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About CEAP Croplands

The Natural Resources Conservation Service (NRCS)
evaluates conservation trends and effects on cultivated
cropland through the multi-agency Conservation Effects
Assessment Project (CEAP). CEAP uses natural resource
and farmer survey data and physical process modeling

to estimate the environmental effects of conservation
practices on cultivated cropland. USDA's National
Agricultural Statistics Service conducted the first set of
farmer surveys in 2003-06 (CEAP I) with reports released
from 2010 through 2014. Now, comparison data from
farmer surveys conducted from 2013-16 (CEAP II) make
it possible to estimate shifts in conservation adoption and
effects between the CEAP survey periods.
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The Southern and Central
Plains (SCP) production
region includes parts of Texas,
Oklahoma, Kansas, Nebraska,
Colorado, New Mexico, and
Wyoming. The region held
62.7 million acres of cultivated
cropland in CEAP Il, or about
28 percent of the region’s
total land area and 20 percent
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the United States. Between

survey periods, the production region lost 1.6 million acres With its periods of seasonal drought and high energy

of cultivated cropland. Over the same time, the production convective storms often producing high-intensity rainfall
region saw a gain in pastureland of over 3.9 million acres, and flash floods, regional water quantity concerns need to
which may have contributed to the decrease in cultivated be balanced with vegetated structural practices for wind and
cropland. water erosion control. Approximately 23.2 million acres of

this region fall into the semi-arid category, receiving between
10 to 20 inches of rainfall annually. Use of conservation
tillage and conservation crop rotations providing seasonal
erosion control are the primary wind control methods in
these semi-arid areas, while structural conservation practice
options are needed in the higher rainfall areas.

Winter wheat was the dominant harvested crop in the SCP
production region and despite decreased acreage between
surveys periods, it still represented over a third of production
region acres in CEAP Il. Corn, cotton, and soybeans acreage
all increased between survey periods, and together with
winter wheat, these crops represented over three-quarters
of the acreage in the production region.




Conservation Practice Adoption

Adoption of conservation practices—regardless of state,
federal, or other financial or technical assistance—was
estimated based on operator responses to the CEAP |
and CEAP Il farmer surveys and saw a number of changes
between survey periods in the SCP production region.

Structural practices and conservation tillage
adoption increased over time, with the greatest gains made
in the structural practices (e.g., field borders, terraces,
grassed waterways, etc.) plus conservation tillage treatment
group (Figure 1), providing evidence that farmers were
increasingly integrating a systems approach to improve
results on their operations. By CEAP I, 51 million acres,
representing 81 percent of cultivated cropland in the SCP
production region, had one or both types of practices. The
number of acres with neither type of practice adopted
decreased by 51 percent, reaching 11.7 million acres or 19
percent of cultivated cropland in the SCP production region
by CEAP II.
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Figure 1. Acres adopting combinations of structural practices and
conservation tillage in CEAP | and CEAP II.

By CEAP 11,47 percent of all cultivated cropland acres in the
SCP production region had one or more structural practices
in place. Overland flow control practices (such as terraces,
contour buffer strips, and stripcropping) were the most used
structural practices in both survey periods, and use of field
borders increased the most between surveys for this region.
By CEAP Il, 64 percent of acres were reporting some form of
conservation tillage (i.e., continuous no-till or reduced tillage
practices), up from 30 percent in CEAP |. More than a third of
acres were using continuous no-till by CEAP Il in the region.

Conservation treatment needs may be low on the acres
without structural practices or conservation tillage or can

be addressed through other measures such as conservation
crop rotations or cover crops. However, treatment may

be particularly important on untreated highly erodible

land (HEL) or acres highly vulnerable to wind in this

region. Increased adoption of these practices was seen

on vulnerable cropland, though adoption was lower than

on all cropland regionally. Seventy three percent of HEL
acres and 61 percent of highly or moderately highly wind
vulnerable acres in the SCP production region had one or
both practice types adopted by CEAP Il, as compared to 81
percent of acres in the region overall. Notably, HEL acres
and highly or moderately highly wind vulnerable acres both
increased in the region between survey periods, by 2.1 and
1.3 million acres, respectively. Prioritizing treatment of these
vulnerable acres represents an opportunity for this region,
especially where conservation tillage is practical for the
crop rotations and water is available for establishment of
vegetative structural practices.

