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The Chesapeake Bay watershed encompasses all of
the District of Columbia and portions of six states,
including Virginia (Beegle 2013). Economies of many
communities in the region depend on commercial and
recreational fishing and the tourism opportunities the
bay provides. For example, the harvest of blue crabs and
oysters just in the Virginia and Maryland portions of
the bay generate over $144 million in annual sales and
thousands of jobs (National Marine Fisheries Service
2018). However, various pollutants, such as industrial
chemicals, nutrients, and sediment, threaten the plants
and animals native to the region. Forests, followed by
agriculture, are the major land uses, with various types
of farming occurring on approximately 22% of land in
the watershed (Kaufman et al. 2014). Crops raised in
the watershed include but are not limited to hay, corn,
soybeans, and small grains. The principal food animal
operations in the region include dairy, beef, swine, and
poultry (Keisman et al. 2018).

Agriculture is important for providing food and fiber and
for economic support of rural communities. However,
agriculture is also the largest source of nutrients and
sediment entering the Chesapeake Bay, accounting for
an estimated 42% of nitrogen, 55% of phosphorous and
60% of sediment loads (U.S. Environmental Protection
Agency 2021). In collaboration with the U.S. EPA, each
of the six Chesapeake Bay states developed watershed
implementation plans that describe specific methods of
reducing the nitrogen, phosphorous, and sediment loads
from agriculture. Mathematical models employed to
predict the quantity and fate of nutrients generated by
the various land uses are among tools used to determine
success in reducing pollutants entering the bay.
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The livestock and poultry populations used in the
models generally reflect census data that the U.S.
Department of Agriculture’s National Agricultural
Statistics Service collects at the county level every

five years. The NASS cannot disclose information

that would allow a reader to determine information
such as inventory and sales for an individual farm.
Thus, data for some counties within the bay watershed
are oftentimes not reported, which skews the results.
Sources of more accurate production and inventory
data would allow truer representation of commercial
livestock and poultry production in the Chesapeake Bay
watershed and consequently more valid decision support
tools, including models.

Commercial swine farms in Virginia are widely
dispersed among counties both within and outside of
the Chesapeake Bay watershed. The study described
here was designed to characterize animal numbers and
manure nutrient generation for segments of Virginia’s
commercial swine industry and to begin building a
database that can facilitate creating mathematical
models that various groups can use as decision-making
tools. Our focus was on large farms (those with
inventory or sales of 1,000 head or more annually),
including company-owned and operated farms and
contractor farms characteristic of the vertically
integrated swine industry.
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Methods

Swine farm data for Virginia on the statewide and county
levels were extracted from the U.S. Department of
Agriculture Census of Agriculture for 1974, 1978, 1982,
1987, 1992, 1997, 2002, 2007, 2012, and 2017 (USDA),
and the number of farms with sales of hogs and pigs,
and number of animals sold were recorded. The census
is published by the USDA’s NASS. Other data sources
included swine numbers and manure management
records supplied by a local integrator for company-
owned wean-to-finish and grow-finish farms during
2017, 2018, 2019, and 2020. Also used were integrator
production data from 2017 and manure management
records from 2017, 2018, 2019, and 2020 for contract
swine farms with nutrient management plans approved
by the Virginia Department of Conservation and
Recreation, as required by the Virginia Department of
Environmental Quality for Virginia pollution abatement
permits.

Statistical analyses

Where appropriate, data were subjected to repeated
measures analysis of variance using the mixed-models
procedure of SAS Institute Inc. of Cary, North Carolina.
Individual means were compared using the least-square
means option with Tukey adjustments. We declared
statistical significance at P <.05, and trends at P <.10.

Results and Discussion

The number of farms with sales of hogs and pigs and the
number of animals sold for Virginia were first determined
using USDA Census of Agriculture data for 1974, 1978,
1982, 1987, 1992, 1997, 2002, 2007, 2012, and 2017

(fig. 1).
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Figure 1. The number of farms with hogs and pigs and total
number of hogs and pigs sold for Virginia as reported by the
USDA for each Census of Agriculture conducted between
1974 and 2017 (USDA).
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Between 1974 and 2002, the number of Virginia farms
selling hogs and pigs decreased by over 90%. During
this period, however, the total number of hogs and pigs
sold in the commonwealth decreased by only 6.2%.
These numeric changes during the past four decades
are consistent with those occurring in other states
(Montefiore et al. 2022) and reflect expansion of the
vertically integrated swine production model and the
exodus of many independent pork producers from the
industry. Vertically integrated pork production occurs
when a single entity owns or controls more than one step
in the production process, such as a processor owning
production or milling facilities, or both, that supply
farmers raising hogs on contract.

