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Nitrogen has been considered as one of the best 

crop-input investments that a farmer can make in terms 

of return on dollars spent (Pikul et al., 2005); however, N is 

the most expensive nutrient for growing grain crops. Bundy 

et al. (1999) estimated that in the 12 states of the North 

Central United States, at least 3.3 million tonnes of N fertil-

izer was applied annually to corn at a cost of $800 million. 

Nitrogen fertilizer is universally accepted as a key component 

to high corn grain yield and optimum economic return. 

Overapplication is more frequent since producers have an 

economic incentive to err more frequently in that direction. 

Th e cost of unneeded N fertilizer in areas of overapplication 

is less than the cost of lost yield potential in areas of under-

application (Scharf et al., 2005).

Crop rotation has been shown to increase corn yield 5 to 

30% and soybean yield from 8 to 16% compared to con-

tinuous production of either crop (Copeland et al., 1993; 

Crookston et al., 1991; Lund et al., 1993; Peterson and 

Varvel, 1989a, b; Singer and Cox, 1998a; West et al., 1996). 

Crop rotation has also been shown to improve N use effi  -

ciency by reducing requirements for external input of fertil-

izer N. Compared to CC, Kanwar et al. (1997) reduced fer-

tilizer N inputs 17% for a CS rotation and reduced NO3–N 

leaching loss through subsurface tile lines. Bruulsema and 

Christie (1987) found that a single-year of alfalfa or red 

clover (Trifolium pretense L.) was equivalent to corn yields 

obtained from applying 90 to 124 kg ha–1 of fertilizer N. Fox 

and Piekielek (1988) extended the evaluation period to 3 yr 

of alfalfa managed as hay and reported that there was no sig-

nifi cant grain yield response to fertilizer N for fi rst-year corn.

One result of increased crop yield and improved N use effi  -

ciency with crop rotation may be more favorable economics 

or net return to producers. Profi t margins for production of 

most crops are very narrow, and producers seek sustainable 

cropping systems that provide consistent return on invest-

ment (Clegg and Francis, 1994). For example, when averaged 

for moldboard plow and chisel tillage systems in an Iowa 

study, Chase and Duff y (1991) reported a return to land, 

labor, and management for CC of $351 ha–1 compared to 

$363 ha–1 for CS. Th e CS rotation also required 17% less N 

fertilizer (168 vs. 202 kg ha–1). In New York, Singer and Cox 

(1998b) reported greater net return for a CS rotation ($250 

ha–1) than for CC ($193 ha–1) or a 3-yr soybean-wheat/
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red clover-corn rotation ($133 ha–1) with reduced inputs. 

Katsvairo and Cox (2000) calculated that a CS rotation with 

reduced inputs returned $99 ha–1 compared to $12 ha–1 in 

CC with full inputs and chisel tillage. Zacharias and Grube 

(1984) reported that in an Illinois study, a soybean-corn-corn 

rotation had greater net returns ($286 ha–1) compared with 

a corn-soybean-wheat rotation ($224 ha–1) and continuous 

corn ($188 ha–1) in the presence of herbicides. Similarly, 

Hesterman et al. (1986) compared the profi tability of CA, 

CC, and CS rotations and concluded that a CA rotation 

provided the greatest returns. Th ey also concluded that to 

amortize alfalfa establishment costs over a longer period of 

time, the crop should be managed as forage rather than a 

green manure.

Th e merits of extended crop rotations that include forage 

or pasture crops have been debated for centuries (Karlen 

et al., 1994). Key benefi ts include increased carbon reten-

tion in the surface horizon and a more even distribution of 

labor needs and risk due to climate or market conditions 

than those involving only grain or fi ber crops (Magdoff  and 

van Es, 2000). Despite those benefi ts, the infrastructure 

developed and devoted to corn and soybean has resulted in 

a 500% increase in harvested area and 800% increase in 

soybean production between 1950 and 2003 (USDA-NASS, 

2004). During that same period, oat production declined 

90%, and although hay production increased because of bet-

ter yields, the land area devoted to it decreased more than 

15%. Th is occurred for several reasons including simplicity 

and similar equipment requirements as farm size increased, 

commodity programs that emphasized short-term profi t, 

public and private research, and development eff orts devoted 

to genetic improvement of corn and soybean, and increased 

food and industrial uses for both corn and soybean oils and 

various by-products (Karlen, 2004). Expansion of the sim-

plifi ed corn/soybean system has tremendous economic and 

world trade benefi ts because of the many products and mate-

rials developed from those crops (Karlen et al., 2006).

Although the net returns are often the most requested 

piece of data when crop rotation studies are reported to pro-

ducers, very few experiments have provided that information, 

especially those that include both forage and grain crops 

(Singer et al., 2003). Farmers must select cropping systems 

based on expected market returns and risks associated with 

those returns (Young and Westcott, 1996). Cropping systems 

depend greatly on the mix and sequence of crops or crop 

rotations that farmers select (Francis and Clegg, 1990). Crop 

rotations, however, interact with management inputs (Riedell 

et al., 1998). An economic analysis of cropping systems that 

include diff erent crop rotation and management inputs is 

important, because it helps in identifying the most profi table 

cropping systems based on current market prices.

