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INTRODUCTION 

In general, 70 to 90% of nutrients fed to livestock subsequently end up in manure and can 
potentially be lost to the environment.  Thus, the effects of livestock operations, especially larger 
concentrated animal feeding operations (CAFO), on the environment are a growing concern 
among many groups.  The role of nutrition (i.e. pre-excretion strategies) and manure 
management (post-excretion strategies) in controlling possible adverse effects on the 
environment are receiving increased emphasis.   

With the advent of the new EPA Clean Water Regulations [USEPA, 2003a, 2003b], all 
CAFO, and many smaller AFO, must have comprehensive nutrient management plans (CNMP) 
that address factors such as feed management, manure handling, and land application of manure 
(NRCS, 2000). Manure nutrients must be applied to farm lands at no greater than agronomic 
rates: thus, meeting nutrient application standards may require CAFO to spread manure over a 
much larger land area than they currently use. Ribaudo (2003) reported that only 18% of large 
hog farms and 23% of large dairies currently apply manure on enough cropland to meet a N 
management plan.  Lander et al. (1998) estimated that only 20 (P-based) to 50% (N-based) of 
AFO operate with enough land to meet new land application requirements. Today at least 2 to 
5% of U.S. counties produce more manure than can be assimilated by total crop land and pasture 
in the county (Kellogg et al., 2000; Lander et al., 1998). New, and potential new, air quality 
regulations on PM-2.5, PM-coarse, ammonia, and hydrogen sulfide emissions may also lead to 
requirements for nutritional and management controls.  Even pasture-based operations such as 
cow-calf ranches may be challenged by Total Maximum Daily Load regulations that may limit 
access to wetlands and alter fertilizer use. 

CAFO ENVIRONMENTAL CONCERNS / BACKGROUND 

The nutrients of primary environmental concern to agriculture are N and P.  Phosphorus 
concerns revolve primarily around potential contamination of surface waters; whereas, N 
concerns revolve around both water (nitrates in surface & ground water) and air quality 
(ammonia, odors) issues.  These concerns may be legal (ie. nuisance lawsuits, etc.) as well as 
regulatory. 
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Water quality.   Beef and dairy feeding operations with properly designed and maintained 
runoff retention ponds and(or) lagoons normally have little, if any, effect on surface or ground 
water quality, although dry deposition of ammonia may increase N content of waters in close 
proximity to CAFO.  The potential for water contamination generally occurs after the manure 
leaves the CAFO and is used as a fertilizer on fields or pastures.  When applied at P utilization 
rates, rather than N utilization rates, the quantity of farm land required to dispose of manure is 
increased by 5- to 10-fold. 

Air quality.  The major air quality concerns of beef and dairy cattle operations vary with 
location, but, in general, are dust, odors, and ammonia. Concerns with dust and odors are 
generally local and revolve around “quality of life,” health, and litigation issues; whereas, 
concerns with ammonia are mainly global or regional and revolve around it’s designation as a 
PM-2.5 precursor (NRC, 2003) or possibly to its listing as a “hazardous substance” under the 
Emergency Planning and Community Right-to-Know Act (EPCRA). 

PROGRESS IN DECREASING CAFO EFFECTS ON THE ENVIRONMENT 

Changes in livestock production over the last several decades such as improved genetics, 
improved feed processing, diet modifications, and growth and lactation enhancers have directly 
increased production efficiency and indirectly reduced environmental hazards. Today, diets are 
more digestible and less manure is produced per unit of production.  For example, incorporation 
of new technologies into the beef cattle feeding industry has decreased the amount of feed 
required per unit of gain from over 7 in the early 1980’s, to less than 6 today.  Although the 
driving force for these changes has been economics, these changes have also had a positive 
impact on many of the environmental issues now facing feedyards.  Thanks to these new 
technologies, the quantity of feed fed annually to feedlot cattle in the southern Great Plains is 5 
million tons less and the annual dry manure output is 3 million tons less than without these 
technologies (Greene and Cole, 2003). 

