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SUMMARY. We compared soil quality,
crop growth, and the incidence of
pests in snapbean (Phaseolus vulgaris
L.) planted in conventional tillage, in
rye (Secale cereale L.) mulch without
strips and in strip-tilled rye mulch.
On average, yield loss was 63% in rye
mulch without strips and 20% in rye
mulch with strips compared to yields
in conventional tillage. Soil bulk
density was higher in the rye mulch
treatments than in the conventionally
tilled plots and may have reduced
plant growth. Leaf nitrogen content
was lower in the rye mulch treatments
3 weeks after planting; this may be
related to nitrogen tie-up during rye
decomposition or to the negative
impact of soil compaction on the soil
nitrogen cycle. Insect damage to
snapbean pods and leaves was not
affected by rye mulching. Potato
leafhopper [Empoasca fabae (Harris)]
populations were significantly higher
for conventional tillage than for rye
treatments. The incidence of white

mold [Sclerotina sclerotiorum (Lib.)
deBary] was reduced by the rye
treatments in 1997. Further studies
are needed to determine optimal strip
width and develop better techniques
for creating strips.

Environmental concerns and
changes in regulations
necessitate developing veg-

etable production systems which re-
duce the need for tillage and pesti-
cides. Fall-planted cover crops can
eliminate spring tillage, improve soil
quality, and decrease the need for pes-
ticides in vegetable production
(Masiunas et al., 1995; Nelson et al.,
1991; Putnam, 1986; Weston, 1990).
Winter cereal rye is often used as a
cover crop in temperate regions be-
cause it produces large amounts of
biomass (Putnam, 1986; Weston,
1990), is winter hardy (Nelson et al.,
1991) and releases allelochemicals that
suppress weeds (Moore et al., 1994;
Mwaja et al., 1996). In no-till rye
mulch systems, yields of tomatoes (Ly-
copersicon esculentum Mill.) (Masiunas
et al., 1995), pumpkin (Cucurbita pepo
L.) (Galloway and Weston, 1996) and
snapbean (NeSmith and McCracken,
1994) were comparable to conven-
tional tillage (CT). However, under
certain circumstances vegetable crop
yields in rye mulch systems may be
reduced compared to CT systems
(Bottenberg et al., 1997a, 1997b;
Eckert, 1988; Gasser et al., 1995;
Knavel and Herron, 1986; Liebman et
al., 1995).

Yield reductions in cover crop
systems may result from poor seed
coverage, reduced soil temperatures,
soil compaction, and nitrogen (N) tie-
up (Bottenberg et al., 1997a, 1997b;
Knavel and Herron, 1986). Increased
wheel traffic during fall planting and
spring kill of rye and the subsequent
lack of tillage may lead to soil compac-
tion that affects root development,
reduces nutrient uptake, and inhibits
microbial decomposition of organic
matter (Breland and Hansen, 1996;
Gasser et al., 1995; NeSmith et al.,
1987; NeSmith and McCracken, 1994;
Whalley et al., 1995). Nitrogen immo-
bilization may occur during decompo-
sition of rye mulch and other residues
that have a high carbon-to-nitrogen
ratio (Browaldh, 1997; Schonbeck et
al., 1993; Tian et al., 1993). In addi-
tion, rye mulch may reduce soil tem-

perature and consequently the germi-
nation and initial growth of snapbeans
and other warm-season crops
(Bellinder et al., 1987). Poor seed
coverage of mechanically planted bush
bean and sweet corn (Zea mays) has
been reported in no-till, perennial
ryegrass (Lolium perenne L.) mulch
(Knavel and Herron, 1986) and may
also occur with cereal rye mulch.

If rye mulch systems are to be
used for snapbean production, there is
a need to modify these systems so that
crop yields are more predictable and
comparable with those in CT. Strip
tillage is a technique that may alleviate
the reduced yields of crops grown in
rye mulch. Strip tillage prepares a seed
bed of loose cultivated soil in a surface
mulch (Hoyt et al., 1994). This en-
sures good seed-to-soil contact and
keeps the rye mulch away from close
contact with the germinating seed-
lings. There is no information on
whether or not strip tillage systems will
overcome the reduced snapbean yields
that can occur in rye mulch systems.
Our objectives were to characterize
soil compaction, snapbean plant
growth and yield, and insect pest popu-
lations in response to strip-tilled and
untilled rye mulch.

