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overview of feeD ManageMent
A key objective of feed management is to provide the nutrients necessary to achieve 
animal performance objectives while minimizing the environmental impact of nutri-
ents excreted in manure. For recommendations for concentrations of nutrients in 
diets, see table 1.

Most software programs used to formulate diets at dairies aim to provide mini-
mum required concentrations of nutrients for the least cost. Few software programs 
identify maximum nutrient concentrations or impose constraints to prevent overfeed-
ing of nutrients. Overfeeding of nutrients can occur when diets are properly formu-
lated yet rations are not mixed correctly. 

Overfeeding nutrients can increase costs for manure management and can be 
economically devastating where limited land is available for manure nutrient applica-
tion. Maintaining feed records and analyzing production data helps dairy operators 
identify ways to reduce nutrient excretion, which reduces costs related to manure 
management and allows operators to better estimate the land required for application 
of specific nutrients. 

Alternative methods for managing manure are increasing manure exports, 
increasing the amount of cropland for manure application, and reducing herd size.
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Table 1. Recommended nutrient content of diets for dairy cattle

Lactating cow diets
Early lactation 
(weeks 0 to 3)

Dry pregnant 
cows

Cow weight 
(lb) Fat (%)

Weight gain 
(lb/day) Milk yield (lb/day)

 

900 5.0 0.50 43 58 74

1,100 4.5 0.60 55 73 91

1,300 4.0 0.72 70 93 117

1,500 3.5 0.82 78 104 130

1,700 3.5 0.94 86 114 143

Protein equivalent Percentage of diet dry matter

crude protein (%) 16 17 18 19 12

undegradable intake protein (%) 5.7 6 6.3 7.2

degradable intake protein (%) 9.7 10.4 10.4 9.7

Minerals Percentage of diet dry matter

calcium 0.60 0.65 0.66 0.77 0.39

phosphorus 0.38 0.42 0.41 0.49 0.24

magnesium 0.20 0.25 0.25 0.25 0.16

potassium 0.90 1.00 1.00 1.00 0.65

sodium 0.18 0.18 0.18 0.18 0.10

chlorine 0.25 0.25 0.25 0.25 0.20
Source: NRC 1989, appendix table 5 (due to lack of similar table in NRC 2001).
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The Central Valley Regional Water Quality Control Board has developed a prelimi-
nary facility dairy assessment process that compares estimated nutrients available for land 
application (basically those nutrients excreted in manure and imported as fertilizer) to 
estimated nutrients exported offsite in manure or removed by crops grown at each dairy. 
When a preliminary dairy facility assessment indicates that nutrients present exceed 
nutrients needed by crops, feed management should be evaluated to determine if nutrient 
excretion can be reduced. Although the first sets of calculations will focus on nitrogen 
(N), phosphorus (P) and potassium (K), subsequent analyses will evaluate salt.

Converting nUtrients to ProDUCts
Animal type, feed quality, feed storage and mixing practices, and frequency of feed-
ing contribute to the efficiency by which nutrients in feed are converted to animal 
products. For example, incorporation of feed nutrients to animal products is lowest by 
growing heifers and dry cows and highest by lactating animals. Since the proportions of 
cattle at various stages of growth vary among facilities, maximum nutrient conversion 
values vary by facility.

feed Processing
Feed processing can alter the availability of nutrients. For example, the starch in steam-
flaked corn is more digestible than the starch in dry-cracked corn. Because rumen 
microbes can more efficiently convert feed into absorbable nutrients when their carbo-
hydrate needs are met, microbes in the rumen of cattle fed steam-flaked corn may be 
more efficient at converting feed nutrients into absorbable nutrients than they are at 
converting other starch sources, increasing efficiency of nutrient use.

Another example is feeding by-products from ethanol production. An ethanol 
plant using corn feedstock yields ethanol and distiller’s grains (“distillers”). Distillers 
are nutrient-dense compared to the original corn grain. When substituting distillers for 
corn in an animal diet, other ingredients should be modified to maintain NRC recom-
mendations. If corn is replaced 1:1 with distillers, the manure will have higher amounts 
of nitrogen, phosphorus, and other nutrients.

ensiling
Ensiling forages encourages rapid fermentation and preservation of forage. To help 
minimize protein degradation and conserve nitrogen in feed, silage containers should 
be filled quickly, packed densely, and covered immediately.

