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Abstract Transfer of phosphorus (P) from sur-
face-applied manures to runoff is an important
source of pollution, but few studies have closely
monitored P dynamics in manure, soil, and runoff
through time. We monitored manure and soil P
over 14 to 17 months in field experiments in
Texas and Pennsylvania, USA following dairy
and poultry manure surface application. Manure
was applied to porous fabric that enabled discrete
sampling of both manure and underlying soil.
Manure mass consistently decreased while man-
ure total P was essentially constant through time.
Manure water extractable P decreased rapidly for
the first two months, likely due to rainfall leach-
ing, but then maintained stable concentrations
thereafter, with other forms of manure P gradu-
ally transformed to water extractable forms. Soil
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P from the upper 2 cm rapidly increased after
manure application in association with manure
leaching by rain. After 2 to 3 months, soil P
peaked and either remained constant or gradually
declined. Similar trends occurred at 2-5 and 5—
10 cm, but with lesser magnitudes. At 10-15 cm,
soil P changed little over time. In Pennsylvania,
naturally occurring runoff from 0.7-m X 1.3-m
plots without and without manure was also
monitored. Runoff dissolved P concentrations
were greatest for the first event after manure
application and decreased steadily through time,
but remained greater than P concentrations from
control plots, and were always well related to
manure water extractable P. This study reveals
that management practices for water quality
protection must consider the potential for manure
P transformations to contribute dissolved P to
runoff long after manure is applied.

Keywords Animal manure - Field plots -
Phosphorus - Surface runoff - Soil labile
phosphorus

Abbreviations
P phosphorus
WEP; inorganic manure water extractable P

WEP, organic manure water extractable P
TP total manure P

DRP;  dissolved inorganic P in runoff
DRPy dissolved organic P in runoff
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Introduction

Non-point source pollution by P is a water quality
concern because it accelerates eutrophication of
freshwater systems (Carpenter et al. 1998). A
major pathway of P transfer from most agricul-
tural soils is surface runoff. Contributions of P to
runoff from animal manures that have been sur-
face-applied and left unincorporated can over-
whelm contributions from soil and plants,
especially when runoff occurs soon after manure
application (Eghball and Gilley 1999; Kleinman
et al. 2002a, b; Moore et al. 2000).

Numerous studies of varied physical and time
scales have investigated the effect of surface-ap-
plied manures on P in runoff (Table 1). Most
studies used small soil boxes (Kleinman and
Sharpley 2003; Penn et al. 2004; Vadas et al.
2004b) or field plots (Daverede et al. 2004;
DeLaune et al. 2004; Moore et al. 2000), while
fewer studies used larger field plots or whole
fields (Harmel et al. 2004; McDowell and Sharp-
ley 2002; Pierson et al. 2001; Wood et al. 1999).
Soil-box and field-plot studies typically used rain
simulators to produce runoff, while whole-field
studies necessarily relied on natural rain. Most
rain simulation studies conducted only one to
three consecutive experiments spanning a maxi-
mum of several weeks following manure appli-
cation. Few rain simulation studies continued
experiments beyond this time scale (Schroeder
et al. 2004). Because of greater physical and
financial investments and the need to account for
temporal variations in rain and runoff, field-scale
studies were typically conducted over several
years.

Regardless of differences in scale and scope,
manure runoff studies reveal similar trends in P
runoff. Dissolved P concentrations in runoff from
the first rain event after a surface application of
manure are much greater, often by orders of
magnitude, than background P runoff concentra-
tions when plants or soil are the only sources of P.
In these situations, water-extractable P in applied
manures IS an important factor controlling
dissolved P in runoff (DeLaune et al. 2004;
Kleinman et al. 2002a, b). Following the first
events, runoff P concentrations decrease, but
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remain greater than background concentrations.
This decline in runoff P concentrations with time
is attributed to leaching of manure P by rain
(Sharpley and Moyer 2000; Vadas et al. 2004b,
2005a). In contrast, when soil and plants are the
only sources, dissolved P concentrations in runoff
typically remain fairly constant through time
(Edwards et al. 1996b; Heathman et al. 1995).

The changes in runoff P with time after surface
manure application are most likely due to chan-
ges in manure P content and chemical form.
However, few studies have discretely sampled
surface-applied manure to monitor its physical
and chemical transformations, especially as re-
lated to transfer of manure P to soil and runoff
(Tasistro et al. 2004). The objectives of this study
were thus to: (i) establish small field plots where
surface-applied manure and underlying soils
could be discretely sampled through time, (ii)
monitor physical and chemical changes in applied
manure P, underlying soil, and runoff for a year
or more, and (iii) relate manure P properties to P
in runoff from natural rainfall. Data from this
study were also intended to help develop a new
model for manure and P transformations and loss
in runoff following surface applications.

Materials and methods
Site selection and manure application

We established field plots at the USDA-ARS
Grassland, Soil, and Water Research Laboratory
in Riesel, Texas and at the Pennsylvania State
University Russell Larson Research and Educa-
tion Center in Rock Springs, Pennsylvania
(Fig. 1). Riesel is in the heart of the Blackland
Prairie in east-central Texas. Soils are predomi-
nantly Houston Black clays (Fine, smectitic,
thermic, Udic Haplusterts) with strong shrink/
swell potential. The Texas site has long, hot
summers and short, mild winters, with daily high
temperatures from 15°C in January to 35°Cin July
and August. Mean annual rainfall is 890 mm
(Harmel et al. 2003). Spring (average of 290 mm)
and fall (average of 230 mm) are the wettest
periods. Winter and summer average less than
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Consecutive
runoff events

Rain type

Time scale

Physical scale

Manure type

Table 1 continued

Reference

@ Springer

No

Simulated
Simulated
Simulated
Simulated

Natural

7 days after application

1.5 x 6.0-m field plots
1.5 x 6.0-m field plots
1.5 x 6.0-m field plots
1.5 x 9.1-m field plots
2 x 16-m field plots

Poultry Litter

Nichols et al. (1994)

Yes

Upto 15 days after application
Up to 15 days after application

1 days after application
22 months study with

Poultry Litter

Smith et al. (2004a)
Smith et al. (2004b)

