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ABSTRACT

We used a survey of attendees of an organic farming conference in Minnesota, U.S.A., to
determine whether farmers would be more likely to adopt a fall-seeded winter rye cover crop
preceding soybeans if doing so could aid in the suppression of soybean aphid, Aphis glycines
Matsumura (Homoptera: Aphididae).  Of the 24 soybean growers that responded to our
survey, 22 indicated that they would be more likely to either adopt or retain this cover crop-
ping practice if it could aid in soybean aphid suppression.  Insect pest suppression may there-
fore be an effective way to augment adoption of cover cropping practices.

INTRODUCTION

Fall-seeded winter cover crops have the potential to improve soil organic matter, reduce soil
erosion, manage excess nutrient loads, and provide for weed and insect management.  While
the benefits of cover crops to soil fertility, nutrient scavenging, and erosion and weed control
are well-documented, research showing improvement in insect control has lagged behind in
many cover-cropping systems.  To illustrate this, we did a literature search on the AGRICOLA
database to compare the number of scientific citations associated with cover crops and terms
associated with ‘soil’, ‘weeds’ and ‘insects’.  There was a clear deficit of citations associated
with the term ‘insects’ and ‘insect control’ when paired with ‘cover crop’ (Table 1).
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Indeed, judging by this brief search, it would appear that only two scientific articles per
year have been published on the effects of cover crops on insect control, compared with more
than 12 per year on the effects of cover crops on weed control.

Despite all of the documented benefits of cover crops, they have seen relatively low
adoption rates in midwestern corn/soybean production areas in the U.S. (DeBruin et al. 2005;
Stoskopf 1985).  Reasons for low adoption include perceived logistic difficulties in the estab-
lishment of fall-planted cover crops and apprehension that yields may suffer in cover-cropped
systems.  We hypothesize that the adoption rate of cover crops would be increased by a clear
demonstration that their use could result in improved insect pest control.

THE RYE SYSTEM

We are testing the effect of a fall-seeded winter rye (Secale cereale L.) cover crop following
corn and preceding soybeans to aid in the suppression of the soybean aphid, Aphis glycines
Matsumura (Homoptera: Aphididae).  Rye is a well-adapted fall-seeded cover crop for the
northern U.S.A., exhibiting exceptional winter hardiness as well as the ability to emerge and
grow at low temperatures under a wide soil moisture and soil fertility range.  Rye seeds are
drilled into corn residue to produce an overwintering rye stand that resumes growth in spring
(Porter 2004).  Soybeans are drilled into the rye stand at approximately the same time as
soybeans are typically planted by organic producers in the Upper Midwestern U.S. (late May
– early June).  At this point, the rye can be up to three feet in height.  The rye is mowed using
a flail mower or stalk chopper when soybeans can be up to 6 inches tall (V1, V2 stage).

A number of lines of reasoning suggest that fall-seeded rye cover crops would reduce
soybean aphid pressure in soybeans.  First, work in numerous cropping systems other than
soybeans has demonstrated reduced densities of pest aphids in the presence of various forms
of increased vegetational diversity (reviewed by Gurr et al. 2000).  Second, studies in China
have shown that soybeans intercropped with corn at a very small spatial scale have lower
densities of soybean aphids than monoculture soybeans (Wu et al. 2004).  And lastly, some

Table 1. Number of references recovered by AGRICOLA searches for the period 1984-2004 when ‘cover
crops’ (CC) was entered along with one other term.

Terms Entered Number of References

CC and soil 803

  CC and soil fertility 181

  CC and organic matter 125

CC and weeds 159

  CC and weed control 253

CC and insects 26

  CC and insect control 41
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organic soybean growers in Minnesota experimenting with fall-seeded rye cover crops have
reported reduced soybean aphid densities and increased densities of soybean aphid predators
in cover-cropped fields (Porter 2004).  Winter rye could aid in soybean aphid suppression
either by reducing colonization of soybean by soybean aphid in the early season and/or by
enhancing natural enemies (predators, parasitoids and pathogens) of soybean aphid (Pickett
and Bugg 1998).  We have preliminary data showing that winter rye harbors aphid natural
enemies including aphid parasitoids, coccinellid beetles, and syrphid flies, in the spring dur-
ing the time that soybean aphid colonization typically occurs (Table 2).

Table 2. Aphids and aphid natural enemies collected from overwintered rye at the University of Minnesota
Agricultural Experiment Station, St. Paul, Minnesota, in 2004.

Date Aphid Species Natural Enemy

5/26/2004 Rhopalosiphum padi
Sitobium avenae
Schizahis gramium

Coccinella septempunctata
Harmonia axyridis
Ahpidius sp. (reared from S.
graminum)

6/4/2004 R. padi
S. avenae
Unidentified aphid sp.

