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Introduction 
 

This fact sheet has been developed to support the 
implementation of the Natural Resources 
Conservation Service Feed Management 592 Practice 
Standard. The Feed Management 592 Practice 
Standard was adopted by NRCS in 2003 as another 
tool to assist with addressing resource concerns on 
livestock and poultry operations. Feed management 
can assist with reducing the import of nutrients to the 
farm and reduce the excretion of nutrients in manure. 

         Feed Management 
 

A Key Ingredient in Livestock 
 and Poultry Nutrient Management 

 
The link between P intake and P excretion 

In dairy cows, several studies indicate a direct link 
between P intake and P excretion (Morse et al., 1992; 
Wu et al., 2001; Knowlton and Herbein, 2002). Morse 
et al. (1992) were the first to show this link. This 
Florida study used twelve cows and fed diets 
containing one of three levels of P (.30%, .41%, .56% 
of dietary DM). Excretion increased linearly with 
increasing intake, and nearly all of the difference in P 
intake with the high P diet compared to the low P diet 
was excreted (Figure 1).  
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Figure 1. Effect of dietary P concentration on P 
excretion in lactating cows. (Morse et al., 1992) 
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Overfeeding of dietary P is common in 
the field, with overfeeding of 20 to 40% 
in excess of published requirements 
commonly observed (Sink et al., 2000). 
A survey conducted by Wu et al. (2003) 
in Pennsylvania indicates that the extent 
of overfeeding is less now than was 
indicated in these earlier surveys. 
Assuming that P consumed above the 
requirement of the animal will be 
excreted, reducing overfeeding of P 
could reduce P excretion by 20 to 40% 
in the dairy industry.  

 
For farms in positive P balance, reduced 
overfeeding of P translates directly into 
improved whole farm P balance, by 
reducing excess imported P. Spears et al. 
(2003) observed a significant 
relationship between whole-farm P 
balance and herd P utilization efficiency. 
Cows overfed P utilize dietary P less 
efficiently because the excess P is not 
being converted into milk. Wang et al. 
(2000) estimated that grouping strategies 
that allowed diet formulation based on 
production reduced whole-farm P 
balance by 9%.  
 
Why do we overfeed P? 
 

Phosphorus is often fed to dairy 
cattle in excess of published 
requirements because high P diets are 
commonly believed to improve 
reproductive performance. This 
perception originates from the 
observation that severe P deficiency (< 
0.25% of dietary DM) impairs 
reproductive performance in cattle 
(Eckles et al., 1932). Modern dairy 
rations are much higher in P even 
without supplementation, and in all of 
these deficiency studies, P intake was 
seriously confounded with intake of 
energy and other minerals. 

Although severe P deficiency may 
impair reproductive performance, there 
are no research data to suggest a benefit 
from feeding P to dairy cows in excess 
of NRC requirements (~0.37%P). 
 
In fact several studies reported no impact 
of dietary P concentrations of 0.33 to 
0.35% of dietary DM on days open, 
services per conception, or calving 
interval (Brintrup et al., 1993; Brodison 
et al., 1989; Wu and Satter, 2000). A 
review by researchers in Wisconsin 
(Satter and Wu, 1999) summarized 
thirteen studies with 785 lactating cows 
fed diets low in P (0.32 to 0.40% P) or 
high in P (0.39 to 0.61% P).Dietary P 
had no effect on days to 1st estrus, days 
open, services per conception, days to 1st 
AI, or pregnancy rate. (The apparent 
overlap in low and high P diets is 
because Satter and Wu categorized 
treatments low or high as they were 
categorized in the original studies. The 
0.39% “high” P diet was not in the same 
study as the 0.40% “low” P diet.)  
 
Two other factors that have led dairy 
producers to overfeed P are undetected 
variation in the P content of feeds, and 
inconsistencies between NRC 
requirements and the advice dairy 
producers receive. Undetected variation 
in the P content of feeds leads to 
imprecise ration formulation.  
 
