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ABSTRACT
Year to year variation in yield is an inherent risk associated with

crop production and many growers rely on intensive mechanical or
chemical inputs to preserve crop yield in the face of fluctuating envi-
ronmental conditions. However, as interest grows in alternative crop
management systems which depend less on external inputs, determin-
ing the degree to which management systems can impact the temporal
yield variability will help the development of sustainable agroecosys-
tems. This study assessed average crop yields and temporal yield vari-
ability over a 12-yr period in four agricultural management systems
that are part of a long-term cropping systems experiment at the W.K.
Kellogg Biological Station (KBS) Long Term Ecological Research
(LTER) site in southwestern Michigan. The four systems follow a corn
(Zea mays L.), soybean [Glycine max (L.) Merr.], and winter wheat
(Triticum aestivum L.) 3-yr rotation under conventional (CT), no-till
(NT), low-input (LI), or organic (ORG) management, and each crop
phase was present in the rotation four times from 1993 to 2004. Yields
were measured each year and crop yield variability was estimated
using the coefficient of variation calculated separately for each crop
phase. Averaged over the study period, yields in the CT and NT sys-
tems were similar across all crop phases of the rotation and of higher
magnitude than the LI system only in the winter wheat phase of the
rotation. Compared to the other three management systems, yields in
the ORG system were lower in the corn and winter wheat phases of
the rotation. Yields in the soybean phase were similar across the four
management systems. Temporal yield variability differed among man-
agement systems and rotation phases and was highest in the ORG
system during the soybean (CV 5 48%) and winter wheat (CV 5

33%) phases of the rotation. Compared to the CT system, yield vari-
ability was 40% lower in the LI (corn phase), 33% lower in the NT
(soybean phase) and similar in the NT (corn and winter wheat phases)
systems. Results of this study suggest that yield and temporal yield
variability under alternative management systems such as no-till and
low-input can be comparable to that in conventional systems. How-
ever, temporal yield variability can be as high or higher in organic
cropping systems without external inputs of manure or compost.

YEAR-TO-YEAR VARIATION IN CLIMATE can be substan-
tial and can interact with biotic and abiotic factors

such as pest pressure, topography, soil properties, and
management practices in determining crop performance
(Porter et al., 1998; Andresen et al., 2001; Kravchenko
et al., 2005; Mallory and Porter, 2007). To reduce the
effects of variability on crop production, many growers
rely on external inputs of fertilizers, pesticides, and till-
age (Varvel, 2000). However, growing awareness re-

garding the ecological and economic impacts of inten-
sive reliance on synthetic chemicals and tillage has
driven interest in identifying alternative cropping sys-
tems. A major goal of these alternative cropping systems
is to lessen the need for intensive management prac-
tices while maintaining or enhancing the economic and
environmental sustainability of the farming enterprise
(Robertson and Swinton, 2005).

Agricultural management systems have been shown
to have substantial impacts on many aspects of agroeco-
systems, including soil biochemical properties (Drinkwater
et al., 1995; Kladivko, 2001; Sanchez et al., 2004; Grandy
et al., 2006), soil faunal composition and diversity
(Wardle et al., 1999; Scheu, 2001; Menalled et al., 2007),
and weed community structure (Buhler, 1995; Menalled
et al., 2001; Davis et al., 2005). Thus, it is reasonable
to expect that management systems may also have sub-
stantial impacts on ecosystem processes that contribute
to annual crop yield variability (Altieri, 1999; Kravchenko
et al., 2005).

