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EXECUTIVE SUMMARY
NRCS evaluates conservation trends and effects on cultivated cropland through the multiagency
Conservation Effects Assessment Project (CEAP). The CEAP Cropland Assessment draws from
the CEAP I (2003-2006) and CEAP II (2013-2016) farmer surveys conducted jointly by NRCS
and the National Agricultural Statistics Service (NASS) and from Agricultural Policy
Environmental Extender (APEX) model results estimating conservation effects at the field scale.
Modeled results estimate edge-of-field losses of sediment and nutrients, as well as soil carbon
accumulation under the conservation conditions indicated by the CEAP I and CEAP II farmer
surveys and under alternative treatment levels. Alternative treatment levels demonstrate the
benefits of a systems approach that considers multiple resource concerns in a conservation
treatment and work as a comparison to the baseline model results from the conservation
conditions reported in the CEAP farmer surveys. The CEAP II Regional Reports series follows
the release of the CEAP II National Report, and this report covers the Northern Plains (NP)
production region.

The NP production region includes North Dakota, most of South Dakota and Montana, and parts
of Wyoming, Nebraska, and Minnesota. The production region made up 16 percent of cultivated
cropland acres nationally, with 51.1 million acres in cropland in CEAP II. The region is
characterized by a semi-arid to subhumid climate and low to moderate runoff risk. In contrast,
almost half of cultivated cropland acres had a high or moderately high wind erosion risk, but the
dominance of close-grown crops and conservation tillage provided substantial control.

The NP production region saw an overall increase in cultivated cropland of 2.7 million acres
between CEAP I and CEAP II. Durum and spring wheat, soybeans, and corn (for grain) made up
almost 65 percent of acres in the NP production region in CEAP II. Durum and spring wheat
were dominant in acreage in CEAP I and declined from 33 to 25 percent of harvested acres while
soybeans and corn both increased substantially (by 5.3 and 3.1 million acres, respectively).
Winter wheat acreage remained stable and was the next most major crop, representing 7 percent
of production region acres.

Conservation practice adoption saw a number of changes for this region between CEAP I and
CEAP II.

e Structural practices and conservation tillage increased, especially in combination,
indicating a trend toward a systems approach to addressing erosion concerns. Adoption of
structural practices alone decreased.

e Conservation crop rotations were present on over half of cultivated cropland acres and
were especially prevalent in rotations of hay with other crops. Cover crop adoption
increased substantially to rates of adoption nearing the national average.

¢ Nutrient management faced challenges here as in other regions, with increases in
application rates and lower rates of incorporation as conservation tillage adoption
increased. Use of strategies such as soil testing, variable rate technology, and enhanced
efficiency fertilizers increased but opportunity remained in mitigating potential for
nutrient losses.


https://www.nrcs.usda.gov/ceap/croplands
https://www.nrcs.usda.gov/sites/default/files/2022-09/CEAP-Croplands-ConservationPracticesonCultivatedCroplands-Report-March2022.pdf

e Integrated pest management adoption remained steady between survey periods and was
higher than the national average. Use of scouting practices was especially prevalent in
this region. Pesticide use increased between survey periods, mirroring a national change
as producers use less tillage and try to keep pace with herbicide-resistant weeds.

Sediment management increased, with fewer acres in the low or moderate management
categories and more performing at the moderately high and high levels. Acres with higher
nitrogen (N) management need increased, but the majority of acres remained under low N
management need in CEAP II. Nearly all acres had low phosphorus (P) management need, in
part because low rainfall amounts and soils with low vulnerability to runoff make this region less
susceptible to P loss.

Conservation practice adoption and environmental condition factor together to drive
conservation effects on the landscape in terms of success at meeting thresholds for addressing
resources concerns (e.g., erosion, N and P loss, etc.). Progress was made with fewer acres
exceeding resource concern thresholds for erosion, sediment loss, and soil carbon loss. Room for
improvement remained with nutrient loss resource concerns, especially subsurface loss of N,
which can be difficult to control across production regions.

Conservation success can also be measured as the production region’s performance measured as
progress toward a modeled enhanced erosion and nutrient management (ENM) treatment level.
Progress toward the ENM treatment level was accomplished for most resource concerns,
including wind erosion, surface N losses, total P losses, and soil carbon sequestration.
Performance toward the ENM treatment level decreased for subsurface N and soluble P losses,
which show opportunity for improvement.
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CEAP Production Region Report:
Conservation Practices on Cultivated Cropland in the
Northern Plains

INTRODUCTION

The NRCS evaluates conservation trends and effects on cultivated cropland through the
multiagency Conservation Effects Assessment Project (CEAP), a sampling and modeling
approach that draws on natural resource data and farmer surveys (Appendix 1). The farmer
surveys are conducted jointly by NRCS and NASS. The first surveys were conducted in 2003-06
(CEAP I), with basin-wide reports released between 2010 and 2014. A second set of farmer
surveys was conducted in 2013—16 (CEAP II). By comparing data from both CEAP I and CEAP
I1, it is possible to evaluate change over that time period.

CEAP contributes to the science base for managing the agricultural landscape for environmental
quality. Findings are intended to help guide conservation policy and program development and
help conservationists, farmers, and ranchers in their conservation decisions. The purpose of this
report is to present the CEAP I and CEAP II data on conservation practices applied on cultivated
cropland in the Northern Plains (NP) production region, estimates of the effects of these
practices, and how conservation activity may have changed between survey periods. The NP
production region includes North Dakota, most of South Dakota and Montana, and parts of
Wyoming, Nebraska, and Minnesota. The data reflect only the presence or absence of the
practice; they do not indicate if the practice was pre-existing and maintained, reconstructed, or
newly installed. In tables throughout the report, values are rounded, and as such, totals and
calculated fields may not add up to exactly 100 percent in all cases.

CEAP Production Regions

This series of reports presents estimates reflecting the prevalent land use, cropping systems,
climate, soil characteristics, and conservation practice use of the 11 CEAP production regions
(Appendix 2). The CEAP I reports presented estimates by regions representing the major
drainage basins in the United States (i.e., water resource regions). The CEAP II regions were
designed to reduce the variability in cropping systems, conservation and production practices,
and resource concerns found in the CEAP I regions. The rules of analysis were unchanged
between the CEAP survey periods, but the CEAP I sample points were reaggregated into the new
regions presented in this report. Slight changes in results between survey periods cannot be
reliably estimated in some cases when there are small amounts of cultivated cropland reporting a
practice or where production systems and natural resource factors affect the opportunity or need
for adoption of these practices.

Between the two CEAP survey periods, there was a small net gain nationally of more than 2
million acres in cultivated cropland, primarily coming from pastureland and cropland exiting the
Conservation Reserve Program (CRP)?. Five regions gained almost 7.5 million cultivated

2 See tables 6 and 7 of U.S. Dep’t of Agric., Summary Report: 2017 National Resources Inventory (2020).
11


https://www.nrcs.usda.gov/ceap
https://www.nrcs.usda.gov/sites/default/files/2022-10/2017NRISummary_Final.pdf

cropland acres, while six regions lost about 5.3 million acres combined. By CEAP II, three
regions (North Central and Midwest, Southern and Central Plains, and Northern Plains)
accounted for three-fourths of all U.S. cultivated cropland®. A generalized overview of
production and natural resource factors for the NP production region is presented below to give
context for the trends presented in this report.

The NP production region held 51.1 million acres of cultivated cropland in CEAP II, which
accounted for about 27 percent of the region’s total land area and about 16 percent of all
cultivated cropland in the United States. The region’s semi-arid to subhumid climate coupled
with the fact that only about a fourth of the acres had high or moderately high runoff risk,
reduces need for extensive structural practice adoption. In contrast, 44 percent of acres had a
high or moderately high wind erosion risk, but the dominance of close-grown crops and
conservation tillage provided substantial control.

Changes to Crop Acreage

In the NP production region, overall cropped acreage increased by 2.7 million acres (from
approximately 48.4 to 51.1 million acres) from CEAP I to CEAP II. Over the same time, the
production region saw over 5.3 million acres transfer out of CRP participation, which was likely
driving increased cultivated cropland acreage. The increase in crop acreage in the region was not
experienced uniformly. Cropland acreage gains, including those of more than 10 percent, were
common in the eastern part of the production region, especially in Nebraska, northern South
Dakota and Montana, and southern North Dakota (Figure 1). While many subareas of the
production region either reported small changes or moderate losses, losses over 10 percent were
present in parts of Wyoming, western South Dakota, and southern Montana. The NP production
region had its greatest concentration of acres in CEAP II in those areas of growth in North
Dakota, South Dakota, and western Montana (Figure 2).

Changes in the crops grown and harvested in a region can be due to any number of variables
(e.g., market conditions and conservation needs), and can also impact the conservation condition
on the landscape. Crop acreage changes were measured based on differences between the
National Resources Inventory for 2003 (as the base year for CEAP I) and 2015 (as the base year
for CEAP II) (Appendix 1).

3U.S. Dep’t of Agric., Conservation Practices on Cultivated Cropland: A Comparison of CEAP I and CEAP 1T
Survey Data and Modeling (2022)
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Figure 1. Percent Change in Cultivated Cropland between CEAP I and CEAP 11
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Durum and spring wheat, soybeans, and corn (for grain) made up almost 65 percent of acres in
the NP production region in CEAP II (Table 1). Durum and spring wheat were dominant in
acreage in CEAP I and declined from 33 to 25 percent of harvested acres while soybeans and
corn both increased substantially (i.e., 5.3 and 3.1 million acres, respectively). Winter wheat
acreage remained stable and was the third most harvested crop in both survey periods, while
beans and peas increased by 1.1 million acres between surveys and represented 5 percent of acres
in the production region.

Table 1. Harvested Acres of Major Crops in the NP Production Region in CEAP I and CEAP 11
Percent
CEAP1 CEAPI CEAP 11 CEAP 11 Change in Change in
Harvested Harvested Harvested Harvested  Harvested Harvested

Crop Acres Acres Acres Acres Acres Acres
(thousands)  (percent) = (thousands)  (percent) = (thousands) Relative to
CEAP 1

Durum and spring 15,806 33 12,990 25 2,816 18
wheat

Soybeans 7,214 15 12,463 24 5,249 73
Corn 4,678 10 7,784 15 3,106 66
Winter wheat 3,351 7 3,698 7 346 10
Beans and peas 1,538 3 2,660 5 1,122 73
Close-grown 2,459 5 2,280 4 -180 -7
Barley 2,418 5 1,612 3 -805 -33
Sunflower 1,756 4 1,014 2 -743 -42
Alfalfa/clover 580 1 885 2 304 52
Sugarbeets 503 1 838 2 335 67
Oats 981 2 701 1 -280 -29
Hay 3147 I 459" I 145" 46"
Corn silage 698 1 397 1 -300 -43
Sorghum 207" <1 265" I 59* 28"
Other haylage/silage 104 <1 173 <1 70" 68"
Vegetable No Data No Data 122 <1 N/A N/A
Potatoes 70" <1 111" <1* 42" 60"

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

HOW DID THE USE OF CONSERVATION PRACTICES CHANGE
BETWEEN THE CEAP SURVEYS?

In the time between the CEAP surveys, adoption of structural practices and conservation tillage
increased, especially in combination. Conservation crop rotations were used on more than half of
cultivated cropland acres and were especially common in rotations that included hay with other
crops. Cover crop adoption increased between survey periods and was present on 4 percent of
cultivated cropland by CEAP II. Irrigation was not widely used in the NP production region,
with less than 5 percent of acreage irrigated in CEAP II. Nutrient management faced similar
challenges to other production regions in increased application rates paired with decreased
incorporation of nutrients as conservation tillage increased. Soil testing, use of variable rate
technology, and use of enhanced efficiency fertilizers all increased, indicating positive adoption
of some new technologies and best practices for nutrient management. Overall integrated pest
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management adoption was similar between survey periods and higher in the NP production
region than the national average, with high adoption of scouting practices.

Data presented in this section represent findings from the CEAP 1 (2003-2006) and CEAP II
(2013-2016) farmer surveys conducted jointly by NRCS and NASS unless otherwise noted.
Results estimate cultivated cropland acreage that applied conservation practices either
individually or in combination.

Structural Practices and Conservation Tillage

Farmer adoption of structural practices and conservation tillage, alone or in combination,
increased by 7.6 million acres in the NP production region between the two CEAP surveys
(Table 2). Acres without conservation tillage or structural practices declined substantially by 4.9
million acres to 16 percent of all cultivated cropland. The greatest gains were made in the
structural practices plus conservation tillage treatment group, evidence that farmers were
increasingly integrating conservation management and structural treatments in a systems
approach to improve results on their operations. By CEAP II, the combined practices had
increased by 72 percent relative to CEAP I and were in place on 13 million acres, or 25 percent
of regional cultivated cropland.

Table 2. Structural Practices, Conservation Tillage, and Both in the NP Production Region in CEAP I and
CEAP 11

CEAPI1 CEAPII CEAPII - CEAPI
Treatment group Acres Acres Acres Percent .Change
(thousands) Percent (thousands) Percent (thousands) Relative to
CEAPI1

Structural practice(s),
conservation tillage, or both 35,303 3 42,900 84 7,597 2

Structural practice(s) plus — s 16 13,027 25 5,439 72

conservation tillage

Conservation tillage only 22,994 47 25,314 50 2,320 10

Structural practice(s) only 4,720 10 4,559 9 -161 -3
No structural practice(s) or 5 ;- 27 8,230 16 4,887 37
conservation tillage

Regional total 48,420 100 51,130 100 2,710 6

Structural Practices

Between CEAP I and CEAP II, an additional 5.3 million acres were benefited by structural
practices, either alone or paired with conservation tillage. By CEAP 11, 34 percent of all
cultivated cropland acres in the NP production region had one or more structural practices in
place (Table 3). Use of multiple structural practices more than doubled in acreage and accounted
for 42 percent (i.e., 2.2 of 5.3 million acres) of the increase in adoption between survey periods
as farmers applied supporting practices in a systems approach to reduce soil erosion and related
losses from cultivated cropland.
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Table 3. Structural Practice Adoption in the NP Production Region in CEAP I and CEAP II

CEAPI1 CEAP 11 CEAPII - CEAP1
. . Percent
Cultivated cropland with: Acres Acres Acres Change
Percent Percent .
(thousands) (thousands) (thousands)  Relative to

CEAP1
One or more structural practices 12,309 25 17,586 34 5,277 43
One type of structural practice 10,297 21 13,362 26 3,065 30
More than one type of structural 2,012 4 4224 g 2212 110

practice

Of the five structural practice groups used on cultivated cropland (Box 1), field borders
experienced the largest acreage gain between the two survey periods relative to CEAP 1
implementation levels (Figure 3). Wind erosion and concentrated flow control practices,
however, maintained the largest footprint in both survey periods, reflecting their long history as
erosion-control tools on farm fields.

Box 1. Structural Practice Groups and Types of Practices

Five structural practice groups were established based on their primary conservation objective to facilitate evaluating
change between the CEAP survey periods. The groups and example practices include:

e Field border—Strips of permanent vegetation (grasses, legumes, forbs, or shrubs), at least 30 feet wide, established
on one or more sides of a field

o Edge-of-field buffering and filtering—Riparian forest buffers, riparian herbaceous buffers, filter strips, critical arca
planting

® Wind erosion control—Windbreaks or shelterbelts, herbaceous wind barriers, hedgerow plantings

e Concentrated flow control—Grassed waterways, grade stabilization structures, diversions, structures for water
control

e Overland flow control—Terraces, contour buffer strips, contour farming, stripcropping, in-field vegetative barrier.

Figure 3. Structural Practices by Group in the NP Production Region in CEAP I and CEAP 11

Field border [~
Edge-of-Field Buffering and Filtering [*== *
Wind Erosion Control | | |
Concentrated Flow Control | | |
Overland Flow Control | | |
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Acres (thousands)

CEAP| = CEAPII

* Edge-of-field buffering and filtering values represent fewer than 30 data points and cannot be used to draw reliable
conclusions

16



Conservation Tillage

Conservation tillage and conventional tillage are defined in the CEAP II National Report based
on groupings of the five tillage classes defined by their Soil Tillage Intensity Rating (STIR)*
values:

o (Conservation Tillage
o Reduced Tillage includes:
=  Continuous Mulch Tillage: All crops in the rotation are produced under
tillage with STIR values for each crop between 20 and 80. Mulch tillage
includes all forms of conservation tillage that are not considered no-till.
= Seasonal No-Till: At least one crop is produced with no-till (STIR <20)
and no crop in the rotation is conventionally tilled (STIR>80).
o Continuous No-Till: All crops in the rotation are produced with tillage practices
having STIR values <20.
o (Conventional Tillage
o Continuous Conventional Tillage: All crops in the rotation are conventionally
tilled (STIR >80).
o Seasonal Conventional Tillage: At least one crop in the rotation is conventionally
tilled (STIR>80) and at least one crop is conservation tilled (STIR<80).

In the time between the CEAP surveys, conservation tillage adoption had a net increase of 7.8
million acres in the NP production region (Table 4). By CEAP II, conservation tillage had
become the dominant form of tillage, used on 75 percent of all cultivated cropland. Over 8
million acres of the total increase was in continuous no-till, which reached 48 percent of all
cultivated cropland acres in the NP production region by CEAP II. The NP production region,
characterized by durum and spring wheat, soybeans, and corn, accounted for nearly 15 percent of
the national total increase in conservation tillage adoption.

Table 4. Tillage Groups and Classes in the NP Production Region in CEAP I and CEAP II

CEAPI1 CEAP1I CEAPII - CEAP1
Percent
Tillage group /tillage class (th?lf;:lfds) Percent (thl(?lf::ITds) Percent (thglf:a?ds) Reclgzt‘iléﬁio
CEAP1
Conservation tillage 30,583 63 38,341 75 7,758 25
Continuous mulch 7,270 15 7,733 15 462 6
Seasonal no-till 7,127 15 6,224 12 -903 -13
Continuous no-till 16,186 33 24,384 48 8,199 51
Conventional tillage 17,838 37 12,789 25 -5,049 -28
Continuous conventional 5,248 11 4,447 9 -800 -15
Seasonal conventional 12,590 26 8,342 16 -4,248 -34

* STIR is a function of the type, frequency, and depth of tillage and calculates soil disturbance intensity for each
crop grown in a crop rotation. The higher the rating, the greater the soil disturbance and erosion potential.
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Structural Practices and Conservation Tillage on Vulnerable Cropland

The cultivated cropland most vulnerable to excessive soil erosion (i.e., highly erodible land
(HEL)), runoff (i.e., high and moderately high soil vulnerability index (SVI) runoff), and wind
(i.e., high and moderately high SVI wind) accounted for about 31, 25, and 45 percent of all
cultivated cropland, respectively, in CEAP II. Conservation adoption on these acres emphasized
structural practices in combination with conservation tillage. In addition, these vulnerable acres
received a slightly higher proportion of treatment compared to their less vulnerable counterparts.

