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|
Phosphorus loss

Modeling the phosphorus cycle

Phosphorus, like nitrogen, is an essential element
needed for crop growth. It is a basic building block

for compounds that store and transfer energy, nucle-
ic acids, and other organic compounds. Unlike nitro-
gen, phosphorus is not found in a gaseous form, and so
the cycle does not have an atmospheric component. It
is most commonly found in rock formations and sed-
iments as phosphate salts. It is also found as part of
the organic material in soil. Weathering processes dis-
solve the phosphates, and plants uptake phosphorus
from the soil water in the form of hydrated phosphate
ions—soluble phosphorus. Phosphorus is released
back to the soil as crop residue decomposes, and the
cycle repeats. Phosphates are not very water-soluble,
and quantities of soluble phosphorus in soil are gener-
ally small, ranging from 0.2 to 0.3 milligrams per liter.

Farmers apply commercial phosphorus fertilizers to
supplement the usually low quantities available in the
soil. Over-application can lead to the buildup of phos-
phorus in the soil. As the phosphorus levels build up in
the soil, the potential for phosphorus in a soluble form
increases (Sharpley et al. 1999). Dissolved phospho-
rus that is transported from farm fields to lakes, riv-
ers, and streams can lead to excessive aquatic plant
growth, resulting in eutrophication. Phosphorus is
sometimes the limiting factor for biomass production
in freshwater ecosystems; even small amounts (con-
centrations as low as 0.02 mg/L) added to the system
can produce significant increases in plant and algal
growth (Sharpley et al. 1999).

Generally, the factors that cause phosphorus move-
ment are similar as those that cause nitrogen move-
ment. Transport mechanisms are erosion, surface wa-
ter runoff from rainfall and irrigation, and leaching.
Factors that influence the source and amount of phos-
phorus available to be transported are soil properties,
and the rate, form, timing, and method of phosphorus
applied. The phosphate ion attaches strongly to soil
particles and makes up a part of soil organic particles.
Any erosion of these particles will transport phospho-
rus from the site. Phosphorus can also be transported
as soluble material in runoff and leaching water. When

water moves over the soil surface, as it does in runoff
events, or passes through the soil profile during leach-
ing, soluble phosphorus will be transported with the
water. Applying phosphorus fertilizer or manures on
the soil surface will subject them to both runoff and
erosion, particularly if the application takes place just
before a rainfall, irrigation, or wind event that can car-
ry the phosphorus material off site. If, however, the
fertilizer or manure material is incorporated into the
soil profile, it becomes protected from the transport
mechanisms of wind and water. Leaching of phospho-
rus is at a higher risk through coarse textured soils or
organic soils that have low clay content.

Phosphorus is primarily lost from farm fields through
three processes: attached to the sediment that erodes
from the field, dissolved in the surface water runoff, or
dissolved in leachate and carried through the soil pro-
file. On cultivated fields, most is lost through erosion,
whereas on non-tilled fields most phosphorus losses
are dissolved in surface water runoff or in leachate.
Cultivated acres with phosphorus-rich soils, however,
can also lose significant amounts of phosphorus dis-
solved in the runoff or the leachate.

EPIC simulates the phosphorus cycle as shown in fig-
ure 26. EPIC simulates mineral and organic fractions
of soil phosphorus. The mineral fraction consists of
available (soluble), active (loosely labile), and stable
(fixed) pools. Only phosphorus compounds that are
soluble in water are available for plants to use. The
soluble and active pools are assumed to be in rapid
equilibrium (several days or weeks). The soluble pool
is input and the size of the active and stable pools rel-
ative to the soluble pool is set by EPIC based on the
amount of past soil weathering. The active pool is in
slow equilibrium with the stable pool. Fertilizer phos-
phorus is assumed to be in soluble form which is
mixed uniformly to a specific depth. Thus, fertilizer
phosphorus contributes directly to the soluble pool.
Organic phosphorus is divided into the fresh residue
pool, consisting of phosphorus in the microbial bio-
mass, manures, and crop residues, and the active and
stable humus pools. Humic mineralization occurs in
the active pool only. The model accounts for transfor-
mations between pools within each fraction and also
between the organic and mineral fractions. Plant use
of phosphorus is estimated using the supply and de-
mand approach, which balances soluble phosphorus in
the soil with an ideal phosphorus concentration in the
plant for a given day.
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Phosphorus in the surface layer is partitioned into ad-
sorbed and solution phases using a constant parti-
tion coefficient similar to the method described by
Leonard and Wauchope (1980). Adsorbed phospho-
rus attaches to soil particles in the soil matrix, thereby
removing the material from solution. Sediment trans-
port of phosphorus is simulated with a loading func-
tion similar to that used for organic nitrogen trans-
port. The amount of soluble phosphorus removed in
surface water runoff is predicted using soluble phos-
phorus concentration in the top 10 millimeters of
soil, runoff volume, and partition coefficient. A simi-
lar method is used to predict soluble phosphorus lost
with percolation water as leachate. Part of the phos-
phorus is removed from the field with the harvested
crop and remaining crop residue is added into the or-
ganic pools where it is available for mineralization.
Transformations of organic phosphorus in crop resi-
dues and soil organic matter are similar to the trans-
formations of crop residues, soil organic matter, and
organic nitrogen in the PAPRAN model (Seligman and
Keulen 1981).

Over years of farming, cropland soils tend to either
gain or lose phosphorus. In cases where soils experi-
ence net losses (mining), reductions in soil quality, soil

productivity, and crop yields can be expected to fol-
low. Mined soils can be restored through conservation
management practices that increase soil organic ma-
terial and eventually re-establish a balanced phospho-
rus cycle.

Model simulation results for phosphorus
inputs

Phosphorus inputs from commercial fertilizers and
manure, as represented in the EPIC model simula-
tions, totaled 2.2 million tons per year (table 52). Most
of the phosphorus was applied as commercial fertil-
izer. Manure phosphorus accounted for about 20 per-
cent of the phosphorus applied; in comparison, only
about 5 percent of the nitrogen sources came from ma-
nure. For the 298 million acres of cropland included in
the study, the average phosphorus application rate was
about 15 pounds per acre per year—about 12 pounds
per acre as commercial fertilizer phosphorus (in inor-
ganic form) and about 3 pounds per acre as manure
phosphorus (in both inorganic and organic form), on
average (table 53). (Sources of phosphorus as reported
here are as elemental phosphorus; to convert to phos-
phate fertilizer equivalent (P,Os), multiply by 2.29.)

