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SUMMARY

m This report summarizes progress towards sustainable agriculture in the
United States by analyzing national trends in environmental indicators for
11 crops from 1980-2020.

= While substantial progress has been made since 1980 in reducing soil erosion,
reducing greenhouse gas emissions and improving efficiency of energy,
water and land use, progress in the most recent 15 years has generally been
slower and some declines in resource use efficiency are observed.

= Engagement of the broader agricultural community to overcome systemic
barriers and achieve a widespread transition to sustainable agriculture will be
necessary to enable and scale verifiable progress towards environmental goals.

= The report findings will be used by Field to Market to identify opportunities
for member-led efforts to achieve continuous improvement in environmental
outcomes through partnerships and collective action by the value chain.
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KEY FINDINGS

B |Improvement in five environmental indicators - Land Use, Energy Use, Greenhouse Gas
Emissions, Irrigation Water Use and Soil Erosion - varies by crop and over time. Despite
concerted efforts by the value chain and aligned government programs, improvement in
environmental outcomes from crop production in the U.S. over the past decade is limited.

B For major commodity crops, soil erosion was significantly reduced from around 1990
through 2005; however, since the early 2000s soil erosion has largely held steady. This
reflects a flat trend for adoption of no-till and reduced-till practices recently and a relatively
modest adoption of cover crops to date. Understanding why conservation tillage adoption
has plateaued will be key to driving future improvements in soil conservation.

®  Overall energy use efficiency from commodity crop production has improved over time;
however, several major crops have shown increases in energy use over the past decade,
resulting from increased use of fertilizer and crop chemical inputs.

B While greenhouse gas emissions have declined over time when considered on a per yield
basis, they have held steady or increased on a per acre basis for several major crops driven
by increasing nitrous oxide emissions. Reductions in greenhouse gas emissions per acre
have only occurred for crops where nitrogen fertilizer use has declined.

B Qverall, soils managed under the cropping systems considered in the Field to Market
program have increased soil organic carbon stock throughout the last 25 years, according
to a recent USDA report, with the greatest increase in 2005.

® [rrigation water use efficiency experienced significant fluctuations over time in response to
weather conditions and shifting production regions, but most crops have improved over time.

®  Significant improvement in soil erosion, energy use and greenhouse gas emissions in the
1990s and early 2000s demonstrates that when new technologies and incentives allow
farmers to achieve greater efficiency, they will rapidly adopt new practices.

®  Further progress through voluntary conservation efforts requires understanding and
creating the enabling conditions that support widespread transition to sustainable practices,
including providing farmers with financial incentives, technical assistance and peer learning
opportunities.

®  Significant opportunities for U.S. agriculture exist to contribute to climate change mitigation
through reduction of greenhouse gas emissions, principally through achieving greater
fertilizer use efficiency - which will reduce soil nitrous oxide emissions - and the use of
renewable energy as well as energy efficiency improvements. Additional climate mitigation
can be realized through reducing tillage and planting cover crops to increase soil carbon
sequestration.

m  Assessment of biodiversity and water quality trends highlights multiple environmental
benefits from strategic placement of diverse, perennial vegetation, including native
grasslands, within crop landscapes.

®  Overall, these findings extend the trend of plateauing progress since the early 2000s that
was noted in the third edition of the report (Field to Market, 2016). While the research to
develop new technologies is critical to success, it is increasingly clear that social science
research and community support to address the agronomic and financial risk related to
changing productions systems is necessary to achieve sustained transformation of the
agricultural system.

Field to Market: The Alliance for Sustainable Agriculture




INTRODUCTION

Over the past two decades, agricultural stakeholders in the United States have collaborated on programs,
tools and incentives to transition to sustainable farming systems which build thriving and healthy agriculture
systems and improve environmental outcomes. Field to Market: The Alliance for Sustainable Agriculture
was formed in 2006 from one such collaborative effort between farmers, agribusiness, brand and retail
companies, environmental organizations and university and government partners to focus specifically

on improving environmental outcomes from commodity crop production. As the largest share of cropland
in the U.S. is devoted to commodity crops, transitioning these lands to sustainable systems can provide
many environmental benefits across the country while helping to ensure resilience to climatic disruptions
already occurring and anticipated to worsen over the next several decades.

U.S. croplands are some of the most productive agricultural areas on the planet and provide food, feed, fiber
and fuel for domestic consumption and export. As a critical region for global food security, maintaining the
productivity of U.S. cropland is key to achieving the UN Sustainable Development Goal (SDG) of Zero Hunger
by ensuring adequate, nutritious food for a growing population (United Nations, 2015). At the same time, the
harmful environmental impacts from the past centuries of farming on these lands have been considerable
and are at odds with other SDGs including Clean Water, Life on Land, Life Below Water and Climate Action.
Recent progress reports on the SDGs highlighted the important role of agricultural value chain stakeholders
and partnerships in devising solutions to achieve Zero Hunger (SDG 2) (Veldhuizen et al., 2020) as well as the
need to focus on the interconnections between the goals and to strive for achieving synergistic improvements
(Messerli et al., 2019). Balancing these goals is the critical challenge facing agricultural producers and
stakeholders over the coming decade.

Recent scientific reports have highlighted historical biodiversity losses in agricultural regions and found that
the growth in agricultural land use since 1970 is unsustainable with respect to the natural systems impacted,
including declines in soil health and pollinator diversity. These reports call for renewed efforts to protect
and restore nature (Diaz et al., 2019). In addition, the most recent scientific consensus on climate science
has confirmed that disruptive weather events over the past several years are attributable to global climate
change caused by human activities. These weather disruptions are likely to increase in frequency and severity
over the next several decades regardless of climate mitigation efforts (IPCC, 2021). While continued rising
global temperatures and associated weather patterns can be avoided over the long term with immediate
and concerted action to reduce emissions, it is clear that a certain amount of change is already unavoidable.
Therefore, action by agricultural stakeholders is necessary for both climate mitigation and to enhance the
resiliency of U.S. cropland to extreme weather events.

These findings provide additional urgency and motivation for agriculture stakeholders to contribute
solutions to these global challenges by working together to achieve widespread adoption of sustainable
agricultural systems. Since 2009, Field to Market has tracked progress towards this improvement in five key
environmental indicators through three editions of the National Indicators Report (Field to Market, 2009,
2012, 2016). Field to Market has also released two additional reports assessing trends in pesticide use
(Field to Market, 2020a) and farm economics (Field to Market, 2020b). This fourth edition of the National
Indicators Report extends the analysis from 1980 to 2020 to examine how trends in Land Use, Energy Use,
Greenhouse Gas Emissions, Irrigation Water Use and Soil Erosion have evolved over the past four decades.