Alternative management practices that maintain or
enhance crop yields while reducing inter-annual yield
variability have the potential to decrease the risk asso-
ciated with crop production. Enhanced yield stability
is of particular importance to the sustainability of agri-
culture under future global climate change scenarios
which predict that variation in precipitation patterns will
increase (Southworth et al., 2000; Tilman et al., 2001;
Lotter et al., 2003). Despite the potential benefits to
growers of decreasing temporal yield variability, there
have been relatively few studies that explicitly address
the impact of management systems on year-to year yield
variability within row crop agroecosystems typical of
the Midwest. However, several recent studies incorpo-
rating data from long-term cropping systems experi-
ments suggest the significant role that management
systems may play in affecting yield variability. For ex-
ample, Kravchenko et al. (2005) observed that over a
6-yr period spatial yield variability was higher in a zero
chemical input system during low rainfall years com-
pared to systems that received chemical fertilizers.
In contrast, Smith and Gross (2006) found that over a
4-yr period, corn yields in an organically managed
rotation that included soybean and winter wheat were
less temporally-variable than yields of continuous corn
under conventional management. Clearly, additional
studies that focus explicitly on temporal variability
and incorporate a time period long enough to capture a
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greater range of climatic conditions are necessary to
quantify accurately the longer-term impacts of man-
agement systems on temporal yield variability (Varvel
2000). The objective of this study was to analyze and
quantify the differences in temporal yield variability
of corn, soybean, and winter wheat grown in rotation
over a 12-yr period under four contrasting agricultural
management systems.

MATERIALS AND METHODS

Study Site

This study was conducted at the KBS LTER Project in
Agroecology in Hickory Corners, MI. Soils at the KBS LTER
site are a mixture of Kalamazoo (fine-loamy, mixed, semi-
active, mesic Typic Hapludalfs) and Oshtemo (coarse-loamy,
mixed, active, mesic Typic Hapludalfs) sandy loams (Crum
and Collins 1995). Mean annual precipitation (30-yr mean) is
860 mm, about half of it occurring during the winter months.
Mean annual temperature is 9.4jC. The site was principally
in continuous corn production for more than 20 yr before the
establishment of the LTER project in 1989.

Management Systems

In 1989, four long-term agronomic management system
treatments that were CT (high external chemical input, tilled),
NT (high external chemical input, no tillage), LI (low chemi-
cal input, tilled), and ORG (no external chemical input, tilled)
were initiated at the KBS LTER. Each management system
was replicated six times in 1-ha plots organized in a random-
ized block design. Within each block, plots were separated by
10-m wide, periodically mowed, grassy strips.

Since 1990, the LI and ORG treatments have been an an-
nual rotation of corn–soybean–winter wheat, with the winter
wheat underseeded with red clover (Trifolium pratense L.) at a
rate of 13 kg ha21. From 1990 to 1992, the CTand NT systems
were a corn–soybean rotation and from 1993 to present, the
rotation has been corn–soybean–winter wheat in phase with
the LI and ORG systems. Thus, the systems had completed
four (CT and NT) and five (LI and ORG) full three-crop
rotations by the end of this study in 2004.

Specific agronomic practices differed by management
system described earlier and for each crop according to
Michigan State University (MSU) best management practices
(Kravchenko et al., 2005). Primary tillage in the CT, LI, and
ORG systems consisted of moldboard plowing from 1990 until

1997 and chisel plowing in 1999 and 2000. One replicate of the
NT system was accidentally tilled in 1994 and data from this
replicate was not used in subsequent analyses. Corn and winter
wheat were planted in 76 and 19 cm rows, respectively. Soy-
bean was planted in 76 cm rows to facilitate cultivation in the
LI and ORG systems and in 20 cm rows in the CT and NT
systems. Fertilizers in the CT and NT systems were applied at
planting (as NH4NO3 until 1995, and as 28% UAN thereafter)
at a rate of 123 kg N ha21 in corn and 56 kg N ha21 in winter
wheat. Lime, N, P, and K were applied as needed according
to MSU recommendations (Grandy et al., 2006). In the LI
system, wheat received 34 kg N ha21 at planting; corn received
28 kg N ha21 followed by a sidedress application of N fertil-
izer, subject to soil test results. Legume green manure in the
winter wheat phase of the rotation was the only source of N in
the ORG system. All crop varieties were herbicide susceptible.
Herbicides were used in the CT and NT systems and applied
at rates recommended for the region (Davis et al., 2005). In
the ORG system, weed management consisted of multiple
passes with a cultivator and rotary hoe. Weed management
in the LI was similar to the ORG except that the LI also re-
ceived reduced- to full-rate postemergence herbicide applica-
tions depending on scouting information. No insecticides were
applied to any of the management systems during the course of
the study. Additional information of the agronomic practices
used to manage the systems can be found at the KBS LTER
website (http://lter.kbs.msu.edu/Data/DataCatalog.html; veri-
fied 31 Aug. 2007).