Figure 26
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Table 52 Sources of phosphorus inputs—by region and by crop (average annual values)
—

Acres Commercial fertilizer Manure Sum of inputs

1,000s Percent Tons Percent Tons Percent Tons Percent

By region
Northeast 13,642 4.6 100,822 5.8 50,486 10.9 151,308 6.9
Northern Great Plains 72,397 243 299,275 17.3 71,124 15.3 370,399 16.9
South Central 45,350 15.2 231,967 134 41,300 8.9 273,266 124
Southeast 13,394 4.5 101,836 5.9 50,268 10.8 152,104 6.9
Southern Great Plains 32,096 10.8 136,179 7.9 39427 8.5 175,606 8.0
Upper Midwest 112,581 377 797,236 46.1 178,282 383 975,518 444
West 9,018 3.0 63,430 3.7 34,094 7.3 97,525 4.4
All regions 298,478 100.0 1,730,744 100.0 464,982 100.0 2,195,726 100.0
By crop
Barley 4,635 1.6 40,070 2.3 1,100 0.2 41,170 1.9
Corn 78,219 26.2 805,945 46.6 247,947 533 1,053,892 480
Corn silage 5,197 1.7 40,338 2.3 99,277 214 139,615 6.4
Cotton 16,858 5.6 98,627 5.7 6,793 1.5 105,420 4.8
Grass hay 14,596 49 31,354 1.8 42,290 9.1 73,644 34
Legume hay 24,776 8.3 86,013 5.0 8,681 1.9 94,695 43
Oats 3,772 1.3 18,847 1.1 431 0.1 19,278 0.9
Peanuts 1,843 0.6 13,284 0.8 823 0.2 14,107 0.6
Potatoes 987 0.3 28,946 1.7 711 0.2 29,658 1.4
Rice 3,637 1.2 17,773 1.0 4 0.0 17,777 0.8
Spring wheat 20,503 6.9 97,332 5.6 2,092 0.4 99,424 4.5
Sorghum 10,897 3.7 62,707 3.6 8,681 1.9 71,388 3.3
Soybeans 67,543 22,6 178,549 10.3 31,974 6.9 210,523 9.6
Winter wheat 45,014 15.1 210,958 12.2 14,178 3.0 225,136 10.3
All crops 298,478 100.0 1,730,744 100.0 464,982 100.0 2,195,726  100.0

Note: Sources of phosphorus as reported here are as elemental phosphorus; to convert to phosphate fertilizer equivalent (P,Os), multiply by
2.29.
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Table 53 Sources of phosphorus inputs on a per-acre basis-by region and by crop within regions (average annual values)
|
Commercial
Acres fertilizer Manure Sum of inputs
Crop (1,000s) (Ib/a) (Ib/a) (Ib/a)
By region
Northeast All crops 13,642 14.8 74 22.2
Northern Great Plains All crops 72,397 83 2.0 10.2
South Central All crops 45,350 10.2 1.8 12.0
Southeast All crops 13,394 15.2 7.5 22.7
Southern Great Plains All crops 32,096 8.5 2.5 10.9
Upper Midwest All crops 112,581 14.2 32 17.3
West All crops 9,018 14.1 7.6 21.6
All regions All crops 298,478 11.6 3.1 14.7
By crop within region*
Northeast Corn 2,943 234 11.2 34.6
Corn silage 1,482 18.6 337 523
Grass hay 2,369 4.5 2.2 6.6
Legume hay 4,052 7.0 0.4 7.3
Oats 362 229 0.4 233
Soybeans 1,305 20.1 7.2 27.3
Winter wheat 853 21.1 1.4 226
Northern Great Plains Barley 3,243 14.9 0.1 15.0
Corn 15,466 12.2 6.4 18.6
Corn silage 810 10.2 27.6 379
Grass hay 2,443 4.5 1.5 6.0
Legume hay 6,152 6.9 0.5 7.5
Oats 1,255 7.3 0.0 73
Spring wheat 18,916 8.6 0.0 8.6
Sorghum 1,595 11.2 24 13.6
Soybeans 9,562 2.6 0.5 3.1
Winter wheat 12,748 6.2 0.4 6.6
South Central Corn 5,956 236 38 274
Cotton 5,487 12.9 0.2 13.1
Grass hay 3,347 39 11.6 15.5
Legume hay 1,630 6.9 0.4 7.3
Peanuts 880 13.6 1.0 14.6
Rice 3,004 7.9 0.0 7.9
Sorghum 2,729 11.8 1.0 12.9
Soybeans 14,083 54 0.7 6.1
Winter wheat 7,896 9.7 0.1 2.9
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Table 53 Sources of phosphorus inputs on a per-acre basis—by region and by crop within regions (average annual values)—
— Continued
Commercial
Acres fertilizer Manure Sum of inputs
Crop (1,000s) (Ib/a) (Ib/a) (Ib/a)
Southeast Corn 3,028 22.8 11.3 34.1
Corn silage 412 223 26.1 48.3
Cotton 2,422 16.7 1.2 17.9
Grass hay 2,000 4.1 1.4 15.5
Legume hay 1,183 6.9 0.6 7.5
Peanuts 479 14.3 1.6 15.9
Soybeans 2,419 13.7 10.0 23.7
Winter wheat 1,216 14.4 3.1 17.5
Southern Great Plains Corn 2,665 11.2 19.3 305
Cotton 7,316 10.1 0.1 10.2
Legume hay 677 6.9 13 8.2
Oats 503 6.5 0.2 6.7
Peanuts 484 16.0 0.1 16.1
Sorghum 4,895 10.7 1.9 12.6
Winter wheat 15,037 6.4 0.5 6.9
Upper Midwest Corn 47,941 23.2 5.1 28.3
Corn silage 1,947 14.0 42.2 56.2
Grass hay 4,044 4.5 1.6 6.2
Legume hay 9,233 7.0 0.4 7.3
Oats 1,388 7.9 0.1 8.0
Spring wheat 815 14.8 0.1 14.9
Sorghum 1,604 12.2 0.5 12.7
Soybeans 40,049 4.9 0.4 53
Winter wheat 5,147 237 0.1 23.8
West Barley 958 225 13 2338
Corn silage 297 13.4 85.6 99.0
Cotton 1,631 7.3 5.5 12.8
Legume hay 1,847 6.9 38 10.7
Potatoes 329 76.0 1.7 77.8
Rice 599 18.6 0.0 18.6
Spring wheat 772 27.1 52 322
Winter wheat 2,118 5.9 4.1 10.1

* Estimates for crops with less than 250,000 acres within a region are not shown. However, acres for these minor
crops are included in the calculation of the regional estimates.

Note: Sources of phosphorus as reported here are as elemental phosphorus; to convert to phosphate fertilizer
equivalent (P,0s), multiply by 2.29.
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Spatial trends in phosphorus application rates

The spatial distribution of phosphorus applications
represented in the EPIC model simulations are shown
in map 26 for commercial fertilizer and map 27 for ma-
nure. The manure application rates shown in map 27
reflect the same spatial trends as in map 14 for manure
nitrogen, where the yellow, orange, and red colors are
indicative of intensive livestock production. There are
marked differences, however, in the spatial trends for
phosphorus and nitrogen applied as commercial fertil-
izer. As was the case for the commercial nitrogen fer-
tilizer map, phosphorus application rates vary substan-
tially within localized areas reflecting the crop mix and
differences in application rates by crop. The yellows
and greens in the maps are below the overall average
phosphorus application rate. The reds and oranges
represent areas with above-average application rates.
In contrast to the spatial trends in nitrogen applica-
tion rates, average phosphorus application rates were
much lower throughout areas west of the Mississippi
River than cropland in the East, reflecting much low-
er percentages of acres receiving commercial phos-

phorus fertilizers for crops grown in those parts of the
country. The highest commercial phosphorus fertiliz-
er application rates shown in map 26 are in the pota-
to growing areas of the country, and the lowest occur
throughout most of the Great Plains states.

