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The Need for FRST
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• FRST Began with Southern Soil Fertility 
Working Group (June 2018)

• Realized large differences in P 
recommendations across states

• Zhang, H.,  J. Antonangelo, J.H. Grove, D.L. Osmond, S. 
Alford, R.J. Florence, G. Huluka, D.H. Hardy, J.T. Lessl, 
R.O. Maguire, R.S. Mylavarapu, L. Oldham, E.M. Pena-
Yewtukhiw, T.L. Provin, N.A. Slaton, L.S. Sonon, D. 
Sotomayor, and J.J. Wang. 2020. Soil Test Based P and K 
Rate Recommendations across the Southeast: 
Similarities and Differences; Opportunities and 
Challenges. Soil Sci. Soc. Am. J. DOI: 10.1002/saj2.20280



Working together on a larger scale: Big Data



Fertilizer Recommendations Support Tool 
(FRST)

A Foundation for Modernizing Fertilizer Recommendations

Goal of FRST
To advance the accuracy of soil-test-based fertilizer recommendations by developing a 

database and decision tool from which recommendations can be scientifically developed 
and defended as best management practices.

Objectives of FRST
1. Develop a community of practice to galvanize interest and participation around soil fertility.
2. Develop a searchable tool that provides soil test correlation and calibration graphs with 

statistical confidence intervals for the area of interest (general users)
3. Provide data for nutrient management scientists and modelers to for in-depth analysis of 

soil test calibration and correlation data (researchers)
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FRST Project Collaboration: 2018-2022

Buy-in from the community
• In-person meetings 2019, 2020

• Monthly  conference calls
• Volunteers for specific activities



FRST Project: Step-wise activities
1. Survey of land grant faculty on current soil test practices and recommendations 

(Spargo)
2. Define a minimum dataset for soil test correlation and calibration trials (Slaton)
3. Collect legacy soil test correlation and calibration data and develop an 

accompanying relational database (Lyons and Buol)
4. Determine the most appropriate relative yield definition for FRST (Pearce, Lyons 

and Slaton)
5. Collaborator soil test fertility trials (Osmond and Lyons)
6. Sampling depth study (Culman and Spargo)
7.    Modeling soil test correlation data (Pearce, Gatiboni, and Slaton)
8.    WERA-103 comparison of P and K recommendations (Yost)
9.    Develop a user-friendly, searchable interface (decision tool) and internal structure 
that allows for input, output, and geospatial context (Buol and Osmond)
10.  FRST-associated project: lime equations (Miller)
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National Land Grant University Soil Fertility 
Survey
• Goals are to gain a better understanding of the current status of soil testing 

across the U.S. to direct collaborative efforts among states and regions, and 
to identify where opportunities exist to harmonize recommendation 
guidelines. 

• Collected Information About:
• Analytical methods
• Fertilizer recommendations and philosophy used
• Status of correlation/calibration data

• Correlation: Relationship between crop yield and a soil test nutrient
• Calibration: Crop response to fertilization at specific nutrient concentrations



National Land Grant University Soil Fertility 
Survey
• 48 states and Puerto Rico
• 100 questions in 9 different categories, 

including laboratory and research 
funding, soil test recommendations, 
soil analysis methods, soil sampling, 
and soil health

• Survey and data published in Ag Data 
Commons (Spargo et al., 2022, 
doi:10.15482/USDA.ADC/1526506)

• SSSAJ article: 
doi.org/10.1002/saj2.20536



National Soil Fertility Survey: Participation

• By June 2nd, 2020, 60 
responses representing 
48 states and Puerto 
Rico were received.



National Soil Fertility Survey: Results



National Soil Fertility Survey: Results

Build and Maintain: Build soil 
nutrients to optimum range, then 
maintain by applying at crop 
removal

Sufficiency: Apply to meet crop 
needs, not build soil fertility



National Soil Fertility Survey: Results

Year current soil test field correlation was last established or validated for corn

P K



National Soil Fertility Survey: Results

Data for years 1951-1994 obtained from Voss (1998). 

Average decrease in FTEs: 
21.5% every ten years
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Development of a Minimum Dataset Protocol 
for Soil Test Correlation and Calibration Trials
• Standardize information/data that 

should be collected to guide soil-test 
correlation and calibration research
• Consensus among scientists
• Guide research protocols and 

publication of research results
• Qualify data for inclusion in meta-

analyses
• Promote good science but not be 

overly restrictive
• Required vs recommended data 

• Facilitate data sharing



Minimum Dataset Organization
• Data origin and ownership
• Soil sample collection and processing details
• Soil analysis and properties
• Metadata 

• Trial & treatment description
• Cropping system metadata
• Field management
• Location & weather
• Harvest details
• Experiment design, structure and analysis

• Data
• Means vs plot-level data Soil Sci. Soc. America J. (2022) 86:19-33

DOI: 10.1002/saj2.20338



Minimum Dataset for Correlation and 
Calibration Trials

Category
Required 

data
Recommended 

data

Soil sample collection and 
processing metadata 9 5

Soil chemical and physical 
properties 6 19

Crop, soil, and nutrient 
management metadata 26 17

Experimental design and 
statistical analysis 8 9

Soil Sci. Soc. America J. (2022) 86:19-33
DOI: 10.1002/saj2.20338



Template for Data Submission
• www.soiltestfrst.org/resources
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FRST Legacy Database
• Database accessed by the 

Fertilizer Recommendation 
Support Tool (FRST)

• Contains USA soil-test P and K 
correlation and calibration 
trial data

• Data collected from many 
sources

• Journal articles, extension and 
research bulletins, conference 
proceedings, dissertations and 
theses, spreadsheets, and word-
processing documents 

• Raw and summarized

P and K Trials in the FRST Database

Data is continuously collected, curated, and entered into 
the database as it is found or becomes available.



