Tillage, Rotation Sequence, and Cultivar Influences
on Brown Stem Rot and Soybean Yield

E. A. Adee, E. S. Oplinger,* and C. R. Grau

Yield of soybean [Glycine max (L.) Merr.] is often reduced
when grown in fields using no-till (NT) and shorter crop rota-
tions with corn (Zea mays L.) than with conventional tillage
(CT) and longer crop rotations. The objective of this study was
to determine the effect of tillage system, rotation sequence, and
cultivar on severity of brown stem rot (BSR) [caused by
Phialophora gregata (Allington and D.W. Chamberlain) W.
Gams] and yield of soybean. Field studies were conducted near
Arlington, WI, for 4 yr (1989-1992) on a Plano silt loam (fine-
silty, mixed, mesic Typic Argiudoll) under both NT and CT.
Seven crop sequences with soybean were evaluated: (1) first-
year soybean after a minimum of 5 yr corn; (ii) soybean annu-
ally alternated with corn; (iii) 2, 3, 4, 5 yr of continuous soy-
bean after 5 yr of corn; and (iv) continuous soybean. When
averaged over all rotations, severity of BSR was 38% greater
and yield of soybean 10% less in NT than in CT. Severity of
BSR was 30% greater and yield 15% lower in annually alter-
nated soybean grown in NT than in CT. First-year soybean fol-
lowing 5 yr of corn had 44% less severity of BSR, 11% greater
yield, and 4.8% greater seed weight than soybean annually al-
ternated with corn. Severity of BSR tended to increase, and yield
and seed weight of soybean tended to decrease with an increase
in frequency of soybean in the rotation. Severity of BSR was
almost 10 times greater, yield 19% less, and seed weight 10%
lower in BSR-susceptible cv. Corsoy 79 than in the BSR-resistant
cv. BSR 101 across all tillages and rotations. The reduction of
soybean yield observed with NT and shorter crop rotations was
attributed primarily to greater severity of BSR.
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ROWN STEM ROT of soybean is caused by the fungus
Phialophora gregata [syn. Cephalosporium grega-

tum Allington and D.W. Chamberlain (1948)]. The dis-
ease is considered of economic importance in the Upper
Midwest (Mengistu and Grau, 1987). Increasing impor-
tance of BSR as a disease of soybean has been attributed
to increases in soybean acreage and fewer years of non-
host crops between soybean crops (Dunleavy, 1966).
Kennedy and Lambert (1981) reported that the incidence
of BSR was lower, and yield was 13% higher in soybean
grown in rotation culture than in continuously cropped
soybean. Whiting and Crookston (1993), however, found
BSR not to be a significant factor in the reduction of soy-
bean yield in corn/soybean rotations compared with con-
tinuous soybean. Crookston et al. (1991) reported that
soybean vyields decreased gradually with extended
monoculture. First-year soybean yielded 15% better, and
soybean annually alternated with corn yielded 8% better
than soybean in monoculture. Yield of soybean has been
reported to be lower with a BSR-susceptible cultivar of
soybean than with a BSR-resistant cultivar as less tillage
was used and as years between soybean crops were
reduced (Meese et al., 1991). The researchers speculated
that BSR was a significant factor in this phenomenon.
Other agronomic factors also have an effect on yield
loss due to BSR. Decreasing plant density in 30 in. row
soybeans increased the percentage of plants exhibiting
symptoms of BSR (Nicholson et al., 1973). Yield loss to
BSR and severity of BSR was greatest when soil moisture
was optimal for crop development (Mengistu and Grau,
1987). Cultivars resistant to BSR (Tachibana et al., 1987)
significantly reduced yield loss to BSR (Mengistu et al.,
1986). However, Tachibana (1982) did not encourage the
widespread use of BSR-resistant cultivars, and recom-

Abbreviations: AUDPC, area under disease progress curve; BSR, brown
stem rot; CT, conventional tillage; NT, no-till.
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Table 1. Rotation sequences for corn (C) and soybean (S).