Yield and Precipitation Data

Crop yields were determined annually by harvesting each
plot using a plot combine. Winter wheat was harvested in July
and soybean and corn were harvested in October and Novem-
ber, respectively. Crop yields (Mg ha21) were calculated at
13% (wheat and soybean) or 15% (corn) moisture. Annual
yield values are reported here to aid in interpretation of yield
variability (Table 1) and can also be found at the KBS LTER
website (http://lter.kbs.msu.edu/Data/LTER_Metadata.jsp?
Table5KBS032-001; verified 31 Aug. 2007). Previous studies
have reported on the effects of management systems on annual
yields at this site (Kravchenko et al., 2005; Grandy et al., 2006).
In contrast with these previous studies, our yield analysis fo-
cuses not on annual yields, but longer-term means (averaged
for each crop phase over the 12-yr study period). Although
Kravchenko et al. (2005) report yield variability at the KBS
LTER site, they focused on spatial (within plot) variability
data collected over a 6-yr period. In this study, we present data

Table 1. Annual yields for each rotation phase at the the W.K. Kellogg Biological Station Long Term Ecological Research (KBS LTER).†
Values are means and SE, n 5 6; except NT, where n 5 5. Management systems are CT, conventional till; NT, no tillage; LI, low-input,
tilled; and ORG, organic.

Management system

Year Crop CT NT LI ORG

yield Mg ha21

1993 corn 7.11 6 0.35 7.26 6 0.23 5.05 6 0.27 3.25 6 0.25
1996 corn 3.20 6 0.46 4.04 6 0.44 4.18 6 0.20 2.53 6 0.25
1999 corn 4.01 6 0.20 3.80 6 0.13 4.41 6 0.13 4.18 6 0.16
2002 corn 5.40 6 0.58 5.32 6 0.15 6.47 6 0.37 5.45 6 0.62
1994 soybean 3.01 6 0.10 2.86 6 0.09 3.09 6 0.16 3.19 6 0.10
1997 soybean 1.51 6 0.08 2.04 6 0.06 1.81 6 0.07 1.65 6 0.06
2000 soybean 2.66 6 0.10 2.92 6 0.04 2.87 6 0.06 2.90 6 0.08
2003 soybean 1.62 6 0.08 1.87 6 0.04 1.20 6 0.10 1.01 6 0.08
1995 wheat 3.30 6 0.08 3.49 6 0.10 3.18 6 0.04 2.19 6 0.05
1998 wheat 3.01 6 0.15 2.80 6 0.04 2.21 6 0.06 1.11 6 0.06
2001 wheat 4.20 6 0.14 3.73 6 0.013 3.68 6 0.08 2.72 6 0.09
2004 wheat 4.08 6 0.05 4.21 6 0.05 3.85 6 0.07 2.30 6 0.11

†Analyses of management system effects on annual yields are presented in Kravchenko et al. (2005) and Grandy et al. (2006).
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from 12 yr (four rotation cycles) and compare mean yield and
temporal yield variability at a larger scale of analysis (whole plot).

Because of the design of the KBS LTER each rotation
phase (crop) was present four times over the study period from
1993 to 2004. For each crop, mean yields were determined by
averaging yields within a replicate plot over the 4 yr that the
crop was present in the rotation. This plot-level mean was
considered the unit of replication. The coefficient of variation
(CV) was used to assess temporal crop yield variability for each
phase of the rotation using the method of Smith and Gross
(2006). For each crop, the CV was calculated for each replicate
plot as the standard deviation of yield (over the 4 yr that the
crop was present in the rotation)/average yield (over the same
4 yr). The plot-level CV was considered the unit of replication.