C. septempunctata
C. trifasciata
H. axyridis
Coleomegilla maculata
Aphelinus sp. (adult)
Unidentified Syrphidae

Coccinellid beetles are the most important predators of soybean aphid in the midwestern
U.S. (Fox et al. 2004; Rutledge et al. 2004), as well as in China (Liu et al. 2004; Wu et al. 2004).
At one of our field sites, the native Coleomegilla maculata is present in soybean fields early in
the season (i.e., when grain aphids would be present on winter rye), and the exotic Harmonia
axyridis is present later in the season (Fig. 1). Entomopathogenic fungi are also present in
soybean fields, but they tend to become active in July or August, which is after the winter rye
is mowed in our system (Fig. 2).  It remains to be seen whether the altered microclimate
associated with winter rye will encourage earlier epizootics of entomopathogenic fungi in
soybean aphid populations.

THE SURVEY

We used a one-page written survey of attendees of the 2005 Minnesota Organic and Grazing
Conference and Trade Show,  held in St. Cloud, MN, on Jan. 21 – 25, 2005, to evaluate the
hypothesis that soybean growers would be more likely to utilize fall-seeded winter rye as a
cover crop preceding soybean if this practice could aid in soybean aphid suppression.  We
were particularly interested in the opinions of organic growers because they cannot use con-
ventional insecticides to control the soybean aphid.  To our knowledge, no organically-ap-
proved sprays have been shown to be effective against the soybean aphid.  The survey was
aimed at soybean growers, and we asked respondents whether they farmed organically or
conventionally, whether they had ever had problems with soybean aphid, and whether they



Second International Symposium on Biological Control of Arthropods

Heimpel et al. ________________________________________________________________________________

188

had ever used a fall-seeded rye cover crop preceding soybeans.   For those growers that had
problems with soybean aphids, we asked what management tactics they used (if any) to sup-
press them, and for those growers that reported having planted a winter rye cover crop, we
asked for the primary reason for the use of this tactic.  Finally, we asked whether respondents
would be more likely to either use the fall-seeded rye cover crops for the first time, or con-
tinue using them, if they could aid in the suppression of soybean aphid.  The surveys were
passed out at a luncheon during the conference and at a symposium presentation on insect
pests.  The conference had 277 registered attendees, and we received 25 completed surveys.The
results of the survey are presented in Table 3.

Figure 2. Soybean aphid population, 2003 and prevalence of entomopathogenic fungi in a 48h bioassay of
field collected aphids, Rosemount, MN.

Figure 1. Average numbers of two species of lady beetles (Coleomegilla maculata and Harmonia axyridis)
and soybean aphids (log scale) in soybean fields in 2003 in Lamberton, MN, U.S.A.
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Table 3. Summary of grower survey results*: rye cover crops and soybean aphid (SBA) management.

Questions Organic
growers

Conventional
growers

Growers
using both
practices

Q1) Have you had problems with SBA?

          A) Yes 9 1 2

          A) No 9 3 0

Q2) If so, what management tactic was used for SBA?

          A) None 3 0 0

          A) Organic insecticide 4 0 1

          A) Non-organic insecticide 0 1 0

Q3) Do you use fall-planted rye cover crops?

          A) Yes 13 1 1

          A) No 5 3 1

Q4) If so, why do you use the rye cover crops?

          A) Weed management 9 0 0

          A) Soil management 2 0 0

          A) Weed and soil management 2 1 1

Q5) If not already using rye cover crops, would you be
more likely to do so if it could aid in suppressing SBA?

          A) Yes 4 1 1

          A) No 0 1 0

Q6) If already using rye cover crops, would you be
more likely to continue doing so, if it could aid in
suppressing SBA?

          A.) Yes 12 1 1

          A.) No 1 0 0

*Of the 25 growers who responded, 24 grew soybeans (18 organic growers, 4 conventional growers, and 2 growers
using both practices).

Out of the 24 respondents that grew soybeans, 18 used exclusively organic methods,
four were conventional growers, and two used both organic and conventional practices.
Overall, one-half of the respondents reported having had problems with soybean aphid, and
of the organic growers with soybean aphid problems, about half did nothing to manage them,
and half used organically-approved insecticides.   Overall, more than 60% of the soybean
growers (15/24) reported using fall-planted rye cover crops.  We believe this to be an overes-
timate of the state-wide adoption of rye winter cover crops.  We suspect that growers that use
cover crops are more likely to attend the organic farming conference and/or more likely to
respond to a survey with the term ‘cover crop’ in the title.  It appears from our results that
organic farmers are more likely to use the rye cover crop than conventional growers are (72%
vs. 25%), but the number of respondents (especially conventional growers) is too small to
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assess this question properly.  The main reason cited for the use of winter rye was weed
management, but soil management issues (organic matter augmentation, erosion control) were
cited as well.

Our survey showed very clearly that adoption of winter rye cover-crops would likely
increase if this practice could aid in the suppression of soybean aphid.  Of seven respondents
that had never used winter rye, six indicated that they would be more likely to use rye if it
could aid in the suppression of soybean aphid.  Similarly, of 15 respondents that had already
been using rye cover crops, 14 indicated that they would be more likely to continue using rye
if it could aid in the suppression of soybean aphid.

Thus, cover crop-associated insect suppression (either via reduced pest colonization and/
or improved biological control) is a potential means to increase adoption of cover cropping
practices, which themselves produce benefits that are felt beyond the farmers’ fields, such as
nutrient scavenging and reduced soil erosion.
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