Similar improvements have been noted in the dairy industry.  Tylutki et al. (2004) noted that 
over a 5-year period, by modifying diet nutrient content and better managing manure, a dairy 
farm in New York was able to increase the proportion of home grown forages used in their diets 
by 38% and decrease manure N and P per acre by 17 and 28%, respectively.  In 1998 the farm 
was accumulating P at the rate of 7.2 lb/acre; whereas, in 2002 it was accumulating P at only 
0.26 lb/acre. At the same time, feed cost per unit of milk produced was decreased 48%. 
Similarly, in England, Withers et al. (1999) noted that surplus P in a whole-farm dairy system 
could be decreased from 21 lb/ac to 2.1 lb/ac via changes in the crops grown and dietary P 
concentration without adversely affecting milk production.  From 1975 to 1995, the annual P 
excess (ie. soil storage) in Wisconsin decreased from 54 million kg to 14 million kg due, in part, 
to improved nutrition and management of dairy cows (Bundy and Sturgul, 2001). 

Today, the livestock industry needs to develop and implement additional feeding and 
management strategies that continue the trend of improved feed efficiency while at the same 
time, reducing nutrient excretion to the environment, and producing a “higher quality” manure to 
be used as a fertilizer. 
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CHALLENGES 

Excessive intake of nutrients by livestock leads to excessive excretion in manure.  The term 
“precision feeding” has been coined to suggest that livestock can be fed with greater precision 
than currently practiced. However, at the present time, it is still not clear how effectively 
precision feeding can be applied in the field. It has been said that there are at least four different 
diets in any livestock operation: 1) the diet formulated by the nutritionist, 2) the diet actually 
mixed, 3) the diet delivered to the animals, and 4) the diet consumed by the animals.  Making 
diets 1 and 4 the same is difficult. 

Most nutritionists incorporate safety margins in their diet formulations to protect against 
variation in the nutrient content of ingredients and the nutrient requirements of animals.  The 
point at which a safety margin becomes excessive is not clear.  Galyean (1996) and Galyean and 
Gleghorn (2002) reported that beef cattle consulting nutritionists fed diets that varied from 12.5 
to 14% (dry matter basis) in formulated crude protein (CP) concentration with a mode of 13.5%. 
Formulated P concentrations ranged from 0.25 to 0.35% with a mode of 0.3%.  Surveys of 
Virginia and Wisconsin dairy herds indicated that, on average, the dietary P concentrations were 
45% greater than NRC recommendations (Knowlton, 2002) and that 85% of dairies fed P in 
excess of NRC (2001) recommendations (Powell et al., 2002). 

Some of the factors that limit the use of precision feeding in AFO include 1) variability in 
animal nutrient requirements, 2) seasonal / climatic effects, 3) variability in composition of feed 
ingredients, 4) logistics (Cole, 2003).  Additional factors such as the low cost of urea and many 
by-product feeds, and as-yet undetermined ingredient associative effects also are important. 
Most of these limitations revolve around the risk of adversely affecting animal health or 
performance. 

Animal Variability.  Cattle producers are normally faced with large variations in the genetics 
of cattle within a single lot. Factors such as finished weight (i.e. body weight at 28% body fat), 
gain potential, stage of production, tolerance to weather extremes, milk production, etc. all affect 
the nutrient requirements of individual animals within a lot. 