The SCP production region maintained the same level of
conservation crop rotations! between survey periods
with 57 percent of acres adopting this practice (Figure 2).
Adoption in the SCP production region was lower than
national adoption, which reached 70 percent of cultivated
cropland in CEAP II. In the SCP production region, adoption
of conservation crop rotations was highest in rotations with
hay and other crops, but this rotation group only accounted
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Figure 2. Percent of aces with conservation crop rotations by crop
rotation group in CEAP | and CEAP II.

for 8 percent of regional acres in CEAP 1.

Cover crop use increased in the SCP production region,
with over 2.2 million acres—4 percent of the region’s
cultivated cropland acres—reporting a cover crop in 1 or
more years of the crop rotation in CEAP Il. Comparatively,
less than 1 percent of cultivated cropland in the region

1The full criteria for determination of conservation crop rotation in CEAP is available in Box 3 on Page 22 of the full report: Conservation Practices

On Cultivated Cropland in the Southern and Central Plains




reported cover crop adoption in CEAP I. Adoption in the SCP
production region during CEAP Il was slightly lower than the
national average of 6 percent of cultivated cropland acres.

Irrigated acres in the SCP production region increased from
over 15.5 million acres during the CEAP | survey period to
nearly 16.8 million acres by the CEAP Il period. The region
contained the most irrigated cropland of any region by
acreage and was among the top ive most irrigated production
regions based on percentage of cropland irrigated, at 27
percent of acres in CEAP Il. The region’s seasonal drought and
semi-arid areas contributed to the need for irrigation.
Groundwater was the main water source during both survey
periods (i.e.,, 91 and 89 percent of acres in CEAP | and CEAP 11,
respectively).

Nutrient management experienced some overall
declines and was challenged to keep pace with changes in
tillage and cropping systems, representing an opportunity for
improvement in the region. 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-speci ic conditions.

Rates of nutrient application in the region increased between
survey periods for both nitrogen (N) and phosphorus (P), and
rates were higher on acres receiving manure with or without
commercial fertilizers than on acres receiving commercial
fertilizers alone (Table 1). Rates increased approximately 4

to 13 percent relative to CEAP | depending on nutrient and
source. Soil testing is a practice that aligns nutrient application
rates with crop needs, and soil testing in the SCP production
region was similar between survey periods and lower than the
national average in CEAP Il (i.e., 42 versus 60 percent
nationally). Where manure was applied, soil testing rates were

Table 1. Nitrogen and phosphorous application rates in CEAP |

and CEAP II

L

higher than on all cultivated cropland in the SCP production
region, at 66 percent in CEAP II.

Soil incorporation of nutrients is an application method

that can reduce surface losses of nutrients to waterbodies,
especially when combined with other SMART nutrient
management plan practices. The percentage of acreage with
“all” or “some” incorporation for N applications decreased
from 86 to 82 percent in the SCP production region. However,
the largest acreage decrease was in the “all” incorporation
category, which declined 35 percent relative to CEAP I. This
was similar to national trends, where the percentage of
acreage that had “all” or “some” incorporation for N decreased
from 86 percent in CEAP | to 80 percent in CEAP Il. Results
were similar for P applications, which had “all” or “some”
incorporation decrease from 87 to 83 percent
of acres between surveys in the region, and
again the largest acreage decrease was in the

N APPLICATION RATE P APPLICATION RATE “all” incorporation category, which declined by
NUTRIENT SOURCE LBS/AC/Y LBS/AC/Y 31 percent relative to CEAP I. This mirrored
CEAP II CCIZEEAAITIJII CEAP II -CEQAP;|| national trends for P, where the percentage of
acreage that had “all” or “some” incorporation
Manure with or for P decreased from 87 percent in CEAP | to
without commercial 145 158 13 36 40 4 81 percent in CEAP Il
fertilizer '
Cgmmerual nitrogen 75 78 3 N/A N/A N/A T|m|ng of nutr|<‘ant ap|:?I|cat|ons also plays a'n
without manure important role in nutrient management, with
Commercial nutrients most vulnerable to loss when applied
phosphorous without | N/A N/A N/A 15 17 2 more than 21 days before planting. For both N
manure and P in the SCP production region, most acres




applied nutrients at the “at-plant” and “greater than 21 days
pre-plant” stages (Figure 3). All application timings except
for “at-plant” increased between survey periods for both
nutrients, and though the “post-plant” stage was reported by

few acres comparatively in both survey periods, it showed

the greatest relative increase in acres for both nutrients.

