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Kathryn:

Enclosed is the updated CAFO plan for George Marsh, owner/operator of the Marsh Homestead
Inc. dairy farm in Washington County. George asked me to send this plan to you for approval.
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\’ HQ Map A

Assisted By Dean Moberg

USDA-NRCS
T1N, R3w, 833 30 April 2007

Forest Grove USGS Quad 503/648-3174, x113

Key to structures:

: 2nd cell manure: 44,000 sqft.

: 1st cell manure: 21,000 sqft.

: Drystack (roofed)

: Slab: 3,400 sqft.

: Milking cow barn

: Mitking cow barn Image: 2005
: Milking cow barn

: Milking cow barn: 2,800 sqft.
Heifer barn

Concrete slab: 6,000 sqft.

: West half new barn: 2,400 sqft.
East half new barn

: Bunker silo: 2,900 sqft.

: Milkhouse:

Shop

: Residence

: Residence

Legend

HQ buildings

M Drains away
[ Drains to pond
HQ points

B Fuel tanks

7 Reception pit for liquid runoff
== HQ drainage
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T1N, R3W, S20&21
Forest Grove USGS Quad

Legend

HQ

[l Waste pond

[_|Drystack

[l Bunker silo

F= Slab (drains to waste pond)

[IBarn
[l Residence

Marsh Homestead, Inc.
HQ Map - Main Farm

Areas (sq. ft.):

Unpaved lot draining to waste pond.:
Concrete stab draining to waste pond:
Silo draining to waste pond: 2400
Roof draining to waste pond:

Roof not draining to waste pond:
Pond surface (total both cells): 7,000

A

Assisted By Dean Moberg
USDA-NRCS
30 April 2007

Image: 2005
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= Un-named intermittent creek

500 0 500
Feet




0 ' Marsh Homestead, Inc.
u Soils Map - Main Farm A

Assisted By Dean Moberg
T1N, R3W, 820821 USDA-NRCS
Forest Grove USGS Quad 30 April 2007

o _ | :
Hydric soils are present on this farm. mage: 2005

Legend _ Contact NRCS for a certified wetland
DTract.Bound_arles ) determination before beginning any drainage,
MaX"Ul_T;:’:gdrlc Rating filling, dredging, ditch-cleaning or stump
re al ject.
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Hydric soils are present on this farm. Image: 2005
= . Contact NRCS for a certified wetland ’
CJTract Boundaries determination before beginning any drainage,

Map Unit Hydric Rating | fjjing, dredging, ditch-cleaning or stump
WAl Hydric removal project.

B Partially Hydric

[_INot Hydric




Hembre soils are well drained. They have a surface layer
of dark reddish-brown silt loam and a subsoil of dark
reddish-brown, reddish-brown, and yellowish-red silty clay
loam over basalt bedrock. Effective rooting depth is 40 to 50
inches.

Klickitat soils are well drained. They have a surface layer
of dark reddish-brown cobbly loam and a subsoil of
dark-brown and reddish-brown cobbly and very cobbly loam
over basalt bedrock. Effective rooting depth is 40 to 50
inches.

These soils are used for timber production, recreation, and
wildlife habitat. Availability of food, cover, and water
controls movement and number of birds and animals.

Runoff is mainly from areas where the plant cover has
been removed. Sedimentation from runoff is high.
Maintaining maximum cover and using water control
practices on roads and logged areas minimize soil loss.

These soils provide good sites for most recreational uses.
As a result of tﬁe heavy precipitation, these soils are a major
source of water supply. These soils provide good habitat for
game animals and some birds.

Descriptions of the soils

This section describes the soil series and mapping units in
Washington County. Each soil series is described in detail,
and then, briefly, each mapping unit in that series, Unless it is
noted otherwise, what is stated about the soil series holds true
for the mapping units in that series. Thus, to get full
information about any one mapping unit, it is necessary to
read both the description of the mapping unit and the
description of the soil series to which it belongs.

An important part of the description of each soil series is
the soil profile. That is, the sequence of layers from the
surface downward to rock or other underlying material. Each
series contains two descriptions of this profile. The first is
brief and in terms familiar to the layman. The second is much
more detailed and is for those who need to make thorough
and precise studies of soils.

Color terms are for moist soil unless otherwise stated. The
profile described in the series is representative for one of the
mapping units in that series. If the profile of a soil in a given
mapping unit is different from the one described for the
series, these differences are stated in describing the mapping
unit or they are differences that are apparent in the name of
the mapping unit, or both.

As mentioned in the section "How This Survey Was
Made," not all mapping units are members of a soil series.
Udifluvents, nearly level, for example, do not belong to a soil
series, but nevertheless, are listed in alphabetic order along
with the soil series.

Preceding the name of each mapping unit is a number, or
number and letter, which identifies the mapping unit on the
detailed soil map. Listed at the end of each description of a
mapping unit is the capability unit, wildlife group, and
woodland group in which the mapping unit has been placed.
The page for the description of each capability unit and a
listing of the wildlife group and woodland group can be
found by referring to

oded 7[sfo7 yy

the "Guide to Mapping Units" at the back of this survey.

The acreage and proportionate extent of each mapping unit
are shown in table 1. Many of the terms used in describing
soils can be found in the Glossary at the end of this survey,
and more detailed information about the terminology and
methods of soil mapping can be obtained from the Soil
Survey Manual (/1) .

Aloha series (l )

The Aloha series consists of somewhat poorly drained
soils that formed in alluvium or lacustrine silt on broad valley
terraces. Slope is 0 to 3 percent. Elevation is 150 to 200 feet.
Where these soils are not cultivated, the vegetation is mainly
Douglas-fir and some Oregon white oak, shrubs, forbs, and
grasses. Average annual precipitation is 40 to 50 inches,
average annual air temperature is 52° to 54° F, and the
frost-free period is 165 to 210 days.

In a representative profile the surface layer is dark-brown
silt loam about & inches thick. The subsoil is a dark-brown
and dark yellowish-brown, mottled silt loam about 38 inches
thick. The substratum is dark yellowish-brown, mottled silt
loam and very fine sandy loam about 19 inches thick. The
profile is medium acid throughout.

Permeability is moderately slow. Available water capacity
is' 11 to 13 inches. Water-supplying capacity is 18 to 20
inches. Effective rooting depth 1s 40 inches to more than 60
inches.

These soils are used mainly for orchards, irrigated
vegetable crops, irrigated berries, small grain, hay, pasture,
and legume seed production. Other uses include wildlife
habitat, recreation, and homesites.

Representative profile of Aloha silt loam, 0 to 3 percent
slopes, located 200 feet south and 40 feet east of the end of
the county road in the NWI/4SW1/4NW 1/4 section 16, T. |
S,R.2W.

Ap-0 to 8 inches, dark-brown (10YR 3/3) silt loam, pale
brown (10YR 6/3) dry; moderate, fine,
subangular blocky structure; slightly hard,
friable, nonsticky and slightly plastic;
common very fine roots; common, fine,
irregular pores; common fine shot; medium
acid (pH 6.0) ; abrupt, smooth boundary. 6 to
9 inches thick.

B1-8 to 15 inches, dark-brown (10YR 4/3 ) silt loam,
light yellowish-brown (10YR 6/4) dry;
common, medium, faint, dark grayish-brown,
brown, and dark-brown (10‘1”]%l 4/2, 5/3 and
7.5YR  3/2) mottles; moderate, fine,
subangular blocky structure, slightly hard,
friable, slightly sticky and slightly plastic;
common very fine roots; many, fine and very
fine, tubular pores; medium acid (pH 3.8) ;
clear, wavy boundary. 0 to 9 inches thick.

B21-15 to 22 inches, dark yellowish-brown (10YR 4/4)
silt loam, pale brown (10YR 6/3) dry;
common, fine, faint,

' Italic numbers in parcntheses refer to References.



In the original manuscript, there was a table in this space.
All tables have been updated and are available as a separate document.

dark grayish-brown, brown, and dark-brown
(10YR. 472, 5/3 and 7.5YR 3/2) mottles;
moderate, fine, subangular blocky structure;
firm hard, slightly sticky and slightly plastic;
common, very fine roots; many, medium, fine
and very fine, tubular pores; few thin clay
films in pores; few black coatings on peds;
few medium shot; medium acid (pH 5.8) ;
clear, wavy boundary. 5 to 9 inches thick.

B22-22 to 31 inches, dark yellowish-brown (10YR 4/4)

heavy silt loam, pale brown (10YR 6/3) dry;
many, medium, distinct, dark brown,
dark-gray, and dark yellowish-brown (7.5YR
4/2, 10YR 4/1 and 3/4) moist mottles; weak,
medium, subangular blocky structure parting
to moderate, fine, subangular blocky; firm,
hard, slightly sticky and slightly plastic;
slightly brittle; few very fine roots; many very
fine pores and few, fine, tubular pores: few,
thin, dark-colored coatings or cutans on
vertical surfaces of peds and in pores;
common fine shot; medium acid (pH 5.8) ;

adual, wavy boundary. 6 to 13 inches thick.

B3-31 to 46 inches, variegated brown and dark-

Cl1-46 to

brown (I0YR 5/3 and 4/3) silt loam, pale
brown (10YR. 6/3) dry; many, medium and
fine, faint and distinct, dark grayish-brown
and reddish-brown (10YR 4./2, SYR 4/4 )
moist mottles; weak, coarse, subangular
blocky structure, hard, firm, slightly sticky
and slightly plastic; brittle; few fine roots;
many very fine pores and few, fine, tubular
pores; common, medium, black coatings;
common fine shot, common micaceous
fragments; few, thin coatings or cutans on
vertical surfaces of peds; over 60 percent of
the horizon exhibits gray, clean sand and silt
particles in a patchy pattern along surfaces of
peds and in the larger pores; medium acid (pH
6.0) ; gradual, wavy boundary. 0 to 18 inches
thick.

60 inches, dark yellowish-brown (10YR 3/4)
silt loam, pale brown (10YR 6/3) and
yellowish-brown (10YR 5/4) dry; common,
coarse, dark grayish-brown (10YR 4/2)
mottles and streaks; few black coatings;
massive; firm, slightly sticky, slightly plastic;
slightly brittle; few, coarse, tubular pores and
many, fine and very fine, tubular pores;
micaceous; medium acid



(pH 6.0) ; gradual irregular boundary.
12 to 16 inches thick.

C2-60 to 65 inches, dark yellowish-brown (10YR 4/4)
very fine sandy loam, light yellowish-brown (10YR
6/4) dry; massive, slightly hard, friable; nonsticky and
nonplastic; common or many firm nodules; very fine
tubular pores.

The solum ranges from 30 to 60 inches in thickness. Depth to
bedrock more than 60 inches. The A horizon is silt loam or
loam. The B horizon is a silt loam or loam that is 18 to 27
percent clay and less than 15 percent rock fragments coarser than
very fine sand. The lower part of the B horizon ranges from
slightly brittle to strongly brittle. The C horizon is silt loam,
loam, or very fine sandy loam.

1-Aloha silt loam. This nearly level soil is on smooth
terraces. It has the profile described as representative of the
series.

Included with this soil in mapping were areas of Amity,
Cornelius variant, Woodbum, Quatama, and Huberly soils which
make up as much as 10 percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight. Capability
unit [Tw-1; wildlife group 2.

Amity series ( 2

The Amity series consists of somewhat poorly drained soils
that formed in old alluvium on valley terraces. Slope is 0 to 3
percent. Elevation is 150 to 240 feet. Where these soils are not
cultivated, the vegetation is grasses, low shrubs, and scattered
Oregon white oak. Average annual precipitation is 40 to 45
inches, average annual air temperature is 52° to 54° F_, and the
frost-free period is 165 to 210 days.

In a representative profile the surface layer is very dark
brown over very dark grayish-brown silt loam about 12 inches
thick and very dark gray silty clay loam 4 inches thick. The
subsurface layer is dark gray, faintly mottled silty clay loam
about 4 inches thick. The subsoil is dark grayish-brown and
grayish-brown, distinctly mottled silty clay loam about 20
inches thick: The profile is medium acid in the surface and
subsurface layers and slightly acid ,in the subsoil and
substratum.

Permeability is moderately slow. Available water capacity is
9 to 12 inches. Water-supplying capacity is18 to 20 inches. Effecti

These soils are used for irngated vegetable crops, irrigated
strawberries, small grain, grass and legume seed production,
hay, pasture, recreation, and wildlife habitat.

Representative profile of Amity silt loam, located about 150
feet east of the road in SW1/4NE1/4 section 20, T. I N, R. 3
W .

Ap-0 to 6 inches, very dark-brown (10YR 2/2) silt loam,
grayish-brown (10YR 5/2) dry; weak, fine, granular
structure; slightly hard, friable, nonsticky and
nonplastic; many very fine roots; many, very fine,
irregular pores; medium acid (pH 5.6); abrupt,
smooth boundary. 5 to 8 inches thick.

Al12-6 to 12 inches, very dark grayish-brown (10YR
3/2) silt loam, grayish-brown (10YR 5/2)
dry; weak, medium, subangular blocky
structure breaking to moderate, fine and very
fine, subangular blocky; hard, friable,
nonsticky and slightly plastic; many very
fine roots; common, fine and medium,)
tubular pores; medium acid (pH 5.6) ; clear,
smooth boundary. 5 to 10 inches thick.

Al13-12 to 16 inches, very dark gray (10YR 3/1) light
silty clay loam, grayish-brown (10YR 5/2)
dry; moderate, fine and very fine, subangular
blocky structure; hard, friable, slightly sticky
and slightly plastic; many very fine roots;
common, fine, tubular pores; medium acid
(pH 5.8) ; clear, smooth boundary. 0 to 7
inches thick.

A2-16 to 20 inches dark-gray (10YR 4/1) light silty clay
loam, light gray (5YR 7/1) dry; few, faint,
dark-brown (7.5YR 3/2) mottles; weak,
medium and fine, subangular blocky
structure; hard, friable, slightly sticky and
slightly plastic; many fine roots; many, fine
and very fine, tubular pores; medium acid
(pH 5.8) : clear, smooth boundary. 5 to 7
inches thick.

B21t-20 to 28 inches, dark grayish-brown (10YR 4/2)
silty clay loam, pale brown (10YR 6/3) dry;
common, fine and medium, distinct, dark
reddish-brown (5YR 3/3) mottles; moderate,
fine and very fine, subangular blocky
structure; hard, firm, sticky and plastic; few
fine roots; common, fine, tubular pores;
slightly acid (pH 6.4) ; clear, smooth
boundary. 6 to 9 inches thick.

B22t-28 to 33 inches, dark grayish-brown (2.5Y 4/2
silty clay loam, pale brown (10YR 6/3) dry;
common, distinct, dark-brown (7.5YR 3/2)
mottles; moderate, fine, subangular blocky
structure; hard, firm, sticky and plastic; few
fine roots; many, fine, tubular pores;
common, black coatings on peds; thin
continuous clay films on peds and in pores;
slightly acid (pH 6.4) ; clear, smooth
boundary. 4 to 8 inches thick.

B3t-33 to 40 inches, grayish-brown (2.5Y 5/2) silty clay
loam, pale brown (10YR 6/3) dry, many,
medium, distinct, darkbrown (7.5YR 3/2)
mottles; moderate, fine, subangular blocky
structure; hard, firm, sticky and plastic; few
fine roots; common, fine, tubular pores;
many, medium, black coatings on peds and in
pores; few, thin, clay films on peds and in
Eores; slightly acid (pH 6.4) ; abrupt, smooth

oundary. 0 to 10 inches thick.

C-40 to 60 inches, light olive brown (2.5Y 5/4) silt
loam, very pale brown (10YR 7/4) dry; few,
fine, faint mottles; massive;



hard, firm, nonsticky and nonplastic;
common, fine, tubular pores; slightly acid (pH
6.4)

The B2t horizon has weak to moderate structure in the
upper part and is brittle in the lower part. Faint and distinct
mottles of high chroma occur in the upper 10 inches of the Bt
and A2 horizons, and mottles of chroma of 2 or less occur
within 30 inches of the surface.

2-Amity silt loam. This nearly level soil is on smooth
terraces. It has the profile described as representative of the
series.

Included with this soil in mapping were areas of Aloha,
Woodburn, and Dayton soils, which make up as much as 15
percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Capability unit ITw-2; wildlife group 2.

Astoria series

The Astoria series consists of well drained soils that
formed in colluvium or residuum from sedimentary rock on
uplands. Slope is 5 to 60 percent. Elevation is 300 to 2,000
feet. Vegetation is Douglas-fir, western hemlock, vine maple,
red alder, shrubs, and forbs. Average annual precipitation is
80 to 110 inches, average annual air temperature is 48° to 49°
F, and the frost-free period is 145 to 200 days.

In a representative profile the surface layer is dark-brown
silt loam and silty clay loam about 12 inches thick. The upper
part of the subsoil is dark-brown and brown silty clay loam
and silty clay about 30 inches thick. The lower part of the
subsoil is strong brown silty clay about 8 inches thick.
Fractured weathered siltstone is at a depth of 50 inches. The
profile is strongly acid and very strongly acid in the surface
layer and very strongly acid in the subsoil.

Permeability is moderate. Available water capacity is 11 to
15 inches. Water-supplying capacity is 20 to 26 inches.
Effective rooting depth i8 40 to morce than 60 inchcs.

These soils are used mainly for timber. Other uses include
recreation, wildlife habitat, and water supply.

Representative profile of Astoria silt loam, 5 to 30 percent
slopes, located 50 feet south of the road NW1/4SW1/4SE1/4
section 20, T.1S.,R. 6 W.:

O1-1/4  inch to 0, moss, fir needles, twigs, and leaves.

Al11-0 to 5 inches, dark-brown (7.5YR 3/2) silt loam,
brown (7.5YR 4/2) dry; strong, fine, granular
structure; slightly hard, friable, slightly sticky
and slightly plastic; many fine roots; many,
very fine, irregular pores; many fine
concretions; 5 percent fine pebbles; strongly
acid (pH 5.2) ; clear, smooth boundary. 5 to
10 inches thick.

A12-5 to 12 inches, dark-brown (7.5YR 3/2) light silty
clay loam, brown (7.5YR 4/3) dry; moderate,
fine, subangular blocky structure; slightly
hard, friable, slightly sticky and slightly
plastic; many fine roots; many, very fine,
mbular pores; few fine concretions; 5 per-

cent fine pebbles; few, fine, weathered
siltstone fragments; very strongly acid (pH
5.0) ; clear, smooth boundary. 5 to 12 inches
thick.

to 20 inches, dark-brown (2.5YR 3/4) silty
clay loam, brown (7.5YR 5/4) dry; moderate,
fine subangular, blocky structure; hard,
friable, sticky and plastic; many fine roots;
many, very fine, tubular pores; 5 percent fine
weathered siltstone pebbles; very strongly
acid (pH 5.0) ; clear, smooth boundary. 0 to
12 inches thick.

B1-12

B21-20 to 31 inches, brown (7.5YR 4/4) silty clay,
reddish-yellow (7.5YR 6/6) dry; moderate,
fine, subangular blocky structure; hard,
friable, sticky and plastic; common medium
roots; many, very fine, tubular pores; 5
percent fine weathered siltstone pebbles; very
strongly acid (pH 4.8) clear, smooth
boundary. 9 to 13 inches thick.

B22-31 to 42 inches, brown (7.5YR 5/4) silty clay;
moderate, fine subangular blocky structure;
hard, friable, sticky and plasiic; few fine
rooto; many, very fine, tubular porcs;
percent fine weathered siltstone pebbles; very
strongly acid (pH 4.8) ; gradual, smooth
boundary. 11 to 21 inches thick.

B3-42 to 50 inches, strong brown (7.5YR 5/6) silty clay,
weak, fine, subangular blocky structure; hard,
friable, sticky and plastic; few fine roots;
many, very fine, tubular pores; 5 percent fine
weathered siltstone pebbles; very strongly
acid (pH 4.8) ; clear, wavy boundary. 4 to 8
inches thick.

Cr-50 to 60 inches, fractured weathered siltstone.

The A horizon is very dark brown, very dark grayish
brown, or dark brown when moist. Structure is moderate
or strong granular or fine to very fine subangular blocky.
The A horizon is silt loam in the upper part and ranges
to silty clay loam in the lower part. Fine concretions are
commonly present in the A horizon. The B2 horizon
ranges from silty clay to clay. In places a few weathered
sedimentary rock fragments are in the upper part of the
solum, and they increase in abundance with depth.

3E-Astoria silt loam, 5 to 30 percent slopes. This soil is
on ridgetops and side slopes m the Coast Range. The soil has
the profile described as representative of the series.

Included with this soil in mapping were areas of Hembre,
Klickitat, Tolke, and more steeply sloping Astoria soils.
Areas of gravelly or cobbly soils and soils less than 40 inches
deep are included. These included areas make up as much as
20 percent of this mapping unit.

Runoff is medium to rapid, and the hazard of erosion is
moderate to severe. CapabiFity unit Vle; woodland suitability
group 201; wildlife group 4.

3F-Astoria silt loam, 30 to 60 percent slopes. This



are subject to higher precipitation. Included soils make up as
much as 20 percent of this mapping unit.

Runoff is rapid, and the hazard of erosion is severe. This
soil is used mainly for timber, wildlife habitat, and
homesites. Capability unit VIe; woodland suitability group
3wl; wildlife group 3.

Chehalem series

The Chehalem series consists of somewhat poorly drained
soils that formed in deep, fine textured, mixed alluvium on
alluvial fans. Slope is 3 to 12 percent. Elevation is 150 to 300
feet. Where these soils are not cultivated, the vegetation is
grasses, low shrubs, and Oregon white oak. Average annual
precipitation is 40 to 50 inches, average annual air
temperature is 51° to 54° F, and the frost-free period is 165 to
210 days.

In a representative profile the surface layer is very dark
brown silty clay loam about 20 inches thick. The subsoil is
very dark brown, mottled silty clay loam and silty clay about
16 inches thick. The substratum is brown, mottled silty clay
about 14 inches thick. Reaction is medium acid throughout
the profile.

Permeability is slow. Available water capacity is 10 to 11
inches. Water-supplying capacity is 20 to 24 inches.
Effective rooting depth is 40 inches to more than 60 inches.

These soils are used for small grain, hay, irrigated pasture,
irrigated berries, legume seced, recreation, and wildlife
habitat.

Representative profile of Chehalem silty clay loam, 3 to 12
percent slopes, located in NE1/4SE1/4SW1/4 section 19, T.
1S, R.4W.

Ap-0 to 9 inches, very dark brown (10YR 3/2) silty clay
loam, dark gray (I0YR 5/2) dry; moderate,
very fine, subangular blocky structure; hard,
friable, slightly sticky and plastic; many very
fine roots; many, very fine, irregular pores;
slightly acid (pH 6.2) ; abrupt, smooth bound-
ary. 6to 9 incﬂes thick.

15 inches, very dark brown (10YR 2/2) silty

clay loam, grayish brown (10YR 5/2) dry;

moderate, fine and ve?r fine, subangular
blocky structure; hard, firm, slightly sticky
and plastic; many fine roots; many, very fine,
tubular pores; 5 percent weathered siltstone

Eebbles; medium acid (pH 6.0) ; clear, smooth

oundary. 6 to 13 inches thick.

A3-15 to 20 inches, very dark brown (10YR 2/2) silty
clay loam, grayish brown (10YR 5/2) dry;
few, faint mottles; moderate, very fine,
subangular blocky structure; hard, firm, sticky
and plastic; many fine roots; many, fine and
very fine, tubular pores; 5 percent weathered
siltstone pebbles; medium acid (pH 6.0) ;
clear, smooth boundary. 0 to 12 inches thick.

B21-20 to 27 inches, very dark brown (10YR 2/2) silty
clay loam, grayish brown (10YR 5/2) dry;
few, fine, yellowish-brown (10YR 6/6) and
reddish-brown (5YR 5/4) mottles; moderate,
fine, sub-

Al2-9 to

angular blocky structure; hard, firm, sticky
and plastic; few fine roots; many, fine, tubular
pores; few thin clay films and dark-colored
coatings on vertical ped surfaces and in pores;
10 percent weathered siltstone pebbles;
medium acid (pH 5.8) ; clear, smooth
boundary. 7 to 15 inches thick.
B22-27 to 36 inches, very dark brown (10YR 3/2) silty
clay, light brownish gray (10YR 6/2) dry;
many, fine, yellowish-brown (10YR 5/6) and
reddish-brown (3YR 5/4) mottles; weak, fine,
subangular blocky structure; hard, firm, sticky
and plastic; few fine roots; common, fine,
tubular pores; few thin clay films and coatings
on vertical ped faces; 15 percent weathered
siltstone pebbles; medium acid (pH 5.6) ;
clear, smooth boundary. 6 to 15 inches thick.
50 inches, brown (LOYR 4/3) silty clay;
common, fine, yellowish-brown (10YR 5/6)
and gray (10YR 5/1) mottles; massive; hard,
firm, sticky and plastic; 30 percent weathered
siltstone pebbles.
The solum ranges from 30 to 60 inches in thickness. The
A horizon is silt loam, clay loam, or silty clay loam. It has
hwe of 10YR to 7.5YR and moist value of 2 to 3. The B
horizon is silty clay, clay, or silty clay loam and averages 35
to 45 percent clay. It has hue of 10YR or 2.5Y ; moist value
generally is 2 or 3, but it ranges to 4 below a depth of 24
inches. Mottles in the B horizon range from faint to
prominent and are distinet or prominent in the lower part of
the mollic epipedon or below a depth of 20 inches.

C-36 to

8C-Chehalem silty clay loam, 3 to 12 percent slopes.
This gently sloping to moderately steep soil is on alluvial
fans at the mouth of side draws. This soil has the profile
described as representative of the series.

Included with this soil in mapping were areas of Canton,
Melbourne, and Cove soils, which make up as much as 10
percent of this mapping unit.

Runoff is slow to medium, and the hazard of erosion is
slight to moderate. Capability unit ITle-6; wildlife group 1.

Chehalis series (‘ﬂ

The Chehalis series consists of well-drained soils that
formed in recent alluvium on bottom lands: Slope is 0 to 3
percent. Elevation is 150 to 300 feet. Where these soils are
not cultivated, the vegetation is ash, cottonwood, and willow.
Average annual precipitation is 40 to 45 inches, average
annual air temperature is 52° to 54° F, and the frost-free
period is 165 to 210 days.

In a representative profile the surface layer is very dark
grayish-brown and dark-brown silty clay loam about 16
inches thick. The subsoil is dark-brown silty clay loam about
29 inches thick. The substratum is dark yellowish-brown silt
loam about 15 inches thick. The profile is slightly acid in the
surface layer and medium acid in the subsoil and substratum.

Permeability is moderate. Available water capacity is 11 to
13 inches. Water-supplying capacity is 20 to



26 inches. Effective rooting depth is more than 60 inches.

These soils are used for irrigated vegetable crops,
orchards, small grain, irrigated berries, urigated hay,
irrigated pasture, wildlife habitat, and recreation.

Representative profile of Chehalis silty clay loam, located
southeast of bridge over the Tualatin River in the
SWIMSEI/4NE1/4 section 9, R. 1 S., R. 3 W.:

Ap-0 to 8 inches, very dark grayish-brown (10YR 3/2)
silty clay loam, brown (10YR 5/3) dry;
moderate, fine, subangular blocky structure;
slightly hard, friable, slightly sticky and
plastic; many fine roots; many, very fine,
tubular Eorcs; slightly acid (pH 6.2) ; abrupt,
smooth boundary. 4 to 10 inches thick.

A12-8 to 16 inches, dark-brown (10YR 3/3) silty clay
loam, brown (10YR 5/3 ) dry; weak, fine,
subangular blocky structure; slightly hard,
friable, slightly sticky and plastic; many fine
roots; many, very fine, tubular pores; slightly
acid (pH 6.2) ; clear, smooth boundary. 2 to
10 inches thick.

B21-16 to 38 inches, dark-brown (10YR 3/3) silty clay
loam, brown (10YR 5/3) dry; moderate, fine,
subangular blocky structure; slightly hard.
firm, sticky and plastic; moderate fine roots;
common, fine, tubular porcs; mediun avid
(pH 6.0) ; clear, smooth boundary. 10 to 22
inches thick.

B22-38 to 45 inches, dark-brown (10YR 3/3) silty clay
loam, brown (10YR 5/3) dry; moderate,
medium, subangular blocky structure; slightly
hard, firm, sticky and plastic; few fine roots;
common, fine, tubular pores; medium acid
(pH 6.0) ; clear, smooth boundary. 7 to 30
inches thick.

C-45 1o 60 inches, dark yellowish-brown (10YR 3/4)
silt loam, brown (10YR 5/3) dry; massive;
hard, firm, slightly sticky and slightly plastic:
few, very fine and fine roots; few, very fine,
tubular pores; medium acid (pH 6.0) .

The A horizon has moist colors of very dark grayish
brown or dark brown to a depth of 20 inches or more. The
dry colors are brown, grayish brown, or dark grayish brown.
Texture is silt loam to silty clay loam. Texture of the B
horizon is silty clay loam, but thin, stratified layers of silt
loam occur in places. In some places silt loam horizons are at
a depth of more than 40 inches.

9-Chehalis silty clay leam, occasional overflow. This
ncarle level soil is on smooth flood plains. This soil has the
profile described as representative of the series.

Included with this seil in mapping were areas of Chehalis
silt loam, McBee soils, and Wapato soils, which make up as
much as 15 percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight. The
hazard of streambank erosion is severe (fig. 4). Capability
unit 1lw-3; wildlife group 1.

10-Chehalis silt loam, occasional overflow. This

nearly level soil is on smooth flood plains, It has a profile
similar to the one described as representative of the series,
but it has a silt loam surface layer and a heavy silt loam
subsoil.

Included with this soil in mapping were areas of Chehalis
silty clay loam, McBee soils, and Wapato soils, which make
up as much as 15 percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight. The
hazard of streambank erosion is severe. Capability unit
[Tw-3; wildlife group 1.

Cornelius series

The Cornelius series consists of moderately well drained
soils that formed in loesslike material over fine-silty, old
alluvium of mixed origin on uplands. Slope is 2 to 60
percent. Elevation is 350 to 800 feet. Where these soils are
riot cultivated, vegetation is Douglas-fir, bigleaf maple,
shrubs, and grasses. Average annual precipitation is 40 to 60
inches. Average annual air temperature is 52° to 54° F, and
the frost-free period is 165 to 210 days.

In a representative profile the surface layer is dark-brown
silt loam about 6 inches thick. The upper part of the subsoil is
brown silt loam about 32 inches thick, and the lower part is a
Liuwi, twottled silt loamn Nuglpan about 2u ihches thick. |he
profile is medium acid in the surface layer, medium to
strongly acid in the upper part of the subsoil, and strongly
acid mn the fragipan.

Permeability is slow. Available water capacity is 8 to 10
inches. Watcr—&:;i)plying capacity is 18 to 20 inches.
Effective rooting depth is 30 to 40 inches.

These soils are used for irrigated berries, irrigated
vegetable crops, orchards, small grain, legume and grass
seed, irrigated hay, irrigated pasture, timber, recreation, and
wildlife habitat.

Representative profile of Cornelius silt loam in an area of
Cornelius and Kinton silt lnams, ? to 7 percent slopes,
located about 2,000 feet east and 300 feet south of
Midway-Vandeschuere Road  junction in the
NWI/4NE1/4SE1/4 section 17, T.2S.,R.2 W.:

Ap-0 to 6 inches, dark-brown (10YR 3/3) silt loam,
grayish brown (I0YR 5/2) dry; moderate,
fine, subangular blocky structure; slightly
hard, friable, slightly sticky and slightly
plastic; common, fine, and few, medium
roots; many, very fine, tubular pores; many
fine concretions; medium acid (pH 5.6) ;
abrupt, smooth boundary. 5 to 6 inches thick.
11 inches, brown (10YR 4/3) silt loam,, pale
brown (10YR 6/3) dry; moderate, fine,
subangular blocky structure; hard, firm,
slightly sticky and plastic; common fine roots
and few medium roots; many, very fine,
tubular pores; thin silt coatings on some peds;
2 percent fine hard concretions; medium acid
(pH 5.9 ) ; clear, smooth boundary. 4 to 6
inches thick.

B12-11 to 17 inches, brown (10YR 4/3) silt loam, light
yellowish brown (10YR 6/4) dry; moderate,
fine and medium, suban-

Bl11-6 to



slightly hard, friable, slightly sticky and
slightly plastic; common black manganese
stains on peds; common, fine reddish-brown
(5YR 4/4) mottles; few very fine roots; many,
very fine, tubular pores; medium acid (pH
6.0); clear, smooth boundary. 6 to 13 inches
thick.

B21t-23 to 32 inches, brown (10YR 4/3) silty clay loam,
pale brown (10YR 6/3) dry; many, thick,
grayish-brown (10YR 5/2) coatings on peds;
weak, medium, subangular blocky structure;
hard, firm, slightly brittle, sticky and plastic;
many, fine and medium, distinct, dark
reddishbrown (5YR 3/4) and dark-brown
(7.5YR 4/4) mottles; few fine roots; many,
very fine, tubular pores; common clay films
on pores and few on peds; common black
manganese stains in peds; slightly acid (pH
6.2) ; clear, smooth boundary. 8 to 15 inclrl)es
thick.

B22t-32 to 39 inches, brown (10YR 4/3) light silty clay
loam, pale brown (10YR 6/3) dry; many,
thick. grayish-brown (10YR 5/2) coatings on

eds; many, fine and medium, distinet, light
Erownish-gray (10YR 6/2) and dark-brown
(7.5YR  4/4) mottles; weak, coarse,
subangular blocky structure; hard, very firm,
brittle, sticky and plastic; common, moder-
ately thick clay films in pores and on peds;
very few fine roots; many, very fine, and fine,
tubular pores: slightly acid (pH 6.4) ; clear,
smooth boundary. 5 to 10 inches thick.

Cl1x-39 to 50 inches, brown (10YR 4/3) light silty clay
loam; grayish-brown (10YR 5/2) coatings;
many, fine and medium, distinct, light
brownish-gray (10YR 6/2) and dark-brown
(7.5YR 4/4) mottles; massive; very firm,
brittle, slightly sticky and plastic; very few
fine roots ; many, very fine, tubular pores;
many, thick, continuous clay films in pores
and on fractures; slightly acid (pH 6.4) ; clear,
smooth boundary. 10 to 20 inches thick.

C2x-50 to 60 inches, brown (10YR 4/3) light silty clay
loam; grayish-brown (10YR 5/2) coatings;
many, fine and medium, distinct, light
brownish-gray (10YR 6/2) and dark-brown
(7.5YR 4/4) mottles; massive; very firm,
brittle, slightly sticky and plastic; many, very
fine, irregular pores; common medium clay
films in pores and on fractures; slightly acid
(pH 6.4).

The solum ranges from 30 to 50 inches in thickness. Depth
to bedrock is more than 60 inches. The A horizon is a silt
loam with 0 to 5 percent fine hard concretions. The B
horizon is a silty clay loam or silt loam. Depth to a weak
fragipan is 30 to 40 inches.

12A-Cornelius Variant silt loam, 0 to 3 percent slopes.
This nearly level soil is on smooth terraces. It has the profile
described as representative of the series.

Included with this soil in mapping were areas of Aloha,
Cornelius, Helvetia, and more steeply sloping Cornelius
Variant soils, which make up as mucli as 10 percent of this
mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Capability unit ITIw-1; wildlife group 2.

12B-Cornelius Variant silt loam, 3 to 7 percent slopes.
This gently sloping soil is on smooth terraces.

Included with this soil in mapping were areas of Aloha,
Cornelius, Helvetia, and other Comelius Variant soils, which
make up as much as 10 percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Capability unit IlIw-1; wildlife group 2.

12C-Cornelius Variant silt loam, 7 to 12 percent
slopes. This moderately sloping soil is on smooth terraces.

Included with this soil in mapping were areas of Aloha,
Comelius, Helvetia, and less steeply sloping Cornelius
Variant soils, which make up as much as 10 percent of this
mapping unit.

unoff is medium, and the hazard of erosion is moderate.

Capability unit ITe-4; wildlife group 2.

Cove series Qb

The Cove sefies consists of poorly drained soils that
formed in recent clayey alluvium on flood plains (fig. 5) .
Slope is 0 to 2 percent. Elevation is 150 to 300 feet. Where
these soils are not cultivated, the vegetation is mainly ash and
willow, with some sedges, cattails, and grasses. Average
annual precipitation is 40 to €0 inches, average annual air
temperature 1s 52° to 54° F, and the frost-free period is 165 to
210 days.

In a representative profile the surface layer is very dark
gray, mottled silty clay loam about 8 inches thick. The
subsoil is very dark gray, gleyed and mottled clay about 32
inches thick. The substratum is very dark gray clay that
extends to a depth of 60 inches or more. The soil reaction is
medium acid in the surface layer to slightly acid in the
subsoil.

Permeability is very slow. Available water capacity is 4 to
4.5 inches. Water-supplying capacity is 20 to 26 inches.
Effective rooting depth is less than 20 inches because of the
seasonally high water table.

These soils are used for pasture and wildlife habitat.

Representative profile of Cove silty clay loam, 0 to 2
percent slopes, located 200 feet north of road,
NE1/4SW1/4SW1/4 section 19, T. 1 S, R. 2 S.:

Ap-0 to 8 inches, very dark-gray (10YR 3/1) silty clay
loam, dark gray (IOYR 4/1) dry; few, fine,
yellowish-brown and red mottles; moderate,
fine, subangular blocky structure; hard, firm,
sticky and plastic; many fine roots; common,
fine, tubular pores; medium acid (pH 6.0 ) ;
abrupt, smooth boundary. 7 to 16 inches
thick.