Tabbara 2003

Yes

Poultry Litter
Swine Slurry

Cattle Slurry

No

Yes

Withers et al. (2001)

four applications

Whole field studies

Yes

Natural

33 months study with 2 to 5 applications
24 months study with two applications

3 year study with three applications

4 year study with four applications

1.1 and 1.2 ha fields
2.3 and 8.0 ha fields
0.4 ha fields

0.75 ha fields

0.45 ha fields

Poultry litter and manure

Poultry Litter

Edwards et al. (1996b)
Harmel et al. (2004)
Moore et al. (2000)

Yes

Natural

Yes

Natural

Poultry Litter

Yes

Natural

Poultry Litter

Pierson et al. (2001)

Yes

Natural

22 months study with three applications
22 months study with two applications

Poultry Litter

Vervoort et al. (1998)
Wood et al. (1999)

Yes

Natural

33 x 33-m fields

Poultry Litter

200 mm of rain. The Rock Springs site is in central
Pennsylvania on Hagerstown silt loam soils (Fine,
mixed, semiactive, mesic, Typic Hapludalfs). The
Pennsylvania site has four distinct seasons with
hot summers and cold winters. Daily high tem-
peratures range from 1°C in January to 28°C in
July. Mean annual rainfall is 1,000 mm, which is
distributed fairly evenly throughout the year. Both
sites are in areas where surface application of
manure is a routine agricultural practice.

At the Texas site, we laid out 40, 120 x 120 cm
sheets of a porous DuPont® weed control fabric
on both fallow, bare soils and grassed soils in
early September 2003. The sheets were meant to
physically separate surface-applied manure from
underlying soil so that both could be discretely
sampled through time. We applied poultry man-
ure (mixture of poultry manure and wood chip
and sawdust bedding material) uniformly on
sheets by hand at a wet weight rate of 13 Mg ha™.
This rate matched that for nearby field runoff
studies (Harmel et al. 2004) so that data from the
two projects could eventually be compared. We
made a second application of poultry manure
(13 Mg ha™) to 16 remaining Texas sheets in
August 2004 to determine the effects of repeated
annual applications, which is the typical practice
in the region. In Pennsylvania in both the grassed
and bare areas, we laid out 2 porous sheets in
strips that were 120 cm wide and 15 m long in
April 2005 and broadcast either poultry or dairy
manure by a tractor-drawn box spreader. We
applied poultry manure at a wet weight rate of
45 Mg ha™' and dairy manure at a wet weight rate
of 90 Mg ha™'. These rates are greater than typi-
cal agronomic rates for the region, but provided
even, consistent manure coverage along the entire
length of the sheets. We applied dairy manure
one week after poultry manure. At both sites, we
covered manures with a porous Coolaroo® shade
cover fabric. The underlying weed control fabric
was slightly wider than the shade fabric so it could
be rolled over the edge of the shade fabric, with
both fabrics attached to the ground with long
aluminum nails. The fabric prevented manure
from washing away in storms while allowing
rainfall to interact freely with manure and soil.

At the Pennsylvania site directly next to sheets,
we applied poultry and dairy manure at the same
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Fig. 1 Relative locations of field sites in (a) Texas and (b) Pennsylvania, USA

rates directly onto the bare soil or grassed surface,
but without sheets. We then immediately installed
steel-frame runoff boxes that were 0.7 m wide
and 1.3 m long and had covered runoff collection
gutters at the down-hill end. Runoff plot slopes
averaged 5-10%. We installed runoff boxes by
driving them 5 cm into the soil and allowing 5 cm
to extend above the soil. Runoff flowed into
plastic tubes that emptied into 51 plastic con-
tainers installed in holes in front of the boxes. We
intended these runoff areas to represent the same
conditions as those in the manure sheet areas so
that collected runoff would be as similar as pos-
sible to runoff that might be coming from manure
sheet areas. We installed and sampled all runoff
boxes in triplicate and also included three control
runoff boxes in both grassed and bare areas where
no manure had been applied.

Soil, manure, and runoff sampling and analysis

We intended the study to extend for at least a
year, which we estimated to be 15-20, destructive
sampling events. We sampled all manure sheets
and underlying soils in duplicate, typically after
each significant storm. If rain occurred over sev-
eral days, we sampled at the end of the several
days. In Pennsylvania, we at first sampled after
each significant storm. After three months of

sampling, we began sampling monthly so enough
sheets would be available for a full year. In Texas,
original manure sheets were sampled from Sep-
tember 2003 to July 2004, at which point enough
sheets for four samplings remained. We left these
sheets unsampled and re-applied poultry manure
to them in September 2004 at the same rate as the
previous year so that sheets contained manure
from two applications. We then sampled these
remaining sheets until February 2005. In Penn-
sylvania, there was no re-application of manures;
and we sampled original sheets from April 2004
until June 2005.

At each sampling, we collected manure in
sheets and underlying soil samples. In Texas, we
removed the entire individual, pre-cut squares of
manure sheets, and in Pennsylvania we randomly
cut 90-cm sections from the 15-m long sheets. We
weighed manure sheets and collected ~1 kg rep-
resentative samples of manure. Underneath
sheets, we collected 8-10 soil cores and divided
them into depth increments of 0-2, 2-5, 5-10 and
10-15 cm. We bulked corresponding depth sam-
ples to ensure a representative sample from
across the whole area under sampled sheets.

We determined moisture content in fresh, field-
sampled manures by oven-drying subsamples at
80°C. We then ground the oven-dried samples with
a mortar and pestle and analyzed them for total P
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by a semimicro-Kjeldahl procedure (Bremner
1996). We stored remaining field-sampled manures
at 4°C. Within a week of sampling, we analyzed
fresh manure for water extractable P (WEP) by
shaking 5 g of manure with enough deionized wa-
ter to achieve a 200:1 water to dry weight equiva-
lent manure ratio. Vadas and Kleinman (2006)
showed that such an extraction is a reasonable
estimate of total manure WEP. We filtered solu-
tions through 0.45 um filters (Pall Corporation,
Ann Arbor, MI) and analyzed them colorimetri-
cally for P (Murphy and Riley 1962). We also di-
gested filtered solutions with an alkaline persulfate
method and analyzed them for P by colorimetry
(Patton and Kryskalla 2003). We assumed undi-
gested samples represented manure water
extractable inorganic P (WEP;) and the difference
in P between undigested and digested samples
represented water extractable organic P (WEP).

