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Conservation practices used on agricultural land reduce the environmental impact 
of crop production, contribute to improving soil health, and reduce net greenhouse 
gas emissions. Prior research primarily used field-level surveys for tracking adoption 
rates of such practices. This research uses farm- and field-level Agricultural Resource 
Management Surveys to analyze national and regional adoption of no-till and strip-till 
planting systems, cover crop use, and nitrogen-fertilizer application rates, timing, and 
methods. Results show that U.S. farmers’ adoption of these practices varies widely by 
crop and region. In addition many farmers are “partial” adopters, adopting conservation 
practices on some but not all acres of their farm. 
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What Is the Issue?

Conservation practices can reduce adverse effects of agricultural production on environmental 
quality, help improve soil health, and reduce net greenhouse gas emissions. These benefits can be 
realized when farmers keep the soil covered, minimize soil disturbance, and diversify planting 
with crop rotations and cover crops. No-till, strip-till (tilling only a narrow strip where row-crops 
are planted), and cover crop practices can provide a suite of benefits, including reducing sedi-
ment and nutrient loads in water. When used continuously over a number of years, they can also 
increase soil organic matter and carbon sequestration, improve soil structure, reduce soil compac-
tion, and increase water infiltration and water-holding capacity—additional improvements that are 
often associated with enhanced soil health. Nutrient (fertilizer)-management practices can help 
ensure the crops have the nutrients they need while minimizing the opportunity for nutrients to be 
lost to the environment through runoff, leaching, or volatilization.

This study provides a snapshot of no-till and strip-till adoption, planting of cover crops, and 
nutrient management—practices that are supported by USDA conservation programs and 
are likely to be critical in meeting climate change adaptation goals under the USDA Climate 
Change Adaptation Plan. 

What Did the Study Find?

Examining data on land planted to corn, soybean, wheat, and cotton reveals conservation-
practice adoption rates vary widely across regions and crops. In general, southern and eastern 
regions use no-till/strip-till and cover crops more intensely than other regions. Even within 
individual farms, practice adoption can vary. 

• Roughly 40 percent of combined acreage of corn, soybean, wheat, and cotton were in no-till/
strip-till in 2010-11 (89 million acres per year), with adoption rates higher for some crops 
(e.g., soybeans) and some regions (e.g., the Southern Seaboard). (See figure.)

• Fifty-six percent of all land used for corn, soybeans, wheat, and cotton was on farms that 
used no-till/strip-till on at least part of their cropland in 2010-11: 23 percent of land was on 
farms that used no-till/strip-till on all land in these crops while 33 percent was on farms that 
used a mix of no-till, strip-till, and other tillage practices. 

• Fall application of nitrogen (applying nitrogen in the fall before spring planting, which 
leaves the nitrogen vulnerable to runoff) accounted for 20 percent of nitrogen applied to 
corn in 2010 (29 percent of acres). Cotton producers applied only 7 percent (on 14 percent of 
acres) in the fall of 2007. 

A report summary from the Economic Research Service

Summary



• Split application of nitrogen fertilizer (applying at least part of the total nitrogen after planting when crop 
needs are highest and risk of runoff is lower) accounted for 59 percent of nitrogen applied to cotton in 2007 
(64 percent of acres). In 2010, corn farmers applied 22 percent of nitrogen fertilizer (on 31 percent of acres) 
after planting. 

• Farmer-reported nitrogen rates are higher than benchmark application rates (based on estimated plant uptake 
and designed to minimize nitrogen losses to the environment) for 36 percent of corn acres, 19 percent of 
cotton acres, 22 percent of spring wheat acres, and 25 percent of winter wheat acres. 

• Using multiple nutrient-management practices has greater potential to reduce the loss of nitrogen than 
using a single practice. Only 24 percent of cotton acres and 6 percent of corn acres combined four nutrient-
management practices: (1) no application in the fall, (2) some application after planting, (3) nitrogen applica-
tion at rates below a “benchmark,” and (4) fertilizers incorporated or injected below the soil surface.

• Cover crops were in use on less than 2 percent of total cropland (for all crops) during 2010-11 (6.8 million 
acres), with adoption rates higher in some regions (e.g., the Southern Seaboard and the Mississippi Portal). 
Although the benefits of cover crops and no-till/strip-till are enhanced when these practices are used on the 
same fields, the low cover crop adoption rate suggests that these benefits are realized on few acres. 

How Was the Study Conducted?

All the data presented are from the Agricultural Resource Management Survey (ARMS), a joint enterprise of 
USDA’s National Agricultural Statistics Service and the Economic Research Service. Data on tillage and cover 
crops are from a special section of the farm-level portion of the 2010 and 2011 surveys. Farmers were asked to 
report the acreage of corn, soybean, wheat, and cotton where no-till/strip-till were used and the acreage of all 
cropland that had cover crops in the survey 
year. While previous studies suggest that 
many farms use no-till/strip-till on only a 
part of their cropland, the 2010-11 ARMS 
data provide a broad, national perspec-
tive on adoption at the farm level. Data 
from the crop-specific, field-level portion 
of the ARMS survey were used to report 
on nitrogen-management practices for 
corn, wheat, and cotton producers. While 
the field-level surveys do not provide a 
farm-level picture of nitrogen management 
practices, the field-specific data provide 
extensive detail on application rates, timing, 
and methods. Conservation-practice adop-
tion rates are estimated using farm-level and 
field-level surveys and presented by crop, 
region, farm type, commodity specializa-
tion, land tenure, and operator education. 

www.ers.usda.gov

Source: USDA, Economic Research Service and USDA, National Agricultural 
Statistics Service, Agricultural Resource Management Survey, 2010-11.
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Conservation-Practice Adoption Rates 
Vary Widely by Crop and Region

Introduction

Conservation-practice adoption can reduce the adverse environmental effects of agricultural produc-
tion. Adoption of no-till, strip-till, nutrient management, and cover crops, for example, can provide 
a suite of environmental (off-farm) benefits including improved water quality through reduced sedi-
ment and nutrient loads. Increasingly, it is also recognized that conservation practice adoption can 
provide on-farm benefits. While the benefit of controlling soil erosion to preserve soil depth has been 
recognized since the Dust Bowl, conservation practices can also help change the physical, biological, 
and chemical properties of the soil. Continuous use of no-till or strip-till, for example, can increase 
soil organic carbon and available water capacity, reduce soil compaction, improve soil aggregate size 
and stability, and increase porosity (USDA/NRCS, 1996)—changes that may enhance soil health.1 
These benefits are amplified when no-till/strip-till is used with cover crops (USDA/NRCS, 1996; 
Snapp et al., 2005). Good nutrient management (use of appropriate application rates, methods, and 
timing) minimizes runoff, leaching, and nitrous oxide emissions (a potent greenhouse gas) and 
makes nutrients available when they are most beneficial to crops. Cover crops also help improve 
nutrient management by either conserving nitrogen for grain crops, or utilizing excess nutrients—the 
benefits will depend on the cover crop choice. High-residue cover crops add carbon, retain nitrogen, 
increase nutrient use efficiency, and reduce nutrient leaching into groundwater (USDA/NRCS, 
2014a). The off- and on-farm value of these practices may increase with an increase in the frequency 
of extreme weather events that are expected with climate change (Michalak et al., 2013; Lin, 2011; 
Diaz and Rosenberg, 2008). The practices discussed in this report are frequently supported by 
USDA conservation programs and are likely to be critical in meeting climate change adaptation 
goals under the USDA Climate Change Adaptation Plan (USDA/OCE, 2014). 

This mix of off- and on-farm benefits is typical of agricultural conservation practices. While farmers 
and other landowners have incentives to maintain the productivity of their land, society seeks to 
improve environmental quality through publicly funded conservation programs and policies. The 
extent to which specific practices have been adopted may be useful to conservation-program design 
and administration. Practices that are widely adopted may not require financial assistance, at least 
in some regions or among some groups of producers who already believe that the benefits of adop-
tion outweigh the costs. For practices that are beneficial but not yet in widespread use, financial 
and technical assistance can encourage early adopters, who may be instrumental in demonstrating 
the conservation value and potential profitability of these practices to other farmers. There is also 
increasing recognition among researchers and the general public of the importance of the overall 
level of conservation effort (or stewardship) on U.S. farms. Producers who have adopted multiple 
conservation practices and implemented them throughout their farm may be taking advantage of 
complementarity among practices. While doing so, they are addressing a wide range of environ-
mental issues, including the soil-quality benefits of adopting both no-till and cover crops, or the 
water-quality benefit of adopting both no-till and nutrient management.

1“Soil health, also referred to as soil quality, is defined as the continued capacity of soil to function as a vital living 
ecosystem that sustains plants, animals, and humans” (USDA/NRCS, 2014b).
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This report uses data from the 2010 and 2011 farm-level (phase 3) portion of the Agricultural 
Resource Management Survey (ARMS) to provide adoption rate information for no-till/strip-till 
and cover crops on U.S. cropland.2 The surveys asked farmers about their use of no-till/strip-till for 
the four most widely grown crops—corn, soybeans, wheat, and cotton—that accounted for roughly 
80 percent of principal crop acres3 in 2010-11. Farmers were also surveyed about their use of cover 
crops on all cropland throughout the farm. We use data from the crop-specific, field-level portion of 
the ARMS to detail the adoption of nitrogen management practices for corn, wheat, and cotton. 