B21g-8 to 18 inches, very dark gray ( N 3/) clay, dark
gray (N 4/ ) dry; many, fine, dark
yellowish-brown and dark reddish-brown
mottles; moderate, coarse, prismatic structure;
very hard, very firm, very sticky and very
plastic;



Figure 5.-An area of Cove silty clay loam, 0 to 2 percent slopes, (in the foreground) surrounded by Quatama loam and Aloha silt loam soils (in the
background). Cove soils typically are in long, narrow areas along drainageways.

few fine roots; common, fine, tubular pores;
few slickensides on some peds; slightly acid
(pH 6.2) ; clear, smooth boundary. 8 to 12
inches thick.

B22g-18 to 40 inches, very dark-gray (N 3/) clay, gray
(N 5/) dry; weak, coarsc, prismatic stiucluie,
very hard, very firm, very sticky and very
plastic; common, fine, tubular pores: few
slickensides on some peds; few, fine, dark
yellowish-brown mottles; slightly acid (pH
(1._2}1(; clear, smooth boundary. 15 to 26 inclEcs
thick.

Cg-40 to 60 inches, very dark gray (N 3/) clay, gray (N
5/ ) dry; massive; very hard, very firm, very
sticky and very plastic; common, fine, tubular
pores; few slickensides on some peds; few,
fine, dark yellowish-brown mottles; slightly
acid (pH 6.2).

The solum ranges from 35 to 45 inches in thickness.
Texture of the A horizon is silty clay loam, silty clay, or clay.
Mottles are distinct or prominent within a depth of 20 inches.
A few fine rock fragments occur in places.

13-Cove silty clay loam. This nearly level soil is on flood
plains. It occurs in slightly concave areas along large and
small streams. The soil has the profile described as
representative of the series.

Included with this soil in mapping were areas of Cove
clay, Labish soils, and clayey soils that have peat below a
depth of 30 inches. Included areas make up less than 10
percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Capability unit IVw-1; wildlife group I,

14-Cove clay. This nearly level soil is on flood plains. It
occurs in slightly concave arcas along large and small
streams. It has a profile similar to the one described as
tepresentative of the serles, but it has a clay surtace texture.

Included with this soil in mapping were areas of Labish
soils and Cove silty clay loams, which make up as much as
10 percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Capability unit TVw-1; wildlife group 1.

Dayton series

The Dayton series consists of poorly drained soils that
formed in old alluvium on old terraces. Slope is 0 to 3
percent. Elevation is 150 to 400 feet. Where these soils are
not cultivated, the vegetation is grasses, sedges, low shrubs,
and scattered ash frees. Average annual precipitation is 40 to
50 inches, average annual air temperature is 50° to 54° F, and
the frost-free period is 165 to 210 days.

In a representative profile the surface layer is dark
grayish-brown and dark gray silt loam about 10 inches thick.
The subsurface layer is gray silt loam 6 inches thick. The
subsoil is dark-gray and olive-gray, mottled clay and silty clay
about 23 inches thick. The substratum is tgraylsh-brown silty
clay loam about 11 inches thick. The profile is medium acid
in the swface layer und subsoil and slightly acid in the
substratum.

Permeability is very slow. Available water capacity



able to firm and is brittle. The C horizon is silty clay or clay

with 3 to 25 percent fine, weathered igneous rock fragments.
28B-Laurelwood silt loam, 3 to 7 percent slopes.

This gently sloping soil is on long, convex side slopes on

uplands. It has the profile described as representative of the

series.

Included with this soil in mapping were areas of Kinton,
Helvetia, Saum, Melbourne, and Jory soils, which make up
as much as 15 percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Capability unit Ile-3; woodland suitability group 202;
wildlife group 3.

28C-Laurelwood silt loam, 7 to 12 percent slopes.

This moderately sloping soil is on uplands.

Included with this soil in mapping were areas of Kinton,
Helvetia, Saum, Melbourne, and Jory soils, which make up
as much as 15 percent of this mapping unit,

Runoff is medium, and the hazard of erosion is moderate.
Capability unit Ile-3; woodland suitability group 202;
wildlife group 3.

28D-Laurelwood silt loam, 12 to 20 percent slopes.
This moderately steep soil is on uplands.

Included with this soil in mapping were areas of Kinton,
Helvetia, Saum, Melbourne, and Jory soils, which make up
as much as 15 percent of this mapping unit.

Runoff is medium, and the hazard of erosion is moderate.
Capability unit IIle-2; woodland suitability group 202 ;
wildlife group 3.

28E-Laurelwood silt loam, 20 to 30 percent slopes.

This steep soil is on uplands.

Included with this soil in mapping were arcas of Kinton,
Helvetia, Melbourne, Saum, and Jory soils, which make up
as much as 15 percent of this mapping unit.

Runoff is rapid, and the hazard of erosion is severe.
Capability unit IVe-2; woodland suitability group 202;
wildlife group 3.

29E-Laurelwood silt loam, 3 to 30 percent slopes. This
gently sloping to steep soil is on uplands.

Included with this soil in mapping were areas of Jory,
Kinton, Melbourne, and Saum soils, which make up as much
as 20 percent of this mapping unit.

Runoff is medium to rapid, and the hazard of erosion is
moderate to severe. Most of this soil is used for timber. The
soil is suitable for cropland. Capability unit IVe-2; woodland
suitability group 202; wildlife group 3.

29F-Laurelwood silt loam, 30 to 60 percent slopes.

This steep to very steep soil is on uplands.

Included with this soil in mapping were areas of Jory,
Kinton, Melbourne, and Saum soils, which make up as much
as 20 percent of this mapping unit.

Runoff is rapid, and the hazard of erosion is severe.
Capability unit VIe; woodland suitability group 2r2; wildlife

group 3.

McBee series (30

The McBee series consists of moderately well drained
soils that formed in alluvium on flood plains. Slope is 0 to 3
percent. Elevation is 100 to 300 feet.

Where these soils are not cultivated, the vegetation is ash,
cottonwood, and willow. Average annual precipitation is 40
to 60 inches, average annual air temperature is 50° to 54° F,
and the frost-free period is 165 to 210 days.

In a representative profile the surface layer is dark-brown
silty clay loam about 11 inches thick. The subsoil is silty clay
loam about 34 inches thick. It is dark brown and has common
to many, fine, dark yellowish-brown, gray, and dark
Frayislrbrown mottles. The substratum is dark-gray clay
oam about 20 inches thick. The profile is medium acid in the
surface layer and slightly acid in the subsoil and substratum.

Permeability is moderate. Available water capacity is 10 to
12 inches. Effective rooting depth is more than 60 inches.

These soils are used for irrigated vegetable crops, small
grain, irrigated hay, irrigated pasture, recreation, and wildlife
habitat.

Representative profile of McBee silty clay loam, located
about 40 feet south of the road, NWI/4NE1/4SWV/4 section
36, T.1S,R. 4 W.:

Ap-0 to 7 inches, dark-brown (10YR 3/3) silty clay
loam, brown (10YR 5/3) dry; moderate, fine,
subangular blocky structure; slightly hard,
friable, slightly sticky and plastic; many very
fine roots; many, very fine, irregular pores;
medium acid (pH 6.0) ; abrupt, smooth
boundary. 6 to 9 inches thick.

A12-7 to 11 inches, dark-brown (10YR 3/3) silty clay
loam, brown (10YR 5/3) dry; few, fine, faint
mottles of dark yellowish brown (10YR 4/4) ;
weak, fine, subangular blocky structure;
slightly hard, firm, slightly sticky and plastic;
many fine roots; common, fine, tubular pores;
medium acid (pH 6.0) ; clear, smooth
boundary. 0 to 5 inches thick.

Bl-11 to 24 inches, dark-brown (10YR 3/3) silty clay
loam, brown (10YR 5/3) dry; common, fine,
faint mottles of dark yellowish brown (10YR
4/4) : moderate, fine subangular blocky
structure; slightly hard, firm, slightly sticky
and plastic; common fine roots; common,
fine, tubular pores; slightly acid (pH 6.2) ;
clear, smooth boundary. 0 to 16 inches thick.

B2-24 to 38 inches, fine variegated dark-brown, gray,
and dark yellowish-brown (10YR 3/3) silty
clay loam, brown (10YR 5/3) dry; moderate,
fine, subangular blocky structure; slightly
hard, firm, sticky and plastic; common fine
roots; common, fine, tubular pores; slightly
acid (pH 6.4) ; gradual, smooth boundary. 8
to 16 inches thick.

B3-38 to 45 inches, many, fine, distinct mottles of dark
grayish brown, gray, and dark yellowish
brown (10YR 4/2 5/1, 4/4) silty clay loam,
brown (10YR 6/3) dry; moderate parting to
weak, medium, subangular blocky structure;
slightly hard,



firm, sticky and plastic; very few fine roots;
many, very fine, tubular pores and few, fine,
tubular pores; slightly acid (pH 6.4) ; gradual,
smooth boundary. 4 to 11 inches thick.

C-45 to 65 inches, dark-gray (10YR 4/1) clay loam,
gray (10YR 5/1) dry; many, medium and fine,
distinet mottles of very dark brown and dark
brown (I0YR 2/2 and 3/3) ; massive; many,
\Grel fine, tubular pores; slightly acid (pH

A4).

The solum is 30 to 48 inches thick. The A horizon is dark
colored to a depth of more than 20 inches. Coarse fragments
are commonly absent in the control section, but their content
ranges to 20 percent below a depth of 35 inches and to 50
percent below a depth of 40 inches. The B horizon is silty
clay loam or clay loam, The C horizon is clay loam to clay.

30-McBee silty clay loam. This nearly level soil is in
areas along larger streams (fig. 9).

Included with this soil in mapping were areas of Chehalis,
Cove, and Wapato soils, which make up as much as 15
percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Flooding is frequent, and the hazard of streambank erosion is
high. Capability unit ITw-4; wildlife group 1.

Melbourne series

The Melboumne series consists of well-drained soils that
formed in residuum and colluvium weathered from
sedimentary rock on uplands. Slope is 2 to 60 percent.
Elevation 1s 300 to 800 feet. Vegetation is Douglas-fir,
Oregon white oak, poison-oak, wild rose, shrubs, and forbs.
Average annual precipitation is 40 to 60 inches, average
annual air temperature is 51° to 54° F, and the frost-free
period is 165 to 210 days.

In a representative profile the surface layer is dark-brown
and dark yellowish-brown silty clay loam about 10 inches
thick. The upper part of the subsoil is dark yellowish-brown
silty clay loam about 8 inches thick, and the lower part is
brown silty clay about 32 inches thick. The substratum is
yellowish-brown silty clay about 16 inches thick. The profile
is slightly acid and medium acid in the surface layer, medium
acid in the ufp er part of the subsoil, and strongly acid in the
lower part of the subsoil and in the substratum.

Permeability is moderately slow. Available water capacity
is 3.5 to 6 inches. Water-supplying capacity is 17 to 24
inches. Effective rooting depth is more than 60 inches.

These soils are used for timber, irrigated berries, hay,
pasture, wildlife habitat, recreation, and water supply.

Figure 9.-McBee silty clay loam on nearly level flood plain. Laurelwood soils on moderately steep uplands in background.



C-35 to 60 inches, yellowish-red (5YR 5/8) silty clay
loam with streaks of yellowish-brown (10YR
5/6), strong brown (7.5YR 5/8) dry; massive;
slightly hard, friable, sticky and plastic; few
fine roots; many, very fine, irregular pores;
few moderately thick clay films on rock
fragments and in pores; 50 percent weathered
siltstone fragments; strongly acid (pH 5.4) .

Depth to fractured, partially consolidated siltstone and
shale 1s 40 to 60 inches or more. The Bt horizon is silty clay
loam to silty clay and ayerages 35 to 50 percent clay. The C
horizon consists of paﬂiallly weathered, fractured siltstone or
shale, with moderately fine textured material filling the
fractures.

36C-Pervina silty clay loam, 7 to 12 percent slopes.
This strongly sloping soil is on uplands. It has a profile
similar to the one described as representative of the series.

Included with this soil in mapping were areas of Melby,
Melbourne, Olyic, and Tolke soils, gently sloping Pervina
soils, and steeper Pervina soils. Included soils make up as
much as 15 percent of this mapping unit.

Runoff is medium, and the hazard of erosion is moderate.
This soil is used for pasture, timber, water supply, recreation,
and wildlife habitat. Capability unit Ille-7 ; woodland
suitability group 2o0l; wildllifc group 4.

36D-Pervina silty clay loam, 12 to 20 percent slopes.
This moderately steep soil is on uplands.

Included with this soil in mapping were areas of Melby,
Melbourne, Olyic, and Tolke soilrs. Also included were areas
of Pervina soils that are steeper or less sloping than this
Pervina soil. Included soils make up as much as 15 percent of
this mapping unit.

Runo?f is medium, and the hazard of erosion is moderate.
This soil is used for pasture, timber, water supply, recreation,
and wildlife habitat. Capability unit Ille-7; woodland
suitability group 2o!; wildlife group 4.

36E-Pervina silty clay loam, 20 to 30 percent slopes.
This steep soil is on uplands. It has the profile described as
representative of the series.

Included with this soil in mapping were areas of Melby,
Melbourne, Olyic, and Tolke soils. Also included were arcas
of Pervina soils that are steeper or less sloping than this
Pervina soil. Included soils make up as much as 15 percent
of this mapping unit.

Runoff is rapid, and the hazard of erosion is severe. This
soil is used for pasture, timber, water supply, recreation, and
wildlife habitat. Capability unit IVe-3 ; woodland suitability
group 201; wildlife group 4.

36F-Pervina silty clay loam, 30 to 60 percent slopes.
This very steep soil 1s on uplands.

Included with this soil in malpping were areas of Melby,
Melbourne, Olyic, and Tolke soils. Also included are areas of
Pervina soils that are less sloping than this Pervina soil.
Included soils make up as much as 20 percent of this
mapping unit.

Runoff is rapid, and the hazard of erosion is very severe.
This soil is used mainly for timber. Other uses include water
supply, recreation, and wildlife habitat.

Capability unit VIe ; woodland suitability group 2r1; wildlife
group 4.

Quatama series (61)

The Quatama series consists of moderately well drained
soils that formed in mixed, loamy alluvium on old terraces.
Slope is 0 to 20 percent. Elevation is 140 to 200 feet. Where
these soils are not cultivated, the vegetation is Douglas-fir,
western redcedar, Oregon white oak, ash, Oregon-grape,
grasses, and forbs. Average annual precipitation is 40 to 50
inches, average annual air temperature is 52° to 54° F, and
the frost-free period is 165 to 210 days.

In a representative profile the surface layer is dark-brown
loam about 9 inches thick. The subsoil is dark
yellowish-brown loam and clay loam about 34 inches thick.
The substratum is dark yellowish-brown loam about 19
inches thick. The profile is medium acid throughout.

Permeability is moderately slow. Available water capacity
is 8 to 10 inches. Water-supplying capacity is 18 to 20
inches. Effective rooting depth 1s over 60 inches.

These soils are used for irrigated berries, irrigated
vegetable crops, orchards, small grain, nrigated hay,
irrigated pasture, homesites, recreation, and wildlife habitat.

Representative profile of Quatama loam, 0 to 3 percent
slopes, located about 100 feet east of the road in the
southeast corner of the SWI/4ANW I/4NE1/4 section 9, T. 2
S,R.2W.

Ap-0 to 9 inches, dark-brown (10YR 3/3) loam, brown
(10YR 5/3) dry; moderate, fine and very fine,
subangular blocky structure; slightly hard,
friable, nonsticky and slightly plastic;
common fine roots; many, fine and very fine,
irregular pores; medium acid (pH 5.6) ;
abrupt, smooth boundary. 7 to 9 inches thick,

B1-9 to 15 inches, dark yellowish-brown (10YR 3/4)
loam, pale brown (10YR 6/3) dry; weak,
coarse, subangular blocky structure; hard,
firm, nonsticky and plastic; very few fine
roots; many, medium and fine, tubular pores;
thin, continuous clay films in root channels
and pores; medium and fine, tubular pores;
thin, continuous clay films in root channels
and pores; medium acid (pH 5.8) ; clear,
smooth boundary. 0 to 7 inches thick.

B21t-15 to 21 inches, dark yellowish-brown (10YR 3/4)
clay loam, pale brown (10YR 6/3) dry;
moderate, fine, subangular blocky structure;
hard, firm, slightly sticky and plastic; few
very fine roots; many, fine, tubular pores;
thin, continuous clay films in pores and few,
thin clay films on peds; medium acid (pH
5.8): clear, smooth boundary. 5 to 10 inches
thick.

B22t-21 to 30 inches, dark Eellowish-brown (10YR 3/4)
clay loam, pale brown (10YR 6/3) dry; few,
fine, distinct, light brownish-gray (10YR 6/2)
and



reddish-brown (5YR 4/3) mottles; weak,
hard, firm, slightly sticky and plastic; very
few roots; many, coarse, medium, and fine,
tubular pores; continuous clay films in pores
and on peds; common manganese stains;
medium acid (pH 5.9) ; gradual irregular
boundary. 6 to 18 inches thick.

B3t-30 to 43 inches, dark yellowish-brown (10YR 3/4)
loam, pale brown (10YR 6/3) dry; common,
fine, dark grayish-brown (10YR 4/2) mottles;
massive in places parting to weak, coarse,
subangular Elocky structure; slightly hard,
firm, slightly sticky and slightly plastic; com-
mon, large and medium, tubular pores; thin
continuous clay films on peds and in pores;
medium acid (pH 6.0) ; gradual, irregular
boundary. 10 to 20 inches thick.

C-43 to 62 inches, dark yellowish-brown (10YR 3/4)
loam, yellowish brown (10YR 5/4) dry:
common grayish-brown (10YR 6/2 & 5/8 )
mottles; massive; hard, firm, slightly sticky
and slightly plastic; common, [ine, tubular
pores; medium acid (pH 6.0).

The thickness of the solum ranges from 40 to 60 inches.
Texture of the A horizon 1s silt loam to loam. The Bt horizon
tatiges i lextute ftom lotm w elay loam. Structure m the Bt
horizon ranges from moderate, coarse to fine, subangular
blocky in the upper part and from nearly massive to weak,
coarse, subangular blocky in the lower part. Clay films are
thin to moderately thick, and they are in channels, in pores,
and on vertical and horizontal ped faces. Stratified layers of
sandy loam to loamy sand occur below a depth of 40 inches
in places.

37A-Quatama loam, 0 to 3 percent slopes. This nearly
level soil is on terraces. It has the profile described as
representative of the series.

Included with this soil in mapping were areas of Aloha,
Hillshore, and Hnherly soils, which make up as much as 15
percent of this mapping unit,

Runoff is slow, and the hazard of erosion is slight.
Capability unit ITw-1; wildlife group 2.

37B-Quatama loam, 3 to 7 percent slopes. This gently
slorinf soil is on terraces.

ncluded with this seil in mapping were areas of Aloha,
Hillsboro, and Huberly soils, which make up as much as 15
percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Capability unit Tle-2; wildlife group 2.

37C-Quatama loam, 7 to 12 percent slopes. This
moderately sloping soil is on terraces.

Included with this soil in mapping were areas of Aloha,
Hillsboro, and Huberly soils, which make up as much as 15
percent of this mapping unit.

Runoff is medium, and the hazard of erosion is moderate.
Capability unit Ile-2; wildlife group 2.

37D-Quatama loam, 12 to 20 percent slopes. This
moderately steep soil is on dissected terraces.

Included with this soil in mapping were areas of Aloha,
Hillsboro, and Huberly soils, which make up as much as 15
percent of this mapping unit.

Runoff is medium, and the hazard of erosion is moderate.
Capability unit ITle-5; wildlife group 2.

Saum series

The Saum series consists of well-drained soils that formed
in mixed eolian material, old alluvium, and residuum from
basalt on uplands. Slope is 2 to 60 percent. Elevation is 250
to 1,200 feet. Where these soils are not cultivated, the
vegetation is Douglas-fir, Oregon white oak, hazelbrush,
poison-oak, grasses, and forbs. Average annual precipitation
1s 40 to 50 inches, average annual air temperature is 51° to
54° F, and the frost-free period is 165 to 210 days.

In a representative profile the surface layer is dark
reddish-brown silt loam and silty clay loam about 14 inches
thick. The subsoil is dark reddish-brown and reddish-brown
silty clay loam about 18 inches thick. The substratum is
yellowish-red silty clay loam about 18 inches thick. Basalt
bedrock is at a depth of 50 inches. The profile is medium
acid throughout.

Permeability is moderately slow. Available water capacity
is 8 to 10.5 Inches. Water-supplying capacity is 16 to 22
inches. Effective rooting depth is 20 to 40 inches.

These soils are used for imrigated strawberries, orchards,
small grain, hay, pasture, timber, homesites, recreation, and
wildlite habitat.

Representative profile of Saum silt loam, 2 to 7 percent
slopes, located about 25 feet north of the road in the
SW1/4SE1/4SW1/4 section 7, T. 3 S.,R. 1 W.:

Ap-0 to 8 inches, dark reddish-brown (SYR 3/2) silt

loam, reddish brown (S5YR 5/3) dry;
moderate, medium, granular  structure;
slightly hard, friable, slightly sticky and
slightly plastic; many fine roots; many, very
fine, irregular pores; 5 percent fine
concretions; medium acid (pH 6.0) ; abrupt,
smooth boundary. 5 to 8 inches thick.
11 inches, dark reddish brown (SYR 3/3) silty
clay loam, reddish brown (5YR 5/4) dry;
moderate, medium, subangular  blocky
structure; hard, firm, slightly sticky and
plastic; many fine roots; many, fine, tubular
pores; 5 percent fine concretions; medium
acid (pH 5.8) ; clear, smooth boundary. 5 to 8
inches thick.
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B2-14 to 23 inches, dark reddish-brown (5YR 3/4) silty
clay loam, reddish brown (5YR 5/4) dry;
moderate, medium and fine, subangular
blocky structure; hard, firm, slightly sticky
and plastic; many fine roots; many, fine,
tubular pores; few pebbles; medium acid (pH
Sl._S)k; clear, smooth boundary. 8 to 15 inches
thick.

1IB3-23 to 32 inches, reddish-brown (5YR 4!4; silty
clay loam, yellowish red (5YR 5/6) dry;
weak, medium and fine, subangular blocky
structure; hard, firm, slightly sticky and
plastic; few fine rools; wany, [ine, lubular
pores; 20 percent weathered pebbles and 10
percent stones; few,



6/6) dry; weak, medium, subangular blocky
structure; slightly hard, friable, slightly sticky
and plastic; common fine roots; many, very
fine, tubular pores; very strongly acid (pH
4.8) : clear, smooth boundary. 1610 19 inches
thick.

B3-45 to 61 inches, strong-brown (7.5YR 4/6) silty clay
loam, reddish yellow (5YR 6/6) dry; weak,
coarse, subangular blocky structure; hard,
firm, slightly sticky and plastic; few fine
roots; many, very fine, tubular pores;
common, moderately thick clay films in pores
and on peds; very strongly acid (pH 4.6).

Depth to bedrock is more than 60 inches. The A horizon is
a silt loam to loam. The B horizon has weak or moderate,
very fine to medium, subangular blocky structure. The
bedrock is siltstone or basalt.

39E-Tolke silt loam, 5 to 30 percent slopes. This gently
sloping to steep soil is on ridgetops and side slopes in the
Coast Range. It has the profile described as representative of
the series.

Included with this soil in mapping were areas of Olyic,
Melby, Goble, and Hembre soils, which make up as much as
20 percent of this mapping unit.

Eunof‘f is medium to rapid, and the hazard of erosion is
moderate to severe. Capability unit Vle; woodland suitability
group 201; wildlife group 4.

39F-Tolke silt loam, 30 to 60 percent slopes. This steep
soil is on side slopes of canyons in the Coast Range.

Included with this soil in mapping were areas of Olyic,
Melby, Goble, and Hembre soils, which make up as much as
30 percent of this mapping unit.

unoff is rapid, and the hazard of erosion is severe.

Capability unit VIe ; woodland suitability group 2rl; wildlife
group 4.

Udifluvents, nearly level

40-Udifluvents, nearly level, are in small, narrow,
irregularly shaped areas along stream channels and concave
alluvial fans. They consist of a heterogeneous mixture of silt
loams, loams, sandy loams, and silty clay loams. A typical
area is in the NW1/4NE1/4 section 17, T. 3 S.,,R. 5 W.

These soils formed in long, narrow bands of 'mixed
alluvium along streams and on concave alluvial fans. Slope is
0 to 3 percent. Elevation is 300 to 2,000 feet. Vegetation
includes red alder, spruce, western redcedar, Douglas-fir, and
low shrubs and forbs. Average annual precipitation is 60 to
100 inches, average annual air temperature 1s 45° to 50° F,
and the frost-free period is 145 to 200 days.

The surface layer is commonly dark colored. The subsoil
is yellowish-brown to strong-brown gravelly loam to silty
clay loam. The surface layer is strongly acid. Water-rounded
pebbles or cobbles commonly form thin stone lines or layers
in the lower part of the subsoil.

These soils are well drained. Permeability is moderate to
moderately slow. Available water capacity is variable.
Effective rooting depth is 40 inches to more than 60 inches.

Runoff is slow, and the hazard of erosion is slight.

The soils are subject to overflow, and in places they are
ponded during the months of high precipitation. They are
subject to deposition of new sediment during periods of
overflow.

Udifluvents, nearly level, are used for wildlife habitat,
recreation, and water supply. Capability unit VIw; wildlife
group 1.

Urban Land

41-Urban Land consists of areas that have been altered
or obscured by urban works and structures. The areas are so
greatly modified that identification of the soils is not feasible.

Soil properties such as drainage, permeability, and degree
of compaction vary from place to place. All types of fill
material are included.

Urban land is used for residential or commercial sites.

Verboort series (4-2_)

The Verboort series consists of poorly drained soils that
formed in stratified, moderately fine textured and fine
textured alluvium on bottom lands. Slope is 0 to 3 percent.
Elevation is 150 to 300 feet. Where these soils are not
cultivated, the vegetation is ash, willow, shrubs, sedges,
rushes, and grasses. Average annual precipitation is 40 to 50
inches, average annual air temperature is 50° to 54° F, and
the frost-free period is 200 to 210 days.

In a representative profile the surface layer is very dark
brown silty clay loam about 12 inches thick. The subsurface
layer is very dark gray, mottled silty clay loam about 7 inches
thick. The subsoil is very dark gray and dark grayish-brown
light clay and silty clay about 14 inches thick. The
substratum is dark grayish-brown silty clay loam about 17
inches thick. The profile is medium acid in the surface and
subsurface layers and neutral in the subsoil and substratum.

Permeability is very slow. Available water capacity is 3 to
5 inches. Effective rooting depth is 20 to 36 inches.

These soils are used mainly for grain, hay, irrigated
pasture, and wildlife habitat.

Representative profile of Verboort silty clay loam, 0 to 3
percent slopes, located about 20 feet west of Helvetia road,
in the SE1/4NE1/4NW 1/4 section 10, T. I N.,, R. 2 W.:

Ap-0 to 8 inches, very dark brown (10YR 2/2) silty clay
loam, grayish brown (10YR 5/2) dry; strong,
fine, subangular blocky structure; hard,
friable, sticky and plastic; many fine roots;
many, very fine, tubular pores; medium acid
(pH '5.8) ; abrupt, smooth boundary. 7 to 8
inches thick.

A12-8 to 12 inches, very dark brown (10YR 2/2) silty
clay loam, grayish brown (10YR 5/1) dry;
moderate, fine, subangular blocky structure;
hard, firm, sticky and plastic; many fine
roots; common, fine, tubular pores; medium
acid (pH 5.8) ; clear, smooth boundary. 4 to 7
inches thick.



A2-12 to 19 inches, very dark gray (I0YR 3/1) silty clay
loam, gray (10YR 6/1) dry; many, fine, dark
reddish-brown (10YR 3/1) mottles; moderate,
fine, subangular blocky structure; hard, firm,
sticky and plastic; common fine roots;
common, fine, tubular pores; medium acid
(pH 6.0) ; abrupt, smooth boundary. 6 to 9
inches thick.

IIB2t-19 to 28 inches, very dark-gray (N 3/) light clay,
grayish brown (2.5Y 5/2) dry; weak,
medium, prismatic structure parting to
moderate, medium, angular blocky; very
hard, very firm, very sticky and very plastic;
common fine roots along vertical pecr faces,
and few fine roots within peds; few, fine,
tubular pores; many pressure faces on peds;
neutral (pH 6.6); gradual, smooth boundary.
6 to 9 inches thick.

IIB3t-28 to 33 inches, dark grayish-brown (2.5Y 4/2)
silty clay, light brownish gray (2.5Y 6/2) dry;
weak, fine, prismatic structure parting (o
moderate, fine, angular blocky; very hard,
very firm, sticky and very plastic; few fine
roots between peds; common, very fine,
tubuiar pores; many pressure faces on peds;
ucutial (PIT 6.6) |, gradual, stwouth boundary.
6 to 9 inches thick.

IMIC-33 to 50 inches, dark grayish-brown (2.5Y 4/2)
silty clay loam, light gray (2.5Y 7/2) dry;
many, medium, distinct, dark-brown (7.5YR
4/2) mottles; massive; hard, firm, sticky and
plastic; few fine roots; few, fine and medium,
tubular pores with very dark gray (N 3/) clay
films; neutral (pH 6.6).

Mottles in the A horizon are faint to distinct. The TIB2t
horizon ranges in texture from clay to silty clay. The texture
of the IIB3t horizon ranges from silty clay to silty clay loam,
The ITIC horizon is silty clay loam to silt loam in texture and
ranges from neutral to mildly alkaline in reaction.

42-Verboort silty clay loam. This nearly level soil is in
narrow, irregularly shaped, concave areas along
drainageways. It has the profile described as representative of
the series.

Included with this soil in mapping were areas of Dayton,
Wapato, Labish, and Cove soils, which make up as much as
10 percent of this mapping unit.

Runoff is slow, amyJ the hazard of erosion is slight. This
soil is subject to flooding, and the hazard of streambank
erosion is severe. Capability unit ITTw-2; wildlife group 1.

Wapato series (45)

The Wapato series consists of poorly drained soils that
formed in recent alluvium on flood plains. Slope is 0 to 3
percent, Elevation is 100 to 300 feet. Where these soils are
not cultivated, the vegetation is ash, willow, rushes, and
grass. Average annual precipitation is 40 to 60 inches,
average annual air temperature

is 52° to 54° F, and the frost-free period is 165 to 210 days.

In a representative profile the surface layer is very dark
grayish-brown silty clay loam about 14 inches thick. The
subsoil is dark grayish—b.rown silty clay loam about 28 inches
thick. The profile is slightly acid in the surface layer and
slightly acid to medium acid in the subsoil.

Permeability is moderately slow. Available water capacity
is 10 to 12 inches. Effective rooting depth in places is limited
by a seasonal water table to less than 30 inches. The soils are
saturated with water during winter unless artificially drained.

These soils are used mainly for pasture, wildlife habitat,
and recreation. Other uses are small grain, hay, and late-
planted irrigated vegetable crops.

Representative profile of Wapato silty clay loam, located
southwest of farmstead in NW1/4SW1/4SW1/4 section 34,
T.1S.,R.4W.:

Ap-0 to 7 inches, very dark grayish-brown (10YR 3/2)

silty clay loam, dark brown (10YR 4/3) dry;
moderate, fine, subangular blocky structure;
hard, friable, slightly sticky and plastic; many
fine roots; many, very fine, irregular pores;
slightly acid (pH 6.2) ; abmpt, smooth
boundary. 6 to 9 inches thick,
14 inches, very dark grayish-brown (10YR
3/2) silty clay loam, dark grayish brown
(IOYR 4/3) dry; many, fine, distinct,
dark-brown (7.5YR 3/2) mottles; few, fine,
black manganese stains; moderate, fine,
subangular blocky structure; hard, friable,
slightly sticky and plastic; many fine roots;
many, fine tubular pores; slightly acid (pH
6|._2)k; clear, smooth Eoundaw. 4 to 10 inches
thick.

B2lg-14 to 28 inches, dark grayish-brown (10YR 4/2)

silty clay loam, grayish brown (10YR 5/2)
dry; many, finc, distinct, datk-biown (7.3YR
3/2) and gray (10YR 5/1) mottles; few, fine,
black manganese stains; weak, fine, subangu-
lar blocky structure; hard, firm, slightly
sticky and plastic; few fine roots; common,
fine, tubular pores; slightly acid (pH 6.2) ;
clear, smooth %oundary. 5 to 17 inches thick.
B22g-28 to 42 inches, dark grayish-brown (10YR 4/2)
silty clay loam, grayish brown (10YR 5/2)
dry; many, fine, cﬁs{mct, dark-brown (7.5YR
4/4) mottles; weak, fine, subangular blocky
structure; hard, firm, sticky and plastic;
goé?mon, fine, black stains; medium acid (pH

The A horizon is slightly acid to neutral. The B2 horizon
is dominantly silty clay loam, but in places it ranges to silty
clay below a depth of 30 inches. It is slightly acid to medium
acid. The B3 and C horizons, which are below a depth of 30
inches, are commonly silty clay. In some pedons a few
water-worn pebbles are embedded in the solum below a
depth of 40 inches.

43-Wapato silty clay loam. This soil is on bottom
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lands along small streams and in low-lying areas adjacent to
larger streams. It has smooth topography and is subject to
short periods of overflow and ponding (fig. 10).

Included with this soil in mapping were areas of Chehalis,
Cove, Labish, and McBee soils and of gravelly soils.
Included soils make up as much as 15 percent of this
mapping unit.

Runoff is slow, and water ponds for short periods during
winter. The hazard of erosion is slight. Capability unit
Tw-2; wildlife group 1.

Willamette series

The Willamette series consists of well-drained soils that
formed in old alluvium on low, broad valley terraces. Slope
is 0 to 20 percent. Elevation is 150 to 450 feet. Where these
soils are not cultivated, the vegetation is hazelbrush, wild
blackberry, grasses, Oregon white oak, and Douglas-fir.
Average annual precipitation is 40 to 50 inches, average
annual air temperature is 50° to 54° F, and the frost-free
period is 165 to 210 days.

In a representative profile the surface layer is very dark
grayish-brown silt loam about 15 inches thick. The subsoil is
very dark grayish brown, dark-brown, and brown silt loam
and silty clay loam about 28

inches thick. The substratum is brown silty clay loam about
17 inches thick. The profile is medium acid in the surface
layer and medium acid to slightly acid in the subsoil and
substratum.

Permeability is moderate. Available water capacity is 10 to
12 inches. Water-supplying capacity is 15 to 20 inches.
Effective rooting depth is more than 60 inches.

These soils are used for irrigated vegetable crops, irrigated
berries, orchards, small grain, hay, irrigated pasture,
homesites, recreation, and wildlife habitat.

Representative profile of Willamette silt loam, 0 to 3
percent slopes, located in the NE1/4SW 1/4NE1/4 section 16,
T.IN,R.2W.

Ap-0 to 8 inches, very dark-brown (10YR 2/2) silt

loam, grayish brown (10YR 5/2) dry;
moderate, fine, granular structure; slightly
hard, friable, nonsticky and slightly plastic;
many fine roots; many, fine, irregular pores;
medium acid (pH 5.8) ; abrupt, smooth
boundary. 5 to 8 inches thick.
15 inches, very dark grayish-brown (10YR
3/2) silt loam grayish brown (10YR 5/2) dry;
moderate, fine, subangular blocky structure;
slightly hard, friable, slightly sticky and
slightly plas-
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Figure 10.-Flooded area of Wapato silty clay loam surrounded by Woodburn soils.




tic; many fine roots; many, fine, tubular
pores; medium acid (pH 5.6) ; clear, smooth
boundary. 6 to 10 inches thick.

B1-15 to 23 inches, very dark grayish-brown (10YR
3/2) silt loam, grayish brown (10YR 5/2)
dry; moderate, medium, subangular blocky
structure; slightly hard, friable, slightly sticky
and slightly plastic; many fine roots; many,
medium, tubular pores; medium acid (pH
6.0) ; clear, wavy boundary. 7 to 11 inches
thick.

B21t-23 to 32 inches, dark-brown (10YR 3/3) silty clay
loam, brown (10YR 5/3) dry; moderate, fine
and very fine, subangular blocky structure;
slightly hard, friable, slightly sticky and
slightly plastic; common ﬁnc roots; many,
medium and fine, tubular pores; few, thin,
patchy clay films; medium acid (pH 6.0) ;
clear, wavy boundary. 0 to 13 inches thick.

B22t-32 to 43 inches, brown (I0YR 4/3) silty clay
loam, brown (10YR 5/3) dry; weak, coarse,
subangular blocky structure; slightly hard,
friable, slightly sticky and plastic; many fine
roots; many, medium, tubular pores; many
moderately thick clay films in pores, and few
Wit clay Tihus o peds, slightly aeld (pH 6.2
. gradual, wavy boundary. 0 to 16 inches
thick.

C-43 to 60 inches, brown (10YR 4/3) silty clay loam,
pale brown (10YR 6/3) dry; massive; slightly
rard, firm, slightly sticky and plastic; few
fine roots; many, medium, tubular pores;
many moderately thick clay films in pores;
slightly acid (pH 6.2).

The A horizon ranges from very dark brown, to dark
brown and very dark grayish brown, when moist. The Bt
horizon ranges in texture from silty clay loam to heavy silt
loam, and it 1s 25 to 35 percent clay. In places the strietire of
the B horizon is moderate or weak, prismatic breaking to
moderate, subangular blocky. The C horizon is medium
textured to moderately fine textured and commonly has
contrasting strata below a depth of 40 inches.