We determined moisture content in soils by
oven-drying subsamples at 80°C. We air-dried
remaining bulk soil samples, ground them to
pass 2 mm, and analyzed them for Mehlich-3
P (0.2 M CH3COOH + 0.25 M NH4NOj; + 0.015
M NH4F + 0.013 M HNO; + 0.001 M EDTA;
Mehlich, 1984), water extractable P (60 min
shaking at a water to air-dried soil ratio of 10:1),
and Fe-oxide strip extractable P (Chardon 2000).

After rainfalls in Pennsylvania, we checked all
runoff containers. If runoff occurred, we weighed
the 51 containers to determine total runoff vol-
ume and collected a representative runoff sample
of at most 250 ml. Total runoff volumes were
frequently less than 250 ml. Within 2 days of
sampling, we filtered subsamples of runoff
through 0.45 pm filters and analyzed them color-
imetrically for P (Murphy and Riley 1962). We
digested both filtered and unfiltered solutions by
the alkaline persulfate method and analyzed the
digests for P. We assumed filtered, undigested
samples represented dissolved reactive inorganic
P (DRPy), the difference in P between filtered,
undigested and filtered, digested samples repre-
sented dissolved reactive organic P (DRPg), and
that the difference between filtered, digested
samples and unfiltered, digested samples repre-
sented particulate P. We determined sediment
concentrations in runoff through evaporation of
unfiltered samples at 80°C.

@ Springer

Statistical analysis

We evaluated differences in manure, soil and
runoff properties related to field management
(bare soil vs. grass) and manure type (dairy vs.
poultry) by Student’s t-test, and assessed differ-
ences related to sampling date by Analysis of
Variance. Because we observed no consistently
significant differences in any manure mass or P
data between bare and grassed plots in Pennsyl-
vania, we conducted statistical analyses of manure
properties on the average of both types of plots
for the Pennsylvania site. Due to great differences
in soil P between grassed and bare soils in Texas,
as discussed later, we conducted the manure and
soil P analysis on Pennsylvania data only. We also
evaluated associations between data by least
squares regression, with differences in regression
slopes assessed by homogeneity of variance test
(Gomez and Gomez 1976). Differences discussed
in the text were significant at « = 0.05. We con-
ducted all analyses with the SAS Version 8 system
(SAS Institute 1999).

Results and discussion
Manure mass and phosphorus

In Texas, we sampled manures and soil at appli-
cation and then 20 times during 18 months; and in
Pennsylvania we sampled 20 times during
14 months (Fig. 2). For Texas bare plots, the mass
of dry matter on manure sheets increased over
time (Fig. 3a) due to underlying soil moving into
sheets. The Texas site soil is a Montmorillonitic
clay with high cation exchange capacity and
shrink—-swell properties, which contributed to soil
migration into sheets. There was no evidence of
soil movement into sheets for either bare plots in
Pennsylvania or grassed plots at either site
(Fig. 3a, b). When manure dry matter mass data,
expressed as a fraction of initially applied manure
mass, were plotted against time after surface
application, consistent trends across manure types
and locations could be effectively described by a
single decay function (Fig. 3c). However, some
differences in relative manure mass were evident
between sites. Manure decomposition was ini-
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tially greater in Pennsylvania than Texas, but was
greater in Texas later in the experiment, likely
due to site climate variability relative to applica-
tion date. Initial manure decomposition in Texas
occurred during the cooler fall and early winter,
but during the hotter spring and early summer in
Pennsylvania. Conversely, later decomposition in
Texas occurred during the hotter spring and
summer, but during the cooler fall and winter in
Pennsylvania.

For Texas bare plots, manure TP concentra-
tions decreased with time due to dilution of the
applied manure with underlying soil that moved
into sheets (Fig. 4a). For Texas grassed plots
(Fig. 4a) and all poultry plots in Pennsylvania
(Fig. 5a), manure TP concentrations through
time did not vary drastically from initial TP
concentrations. This was true even after the new
addition of poultry manure to Texas grassed
sheets in August 2004. Because manure dry
matter decreased with time, relatively constant
TP concentrations show P was being removed
from manure at the same rate as dry matter
decomposition. Total P concentrations in Penn-
sylvania dairy manure consistently declined with
time, showing P was removed from manure faster
than dry matter decomposition (Fig. 5b).

Jun-04

Jul-04

Aug-04
Sep-04
Oct-04

Nov-04
Dec-04
Jan-05
Feb-05

Mar-05
Apr-05

May-05
Jun-05

Date

For all Texas (Fig. 4b) and Pennsylvania
(Fig. 5¢) plots, manure WEP; decreased rapidly
for the first several months, then maintained
steady base concentrations of approximately 10 to
20% of WEP; concentrations in applied manures.
Base WEP; concentrations for Texas bare plots
were less than grassed plots because of dilution by
underlying soil. Texas Manure WEP; concentra-
tions increased when manure was re-applied in
August 2004 (Fig. 4b). Trends in manure WEPg
concentrations were comparable to those in
WEP; (Figs. 4c and 5d), with WEPg accounting
for 4 to 28% of total manure WEP (total
WEP = WEP; + WEP).

Temporal trends in manure dry matter, TP,
WEP;, and WEPq clearly show a gradual trans-
formation of manure P from non-water extract-
able to water-extractable forms. For example, the
mass of TP applied in poultry manure to a 1 m*
area in Pennsylvania was about 100 g. After
14 months, TP mass had decreased to about 40 g,
equating to a removal of 60 g of TP. Given the
physical separation between soil and manure
maintained by sheets, we assume P was removed
from manure primarily by leaching and that rain
primarily leached water extractable forms of
manure P (WEP; and WEPg). Because the

@ Springer



90

Nutr Cycl Agroecosyst (2007) 77:83-99

Fig. 3 Changes in the mass
(g) of material on manure
sheets in (a) Texas and (b)
Pennsylvania, and (c) the
change in mass relative to the
mass of manure applied for
Texas grassed plots and all
Pennsylvania plots

combined amount of WEP; and WEPq applied in
the Pennsylvania poultry manure was only about
15 g, this means that about 45 g of P in the
poultry manure that was originally not water
extractable was transformed over time to water
extractable forms and leached from manure. This
equates to a relative P transformation rate of
0.0013 days'. We determined similar non-WEP
to WEP transformation rates of 0.0014 days™ for
Texas poultry and 0.0016 days™ for Pennsylvania
dairy manure. These calculated rates are likely
less then maximum possible rates due to tem-
pering by cold temperatures or dry conditions.
The consistency of calculated rates suggests the
nature of manure P transformations is similar
across manure types and regions.