While data on tillage and cover crop adoption are also available from the crop-specific, field-level 
(phase 2) portion of ARMS, the whole-farm (phase 3) data offer several advantages. First, the farm-
level data cover the four most important crops (corn, soybeans, wheat, and cotton) in a single year, 
thereby capturing a “snapshot” of these practices across the landscape rather than capturing different 
crops in different years as in the field-level survey (phase 2). The farm-level (phase 3) sample size 
is also larger, making it possible to obtain reliable results at State or regional levels (particularly 
for practices that are not yet widely adopted). While the phase 3 data for 2010-11 provide a total of 
17,060 observations, the field-level surveys for corn (2010), cotton (2007), and wheat (2009) provide 
a total of 4,916 observations (each survey is focused on States that account for 90-95 percent of the 
target crop). Finally, the farm-level data show the extent of practice adoption within farms (rather 
than on single fields), at least for those acres planted to the four most widely grown crops (see 
appendix 2, “The Agricultural Resource Management Survey”).

2Data collected over this 2-year period provide a snapshot of adoption. Different farmers were surveyed in 2010 and 
2011, so the overall number of farms is the sum of the number in the 2010 and 2011 surveys. While estimated rates of 
practice adoption vary slightly between 2010 and 2011, these differences are not statistically significant when comparing 
national averages across years. Results presented throughout this report are based on data pooled across years. 

3Principal acreage includes the area planted in corn, sorghum, oats, barley, rye, winter wheat, durum wheat, other 
spring wheat, rice, soybeans, peanuts, sunflower, cotton, dry edible beans, potatoes, sugar beets, canola, and proso millet 
and acres harvested for all hay, tobacco, and sugarcane (www.usda.nass.gov).
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Tillage Practices 

Conservation tillage systems traditionally have been defined as tillage systems that leave at least 30 
percent of residue on the soil surface after planting (conventional tillage systems leave less than 30 
percent crop residue). In a no-till system, farmers plant directly into the undisturbed residue of the 
previous crop without tillage, except for nutrient injection. In a strip-till system for row crops, seeds 
are planted into a narrow strip (e.g., 6-8 inches) that has been tilled where fertilizer may have also 
been injected or placed. 

While tillage has long been used to control weeds, speed the decay of crop residues that may harbor 
insects or disease, and ease planting operations, farmers have increasingly adopted production 
systems that require less tillage and leave significant amounts of crop residue on the soil surface. 
When compared with conventional or other conservation tillage methods, no-till/strip-till produc-
tion can reduce soil erosion and sediment loss to water and wind (this in turn mitigates sediment 
loading in bodies of water), increase soil carbon sequestration, and improve the physical, chemical, 
and biological properties of the soil in a number of ways including increased water-hold capacity, 
higher soil organic matter content, and reduced soil compaction (Derpsch et al., 2010; USDA/NRCS, 
2014a). Maintaining greater residue on the surface reduces soil temperature, maintains soil moisture, 
and protects the soil from excessive sunlight and wind (Karlen et al., 2009). Many of these benefits 
may be enhanced if used in conjunction with other practices, particularly cover crops (USDA/
NRCS, 1996; Snapp et al., 2005). However, since it requires more than 5 years of adoption for no-till 
fields to reach their full soil tilth, porosity, and organic matter potential (Toliver et al., 2012), many 
of these benefits will be realized only when no-till is practiced continuously over a period of years.4

Many farmers who use no-till use it on only a portion of their crop acreage, suggesting that no-till is 
not necessarily used continuously on these farms. Farmers who use no-till often rotate tillage prac-
tices along with crops (see Robertson et al., 2014). Farmers may use no-till/strip-till on crops that 
are thought to be well suited for the practices (e.g., soybeans) and use conventional tillage or other 
conservation tillage methods for crops where no-till/strip-till management is perceived as more risky 
(e.g., corn) (Reimer et al., 2012). Some farmers may also vary tillage based on field characteristics. 
For example, farmers may use no-till or strip-till on highly erodible land to control soil erosion 
(from wind or rainfall) (Prokopy et al., 2008). Although not specifically required, tillage practices 
are often part of conservation plans that must be in use to meet eligibility requirements (conserva-
tion compliance) for most Federal agricultural programs, including commodity programs and (after 
2014) crop-insurance premium subsidies. Weather may also play a role as farmers may use no-till/
strip-till to conserve soil moisture when water reserves are low but are deterred from using the prac-
tice when springtime weather is wet (Ding et al., 2009). 

In 2010-11, no-till and strip-till were widely used—although not predominantly—on U.S. farms. We 
consider the four most widely grown crops: corn, cotton, soybeans, and wheat, which accounted for 
225 million acres in 2010 and 242 million acres in 2011. Overall, 44 percent of about 980,000 corn, 
soybean, wheat, and cotton farmers represented by the 2010 and 2011 surveys used no-till/strip-till 
on at least one of these crops. No-till/strip-till accounted for 39 percent of total acreage in these 
crops including 31 percent of corn, 46 percent of soybeans, 33 percent of cotton, and 43 percent of 

4There is little information available on continuous no-till/strip-till adoption. In recent years (2009-2013), the field-
level ARMS collected data on farmers’ current and past crop choices and tillage adoption. Given that the field-level 
ARMS does not examine the same crop each year, the data do not form a panel, making times series analysis difficult.
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wheat (fig. 1). Regional5 adoption rates for corn no-till/strip-till were highest in the Prairie Gateway 
(64 percent) and lowest in the Fruitful Rim (14 percent) (table 1). For soybeans, no-till/strip-till 
adoption rates were highest in the Prairie Gateway (72 percent) and lowest in the Northern Great 
Plains (32 percent) and the Mississippi Portal (32 percent). For wheat, adoption was highest in the 
Northern Great Plains (63 percent) and lowest in the Fruitful Rim (21 percent). For all four crops 
combined, these practices were most widely used in the Southern Seaboard (64 percent of acres) 
and Eastern Uplands (56 percent) (fig. 2 and table 1). Corn, soybean, wheat, and cotton farmers were 
least likely to use no-till or strip-till in the Fruitful Rim (19 percent).

The tillage estimates from the 2010-11 farm-level survey are for no-till and strip-till, so they are not 
directly comparable to other estimates of no-till acreages. Horowitz, et al. (2010) report estimates 
of no-till acreage for 2003-07, based on the field-level portion of the ARMS. More recent data, also 
based on field-level surveys, were obtained from ARMS results and are available online (http://
www.ers.usda.gov/data-products/arms-farm-financial-and-crop-production-practices/tailored-
reports-crop-production-practices.aspx) (fig. 3). In general, the field-level estimates of no-till acreage 
are lower than our estimates of no-till/strip-till for 2010-11. These differences could reflect both the 
change in no-till acreage over time and the level of strip-till use. No-till/strip-till adoption in 2010-11 
is 8 percentage points higher than no-till adoption in corn in 2010, 11.9 percentage points higher 
than 2007 cotton, and 4 percentage points higher than 2009 wheat. For soybeans, 2010-11 adoption 
of no-till/strip-till based on the farm-level ARMS is 46 percent, which is roughly equal to no-till 
adoption in the 2006 field-level survey (45 percent) and 6 percentage points higher than no-till adop-
tion in the 2012 field-level survey (40 percent). 

5The USDA, Economic Research Service farm resource regions (regions) are county clusters based on similarities in 
commodities produced, climate, soil, water, and topography. They depict the geographic specialization in production of 
farm commodities (see figure 2 and http://www.ers.usda.gov/media/926929/aib-760_002.pdf). 

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource 
Management Survey, 2010-11.

Figure 1

No-till or strip-till use on all acres of four major crops, 2010-11
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As already noted, many farmers use no-till or strip-till on only a part of the land they have in crop 
production. Farmers who use no-till or strip-till on all of the acres they planted in all four crops are 
defined as “full adopters.”  That is, no-till or strip-till is used on every acre planted to corn, soybeans, 
wheat, or cotton. Farmers who use no-till or strip-till on only a part of the acres in these four crops 
are defined as “partial adopters.” Partial adopters have the equipment and expertise (at least for some 
crops) to use no-till/strip-till but choose to till other portions of their cropland. To the extent that 
“start-up” costs of no-till and strip-till (e.g., new planting equipment) or lack of experience are barriers 
to no-till and strip-till adoption, these farmers may be well positioned to expand these practices to a 
larger share of cropland acreage. If some crops or some fields are not well suited to no-till or strip-
till, however, partial adopters may feel that expanding these practices would not be profitable. During 
2010-11, roughly 23 percent of land in corn, soybeans, wheat, and cotton was on a farm where no-till 
or strip-till was used on every acre (full adopters). Another 33 percent of acreage devoted to the four 
major crops was located on farms where a mix of no-till, strip-till, and other tillage practices6 were 

6Here other tillage practices refer to all tillage practices except for no-till or strip-till (conventional tillage, reduced 
tillage, and conservation tillage (mulch-till and ridge-till)).

Note: Cropland acreage is the total acreage in corn, soybeans, wheat, and cotton for 2010 and 2011.
Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource Management Survey, 
2010-11.