Phosphorus content of forages analyzed 
by the Northeast DHI Forage laboratory 
across one year was highly variable 
(Kertz, 1998). Phosphorus content varied 
by 20-25%, and was more variable in 
grasses than in legumes. Despite this 
variation, wet chemistry analysis of 
forages for P content is not routinely 
requested, and NIR analysis of P is not 
accurate.  

http://jds.fass.org/cgi/content/full/86/2/688?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&author1=kohn&fulltext=nutrient+balance&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT#WANG-ETAL-2000#WANG-ETAL-2000
http://jds.fass.org/cgi/content/full/86/2/688?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&author1=kohn&fulltext=nutrient+balance&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT#WANG-ETAL-2000#WANG-ETAL-2000


One final reason P is overfed is the 
inclusion of feeds in the diet that are 
naturally high in P. Many byproduct 
feeds are high in P, most notably the 
byproducts of corn processing and 
ethanol production. These are 
increasingly popular feed supplements 
for dairy cattle because of the protein 
and energy they supply. However 
inclusion of these feeds often increases 
the dietary P content beyond 
requirements.  
 

There is no easy answer to the 
dilemma of high P byproducts. In the 
short term, producers using these feeds 
should remove unneeded supplemental 
inorganic P from diets. In the long run 
the true cost of the use of these high P 
feeds should be carefully considered. If 
their inclusion will cause significant 
nutrient imbalance and lead to difficulty 
meeting environmental regulations, then 
these feeds may not be as inexpensive as 
they appear.  

  
Benefits of reduced overfeeding 
 
Reducing P intake has both economic 
and environmental benefits. The impact 
of reducing P intake on net farm income 
depends upon the regulatory conditions 
affecting the dairy producer. If the 
producer is not under P-based nutrient 
management, and applies manure 
without regard to its P content, the only 
impact of feeding excessive P is on the 
feed bill (Table 1). A 100 cow herd 
increases their feed bill by $750 to 
$850/year by feeding P at 0.45% of 
dietary DM vs. 0.40% dietary DM, 
depending on milk yield and feed intake. 
With P at .50% of dietary DM, the feed 
bill is increased between $1500 and 
$1700/yr, and at .55%, feed costs are 
increased between $2250 and $2500/yr. 

For the producer under mandatory P-
based nutrient management, the costs of 
excessive P supplementation and 
excretion are much greater. These costs 
include the increased feed bill, the cost 
of exporting manure in excess of what 
can be applied to land, and the cost of 
purchased N fertilizer.  

Table 1. Increase in annual feed costs 
of a 100 cow herd relative to P at .4% 
of dietary DM1

  Dietary P, % DM  
MY, 
lbs/d 

DMI, 
lbs/d .45 .50 .55 

60 45.6 $754 $1500 $2260
70 48.4 $798 $1603 $2402
80 51.2 $850 $1693 $2542

1Assumes increased inclusion of Dicalcium 
Phosphate at $350/ton. 
 

Evaluating a dairy farm milking 100 
cows with different cropping strategies, 
we can estimate the impact P intake has 
on acreage required for manure 
application on a P basis (Table 2).  

Table 2. Impact of P intake on manure 
disposal under P-based nutrient 
management 
 Dietary P content 
 .40 .45 .50 .55 
Acres required for land application1

100 cows 91 108 126 143
Maximum cow numbers2

100 acres, 50% 
corn 50% alfalfa 

93 78 68 60 

100 acres, 50% 
corn, 25% alfalfa 
25% grass hay 

86 73 63 56 

1Assumes cropping program of 50% corn, 50% 
alfalfa. DMI predicted from NRC, 2001, and 
crop nutrient uptakes as in Van Horn (1992);  
2Milk yield of 60 lb/d. 
 
 



Acreage required to use manure to meet 
(but not exceed) crop removal increases 
by about 60% as P intake increases from 
0.4% to 0.55%. Alternatively, given a 
fixed land base and different cropping 
strategies, we calculated the maximum 
number of milking cows supported by 
that land base. As P intake increases 
from 0.40 to 0.55%, herd size must 
decrease by 35% to accommodate P-
based manure application.  
 
Summary 
 
Reducing the amount of P in manure 
through nutrition is a powerful, cost 
effective approach to reducing potential 
P losses from dairy farms. The current 
NRC requirements are based on sound, 
current research, and should be followed 
in ration formulation. Feeding rations 
formulated to meet without exceeding 
the NRC requirements will improve P 
utilization, reduce environmental impact, 
and make it easier for producers to meet 
regulatory obligations.  
 