The transformation of manure P to water
extractable forms over time has important impli-
cations to manure testing and management.
Because studies have shown manure WEP is a

@ Springer
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dominant factor influencing dissolved P concen-
trations in runoff (Kleinman et al. 2002a, b),
manure WEP data are increasingly being used to
guide management decisions. For example, the
Arkansas P Index for pastures relies heavily on
manure WEP surface-applied to fields to deter-
mine potential P transport in runoff (Delaune
et al. 2004). However, our results show that the
manure non-water extractable P may also be
important in the long-term because it is this P
pool that maintains WEP concentrations after the
initial WEP pool is leached.

A simple manure P and runoff model devel-
oped by Vadas et al. (2004b, 2005) assumes that
the major mechanism of P removal from manure
is leaching by rain. Other models have described
P removal from manure as a decreasing function
of time (Schroeder et al. 2004; Gérard-Marchant
et al. 2005; Hively et al. 2005) that may capture
the general decrease in manure WEP; with time
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Fig. 5 Changes in the concentrations (mg kg™') of (a) poultry manure total P, (b) dairy manure total P, (¢) dairy and
poultry manure WEP;, and (d) manure WEPq for Pennsylvania bare and grassed plots
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(see Figs. 4b and 5c¢) but not the dynamic mech-
anism of rainfall leaching for individual storm
events. Indeed, a decreasing time function as-
sumes that regardless of how much (or little) rain
falls over time, the decrease in manure WEP; is
the same. We plotted the fractional decrease in
manure WEP; (relative to WEP; concentrations
in originally applied manure) as a function of
either cumulative rain (Fig. 6a) or time after
manure application (Fig. 6b) for the Texas and
Pennsylvania poultry sheets. We considered only
the large, initial decreases in manure WEP; that
occurred over the first 60 days after application.
The decrease in manure WEP; as a function of
cumulative rain was the same for both Texas and
Pennsylvania plots, despite different poultry
manures and climates. Conversely, there was an
inconsistent, weaker relationship between the
decrease in manure WEP; and time after manure
application. These data clearly demonstrate that
decreases in manure WEP; over time are con-
trolled by rainfall leaching and should be
described as such if models are to accurately
predict manure P dynamics and dissolved P
concentrations in runoff from manure.

Soil phosphorus

Similar temporal trends in soil P were observed
with all extraction types (water, Fe-oxide strip,
Mehlich-3 P), which were well correlated. The
amount of soil P extracted by Mehlich-3 was
consistently about 1.7 times that extracted by Fe-
oxide strips (#* = 0.92), and Fe-oxide strip P was
consistently about 3.6 times that extracted by
water (r* = 0.87) (data not shown). For simulation
models such as EPIC or SWAT, Fe-oxide strip P
can represent the labile P pool (Vadas et al.
2005b), which is the source of dissolved inorganic
P release from soil to surface runoff. For the sake
of simplicity, we discuss only Fe-oxide strip P data
in detail below, and refer to this P as Fe-strip P.
For the 0-2 cm Texas soils, Fe-strip P initially
averaged 9 mg kg™ (Fig. 7a). In bare plots, Fe-
strip P increased dramatically at the first sampling
to 130 mg kg™, likely representing physical mix-
ing of manure from sheets and soil, as discussed
with manure P data above. Following this peak,
Fe-strip P decreased with time to 40 mg kg™'.
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Fig. 6 The relationship between the fraction decrease in
manure WEP; during the experiments and (a) the
cumulative precipitation (cm) or (b) time (days) for both
Texas grassed plots and Pennsylvania grassed and bare
plots

Iron-strip P peaked again after the second
manure application in August 2004. Figure 4b
shows manure WEP; from Texas bare plots
ranged from 40 mg kg™ to 140 mg kg™' from
January to August 2004. During this time, Fe-
strip P was in the same range, indicating that the
material on manure sheets and in the underlying
2 cm was a similar mix of manure and soil.
Therefore, Fe-strip P data for Texas bare plots
best represent a situation where applied manure
is tilled into the top few cm of soil (or ‘self
incorporates’ due to rain impact or insect action),
soil P increases greatly at first due to the P addi-
tion, and then decreases with time as added P
transforms to less available forms in the soil or
leaches into underlying soil layers (Vadas et al.
2005).

For the 2-5 cm soils of Texas bare plots, Fe-
strip P also began at 9 mg kg™ and increased at
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the first sampling to 30 mg kg™ (Fig. 7b). For the
remainder of the experiment, Fe-strip P fluctu-
ated between 30 mg kg' and 50 mg kg™'. This
narrow fluctuation likely represents the counter-
acting inputs of P leached from the overlying
0-2 cm layer or manure, P sorption within the
2-5 cm layer, and P leaching outputs from the 2—
5 cm layer. Similar Fe-strip P dynamics occurred
in the 5-10 cm layer, but between 10 mg kg™ and
25 mg kg™'. In the 10-15 cm layer, Fe-strip P
changed little during the experiment, showing the
inability of P to leach down through this fine-
textured soil.

For the Texas grassed soils from 0 cm to 2 cm
(Fig. 7a), Fe-strip P also began at 9 mg kg 'and
increased to 20 mg kg™' at the first sampling.
Iron-strip P then fluctuated between 20 mg kg™
and 35 mg kg™!, until it increased again between
50 mg kg' and 75 mg kg™ after the second
manure application. These trends in Fe-strip P
were similar to those in the 2-5 cm depth of the
bare plots (Fig. 7b), and better represented a
situation where applied manure does not physi-
cally mix with soil but incrementally adds P to soil
through leaching of manure P by rain. For the 2-
5 cm and 5-10 cm grassed soils, Fe-strip P began
at 5 mg kg™' and increased into a range of only 10
to 25 mg kg™ over time, which shows that some P
leached from surface manure or overlying soil

layers. As for Texas bare plots, Fe-strip P in the
10-15 cm layer changed little over time.