Field to Market: The Alliance for Sustainable Agriculture



Since the third edition of the National Indicators Report was
released, the findings have been used by several U.S. commodity
organizations to set continuous improvement goals and

develop protocols for industry wide improvements. These goals
and commitments set by the American Soybean Association,
National Cotton Council, USA Rice Federation and the National
Corn Growers Association reflect a growing awareness that
improvements are needed to meet the environmental goals

of customers while building public confidence in agriculture’s
sustainable use of land and other natural resources.

Field to Market established a standardized approach - the
Continuous Improvement Accelerator - to enable the private
sector to partner around common goals, engage with

technical experts and farmers in a given region, and design
projects to support farmers adopting practices to improve

key environmental outcomes. A key element of this approach
is using the Fieldprint® Platform to measure and track
improvements towards achieving environmental goals (Field to
Market, 2020b). Partnerships set goals for regions and projects
that align with the overarching Field to Market goals (see box)
and reflect local and regional environmental concerns and
agronomic conditions. In 2020, this framework was in use by
over 70 partnerships across 4.5 million acres spanning 34 states.

Recent results from surveys and the 2017 USDA Census of
Agriculture demonstrate continued adoption of conservation

INTRODUCTION

practices that are key to sustainable systems. However, long
term data indicate that conversion to reduced- and no-tillage
systems has slowed in recent years, only expanding from

104 million acres to 112 million acres between 2012 and 2017
(National Agricultural Statistics Service, 2019). Increase

in cover crop acreage has been more significant over that
time period, however the total extent of cover crop adoption
remains relatively low at 5.1% of harvested cropland for all
crops in 2017 (Wallander et al., 2021). An assessment by the
USDA Economic Research Service documented the success
of private and public sector financial incentives for increasing
conservation practice adoption, indicating significant room
for further adoption through expansion of such programs
(Wallander et al., 2021). It is incumbent on the agricultural
industry and stakeholders to identify and eliminate barriers
to adoption and make conservation practices the best choice
for farmers throughout the country.

While this engagement, and that of other organizations with
sustainable agriculture goals is promising, it is impossible to
determine progress at a national scale by focusing only on
individual efforts and case studies. To understand whether these
efforts are having a broader impact discernable throughout the
agricultural system requires examining national trends using
statistically robust data sets. This fourth edition of the National
Indicators Report provides a progress report and reality check
to help ground and direct future efforts.

FIELD TO MARKET GOALS STATEMENT

are guided by the following interdependent goals:

Biodiversity - Supporting diverse species and
ecosystems by conserving and enhancing habitats
across U.S. agricultural landscapes.

Energy Use - Increasing energy use efficiency on
U.S. cropland.

Greenhouse Gases - Reducing greenhouse gas
emissions from U.S. cropland per unit of output,
and sustained contribution to reducing the overall
greenhouse gas emissions from agricultural
landscapes.

Field to Market is working to meet the challenge of producing enough food, feed, fiber and fuel for a rapidly growing
population while conserving natural resources and improving the ability of future generations to meet their own
needs. The organization and its members are committed to supporting resilient ecosystems and farmer economic
vitality as fundamental components of agricultural sustainability. Field to Market will convene diverse stakeholders
to support multi-sector collaboration, while providing useful measurement tools and educational resources for
growers and the value chain that track and create opportunities for continuous improvement at scale. Our efforts

Irrigation Water Use - Improving irrigation water
use efficiency and conservation on U.S. cropland.

Land Use - Improving productivity on U.S. cropland.

Soil Carbon - Increasing soil carbon sequestration
on U.S. cropland.

Soil Conservation - Reducing soil erosion on U.S.
cropland.

Water Quality - Improving regional water quality
through reduction in sediment, nutrient and pesticide
loss from U.S. cropland.

Field to Market: The Alliance for Sustainable Agriculture 5



OBJECTIVES AND SCOPE
OF THIS REPORT

The overall objective of this report is to assess trends in eight key environmental indicators from 1980

to 2020. For five of the indicators - Land Use, Irrigation Water Use, Energy Use, Greenhouse Gas Emissions,
and Soil Erosion - we use government statistics and scientific literature to calculate crop specific trends
for the full time period (Part 1).

The five environmental indicators discussed in Part 1 assess the efficiency of crop production at the national
scale from 1980-2020. Indicator calculations are described briefly below and more fully in Appendix A.
These five indicators are calculated for 11 major crops (Table 1).

Land Use: The Land Use indicator measures the production efficiency of agricultural lands and is closely
tied to crop yields, which are key to economically sustainable farming operations. Optimal yields are critical
to economic sustainability and other efficiency indicators.

Soil Erosion: Sustainable agriculture strives to improve soil conservation by reducing erosion to preserve
healthy soils for future productivity and land resiliency. Soils are highly variable throughout the country,
having been formed over millennia by natural geologic and climatic processes and impacted by land use
history and management. Soil erosion occurs when the soil surface is exposed to water and wind. While soil
continues to form, the rate is much slower than losses due to erosion in and near farm fields (Montgomery,
2007). The Soil Erosion indicator included in this report is a high-level assessment of the

rate of soil loss from cultivated lands.

Irrigation Water Use: Water is an important limiting factor for crop production where precipitation is not
sufficient or does not occur at the right time for optimum crop yields. Irrigation is increasingly limited by
available surface and groundwater and is susceptible to shortages due to droughts. Agriculture is the single
largest consumptive water user in the United States (Moore et al., 2015) and is thus the sector most vulnerable
to changes in weather and climate (Marshall et al., 2015) and to depletion of groundwater resources (Konikow,
2014). As drought continues to expand and intensify across the western U.S., improvements in irrigation water
use efficiency are critical to maintaining production without depleting aquifers and surface water storage
reserves for other uses in water-stressed regions (North American Drought Monitor?). The Irrigation Water
Use indicator assesses the efficiency of irrigation water applied in terms of the incremental improvement

it produces in crop yield compared to yields on non-irrigated lands and is applicable only to irrigated lands.

Energy Use: From pumping irrigation water to manufacturing nitrogen fertilizer to powering farm equipment,
agriculture uses energy in many forms. This indicator assesses trends in energy use efficiency of crop
production in the U.S. by evaluating the amount of energy used relative to crop yield. Energy use is also

an important indicator for evaluating the cost of production of a farm operation.

t North American Drought Monitor | Temperature, Precipitation, and Drought | National Centers for Environmental Information (NCEI) (noaa.gov)).

