Organic and Conventional Production Systems in the Wisconsin
Integrated Cropping Systems Trials: I. Productivity 1990–2002
Joshua L. Posner,* Jon O. Baldock, and Janet L. Hedtcke

During the last half-century, agriculture in the upper U.S. Midwest has changed from limited-input, integrated grain–livestock
systems to primarily high-input specialized livestock or grain systems. This trend has spawned a debate regarding which cropping
systems are more sustainable and led to the question: can diverse, low-input cropping systems (organic systems) be as productive
as conventional systems? To answer this question, we compared six cropping systems ranging from diverse, organic systems to
less diverse conventional systems conducted at two sites in southern Wisconsin. The results of 13 yr at one location and 8 yr at the
other showed that: (i) organic forage crops can yield both as much dry matter as their conventional counterparts and with quality sufficient to produce as much milk; and (ii) organic corn (Zea mays L.), soybean [Glycine max (L.) Merr.], and winter wheat
(Triticum aestivum L.) can produce 90% as well as their conventionally managed counterparts. The average yields for corn and
soybean, however, masked a dichotomy in productivity. Combining Wisconsin Integrated Cropping Systems Trial (WICST)
data with other published reports revealed that in 34% of the site-years, weed control was such a problem, mostly due to wet
spring weather reducing the effectiveness of mechanical weed control techniques, that the relative yields of low-input corn and
soybean were only 74% of conventional systems. However, in the other 66% of the cases, where mechanical weed control was
effective, the relative yield of the low-input crops was 99% of conventional systems. Our findings indicate that diverse, low-input
cropping systems can be as productive per unit of land as conventional systems.
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OUTHERN WISCONSIN and much of the upper U.S.
Midwest were home to integrated grain–livestock production systems from the 1880s to the early 1960s (Felstehausen,
1986; Parr and Hornick, 1992). However, since the introduction of herbicides and chemical fertilizers, many of the integrated farms in this region have used those inputs to specialize
in either livestock or in grain production. As specialization
progressed, some of the inputs that made the trend possible
have been found in unintended places in the environment
such as surface water and ground water. The awareness that
modern agriculture has been a major contributor to nonpoint
pollution (Gish and Sadeghi, 1993; Oberle and Burkart, 1994;
Barbash et al., 2001) and the suspicion that it has fostered
socioeconomic problems in rural areas led to calls for farming systems to be more sustainable. This spawned a debate, in
which proponents of organic and other low-input systems, and
even some mainstream agriculturalists, cited the large farm
size, lack of integration of crops with livestock, environmental pollution, and diminished biological diversity as reasons
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why conventional agriculture was not sustainable (National
Research Council, 1989; Rodale, 1990; Parr and Hornick,
1992). Advocates of conventional agriculture countered that
organic and related systems were not productive enough to
meet society’s food and fiber requirements nor were they
profitable enough to support farms and the infrastructure on
which farms depended (Council for Agricultural Science and
Technology, 1990; Wagner, 1990; Avery and Avery, 1996).
Before the year 2000 most of the scientific literature suggested that organically managed cropping systems were less
productive than the higher-input systems (Klepper et al., 1977;
Berardi, 1978; Helmers et al., 1986; Crosson and Ostrov, 1990).
Comparing separate surveys of 960 conventional farmers and
58 certified organic farmers in Ohio for the 1990 crop-year indicated that the organic farm yields as a percentage of their conventional counterparts were 76% for corn, 76% for soybean, 70% for
wheat, and 68% for hay (Batte et al., 1993). On the other hand,
a few studies indicated that organic yields were nearly equivalent to yields on conventional farms (Lockeretz et al., 1978;
Lockeretz et al., 1981; Cacek and Langner, 1986).
In 1989, in response to the debate about the relative agricultural sustainability of low input and conventional systems, a
large-scale, long-term study entitled the Wisconsin Integrated
Cropping Systems Trials (WICST) was initiated at two locations in southern Wisconsin to compare the productivity,
profitability, and environmental impact of a range of grain
and forage-based cropping systems (Posner et al., 1995). The
three standards of comparison were chosen because, despite the
wide range of opinions on the definition and determination
of sustainability, most agreed that at least those three criteria
Abbreviations: GDD, growing degree days; NIRS, near infrared
spectrophotometry; REML, restricted maximum likelihood; RFV, relative
feed value; WICST, Wisconsin Integrated Cropping Systems Trial.
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Table 1. The six cropping systems in the Wisconsin Integrated Cropping Systems Trials conducted at Arlington and Elkhorn, WI:
crop rotation, management philosophy, and specific inputs.
Specific inputs for management philosophy and crop
Management philosophy
Code
CS1
CS2
CS3

