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Basis of soil fertility recommendations

* Correlation
* What soil test levels respond and don’t respond to fertilization

* Calibration
* What rate of fertilizer should | apply



Correlation analysis:

100

Yield

0

e ————————————— T
P Soil Test
Olsen-P Bray-P
Mehlich-3 ICP Mehlich-3 color



Correlation analysis

100

O

O

OP Yield %
Opt. P Yield %
I

(a's

(=]

Critical level
» o ®
‘”' ats 000 .:,0:
® @ %%~ %q ",
o _9 o°
“"‘ ‘
'Y )
@ '/‘
o
"/‘
% e

e ————————————— T
P Soil Test
Olsen-P Bray-P
Mehlich-3 ICP Mehlich-3 color



Calibration analysis: What rate of P to apply?
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How is the research typically done?
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Yield: OP, optimum P, Relative Yield, Change in Yield

Soil test at 12 Ppm. 140 7 k-67; vield =76 Site SoilTestPAveraglcleo = 120 p7m
K = 74; Yield = 76 P Requirement = 71 lbs P,0./ac
* Yield at O P: 41 bu/ac 120 -
‘ P-= 71 Ibs/ac ®
* Optimal Yield: 76 bu/ac 5 100 - o | VeldTTEbulg
. . > ° °
* Relative Yield =41/76 =0.54 & so - 7 .
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Phosphorus calibration:
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Soil Testing Comparisons

* Depth of soil sampling

* Soil test categories
* Soil test extractants

e When to fertilize & not
 What rate to fertilize



Soil sampling depth

Puerto Rico

-

Recommended soil sample

depth (conventional tillage,
corn)

[ ] 0-10cm

[] 0-15¢cm

7] 0-20cm

[7] 0-30cm

] No specific recommendation
Unknown

| Mo answer

Moy
M o6
B 0-8”
Mo 1

] None/Unknown




Comparison between SD, MN, IA P & K recs

Soil Testing Categories

Very low
Low
Medium
High

Very High



Comparison between SD, MN, IA P & K recs

Soil Testing Categories
Phosphorus Bray-P Phosphorus Olsen-P (pH >7.4)

Cat. MN




Comparison between SD, MN, IA P & K recs

Soil Testing Categories

Phosphorus Mehlich-3 color Phosphorus Mehlich-3 ICP

Cat. MN* |lowa

*Mehlich-3 not suggested for MN or SD. However, if
pH < 7.4 follow Bray result guidelines. pH > 7.4 not
likely related to Olsen P



Comparison between SD, MN, IA P & K recs

Soil Testing Categories (dry soil)

Potassium: Ammonium acetate Potassium Mehlich-3
Cat. MN

VL 0-50

L 51-100

M/O 101-150

H 151-200
VH 201+




Comparison between SD, MN, IA P & K recs

When not to fertilize

Phosphorus Potassium
MN ®IA ESD VIN ®IA BSD
45> 7 41 250 -
40 - 221 221
201
,535 . 200 -
230 1 26 26 £ 161
=25 4 1 @21 8150 -
(70}
Q2 20 161616 i
= 15 - = 100 -+
¥ 10 A 'S
(V]
5 - 50 -
O 1 I I ]
Bray-P Olsen-P  Mehlich-3 Mehlich-3 0 |

Color ICP Amm. Acetate Mehlich-3
Soil Test Soil Test



Correlation analysis
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Fertilizer Rate Comparisons: Phosphorus
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Fertilizer Rate Comparisons: Potassium
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Other Fertilizer Recommendation Discrepancies

Soil Test Level Phosphorus Fertilizer

State  Soil Test Level | Level Il Level HlI Level IV Level V Min Rate Max Rate

lb P,O./acre

Bray-1
Bray-1
Bray-1

Bray-1

Bray-1




Comparison between SD, MN, IA P & K recs

* Depth of soil sampling

* Soil test categories | SOIVIE SIMILAR AND SOME

e Soil test extractants

* When to fertilize & not VERY DI FFERENT

 What rate to fertilize



Problems

* Retirement
e Often don’t know how the work was done or have the data

* People likely have different methods used
 Relative yield calculation
* Model to determine when to no longer fertilize

* Model to determine what rate to fertilize
* Do we apply enough for yield that year

Do we include crop removal in it
e Do we work to build the soil test level

e Potential Solution
 National collaborative effort: FRST



Fertilizer Recommendation Support Tool (FRST)

soiltestfrst.org/objectives

GOALS AND OBJECTIVES TOOL FUNDING PROJECT TEAM AND COLLABORATORS PRESENTATIONS RESOURCES = CONTACT

Fertilizer Recommendation
Support Tool

Increasing soil testing transparency by promoting clear and consistent interpretations of
fertilizer recommendations by removing political and institutional (public and private)
bias from soil test interpretation and providing the best possible science in order to
enhance end-user adoption of nutrient management recommendations.


https://soiltestfrst.org/objectives/
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Fertilizer Recommendation Support Tool (FRST)
SOILTESTFRST.ORG

Increasing soil testing transparency by promoting clear
and consistent interpretations of Fertilizer
recommendations by removing political and institutional
(public and private) bias from soil test interpretation and
providing the best possible science in order to enhance
end-user adoption of nutrient management
recommendations. |

EEEEEEEEEEEEEEEEEEEEEEEE
OOOOOOOOOOO




FRST Goals LRRT.