An economic analysis should be the dominant factor for 

evaluating diff erent cropping systems (Wesley et al., 1995) 

and assessing the riskiness of alternative rotations requires 

yield data on complete rotations over time (Meyer-Aurich 

et al., 2006). Th e objective of this study was to determine 

the economic profi tability and risk based on annual market 

prices and production costs of 28 crop rotation by N treat-

ments that feature seven crop rotations (CC, AA, CS, CA, 

CCCAA, CCOaAA, and CSCOaA) and four N treatments 

(0, 56, 112, and 224 kg N ha–1) for the corn phase.

MATERIALS AND METHODS
A long-term cropping system study located in south-

western Wisconsin [University of Wisconsin Agricultural 

Research Station-Lancaster (42°50′ N, 90°47′ W; elevation 

324 m above mean sea level)] near Lancaster was selected for 

this study. Th e site was originally established to evaluate crop 

rotation and N fertilization rate eff ects on crop yield and soil 

N mineralization, retention, and availability and was initi-

ated in 1966 as a cooperative experiment (NC-157) among 

the University of Illinois, Iowa State University, University 

of Minnesota, and the University of Wisconsin. (Vanotti and 

Bundy, 1994a, 1995). Th is analysis evaluates the economic 

profi tability and risk of crop rotation × N treatments during 

the last 15 yr (1990–2004) of this study.

Th e study was located on Rozetta silt loam (fi ne-silty, 

mixed, superactive, mesic Typic Hapludalfs) soil. A random-

ized complete block in a split-plot design with two replica-

tions of 28 rotation by N rate treatments was established. 

Main plots consisted of seven crop rotations (CC, AA, CS, 

CA, CSCOaA, CCCAA, and CCOaAA). Subplots consisted 

of four N treatments (0, 56, 112, and 224 kg N ha–1), for 

the corn phase. Th ere were some changes in N rate since the 

study was initiated, but since 1977, the annual rates have 

not changed. To test the rotation eff ect each crop phase of 

every rotation is represented each year. To accommodate all 

possible crop phases of the rotations and four fertilizer treat-

ments, 168 plots (6.1 by 9.1 m) were established in 1966. 

Th us, for CC, there was one plot within each replication, and 

for CS there was one corn plot and one soybean plot within 

each replication.

Nitrogen fertilizer treatments were broadcast by hand 

each spring as ammonium nitrate (NH4NO3). Tillage has 

varied over time. Corn following corn and oat and alfalfa 

seedbed preparation has always been fall chisel plowed fol-

lowed by spring disking and cultimulching before planting. 

Corn following soybean has been no-till since 1994, while 

corn following alfalfa and soybean following corn have been 

no-till since 1999. Soil fertility samples were collected and 

analyzed every 3 yr, and uniform rates of P and K fertilizers 

were applied as needed to maintain optimum to high soil-test 

levels. Herbicides and cultivation were used for weed control 

as needed following best management practices. Cultivars 

varied over time but were always improved selections devel-

oped for the region. Th e alfalfa, which was seeded with oat, 

has not been harvested during the seeding year following oat 

harvest. For alfalfa that was independently established, two 

harvests were taken during the seeding year, except for rota-

tions with 1-yr alfalfa, where the alfalfa was killed during 

the fall of the same year following a third cutting by plowing 

(before 1999) or through the use of appropriate herbicides 

(2000 onward). For rotations with 2 or 3 yr of alfalfa follow-

ing establishment, three harvests were taken. Th e continuous 

alfalfa plots were established in 1977 and the prior rotation 

was a corn-oat with alfalfa seeding-alfalfa-alfalfa-alfalfa rota-

tion with four N rates. Even though, no N treatments have 

been applied to AA, the established plots were maintained 
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and will be reported separately in 

the analysis.