Field to Market: The Alliance for Sustainable Agriculture



OBJECTIVES AND SCOPE OF THIS REPORT

Greenhouse Gas Emissions: Greenhouse gas (carbon dioxide, fields after harvest. By examining the trends in these sources
nitrous oxide and methane) emissions from crop production we can identify opportunities for emissions reductions that
come from three main sources. One is the emissions associated contribute to climate mitigation.

with energy use, which depend on both the amount of energy

and the form (diesel, electricity, etc.) of that energy. Second is Overall, these five indicators, when calculated at a national
direct emissions from biological nutrient cycling in agricultural scale, provide a broad view of the changes over time in the
soils, which release nitrous oxide and, for flooded rice, methane. environmental impact of crop production. The calculations
Third is emissions resulting from burning crop residues to clear are designed to capture trends on a crop-specific basis.

TRENDS IN PEST MANAGEMENT

Over the past several years, Field to Market member organizations have explored opportunities for how to incorporate
the environmental impacts of pest management decisions into the overall program. One outcome of this work was

a 2020 report - Trends in Pest Management in U.S. Agriculture: Identifying barriers to progress and solutions through
collective action (Field to Market, 2020a). The report examined crop-specific trends in Integrated Pest Management
practice adoption as well as chemical use, with the following key findings:

m  Adopting pest management practices that can reduce harmful impacts of chemical use on biodiversity, water
quality and human health and address production challenges associated with increasing incidence of pesticide
resistance presents an opportunity for the value chain to support farmers in changing practices.

® Building healthy soils can support healthy, resilient plants; therefore, a broad range of sustainable agriculture
practices — including diverse crop rotations, cover crops and reduced tillage — can help to protect against crop
damage from pests.

B Evaluating trade-offs is an important consideration. For example, weed management through chemical control
can result in exposure and risk to non-target species; however, it can also facilitate adoption of conservation
practices such as reduced tillage or cover crops.

®  Drawing from extensive scientific literature on specific chemicals and management practices, as well as
evaluations of how management has changed over time with the introduction of new pesticides, we can better
understand how environmental impacts have changed over time.

®m  Working together, all sectors of the value chain can advance responsible pest management. Changes will be
most effective at reducing impacts when done in coordination among farmers within a broader community
and their support networks. Pest management must become a collaborative effort.

The Pest Management report presents data on chemical use and pest management practices from USDA surveys over
the period 1990-2018. These data help to tell the story of specific pest management challenges facing different crops
over the past several decades and identify opportunities for greater adoption of specific principles of Integrated Pest

Management to protect biodiversity, water quality and human health.




OBJECTIVES AND SCOPE OF THIS REPORT

In Part 2, we report directly on findings from government reports
and scientific syntheses to understand trends in Field to Market’s
other three key environmental outcomes - Biodiversity, Soil
Carbon and Water Quality. These outcomes represent complex
biological systems for which simple calculations using statistical
information, such as the indicators in Part 1, are insufficient to
capture meaningful changes over time. These environmental
impacts extend well beyond a farm field boundary to surface
and groundwaters and the habitats that support many diverse
species of plants and animals.

Biodiversity: Key to the SDGs of Life on Land and Life in
Water is understanding how agricultural landscapes can be
managed to support biodiversity and reduce harm to natural
ecosystems. We present information from synthesis reports of
the Intergovernmental Science-Policy Platform for Biodiversity
and Ecosystem Services (IPBES) to better understand recent

trends for key pollinator and bird species and how biodiversity
has historically been impacted by U.S. agriculture.

Soil Carbon: Understanding soil carbon trends is key for
promoting soil health and resilient agricultural systems while
considering how agriculture can contribute to sequestering
atmospheric carbon. Here we assess the latest findings from
the USDA’s Greenhouse Gas Inventory on soil carbon in major
cropping systems from 1990-2015.

Water Quality: Agriculture can have a detrimental impact on
water quality through erosion, runoff and leaching of excess
fertilizers and crop chemicals. These impacts vary greatly and
depend not just on farming practices but on the soil properties,
climate and hydrology of a region. In this report, we look to
regional assessments of progress on improvements in water
quality in critical watersheds and coastal waters, including the
Chesapeake Bay, Gulf of Mexico and Mississippi River Basin.

ECONOMIC SUSTAINABILITY: TRENDS IN FARM FINANCIAL WELL-BEING

Previous versions of the National Indicators Report have included a section on social and economic trends in addition
to environmental impact trends. In 2020, Field to Market commissioned a separate report on economic sustainability
in response to member interest in exploring how to better support adoption of sustainable practices during times

of challenging fluctuations in commodity prices and global trade and value chain disruptions due to the COVID-19
pandemic (Swanson and Schnitkey, 2020). The report focused on three financial indicators - Farm Financial Health,
Farm Profitability and Farm Financial Efficiency and explored trends over time based on data collected by the USDA

Economic Research Service with these key findings:

®  Overall, the financial well-being of farms has decreased from 2013, largely because commodity prices have declined.
As a result, farm financial health has declined, profitability has declined and financial efficiency has declined.

®  While overall financial health has not reached crisis levels like that of the 1980s, downward trends are a sign for
caution, given the Federal government supports in recent years with programs that are not guaranteed to continue.

B |nrecent years, farmers have been able to maintain profitability and financial efficiency despite low values of
production due to government support and cost reduction efforts as well as low interest rates and growth in

assets.

® This financial situation will influence management decisions, prioritizing those that have immediate positive
profit implications, such as reduced tillage. Practices that reduce immediate profitability will be more challenging
to adopt, particularly if those practices negatively impact yields in the short term or come with investment

expense, such as cover crops.

B Farmers are in a unique position to deliver broader environmental benefits to society based on their management
decisions; however, they are not currently in a position where they can bear the full cost of this effort.

B The supply chain should consider creative mechanisms that support farmers in transitioning to practices that

will deliver more sustainable outcomes.

Field to Market has responded to this report by establishing a Standing Committee to explore innovative finance
mechanisms and to bring greater focus to how the value chain can support growers in managing the agronomic and
financial risk inherent in transitioning to new practices that are necessary to build a more resilient and sustainable food

and agriculture system.