44A-Willamette silt loam, 0 to 3 percent slopes.

This nearly level soil is on broad valley terraces. It has the
profile described as representative of the series.

Included with this soil in mapping were areas of Amity,
Dayton, and Woodburn soils, which make up as much as 10
percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Capability unit I-1; wildlife group 2.

44B-Willamette silt loam, 3 to 7 percent slopes. This
gently sloping soil is on broad valley terraces.

Included with this soil in mapping were areas of Amity,
Dayton, and Woodburn soils, which make up as much as 10
percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Capability unit Ile-1; wildlife group 2.

44C-Willamette silt loam, 7 to 12 percent slopes.

This moderately sloping soil is on broad valley terraces.

It has a profile similar to the one described as representative
of the series.

Included with this soil in mapping were arcas of Amity,
Dayton, and Woodburn soils, which make up as much as 10
percent of this mapping unit.

Runoff is medium, and the hazard of erosion is moderate.
Capability unit Ile-1; wildlife group 2.

44D-Willamette silt loam, 12 to 20 percent slopes.

This moderately steep soil is on side slopes of terrace
escarpments.

Included with this soil in mapping were areas of Amity,
Dayton, and Woodburn soils, which make up as much as 10
percent of this mapping unit.

Runoff is medium, and the hazard of erosion is moderate.
Capability unit IIle-1; wildlife group 2.

Woodburn series Q,I!:')

The Woodburn serie§ consists of moderately well-drained
soils that formed in old alluvium on low, broad valley
terraces. Slope is 0 to 20 percent. Elevation is 150 to 250
feet. Where these soils are not cultivated, the vegetation is
Douglas-fir, Oregon white oak, grasses, and shrubs. Average
annual precipitation is 40 te 50 inches, average annual air
femperatire 18 SN°% in 54° F | and the frogt-free period is 165
to 210 days.

In a representative profile the surface layer is very dark
grayish-brown silt loam about 11 inches thick. The subsoil is
dark-brown and dark grayish-brown silt loam and silty clay
loam about 30 inches thick. The substratum is dark
grayish-brown silt loam about 19 inches thick. The profile is
medium acid throughout:

Permeability is slow. Available water capacity is 11 to 13
inches. Water-supplying capacity is 15 to 20 inches.
Effective rooting depth is more than 60 inches.

These soils are used for irrigated vegetable crops, irrigated
berries, orchards, small grain, hay, irrigated pasture,
recreation, homesties, and wildlife habitat.

Representative profile of Woodburn silt loam, 0 to 3
percent slopes, located in the SW1/4NE1/4 section 20, T. 1
N,R.3W.

Ap-0 to 5 inches, very dark grayish-brown (10YR 3/2)
silt loam, brown (1OYR 5/3) dry; weak,
medium, subangular blocky structure; slightly
hard, friable, slightly sticky and nonplastic;
many fine roots; common, medium, irregular
Eores; medium acid (pH 5.8) ; abrupt, smooth

oundary. 6 to 10 inches thick.

Al12-5 to 11 inches, very dark grayish-brown (10YR
3/2) silt loam, brown (10YR 5/3) dry; weak,
medium, subangular blocky structure;
slightly hard, friable, slightly sticky and
nonplastic; many fine roots; many, very fine,
tubular pores; medium acid (pH 5.6) ; clear,
smooth boundary. 0 to 8 inches thick.

Blt-11 to 16 inches, dark-brown (10YR 3/3) silt loam,
yellowish brown (10YR 5/4) dry; moderate,
fine and very fine, subangular blocky
structure; slightly hard, plastic; man{ fine
roots; many, fine, tubular pores; thick clay
films in pores;



medium acid (pH 5.6) ; gradual, smooth
boundary. 0 to 7 inches thick.

B21t-16 to 26 inches, dark-brown (10YR 4/3) silty clay
loam, light yellowish brown (10YR 6/4) dry;
moderate, fine, and very fine, subangular
blocky structure; hard, firm, slightly sticky
and plastic; many fine roots; many, very fine,
tubular pores; thick clay films on peds and in
yores: medium acid (pH 5.8) ; clear, smooth
Loundaly. 7 to 10 inches thick.

B22t-26 to 31 inches, dark-brown (10YR 4/3) silty clay
loam, pale brown (10YR 6/3) dry; common
fine, distinct, dark grayish-brown (10YR 4/2)
and grayish-brown (2.5YR 5/2) mottles;
weak, medium, and fine, subangular blocky
structure; hard, firm, slightly sticky and
lfa_lastic; few fine roots; many, fine and very
ine, tubular pores; common thick clay films
in pores and on peds; few, fine, black
manganese stains; medium acid (pH 6.0) ;
gradual, smooth boundary. 4 to 10 inches
thick.

41 inches, dark grayish-brown (10YR 4/3)

silty clay loam, galc brown (10YR 6/3) dry;

common, fine, distinct, dark grayish-brown
(10YR 4/2) and grayish-brown (2.5YR 5/2)
mottles; weak, medium and fine, subangular
blocky structure; hard, firm, slightly sticky
and slightly plastic; few fine and medium
roots; common, fine and very fine, tubular
pores; few thick clay films in larger pores;
medium acid (pH 6.0) ; gradual, smooth
boundary. 0 to 12 inches thick.
C-41 to 60 inches, dark grayish-brown (10YR 4/2) silt
loam, light brownish gray (10YR 6/2) dry;
many, distinet, grayish-brown (2.5YR 5/2),
dark grayish-brown (10YR 4/3 ) , and dark
vellowish-brown  (10YR  4/4) mottles;
massive; hard, firm, slightly sticky and
slightly plastic; few fine roots; very few, fine,
tubular pores; medium acid (pH 6.0).

The A horizon has moist value of 2 or 3, chroma of 2 or 3,
and hue of 10YR. Dry value is 4 or 5, and chroma is 2 or 3.
Between depths of 10 and 20 inches, moist value and chroma
range to 4. Distinct mottles are within a depth of 30 inches.
The B2 horizon ranges from heavy silt loam to silty clay
loam. Horizons below a depth of 30 inches are firm to very
ﬁm; and are brittle. The solum is slightly acid to medium
acid.

45A-Woodburn silt loam, 0 to 3 percent slopes.

This nearly level soil has the profile described as repre-

sentative of the series.

Included with this soil in mapping were arcas of Aloha,
Amity, Willamette, Helvetia, andp ]gayton soils, which occupy
as much as 15 percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Capability unit IIw-1; wildlife group 2.

45B-Woodburn silt loam, 3 to 7 percent slopes.

This soil is gently sloping.

Included with this soil in mapping were areas of

B3-31 to

Aloha, Amity, Willamette, Helvetia , and Dayton soils, which
occupy as much as 15 percent of this mapping unit.

Runoff is slow, and the hazard of erosion is slight.
Capability unit ITe-2; wildlife group 2.

45C-Woodburn silt loam, 7 to 12 percent slopes.

This soil is moderately sloping.

Included with this soil in mapping were areas of Aloha,
Amity, Willamette, Helvetia, and Bayton soils, which occupy
as much as 15 percent of this mapping unit.

Runoff is medium, and the hazard of erosion is moderate.
Capability unit Ile-2; wildlife group 2.

45D-Woodburn silt loam, 12 to 20 percent slopes.

This moderately steep soil is along terrace escarpments.

Included with this soil in mapping were areas of Aloha,
Amity, Willamette, Helvetia , and Dayton soils, which
occupy as much as 15 percent of this mapping unit.

Runoff is medium, and the hazard of erosion is moderate.
Capability unit ITle-5; wildlife group 2.

Xerochrepts and Haploxerolls, very steep L4—(a)

46F-Xerochrepts and Haploxerolls, very steep. This
undifferentiated group is about 45 percent Xerochrepts and
about 45 percent Haploxerolls. It occurs as steep to very
steep escarpments along the small streams that have cut
deeply into the valley terraces and where the terraces meet
the bottom lands and flood plains along major streams and
rivers. These soils are well drained. They formed in a mixture
of silt, sand, and an accumulation of material that has moved
downslope. The short slopes range from 20 to 60 percent.
Elevation is 50 to 450 feet. Vegetation is Douglas-fir,
Oregon white oak, shrubs, forbs, and grasses. The average
annual precipitation is 40 to 60 inches, average annual air
temperature is 50° to 54° F, and the frost-free period is 165 to
210 days.

Included in mapping were arcas of Hillsboro, Quatama,
Willamette, and Woodburn soils, which make up as much as
15 percent of this malpping unit. Small seep spots and
wet-season springs are also included.

Permeability 1s moderate to moderately slow. Available
water capacity is 10 to 12 inches. Water-supplying capacity
is 2112 to 26 inches. Effective rooting depth is more than 60
inches.

Runoff is rapid, and the hazard of erosion is severe.

These soils are used for pasture, recreation, homesites, and
wildlife habitat. Capability unit VIe; wildlife group 2.

Xerochrepts-Rock outcrop complex

47D-Xerochrepts-Rock outcrop complex. This com-,
Alex is about 50 percent Xerochrepts and 30 percent Rock
outcrop. It occurs in irregularly shaped areas southeast of
Sherwood and is composed of shallow and very shallow soils
and barren exposures of basalt bedrock. Slope is 5 to 30
percent. The Xerochrepts formed in a mixture of silt and sand
too variable to map. Vegetation is low shrubs, Oregon white
oak, Douglas-fir, grasses, and forbs. The average annual
precipitation is



40 to 60 inches, average annual air temperature is 50° to 54°
F, and the frost-free period is 165 to 210 days.

Included with this complex in mapping were areas of
Saum soils and moderately deep very cobbg[y loams, which
make up as much as 20 percent of this mapping unit.

Permeability is variable. Available water capacity and
water-supplying capacity are variable. Xerochrepts are well
drained.

These soils are used for wildlife, recreation, homesites,
and wildlife habitat. Capability unit VIIs; wildlife group 2.

Use and management of the soils

This section describes use and management of the soils of
Washington County for crops and pasture. It also discusses
woodland, wildlife, and engineering uses of the soils and use
of the soils for recreation.

Crops and pasture’

Aunony e dryland crops contnonly growst in the survey
area are winter wheat, alfalfa, filberts, and red clover for
seed. Irrigated crops commonly grown are strawberries, bush
beans, and pasture. In the following pages, practices suitable
for soils used for these main crops are described. First, the
system of capability classification is explained and
management suitable for the soils of each capability unit is
discussed, Then, predicted average yields per acre of the
principal crops are given for a high level of management.
Finally, specific management practices are described for each
of the crops for which predicted yields are given.

Capahility grouping

Capability grouping shows, in a general way, the
suitability of soils for most kinds of field crops. The soils are
rouped according to their limitations when they are used for
ield crops, the risk of damage when they are used, and the
way they respond to treatment. The grouping does not take
into account major and generally expensive landforming that
would change slope, depth, or other characteristics of the
soils; does not take into consideration possible but unlikely
major reclamation projects; and does not apply to rice, cran-
berries, horticultural crops, or other crops that require special
management. This classification is not a substitute for
interpretations designed to show suitability and limitations of
groups of soils for range, for forest trees, or for engineering
purposes.

In the capability system, all kinds of soils are grouped at
three levels: capability class, subclass, and unit. These levels
are defined in the following paragraphs.

CAPABILITY CLASSES, the broadest groups, are desig-
nated by Roman numerals I through VIII. The numerals
indicate progressively greater limitations and narrower
choices for practical use, defined as follows:

EUGENE E. STURTEVANT, district conscrvationist, and EDGAR R. McROBERTS, soil
conscrvation technician, Soil Conservation Scrvice, assisted in preparing this scction.

Class I soils have few limitations that restrict their use.

Class II soils have moderate limitations that reduce the
choice of plants or require moderate conservation
practlices.

Class IIT soils have severe limitations that reduce the
choice of plants, require special conservation
practices, or both.

Class IV soils have very severe limitations that reduce
the choice of plants, require very careful
management, or both.

Class V soils are not likely to erode but have other
limitations, impractical to remove, that limit their
use.

Class VI soils have severe limitations that make them
generally unsuitable for cultivation.

Class VII soils have very severe limitations that make
them unsuitable for cultivation.

Class VIII soils and landforms have limitations that
nearly preclude their use for commercial plants.

CAPABILITY SUBCLASSES are soil groups within one
class; they are designated by adding a small letter, e, w, s, or
¢, to the class numeral, for example, Ile. The letter e shows
that the main limitation is risk of erosion; w shows that water
in or on the soil interferes with plant growth or cultivation (in
some soils the wetness can be partly corrected by artiticial
drainage) ; s shows that the soil is limited mainly because it
is Shal%OW, droughty or stony; and ¢, used in only some parts
of the United States, shows that the chief limitation is climate
that is too cold or too dry.

In class I there are no subclasses, because the soils of this
class have few limitations. Class V contains only the
subclasses indicated by w, s, or ¢, because the soils in class V
are subject to little or no erosion, though they have other
limitations that restrict their use to pasture, range, woodland,
wildlife habitat, or recreation.

CAPABILITY UNITS are soil groups within the sub
classes. The soils in one capability unit are enough alike to
be suited to the same crops and pasture plants, to require
similar management, and to have similar productivity. Thus,
the capability unit is a convenient grouping for making many
statements about management of soils. Capability units are
generally designated by adding an Arabic numeral to the
subclass symbol, for example, Ile-3 or Ille-2. The capability
unit is identified in the description of each mapping unit in
the section "Descriptions of the soils."

Management by capability units

In the following pages, the capability units in Washington
County are described and suggestions for use and
management of the soils of each unit are given. The names of
soil series represented are mentioned in the description of
each capability unit, but this does not mean that all the soils
of a given series are in the unit. The names of all soils in any
given capability unit can be found in the "Guide to Mapping
Units" at the back of this survey.

Capability unit I-1
This unit consists of very deep, well drained Hills-
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Emergency manure spreading, 148 ac
Map Unit Hydric Rating

All Hydric

Partially Hydric

Not Hydric

lanure applications:

Sept 1- Oct 15: Limit liquid and solid manure applications
as much as possible. Only apply manure to fields that

will have a growing crop during the winter. Do not

apply manure to filter strips.

Oct 16 - Feb 15: Only apply manure when storage facilities
are at risk for overflowing. Then only apply manure to fields
with established perennial grass in the emergency areas
shown on this map in dark brown. Do not apply within

100 feet of roads, hydric soil (shown in purple on this map)
or the floodplain. Do not apply manure to filter strips.

500 1.000

Feb 16- Aug 30: Apply most manure duirng this time.
Feet

Do not apply manure to filter stirps.
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apply manure to filter strips. Image: 2005
Oct 16 - Feb 15: Only apply manure when storage facilities
are at risk for overflowing. Then only apply manure to fields
with established perennial grass in the emergency areas
shown on this map in dark brown. Do not apply within

100 feet of roads, hydric soil (shown in purple on this map)
or the floodplain. Do not apply manure to filter strips.

Feb 16- Aug 30: Apply most manure duirng this time.

0 not apply manure to filter stirps. / 500 0 500
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Nutrients, Organics & Pathogens - Livestock Yard Management Worksheet

Ground & Surface Water Contaminants — Nutrients, Organics & Pathogens - Livestock Yard Management

Farm:
Low Risk Low-Moderate Risk Mod-High Risk High Risk Score
Rating Item 4 Points 3 Poinis 2 Points 1 Point
1. Location More than 200 feet from Between 100-200 feet of Between 50-100 feet of well Less than 50 feet of well

well and more than 500
feet from stream, pond, or
drainageway

well and between 250-500
{eel from stream, pond, or
drainageway

and between 100-250 feet
from stream, pond, or
drainageway

and less than 100 feel [rom
stream, pond, or
drainageway

2. Livestock water
source

Stock water in troughs,
with overflow diverted to
wastewater system

Stock water in troughs with
overflow diverted from lot

area. Stock excluded from
streams or ditches.

Live water fenced, with
stock waler provided in
water gap.

Stock water provided by
live stream or irrigation
ditch.

3. Surface water
diversion

All upslope and roof water
diverted. Diversion and
gutters well maintained.

Most upslope surface and
roof water diverted.
Diversions and gutters
occasionally maintained.

No surface water diverted.
Some roofl waler collected
and redirected. Gutters and
diversions nol maintained.

All water (surface and roof
water) runs through the
yard.

4. Lot runoff control
system

No yard runoff. Fully
covered area or runoff
from surfaced lot directed
to waste storage facility.

All runoff collecled from
compacted, earthen lot.
Solids mounded and
collected or stored.

Most of 1ot runolf diverted
to filter strip and collected.
Some solids removed.

Lot runoff uncontrolled.
Solids rarely collected.

5. Yard cleaning and
scraping

No yard (animals
confined)

Every month or two lot
smoothed, leveled, and
regularly shaped.

Quarterly. Lot rough and

irregular in shape.

Rarely. Lot poorly sited
and developed for cleaning
and scraping.

6. Dairy cow
concentration on yard

No yard. Confined to
bam, roofed yard or
pasture.

75 sf/a or more on fenced,
curbed concrete pad and/or
400 sf/a on graded earthen
surface. More than {800
sf/a in exercise area.

50 sf/a or more on concrete
pad and/or 200-300 sf/a on
earthen surface. More than
1200 sl/a in exercise area.

Some concrete, less than
50 sf/a and less than 200
sf/a on earthen surface.

7. Dairy
replacements
concentration

No yard. Confined to
bam, roofed yard, or
pasture.

More than 40 sf/a on fenced,
curbed concrete pad and/or
more than 150 sf/a on
earthen yard.

40-20 sl/a on concrete
and/or 75-150 sf/a on
carthen surface.

Less than 75 sf/a on earth.

8. Beef feeder
concentrations

No yard. Confined to
barn.

Bam and/or paved lot more
than 50 sf/a. Earthen lol

No shelter. Paved lot with
30-50 sf/a. Earthen lol with

Paved less than 30 sf/a.
Earthen less than 250 sf/a.

with mound more than 300 mound 150-300 s{/a or ——
sf/a, or without mound more | earthen withoul mound 250-
than 500 sf/a. 500 sf/a.
9. Beef cows/heifers Barn, roofed yard, or Bam with paved lot more Paved lot more than 30 sf/a. Paved less than 30 sf/a.
concentrations pasture. than 60 sf/a. Earthen with Earthen with mound 200- Earthen without mound -—
mound 400 sf/a or without 400 sf/a or without mound less than 200 sf/a.
mound 600 sf/a. 300-600 sl/a.
10. Sheep/ewes No yard. Confined to Barn and paved lot more Bam and paved lot 15-20 Bam and paved lot less
concentrations barn, roofed yard, or than 20 sf/a. Earthen more sl/a. Earthen 25-40 sf/a. than 15 sf/a. Earthen less il
pasture. than 40 sf/a. than 25 sf/a.
11. Feeder lambs No yard. Confined to Barn and paved lot more Barn and paved lot 5-10 Bam and paved lot less
concentrations bam, roofed yard, or than 10 sf/a. Earthen more sf/a. Earthen 10-25 sf/a. than 5 sf/a. Earthen less =
pasture. than 25 sf/a. than 10 sf/a.
12. Hogs/sows No yard. Confined to Shed and paved lot more Shed and earthen lot more Shed and earthen lot less
Concentrations barn. than 30 sf/a. than 10 sf/a than 10 sf/a. N
13. Horses No yard. Confined to Earthen exercise lot more Earthen exercise lot 1,000- Earthen exercise lot less
concentrations barn, roofed yard, or than 2,500 sf/a. 2,500 sl7a. than 1,000 sf/a —
pasture.
14. Poultry No lot. In building. Earthen lot ol more than 4 Earthen lot of less than 4
concentrations sffa. sf/a.

Livestock Yard Rating

Accumiilative Score (Sum.olf.above rating iteins)

Average Score (Accumulative/no. ilems rited)

Lo

Ratings:

Note: sl/a = square feet per animal

3.6-4=Low risk, 2.6-3.6=Low (o moderale risk, 1.6-2.5=Moderale to high risk, 1-1.5=! figh Risk

Source; Modification of Oregon Home*A*Syst, EM 8540, Worksheer #8, Livestock Yards Manaugement
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Nutrients, Organics & Pathogens - Livestock Manure Storage Worlksheet

Ground & Surface Water Contaminants - Nutrients, Organics & Pathogens - Livestock Manure Storage

Farm:
Low:Risk Low-Moderate Risk Mod-High Risk High Risk Score
Rating Item 4 Points 3 Points 2 Points 1.Point
1. No on-farm Wastes hauled off farm Daily spreading of

storage facilities

for proper storage and
disposal

livestock wastes

VA

2. On-farm storage
Manure stack

and/or
Liquid/Slurry
storage

Manure stack covered;
on impermeable
surface; rainfall and
runoff diverted; built to
NRCS standards.

Concrete, clay lined, or
other liquid tight
design; designed and
built to NRCS
standards; properly
maintained; no cracks
and leaks.

Manure covered; on low
permeable soil, rainfall
and runoff diverted.

Earthen structure built to
NRCS standards and
properly maintained.

Manure partiaily
covered; on slightly
permeable soils; some
runoff collected.

Not designed to NRCS
standards; on slightly
permeable soils; poorly
maintained, some
evidence of cracks and
leaks.

Manure not covered;
runoff not collected.

Not designed to NRCS
standards; on permeable
soils; not maintained;
leaks and cracks.

3. Storage volume

Not full at end of rainy
season; if liquid/slurry
adequate capacity to
hold 25-year, 24-hour
storm; solids removed
to avoid loss of storage
capacity.

Not full at end of rainy
season; if liquid/slurry
not adequate capacity to
hold 25-year, 24-hour
storm.

Storage facility requires
occasional emptying
during the rainy season;
if liquid/slurry not
adequale capacity to hold
25-year, 24-hour storm.

Storage facility requires
regular emptying during
the rainy season; if
liquid/slurry not
adequate capacity to
hold 25-year, 24-hour
stormi.

4. Storage location

Manure stack or earthen
pond located more than
500 feet from well,
stream, pond, or
drainageway.

Or

Liquid/slurry storage
located more than 200
feet from well, stream,
pond, or drainageway or
has emergency
containment dike for
accidential spills or
leaks.

Manure stack or earthen
pond located between
250-500 feet from well,
stream, pond, or
drainageway.

Or

Liquid/slurry storage
located betwen 100-200
feet from well, stream,
pond, or drainageway

Manure stack or earthen
pond located less than
250 feet downslope from
well, stream, pond, or
drainageway.

Or

Liquid/slurry storage
located more than 100
feet downslope from
well, stream, pond, or
drainageway

Manure stack or earthen
pond located less than
250 feet upslope from
well, stream, pond, or
drainageway.

Or

Liquid/slurry storage
located 100 feet from
upslope well, stream,
pond, or drainageway

MA

Livestock Waste Storage Rating
for Ground:& Surface Walers

Accumulative Score (Sum of above rating ilems)

(S

:Average Score (Accumulative/4)

13,725

Ratings: 3.6-4=Low risk, 2.6-3.5=Low to moderate risk, 1.6-2.5=Moderate to high risk, 1-1.5=High Risk

—_——

Source: Modification of Oregon Home*A*Syst, EM 8546, Worksheel #7, Livestock Wasle Storage
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Evaluator:

Field Sheet 2B;: Animal Waste — Page 1 of' 1
Indicators for Pasturce or Range Animals

Mogen &

Daltc:

Mar dud>

Farm/Field Evaluated:

(Circle one number among the four choices in each row which BEST describ

MAansy HemesrzeAan

Total Score:

es the conditions of the {ield or area being

evaluated. If a condition has characteristics of two categories, you can “gplit” a score.)

Rating ltem Excellent Good Fair Poor
1. Runoff Potential Low: Moderate: Considerable: High:
e Runoff Curve Number e RCN 71-80. * RCN 81-90. « RCN greater than 90.
(RCN) 61-70. o Flat to gently sloping (0.5- e Gently to moderately » Mederately sloping to steep

o Very flat to flat terrain (0-
5% slope).
e Dry, low rainfall (< 20”).
« Even, gentle impact
(scattered shower-type) of
rainfall.
10

2.0% slope).

Semidry (20-307).

Even, gentle to moderate
intensity rainfall.

()

sloping (2-5% slope).
Semiwet (30-407).
Even but intense rainfall.

4

(> 5%).
e Wet (more than 40" rain).
» Intense uneven rainfall in
seasons when soil 1§
exposed.

0

2. Ungrazed Buffer
Zone

o Pasture or range with a strip

of intervening vegetation
greater than 200 ft.
9

Pasture or r¥fge with 50 to
200 ft. strip of intervening

vegetation
) X

Pasture or range with 10 to
50 fL. of intervening
vegelation.

3

Pasture or range in close

proximity to edge or

adjacent to water course.
2

3. Rate of Waste
Decomposition

e Rapid decomposition of

waste due to hot, sunny
climate.
9

Moderate 0 rapid
decomposition due to warm

Slow to moderate decom-
position due to cooler, more
overcast climate.

’%

Slow decomposition due to
cold climate with little
direct solar radiation.

2

4. Pasture or Range
Management

Excellent:

90% cover.

e Proper grazing.

Animal numbers within the
carrying capacity
No [ertilization or pH
adjustment and application
of recommended amounts of
fertilizer for maximum
forage utilization based on
soil tests.

9

sunny clim X
/1)
L

Good:

70-90% cover.

Occasional bare areas.
Animals exceed carrying
capacity only 1 to 2 times
per year.

No fertilization or
recommended amounts for

maximum forage utilization.

Fair:

50-70% cover.

Some bare spots.

Animals exceed carrying
capacily over 25% of the
year.

Ferlilization at greater than
recommended amounts for
forage utilization.

3

Poor:

50% or less cover.
Numerous bare spots.
Animal numbers exceed
carrying capacity 100% of
year.

Significant over-application
of animal waste or I
commercial fertilizer close
to water’s edge.

0

5. Potential for
ground water
contamination

Low:

Soils rich to very rich in
organic matter (>

Slow to very slow
percolation in light-textured
soils such as clays, silty or
sandy clays, or silty clay
loams.

Perched water table present.
In protected bedrock areas
(50 ft. of soil & shale cap)
well depth is 75-100 ft,

In protected bedrock areas
overlain with 50 ft. of sand
or gravel, well depth is
greater than 150 ft,

In shallow bedrock areas
(25-50 (L soil & shale cap),
well depth greater than 200°
tn Karst areas, well depth is

grcaler than 1,000 fuif X

nquifcris"/cm‘jncd."
Y

Moderate:

ol ¥

Soils rich to moderate in
organic matter (3.0 to
1.5%).

Slow to moderate
percolation in clay loams or
silts.

Perched watertable present.
In protected bedrock areas,
well depth is 30-74 (t.

In protected bedrock areas
overlain with 50 ft. of sand
or gravel, well depth is 100-
149 ft.

In shallow bedrock areas,
well depth is 50-199 fL.

In Karst areas, well depth is
500-999 1t

Considerable:

Soils moderate to low in
organic matter (1.5 to
0.5%).

Moderate to rapid
percolation in silty loams,
loams, or silts.

In protected bedrock areas,
well depth is 15-29 ft.

In protected bedrock areas
overlain with 50 ft. of sand
or gravel, well depth is 50-
99 ft.

In shallow bedrock areas,
well depth is 25-49 fL.

In Karslt areas, well depth is
100-499 L.

High:

Soils low to very low in
organic matter (< 0.5%).
Rapid percolation in coarse
textured loamy sands or
sands.

In protected bedrock areas,
well depth is less than 15 ft.
In protected bedrock 50 ft.
of sand or areas overlain
with gravel, well depth is
less than 50 ft.

In shallow bedrock areas,
well depth is less than 25 ft.
In Karst areas, well depth is
less than 100 ft.

6 4 0
I Add the circled Rating liem scoresTreet a total for the ficld sheel TOTAL =|T3 77
3 Circle the rankine (or this site based on the total field score. “\\
RANKING | Excellent (40-46) { Good (25-39) ) Fair (10-24) Poor (Y or less)

WQ Tech. Note 1
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Evaluator:

Field Sheet 3B: Nutrients — Page 1 of 2
Indicators for Cropland, Hayland, or Pasture

Moamsev c

Farm/Field Evaluated:

Mazris

/o mETTZN0

Dale: _MAT R[oo0™)
Tolal Score: 22

(Circle one number among the four choices in each row which BEST describes the conditions of the field or area being
evaluated. If a condition has characteristics of two categories, you can “split” a score.)

Rating Item Excellent Good Fair Poor
1. Erosion « Not significant. = Some erosion evident. » Moderate erosion. e Heavy erosion.
Potential o Less than T (tolerance) = About T, some sheet & rill e Tto 2T gullies from heavy | e More than 2T, many gullies
little sheet & rill erosion, erosion. Very few gullies. storm events obvious. and ciitical erosion areas.
l o no gullies. ¢ Coarse granular to medium » Fine granular soils e Very fine granular soils,
= Blocky, platy or massive granular soils. s Potentially highly erodible highly erodible.
soil structure. soils.
10 >< 6 3 0
2. Runoff Low: ) Moderate: Considerable: High
Potential e Soils hydraulic Group A. = Soils Group B. = Soils Group C.  Soils Group C.

Lf

« Very flat to flat terrain
(0.5-2% slope).

e Dry, low rainfall (less than
207).

e Even, gentle impact

 Flat to gently sloping (0.5-
2% slope).

Semidry (20-30™).

Even, gentle to moderate
intensity rainfall.

Gentle to moderately
sloping (2-5% slope).
Semiwet (30-407).

Even but intense rainfall.

e Moderately sioping to steep
terrain (greater than 5%).
Wet (more than 40% rain).
Intense uneven rainfall in
seasons when soil is

(scattered shower-type) of x exposed.
rainfall.
10 8 4 2
3. Resource s Excellent Management. » Good management. « Rain management. e Poor management.
Management e RMS always used as o Most (80%) of the needed s About 50% of the eneded e Few, if any, needed RMSs
Systems on whole needed. RMSs installed. RMSs installed. installed.

farm (combined
value for all
agricultural areas

pastureland, 7

cropland, or

Predominance of farming
practices diverting runoff
away from receiving waters
(terraces without tile

drains).

Cropping confined to
proper land class.
Predominance of farming
practices diverting runoff
toward receiving waters
(tile drains and {ield

Cropping not confined to
proper classes.

No diversion ofrunoff water;
water flowing directly into
receiving waters.

animal holding ditches). 0
areas) 9 7 3
4. Buffer Zone e Cropland is more than 600 e Cropland is less than 200 ft. | » Cropping up to the water’s
ft. from water with but more than 15 ft. from edge.
intervening herbaceous water with intervening * No bank (riparian)
vegetation (grass). herbaceous vegetation vegetation.
7 e Cropland is less than 100 (grass).
ft., but more than 50 ft. e Cropland is less than 50 ft.
from water with but more than 15 ft. from
intervening vegetation water with intervening x
(trees). woody vegetation (trees).
e Little bank (riparian) veg.
10 7 0 0

5. Fertilizer
Management
Practices

/

o Excelient management.

e No fertilizer necessary

o Well defined schedule as to
frequency and timing for
inorganic or organic
fertilizer depending on crop
type, height of growth, etc.

« Application of exactly the
proper (recbmmended)
amounts according to soil
tests. Pays closc atlention
10 weather forecasts. Never
applics before a storm.

e Good management.

Mainly follows a schedule
but sometimes missed the
best timing for Lhe
maximum utilization by the
crop.

Usually follows directions
for proper dosages ol
fertilizer and has soil tested
regularly. Follows weather
forecasts bul once in a while
will risk applying when rain
is lorecast.

Haphazard management.
Follows a schedule about
half the time.

Application is based on
convenience. Tends to
“overfertilize” by using
more than the
rccommended dose as
“insurance.”

Occasionally loses much of
application in a washout.
More than hall the fertilizer
is applied to the surface.

Little or erratic mgmt.
Seldom follows a schedule.
Applications without heed
to weather forecasts. Often
loses most of the applied
fertilizer in a washout.
Applies usually too little,
sometimes too much.
Most of the fertilizer is
surface applied without
incorporation,e.g., in the
North nitrogen application
in the autumn for some

« Fertilizer is incorporated  Fertilizer is mainly of the crops.
into the soil incorporated slow-rclease
type
9 7 3 0
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6. Potential for
groundwater
contamination

4

Low:
e Soils rich to very rich in

organic matter (>3.0%).
Slow to very slow
percolation in light textured
soils such as clays, silty or
sandy clays, or silty clay
loams.

Perched water table
present.

In protected bedrock areas
(50 ft. of silt & shale cap),
well depth is 75-100 ft.

In protected bedrock areas
overlain with 50ft.of san or
gravel, well depth is greater
than 150 ft.

In shallow bedrock areas
(25-50 ft. soil & shale
cap),well depth greater than
200 ft.

In Karst areas, well depth is
greater than 2,000 ft. if, »
aquifer is “confined.”

Moderate:

Soils richto moderate in
organic matter (3.0 to
1.5%).

Slow to moderate
percolation in clay loams or
silts.

Perched water table present.
In protected bedrock areas,
well depth is 30-74 ft.

In protected bedrock area
overlain with 50 ft. of sand
or gravel, well depth is 200-
149 ft.

In shallow bedrock areas,
well depth is 50-199 ft.

In Karst areas, well depth is
50-999 ft.

A

Considerabié:
:» Soils moderate to low in

organic matter (1.5 to
0.5%).

Moderate to rapid
percolation in silty loams,
loams, or silts.

In protected bedrock areas,
well depth is 15-29 ft.

In protected bedrock areas
overlain with 50 ft. of sand
or gravel well depth is 50-
99 ft.

In shallow bedrock areas,
well depth is 25-49 ft.

In Karst areas, well depth is
100-499 ft.

High:

Soils low to very low in
organic matter (less than
0.5%).

Rapid percolation in
coarsetextured loamy sand
or sands.

In protected bedrock areas,
well depth is less than 15 ft.
In protected bedrock areas
overlain with 50 ft. of sand
or gravel, well depth is less
than 50 ft.

In shallow bedrock areas,
well depth is less than 25 ft.
In Karst areas, well depth is
less than 100 ft.

9 6 4 0
1. Add the circled Rating Item scores to get a total for the field sheet. TOTAL —= | %4
2. Circle the ranking for this site based on the total field score. -~ NN
RANKING Excellent (49-57) / Good (30-48) \ | Fair (9-29) Poor (8 or less)
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U.S. Department of Agriculture

Natural Resources Conservation Service

)

CLIENT: Marsh Homestead
ASSISTED BY: Dean Moberg, NRCS

-~

ANIMAL WASTE MANAGEMENT WORKSHEET

Version HRv3.0

CHECKED BY:

Worksheet OR10A-7--Waste storage period determination

5/8/2007
STATE: OREGON

Basic Storage Period, SPb =

213 Days

Enter average monthly Evapotranspiration(ET) from OSU Extension Publication 8530,
Oregon Crop Water Use and Irrigation Requirements, and Precipitation(Ppt) Data from

Climatic Station- HILLSBORO

Managemont Level

Crop ET, | Accum ET,
Day of Year MONTH Inches Inches Ppt, Inches
1-31 January 0.39 0.39 5.76
32-59 February 0.79 1.18 4.72
60-90 March 1.61 2.79 3.93
91-120 April 3.43 6.22 2.46
121-151 May 4.65 10.87 1.90
152-181 June 5.79 16.66 1.46
182-212 July 6.81 23.47 0.61
213-243 August 5.83 29.30 0.93
244-273 September 3.78 33.08 1.61
274-304 October 2.28 35.36 2.68
305-334 November 0.39 35.75 6.03
335-365 December 0.28 36.03 6.44
a. Determine last day for the month of the year when 3/4 of Annual ET is exceeded-
3/4 of Annual ET = 0.75 x 36.03 = 27.02 Inches
L = Last Day for Month Accum ET exceeds 3/4 of Annual ET
L= 243 Days
b. Determine first day for the month of the year when ET >= Ppt-
E = First Day of Month ET >= Ppt
E= 91 Days
c. SPb=365-(L-E)=365-( 243 - 91 )
Management Factor, Fm = 0.7
Low Level, Fm=1.0
Management Factor ...The operator does not utilize a waste management plan.
...Proper operation and maintenance may not be performed.
1 Medium Level, Fm = 0.8
...The operator utilizes an up-to-date waste management plan.
& 2 ...Manure application equipment is calibrated for nutrient applications.
Fm 0.8 ...Maintains adequate soil moisture for crop growth.
) ...Agronomic treatments which would maximize crop nutrient uptake are
2 X not fully utilized.
0.6 ...Proper operation and maintenance is planned.
High Medium Low High Level, Fm = 0.6

...The operator utilizes an up-to-date waste management plan.

...Soil fertility testing is performed annually.

...Manure in storage is tested for nutrient concentrations.

...Records of time, rate and location of manure applications are maintained.

...Manure application equipment is calibrated for nutrient applications.

...Irrigation water management techniques are practiced.

...Crop nutrient uptake is maximized with appropriate agronomic treatments
such as residue management, conservation crop rotation, crop variety
selection, prescribed grazing, and pest management.

...Proper operalion and maintenance is planned.