Profi t associated with the various 

crop rotations was computed by 

estimating the variable and fi xed 

costs of production as outlined 

by Duff y (1993–2004) and sub-

tracting them from the potential 

income calculated using actual 

yields and the marketing year aver-

age Wisconsin crop prices received 

for those years from the NASS 

(National Agricultural Statistics 

Service) database. Th e potential 

impact of government support pay-

ments on cropping system choices 

was considered, but we chose not 

to use them for this analysis, as one 

of the goals of this research was 

to investigate cropping systems 

that do not rely on subsidies to be 

profi table. Production costs were 

estimated for each year using the actual cultural operations 

and equipment used, as listed in the fi eld records. Pesticide 

and fertilizer rates have been adjusted to refl ect what was 

actually applied on the various crops in the rotations. Sources 

for pesticide prices came from fi eld records, NASS, and 

University of Wisconsin Extension specialists. Based on soil 

tests, lime was applied before the 1992 and 2004 growing 

seasons. Cost of lime was based on purchase price, spread-

ing cost, and amounts applied, and then prorated over 10 yr 

to determine the cost per year (L.G. Bundy, personal com-

munication, 2006). Crop insurance costs refl ect the mix of 

multiple peril, revenue, and hail insurance, as well as nonin-

sured acres. Labor has been treated as a fi xed cost, since most 

labor on Wisconsin farms is supplied by the operator, family, 

or permanent hired labor. Th e hours per crop acre includes 

not only fi eld work but also time for maintenance, travel, 

and other activities related to crop production. Equipment 

costs refl ect a fl eet consisting of both new and used machin-

ery. Costs of machine operations were based on the 1989, 

1996, 1998, and 2000 Crop Production Practices Survey 

conducted by the Iowa Agricultural Statistics Service (Duff y, 

1993–2004). Data on oat straw which was removed follow-

ing harvest was not kept. Straw yields were assumed to be 

2,240 kg ha–1 according to Duff y (2004) and price based on 

the average auction price for straw from Weekly Indiana Hay 

and Straw Prices (Sept. 2000–Jan. 2004) at http://www.agry.

purdue.edu/ext/forages/links.htm;  verifi ed 21 Sept. 2007.

Yield and profi tability data were subjected to an analysis 

of variance using the PROC MIXED procedure (Littell et 

al., 1996) of SAS (SAS Inst., 2002). For determining the 

expected mean squares and appropriate F tests in the analysis 

of variance, random eff ects were year, rep(year), and rep by 

rotation (year). Least square means of the fi xed eff ects were 

computed, and the PDIFF option of the LSMEANS state-

ment was used to display the diff erences among least square 

means for comparison. Th is option uses Fisher’s protected 

least signifi cant diff erence, and comparison was conducted at 

P ≤ 0.05. For calculating individual crop rotation by N rate 

standard errors, repeated measures analysis (SAS Inst., 2002) 

with a group eff ect was used.

To compare risk among the four N treatments by seven 

crop rotations, stochastic dominance analyses (Hanoch and 

Levy, 1969) were performed. Our approach was similar to 

Lowenberg-Deboer and Aghib (1999), who employed sto-

chastic dominance to evaluate the economics of site-specifi c 

management. Using stochastic dominance, we complete a 

pair-wise ranking of net income from the treatments. Both 

fi rst-degree stochastic dominance (FDSD) and second-degree 

stochastic dominance (SDSD) analyses were performed.

Stochastic dominance compares cumulative distribu-

tions of net income based on two observations about human 

nature: (i) most people prefer more to less, and (ii) most 

people prefer less risky outcomes (Lambert and Lowenberg-

DeBoer, 2003). First-degree stochastic dominance assumes 

decision makers prefer more to less, and states that an alter-

native is preferred over others if it provides a higher outcome 

at every level of probability. A suffi  cient condition for one 

treatment, with cumulative density function F, to fi rst-order 

dominate another treatment with cumulative density func-

tion G, is

F(x) ≤ G(x), for all x,                                             [1]

with the inequality strictly holding over some domain of 

x (Hirshleifer and Riley, 1992). Equation [1] is graphically 

represented in Fig. 1a. As can be seen from the graph, for 

any given level of income x, the probability of incomes larger 

than x is higher for F than G. Th e decision maker will choose 

to take action associated with F as the cumulative density 

function of F always lies to the right of G (DeVuyst and 

Halvorson, 2004).

Second-order stochastic dominance assumes that the deci-

sion maker: (i) prefers more wealth to less and (ii) is risk 

averse. A suffi  cient condition for SDSD is 

Fig. 1. Graphical representation of first-degree (FDSD) and second-degree (SDSD) stochastic dom-
inance. F(x) and G(x) are cumulative density functions of two hypothetical rotation treatments.
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[2] 

with the inequality strictly holding for some domain of y 
(Hirshleifer and Riley, 1992). In Fig. 1b, SDSD is demon-

strated. As the cumulative density functions given by F and 

G cross, clearly the condition for fi rst-degree dominance fails. 

However, as long as the area labeled a is greater than or equal 

to the area labeled b, F is said to second-degree dominate G. 

While less intuitive than FDSD, SDSD considers the risk-

averse nature of decision makers. Th at is all risk-averse deci-

sion makers would prefer F to G (DeVuyst and Halvorson, 

2004).

Stochastic dominance tests were performed by covariate 

analysis of net income using the PROC MIXED procedure 

(Littell et al., 1996) of SAS (SAS Inst., 2002). Th e covariate 

was year. For determining the expected mean squares and 

appropriate F tests in the analysis of covariance, random 

eff ects were rep and rep by rotation. Repeated measures 

analysis (SAS Inst., 2002) with the compound symmetry 

variance structure was used to evaluate time and space eff ects 

on risk.