8 Field to Market: The Alliance for Sustainable Agriculture




PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

PART 1: TRENDS IN ENVIRONMENTAL
INDICATORS: 1980-2020

OVERVIEW

Many transformations in the U.S. agriculture sector were witnessed between 1980 and 2020. Continuous
innovation in technology, shifting demands for food, feed, fiber and fuel both domestically and
internationally, and conservation practice adoption are just a few of the overarching drivers that have
shifted the U.S. agricultural landscape and resulting environmental impacts. Here we review the results

for five environmental indicators for 11 crops and summarize major trends and factors driving those trends
over the past 40 years. To provide context to the indicators’ results, we provide background information

on trends in crop production, location of production and planted acreage for each crop. Additional detailed
supplementary information on trends in crop management that are referenced here can be downloaded
from the report website.

Four of the indicators here are expressed in terms of the units of crop production:
® Land Use Indicator: A measure of the efficient use of land (acres per unit of production)

= Irrigation Water Use Indicator: A measure of the efficient use of irrigation water on land
equipped for irrigation (acre-inches of water applied per additional unit of production gained
from the use of irrigation).

= Energy Use Indicator: A measure of the efficient use of energy (British Thermal Units (BTU) per
unit of production).

®  Greenhouse Gas Emissions Indicator: A measure of emissions from production (pounds carbon
dioxide Eq. per unit of production).

Table 1: Crops included and unit of production for analysis.

CROP YIELD UNIT DESCRIPTION

Barley bushel Bushel, 48 lb. of barley grain per bushel (14.5% moisture)
Corn (grain) bushel Bushel, 56 lb. of corn grain per bushel (15.5% moisture)
Corn (silage) ton 2000 pounds (lb.) (65% moisture)

Cotton Ib. of lint Pounds (lb.) of lint (5% moisture)

Peanuts lb. Pounds (lb.) (7% moisture)

Potatoes cwt Hundredweight, (100 lb.)

Rice cwt Hundredweight, (100 lb.) (12.5% moisture)

Sorghum bushel Bushel, 56 b. of sorghum grain per bushel (14% moisture)
Soybeans bushel Bushel, 60 |b. of soybean seed per bushel (13% moisture)
Sugar beets ton of sugar 2000 pounds (lb.)

Wheat bushel Bushel, 60 |b. of wheat grain per bushel (13.5% moisture)

The fifth indicator is Soil Erosion, which is expressed as the amount of soil lost to wind and water erosion
per acre. Reductions in loss of soil per acre are key to sustaining productivity, regardless of crop yield values.
Detailed methodology for calculating the national indicators can be found in Appendix A.

Field to Market: The Alliance for Sustainable Agriculture 9



PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

1. BARLEY

Barley is a small grain crop predominantly grown in the north and west of the
country, with the highest planted acreage in North Dakota, Montana and Idaho
for the year 2020. Figure 1.1.1 illustrates the difference in the average indicator
value for each decade and demonstrates clear improvement over time in land use,
energy and greenhouse gas (GHG) emissions with a plateauing of soil erosion
and irrigation water use in the past two decades. Table 1.1.1 presents a summary

of all indicators for barley for reference years.

Field to Market: The Alliance for Sustainable Agriculture




PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

Figure 1.1.1. Summary chart of indicators for barley during 1980-2020

Data are presented in index form, where all indicators have been scaled by indicators averages for the period 1998-2002. A 0.1 point change is equal
to a 10 percent difference. Index values allow for comparison of change across indicators with different units of measure. A smaller area represents
improvement over time.

Land Years Represented
Use © 1980-89
® 1990-99
2 ® 2000-09
® 2010-20
1.5

Greenhouse Gas Soil
Emissions Erosion
Energy Irrigation
Use Water Use
Indicators averages for barley for the period 1998-2002
Indicator Value Units
Land Use 0.0193 Planted Acres Per Bushel
Irrigation Water Use 0.421 Acre-inches Per Bushel
Soil Erosion 5.85 Tons Soil Loss Per Acre
Energy Use 67,300 BTU Per Bushel
Greenhouse Gas Emissions 16.9 Pounds of CO, Eq. Per Bushel

Table 1.1.1. Summary of indicators for barley

Year Land Use Irrigation Water Use Energy Use Greenhouse Gas Emissions Soil Erosion
Planted Acres Per Bushel  Acre Inches Per Bushel BTU Per Bushel Pounds of CO,e Per Bushel Tons of Soil Loss Per Acre

1980 0.0213 0.4663 79,797 19.4 7.8

1990 0.0208 0.4524 73,345 18.1 7.2

2000 0.0187 0.4041 65,276 16.4 6

2010 0.0173 0.3239 61,266 16.3 5.5

2020 0.0159 0.3562 52,189 14.6 6.6

Field to Market: The Alliance for Sustainable Agriculture 11



PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

LAND USE

After an increase in area
and production during the
1980s, area and production
have declined since 1990
(Figures1.1.2 and 1.1.3,
respectively). The rate of
decline has slowed over
the past decade (2010s)
and the land use indicator
has plateaued during this
time, indicating steady,
but not increasing, crop
yield (Figure 1.1.4). This
leveling out of crop yield
will influence the other 0.0+
efficiency indicators. 1980 1990 2000 2010 2020
Year

Figure 1.1.2. Area planted (million acres) to barley during 1980-2020

-

o

=)
|

Area Planted (Million Acres)
o
o
]

Figure 1.1.3. Total production (million bushels) of barley during 1980-2020

600

500

400

300

200

Production (Million Bushels)

100

| | | | |
1980 1990 2000 2010 2020
Year

Figure 1.1.4. Land use efficiency (acres planted [ bushel) for barley during 1980-2020
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

ENERGY USE Figure 1.1.5. Energy use efficiency (BTU / bushel) for barley during 1980-2020
Energy use efficiency
for barley has improved 120,000
steadily since 1990 (Figure
1.1.5). Energy use per acre 100,000
(Figure B.1) has also shown §
improvements in the most 2 80,000
recent period (2010s), which %
can largely be attributed é 60.000-
to declines in energy use % ’
for management and are 3 40000
embedded in fertilizer 8

. . [
production (Figure B.2). £ 20,0004

0
1980 1990 2000 2010 2020
Year

GREENHOUSE
GAS EMISSIONS

Greenhouse gas (GHG)
emissions per bushel of
barley produced have
declined over the 40-year
period of analysis (Figure
1.1.6). However, on a per
acre basis, emissions
increased between 2000
and 2010, before beginning
to decline again (Figure
B.3). One major driver of
this trend is nitrous oxide
emissions from synthetic
fertilizer and manure | | | | |
(Figure B.4). Applications of 1980 1990 2000 2010 2020
both have increased over Year

time with a slight reduction

in synthetic nitrogen
application in the past five Table 1.1.2. Top four contributors for barley for the EU and GHG Emissions indicators

Figure 1.1.6. Greenhouse gas emissions (lb. CO; Eq. / bushel) for barley during 1980-2020

30.0—

25.0—

20.0—

15.0—

10.0—
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0.0—

during 2010-2020

years. There has also been a
smallincrease in emissions
related to the production ENERGY USE GHG EMISSIONS
and application of a larger
volume of crop protectants,
principally fungicides, since Management Fertilizer
2000 that is contributing to
the emissions trend. The top
four contributors for energy Seed Irrigation
use and GHG emissions for
barley during 2010-2020
are listed in Table 1.1.2.