Page 1 of 4
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5/8/2007

ANIMAL WASTE MANAGEMENT WORKSHEET
STATE: OREGON

Version HRv3.0

U.S. Department of Agriculture
Natural Resources Conservation Service

CLIENT: Marsh Homestead

ASSISTED BY: Dean Moberg, NRCS CHECKED BY:

Worksheet OR10A-7--Waste storage period determination

Location Factor

Soils Factor: Fs_qup = 0.9 Fssoup = 0.7
ISails must meet the following criteria for Fs to be less Soils Factor [F§)
fthan 1.0- f
.. The average water holding capacity for the profile — ponsesnc o W_asm - -
greater than 3.0 inches. HSG Liquid Slurry Semi-Solid Solid
... A cation exchange capacity greater than 5 meq/100g A 1 0.95 0.9 0.8
of soil.
.. Depth to a thin layer/cemented pan greater than 20 B 08 0.75 0.7 0.6
inches. Cc 0.9 0.85 0.8 0.7
.. Depth to high water table greater than 2 feet. D 1 1 0.95 0.85
... A permeability greater than 0.06 inches/hr but less
than 6 inches/hr.
.. Cobbles less than 35% by weight in the surface layer.
... Stones and boulders less than 15% bv weiaht in the surface
Witd Wtd
HSG Area Fsuoun Fspioun FssoLp FssoLp
C 100 0.9 90 0.7 70
Total Weighted Fsy;qun=| 0.9 Total Weighted Fsgopmp = 0.7
Location Factor: Fl = 0.83

For an application area to be considered buffered there mustbe a0 to 5
percent chance of flooding and the area must be at least 50 feet from water
bodies, ground water sources(wells), and areas of concentrated flow. The

1 percent buffered area(%BA) is determined by taking the total buffered
area(TBA) and dividing it by the total land area(TLA) available for manure
b application.
Fl1 0.9 TBA
%BA = X 100%
y TLA
0.8 45
0 50 100 %BA = :70 X100% =  85%
Percent Buffered, %BA
Nutrient Loading Factor: Fn= 0.81
Nutrient Loading Factor In order for the Nutrient Loading Factor, Fn to be less than 1, the Location
Factor, Fl must be 0.95 or less.

1 The percent of annual nutrient requirement(%ANR) Is determined by taking the total nutrients
applied(TNA) annually and dividing it by the total nutrient requirements(TNR) of all of the
crops grown.

Fn 0.76
NA
05 %ANR =—NA X 100%
0 50 100 TNR
Percent Annual Nutrient Requirement, 1359
%ANR %ANR = 2' 157 X 100% = 63%

Page 2 of 4 ORAWMvVHR3.0.xls



U.S. Department of Agriculture ) ANIMAL WASTE MANAGEMENT WORKSHEET 5/8/2007
Natural Resources Conservation Service Version HRv3.0 STATE: OREGON

CLIENT: Marsh Homestead
ASSISTED BY: Dean Moberg, NRCS CHECKED BY:

Worksheet OR10A-7--Waste storage period determination

Application Method Factor: Fa qup = 0.90 Fason = 1.00

Application Method Factor

Method 1 - Surface applied solid manure, no incorporation.

Method 2 - Surface applied liquid manure, no incorporation.

Fa 0.9
Method 3 - Injection or immediate incorporation.
0.8
1 2 3
Application Method
Adjusted Storage Period: ASPqp = 82 Days ASPsop = 71 Days

ASP =SPbXFmX Fs XFIXFn XFa

ASPuaun= 213 X 0.7 X 0.9 X 0.829411764705882 X 0.814968850162501 X 0.9

ASPsan= 213 X 0.7 X 0.7 X 0.829411764705882 X 0.814968850162501 X 1

Adjusted earliest Day of Year for application, E, = ASP - (365 - L)

EavLiqun= -40
EasoLp= -51
Storage Period: SP,qyp = 154 Days SPsop = 154 Days

The storage period must span the seasonal flooding conditions and must also span frozen ground and snow conditions where the land slope
exceeds 5% and a buffer strip of less than 100 feet exists next to open water courses that affect the application area-

a. Enter L from Sheet 1 and determine the Day of Year L when seasonal frozen ground, snow or flooding conditions are first anticipated
for the application area-

L= 243 Days L = 335 Days

If Licomes before L then Ly, = L,
If L, comes after L or there is no seasonal frozen ground, snow or flooding then Ly, = L

Lep = 243 Days

b. Determine the Day of Year E;when seasonal frozen ground, snow or flooded conditions are no longer anticipated for the application

area-
Ef= 32 Days
If Ercomes after E; then E, = E;
If E; comes before E, or there is no seasonal frozen ground, snow or flooding then E,, = E,
Esp Liquip = 32 Days Espsoup = 32 Days
¢. SPyjquip = 365 - (Lsp - Esp LIQUID) = 154 Days
SPsoLip = 365 - (Lsp - Esp sovin) = 154 Days

d. Earliest date (E;) for manure application (month-day):

Esp Liquin = February 4
EgpsoLn = February 1
. Latest date (L.;) for manure application (month-day) = September 1

*** |imited manure will be applied between Sept 1 to Oct 15 on fields that will have a growing crop over the winter.

Page 3 of 4 ORAWMVHR3.0.xls
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U.S. Department of Agriculture ANIMAL WASTE MANAGEMENT WORKSHEET 5/8/2007
Natural Resources Conservation Service Version HRv3.0 STATE: OREGON
CLIENT: Marsh Homestead
ASSISTED BY: Dean Moberg, NRCS CHECKED BY:
Worksheet OR10A-7--Waste storage period determination
Day of Year Calendar
Month
Day of Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month
1 1 32 60 91 121 1582 182 213 244 274 3058 335
2 2 33 61 92 122 153 183 214 245 275 306 336
3 3 34 62 93 123 154 184 215 246 276 307 337
4 4 35 63 94 124 1585 185 216 247 277 308 338
5 5 36 64 95 125 156 186 217 248 278 309 339
6 6 37 65 96 126 157 187 218 249 279 310 340
7 7 38 66 97 127 158 188 219 250 280 311 341
8 8 39 67 98 128 159 189 220 251 281 312 342
9 9 40 68 99 129 160 190 221 252 282 313 343
10 10 41 69 100 130 161 181 222 253 283 314 344
11 11 42 70 101 131 162 192 223 284 284 3158 345
12 12 43 71 102 132 163 193 224 255 285 316 346
13 13 44 72 103 133 164 184 225 256 286 317 347
14 14 45 73 104 134 165 195 226 257 287 318 348
15 15 48 74 105 135 166 196 227 258 288 319 348
16 16 47 75 106 136 167 197 228 259 289 320 350
17 17 48 76 107 137 168 198 229 260 290 321 351
18 18 49 77 108 138 169 198 230 261 291 322 382
19 19 50 78 109 139 170 200 231 262 292 323 3583
20 20 51 79 110 140 171 201 232 263 293 324 354
21 21 52 80 111 141 172 202 233 264 294 325 3585
22 22 53 81 112 142 173 203 234 265 295 326 356
23 23 54 82 113 143 174 204 235 266 296 327 357
24 24 55 83 114 144 175 205 236 267 297 328 3568
25 25 56 84 1156 145 176 206 237 268 298 329 369
26 26 57 85 116 146 177 207 238 269 299 330 360
27 27 58 86 117 147 178 208 239 270 300 331 361
28 28 59 87 118 148 179 209 240 271 301 332 362
29 29 88 119 149 180 210 241 272 302 333 363
30 30 89 120 180 181 211 242 273 303 334 364
31 31 90 151 212 243 304 365

Page 4 of 4 ORAWMVHRS3.0.xls
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715107
STATE: OREGON

U.S. Department of Agriculture
Natural Resources Conservation Service

ANIMAL WASTE MANAGEMENT WORKSHEET

Version HRv3.0
CLIENT:| George Viavsh
ASSISTED BY:|iathryn Slisgs (DDA} _ CHECKED m<“_
ANIMAL WASTE MANAGEMENT SYSTEM INVENTORY : i
WEATHER STATION _ HILLSBORO _0 AREAS CONTRIBUTING RUNOFF TO LIQUID STORAGE FACILITY
25Yr-24Hr _ )0 Lot Runoff Factors as Description of Runoff Area Area in SF
Monthly Average a Percent of Monthly Paved Lot Area >>>500500505>505 05555 >5 5055350 > B> D> D>BODD>S>5>5> L
. Al
in Inches Precipitation Is paved lot seraped daily? (Y/N) _ YES 0_
Month Precipitation Evaporation Paved Unpaved Unpaved Lot Area >>>>5555555>>55>>555>> 5> > 3> >0 350D DSBS DH > {1}
October 2,638 JE v Roof Arca >>>0000000>000 50550350 D 0SSOSO ID OIS IS DO OS> 1]
November 6.03 0.76 Surface Area of Silage Storage Facility>>>>>>>>>>>>5>>5>5>555> 5555 >5>>> 2.900
December 6,44 (.43 Does Silage Seepage Drain to Storage Facility? (Y/N) _ YES _0 _
January 5.76 .48 Total Runoff Area Contributing to Liquid Storage Facility>>>>>>>>>>>>>>> 17.500
Februarv 4.72 11,8
March 3.4 1.57 WATER USE THAT ENTERS LIQUID STORAGE FACILITY
April .40 i) &
May 17z Number of Gallons of Total Water | Total Water
—— Number of Washes per | Water Used | Use per Day, | Use per Day,
June 4.34 Type of Water Use Animals Day per Wash-Day Gallons Cubic Feet
July 5,42 Animal Washwater | 1.6 2 204 140 58.8
August 4.94 Equipment Wash D 150.00 300 40.1
September Flushwater b 2 0.4){) [1] 0.0
Annual 29.99 Miscellaneous ) (RALT] 0 0.0
Total>>>>> oo > eSS E s> E SIS IO B> BIIBHHIHIHSHEHHH> 740 98.9
CROP DATA
Nutrients Removed in Pounds per Acre
Nitrogen Phosphorous | Potassium
Field Number Acres Crop Condition Yield Units | Target Yield N P205 K20
L 34 Corn, Silage(AH) | AsHarvested Ton 193 100 230
260 Wheat, Winter Soft White Straw R{$| pun Ton 218 102 126
00 Alfalfa Hay S| DHM Ton i 338 76 338
Grass/Legume Hay/Pasture 2| pun Ton 600 203 76 249
v
Y
¥
A
!
A
v
'y
b
Off-Farm s
Page 2 of 3 George.Marsh.xls
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U.S. Department of Agriculture

Natural Resources Conservation Service

CLIENT: George Marsh
ASSISTED BY: Kathryn Higgs (ODA)

ANIMA_ WASTE MANAGEMENT WORKSHEET

CHECKED BY:

Version HRv3.0

ANIMAL WASTE MANAGEMENT SYSTEM UTILIZATION

STATE: OREGON

PERCENT OF MANURE TO BE APPLIED TO FIELD AND UTILIZATION ACRES NEEDED BASED ON { NITROGEN, N 2]
LIQUIDS SOLIDS GRAZING
Pounds Acres Pounds Acres Pounds Acres
Percent =f Nutrients Needed for Percert of Nutrients Needed for Percent of Nutriznts Needed for
Field to be to be Utilization to be to be Utilization to be tobe Utilization
Number Acres Crop Applied _ Applied of Nutrients Applied Applied of Nutrients Applied Applied of Nutrients
various 30.0 Com. Silace(AH) 21 Z.29 1 i 1.092 ) L [¢] 0
various 20.0 Wheat, Winter Soft White Straw Removed : 4] 1] ki1 1,638 ] } 0 0
various 40.0 Alfalfa Hay I il 1] ] [ 0 0
various 70.0 Grass/l.esume Hay/Pasture ai 8113 H i 0 o 3.972 20
Off-Farm 9] ] (37 [{]
TOTALS- L3} I fiLi44 Si 5461 13 100 3.972 20
NUTRIENT BALANCE BASED ON AVAILABLE ACRES
NUTREZENTS APPLIED - NUTRIENTS REMOVED NUTRIENT BALANCE
Nitrogen, Phosphorous Potassium, Nitrogen, Plosphorous. Potassium, Nitrogen, Phosphorous Potassium,
Feld N P20s K20 N P20s K20 N P205 K20
Number Acres Crop Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre Lbs/Acre
various 30.0 Corn. Silage(AH) 14t 83 136 193 104 230 -38 =15 -93
varipus 20.0 Wheat. Winter Soft White Straw Removed 82 58 77 218 102 126 -136 -43 -49
various 40.0 Alfaifa Hay ) [ {1 338 76 338 =338 -76 -33%
various 70.0 Grass/Legume Hav/Pasture 173 133 220 203 H 249 -3 59 -29
Off-Farm |
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@/ N RCS HILLSBORO SERVICE CENTER DEAN P. MOBERG
Natural 1080 SW BASELINE STE B2 DISTRICT CONSERVATIONIST

Resources HILLSBORO, OR 97123

Conservation

Service (503) 648-3174

Conservation Plan

MARSH HOMESTEAD, INC.

GEORGE E MARSH

4675 NW CORNELIUS SCHEFFLIN RD
CORNELIUS, OR 97113

503/357-9152

Objectives
The objectives of this plan are to meet or exceed all requirements of the Oregon Department of Agriculture
CAFO program, a USDA Comprehensive Nutrient Management Plan and the Tualatin Basin Water Quality

Agricuitural Management Area Plan ("Senate Bill 1010").

Marsh Homestead Inc. installed a fabric roof over the drystack facility in 2003 to facilitate handling of solid
manure. This roof was installed with assistance from the USDA Environmental Quality Incentive Program.
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General narrative farm description

George Marsh and his family operate the Marsh Homestead Inc. farm. It is located approximately 2 miles
north of Cornelius in Washington County. The headquarters is on a terrace overlooking Dairy Creek (a
tributary of the Tualatin River). This is a dairy farm with average herd numbers of 110 milk cows, 15 dry
cows, 65 heifers and 65 calves. Livestock are housed in a series of interconnected barns. All livestock
except the calves have access to pasture during the spring, summer and fall. The Marsh's have no current
plans to expand the herd.

Details of the manure handling system are provided under the headings "Waste Storage Facility,” "Manure
Transfer," "Roof Runoff Structure," "Nutrient Management” and "Waste Utilization" on the following pages.
Briefly, the manure is either scraped directly to the covered drystack or into a reception pit. A pump moves
the reception pit manure to the side hill separator at the covered drystack. Silage leachate is also pumped to
the separator. Liquids flow into a two cell storage pond system designed and inspected by NRCS. Some
roof water flows onto concrete slabs and then into the reception pit. Other roofs have gutters, downspouts
and outlet pipes to convey the clean roof water away from the Headquarters area. Currently, there is plenty
of liquid storage capacity, so the roof water that eventually flows into the storage ponds is an asset because
it can be used for irrigation. If the Marsh's ever expand the herd and need more liquid storage capacity, they
will look into adding more gutters and downspouts.

Manure is spread mostly during April through August, although some spreading is done in September and
October. Manure is applied at rates that supply nitrogen in amounts less than or equal to the amount in the
harvested crop. Often, manure is applied at rates that somewhat exceed phosphorus uptake. However, all
fields have a low or medium phosphorus index risk. Fields with soil test levels over 100ppm Bray P1 will no
longer receive phosphorus applications that exceed the amount of phosphorus harvested in the crop.

The farm is located in the Tualatin River Basin. The Tualatin River suffers from excessive phosphorus and
bacteria levels. Dairy Creek and an un-named intermittent tributary of Dairy Creek flow through this farm.
Dairy Creek is a tributary of the Tualatin River. Some of the cropland on this farm is in the floodplain of Dairy
Creek and some of the soils on this farm are hydric. Hydric soils generally indicate areas that once were
wetlands. There are tile drains on this farm. All rural residences in this area have private wells for their
drinking water supply. In order to protect both ground and surface water resources, this plan includes the
use of perennial crops in the rotation, nutrient management of manure and fertilizers and a field border of
perennial vegetation (minimum 30 foot width) along Dairy Creek and the un-named intermittent creek.
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Animal Mortality Facility (316)
Dead livestock are composted in the drystack on the concrete slab shown in the HQ Site Plan Map.

Planned Applied
Tract Field Amount Month Year Amount Date
859 203 1 no 6 2007 1 no 2007
Total: 1 no

Comprehensive Nutrient Management Plan (100)
This plan meets all requirements of a Comprehensive Nutrient Management Plan, including the handling,
storage and application of manure. This plan helps protect surface and ground water resources. After
approval by the state, this plan will serve as the Marsh Homestead Inc. Animal Waste Management Plan
for the State of Oregon. This plan also serves (after approval by the Soil and Water Conservation District)

as the farm's Voluntary Water Quality Farm Plan.

Planned Applied
Tract Field Amount Month Year Amount Date
859 203 1no 6 2007 1 no 2007
Total: 1 no
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Conservation Crop Rotation (328)
The crop rotation varies depending on weather, markets and lifespan of perennial crops. However, the
rotation is typically as follows. T859-3 ("Bottom Field"): continuous corn; T863-1: corn silage (3 years) -

winter wheat: All other fields: silage corn - wheat - silage corn - wheat - 5 years hay/pasture.

Planned Applied
Tract Field Amount Month Year Amount Date
859 1 24.8 ac 1 2007 24.8 ac 2007
859 2 12.4 ac 1 2007 12.4 ac 2007
859 3 12 ac 6 2007 12 ac 2007
859 4 13.9 ac 6 2007 13.9 ac 2007
859 5 21.7 ac 1 2007 21.7 ac 2007
860 1 32.7 ac 1 2007 32.7 ac 2007
861 1 41.6 ac 1 2007 41.6 ac 2007
862 1 14.5 ac 1 2007 14.5 ac 2007
863 1 12 ac 1 2007 12 ac 2007
Total: 185.6 ac 185.6 ac

Field Border (386)

These fields have good stands of perennial vegetation. The vegetation includes Reed canarygrass,

Oregon ash, willow species, snowberry, dogwood and Himalayan blackberry. Mostly, this vegetation
established naturally, however some native trees and shrubs have been planted in Field 201 (around the

freshwater pond) to improve wildlife habitat. The perennial vegetation filters runoff water and thus

reduces the movement of sediment and dissolved contaminants offsite. The borders will be maintained at

least 30 feet wide (measured from the edge of the cropland to the top of the stream or creek bank).

Native trees and shrubs will be allowed to grow in the field border along Dairy Creek in order to remain in
compliance with the Tualatin Basin Agriculture Water Quality Management Area Plan. "Allowed to grow"

means: trees will not be cut down unless they represent a safety hazard, the field border will not be

mowed or sprayed with herbicides except as part of a plan to plant native trees and shrubs (like willows

and ash) to replace non-native species (like canarygrass and blackberries).

Planned Applied
Tract Field Amount Month Year Amount Date
859 201 5900 ft 7 2007 5900 ft 2007
859 202 1500 ft 7 2007 1500 ft 2007
863 201 900 ft 7 2007 900 ft 2007
Total; 8300 ft 8300 ft
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Irrigation System, Sprinkler (442)
Fields are irrigated with an existing big gun traveling system. It uses a 4-6 inch mainline, has a lateral
spacing of approximately 180 to 240 feet, pressure at the nozzle of 80 psi and 0.80, 1.00 or 1.20 inch
nozzles. Fresh water is supplied by the Tualatin Valley Irrigation District and liquid manure is supplied

from the two cell manure pond system. See enclosed charts of Big Gun Application Rates.

Due to limitations on availability of water and equipment logistics, crops are irrigated only when they

approach moisture stress. Irrigation applications never exceed 2 inches at a time, nor 12 inches for a

season. At these rates, there is never surface runoff that leaves the field nor deep percolation from

irrigation that moves below the root zone.

The irrigation system will be maintained according to the enclosed operation and maintenance plan.

Planned Applied
Tract Field Amount Month Year Amount Date
859 1 24.8 ac 1 2007 24.8 ac 2007
859 2 12.4 ac 1 2007 12.4 ac 2007
859 3 12 ac 6 2007 12 ac 2007
859 4 13.9 ac 6 2007 13.9 ac 2007
859 5 21.7 ac 1 2007 21.7 ac 2007
860 1 32.7 ac 1 2007 32.7 ac 2007
861 1 41.6 ac 1 2007 41.6 ac 2007
862 1 14.5 ac 1 2007 14.5 ac 2007
863 1 12 ac 1 2007 12 ac 2007
Total: 185.6 ac 185.6 ac
Manure Transfer (634)

Some solid manure is scraped directly to the drystack with a front end loader or bobcat. Most

solid manure flows into the reception pit and is pumped to the side hill separator. Liquids flow from the
side hill separator into manure pond cell #1 and then into cell #2. Silage leachate from the bunker silo is

captured in a sump and pumped to the side hill separator.

Planned Applied
Tract Field Amount Month Year Amount Date
859 203 1no 6 2007 1 no 2007
Total: 1 no 1 no
6/7/2007 Page 5 of 11




Nutrient Management (590)

Nitrogen (N) and phosphorus (P) runoff are concerns in this region. Soil tests for P, K, pH and SMP will
be taken on all fields at least once every 5 years according to the enclosed OSU publication "Soil
Sampling for Home Gardens and Small Acreages.” Herd rations will be tested annually to ensure rations
do not exceed 0.40% P.

Soil test P levels for some fields on this farm are over 100 ppm (Bray1). However, P index analyses
indicate a LOW OR MEDIUM risk for P runoff from all fields. There is a ratio of 1.5 animal units per acre
of cropland on this farm, which indicates that it will be relatively easy to balance N applications with crop N
harvest, but more difficult to balance P applications with P harvest by crops. ORAWM (enclosed) predicts
that this farm produces approximately 21,000 Ibs N, 14,000 Ibs P205 and 29,000 Ibs K20 per year after
losses. ORAWM predicts that crops grown in an average year on this farm remove 41,000 Ibs N, 15,000
Ibs P205 and 42,000 lbs K20.

The Marsh's will apply N via manure and fertilizer combined so as not to exceed the amount of N
harvested by the crop. Post harvest soil nitrate tests will be taken in September on each field receiving
manure. Adjustments to future manure and fertilizer applications will be made based on OSU's
publication "Post Harvest Nitrate Testing for Manured Cropping Systems West of the Cascades”
(enclosed). P applications (manure plus fertilizer) to fields with high or very high P index values will be
equal to or less than the amount of P205 harvested. Currently, there are no fields with high or very high
P index values. Crop nutrient removal will be measured by keeping records of crop harvest and using the
published nutrient values for those crops in ORAWM (enclosed). Records of all manure and fertilizer
applications will be kept, indicating the month, rate and nutrient analysis of the material applied.

Planned Applied
Tract Field Amount Month Year Amount Date
859 1 24.8 ac 1 2007 24.8 ac 2007
859 2 12.4 ac 1 2007 12.4 ac 2007
859 3 12 ac 6 2007 12 ac 2007
859 4 13.9 ac 6 2007 13.9 ac 2007
859 5 21.7 ac 1 2007 21.7 ac 2007
860 1 32.7 ac 1 2007 32.7 ac 2007
861 1 41.6 ac 1 2007 41.6 ac 2007
862 1 14.5 ac 1 2007 14.5 ac 2007
863 1 12 ac 1 2007 12 ac 2007
Total: 185.6 ac 185.6 ac
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Pest Management (595)
Apply pesticides according to OSU recommendations and label directions. Use scouting reports based
on economic thresholds. Mix and load pesticides at least 100 feet away from streams, ditches and wells.
Use anti-backflow device and/or keep water input line above tank overflow level at all times. Triple rinse
containers, use rinsate in sprayer and dispose of containers properly. Calibrate sprayer(s) at least once

each year.

Dairy Creek, which flows through this farm, IS considered a steelhead spawning stream as shown on the
Oregon Department of Agriculture map of streams requiring buffer zones for certain pesticides. See
enclosed list of pesticides which cannot be applied within 60 feet (by ground application) or within 300 feet
(aerial application) of this stream.

Contact NRCS (503/648-3174) at least 3 months before beginning this practice for a Pest Management

specification.
Planned Applied
Tract Field Amount Month Year Amount Date
859 1 24.8 ac 1 2007 24.8 ac 2007
859 2 12.4 ac 1 2007 12.4 ac 2007
859 3 12 ac 6 2007 12 ac 2007
859 4 13.9 ac 6 2007 13.9 ac 2007
859 5 21.7 ac 1 2007 21.7 ac 2007
860 1 32.7 ac 1 2007 32.7 ac 2007
861 1 41.6 ac 1 2007 41.6 ac 2007
862 1 14.5 ac 1 2007 14.5 ac 2007
863 1 12 ac 1 2007 12 ac 2007
Total: 185.6 ac 185.6 ac

Prescribed Grazing (528)

Schedule grazing to produce optimum pasture yields, healthy livestock and good water quality. Use cross-
fences and pasture rotation to protect pastures and optimize herd health. In general, let livestock into
pastures only when the grass is over 6 inches tall. Then remove livestock from pastures when the grass
is 3 inches tall. Keep records of grazing (date on, height of grass, date off, height of grass, number of

cattle).
Planned Applied
Tract Field Amount Month Year Amount Date
859 4 13.9 ac 6 2007 13.9 ac 2007
Total: 13.9 ac 13.9 ac
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Roof Runoff Structure (558)

Most roofs that drain eventually to the manure storage ponds have functional gutters, downspouts and
outlets. The enclosed HQ site plan map indicates which buildings do not currently have functional gutters
and downspouts to direct rainwater away from the concrete slabs. Currently, there is adequate liquid
manure storage capability on this farm, so it is not important to install additional gutters. In the future, if
additional liquid manure storage capacity is needed because of increased herd numbers or changes in

management, gutters may be installed on the buildings that currently drain to the concrete slab.

Planned Applied
Tract Field Amount Month Year Amount Date
859 203 1 no 6 2007 1 no 2007
Total: 1 no 1 no

Upland Wildlife Habitat Management (645)

These areas lie along Dairy Creek and the un-named creek that flows into the farm pond and then into
Dairy Creek. These areas will be managed primarily as wildlife habitat and as a filter for water runoff.
Allow dead or dying trees to stand or lie where they fall in order to provide habitat. Exception: if trees are
a safety concern or interfere with farming, they should be removed. Install bird and bat houses and plant
native vegetation. Avoid mowing wildlife areas before July 15 to prevent damage to nesting bird habitat.
Contact the Oregon Department of Forestry (503/397-2636) for a logging plan if trees will be harvested.
Some of these areas may be wetlands. Contact NRCS before clearing or draining land on these fields.

Planned Applied
Tract Field Amount Month Year Amount Date
859 201 17.5 ac 7 2007 17.5 ac 2007
859 202 0.9 ac 7 2007 0.9 ac 2007
863 201 2.5ac 7 2007 2.5 ac 2007
Total: 20.9 ac 20.9 ac
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Waste Storage Facility (313)

According to the analysis shown in the enclosed form OR10A-1, this farm needs at least 154 days of
storage for liquid manure and 154 days of storage for solid manure.

Solids: Solid manure is stored in the roofed drystack area. This drystack is 4300 square feet in area and
holds approximately 30,000 cubic feet (520 wet tons) of manure, which is approximately 160 days of
storage, according to ORAWM.

Liquids: Cell #1 has a capacity of 1.8 acre-feet and a surface area of 31,000 square feet. Cell #2is 8.8
acre-feet in capacity with a surface area of 67,000 square feet. The liquid storage ponds were installed
with assistance from NRCS. The total liquids capacity of 10.6 acre-feet provides roughly 180 days of
storage, according to ORAWM.

The Waste Storage Facility will be maintained according to the enclosed operation and maintenance plan.
In case of a spill, leak or failure, the enclosed Emergency Response Plan will be followed.

Planned Applied
Tract Field Amount Month Year Amount Date
859 203 1 no 6 2007 1 no 2007
Total: 1no 1 no
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Waste Utilization (633)

The nutrients available in manure will be calculated before manure is applied. Manure nutrient content
will be estimated using book values as per OSU publication EM8586 "Dairy Manure as a Fertilizer Source”
(enclosed) and/or by using manure test results from the past 5 years. Current estimates of manure
nutrient content, N mineralization rate, ammonia volatilization and denitrification are shown in the
enclosed Nutrient Application Plan.

The solids spreader and big gun will be calibrated whenever an equipment change is made, using the
protocol shown on the enclosed forms. Manure spreading will be according to the following schedule:

Sept 1 - Oct 15: Limit liquid and solid manure applications as much as possible. Only apply manure to
fields that will have a growing crop during the winter. Do not apply manure to filter strips or field borders.

Oct 16 - Feb 15: Only apply manure when storage facilities are at risk of overflowing. Then only apply
manure to fields with established perennial grass in the emergency areas shown on the enclosed maps.
Do not apply within 1000 feet of roads, hydric soil or floodplains (shown on enclosed maps). Do not apply
manure to filter strips or field borders.

Feb 16 - Sept 30: Apply most manure during this time. Do not apply manure to filter strips or field
borders.

Planned Applied
Tract Field Amount Month Year Amount Date
859 1 24.8 ac 1 2007 24.8 ac 2007
859 2 12.4 ac 1 2007 12.4 ac 2007
859 3 12 ac 6 2007 12 ac 2007
859 4 13.9 ac 6 2007 13.9 ac 2007
859 5 21.7 ac 1 2007 21.7 ac 2007
860 1 32.7 ac 1 2007 32.7 ac 2007
861 1 41.6 ac 1 2007 41.6 ac 2007
862 1 14.5 ac 1 2007 14.5 ac 2007
863 1 12 ac 1 2007 12 ac 2007
Total: 185.6 ac 185.6 ac

6/7/2007 Page 10 of 11



CERTIFICATION OF PARTICIPANTS

Q%Aﬁé@é _obfbyfty
GEORGE E MAR$H DATE

CERTIFICATION OF:

DEAN P. MOBERG J’ DATE TUALATIN SWCD DATE

D@CONSERVATIOMST CONSERVATION DISTRICT
. }: V\'\ ¢/i 3/&007

PUBLIC BURDEN STATEMENT
According to the Paperwork Reduction Act of 1995, an agency may not conduct or sponsor, and a person is not required to respond to a
collection of information unless it displays a valid OMB control number. The valid OMB control number for this information collections is
0578-0013. The time required to complete this information collection is estimated to average 45/0.75 minutes per response, including the
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing
the collection information.

PRIVACY ACT
The above statements are made in accordance with the Privacy Act of 1974 (5 U.S.C 522a). Furnishing this information is voluntary;
however failure to furnish correct, complete information will result in the withholding or withdrawal of such technical or financial assistance.
The information may be furnished to other USDA agencies, the Internal Revenue Service, the Department of Justice, or other state or
federal law enforcement agencies, or in response to orders of a court, magistrate, or administrative tribunal.

USDA NON-DISCRIMINATION STATEMENT
"The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national
origin, age, disability, and where applicable, sex, marital status, family status, parental status, religion, sexual orientation, genetic
information, political beliefs, reprisal, or because all or a part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require alternative means for communication of program
information (Braille, large print, audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write USDA, Director, Office of Civil Rights, 1400 Independence Avenue, S.W., Washington, DC 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and employer."
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ANIMAL WASTE MANAGEMENT PLAN
MINIMUM REQUIRED ELEMENT

OPERATION AND MAINTANENCE

Marsh Homestead

Name of Operation

Mark all that apply to your operation.

g

X

Above and/or Below Ground Liquid Tank

The tank serves as a collection point for effluent to drain to or be scraped from the animal feeding
areas. If the tank will provide storage capacity to the waste management system it shall be
completely emptied at the beginning of the storage period and the contents applied to cropland as
weather and crop conditions permit. A 1-foot free board will be maintained to prevent spillage.
Continually maintain all pumps, agitators, piping valves and all other electrical and mechanical
equipment in good operating condition by following manufacturer’s recommendations. Float
valves will be maintained in good working order. Perform daily inspections of waterlines including
drinking water or cooling water lines. Repair leaking lines immediately to prevent excess water
from entering the waste storage system. Depth markers are installed to assure maximum volume
will be maintained and checked weekly. At least once every 5 years, the tank shall be emptied and
inspected for structural damage and leakage. Any damage found shall be corrected before putting
the tank back in service. Remove all foreign debris within the structure that may cause damage to
pumps and agitator. If below ground, the tank lid will not be subjected to more than two, 8,000
pound wheel loads. Before entering a tank, for any reason whatever, proper ventilation shall be
provided, and self-contained breathing apparatus shall be used, if required, when entering a covered
tank. No one shall enter the tank unless safety ropes are used and someone else capable of
providing assistance is outside of the tank. Warning: Entering Unventilated Tanks Is Extremely
Dangerous.

Animal Access Lanes or Walkways

Damaged components will be repaired or replaced as needed. Debris and excess manure will be
removed from roadway surfaces, road ditch and drainage areas. Maintain drainage area capacities.
Maintain good vegetative cover on all slopes and watercourses.

K Agitator

Preventative maintenance will be in accordance with the manufacturer’s recommendations.
Periodically examine the agitator for proper operation. Clean debris from the propeller and
promptly replace any defective or damaged parts. Remove the agitator from the manure tank or
pond and periodically clean and oil as needed to increase the life expectancy of the agitator.
Immediately repair any vandalism or livestock damage. Do not allow livestock near the equipment
during operation.



X

Concrete Gutters
Floor gutters and grates will be inspected periodically. All foreign material restricting flow will be
removed. Damage will be repaired as needed.

x Curbs

)

A

=

pr|

Curbs, gutters and slabs that are used to convey effluent will be inspected periodically. Broken
sections will be repaired or replaced. Manure or other solids will be prevented from building up
next to curbs or flowing over them. If over flow is a consistent problem the curb height should be
increased.

Culverts

Inspect annually or after large rainfall event. All foreign objects restricting water flow will be
removed. Damaged sections will be repaired or replaced. Erosion around inlet or outlet will be
corrected.

Dry Stack Storage Facility

Solid manure storage facility will be inspected annually. Broken slabs and curbs will be repaired.
Repair or replace rusted or damaged areas on roof structure. Broken gutters and/or downspouts will
be repaired or replaced. Check for adequacy and function of drain away from downspouts. Check
side and back walls for soundness. Manure solids and leachate will not escape through cracks in
the facility.

Fencing
Fences will be inspected periodically. Broken or decayed posts will be replaced. Sagging wire will

be tightened. Broken wire will be spliced or replaced. Broken or missing insulators for electric
fencing will be replaced. Vegetation will be controlled under the fences. Electric fencing will be
sufficiently charged to detour animals.

Filter Strips
Maintain vigorous growth of vegetative covering. This includes reseeding, fertilization and

application of herbicides when necessary. Periodic mowing, harvesting or grazing may also be
needed to control height. Remove all foreign debris that hinders system operation. Limit the traffic
from filter strip area. Limit livestock usage to vegetative growth periods when the animals will not
damage vegetative root system or compact the soil. Eradicate or otherwise remove all rodents or
burrowing animals. Immediately repair any damage.

Gutters and Downspouts

Gutters will be inspected annually to ensure all gutters are free of foreign materials. Broken gutters
or downspouts will be replaced or repaired. Gutters will be connected to downspouts. Leaky
gutters and downspouts will be repaired. Weeds and sediment will be removed from downspout
outlets. All downspouts will be connected to outlets, which are kept free flowing. Outlets will be
inspected for rodent guards and repaired or replaced as needed.
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Irrigation Water Management

Irrigation water application will be at rates that minimize transport of sediment, nutrients, and
chemicals to surface water and ground water. Equipment modifications and/or soil amendments
such as polyacrylamides and mulches should be considered to reduce erosion if needed.

Manure Application Equipment

All manure application equipment (including but not limited to sprinklers, big gun irrigators,
spreaders and/or tank wagons) will be operated and maintained according to the manufacturer’s
manual. Equipment found to be broken or worn will be replaced. Equipment will be calibrated to
ensure recommended rates are applied. Liquids will be drained from sprinklers or big guns prior to
freezing weather. When system is flushed, rinse water is used following waste, and liquid and
sediment is applied agronomically. Nozzles will be checked periodically and if worn, nozzles will
be replaced. Minimize exposure to animal and organic waters and manure gasses. Wear protective
clothing when appropriate. When cleaning equipment after nutrient application, remove and save
wastes in an appropriate manner. Avoid applying manure near surface water by establishing buffer
strips and set backs, and use extreme care to avoid contaminating ground water.

Manure Effluent and Irrigation Transfer Lines.

Manure, effluent and irrigation lines shall be flushed with clean water periodically to prevent
particle buildup and plugging. Manure flushed from the lines will be applied agronomically so that
surface and groundwater will be protected. Manure, effluent and irrigation lines shall be inspected
periodically for leaks or worn out nozzles, and repairs or replacements made as needed. Special
inspection shall be done to pressure relief valves, risers and control valves. Shut off valves will be
inspected annually. Avoid unnecessary travel over pipelines that will damage their integrity.
Equipment found to be broken or worn will be replaced. Water will be drained during cold weather
to prevent frozen or broken lines. These lines can explode if not properly maintained and may
cause human injury.

Pumps
Pumps will be maintained in accordance with manufacturer’s operation and maintenance manual.

Effluent will be drained from pumps prior to freezing weather. Pumps will be inspected
periodically to identify and remove debris wrapped around impeller or worn parts. Appropriate
action will be taken to repair any worn parts. Liquids will be drained from pump prior to freezing
weather to prevent breakage. It is recommended to have a spare pump or back up system in case a
pump must be removed for an extended time for repair.

Roofs

Roofs will be inspected annually. Rusted sections will be replaced or repaired if needed. Loose
sections will be secured. All broken trusses, beams, poles, gutters and downspouts will be repaired
or replaced.

Solid Manure Separator

The separator should be inspected regularly for deterioration of protective coatings and repaired as
necessary. All plumbing will be inspected annually and broken lines will be replaced or repaired.
Loose connections will be tightened. If applicable, electric motors, pumps and gears should be
routinely maintained. Separator will be operated and maintained according to manufacturer’s
manual.







