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North Carolina is one of the leading states in livestock and 
poultry production. In 1989, approximately 3.6 million animal 
units, as defined by USEPA, were grown in the state. Current 
trends in this industry are towards production consolidation and 
intensification. These efforts, while being sound from an 
economic and management perspective, often do not consider the 
full environmental impact that can ensue from the increased 
generation of animal manure. In the production of livestock and 
poultry, several by-products are generated. The two that are 
produced in the greatest quantities are manure and animal 
mortality. Both must be managed properly to optimize nutrient 
usage and protect surface and ground water quality. 

The nutrient assessment project was initiated to: 

1) assess current generation of manure by county, 
2) determine the amount of nutrients from manure that could 

be recovered and made available to agronomic crops, 
determine the quantity of nutrients required in each 
county, 
determine the amount of nutrients purchased in each 
county as commercial fertilizer, 
calculate the percent of agronomic crop nutrient needs 
that could be supplied by animal manure, and 
determine the nutrient balance in each county after 
animal manure and purchased nutrients are considered. 

In order to optimize usage of this information, the nutrient 
assessment data was geographically depicted to serve as a tool 
for: 

1) determining where the livestock are located and 
identifying "clustering effects," i.e., high densities of 
livestock production around support facilities such as 
feed mills, hatcheries, processing plants, etc.; 

2) evaluating the quantities of manure nutrients available 
for plant growth and how they may supplement the 
inorganic nutrient sources in a given area; 

3) assessing the potential for nutrient impairment of water 
resources; and 

4) providing a decision-making guide for future county or 
area-wide growth and development. 

All animal by-products contain organics and nutrients. Manure 
organics can provide a fuel source, while the nutrients, if 
managed properly, can be used as a feed source or as a plant 
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fertilizer. "Best Management Practices" (BMPs) for manure used 
as a feed or fertilizer include manure collection, treatment, 
storage, and nutrient/feed analysis. Additional BMPs are 
required when manure is used as a fertilizer. These practices 
include proper timing, rate, and application uniformity in 
relation to the nutrient needs of the growing plants. In 
addition, soil conservation practices to reduce soil, manure, and 
nutrient movement off site are needed. 

Manure Characterization 

Data on manure, litter, wastewater, and sludge quantities and 
characteristics are necessary to assist in the planning, design, 
and operation of manure collection, storage, pretreatment, and 
utilization systems for livestock and poultry enterprises. The 
North Carolina Agricultural Chemicals Manual contains summaries 
of data from a wide base of published and unpublished information 
on livestock manure production and characterization. These 
summaries represent typical domestic food animal and poultry 
species as well as different farm manure management systems 
within species. Fresh manure values represent "as voided" feces 
and urine. Farm manure management systems include the 
following: 

1) paved lot manure scraped within two days either directly 
into a manure spreader for field spreading or into a 
short-term storage structure; 

2) unpaved feedlot manure scraped after each group of 
livestock; 

3) annual accumulations of poultry manure with wood shavings 
or peanut hulls as a litter base; 

4) liquid slurry accumulating for 6-12 months from manure, 
excess water usage, and storage surface rainfall surplus; 

5) surface liquid from an anaerobic treatment lagoon; and 
6) bottom sludge from an anaerobic treatment lagoon. 

Actual values vary due to differences in animal diet, age, usage, 
productivity, management, and location. Whenever site-specific 
data are available or actual sample analyses can be performed, 
such information should be considered in lieu of the mean 
summarized values. 

Animal production in North Carolina produced approximately 21 
million tons of fresh manure in 1989. Figure 1 shows the total 
manure distribution by counties. An additional 47,000 tons of 
poultry mortality and 25,000 tons of swine mortality also had to 
be managed but is beyond the scope of this paper. Animal manures 
contained 158,000 tons of nitrogen (N), 108,000 tons phosphate 
(P205), 101,000 tons of potash (K20), plus significant quantities 
of secondary and micronutrients. 

) 



Collectable Manure 

All animals are not raised in confinement where their manure can 
be easily collected for reuse. Cattle and sheep spend most of 
their time on pasture. Some hog enterprises consist of dirt or 
pasture lots. A small percentage of turkeys are still finished 
on open range. While these unconfined animals still contribute 
manure nutrients to the pasture system, these nutrients are not 
addressed in this assessment. About 52% of the total fresh 
livestock and poultry manure is considered collectable in North 
Carolina. 

