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Profitability of Crop Rotations in Iowa in a Stress Environment

DERRICK N. EXNER and R. M. CRUSE

Department of Agronomy, lowa State University, Ames, IA 50011

Small grains crops have traditionally been included in Midwestern cropping systems, but their use is restricted by uncerrainyields,
poor prices, and lack of on-farm uses in operations without livestock. We compared the corn (Zez mays L.)—soybean (Glycine max
(L.) Merr.) crop rotation to actual or simulated three-yr rotations at two sites in lowa between 1986 an_d 1989.'Water was genera}ly
more limiting than was nitrogen, which produced minimal response in the corn to which it was applied. AprllfNovember precip-
itation at Nashua, lowa ranged from 59 to 1119 of average, while at Des Moines, Towa it was 77% of normal in 1988 and 102%
in 1989.

Each rotation was subjected to economic analysis using Jowa State University figures for costs of operations and inputs. Comr.nodity
prices were set assuming nonparticipation in the government programs of the time. The rotations that dependgd on hay cutrings to
recoup seeding costs never achieved that goal. Oat (Avena sativa L.) and wheat (Triticum aestivum L.) harvests did larg'e'ly recover‘the
cropping expenses of the systems that included them. Thus, in cerrain environments no sacrifice in short-term profitability is required
in trade-off for the long-term conservation and economic benefits of diversified rotations.

INDEX DESCRIPTORS: small grains, cropping systems, crop rotation, stress, profitability, Avena sativa L., Triticum aestivam L., oat,

wheat

Iowa farmers are only too aware of the frustrations of growing
small grains. There are years in which producers disk the crop rather
than harvest what remains after disease and weather have taken their
toll. Midwestern producers also seem unable to achieve the test
weights that food processors require, so local millers generally import
their stocks of small grains from elsewhere. On the other hand, oat
(Avena sativa 1.) and wheat (Triticum aestivum L.) are less vulnerable
to drought than corn (Zea mays L.) and soybean (Glycine max (L.)
Merr.) and even seem to benefit from some dry weather. Climate
change models suggest a warmer, more variable climate for lowa,
leading to periods of greater evapotranspiration and possibly accom-
panied by reduced precipitation (Kattenberg et al. 1995). A shift in
weather patterns could change the relative desirability of small grains
and row crops. Small grains are also the traditional establishment
host for alfalfa (Medicago sativa L.) and clover crops (Trifolium sp.),
and this enterprise diversity constitutes another potential means of
risk management. We desired to evaluate the net profitability of
several alternative crop rotations to judge the liabilities and benefits
of diversification beyond corn and soybean.

The predominant crop rotation in much of the Midwest is the
two-yr sequence of corn and soybean. Cogent agronomic and eco-
nomic reasons contribute to this situation; however, the rotation is
not ideal from the standpoint of soil erosion. Inclusion of a third
crop in the rotation could benefit both soil conservation and diversity
on the farm. Small grains present possible options for this third crop,
but their use is increasingly rare in the United States. Qat area, for
example, has declined in Iowa from a harvested area of nearly 2.6
million ha in 1921 to an estimated 81,000 ha in 1999 (National
Agricultural Statistics Service 2000) (Fig. 1). Historically, small
grains were among rhe first crops raised by the settlers on Iowa’s
prairie sods (Hopkins 1946). They were grown to satisfy the feed
requirements of non-ruminant draft animals, which could not effi-
ciently utilize the low-grade feeds that sustained oxen, and their use
was further stimulated by railroad transportation, which made pos-

sible cash grain markets (Thompson 1946). By the 1930s, however,
tractors were displacing horses, reducing the on-farm demand for
oat. Today whear has migrated to the Great Plains, and oat crops
frequently fall victim to diseases in Iowa’s humid summers.