When formulating diets for large, genetically diverse, groups of animals, diets can be 
balanced based on the genetic potential of the best animals in the group or the genetic potential 
of the worst animals in the group.  As an example of the effect of animal growth potential on CP 
requirements, we calculated the performance and N excretion of 100 hypothetical steers fed diets 
formulated to meet the CP requirements of the lowest 50%, lowest 84%, or 100% of the animals 
in the pen (NRC, 1984; Table 1). In addition, we calculated the overall pen performance and N 
excretion if 100 steers were “precision fed” (fed three different diets – one balanced for the 
bottom-performing 50 steers, one for the middle 34 steers, and one for the best-performing 16 
steers). Restricting the dietary CP concentration to meet the requirements of 50% of the cattle in 
the pen had adverse effects on animal performance and did not decrease total pen N excretion 
because more days were required to reach market weight.  Feeding to meet the requirements of 
84% of the cattle, rather than 100%, had a slight adverse effect on calculated animal performance 
but a beneficial effect on calculated N excretion.  As expected, precision feeding provided the 
best performance and lowest N excretion but was not “attainable” in a real world situation. 
Based on these calculations, diets need to be formulated to meet the requirements of at least 84% 
of the cattle in a pen. Interestingly, these simulated results agree well with results we obtained in 
feeding and metabolism trials (Gleghorn, et al., 2004; Gueye et al., 2003; McBride et al., 2003; 
Cole, 2006). 
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Seasonal /Climatic Variability.  Animal performance and ammonia emissions vary with 
seasons (Erickson et al. 2000, 2003; Cole, 2003). Thus, to more precisely feed cattle, 
environmental and seasonal factors may need to be taken into account.    

Feed Ingredient and Diet Variability.  A major factor limiting the use of precision feeding is 
feed and diet variability.  Loads of feed ingredients vary in nutrient composition because of 
growing conditions, time in storage, etc.  Many tabular values are based on “old” and limited 
data and thus their validity today is questionable. In an 8-year survey of corn CP concentrations 
at a Texas feedyard, only 6% of corn samples had a CP concentration equal to or greater than 
NRC (2000) values (Table 2; Figure 1: Cole, 2003). 

Many factors affect nutrient composition of diets including the nutrient composition of the 
ingredients, sampling errors, mixing errors, and laboratory variability/errors.  To reduce diet 
variability employees should receive training in proper feed mixing and sampling, and feed 
mixers and scales should be tested routinely to be sure that ingredients are mixed properly and to 
determine the optimal mixing time (McCoy, 1994; Jones, 2001). 

The analyses of 110 samples of a finishing diet formulated to contain 13.5% CP based on 
historical corn composition data (Table 2: Figure 1) demonstrated that although there was some 
variation in analyzed CP concentrations of the diets, the mean and median values were close to 
the formulated concentration and over 75% of the samples contained at least 13.13% CP.  Only 
10% of ration samples had a CP concentration of less than 12.75%.  Similarly, Dou et al. (2003) 
noted that 67% of dairy rations were within 10% of the formulated protein concentration.  Thus, 
if the nutritionist has a good chemical analysis or a history of the composition of feed 
ingredients, it is possible to mix diets that meet formulated diet specifications at least 75 to 90% 
of the time. 

Chemical Analyses. Chemical analyses of feeds can vary from lab to lab and from method to 
method.  In Table 3 are presented the analyzed CP concentrations of 5 feedyard diet samples sent 
to 3 different labs. The diet was formulated to contain 13.5% CP and on average analyzed to 
contain 13.7% CP. However the analyzed CP concentrations ranged from 12.7 to 14.5%. 
Obviously, the difficulty in obtaining precise feed analyses makes the formulation of diets more 
difficult. 

Logistic challenges.  One of the advantages of modern concentrated livestock feeding 
operations is the economy of scale. However, the sheer size of many operations also makes it 
more difficult to adapt some technologies.  In large operations, modifying feeding practices may 
require feed mill modifications or may increase the feed truck miles and/or employee time 
required just to get cattle fed. Requirements of additional fuel, employees, or feed trucks can 
result in significant costs to the enterprise.  

Feed Selection. Ingredient selection can have a major effect on the nutrient concentration in 
diets. Many by-product feeds such as distiller’s grains, corn gluten feed, and high protein meals 
are high in N, P, S, and(or) other nutrients.  Their use may result in diets and manure with 
excessive P concentrations. For example, Gueye et al. (2003) and McBride et al. (2003) noted 
that replacing cottonseed meal with urea as the supplemental N source in finishing diets reduced 
diet P concentration by 29.4% and P excretion by 20.5%. Many of these co-products fit well into 
beef cow supplements or dairy rations if other supplemental forms of P are removed. 

