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WCR adults generally lay their eggs in maize and their larvae feed almost exclusively on maize
roots (Smith, 1966, Branson and Ortman, 1967, 1971, Branson and Krysan, 1981, Levine and Oloumi-
Sadeghi, 1991). For this reason, farmers have accepted growing maize in rotation with soybean to manage
WCR larval populations without the use of soil insecticides. Recently, in Northwest Indiana and East Central
Illinois in the USA, western corn rootworm has adapted to the above management system (Gerber et al.,
1997). A portion of WCR eggs is laid in soybean and in other crops like alfalfa. This behavioral change
increases the potential for survival of WCR larvae the following year since most soybean fields are rotated
to maize. During the summers of 1996, 1997, and 1998 field studies related to this behavioral shift were
conducted in northwestern Indiana. Eleven pairs of maize/soybean fields were selected for the study. During
these sampling periods, WCR beetles were present in both maize and soybean. Empirical observations show
that there were higher numbers of females in soybean when compared to maize.
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Western corn rootworm (WCR) Diabrotica virgifera virgifera LeConte is the
most serious insect pest of maize, Zea mays L. in the central midwestern states of the USA.
The costs of soil insecticides for maize root protection plus yield losses due to failure to
apply controls or to poor soil insecticide performance can approach US $ 1 billion
annually. In certain regions of the Midwest, WCR larval damage to maize following
soybean has recently been observed  (Levine and Oloumi-Sadeghi, 1988, Edwards et al.,
1996, Barna et al., 1998). Greater WCR oviposition was found in these soybean fields than
expected. This behavioral change has not been seen in other areas of the USA, but the area
of the infestation of this WCR “variant” is expanding (Sammons et al., 1997). Producing
maize in rotation with soybean has been adopted widely by producers in the Midwest
USA. One benefit of this crop rotation system has been the control of WCR larval
populations without using insecticide, either soil applied for maize root protection or
applied as a foliar treatment to control females, thus preventing economic egg laying.
Sampling schemes and economic thresholds are available for eggs, larvae, and adult corn
rootworms infesting maize planted after maize (continuous maize) (Levine and Oloumi-
Sadeghi, 1991). No definitive sampling schemes or economic thresholds are presently
available for use in soybean fields to determine if a control is necessary in the following
year's maize crop (Boeve et al., 1996). Since western corn rootworms have adapted to the
management system of growing maize in rotation with soybean, it is critical to determine
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the proper sampling technique(s) for WCR in soybean and to develop an economic
threshold(s) to determine if WCR larval control is needed in the following year's maize.

Field studies were conducted in Indiana maize fields in 1996, 1997, and 1998 to
evaluate the sex ratio and compare the appearance of adult male and female WCR in
maize and soybean fields. Our basic hypothesis was that decision to treat for rootworm
larvae in maize should be determined based on a critical population defined through
monitoring of WCR adults in the previous soybean crop. To do this, the following
questions had to be answered and serve as the objectives:

– Do WCR adults search soybean fields for egg laying sites and do larvae
develop and damage the following crop, maize?

– Could data on adult numbers in the previous crop, soybean be used as model
for prediction (compared to neighboring maize field data)? An additional objective, that
being a comparison of male and female numbers in soybean and maize was added as a
result of needing additional information to develop an economic threshold(s).

Materials and Methods

Eleven pairs of maize/soybean fields in 6 northwestern Indiana counties (White,
Clinton, Newton, Jasper, Fountain, and Benton) were used in this study (Fig. 1). Field size
varied from 12 to 45 hectares. Tillage, planting date, and crop inputs were not controlled
as a part of this study.

Sampling of western corn rootworm:

Western corn rootworm populations were sampled weekly from 31 July to 3 Sep-
tember 1996, and from 28 July to 2 September 1997, and from 13 July to 7 September
1998 by using Pherocon AM® unbaited yellow sticky traps and a 29-cm diameter sweep
net with which at least 30 rootworm beetles were removed from each maize (sticky traps)
and soybean (sticky traps and sweep net samples) field weekly, and were preserved in
alcohol in a 15 ml glass vial. Vials containing 30 beetles were returned to the laboratory
and were sexed.

By using emergence cages, the appearance of WCR adults in maize fields from
eggs laid the previous year in soybean could be observed and the numbers of emerging
adults recorded. The traps operated from 8 July to 28 August 1996, from 7 July to 25
August 1997, and from 1 July to 13 of August 1998. This study was a part of a larger
study referred to as the Indiana Multi-County Study (Barna et al., 1998). 

WCR population estimates were made by determining beetle numbers on Phero-
con AM® traps and samples in 1996, 1997, and 1998. During the sampling periods, WCR
beetles were present in both maize and soybean. Using data of captured insects in emer-
gence cages and Pherocon AM® traps diagrams were made where the incidence levels of
western corn rootworm were shown (Figs 2, 3).