By CEAP II, structural practices or conservation tillage, or both, were in place on 94 percent of
HEL cultivated cropland and 96 percent of cultivated cropland with high or moderately high
runoff vulnerability, as compared to 84 percent for all cultivated cropland.

In this semi-arid production region, protection against vulnerability to wind erosion is an
important conservation goal. However, tools for wind erosion control can be limited, and many
practices are vegetative, making them challenging to adopt in drier environments. In the NP
production region, the most vulnerable acres for wind erosion had structural practices,
conservation tillage, or both on 83 percent of acres in CEAP II. Adoption of these practices on
high and moderately high wind vulnerability acres increased from 71 percent in CEAP I, even as
acres in those vulnerability categories increased by 4.3 million acres between survey periods.

Highly Erodible Land—The 1985 Farm Bill introduced policy to encourage conservation on
cropland deemed to be HEL by making the implementation of soil conservation measures a
factor in program eligibility. Between CEAP I and CEAP 11, adoption of structural practices plus
conservation tillage on HEL increased by 1.8 million acres (54 percent relative to CEAP 1) in the
NP production region (Table 5). Use of conservation tillage without structural practices also
increased by nearly 1.4 million acres (64 percent relative to CEAP I). Adoption of these practices
increased by 18 percent between survey periods, despite a 663,000 acre increase in HEL under
cultivation.

Table 5. Highly Erodible Cropland by Treatment Group in the NP Production Region in CEAP I and CEAP 11

CEAPI1 CEAP 11 CEAPII-CEAPI
Percent
Treatment group Acres Percent Acres Percent Acres Change
(thousands) (thousands) (thousands)  Relative to
CEAPI
S.tructural practice(s), conservation 12,565 83 14,853 04 2,289 18
tillage, or both
Structural practices plus conser;/iaillt:lzz 3335 29 5,148 33 1.813 54
Conservation tillage only 7,581 50 9,025 57 1,444 19
Structural practices only 1,648 11 680" 4 -968" -59°
l\'lo structural practices or conservation 2,537 17 911" 6 -1,626" 64"
tillage
Region total 15,101 100 15,764 100 663 4

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Cropland Vulnerable to Wind Erosion—On the cultivated cropland most vulnerable to wind
erosion (high and moderately high SVI wind categories) (Box 2), adoption of structural
practices, conservation tillage or both increased by a net 4.3 million acres (29 percent relative to
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CEAP I) between the CEAP surveys (Table 6). Use of conservation tillage alone increased by
1.4 million acres, and adoption of structural practices alone increased by 605,000 acres.
Vulnerable acres without structural practices or conservation tillage decreased between survey
periods by nearly 2.3 million acres in the NP production region.

Box 2. Soil Vulnerability Indexes

NRCS developed Soil Vulnerability Indexes (SVI) in the 2000s to support conservation planning through
rigorous assessment of soil vulnerability to the forces of water (runoff, leaching) and wind. SVI uses current
information on soil properties as well as other aspects of vulnerability such as slope and drainage. Four ratings
(low, moderate, moderately high, and high) are used to categorize a soil’s potential vulnerability. The index is
regionally relative; for example, a high runoff rating in an arid region would not have the same conservation need
as a high runoff rating in a humid region. Examining cropland by potential vulnerability offers an important tool
for identifying conservation needs and supporting conservation planning from the field to regional and national
scales.

Between the CEAP surveys, cultivated cropland with low and moderate runoff vulnerability in the NP production
region increased by 4.1 million acres. For cultivated cropland vulnerable to leaching, the increase was in high
vulnerability acres at 1 million acres and increase in moderately high vulnerability acres at 1.3 million acres,
increase in low vulnerability acres at 685,000 acres. Cultivated cropland with low wind vulnerability increased by
149,000 acres, moderate wind vulnerability increased by 527,000 acres, and moderately high wind vulnerability
increased by 2.1 million acres.

Across the three vulnerability indexes, wind vulnerability was highest for the NP production region, with most
acres in the moderate or moderately high vulnerability ratings, Leaching vulnerability had the highest number of
acres in the moderate rating, followed by the high rating. Vulnerability to runoff was lowest, with most acres at
the low rating in both survey periods. In CEAP II, 27 percent of cultivated cropland had high vulnerability to
leaching as compared to 6 percent for runoff vulnerability and less than 1 percent for wind vulnerability.

Cultivated Cropland by Soil Vulnerability Index Type and Rating for the NP Production Region in CEAP
I and CEAP I1
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Table 6. Cultivated Cropland with High and Moderately High Wind (SVI-W) Ratings by Treatment Group
in the NP Production Region in CEAP I and CEAP II

CEAP 1 CEAP I1 CEAP I1 - CEAP 1
Percent
Treatment group Acres Percent Acres Percent Acres Change
(thousands) (thousands) (thousands) Relative to
CEAPI
Structural practice(s),
conservation tillage, or both 14,705 n 19,018 83 4,313 29
Structural practices plus 5 4 ¢ 16 5,694 25 2,269 66
conservation tillage
Conservation tillage only 8,871 43 10,310 45 1,439 16
Structural practices only 2,408 12 3,013 13 605 25
No structlllral Practlces or 6,114 29 3,835 17 2,279 37
conservation tillage
Region total 20,819 43 22,853 45 2,034 10

Cropland Vulnerable to Runoff—On the cultivated cropland most vulnerable to runoff (high and
moderately high SVI runoff categories), adoption of structural practices plus conservation tillage
increased by a net 2.1 million acres between the CEAP surveys (Table 7). By CEAP II, the
combined practices on high and moderately high vulnerability acres increased to adoption on 96
percent of regional acres. Use of conservation tillage alone decreased by 345,000 acres.
Adoption of structural practices alone declined by 959,000 acres.

Table 7. Cultivated Cropland with High and Moderately High Runoff (SVI-R) Ratings by Treatment Group
in the NP Production Region in CEAP I and CEAP II

CEAP 1 CEAP I1 CEAPII - CEAP1
Percent
Treatment group Acres Percent Acres Percent Acres Change
(thousands) (thousands) (thousands) Relative to
CEAP1
Structural practice(s),
conservation tillage, or 11,556 81 12,378 96 822 7
both
Structural practices plus -, 4 17 4,533 35 2,126 88
conservation tillage
Conservation tillage only 7,493 52 7,148 56 -345 -5
Structural practices only 1,656 12 697" 5" -959" -58"
No structlllral Practlces or 2,727 19 469" 4 2.258" 83"
conservation tillage
Region total 14,283 29 12,846 25 -1,437 -10

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Cultivated Cropland with No Structural Practices or Conservation Tillage

As of CEAP II, 8.2 million acres (16 percent) of cultivated cropland in the NP production region
had neither structural practices nor conservation tillage in place, down from 13.1 million acres
(27 percent) in CEAP 1. All production regions saw decreases in acreage without structural
practices or conservation tillage, and the NP production region had the fourth highest number of
acres in this category (Figure 4).
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Figure 4. Cultivated Cropland with No Structural Practices or Conservation Tillage by Production Region in
CEAP I and CEAP II

CEAPI1  CEAPII
30,000
25,000
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5,000
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Production Region™”

**Abbreviated production region names are as follows: AGC is Atlantic and Gulf Coastal Plains, CC is California
Coastal, EC is East Central, LMTGC is Lower Mississippi and Texas Gulf Coast, NCM is North Central and
Midwest, NE is Northeast, NP is Northern Plains, NW is Northwest, SC is South Central, SCP is Southern and
Central Plains, and SW is Southwest.

Conservation needs may be low on the acres without structural practices or conservation tillage
or may be addressed through other measures such as conservation crop rotations or cover crops.
However, treatment may be particularly important on untreated highly erodible acres or acres
vulnerable to wind. For example, of the total acreage lacking structural practices or conservation
tillage, 911,000 acres were HEL (Table 5) and 3.8 million acres had high or moderately high
vulnerability to wind (Table 7). Progress was made on this front as vulnerable acres without
structural practices decreased by 13 percent between survey periods in both HEL and wind
vulnerable acreage categories (Figure 5).
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Figure S. Cultivated Cropland with No Structural Practices or Conservation Tillage in the NP Production
Region in CEAP I and CEAP I1
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Conservation Crop Rotations and Cover Crops

Conservation crop rotations and cover crops have common goals of reducing erosion,
maintaining or increasing soil health and organic matter content, reducing potential nutrient
losses, and providing food and cover habitat for wildlife, among other benefits. A conservation
crop rotation is a planned sequence of crops grown over a period of time to achieve a
conservation purpose. A variety of conservation crop rotations are grown by U.S. farmers and
the choice of crop rotations is determined by market prices, input costs, and growing conditions
such as climate, length of growing season, and the productivity of soil. Cover crops are typically
a grass, small grain, or legume planted to provide vegetative cover during portions of the non-
growing season for harvested crops. Incorporating a cover crop in a crop rotation often adds
enough crop biomass to produce a conservation crop rotation. However, some cropping systems
and environments are not conducive to conservation crop rotations that include cover crops. For
example, in arid and semi-arid environments, additional water may be needed to maintain
productivity. In other environments, length of a growing season may limit cover crop use.

Conservation Crop Rotations

Four main crop rotation groups were defined to assess the use of conservation crop rotations.
Crops grown specifically as cover crops were not used to define crop rotations to allow for
assessment of the use of cover crops separately from the use of conservation crop rotations.

1. Hay with other crops. This group of crop rotations includes hay in at least one of the crop
years. Types of hay include alfalfa hay, grass hay, small-grain hay, and other crops harvested
as hay, such as sorghum hay. Other years in the rotation, including idle or fallow years, can
have any other crops.
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2. Continuous close-grown crops. This group includes rotations with combination of close-
grown crops, such as small grain crops (e.g., winter wheat, barley, oats, spring wheat), rice,
grasses and grass seed not harvested as hay, and other minor crops. Idle or fallow crop years
can be part of the crop rotation.

3. Row and close-grown crops. Crop rotations in this group have a row crop in at least 1 year of
the rotation and a close-grown crop in at least 1 year of the rotation. The most common
rotations were corn and wheat, soybeans and wheat, corn and soybeans and wheat, rice and
soybeans, and wheat and sorghum. Idle or fallow crop years can be part of the crop rotation.
Double cropping where a close-grown crop follows a spring-planted row crop are also
included in this rotation subgroup.

4. Continuous row crops. These rotations are made of mixes of row crops. The most common
rotation was corn and soybeans only, accounting for 63 percent of the acres in this group at
the national scale. Continuous cropping of a single crop—such as continuous corn or
continuous cotton—accounted for 28 percent of the acres nationally. Remaining rotations in
this group consist mostly of corn or soybeans with other row crops. Idle or fallow crop years
can be part of the crop rotation.

The NP production region had 46 percent of acres in conservation crop rotations in CEAP I
(Table 8) and 60 percent in CEAP II (Table 9). Nationally, about 70 percent of cultivated
cropland acres had conservation crop rotations in CEAP II (compared to 66 percent in CEAP I).
In the NP production region, rotations of hay with other crops had the greatest percentage of
acres with conservation crop rotations among the four main crop rotation groups—78 percent
and 86 percent, CEAP I and CEAP II, respectively. Following were rotations with continuous
row crops with 65 percent of its crop rotation group with conservation crop rotations in CEAP I
and 64 percent in CEAP II. And while rotations with close-grown crops lead the region in acres,
this crop rotation group had the least acres with conservation crop rotations in both CEAP
surveys—49 percent in CEAP 1 and 47 percent in CEAP II.
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Table 8. Acres with Conservation Crop Rotations (CCR) in the NP Production Region in CEAP I, All
Cultivated Cropland, Four Major Groups of Crop Rotations

Cultivated Acres with
Cctlsl‘i::ﬁ;l Cl:&l::d Acres with  Acres with High I;Cil:;sl;ghcfg%h
Crop rotation group Agres (percent of CCR™ CCR™ Biomass’ (percent of acres
(thousands) };e ional (thousands) - (percent) CCR b with CCR)
t%) tal) (thousands)
Hay with other crops 2,354 5 1,844 78 1,684 72
gr‘;f%“c‘;’;‘;sdose‘ 23611 49 11,663 49 7,661 32
i‘(’)‘gsand close-grown 14,925 31 8,898 60 1,772 12
Continuous row crops 7,530 15.55 4,882 65 771 10
Allregional =0 ) 100 27,288 56 11,888 25

cultivated cropland

**Acres with a crop rotation biomass index score greater than or equal to 1.5
fAcres with a crop rotation biomass index score greater than or equal to 2.0

Table 9. Acres with Conservation Crop Rotations (CCR) in the NP Production Region in CEAP 11, All
Cultivated Cropland, Four Major Groups of Crop Rotations

Cultivated Acres with
Cultivated  Cropland Acres with  Acres with High Ac.res Wlt+h High
. Cropland Acres s . . + Biomass” CCR
Crop rotation group CCR CCR Biomass
Acres (percent of (percent of acres
. (thousands)  (percent) CCR .
(thousands) regional with CCR)
total) (thousands)
Hay with other crops 2,635 5 2,273 86 1,956 74
Continuous close- 13,636 27 6,370 47 4219 31
grown crops
i‘(’)gsand close-grown 21,156 41 13,371 63 2,359 11
Continuous row crops 13,703 27 8,781 64 1,278 9
Allregional 5, |5, 100 30,795 60 9,811 19

cultivated cropland

**Acres with a crop rotation biomass index score greater than or equal to 1.5
fAcres with a crop rotation biomass index score greater than or equal to 2.0

Fewer acres with conservation crop rotations in the NP production region had high biomass
conservation crop rotations (Box 3)—25 percent of regional cultivated cropland in CEAP I and
19 percent in CEAP II (Table 8, Table 9). Most of these acres were in continuous close-grown
crop rotations, 64 percent (i.e., 7.7 of 11.9 million acres) in CEAP I and 43 percent (i.e., 4.2 of
9.8 million acres) in CEAP II. High biomass conservation crop rotations were concentrated the
most in rotations of hay with other crops during both survey periods. Acres in continuous row
crop rotations had the fewest acres in high biomass conservation crop rotations, with 10 percent
of rotation acres in CEAP I and 9 percent in CEAP II.
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Box 3. Biomass Index for Identifying Conservation Crop Rotations

The biomass index was derived by assigning a score to each crop in the rotation and then averaging the score over the
years in the rotation. The maximum score per crop year was arbitrarily set at 4. Therefore, the maximum biomass index
for a crop rotation is also 4. Conservation crop rotations were divided into five groups based on the amount of biomass
the crop typically produces. The five groups are: crops with high biomass (hay other than small-grain hay, grasses, grass
seed, and wild rice), which are assigned a score of 4; crops with moderately high biomass (corn (excluding silage),
sorghum (excluding silage), wheat, barley, rice, other small grain crops, small grain hay, Sudan, sugarcane, sunflower
(for oil), safflower, and sesame), which are assigned a score of 2; crops with moderately low biomass (soybeans, cotton,
peanuts, sugar beets, potatoes, sweet potatoes, tobacco, canola flaxseed, sunflower seed (non-oil), lentils, corn silage,
sorghum silage, sage, mustard, and rapeseed), which are assigned a score of 1; crops with low biomass (vegetables and
herbs, dry edible beans, melons, pumpkins, gourds, squash, peppermint, mint, and flowers), which are assigned a score
0f 0.25; and idle and fallow crops, which are assigned a score of zero.

Rotations with a biomass index greater than or equal to 1.5 are conservation crop rotations. A common example is a 2-
year rotation of corn (score of 2) and soybeans (score of 1), which results in a biomass index for the rotation of 1.5. This
is commonly held by NRCS conservation planners as an acceptable conservation crop rotation because it cycles between
a crop with moderately high biomass and a crop with moderately low biomass. The length of the crop rotation is an
important determinant of this balance. For example, adding a year of soybeans to the 2-year corn-soybeans rotation
results in a non-conservation crop rotation.

Rotations with a biomass index greater than or equal to 2 are high biomass conservation crop rotations. All
combinations of high and moderately high biomass crops are high biomass conservation crop rotations. High biomass
conservation crop rotations can also be achieved by adding these crops to rotations with moderately low and low
biomass crops. A common example is a 2-year rotation of corn in the first year and a double crop of soybeans followed
by winter wheat in the second year, which results in a biomass index for the rotation of 2.5. Similarly, an addition of a
winter wheat cover crop to the 2-year corn-soybeans rotation presented above results in a high biomass conservation
crop rotation.

Approximately 44 and 40 percent of cultivated cropland acres, CEAP I and CEAP II,
respectively, did not have a conservation crop rotation (Table 10, Table 11). Acres without
conservation crop rotations were greatest in continuous close-grown crop rotations in CEAP [—
51 percent (i.e., 12 of 21.1 million acres) but were somewhat evenly distributed in CEAP II with
the exception of hay with other crops rotations, which represented just 2 percent of acres without
conservation crop rotations (i.e., 362,000 of 20.3 million acres). A little more than half of
continuous close-grown crops were without conservation crop rotations—51 percent in CEAP [
and 53 percent in CEAP II and almost all of those acres had idle or fallow acres in 1 or more
years of the rotation (i.e., 95 percent in both survey periods). An idle or fallow year in the crop
rotation is an important factor in the determination of a conservation crop rotation because it
contributes little or no crop biomass to the rotation. Overall, 63 percent of acres in CEAP I and
42 percent in CEAP II without a conservation crop rotation had an idle or fallow crop year in
rotation.
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Table 10. Acres without Conservation Crop Rotations (CCR) in the NP Production Region in CEAP I, All
Cultivated Cropland, Four Major Groups of Crop Rotations

Cultivated Acres with Idle A(c;el?‘:vlll(:ilvli;llle
Cultivated Cropland Acres Acres or Fallow in
. . One or More
Crop rotation group Cropland Acres w1th011*t w1tho:1*t One or More Years of the
Acres (percent of CCR CCR Years of the .
. . Rotation
(thousands) regional (thousands)  (percent) Rotation
total) (thousands) (percent of acres
without CCR)
Hay with other crops 2,354 5 510 22 459 90
Continuous close- 23,611 49 11,948 51 11,401 95
grown crops
Row and close-grown 14,925 31 6,027 40 1,029 17
crops
Continuous row crops 7,530 15.55 2,648 35 386 15
All regional =g 179 100 21,132 44 13,275 63

cultivated cropland

**Acres with a crop rotation biomass index score greater than or equal to 1.5

Table 11. Acres without Conservation Crop Rotations (CCR) in the NP Production Region in CEAP 11,
All Cultivated Cropland, Four Major Groups of Crop Rotations

Cultivated Acres with Idle A(c);e]?:‘llll(ﬁlvliﬂle
Cultivated Cropland Acres Acres or Fallow in
. . One or More
Crop rotation group Cropland Acres w1th011*t w1th011*t One or More Years of the
Acres (percent of CCR CCR Years of the Rotation
(thousands) regional (thousands)  (percent) Rotation
total) (thousands) (percent of acres
without CCR)
Hay with other crops 2,635 5 362 14 332 92
Continuous close- 13,636 27 7,266 53 6,890 95
grown crops
Row and close-grown 21,156 41 7,785 37 958 12
crops
Continuous row crops 13,703 27 4,923 36 375 8
All regional =, ;5 100 20,335 40 8,556 ")

cultivated cropland

**Acres with a crop rotation biomass index score greater than or equal to 1.5

Continuous Row Crop Rotations in CEAP 11

Crop rotations with continuous row crops in the NP production region accounted for 27 percent
of cultivated cropland acres in CEAP II, including 29 percent of all conservation crop rotations
(i.e., 8.8 of 30.8 million acres) and 13 percent of all high biomass conservation crop rotations
(i.e., 1.3 of 9.8 million acres) (Table 9). No row crops are categorized as high biomass crops.
Moderately high biomass row crops include corn and sorghum other than for silage. Moderately
low biomass row crops are corn or sorghum silage, cotton, soybeans, potatoes, sugar beets,
tobacco, or sweet potatoes. Almost all low biomass crops are row crops. Conservation crop
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rotations in the row crops only grouping therefore require at least 1 year of a moderately high
biomass crop or a cover crop.

