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@PurdueSoybean and Purdue Crop Chat podcast
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Classic Sulfur Deficiency
ÅCoarse-textured: Sand, Loamy Sand, Sandy Loam

ÅLow Organic Matter < 2%
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Situational Sulfur Deficiency:

Factors Affecting Sulfur Availability

Early to Timely Planting 
cool soils, limited mineralization
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Situational Sulfur Deficiency: 

Factors Affecting Sulfur Availability

Residue with High Carbon
Immobilization of Sulfur
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Sulfur: Who Needs It éMaybe You?

Avg. of 2000-2002 Avg. of 2019-2021

Total Sulfur Deposition (lb/ac)
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Sulfur Effects on Soybean

No Sulfur 20 lb S/ac

LaCrosse, IN ï July 15, 2016 
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No Sulfur 20 lb S/ac

LaCrosse, IN ɀ Sept 7, 2017
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AMS 20 lb  S UTCAMS:ES
LaCrosse, IN - 2017
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Supplying Sulfur to Our Fields

Å~3-4 lb S/ac mineralized per 1% OM per year

ÅPlant Residue ïMineralized or Immobilized?

ïC:S Ratio < 200:1 Ą MINERALIZED SO 4-S

ïC:S Ratio > 400:1 Ą IMMOBILIZED SO4-S

ïCorn Stover ~350:1

ïSoybean Stover ~125:1

ïWheat Straw ~300:1

ïCover Crop? Other Factors?
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S Fertilizer Blends 

Broadcasted at 

Planting of Soybean
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Sulfur x NPKTreatment Sulfur Nitrogen Phosphorus Potassium

lb S/ac lb N/ac lb P2O5/ac lb K2O/ac

Untreated . . . .

N . 17.5 . .

P . . 40 .

K . . . 60

NPK . 17.5 40 60
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Sulfur x NPKTreatment Sulfur Nitrogen Phosphorus Potassium

lb S/ac lb N/ac lb P2O5/ac lb K2O/ac

Untreated . . . .

N . 17.5 . .

P . . 40 .

K . . . 60

NPK . 17.5 40 60

Sulfur + N 20 17.5 . .

Sulfur + P 20 17.5 40 .

Sulfur + K 20 17.5 . 60

Sulfur + NPK 20 17.5 40 60
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2019 Sulfur x NPK

La Crosse, IN

No AMS AMS

UTC 50.0 b

N 50.0 b 53.4 b

P 53.5 b 57.8 a

K 45.3 c 50.9 b

NPK 50.8 b 50.7 b

ÅK impeded yield ~ 5 bu/ac 

ïAddition of N and P alleviated the yield hit (same as UTC)

ïAddition of N and S alleviated the yield hit (same as UTC)

Å~8 bu/ac improvement with AMS + P
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2020 Sulfur x NPK

La Crosse, IN

No AMS AMS

UTC 50.6 e

N 54.4 cde 63.3 a

P 56.8 bcd 58.9 abc

K 51.4 e 62.3 a

NPK 53.7 de 60.2 ab

ÅK did not have negative impact

Å6.2 bu/ac improvement with P

Å12.7 bu/ac improvement with AMS

ï3.8 bu/ac numeric improvement with N (urea alone)
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AMSKCl + AMSUTC

S-NPK
LaCrosse
Aug 4, 2021
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22 LaCrosse : S+NPK

Source No AMS AMS

UTC 50.8 a

N 48.8 a 52.1 a

P 51.4 a 52.8 a

K 43.2 b 50.9 a

NPK 43.6 b 52.0 a
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21 W. Lafayette: S+NPK x Variety

Var *** 
Fert***
V x Fert: ns

Cl Incl. Ą 68.2 
Cl Intermed. Ą 74.6

ACRE 21

Source No AMS AMS

UTC 67.9 c

N 68.5 c 75.0 b

P 69.1 c 78.5 a

K 67.1 c 74.9 b

NPK 68.3 c 73.4 b

Pooled Over Varieties

LSD0.10
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22 W. Lafayette: S+NPK x Variety

YIELD
Var ns
Fert**
V x Fert: ns

Cl Incl. Ą 69.9 
Cl Intermed. Ą 69.7

LSD0.10

W.Laf. 22

Source No AMS AMS

UTC 66.7 d

N 69.3 c 70.5 bc

P 73.1 a 72.8 ab

K 68.1 cd 68.5 cd

NPK 69.9 c 69.4 c

Pooled Over Variet ies
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23 PKS x Variety: W. Laf , Wanatah