CS4

CS5

CS6

Enterprises

External
input level

cash grain
cash grain

high
medium

Estimated annual N–P–K input†
Crop
rotation

Primary
tillage

Arlington
Elkhorn
kg ha –1
142–5–20§
141–4–15§
0–0–0
0–0–0
136–4–19§
136–5–21§
0–0–0
0–0–0
0–0–0
0–0–0

continuous corn chisel
soybean
NT#
corn
NT
cash grain
low (organic)
soybean††
chisel
winter wheat
field
(red clover)‡‡ cultivate
corn
chisel 146–0–0
livestock & crop
high
alfalfa§§
chisel 241–23–160
alfalfa
none 0–0–0
alfalfa
none 0–0–0
corn
chisel 240–24–168
livestock & crop low (organic) oat (alfalfa)§§
chisel 182–17–120
alfalfa
none 0–0–0
corn
chisel 176–16–117
livestock & crop

low

mixed pasture

none

52–5–31

Source‡

Weeds

Insects

F

herbicides
herbicides
herbicides
mechanical
none

insecticide¶
none
none
none
none

L, M2

mechanical
herbicides
herbicides
herbicides
herbicides
none
none
mechanical

none
insecticide
insecticide
insecticide
none
none
none
none

M3

none

none

L, F

93–0–0
337–41–296
0–0–0
0–0–0
393–44–300
253–29–222
0–0–0
270–29–236

L
M1

L, F, M1
M2

117–9–75

Pest control methods

† Legume credits (L) and manure credits included where applicable.
‡ F = commercial fertilizer; M1 = 44.8 Mg manure ha –1 and M2 = 33.6 Mg manure ha –1; M3 = 12.9 Mg manure ha –1 deposited by five grazing heifers on 1.2 ha at 150 d
(University of Wisconsin Extension, 1996–2006).
§ Nitrogen rates were adjusted according to soil nitrate N tests.
¶ Only soil insecticides were used.
# Before 1995, conventional tillage and drilling were used to plant soybean; thereafter the system was no-till drilling of seed (NT).
†† Soybeans were planted in 76-cm rows with a row-crop planter.
‡‡ The red clover was frost seeded or drilled into the winter wheat in early spring.
§§ The alfalfa in Phase 1 of CS4 was sole seeded; the alfalfa in Phase 1 of CS5 was companion seeded with the oat–pea mix.

