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Cropland Policy 
 
The mission of Boulder County Parks and Open Space (BCPOS) is to conserve natural, 
cultural, and agricultural resources and provide public uses that reflect sound resource 
management and community values. The Department manages 25,000 acres of 
agricultural land 18,000 of those acres are managed as cropland or irrigated 
pastureland. 
 
BCPOS is in the process of developing a cropland policy to guide management of these 
lands. The Cropland Policy will tie the Department’s daily management practices and the 
County Comprehensive Plan’s broad directives regarding the management of open 
space and agricultural land. The policy will outline the guiding principles staff will use to 
make management decisions on open space properties managed as cropland. Defining 
these principles will streamline decision-making processes during planning and make it 
easier for open space tenants and the residents of Boulder County to understand the 
goals of our cropland program. 
 
Visit the department’s webpage at www.BoulderCountyOpenSpace.org for more 
information. 
 

 
About this Report 
 
This literature review will examine sustainable agriculture practices in an effort to inform 
the discussion for Cropland Policy for Boulder County Parks and Open Space. It will 
explore some of the challenges faced by producers and ways in which producers can 
continue to take a leadership role in making their operations and their communities more 
sustainable. Agriculture is a critically important part of Boulder County. It helps to keep 
land as open space, preserve the rural culture, and increase the economic security of 
the county and its residents. Making wise decisions about the future of agriculture in the 
county is important to all of its citizens. This report seeks to provide a fact-based 
foundation for such conversations. 
 
The scope of this literature review is restricted to data-based considerations about 
approaches and practices related to sustainable agriculture. This report is not intended 
to give exact answers to problems on specific farms. No opinions, unless supported by 
experimental results, will be discussed. The emphasis will be on papers published in 
peer-reviewed journals, with additional non-peer-reviewed journals included only if they 
influence the development of science-based ideas or if data were unavailable. In these 
instances, the non-peer reviewed data will be noted. 
 
If printing this report, please print on recycled content paper. 
 
 

 
This publication was prepared by Natural Capitalism Solutions (NCS)  

a 501c3 non-profit based in Hygiene, Colorado. 
www.natcapsolutions.org 
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Executive Summary 
Agriculture lies at the heart of civilization. Modern agriculture seems in many ways to be 
the pinnacle of human achievement, enabling fewer farmers to continue to feed more of 
humanity than ever before. Uses of improved crop varieties, fertilizers, pest control, and 
irrigation have all helped to increase food security, yields, and economic growth. Despite 
increases in agricultural productivity per acre and per person, environmental, social, and 
economic problems have raised concerns about the sustainability of current agricultural 
production systems. 
 
Sustainable agriculture recognizes the complex interactions between soil, water, plants, 
animals, climate, and people. The overreaching goal of sustainable agriculture is to 
integrate all of these factors into a production system that is appropriate for the 
environment, people, and local economic conditions. UC Davis’s Agricultural 
Sustainability Institute (ASI) is calling for sustainable food and agricultural systems that 
integrate environmental health, economic profitability, and social and economic fairness. 
ASI points to major efforts under way by farmers, extension educators, and researchers 
to develop and implement practices that are both more environmentally sound than 
conventional practices and, at the same time, more economically rewarding for farmers. 
 
The literature review that follows discusses important research findings in this effort and 
highlights where each practice and system has limitations and opportunities. The 
findings are drawn from the studies conducted both in the Northern High Plains of 
Colorado and throughout the U.S. Over the past twenty years the quality and quantity of 
research on sustainable agriculture has increased, providing a body of data sufficient to 
help discern larger patterns and evaluate specific practices. 
 
While the studies reviewed have provided valuable information, it is clear that research 
gaps still exist which new studies could help to address. While much remains to study 
and learn about sustainable agriculture – especially regarding specific impacts on 
profitability – the literature shows that sustainable agriculture can improve soil, protect 
water quality, enhance rural communities and ensure economic viability, though the 
extent of these impacts depends on the individual system. 
 
A number of key drivers affect the sustainability of agriculture in Boulder County, 
including climate change, increasing competition for water resources, soil erosion, rising 
costs of energy, changing farm demographics, and increased market pressures. In order 
to review the broad themes and goals of sustainable agriculture, this literature review will 
consider specific strategies related to sustainable agriculture across key areas including 
Climate, Energy, Water Use, Water Pollution, Soil Quality, Inputs, Pest Management, 
Biodiversity, Labor, Human Health, and Local Economy.  
 
Overview of Findings 
Climate change has already begun to affect agricultural ecosystems across the Western 
U.S., directly impacting the types of crops that can be grown and indirectly impacting 
biodiversity and the prevalence of invasive species. As the climate continues to change, 
both positive and negative impacts are expected for agriculture in Boulder County. The 
challenge for agriculture will be to adapt to these changes fast enough to protect 
productivity while working to shift production practices to those that reduce greenhouse 
gas emissions from the agricultural system. 
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In Boulder County, demand and competition for water is expected to increase as the 
urban population continues to grow and as shifting climate impacts the regional water 
cycle. Currently, only a quarter of agricultural land is irrigated in the County, however, 
this is expected to increase even as water resources become increasingly limited due to 
climate changes. This will force agricultural systems to enhance the capture and 
utilization of precipitation, to reduce use or improve the efficiency of current irrigation 
methods. 
 
In the past decade, the number of farms in the County has grown, with new operations 
demonstrating more diversified production, generally on smaller acreage. Additionally, 
the demographics of farm operators have shifted gradually to include more women 
operators, but have seen a continued increase in the average farm operator age. This 
increase in age reflects a changing pattern of employment with principal operators 
continuing to work well past standard retirement ages and younger generations seeking 
off-farm employment. Despite the growth in the market value of agriculture in the County 
and the addition of new operations, the majority of farm operators still have to work off 
the farm for a secondary income. 
 
Sustainable production practices can help to increase the economic viability of farms. 
These practices involve a variety of approaches depending on site specific conditions, 
but key considerations include managing soil to enhance and protect quality, 
diversification of crops and livestock, and efficient use of inputs. The quality, yield, and 
viability of agricultural crops are directly dependent upon a healthy and fertile soil. 
Improving soil quality is considered to be a key element of a sustainable agriculture 
production system.  
 
As farmers continue to take on the challenge of transforming agriculture, new agricultural 
technologies emerge, from simple infrastructure improvements to more complex biologic 
and genetic developments. Evaluation of these technologies for their potential to 
advance sustainable agriculture presents many challenges. Improving the linkages 
between the social, scientific, and environmental communities will better define the ways 
in which technological advances can benefit society and continue to advance 
sustainability.  
 
Sustainable agriculture is not a prescribed set of specific practices, rather, it is an 
integrated system that considers a more complete account of both the costs and benefits 
of agriculture as it applies to environmental, social, and financial well-being. Recognizing 
there is no singular definition of sustainable agriculture, this literature review seeks to 
illustrate both the commonality and the controversy that arises when reviewing current 
sustainable agricultural practices and methodologies. 
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1. Climate 
Summary 
 
The climate in Boulder County determines to a great extent which crops can grow 
efficiently in the local agricultural ecosystem due to precipitation, temperature, and wind 
constraints. Overall, the climate in Boulder County is characterized by low annual 
precipitation, strong temperature variations, and periods of drought. Temperatures range 
from an average daily maximum of 64.3° F and average daily minimum of 38.2° F with 
extremes reaching  -15° F to 115° F. The growing season averages about 140 days 
annually for Northeastern Colorado, with the average period of frost-free days occurring 
between May 3rd to October 2nd (Boulder) and May 8th to October 2nd (Longmont).  
 
Without the presence of a large body of water nearby, precipitation is generally light with 
about 15-18 inches of rainfall annually. Of this precipitation, about seventy to eighty 
percent falls between the months of April and September. During lower precipitation 
years Boulder County is heavily dependent upon snowmelt from the Rocky Mountains to 
feed the local network of ditches, rivers, lakes, and reservoirs for both irrigation and 
power. The area has experienced eight periods of drought since 1930, with an average 
of one significant drought every 9.34 years.  
!
Colorado is expected to see the affects of human induced climate change in the coming 
decades. In this report, the implications of climate change for agriculture are focused on 
two main areas; (1) the potential impacts to the local climate and weather patterns and 
the associated impacts to agriculture in the area and (2) the role of land use in mitigation 
efforts to reduce greenhouse gas (GHG) emissions and atmospheric concentrations of 
carbon. 
 
Climate change has already begun to affect agricultural ecosystems across the Western 
U.S., directly impacting the types of crops that can be grown and indirectly impacting 
biodiversity and the prevalence of invasive species. The main impacts expected are an 
increase in both the average temperature and occurrence of extreme weather events 
(heat waves, intense hail, strong thunderstorms, etc.). Periods with decreased 
precipitation are also expected, which will likely increase competition with other sectors 
for water resources as well as reliance on the storage capacity of lakes and reservoirs.  
 
As the climate continues to change, agriculture in Boulder County will experience both 
positive and negative impacts. For example, a low or gradual increase in the level of 
carbon dioxide (CO2) and average temperature may bring a positive response in overall 
growth of crops, but will likely negatively impact the yields of crops such as corn, wheat, 
sorghum, and beans due to a shorter grain filling time. The challenge for agriculture will 
be to adapt to these changes fast enough to protect productivity, while working to shift 
production practices to reduce agricultural greenhouse gas emissions.  
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1.1 Climate of Northern High Plains Colorado 
 
Boulder County is located in Northeastern Colorado, east of the Rocky Mountains. The 
region is semiarid with varying temperature and precipitation extremes 
throughout the winter and summer seasons.1, 2  
 
Key Characteristics of Boulder County’s Climate:3 

- Colorado’s climate is generally dry and sunny.  
- The State is semi-arid and averages about 15-18 inches of 

precipitation annually. 
- Winters are dry, with wetter springs and summers.  
- Weather conditions vary considerably with strong winds, 

thunderstorms, hail, and snow.  
 
Daily as well as seasonal temperature changes can be significant. The average daily 
maximum temperature for Boulder County over the last 100 years is 64.3° F and the 
average minimum temperature is 38.2° F.4 The usual winter extremes in Northeastern 
Colorado can easily reach -15° F while summer highs can often exceed 100° F, reaching 
as high as 115° F.5   
 
Due to the varied climate in Colorado, a highly diversified agricultural industry exists. 
The growing season for Boulder County, averages about 140 days a year, providing a 
long enough period for major crops like wheat, spring grains, corn, alfalfa, sugar beets, 
potatoes, and fruit to prosper.6 The average frost-free period occurs between May 3rd to 
October 2nd (Boulder) and May 8th to October 2nd (Longmont).7 
 
As a result of Colorado’s distance from major bodies of water (the Pacific Ocean and the 
Gulf of Mexico), precipitation is generally light. About 70-80 percent of Colorado’s annual 
precipitation falls between the months of April and September.8, 9 Precipitation during the 
summer months comes largely from thunderstorms, which can be quite severe. Humidity 
is generally low, causing the area to favor rapid evapotranspiration, while the thin 
atmosphere allows for a greater penetration of solar radiation than lower elevation 
climates, increasing water demands from crops.10  
 
One of the most important characteristics affecting the growing climate in the Northern 
High Plains is Colorado’s unique topography.11 The combination of Colorado’s high 
elevation and mid-latitude interior continent geography results in a cool and dry climate. 
The prevailing air currents reach Colorado from westerly directions. Eastward-moving 
storms originating in the Pacific Ocean lose much of their moisture as rain or snow on 
mountaintops and westward-facing slopes. Boulder County receives relatively small 
amounts of precipitation from these storms, making the area heavily dependent upon 
snowmelt to feed rivers, lakes, and reservoirs for both irrigation and power.12  
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Graph 1: Average Precipitation and Temperature for Boulder County13 
 

 
 

Max. Temp: average of all daily maximum temperatures recorded for the day of the year 
between the years 1971 and 2000. 
Ave. Temp: average of all daily average temperatures recorded for the day of the year 
between the years 1971 and 2000. 
Min. Temp: average of all daily minimum temperatures recorded for the day of the year 
between the years 1971 and 2000. 
Precipitation: average of all daily total precipitation recorded for the day of the year 
between the years 1971 and 2000. 

 
Several weather stations record climatic data across Boulder County. The variation of 
results amongst these stations is often minimal, with the highest potential for variation 
occurring at stations directly adjacent to the Front Range, which usually receive the 
highest precipitation rates. Graph 1 provides running averages of precipitation and 
temperature for Boulder County over a time horizon of 30 years, using the recording 
station in Longmont as an average for the County.14 
 
Throughout Boulder County, rainfed or “dry farming” is practiced in non-irrigated areas 
with the principal crops being small grains (such as wheat and millet), sorghum, and 
corn. In wet years, excellent crop yields are realized with these farming practices, 
however the variation in precipitation from year to year can seriously affect production.15 
Periodic droughts, which can extend from one or two to several years, create severe 
water supply and economic problems for all agricultural systems. 
 
Irrigated agriculture helps to ensure adequate water for crops, however competition with 
users from other sectors can make irrigated agriculture difficult during times of 
decreased supply. Water supplies across the Colorado Front Range are becoming 
increasingly scarce as the population continues to grow.16, 17 For more information on 
water constraints, see section 3.1 Supply and Demand. 
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Figure 1: Precipitation Rates for Western U.S. 2009-2010 

 
 

 
According to historical data, Boulder County has experienced eight periods of drought 
since 1930. This is an average of one drought every 9.34 years or a 10.67 percent 
chance of drought in any given year.18 Drought is likely to affect Boulder County in the 
future given its geographic location, semiarid conditions, and historical drought cycles. 
 
Major periods of drought have included:19 

1930-1937—The drought of the 1930s had the greatest impact on the agricultural 
industry. Poor farming techniques, low market prices, and a depressed 
economy compounded the problem. 

1951-1957—Similar to the drought of the 1930s, the drought of the 1950s once again 
impacted the agricultural industry. Improvements in irrigation and farming 
techniques helped to mitigate the effects. 

1976-1977—This drought was characterized as a winter event, limited in duration. It was 
the driest winter in recorded history for much of Colorado’s high country 
and western slope, severely impacting the ski industry. 

1980-1981—This drought, beginning in the fall of 1980 and lasting until the summer of 
1981, also had costly impacts to the ski industry. 

 1994—This growing season drought that impacted northeast Colorado was 
considered to be one of the driest years on record. Significant impacts 
included increased wildfires statewide, winter wheat crop losses, difficulties 
with livestock feeding, and declines in the state’s fisheries. 

1996—On July 29, 1996, the Colorado governor issued a drought disaster 
emergency declaration. Fifteen counties were included in a request for U.S. 
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Department of Agriculture (USDA) assistance. Boulder County was not one 
of the 15 counties. Fall and winter precipitation alleviated further drought 
concerns. 

2000—Strong La Niña conditions created below average precipitation and above 
average temperatures for most months in 2000. An early snowmelt resulted 
in low stream flows, and by June, drought conditions began to affect most 
of the state.  

2002—The Colorado governor, for the first time in state history, asked the federal 
government to declare all of Colorado a drought disaster area. With an 
average temperature of 52.4o F, 2001 was the warmest year since 1986. 
The drought started in late 1999 and was compounded by scarce snowfall 
in 2001. The driest year on record for the Denver region and much of the 
state was 2002. Total precipitation for 2002 was 7.48 inches. 

2002-2005—Damage to trees as a result of early twenty-first century drought conditions 
resulted in pruning and removal costs for both parks and streets estimated 
at approximately $122,660. 
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1.2 Potential Impacts of Climate Change 
 
Throughout history, agricultural enterprises have coped with variances in climate through 
changes in management and in crop or animal selection, helping to ensure productivity 
and continued viability.20 Already, climate change appears to be influencing both natural 
and managed ecosystems in Colorado and across the West.21 Future impacts for 
agricultural management are likely to be substantial, reflecting changing weather 
systems, temperatures, drought patterns, and biodiversity.  
 
Potential impacts from climate change:22 

- Water supplies will become increasingly scarce, increasing competition, 
calling for trade-offs among competing uses, and potentially leading to 
conflict. 

- Increasing temperature, drought, wildfire, and invasive species will accelerate 
transformation of the landscape. 

- Increased frequency and altered timing of flooding will increase risks to 
people, ecosystems, and infrastructure.  

 
Potential impacts from climate change are difficult to assess on a localized level due to a 
complexity of atmospheric and land interactions, local variables, and varying estimates 
of GHG concentration levels globally. Additionally climate change impacts can have both 
beneficial and detrimental impacts on plants and agricultural productivity, adding to the 
complexity of determining local estimates.23, 24 In response to elevated levels of carbon 
dioxide and low levels of warming many crops respond positively, but higher levels of 
warming negatively affect the growth and yield of crops. 
 
Crop responses to a changing climate are generally affected by the interplay of three key 
factors: (1) rising temperatures, (2) changing water resources, and (3) increasing carbon 
dioxide concentrations. Generally, warming causes plants that are below their optimum 
temperatures to grow faster, increasing overall activity and productivity. This however is 
not always positive; for some crops, like cereal crops, warmer temperatures and faster 
growth means less time for the grain itself to grow and mature, reducing yields.25, 26 This 
grain filling period can be greatly shortened by even moderate temperature increases, 
decreasing the yields of corn, wheat, sorghum, and beans, among others.27, 28 This can 
be compensated for, in some annual crops, by planting earlier in the season to avoid 
potential late season heat waves and increased temperatures.29  
 
Recent climatic warming has been among the most rapid in the West and Southwest, 
occurring at a much higher rate than the global average in some areas. This increase in 
temperature has been driving declines and earlier melts in the spring snowpack, 
affecting both river flows and lake recharge. A number of papers have reported that the 
summer temperatures in Northeastern Colorado have been relatively stable, with only 
small increases in overall temperature compared to other areas in the West.30, 31 This 
may be due to the large amount of irrigated land that has replaced natural grasslands, 
which has led to increased soil moisture content in warm seasons and changes in the 
surface properties of the land (albedo and aerodynamic roughness).32 Boulder County 
has seen a lower overall increase in climatic warming and is expected to have a less 
severe decrease in precipitation (10-20 percent) than areas further to the West and 
South.33, 34, 35 
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Water 
Climate change will affect water in the agriculture sector in two ways: (1) crops may 
require more irrigation water to produce the same yields because of decreases in 
precipitation and the occurrence of drought and (2) water availability for irrigation could 
decrease significantly.36 These two changes, coupled with increases in the average 
temperature, will signal a serious water supply challenge over the coming decades.37, 38 
 
In the Great Plains region of northeast Colorado, there was a 50 percent increase in 
irrigated acres between 1974 and 1980, which greatly increased the water demand in 
the region.39 If water resources decrease due to climate change (Figure 2), water 
competition between agriculture and development will intensify. Consequently, water 
storage and management will become increasingly more important as the timing of 
snowmelt and irrigation water demand change.40 More efficient irrigation and shifts in 
cropping patterns have the potential to compensate for decreases in water availability for 
irrigation due to rising temperatures, if done strategically.41 
 

Figure 2: Projected Change in Spring Precipitation, 2080-209942 

 
 
More information on water constraints can be found in section 3. Water Use. 
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Pests 
Plant pests will most likely be affected by climate change due to rising temperatures and 
changes in regional precipitation. Plant pests include weeds, insects, fungi, viruses, and 
bacteria that cause plant diseases. A study published in the New England Journal of 
Medicine conducted on the impacts of climate change and human health found that an 
increase of pests and pathogens would be a likely outcome of climate change due to an 
imbalance in the agricultural ecosystem.43 Weeds can benefit from climate change for 
several reasons. For example, some weeds may be favored because of an increase in 
soil moisture, or a decrease in soil moisture depending on more precipitation or drought 
during a given time period.44 It is difficult to predict an accurate scope of the effects of 
climate change on weeds, but the crop-weed relationship will be altered.45  
 
Insect pests and pathogen life cycles will be affected by climate change in various ways. 
First, an increase in temperature for cumulative days could cause an increase in insect 
generations. Second, and most relevant in the temperate zones, is winter survival. For 
instance, if there are not enough consecutive days below a certain temperature, some 
insects will be able to continually regenerate. Third, certain populations of insects may 
shift regions of prevalence due to environmental change. A simulation was conducted on 
the European corn borer that predicted a shift of the species northwest up to 165 and 
500 km for each 1o C rise in temperature.46 The exact effects of climate change on the 
relationship between crops and pests are not yet certain, but it is known that their 
relationship will alter.   
 
Depending on the degree to which climatic conditions are altered, the occurrence of 
plant fungal and bacterial pests could increase or decrease. As climate change begins to 
affect temperature, rainfall, humidity, and radiation, the spread of pathogens, as well as 
the resistance to pathogens from host plants, will change. Not including genetic 
modification of crops, there are several crop diseases that will be favored due to the 
occurrence of milder winters. Furthermore, warmer summers could provide a decrease 
in the prevalence of such diseases as the potato blight. Although this would be a positive 
outcome, there is a chance that overall prevalence of plant diseases will not decrease, 
but will instead move to regions with more favorable environmental conditions.47  
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1.3 Agricultural Impacts to the Atmospheric Climate  
 
Agriculture in Colorado contributes about nine percent of the State’s total greenhouse 
gas emissions, compared to a national average of about seven percent.48 While 
agriculture in Colorado is a major contributor to GHG emissions, its impact in Boulder 
County is very low, representing only one to two percent of emissions (including 
methane emissions, manure management, and soil management) according to the latest 
Boulder County, Colorado Greenhouse Gas Inventory.49 Additionally, the impact of 
agriculture on GHG emissions is not expected to increase significantly over the next few 
years as source emissions for soil management, manure management, and enteric 
fermentation are expected to remain near current levels.50 
 

Graph 2: Boulder County GHG Emissions by Sector, 1990-201251 

 
 
Boulder County has committed to reducing its carbon footprint and energy use as well as 
implementing sustainable forms of energy to run its daily operations. One example of 
this commitment is that, as reported by Boulder Weekly, Boulder County has set a goal 
to reduce total GHG emissions 11 percent below 1990 levels, by 2020.”52 Compared to 
other emission sectors, notably commercial, residential and industrial, agricultural GHG 
emissions are significantly lower in the County. Despite the low overall percentage of 
GHG emissions represented by agriculture in the County, a reduction of four percent in 
agricultural emissions will be required for the county to meet its GHG reduction goals.53 
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Figure 3: Historical and Forecast GHG Emissions for  
Boulder County by Sector (tCO2e)54 

 
 
The largest source of GHG emissions for most crop systems comes from nitrous oxide 
(N2O) emissions from fertilized soils (Figure 4),55, 56 with additional emissions coming 
from irrigation, on-farm energy use, and manure sources, with each of these varying in 
their net emissions depending on the system.57, 58 The relative contributions of GHG 
emissions generated from global on-farm agricultural practices, not including 
contributions from transportation, are presented in Figure 4.  
 

Figure 4: Global GHG Emissions of Agricultural Practices59 

 
Note: CH4 - methane; N2O - nitrous oxide; and CO2 - carbon dioxide. 
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1.4 Mitigation and Sequestration of GHG Emissions in Agriculture 
 
Nationally, annual GHG emissions from agriculture are expected to increase in the 
coming decades due to escalating demands for food and shifts in diet.60 However, 
improved management practices and emerging technologies may permit a reduction in 
emissions per unit of food (or of protein) produced. Agriculture can play an important role 
in helping to mitigate GHG emissions due to its ability to implement management 
changes rapidly relative to other GHG mitigation or carbon sequestration technologies.61 
Many mitigation opportunities use current technologies and can be implemented 
immediately, but technological development will be a key driver to ensuring the efficacy 
of additional mitigation measures in the future.62 
 
GHG mitigation opportunities fall into two broad categories, based on the implemented 
mechanism of (1) Reducing Emissions and (2) Enhancing Removals.63  
 
 
Reducing Emissions 
The primary GHG emissions produced by agricultural practices are carbon dioxide 
(CO2), methane (CH4), and nitrous oxide (N2O).64, 65, 66 Through efficient management of 
carbon and nitrogen flows, reduction of these gases can be efficiently achieved in 
agricultural systems. Fertilization practices that deliver nitrogen more efficiently can 
reduce N2O emissions67 and better management of livestock feed and manure can 
reduce the amount of CH4 produced.68 Approaches to reduce GHG emissions vary by 
region depending on local conditions, however, the most prominent options for mitigating 
GHG emissions in agricultural operations in Boulder County include improved land 
management (through nutrient use, agronomy, and tillage), improved feeding practices, 
and manure management.69 A more complete list of potential mitigation measures is 
presented in Figure 5 on the following page.   
!
In order to understand the global warming potential (GWP) of an approach or practice it 
is important to view the whole system. Often times a mitigation practice will affect more 
than one gas, sometimes in opposite ways by reducing one gas but increasing another, 
so the total reduction benefit depends on the combined effects of all greenhouse 
gases.70, 71 Additionally, the timeframe of emission reduction is important to consider, as 
some emissions are reduced indefinitely while others may be only reduced 
temporarily.72, 73  
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Figure 5: Potential Measures for Mitigating GHG Emissions  

from Agricultural Land and Operations. 
Adapted from the IPCC Fourth Assessment Report and Smith et al., 2007a74 

 

 
Notes: 

a: + Denotes reduced emissions or enhanced removal (positive mitigative effect) 
     - Denotes increased emissions or suppressed removal (negative mitigative effect) 
     +/- Denotes uncertain or variable response. 

b:  A qualitative estimate of the confidence in describing the proposed practice as a    
measure for reducing net emissions of greenhouse gases, expressed as CO2-eq: 
Agreement refers to the relative degree of consensus in the literature (the more asterisks, 
the higher the agreement); Evidence refers to the relative amount of data in support of 
the proposed effect (the more asterisks, the more evidence). 
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Nutrient Management  
In most cropping systems, applied nitrogen from fertilizers, manures, biosolids, and 
other sources is not always used effectively by crops. Excess or unused nitrogen in the 
soil is very susceptible75 to forming and emitting N2O, a GHG that is 310 times stronger 
than CO2.76, 77 It is important to note that all forms of nitrogen applications can contribute 
to nitrogen losses and N2O emissions. By improving the nitrogen use efficiency in crops, 
N2O emissions and GHG emissions from nitrogen fertilizer manufacture can be 
significantly reduced.78 Specific practices that improve nitrogen use efficiency and help 
to reduce leaching or nitrogen emissions include:79, 80, 81, 82, 83 

- Adjusting application rates based on precise estimation of crop needs (e.g., 
precision agriculture)  

- Using slow- or controlled-release fertilizer forms of nitrification inhibitors 
(which slow the microbial processes leading to N2O formation)  

- Applying nitrogen when least susceptible to loss, often just prior to plant 
uptake (improved timing) 

- Placing the nitrogen more precisely into the soil to make it more accessible to 
crops’ roots  

- Avoiding nitrogen applications in excess of immediate plant requirements 
 
For more information on nitrogen fertilizers, see sections 4.3 Fertilizers as Water 
Pollutants and 6.2 Fertilizers. 
 
 
Enhancing Removals - Agronomy 
Increasing yields and generating higher inputs of carbon residue through improved 
agronomic practices help to increase the amount of carbon sequestered in soil.84, 85 
Practices like improving crop varieties, extending crop rotations (especially those with 
perennial crops), and minimizing bare and fallow land help keep more carbon below 
ground and out of the atmosphere.86, 87, 88, 89 Adding more nutrients when the soil is 
deficient can help promote soil carbon gains90 by increasing productivity, however, when 
these benefits are achieved through synthetic nitrogen fertilizer applications they can be 
offset by higher N2O emissions from soils and CO2 emissions during the synthetic 
fertilizer manufacture process.91, 92, 93 The manufacture of synthetically derived inputs 
like fertilizers and pesticides produce carbon emissions due to the use of fossil fuels to 
produce, manufacture, and transport synthetic inputs. 
 
While the climate impact of synthetic fertilizers and pesticides is well documented in the 
literature, the climate impact of organic fertilizers and pesticides is not well documented 
and is an area where additional research is needed.94 The climate impact of organic 
inputs is not zero since organic fertilizers have a number of energy requirements, which 
are discussed further in section 2.1 Breakdown of Energy Use. There are also energy 
and climate impacts from the production, transportation, and application of organic 
pesticides. A study evaluating the environmental impact of organic and synthetic 
pesticides found that organic pest management practices are not necessarily more 
environmentally sustainable than conventional ones in regards to environmental impact. 
The authors concluded that in order to optimize environmental sustainability, individual 
tactics can be evaluated for their environmental impact in the context of an integrated 
approach.95 
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A reduction in the use of synthetically derived fertilizers and inputs can effectively lower 
emissions and increase the sequestration and storage of carbon in soils.96 One of the 
most applicable examples to Boulder County is the use of rotations with legume crops,97 
that help to reduce reliance on external nitrogen inputs, though even legumes have been 
shown to increase N2O in some locations, negating some of the potential climate 
benefits.98 Additionally, the use of catch or cover crops provide temporary vegetative 
cover between successive agricultural crops, or between rows, helping to sequester 
carbon from the atmosphere and reduce N2O emission by extracting unused plant 
available nitrogen from the preceding crop.99, 100  
 
The global warming potential of organic farming systems is considered to be smaller 
than that of conventional systems when calculated per land area, but this difference 
declines, when calculated per product unit based on comparative yields.101 While 
practices like cover crops, manure application, and conservation tillage can help to 
reduce GHG emissions from synthetic fertilizers, there are additional increases in GHG 
emissions from manure handling, compaction of soils resulting from the use of heavy 
machinery, and in some instances increased fuel use.102  
 
 
Enhancing Removals - Tillage and Residue Management 
Due to advances in weed control methods and farm machinery, many crops can now be 
grown with conservation tillage. Since soil disturbance tends to stimulate soil carbon 
losses through enhanced decomposition and erosion,103 reduced- or no-till agricultural 
practices often result in a gain of carbon to the soil, but not in all systems.104, 105, 106 The 
conversion of agricultural systems from continuous tillage (conventional tillage) to 
minimal tillage could increase carbon storage in soils in Boulder County, lowering net 
GHG emissions,107, 108, 109 but producers are unlikely to make the conversion to minimal 
tillage systems unless they are demonstrated as profitable. These limited tillage 
practices are increasingly being used across cropping systems in a wide range of 
locations, but have not seen wider-spread adoption due to concerns over potential 
financial benefits.110, 111  
 
Many studies have assessed the viability of no-till systems,112, 113 but few of these 
studies have looked at no-till agriculture on irrigated lands, raising concerns over 
inferring financial impacts from non-irrigated to irrigated lands.114, 115, 116 Additionally, due 
to the location specific impacts of low tillage practices on carbon sequestration, it is 
important to focus on research conducted in a regionally appropriate area to Boulder 
County. A five-year study117 conducted just outside of Fort Collins, CO, gives a detailed 
assessment of potential impacts from adoption of limited tillage practices on irrigated 
land. Results from the study found that conversion of agricultural systems from 
continuous tillage to no-tillage systems may lower the overall GHG impact and improve 
net financial returns by avoiding over application of nitrogen fertilizer. Specifically, the 
study found that  
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by switching from conventional tillage continuous corn to no-till corn–bean farmers would 
increase annual average net returns by $228 per hectare while reducing annual net 
GWP by 929 kg CO2 equivalents per hectare.118 
 
Adopting reduced or limited tillage practices may also affect N2O emissions but the net 
effects are not well-quantified across different agricultural systems, climatic conditions, 
and soil types.119, 120, 121 Reviewed literature relevant to the agricultural ecosystem in 
Boulder County showed that overall there is a net decrease in N2O emissions associated 
with minimal tillage practices.122, 123, 124 While this seems to be the case in Boulder 
County, it is important to note that in other areas nationally, reduced tillage may increase 
N2O emissions, while elsewhere it may have no measurable influence.125  
 
While the majority of the scientific community sees the potential of no-till agriculture and 
organic farming methods to sequester more carbon, there have been some objections 
raised about the longevity of the benefits. Of particular concern is the depth at which the 
carbon is preserved, as the majority of studies have only measured soil organic carbon 
in the top 20 centimeters (cm) of the soil profile. A study reviewing 11 different soils 
across the United States found carbon sequestration in the top 20 cm, but did not find 
significant carbon reserves below that 20 cm profile.126 This means that if that soil were 
to be tilled again, most of the sequestered carbon would be released, negating potential 
benefits. More research is being conducted on soil carbon sequestration to determine at 
what depth carbon is stored. It is likely that carbon, like topsoil, can be accumulated at 
greater and greater depths as more material is applied, however, this is an area for 
further research.   
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2. Energy 
Summary 

 
While the types of farm operations can vary significantly, and with it their energy use, the 
relative consumption of energy by practice has been shown to be fairly consistent. Overall, 
the largest energy use in agriculture is the production, manufacture, and transport of 
synthetic fertilizers (29 percent of consumption), followed by the use of diesel fuel (27 
percent), and then electricity (21 percent).  
 