Fertilizer Nitrous Oxide

Irrigation Management
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

IRRIGATION WATER
USE

Irrigation water use efficiency
for barley has improved over
the full period of analysis
(Figure 1.1.7). Initial declines
in the 1980s were followed
by increases in the 1990s
with further declines since
2000. In the most recent
decade, improvement in
water use efficiency has
continued but the rate

has slowed. This reflects
incremental improvements
in the efficiency of water use
in this period, with greater
gains made in the 2000-2010
period. This improvement

in irrigation efficiency has
also led to improvement

in energy use efficiency for
barley in the 2010s. The

last available Irrigation and
Water Management Survey
for barley in 2008 indicated
that approximately 20%

of harvested acreage was
irrigated when compared

to the total harvested acres.

SOIL EROSION

Soil erosion for barley
declined from 1980 through
to 2000, with an additional
period of decline from
2005-2010 (Figure 1.1.8).
However, in the most recent
decade, soil erosion has
been increasing despite

an increase in no-till for
barley since 2005.

Figure 1.1.7. Irrigation water use efficiency (acre-inches [ bushel) for barley during 1980-2020
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Figure 1.1.8. Soil erosion (tons soil loss / acre [ year) from fields producing barley during
1980-2020
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

2. CORN (GRAIN)

Corn is one of the most extensively grown crops in the United States with some
production in almost every state. Corn can be harvested either for grain or for silage,
depending on markets, weather and other environmental conditions. The highest
acreage of corn harvested for grain occurs in the Midwest states of lowa, Illinois,
Indiana, Minnesota and Nebraska, with production area in South Dakota and Kansas
increasing over the past 15 years. The summary graphic for corn grain indicates
improvements over time in most indicators, with that improvement slowing over

time, and stalling for soil erosion in the 2010s (Figure 1.2.1). Asummary of all corn
for grain indicators is shown in Table 1.2.1.

Field to Market: The Alliance for Sustainable Agriculture




PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

Figure 1.2.1. Summary chart of indicators for corn grain during 1980-2020

Data are presented in index form, where all indicators have been scaled by indicator averages for the period 1998-2002. A 0.1 point change is equal
to a 10 percent difference. Index values allow for comparison of change across indicators with different units of measure. A smaller area represents

improvement over time.

Land Years Represented
Use ® 1980-89
, ® 1990-99
® 2000-09
® 2010-20
15
Greenhouse Gas Soil
Emissions Erosion
Energy Irrigation
Use Water Use
Indicators averages for corn grain for the period 1998-2002
Indicator Value Units
Land Use 0.00757 Planted Acres Per Bushel
Irrigation Water Use 0.254 Acre-inches Per Bushel
Soil Erosion 4.88 Tons Soil Loss Per Acre
Energy Use 48,700 BTU Per Bushel
Greenhouse Gas Emissions 12.8 Pounds of CO, Eq. Per Bushel

Table 1.2.1. Summary of indicators for corn grain

Year Land Use Irrigation Water Use

Energy Use

Greenhouse Gas Emissions Soil Erosion

Planted Acres Per Bushel Acre Inches Per Bushel

BTU Per Bushel

Pounds of CO,e Per Bushel  Tons of Soil Loss Per Acre

1980 0.0104 0.3497 83,276 20.6 7.8
1990 0.009 0.2865 64,551 16.3 6.1
2000 0.0075 0.2638 48,094 12.6 4.8
2010 0.0066 0.1998 42,873 11.9 4.6
2020 0.0058 0.1533 37,791 10.7 4.7
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

LAND USE

Area planted to corn has
increased since the late
1980s but plateaued during
the 2010s (Figure 1.2.2),
while total production has
continued to increase (Figure
1.2.3). The land use indicator
reflects this increasing yield
trend, demonstrating that it
takes less land to produce

a bushel of cornin 2020

than in 1980. (Figure 1.2.4).
The trend for the 2010-2020
period is largely influenced
by the low yields of 2012 in 0
response to extreme weather
events. There is a flattening
of the land use efficiency
indicator from 2014-2020,
indicating a plateau in the
yield improvement trend.

Figure 1.2.2. Area planted (million acres) to corn grain during 1980-2020
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Figure 1.2.3. Total production (million bushels) of corn grain during 1980-2020
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Figure 1.2.4. Land use efficiency (acres planted / bushel) for corn grain during 1980-2020
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

ENERGY USE

Energy use efficiency has
improved throughout the 100,000
period of analysis up until
2010 - however, since 2014,
corn energy use efficiency
has plateaued (Figure 1.2.5).
The energy use per acre
indicates a leveling off and
slight increase in energy

use for corn production
(Figure B.5). This may reflect
the increase in inputs,

in particular fertilizers,
fungicides and herbicides
since the year 2000.

Figure 1.2.5. Energy use efficiency (BTU / bushel) for corn grain during 1980-2020
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Energy Use Per Bushel (BTU)
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GREENHOUSE
GAS EMISSIONS

GHG emissions per bushel

of corn (Figure 1.2.6) largely
follows the energy use

trend for corn, with the
major contributor being
nitrous oxide emissions
(Figure B.8). Small GHG
emission increases per acre
(Figure B.7) since 2000 can

be attributed in part to the
factors behind the plateauing
of energy use, with the
additional contribution of
higher fertilizer nitrogen | | | | |
applications leading to 1980 1990 2000 2010 2020
greater nitrous oxide Year

emissions. While manure
is applied to corn grain, it

Figure 1.2.6. Greenhouse gas emissions (lb. CO; Eq. / bushel) for corn grain during 1980-2020
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contributes less than 5% of Table 1.2.2. Top four contributors for corn grain for the EU and GHG Emissions indicators
the total nitrogen applied during 2010-2020

in the most recent decade,

therefore the nitrous oxide ENERGY USE GHG EMISSIONS

emissions increase is

largely driven by synthetic Fertilizer Nitrous Oxide

nitrogen applications, which Management Fertilizer

have been rising steadily

since 2000. The top four Drying Management

contributors for energy use Crop Protection Drying

and GHG emissions for corn
grain during 2010-2020 are
listed in Table 1.2.2.
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IRRIGATION WATER
USE

Irrigation water use efficiency
fluctuated in the first half

of the study period as

the area planted to corn
expanded and reached a
high value in the mid-1990s
(Figure 1.2.7). Since then,

the irrigation water use
efficiency has improved
steadily for corn. The average
irrigated harvested acreage
across the 2008, 2013 and
2018 Irrigation and Water
Management Survey for corn
grain was approximately 15%
of the total harvested acres.