That the number of hogs and pigs sold in Virginia
declined by only 6.2%, despite a dramatic decrease in the
number of farms during this era, reflects growth in the
number of large, concentrated animal feeding operations.
Indeed, between 1974 and 2007, the number of hogs and
pigs sold from farms marketing 1,000 or more animals
annually increased approximately 153%, and that
number, as a percentage of the state total increased from
approximately 43% to over 97% (fig. 2). The decrease

in the total number of hogs and pigs sold between 2007
and 2012 likely reflects the fact that around this time,
many large-scale farrow-to-finish operations in Virginia
were depopulated and subsequently renovated into wean-
to-finish farms. Accordingly, the sale of hogs and pigs
increased from 2012 to 2017.
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Figure 2. The number of hogs and pigs sold from large farms
(inventory or sales annually of 1,000 head or more) and the
number of hogs and pigs sold as a percentage of Virginia’s
total as reported by the USDA for each Census of Agriculture
conducted between 1974 and 2017 (USDA).

Since 2002, the number of farms in Virginia has
increased by 49% (from 834 to 1,244) and sales of

hogs and pigs have decreased by 22% (847,000 to
664,000) (figure 1). These changes are consistent with
the reemergence of small pig farms selling pork into
niche markets focused on consumers desiring meat from
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animals with certain genetics (for example, Berkshire)
that are raised locally using outdoor or other less
intensive production systems (Honeyman et al. 2000).
Regardless, 2017 census data indicates that integrators
and contract growers sold 626,950 hogs and pigs,
representing over 94% of the Virginia total.

When publishing the Census of Agriculture, USDA
NASS does not disclose information that would allow

a reader to determine information such as sales of hogs
and pigs from an individual farm. Thus, data for some
counties and cities are often times not reported. Shown
in figure 3 are the numbers of counties or cities with
undisclosed or unavailable data (hogs and pigs sold)

for each census from 1974 to 2017. It is evident that
with consolidation of the swine industry, the number of
counties both within and outside the Chesapeake Bay
watershed with unreported data has increased. Moreover,
using census data alone does not accurately capture the
number of hogs and pigs produced in individual counties
within the watershed.

—O—-Within Chesapeake Bay Watershed
—&-Outside Chesapeake Bay Watershed

Counties with nondisclosed or unavailable
numbers of hogs and pigs sold
N
o
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Figure 3. The number of unreported or undisclosed hogs
and pigs sold for counties within or outside of Virginia’s
Chesapeake Bay watershed, as reported for each Census of
Agriculture conducted between 1974 and 2017 (USDA).
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Vertically integrated swine
production in Virginia

Virginia Department of Conservation and Recreation
and representatives of the vertically integrated swine
industry supplied data for the company-owned and
contract farms operating in Virginia. For 2017, the types
of farms included boar stud (one farm), farrow-to-wean
(two farms), nursery (six farms), wean-to-finish (16
farms), and grow-finish (32 farms). Sows are artificially
inseminated using semen collected, processed and
shipped from boar studs. Farrow-to-wean farms maintain
a sow herd and at weaning, transport piglets farrowed on
the premises to other farms. Nursery pig farms receive
weaned pigs from farrow-to-wean farms and grow

them for approximately seven weeks until shipping to
grow-finish farms. Grow-finish farms receive pigs from
a nursery farm and feed the animals until achieving
market weights acceptable at slaughter plants. Wean-to-
finish farms receive weaned pigs from farrow-to-wean
farms and feed the animals until reaching slaughter
weights. In Virginia, pigs on these farms were housed
in environmentally-controlled barns and reared in pens
with totally slatted floors. On almost all farms, manure
collected in below-floor pits was removed for treatment
and storage in earthen one- or two-cell lagoon systems.
Contents of the lagoons were periodically sprayed on
adjacent crop or hay fields, supplying nutrients and
water.