had to be met (Hildebrand, 1990; Keeney, 1990; Rodale,
1990). In this paper we focus on the question of productivity. Specifically, our objective was to determine whether biologically diverse, low-input cropping systems, as proposed by
Harwood (1985) and Altieri (1987) could be as productive as
simpler, high-input conventional cropping systems.
MATERIALS AND METHODS
Cropping System Trials and Terminology
Cropping system terms and definitions used in this paper are
similar to those originated by Cochran (1947) and Yates (1954)
and more recently restated by Cady (1991). By cropping system
we mean the combination of a crop rotation and a management
philosophy, which is more general than Cady’s definition of it
as a crop rotation and a set of specific management practices.
Substitution of a management philosophy for specific practices
allows the flexibility to adjust the practices to the needs of each
crop rotation and keep up with rapid advances in varieties,
weed control, tillage, and so forth (Frye and Thomas, 1991). We
used a panel of farmers and researchers to guide such changes
and ensure that they were consistent with the overall philosophy of each system (Posner et al., 1995). By choosing only the
treatment combinations that are appropriate for each crop rotation, every cropping system is compared near its optimal level
and the problem of impractically large, full-factorials trials are
avoided (Cady, 1991). This flexibility and efficiency in cropping
systems trials comes at a price; that is, the ability to identify
specific causes of differences among systems is mostly lost.
There are a plethora of descriptive names that might be given
to the low-external-input, biologically diverse cropping systems
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examined in the WICST. A few examples include alternative (Crosson, 1989; Madden, 1989), low-input (Weil, 1990;
Liebman and Davis, 2000), integrated (Krall and Schuman,
1996), regenerative (Rodale, 1985), sustainable (Harwood,
1990), and organic (Rodale, 1990; Mader et al., 2002).
Together they represent a spectrum that ranges from zero input
of both manufactured fertilizers and pesticides to limited
inputs of either or both. We chose to use the term organic to
refer to the specific low-input systems in the WICST because
it represents the complete absence of manufactured pesticides
and fertilizers and there are clear standards for that system.
Design and Establishment of the Experiment
The ongoing WICST experiment consists of six cropping
systems, replicated four times and situated at two locations in
southern Wisconsin (the second site was terminated in 2002).
Three cash-crop (typical of specialized grain farms) and three
forage-crop systems (typical of livestock–crop farms) were
selected for study based on crop diversity and level of external
inputs (Posner et al., 1995). Specifically, the cash grain systems
were a high-external input, continuous corn (CS1) system; a
moderate-external input, corn–soybean (CS2) system, and
an organic corn–soybean–winter wheat with frost-seeded red
clover (Trifolium pretense L.) (CS3) system (Table 1). Forage
systems include a high-input, corn–alfalfa (Medicago sativa
L.) system (CS4); an organic inputs system of corn, alfalfa, oat
(Avena sativa L.) plus field pea (Pisum sativum L.) mix, followed by a year of alfalfa hay (CS5); and a rotationally grazed
pasture (CS6) seeded to a mixture of red clover, timothy
(Phleum pratense L.), brome grass (Bromus inermis L.), and
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orchardgrass (Dactylis glomerata L.) (Table 1). The key differences in cultural practices among the systems are described in
Table 1. The organic grain and organic forage systems (CS3
and CS5) could not be certified organic, because they lack a 10-m
buffer zone around each plot, and the same field machinery was
used interchangeably on both conventional and the organic plots
without previous cleaning. Also, before 2002 we used conventional, not certified organic seed. Except for these discrepancies,
these grain and forage plots meet all the (other) USDA requirements for a certified organic system (USDA, 2007).
The trials were established in 1989 with all 24 ha at each
location planted to corn to improve the uniformity of crop
history and to allow baseline measurements to be made. Some
of the baseline variables, especially yield, were used to block
the trial into a four-block randomized complete block design
with one replication of the 14 total phases in the six cropping
systems placed in each block. Instead of starting all crops in
all rotations in the first year, a staggered start was used so that
each phase of each rotation was replicated in time as well as
space (Posner et al., 1995; Loughin, 2006). After the stagger
was completed in 1992, every phase was present every year for
all the crop rotations, thus meeting a core requirement of a crop
rotation trial (Cady, 1991). The large, 0.3-ha plots allowed field
work to be done with farm scale equipment. Grain and dry
matter yields were measured by first running the harvest wagons across a farm scale and then taking several small samples
that were composited and then frozen. Grain crop samples
were analyzed for moisture, protein levels, and nutrient content
(P and K), while forage samples (both hay and pasture) were
tested with near infrared spectrophotometry (NIRS) to determine relative feed value (RFV) (Rohweder et al., 1978). In the
rotational grazing system, randomly selected samples (4 × 0.5
m2) were hand-cut each week with a shears at ground level just
before grazing by the heifers (Marten, 1989). Additional details
on the design and conduct of the WICST trial are provided in
Posner et al. (1995).
Locations and Analytical Methods
Arlington and Elkhorn are in Major Land Resource Area
95B, which covers most of south central and southeastern
Wisconsin (USDA, 1981). Soils in this area are primarily
prairie-derived soils (Mollisols) and vary along two gradients,
the depth of silt loam loess cap over glacial till, and internal
soil drainage. One location was the somewhat poorly drained
Lakeland Agricultural Complex on the Walworth County
Farm near Elkhorn, WI (42°39′ N; 88°29′ W). The dominant
soil types at this location are a Pella (fine-silty, mixed, mesic
Typic Haplaquolls) and a mottled variant of Griswold (finesilty, mixed, mesic Typic Argiudolls). The other location was
a well-drained site at the University of Wisconsin Arlington
Research Station (43°18′ N; 89°21′ W) near Arlington, WI, on
a Plano silt loam (fine-silty, mixed, mesic Typic Argiudolls). For
the most part, both locations had been in a dairy–forage cropping system of corn and alfalfa with manure returned to the
land for the 20 yr before establishing the trial. As a result, both
locations (0–15 cm) initially had high organic matter levels (47
and 52 g kg −1 at Arlington and Elkhorn, respectively), medium
soil pH levels (1:1.3 soil/water, 6.5 and 6.3), high soil test P
(108 and 58 mg kg −1 Bray I), and high soil test K (255 and 188
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mg kg −1 exchangeable K). Although the two sites have nearly
equivalent length of cropping season (April–October) and
cropping season rainfall totals (622 mm at Arlington, 638 mm
at Elkhorn), the Arlington site is approximately 90 km further
north and has 1408 growing degree days (GDD) while Elkhorn
is warmer and has 1760 GDD (base temperature 10°C)
(National Oceanic and Atmospheric Administration, 2007).
Statistical Analyses
Initially, we analyzed the crop yields and quality data across
both locations for each of the four test crops (crops that were
in more than one cropping system) from the year they began
in all the appropriate cropping systems through 1998 using the
restricted maximum likelihood (REML) facility of SAS PROC
MIXED (SAS Institute, 1999). These combined analyses ended
at 1998 because crop sequence modifications were made in two
cropping systems at the Elkhorn site in 1999. We used the following linear, additive model in these analyses:
Zijkl = μ + Li + Yj + LYij + Bk(Li) + YBjk(Li) + Sl +
LSil + YSjl + LYSijl + εijkl
where Zijkl was the observed yield or quality measurement
for the ijklth case, μ was the overall mean, Li was the effect of
location i, Yj was the effect of year j, LYij was the effect of location i by year j, Bk(Li) was the effect of block k nested within
location i, YBjk(Li) was the effect of year j by block k within
location i, Sl was the effect of cropping system l, LSil was the
effect of location i by cropping system l, YSjl was the effect of
year j by cropping system l, LYSijl was the effect of location i by
year j by cropping system l, and εijkl was the residual error for
i = 1, 2; j = 1,…, 9 depending on crop and location; k = 1,…, 4;
and l = 1,…, 6 depending on crop and location. Years, blocks,
and their interactions were random factors in these analyses
so the inference space extends beyond the particular levels of
these factors. We made specific comparisons among the cropping systems with SAS’s estimate statement. To determine the
significance of the year × system and year × location × system
variance components, we used the likelihood ratio test (Littell
et al., 1996). These tests as well as the tests of the fi xed effects
were done at α = 0.1. We also analyzed the data for nontest
crops (crops that occurred in only one system) across sites and
years with the above model by omitting the terms and indices
for cropping system.
The analyses outlined above did not use the staggered start
to estimate both a fi xed effect of years (e.g., technological
advances) and a random effect of years (e.g., weather effects)
(Loughin, 2006). This deviation from optimal analyses
occurred because in staggered starts for studies involving
crop rotations there is an additional fi xed effect of time due
to agroecological factors, namely cycle. The differing cycle
lengths among the cropping systems in this study made it very
difficult to estimate all three time effects at once and especially
difficult to ascertain the random effect of years because that
effect was nested within the various cycles. Furthermore, preliminary analyses showed that the weather related effects of
years were much larger than the cycle effects. Based on these
considerations, we ignored the effect of cycle in this paper,
but plan to report on it in a later article. In completing the
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analyses combined over locations and years without regard to
cycles, we found that examining the effect of years within sites
in more detail would be useful for a few crops. For these cases,
we omitted the terms and indices involving location from the
above model to conduct these analyses. The latter analyses also
allowed us to include the data through 2002 at Arlington.

