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Conventional agricultural production sys-
tems in developed countries rely heavily on fossil energy 

embodied in inputs such as N fertilizer, fuel for machinery 
operations and grain drying, and pesticides (Hill et al., 2006; 
Karlen et al., 1995; Kim and Dale, 2005; Miranowski, 2005; 
Rathke et al., 2007; Sijtsma et al., 1998). While the use of 
fossil fuels has increased yields and improved the consistency 
of agricultural production, heavy reliance on energy intensive 
inputs is also related to problems such as reductions in soil 
carbon stocks due to tillage (Franzluebbers, 2004; Reicosky 
et al., 2002), hypoxic conditions in surface waters due to the 
overapplication and subsequent off-site transport of nutrients 
(Shepard, 2000; U.S. Environmental Protection Agency, 
2007), and environmental contamination and pest resistance 
due to overapplication and inappropriate use of pesticides (Gil-
liom et al., 2006; National Research Council, 2000).

Following the oil shocks of the 1970s, which involved sudden 
reductions in fossil fuel availability and rapid increases in price, a 

number of analysts examined agriculture’s relationships with fos-
sil energy (Pimentel and Pimentel, 1979; Steinhart and Steinhart, 
1974). Attention to that topic faded during the subsequent three 
decades of relatively stable supplies and low fossil energy prices. 
However, current uncertainties regarding the availability and 
prices of fossil energy sources, and significant changes in agri-
cultural practices since the 1970s, point toward a need to revisit 
the relationship between agricultural production and energy use. 
Additionally, though many individual agricultural management 
practices have been shown to reduce dependence on fossil energy 
inputs (Khakbazan et al., 2008; Lockeretz et al., 1981; Noble and 
Christmas, 2008), the impacts of whole production systems that 
incorporate multiple alternative practices over time have received 
relatively little attention. This is especially important as agricul-
tural systems are being evaluated for their ability to provide mul-
tiple goods and services, including protection of environmental 
quality, generation of adequate income, and food security (Boody 
et al., 2005; Robertson and Swinton, 2005).

Here we report on fossil energy use and production efficiencies 
in a multi-year, 9-ha comparative cropping systems experiment 
conducted in Iowa, within the central U.S. Corn Belt (Lieb-
man et al., 2008). The experimental treatments encompassed a 
conventionally managed 2-yr rotation system (corn-soybean), 
and a 3-yr rotation (corn-soybean-small grain + red clover) and 
a 4-yr rotation (corn-soybean-small grain + alfalfa-alfalfa) man-
aged with substantially lower inputs of synthetic fertilizers and 
herbicides. The 2-yr rotation is typical of cash grain systems in 
the region, whereas the 3- and 4-yr rotations are representative of 
LEI cropping systems in the region that are integrated with cattle 
(Bos taurus) production through the feeding of crops to livestock 
and the application of manure to crop fields.

ABSTRACT
Conventional agriculture production systems in developed countries rely heavily on fossil energy, but emerging uncertainties in 
energy supply indicate a need to better understand energy efficiency in conventional and alternative systems. We used 6 yr of data 
from a cropping systems experiment conducted  in Iowa to compare energy use of a conventionally managed corn (Zea mays L.)–
soybean [Glycine max (L.) Merr.] system (a 2-yr rotation) with two low-external input (LEI) cropping systems that used more diverse 
rotations and manure, but substantially lower quantities of synthetic N fertilizer and herbicides. Depending on how fossil energy 
costs were assigned to manure, the two LEI systems (a 3-yr rotation of corn-soybean-small grain/red clover [Trifolium pratense L.], 
and a 4-yr rotation of corn-soybean-small grain/alfalfa-alfalfa, Medicago sativa L.) used between 23 and 56% less fossil energy than 
did the conventional system. In general, the primary category for fossil energy use in all systems was grain drying. The conventional 
2-yr system used substantially more fossil energy embodied in synthetic fertilizers and pesticides than did the LEI systems. Eco-
nomic return, harvested crop weight, and potential energy production of the conventional 2-yr and LEI 4-yr systems were similar. 
Efficiency ratios, including crop energy output and economic return per unit of fossil energy invested, were significantly higher in 
the LEI 4-yr rotation than in the conventional system. In coming years, if fossil energy prices rise significantly without concomitant 
increases in crop value, diversified LEI systems may become preferable to conventional cropping systems and used more widely.
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