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Reducing the Risk of Groundwater Contamination from
eseenenen Livestock Manure Management

R. Miner

0

Spreading livestock and poultry manure on crop and p nd Is a way to reclaim

the value of the plant nutrients in manure. This prac e%he most popular and

widely recommended way to utilize these manure en and phosphorgsare the
requent basis u h

nutrients of greatest value in manure and are t
land application rates are calculated.

The challenge in managing manure is to a in the quantity a H&hod that

will meet the following objectives: &n %

* Provide the proper amount of nitroggn &nd phosphorus

* Prevent manure from berng fthe d surfa 0 runoff

» Assure that nutrients are not ed e e to contribute to ground-

water contamination

1. Amount of nutrients available
The best way to e quaNity of nutg In manure is to have it tested. Fre-

guently, how nur es for, sis are not readily available. If not, you
canuse Ta to e the t of nitrogen and phosphorus available for
use in yows{jel
» Tabe 1¢ovide strm @rogen and phosphorus contained in various
fr
We 2s Qs the e tto which the nutrients are conserved in various
@wanure miling s
0- TabQ’O OWSe centage of these nutrients that is conserved by various
f

ea distp g manure onto cropland. Note that some nitrogen is lost in
%@r appli method.
O ble 4 ides the numbers necessary for estimating the nitrogen that is avail-
ble nitrification losses. Note that in areas with greater water application
@ eit nfall or irrigation), there is greater nitrogen loss.

K iplying the number of animals supplying manure by the appropriate values
QO r\ Tables 1-4, you can estimate the number of pounds of nitrogen and phospho-

s available for use in your fields.

Ron Miner, Extension water quality
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For example, from Table 1, you see that a dairy cow excretes about 0.45 Ib nitrogen
and 0.094 |b phosphorus each day. If you have 100 dairy cows, this yields a total of
45 b nitrogen and 9.4 Ib phosphorus per day:

N:

P:

0.451b x 100 cows =45 1b
0.094 Ib x 100 cows =94 b

If you store the manure dry in a roofed shed, Table 2 tells you that you retain about
70 percent of the nitrogen and 90 percent of the phosphorus. This leaves you with

31.5 Ib nitrogen and 8.46 |b phosphorus:
N:

P:

Table 1.—Production and nutrient content of fresh
various farm animals.

*

45I1bx0.70=3151b &
9.41bx 0.90 =8.46 Ib

@reted manure frobq

N\

Manure Nitrogen
Animal production production phorus

Animal size, Ib al/da water Ib/da: Ib/day (P

galiday & y (I\Q\Q y (P)
Dairy 1,000 10 \) 88 °* . 0.094
Beef 1,000 9.4 910 0.12
Swine 200 .5 . :Q 0.036
Sheep 100 S 0.0066
Horse 1,000 0 28 0.05
Layers 4 0 027 9 84 .% O 0034 0.0012
Table 2.—PgceN of ori s@nnent@ nt of manure retained by various

manure

gry stor,

roofed

&i;n/ O 40
flushin
60 70

\§

Qjats
\' crape to

storage
tank

None
grazing

i orse Poultry Sheep Swine
N Po N @ N P N P N P N P
v N\
75 90 65 90 75 90
*
60 25 70 90 70 90 60 90 65 90
55 60 - - 60 60 - - 60 60
30 40 - - 25 40 - - 30 40
60 70 60 70 - - 55 70 60 70
75 95 75 95 - - 70 95 75 95 75 95
70 85 70 90
100 100 100 100 100 100 100 100 100 100 100 100




If you broadcast the manure, Table 3 indicates that about 80 percent of the nitrogen
(25.2 Ib) and all of the phosphorus (8.46) Ib will be available for plant uptake:

N: 31.51bx0.80=25.21b
P: 8.46Ibx1=8461b

Remember, the values in these tables are averages. If you have more accurate value:
based upon laboratory analyses or on your cropping experience, use them instead.

If your cropland is in the Willamette Valley and is irrigated, Table 4 shows that
87 percent of the nitrogen will be available after losses. Th S you with
21.9 Ib nitrogen and 8.46 |b phosphorus.

N:  25.21bx0.87=21.91b ?‘

P: 8.46Ibx1=8461b

Remember, these are per-day amounts. By fhlying these amount Qs 65,
you find that your total annual nutrient avali \(»from manure is "\ nitrogen

and 3,088 Ib phosphorus: %
N:  21.91bx 365 =7,993 | & @)
P: 8.46 b x 365 = 3,08&}b .

