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Chapter 13 - Biosolids Nutrient Management/ 
Calculating Agronomic Rate of Application  
 
Biosolids contain significant levels of essential plant nutrients.  The availability of these nutrients 
to vegetation at an application site depends on biosolids composition, processing, handling and 
method of application, as well as a number of soil and climatic factors. Under most situations, 
the amount of biosolids that can be applied to the soil is based on satisfying a nutrient 
requirement of the vegetation.  This quantity is called the “agronomic” rate of application. 
 
 The federal regulations and many state regulations require that the application of biosolids be 
limited to crop nitrogen (N) uptake.  The goal is to apply just enough N to maximize crop growth 
without allowing N to degrade water quality.  This Chapter provides guidance on how the 
agronomic rate of application is determined.   
 
While most current regulations are based on nitrogen application, phosphorus (P)-based rates are 
being mandated by some agencies. Many states now regulate the application of phosphorus 
through biosolids, or are considering regulations that will reduce the application of biosolids 
based on phosphorus content. This chapter also addresses the issues associated with phosphorus 
application through biosolids.  
 
Most state agencies follow USEPA's suggested N availability computation method, outlined in 
the Process Design Manual (USEPA, 1995). This chapter illustrates how nutrient management 
is achieved using the USEPA approach.  Recognize that this approach may need to be 
simplified and/or tailored for local cropping practices and regulatory requirements.  
 
13.1 Critical Control Points / Operational Controls  
 
Biosolids nutrient management controls have been established for activities before, during, and 
after land application.  
 
Before land application:  

 Confirm that the biosolids meet all pollutant, pathogen reduction, and vector attraction 
reduction requirements at the time proposed for application. Do not just rely on past history; 
a responsible representative must personally review the data to assure that all is in order. 

 Confirm the N, P, K content of the biosolids. If the material has been stored for greater than 6 
weeks, nutrient content should be reevaluated. 

 Review the farm nutrient management plan for the crop(s) being planted in order to calculate 
the biosolids agronomic rate.  

 Access information on past biosolids applications in order to consider residual N when 
calculating the biosolids agronomic rate.  

 Calculate the “target” biosolids agronomic rate based on the nitrogen content of the biosolids, 
crop nitrogen need, and residual N from past biosolids applications.  

 Discuss the proposed biosolids application with the farm operator to confirm that the 
recycling program is consistent with the farm operator's intentions.  Address any last minute 
changes on the farm operator’s part. 



NATIONAL MANUAL OF GOOD PRACTICE FOR BIOSOLIDS 

 

 
Chapter 13  Page 2 
 

 Check that all regulatory approvals, notices, etc. have been completed.  
During land application:  

 Check the area applied versus the volume (or tonnage) of biosolids applied to confirm that 
the actual application rate is consistent with the target agronomic rate.  This exercise should 
be performed daily.  

 Record the location (field, portion of field) where each load of biosolids is applied, the 
weather conditions, responsible parties involved, visits by regulators, and any unusual 
observations or complaints by neighbors.  

 
After land application activities:  

 Assemble and file all records documenting the application event. 
 Submit any required regulatory reports. 
 Provide pertinent information to the farm operator, particularly the biosolids nutrients 

applied. 
 Notify the farm operator (and specified regulatory officials as required) that land application 

activities have been completed.  
 
13.2 What is Nutrient Management?  
 
The goal of nutrient management is to develop environmentally responsible strategies for field 
application of agricultural fertilizers.  A sound nutrient management plan (NMP) will provide a 
site-specific strategy for supplying necessary nutrients for crop growth while at the same time 
protecting local water quality.  The Part 503 Rule limits land application of biosolids N to only 
the amount used by growing crops.  
 
Nutrient sources include, but are not limited to, livestock and poultry manures, compost as 
fertilizer, commercially manufactured chemical fertilizers, biosolids, or combinations thereof.  
 
13.3 Nutrient Management Planning and Biosolids  
 
The Part 503 Rule specifies that biosolids may not be applied at a rate greater than the agronomic 
rate. The agronomic rate is defined in 40 CFR 503.11 as the:  

 
“whole sludge application rate (dry weight basis) designed :  (1) to provide the amount of 
nitrogen (N) needed by the food crop, feed crop, cover crop, or vegetation grown on the land 
and (2) to minimize the amount of N in the sewage sludge that passes below the root zone of 
the crop or vegetation grown on the land to the ground water.”  

 
While the term “agronomic rate” is relatively new, the practice of limiting biosolids 
applications to supply only as much N as will be consumed by the crop and removed during 
harvest, is not. Most state biosolids regulations have recognized this practice for decades.  
 
13.4 Biosolids and Phosphorus  
 
Experience has shown that repeat applications of nutrients to the same farm field may eventually 
result in elevated levels of soil test phosphorus (P). When elevated soil test P is found, terms 
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such as high or excessive are used in soil test reports to indicate that further addition of 
phosphate fertilizer will not increase crop yields.  Such interpretations of soil fertility tests are 
based on agronomic/economic considerations, not on potential environmental risk posed by high 
soil test P levels.  
 
Biosolids, like animal manure, are not a balanced fertilizer.  The primary nutrients (nitrogen 
(N), phosphorus (P), and potassium (K)) required to achieve target crop yields do not match the 
amounts available from biosolids on a mass basis. For example, when biosolids applications are 
performed to meet crop-N need, P is typically over-applied.  At the same time K is often 
underapplied. The degree to which P and K are mismatched to crop needs depends on the 
particular biosolids and the crop.  
 
Current standard practice bases biosolids application on plant available nitrogen (PAN) 
content. The approach strives to assure that at least two of the three primary nutrients, N and P, 
are present in the soil in sufficient quantities to achieve the desired crop yield. While the N 
application is managed to avoid excessive deep percolation and associated groundwater 
contamination, P is over-applied. It is therefore not surprising that soil test P levels on farms 
utilizing N-based prescriptions for land application of biosolids may continue to climb. While 
excessive soil test P is not the goal, the underlying rationale behind this strategy is that high 
soil test P from biosolids causes no environmental harm.  
 