Since the late 1970s, the total use of energy in agriculture has fallen by about 28 percent as 
a result of efficiency gains related to improved machinery, equipment, and production 
practices. While the overall consumption of energy has decreased over the last 40 years, 
the consumption of electricity and diesel has increased, and fertilizer and pesticide energy 
consumption have increased only slightly.   
 
Synthetic fertilizer production is closely linked with both the supply and price of natural gas 
since natural gas accounts for 75-90 percent of the costs of production for nitrogen fertilizer. 
This connection makes farmers susceptible to price volatility for natural gas in the market 
and many farmers have been shown to be increasingly price sensitive to fertilizer costs. In 
addition to fertilizers, pesticides represent about six percent of the energy use on farms and 
face many of the same issues as fertilizers regarding links to fossil fuel prices and costs to 
farmers. 
 
Strategies identified in the literature for reducing energy consumption on farms include 
reducing the use of synthetic fertilizers through the use of manures, utilizing conservation 
tillage practices, improving irrigation efficiency, and evaluating opportunities for generating 
energy within agricultural systems. With each of these strategies there are potential 
tradeoffs related to both energy use and profitability. One practice may decrease one type of 
energy use, like synthetic nitrogen fertilizers (reducing costs and environmental impact), but 
increase others, like fuel use (increasing environmental impact) and labor (increasing costs). 
Additional research evaluating both the direct and indirect impacts of these strategies on 
reducing energy use is needed to be able to make a fully informed assessment. 
 
Irrigation was identified as a quick improvement area for energy efficiency. It is estimated 
that most pump systems waste about 25 percent of electricity due to poor design and 
system inefficiencies. Pumps powered by diesel use 40 percent more fuel than they would if 
properly sized, adjusted, and maintained. Importantly, these improvements correspond 
directly with a financial reward for farmers due to decreased irrigation costs. In 2008, energy 
expenditures for irrigation systems in Colorado represented about $78 million, with an 
average cost of $36 per irrigated acre for surface water and $55 per irrigated acre for 
groundwater, not including repair and maintenance.  
 
The emerging role of agriculture as a producer of energy is widely discussed in the 
literature, however, it is difficult to evaluate the economic viability of energy generation on 
farms due to a variety of factors such as site location, financial rebates, and system 
requirements. Energy production from farm-based operations has grown rapidly in recent 
years, yet it still remains a small fraction (less than one percent) of national energy needs. 
According to the 2007 Agriculture Census, there are 31 farm operations in Boulder County 
that have installed renewable energy production systems. The majority of energy production 
growth has come from increased renewable energy capacity (primarily from biofuels and 
wind), but this growth has relied heavily on federal and state programs and incentives. 
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2.1 Breakdown of Energy Use 
 
Energy is an important input for agricultural production. The U.S. food system comprises 
approximately 16-19 percent of the total U.S. fossil fuel consumption, agricultural 
production is responsible for nearly half of this demand.127, 128 While agriculture represents 
a large percentage of fossil fuel consumption nationally, agriculture’s share of total U.S. 
direct energy consumption is low at about one percent of national energy consumption.129 
 
Direct energy consumption includes fuel or electricity to heat or cool buildings, to operate 
machinery and equipment, for lighting on the farm. Indirect energy includes energy not 
used directly on the farm, for example, energy used to produce fertilizers and chemicals 
off the farm.130 Energy uses vary depending on the types of crops grown, climate, and 
various land management practices, however, all farming practices have relatively 
consistent energy demands. The largest energy use in agriculture is the production, 
manufacture, and transport of synthetic fertilizers. A study of 2002 farm use data found 
that direct energy accounts for 5-7 percent of farm expenditures. When combined with 
indirect forms of energy, which account for another 9-10 percent of farm expenditures, 
total energy cost per dollar of expenditure is 14-17 percent.131 The fuel and oil used by 
farm tractors account for less than one third of the total energy consumed on the farm, 
while fertilizers and pesticides account for about 35 percent of total agriculture energy 
consumption.132 
 
Figure 6 provides an illustrative breakdown of typical energy uses shown by percentage of 
total energy consumption.133, 134 
 

Figure 6: Farm Energy Use by Source135 
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All agricultural systems are dependent on fossil and solar energy and in many respects 
energy use does not differ between systems. The energy cost of transporting grain to 
market is the same per mile, the cost of pumping irrigation water is the same cost per 
acre-foot, the same amount of energy is needed to manufacture and run machinery, and 
the indirect energy in seed or livestock breeding differs little.136  
 
The largest difference between energy use in conventional and organic systems is 
associated with the use of pesticides and nitrogen based fertilizers. A number of studies 
have shown that the application of any synthetic nitrogen fertilizer reduces energy 
efficiency when compared to systems that use manure or legumes as a primary nitrogen 
source.137, 138, 139, 140 The Food and Agriculture Organization of the United Nations notes 
that:  

“On either conventional or organic farms, when animals produce some or all of the 
fertilizer needed for crop production, the energy expenditures are greatly reduced. 
Because of its reliance on natural fertilizers, organic agriculture often performs 
relatively better in terms of energy efficiency (measured as the ratio of energy input 
per unit of crop output) despite lower yields.”141 

 
A study conducted by the USDA on the energy balance of using different growing 
practices for corn to produce ethanol found that crop yields were 20 percent lower in the 
organic system, but inputs of fertilizer and energy use were reduced by 34-53 percent and 
pesticide inputs were reduced by 97 percent.142 Similar results were found in a 
comparative study, conducted in Canada of two crop rotations (wheat-pea-wheat-flax and 
wheat-alfalfa-alfalfa-flax) cultivated organically and conventionally, which concluded that 
the energy use was 50 percent lower with organic than with conventional management. 
Despite the yields being as high as 30 percent less under organic management, the 
energy efficiency (energy produced /energy used) remained higher in the organic 
systems.143 
 
There is debate in the literature reviewed as to the extent that organic practices reduce 
energy use across crop varieties and other related energy inputs like labor and fuel use. 
Various studies conducted on organic carrot and potato production have cited an increase 
in energy inputs (diesel fuel) per unit of output because of increased mechanical weeding 
and cultivation.144, 145, 146 Additionally, systems utilizing manure and legumes often require 
an increase in labor inputs. Results published from studies conducted by The Organic 
Center showed that an organic corn system compared to a conventional corn system, had 
31 percent lower energy use, but a 32 percent increase in labor inputs.147 These tradeoffs 
between decreasing one type of energy use like synthetic nitrogen fertilizers, but 
increasing others like mechanical (tractor and fuel use) and labor, are difficult to evaluate, 
so they are best evaluated on a per system level. 
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Efficiency Gains in Farm Energy Use 
U.S. farm production has become increasingly mechanized, requiring timely energy 
supplies at particular stages of the production cycle to achieve optimum yields. Since the 
late 1970’s, the total use of energy in agriculture has fallen by about 28 percent as a result 
of efficiency gains related to improved machinery, equipment, and production practices.148 
Over the last 40 years, though total U.S. electricity and diesel use by farms has grown 
dramatically, fertilizer and pesticide use has increased only slightly, with a decline since 
1980, and gasoline use has sharply declined.149 Importantly, the declines in energy use 
since the 1970’s have not come at the expense of lower output, as referenced in Figure 7, 
instead, agricultural producers have been able to increase their energy efficiency while 
maintaining or increasing production levels.150  
 

Figure 7: Direct Energy Use (DEU) and Agricultural Output (productivity per acre) 
1965-1999151 

 
 
Fertilizer and Pesticide Use 
Over a third of all energy used in U.S. agriculture goes to commercial fertilizer and 
pesticide production.152 The production of both fertilizers and pesticides uses about two 
percent of all the energy used in industrial processes.153 Fertilizer production is closely 
linked with both the supply and price of natural gas, as natural gas accounts for 75-90 
percent of the costs of production for nitrogen fertilizers. Natural gas is the key ingredient 
in the production of anhydrous ammonia and for the further manufacture of urea, 
ammonium nitrate, and other nitrogen solutions.154 Figure 8, illustrates that as the price of 
natural gas increases, so does the cost of synthetic nitrogen fertilizers for farmers. 
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Figure 8: Correlation Between Natural Gas and Nitrogen Fertilizers155 

 
 
Higher costs of fertilizers generally elicit two responses from cost-sensitive farmers: (1) 
fertilizer is applied at lower application rates to crops, or (2) crops that are less dependent 
on fertilizer are planted.156 It has been shown that when farmers are able to reduce the 
need for synthetic fertilizer inputs, while maintaining field productivity, they are more 
resistant to volatile energy prices and more profitable. Additionally, precision agriculture 
has been citied as a potential method of increasing the energy efficiency of applying 
synthetic nitrogen fertilizer, but energy use in these systems requires further research to 
identify the potential ranges for improvements.157 For further information on fertilizers, 
please see 6. Inputs. 
 
As with synthetic fertilizers, synthetic pesticides require fossil fuels for production, 
manufacture, and transport. Pesticides represent about six percent of the energy use on 
farms and face many of the same issues as fertilizers regarding links to fossil fuel prices 
and costs to farmers.158 Inorganic fertilizers typically consume large sums of energy mostly 
due to the necessary inputs of natural gas, but energy requirements are also a major input 
for organic fertilizers. A report conducted on the Energy Efficiency in Fertilizer Production 
and Use found that “transportation and application energy demands (fuel use) are often 
higher for organic fertilizers since they are less nutritious per unit weight.” The report 
highlighted additional energy requirements for processed organic fertilizers, which can 
include: 159 

! Collection of organic waste  
! Loading and transportation of waste to a processing plant  
! Unloading and putting waste into windrows  
! Turning and irrigation of windrows to expedite composting  
! Collection, loading, and transportation of composted waste from processing 

plant to field  
! Unloading waste for storage  
! Loading and applying waste to field by farm equipment 
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Each of these variables contributes to the overall energy required to produce, transport, 
and apply organic fertilizer. The more a fertilizer is processed, the higher its energy 
requirements will be. At a certain level of processing and transportation, organic fertilizers 
could require more energy to produce than the equivalent synthetic fertilizer.160 Direct 
comparisons of the energy use embedded in different types of fertilizers is an area where 
additional research is needed, as current data is often too generalized to draw distinct 
conclusions.  
 
 
Irrigation 
In 2008, there were 1,688,124 million pump-irrigated acres in Colorado, according to the 
United States Department of Agriculture’s (USDA) 2008 Farm and Ranch Irrigation 
Survey. Energy costs for these systems averaged $78,122,000, or $36 per irrigated acre 
for surface water and $55 per irrigated acre for groundwater. Farms spent an additional 
$12 per acre, on average, to maintain and repair irrigation equipment. The main types of 
energy used for pumping systems were electricity, natural gas, and diesel.161 
 
A number of studies have highlighted that the majority of irrigation systems are not as 
energy and water efficient as they should be. A study conducted in Colorado, Wyoming, 
Nebraska, and other states, by Colorado State University, found that on average, about 25 
percent of the electrical energy used for irrigation was being wasted due to poor pump and 
motor efficiency.162 A study conducted by Kansas State University found that irrigation 
systems, on average, use about 40 percent more fuel than they would when properly 
sized, adjusted, and maintained.163  
 
The most common causes of wasted energy in irrigation systems are: 164 

- The lack of system maintenance 
- The wrong pump for the system 
- Pump wear from cavitation or abrasion 
- Improperly sized or designed fittings 
- Water source changes 

 
A new pump and high efficiency motor have been found to increase pumping system 
efficiencies by 20 percent.165 A study conducted by Pacific Gas and Electric (PG&E) and 
American Society of Heating, Refrigeration, and Air-Conditioning Engineers (ASHRAE) in 
California found that the single greatest contributor to pump inefficiency was an oversized 
pump. If a new pump is selected based on future needs, such as degraded (scaled) pipes 
or a higher projected flow to meet increased crop requirements, it will deliver excess fluid 
at a higher head than necessary.166 For example, the California Energy Commission 
reports that vegetable farmers can save more than 25 percent of water pumping, fertilizer, 
and herbicide costs with subsurface drip irrigation technologies.167 Improperly designed 
systems not only waste energy but can lead to crop stress, reduced yields, wasted water, 
runoff, soil erosion, and many other problems.168 For more information on irrigation 
practices see Water Use. 
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Fuel Use 
Diesel and gasoline use are responsible for approximately 36 percent of the total energy 
use on farms, representing a significant financial cost for farmers. The increased volatility 
of fuel prices can make it difficult for farmers to estimate future costs of fuel, making 
practices that reduce fuel use and improve vehicle efficiency useful ways to lower costs.169 
Economic studies have attempted to measure year-to-year producer responsiveness to 
changes in fuel prices, suggesting that a 10 percent rise in fuel prices is associated with 
about a six percent decline in use.170 
 
Ways to reduce fuel use include switching from gasoline-powered to more fuel-efficient 
diesel-powered engines, adopting conservation tillage practices (which tend to use less 
mechanical energy), and changing to larger multifunction machines.171 Additional methods 
to improve tractor and vehicle fuel use efficiency are highlighted in Figure 9.  
 
The following are ways to improve on-farm vehicle efficiency:172 

- Decrease fuel consumption by 20 percent by gearing up and throttling down 
tractors 

- Correctly match the load weight to the pull of the tractor 
- Reduce fuel usage by up to 10 percent by avoiding idling 
- Perform multiple tasks at once to save tractor-driving time 
- Service tractors on a regular basis 

 
Figure 9: Factors Reducing Fuel Efficiency in a Diesel Tractor173 

 
 
Crop production traditionally requires several passes over the field, with tractors and 
equipment involved with field preparation, planting, cultivation, fertilizer and chemical 
applications, or harvesting. Fuel consumption depends on the fuel efficiency of the 
particular machine involved, the number of passes over the field (determined largely by 
the tillage practice employed), and the size of the field.174 Fuel reductions in tractor and 
equipment use can be achieved by replacing tilling operations with reduced- or no-till 
practices. Replacing tillage operations with no-till practices can save at least 3.5 gallons of 
fuel per acre according to the Natural Resource Conservation Service of the USDA.175 
While conservation tillage practices can help to decrease direct energy inputs like fuel use, 
they may increase indirect energy use by requiring additional pesticides and fertilizers. 
Because of this, practices are best evaluated at each operation.176
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2.2 Energy Generation 
 
The U.S. depends on international sources for much of its energy needs; as a result, 
energy prices tend to reflect international market conditions, particularly those of crude oil 
supplies. This dependence on imports makes the U.S. vulnerable to unexpected price 
movements and supply disruptions in international energy markets. Agriculture is one 
industry that is particularly vulnerable to the volatility of energy prices since it relies on 
petroleum and natural gas markets.177 This volatility in petroleum and natural gas markets 
also affects synthetic fertilizer markets, as seen in Inputs: 6.3 Fertilizers. Producers are 
slowly gaining more options for responding to energy price changes, but in the short term 
most energy price increases still translate into lower farm income.178 
 
Agriculture’s role as a consumer of energy is well known, but its capacity to produce 
energy is less well understood.179 Energy production from farm-based operations has 
grown rapidly in recent years, but still remains a small fraction (less than one percent) of 
national energy needs.180 The majority of energy production growth has come from 
increased renewable energy capacity (primarily from biofuels and wind), but this growth 
has relied heavily on federal and state programs and incentives.181 More studies need to 
be conducted to determine the return on investment for farmers investing in energy 
generation capacities. According to the 2007 Agriculture Census, there are 31 farm 
operations in Boulder County that have installed renewable energy production capacity.182  
 
 
Solar 
Solar electric energy systems, or photovoltaics (PV), can supply power for any number of 
remote agricultural applications, including pumping and electric fencing. PV systems can 
also be used to generate electricity for lighting buildings or operating equipment and 
appliances. There are two main options for solar electric systems: (1) they can be 
designed to tie into the power grid, feeding any excess power back into the grid to run the 
meter backwards; or (2) at remote sites, PVs can be connected with storage batteries to 
provide a reliable power supply for a more specific application.183 
 
Generally one of the best applications for solar-PV from a use and financial standpoint is 
for irrigation purposes.184 When water pumping systems use less than 1.5 kilowatts (kW), 
small solar PV systems can be easily installed and are more advantageous than wind 
because they can better meet the water pumping demand and require less maintenance 
(e.g. fewer moving parts). Ideally these systems can be tied into the grid, so when water 
pumping is not needed the excess electricity can be sold back to the grid.185 As the power 
requirements for irrigation systems increase, however, a wind only or a hybrid wind/solar 
water pumping system has been found to be more economical. Due to the marginal 
potential for wind in Boulder County, the economic viability of these systems will be 
reduced.186 
 
The financial viability of solar energy systems for agricultural purposes is difficult to 
evaluate as a number of factors contribute to the final price of a system, including system 
requirements, location, financial rebates, and labor. To add to the complexity, the current 
system of financial rebates provided at the federal, state, and utility level are not fixed and 
are currently expected to decrease, potentially making small solar PV systems of 0.5 to 10 
kW uneconomical at current energy prices.187   
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Wind 
The total installed wind energy production capacity has expanded rapidly in the U.S. from 
1998 to 2009, rising from 1,848 megawatts (MW) to nearly 35,000 MW.188 Over the past 
20 years, the cost of wind power has fallen about 90 percent, while rising natural gas 
prices have pushed up costs for gas-fired power plants, helping to improve the market 
competitiveness of wind energy.189 However, on average, wind power turbines typically 
operate the equivalent of less than 40 percent of the peak (full load) hours in the year due 
to the intermittency of wind.190 
 
The National Renewable Energy Laboratory ranks Colorado as the 11th best place in the 
nation to generate energy from wind, with the potential to provide up to nine percent of the 
electricity for the contiguous U.S.191 While Colorado has strong potential for wind energy, 
Boulder County, as shown in Figure 10, does not have strong capacity for wind energy 
production due to a wind resource potential of poor to marginal. There may be specific 
sites within the County where wind speeds might be conducive for producing energy, but 
overall potential for wind energy in Boulder County is low.192 
 

Figure 10: Wind Power Potential in Colorado 
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Biofuels 
Biofuels, which are typically liquid or gas energy sources produced from biomass, are 
another method of energy generation. They can be both produced and used on farms, or 
produced on farms for sale and used elsewhere. Biofuels are either from crops grown 
directly for production, or from crop residue. Biofuels include ethanol, biodiesel, methanol, 
and reformulated gasoline components.193 Biofuels vary greatly in energy efficiency, 
government support, production, usage, and distribution. Ethanol and biodiesel are both 
liquid fuels produced on the farm primarily for off farm use attempting to make 
transportation more environmentally-friendly.194 Other varieties of biofuels, including 
methanol production, can be used on farm or for home uses such as heating and 
cooking.195  
 

Graph 3: U.S. Biofuel Production, 1990-2008196 

 
 
Ethanol is the most common biofuel, used as an additive to gasoline in Colorado and in 
the U.S.  Corn based ethanol has been shown to place pressure on global food markets 
by raising food prices.197 Corn based ethanol competes with food production for both land 
and resources, but has significant government support in competing directly with 
petroleum based gasoline. There are a number of programs to support corn-based ethanol 
in Colorado.198, 199 The residue from ethanol production can be used to feed animals, but 
66 percent of the original weight of the corn is lost.200 Cellulosic ethanol, an alternative that 
uses woody plants as a feedstock, has significant technical barriers and is not yet cost 
competitive with other forms of ethanol.201 Biodiesel is produced from fats such as 
soybean oil or animal fats. Both corn ethanol and biodiesel have been found to have 
positive energy and climate benefits,202, 203, 204 though some studies have shown corn 
ethanol to have a negative energy balance.205 According to the Department of Energy, 
“most of the studies, and more importantly, the preponderance of recent studies, show that 
ethanol has a positive net fossil energy value,” as shown in Graph 4.206 
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Graph 4: Identified Energy Balance of Corn Ethanol from Selected Studies207 

 
 
 
Biomass 
Another option is the use of plant material (biomass, wood). In the photosynthetic process 
incoming solar radiation is converted into structural plant material (wood). At the end of the 
growing season the crop is harvested and the wood is used as feedstock for electricity 
plants.208 There are complexities concerning energy balance of biomass conversions and 
some plants may be used more effectively if they are converted to gas or liquid fuels, but 
the technology is rapidly improving. Another concern is the re-planting, which must take 
place to offset the carbon impact of burning biomass.209  
 
 
Anaerobic Digesters 
An anaerobic digester is a device that promotes the decomposition of manure or 
“digestion” of the organics in manure by anaerobic bacteria, in the absence of oxygen, to 
simple organics while producing biogas as a waste product. Anaerobic digesters are most 
feasible alongside large confined animal feeding operations. According to the USDA, 
biogas production for generating cost effective electricity requires manure from more than 
150 large animals.210 As animal feeding operations steadily increase in size, the 
opportunity for anaerobic digestion systems will likewise increase.211 In Boulder County 
there are roughly 15,000 cattle with only two operations having more than 500 animals 
potentially meeting the USDA concentrated animal feeding operation definition.212 These 
cattle could provide sufficient manure to power anaerobic digesters. Since anaerobic 
digestion substantially reduces ammonia losses, the effluent is more nitrogen-rich than 
untreated manure, making it more valuable for subsequent field application. Also, digested 
manure is high in fiber, making it valuable as a high-quality potting soil ingredient or 
mulch.213 
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The primary benefits of anaerobic digestion are animal waste management, odor control, 
nutrient recycling, greenhouse gas reduction, and water quality protection. Except in very 
large systems, biogas production is a highly useful but secondary benefit. As a result, 
anaerobic digestion systems do not effectively compete with other renewable energy 
production systems on the basis of energy production alone. Instead, they compete with 
and are cost competitive when compared to conventional waste management practices, 
according to the Environmental Protection Agency.214
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3. Water Use 
Summary 
 
The semi-arid climate in Boulder County and surrounding areas provides limited water 
resources for agricultural, industrial, and urban uses. In the region, demand and 
competition for water is expected to increase in the future as the urban population 
continues to grow and as shifting climatic changes affect the regional water cycle by 
raising average temperatures and decreasing precipitation rates. As a whole, this is 
expected to make the area more dependent on winter snowmelt and the water storage 
capacity of local reservoirs and lakes.   
 
In Colorado, irrigated agriculture is the largest user of water representing 80 percent of 
all surface and groundwater use in the State. In Boulder County, roughly 25 percent, 
just under 34,000 acres, of agricultural land is irrigated. This represents a seven 
percent increase since 2002, but is still significantly lower than the 68,000 acres that 
were irrigated in the County in 1968. 
 
Literature highlights five principal methods of irrigation used in Boulder County: furrow 
irrigation, border irrigation, controlled flooding, sprinkler irrigation, and 
corrugation irrigation. As identified in 2007 by the United States Department of 
Agriculture (USDA), the main irrigated crops in Boulder County by acreage were forage, 
corn (grain), barley, wheat (grain), and corn (sillage/greenchop). 
 
It was widely reported that in order for agriculture to continue to increase production, it 
is necessary for agricultural systems to increase the capture and utilization of 
precipitation and reduce or improve the efficiency of irrigation water needs. Changes 
identified include using conservation tillage practices and cycling in lower water 
requirement crops that have different critical times for water. A number of studies 
showed that conservation tillage operations allow for greater soil water availability than 
conventional tillage practices by building capillary spaces for water movement and 
improving water retention. This reduces overall water demands by roughly 12 percent, 
while increasing water retention and percolation 25-50 percent. Irrigation scheduling 
can also be used to maximize irrigation efficiency by measuring and monitoring soil 
moisture so that water can be applied in more precise quantities at the most effective 
times for the particular crop. 
 
In order for agricultural producers to continue to create desirable crop growth during 
times of water scarcity and increased competition, it will be necessary to have good soil 
conditions that provide optimum soil aeration, water infiltration, and permeability as 
well as uniform root development. Additionally, improved soil quality will help to reduce 
runoff and decrease potential soil erosion.  
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3.1 Supply and Demand  
 
The semi-arid climate in Boulder County and surrounding areas provides limited water 
resources for crop and livestock production. As demand for water from growing urban 
areas continues to increase, the availability of water for agriculture will face increasing 
competition. The already increasing competition between agriculture and urban areas for 
water resources (Figure 11) will likely be intensified due to shifting climatic changes, 
which will affect the use of water in two main ways. The first is that crops may require 
more irrigation water to produce the same yields because of decreases in precipitation 
and increases in drought. Second, the water available for irrigation could decrease 
significantly due to lower precipitation rates and warmer temperatures.215, 216, 217  

 
According to the Statewide Water Supply Initiative (SWSI), the Front Range will continue 
to be the most populous place in Colorado with over 80 percent of the state's population 
residing in the Arkansas, Metro, and South Platte Basins. The SWSI predicts that by 
2050 there will be a significant municipal and industrial (M&I) water supply gap in 
Colorado, between 32 and 66 percent of new demands. The South Platte Basin is 
projected to have an M&I gap of 58 percent.218 Consequently, water storage and 
management will become increasingly more important as the timing of snowmelt and 
irrigation water demand change.219  
 

Figure 11: Increasing Competition for Water Resources Globally1 
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Irrigated agriculture is the largest user of water in Colorado representing 80 percent of all 
surface and groundwater use,220 a rate that is consistent with other regions nationally.221 
Within the South Platte River Basin there are two main sources of water for irrigation and 
domestic water use in Boulder County: streams and storage reservoirs. The various 
streams in the South Platte River Basin include Boulder and South Boulder Creeks, and 
the Left Hand and St. Vrain Creeks. The storage reservoirs include Highland Reservoir 
No 2, Foothills Reservoir, Base Line Lake, Marshall Lake, and Left Hand Valley 
Reservoir. Figure 12 shows the main river basins in Colorado and their main tributaries. 
The Colorado Big Thompson Transmountain Diversion Project provides additional water 
to the Front Range from the Western Rockies, to help ensure a supply of late-season 
irrigation water during most years.222  
 

Figure 12: Major Geologic Regions and River Basins223 
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Irrigated Land 
In 1968 about 68,000 acres in the Boulder Area were irrigated.224 As of the 2007 
Department of Agriculture Census, 33,871 acres, roughly 25 percent, of the agricultural 
land in Boulder County were irrigated. While the amount of irrigated land has decreased 
since 1968, there has been a seven percent increase since 2002.225 As shown in Figure 
13, the majority of irrigated land is in the eastern part of the County, although a few 
areas of meadowland are irrigated in the foothills and mountains.226 
 

Figure 13: Irrigated Agricultural Land in Boulder County 
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3.2 Irrigation Management 
 
According to the USDA, effective irrigation management requires accurate timing and 
regulation of water applications in a way that satisfies crop water requirements while not 
wasting water, soil, and plant nutrients or degrading the soil.227 This involves applying 
water: 

- According to crop needs 
- In amounts that can be held in the soil and be available to crops 
- At rates consistent with the intake characteristics of the soil, so as not to 

increase erosion 
- To ensure water quality is maintained or improved 

 
Crop water use, also known as evapotranspiration (ET), is the combination of 
transpiration, the amount of water plants use for growth and cooling purposes, and 
evaporation, water evaporated from adjacent soil surfaces.228, 229 Crop water use is 
influenced by a variety of factors including prevailing weather conditions, available water 
in the soil, crop species, and the growth stage of the crop.230, 231 Most crops are more 
sensitive to water stresses during one or more critical growth periods in the growing 
season. Moisture stress during a critical period can cause an irreversible loss of yields 
and reduction in the quality for crops.232  
 
The main irrigated crops in Boulder County by acreage include:233  

- Forage – 21,319 acres  
- Corn (grain) – 2,499 acres  
- Barley – 1,263 acres 
- Wheat (grain) – 797 acres  
- Corn (sillage/greenchop) – 671 acres  
- Vegetables and other small grains such as millet to a smaller extent  

 
 
Method of Irrigation 
On a farm or field scale there are a number of water conservation practices that can be 
employed to increase the efficiency of irrigation, but due to the specific nature of 
agricultural operations no one practice is universally appropriate.234 The latest soil 
survey (2007) conducted by the USDA identified five principal methods of irrigation used 
in Boulder County.235 Working definitions of each of these methods are provided below. 
 

Furrow irrigation is used with row crops. Water is taken from ditches by siphon 
tubes, gated pipes, or cuts in the ditchbank, and is applied in the furrows 
between the rows of plants. On sloping soils the use of contour furrows helps to 
control erosion by carrying water across the slope. On nearly level soils the 
furrows are straight. 
 

Border irrigation is used on nearly level fields that are planted with close-
growing crops. In border irrigation water soaks into the soil as it advances down 
narrow strips between the ridges. Uniform grades are necessary to ensure an 
even distribution of water and to prevent ponding. 
 

Controlled flooding is used on close-growing crops. Water is flooded down the 
slope between closely spaced field ditches. 
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Sprinkler irrigation is used when slopes are steep or uneven. Sprinklers are an 
advantage when establishing pasture crops and in the preemergence irrigation of 
certain crops. With sprinkler irrigation, water losses resulting from evaporation 
may be higher than with other methods of irrigation and wind drift may cause 
uneven water application. 
 
Corrugation irrigation is useful on fields that do not have uniform grades. 

 
The amount and type of water loss that occurs when irrigating a crop field is highly 
dependent on the type of delivery and distribution system used (Figure 14). The relative 
efficiency of different irrigation systems is a result of changes in the amount of runoff, 
deep percolation, and evaporation. One of the most common conversions of irrigation 
methods to increase efficiency is from surface irrigation to sprinkler irrigation.236 The 
reason for this conversion is that surface irrigation is inherently less efficient and more 
labor intensive than sprinkler irrigation. 
 

Figure 14: Range of Field Efficiency for Irrigation Systems237 238 
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Whether to reduce the number of irrigated acres or irrigate at a rate less than adequate 
capacity can be a difficult decision when water is limited due to either supply constraints 
or system capacities. A study conducted in Western Kansas found that net returns to 
land and management are reduced when all acres are irrigated at less than adequate 
capacities compared to reducing irrigated acres while maintaining adequate capacity.239 
When irrigation was reduced below optimum supply for all acres, overall corn yields 
were reduced, compared to maintaining an adequate supply with fewer acres.240 
 
Crop rotation has been found to help increase yields in water-limited systems. A study 
conducted by Schneekloth found that net returns were greater when a three-year 
rotation of corn-soybean-wheat was irrigated compared to a continuous corn rotation. 
The increase in yields was attributed to the increase in corn grain yields following wheat 
and the inclusion of lower water use crops such as soybean and wheat, which had yields 
that were closer to fully-irrigated grain yields when compared to the corn yields.241 
 
Changes in agronomic practices can increase the capture and utilization of precipitation 
and reduce irrigation water needs. Changes include using no-till practices and cycling in 
lower water requirement crops that have different critical times for water. Crop rotation 
can extend the irrigation season and allow for longer operation of irrigation systems with 
proper irrigation management. This allows for producers with low capacity systems to 
effectively manage the irrigation.242 
 
 
Crop Water Use 
Water requirements for crops depend mainly on environmental conditions, with the 
prevailing weather conditions being the driving force. Different crops have different water 
use requirements, even under the same weather conditions. For example, according to 
CSU, “in the Greeley area, the seasonal water use of sugar beets is 30 inches while 
corn for silage uses only 22 inches of water. That means sugar beets require 36 percent 
more water than corn to fully irrigate.” These water requirements are the amount a crop 
will use (not counting water losses such as deep percolation and runoff) in an average 
year. Figure 15 shows the average water requirements for selected crops in Longmont, 
CO.243 
 

Figure 15: Estimated Seasonal Water Requirement (consumptive use) in 
Longmont, CO (inches/season)244 
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Irrigation Scheduling 
In Colorado’s semi-arid climate, irrigation is used as a supplemental water source when 
ET is greater than precipitation, which is often.245 Irrigation scheduling is used to 
maximize irrigation efficiency by minimizing runoff and percolation losses. This can result 
in decreased energy and water use and optimum crop yields, but can also result in 
increased energy and water use if not managed properly.246 Proper irrigation scheduling 
applies the necessary amount of water at the right time, making sure that crops get the 
water they need in an efficient manner. Measuring and monitoring soil moisture can help 
determine when to irrigate, how much water to apply, and the amount of plant available 
water in the root zone. This information can help improve crop yields, increase irrigation 
efficiency, stretch limited water supplies, and reduce runoff pollution.247 Crop water use 
can be estimated by a number of methods including evaporation pans, weather data to 
calculate ET, and soil-moisture monitoring.248 Irrigation scheduling is a management tool 
that can help to avoid over or under irrigating.249 
 
The texture and water holding capacity of soil affects both the timing and quantity of 
irrigation. Furthermore, the plant root zone determines the soil depth from which the crop 
can draw moisture. Plants typically show signs of wilting and water stress before they 
use all of the available water stores in the soil. However, for some crops, yield loss 
occurs by the time water stress symptoms appear. Soil moisture should be measured 
initially and monitored regularly to determine the available soil moisture. Figure 16 
shows the root zones of mature crops and the percent of total available moisture that 
can be depleted via ET without suffering yield loss. The crops in Figure 16 depend on 
the moisture in their root zones for 90 percent of their water needs.250 For example, 
generally 30-50 percent of water in the root zone of alfalfa can be withdrawn without loss 
of crop yield.251 

 
Figure 16: Root Zone Depth and Allowable Depletion Percentages for Various 

Crops252, 253 

Crop Allowable 
depletion (%) Root depth* (ft.) 