Timing of P Applications

W CEAP |

A combination of proper rates, timing, and application
methods is necessary for manure management as well as for
commercial fertilizers to manage losses from all sources.

Integrated pest management (IPM) decreased
between survey periods in the SCP production region,

as measured by the CEAP IPM indicator score. Scores—
which are measured on

a 100-point scale and
increase with increased
IPM activity—were similar
between surveys at 27.1
and 26.6in CEAP [ and 1,
respectively. During both
survey periods, the SCP
production region scored
lower than the national
average on this measure.
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Figure 3. Comparison of application timing for nitrogen (left) and phosphorus (right) applications

in CEAP | and CEAP 1.

Variable rate technology and enhanced efficiency fertilizers
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 enhanced efficiency fertilizers control the
release of nutrients to minimize volatilization losses. Both
practices increased in adoption over time, though they were
still used on a small portion of acres by CEAP |I. Variable
rate technology was used on over 3.4 million more acres of
cultivated cropland within the region but represented just 8
percent oacres by CEAP Il. Enhanced efficiency fertilizers
were adopted on over 5.8 million more acres in CEAP Il than
CEAP | and represented 12 percent of acres by CEAP II. Both
of these practices were adopted at lower rates in the SCP
production region than the national average.

Manure management in the SCP production region saw
some positive shifts and areas for improvement, similar to
nutrient management trends. Between surveys, cultivated
cropland in the region receiving manure nutrients increased
by 807,000 acres. More acres reported the purchase

of manure nutrients, which signaled a departure from
viewing manure simply as a waste disposal problem. While
manured acres had higher soil testing rates, they also had
increased nutrient application rates, suggesting ongoing
rate challenges. Manure nutrients can be more mobile than
commercial mineral nutrients as they may be less dense and
more soluble, although the fraction of manure nutrientsin
organic form may release over time through mineralization.

>21 Days
Pre-Plant

Scouting for weeds, insects,

and disease and using no-till

or minimum tillage for pest
prevention and avoidance
were the most common IPM
practices in CEAP I, with adoption over 56 percent for
each. Like most production regions, the SCP experienced
anincrease in overall average annual pesticide applications,
from 1.3in CEAP | to 2.1 in CEAP Il (Figure 4). Herbicides
made up the majority of pesticide applications for the region
and were driving the increases in applications between
surveys. Increased herbicide use was common across the
nation and may be driven by a combination of increased
conservation tillage adoption and increased herbicide
resistance in weeds.
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Figure 4. Average annual number of pesticide applications
reported for CEAP | and CEAP Il, broken down by pesticide type.




Sediment and Nutrient
Management Levels

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 were
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.

Sediment management levels? trended positively

in the SCP production region, with increased acreage in the
moderately high and high sediment management levels and
declines in acres with a low management level (Figure 5).
Despite these changes, the moderate sediment management
level was the highest in acreage in both survey periods and
made up 46 percent of regional acres in CEAP Il. These
improvements in sediment management can be attributed
to the increase in conservation tillage and structural practice
implementation within the SCP production region.
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Figure 5. Cultivated cropland acreage compared between
sediment management levels in CEAP | and CEAP II.

Nitrogen management need levels? saw little
change between survey periods and most acres (89
percent) continued to be under low N management need by
CEAP Il (Figure 6), exceeding national performance where
60 percent of acres were in the low N management need
level. High N and P management need levels correspond
with low N and P management performance, and low N and
P management need levels correspond with high N and P
management performance.

Phosphorous management need levels also had
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Figure 6. Cultivated cropland acreage compared between N
management need levels in CEAP | and CEAP II.

high performance in this region and showed little change
over time. The region had most (i.e., 96 percent in CEAP | and
95 percent in CEAP Il) of its acres in the low P management
need level. Low rainfall amounts and soils with low
vulnerability to runoff make this region less susceptible to P
loss. Comparatively, on the national scale 24 percent of acres
in CEAP Il had a high P management need, with over half in
the low management need level.

Effects on Conservation Outcomes

Conservation practice adoption and environmental
condition together drive conservation effects on the
landscape in terms of success at meeting data-driven
thresholds for addressing resource concerns (e.g., erosion,
N and P loss). Data from this section of the report 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 | and CEAP
Il farmer surveys and alternative treatment scenarios
developed to assess conservation potential .