Research in recent years suggests that dissolved P in runoff from fields having excessive soil test 
P may contribute additional P loading to adjacent streams.  This finding has stirred interest, since 
P is the major controlling factor for nutrient-based degradation (eutrophication) of fresh water 
bodies. A key factor in determining impacts on eutrophication is the bioavailability of P in 
surface water bodies. Aquatic P levels of around 0.01 mg/L (as PO4) have been associated with 
the development of algae blooms in lakes and reservoirs (Deizman et al., 1989).  Runoff-P levels 
considerably greater than this have been reported from high soil test P fields, but it has not yet 
been determined to what degree biosolids-applied P contribute to runoff..  
 
It was previously believed that controlling soil loss from farm fields was an effective means 
of blocking P-transport to adjacent streams.  The reasoning was that most P is adsorbed to 
soil particles.  If the loss of soil particles in runoff were minimized, then P-export would be 
within acceptable limits. The finding that runoff-P levels from high soil test P farm fields 
sometimes exceeds the limit allowed for most wastewater treatment facility discharges (1.0 
mg/L) has caused regulators in some states to re-examine the N-based nutrient management 
approach.  
 
Definitive information relating various biosolids treatment processes and associated impacts on 
P-bioavailability and soil test P levels is lacking.  It is believed that the treatment method and 
type/amount of chemicals involved in wastewater treatment and biosolids processing have an 
impact on P availability (Hani et al., 1980).  For example, in order to meet increasingly more 
stringent stream discharge standards, metal salts are added to wastewater at many treatment 
facilities to remove effluent P. Resulting precipitated metal phosphates end up in the biosolids. 
Limited research suggests that the presence of elevated aluminum or iron in biosolids yield lower 
bioavailable-P.  
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Some states have established maximum soil test P levels beyond which land application of 
organic residuals is not permitted.  This approach fails to consider factors that are known to play 
a role in off-site P-transport.  In 1998 the state of Maryland mandated that all nutrients land-
applied after 2004 must be managed within the context of a nutrient management plan based on 
both N and P. The impact of such requirements on biosolids recycling could be significant. 
Research to define biosolids-P availability is ongoing, and should help to provide meaningful P-
based nutrient management.  
 
13.5 Components of a Biosolids Nutrient Management Plan  
 
This section provides a basic outline for addressing nutrient management issues when recycling 
biosolids on a farm.  Biosolids application can substantially offset, or even completely eliminate 
the need for chemical fertilizers when careful and deliberate nutrient management is employed.  
There are four basic components to a voluntary biosolids NMP:  

• Farm Identification  
• Management Plan Summary  
• Nutrient Allocation and Use  
• Restrictions  

 
Guidance for developing each of the four NMP components is listed below.   
 
Farm Identification Elements  

• Operator’s name, address, telephone no., and signature (Include Landowner Consent )  
• County(s) where operation is located  
• Name(s) of adjacent streams  
• Indication of any special protection waters (Refer to state guidance documents)  
• Total acres of operation  
• Total cropland acres available for nutrient application  
• Total cropland acres planned for manure recycling (excluding biosolids and other 

Organic-N (Org-N) nutrient sources) 
• Total cropland acres planned for biosolids recycling. (excluding manure and other Org-N 

nutrient sources)  
• Total cropland acres to which biosolids and manure (both) will be applied  
• Number of Animal Equivalent Units (AEU’s) per acre receiving manure, if applicable  
• Name and certification number of Nutrient Management Specialist, if applicable  
• Location maps including:  

- SGS 7 ½ min. location map showing outline of farm site  
- NRCS soil survey map(s) containing soil types and slopes with outline of farm 

site  
• Farm maps of sufficient scale to show:  

- Field and operation boundaries (with individual field numbers and acres)  
- Areas where biosolids application is limited or restricted  

 
Management Plan Summary  

• Manure management summary table, if applicable:  
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• Total manure generated on the farm site annually  
• Total manure used on the farm site annually  
• Total manure exported from the farm site annually  
• Biosolids management summary table:  
• Total biosolids generated by contributing sources  
• Total amount of biosolids which could be recycled in accordance with the computed 

Agronomic Rate  
• Nutrient application rates by field or crop group  
• General summary of excess manure utilization procedures  
• Implementation schedule  

 
Nutrient Allocation and Use Elements  

• Amounts and various nutrient sources used on the operation  
• The number of animals of each animal type, if applicable  
• Acreage and expected crop yields for each crop group  
• The amount of nutrients necessary to meet expected crop yields  
• Residual N from legumes  
• The nutrient content of the manure(s), if applicable  
• The amount of PAN originating from manure(s), considering the application method and 

planned manure incorporation time (volatilization losses), if applicable  
• The amount of PAN originating from past manure applications, if applicable  
• The nutrient content of conventional fertilizers that will be used regardless of other N 

sources (e.g. starter fertilizer, herbicide carrier solutions, etc.)  
• The amount of PAN originating from conventional fertilizers  
• The nutrient content of the biosolids  
• The amount of PAN originating from biosolids, considering the biosolids treatment 

method, biosolids-N forms, and planned application method  
• The amount of PAN originating from past biosolids applications  
• Planned manure application rate(s), if applicable  
• Target spreading periods for manure application, if applicable  
• Nitrogen balance calculation showing the biosolids Agronomic Rate for each 

management unit 
• Winter manure spreading procedures (if applicable)  

 
Restrictions  

• Frozen, snow covered, and saturated soil conditions  
• Slope constraints  
• Manure application isolation distances  
• Biosolids application isolation distances and harvest waiting periods  

 
13.6 Fundamental Terms and Concepts  
 
To understand when and where to apply biosolids, certain common terms must be understood. 
The farm field is the basic management unit used for all farm nutrient management, as defined as 



NATIONAL MANUAL OF GOOD PRACTICE FOR BIOSOLIDS 

 

 
Chapter 13  Page 6 
 

“the fundamental unit used for cropping agricultural products”.  An area of cropland that has 
been subdivided into several strips is not a single field.  Rather, each strip represents an 
individual field unit. Individual fields that are managed in the same manner, with the similar 
yield goals, are called a crop group.  
 
The cycle of crop planting and harvesting periods, not the calendar year, dictates the timing of 
biosolids land application activities. Winter wheat and perennial forage grasses are examples of 
crops that may be established and harvested in different calendar years.  In many regions, 
biosolids are commonly applied in the fall or early winter, in anticipation of a crop that will be 
planted the following spring.  Crop nutrient management practices are linked to crop nutrient 
uptake (crop growth) and nutrient removal at harvest time.  Biosolids land application programs 
must be coordinated with the cropping cycle.  
 