Breaking the continuous row crops rotation group down by specific crop rotation subgroups in
the NP production region, the “corn and soybeans only” subgroup was the largest, accounting for
over 9 million acres (representing 66 percent of the continuous row crop acres) (Table 12). Since
soybeans are moderately low biomass crops, few of these acres were in high biomass
conservation crop rotations. Approximately 84 percent of “corn and soybeans only acres” had
conservation crop rotations and 3 percent of the acres were in high biomass conservation crop
rotations. About 16 percent of the subgroup acres were without conservation crop rotations and
none had 1 or more years of idle or fallow in the rotation.

Table 12. Conservation Crop Rotations (CCR) in the NP Production Region in CEAP II in Continuous Row
Crops

Row Crop Row Crop

Cultivated Cultivated | O with  Acres with High

Row Crop Acres

Cropland Cropland . . T without CCR
Crop rotation subgroup Acres in Acres in CCR Biomass CCR (percent of total
(percent of  (percent of total
Row Crops  Row Crops total CCR high biomass without CCR
(thousands) (percent) acres) CCR acres) acres)
Corn and soybeans only 9,084 66 84 3 16
Corn only 1,050" 8 87" 87" 13"
Soybeans only 2,123 16 0 0 100
Sorghum and other single 708" 5 15° 15° g5*
crops only
Corn or sorghum with 490" 4 26" 0" 74
other crops
All other crop mixes, no 246" > 0 0 100°
corn or sorghum
All continuous row crops 13,704 100 64 9 36

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions
*Acres with a crop rotation biomass index score greater than or equal to 1.5
fAcres with a crop rotation biomass index score greater than or equal to 2.0

The second most frequently occurring subgroup, “soybeans only”, accounted for 15 percent of
continuous row crop group acres (i.e., 2.1 of 13.7 million acres). None of these acres were in
conservation crop rotations. The third largest subgroup was the “corn only” rotation subgroup,
accounting for 8 percent of cultivated acres (i.e., 1.1 of 13.7 million acres), though that subgroup
and all others represent fewer than 30 survey points each and cannot be used to draw
conclusions.

Continuous Close-Grown Crops in CEAP 11

Crop rotations with continuous close-grown crops accounted for 27 percent of cultivated
cropland acres in the NP production region (Table 9), including 21 percent of all conservation
crop rotations (i.e., 6.4 of 30.8 million acres) and 43 percent of all high biomass conservation
crop rotations (i.e., 4.2 of 9.8 million acres). The continuous close-grown crops rotation group
had the lowest percentage of its acres with conservation crop rotations at 47 percent (Table 9),
even though nearly all crops in this group are moderately high biomass crops (e.g., wheat, rice).
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This may be due to crop years in idle or fallow in the rotation, which may offset some of the
benefits of the moderately high biomass crops.

Crop rotations in the rotation group were dominated by wheat in the NP production region,
which is a moderately high biomass crop. About 56 percent of cultivated cropland acres in this
rotation subgroup (nearly 7.7 million acres) had continuous wheat (e.g., “wheat only, no idle” or
“wheat only, with idle”) in rotation (Table 13). All 2.5 million acres without idle in rotation had
high biomass conservation crop rotations. About 5.2 million acres of continuous wheat had an
idle or fallow crop year in the rotation and all those acres were without conservation crop
rotations.

Table 13. Conservation Crop Rotations in the NP Production Region in CEAP II in Continuous Close-grown
Crops

. . Row Crop Row Crop
Cultivated Cultivated Acres with ~ Acres with High Row Crop Acres

Cropland Cropland CCR™ Biomass CCR' without CCR

Crop rotation subgroup Acres in Acres in (percent of  (percent of tofal (percent of total

EEXJ;;ZE; R(O Vgrccel;l(gs total CCR high biomass WIﬂ::rlés():CR
p acres) CCR acres)

Wheat only, no idle 2,454 18 100 100 0

Wheat only, with idle 5,196 38 0 0 100

Wheat with other close- 4,965 36 7 28 28

grown crops

Al'l other close-grown crop 1.021° 7 35 35" 65"

mixes

All continuous close- 13,636 100 47 31 53

grown

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions
**Acres with a crop rotation biomass index score greater than or equal to 1.5
fAcres with a crop rotation biomass index score greater than or equal to 2.0

Rotations of “wheat with other close-grown crops” accounted for almost 5 million acres, of
which 72 percent had conservation crop rotations and 28 percent had high biomass conservation
crop rotations. Overall, about 53 percent of the cultivated cropland acres in the continuous close-
grown crops rotation group did not have conservation crop rotations. Of these, 95 percent had 1
or more years of idle or fallow in the rotation.

Row and Close-Grown Crops in CEAP 11

Crop rotations with combinations of row and close-grown crops accounted for 41 percent of
cultivated cropland acres in the NP production region in CEAP II (Table 9), including 43 percent
of all conservation crop rotations (i.e., 13.4 of 30.8 million acres) and 24 percent of all high
biomass conservation crop rotations (i.e., 2.4 of 9.8 million acres). Within the rotation group, 63
percent of acres had conservation crop rotations, mostly due to the wheat and corn in the
rotations, both moderately high biomass crops. However, only 11 percent had high biomass
conservation crop rotations. About 37 percent of the acres of rotations with row and close-grown
crops were without conservation crop rotations. Of these, 12 percent had 1 or more years of idle
or fallow in the rotation.
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The most common crop combinations in the row and close-grown crop rotation group were
rotations that included “wheat with other crops, no corn” and rotations of “wheat and soybeans
only” (Table 14). Each of these rotation subgroups accounted for 32 percent of all cultivated
cropland in the region (i.e., 6.9 and 6.8 million of 21.2 million acres, respectively).

Table 14. Conservation Crop Rotations in the NP Production Region in CEAP II in Row and Close-grown
Crops

Cultivated Cultivated Row Crf)p Row ‘Crop. Row Crop Acres
Acres with  Acres with High .
Cropland Cropland . . without CCR
. . . CCR Biomass CCR*
Crop rotation subgroup Acres in Acres in (percent of total
(percentof  (percent of total .
Row Crops  Row Crops . . without CCR
(thousands) (percent) total CCR high biomass acres)
P acres) CCR acres)
Wheat, corn, and soybeans 2,748 12 99 5 1
only
Wheat and soybeans only 6,788 32 80 2 20
Wheat and corn only 1,037 5" 73" 64" 27
Rice and soybeans only 97* <1 100" 100" 0"
Wheat and corn and other 1,563 7 68 45 3
crops
Wheat with other crops, no 6.865 B 29 5 71
corn
O‘Fher row and close-grown 2,058 10 62 15 38
mixes, no wheat
All row and close-grown 21,156 100 63 11 37

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions
*Acres with a crop rotation biomass index score greater than or equal to 1.5
fAcres with a crop rotation biomass index score greater than or equal to 2.0

The “wheat with other crops, no corn” rotation subgroup accounted for 6.9 million acres in
CEAP II, with 29 percent of acres having conservation crop rotations, and 5 percent of those
acres with high biomass conservation crop rotations. This subgroup had the greatest percentage
of acres without conservation crop rotations—71 percent—with 10 percent having 1 or more
years of idle or fallow in rotation. The “wheat and soybeans only” subgroup accounted for 6.8
million acres in CEAP II, with 80 percent having conservation crop rotations, and only 2 percent
with high biomass conservation crop rotations, a result of soybeans, a low biomass crop, in the
rotation.

The third most common crop combination was “wheat, corn, and soybeans”, accounting for 13
percent of all cultivated acres within the rotation group (i.e., 2.8 of 21.2 million acres), with 99
percent of its acres in conservation crop rotations and 5 percent with high biomass conservation
crop rotations. The remaining four subgroups accounted for 4.8 million acres in CEAP II
together and are mostly moderately high biomass crops. “Other row and close-grown mixes, no
wheat” accounted for 2 million acres, about 10 percent of all rotation group acres with 62 percent
having conservation crop rotations and from those, 15 percent being high biomass conservation
crop rotations. “Wheat and corn and other crops” accounted for 1.6 million acres, 7 percent of all
rotation group acres in the region, with 68 percent having conservation crop rotations, and of
those 45 percent being high biomass conservation crop rotations.
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Conservation Crop Rotations and Conservation Tillage

Conservation crop rotations can be used in combination with conservation tillage to provide
better protection against runoff and soil loss. Conservation tillage minimizes soil disturbance and
retains crop residue on the soil surface, thereby limiting the potential for soil erosion and
enhancing soil water retention. There are two basic classes of conservation tillage:

1. Continuous no-till, where all crops in the rotation are produced with tillage practices
having STIR?® values less than 20.

2. Reduced tillage, where tillage levels are less than conventional tillage, but the tillage
level in 1 or more years exceeds the criteria for no-till. This category would include both
seasonal no-till and continuous mulch tillage.

Tillage classes for each crop rotation were determined based on the frequency of tillage
operations and type of implement used. For all cultivated cropland acres in the NP production
region, there was a 11 percentage point reduction in the use of conventional tillage between
surveys and those acres went into conservation tillage practices (i.e., continuous no-till or
reduced tillage) (Table 4). Conservation tillage was more prevalent in the NP production region
than the national average. Conservation tillage use was 13 percentage points greater than the
national usage in CEAP I and 8 percentage points greater in CEAP II.

As indicated in Table 8 and Table 9, about 56 percent of cultivated cropland acres had
conservation crop rotations in CEAP I and 60 percent in CEAP II. Combinations of these acres
with three tillage classes are presented in Table 15 and Table 16. Approximately 39 percent of all
cultivated cropland within the NP production region had combinations of conservation tillage
and conservation crop rotations in CEAP I and 46 percent in CEAP II.

5 STIR is a function of the type, frequency, and depth of tillage and calculates soil disturbance intensity for each
crop grown in a crop rotation. The higher the rating, the greater the soil disturbance and erosion potential.
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Table 15. Cultivated Cropland by Crop Rotation Group and Tillage Group in the NP Production Region in
CEAP1

. Crop Rotation Crop Rotation Crop Rotation
Cultivated . . .
Cropland Group Acres with Group Acres with  Group Acres with
Crop rotation group Acres Conventional Tillage =~ Reduced Tillage Continuous No-Till
(thousands) and CCR™ and CCR™ and CCR"™
(percent) (percent) (percent)
Hay with other crops 2,354 36 27 16
Continuous close-grown crops 23,611 14 15 20
Row and close-grown crops 14,925 23 17 20
Continuous row crops 7,530 12 31 21
Regional total 48,420 17 19 20
National total 313,065 31 23 13

Table 16. Cultivated Cropland by Crop Rotation Group and Tillage Group in the NP Production Region
in CEAP 11

. Crop Rotation Crop Rotation Crop Rotation
Cultivated . . .
‘ Cropland Group .Acres vylth Group Acre§ with Gr01.1p Acres w1t!1
Crop rotation group Acres Conventional £1llage Reduced Tlll*age Continuous Ng—Tlll
(thousands) and CCR and CCR and CCR
(percent) (percent) (percent)
Hay with other crops 2,635 6 21 59
Continuous close-grown crops 13,636 4 14 28
Row and close-grown crops 21,156 19 16 29
Continuous row crops 13,703 19 23 23
Regional total 51,130 14 17 29
National total 315,303 21 26 23

**Acres with a crop rotation biomass index score greater than or equal to 1.5

Rotations with continuous row crops had the greatest number of acres with both conservation
crop rotations and conservation tillage in CEAP I, while hay with other crops had the greatest in
CEAP II. Rotations with continuous close-grown crops had the least during both survey periods.

e In CEAPII, of the 13.7 million acres with continuous row crops, 46 percent had
combinations of conservation tillage and conservation crop rotations, down from 52
percent in CEAP L.

e In CEAPII, of the 21.2 million acres with row and close-grown crops, 45 percent had
combinations of conservation tillage and conservation crop rotations, up from 37 percent
in CEAP L.

e In CEAP II, of the 13.6 million acres in continuous close-grown crops 42 percent had
combinations of conservation tillage and conservation crop rotations, up from 35 percent
in CEAP L.

e In CEAP II, of the 2.6 million acres in hay with other crops, 80 percent had combinations
of conservation tillage and conservation crop rotations, up substantially from 43 percent
in CEAP 1, likely as a result of the expansion of continuous no-till.

Cover Crops
Cover crops are generally a grass, small grain, or legume planted specifically to provide
vegetative cover during portions of the non-growing season for harvested crops. They most
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commonly follow a fall harvest of a spring-planted crop, thereby providing soil cover through
the winter months. This additional plant cover helps control erosion, increase infiltration and
aeration of the soil, and improve overall soil health. Cover crops also are effective in removing
from the soil excess nutrients that had been applied to the preceding crop. The NRCS practice
standard for cover crops is specifically designed to:

Reduce erosion from wind and water,

Maintain or increase soil health and organic matter content,

Reduce water quality degradation by utilizing excessive soil nutrients,
Suppress excessive weed pressures and break pest cycles,

Improve soil moisture use efficiency, and

Minimize soil compaction.

Reported cover crop use in CEAP I for the NP production region was less than 1 percent (20,000
acres) but saw substantial gains in acres reported with cover crops reported in CEAP II (i.e., up
to 2 million acres or 4 percent of regional acres) (Table 17). For all cultivated cropland acres
nationally, the CEAP I survey indicated that only 2.2 million acres (0.7 percent) included crops
grown specifically as cover crops in 1 or more years of rotation. Since CEAP I, both state and
Federal conservation programs have offered financial incentives and technical assistance to
farmers to incorporate cover crops into their rotations. Due to cover crop data limitations in
CEAP 1, the following sections only include cover crop usage for CEAP II.

Table 17. Cover Crop Adoption by Production Region in CEAP I and CEAP II

CEAPI1 CEAP 11
Cultivated . Percent of Cultivated Acres with  Percent of
Acres with . .
P . . Cropland Acres in Cropland Cover Acres in
roduction region Cover Crops . . . .
Acres (thousands) Region with Acres Crops Region with
(thousands) Cover Crops (thousands) (thousands) Cover Crops
ﬁg?::‘c and Gulf Coastal 14,395 471 3 13,825 2,587 19
California Coastal 4,447 174" 4" 3,913" 169* 4"
East Central 9,312 401 4 10,166 1,511 15
Ié?l\lz;e(r:(l)\ﬁ;imsmppl and Texas 21.816" 5 <1° 20,916 506 )
North Central and Midwest 120,134" 269" <1* 123,296 7,815 6
Northeast 7,190 209" 3 7,597 1,611 21
Northern Plains 48,420" 20" <1* 51,130 1,995 4
Northwest 14,010" 105" <1" 13,438" 227" 2"
South Central 6,135 0" 0 5,107 170" 3
Southern and Central Plains 64,337 557 <1 62,732 2,231 4
Southwest 2,870" 0" 0" 3,183" 77" 2"
National total 313,065 2,212 <1 315,303 18,900 6

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

CEAP II survey data showed that nationally, 18.9 million acres—6 percent of cultivated
cropland acres—had a cover crop in 1 or more years of the crop rotation (Table 17)®. Increases in

5U.S. Dep’t of Agric., Conservation Practices on Cultivated Cropland: A Comparison of CEAP I and CEAP 11
Survey Data and Modeling (2022)
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cover crop adoption were highly concentrated in three regions—Atlantic and Gulf Coastal
Plains, North Central and Midwest, and Northern Plains, were 70 percent of the increase
occurred. Cover crop use in the NP production region (at 4 percent of acres) was near the
national average of 6 percent of the cultivated cropland acres included cover crops in the
rotation. It is important to note that not all cropping systems or environments are conducive to
the use of cover crops. Tradeoffs include costs, availability of water, and timing of planting, to
name a few.

Impact of Cover Crops on Selected Conservation Effects

The following section provides the results from a modeling exercise used to simulate regional
full adoption of cover crops compared to the current cover crop use described by the CEAP II
survey (baseline scenario). Farm fields that did not adopt cover crops as part of their rotation in
the CEAP II survey were modeled with cover crops in this exercise (100 percent cover crop
adoption; referred to as BCC scenario). Field management activities such as fertilization and
irrigation were not adjusted or modified in the BCC scenario. Rainfed survey points did not
receive additional irrigation in the BCC scenario and the same amount of fertilizer was
distributed in both scenarios. The rationale behind not adjusting important operations is that in
this way it would be possible to quantify the impact of cover crops in the current cropping
system, such as increased water or nutrient demand. In the BCC scenario, the cover crop was
added to the cropping system regardless of the weather and soil characteristics. When winter
wheat was the cash crop in the baseline scenario, a cover crop was only added during fallow
years in the cropping rotation. Perennial plants such as alfalfa did not receive a cover crop
because they cover the soil year-round. Model simulations show the impact of a cover crop
adoption on crop productivity and soil and water resources in and adjacent to farm fields (Table
18, Table 19).