In Pennsylvania for each sampling time, there
were no consistently significant differences in Fe-
strip P between grassed and bare plots. Therefore,
we combined the data for the two types of plots. In
general, trends in Fe-strip P with time were also
similar for dairy and poultry plots, except that the
magnitude of Fe-strip P was greater in poultry
plots, especially for the 0-2 and 2-5 cm depths
(Fig. 8). This is because there was more P applied
to plots in poultry than in dairy manure, causing
more P to leach into soil under poultry sheets.
However, similarities in Fe-strip P dynamics for
dairy and poultry plots show the fate of P applied
to soil in manures is controlled by the same fun-
damental processes regardless of manure type.

In the 0-2 cm Pennsylvania soils, Fe-strip P
was initially about 40 mg kg™' before manure was
applied, indicating some enrichment of this soil
from past fertilization (Fig. 8a). Within the first
two months after manure application, Fe-strip P
from Ocm to 2cm increased dramatically,
undoubtedly due to substantial P leaching from
manure when manure WEP concentrations were
greatest. After 2 to 3 months, Fe-strip P peaked
at 100 mg kg! in poultry plots and 70 mg kg™ in
dairy plots, and then steadily declined thereafter.
These later trends suggest that, likely due to the
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lesser manure WEP concentrations, P leaching
inputs from manure into soil was less than P
sorption or downward leaching outputs.

Trends in Fe-strip P with time in the 2-5 cm
Pennsylvania soils were similar to those in the 0-
2 cm depth (Fig. 8b). Iron-strip P increased from
an initial average of 20 mg kg™' to 30 mg kg™ to
40 mg kg™' after 3 months. Iron-strip P stayed
relatively constant or declined slightly thereafter.
Iron-strip P concentrations were greater in poul-
try than in dairy plots, but the difference was not
as marked as in the 0-2 cm depth. This suggests
that the 0-2 cm soil layer was able to buffer P
leaching outputs enough that P concentrations in
exiting water were more similar in poultry and
diary plots than P concentrations in entering wa-
ter. For the 5-10 cm depth, Fe-strip P concen-
trations increased slightly during the course of the
experiment, with increases the same for both
poultry and dairy plots (Fig. 8c). This again sug-
gests that overlying soil layers buffered leaching
waters enough that P concentrations entering the
5-10 cm layer in both poultry and diary plots
were the same. In the 10-15 cm layer, Fe-strip P
concentrations changed little during the experi-
ment, showing surface applications of manure will
not greatly affect Fe-strip P in the short term even
at this relatively shallow depth in these types of
soils (Fig. 8d).
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Runoff phosphorus at the Pennsylvania site

Runoff volumes were consistently greater from
bare areas (average of 2,200 ml or 2.9 mm) than
grassed areas (average of 1500 ml or 2.0 mm).
Grassed plot runoff from was often less than
100 ml (0.13 mm; 46% of samples) and often
contained insects and worms that contaminated
runoff with P. This problem did not occur on bare
plots, where only 8% of samples had runoff vol-
umes less than 100 ml. For data analysis, we thus
used runoff P data from grassed plots only when
runoff P concentrations were not substantially
different from P concentrations from bare plots,
which always coincided with winter samples or
samples with greater runoff volumes. For these
data, we averaged P concentrations across all bare
and grassed plots. Given the concern about con-
tamination of runoff from grassed plots, we esti-
mated DRPg and particulate P in runoff from
only bare plots.

Phosphorus concentrations in digested and
undigested runoff samples from bare Pennsylvania
plots were strongly correlated (Digested =
1.07 x undigested, r* = 0.99, data not shown).
Therefore, trends in DRPo concentrations over
time were the same as for DRP; concentrations.
Runoff sediment concentrations (mg 17') were well
related to runoff particulate P concentrations
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(mg I"") (data not shown). The relationship was
different for control plots (Particulate P =
0.31 x Sediment + 1.7, 7* = 0.63) and manure
plots, but was the same for diary and poultry plots
(Particulate P =4.93 x Sediment -095, r* =
0.73). The greater regression slope for manure
plots suggests erosion of manure particles them-
selves or enrichment of eroded soil particles with
manure P.

Observed runoff dissolved P concentrations
do not necessarily reflect those generated from
typical agronomic manure application rates, as
our manure was applied at greater rates. Our
objectives were not to mimic actual agronomic
conditions, but to observe and develop a model
to simulate relative, long-term manure and
runoff P dynamics. Runoff DRP; concentrations
from dairy (12 mgI™") and poultry (25 mgI™)
plots were greatest for the first event after
manure application and decreased steadily
through time (Fig. 9a). The first runoff occurred

Fig. 9 For Pennsylvania
plots, (a) changes in runoff
DRP; concentrations (mg 1)
with time, and (b) the
relationship between runoff
DRP; concentrations (mg 1™!)
and manure WEP;
concentrations (mg kg™")
measured at about the same
time as the runoff samples
were collected

Runoff DRP; (mg L")

Runoff DRP; (mg L)

within a week of application, which represents a
worst-case scenario for manure P loss. On a
relative event basis, runoff DRP; concentrations
from dairy plots averaged only 55% of that
from poultry plots, which is consistent with
research showing runoff P from poultry is
greater than from dairy manure (Kleinman and
Sharpley 2003; Kleinman etal. 2002a, b).
Runoff DRP; concentrations from all plots at
the end of the experiment ranged from 1 mg 1!
to 2mg ™" (Fig. 9a) and were always signifi-
cantly greater than concentrations from control
plots, which were less than 1 mg 1.