Alfalfa 30-50 4.0-6.0 
Barley and oats 55 3.3-4.5 
Beans 50-70 2.0-3.0 
Cantaloupes and 
watermelons 

40-45 2.6-5.0 

Carrots 35 1.5-3.3 
Corn 40-60 2.5-4.0 
Lettuce 30 1.0-1.6 
Onion 25-50 1.5-2.0 
Pasture 40-60 3.0-4.0 
Potatoes 25-50 2.0-3.0 
Sorghum 40-60 3.0-4.0 
Soybeans 50 2.0-4.1 
Sugar beets 30-60 3.0-4.0 
Sweet Peppers 30 1.6-3.2 
Zucchini and cucumbers 50 2.0-4.0 
Adapted from both Colorado State University Extension and Texas Cooperative 
Extension.   
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The strategy used for irrigation management varies depending on the type of crop and 
its soil moisture tolerances. For systems that apply vary large amounts of water 
infrequently, the irrigation cycle should be timed so water is applied before the allowable 
depletion in the root zone is reached. Often, irrigation systems that must apply heavy 
applications must begin the irrigation cycle before there is room in the soil to store the 
full application. Conversely, crops such as potatoes, onions, and peppers generally 
require more frequent irrigation. Irrigation ditches may not be able to accommodate this 
frequent irrigation. Although not always possible, irrigation application should be limited 
so that the root zone is not overfilled.254 



! !!
"#$%&!'())!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!?=!@#-2$!A,2!

!*+,-#./#012!34$.%+1-+$2!
5.-2$#-+$2!627.28!

!

"%&" 

3.3 Water Conservation  
 
To create desirable crop growth it is necessary to have good soil conditions that provide 
optimum soil aeration, water infiltration, water percolation, water movement, and 
permeability as well as uniform root development. Additionally, good soil quality helps to 
reduce runoff and decrease potential soil erosion. The USDA National Irrigation Guide 
identified improvements to soil quality that would help increase water use efficiency: 
eliminating excess tillage operations, avoiding field operations while soil water content is 
high, using organic material or crop residue, and using grass and legumes in rotation.255 
Mitigation of compaction layers is also important for water movement in soil. 
 
 
Compaction Layers 
Soil compaction occurs when soil particles are pressed together, reducing the pore 
space between them. Fine textured soils (clayey and silty) are more vulnerable than 
coarse textured soils (sandy) to compaction. Compaction results in decreased infiltration 
and percolation, which leads to an increase in runoff and water erosion potential while 
also reducing the effective rooting zone. One important factor that influences soil 
compaction is the water content of the soil. For example, dry soil is more resistant to 
compaction.256 The most significant soil compaction occurs during tilling, harvesting, and 
grazing when soils are wet. Soil compaction can extend to 20 inches below the 
surface.257 Although wheel traffic is a more obvious and direct cause for compaction, 
tillage operations are also a factor.258 Tillage practices can “break up soil structure, 
speed the decomposition and loss of organic matter, increase the threat of erosion, 
destroy the habitat of helpful organisms, and cause compaction.”259 
 
A number of actions can be taken to mitigate the compaction of layers. Additions of 
organic matter, such as manure and compost, can have many positive affects on soil 
including protection from erosion and compaction.260 Soil stability and biodiversity also 
aid in the prevention of soil compaction.261 Deep ripping subsoiling at appropriate soil 
moisture conditions can break apart compaction layers, but require 30-75 horsepower 
per shank, depending on the soil type. Clay soils are very difficult to break up.262 
Although certain tillage operations can lead to compaction, it is possible to decrease soil 
compaction in combination with executing conservation tillage systems.263  
 
A series of compaction tests were completed at the Central Great Plains Research 
Station near Akron, Colorado. The study was performed due to concerns that the 
practice of no-till, in the long-term, could result in increased soil compaction and possible 
degradation of the soil.264 A decrease in the soil’s least limiting water range was found to 
have a direct impact on yield loss.265 Understanding compaction characteristics of the 
soil and the response of the crop to soil physical conditions is vital for farmers when 
making informed decisions on field management.266 The study’s findings support that soil 
compaction has the potential to limit crop production. The economic considerations of 
soil compaction are difficult to quantify since they can be both direct and indirect.267  
 
The choice of tillage practice for water conservation purposes depends on a wide range 
of factors, including soil erodibility (soil texture, slope, organic matter content), the 
irrigation system used, the equipment available, and rotation with other crops. Tillage 
methods should be selected based upon which practice eliminates all or the most runoff  
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from irrigation and precipitation.268, 269 Reduced- and no-till operations have been shown 
to allow for greater soil water availability than conventional tillage practices by building 
capillary spaces for water movement and improving water retention. These practices 
have reduced water demands by up to 12 percent, according to the USDA.270, 271 
Covering soil with mulched cover crops can reduce water loss from the soil. Creating a 
rough soil surface increases the area available to catch raindrops, thereby maximizing 
water availability and retention, and mitigating water losses.272 Improving soil structure 
and organic matter content helps soil to retain water and also improves the availability of 
water to plant roots. Increased organic matter can increase water retention273 and 
improve water percolation by up to 25-50 percent.274 Additionally, improved soil stability 
reduces erosion and the resulting runoff. 
 
 
Efficiency of Ditch Delivery 
Unlined or earthen ditches are one of the least efficient irrigation delivery systems due to 
seepage losses through the soil (Figure 17). Estimates of water loss through seepage 
from unlined ditches have been calculated as high as 45 percent with the U.S. 
Department of Interior estimating a 22 percent average.275 Methods proposed to improve 
the water delivery and efficiency of use include lining earthen ditches with impermeable 
materials to prevent seepage and replacing unlined ditches with pipeline delivery 
systems that can improve the efficiency by 10 percent (Figure 17).276   
 

 
Figure 17: Potential On-farm Conveyance Efficiencies277 

 
 
 
Inefficient irrigation from unlined ditches can have offsite benefits, such as providing 
habitat for a variety of wildlife, acting as an important source of recharge to shallow 
groundwater, and possibly providing groundwater return flow to streams and rivers.278 In 
instances where these unlined ditches provide important off site benefits and the 
seepage is reduced by the addition of linings, there may be adverse effects to the 
beneficiary systems, which include ground water recharge, wildlife habitats, and wet 
areas. According to the USDA “without consideration and careful planning, irrigation 
project activities can negatively impact water quantity and quality, wetlands, fisheries, 
and wildlife.” 279 
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Considerations when evaluating the impacts of lining ditches include, but are not limited 
to:280 

- The effects on downstream flows or aquifers that would affect other water 
uses or users. 

- Potential changes in growth and transpiration of vegetation located next to 
the ditch because of the elimination of leakage from the system. 

- Effects on wetlands or water-related wildlife habitats. 
- Water and energy savings resulting from decreased water loss and improved 

irrigation water management. 
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4. Water Pollution 
Summary 
 
Agriculture in the U.S. is the largest contributor to non-point source water pollution 
according to the Environmental Protection Agency (EPA). Agriculture often contributes 
to surface and groundwater pollution by increasing the discharge of chemicals and 
sediment, waterlogging irrigated land, and causing salinization. While agriculture 
contributes significantly to water pollution it is also heavily impacted itself by polluted 
water, as poorly treated wastewater can contaminate crops and transmit diseases 
throughout the food chain.  
 
The most significant agriculturally derived water contaminant in the U.S. is nitrate. 
Nitrate pollution from agricultural operations comes from nitrogen runoff primarily from 
animal manures, synthetic and organic fertilizers, and atmospheric deposition. In the 
Front Range urban corridor, the Colorado Department of Agriculture tested over 40 
groundwater sources for nitrate leaching from the surrounding agricultural land and 
industry. Roughly twelve percent of the wells were found with nitrate levels exceeding 
the allowable EPA maximum concentration level.  
 
Apart from nitrate, pesticides represent the most significant water pollution and health 
concern for agriculture. In the South Platte River Basin, pesticides have been detected 
in over 90 percent of the wells sampled in both urban and agricultural areas. The high 
level of detection places the basin in the highest 25 percent of all water basins tested 
nationally. The most commonly detected pesticide was atrazine, which was found in 
roughly 61 percent of the wells sampled. Alachlor, metolachlor, and simazine were also 
detected.  
 
The storage and competing uses of water along the Front Range place additional 
concerns on pollution from agriculture. According to the Colorado Water Resources 
Research Institute, most of the reservoirs along the Colorado Front Range have rates of 
eutrophication that are a cause for concern. High rates of eutrophication typically 
occur when runoff from over or recently fertilized and manured agricultural lands deliver 
large amounts of nitrogen and phosphorus to water bodies that are nutrient limited. 
While increased levels of nutrients in irrigation water may be advantageous for farmers 
since they help reduce the need for fertilizers, they also present a multitude of problems 
for managers of municipal drinking water. 
 
Management emphasis has now shifted from irrigation to drinking water for many Front 
Range Reservoirs. This creates problems as reservoirs used for irrigation water have 
different management priorities than drinking water reservoirs. Drinking water needs to 
be more pure and has tighter standards, such as maximum contaminant levels for 
nitrates (NO3), manganese (Mn), and iron (Fe).  
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4.1 Agricultural Water Pollution 
 
Agriculture is one of the largest users of freshwater resources both globally (70 percent 
of surface water) and in Colorado (80 percent of surface and ground water). Except for 
losses through evapotranspiration, water from agricultural operations is cycled back into 
surface water and groundwater. As highlighted by the United Nations Food and 
Agriculture Organization (FAO), this water cycle makes agriculture both a cause and 
victim of water pollution. Agriculture often contributes to surface and groundwater 
pollution by increasing the discharge of chemicals and sediment, waterlogging irrigated 
land, and causing salinization. Agriculture becomes a victim when it unknowingly uses 
poorly treated wastewater and polluted surface and groundwater, contaminating crops 
and transmitting disease to both consumers and farm workers.281  
 
According to the Environmental Protection Agency, agriculture in the U.S. is considered 
to be the most widespread contributor to non-point source pollution.282, 283 Non-point 
source pollutants differ from point source pollution in that they do not have a specific 
point of origin and are generally transported across a wide medium and range. The 
main categories of agricultural non-point source pollutants include sediment, pesticides, 
nutrients, and pathogens.284 In agricultural operations, these non-point source 
pollutants are generally transported overland and through the soil by rainwater and 
melting snow. These pollutants then find their way into groundwater, wetlands, rivers, 
lakes, and ultimately oceans in the form of sediment and chemical loads carried by 
rivers. The impacts of these pollutants range from simple nuisance substances to more 
severe ecological health, human safety, and legal impacts.  
 
According to the FAO, controlling furrow irrigation and its tailwater, which is the primary 
carrier source pollution from agricultural operations, is best managed: 

“At the field level, where decisions are influenced by very local factors such as 
crop type and land use management techniques, including use of fertilizers and 
pesticides. These decisions should be based on best management practices 
that are possible under the local circumstances and are meant to maximize 
economic return to the farmer while safeguarding the environment.” 285 

 
The overall quality of surface and groundwater has decreased in many parts of the 
world due to intensive land management practices and the consequent imbalance of 
carbon, nitrogen, and water cycling in the soil. Furthermore, agricultural pollutants, such 
as nitrates and pesticides, have been found in the drinking water of nearly all 50 U.S. 
States.286 A study conducted in the Boulder Creek Watershed found that pollutant 
concentrations were low in the headwaters, but increased through the urban corridor 
and had a further significant increase downstream from the first major wastewater 
treatment plant, which is the output of municipal water pollution. Despite low overall 
concentrations upstream, pesticides were still detected in both upstream and 
downstream regions of Boulder Creek, but concentrations and loads of anthropogenic-
derived contaminants increased as basin population density increased through the 
watershed.287 
!
The urban use of pesticides (specifically herbicides, insecticides, and fungicides) 
account for about one-third of pesticide usage in the U.S. with about 70-97 percent of 
homes using one or more pesticides.288, 289 Pesticides are used for residential and  
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public landscaping, commercial and industrial buildings, and household insect control. 
Runoff from urbanized surfaces as well as municipal and industrial discharges results in 
increased loading of nutrients, metals, pesticides, and other contaminants to streams.290 
The frequency of pesticide detection is high in urban streams and at concentrations 
frequently exceeding guidelines for aquatic environments.291, 292 Urban runoff is not a 
significant contributor to water pollution in the upper South Platte River Basin (i.e. 
Boulder County), but likely increases as urban concentrations increase further 
downstream.  
 
 
4.2 Sediment Pollution  
 
Erosion is a net cost to agriculture because farmers must replace the lost nutrients and 
organic matter with fertilizers at considerable cost in order to maintain soil 
productivity.293 The two major categories of agricultural pollution caused by sediment 
are physical and chemical. 294 
 
Physical sediment pollution includes top soil loss and land degradation caused by 
erosion that lead to high rates of turbidity in receiving waters and increased rates of 
deposition in river and lake beds. High levels of turbidity in waterways limit the amount 
of sunlight penetration, which limits and prohibits the growth of important algae and 
aquatic plants. While high turbidity can be beneficial in highly eutrophic waterways, it is 
commonly recognized for its negative impacts on flood control, channel management, 
navigation, and waterway aesthetics. Turbidity also clogs hydraulic facilities and 
irrigation systems.295   
  
The severity of chemical pollution from sediment is affected by both the particle size of 
the sediment and the amount of particulate organic carbon associated with the 
sediment. Silt and clay soils under 63 µm (micrometers) are often the primary carrier of 
absorbed chemicals, specifically phosphorus, chlorinated pesticides, and metals. Larger 
modeling of phosphorus transport in the U.S. has shown that as much as 90 percent of 
phosphorus transport in rivers is in the smaller suspended sediment. The most 
chemically active sediment, and that of the most concern, is that portion which is 
smaller than 63 µm, usually silt and clay. Most of the persistent, bioaccumulating, and 
toxic organic chemical pollutants, especially chlorinated compounds such as pesticides, 
are strongly associated with sediment load in aquatic systems and particularly with the 
organic carbon concentrations of that sediment.296 Ultimately, as sediment containing 
toxic compounds is ingested by benthic bottom dwelling organisms and fish, these 
chemicals enter the food chain. This leads to the accumulation of pesticides and other 
toxic compounds in top predators, including man.  
 
The level of observed bioaccumulation in relation to stream location varies depending 
on a variety of factors including species mobility, trophic level, and the location of 
feeding sites. Smaller, less mobile species, at a lower trophic level (e.g. insects) tend to 
see considerably higher levels of bioaccumulation at downstream sites in relation to 
upstream sites.297 With larger, more mobile species (e.g. some fish and birds), however, 
higher levels of bioaccumulation can be observed upstream of pollution sources.298, 299 
Therefore it can be inferred that Boulder County as an early user of water has relatively 
low bioaccumulation with lower tropic level species, but may experience higher levels of 
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concentrations as tropic order increases. In order to accurately determine the exact 
level of bioaccumulation in a given species, site specific testing is necessary. 
 
4.3 Fertilizers as Water Pollutants 
 
The most significant agriculturally produced water contaminant in the U.S. is nitrate. 
Nitrate pollution comes from nitrogen runoff primarily from animal manures, 
atmospheric deposition, commercial fertilizers, and the conversion of unmanaged land 
to intensive agriculture. The rate of nitrogen added to the terrestrial environment over 
the last 30 years has nearly doubled due to human alterations of the nitrogen cycle.300 
 
The over application of nitrogen fertilizers and the excess build up of nitrogen in soil 
lead to the increased transport of nitrogen away from fields and into local waterways. 
Nitrogen from any application, including synthetic fertilizers, manure, and legumes, 
contributes to nutrient-rich waters through runoff. Studies show that runoff from 
synthetic fertilizers is the most prevalent source of downstream nitrogen.301 Over-tilling 
further increases nitrogen losses by releasing stored nitrogen from the soil.302 In some 
cases, 20 percent of the nitrogen fertilizer applied to a field is leached from the soil 
because of poor soil structure. This not only impacts the downstream environment by 
causing algal blooms and aquatic dead zones, but also is a significant cost to the 
farmers who lose 20 percent of their fertilizer purchase.303  
 
The Colorado Department of Agriculture 
(CDA), in alignment with the Groundwater 
Protection Act, has monitored 
groundwater quality across 
Colorado for over 15 years. In a 
report assessing the impact of 
agricultural chemicals on 
groundwater from 1990 to 2006, 
the CDA continuously evaluated 
40 wells in the Front-Range Urban 
Corridor. Twelve percent of the 
wells were found with levels of 
nitrate exceeding the allowable 
EPA maximum concentration level 
of 10 mg per liter for drinking 
water, with only 20 percent of wells 
testing below the detection limit 
(BDL).305, 306 Nitrate was detected 
in 68 percent of the remaining 
wells but at levels below the EPA 
maximum concentration level 
(Graph 5). Nitrate is a potential human health threat especially to infants because it 
causes the condition known as methemoglobinemia, also called "blue baby 
syndrome."307, 308 
 
Nitrogen runoff can be minimized with water-control structures that are designed to slow 
water flow. Examples of water-control structures include contour tillage, diversions, 
terraces, and sediment ponds. When water-control structures were installed on 

Graph 5: Nitrate Levels from Sampled 
Groundwater in the Front Range304 
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approximately 200,000 acres of agricultural land in eastern North Carolina, they reduced 
nitrogen runoff by over one million pounds per year.309 
 
 
Eutrophication 
An increased concentration of nutrients, especially phosphorus and nitrate, in a body of 
water is known as eutrophication.310 Eutrophication, whether from natural or 
anthropogenic causes, can lead to extremely high rates of plant and organic matter 
growth, known as algal blooms. When large algal biomass builds during blooms, 
transparency decreases and the metabolism and decomposition of the algae depletes 
available oxygen, often to stressful and even lethal levels.311 Eutrophication is a concern 
in many waterways because it typically leads to the death, via suffocation, of higher 
trophic level aquatic organisms such as fish.312 In addition to these ecological effects, 
eutrophication can also present water quality concerns for municipal water supplies.  
 
According to the Colorado Water Resources Research Institute, most of the reservoirs 
along the Colorado Front Range have rates of eutrophication that are a cause for 
concern.313 While increased levels of nutrients in irrigation water may be advantageous 
for farmers since they help reduce the need for fertilizers, they also present a multitude 
of problems for managers of municipal drinking water. The algal blooms clog intake 
filters, contribute taste and odor to treated drinking water, and cause elevated levels of 
total organic carbon (TOC), which when treated with disinfectants like chlorine, can 
produce harmful disinfection by-products.314, 315 
 
The majority of the reservoirs in the Front Range are phosphorus limited for most of the 
year with nitrogen limitation later in the summer, making them very sensitive to 
eutrophication.316 When runoff from recently or over fertilized and manured agricultural 
lands delivers large amounts of nitrogen and phosphorus to water bodies that are 
nutrient limited, high rates of eutrophication typically occur.317 
 
 



! !!
"#$%&!'())!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!B=!@#-2$!CD11+-.D/!

!*+,-#./#012!34$.%+1-+$2!
5.-2$#-+$2!627.28!

!

"&$" 

4.4 Pesticides as Water Pollutants 
 
Controlling crop pests like weeds, insects, and diseases can be a significant investment 
for agricultural operations. Pesticides, including herbicides, fungicides, and insecticides, 
not only have significant financial impacts, but also major implications for water and soil 
quality.318 
 
Pesticides have been detected in more than 90 percent of the wells sampled in urban 
and agricultural areas of the South Platte River Basin in northeast Colorado, which 
includes Boulder County.319 The most commonly detected pesticide was atrazine, which 
was found in roughly 61 percent of the wells sampled in the South Platte River Basin 
and almost 30 percent of the wells tested in Colorado (Graph 6). Alachlor, metalachlor, 
and simazine were also detected in the South Platte River Basin but not Colorado as a 
whole.320 While the types of pesticides detected in the basin were similar to those found 
across the U.S.,321 the frequency of pesticide detections place the area in the highest 25 
percent of all basins tested nationally.322 
 
The most commonly used herbicide, glyphosate was not found in the wells sampled. 
Glyphosate is highly adsorbed on soils especially those with high organic content, 
making leaching very unlikely due to the compounds strong attachment to soil. 323 An 
estimate of glyphosate loss showed that less than two percent of the applied chemical 
was lost to runoff.324 While the loss of glyphosate is minimal, it can be broken down into 
more water-soluble forms by microbes, however, the time it takes for half of the product 
to break down ranges from one to 174 days.325 
 

Graph 6: Statewide Detection of Pesticides in Groundwater (Colorado)326 

 
 
The concentrations and total number of pesticides detected in Colorado groundwater are 
typically higher during the growing season (April-September), with the highest 
concentrations occurring soon after application periods. Applications generally occur 
before or early in the growing season (March-May) and in the middle of the growing 
season (June-July). Additionally, pesticides have been detected year-round at low 
concentrations in areas regardless of season or streamflow volume, potentially indicating 
pesticides can persist long-term in shallow alluvial aquifers.327  
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Although terrestrial impacts of pesticides do occur, the main impacts to ecological 
systems are through water contaminated by pesticide runoff. The specific impacts of 
pesticide use on the environment and living organisms are difficult to assess, however, 
there are two principal mechanisms that cause negative impacts: bioconcentration and 
biomagnifications.  
 

Bioconcentration is the movement of a chemical from the surrounding medium 
into an organism such that higher concentrations occur within the organism.328 
The primary "sink" for some pesticides is fatty tissue, which is a type of lipid. 
Some pesticides, such as the banned insecticide DDT, are "lipophilic," meaning 
that they are soluble and accumulate in fatty tissue, such as edible fish tissue 
and human fatty tissue. Other pesticides, such as glyphosate (the active 
ingredient in Roundup and other commercial brands), are metabolized and 
excreted. 
 
Biomagnification is the increasing concentration of a chemical as it is 
transferred up through the food chain. As smaller organisms are eaten by larger 
organisms the concentration of pesticides and other chemicals are increasingly 
magnified in tissues and other organs. Very high concentrations can be observed 
in top predators, including man. 

 
The effects of pesticides in the environment vary depending on both the organism, the 
concentration, and the pesticide in question, but general effects may include the 
following:329  

- Death of the organism 
- Cellular and DNA damage 
- Cancers, tumors, and lesions on fish and animals 
- Reproductive inhibition or failure 
- Suppression of immune system 
- Disruption of endocrine (hormonal) system 
- Teratogenic effects (physical deformities such as hooked beaks on birds) 
- Poor fish health (marked by low red to white blood cell ratio, excessive slime 

on fish scales and gills, etc.) 
- Intergenerational effects (effects are not apparent until subsequent 

generations of the organism) 
- Other physiological effects such as eggshell thinning 

 
These effects are not necessarily caused solely by exposure to pesticides or other 
organic contaminants and may be associated with a combination of environmental 
stresses on organisms such as eutrophication and pathogens. Most of these impacts are 
chronic so they are not noticed by casual observers, but have consequences for the 
entire food chain.330



! !!
"#$%&!'())!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!E=!*D.1!F2#1-&!

!*+,-#./#012!34$.%+1-+$2!
5.-2$#-+$2!627.28!

!

"&&" 

5. Soil Health  
Summary 
 
There are 23 main soil combinations in Boulder County that sustain a variety crops, 
livestock, native grasslands, shrublands, wetlands, and forests, serving important 
functions for both plants and animals. The quality, yield, and viability of agricultural 
crops are directly dependent upon a healthy and fertile soil. Improving soil quality is 
considered to be a key element of a sustainable agriculture production system. Much 
of the early research on soil health focused primarily on soil’s capacity for crop 
production, while other factors, such as structure, carbon sequestration, and 
biodiversity, were either not considered or were accorded secondary importance. 
Recently, awareness has been increasing about how environmental factors interact and 
impact economic sustainability. 
 
Reduction of soil quality is a growing concern, particularly since anthropogenic soil 
degradation has been reported on almost 40 percent of the world’s agricultural lands. 
Reasons for this soil degradation include increased erosion, atmospheric pollution, 
extensive soil cultivation, over-grazing, land clearing, salinization, and desertification.  
 
The primary agricultural practices identified in the literature that strongly affect soil 
health positively or negatively include tillage method, soil amendments, soil 
conservation, grazing practices, and crop rotation. One of the most important aspects of 
healthy soils is the organic matter content, which is heavily influenced by these farm 
practices. Most soils in Colorado have low amounts of organic matter, containing less 
than 1.5 percent. Methods such as cover crops and green manures can serve as 
organic material sources for agricultural systems, helping to decrease the potential for 
soil erosion, while improving soil tilth, water-holding capacity, stability, and structure. 
The use of cover crops and green manures needs to be evaluated on both 
environmental and economic conditions, as a number of factors can affect their financial 
viability. 
 
Conservation tillage methods were identified as one of the most important factors for 
building healthy and fertile soil. Methods of conservation tillage were strongly 
associated with increasing the amount of soil organic matter, nutrient availability, and 
erosion resistance. While there were many benefits associated with conservation 
tillage, two main concerns were raised regarding economic viability and the increased 
use of synthetic nitrogen fertilizers. A study conducted in the Fort Collins area 
concluded that a conservation tillage system required more nitrogen fertilizer than 
conventional tillage to produce equal yields, but less irrigation and machinery were 
necessary. A similar study found comparable results and showed that on irrigated 
continuous corn, no-till was actually more profitable than conventional-till because of 
lower machinery and labor costs as well as a decrease in fossil fuel use. 
 
These results highlighted that conservation tillage methods are crucial for improving 
and maintaining soil health and can be done at a profit. In multiple studies it was noted, 
however, that ultimately, farmers and landowners should be the ones to decide which 
soil management practices should be implemented because soil type is specific to each 
location.  
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5.1 Overview of Soils in Boulder County 
 
Improving soil quality is considered to be a key element of a sustainable agriculture 
production system since soil quality often directly and indirectly influences a variety of 
other farm practices.331 In agriculture, soil has three principal functions of significance; it 
is a medium for crop and biological production, a buffer or filter to mitigate environmental 
contaminants and pathogens, and a promoter of plant, animal, and ultimately human 
health. The functions of soil quality, as they relate to sustaining crop production, 
improving land management, and the quality of the agricultural ecosystem, are best 
evaluated at the local farm and field level.332  
 
There are 23 main soil combinations in Boulder County that sustain a variety of native 
grasslands, shrublands, wetlands, and forests, serving important functions for both 
plants and animals.333 Together, these soils also support a variety of land uses including 
agricultural croplands, livestock grazing lands, and recreational opportunities.334 
 
 
5.2 Soil Conservation 
 
Top soil has been reduced and its quality has been degraded worldwide due to past 
mismanagement of agricultural land and other ecosystems.335, 336, 337 Heavy mechanical 
cultivation and the continuous production of row crops have resulted in soil displacement 
through erosion and significant decreases in soil organic matter content.338, 339 Healthy 
soil is key to reducing its susceptibility to erosion and other processes that lead to soil 
loss. As highlighted by the United States Department of Agriculture (USDA), 
management tools such as tillage, fertilizer, livestock, and pesticides can be used to 
improve soil health, however, they can significantly damage the physical, chemical, and 
biological properties of soil if they are not applied correctly.340 Common practices for 
preserving or increasing soil quantity include minimizing soil disturbance, keeping the 
soil covered, maintaining suitable habitat for biological activity, and building soil organic 
matter.341 
 
 
Soil Erosion 
Soil erosion has detrimental effects on soil productivity, reducing the ability of soil to 
buffer and filter pollutants, manage nutrient and chemical cycles, and provide adequate 
habitat to support plants.342, 343 Soil erosion is a complex process influenced by multiple 
factors, including soil properties, ground slope, vegetation, land use, and rainfall.344 
Changes in land use, such as conversion of native grasslands to agriculture or livestock 
grazing, are widely recognized as capable of greatly accelerating soil erosion. If soil 
erosion rates are in excess of soil production, agricultural potential and productivity will 
eventually decrease.345, 346 
 
Some estimates have placed topsoil erosion in the U.S. at a rate ten times greater than 
topsoil production. The two biggest contributors to the loss of fertile topsoil on 
agricultural lands are wind and water erosion, representing about 84 percent (Graph 
7).347, 348 Wind is the primary soil erosion force in Boulder County. 
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Graph 7: Common Causes of Soil Degradation on Agricultural Lands in the U.S.349 

 
 
When topsoil is eroded, 50-75 percent of the decrease in soil productivity is due to the 
soil’s loss of nutrients and organic matter, and consequently, its water-holding 
capacity.350 Soil removed by erosion typically contains about three times more nutrients 
than the soil left behind and is 1.5 to 5 times richer in organic matter.351 When water and 
wind erosion occurs at a rate of 7.6 tons/acre/year it costs $40/acre/year to replace the 
lost nutrients with fertilizer, and around $17/acre/year to pump irrigation water to make 
up for the decreased water holding capacity of that soil.352 According to the USDA 
Natural Resource Conservation Services, erosion-caused losses in productivity on 
pastureland and cropland in the U.S. are approaching $27 billion per year in 1999 
dollars.353 
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Figure 18: Potential Soil Erosion Due to Wind and Water  
in Boulder County354 

 
 

Wind Erosion: Soil ratings progress from 1 – the most susceptible to wind erosion, to 8 – the least susceptible to wind erosion. 
Water Erosion: Soil ratings progress from 0.02 – least susceptible to water erosion, to 0.69 – most susceptible to water erosion. 
Water erosion pertains to sheet and rill erosion 
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Agricultural systems in Boulder County are particularly prone to erosion because of 
frequent high winds. Areas in Boulder County where vegetation has been removed, for 
example annual cropland, overgrazed areas, and burn areas, are even more exposed 
and vulnerable to wind erosion than sheltered lands.355 Certain farming practices, such 
as stubble mulch, reduced tillage, no-tillage, strip cropping, leaving a rough tilled soil 
surface, and treatment of exposed areas by re-seeding and planting can help to reduce 
the extent of both wind and water erosion on cropping and grazing systems. 
 
