (Sutter & Hesler 1993).
The baits incorporate the feeding stimulant cucurbitacin with a small amount
of insecticide. The cucurbitacins cause the beetle to feed compulsively, ingest-
ing the insecticide. When contact insecticides are used to protect corn (Zea
mays L.) roots from larval injury or to control beetles, they are usually applied
at the rate of 1.1-1.4 kg of active ingredient per hectare. Because the semio-
chemical bait is ingested, it requires only 73 g of active ingredient per hectare
to control beetles. Because the most economically important pest Diabrotica
are univoltine and the larvae are nearly monophagous (surviving almost exclu-
sively on corn roots), the semiochemical baits are applied to corn to reduce the
number of females before they lay their eggs. Suppressing adult populations
reduces oviposition. It is expected that egg laying will be sufficiently reduced so
that there will not be economic larval injury to the following season’s corn crop.
Meinke (1995) has described the practice of adult corn rootworm management
to reduce larval injury. .

SLAM® (Micro Flo, Lakeland, Florida) is a commercial formulation of the
semiochemical bait that combines a powdered cucurbit (buffalo gourd [Cucurbita
foetidisima H.B.K.] powder, 87%) with carbaryl insecticide (13%). The purchase
and application costs of SLAM are currently equivalent on a per-treated-area
basis to the most expensive contact insecticides applied to the soil to control lar-
vae. Compounding the economic challenge is the reality that larvicides are usual-
ly applied as preventive treatments, without monitoring pest density; therefore,
the user does not incur a scouting cost. To properly time the adulticide for maxi-
mum effectiveness, the user should know when oviposition is beginning. Thus,
killing female beetles before they lay eggs has the additional cost of scouting. To
be acceptable to growers, the cost of the scouting and SLAM application must be
less than the cost of the cheapest larvicide the farmers are currently using.

Using the semiochemical bait in a cooperative, areawide management pro-
gram may make it economically competitive. It is expected that suppressing
beetle densities before females lay eggs throughout an area will reduce the aver-
age rootworm density (Pruess et al. 1974). Subsequently, the pest need only be
controlled in fields where it is unusually abundant and before it disperses to
other cornfields. The consequence is that, over time, fewer fields will require
treatment, reducing the management costs when they are prorated across the
management area. The challenge will be to determine how to get farmers, who
have made farm-management decisions independently, to share the scouting
and treatment costs.

The objective of the corn rootworm areawide project is to determine if the semi-
ochemical bait will be effective and economically competitive if it is used in a coor-
dinated, areawide manner. This will be determined by comparing the effective-
ness and cost of the areawide approach with management by individual farmers.
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Site Description

lowa’s Areawide Corn Rootworm Management Project site is 41 km® (6.4 by
6.4 km) and is located in Clinton County in east central Iowa. Clinton County
is bordered on the east by the Mississippi River. The topography is rolling and,
because much of the land is erodible, very few soybeans [Glycine max (L.) Mer-
rill] are grown in the area. Of the 4,144 ha in this area, over 2,400 ha was
planted to corn in 1997. Approximately 90% of the corn planted was planted
where corn had been grown the previous year (continuous corn) and is suscepti-
ble to infestation by corn rootworms. Livestock is an important commodity in
the area. Because of animal production, the second most common crop is hay,
often interplanted with corn strips and rotated with corn. Waterways and ter-
races are prevalent. Annual rotation of corn with another row crop is uncommon.

The research project contains both an adult rootworm management site and
a comparison site, located side by side. Each site is subdivided into core and
buffer areas. The central 3.2 by 3.2 km core (1,036 ha) is the corn rootworm
management area. A 1.6-km-wide buffer surrounds the core. Corn rootworms
are managed in all of the fields of the 41-km* management site. In the com-
parison site, eight fields have been chosen at random from the core manage-
ment area to determine the cost and effectiveness of rootworm management
practiced by individual farmers as they have in the past, usually planting-time
or postemergence larvicides.

Conduct of the Project

The Iowa project is one of five replicates (Iowa, Illinois/Indiana, Kansas,
South Dakota, and Texas) that compare two treatments, areawide management
of corn rootworms with management by individual farmers. All five locations
have a management site where SLAM is used to suppress adult corn rootworm
numbers throughout the area and a comparison site where farmers are allowed
to use the control practice that they choose. SLAM (560 g/ha in 3.8 liters of
water) is applied in the management sites when the number of beetles exceeds
the number that is expected to produce economically damaging larval popula-
tions the following year.