SOIL EROSION

Soil erosion for corn grain
has largely plateaued since
2000 (Figure 1.2.8). While
substantial improvements
were seen in the period from
1980-2000, those have not
continued. One major driver
is tillage, and available data
indicate that the share of
corn under conventional
tillage practices remains
over 30%, with another 40%
in a reduced tillage system
and less than 30% under no
tillage. Shifts over time in
the location of production
to areas farther west - which
may be more susceptible to
wind erosion - may also be
influencing this trend.

PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

Figure 1.2.7. Irrigation water use efficiency (acre-inches [ bushel) for corn grain during

1980-2020
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Figure 1.2.8. Soil erosion (tons soil loss [ acre [ year) from fields producing corn grain

during 1980-2020
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

3. CORN (SILAGE)

Corn s also grown for silage for animal feed. Silage corn production practices are
similar to those for corn grain in the first part of the growing season, but the entire
stalk is harvested earlier in the season leaving far less crop residue after harvest.
Therefore, we consider it here as a separate cropping system than corn for grain.
A producer may decide partway through the season to harvest the corn crop as
silage, rather than wait to harvest as grain, depending on market and weather
conditions. Silage corn is grown in almost every U.S. state, with high production

in the upper Midwest states and other large dairy states, including New York,
Pennsylvania and California.

The summary chart for corn silage illustrates overall improvements in energy use
and land use, but with a recent reversal in the energy use trend and a fluctuation
over time in irrigation water use (Figure 1.3.1). Asummary of all indicators for
corn silage for reference years is shown in Table 1.3.1. Note that the soil erosion
indicator for corn silage is the same data as presented for corn grain and is
discussed in the previous section (for more information see Appendix A, section
Corn for Grain and Silage).
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

Figure 1.3.1. Summary chart of indicators for corn silage during 1980-2020

Data are presented in index form, where all indicators have been scaled by indicator averages for the period 1998-2002. A 0.1 point change is equal
to a 10 percent difference. Index values allow for comparison of change across indicators with different units of measure. A smaller area represents
improvement over time.

Land Years Represented
Use © 1980-89
) ® 1990-99
® 2000-09
® 2010-20
15
Greenhouse Gas Soil
Emissions Erosion
| m— /
Energy Irrigation
Use Water Use
Indicators averages for corn silage for the period 1998-2002
Indicator Value Units
Land Use 0.064 Planted Acres Per Ton
Irrigation Water Use 2.79 Acre-inches Per Ton
Soil Erosion 4.88 Tons Soil Loss Per Acre
Energy Use 398,000 BTU Per Ton
Greenhouse Gas Emissions 141 Pounds of CO, Eq. Per Ton

Table 1.3.1. Summary of indicators for corn silage

Year Land Use Irrigation Water Use Energy Use Greenhouse Gas Emissions Soil Erosion
Planted Acres Per Ton Acre Inches Per Ton BTU Per Ton Pounds of CO,e Per Ton Tons of Soil Loss Per Acre

1980 0.0761 2.801 595,859 168.9 7.8

1990 0.0756 2.5028 520,679 147.2 6.1

2000 0.0629 2.8568 392,724 136.2 4.8

2010 0.0557 2.2506 358,846 147 4.6

2020 0.0493 2.109 312,716 122.2 4.7
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

LAND USE

Area planted to corn for
silage declined from 1980
to 1990, was roughly level
until around 2010 and has 8.0
started to increase in recent
years (Figure 1.3.2). Overall,
total production of corn
silage has increased since
1990. (Figure 1.3.3). There
are several spikes in the
acreage data (Figure 1.3.2)
likely attributed to weather

Figure 1.3.2. Area planted (million acres) to corn silage during 1980-2020
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events where corn planted =0

initially for grain was

instead harvested for silage 0.0

to avoid economic loss of 1980 1950 2000 2010 2020

the entire crop. One such
spike was observed in 2012,
a year with severe drought.
The land use efficiency of
corn silage production has

Year

Figure 1.3.3. Total production (million tons) of corn silage during 1980-2020
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Figure 1.3.4. Land use efficiency (acres planted / ton) for corn silage during 1980-2020
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

ENERGY USE Figure 1.3.5. Energy use efficiency (BTU / ton) for corn silage during 1980-2020
Overall energy use
efficiency has improved 800,000~

through 2010 for corn silage,
with a leveling off in the

past decade (Figure 1.3.5). § 600,000~
Energy embedded in the 5:'
production of fertilizers E
and field operations & 400,000
(management) are the g
major components for B
- 5
‘the.energy l.,lse efficiency £ 200,000—
indicator (Figure B.10).
0_
1980 1990 2000 2010 2020
Year

GREENHOUSE
GAS EMISSIONS

Figure 1.3.6. Greenhouse gas emissions (lb. CO; Eq. / ton) for corn silage during 1980-2020

Emissions associated with

corn silage production do —~ 200+

not show a clear trend, g

with emissions per unit S

of yield lower in 2020 S 150

than in 1980, but with the S

lowest values achieved in 'q:,

the 1990s (Figure 1.3.6). 'a 100

Emissions per acre have 2

increased since 2000 £

(Figure B.11), with the o 507

primary component of 5

increase being nitrous

oxide emissions. Nitrogen 07 | | | | |
content from manure 1980 1990 2000 2010 2020
applied to fertilize corn for Year

silage has a considerable
impact. The top four

contributors for corn Table 1.3.2. Top four contributors for corn silage for the EU and GHG Emissions indicators
silage for energy use and during 2010-2020
GHG emissions during
2010-2020 are listed in ENERGY USE GHG EMISSIONS
Table 1.3.2. - . .
Fertilizer Nitrous Oxide
Management Fertilizer
Irrigation Management
Crop Protection Irrigation