Figure 2

No-till or strip-till use on corn, soybeans, wheat, and cotton acres by farm resource region in the 
continental United States, 2010-11
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Table 1
Tillage practices in 2010 and 2011 by farm resource region

Farm resource region

Item

Heartland
Northern  
Crescent

Northern  
Great Plains

Prairie  
Gateway

Eastern 
Uplands

A B C D E

Total farms 
in 2010-11 909,424 BCDEFGHIJ 622,768 ACDFGHIJ 184,891 ABDEFGJ 594,282 ABCEFGHIJ 645,257 ACDFGHIJ

Planted acres in 2010-11 (million)

    All crops 197.02 BCDEFGHIJ 46.78 ADEFGHJ 52.55  
ADEFGHIJ 93.23 ABCEFGHIJ 7.93 ABCDFGIJ

    Corn 103.63 BCDEFGHIJ 31.00 ACEFGHIJ 9.96 ABDEFGHIJ 26.09 ACEFGHIJ *3.70 ABCDHJ

    Soybeans 87.21 BCDEFGIJ 12.94 AEFGJ 13.35 AEFGJ 14.06 AEFGHJ 3.21 ABCDFGIJ

    Cotton 0.676 BCDEFGIJ 0 ADFGIJ 0 ADFGIJ 8.972 ABCEFGIJ #0.18 ADFGIJ

    Wheat 5.51 BCDEFIJ 2.85 ACDEGHIJ 29.23 ABEFGHIJ 44.11 ABEFGHIJ *0.84 ABCDFGHIJ

Share of planted acres that used no-till/strip-till in 2010-11

    All crops 0.33 DEFG 0.28 DEF *0.49 G 0.46 ABFGI 0.56 ABGIJ

    Corn 0.24 CDEFGJ *0.20 CDEFJ 0.39 ABDFG 0.64 ABCGIJ *0.52 ABG

    Soybeans 0.44 DEFI *0.41 DF 0.32   
DEFJ 0.72 ABCIJ 0.63 ACIJ

    Cotton #0.31  na na  *0.24 F na

    Wheat 0.46 G 0.59 DGI 0.63 DG 0.32   
BCF *0.54 G

Farms in 2010-11 that used no-till/strip-till (million acres)

  All crops 30.479 EFGHIJ na #22.227 EGHJ 25.474 EFGHIJ *3.138 ACDFIJ

  Some crops 79.095 BCDEFGHIJ #15.239 ADJ *7.361 ADEGHJ 33.529 ABCEFGHIJ *2.413 ACDFIJ

  All corn 18.077 BCEFGIJ na *3.239 ADGIJ 14.382 BCEFGIJ *1.724 ADGJ

  Some corn 16.603 BCDEFJ na #0.985 ADJ *4.553 ACEFJ *0.287 ADJ

  All soybeans 30.192 BCDEFIJ *4.639 AEJJ *3.248 ADJ *7.898 ACEJ 1.643 ABDFIJ

  Some 
  soybeans 16.060 BCDEFIJ #1.772 AJ *1.772 AJ *3.199 AEFJ *0.580 ADIJ

  All cotton na na na *1.814 J na

  Some cotton L na na *1.117 na

  All wheat 2.343 DEFGIJ 1.603 DEIJ #17.312 EFGIJ *11.860 ABEFGHIJ #0.407 ABCDFHJ

  Some wheat *0.476 DJ *0.183 CDGJ 1.06 BDIJ *5.901 ABCGHIJ na

Continued—
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Table 1
Tillage practices in 2010 and 2011 by farm resource region—continued

Farm resource region

Item

Southern 
Seaboard Fruitful Rim Basin and Range Mississippi Portal National

F G H I J

Total farms in 
2010-11 516,366 ABCDEHJ 521,576 ABCDEHIJ 202,489 ABDEFGIJ 168,513 ABDEFGHJ 4,365,567 ABCDEFGHI 

Planted aces in 2010-11 (million)

    All crops 19.62 ABCDEGHIJ 14.79 ABCDEFHJ 7.44 ABCDFGIJ 27.22 ABCDEFGHJ 466.59 ABCDEFGHI 

    Corn 5.08 ABCDGHJ 3.69 ABCDFHJ *0.80 ABCDEFGIJ *5.91 ABCDHJ 189.87 ABCDEFGHI 

    Soybeans 6.88 ABCDEGIJ 0.44 ABCDEFJI L 15.61 AEFGJ 153.73 ABCDEFGI 

    Cotton 5.04 ABCDEIJ 4.27 ABCDEJ L 3.62 ABCDEFJ 22.76 ABCDEFGI

    Wheat 2.61 ACDEGHIJ 6.39 BCDEFIJ 6.60 BCDEFJ 2.08 ABCDEFGHJ 100.23 ABCDEFGHI 

Share of planted acres that used no-till/strip-till in 2010-11

    All crops 0.64 ABDGHIJ 0.19 ACDEFHIJ 0.37 FG 0.33 DEFG 0.39 EFG

    Corn 0.63 ABCGIJ *0.14 ACDEFIJ L *0.33 DFG 0.31  BDFG 

    Soybeans 0.69 ABCIJ *0.47 L 0.32 ADEFJ 0.46  DEFI 

    Cotton 0.60 DGIJ *0.18 FIJ L 0.31 FG 0.33 FG

    Wheat 0.58 DG *0.21 ABCEFH 0.41 G 0.38 B 0.43 G

Farms in 2010-11 that used no-till/strip-till (million acres)

  All crops 9.079 ADEGHIJ *2.037 ACDFIJ *2.331 ACDFIJ 5.031 ADEFGHJ 106.343 ACDEFGHI 

  Some crops 5.861 ADEGHJ *1.357 ACDFIJ *1.202 ACDFIJ *8.182 ADEGHJ 154.240 ACDEFGHI 

  All corn 2.908 ADGIJ *0.444 ACDEFIJ na 1.312 ACDFGJ 46.017 ACDEFGI 

  Some corn *0.551 ADJ na L na 30.456 ACDEF

  All soybeans 4.396 AEJ na na 4.281 AE 56.501 ABCDEFI 

  Some  
  soybeans *0.745 ADIJ na na 1.783 AEF 25.911 ABCDEFI 

  All cotton 2.578 GIJ *0.676 FJ na *0.631 FJ 6.083 DFGI

  Some cotton #0.678 na na #0.640 na

  All wheat 1.436 ACDEIJ *1.067 ACDJ *2.337 DEIJ *0.740 ABCDFHJ 39.105 ABDEFGHI 

  Some wheat na *0.645 BDIJ       *1.085 DIJ na 9.652 ABCGH

* = coefficient of variation (CV) is 25-50 percent. # = CV is 50-75 percent. na = value not available due to too few observations or reliability  
concerns. L = too few observations to disclose the statistic. 
Letters A, B, C, D, E, F, G, H, I and J indicate significant column difference tests based on pairwise two-tailed [Ho:B1=B2] delete-a-group  
jackknife t-statistics at a 90-percent confidence level or higher with 30 replicates and 58 degrees of freedom. A=column 1, B=column 2, etc. 

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource Management Survey, 
2010-11.
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used (partial adopters). Partial adopters used no-till/strip-till on roughly half of their cropland (15 
percent of the four major crops) and other tillage practices on remaining cropland (18 percent of four 
major crops). 

The data suggest that 56 percent of all land used for corn, soybeans, wheat, and cotton in 2010-11 
was located on farms that used no-till/strip-till on at least some portion of land used for these crops. 
On a regional basis, the proportion of these crops on farms that used no-till/strip-till in 2010-11 
(for at least some of these acres) varies from 76 percent in the Southern Seaboard to 23 percent 
in the Fruitful Rim (fig. 4). For all other regions, at least 47 percent of acreage for all four crops 
was on farms that used no-till/strip-till on some of their acres, including 63 percent of acres in the 
Prairie Gateway and 70 percent in the Eastern Uplands. We note that the Southern Seaboard and 
Eastern Uplands regions represent a relatively small part of corn, soybean, wheat, and cotton acres. 
Nonetheless, in the Prairie Gateway, Northern Great Plains, and Heartland regions—which account 
for 72 percent of corn, soybean, wheat, and cotton acreage—56 percent or more of these crop acres 
were on farms that used no-till or strip-till to some extent. 

Many farmers who use no-till or strip-till apply that practice to all of their acreage for an individual 
crop, regardless of tillage practices on other crops (fig. 5). These producers account for 25 percent 
of corn acres, 37 percent of soybean acres, and 39 percent of wheat acres. However, the fact that a 
farmer puts all of one crop into no-till or strip-till does not mean that he or she will apply that prac-
tice to other crops. Only 23 percent of acres in all four crops were located on farms that adopted 
no-till/strip-till on 100 percent of their acres. This is consistent with the idea that the choice of 
tillage system can be a crop-specific decision. That may be because some crops are better adapted to 
no-till/strip-till than others. For example, there is evidence to suggest that no-till production reduces 
corn yields (by delaying planting, particularly where there is cool, wet springtime weather) but has 
no effect on soybean yields (Wilhelm and Wortmann, 2004). 

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource 
Management Survey.

Figure 3

No-till trends using field-level data, 2004-12
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Finally, partial adopters appear to differ in the ways they allocate land between no-till/strip-till 
and other tillage systems. Just under 20 percent of corn, cotton, soybeans, and wheat producers 
(accounting for 33 percent of land in these crops) use no-till/strip-till and other tillage systems on 
only part of the land they planted to these crops in 2010-11. More than one-third of partial adopters 
(about 8 percent of farmers) adopted tillage systems exclusively by crop during 2010-11. On these 
farms, no-till/strip-till was used exclusively on some crops but not used at all on others (fig. 6). For 
example, a corn and soybean producer who always uses no-till/strip-till on soybeans but never on 
corn would fall in this category. A smaller share of partial adopters (about 3 percent of all farmers) 
allocated some land in each crop to no-till/strip-till and some land in each crop to other tillage 
practices. A corn and soybean producer who uses no-till/strip-till on some corn and soybeans, but 
not on all of either crop, would fall in this category. For example, a producer who has agreed to use 
no-till or strip-till on highly erodible cropland as part of a soil conservation system to comply with 

1The fourth category (not shown) is other tillage practices on nonadopter farms.
Notes: “Other tillage practices” refers to all tillage practices except for no-till or strip-till (conventional tillage, reduced tillage, mulch till, and 
ridge till)
Cropland acreage is the total acreage in corn, soybeans, wheat, and cotton for 2010 and 2011.
For the Northern Great Plains, the estimate of crop acres on farms that use only no-till/strip-till has a coefficient of variation (CV) of 51. 
Estimates for the Northern Crescent are omitted due to the unreliability of the statistics. 
Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource Management Survey, 
2010-11.

Figure 4

Percent of acres on farms adopting no-till/strip-till on all or part of corn, soybean, wheat, and cotton acres, 
by farm resource region in the continental United States, 2010-111
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Highly Erodible Land Conservation (HELC), but uses tillage on non-highly erodible cropland, could 
fall in this category. Finally, just under half of partial adopters do not appear to fit into either of these 
patterns: no-till/strip-till is used on all land in some crops while land in other crops is split between 
no-till/strip-till and other tillage systems. 

