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 LESSON 12 Feeding Dairy Cows to Reduce Nutrient Excretion

How Much N, P, and K Does a Dairy Cow Excrete?
When manure management systems are designed, standard excretion

amounts for N, P, and K are often used. These values have been tabulated by
the American Society of Agricultural Engineers (1990) and estimate the daily
and yearly excretion of N, P, and K based on the cow’s body weight and also
provide reasonably good estimates of nutrient excretion. However, these
standard values do not account for the large variation among dairy farms in
feed intake levels, rations fed, feeding programs, and consequently, actual
nutrient excretion levels.

Research conducted at the University of Florida in the early 1990s
(Morse et al. 1992; Tomlinson 1992) showed that N and P excretion by dairy
cows varies substantially with the amount and rumen degradability of N
(crude protein, CP) and the P fed in the ration. In fact, these researchers
concluded that the amount of N and P excreted daily can be reasonably
predicted based on daily intake of N and P, dry matter intake, and milk
production.

Table 12-2 shows the daily and yearly excretion of N, P, and K by
1,400-pound Holstein cows. Clearly, the amount of N, P, and K in the diet
has a dramatic effect on the yearly excretion of these nutrients. For instance,
increasing the amount of P from 0.40% to 0.60% of the ration dry matter
increased excretion of P from 40 to 69 pounds/cow yearly. According to a
1998 survey of dairy nutritionists in Nebraska, this difference of almost 30
lbs in P excretion accurately reflects the actual range in P levels that are
currently being fed in the dairy industry. Surveys in other states such as
Texas, Florida, and Wisconsin confirm these observations (Morse 1989,
Sansinena et al. 1999), although the degree of P oversupplementation may be
less in western states (Meyer 2001). Even though the actual P requirement of
high-producing dairy cows is near 0.40% of ration dry matter (NRC 2001),
some U.S. farmers commonly feed in excess of 0.50%. Clearly, this is one
feeding practice that can be modified to have a large impact on P excretion.

Table 12-3 illustrates a straightforward method to calculate the amount of N,
P, or K produced by a lactating herd of dairy cows based on nutrient intake and
level of production. Although simplified, this approach allows you to obtain a
reasonably accurate estimate of N and P excretion for planning purposes.

In the example provided in Table 12-3, you calculate the total N, P, and
K excreted by a group of 100 high-producing dairy cows. Following are the
steps needed to manually complete this worksheet for any group of cattle on
your farm:

1. List the groups of cattle on your farm with the number of cattle in
each group. In the example in Table 12-3, a group of 100 dairy cows
is producing 90 pounds of milk per day.

2. Enter the daily feed intake (dry basis) for the entire group (5,500 lbs/d
for the example).

3. Enter the crude protein (CP), N, P, and K content of the ration fed to
this group in decimal form [0.175 (17.5%) CP, 0.028 (2.8%) N,
0.0040 (0.40%) P, and 0.015 (1.5%) K for the example].

4. Total the amount of N, P, and K consumed daily by this group of
cattle by multiplying daily dry matter intake by nutrient content
(154 lbs/d N, 22 lbs/d P, and 82.5 lbs/d K for the example).

5. If the group of cattle is gaining weight, then you can calculate the
amount of N, P, and K that is retained in the body tissue of those cattle.
To do this, multiply the number of cattle in the group x the average

Clearly, the
amount of N, P, and
K in the diet has a
dramatic effect on
the yearly excretion
of these nutrients.
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daily gain x the content of N, P, and K in the tissue (provided in the
table). In the example, because the high-producing cows are not gaining
weight, there is no retention of N, P, or K. Most lactating dairy cows
will begin to regain lost body weight by 70 to 84 days in milk.

6. Calculate the amount of N, P, and K secreted in the milk (45 lbs/d N,
9.0 lbs/d P, and 13.5 lbs/d K for the example).

7. Finally, calculate the total N, P, and K excretion by each group of
cattle for a selected time period. In the example, the 100 cows are in
the group for 100 days. The N, P, and K retained in tissue (0 in this
example) plus the N, P, and K secreted in milk are subtracted from the
total N, P, and K consumed. In the example, this results in excretion
of 10,900 lbs N; 1,300 lbs P; and 6,900 lbs K over the time period of
100 days by these 100 lactating dairy cows.