For small grains to reclaim a place in Midwest agriculture, situ-
ations must first be identified in which these crops do make a pos-
itive contribution to the overall profitability of a system. The objec-
tive of our research was to determine if modern varieties and pro-
duction practices justify alternative crop complements on the typical
contemporary farm-one that may not have livestock. Information per-
tinent to this question was generated by an experiment in the prac-
tice of strip intercropping conducted from 1986 to 1989 and in-
volving two sites in lowa. Treatments in these trials reflected various
crop rotation options based on three different strategies: 1) the corn-
soybean row crop rotation that is typical of much of the Midwest;
2) corn preceded by a sole-seeding of alfalfa and followed by soybean;
and 3) corn followed by soybean and preceded by a year of a green
manure forage legume that was seeded with a nurse crop of small
grains, specifically oat or winter wheat. Information applicable to the
crop sequences was abstracted from this experiment.

LITERATURE REVIEW

For millennia, diversity has been the norm not the exception in
cropping systems. Likewise in the United States, production of the
same sole-seeded crop repeatedly on the same land only became prac-
ticable with the advent of inexpensive synthetic fertilizers, although
not without recognition of the soil erosion potential (Jamison et al.
1968) and economic risks (Battese et al. 1972). While rotation has
occasionally been defined to include continuous corn or the rotation
of hybrids or varieties within the same crop, crop rotation is gen-
erally considered to mean growing two or more distinct crops in
succession on the same land. A common crop rotation in much of
the U.S. Midwest is the two-yr, corn-soybean rotation. Corn-soybean,
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like any rotation, is necessarily judged accotding to the system to
which it is compared.

Much of the research on crop rotation has focused on cropping
systems that include a mix of row crops and sod crops or closely
seeded crops, spring- as well as fall-seeded crops, deep- and shallow-
rooted crops, and annual and perennial crops. These rotations encom-
pass the diversity chat can reduce weed pressure (Bullock 1992, Lieb-
man and Dyck 1993, Karlen et al. 1994), nitrate leaching potential
(Olsen et al. 1970), soil erosion (Jamison et al. 1968, Hussain et al.
1988, Reganold 1988), and local soil problems (Halvorson and Black
1974). Crop rotations that produce large amounts of above- or below-
ground carbon have been shown to improve soil physical character-
istics (e.g., aggregation and bulk density), largely through increasing
soil organic matter (van Bavel et al. 1950, Hussain et al. 1988,
Karlen et al. 1992).

Crop rotation likely persists as a practice as much for its near-
term financial benefits as for long-term, soil-building actributes. Ad-
ditional crop inputs are needed to compensate for the fertility and
pest-control advantages that rotations can provide. As continuous
row cropping increased in the latter half of the 20th century, there
was controversy whether external inputs could completely substitute
fot those benefits. Studies determined the answer to be “yes” (Battese
et al. 1972, Bolton et al. 1976, Baldock and Musgrave 1980), but
other research (Barber 1972, Dick and Van Doren, Jr. 1985, Chase
and Duffy 1991, Katlen et al. 1991, Bullock 1992, Copeland et al.
1993, Karlen et al. 1994) suggests that there often is a “rotation
effect” benefit above and beyond the nutrient, pest, soil moisture,
and other discrete benefits of crop rotation.

When the preceding crop in a rotation is nitrogen fixing, rotation
effect and nitrogen contribution to the succeeding crop are confound-
ed. Nitrogen contribution aside, studies have attempted to determine
the mechanism for the rotation effect. Barber (1972) concluded that
the value of an incorporated hay stand extended to corn crops mul-
tiple years later. Meese et al. (1991), rotating continuous cropping
into corn-soybean rotation plots, observed corn and soybean yield
decreases continued beyond the second year of monocropping.
Crookston et al. (1991) found the rotation effect to be measurable
beyond one year for soybean following corn but not for corn follow-
ing soybean; in the lacter case second-year corn yields were depressed
relative to third- and later-year corn.

Mechanisms of the rotation effect are suggested by studies that
find interactions between the magnitude of the rotation benefit and
crop conditions, especially relating to soil moisture. Papers have doc-
umented increased benefits to crop rotation when crops were stressed

by too little moisture (Roder et al. 1989) or either too little or too
much moisture (Barber 1972), although a negative correlation be-
tween drought stress and rotation benefit was suggested by Bolton
et al. (1976). Soybean in rotations longer than two years exhibited
greater water use efficiency than soybean following corn, an effect
that was more pronounced in years with greater water stress (Co-
peland et al. 1993).