The form of certain nutrients alters their bioavailability to animals. When a feed 
has relatively low bioavailability of a nutrient, a relatively greater quantity must be fed 
to supply a specific bioavailable amount of the nutrient. This results in more of the 
nutrient being excreted by the animal.

forMULating Diets for Dairy Cows
Diets for dairy cows are formulated based on the assumed nutrient concentrations in 
feeds required to achieve good animal health while producing a saleable product. It is 
important that the assumed values for forages be obtained from actual forage analysis. 
A recent study conducted by the authors (Feed nutrient management on dairy farms: 
an essential component of a CNMP. California State Water Resources Control Board 
Contract No. 2-037-250-0) showed that more than 50 percent of the nitrogen, phos-
phorus, and potassium fed at eight California dairies was consumed in the form of for-
ages (table 2). Thus, it is critical to analyze each forage and use the analytical results 
when formulating diets. 
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Although it is very important to analyze forages for all nutrients, most other 
feedstocks are likely to be critical only for specific nutrients and thus do not need as 
frequent chemical analyses. Currently, nitrogen, phosphorus, and potassium are the 
most important nutrients.

feed ingredient analyses
There are two key factors for determining when a particular feedstuff needs to be ana-
lyzed: First, how variable is the nutrient content of the feed? Second, how much of the 
dietary nutrients are provided by the feed? If the nutrient analysis of a feed ingredient 
is highly variable, the feed should be analyzed if the ingredient constitutes more than 
10 percent of any given nutrient fed at the dairy. If the feed ingredient is not highly 
variable, a reference value may be sufficient. 

Feed supplies

Mixing rations requires that ingredients must be available. When a feed bay is empty, 
the feeder may replace the missing ingredient with something else, altering the nutri-
ent quantities fed to animals and influencing nutrient excretion. To maintain optimal 
diets, schedule feed deliveries to ensure availability.

Shrink

Shrink is the loss of feed through processing or relocation at the facility, including spill-
age. Feed shrink greater than 5 percent should be both a 
financial and an environmental concern. Reducing shrink 
increases nutrient efficiency for the production facility.

Uneaten or spoiled feed

Uneaten or spoiled feed represents another feed inefficiency 
with potential adverse environmental impacts. Manage 
feeding frequency and quantity to minimize uneaten feed. 
Also, manage moist feed ingredients and mixed feeds to 
minimize spoilage.

Production facility nutrient balance analysis

A production facility nutrient balance analysis evaluates 
nutrients, such as nitrogen, phosphorus, and potassium, 
entering a dairy, primarily in feeds, and exiting the dairy as 
managed outputs, primarily in milk (fig. 1). The nutrient 
balance quantifies all nutrients, including nutrients import-
ed in materials such as purchased bedding. To conduct a 

Table 2. Contribution of feed categories to total nutrient inputs

Feed category
N Ca P K Mg Na Cl–

Percent of total intake of nutrient from feed
forages 68.03 75.17 50.18 62.41 60.75 26.12 69.51

plant by-products 3.89 4.64 3.05 14.75 3.61 2.39 0.70

grains 8.52 0.65 14.38 3.88 4.35 1.37 3.84

protein meals 11.31 1.39 8.41 5.51 2.62 0.39 0.59

whole seeds 6.08 2.24 9.53 6.43 5.11 0.89 1.50

miscellaneous 0.15 0.01 0.13 0.04 0.03 0.25 0.93

minerals and vitamins 0.00 0.42 0.00 0.00 0.00 11.55 13.50

additional supplements 0.12 14.57 12.52 1.59 22.65 56.39 5.51

bedding 1.91 0.92 1.79 5.37 0.87 0.63 3.94

Production facility nutrient balance

OutputsInputs

Feed

Animals

Bedding

Water
consumption

Other water 
use

Milk

Animals

Manure

Atmospheric 
loss

Storage in soil or lost 
to groundwater

Animal 
hygiene needs

Figure 1. Production facility nutrient balance parameters.
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nutrient balance assessment, it is necessary to have adequate records, including data for 
purchased feeds and analytical results for forages, bedding materials, and so on that con-
tain nutrients.

Efficiency of nutrient conversion

Nutrients consumed by the animal that are not converted into product must be handled 
to minimize the impact on the environment. Ideally, “designer manure” could be devel-
oped by manipulation of dietary ingredients so that the excreted nutrients more closely 
match the nutrients needed for crop production. Nutrient levels in manure are related to 
the efficiency of incorporating nutrients in products. The efficiency of incorporation of 
selected nutrients in seven commercial dairies in California is presented in table 3. 
These data are provided for comparison purposes only.

nutrient efficiency versus Cropland
As nutrient efficiency increases, less nutrients are excreted in manure and less cropland is 
needed to use the manure. Changes in nutrient efficiencies can be used to evaluate land 
needs for manure application when feed efficiencies are increased.

As an example for cropland needs controlled by nitrogen applications, consider a 
dairy that incorporates 16 percent of N fed into animal product; for every 1,000 pounds 
of N fed, 840 pounds of N are excreted. If the dairy increases incorporation of N to 27 
percent of N fed, then 730 pounds of N are excreted. The difference of 110 pounds means 
that 15 percent less land would be needed for nitrogen recycling at the more efficient 
facility. An alternate way of looking at the situation is to say 15 percent more cows can be 
milked at the more efficient facility.

If an element other than nitrogen limited land application of manure, analysis of the 
particular element would be important. The additional land needed for the lowest-effi-
ciency facility compared to the highest-efficiency facility is presented (expressed as a per-
cent) at the bottom of table 3. The data show that there can be a tremendous opportunity 
to reduce cropland needs. For example, where phosphorus is the controlling nutrient, the 
facility where the efficiency was lowest (22 percent conversion) needed 27 percent more 
land than the facility where phosphorus efficiency is highest.