Materials and methods
FIELD PREPARATION AND PLOT ES-

TABLISHMENT. This study was conducted
at the University of Illinois Cruse Veg-
etable Research Farm in Champaign,
Ill. The soil type was a Flanagan silt
loam (fine montimorrellontic, mesic,
Aquic Arguidoll; pH 6.3 to 6.6 and
organic matter 3.1% to 3.3%). The
experiment investigated three crop-
ping systems: conventional tillage, rye
mulch with strips (RWS), and rye mulch
without strips (RWOS). In 1996, the
additional factors of insect control and
nitrogen application were investigated
in a split-split plot design. In 1997, no
insecticides or fertilizer treatments were
investigated. The experiment in 1997
was moved to an adjacent section of
the same field.

The conventional tillage treatment
was prepared by moldboard plowing
and disking in the fall. Trifluralin ac-
tive ingredient at 0.84 kg·ha–1 (0.75
lb/acre) was preplant incorporated
with a roterra ≈2 weeks before plant-
ing. The remainder of the experimen-
tal site was moldboard plowed, disked,
and planted with ‘Wheeler’ cereal rye
in the last week of September (1995
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and 1996) at 112 kg·ha–1 (100 lb/
acre). The rye was killed at heading
stage the following spring (20 and 13
May 1996 and 1997, respectively) with
a single application of glyphosate at
1.1 kg·ha–1 (1.0 lb/acre). The rye was
mowed a week later with a sickle-bar
mower and left to dry on the soil
surface as a mulch. In 1996, bare-
ground strips, ≈31 cm (12 inches)
wide, were created at snapbean seed-
ing in the strip-tilled treatments with a
pair of fluted coulters mounted on a
toolbar in front of a John Deere no-till
planter (John Deere, Moline, Ill.). In
1997, 45-cm (18-inch) wide strips were
made 1 week before planting with a
rear-tine rototiller. The rototiller re-
quired two passes and prior raking of
the mulch away from the intended
strips for effective strip tillage. On 14
and 17 June 1996 and 1997, respec-
tively, 1 month after mowing, ‘Mata-
dor’ snapbeans were planted at 78
kg·ha–1 (70 lb/acre) with a no-till
planter. Plots were 10 by 50 m (33 by
164 ft) with 8 snapbean rows at 0.75 m
(30 inches) spacing between rows.
Intrarow spacing between plants was 5
to 7.5 cm (2 to 3 inches).

In 1996, the insecticide treated
subplot received dimethoate (Cygon
400) when the economic threshold for
the potato leafhopper of one adult per
sweep or one nymph per 10 leaves was
exceeded (University of Illinois Coop-
erative Extension Service, 1996).
Dimethoate was applied with a trac-
tor-mounted sprayer at 0.4 kg·ha–1

(0.5 lb/acre) on 16 July 1996 to one
set of subplots. Treated and untreated
subplots were separated by a 7-m-wide
(23 ft) bare strip. The subplots were
10 by 21.5 m (33 by 70 ft). Within
each subplot, a further division was
made with one half receiving a single
application of urea at 50 kg·ha–1 (45
lb/acre) of N, one week after planting;
the other half did not receive urea.
Urea was surface applied by hand
broadcasting over the plot. Based on
soil test results, no other fertilizer or
lime was applied to the experiment.

In 1997, soil moisture content
and bulk density (a measure of soil
compaction) were measured on 18
June, 17 July, and 11 Aug. A metal
cylinder, 12 cm high, 8.6 cm diameter
(4.5 inches high, 3.4 inches diameter),
with both ends open, was pushed into
the ground to a depth of 10 cm (4
inches), carefully pulled out, and the
soil within the cylinder deposited into

a paper bag. The samples were imme-
diately weighed, dried for 48 h at 50 oC
(148 oF) and weighed again. Three
samples per plot were taken. Due to
labor constraints, soil bulk samples
were not collected in 1996.