. Transparency of soil test evaluation
. Remove political and institutional bias from soil test interpretation

. Develop a decision aid to store and manage crop soil fertility data that assists
in the advancement of soil testing science

. Enhance end-user awareness, confidence, and adoption of soil-test-based
crop nutrient management recommendations

. Provide a collaborative environment for discussing and communicating the
issues, needs, and science of soil-test-based nutrient recommendations to
catalyze innovation in soil fertility assessment

. Provide information that can be used to augment existing state
recommendation systems



A
FERTILIZER RECOMMENDATION
SUPPORT TOOL

Survey
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Soil test P extraction methods

Ammonium Acetate

Bray-1

Lancaster
Mehlich-1
Mehlich-3
Modified Morgan

Morgan

Olsen

Truog

N Il 1 =

Multiple

No answer
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Soil test K extraction methods

Ammonium Acetate
sl B 1
B ray
Lancaster
Mehlich-1
Mehlich-3

Modified Morgan
B Morgan

[ ] Ammonium

[ Bray- Olsen

[] Lancaster

2 wuse | Truog

[ Modified Mc / Multiol

B Morgan

—jona £l TRy

e B oo No answer

¥/ Multiple
ED"’ [ ] No answer
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Philosophy: Build & Maintain or Sufficiency
2
% " Fertilization philosophy
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v /%//%/” W Build and Maintain
™

- N
" ////ff/; | Suffu.:lency
/ Fertilizati Hybrld

22 mside 4 Multiple
% ] Suffici / P
N 0] Hybrid Unknown
/7] Multipl
" ] Unkna No answer
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Last correlation update/validation

[] 2002 or later
2001 or earlier
Unknown

No answer
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Database: legacy and new data




FRST, Fertilizer Recommendation Support Tool

* P database, 1404 observations
* 39 states represented
* Corn data, 25 states
e Soybean data, 15 states
* 83% of data from corn & soybea

* K database, 1293 observations
* 30 states represented
* Corn data, 22 states
e Soybean data, 17 states
* 76% of data from corn & soybea

Database information from October 2
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County (@ Soil Fertility Trial County [ Selected County

43 States
279 Counties

2697 Trials

FRST




Geography of Soil-Test Correlation Database

Number of Trials

1000
900
800
700
600
500
400
300
200
100

.......
FUEFCRT Tad

W NC m NE W South West

878

646
566

65

362
116
_ =

10

Phosphorus Potassium

Data as of 10.12.2024



Develop common language and approach to
fertilizer recommendations

* Correlation analysis
* Defining relative yield
* Determine common model

FERTILIZER RECOMMENDATION




FERTILIZER RECOMMENDATION

I Defining relative vield: Tested 6 methods

(a) (b) (c) (d)
5000 -

4000

3000

RY Definition
FITMAX
------- MAX
————— MAXF
- = = = NMAXRATE
1000 = | *==xdaa MEANF
TOP2

2000 -

Mean yield of treatment (kg ha™")

4 0 56 112 168 224 0 56 112 168 224 0 56 112 168 224
Treatment application rate (kg K ha™!)

I -

0 56 112 168 2
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CSTV = 9 PPM CSTV = 10 PPM CSTV =12 PPM

How long does it take a group of scientists to make
this decision?

1004

Relative Yig

804
Response to  © Responsive ©  Unresponsive
i Fertilization
CSTV = 25 PPM CSTV =11 PPM
40 Critical Soil Test Cloud ™= ——
(N.Neighbors) 100 2000 4000
204 ¥ =804 +2.36x - 0.094x2 »= 2804+ 2.36x - 0.094x2

40 50 60 70

0 ' r . T - T
0 10 20 30 40 50 6l 70 20 30

Olsen P (mg kg™")




=
Models and sufficiency interpretation for estimating critical F T
soil test values for the Fertilizer Recommendation Support

. FERT‘UZSE\,RPlEE%?MT'gEJ TTTTTTT
Tool
O e I l I g O u r l I ey N. A. Slaton @, A. Pearce, L. Gatiboni, D. Osmond, C. Bolster, F. Miquez, J. Clark, J. Dhillon, B. Farmaha,

D. Kaiser, S. Lyons, A. Margenot, A. Moore, D. Ruiz Diaz, D. Sotomayor, J. Spackman, ). Spargo, M. Yost

First published: 08 June 2024 | JylndsSHfL TR 1g-7R [V ([ P2 i TR Ly 1

CSTV modeling
options refined

18-member CSTV Manuscript draft Cate-Nelson model Manuscript Manuscript
Modeling Committee introduced to droppeq & Model draft to Accepted
Formed committee Averaging added committee
February September December Sept-Oct May
2022 2022 2022 2023 2024
—® * * L 3 L 3 * * ——e-
April October April November
2022 2022 2023 2023
st H 1 . .
17 Committee Meeting Committee rejected Collaborators surveyed Manuscriot
manuscript draft on modeling o Z
with decisions/preferences Submitte

recommendation
for ALCC model




Soil Testing and ROI FRST

K Soil Test Correlation

110 - (Quadratic Plateau Response Model) Nutrient: K
R* = 0.364 (95% Cl: 0.212 to 0.533) Crop: Soybean
100 - States: AR, IL, KY, LA,
] ° P MS, NC, PA, TN
90 4 Years: 1971 to 2023
— Soil Sample Depths:
¥ 804 @®0to4din. (n=74)
— ] ®0to6in (n=45)
% 70 4 Soil Test Method:
o~ 1 Mehlich-3
o 60 ;
o ]
U 50
S 0] Limited
£ 4 |RoOI No ROI
- : ROI
o 301 Bootstrap Samples: 1000
Unusable Samples: 0
20 7 Critical Spj| Test Value (CSTV) ® Site Year
] (Soil test[Falue at 95% of RYMax) — Fitted Model
10 3 e *pmK Model 95% CI R. Yield
] 124 © 192
0 .

0 50 100 150 200 250 300 350 400 450 500
K Soil Test Value [Mehlich-3] (ppm)

Estimated Model Parameters Using Bootstrapping
Parameter Value Description

STVIP(#) 192.3  Nutrient soil test value (ppm) where relative crop yield is constant. (Join Point) —
RyMax(+) 96.5 Relative crop yield (%) maximum value. (Plateau relative crop yield) FRST
Int 57.9 Relative crop yield (%) at nutrient soil test value of 0 e T T e

08-31-2024




FRST

Hello Nathan! Logout

F RST DeCiSiO n Ai d La u n c h FRST Home Tool Manual Inventory Collaborators Feedback Funding Privacy
Soil Nutrient ; )| -
= e
s 5
a

* Release date 8 April 2024 3 AT
* Beta Version e < - i,

* V1.0 Launch (8 April 2024)
publicized with press releases

e V1.5 (10 October 2024)

* Features ) |
~ . R F&ST Eirtllzjz'irTFz)e‘:)iommendatlon
* 2500 trla IS In data base >H0|‘ne“l Too VM;anua\ F\):jentory Collaborators  Feedback Funding Privacy Hello Nathan! Logout
* Manual ‘
* Registered User Login 1 B (P
e Continue to grow database o e
and add features to FRST e | .

ounty ([l Soil Fertility Trial County [ Selected County

41 States 2571 Trials
267 Counties

ates
279 Counties

3 1 -l a n 2 5 © 2024 FRST, 1.5.0.0, Fertilizer Recommendation Support Tool (FRST) Privacy,
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Online tool demonstration

e Soiltestfrst.org



https://soiltestfrst.org/

Video: 8:30







Augmenting Crop Fertilization Decisions
using the FRST Decision Aid

EEEEEEEEEEEEEEEEEEEEEEEE https://soiltestfrst.org/
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https://soiltestfrst.org/

FRST Decision Aid Use with Soil Test Results

Field

Field

A SOIL TEST RATINGS Calcusaied Cation
Tt Mettod] Reeutts T e | C— e S
Soll pH 111 458 5.2 meqi100g
Buffer pH sPH T.65 %5
Phosphorus (F) M3 BE LBJACRE ] wgat  meq
Potassium (K] M3 280 LBIACRE | K B3 04
Calclum [Ca) M3 627 LBIACRE _ Ca 233 1%
Magnzsium (Mg) M3 78 LA/ACRE | Mg E3 03
Suifur [5) M3 18 LBIACRE | H 538 28
Boron (B) M3 0.2 LBIACRE Ha 34 02
Copper (Cu) M3 0.4 LB/ACRE ‘ |
Iron (Fa) M3 238 LBIACRE KiMg Ratio: 110
Manganesa (Mnj M3 24 LB/ACRE | CaMg Ratio: 475 ]
ZIne [Zn) M3 3.0 LE/ACRE
Sodium [Na) M3 82 LBIACRE
Solubls Salts
Organle Mattsr Lol 1.1% ENR 66
Nitrats Nitrogsn
SOIL FERTILITY GUIDELINES
Crop : Com Yield Goal : 150  buw/acre Rec Units: LB/ACRE
e LIME Hons] ] P:0g K =0 Mg 5 B cu Mn Zn Fa
4500 23 183 56 88 21 1 15 10 0 30
Lab Number: 27915 Field ld : Tillar Sample Id : Shen CP
-~
b SOIL TEST RATINGS Calcuated Cation
Test Methed Results T Modm Exchange Capacty
Soll pH 11 57 6.1 maqi0og
Buffsr pH BPH 7.80 | wsaturation |
Phosphorus (P) M3 44 LBIACRE | %ast  maq
Potasslum K M3 176 LBIACRE | ] K 37T 02
Calchum [Ca) M3 1564 LB/ACRE | Ca 41 33
Magrsaium Mg) M3 24 LBIACRE | Mg B4 04
Suttur (5) M3 12 LB/ACRE | H =23 13
Boron (B} M3 0.6 LB/ACRE | Ma 48 03
coppar (Cu) M3 1.2 LBIACRE —
Iron Fe) M3 432 LB/ACRE Kmg Ratio:  0.58[7]
Manganess [Mn) M3 80 LBIACRE | CaMg Ratio: 10.02[]
ZIne [Zn) M3 45 LB/ACRE |
Sodium [Na) M3 138 LBJACRE
Soluble Salts
Organlc Matsr Lol 1.9% ENR B2
Nitrate Mitrogen
SOIL FERTILITY GUIDELINES
Crop : Com Yield Goal : 150 bu/acre Rec Units: LE/ACRE
e LIME o) N P-Og K =0 Mg 5 ] Cu Mn Zn Fa
1500 0.8 183 80 106 16 14 14 1.0 2 22

Relative Crop Yield (%)

110

100

90

80

70

60

50

P Soil Test Correlation

(Quadratic Plateau Response Model)

FRST

Nutrient: P

R* = 0.396 (95% Cl: 0.275 to 0.549)

Crop: Corn
States: AR, LA, MS
Years: 1991 to 2023

Soil Sample Depths:
®0to 6in. (n=95)

Soil Test Method:
Mehlich-3 (ICP)

Field B 22 ppm, Field A, 43 ppm,
80 Ib P,0./A 56 Ib P,05/A
Bootstrap Samples: 1000
Unusable Samples: 329
| Criticdl Soil Test Value (CSTV) @ Site Year
: (Soil test value at 95% of RYMax) — Fitted Model
1 CSTV: 35.8 ppm P Model 95% CI R. Yield
| Rel. Yigld: 93.2%
v v \J
rrrr+ | 1. r .. r . rr rrrrrr 1 r 11 11 [ 11111
0 10 20 30 40 50 60 70 80 90
P Soil Test Value [Mehlich-3 (ICP)] (ppm)
Estimated Model Parameters Using Bootstrapping
Parameter Value Description
STVIP(#) 66.9 Nutrient soil test value (ppm) where relative crop yield is constant. (Join Point)
RYMax(#) 98.1 Relative crop yield (%) maximum value. (Plateau relative crop yield) FRST
Int 754  Relative crop yield (%) at nutrient soil test value of 0 R
05-17-2024
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FRST Decision Aid Use with Soil Test Results S

Field A

Units Soil Test Level
Mehlich Il Nutrient ppm | Ibs/acre Very Low Low Medium Optimum Arn.hwe?ptm\um
Phosphorus (P) 19 . < 16 ppm 16-25ppm  26-35ppm  36-50ppmn__ >50ppd

Field B, 71 ppm
120 K,0/A

=

131-175

> 175

91130

Potassium (K} 175 350

Zinc (zn) 15 a0 <16 | 16-25 26-40 41-80 >80
Mehlich 1l Nutrient | ppm | Ilbs/acre | Other Soil Properties Units
Sulfate-5 (504-5) 10 20 Electrical Conductivity (EC) umhos/cm
Calcium (Ca) 1235 2470 Estimated CEC (ECEC) 11 cmolc/kg
Magnesium (Mg) 132 264 Organic Matter %%

Iron {Fe) 137 274 Estimated Soil Texture  Silt Loam - Silty Clay Loam
Manganese (Mn) 70 140 Base Saturation &9 Ca 549 % of ECEC
Copper (Cu) 0.7 14 Mg 28 % of ECEC
Boron (B) 0.3 0.6 K 4.0 % of ECEC
MNitrate (NO3-N) Na 03 % of ECEC

Methods: il pH and EC in 1:2 soil-water volume mixture; nutrients other than NO3-N extracted with Mehlich-3 determined by ICAP;
Nitrate extracted with Al2{504)3 and determined by electrode; ECEC by cation summiation; organic matter by weight loss on igniticn.

Comments: Unit of Ibs/acre assumes the sample depth represents a plow layer weighing 2 million pounds.

Code Name N P20y K0 504-5 n ] Lime
14  |Soybean - Full-Season ] 50 50 0 0 0 0 Ib/acre
Field B
Units Soil Test Level
Mehlich Il Nutrient ppm | Ibs/acre Very Low Low Medium | Optimum Abowve Optimum
Phosphorus (P} 37 74 < 16 ppm 16-25 ppm 26 - 35 ppm I36-5-Dppm > 50 ppm
Potassium (K} 71 142 <61 1 -390 91-130 131-175 >175
L
Zine {Zn) 74 14.8 <16 16-25 26-4.0 41-80 ] >8.0
Mehlich Il Nutrient | ppm | Ibs/acre | Other Soil Properties Units
Sulfate-5 (504-5) 8 16 Electrical Conductivity (EC) pmhos/cm
Calcium (Ca) 1654 3308 Estimated CEC (ECEC) 12 cmolc/kg
Magnesium (Mg) 208 416 Organic Matter %%
Iron (Fe) 268 536 Estimated Soil Texture  Silt Loam - Silty Clay Loam
Manganese (Mn) 212 424 Base Saturation 84 Ca 67.2 % of ECEC
Copper (Cul 05 10 Mg 14.1 % of ECEC
Boron (B) 0.9 1.8 K 15 % of ECEC
Nitrate (NO3-N) Na 1.0 % of ECEC
Methods:  sqi pH and EC in 1:2 soil-water volume mixture; nutrients other than NO3-N extracted with Mehlich-3 determined by ICAP;
Nitrate extracted with A12{504)2 and determined by electrode; ECEC by cation summation; organic matter by weight loss on ignition.
Comments: Unit of Ibsfacre assumes the sample depth represents a plow layer weighing 2 million pounds.
Code Name N P30 K0 50,5 In B Lime
14 |Soybean - Full-Season 0 0 120 0 4] 0 ] Ib/acre

D1-JdIl-4O

Relative Crop Yield (%)

110

100

90

[a*]
o

-
o

o

K Soil Test Correlation

FRST

(Quadratic Plateau Response Model) Nutrient: K
R? = 0.571 (9% Cl: 0.355 to 0.756) Crop: Soybean
Re ® ° States: AR, LA

.I ®

Field A, 175 ppm
50 Ib K,O/A

Years: 2004 to 2023

Soil Sample Depths:
®0to4in (n=71)

Soil Test Method:
Mehlich-3

Bootstrap Samples: 1000
Unusable Samples: 0

| Critical Sojl Test Value (CSTV)
| (Soil test value at 95% of RYMax)

® Site Year
— Fitted Model
Model 95% CI R. Yield

:CSTV: 112.7 ppm K
Rel. Yield: P1.3%
v \ 4

0 50 100 150 200 250 300 350 400 450 500

K Soil Test Value [Mehlich-3] (ppm)

Estimated Model Parameters Using Bootstrapping

Parameter Value Description

STVIP(#) 161.3  Nutrient soil test value (ppm) where relative crop yield is constant. {Join Point)
RYMax(4) 96.1  Relative crop yield (%) maximum value. (Plateau relative crop yield)

Int 43.1  Relative crop yield (%) at nutrient soil test value of 0
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Precautions & Looking Forward

* Relationships based on current database
» Relationships may vary among geographic regions & crops

e Sufficient data???
* Many effective management approaches

* We continue to
e Build the FRST database with data from recent and current field trials

* Develop features for the FRST decision aid tool
* Probability of response

e Calibration
* Yield filter

* Develop a dataset for and add it to the tool

FRST




Soil Test Interpretation

Fertility Costs Are In Focus As Farmers
Consider Cutting Back

* The Fertilizer Recommendation
Support Tool (FRST) is designed to
help interpret soil test results by

* Informing users about the

* Crop response curve to soil test P or
K in the absence of fertilization

* Critical Soil Test Value
* Soil test values where crop yields

plateau (no response to fertilization)
e FRST is designed to augment
recommendations, not replace
recommendations A

eading fertilizer in field
(Darrell Smith, Farm Journal)
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Soil test depth




Soil Sample Depth Study

Obijectives

* Develop equations for convertin§ soil test values to a depth L .
different than what was sample : b

* Evaluate the sample depth averaging on soil test chemical N— Dark blue colored states providing samples
properties compared to whole-depth samples.

36 FRST collaborators collected 197 soils from 32 7
states across the USA 1 > k (@)
* 50 West of Mississippi & 147 East of Mississippi River ;’." ° ---"I- N9/
w8/ .~
Samples collected from 0-4, 0-6, 0-8, and 0-2, 2-4, 4- : 3 [ (s
6, 6-8 inch depths A e 68T Ne
Metadata on each site (previous crop, soil chemical e (O (& :
properties (Olsen P, Modified Morgan P, Mehlich-3, 2 -5 7 \8/5 !
SOM, & pH g ® !::...':: ®e
S |9 0/ e
Activity lead by Culman & Spargo (0g?) * ! ' __
8 . .. I t.: =
3/ @ 10
e’ : "'..'-': ; o,
9 ..__ = L]
o Y 10/ g ®)
31-Jan-25 | 52
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Calibration step




FRST

Modeling for Soil Test Calibration

o)
e Objective o @
. . 25%)/ l‘.’.’r!&
* Add a calibration component to v <to—] s
the FRST decision aid to define () (%) &)
research-based sufficiency rate. el awen avenn—) < 38—
. ! uati 0 D ©® ©
MOde Ing eva uatlon ,w;-g prato_tw stv:-ﬂ stv>=26  stv>=52
e Data in bins l

* Multiple regression o) () () os) (&) () (@) (&) @) s

 Decision trees (e.g., CART) Calbraton
* Calibration Activity and N S
Committee led by Luke ol g

Gatiboni (NCSU)

Rate of P205 (kg/ha)
W
o

31_Jan_25 0.0 5.0 10.0 15.0 20.0 25.0
Soil Test P (mg/kg)
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Sulfur database




Expansion of FRST Database

* Is soil-test sulfur (S) useful for
predicting crop response to S?

* Minimum dataset for soil test
S correlation and calibration
 Matt Yost, Utah State Univ.

leading activity

e S will be added to FRST
Database & Decision Aid

e Data template developed and
being beta tested

3 |egacy datasets (NY, OH, & TN)
uploaded

FRST

" Spargoetal.survey | Yes | No | Unknown
n=49

Is crop S deficiency

: . 24 12 13
increasing in your state?
Does your |pst|tut|on test 18 )5 6
for soil test S?
Does your institution have
recommendations using soil 22 21 6

test S?

Spargo et al. (2022). A survey to evaluate the current status of land
grant university and state department of agriculture soil fertility
recommendations and analytical methods. Ag Data Commons.
https://doi.org/10.15482/USDA.ADC/1526506



https://doi.org/10.15482/USDA.ADC/1526506
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Liming research

e Survey land grant institution lime rate determination methods and
recommendations (Miller, Jones, & Slaton)

e Calibrate lime rate recommendations (Shober & Miller)




FRST

Soil pH and Lime Requirement Survey

* Survey Launched in 2022 * Key Points

* Document current soil pH and e Soil pH methods documented

lime requirement L e L
determination methods and for 48 institutions

compare to 1980 from Follett & ¢ Lime requirement method

Follett (1983) documented for 35
 Compare state recommended institutions
lime rates for 6 soils using :
analytical data e Recommended lime rates
. L : e “Conceptual” agreement on the
f‘cﬁlety led by Bob Miller & relative amounts of lime
onn Jones needed to adjust soil pH
* Manuscript near ready to * CV of mean lime rates was 46%

submit to 67% for the 6 soils



Lime Calibration Study

* Collected 110 bulk soil
samples from across the US
* Pilot study ongoing (Miller)

* Incubation trial planned for
2025 to calibrate multiple
methods for lime requirement
estimation

* Plan to publish a complete
dataset for private and public
laboratory use

 Activity led by Shober & Miller

United States it

31-Jan-25 59



FERTILIZER RECOMMENDATION

Other activities

 Survey stakeholders to determine how soil test data is used
(Slaton)

 Evaluate fertilizer recommendation strategies and terms used by
and grant institutions (Slaton)

* Develop model(s) for calibration of fertilizer-P & -K rates (Gatiboni)

* Develop minimum dataset for S and S to the database and FRST
tool (Yost)

* Develop model(s) for frequency of response to fertilization (Buol)

* Develop a user-friendly decision support tool to provide soil test
user information for a soil-test and crop-response-to-fertilization
searchable web-based decision tool. (Osmond & Lyons)

e Support state-level soil test correlation and calibration trials
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F RST ACtiVities https://soiltestfrst.org/resources/

Current/Ongoing Activities

»Develop and maintain the FRST database for correlation and calibration

»Legacy data
»New data

»Support state-level soil test correlation and calibration trials

» Develop model(s) for calibration of fertilizer-P & -K rates (Gatiboni)
» Analysis of soil sampling depth influence on soil test outcomes (Culman)

> Develop a user-friendly decision support tool to provide soil test user
information for a soil-test and crop-response-to-fertilization searchable
web-based decision tool. (Osmond & Lyons)

* Develop minimum dataset for S and S to the database and FRST tool (Yost)

* Develop model(s) for frequency of response to fertilization (Baol)



https://soiltestfrst.org/resources/

FRST Future

* No shortage of issues to address

* Industry appears poised to use Al
to make chemical and fertilizer
recommendations

e Can the FRST database be useful to
this effort?

* Continue to develop database
and populate with current and
complete data

* Funding sources?

* Viewed as old technology without
good fitting funding ops in NIFA

31-Jan-25

Computational Agronomy

Al in Nutrient Management — DSS powered by Artificial Intelligence

ML_is increas_ingly beipg used to develop decision support tools for nutrient management in
agriculture, aiming to improve yields while reducing costs and environmental impact.

Recommendation
i':?_.:'.: E
Training >
— I — | — |8 —
Raw |—>» ﬁ oy
Data _ Algorithm Evaluation
— Featre | Testng | Model
Engineering _Daa | T

Experimental
Data

1.Pre-dicti_ng chonomic Optimum Nitrogen Rate (EONR) - Ransom et al. (2019)

2. Estimating Nitrogen Nutrition Index (NNI) - Qiu et al (2021)

3. Usin i :

. g _remote fsensmglspectral data to assess nutrient status using hyperspectral
-Detecting nutrient deficiencies fromimages - Ghosal et a (2018)

o Recommending fertilizer rates for NPK - Coulibali et al, (2020)

images - Yu et al. (201 8)

9 Adapted from: Ennaji et al., 2024

tasks, and how do we make those just completed using Al," he offers.

Three specific applications he sees Al taking over in the next three years include:

Fertilizer and chemical recommendations
Most bookkeeping tasks

Route planning and scouting

He'll be part of a panel discussion at the upcoming Ag Retailers Association Conference,

Dec. 3 to 5in Houston. Click here for the full agenda and to register.
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Evaluating critical soil test P in South Dakota



Current P critical value is accurate: 16 ppm
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P Response 19 22
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Increase in STP category then increase in relative yield
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Relative Yield (%)
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Yield response frequency critical value



Yield response frequency critical value: 20 ppm

100
90
80
70
60
50
40
30
20
10

Corn Yield Response Frequency (%)
o

Percentage Raised ® Percentage Lowered A Percentage Constant

0 4 8 12 16 20 24 28 32 36 40 44 438
Soil Test P (Olsen, ppm)



Yield change critical value



Yield change critical value: ~¥22 ppm -

Average Change in Yield (bu/ac)

20

15

10

-10

-15

140 -~

Site Soil Test P Average = 12 ppm
SDSU P Recommendation =
42 Ibs P,0s/ac
P =71lbs/ac 9

> 100 Yield =76 bu/aco
© o
S ° °
2 80 — —
e
= g 4l o g
s 60 A ® [¢)
= —~ 8
(=]
O 4009 |
20 A
0 T T T 1
0] 50 100 150 200

Phosphorus Rate (lbs P,0s/ac)

4 8 12 16 20 24 28 32

Soil Test P (Olsen, ppm)

36 40



Higher P = less response to P fertilization




P Critical Value Summary

* Critical Value: 16-20 ppm
* Confidence Range: 13-22 ppm
* 5% or 5 bu/ac response: 16 ppm

* Accuracy of using only soil test P: 68%



Can additional soil measurements improve accuracy?

Correctly predicted 68% as responsive or non-responsive
Where is the error and how can we improve?

160

140

120

Relative Yield, %
N D O 0 O
(@] o (@] (@] o

o
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20
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What variables can OO
be used to <>

improve («ZEEET>
ne ondauctivity

fertilizer response
predictions? «D>
Bulk

Aggregation




What variables improved P recommendations?

*Olsen P

* Soil respiration
* CEC

* Clay



A

Olsen P

CEC

> 124

A

Clay

i

Soil Respiration

A 4

<124




Answer:
What about adding soil health to the equation?

Accuracy of yield response prediction:
* Olsen P: 68%

* Olsen P + soil respiration + CEC + Clay: 74%



Potassium




Critical K value: 144 ppm

160 -
140
120

100

80

60

Relative Yield, %

40 -

O 1 1 1 1 1 1
0 100 200 300 400 500 600 700

Soil K, ppm (0-6 in.)



What variables improved K recommendations?

* Ammonium acetate K

* CEC

* Soil organic matter (SOM

* Permanganate oxidizable C (POX-C)



Accuracy = 72%
+8% A from Status Quo

> 144 ppm <144 ppm

<40
cmol_ kg

> 40 cmol_kg™

23.4% <3.4%

<1,427
mg kg™

>1,427 mg kg

|

" -




What about adding soil health to the equation?

Accuracy of yield response prediction:
* Soil test K: 64%

* Soil test K + CEC + organic matter + POX-C: 72%



Take Homes

Phosphorus and Potassium Recommendations

* Additional soil biological and physical measurements can help
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SDSU Extension is an equal opportunity provider and employer in accordance with the non-discrimination policies of South Dakota State University, the South Dakota Board of Regents and the
United States Department of Agriculture.

Learn more at extension.sdstate.edu
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Soil sampling depth

State P K S \
0-6"* 0-6, 6-24"**

Early spring:

0-6 0-12”

0-6, 6-24” 0-6, 6-24”




FRST Decision Aid with Recommendation Tables

------ lbs P,O:/acre - - - - - -

P Soil Test Correlation

110 - (Quadratic Plateau Response Model) Nutrient: P
1 90 73 163 E R? = 0.479 (95% Cl: 0.373 to 0.574) Crop: Corn
100 ®  States: IA, MO
7 90 41 131 1 ° ® Vears: 1975 to 2010
QOE Soil Sample Depths:
8 90 37 127 = 80 ®0to 6in. (n=235)
ﬁ B [ Soil Test Method:
- 704 E Bray-1 (Colorimetric)
11 90 28 118 g :
o 603 ®e
12 90 25 115 o 1 &
U 50 i
)] 3 I
15 90 17 107 2 407 i
"] 7 1
T 304 ! .
18 90 10 100 g »3 pie s
20 7 i Critical Soil Test Value (CSTV) @ Site Year
] Soil test val t 95% of RYM — Fitted Mod
22 90 1 91 101 i(csc}'v e P ) Model 9% CI R Vield
1 | Rel. Yield: 91.7%
] Y
0 AN AL AL N NI N B LN S B L B N L L B B I L R B B B B BN B N B N B B B B |
24 H h 90 O 90 0 10 20 30 40 50 60 70 80 90 100
28 18 90 0 90 P Soil Test Value [Bray-1 (Colorimetric)] (ppm)
23-35 ppm Estimated Model Parameters Using Bootstrapping
35 90 O 90 Parameter Value Description
STVIP(#) 214 Nutrient soil test value (ppm) where relative crop yield is constant. (Join Point)
RYMax(#) 96.5 Relative crop yield (%) maximum value. (Plateau relative crop yield) FRST
Int 64.7 Relative crop yield (%) at nutrient soil test value of 0

09 30 2024

>36 0 0 0

Recommendations to Build & Maintain soil test to 23-35 ppm



Published Research Comparison

Critical soil-test P values from 25 site-years of fertilizer

response trials in lowa determined using various response
models, sufficiency levels, and extractants
(adopted from Mallarino & Blackmer, 1992).

Critical soil-test P
mm

ppm (mg/kg)

Sufficiency
level

%

Linear-Plateau

Quad-Plateau
Quad-Plateau

Quad-Plateau

Exponential

13
15
24
18
10

4
26
11

12
14
18
15
11

8
18
11

N 00 o | On

ol

5 U1 00 b~

Relative Crop Yield (%)

110 5

100

80
70
60
50
407
30
20

10

P Soil Test Correlation
(Quadratic Plateau Response Model)

1R? = 0.459 (95% CI: 0.350 to 0.561)

1 Critical Soil Test Value (CSTV)

i | (Soil test value at 95% of RYMax)
ICSTV:  13.1 ppmP
*Rel Yield: 91.4%

0o 10

Parameter
STVIP(#)
RYMax(#)
Int

20 30 40 50 60 70 80
P Soil Test Value [Bray-1 (Colorimetric)] (ppm)

Estimated Model Parameters Using Bootstrapping
Value Description

21.6  Nutrient soil test value (ppm) where relative crop yield is constant. (Join Point)
96.2 Relative crop yield (%) maximum value. (Plateau relative crop yield)

653  Relative crop yield (%) at nutrient soil test value of 0

100

90

Nutrient: P

Crop: Corn

States: IA

Years: 1975 to 2010

Soil Sample Depths:
@®0tobin (n=214)

Soil Test Method:
Bray-1 (Colorimetric)

Bootstrap Samples: 1000
Unusable Samples: 0

@ Site Year
— Fitted Model
Model 95% CI R. Yield

FRST

05- 18 2024



FRST

Stakeholder Survey

Do you use a Critical Soil Test Value (CSTV) in your crop
fertilization strategy as the threshold for P/K fertilizer
application (e.g., no P/K is applied when the soil test

Joint effort ALTA & FRST

* Two-part survey P/K value exceeds a specific number)?
* 23 guestions on demographics, soil testing, the 150
fertilizer decision-making process, and fertilizer - B Phosphorus Potassium
recommendation strategy. 125
. . . . » - 107 11
* 9 optional questions on soil sampling Q : 102 98
c 100 T
* Questions a :
* Multiple choice, ratings, or short answers o« 75 t
Y L
e Estimate 20-25 minutes to complete © 50 &
5 B
* 296 Responses € :
P :Es 25 + 14 17 17
® Vi == CERTIFIED: "cvkéi"A;)wstl»zﬁ: 0 )“—1 - Z i 6
Activity led by Slaton i ] .
VA
Yes No Not sure Depends on
cammendstion Support Too (FRSTy S i t ua t i on
(explain)

31-Jan-25 91



Data Age — Phosphorus

data since 2003

Total

Corn 336 14
Soybean 217 13
Winter Wheat 13 2
Bermudagrass 1
Corn Silage 4 1
Cotton 10 1
Rice 24 1
Alfalfa 7 2

46%
48%
47%
42%
22%
15%
29%
100%
21%
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Data Age — Potassium
data since 2003

27 138 69%

Total

Corn

Soybean
Cotton
Bermudagrass
Rice

Alfalfa

Winter wheat

895

428 16 95

286 13 65
75 9 21
9 1 2
55 1 7
21 4 4
4 1 2
Data as of 10.12.2024

69%
77%
57%
16%
100%
62%
33%
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