The basic time management unit is often called the crop year or planting season. The crop year 
is defined as the year in which a crop receiving the biosolids treatment is harvested.  For 
example, fall biosolids applications in 2000 intended to provide nutrients for a crop to be 
harvested in 2001 are earmarked for crop year 2001. Likewise, biosolids applied immediately 
prior to planting winter wheat in October 2000 should be identified as fertilizer intended for crop 
year 2001 because the wheat will be harvested in the summer of 2001. Similarly, if instead of 
wheat, the field is planted as corn in May 2001 that will be harvested in November 2001, 
biosolids applications performed in the fall of 2000 are credited to Crop Year 2001. Typically, 
biosolids applied January through June would be intended for a crop harvested in the same 
calendar year. Biosolids applied in the last six months of the calendar year usually fertilize crops 
harvested the next calendar year.  This generalization does not always hold true.  For example, 
biosolids may be applied in July on a grass forage crop or in preparation for a buckwheat crop 
that will be harvested before winter.  Other common exceptions are likely in hot, humid sections 
of the U.S.  
 
13.7 Determining Crop Nitrogen Removal  
 
The first step in computing the agronomic rate is to establish the amount of nitrogen needed for a 
desired crop yield.  The crop yield consists of crop removal rates and nutrient recommendations 
for proposed crops. This is also a good time to evaluate other primary nutrient crop removal 
amounts (phosphate and potash), though these elements are not normally regulated at the state or 
federal level.  
 
Selecting a Target Crop Yield  
Realistic yield goals can be taken from the latest edition of the Agronomy Guide (or equivalent) 
published by the land grant university in the appropriate State. This publication is often updated 
to reflect trends in common agricultural practice and recommendations resulting from current 
demonstrations and research. This resource is preferred for selecting crop yield goals due to its 
currency.  Yield goals presented in an agronomy guide are normally based on “Soil Productivity 
Group” classifications of soils that take into account soil depth, drainage characteristics, or other 
important soil features. Always use information sources appropriate for your location.  Table 
13.1 is provided as an example of the type of information commonly available.  
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Table 13.1 Typical Yield Capabilities of Select Soils*  
Soil Series  Crop 

Productivity 
Group  

Corn grain 
bu/A  

Corn Silage 
T/A  

Wheat bu/A  Soybeans bu/A 

Abbottstown  4  100  17  40  30  
Albrights  3  125  21  50  30  
Allenwood  1  150  25  60  45  
Basher  2  125  21  60  40  
Source: PSU, 1996  
* Note: This table is proved as an example.  Similar information is available for each state.  
 
Yield goals can also be based on actual field data from the site.  For example, the average crop 
yield using the three best planting seasons out of the last five years can be used.  Use of actual 
field data is preferred, but often not readily available when beginning a nutrient management 
program.  
 
Crop Nutrient Removal Rates  
Estimated crop removal rates for essential nutrients can be obtained from:  

• State regulatory agency guidance documents  
• State land grant university guidance documents (e.g.  The Agronomy Guide)  
• State agricultural extension service guidance  

 
Some variation among sources is normal.  Table 13.2 provides a number of examples of crop 
nutrient removal information needed to determine the agronomic rate.  
 
Table 13.2 Nitrogen, Phosphate, and Potash Removal from Soil by Various Crops*  

Pounds Removed per Unit Production  
Crop  Unit  N  P2O5  K2O 

Corn, grain  bu  1.0  0.4  0.3 
Corn, silage (65% moisture) ton  7.0  3.0  9.0 
Soybeans, grain  bu  3.8 (a)  1.0  1.5 
Wheat, grain & straw bu  1.5  0.7  1.4 
Wheat, grain  bu  1.3  0.5  0.3 
Footnotes: 
Original source: Dr. Douglas Beegle (The Pennsylvania State University) - personal communication with R.C. 
Brandt in 1993.  Values reflect the average of 6 sources that estimate unit production removals (unless otherwise 
noted).  
(a)  Legumes fix all of their required N except for a small amount applied as starter fertilizer.  However, they 
also have the capability to utilize N as indicated.  
Source:  Brandt and Martin, 1994  
 
Note: This table is provided as an example only. Similar information is available for each state.  
 
In practice, crop nutrient removal amounts are typically less than recommended fertilization rates 
because the amount of fertilizer needed to stimulate an optimum crop response is greater than 
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harvested plant tissue levels. Hence, when possible, agronomic rate calculations should be based 
on N fertilizer recommendations rather than N removal rates, at least for non-legume crops. 
Nitrogen needs for Legume crops (e.g. alfalfa, clover, and soybeans) should be based on removal 
rates such as those given in table 13.2, since these crops fix atmospheric N and are not normally 
fertilized with N.  
 
Calculating Net Primary Nutrient Crop Need  
The biosolids agronomic rate is based on meeting crop needs without over application of N.  The 
total Crop-N Fertilizer Rate (CNFR) can be calculated as:  
 
Equation 13.1 CNFR = Yield  x  UNFR  
 
Where:  

CNFR  =  Crop-N Fertilizer Rate, (lbs N per Acre)  
Yield  =  Crop yield, (bu/ac or T/ac harvested) (1)  See Table 13.1  
UNFR  =  Unit-N Fertilizer Rate, (lbs N per unit crop yield)  See Table 13.2  

 
(1)

 bu/ac = bushels per acre, T/ac = tons per acre  
 
For example, anticipated wheat yield for a field consisting of primarily Allenwood soils is 60 
bushels per acre (Table 13.1), with a UNFR of 1.3 lbs of N per bushel (Table 13.2).  The 
resultant crop-N uptake for this field is therefore 78 lbs of N per acre (60 x 1.3 = 78). While not 
required by most states or current federal regulation, similar calculations can be used to estimate 
phosphate and potash crop removal amounts.  
 
13.8 Biosolids Plant Available Nitrogen  
 
Computing biosolids PAN should account for:  (1) the type of biosolids, (2) the method of 
biosolids application, (3) Org-N mineralization in subsequent growing seasons, and (4) both 
inorganic and organic contributions to PAN.  