Feed intake. Animals require quantities of nutrients rather than dietary proportions (ie. 
lbs/day vs. %). However, in most cattle feeding operations animals are provided ad libitum 
access to complete diets.  Therefore diets are formulated to contain designated concentrations of 
nutrients with the assumption that feed intake will be within a specified range.  Overestimating 
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feed intake will lead to under-feeding specific nutrients, whereas underestimating feed intake 
will potentially lead to feeding excessive quantities of nutrients.  For example, a 5% change in 
the dry matter intake of a dairy cow can affect the required dietary CP concentration by 0.5 to 
1% (Chase, 2002). 

Feed processing effects.  In the newest versions of the beef and dairy nutrient requirements 
(NRC, 2000, 2001, respectively) diets are balanced based on the quantity of ruminally 
degradable (DIP or RDP) and ruminally undegradable (UIP or RUP) protein. Van Horn et al. 
(1994) calculated that simply balancing the DIP and UIP in the diet of dairy cows would 
decrease N excretion about 15% compared to NRC (1989) standards. 
However, DIP and UIP values of feeds have not been determined experimentally and their 
requirements vary with other dietary and management factors.   

Feedlot studies with dry-rolled corn-based diets suggest the CP requirement of finishing beef 
cattle is equal to or less than 11.5% of dietary DM (Milton et al., 1997; Shain et al., 1998) and 
that the DIP requirement is approximately 6.5% .  However, results of trials with steam-flaked 
corn-based diets suggest the optimal CP concentration for finishing cattle performance is closer 
to 13.0% (Cooper et al., 2002; Gleghorn, et al., 2004) and the DIP requirement is greater than 
8%. This difference in DIP (and subsequently CP) requirements is due to greater ruminal starch 
digestion in cattle fed steam-flaked corn-based diets.   

Typically, it is not possible to “balance” DIP and UIP in beef cattle finishing diets because of 
the high UIP value of the basal ingredients. In an 80% corn beef finishing diet, the corn + forage 
portion of the diet will usually supply UIP in excess of the animal’s requirement.  Thus, when 
supplemental protein is provided to supply required DIP, the “excess” UIP-N in the 
grain+forage+supplement portion of the diet results in excess total N in the diet.  This is in 
contrast to most dairy diets which require supplemental UIP.    

Phosphorus:  Most feed grains contain at least 0.30% P. Thus, if fed at 80% of a finishing 
diet, the basal P content of the diet is 0.25% or more.  Erickson et al. (1999) noted that 
performance of finishing steers was not adversely affected by feeding diets with P concentrations 
as low as 0.14%. Similarly, in growing beef steers, Greene et al. (2001) noted that decreasing 
the dietary P concentration from 0.33 to 0.22% decreased P intake 50%, and decreased P 
excretion by 54% without affecting average daily gain and gain/feed. 

Wu et al. (2000; 2001) noted that the P requirement of dairy cows may be substantially lower 
than concentrations routinely fed in the industry and that any P fed in excess of 0.31% was 
excreted in the feces. 

Availability of feed P has received little attention in ruminant diets because early studies 
indicated that phytate-P in grains is highly available to ruminants.  The current NRC for dairy 
(2001) assumes a P availability of 64% for forages, 70% for concentrates, and > 70% for most 
inorganic P sources; whereas, the NRC for beef cattle (2000) assumes a P availability of 68 % 
for all feeds. Providing supplemental P to dairy and beef cows based on available P, rather than 
total P, can potentially decrease the quantities of supplemental P fed and excreted by a factor of 3 
or more (Table 4).   