A similar method for estimating dairy cow N, P, and K output, a
spreadsheet developed at the University of Nebraska, is available at the
following website: <http://www.ianr.unl.edu/manure>. This Excel

spreadsheet estimates the excretion of N, P, and K by dairy cows, the quantity
of nutrients remaining after losses, and the land needs for using these
nutrients at agronomic rates. To generate more accurate estimates of nutrient
excretion than shown in Table 12-3 and develop a nutrient use plan, you will
need to enter the following information into the spreadsheet:

• Number of cows
• Daily feed intake
• Dietary CP, P, and K
• Daily milk production
• Cow body weight

This user-friendly spreadsheet is based on data reported by University of
Florida researchers (Van Horn 1992) and summarized in Table 12-2. The
next section briefly describes the land requirements needed to manage
manure nutrients on dairy operations and the impact of dietary N and P on
the land base needed.

Table 12-2. Daily and yearly excretion of N, P, and K by 1,400-pound Holstein dairy cow.

ASAE1 0-30 31-100 101-305 60-day Dry Yearly

Standard DIM2 DIM DIM Period Total

Milk, pounds/cow 100 70 50 Dry 21,750 lbs
DMI3, pounds/cow 55.8 46.3 39.2 25.2 14,462 lbs

Pounds N excreted/day lbs/cow/yr

Total N (low protein 0.63 0.89 0.73 0.60 0.36 223
degradability)

Total N (high protein 0.63 1.03 0.85 0.70 0.44 260
degradability)

Pounds P excreted/day lbs/cow/yr

0.40% P in diet 0.132 0.123 0.115 0.107 0.101 40
0.45% P in diet 0.132 0.151 0.138 0.136 0.103 46
0.60% P in diet 0.132 0.235 0.208 0.185 0.151 69

Pounds K excreted/day lbs/cow/yr

0.80% K in diet 0.406 0.296 0.265 0.239 0.201 88
1.2% K in diet 0.406 0.519 0.450 0.396 0.302 146

Source: Van Horn 1992, page 640.
1 American Society of Agricultural Engineers
2 Days in milk
3 Dry matter intake



9

 LESSON 12 Feeding Dairy Cows to Reduce Nutrient Excretion

Land Requirements for Managing Manure
Nutrients on Dairy Operations

If the owned or managed land available for manure application is
inadequate for the agronomic application of manure, dairy producers must
identify sufficient land to utilize N and P. The P-based management of
manure requires much more land base than N-based management. Presently,
land requirements are commonly regulated based on N, but growing pressure
exists for greater regulation of P buildup in the soil. Many states are

Table 12-3. Total manure nutrients produced by dairy cattle based upon ration nutrients.

Feed Nutrient Intake

A. Daily
B. Feed Nutrient Concentration C. Total Nutrient in Feed, lbs = A x B

Animal Group Feed Intake, lbs Protein N1  P    K N P K

Example: 100 high- 5,500 lbs DM/d   0.175 0.175 ÷ 6.25 0.0040 0.015 5,500 x 0.028 5,500 x 0.0040 5,500 x 0.015
producing dairy = 0.028 = 154 lbs/d = 22 lbs/d = 82.5 lbs/d
cows

Nutrients Retained by Animal (if cow is gaining weight) or Secreted in Milk

D. E.  F. Live Weight Nutrient G. Nutrients

Number Average Concentration Retained by Animal, lbs = D x E x F

Animal of Daily

Group Animals Gain N P K N P K

Example: 100 high- 0 0.012 0.0070 0.0020 100 x 0 x 0.012 100 x 0 x 0.0070 100 x 0 x 0.0020
Dairy producing = 0 = 0 = 0

cows

H. Milk I. Nutrient Concentration    J. Nutrients Secreted in Milk, lbs =

Animal Produced, of Milk H x I

Product lbs/day   N P K  N   P K

Milk2                         9,000 lbs/d 0.0050 0.0010 0.0015   9,000 x 0.0050   9,000 x 0.0010 9,000 x 0.0015
= 45 lbs/d = 9.0 lbs/d  = 13.5 lbs/d