 
Tillage Methods 
There are two general types of tilling practices, conventional-till or intensive-till and 
conservation-till. Conventional-till plows all residues from the prior harvest into the soil, 
as opposed to conservation-till, which leaves at least 30 percent of the crop residue on 
the surface undisturbed. No-till leaves all crop residue and does not till at all before 
planting the following crop.356 According to the Conservation Technology Information 
Center, in 2008, conservation tillage methods totaled 113,764,677 acres in the U.S., 
intensive-till totaled 101,339,774 acres, while all other tillage methods totaled only 
58,983,025 acres.357 
 
Soil erosion is the main concern with the use of intensive tillage practices. To avoid 
erosion, farmers may employ conservation tillage, which is broadly defined as any tillage 
method that leaves sufficient crop residue in place to cover the soil surface.358 
 
The benefits of conservation tillage include: 359 

- Reduced wind erosion 
- Improved soil moisture management 
- Increased carbon sequestration 
- Reduced water erosion 
- Increased options for multiple cropping 
- Improved soil structure 
- Weed suppression  
- Reduction of the volatilization of organic matter from tillage 

 
The benefits of higher carbon sequestration rates go beyond reducing carbon dioxide 
emissions. Higher levels of soil organic carbon (SOC) actually help bind the soil particles 
together causing the near surface soil to be more stable and less susceptible to water 
erosion. Raindrops can be more erosive than runoff or flowing water because they have 
a higher velocity, particularly in arid locations. High levels of SOC are important in areas 
where annual precipitation is low and evaporation is high, such as the Great Plains, to 
decrease erosion. A study conducted in the Great Plains region, including a site in 
Akron, Colorado, concluded that under no-till soil practices, the increase in SOC content 
was “partly responsible for the greater aggregate water repellency, stability, and 
resistance to raindrops.”360 
 
No-till is a type of conservation agriculture and is a growing trend according to the 
USDA.361 No-till can be used on almost any crop. Beyond protecting soil from erosion, 
increasing water retention,362 and decreasing energy use, no-till agriculture can also 
increase the soil’s ability to absorb carbon, decreasing carbon dioxide in the 
atmosphere.363 No-till practices can also decrease farmer’s fuel costs. The USDA 
Natural Resources Conservation Service estimates that a farmer can save 3.5 gallons of 
fuel per acre by changing from conventional-till methods to no-till.364  
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A long-term study of cereal crop production in the Northern Great Plains region found 
that a zero-tillage management system had greater soil water retention than 
conventional tillage during a six-year drought period. Mean crop biomass in the zero-
tillage system was 53-66 percent greater than the conventional system. Furthermore, the 
amounts of carbon and nitrogen in the soil surface residues were 23-141 percent greater 
than in the conventional tillage system.365 
 
While there are many soil benefits to conservation tillage practices, like no-till agriculture, 
there are two main concerns: economic viability and the increased use of nitrogen 
fertilizers. No-till farming methods have been reported to produce lower total yields 
compared to conventional-till methods when nitrogen levels are comparable. A study 
conducted outside of Fort Collins, Colorado, attempted to fill the information gap on the 
economic effect of conventional-till versus no-till systems. The study concluded that a 
no-till system required more nitrogen fertilizer to produce equal yields, but less irrigation 
and machinery were necessary.366 A study done in Southwest Colorado and Southeast 
Utah had similar findings; minimal-till and no-till methods increased water storage in the 
soil, but also relied more on fertilizers. While conventional-till methods produced higher 
yields for corn in this study, they cost more to produce.367   
 
Although organic farming has been shown to supply high organic matter inputs to soil 
with reduced reliance on synthetic fertilizers and pesticides, the high reliance on tillage 
for organic production can reduce soil and water conservation through erosion and 
compaction.368 The common use of synthetic fertilizers and pesticides in conservation 
tillage is not an option for organic farmers,369 making some organic farmers more 
cautious than conventional growers to implement conservation tillage as it would limit 
using tillage as a management method for weeds and cover crops.370 A study evaluating 
the suitability of conservation tillage for organic agriculture found multiple tradeoffs 
including: 371 
 
Potential advantages: Potential disadvantages:  
- Reduced erosion  - Greater pressure from grass weeds  
- Increased microbial activity and carbon 

storage 
- Less suitable than ploughing for poorly 

drained, unstable soils 
- Less run-off and leaching of nutrients  - Restricted N availability and restricted  
- Reduced fuel use and faster tillage  crop choice 
 
The authors of the study found that the success of conservation tillage in organic farming 
hinges on the choice of crop rotation to ensure weed and disease control and nitrogen 
availability, and acknowledged that additional research is needed to further evaluate 
conservation tillage in organic agriculture. 
 
A recent study conducted by National Resource Conservation Service (NRCS) in 
Colorado looked at the economic viability of using strip tillage for sugar beets in the 
Front Range of Colorado. The study found that yields were less than traditional sugar 
beet tillage, but net profit was higher. During the study, NRCS found that strip tillage for 
sugar beets is a new concept in Colorado, as there is a “ belief that sugar beets would 
only grow from a fine tilled seedbed.” NRCS’s “final conclusion from observations on the 
project is that a producer should do several years of strip till corn before going to strip till 
sugar beets to learn the system.”372 
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Graph 8: Irrigated Continuous Corn Grain Yields in Comparison to Nitrogen 

Fertilizer Rates for Conventional-till and No-till Farming, 2000-2004373 
 

 
 
David Archer, an Agricultural Research Service economist, found no-till was more 
profitable than conventional-till on irrigated continuous corn crops because of lower 
machinery and labor costs, as well as a decrease in fossil fuel use. While Graph 8 
shows higher yields (crop production) for conventional-till agriculture when nitrogen 
fertilizer rates are equal, Graph 9 demonstrates that no-till farming earns higher net 
returns (financial income) when nitrogen fertilizer rates are equal.374 Comparing the data 
from the two charts, as nitrogen fertilizer rates stay constant, no-till farming earns higher 
net returns even with lower yields. Additionally, future water supply issues could prove 
no-till farming to be the more desired method since it tends to need less irrigation.375   
 

Graph 9: Irrigated Continuous Corn Net Returns in Comparison to Nitrogen 
Fertilizer Rates for Conventional-till and No-till Farming, 2000-2005376 
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There are some tillage methods that are a combination of conventional-till and no-till, 
such as ridge-till, mulch-till, and reduced-till. Both ridge-till and mulch-till are considered 
conservation-till methods because they leave greater than 30 percent of past crop 
residue on the land, however, reduced-till methods only leave 15 to 30 percent of crop 
residue and thus are not considered conservation-till.  
 
Ridge tillage consists of maintaining – permanent or semi-permanent – artificially 
created ridge beds across an entire field. The ridge beds are established and maintained 
through the use of specialized cultivators and planters designed to work with heavy crop 
residues. The primary focus of ridge tillage is on row crops such as corn, soybeans, and 
cotton.377 In contrast to most forms of mulch tillage, more crop residue remains on the 
soil surface for a greater portion of the season. 
 
Mulch tillage is full-width tillage, meaning that all of the soil surface is disturbed, and is 
done prior to and or during planting. Although some crop residue is left on the soil 
surface, at least 30 percent of the soil surface is disturbed.  Some examples of mulch 
tillage are aerways, rotary harrows, and turbo tills. Some advantages of mulch tillage 
practices are that it creates moderate erosion control and it helps the soil retain 
moisture.378 
 
Soil that is not affected by erosion is considered stable soil. This typically occurs when 
the topsoil and the subsurface soil are very similar. When there is a slight difference in 
soil qualities between the topsoil and subsurface soil, causing it to erode initially but then 
stabilize, it is considered neutral soil. Finally, when the subsurface soil below a good 
layer of topsoil is poor in quality, causing erosion to be much more likely, the soil is 
considered to be susceptible soil. Conventional-till agricultural practices, typically 
associated with high levels of erosion, can be used if the soil is considered stable soil.379 
The negative effects of conventional-till on neutral soil and susceptible soil systems are 
greater than on stable soil systems. 
 
 
Grazing Practices and Crop Rotation 
Boulder County has historically been a grassland region, however, only about 15 percent 
of the original grasslands remain because of an increase in irrigated cropland, 
development, and recreation.380 Due to this decrease in the abundance of grasslands, 
grazing practices have an important impact on the surrounding systems. Not only do 
native grasses provide food to livestock, but they also protect soils from wind and water 
erosion, sequester carbon, keep watersheds below grazing areas clean,381 and increase 
soil water infiltration.  
 
Grazing frequency intensity and timing (seasonality) influence how grasses respond to 
grazing practices.382 Proper grazing strategies allow grasses to recover, however, there 
is no umbrella grazing strategy since the proper time to move livestock from one area to 
another is based on the amount of green leaf material left in the grass.383 Grazing can 
also affect the water infiltration rates of soil. A study conducted near Nunn, CO, 
compared the infiltration rates of three different soil types at three different grazing 
levels. The three types of soils studied were Ascalon sandy loam, Shingle sandy loam, 
and Nunn loam. On areas with the three soil types, three grazing rates were used: light, 
moderate, and heavy. To test the infiltration rates, rainfall was simulated and the 
difference between application and runoff rates were calculated. It was concluded that 
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moderate grazing is optimal on all three of the soil types. This study only addressed 
infiltration rates of soils in association with grazing practices; therefore, conclusions 
cannot be drawn about how grazing affects other soils and processes such as water 
pollution concerns.384   
 
The USDA and Natural Resources Conservation Service recommend protecting 
grasslands by using deferred grazing methods in the Boulder area. Deferred grazing 
enables the pasture or rangeland to rest during the growing season, increasing the 
physical strength of the grass and allowing it to reproduce naturally. Deferred grazing 
can help maximize the amount of forage in a given area, providing the greatest value to 
the livestock.385   
 
Crop rotation is the practice of rotating crops on a given plot of land, whether that is a 
rotation of high residue with low residue crops, or a rotation of field crops with forage 
crops. The effects of crop rotation can vary greatly because of the many variables 
involved, including type of soil, type of crop, management of crop residue, and general 
farming practices. Although the benefits of crop rotation can vary, the possible benefits 
include:386 

- Increased organic matter  
- Reduced soil erosion 
- Improved pest management 
- Break weed cycles 
- Reduced runoff and erosion 
- Improved soil tilth 
- Better moisture efficiency 
- Higher yields 
- Improved aesthetics and wildlife habitat 

 
For more information on crop rotation and pest management, see section 7.4 Integrated 
Pest Management. 
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5.3 Organic Matter, Cover Crops, and Green Manures 
 
Soil organic matter and humus have been found to create a healthy and fertile soil 
structure.387 Most soils in Colorado have low amounts of organic matter, containing less 
than 1.5 percent.388 Soils containing higher percentages of organic matter or humus are 
better able to retain water and nutrients and resist erosion. Cover crops and green 
manures can serve as organic material sources for agricultural systems, helping to 
decrease the potential for soil erosion while improving soil tilth, water-holding capacity, 
stability, and structure.389, 390 
 
A cover crop is any crop that is grown to provide soil cover mainly for the purpose of 
reducing wind and water erosion. A green manure is any field or forage crop, including a 
cover crop, that is incorporated into the soil while the crop is still green or flowering. 
Cover crops and green manures can be annual, biennial, or perennial plants that grow in 
a pure or mixed stand during all or part of the year. In addition to providing ground cover 
they may also help suppress weeds and reduce diseases and insect pests.391  
 
Factors affecting the economics of cover crop use include:392 

! The cash crop grown 
! The cover crop selected 
! Time and method of establishment 
! Method of termination 
! The non-market value applied to the environment, soil productivity, and soil 

protection benefits derived from the cover crop 
! The cost of nitrogen fertilizer and the fertilizer value of the cover crop 
! The cost of fuel 

 
In the literature reviewed, there are three types of costs associated with using cover 
crops: direct, indirect, and opportunity costs. The direct costs are affected by the cost of 
seeds, water and energy, as well as nitrogen fertility dynamics in cover crop systems. 
Direct costs are typically associated with cover crop establishment and are particularly 
high for legumes. Studies state that the costs of establishment can be ten times higher 
for leguminous cover crops than for grasses because of large seed size, seed dispersal 
mechanisms, and the generally weak emergence of leguminous cover crops.393 
However, the increased cost of the legume cover crop seed can be offset by the value of 
nitrogen that legumes can replace from other fertilizers.394 The cost of legume seeds is 
minor compared to the cost associated with delaying a main crop planting in order to 
plant cover crops, and is only practical in some cases.395, 396  
 
Another direct cost associated with cover crops and green manures is water use. 
Regardless of which tillage system is used, the risk of early-season soil water depletion 
by cover crops remains the same.397 Furthermore, moisture availability typically limits the 
use of cover crops in dryland systems. A literature review of dryland cover crop studies 
on the Great Plains found that the use of cover crops on dryland cropping systems 
reduced the yields of subsequent crops.398 One study found that 

“Cover crops use soil water while they are growing. This can negatively 
affect cash crop yields. Once killed, however, cover crop residues may 
increase water availability by increasing infiltration and reducing 
evaporation losses. Short-term soil water depletion at planting may or 
may not be offset by soil water conservation later in the growing 
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season. This is dependent on rainfall distribution in relation to crop 
development.”399  

Water consumption by a cover crop is a concern in areas with less than 30 inches of 
precipitation per year, like Boulder County.400 Additionally, turning green manure into the 
soil requires additional time (labor) and energy expense, compared to not planting a 
cover crop.401  
 
The indirect on-farm costs include hindering the establishment of the succeeding cash 
crop and cover crop management problems that impede realization of the expected 
benefits (i.e. over-vigorous cover crops that are hard to kill or incorporate).402 Some of 
these potential disadvantages are highlighted in Figure 19. Also, cover crops have been 
shown to harbor insects, diseases, and nematodes that could be harmful to a cash crop, 
but conversely, have been used in conservation tillage systems to attract beneficial 
insects. Understanding these specific crop and pest interactions can be complex and is 
best evaluated at individual farms.403, 404 For additional information see Pest 
Management. 
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Figure 19: Potential Disadvantages of Cover Crops405 

 
 
Opportunity costs of income forgone by planting a cover crop instead of cash crops may 
be the highest costs associated with cover crops. For this reason, cover crops are rarely 
grown when cash crop alternatives are possible.406 Spring soil temperature is particularly 
important in cover crop and conservation tillage systems. Cover crop residues keep the 
soil cooler, which benefits the cash crops throughout the summer, but can delay spring 
planting compared to a system without a cover crop because soil temperatures need to 
be warmer. This was shown in a study conducted in Northern Colorado, where reduced 
corn yields were reported for no-till compared to conventional tillage within a continuous 
corn production system due to cooler soil temperatures and slower plant development in 
the no-till system.407, 408 
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The cost of seed usually can be recouped in the short-term by the reduced need for 
expensive nitrogen fertilizers and in the long-term by building and maintaining soil 
organic matter.409 Cover crops and green manures help to cycle soil nutrients such as 
phosphorus, potassium, calcium, magnesium, sulfur, and nitrogen. When green manure 
is incorporated into the soil or left down as no-till mulch, these plant-essential nutrients 
become available during decomposition, providing long-term soil nutrients.410   
 

Figure 20: Potential Advantages of Cover Crops411 
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The most effective cover and green manure crops are legumes, which are nitrogen-fixing 
plants.412 Common legumes include: peas, beans, alfalfa, clover, and vetch.413 Nitrogen 
production from legumes is a key benefit of growing cover crops and green manures. 
Estimates of nitrogen accumulations by leguminous cover crops range from 40 to 200 
pounds of nitrogen per acre, with 50 percent of the nitrogen accumulations available in 
the first year.414 Cultural and environmental conditions, such as a delayed planting date, 
poor stand establishment, limits of irrigation water available, and drought, limit legume 
growth and reduce the amount of nitrogen produced. Conditions that encourage good 
nitrogen production include optimum soil nutrient levels, soil pH, and adequate soil 
moisture. Typical nitrogen yields from a variety of common legumes are presented in 
Figure 21.  
 

Figure 21: Average Biomass and Nitrogen Yields from Sample Legumes415 

 
 

Alfalfa is a cool season leguminous plant noted for improving soil tilth and having a 
higher potential yield than any other forage crop in Colorado. It is also known for being 
drought tolerant and adapted to growing at higher elevations.416 Alfalfa can be rotated 
with grain and seed crops to increase yield. Much of this increase can be attributed to 
the nitrogen-fixing ability of alfalfa, similar to other legumes.417 The average lbs/acre of 
nitrogen yields for alfalfa ranges from a low of 44 lbs to a high of 308 lbs.418 The impact 
on the nitrogen in the soil may be even greater when alfalfa is grazed instead of hayed 
because of nutrient recycling.419 An additional benefit of rotating alfalfa is its ability to act 
as a living mulch, such as in an alfalfa-corn rotation. However, this can present 
challenges when the alfalfa is rotated with certain crops, such as soybeans, because 
they are slower growing and more susceptible to competition from living mulch.420  
 
 
Bio-char 
Additional soil nutrient inputs can come from livestock manure and bio-char. Bio-char is 
a charcoal rich in nutrients and organic carbon that is produced from partially burning 
biomass. The application of bio-char improves soil fertility by adding and retaining soil 
nutrients. Bio-char is more effective at retaining most nutrients and keeping them 
available to plants than other organic matter such as common leaf litter, compost, or 
manures.421  
 
Using bio-char can be complicated because its chemical composition needs to be 
closely matched to the soil to which it is applied. Therefore, using bio-char from local and 
regional settings will likely prove to be more effective than using bio-char that has 
traveled long distances. The majority of bio-char projects are small scale, but are 
increasingly considered as a local means of replenishing soil nutrients.   
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5.4 Soil Amendments 
 
Soil amendments are instrumental to soil health management. Soil amendments are 
simply any material that is mixed into the soil, however, they do not imply that the 
material is helpful or harmful to soil health or plant growth. Organic soil amendments can 
either be organic material, such as compost and manure, or an organic fertilizer that 
does contain a certain guaranteed level of nutrients.422 In Colorado, compost is 
considered a soil amendment even if it does not contain microorganisms. Fertilizer 
differs from compost because legally it must guarantee a certain level of nutrients. 
Technically, mulch is not considered a soil amendment because it is applied to the 
surface of the soil rather than mixed in. Selecting the best amendments to achieve the 
desired results, using amendments appropriately, not over-amending, and evaluating 
their productivity are all functions of managing soil health.423 
 
 
Nitrogen Applications 
One of the main problems associated with nitrogen fertilizer is that it is typically over 
applied. In many regions, the nitrogen levels in groundwater exceed EPA standards.424 
The USDA conducted tests in Colorado’s South Platte River Basin aquifer and found 
that in 70 percent of their test sites within ten miles of feedlots, nitrate levels were above 
EPA standards.425 This illustrates that manure and other nitrogen fertilizers can easily 
cause water pollution if they are not managed properly. For this reason, it is necessary 
that nitrogen fertilizers be efficiently used.426 Application rates for nitrogen fertilizers can 
be calculated using several different methods. In the Western Great Plains region, 
nitrogen algorithms using field productivity are generally used to decide the appropriate 
use of nitrogen.427 The effects of nitrogen over application are explained in more depth in 
section 4. Water Pollution.  
 
Nitrous oxide emissions are primarily generated from synthetic fertilizer applications, 
excessive nitrogen applications, and nitrogen leaching.428 Nitrous oxide has a global 
warming potential of 310 – the impact of nitrous oxide is 310 times more severe than 
carbon dioxide – and is the largest contributor to agricultural GHG emissions.429 
Excessive nitrogen applications can be mitigated with slow- or controlled-release 
synthetic fertilizers, manures, and/or legumes.430, 431 Nitrogen leaching and runoff can be 
prevented through erosion control using cover crops, reduced tillage, increased soil tilth, 
precision applications to coincide with crop usage, and improved irrigation management. 
In Boulder County, leaching losses are mostly due to furrow and flood irrigation. 
 
Nitrous oxide is released from excess nitrogen applications that are not used by crops. 
All forms of nitrogen applications can contribute to nitrogen losses, but because legumes 
fix nitrogen from the atmosphere and fulfill remaining nitrogen needs using soil nitrogen, 
the primary contributor of excess nitrogen is synthetic nitrogen and, to a lesser degree, 
manure. About 50 percent of the nitrogen released from manure or legume crops 
becomes available to the plants in year one, and most of the remaining nitrogen is used 
to build up soil humus and improve overall soil fertility.432 Similarly, the crop plants 
absorb about 50 percent of nitrogen contained within synthetic nitrogen fertilizers; but 
instead of the remaining nitrogen being used to build soil fertility, the nitrogen is released 
from the soil as nitrous oxide and runoff or leaching.433, 434 Using a slow- or controlled-
release synthetic fertilizer, manure, and/or legumes can help to prevent excess nitrogen 
losses.435, 436  
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Farmers can also prevent excess nitrogen application by utilizing precision agricultural 
practices and applying nitrogen directly to the plant root at the right time of year. 
Precision agriculture can increase the efficiency of applying fertilizer, which reduces 
fertilizer costs, but the economic viability of precision farming needs to be evaluated on a 
farm-by-farm basis. The economic benefits of precision agriculture depend on whether 
the realized increase in revenue is sufficient to cover the costs of the technology.437 
When excess nitrogen is applied, non-legume cover crops can be planted following 
traditional growing cycles to take up any nitrogen that was leftover from the cash crops. 
Nitrogen availability and use can be improved with erosion control and reduced- or no-till 
practices. Planting cover crops on fallow fields prevents nitrogen and carbon loss from 
erosion and no-till practices reduce disturbance and destabilization of soils.438   
 
Nitrogen fertilizers have varying effects on different crops because of differences in root 
systems. In a study done in the Arkansas Valley in Southwest Colorado, onions and corn 
were rotated to test these varying effects. Onions have shallow root systems; therefore, 
nitrogen fertilizers are more likely to leach in the groundwater, because less of the 
fertilizer is recovered by the crop. By rotating crops such as wheat or corn with onions, 
the alternate crop can help extract residual nitrogen. The study found that rotating crops 
can help recover some residual nitrogen; together, both crops recovered around 39 
percent of the total nitrogen fertilizer. However, this does not solve the concern of 
groundwater contamination.439  
 
 
Manure 
Animal manure, especially solid and slurry manure, contains large amounts of organic 
matter. The continued application of manure can supply plant nutrients and slow down 
the depletion of soil organic matter.440 Manure organic matter can contribute to improved 
soil structure, resulting in improved water infiltration and greater water-holding capacity 
leading to decreased crop water stress, soil erosion, and increased nutrient retention. An 
extensive literature review of historical soil conservation experiment station data from 70 
plot years at seven locations around the United States suggested that manure produced 
substantial reductions in soil erosion (13-77 percent) and runoff (1-68 percent).441 While 
manure offers many benefits for soil health, it can also pose risks. Continuous over-
application of manure can result in increased salinity, degradation of surface water from 
phosphorus runoff, or groundwater contamination by nitrates. Application of manure is 
best applied based upon crop nutrient needs determined by soil testing to ensure 
appropriate application rates.442 
 
Typically, there are about 1,000,000 cattle at any one time in Colorado, with each 1,000-
pound animal producing between 50 and 60 pounds of manure and urine per day. The 
nutrients in the manure excreted from these cattle have a fertilizer value of $34.2 million 
annually in 2007 dollars.443 In Boulder County there are over 15,000 cattle, which 
produce roughly 381 tons of manure.444 Figure 22 shows the approximate nutrient 
content of manure and the projected value per ton in 2001 dollars.445, 446 
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Figure 22: Approximate Nutrient Content of Various Types of Manure at the Time 
of Land Application447 

 
 
There are three major costs associated with using manure in agriculture: loading, 
transporting, and land application. Each of these three activities can require its own 
equipment. Since livestock manure can be liquid, slurry, or solid, the cost of distribution 
varies. Solid manure can usually be hauled farther for a lower cost while liquid manure, 
which cannot be transported as easily, can be distributed locally with low cost irrigation 
systems relatively inexpensively. Average manure costs are difficult to estimate because 
of the dependence on location, type, and availability. Figure 23 illustrates the 
comparative costs of different types of manure, transportation, and land application.448 
 

Figure 23: Manure Application and Distribution Costs449 

 
Note: $ indicate expense relative to other types of manure.   
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Although manure is an inexpensive source of phosphorus (P), the transportation of 
manure can significantly add to the final cost. For this reason, many feedlots and dairies 
in Colorado will provide manure at no cost, if the consumer covers the manure 
transportation. Both manure and composted manure are good sources of available 
phosphorus. Manure-based compost costs about $30 per ton with some providers 
including transportation in that cost. When manure is digested by worms, known as 
vermicompost, the process reduces volume and adds additional microbial diversity. 
Vermicompost is more expensive than the other two manure-based amendments, and 
sells for about $600 per ton.450  
 
Researchers at the Michigan State University Extension attempted to quantify the cost 
comparison between manure and synthetic fertilizers. They estimated costs based on a 
corn-soybean rotation using commercial (synthetic) fertilizer and using manure 
supplemented with commercial (synthetic) fertilizer. They concluded that the 
combination of commercial (synthetic) fertilizer and manure is the most cost effective 
method of fertilization. The cost per acre, including the cost of application, for 4 years of 
commercial (synthetic) fertilizer is estimated to be $298, while manure supplemented 
with commercial (synthetic) fertilizer for 4 years is $205.451 
 
 
Biosolids, Phosphorus, and Saline soils 
Biosolids are a good alternative to chemical nitrogen fertilizers. A study conducted by 
Colorado State University in eastern Adams County, CO, compared commercial 
fertilizers to biosolids on no-till dryland agrosystems. The researchers observed winter 
wheat-fallow (WF) and winter wheat-corn-fallow (WCF) crop rotations. No significant 
differences in yields were found in the wheat rotation. In the corn rotations, biosolids 
created higher grain protein in the corn crops. They also found that biosolids did not 
raise the levels of salinity compared to commercial fertilizer.452  
 
Phosphorous fertilizer, unlike nitrogen fertilizer, poses less risk to groundwater pollution 
because it is not as soluble; therefore, it only affects surface water. Manure and sewer 
sludge biosolids are two forms of soil amendments that increase phosphorous in soil. 
Like most other soil amendments, to most efficiently use phosphorous fertilizers and 
avoid over-fertilization, frequent soil tests are necessary.453 
 
In arid climates like Colorado, saline soils can present problems to plant growth. Saline 
soils occur when minerals are left in the soil after water evaporates. This accumulation of 
soluble salts in the root zones can stunt and weaken plants because they reduce water 
uptake. How crops are affected by salinity varies, depending on the type of crop. 
Management practices can help mitigate problems associated with saline soil. These 
include installing proper – possibly artificial – drainage systems, applying crop residue to 
soil surface to avoid evaporation, and managing irrigation frequency to maintain soil 
moisture.454  
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6. Inputs 
Summary 
 
In 2008, inputs (non-labor) totaled almost $800 million for all agricultural operations in 
Colorado, representing a significant expenditure for farmers in the state compared to 
historical costs. The price of these inputs has been steadily increasing since the 1970s, 
especially for electricity, seeds, pesticides, and fertilizers. After fuel (diesel and 
gasoline), the highest expenditure of manufactured inputs in Colorado is for fertilizers, 
with synthetic nitrogen fertilizers representing the largest portion.  
 
Overall, the cost of synthetic commercial fertilizer has been increasing due to the 
upward-trending price of natural gas, which is the main input in the production of the 
ammonia that is used to make all synthetic nitrogen fertilizers. Additionally, due to the 
increase in price of natural gas, a large number of ammonia plants have shut down in 
the U.S., increasing reliance on imported ammonia for synthetic fertilizers and raising 
concerns about increased costs to farmers. Future fertilizer prices are largely unknown, 
but are expected to continue to trend upward with rising energy costs.  
 
As the price of synthetic fertilizers continues to increase, manure is becoming a more 
valuable and less expensive source of nitrogen fertilizer. Crop producers are 
increasingly buying manure from livestock producers or adding livestock to their crop 
operations so that they can incorporate manure into their practices. In 2007, 293 farms 
used synthetic fertilizers and soil conditioners on over 25,000 total acres in Boulder 
County, while 147 farms used manure as a fertilizer on just under 5,000 acres.  

Non-manufactured nitrogen fertilizers are increasingly being used as a means to reduce 
vulnerability to the price changes in fossil fuels. The most common alternatives to non-
manufactured nitrogen fertilizers identified include green manures and integrating 
livestock into crop production. These practices, combined with other techniques such as 
conservation tillage, have shown to greatly decrease the need for synthetic fertilizers by 
increasing nutrient efficiency and improving soil health.   

One factor identified in the literature that has been responsible for driving up seed 
prices, which have increased 146 percent since 1999, has been the adoption of 
genetically engineered (GE) seeds. However, due to the high adoption rates of GE 
seeds, technological costs are expected to decrease allowing seed prices to remain 
more consistent for the future.  

A noted concern regarding GE seeds is the issue of cross-pollination, which can 
significantly impact the potential inputs in other non-GE crop systems if not managed 
correctly. In the literature reviewed there is no debate that cross-pollination can and 
does happen in all types of agriculture, including GE to non-GE crops. Concern of 
pollen drift in Boulder County prompted a study to determine the necessary buffers 
needed to limit cross-pollination in corn.  



! ! !!
"#$%&!'())!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!=+!>5?324!

!,342#.5#6/1!78$.%3/23$1!
9.21$#23$1!:1;.1<!

!
"+*" 

6.1 Agricultural Use of Inputs  
 
The total cost of farm production in Colorado was 4.5 billion dollars in 2008,455 much of 
which can be attributed to the high costs of inputs. Agriculture inputs include energy, 
capital, labor, and manufactured inputs, which include fertilizers and lime, pesticides, 
fossil fuels and electricity. Seed, fertilizer, and pesticide costs have been increasing 
since 1970 (Graph 10).456 Seed prices have risen over time with the adoption of 
genetically engineered seeds. Since 1999, prices for seeds have risen 146 percent, but 
are forecasted to remain more consistent because of high adoption rates of GE seeds. 
The future of fertilizer prices is unknown in the long-term because they are derived from 
natural gas and rely on fossil fuels and electricity for production and transportation.457 
Agriculture production type is another contributing factor to the total production cost 
because it determines the amount and types of inputs used.458  
 

Graph 10: Increasing Cost of Inputs in U.S. Agriculture459 

 
 

Source: Economic Research Services, United States Department of Agriculture. 
 
In 2008, the manufactured inputs in Colorado totaled $796,967,000. Fertilizers, 
pesticides, and energy are some of the main inputs in Colorado Agriculture. Figure 23 
shows the costs of four main agricultural inputs in Colorado, petroleum fuel and oils 
being the largest cost. 
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Figure 24: Dollar Amount of Manufactured Inputs in Colorado460 
Item Dollars 

Petroleum Fuel and Oils 303,235,000 
Fertilizers 243,557,000 
Electricity 137,121,000 
Pesticides 113,054,000 

Adapted from the USDA and the Colorado Department of Agriculture 
 
Measuring the total cots of inputs is difficult because much of the costs are indirect, 
which creates negative externalities (non-market costs) usually paid by society as a 
whole.461 Some of these costs include groundwater contamination, soil erosion and 
degradation, and pesticide residues in food. Conventional agriculture has benefited 
the U.S. because of the low-cost food it has provided. Food and feed produced by 
conventional agriculture is more expensive than perceived due to the external costs that 
are not factored into food prices, because farmers do not pay for them.462 
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6.2 Fertilizers 
 
Fertilizers provide nutrients to improve plant growth and crop yield. Nitrogen is vital to a 
plant’s ability to develop proteins and enzymes, which then helps the plant grow.463 
Fertilizer use depends on several factors including soil type, soil fertility, climate, crop 
rotations, and price. Although some farmers use organic fertilizers (plant, animal, or 
mineral based) and animal manure, synthetic commercial fertilizers are the main type 
used in U.S. agriculture.464, 465 After petroleum fuel and oils, the highest expenditure on 
manufactured inputs in Colorado is fertilizers (Figure 24).466 Commercial fertilizers can 
be economical, but like all types of fertilizers, when the plant requirements do not 
balance with the amount of fertilization, excess nutrients can contribute to water 
contamination.467 More information on the effects of fertilizers on water contamination 
can be viewed in section 4. Water Pollution.   
 
Of the total commercial fertilizer use in the U.S., nitrogen-based fertilizers comprise the 
largest portion, with a 56 percent share compared with 24 percent for potash, and 21 
percent for phosphate (Graph 11).468    
 

Graph 11: U.S. Commercial Fertilizer Use, 1965-2002469 

 
 
The cost of commercial fertilizer is greatly increasing. Since nitrogen costs can be the 
largest fertilizer expense for farmers, the overall cost of inputs is rising for conventional 
farmers. The United States Department of Agriculture (USDA) states, “because natural 
gas is the main input used to produce ammonia, which, in turn, is the main input used to 
produce all nitrogen fertilizers, the volatile and upward-trending price of natural gas in 
recent years has affected the price and supply of ammonia, and, thereby, the supply and 
price of nitrogen fertilizers, which is a great concern to U.S. agriculture.”470 
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An increase in price of natural gas has caused a reduction in domestic production of 
ammonia, which has caused ammonia plants to shut down in the U.S.471 This has 
increased U.S. dependence on imported ammonia, which has risen since 2000. The 
USDA reports, “from 2000 to 2006, annual U.S. imports of ammonia increased from 3.9 
to 8.4 million tons, an increase of 115 percent, while ammonia exports remained 
constant.”472 See Graph 12 and Graph 13. 