When formulated diets and fed rations for a herd exceed NRC guidelines, the effi-
ciency of incorporating feed nutrients into the herd can be improved. Great potential 
exists for improving incorporation of sodium (Na), chlorine (Cl–), and calcium (Ca) 
where the increases in land needed for nutrient application were 102, 50, and 26 percent, 
respectively, between highest and lowest nutrient incorporation efficiency. Incorporation 
of sodium and chlorine into animal products was variable and highly dependent on the 
method of feeding of salt and supplements. For sodium, the herd that was most efficient 

Table 3. Efficiency of incorporation of nutrients into animal product

Herd
Grams incorporated / grams consumed

N Ca P K Mg Na Cl
1 0.18 0.32 0.21 0.14 0.04 0.55 0.38

2 0.27 0.15 0.29 0.10 0.03 0.06 0.14

3 0.26 0.25 0.38 0.11 0.05 0.39 0.42

4 0.21 0.15 0.29 0.10 0.04 0.09 0.13

5 0.16 0.14 0.26 0.09 0.02 0.12 0.19

6 0.21 0.14 0.22 0.10 0.03 0.11 0.18

7 0.27 0.20 0.33 0.07 0.04 0.13 0.30
Additional land needed (percent) between least and most efficient operation if land application 
restrictions were based on specific element

15 26 27 8 3 2 50
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(55 percent incorporated into animal product) did not supplement a sodium-based buf-
fer, nor did it use salt in the total mixed ration. Salt was only fed free choice. Although it 
is unlikely that land application of manure will be restricted based on sodium amounts, 
it is important to recognize that feeding unused nutrients impacts the overall salt bal-
ance for the facility and will contribute to buildup of salts in soil or underlying ground-
water. 

The data suggest that little opportunity exists to significantly reduce excretion of 
potassium or magnesium (Mg). Incorporation data for potassium were 14 percent (high 
efficiency) and 7 percent (low efficiency). Although one value is 100 percent greater 
than the other, the difference in the land needed is minimal. For 1,000 pounds of K fed 
to animals, 860 pounds of K would be excreted in the high-efficiency herd, and 930 
pounds would be excreted in the low-efficiency herd. The difference is 70 pounds (8 
percent).

In areas where salt management is a concern, it is also important to evaluate water 
use and the contribution of water used for drinking, udder hygiene, and cow cooling to 
the salt load in the manure stream.

feeD ManageMent Do’s
Many actions can be taken to minimize excretion and accumulation of nutrients at any 
dairy. The following actions are recommended.

• Work with your nutritionist to be sure you are feeding diets with nutrient densities 
near NRC recommended levels for protein, phosphorus, potassium, and salts. 

• Create a historical library of analyses of feed and manure.
• Check that the feedstuffs needed for the formulated diets are actually present in suf-

ficient quantity.
• Analyze incoming feeds, especially forages, for key nutrients and use that informa-

tion in diet formulation.
• Evaluate the use of feed supplements (buffers, minerals, and vitamins) and their 

impact on the nutrient content of manure; seasonally reevaluate inclusion of all 
dietary supplements.

• Monitor feed management to minimize waste and spoiled feeds.
• Evaluate salt concentrations in feeds and avoid using feeds that contribute excessive 

salts or undesired salts to manure. 
• Carefully evaluate the use of free choice or block salt when salt is included in total 

mixed rations.
• Analyze nondrinking water use if salts are elevated in water and are a concern in 

manure. Be sure to not jeopardize animal well being or water quality in the process. 
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MetriC eqUivaLents

English Conversion factor for 
English to Metric

Conversion factor for 
Metric to English Metric

acre (ac) 0.4047 2.47 hectare (ha)

pound (lb) 0.454 2.205 kilogram (kg)

pound per acre (lb/ac) 1.12 0.89 kilogram per hectare 
(kg/ha)
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For Further InFormatIon

A companion publication is available for dairy nutritionists: Dairy Nutritionists’ Roles 
in Nutrient Use: Recommendations for Feed Nutrient Records Analyses (ANR Publication 
8278, http://anrcatalog.ucdavis.edu/pdf/8278.pdf).

To order or obtain ANR publications and other products, visit the ANR Communication 
Services online catalog at  http://anrcatalog.ucdavis.edu or phone 1-800-994-8849. You 
can also place orders by mail or FAX, or request a printed catalog of our products from

University of California 
Agriculture and Natural Resources 
Communication Services 
6701 San Pablo Avenue, 2nd Floor 
Oakland, California 94608-1239
Telephone: (800) 994-8849 or (510) 642-2431
FAX: (510) 643-5470

E-mail inquiries: danrcs@ucdavis.edu

This publication has been anonymously peer reviewed for technical accuracy by University of 
California scientists and other qualified professionals. This review process was managed by the ANR 
Associate Editor for Animal, Avian, and Aquaculture Sciences.
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