Phosphorus input estimates by region

The highest per-acre phosphorus applications, on av-
erage, were in three regions—the Southeast region
(23 Ib/a), the Northeast region (22 Ib/a), and the West
region (22 Ib/a) (fig. 27, table 53). About a third of

the phosphorus applied in these regions was as ma-
nure applications. The South Central, Northern Great
Plains, and Southern Great Plains regions had much
lower phosphorus inputs, averaging about 10 to 12
pounds per acre, with only about a fifth coming from
manure. The Upper Midwest region had an average
phosphorus application of 17 pounds per acre, but ac-
counted for 44 percent of all the phosphorus applied.
As observed for nitrogen, phosphorus application in
the Upper Midwest region was disproportionately high
relative to acres of cropland (table 52).

Figure 27 Sources of per-acre phosphorus inputs—by region
—
25
B Commercial fertilizer
O Manure
20
s 15
2
&
«
g
z
10
5
0 T T T T
West Southern Northern Upper South Southeast Northeast
Great Plains Great Plains Midwest Central

Note: Sources of phosphorus are reported here as elemental phosphorus.
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Phosphorus input estimates by crop

Over half of the phosphorus input was applied to corn
and corn silage acres in these model simulations (ta-
ble 52). The average phosphorus application rate
(both commercial fertilizer and manure) was about

27 pounds per acre for corn and about 54 pounds per
acre for corn silage. Most of the phosphorus applied
to corn silage (71%) was applied as manure (fig. 28).
Application rates for corn and corn silage were higher
than all other crops in each region where these crops
are commonly grown (table 53). Potatoes had the high-
est phosphorus application rate overall, averaging

60 pounds per acre and consisting almost entirely of
phosphorus from commercial fertilizers (fig. 28). In the
West region, phosphorus applications for potatoes av-
eraged 78 pounds per acre, second only to corn silage
in that region (table 53). For other crops, phospho-

rus application rates averaged less than 20 pounds per
acre in most regions, and often less than 10 pounds
per acre (table 53).

Model simulation results for phosphorus
loss

Model simulation results indicated that a total of
360,000 tons of phosphorus was lost from cropland
fields each year (table 54). This represents about 16
percent of the 2.2 million tons of phosphorus applied
as commercial fertilizer and manure. In contrast, 28%
of the nitrogen sources were lost from cropland fields
each year. The average per-acre rate for phosphorus
loss was 2.4 pounds per cropland acre. The predomi-
nate loss pathway (63% of total phosphorus loss) was
phosphorus lost with waterborne sediment, with an
average loss of 1.5 pounds per acre per year. Soluble
phosphorus dissolved in surface water runoff, averag-
ing about 0.5 pounds per acre per year, accounted for
nearly 20 percent of the total phosphorus loss, where-

as phosphorus dissolved in leachate accounted for less

than 2 percent. Phosphorus loss with windborne sedi-
ment averaged 0.4 pounds per acre per year and ac-
counted for 15 percent of the total phosphorus loss.

Figure 28
——
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The spatial distribution of the sum of all phosphorus
loss pathways is shown in map 28. The areas most sus-
ceptible to phosphorus losses are colored dark red,
representing 4 percent of the cropland acres includ-
ed in the study, and red, representing 6 percent of the
cropland. The largest area of cropland most suscep-
tible to phosphorus loss is in Pennsylvania, western
Maryland, and parts of New York; the average phos-
phorus loss exceeds 9 pounds per acre per year in
many areas in south central Pennsylvania. Another
large vulnerable area extends south from southern
Indiana, southern lllinois, and eastern Kentucky to
central Louisiana. Smaller vulnerable areas include:
the rice growing region in Louisiana and southeast
Texas; the Texas panhandle region where windborne
sediment losses are high; an area in eastern lowa;
northwestern lllinois; and southwestern Wisconsin;

a small area in eastern North Carolina where aver-
age losses exceed 9 pounds per acre per year; and the
Willamette River Basin in Oregon. Other hot spots are
more localized.

Per-acre phosphorus loss estimates for four

loss pathways

The spatial distribution of phosphorus loss for three of
the phosphorus loss pathways is shown in maps 29—
31. Class breaks used to make the maps are the same
for phosphorus lost with waterborne and windborne
sediment, but differ in the map showing phospho-

rus dissolved in surface water runoff because of the
much lower levels. The spatial distribution of phos-
phorus dissolved in leachate is not shown because of
the low level of phosphorus loss for this loss pathway.
(Phosphorus dissolved in lateral subsurface flow is
theoretically possible, but was negligible in these mod-
el simulations and thus not addressed in the analysis.)

Phosphorus lost with waterborne sediment—Map

29 shows the spatial distribution of phosphorus lost
with waterborne sediment. The red and brown col-
ored areas in the map have average loss estimates of 5
pounds per acre per year or more and represent about
6 percent of the acres included in the study. The crop-
land areas most susceptible to phosphorus loss were
similar to those for nitrogen (map 17), exceptin re-
gions where phosphorus was applied less frequent-

ly than nitrogen (such as the wheat growing areas).
The area of highest vulnerability for phosphorus loss
with waterborne sediment—central and southern
Pennsylvania and northern Maryland—is more pro-
nounced for phosphorus loss than for nitrogen loss.

Similarly, the Midwest and areas along the Ohio River
and lower Mississippi River, which are vulnerable ar-
eas for both nitrogen and phosphorus loss with wa-
terborne sediment, tend to have fewer localized areas
with the highest phosphorus loss estimates than was
the case for nitrogen. The least vulnerable acres—col-
ored green or gray in the map and having average loss
estimates of 1 pound per acre or less—represent over
half of the cropland acres.

Phosphorus lost with windborne sediment—Areas
of greatest vulnerability for phosphorus lost with
windborne sediment are in the most vulnerable wind
erosion areas, as shown in map 30.

Phosphorus dissolved in surface water runoff—

The spatial distribution of phosphorus loss dissolved

in surface water runoff is shown in map 31.The red
areas in the map have average estimates of phospho-
rus dissolved in surface water runoff of more than 2
pounds per acre per year. These areas represent about
2 percent of the acres included in the study. The least
vulnerable areas—colored green in the map—have av-
erage loss estimates of 0.5 pounds per acre per year or
less, and represent two-thirds of the cropland acres.

While generally similar to the spatial distribution of ni-
trogen dissolved in surface water runoff (map 19), the
spatial distribution of phosphorus dissolved in surface
water runoff differs in some important ways. Most no-
tably, the areas in the West that had the highest po-
tential for loss of nitrogen dissolved in surface wa-

ter runoff had, for the most part, low vulnerability for
dissolved phosphorus runoff loss. Similarly, the rice-
growing area along the Mississippi River in Arkansas
was highly vulnerable to nitrogen runoff, but only
modestly so for phosphorus. The rice growing region
in Texas and southern Louisiana, however, had both
high nitrogen and phosphorus loss dissolved in runoff.
Hot spots in Virginia and North Carolina were much
more pronounced for phosphorus than for nitrogen.
In addition, an area of high levels of phosphorus dis-
solved in surface water runoff, but modest amounts
of nitrogen loss dissolved in surface water runoff was
in southern lllinois, eastern Kentucky and eastern
Tennessee, and parts of northern Alabama.

Phosphorus dissolved in leachate—Phosphorus

loss dissolved in leachate averaged less than 0.1
pounds per acre per year, with average estimates for
some crops in some regions only as high as 0.3 pounds
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per acre per year (table 55). The amount dissolved in
leachate was minimal except in coarse textured and
organic soils.