In 1996, canopy height, width,
and number of trifoliate leaves were
measured on 7 Aug. (54 d after plant-
ing) from 10 randomly selected plants
in the four center rows of each subplot.
Pods were harvested on 9, 14, and 21
Aug. (all plots, final harvest) from two
randomly selected 5-m (16-ft) row
sections in the two center rows of each
subplot. In 1997, canopy height and
ground cover (% surface area with
snapbean crop) were determined on 7
and 27 Aug. from 20 randomly se-
lected plants per plot. Plant biomass
and the number of leaves per plant
were measured on 7 July, 28 July, and
8 Aug. from 16 plants per plot. The
youngest fully mature leaf from each of
the 10 or 16 plants was harvest for N
determination. The leaves from a single
plot were combined. Leaf N assess-
ment was done by A & L Great Lakes
Laboratories, Inc. (Fort Wayne, Ind.).
Pods were harvested on 26 Aug. from
five randomly selected 1 m (3 ft) row
sections per plot, excluding the two
border rows. Yield loss was calculated
as the percentage reduction in yield
compared to CT plots.

In 1996, to assess populations of
potato leafhoppers and other insects, a
destructive whole-plant examination
was done on 12 July (before the first
insecticide application). Plants from
four randomly selected 30-cm-row (1
ft) sections per subplot were cut at
ground level, bagged, and examined
in the laboratory. On 6 Aug., 10 trifo-
liate leaves were randomly sampled
from 10 plants per subplot. In 1997,
visual counts of insects were made in
the field on 8 July by carefully examin-
ing 20 randomly selected plants per
plot (10 plants in each of the two
center rows). Between 24 and 28 July
1997, whole-plant destructive samples
were taken from four 30-cm row (1-ft)
sections, one from each of the four
center rows. Plants were clipped at the
soil surface, placed in bags, and exam-
ined in the laboratory for insects. On 7
Aug. 1997, sweep-net samples were
taken with a standard beating-type
sweep-net [36 cm (14 inches) diam-
eter]. Two samples, each consisting of
25 sweeps taken from rows 4 and 8,
were taken per plot. Samples were

placed in a plastic bag and stored in a
freezer until examined. Insects counted
included bean leaf beetles [Cerotoma
trifurcata (Foster)], potato leafhop-
pers, western corn rootworm beetles
(Diabrotica virgifera virgifera
LeConte) and southern corn rootworm
beetles (also called spotted cucumber
beetle, Diabrotica undecimpunctata
howardi Barber), caterpillars (Order
Lepidoptera), damsel bugs (Order
Hemiptera: Family Nabidae), flower
bugs (Orius sp.), and lady beetles (Or-
der Coleoptera: Family Coccinelidae).
The few caterpillars, damsel bugs,
flower bugs, and lady beetles that we
collected were not identified to the
species.

In 1997, the amount of defolia-
tion by insects was estimated from 5
plants in each 30-cm (1-ft) row section
sample (described previously). Unifo-
liate and trifoliate leaves were catego-
rized based on estimated defoliation as
1) <5% defoliation, 2) 5% to 10% defo-
liation, 3) 11% to 20% defoliation, 4)
21% to 30% defoliation, or 5) >30%
defoliation. No defoliation estimates
were done in 1996. Estimates of pod
damage by insect feeding were made
in 1996 (first harvest only) and 1997.
Harvest samples were taken from two
5-m (15-ft) center row sections in
1996 and five randomly selected 1-m
(3-ft) row sections per plot in 1997.
All pods were rated on a scale of 0 = no
insect injury, 1 = one or two minor
feeding scars, or 2 = severe scars or
deep feeding sites (unmarketable).
Total pods and number of pods with
white mold were counted in the
samples.

The 1996 experiment was a three-
factorial, split-split plot design with
three replications. The whole plots
were the management system; insecti-
cide and nitrogen treatments were the
subplots. The 1997 experiment was a
single-factorial randomized complete
block design with four replications.
The general linear model (GLM) pro-
cedure of the Statistical Analysis Sys-
tem (SAS Institute, Cary, N.C.) was
used. Treatment means were separated
using Fisher’s least significant differ-
ence (LSD) test at p = 0.05. Correlation
analysis was used to test relationships
between selected variables.

