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 Manure and Nutrient Flows
 Iowa Nutrient Budgets
 Selecting Application Rates
 Manure Variability and Uncertainty
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Manure System Stages and Objectives
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Understanding Manure Systems
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Fundamental of Nutrient Management

Is My Livestock or Poultry Operation 
Concentrating Nutrients?



Determining Manure Application Rates

• Two parts
• Supply (how much is in the manure)

• Concentration
• Availability
• Volatilization

• Demand (how much does the crop need)
• Crop Rotation
• Weather
• Soil

• Nitrogen or Phosphorus Limited



Nutrient Supply
• Nutrient Availability
• Two types of nutrients in manure

• Organic
• Inorganic

• Organic nutrients must be mineralized to 
inorganic form to become available

• Depends on manure type, soil temperatures, moisture 
conditions, storage length, etc.

• Table values used to determine amount that will 
become available (for your assignment see manure 
nutrient utilization)



Iowa Nitrogen Availability Recommendations

Nitrogen Availability for Different Manure Sources

First Year Second Year Third Year

Percent of Total Nitrogen Applied 

Beef Cattle (solid or liquid) 30-50 10 5

Dairy (solid or liquid) 30-50 10 5

Liquid Swine (anaerobic pit) 90-100 0 0

Liquid Swine (anaerobic 
lagoon)

90-100 0 0

Poultry (all species) 50-60 0-10 0
From ISU publication PMR 1003 (Revised May 2016).



Supply Nitrogen Volatilization
Correction Factors After Land Application of Manure

Application Method Incorporation Correction Factor
Direct Injection --- 0.98-1.00
Broadcast (liquid/solid) Immediate 0.95-0.99
Broadcast (liquid) None 0.75-0.90
Broadcast (solid) None 0.70-0.85
Irrigation None 0.60-0.75
From ISU publication PMR 1003 (Revised May 2016).



Calculating Manure Nutrient Supply
Available N = Total N x Availability x Volatilization
Pig Manure
 60 lb N/1000 gallons
 Availability 90%
 Injection 99% retained

60 lb N/1000 gallons x 0.9 * 0.99 =
53 lb available N/1000 gallons



Nutrient Demand
2 Methods

Yield Goal Method
- supply amount expected to be 

removed with harvested crop
- Used in Iowa Manure 

Management Plans as the 
maximum limit

Crop Response Method
- Determines the optimal range 
based on cost of obtaining 
nutrients and crop response to 
nutrient



Yield Goal
How do we pick reasonable yields?

5-year average + 10%
Or Ave of 4 of the last five years



Legume Credit
Soybean:
 1 lb N per bushel of yield up to 50
(Probably more of a rotation effect, than 
an N addition to the soil.. But it works)

Alfalfa:
 50-100% alfalfa = 100-140 lb N/acre
    30 lb N/acre 2nd year
 20-50% alfalfa = 50-80 lb N/acre
 



Crop Response (MRTN)
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Calculating Application Rate

• So if we want 134 lb N/acre and our manure had 53 lb available 
N/1000 gallons, how much should be apply?

Application Rate = Demand/Supply

134 lb N/acre/ 53 lb N/1000 gallons = 2528 gallons/acre



Manure Example
• You have 700-head beef finishing operation on bedded pack.
• The manure sample said 30 lbs of total N and 45 lbs of P2O5 per ton. Assuming 

you want to apply 150 pounds of nitrogen per acre, and your surface application 
is nitrogen limited how much should you apply.

• How much phosphorus would be applied? Assuming you make this application 
every other year, how does that compare to phosphorus removal rates if you are 
raising 200 bushel per acre corn and 60 bushel and acre soybean?



Manure Example
• N Supply

• 30 lb N/ton
• First Year Availability 35%
• Volatilization (22.5%) Retention = 77.5%
• 30 lb N/ton x 0.35 x 0.775 = 8.1 lb N/ton

• N Demand
• 150 lb N/acre / 8.1 lb N/ton = 18.5 tons/acre

• Application Rate
• 150 lb N/acre / 8.1 lb N/ton

• P-Applied
• 18.5 tons/acre x 45 lb P2O5/ton = 833 lb P2O5/acre

• P-Removed
• 200 bu/acre x 0.32 lb P2O5/bu + 60 bu/acre x 0.72 lb P2O5/bu = 107 lb P2O5/acre



“Every year I’m growing less 
confident on the N power in 
manure and would like to be 
able to just use it for my P 

needs and apply all 
commercial N”

Do You Trust Manure?



What did manure users say?



What do you consider the most challenging in your role with clients using manure as 
a fertilizer?

What did commercial manure applicators say?



• It doesn’t matter what I say, perception 
drives reality

• If your client, or you, believe that is 
where the issue is, that is where you 
will, and should pursue making an 
investment

• But, building trust in manure is an 
important part of YOUR role

What do I say?



• Manure is a fertilizer, if you don’t trust it, you want 
more N (insurance nitrogen)

• Hopefully farmers (crop advisors) evaluate the 
season and use information gained to improve 
next season. That means trusting what happened.

• Should we treat and separate fertilizer, or apply 
manure? I’ve resisted this approach – it is 
expensive (both monetarily, in in labor to operate)

Who cares about trust?



• Variation in Nitrogen Need in a Specific Year
• Ability to hit rate (lower rates)
• Field conditions after application
• Timing (except when it doesn’t)
• Uniformity of application
• Nutrient Consistency

But what I actually say*

*subject to change



Manure Timing



Timing
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Water Quality Impact



Timing



Variation in Nitrogen Need



Variation in Nitrogen Need



• But what if I ask for 3000 
gallons an acre, or 2000 
gallons an acre?

Ability to Hit Rate



Ability to Hit Rate

• 2000 gallon/acre ($0.0216/gallon)
• 3000 gallon/acre ($0.0197/gallon)
• 4000 gallon/acre ($0.0185 /gallon)



Uniformity of Application
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Manifold Performance



But what do we do with variability?



Estimating Yield and Economic Impact



Estimating Yield and Economic Impact
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