 
Graph 12: U.S. Ammonia Imports, Exports, and Net Imports473 

 
Note: Fertilizer year runs from July of the preceding year to June of the year indicated in 
the chart 
Source: USDA, Economic Research Service 

 
Graph 13: U.S. Nitrogen Supply from  

Domestic Production and Net Imports474 
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The production of commercial fertilizers requires not only natural gas, but also electricity 
and petroleum, which are used in the manufacturing process. Fertilizer is transported 
through pipeline, barges, railways, and trucking systems, which rely heavily on 
petroleum. Figure 25 displays the location of U.S. ammonia production plants and their 
capabilities. The rise of both electricity and petroleum will lead to increased cost in 
fertilizers.475 The future of the price of commercial fertilizers is unknown, because of its 
dependence on non-renewable resources. If domestic natural gas prices are low relative 
to other countries, it will be more cost effect to produce ammonia in the U.S., but if 
natural gas prices rise domestically, ammonia imports will increase.476 

 
Figure 25: U.S. Ammonia Production Plants, 2005-06477 

 

 
 

In addition to commercial fertilizer being costly to farmers, it also consumes the most 
energy. For more information on farm energy use, see section 2.1 Breakdown of Energy 
Use. The National Sustainable Agriculture Information Service states, “about a third of all 
energy used in U.S. agriculture goes to commercial fertilizer and pesticide production, 
the most energy-intensive of all farm inputs.”478 Because commercial fertilizer prices are 
increasing, manure is becoming a more valuable source of nitrogen fertilizer. Crop 
producers are either buying manure from livestock producers or adding livestock to their 
crop operations so that they can incorporate manure into their practices. 479 That said, 
agriculture production still relies heavily on commercial fertilizers.  
 
In 2007, 10,533 farms in Colorado used chemical fertilizers and soil conditioners and 
only 3,723 farms used manure for fertilization. Obviously there are farms that use both 
types of fertilizers.480 In Boulder County, 293 farms used chemical fertilizers, and soil 
conditioners, on a total of 25,785 acres. There were 147 farms that used manure as a 
fertilizer in Boulder County, totaling 4,477 acres.481  
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Non-manufactured nitrogen fertilizers can be used to minimize use of commercial 
fertilizers and reduce vulnerability to the price changes in fossil fuels. These alternatives 
include livestock manure and green manure. Integrating livestock into crop production 
can have environmental and economic benefits. Great economic gains have been found 
when integrating these production systems. The livestock can eat the crop residue 
reducing the need for hay and their manure can be used as a nitrogen fertilizer. Manure 
in integrated systems is less expensive, because it is not distributed from livestock 
facilities, which requires energy for transportation.482 
 
 

6.3 Pesticides  
 
The majority of U.S. farmers rely on synthetic pesticides for their pest management.483 
Three categories of pesticides - herbicides, insecticides, and fungicides - comprise the 
majority of chemical expenditure in the U.S.,484 and have led to the increase in yields 
that has been witnessed in the U.S.485 As discussed in section 6.1 Agricultural Use of 
Inputs, pesticides are relatively inexpensive because the indirect costs are not factored 
into the price. Depending on how cost is evaluated, pesticide use can be considered 
greatly beneficial to the consumer because of the cost savings on food.486 For additional 
information on pesticides, see section 7. Pest Management. 
 
 

6.4 Seeds 
 
The seed industry in the U.S. has changed over the past century; farmers typically buy 
seeds instead of saving them from year to year. This switch to a seed industry has 
evolved from plant breeding and transgenic crops. The research and development of 
seeds now plays a large role in U.S. agriculture. The patentability of seeds started with 
hybrid varieties of corn and eventually led to GE seeds.487  
 
The seed industry in the U.S. has both grown and consolidated over time, and has 
raised some concerns about the market power it has in the agriculture industry. One 
beneficial aspect of consolidation is that it has caused seed companies to be more 
efficient or reduce seeds costs. Additionally there has been an increase in the 
percentage of research and development performed by private companies, and a 
decrease in public funding.488 Seed expenditure has risen as a percent of total farm 
expenditures since the 1960s (Graph 14: Seed Expenditures’ Share of Total Farm 
Expenditures).489 
 

Graph 14: Seed Expenditures’ Share of Total Farm Expenditures490 
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Hybridization of Seeds 
One of the most significant seed innovations was the development of hybrid crops in the 
1930s, particularly corn. Hybridization allows breeders to enhance certain biological 
characteristics more predictably and more quickly than natural selection (sometimes 
termed “selection”). Corn, as an open-pollinated (OP) crop, was well suited to the 
inbreeding-hybridization process. Hybrid corn seeds have their benefits for farmers, 
which include: higher yield potential, greater uniformity immaturity, and resistance to 
lodging making mechanization possible. The advantage of hybridization for seed firms is 
that the enhanced vigor of the hybrid seeds is not transmitted to its offspring, requiring 
farmers to buy new seed every year. The first seed company was organized for the 
commercial production of hybrid corn in 1926, but hybrid corn production only began to 
expand in the early 1930s. By 1960, the share of corn acreage cultivated with hybrid 
seed in the U.S. had reached 95 percent and almost all OP corn cultivated in the U.S. 
was replaced by hybrids by the 1960s.491   
 
 
Genetically Engineered Seeds 
In conventional plant breeding, available genes and traits are limited due to sexual 
incompatibility to other lines of the crop and their wild relatives. This restriction has led to 
the development of genetic engineering, which in principle allows introducing valuable 
traits of any organism (other plants, bacteria, fungi, animals, viruses) into the genome of 
any plant.492 Genetically engineered (GE) crops are classified into one of the three 
categories: crops with enhanced input traits (herbicide tolerance, insect resistance, and 
resistance to environmental stresses), crops with added value output traits (nutrient-
enhanced seeds), and crops that are used for products (pharmaceuticals, bio-based 
fuels, and other products).493 
 
Hybrid and GE seeds are patentable and therefore cannot be legally saved, and 
replanted for the following year.494 Although farmers might prefer GE seeds, because 
their use may lead to higher yields and higher revenues, GE seeds are more expensive 
than traditional seed. Because of the high research and development of agricultural 
biotechnology, the extra costs of GE seed companies are passed on to the farmers. 
This is one reason why the benefits of adopting GE crop practices vary. Another 
example of how benefits can vary is if the level of insect infestation is high, the benefits 
from Bacillus thuringiensis (Bt) GE seeds will be greater than if insect infestation was 
low.495  
 
Use of GE seeds can affect farming practices by changing the type of tillage practiced. 
For example, a possible benefit of herbicide tolerant (HT) crops is soil conservation, 
through adoption of conservation tillage practices. Herbicide tolerant crops may allow 
farmers to use post-emergent herbicides, such as glyphosate, and avoid pre-emergent 
herbicides that would be incorporated into the soil. This is a possible benefit that needs 
to be studied in practice to observe if soil health is actually improving as a result of GE 
crops.496 Herbicide tolerant soybeans have had a great impact on tillage practices. 
According to the USDA, about 60 percent of HT soybean acres planted in 1997 used 
conservation tillage, while only 40 percent of the conventional acres planted used 
conservation tillage. HT soybean crops have had an even bigger effect on no-till 
practices compared with conventional tillage, which are 40 percent and 20 percent of 
acres planted respectively.497   
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Cross-Pollination  
There is concern among farmers, consumers, and the organic food industry about fields 
planted with GE seeds and their proximity to those planted with non-GE seeds. This 
concern has stemmed from potential cross-pollination of GE and non-GE crops. Pollen 
drift with GE crops has received greater attention than with non-GE crops, because 
contamination by GE crops can cause an economic loss to farms using non-GE crops, 
especially certified organic farms. There is no debate that cross-pollination can and does 
happen in all types of agriculture. In Boulder County, some organic and conventional 
farmers are concerned about the possible economic loss if GE pollen contaminates their 
non-GE crops.498 Organic crops cannot contain genetically modified organisms and 
therefore would greatly lose value if cross-contamination were found in their crops.499  
 
The concern of pollen drift in Boulder County prompted a study to estimate and evaluate 
the amount and distance of pollen drift in GE and non-GE corn. The two test sites 
included one containing blue kernel color on BCPOS land and the second on an 
adjacent cooperating farmer’s land with the common GE corn containing the Roundup 
Ready" trait. The study concluded that a 46-meter or about 151 feet would allow a 
barrier that would ensure a less than one percent chance of cross-pollination.500 Past 
field experiments on cross-pollination of corn concluded that 200m (660 feet), was 
sufficient to limit cross-pollination to one percent or less. A distance of 300m could limit 
cross-pollination to 0.5 percent or less.501 A review of past experiments concluded that 
levels of cross-pollination are affected by the size of the “emitting” crop and the strength 
of the wind.502  
 
There is contention between studies on the appropriate barriers between GE crops and 
other crops. Since corn pollen is much larger than pollen produced by most grasses and 
is among the largest particles found in the air, it drifts to the ground quickly and does not 
normally travel the distance of pollen produced by other members of the grass family. 
Corn pollen may remain viable from a few hours to several days following its release and 
can survive up to nine days when stored in refrigerated conditions. Under normal field 
conditions, pollen is normally viable for only one to two hours. A probable reason for the 
discrepancies among studies is that temperatures and humidity affect the viability of 
pollen and the different conclusions among studies could be attributed to the varying 
levels of temperature and humidity in the areas studied. Pollen has a reduced period of 
viability for pollination in areas with high temperatures and low relative humidity.503 
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6.5 Current Regulations  
 
Regulations concerning agriculture are numerous and thus a substantial review could 
not be included in this literature review. Two of the most current regulations applicable to 
Boulder County and the GE regulation process are described below. 
 
GE Regulation Process 
In the U.S., the regulatory process for GE foods is under the jurisdiction of three 
separate agencies: the Environmental Protection Agency (EPA), the Food and Drug 
Administration (FDA), and the United States Department of Agriculture. Each agency 
performs a different function, essentially, the EPA regulates the environmental safety, 
the USDA evaluates the safety of the plant, and the FDA evaluates whether the plant is 
safe in food. The USDA has many internal divisions that assess GE foods including: the 
Animal Plant Health Inspection Service (APHIS), which is responsible for issuing permits 
of approval for GE organisms, the Agricultural Research Service, and the Cooperative 
State Research, Education, and Extension Service.504 
 
Before issuing a permit the APHIS evaluates whether the GE crop will:505 

! Expose other plants to pathogens 
! Harm other organisms, including agriculturally beneficial organisms, 

threatened and endangered species, and, in the case of plants that produce 
pesticides, organisms that are not the intended target of the pesticide (non-
target organisms) 

! Increase weediness in another species with which it might cross  
! Have an adverse effect on the handling, processing, or storage of 

commodities 
! Threaten biodiversity 
 

A number of factors determine which laws and regulations apply to GE foods and 
products. These include: the stage of development, the intended uses, the type of 
possible hazards, and the type of organism.506 Intended uses determine which regulation 
applies to a given product derived from a genetically engineered organism. Given the 
large number of regulating agencies, regulations, and statues that apply to GE products, 
there are some discrepancies concerning who regulates which product. Figure 26 
illustrates the broad categories of regulation and which agency evaluates the product. 
For example, whole food plants are regulated by the Food, Drug, and Cosmetic Act, 
under the FDA.507  
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Figure 26: Agencies Responsible for Regulating Genetically Engineered 
Organisms508  

 
Note: The green and white categories (“EPA?”) are those that conceivably could be 
regulated by EPA under TSCA if they both were not regulated under another statute and 
posed an unreasonable risk of harm to people or the environment. 

 
 
USDA Deregulation of GE Alfalfa  
Alfalfa is the fourth largest crop by area harvested in the U.S. (over 20 million acres). 
Only about 40 percent of alfalfa fields are strictly alfalfa, the other 60 percent contain a 
mixture of alfalfa and grasses.509 On January 27, 2011 the USDA announced that GE 
Roundup Ready® (RR) alfalfa, which is resistant to the effects of the weed killer 
glyphosate, would be non-regulated, meaning that the planting of GE RR alfalfa can be 
done without any restrictions. The decision could set a precedent for the deregulation of 
other GE crops in the future. The listed benefits of GE alfalfa are that it is reported to not 
have any nutritional or biological difference to non-GE alfalfa, could increase yields, and 
decrease price.510 However, the gene transfer that can take place between the RR GE 
alfalfa and non-GE crops is still a concern.  
 
The potential for gene transfer in alfalfa grown for hay is not the same as that of alfalfa 
grown for seed due to very different production methods. Cross-pollination between RR 
alfalfa seed crops and that of a non-GE alfalfa seed crops has been realized in studies in 
Idaho and California. In contrast, gene transfer from one alfalfa hay field to another is 
theoretically possible, but several environmental barriers must occur for this to happen. 
These include: flowering must be simultaneous between fields, pollinators must be 
present, the pollen must accomplish fertilization, and those seeds must fall to the ground 
and germinate. When the vast majority of alfalfa hay fields are harvested, none of the 
seeds produced are viable for seed production and only zero to 25 percent of the alfalfa 
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has flowered. However, there are conditions that increase the chance of gene transfer, 
such as excess heat and late harvests where seed is allowed to mature.511 
 
Opponents, many of them organic farmers, believe that GE alfalfa will cross-pollinate 
and contaminate organic and other non-GE crops, which would destroy the value of 
these crops. For more information on cross-pollination, see section 6.4 Seeds. 
Consumer opponents are concerned with GE alfalfa being transferred up the food chain 
into foods for human consumption such as beef and dairy products. The Secretary of 
Agriculture, Tom Vilsack, stated that the USDA would take steps to ensure that GE 
alfalfa would not cross-pollinate. Jeff Wolt, an agronomist at the Iowa State University 
Seed Science Center, does not believe that this is possible, stating, “some degree of 
cross-pollination will occur regardless of what mechanism is going to be put in place.”512 
 
The UDSA states that it will commit one million dollars to the Biotechnology Risk 
Assessment Grants program to restrict pollen flow and to promote co-existence of alfalfa 
production.513 This initiative will be implemented after deregulation.514 As it stands now, 
creating a barrier to minimize risk of contamination is the responsibility of the non-GE 
farmers, because there is no regulation stating that GE alfalfa has to be planted at a 
certain distance from non-GE crops.   
 
GE crop contamination has been a problem in the past, with over 200 episodes reported, 
costing farmers hundreds of millions of dollars in lost revenue.515 The Center for Food 
Safety has already filed a lawsuit against the USDA because the organization believes 
that the Final Environmental Impact Statement was rushed, and believes that several 
factors were not properly assessed.516 
 
 
Regulation of GE Sugar Beet Planting 
On February 4, 2011, the U.S. Department of Agriculture’s Animal and Plant Health 
Inspection Service released the following statement, “APHIS has determined that the 
Roundup Ready (RR) sugar beet root crop, when grown under APHIS imposed 
conditions, can be partially deregulated without posing a plant pest risk or having a 
significant effect on the environment.”517 The Monsanto Company (Monsanto) and the 
seed company KWS issued the request for partial deregulation of RR sugar beets.518 
 
Some of these mandatory conditions for the partial deregulation of RR sugar beet root 
crop production activities and seed production activities include:519 
 

! Planting of H7‐1 sugar beets is not allowed in the state of California, and the 
following counties in Washington State: Clallam, Clark, Cowlitz, Grays 
Harbor, Island, Jefferson, King, Kitsap, Lewis, Mason, Pacific, Pierce, San 
Juan, Skagit, Skamania, Snohomish, Thurston, Wahkiakum, and Whatcom. 

! Root growers shall ensure that root crop fields are surveyed to identify and 
eliminate any bolters before they produce pollen. Root growers shall maintain 
all records of inspection and bolter removal and records must be made 
available to APHIS/BRS and/or to authorized third party inspectors upon 
request. 

! Third party inspectors procured by beet processors (usually a cooperative) 
shall randomly choose a statistically representative sample of fields and 
conduct inspection for bolters. If bolters are identified, field personnel shall be 
notified immediately and those bolters must be removed.  
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! Planting/cultivating/harvesting equipment that might be used in chard/red 
beet production shall not be used or shared for regulated GE material in the 
same growing year. 

! Root crop fields shall be monitored for three‐year following harvest for 
volunteers and any volunteer plants must be destroyed. If the same land is 
used for crop cultivation during the volunteer monitoring period, that crop 
shall be visually distinct from sugar beets or the fields must be left fallow. 

! All root crop growers and field personnel must receive all conditions and 
restrictions identified in the compliance agreements and must be trained in 
the all processes and procedures necessary to comply with the terms of the 
agreement. 

! Root growers shall maintain records of all the activities being carried out 
under the compliance agreements to demonstrate adherence to the 
mandatory conditions and restrictions.  

! Seed producers (permit holders) of H7-1 sugar beets are required to maintain 
a four-mile separation distance between male fertile H7-1 sugar beets and 
all other commercial Beta seed crops (i.e., table beets, Swiss chard) as part o 
the mandatory condition regarding isolation distances across the U.S. 

! A visual identification system, such as labeling, that accompanies the 
regulated material throughout the production system, is required. 

! Planting, cultivation, and harvesting equipment shall be cleaned to prevent 
H7‐1 stecklings or seed from being physically transferred out of production 
areas or mixed with non‐GE Beta material by inadvertent means. 

! All unused H7‐1 stecklings shall be treated as regulated articles until 
devitalized and discarded. 

! All H7‐1 seed and steckling material shall be moved in contained transport 
systems to avoid inadvertent release into the environment. Vehicles or 
movement containers shall be thoroughly cleaned after transport and any 
regulated material recovered shall be devitalized. 

! Sexually compatible varieties (e.g. chard/red beet) cannot be planted or 
produced in the same location (the same field) as H7‐1 in the same growing 
year. 

! Measures to force same year sprouting of H7‐1 seed left in production fields 
are required. Any seed that sprouts from such leftover seed shall be 
destroyed.  

! No H7‐1 seed shall be cleaned or processed in any processing facility that 
also cleans and processes red beet or Swiss chard seed. 

 
For the complete lists of mandatory conditions for crop root production activities, 
importation and interstate movements associated with root production, and seed 
production activities, see Mandatory Condition Requirements for Roundup Ready Sugar 
Beets.520 
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The decision was based on an environmental assessment conducted by APHIS, which 
was published for public comment in November 2010. The partial deregulation of RR 
sugar beets is an interim measure and the final ruling concerning full deregulation will be 
made by the end of May 2012 after a full Environmental Impact Statement is 
completed.521 Their intent to allow planting of GE sugar beets in the meantime was made 
clear.522   
 
Although the statement by the USDA on February 4th allows partial deregulation of the 
planting of genetically modified sugar beets, a separate hearing was held on February 
15, 2011.523, 524 During this hearing, the defendants, Monsanto Company, American 
Crystal Sugar Company, Syngenta Seeds Inc., and Betaseed Inc., sought to reverse a 
previous mandate requiring the removal of RR sugar beet seedlings that had already 
been planted.525 Those in opposition included the Center for Food Safety, Organic Seed 
Alliance, Sierra Club, and High Mowing Organic Seeds.526 This mandate was reversed. 
This decision was determined due to the fact that the plaintiffs failed to demonstrate any 
likeliness of irreparable harm.527
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7. Pest Management 
Summary 
 
In the U.S., the amount (pounds) of applied pesticides has decreased from a highpoint in 
the early 1980s and has remained relatively stable over the past few decades. Pesticides 
are partially responsible for increasing the productivity of agriculture during the last century 
and continue to be a critical factor in reducing crop damage. The overall reduction in 
pesticide applications is attributed to several factors including quality improvements in the 
mix of pesticide ingredients, increases in ability to target specific pests, improved pesticide 
application methods and management from farmers, and high rates of adoption of 
genetically engineered (GE) crops.  
 
Despite reductions in overall pesticide usage, direct and indirect financial expenditures 
remain high, with Colorado farmers spending roughly $113 million on pesticides in 2008, 
or about five percent of operating expenses. Estimates of the external expenses, from 
impacts including pesticide poisonings to humans, reduction of fish and wildlife 
populations, livestock losses, honey bee losses, reduction of beneficial insects, and 
increased pesticide resistance in weeds and insects have been placed at $8 billion 
annually for the U.S. One of the most recent and profound changes to pest management 
has been the high rate of adoption for GE crops since their introduction in 1996. The most 
popular GE crops are those that contain pest management traits, either herbicide 
tolerance or insect resistance. Roundup Ready®, and Liberty Link® maize are two 
varieties of GE crops grown in Boulder County currently. Overall, the literature has shown 
that GE crops can have environmental benefits due to generally decreased pesticide 
usage and stimulation of soil conservation practices. 
 
Estimates of the rates of pesticide use on transgenic varieties vary between crops and 
production systems, but have generally been found to reduce overall applications in the 
range of 3-15 percent, with some studies finding higher averages of 25-33 percent 
compared to conventional crop varieties and systems. While the adoption of GE crops has 
been shown to reduce the pounds of active ingredients of herbicides and insecticides, it 
has also been found to increase the use of the specific type of herbicide that the 
transgenic variety has been engineered to resist. A prominent example is a variety of 
herbicide resistant (in this case glyphosate) soybeans, which have reduced the need for 
overall quantity of non-glyphosate herbicides, but more than doubled the kilograms used 
per hectare of glyphosate. 
 
The increased reliance on pesticides in both conventional and GE cropping systems has 
increased the development of pesticide resistant species, and now over 300 different 
biotypes have displayed resistance to one or more herbicides or insecticides. At present 
the North American Herbicide Resistance Action Committee and the Weed Science 
Society of America (WSSA) have identified four different types of herbicide resistant 
weeds in Colorado, at over 2,000 sites and infesting about 66,000 acres in the state. The 
potential prevalence of pesticide resistance in weeds and insects was estimated in several 
studies to have the capacity to decrease benefits of current chemical pesticides, requiring 
more or different pesticides to achieve similar results in the future, and potentially negating 
previous environmental and financial benefits. Integrated pest management (IPM) is 
widely recognized as a method for reducing the use of chemical pesticides, while still 
limiting damage from pests, though several authors note the slow rates of adoption and 
local nature of methods as limiting factors to IPM being used more frequently.  
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7.1 Pesticide Usage 
 
Pesticides are commonly broken out into three major types: herbicides, insecticides, and 
fungicides (Graph 15).528  They are used to control approximately 600 species of insects, 
1,800 weed species, and numerous species of fungi and nematodes all, of which are 
considered serious pests in agriculture.529 There are three basic ways to evaluate 
pesticide usage. The first is the number of different pesticides applied on a given acre, the 
second is the total pounds of pesticide active ingredients applied per acre in a given year, 
and the third is the toxicity profile of pesticides used (section 10.1 Food Safety).  
 

Graph 15: Overall Pesticide Usage 1964 to 2001530 

  
 
The total pounds of active pesticide ingredients applied to crops rose steadily from early 
1960 until the 1980s, from which time it has remained relatively unchanged.531 The initial 
increase in pesticide usage can largely be attributed to both the adoption of monocropping 
practices, which can make crops more vulnerable to pests, and to excessive or imprecise 
application of pesticides. Due to quality improvements in the mix of pesticide active 
ingredients, increases in the ability to target specific pests, and improved pesticide 
application methods and management by farmers, usage and growth rates leveled out.532 
Additionally, between 1982 and 1990, commodity prices fell and as a result large amounts 
of land were taken out of production.533 Despite these reductions in quantity, the per-unit 
price of synthetic pesticides has continued to increase.534 
 
According to the USDA, since about 1990, pesticide usage has edged above the 1982 
peak, largely due to expanded use of soil fumigants, defoliants, and fungicides on 
potatoes, fruits, and vegetables. Total herbicides and insecticides have remained relatively 
unchanged despite more intensive insecticide treatments on cotton and potatoes, and an 
increased share of wheat acres treated with herbicides.535  
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The amount of insecticides currently applied to U.S crops is significantly down from the 
peak in the 1970s, and now fluctuates between 60 and 80 million pounds annually. 
Insecticides account for 12 percent of total pesticides applied to U.S. crops.536  Graph 16 
shows the most commonly applied insecticides.  
 

Graph 16: Most Common Insecticides in the U.S.537 

 
 
Herbicides represent the largest pesticide class, accounting for about 60 percent of total 
pounds of pesticide active ingredient applied to U.S. crops. The most common pesticides 
are presented in Graph 17. For a discussion of potential water pollution concerns, see 
section 4.4 Pesticides as Water Pollutants.  
 

Graph 17: Most Common Herbicides in the U.S.538 
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Cost 
Costs regarding pesticide use can be looked at in one of two ways: the cost of using them 
and the cost of not using them. Costs of pesticide use can further be broken down into 
direct costs to farmers (in terms of production expenses) and external costs to the 
environment and human health. It is the concern of these external costs that has prompted 
a desire for decreased pesticide use, but this reduction results in costs in the form of 
reduced output and a subsequent decrease in employment in production, processing, and 
handling systems. A reduction in output also suggests increased prices of crops necessary 
for livestock production, thus having an even more widespread impact on our food 
industry.539, 540 
 
Pesticide’s share of farm production expenses has grown significantly from less than one 
percent in 1960 to nearly five percent in 1998, which now represents the largest chemical 
expenditure in agricultural operations.541 In 2008, expenditures on pesticides by Colorado 
farmers totaled well over $113 million dollars.542 
 
Pesticides are partially responsible for increasing the productivity of agriculture during the 
last century and continue to be a critical factor in reducing crop damage. Agricultural 
pests, including animals, insects, plants, fungi, and bacteria, can lead to loss of crops or 
reductions in crop yields, as well as reduce crop quality like blemishes on produce that can 
reduce the value of agricultural commodities. Even as farmers explore alternatives to 
chemical pesticide applications, such as biological control and genetically engineered (GE) 
crops, pesticide production and use remains an important tool for farmers. 543  
 
Much of the pesticide economics literature has focused on balancing the benefits of 
pesticide application (less crop damage) with the total costs, including those borne by the 
farmer (price of pesticide and cost of labor and machinery for application) and those 
imposed on society (such as risks to human health and diminished environmental quality 
from pollution). These studies have faced modeling difficulties due to the need to consider 
wide-ranging direct and indirect effects of pesticide applications. 544, 545   
 
One of the first studies conducted by Knutson et al. in 1990 described the possible effects 
on U.S. agriculture and society of a hypothetical ban of herbicides, insecticides, and 
fungicides.546 Through their calculations, the authors hypothesized that year-end supplies 
of corn, wheat, and soybeans would drop 73 percent without the use of pesticides, 
requiring farmers to increase acreage to make up for reduced per-acre yields. A more 
recent study conducted in 2004 found that in general, each dollar invested in pesticide 
control returns about $4 in protected crops. When the study extrapolated out this ratio to 
include all U.S. agriculture (as of 2004) the authors estimated pesticide control annually 
saves approximately $40 billion in U.S. crops, based on direct costs and benefits.547 
However, the indirect costs of pesticide use to the environment and public health need to 
be balanced against these benefits. 
 
The cost associated with pesticides extends well beyond the farm. A Cornell study 
published in 2005, estimated that the external costs of pesticides in the U.S. totaled almost 
$10 billion annually. The Figure 27 below shows the breakdown of these estimated 
costs.548 
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Figure 27: External Costs of Pesticides549 

 
 
Comparing the above costs with the impacts of not using pesticides has proven to be 
challenging and highly controversial. Analyses typically focus on the loss of output and the 
resulting economic impact and are highly variable depending on the crop, soil, and 
weather. Concrete data in the literature is therefore limited and quite often dated. 
Estimated yield losses due to disuse of insecticides and fungicides range from two to 26 
percent (except for peanuts, fruits, and vegetables which tend to be much higher) and 
estimated yield losses due to disuse of herbicides vary from zero to 53 percent, all taken 
from sources dated between 1985 and 1993 (the years over which the data was 
aggregated, however, are unknown).550  
 
Furthermore, methodologies involved in these analyses have been criticized for 
exaggerating pesticides’ contribution to productivity through a variety of factors.551, 552, 553 
These controversies are discussed in length by Cornejo, Jans, and Smith (1998)554 and 
Sexton, Lei, and Zilberman (2007).555 Despite the lack of agreement, however, Cornejo, 
Jans, and Smith (1998) validated the conclusion from a 1976 study that the per unit 
production “costs of reducing pesticide use for health and environmental considerations 
are relatively high.” However, they noted that because the “value of marginal product of 
pesticides is declining” (i.e. the amount of additional pesticides needed to further increase 
yields) the per unit production costs from reducing pesticide use may also be declining. 556 
 
Complicating analyses further is the difficulty in determining the induced economic impacts 
of reduced output, such as impacts on the livestock industry and employment in the 
agricultural sector. This is particularly true when translating output at the state level into 
economic impacts on a national scale.557 While studies examining induced impacts could 
not be found, one older figure from the Food and Agriculture Organization (FAO) shows a 
30 percent reduction in agricultural output with elimination of pesticide use. Considering 
impacts on the livestock industry, such a reduction in output is expected to yield a loss of 
three to four 1998 dollars per dollar spent on pesticides.558  
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7.2 Application Rates of Pesticides 
 
The majority of U.S. farmers rely on chemical pesticides for their pest management.559 A 
Cornell entomologist estimated that only about one tenth (0.1) percent of all applied 
pesticides reach the intended target pests, leaving the bulk of pesticides in the 
environment as a potential hazard and representing a significant financial investment from 
the farmer.560   
 

Of all agricultural pests, weeds are by far the most pervasive pests in U.S. agriculture in 
terms of the share of herbicide treatments used to control them. Most herbicides are used 
to treat weeds in corn and soybean production systems, while the main uses of 
insecticides and fungicides are for cotton and potato crops.561  
 
Studies have shown a general decrease in pesticide use since 1995, which can be seen in 
Graph 18. Although the use of herbicides for soybeans increased slightly between 1995 
and 2002, corn herbicides and insecticides have decreased and cotton herbicides have 
decreased slightly (Graph 18).562 The overall decrease in pesticide use is due, in part, to 
the increase of GE adoption since 1996.563 
 

Graph 18: Pesticide Use in Major Field Crops564 

 
 

 
Adoption of GE Crops and Pesticide Use 
U.S. farmers have widely adopted genetically engineered crops since their introduction in 
1996, notwithstanding uncertainty about consumer acceptance and economic and 
environmental impacts. Soybeans and cotton with GE herbicide-tolerant traits have been 
the most widely and rapidly adopted in the U.S., followed by insect-resistant cotton and 
corn.565 Since 1996, the percentages of U.S. farmers who have adopted specific GE crops 
have increased dramatically (Graph 19).566 
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Graph 19: Rate of Adoption for Genetically Engineered Crops in the U.S 567 

 
 
Biotechnology in agriculture is a highly debated topic because of transgenic crops, which 
were first developed in laboratories around 1983.568 The most common types of GE crops 
are those that contain pest management traits such as herbicide tolerance or insect 
resistance.569 Herbicide tolerant (HT) crops allow farmers to control weeds using 
herbicides that would usually destroy the crop. The most common herbicide-tolerant crops 
are Roundup Ready® crops that are resistant to glyphosate. Other herbicide resistant 
crops include Liberty Link® corn (resistant to glufosinate-ammonium) and BXN cotton 
(resistant to bromoxynil). In addition to genetically engineered HT crops, there are 
traditionally-bred herbicide-tolerant crops, such as corn that is resistant to imidazolinone 
and sethoxydim as well as soybeans that are resistant to sulfonylurea.570 Insect-resistant 
crops contain a gene from the soil bacterium Bacillus thuringiensis (Bt), which produces its 
own toxins to help protect the plant from insects. Farmers often see higher yields with Bt 
crops compared to conventional crops because the trait stays in the plant throughout the 
growing season, however, additional insecticides are still needed to manage pests that are 
not targeted by the Bt trait.571 Roundup Ready® and Liberty Link® corn are two varieties of 
GE crops grown in Boulder County.572  
 



! ! !!
"#$%&!'())!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!@+!A142!"#5#81B152!

!,342#.5#6/1!78$.%3/23$1!
9.21$#23$1!:1;.1<!

!
"$*" 

 
More recently, crops are being developed with stacked traits, also referred to as stacked 
genes. Stacking traits allows a crop to contain a variety and combination of traits including 
herbicide tolerant and insect resistance traits.573 Other common traits incorporated and 
stacked in transgenic crops include disease resistance, high pH tolerance, and several 
nutritional, taste, texture, and shelf-life characteristics.574 Gene stacking is becoming more 
common, particularly in corn and cotton varieties. For example, nine percent of corn and 
34 percent of cotton grown in the U.S. in 2005 were planted with stacked-gene varieties 
(Figure 28).575 Other studies reveal an increasing trend for stacked genes occupying a 
growing percentage of GE crops worldwide, though specific percentages for Colorado 
could not be obtained.576  
 

Figure 28: Percentages of U.S. 2005 Crop Acreage Planted to Insecticidal, 
Herbicidal, and Stacked-Gene Varieties. 