Collecting Legacy Data



FRST Legacy Database Summary
Trials 1,566 Years 1949 - 2022

Crops Alfalfa, bahiagrass, barley, 
bermudagrass, brachiariagrass, 
camelina, corn (grain and silage), 
chickpea, clover/grass mix, cotton, 
flax, lentil, oat, pea, peanut, potato, 
rice, sorghum, sorghum x sudangrass, 
soybean, sugarcane, sweet potato, 
wheat

P methods Mehlich-1 & -3, Bray-1 & -2, Olsen, 
Morgan, Modified Morgan, MS Soil 
Test (Lancaster), acetic acid, resin, Pi, 
water, double acid, total P, Oxalate, 
ammonium acetate, Haney, Truog, 
sodium acetate, oxalate, AB-DTPA 

States AL, AR, CO, CT, DE, FL, GA, IA, ID, 
IN, KS, KY, LA, MA, MD, ME, MI, 
MN, MO, MS, MT, NC, ND, NE, 
NH, NJ, NY, OH, OK, OR, PA, PR, 
RI, SC, SD, TN, TX, UT, VA, VT, WA, 
WI, WV

K methods Mehlich-1 & -3, ammonium acetate, 
nitric acid, saturation, rate of release, 
MS Soil Test (Lancaster), Olsen, 
Morgan, Modified Morgan, resin, 
tetraphenylboron, calcium chloride

Data is continuously collected, curated, and entered into the database as it is found or becomes available.



FRST Legacy Database: Data Publications
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Importance of Relative Yield
Nonresponsive rangeCrop responsive soil test range

Critical soil test value

noneRecommendation = sufficiency rate
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• Relative yield: ratio of unfertilized 
yield to maximum yield

• Many ways to calculate it



Relative Yield Study
• Goal: Determine which 

definition(s) will be used in the 
Fertilizer Recommendation 
Support Tool (FRST).

• Consensus: Control yield/ 
Numerical maximum among all 
treatments (including control)

• SSSAJ doi:10.1002/saj2.20450

FRST Relative Yield Definition: Participation
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Collaborator (State-level) Soil Test Correlation 
and Calibration Trials (2021-2023)
Objectives
• Involve more collaborators
• Collect additional data
• Test scripting and upload of 

minimum dataset from 
Excel into the relational 
database

• Determine ease of use of 
minimum dataset

soiltestfrst.org/presentations
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FRST Sampling Depth Study: Goals

• Define a correction factor that can 
used to estimate equivalent soil test 
levels (and critical ranges) for 
different depths based on different 
metadata: 

• Cropping system 
• Management
• Region/soil type 



FRST Sampling Depth Study: Participation & 
Methods
• 5-10 fields per state
• Samples to PSU for Mehlich 3, 

OM, pH; if northeastern state 
to Maine for Modified Morgan; 
if pH > 7.2  to KSU for Olsen

• Western states add a depth, 8-
12”

• Metadata collected
• Results coming soon
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Model Selection for Critical Soil Test Value
Exponential
Linear plateau
Quadratic plateau
ALCC         
Model average

Participation
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FRST Decision Support Tool

Principles of model 
development:

• Resides in neutral space
• Software “perpetuity”
• Credit for contribution

Status
• Data is imported
• Tool mechanisms + graphics 

being programmed
• Interface ready for beta testing 

this summer



FRST Project: Step-wise activities
1. Survey of land grant faculty on current soil test practices and recommendations 

(Spargo)
2. Define a minimum dataset for soil test correlation and calibration trials (Slaton)
3. Collect legacy soil test correlation and calibration data and develop an 

accompanying relational database (Lyons and Buol)
4. Determine the most appropriate relative yield definition for FRST (Pearce, Lyons 

and Slaton)
5. Collaborator soil test fertility trials (Osmond and Lyons)
6. Sampling depth study (Culman and Spargo)
7.    Modeling soil test correlation data (Pearce, Gatiboni, and Slaton)
8.    WERA-103 comparison of P and K recommendations (Yost)
9.    Develop a user-friendly, searchable interface (decision tool) and internal structure 
that allows for input, output, and geospatial context (Buol and Osmond)
10.  FRST-associated project: lime equations (Miller)



FRST-Associated Project: Lime

www.soiltestfrst.org/lime



How ALTA Can Help FRST and Vice-versa

• FRST & ALTA have begun discussions for working together
• ALTA team consists of some of the ALTA leadership (Corey Lacey, Tim Smith, Dustin 

Sawyer, and Bob Miller)
• FRST team consists of some executive members (Deanna Osmond, Nathan Slaton, 

John Spargo, Matthew Yost, Daniel Kaiser, and Sarah Lyons)
• Regular meetings to discuss the state of soil testing and the FRST project

• ALTA interested in having FRST provide short presentations on their work to their 
membership

• ALTA-FRST group is developing a survey on how fertilizer recommendations are 
developed. ALTA will lead the effort to interview about 10 individuals

• ALTA will help beta test the FRST decision tool
• We are looking for similar input/cooperation from across the USA to ensure a range 

of differences in geography and soil testing are represented in the FRST decision tool



www.soiltestfrst.org



Questions?

• Deanna Osmond, 
dosmond@ncsu.edu

• Sarah Lyons, 
selyons@ncsu.edu

• www.soiltestfrst.org
• Thank you to our sponsors, 

USDA-NRCS & USDA-ARS
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