cant due to greater variability and fewer years of data; but the
effect was significant for the first full year of alfalfa.
Crop rotation and manure use contributed to the significant
difference among cropping systems. Specifically, corn that
received the benefits of both crop rotation and manure in CS4
yielded 1.5 Mg ha−1 more grain than the continuous corn in
CS1 that received neither. Also, the CS4 corn produced 0.8
Mg ha−1 more grain than the CS2 corn that had the benefit of
crop rotation, but not manure. Furthermore, average corn grain
yields were 0.8 Mg ha−1 greater in the two forage systems (CS4
and CS5) than in the three cash grain systems (CS1, CS2, and
CS3), which again provided evidence of the sizeable positive
influence of manure and forage legumes on corn production.
The benefits of crop rotation and manure, which include both
crop nutrients and other effects, have been reported frequently (Shrader et al., 1966; Baldock and Musgrave, 1980;
Porter et al., 1997).

RESULTS AND DISCUSSION
Test Crops
Fixed Effect of Cropping Systems

In the analyses of the four test crops, the effect of cropping
systems on yields combined across years and locations was statistically significant for corn, soybean, and first-year established
alfalfa hay; but not for seeding-year forage (Table 2). Although
organic systems produced significantly less grain than the conventional systems (Table 3), their performance was better than
anticipated based on previous research. For corn, the organically managed cash grain system (CS3) yielded 91% as much
corn as the average of the two conventional cash grain systems
(CS1 and CS2). Similarly in the forage systems, the organically
managed corn (CS5) produced 88% as much as conventionally
managed corn (CS4). In the case of soybean, the organically
managed crop in CS3 yielded 92% as much as the conventionally managed crop in CS2. For forage dry matter yields, the
organic system (CS5) actually produced more than the conventional system (CS4) in both the establishment year (22% more)
and the first full-year of alfalfa hay (10% more). The advantage
for the organic system in the establishment year was not signifi-