 
 
The Economic Research Service (ERS) of the United States Department of Agriculture 
(USDA) published a report in 2007 based on research collected and experiences gained 
with transgenic crops during the first decade of cultivation in the U.S. spanning the years 
1996-2005.577 These authors concluded that transgenic crops could have environmental 
benefits due to generally decreased pesticide usage and stimulation of soil conservation 
practices.578 
 
The reductions in quantities of herbicide active ingredients applied to GE herbicide-
resistant crops have shown decreases averaging 25-33 percent of overall use, according 
to a study conducted by Sankulat et al.579 A separate study by Brookes and Barfoot,580 
found a more modest decrease in pesticide usage averaging 6.3 percent. The authors 
used existing data on the farm-level impacts of transgenic crops to calculate the economic 
and environmental effects of all transgenic crops that had been cultivated over the nine-
year period of 1996–2004. The crops evaluated included herbicide resistant soybeans, 
corn, cotton, and canola, as well as insect-resistant corn and cotton. The average 
reduction varies between 2.5 percent for herbicide-resistant corn and 14.7 percent for 
insect resistant cotton. 
 
While GE crops reduce the overall use of pesticides, they often increase the use of a 
specific type of pesticide for which the transgenic variety has been engineered to resist.581 
As shown in  Graph 20, a variety of herbicide resistant (in this case glyphosate) soybeans 
have reduced the overall quantity of non-glyphosate herbicides, but greatly increased the 
use of glyphosate.582 This example is similar to other transgenic varieties, where overall 
pesticide use is reduced but applications of a single pesticide increased. This increased 
reliance and use of a specific pesticide has raised concern from many researchers about 
the increased development of resistant pests and in some cases the need for additional 
pesticides to combat the newly resistant pest varieties.583   

As shown in Graph 20, transgenic crop varieties can reduce overall pesticide use and, to a 
lesser extent, provide greater yields and increased returns. The extent of these benefits 
depends greatly on the local conditions and farm operation as shown by the varying 
results presented. 
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 Graph 20: Herbicide Use on Soybeans in the U.S. 584 

  
 
The review of the first decade of transgenic crops by the ERS USDA found that the 
currently available GE crops are not guaranteed to increase the yield potential. They found 
that the yield might decrease if the varieties used to carry the herbicide-tolerant or insect-
resistant genes are not the highest yielding cultivars. However, they found that when pest 
infestation is high, GE varieties could help to prevent yield losses compared with non-GE 
hybrids.585  
 
 
Herbicide Tolerance 
Some GE Herbicide tolerant crops are engineered to tolerate high application rates of 
glyphosate, an herbicide that is used to control weeds. For example, glyphosate-tolerant 
soybean crops are able to tolerate twice the level of glyphosate application needed to 
control weeds without negatively impacting the yields. A study done on per acre net return 
of glyphosate-tolerant soybeans concluded that higher returns were a result of higher 
yields and lower herbicide costs. Glyphosate-tolerant soybeans were shown to have 
approximately a $6 per acre higher return than traditional varieties. They found that the 
lower herbicide costs were enough to make up for the higher costs of seeds and 
technology fees.586 
 
However, glyphosate-tolerant cotton does not show the same economic gains as 
glyphosate-tolerant soybeans. Field studies found that there is little difference in yields 
between using glyphosate-tolerant cotton and standard cotton.  Although there were no 
economic gains by using glyphosate-tolerant cotton, less total herbicides were used in this 
study. Herbicide-tolerant corn showed no statistically significant difference in profit over 
conventional varieties, but did find that less total herbicides were used.587 While yields and 
market prices vary depending on the HT crop, fewer herbicides are used on all; however, 
they can also cause negative effects. Weed management and weed control have been 
simplified by HT crops, but can lead to a decreased understanding of weed biology and 
weed interactions, which could diminish the use of Integrated Pest Management (IPM) 
practices.588 
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Insecticide Tolerance 
Similar to glyphosate-tolerant and other HT crops, the economic and environmental results 
of Bt crops vary depending on the crop type. Studies conducted in Georgia and Mississippi 
reported Bt cotton to have a large economic advantage over non-Bt varieties and fewer 
spray applications of insecticides.589 A three-year study in Arkansas found that yields and 
profits were higher for two of the years, but lower one of the years. Bt corn reported 
increased yields, but only a small reduction in insecticide application. Total profit was 
higher for Bt corn, including seed technology fees, because of the higher yields.590 These 
studies and others consider yield, pesticide use, and profit on a farm-level. The ERS 
summarized these studies to illustrate the variability among them, the results of which are 
shown in Figure 29.591  
 

Figure 29: Summary of the Effects of Genetically Engineered Crops 
 on Yields, Pesticide Use, and Returns592 
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Insect resistance of the protein trait Bt decreases the efficiency of Bt crops and their 
projected benefits. Insecticidal crystal proteins, also considered toxins, from Bt are the 
basis of defense against targeted insects. Although there is now variation in the crystal 
proteins used in GE crops, some proteins, such as Cry1AB and Cry1Ac, are very similar 
and therefore insects that become resistant to one can be resistant to the other. The first 
generation of Bt crops only contained a single type of toxin throughout the growing 
season. Consequently, the continuous “exposure to Bt toxins represents one of the 
largest, most sudden selections for resistance experiences by insects.”593 In laboratory 
tests, many strains of major pests have evolved with a resistance to Bt toxins. This insect 
resistance evolved because Bt crops continuously produce toxins, whereas Bt toxin sprays 
degrade quickly making evolutionary resistance slow and unlikely. The evolution of 
resistance to Bt sprays and crops outside of the laboratory is documented for only two 
lepidopteran pests. Evolutionary resistance is a major threat to the future success of Bt 
crops.594 For more information, see section 7.3 Pesticide Resistance 
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7.3 Pesticide Resistance 
 
Due to the widespread use of pesticides, many target species including both insects and 
plants, have evolved resistance to the pesticides designed to eradicate them. The number 
of insect species known to display pesticide resistance has increased from less than 20 in 
1950 to over 500 as of 1990.595 The North American Herbicide Resistance Action 
Committee and the Weed Science Society of America have recorded over 300 different 
biotypes that have displayed resistance to one or more herbicides (Graph 21). Of these 
300 resistant biotypes, the WSSA estimates that there are over 125 in the U.S. infesting 
up to 18 million acres.596   
 

Graph 21: Growth in Herbicide Resistant Biotypes597 

 
The WSSA states that there are currently four different types of herbicide resistant weeds 
in Colorado. Local weed scientists estimate that there are 2,260 sites and more than 
66,300 acres of barley, corn, and wheat fields infested with herbicide resistant weeds in 
Colorado. The first herbicide resistant weed reported in 1982 was Redroot Pigweed 
(Amaranthus retroflexus) with resistance to atrazine. The most widespread resistant weed 
in Colorado is Kochia (Kochia scoparia), which evolved a resistance to atrazine (1982), 
metsulfuron-methyl (1989), and triasulfuron (1989). Wild Oat (Avena fatua), with 
resistance to diclofop-methyl is the most recently discovered (1997) new type of resistant 
weed in Colorado. While only four resistant weeds have been found in Colorado, over 23 
resistant biotypes have been found in Kansas, raising concern that other resistant varieties 
may transfer to or develop in Colorado.598 Weeds that are herbicide resistant have been 
witnessed in Colorado since 1982, and are not solely associated with the adoption of GE 
crops. 
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Glyphosate Resistance 
Glyphosate, first commercialized in 1974, has been extensively used for weed control.599 
The first case of evolved resistance to glyphosate was reported in 1996 in rigid ryegrass 
(Lolium rigidum)600 and approximately 18 species have now evolved resistance (Graph 
22).601 According to the National Academy of Sciences, gene flow between herbicide 
resistant crops and closely related weed species does not explain the evolution of 
glyphosate resistance in U.S. fields because sexually compatible weeds are absent where 
corn, cotton, and soybean are grown in the United States. Instead, a number of studies 
have shown that the near exclusive use of glyphosate for weed control, a practice 
accelerated by the widespread introduction of glyphosate-resistant crop varieties, has 
caused substantial changes in weed communities.602 
 

Graph 22: Number of Weeds with Evolved Glyphosate Resistance603 
(*As of March 2010) 

 
 
The number of weed species evolving resistance to glyphosate is growing and the number 
of locations with glyphosate-resistant weeds is increasing at a greater rate as more and 
more acreage is sprayed with glyphosate. Though the number of weeds with resistance to 
glyphosate is still small compared to other common herbicides, the shift toward 
glyphosate-resistant weed biotypes will probably become an even more important 
component of row-crop agriculture unless production practices (such as recurrent use of 
glyphosate) change dramatically.604, 605, 606 The evolution of glyphosate resistance and 
weed shifts are estimated to lead to two important changes in agricultural practices, first a 
general increase in the use of herbicides, and secondly reductions in conservation 
tillage.607 These changes are estimated to increase weed-management costs and 
potentially reduce producers’ profits.608 
 
Insect Resistance  
Similar to weeds, insects can adapt to toxins and other tactics used to control them.609, 610 
When Bt crops were first considered for commercial introduction, the U.S. Environmental 
Protection Agency (EPA) recognized the potential for rapid evolution of insect resistance 
to Bt toxins produced by GE crops as a threat to the benefits provided by Bt crops and to 
the efficacy of Bt sprays in organic and conventional production systems alike.611, 612 
Extensive monitoring of eleven major lepidopteran pests of corn and cotton over the last 
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14 years has revealed that resistance has evolved in only three pest species, namely 
cotton bollworm,613, 614, 615 fall armyworm,616 and some populations of corn stem borer., 617, 

618 While these results show limited development of insect resistance, is has been shown 
that there is usually a delay between the introduction of a novel pesticide and the rapid 
rise in the number of species that have evolved resistance to it,619 suggesting that further 
Bt resistant insects may develop with increased use.  
 
 
7.4 Integrated Pest Management 
 
There are many natural methods to controlling damaging pests and weeds on farmlands.  
Integrated Pest Management uses a wide range of methods, encompassing the 
simultaneous management of multiple pests, regular monitoring of pests and their natural 
enemies and antagonists, use of economic or treatment thresholds when applying 
pesticides, and integrated use of multiple, suppressive tactics, like crop rotations and 
intercropping.620 621 
 

Figure 30: Tillage and Cover Crop Effect on Weed Production622 

 
 
Integrated Pest Management is a basic framework used to decide when and how pests 
are controlled. The primary goal of IPM is to give growers management guidelines in order 
to make pest control as economically and ecologically sound as possible. In an 
ecologically-balanced production system, pests are nearly always present, but massive 
outbreaks easily can be minimized. Natural control agents, like predatory and parasitic 
insects, mites, and spiders, help to keep pest populations in check. Restoring beneficial 
populations of pests on the farm through either the elimination or reduced use of 
pesticides and reduced tillage will help establish habitats and restore populations of 
beneficial pests.623, 624 

 
Another alternative method to pesticide applications is the use of intercropping. 
Intercropping is when two or more crops are planted in close proximity to each other to 
promote a symbiotic interaction.625 Some plants are able to exude chemicals into the 
surrounding area that suppress or repel pests and protect neighboring plants.626 An 
additional approach is to plant a neighboring crop that is more attractive to pests than the 
planted cash crop.627 Despite demonstrated economic and environmental benefits to 
agricultural production systems from reduced synthetic pesticides, adoption of IPM 
strategies have been rather slow.628, 629
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8. Biodiversity 
Summary 
 
The two driving forces affecting terrestrial biodiversity are climate change and 
agriculture. Traditionally diverse natural ecosystems have been reduced as agriculture 
has expanded and practices have continued to focus on fewer species of crops and 
animals. This genetic uniformity was raised as a major concern among researchers due 
to the potential for increased vulnerability to plant disease, decreased ability to respond 
to climatic changes, and difficulty recovering from disturbance events. Additional 
concerns were raised concerning the lack of habitats for pollinators and other beneficial 
insects, as well as increasing reliance on outside inputs, notably fertilizers and 
pesticides, to sustain current yields in monocropping systems (the growing of a single 
crop species on the same field year after year without crop rotation or mixed cropping). 
 
Consensus about the importance of incorporating the value of biodiversity and 
ecosystem services into agricultural management is increasing, but quantifying the 
economic value of these services is difficult. It has been estimated that services provided 
by natural pollinators are over $14 billion annually in the U.S., but the value of these 
services to an individual farmer is complicated to measure. As more effective methods 
for valuing ecosystem services become available, it will become easier to evaluate the 
value that ecosystem services can provide to agricultural operations. 
 
In agricultural systems, the majority of biodiversity resides in the soil in the form of 
microbes that help to increase the nutrient and water use efficiency of crops and help 
suppress disease. Estimates of the services from soil biodiversity have been placed as 
high as $1.5 trillion dollars annually. Operations where soil biodiversity is limited have 
shown decreases in nutrient efficiency, lower drought tolerance, and slow plant growth 
during times of limited resource constraints. 
 
Additionally, the over application of pesticides in farming systems has been shown to not 
only decrease weed abundances but also reduce the number of beneficial predators or 
crop pollinators that provide valuable ecosystem services. Practices such as creating 
habitats like edge zones, hedgerows, and permanent grass strips and preserving natural 
small refuge biotopes among cultivated fields can favor natural insect predators. 
Additionally, methods that disrupt pest cycles, like crop rotations and intercropping, and 
plant varieties that have high resistance to pests help to limit decreases in biodiversity 
from synthetic pesticides, while supporting beneficial pests. 
 
Research has been conducted looking at the comparative biodiversity in organic and 
conventional agricultural systems. The majority of research has demonstrated that both 
species abundance and richness across a wide range of taxa tend to be higher on 
organic farms than on locally representative conventional farms. The identified practices 
contributing to higher rates of biodiversity include a reduced use of all pesticides, better 
management of non-crop habitats and field margins, and an increased use of crop 
rotations. These identified practices are not necessarily unique to organic production and 
the researchers noted that these practices can be incorporated into conventional 
systems with similar benefits.  
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8.1 Food Security 
 
As identified by the Food and Agriculture Organization (FAO) “Agricultural biodiversity 
encompasses the variety and variability of plants, animals and microorganisms at 
genetic, species and ecosystem levels, which are necessary to sustain key functions in 
the agro-ecosystem, its structures and processes for, and in support of, food production 
and food security.”630 Agricultural biodiversity therefore includes not only a wide variety 
of species and genetic resources, but also the many ways in which farmers can exploit 
biological diversity to produce and manage crops, land, water insects, and biota. This 
also includes habitats and species outside farming systems that can benefit agriculture 
and enhance ecosystem functions.631  
 
There are several distinctive features of agricultural biodiversity, compared to other 
components of biodiversity:632, 633 

! Agricultural biodiversity is actively managed by farmers. 
! Many components of agricultural biodiversity would not survive without 

human management. 
! Agricultural biodiversity includes providing the building blocks for the 

evolution or deliberate breeding of useful new crop varieties and the 
sustainable production of food and other agricultural products. 

 
Developments in agriculture over the last 40 years brought significant increases in global 
production, due in part to both the expansion of cropland and changes in technologies. 
With these developments, concerns have risen about the degradation of biodiversity in 
and around agricultural land. The erosion of agricultural biodiversity is impacted in many 
different ways and on many different levels, both within farming systems and off farms in 
natural habitats. As identified in a study from the World Resource Institute, Linking 
Biodiversity and Agriculture: Challenges and Opportunities for Sustainable Food 
Security, “effective approaches to the conservation of agricultural biodiversity within a 
general framework of sustainable agriculture have to merge the goals of productivity, 
food security, and social equity.634 
 
 
Genetic Resources 
Worldwide, about 7,000 different types of plants are consumed, but of these only about 
150 are commercially important, with three crops – rice, wheat, and corn – accounting 
for 60 percent of calories. The increasing genetic uniformity in agriculture is a concern 
among researchers because of the increased vulnerability to such things as plant 
disease and weather resistance.635 The potato blight in Ireland is an historical example 
of increased vulnerability associated with genetic uniformity.636 This trend of 
monoculture farming (the growing of a single crop species on a field year after year) is 
unique to the developed world since many of the farms in less developed countries have 
more plant diversity due to polyculture and agroforestry practices. Traditional 
agriculture, which utilizes polycultures, more closely resembles natural ecosystems and 
can reduce the risk of insect and disease infestations. In some places, these polycrop 
systems provide the majority of food in that area. For example, in Latin America, 70-90 
percent of beans are grown in the same space as maize, potatoes, and other crops.637   
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The adoption of genetically uniform crops is causing a reliance on an extensive 
infrastructure of scientists to continually develop more robust crops that can withstand 
future pests, diseases, and other environmental changes. Additionally, pesticides and 
other agrochemicals are necessary to keep these monocrops healthy. Scientists argue 
that maintaining and building biodiversity is essential for future food security.638  
 
The preservation of crops’ wild ancestors is important to food security because they are 
used by breeders for qualities such as disease resistance and vigor, among other traits. 
This is a real danger being witnessed in the U.S., where an estimated “two-thirds of all 
the rare and endangered plants are close relatives of cultivated species.”639 For 
example, seven of the eight populations of the grass teosinte, the closest wild relative to 
corn, are regarded as rare, vulnerable, or already endangered. If these species no 
longer exist, the future benefits of using them for plant breeding will end as along with 
their ecological services.640, 641   
 
Beyond food security, a decrease in plant species could have major consequences for 
the future of both traditional and modern medicine. In North America and Europe, plant 
derived active ingredients are contained in 25 percent of the prescription drugs on the 
market.642 Beyond industrialized nations’ use of traditional herbal therapies,643 the World 
Health Organization (WHO) estimated that 3.5 billion people in developing countries, 
who are typically unable to seek modern healthcare, rely on plant-based medicine for 
their primary source of health care.644  
 
 
Seed Banks 
In the 20th century, efforts towards conserving endangered flora and fauna include 
botanical gardens, nurseries, and gene banks. These approaches usually consist of 
moving the species to a location outside of their habitat, referred to as ex situ 
conservation. Relatives of crop varieties are mainly preserved in gene banks. More than 
90 percent of all gene bank accessions are of food and commodity plants, particularly 
the world’s most economically valuable and intensively bred crops.645 When there are 
large collections of individual species by multiple facilities, the odds are much higher that 
one of those samples will be viable in future generations.646 The National Center for 
Genetic Resources Preservation is a United States Department of Agriculture (USDA) 
Agricultural Research Service facility located on the campus of Colorado State 
University in Fort Collins. Its mission is "to acquire, assess, preserve, and provide a 
collection of genetic resources to secure the biological diversity that underpins economic 
and environmental sustainability of agriculture through research, stewardship, and 
communications."647 
 
Saving samples in gene banks, however, does not imply future food security since gene 
banks are expensive to operate and underfunded, meaning not every seed can be kept 
in optimal condition. For example, if seeds are not kept in cold storage they can lose 
viability within a few years. Gene banks focus on ex situ, not in situ, conservation and 
consequently the there will be a loss of many species if in situ methods are not 
advocated.648 Gene banks are only a piece of conservation and cannot solve the other 
problems associated with decreasing biodiversity. For example, if seeds are saved, but 
the pollinators become endangered or extinct, then the whole system would not be able 
to function without human intervention. Plant diversity can only be protected if the 
ecosystem is preserved to allow species to evolve and adapt naturally.649 
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8.2 Impact of Reduced Biodiversity 
 
Agriculture and climate change pose risks to terrestrial biodiversity. In agricultural 
ecosystems, biodiversity performs a variety of ecological services beyond the production 
of food, including recycling of nutrients, regulation of microclimate and local hydrological 
processes, suppression of undesirable organisms, and detoxification of noxious 
chemicals.650, 651 Increasingly, there is consensus about the importance of incorporating 
ecosystem services into resource management, but quantifying the economic value of 
these services is difficult. For example, forest cover provides a service of water 
catchment to recharge reservoirs and aquifers that are used for irrigating agriculture, 
which can be just as much a service to agriculture as the funding of irrigation equipment 
and infrastructure.652 
 
Without quantitative assessments, and some incentives for landowners to provide them, 
the recognition of these ecological services has been slow.653 As more effective methods 
for valuing ecosystem services become available, it will become easier to realize the 
benefits of ecosystem services and identify cost effective means of improving 
agricultural ecosystems.654  
 
Certain agricultural practices have the potential to enhance biodiversity, while others 
negatively affect it. Farming practices that create a more diverse farming system, like 
polycultures and rotating crops, can decrease pest infestation, while practices, like 
monocultures and conventional tilling, can increase pest infestation (Figure 31).655 
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Figure 31: Environmental Effects of Agroecosystem Management on the 
Biodiversity of Pests656 

 
 
 
Species Loss 
The extinction of species is a natural phenomenon that has been accelerated in the last 
century from one to ten species per year, to 1000 species per year. Scientists believe 
that the last time this sort of mass extinction happened was 65 million years ago, when 
dinosaurs disappeared. According to the World Conservation Union, “one out of every 
eight plants surveyed is potentially at risk of extinction.”657  
 
There are an estimated ten million species on earth, which contain a total of 2.2 billion 
populations. Extinction of a population is an extinction of a species in a given region, 
while the extinction of species is the total world disappearance of that species. The 
extinction of populations is happening at a significantly fast rate of hundreds per day.658 
The U.S., Australia, and South Africa have the most species at risk of extinction, but 
those figures could be deceiving since those countries may track dwindling species more 
closely.659 
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The unintended effects of genetically engineered crops on non-target organisms could 
affect future biodiversity. For example, Bacillus thuringiensis (Bt), a pesticidal property 
found in some varieties of genetically engineered (GE) crops, may negatively affect 
populations of butterflies and moths.660 A laboratory study found that pollen from Bt corn 
caused high mortality rates in monarch butterfly caterpillars. Even though monarch 
butterfly caterpillars do not consume corn, they consume milkweed plants, which can 
contain Bt pollen that drifted from a neighboring farm. The results of the current studies 
are still being debated, and there is no agreement about the potential risk on non-target 
organisms.661 
 
Genetically engineered crops may put pollinators at risk, and many crops depend on 
insects for pollination. Pollinators are both ‘managed’ species, such as honey bees, and 
wild species of bees, flies, beetles, and other insects. Only studies on managed species 
have been performed. There are two ways that GE crops can impact pollinators, either 
directly posing a hazard to the pollinator, or indirectly by changing its habitat. Bt crops 
have insecticidal proteins, which are more likely to affect pollinators directly. The 
experiments conducted on honey bees and bumblebees have shown no adverse affects 
of Bt crops. The results of studies on the effects of new insecticidal GE crops on non-
target organisms currently under development have not been released.662 
 
 
Soil Microbial Communities 
The majority of biodiversity in agricultural systems resides in the soil. Interactions among 
the soil biota have large effects on the quality of crops, the incidence of soil-born plant 
and animal pests and diseases, and the beneficial organisms that help cycle nutrients or 
act as predators for unwanted pest species.663 The available evidence suggests that soil 
biota biodiversity provides multiple benefits to agricultural production including: (1) 
conferring disease suppressiveness, (2) providing resistance and resilience against 
disturbance and stress, and (3) increasing nutrient and water use efficiency. The extent 
to which these benefits are provided by soil biota is the source of debate as a range of 
field conditions can affect the value of benefits. Efforts to quantify the impact 
economically of both direct impacts (organisms themselves and metabolic products) as 
well as indirect impacts (the long-term outcome of their activities), have estimated that 
soil biodiversity provides services valued at over $1.5 trillion dollars.664, 665   
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Figure 32: Managing Biodiversity666, 667 

 
 
In operations where soil biodiversity is limited, a decrease is seen in nutrient efficiency, 
drought tolerance, and plant growth during times of resource constraints.668, 669, 670 A 
number of management practices have been shown to increase the activity and diversity 
of soil biota. Some of these practices are shown in Figure 32, but the greatest benefits 
have come from the proper choice and distribution of crops, the enhancement of natural 
pest and disease resistance through plant selection, and management of organic matter 
and external inputs (e.g. fertilizers).671, 672, 673 In comparison to conventionally cultivated 
soils, using conservation tillage and maintaining crop residue cover on the soil surface 
benefit below ground food webs and processes.674, 675 
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8.3 Management 
 
Agricultural ecosystems are usually designed for one or several species of plants or 
animals with multiple efforts to reduce diversity, compared to natural systems, in order to 
increase the production of food.676 Biodiversity in agricultural operations comprise both 
the planned biodiversity (the crops and/or livestock the farmer wishes to produce) and 
the unplanned biodiversity (all other biota in entering the system). The unplanned 
biodiversity may be considered beneficial, such as insects pollinating a crop, or harmful, 
such as pathogens, pests, and weeds.677  
 
 
Pesticides 
Pesticides are an integral part of modern farming and strongly impact the level of 
biodiversity within agricultural operations. A number of studies have shown that the use 
of pesticides have had a negative impact on the both the number and activity of non-
target animals and plants. The most evident consequence of biodiversity reduction is 
witnessed in pest management. Insect pest problems are in part due to the expansion of 
crop monocultures. Decreases in the number of diverse plants that support natural 
enemies or directly inhibit pest attacks are a contributing factor to insect infestation. A 
greater number of internal links are made in an undisturbed diverse agroecosystem, 
creating a greater possibility of insect stability due to the many natural forms of insect 
management that are created.678 For example, the application of herbicides in 
conventional farming systems will, by their nature, decrease weed abundances, but may 
have subsequent deleterious effects on insects and birds by removing species on which 
they depend.679 Similarly, the use of insecticides will not only decrease pest insects but 
also the predators that feed upon them.680  
 
Additionally some synthetic and organic insecticides kill bees and other beneficial 
pollinator species that are non-target victims, increasing reliance on managed or hired 
pollinators. Managed pollination is a $10 billion a year industry in North America and 
relies on just two species of bee compared to the 5,000 wild bee species present. Many 
of these wild species have mostly disappeared from agricultural lands, due primarily to 
insecticides, a lack of floral diversity, destruction of habitats, and competition with 
managed pollinators.681!!
!
The number of honey bee colonies on U.S. farmland dropped from just over four million 
in 1985 to less than two million in 1997, due in large part to the direct and indirect effects 
of insecticides. Exposure to insecticides used by commercial beekeepers to control the 
brood parasite (V. destructor) the cleptoparasitic small hive beetle (A. tumida) and the 
wax moth (G. mellonella) have been shown to impair associative learning and immune 
systems in honey bees making them more vulnerable and disrupting their reproduction 
and development. This has lead some to theorize that some insecticides like apistan, 
coumophos, amitraz used to combat the aforementioned pests in honey bee colonies 
and imidacloprid used to control sap-sucking insects in crops and blood-sucking insects 
in companion animals could be contributing factors to colony collapse disorder.682, 
Additionally, studies show that insecticides and herbicides have also eradicated food 
sources for non-pollinators, including bird species, contributing to a further decline in 
populations.683 
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Colony Collapse Disorder  
In colony collapse disorder (CCD), honey bee colonies inexplicably lose their workers. 
Since the late 1940s, the number of honey producing bee colonies has been decreasing 
as shown in Graph 23.684 Colony collapse disorder has resulted in a loss of 50 to 90 
percent of colonies in beekeeping operations across the United States.685 The syndrome 
is mysterious in that the main symptom is simply a low number of adult bees in the hive. 
There are no dead bodies in the hive, and although there are often many disease 
organisms present, no outward signs of disease, pests, or parasites exist. Numerous 
causes of CCD have been proposed, often with little or no supporting data.686 A study 
conducted in 2007 looked at more than 200 variables potentially causing CCD and 61 
were found with enough frequency to permit meaningful comparisons between 
populations, but no clear cause of CCD was identified.687 

 
Graph 23: Number of Honey Producing Colonies in the U.S.688 (Data were not 

available from 1982 to 1985) 

 
At present, the cause of CCD in U.S. bee colonies remains under investigation, as a 
number of realistic and conceivable hypotheses remain plausible. The primary 
hypotheses (in no particular order) include:689 

- Traditional bee pests and pathogens 
- How the bees were managed (management stress)  
- Queen source (poor genetic biodiversity) 
- Chemical use in bee colonies to control bee pests / pathogens 
- Chemical toxins present in the environment 
- Mites (V. destructor) and associated pathogens 
- Bee nutritional fitness 
- Undiscovered / newly discovered pests and pathogens or increasing 

virulence of existing pathogens  
- Potential synergistic interactions between two or more of the above 

hypotheses.  
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As highlighted by the International Bee Research Association:690 

“The effects of colony losses in general and CCD specifically in the U.S. are 
significant, especially considering the increasing demand for pollination in 
agriculture. The value of honey bees to U.S. agriculture has been estimated to be 
[greater than] $US14 billion,691 principally through pollination of many of the 
nation’s crops. Consequently, large scale research efforts have begun in the U.S. 
to determine the underlying cause(s) of colony losses, including CCD, in an 
attempt to mitigate or slow the rate of losses.” 

 
Methods of pest management that help to decrease the use of chemical pesticides while 
increasing biodiversity rely heavily on integrated pest management systems. By using 
biologic methods, and chemical pesticides only as a last resort, IPM approaches have 
been able to keep destructive insects under control. For example, creating habitats such 
as edge zones, hedgerows, and permanent grass strips and preserving natural small 
refuge biotopes among the cultivated fields can favor natural insect predators.692 
Additionally, methods that disrupt pest cycles, like crop rotations and intercropping, and 
plant varieties that have high resistance to pests help to limit decreases in biodiversity 
from chemical pesticides.693 For a further discussion on managing pests and IPM please 
see 4.1 Integrated Pest Management. 
 
 
Production Methods Affecting Biodiversity 
Many factors influence the biodiversity in an agricultural landscape, of which only some 
are clearly related to the organic farming system. To a great extent, these factors are 
under the control of individual farmers allowing land to be managed to increase the 
abundance of beneficial organism groups regardless of the type of agriculture. A 
comprehensive assessment of how organic agricultural methods effect biodiversity 
compared to conventional systems found that the majority of the 76 studies reviewed 
demonstrated that species abundance and richness across a wide range of taxa tend to 
be higher on organic farms than on locally representative conventional farms (Figure 
33)-694 

 
Figure 33: Summary of the Effects of Organic Farming on Individual Taxon, in 

Comparison to Conventional 
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The authors identified three broad practices strongly associated with organic farming 
that benefited farmland biodiversity: (1) the reduced use of chemical pesticides and 
inorganic fertilizers, (2) management of non-crop habitats and field margins can enhance 
diversity and abundance of arable plants, invertebrates, birds, and mammals, and (3) the 
use of crop rotations and mixed farming positively impact farmland biodiversity through 
the provision of greater habitat heterogeneity at a variety of temporal and spatial scales 
within the landscape.695!
 
The identified practices are not necessarily unique to organic production. The authors 
acknowledged that through the above practices it is possible for a conventional farm to 
sustain equivalent levels of biodiversity as those found on organic farms, suggesting that 
increases in biodiversity may potentially be a result of identifiable changes in 
management.696   
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9. Labor 
Summary 
 
As advances in technology have continued to increase the efficiency of agricultural 
production, there has been a steady decrease in farm employment. Agriculture used to 
account for roughly seven to eight percent of the workforce in Colorado, but now it 
represents only about two to three percent of the State’s workforce, providing 100,000 
direct jobs. Farmers in Colorado have reported a shortage of labor, with labor shortages 
resulting in an estimated loss of $60 million in 2006. The H-2A visa program is a 
national attempt to fill these shortages by allowing temporary entry for foreign workers. 
Recent estimates show that there are more than 9,000 migrant workers in the state of 
Colorado, with 50-75 percent of these workers not having official documentation. 
Analyses of the regional economic impact of a migrant workforce have been conflicting, 
with concerns relating to the impacts of a reduced labor supply or the low buying power 
of migrants. 
 
In Boulder County, the average age of a farmer was 59.4 years in 2007, reflecting a 
higher average age than both the State of Colorado as a whole and the national 
average. This increase in age reflects a changing pattern of employment with principal 
operators continuing to work well past standard retirement ages as well as a drop in 
interest from younger farmers who are increasingly pursuing careers outside of 
agriculture. While there has been an overall increase in the average age of farm 
workers there has been a strong growth of female operators (10 percent increase 2002-
2007) in Boulder County. Female operators now represent about a quarter of all farm 
operators in the County and tend to have smaller and more diversified operations. 
 