The Heartland has the largest share of partial adopters (fig. 6), with an equal share of producers who 
adopted by crop (11 percent) and who adopted fully on some crops but partially other others (11 percent), 
while only 3 percent adopted on part of each crop. A similar pattern is seen in the Prairie Gateway: 9 
percent of farmers adopted by crop and 9 percent adopted fully on some crops but partially other others, 
while less than 4 percent adopted on part of each crop. The Eastern Uplands is the only region that devi-
ates from the national pattern, with the largest share of producers adopting on part of each crop.

While the tillage data suggest clear differences in no-till/strip-till adoption across regions (table 1), there 
are fewer significant differences across farmer characteristics. Appendix table A1 shows that, in general, 
adoption rates are similar across different levels of education, although corn producers who graduated 
from college applied no-till/strip-till to a larger proportion of land than farmers who completed high 
school but did not go to college. The opposite is true of cotton producers—college graduates applied 
no-till/strip-till to a smaller proportion of acres than do high school graduates. Appendix table A2 reveals 
there are not significant differences in no-till/strip-till adoption by farm typology (which aggregates farm 
size, sales, and operator primary occupation). Appendix table A3 shows that full tenants (farmers who 
own all of the land they farm) were less likely to use no-till/strip-till in 2010-11, although the difference 
is statistically significant only for soybeans. Finally, appendix table A4 shows that farmers specializing in 
grain production were more likely than other farmers to use no-till/strip-till. 

1The fourth category (not shown) is other tillage practices on nonadopter farms.
Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource 
Management Survey, 2010-11.

Figure 5

Percent of acres where farmers adopted no-till/strip-till on all or part of their acreage, 
by crop, 2010-111
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Notes: National estimates include the Basin and Range, Northern Crescent, and Fruitful Rim regions (not shown). The 
Basin and Range shows 3.6 percent of farms making no-till/strip-till decisions based on field characteristics. There are too 
few observations of those who make no-till/strip-till decisions based on crop or crop and field characteristics to be 
disclosed. The Northern Crescent shows 5.3 percent of farms making tillage decisions based on crop characteristics. 
Statistically reliable estimates of farms that make tillage decisions based on field characteristics or crop and field character-
istics are unavailable. The Fruitful Rim shows 2 percent of farms making no-till/strip-till decisions based on field characteris-
tics. There are too few observations of those who make no-till/strip-till decisions based on crop and field characteristics to 
be disclosed. Also, statistically reliable results for those who make tillage decisions based on crop characteristics are 
unavailable.
1For the Northern Great Plains, the estimate of farms that make tillage decisions based on field decisions has a coefficient 
of variation (CV) of 52. The CV is the ratio of the standard error to the estimate and is sometimes referred to as the “relative 
standard error.” The estimate of farms that make no-till/strip-till decisions based on crop and field characteristics has a CV 
of 57.
2For the Eastern Uplands, the estimate of farms that make no-till/strip-till decisions based on crop characteristics has a CV 
of 56. The estimate of farms that make no-till/strip-till decisions based on field characteristics has a CV of 65. 
3The Southern Seaboard has a CV of 52 for the estimate of farms that base no-till/strip-till decisions on field characteristics.
Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource 
Management Survey, 2010-11. 

Figure 6

Percent of farms, by farm resource region, where no-till/strip-till is adopted by crop, 
on part of each crop, or fully for some crops and partially on other crops, 2010-11
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Nitrogen Management

The goal of nitrogen management is to reduce loss of fertilizer or manure nitrogen to water or air. 
Nitrate nitrogen—the form used by plants—is water soluble and can be lost with surface or subsur-
face flow. Nitrogen can be carried long distances, particularly in large rivers, and can cause water 
quality problems hundreds of miles from the source. The zone of hypoxic (oxygen-depleted) water 
in the Gulf of Mexico is largely due to nitrogen runoff from farms in the Mississippi River valley, 
hundreds of miles north of the Gulf (Rabotyagov et al., 2010). Nitrogen can also be lost to the atmo-
sphere in the form of nitrous oxide (N2O), a powerful greenhouse gas with potency 310 times that of 
carbon dioxide (CO2).

Nitrogen management involves applying nitrogen fertilizer and manure: (1) in amounts that are agro-
nomical for the crop being grown and field conditions (e.g., soil and climate); (2) at the time corre-
sponding with crop nitrogen needs, which vary over the crop growing season; and (3) using methods 
that reduce loss due to runoff (e.g., injection or incorporation below the soil surface). In corn produc-
tion, for example, crop nitrogen demand is low in the early vegetative stages of growth but starts to 
rise rapidly 30 to 40 days after planting. Applying nitrogen in the fall months before planting in the 
spring leaves nitrogen vulnerable to loss through the winter and early spring. Postplanting or “side 
dress” application, on the other hand, makes nitrogen available when it is needed for plant growth 
and development, while minimizing nitrogen runoff.

Our analysis focuses on the application of commercial nitrogen on acres that do not receive manure. 
The application of commercial fertilizer can be more carefully calibrated than the application 
of manure, which can vary in terms of nutrient content and is more difficult to precisely apply. 
Although manure is an important source of nitrogen in corn production—17 percent of corn acres 
received manure in 2010—our analysis presents a view of nitrogen management in corn that comple-
ments the previous work of Ribaudo, Livingston, and Williamson (2012)7. For cotton and wheat, 
our data are more recent than those used by Ribaudo et al. (2011) and manure application is far less 
important. Only 3 percent of cotton and winter wheat acreage received manure in 2007 and 2009, 
respectively, while only 1 percent of spring wheat acres received manure in 2009 (table 2). 

Most corn, cotton, and wheat acres received nitrogen fertilizer. For example, in each region where 
corn is grown, more than 90 percent of corn acres received nitrogen fertilizer. The proportion of 
acres varies across regions for cotton and winter wheat. Nitrogen was applied on 99 percent of 
cotton acres in the Mississippi Portal and on 84 percent of acres in the Prairie Gateway. The Prairie 
Gateway also has the lowest share of winter wheat acres receiving nitrogen fertilizer (76 percent). In 
the Northern Great Plains, where 84 percent of spring wheat is grown, nitrogen was applied on 94 
percent of acres. 

Average nitrogen application rates (for acres that received nitrogen) vary across regions because 
crop mixes, driven by soils and climatic conditions, vary. As a rule, rates are generally higher for 

7Ribaudo et al. (2011) provides an indepth look at nitrogen management in eight major crops in 2006. A followup pub-
lication (Ribaudo et al., 2012) looks at trends in nitrogen management 2001 to 2010 for corn. They found, as we did, that 
83 percent of corn acres treated with nitrogen did not receive manure. Our results differ from those reported by Ribaudo 
et al. (2012) because we do not consider manure and we use different criteria for determining maximum agronomic rates 
of nitrogen application. Our criteria, which are based on the USDA/NRCS Conservation Effects Assessment Program 
(CEAP) criteria, are explained in the text. In addition to being an important source of nitrogen, we recognize that manure 
helps build soil organic matter and is often a source of excess nutrient that is vulnerable to runoff. 
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Table 2
Nutrient management practices for corn (2010), cotton (2007), and wheat (2009) fields not  
receiving manure by farm resource region

Farm Resource Region

Item

Heartland Northern  
Crescent

Northern  
Great Plains

Prairie  
Gateway

Eastern 
Uplands

A B C D E

Total farms

    Corn 719,793 BCDEFGHJ 236,920 ACDEFGHJ 54,412 ABDEFGHJ 146,352 ABCEFGHJ *30,278 ABCDGHJ

    Cotton 6,495 DEFGIJ na na 32,739 AEFGIJ 4,172 ADFGIJ

   Spring wheat *10,682 CG na 105,703 AGHJ L na ABCDGHJ

   Winter wheat 60,616 BCDEGHJ 35,576 ACDEGHJ 56,062 BDEGHJ 265,998 ABCEGHJ *6,962 ABCDGHJ

Planted acres (million)

    Corn 43.75 BCDEFGJ 5.85 ACDEFGJ 4.19 ABDEFGJ 11.16 ABCEFGJ 0.43 ABCDFJ

    Cotton 0.40 DEFGIJ na na 4.52 AEFGIJ 0.21 ADFGIJ

    Spring wheat 0.50 CHJ na 10.92 AGHJ L na

    Winter wheat 2.33 BCDEGJ 0.81 ACDEGHJ 4.91 ABDEGHJ 23.32 ABCEGHJ 0.27 ABCDGHJ

Share of acres that applied nitrogen (N)

  Corn 0.96 G 0.98 0.93 G 0.97 G 0.91

  Cotton 0.98 DJ na na 0.84 AFGIJ 0.88

  Spring wheat 0.88 na 0.94 L na

  Winter wheat 0.99 BCDJ 0.95 ACDJ 0.83 ABDGH 0.76 ABCEGHJ 0.89 D

Application timing (share of total N)

  Fall-corn 0.24 BCDEF *0.10 AF *0.11 AEFJ *0.11 AEFJ #0.02 ACDJ

  Fall-cotton #0 DFGIJ na na *0.08 AG #0.05 G

  Fall-spring wheat L L 0.24 GH L na

  Fall-winter wheat 0.18 BDGHJ 0.12 ADGHJ 0.18 DGHJ 0.47 ABCGJ *0.34

  Spring-corn 0.51 CFG 0.44 CF 0.67 ABDEFGJ 0.47 CFG *0.38 CF

  Spring-cotton 0.35 FG na na 0.30 FG 0.35 FG

  Spring-spring 
  wheat 0.76 CHJ L 0.38 G L na

  Spring-winter  
  wheat *0.03 BGHJ 0 ACDGHJ *0.05 BG *0.02 BGHJ na

  Postplant-corn 0.19 CDF 0.29 CFH *0.10 ABDEFGJ 0.30 ACFJ *0.40 C

  Postplant-cotton 0.60 F na na 0.57 F 0.57 F

  Postplant-spring 
  wheat na na *0.03 GH L na

  Postplant-winter  
  wheat 0.74 BCDGHJ 0.87 ACDEGHJ 0.54 ABDGHJ 0.37 ABCHJ 0.57 BH