Moisture availability is often the main yield affecting fac-
tor (Kravchenko et al., 2005) and was expected to be the main
driver of temporal yield variability. Daily precipitation data
were collected by an automated weather station located at
the LTER site. Average daily precipitation values from April
through August were used to investigate relationships between
yield variability and precipitation.

Statistical Analyses

The effect of management system and rotation phase on
average yields and yield variability was analyzed with a ran-
domized complete block design analysis of variance (ANOVA)
using the mixed procedure in SAS (Little et al., 1996) in SAS
(Version 8.02; SAS Institute, Cary, NC). Management sys-
tem and rotation phase were considered fixed effects. In cases
where there was a significant management system-by-rotation
phase interaction, results were sliced by rotation phase to de-
termine whether management system means differed within
individual rotation phases. Differences between individual
management system treatments were assessed with Tukey’s
HSD Test at P 5 0.05. Correlations between precipitation
(growing season) and yields in each of the four management
systems were examined separately for each rotation phase
using SYSTAT (version 8.0; Systat Software, Richmond, CA).
For each correlation analysis yield values were annual
treatment means (n 5 4).

RESULTS
Cropping systems affected annual yields (Table 1;

Kravchenko et al., 2005) and average yields of corn and
winter wheat (rotation phase 3 management system
interaction: F6,52 5 9.57, P, 0.0001) (Table 2). Over the
4 yr that corn was present in the rotations, yields were
similar in the CT, NT, and LI systems, and greater than
in the ORG system (Fig. 1). Similarly, average winter
wheat yields were highest in the CT and NT systems,
intermediate in the LI system, and lowest in the ORG
system. There was no significant effect of management
system on soybean yield (Table 2).

Temporal yield variability was affected by rotation
phase,management system, and their interaction (Table 3).
Variability ranged from a low of 17% for wheat in the
CTandNT systems to a high of 48% in theORG soybean
(Fig. 2). For both the soybean (F3,525 13.21, P, 0.0001)
and winter wheat (F3,52 5 7.90, P 5 0.0002) phases of
the rotation, yields were least variable in the CTand NT
systems, intermediate in the LI system, andmost variable
in the ORG system. Management system also had a sig-
nificant effect on temporal yield variability in the corn
phase of the rotation (F3,52 5 5.88, P 5 0.0015), with
variability being lower in the LI system compared to the
CT system.

Over the course of the study, total annual rainfall
ranged from 61 to more than 103 cm a year (Fig. 3).
Total annual precipitation was below the 30-yr mean in
7 of the 12 yr of this study and during each of the 4 yr
that corn occurred in the rotation. Within a growing
season, variation in monthly precipitation totals ranged
from 48 to 57%, 45 to 59%, and 23 to 92% during corn,
soybean, and wheat years, respectively (Table 4). Over
the 4-yr period that each crop was present in the rota-
tion, variation in total growing season precipitation was
higher during soybean years compared to corn and wheat
years. Despite variation in growing season precipitation,
the only significant associations (P , 0.05) observed be-
tween precipitation and yields occurred in CT soybean
and NTand LI in wheat (for all, r2 . 0.97).

DISCUSSION
The observation that average yields in the NT and

LI management systems can be as high as those in the
CT system supports earlier work showing that intensive
chemical and mechanical management are not always
necessary to maintain high yields (Eghball et al., 1995;

Table 2. Results of tests for management system effects (sliced by
rotation phase) on average crop yields at the the W.K. Kellogg
Biological Station Long Term Ecological Research (KBS LTER)
(1993–2004).

Effect df effect, error F value Pr . F

Block 5,52 3.25 0.0125
Rotation phase
Corn 3,52 23.77 ,0.0001
Soybean 3,52 0.48 0.6945
Winter wheat 3,52 36.01 ,0.0001
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Fig. 1. Average yields of (A) corn, (B) soybean, and (C) winter wheat
at the W.K. Kellogg Biological Station Long Term Ecological Re-
search (KBS LTER) from 1993 to 2004. Values are means 6SE,
n 5 6; except NT, where n 5 5. Treatments sharing the same letter
are not significantly different at P , 0.05, Tukey HSD. Manage-
ment systems are CT, conventional; NT, no-till; LI, low-input; and
ORG, organic.