Research has shown that manure WEP is a
dominant factor influencing dissolved P concen-
trations in runoff from surface-applied manure,
typically by linear regression between measured
manure WEP; and runoff P for single events
(Kleinman and Sharpley 2003). These studies
have focused on only the first few runoff events
following manure application. In our study,

25.0

* a)
20.0 4 o
O control
15.0 - * poultry
A dairy
A
10.0 1
¢ 2
A
A
50 YY
o A O.Ax X‘ . -
r fanr ¥ é’ a A . §
0.0
- S-Sl G- G~ G- Ve B < S Vo B Yo BT S Vo B Yo
S IIIILILIIIFTITIIIIILIILOCS
<SS " <o zAn KIS
Date
25.0 .
b)
20.0 1 .
y =0.015x
=0.004
15.0 y? x
r"=0.81
A
10.0 A
A
301 ha Mg ¢ poultry
AN, A dairy
0.0 T T T T T
0 1000 2000 3000 4000 5000 6000

Manure WEP,; (mg kg™!)

@ Springer



96

Nutr Cycl Agroecosyst (2007) 77:83-99

repeated sampling of manures and runoff sup-
ports the assessment of runoff P and manure
WEP; relationships, but over much longer peri-
ods. Across our 34 runoff events, runoff DRP;
was strongly related to manure WEP; measured
at the nearest sampling date (Fig. 9b). These
runoff data combined with the manure P data
discussed earlier clearly show that long-term
manure P transformations maintain a manure
WEP; pool that can supply P to runoff for many
months after manure application. Our soils
undoubtedly contributed P to runoff, but they
likely did not maintain observed runoff DRP;
concentrations, even towards the end of the
experiment when manure WEP and runoff P
concentrations declined. For example, average
runoff DRP; concentrations on April 4, 2005, al-
most one year following manure application, were
0.6 mg 1! from dairy plots and 1.2 mg 1™ from
poultry plots. A literature review of Vadas et al.
(2004b) suggests that soil Mehlich-3 P concen-
trations would have to be about 300 mg kg™' for
dairy and 600 mg kg™ for poultry plots to main-
tain these runoff DRP; concentrations. Measured
soil Mehlich-3 P from O cm to 2 cm at this time
was only 83 mg kg™ in dairy and 157 mg kg™' in
poultry plots.

Figure 9b shows that dairy manure maintained
a greater concentration of DRPy in runoff per unit
of manure WEP; than poultry manure, as evi-
denced by significantly different regression
slopes. These findings are consistent with those of
Vadas et al. (2004a, 2005a) describing a WEP;-
based model to predict DRP; concentrations in
runoff from manures. That model predicts storm-
event manure P release with relationships based
on the ratio of rain volume to manure mass. The
relationships are different for poultry and dairy
manure, with dairy manure releasing relatively
greater P for a given ratio of rain to manure mass.
The physical mechanisms controlling relatively
greater P release from dairy manure are unclear.
The differential in turn maintains relatively
greater runoff DRP; concentrations from dairy
manure, although absolute concentrations may be
less from diary manure because manure WEP;
concentrations are typically less than in poultry
manure.
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Summary and conclusions

We conducted 14 to 17 months field experi-
ments in Texas and Pennsylvania to investigate
P dynamics in manure, soil, and runoff follow-
ing surface applications of dairy and poultry
manure. Manure dry matter mass decreased
through time, indicating physical decay is con-
trolled by the same climate and manure prop-
erties regardless of manure type or site location.
Manure TP concentrations were essentially
constant through time, meaning P was removed
from manure at the same rate that manure
decomposed. Manure WEP; decreased rapidly
for the first two months, and then reached
steady base concentrations of 10 to 20% of
WEP; concentrations in applied manures. These
WEP; decreases were clearly controlled by
rainfall leaching and not time per se. Manure
mass and P data show manure P transformed
from non-water extractable to water extractable
forms over time. About 40 to 60% of original
manure non-water extractable P transformed to
water extractable forms, translating to a trans-
formation rate of 0.0013 to 0.0016 days™ that
was consistent across site locations and manure
types. Transformation of manure P to water
extractable forms over time has important
implications for assessing the effects of manures
on P loss in runoff. Future research should
investigate specific inorganic or organic forms of
manure P involved in transformations, perhaps
in an effort to minimize long-term availability
of manure P to loss in runoff.

Soil P rapidly increased in the 0-2 cm depth
after manure application due to leaching of
manure P by rain. Within 2 to 3 months of man-
ure application, surface soil P peaked and either
remained fairly constant or gradually declined
thereafter, showing P leaching from manure into
soil became less than the combination of P sorp-
tion and downward leaching. For the 2-5 cm and
5-10 cm soil layers, we observed similar soil P
trends, but with lesser magnitudes, especially
from 5 cm to 10 cm, showing that some P did
leach from surface manure or overlying soil lay-
ers. Soil P in the 10-15 cm layer changed little
over time. Overall, soil P was most affected by
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manure application at the 0-5 cm depth. Showing
manure application will affect P transfer to runoff
directly through manure P loss and indirectly
through soil P enrichment.

For runoff data, eroded sediment concentra-
tions were well related to particulate P concen-
trations. The relationship was different between
control and manure plots, suggesting P enrich-
ment of eroded soil particles or erosion of manure
itself from manure plots. Runoff DRP; concen-
trations were greatest for the first runoff after
manure application and decreased steadily
through time, but were still greater than DRP;
concentrations from control plots even after
14 months. Runoff DRP; concentrations from
dairy plots were typically less than from poultry
plots. However, dairy manure maintained greater
runoff DRP; concentrations per unit of manure
WEP; than poultry manure. Runoff DRP; con-
centrations were well related to manure WEP;
concentrations throughout the experiment.
Therefore, manure P transformations over time
maintain a manure WEP] pool that supplies run-
off with P many months after manure application.
Soil will also contribute P to runoff, but it is not
likely that the soil maintained the runoff DRP;
concentrations, even towards the end of the
experiment. Therefore, manure management
must consider both short-term and long-term
influences of surface applications on P transfer to
runoff. Given the timely and focused nature of
our soil and manure sampling, our results should
help fill important gaps in understanding and
modeling manure, soil, and runoff P dynamics
after surface applications of animal manures.

