
Diversified crop rotations balance productivity, 
profitability, and environmental quality

Hanna Poffenbarger
August 11, 2017

Prairie Lakes Conference
Okoboji, IA

1



Special thanks to:
• M. Liebman
• C. Chase
• A. Davis
• M. Fiscus
• J. Hill
• N. Hunt
• D. James
• A. Johanns

• A. King
• P. Lazicki
• L. Leandro
• D. Sundberg
• M. Tomer
• M. Wander
• M. Woods

• G. Artz
• W. Edwards
• M. Hanna
• M. Rasmussen
• J. Russell
• J. Sellers
• G. Dahlke

2



0
2,000,000
4,000,000
6,000,000
8,000,000

10,000,000
12,000,000
14,000,000
16,000,000

1920 1940 1960 1980 2000 2020 2040

Ac
re

s i
n 

pr
od

uc
tio

n

Year

Crops planted in Iowa, 1929-2016

Corn
Soybean
Oats
Hay

Long-term decline in crop diversity

USDA-NASS

3



4

Decreasing cattle numbers 

Presenter
Presentation Notes
Cattle in OH, IN, IL, IA, MN, WI.No surprise that both cattle and hay production have declined – cattle eat hay so without cattle there is less of a market for hayAbout a 50% decline in numbers of cattle in OH, IN, IL, IA, MN, WI from mid-1979s until present.



Technologies have enabled specialization
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Iowa, 2015:
2.5 billion bushels of corn harvested
554 million bushels of soybean harvested
46.6 million hogs & pigs, 12.5 billion eggs marketed
4.0 billion gallons of ethanol produced

http://www.nass.usda.gov/Statistics_by_State/Iowa/Publications/Annual_Statistical_Bulletin/2016/
http://iowarfa.org/resource-center/statistics/
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Presenter
Presentation Notes
Rankings: #1 in corn for grain, #2 for soybean, #1 for hogs, #1 in egg production. Optimizing yields on our cropland is important to avoid having to bring new land into production, while meeting growing demands of the population. 



Challenges related to low diversity
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Challenges related to low diversity

• Soil erosion

• Water quality 
degradation

• Herbicide-resistant 
weeds

• Fossil energy

• Economic volatility
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Presenter
Presentation Notes
Water quality degradation via nutrient and pesticide emissions



Can cropping system diversification and
crop-livestock integration:

• Reduce reliance on fertilizers, pesticides, and fossil energy?

• Maintain or increase crop productivity? 

• Improve important indicators of environmental performance?

• Maintain or increase profitability?
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Presenter
Presentation Notes
We hypothesized that careful stewardship of diverse ecological communities can be used to replace a substantial portion of mineral fertilizers, synthetic pesticides, and petrochemical energy used in conventional farming systems. 



2-year rotation: corn-soybean (cash grain)
3-year rotation: corn-soybean-oat/red clover (green manure)
4-year rotation: corn-soybean-oat/alfalfa-alfalfa (hay)

36 plots, 60 ft x 275 ft each, all phases of system present every year
2001 and 2002: base-line sampling / 2003-2005: start-up period

2006-present: mature period

11

Marsden Farm
Boone County, IA

Presenter
Presentation Notes
22-acre field experiment investigates how cropping system diversification and crop-livestock integration affects productivity, profitability, and environmental quality.By 2006, each plot had passed through at least one complete cycle of its rotation system.Red clover terminated in fall by moldboard plowing



Management practices
2-year rotation 3-year and 4-year rotations

Manure None 7 ton/acre before corn

Synthetic 
N fertilizer

103 lb N/acre at 
planting plus 
sidedress

None at planting, but with 
sidedress option

Herbicides Broadcast in corn 
and soybean phases

Banded with interrow
cultivation in corn and 
soybean phases

Tillage Chisel plow after 
corn

Moldboard plow after clover 
and alfalfa, chisel plow after 
corn
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Presenter
Presentation Notes
2-yr. corn use soil active chemicals and 2-yr soybean use plant-active chemicals (glyphosate)3- and 4-yr corn and soybean uses plant-active chemicals and cultivationLess toxic active ingredients for corn in 3- and 4-yr rotations but more toxic active ingredients for soybean in 3- and 4-yr rotations.