RESULTS AND DISCUSSION
Yields

Average yields by crop rotation by N rate for the 15-yr 

study (1990–2004) are compiled in Table 1. For fi rst-year 

corn a signifi cant rotation by N rate was observed. Within 

rotation sequences, yields were lowest at 0 kg N ha–1 and 

highest at 224 kg N ha–1 with yield increases of 2.2, 5.8, 0.7, 

1.0, 3.0, and 1.2 Mg ha–1 for CA, CC, CCCAA, CCOaAA, 

CS, and CSCOaA, respectively (Table 1). Within N treat-

ments, fi rst-year corn yields did not diff er among the three 

5-yr rotations (CCCAA, CCOaAA, and CSCOaA) and 

yields were highest when following alfalfa or soybean and 

lowest for CC. Our results show improved fi rst-year corn 

yields for rotations with less corn and more alfalfa. First-year 

corn yields were highest for CCOaAA followed by CSCOaA, 

CCCAA, and CA which yielded 10.5, 10.2, 10.1, and 9.9 Mg 

ha–1, respectively. Th ese were followed by CS and CC which 

yielded signifi cantly less at 9.0 and 6.5 Mg ha–1, respectively.

Th ese fi ndings agree with Bolton et al. (1976), Higgs et 

al. (1976), and Welch (1976) who found that corn grown in 

rotation had higher yields than corn grown in monoculture, 

even in the presence of N, P, or K fertilizer levels that were 

not limiting yields. Corn grown in rotation with a legume 

receives more N than corn grown continuously with no fer-

tilizer N. First year alfalfa can supply 134 to 168 kg N ha–1 

for a subsequent corn crop (Bundy et al., 1990). However, 

if N is the only cause of yield diff erences between rotations, 

then these diff erences would be expected to disappear if more 

than adequate N is applied. It appears that N fertilizers do 

not substitute for crop rotation (Table 1).

Corn yields were also aff ected by rotation and N rate 

when the various rotations (CC, CCCAA, CCOaAA, and 

CSCOaA) were planted to a second-year corn (Table 1). 

For second-year corn a signifi cant rotation by N rate was 

observed. Second-year corn yields were highest for CSCOaA 

followed by CCOaAA, CCCAA, and CC which yielded 9.3, 

8.8, 8.4, and 6.5 Mg ha–1, respectively. Th is diff erence was 

due to adding 1 yr of soybean between the fi rst and second 

phases of corn in this rotation. Soybean can supply up to 45 

kg N ha–1 for a subsequent corn crop (Bundy et al., 1990). 

Previous research has demonstrated that when corn is grown 

in rotation with soybean, it yields greater than CC (Baldock 

et al., 1981; Crookston et al., 1991; Meese et al., 1991; Porter 

et al., 1997; Pedersen and Lauer, 2002, 2003). Our data 

also suggests that alfalfa supplied a lower but still signifi cant 

amount of the total N requirement of second-year corn in 

the rotation sequence; however, the eff ect of rotating corn for 

improved corn grain yield appears to have diminished when 

comparing the second year of corn with CC.

Corn yields were also aff ected by rotation and N rate when 

the various rotations (CC and CCCAA) were planted to 

third-year corn (Table 1). For third-year corn a signifi cant 

rotation by N rate was observed.

Crop rotation did not aff ect oat yields (Table 1); however 

residual N left over from previous corn years did aff ect oat 

yields. Oat yields following a corn N treatment of 224 kg N 

ha–1 averaged 0.3 Mg ha–1 (11%) greater than the 112 and 

56 kg N ha–1 treatments and 0.6 Mg ha–1 (23%) greater 

than the 0 kg N ha–1 treatment. Previous research (Dumenil, 

Table 1. Average crop yields for a crop sequence by N treat-
ment study, 1990 to 2004, at Lancaster, WI.

Cropping 
sequence‡§¶

N rate, kg N ha–1†
0 56 112 224

Corn Mg ha–1

   CA 8.5 l–o‡ 9.8 e–h 10.4 a–e 10.7 ab
   CC 3.3 u 5.6 t 8.2 nop 9.1 ijk
   CCCAA 9.6 f–i 10.0 c–f 10.3 a–e 10.3 a–e
   CCCAA 6.3 s 8.4 m–p 9.3 h–k 9.8 e–h
   CCCAA 5.3 t 7.8 pq 9.0 i–l 9.6 f–i
   CCOaAA 9.9 e–h 10.6 a–d 10.7 ab 10.8 a
   CCOaAA 7.2 qr 8.9 j–m 9.4 g–j 9.9 e–h
   CS 7.1 r 8.8 k–n 9.9 e–h 10.1 b–f
   CSCOaA 9.4 g–j 10.2 b–f 10.6 abc 10.6 abc