References

Bremner JM (1996) Nitrogen-Total. In: Sparks DL (ed)
Methods of soil analysis. Part 3. SSSA, Madison, WI,
USA, pp 1085-1121

Bushee EL, Edwards DR, Moore PA Jr (1998) Quality of
runoff from plots treated with municipal sludge and
horse bedding. Trans ASAE 41:1035-1041

Carpenter SR, Caraco NF, Correll DL, Howarth RW,
Sharpley AN, Smith VH (1998) Nonpoint pollution of
surface waters with phosphorus and nitrogen. Ecol
Appl 8:559-568

Chaubey I, Edwards DR, Daniel TC, Moore PA Jr, Nic-
hols DJ (1994) Effectiveness of vegetative filter strips

in retaining surface-applied swine manure constitu-
ents. Trans ASAE 37:845-850

Chaubey I, Edwards DR, Daniel TC, Moore PA Jr, Nic-
hols DJ (1995) Effectiveness of vegetative filter strips
in controlling losses of surface-applied poultry litter
constituents. Trans ASAE 38:1687-1692

Daverede IC, Kravchenko AN, Hoeft RG, Nafziger ED,
Bullock DG, Warren JJ, Gonzini LC (2004) Phos-
phorus runoff from incorporated and surface-applied
liquid swine manure and phosphorus fertilizer.
J Environ Qual 33:1535-1544

DeLaune PB, Moore PA Jr, Carman DK, Sharpley AN,
Haggard BE, Daniel TC (2004) Evaluation of the
phosphorus source component in the phosphorus in-
dex for pastures. J Environ Qual 33:2192-2200

Ebeling AM, Bundy LG, Powell JM, Andraski TW (2002)
Dairy diet phosphorus effects on phosphorus losses in
runoff from land-applied manure. Soil Sci Soc Am J
66:284-291

Edwards DR, Larson BT, Lim TT (2000) Runoff nutrient
and fecal coliform content from cattle manure appli-
cation to fescue plots. ] Am Water Resour Assoc
36:711-724

Edwards DR, Moore PA Jr, Daniel TC, Srivasta P (1996a)
Poultry litter-treated length effects on quality of
runoff from fescue plots. Trans ASAE 39:105-110

Edwards DR, Daniel TC (1993a) Drying Interval effects
on runoff from fescue plots receiving swine manure.
Trans ASAE 36:1673-1678

Edwards DR, Daniel TC (1993b) Runoff quality impacts
of swine manure applied to fescue plots. Trans ASAE
36:1673-1678

Edwards DR, Daniel TC, Murdoch JF, Moore PA Jr
(1996b) Quality of runoff from four northwest
Arkansas pasture fields treated with organic and
inorganic Fertilizer. Trans ASAE 39:1689-1696

Eghball B, Gilley JE (1999) Phosphorus and nitrogen in
runoff following beef cattle manure or compost
application. J Environ Qual 28:1201-1210

Eghball B, Gilley JE, Kramer LA, Moorman TB (2000)
Narrow grass hedge effects on phosphorus and nitro-
gen in runoff following manure and fertilizer appli-
cation. J Soil Water Conserv 55:172-176

Gérard-Marchant P, Walter MT, Steenhuis TS (2005)
Simple models for phosphorus loss from manure
during rainfall. J Environ Qual 34:872-876

Gessel PD, Hansen NC, Moncrief JF, Schmitt MA (2004)
Rate of fall-applied liquid swine manure: effects on
runoff transport of sediment and phosphorus. J Envi-
ron Qual 33:1839-1844

Gomez KA, Gomez AA (1976) Statistical procedures for
agricultural research, 2nd edn. John Wiley and Sons,
NY

Grande JD, Karthikeyan K G, Miller PS, Powell JM
(2005) Corn residue level and manure application
timing effects on phosphorus losses in runoff. J
Environ Qual 34:1620-1631

Harmel RD, Torbert HA, Haggard BE, Haney R, Dozier
M (2004) Water quality impacts of converting to a
poultry litter fertilization strategy. J Environ Qual
33:2229-2242

@ Springer



98

Nutr Cycl Agroecosyst (2007) 77:83-99

Harmel RD, King KW, Richardson CW, Williams JR
(2003) Long-term precipitation analyses for the central
Texas Blackland Prairie. Trans ASAE 46:1381-1388

Heathman GC, Sharpley AN, Smith SJ, Robinson JS
(1995) Land application of poultry litter and water
quality in Oklahoma, USA. Fert Res 40:165-173

Heathwaite AL, Griffiths P, Parkinson RJ (1998) Nitrogen
and Phosphorus in runoff from grassland with buffer
strips following application of fertilizers and manures.
Soil Use Manage 14:142-148

Hively WD, Gerard-Marchant P, Steenhuis TS (2005)
Distributed hydrological modeling of total dissolved
phosphorus transport in an agricultural landscape,
part II: dissolved phosphorus transport, Hydrol. Earth
Sys Sci Discuss 2:1581-1612

Kleinman PJA, Sharpley AN, Moyer BG, Elwinger GF
(2002) Effect of mineral and manure phosphorus
sources on runoff phosphorus. J Environ Qual
31:2026-2033

Kleinman PJA, Sharpley AN (2003) Effect of broadcast
manure on runoff phosphorus concentrations over
successive rainfall events. J Environ Qual 32:1072-1081

Kleinman PJA, Sharpley AN, Wolf AM, Beegle DB,
Moore PA Jr (2002) Measuring water-extractable
phosphorus in manure as an indicator of phosphorus
in runoff. Soil Sci Soc Am J 66:2009-2015

Kleinman PJA, Sharpley AN, Veith TL, Maguire RO,
Vadas PA (2004) Evaluation of phosphorus transport
in surface runoff from packed soil boxes. J Environ
Qual 33:1413-1423

Lim TT, Edwards DR, Workman SR, Larson BT, Dunn L
(1998) Vegetated filter strip removal of cattle manure
constituents in runoff. Trans ASAE 41:1375-1381

Little JL, Bennett DR, Miller JJ (2005) Nutrient and
sediment losses under simulated rainfall following
manure incorporation by different methods. J Environ
Qual 34:1883-1895

McDowell R, Sharpley AN (2002) Phosphorus transport in
overland flow in response to position of manure
application. J Environ Qual 31:217-227