For some corporate-owned and operated wean-to-finish
and grow-finish farms, actual production data obtained
for 2016, 2017, 2018, and 2019, is summarized in table
1. These farms each had a capacity of 14,500 head.
Knauer and Hostetler (2013) reported the annual number
of “turns” (the number of times farms were emptied and
restocked) for wean-to-finish and grow-finish farms was
2.1 and 2.7, respectively. Thus, the maximum output

for 14,500-head wean-to-finish farms would be 30,450
and for grow-finish farms, 39,150. Placements and

the number of animals marketed varied significantly
with year for the farms represented in table 1. That the
average number of hogs marketed annually for wean-to-
finish and grow-finish were approximately 20,000 and
17,000, however, indicates that these units operated well
below capacity during this period.

www.ext.vt.edu




Table 1. Effects of farm type (grow-finish or wean-to-finish) and year on production characteristics of Virginia swine farms.

FARM TYPE YEAR

TEMS ?;‘I’;"V] Wgsirs";“ SE | Pvalues | 2016 2017 2018 2019 SE  P-values
Number 4 15 — — — | - -1 -1 -1 -
PIGS

Placed’ 16,130 | 19,982 | 1,042 | <01 |[19,17820| 18,1472 | 22,1460 | 12,572 | 1476 | <01
Marketed? 16,646 | 20,083 | 925 <01 | 17,647 | 17,360 | 19,338 | 19,114 | 1,682 55
BODY WEIGHT, POUNDS

Placed 59.7 17.2 07 <.01 382: | 3690 | 445 | 342 1.9 <.01
Marketed 2850 | 2814 16 04 287.9° | 284.4°0 | 279.4> | 280.6° | 2.4 <01
Gain 2254 | 2642 1.7 <.01 250.0° | 248.0° | 234.9° | 246.4° | 2.3 <.01
Manure

generated, 1639 | 1879 | 835 <.01 1748 | 1775 | 1728 | 1784 | 145 .98
gallons/pig

1 Farm type x Year, P <.01.
2 Farm type x Year, P =.02.

At placement on wean-to-finish farms, pigs
approximately 3 weeks of age averaged 17 pounds each.
Pigs from nursey units (generally about 10 weeks old)
placed on grow-finish farms were significantly heavier,
averaging almost 60 pounds. When marketed, hogs

from grow-finish farms weighed slightly more than

hogs from wean-to-finish units; however, total weight
gain significantly favored the hogs from wean-to-finish
farms. Overall body weights at placement and marketing
varied by year. Staff members monitored farm water
usage, allowing us to estimate manure production per
pig (Brumm 2010). Manure production was significantly
greater for wean-to-finish pigs versus grow-finish pigs
but was similar across years from 2016 to 2020 (table 1).

Large-scale swine farms — those with inventory or
sales of 1,000 head or more annually — in vertically
integrated production systems operated during 2017 in
seven counties (Buckingham, Charles City, Frederick,

Virginia Cooperative Extension

a,b For Year, means in a row with different superscripts differ
(P <.05).
SE = Standard Error (measure of variability in data).

Isle of Wight, and Prince Edward) and one independent
city (Suffolk) within the Chesapeake Bay watershed.
Location of the swine farms within the Chesapeake Bay
watershed was confirmed using the Virginia Department
of Conservation and Recreation’s Hydrologic Unit
Explorer (http://consapps.dcr.virginia.gov/htdocs/
maps/huexplorer.htm). For some counties, such as

Isle of Wight, some but not all swine operations were
within the Chesapeake Bay watershed. There were 10
counties (Brunswick, Charlotte, Dinwiddie, Greensville,
Halifax, Isle of Wight, Pittsylvania, Southampton,
Surry, Sussex) and one independent city lying outside of
the Chesapeake Bay watershed in Virginia with large-
scale, vertically integrated swine farms. Table 2 reveals
that approximately 73% of the large-scale vertically
integrated swine operations in Virginia were outside

the Chesapeake Bay watershed, and these farms sold
approximately 76% of the state’s hogs and pigs.
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Table 2. Large-scale swine farms (integrator-owned and contract) operating during 2017 in Virginia counties and cities lying

within or outside of the Chesapeake Bay watershed.

LOCATED WITHIN CHESAPEAKE
BAY WATERSHED A OTA

Yes No
Counties and cities’ 62 113 —
Farms 15 41 56
Farrow-to-wean 0 2 2
Nursery 4 2 6
Wean-to-finish 0 16 16
Grow-finish 11 21 32
Hogs and pigs sold 178,381 555,597 733,978

1 Number of Virginia counties and cities with large scale (inventory or sales of 1,000 head or more annually) producing pigs

in vertically integrated systems.