   CSCOaA 8.0 op 9.3 h–k 10.0 d–g 10.0 c–f

Oat
   CCOaAA 2.0 c 2.4 b 2.4 b 2.5 a

   CSCOaA 1.9 c 2.1 b 2.2 b 2.6 a

Soybean
   CS 3.5 3.5 3.6 3.4
   CSCOaA 3.4 3.6 3.5 3.6
Alfalfa
   AA 7.0 b 7.1 b 6.9 b 7.0 b
   CA 4.2 c 4.2 c 4.4 c 4.6 c
   CCCAA 4.1 c 4.0 c 4.2 c 4.2 c
   CCCAA 8.6 a 8.5 a 8.8 a 8.7 a
   CCOaAA 8.3 a 8.4 a 8.3 a 8.4 a
   CCOaAA 8.6 a 8.6 a 8.5 a 8.5 a
   CSCOaA 8.6 a 8.5 a 8.5 a 8.5 a
† N rates were applied to corn only.
‡ Means followed by the same letter for the same crop are not significantly dif-
ferent (P ≤ 0.05).
§ C, corn; S, soybean; Oa, oat with alfalfa seeding; A, alfalfa.
¶ Italic indicates year of rotation for the corn crop being evaluated.

( ) ( ),  for all ,
y y
F x dx G x y

−∞ −∞
≤∫ ∫
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1954; White et al., 1958; White and Pesek, 1959; 

Vanotti and Bundy, 1994b) also indicates that oat 

yields responded signifi cantly to fertilizer N applied 

in previous growing seasons and that the response was 

correlated with soil NO3–N resulting from previous N 

applications.

For fi rst-year alfalfa a signifi cant rotation by N 

rate was observed. Th is response varied by rotation 

treatment with yield increases for CA, CCCAA, and 

CCOaAA of 0.4, 0.2, and 0.2 Mg ha–1, respectively, 

while for CSCOaA alfalfa yields decreased 0.1 Mg 

   ha–1 with increasing N rates in corn (Table 1). In 

each N treatment, fi rst-year alfalfa yields were great-

est and did not diff er among the two 5-yr rotations 

when alfalfa was seeded with an oat crop (CCOaAA 

and CSCOaA) and lowest when alfalfa was planted 

without a nurse crop. Th is was because for rotations 

CCOaAA and CSCOaA alfalfa was not harvested 

until the year following seeding and when alfalfa was planted 

without a nurse crop, alfalfa was harvested the seeding year. 

Across all N rates, fi rst-year alfalfa yields did diff er among 

the six rotations. First-year alfalfa yields were highest for 

CSCOaA and CCOaAA followed by AA which yielded 8.5, 

8.4, and 7.0 Mg ha–1, respectively. Th ese were followed by 

CA and CCCAA which yielded signifi cantly less at 4.3 and 

4.1 Mg ha–1, respectively. Th ese results appear to be driven 

by the fact that alfalfa yields the seeding year are signifi -

cantly less than those rotations using oats as a nurse crop the 

previous year. Alfalfa yields were only aff ected by rotation 

when the various rotations (AA, CCCAA, CCOaAA) were 

followed with a second-year of alfalfa (Table 1). Second-

year alfalfa yields were highest for CCCAA followed by 

CCOaAA and lowest for AA, yielding 8.7, 8.5, and 7.0 Mg 

ha–1, respectively.

Cost, Profi tability, and Risk
Costs of production varied among the various crops with 

the highest cost associated with corn at 224 kg N ha–1 (Table 

2). Oat had the lowest production costs, which were 50% of 

the cost associated with corn production using the highest N 

rate. Production costs of soybean and fi rst- and second-year 

alfalfa were higher than for oat. Higher corn production 

costs were mostly attributed to seed, fertilizer, and chemi-

cal costs that were relatively higher than for the other crops 

(Table 2). Meyer-Aurich et al. (2006) reported similar fi nd-

ings with corn having the highest associated costs. However, 

they reported soybean with the lowest production costs, 

which were 60% less than the costs associated with corn 

production, compared to our results of 53% less. Higher 

fi rst-year alfalfa costs were due to seed costs when compared 

to the second-year alfalfa.

Average returns to land using average annual crop prices 

are found in Table 3. For fi rst-year corn a signifi cant rota-

tion by N rate was observed. For all rotations sequences, 

average returns were not like grain yields that increased with 

increasing N rate (Table 1). Average returns for CA were 

highest at 56 and 112 kg N ha–1 averaging $73 ha–1 (26%) 

more than the 0 and 224 kg N ha–1 treatments. Th e high-

est returns in the CCCAA rotation were at 0, 56, and 112 

kg N ha–1 averaging $52 ha–1 (18%) more than the 224 kg 

N ha–1 treatment. For the CCOaAA rotation the 56 kg N 

ha–1 treatment averaged $55 ha–1 (18%) more than the 224 

kg N ha–1 treatment. In the CS rotation the 112 kg N ha–1 

treatment averaged $61 ha–1 (23%) and $156 ha–1 (59%) 

more than the 56 and 0 kg N ha–1 treatments, respectively. 