Pooled over varieties, LSD0.10

Yield

No AMS AMS

UTC 73.4 c 89.0 a 75.9 75.2

P 79.5 b 89.6 a 77.5 74.6

K 72.8 c 85.2 a 76.1 73.9

W. Laf 23

No AMS AMS

Wanatah 23

P or S? Sulfur: 12 to 16 bu
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23 PKS x Variety: W. Laf , Wanatah

Pooled over varieties, LSD0.10

Yield

No AMS AMS

UTC 73.4 c 89.0 a 75.9 75.2

P 79.5 b 89.6 a 77.5 74.6

K 72.8 c 85.2 a 76.1 73.9

W. Laf 23

No AMS AMS

Wanatah 23

P or S? Sulfur: 12 to 16 bu
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Sulfur Management Considerations
ÅSoluble S Fertilizer applied prior to planting 

(less than 6 weeks) of greatest benefit and 
flexibility
ÅBroadcast of 15 to 20 lb S/ac with soluble source 

near planting such as AMS, MES10, pelletized 
Gypsum, or before emergence with ATS. 

ÅLeaf Nutritional Snapshots then Apply Sulfur
ïñCloseò to critical S levels (0.25%)

ïN:S ~18:1 or higher
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Sulfur Management Considerations
ÅNutrient interactions can mask or limit yield effects 

based on timing of potash (i.e., Cl) in low CEC soil.

ÅPhosphorus blending is promising.

ÅTimely planting is foundational for high yielding 

soybeans; which seems to be intensified when 

coupled with PRE applications of N + S.

Field conditions that affect S availability and 

nodulation + N fixation (soil temp, planting, residue)



Soybean Station

Delivering First Class Information

©2023 Casteel, Purdue University - 24

22 Sulfur Timing: March vs. PRE

ÅLaCrosse

ÅTiming: March vs. PRE

ÅSource: 

ïAMS 21-0-0-24S

ïPolyS 0-14-0-19S, 3.6Ca, 12.2Mg

ïGypsum 0-0-0-17S, 22Ca

ÅRate: 0, 10, 20, 30 lb S/ac
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S Timing: Other Nutrients Applied

S Rate AMS PolyS PolyS PolyS Gypsum

lb S/ac lb N/ac lb K2O/ac lb Mg/ac lb Ca/ac lb Ca/ac

0 . . .

10 8.8 7.4 6.4 1.9 12.9

20 17.5 14.7 12.8 3.8 25.9

30 26.3 22.1 19.3 5.7 38.8
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22 Sulfur Timing: March vs. PRE

0

10

20

30

40

50

60

70

0 10 20 30

Y
ie

ld
 (b

u
/a

c
)

S Rate (lb S/ac)

March AMS

March Gyp

PRE AMS

PRE Gyp

Timing

ÅMarch 58.0 a

ÅPRE 55.5 b

ÅUTC 50.2 c

Rate by Timing

ÅMarch Ą ~20 lb S/ac

ÅPRE Ą ~10 lb S/ac

LaCrosse, IN
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BIO - BA SED SUBS TAN CES                                                                                                  LI VI NG  O RGANI SMS

É Chris Taylor  & THE MIXING BOWL

www.MixingBowlhub.comChris Taylor

chris@mixingbowlhub.com

Companies appear on the landscape only once, although some may offer products 
in multiple segments. Overlapping areas are meant to imply this, however, logo 
positions are not necessarily indicative of any specific or limited product offerings.

2023  AG BI OLOGI CALS LANDSCAPE

semioc hemica ls

macrobi als
biop est icid espost -harve st

biof ertiliz ers

inoc ulants

bios timu lants

growth

regul ators

https:// mixingbowlhub.com/ag-biologicals-landscape-2023/

Åρςππ ÃÏÍÐÁÎÉÅÓ ÈÁÖÅ Ȱ0ÒÏÄÕÃÔÓ ÄÅÒÉÖÅÄ ÆÒÏÍ ÎÁÔÕÒÁÌÌÙ 
occurring from micro and macro organisms, plant extracts, 
and other natural materials used to enhance crop 
ÐÒÏÄÕÃÔÉÏÎȢȱ
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2023  AG BI OLOGI CALS LANDSCAPE

semioc hemica ls

macrobi als
biop est icid espost -harve st

biof ertiliz ers

inoc ulants

bios timu lants

growth

regul ators

https:// mixingbowlhub.com/ag-biologicals-landscape-2023/

Å400 companies

Å½ in more than 
one segment

Å2/3 in biocontrol

Å2/3 in crop health

Å1/3 in biocontrol 
 + crop health 
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Bio-Based Substances Living Organisms

semiochemicalssemiochemicals

post-harvestpost-harvest biopesticidesbiopesticides macrobialsmacrobials

biofertilizersbiofertilizers
inoculantsinoculants

biostimulantsbiostimulants

growth 
regulators

growth 
regulators
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Soybean Inoculated