2 Buckingham, Charles City, Frederick, Isle of Wight, and Prince Edward counties and the City of Suffolk.
3 Brunswick, Charlotte, Dinwiddie, Greensville, Halifax, Isle of Wight, Pittsylvania, Southampton, Surry, and Sussex

counties, and the city of Virginia Beach.

Virginia and the other Chesapeake Bay states maintain
watershed implementation plans that describe specific
methods of reducing the nitrogen, phosphorous, and
sediment loads from agriculture. Mathematical models
employed to predict the quantities and fate of nutrients
generated by the various land uses determine the success
of the plan’s methods in reducing pollutants entering the
bay. As mentioned previously, sizes of swine populations
used in the models generally reflect census data
collected every five years by the USDA NASS. From

a statewide perspective, 2017 data published by NASS
underestimated swine production in Virginia (fig. 4).
Although the causes of these discrepancies are unknown,
it is evident that the differences between the data sources
were larger for contract growers than for integrators.

B |ndustry Data ® USDA Census

1000 4
900 -
800 -
700 -
600 -
500 -
400 4
300
200
100

P R

il

Total

Hogs and pigs sold, 1,000 head

Integrator Contract grower

Figure 4. Hogs sold in Virginia by integrators and contract
growers and total hogs sold, as reported by industry and the
USDA NASS for 2017.
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Nutrient concentrations in
manure produced on vertically
integrated pig farms in Virginia

Manure samples collected from lagoons on 44 farms
during the years 2017, 2018, 2019, and 2020 were
analyzed for nutrient concentrations at Clemson
University (Clemson, SC) using previously reported
procedures (Peters et al. 2003). Concentrations of total
Kjeldahl nitrogen (TKN), ammonium nitrogen (NH,-N),
organic nitrogen (Org-N), phosphorous pentoxide (P,0,),
potassium oxide (K,0), calcium (Ca), and magnesium
(Mg) were determined. We used an average value for
farms with multiple sample collections and analyses for
the same year.

Table 3 shows nutrient concentrations in samples
collected in 2017, 2018, 2019, and 2020 on wean-to-
finish and grow-finish farms. Because there were only
two farrow-to-wean and two nursery farms with manure
sample analyses, those two types of operations were

not included in this analysis. Across farm type, the
concentrations of Org-N, P,O,, K O and Mg were similar
among years. In contrast, TKN and NH -N increased
from 2017 to 2020. Concentration of Ca increased from
2017 to 2018 and then decreased from 2019 to 2020.
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Table 3. Nutrient concentrations in manure generated on swine farms (inventory or sales of 1,000 head or more) located within
or outside of the Chesapeake Bay watershed in Virginia from 2017 to 2020.

NUTRIENT CONCENTRATION, POUNDS/1000 GALLONS

n TKN NH,-N Org-N PO, K,O Ca Mg
YEAR
2017 44 6.012 4182 1.84 2.07 13.00 1.142 .60
2018 44 6.72° 4.91° 1.84 2.42 13.07 1.56° .88
2019 44 7.23° 5.40° 1.85 1.92 12.65 1.443 A3
2020 44 7.28° 5.29° 2.01 2.19 12.25 1.202 .59
SE — 43 .26 .32 48 40 A7 13
FARM TYPE
Wean-to-finish 16 8.112 5.932 2.202 2.47 13.78 1.512 .81
Grow-finish 28 5.50° 3.96° 1.57° 1.82 11.70 1.16° .59
SE — 75 53 .32 49 1.27 18 14
P-VALUES
Year — <.01 <.01 .93 .75 14 .04 .10
Farm type — <.01 <.01 .05 18 K| .05 12
Year x farm type >05 <.01 .69 .64 .09 .85 97

a,b Within Year or Farm type, means in columns with different superscripts differ (P <.05).
SE = Standard Error (measure of variability in data).