In general, once beef cattle are adjusted to the high concentrate finishing diet, they are fed a 
single diet throughout the feeding period. Thus, protein may be deficient early in the feeding 
period and in excess late in the feeding period. On average, an excess of approximately 2.64 lb 
of N is fed per animal during a 150 day feeding period (Galyean, 1998).  Nitrogen can be 
conserved by lowering the dietary protein concentration late in the feeding period (phase 
feeding). To date, most phase feeding studies conducted with beef cattle fed dry-rolled corn­
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based diets and(or) with moderate implanting strategies suggest that supplemental protein could 
be partially, or completely withdrawn from finishing diets during the last 30 to 60 days on feed 
without adversely affecting animal performance (Erickson et al., 2000: Vasconcelos et al., 2006). 
However, in studies with beef cattle fed steam-flaked corn-based diets, decreasing dietary protein 
late in the feeding period (from 13.5 to 11.5%) had adverse effects on animal performance (Cole 
et al., 2006). 

Satter and Wu (1999) noted that dairy cows could also be phase fed without adversely 
affecting milk production.  By decreasing dietary CP concentration from 17.9 to 16.0% on week 
17 of lactation, N intake was decreased 13%, manure N was decreased 16%, and milk production 
was not affected. 

Because there are a number of obstacles to overcome in using phase feeding systems in 
commercial feedyards (additional supplements and diets, added time or labor required to feed, 
possibly increased incidence of acidosis, etc.) the economic practicality of phase feeding under 
current situations is not clear.  With the advent of the new growth promoter, Optiflex (Elanco 
Animal Health), which will be fed toward the end of the feeding period, the effects of phase 
feeding will need additional evaluation.  

USE OF MANURE AS A FERTILIZER: DIET AND MANAGEMENT EFFECTS 

Improper use of organic and/or inorganic fertilizers can result in nutrient accumulation in 
soils, runoff to surface water or percolation to ground water.  Many farmers prefer to use 
commercial inorganic fertilizers, rather than manure because of factors such as uncertain and 
inconsistent nutrient content, difficulties in uniform spreading, soil compaction, odor, weed 
seeds, high salt content, personal opinions, transportation costs, and low N:P ratio.  Increased 
paper work from regulations could potentially further decrease use of manures by farmers.  

Most crops require a N:P of 5 to 8:1. However harvested feedlot and dairy manures normally 
have N:P of 3:1 or less. The major factor affecting the N:P ratio is N volatilization losses. 
Depending upon weather conditions, pen surface conditions, diet, and other factors, 40 to 60% of 
N fed may be lost to the atmosphere, primarily as ammonia (Cole 2006; Cole et al., 2005; 2006; 
Todd et al., 2005, 2006). Decreasing dietary protein concentration from 13 to 11.5% of dry 
matter decreased potential ammonia emissions by approximately 30% (Cole et al., 2005; Todd et 
al., 2006). A number of potential soil amendments (Shi et al., 2001) and feed additives (Eng et 
al., 2003) have the potential to decrease ammonia emissions from feedlot pens.  However the 
economics of these methods have not been clearly determined.  More frequent cleaning of dirt 
surfaced pens will potentially increase N capture in the manure and decrease ammonia emissions 
(Erickson et al., 2003), especially in the summer months.  Although this relationship should hold 
true for dairy dry lots as well, more frequent scraping of concrete dairy barns does not appear to 
affect N volatilization losses (Larry Satter, personal communication).  Erickson et al. (2003) also 
noted that increasing dietary fiber (as corn bran) in the finishing diet or adding sawdust to the 
pen surface decreased the quantity of N volatilized from the pen surface during a winter/spring 
feeding period. However, these procedures also increase the total quantity of manure than must 
be removed from the facility.   

Application of manure as a fertilizer on pastures is difficult to sustain in the long term 
because animal product removes less than 30% of the nutrients applied.  For optimal utilization 
of manure nutrients, at least a portion of the forage needs to be removed as hay or silage.  In 
addition, grazing cattle do not distribute manure evenly across a pasture  (White et al., 2001). 
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Thus, fertilizers (organic and inorganic) should not be applied in areas where animals tend to 
congregate and deposit more nutrients on the land. 