Qe e ot
nutents a le for ptake compared to
Application method

orus Potassium
Soil injection O 9g
Broadcast @)

Table 3.—Percent of manu

100

9 100 100

Broadcas %n 95 0Q 100 100

immedigt
|ncor ra
S rln

O
Q@ 100 100

5 100 100

*
Perc leld-applied manure nitrogen available to the crop after
jfication S, by region in Oregon.

catlo Q\ Percent N available
lleys 80
\ tte Valley and southern Oregon
+ \IMgated 87

Q’Nonirrigated 92
\ astern Oregon 95




2.  Amount of cropland available

To use manure efficiently and responsibly as a source of crop nutrients, you must
apply it at a rate consistent with that removed by the growing crops. Table 5 lists
nutrient utilization rates for crops commonly grown on livestock farms in Oregon.

Estimate your yields for the crops you grow and enter them in Table 5 under “Your
yield (tons/acre).” Then multiply your yields times the application rates listed in

Table 5 to find your application rates per acre. Enter these nugbers under “Your
application rate per acre.” Similar values for pastures are in%doin Table 6.

application rate is 14.5 Ib nitrogen per ton and 2 |b pho rus per ton. If your yield

For example, if you grow red clover for silage, Table 5 tells'¥ou that the nutrient
is 8 tons per acre, multiply each of these rates tim@ determine your nyjgent

application rate per acre:
N: 145IbNx8=116 Ib N per a Q
P: 2Ibe8:16Ipreracre6
Table 5.—Rates of nutrients used. & \
O & o «i
application
. O rate
Yaur per acre

Crop Unit N P K
Alfalfa hay,

immature and early bloom per t
Alfalfa hay,

midbloom to mature 5.0 36.0
Canarygrass hay k’on .3 63.0
Orchardgrass er ton 37.6
Cereal grain hay per S 10.0
Grass hay Q’ 250 36 194
Barley/oats ton ¢ 340 5.0 7.2
Alfalfa/grass age @ t 220 29 190
Red c& |Iage wet 145 20 120

Corn on wet 70 25 6.6
rlage \'ﬁer ton, wet 255 46 5.6
Q\J Q’ \‘




Table 6.—Suggested nutrient application rates for pastures, by location,
harvested and grazed (Ib/acre).

Harvested Grazed
Location N P K N P K
Coast 220 28 132 165 24 110

NW valleys

irrigated 200 25 120 150 22
nonirrigated 110 21 95 &

Southern Oregon

irrigated 180 24 110
nonirrigated 80 20 92 @
Eastern Oregon 200 25 120 q

“These values include a fraction of the nutrients in additio

Iant uptake values to ac r the portion
that is unavailable to the plant and contributes to an increfg

soil organlc matter.

Now, by calculating the number of a &at each nutrient 'Ideer, you can
determine how to gain the great cghomic yalue from anure and avoid
applying excess manure. 6 .

In the earlier example on 3, we & eda tot%nnual nitrogen availability of
7,993 Ib. If you need 116 jFogen re, yopshayve enough nitrogen for
69 acres: ¢b

N: 79@ 16Ib re 6&&3
p

You have 3, ho @Js If y@%d 16 Ib phosphorus per acre, you have
enough phosp rus fgr cres:

3 08 Ib p @ 193 acres

Iec e nutr atis bIe for the greatest acreage, in this case phosphorus.
calcul he rate at which to apply the manure based on the

ntlty phor ailable. You can then supplement the manure with com-

rC|aI er to y the nutrient that is inadequately provided by the manure.

3. Sltec acterlsﬁ\.

\
\2\«

mln ropland carefully in order to avoid pollution. Sites with a deep soil
ofile the water table can store more nutrients in the profile. As a result,
ther s chance of groundwater contamination.

texture also is important. Medium- to fine-textured soils rich in loam and silt

oils.

QO Q e much greater nutrient- and water-holding capabilities than do coarse, sandy

X

Soils with an impermeable layer near the surface may experience runoff. In these
soils, the available profile can become saturated, and runoff occurs independently of
the rainfall or irrigation intensity. This runoff, if it occurs on manure-covered land,
can be a major water quality hazard.

An ideal manure application site is level or has only a mild slope. Its surface should
be covered with dense vegetation, which traps manure particles and retains rainfall
or irrigation water. This reduces the likelihood of runoff carrying manure particles
from the soil surface to nearby streams and enhances the likelihood of infiltratign.



An appropriate site for manure application also is located at least 100 feet from a
well and at a lower elevation than the well. The site should be separated from a
surface watercourse by a vegetated buffer strip, which reduces any water-carried
manure particles or soluble manure characteristics. Soil type also is important in
evaluating the adequacy of separation from either a well or a surface watercourse.