Table 3. Results of analysis of variance (ANOVA) for the effects
of rotation phase and management system on temporal yield
variability (CV) at the the W.K. Kellogg Biological Station
Long Term Ecological Research (KBS LTER) (1993–2004).

Effect df effect, error F value Pr . F

Block 5,52 1.61 0.1739
Rotation phase (R) 2,52 26.58 ,0.0001
Management (M) 3,52 12.89 ,0.0001
R 3 M 6,52 7.01 ,0.0001
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Pimentel et al., 2005; Smith and Gross, 2006; Grandy
et al., 2006; Mallory and Porter, 2007). Several factors
may have contributed to the yield responses in the alter-
native management systems. In a previous study con-
ducted at the same site, the NT system was shown to
have higher organic matter and improved soil quality in
the top 5 cm relative to the CT system (the LI and ORG
systems were not compared) (Grandy et al., 2006). The
improved soil quality in this system was likely a major
contributor to the observed yield response (Mallory and
Porter, 2007). Other studies have reported similar soil
quality differences between CT and NT management
systems (Diaz-Zorita et al., 2004; Hammel, 1995).
Several management practices differed between the

CT and LI systems. The LI system received substan-
tially fewer chemical inputs, but was over-seeded with a
legume cover crop that may have provided supplemen-
tal N, improved soil quality, and may have contributed
to weed suppression (Snapp et al., 2005). Row spacing
and cultivation frequency also differed between the LI
and CT, and these practices have been shown to affect
row crop yields in previous studies (Zhang et al., 1996;
Pedersen and Lauer, 2003). Additional experiments will

be necessary to better understand how these factors
may interact to contribute to yield responses in reduced
input systems.

Unlike the NT and LI systems, the ORG system re-
ceived no chemical inputs and had the lowest yields for
both the corn and winter wheat phases of the rotation.
These results are in accordance with Smith and Gross
(2006) who reported lower corn yields in a similar rota-
tion under organic compared to conventional manage-
ment. In contrast, Pimentel et al. (2005) found that crop
yields in organically managed systems were similar to
those in conventional systems. Differences in the re-
sponse of the organic systems observed in these studies
suggest that site attributes, crop management practices,
or differences in the types of organic amendments may
play a role determining the relative performance of or-
ganic vs. conventional systems (Mallory and Porter, 2007).

This study also showed that management systems can
impact the temporal variability of crop yields. Different
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Fig. 2. Inter-annual yield variability of (A) corn, (B) soybean, and (C)
wheat phases of a 3-yr corn–soybean–wheat rotation at the the
W.K. Kellogg Biological Station Long Term Ecological Research
(KBS LTER) from 1993 to 2004. Values are means 6SE, n 5 6;
except NT, where n 5 5. Treatments sharing the same letter are
not significantly different at P , 0.05, Tukey HSD. Manage-
ment systems are CT, conventional; NT, no-till; LI, low-input; and
ORG, organic.
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Fig. 3. Total annual precipitation at the the W.K. Kellogg Biological
Station Long Term Ecological Research (KBS LTER) site from
1993 to 2004. Crops are c, corn; s, soybean; w, wheat.

Table 4. Total monthly precipitation and precipitation variability during the growing season over the 12-yr study period at the the W.K.
Kellogg Biological Station Long Term Ecological Research (KBS LTER).