Results and discussion
In 1997, soil bulk density and

moisture from samples taken within
the crop row were affected by manage-
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June, one day after planting and 11 d
after strips were made, soil bulk den-
sity was similar in CT and RWS but
significantly higher in RWOS. How-
ever, in July and August, soil bulk
density in the RWS had increased and
was similar to that in the RWOS plots.
At the initial sampling of 4 June, soil
moisture was 2.5% greater under rye
mulch than in conventional tillage. On
18 June, soil moisture was highest in
RWOS (19.6%), intermediate in RWS
(17.8%) and lowest in CT (15.8%). This
trend continued on 17 July. Soil mois-
ture was consistently higher in the
RWOS than in the other treatments.

In 1996, the addition of nitrogen
did not have a significant effect on
canopy height, ground cover, or num-
ber of leaves (data not shown). Insec-
ticide application for control of potato
leafhoppers interacted with cropping
system to affect plant development.
Canopy height and percentage ground
cover were greatest in CT treated with
insecticide (Table 2); crop growth was
suppressed in the rye treatments. In-
secticide did not have an effect on
canopy height or ground cover in the
RWS. On 8 August 1997, the number
of leaves per plant ranged from 7.2 in
RWOS to 10.8 in CT; however, differ-
ences were not significant (data not
shown). Canopy height varied from
32 to 34 cm (12.5 to 13.4 inches) and
ground cover from 43% to 45% (data
not shown). Again the differences were
not significant.

On 8 July 1997, when plants were
in the seedling stage, leaf N was signifi-
cantly higher in CT (4.60%) than in
the rye treatments (3.71% to 3.96%)
(Table 3). Leaf yellowing was appar-
ent on the plants in the rye treatments.
However, on 28 July and 8 Aug. there
were no differences in leaf N, although
bean plants in the rye plots were still
chlorotic. Shoot dry weight was high-
est in CT on both sampling dates. Leaf
number per plant differed between
management systems on all three
sample dates. On 8 July plants in CT
had the most leaves while late in the
season plants in CT and RWS had
similar numbers of leaves.

In 1996, total pod yield was high-
est in CT and least in the RWOS
treatment (Table 4). The addition of
nitrogen did not influence pod yield;
insecticide application improved yield
in the CT [7290 and 4450 kg·ha–1

(6770 and 3970 lb/acre) with and
without insecticide, respectively] but

Table 1. Soil bulk density and soil moisture in conventional tillage (CT), rye
mulch with strips (RWS), and rye mulch without strips (RWOS) in 1997.

Soil bulk Soil
Management density moisture

Date system (g·cm–3)z (%)

4 June CT 1.43 ay 18.37 b
RWS ---x ---

RWOS 1.52 a 20.96 a
18 June CT 1.36 b 15.77 c

RWS 1.37 b 17.79 b
RWOS 1.50 a 19.64 a

17 July CT 1.42 b 11.57 c
RWS 1.61 a 14.43 b

RWOS 1.56 a 17.82 a
11 Aug. CT 1.30 b 14.66 b

RWS 1.52 a 15.01 b
RWOS 1.58 a 17.96 a

z1.0 g·cm–3 = 62.43 lb/ft3

yMean separation within dates by Fisher’s protected least significant difference test (p = 0.05).
xStrips were not yet established.

Table 3. Percentage leaf nitrogen (N), shoot dry weight (g) and number of
leaves per plant in snapbean planted in conventional tillage (CT), rye mulch
with strips (RWS), and rye mulch without strips (RWOS) in 1997.