Table 18. Impacts of Full Cover Crop Adoption on Selected Conservation Effects in the NP Production
Region in CEAP 11

Baseline BCC Cover Crop Cover Crop
Effect summary Scenario Scenario Effect Effect
(ty) (ty) (ty) (percent)

Sediment loss 11,111,116 6,730,459 -4,380,657 -39
Total nitrogen loss 657,297 480,448 -176,849 -27
Surface nitrogen loss 244,898 164,659 -80,239 -33
Subsurface nitrogen loss 412,399 315,789 -96,610 -23
Total phosphorus loss 29,072 19,415 -9,657 -33
Soluble phosphorus loss 2,469 2,240 -229 -9
Soil carbon gain 3,564,952 6,512,281 2,947,329 83
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Table 19. Average Yield of the Top Ten Crops under Baseline and BCC Scenarios, and Percent Yield Change
after the Adoption of a Cover Crop in the NP Production Region

Percent of
Crop lC{Eg:i:l;Il Unit Baselin.e BCC. Cover Crop Effect

Cultivated Scenario Scenario (Percent)

Cropland
Durum and spring 25 Bu/ac 50 48 s
Soybeans 24 Bu/ac 31 31 <-1
Corn 15 Bu/ac 124 123 -1
Winter wheat 7 Bu/ac 37 33 -13
Beans and peas 5 t/ac 488 483 -1
Close-grown 4 t/ac 1 1 -4
Barley 3 Bu/ac 59 55 -6
Sunflower 2 Ibs/ac 2,072 1,883 -9
Alfalfa/clover 2 t/ac 4 4 0
Sugarbeets 2 t/ac 19 18 -4

The estimated edge-of-field losses on cultivated cropland with cover crops in CEAP II (baseline)
were compared to simulated losses with the cover crops added to all CEAP point rotations
(BCCO) to assess potential conservation benefit from increased cover crop adoption. In the CEAP
IT baseline model results, 4 percent of acres in the NP production region had cover crop usage. If
full usage of cover crops was adopted within the region, there was potential for an additional
reduction in sediment (-39 percent), total nitrogen (-27 percent), and total phosphorus (-33
percent). Annual change in soil carbon would have a potential increase of 83 percent.

The regional average yield of the top ten producing crops without a cover crop (baseline) or with
a cover crop added in simulation (BCC) and the percent yield change after the adoption of a
cover crop are presented in Table 19. The yield for most of the crops produced in the region was
reduced when the cover crop was introduced to the modeled rotation. The average percent yield
change among the top ten crops was -4 percent. The greatest reduction was for winter wheat (-13
percent), while the least was for soybeans (<-1 percent). Alfalfa/clover showed no change in
yield between the two scenarios, likely due to its perennial nature reflected in the modeling
scenario as described above.

In the absence of other adjustments, cover crops may reduce the yield of cash crops due to a
combination of factors that include competition for water and nutrients and harboring of pests
and diseases. In some instances, use of cover crops may have no effect or increase the yield of
the subsequent cash crop. This can be attributed to the ability of cover crops to provide residues
that reduce soil erosion, increase water infiltration and availability, improve soil fertility, and
increase soil carbon.

Irrigation

Irrigation was used on a small portion (i.e., approximately 3 percent) of cultivated cropland in
the NP production region (Figure 6), with only a small decrease of 14,000 acres between survey
periods. Groundwater rather than surface water was the predominant water source during both
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survey periods and use increased from 62 percent during CEAP I to 71 percent during the CEAP
IT survey period. The NP production region was among the least irrigated production regions,
compared to the 11 percent of cultivated cropland acres irrigated nationally in CEAP II.

Figure 6. Percent of Cropland Acres Irrigated in each Production Region and Nationally in CEAP I and
CEAP 11
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**Abbreviated production region names are as follows: AGC is Atlantic and Gulf Coastal Plains, CC is California
Coastal, EC is East Central, LMTGC is Lower Mississippi and Texas Gulf Coast, NCM is North Central and
Midwest, NE is Northeast, NP is Northern Plains, NW is Northwest, SC is South Central, SCP is Southern and
Central Plains, and SW is Southwest. Trendline represents the CEAP II average for comparison.

Nutrient Management

Nitrogen (N) is essential for protein formation, and plants take up more N than any other
nutrient. The second most required nutrient is phosphorus (P), essential for plants to use and
store energy. Some crops, such as corn, have high N demands, while others such as soybeans
meet their N demand through a process called biological N fixation.

Practices to manage nutrients include varying the application rate, changing the application
timing, modifying the way nutrients are applied and switching the form of nutrients used. These
practices make up a SMART Nutrient Management Plan, which includes the 4Rs of nutrient
stewardship (the right Source, right Method, right Rate and right Timing) and emphasizes smart
activities for reducing nutrient loss through the Assessment of comprehensive, site-specific
conditions. These variables can be changed in numerous ways to suit specific site and climatic
conditions. When not managed appropriately for the site, climatic conditions, and crop needs,
nutrients can be lost to the environment, creating water quality concerns.

Rate

Nutrient application rates vary by crop and take into consideration all sources of essential
nutrients. In the NP production region, N and P application rates increased, with a greater
increase (16 lbs/ac/y) in N application rate than in P application rate (3 1bs/ac/y) (Table 20). A
portion of the N and P rate increases between surveys can be explained by changes in cropping
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patterns (Table 1), with more corn being grown in CEAP II requiring more N and P than small
grains.

Table 20. Nitrogen and Phosphorus Application Rates in the NP Production Region in CEAP I and CEAP I1

N Application Rate P Application Rate
. CEAPII - CEAPII -
Nutrient source CEAPI CEAPII CEAP I CEAPI CEAPII CEAP I
Ibs/acly Ibs/acly
Commercial nitrogen 51 67 16 N/A N/A N/A
without manure
Commercial phosphorus N/A N/A N/A 12 15 3

without manure

Soil testing is a proven way to align nutrient application rates with crop needs. In the NP
production region, acres with soil testing increased by 20 percent relative to CEAP I,
representing an additional 5.2 million acres adopting the practice, with increases performing
similarly to national trends.

Table 21. Acres Reporting Soil Testing in the NP Production Region and Nationally in CEAP I and CEAP 11

CEAPI CEAPII CEAPII - CEAPI
Production Region Acres Acres Acres Percent ‘Change
(thousands) Percent (thousands) Percent (thousands) Relative to
CEAPI1
Northern Plains 26,106 54 31,276 61 5,170 20
National 174,086 56 189,222 60 15,136 9

Variable rate technology and enhanced efficiency fertilizers (EEF) are advances in nutrient
management that can more effectively apply and release plant nutrients. Variable rate technology
matches nutrient rates to a soil type’s crop yield potential whereas EEF controls the release of
nutrients to minimize volatilization losses. EEF is discussed below in discussion of nutrient
form. Variable rate technology use in the NP production region more than tripled, and represents
15 percent of acres in CEAP II, on par with national usage.

Table 22. Variable Rate Technology Adoption in the NP Production Region and Nationally in CEAP I and
CEAP 11

CEAPI CEAP II CEAPII-CEAPI
Production Region Acres Acres Acres Percent Change
(thousands) Percent (thousands) Percent (thousands) Relative to
CEAP1
Northern Plains 1,849 4 7,575 15 5,726 310
National 12,567 4 51,215 16 38,648 208

Method
Nutrient application methods can broadly be described as either broadcast applied or applied

with some form of incorporation using implements such as knives, disks, and injectors.
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Incorporation places plant nutrients closer to the plant root zone for uptake and reduces losses

through wind and water erosion or volatilization.

For both N and P in the NP production region, there was a decrease in nutrient incorporation and
a corresponding increase in the broadcasting of nutrients from the CEAP I to CEAP II survey
periods (Table 23, Table 24). However, by CEAP II, 90 and 91 percent of acres, for N and P
respectively, were still incorporating “some” or “all” of their nutrient applications. The percent
of acreage with “all” incorporation for N applications decreased to just over half of the acres,
while acres reporting “some” incorporation increased by 67 percent relative to CEAP 1.
Phosphorus incorporation showed similar results for the region, and the NP production region

mirrored national trends during both CEAP survey periods.

Table 23. Nitrogen Application Incorporation in the NP Production Region and Nationally in CEAP I and

CEAP 11

CEAP1 CEAP II CEAP 11 - CEAP I
Percent
N applications incorporated Acres Percent Acres Percent Acres Change
(thousands) (thousands) (thousands)  Relative to
CEAPI
Northern Plains
All 33,146 71 26,274 54 -6,872 -21
Some 10,501 23 17,514 36 7,013 67
None 2,822 6 4,768 10 1,946 69
Total 46,469 100 48,556 100 2,087 4
National
All 152,265 52 107,468 36 -44,797 -29
Some 101,347 34 129,016 44 27,669 27
None 40,773 14 57,627 20 16,854 41
Total 294,385 100 294,065 100 -320 <-1
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Table 24. Phosphorus Application Incorporation in the NP Production Region and Nationally in CEAP I and
CEAP 11

CEAPI CEAP II CEAP I1 - CEAP 1
Percent
P applications incorporated Acres Percent Acres Percent Acres Change
(thousands) (thousands) (thousands)  Relative to
CEAP 1
Northern Plains
All 30,423 70 25,339 54 -5,084 -17
Some 10,386 24 17,314 37 6,928 67
None 2,416 6 4,308 9 1,892 78
Total 43,225 100 46,961 100 3,736 9
National
All 133,376 50 100,995 36 -32,381 -24
Some 99,393 37 125,593 45 26,200 26
None 35,704 13 52,270 19 16,566 46
Total 268,473 100 278,858 100 10,385 4
Timing

Nutrients are applied before planting (i.e., pre-plant), at the time of planting (at-plant), or after
crop emergence (i.e., post-plant). Most plant nutrients are applied at-plant and post-plant where
crop needs are highest. However, this practice inherently limits the amount of plant nutrients that
can be incorporated without damaging the growing plant, making the nutrients more susceptible
to loss due to erosion and leaching. Nutrients are most vulnerable to loss at the “greater than 21
days pre-plant” stage.

In the NP production region, timing of acreages and loads (i.e., the amounts of nutrients leaving
fields that can be delivered to a receiving waterbody) applying N and P were similar over time
(Table 25, Table 26). For both nutrients, acreage reporting nutrient applications and the loads
applied were highest in the “at-plant” stage, followed by the “greater than 21 days pre-plant”
stage in both survey periods. Acres and loads applied for N and P were lowest at the post-plant
stage in both survey periods. Across all timings, acreage and loads increased between survey
periods for both nutrients, reflecting the growth of cultivated cropland in the NP production
region.
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Table 25. Nitrogen Application Timing in the NP Production Region in CEAP I and CEAP 11

CEAP1 CEAP I CEAPII - CEAP1

L. Average Average Average Pf:cc::t Pﬁl;c:;t

Timing Acres Annual Acres Annual Acres Annual Change Change
(thousands) Load (thousands) Load (thousands) Load ng ne
) (1) () Relative to  Relative to
CEAP1 CEAPI1
Pre-plant
greatet 11,158 238,004 11,941 290,045 783 52,041 7 22
than 21
days
Pre-plant 4,660 71,423 7,862 160,081 3,202 88,658 69 124
7-21 days
At-plant 44,866 775,151 48,152 971,458 3,286 196,307 7 25
Post-plant 2,263 47,860 6,754 104,054 4,491 56,194 198 117
Table 26. Phosphorus Application Timing in the NP Production Region in CEAP I and CEAP 11
CEAP1 CEAPII CEAPII -CEAP1

L. Average Average Average Pf:cc::t Pizc;gt

Timing Acres Annual Acres Annual Acres Annual Change Change
(thousands) Load (thousands) Load (thousands) Load ne ne
) (tons) ) Relative to  Relative to
CEAP1 CEAPI1
Pre-plant
greater 6,405 36,205 7,664 55,360 1,259 19,155 20 53
than 21
days
Pre-plant 2,274 10,599 5,076 29,055 2,802 18,456 123 174
7-21 days
At-plant 39,032 196,171 43,245 255,663 4,213 59,492 11 30
Post-plant 426 2,834 2,937 13,814 2,511 10,980 589 387
Form

Technology advances, such as N inhibitors and precision guidance systems, increase timing

options for producers applying nutrients. Usage of EEFs in the NP production region increased

from 1 percent of the acreage in CEAP I to 17 percent of the acreage in CEAP II representing an
additional 8 million cultivated cropland acres (Table 27). Nationally, use of EEF increased from
4 percent of the acreage in CEAP I to 26 percent of the acreage in CEAP II.

Table 27. Enhanced Efficiency Fertilizer Adoption in the NP Production Region and Nationally in CEAP I

and CEAP 11
CEAP1 CEAP 11 CEAP I1 - CEAP 1
Production Region Acres Acres Acres Percent .Cha“ge
(thousands) Percent (thousands) Percent (thousands) Relative to
CEAPI
Northern Plains 355 1 8,334 17 7,978 2247
National 11,734 4 74,146 26 64,412 549
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Integrated Pest Management and Pesticide Use

Producers manage pests (i.e., weeds, insects, and disease) and associated production and
economic risks, through a combination of integrated pest management (IPM) practices and
pesticide applications, which can be included as part of an IPM strategy. These practices and
applications work alongside a variety of production and conservation practices in balance with
operational goals, natural resources, and related factors, such as climate and landscape.

Details on pesticide applications are limited to the number of applications and application types.
Information on use of specific products and toxicity are best understood in the context of amount
applied and vulnerability of the landscape to runoff or leaching events and will be covered in a
future report detailing the modeled effects of conservation practices on pesticide losses.

Top Practices Used and Most Changed Practices

There was heavy overlap in the top-used practices, with scouting for weeds, insects, or disease
ranking highly for all production regions, and use of no-till or minimum till for pest prevention
and avoidance in the top five IPM practices for over half of production regions. The NP
production region was included in that group (Table 28), and additionally included use of
weather data in determining pest management practices. Use of weather data in determining pest
management practices ranked in the top five for only the NP and Northwest production regions
but was also the fifth-most-used practice at the national scale.

Table 28. Top IPM Practices Used in the NP Production Region in CEAP 11

Practice ( thl(?tf::; ds) Percent
Scouting was completed for weeds 47,815 94
Scouting was completed for insects and mites 43,448 85
Scouting was completed for disease 43,452 85
;vasi(ril;)r—ltciél or minimum till for pest prevention or 34,931 68

Use weather data to determine if and when to apply a

pest management practice 33,948 66

As scouting for weeds, insects, and disease were used on most acres in all production regions,
trends in the percent of acres using each of these practices were compared across production
regions in relation to the national averages (Figure 7). The NP production region ranked highest
among production regions for scouting for weeds, with 94 percent of cultivated cropland acres
reporting that practice. Eighty-five percent of acres in the production region reported scouting for
either insects or disease, which was a higher rate than the national average and on par with
production regions like the Atlantic and Gulf Coastal Plains, California Coastal, and Lower
Mississippi and Texas Gulf Coast.
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Figure 7. Comparison of Percentage of Regional Acres Scouting for Weeds, Insects, and Disease by
Production Region in CEAP 11
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**Abbreviated production region names are as follows: AGC is Atlantic and Gulf Coastal Plains, CC is California
Coastal, EC is East Central, LMTGC is Lower Mississippi and Texas Gulf Coast, NCM is North Central and
Midwest, NE is Northeast, NP is Northern Plains, NW is Northwest, SC is South Central, SCP is Southern and
Central Plains, and SW is Southwest.

The IPM practices with the largest change in adoption were also examined nationally and by
region (Table 29). In all cases, there was little overlap between the top used practices and the
most changed, indicating that many popular practices in CEAP 1I, such as scouting, were also
well-used in CEAP I. Across all production regions, altering crop rotation was the most changed
practice, with decreases ranging from 35 to 73 percent relative to CEAP 1. Aside from that
practice, overlap between regions in their most changed practice adoption was much lower than
in their most used practices for CEAP II.

Scouting for disease and choosing a crop variety for specific resistance to a pest were top
changed practices for three and four of eleven production regions and the national trends,
respectively. Keeping records to track pest activity decreased in the California Coastal
production region but increased in the NP and Lower Mississippi and Texas Gulf Coast
production regions between survey periods. Scouting for insects and mites increased both in the
NP and the North Central and Midwest production regions, which have similar climates and
cropping patterns.
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Table 29. Most Changed IPM Practices in the NP Production Region in CEAP I to CEAP 11

CEAPI CEAP I CEAP II - CEAP I
Practice Acres Acres Acres Percent 'Change
(thousands) Percent (thousands) Percent (thousands) Relative to
ousands ousands ousands CEAP I
Alter crop rotation 35,355 73 21,257 42 -14,098 -40
Scouting was completed for 31,843 66 43,448 85 11,605 36
insects and mites
Scouting was completed for 31,977 66 43,452 85 11,475 36
disease
Records kept to track pest 10,177 21 20,246 40 10,068 99
activity
Choose crop variety because 14,625 30 23,040 45 8415 53

of specific resistance to a pest

IPM Indicator Score

All points in CEAP I and CEAP II were scored using the CEAP II edition of the IPM indicator
score (Box 4), which is outlined below and documented in detail on the CEAP Cropland
Modeling Documentation site. Scores are on a scale from 0 to 98—two practices, using no-till or
minimum till to prevent pests and using cultivation to suppress pests, cannot be used together,
making a perfect 100-point score impossible.

Box 4. CEAP IPM Indicator Score

The CEAP IPM Indicator Score is used as a semi-quantitative way of assessing the overall IPM practice profile at
various scales. The IPM Indicator Score was initially developed for use in CEAP I under expert guidance and has
been reassessed and modified for CEAP II using input from experts in the field and reflecting the current state of
our understanding of IPM. Full documentation reports for the CEAP I and CEAP II score schemes are available
on the CEAP Cropland Modeling Documentation site.

In brief, the IPM Indicator Score used in CEAP 1II consists of one set of scores applied to all points, regardless of
crop rotation. Each practice is categorized as being for Prevention and Avoidance (PA), Monitoring (M), or
Suppression (S). Prevention and avoidance practices are those that prevent pests from entering and establishing in
a field or avoid damage beyond economic or plant health tolerance thresholds. Many IPM practices can be
difficult to delineate between prevention and avoidance use and so are grouped in function for the IPM Indicator
Score. Monitoring practices are those that monitor for prevalence of a pest, and suppression activities, which can
include pesticide applications, are those that suppress pest populations and their associated crop damage.

Each practice is scored on its impact on the [IPM system on a scale from 1 (least impact) to 10 (most impact).
Scores are totaled within each category, then the categories are weighted and normalized to a total score of 100.
Weights per category are 50 percent, 25 percent, and 25 percent, for PA, M, and S, respectively. IPM Indicator
scores are assigned to each survey point for which we received pest management practice responses, and scores
are categorized (i.e., low, moderate, moderately high, and high) to reflect the overall level of IPM practice a
producer applies. This scoring system enables reporting on the quality and comprehensiveness of IPM practice
across the country, rather than presence/absence of practices alone, and is used in developing no-practice
scenarios for modeling pesticide runoff at the edge-of-field.

Some individual production regions exhibited differences in average IPM Indicator Scores from
CEAP I to CEAP II (Figure 8), and many deviated from the national average in one way or the
other for one or both survey periods. The IPM Indicator Score in the NP production region was
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higher than the national average in both survey periods and experienced little change between
surveys. Among other production regions, its 34-point score was virtually tied with the Atlantic
and Gulf Coastal Plains production region for highest IPM Indicator Score performance in CEAP
II.