With ñUrbana Cultureò

Soybean 

Not Inoculated 
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Soybean Inoculants

ÅBradyrhizobium japonicum

ÅAt least 100,000 colony forming units/seed

ÅSoils with very low pH ïcorrect pH first
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When to Inoculate For Nitrogen Management?

ÅNo history of soybean being grown in last 3 to 5 yrs

ïContinuous corn

ïCRP land

ïNewly cleared land

ÅSandy soils in northern and southern Indiana

ÅSoils that have been flooded for extended periods

ÅWhat about extremely drought-stressed fields?

ÅDouble inoculant rate and/or two different method of application

ÅAdd sulfur?
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2011 Soybean Inoculants: 

ñEXTRA! EXTRA!ò

ÅIntegral® bio -fungicide in Vault LVL and Vault HP: 

ïBacillus subtilis = ubiquitous bacterium that contributes to nutrient cycling 

when biologically active by producing various enzymes

ÅLCO Promoter Technology in Optimize and Optimize 400: 

ïIsoflavinoid is the soybeanôs signal to rhizobia for N 

ïLCO (Lipo-chitooligosaccharide),  ñI heard you ï please send foodò

ÅAzosperillium  brasilense  in Primo: 

ïProduces Indole Acetic Acid (IAA) = plant hormone that initiates primary and 

secondary root development as well as root hair formation
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Nutrient Influencing Biologicals

ÅNitrogen-Supplying Biologicals (non-rhizobial ) may fix or generate N. 

ÅPhosphorus Supply: Biostimulantsmay provide enzymes (e.g., phosphatase 
that break and release phosphorus bound to organic matter). Solubilizers may 

solubilize P from soil minerals.

ÅHumic/Fulvic Acids: may chelate (acquire) cations in the soil to increase P 
and Zn availability. A general effect on soil and nutrient availability/access. 
Some may influence plants. 

ÅMarine Extracts: may stimulate microbes, roots, and shoots (in general a 

plant effect).

ÅCombinations: may provide any of the previously mentioned effects 
depending on microbes in the mix. 
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Nitrogen-Supplying Biologicals (non-rhizobial )
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Treatment ACRE Pinney Average

UTC 74.2 80.9 77.6

Utrisha 71.7 83.8 77.8

Envita 70.9 84.3 77.6

Optimize 70.1 84.1 77.1

MegaPhos 74.2 81.4 77.8

Phosgard 75.7 82.0 78.9

Rootella 72.3 82.9 77.6

MegaFol 79.6 83.7 81.7

Marit ime 72.7 80.3 76.5

QuickRoots 74.6 83.2 78.9

Accomp_Max 76.2 82.2 79.2

PhosN 73.8 81.5 77.6

Env_401 77.3 79.0 78.2

Ferti_Fulvic 73.1 79.7 76.4

Nutra 73.3 79.8 76.5

Hydra 70.3 79.3 74.8

CV (%) 8.8 4.4

Trt ns ns

2023 Bio Shotgun

ÅACRE: NS, CV 8.8%

ÅPinney Sand: NS, CV 4.5%

Nitrogen Supply: -4.1 to 3.4 bu

Phosphorus Supply: -1.9 to 2.0 bu

Humic/Fulvic Acids: -3.9 to -1.1 bu

Marine Extracts: -1.5 to 5.4 bu

Combinations: -0.4 to 2.3 bu

x = UTC Contrasts at p < 0.10

x

x

x



Soybean Station

Delivering First Class Information

©2023 Casteel, Purdue University - 36

Bio N Supplier x Fertility

ÅThree non -rhizobial N supplying biologicals:
ïUntreated

ïEnvita (Azotic): Gluconacetobacterdiazotrophicus

ïUtrisha (Corteva):Methylobacteriumsymbioticum

ÅFour fertility regimes:
ïUnfertilized

ïN Ą 40 lb N/ac from Urea (46-0-0)