Figure 5 compares average nutrient concentrations

in grow-finish farm manure for the period from 2017 ¥2012-2016 ®=2017-2020
to 2020 with Virginia data previously reported for

the period from 2012 to 2016 (Estienne et al. 2016). 141

Compared with the earlier reported values, NH,-N 12 4

and K, O concentrations increased by 0.5% and 4.0%, 10 |

respectively. In contrast, TKN and P,O, decreased by 8 ]

9.3% and 18%, respectively. Although we report here
that TKN and PO, increased from 2017 to 2020 (table

6 4
3), when values were averaged across years, they were 4
less than the values averaged across the years 2012 to 21 II
2016 (fig. 5) and previously reported by Estienne et al. 0 -
TKN

Concentration,
pounds/1000 gallons

(2016). Smith et al. (2017) also found that over time, NH,-N P,0s5 K0
concentrations of nitrogen in swine manure lagoons

increased, but in contrast to our data, they also reported Figure 5. Concentrations of nutrients in manure from grow-
increases in PZOS and KZO Compared t0 2012 to 2016 finish hOgS for the period from 2017 to 2020 as Compared to
levels, 2017 to 2020 levels were less, when expressed values reported earlier (Estienne et al. 2016) for the period

as pounds of nutrients per pound of body weight gain, from 2012 to 2016.

for TKN (by 35%), NH,-N (by 30%), P,O, (by 24%),

and K O (36%) (fig. 6). These decreases are likely a
consequence of advances in swine genetics and improved
management and nutritional strategies in the pork
industry (Pomar et al. 2021).

Virginia Cooperative Extension
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Figure 6. Nutrients per pound of body weight gain for
grow-finish hogs for the period from 2017 to 2020 as
compared to values reported earlier (Estienne et al. 2016) for
the period from 2012 to 2016.

When comparing farm types, wean-to-finish farms
had significantly greater concentrations of TKN,
NH,-N, Org-N and Ca than grow-finish farms (Table
3). The concentrations of P,0,, K,0, and Mg differed
numerically, but not statistically, between farm types.
DeRouchey et al. (2002) also reported a significant effect
of farm type on manure nutrient concentrations, and
similar to our data, concentrations of TKN, NH,-N, P,O,,
and Mg were numerically greater for wean-to-finish
compared to grow-finish farms. In contrast, Org-N, K O,
and Ca were numerically greater for grow-finish farms
(DeRouchey et al. 2002).

Estimates of total nutrients
produced inside and outside the
Chesapeake Bay watershed

Concentrations of nutrients in manure generated on
wean-to-finish and grow-finish farms located within or
outside of the Chesapeake Bay watershed were similar
(Table 4).

Table 4. Nutrient concentrations in manure generated on wean-to-finish and grow-finish swine farms (inventory or sales of
1,000 head or more) located within or outside of the Chesapeake Bay watershed in Virginia from 2017 to 2020.

NUTRIENT CONCENTRATION, POUNDS/1000 GALLONS

n TKN NH,-N | Org-N P,O, K,0 Ca Mg
YEAR
2017 44 5.822 4.07° 1.78 1.98 12.84 1.112 .57
2018 44 6.452 | 4.672° 1.83 2.46 12.97 1.54°> .88
2019 44 6.872 5.11° 1.79 1.89 12.46 1.402° 71
2020 44 6.97ab 5.12 1.90 2.09 12.17 1.1420 .55
SE — 44 27 .26 48 42 A7 11
LOCATION (WITHIN THE CHESAPEAKE BAY WATERSHED)
Yes 19 6.82 4.99 1.88 2.31 13.53 1.32 .70
No 25 6.23 4.49 1.77 1.90 11.69 1.28 .66
SE — .84 .59 .33 .49 1.22 .18 14
P-VALUES
Year — .03 <.01 .98 .66 19 .03 .05
Location — 48 40 73 40 14 .80 .76
Year x Location — .93 A7 54 .69 .57 .68 .56

a,b For TKN, NH,-N, and Ca, means for various years with different superscripts differ (P < 0.05).
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Using industry-supplied data for pig farm types, size, and

locations (table 2); pig growth and manure production
(table 1); and manure nutrient concentrations (table

3), we were able to estimate the total number of pigs
produced and nutrients generated on wean-to-finish
and grow-finish farms located within and outside of the
Chesapeake Bay watershed. This data (table 5) slightly
underestimates total nutrients generated by the swine
industry because it does not include data from small

independent operations or four nursery operations within
the watershed and two farrow-to-wean and two nurseries

outside the watershed. Nursery and farrow-to-wean

farms, however, produce less manure than do wean-to-
finish and grow-finish farms, so their absence from the
data set probably has little impact.