 
First year, biosolids PAN may be summarized by the following equation:  

 
Equation 13.2 PAN0-1 = (NO3 -N) + Kv(NH4

+

-N) + F0-1 (Org-N)  
Where: 

PAN0-1 = Biosolids 1st year PAN content, (lbs of N per ton) 
NO3 —N =  Biosolids Nitrate-N content, (lbs of N per dry ton)  
NH4 +-N =  Biosolids Ammonium-N content, (lbs per dry ton)  

Org-N =  Biosolids Org-N content, (lbs per dry ton)  
Kv =  NH4 +  volatilization factor -- based on the method of application  

  (see Table 13.3).  
F0-1 =  Biosolids 1st year Org-N mineralization factor based on the  

  method of biosolids treatment (see Table 13.4).  
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Example 1, located in the back of this chapter, illustrates the use of Equation of 13.2 to calculate 
the 1

st

 year PAN from biosolids.  
 
Inorganic N Forms and Availability  
Crops directly utilize N in its inorganic forms, principally nitrate (NO3 ) and ammonium (NH4

+

).  
Biosolids NO3  concentrations are typically less than 0.05%.  This translates to less than one 
pound per dry ton of biosolids.  Hence, this fraction is usually insignificant and is not included in 
most agronomic rate calculations.  However, it is advisable to test the biosolids NO3 content 
before eliminating this factor.  
 
Biosolids NH4

+

 can be significant, making up even half the biosolids PAN0. Biosolids NH4
+

-N 
can vary widely depending on treatment and storage.  Since NH4

+

-N is prone to volatilization (as 
ammonia, NH3 ), the application method affects PAN.  Surface applied biosolids are expected to 
lose half of their NH4

+

-N. Conversely, direct subsurface injection or soil incorporation with 24 
hours minimizes volatilization losses.  
 
Table 13.3 Biosolids Volatilization Losses of NH4-N as NH3  
Biosolids Type and Application Method  NH3 Volatilization Factor, Kv  
Surface Applied (liquid or dewatered)  0.5  
Direct Injection into the Soil, or Incorporation  1.0  
into Soil with 24 Hours   
Source: USEPA, 1995  
 
Biosolids Organic Nitrogen Mineralization Rate  
Most biosolids N exists as organic compounds, principally contained in proteins, nucleic acids, 
amines, and other cellular material.  These complex molecules must be broken apart through 
biological degradation for N to become available to crops.  The conversion of Org-N to 
inorganic-N forms is called mineralization.  
 
The mineralization rate depends on many soil factors such as temperature, moisture, pH, and 
availability of oxygen, as well as the inherent biodegradability of organic materials.  Biosolids 
that are digested undergo some mineralization before ever reaching the farm field.  Hence, the 
method and degree of biosolids treatment prior to application influences the amount of N easily 
released for plant uptake.  
 
Organic N in biosolids becomes available to crops (i.e., mineralized) over a period of several 
years.  Because of the many influencing factors, we rely on estimates of mineralization. 
Mineralization factors shown in Table 13.4 illustrate how treatment method and length of time 
since field application impact the amount of biosolids PAN.  
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Table 13.4 Estimated Biosolids Mineralization Rate Factors (Fyear) 
  Percent Org-N Mineralized From Field Applied Biosolids (Fyear)  

Time After Biosolids 
Application (Crop 

Year)  

Unstabilized and 
Waste Activated 

Sludges  

Lime Stabilized or 
Aerobically 

Digested Biosolids  

Anaerobically 
Digested Biosolids  

Composted 
Biosolids  

0-1  40%  30%  20%  10%  
1-2  20%  15%  10%  5%  
2-3  10%  8%  5%   
3-4  5%  4%    

Source: USEPA, 1995  
 
Note: Use decimal form of percentages (% divided by 100) when performing calculations.  
Recent WERF research (7) describes the results of laboratory and field studies in four different 
regions of the U.S. to determine the PAN from several different biosolids sources and under a 
variety of climatic conditions.  Computer simulation using weather data and the data obtained in 
this study were used to predict annual mineralization rates both from the laboratory and field 
findings.  The computer model provided good estimates of growing season PAN, and this 
method of calculating nitrogen application holds promise for more accurately determining 
agronomic loading rates under different climatic conditions than the factors currently in use 
(Tables 13.3 and 13.4 above).  
 
PAN from Past Biosolids Applications  
Information needed to calculate the amount of PAN from past biosolids applications includes the 
type of biosolids, the biosolids Org-N content, and the amount of biosolids applied (dry tons per 
acre).  
 
The calculation method presented herein for determining PAN from past biosolids Org-N 
applications originates from the USEPA’s 1983 Process Design Manual (USEPA, 1983).  This 
method is recommended to avoid lengthy calculations necessitated by other calculation 
approaches. The answers derived using this method are for all practical purposes identical to 
those found using the more lengthy calculation.  Table 13.5 provides mineralization factors for 
direct calculation of PAN from previously applied biosolids Org-N.  
 
Table 13.5 Biosolids Mineralization Factors (Km)  

Lbs of N Mineralized per Dry Ton of Biosolids per % Org-N (Km).  
Time After Biosolids 
Application (Crop 
Year)  

Unstabilized and 
Waste Activated 
Sludges  

Lime Stabilized or 
Aerobically 
Digested Biosolids  

Anaerobically 
Digested Biosolids  

Composted 
Biosolids  

0-1  8.00  6.00  4.00  2.00  
1-2  2.40  2.10  1.60  0.90  
2-3  0.96  0.90  0.72   
3-4  0.44  0.42    

Source: USEPA, 1983  
Example 2, located at the end of the chapter, illustrates the use of the carry-over PAN calculation 
using the Km (shortcut) mineralization factor.  
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13.9 Crop N Contributions from Conventional Fertilizers  
 
Nitrogen contributed by use of conventional inorganic chemical fertilizers is an important 
component in the overall N budget available to growing crops and, this must be accounted for in 
the agronomic rate computation.  Table 13.6 provides a summary of conventional N fertilizers in 
terms that are helpful in discussions with farm operators.  
 
Table 13.6 Conventional N Fertilizer Materials  

Fertilizer Total N, % Available Phosphoric 
Acid, % 

Soluble Potash, % 

Anhydrous ammonia (NH3)  82  0  0  
Urea (NH2-CO-NH2)  46  0  0  
Ammonium Nitrate (NH4NO3)  33-34  0  0  
N solutions (UAN) (Urea + 
NH4NO3 + Water)  

28-32  0  0  

Ammonium Sulfate (NH4)2SO4  21  0  0  
Diammonium phosphate (DAP) 
(NH4)2HPO4  

18  46  0  

Monammonium phosphate 
(MAP) NH4H2PO4  

11  52  0  

Ammonium polyphosphate  10  34  0  
Potassium nitrate KNO3  13  0  45  
Source: PSU, 1996  
 
Note that the nutrient content of conventional fertilizers is expressed in a three number series 
such as 11-52-0. This numeric series is interpreted as the percentage content of: (1) Total N, (2) 
Available Phosphate (P2O5), and (3) Soluble Potash (K2O). Hence, 100 lbs of 11-52-0 fertilizer 
contains 11 lbs of Total-N, 52 lbs of P2O5, and no K2O. In reality, not all commercial fertilizer 
nutrients are available to crops, but agronomic rate calculations normally assume all fertilizer N 
is available for uptake in the first year.  
 