Field to Market: The Alliance for Sustainable Agriculture 23



PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

IRRIGATION WATER

USE 1980-2020

Irrigation water use
efficiency for corn silage
does not show a clear trend
(Figure 1.3.7). The water
use efficiency in 2020 is
lower than that in the late
1980s, following variable
patterns in the subsequent
years. The trend is similar
to that for corn grain. Over
time, the share of irrigated
acreage for corn silage

has been increasing. The
average irrigated harvested

Figure 1.3.7. Irrigation water use efficiency (acre-inches / ton) for corn silage during
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Survey for corn silage was
approximately 27% of the
total harvested acres.
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

Figure 1.4.1. Summary chart of indicators for cotton during 1980-2020

Data are presented in index form, where all indicators have been scaled by indicator averages for the period 1998-2002. A 0.1 point change is equal
to a 10 percent difference. Index values allow for comparison of change across indicators with different units of measure. A smaller area represents
improvement over time.

Land Years Represented
Use ® 1980-89
, ® 1990-99
® 2000-09
® 2010-20
15
Greenhouse Gas Soil
Emissions , Erosion
Energy Irrigation
Use Water Use
Indicators averages for cotton for the period 1998-2002
Indicator Value Units
Land Use 0.0018 Planted Acres Per |b. of Lint
Irrigation Water Use 0.0421 Acre-inches Per |b. of Lint
Soil Erosion 11.2 Tons Soil Loss Per Acre
Energy Use 7,780 BTU Per b. of Lint
Greenhouse Gas Emissions 1.79 Pounds of CO, Eq. Per lb. of Lint

Table 1.4.1. Summary of indicators for cotton

Year Land Use Irrigation Water Use Energy Use Greenhouse Gas Emissions Soil Erosion

Planted Acres Per |b. of Lint Acre Inches Per |b. of Lint  BTU Per |b. of Lint ~ Pounds of CO,e Per |b. of Lint Tons of Soil Loss Per Acre

1980 0.0023 0.0629 9,022 2 19.5
1990 0.0017 0.0566 7,185 1.7 14.7
2000 0.0016 0.0406 7,271 1.7 11.2
2010 0.0014 0.0233 5,983 1.4 10.3
2020 0.0016 0.0262 6,259 1.5 10.7
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

LAND USE

The acreage planted to
cotton has varied from eight
to more than 16 million acres
over the study period (Figure
1.4.2), and total production
has seen variability in the
2000-2020 period (Figure
1.4.3). The land use indicator
for cotton shows increased
efficiency (yield) in the 1980s
and 2000s with reduced yield
through the 1990s and a
leveling of yield in the 2010s,
with significant interannual
variability throughout the 0.0
study period (Figure 1.4.4). 1980 1990 2000 2010 2020

Year

Figure 1.4.2. Area planted (million acres) to cotton during 1980-2020
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Figure 1.4.3. Total production (million lb. of lint) of cotton during 1980-2020
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Figure 1.4.4. Land use efficiency (acres planted / lb. of lint) for cotton during 1980-2020
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

ENERGY USE

Energy use efficiency for
cotton production has
improved through the 10,000
study period (Figure 1.4.5).
Energy use per acre shows
variability and higher values
in the 1990s and 2000s
compared to the 2010s,
however, the 2010s show a
moderate rate of increase

in energy use per acre
(Figure B.13). Energy used
for management energy
and fertilizer and crop
protectant manufacturing 0
are the greatest contributors 1880 1890 2000 2010 2020
to energy use per pound Year

of harvested lint and show

an upward trend for the

last four years of this study

(Figure B.14).

Figure 1.4.5. Energy use efficiency (BTU / lb. of lint) for cotton during 1980-2020

8,000

6,000

4,000

Energy Use Per lb. Of Lint (BTU)

2,000
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Figure 1.4.6. Greenhouse gas emissions (lb. CO, Eq. / lb. of lint) for cotton during 1980-2020

Trends for GHG emissions 280+
from cotton production .;','

are similar to energy use S o0-
efficiency, with some s
reductions followed by =

a leveling off in the past 5 1501
decade (Figure 1.4.6). g
The top four contributors )

& 1,00
for energy use and GHG a
emissions for cotton during '%

2010-2020 are listed in E 0.50-
Table 1.4.2. ‘59

0.00

1980 1990 2000 2010 2020
Year

Table 1.4.2. Top four contributors for cotton for the EU and GHG Emissions indicators

during 2010-2020

ENERGY USE GHG EMISSIONS
Fertilizer Nitrous Oxide
Management Fertilizer
Crop Protection Management
Drying Crop Protection
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IRRIGATION WATER

PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

Figure 1.4.7. Irrigation water use efficiency (acre-inches / lb. of lint) for cotton during

USE 1980-2020
Irrigation water use efficiency

for cotton showed consistent 0.060]
improvement from 1980 7T
through 2010, but has been S 0.050
largely unchanged since E )
around 2008 (Figure 1.4.7). &
= 0.040
Water use per acre by cotton £
has decreased likely in part =
) . S 0.030
due to the shift of production S
away from California, E 0.020
Arizona and New Mexico. In g
1980, approximately 16% of g 0.010-
planted acreage for cotton g '
was in those three arid states, 0.000-

dropping to less than 2.7% in
2020. Water application rates
for cotton have decreased
approximately 38% during the
period of this study, from 25.2
to 15.6 acre-inches/acre. The
average irrigated harvested
acreage across the 2008,

2013 and 2018 Irrigation and
Water Management Survey for
cotton was approximately 39%
of the total harvested acres.

| |
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SOIL EROSION

Soil erosion trends for cotton 1980-2020
is very similar to that for corn,

Figure 1.4.8. Soil erosion (tons soil loss / acre | year) from fields producing cotton during

| |
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|
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showing clear improvement 20.07
for the period 1980-2000 but
since then, holding steady
with a consistent erosion rate
of nearly 11 tons of soil loss
per acre (Figure 1.4.8). While
there was rapid adoption of
no-till technologies in the
period from 1990-2010, the
share of no-till cotton has
remained steady near 18%
over the past decade, with

a further 20% grown using
reduced tillage and the 0.0

15.0

10.0

Soil Loss Per Acre (Tons)
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remaining 60% still using 1980 1990
conventional tillage.
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

5. PEANUTS

Peanut production in the United States is concentrated in the south, with large
acreage in the states of Georgia, Texas and Alabama, with Florida and the Carolinas
also contributing significant acreage at different times over the past 40 years. The
summary chart for peanuts indicates mixed results, representing a lack of clear
trends over the study period (Figure 1.5.1). Values for energy use, GHG emissions
and land use for the most recent period (2010-2020) are considerably lower than
previous periods, while soil erosion and irrigation water use have seen more

moderate improvements. A summary of all indicators for peanuts for reference
years is shown in Table 1.5.1.
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

Figure 1.5.1. Summary chart of indicators for peanuts during 1980-2020

Data are presented in index form, where all indicators have been scaled by indicator averages for the period 1998-2002. A 0.1 point change is equal
to a 10 percent difference. Index values allow for comparison of change across indicators with different units of measure. A smaller area represents
improvement over time.