While the average farm household income is comparable to that of the national median 
income, farmers increasingly have to derive the majority of their income from non-
farming activities. In Boulder County, 73 percent of operators reported having worked 
off the farm for a secondary source of income.  
 
Farm workers (not including operators) are a major asset to agricultural operations 
because they provide labor during critical agricultural production periods, however they 
are traditionally one of the most economically disadvantaged groups in the U.S., with 
lower rates of compensation compared to other low-skilled jobs. Additionally farm 
workers tend to be at a higher risk of poverty and are more likely to be injured or killed 
on the job than just about any other profession.  
 
The Agricultural Health Study is a leading long-term study that looked at health impacts, 
particularly cancer rates, for the agricultural workforce. The study found that while the 
occurrence of cancer for farmers is generally lower than the general population, farmers 
may have an increased likelihood of developing certain types of cancer due to farm-
related occupational exposure. Specific types of cancer that were found to be in excess 
in the studied farm workers included lymphohematopoietic cancers, prostate cancer, 
melanoma, ovarian cancer, and brain tumors. 



! !!
"#$%&!'())!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!G+!9#6-$!

!,342#.5#6/1!78$.%3/23$1!
9.21$#23$1!:1;.1<!

!
"'')" 

9.1 Agricultural Employment 
 
Nationally, farm workers account for less than one percent of all U.S wage and salary 
workers. The majority of farm work, 70 percent, is performed by paid or unpaid family 
members, while only 30 percent is performed by hired farm workers.697 Agriculture used 
to account for roughly seven to eight percent of the workforce in Colorado698 and now 
represents only about two to three percent of the State’s workforce.699 As advances in 
technology have continued to increase the efficiency of agricultural production, there has 
been a steady decrease in farm employment, as shown in Graph 24. At present, the 
agricultural sector provides about 100,000 jobs in Colorado, employing three percent of 
the workforce, less than the national average of four percent in 2009.700   
 
 

Graph 24: Farm Employment (Full and Part-time),  
U.S. and Rockies Region, 1969 - 2000701 

 
 

Labor Supply and Status 
In recent years, Colorado farmers have reported a shortage of labor. Labor shortages 
can have profound economic impacts on more specialized operations, where labor can 
account for 30-40 percent of operation expenses.702, 703 In 2006, labor shortages resulted 
in an estimated loss of $60 million.704 Analyses of the regional economic impact of a 
migrant workforce have been conflicting. Some analysts argue that elimination of 
undocumented workers will have adverse long-term consequences due to a loss of labor 
and economic output.705 Others have argued that migrant workers (whether legal or not) 
carry a lower buying power due to their temporary status in a community and the fact 
that many send some portion of their earnings to family members in their home 
countries. For example, of the $48,561,662 earned by Hispanic workers in Weld 
County’s meat packing industry, five percent went towards property and income taxes 
and 3.5 percent went to remittances to home countries, leaving an approximate $44.5 
million (91.5 percent) for savings and disposable income. While some of this income will 
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go towards housing, food, and other miscellaneous expenses, temporary status in the 
community increases the likelihood that a majority of that income will be spent outside of 
the region.706 
 
The H-2A visa program is a national attempt to fill labor shortages in the agricultural 
sector by allowing temporary entry for foreign workers. Recent estimates show that there 
are more than 9,000 migrant workers in the state of Colorado – only a small fraction of 
which hold H-2A visas – and 50-75 percent of the workforce is believed to have 
“questionable documentation.”707 In 2007, 237 Colorado employers submitted 1,953 H-
2A worker requests; all but 28 were approved. Operators who have participated in the H-
2A program have cited significant problems with the process, however, including:708 

! Slow processing of requests (averaging 168 days as of 2009) 
! Increased costs (one operator reported an annual $2,400 application fee, $300 

per worker for visas and security certification, $160 in round-trip transportation, 
and an hourly wage of $8.64 vs. the previous wage of just over $7.00) 

! Complicated applications 
 
Colorado House Bill 1325 was signed in 2008 in an attempt to address some of these 
issues and expedite the H-2A application process. The goal of the bill is to reduce 
processing time to less than 60 days by hiring recruiters in Mexico to attract workers and 
help process paper work, ultimately promoting a legal route to working in the state of 
Colorado. Despite previous attempts at encouraging legalized work through temporary 
work programs, the population of illegal immigrants has continued to rise throughout the 
nation. HB 1325 is not expected to have a significant impact on curbing the illegal 
immigrant population, however, it is expected to help fill the labor gap in Colorado’s 
agricultural sector.709 
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9.2 Demographics 
 
During the last 20, years the average age of U.S. farm operators has increased from 52 
to 57, representing over a 10 percent increase.710 In 2007, the average age of farmers in 
Boulder County was 59.4 years of age (Figure 34),711 higher than both the State of 
Colorado and national average.712 As a region, the Rockies have seen a large increase 
in the number of farmers over the age of 70, representing an increase of 114 percent 
since 1987. This increase, which is double the national average, reflects a changing 
pattern of employment with principal operators continuing to work well past standard 
retirement ages as well as a drop in interest from younger farmers who are increasingly 
pursuing careers outside of agriculture.713  
 

Figure 34: Distribution of Farm Ownership by Age for Boulder County714 

 
 
Principal farm operators in Boulder County are predominantly male. While females 
account for only about a quarter, 26 percent, of all farm operators, they represent the 
strongest growth of new operators. The number of women farm operators in the County 
has increased almost ten percent since 2002, while the number of male operators has 
declined one percent.715 This increase in female farmers is consistent with national 
patterns, trend that has been accelerating for the past two decades, as shown in the 
2007 Census of Agriculture. 716  
 
Between 1987 and 2007, the number of female operators in the U.S. increased by 133 
percent, while the number of male operators decreased by three percent.717 This change 
reflects that women are responsible for a significant portion of new farm growth and a 
larger shift in traditional gender roles of farm operators. On average, farms run by 
women operators in Boulder County are roughly half the size of those run by male 
operators and reflect a more diversified mix of crops.718 A profile of operators by race 
shows the typical operator is white with fewer than three percent of operators in the 
county being a race other than white.719  
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Tenure and Ownership 
Despite recent growth in beginner farmers, particularly women, the increase is still too 
small to offset declining numbers. The length of time farm operators have been working 
on their current farm in Colorado, and subsequently Boulder County, is considerably 
higher than it was 60 years ago. In the Rockies region, the percentage of operators who 
had been on their farm for less than five years was 39 percent in 1945, while, as of the 
latest census, only seven percent had operated their farm for less than five years in 
2007.720, 721 At present, the average tenure of farmers in Boulder County is 19.2 years, 
with only four percent of newer famers having been on their current farm for two years or 
less.722  
 

Figure 35: Change in Farm Tenure from 1945 to 2007723, 724 
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9.3 Occupational Health and Performance 
 
Farm workers are a major asset to agricultural operations because they provide labor 
during critical agricultural production periods, however, they are one of the most 
economically disadvantaged groups in the U.S.725, 726 Compared to other low-skill jobs 
(Figure 36), farm workers receive lower rates of compensation, averaging $350 - $425 a 
week. The average national agricultural wage in 2006 was $9.87 an hour, including the 
compensation of managers and supervisors.727 Accounting only for non-supervisory 
positions, the average rate of compensation drops considerably to $6.25 an hour. The 
relatively low rates of compensation for farm workers is, according to the United States 
Department of Agriculture (USDA) Economic Research Service (ERS), a partial result of 
a lack of other work opportunities for unauthorized workers.728 
 

Figure 36: Comparison of Low-skilled Compensation Rates729 

 
 
As a result of lower compensation rates, farm workers are at a higher risk of poverty 
than any other occupation. Already, 12 percent of people working in farming, fishing, and 
forestry occupations were in poverty, as shown in Graph 25.730 

 

Graph 25: Percent of Workforce in Poverty by Occupation731 

 
 

In addition to high poverty rates, unemployment rates for farmers are greater than the 
national average for all other occupations (Graph 26).732 The USDA ERS attributes the 
high unemployment rates to the seasonality of farm work. On average, hired farm 
workers are employed for roughly the same number of weekly hours throughout the 
year, but the number of hired farm workers at any one time varies significantly through 
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the year.733 The National Agricultural Statistics Service data in 2006 indicated that 
1,195,000 hired farm workers were employed in mid-July, compared with only 796,000 in 
mid-January.734 

 
Graph 26: U.S. Unemployment Rates by Occupation in 2006735 

 
 
The USDA reports that across the United States farmers’ household income is 
comparable to that of the national median income.736 However, a majority of this income 
is derived from non-farming activities, as presented in Graph 27. In this study, many 
farmers indicated that farming was not their primary occupation because off-farm 
activities contributed much more to their annual income.  

 
Graph 27: Average Farmer Household Income by Source from 1998-2004737 
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In addition to an overall decline in agricultural employment, farm operators are 
increasingly utilizing off-farm jobs for a source of secondary income. In Boulder County, 
73 percent of operators reported having worked off the farm for a secondary source of 
income according to the 2007 Agricultural Census. The frequency of days worked off the 
farm increased for nearly all categories from 2002 to 2007 as shown in Figure 37.738 
 

Figure 37: Frequency of Non-Farm Work for  
Farm Operators in Boulder County739 

 

 
 
The rise in off farm employment is largely attributed to the need for extra income to 
maintain the farm and the need for employer sponsored health care coverage.740 Due to 
the large prevalence of self-employment by farm operators and small businesses in rural 
areas, adults are less likely than those in urban areas to have health insurance through 
their employers.741 Additionally, as smaller farms continue to face competition from 
larger farms, second jobs and urban markets for agricultural products help to provide a 
cushion for smaller operations.  
 
 
Health Issues 
The Agricultural Health Study (AHS) is a leading long-term study funded and directed by 
the National Cancer Institute, the National Institute of Environmental Health Sciences, 
the US Environmental Protection Agency, and the National Institute for Occupational 
Safety and Health. The study focused on the effects of environmental, occupational, 
dietary, and genetic factors on the health of the agricultural population.742  
 
The overall cancer occurrence among farmers and their spouses was found by the AHS 
study to be significantly less than that of other non-farm men and women of the same 
age. This was attributed to less frequent use of tobacco products by farmers and a 
greater frequency of physical activity on the job than the general population.743 While the 
occurrence of cancer for farmers is generally lower, the AHS study found that farmers 
may have an increased likelihood of developing certain types of cancer due to farm-
related occupational exposures.744, 745 
 
Specific types of cancer that were found to be in excess in the studied farm workers 
included lymphohematopoietic cancers, prostate cancer, melanoma, ovarian cancer, and 
brain tumors.746, 747, 748, 749, 750 The increase of specific cancer rates among agricultural 
populations has been linked to exposures to sunlight, dusts, pesticides, and other 
chemicals present on the farm. The specific contributions from each of these factors 
towards the development of cancer in farm workers are not entirely certain and require 
additional research and analysis.751 
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Injuries and Fatalities 
The occupational environment of the agricultural industry presents a wide variety of 
hazards to workers, making the industry one of the most prone to worker injuries and 
fatalities.752 Common hazards include animals, physical labor, chemical exposure, 
working with heavy machinery, and risk of heat stroke.753, 754 
 
Farm operations that have been reported to be more risky than others include dairy, 
forestry, and beef cattle.755 Other characteristics associated with increased risk of injury 
are the age of farm workers, season (spring and fall are high risk seasons), size of the 
farm, number of years in farming, and off-farm paid employment.756  
 
The fatal injury rate for farmers is one of the highest per occupation at 40.3 fatal injuries 
per 100,000 full time equivalent workers (FTE), while the average for all occupations is 
3.7 fatal injuries per 100,000 FTE.757 The highest percent of agricultural fatalities, 52 
percent, is represented by workers 55 years of age and older. Older workers are 
significantly more at risk, three times more than the next highest agricultural fatalities 
age group. This increased risk is mostly due to older farmers continually working past 
what is considered a standard retirement age, sometimes even to advanced age, 65 or 
older.758  
 
The most common sources of fatalities are tractors (37 percent), trucks (10 percent), and 
harvesting machines (4.4 percent). These three equipment-related causes of death 
represent over half of the fatalities in agricultural production. As seen in Figure 38, the 
most common fatal injury events were overturning vehicles/machines, fall-from and run-
over-by vehicle or machinery, and caught in running equipment.759   
 

Figure 38: Common Fatal Injury Events Among Farm Workers760 

 
 
Farming is one of the few industries in which families are also at increased risk. 
According to the latest Census, an estimated 1.26 million children and young adults 
under 20 years of age live on farms, and about 725,000 of them work on the farms in 
some form.761 The National Agricultural Statistics Service and the National Institute for 
Occupational Safety and Health found that, on average, reported injuries are sustained 
by roughly five percent of these children and young adults, and 63 percent of these 
injuries occur from non-work related accidents.762  
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10. Human Health 
Summary 
 
Agriculture can present several risks to human health through the food supply from 
management and growing practices. One of the most studied risks is the potential for the 
transfer of food borne pathogens from animal wastes. When animal wastes are 
concentrated in high amounts and not managed correctly, they can present significant 
problems during handling, use, and disposal, posing both health and environmental 
risks. A variety of different viruses can be present in animal fecal wastes and manures 
and have been documented to make their way into the food supply via contaminated 
crops.  
 
It has been estimated that about 70 percent of all of the U.S. antimicrobials produced are 
fed to animals to help promote growth and treat disease. This frequent use and high 
volume of antimicrobials has greatly increased the development of drug resistant strains 
of disease, causing several outbreaks of heavily drug resistant diseases in the human 
population. The National Research Council and Institute of Medicine found that there is a 
strong link between the use of antimicrobials in food animals and the development of 
bacterial resistance to these drugs. Despite the demonstrated increases in bacterial 
resistance due to antimicrobial use, the overall risk and frequency of incidences of such 
diseases has been shown to be low. 
 
At present, more than 800 pesticide active ingredients from a wide range of commercial 
products are registered for use in agricultural operations. Pesticides have been shown, 
by the Environmental Protection Agency, to negatively impact human health through 
both short and long-term effects. The more serious long-term effects of pesticides can 
include disruption of the body’s reproductive, immune, endocrine, and nervous systems, 
as well as elevated cancer risks. The overall impact of a pesticide on human health and 
the environment depends on several factors, including its behavior in the environment, 
its ecotoxicity, and the amounts applied.  
 
The National Institute of Science evaluated the likelihood for unintended health effects to 
occur as a result of various methods of genetic modification. Overall, the committee 
found that the process of “genetic engineering has not been shown to be inherently 
dangerous, but rather, evidence to date shows that any technique, including genetic 
engineering, carries the potential to result in unintended changes in the composition of 
the food.” One of the major health concerns with genetically engineered food is its 
potential to increase allergies in the human population through the food chain. To date, 
no commercially available biotech proteins in foods have been documented to cause 
allergic reactions, though a number of studies have raised concerns of potential 
implications for allergic reactions or shown allergic reactions in non-commercially 
available crops. Despite these studies showing the potential for allergic reactions, or 
even specific cases of identified allergens, no commercially grown genetically 
engineered (GE) crop has been shown to cause allergic reactions owing to a 
transgenically introduced allergenic protein or a significant increase in the endogenous 
allergenicity of a crop. 
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10.1 Food Safety 
 
Animal Waste 
Animal wastes, when concentrated, can present significant problems during handling, 
use, and disposal, posing both health and environmental risks. A variety of different 
viruses can be present in animal fecal wastes and manures. Exposure of humans to 
these disease-causing pathogens of animal origin can occur via occupational exposure, 
water, food, air, or soil.763 Generally, direct animal-to-human transmission via animal 
wastes is not as high a risk as bacterial transmission through the food supply. However, 
animal-to-animal transmission or herd-to-herd transmission of viruses is a concern.764 
 
Manure can contain high concentrations of pathogens, which can affect both animal and 
human health.765, 766 Manure runoff from livestock operations into water supplies has 
been associated with a number of health concerns including Salmonella and 
Cryptosporidium outbreaks, and dangerous levels of nitrates - potentially fatal to 
infants.767 Manure runoff from livestock operations is among the suspected causes of 
outbreaks of Pfiesteria piscicida in a number of states, causing human health effects 
including acute short-term memory loss, cognitive impairment, asthma like symptoms, 
liver and kidney dysfunction, blurred vision, and vomiting.768 
 
In concentrated amounts, or when improperly handled, manure can present health risks 
to humans, but when used as part of an integrated system like pastoral production, 
wastes can be used as an important input. For example, animal wastes could be treated 
through composting to create a crop fertilizer that no longer harbors pathogens, and that, 
when applied at appropriate rates and times with methods that minimize nutrient 
leaching, can help to reduce pollution and health risks. Additionally, this closing of the 
nutrient cycle decreases dependence on synthetic fertilizer production and is more 
efficient when animal and crop production are combined locally.769 For more information 
on animal fertilizers, see the section on manure in 5.4 Soil Amendments. 
 
 
Antimicrobials in Animal Agriculture 
In the U.S., food animals are often exposed to antimicrobials to treat and prevent 
infectious disease or to promote growth. Many of these antimicrobials closely resemble, 
or are identical to, the drugs used by the human population.770 About 70 percent of all of 
the U.S. antimicrobials produced are fed to animals to help promote growth and treat 
disease.771  
 
The high volume and frequent use of antimicrobials in animal agriculture has greatly 
increased the development of drug resistant strains of disease, causing several 
outbreaks of heavily drug resistant diseases.772 The National Research Council and 
Institute of Medicine found that there is a strong link between the use of antimicrobials in 
food animals and the development of bacterial resistance to these drugs and human 
diseases. Despite increased bacterial resistance, they found that the incidence of such 
diseases is very low.773 The World Health Organization has called for the reduced use of 
antimicrobials in animal agriculture, as a number of resistant diseases are able to pass 
to humans through the food chain, particularly strains of Salmonella, Campylobacter, 
Enterococci, and E. coli.774  
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10.2 Health Effects 
 
 
Pesticides 
All pesticides must be toxic or poisonous in order to kill the pests they are intended to 
control, for this same reason they are potentially hazardous to humans and animals as 
well as pests. Pesticide toxicity varies widely and is dependent upon a number of 
factors. According to the Toxicity of Pesticides the “most important factor is the dose-
time relationship,” where the dose is the quantity of a substance that a surface, plant, or 
animal is exposed to and time is how often the exposure occurs.775  
 
The interaction between the dose and time gives rise to two different types of toxicity: 
acute and chronic toxicity. Acute toxicity refers to how poisonous a pesticide is to a 
human, animal, or plant after a single short-term exposure. Acute toxicity is measured as 
the amount or concentration of a toxicant required to kill 50 percent of the target in a test 
population also known as lethal dose 50 (LD50).776 Given in units of milligrams per 
kilogram (mg of product per kg of test animal body weight), a higher LD50 value 
indicates a lower toxicity. Chronic toxicity is the delayed poisonous effect from exposure 
to a substance, generally through food, water, or air. Pesticides are rated according to 
their level of toxicity (acute and chronic), so while all pesticides carry a certain level of 
toxicity, the risk from toxicity to human and environmental health varies.777 An example is 
glyphosate, which according the USDA and Environmental Protection Agency (EPA) is 
environmentally less adverse than other herbicides (a lower environmental impact 
quotient compared to other herbicides currently used in crop production).778 
 
Currently, more than 800 pesticide active ingredients from a wide range of commercial 
products are registered for use in agricultural operations.779 Under certain 
circumstances, residues from these active ingredients occur in treated crops at the time 
of harvest or can be transported into soil and water. Due to potential health risks for 
consumers, resulting from acute and/or chronic dietary exposure, maximum residue 
limits (MRLs) for many pesticides have been established.780  
 
Pesticides can produce both short and long-term effects on human health. Long-term 
effects of pesticides can include disruption of the body’s reproductive, immune, 
endocrine, and nervous systems, as well as elevated cancer risks. A number of 
population-based studies have shown associations between certain types of pesticides 
and certain cancers.781 Two of the most commonly applied herbicides in the U.S., 
atrazine and alachlor, are recognized as endocrine disruptors.782  
 

Figure 39: Associations Between Various Classes of  
Pesticide and Various Forms of Cancer783 
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The majority of pesticides used in agricultural operations often affect non-target 
organisms and contaminate soil and water.784 In recent years, there have been 
increasing concerns regarding the potential risks to the general population from pesticide 
exposure through the food and water supply.  
 
The overall impact of a pesticide on human health and the environment depends on 
several factors, including its behavior in the environment, its ecotoxicity, and the 
amounts applied. For human toxicity, estimates of pesticide residues show that food 
intake results in the highest toxic exposure, about 103 to 105 times higher than that 
induced by drinking water or inhalation.785, 786 Despite residues on food being the primary 
exposure route, there is a general lack of data in terms of the level of pesticide residue in 
food and potential effects.787  
 
Pesticide residues in food are heavily influenced by the storage, handling, and 
processing that occur post-harvest of raw agricultural commodities, but prior to 
consumption of prepared foodstuffs by end consumers. An extensive literature review 
demonstrates that in most cases, processing leads to large reductions in residue levels 
in the prepared food, particularly through washing, peeling, and cooking operations.788!
 
 
Genetically Engineered Crops 
The health risk assessment of genetically engineered (GE) crops cultivated for food or 
feed is under debate throughout the world, but very little data have been published on 
mid- or long-term toxicological studies with mammals.789, 790 A study conducted by the 
Monsanto Company with transgenic corn MON863 (designed for human consumption), 
found no adverse health effects between rats fed the GE corn versus conventional, but 
regulatory reviewers in Europe heavily criticized the study’s findings. The courts ordered 
an independent review of the same study data from Monsanto. The second study 
observed that after the consumption of MON863, rats showed slight but dose-related 
variations in growth patterns for both sexes, resulting in 3.3 percent decrease in weight 
for males and 3.7 percent increase for females. The study’s authors hypothesized that 
this may not only be an indication of the dysfunction of several organs, but also a sex-
dependent effect related to endocrine disruption and/or hormonal metabolism 
differences from the MON863 diet. The results of the study lead the authors to 
recommend that based on the data it cannot be concluded that GE corn MON863 is a 
safe product and that a new assessment and longer exposure of mammals to these 
diets is needed before concluding that MON863 is safe to eat.791 
 
In Safety of Genetically Engineered Foods, the National Institute of Science evaluated 
the likelihood for unintended health effects to occur as a result of various methods of 
genetic modification. The committee evaluated genetic engineering on a continuum with 
other forms of genetic alteration, presented in Figure 40.792 Overall, the committee found 
that the process of “genetic engineering has not been shown to be inherently dangerous, 
but rather, evidence to date shows that any technique, including genetic engineering, 
carries the potential to result in unintended changes in the composition of the food.”793 
 
This continuum shows the relative likelihood of unintended genetic effects—any 
unintended effects, not necessarily those associated with health effects—associated 
with various methods of plant genetic modification. The gray tails in Figure 40 show the 
range of potential unintended changes while the black bars indicate the relative degree 
of genetic disruption for each method. 
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Figure 40: Relative Likelihood of Unintended Genetic Effects794 
(For definition of terms used in the below methods of genetic engineering please see 

Figure 41) 
 

 

 
 
Food Allergies 
Food allergies occur in approximately two to eight percent of the population with most 
food allergies associated with only eight foods or food groups, including milk, eggs, 
peanuts, tree nuts, fish, shellfish, soy, and wheat.795, 796, 797 From 1997 to 2007, food 
allergies increased 18 percent among children 18 years of age and younger, which 
represented a significant increase from previous rates.798 Allergenic foods can contain 
up to 20,000 proteins, but typically only 10 to 20 of these proteins may cause allergic 
reactions. The chances of being exposed to an allergenic food protein or developing a 
specific food allergy remains relatively low, despite increasing rates.799, 800, 801  
 
One of the major health concerns with genetically engineered food is its potential to 
increase allergies in the human population through the food chain.802 The potential 
allergy risks from GE food crops to consumers can be placed into one of three 
categories. The first is when a gene is transferred from a source of known allergenic 
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potential into a food crop. The second category, which represents an intermediate risk, is 
the potential for altering or replacing the endogenous allergenicity (the insertion of new 
genetic material which can cause a change in the level of allergenic proteins normally 
found) of a GE crop, which would cause an increased concern for already allergic 
patients. The last category, which has received attention as of late, involves expression 
of new proteins that may become allergens in man but generally represents a relatively 
low risk to the consumer.803  
 

Figure 41: Methods for Genetically Altering Plants804  
(Adapted from the National Academy of Sciences) 

 

 
 
When a gene is transferred from a source of known allergenic potential, the assessment 
of the allergenicity of the GM crop is relatively straightforward. Similarly, it is relatively 
easy to assess the effect of genetic engineering on endogenous allergens in crops with 
some evidence of allergenicity. There are several examples of this happening, such as 
the demonstration of the allergenicity of the Brazil nut when used to enhance the 
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nutritional quality of transgenic soybeans805 or the codfish allergy in potatoes that have 
been genetically engineered with cod protein genes to make the potatoes tolerate cold 
storage.806 In both of these cases, production of the GE foods was stopped and the 
product was not allowed to go to market.  
 
It becomes increasingly difficult to assess the allergenicity of GE foods when the gene is 
transferred from a plant whose allergenic potential is unknown. As a result of this gene 
transfer or vector insertion, it is possible that a new allergen is developed or the 
expression level of a minor allergen is increased in the GE crop. Unfortunately, while 
there are good animal models for nutritional and toxicological testing, no satisfactory 
animal models have so far been developed for allergenicity testing.807 For the time being, 
only indirect methods are available for the assessment of the allergenic potential of GE 
foods derived from sources of unknown allergenicity.808 The World Health Organization 
and the Food and Agriculture Organization of the United Nations’ report, Evaluation of 
Allergenicity of Genetically Modified Foods, identified the need for further development 
and validation of suitable animal models and procedures for the assessment of 
allergenicity of foods derived from biotechnology.809 
!
A study looking at the transfer of a gene from a kidney bean to field peas, to make the 
peas resistant to bruchid storage beetles, demonstrated that the transgenic expression 
leads to the synthesis of a modified form of protein that altered antigenic properties and 
elicited an immune response from the tested mice. This means that the transgenic 
protein altered immune response in the mice, but did not necessarily demonstrate 
allergenicity. Based on these findings the authors concluded that the transgenic 
expression of non-native proteins in plants may lead to the synthesis of structural 
variants with altered immunogenicity.810 This study caused a lot of media attention due to 
the potential for GE crops to pose an allergy risk, though a number of other studies have 
called into question the study’s design.811, 812 Of concern is the model used to test for 
allergenicity, which has not been widely used or tested and thus may not prove to be as 
accurate as other methods.813 Despite some questions about the accuracy of the study’s 
design, the safety concerns raised by the study’s authors were enough to halt further 
development of the transgenic variety and keep it from reaching the market.814  
 
In order to mitigate the three categories of potential allergy risk associated with GE 
crops, all genes introduced into food crops undergo a series of tests designed to 
determine if the biotech protein exhibits properties of known food allergens. The process 
for assessing potential allergenicity was first proposed by the United States Department 
of Agriculture (USDA) and later modified by the Food and Agriculture Organization and 
the World Health Organization. The process begins by examining the source of the 
gene. If it comes from a crop that contains a known allergen, both in vitro and in vivo 
diagnostic tests may be required, depending on whether or not a gene is to be 
introduced to a commodity crop. If the gene is not derived from a known allergen, the 
amino acid sequence is examined for homologies that would indicate the potential to 
bind immunoglobulin E. Furthermore, the amino acid sequence of all introduced genes, 
whether derived from a known allergen or not, are compared to amino acid sequences of 
conventional crops to determine the existence of other potential safety issues. 
Allergenicity is further evaluated by determining a protein’s ability to withstand digestion 
by pepsin using simulated gastric fluid.815 
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As a result of the risk assessment process, to date, no biotech proteins in foods have 
been documented to cause allergic reactions,816, 817, 818 though a number of studies have 
raised concerns of potential implications for allergic reactions. Despite several studies 
showing the potential for allergic reactions, or even specific cases of identified allergens, 
no commercially grown GE crop has been shown to cause allergic reactions owing to a 
transgenically introduced allergenic protein or a significant increase in the endogenous 
allergenicity of a crop.819 
 
At present, it is clear that if and when a protein gene is derived from a source with a 
history of allergenicity, there is a reasonable certainty that the GE crop will be allergenic. 
Unfortunately, many studies have highlighted that the use of a gene from something that 
is not allergenic will not guarantee that the GE crop will not possess allergenicity.820, 821, 
822 In the absence of reliable methods for allergenicity testing, particularly the lack of 
good animal models, it is very difficult to completely assess if a GE crop may be 
allergenic or not.823, 824 
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11. Local Economy 
Summary 
 
The agricultural market in Boulder County is strong overall. Between 2002 and 2007, 
agriculture in Boulder County and the State of Colorado saw an increase in market 
value of four and 34 percent respectively. During this same time period, Boulder County 
saw an increase in agricultural acreage of 28 percent, compared to two percent for the 
entire State. While some of these market gains were hampered by the recession, with a 
19 percent decrease in agricultural net value for the State between 2008 and 2009, the 
market has remained relatively stable.  
 
Small farms ($10,000 to $249,000 gross cash income) represent a significant market 
value in Boulder County, accounting for about 28 percent of output, or nearly $9.8 
million, a rate that is higher than the national average of 22 percent. Additionally, the 
County has added more small farms (less than 50 acres each) between 2002 and 2007 
than any other size operation, though larger farms are still the dominant operation. As 
of 2007, about half a percent of productive acreage was devoted to organic production 
in Boulder County. Sales from organic products represented just under three percent of 
the total agricultural output in the County, which is much higher than the State average 
of less than one percent. 
 
One of the greatest challenges faced by small farms in Boulder County is finding 
markets for their products. While hard numbers are hard to come by, a number of small-
farm operations are participating in direct marketing of their products to local 
restaurants, farmers markets, and to a smaller extent farm shares or community 
supported agriculture. One of the largest challenges identified in the literature facing 
smaller farmers is being able to efficiently manage the logistics of direct marketing 
opportunities.  
 
Agriculture in Boulder County is increasingly coming under greater market competition 
for water and land resources as the population in the Front Range continues to expand. 
The increase in demand for municipal, industrial, and self-supplied industrial water is 
expected to be greater in the South Platte River Basin than anywhere else in Colorado. 
The value of agricultural land versus other development options can be difficult to 
quantify, however, studies conducted by Colorado State University demonstrated that 
converting agricultural land to residential use in Boulder County would actually cost the 
County more to provide community services than would be returned per every dollar of 
tax revenue generated. 
 
 



! !!
"#$%&!'())!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!))+!9-%#/!H%-5-BF!

!,342#.5#6/1!78$.%3/23$1!
9.21$#23$1!:1;.1<!

!
"')&" 

11.1 Income 
 
The number of farms in the state of Colorado has remained relatively constant in recent 
years. From 2002 to 2007, Colorado’s agricultural sector experienced a 34 percent 
increase in market value (to $6,061,134,000), 33 percent of which came from crop 
production and the remaining 67 percent from livestock production.825 However, between 
2008 and 2009 the agricultural sector as a whole saw a six percent decrease in output 
(to $6,639,721,000) and a 19 percent decrease in net value added (to $1,632,283,000). 
Farm operators have also seen a 37 percent decrease in net income, down from 
$1,178,935,000 in 2008 to $744,918,000 in 2009.826  
 
Boulder County saw a much smaller, four percent, increase in market value between 
2002 and 2007. In contrast to the State, a substantial percentage of agricultural market 
value, 76 percent, was generated from crop production, while only 24 percent came from 
livestock production. Boulder County experienced a 28 percent increase in agricultural 
acreage from 2002 to 2007 compared to only a two percent increase for the entire state. 
This increase can be partially attributed to an increase in the number and diversity of 
farms responding to the 2007 Census in Boulder County. In these same years, the 
largest increases in production in Boulder County included haylage (1,107.3 percent), 
carrots (500 percent), angora goats (307.1 percent), and grapes (300 percent). The 
largest decreases included the number of pigs and hogs sold (69.2 percent), cantaloupe 
(66.7 percent), the value of pigs and hogs sold (64.6 percent), and the number of milk 
goats (51.6 percent).827 
 

11.2 Farm Size 
 
The size of a farm, as defined by the 
United States Department of Agriculture 
(USDA) Economic Research Service, is 
determined by examining a farm’s gross 
cash income: the sum of commodity sales 
revenue, government payments, and 
other on-farm income. Though the number 
of farms nation wide has remained stable 
at two million between 1991 and 2007, 
there has been a noticeable shift in size 
distribution from small, diversified farms toward large, specialized farms. In Boulder 
County, the average farm size has increased by 39 acres from 2002 to 2007. The 
County has seen a seven percent increase in the number of small farms, less than 50 
acres, which can partially be attributed to an increase in the number of farms responding 
to the census.829 This suggests that the larger farms in Boulder County are continuing to 
get bigger, while at the same time smaller farms are increasing in number. This shift 
from small- to large-scale production is attributed to three main factors: profitability, 
advancements in technology, and increasing age of farm operators.830 
 

Figure 42: Farm Size828 
Non-commercial: gross cash income 
(GCI) of less than $10,000 

Small commercial: GCI of $10,000-
$249,000 

Large commercial: GCI of $250,000-
$999,000 

Very large commercial: GCI $1 million  
 



! !!
"#$%&!'())!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!))+!9-%#/!H%-5-BF!