If the corn-soybean sequence qualifies for many of the yield ben-
efits of crop rotation, it does so despite equivocal evidence as to its
effects on soil parameters. It has been asserted that continuous corn
returns more residue to the soil than the corn-soybean rotation (Kar-
len et al. 1991) and slows the decline in soil organic matter (Bullock
1992, Karlen et al. 1992). In contrast, Hussain et al. (1988) found
soil in both the corn and soybean phases of a corn-soybean rotation
to have generally greater soil aggregation and resistance to detach-
ment at higher rainfall intensity, compared with soil in continuous
corn. Laflen and Moldenhauer (1979) identified a soybean “soil ef-
fect,” independent of residue ground cover, characterized by greater
late spring soil loss from corn following soybean than from either
continuous corn or soybean following corn.

Van Bavel et al. (1950) reported that over time cropping sequences
sought different equilibria for yields, soil loss from water erosion,
and soil aggregation (independent of changes due to soil loss).
Changes in crop rotation resulted in movement to new equilibria,
but all parameters degraded subsequent to the original rotation out
of continuous alfalfa and bluegrass. Generally, the diminution of soil
organic matter and soil physical parameters and the increase in soil
erosion and external production inputs has been intrinsic to the tran-
sition from extended rotations to short totations and continuous
cropping (Bullock 1992). If cropping systems are the ptoblem, they
may also be part of the solution; crop rotation is one means of re-
storing a diversity that approaches the natural ecosystems (Karlen et
al. 1992) that serve as a baseline in our understanding of soil quality
and sustainability.

METHODS

The corn-soybean rotation was compared with several simulated
or actual three-yr rotations at two sites in Iowa between 1986 and
1989. The Northeast Research Centet is near Nashua, Iowa, while
Living History Farms lies on the outskirts of Des Moines, in central
Jowa. The rotations were established in side-by-side 4.57 m strips
to also gain information on the practice of strip intercropping. Data
are reported from the inner four rows of 6-row ctop strips and the
centers of the small grains and forage strips, an analysis similar to
that of Lesoing and Francis (1990). Excluding strip edges from anal-
ysis may not entirely eliminate border effects, but the relative per-
formance of rotational treatments was likely not affected by the strip-
ping configuration.

Nashua Site

The Nashua site was established in 1986 on land that had grown
corn the previous year. The three-yr rotations were simulated with
a two-yr alternation of corn and the third crop, leaving out the year
of soybean. For economic analysis, the yields of soybean in the corn-
soybean treatment were used in the simulated alternative rotations.
Notwithstanding this limitation, the duration of the experiment was
not sufficient to have fully captured crop rotation effects from a third
year of soybean. The alternative rotations evaluated were named ac-
cording to theit “third year:”

“AH2”—“annual” alfalfa established with herbicide and cut twice
(hay sold).

“AH4"—"annual” alfalfa established with herbicide and cut as many
as four times, weather permitting (hay sold).
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Table 1. Crop varieties, seeding rates, and crop protection materials used in the rotation studies conducted at Nashua and Des

Moines.
Hybrid/variety Seeding Rate Materials
Nashua Lt
C Pioneer 3732 _ alachlor?,
o l 69,200 ha™! cyanazine
Soybean 1986-87 Elgin _1 1986-88 trifluralin®
y 1988-89 Corsoy 79 444,800 ha 1989 chlorambend
Alfalfa 1986 CUF 101 22.4 kg ha! sole-seeded
1987 MOAPA 69 EPTC®
1988, 1989 Nitro 15.7 kg ha~! with oat
Des Moines
Corn Pioneer 3379 55,600 ha~! Metolachlorf
Soybean Asgrow 1937 61.6 kg ha™! Metolachlorf
Alfalfa 1988, 1989 Nitro 22.4 kg ha'l EPTCe .
Wheat Cody, hard red winter 151 kg ha-! carboxin and thiram seed crt.
aLasso
5Bladex
Treflan
dAmiben
€Eptam
Dual

“AO0"—"annual” alfalfa established with a nurse crop of oat. The
oat grain and straw were harvested and the alfalfa was left for
green manure.