ﬁ Subsurface Drainage System

Subsurface drainage will be inspected annually. Fields will be checked for breaks or suck holes.
Outlets will be kept free of vegetation and sediment. Erosion at outlets will be corrected with
riprap or other means. Damage or broken lines will be repaired. Outlets from fields on which
animal waste is being applied will be monitored daily. Animal waste applications will cease if the
tile outflow contains any indication of animal waste.

ﬁ Trough or Tank

P |

Watering facility will be inspected periodically. Damaged tank/trough will be repaired or replaced.
Float valves will be maintained in good working order. Area immediately surrounding the
trough/tank will be maintained in a stable condition. Watering facility will be inspected
periodically. Damaged tank/trough will be repaired or replaced. Float valves will be maintained in
good working order. Area immediately surrounding the trough/tank will be maintained in a stable
condition. Watering facilities will not be allowed to overflow if additional liquid will affect waste
storage capacities.

Waste Storage Pond

Prior to the storage season, empty the pond to provide storage capacity for the accumulation of
wastewater and precipitation during the winter storage period. Sludge and accumulated solids will
be removed from the pond periodically when buildup limits storage capacity in the pond. Depth
markers are installed to assure maximum volume will be maintained and checked weekly. A 2-foot
free board will be maintained to prevent spillage.

Maintain all pumps, agitators, pipeline, valves, and electrical and mechanical equipment in good
operating condition following the manufacturer’s recommendations. Immediately repair any
vandalism, vehicular, or livestock damage to any earth fill. Immediately remove any obstructions
or blockage of spillways, trash racks or pipe inlets. Settlement or cracks in earthen sections should
be investigated to determine cause and immediately repaired. Maintain vigorous growth of
vegetative coverings on the dikes to eliminate soil erosion. Eradicate or otherwise remove all
rodents or burrowing animals and repair any damage caused by their activity. Fences and/or
warning signs should be maintained as necessary to unauthorized human or livestock entry.
Operate systems in a manner that minimizes odor and drift.

Signature of Legally Authorized Representative:gz%m. /% Mﬁ

Print Name:_&w M&'K-ﬁ’[; Date: }' 06 / (% 71/07







ANIMAL WASTE MANAGEMENT PLAN
Testing protocols

MANURE

Intensive liquid and solid manure testing was done in 2003-2006, with 12 solid
manure and 22 liquid manure samples analyzed at commercial labs. Samples were
collected and stored as described in Extension Publication PNW 505, Which Test is Best?
Customizing Dairy Manure Nutrient Testing (November, 1997). Manure samples were
segregated by type and date (e.g. May-June liquid from first cell). All subsequent
manure testing will also conform to this protocol.

CROP NUTRIENT REMOVAL

Crop nutrient removal has been, and will continue to be, tested using on-farm
yield estimates based on records of loads of forage from each field multiplied times book
values of nutrient content as per the ORAWM program.

SOIL TESTING
Soil testing will be done on each field at least once every three years for P, K, pH, SMP

and residual soil NO5~. The protocol described in two Extension Publications will be

used:
= EM 8832-E Post-harvest Soil Nitrate Testing (May, 2003).
= EC 628 Soil Sampling for Home Gardens and Small Acreages (April, 2003).

Signature of legally authorized representative:

o ot 06 /67/07

Georgé Margh = i Date =/



ANIMAL WASTE MANAGEMENT PLAN
MINIMUM REQUIRED ELEMENT

RECORD KEEPING AND REPORTING TO OREGON DEPARMENT OF
AGRICULTURE

RECORD KEEPING:
a) Applications of manure, litter and process waste will be kept, including the
date and the amount of N and P applied during each application.
b) Records of exporting manure, litter and process waste will also be kept.

REPORTING TO OREGON DEPARTMENT OF AGRICULTURE (ODA):
a) Any discharge will be reported orally to ODA within 24 hours. Within 5
days, a written statement describing this discharge will also be submitted to

ODA.
b) The amount of manure, litter and process waste applied will be reported
annually.
¢) The amount of manure, litter and process waste exported will be reported
annually.
Signature of Legally Authorized Representative: 5/

A
Print Name:m? MArsk Date: 06; A ; 07



Pesticide Buffers along steelhead streams

The following pesticides require buffers if used along listed steelhead streams:

Aerial application: do not use the following pesticides within 100 yards of Dairy Creek.
Ground application: do not use the following pesticides within 20 yards of Dairy Creek (this includes

backpack sprayers).

JActive Ingredient

24-D aquatic**

]Azmphm muhyl

|Bl...llbl.llld(.

|B1 OmMOoXy 1111

lCarbary]

\Carbofuran
Chlorothalonil
'Chlomyrl Ios

; DlelllOIl '
?'Dimethoz-ne
Dlsulloton
Diuron

|Ethop1 op

p “This table ma} not include ev ery v trade name for each active 1110r<,d1<,m Alwavs check
;th M]\e m(Tltdl(,m list on the label to verify presence of‘ihe above m(nedleuts

:‘Samplé-T}Qde
:Names®

Varmu'; names

|GU1.1’1101-1“ -
}Pulm
Buetr 11
'Sewn
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i Ostan Durxban

V arious ndmes ‘

C\'Uon

"D] S)ston

fDMC\ Kflme\

Mocap

B Prometryn

|

lane

3 tMelhomyl

’NalLd

'Phorate

f T’ropm gte

2 nTrxﬂ ur ahn

W Active lngrcdient

; \Mzﬂ athion
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Sample Trade.
Names*

Vende\(

\Vduous names

'Supraucle

{Lannate

'Capal ol

' ‘Muthvl pamﬂuon Pcnncclp -M

e lI\fletoldchlm

lDual

lemm

I hlm cl

Omlte, C‘omite

] ,Trlclopvl (ﬁstei) Exarlon 4

Treflan

= 2 4-D may be applied up to the water's edge, but may not be applied to the water or to weeds that are
emerging from the water. ’

For more information, see the Oregon Department of Agriculture Web site:

http://oda.state.or.us/pesticide/lawsregs/buffers.himl

Fred Pfister NRCS 595 Specifications
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What's in this publication?

This publication describes the use of post-
harvest soil nitrate testing as a tool for assess-
ment of nitrogen (N) management in
manured cropping systems west of the Cas-
cade Mountains in Oregon, Washington, and
south coastal British Columbia.

The first section of this publication gives
general information on the test and is
designed for use by growers and dairy opera-
tors. This section gives a brief introduction to
soil sampling, but does not provide all of the
technical details. The focus is on how to use
the post-harvest test to improve nutrient
management. This section describes:

@ What the post-harvest test measures
@ How to collect soil samples
& Units used in soil nitrate testing
& How to interpret soil nitrate test results for
grass and silage corn crops ‘
In addition, background information
explains the rationale for the test:

& How to use the post-harvest test as a
management tool (page 3)

@ Crop and soil response to excess plant-
available N (page 4)

Dan M. Sullivan, Extension soil scientist, Oregon
State University, and Craig G. Cogger, Extension
soil scientist, Washington State University.



The second section of this publication is
designed primarily for use by conservation
planners and other agricultural professionals
working with farmers to implement nutrient
management plans. This section is also
designed for dairy operators who do their own
soil sampling. This section includes detailed
suggestions for the following:

# Collecting, preserving, and analyzing the
soil sample

@ Developing a long-term soil sampling plan

The post-harvest test
and how to use it

What the post-harvest
test medsures

Tlie pust-liaivest soil nitrate test measures
the quantity of plant-available nitrogen
present in the nitrate form in the surface foot
of soil in the late summer or early fall. The
test measures nitrate-N not utilized by the
recently harvested crop. Because crops differ
in their ability to remove nitrate-N from the
soil, test interpretation is crop-specific.

The test looks backward in time. It evalu-
ates the balance between N supply and crop
uptake for the crops produced during the
summer. Nitrate-N accumulates in the soil
when more plant-available N is supplied than
can be utilized by the summer crop (see
“Crop and soil response to excess plant-
available N,” page 4).

Use the post-harvest test to:
® Get a general idea of balance between N

supply from manure and other sources and

crop N demand

@ Identify imbalances in N supply among
fields on a farm

# Identify fields that may respond to changes
in timing or amount of manure application
or other agronomic practices

Soil sampling protocols
Sampling depth

Sample the 0- to 12-inch depth for the
post-harvest test. This shallow sampling
depth is a good predictor of nitrate in the rest
of the soil profile when (1) in-season irriga-
tion is not excessive, and (2) samples are
taken prior to heavy rains in the fall.

Composite soil sample

Collect a composite soil sample consisting
of a mixture of 15 to 30 soil cores from each
field or management unit. See “Collecting,
preserving, and analyzing the soil sample”
(page 9) for detailed sampling instructions
and suggestions for special situations.

What fields to sample

In general, it is not necessary to sample
every field on a farm every year Coansulr wirh
your farm advisor to determine any regulatory
requirements for sampling frequency. We
recommend that you sample selected fields
that represent typical manure and crop
management ptactices each year to track
long-term trends in post-harvest soil nitrate
values. See “Developing a sampling plan”
(page 11) for more information.

When to sample

In general, samples for the post-harvest
test should be collected as soon as possible
after a crop harvest. Avoid sampling a field
that has had manure application within the
past 30 days.

Samples must be taken before heavy fall
rains move nitrate below the 12-inch depth.
Because the timing of fall rainfall is unpre-
dictable, the best strategy is to sample fields
before October 1 whenever possible.

Collect samples from medium- to fine-
textuted soils (loams, clay loams, and clays)
prior to 5 inches of cumulative fall rainfall.
Sandy soils (sand, loamy sand, or sandy loam
soil texture) have lower water-holding
capacities and should be sampled prior to

continues on page 5




Sampling depth and timing are critical.
Interpretation tables for this test apply only to
samples taken to a 12-inch depth. Surface soil
(0 to 12 inches) typically contains the highest
nitrate-N levels and requires the least time and
effort for sample collection. Samples must be
taken before heavy fall rains move nitrate below
the 12-inch depth. The target sampling period
generally is August 15 to October 15.

To get the most value from this test, it is
important to understand:

4 How the test fits into an overall nutrient
management Program

4 Limitations to interpretation of test results

4 How not to use the test

Using the test as part of a nutrient
management program

The post-harvest test is but one measure of
success in nutrient management. Post-harvest
nitrate test data should be assessed in the
context of the current N management plan and
records of manure application. Successful N
management involves a number of components,
including:
@ Assessing crop N needs

@ Planning manure application to meet crop N
needs

& Applying manure according to the plan

@ Recording manure application amount and
estimated plant-available N amount

¢ Measuring crop yield and N content
© Monitoring success of the plan

All components of the nutrient management
system should be evaluated together.

Limitations to test results
Interpretive values for post-harvest soil
nitrate are:

@ Calibrated only for high-rainfall portions of

the Pacific Northwest (west of the Cascades).

Extrapolation to other environments is not
recommended.

Houw to use the post-harvest test as @ management tool

@ Provided only for corn silage and grass hay/
silage crops. Field research has been used as
the basis for interpretive levels for these crops.
Applicable research data are not available for
other crops to determine post-harvest nitrate-
N levels associated with good crop and
nutrient management practices. However, the
test may be used for relative comparisons
among fields planted to another crop
(e.g., comparisons among grass pasture fields).

# Based on the assumption that summer irriga-
tion is less than, or close to, evapotranspira-
tion to ensure that significant nitrate leaching
does not occur before the fall test.

# Designed for fields with a history of applied
manure (more than 3 consecutive years of
regular manure application). Lower post-
harvest soil nitrate test values are attainable
where only fertilizer N is used, or where
manure is applied infrequently.

@ Based on good management of the crop and
normal yields. Crop moisture stress, insect
damage, or plant disease will reduce crop yield
and crop uptake of nitrogen, thus increasing
post-harvest soil nitrate test levels.

How not to use the post-harvest test
The test will not:

@ Detect a shortage of plant-available nitrogen
for crop production. Continual mineralization
of nitrogen (conversion of organic N forms to
plant-available N forms in the soil) can
provide enough plant-available nitrogen fora
crop without accumulation of nitrate-N in
soil.

& Determine the source(s) of excess plant-
available N. Sources of N may include
manure slurry, lagoon water, fertilizer, soil
organic matter, or previous crop residues.

@ Predict crop response to fall manure or N
fertilizer applications. The test does not
predict the amount of plant-available N that
will be mineralized from soil organic matter or
crop residues in the fall.




Crop and soil response to excess plant-available N

Crop response to applied N. Crop N uptake
is controlled by the environment, crop N uptake
potential, and management. Crops respond to
plant-available nitrogen supply (ammonium +
nitrate-N) by the law of diminishing returns
(Figure 1). Without added N, some crop yield is
produced from N supplied by soil organic matter,
residual plant-available N, and other non-
fertilizer sources (e.g., mineralization of crop
residues). Additional N supplied from manure or
fertilizer increases crop yield until site yield
potential is reached.

The application rate of manure or N fertilizer
needed to reach near-maximum yield is termed
the agronomic rate. Rather than a single agro-
nomic rate, the crop response to N is best

described as an agronom

aosll il 2ginno

ic rate range (Figure 1).
Tl agronomic cace range concept allows for
variability in crop performance among years and
for crop uptake of N beyond the yield maximum
(increased protein).

Post-harvest soil nitrate test measures
nitrate-N not used by the crop. At excessive
plant-available N supply levels, crop yield and
crop N uptake do not respond to further N
additions. The extra soil N not used by the crop
accumulates as nitrate-N,

Elevated post-harvest soil nitrate-N concen-
trations are an indicator of one or more of the
following: (1) excess plant-available N,

(2) N supplied too late in the season for crop
utilization, or (3) poor crop growing conditions
due to insect infestation, moisture/heat stress,
plant disease, or other cultural problems. If crop
yields are acceptable and crop.protein is at
typical levels, then the most likely explanation is
that plant-available N was supplied in excess of
crop needs.

Because grass is more efficient than corn at
N uptake, target post-harvest soil nitrate levels
given in this publication are lower for grass
than for corn. There are two key reasons that
grass is more efficient than corn in N removal.

# Grass has a greater capacity to take up N
supplied in excess of that needed for maxi-
mum yield. After enough N has been supplied

for maximum vyield, grass protein content
increases in response to increased N supply.
With grass, soil nitrate increases only when
the available N supply exceeds that required
to produce near-maximum protein. Corn does
not take up additional N after the maximum
yield is reached. Corn silage protein does not
increase much. in response to excess N supply.

® Grass utilizes N mineralized late in the grow-
ing season mote efficiently. Grass managed for
silage or hay continues to take up N until
hatvest. Corn grown for silage completes its N
uptake approximately 4 weeks before harvest.
Some of the soil nitrate measured after corn
harvest is produced by mineralization of soil
organic N to available forms during the final
weeks of the growing seuson.
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Figure 1.—Crop yield and soil nitrate response to
increased N supply. Agronomic rate range = range
of N supplied from all sources that results in near-
maximum crop vield with acceptable post-harvest
nitrate accumulation. Above the agronomic rate
range, excess N accumulates as nitrate in soil.
More nitrate accumulates in the agronomic rate
range with corn (b) than with grass (a) .




Table 1.—Average calendar date
5 inches west of the Cascades.*

when cumulative rainfall (after September 1) reaches

Calendar date to reach specified cumulative rainfall

Cumulative Lynden (WA)
rainfall after Medford Salem Tillamook Coupeville Centralia Abbotsford Agassiz Comox
Sept. 1 (OR) (OR) (OR) (WA) (WA) (BC) (BC) (BC)
(inches)
3 10Nov 200Oct 26 Sep 31 Oct 8 Oct 1 Oct 26 Sep 10 Oct
5 29Nov 1 Nov 8 Oct 24 Nov 23 Oct 15 Oct 9Q0ct 250ct
7 16 Dec 13Nov 18 Oct 15 Dec 4 Nov 27 Oct 19 Oct 6 Nov

climate_normals/index_e.cfm).

»Average daily precipitation data for many other locations is available at: Western Regional Climate
Center (http://wrcc.dri.edu) or Environment Canada (http://www.msc—smc.ec.gc.ca/climate/

3 inches of cumulative fall rainfall. The
starting date for calculating cumulative fall
rainfall is September 1. Include inches of
irrigation water applied after September 1 in
your estimate of cumulative rainfall.

Table 1 shows the average calendar date
when cumulative fall rainfall (after Septem-
ber 1) reaches 5 inches at a variety of loca-
tions. For most locations, sampling prior to
October 15 is acceptable in an average year.
In high rainfall areas (coastal areas and the
Cascade foothills), plan to sample earlier. A
late October sampling date usually is accept-
able in lower rainfall areas of southern
Oregon, the Puget Sound islands, Olympic
Peninsula, or Vancouver Island.

Units used in soil nitrate testing
In this publication, interpretation of a
post-harvest soil nitrate test (Tables 3 and 4)
is based on units of parts per million (ppm).
Some labs report soil test nitrate-N in units
of Ib/acre by assuming a standard value for
soil bulk density. If the lab reports nitrate-N
results in pounds per acre, ask them to pro-
vide a conversion factor to express data in
units of ppm. The conversion factor assumed
by laboratories usually is between 3 and 4,
because 1 acre-foot of dry soil usually weighs

Table 2.—Units used to report soil

nitrate analyses.

Equivalent
Name Interpretation  units
nitrate-N N present in mg/kg or
or NO,-N  the nitrate ppm
form, soil dry (dry weight
weight basis basis)

about 3.5 million pounds (3.5 1b per acre-foot
=1 ppm).

Interpreting soil nitrate test results
Data quality and variability

The first step in evaluating your soil
nitrate data is to verify data quality. Deter-
mine whether the sample collection method,
timing of sample collection, sample preserva-
tion, and laboratory analysis methods are
acceptable. Reject data that did not result
from reasonable protocols. For example,
Tables 3 and 4 should not be used for soil
samples collected in November after heavy
fall rains.

Make sure that you understand the units
used to report test results. See Table 2 for an
explanation of units found in soil test reports.




Response of post-harvest soil test N
to changes in management

Success in N management is indicated by
long-term trends in post-harvest soil nitrate
(at least 3 to 5 years). Because of the large
pool of readily mineralizable N in manured
soils, fall soil nitrate values may not decline
for 3 to 5 years in response to improved
management. For multiyear comparisons,
sampling methods and timing must be
consistent.

Some portions of a crop rotation will have
higher fall nitrate values because of rapid N
mineralization stimulated by tillage or incor-
poration of crop residues. For example, soil
nitrate concentrations typically are high,
regardless of overall N management, after a
perennial grass sod is plowed down and
reseeded.

Reductions in fall soil N are most likely to
be measured when (1) commercial N fertil-
izer amounts are reduced or eliminated,

(2) cropping systems that maximize N
removal in late summer and fall (August to
October) are used, and (3) manure or N
application is eliminated after August 1. It is
more difficult to attain post-harvest soil
nitrate N values of less than 20 ppm for corn
than for grass (see “Crop and soil response to
excess plant-available N,” page 4).

Interpretation for individual fields

Interpretations of soil test nitrate-N should
be made first at the field level. You may be
able to discover a probable cause for differ-
ences in test values among fields. Questions
to ask include:

@ Are relationships present between known
management factors (e.g., manure applica-
tion rate or timing, crop yield and quality,
irrigation frequency, distance to the barn)
and soil test values?

# Is a large amount of variation present
between fields? Is there a logical explana-
tion for unusual values?

@ Are values for grass and corn fields similar?

Annual averages across grass
and corn crops .

After looking at test values for individual
fields, it may be useful to look at averages
across all grass or corn fields. You may want
to calculate averages only for fields under
similar management.

Average nitrate-N test values are most
useful for consideration of changes in whole
farm nutrient management. Tables 3 and 4
present interpretive information separately
for grass and corn fields.

If a few fields have unusual test values, you
may be justified in excluding those fields
from an average. Although you may want to
exclude unusually high test values from the
farm average, you definitely should evaluate
those fields further to determine the probable
cause of the high soil test values. The unusu-
ally high test values may reflect the need for
management changes or may reflect a soil
sampling or analytical error.

Using the interpretive tables
(Tables 3 and 4)

Interpretations and management sugges-
tions given in Tables 3 and 4 (pages 7-8) are
general in nature and should serve as only
one portion of a nutrient management plan
evaluation. Some of the management sugges-
tions can be implemented for individual
tields, while others need to be implemented
on a whole farm basis.

Remember not to focus solely on post-
harvest nitrate-N in evaluating N manage-
ment. Include other important aspects of N
management in your evaluation, such as
success in following a plan for manure appli-
cation, calibration of manure application
equipment, maintaining good manure appli-
cation records, and effective irrigation
management.




“Table 3.—Silage corn. Suggested interpretation for post-harvest soil nitrate-N
(0-'to 12-inch depth).*

If post-harvest nitrate-N is less than 20 ppm (less than approximately 70 b N per
acre)

# Continue present N management.

If post-harvest nitrate-N is 20 to 45 ppm (approximately 70 to 160 Ib N per acre)

@ Reduce or eliminate sidedress N fertilizer application. Use the pre-sidedress nitrate test
(PSNT). Apply sidedress N only when PSNT indicates a need.

@ Reduce lagoon water application after August 1.

@ Keep records to document crop yield, dry matter, and crop N removal. Total applied
manure-N + fertilizer-N should be less than 125 percent of documented crop N
removal.

@ Reduce manure application on fields where corn follows grass sod plow-down.

@ Plan to reduce manure-N application by 10 to 25 percent.

@ Improve whole farm N balance.

If post-harvest nitrate-N is greater than 45 ppm (greater than approximately 160 lb N
per acre)

@ Apply only starter N (20 0 40 b N/acre at planting).

@ Plan not to sidedress N fertilizer in June. Apply sidedress N only when PSNT indicates
a need.

@ Eliminate lagoon water application after August 1.

4 Keep records to document crop yield, dry matter, and crop N removal. Apply manure N
at a rate less than or equal to crop N removal (approximately 200 b total N per acre).

# Eliminate manure application on a few fields or a few strips within a field next year to
determine the contribution of mineralized N vs. current-season application of manure.

4 Plan to reduce manure-N application by 25 to 40 percent.

# Consult experts to improve whole farm nutrient balance.

“The post-harvest test values listed above are for the end of a growing season. Management
changes (if needed) should be implemented in future years. Interpretive values assume
near-optimum crop yields. If yield is below average, improve agronomic practices to
increase crop yield and crop N uptake.




Table 4.—Grass for hay or silage. Suggested interpretation for post-harvest soil nitrate-N

(0- to 12-inch depth).*
If post-harvest nitrate-N is less than 15 ppm (less than approximately 55 Ib N per

acre)
@ Continue present N management.

If post-harvest nitrate-N is 15 to 30 ppm (approximately 55 to 105 Ib Nacre)
® Apply manure earlier in the growing season.
@ Keep records to document crop yield, dry matter, and crop N removal. Total applied

manure-N + fertilizer-N should be less than 125 percent of documented crop N
removal.

@ Check protein levels in forage. Grass crude protein greater than 21 percent is associ-
ated with increased potential for nitrate toxicity to cows.

@ Plan to reduce manure-N application by 10 to 25 percent.

@ Improve whole farm nutrient balance.

wdbunea N to guantan thas 20
Ifo post-harvest nitrate-N is greater tnamn v

105 Ib N/acre)
€ Apply manure earlier in the growing season. Reduce manure application after
August 1.

ppin N (greater than approximately

@ Keep records to document crop yield, dry matter, and crop N removal. Total
manure-N + fertilizer-N should be less than or equal to crop N removal. Even if
calculated crop removal exceeds 400 1b N per acre, apply manure-N + fertilizer-N
not to exceed 400 1b N per acre per year.

@ Consider reseeding or interseeding if grass yield is limited by poor stand or undesir-
able species.

@ Check protein levels in forage. Grass crude protein greater than 21 percent is associ-
ated with increased potential for nitrate toxicity to cows.

@ Plan to reduce manure-N application by 25 to 40 percent.

# Consult experts to improve whole farm nutrient balance and reduce danger of nitrate
toxicity to cows.

“The post-harvest test values listed above are for the end of a growing season. Manage-
ment changes (if needed) should be implemented in future years. Interpretive values
assume near-optimum crop yields. If yield is below average, improve agronomic prac-
tices to increase crop yield and crop N uptake.




Detailed suggestions for soil
sampling and planning

Collecting, preserving, and
analyzing the soil sample

Tools for field sampling

Collect a sample that is representative of
the entire sampling depth. For example, a
representative sample for a 0- to 12-inch
depth has the same amount of soil from
the soil surface (O to 6 inches) and from
the bottom of the sampling depth (6 to
12 inches).

Always use a tool specifically designed for
soil sampling. Don’t use a shovel, because the
samples won’t be uniform with depth. Tools
for soil sampling often are called soil probes
or augers. There are several kinds available.

Push probes are tubes that you push into
the soil. They have a T-shaped handle
attached to a cylindrical tube (about 1 inch
diameter) with a beveled tip. The tube
collects a cylinder, or “core,” of soil. Push
probes work well in soft, uncompacted soils.

Hammer probes are designed for hard or
compacted soils. They have a sliding weight
(hammer) instead of a T-handle to drive the
probe into soil.

Soil test consultants often use hydraulic
probes mounted on a tractor or pickup to
sample soils. These reduce the time and effort
of sampling in hard soils. Gravelly and rocky
soils are difficult to sample. A hydraulic
probe with a rotating auger can sample some
gravelly soils.

A mud auger or bucket auger is the best
tool for hand-sampling at sites that are
difficult to sample with push probes. Use an
auger for compacted, muddy, rocky, or dry
soils. Augers can be purchased from several
manufacturers. A 2- to 4-inch diameter mud
auger (open-sided) works best for most
situations because it is easy to remove the
sample from the bucket. Use a larger

diameter auger for soils with large rocks.
Augers sample a 4- to 6-inch depth. You will
need to take several bites from the same hole
to sample to 12-inch depth. You will collect a
larger sample volume, about 5 to 10 times
that collected with a push tube. Because of
the extra effort required for auger sampling,
use this method only if other sampling
methods are difficult or impossible.

Field sampling protocol

Plan ahead. Use field maps and soil maps
to divide the farm into different management
units. A management unit is usually a field,
but you may want to subdivide a large field if
sections can be managed separately for
nutrient application. The simplest approach
is to collect a composite sample from the
entire management unit. You may choose to
restrict sampling to the dominant soil type if
the management unit has soils that differ
markedly in visual appearance (soil color,
texture, organic matter).

Alternatively, you can restrict your sam-
pling to a representative area (usually about
an acre in size) within the management unit.
Choosing a representative area within the
field where manure application rate, timing,
and uniformity are well documented is
essential. If you use the “representative area”
sampling approach, record the sampling
location using a GPS receiver or record the
distance from a fixed location (e.g.,
fenceline).

Avoid large buffer zones that are some-
times present adjacent to water bodies or
roads, especially with big gun manure appli-
cators. Avoid small atypical areas such as:

@ Swales

@ Very rocky or shallow soil (less than
12 inches deep)

@ Site of an old manure pile or a feeding,
watering, or resting area for livestock

@ Abandoned field roads
& Field edges




Collect 15 to 30 soil cores from each
management unit or representative sampling
area with a push probe or similar tool. If you
use an auger, 10 holes per management unit
or zone is sufficient. '

Choose sampling locations in a zigzag
pattern across the field. Your general route of
travel should be across rows, rather than
down one row in the field. Make sure you
sample within the part of the field where
manure is routinely applied. For grazed
pastures, choose sampling locations that have
average crop growth and productive forage
species.

Scrape away loose crop residues or manure
present on the soil surface. Sample only the
soil. Including the accumulated organic
debris from the soil surface in the soil sample

mnroan
will increa

Onee you ate satisfied with a sampling
strategy, repeat the same procedure each year.
This will increase the validity of year-to-year
comparisons of results.

Obtaining a representative sample from
fields where manure has been injected into
soil or placed in bands on the soil surface is
difficult. The depth of manure injection, the
width of injection zone, and the spacing
between bands depend on equipment, soil,
and the applicator. Some injection equip-
ment can place manure below the 12-inch
sampling depth used for the post-harvest
nitrate test. Manure may be injected or
banded more than one time per year, with
several orientations in a field (e.g., north—
south or east—west). Because of the added
variability associated with manure injection
or banding, plan to collect a larger number of
soil cores to obtain a representative compos-
ite sample.

e Ao
la.blhty in test resuits.

o trae
oo val

Sample handling

Mixing. If it is not too hard to break up
the soil cores, break them, mix them all
together, and homogenize thoroughly. Take a
1-cup subsample for shipment to the lab. If

the soil cores are too hard to break apart,
send the entire sample to the lab, where they
can pass the sample through a mechanical
grinder. Check with the lab to make sure
they will grind and mix the entire sample
before subsampling.

Preservation. Soils kept moist and warm
continue to accumulate nitrate via biological
activity after sampling. The simplest way to
limit biological activity is to cool the soil
after collection. Put the samples in plastic
bags and place them in a cooler on ice while
still in the field. Refrigerate them when you
return from the field. Freeze the samples if
they will be held longer than 48 hours before
analysis.

Shipment. Keep the samples refrigerated or
frozen until you deliver them to the lab.
Contact the lab before you sample, so they
will be prepared to receive the samples. Use a
shipping method that will get the samples to
the lab within 48 hours. You may want to
freeze the samples before shipping to make
sure they remain cool in transit.

Working with an analytical laboratory
Choose a laboratory that has experience
with agricultural samples. Ask if they partici-

pate in the North American Proficiency
Testing Program or a similar quality assurance
program for agricultural testing labs. Find out
what extraction and analytical procedures
they use. Procedures should be consistent
with those recommended for the western
states (Gavlak et al., 1994).

Labs may use one of several colorimetric
(color-based) lab procedures or they may use
an electrode method to measure nitrate.
Sample comparisons have shown that the
colorimetric procedures usually are more
precise than the electrode method.

Some testing labs also have sampling and
consulting services. This can be convenient
for people who have little experience in
sampling or need help with sampling.
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Find out how the lab reports soil test data.
Standard units for soil nitrate-N are parts per
million (ppm, Table 2). If you aren’t familiar
with the lab, it’s a good idea to obtain a copy
of a sample laboratory report.

Because you will use sample results to
compare post-harvest soil nitrate across years,
laboratory consistency over time is & major
issue. A standard reference sample (soil
sample with known concentration of nitrate)
can help you assess laboratory variability.
Consider submitting a standard reference
sample (approximately 50 to 100 g dry
weight) with a nitrate-N concentration of
20 to 45 ppm with each batch of soil samples.
Keep track of test results for the standard
reference sample over time. If you note a
major error in the nitrate concentration
reported for the standard reference sample,
then the test data is questionable.

Standard reference samples are available
from the North American Proficiency Test-
ing Program (see “For more information,”
page 15). Standard reference samples must be
dried, ground, and thoroughly mixed.

We do not recommend that you split a
field sample to check laboratory consistency.
The one-time nature of such comparisons,
the uncertainty of obtaining a homogeneous
sample, and the uncertainty of sample preser-
vation in-transit to the lab limit the interpre-
tation of split-sample data.

Developing a sampling plan
Nutrient management plans can be volun-
tary, required by regulatory agencies, or a part
of an agreement with a conservation plan-
ning agency (e.g., Natural Resources Conser-
vation Service or conservation district). If
your nutrient management plan is not volun-
tary, consult the agency that supervises your
nutrient management plan to determine
whether they have specific requirements for
how often fields must/should be sampled.

Suggestions given here for sampling fre-
quency are general in nature and are not
intended to serve as policy for any agency.

Representative fields
for long-term monitoring

Representative fields are fields that you
sample every year to track trends in sample
values over time. Select fields that represent
typical management practices. Criteria that
can be used to choose representative fields
include: (1) records or estimates of annual
manure application rate, (2) number of years
of continuous manure application, (3) soil
test values for P and K. On dairies where P
and K fertilizers are not routinely applied, soil
test values above 75 ppm P (Bray P1 method)
and 400 ppm K (ammonium acetate method)
usually reflect substantial manure application
in the past.

Sample the representative fields every year
to assess trends over time. If you grow corn
silage and perennial grass forage, plan to
sample at least four grass fields and four corn
fields each year. At a small dairy (fewer than
four fields), sample all fields each year.

Other fields

Periodically, you will need to evaluate the
fields not designated as “representative”
fields. Consider sampling all fields every
3 years. Compare whole farm soil data to
representative field data.

If you have only a few fields with elevated
soil test N, then focus management on those
fields. If all fields on the farm give similar test
data, then focus your N management efforts
at the whole farm level. If representative
fields consistently have test values of less
than 15 ppm (grass) or less than 20 ppm
(corn) over a 3-year period, and all other
fields sampled have similar test values, con-
sider reducing the number of post-harvest soil
nitrate tests.

11



Sampling priority

Prioritize fields for fall sampling ahead of
time so that you get high-priority fields
sampled at an appropriate time. Highest
priority should be given to representative
fields used to track long-term trends. Fields
with high manure application rates or
elevated soil test N the previous year should
also have a high priority.

Corn fields can be sampled for soil nitrate
in June (PSNT, pre-sidedress nitrate test) or
in the fall (post-harvest test described in this
publication). You will get the most manage-
ment information by sampling your high-
priority representative corn fields both in
June (PSNT) and after harvest. You also may
want to sample fields with PSNT values
greater than 45 ppm nitrate-N again in the
fall.

bor other corn tields where only one soil
test per year is planned, we recommend using
the PSNT in preference to the post-harvest
soil nitrate test. The PSNT is preferred
because test results are applicable to
in-season N management. Growers can save
money and reduce post-harvest nitrate by
omitting sidedress N fertilizer application on
fields where sufficient sail nitrare-N is
present in June.

Sampling corn fields at PSNT time also
will reduce the number of post-harvest
samples that need to be collected during the
short interval between harvest and the end of
the fall sampling window (approximately
October 15). If you miss a planned fall sam-
pling on a corn field, consider sampling next
year using the PSNT.

Grass fields are best sampled in the fall,
using the protocols described in this publica-
tion. Think carefully about the best way to
achieve consistent timing of sample collec-
tion for your fields. The timing of manure
application and the timing of grass harvest
are key variables to consider.

Samples collected shortly after manure
application are not a good indicator of the

balance between N supply and crop N
demand over the entire growing season. If
manure is applied late in the year, postpone
soil sampling until after a fall grass harvest.
Wait at least 30 days after a late-season
manure application before sampling. Sam-
pling need not be postponed until after the
last manure application or until after the last
grass harvest in the fall.

Questions and answers

Why is it difficult to achieve post-harvest
nitrate-N less than 15 to 20 ppm with
organic sources such as manure?

First, the timing and rate of application for
organic sources is less flexible than for fertil-
izer N. Second, environmental processes that
control the yuanitity and timing of W avull-
ability from organic sources are difficult to
manage. The biggest factors controlling N
availability are soil temperature and moisture.
The timing of crop N uptake usually does not
match the timing of N supplied from manure
and other organic sources. Soil temperature
and moisture often support continued release
of available N after crop N uptake is
complete.

Is there a relationship between soil
organic matter content and potential N
mineralization?

Research west of the Cascades has demon-
strated a lack of correlation between soil
organic matter content and N mineralization
potential for soils having 3 to 8 percent
organic matter. The active fraction of soil
organic matter that controls annual N miner-
alization rates is a small proportion of total
organic matter (usually less than 10 percent
of total). Recent site management affects soil
N mineralization potential; it does not have
much effect on soil organic matter content.
Because most soil total N is contained in soil
organic matter, soil total N is also an unreli-
able indicator of mineralization potential.
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What other soil tests can be used to
provide information to guide N
management for corn?

Soil nitrate testing in spring and early
sumnmer can assist with N management for
silage corn. Test soil ammonium + nitrate-N
several weeks after a spring manure applica-
rion to track early-season N availability. Test
soil nitrate when corn is at the four- to six-
leaf stage (pre-sidedress nitrate test, PSNT)
to determine the need for sidedress N appli-
cation to corn.

How much variability should I expect in
post-harvest nitrate-N test values for the
same grass field sampled between August
15 and October 157

It all depends on weather, soil biology, and
crop management. A good stand of actively
growing grass can maintain nitrate-N con-
centrations of less than 15 ppm throughout
the post-harvest sampling period. Where soil
is dry in late summer, increased N availability
may occur for 2 or 3 weeks following the first
heavy rain. It may be useful to take several
soil nitrate tests from the same field in the
fall to document changes in nitrate concen-
tration with time. Soil nitrate values given in
the interpretive table in this publication are
for typical precipitation and sampling date.

Ammonium-N is plant-available. Why
doesn’t the post-harvest test include
ammonium-N analysis?

Post-harvest ammonium-N analyses cost
money, and they do not yield reliable inter-
pretive information. Ammonium-N does not
accumulate in soils supplied with an excess of
plant-available N. It is rapidly converted to
nitrate. Soil samples taken at least 30 days
after manure application usually have
negligible ammonium-N concentrations
unless soil has remained dry.

Drying of soils after sampling releases
ammonium-N from microbial biomass. Most
dried soils have 2 to 20 ppm ammonium-N

that is caused by the soil drying process. Dry
soil ammonium-N concentrations are poorly
correlated with other indices of N availability
in controlled experiments.

Should post-harvest nitrate tests be used for
fields with organic soils’

Other methods should be used to assess the
success of nutrient management plans on
organic soils. Goals for post-harvest nitrate-N
of less than 20 ppm are difficult if not impos-
sible to attain on organic soils, which contain
more than 20 percent organic matter. These
soils formed as organic matter accumulated
under natural poorly drained conditions. Soil
organic matter decomposition and N miner-
alization processes are greatly accelerated
under typical farming practices such as
artificial drainage and tillage.