Per-acre phosphorus loss by region

Northeast region—Phosphorus losses were highest

in the Northeast region, averaging 4.3 pounds per crop-
land acre per year (fig. 29, table 55), about twice the
national average. Most (80%) was lost with waterborne
sediment, but an average of 0.7 pounds per acre per
year was lost as dissolved phosphorus in surface water
runoff, representing about 15 percent of the total loss
in the Northeast region. Overall, phosphorus loss in
the Northeast region represented about 19 percent of
the annual phosphorus inputs.

Corn silage in the Northeast had the highest phospho-
rus loss of any crop in any region, averaging nearly 14
pounds per acre per year for phosphorus loss summed
over all pathways. Phosphorus loss for corn acres was
also among the highest in any region, averaging nearly
8 pounds per acre per year.

South Central, Upper Midwest, and Southeast
regions—The South Central, Upper Midwest, and
Southeast regions each averaged about 2.6 to 2.8
pounds of phosphorus loss per acre of cropland (ta-
ble 55, fig. 29). The majority of phosphorus loss in
these regions was with waterborne sediment (61-76%).
Per-acre losses of phosphorus dissolved in runoff

and leachate were greater in the Southeast and South
Central regions than in other regions, averaging 0.9
and 0.8 pounds per acre for runoff, respectively, and
0.15 and 0.11 pounds per acre for leachate, respective-
ly. Phosphorus dissolved in surface water runoff ac-
counted for 33 and 28 percent of phosphorus losses in
the Southeast and South Central regions, respectively.
Estimates of phosphorus loss in surface water runoff
was lower in the Upper Midwest region, but still sig-
nificant. High losses of phosphorus dissolved in runoff
and leachate are indicative of high phosphorus levels
in cropland soils, as the propensity for phosphorus to
dissolve in water increases dramatically as soil phos-
phorus levels increase.

Figure 29 Average annual per-acre estimates of phosphorus loss—by region
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Note: Phosphorus loss is reported here as elemental phosphorus.
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Table 55 Phosphorus loss estimates on a per-acre basis-by region and by crop within regions (average annual values)
|
Dissolved Dissolved Lost with Lost with Sum of
in surface in waterborne windborne all loss
Acres water runoff leachate sediment sediment pathways
Crop (1,000s) (Ib/a) (Ib/a) (Ib/a) (Ib/a) (Ib/a)
By region
Northeast All crops 13,642 0.7 0.1 34 <0.1 43
Northern Great Plains All crops 72,397 0.2 <0.1 0.7 0.6 14
South Central All crops 45,350 0.8 0.1 1.9 0.1 2.8
Southeast All crops 13,394 0.9 0.2 1.6 <0.1 2.6
Southern Great Plains All crops 32,096 0.1 <0.1 0.5 1.8 24
Upper Midwest All crops 112,581 0.6 0.1 2.1 0.1 2.8
West All crops 9,018 0.4 <0.1 0.5 0.1 0.9
All regions All crops 298,478 0.5 <0.1 1.5 0.4 24
By crop within region*
Northeast Corn 2,943 1.2 0.1 6.2 0.1 7.7
Corn silage 1,482 1.1 0.1 12.5 0.1 13.8
Grass hay 2,369 0.6 0.1 0.6 <0.1 13
Legume hay 4,052 0.2 0.1 <0.1 <0.1 03
Oats 362 1.1 0.1 4.0 <0.1 52
Soybeans 1,305 0.8 0.2 2.6 0.1 3.6
Winter wheat 853 0.7 0.1 23 <0.1 3.2
Northern Great Plains Barley 3,243 0.2 <0.1 0.5 04 1.1
Corn 15,466 03 <0.1 14 1.5 3.2
Corn silage 810 0.3 <0.1 22 23 4.8
Grass hay 2,443 0.1 <0.1 0.1 <0.1 0.2
Legume hay 6,152 0.1 <0.1 <0.1 <0.1 0.1
Oats 1,255 0.1 <0.1 0.7 04 1.3
Spring wheat 18,916 0.1 <0.1 0.6 04 1.1
Sorghum 1,595 0.1 <0.1 1.1 1.5 2.7
Soybeans 9,562 0.2 <0.1 0.7 0.5 13
Winter wheat 12,748 0.1 <0.1 0.2 0.1 04
South Central Corn 5,956 1.7 0.1 3.8 0.1 58
Cotton 5,487 0.7 0.2 3.7 <0.1 45
Grass hay 3,347 0.8 0.1 0.5 <0.1 14
Legume hay 1,630 0.2 0.1 <0.1 <0.1 0.2
Peanuts 880 0.3 0.2 1.0 0.2 1.7
Rice 3,004 13 03 1.8 <0.1 34
Sorghum 2,729 0.5 0.1 2.0 0.5 3.1
Soybeans 14,083 0.7 0.1 1.2 <0.1 2.0
Winter wheat 7,896 0.5 0.1 1.2 <0.1 1.8
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Table 55 Phosphorus loss estimates on a per-acre basis—by region and by crop within regions (average annual values)—
— Continued
Dissolved Dissolved Lost with Lost with Sum of
in surface in waterborne windborne all loss
Acres water runoff leachate sediment sediment pathways
Crop (1,000s) (Ib/a) (Ib/a) (Ib/a) (Ib/a) (Ib/a)
Southeast Corn 3,028 1.9 0.1 25 <0.1 4.6
Cornsilage 412 14 0.1 6.9 <0.1 83
Cotton 2,422 0.5 0.2 1.9 <0.1 25
Grass hay 2,000 0.5 0.1 0.5 <0.1 1.2
Legume hay 1,183 0.2 0.1 <0.1 <0.1 0.2
Peanuts 479 0.3 0.2 1.0 <0.1 1.5
Soybeans 2,419 0.7 0.2 0.9 <0.1 1.8
Winter wheat 1,216 0.8 0.2 1.8 <0.1 2.8
Southern Great Plains Corn 2,665 0.3 <0.1 1.1 4.1 55
Cotton 7,316 0.1 <0.1 0.8 4.0 49
Legume hay 677 0.1 <0.1 <0.1 <0.1 0.1
Oats 503 0.3 <0.1 0.6 0.1 1.1
Peanuts 484 0.1 <0.1 0.8 29 338
Sorghum 4,895 0.1 <0.1 0.6 23 3.1
Winter wheat 15,037 0.1 <0.1 0.3 0.2 0.6
Upper Midwest Corn 47,941 0.8 0.1 34 0.1 43
Corn silage 1,947 0.8 <0.1 5.9 0.2 7.0
Grass hay 4,044 0.5 <0.1 0.3 <0.1 0.8
Legume hay 9,233 0.1 <0.1 <0.1 <0.1 0.2
Oats 1,388 0.5 <0.1 1.8 0.1 24
Spring wheat 815 0.9 <0.1 0.8 0.1 1.8
Sorghum 1,604 04 <0.1 1.9 0.1 24
Soybeans 40,049 04 <0.1 1.1 <0.1 1.6
Winter wheat 5,147 0.7 <0.1 1.1 <0.1 1.9
West Barley 958 0.3 <0.1 0.9 0.1 14
Corn silage 297 1.1 0.1 0.7 0.1 2.0
Cotton 1,631 0.2 <0.1 0.1 <0.1 0.4
Legume hay 1,847 0.2 <0.1 <0.1 <0.1 0.2
Potatoes 329 0.5 <0.1 0.2 0.5 1.2
Rice 599 1.2 0.1 0.4 <0.1 1.6
Spring wheat 772 04 <0.1 0.6 0.1 1.1
Winter wheat 2,118 0.2 <0.1 0.8 <0.1 1.1

* Estimates for crops with less than 250,000 acres within a region are not shown. However, acres for these minor crops are included in the calculation

of the regional estimates.
Note: Phosphorus loss is reported here as elemental phosphorus; to convert to phosphate fertilizer equivalent (P,0s), multiply by 2.29.
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The highest per-acre phosphorus loss estimates were
for corn and corn silage in the Southeast and Upper
Midwest regions, and corn and cotton acres in the
South Central region (table 55).