“CO0"—sweetclover (Melilotus officinalis (L.) Lam.) established with
a nurse crop of oat. The oat grain and straw were harvested, and
the sweetclover was left for green manure.

“SB”—corn-soybean, two-yr crop rotation.

Des Moines Site

The Des Moines site was established in 1987. Two replications
had been in perennial warm season grass previously and two repli-
cations in row crops. Because of field variability from preceding use,
data are not reported for 1987. All years of the crop rotations were
grown in the field. The rotational treatments were “AH4,” “CO0,”
“SB,” and:

“WCO0"—winter wheat, seeded after soybean harvest with a later
frost seeding of red clover (Trifolium pratense L.). The wheat grain
and straw were harvested and the clover was left for green manure.

Corn and soybean varieties planted, seeding rates, and weed con-
trol materials used are shown in Table 1.

The “annual” alfalfa was nondormant alfalfa, whose active growth
continues into the fall, thus extending both the harvest and nitrogen
fixation. Four levels of nitrogen fertilizer were stripped across the
rotational corn plots to better estimate the economics of nitrogen
use in each rotation (Fig. 2). At planting all crops received potassium
and phosphorus fertilizer calculated to meet or exceed crop removal.

To determine optimum fertilization, the “linear response and pla-
tean” (LRP) model was fit to nitrogen response treatment-by-treat-
ment in years showing a significant nitrogen effect. LRP generated
the lowest nitrogen rate at which maximum yield would be obtained,
and this rate and yield were used in calculation of crop rotation
profitability. Each roration was subjected to an economic analysis
using Iowa State University figures for average fixed and variable

costs of operations and input prices (Duffy et al. 1985-1993). Com-
modity prices were set assuming nonparticipation in government
programs. Land was charged at $210 per ha ($85 per acre) and labor
at $6.00 per hour.

RESULTS AND DISCUSSION

The years 1987 through 1989 were dry at these two Iowa sites
(Table 2). At New Hampton, about 22 km from Nashua, 1988 was
the 6th driest year recorded in the 20th century, and 1989 was the
11¢h driest year (data not shown). Water was generally more limiting
than was nitrogen. The rotations that utilized forage legumes to fix
nitrogen for the subsequent corn crop also depleted the soil of water
prior to corn. Similarly, the drought affected the establishment and
growth of firse-yr alfalfa and clover.

Applying SB soybean yields to the evaluation of other treatments
at Nashua during this period could have introduced bias in either
direction. Soybean in rotation with deep-rooted sweetclover or alfalfa
during a drought may have less soil moisture than the “benchmark”
soybean in the corn-soybean rotation of the SB treatment. On the
other hand, soybean in rotations of more than two years has exhibited
greater water use efficiency (Copeland et al. 1993) and yield (Crooks-
ton et al. 1991) than soybean following a single year of corn in a
corn-soybean rotation.

Corn yield response to nitrogen fertilizer was weak where April—
November precipitation was low (Tables 2, 3, Fig. 2); even when N
response was statistically significant, it was not great except for
Nashua in 1986 (Fig. 2). Although no soil moisture measurements
were made, crop appearance in the area suggested that the limiting
factor was moisture. Table 4 provides yields of crops by site and year,
averaged over treatment and nitrogen rate; small grain and forage
yields were more stable over the course of the experiment than were
yields of corn and soybean.

AH2 and AH4, the rotations that depended on hay cuttings to
recoup seeding costs, never achieved that goal (Figs. 3 and 4). How-
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Table 2. April-November precipitation as percent of normal
for 1986-1989 at Nashua and Des Moines.

Nitrogen Fertilizer Applied (kg ha')

Corn response to nitrogen fertilizer by treatment in simulated crop rotations at Nashua (1986-1989) and at Des Moines (1988-1989).