Th e highest return in the CSCOaA rotation was at 112 kg 

N ha–1 treatment which averaged $50 ha–1 (16%) more than 

the 224 kg N ha–1 treatments (Table 3). Across all crop rota-

tions, the average return was greatest for the 112 kg N ha–1 

treatment, which returned on average $35 ha–1 (13%) more 

than the 56 and 224 kg N ha–1 treatments and $101 ha–1 

(38%) more than the 0 kg N ha–1 treatment. Across all N 

rates, average returns for fi rst-year corn were highest for the 

CCOaAA, CSCOaA, and CCCAA rotations. Th e CCOaAA 

rotation returned $52 ha–1 (17%) more than the CA rotation, 

$107 ha–1 (35%) more than the CS rotation and $309 ha–1 

(one-fold) more than CC (Table 3). One reason why CC had 

the lowest average returns was because it is the only crop-

ping system that still uses an annual fall chisel plow tillage 

treatment, while corn following soybean and corn following 

alfalfa have been no-till since 1994 and 1999, respectively. 

However, Liu and Duff y (1996) and Singer and Cox (1998b) 

both reported greater returns for corn following soybean 

compared with CC both under a chisel tillage system.

A signifi cant rotation by N rate interaction was observed 

for second-year corn. Average returns for the CCCAA and 

CCOaAA rotations were greatest at 56, 112, and 224 kg N 

ha–1 averaging $155 ha–1 (82%) and $106 ha–1 (51%) more 

than the 0 kg N ha–1 treatment, respectively. Th e highest 

return in the CSCOaA rotation was at 112 kg N ha–1 treat-

ment which averaged $74 ha–1 (27%) more than the 0 and 

224 kg N ha–1 treatments (Table 3). Across all crop rotations, 

the average return was greatest for the 112 kg N ha–1 treat-

ment, which returned on average $29 ha–1 (12%) more than 

the 56 kg N ha–1 treatment and $127 ha–1 (55%) more than 

the 0 kg N ha–1 treatment, but was not signifi cantly diff erent 

from the 224 kg N ha–1 treatment. Across all N rates, aver-

age returns for fi rst-year corn were highest for the CSCOaA 

rotation. Th e CSCOaA rotation averaged $64 ha–1 (28%) 

more than the CCOaAA and CCCAA rotations (Table 3). 

Table 2. Average annual dollar-per-hectare production costs of corn by 
N rate, oat, soybean, and alfalfa at Lancaster, WI, 1990 to 2004.

Production costs

Corn Oat Soybean

Alfalfa
First
 year

Second 
year

N rate, kg N ha–1† 0 56 112 224
Input $ ha–1

Machinery‡ 157 179 186 190 164 100 175 184
Seed 95 95 95 95 32 62 119 0
Fertilizer 46 68 91 137 58 37 79 85
Chemical§ 120 120 120 120 15 100 33 19
Misc.¶ 103 105 107 110 57 86 94 95
Total 522 569 600 652 325 384 500 382
† N rates were applied to corn only.
‡ Include field operations, handling, hauling, drying (corn), and baling (oat and alfalfa).
§ Herbicides and insecticides.
¶ Including costs on interest on operating capital, insurance, and labor costs.
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Th is was due to higher yields when corn followed soybean in 

the CSCOaA rotation (Table 1).

A signifi cant rotation by N rate was observed for fi rst-year 

alfalfa. Th e highest return for the AA rotation was for the 

56 kg N ha–1 treatment which averaged $18 ha–1 (12%) 

more than the 112 kg N ha–1 treatment. Whereas, due to 

establishment costs and low yields (Table 1), the smallest 

return in the CA rotation was at 224 kg N ha–1 treatment 

which lost $26 ha–1 (18%) more than the 0 and 56 kg N 

ha–1 treatments (Table 3). Across all N rates, average returns 

for fi rst-year alfalfa were positive for the AA, CCOaAA, and 

CSCOaA rotations, which average $141 ha–1, while those 

rotations, CA and CCCAA, which were not continuous or 

followed a nurse crop year, averaged $–174 ha–1 (Table 3).