Figure 8. Comparison of Average IPM Indicator Score between Production Regions in CEAP I and CEAP I1
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** Abbreviated production region names are as follows: AGC is Atlantic and Gulf Coastal Plains, CC is California
Coastal, EC is East Central, LMTGC is Lower Mississippi and Texas Gulf Coast, NCM is North Central and
Midwest, NE is Northeast, NP is Northern Plains, NW is Northwest, SC is South Central, SCP is Southern and
Central Plains, and SW is Southwest. Trendline represents CEAP II national average for comparison.

Pesticide Application

Like most production regions, the NP experienced an increase in overall average annual pesticide
applications, from 1.8 in CEAP I to 2.5 in CEAP II (Figure 9). However, the average annual
number of pesticide applications in the NP production region was slightly lower than the national
average in both survey periods. The primary driver of the increase in pesticide applications in
this region was increased use of herbicides (Figure 10), and while fungicide use was still minor,
average annual fungicide applications increased as well. Herbicide use increased across
production regions and at the national scale between survey periods, likely due to both increased
use of conservation tillage reducing use of cultivation for weed control and efforts to combat
increasing herbicide resistance in weed species.
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Figure 9. Average Annual Number of Pesticide Applications by Production Region in CEAP I and CEAP II
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**Abbreviated production region names are as follows: AGC is Atlantic and Gulf Coastal Plains, CC is California
Coastal, EC is East Central, LMTGC is Lower Mississippi and Texas Gulf Coast, NCM is North Central and
Midwest, NE is Northeast, NP is Northern Plains, NW is Northwest, SC is South Central, SCP is Southern and
Central Plains, and SW is Southwest. Trendline represents CEAP II national average for comparison.

Figure 10. Average Annual Pesticide Applications in the NP Production Region by Pesticide Type in CEAP 1
and CEAP 11
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HOW DID SEDIMENT AND NUTRIENT MANAGEMENT CHANGE?

Cultivated cropland acres were categorized by the level of sediment management being applied
and of N and P management need to allow comparison of conservation treatment between the
two CEAP survey periods. Sediment management and N and P management need levels
measured by assessing combinations of practices in support of comprehensive conservation
management and can tell a different story than measurements of the adoption of individual
conservation practices alone. Comprehensive conservation systems that address all applicable
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resource concerns can achieve substantial control of potential losses from farm fields.
Combinations of soils, climate, and crop rotations are a few factors that may affect the
management level needed to maintain the resource. In general, higher levels of management are
needed as annual rainfall and soil vulnerability increase.

Cultivated cropland acres were placed into one of four sediment management levels—high,
moderately high, moderate, and low—and three nutrient management need levels—high,
moderate, and low—that consider the agricultural system in its entirety and the interactions and
potential effects of operational and conservation activities on the land. The criteria are based on
an Avoid, Control, and Trap approach to reducing sediment losses, and a Rate, Method, and
Timing approach in combination with annual precipitation and soil vulnerability to reducing
nutrient losses from cultivated cropland (Appendix 3, Appendix 4). The nutrient management
levels are an assessment of needs to meet the NRCS Nutrient Management Conservation Practice
Standard (590). Such a systems approach designed to address sediment and nutrient losses uses a
mix of conservation practices tailored to the resource concern to minimize loss potential and
optimize agricultural inputs for productivity. When more supporting practices are included,
sediment management levels increase, and nutrient management need levels decrease.

Data presented in this section represent an assessment of combinations of practices reported by
farmers from the CEAP I and CEAP II farmer surveys. N and P management need levels also
consider average annual precipitation and the inherent Soil Vulnerability Index (SVI) values
for runoff and leaching in addition to farmer-reported practice adoption in categorization of
acres. Full documentation of the sediment management and N and P management need level
criteria can be found in Appendix 3 and Appendix 4.

Sediment Management

The NP production region saw increases in acres with moderately high and high sediment
management and declines in acres with low management levels (Table 30). The greatest
increases in acreage came in the moderate management level (increase of 2.6 million acres)
making up 53 percent of regional acres in CEAP II. Moderately high and high management
levels saw increases of 1.3 and 1.7 million acres, respectively. These improvements in sediment
management can be attributed to the increase in conservation tillage and structural practice
implementation within the NP production region. National trends were somewhat similar (Table
30), where cultivated cropland with moderately high and high sediment management increased
by 45 million acres, from 25 percent of acres in CEAP I to 40 percent of acres in CEAP II,
reflecting farmers’ increased adoption of conservation tillage and structural practices.
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Table 30. Acres per Sediment Management Level in the NP Production Region and Nationally in CEAP I and
CEAPII

CEAPI1 CEAP 11 CEAPII-CEAPI
Sediment A Percent Change
management level eres Percent Acres Percent Acres Relative to
(thousands) (thousands) (thousands)
CEAP1
Northern Plains 48,420 100 51,130 100 2,710 6
Low 12,113 25 9,217 18 -2,897 -24
Moderate 24,328 50 26,912 53 2,584 11
Moderately high 11,592 24 12,921 25 1,329 11
High 386" 1 2,081 4 1,694" 439"
National 313,065 100 315,303 100 2,238 1
Low 76,910 25 48,787 15 -28,123 -37
Moderate 155,923 50 141,210 45 -14,713 -9
Moderately high 69,900 22 99,490 32 29,590 42
High 10,332 3 25,816 8 15,484 150

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Sediment Management on Vulnerable Acres

In the NP production region, acres classified as moderate sediment management in CEAP 11
made up 49 to 65 percent of the acres across all SVI-R classes (Table 31). Acres classified as
having low sediment management made up the largest percent of SVI-R acres in the low SVI-R
rating at 26 percent, where needs would be lowest, and acreage was highest. Moderately high

sediment management was used on the highest portion of acres in the moderately high SVI-R
rating at 39 percent.
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Table 31. Acreage by SVI-R Rating and Sediment Management Level in the NP Production Region in CEAP
11

SVI-R / Sediment management Acres Percent of SVI
level (thousands) Category Acres

High SVI runoff 2,990 6
Low 152° 5"

Moderate 1,518 51

Moderately high 974* 33"

High 345" 12

Moderately high SVI runoff 9,857 19
Low 295" 3"

Moderate 5,097 52

Moderately high 3,817 39

High 648" 7

Moderate SVI runoff 8,896 17

Low 1,013" 11"

Moderate 5,755 65

Moderately high 1,899 21

High 229° 3"

Low SVI runoff 29,388 57
Low 7,757 26

Moderate 14,543 49

Moderately high 6,230 21

High 859" 3"

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Nitrogen Management Need

Most acres in the NP production region (82 percent) continued to be under low N management
need in CEAP II (Table 32). Acres with moderate and high N management need increased
substantially relative to their CEAP I acreages but remained small portions of the overall
cultivated cropland in the NP production region. Though N management need performed fairly
well between survey periods at the national scale, the NP production region had a substantially
higher percent of its acres in the low N management need category. Nationally, there was a 20
percent relative increase in acres in the high N management need though that category remained
the minority of acres at just 12 percent in CEAP II. Cultivated cropland with low N management
need remained the dominant management class nationally, with 60 percent of cropland
emphasizing N management for the climate and soils.
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Table 32. Acres per Nitrogen Management Need Level in the NP Production Region and Nationally in CEAP
Iand CEAPII

CEAP1 CEAP 11 CEAPII-CEAPI
Nitrogen 590
Ileed*g Acres Percent Acres Percent Acres Pell‘lc:llzllttiszl 2t‘(I)l *
(thousands) (thousands) (thousands) CEAP I
Northern Plains 48,420 100 51,130 100 2,710 6
High 585" 1" 2,282 4 1,697" 290"
Moderate 3,120 6 6,920 14 3,799 122
Low 44,715 92 41,929 82 -2,786 -6
National 313,065 100 315,303 100 2,238 1
High 30,380 10 36,471 12 6,091 20
Moderate 85,005 27 89,117 28 4,112 5
Low 197,680 63 189,715 60 -7,965 -4

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions
*"High N management need corresponds with low N management performance, and low N management need
corresponds with high N management performance.

Nitrogen Management by Tillage System

Most of the acres in the NP production region had low N management need across all tillage
classes (Table 33). The region also saw a shift in the region’s acres moving from conventionally
tilled in CEAP I (37 percent) to continuously no-tilled acres making up nearly half of all
cultivated cropland in the region by CEAP II (48 percent). In CEAP II, most continuously no-
tilled acres had low N management need (88 percent). Across all tillage classes, only 3 to 6
percent of the acres were classified as having a high N management need level. Despite
increased application rates and decreased incorporation of nutrients, low rainfall amounts and
soils with low vulnerability to leaching make this region less susceptible to N loss. Nationally,
the decline in N management between the CEAP surveys was concentrated in the conventional
tillage systems. The overall decline in low management need acres came from declines in
conventionally tilled acres, however, much of the acreage shift went towards low N management
need acres under continuously no-tilled systems.
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Table 33. Tillage System and Nitrogen Management Need by Acreage in the NP Production Region in CEAP
I and CEAP 11

CEAP1 CEAP 11 CEAPII - CEAP1
Ti‘llage system / n Acres Percent Acres Percent Acres Percent Change
Nitrogen 590 need (thousands) Tillage (thousands) Tillage (thousands) Relative to
Acres Acres CEAPI
Conventional tillage 17,838 37 12,789 25 -5,049 -28
High 193" 1" 793" 6" 600" 312°
Moderate 1,287 7 2,607 20 1,320 103
Low 16,358 92 9,389 73 -6,969 -43
Reduced tillage 14,397 30 13,957 27 -440 -3
High 236" 2" 823" 6" 587" 249"
Moderate 1,057 7 2,166 16 1,109 105
Low 13,104 91 10,968 79 -2,136 -16
Continuous no-till 16,186 33 24,384 48 8,199 51
High 156" 1" 665" 3" 509" 326"
Moderate 776" 5" 2,147 9 1,371" 177
Low 15,253 94 21,572 88 6,319 41

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions
**High N management need corresponds with low N management performance, and low N management need
corresponds with high N management performance.

Phosphorus Management Need

In the NP production region, nearly all cultivated cropland acres were in the low P management
need level during CEAP I and CEAP 1II (99 and 98 percent, respectively) (Table 34). Low
rainfall amounts and soils with low vulnerability to runoff make this region less susceptible to P
loss. Nationally, cultivated cropland with low and moderate P management need declined by
more than 5 million acres nationally, while high P management need increased by 7.5 million
acres.

Table 34. Acres per Phosphorus Management Need Level in the NP Production Region and Nationally in
CEAP I and CEAP 11

CEAPI1 CEAP II CEAPII-CEAPI
Phosphorus 590 need Acres Percent Acres Percent Acres Percent Change
(thousands) (thousands) (thousands)  Relative to CEAP I
Northern Plains 48,420 51,130 2,710 6
High 0" 0" 81" 0" 81" N/A®
Moderate 338" 1 761 1 423" 125°
Low 48,082 99 50,288 98 2,206 5
National 313,065 315,303 2,238 1
High 67,697 22 75,257 24 7,561 11
Moderate 70,785 23 66,413 21 -4,372 -6
Low 174,583 56 173,633 55 -950 -1

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions
**High P management need corresponds with low P management performance, and low P management need
corresponds with high P management performance.
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HOW DID CONSERVATION ADOPTION AFFECT RESOURCE
CONCERNS?

Between the CEAP surveys, adoption of soil-conserving practices had a positive effect on
multiple cultivated cropland conditions—reducing erosion, increasing soil carbon, reducing
losses of sediment, and restricting some nutrient loss pathways. The Agricultural Policy
Environmental Extender (APEX) model was used (Appendix 1) to estimate edge-of-field losses

of sediment and nutrients, as well as soil carbon accumulation under the conservation conditions
indicated by the CEAP I and CEAP II farmer surveys.

Data presented in this section represent APEX modeled results estimating edge-of-field losses
of sediment and nutrients, as well as soil carbon accumulation under the conservation
conditions indicated by the CEAP I and CEAP II farmer surveys.

Loss thresholds were established for each of these resource concerns to present an estimated
conservation condition, assess potential treatment needs, and provide context for potential future
loss reductions.” Model simulation results were used to identify acres that exceed the established
loss thresholds. The thresholds do not reflect or suggest conservation-related policy standards
(e.g., water quality standards) and do not indicate that any specific natural resource targets would
be achieved if thresholds were met. Meeting a threshold is not a static condition, as cultivated
cropland may experience periodic losses above or below a threshold under extreme conditions,
such as prolonged intense rainfall or drought.

In the NP production region, cultivated cropland meeting loss thresholds for erosion, sediment,
and soil carbon increased, but declined for surface N, subsurface N, soluble P, and total P
between CEAP I and CEAP II. In both surveys and scales, most of the sediment, N, and P losses
came from a small number of cultivated cropland acres that exceeded specific loss thresholds.
CEAP provides estimates of edge-of-field losses through surface and subsurface pathways.®
Estimates do not suggest a particular fate of transported materials (e.g., to water) or potential
impact.

Rainfall and inherent soil runoff vulnerability are the primary forces driving many of the losses
on cultivated cropland that are discussed in this section. In the NP production region, most (74
percent) cultivated cropland acres received an average of between 15 and 25 inches rainfall
annually (Table 35). Within that rainfall category 64 percent of acres were in the low SVI-R
category. Where rainfall was lower than 15 inches a year on average in this production region,
just over half of cultivated cropland acres had a moderately high SVI-R vulnerability. Across

"Threshold levels were derived through a series of forums with technical experts and refined by further examination of model output to establish

thresholds that were agronomically feasible and could be achieved with existing production and conservation technology. Criteria used to
establish these thresholds were refined for CEAP 11, so the CEAP I findings reported here will differ from those found in previous CEAP I
reports.

8Subsurface loss estimates include natural lateral drainage, deep drainage, and tile and ditch drains.
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rainfall categories, most cultivated cropland acres in the NP production region had a moderate
SVI-L rating and most had a low SVI-R rating (Table 35, Table 36).

Table 35. Cultivated Cropland in the NP Production Region by Soil Vulnerability Index Runoff (SVI-R)
Rating and Average Annual Rainfall in CEAP 11

Average Annual Rainfall
>15 inches and <25 >25 inches and <35 >3S5 inches and <45

SVI runoff =I5 inches inches inches inches >45 inches
rating
Acres Percent Acres Percent Acres Percent Acres Percent Acres Percent
(thousands) (thousands) (thousands) (thousands) (thousands)

Low 2,360 27 24,119 64 2,908 70 0" 0" 0" 0"
Moderate 1,158" 13* 6,926 18 678" 16" 133" 72" 0" 0"
xgl‘jerately 4,621 52 4,882 13 328" 8 25" 14* 0 0
High 716" 8" 1,992 5 255" 6" 27" 15" 0" 0"

Reg't‘:)'::: 8,856 17 37,919 74 4,169 8 186" <1’ 0 0

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Table 36. Acres in the NP Production Region by Soil Vulnerability Index Leaching (SVI-L) Rating and
Average Annual Rainfall in CEAP 11

Average Annual Rainfall
>15 inches and <25 >25 inches and <35 >35 inches and <45

SVI runoff e inches inches inches >45 inches
rating
Acres Percent Acres Percent Acres Percent Acres Percent Acres Percent
(thousands) (thousands) (thousands) (thousands) (thousands)

Low 1,008 11 2,615 7 185" 4 27 15* 0" 0"
Moderate 7,274 82 18,723 49 1,616 39 144* 77" 0* 0*
Moderately 80" 1 4,687 12 892" 21" 0" 0" 0" 0"
high
High 495" 6 11,894 31 1,477 35 15* 8" 0" 0"

Reg't‘:)'::: 8,856 17 37,919 74 4,169 8 186" <1* 0° 0°

" indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Erosion

Controlling soil erosion from water and wind is essential to maintaining soil health and
productivity and has been a longstanding conservation objective. Too much erosion creates
challenges for sustaining soil productivity, while windborne soil or sediment leaving a field can
generate negative offsite impacts. Forms of water erosion on farm fields include sheet and rill,
ephemeral gully, and classic gully. Sheet and rill erosion is generally a resource concern in
higher rainfall areas and on steeper slopes. Wind erosion is primarily a resource concern in arid
and semiarid regions, although it can also be a problem in wetter regions or on certain organic
soils. Conservation practices such as conservation tillage, conservation crop rotations, cover
crops, and structural practices all help control erosion. In regions with low rainfall, vegetative
structural wind erosion control practices are constrained as they compete with crops for limited
water supplies. While erosion and sediment loss are related resource concerns, they describe
different outcomes for sediment. Erosion describes all material that is picked up and moved by
either wind or water, while sediment loss only considers the material that leaves the field.
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The concept of soil loss tolerance is used to aid in understanding the potential effects of soil
erosion on soil productivity. The soil loss tolerance rate (T) reflects the estimate of annual soil
loss that can occur and still permit crop productivity to be sustained economically and
indefinitely on a given soil. The T value varies by soil, with deeper, uniform soils having higher
T values than shallow or previously eroded soils. Examining erosion levels relative to their T
value provides one way to assess whether fields are stable or declining.

Sheet and Rill Erosion

Between CEAP I and CEAP I, average annual sheet and rill erosion on cultivated cropland
decreased by over 6.9 million tons per year, a 21 percent decrease relative to CEAP I (Table 37).
Rates decreased from 0.67 tons per acre per year (t/ac/y) to 0.50 tons t/ac/y between survey
periods. In CEAP I and CEAP II, most cultivated cropland acres met the threshold (soil T) at 98
percent and 99 percent, respectively (Table 38). Cultivated cropland meeting the threshold
increased by 2.7 million acres and cultivated cropland exceeding the threshold decreased by
6,000 acres, with a 1 percent decrease from CEAP I levels.

Table 37. Sheet and Rill Erosion by Threshold in the NP Production Region in CEAP I and CEAP 11

CEAP1 CEAPII CEAPII -CEAP1
Threshold Status Loss Percent Loss Percent Chir;fse mn Cl;lzl:e::n
(thousands of Total (thousands of Total h d g .
tons/y) Loss tons/y) Loss (thousands Loss Relative
tons/y) to CEAP 1
Total 32,651 100 25,658 100 -6,993 -21
Meeting threshold 28,098 86 20,825 81 -7,273 -26
Exceeding threshold 4,553 14 4,833" 19 280" 6

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Table 38. Acreage by Sheet and Rill Erosion Threshold in the NP Production Region in CEAP I and CEAP 11

CEAP1 CEAPII CEAPII - CEAP1
Threshold Status Acres Percent Acres Percent of Changein Cll)le‘:;lcenF
Acres gein
(thousands)  of Acres (thousands) Acres (thousands) Acres Relative
to CEAP 1
Total 48,420 100 51,130 100 2,710 6
Meeting threshold 47,661 98 50,377 99 2,716 6
Exceeding threshold 760 2 753" 1" -6" -1

" indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Total sheet and rill erosion on cultivated cropland meeting the threshold decreased by 7 million
tons, a 26 percent reduction from CEAP I levels. Erosion on acres exceeding T increased by
280,000 tons per year, a 6 percent increase from CEAP I levels. Most erosion came from the
acres meeting T. Only 14 and 19 percent of total sheet and rill erosion in CEAP I and CEAP 1I,
respectively, came from cultivated cropland eroding at rates above T.