More detailed information on conventional fertilizers can be found in the agronomy guide for 
your state.  The county Cooperative Extension agent is another excellent source of information.   
 
13.10   Crop N Contributions from Previous Legume Crops  
 
Nitrogen contributed by previous legume crops is another contribution to be considered when 
computing the agronomic rate.  Table 13.7 illustrates the type of information needed when 
assessing N contributions from legumes. Consult the state agronomy guide for guidance specific 
to your area.  
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Table 13.7 Residual N Contributions from Legumes for Corn Production*  
Previous Crop  % Stand  Soil Productivity Group 1 

Nitrogen Credit (lbs/A)  

First Year After Alfalfa    
 >50% Stand  120  
 25%-49% Stand  80  
 <25% Stand  40  

Second Year After Alfalfa    
 <50% Stand  60  
First Year After Clover Or Trefoil    

 >50% Stand  90  
 25%-49% Stand  60  
 <25% Stand  40  
First Year After Soybeans Harvested 
For Grain  

 1 lb N/bu Soybeans  

Source:  After PSU, 1996  
 
Note: This table is proved as an example only. Similar information is available for each state.  
 
13.11 Crop N Contributions from Manures and Other Amendments  
 
Manure N must also be considered when determining the agronomic rate.  The procedure for 
manure is similar to biosolids.  Current manure applications are evaluated first, based on the 
animal type, N content, and incorporation time.  Like biosolids Org-N, past manure applications 
also contribute to the soil-N pool through mineralization.  PAN originating from this fraction is 
computed separately and then added to current applications to get the total PAN from livestock 
manure.  
 
Consult the agronomy guide (or equivalent) appropriate for your area to determine the correct 
method for determining PAN originating from livestock manure.  Often, more than one method 
for manure PAN computation is provided.  
 
Finally, nitrogen contributions from all other possible sources must be considered in calculating 
the overall N budget available to growing crops.  Unusual or non-conventional sources that 
should be considered may include irrigation water; pesticide carrier solutions; and other organic 
fertilizer materials such as food processing residuals.  
 
13.12   Determining the Biosolids Agronomic Rate  
 
PAN contributions from all past and current planned non-biosolids sources must be subtracted 
from the calculated Crop-N Fertilizer Rate to determine the Crop-N Deficit (CND) that may be 
supplied by biosolids applications for a particular field crop.  Nitrogen sources that must be 
considered include:  



NATIONAL MANUAL OF GOOD PRACTICE FOR BIOSOLIDS 

 

 
Chapter 13  Page 13 
 

• Manure-N, if applicable (including current and historical applications)  
• Residual legume-N, if applicable (carry-over from previous legume crops)  
• Starter fertilizer-N, if applicable  
• Conventional N-containing chemical fertilizer(s)  
• Biosolids Org-N carry-over (including N originating from the previous three years 

applications)  
• Other N sources (e.g. land applied crop or food processing residuals, irrigation water, N-

solution pesticide carriers, other non-conventional fertilizer materials, etc.)  
 
Agronomic Rate Basics:  

1. Select a realistic crop yield goal  
2. Determine N needs of this crop  
3. Estimate residual N in the soil from past manures/legumes/biosolids  
4. Determine the amount of supplemental N needed to meet the crop need  
5. Calculate the amount of biosolids necessary to supply this amount  

 
All of the above listed Crop-N sources have been discussed in previous sections of this chapter. 
Note that the principal source for historical data is the farm operator.  
The agronomic rate is calculated using the first year PAN content of the biosolids intended to be 
recycled and the Crop-N Deficit.  Any change in either of these factors will impact the computed 
Agronomic Rate.  Equation 13.3 describes the calculation of Agronomic Rate:  
 

Equation 13.3 AR = (CND) / PAN0-1  
Where:  
AR  = Agronomic Rate, (dry T/ac) 
PAN0-1  = Biosolids 1st year PAN content, (lbs per dry ton) 
CND  =  Crop-N Deficit = Anticipated Crop-N Fertilizer Rate minus all 

historical  
PAN sources and current planned non-biosolids PAN sources,  
(lbs/ac)  
(Previous biosolids carry-over N is included in this calculation).  

 
Example 3, found at the end of this chapter, illustrates Crop-N Deficit (CND) 
calculation incorporating the factors listed above.  
 
13.13   Step-by-Step Agronomic Rate Calculation  
 
This section provides a detailed example agronomic rate calculation using all of the separate 
components. In practice, this analysis must be repeated for each farm field contained in a land 
application program.  
 
There are four basic steps involved in determining the Agronomic Rate: (1) CNFR 
Determination, (2) CND Determination, (3) Biosolids PAN Determination, and (4) Agronomic 
Rate Calculation. Example 4, below, guides you through these steps and provides references for 
each individual element. Reference Tables 1, 2, and 3 are also included to support the agronomic 
rate calculation in Example 4.   
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Blank worksheets for manual agronomic rate calculations (on a single application field) are 
provided at the end of this chapter, for use in making agronomic rate calculations.  The 
worksheets follow the same layout as provided in Example 4.  These blank sheets may be 
copied as necessary.   
 
Computer-Based Agronomic Rate Determination  
While the agronomic rate calculations are straightforward, they become cumbersome when 
dozens of fields and multiple biosolids applications are involved.  For this reason, land appliers 
may wish to develop a computer-based spreadsheet or purchase one of several commercial 
versions available to calculate application rates. To be useful, such computer programs must be 
able to generate biosolids application rates for individual farm fields based on crop type, yield 
goals and nutrient requirements.  They must be able to account for residual N inputs from past 
applications of manures, legumes, and biosolids.  In addition, the programs should be able to 
assess analytical results and develop separate field application rates for varying biosolids 
characteristics.  
 