Conservation measures adopted by farmers between CEAP |
and CEAP Il helped to reduce the number of acres exceeding
the resource concern threshold for every resource concern
except for subsurface N and soluble P (Table 2). Fewer than
25 percent of acres were exceeding resource concerns, and
though fewer acres were exceeding the wind erosion loss
threshold for the region in CEAP Il, it was still the resource
concern with the greatest percent of acres exceeding the
threshold at 22 percent in CEAP Il. Of the 13.5 million acres
exceeding the wind erosion loss threshold in CEAP I, fewer
than 2 percent installed wind erosion control practices (e.g.,
windbreaks and shelterbelts, herbaceous wind barriers,
hedgerow plantings, etc.), 35 percent used a conservation

2 For more information on the criteria for sediment management levels, see Appendix 3 in the full report: Conservation Practices on Cultivated Cropland in

the Southern and Central Plains

3 For more information on the criteria for phosphorus and nitrogen management need levels, see Appendix 4 in the full report: Conservation Practices on

Cultivated Cropland in the Southern and Central Plains




Table 2. Cultivated cropland exceeding resource concern thresholds in CEAP | and CEAP I

RESOURCE CEAPII CEAPII - CEAPI

E)c()CNECEIIE)I?ANNCE Acres Acres Acres Percent change
(thousands) el (thousands) el (thousands) Relative to CEAP |

Sheet and rill erosion (>T) 2,941 5 1,456 2 -1,485 -51

Wind erosion (>T) 19,676 31 13,549 22 -6,127 -31

Sediment (>2 t/ac/y) 2,695 4 1,104 2 -1,591 =55

Surface nitrogen

(>15 Ibs/ac/y) 7,310 11 5764 9 -1,546 -21

Total phosphorus . )

(>3 Ibs/acly) 5,720 9 3,687 6 2,032 36

Subsurface nitrogen

(525 Ibs/acly) 5,035 8 6,784 11 1,748 35

Soluble phosphorus

(50.5 Ibs/ac/y) 1,297 2 1,405 2 107 8

Soil carbon (losing) 10,221 16 8,860 14 -1,361 -13
crop rotation, 23 percent practiced conservation tillage, are not contiguous but exist as isolated areas within larger
and 74 percent were designated as continuous row crop fields—for example, soils vulnerable to leaching within a
rotations. field. Solutions may include targeted conservation practices

within a systems approach, higher end technology, or some

While erosion and sediment loss are related resource .
combination of these and other tools.

concerns, they describe different outcomes for sediment.

Erosion describes all material that is picked up and moved For many resource concerns, the acres exceeding the

by either wind or water, while sediment loss only considers threshold tend to drive changes in estimated edge-of-field
the material that leaves the field. Sediment losses are losses or soil carbon change, but even acres meeting the
estimated edge-of-field sediment loss with surface water resource concern thresholds can be experiencing some
runoff (including both sheet and rill and gully erosion) and do losses. Losses and soil carbon change are expressed in

not include sediment losses due to wind erosion. Resource thousands of tons per year and are estimated for the entire
concern thresholds for erosion are reliant on the soil loss region, regardless of whether the acres were meeting or
tolerance rate (T), which reflects the estimate of annual soil exceeding the resource concern threshold. In the SCP

loss that can occur and still permit crop productivity to be production region, changes to losses matched well with the
sustained economically and indefinitely on a given soil. The T changes to acres exceeding resource concern thresholds.
value varies by soil, with deeper, uniform soils having higher Nearly every resource concern showed positive trends for
T values than shallow or previously eroded soils. management of resource concerns, with reduced losses

The acres exceeding Table 3. Estimated edge-of-field losses and soil carbon on cultivated

thresholds are not additive,  ¢ropland in the SCP production region in CEAP | and CEAP II
and a single field or a single

acre may exceed more

" Yth e RESOURCE CEAPI CEAPII
an one threshold. For . CONCERN

example, an acre exceeding

the sheet and rill erosion

CEAP Il - CEAP 1

(thousands of thousands of Change
tons per year) tons per year) (thousands of
tons per year)

Change
(percent)

Sheet and rill erosion

threshold may also exceed f— 69,179 45,986 -23,193 -34
the sedimentloss threshold. 1\, 4 ¢ ogion (osses) 298,281 247,521 -50,761 17
Additionally, opportunities i