Nutrient Excretion by Livestock

K. Days Fed Annual Nutrient Excretion in Elemental Form = K x (C - G) or  = K x (C = J) or both

Animal Group per  Year N P P
2
O

5
3 K K

2
O3

Example: 100 high- 100 days   100 x (154 - 0 - 45) 100 x (22 - 0 - 9.0) 1,300 x 2.27 100 x (82.5 - 0 - 13.5) 6,900 x 1.2
producing dairy  = 10,900 lbs = 1,300 lbs = 2,951 lbs P2O5 = 6,900 lbs = 8,280 lbs K2O
cows

 1N in feed = Protein ÷ 6.25 2N in milk = Protein ÷ 6.45. Assumes 3.2% protein in milk. 3lbs P2O2= lbs P x 2.27 lbs K2O = lbs K x 1.2
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developing a Phosphorus Index to assess soil P buildup in fields and the
potential for P transport from that field. Other states are considering an
environmental soil test P level above which no additional manure or fertilizer
P can be used in growing the crop on that field. More details on this topic
can be found in Lesson 34, Phosphorus Management for Agriculture and the
Environment.

Many factors influence manure nutrient excretion and the eventual land
base needed for agronomic nutrient application. Decisions regarding ration
formulation and feeding strategies (discussed later in this lesson) play a
critical role in determining nutrient excretion by dairy cattle.

As milk production of dairy cattle increases, so do the nutrient
requirements and the nutrients they excrete. For herds producing between 70
and 100 lbs of milk per cow/day, a 100-cow group will require between 140
and 170 acres to manage the N in the manure, depending on crop rotation
and yields (Koelsch 1999). Consequently, to successfully manage N in the
manure, you should have access to approximately 1.5 acres per cow. With a
greater focus on environmental problems associated with excess soil P levels,
access to at least 2.25 acres per cow will be necessary (Koelsch 1999).

The content of protein and P in the ration significantly affects excretion
in the manure, and consequently, the land base needed for manure
application. Protein not used for milk production or cattle maintenance and
growth is excreted as urea or organic N in the manure. Typically, 70% of the
N fed to animals as protein is excreted in a diet that is formulated to National
Research Council (NRC) (2001) guidelines. Feeding in excess of the NRC
guidelines only adds to the N excreted in the manure. Two examples
illustrate the tremendous impact that dietary content of N and P have on
land needed. A diet containing 19.5% CP (based on alfalfa with no
supplemental escape CP) results in about 20% more N in the manure than a
diet with only 17.0% CP (containing supplemental escape CP so that total
ration CP can be reduced). In this example, 20% more land is needed for
manure management for cows fed the higher CP diet. For a 100-cow group
of cows, an additional 6 to 25 acres is needed to manage the N in manure.
Commonly observed ranges for P levels in dairy rations can exert an even
greater impact on land requirements. A ration containing 0.52% P results in
30% more land needed than a 0.43% P diet. Even though the 0.43% P diet
meets the cow’s requirements, for a 100-cow group, an additional 50 or
more acres are needed for managing the extra P.

These examples give you an idea of the effect of ration formulation on
land needed for manure application. Obviously, actual land application area
needs will vary for each farm for a variety of reasons. To develop an estimate
of land needs for any individual farm, use the “Manure Nutrient Inventory”
spreadsheet discussed in the previous section. If managed improperly, manure
nutrients represent a critical environmental threat. Dairy producers should
have access to at least 1.5 acres of land per cow to manage manure in a N-
based manure management system utilizing manure storage. Approximately
0.4 acres per cow are needed to manage N for a system with an anaerobic
lagoon.

The remainder of this lesson addresses specific issues of N, P, and K
nutrition of dairy cows and ration formulation. The goal is to give you the
tools to develop a feeding program that minimizes N, P, and K excretion by
each group of cattle on your dairy farm.