The South Central region had the largest percentage of
annual phosphorus inputs lost from farm fields of all
the regions—24 percent. Phosphorus loss as a percent
of inputs was 12 percent in the Southeast region and
16 percent in the Upper Midwest region.

Southern Great Plains region—The average per-

acre phosphorus loss in the Southern Great Plains re-
gion was 2.4 pounds per acre, equal to the national av-
erage (table 55). However, the principal loss pathway
in the Southern Great Plains region was with wind-
borne sediment. Phosphorus lost with windborne sedi-
ment accounted for 73 percent of the phosphorus loss
in this region. Waterborne sediment accounted for
most of the remaining phosphorus loss. The highest
per-acre phosphorus loss estimates in the region were
for corn and cotton. Overall phosphorus loss in the
Southern Great Plains region represented 22 percent
of the phosphorus inputs, the second highest percent-
age among the seven regions.

Northern Great Plains region—The Northern Great
Plains region had low phosphorus losses from crop-
land fields, averaging only 1.4 pounds per cropland
acre per year (fig. 29, table 55). This region also had
the lowest per-acre loss of nitrogen. Farmer surveys
show that wheat, which is the dominant crop in this
region, often receives the lowest phosphorus appli-
cation rates of any of the major field crops, and more
than half of the wheat acres receive no phosphorus ap-
plication. About equal amounts of phosphorus are lost
with windborne and waterborne sediment, and only
about 11 percent is lost as dissolved phosphorus in
surface water runoff. Total phosphorus loss as a per-
cent of inputs was 14 percent.

West region—The lowest per-acre phosphorus loss
was in the West region, where phosphorus loss from

all pathways averaged about 1 pound per acre, despite
relatively high phosphorus inputs. Only 4 percent of
the phosphorus applied was lost from cropland fields
in the West region, compared to the national average
of 16 percent. About half was lost with waterborne
sediment and most of the rest as dissolved phosphorus
in surface water runoff.

Per-acre phosphorus loss by crop

As shown previously for nitrogen loss, per-acre phos-
phorus loss estimates varied significantly by crop;
however, crops with the highest phosphorus losses
were not the same as those with the highest nitrogen
losses. The crop with the highest per-acre phospho-
rus loss was corn silage (fig. 30), which had the sec-
ond-highest phosphorus application rate, dominated
by manure phosphorus. The average phosphorus loss
for corn silage was 8.5 pounds per acre. Corn had the
next highest average per-acre phosphorus loss at 4.4
pounds per acre, followed closely by cotton and po-
tatoes. Potatoes, which had the highest average phos-
phorus application rate, had an average phosphorus
loss of 3.7 pounds per acre, representing 6 percent of
the phosphorus inputs. Legume hay had the lowest
phosphorus loss, averaging only 0.2 pounds per acre.
Phosphorus losses for barley, grass hay, spring wheat,
and winter wheat were also low, averaging at or about
1 pound per acre per year.

For most comparisons between irrigated crops and
non-irrigated crops, per-acre phosphorus loss esti-
mates were about the same (table 56). Phosphorus
loss for most crops in the West region was markedly
lower than for non-irrigated crops, however. In con-
trast, phosphorus loss estimates for most crops in
the Southern Great Plains region and for corn in the
Northern Great Plains region was markedly higher
for irrigated acres, primarily because phosphorus lost
with windborne sediment was higher on these irrigat-
ed acres. In the Upper Midwest and South Central re-
gions, corn had markedly lower phosphorus loss esti-
mates for irrigated acres than for non-irrigated acres,
primarily because phosphorus lost with waterborne
sediment was lower on irrigated acres. Cotton acres
in the South Central region and sorghum acres in the
Southern Great Plains region also had markedly low-
er phosphorus loss estimates for irrigated acres than
non-irrigated acres.

Tons of phosphorus loss

Total phosphorus loadings are obtained when the
acres of cropland are taken into account. Estimates

of the annual tons of phosphorus for each of the three
principal loss pathways are shown in maps 32 through
34. Each dot on these three maps represents 100 tons
of phosphorus loss from cropland acres to facilitate
comparisons among the pathways. (Note that the ni-
trogen loading maps presently earlier were based on
each dot representing 500 tons.)
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Figure 30 Average annual per-acre estimates of phosphorus loss-by crop
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In terms of loadings, the Upper Midwest region ac-
counted for 43 percent of the total tons of phospho-
rus loss, over twice as much as any of the other six
regions and disproportionately high relative to the per-
centage of acres represented by the region (table 57).
About 37 percent of acres included in the study are in
the Upper Midwest region. This disproportionality is
largely explained, however, by the high proportion of
phosphorus inputs for this region—44 percent.

Phosphorus losses were also disproportionately high
relative to cropland acres in the Northeast region (ta-
ble 57). Cropland acres in the Northeast represented
only 4.6 percent of all cropland acres included in the
study, but phosphorus losses represented 8 percent of
total losses. This is also explained by the dispropor-
tionately high phosphorus inputs—7 percent of total
phosphorus inputs occurred in the Northeast region.

The West region had the lowest phosphorus loadings,
representing only 1 percent of total phosphorus loss-
es. Phosphorus loss in the West region, as well as the
Northern Great Plains region, was disproportionately
low relative to cropland acres (table 57).

Among the 14 crops, corn accounted for the largest
share of total phosphorus loss—48 percent, which is
nearly twice the percentage of corn acres but equal

to the share of phosphorus inputs for corn (table 57).
Phosphorus loss was also disproportionately high for
cotton and corn silage. Soybeans accounted for the
second highest phosphorus loadings—16 percent,
which was disproportionately low relative to acres (ta-
ble 57). Crops associated with the lowest phosphorus
loadings were oats, peanuts, potatoes, rice, and barley,
largely because of the small number of acres for these
crops. Legume hay was also among the crops with the
lowest phosphorus loadings, accounting for only 0.6
percent of the total loadings while representing about
8 percent of the cropland acres.

Effects of soil properties on phosphorus loss

The relationships between phosphorus loss and soil
texture and hydrologic soil group were nearly identi-
cal to relationships observed for nitrogen for each loss
pathway (tables 58 and 59). Organic soils had extreme-
ly high losses, averaging 13.2 pounds per acre per year.
Coarse and moderately course soils had the lowest
losses for waterborne sediment and the highest loss-
es for windborne sediment (table 58). For phosphorus
loss dissolved in surface water runoff, hydrologic soil

groups C and D had the highest losses and hydrolog-
ic soil groups A and B had the lowest losses (after ad-
justing for organic soils). For phosphorus dissolved in
leachate, hydrologic soil group A soils and coarse tex-
tured and organic soils had the highest losses (except
for the very small group of “other texture” soils).