Table 3. Levels of significance for corn yield response to crop
rotation and nitrogen by year at Nashua and at Des Moines.

Site
Year Nashua Des Moines
%
1986 111 —
1987 79 _
1988 65 77
1989 59 102

ever, oat and wheat harvests (grain and straw) did largely pay for
cropping expenses. Except in the establishment year at Nashua, in
which moisture was adequate, the oat/alfalfa-corn-soybean rotation
and the oat/sweetclover-corn-soybean rotation were as profitable as
(or no more unprofitable than) the corn-soybean rotation. During the
period of this experiment, corn producers were eligible for price
support that would have particularly improved the profitability of
the two-yr corn-soybean rotation, an advantage not reflected in these
calculations. From another standpoint, net profit of sole-seeded alfalfa
would have been helped by retaining the forage for harvest in the
year after its establishment. Producers likely would have pursued

Rotation X

Site Year Rotation  Nitrogen  Nitrogen
Nashua 1986 *k *% N.S.
Nashua 1987 * Fk N.S.
Nashua 1988 ** N.S. N.S.
Nashua 1989 *x N.S. *k
Des Moines 1988 N.S. * N.S.
Des Moines 1989 * *k *k

*Statistical significance at 95% confidence level
**§tatistical significance at 99% confidence level

different profit-optimization strategies with these different comple-
ments of crops. On the basis of comparison used here, however, three-
crop selections that included small grains fared better than either
corn-soybean or the three-yr sequences that included sole-seeded al-
falfa.

It is not remarkable that even in years of relatively more precip-
itation, net profit of most crop systems hovered near zero. Producers
pursue various strategies to lower fixed and variable costs below the
average figures that we used in calculating system profits. Moreover,
government payments to lowa producers during the four years of
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Table 4. Crop yields by site and year, averaged over treatments
and nitrogen rates.

Site/Crop 1986 1987 1988 1989
Mg ha!
Nashua
Corn 11.14 9.85 4.70 5.47
Soybean 3.45 3.07 1.88 2.14
Oat grain 2.58 2.96 2.80 4.10
Oat straw 3.10 2.47 2.24 4.84
Alfalfa, 4 cut 3.33 6.17 452 6.69
Des Moines
Corn 5.43 8.13
Soybean 0.73 2.14
Oat grain 1.74 3.46
Oat straw 1.73 4,23
Wheat grain 3.62 4.79
Wheat straw 2.00 3.97
Alfalfa, 4 cut 2.80 5.94

Relative Precipitation

L 20%
0%

i 0%

t 10%
-20%

Year

|% AH2 £ AHA mAO0
2 CO0 [JSB = Precipitation

April-Nov. Precipitation: Departure from average

Fig. 3.
1989.

Net profit in five simulated crop rotations at Nashua, 1986—
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1
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3301 rrrrrrrrrrrrrrrrrrrrr [ - \‘ o
$40 -~ - e e . -l
$0 -

Year

|22 AH4 CO0 SB mWCO - Precipitation

April-Nov. Precipitation: Departure from average

Fig. 4. Net profit in four crop rotations at Des Moines, 1988—1989.

this experiment comprised on average 66% of net farm income (Eco-
nomic Research Service 2000). The significance of the study lies in
the relative differences among these experimental systems, not in
their absolute values.

Notwithstanding the economic and policy exigencies that have
made the corn-soybean rotation the prevailing cropping practice in
Towa, the data from these two trials suggest that more complex crop
sequences may have immediate economic advantages—at least under
certain environmental conditions—even before long-term economic,
environmental and rotational benefits are considered. The small
grains included in several of the simulated rotations of this study
were adapted to the seasons of reduced rainfall that occurred during
the experiment. Those treatments generated revenue at the same
time they produced green manure for the benefit of succeeding crops
in the rotation. This study was not designed to fully implement and
continue three-yr rotations at both sites. Research cited suggests that
had it been, the observed benefit of small grains in dry seasons might
have been greater still.
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