To determine when corn rootworm sampling should begin, adult emergence
from the soil is monitored in four fields from the core of the management area
(Hein et al. 1985). When emergence is underway, the Pherocon® AM yellow
sticky trap (Trécé, Inc., Salinas, California) is used to monitor beetle numbers
in all cornfields (Hein & Tollefson 1985). When the number of beetles caught
exceeds six beetles per trap per day in a cornfield, SLAM is applied to the field.
If beetle numbers return to four beetles per trap per day, the field is retreated
with SLAM.

The data that are collected in the management area and the buffer area of
the management site differ. Because the function of the buffer area is to pre-
vent the dispersal of female corn rootworms into the management area, only
corn rootworm adults are sampled in the buffer area.

Because Diabrotica are unique in their attraction to cucurbitacins, SLAM is
not expected to impact other species; however, natural enemies and other pests
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are monitored in the management area in addition to the corn rootworm. Billy
Fuller (South Dakota State University, personal communication) determines
natural enemy densities prior to and after application of the insecticidal bait by
using pitfall trapping and visual counts.

Corn-plant establishment is recorded shortly after emergence in all of the
fields in the management area of the areawide study site and in the eight ran-
domly selected fields from the comparison site. If plants are missing, the field
is scouted for seed- and seedling-attacking insects. When the corn exceeds 45
cm, first-generation European corn borer, Ostrinia nubilalis (Hiibner), injury is
recorded. At the end of the season, corn stalks are split and the total amount of
corn borer tunneling is recorded.

Results from 1997

There were no measurable infestations of seed- or seedling-attacking insects
in either the areawide management site or the companion site. The amount of
European corn borer injury was comparable in both areas. Just prior to corn
harvest, 75% of the plants was infested with an average of 1.1 larvae per plant
in the areawide management site; 77% of the plants in the companion site was
infested with an average of 1.4 borers per plant.

During 1997, adult corn rootworm emergence began on 12 July, about 10 d
later than normal due to the cooler-than-normal temperatures in May and
June. As is typical, western corn rootworm, Diabrotica virgifera virgifera
LeConte, emergence began before the northern corn rootworm, D. barberi
Smith & Lawrence, and males began emerging before females. Western corn
rootworms were much more common than northern corn rootworms during
1997.

Pherocon AM sticky traps were placed in fields between 21 and 25 July to
monitor adult density. Beetle populations were very high in nearly all fields.
Threshold beetle numbers of six beetles per trap per day were reached in about
30% of the fields by 28 or 29 July. The insecticidal bait was not applied to con-
trol the beetles until at least 10% of the females contained eggs, as determined
by rupturing their abdomens and examining the contents in the field.

Aerial broadcast applications of the insecticidal bait SLAM began on 5
August. Of the 2,440 ha of corn planted in 118 fields, 2,269 ha (93% of the corn)
was sprayed initially (Table 1). The SLAM treatments killed beetles for about
10 d, determined by daily counts of beetle cadavers that had fallen onto screens
stretched on wooden frames and placed between rows of corn. When beetle den-
sities returned to four beetles per trap per day and dead beetles were not found
on the screens, the fields were resprayed. Resprays began on 22 August; 1,222
ha (54% of the corn) was retreated (Table 1) and no fields were sprayed more
than twice.

Evaluation of Areawide Management
Beginning in 1998, larval root-injury ratings and adult emergence will be

used to determine the effectiveness of the adult rootworm control program. In
all cornfields in the areawide management site, 12 root systems will be dug



Table 1. Applications of SLAM® to control adult corn rootworms in Iowa (1997).

No. of Total area First treatment Second treatment

cornfields (ha) Area (ha) % of Total Area (ha) % of Total
Management area 32 766 749 98 515 69
Buffer 86 1,672 1,520 91 707 47
Total 118 2,438 2,269 93 1,222 54

2MO] Ul JUIWASBURJY] SPIMEBAIY WLIOM)00Y NOSIATTIOL

GGe


















































































































GUT & BRUNNER: Codling Moth Management with Pheromones 395

25 N
200_- Pheromone
Il Control
150~
100~
50+
=
]
b3 n
Q‘ 0 '''''''''
=3 Ist ' 2nd
£ 1992 1993
=
= 20
: T
§ i Pheromone

154 [l Control

Ol e |

1st 2nd 1st 2nd

1992 1993
Year

Fig. 3. Mean densities of (A) white apple leathopper and (B) the leathopper egg
parasitoid Anagrus sp. (with SEM bars) in pheromone-treated and con-
ventional or organic (comparison) orchards at six central Washington

locations, 1991-1993.
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