Continued—
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Table 2
Nutrient management practices for corn (2010), cotton (2007), and wheat (2009) fields not receiving manure 
by farm resource region—continued

Farm Resource Region

Item

Southern 
Seaboard Fruitful Rim

Basin and 
Range

Mississippi 
Portal National

National 
(N and 

manure)

F G H I J

Total farms

    Corn 49,625 ABDGHJ 5,940 ABCDEFHJ na na 1,243,825 ABCDEFGH 1,754,120

    Cotton 55,308 ADEGIJ 12,225 ADEFIJ na 44,771 ADEFGJ 155,710 ADEFGI 164,284

    Spring wheat L 12,103 ABCDEHJ 20,933 ABCDEGJ na 458,777 ABCDEGH 475,928

    Winter wheat na 7,307 CHJ 13,496 CGJ na 140,331 ACGH 147,744

Planted acres (million)

    Corn 0.94 BCDEJ 0.71 ABCDJ na na 67.06 81.87

    Cotton 1.75 ADEGIJ 0.90 ADEFIJ na 2.54 ADEFGJ 10.32 ADEFGI 10.64

    Spring wheat na 0.62 CHJ 0.87 ACGJ na 13.02 ACGJ 13.18

    Winter wheat L 1.92 ABCDEJ 1.98 BCDEJ na 35.62 ABCDEGH 36.78

Share of acres that applied N

  Corn 0.98 1.00 ACDJ na na 0.96 G 0.94

  Cotton 0.98 DIJ 0.94 DI na 0.99 DFGJ 0.92 ADFI 0.91

  Spring wheat na 0.98 0.97 na 0.94 0.93

  Winter wheat L 0.95 CDJ 0.97 CDJ na 0.81 ABDGH 0.81

Application timing (share of total N)

  Fall-corn #0.01 ABCDJ na na na 0.20 BCDEF 0.19

  Fall-cotton 0.04 AGJ *0.20 ADEFIJ na *0.04 AG 0.07 AEG 0.07

  Fall-spring  
  wheat na *0.10 CJ *0.07 CJ na 0.21 GH 0.21

  Fall-winter  
  wheat L 0.33 ABCD 0.38 ABC na 0.36 ABCD 0.36

  Spring-corn *0.09 ABCDEJ *0.24 ACDJ L na 0.50 CFG 0.49

  Spring-cotton 0.17 ADEIJ *0.15 ADEIJ na 0.34 FGJ 0.28 FGI 0.28

  Spring-spring  
  wheat na 0.66 CHJ 0.46 AG na 0.42 AG 0.43

  Spring-winter  
  wheat L 0.26 ABCDHJ *0.10 ABDG na 0.05 ABDG 0.05

  Postplant-corn 0.59 ABCDJ *0.37 C L na 0.22 CDF 0.23

  Postplant-cotton 0.71 ADEGIJ 0.59 F na 0.54 F 0.59 F 0.59

  Postplant- 
  spring wheat na *0.16 CJ *0.17 CJ na 0.05 GH 0.06

  Postplant- 
  winter wheat L 0.31 ABCJ 0.25 ABCDEJ na 0.45 ABCDGH 0.45

* = coefficient of variation (CV) is 25-50 percent. # = CV is 50-75 percent. na = value not available due to too few observations or reliability 
concerns.  L = too few observations to disclose the statistic. N = nitrogen. Letters A, B, C, D, E, F, G, H, I, and J indicate significant column 
difference tests based on pairwise two-tailed [Ho:B1=B2] delete-a-group jackknife t-statistics at a 90-percent confidence level or higher with 30 
replicates and 58 degrees of freedom. A=column 1, B=column 2, etc. 

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource Management Survey, 
2007, 2009, and 2010.
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corn than for cotton or wheat (table 3), and nitrogen is not typically applied to soybeans. Nitrogen 
application rates in corn vary from 118 pounds (lbs) per acre in the Fruitful Rim to 155 lbs per acre 
in the Heartland and 153 lbs per acre in the Southern Seaboard. Region-average cotton nitrogen 
application rates range from 82 lbs per acre in the relatively arid Prairie Gateway to 110 lbs per acre 
in the Mississippi Portal, where rainfall is more abundant. (Increased water availability is generally 

Table 3
Expected versus observed yield for corn (2010), cotton (2007), and wheat (2009) fields not receiving  
manure by farm resource region

Farm Resource Region

Item

Heartland
Northern  
Crescent

Northern  
Great Plains

Prairie  
Gateway

Eastern 
Uplands

A B C D E

Nitrogen (N) rate Pounds per acre

  Corn                  -reported 155 BCDEGJ 130 AJ 137 AJ 133 AJ 128 AJ

                            -benchmark 174 BCDFGHJ 158 ACFGHJ 146 ABGHJ 153 AGHJ 162 FGH

  Cotton               -reported 98 FGI na na 82 GI 96 GI

                            -benchmark 129 DEGJ na na 105 AFGIJ 108 AGIJ

  Spring wheat     -reported 92 na 74 G L na

                            -benchmark 107 CGH na 92 AGHJ na na

  Winter wheat     -reported 101 BCDGHJ 88 ACDHJ 61 ABDEGH 52 ABCEGHJ 90 CDHJ

                           -benchmark 93 BCDGHJ 103 ACDEGJ 88 ABDGH 77 ABCEGHJ 86 BDGH 

Corn grain yield Bushels per acre

    Reported 166 CDEFGJ 162 CDEFG 143 ABFGJ 139 ABFGJ 135 ABGJ

    Expected 183 BCDEFGJ 169 ACDFG 154 ABGJ 152 ABGJ 163 AG

Corn silage yield Tons

    Reported 21 EF 20 EF 17 21 EF 14 ABDJ

    Expected na 20 na 21 na

Cotton yield Bales

    Reported 1,031 DEFGIJ na na 896 AEFG 437 ADFGIJ

    Expected 1,065 DEFJ na na 817 AFGIJ 888 AGI

Spring wheat yield Bushels per acre

    Reported 59 CGHJ na 47 AG na na

    Expected 58 CDGJ na 44 AGHJ L na

Winter wheat yield Bushels per acre

    Reported 61 CDEGHJ 62 CDEGHJ 38 ABEGHJ 38 ABEGHJ 47 ABCD

    Expected 67 BCDEHJ 73 ACDEGHJ 43 ABDGH 38 ABCGHJ *43 AB

Continued—
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Table 3
Expected versus observed yield for corn (2010), cotton (2007), and wheat (2009) fields not receiving  
manure by farm resource region—continued

Farm resource region

Item

Southern 
Seaboard Fruitful Rim Basin and Range

Mississippi 
Portal National

F G H I J

Nitrogen (N) rate Pounds per acre

  Corn                  -reported 153 G 118 AFJ na na 148 ABCDG

                            -benchmark 141 ABEHJ 123 ABCDEHJ na na 166 ABCDFGH

  Cotton               -reported 88 AGI 109 ADEFJ na 110 ADEFJ 94 GI

                            -benchmark 116 ADGI 148 ADEFIJ na 123 DEFGJ 117 ADEGI

  Spring wheat     -reported na 100 CJ 85 na 77 G

                            -benchmark na 176 ACHJ 126 ACGJ na 99 GH

  Winter wheat     -reported L 78 ACDI 71 ABCDEJ na 61 ABDEGH

                           -benchmark L 119 ABCDEHJ 104 ACDEGJ na 85 ABDGH

Corn grain yield Bushels per acre

    Reported 114 ABCDJ 103 ABCDEJ na na 158 ACDEFG

    Expected 148 ABGJ 112 ABCDEFJ na na 174 ACDFG

Corn silage yield Tons

    Reported *10 ABDJ na na na 20 EF

    Expected na na na na 20

Cotton yield Bales

    Reported 797 ADEGIJ 1,136 ADEFIJ na 925 AEFG 902 AEFG

    Expected 962 ADGI 1,083 DEFJ na 1,031 DEFI 929 ADGI

Spring wheat yield Bushels per acre

    Reported na 74 ACHJ 49 AG na 49 AG

    Expected na 78 ACHJ 54 CGJ na 47 ACGH

Winter wheat yield Bushels per acre

    Reported L 54 ABCDJ 51 ABCDJ na 42 ABCDGH

    Expected L 64 BCDHJ 57 ABCDGJ na 44 ABDGH

Note: 1 bale = 480 pounds.
* = coefficient of variation (CV) is 25-50 percent.
# = CV is 50-75 percent.
na = value not available due to too few observations or reliability concerns. 
L = too few observations to disclose the statistic. 
Letters A, B, C, D, E, F, G, H, I, and J indicate significant column difference tests based on pairwise two-tailed [Ho:B1=B2] delete-a-group jack-
knife t-statistics at a 90-percent confidence level or higher with 30 replicates and 58 degrees of freedom. A=column 1, B=column 2, etc. 

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource Management Survey, 
2007, 2009, and 2010.
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correlated with increased nitrogen use to achieve higher yields (Sheriff, 2005).) In the Fruitful Rim, 
where a substantial portion of cotton is grown under irrigation, rates average 109 lbs per acre. Spring 
wheat application rates vary from 74 lbs per acre in the Northern Great Plains to 100 lbs per acre in 
the Fruitful Rim. Winter wheat application rates vary from 52 lbs per acre in the Prairie Gateway to 
101 lbs per acre in the Heartland. 