The nutrient composition and availability of manures collected from CAFOs vary greatly 
depending upon animal species, the diet fed, length and type of storage, type of housing, timing 
and method of manure collection, pen surface, bedding used, application systems, etc.  Because 
many nutrients and trace elements in animal manures are organically bound or contained within 
structural components, manure may act as a form of “slow release” fertilizer (Loecke et al., 
2004). Long-term manure applications may actually help decrease nutrient and soil runoff losses 
from fields due to increased soil organic matter and improved soil physical properties 
(infiltration, aggregation, bulk density) (Gilley and Risse, 2000). 

Diet and management may also affect nutrient availability of manures.  Sorenson and 
Fernandez (2003) noted that the fiber (r = -0.73) and crude protein (r =0.53) content of swine 
diets affected the subsequent mineral fertilizer equivalent value of slurry N.  Similarly, Sorenson 
et al. (2003) noted that the dietary crude protein (r = 0.71) and crude fiber (r = -0.73 to -0.82) 
content of dairy cattle diets were correlated to the subsequent mineral fertilizer equivalent value 
of slurry N. The plant availability of slurry N was correlated with the ammonium content (r2 = 
0.53) and negatively correlated to the slurry C:N ratio (r2 = 0.67) and dry matter:N ratio (r2 = 
0.58). 

Ebeling et al. (2002) noted that excessive addition of inorganic P to dairy diets (0.31 vs. 
0.49%) produced manures with higher P concentrations (0.48 vs. 1.28% P).  When applied at 
equal N application rates, total P runoff was 6 times greater and dissolved reactive P runoff was 
10 times greater for the high-P manure than the low-P manure.  When applied at equivalent P 
levels, total P runoff was 2 times greater and dissolved reactive P runoff was 6 times greater for 
the high-P than low-P manure. 

Koelsch (2000) noted that decreasing dietary P concentration of beef finishing diets from 
0.45 to 0.22% decreased the corn acres required for manure application by 60%.  Powell et al. 
(2001; 2002) noted that decreasing dietary P concentration of dairy diets from the national 
average of 0.48% to a concentration of 0.38% (deemed to be adequate by several research 
studies), would decrease land required for manure application by 39%. 
        Composting of animal manures can decrease application costs, decrease mass and water 
content, suppress pathogens, destroy weed seeds and feed additives, and result in smaller and 
more uniform particle size, and decreased odor emissions.  However, during composting there is 
a 30 to 50% decrease in mass due to losses of C (46 to 62%) and N (19 to 42%) (DeLuca and 
DeLuca, 1997; Eghball et al., 1997). This decreases the N:P ratio and increases the 
concentration of other nutrients, salts, and minerals.   

Depending upon the type of housing and manure handling system, appreciable quantities of 
manure nutrients can end up in lagoons or retention ponds.  Nutrient concentrations in retention 
ponds will vary depending upon rainfall, evaporation, changes in pond volume, and N 
volatilization. In general, the high concentrations of salt, P or other nutrients in many lagoons 
and retention ponds limit their use as fertilizer (Rhoades et al., 2003). 

CONCLUSIONS 

The general public is demanding that everyone - and that includes agriculture - be held 
accountable for their impact on the environment.  This means that today, and in the future, we 
will need to balance animal production with environmental risks.  “Safety margins” in diet 
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formulation may have to be decreased.  At the present time the biggest “cushion” available is 
probably toward the end of the feeding period and late in lactation - the time period when we can 
probably have the greatest effect on both nutrient excretion and ammonia emissions.  The use of 
many technologies such as phase feeding and precision feeding is limited at the present time. 
Adding a “manure removal charge” to the cost of feed ingredients may be beneficial in limiting 
the use of feeds that may produce environmental problems.  The major factor limiting use of 
manure nutrients is often farmers’ preference for inorganic fertilizers; thus, to make manure 
more attractive as a fertilizer, livestock producers need to treat manures as a co-product, rather 
than as a waste to be disposed of at the cheapest price.   
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Table 1. Calculated effects of feeding to meet the CP requirements of 50%, 84%, 100%, or of 
precision feeding on steer performance and N excretion: 100 head of 880 lb., large frame steers 
(NRC, 1984) 
Item 50% 84% 100% Precision 