Fixed Effects of Location and Cropping System × Location

In three of the four test crops—corn, seeding-year forage,
and first-year alfalfa—the difference between locations was
significant (p < 0.01) (Table 2). Explicitly, the Arlington site
produced 25% more corn grain, 25% more first-year alfalfa, and
92% more seeding-year forage than the Elkhorn site (data not
shown). The advantage for Arlington was likely due to the better drained soils. The large main effects of cropping system and
location can often lead to significant interactions. However, the
comparisons among cropping systems were consistent across
the two sites so the location × system interactions were not
significant for these three crops. On the other hand, in the
Table 2. Significance level of fixed effects in mixed model for test
fourth test crop, soybean, the effect of location was not sigcrop yields in the Wisconsin Integrated Cropping Systems Trials
nificant (the Arlington mean was only 2.4% greater than the
combined across years and locations (Arlington and Elkhorn, WI).
Elkhorn mean); but the location × system interaction was
Forage
Established
Corn
Soybean
seeding‡
alfalfa hay
significant. While the organic (CS3) soybean yielded 99%
1993–1998
1990–1998 1990–1998
1991–1998
of soybean in the conventional system (CS2) at Arlington,
Source of
variation
df Yield df Yield
df Yield
df
Yield
the ratio was only 85% at Elkhorn. More frequent problems
System, S
4
**
1
†
1
NS
1
*
with mechanical weed control in the CS3 system at the
Location, L
1
†
1
NS
1
*
1
*
poorly drained Elkhorn site likely contributed to this locaL×S
4
NS
1
*
1
NS
1
NS
tion × system interaction (see below). Thus, the relatively
* Significant at the 0.05 probability level.
small location × system interaction in soybean and the lack
** Significant at the 0.01 probability level.
of this interaction in the other three test crops (despite the
† Significant at the 0.10 probability level.
large difference in drainage) suggest that these results are
‡ Seeding year forage in CS4 was alfalfa; in CS5 it was alfalfa with a companion seeding of
oat plus pea. There were no forage yields in 1991–1993 and 1996 because the oat crop
widely applicable across locations on prairie-derived soils in
was harvested for grain.
the U.S. upper Midwest.
Table 3. Least squares mean yields for all crops, except pasture, in the Wisconsin
Integrated Cropping Systems Trials combined across years and locations (Arlington
and Elkhorn, WI).
Corn
Soybean
Wheat
Seeding
grain
grain
grain
year forage
System 1993–1998 1990–1998 1991–1998 1990–1998†
Mg ha –1
CS1
8.61
CS2
9.40
3.58
CS3‡
8.17
3.28
3.22
CS4
10.15
5.61
CS5‡
8.95
6.86
SEM§
1.02
0.16
0.33
0.74

First-year
Secondalfalfa
year alfalfa
1991–1998 1992–1998

9.03
9.91
0.43

8.06
0.46

† Not including years when the oat crop in CS5 was harvested as grain.
‡ Organic systems.
§ Standard error of the mean.
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Random Effects of Year, Block, and
Their Interactions

Table 4 presents the variance components
for the four test crop yields as a measure of the
variability across the random factors in the
analyses (Littell et al., 1996). While there are
some interesting features in the first four rows
of Table 4, we have focused on the year × system (row 5) and year × system × location (row
6) interactions that measure how consistently
the cropping systems performed across years
and year-site combinations. With the four test
crops, the three-way interaction was larger
than the two-way interaction and statistically
•
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Table 4. Variance components from mixed model analyses of test crop yields in
significant using the likelihood ratio test. This
the Wisconsin Integrated Cropping Systems Trials.
indicates that further analyses to explain the
Seeding year First-year
variability is warranted and that it might be best
Corn grain Soybean
forage
alfalfa
done on individual sites. This was a fortuitous
Column
Source
1993–1998 1990–1998 1990–1998
1991–1998
result because it allowed us to include the addi1
Year, Y
4.68
0.00
0.35
0.00
2
Block (Location), B(L)
0.05
0.00
0.00
0.00
tional years (1999–2002) available at Arlington.
3
Y × B(L)
0.02
0.02
0.15
0.00
We did not have to examine forage crop yields in
4
Y×L
2.01
0.24
1.46
2.01
more detail because the estimated year × system
5
Y × System
0.20
0.06
0.00
0.00
variance components for both forage crops were
6
Y × L × System
0.57
0.07
3.06
0.60
zero (Table 4, row 5), which means the differ7
Residual
0.59
0.11
0.65
1.56
ences in forage production between the organic
and conventional systems were very stable across
Table 5. Variance components in analyses of corn yields across all
years. However, the results for the two grain crops were not
years compared with grouped by effective (good years) versus inefconsistent across years as manifested by the moderately large fective (poor years) mechanical weed control years in the Wisconsin
Integrated Cropping Systems Trials at Elkhorn and Arlington, WI.
and statistically significant variance components for year ×
Elkhorn
Arlington
system (Table 4). This variability fit our observations of the
All
6
4
good
2
poor
All
6 good 4 poor
trials that there was a large range in annual grain yields in
Parameter
yr
years years 10 yr years years
the organic systems depending on how favorable the weather Year × system (Mg ha–1)2 0.85** 0.25** 0.59NS† 0.69‡ 0.37** 0.42**
was for mechanical weed control. Others have reported simi- Residual (Mg ha –1)2
0.99 0.49
1.94
0.38 0.29
0.52
lar observations (Liebhardt et al., 1989; Porter et al., 2003).
** Significant at the 0.01 probability level.
Consequently, we attempted to quantify this effect in more
† NS, not significant at the 0.10 probabiliy level.
detail as part of the within-site analyses using the method of ‡ Significant at the 0.10 probability level.
separating the results into logical groups (that is, ones with
Table 6. Variance components in analyses of soybean yields across all
different responses and hopefully smaller variance compoyears compared with grouped by effective (good years) versus inefnents) as outlined by Littell et al. (1996).
fective (poor years) mechanical weed control years in the Wisconsin
Integrated Cropping Systems Trials at Elkhorn and Arlington, WI.