Year

Crop
sequence 1983 1984 1985 1986 1987 1988 1989 1990 1891 1992
A C & (o] C C 5 s S S s

E] (8 c C (&) C S S s s
C s s C (5 G C C S S s
D s S S C C C C Cc ) S
E s 5 s S C C C C C s
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1 C c C s S S s s C C
J C o] C Cc S S S s s €
K C C C o] C C Cc C C Cc
L C s C S C S Cc S C S
M S Cc s C S C s C s €
N 5 S S S s S s s S S

" Year

Year in

rotationt 1989 1990 1991 1992

1 B C D E
1-C/S M L M L
2 A B C D
3 J A B C
4 I J A B
5 H 1 J A
Cont. N N N N

T 1 = first-year soybean, after several years of corn; 1-C/S = first-year soy-
bean, alternated annually with corn; 2, 8, 4, 5 = second-, third-, fourth-,
and fifth-year soybean, respectively; Cont. = seventh-year soybean in
1989, eighth-year soybean in 1990, ninth-year soybean in 1991, and 10th-
year soybean in 1992.

mended instead that they be limited to fields with high
BSR potential in order to manage genetic resistance to
P. gregata.

Our study was conducted to focus on the effect of til-
lage and crop rotation sequence on the severity of BSR
and yield of soybean. The effects of BSR on soybean
production were measured by comparing disease severi-
ty ratings and yield of a BSR-susceptible cultivar to a
BSR-resistant cultivar.

MATERIALS AND METHODS

Field research was conducted for 4 yr (1989-1992) on
a Plano silt loam at the Arlington, WI, Agricultural
Research Station. The experiment was established in a
split-split-split plot randomized complete block arrange-
ment of treatments with four replicates. Whole plots were
either NT or CT and were established in 1986. Conven-
tional tillage was accomplished by a moldboard plow in
the fall and a field cultivar prior to planting. For NT,
crops were planted into the undisturbed residue of the
previous crop. The sub-plots consisted of 14 rotation se-
quences involving corn and soybean, which had been in-
itiated in 1983 on land previously planted to corn (Table
1). Seven of the rotation sequences had soybean as the
current crop. These seven rotation sequences allowed
comparisons to be made every year during 1989, 1990,
1991, and 1992 of: (i) first-year soybean after a minimum
of five consecutive years of corn; (ii) soybean annually
alternated with corn; (iii) 2, 3, 4, 5 yr of continuous soy-
bean following 5 yr of corn; and (iv) continuous soybean
(continuous = seventh-, eighth-, ninth-, and 10th-year
soybean in 1989, 1990, 1991, and 1992, respectively).
Nitrogen in the form of 28% urea ammonium nitrate was
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YIELD (bu/acre)

spoke wheel injected at the V2 to V3 stage of growth (Fehr
et al., 1971) to sub-sub plots at rates of 0 and 30 Ib/acre.
Sub-sub-sub plots were two soybean cultivars, Corsoy 79
(BSR-susceptible) and BSR 101 (BSR-resistant). These
cultivars were selected because they are near group II
maturity soybeans with similar yield potential in the ab-
sence of BSR. The 1990 and 1991 average yield for Cor-
soy 79 was 58 bu/acre and BSR 101 55 bu/acre at four
southern Wisconsin soybean yield trials (Oplinger et al.,
1991). The seed of the two cultivars was very similar in
size when compared at three locations with NT and CT
when symptoms of BSR were not present (Oplinger et al.,
1992). The size of the sub-sub-sub plot experimental units
was 7.5 ft by 30 ft.

Soybean seed was drilled in both tillage systems in rows
spaced 8 in, apart at a depth of 1.5 in. with a Tye No-
Till drill (Tye Company, Lockney, TX) equipped with
rippled coulters in front of double disk openers and a
double press wheel. Soybean was planted on 11 May
1989, 18 May 1990, 1 May 1991, and 6 May 1992 at
180 000 seeds/acre. In 1989, 1.5 Ib a.i./acre metolach-
lor was applied pre-emergence and 2 Ib a.i./acre bentazon
and oil were applied post-emergence to control weeds.
In 1990, 1.5 1b a.i./acre of metolachlor was applied pre-
emergence for weed control. In 1991, 1.5 Ib a.i./acre of
metolachlor was applied pre-emergence and 0.0625 oz
a.i./acre of trifensulfuron methyl was applied post-
emergence for weed control. In 1992, 2 b a.i./acre of
glyphosate was applied preplant, 1.5 lb a.i./acre
metolachlor was applied pre-emergence, and 2 Ib a.i./acre
bentazon and 2 pt/acre adjuvent were applied post-
emergence for weed control. Hand weeding was used if
necessary. :