Capacity of the farmsite to receive additional nutrients

In order to be a suitable site for manure utilization, there must be no other crop
growth limitations that will interfere with the utilization of the lieg nutrients. If

soil characteristics or other factors within the watershed r op productivity,
these factors must be considered in evaluating the suitaﬁg manure application.
It may be necessary to respond to these conditions in make manure applica-

tion safe. Q

Manure storage site % \Oé
Manure may be stored dry, as a slurry, or id. Dry manure lly contains
bedding. This bedding may be straw, &vqj Révings, sawdust, lously dried

manure solids.
The ideal storage site for solid manur\js & roofed shed with Gﬁmermeable floor.

The runoff from the roof shouldb ligcted ard handle& {\does not come into

contact with the stored manure Qo

In areas of low annual pre%tion, u storagQﬁrequently are used to save

money. Where unroofed&g0 es ar , it is gRortant to manage the runoff as a
high strength wastewasgr. Qollect | orgah& ashion and handle it along with
any other wastewat the fgaliy. @

dvantage of requiring less labor than

ay be either above or below ground.

most popular; however, several other materi-
eatures are impermeability and ease of main-
eptable but require additional maintenance and

Slurry and lig i@re t have
solid manurgéz Ing. Mgg storaggs
Concrete gnd &ated s nks ar
als also a%sed. he'Q®st imp
tenan‘e. i rthen -&Qips also
ope\ tentié @
reqt e quality of local waterways, longer storage periods are

requir he YW ette Valley, for example, storage periods as long as 180 days
ar%om on. T oids spreading manure on saturated lands and facilitates man-
Ide

Vanur % ge reun is related to local climate conditions. Where there are
nded %ﬂ‘ S durWich manure application is impossible or inconvenient, or
0 gnific

Q éing t

anur: ain the greatest possible benefit from it. Larger storage volumes

r flexibility in planning manure spreading.

rages, like other waste containments, should be located away and
e from water supply wells. Although storages are designed to be imperme-
X e consequences of manure escaping to a well is so threatening that the addi-
%iogal precaution of separation is appropriate. Likewise, it is inappropriate to have a
‘inure storage located adjacent to a surface water source where there are only
imited possibilities of responding to an overflow or an accidental spill.

Water application

The amount of water (rainfall plus irrigation water) applied to a manure application
site is an important factor in determining the risk of either surface or groundwater
pollution. Under ideal conditions, the amount of rainfall plus irrigation equals the
total evapotranspirational needs of the growing crop. Under these conditions, there
is no downward movement of soluble nutrients beyond the root zone.



4. Nutrient application rates, credits, and residues

As the amount of water applied increases, the amount of downward movement
increases. This is a particular problem when water is applied infrequently but in
large quantities. Under these conditions, water that exceeds the infiltration and
water-holding capacity of the soil will either run off or infiltrate beyond the root
zone. In either case, this water will escape with a load of nutrients that would be
better used by the growing crop.

In addition to the rate at which water is applied, the water-holding capacity of the
soil is important in determining the risk of water quality degradation. Fine-textured
soils at less than field capacity can store water in the profile #hjis water does not

escape from the root zone and remains available. &

Coarse soils, sand, and gravel, have a much lower abl to Store water. Saturation
also leads to low storage capacity. Like a sponge f ater, saturated soils are
unable to store additional water. Avoid applying W er to these sites.

\O

,\
N

Two factors are important in deciding h
field:

* The amount of nitrogen and pho@us needed to prod \9 e planned crop

* The nutrient concentration manure 6

Both of these are best esﬂ@d bas @ analytl esults from a water or soil
testing laboratory.

manure to appl particular

In the earlier exampies ages ou f tyou need 116 Ib nitrogen and
16 1b phosphoru * ac nalysis indicates the ammonia
nitrogen con e&per allons, divide the nitrogen needed
(116 Ib) by }Q& en m f|nd the application rate:

L\; ooo 6 6 x 1,000 = 16,600 gal per acre
n

Slm Gthe te dica @e phosphorus content to be 8 Ib per 1,000 gallons
then 2 allon

acre would be the appropriate appllcatlon rate based

& Y
0 8 = ZOQO gal = 2,000 gal per acre

O\
AN

N

ze th most efficiently, apply it at the lower of the two rates. In this
ou II t at the 2,000-gallon-per-acre rate to 193 acres (the amount for
usis avallable from page 5). Then calculate the amount of nitrogen
u s

@ ,600 gal (N rate) - 2,000 gal (P rate) = 14,600 gal
14,600 gal x 7 Ib N per gal = 102,26@,000 = 102 Ib N

§e commercial nitrogen fertilizer for the remaining 102 Ib nitrogen per acre.

If the farm is irrigated, analyze the irrigation water periodically to determine its
nutrient content and salinity. Similarly, if you use other nutrient sources such as
municipal sewage sludge or food processing wastewater, include their nutrient
contribution in the overall nutrient budget.