Example of spatial variability of phosphorus loss

As shown previously for sediment and nitrogen losses,
phosphorus losses also vary considerably at the local
level. Figure 31 presents similar results for phosphorus
loss for the two lowa watersheds. Overall, commercial
fertilizer and manure phosphorus inputs were about
the same in both watersheds—about 16 pounds per
acre, of which about a fourth was from manure appli-
cations. Total phosphorus loss was higher in the Lower
lowa watershed (4.4 Ib/a/yr) than in the Floyd water-
shed (2.7 Ib/a/yr).

Variability in phosphorus loss summed over all path-
ways by soil cluster was quite high in the Lower lowa
watershed, ranging from 0.5 to 14.3 pounds per acre.
Variability was less in the Floyd watershed, where to-
tal phosphorus loss ranged from 0.6 to 4.0 pounds per
acre. In the Lower lowa watershed, the highest losses
occurred on soils with few acres—the nine soil clus-
ters with the highest losses (6 Ib/a or more) account-
ed for 29 percent of the total phosphorus loss, but rep-
resented only 14 percent of the cropland acres. In the
Floyd watershed, about 43 percent of the total phos-
phorus loss was associated with the three soil clusters
with the highest loss rates (greater than 3 Ib/a), repre-
senting 30 percent of the acres. Many of the soils with
high phosphorus loss were different from the soils
with high nitrogen loss in both watersheds, primari-

ly because over 80 percent of the phosphorus loss was
with waterborne sediment, whereas significant por-
tions of nitrogen loss was through volatilization and
leaching in these two watersheds.

Effects of tillage practices on phosphorus loss

Tillage practices were shown to have a significant in-
fluence on sediment loss and wind erosion estimates
(tables 24 and 30) and a less pronounced influence on
nitrogen loss estimates (table 41). The effect of tillage
practices was larger for phosphorus loss than for ni-
trogen loss because the predominant loss pathway for
phosphorus was waterborne and windborne sediment.
As discussed earlier in this report (see table 12 and re-
lated discussion), the subset of model runs where all
three tillage systems—conventional tillage, mulch till-
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Table 57 Percentages by region and crop of the total for cropland acres, total phosphorus loss, and total phosphorus inputs
|
Percent of Percent of all
Percent of total total phosphorus phosphorus
cropland acres losses sources
By region
Disproportionately high phosphorus loss relative to acres
Northeast 4.6 8.1 6.9
Upper Midwest 37.7 429 444

Disproportionately low phosphorus loss relative to acres
Northern Great Plains 243 14.3 16.9
West 3.0 1.1 4.4

Phosphorus loss approximately proportional to acres

South Central 15.2 17.9 124
Southeast 4.5 49 6.9
Southern Great Plains 10.8 10.8 8.0
All regions 100.0 100.0 100.0
By crop
Disproportionately high phosphorus loss relative to acres
Corn 26.2 47.5 48.0
Corn silage 1.7 6.1 6.4
Cotton 5.6 924 4.8

Disproportionately low phosphorus loss relative to acres

Soybeans 226 15.8 9.6
Grass hay 4.9 1.9 34
Legume hay 83 0.6 43
Winter wheat 15.1 6.3 103
Spring wheat 6.9 3.2 45

Phosphorus loss approximately proportional to acres

Barley 1.6 0.9 1.9
Oats 1.3 1.1 0.9
Peanuts 0.6 0.6 0.6
Potatoes 0.3 0.5 1.4
Rice 1.2 1.6 0.8
Sorghum 37 44 33
All crops 100.0 100.0 100.0
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Table 58 Sources of phosphorus applied and estimates of phosphorus loss (elemental P)-by soil texture class (average an-
— nual values)
Lost with Lost with Dissolved in

Percent of Commercial waterborne windborne surface water Dissolved Sum of all
Soil texture cropland fertilizer Manure  sediment sediment runoff in leachate losses
class acres (Ib/a) (Ib/a) (Ib/a) (Ib/a) (Ib/a) (Ib/a) (Ib/a)
Coarse 5.1 13.46 5.51 0.40 1.77 0.28 0.14 2.58
Moderately coarse 10.9 12.46 412 0.83 0.64 0.39 0.08 1.94
Medium 514 11.86 3.08 1.79 0.22 0.49 0.04 2.55
Moderately fine 6.0 9.00 1.56 1.77 0.24 0.56 0.04 2.60
Fine 26.2 10.89 2.60 1.39 0.32 0.38 0.03 2.12
Organic 04 15.89 6.37 6.33 0.08 6.66 0.12 13.20
Other 0.0 10.19 6.09 0.24 0.10 0.35 0.42 1.12
All 100 11.60 3.12 1.53 0.37 0.47 0.05 242
Table 59 Sources of phosphorus applied and estimates of phosphorus loss (elemental P)-by hydrologic soil group (average

annual values)

Lost with Lost with Dissolved in
Percent of Commercial waterborne windborne surface water Dissolved Sum of all
Soil hydrologic cropland fertilizer Manure sediment sediment runoff in leachate losses
soil group acres (Ib/a) (Ib/a) (Ib/a) (Ib/a) (Ib/a) (Ib/a) (Ib/a)
A 3.8 12.56 4.87 0.43 1.74 0.43 0.15 242
B 55.5 11.77 3.34 1.31 0.39 0.34 0.04 2.07
C 25.7 12.28 3.04 2.03 0.16 0.63 0.05 2.85
D 15.1 9.55 1.97 1.73 0.30 0.70 0.04 2.66
All 100.0 11.60 3.12 1.53 0.37 0.47 0.05 2.37

* Excluding organic soils.

(June 2006)

189



Model Simulation of Soil Loss, Nutrient Loss, and Change in Soil Organic Carbon

Associated with Crop Production

1111111111111111111111111111111
NN NN bk bk ek ek pd ek ped et © O O O O OO OO OO O
O OO OO VLUVOL OV UVLOLLOLOLITINDDDDOODD OO U1 U gt Ot
MR N OO Uk WO OO0 OO OOJUtWN = O O 0 U &=

I i I 0

[ H ¢

u N i

= ml 9

ml L 8

L i 1]