ïS Ą 20 lb S/ac from pelletized gypsum (0-0-0-17S)

ïN+S Ą 40 lb N/ac + 20 lb S/ac (urea + pelletized gypsum)
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23 Bio N Supplier x Fertility: W. Laf

Fertility

None 75.0 c 74.1 c 80.5 b

Nitrogen 77.4 bc 81.2 b 78.2 bc

Sulfur 88.0 a 88.7 a 87.7 a

Nitrogen + Sulfur 90.4 a 91.0 a 89.7 a

No Bio Envita Utrisha

Sulfur: +13 bu

Bio N: none to ~4 bu
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23 Bio N Supplier x Fertility: Wanatah

Fertility No Bio Envita Utrisha

None 82.5 82.7 81.6

Nitrogen 79.5 79.5 82.6

Sulfur 82.7 76.1 78.0

Nitrogen + Sulfur 81.2 79.7 80.0
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23 Bio N Supplier x Fertility: LaCrosse

Fertility

None 49.3 c 53.2 bc 53.0 bc

Nitrogen 53.7 bc 48.8 c 49.5 c

Sulfur 58.4 ab 57.5 ab 51.3 c

Nitrogen + Sulfur 58.5 ab 59.5 a 61.9 a

No Bio Envita Utrisha

Sulfur: +9 bu

LSD0.05, CV(%) 8.3
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Concluding Thoughts

ÅApply the lessons learned from Bradyrhizobium

ïSoil fertility, field condition, crop rotation, CFUs, etc.

ÅIdentify the potential benefit of the biological

ÅEvaluate it in the field(s) in need of this effect

ÅTest over multiple seasons to determine repeatability 

of response or no response

ÅPurdue On The Farm: Non -rhizobial N Suppliers



Soybean Station

Delivering First Class Information

©2023 Casteel, Purdue University - 41

2022-23 Cereal Rye x NS in Soybean
Å2 x 4 Factorial at field-scale

Å2 Cereal Rye Ą Yes, No

Å4 NS Fertility

ïNone

ïSulfur: 20 lb S/ac (pelletized Gypsum)

ïNitrogen: 40 lb N/ac (Urea)

ïN+S: 40 lb N, 20 lb S

ÅTerminate ~12-16 inches (April-ish)

ÅIndiana : Columbia City, W. Lafayette, Butlerville

ÅIllinois : Effingham, Urbana

18 INFA Tipton

84 bu84 bu 73 bu73 bu



23 Cereal Rye x NS: West Lafayette

@PurdueSoybean |  Purdue Crop Chat podcast | scasteel@purdue.edu 

April 18th 
Terminate Cereal Rye

May 6th 
Apply Fertilizer, Plant Soy

Sept 1st 
Response of Soybean

mailto:scasteel@purdu.edu
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1 No Cover Urea + Gypsum

2 Cereal Rye None

3 Cereal Rye Urea + Gypsum

4 No Cover Gypsum

5 No Cover None

6 Cereal Rye Urea

7 Cereal Rye Gypsum

8 No Cover Urea

9 Cereal Rye Gypsum

10 No Cover Gypsum

11 Cereal Rye Urea

12 No Cover Urea

13 Cereal Rye Urea + Gypsum

14 No Cover None

15 Cereal Rye None

16 No Cover Urea + Gypsum

17 Cereal Rye Urea

18 No Cover Urea + Gypsum

19 Cereal Rye Gypsum

20 No Cover Urea

21 No Cover Gypsum

22 Cereal Rye None

23 Cereal Rye Urea + Gypsum

24 No Cover None

2023 Cereal Rye x NS: West Lafayette

W. Lafayette, Aug. 10, 2023

Cereal Rye

No Cover

Cereal Rye

No Cover

No Cover

Cereal Rye

Cereal Rye

No Cover



C. Rye x NS in Soybean: 23 West Lafayette

@PurdueSoybean |  Shaun Casteel, scasteel@purdue.edu 

Cover Crop Fert ilizer

None None 61.2 b

None Urea 62.4 b

None Gypsum 71.4 a

None Urea + Gypsum 74.3 a

Cereal Rye None 54.7 c

Cereal Rye Urea 58.2 bc

Cereal Rye Gypsum 71.0 a

Cereal Rye Urea + Gypsum 74.8 a

Yield (bu/ ac)

mailto:scasteel@purdu.edu
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BONUS BENEFITS?