!,342#.5#6/1!78$.%3/23$1!
9.21$#23$1!:1;.1<!

!
"')'" 

 
The profitability of large-scale production is due in part to economies of scale: as the 
size of the operation increases, the average cost of production per unit decreases. This 
principle is reflected in the percentage of U.S. farms operating on a negative profit. In 
both 1991 and 2007, almost 60 percent of small commercial farms were running on a 
negative profit. The percent of large and very large farms that operated on a negative 
profit dropped to 23 percent and 15 percent respectively by 2007. While the percentage 
of non-commercial farms reporting negative profits jumped from 66 to 75 percent 
between 1991 and 2007, profit is not typically a primary motive for running a non-
commercial farm, and thus not a significant concern. Rather, non-commercial operators 
tend to be more interested in the rural lifestyle and rely heavily on off-farm income to 
generate a living.831  
 
Advances in technology also lend to the profitability of large-scale production. In addition 
to improvements in mechanical technology and equipment, advances have also been 
made in disease control, breeding and genetics, and animal housing. Such advances 
make large-scale operations more feasible than they otherwise would be by helping 
increase production through reduced impacts from disease and natural events and 
improved efficiency of production.832  

 
Small farms also have a higher percentage of operators 65 and older. In 2007, 32 
percent of small farm operators were age 65 or older, compared to 27 percent on non-
commercial farms, 17 percent on large farms, and 15 percent on very large farms. In 
2007, the average age of farmers in Boulder County was 59.4 years of age, higher than 
both the State of Colorado and national average.833 This increase, which is double the 
national average, reflects a changing pattern of employment with principal operators 
continuing to work well past standard retirement ages as well as a drop in interest from 
younger farmers who are increasingly pursuing careers outside of agriculture.834 More 
information can be found in 9.2 Demographics 
 

Despite the declining numbers of small commercial farms, in 2007, small farm 
production accounted for 22 percent of total U.S. agricultural output, or $65 billion. In 
Boulder County, small farms account for 28 percent of output, or nearly $9.8 million.835 
The percent contribution to total U.S. agricultural output of several commodities from 
small commercial farms is shown in Figure 43.836  
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Figure 43: Commodities Where Small Farms  
Have a Strong Market Presence837 

 

 
 
The high production of low-labor commodities on small farms, such as poultry, hay, and 
beef (Figure 43), rather than more time- and labor-intensive commodities such as fruits, 
vegetables, and dairy, reflects that the farm itself typically is not the primary source of 
income and operators are often highly reliant on off-farm income to supplement their 
operations.838 Though small farms are declining in numbers, they are expected to 
continue to be present due to their reliance on off-farm income and because some are 
profitable, 25 percent are operating with a profit of 20 percent or more.839  
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11.3 Infrastructure 
 
Research shows that local agriculture infrastructure is limited in the Boulder County 
Region. Local sources of agriculture infrastructure, including input suppliers, processing 
plants, equipment repair companies, and storage facilities, help to reduce transportation 
and logistical costs for farmers and can help steady the supply of local produce to 
consumers.  
 
Farm equipment represents a significant investment for farmers. In Boulder County, the 
market value of all machinery and equipment grew from $33,698,000 in 2002 to 
$49,705,000 in 2007. Expenditures on supplies, repairs, and maintenance of this 
equipment made up seven percent ($2,296,000) of total production expenses in 2002 
and eight percent ($3,181,000) in 2007.840 While farm equipment supply and repair 
companies exist in the state of Colorado, it is difficult to determine how many there are, 
their proximity to Boulder County, and prices charged for various services. 
 
As of 2007, 34 farms have grain storage capacity in Boulder County that can hold a 
combined total of 298,800 bushels. Average capacity for Boulder County is about 8,788 
bushels per farm, which is quite low compared to the statewide average of 38,088 
bushels per farm. Most farms in Boulder County (19) store the grain for crop production, 
while the remaining 15 farms use it for animal production.841 Data on storage for other 
crops (e.g. potatoes, onions, and beans) was limited. 
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11.4 Competing Resource Use 
 
Due to limited precipitation in the high plains of Colorado, competition for water use is a 
significant issue. The increase in demand for municipal and industrial (M&I) and self-
supplied industrial (SSI) water demand is expected to be greater in the South Platte 
River Basin than anywhere else in Colorado.842 The population along the Front Range is 
expected to increase by two million by 2030, requiring an additional 400,000 acre-ft. of 
water843 or a 53 percent increase in current water demand.844 To meet this increased 
demand, the Statewide Water Supply Initiative states that irrigated acreage will 
experience a significant decrease (29-49 percent), currently projected as a reduction of 
133,000-26,000 currently irrigated acres.845 
 
Researchers at Colorado State University performed an analysis looking at the overall 
impact that such a reduction would have on the economy of the eastern portion of the 
South Platte Basin, not including Boulder County. The study focused on the eastern 
portion of the basin because of the higher percentage of irrigated acreage. Data was 
based on the assumption that the irrigated land would be converted to fallow land 
because dryland cropping is economically unfavorable. It is estimated that each acre of 
irrigated land in the South Platte Basin generates $690. Assuming a loss of 159,500 
irrigated acres, the basin would be expected to lose $110 million.846  
 
Of the four river basins in the study, the South Platte Basin is expected to suffer the 
greatest economic impact for two reasons: (1) the South Platte Basin is projected to lose 
the most irrigated land, and (2) it has the largest output multiplier of 1.78 (i.e. for every 
dollar of agricultural output lost, there will be a greater ripple effect on the regional 
economy as a whole, most likely because farmers in the South Platte Basin rely more 
heavily on local inputs).847 
 
At the same time, the South Platte Basin is also expected to be in the best condition for 
coping with the economic impacts of reduced irrigation. Because the South Platte Basin 
has the highest population of the river basins in the analysis, the per capita impact is the 
smallest (a loss of $97 per person), despite the highest total economic impact. The 
South Platte Basin is also the most economically diverse, indicating a greater chance 
that farm operators will be able to find employment in other sectors as productive 
agricultural land is lost.848 
 
 
Water Transfers 
When trends were compared in the South Platte Basin from 1979 to 1995, it was found 
that the very nature of the water market in the basin has helped increase its resiliency in 
its ability to meet growing municipal demand.849 Water in the South Platte Basin comes 
from native supplies, which are managed through the sale and lease of water rights, and 
supplemental supplies from the western Rockies, which are managed through the 
Northern Colorado Water Conservancy District (NCWCD). The NCWCD lacks a water 
court review process, making the water transfer process quicker and less costly than 
other districts.850 The majority of the water transfers in the South Platte Basin are 
agriculture-agriculture and stay within the basin. Agriculture-urban transfers inevitably 
lead to a loss of productive land and economic output as once-irrigated land is fallowed 
and farm dependent businesses are negatively affected by the loss of agricultural 
outputs. Agriculture-agriculture water transfers do not have the same negative side 
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effects since the water use remains the same. Due to the above factors, the South Platte 
Basin is much more resilient in meeting increased municipal demand.851 
 
In addition to M&I and SSI water demands, water is also necessary for habitat 
restoration. For example, the Endangered Species Act mandated that approximately 417 
thousand additional acre-ft. of water flow through a 56-mile stretch along the eastern 
portion of the Central Platte River, which is home to a number of endangered and 
threatened species, in order to maintain the habitat.852 In the past, economists have 
determined that the most economically viable solution is reallocation of water from “low-
value” to “high-value” uses; in this case, the transfer of water from the irrigation of low-
value crops to habitat restoration.853 
 
 
Water Leasing 
The Colorado Water Conservation Board noted that: 854 

“as municipal water demands continue to increase, irrigators will continue to see 
an increased interest in their water rights from cities. Irrigators may begin to view 
their water rights as another "crop" and cities may begin to view the cornfields as 
reservoirs.” 

This shift is expected to increase the consideration of alternative methods to permanent 
transfers of water rights for municipal and industrial use. One option for lessening the 
economic impact of reduced irrigated acreage is to establish a leasing market for water 
rights. The permanent sale of water rights from agricultural to non-agricultural use 
typically results in the conversion of irrigated land to fallow land due to the potentially 
unprofitable nature of dryland cropping, and ultimately, a loss of production and 
economic output. Leasing water, however, enables farmers to retain their water rights, 
allowing them to continue farming, either on a rotational basis or on a continuous basis 
using less water for irrigation.855 Water leasing, as with other water transfers, is 
constrained by a number of physical, institutional, and legal mechanisms, since not all 
agricultural water rights can be moved from the land it irrigates due to decree or 
authorizing legislation.856 
 
Water leasing is not currently common in the state of Colorado, but has been employed 
successfully in the City of Aurora. In 2003, Aurora initiated a two-year pilot program 
where temporary water leasing was negotiated with 160 farmers allowing the City 
consumptive use of the water. The program helped provide drought protection for the 
City of Aurora and income to farmers with no permanent dry-up or conversion of 
farmland.857 
 
A survey sent to water rights holders in the South Platte Basin to determine their 
willingness to lease their rights in order to meet increasing M&I water demand was 
compiled in 2008. The study found that only seven percent of respondents intend to sell 
their water rights within the next five years. Furthermore, 70 percent believe that leasing 
is more beneficial to rural communities than the sale of rights and 61 percent would be 
willing to lease, rather than sell, their rights.858 If a leasing market were to be established 
however, 60 percent of farmers showed a clear preference for fallowing their land for a 
period of time (with sufficient compensation) whereas only 32 percent preferred reducing 
output through a reduction in irrigation. When asked about compensation, about 30 
percent of respondents required $400/acre to fallow their land for one year.859 
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Based on the above findings, and the fact that one-third of respondents were willing to 
lease all of their water, the surveyors concluded that there is enough willingness to make 
a leasing market economically viable. What is unclear at this point is the municipal water 
suppliers’ willingness to pay for leases and if so, whether the price they are willing to pay 
meets the desires of the rights holders.860 
 
 
Land 
Competition for land use has economic implications for both the tax base and residential 
property values, however, decisions regarding land use are largely dependent on how 
the use contributes to the tax base. The American Farmland Trust (AFT) has performed 
numerous studies on the economic impacts of rural land development and has 
determined that in Colorado, residential development requires on average $1.15 in 
community services for every $1 of tax revenue it contributes. Farm and forest land 
requires $0.35 in services for every $1 of outgoing tax revenue. Finally, commercial and 
industrial uses demand the least services ($0.27 for every $1) relative to their 
contribution.861  
 
The AFT’s methodology has received significant criticism, however, for being inadequate 
and biased. Researchers at Colorado State University performed their own analysis in 
an attempt to address some of the shortcomings of the AFT’s methodology. They 
calculated the ratio of community service cost to each dollar of generated revenue for 
each county in Colorado. Their analysis showed that “all Colorado counties, except 
Elbert County ($0.536:1), show a negative net fiscal impact of dispersed rural residential 
development and the majority lie within a range consistent with AFT findings…however, 
there is substantial variation across counties.” Their results also indicate that the 
character and type of development need to be considered, rather than aggregating land-
use type, in order to determine whether or not it will result in a net fiscal loss. For 
Boulder County, the calculated cost ratio of providing community services per every 
dollar of tax revenue generated by converting 35 acres of agricultural land to one county 
average household is 1.108, demonstrating that converting agricultural land to 
residential use ends up costing the county.862 



! !!
"#$%&!'())!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!))+!9-%#/!H%-5-BF!

!,342#.5#6/1!78$.%3/23$1!
9.21$#23$1!:1;.1<!

!
"')+" 

11.5 Direct Marketing 
 
One of the challenges faced by small farms is finding markets for their products. Since 
wholesalers offer low prices and shipping products is costly, wholesale is not favorable 
for small-farm operations. Rather, supporting direct marketing schemes is important for 
sustaining these operations. However, managing the logistics of direct marketing 
schemes has its own set of challenges. 
 
Challenges associated with direct marketing include:863, 864 

! Less-than-desired sales volume for customers 
! The seasonality of crops 
! The lack of grower flexibility in meeting quick changes in customer demand 
! Potential inability of grower to meet volume demand 
! Competitive pricing offered by wholesalers 
! Vendor bid systems/contracts that exclude local producers 
! Requirements of customers to obtain food through government programs 
! Insurance requirements for vendors 
! Lack of discretionary budgets for customers 
! Lack of discretion to pay higher prices for higher quality food 
! Associated with increased hassle (more phone calls, coordinating pick up, 

inconsistent supplies, etc.) 
 

Overall, larger restaurants and institutions are less likely to purchase local food than 
smaller ones. Whether restaurants and institutions do or do not buy local food, they are 
highly concerned with its freshness and dependability. Restaurants that buy locally are 
significantly more likely to do so in order to support the local economy and are typically 
interested in pesticide-free food.865 While price is a concern when purchasing food, it is 
not one of the primary reasons for customers deciding whether or not to purchase 
locally.866 Quality is currently not a significant factor in buyers’ decisions generally due to 
a lack of awareness about the potentially higher quality of local produce. If local farmers 
are more assertive about their higher quality of products and services, they may appeal 
more to local buyers.867 
 
 
Market for Organic Products  
Organic farming, as defined by USDA standards set in 1990, has grown in the past 
decade. Nationwide, organic acreage increased 4.5 times between 1992 and 2007, from 
935,450 to 4,289,957 acres. In 2007, 0.53 percent of Boulder County acreage was 
devoted to organic production, including land in the process of being converted, which is 
slightly higher than the state of Colorado at 0.33 percent.868 These numbers are 
relatively consistent with U.S. percentages: 0.7 percent of U.S. cropland and 0.5 percent 
of pasture were certified organic in 2008.869 
 
Such low percentages are attributed to a number of tradeoffs. Organic agriculture is 
associated with lower input costs, conservation of nonrenewable resources, capturing 
high-value markets, and boosting farm income. At the same time, there are a number of 
obstacles, including high managerial costs, risks of shifting production methods, limited 
awareness of organic farming systems, lack of marketing and infrastructure, and an 
inability to capture marketing economies.870 
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In 2007, organic product sales represented 2.83 percent of the total agricultural output in 
Boulder County, higher than the state of Colorado’s average of only 0.83 percent.871 
Unfortunately, the 2002 Census of Agriculture does not include data on organic produce, 
making it difficult to determine market trends. Though the percentages of total 
agricultural output from organic produce seems low, Colorado is among the top organic 
producing states (Figure 44).  
 

Figure 44: 2007 U.S. Organic Produce Output 
Note: Data for Nevada was not available 

 
 

Data comparing profitability of organic farming versus conventional farming is limited. 
However, both organic and conventional farmers spend the same amount of time (six 
percent of their days) working off of their farms. Such findings suggest that supplemental 
incomes are no more important to organic farmers than conventional farmers, likely due 
to the higher prices that organic farmers receive for their commodities.872
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Glossary of Terms 
 
Agricultural biotechnology: A collection of scientific techniques, including genetic 
engineering, that are used to create, improve, or modify plants and animals and 
microorganisms. Using conventional techniques, such as selective breeding, scientists 
have been working to improve plants and animals for human benefit for hundreds of 
years.873 
 
Aerodynamic Roughness Length: The height at which wind speed equals zero and is 
approximately one-tenth the height of the surface. The surface properties of an area 
have implications on wind patterns: for example, the roughness length of a forest is 
much greater than that of the plains.874 
 
Agroecology: The design, development, and management of sustainable 
agroecosystems based on the application of ecological principles while considering 
existing social, cultural, and economic factors of farming communities.875 
 
Agroforestry: Agroforestry intentionally combines agriculture and forestry to create 
integrated and sustainable land-use systems. Agroforestry takes advantage of the 
interactive benefits from combining trees and shrubs with crops and/or livestock.876 
 
Albedo: The reflective property of a surface, which is expressed as a ratio of the amount 
of radiation reflected to the amount of radiation that falls on the surface, and is thus a 
percentage ranging from 0-100. The earth and the atmosphere respectively reflect four 
and 26 percent of the sun’s radiation annually.877 
 
Bio-dynamic (agricultural practices): Method includes certain herbal preparations that 
guide the decomposition processes in manures and compost.878 
 
Bio-char: A charcoal rich in nutrients and organic carbon that is produced from partially 
burning biomass. The application of bio-char improves soil fertility by adding and 
retaining soil nutrients. 
 
Bioconcentration: The movement of a chemical from the surrounding medium into an 
organism such that higher concentrations occur within the organism.879  
 
Biomagnification: Sequence of processes in an ecosystem by which higher 
concentrations are attained in organisms at higher trophic levels (at higher levels in the 
food web); at its simplest, a process leading to a higher concentration of a substance in 
an organism than in its food.880 
 
Biorational pesticides: Very selective pesticides, targeting just the pest, that usually do 
not persist in the environment, are much safer to handle and apply when compared to 
most chemical pesticides, and tend to preserve beneficial organisms.881 
  
Biosolids: The nutrient-rich organic materials resulting from the treatment of sewage 
sludge. When treated and processed, sewage sludge becomes biosolids, which can be 
safely recycled and applied as fertilizer to sustainably improve and maintain productive 
soils and stimulate plant growth.882 
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Border irrigation: An irrigation method used on nearly level fields that are planted close 
to growing crops. In border irrigation water soaks into the soil as it advances down 
narrow strips between the ridges. Uniform grades are necessary to ensure an even 
distribution of water and to prevent ponding.883 
 
Bt crops: Crops that are genetically engineered to carry the gene from the soil 
bacterium Bacillus thuringiensis. The bacteria produce a protein that is toxic when 
ingested by certain Lepidopteran insects. Crops containing the Bt gene are able to 
produce this toxin, thereby providing protection throughout the entire plant.884 
 
Bt cotton: Cotton that is genetically engineered to control tobacco budworms, 
bollworms, and pink bollworms. 885 
 
Bt Corn: Corn that is genetically engineered to provide protection against the European 
corn borer.886 
 
Cavitation: is the implosion of bubbles of air and water vapor and makes a very distinct 
noise like gravel in the pump. The implosion of numerous bubbles will eat away at an 
impeller and it eventually will be filled with holes.887 
 
Controlled flooding: An irrigation method used on close-growing crops. Water is 
flooded down the slope between closely spaced field ditches.888 
 
Conventional Agriculture: An industrialized agricultural system characterized by 
mechanization, monocultures, and the use of synthetic inputs such as chemical 
fertilizers and pesticides, with an emphasis on maximizing productivity and 
profitability. Industrialized agriculture has become “conventional” only within the last 
60 or so years (since World War II).889 
 
Corrugation irrigation: A surface irrigation method where small channels or 
corrugations are used to guide water across a field.890 This method is used on fields that 
do not have uniform grades.891 
 
Cover crop: A cover crop is any crop grown to provide soil cover, regardless of whether 
it is later incorporated. Cover crops are grown primarily to prevent soil erosion by wind 
and water.892 
 
Cross-pollinate: Cross-pollination occurs between two plants via wind, insects, or 
water.893 
 
Desertification: The expansion of dry lands due to poor agricultural practices 
(overgrazing, degradation of soil fertility and structure, etc.), improper soil moisture 
management, salinization and erosion, forest removal, and climate change.894 
 
DL-methionine: A concentrated form of methionine, one of the important building blocks 
of protein needed by birds for growth, feathering and egg production. Because animal 
protein by-products cannot be used and organic soybean meal is very expensive, most 
organic poultry diets use some purified methionine. All of the diets presented in this 
factsheet contain DL Methionine; failure to add it to the diets will result in poor 
production, uneven flocks, and in severe cases, cannibalism.895 
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Ecoagriculture: A landscape approach to natural resources management that seeks to 
sustain agricultural production, conserve biodiversity and ecosystem services, and 
support local livelihoods.896 
 
Endogenous allergenicity (also endogenous allergy): Working definition: 
Endogenous allergenicity is the allergenic proteins that naturally occur in specific food, 
for example, Ara h 1 and Ara h 2 in peanuts.  Occasionally, a safety assessment 
includes some consideration of the effect of the genetic engineering levels of 
endogenous allergens in the host organism.  Under most circumstances, alteration in the 
number of levels of endogenous allergens would not be expected.  For example, both 
GE and conventional soybeans should be equivalently allergenic to soy-allergic 
consumers.  If changes occurred in the levels of endogenous allergens, that would be 
properly characterized as unanticipated.897 
 
The primary allergy risks to consumers from GM crops may be placed into one of three 
categories. The second category, which represents an intermediate risk, is the potential 
for altering or replacing the endogenous allergenicity of a GE crop, which would cause 
an increased concern for already allergic patients. However, several studies have 
explored this possibility and found no difference in the allergenic potential of GE foods 
when compared directly with their non-GE counterparts.898 
 
Eutrophication: Process by which bodies of water become enriched in dissolved 
nutrients, e.g. phosphates, nitrates, nitrogenous compounds. The nutrients deplete the 
dissolved oxygen of the water by stimulating the growth of algae and other aquatic plant 
life.899 
 
Evapotranspiration: The water lost to the atmosphere by two processes-evaporation 
and transpiration (see def.)900 
 
Fallow fields: Cropland left idle in order to restore productivity, mainly through 
accumulation of water, nutrients, or both. The soil ordinarily is tilled for at least one 
growing season to control weeds and to aid in the decomposition of plant residues.901 
 
Furrow irrigation: is used with row crops. Water is taken from ditches by siphon tubes, 
gated pipes, or cuts in the ditchbank, and is applied in the furrows between the rows of 
plants. On sloping soils the use of contour furrows helps to control erosion by carrying 
water across the slope. On nearly level soils the furrows are straight.902 
 
Genetic engineering (GE): A technique used to alter or move genetic material (genes) 
of living cells.903 Techniques include altering the DNA, substituting genetic material by 
means of a virus, transplanting whole nuclei, transplanting cell hybrids, etc.904 
 
Glyphosate: A broad-spectrum, non-selective systemic herbicide that can be used on 
essentially all annual and perennial plants including grasses, sedges, broad-leaved 
weeds, and woody plants. It can be used on non-cropland and among a great variety of 
crops.905 It is the main ingredient in Roundup. 
 
Green Chop: Forages cut at younger stage of maturity and fed wet directly to 
livestock.906 
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Green manure: "Green manuring" involves the soil incorporation of any field or forage 
crop while green or soon after flowering, for the purpose of soil improvement.907 
 
Humus: Complex organic compounds that remain after many organisms have used and 
transformed the original material. Humus is not readily decomposed because it is either 
physically protected inside of aggregates or chemically too complex to be used by most 
organisms. Humus is important in binding tiny soil aggregates, and improves water and 
nutrient holding capacity.908 
 
H7-1 sugar beet: Roundup Ready® sugar beet H7-1 plants (hereafter also referred to 
as H7-1) are genetically modified to express tolerance to glyphosate-based Roundup® 
herbicides, allowing their use for weed control in the crop not just in pre-emergence, but 
also throughout the growing season.909 
 
Indirect Energy Use: The energy embedded in the goods and services purchased, but 
not directly consumed by the end-user.910 
 
Lifecycle Assessment (LCA): A technique to assess the environmental aspects and 
potential impacts associated with a product, process, or service, by: compiling an 
inventory of relevant energy and material inputs and environmental releases; evaluating 
the potential environmental impacts associated with identified inputs and releases; 
interpreting the results to help make a more informed decision.911 
 
Living mulch: An extension of cover crops used to decrease soil erosion, suppress 
weeds, improve soil structure and nutrient cycling, and in the case of legumes, supply 
nitrogen to a grain crop. Unlike cover crops that are killed before planting the grain crop, 
living mulches co-exist with the crops during the growing season and continue to grow 
after the crop is harvested.912 
 
Low-input agriculture: A process that seeks to minimize the use of production inputs 
(i.e. off-farm resources), such as purchased fertilizers and pesticides, and to optimize 
the management and use of internal production inputs (i.e. on-farm resources) wherever 
and whenever feasible and practicable in order to lower production costs, avoid pollution 
of surface and groundwater, reduce a farmer's overall risk, reduce pesticide residues in 
food, and increase both short- and long-term farm profitability.913 
 
Monoculture (Monocropping): The growing of a single crop species on a field year 
after year. Contrast crop rotation and mixed cropping.914 
 
National Organic Program: Develops, implements, and administers national 
production, handling, and labeling standards. Responds to site-specific conditions by 
integrating cultural, biological and mechanical practices that foster cycling of resources, 
promote ecological balance, and conserve biodiversity.915 
 
Natural farming: A farming method that involves no tillage, no fertilizer, no pesticides, 
no weeding, no pruning, and minimal labor through careful timing of seeding and careful 
combinations of plants.916 
 
Net irrigation: The net amount of water that must be applied by irrigation to supplement 
stored soil water and precipitation to supply the water required for the full yield of an 
irrigated crop.917 
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Neutral soil: A slight difference in soil qualities between the topsoil and subsurface soil, 
causing it to erode initially but then stabilize.918 
 
Non-point Source (NPS) pollution: Pollution sources that are diffuse and do not have 
a single point of origin, such as agriculture, forestry, and urban runoff.919 
 
Open pollinated: Open-pollinated vegetable varieties reproduce themselves in one of 
two ways: cross-pollination (see def.) or self-pollination (see def.).920 
 
Organic agriculture: A production system, which avoids or largely excludes the use of 
synthetically compounded fertilizers, pesticides, growth regulators, and livestock feed 
additives.921 
 
Percolation: Percolation is the movement of water through the soil, and it’s layers, by 
gravity and capillary forces.922 
 
Permaculture: The goal of permaculture is to produce an efficient, low-maintenance 
integration of plants, animals, people and structure Strong emphasis is placed on 
design, the location of each element in a landscape, and the evolution of landscape over 
time.923 
 
Permeability: The ability of water to flow through a soil.924 
 
Point source pollution: Sources of pollution that originate from a single point, such as 
a discharge pipe or ditch. 925 
 
Polyculture (Polycropping): Growing two or more crops together.926 
 
Potash: A mineral that is used primarily as an agricultural fertilizer (plant nutrient) 
because it is a source of soluble potassium.927  
 
Precision agriculture: Precision agriculture is the practice of using remote sensing, soil 
sampling, and information management tools to optimize agriculture production.928  
 
Progeny: A descendant or offspring as in a child, plant, or animal.929 
 
Regenerative agriculture: see ‘Sustainable Agriculture.’ 
 
Salinization: The accumulation of salts. Salinization occurs in warm and dry locations 
where soluble salts precipitate from water and accumulate in the soil. Saline soils are 
common in desert and steppe climate.930 
 
Self-pollinate: Self-pollination occurs between two plants via the male and female parts 
contained within the same flower or separate flowers on the same plant.931 
 
Site-Specific Management (SSM): A practice that is being used to control and 
document traditional inputs in crop production such as fertilizer, seed, and crop 
chemicals.932 
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Sprinkler irrigation: An irrigation method that is used when slopes are steep or uneven. 
Sprinklers are an advantage when establishing pasture crops and in the preemergence 
irrigation of certain crops. With sprinkler irrigation, water losses resulting from 
evaporation may be higher than with other methods of irrigation and wind drift may 
cause uneven water application.933 
 
Stecklings: Young sugar beet plants grown in seedbeds in summer, to be transplanted 
in the autumn or following spring.934 
 
Strip cropping: The growing of crops in a systematic arrangement of strips or bands 
which serve as vegetative barriers to wind and water erosion. The strips or bands may 
run perpendicular to the slope of the land or to the direction of prevailing winds.935 
 
Stubble mulch: Stubble or other crop residues left on the soil, or partly worked into the 
soil, to provide protection from wind and water erosion after harvest, during preparation 
of a seedbed for the next crop, and during the early growing period of the new crop.936 
 
Susceptible soil: The subsurface soil below a good layer of topsoil is poor in quality, 
causing erosion to be much more likely, the soil is considered to be susceptible soil.937 
 
Sustainable agriculture: A variety of definitions exist dealing with the philosophy and or 
practice of sustainable agriculture. These definitions generally support the concepts of 
environmental, economic, and social sustainability.938  
 
The United States Department of Agriculture defines sustainable agriculture as “Use for 
the practice of agriculture, which supports sustained economic profitability, sustained 
quality, and well-being of the environment, efficient use of natural resources, and the 
overall quality and availability of food and fiber for mankind.”939 
 
According to the Food, Agriculture, Conservation, and Trade Act of 1990, "the term 
sustainable agriculture means an integrated system of plant and animal production 
practices having a site-specific application that will, over the long term:”940 

! Satisfy human food and fiber needs 
! Enhance environmental quality and the natural resource base upon which the 

agricultural economy depends 
! Make the most efficient use of nonrenewable resources and on-farm 

resources and integrate, where appropriate, natural biological cycles and 
controls 

! Sustain the economic viability of farm operations 
! Enhance the quality of life for farmers and society as a whole 

 
Currently, there is no single standard for sustainable agriculture, although several 
organizations are moving towards this goal. The Scientific Certification Systems (SCS) 
and the Leonardo Academy (an American National Standards Institute accredited 
standard developer) are working together to standardize sustainable agriculture. The 
SCS embarked upon an effort to develop the strongest possible sustainable agricultural 
guidelines for the North American market — the SCS Sustainable Agriculture Practice 
Standard. In addition, SCS and the Leonardo Academy launched an initiative to develop 
a voluntary national, multi-stakeholder, consensus-based standard for sustainable 
agriculture.941 “The purpose of the Standard is to establish a comprehensive framework 
and common set of environmental, social, and quality requirements by which to 
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demonstrate that an agricultural product has been produced and handled in a 
sustainable manner, from soil preparation and seed planting through production, 
harvest, post-harvest handling, and distribution for sale.”942 This proposed standard 
would be voluntary and would not replace the legal or regulatory requirements of any 
country in which agricultural products are produced, handled, or sold. The SCS 
recognizes eight key elements of sustainability, which include:943 

! Sustainable Crop Production 
! Ecosystem Management and Protection 
! Resource Conservation and Energy Efficiency 
! Integrated Waste Management 
! Fair Labor Practices 
! Community Benefits 
! Product Quality 
! Product Safety and Purity 

 
Teratogenicity: Potential to cause or the production of structural malformations or 
defects in offspring.944 
 
Tilth: The physical condition of soil as related to its ease of tillage, fitness of seedbed, 
and impedance to seedling emergence and root penetration.945 
 
Transgenic crops: Crops that result from the insertion of genetic material from another 
organism so that the plant will exhibit a desired trait. Recombinant DNA techniques 
(DNA formed by combining segments of DNA from different organisms) are usually used 
to develop transgenic plants. 
 
Transpiration: Transpiration is the biological process that occurs mostly in the day. 
Plants transpire to move nutrients to the upper portion of the plants and to cool the 
leaves exposed to the sun.946 
 
Turbidity: A measure of the cloudiness of water – the cloudier the water, the greater the 
turbidity. Turbidity in water is caused by suspended matter, such as clay, silt, and 
organic matter that interfere with the passage of light through the water.947 
 
Variable rate application (VRA): Allows a prescribed rate of fertilizer or lime to be 
applied to each location within a field, based on soil test results.948 
 
Vermicompost: Composting with earthworms. Can contain worm castings, bedding 
materials, and organic wastes at various stages of decomposition. It can also contain 
worms at various stages of development and other microorganisms associated with the 
composting processing.949 
 
Vermiculite: A mineral that is used in horticulture and mixed with soil to create a more 
porous, absorbent soil.950 
 
Windrow: organic waste is formed into rows of long piles of compost called windrows 
that are aerated by turning the pile periodically by either manual or mechanical means. 
The ideal pile height, which is between 4 and 8 feet, allows for a pile large enough to 
generate sufficient heat and maintain temperatures, yet small enough to allow oxygen to 
flow to the windrow's core. The ideal pile width is between 14 and 16 feet.951 
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