Logical Groups for Corn at Elkhorn and Arlington

Elkhorn

Arlington

In the preliminary analysis across all 6 yr at Elkhorn,
All 9 5 good 4 poor All 13 8 good 5 poor
Parameter
yr
years years
yr
years years
and 10 yr at Arlington, corn grain yields in the two organic
0.35**
Year × system (Mg ha –1)2 0.19** 0.10** 0.30** 0.23** 0.06*
systems (CS3 and CS5) averaged about 90% of those in the
0.10
0.05
0.11
0.10
0.13
0.06
Residual (Mg ha –1)2
conventional systems (CS1, CS2, and CS4). The year × sys* Significant at the 0.05 probability level.
tem variance component was significant (Table 5) at both
** Significant at the 0.01 probability level.
locations and we suspected a large portion of this variation
across years was due to inconsistent weed control. The field
crew reported problems controlling weeds in the organic sysElkhorn and 1992, 1994, and 1999–2001 at Arlington, it was
tems in 1993 and 1998 at Elkhorn and 1993, 1996, 2000, and
difficult to control weeds mechanically (Posner, 1990–2002).
2001 at Arlington (Posner, 1990–2002). When we broke the
During those years, CS3 soybean grain production averaged
data into two sets of years based on weed control, the analyses
only 78% of that in CS2 at both locations. However, in the 5
confirmed the deviations between them. In the problematic
yr with better mechanical weed control at Elkhorn and eight at
years, the organic corn produced only 69% (Elkhorn) and 80%
Arlington, CS3 soybean grain yields averaged 91% (Elkhorn)
(Arlington) as much grain as the conventional systems (data
and 96% (Arlington) of those in CS2. Thus, partitioning by the
not shown). On the other hand, during the 4 yr at Elkhorn and
effectiveness of the mechanical weed control elucidated the dif6 yr at Arlington when mechanical weed control was successferences between the organic and conventional systems that had
ful, the organic systems had yields equivalent to the convenbeen obscured when all years were pooled together for analysis.
tional systems. Also, the year × system variance components
The findings of the grouped analyses showing that the
were smaller within the two weed control groups compared
organic systems produced corn and soybean 90 to 98% as well
with the ungrouped variance component, indicating the yearas the conventional systems in years when mechanical weed
to-year results were more consistent when grouped with the
control was effective, but produced only 69 to 80% as well
larger gain occurring in the good-weed-control years (Table 5).
when weed control was not effective were reinforced by “satellite” chemical weed control trials conducted on a portion of
Logical Groups for Soybean at Elkhorn and Arlington
the organic grain plots at both locations in 1994–1998. Doll
Across all 9 yr at Elkhorn, and 13 yr at Arlington, soybean
et al. (1999) reported that when post emergence herbicide
grain yields in the organic system (CS3) averaged about 85%
was applied on subplots during the corn phase of the organic
(Elkhorn) to 90% (Arlington) of those in the conventional
grain systems, mechanical weed control yields were nearly
systems (CS2). Even though there was less variability in soyequal (89–97%) to those treated with herbicides in years when
bean than in corn production across years, the year × system
mechanical weed control was successful. However, in years
variance component was significant (Table 6), apparently
when mechanical weed control was ineffective, the mechanical
due in part to differences in mechanical weed control in the
weed control treatment only yielded 71 to 80% of the treatorganic systems. During the springs of 1992–1994, and 1998 at
ment in which herbicides were used. For soybean, Doll et al.
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Table 7. Summary of low-input versus conventional cropping system yields from field trials for
row crops and nonrow crops as influenced by weed control.