Example 4: Agronomic Rate Calculation  
Given: Planned crop:  Corn, silage  

Predominant soil series:  Allenwood  
Target crop yield (based on soil productivity group): 25 T/A  
Unit-N Fertilizer Rate (UNFR):  7.0 lbs N/T yield  
Previous year legume crop and yield:  Soybeans / 45 bu/A  
Starter fertilizer usage:  100 lbs/A of 11-52-0  
Historical manure usage information: Manure type:  Dairy Frequency of application:  5 
out of last 10 years Typical manure application rate:  10 WT/A Typical manure-N 
content:  10 lbs N/WT  

 
Past biosolids applications:  

Data From Records  Previous Year 
2000 

Two Year Ago 
1999 

Three Years Ago 
1998 

Total Biosolids Applied (DT/A)  2.5  3.0  4.0  
Biosolids Org-N Content (%)  4.3  4.6  4.9  
Biosolids Org-N Applied* (lbs/A) 215  276  392  
* Biosolids Org-N lbs/A = (DT/A) x (Org-N %) x 20  

 
Biosolids characteristics: 

Biosolids stabilization method:  Aerobic digestion  
Biosolids application method:  dewatered and surface applied  
Biosolids Org-N content:  4.9%  
Biosolids NH4-N content: 0.1%  
Biosolids NO3-N content: 0.0% 
Biosolids solids content:  20%  

 
Find:  Agronomic Rate given the above conditions. Solution: See calculation 
procedure below.  
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Example 4 - Calculation Procedure  
STEP 1:  CNFR               
DETERMINATION  Units  Enter Value  Totals (Remarks)  
1a. Planned Crop  crop name  Corn, silage   
1b. Predominant Soil Series soil series  Allenwood   
(optional)  name    
1c. Soil Productivity Group soil group  Group I  (Re: Table 13.1*)  
(optional)  no.    
1d. Target Crop Yield  bu/A or T/A  25 T/A  (Re: Table 13.1*)  
1e.  Unit-N Fertilizer Rate       
(UNFR)  

lbs N/A  7.0  (Re: Table 13.2*)  

1f.  Crop-N Fertilizer Rate      
(CNFR)  

lbs N/A  (1d x 1e) =  175  

STEP 2: CND               
DETERMINATION  Units  Enter Value  Totals (Remarks)  
2a. PAN from Legumes  lbs N/A  45  (Re: Table 13.7*)  
2b. PAN from Conventional       
Fertilizers  

lbs N/A  11  = (100 x 11%)  

2c. PAN from Recent or Panned 
Livestock Manure Applications  

lbs N/A  0   

2d. PAN from Historical 
 Livestock Manure Applications  

lbs N/A  15  (Re: See note below)  

2e. PAN from Past Biosolids lbs N/A  43  (Re: Example 4  
Applications **    Km table below)  
2f. PAN from Other Sources  lbs N/A  0   
2g.  Total PAN (from above)  lbs N/A  114  = (sum of above sources)  
2h. Crop-N Deficit (CND)  lbs N/A  61  =  (1f - 2g)  
* Referenced table is provided as an example only.  Similar information is available for each 
state. 
** Insert value from Biosolids Mineralization Worksheet provided below.  
Note: Dairy manure applied at 10 WT/A for 5 out of the last 10 years with a Nitrogen 
content of 10 lbs N/WT.  (10 WT/A x 10 lbs N/WT x 0.15 = 15 lbs N/A Available) 
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STEP 3:  BIOSOLIDS PAN          
DETERMINATION  Units  Enter Value  Totals (Remarks)  
3a.  Biosolids Stabilization 
Method  

 Aerobic   

3b. Biosolids Application 
Method  

 Surface   

3c. Biosolids Org-N, PAN    % = 
0.3  lbs N/DT  29.4  

(Re; Table 13.4, F(0-1) = 0.3) 
= (4.9 x 20 x 0.3)  

3d. Biosolids NH4 +-N, PAN % 
= 0.5  lbs N/DT  1.0  

(Re: Table 13.3, Kv = 0.5) = 
(0.1 x 20 x 0.5)  

3e. Biosolids NO3 —N, PAN % 
= 0.0  lbs N/DT  0.0  = (0.0 x 20)  
3f. Total Biosolids PAN(0-1)  

lbs N/DT  30.4  = (3a + 3b = 3c)  
STEP 4:  CALCULATE  AR     
4a. Agronomic Rate  DT/A  2.0  = (2h / 3f)  
 
The agronomic rate is 2.0 DT/ac (equivalent to 10 WT/A), as demonstrated in the 
Agronomic Rate Calculation above. The Agronomic Rate in Dry Tons per acre is converted 
to Wet Tons per Acre by dividing DT/A by the solids content (in decimal form).  For 
example: 2 DT/A is equivalent to 10.0 WT/A when the solids content is 20 percent.  
 
Example 4 Biosolids Org-N Mineralization Km “Shortcut” Factor Method 

 T U V W X Y Z 
 Crop  

Year  
(CY)  

No. Of  
Years Prior  
To Plan Yr.  

Equivalent 
Years 
Since  

Application 

Km Factor 
(from 

Table 13.5) 

Total Applied 
Biosolids  
(DT/A)  

Biosolids  
Org-N  

Content 
(%)  

Mineralized  
PAN From Past 

Biosolids 
(lbs/A)  

1 (CY) 
1998 3 3-4 

Km(3-4) 
value 
0.42 

DT/A 
4.0 

Org-N % 
4.9 

= W1 x X1 x 
Y1 
8.2 

2 (CY) 
1999 2 2-3 

Km(2-3) 
value 
0.90 

DT/A 
3.0 

Org-N % 
4.6 

= W2 x X2 x 
Y2 

12.4 

3 (CY) 
2000 1 1-2 

Km(1-2) 
value 
2.1 

DT/A 
2.5 

Org-N % 
4.3 

= W3 x X3 x 
Y3 

22.6 

4 
Plan 
CY 

2001 
    Total = Z1 + Z2 + Z3 

43.2 

Total Carry-Over N From Biosolids Applied In Three Previous Years Equals (Cell Z4)  
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Reference Tables for Calculation of Agronomic Rate  
 