Should I measure or estimate soil bulk
density to estimate post-harvest nitrate-N
in units of pounds per acre?

The variation in bulk densities among soils
typically is less than the variation associated
with soil nitrate sampling and testing. Inter-
pretive information in this publication is
based on units of parts per million (ppm;
mg per kg dry soil). You can approximate soil
nitrate-N in the surface foot of soil by assum-
ing typical bulk density (ppm x 3.5 =
Ib/acre). This conversion factor is based on
the weight of 1 acre-foot of soil at a bulk
density of 1.3 g cm?® (1 acre-foot = 3.5 million
Ib). Organic soils (more than 20 percent
organic matter) have lower bulk density
(0.6 to 0.8 g cm?).

‘What is whole farm nutrient management?
The goals of whole farm management are:
(1) to move toward a balance of nutrient
imports and exports, and (2) to utilize
nutrients on the farm at agronomic rates that
minimize nutrient losses to the environment.
Managing nutrients at the whole farm level
requires knowledge of the major nutrient
imports, major nutrient exports, crop
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utilization of nutrients on the farm, and
nutrient losses to air and water.

The Livestock and Poultry Environmental
Stewardship (LPES) Curriculum, available
through the Midwest Plan Service, includes a
Web presentation of whole farm nutrient
management ptinciples and a worksheet for
evaluating whole farm nutrient balance. See
“For more information” (page 15) for details.

What is the role of post-harvest nitrate
testing in connection with Comprehensive
Nutrient Management Plans (CNMPs)?

CNMPs, developed by the Natural
Resources Conservation Service (NRCS) or
other nutrient management professionals
under NRCS supervision, are broader than
just nutrient management. Other compo-
nents of a CNMP are: (1) manure and waste-
water handling and storage, (2) land treat
ment practices, (3) record-keeping, (4) feed
management, and (5) other waste utilization
options.

Post-harvest nitrate test values may be
used as part of a process to develop a new
CNMP or to update an existing CNMP. The
CNMP typically includes a plan for regular

soil testing. Appropriate timing of the post-
harvest nitrate test is critical (see “When to
sample,” page 2), while soil samples for P and
K analysis may be collected any time of the
year. Soil samples collected for the post-
harvest nitrate test can be analyzed by rou-
tine agronomic soil testing procedures and
used in developing plans for P and K utiliza-

tion in a CNMP.

What are the implications of high nitrate
concentrations in forages?

Nitrate in ensiled forages can interfere
with normal fermentation processes, resulting
in poot-quality forage. Forage nitrate affects
the distribution of nitrogen compounds in
silage. It is difficult to use the silage to formu-
late rations that meet cow needs for specific
protein fractions. Enough nitrate is some-
times present in die silage lisell w create a
health risk to the animal. Grass silage that is
greater than 21 percent crude protein should
be tested for the level of nitrate-N. See
Johnson et al. (2002) for interpretation of
forage nitrate concentrations.
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For more information

OSU Extension Service publications

Hart, J. 2002. A List of Analytical Laborato-
ries Serving Oregon, EM 8677.

Marx, E.S., J. Hart, and R.G. Stevens. 1996.
Soil Test Interpretation Guide, EC 1478.

Marx, E.S., N.W. Christensen, ]. Hart,
M. Gangwer, C.G. Cogger, and A.L Bary.
1996. The Pre-sidedress Soil Nitrate Test
(PSNT) for Western Oregon and Western
Washington, EM 8650.

Sullivan, D.M., C.G. Cogger, and A.lL Bary.
1997. Which Test Is Best? Customizing
Dairy Manure Nutrient Testing, PNW 505.

Sullivan, D.M., C.G. Cogger, and A.L Bary.
1997. Date, Rate, and Place: The Field
Book for Dairy Manure Applicators,
PNW 506.

Many OSU Extension Service publica-
tions, as well as additional gardening infor-
mation, may be viewed or downloaded from
the Web (http://eesc.oregonstate.edu).

Copies of many of our publications and
videos also are available from OSU Extension
and Experiment Station Communications.
For prices and ordering information, visit our
online catalog (http://eesc.oregonstate.edu)
or contact us by fax (541-737-0817), e-mail
(puborders@oregonstate.edu), or phone

(541-737-2513).

WSU Cooperative Extension publications

Bary, A.L, C.G. Cogger, and D.M. Sullivan.
2000, Fertilizing with Manure, PNW 533.

Daniels, C.H. 2002. Analytical Laboratories
and Consultants Serving Agriculture in
the Pacific Northwest, EB1578E.

Visit the WSU Cooperative Extension
publications Web site at http://pubs.wsu.edu

Other resources

Gavlak, R.G., D.A. Horneck, and
R.O. Miller. 1994. Plant, Soil and Water
Reference Methods for the Western
Region, WREP 125 (University of Alaska-
Fairbanks).

Johnson, L., J. Harrison, F. Hoisington, and
M. Bueler. 2002. Nitrate levels in grass
silage. Washington State Dairy News
11(2). Available at: http://www.puyallup.
wsu.edu/dairy/. Verified 1 August 2002.

Mahler, R.L. and T.A. Tindall. 1994. Soil
Sampling, Bulletin 704 (University of
Idaho Cooperative Extension System,
Moscow, 1D).

Midwest Plan Service. Livestock and Poultry
Environmental Stewardship (LPES)
Curriculum. Available at: http://www.
Ipes.org/. Verified 14 January 2002.

North American Proficiency Testing Pro-
gram. Standard Reference Soil Samples
(Soil Science Society of America,

677 S. Segoe Rd., Madison, W1 53711,
phone: 608-273-8080; Web: http://

www.soils.org).
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aboratory soil tests will help you develop

and maintain more productive soil and

increase crop production by providing
information on the available nutrient content of
your soil. Soil testing helps you select the
correct kind and amount of fertilizer and liming
material. Recommendations are based on the
results of fertilizer experiments, soil surveys,
and results obtained by farmers.

A soil sample weighing about 0.5 pound

represents from 2 to 40 million pounds of soil in
the field. Thus, care in sampling is essential.

When should | test my sail?

¢ For perennial crops such as orchards,
Christmas trees, altalta, grass seed, and
permanent pasture, the most important time to
test the soil is before planting so that neces-
sary nutrients can be mixed into the soil. This
test is especially important in acidic soils
where liming is likely to be needed. Apply
lime and mix it with the soil
several months before
planting (for example, in the
fall for spring planting), since
it reacts slowly with the soil.
Then:

— For perennial grass seed,
legumes, and pastures, test
soil every 3 years after
planting.

- Soil testing usually is not
used for established fruit
trees, berries, or grapes.
Use foliar nutrient analysis
instead.

— Testing soil in timber or
Christmas tree plantings
usually is not necessary

until replanting, unless tree
growth is unsatisfactory.

» For annual crops, especially vegetables, test
soil each year before planting. If you plant
successive crops in a single season, you don’t
need to test before each planting.

s Additional information on nutrient testing
methods and requirements for various crops is
available in OSU Extension publications.

Each soil sample should represent only
one soil type or soil condition

The farm in the illustration below has three
soil types: A (upland), B (improved lowland),
and C (poorly drained lowland). On the upland
soil, two areas have different management
histories: Al (Christmas trees) and AZ {pasture).

Sample each soil type (A, B, and C) sepa-
rately. Areas with different management
histories (Al and A2) also should be sampled
separately. In this example, a separate soil
sample should be taken from each of the four

areas.

Christmas trees on well-drained upland
Forage on welil-drained upland
Vegetable garden on improved lowland
Forage on poorly drained lowland

Y




How to sample

Sample where Take 15 to 20
the crop will be subsamples
planted Each sample

If you are using should consist of
raised beds, such subsamples (X)

taken from 15 to
20 locations within
the sampling area.

as for vegetable
crops, take your
samples in the
beds, not in the
areas between
them.

Avoid

contaminating

the sample

» Use clean sampling
tools and avoid

Avoid unusual
areas

contaminating
Avoid sampling the sample
in small areas during mixing or
where you packaging. A small
know that amount of fertilizer
conditions are residue on tools or
different than hands, for instance,
the rest of the can cause Serious
field (for contamination of
example, the soil sample.
former manure + Do not use
piles or fertil- galvanized, brass, or bronze sampling tools
izer bands). You often can spot these areas by to collect samples that will be tested for
looking for plants growing very well or very micronutrients such as zinc.
poorly.

Note: This publication is not intended to be used as guidance for obtaining soil samples for environmental testing.



Take the soil
sample to the
correct depth

* Sample the part
of the soil
where the plant
roots will grow.
For most annual
and perennial
crops, sample
from the surface
down to about 6 to 9 inches.

Carefully mix
the soil sample

Place all of the
soil subsamples
from a single
sampling area in
a clean container
and mix
thoroughly.

Forwarding the soil sample

* A list of laboratories that perform soil
tests is available on the Web (http://eesc.
oregonstate.edu) or from your county office
of the OSU Extension Service.

+ Call one or more labs to determine the cost
of the soil test you need.

o After choosing a lab, request any necessary
paperwork (such as an information sheet),
find out how you should prepare and
submit the sample, and obtain the address
where you should send the sample.

¢ Prepare and submit the sample according
to the instructions. Plastic zipper bags
work best; do not use a paper bag. Most
laboratories ask you to label the sample bag
with identifying information and to fill out
and include an
information
sheet with the
sample. Don’t
forget to include
payment.

* Number each
sample and
keep a record of
the fields and
areas sampled.




What analysis should I request?

The standard soil test from most laborato-
ries measures organic matter, phosphorus
(P), potassium (K), calcium (Ca),
magnesium (Mg), sodium (Na), and soil
pH (acidity). For acidic soils, the SMP
buffer test is the best way to determine
how much lime is needed. Certain crops
might have higher requirements for spe-
cific nutrients. Consult OSU Extension
publications to determine whether you
should test for nutrients such as sulfur (S),
boron (B), or zinc (Zn).

Special soil-sampling technigues
sometimes are required
« Nitrate nitrogen soil tests are recom-

mended only for a few crops in eastern
Oregon.

» For orchards, leaf sampling is more
useful than soil sampling.

© 2002 OregeifyRiatesxnivessi orientation, national origin,
age-marital-status—disabilit-
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former Extension soil science specialist, was revised by
Michael Robotham, Extension small farms faculty,
Clackamas County, and John Hart, Extension soil science
specialist; Oregon State University.
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ance of the Acts of Congress of May 8 and June 30, 1914.
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Oregon State University Extension Service offers educa-
tional programs, activities, and materlals—without regard to
race, color

—as required by Title VI of the
Civil Rights Act of 1964, Title IX of the Education Amend-
ments of 1972, and Section 504 of the Rehabilitation Act of
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NUTRIENT MANAGEMENT
FOR DAIRY PRODUCTION

Which test is best?

Customizing dairy manure nutrient testing

D. Sullivan, C. Cogger, and A. Bary

anure is a nutrient resource. 10
get the most value from this
resource, you need accurate
information on manure nutrient
content. A regular manure testing program will:

» Help you save money on fertilizer

. Assist in refining application rates to meet, but
not exceed, crop needs

« Demonstrate your commitment to protecting
surface and groundwater quality

o FEstablish the value of manure for off-farm
marketing

+ Serve as a reliable data source for long-term farm
plans

Both laboratory analyses and on-farm quick tests
of manure nutrient content play an important role
in manure management. Laboratory testing is the
most reliable method of manure nutrient testing
and is valuable for long-term planning and as a
check on quick test results. Quick tests are valuable
for rapid assessment ol manure N content. Quick
tests help guide daily management decisions.

Dan M. Sullivan, Extension soil scientist, Oregon State University;
Craig G. Cogger. Extension soil scientist, Washington State
University; and Andy 1. Bary, scientitic assistant, Washington Stale
University.

This publication discusses the following aspects
of a successful manure testing prograr:
« Collecting a manure sample that reflects average
nutrient composition

« Selecting an analytical laboratory

Requesting key nutrient analyses and usable
reporting units from analytical labs

Determining testing needs for different manure
handling and storage systems

 Choosing on-farm tests for manure N content

i On-farm quick tests
determine manure

' N content within a
| few minutes.

A Pacific Northwest Extension publication * Oregon Idaho ¢ Washington
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Manure application plans often are based on
average manure analyses for a particular manure
handling and storage system. However, manure
nutrient composition also is related to your specific
management practices, including;

* Source and quality of feed

* Water added to manure

* Type and amount of bedding

* How long the manure is stored

Because these factors often vary during the year,
manure nutrient content also varies.

The importance of nitrogen

Nitrogen (N) usually is the most important
nutrient in a manure testing program. Farm man-
agement plans approved by your local conservation
district, the Natural Resaurees Canservation
Service, or the Oregon Department of Agriculture
require an agronomic manure application rate. The
agronomic rate usually is based on N. Agronomic
rates supply appropriate amounts of plant-available
N for crop growth without excessive loss of nitrate
to groundwater.

Crops take up N from the soil in the ammonium
or nitrate forms (plant-available N). Manure
usually conitalns little or no nitrate as applied.
Nitrogen in manure usually is present as ammo-
nium and organic forms (amino acids, proteins,
etc.). Manure ammonium-N is plant-available
immediately after application. Soil microorganisms
slowly convert manure organic N to plant-available
forms after application.

Manure analytical methods determine total N
and ammonium N. Organic N is not measured
" directly. It is calculated as the total N content
minus the ammonium-N content.

You can use nitrogen analyses of manure for both
long-term planning and short-term decision mak-
ing. First, analyses collected over a period of years
serve as @ good data source for long-term farm plans
(e.g.. determining land area needs for manure
utilization). Secand, you can use analyses to guide
daily management decisions (e.g., calculating an

application rate for a particular field). Simple, rapid
on-farm testing procedures are well-suited for daily
management decisions.

Effect of manure storage

and handling on nitrogen content

How predictable is manure N content from your
operation? The more variable the manure, the more
samples you need to accurately characterize manure
N content. Factors contributing to variability
include:

Storage. Generally, the longer manure is stored,
the higher the proportion of total N in the ammo-
nium form, which is immediately available to
plants. Organic N in stored manure is converted to
ammonium-N by microbes; some of the ammo-
nium-N then is lost as ammonia-N to the atmo-
sphere.

Drying. Dried manure generally is low in ammo-
nium-N; it is lost as ammonia during the drying
process. Drying increases manure total N concen-
tration (per unit volume).

Dilution. The more water added to manure, the
lower its nutrient content. If you periodically add
fresh water to a lagoon for summer irrigation,
manure N content is reduced. Straw or other
bedding materials usually are low in N and also
reduce manure N concentration. '

Tables 1 through 4 summarize the range in
nutrient analyses for different manure-handling
systems in the Pacific Northwest. We make the
following observations:

Lagoon liquid pumped without agitation usually
contains less than 5 Ib N/1,000 gal; most of the N is
in the ammonium form. Average total N content
reported for two-cell Yakima Valley lagoons is
2.0 1b N/1,000 gal (Stevens and Prest, 1992, unpub-
lished data). This is considerably lower than the
average content reported for two-cell Willamette
Valley lagoons, which is 4.4 1b N/1,000 gal
(Table 1).

Agitated slurry from a lagoon or storage tank is
highly variable; its N content varies with the total
solids content of the slurry (Table 2).

Dry stack manure can have highly variable N
contents because of variability in straw and mois-
ture content (Table 3).
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Separated manure solids from a mechanical
separator are quite uniform in N content across a

Table 3.—Nutrient content of dry stack manure.”

Nutrient Analysis
variety of separator and bedding types (Table 4). z
Composted dry stack manure or composted Average  Standard deviation
separated solids are quite uniform in N content. % (dry matter basis)
Piles are mixed repeatedly during the composting Total N 13 0.30
process. Total P 0.81 0.19
. 1N Total K 1.86 0.51
ble 1.—Nitrogen content of de
apie = .l 1‘"ogLn COnENa0Ecn e Ib/wet ton (as-received basis)"
lagoon liquid.* »
Total N 8.6 ) 1.6
Dairy Usual range” Total P 4.0 0.8
Low High Average Total K 13.1 2.8
b N/1,000 gal sSource: Stevens, R.G., and V.I. Prest, 1992, unpublished data,
Analyses are an average of composite samples from 14 dry stack
A 3.0 6.0 44 facilities in the Yakima Valley (WA).
B 1.8 3.9 2.6 Mb/wel ton based on an average total solids content of 35 percent
C 3.0 6.0 49 (65 percent moisture). Standard deviation in Lotal solids content was
8 percent.
D 2.0 7.0 4.2
E 3.0 6.0 4.9
F 30 70 56 Table 4.——Nutrient content of separated
manure solids.
G 3.0 4.5 3.8
H 35 6.0 50 Nutrient Analysis
Average 2.8 5.8 4.4 Oregon® Washington”
"Source: Gangwer, M., and M. Graham, 1994. % (dry matter basis)
v Usual range” contains 80 percent of monthly measuremunts aver a Total N 1.2 (0.28)‘ 1.5 (0.33)
2-year period (locations A-E). ora |-year period (locations F-H).
Nitrogen determined via an Agros meter. For these lagoons with less Total P 0.21 (0.1 1) 0.26 (0.15)
than | pereent total solids, Agros nitrogen was approximately equal Total K 0.46 (0.22) 051 (0.26)
to total nitrogen.
C:NRatio 331 (7.0) 256 (5.0
Ib/wet t -received basis)®
Table 2.—Nutrient content of dairy slurries from wet ton (as-received basis)
agitated lagoons or agitated storage pits.” Total N 46 5.6
T s Total N Total P Toa K Total P 0.8 1.0
tal solids otal ota ota
2 Total K 1.7 1.9
0 .
% 15/1,000 gal *Source: Gangwer, M., and M. Graham, 1995. Analyses are an
2 6-10 1.4-2.0 7-15 average of 51 Willamette Valley (OR) facilities.
4 10-14 2.8-3.4 10-18 Source: Sullivan, D., and H. Bierlink, 1992, unpublished data.
Analyses are an average of nine Whatcom County (WA) facililies.
6 14-18 4.0-4.8 14-22 Y _ . o :
alues in parentheses are standard deviations in dry matter nutrient
8 18-24 5.2-6.2 17-25 analyses.

“Source: Sullivan, et al., 1994, Based on 37 analyses (Whatcom
County, WA). Average total N was 3.7 percent, average rotal P was
0.9 percent. and average Lotal K was 4.4 percent on a dry weight
basis.

b wet/ton based on an average total solids content ol 19 percent
(81 percent moisture). Standard deviation in total solids content was
4 percent.
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Collecting samples
and choosing a test

You can analyze composite samples by on-farm
quick tests or ship them to an analytical laboratory
for analysis. We recommend using both laboratory
and quick tests.

Quick tests are less precise than laboratory
analyses. You can use quick tests frequently during
the application season to check the variability in
manure nutrient content. Use laboratory tests
periodically to:

* Check the accuracy of the quick test results

* Obtain nutrient analyses not provided by the
quick tests

See “Setting up a sampling program for your
farm” for a detailed discussion of when to choose a
laboratory analysis and when ta use a quirk test,

Collecting samples

Collecting a sample that represents the average
composition of a manure source (lagoon, dry stack,
etc.) is essential in obtaining accurate information
from manure analyses. Usually, a number of indi-
vidual samples are collected and mixed together to
make a composite sample, which is analyzed for
nutrient content,

The choice of sample collection methods
depends on the kind of manure storage or applica-
tion equipment. The greater the potential variabil-
ity in manure composition, the more individual
samples (“grab” samples) you should mix to obtain
a composite sample. Call upon local experts (exten-
sion agents, conservation district or NRCS staff,
private consultants) to assist you in designing an
appropriate sampling strategy for your dairy.

For liquid manure, sample agitated manure
immediately before application. Some operators
have installed sampling ports in irrigation lines, so
liquid manure can be easily sampled as it is pumped.

Sprinkler-applied liquid also can be collected in
buckets placed in the field. Samples collected after
sprinkling usually have lower ammonium-N con-
tent because of ammonia volatilization.

For solid manure, take 1020+ small grab
samples from the pile to make one composite
sample. If piles have substantially different amounts

4

of bedding, you will get better information by
taking a separate composite sample from each pile.

After collection, thoroughly mix the grab
samples and remove a composite sample (approxi-
mately 1 quart) for analysis.

Preparing samples for shipment to a lab

Preserve samples for laboratory analysis by
refrigeration or freezing. Plan shipment so that
samples are not left unrefrigerated over a weekend.
Samples should arrive at the laboratory within
48 hours of shipment.

Check with your laboratory to discuss containers,
preservation methods, and sample delivery sched-
ules. Generally, laboratories prefer receiving
samples in plastic containers with wide mouths and
screw-top lids. Plastic bags are not recommended
(Nobody wants leaky manure samples!) Fill con-
Lalies Hy more that two-thirds tul! to allow room
for gases produced by fermenting manure.

e T e
Laboratory nutrient analysis

Description: Nutrient content determined via
laboratory instruments.

Test procedure: Sample is homogenized, and
analyses are run on a small subsample.

How it works: There are established proce-
dures for each nutrient.

Manure type where it works best: Tests are
valid for all forms of manure.

Nutrients estimated: Total N, ammonium-N,
total P, total K, and total solids

Cost (for above analyses): $30-$60 per sample

Accuracy: Excellent. Major differences
between laboratories usually are due to
sample handling and preparation tech-
niques, not analytical procedures.

Other comments: It is best to consistently use
the same laboratory. See “Choosing a
laboratory” for suggestions on selecting a
laboratory, sample preservation, and ship-

ping.
e ——— —— ——————————— ——— ———  ————
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Choosing a laboratory

Find a lab that knows how to test manure and
report results in a usable form. We suggest reporting
manure analyses on both an “as-received” and a
“dry weight basis” (Table 5). The "as-received”
analysis can be used to determine application rates.
The “dry weight” analyses can be used to track the
consistency of manure nutrient composition over
time. To develop a track record of manure analyses
over time, use the same laboratory for each test.

To help you locate a suitable analytical labora-
tory, the Oregon State University Extension Ser-
vice and Washington State University Cooperative
Extension periodically compile lists of analytical
laboratories serving the Pacific Northwest (see
“Extension directories of analytical laboratories” at
the end of this publication). Some extension and
NRCS offices also have lists of laboratories doing
business in their local arcas.

Important questions to ask laboratory representa-
tives include:

« Is the lab equipped to analyze manure samples for
total N, ammonium-N, total P, total K, and total
solids? How long will it take to provide results?

+ How are analytical results reported? It's a good
idea to obtain a sample laboratory report. Table 5
shows the preferred reporting units.

« How does the lab prepare the sample for analysis?
For ammonium analysis, it is recommended that
labs thoroughly mix and subsample wet samples.
Drying samples prior to analysis results in loss of
much of the ammonium-N.

« Does the lab participate in regional or national
sample exchange programs coordinated by
unbiased third parties (universities or trade
associations)? Is the lab willing to share perfor-
mance results from such sample exchange
programs? Parlicipation in sample exchange
programs is a good indicator of a laboratory's
commitment to precise and accurate results.

For composts marketed off-farm, we recommend
additional analyses for pH, nitrate-N, cation
exchange capacity, exchangeable bases (calcium,
magnesium, potassium, and sodium), and conduc-
tivity (salinity). These analyses will help your
customers successfully utilize compost.

Choosing an appropriate quick test

Quick tests are less precise than laboratory
analyses. We recommend using both laboratory and
quick tests (see “Setting up a sampling program for
your farm”). Suggested applications for currently
available quick tests are shown in Table 6.

Table 6.—Suggested on-farm quick tests for dairy

manure N.
Hydrometer ~ Nova meter for

Type of manure for total N ammonium-N
Liquid No Yes
less than 2% total solids
Liquid Yes Yes
2-6% total solids
Semi-solid Yes® Yes

6-15% total solids

"Sample must be diluted with water to 26 percent total solids;
appropriate only for solid manure with little bedding; not suitable [or

separated solids.

Table 5.—Preferred reporting units for laboratory manure analyses. Results should be reported on both an

“as-received” and “dry weight” basis.

Analysis “As-received” basis Dry weight basis
Solid manure Liquid manure
Total solids® % %
Total N, ammonium-N, total P,
and total K Ib/wet ton 1b/1,000 gal %>

“Total solids is another way Lo express the moisture content of the manure "as-received.” For example, a sample having 20 percent total solids

would have 80 percent moisture content.

UFor liquid manure with a total solids content less than 2 percent, laboratory nutrient analyses reported on a dry matter basis often have
substantial variability. This usually is due to small dilferences in Lotal solids analyses.
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The hydrometer is a useful quick test for agitated The hydrometer works best for slurries contain-

lagoon slurry or semi-solid manure that has been ing from 2 to 6 percent total solids. It is not appro-
scraped and stored in a pit or tank. Such manure priate for estimating the nutrient content of
sources, with solids contents above 2 percent, separated solids or of solid manure with large
usually contain a substantial portion of their N in amounts of bedding.

the solid part of the manure.

=i, ————————— ———————————

On-farm quick test; Hydrometer
Description: Floating glass apparatus with a weighted bottom.

Test procedure: Collect a representative sample of slurry in a 5-gallon
bucket. Stir to suspend solids. Place the hydrometer in the bucket and
read the result after 15 seconds. If the slurry is too thick for the hydrom-
eter to float freely, mix the slurry with water, stir well, and take a hydrom-
eter reading. For a 1:1 dilution (water:slurry), double the hydrometer
reading to get the correct value for undiluted slurry.

sap P RNR AC

How it worlke: Moasurcs the density (specific giavity) of Liyuid manure.
Manure type where it works best: Slurries, 2 to 6 percent total solids.
Initial cost: $30 to $60. No additional cost per sample.

Nutrients estimated: Total solids, total N, and total P. 1

.

Accuracy: Fair. We developed the following regression equations for agi- j
tated manure slurries (Sullivan, et al., 1994):

Total N (1b/1,000 gal) = 3.7 + 2.14 x (percent total solids), R? = 0,72
'Total P (1b/1,000 gal) = 0.42 + 0.66 x (percent total solids), R? = 0.84

These regression equations were based on 37 composite samples collected from dairies in
Whatcom County, WA over a 4-month period. Our regression equations for the hydrometer are
similar, but not identical, to those previously reported for dairy slurry from North Carolina

(Chescheir, 1985).

If your hydrometer is calibrated in units of specific gravity, use this table to estimate total solids:

Specific Gravity Total Solids (%)
1.011 2.0
1.020 4.0
1.028 6.0

Other comments: To use a hydrometer to estimate slurry nutrient content, you must have a calibra-
tion equation to relate slurry density to nutrient content. Calibration equations given in this
publication are valid only for dairy manure. Hydrometers are available that read out in units of
specific gravity, percent total solids, or percent total N. Measurcment scales for hydrometers that
read out in units other than specific gravity are based on manufacturers’ regression equations.

e ———_—_————————————————

(@)
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The hydrometer measures slurry density and The Nova meter, which measures only ammo-
estimates total slurry N via a regression equation nium-N, provides a helpful quick test for the N that
(see page 6). It also provides an estimate of slurry P is immediately plant-available. It is the quick test of
content. choice for lagoon liquids, which contain most of

their N in the ammonium form.

On-farm quick test: Nova meter or Agros meter

Description: Stainless steel or plastic chamber with a built-in
pressure gauge. The Nova meter (plastic chamber) is a recent
replacement for the Agros meter (stainless steel chamber). -
Both Nova and Agros meters use the same chemical process '
to estimate manure N.

Test procedure: Add manure to the main chamber using the
scoop provided by the manufacturer. Add hypochlorite
reagent to a separate reservoir inside the chamber. After the
lid is secured, mix the hypochlorite and the manure inside
the chamber following the manufacturer's instructions. Wait
2-5 minutes. Manure N content is given on the pressure
gauge.

How it works: Hypochlorite oxidizes ammonium-N to form
nitrogen gas (N,) inside the chamber. The higher the manure
ammonium-N, the more pressure is generated. The pressure
gauge is calibrated by the manufacturer to read out in units

of N. L

Manure type where it works best: This quick test gives results
very similar to a laboratory ammonium-N analysis. Use for manure where ammonium-N is a
major proportion of total N. This is the best quick test for liquid manure with less than
2 percent solids.

Cost: Initial cost is $350 to $500. Hypochlorite reagent is consumed with each test.
Nutrients estimated: Ammonium-N only.
Accuracy: Excellent (See Sullivan, et al., 1994; Chescheir, et al., 1985).

Caution: Hypochlorite reagent is hazardous to eyes and irritates the nose and skin. Protect your-
self with safety glasses, gloves, and a dust mask. Perform the tests outdoors in a well-ventilated
area. Hypochlorite also is corrosive. Rinse metal parts with water after each use. Don't dispose
of excess reagent in the garbage; it is a strong oxidizer.

Other comments: On some Nova or Agros meters, the pressure gauge has units of kg N/m”.
To convert kg/m? to 1b/1,000 gal, multiply by 8.34.

I
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Setting up a sampling program
for your farm

Manure from different handling systems (dry
stack, lagoon liquid, etc.) should be sampled and
analyzed separately. The amount of time and money
devoted to sampling manure from different sources
should reflect its relative importance as a nutrient
source and its potential variability. The more
variability, the more sampling is required. Samples
collected close to the time of application best
reflect the nutrients applied to the field.

Let’s take a look at how the general principles of
manure sampling and testing apply to a specific
dairy operation. For our example, let's consider a
large dairy in western Washington or western
Oregon with a flush barn-cleaning system, a
mechanical solids separator, and a two-cell lagoon.
Manure is generated from three sources: the sepa-
rated solids, the secondary lagoon liquid, and
periodic agitation of the primary and secondary
lagoon for solids removal.

The suggested sampling plan is shown in Table 7
and is discussed below. To check the accuracy of the
quick tests (Nova meter and hydrometer), we
recommend splitting a composite sample once each
year and analyzing it via both laboratory and quick
test methods.

Secondary lagoon liquid. For this dairy opera-
tion, the most frequent manure application is in the
form of secondary lagoon liquid. A yearly laboratory
test is recommended to serve as a reliable record of
the nutrient value of the secondary liquid (see

Table 5 for recommended analyses). The samples
for laboratory analysis can be taken at almost any
time, but are most useful if taken when the lagoon
is at least half full.

Since the secondary lagoon liquid contains N
primarily in the ammonium form, its N content can
be estimated using a Nova meter. Testing with the
Nova meter can be used throughout the application
season to refine application rates. It is especially
helpful in the summer when the operator mixes
secondary lagoon effluent with fresh irrigation-
water.

Agitated lagoon slurry. Each spring, the operator
agitates the lagoon to remove accumulated solids
from the bottom. The slurry produced by agitation
is much higher in N content because of the sus-
pended solids. We recommend at least one labora-
tory analysis per year. A hydrometer can be used op
a daily or weekly basis to measure changes in N
content due to differing amounts of suspended
solids.

Separated solids. The nutrient analysis of the
separated solids is not expected to vary significantly
from published values (Table 4). Furthermore, for
the current growing season, the separated solids
represent only a small risk of excess N application,
because most of the N is present in organic com-
pounds that are slow to release plant-available N.
Therefore, using average analytical values for
separated solids (Table 4) is acceptable. We do not
recommend routine testing of separated solids for
on-farm utilization.

Table 7.—Example of a yearly sampling plan utilizing both laboratory and on-farm quick test methods.”

Suggested test frequency

Manure applied as: Application period Lab test Quick test
Secondary lagoon liquid April-Sept. yearly Nova—monthly
Separated solids April-Sept. none none
Agitated lagoon slurry April-May yearly Hydrometer—weekly

“Example location: western Oregon/Washington. Two-cell lagoon storage with solids separator.
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Calculating manure application rates

A manure analysis is only part of the information
you need for site-specific estimates of appropriate N

application rates (volume or weight per acre).
Other information needed includes:

+ Crop N requirement

» Proportion of manure-N that will be plant-
available during the growing season (less than
100 percent)

+ Quantity of N supplied from other sources
(e.g., decomposition of soil organic matter,
fertilizer N)

« Crop N uptake efficiency—proportion of plant-
available N removed by the crop (less than
100 percent)

We suggest you work with an agronomist in
calculating site-specific application rates. You can
get a rough idea of appropriate manure N applica-
tion rates by assuming that crop N uptake is
approximately equal to the needed manure N
inputs. An example of this approach is found in
OSU Extension publication EM 8585, Manure
Application Rates for Forage Production (Hart, et al.,
1996). It is a reasonable approach if manure is
applied every year to the same fields.

Periodic soil testing also helps you apply manure
at rates that match crop requirements.

Manure testing as part

of whole-farm nutrient management

Manure testing is a more powerful tool when
used together with other tools for nutrient manage-
ment. Records of feed inputs, field-by-field manure
application amounts and timing, fertilizer applica-
tions, and soil and plant tissue test results are some
of the other components of whole-farm nutrient
management. When data from these sources are
used together, you can consider environmental as
well as economic consequences when making long-
range management decisions.

The references listed at the end of this publica-
tion can help you get started with whole-farm
nutrient management. Together with manure
analyses, these tools can help you adjust manure
management to meet economic and water-quality
goals.

Suppliers for quick tests

Both hydrometers and Nova meters may be
available for short-term use {rom your local conser-
vation district or NRCS olfice.

Hydrometers

Whatcom Conservation District, 6975 Hannegan
Rd., Lynden, WA 98264; phone: 360-354-2035.

Various laboratory supply companies. Choose a
hydrometer used for measuring the specific
gravity of soil suspensions. We recommend a
model that is equivalent to ASTM #151H
specifications (measures specific gravity from

0.995 to 1.038 glem?).

Nova meters

Farm Home Offices, Inc. 1965 64th St., Box 840,
Vinton. lowa 52349; phone: 800-788-7218
(sells a version of the Nova meter called

“On-the-farm manure nitrogen test kit").

Grass Roots Project Management, P.O. Box 136,
Chilliwack, BC, Canada V2P 6HT;
phone: 604-795-2350 (sells a version of the Nova
meter called the “Nova MK2 meter”).

For more information

Selected research publications

Chescheir, G.M., PW. Westermann, and
..M. Safley. 1985. Rapid methods for determin-
ing nutrients in livestock manures. Transactions
of the ASAE 28 (6): 1817-1824 (American
Society of Agricultural Engineers, St. Joseph,
MI).

Sullivan, D.M., H. Bierlink, and W. Matthews.
1994. Tools for getting more value out of dairy
manure. pp. 55-65. In: Proc. 26th Annual Dairy
Producers Short Course, Feb. 8-9, 1994,
Clearbrook, BC. Canada. BC Ministry of Agri-
culture, Fisheries and Food, Chilliwack, BC
(available from Dan Sullivan, Department of
Crop and Soil Science, Oregon State Univer-

sity).



Manure analyses
for Willamette Valley dairies

Available from:

M. Gangwer

Marion County Office

OSU Extension Service

3180 Center St. NE, Room 1361
Salem, OR 97301

Phone: 503-588-5301

Gangwer, M., and M. Graham. Wastewater volume
and nitrogen concentrations in Willamette Valley,
Oregon dairy ponds, SR 939 (Oregon State Uni-
versity, Corvallis, 1994). No charge.

Gangwer, M., and M. Graham. Analysis of separated
manure solids from selected manure separators in
Willamette Valley, Oregon dairy facilities, SR 945
(Oregon State University, Corvallis, 1995). No
charge.

Extension directories
of analytical laboratories

See ordering instructions on page 11.
Hart, J. A list of analytical laboratories serving

Oregon, EM 8677 (Oregon State University,
Corvallis, 1997). No charge.

Schreiber, A., and C.H. Daniels. Analytical laborato-
ries and consultants serving the Pacific Northwest,
EB 1578 (Washington State University Coopera-
tive Extension, Pullman, 1994). $1.50

Extension publications
on whole-farm nutrient management

See ordering instructions on page 11.
Sullivan, D.M., C.G. Cogger, and A.I. Bary. Date,
rate, and place: The field book for dairy manure

applicators, EM/PNW 506 (Oregon State Univer-
sity Corvallis, 1997). $5.50

10

Gardner, E.H., and ]J. Hart. How to take a soil sample
.. and why, EC 628 (Oregon State University,
Corvallis, revised 1995). No charge.

Grusenmeyer, D., and B. Peterson. Manure manage-
ment guidelines for western Washington (Washing-
ton State University Cooperative Extension,
Whatcom County, 1995). Available from
Whatcom County Office, 1000 N. Forest,
Bellingham, WA 98225.

Hart, J., M. Gangwer, M. Graham, and E. Marx.
Dairy manure as a fertilizer source, EM 8586
(Oregon State University, Corvallis, reprinted
1997). 75¢

Hart, J., E.S. Marx, and M. Gangwer. Manure
application rates for forage production, EM 8585
(Oregon State University, Corvallis, reprinted

1997). $1.00

Hermanson, R.E. Manure sampling for nutrient
analysis with worksheets for calculating fertilizer
valucs, EB 1819 (Washington State University,
Pullman, 1996). $1.00

Hermanson, R.E., A.C.S. Raoc, W.L. Pan,
K.E. Duncan, and M.A. Wright. MNB: Manure
nutrient balancer (computer software for IBM-
compatible computers) (Washington State
University, Pullman, 1995). Order number MCP
0026. $25.00

Marx, E.S., J. Hart, and R.G. Stevens. Soil test
interpretation guide, EC 1478 (Oregon State
University, Corvallis. reprinted 1997). $1.50

Marx, E.S., N.\W. Christensen, J. Hart,
M. Gangwer, C.G. Cogger, and A.l. Bary. The
pre-sidedress soil nitrate test (PSNT) for western
Oregon and western Washington, EM 8650

(Oregon State University, Corvallis, reprinted
1997). 75¢

Moore, |., and M.]J. Gamroth. Calculating the fertil-
izer value of manure for livestock operations,
EC 1094 (Oregon State University, Corvallis,
reprinted 1993). $1.00
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Ordering instructions

Oregon State University Extension Service publications

To order copies of Oregon State University Extension Service publications, send the
publication’s complete title and series number, along with a check or money-order for the amount
listed, to:

Publication Orders

Extension & Station Communications

Oregon State University

422 Kerr Administration

Corvallis, OR 97331-2119

Fax: 541-737-0817
Visit the OSU Extension and Experiment Station Communications Web site at: eesc.orst.edu

You may order up to six no-charge publications without charge. If you request seven or more
no-charge publications, include 25 cents for each publication beyond six.

