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• Models used in Soil and Crop
• Summer Goals/Milestones

• Data

• Calibrations:
• Manure and Crop System 1: Kimberly, Idaho

• Management functionality
• Grasses, root, and tubers

• Manure, Crop and Forage System 2: Columbia, Wisconsin
• Fertilizer functionality

• Carbon Sub-model
• 100 year extreme conditions test

• Mass Balance 

• Next Steps

• Feed Storage Overview
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Gases

• Water Runoff
• Soil ErosionLeaching

• Manure
• Fertilizer

• Precipitation 
• Irrigation
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“Structure Drives Behavior”
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MANURE Water QualityRunoff

Existing Models

Interoperable



April May June July August

1. Prepare 
simplistic carbon 
model

2. Identify grass 
growth 
parameters

1. Input simplistic 
carbon model

2. Input grass 
parameters

3. Complete data 
requests

1. Input refined 
code in RuFaS

2. Identify 
problems

1. Finalize code

2. Finalize 
documentation

Crop and Soil Module: Timeline  



April May June July August

Crop and Soil Module: Milestones

1. Data collection
2. Agile project management

1. Develop RuFaS Carbon Model
2. Model testing

1. Add management 
functionality: 
Manure, fertilizer, 
tillage

1. Annual and perennial grasses
2. Functionality of “Fields”
3. Connection between animal management
4. manure storage, and soil via field management
5. Connection between crop and feed storage
6. Model calibration (3X)
7. Document



1. USDA-ARS 
NORTWEST 
(3X)

1. Ron Alverson
2. Dakota Lakes

1. Lakeland Agricultural
Complex (LAC)

2. UW Arlington Ag.
Research Station ARL

3. Prairie du Sac (Vadas)

Data 
Collection

Future Datasets



1. USDA-ARS Northwest 
(3X) LTGHG

2. UW Arlington Ag.
Research Station ARL

Calibration Sites

Calibration Ticket*
• Documentation of calibration 

data by model branch ID on Git 
Hub

• Reproducibility
• Model Transparency 
• Publication



Kimberly Idaho Calibration: Yield, N, P, C

Spring Wheat (2013) Potatoes (2014) Sugar Beets (2016)Spring Barley (2015)

Treatments:
1. No fertilizer
2. Synthetic fertilizer
3. 18 mg ha -1 Manure
4. 36 Mg ha-1 Manure
5. 52 Mg ha-1 Manure

(Leytem et al., 2019)



Old and New Crops 

• Main crop types are annual and perennial
• Old crops: Corn, Alfalfa, Soybean

• New crops: Tall Fescue, Spring Barley, Sugar Beets, Spring 
Wheat, Potato



Moving towards database functionality



New Management Structure

• Old Method:
• Individual specification

• New Method:
• Working towards database implementation

Old tillage application

Specifying tillage_type

considers variables:

•perc_mixed

•depth

New tillage application



http://drive.google.com/file/d/1h1kgzOlQqqDccF6Ylq2nMNePI6lsbQ9x/view
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Preliminary Results
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Nutrients and Triangulation

Calibration

• Runoff and Erosion

• Soil N 

• Soil P

• Soil C

Subject 
Matter Expert

Modeling 
Team

Industry



Columbia Wisconsin Calibration: Yield, P

1980 2018



Preliminary Results 
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RuFaS Carbon Model 

Use key equations from the Century 
and DayCent Models to:

1. Estimate soil carbon

2. Capture carbon flux

3. Provide feedback regarding soil 
health



RuFaS Carbon Model 

• Functionality

• Inputs and outputs for the carbon model



RuFaS Carbon Model 

• Evaluation

• Advancement of the model



SOIL (Layer 1)

Plant Residue 

1. Structural Carbon

2. Metabolic Carbon

Harvest

+Tillage

Plant Residue 
incorporated by tillage

Plant roots

3. Structural Carbon

4. Metabolic Carbon

SOIL (Layer 2)

SOIL (Layer 3..nth layer)

Plant roots
5. Structural Carbon

6. Metabolic Carbon



Extreme Conditions Test: 100 Year Run, Biomass 



Extreme Conditions Test: 100 Year Run, Tillage



Del Grosso et al., 2001





Mass Balance

• Proof of concept 



Mass Balance: Nitrogen

Inflow Stock or Pool Outflow

Manure
Fertilizer
Residue
Roots

NH4
+

NO3
-

Organic Nitrogen
Active Nitrogen
Stable Nitrogen
Fresh Nitrogen

Leaching
Runoff
Erosion
Nitrification
Volatilization
Denitrification
Plant Uptake



Mass Balance: Phosphorus

Inflow Stock or Pool Outflow

Manure
Fertilizer
Residue
Roots

Labile Inorganic P
Active Inorganic P
Stable  Inorganic P

Runoff
Erosion
Leaching
Plant Uptake



Mass Balance: Carbon

Inflow Stock or Pool Outflow

Residue
Roots
Manure

Structural 
Metabolic 
Active
Passive
Slow

CO2



Next Step: Add Complexity

Functionality

Continuous Cover 
• Corn, Winter Wheat, Corn



September October November December January

Next Steps

• Integrate Carbon and Manure 
“branches” to RuFaS Master

• Complete Calibrations
• Idaho
• Wisconsin

• Functionality: Develop 
Continuous Cropping

• Write Publication (s)

• Mass Balances (P, N, C, H2O)
• Idaho (Leytem)
• Wisconsin (Sandford)
• Prairie du Sac (Vadas)

• Functionality: Grazing
• Develop multispecies cropping in the same field

Integration of initial grazing into crop 
and soil. 
Functionality: AMP grazing 

Document, document, document... 

Model Evaluation
Policy Design and Analysis
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Adapted from Meadows et al., 1972

Agriculture Decision Paradigm



Next Steps: 
RuFaS and 

General Mills

1. Improve understanding 
and management of 

regenerative agriculture

22. Cover crop, multi-
species mixes, livestock 

integration data

3. Decision Support Tools

4. Stakeholder Use



Questions?



Soil and Crop 
Module

Manure Module 
Output: Manure 

(kg/ha)

Soil and Crop 
Output: Yield

Feed Storage