Overall net returns were aff ected by rotation, with the 

magnitude of the rotation response aff ected by applied N 

rates. Overall returns for CC had highest returns at 112 and 

224 kg N ha–1 averaging $269 ha–1 (two-fold) more than the 

0 and 56 kg N ha–1 treatments. Th ese results show that CC 

is not profi table using <112 kg N ha–1. Th e highest returns in 

the CCCAA rotation were at 112 and 224 kg N ha–1 averag-

ing $81 ha–1 (51%) more than the 0 kg N ha–1 treatment. In 

the CS rotation the 112 kg N ha–1 treatment averaged $92 

ha–1 (30%) more than the 0 kg N ha–1 treatment, however it 

was not found to be signifi cantly diff erent from the 56 and 

224 kg N ha–1 treatments. Across all crop rotations, the aver-

age return was greatest for the 112 and 224 kg N ha–1 treat-

ments, which returned on average $32 ha–1 (19%) more than 

the 56 kg N ha–1 treatment and $85 ha–1 (49%) more than 

the 0 kg N ha–1 treatment. Across all N rates, average returns 

were highest for the CS rotation. Th e CS rotation returned 

$58 ha–1 (22%) more than the CSCOaA and CCOaAA 

rotations, $129 ha–1 (48%) more than the CCCAA rotation 

and AA, $224 ha–1 (84%) more than the CA rotation, and 

$269 ha–1 (one-fold) more than CC (Table 3). Our results 

were similar with Chase and Duff y (1991) and Katsvairo and 

Table 3. Average annual dollar-per-hectare returns to land by crop, N rate, and cropping system at Lancaster, WI, 1990 to 2004.

Rotation† N rate‡

Phase

Average

First 
year 
corn

Second 
year corn

Third year 
corn Oat Soybean

First year 
alfalfa Second year alfalfa

kg N ha–1 $ ha–1 (SE§)
AA 0 142 (62) 142 (54)

56 154 (64) 154 (56)
112 135 (62) 135 (54)
224 138 (62) 138 (54)

CA 0 206 (44) –177 (66) 12 (45)
56 267 (41) –176 (66) 46 (47)

112 286 (46) –164 (66) 61 (46)
224 200 (47) –150 (66) 55 (45)

CC 0 –211 (48) –211 (41)
56 –61 (43) –61 (42)

112 118 (49) 118 (44)
224 147 (44) 147 (39)

CCCAA 0 288 (40) 34 (51) –56 (52) –186 (66) 310 (57) 78 (39)
56 287 (39) 163 (55) 117 (44) –188 (66) 310 (57) 138 (38)

112 285 (46) 205 (48) 189 (46) –179 (66) 327 (57) 165 (38)
224 235 (46) 199 (48) 185 (45) –175 (66) 318 (59) 152 (38)

CCOaAA 0 309 (39) 102 (49) 63 (24) 127 (53) 306 (69) 181 (36)
56 332 (39) 200 (50) 95 (24) 140 (53) 306 (69) 215 (36)

112 314 (40) 215 (49) 100 (24) 130 (54) 295 (69) 211 (36)
224 274 (40) 206 (49) 108 (24) 137 (54) 302 (69) 205 (36)

CS 0 107 (43) 325 (32) 216 (40)
56 202 (40) 338 (34) 270 (38)

112 263 (40) 353 (33) 308 (37)
224 229 (47) 315 (36) 275 (36)

CSCOaA 0 272 (40) 177 (59) 54 (24) 312 (33) 153 (54) 194 (36)
56 299 (39) 244 (59) 68 (24) 358 (34) 145 (53) 223 (36)

112 310 (39) 274 (48) 78 (23) 331 (33) 147 (53) 228 (36)
224 259 (41) 223 (59) 113 (24) 349 (34) 145 (53) 218 (36)

LSD (Rotation, 0.05) 34.2 35.7 – NS¶ NS 67.2 NS 38.5
LSD (N rate, 0.05) 16.4 23.7 43.3 13.0 NS NS NS 24.5
LSD (R by N, 0.05) 47.7 47.6 – NS NS 60.0 NS 66.4
† C, corn; S, soybean; Oa, oat with alfalfa seeding; A, alfalfa.
‡ N rates were applied to corn only.
§ Standard Error as calculated by PROC MIXED.
¶ NS, not significant.
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Cox (2000) where they reported that CC had the least net 

returns and a CS rotation had the highest net returns among 

rotations in a chisel tillage system.

Stochastic dominance analysis of net income per hect-

are was conducted across systems. First degree stochastic 

dominance analysis failed to identify any cropping system 

dominating the others. Th e reason is that the distribution 

functions of net income from any two systems were found 

to cross (as illustrated in Fig. 1b). Given this result, we pro-

ceeded to conduct second degree stochastic dominance, 

under the assumption that decision makers are risk averse. 

Twenty-eight empirical distributions were used to compare 

and evaluate alternative cropping systems (Lowenberg-

Deboer and Aghib, 1999). Th e empirical distribution was 

obtained by combining yield, prices, and cost for each sys-

tem over the 15-yr study period. Th is generates a consistent 

estimate of the true underlying distributions, providing a 

basis for a stochastic dominance evaluation of profi tability 

across cropping systems under risk (Pope and Ziemer, 1984). 

Stochastic dominance has the advantage of generating rela-

tive ranking without imposing a parametric structure on the 

distribution functions. For example, it does not require a 

normal distribution (Buccola, 1986). As such, using empiri-

cal distributions provides an appropriate basis for a stochastic 

dominance analysis of net returns across cropping patterns.

Th e selection of rotation and N rates by a producer 

depends on the net returns of the whole system and not just 

individual components in isolation of the other elements. 