Discounts are available on orders of 100 or more copies of a single title. Please call 541-737-
2513 [or price quotes.

Washington State University Cooperative Extension publications

To order copies of Washington State University Cooperative Extension publications, send the
publication's complete title and series number, along with payment, to:

Cooperative Extension Publications

Bulletins Office

Washington State University

P.O. Box 645912

Pullman, WA 99164-5912

Phone: 1-800-723-1763
e-mail; bulletin@coopext.cahe.wsu.edu
Visit the WSU Cooperative Extension Publications Web site at: http://www.cahe.wsu.edu/~infopub

WSU accepts Visa and MasterCard (minimum $5.00 order), purchase orders (minimum
$10.00 order), and check (make checks payable to Cooperative Extension Publications).
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Manure testing quick tips

A regular manure testing program will:

* Help you save money on fertilizer

¢ Assist in refining application rates to meet, but not exceed, crop needs

* Demonstrate your commitment to protecting surface and groundwater quality
* Establish the value of manure for off-farm marketing

* Serve as a reliable data source for long-term farm plans

Variability in manure analyses. The more variable the manure source, the more often you need
to test it to characterize its nutrient content. This publication summarizes the variability
observed for different manure handling systems in the Pacific Northwest. Use this information
to budget your testing dollars.

Collecting samples for nutrient analysis. Collect a sample that represents the average composi-
tion of a manure source (lagoon, dry stack, etc.) to obtain accurate results.

Laboratory testing is the most reliable testing method. Find a lab that knows how to test
manure and report results in a usable form. We recommend analysis for total N, ammonium-N,
total phosphorus (P), total potassium (K}, and total solids (moisture content). Ask the lab to
report nutrient analyses on both an “as-received” and a “dry weight” basis.

Quick tests for nitrogen. Although laboratory tests are more accurate, quick tests provide
information to guide daily management decisions. Two simple, rapid, on-site test procedures
for N analysis are described in this publication (the hydrometer and the Nova meter). Verify
quick test results with periodic laboratory analyses.

Calculating agronomic manure application rates. A manure analysis is only part of the informa-
tion you'll need. An agronomist can help you calculate site-specific manure application rates
to meet crop needs.

pe=—x= L, ..’>si—————— — — - —— — = ==
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FIELD CORN
(Western Oregon—West of Cascades)

Good management practices are essential if opti-
mum fertilizer responses are to be realized.
These practices include use of recommended vari-
eties, selection of adapted soils, weed control,
disease and insect control, good seed bed prep-
aration, proper seeding methods, and timely
harvest.

Because of the influence of soil type, climatic
conditions, and cultural practices, crop
response from fertilizer may not always be
accurately predicted. Soil test results, field
experience, and knowledge of specific crop
requirements help determine the nutrients
needed and the rate of application.

Recommended soil sampling procedures should
be followed in order to estimate fertilizer needs.
The Oregon State University Extension Service
agent in your county can provide you with soil
sampling instructions and soil sample bags and
information sheets.

Plant Population

The fertilizer applications suggested in this
guide are based on a population of 20,000
lants/A. Where the plant population exceeds
20,000/A, fertilizer rates should be increased
by 10% for each additional 5,000 plants/A.
Fertilizer rates should be reduced similarly for
populations less than 20,000/A.

Area 1 and Area 2

Fertilizer responses in western Oregon differ
between:

Area 1: Willamette Valley and northwest
Oregon

Area 2: southwest Oregon

§ NITROGEN (N)

Irrigated Corn

1. Following grain, silage corn, or non-legume
crops: Apply 150 to 200 Ibs N/A.

2. For corn following a good growth of
legumes: Apply 80 to 100 1bs N/A.

Non-lrrigated Corn - Area 1 onlv

1. For corn following grain or other
non-legumes: Apply 60 to 90 Ibs N/A.

2. Tor corn following a good growth of
legumes: Apply 50 to 70 Ibs N/A.

For best results, part of the M should be banded
21 to 3" to the side and 2" to 3" below the seed.
To avoid salt injury to young seedlings, the
tc:al of banded N plus added potash (ii,0) should
not exceed 100 lbs/A. When fertilizer is banded
within 1" of the seed N + K,0 should not exceed
40 lbs/A.

Additional N can be applied broadcast or as a
top dressing.

Some factors affecting salt injury are:

© Injury is aggravated as the fertilizer band
comes closer to the seed.

© The danger of injury is greater with sandy
than with finer textured soil.

© Immediate irrigation at the first sign of burn
should reduce further injury.

PHOSPHORUS (P)

P fertilizer should be banded 2" to 3" to the

side and 2" to 3" below the seed at the time of
planting. Immediately available P is necessary
to assure pood seedling growth and a good root
development, especially when corn is planted

early before the soil is warm.

[17 the OSU soil test Apply this amount of
for :P’reads (ppm): phosphate (P,0.) (Ib/A):
Area 1 Area 2
0 -7 804100 60-100
7-15 © 60F80 40-60
15 - 30 4060 30-40%
\Over 30 30+40%

If banding equipment is not available, little
response from P can be expected with P soil test
values above 30 ppm in Area 1 or above 15 ppm
in Area 2. Where banding equipment is not avail-
able, P fertilizer should be plowed down or
worked into the seed bed and the rate of applica-
tion should be increased by 50%.

These fertilizer rates assume that soil pH is
greater than 5.5.

OREGON STATE UNIVERSITY EXTENSION SERVICE

Extension Service, Oregon State University, Henry A. Wadsworth, director. Produced and distributed
in furtherance of the Acts of Congress of May B and June 30, 1914, Extension work is a cooperative
program of Oregon State University, the U. 8, Department of Agriculture, and Oregon
counties. Extension invites participation in its programs and offers them equally to all people.



POTASSIUM (K)

e ——
If the OSU soil test Apply this amount of
for K reads (ppm): potassium (K,0) (Ib/A)
Area 1

0 - 75 80 ~ 120

75 - 100 60 - 80

100 - 150 40 - 60

Over 150 0

——

Up to 50 lbs of K,0/A can be included in the
fertilizer band when the band is located at least
2" from the seed. The total of banded N and
banded K,O should not exceed 100 lbs/A. When
fertilizer is banded within 1" of the seed, N +
K,O should not exceed 40 lbs/A. The remainder
of the K should be broadcast prior to seeding.

On poorly drained Dayton and related soils K
should not be banded, and with these soils

potassium sulfate may give better results than
potassium chloride.

SULFUR (S)

Plants absorb S in the form of sulfate. Fertil-
izer materials supply S in the form of sulfate
and elemental S. Elemental S must convert to
sulfate in the soil before the S becomes avail-
able to plants. The conversion of elemental 5
to oulfate io uouaslly rapid fer fine ground (less
than 40 mesh) material in warm moist soil,

The S requirements of field corn can be pro-

vided by:

1. The application of {10-15 Ibs S/Alin the
form of sulfate at planting time.

2. Applying 30-40 lbs S/A as fine ground ele-

e

mental S the preceding year.

3. Applying coarser ground elemental S at
higher rates and less frequently.

Responses to S fertilization may not occur for a
period of at least 4 or 5 years on "red hill"
soils which have a history of high S fertiliza-
tion. These soils have a comparatively high
ability to adsorb S and frequently have a his-
tory of high S fertilization through the use of
S-containing fertilizer such as ammonium sul-
fate. :

MAGNESIUM (Mg)

Responses of field corn to !g have not been

observed in western Oregon. Trial applications
of Mg are suggested where soil test levels are
below 0.8 meq/100g soil.

Mg can be banded at 10 to 15 lbs/A at planting.
Mg can also be supplied in dolomite, which is a
liming material that reduces soil acidity to about.
the same degree as ground limestone. Dolomite
should be mixed into the seed-bed at least
several weeks in advance of seeding.

An application of dolomite will supply magnesium
and reduce soil acidity for several years.

ZINC (Zn)

The application of Zn has increased the vyields
of sweet corn in the Stayton area, especially on
the gravelly, dark colored soils.

»

Field corn and sweet corn have similar Zn re-
quirements.

If the OSU soil test
for Zn reads (ppm):

Less than 0.8

Apply this amount
of Zn (Ib/A):

3-4 banded or
10 broadcast
Over 0.8 None

When the soil test is below 0.8 ppm Zn, a
response to Zn is expected on all soils. When
the soil test is between 0.8 and 1.5 ppm Zn, a
response to Zn is expected on most soils in the
Stayton area.

Where Zn is required, either 10 1Ib/A of Zn

should be broadcast and worked into the soil
prior to planting or 3 to 4 lbs/A of Zn should
be banded with the fertilizer at planting time.
‘A broadcast application of 10 lbs Zn/A should
supply Zn needs for 2 or 3 years.

BURUN (B)
Responses of field corn to B applications have
not been observed in western Oregon. Trial

applications of 2 lbs/A B are suggested when
soil test B levels are below 0.5 ppm. B
should be applied uniformly to the field and
should not be banded.

LIME

Experimental work has shown that corn will pro-
duce good vyields over a fairly wide range of

soil acidity. Lime applicalions should be made
when the soil pH is 5.5 or below, or when calcium
(Ca) levels are below 5 meq Ca/l00g of soil.

If the OSU SMP Buffer
test for lime reads:

Apply this amount
of lime (T/A):

Below 5.2 4 - 5
5.2 - 5.6 3 -4
5.6 - 5.9 2 -3
5.9 - 6.2 1 -2
Over 6.2 0

The liming rate is based on 100-score lime.
Lime should be mixed into the seed bed at least
several weeks before seeding. A lime applica-
tion is effective over several years.

Do not apply lime when the soil pH is above
6.0, Yields were reduced in Willamette Valley
experiments when lime raised the soil pH to
6.5. Responses of field corn to lime have not
been observed in Jackson or Josephine counties.

P, K, Mg, Zn, B, and lime recommendations are based on soil test values from the Soil Testing

Laboratory, OSU, Corvallis, Oregon.

This guide is largely based on the results of experiments conducted by T. L. Jackson, John Yungen,
and L. Boersma, Oregon Agricultural Experiment Station, and observations of growers' fields.

Prepared by E. Hugh Gardner and T. L. Jackson, Extension Soil Scientists; and T. A. Doerge, Dept.
of Soil Science; Extension Service and Agricultural Experiment Station, Oregon State University.
Reviewed by a committee of western Oregon county extension agents.



~
ide

Winter wheat

Western Oregon—west of Cascades

J. Hart, N.W. Christensen, T.L. Jackson. R. Karow, and W.E. Kronstad

his fertilizer guide is based on wheat yield

response (o nutrients applied in experiments

conducted by Oregon State University. The guide

applies to fertilization of soft white winter wheat
in western Oregon, where the risk of take-all root rot is
low (first-year wheat or where take-all decline has become
established). For further information about growing and
fertilizing wheat in high take-all risk situations, refer to
EC 1453, Combatting Take-All Root Rot of Winter Wheat
in Western Oregon.

Management Practices

Fertilizer recommendations assume good management
practices such as weed and disease control, planting date,
and cultivar selection. One cultivar scldom is adapted to all
production environments. Of the currently available high-
yiclding cultivars, Yamhill is more tolerant of limited
drainage than are Stephens, Malcom, or Hill-81. Yamhill
and Hill-81 are more tolerant of low soil pH than is
Stephens.

Plant wheat at (he end of September to early October in
a take-all free environment. Delay planting if temperatures
are unscasonably warm in late September and early
October. Planting after a period of cool weather assumes
reduced aphid population and less possibility of aphid
damage to young wheat plants. If planting is delayed,
Stephens can be planted until mid-February, Hill-81 and
Malcom until late January. Do not plant Yambill or Daws
after January 1. Delayed planting can caus¢ substantial
yield reductions.

Banding P, K, S, and some N fertilizers with or near the
seed at planting has proven to be an effective method of
fertilizer application for small amounts of nutrients and
immobile nutrients such as P and K. (Caution: Fertilizer
placed with the sced can delay emergence and reduce
stands during exceptionally dry years.)

Surface drainage is important as wheat is likely to be
Killed if water stands on fields for more than a few days
during the vegetative growth stage. Planting wheat on
ridges will improve survival on poorly drained valley floor
soils. (See FS 269, Growing Winter Wheat on Poorly
Drained Soil, for more information.)

OREGON STATE UNIVERSITY
EXTENSION SERVICE

FERTILIZER
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Follow recommended soil sampling and testing proce-
dures for P, K, and lime to estimate fertilizer and lime
needs.

County offices of the OSU Extension Service can
provide soil sampling instructions and a list of soil testing
laboratories serving Oregon.

Nitrogen (N)

An application of 20 Ib N/a at seeding time is recom-
mended if wheat follows a grass seed or grain crop. This
fertilizer can be banded in combination with P fertilizers
near or with the seed. Fall N application is not recom-
mended for wheat following row crops or a good legume
crop.

Spring application

The first step toward determination of optimum spring
N rates is to identify a realistic yield goal. Wheat grain
yield potential is 120 to 140 bu/a for deep, well-drained
valley floor soils, 80 to 100 bu/a for well-drained hill soils
with a rooting depth greater than 3 fi, and 60 to 80 bu/a on
shallow hill soils and valley floor soils with restricted
drainage. Over-fertilization with N is detrimental to the
environment, especially groundwater supplies.

For wheat following wheat, grass seed, or other grain
crops, apply 140 to 180 1b N/a before jointing (Feekes
6.0). If the spring N application is delayed after this time, a
yield reduction can occur. An alternative is to apply 40 Ib
of N during late tillering (Feekes 5.0), generally mid-
February, and the remaining N 1 month later. A split
application will increase wheat yields 10 to 12 bu/a over a
delayed single application. Some N may be spring applied
with pesticides. Read and follow pesticide label directions.

Apply 100 to 140 Ib N/a where wheat follows row
crops, veteh, peas, ora poor perennial legume stand. An
application of 60 to 100 1b N/ais recommended where
wheat is grown after a good crop of alfalfa, crimson
clover, or red clover.

John Hart, Extension soil scientist; Neil W. Christensen, professor of
soil science; Tom L. Jackson, professor emeritus ot soil science;
Russ Karow, Extension agronomist; and W.E. Kronstad, professor of
crop science; Oregon State University.
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For More Information

OSU Extension Service publications

Growing Winter Wheat on Poorly Drained Soil, FS 269,
by N.R. Goetz, M. Stoltz, T.L. Jackson, and
R.S. Karow (revised 1996). No charge.

How to Take a Soil Sumple ... and Why, EC 628, by
E.H. Gardner (revised 1997). No charge.

A List of Analytical Laboratories Serving Oregon,
EM 8677, by J. Hart (revised 1997). No charge.

Combatting Take-All Root Rot of Winter Wheat in
Western Oregon, EC 1423, by N.W. Christensen and
J.M Hart (1993). 75¢

To order copies of the above publications, send the
complete title and series number, along with a check or
money order for the amount listed (payable to Oregon
State University), to:

Publication Orders

Extension & Station Communications

Oregon State University

422 Kerr Administration

Corvallis, OR 97331-2119

Fax: 541-737-0817

Y ou may order up (o six no-charge publications
without charge. If you request seven or more no-charge
publications, include 25 cents for cach publication beyond
S1X.

World Wide Web

Fertilizer and Lime Materials, FG 52, by J. Hart (re-
printed 1997). No charge.

You can access the above publications, as well as FG 9,
Winter Wheat: Western Oregon—West of Cascades, our
Publications and Videos catalog, and many other publica-
tions via our Web site at eesc.orst.edu

~
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Other publications

Caputo, J.A. 1985. Effects of nitrogen applicd on wheat
straw on winter wheat (triticum aestivum L) yields in
western Oregon. M.S. thesis, Oregon State University,
Corvallis, OR.

Christensen. N.W. and M. Bretl. 1988. Wheat yield and
N uptake as influenced by treating crop residue with
urea-sulfuric acid. J. of Fertilizer Issues 5(2):50-55.

Hart, J.M. and N.W. Christensen. 1987. Economic
considerations Tor N fertilization of wheat in the
Willamette Valley. In Proceedings Northwest Fert.
Conf., Pasco, WA. July 14-15, Soil Imp. Comm. and
NW Plant Food Assoc.

Kjelgren, R.K. 1984. Fertilizer nitrogen use efficiency by
winter wheat in the Willamette Valley. M.S. thesis,
Oregon State University, Corvallis, OR.

Yungen, ILA. 1984. The response of winter wheat to mid
and late winter nitrogen rates, agronomic and truck
crops data. Oregon State University, Southern Oregon
Experiment Station, Medford, OR, pp. 22-25.

This publication was produced and distributed in furlhcrance of the Acts of Congress of May & and June 30, 1914. Exlension work is a cooperative program of
Oregon Stale University, the U.S. Department of Agriculture, and Oregon counties. Oregon State University Extension Service offers educational programs,
aclivilics, and materials—wirhout regard to race. color, religion, sex, sexual orientation, national origin, age, marital status, disability, and disabled veteran or
Vietnani-era veteran status—as required by Title VI of the Civil Rights Act of 1964, Title 1IX of the Education Amendments of 1972. and Section 504 of the
Rehabititation Act ol 1973, Oregon State University Extension Service is an Equal Opportunity Employer.

Revised May 1989. Reprinted January 2000.
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Using the Nitrogen Mineralization Soil Test
to Predict Spring Fertilizer N Rate
Soft White Winter Wheat Grown in Western Oregon

J.M. Hart, N.W. Christensen, M.E. Mellbye, and M.D. Flowers

Soft white winter wheat grown
in western Oregon requires a spring
application of nitrogen (N) fertilizer
for optimum production. Determining
the amount of N to apply has been a
challenge for growers because wheat is
produced in numerous rotations that pro-
vide varying amounts of N to the wheat
crop. Inadequate N results in reduced
yield. However, excess N causes lodg-
ing, higher-than-desired grain protein,
and added expense.

Wheat obtains N from two sources:
soil and fertilizer. Soil N is provided
in available mineral form (nitrate or
ammonium-N) and as mineralizable N
(nitrogen that will become available
during the growing season). Nitrate and
ammonium-N supply only 5 to 15 per-
cent of the total N requirement. Miner-
alizable soil N supplies 5 to 40 percent
of the total N requirement. The remain-
der (40 to 70 percent) comes from N
fertilizer.

Both available and mineralizable N
can be measured to predict the spring
fertilizer N rate for winter wheat using
the “Nmin” soil test developed at Ore-
gon State University. Research between
1993 and 2004 identified the relation-
ship between the mineralizable N soil
test and available N. In more than 30
research sites and grower fields, the test
accurately predicted the spring fertilizer
N requirement. The research was con-
ducted across a range of soil types and
crop rotations, and in fields using both

Oregon State

UNIVERSITY

conventional tillage and direct seeding
1o establish stands.

Using the mineralizable N soil test
for irrigated winter wheat, spring wheat,
or other crops is not reccommended. Cur-
rent research, through January 2006,
has calibrated the Nmin test only for use
in western Oregon winter wheat. It is not
intended for use with any other crop.

Using the mineralizable
nitrogen test (Nmin)

Taking a sample

The first step is to collect a composite
soil sample from the 0- to 12-inch depth
using a soil sampling tube. The sample
should include a minimum of 20 soil
cores representing the area to be fertil-
ized. The best time to lake soil samples
is during the last 2 weeks of January.

January is the best time to sample
for two reasons. First, the relationship
between the Nmin test and wheat N
uptake at this time is well correlated.
Also, the Nmin test requires much more
time than traditional soil tests. Sampling
in January allows enough time for analy-
sis of the soil sample (about 2 weeks)
and calculation of fertilizer needs before
application of N fertilizer at Feekes
GS 5 (generally the end of February).
Application of some spring N by Feekes
GS 5 is critical since rapid N uptake
begins at the next development stages.
For more information about wheat N
use, see Pacific Northwesl Exiension
publication PNW 513, Nitrogen Uptake
and Utilization by Pacific Northwest
Crops.

Extension
Service

pE f {:'T’- =
Through more than 10 years of research,
Neil Christensen, OSU soil scientist,
developed the Nmin test for wheat, a
method for accurately predicting the
spring fertilizer N requirement.

After taking the sample, keep it cool
until delivery to the laboratory. Request
three analyses from the laboratory:

(1) ammonium-N, (2) nitrate-N, and

(3) mineralizable N. Be sure the labora-
tory you choose can provide all analy-
ses. Not all laboratories offer a test for
mineralizable N by anaerobic incuba-
tion. Request that analyses be expressed
in parts per million (ppm) or milligrams
per kilogram (mg kg''), not as pounds
per acre (1b/a). For a list of analytical
laboralories serving Oregon, see Exten-
sion publicalion EM 8677.

John M. Hart, Extension soil scientist;
Neil W, Christensen, emeritus professor
of soil science; Mark E. Mellbye,

area Extension agent, Linn County;

and M.D. Flowers; Extension cereal
specialist; all of Oregon State
University. For more information,
contact M.D. Flowers, OSU Department
of Crop and Soil Science.






Alfalfa

Willamette Valley and Northwest Oregon

E.H. Gardner, D.B. Hannaway, T.L. Jackson, and W.S. McGuire
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Ifalfa is capable of producing high yiclds of

forage when grown on deep, well-drained soils.

Good management practices are essential if

optimum fertilizer responses arc to be realized.
These practices include use of recommended varieties,
selection of adapted soils, weed control, disease and insect
control. good seedbed preparation, proper inoculation and
seeding methods, and timely harvest.

Alfalfa removes substantial amounts of mineral nutri-
ents. Field experiments have shown that under different
conditions in western Oregon, alfalfa has responded ta
phosphorus, potassium, sulfur, boron, and lime. The need
for nutrients other than sulfur can be determined with a
soil test. With borderline test values, retest every year.

Follow recommended soil sampling procedures 1o
cstimate fertilizer needs, The Oregon State University
Extension Service agent in your county can provide you
with soil sampling instructions, soil sample bags, and
information sheets.

Inoculation

All alfalfa seed should be inoculated immediately
before seeding to ensure an adequate supply of nitrogen-
fixing bacteria. Use a fresh, effective, live culture of the
correct strain of Rhizobia.

Nitrogen (N)

If alfalfa responds to applied N, the alfalfa has not been
nodulated effectively.

Phosphorus (P)

The need for P fertilization can be determined by a soil
test (Tables 1 and 2).

P can be applicd to alfalfa ficlds most effectively by
banding a1 inch to the side or below the seed when
seeding. Some soil should separate the seed from fertilizer.

Do not include boron in band applications.

Broadeasting and working P into the surface 2 inches of
soil during seedbed preparation is more effective than
broadcasting following seeding.

P recommendations assume the soil pH is above 6.0

On established stands, apply P in the fall (Table 2).

OREGON STATE UNIVERSITY
EXTENSION SERVICE

Table 1.—P fertilization rates for new alfalfa seedings.
If the soil test

Apply this amount

for P is of phosphate (P,O))
(ppm) (Ib/a)*

0-10 100-150
10-20 70-100
2040 40-70

over 40 0

‘For nonband applications, increase the P rate by 50 percent.

Table 2.—P fertilization rates for established alfalfa stands.

If the seil test Apply this amount

for P is of phosphate (P,O,)
(ppm) (Ib/a)
0-10 80-100
10-20 50-80
2040 30-50
over 40 0

Potassium (K)

Alfalfa requires large amounts of K. Available soil K
may decline rapidly under established stands. Check soil
tests every ycar on soils with borderline values. Retesting
is especially important on “Red Hill” soils.

Table 3.—K fertilization rates for alfalfa.

If the soil test

Apply this amount

for K is of potash (K,0)
(ppm) (Ib/a)
0-75 200
75-150 100-200
150--200 100 on hill soils
0 on valley
floor soils
over 200 0

E. Hugh Gardner, Extension soil scientist emeritus; David B.
Hannaway, Extension agronomist; T.L. Jackson, Extension soil
scientist emeritus; and W.S. McGuire, professor emeritus of
agronomy: Oregon State University. Reviewed by a committee of
northwest Oregon county Extension agents.
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On new seedings
Broadcast K and work it into the seedbed prior to
seeding.

On established stands

On nonirrigated alfalfa, broadeast half of the K in the
fall or early spring and apply the other half after the first
cutting.

A K deficiency is indicated by light-colored spots
around the margins of the leaves. If K deficiency symp-
toms become apparent on alfalfa leaves, apply at least
90 1b K, O to provide the needs of the following crop.

Responses to K fertilizer often are obtained before leaf
deficiency symptoms are apparent.

Sulfur (S)

Include 2040 Ib S/a in the annual fertilizer program.
Apply S in the fall or early spring. An early spring
application is suggested for valley floor soils.

One ton of alfalfa hay removes about 5 Ib S.

S is contained in several fertilizer materials used to
supply other nutricnts. Plants absorb S in the form of
sulfate. Petilizer materials supply 8 i e fonn of sullate
and elemental S. Elemental S must be converted to sulfate
in the soil before the S becomes available to plants. The
conversion of elemental S to sulfate usually is rapid for
fine-ground (less than 40-mesh) material in warm, moist
soil.

The S requirements of alfalfa can be provided by:

1. Annually applying 2040 1b S/a in the form of sulfate
or fine-ground (finer than 40-mesh) elemental S.
Elemental S will not be available to plants until the
soil warms up.

2. Applying 40-60 lb S/a as sulfate or fine-ground
elemental S every second year.

3. Applying coarser ground elemental S at higher rates
and less frequently.

Magnesium (Mg)

Responses to Mg applications have not been measured
in alfalfa fertility experiments to date. Trial applications
are suggested when soil test values are below 0.8 meq
Mg/100 g or when the amount of calcium is more than
10 times the amount of Mg.

Mg can be applied in the form of dolomite lime, which
is equal to ground limestone in reducing soil acidity.

Boron (B)

On established stands, apply 3 1b B/a if the soil test is
I ppm B or less. The application of B is not recommended
for new seedings.

Apply B uniformly to the soil. B and other materials
should be thoroughly mixed when B application is
combined with other fertilizers. Apply B in fall or early
spring.

B can be toxic to plants if applied at rates higher than
recommended.

Response to B is most apparent on the second or third
cutting

Lime

Alfalfa is sensitive to soil acidity and is responsive to
liming of acid soils. Apply lime if the soil pH is below 6.4
or the soil test for calcium is below 5 meq Ca/100 g of
soil.

Table 4—Lime applicalion rates for alfalfa.

Apply this aimount
Il ihie SMP Dulfer ul Hle

test for lime is (t/a)
under 5.2 5-7
5.2-5.5 4-5
5.5-6.0 34
6.0-6.4 2-3
6.4-6.6 1-2

over 6.6 0

These liming rates are based on dry 100-score lime.
Check liming materials for moisture content and score.

Apply lime preferably a season ahead, or at least
several weeks before seeding, and thoroughly mix it with
the surface 56 inches of soil. A lime application is
effective for several years, Broadcasting lime on estab-
lished alfalfa fields is nol effective.

Dolomite lime, which can be used as a source of Mg, is
equal to ground limestone in reducing soil acidity.

For More Information

How to Tuke a Soil Sample ... and Why, EC 628, by
E.H. Gardner (revised 1997). No charge.

A List of Analytical Laboratories Serving Oregon,
EM 8677, by J. Hart (revised 1997). No charge.

You can access the above publications, FG 18, Alfalfa:
Willamette Valley and Northwest Oregon, our Publica-
tions and Videos catalog, and many other publications via
our Web site at eesc.orst.edu

Fertilizer recommendations are based on experiments conducted by T.L. Jackson, E.H Gardner, D.B. [Hannaway, and H. Hickerson, Oregon State University.

This publication was produced and distributed in furtherance of the Acts of Congress of May 8 and Junc 30, 1914. Extension work is a coopcrative program of
Oregon State University, the U.S. Department of Agriculture, and Oregon counties. Oregon State University Exlension Service offers educational programs,
activities, and materials—vithout regard to ruce, color, religion, sex, sexuul orientation, national origin, age, marital starus, disability, and disabled veteran or
Vietnani-era veteran status—as required by Title VI of the Civil Rights Act of 1964, Title IX of the Education Amendments of 1972, and Section 504 of the
Rehabilitation Act of 1973. Oregon State University Extension Service is an Equal Opportunity Employer.
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Spring grains

Western Oregon—west of Cascades
E.H. Gardner, T.L. Jackson, and W.E. Kronstad

aod management practices arc essential if

optimum fertilizer responses are (o be realized.

These practices include use of recommended

varietics, selection ol adapted soils, weed
control, discase and insecl control, good seedbed prepara-
tion, proper seeding methods, and timely harvest.

Becausc ol the influence of soil type, climatic condi-
tions, and culwral practices, crop response to ferilizer may
not always be predicted accurately. Soil test results, field
experience, and knowledge of specific crop requirements
help determine the nutrients needed and the rate of appli-
cation.

Follow recommended soil sampling procedures to
estimate fertilizer needs. The Oregon State University
Extension Service agent in your county can provide you
with soil sampling instructions, soil sample bags, and
information sheets.

Field experiments with spring grains in western Oregon
have shown that carly seeding (by April 1 or carlier) and
the proper use of fertilizer give best results. Near normal
yields can be obtained even if the crop is infected with
yellow dwarf virus,

In recent years, yellow dwarf virus discase has reduced
yields of spring grain in western Oregon. Damage has
varied with the scasons and between areas. The virus is
carried by aphids, and infection can be serious whenever
conditions favor mass movement of aphids into the grain
in the carly stages of growth. If virus infection occurs
when the young grain plants have only two or three leaves,
severe stunting and possible crop failure may result.
Damage is less severe if the plants develop at least five or
six lsaves before the aphid infestation occurs.

Method of Applying Fertilizer

Banding the fertilizer close to the seed is essential for
maximum seedling growth. Band applications of nitrogen,
phosphorus, potassium, and sulfur have increased yields.
Yield response of virus-susceptible varieties to banded
phosphorus and potassium has been profitable in years
when virus is present, even on soils with these nutrients at
levels normally considered adequate.

Broadcast fertilizers may not be effective in increasing
early seedling growth.

OREGON STATE UNIVERSITY
EXTENSION SERVICE

FERTILIZER

FG 8 AL
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With carly sceding in moist soil, up to 40 1b N/a + 40 Ib
P.,0/a+ 40 Ib K ,0/a have been banded with the seed
without serious damage. Banding higher rates of fertilizer
with the sced could decrease yields.

Urca and DAP (diammonium phosphate) can be toxic to
seedlings and therefore should not be used as an N source
when fertilizer is banded closc to seed. Vigorous scedling
growth has more than compensated for any fertilizer bum
with other fertilizer materials.

The “burning” effect of banded fertilizer increases as
the soil becomes drier and decreases when the band is
located a short distance (1-2 inches) from the seed.

Nitrogen (N)
Spring grain yields arc increased by the application
of N.
The application of too much N can result in lodging.
particularly where weaker strawed varicties are seeded.
The amount of N recommended depends on the preced-
ing crop (Table 1).

#
Table 1. —N fertilization rates for spring grains.
Apply this amount (Ib N/a)'
Band and broadcast’?

Preceding crop Total Close to seed With seed
Good stand of

legumes or row

crop 20 20(0) or 20(0)
Grain or

grass seed’ 40-50 40(0-10) or  20(20-30)

'The di flerence between total N and banded N should be
broadcast before or at the time of planting.

2The figures in parentheses represent the Ib N/a that should be
broadcast.

Urea should not be banded close to seed.

1Broadcast N should be increased by 10 Ib/a for each ton of
grain or grass straw incorporated in the spring.

Prepared by E. Hugh Gardner, professor emeritus of soil science;
T.L. Jackson, former Ex{ension soil scientist; and W.E. Kronstad,
professor of crop science; Oregon State University. Reviewed by a
commitiee of western Oregon county Extension agents.



Estimating N Rates
from Yield Potential

About 40 Ib of added N are required for each 1,000 Ib
yield increase. Experienced growers can adjust N rates for
maximum economic yield with this formula, However,
you must be realistic when estimating maximum yield
potentials, Yield potential varies with crop, soil depth,
drainage, and previous management.

Example: The estimated yield is 2,000 1b/a with 40 1b
of applied N on a field that should produce 3,000 Ib/a. To
increase the yield by 1,000 1b requires about 40 1b of
additional N if other factors are not limiting.

Phosphorus (P)

Band applications of P, close to or with the seed, are
much more effective than broadcast applications
(Table 2). When P is broadcast, increase the rate by 50
percent. ’

_ -y
Tuble 2—Rate of band application of P for spring grains.

Tt the snil test

Rand this amonnt

for P is of phosphate (P,0,)
(ppm) (lb/a)y”

0-30 40-60
over 30 40

‘These P rates assume that soil pH is 5.6 or higher.

When the soil test value for P exceeds 30 ppm, it is
doubtful that a response to broadcast P will be obtatned.

Potassium (K)

Band applications of K close to or with the seed are
more effective than broadcast applications (Table 3).

With early planting and favorable soil moisture, up to
40 Ib K,O/a can be banded with the seed with little risk of
seedling burn.

Table 3.—Rate of band application of K for spring grains.
If the soil test

Band this amount

for K is of potash (K,0)

(ppm) (Ib/a)
0-100 40

over 100 30

When K is broadcast, increase the rate to 70 Ib/a.
When the soil test value for K is greater than 125 ppm,
it is doubtful there will be a response to broadcast K.

Sulfur (S)

Plants absorb S in the form of sulfate. Fertilizer
materials supply S in the form of sulfate and elemental S.
Elemental S must be converted to sulfate in the soil before
the S becomes available to plants. The conversion of
elemental S to sulfate usually is rapid for fine-ground
(less than 40-mesh) material in warm, moist soil.

The S requirements of spring grains can be provided
by:

1. Applying 15-20 1b S/a in the form of sulfate at planting
time

2. Applying 30-40 1b S/a as fine-ground elemental
S the preceding year

3. Applying coarser ground elemental S at higher rates
and less frequently

Some S fertilizer materials, such as elemental S and
ammonium sulfate, have an acidifying effect on soil.

Magnesium and Micronutients

To date, increases of spring grain vields from applica-
tioms of magnesium and micranutrient elements have not
been observed in western Oregon.

Lime

Lime application is not suggested if the soil pH is 5.8
or higher. Lime application rates can be estimated from
Table 4.

Table 4. —Lime application rates for spring grains.

Apply this amount

1f the SMP buffer of lime
test for lime is (t/a)
under 5.5 34
55-5.8 2-3
5.8-6.2 1-2
over 6.2 0

Lime rate is based on 100-score lime.

Mix lime into the seedbed scveral weeks before
seeding. Lime applications arc effective for several years.
Some soils may have a fairly high SMP buffer value

(over 6.2) and a low pH (below 5.3). This condition can
be caused by the application of acidifying fertilizer. This

temporary “active” acidity from fertilizer is found after
applications of most nitrogen fertilizers. Acidifying
fertilizers also have a long-term, cumulative acidifying
effect on soils.

Recommendations based on experiments conducted by T.L. Jackson and W.H. Foote, Oregon Agricultural Experiment Station.

This publication was produced and distributed in furthcrance ot the Acts of Congress of May 8 and Junc 30, 1914. Extension work is a cooperative program of
Oregon State Universily, the U.S. Department of Agriculture, and Oregon counties. Oregon State University Extension Service offers educational programs,
activities, and materials—without regard to race, color, religion, sex, sexual orientation, national origin, age, marital status, disability, and disabled veteran or
Vietnam-era veteran status—as required by Title VI of the Civil Rights Act pl' 1964, Tille IX of the Education Amendments of 1972, and Section 504 of the
Rehabilitation Act of 1973. Oregon State University Extension Service is an|Equal Opportunity Employer.

Revised April 1983. Reprinted January 2000.
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Western Oregon and Western Washington

J. Hart, G. Pirelli, L. Cannon, and S. Fransen

n western Oregon and Washington, forage short-
ages typically occur in late fall and carly spring. In
contrast, an excess supply may exist in late spring. By
fertilizing in carly fall and late winter, you can increase
forage supply in deficient times. To reduce production in
times of excess, reduce or eliminate late spring fertilization.
A single fertilization program will not fit all pastures.
Determine which combination of grazing management,
fertilization, and irrigation fits your resources and environ-
ment. Use a soil test and an assessment of forage supply and
forage species to determine fertilizer need.
If suitable species are not present, fertilization will not
compensate. In this case, consider renovating the pasture.

New Seedings

Match the pasture species to site conditions and livestock
needs when renovating a pasture. Cows prefer grasses over
legumes and graze perennial ryegrass before tall fescue.
Sheep graze selectively, preferring clover and grass mixtures
with short, lush feed to tall, coarse plants.

Horses are selective grazers, eating a wide range of plants.
The horse digestive system cannot handle large amounts of
legumes. Small and frequent amounts of forage are best.
Horses avoid grazing near their own manure and urine;
therefore, managing grazing on horse pastures is difficult.

Cool season forages such as tall fescue, perennial ryegrass,
orchardgrass, subclover, and white clover are suited for our
climate. '

After choosing the appropriate forage species and planting
method, use a soil test as the basis for fertilization. EC 628,
How to Take a Soil Sample . . . and Why, contains instructions
for obtaining a soil sample.