in CS6 were virtually the same as
those in CS4 and CS5.
Low-input yield as a percent of
Forage quality is as important
conventional system yield
SiteWeed
as
dry matter yield in determining
Study citation
State Sites years control† Corn Soybean S. grain‡ Forage
animal
production in the form of
%
meat or milk, which is the ultiLiebhardt et al., 1989§
PA
1
1
poor
84
mate goal of forage production.
1
1
good
112
1
2
unrated
103
90w
We used RFV as a measure of
Porter et al., 2003
MN
2
6
poor
64
forage quality and estimated milk
2
8
good
98
production with the MILK91 pro2
14
unrated
92
100o
96
gram (Undersander et al., 1993).
Delate and Cambardella, 2004 IA
1
1
good
114
111
Not surprisingly, in the establishSmith and Gross, 2006
MI
1
4
poor
72
ment year there was a 23 point
WICST
WI
2
6, 9¶
poor
75
79
(Arlington) to 35 point (Elkhorn)
10, 13¶
good
98
94
15, 16# unrated
93w
100
RFV advantage for the conven† Weed control in the low-input system determined by visual ratings or biomass.
tionally managed CS4 forage that
‡ Small grain: w = wheat and o = oat.
was primarily composed of alfalfa
§ Results given here are after three transition years. Authors presented forage yields for low-input systems, but no comcompared with the organically
parison to conventional yields.
managed CS5 forage that was
¶ Number of site-years for corn and soybean, respectively.
composed of alfalfa and the com# Number of site-years for wheat and forage crops, respectively.
panion-seeded oat/pea. The RFV
of the pasture samples was 120 ±
(1999) found yields with mechanical weed control alone were
10, which was also significantly lower than for alfalfa in CS4,
87 to 96% of the subplots with herbicide treatment when good
but not for alfalfa in CS5. However, the differences in RFV
mechanical weed control was possible and only 70 to 84%
were offset by larger dry matter yields so there were no signifiwhen it was not.
cant differences in estimated milk production with MILK1991
Wet weather during the early part of the growing season was
between the three forage systems at either location.
the major reason that mechanical weed control was difficult
in some years. Of the six site-years in which mechanical weed
Correspondence with Previous
control in corn was a problem, all had more than 140% of the
Results and Implications
normal May plus June rainfall. Further, of the nine site-years
This report on the WICST adds a substantial number of
with difficulty controlling weeds in the organically managed
site-years to the compilation of field trials comparing organic
soybean crop, six were in the same category of high May plus
and other low-input cropping systems to conventional cropping
June rainfall. The greater rainfall needed to seriously limit
systems in the northern tier states (Table 7). In addition, commechanical weed control in corn compared with soybean fits
bining the WICST outcomes with the previous information
with our observation that the taller stature of corn allowed
gives rise to a clear pattern that shows weed control in the low
more aggressive, rescue type cultivation compared with what
input systems is a key contributor to the observed differences.
could be done in soybean when earlier mechanical weed control
Specifically, when there is a problem controlling weeds in the
attempts had been prevented or were ineffective.
low-input systems, corn yields reported from these trials ranged
from 72 to 84% of the corn yields in the conventional systems.
Nontest Crops
Similarly, when there is a problem controlling weeds in the
Wheat yields in the organically managed system, CS3, averlow-input systems, soybean yields in those systems ranged from
aged 3.22 Mg ha−1 (Table 3). Because wheat only occurred
64 to 79% of the soybean yields in the conventional systems.
in one cropping system, we used the mean yield for the two
However, when low-input weed control was successful, corn
counties where the trials were conducted for the same period
yields in the low-input system were 98 to 114% of the con(1991–1998), which was 3.45 Mg ha−1 (Wisconsin Agricultural
ventional corn yields and low-input soybean yields were 94 to
Statistics Service, 1991–1998), to serve as a conventional stan111% of conventional soybean yields (Table 7). This pattern did
dard. Thus, the organically managed CS3 wheat yielded 93% of
not appear to be a factor in non row-crop yields because none of
the mean county yields and the difference was not significant
the reports mentioned weed control and the low-input system
because it was less than the standard error of the mean for CS3
production was 90 to 100% of that in conventional systems
wheat (Table 3). The only cropping system with a second full
(Table 7). Thus, we conducted or found 37 site-years of comyear of alfalfa was the conventionally managed CS4, where
parisons of low-input to conventional corn, and of these, only
the second full year alfalfa yielded significantly less than the
11 had depressed yields that averaged 75% of conventional corn
first full year (Table 3). To determine the productivity of the
due to difficulty controlling weeds in the low-input systems.
rotational pasture system, CS6, we hand sampled the forIn the other 26 site-years, the mean yield of the low-input corn
age at Arlington in 1994 through 2002. The mean and 90%
was 101% of the mean for conventional corn. Correspondingly,
confidence interval for the dry matter yield was 11.16 ± 2.15
researchers have compiled at least 39 site-years of low-input
Mg ha−1. The mean yields of alfalfa in CS4 and CS5 both fell
to conventional soybean comparisons. In 15 of those 39 cases,
within that interval. Therefore, the forage dry matter yields
there was a problem controlling weeds in the low-input sys258
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CONCLUSIONS
We conclude that on prairie derived soils of the U.S. upper
Midwest, (i) Organically managed and similar low-input forage
crop systems can yield as much, or more, dry matter as their
conventionally managed counterparts with quality sufficient to
produce as much milk as the conventional systems; (ii) organically managed and similar low-input corn, soybean, and winter
wheat can produce about 90% as well as their conventionally
managed counterparts; and (iii) the productivity of corn and
soybean averaged over a number of site-years masks a large
dichotomy related to the effectiveness of mechanical weed control in the low-input systems. Combining WICST data with
other published reports on low-input systems revealed that in
roughly 34% of the site-years, weed control was such a problem,
mostly due to wet weather, that the relative yields of the lowinput systems were approximately 74% of conventional systems.
However, in the other 66% of the cases, where mechanical
weed control was successful, the yield of the low-input crops
was 99% of conventional systems.
Consequently, we conclude that, in the majority of the cases,
biologically diverse, low-input cropping systems can be as
productive per unit of land managed as conventional systems.
However, more research is needed on all aspects of sustainability and particularly on how to improve weed control in lowinput row crops wet growing seasons.