Soybean data collected all 4 yr included: severity of
BSR foliar symptoms, plant height and lodging, grain

100

1980 y = 78.803 - 0.34705x R*2 = 0.650
1990 y=72.112-0.24019x R*2 = 0.417
1091 y = 75.984 - 0.27207x R*2 = 0.402 1
= 1992y = 54.026 - 0.29634x R*2 = 0.723

8
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Fig. 1. Correlation of brown stem rot (BSR) severity with yield of soy-
bean (cv. Corsoy 79) (y = 68.666 — 0.267x, P < 0.001,r = —0.518).
An area under disease progress curve (AUDPC) was calculated to
present the severity and progress of foliar symptoms of BSR for each
year,



Table 2. Main effects of year, tillage, rotation sequence, and cul-
tivar on soybean for four combined years (1989-1992) of corn/soy-
bean rotation study.

Seed Plant
Main effect AUDPCT Yield weight height Lodging}
bu/acre mg/seed in. 1-5

Year

1989 46.4 61.2 169 31.5 2.6

1990 30.0 61.2 180 37.4 2.8

1991 39.8 61.0 168 41.5 2.6

1992 33.1 42.9 147 35.7 2.8
S <0.001 <0.001 <0.001 <0.001 0.01
LSD (10%) 2.9 2.2 5.2 0.6 0.1
Tillage

No-till 43.3 53.6 165 38.2 2.9

Conv. till 31.3 59.5 166 37.8 2.5
Pa= <0.001 <0.001 0.006 0.14 0.006
Rotation sequence
First-year soybean 19.0 65.1 174 40.4 2.9
Soybean/corn 33.8 58.5 166 38.5 2.9
Second-year soybean 37.5 56.4 166 38.3 2.8
Third-year soybean 42.8 54.5 164 37.7 25T
Fourth-year soybean 43.2 54.0 164 37.4 2.6
Fifth-year soybean 43.0 53.4 164 317.3 25
Cont. soybean 41.9 54.2 164 36.5 2.3
2= <0001 <0.001 <0.001 <0.001 <0.001
LSD (10%) 2.8 1.8 1.8 0.6 0.1
Cultivar

Corsoy 79 67.8 50.5 157 40.6 3.5

BSR 101 6.8 62.6 175 35.4 1.9
B = <0.001 0.003 <0.001 <0.001 0.002

TAUDPC = area under disease progress curve for foliar symptoms of
brown stem rot of soybean.
T Lodging: 1 = all plants upright to 5 = all plants flat.

moisture, grain yield, and seed weight. Foliar symptoms
of BSR were rated weekly after the initiation of symptoms
by use of the Horsfall-Barratt scale (Mengistu et al.,
1986), from which an area under disease progress curve
(AUDPC) was calculated for each treatment. Foliar
symptoms of BSR were rated every 5 to 8 d after initia-
tion of symptoms from 27 Aug. to 12 Sept. 1989, 29 Aug.
to 18 Sept. 1990, 9 Aug. to 28 Aug. 1991, and 18 Aug.
to 2 Sept. 1992,

A plot combine was used to harvest the six middle soy-
bean rows from each plot on 28 Sept. 1989, 5 Oct. 1990,
26 Sept. 1991 and 5 Oct. 1992. Yields were based on 13%
moisture content of grain.

Factorial and correlation analysis was performed on
the data using MSTAT-C (MSTAT-C, Michigan State
University, East Lansing, MI). Data were analyzed over
years by use of a strip block analysis of variance with
separate error terms for each main effect, and mean com-
parisons were made by use of the FLSD test. Replicates
were considered fixed effects while all other effects were
randomized at the initiation of the experiment but fixed
thereafter in determining the expected mean squares and
appropriate F-tests in the combined analysis of variance.