Land Years Represented

Use ® 1980-89

) ® 1990-99

® 2000-09

® 2010-20

1.5
Greenhouse Gas Soil
Emissions Erosion
Energy Irrigation
Use Water Use
Indicators averages for peanuts for the period 1998-2002
Indicator Value Units
Land Use 0.000405 Planted Acres Per |b.
Irrigation Water Use 0.0115 Acre-inches Per |b.
Soil Erosion 8.97 Tons Soil Loss Per Acre
Energy Use 1,740 BTU Per lb.
Greenhouse Gas Emissions 0.344 Pounds of CO, Eq. Per |b.
Year Land Use Irrigation Water Use Energy Use Greenhouse Gas Emissions Soil Erosion
Planted Acres Per |b Acre Inches Per b BTU Per b Pounds of CO.e Per lb Tons of Soil Loss Per Acre

1980 0.0005 0.0133 1,960 0.4 6.4
1990 0.0004 0.0138 1,789 0.3 7.9
2000 0.0004 0.0119 1,689 0.3 9.4
2010 0.0003 0.0137 1,243 0.2 7.8
2020 0.0003 0.0075 880 0.2 6.4
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

LAND USE

Land planted to peanuts has
fluctuated over the years
(Figure 1.5.2) in response

to several factors including
quota systems in the early
years of the study period
that set limits on peanut
acreage by state. The quota
system for peanuts was
ended in 2002 (Dohlman et
al., 2004). Production has
steadily increased, with the
highest production occurring
in the past decade (Figure
1.5.3). Land use efficiency 0.00
has increased over the study 1980 1990 2000 2010 2020
period up to 2010 when it Year

plateaued, indicating the

recent production increases
are largely due to greater Figure 1.5.3. Total production (million lb) of peanuts during 1980-2020

Figure 1.5.2. Area planted (million acres) to peanuts during 1980-2020
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Figure 1.5.4. Land use efficiency (acres planted / lb) for peanuts during 1980-2020
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

ENERGY USE

Energy use per pound of peanut
production has declined over

Figure 1.5.5. Energy use efficiency (BTU / Ib) for peanuts during 1980-2020

the study period (Figure 1.5.5),

and since the mid-2000s energy 2,500
use per acre has also followed —_
adeclining trend (Figure B.17). E 2,000
A major component of energy ;

use for peanuts is management 5 i
energy - use of agricultural ; e
equipment - which has declined 2
slightly since 2000 (Figure B.18) 5 "7
with an increase in adoption of &
reduced and no tillage practices 500
for approximately 23% of

acreage. Crop protectant energy 0

use per pound of peanuts has
also declined as application rates
have declined for insecticides,
fumigants and growth regulators
from 2000-2020 (although
herbicide has increased). Energy
required to produce fertilizer

for peanuts has declined due to
lower fertilizer application rates.

| | | | |
1980 1990 2000 2010 2020
Year

GREENHOUSE
GAS EMISSIONS

Trends in GHG emissions 0.50-
largely follow those for energy
use remaining steady or
increasing in the first half of
the study period and declining
since 2000 (Figure 1.5.6). Most
components of emissions

have been declining, with the
exception of those associated
with crop drying (Figure B.20).
As a nitrogen-fixing leguminous
crop, peanuts require less
applied nitrogen, and rates of
synthetic nitrogen fertilizer | | | | |
have declined since 2000, 1980 1990 2000 2010 2020
contributing to the overall Year

reduction in GHG emissions.
The top four contributors for Table 1.5.2. Top four contributors for peanuts for the EU and GHG Emissions indicators
energy use and GHG emissions during 2010-2020

for peanuts during 2010-2020
are listed in Table 1.5.2. ENERGY USE GHG EMISSIONS

Figure 1.5.6. Greenhouse gas emissions (lb. CO; Eq. / Ib) for peanuts during 1980-2020
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

IRRIGATION WATER
USE

Irrigation water use efficiency
for peanuts does not follow

a consistent trend, showing
both increases and decreases
at different points in time
(Figure 1.5.7). This may be
impacted by the shifting
regions of peanut production
across the south, with
irrigation requirements
higher in the western part

of the growing region. In

the most recent period

of 2010-2020, irrigation
efficiency has markedly
improved. Across the 2008,
2013 and 2018 Irrigation

and Water Management
Survey for peanuts, the
average irrigated harvested
acreage was 35% of the total
harvested acres.

SOIL EROSION

Soil erosion for peanuts is
also influenced by shifting
production regions. Because
they are more arid, Western
peanut growing regions

are more susceptible to
wind erosion. Soil erosion
has varied over time, but
the values in 2020 are very
similar to those from 1980,
with higher erosion rates
during the 1990s and 2000s
(Figure 1.5.8).

Figure 1.5.7. Irrigation water use efficiency (acre-inches / Ib) for peanuts during 1980-2020
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Figure 1.5.8. Soil erosion (tons soil loss [ acre [ year) from fields producing peanuts during

1980-2020
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

6. POTATOES

Potatoes are grown in many different regions of the country, with the largest
acreage in northern and western states, including Idaho, Washington, North
Dakota, Colorado and Wisconsin. Overall, potato production has become
concentrated into fewer states over the study period. The summary chart for
potatoes illustrates that the most recent decade has seen improvements across
all indicators, with some mixed trends over the previous decades (Figure 1.6.1).

Table 1.6.1 presents a summary of all indicators for potatoes for reference years.
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PART 1: TRENDS IN ENVIRONMENTAL INDICATORS: 1980-2020

Figure 1.6.1. Summary chart of indicators for potatoes during 1980-2020

Data are presented in index form, where all indicators have been scaled by indicator averages for the period 1998-2002. A 0.1 point change is equal
to a 10 percent difference. Index values allow for comparison of change across indicators with different units of measure. A smaller area represents
improv