References 
 
Brintrup, R., T. Mooren, U. Meyer, H. 

Spiekers, and E. Pfeffer. 1993. Effects 
of two levels of phosphorus intake on 
performance and faecal phosphorus 
excretion of dairy cows. J. Anim. 
Physiol. Anim. Nutr.  69:29. 

 
Brodison, J. A., E. A. Goodall, J. D. 

Armstrong, D. I. Givens, F. J. Gordon, 
W. J. McCaughey, and J. R. Todd. 
1989. Influence of dietary phosphorus 
on the performance of lactating dairy 
cattle. J. Agric. Sci. 112:303. 

 
 
 

Eckles, C. H., T. W. Gullickson, and L. 
S. Palmer. 1932. Phosphorus 
deficiency in the rations of cattle. 
Minn. Agric. Exp. Stn. Tech. Bull. no. 
91 St. Paul, University of Minnesota. 

 
Kertz, A. 1998. Variability in delivery of 

nutrients to lactating dairy cows. J. 
Dairy Sci. 81:3075. 

 
Knowlton, K. F. and J. H. Herbein. 

2002. Phosphorus partitioning during 
early lactation in dairy cows fed diets 
varying in phosphorus content. J. 
Dairy Sci. 85:1227. 

 
Morse, D., H. Head, C. J. Wilcox, H. H. 

Van Horn, C. D. Hissem, and B. 
Harris, Jr. 1992. Effects of 
concentration of dietary phosphorous 
on amount and route of excretion. J. 
Dairy Sci. 75:3039. 

 
National Research Council. 2001. 

Nutrient Requirements of Dairy Cattle. 
7th rev. ed. Natl. Acad. Sci., 
Washington DC. 

 
Satter, L. D. and Z. Wu. 1999. 

Phosphorus requirements in dairy 
cattle. Maryland Nutrition Conference, 
Baltimore, MD. 

 
Sink, S. E., K. F. Knowlton, and J. H. 

Herbein. 2000. Economic and 
environmental implications of 
overfeeding phosphorus on Virginia 
dairy farms. J. Anim. Sci. 78 (Suppl. 
2):4. 

 
Spears, J. W., A. J. Young, and R. A. 

Kohn. 2003. Whole-farm phosphorus 
balance on Western dairy farms. J. 
Dairy Sci. 86:688. 

 



Van Horn, H. H. 1992. Recycling 
manure nutrients to avoid 
environmental pollution. Pages 640-
654 in Large Dairy Herd Management.  

 
Wang, S. J., D. G. Fox, D. J. R. Cherney, 

L. E. Chase, and L. O. Tedeschi. 2000. 
Whole-herd optimization with the 
Cornell Net Carboyhydrate and Protein 
System. III. Application of an 
optimization model to evaluate 
alternatives to reduce nitrogen and 
phosphorus mass balance. J. Dairy Sci. 
83:2160. 

 
Wu, Z., L. D. Satter, A. J. Blohowiak, R. 

H. Stauffacher, and J. H. Wilson. 
2001. Milk production, estimated 
phosphorus excretion, and bone 
characteristics of dairy cows fed 
different amounts of phosphorus for 
two or three years. J. Dairy Sci. 
84:1738. 

 
Wu, Z., S. K. Tallam, V. A. Ishler, and 

D. D. Archibald. 2003. Utilization of 
phosphorus in lactating cows fed 
varying amounts of phosphorus and 
forage. J. Dairy Sci. 86:3300. 

 
Wu, Z. and L. D. Satter. 2000. Milk 

production and reproductive 
performance of dairy cows fed two 
concentrations of phosphorus for two 
years. J. Dairy Sci. 83:1052. 

 
 
 
 
 
 
 
 
 
 



Project Information 

 

 
Detailed information about training and 
certification in Feed Management can be 
obtained from Joe Harrison, Project 
Leader, jhharrison@wsu.edu, or Becca 
White, Project Manager, 
rawhite@wsu.edu. 
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