RESULTS AND DISCUSSION

The plot area is typical of most midwestern fields. BSR
appears as soybean culture is increased. Ratings for
severity of BSR from these plots were first recorded in
1986. From 1989 to 1992, the severity of BSR in these
plots was as high as the severity observed in growers fields
with similar cropping histories.

Main Effects

Year. There was a correlation between AUDPC and
yield of Corsoy 79 for 4 yr of the corn/soybean rotation
study (y = 68.666 — 0.267x, P < 0.001, r = —0.518)
(Fig. 1). There were differences between regressions of
AUDPC against yield for the different years. The y-
intercept for 1992 was lower than the three other years
(P < 0.001), reflecting the reduced yield potential of the
crop in response to cooler temperatures and poorer grow-
ing conditions. For each increment of disease severity the
change in yield was slightly different between years. The
slope for 1989 was greater than the three other years at
P = 0.025, but was not different from the slope for 1992
at P = 0.097. The slopes for 1990, 1991, and 1992 were
not different at P = 0.05 in pair-wise comparisons,
however, the slope for 1992 was greater than 1990 =
0.08). We believe the climatic conditions were responsi-
ble for the differences. For example, while 1989 was
warmer and dryer than normal early in the growing sea-
son, timely rains in August coincided with pod fill. Men-
gistu and Grau (1987) reported that optimal soil moisture
conditions result in greater severity of, and yield loss
caused by, BSR.

The severity of BSR, averaged across all factors for
the growing season varied among years (Table 2). Inter-
actions of year with other factors were due primarily to
the magnitude of the response, and therefore results will
be presented as the mean response over 4 yr.

Nitrogen. The application of N reduced the severity of
BSR in Corsoy 79 in all crop rotation sequences except
the 2 and 3 yr continuous soybean (data not shown).
There was no interaction between N rate and rotation se-
quences for severity of BSR in BSR 101. Nitrogen also
increased the yield of Corsoy 79 and BSR 101 compared
with no N in some of the rotation sequences (data not
shown). The interaction between tillage and N rate was
not significant for yield of soybean. This data is present-
ed in more detail in Adee et al., 1994. All values are aver-
ages of N treatments.

Tillage. Severity of BSR on soybean was 38% greater
and yield of soybean was 10% less in NT than in CT
(Table 2). Seed weight of soybean in NT was less than
in CT and lodging of soybean was greater in NT than
in CT. The negative correlation of BSR severity, ex-
pressed as AUDPC, with yield of Corsoy 79 (P < 0.001,
r = —0.518) suggests that BSR is a significant factor in
the reduction of yield of soybean grown in NT. Previous
research conducted in Wisconsin (Mengistu and Grau,
1987) has shown a similar negative correlation between
BSR severity and grain yield.

While other researchers have shown the influence of
crop rotation (Kennedy and Lambert, 1981 Dunleavy
and Weber, 1967) and BSR-resistant cultivars (Mengistu
et al., 1986) on severity of BSR and soybean yield, this
data is the first to show the influence of tillage on severi-
ty of BSR. While the use of residue management to con-
trol BSR has not been reported, residue management has
been recommended to control other residue-borne plant
pathogens of soybean such as: Pseudomonas syringae pv.
glycinea Young, Dye, and Wilkie (bacterial blight), Col-
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letotrichum truncatum Andrus and W.D. Moore (an-
thracnose), Septoria glycines Hemmi (brown spot), and
Diaporthe phaseolorum var. sgjae Wehm. (pod and stem
blight) (Sinclair and Backman, 1989). The effect NT has
on the survival of P. gregata and potential inoculum of
the fungus is not known.

Concerns of soil erosion control and the restrictions
on tillage require the examination of other means to
reduce the inoculum of residue-borne plant pathogens
other than CT with the moldboard plot. Use of resistant
cultivars to reduce inoculum of P. gregata could be a
potential disease management strategy that could be inte-
grated with tillage and crop rotation. The incidence and
severity of BSR was reduced and yields of BSR-
susceptible cultivars increased following 4 yr of BSR-
resistant soybean (Tachibana et al., 1989). This phenome-
non maybe related to lower numbers of colony forming
units of P. gregata isolated from straw of BSR 101 col-
lected in the spring than from BSR-susceptible cv. Hardin
(Mengistu et al., 1991). This strategy also has been
demonstrated by growing a cultivar resistant to soybean
cyst nematode, Heterodera glycines Ichinohe, which
reduces the number of soybean cyst nematode cysts in
the soil (Epps et al., 1981).