R R Sediment (losses) 29,971 17,443 -12,528 -42
remain where conservation

. Surface nitrogen (losses) 264 201 -64 -24
measures are in place but
the pressures on the land Total phosphorus (losses) 43 31 -12 -28
require more comprehensive 335555 ace nitrogen 286 310 24 9
treatment. In most cases, Soluble bhosoh
. olubie osphorus

cultivated cropland acres [— prose 3 3 -0.01 0.3
needing treatmenttomeeta ' gy carhon (gains) 3,158 5,804 2,646 84

resource concern threshold




(and increased gains for soil carbon) (Table 3). Subsurface N,
which saw increased acreage exceeding the threshold, saw

a 9 percent increase in losses relative to CEAP |, but soluble
P losses were similar between survey periods for the region.
Soil carbon gains were substantial for this production region,
with 2.6 million tons per year of soil carbon gained, an 84
percent increase relative to CEAP I.

Conservation success can also be measured by the
production region’s performance measured as progress
toward an enhanced erosion and nutrient management
(ENM) treatment level. Comparisons to the ENM treatment
level are made with estimated losses from the Baseline
treatment (i.e., simulation of losses based on management
and conservation practices from the CEAP farmer surveys),
the ENM treatment (i.e., simulation optimizing nutrient
management and erosion control measures), and the No
Practice treatment (i.e., simulation with reduced conservation
applied) scenarios. Progress is calculated as the difference
between Baseline and No Practice losses for each resource
concern (i.e., Baseline loss- No Practice loss) divided by the
difference between ENM and No Practice losses (i.e., ENM
loss - No Practice loss).

The conservation measures in place in the SCP production
region by CEAP Il delivered progress toward the simulated
ENM treatment level on all resource concerns except for
subsurface N and soluble P losses (Figure 7). By CEAP I,
sheet and rill erosion, wind erosion, and sediment losses were
at 86,48, and 82 percent of the simulated ENM treatment
level, with increases in progress between surveys. Surface
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N and total P performance also increased between surveys
and reached 54 and 60 percent of their respective ENM
treatment levels in CEAP II. Soluble P and subsurface N losses
both declined in performance toward the ENM treatment
level over time, reaching 60 and 71 percent of ENM
treatment level in CEAP I, respectively. Soil carbon trended
positively, up to 89 percent in CEAP Il with the highest

performance for the region on this measure.

Summary

The SCP production region made up 20 percent of cultivated
cropland acres nationally, with 62.7 million acres in CEAP I1.
The region is characterized by periods of seasonal drought
and high energy convective storms often producing high-
intensity rainfall and flash floods. In semi-arid parts of

the production region, control for wind erosion can be a
substantial resource concern, and 27 percent of acres in
CEAP Il had moderately high or high vulnerability to wind
erosion.

The production region saw fewer than a quarter of acres
exceeding thresholds for most resource concerns in CEAP |
and CEAP II, and some, like sheet and rill erosion, sediment
loss, and soluble phosphorus (P) had fewer than 5 percent

of acres exceeding their thresholds. Wind erosion had the
highest percentage of cultivated cropland acres exceeding
its threshold (22 percent). Use of structural practices in
combination with conservation tillage increased in the

SCP production region. While structural practices for wind
control, such as windbreaks or shelterbelts, herbaceous wind
barriers, or hedgerow plantings,
increased by 49 percent relative to
CEAP |, they were still used on just 6
percent of acres by CEAP Il, and may
be hard to establish in water-limited
parts of the region.

Soil health-promoting practices
increased in use, including a 156
percent (11.4 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
awind-prone production region.

Figure 7. Comparison of progress toward the ENM treatment level for each resource concern

in CEAP 1 and CEAP II.




Use of cover crops increased substantially (almost none to

4 percent of cultivated cropland acres in the production
region) and makes up a fair portion of the national gain in
adoption. Cover crops were most prevalent in continuous
row crop rotations. Soil carbon gains increased by 1.7 million
tons per year as aresult of these efforts.

Low rainfall amounts and soils with low vulnerability to
runoff make this region less susceptible to P loss, creating
better control over soluble P losses in this production region
than in many others. Other nutrient losses, especially of
subsurface nitrogen (N), remain difficult to control as N and
P application rates increased 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 implementation of SMART Nutrient Management
Plans, which include the right Source, right Method, right
Rate, and right Timing—and emphasize 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.

USDA is an equal opportunity provider, employer, and lender.
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