Wind Erosion

Between the two CEAP surveys, wind erosion decreased slightly by 1.5 million tons per year by
CEAP 11, a 1 percent decrease relative to CEAP I (Table 39). Rates decreased from an annual
average of 3 t/ac/y to 2.8 t/ac/y. Though there was slight decrease (77 to 76 percent) in
percentage of cultivated cropland meeting the wind erosion threshold (soil T), the acres meeting
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the threshold increased between survey periods due to overall increases in cultivated cropland for
the production region (Table 40). Despite that, wind erosion decreased on these threshold-
meeting-acres by 13.3 million tons per year, or 21 percent relative to CEAP I. In contrast, though
the percentage of cultivated cropland acres exceeding the wind erosion threshold increased by
just one percentage point, erosion from those acres increased by 11.8 tons per year (14 percent
relative to CEAP I).

Table 39. Wind Erosion by Threshold in the NP Production Region in CEAP I and CEAP I1

CEAPI CEAP II CEAPII-CEAPI1
. Percent
Threshold Status Loss Percent Loss Percent Change in Change in
(thousands  of Total of Total Loss .
ty) Loss (thousands t/y) Loss (thousands t/y) Loss Relative
to CEAP 1
Total 145,323 100 143,830 100 -1,493 -1
Meeting threshold 62,228 43 48,979 34 -13,249 21
Exceeding threshold 83,096 57 94,851 66 11,755 14

Table 40. Acreage by Wind Erosion Threshold in the NP Production Region in CEAP I and CEAP 11

CEAPI CEAP 11 CEAPII - CEAPI
Threshold Status Acres Percent Acres Percentof ~Changein Cll)le‘:;lcenF
Acres ge
(thousands)  of Acres (thousands) Acres (thousands) Acres Relative
to CEAP 1
Total 48,420 100 51,130 100 2,710 6
Meeting threshold 37,153 77 38,877 76 1,724 5
Exceeding threshold 11,267 23 12,253 24 986 9

Wind erosion is a major resource concern for this production region, enhanced by the difficulty
of maintaining vegetative wind control practices in areas where water quantity is limited. The 24
percent of acres exceeding the wind erosion threshold in CEAP II were responsible for 66
percent of the losses and would benefit from additional conservation efforts.

Sediment

Between CEAP I and CEAP II, total sediment losses in the NP production region decreased by
6.2 million tons per year (36 percent relative to CEAP I) (Table 41). Average sediment loss on
cultivated cropland decreased by over 0.14 t/ac/y between surveys. In both surveys, most
cultivated cropland acres met the sediment threshold (2 t/ac/y)—96 percent in CEAP I and 99
percent in CEAP II (Table 42). As cultivated cropland meeting the threshold increased by 3.7
million acres between survey periods, sediment loss on these acres decreased by 2.8 million tons
per year.
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Table 41. Sediment Loss by Threshold in the NP Production Region in CEAP I and CEAP 11

CEAP1 CEAPII CEAPII - CEAPI
Threshold Status Loss Percent Loss Percent Change in Cii‘:g::n
(thousands of Total of Total Loss .
ty) Loss (thousands t/y) Loss (thousands t/y) Loss Relative
to CEAP 1
Total 17,322 100 11,114 100 -6,208 -36
Meeting threshold 10,716 62 7,885 71 -2,831 -26
Exceeding threshold 6,606 38 3,229° 29" -3,377" -51°

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Table 42. Acreage by Sediment Loss Threshold in the NP Production Region in CEAP I and CEAP 11

CEAPI1 CEAP II CEAPII-CEAPI
Change in Percent
Threshold Status Acres Percent Acres Percent of A g Change in
(thousands)  of Acres (thousands) Acres ( thoJ::; ds) Acres Relative
to CEAP 1
Total 48,420 100 51,130 100 2,710 6
Meeting threshold 46,638 96 50,373 99 3,735 8
Exceeding threshold 1,783 4 758" 1" -1,025" -58"

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Cultivated cropland exceeding the sediment threshold decreased by 1 million acres, from 4
percent to 1 percent between CEAP I and CEAP II and the associated sediment load decreased
by 3.4 million tons per year. Cultivated cropland meeting the sediment threshold remained the
largest source of sediment loss, responsible for 71 percent of the losses. However, the 1 percent
of cultivated cropland acres exceeding sediment threshold still delivered 29 percent of the total
sediment load in CEAP II.

Surface Nitrogen

Surface losses of N increased by 41,000 tons per year in the NP production region between
CEAP I and CEAP II (Table 43), with 18 percent and 22 percent of the cultivated cropland acres
exceeding the threshold of 15 pounds per acre per year (Table 44). In CEAP 11, the 22 percent of

acres exceeding the threshold generated 63 percent of the total surface N loss. Estimated losses
of surface N include N associated with sediment loss due to wind erosion.

Table 43. Surface Nitrogen Loss by Threshold in the NP Production Region in CEAP I and CEAP 11

CEAP1 CEAP1II CEAPII - CEAPI1
. Percent
Threshold Status s ofTotal Y% (el Los Changein
(thousands t/y) Loss Relative

t/y) Loss Loss (thousands t/y) to CEAP 1
Total 204 100 245 100 41 20
Meeting threshold 108 53 92 37 -16 -15
Exceeding threshold 97 47 153 63 57 59




Table 44. Acreage by Surface Nitrogen Loss Threshold in the NP Production Region in CEAP I and CEAP 11

CEAP1 CEAP1II CEAPII - CEAP1
. Percent
Threshold Status Acres Percent Acres Percent of Cl:ilnge m Change in
(thousands)  of Acres (thousands) Acres ( tho‘f::ns ds) Acres Relative

to CEAP 1
Total 48,420 100 51,130 100 2,710 6
Meeting threshold 39,843 82 39,689 78 -154 0
Exceeding threshold 8,577 18 11,442 22 2,864 33

Subsurface Nitrogen

Most acres met the subsurface N threshold in NP production region during both survey periods,
but subsurface N losses increased by 175,000 tons per year overall between CEAP I and CEAP
IT (Table 45, Table 46). Conservation tillage systems reduced the risk of N loss through surface
pathways and increased infiltration for subsurface flow, while the increase in surface application
of fertilizer promoted surface conversion to soluble N and movement through the soil profile.
Cultivated cropland exceeding the subsurface loss threshold (greater than 25 Ibs/ac/y) increased
by 5.2 million acres (110 percent relative to CEAP I), while acres meeting the threshold
declined by 2.5 million acres (6 percent relative to CEAP 1), as cropland acres in the production
region increased by 2.7 million acres.

Table 45. Subsurface Nitrogen Loss by Threshold in the NP Production Region in CEAP I and CEAP II

CEAP1 CEAP1II CEAPII - CEAP1
. Percent
Threshold Status —— hds oTotal S ofmoal Les | Changein
(thousands t/y) Loss Relative

tly) Loss Loss (thousands t/y) to CEAP I
Total 238 100 413 100 175 74
Meeting threshold 105 44 128 31 23 22
Exceeding threshold 133 56 285 69 152 115

Table 46. Acreage by Subsurface Nitrogen Loss Threshold in the NP Production Region in CEAP I and
CEAP 11

CEAP1 CEAP1II CEAPII - CEAPI
. Percent
Threshold Status Acres Percent Acres Percent of Cl::mge m Change in
(thousands)  of Acres (thousands) Acres ( tho1f::rf ds) Acres Relative

to CEAP I
Total 48,420 100 51,130 100 2,710 6
Meeting threshold 43,675 90 41,143 80 -2,532 -6
Exceeding threshold 4,746 10 9,988 20 5,242 110

By CEAP II, 20 percent of cultivated cropland acres exceeded the subsurface N loss threshold
and accounted for 69 percent of the total subsurface N losses (Table 45). Timing nutrient
applications with crop demand and incorporating applications are particularly critical practices as
there are few edge-of-field options for trapping subsurface flow. In addition, without attention to
timing and incorporation, increased rates may even lead to reduced yields as increased losses
reduce nutrient-use efficiencies.
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Total Phosphorus

Total P losses in the NP production region increased by 4,000 tons per year between CEAP I and
CEAP 11, as cultivated cropland acreage exceeding the loss threshold (greater than 3 lbs/ac/y)
increased by 1.9 million acres (Table 47, Table 48). However, the majority of cultivated cropland
acres (90 percent) remained meeting the threshold in CEAP II. The 10 percent of acres exceeding
the threshold in CEAP II accounted for 44 percent of the total P loss.

Table 47. Total Phosphorus Loss by Threshold in the NP Production Region in CEAP I and CEAP I1

CEAP1 CEAP1II CEAPII - CEAP1
. Percent
Threshold Satus —— hds ofTotal 9% ol Tes  Changein
(thousands t/y) Loss Relative

t/y) Loss Loss (thousands t/y) to CEAP I
Total 25 100 29 100 4 17
Meeting threshold 18 70 16 56 -1 -7
Exceeding threshold 7 30 13 44 5 73

Table 48. Acreage by Total Phosphorus Loss Threshold in the NP Production Region in CEAP I and CEAP 11

CEAP1 CEAPII CEAPII - CEAP1
Change in Percent
Threshold Status Acres Percent Acres Percent of Acfes Change in
(thousands)  of Acres (thousands) Acres (thousands) Acres Relative
to CEAP 1
Total 48,420 100 51,130 100 2,710 6
Meeting threshold 45,452 94 46,267 90 815 2
Exceeding threshold 2,969 6 4,863 10 1,895 64

Soluble Phosphorus

Soluble P losses increased by 1,000 tons per year (31 percent relative to CEAP 1) between the
survey periods (Table 49). Cultivated cropland exceeding the soluble P loss threshold (greater
than 0.5 Ibs/ac/y) increased by 280,000 acres (60 percent relative to CEAP I) while acres
meeting the threshold increased by 2.4 million acres (5 percent relative to CEAP I) (Table 50).
Phosphorus losses from acres exceeding the threshold increased by 100 tons, or 48 percent
relative to CEAP I, and increased slightly on acres meeting the threshold. By CEAP 11, the 1
percent of cultivated cropland acres that exceeded the threshold and accounted for 12 percent of
the total soluble P losses.
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Table 49. Soluble Phosphorus Loss by Threshold in the NP Production Region in CEAP I and CEAP 11

CEAPI CEAP II CEAPII - CEAP1
. Percent
Threshold Status s ot Tomt Lo G Tl Changein
(thousands t/y) Loss Relative

t/y) Loss Loss (thousands t/y) to CEAP 1
Total 1.9 100 2.5 100 0.6 31
Meeting threshold 1.7 90 2.2 88 0.5 29
Exceeding threshold 0.2" 10 0.3" 12 0.1 48"

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Table 50. Acreage by Soluble Phosphorus Loss Threshold in the NP Production Region in CEAP I and CEAP II

CEAP1 CEAP1II CEAPII - CEAPI1
. Percent
Threshold Status Acres Percent Acres Percent of Cl::mge m Change in
(thousands)  of Acres (thousands) Acres ( tho‘f::ns ds) Acres Relative

to CEAP 1
Total 48,420 100 51,130 100 2,710 6
Meeting threshold 47,953 99 50,382 99 2,430 5
Exceeding threshold 468" 1 748" 1" 280" 60"

" indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

Compared to national findings®, both the percentage of acres exceeding the threshold and the
portion of losses they represent were lower in the NP production region. Nationally, 27 percent
of acres were exceeding the soluble P threshold and represented 73 percent of total losses. The
probability of meeting the soluble loss threshold is increased with incorporation of applied
nutrients, which becomes more important as rates increase. However, despite most acres meeting
the soluble P loss threshold in the NP production region, losses increased between survey
periods, which indicates that increased nutrient management, especially nutrient incorporation, is
important on more than just the exceeding minority in this region.

Soil Carbon

Soil carbon gains on all cultivated cropland in the NP production region increased by over 1.6
million tons per year between the CEAP surveys and soil-conserving measures applied by
farmers contributed to these gains (Table 51). The NP production region had the third largest soil
carbon gain among the production regions, behind the North Central and Midwest and Southern
and Central Plains, and the NP production increased soil carbon between survey periods by 88
percent relative to CEAP I (Figure 11).

9U.S. Dep’t of Agric., Conservation Practices on Cultivated Cropland: A Comparison of CEAP I and CEAP 11
Survey Data and Modeling (2022)
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Figure 11. Carbon Change by Production Region in CEAP I and CEAP 11
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**Abbreviated production region names are as follows: AGC is Atlantic and Gulf Coastal Plains, CC is California
Coastal, EC is East Central, LMTGC is Lower Mississippi and Texas Gulf Coast, NCM is North Central and
Midwest, NE is Northeast, NP is Northern Plains, NW is Northwest, SC is South Central, SCP is Southern and
Central Plains, and SW is Southwest.

By CEAP II, cultivated cropland meeting the soil carbon threshold in the NP production region
(gaining or maintaining soil carbon) increased by 3.4 million acres (Table 52). Cultivated

cropland gaining carbon increased by 7.9 million acres and cultivated cropland maintaining soil

carbon declined by 4.5 million acres. Cultivated cropland exceeding the threshold (losing
carbon) decreased 737,000 acres (Figure 12).

Table 51. Soil Carbon Loss by Threshold in the NP Production Region in CEAP I and CEAP 11

CEAPI1 CEAP II CEAPII-CEAPI
Change in . Change in Percent
Threshold Status Soil Carbon ~ Fercent  Changein Percent ¢ i} Carbon Change
of Total  Soil Carbon of Total .
(thousands Change  (thousands t/y) Change (thousands Relative to
tly) g y g tly) CEAPI
Total 1,902 100 3,569 100 1,667 88
Meeting threshold 3,242 170 5,313 149 2,071 64
Exceeding threshold -1,341 -70 -1,744 -49 -404 30
Table 52. Acreage by Soil Carbon Threshold in the NP Production Region in CEAP I and CEAP 11
CEAP1 CEAP 11 CEAPII - CEAP1
Change in Percent
Threshold Status Acres Percent Acres Percent Acrges Change in
(thousands)  of Acres  (thousands) of Acres (thousands) Acres Relative
Y to CEAP I
Total 48,420 100 51,130 100 2,710 6
Meeting threshold 37,537 78 40,985 80 3,447 9
Exceeding threshold 10,883 22 10,146 20 -737 -7
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Figure 12. Acres of Cultivated Cropland by Carbon Trend in the NP Production Region in CEAP I and
CEAP 11
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As expected, soils gaining carbon were under continuous no-till or reduced tillage, 62 and 27
percent respectively. However, more than 10 percent of acres under conventional tillage also
gained carbon, demonstrating that there are strategies that work for all tillage classes (Figure 13).
Nevertheless, 58 percent of all acres losing carbon were conventionally tilled and could benefit
from additional conservation.

Figure 13. Carbon Trends by Tillage Class in the NP Production Region in CEAP I and CEAP 11
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Resource Concerns Summary

Conservation measures adopted by farmers between CEAP I and CEAP II helped to reduce field
losses of erosion, sediment, and soil carbon in the NP production region. Correspondingly, the
acres exceeding thresholds for those resource concerns declined as well (Table 53). For wind
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erosion, surface N, subsurface N, soluble P, and total P, acres exceeding loss thresholds
increased between the survey periods. These losses were driven by changes in nutrient
management practices and related to changes in cropping patterns. Differing from national
trends, nearly all cultivated cropland acres in the NP production region were meeting resource
concern thresholds for sheet and rill erosion, sediment, and soluble P (though acres exceeding the
soluble P threshold increased slightly).

Table 53. Cultivated Cropland Exceeding Resource Concern Thresholds in the NP Production Region in
CEAP I and CEAP 11

CEAP1 CEAPII CEAPII-CEAPI1
Resource concern exceedance Acres Acres Acres Percent .Change
(thousands) Percent (thousands) Percent (thousands) Relative to
CEAP1

Sheet & rill erosion (>T) 760 2 753" 1 -6" -1
Wind erosion (>T) 11,267 23 12,253 24 986 9
Sediment (>2 t/ac/y) 1,783 4 758" 1 -1,025" -58"
Surface nitrogen (>15 lbs/ac/y) 8,577 18 11,442 22 2,864 33
Total phosphorus (>31bs/ac/y) 2,969 6 4,863 10 1,895 64
Subsurface nitrogen (>25 lbs/ac/y) 4,746 10 9,988 20 5,242 110
Soluble phosphorus (>0.5 Ibs/ac/y) 468" 1 748" 1 280" 60"
Soil carbon (losing) 10,883 22 10,146 20 =737 -7

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

The acres exceeding thresholds are not additive, and a single field or a single acre may exceed
more than one threshold. For example, an acre exceeding the sheet and rill erosion threshold may
also exceed the sediment loss threshold. Additionally, opportunities remain where conservation
measures are in place but the pressures on the land require more comprehensive treatment. For
example, regions with intense rainfall, steeper slopes, or prevalence of low residue, intensive
cropping systems often require additional conservation practices to meet loss thresholds.

In most cases, cultivated cropland acres needing treatment to meet a resource concern threshold
are not contiguous but exist as isolated areas within larger fields—for example, soils vulnerable
to leaching within a field. Progress begins with a field-scale resource assessment and
conservation planning to design workable solutions in balance with an operator’s economic and
environmental objectives. Solutions may include targeted conservation practices within a
systems approach, higher end technology, or some combination of these and other tools.

HOW DID THE CONSERVATION CONDITION IN THE CEAP SURVEYS
COMPARE TO ALTERNATIVE TREATMENT LEVELS?

Alternative treatment levels were created to simulate the potential benefits from additional
conservation and the possible tradeoffs in crop productivity or through unintended effects on
related resource concerns. The estimated loss reductions associated with alternative treatment
levels were modeled for all cultivated cropland acres irrespective of conservation treatment need.
Estimates for treating all acres may overstate potential benefits since they include additional
reductions from acres meeting resource concern thresholds, which would be unlikely to receive
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additional conservation treatment. However, comparison of the alternative treatment levels with
CEAP I and CEAP II conservation conditions provide valuable context for understanding
existing conservation benefits.

The Erosion Control (EC) and Nutrient Management (NM) treatment levels simulate parts of a
comprehensive plan that addresses the natural resource concerns of the agricultural system. The
EC is primarily the addition of structural practices designed to control and trap losses from
cropped fields, while the NM is designed to avoid excess surface and subsurface nutrient losses
by addressing nutrient application method, form, timing, and adds a 10 percent reduction in
application rate.'® The Erosion Control and Nutrient Management (ENM) level combines these
two treatments to simulate a comprehensive plan with improvements to structural conservation
practices and nutrient management.