Reference Table 1 - Important Abbreviations and Terms  
Term  Definition  
AR  Agronomic Rate, (dry tons per acre)  
Yield  Crop yield, (bushels or wet tons per acre harvested)  
Org-N  Organic-N content, (lbs per dry ton of biosolids)  
NH4+-N  Ammonium-N content, (lbs per dry ton of biosolids)  
NO3 —N  Nitrate-N content, (lbs per dry ton of biosolids)  
Fyear  Biosolids Org-N availability factor for the period (year) identified in subscript -- based on 
 the method of biosolids treatment shown in Table 8.4. (This factor has no units.)  
Km  “Shortcut” biosolids Org-N availability factor -- based on the method of biosolids  
 treatment shown in Table 8.5. (This factor has no units.)  
Kv  NH4+  volatilization factor – based on the method of application shown in Table 8.3.  
 (This factor has no units.)  
PAN(0-1)  Biosolids 1st year PAN content, (lbs per dry ton)  
UNFR  Unit-N Fertilizer Rate, (lbs N removed per unit crop yield)  
CNFR  Crop-N Fertilizer Rate, (lbs N removed per acre by crop harvest)  
CND  Crop-N Deficit:  Anticipated Crop-N Fertilizer Rate (N removed by harvest), minus all  
 historical PAN sources and current planned non-biosolids PAN sources, (lbs per acre)  
 (Previous biosolids carry-over N is included in this calculation).  
 
Reference Table 2 - Calculation Procedure  
STEP 1: Units  Reference  
CNRR DETERMINATION    
1a. Planned Crop  crop name  • Data from farm operator  
1b. Predominant Soil Series soil series  • Data from site mapping  
(optional)  name   
1c. Soil Productivity Group soil group  • Section 13.7  
(optional)  no.  • Latest Agronomy Guide.  
1d. Target Crop Yield  bu/A or T/A • Data from farm operator and/or  
  • Section 13.7 and Table 13.1*  
  • Latest Agronomy Guide.  
1e.  Unit-N Fertilizer Rate lbs N/A  • Section 13.7 and Table 13.2*  
       (UNFR)   • Latest Agronomy Guide.  
1f.  Crop-N Fertilizer Rate lbs N/A  • Section 13.7  
      (CNFR)   • Equation 13.1: CNFR = Yield x UNFR  
  • Items 1d x 1e, from above  
   
STEP 2:  Units  Reference  
CND DETERMINATION    
2a. PAN from Legumes  lbs N/A  • Data from farm operator  

• Section 13.10 and Table 13.7  
• Latest Agronomy Guide.  
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2b. PAN from Conventional 
      Fertilizers  

lbs N/A  • Data from farm operator  
• Section 13.9 and Table 13.6  
• Latest Agronomy Guide.  

2c. PAN from Recent or      
Planned Livestock  Manure 
Applications  

lbs N/A  • Data from farm operator  
• Latest Agronomy Guide.  

2d. PAN from Historical 
Livestock Manure  
Applications  

lbs N/A  • Data from farm operator  
• Section 13.11  
• Latest Agronomy Guide  

2e. PAN from Past Biosolids 
Applications  

lbs N/A  • Past biosolids application records  
• Section 13.8 and Table 13.5  
• Biosolids Org-N mineralization worksheet, below  

2f. PAN from Other Sources  lbs N/A  • Data from farm operator  
2g.  Total PAN (from above)  lbs N/A  • Sum of items 2a through 2f, above  
2h. Crop-N Deficit (CND)  lbs N/A  • Section 13.12  

• CND =  CNFR - Total PAN  
• Item 1f - 2g, from above  

   
STEP 3:  Units  Reference  
BIOSOLIDS  PAN 
DETERMINATION 

  

3a.  Biosolids Stabilization 
Method 

name 
method  

• Aerobic, anaerobic, lime stabilized, composted, etc.  

3b. Biosolids Application 
Method  

name 
method  

• Surface application or direct subsurface injection (or 
prompt incorporation)  

3c. Biosolids Org-N, PAN      • Sections 13.8  
% =______  lbs N/DT  • See Table 13.4 for F(0-1) values  
  • %/100 x 20 x F(0-1) = lbs N/DT  
3d. Biosolids NH4+-N, PAN   • Section 13.8  
% =______  lbs N/DT  • See Table 13.3 for Kv values.  
  • %/100 x 20 x Kv = lbs N/DT  
3e. Biosolids NO3 —N, PAN  • Section 13.8  
% =______  lbs N/DT  • %/100 x 20 = lbs N/DT  
3f. Total Biosolids PAN(0-1)  lbs N/DT  
  
  

• Sections 13.8 • Equation 13.2: PAN0-1 = (NO3 --N) + 
Kv(NH4+-N) + F0-1 (Org-N)  
• Items 3e+3d+3c, from above  

STEP 4:    
CALCULATE    
Agronomic Rate    
4a. Agronomic Rate  DT/A  • Section 13.13  
  • Equation 13.3: AR = (CND) / PAN0-1  
  • Items 2h / 3f, from above  
  • Items 2h / 3f, from above  
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Reference Table 3 - Biosolids Org-N Mineralization Km “Shortcut” Factor Method 
 T U V W X Y Z 
 Crop 

Year 
(CY) 

No. Of 
Years Prior 
To Plan Yr. 

Equivalent 
Years Since 
Application 

Km Factor 
(from 

Table 13.5) 

Total 
Applied 

Biosolids 
(DT/A) 

Biosolids 
Org-N 

Content 
(%) 

Mineralized 
PAN From Past 

Biosolids (lbs/A)

(CY) 
 

1 

 

3 3-4 Km(3-4) 
value 

DT/A 
from 

records 

Org-N % 
from 

records 

= W1 x X1 x Y1 

(CY) 
 

2 

 

2 2-3 Km(2-3) 
value 

DT/A 
from 

records 

Org-N % 
from 

records 

= W2 x X2 x Y2 

3 (CY) 1 1-2 Km(1-2) 
value 

DT/A 
from 

records 

Org-N % 
from 

records 

= W3 x X3 x Y3 

4 Plan 
CY 

    Total = Z1 + Z2 + Z3 

Total Carry-Over N From Biosolids Applied in Three Previous Years Equals (Cell Z4) 
Note:  Column and row identifiers (e.g. W1) are used to reference specific cells in 
arithmetic operations in this table. 
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Agronomic Rate Calculation – Blank Worksheet  
 
Calculation Procedure  
 
STEP 1:  CNFR               
DETERMINATION  

Units  Enter Value  Totals (Remarks)  

1a. Planned Crop  crop name    

1b. Predominant Soil Series 
(optional)  

soil series 
name  

  

1c. Soil Productivity Group 
(optional)  

soil group 
no.  