Within the Virginia Chesapeake Bay watershed, 11
grow-finish farms produced the following total tonnage
of various nutrients: TKN, 44; NH,-N, 32; ORG-N, 13;

P.O

275

15; K0, 94; Ca, 9; and Mg, 5. While these values

are significant, they represent only 14% to 16% of the
state total produced by swine. These grow-finish farms
produced over 98,000 pigs, or approximately 19% of
Virginia’s total. Based on census data (USDA 2017), the
following numbers of hogs and pigs in the Chesapeake
Bay watershed were sold from other states: 4,886,637
from 43 counties in Pennsylvania; 64,614 from 23
counties in Maryland; 56,154 from three counties in
Delaware; 12,594 from 19 counties in New York; and
3,883 from 10 counties in West Virginia. The number
of hogs sold in three states likely are underestimated
because there were four counties with undisclosed data
from Pennsylvania, three from New York, and one from
West Virginia. Thus, in terms of swine production in

the Chesapeake Bay watershed, Virginia is a distant
second in terms of nutrient production, greatly trailing
Pennsylvania but ahead of Maryland, Delaware, New
York, and West Virginia.

Table 5. Estimates of total nutrients produced by wean-to-finish and grow-finish swine outside or within the Chesapeake Bay
watershed in 2017.

STATE

Wean-to-

Grow-

% of state

Wean-

Grow-

OUTSIDE CHESAPEAKE BAY WATERSHED | WITHIN CHESAPEAKE BAY WATERSHED

% of state

ITEMS TOTAL finish finish | o total tofinish | finish | O total
Farms 48 16 21 37 77.1 0 11 11 22.9
Pigs sold 512,806 | 240,074 | 174,717 | 414,791 80.9 0 98,015 | 98,015 19.1
Manure

g:i‘ﬁfounced’ 89.8 45.1 28.6 73.7 82.1 0 16.1 16.1 17.9
gallons

NUTRIENTS, POUNDS

TKN 611,696 | 365,841 | 157,499 | 523,340 85.6 0 88,356 | 88,356 14.4
NH,-N 444517 | 267,502 | 113,399 | 380,901 85.7 0 63,616 | 63,616 14.3
ORG-N 169,422 | 99,241 | 44,959 | 144,200 85.1 0 25,222 | 25,222 14.9
PO, 192,777 | 111,421 | 52,118 | 163,539 84.8 0 20,238 | 29,238 15.2
K,0 1,144,614 | 621,614 | 335,043 | 956,657 83.6 0 187,957 | 187,957 16.4
Ca 119,969 | 68,116 | 33,218 | 101,334 84.5 0 18,635 | 18,635 155
Mg 62,913 | 36,539 | 16,895 | 53,434 84.9 0 9,478 | 9,478 15.1

Virginia Cooperative Extension
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Summary

Commercial swine farms in Virginia are widely
dispersed among counties both within and outside of

the Chesapeake Bay watershed. During the past four
decades, the number of farms in the commonwealth
selling hogs and pigs decreased by over 90%, yet the
total number of hogs and pigs sold in the state decreased
by only 6.2%. That the number of hogs and pigs sold
remained relatively constant despite a dramatic decrease
in the number of farms reflects growth in the number of
large concentrated animal feeding operations. Indeed,
over 94% of hogs and pigs sold are from farms marketing
1,000 or more animals annually. Within the Chesapeake
Bay watershed in 2017, 11 large-scale grow-finish farms
in vertically integrated production systems operated in
seven counties and one independent city. These farms
produced approximately 98,000 slaughter hogs, or 19%
of the state’s total, and the following total tonnage of
various nutrients: TKN, 44; NH,-N, 32; ORG-N, 13;
PO, 15;K,0, 94; Ca, 9; and Mg, 5. While these values
are significant, they represent only 14% to 16% of the
state total. Although we report here the amounts of
nutrients produced on Virginia swine operations we do
not attempt to address the amounts of nutrients actually
entering the waters of the Chesapeake Bay. On any given
farm, manure and agronomic management has a major
influence on loss of nutrients in the bay watershed. This
characterization of animal numbers and manure nutrient
generation for segments of the commercial swine
industry in Virginia can help to begin building a database
to facilitate creating mathematical models that various
groups, such as the Chesapeake Bay Foundation, can use
as decision-making tools.
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