While the EC treatment level would control runoff and reduce surface losses that benefit yield, it
would also encourage infiltration, which can increase subsurface N losses. Under the NM
treatment level, the lack of runoff control could increase surface N, sediment, and total P losses.
Without the EC runoff control, the NM rate reduction would fail to achieve its purpose of
reducing nutrient losses and could negatively affect yield. Thus, the ENM treatment level reflects
how EC runoff control would support NM reduced nutrient application rates, contributing to
production and conservation of soil and nutrient inputs. The treatment levels demonstrate the
benefits of a systems approach that considers multiple resource concerns in a conservation
treatment.

Data presented in this section represent Agricultural Policy Environmental Extender (APEX)
modeled results estimating edge-of-field losses of sediment and nutrients, as well as soil
carbon accumulation under the conservation conditions indicated by the CEAP I and CEAP 11
farmer surveys and under alternative treatment levels. The treatment levels demonstrate the
benefits of a systems approach that considers multiple resource concerns in a conservation
treatment and work as a comparison to the baseline model results from the conservation
conditions reported in the CEAP farmer surveys.

Erosion Control and Nutrient Management (ENM)

Under ENM, structural and nutrient management practices are combined to address all
applicable resource concerns while maintaining or enhancing productivity as compared to NM
alone. At the ENM treatment level, the NP production region would have 100 percent of its
cultivated cropland meeting resource concern thresholds for sediment loss, sheet and rill erosion,
wind erosion, surface N losses, and total P losses (Table 54).

10 At a 10-percent reduction, productivity is maintained on most soils while demonstrating the effects of improved use efficiency
that is provided through rate reductions in combination with improved timing and application methods, particularly in precision
agriculture systems.
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Table 54. Estimated Percent of Cultivated Cropland Acres Meeting Resource Concern Thresholds under
ENM in the NP Production Region and Nationally

Production Sediment Sheet and Rill Wind" Surface Subsurface Total Soluble Soil
Region N N P P Carbon
NP 100 100 100 100 83 100 99 87
National 98 93 100 99 76 97 79 88

"Wind erosion control under ENM reflects the application of structural wind erosion control practices on the most
susceptible acres, however, these are not widely adopted in the most wind-erosion prone regions where water supply
challenges the use of vegetative structural practices.

Subsurface N and soluble P losses are the most challenging to control, even under ENM. While
surface losses can be trapped by edge-of-field practices (e.g., filter strips and buffers), there are
fewer trapping options for subsurface and soluble losses. Treating the cropped areas with nutrient
management and improved runoff control has limitations, especially in higher rainfall regions
and with the economic and social priorities for food, feed, fiber, and fuel from cropland.
Enhanced efficiency fertilizers and precision agriculture with variable rate technology can help,
along with improved timing of nutrient applications.

In some cases, however, practices such as drainage water management, establishment of
wetlands or retention basins, or other measures may be needed to prevent losses. The percentage
of cultivated cropland acres meeting the various thresholds under ENM would vary more widely
by region for sheet and rill erosion, subsurface N, soluble P, and soil carbon. Acres not meeting
thresholds under the substantial conservation modeled in ENM are typically on the most
vulnerable landscapes and may need additional conservation such as cover crops or other
changes to the rotation, possibly including perennials, to meet thresholds.

Comparing Change in Cultivated Cropland Conservation Treatment Levels in CEAP
Surveys

Cultivated cropland acres were categorized by conservation treatment levels to allow
comparisons of change between the two CEAP surveys. The treatment levels were based on the
number of resource concerns where established loss thresholds were being met and correspond
inversely with the degree of conservation treatment need. Treatment levels and needs are as
follows:

e High treatment level/low treatment need: thresholds were met for all eight resource
concerns (sheet and rill erosion, wind erosion, sediment, surface N, subsurface N, total P,
soluble P, and soil carbon)

e Moderate treatment level/moderate treatment need: thresholds were met for five to seven
of the resource concerns

e Low treatment level/high treatment need: thresholds were met for four or fewer resource
concerns.

In the NP production region, cultivated cropland acres in the high conservation treatment level
decreased 2 percent, moderate conservation treatment level decreased by 2 percent and low
conservation treatment level increased by 3 percent (Table 55). The NP production region had a
slightly higher portion of acres in the high treatment level than at the national scale.
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Table 55. Percent of Cultivated Cropland Acres by Conservation Treatment Level, in the NP Production
Region and Nationally CEAP I and CEAP 11

Production High Treatment Level Moderate Treatment Level Low Treatment Level
Region CEAP1 CEAP I1 CEAPI CEAPII CEAPI CEAP I1
NP 58 56 38 36 5 8
National 43 43 47 47 10 10

Comprehensive conservation systems that address all applicable resource concerns can achieve
substantial control of potential losses from farm fields (Table 56). In the NP production region,
the 56 percent of cultivated cropland acres with high treatment met thresholds for all eight
resource concerns, while the 8 percent of acres at low treatment only met soluble P and sheet and
rill thresholds. Moderate levels of treatment met all but the subsurface N threshold, which
indicates the difficulty in controlling this loss pathway for this production region.

Table 56. Losses on Cultivated Cropland by Treatment Level and Resource Concern in the NP Production

Region in CEAP 11
Percent of . .
Treatment Cultivated Sediment Subsurface Surface Total P Soluble Wat.er Wll}d Soil
Level Cropland (t/acly) N N (Ibs/acly) P Erosion  Erosion - Carbon
Acres (Ibs/acly)  (Ibs/acly) (Ibs/acly)  (t/acly)  (t/acly) (Ibs/acly)
High 56 0.17 5.37 3.67 0.47 0.1F 0.47 1.17 283.7F
Moderate 36 0.2f 26.7 14.17 1.6 0.1f 0.57 4.3f 38.1F
Low 8 0.97 45.7 31.6 4.6 0.2f 1.4% 8.5 -428.9
. . Gain or
Loss Threshold (ac/y) 2 25 15 3 0.5 Soil T Soil T Maintain

findicates that loss meets the threshold for that resource concern

Erosion Control and Nutrient Management Treatment (ENM) Effects by Treatment
Need

Simulations that applied ENM to cultivated cropland needing conservation treatment in the NP
production region show the benefits of conservation systems that address all applicable resource
concerns. In CEAP II, 4 million acres (8 percent) of cultivated cropland in the NP production
region were in the low conservation treatment level (i.e., meeting thresholds for four or fewer
resource concerns) and thus considered high need acres (Table 57). Moderate need acres (i.e.,
those meeting thresholds for five to seven resource concerns) accounted for another 18.2 million
acres (36 percent).

Treating high need acres at the baseline level (i.e., as reported by the CEAP II famer surveys)
reduced sediment loss by 27 percent, largely through runoff control, which also reduced surface
N losses by 24 percent and total P losses by 28 percent. As expected, however, this treatment
level reduced subsurface N and soluble P losses by only 3 and 4 percent, respectively.
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Table 57. Estimated Loss Reduction from CEAP II Baseline, by Loss Type and Type of Acres Treated under
ENM Scenario in the NP Production Region

CEAP II Treatment Level

Baseline High Need High and Moderate All Acres
Loss type Loss Acres Only Need Acres Only

( th;(;grsl ds) Percentage Loss Reduction
Sediment 11,114 27 54 76
Wind erosion 143,830 23 75 94
Sheet and rill erosion 25,658 10 24 39
Surface nitrogen 245 24 72 90
Subsurface nitrogen 413 3 14 14
Total phosphorus 29 28 69 82
Soluble phosphorus 2 4 14 21
Soil carbon 3,568 -12 -23 -22
Acres in category (thousands) 4,041 22,318 51,130

Treating the high and moderate need acres to the ENM level would reduce most losses to levels
near what could be achieved if all acres were treated. However, for some resource concerns (i.e.,
sheet and rill erosion, subsurface N, soluble P, carbon), reductions would be relatively small. In
addition, because the low need acres (i.e., high conservation treatment level) meet all resource
concern loss thresholds, increased treatment can risk affecting productivity. Both results
highlight the need for additional measures beyond ENM to increase control of subsurface N and
soluble P losses.

In the NP production region, the reduction in nutrient application rates and attention to
application timing and method supported by erosion-control practices would result in substantial
loss reductions in the high treatment needs acres (Table 58). Wind erosion, surface N, and total P
would all improve by more than 50 percent. The two most difficult resource concerns to control,
losses of subsurface N and soluble P, would be reduced by 6 and 20 percent, respectively.

Notably, ENM treatment would result in a substantial reduction in N and P applications,
producing an associated economic benefit for the farm. Treating the high need acres would
reduce N applied by over 8 Ibs/ac/y and P by over 2 Ibs/ac/y. Likewise, treating moderate need
acres would reduce N applied by over 9 Ibs/ac/y and P by over 2 Ibs/ac/y. The focused treatment
of high and moderate needs acres within a crop field highlights the economic and environmental
opportunities of comprehensive conservation planning and precision conservation.
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Table 58. Estimated Effects of ENM Treatment on Cultivated Cropland by Resource Concern and Treatment
Need in the NP Production Region

High Need Moderate Need Low Need
Change Change Change
Loss type (l;]:;tll:nle{ ENM from (];E;:ll::el ENM from gf;:ll:nl: ENM from
Baseline Baseline Baseline
unit/ac/y Percent unit/ac/y Percent unit/ac/y Percent
Sediment 0.9 0.1 -83 0.2 0.1 74 0.03 0.3 730
(tons)
Sheet and rill 1 08 -4 0.5 03 40 04 02 37
erosion (tons)
Wind erosion 9 0.4 95 4 0.3 91 1 0.3 72
(tons)
Surface
nitrogen (Ibs) 32 3 -92 14 2 -88 4 1 -69
Subsurface 46 38 -18 26 21 20 5 5 -6
nitrogen (Ibs)
Total
phosphorus 5 0.6 -88 2 0.3 -81 04 0.2 -60
(lbs)
Soluble
phosphorus 0.2 0.2 -20 0.1 0.1 -19 0.1 0.0 -20
(Ibs)
(Stgﬁsc)arbon 429 196 -54 38 97 155 284 282 0.5
Estimated input effect (Ibs/ac/y)
Nitrogen
applicd (Ibs) 80 71 -11 75 66 -13 59 56 4
5?&?‘2%2) 19 17 -13 17 15 -14 13 13 3
Estimated yield effect
Durum/spring
wheat 55" 55" 0.7 52 52 -0.1 49 48 -0.1
(bu/acly)
Soybeans
(bufacly) 31 31 2 30 30 -0.4 33 33 0.6
(o (i) 114 117 3 125 126 0.6 125 124 -1
(bu/acly)
Winter wheat 48° a8 02 41 41 0.0 37 37 03
(bu/acly)
Beans and peas 34 38° 0.1° 183 182 0.2 615 613 -0.3
(Ibs./acly)

*indicates that values represent fewer than 30 data points and cannot be used to draw reliable conclusions

How Did Conservation in CEAP I and CEAP Il Compare to ENM?

The conservation measures in place in the NP production region by CEAP II delivered progress
toward the simulated ENM treatment level for most resource concerns (Table 59). By CEAP 11,
sediment and sheet and rill erosion losses were at 74 and 75 percent of the simulated ENM
treatment level. While surface N, subsurface N, and total P were at 63, 83, and 68 percent of
their respective ENM treatment levels, subsurface N losses had declined since CEAP 1. In
CEAP 11, soluble P losses were at 40 percent of ENM treatment level.
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Table 59. Progress toward ENM by Resource Concern in the NP Production Region in CEAP I and CEAP I1

CEAP1 CEAP 11 Progress toward ENM™
Resource No . No . CEAPII -
concern Practice ENM Baseline Practice ENM  Baseline CEAPI CEAPII CEAP I

Average Annual Tons (thousands) Percent

Sheet and
rill erosion 59,724 19,433 32,651 54,177 15,484 25,658 67 74 7
(losses)
Wind
erosion 427,617 16,413 145,323 473,467 17,255 143,830 69 72 4
(losses)
Sediment 43 199 3523 17322 36425 2,603 11,114 65 75 9
(losses)
Surface N 502 31 204 605 37 245 63 63 02
(losses)
Subsurface 59 205 238 742 343 413 92 83 9
N (losses)
Total P 66 6 25 78 6 29 68 68 0.4
(losses)
Soluble
phosphorus 2.3 1.6 1.9 2.8 2.0 2.5 62 40 -22
(losses)
Sollcarbon _y 751 50920 1902 2168 4559 3569 78 85 7
(gains)

“Progress toward ENM is calculated by dividing the difference between Baseline and No Practice loads (i.e.,

Baseline load — No Practice load) divided by the difference between ENM and No Practice loads (i.e., ENM load —
No Practice load).
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Erosion and Sediment

In CEAP II, annual sheet and rill erosion was about 74 percent of ENM, up from 67 percent in
CEAP I (Figure 14). Sediment was at 75 percent of ENM in CEAP II, up from 65 percent in
CEAP 1. Progress for wind erosion was at 72 percent of ENM in CEAP II, up from 69 percent in
CEAP L.

Figure 14. Erosion (a, ¢) and Sediment (b) Progress Toward ENM in the NP Production Region, CEAP I and
CEAP 11

(a) Sheet and Rill Erosion - Progress Toward ENM (b) Sediment - Progress Toward ENM
40 50 60 a0 50 &0
30 70 30 70
20 80
Average 20 2 ' 80
Verage
10 ) 90 P
10 / 90
. No Practice - 100
CEAP 11 74% . Mo Practice 100
CEAP | 67% CEAP Il 75%
CEAP |1 65%
(c) Wind Erosion - Progress Toward ENM
40 50 60
30 70
20 80
Average
10 50
e
. No Practice - 100
CEAP 11 72%
CEAP 1 69%
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Nitrogen

The surface N resource concern was at 63 percent of ENM performance in both CEAP I and
CEAP II (Figure 15). Control of subsurface N losses experienced a decrease in progress toward
ENM, from 92 percent in CEAP I to 83 percent in CEAP II.

Figure 15. Surface (a) and Subsurface (b) Nitrogen Progress Toward ENM in the NP Production Region,

CEAP I and CEAP II
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The total P resource concern was at 68 percent of ENM performance in both CEAP I and CEAP
II (Figure 16). Soluble P progress toward ENM decreased, down to 40 percent in CEAP II from

Figure 16. Total (a) and Soluble (b) Phosphorus Progress toward ENM in the NP Production Region, CEAP I
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Soil Carbon

Soil carbon is evaluated in terms of carbon maintained or gained rather than a reduction in
losses. In CEAP I, soil carbon achieved 85 percent of the ENM treatment level, up from 78
percent in CEAP I and reflecting the substantial increase in conservation tillage and structural
practices that retained organic matter on farm fields ( Figure 17). The NP production region did
not make as much progress as other production regions, with many at or above the ENM
treatment level for soil carbon (Figure 18). With the ENM treatment, the reduced nutrient
application rate may result in lower biomass production on some acres and lower the net change
in carbon. In a comprehensive plan, soil carbon may not be able to be maximized on all acres if
other resource concerns such as water quality are priorities.

Figure 17. Soil Carbon Progress toward ENM in the NP Production Region, CEAP I and CEAP 11
Soil Carbon - Progress Toward ENM
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Figure 18. Progress toward Soil Carbon ENM by Region in CEAP I1
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Production Region™

**Abbreviated production region names are as follows: AGC is Atlantic and Gulf Coastal Plains, CC is California
Coastal, EC is East Central, LMTGC is Lower Mississippi and Texas Gulf Coast, NCM is North Central and
Midwest, NE is Northeast, NP is Northern Plains, NW is Northwest, SC is South Central, SCP is Southern and
Central Plains, and SW is Southwest.

69



SUMMARY OF FINDINGS

The Northern Plains (NP) production region made up 16 percent of cultivated cropland acres
nationally, with 51.1 million acres in CEAP II. The region was characterized by a semi-arid to
subhumid climate and low to moderate runoff risk, which reduces need for extensive structural
practice adoption. In contrast, almost half of cultivated cropland acres had a high or moderately
high wind erosion risk, but the dominance of close-grown crops and conservation tillage
provides substantial control. The production region saw less than 25 percent of acres exceeding
thresholds for most resource concerns in CEAP I and CEAP II, and some, like sediment, sheet
and rill erosion, and soluble phosphorus (P), had just 1 percent of cultivated cropland acres
exceeding their thresholds.

Soil health-promoting practices increased in use, including a 72 percent (5.4 million acre)
relative increase in use of conservation tillage and structural practices in combination. Increased
adoption of these practice types together highlights the benefits of a systems approach to
reducing erosion and sediment loss, especially in a wind-prone production region. Use of cover
crops increased substantially (almost none to 4 percent of cultivated cropland acres in the
production region) and made up a fair portion of the national gain in adoption. Soil carbon gains
increased by 1.7 million tons per year.

Low rainfall amounts and soils with low vulnerability to runoff made this region less susceptible
to P loss, which helped most (99 percent) acres meet the resource concern threshold for soluble P
in CEAP II. Despite such low rates of soluble P threshold exceedances, soluble P losses still
increased between surveys even on acres meeting the threshold, tied with decreased
incorporations of P applications over time. Other nutrient losses, especially of subsurface
nitrogen (N), remain difficult to control as N and P application rates increase and incorporation
of nutrients decreased. Soil testing, a proven way to align nutrient application rates with crop
needs, increased between survey periods. Use of variable rate technology to apply nutrients in
the right place on their fields and avoid over-application continued to increase as well, and
adoption of enhanced efficiency fertilizers more than tripled, indicating producers were using
technology advances to increase their fertilization timing options.

Conservation efforts to balance nutrient management and soil health objectives and overcome
challenging environmental conditions remains an NRCS priority. Efforts such as the
implementation of SMART Nutrient Management Plans, which includes the right Source, right
Method, right Rate, and right Timing—and emphasizes smart activities to reduce nutrient loss
by Assessment of comprehensive, site-specific conditions, continue to be important in this
production region to meet these difficult resource concern objectives.
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APPENDIX 1. OVERVIEW OF THE CEAP SAMPLING AND
MODELING APPROACH

The CEAP Cropland National Assessment is a collaborative effort led by NRCS in partnership
with USDA's Agricultural Research Service and Texas A&M University’s Texas Agri-Life
Research Center in Temple, TX. In addition, USDA's National Agricultural Statistics Service
and Farm Service Agency provide important data collection and related contributions.

CEAP uses a sampling and modeling approach that integrates natural resource and farmer survey
data with modeling to quantify the effects of commonly used conservation practices on
cultivated cropland. CEAP defines cultivated cropland as land in row crops or close-grown
crops, hay and pasture in rotation with row crops, and close-grown crops.