Rotation. First-year soybean after 5 yr of corn had
44% less severity of BSR, 11% greater yield, and 5%
greater seed weight than soybean that had been annually
alternated with corn for 6 to 9 yr (Table 2). The severity
of BSR increased, and yields and seed weight of soybean
decreased with an increase in frequency of soybean in the
rotation. Plant height and lodging of soybean decreased
with an increase in soybean frequency.

Longer crop rotations, such as a 3-yr corn/soy-

10 —S—No-til BSR 101
=—0— Conv. Till BSR 101
100 f—e— No-till Corsoy 79
=o— Conv. Till Corsoy 79
m-
80 I
70
Q
o 60f
[a]
> 50t
L
401
30}
20t
19 T . ]
(4] T

2 3 4 5 C
YEARS IN SOYBEAN
Fig. 2. Severity of brown stem rot as influenced by rotation, tillage,

and cultivar, averaged over two N rates and 4 yr. Years in rotation
of soybean are: 1 = first-year soybean after 5 yr of corn; C/S =
soybean alternated annually with corn; 2, 3, 4, 5 = second-, third-,
fourth-, and fifth-year soybean, respectively; Cont. = seventh-,
eighth-, ninth-, and 10th-year soybean in 1989, 1990, 1991, and 1992,
respectively. An area under disease progress curve (AUDPC) was cal-
culated to present the severity and progress of foliar symptoms of
BSR for each year. Vertical bar represents FLSD (0.10).

1 C/s ont.
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bean/wheat (Triticum aestivumn L.) cropping system, may
be more advantageous than annually alternated corn and
soybean when BSR is a limiting factor for soybean yield
(Lund et al., 1993). Dunleavy and Weber (1967) report-
ed a yield advantage of 9.2 bu/acre for soybean grown
after 3 yr of corn compared with 2 yr, and the incidence
of BSR symptomatic plants was 45 and 83%, respectively.

Cultivar. The severity of BSR in cv. Corsoy 79 was
almost 10 times greater, yield was 19% lower, and seed
weight was 10% lower than for cv. BSR 101 (Table 2).
Corsoy 79 also had greater plant height and more lodg-
ing than BSR 101. The height and lodging of Corsoy 79
is typically greater than for BSR 101 when symptoms of
BSR are not present (Oplinger et al., 1991).

The negative correlation between AUDPC of BSR and
seed weight of Corsoy 79 (P < 0.001, r = —0.61), and
the positive correlation between seed weight and yield of
Corsoy 79 (P < 0.001, r = 0.72) confirms BSR reduces
the yield of BSR-susceptible cultivars partially by decreas-
ing seed weight, however, previous work has shown that
most yield loss can be attributed to lower seed number
(Dunleavy and Weber, 1967; Kennedy and Lambert,
1981; Mengistu et al., 1986).

Interactions of Factors

Disease Severity. There was an interaction between til-
lage, rotation, and cultivar for the severity of BSR (P <
0.001) (Fig. 2). Tillage type did not have an effect on the
severity of BSR in first-year soybean. Severity of BSR
was greater with NT than with CT, starting with annual-
ly alternated soybean, and the difference increased with
more consecutive years of soybean in the susceptible cul-
tivar Corsoy 79. The severity of BSR in Corsoy 79 was
more than 100% greater in NT and 70% greater in CT
in annually alternated soybean than in first-year soybean
following 5 yr of corn. Severity of BSR in Corsoy 79 was
30 to 60% greater in NT than in CT with annually alter-
nated soybean and rotation sequences of two or more
consecutive years of soybean. Severity of BSR was ex-
tremely low in BSR 101 and was not affected by tillage
system in any of the rotation sequences. Across all rota-
tion sequences, the overall trend for severity of BSR was
least with BSR 101 in either tillage system, followed by
Corsoy 79 in CT, and Corsoy 79 in NT.