When choosing among cropping systems, producers are 

often faced with a trade-off  between increases in annual net 

returns and increases in income variability or fi nancial risk. 

As producers become increasingly risk averse, they tend to 

choose cropping systems that display lower income variabil-

ity (Meyer-Aurich et al., 2006).

Of the 28 crop rotation by N rate treatments, fi ve were 

found to be second-degree stochastically effi  cient (in the 

sense that they were not dominated by any other cropping 

systems). Th e fi ve stochastically effi  cient treatments were CS 

at all N rates and CC at 224 kg N ha–1 (data not shown). All 

other cropping systems were ineffi  cient when compared to 

these fi ve treatments. All other treatments were dominated 

by at least one other treatment. Th is means that these domi-

nated treatments would not be chosen by any risk-averse 

decision maker. To the extent that most decision makers are 

risk averse, this provides useful information on the economic 

performance of the various cropping patterns. Th is is likely 

due to establishment costs related to alfalfa (machinery, seed, 

and fertilizer; see Table 2), higher overall prices for corn and 

soybean when compared to oat and alfalfa, or due to lower 

yield variability associated with corn and soybean when com-

pared to oat and alfalfa.

Th is research shows that the most profi table systems (CS) 

remain the most effi  cient when risk is considered. According 

to Meyer-Aurich et al. (2006), the diversifi cation of the rota-

tion reduces production risk in contrast to planting corn con-

tinuously. Similar fi ndings have been observed by Helmers et 

al. (2001), where they compared a CS rotation with corn and 

soybean planted continuously and found that production risk 

was reduced when the crops were planted in rotation, even 

though yield variance was higher in the rotated crops than 

for the sole crops planted continuously. Zentner et al. (2002) 

also found that crop diversifi cation reduces business risk for 

wheat-based crop rotations in western Canada. According to 

Helmers et al. (2001), the benefi t of crop rotations in reduc-

ing risk involves three distinct infl uences. First, convention-

ally practiced rotations involve diversifi cation, an off setting 

phenomenon where low returns in 1 yr for one crop are 

combined with relatively high returns from a diff erent crop. 

Second, rotation cropping is generally thought to reduce 

yield variability compared with monoculture practices. 

Finally, rotations, as opposed to monoculture cropping, may 

result in overall higher crop yields as well as reduced produc-

tion costs. However, in addition to these facts, these results 

also show that when 224 kg N ha–1 is added, risk can be 

reduced for continuous corn, by reducing yield variability.

Th e choice between the stochastically dominant crop-

ping systems of CS at all N rates and CC at 224 kg N ha–1 

is driven by several factors. Th is includes the degree of risk 

aversion of the producer. Note that the degree of risk aversion 

may vary across decision makers (e.g., depending on their 

wealth, credit availability, age, and familiarity/experience 

with these cropping systems). Individual circumstances will 

dictate the optimal choice among the effi  cient set (DeVuyst 

and Halvorson, 2004). Th is choice is further infl uenced by 

the joint distribution of yields and prices. Our analyses are 

based on historical prices and yields. So we have determined 

the ex-post ranking of cropping systems. For a decision 

maker, expected yields and prices are used to make decisions. 

If past yields and prices are judged to be good predictors 

of future outcomes, our analyses are appropriate. If not, a 

formal expectations model is needed to generate forecasted 

yields and prices (DeVuyst and Halvorson, 2004).

CONCLUSIONS
Previous research from this long-term fi eld study evalu-

ated yield diff erences in crop rotations and N rates. Current 

fi ndings agree with past research that crop rotation improves 

yields relative to monoculture, even in the presence of N, P, 

or K fertilizer levels that were not limiting yields. However, 

yield comparisons do not provide the appropriate basis for 

economic decision-making regarding cropping systems. 

Overall net returns were aff ected by rotation, with the mag-

nitude of the rotation response aff ected by applied N rates. 

Across all crop rotations, the average return was greatest for 

the 112 and 224 kg N ha–1 treatments. Across all N rates, 

average returns were highest for the CS rotation followed 

by CSCOaA, CCOaAA, CCCAA, AA, CA, and CC. Th e 

crop rotations with the highest net returns were calculated 

without inclusion of government payments. Inclusion of 

government payments would have further substantiated our 

results by improving the economic return to corn, soybean, 

and oat. Under second degree stochastic dominance, the sto-

chastically effi  cient treatments were CS at all N rates and CC 

at 224 kg N ha–1. All other cropping systems were ineffi  cient 

relative to these fi ve treatments (i.e., they would not be cho-

sen by a risk-averse decision maker). Th is research shows that 

the most profi table systems (CS) remain the most effi  cient 

when risk is taken into consideration. However, these results 
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also show that when 224 kg N ha–1 is added, risk can be 

reduced for continuous corn. Individual circumstances will 

dictate the optimal choice among the effi  cient rotations.
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