Agronomic nitrogen application rates are those where only as much as plants can use is applied, 
thus improving nitrogen use efficiency. Efficient use of nitrogen minimizes the share of nitrogen 
lost to the environment (Ribaudo et al., 2011). Agronomic nitrogen rates depend on the crop, crop 
rotation, expected yield, weather, timing of application, soil, and other conditions.8 Therefore, deter-
mining agronomic rates can be challenging. We define a maximum agronomic or “benchmark” 
rate based on procedures outlined in the USDA/NRCS Conservation Effects Assessment Project 
(CEAP) cropland reports.9 For corn and wheat, our benchmark nitrogen application rate is 1.4 and 
1.6 times expected removal, respectively, less a nitrogen credit of 40 lbs per acre for fields where 
soybeans were grown in the previous year (Gerwing and Gelderman, 2005; Penn State Extension, 
2015). Expected removal is based on expected crop yields (as stated by the producer),10 multiplied 
by removal coefficients of 0.8 lbs per bushel for corn, 1.39 lbs per bushel of spring wheat, and 1.13 
lbs per bushel of winter wheat (Lander et al., 1998). Approximately 64 percent of corn acres and 
38 percent of wheat acres followed soybeans. For cotton, our benchmark rate is equal to 60 lbs of 
nitrogen per bale of expected yield, less a nitrogen credit of 40 lbs per acre for fields where soybeans 
were grown in the previous crop year. Only 2 percent of cotton acres were in soybeans in the 
previous crop year. 

We compared our benchmark to reported nitrogen application rates at the field level. On average, 
nitrogen application rates were lower than the benchmark rates: corn farmers reported using 148 lbs 
per acre while the benchmark rate is 166 lbs per acre; cotton farmers reported using 94 lbs per acre 
while the estimated benchmark rate is 117 lbs per acre; spring wheat farmers reported using 77 lbs 
per acre while the benchmark rate is 99 lbs per acre; winter wheat farmers reported using 61 lbs per 
acre while the benchmark rate is 85 lbs per acre (table 3). With the exception of winter wheat grown 
in the Heartland and Eastern Uplands, all regions show average benchmark rates above average 
reported rates. 

These averages mask considerable heterogeneity in application rates relative to the benchmark. 
Figure 7 shows the distribution of the difference between nitrogen application rates reported by 
producers and our benchmark application rates (based on expected yields). Estimates less than zero 
indicate that a farmer used less than the benchmark rate of nitrogen, while estimates above zero 
indicate that a farmer used more than the benchmark rate. 

The distribution of differences between reported and benchmark nitrogen application rates vary 
for each crop. This further illustrates the importance of crop-related considerations (such as 
region, climate, soils, and crop mix) when designing nutrient management plans that maximize 

8Agronomic optimal rates differ from economic optimal rates in that they do not consider the cost of nitrogen applica-
tions or the costs of other inputs that farmers factor into nitrogen management decisions.

9The USDA/NRCS Conservation Effects Assessment Project (CEAP) has several regional reports on cropland assess-
ments including benchmark nitrogen rates. A list of regions and corresponding reports are available at http://www.nrcs.
usda.gov/wps/portal/nrcs/detail/national/technical/nra/?cid=nrcs143_014144

10When expected yields are not available, reported yields are used. Overall, 94 percent of fields and 95 percent of acres 
represented in the corn, cotton, and wheat surveys have expected yields. Regional yields are provided in table 3.
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Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource Management Survey, 
2007 (cotton), 2009 (wheat), and 2010 (corn).

Figure 7

Nitrogen application rates relative to benchmark rates on corn (2010), cotton (2007), 
and wheat (2009) acres
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nitrogen use efficiency. The largest differences were -10 lbs per acre for corn, -25 lbs per acre for 
cotton, -10 lbs per acre for spring wheat, and -20 lbs per acre for winter wheat. Nitrogen is applied 
at more than the benchmark rate on 36 percent of corn acres by an average rate of 39 lbs per acre; 
on 19 percent of cotton acres by an average rate of 40 lbs per acre; on 22 percent of spring wheat 
acres by an average rate of 30 lbs per acre; and on 25 percent of winter wheat acres by an average 
rate of 24 lbs per acre. While figure 7 shows that nitrogen is applied below the benchmark rate on 
just under 70 percent of corn, cotton, and wheat acres, nitrogen applications over the benchmark 
rates are estimated to be about 2 million tons for corn, 0.3 million tons for wheat, and 0.1 million 
tons for cotton. Farmers spent approximately $965 million on corn, cotton, and wheat nitrogen 
applications over benchmarks.11

 

Risk aversion (e.g., decreasing the variability in yields), input substitutability (e.g., increased precipi-
tation), opportunity costs (e.g., the cost of other inputs), and perceptions of agronomic advice (e.g., 
farmers not believing that extension service recommendations are appropriate for their fields) can 
entice farmers to apply more nitrogen than is agronomically optimal (Sheriff, 2005). 

In terms of nitrogen application timing, fall nitrogen application occurs during the fall months 
before the crop is planted, spring application occurs in the spring months before planting or at 
planting, and after-planting application occurs while the crop is growing. The appropriate timing 
of nitrogen applications depends on the crop being grown and whether previously applied nutrients 
were lost (say, to weather events). Cotton farmers applied a majority of nitrogen—59 percent—after 
planting (fig. 8). Winter wheat producers applied 45 percent of nitrogen after planting. Corn farmers 
applied 22 percent of nitrogen after planting, while spring wheat farmers applied 5 percent after 
planting. Farmers applied a significant share of nitrogen in the fall for corn (20 percent) and spring 

11Cost estimates use over-application quantities and annual ammonia nitrate prices (see USDA/ERS, 2014b).

1The fourth category (not shown) is the percent of nitrogen applied at planting.
Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource 
Management Survey, 2007 (cotton), 2009 (wheat), and 2010 (corn).

Figure 8

Timing of nitrogen application by crop1

Percent of nitrogen

0

10

20

30

40

50

60

Corn Cotton Spring wheat Winter wheat

Fall

Spring

After planting



20 
Conservation-Practice Adoption Rates Vary Widely by Crop and Region, EIB-147 

Economic Research Service/USDA

wheat (21 percent). Corn, cotton, and winter wheat producers applied larger proportions of nitrogen 
after planting than in the fall before planting.

Nitrogen application timing also varies widely by region. In corn, there are large regional differ-
ences in the share of nitrogen applied after planting, ranging from 10 percent in the Northern Great 
Plains to 59 percent in the Southern Seaboard and 40 percent in the Eastern Uplands (table 2). 
Cotton farmers in the Southern Seaboard applied roughly 70 percent of nitrogen after planting while 
farmers in the Fruitful Rim applied roughly 60 percent of nitrogen after planting. In the Southern 
Seaboard, where the weather is relatively warm and wet, farmers may be timing nitrogen applica-
tions to avoid loss due to runoff, leaching, or volatilization to the atmosphere. 

Spring wheat farmers in the Northern Great Plains—the largest spring wheat region—applied just 
under one-quarter of nitrogen in the fall in advance of planting. This is far more than the propor-
tion of nitrogen applied in the fall by spring wheat producers in the Fruitful Rim (10 percent) and 
Basin and Range (7 percent). Cotton farmers in the Fruitful Rim applied 20 percent of their nitrogen 
in the fall; this is more than twice the proportion of nitrogen applied in the fall by farmers in the 
Prairie Gateway (8 percent) and five times what is applied in the Southern Seaboard (4 percent) 
and Mississippi Portal (4 percent). Corn producers in the Heartland applied a considerable share of 
nitrogen in the fall (24 percent), while those in the Eastern Uplands and Southern Seaboard applied 
2 percent and 1 percent, respectively.

Finally, we consider the proportion of acres on farms that met four nitrogen management criteria: 
no fall application of nitrogen, at least some post-plant application of nitrogen, nitrogen application 
rates no larger than the benchmark rate, and nitrogen either injected or incorporated below the soil 
surface. We also consider the extent to which farmers met all four nitrogen management criteria and 
used no-till in the same field. For cotton, 24 percent of acres receiving nitrogen fertilizer were on 
farms that met all four nitrogen application criteria; 1 percent of these met these criteria and used 
no-till. In corn, 6 percent met all four nitrogen criteria; 2 percent also used no-till. For spring wheat, 
2 percent of treated acres met all four criteria and no farmers reported using these practices while 
also using no-till. Farmers planting winter wheat met three of the four nitrogen criteria (all except 
fall application) on 10 percent of treated acres; 4 percent met all these criteria and used no-till.
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Cover Crops

Cover crops are thought to play a major role in improving soil health by keeping the soil “covered” 
when an economic crop is not growing. These crops are included in crop rotations, but are typically 
not harvested. Cover crops reduce soil erosion, trap nitrogen and other nutrients that might otherwise 
be lost to the environment, increase biomass, reduce weeds, loosen the soil to reduce compaction, 
and improve water infiltration to capture and store a larger share of spring rainfall. These benefits 
may also be realized more quickly if adopted with no-till/strip-till systems (USDA/NRCS, 1996; 
Snapp et al., 2005). Because the 2010-11 phase 3 ARMS asks respondents to report cover crop use 
between harvested crops, estimates do not include fallow fields on which farmers sometimes plant 
cover crops to aid with soil erosion or for animal feed production. Nor are cover crops linked to 
specific harvested crops. Therefore, the cover crop proportions provided are relative to all planted 
acres (as opposed to only corn, soybeans, cotton, and wheat acres).