Effectiveness of CT and longer crop rotations in reduc-
ing the severity of BSR supports the concept that P.
gregata survives primarily in crop residue (Gray, 1972b).
The use of CT and crop rotation as a means of residue
management is effective in reducing the inoculum of other
residue-borne plant pathogens (Cook et al., 1978). Bury-
ing crop residue with tillage operations and longer dura-
tions between a crop are two methods of reducing the
amount of crop residue remaining when the crop is
planted again (Christensen, 1986; Parker, 1962).

Yield. The interaction between tillage, rotation, and
cultivar for yield was significant at P = 0.005 (Fig. 3).
Yields of Corsoy 79 were not influenced by tillage in the
first-year soybean, but in NT were 15 to 25% lower than
in CT for rotation sequences after the first-year soybean.
With annually alternated soybean, yield of Corsoy 79 was



20% lower in NT and 6% lower in CT than Corsoy 79
as first-year soybean following 5 yr of corn. Yield of BSR
101 in both tillage systems was 8 to 53% greater than
yields for Corsoy 79 across all rotation sequences. Soy-
bean yield was greatest across all rotation sequences with
BSR 101 in CT, followed by BSR 101 in NT, Corsoy 79
in CT, and Corsoy 79 in NT. The severity of BSR can
partially explain the reduction in yield of susceptible Soy-
bean cultivars grown in reduced tillage systems with short-
er crop rotations. The reduction in yield of BSR 101 in
rotation sequences after first-year soybean with NT and
CT cannot be attributed to increased severity of BSR.
There are several possible explanations for the decline
in yield of BSR 101 in NT compared with CT. Several
other pathogens of soybean that survive in soybean
residue, such as bacterial blight and brown spot, were ob-
served on soybean in the plots. However, the incidence
of bacterial blight was very low, and brown spot occurred
late in the season on both cultivars. Symptoms caused
by Phytophthora sojae (Kaufmann and Gerdemann) and
Pythium spp., which are favored by cooler and wetter
soils, were not observed in this experiment. Both culti-
vars are resistant to specific races of P. sojae common
to the region, and there were no significant stand
problems associated with Pythium in the plots. The health
of roots was not determined in this study, but could be
another factor influenced by crop rotations. Nickel et al.
(1992) found that roots of corn and soybean grown in
monoculture had lower health scores and higher numbers
of total root pathogen colony forming units from Fusar-
ium spp., Rhizoctonia spp., and Pythium Spp. on roots
than when grown in rotation. =
Reduced yields of BSR 101 after first-year soybean in
both tillage systems could be related to microbial activi-
ty in the soil. Mycorrhizal fungi could have an impor-

70
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—0— Conv. Till BSR 101
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YIELD (bu/acre)
88

S

40 T . ;
1 C/s 2 3 4 5
YEARS IN SOYBEAN
Fig. 3. Yield of soybean as influenced by rotation, tillage, and culti-
var, averaged over two N rates and 4 yr. Years in rotation of soy-
bean are: 1 = first-year soybean after 5 yr of corn; C/S = soybean
alternated annually with corn; 2, 3,4, 5 = second-, third-, fourth-,
and fifth-year soybean, respectively; Cont. = seventh-, eighth-, ninth-,
and 10th-year soybean in 1989, 1990, 1991, and 1992, respectively.
Vertical bar represents FLSD (0.10).

tant role in the yield of crops grown in different crop
rotations. Numbers of spores of mycorrhizal fungi
predominant in soils that had been continuously cropped
to corn and soybean were negatively correlated with yield
of the respective crops (Johnson et al., 1992). Rotation
of burley tobacco and sod crops reduced root coloniza-
tion and severity of stunting of tobacco plants by the
mycorrhizal fungus Glomus macrocarpum Tul and Tul
(Hendrix et al., 1992).

Seed Weight. There was an interaction between tillage,
rotation and cultivar for seed weight (P = 0.099). Seed
weight of Corsoy 79 was 7 to 12% lower than seed weight
of BSR 101 across all rotation sequences (Fig. 4). There
was a trend for seed weights of Corsoy 79 to be lower
in NT than in CT for all but first-year soybean. Seed
weights of BSR 101 were not significantly different be-
tween tillage systems across all rotation sequences. Both
cultivars, however, had higher seed weights under both
tillage systems in first-year soybean than in all other ro-
tations.