Nutrients Remaining After Storage and Treatment Losses 

During the time between manure voiding by the animal and 
transport to the field for spreading, much of the nutrients can 
be lost through drying or dilution, surface runoff, 
volatilization, or microbial digestion. Since different manure 
management systems either conserve or sacrifice varying amounts 
of nutrients, an estimate must be made of the percentage of farms 
using specific systems. Applying these percentages to the manure 
characteristics appropriate to the specific method gives the 
remaining nutrients after storage and treatment losses. About 
35% of the fresh manure nitrogen, 53% of the phosphate, and 39% 
of the potash from the total livestock and poultry enterprises in 
North Carolina are available for field spreading. 

Land Application BMPs 

Manure used as a fertilizer source must be applied at a rate that 
meets the nutrient requirements of the plant. In most instances, 
the application rate is based on the nitrogen (N) supplying 
content of the manure. Application rates should not exceed the 
plant nutrient requirements for N. Excess N can leach through 
the soil or run off the soil surface to contaminate ground and 
surface waters. In areas where phosphorus (P) cannot be retained 
on site or in areas with P-sensitive waters, land application 
should be limited to the P needs of the plant, as dictated by 
soil tests. Soil conservation practices such as grass waterways, 
field borders, conservation tillage, strip tillage, and contour 
farming are important BMPs to reduce soil, manure, and nutrient 
movement off site. 

In addition to applying the proper rate of manure, optimum timing 
and application uniformity are important management criteria to 
assure water quality and plant use. When manure is applied to 
the land, some nutrients are immediately available, while others 
are more slowly released through decomposition. When plants are 
actively growing, they can use these nutrients. If the manure is 
applied too far in advance of the crops' needs, however, the 
nutrients will not be used and are subject to leaching or surface 
runoff. Uniform application is also important to assure that 
adequate nutrients are available to all plants. 
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Plant: Available Nutrients 

Estimates of nutrient availability coefficients for various 
manure management systems and application methods are summarized 
in the North Carolina Agricultural Chemicals Manual. The plant-
available portion of the manure nitrogen (PAN) was determined by 
combining a percentage of the ammonia (ammonium) -nitrogen using 
the appropriate ammonia volatilization value based on the 
application method with one-half of the organic nitrogen assumed 
to be plant available during the same year of application. For 
this assessment, all manure, litter, slurry, and sludge were 
assumed to be surface broadcast followed by soil incorporation 
within 48 hours, while lagoon liquid was assumed to be irrigated 
without soil incorporation. About 2 0% of the fresh manure 
nitrogen (32,000 tons), 40% of the phosphate (43,000 tons), and 
30% of the potash (3 0,000 tons) from the total livestock and 
poultry enterprises were actually available for plant usage in 
1989. 

Crop Nutrient Requirements 

To determine the nutrient requirements of all agronomic crops and 
pastures (excluding legumes, horticultural, and silvicultural 
crops), the state nitrogen fertilization rate recommendations as 
found in the North Carolina Agricultural Chemicals Manual were 
used. Since considerable variability in P and K indexes occur 
across the state, an assumption of 50 pounds each of P2°5

 anc* K2° 
per acre were used for this assessment. When considering on a 
statewide basis the nutrient requirements of all non-legume 
agronomic crops and pastures and the plant-available nutrients 
from manure, about 15% of N, 55% of P205, and 39% of K20 needs 
can be met with animal manure. At the county level in 1989, no 
county had enough manure to exceed the nitrogen requirements of 
all non-legume agronomic crops and pastures (Figure 2), however, 
there was enough to provide 100% or more of the nutrient 
requirements in 13 counties for P205 (Figure 3) and 8 counties 
for K20. 

County Nutrient Balances 

Commercial fertilizer purchases were also considered in assessing 
county nutrient balances. While these data may reflect a bias 
because fertilizers purchased in one county may be used in 
another county, the data still warrant consideration. Based on 
this input, approximately 23, 19, and 25% of the counties had 
surplus quantities of N, V2°5.' a n d K 2 0 ' respectively, using a 
non-legume agronomic crop and pasture base (Figures 4 and 5). 

Usefulness of Animal Manure Nutrient Assessment 

This assessment is being used by the North Carolina Cooperative 
Extension Service to focus and network educational efforts on 