Approximately 4 percent of farmers adopted cover crops on some portion of their fields. Cover crops 
were used on 1.7 percent of cropland (6.8 million acres) in 2010-11 (fig. 9). Cover crop adoption was 
highest in the Southern Seaboard (5.7 percent) and lowest in the Heartland (0.6 percent) and Basin and 
Range (0.6 percent). That the northern regions had the lowest rate of adoption is not surprising since 
it is difficult to establish cover crops in cooler regions with shorter growing seasons (Wilson et al., 
2014). From the perspective of whole-farm adoption, 8.6 percent of cropland was located on farms that 
used cover crops on a portion of their land and less than 0.3 percent of farms adopt on all cropland. 
Therefore, only 3.3 percent of those who used cover crops do so on all of their cropland acreage. Data 
limitations preclude examining the extent to which cover crops are being used in conjunction with no-
till/strip-till and nutrient management practices. However, the limited cover crop use suggests that the 
benefits received from multi-practice adoption are being realized on few acres.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource 
Management Survey, 2010-11.

Figure 9

Cover crops as a percent of cropland by region, 2010-11

0 1 2 3 4 5 6 7

Mississippi Portal

Basin and Range

Fruitful Rim

Southern Seaboard

Eastern Uplands

Prairie Gateway

Northern Great Plains

Northern Crescent

Heartland

All regions

Percent of cover crop acres



22 
Conservation-Practice Adoption Rates Vary Widely by Crop and Region, EIB-147 

Economic Research Service/USDA

A study of Indiana farmers found that operators are reluctant to adopt cover crops because of 
concern that cover crops may delay spring planting and because they are relatively difficult to under-
stand and use (Reimer et al., 2012). In addition to limited time after harvest, farmers viewed seed 
cost, labor, increased management, and cover crop choice as major impediments to adoption (Reimer 
et al., 2012; Singer and Nusser, 2007).12 Campaigns promoting adoption could consider incorpo-
rating extension services and others who are successful with the practice as these are preferred 
sources of information (Reimer et al., 2012). 

12The choice of cover crop or crop mix varies depending on field characteristics and desired benefits.
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Conclusion

During 2010-11, we estimate that no-till/strip-till was used on 39 percent of combined corn, 
soybean, wheat, and cotton acreage. Using farm-level data, we estimate that 23 percent of these 
acres were located on farms where no-till/strip-till was used on all corn, soybean, wheat, and 
cotton land. The remaining 15 percent of no-till/strip-till acres were located on farms where no-till/
strip-till was used on only a part of the acres. These results imply that a majority of 2010-11 corn, 
soybean, wheat, and cotton acres (56 percent) were located on farms that were already equipped 
for and had experience with no-till/strip-till. Remaining land in these four crops (44 percent) was 
located on farms that did not use no-till or strip-till in 2010-11. While our analysis does not explain 
“partial” adoption, we hypothesize that both crop and field characteristics play a role. More broadly,  
we hypothesize that regional differences in no-till/strip-till adoption reflect both differences in crop 
grown and in climate, soils, and topography—factors that have already been shown to affect no-till 
adoption (Ogle et al., 2012; Toliver et al., 2012). 

Given that the benefits of no-till/strip-till multiply when used continuously and that almost one-
quarter of all land in corn, soybean, wheat, and cotton was tilled but was located on a farm that used 
no-till or strip-till, questions remain regarding the type of incentive (if any) may encourage these 
producers to extend no-till/strip to all the acres in their farm. A closely related question is: How do 
partial adopters differ from full adopters and nonadopters in terms of factors known to affect no-till/
strip-till adoption? This information could help identify potential barriers to full adoption on farms 
that currently use no-till/strip-till on only a part of their cropland. Unfortunately, many of the field-
specific attributes known to affect no-till/strip-till adoption (e.g., land erodibility and soil perme-
ability) are not available in the farm-level phase 3 ARMS. Further research using both farm- and 
field-level data may provide insight that is valuable in identifying opportunities to encourage (target 
incentives) no-till and strip-till adoption.

In the management of nitrogen fertilizer, a substantial share of producers applied fertilizer after 
planting—applications that more closely coincide with plant needs than applications made prior to 
planting. For corn and cotton, the most nitrogen intensive of the four major crops, 22 percent and 
59 percent of nitrogen was applied after planting, respectively. Nonetheless, fertilizer continued to 
be applied in the fall before planting for corn and cotton. Some producers also applied nitrogen at 
rates that exceeded the benchmark rates. Overapplication has substantial environmental and onfarm 
cost since excess nitrogen deteriorates water quality and creates greenhouse gas emissions, and it 
represents large opportunity costs for farm enterprises. Only 6 percent of corn acres and 24 percent 
of cotton acres meet four criteria for the management of nitrogen: no fall application, overall appli-
cation rate at or below the benchmark, at least some nitrogen applied after planting, and fertilizer 
incorporated or injected below the soil surface.

Using no-till/strip-till in conjunction with good nutrient management reduces nutrient runoff and 
nitrous oxide emissions, providing benefits to the field and reducing negative externalities from crop 
production. While best management practices are used individually by farmers, simultaneous adop-
tion on all crop acres is rare. Combining no-till/strip-till, nutrient management, and cover crops on the 
same field provides multiple benefits, reducing the adverse environmental effect of crop production and 
improving soil health. However, successful applications require knowledge of how these practices are 
best integrated with specific crops, climate, and soil conditions. Future research is needed to determine 
the factors influencing sustained and combined adoption of soil best-management practices.
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Despite the many advantages attributed to cover crops, the rate of adoption is still quite low. Surveys 
suggest that many farmers still have reservations about the utility of cover crops on their own farm. 
Research into the on-farm effects (e.g., yield effects) of cover crops could show the extent to which 
farmers themselves could benefit. 

Incentive payments may encourage adoption of best management practices and, if successful, provide a 
demonstration effect that encourages adoption by other farmers. The Environmental Quality Incentives 
Program (EQIP), for example, provides payments over a 3-year period to help cover the cost of tran-
sitioning to no-till/strip-till, nutrient management (through written nutrient management plans), and 
cover crop adoption. Between 2009 and 2012, EQIP funded roughly 3.7 million acres of no-till/strip-
till, 6.5 million acres of nutrient management, and 1.7 million acres of cover crops (USDA/NRCS, 
2013). The Conservation Stewardship program also supports these practices with payments spanning 
5 years. States also support best-management practices: Maryland offers producers as much as $90 per 
acre for using cover crops (Maryland Department of Agriculture). These incentives prompted farmers 
to sign up more than 641,000 acres for the 2014-15 cover crop program—roughly half of the 1.28 
million acres of harvested cropland in Maryland (USDA/NASS, 2014). 

Recent research shows that (1) incentive payments are critical in encouraging producers to prepare 
written nutrient management plans, and (2) producers who receive nutrient management payments 
are unlikely to apply fertilizer in the fall before planting corn (Claassen et al., 2014). Results are 
less conclusive regarding the effect of nutrient-management payments on nitrogen application rates 
or the proportion of nitrogen applied after planting. Nonetheless, the ARMS data show that most 
producers do not have written nutrient management plans. This implies that many farmers practice 
postplanting nitrogen application without the benefit of an incentive payment: only 7 percent of 2010 
corn acres, 4 percent of 2007 cotton acres, and 4 percent of wheat acres have a written conserva-
tion plan for nutrient management (USDA/ERS, 2014a). More research may help clarify the role of 
nutrient-management incentives in the adoption of specific nutrient-management practices. Given 
that nutrient management practices vary widely across farms, it is likely that careful targeting of 
nutrient management payments—focusing support for nutrient management on farms and practices 
where improvements are most needed—will be important in maximizing the environmental benefits 
of conservation programs. 

Programs that introduce farmers to best management practices and provide technical assistance and 
support for a few years may be important to sustained adoption since farmers who observe positive 
results on other farms are more likely to adopt (Reimer et al., 2012).
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Appendix 1—Practice Adoptions, Producer Demographic, 
and Farm Type 

Table A1
Best management practices in 2010 and 2011 by operator education 

Operator education

Item
Some high school  

or less
Completed high 

school Some college Completed college

Total farms in 2010-11 406,678 BCD 1,842,776 ACD 1,084,276 AB 1,031,837 AB

Share of cover crops  
in 2010-11 na 0.02 0.02 0.02

Share of planted acres that used no-till/strip-till in 2010-11

   All crops 0.42 0.34 0.38 0.45

   Corn *0.34 0.25 D 0.34 0.39 B

   Soybeans 0.52 0.43 0.45 0.50

   Cotton *0.53 0.40 D *0.31 0.25 B

   Wheat *0.40 #0.36 0.40 0.54

Share of Farms in 2010-11 that are:

   Rural residence1 0.70 B 0.56 ACD 0.64 B 0.67 B

   Intermediate2 0.24 0.32 CD 0.22 B 0.19 B

   Commercial3 0.07 BCD 0.12 A 0.13 A 0.13 A

1Rural-residence farms include limited resources farms, residential or lifestyle farms, and farmers where the operator is retired.
2Intermediate farms include farms where the operator reports farming as their primary occupation and has less than $100,000 in 
sales.
3Commercial farms include farms where the operator reports farming as their primary occupation and has more than $250,000 in 
sales.
* = coefficient of variation (CV) is 25-50 percent.
# = CV is 50-75 percent.
na = value not available due to too few observations or reliability concerns. 
Letters A, B, C, and D indicate significant column difference tests based on pairwise two-tailed [Ho:B1=B2] delete-a-group jackknife 
t-statistics at a 90-percent confidence level or higher with 30 replicates and 58 degrees of freedom. A=column 1, B=column 2, etc. 