CEAP Statistical Sampling and Modeling Approach to Simulate Conservation Practice
Effects

Sampling and Modeling Approach

Farm survey Field-level Onsite
data at |—> mg‘l’fE“)’(‘g ' (f'EIfoie-Let\fsel)
NRI-CEAP
sample
points l
Watershed Off-Site
modeling |~ | Water
HUMUS/SWAT Quality
Effects

The CEAP Cropland sampling and modeling approach captures the diversity of land use, soils,
climate, and topography; accounts for site-specific farming activities; estimates the loss of
materials at the field scale where the science is most developed; and provides a statistical basis
for aggregating results to the national and regional levels. The approach consists of four
components:

e Sampling— A subset of National Resources Inventory (NRI) sample points serves as
“representative fields.” These NRI sample points, located on cultivated cropland and land
in long-term conserving cover, provide the statistical framework for the model as well as
information on soils, climate, and topography. Nationally, the CEAP sample consists of
about 18,700 points representing cropped acres. The CEAP sample allows reporting of
results at a 4-digit watershed scale (4-digit hydrologic unit code). In most cases, the
sample size is too small for reliable and defensible reporting of results for areas below
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this level. CEAP cropland modeling results are reported as estimates because of the
uncertainty associated with the statistical sample.
Farmer Surveys— The CEAP Cropland Farmer Surveys are used to collect information
needed at the selected NRI sample points to run field-level models and assess the effects
of conservation practices. NASS partners with state departments of agriculture to
interview farmers to obtain current information on farming practices, including:
o field characteristics, such as proximity to a water body or wetland and presence of
tile or surface drainage systems;
o conservation practices associated with the field;
crop rotation plan;
o application of commercial fertilizers (rate, timing, method, and form) for crops
grown in the previous 3 years;
o application of manure (source and type, consistency, application rate, method, and
timing) on the field over the previous 3 years;
o application of pesticides (chemical, rate, timing, and method) for the previous 3
years;
O pest management practices;
o irrigation practices (system type, amount, and frequency);
o timing and equipment used for all field operations (tillage, planting, cultivation,
harvesting) over the previous 3 years; and
o general characteristics of the operator and the operation.
Farmer participation is voluntary and the information is confidential. Because of the large
size of the sample, the data collection process occurs over multiple years, from 2003
through 2006 for CEAP I and 2013 through 2016 for CEAP II.'' The final CEAP samples
for each survey period were constructed by pooling the set of usable, completed surveys
from all years.
The Physical Process Model— The Agricultural Policy Environmental Extender (APEX)
is used to assess the field-level effects of conservation practices. APEX simulates day-to-
day farming activities, wind and water erosion, the loss or gain of soil organic carbon,
and edge-of-field losses of soil, nutrients, and pesticides.
Watershed Model and System of Databases— The Soil and Water Assessment Tool/
Hydrologic Unit Model of the United States (SWAT/HUMUS) is used to simulate the
transport of edge-of-field losses (APEX model output) to receiving streams and routes in-
stream loads from one watershed to another. SWAT/HUMUS allows estimation of the
changes in in-stream concentrations of sediment, nutrients, and pesticides attributable to
conservation practice implementation.

©)

The modeling strategy for estimating the effects of conservation practices consists of model
scenarios that are produced for each sample point. The effects of conservation practices are
obtained by taking the difference in model results between the various scenarios.'? For example,

11 The surveys, the enumerator instructions, and other documentation can be found at:
https://www.nrcs.usda.gov/ceap/publications

12 This modeling strategy is similar to NRI estimates of soil erosion and the intrinsic erosion rate used to identify highly erodible
land. The NRI uses the Universal Soil Loss Equation (USLE) to estimate sheet and rill erosion at each sample point based on
site-specific factors. Soil loss per unit area is equal to R*K*L*S*C*P. The first four factors—R, K, L, S—represent the
conditions of climate, soil, and topography existing at a site. The last two factors—C and P—represent the degree to which
management influences the erosion rate. The product of the first four factors is sometimes called the intrinsic, or potential,
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to simulate “no practices” for sample points with structural and annual conservation practices
(buffers, terraces, grassed waterways, conservation tillage, nutrient management, etc.), model
simulations were conducted as if the practices were not present and compared to the results with
the practices in place to estimate the change. Multiple alternative treatment scenarios were
developed for analysis, including:

1. No Practice— simulates model results as if no conservation practices were in use but
holds all other model inputs and parameters the same as in the current conservation
condition scenario (e.g., CEAP I).

2. CEAP I and CEAP II— simulates model results that account for cropping patterns,
farming activities, and conservation practices as reported in the CEAP Cropland Surveys
and other sources for each survey period (CEAP I, 2003-06, and CEAP II, 2013-16).

3. Erosion Control (EC)— simulates model results associated with conservation practices
designed to control and trap soil losses from cropped fields primarily through additions of
structural conservation practices. Tillage practices are not altered.

4. Nutrient Management (NM)— simulates model results related to conservation practices
designed to avoid excess surface and subsurface nutrient losses through adjustments to
nutrient application method, timing, and rate. A 10-percent reduction in nutrient
application rate is used in this scenario.!® Nutrient form is not adjusted as it may relate to
decision factors not in the survey such as equipment or the need to use manure from the
operation.

5. Erosion Control and Nutrient Management (ENM)— simulates model results reflecting a
comprehensive conservation plan by combining the EC and NM scenarios with additional
improvements to structural conservation practices and nutrient management.

6. Erosion Control and Nutrient Management 85 (ENM85)— simulates EC and NM but
with only 85 percent of the nutrient form being applied and with additional improvements
to nutrient timing and incorporation and runoff controls to improve nutrient-use
efficiency.

Though CEAP I and CEAP II assess conservation practice adoption over different time periods,
it is important to note that modeled edge-of-field losses and conservation benefit changes such as
soil carbon gain are assessed without the effects of climate or rainfall patterns considered. The
focus of this report is to assess changes in conservation practice adoption and associated benefits
over time, and as such the same rainfall and climate data were used for assessment of both
survey periods, eliminating any temporal differences in climate as the cause for differences in the
assessment of the magnitude of edge-of-field losses.

The rainfall categorization used throughout this report was the same for both time periods, using
the same 30-year rainfall dataset (1986—-2015) for both CEAP I and CEAP II to characterize
vulnerability due to rainfall, thus eliminating any temporal differences in climate as the cause for
differences in the assessment of effectiveness of management. The same climate database was

erosion rate. The intrinsic erosion rate divided by T, the soil loss tolerance factor, produces estimates of the erodibility index. The
intrinsic erosion rate is thus a “no-practice” representation of sheet and rill erosion since C=1 represents smooth-tilled continuous
fallow and P=1 represents no supporting practices.

13 The 10-percent reduction was selected as a level where productivity is maintained on most soils while demonstrating the
effects of improved use efficiency that is provided through rate reductions in combination with improved timing and

application methods, particularly in precision agriculture systems.
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also used for the model simulations (baseline and alternative treatment scenarios) for both time

periods.

Technical information on the CEAP Cropland methodology studies, including documentation
reports on the modeling methodology, models and databases are available as part of the CEAP

Cropland National Assessment.
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APPENDIX 2. MAP OF CEAP PRODUCTION REGIONS

NCEAP Production Regions — Boundaries Defined by 8-digit Hydrologic Units
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APPENDIX 3. SEDIMENT MANAGEMENT LEVEL CRITERIA

Criteria is based upon an Avoid, Control, and Trap approach to reducing losses from cropland.

1. High: At least one practice from each category with no practice counting twice.

a. Avoid:
i. All crops conservation tilled

b. Control:
i. At least one Overland Flow control practice such as a terrace or
contouring, or
ii. One Concentrated Flow control practice such as a grassed waterway, or
iii. a Conservation Crop Rotation rated as High residue with a crop residue
score of 2 or more.
c. Trap:
i. At least one trapping practice such as a filter or buffer, or
ii. A Field Border can be substituted if it is minimum of 30 feet in width and
intercepts flow from cropped area.
2. Moderately High: At least one practice from each from two of the three categories with
no practice counting twice.

a. Avoid:
1. All crops conservation tilled

b. Control:
1. At least one Overland Flow control practice such as a terrace or
contouring, or
ii. One Concentrated Flow control practice such as a grassed waterway, or
iii. IF all crops conservation tilled, a Conservation Crop Rotation rated as
High residue with a crop residue score of 2 or more.
c. Trap:
i. At least one trapping practice such as a filter or buffer, or
ii. IF Control requirement NOT met by Conservation Crop Rotation; a Field
Border can be substituted if it is minimum of 30 feet in width and
intercepts flow from cropped area.
3. Moderate: At least one practice from any category.

a. Avoid:
i. All crops conservation tilled

b. Control:
i. At least one Overland Flow control practice such as a terrace or
contouring, or
ii. One Concentrated Flow control practice such as a grassed waterway, or
iii.  a Conservation Crop rotation rated as High residue with a crop residue
score of 2 or more.
c. Trap:
1. At least one trapping practice such as a filter or buffer, or
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4. Low:

a.

ii. A Field Border can be substituted if it is minimum of 30 feet in width and
intercepts flow from cropped area.

No Avoid, Control or Trap Practices, no Conventional Tillage for any crop in
rotation.
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APPENDIX 4. 590 NITROGEN AND PHOSPHORUS NEED
LEVEL CRITERIA

Conservation practice 590 Nutrient Management need levels were developed based on the
likelihood of a CEAP NRI point meeting the respective loss threshold given certain point
characteristics. For this classification precipitation group, SVI leaching or runoff classification,
application rate, method of application, and timing of application were considered.

A. Precipitation groups were defined as: annual rainfall <157, >15 and <25, >25 and <35”,
>35 and <457, and >45”
B. SVI leaching and runoff groups were defined as: low, moderate, moderately high, and
high
C. Application rates were defined as:
Nitrogen
Low Rate: Rotational average of 75 pounds or less annually.
Moderate Rate: Rotational average of >75 and <90 pounds annually.
Moderately High Rate: Rotational average of >90 and <120 pounds annually.
High Rate: Rotational average of more than 120 pounds annually.

Phosphorus
Low Rate: Average 20 pounds or less annually.
Moderate Rate: Average >20 and <35 pounds annually.
Moderately High Rate: Average >35 and <50 pounds annually.
High Rate: Average more than 50 pounds annually.

D. Method of application was defined as:
Incorporated: if 1) all nutrient applications were incorporated within 48 hours of
application, or 2) no nutrient was applied, or 3) nutrient application was applied post-
plant to a winter annual or perennial crop.

Unincorporated: if only some or none of the nutrient applications were incorporated
within 48 hours of application

E. Timing was defined as:
Good: if 1) No fall or winter commercial fertilizer applications of nutrients occurred,
however, fall manure applications are considered acceptable for all crops; 2) all
commercial fertilizer/non-manure applications are acceptable for winter annuals and
perennials regardless of season.

Bad: if at least one fall or winter application of nutrients; winter manure applications
are not acceptable for any crop including winter annuals and perennials.

A subsurface nitrogen loss of <25 pounds per acre was used as the nitrogen threshold, and a
soluble phosphorus loss of <0.5 pound per acre was used as the phosphorus threshold. For each
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precipitation group, the need level was determined based on the percentage of points within the
various SVI group/rate/method/timing combinations that met the loss threshold. Combinations
in which 75% or more of the points met the loss threshold were considered “Low need”.
Combinations in which at least 50% but less than 75% of points met the loss threshold were
considered “Moderate need”. Combinations in which less than 50% of points met the loss
threshold were considered “High need”.

The NITROGEN 590 need levels were assigned as follows taking into account SVI Leaching
category, nitrogen application rate group, incorporation category, and timing category:

A. Precipitation group 1 (<15” annual rainfall)
a. Low need

1.
11.

1il.

All points within the low application rate group.

Points within the moderate application rate group that were incorporated
with either good or bad timing

Points within the moderate application rate group that were not
incorporated but had good timing

b. Moderate need

1.

il.
iil.

Points within the moderate application rate group that were not
incorporated and had bad timing

All points within the moderately high application rate group

Points within the high application rate group that were incorporated with
either good or bad timing

c. High need

1.

Points within the high application rate group that were not incorporated
with either good or bad timing

B. Precipitation group 2 (>15 and <25” annual rainfall)
a. Low need

1.
ii.

111

1v.

vi.

vil.

All points within the low application rate group.

Points within the moderate application rate group that were incorporated
with good timing

Points within the moderate application rate group that were incorporated,
had bad timing, and categorized as low or moderate SVI Leaching
Points within the moderate application rate group that were not
incorporated, had either good or bad timing, and categorized as low or
moderate SVI Leaching

All points within the moderately high application rate group and
categorized as low or moderate SVI Leaching

Points in the high application rate group that were incorporated, had good
or bad timing, and categorized as low or moderate SVI Leaching

Points in the high application rate group that were not incorporated, had
good or bad timing, and categorized as low SVI Leaching
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Viii.

b. Moderate need

1.

il.

iii.

Points within the moderate application rate group that were incorporated,
had bad timing, and categorized as moderately high or high SVI leaching
category

Points within the moderate application rate group that were not
incorporated, had either good or bad timing, and categorized as
moderately high or high SVI leaching category

All points within the moderately high application rate group and
categorized as moderately high or high SVI Leaching

iv. Points in the high application rate group that were not incorporated, had
good or bad timing, and categorized as moderate SVI Leaching
v. All points within the high application rate group and categorized as
moderately high SVI Leaching
c. High need

1.

Points within the high application rate group and high SVI Leaching
category

C. Precipitation group 3 (=25 and <35 annual rainfall)
a. Low need

1.
il.

All points within the low application rate group.
All points in the moderate, moderately high, and high application rate
groups categorized as low or moderate SVI Leaching

b. Moderate need

1.

il.

All points in the moderate and moderately high application rate groups
and categorized as moderately high or high SVI Leaching

All points in the high application rate group and categorized as moderately
high SVI Leaching

c. High need

1.

All points in the high application rate group categorized as high SVI
Leaching

D. Precipitation group 4 (=35 and <45 annual rainfall)
a. Low need

1.
ii.

1il.

1v.

V.

All points within the low application rate group.

All points in the moderate application rate group categorized as low SVI
Leaching

Points within the moderately high application rate group that were
incorporated with good or bad timing and categorized a low SVI Leaching
Points within the moderate application rate group that were incorporated
with good or bad timing and categorized as moderate or moderately high
SVI Leaching

Points in the moderate application rate group that were not incorporated
but had good timing and categorized as moderate SVI Leaching

b. Moderate need
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il.

iil.

Points within the moderate application rate group that were incorporated
with good or bad timing and categorized as high SVI Leaching

Points in the moderate application rate group that were not incorporated,
had bad timing and are categorized as moderate SVI Leaching

Points within the moderate application rate group that are not incorporated
with good or bad timing and categorized at moderately high or high SVI
Leaching

iv. All points within the moderately high application rate group that are
categorized as moderate, moderately high or high SVI Leaching
v. Points within the moderately high application rate group that were not
incorporated with good or bad timing and categorized a low SVI Leaching
vi. Points within the high application rate group categorized as low or
moderate SVI Leaching
c. High need

1.

Points in the high application rate group and categorized as moderately
high or high SVI Leaching

E. Precipitation group 5 (>45” annual rainfall)
a. Low need

1.

All points within the low and moderate application rate group categorized
as low SVI Leaching

b. Moderate need

1.

il.

iil.

1v.

All points within the low and moderate application rate group categorized
as moderate or moderately high SVI Leaching

Points in the low application rate group that are incorporated with good or
bad timing and categorized as high SVI Leaching

Points in the low application rate group that are not incorporated but have
good timing and categorized as high SVI Leaching

Points in the moderately high application rate group that are incorporated
with good or bad timing and categorized as low, moderate, or moderately
high SVI Leaching

Points in the moderately high application rate group that are not
incorporated but have good timing and categorized as low or moderate
SVI Leaching

c. High need

1.
il.

1il.

1v.

All points in the high application rate group

Points in the low application rate group that are not incorporated with bad
timing and categorized as high SVI Leaching

All points in the moderate application rate group and categorized as high
SVI Leaching

Points in the moderately high application rate group that are incorporated
with good or bad timing and categorized as high SVI Leaching
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v. Points in the moderately high application rate group that are not
incorporated but have good timing and categorized as moderately high or
high SVI Leaching

vi. Points in the moderately high application rate group that are not
incorporated and have bad timing

The PHOSPHORUS 590 need levels were assigned as follows taking into account SVI Runoff
category, phosphorus application rate group, incorporation category, and timing category:

A. Precipitation group 1 (<15 annual rainfall)
a. Low need
i. All points within the low, moderate, and moderately high application rate
groups.

ii. All points in the high application rate groups categorized as low or

moderate SVI Runoff
b. Moderate need
i. All points in the high application rate group categorized as moderately
high or high SVI Runoff
c. High need
1. No combinations were considered high need in Precipitation group 1
B. Precipitation group 2 (=15 and <25” annual rainfall)
a. Low need
i. All points within the low, moderate, and moderately high application rate
groups.
b. Moderate need
i. All points within the high application rate groups.
c. High need
i. No combinations were considered high need in Precipitation group 2
C. Precipitation group 3 (>25 and <35 annual rainfall)
a. Low need
i. All points within the low and moderate application rate groups.

ii. Points in the moderately high application rate group that are incorporated
with good or bad timing and categorized as low, moderate, or moderately
high SVI Runoff

b. Moderate need
i. Points in the moderately high application rate group that are incorporated
with good or bad timing and categorized as high SVI Runoff

ii. Points in the moderately high application rate group that are not
incorporated with good or bad timing

c. High need
i. All points in the high application rate group
D. Precipitation group 4 (=35 and <45” annual rainfall)
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a. Low need
i. No combinations were considered low need in Precipitation group 4
b. Moderate need
i. All points within the low application rate group
ii. Points in the moderate application rate group that are incorporated with
good or bad timing
iii. Points in the moderate application rate group that are not incorporated but
have good timing
c. High need
i. Points in the moderate application rate group that are not incorporated and
have bad timing
ii. All points within the moderately high and high application rate groups
E. Precipitation group 5 (>45” annual rainfall)
a. Low need
i. No combinations were considered low need in Precipitation group 5
b. Moderate need
1. No combinations were considered moderate need in Precipitation group 5
c. High need
i. All points in the low, moderate, moderately high, and high rate groups

Two things to keep in mind when considering Phosphorus treatment needs in areas where rainfall
exceeds 35 inches include:

1. To decrease the need for nutrient management that only considers the 4Rs, conservation
systems must have supporting practices that include one or more of the following:
conservation crop rotation, cover crops, terraces, filter strips or buffers, or conservation
tillage.

2. Beginning soil phosphorus content was not considered in this analysis, and systems that
are low or moderate in soil test phosphorus may be able to meet the 0.5-pound soluble
phosphorus threshold in these high rainfall areas.
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