Conclusions. Results from this study on the effect of
crop rotation on yield loss to BSR confirm previous
reports by Dunleavy and Weber (1967) and Kennedy and
Lambert (1981), while disagreeing with the conclusions
of Whiting and Crookston (1993). The absence of visi-
ble foliar symptoms of BSR reported by Whiting and
Crookston (1993) could explain the lack of a rotation ef-
fect with BSR. Mengistu and Grau (1987) reported that
yield loss was greater when both stem and foliar symp-
toms of BSR were present and that severity of foliar sym-
ptoms was more closely correlated with yield loss than
severity of stem symptoms. Severity of symptoms and
yield loss to BSR can be affected by environmental fac-
tors. Low soil moisture, as in 1988 (Whiting and Crook-
ston, 1993), reduces the severity of BSR stem and foliar
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Fig. 4. Seed weight of soybean as influenced by rotation, tillage, and
cultivar, averaged over two N rates and 4 yr. Years in rotation of
soybean are: 1 = first-year soybean after 5 yr of corn; C/S = soy-
bean alternated annually with corn; 2, 4, 5, 5 = second-, third-,
fourth-, and fifth-year soybean, respectively; Cont. = seventh-,
eighth-, ninth-, and 10th-year soybean in 1989, 1990, 1991, and 1992,
respectively. Vertical bar represents FLSD (0.10).

J. Prod. Agric., Vol. 7, no. 3, 1994 345



symptoms, as well as yield loss due to BSR (Mengistu and
Grau, 1987; Mengistu et al., 1987). The lack of foliar
symptoms could also be attributed to the pathotype of
P. gregata present in the field (Gray, 1972a; Mengistu
and Grau, 1986).

Whiting and Crookston (1993) measured no yield
differences between Hodgson 78 and BSR 101. The choice
of BSR-susceptible cultivar may have masked the effects
of BSR in this study. Cultivars of shorter relative ma-
turity escape the yield reducing effects of BSR compared
with longer maturity cultivars for a geographic region
(Weber et al., 1966). The maturity of Hodgson 78 is 100
d and maturity group 1.4 (used by Whiting and Crook-
ston, 1993) compared with 110 d and maturity group 2.1
for Corsoy 79 (used in this study) (Oplinger et al., 1993).
BSR 101 (BSR-resistant), used in both studies to deter-
mine yield loss estimates, has a relative maturity of 105
d (maturity group 1.9). To accurately assess the influence
of cultural practices on severity of BSR, comparisons
must be between cultivars of similar maturity and yield
potential.

We do agree with Whiting and Crookston (1993) that
other factors can be contributing to the rotation effect.
As mentioned previously in this paper, the yield of BSR
101 declines with an increased frequency of soybean in
a rotation. However, severity of foliar symptoms ex-
pressed by BSR 101 were not correlated with the yield
decline as they were with the BSR-susceptible cultivar
(Corsoy 79). As suggested by Crookston et al. (1991), we
believe yields of soybean would benefit from crop rota-
tions with a minimum of 2 yr between soybean crops.
As shown by our data and that of others, fields with a
BSR history could benefit from crop rotation primarily
due to a reduction in severity of BSR (Dunleavy and We-
ber, 1967; Kennedy and Lambert, 1981).

The effectiveness of crop rotation in lowering the
severity of BSR and reducing yield loss to BSR is negated
by NT compared with CT, thus, demonstrating how cul-
tural practices can interact negatively. This research also
emphasizes the importance of soybean cultivar selection
when reduced tillage systems or shorter rotations out of
soybean are implemented in soybean production.
However, exclusive use of BSR-resistant soybean culti-
vars as a management tactic for reducing the effect of
BSR on soybean should be approached with caution
(Tachibana, 1982). Resistance to P. gregata has a nar-
row genetic base (Hanson et al., 1988) and variable reac-
tions of BSR-resistant soybean genotypes to isolates of
the fungus have been reported (Sills et al., 1991; Willmot
et al., 1989). Integration of such management practices
as residue management and crop diversity, in conjunc-
tion with BSR-resistant cultivars, are all needed to de-
velop management recommendations that increase the
profitability of soybean grown in the presence of P.
gregata.
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