Ration cost, $ / ton 108 110 112 109 

N intake, lb/d 34.8 39.8 45.1 37.4 

N excreted, lb/d 27.9 31.9 36.1 29.9 

ADG, lb 2.73 3.39 3.52 3.52 

Feed/gain 8.00 6.49 6.25 6.25 

Cost of gain, $/cwt 43.20 35.70 35.00 34.06 

Days to 1,280 lb 146 118 114 114 

N excreted, lb/100 4,073 3,764 4,115 3,409 
steers 

Table 2. Variation in composition (% DM) of sorghum, corn, and complete diets at a commercial 
feedyard over 8 years (diet formulated to contain 13.5% CP; no supplemental P was added) 
(Cole, 2003). 

Item 
Crude protein,% P,% 

Sorghum Corn Diet Sorghum Corn Diet 

Number of samples 69 32 110 68 32 110 

Mean 11.15 9.25 13.74 0.28 0.25 0.36 

Std. Dev. 1.05 1.14 0.92 0.05 0.04 0.07 

   Maximum 13.29 12.31 16.34 0.45 0.39 0.64 

90% 12.40 10.51 14.96 0.33 0.28 0.42 

75% quartile 11.80 9.58 14.33 0.31 0.26 0.39 

Median 11.32 9.06 13.68 0.26 0.24 0.35 

25% quartile 10.73 8.55 13.13 0.24 0.23 0.32 

10% 9.49 8.30 12.75 0.23 0.21 0.30 

Minimum 8.29 6.84 11.13 0.19 0.20 0.18 

Skewness -0.63 1.08 0.16 1.11 2.12 1.37 

Kurtosis 0.22 2.05 0.54 1.38 6.94 4.58 

NRC, 2000 12.6 9.8 -- 0.34 0.32 --
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Table 3. Variation in crude protein analysis of five feedlot diet samples obtained at unloading 
from a feed truck (diets formulated to contain 13.5% CP) (Cole 2003). 
Sample # Lab 1 Lab 2 Lab 3 Mean Std dev 

1 14.3 14.2 14.1 14.2 0.10 

2 13.4 14.0 13.0 13.5 0.50 

3 13.2 14.5 13.0 13.6 0.81 

4 13.6 14.4 12.7 13.6 0.85 

5 13.5 13.9 12.8 13.4 0.56 

Average 13.6 14.2 13.1 13.7 --

Std dev. 0.42 0.25 0.56 0.61 --

CV,% 3.1 1.8 4.3 4.45 --

Table 4. Effects of P bioavailability on dietary needs and P excretion of a 1,000 lb beef cow on 
native range and 1,500 lb dairy cow in dry lot. 
Item Defluor. 

Rock 
Phosphate 

Dicalcium 
Phosphate 

Monocalcium 
Phosphate 

Phosphoric 
acid 

% P in source 18.0 18.5 21.0 25.0 
Absorption coefficient 65% 75% 75% 90% 
Cost, $/ton 370 350 360 262 
Beef Cow 

P excreted, g/d 3.33 2.06 2.06 0.69 
P source needed, g/d 52.81 44.53 39.23 27.46 

  Fecal P from supplement,   
lb per 100 cows per yr 

267.5 165.6 165.6 55.2 

Cost, $/100 cows per yr 785.41 626.5 607.1 289.2 
Dairy cow 

P excreted, g/d 3.63 2.25 2.25 0.75 
P source needed, g/d 57.6 48.6 42.8 30.0 

    Fecal P from supplement, 
Lb/100 cows per year 

291.7 180.6 180.6 60.2 

Cost $/100 cows per yr 856.51 683.20 662.06 315.38 
Assumes beef cow requires 6.2 g of absorbable P /d in supplement and dairy cow requires 6.7 
g/d. 
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Figure 1. Distribution of crude protein concentrations in feed grain and diet samples (% of 
samples with designated CP concentration - rounded to nearest 0.5%).  Diet formulated for 
13.5%CP. 