Shoot
Leaf dry Leaves

Management N wt per
Date system (%) (g/plant)z plant

8 July CT 4.60 ay 0.80 a 2.09 a
RWS 3.71 b 0.51 b 1.36 b

RWOS 3.96 b 0.60 b 1.58 b
28 July CT 3.67 a ---x 8.54 ab

RWS 3.76 a --- 9.69 a
RWOS 3.65 a --- 7.69 b

8 Aug. CT 4.53 a 9.58 a 15.06 a
RWS 3.99 a 6.62 b 15.23 a

RWOS 4.41 a 4.76 b 10.92 b
z28.35 g = 1.0 oz.
yMean separation within dates by Fisher’s protected least significant difference test (p = 0.05).
xNo samples collected.

Table 2. Canopy height and ground cover on 7 August 1996 (54 d after
planting) in conventional tillage (CT), rye mulch with strips (RWS), and rye
mulch without strips (RWOS) treated (+) and untreated (–) with insecticide.z

Canopy Ground-
Management ht cover
system Insecticide (cm)y (%)

CT + 18.4 ax 39 a
CT – 13.7 c 32 b
RWS + 16.0 b 32 b
RWS – 14.5 bc 30 bc
RWOS + 15.8 b 32 b
RWOS – 13.2 c 24 c
zDimethoate was applied on 16 July for control of potato leafhoppers.
y2.5 cm = 1 inch.
xMean separation within dates by Fisher’s protected least significant difference test (p = 0.05).

ment system. On 4 June, 2 weeks
before planting and 3 d before estab-
lishment of the strips, soil bulk density

was similar in CT (1.43 g·cm–3; 89.3
1b/ft3) and rye mulch plots (1.52
g·cm–3; 94.9 lb/ft3) (Table 1). On 18
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not in the rye treatments, which had
lower populations of potato leaf hop-
per (PLH). The lowest yield was in the
untreated RWOS (1077 kg·ha–1; 964
lb/acre); the greatest yields were in
the CT with insecticide. In 1997, yields
were again the highest in the CT treat-
ment (8720 kg·ha–1; 7790 lb/acre),
intermediate in the RWS (6960 kg·ha–1;
6210 lb/acre) and lowest in the RWOS
(3850 kg·ha–1; 3440 lb/acre).

In 1996, the percentage market-
able yield, which includes pods with
no or only minor damage (ratings of 0
and 1), was significantly higher in the
treated CT (91.5%) than in the treated
or untreated RWS (82.7% to 83.3%);
other treatments were intermediate
(data not shown). Pod injury from
insect feeding was more serious in
1997 than in 1996. The percent of
snapbeans marketable ranged from 53%
to 65% in 1997 and was not affected by
management system.

Compared to the CT, yield loss in
the RWOS was significantly greater
than the loss in the RWS. In 1996,
yields in the RWS and RWOS plots
were 21.9 and 76.0% respectively and
in 1997 yields were 17.8 and 53.8%
less than the CT. When the two years
were averaged, the yield loss in the
RWS plots (19.6%) was significantly
less than yield loss in the RWOS plots
(63.3%). Soil bulk density (g·cm–3; lb/
ft3) had a negative correlation with
pod yield (r = –0.79**).

The percentage pods with white
mold differed among treatments. In
the CT 6.5% of the pods had white
mold while only 0.6% of pods in the
RWOS and 0.5% of pods in the RWS

plots had white mold. Although white
mold reduced marketable yield in CT
its effect was small compared to the rye
treatment effects.

In 1996, potato leafhopper popu-
lations were lower in the RWOS than
in the CT treatment (Table 5). Nitro-
gen did not have an impact on PLH
populations on 12 July or on 6 Aug.
Insecticide application reduced PLH
numbers on 6 Aug. in the CT and
RWS plots but not in the RWOS plots.
PLH populations were correlated to
the number of snapbean leaves (r =
0.81 in treated plots and r = 0.79 in
insecticide-free plots).

The visual assessment on 12 July (4
d before insecticide was applied) found
that populations of the flower bugs, an
important PLH predator, ranged from
0.3 to 0.8 bugs per plant but did not
differ among treatments. Bean leaf
beetles, lady beetles, damsel bugs, and
spiders (Class Arachnida; identified no
further) were observed in numbers too
low for meaningful analysis.