4

PaysIajem BMO] Iomo']
L a8
91

xhre/qr

'snioydsoyd [eIuawa|d se 313y pallodai si sso| snioydsoyd 910N

a1 193snp [10§

& A& QI Q QA I3 Q
@f, oonmv, PP @S E P A%‘ 0
N
IS
g
v E
K}
9
paysiajem pAO[L
8
d WINIPIAL A1 88TT
v 9sIRO)) ©IS[PYD 7121 g 9SIR0D A[9JRISPOJA  UOSUR{OI(] 801
g oulj A[91eI9poN 1901dg 2121 g 9SIe0d A[9YRIdPOIN Juowrer| 6L0T
q WnIpajA auney 6021 o] auly A[9YeIPO Irepy 8L0T
d WIpaj BUOUOIN L02T d WINIPIAL epI ¥L0T
d WIpajA pAorg Y051 d aury A[oyeIapoiy 010D 0L0T
d WINIPaJAL [LLIST, €081 o] WNIPaJAL Karpury 6901
a  ouy A[P1eIopoly yseqem c0eT1 o] wmnipsiy Blen 890T
0 urq uowrer| 1021 q wmnipsjy KemepoN 2901
o] WIpajA UO)sOWNH 0031 d wmnipaj BUEICE | 9901
o] WNIpajA o[[tadury 8611 d WNIPIJAL urpmp, €901
q WIpa 9SeIIA L6TT d aury A[oyeIspoIy Aqrous 2901
d WIIpaA sumo(q 96TT d wmnipsjA ypoddop 1901
d WnIpajA O[[IAsIUNH 9611 d WNIPIJAL Buwre], 0901
v 9SIB0N) elreds V611 d aury A[oyerapoy pue[op 6901
d  ouly A[PYeIopOIN reysIeN €611 d 9SIeod APJeIdpo]y  uojsedooy 8G0T
q WINIpaA uoAusy G611 d aury A[oyeIapoiy BA[RD L90T
o] WINIPaAL Irepy 1611 o] aury A[oyerapoiy uoNy 9901
g ouy Apjemepoly  Smgsdreys 061T d aury A[9YeIPO ymnssoy| 9901
dq WINIPIA epoge] 68TT d WINIPIAL  USABYITE] ¥901
dnoas ros dnoas [ros 191snP || dnoas [ros dnoas [tos RESTI0 6)
OIS0[0IPAH 9aN)X3], dANevIUSSAIdey [0S OIS0[0IPAH oIM)X3], oAneIuUlIsaIdoy [0
I
Spaysialem Y| oM} ulyum (skemyied ssoj e Jo wns) sajewnss sso| snioydsoyd ul Ayljigeriep L€ 24nbi4

(June 2006)

190



Model Simulation of Soil Loss, Nutrient Loss, and Change in Soil Organic Carbon

Associated with Crop Production

age, and no-till—were present within a URU was used
as the domain for examining the effects of tillage.

For the 208 million acres in the tillage comparison sub-
set, the tillage-effects baseline phosphorus loss (sum
of all loss pathways) averaged 2.6 pounds per acre per
year (table 60), which is nearly the same as the esti-
mate for the full set of NRI sample points included in
the study. Model simulation results showed that phos-
phorus loss summed over all loss pathways would
have averaged 3.0 pounds per acre per year if conven-
tional tillage had been used on all acres, indicating
that the tillage practices currently in use have reduced
phosphorus loss by 13 percent. As shown for sediment
loss, phosphorus loss estimates for mulch tillage were
similar to the tillage-effects baseline. Phosphorus loss
estimates assuming mulch tillage was used on all acres
averaged about 10 percent less than if conventional
tillage had been used on all acres. Simulation of full

implementation of no-till resulted in an average phos-
phorus loss of 2.0 pounds per acre per year, a decrease
of about 0.6 pounds per acre, on average. Full imple-
mentation of no-till would have the greatest effect in
the Northeast region.

The effect of tillage on phosphorus loss estimates var-
ied by crop (table 60). The largest reductions in phos-
phorus loss for full implementation of mulch till-

age compared to the baseline were for barley, spring
wheat, and oats. With full implementation of no-till,
phosphorus loss reductions of more than 1 pound per
acre, on average, would be obtained for sorghum and
corn silage.

The effect of tillage on average phosphorus loss es-
timates for all acres in the tillage-effects domain is
shown in figure 32. For phosphorus dissolved in sur-
face water runoff, no-till losses were actually greater

Figure 32 Effects of tillage practices on phosphorus loss estimates—by loss pathway
|
2.50
@ Tillage baseline
O Conventional
|_| B Mulch
2.00 O No-till —
1.50
5
g
=
1.00
0.50
0.0-
Dissolved in Dissolved in Waterborne Windborne
runoff leachate sediment sediment

Phosphorus loss pathways

Note: Phosphorus loss is reported here as elemental phosphorus.
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Table 60 Effects of tillage practices on estimates of phosphorus loss, sum of all loss pathways (Ib/a/yr)
—
Change relative
Change relative to the to conventional
Phosphorus loss, all pathways tillage-effects baseline tillage

Acresin

tillage

comparison Tillage-

subset effects Conventional Mulch Conventional Mulch Mulch

(1,000s) baseline tillage tillage No-till tillage tillage No-till tillage No-till
By region
Northeast 6,034 7.5 8.3 7.6 53 0.8 0.1 -2.2 -0.7 -3.0
Northern Great 56,551 3.7 4.1 4.0 33 04 0.3 -04 -0.1 -0.8

Plains
South Central 24,879 2.8 3.1 3.1 23 0.3 0.3 -0.5 0.0 -0.8
Southeast 4,442 3.1 3.5 3.2 24 0.4 0.2 -0.7 -0.2 -1.1
Southern Great 17,746 1.6 1.8 13 1.0 0.2 -0.2 -0.6 -0.5 -0.8
Plains

Upper Midwest 96,330 1.6 1.8 1.4 1.0 0.2 -0.2 -0.7 -0.4 -0.8
West 1,661 1.5 1.6 1.4 1.3 0.1 -0.1 -0.3 -0.2 -0.3
By crop
Barley 3,256 1.3 1.4 0.8 0.7 0.1 -0.5 -0.6 -0.7 -0.7
Corn 71,016 4.5 4.9 4.6 35 0.4 0.1 -0.9 -0.3 -1.3
Cornsilage 4,082 9.1 9.5 9.4 7.0 04 0.3 -2.0 -0.1 -2.5
Oats 2,078 2.1 23 1.7 1.5 0.2 -04 -0.6 -0.6 -0.8
Spring wheat 18,074 1.1 1.3 0.6 0.5 0.2 -0.5 -0.6 -0.7 -0.8
Sorghum 7,697 3.2 34 3.1 20 0.3 0.0 -1.2 -0.3 -1.5
Soybeans 62,967 1.7 2.1 1.9 1.1 0.4 0.2 -0.5 -0.2 -0.9
Winter wheat 38,473 1.0 1.1 0.8 0.8 0.1 -0.2 -0.2 -0.3 -0.3
All crops and
regions 207,642 2.6 3.0 2.7 2.0 0.4 0.1 -0.6 -0.3 -1.0

Note: The subset used for this analysis includes only those URU where all three tillage systems were present. The tillage-effects baseline results
represent the mix of tillage systems as reported in the Crop Residue Management Survey for 2000 (CTIC 2001). Tillage-effects baseline results
reported in this table will differ from results reported in table 55 because they represent only about 70 percent of the acres in the full database.
Results presented for each tillage system represent phosphorus loss estimates as if all acres had been modeled using a single tillage system.
Note: Phosphorus loss is reported here as elemental phosphorus; to convert to phosphate fertilizer equivalent (P,05), multiply by 2.29.
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than the other tillage scenarios. This increase in dis-
solved phosphorus loss with no-till is more than offset,
however, by the decreases in waterborne sediment.