tems, and low-input soybean only yielded 73% of the conventional soybean. However in the other 24 cases, the low-input
soybean averaged 97% of conventional soybean.
Based on the above summary, we estimate that the frequency of weed control problems and subsequent reduced
yields in low-input row crops is roughly 34 out of every 100
cases and the corresponding relative yield is approximately
74%. We also estimate that in the other 66% of cases when
mechanical weed control was successful, the yield of the
low-input row crops was equal to that of 99% of conventional cropping systems. Low-input small grain and forage
yields averaged 97% of conventional cropping systems over
all site-years. Hence, the overall relative yield for low input
systems compared with conventional in these reports for
corn and soybean was 90%, and it was 97% for small grain
and forage crops. Clearly, field research has answered the
question, “Can biologically diverse, low-input cropping systems be as productive as conventional cropping systems”?
with a qualified yes and has refuted the most dire warnings against wide-adoption of low-input cropping systems
(Aldrich, 1978; Wagner, 1990; Avery and Avery, 1996). On
the other hand, the results have distinctly identified weed
control in row crops as a major problem in low-input cropping systems that occurs more often than desirable. While
the issues of insect control, disease control, nutrient supply,
and soil erosion must be addressed in low-input systems,
they are not mentioned as frequently for reducing yield as
is poor weed control (Crosson, 1989; Porter et al., 2003).
Regarding solutions, some may already exist. That is, the
studies reported here relied primarily on rotary hoeing and
standard row-crop cultivating for mechanical weed control
so intra-row weeders, flame weeders, and more preplant tillage may improve mechanical weed control. Furthermore,
there are other physical and cultural weed control methods
that are being studied (Melander et al., 2005). The point is,
field research on low-input cropping systems plainly shows
that on the one hand they are more productive and promising than some have claimed, but on the other, substantial
research on how to improve weed control in row-crops in
these systems is needed.
Two final caveats on the implications of these results are
in order. First, to keep this study and report focused, we
have concentrated on low-input vs. high-input cropping
systems and too often the debate has been left in this all or
nothing framework. But obviously, the WICST results and
the other studies summarized in Table 7 strongly support
an intermediate approach. For example, farmers could rely
more heavily on mechanical weed control in dry years when
this method usually works well and chemicals often do not,
but rely more on herbicides in wetter years when mechanical
weed control is less effective and herbicides are commonly
effective. Lastly, as supportive as these results are for lowinput cropping systems, we caution that this report was on
per-land-unit-productivity only. Aggregate productivity is
another issue (Lee, 1992). Both measures of productivity
form only one facet of the overall goal of finding cropping
systems that are sustainable. More research is needed to
assess the economic and environmental impact of low-input
farming systems.
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