Fertilizers, pesticides, and 
fossil fuel inputs
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Mean annual mineral N fertilizer and 
herbicide use, 2006-2016

N fertilizer Herbicides
Rotation 2-year 3-year 4-year 2-year 3-year 4-year

lb N/acre lb a.i./acre
Corn 152 29 24 1.18 0.06 0.06
Soybean 2 2 2 1.45 0.10 0.10
Oat -- 2 2 -- 0 0
Alfalfa -- -- 2 -- -- 0
Rotation av. 77 11 7 1.32 0.05 0.04
Reduction -86% -91% -96% -97%
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Fossil Energy Inputs [GJ ha-1 yr-1], 
2008-2014

2-Year 
Rotation

3-Year 
Rotation

4-Year 
Rotation

Fuel for Operations 2.6 2.0 1.8

Fertilizer 5.5 0.9 0.9

Herbicide 0.4 0.3 0.2

Seed Production 0.3 0.3 0.3

Grain Drying 1.5 1.0 0.8

Total Energy Costs 10.3 4.5 3.9

About 0.6 barrels of oil equivalent = about 25 gallons diesel equivalent per acre
15

Presenter
Presentation Notes
Conventional is about 0.6 barrels of oil equivalent per acre = about 25 gallons of diesel equivalent per acre



Crop productivity
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Mean yields, 2006-2016
Sources: Liebman et al. 2008; Davis et al. 2012;
Hunt et al. 2017

Yield

Rotation Corn 
(bu/acre)

Soybean 
(bu/acre)

Oat 
(bu/acre)

Alfalfa 
(tons/acre)

2-year 192 b 47 c --- ---
3-year 198 a 53 b 93 b ---
4-year 201 a 56 a 98 a 4.1
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Presenter
Presentation Notes
2-yr vs 4-yr: Corn +4%; Soybean +15%; 3-yr vs 4-yr: Oat +4%



Mean weed biomass in 2006-2016 was low in the 
corn and soybean phases of each system. Weed 
growth was greater in oat and alfalfa phases.

Within columns, means followed by different letters are significantly different.

Weed biomass, lb/acre

Rotation Corn Soybean Oat Alfalfa

2-year 2 b 3 b --- ---

3-year 13 a 18 a 68 a ---

4-year 8 ab 7 b 64 a 52
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Presenter
Presentation Notes
Backtransformed means (ln x+1) presented. Analysis run on ln x+1 transformed data.Weed management is generally effective regardless of rotation. >200 lb/acre may start to have an effect on yield. But these biomass levels are very low.



Rotation effects on soybean in 2010 during SDS epidemic: 
Longer rotations were healthier

3-year rotation 2-year rotation

Measurements by L. Leandro, ISU Plant Pathology & Microbiology

Photo courtesy of L. Miller

Consistent reduction in severity and incidence observed 2010 to present
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Presenter
Presentation Notes
Incidence is often >60% for 2-year rotation 



Environmental quality
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Soil Quality Indicators in Corn (0-20 cm)

Rotation Particulate organic 
matter carbon

Microbial 
biomass 
carbon

Potentially 
mineralizable

nitrogen

ton POM-C acre-1 lb C acre-1 lb PMN acre-1

2-year 1.27 b 473 b 41.8 b

3-year 1.55 a 567 ab 54.2 a

4-year 1.47 a 701 a 49.9 ab

Sources: Lazicki et al., 2016; King and Hofmockel, 2017

Soil managed with longer rotations had more POM-C, 
greater microbial biomass, and higher PMN.
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Presenter
Presentation Notes
Note: Measurements made in Agrigold 6395BtRW-PRE sub-plots in all rotations.



Tomer & Liebman (2014)

Mean NO3-N concentrations in water samples collected 
under each cropping system, 2004-2011 
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Estimated Sheet and Rill Erosion (RUSLE2)

Tons per acre per year
2-year rotation: 1.18
3-year rotation: 1.00 (-15%)
4-year rotation: 0.78 (-34%)
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Presenter
Presentation Notes
CONV herbicide regime—no interrow cultivation; LOW herbicide with cultivation3-yr reduced 15% and 4-yr reduced 34% relative to 2-yr.Sheet and rill erosion; NOT ephemeral gully erosionRUSLE2 considers climate, soil properties, topography, and land use (crops grown, yield, tillage practices) to determine soil loss.Most soils in Iowa have tolerable soil loss level of 5 tons/acre. Rick Cruse would say these values are too high, more like only 0.5 ton/acre soil is replaced each year.