Contacts and references

Who to call about...

Design assistance and technical standards for manure storage,
treatment, and land application systems

Your county Soil and Water Conservation District, Natural R gurces Conservation
Service (formerly the Soil Conservation Service), or cou & fion office.

tion risk

Resources Con%ﬂon
Service, or county Extension office. % \O
Requirements for waste storage facilities a@ 5@»

Oregon Department of Agriculture, Na&el Resources DIVISIO

(503) 378-3810.

What to read about... § 0\

Financial and technical assistance in remedying a Wat?~

Your county Soil and Water Conservation District,

Publications are availabl sourc of the reference section.
(Refer to numbers in pare es a ch p@tfon.)
Health effects of |j roun

Manure Pon Carbon Dioxld®. Moore and
V.A. Sulllva O Bioresource Engineering Depart-

ment, Or , s, OR. (2)
, and %of livestock waste
ent Pra S to Reduce Water Pollufign.Moore and T.L.
d 19 Oregon State University Extension Service. FS 281. (1)

OutS| id Storage$979 8 pages. Midwest Plan Service. AED-23. (2)
us eart ge basins and non-earth above ground storages.

\6 &nln%\f sign of livestock waste storage facilities
& Was

Agrlc te Management Field Handbod®92. Natural Resources Conser-

& V|ce 4)
QO ‘Bi\ Housing and Equipment Handbobkdwest Plan Service. MWPS-6. (2)
ss\& ircular Concrete Manure Tank%983. 4 pages. Midwest Plan Service. TR.
Dairy Housing and Equipment Handbodkidwest Plan Service. MWPS-7. (2)

Liquid Manure Tanks: Rectangular, Below Grat#dwest Plan Service.
MWPS-74303. (2)

Livestock Waste Facilities Handbodkidwest Plan Service. MWPS-18. (2)



Livestock Waste Facilities Handbodl95. 112 pages. Midwest Plan Service. (2)
Focuses on planning and design of livestock waste facilities and equipment, and
information about land application techniques and animal waste utilization. Includes
worksheet to help you determine manure application rates.

Oregon Animal Waste Installation GuideboBlevised 1989. Natural Resources
Conservation Service and the Oregon Department of Agriculture. (3)

Sheep Housing and Equipment Handbddklwest Plan Service. MWPS-3. (2)

Swine Housing and Equipment Handbaddidwest Plan Serx{ S-8. (2)
Land application of livestock wastes

Agricultural Waste Management Field Handbod)EQ@t ral Resources C(@

vation Service. (4)
Livestock Waste Facilities Handbodlo85. 1 es. Midwest Pla@@e. (2)
t

Includes information about land applicagon nlques and anim e utilization,
as well as a worksheet to help deter manure application r

Calculating the Fertilizer Value of @e from LivestoRle 1993.
J.A. Moore and T.L. Willrich. E rego tate UnivaNy Extension Service,
Corvallis. (1)

Publications available from... \% ’\\

1. Publications O .- rlcult &IOHS Oregon State University,
Admlnlstratlve 5 rvalllg 7331-2119, (503) 737-2513. There

may be c K
2. Your c xten3| ce ord le Mdwest Plan Service Secretary, Bioresource
Eng Dep Ore ate University, Corvallis, OR 97331-2307,
(50 021
reon De nt of gulture Natural Resources Division, 635 Capitol
et, 310, (503) 378-3810. There may be a charge for some

. Main St., Suite 1300, Portland, OR 97204-3221,

0 ubllca
4. SIQ)N tur% ources Conservation Service (formerly the Soil Conservation
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tion defived¥rom

honteowne arding thel
resultﬁ .

Developgd for us@bn based on the model from the cooperative project (FarmeA«Syst/Farmstead Assessment System) o

\éSyst worksheets is intended only to provide general information and recommendations to

oWh home practices. It is not the intent of this educational program to keep records of individual

the Univelsity of in-Cooperative Extension, Minnesota Extension Service, and U.S. Environmental Protection Agency
Region V. Reyi r use in Oregon by members of the Extension Service, Oregon State University; the Oregon Department
of Agriculturg%regon Department of Environmental Quality, the Oregon Department of Water Resources, and the Oregon
Division of Health.

Extension Service, Oregon State University, Corvallis, Lyla Houglum, interim director. This publication was produced and
distributed in furtherance of the Acts of Congress of May 8 and June 30, 1914. Extension work is a cooperative program of
Oregon State University, the U.S. Department of Agriculture, and Oregon counties.

Oregon State University Extension Service offers educational programs, activities, and matétiast+egard to race, color,
religion, sex, sexual orientation, national origin, age, marital status, disability, and disabled veteran or Vietham-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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