Results show that WCR adults were present in soybean fields. Egg laying of
WCR in soybean fields was proven by the trapping of WCR beetles in the emergence
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Fig. 1. Location of Indiana counties where sampling was conducted 
(W=White, C=Clinton, N=Newton, J=Jasper, F=Fountain, B= Benton)
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Fig. 2. Number of WCR beetles captured over time in emergence cages in maize fields in 
Northwest Indiana in 1996, 1997, and 1998 

(Data from 1996 and 1997 have been published previously by Barna et al., 1998)

Fig. 3. Number WCR beetles captured on Pherocon AM® traps in 1996, 1997, and 1998 
(Data from 1996 and 1997 have been published previously by Barna et al., 1998)
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Fig. 4. Numbers of WCR female beetles captured in 1996, 1997, and 1998

Fig. 5. Number of WCR male beetles captured in 1996, 1997 and 1998
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Fig. 6. Statistical analysis between WCR beetles capture on Pherocon AM® traps in maize 
and soybean fields in 1996, 1997 and 1998



cages in maize the following year (Fig. 2). The primary emergence from maize fields
occurred during the last week of July and the first two weeks of August in 1996. In 1997,
the WCR adult population was lower than in 1996, however the majority of emerged
beetles were also the highest in the last week of July and the first two weeks of August. In
1998, weather conditions were not favorable for the larval stage. Excessive precipitation
lowered the number of emerging adults when compared to the previous two years.

The results of the captures on Pherocon AM® traps show that the majority of the
beetles were present in soybean and maize fields in the last two weeks of August and the
first week of September in 1996 (Fig. 3). In 1997 and 1998, the highest numbers occurred
also in the last two weeks of August and during the first week of September. In 1996, 1997,
and 1998 during the sampling period, the number of WCR beetles was higher in maize
than in soybean. Statistical analysis (ANOVA by MINITAB®) was made to prove there is
high significant difference between beetles’ capture in maize and soybean fields (Fig. 6).

The sex ratio sample data form the basis for Fig. 4. This figure shows the num-
bers of female beetles in maize and soybean fields.

In 1996, the majority of the beetles in soybean and maize in the last 2 weeks of
August and the first week of September were female. During this period, approximately
80–90% of the beetles in soybean was female. Based on statistical analysis of variance,
captures of female beetles were significantly higher in soybean fields in 1996 and 1997.
Similarly, in 1997 and 1998, 85–90% of beetles in soybean was female. However, caused
by the weather conditions in 1998 there was not significant difference between captures
of female beetles in maize and soybean fields (Fig. 7). If the percentage of female beetles
is fairly consistent this advantageous for developing a sampling plan since producers
need only to be concerned about total numbers of beetles present and do not have to sex
the beetles.

In 1996, 1997, and 1998 by late summer a majority of female beetles were in
soybean. The presence of female WCR beetles in maize and soybean fields was higher at
the end of the sampling period than at the beginning (Fig. 4).

In 1996, 1997 and 1998 male WCR beetles were also recorded. The majority of
males were in maize fields. In 1996 and 1997 there was significant difference between
captures of male WCR beetles in maize and soybean fields. Similarly as at the captures
of female beetles, in 1998 there was not significant difference in captures of males in
maize and soybean fields (Fig. 8). The number of male WCR beetles diminished at the
end of the sampling period (Fig. 5). 

Conclusion

Based on this and other studies (Levine and Oloumi-Sadeghi, 1991, Edwards et
al., 1996) it is obvious that a portion of the WCR population has changed its preference
for maize. Laying eggs in soybean fields increases the likelihood of larval survival the
following growing season since a high percentage of soybean fields are rotated to maize.
The larvae from eggs laid in maize fields that will be rotated to soybean have little if any
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Fig. 7. Statistical analysis between female WCR beetles capture in maize and 
soybean fields in 1996, 1997 and 1998
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Fig. 8. Statistical analysis between male WCR beetles capture in maize and 
soybean fields in 1996, 1997 and 1998



chance of survival due to the lack of maize roots the following season. Also with the fact
that soybean is still green at the time that maize fields are drying down, this may have
influenced their movement to soybean for oviposition. For fields in soybean/maize
rotation, WCR adult sampling conducted in soybean can serve as the basis for deter-
mining the need for WCR management in the following maize crop. If WCR females lay
their eggs in soybean fields that are in rotation with maize, it means that WCR larvae can
impact the next year's maize production. Growing a nonhost crop may be a solution to
protecting against WCR larval damage. Otherwise, a soil insecticide may be needed.
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