In 1997, PLH populations were
lower than those observed in 1996 but
still approached economic thresholds
(University of Illinois Cooperative
Extension Service, 1996). There were
differences between treatments in PLH
populations only at the onset of the
season on 9 July. PLH densities (adults
+ nymphs) were greater on snapbean
plants in CT (3.56 PLH/plant) than
in the rye plots (0.81 to 1.31 PLH/
plant). On 28 July and 10 Aug., leaf-
hopper density was not affected by
cropping system. PLH numbers were
correlated to the biomass of the plants
on 10 August (r = 0.85**).

Leaf mining (probably by a
Dipteran) was common in the rye plots
in 1997 but was not observed in 1996.
Leaf mining damage was greater in
RWOS (17.5% of number of plants
affected) than in the RWS (11.8%) and
CT (2.5%) treatments. Leaf mining
did not correlate with snapbean growth
or yield.

On 28 July, leaf damage by chew-
ing insects such as corn rootworm
beetles varied from 13.5% of leaf area
affected in the CT to 22.3% in the
RWOS; however, differences were not
significant. On 24 to 28 July, bean leaf
beetle and western corn rootworm
populations were low and did not dif-
fer among treatments. Leaf damage
was not related to beetle counts. Other
arthropods including damsel bugs, spi-
ders, black flea beetles (Systena sp.)
and grape colaspis [Colaspis brunnea
(Fabricius)] averaged less than 0.05
per plant.

Our previous studies (Bottenberg
et al., 1997a, 1997b; Masiunas et al.,
1997) found that differences in soil
temperatures between CT and rye
treatments could not explain differ-
ences in snapbean growth and yield.
Our mid-June planting date in this

Table 5. Number of potato leafhoppers per plant on 12 July and 6 Aug. 1996,
in conventional tillage (CT), rye mulch with strips (RWS), and rye mulch
without strips (RWOS) with (+) and without (–) insecticide.z

Management
system Insecticide 12 July 6 Aug.

CT + --- 14.2 bcy

CT – 8.1 a 32.3 a
RWS + --- 6.7 c
RWS – 5.2 ab 21.8 ab
RWOS + --- 8.0 c
RWOS – 3.5 b 8.0 c
zDimethoate was applied 16 July for control of potato leafhoppers.
yMean separation within dates by Fisher’s protected least significant difference test (p = 0.05).

Table 4. Snapbean pod yield as influenced by management systems [conven-
tional tillage (CT), rye mulch with strips (RWS), and rye mulch without strips
(RWOS) treated (+) and untreated (–) with insecticide] in 1996 and 1997.

Pod
Management yield

Year system Insecticide (kg·ha–1)z

1996y CT +x 7290 aw

CT – 4450 b
RWS + 2950 bc
RWS – 3440 bc

RWOS + 2120 cd
RWOS – 1080 d

1997 CT – 8720 a
RWS – 6960 ab

RWOS – 3850 b
z1.0 kg·ha–1 = 0.893 lb/acre.
yTotal of first and final harvest.
xDimethoate was applied on 16 July for control of potato leafhoppers.
wMean separation within dates by Fisher’s protected least significant difference test (p = 0.05).
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study supports the conclusion that
growth and yield reductions of
snapbean were not due to subopti-
mum temperatures in the rye treat-
ments.

Soil compaction in the rye plots
reduced snapbean growth and pod
yield. Other studies also found higher
soil bulk densities under fall-planted
cover crop mulches of small grains
(Dao, 1996; Gasser et al., 1995;
NeSmith et al., 1987). The increased
tractor wheel traffic during fall plant-
ing, herbicide application and spring
mowing resulted in soil compaction.
Growth-limiting bulk densities vary
with the type of soil and depend pri-
marily on soil texture (Daddow and
Warrington, 1983). In our study, bulk
densities in the untilled rye plots ex-
ceeded the growth-limiting threshold
of 1.45 for a silt loam soil (Daddow
and Warrington, 1983). Strip tillage
broke up the compacted top soil layer
before planting but subsequent soil
consolidation through rainfall and foot
traffic increased soil bulk density com-
pared to the CT treatment. The high
bulk density probably affected root
development and nutrient uptake by
the snapbean crop and contributed to
leaf chlorosis and lower leaf N levels.
In addition, N mineralization can be
reduced in compacted soil because of
anaerobic conditions and protection
of organic material from microbial at-
tack (Breland and Hansen, 1996).