Precipitation

Year Rotation phase April May June July August Growing season† CVGS‡

mm
1993 corn 116 28 157 64 81 446 0.55
1996 corn 82 70 131 21 53 357 0.57
1999 corn 131 51 68 65 32 347 0.54
2002 corn 55 98 33 111 134 431 0.48

CVR§ 0.36 0.48 0.58 0.56 0.59 0.13
1994 soybean 83 13 175 160 166 597 0.59
1997 soybean 35 98 104 30 81 348 0.50
2000 soybean 91 192 68 79 126 556 0.45
2003 soybean 85 137 34 54 94 404 0.49

CVR 0.35 0.68 0.63 0.70 0.32 0.25
1995 wheat 77 72 92 119 110 360 0.23
1998 wheat 100 29 59 104 40 292 0.49
2001 wheat 83 155 94 34 137 366 0.54
2004 wheat 20 248 85 76 131 429 0.92

CVR 0.50 0.77 0.20 0.45 0.43 0.15

†Growing season considered April to August for corn and soybean and April to July for wheat.
‡CVGS, coefficient of variation of total monthly precipitation over the growing season.
§CVR, coefficient of variation of precipitation occurring in the same month (or total from April–August) over the 4-yr period that a crop was present in
the rotation.
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factors, including year-to-year differences in precipi-
tation, timing of agronomic practices, and temporal
variability in pest abundance have been shown to im-
pact yield stability (Porter et al., 1998; Andresen et al.,
2001) and these may interact with management systems
(Kravchenko et al., 2005; Mallory and Porter 2007). Our
analysis of the precipitation data did not explain the
yield variability observed in this experiment; however,
our ability to link these two variables was limited by
the number of years that each crop was present over
the study period. Examination of the growing season
precipitation data (Table 4) suggests that some of the
differences in yield variability between soybean and
wheat may have been due to differences in precipitation
variability over the cropping periods (CVs for growing
season precipitation during soybean and wheat years
were 25 and 15%, respectively). However, differences in
growing season or monthly precipitation variability do
not appear to explain the performance of corn relative
to soybean and wheat, or the differences between man-
agement systems. Environmental variation occurring at
a finer scale than we measured in this study may be
an important determinant of temporal crop yield vari-
ability (Stockle et al., 2003; Kravchenko et al., 2005) and
should be assessed in future studies.
Low temporal yield variability is often cited as a bene-

ficial aspect of organically managed systems attributed to
increased organic matter and reduced susceptibility to
drought stress (Henning, 1994; Delate, 2002; Lotter et al.,
2003; Pimentel et al., 2005; Mallory and Porter, 2007).
Thus, the finding that annual yields in the ORG system
were significantly lower and more variable than the other
studied systems was somewhat surprising, but not with-
out precedent. A previous study conducted at the KBS
LTER site found that the spatial variability of crop yields
was also higher in the ORG system compared to the CT
and NT systems, particularly in relatively dry years
(Kravchenko et al., 2005). Other studies have observed
that yields in organic systems that received composted
dairy manure were more stable than in conventional
systems (Lotter et al., 2003; Pimentel et al., 2005; Smith
and Gross, 2006; Mallory and Porter, 2007). It is pos-
sible that the lack of manure inputs in the ORG system
at the KBS LTER may have reduced this system’s ability
to tolerate environmental variability, as compost can in-
crease soil organic matter and water holding capacity
(Clark et al., 1998). Thus, the method of organic-based
nutrient management in organic systems may play a key
role in determining crop yield stability.
A ranking of the four management systems based on

both long-term yields and yield variability suggests that
the NT system may be the least risky crop management
strategy under the soil and growing conditions specific
to this study. The success of the NT system observed in
this study may be due to greater soil carbon accumu-
lation and associated impacts on soil quality (Grandy
et al., 2006), which may have ameliorated yield re-
sponses to environmental fluctuations relative to the
tilled systems (Lotter et al., 2003). The LI system per-
formed better than the ORG system, both in terms of
long-term yields and yield variability, suggesting this

management system may provide a potential strategy to
minimize chemical inputs while still maintaining rela-
tively high yields and yield stability. Considering the
yield data from both the NTand LI systems, determining
the degree to which a reduced chemical-input, no-till
systemmay be a viable management option for this region
may be a fruitful avenue of future research. Additionally,
further studies will be necessary to understand the role
of specific organic management practices in improving
yields and buffering organic management systems against
year-to-year yield variability.
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