Effects of three conservation practices on phos-
phorus loss

In addition to tillage effects, three conservation prac-
tices—contour farming, stripcropping, and terrac-
es—were shown to have a significant influence on
sediment loss and a positive—but more modest—influ-
ence on nitrogen loss estimates (tables 25 and 42). As
shown for tillage practices, these three conservation
practices were much more effective in reducing phos-
phorus loss than in reducing nitrogen loss. For com-
parison to the results for the model runs that includ-
ed conservation practices, an additional set of model
runs were conducted after adjusting model settings
to represent no practices. The difference between the
no-practices scenario and the conservation-practic-
es baseline scenario (consisting of the original model
runs for NRI sample points with conservation practic-
es) is used here to assess the extent to which conser-
vation practices reduced the phosphorus loss esti-
mates (table 13 and related discussion).

For the 31.7 million acres modeled with conservation
practices, phosphorus loss estimates (sum of all loss
pathways) averaged 2.5 pounds per acre per year (ta-
ble 61), which was close to the estimate for the full
set of NRI sample points included in the study. If con-
servation practices had not been accounted for in
the model simulations, phosphorus loss estimates on
these acres would have averaged 3.4 pounds per acre
per year, representing a reduction in phosphorus loss
of about 1 pound per acre. These model simulations
suggest, therefore, that the conservation practices re-
ported by the NRI reduce phosphorus loss by about 28
percent, on average, for acres with one or more of the
three practices.

The bulk of the reductions in phosphorus loss result-
ed from reductions in waterborne sediment in all but
the Southern Great Plains region, where reductions in
windborne sediment were also important. There was
little difference in phosphorus dissolved in surface wa-
ter runoff between the two scenarios. However, phos-
phorus dissolved in leachate was about 0.3 pounds per
acre higher for the conservation-effects baseline sce-
nario than for the no-practices scenario, indicating a
trade-off between sediment and phosphorus reduction

from erosion control practices and a slight increase in
phosphorus leaching.

As observed for nitrogen loss, the largest reductions in
phosphorus loss occurred for contour farming alone
(1.4 Ib/a/yr) and contour farming in combination with
stripcropping (2.7 Ib/a/yr). The most prevalent practice
set—contour farming and terraces—reduced phospho-
rus loss estimates about 1.0 pounds per acre per year.
Terraces only or stripcropping only resulted in the
smallest reductions—Iess than 0.4 pounds per acre per
year on average.

The effects of conservation practices varied consider-
ably by region as shown in table 61. The largest phos-
phorus loss reductions occurred in the Northeast and
Upper Midwest regions, which were also the regions
with the highest sediment loss reductions attributable
to the three conservation practices. Phosphorus loss
reductions for acres with one or more of the three con-
servation practices in these two regions were about
2.0 pounds per acre per year, on average. The largest
reduction in phosphorus loss was for the combination
of contour farming and stripcropping in the Northeast
region, which reduced phosphorus loss by 3 pounds
per acre per year—37 percent.

Assessment of critical acres for phospho-
rus loss

Two of the phosphorus loss pathways are used to iden-
tify critical acres for phosphorus loss:

e phosphorus lost with waterborne sediment

e phosphorus dissolved in surface water runoff

Phosphorus lost with windborne sediment is well rep-
resented by critical acres identified for wind erosion.
Phosphorus dissolved in leachate had levels too low to
be useful as a criterion for identifying critical acres.

Specific regions of the country have been shown in
this study to have a much higher potential for phos-
phorus loss from these two loss pathways than oth-
er areas of the country. Moreover, as shown in maps
29 and 31 and in the example for the two lowa water-
sheds, phosphorus loss estimates often varied con-
siderably within relatively small geographic areas.
Estimates of the average phosphorus loss by region
and by crops within regions mask much of this under-
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lying variability. Tables 62 and 63 demonstrate the ex-
tent of both regional and local variability by presenting
the percentiles for each of the phosphorus loss path-
ways for each region.

For phosphorus lost with waterborne sediment, the
mean of the distribution exceeded the median for all
regions (table 62), indicating that the bulk of the phos-
phorus loss estimates for this pathway is below the
average and that there is a minority of sample points
with very high loss estimates. This disproportionali-

ty was pronounced for 2 regions—the Northeast and
West. In the West region, the mean exceeded the 75th
percentile. In most regions, the 90th percentile loss es-
timate was twice as high as the average loss estimate,
and over three times higher in the Northeast region.

All regions exhibited disproportionality for phos-
phorus dissolved in surface water runoff (table 63),
but overall the disproportinality was less than for
phosphorus lost with waterborne sediment. In the
Southeast region, however, the disproportionality was
strong as indicated by the mean being nearly equal to
the 75th percentile.

Five categories of critical acres for phosphorus lost
with waterborne sediment, representing different de-
grees of severity, are defined on the basis of national
level results.

o acres where phosphorus loss is above the 95th
percentile for all acres included in the study
(5.550 Ib/a/yr)

o acres where phosphorus loss is above the 90th
percentile for all acres included in the study
(3.633 Ib/a/yr)

o acres where phosphorus loss is above the 85th
percentile for all acres included in the study
(2.781 Ib/a/yr)

o acres where phosphorus loss is above the 80th
percentile for all acres included in the study
(2.165 Ib/a/yr)

o acres where phosphorus loss is above the 75th
percentile for all acres included in the study
(1.798 Ib/a/yr)
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Five categories of critical acres for phosphorus dis-
solved in surface water runoff were defined in a simi-
lar manner:

o acres where phosphorus loss is above the 95th
percentile for all acres included in the study
(1.274 Ib/a/yr)

o acres where phosphorus loss is above the 90th
percentile for all acres included in the study
(1.000 Ib/a/yr)

o acres where phosphorus loss is above the 85th
percentile for all acres included in the study
(0.827 Ib/a/yr)

o acres where phosphorus loss is above the 80th
percentile for all acres included in the study
(0.712 Ib/a/yr)

o acres where phosphorus loss is above the 75th
percentile for all acres included in the study
(0.621 Ib/a/yr)

The regional representation of critical acres is shown

in tables 64 and 65 for each of the five categories. Over
90 percent of the acres with per-acre estimates of
phosphorus lost with waterborne sediment in the top
5 percent were in three regions—the Upper Midwest
region (55% of critical acres), South Central region
(18%), and Northeast region (20%). These are the same
three regions with the majority of the critical acres for
sediment loss and for nitrogen lost with waterborne
sediment. For phosphorus dissolved in surface water
runoff, the South Central (50%) and Upper Midwest
(23%) regions had the majority of acres in the top 5
percent. In the Northeast region, half of the cropland
acres were designated as critical acres in the top 25
percent for phosphorus dissolved in surface water run-
off.

These critical acres accounted for the bulk of the
69,967 tons per year of phosphorus dissolved in sur-
face water runoff and the 227,863 tons per year of
phosphorus lost with waterborne sediment. The 95th
percentile category, representing the 5 percent of
acres with the highest per-acre losses, accounted for
24 percent of the total tons of phosphorus dissolved in
surface water runoff and 31 percent of the total tons
of phosphorus lost with waterborne sediment. The 25
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percent of acres with the highest per-acre losses ac-
counted for 61 percent of the total tons of phospho-
rus dissolved in surface water runoff and 71 percent of
the total tons of phosphorus lost with waterborne sedi-
ment. Following is the percentile breakdown:

Percent of total tons of
phosphorus dissolved in

Percent of total tons of
phosphorus lost with

Percentile  surface water runoff waterborne sediment
95th 243 31.2
90th 36.3 45.8
85th 46.0 56.2
80th 54.2 64.2
75th 61.3 70.6
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