Nitrogen immobilization by mi-
croorganisms during decomposition
of the rye residue may also have con-
tributed to the leaf chlorosis and lower
leaf N levels in the rye plots (Wyland et
al., 1995). The addition of N in the
form of urea 1 week after planting in
1996 did not promote plant growth
and yield. The N may have volatilized,
been immobilized, or leached before
snapbean seedlings were able to ab-
sorb it. A split application later during
the season may have been more effec-
tive. Yield reduction in the strip-tilled
rye was less than in the no-till rye plots.
It is possible that allelochemicals leach-
ing from the rye surface residue into
the snapbean root zone in the no-till
plots were phytotoxic to the snapbean
plants and contributed to chlorosis
and yield suppression.

Potato leafhopper populations
were higher in 1996 than in 1997. The
single insecticide treatment in 1996
significantly reduced PLH populations
and increased pod yield in the CT

treatment but not in the no-till rye
plots, where PLH numbers were much
lower. Plant growth in rye plots was
retarded, resulting in smaller plants
with fewer leaves that supported smaller
insect populations than in the CT plots.
This confirmed previous findings with
snapbean (Bottenberg et al, 1997a)
and cabbage (Bottenberg et al, 1997b;
Roberts and Cartwright, 1991) that
smaller plant sizes and lower insect
populations were correlated. It is also
possible that the lower PLH popula-
tions in the rye plots are in part related
to the lower leaf N content of the
snapbean, which may reduce host plant
suitability and leafhopper colonization
rates. Interference with host plant find-
ing by the rye mulch (Andow, 1991)
may also have been involved to some
degree but was not tested in our study.
Preservation of beneficial insects in
cover crop mulch systems (Bugg, 1992)
can lead to higher predation rates, but
in our study, populations of predatory
insects (damsel bugs, flower bugs, lady
beetles) were relatively low and preda-
tor to prey ratios did not show a signifi-
cant response to rye mulching.

Leaf-feeding damage and beetle
populations (bean leaf beetle and west-
ern corn rootworm adults), on a per
plant and per leaf basis, were not af-
fected by rye mulching. This confirms
previous observations in these systems
(Bottenberg et al., 1997a).

As in a previous study (Bottenberg
et al., 1997a), incidence of white mold,
a soilborne fungal pathogen, was re-
duced in plots with rye mulch. The
mulch acted as a barrier between the
pods and soil surface minimizing soil
splashing by rain and spore dispersal.
In addition, the more open canopy in
the rye plots (where plant growth was
reduced), may have reduced humidity
levels in the canopy making conditions
for fungal infections less favorable
(Sherf and McNab, 1986). Mulching
with cover crop residue is also believed
to reduce some soilborne pathogens
due to enhanced soil microbiological
activity (Thurston, 1992).

Improvement is needed in the
strip-tillage method. Although simul-
taneous comparisons were not per-
formed, the 5-horsepower rototiller
created strips that were deeper and
cleaner than strips made with the
toolbar-mounted fluted coulters.
However, even the tillage depth [10 to
20 cm (4 to 8 inches)] attained with
the rototiller in our heavy soils was

probably not sufficient to ensure ad-
equate root development. In addition,
the method was labor-intensive and
may not be economically feasible for
commercial growers. A tractor-
mounted rototiller may produce strips
of greater and more uniform depth
during a shorter period of time.

In conclusion, poor snapbean
growth and yield in rye mulch was
caused by soil compaction that oc-
curred during glyphosate application
and mowing. Strip tillage of the rye
will reduce early season soil compac-
tion and improve yield. Lower nitro-
gen content of snapbean leaves in the
rye was most likely due to poor root
and/or nodule development and the
addition of nitrogen fertilizer could
not overcome the reduced yields. Strip
tilled rye mulch effected pest popula-
tions similar to solid rye. These lower
pest populations could reduce the need
for some pesticide applications.
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