  

1d. Target Crop Yield  bu/A or T/A   

1e.  Unit-N Fertilizer Rate       
(UNFR)  

lbs N/A    

1f.  Crop-N Fertilizer Rate      
(CNFR)  

lbs N/A    

STEP 2: CND               
DETERMINATION  

Units  Enter Value  Totals  

2a. PAN from Legumes  lbs N/A    

2b. PAN from Conventional      
Fertilizers  

lbs N/A    

2c. PAN from Recent or       
Planned Livestock Manure 
Applications  

lbs N/A    

2d. PAN from Historical 
Livestock Manure 
Applications  

lbs N/A    

2e. PAN from Past Biosolids 
Applications *  

lbs N/A    

2f. PAN from Other Sources  lbs N/A    

2g.  Total PAN (from above)  lbs N/A    

2h. Crop-N Deficit (CND)  lbs N/A    

* Insert value from biosolids mineralization worksheets provided herewith.  
STEP 3:  BIOSOLIDS 
PAN DETERMINATION  Units  Enter Value  Totals (Remarks)  
3a.  Biosolids Stabilization 
Method  

name 
method  

  

3b. Biosolids Application 
Method  

name 
method  

  

3c. Biosolids Org-N, PAN    
% =______  lbs N/DT  
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3d. Biosolids NH4+-N, 
PAN % =______  lbs N/DT  

  

3e. Biosolids NO3 —N, PAN 
% =______  lbs N/DT  

  

3f. Total Biosolids PAN(0-1)  

lbs N/DT  
  

STEP 4:  CALCULATE  
AR  

   

4a. Agronomic Rate  DT/A    
 

Prescribed Agronomic Rate ________________________________ 
 
Biosolids Org-N Mineralization  Km “Shortcut” Factor Method 

T U V W X Y Z  

Crop 
Year 
(CY) 

No. Of 
Years Prior 
To Plan Yr. 

Equivalent 
Years Since 
Application 

Km Factor 
(from 

Table 8.5) 

Total 
Applied 

Biosolids 
(DT/A) 

Biosolids 
Org-N 

Content 
(%) 

Mineralized 
PAN From 

Past 
Biosolids 
(lbs/A) 

1 (CY) 3 3-4 Km(3-4) 
Value 

 
 

DT/A Org-N % = W1 x X1 x 
Y1 

2 (CY) 2 2-3 Km(2-3) 
value 

DT/A Org-N % = W2 x X2 x 
Y2 

3 (CY) 1 1-2 Km(1-2) 
Value 

 
 

DT/A Org-N % = W3 x X3 x 
Y3 

4 Plan 
CY 

    Total = Z1 + Z2 + Z3 
 
 

 
Total Carry-Over N From Biosolids Applied In Three Previous Years Equals (Cell 
Z4) ______________ 
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Example 1: Calculating the 1
st

 Year PAN from Biosolids  
Given: Aerobically digested biosolids  
Method of application - surface applied liquid  
Biosolids-N content: Total-N = 5.0%  

Org-N = 4.0% NH4+-N = 1.0%  
NO3 -N = 0.0%  

 
Find:  1st Year PAN per dry ton of biosolids  
 
Solution: The solution is calculated in two steps.  
 
Step 1 - determine the amount of N per dry ton of biosolids represented by form of N.  

Org-N:  4.0% x 20 lbs per T/%  =  80 lbs N/dry ton  
NH4+-N:  1.0% x 20 lbs per T/%  =  20 lbs N/dry ton  
NO3 --N:  0.0% x 20 lbs per T/%  =   0 lbs N/dry ton  

 
Step 2 - use Equation 13.2  

PAN0-1 = (NO3 -N)+ Kv(NH4+-N) + F0-1 (Org-N) 
PAN0-1= 0.0 + 0.5 (20) + 0.30 (80) Note: Kv is selected from Table 13.3 
 
 F0-1 is selected from Table 13.4 PAN0-1= 0.0 + 10 + 24 PAN0-1= 34 lbs N/dry ton This 
indicates that each dry ton of biosolids can supply 34 lbs of N to the crops.  

 
 

Example 2:  Biosolids Carry-Over PAN Calculation Using the Shortcut 
Mineralization Factor Km.  
Given: Aerobically digested biosolids  

Applied two years ago  
Application Rate: 5 dry tons / Acre Biosolids Org-N content: 4.0%  

 
Find: Biosolids PAN from this previous biosolids application – using the Km factor.  
Solution:   The solution is calculated in one step.     

From Table 13.5: Km = 0.90 for the conditions given.  
 
One Step Calculation: 5 dry tons / acre x 4.0% x 0.90 = 18 lbs/A N  
 

This is the amount of Biosolids carry-over N available.  
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Example 3: Crop-N Deficit Calculation  
 
Given: Planned crop  = corn for grain.  

Predominant soil in farm field = Allenwood. 
Starter fertilizer use  = 100 lb/A of MAP (11-52-0).  
Additional conventional fertilizer  = 100 lb/A of Urea (46-0-0).  
Previous crop = soybeans with yield of 40 bu/A  
Carry-over biosolids-N from application 2 years ago (See Example 2) = 18 lbs/A.  

 
Find:  Given the above information, what is the crop-N Deficit?  
 
Solution: The solution is determined in two steps.  
Step 1 - First Determine Crop-N Need:   Reference 
 Allenwood soil target yield   = 150 bu/A (Table 13.1*) 
 Unit-N Fertilizer Rate = 1 lb N/bu (Table 13.2*) 
 Crop-N Fertilizer Rate  150 bu/A x 1.0 lb N/bu  

= 150 lb N/A 
(Eq. 13.1) 

     
     
Step 2 - Add up All PAN sources:    

X Manure-N = 0  
X Residual legume-N = 40 (Table 13.7*) 
X Starter fertilizer-N = 11 (Table 13.6) 
X Principal N-containing chemical 

fertilizer(s) 
= 46 (Table 13.6) 

X N-solution pesticide carriers = 0 (Table 13.6) 
X Biosolids Org-N carry-over = 18  (Example 2) 
X Other N sources = 0  

     
 Total PAN From Available 

Sources 
= 115 lb N/A  

     
Solution Net Crop-N Deficit (CND) = 35 lb N/A  
 
* Note: These tables are used as an example only.  Similar information is available for 
each state.  
 