Misselbrook TH, Pain BF, Stone AC, Schofield D (1995)
Nutrient runoff following application of livestock
wastes to grassland. Environ Poll 88:51-56

Moore PA Jr, Daniel TC, Edwards DR (2000) Reducing
phosphorus runoff and inhibiting ammonia loss from
poultry manure with aluminum sulfate. J Environ
Qual 29:37-49

Mueller DH, Wendt RC, Daniel TC (1984) Phosphorus
losses as affected by tillage and manure application.
Soil Sci Soc Am J 48:901-905

Murphy LJ, Riley JP (1962) A modified single solution
method for determination of phosphate in natural
waters. Anal Chim Acta 27:31-33

Nichols DJ, Daniel TC, Edwards DR (1994) Nutrient
runoff from pasture after incorporation of poultry
litter or inorganic fertilizer. Soil Sci Soc Am J
58:1224-1228

Patton CJ, Kryskalla JR (2003) Methods of analysis by the
US Geological Survey National Water Quality Lab-
oratory: Evaluation of alkaline persulfate digestion as
an alternative to Kjeldahl digestion for the determi-

@ Springer

nation of total and dissolved nitrogen and phosphorus
in water. US Geological Survey, Water Resources
Investigations Report 03-4174. US Geological Survey,
Branch of Information Services, Federal Center,
Denver, CO 33 pp.

Penn CJ, Mullins GL, Zelazny LW, Warren JG, McGrath
JM (2004) Surface runoff losses of phosphorus from
Virginia soils amended with turkey manure using
phytase and high available phosphorus corn diets.
J Environ Qual 331:431-1439

Pierson ST, Cabrera ML, Evanylo GK, Kuykendall HA,
Hoveland CS, McCann MA, West LT (2001) Phos-
phorus and ammonium concentrations in surface
runoff from grasslands fertilized with broiler litter.
J Environ Qual 30:1784-1789

Pote DH, Reed BA, Daniel TC, Nichols DJ, Moore PA Jr,
Edwards DR, Formica S (2001) Water quality effects of
infiltration rate and manure application rates for soils
receiving swine manure. J Soil Water Conserv 56:32-37

SAS Institute (1999) Version 8. SAS, Cary, NC, USA

Sauer TJ, Daniel TC, Nichols DJ, West CP, Moore PA Jr,
Wheeler GL (2000) Runoff water quality from poultry
litter-treated pasture and forest sites. J Environ Qual
29:515-521

Schroeder PD, Radcliffe DE, Cabrera ML (2004) Rainfall
timing and poultry litter application rate effects on
phosphorus loss in surface runoff. J Environ Qual
33:2201-2209

Sharpley AN, Moyer B (2000) Phosphorus forms in man-
ure and compost and their release during simulated
rainfall. J Environ Qual 29:1462-1469

Smith DR, Moore PA Jr, Miles DM, Haggard BE, Daniel
TC (2004a) Decreasing phosphorus runoff losses from
land-applied poultry litter with dietary modifications
and alum addition. J Environ Qual 33:2210-2216

Smith DR, Moore PA Jr, Maxwell CV, Haggard BE,
Daniel TC (2004b) Reducing phosphorus runoff from
swine manure with dietary phytase and aluminum
chloride. J Environ Qual 33:1048-1054

Tabbara H (2003) Phosphorus loss to runoff water twenty-
four hours after application of liquid swine manure or
fertilizer. J Environ Qual 32:1044-1052

Tarkalson DD, Mikkelsen RL (2004) Runoff phosphorus
losses as related to phosphorus source, application
method, and application rate on a piedmont soil.
J Environ Qual 33:1424-1430

Tasistro AS, Cabrera ML, Kissel DE (2004) Water soluble
phosphorus released by poultry litter: effect of
extraction pH and time after application. Nutr Cycl
Agroeco 68:223-234

Torbert HA, Harmel RD, Potter KN, Dozier M (2005)
Evaluation of some phosphorus index criteria in cul-
tivated agriculture in clay soils. J Soil Water Conserv
60:21-29

Vadas PA, Kleinman PJA (2006) Effect of methodology in
estimating and interpreting water-extractable phos-
phorus in animal manures. J Environ Qual 35:1151-
1159

Vadas PA, Haggard BE, Gburek WJ (2005a) Predicting
phosphorus in runoff from manured field plots. J
Environ Qual 34:1347-1353



Nutr Cycl Agroecosyst (2007) 77:83-99

99

Vadas PA, Kleinman PJA, Sharpley AN (2004a) A simple
method to predict soluble dissolved phosphorus in
runoff from surface applied manures. J Environ Qual
33:749-756

Vadas PA, Krogstad T, Sharpley AN (2005b) Modeling
phosphorus transfer between labile and non-labile soil
pools: Updating the EPIC model. Soil Sci Soc Am J
70:736-743

Vadas PA, Meisinger JJ, Sikora LJ, McMurtry JP, Sefton
AE (2004b) Effect of poultry diet on phosphorus in
runoff from soils amended with poultry manure and
compost. J Environ Qual 33:1845-1854

Vervoort RW, Radcliffe DE, Cabrera ML, Latimore M Jr
(1998) Nutrient losses in surface and subsurface flow
from pasture applied poultry litter and composted
poultry litter. Nutr Cycl Agroecosyst 50:287-290

Withers PJA, Clay SD, Breeze VG (2001) Phosphorus
transfer in runoff following application of fertilizer,
manure, and sewage sludge. J Environ Qual 30:180—
188

Wood BH, Wood CW, Hoo KH, Yoon KS, Delaney DP
(1999) Seasonal surface runoff losses of nutrients and
metals from soils fertilized with broiler litter and
commercial fertilizer 28:1210-1218

@ Springer



	Transformations of soil and manure phosphorus after surface application of manure to field plots
	Abstract
	Introduction
	Materials and methods
	Site selection and manure application
	Tab1
	Tab1
	Soil, manure, and runoff sampling and analysis
	Fig1
	Statistical analysis
	Results and discussion
	Manure mass and phosphorus
	Fig2
	Fig3
	Fig4
	Fig5
	Soil phosphorus
	Fig6
	Fig7
	Runoff phosphorus at the Pennsylvania site
	Fig8
	Fig9
	Summary and conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