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource Management 
Survey, 2010-11.
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Table A2
Best management practices in 2010 and 2011 by farm typology 

Economic Research Service condensed typology grouping

Item
Rural-residence 

farms1
Intermediate  

farms2
Commercial 

farms3

Total farms in 2010-11 2,706,320 BC 1,134,820 AC 524,427 AB

Share of cover crops in 2010-11 *0.01 0.01 C 0.02 B

Share of planted acres that used no-till/strip-till in 2010-11

   All crops 0.35 0.38 0.39

   Corn 0.3 0.32 0.31

   Soybeans 0.43 0.49 0.45

   Cotton *0.55 *0.27 0.32

   Wheat *0.29 *0.34 0.47

Share of farms in 2010-11 where the principal operator has:

   Some high school 0.10 C 0.08 C 0.05 AB

   High school graduate 0.38 B 0.53 AC 0.41 B

   Some college 0.26 B 0.21 AC 0.28 B

   College graduate 0.26 B 0.18 AC 0.26 B

Share of farms in 2010-11 that are:

   Full owners 0.77 BC 0.61 AC 0.27 AB

   Part-owners 0.19 BC 0.33 AC 0.60 AB

   Full tenants 0.04 BC 0.07 AC 0.13 AB

1Rural-residence farms include limited-resources farms, residential or lifestyle farms, and farmers where the operator is 
retired.
2Intermediate farms include farms where the operator reports farming as their primary occupation and has less than 
$100,000 in sales.
3Commercial farms include farms where the operator reports farming as their primary occupation and has more than 
$250,000 in sales. 
* = coefficient of variation (CV) is 25-50 percent.
# = CV is 50-75 percent.
na = value not available due to too few observations or reliability concerns. 
Letters A, B, and C indicate significant column difference tests based on pairwise two-tailed [Ho:B1=B2] delete-a-group 
jackknife t-statistics at a 90-percent confidence level or higher with 30 replicates and 58 degrees of freedom. A=column 1, 
B=column 2, etc. 

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource 
Management Survey, 2010-11.
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Table A3
Best management practices in 2010 and 2011 by tenure classification

Tenure classification

Item Full owner Part owner Full tenant

Total farms in 2010-11 2,907,226 BC 1,203,527 AC 254,814 AB

Share of cover crops in 2010-11 #0.01 0.02 *0.02

Share of planted acres that used no-till/strip-till in 2010-11

   All crops 0.39 0.39 0.33

   Corn 0.34 0.32 0.29

   Soybeans 0.47 C 0.49 C 0.31 AB

   Cotton *0.29 0.34 *0.29

   Wheat 0.39 *0.44 *0.44

Share of farms in 2010-11 where the principal operator has:

   Some high school 0.10 0.08 *0.08

   High school graduate 0.41 0.45 0.44

   Some college 0.24 B 0.27 A 0.27

   College graduate 0.25 BC 0.20 A 0.21 A

* = coefficient of variation (CV) is 25-50 percent.
# = CV is 50-75 percent.
Letters A, B, C, and D indicate significant column difference tests based on pairwise two-tailed [Ho:B1=B2] delete-a-group 
jackknife t-statistics at a 90-percent confidence level or higher with 30 replicates and 58 degrees of freedom. A=column 1, 
B=column 2, etc. 

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource 
Management Survey, 2010-11.
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Table A4
Best management practices in 2010 and 2011 by primary farm commodity type 

Primary farm commodity type

Item Cattle and dairy Other livestock Some college Completed college

Total farms in 2010-11 649,622 BCD 1,238,483 ACD 1,650,453 827,008 ABD

Share of cover crops  
in 2010-11 0.02 0.02 0.02 na

Share of planted acres that used no-till/strip-till in 2010-11

   All crops 0.41 BC 0.32 A 0.25 A *0.35

   Corn 0.34 C 0.29 *0.20 A *0.26

   Soybeans 0.46 0.41 *0.41 0.46

   Cotton 0.30 C 0.33 C #0.10 ABD *0.94 C

   Wheat 0.48 B *0.24 A 0.28 #0.40

Share of farms in 2010-11 that are:

   Full owners 0.32 BCD 0.84 AC 0.59 ABD 0.83 AC

   Part owners 0.54 BCD 0.12 AC 0.36 ABD 0.13 AC

   Full tenants 0.14 BCD 0.04 AC 0.06 AB *0.04 A

* = coefficient of variation (CV) is 25-50 percent.
# = CV is 50-75 percent.
na = value not available due to too few observations or reliability concerns. 
Letters A, B, C, and D indicate significant column difference tests based on pairwise two-tailed [Ho:B1=B2] delete-a-group jackknife 
t-statistics at a 90-percent confidence level or higher with 30 replicates and 58 degrees of freedom. A=column 1, B=column 2, etc. 
Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource Management 
Survey, 2010-11.
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Appendix 2—The Agricultural Resource Management 
Survey (ARMS) 

The Agricultural Resource Management Survey (ARMS) is USDA’s primary source of information 
on the financial condition, production practices, and resource use of America’s farm businesses and 
the economic well-being of America’s farm households. ARMS is a nationally representative survey 
administered using a field-level and a farm-level phase targeting about 5,000 fields and 30,000 farms 
each year. The survey collects information from 48 States and is designed to be representative of the 
continental United States. The surveys collect information on production practices, costs (fertilizer, 
pesticide, labor, tillage, seed, etc.), and a variety of financial and demographic information (age, 
education, occupation, off-farm income, etc.) for farm operators and their households. 

The farm-level or phase 3 component of ARMS is conducted in January after the previous crop 
year (i.e., the 2010 farm-level survey is conducted in January 2011 and the 2011 survey is conducted 
in January 2012). In 2010 and 2011, respondents were asked to provide acreage for no-till/strip-till 
adoption on corn, soybean, wheat, and cotton acres and farmwide cover crop adoption. 

The field-level or phase 2 component of ARMS is a crop-specific survey that asks respondents to 
provide detailed information on the use of management practices, including no-tillage and other 
conservation tillage practices, nitrogen fertilizer application rates, and the timing of nitrogen appli-
cations on surveyed fields. Because each survey year corresponds to a particular crop, multiple crops 
cannot be examined in a single year. Crops are surveyed on a rotation schedule so that each major 
crop is surveyed once every 5-7 years. For example, corn producers were surveyed in 2001, 2005, 
and 2010. The survey is conducted in the fall of the survey year, after the surveyed crop is harvested.

Variance Estimation

These annual surveys apply complex stratified, multiple-frame, and probability-weighted sampling 
procedures to assess the financial health of U.S. farms and farm households, as well as field-level 
management practices. The data are carefully weighted by USDA’s National Agricultural Statistics 
Service (NASS) so that acres and farms for major commodities reflect State totals. 

The complex nature of the sampling procedure makes typical variance estimators inappropriate. The 
delete-a-group jackknife, which allows for the sampling structure used on the ARMS, is applied. 
Estimates therefore use the sample weights as well as 30 replicate weights that are also generated by 
NASS. These sample weights identify how many farms or acres each observation represents. Each 
observation therefore has a unique weight. Each set of weights sums to the total population or total 
cropland acres so that it matches official NASS estimates. In addition to the full sample estimate, 
the jackknife procedure also requires 30 replicate estimates, 1 for each set of replicate weights. The 
resulting variance reflects the average of the squared difference between the full sample estimate 
and the replicate estimates:

Variance = K-1
K

2

k=1

K
      k - , where β is the full sample estimate and βk is the replicate estimate. 

Estimates for weighted ratios (e.g., the share of no-till/strip-till acres) are the weighted sum of the 
numerator divided by the weighted sum of the denominator.
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Statistics are provided in the form of regional and national means, weighted by State crop acres or 
farms where appropriate. Results in the tables reflect weighted averages as well as the range for the 
corresponding coefficient of variation (CV):

Coefficient of variation (β) = 100×abs (σ β), where β is the full sample estimate and σ is the stan-
dard error of the estimate.

The CV is an indication of the confidence interval surrounding the estimate and is calculated by 
dividing the standard deviation of the estimated mean by the estimate; the lower the CV the more 
likely that the estimate is statistically different from zero. All unmarked estimates have a CV that 
is less than 25 percent. CVs that are greater than 25 percent and less than or equal to 50 percent 
are indicated with an asterisk (*). CVs that are greater than 50 percent and less than or equal to 75 
percent are indicated by a number sign (#), and estimates with CVs greater than 75 percent are not 
reported.

Statistics reported in tables also indicate whether one estimate is statistically different from another. 
For any given row item, a pairwise two-tailed t-test with a 90-percent confidence level is used to test 
the null hypothesis that an estimate from one category is equal to an estimate from another category 
(i.e., H0: βA = βB). Superscript letters in columns identify which categories are significantly different 
from the estimate. For example, for a row item with three categories (or columns A, B, and C), 
two different t-tests are performed to test if the estimate in column A is statistically different from 
the estimates in columns B and C: (1) H0: βA = βB and (2) H0: βA = βC. The letters provided with 
the estimate in column A identify which other categories have significantly different values. This 
labeling allows readers to easily identify statistically distinct or similar groups.

Additional details on ARMS and variance estimation can be found in Dubman (2000).

Questions from the Costs and Returns Survey (farm-level, phase 3)

• Did this operation plant any corn, soybeans, wheat, or cotton intended for harvest in 2010?

a. How many acres planted on this operation were intended for harvest in 2010? (For 
winter wheat, report acreage planted in fall 2009. For double-cropped acres, 
include the acreage of both crops. Verify that planted acreage is equal to or greater 
than harvested acreage reported in Section B, item 1.)

b. How many of these acres were planted with no-till or strip-till?

• How many acres of cropland were

a. planted to a cover crop after the 2009 crop was harvested, and

b. subsequently planted to an annual crop (e.g., corn, wheat) for 2010?
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Questions from the Production Practices and Costs Survey (field-level, 
phase 2)

• Were commercial nutrients or fertilizers applied to this field for the [2007 or 2009 or 2010] crop?

• For each individual nutrient application: 

a. Material used: Enter percentage analysis or actual pounds of plant nutrients applied 
per acre. 

b. What quantity was applied per acre?

c. When was this applied?

d. How was this applied?

e. How many acres were treated in the application?