Freshwater ecotoxicological potential of 
herbicides, 2008-2016, USEtox model

Hunt et al., 201724

Presenter
Presentation Notes
USETox generates midpoint characterization factors (CF) to estimate potential freshwater ecotoxicity impacts of a unit of pesticide active ingredient (a.i.) emitted, expressed in Comparative Toxic Units (CTUe) of potentially affected fraction of species integrated over time and volume (PAF m3 kgemitted-1).  The function of CFs is to bridge the mass of emitted pesticide to the freshwater ecosystem response from emission transport via rural air, agricultural soil, and freshwater pathways.  The mechanisms by which emitted a.i.s move through each compartment include freshwater runoff, soil erosion, atmospheric deposition, and direct emissions to freshwater, among others (Henderson et al., 2011).  USETox CF are a function of 1) the fraction of pesticide a.i. transferred via air, soil, or water to freshwater (fi,w), 2) the environmental fate factor (FFw,w), or how the a.i. moves through the environment, and 3) the Effect Factor (EFw) which provides the freshwater aquatic species response to  an increase of a toxic substance in the freshwater environment.



Profitability
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Input costs were taken from ISU Extension’s annual report “Costs 
of Crop Production in Iowa,” and from local businesses. 
Machinery operation and labor costs were based on field notes 
and ISU’s “Estimating field capacity of farm machines.” 

Grain and hay prices were taken from marketing year averages 
provided by the Iowa office of the USDA National Agricultural 
Statistics Services. Subsidy payments and insurance pay-outs 
were not included in revenue figures. 

Manure was assumed to be generated by on-farm or near-by 
livestock and without cost for the material, but with labor and 
machinery costs for spreading.

Economic Analyses
Cost and Price Assumptions

26

Presenter
Presentation Notes
2008-2015



Economic performance, 2008-2016

Rotation system

2-year 3-year 4-year

Labor inputs (hr/acre) 0.69 1.21 1.42

Gross returns ($/acre) 688 a 618 b 642 ab

Costs of production (including 
labor, but not land, $/acre) 353 a 269 b 289 b

Profits (returns to land and 
management, $/acre) 335 a 349 a 353 a

Greater diversity  lower gross returns, lower costs, similar profits

Hunt et al. (2017) and
A. Johanns, unpublished data27

Presenter
Presentation Notes
Corn and soybean with conventional herbicide management (and transgenic seeds), no cultivationCorn in 3-yr and 4-yr rotations receives manure. Manure cost is for handling & transport, not material.Less mineral fertilizer used in the 3-yr rotation than the 4-yr rotation  lower cost.Higher soybean yields in 4-yr than 3-yr (and 2-yr)  more revenue.Greater labor in extended rotations due to manure application, plowing legume sod, interrow cultivation, and multiple harvest of alfalfa.



Food/fiber products

Integrated Crop-Livestock System

Ruminants

FeedManure
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Presenter
Presentation Notes
Ruminant livestock are typically integrated in farm operations that include diversified crop rotations because they are capable of converting forage crops, which are not edible by humans, into useable food and fiber products. They also provide a valuable nutrient source in the form of manure. 
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Systems
2-yr cash
2-yr integrated – yearlings on mostly concentrates
4-yr cash
4-yr integrated – calves on forages and concentrates

Economics of integrated crop-livestock systems



Different revenue and costs, but similar returns to land and 
management across all four farming systems.

$320/acre
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Presenter
Presentation Notes
We found that both revenue and costs were greater for the integrated systems as compared to the cash crop systems. The 2-yr integrated system had the highest revenue and costs because the grain produced in the simple rotation supported even more cattle than the crops produced in the diversified rotation. Subtracting the costs from the revenue, we found that mean annual returns to land and management were similar among all farming systems ($320 per acre averaged across all four systems).Average land rent over the period was $272.



Increasing cropping system diversity and reintegrating 
crop and livestock production can balance productivity, 
profitability, and environmental health
Hunt et al. 2017. Env. Sci. & Tech., doi:10.1021/acs.est.6b04086
Davis et al. 2012. PLoS ONE, doi:10.1371/journal.pone.0047149
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Presenter
Presentation Notes
16 July 2009.How will these gains be translated into broader scale changes? Technical supportMarkets for non-conventional productsGovernment policies
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