For a preplant soil test, obtain samples from the tillage
depth, generally the surface to 6 inches. If you use a minimum
tillage method of planting, you may wish to divide the sample
into two parts: the top 2 inches and the lower 4 inches.

Analyze the soil sample for the following:

- pH

« Lime requirement (SMP or LR)

« Phosphorus (P)

« Potassium (K)

« Calcium (Ca)

+ Magnesium (Mg)

OREGON STATE UNIVERSITY
EXTENSION SERVICE

Soil pH indicates whether lime is needed, and the SMP
buffer or lime requirement (LR) test estimates the amount of
lime needed. Estimate the rate of lime application from the
following SMP buffer table.

—

Table 1 —Lime application rates for grass or while clover-
grass pastures.

If the SMP buffer

Apply this amount

test for lime is: of lime (t/a):
under 5.5 4-5
5.5-5.8 34
5.8-6.1 2-3
6.1-6.5 1-2
over 6.5 0-1

If soil pH is below 5.5, incorporate lime for stand estab-
lishment and longevity. Mix lime into the seedbed before
seeding to allow time for lime to neutralize soil acidity.

Exceptions to Table 1 are subclover seedings and pastures
on coastal county bottomland soils. For new subclover
seedings where the pH of the top 2 to 3 inches of soil is 5.5 or
lower, mix 1 to 2 t lime/a into the surface 2 inches of sail
before seeding. Using lime-pelleted seed also can improve
seedling establishment on acidic soils.

If your pasture is on coastal county bottomland soils,
apply a maximum of 2 t lime/a if the soil pH is below 5.5.

Additional information about lime requirement and the
SMP buffer is in FG 52, Fertilizer and Lime Materials.

Nitrogen fertilization usually is necessary to establish grass
forages in western Oregon and Washington. Broadcast 20 to
40 Ib N/a at planting, or band this amount 1 to 2 inches below
the seed. When P or K is needed, N can be banded with these
nutrients. The total N plus K,0 in the band should not exceed
100 Ibfa. Do not include B in band applications because this
concentration of B can be toxic to seedlings.

Working P into the top 2 inches of the soil during seedbed
preparation is more effective than broadcasting after seeding,
The most effective P application method is banding,

If you band P, place the band 1 to 2 inches to the side or
below the seed. Some soil should separate seed from fertil-
izer. Phosphorus fertilization rates are given in Table 2.

In new clover or clover and grass seedings, broadcast K
and work it into the seedbed anytime before seeding. See
Table 3 for fertilization rates based on a soil test.

John Hart, Extension soil scientist; Gene Pirelli, Extension agent, Polk
County; Lynn Cannon, Extension agent emeritus, Coos County; Oregon
State University; and Steve Fransen, Washington State University.
Reviewed by western Oregon county Extension agents.



If soil test K is below 125 ppm, band an additional 20 1b
K,Ofa at the time of planting. At least 1 inch of soil should
separate the seed and fertilizer. Potassium can be banded with
N and P. Potassium fertilization at planting will not meet the
need for K in subsequent years.

Inoculate legume seed immediately before planting to
ensure an adequate supply of nitrogen-fixing bacteria. Use
fresh, effective live culture of the correct rhizobial strain.

Established Pastures

Manage fertilization and grazing jointly in established
pastures. Although growth rates are influenced by tempera-
ture, moisture, solar radiation, and soil fertility, grazing
management has a profound impact on pasture production.

New Zealand sheep producers use plant growth phases in
ryegrass pastures to manage pasture growth, grazing, and
fertilizer applications. Phase I (lag phase), Phase II (vegeta-
tive phase), and Phase III (maturity) describe the stages of
growth and the impact on grazing and dry matter production.

Grass-clover pastures in Phase II provide high-quality feed.

The goal is to graze before excess forage is produced (Phase
I1T) and to supply fertilizer for rapid regrowth after grazing.

Figure 1 is an example of how this works with a perennial
ryegrass pasture grazed by sheep or cattle. In Phase I (*/4 inch,
550 Ib of dry matter), the plants grow very slowly because
they lack sufficient leaf area for photosynthesis.

Phase II (*/ to 4'/4 inches high, 550 to 1,900 Ib of dry
matter/a) growth is desired in pastures. Plants grow most
rapidly and efficiently in this stage. Their leaf area is great
enough for efficient use of sunlight.

Growth slows in Phase III (greater than 4'/s inches), as
lower leaves become shaded and die, and the plant moves
toward maturity and seed production.

cattle
2,700 4
6 inches

2,250 4
5 inches

.sheep

Phase (Il

1,800
4 inches

1,350
3inches 1

Pasture Dry Maltter (Ib/a)

Phase Il
900
14 inches

450
Yzinch J

Time
Figure | —Rate of perennial ryegrass pasture regrowth
following grazing. For other grasses, multiply height by 2.

The grey line represents Phases I, II, and III if the pasture
were managed for cattle. Cattle do not graze as closely as
sheep, so the growth curve is based on higher initial and
residual dry matter amounts. Other grass species such as
orchardgrass and tall fescuc have similar growth phases, but
the grass heights listed for perennial ryegrass should be
multiplied by two.

Fertilization of established pastures should be based on a
soil test and the amount of forage needed. Obtain soil samples
the year after establishment and every 2 to 3 years thereafter.
Obtain samples from the top 3 inches of established pastures.

Nitrogen (N)

N fertilization should be based on moisture and tempera-
ture, which control pasture growth. Time N applications to
crop and forage production needs. Avoid the following:

* N applications in November and December. N applied to
cold, wet soils in winter can be leached beyond the root
zone before slow-growing plants can use the fertilizer.

* Late winter or early spring N application to saturated
soils, Soils that are too wet to drive on with a tractor may
Le luu wel [ plant growth, The plants moy bo yollow
due to lack of oxygen from wet conditions and not lack
of fertilizer, Wait for conditions conducive to plant
growth before applying fertilizer.

See Figure 2 for an application schedule.
Fall

Assume the growing season begins with the fall rains. If
sufficient rain falls in September to initiate growth, apply 40
to 60 Ib N/a for the fall growing season (September and
October). Do not apply N if adequate rain does not fall until
late October or if the air temperature drops to or below
freezing in October.

Many growers apply fertilizer to dry soil and note that the
granules disappear before any rain. They fear volatile N loss.
Nitrogen fertilizers, especially ammonium nitrate, often
disappear overnight. Usually, this N has dissolved in dew and
has moved onto the surface soil.

Winter

In cold conditions, pastures will not grow enough to use
fertilizer. Forages in southwest coastal sites generally grow
throughout winter, while conditions in the northern
Willamette Valley allow only occasional winter growth.

For warm winters in the south coastal counties, apply 50 to
60 Ib N/a in January or February (in addition to fall N
application). Apply 50 to 60 [b N/a in the Willamette Valley
or other cooler areas when a temperature of 40 to 45°F is
maintained in the surface 2 inches.

Another method to estimate nitrogen demand is to monitor
air temperature, then change the air temperature into heat
units. A heat unit is the average of the high and low tempera-
ture for the day (in centigrade) and is a way to measure heat
accumulation over time.
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Figure 2.—Pasture nitrogen application calendar. Apply 50 to
60 b N/a each time a solid arrow appears for your region. Addi-
tional applications for irrigated pastures are indicated by dotted
lines. See nitrogen section in text for an explanation.

Table 4 shows a sample calculation of heat units. The
process is as follows:

1. Beginning January 1, add together ¢ach day’s maximum
temperature and minimum temperature, and divide this total
by 2. The result is the day’s average temperature (column 4).

2. If this average temperature is in Fahrenheit, convert it to
centigrade (column 5). To convert to centigrade, subtract 32
from the Fahrenheit temperature and then multiply by 0.556.
For example:

42°F-32=10
10x 0.556=5.6°C

The centigrade average temperature is the number of heat
units accumulated for that day. (If the average temperature is
below freezing, give it a heat unit value of zero.)

3. To find the number of heat units that have accumulated
since January 1, add together the heat units for each day
(column 6).

Apply nitrogen when 200 heat units are accumulated or
soon thereafter. The 30-year average for accumulation of
200 heat units is January 30 to February 14 in the Willamette
Valley. Foothill temperatures and pasture growth typically
lag 2 to 3 weeks behind the Willamette Valley.

Spring

Intensively grazed pastures that are expected to produce a
high level of forage through June should receive a second
application of nitrogen. Apply nitrogen only if moisture is
sufficient for additional growth after mid-May. Apply
summer N in July on irrigated coastal pastures.

Phosphorus (P)

Adequate P fertilization is particularly important for
clover. Estimate the need for P fertilization with a soil test.

#
Table 2.—Phosphorus application rates for pastures.
If the Bray soil test

Apply this amount of

for P is phosphate (ons)
(ppm) (Ib/a)
0-15 60-100
15-30 0-60
over 30 0

Apply P on established pastures in the fall or spring before
growth begins. When using ammonium phosphate materials,
do not over-apply N to supply adequate P.

Moderate rates of N and P (40 to 60 Ib/a) applied together
sometimes have a synergistic effect on plant growth. Fall
applications of N and P from ammonium phosphate materials
on south coastal Oregon pastures produced more forage than
individual applications of either N or P.

Potassium (K)

An adequate level of available K is essential for optimal
growth of clover-grass pastures. Potassium is particularly
important for clover. Grass competes Vi gorously with clover
for K. High-producing pastures can rapidly deplete soil test
K. Test soil every 2 years to determine available K levels.

Potassium deficiency is indicated by light-colored spots
around the margins of clover leaves and yellow to brown
coloring of grass leaf tips. Growth responses to K fertilizer
often can be obtained before deficiency symptoms are seen.

#
Table 3.—Potassium application rates for pastures.

If the soil test Apply this amount
for K is of potash (K,0)
(ppm) (Ib/a)
0-125 100-150
125-200 70-100
over 200 None—Watch soil

tests for K depletion

We suggest split applications of K for established, high-
yielding irrigated pastures, with the frst application in late

/

Table 4.—Sample heat unit calculation.

Max Temp. Min Temp. Average Temp (°F)  Average Temp. () Cumulative
Day (°F) (°F) (Max T + Min T)/2 = Daily Heat Units Heat Units
Jan 1 47 37 42 5.6 5.6
Jan 2 46 32 39 3.9 95
Jan3 45 36 40 4.7 14.2

heat unit = (Max T + Min T)/2. Convert temperatures to centigrade to determine heat units. The equation

(°F - 32)x 0.556.

to convert Fahrenheit to centigrade is:



spring to avoid tetany and the second in midsummer. For
other pasture types, apply K in the fall or spring.

Sulfur (S)

Plants absorb S as sulfate. Most fertilizer materials
(ammonium sulfate, gypsum, sulpomag) supply S as sulfate.

Soil sulfate, which increases in the fall, is decreased by
leaching in November and December and use by microorgan-
isms in the spring. Thus, we recommend late winter or spring
applications unless there is a severe deficiency, which may
require additional fall or spring applications.

You can meet pasture S requirements by applying 20 to
30 Ib S/a annually as sulfate or by applying 30 to 40 1b S/a as
sulfate every other year.

Boron (B)

Clover-grass pastures need adequate B. Clovers have a
higher B requirement than grasses. Too much B can be
highly toxic to plants; therefore, do not exceed suggested
rates of B application. Distribute B evenly over the field.
Neovor band B gontaining fertiliver matorials.

If the soil test for B is below 0.7 ppm, we suggest an
application of 2 to 3 Ib B/a. Mix thoroughly when applying B
with other fertilizers. Spring applications are preferred. Apply
B in the fall only when B is critically low.

Lime, Calcium (Ca), and Magnesium (Mg)

Soils west of the Cascades are naturally acidic. Lime
applications overcome soil acidity, allowing for increased

grass and legume growth, Determine the need for lime by
soil pH or a calcium (Ca) soil test. The amount of lime
required to raise soil pH is determined by the SMP buffer or
lime requirement (LR) test. Additional information is
available in FG 52, Fertilizer and Lime Materials.

Grass pastures have a moderate tolerance to soil acidity.
We suggest a lime application if the soil pH is below 5.4 or
the Ca soil test is below 5 meq Ca/100 g of soil. For acidic
soils low in Mg (less than 0.8 meq Mg/100 g of soil), use
1 t/a of dolomitic lime as an Mg source. Dolomitic lime and
ground limestone have about the same ability to neutralize
soil acidity. Liming rate is based on 100-score lime.

Subclover is an annual, reseeding itself each year. We
recommend lime on subclover pastures where soil pH in the
surface 2 to 3 inches of soil is below 5.5. Broadcast 1 t lime/a
on established stands.

Clovers other than subclover are more responsive to
liming than grasses. We recommend a 1-2 t/a lime applica-
tion when soil pH is below 5.8. Broadcasting lime on estab-
lished pastures is not as effective as mixing lime with the soil
at planting, but is the only alternative on established pastures.

Pasture yield responses to Mg have not been observed in
westeth Uregon and Washington. We suggesr tial applica-
tions of a soluble Mg fertilizer where soil test levels are
below 0.8 meq/100 g soil.

Incidence of grass tetany, however, may make Mg
applications desirable. If tetany is a problem, do not apply
K fertilizer until after the tetany period, since K reduces plant
Mg and can induce tetany.

For More Information
OSU Extension publications

To order copies of the following publica-
tions, send the publication’s complete title and
series number to:

Publication Orders
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Oregon State University
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Corvallis, OR 97331-2119

Gardner, E.H., and J. Hart. How (o take a soil
sample. . . and why, EC 628 (Revised
1995). No charge

Hart, J. Fertilizer and lime materials, FG 52,
(Reprinted 1998). No charge

Hart, J. 4 List of Analytical Laboratories
Serving Oregon, EM 8677 (reprinted
1999). No charge

Other publications

Controlled Grazing Systems, Farm Production
and Practice 681, New Zealand Ministry
of Agriculture and Fisheries, P.O. Box
2526 (Wellington, New Zealand, 1983).

Dawson, M.D., and W.S. McGuire. Recycling
nitrogen and sulfur in grass-clover
pastures, Agricultural Experiment Station
Bulletin 610 (Oregon State University,
Corvallis, 1972).

Jackson, T.L., H.H. Rampton, and J.
McDermid. The effect of lime and

phosphorus on the yield and phosphorus
content of legumes in western Oregon,
Agricultural Experiment Station Technical
Bulletin 83 (Oregon State University,
Corvallis, 1964).

Kilgour, R., and C. Dalton. Livestock
behavior, a practical guide. Mathuen
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Sfertilization on the nutrient value of
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(Oregon State University, Corvallis,
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Upon Pasture Production and Quality.
M.S. thesis (Oregon State University,
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WELL TESTING INSTRUCTIONS

1. COLIFORM BACTERIA, E. COLI AND FECAL COLIFORM

a. Get a sterile sample bottle from a lab.

b. Connect a garden hose to the faucet in the pump house. If you don't have a faucet in
the pump house, use the outdoor faucet that's closest to the well. Do not use a kitchen
faucet for this test.

c. Let the water run for 3 minutes. While the water's running, wash your hands with soap
and water. Dry hands with a clean towel.

d. Turn off the faucet and disconnect the hose.

e. Using a propane torch, cigarette lighter or a candle, sterilize the end of the faucet by
heating it thoroughly. All water at the end of the faucet should evaporate in this process.
f. Turn the faucet on gently (no splashing) and let the water run for about 10 seconds.

g. Take the cap off the sterile bottle, being sure not to touch the inside of the cap or the
bottle. Don't set the cap down.

h. Fill the bottle to the neck and replace the cap.

i. Turn off the faucet and take the sample to the lab within two hours. If possible, put the
sample in a cooler with some ice during transport.

j. Usually, the bacteria level in drinking water is determined by the way your well is
constructed and whether any pipes or fittings are cracked. Test for this once per year.
You can choose any of the three bacterial forms: coliform bacteria, E. coli or fecal
coliform. Ask your lab which test they recommend. After you choose the kind of
bacteria to test for, ask the lab if they do Most Probably Number analysis (this gives you
an approximate count of how many bacteria there are) or just a presence/absence test. It
doesn’t matter too much which test you choose, however you should do this test at least
once per year. If bacteria are present, you should fix any well problems you have (e.g.
cracked casing) and disinfect the well with chlorine. See the OSU well safety web site:
http://wellwater.oregonstate.edu/




2. LEAD

a. Get a lead test sample bottle from a lab. This bottle will have acid in it that keeps the
lead (if there is any) dissolved.

b. Take this sample from the kitchen faucet first thing in the morning before running any
water.

c. Lead sample bottles aren't sterile, so you don't have to go through the procedures as
above. Just remove the cap, fill the bottle up to the neck (don't let the bottle overflow)
and replace the cap.

d. Take sample to the lab within one day. No refrigeration needed.

e. Usually the lead levels in drinking water is determined by the kind of plumbing in your
home. Test for lead any time you change the plumbing, install new pipes or install a new
faucet. The “safe” level of lead in drinking water changes as new research is done. As of
2005, the EPA has set a goal for drinking water of zero milligrams of lead per liter of
drinking water and has set an action level of 0.015 milligrams of lead per liter of drinking
water. “Action level” means you should take action immediately if your lead level

exceeds that concentration. See the EPA drinking water website:

hup//www.epa.gov/salewdler/mel. html#mels

3. NITRATE AND FLUORIDE

a. Nitrate and fluoride can be sampled at outdoor or indoor faucets, but don't sample
"downstream" of any treatment devices (water softeners, etc.).

b. Let the water run for 3 minutes before sampling.

c. Remove cap, fill bottle to the neck and recap.

d. Refrigerate sample and take to the lab within one day. Keep sample in a cooler if
possible while enroute to the lab.

e. Test for nitrate every year in agricultural areas (especially if you live near livestock
farms) or if you have sandy soil. Test every three years otherwise. Test for fluoride every
year if there are children living in the home.

f. Usually, the nitrate and fluoride levels in drinking water are determined by the kind of
soils, geology and landuses in your area. The EPA states that drinking water should
contain less than 10 milligrams of nitrate nitrogen per liter, especially if consumed by
infants, pregnant moms or nursing moms.

Too little fluoride is bad for kid’s teeth. Too much is bad for kids and adults. Take your
fluoride test results to your dentist and ask whether your child should get supplemental
fluoride drops.

See:

hilp://www.epa.gov/safewater/mcl.html#mcls
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EMERGENCY RESPONSE PLAN

In Case of a Storage Facility Spill, Leak, or Failure

a. Stop all other activities to address the emergency.

b. Stop all flow into the storage facility.

c. If the storage facility is at maximum capacity or overtopping, draw the
waste level in the facility down by making an application to the emergency
application area shown on the plan map in accordance with the Waste
Utilization instructions found in the Operations section of this plan.

d. Assess the extent of the emergency and determine how much help is
needed to correct the problem.

e. Call for help & excavator if needed.

f. If possible, use a skid loader or tractor with blade to contain or divert spill
or leak away from environmentally sensitive areas.

g. If containment material is needed, excavate soil from appropriate areas
away from the storage facility.

h. If possible, begin applying the stored waste to the utilization fields at the
prescribed application rates described in Section 6 of this plan.

i. Complete the clean-up and repair the necessary components.

In Case of a Manure/Waste Discharge

a. Stop all other activities to deal with the emergency.

b. Call for help if needed.

c. Call sheriffs office if spilled on road for traffic control and clean the spill
immediately from the road and roadside if needed.

d. Contain the spill or runoff from entering the stream or waterway using
straw bales, saw dust, or soil material.

e. If flow is coming from a tile, plug the tile with a tile plug immediately.

f. Assess the extent of the emergency and determine how much help is

needed.
Contacts to be made within 24 Hours of a Discharge
(SEE NEXT PAGE FOR REQUIREMENTS FOR FILING A WRITTEN REPORT)
Organization Phone
Oregon Department of Agriculture 1-800-282-9378
Oregon Emergency Response System (ORES) | 1-800-452-0311

Be prepared to provide the following information:

Your Name (See next page)

Farm Identification (See next page)

Description of emergency.

Estimate of the amounts, area covered, and distance traveled.
Has manure reached surface waters or major field drains?

Is there any obvious damage: employee injury, fish kill, or property
damage?

g. What is currently in progress to contain situation?

0 o0 ow
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EMERGENCY RESPONSE PLAN

Emergency Contact Information

George Marsh

Farm Name

4675 Cornelius-Schefflin Road
Address Cornelius, OR 97113
Farm Phone (503) 357-9152
Permit #

DIRECTIONS Take Cornelius-Schefflin Road north of Cornelius for 1.9 miles.

TO FARM Take the first right hand turn out of the traffic circle.

Proceed north on Cornelius-Schefflin Road an additional 0.1
miles.

Farm is on west side of Cornelius-Schefflin Rd.

Emergency Phone Numbers:

Farm Owner (503) 357-9152

Farm Manager | (503) 357-9152

FIRE or 91 1

AMBULANCE

If a Discharge Occurs a Written Report is to be made by Owner
or Operator to Oregon Department of Agriculture within 5 Days
that contains the following information:

a. A description and cause of the discharge.

b. The period of discharge including exact dates, times and
duration of discharge.

An estimate of discharge volume.

. Name or location of receiving water.

Corrective steps taken, if appropriate, to reduce, eliminate or
prevent reoccurrence of the discharge.

® oo



Section 10

RECORD KEEPING

Spill Log

Date

Source of Spill

Report filed with
ODA?

Cleanup Completed by:

Date

NOTES:
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(\ @)/ P Index Map A

Assisted By Dean Moberg

USDA-NRCS
T1N, R3W, S33 30 April 2007
Forest Grove USGS Quad 503/648-3174, x113
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Big gun traveller calibration explanation

Calibrating your big gun irrigator is essential for good irrigation and nutrient management.

This process should be done once each year.

Plastic buckets should be set out to the right and the left of the big gun irrigator, at the distances shown on the preceding page.
Do this test near the center of a field so your results are not aff=cted by changes in pressure as the system starts up or by excess
irrigation applied if the big gun is allowed to run longer at the end of a pull.

Your uniformity coefficient for this field was: E
This is less than the minimum suggested value of 70%. We suggest you contact an irrigation specialist to determine how to improve your unifo

Your average application rate at a traveller speed of [2.5 [ft/min was [1.00]inches
You can use this value to determine application rates, assuming you keep the same nozzle size, pressure and traveller speed.

NOTES: While the calibration was

Big Gun Application going on, the wind speed was about 10
mph and coming from the north. So the
manure was being spreaded more
towards the left side of the traveler
when looking at the traveler.

Gross water applied (in)

10 31 52 73 94 115 136
Distance from lane (ft)
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Ty 633 OR-Specification
Natural Resources Conservation Service . May 2003

WASTE UTILIZATION WORKSHEET N
Spreader Equipment Calibration

(Using Bucket, Pan or Tarp)

Name; Date:

Operator: Spreader ID:

Perform the following operations to calibrate the solids spreader equipment:

v Place buckets, pans, or tarps in the application area to collect the applied or spread waste material.

v Spread waste material over the application area using the spreading pattern normally used in the field. Make
sure the spreader is traveling at the speed it typically travels over the collection area. Record engine rpm and
gear settings used.

v Collect and weigh the waste material and calculate the average application rate. Use this worksheet to record
the weights and calculations.

Note: Use Tarps instead of buckets or pans when using dry stack manure or separated solids as the variability in

the weight will be less.

Data and Calculations:

ID of Bucket, Pan or Tarp
Steps A B C D E F

1. Date of calibration test-

2. Engine RPM during spreading -

3. Gear selected during spreading -

4, Weight of empty bucket (Ib) =

5. Weight of bucket with waste (Ib) =

6. Weight of Waste (Ib) -
line 5-line 4=
7. Collection Area (sq ft) -
Area of the top of the bucket, pan or
tarp used to collect the waste =

8. Waste Applied (Ib/sq ft) -

line 6 + line 7 =
9. Covert to tons per acre -
line 8 x21.78 =

10. Average Application Rate (tons per
acre)- Sum of values in cells A9
through F9 divided by the total
number of calibrations completed =

Additional Notes:




633 OR-Specification
Natural Resources Conservation Service

WASTE UTILIZATION WORKSHEET

Spreader Equipment Calibration
(Using a Full Spreader Load)

Name: Date:

Operator: Spreader ID:

Perform the following operations to calibrate the solids spreader equipment:

v" Determine the weight of the waste material loaded in the spreader by using truck scales to weigh the spreader
equipment when it is empty and full.

v Spread the loaded spreader on the field using consistent speed and spreader settings to cover the field
uniformly. Spread in a rectangular pattern so the area calculation will be simple. Record engine rpm and
gear settings used.

v" Measure the length and width covered by the full load and compute the application rate in tons per acre using
this worksheet.

Data and Calculations:

ID of Calibration Test

Steps A B C D E F

1. Date of calibration test-

2. Engine RPM during spreading -

3. Gear selected during spreading -

4. Weight of empty spreader (Ib) =

5. Weight of loaded spreader (Ib) =

6. Weight of Waste in spreader (Ib) -
line 5 —line 4 =

7. Length of spreading area (ft) =

8. Width of spreading area (ft) =

9. Area spread (sq ft) -

line 7 x line 8 =
10. Waste applied (Ib/sq ft) —
line 6 + line 9=

11. Convert to tons per acre -
Line 10 x 21.78=

12. Average Application Rate (tons per
acre) — Sum of values in cells A11
through F11 divided by the total
number of calibrations completed =

Additional Notes:




633 OR-Specification
Natural Resources Conservation Service

WASTE UTILIZATION WORKSHEET
Traveling Big Gun Sprinkler Calibration

(Using Catch Cans)

Name: Date;

Perform the following operations to calibrate the traveling big gun sprinkler:

v" Use 5 to 10 catch cans to collect the sprinkler-irrigated waste. Use straight-sided buckets for catch cans.
Two pound coffee cans work well. Make sure all of the catch cans have the same diameter.

v" Place one of the catch cans on a level surface and fill it with water to a known depth (1-3 inches). Pour the
water from the catch can into a large measuring cup. Determine how many measuring cups of water are
equal to an inch of water in the catch can.

v" Place at least five catch cans across the towpath of the big gun sprinkler. Try to space the catch cans
uniformly from the center of the towpath to the outer edge of the wetted area of the sprinkler. Stake the catch
can in place or put a rock in the bottom of the catch can to keep it upright. Allow the traveling big gun
sprinkler to completely pass over the catch cans. Use the measuring cup previously used to calibrate the
catch cans to measure the amount of liquid collected in each can and convert the volume to inches. Be sure
to add together the amount measured from the catch cans that would receive overlap from the adjacent
towpath. For example, if catch can #4 will receive liquids from the adjacent towpaths, add the amount from
container #4 on the left to container #4 on the right side to compute the total amount applied at the location of
container #4 on the right and left sides of the towpath.

Catch Can Calibration:
Example: 1 inch = 5 Cups
1cup= 0.2 Inches

Left Right

. T th
Your Catch Cans: 1 inch = Cups S

1 cup = Inches v S
Travel Rate Settlng During Test: 4+—— 4,3,2,1 Containercatchrow 1,2,3,4 —»p
Data and Calculations:
Catch Can Volume of Liquid

ID Cups | Inches | Cups | Inches | Cups | Inches | Cups | Inches

Cle|P (NI hlw N =

-—

Average =
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v.0, BoX TS0 223 SIXTH >T.
O kLA, & R STEERSOIL TEST REQUEST FORM L o aLe A, OF
<788 2
CLIENT DATE SAMPLED
ADDRESS DATE REC'D
FLe¥s € WAL CoPy ©oF
RSl &
= \ne ¢ ot . Hisde. . aoV’
GROWER AEo moe 3@ 3
Addilianal - i . e
SAMPLE IDENTIFICATION: Elemeanis H fertilizer recommendalions are required, Till in below.
Requesied
Frevious intended Yield Irrigated
Field # Crop: Crop: Goal: Yes No
Tes! Requested:
Remarks:
Previous Intended Yield Irrigaied
Field # Crop: Crop: Goal: Yes No
Tesi Requesied
Previous Intended Yield irrigaied
Field # Crop: Crop: Goal: Ves No
Test Requested:
Remarks:

) - Frevious Intenaed -Yield A-drrigated e
Eield # Crop: Crop: Goal: Yes No
Test Requesied:

Remarks:
West-0f Cascades
TESTING PACKAGES:
1. pH, P, K, Ca Mg, SMP Bufier pH
Easl of Cascades
2. pH, P, K, Ca Mg, B, SMP Bufier pH
1. pH, OmM, F, K Ca, Mg, NO3Z, NH4, sS04,
B, Zn, Mn, Cu, Fe, Spl, Salts, Total Bases 3. pH P, K Ca Mg, NOGZ, NH4, SMP
!
2. pH, P, K, NO3, WH4, S04, B, Zn Central Oregon
3, pH, P K, NO2, NH4, S04 1. See Tesi #1, Easl of Cascades
4. Drylang Crops 2. See Tesi #2, East of Cascades
11 pH, OM, P, K, NO2, NH4, 504, . I _
Moisiure 3. pH, P, K, Ca, g, Total Bases,
t i g B, Zn
2> H. NO3, S04, WMoisture ' '
5-6 1. NO3, Moisture 4 Saline-Sodic Reclamation Test:
. =g [ ° -
INDIVIDUAL TESTS AVAILABLE: i ERINEIE SBiies (Gep 2. K2
sny. of the above plus CEC, Soil Tesdure Analysis, Nematodes, 5. pH, P, K, 8 B, Zn
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AGRI - CHEDK, INC.

AGRI
CHECK

ABRICULTLURAL TESTING LLABORATDRY
CROPSBCIENCE CONSLILTANTS

323 SIXTHSTREET = P,0,BOX1850 » UMATILLA, OREGON 57882

= PHONE (541) 922-4894

SOIL TESTING FEE SCHEDULE

(West of Cascades)

SOIL ANALYSIS PACKAGES:
#1-pH P K, Ca, Mg, SMPBuffer pH .. . ......... . it $26.70
#2-pH, P, K, Ca, Mg, B,SMP BufferpH.........cociiniiiiiieieenannn $31.90
#3 -pH. P*, K, Ca, Mg, NO3, NH4, SMPBufferpH. ... ..ovvini i in e en . $37.15
#4 - pH, P*, K, Ca, Mg, S04, B, SMPBufferpH .. . ... ovv e e, $37.15
#5 - pH, P*, K, Ca, Mg, NO3, NH4, B, SMPBufferpH..................... $42.35
#6 - pH , P", K, Ca, Mg, NO3, NH4, S04, B, Soluble Salts, OM,

Zm, Mn, Cu, Fe, SMPBufferpH . . ... it it $ 50.90
Individuual Analyses from group A added to above packages .. ... vvoas $ 625 each

INDIVIDUAL ANALYSES:
A. pH,OM,P,K,Ca,Mg,NO3,NH4.504,B.2n,Mn,Cu,Fe,Na,Sol.Salts,Moisture . . . . .$ 6.90 each

B. Lime Requirement (SMP BufferpH) . ..... . ..o o e e e $ 9.10 each
C. Chloride iisuwss i i webaims &6 5@ Ruemiaes S S o5 8 v e oraerenes $ 14.85 each
D. Cation Exchange Capacity (CEC) . ...ttt iiiiiieiiein s $ 19.25 each
E. Texture Analysis (Sand, Silt, Clay + Classification) . .................... $ 24.75 each
F. Total Kjeldahl Nitrogen (THN) ... cvviriisirreriierereeieeniiinninnnns $ 28.90 each
G. Gypsum Requirement (pH, Sol.Saits, Na). ... ...... ey e $ 20.65 each
H. Heavy Metals, DTPA extractable (Pb, Cd, CrorNI)..... ... $ 24.75 each
l. Total Element Analysis (from Group A, pereiement) .......c00v000000 . $13.20 each
J. Saturated Paste Extraction . . ... ......ccoiieimevnenaninne. voeeess $ 6.35 each

K. Nematode Analysis (with Species LD} ... ... .. .. . . .. it $ 49.00 each
L. Nematode Anaiysis (withoutSpecies 8.D.). .. ... .. ... .. ... ... ... ... $ 39.00 each
SOl TEST EVALUATION & FERTILIZER GUIDELINES: ... .............. $ 15.00

(each field)
e Other analyses available on request, *seemes

*Western Oregon: Weak Bray P Extraction as specified by 0.8.U.
Western Washington: Bray (Morgan’s P Extraction will be performied only on request.)

RESULTS AVAILABLE THE NEXT WORK DAY
FOLL OWING SAMPLE RECEIPT

Prices are subject to change without notice. Effective Date: 01-01-08
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)
i |

AGRI AGRI - CHECK, INC.
) . : _ : | ;!. I
cHECK /[

303 3IXTH STREET +  P.O.BOX 1350 - UMATILLA, OREGON 97882

- PHONE (541) 822-4554

PLANT ANALYSIS FEE SCHEDULE

PLANT ANALYSIS PACKAGES:

#1-NO3, P, K, Ca, Mg, S, B, Zn, Mn, Cu, Fe.........o.oooinns S e $ 45.10

#2 - Total N, P, K, Ca, Mg, S, B, Zn, Kin, Cu, Fe .. ...... T a0 550.60
#3.NO3, P, K, S(WaterExtract P+ K} .o oo v $ 2475
#4-Total N, P, K, S ... ... N 6 v e we e e wa mes mme e bk 8 $ 31.35
#5-NO3,P, K, S(Wet AshExtract P+ K) . ... ..o $29.15
Individual anaiyses from group A added to above packages:........ % 5.25 each
INDIVIDUAL ANALYSES:

A, NC2, P, K, Ca, Mg, 5, B, Zn, Mn, Cu, Fe, Moisture, or Ash........... . $ 6.90 each
B. TotalNitrogen.............c..s SRR S S EEREE SRR ¢ e e e e $ 14.60 each
C. Chioride .....cocvvevneeinnrann OO - B $ 14.85 each
D. Heavy Metals (Pb, Cd, CrorNij....oovinvimmenenennien s $ 27.50 sach

weemkaikiirk Other analyses available on reguest, fiialensiaisiiisaiel

LOCAL SAMPLING: Call for current pricing. No charge for plant tissue sampling done in
conjuriction with soil sampling.

Samples requiring special handling or preparation may be subject to additional charges.

RESULTS AVAILABLE THE NEXT WORK DAY
FOLLOWING SAMPLE RECEIPT

Prices s.dbject to change without notice. Effeciive date: 01-01-06
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AGRI - CHECK., INC.

AGRI
CHECK

ABRICULTURAL TESTING LABRRATORY
: CROP SCIENGE CONSULTANTS

323 GIXTH STREET « PO.BOX1350 - UMATILLA, OREGON 37882

+ PHONE (541) 922-4394

MANURE & COMPOST ANALYSIS FEE SCHEDULE

MANURE & COMPOST ANALYSIS PACKAGES:

#1 - Total: Nitrogen, Phosphorous & Potassium plus Salts and Solids . ........... $ 44.00
#2 - Total: Nitrogen, Phosphorous & Potassium plus Ammonium and Solids. ...... £ 55.00
#3 - Total: Nitrogen, Phosphorous & Potassium plus Ammonium, Salts and Solids. . $ 61.680

#4 - Total: Nitrogen, Phosphorous, Potassium, Sulfur, Zn, Mn, Cu, and Fe

plus Ammonium, Salts and Solids .. ....ovven i $77.00
individual analyses from group A added to above packages: .......... . $ 8.80 each
INDIVIDUAL ANALYSES:
A. NH4-N, P, K, Ca, Mg, S, B, Zn, Mn, Cu, Fe, Solids, pH, Saltspor Ash .. ........ % 18.50 each
B. Total Nitrogen..................... L RS $ 27.50 cach
C. TotalNitrogenwithSolids ................. sarrrcarsenasraesarrersas ® 33,00 each
D. Total Nitrogen %, Organic N %, and Inorganic N % .. ........... cerere e 3 44,00 lot
E. Chioride............ . win e s e P e e i U B SRR S i LAV $ 14.30 each
F. Heavy Metais (Pk, Cd, CrorNi).......oovniiinnnnnn. s » - & et [ ™ ¢ 22.00 each
G. Inierpretations for land appiicatior {(minimum 1 hr) ...................... $ 60.00/ hir.
H. Nitrate (NO3-N) . vovvenrennnenass SWEE 58 5 0 A $ 16.50 each
I. Total Organic Carbon (from O.M. by LOD) . ........c.v S R b i e e $ 16.50 each
J. Cation Exchange Capacity .................. VA e s e N e $ 19.25 each

Manure samples will be analyzed on an as received basis for total nutrient content.

Results reported in pounds per ton or pounds per 1000 galions on an as received basis unless
" requested otherwise.

Handling a2nd digestion fees are included in the above prices.
Samples are analyzed for Total N by Macro-Kjedah! or Combustion.
Total nutrients are determined by Ashing.

wore Other analyses available on request ™

nge without notice, ' Effective Date: 01-01-06



Transferred To:

Date

RECORD KEEPING

Off-Farm Transfer Worksheet

Amount

(tons or Gallons) N

Nutrlent Cotnt
P205

Section 10

K20

NOTES:




RECORD KEEPING

Section 10

Record of Application Equipment Calibration

Date

Equipment Calibrated

‘. Calibrated by:

NOTES:




TN,
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RECORD KEEPING

/ Section 10

Record of Operation and Maintenance Inspections for

Date

Name of Inspector

Corrective Actions
Needed?

Actions Completed by:

Date

NOTES:




Section 10

RECORD KEEPING

Record of Plan Reviews and Changes

Date

Name of Reviewer |

Changes to plan
needed?

Actions Completed by:

Date

NOTES:






