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Do you use soil test S in recommendations?

No Some Yes No answer



Has sulfur deficiency become more common in your
state over the last ten years?

B No ®Unknown M Yes



Has sulfur deficiency become more common in your state
over the last ten years?

Unknown No Yes No answer

1-0 @o-0o 11 @2



State Extractant Depth (inches) CSTV
California Hot Water
Colorado 4 10
Hawaii AB-DTPA 6
ldaho Hot Water 12 10
Kansas Ca(H2P0O4)2 24
Louisiana Mehlich-3 12
Minnesota Ca(H2P0O4)2
Missouri 6
Montana
Nebraska 9
New Mexico 12
New York CaCl2 (or SrCl12)
North Carolina Mehlich-3 12
Oklahoma 1/10 of N - soil sulfate
Oregon Ca(H2P04)2 6
Pennsylvania Mehlich-3 15
South Carolina 6-8 10
South Dakota Ca(H2P0O4)2 24
Texas Mehlich-3 6
Utah Ca(H2P0O4)2 12 8

Washington

Saturated paste




Extractants Measurements

* NH,OAC * ICP-AES

* KH,PO, (organic and inorganic S)

» Ca(H,PO,),

* CaCl, * Turbimetric

* Morgan Spectrophotometer at 420 nm
* Mehlich-3 (inorganic S)

* Hot water

* Saturated paste




Task 1: MDS approval

FRST Data Submission Template Version 3.30.21
Contact: Deanna Ozmond dosrmond@nceuedu

(== R p RS B S TR RN

Instructions

All value units are indicated in the colurmn beadings. All are in SI units.
Only one study per Data Subrmission Ternplate, One study may have rultiple individual trials,

P amnd K trial= rust be entered zeparately. [F & trial hasz both P and K treatrnent rates, snter themn as two separate trials with unique trial IDs. Each rust contain a contral [0 kgtha) rate.

If a zingle-wear trial has multiple crops. enter each crop az a separate trial with a unigue trial 10 bulti-wear rotation studies with multiple crops may have the same trial 10 for different vears.

IF wou have treatrments in addition to the nutrient of interest [for exarnple, different tillage practices at each nutrient rate], enter each additional treatment az a separate trial with a unigue trial 1D
IF multiple soil depthiz, =oil analvses, plant tizsues, or plant component vields were measured For a single trial, enter in separate rows with the same trial D

For multi-vear triale, usze one trial 10 For each trial with zeparate rows for each vear on all tabs except For the User & Publication Information tab. Each vear of the study must have it's own row.

Required fields are highlighted in vellow

Iterns with drop-down options are shaded

At A SEE 80T abEaior Adse snater i o’

Data Dictionary

Hagsrasor
Facanmamendtd by FRST
Aerimam Siasar

User & Publication Information

Last harme
First Marne
Midde Marne
Fole in Study
Organization
Departrment

Entered by [if different frorn A)

Contact Emnail

Year Published [
Publication DO

Full Citation

Trial Information
Trial ID

hutrient of [nterest
Country

State

hearest City

County

Latitude [decimal degrees)

Longitude [decimal degrees)

Mearest MOAL Weather Station 1D

wieather Station Latitude [decimal degrees)

>

Required

Required
Recommended
Required

Required
Recornrmended
Recornrmended
Required

Required [if published)
Required [if publizhed)
Required [if publizhed)

Required
Required
Required
Required
Recommendead
Required
Recommended
Recormmended
Required
Recornrmended

Instructions & Data Dictionary

|F'Iease contact Lz if vou have suggested additions to drop-dawn lists.

Fasomioion

Last marne of correzponding author or rain point of contact
First narme of corresponding author or rain point of contact
kiddle namne of corresponding author or main point of contact
Fole in Study of main point of contact

Organization of corresponding author or rain paint of contact
Departrment of corresponding authaor or rnain point of contact
Perzon who entered the data into the FRST database if different fromn columin &
Ernail of corresponding author or main point of contact

The vear of the publication [if publizhed]

DOl of publication [if publizhed and available]

Full citation of publicationstudy [if published)

1D given to the individual trial by the rezearcher. This could be ary walue to identify an individual trial within a study,

The ridtrient of interest. Eitker P oar ko,

Country where the trial took place (150 country code)

The state in which the trial took place

The nearest city to where the trial took place.

The county in which the trial took place.

Latitude of the trial location

Longitude of the trial location

Marnel D For the closest Mational Weather Service station. Please visit hittps:fwes, weather, gowhiwHstation_lizting to view stations by state,
Latitude of weather station, decimal degrees

User & Publication Information Trial *= +



Task 1: MDS approval

* Fertilizer source
* Sulfur incorporation depth
*S concentrations in irrigation water

* Soil series or GPS coordinates
* Soil texture (measured or from NRCS)



Task 2: Build database & assess utility

* 505 site-years to date

* Need to finalize MDS and then update collection

5]
Authors
Kaur et al., 2013
Kaur et sl 2013
Kauretal 2013
Kauretal, 2013
Kaur et al . 2013
Kaur et al.. 2013
Kaur et al., 2013
Kaur et al., 2013
Kaur et sl 2013
Kaur et al., 2013
Canon et al., 2021
Canon et al., 2021
Canon et al., 2021
Canon et al., 2021
Baoubakry et al, 2023
Boubakry et al, 2023
Steckeretal 1335
Stecker et al, 1335
Stecker et al 1335
Stecker et al.. 1335
Stecker et al , 1335
Stecker et al., 1335
Steckeretal 1335
Steckeretal 1335
Stecker et al, 1335
Stecker et al, 1335
Stecker et al.. 1335
Stecker et al., 1335
Stecker et al , 1335
Stecker et al., 1335
Steckeretal 1335
Steckeretal 1335
Stecker et al, 1335

[
Year
2016
206
206
206
2076
N
e
e
2017
2017
2015
2015
206
206

E020-Z0Z2
2020-2022

1331
1951
1331
1331
1331
1331
1331
1331
1951
1351
1331
1331
1331
1331
1331
1331
1951

B53
BS54

BS6
C3a
C3d
C33
C40
Cdt
Cdz
Ca3
E3S
E36
ESO
ES1
M45
MET

u]
Site Name
Abzaraka
Adal
Dowrerl
Gardner
‘walcott |
Adall
Amenia
Casszelon
Downerll
‘el aleat |l

Ciry

Milar
Milar
Milan
Milan
Hilan
Barton

F

G

Stare GPS

TN
TN
N
TN
TN
AL
MO
MO
MO
Mo
MO
MO
MO
MO
MO
MO
MO
Mo
MO
MO
MO
MO
MO

455842 67N IT 25 20.97
47135387 N 36 24'31.87 W
46 4806, 27 N 96 32'52. 17
AT 05537 N AT 0314.97 b
46 3745 27 N 365414537
4T ETEZ0.57 N3G Z25d35.07
45 530557 N AT 4EG 4
45 55387 N AT 120,57 W
46 515587 N 96 30'55.07 b
46 31T05.57 N 96522417

35.9198 N, 85,7589 W

359138 N, 88 V589 W Soybear

359138 N, 88,7589 W

359138 N, 86,7583 W Soybear

SEOE0EET N, 3545°13.2° W
I, BTEH02.47 W

H | J K L Lul i [u] P
Crop 'revious Crolrop rotation Irrigated Reps conc. [mg ke Timing Jepth [emJry method:
Con  Soybean - Mo 4 16 Preplant 5
Corn ‘wtheat C-W M 4 1 Preplant 15 40C
Com  Soybean C-5 M 4 1 Preplant 15 40C
Com  Soybean C-5 N 4 il Preplant 1= 40C
Carn Soybean C-5 Mo 4 13 Preplant 15 40c
Corn Soubean C-3 Mo 4 16 Preplant 15 40C
Corn Sovbean C-3 Mo 4 10 Preplant 15 40C
Con  Soybean C-5 Mo 4 T Preplant 1= 40C
Com  Soybean C-5 M 4 1B Preplant 15 40C
Com  Soybean C-5 Mea 4 13 Preplant 15 40C
Com  Soybean C-5 M E 3.9ppm  Preplant 15

Carn C-5 Mo B 4.5ppm  Preplant 15
Corn Soubean C-5 Mo =] 10 ppm Preplant B1

Corn C-3 Mo =] 8.5ppm  Preplant 61
Cormn Mo 4 3z Preplant 15
Corn MNea 4 22 Preplant 15
Corn Wes E T Preplant 15
Corn M E 9.3 Preplant 15
Carn ez B 08 Preplant 15
Corn Yes =] 6.3 Preplant 15
Corn Yes =] ] Preplant 15
Comn Mo =] 5.8 Preplant 15
Corn Wes E 4.2 Preplant 15
Corn M E 5.8 Preplant 15
Corn M E 21 Preplant 15
Carn Mo B 25 Preplant 15
Corn Yes =] 4.1 Preplant 15
Corn Mo =] 6 Preplant 15
Carn Mo B [ Preplant 15
Comn Mo =] 53 Preplant 15
Corn M E 65 Preplant 15
Corn M E 56 Preplant 15
Corn M E Preplant 15

o
Extraction
CalHzP04)2 + BaCIT
CalHzP04)2 + BaClE
CalHzP04)2 + BaClS
CalHzPO4)Z + BaCld
CalHZPO4)Z + BaCl3
CalHzPOd)Z + BaClz
CalHZPO4)Z + BaCl
CalHzP04)2 + BaCl0
CalHzPO4)2 + BaCl
CalHzPO4)2 + BaCl2
Mehlich-3 ertraction
Mehlich-3 ertraction
Mehlich-3 extraction
Mehlich-3 extraction

CalHzP04)2 + BaCl2
CalHzPO4)Z + BaCl3
CalHZPO4)Z + BaCld
CalHzPOd)Z + BaCls
CalHzPO4)Z + BaClG
CalHzP04)2 + BaClT
CalHzP04)2 + BaCls
CalHzP04)2 + BaCl3
CalH2PO4)Z + BaCHO
CalHZPOd)2 + BaClTl
CalHZPO42 + BaCiZ
CalH2PO4)2 + BaCl3
CalHZPO4)2 + BaClid
CalH2PO4)2 + BaCHS
CalH2P04)2 + BaCHE
CalH2PO4)2 + BaCH7
CalH2PO4)Z + BaCHE

R S

wrraction citatic OM (g kgl Soil Series  Soil texwre Sanc Sile Clay
.

Lombset sl 1935 31
Lombset al 1955 38
Lombs et ol 1955 46
Lombeet al 1335 42
Lombset al 1335 3
Lombeset sl 1355 36
Lombset al 1335 46
Lombset ol 1955 33
Lombs et al 1935 46
Mehlich, &, (1984). Mehlich 3 za
Mehlich, 4. (1384). Mehlich 3 za
Mehlich, &. [1984). Mehlich 3 20
Mehlich, &. [1354). Mehlich 3 sa
5.24
7.34
Erown and Bodrig g
Erown and Bodrig 24
Brown and Bodrig 16
Erown and Bodrig 16
Erown and Bodrig 22
Brown and Bodrig 17
Erown and Bodrig 18
Erown and Bodrig 24
Erown and Bodrig 17
Brown and Bndrig 23
Brown and Bodrig 18
Erown and Bodrig &
Erown and Bodrig 33
Brown and Bodrig 23
Erown snd Hodrig 25
Erown and Bodrig El
Erown and Bodrig a

T U VoW X
Glundon Sitloam 52 38 10
‘wlheatvile Loam Bl 31 36
Elmuille Sandyloam B0 22 18
Fargo Silty clayloam 23 42 30
Fargo Sityelay 16 44 40
Augsburg Laoam 53 23 1§
Glyndon-Tiffary Skt loam 23 33 12
Bearden  Silyclayloam 25 43 33
Lamaure Sitlosm 27 58 16
‘elheatville Siltloam 31 5B 13
Callins Silt Loam
Callins Silt Loam
Colling Siilt Laam
Colling Siilt Laam
Laring Siltloam 230 500 210
Fhodic Paledul::  Sitloam 310 500 130

fine sandy loam
sandy loam
Silt loam
Siilt loam
Siilt loam
Silt loam
Silt loam
Silt loam
Silt loam
clayloam
Siilt loam
1

siley clay loam
silt loam
=ilt loam
silt loam
=ilt loam
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Task 2: Large datasets

Site-Yrs Crop Authors Year State(s)
16 Alfalfa  Ketterings et al., 2012 2008 NY
28 Corn Camberato et al., 2023 2017 IN
49 Corn Fleuridor et al., 2023 2013 OH
50 Corn Stecker et al.,, 1995 1991 MO
82 Corn Hoeft et al., 1995 1977 IL
27  Soybean Almeidaetal., 2023 2021 AK 1A, N, KS, M, MCIV’INC’ ND, OH, 5D, VA,
34  Soybean Fleuridoretal.,, 2023 2013 OH
51 Soybean Brooks et al., 2022 2019 AK, KT, MI, MN, Ml, NC, OH, SD, VA, WI
12 Wheat  Fleuridor etal., 2023 2014 OH
14 Wheat K. Girma et al. 2005 1996 OK



Task 2: Outputs

Manuscript 1 — Evaluate the extraction/analysis methods
and STS vs. Yield response to determine validity and site

specificity of using STS.

Manuscript 2 - How does STS approach (CSTV) compare

to other approaches:
* Yield-goal based like N
* Soil texture/OM categories
* Hybrid approach



Task 2.5

Start incorporating S into FRST database using the

literature review database to ingest a large chunk of
legacy data.



Task 3: Survey of national S levels

Survey of STS levels across the country. Request soil S
tests from major labs and assess whether soil S is
declining over time and how it varies spatially.

SUMMARY UPDATE

Soil Test Levels in North America

By P.E. Fixen

Figure 1. Percent of soils testing medium or lower in P.



Task 4: Soil depth study

Soil depth impacts on S levels (Culman’s data;
Mehlich-3 with ICP).

*First need to evaluate whether Mehlich-3 works
well in predicting yield response from Task 2.
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