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Classic Sulfur Deficiency
ACoarse-textured: Sand, Loamy Sand, Sandy Loam

ALow Organic Matter < 2%
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Situational Sulfur Deficiency:
Factors Affecting Sulfur Availability

r imely Iin
cool soils, limited mineralization
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Situational Sulfur Deficiency:
Factors Affecting Sulfur Availability

Residue with High Carbon
Immobilization of Sulfur

Soybean Station ©2023 Casteel, Purdue University - 4



Sulfur: Who Needs It...Maybe You?
Total Sulfur Deposmonlb/ac)
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Sulur Effects on Soybean

No Sulfur 20 Ib Slac
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No Sulfur 20 |Ib S/ac
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Supplying Sulfur to Our Fields
A ~3-4 b S/ac mineralized per 1% OM per year

A Plant Residue i Mineralized or Immobilized?
i C:S Ratio <200:1 A MINERALIZED SO ,-S
i C:S Ratio >400:1 A IMMOBILIZED SO,-S
I Corn Stover ~350:1
I Soybean Stover ~125:1
I Wheat Straw ~300:1
I Cover Crop? Other Factors?
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S Fertilizer

Broadcasted at
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Treatment  Sulfur Nitrogen Phosphorus Potassium

Ib S/ac  Ib N/ac Ib P,O/ac Ib K,O/ac
Untreated . .
N . 17.5 .
P . . 40 .
K . . . 60
NPK . 17.5 40 60
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Treatment

Sulfur Nitrogen Phosphorus Potassium

Ib S/ac  Ib N/ac Ib P,O/ac Ib K,O/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

olybledll Slallurl
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2019 Sulfur x NPK

No AMS AMS
UTC 50.0 Db
N 5.0 Db 54 Db
P 5.5 b 5/.8 a
K 453 C 509 Db
NPK 50.8 Db 50.7 Db

A K impeded yield ~ 5 bu/ac
I Addition of N and P alleviated the yield hit (same as UTC)
i Addition of N and S alleviated the yield hit (same as UTC)

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

No AMS AMS
UTC 50.6 »
N 544 ¢ 63.3 a
P 56.8 bcd 58.9 abc
K 514 e 62.3 a
NPK 53.7 de 60.2 ab

A K did not have negative impact
A 6.2 bu/ac improvement with P

A 12.7 bu/ac improvement with AMS
I 3.8 bu/ac numeric improvement with N (urea alone)
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SNPK
LaCrosse
Aug 4, 202!

UTC KCh+ AMS
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22 LaCrosse: S+NPK

Surce NoAMS AMS
UTC 50.8 a

N 48,8 a 52.1
P 514 a 52.8

K 43.2 W) 50.9

NPK 436 b 520 a

QO D
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21 W. Lafayette: S+NPK x Variety

Var ***
Fert***
V X Fert: ns

Cl InclA 68.2
Clintermed A 74.6

UTC
N

K
NPK

67.9
68.5
69.1
67.1
68.3

ACRE21 Pooled Over Varieties
Source NoOAMS

AMS

75.0
78.5
74.9
73.4

O O O O O
o O 9 O

LSQ.lO
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22 W. Lafayette: S+NPK x Variety

YIELD

Var ns
Fert**
V X Fert: ns

Cl InclA 69.9

W.Laf. 22 Pooled Over Varieties
Source No AMS AMS
UTC 66.7

N 69.3 ¢ | 70.5|bc
F)

K

Clintermed A 69.7 NPK

LSQ.lO
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23 PKS x Variety: W. Laf, Wanatah

Yield  W.Laf23
NoAMS AMS

(2.8 Cc |85.2) a
PorS? Sulfur: 12 to 16bu

K
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23 PKS x Variety: W. Laf, Wanatah
Yield W.Laf23 Wanatah 23

NoAMS AMS NoAMS AMS
UTC | /3.4 89.0] a 729 752
P 79.5] b [ 89.6] a (7.5 74.6
K /2.8 c|85.2) a /6.1 73.9

PorS? Sulfur: 12 to 16bu
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Sulfur Management Considerations

ASoluble S Fertilizer applied prior to planting
(less than 6 weeks) of greatest benefit and
flexibility

ABroadcast of 15to 20 Ib S/ac with soluble source

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

ALeaf Nutritional Snapshots then Apply Sulfur
i Cl o scetcal $ levels (0.25%)
I N:S ~18:1 or higher
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Sulfur Management Considerations
ANutrient interactions  can mask or limit yield effects
based on timing of potash (i.e., Cl) in low CEC saoil.

APhosphorus blending is promising.

ATimely 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)
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22 Sulfur Timing: March vs. PRE

ALaCrosse
ATiming: March vs. PRE

ASource:
I AMS 21-0-0-24S
i PolyS 0-14-0-19S, 3.6Ca, 12.2Mg
I Gypsum 0-0-0-17/S, 22Ca
ARate: 0, 10, 20, 30 Ib S/ac
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S Timing: Other Nutrients Applied

S Rate AMS PolyS PolyS PolyS Gypsum

Ib S/ac Ib N/ac Ib K,O/ac IbMg/ac IbCal/ac IbCalac
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

Timing
AMarch 58.0 a
S0l _+March AMS APRE 555b
=30 | —a—March Gyp AUTC 50.2c
E 50 4 -+-PRE AMS Rate by Timing
10 L -&-PRE Gyp AMarch A ~20 Ib S/ac
0 | | ~ APRE A ~101b S/ac
0 10 20 30

S Ratelp S/ac)
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2023 AG BIOLOGICALS LANDSCAPE  memuend

Ap¢cnn AT I DPATEAO EAOA 0001 AO/
occurring from micro and macro organisms, plant extracts,

and other natural materials used to enhance crop
POl AOAOEIT 1 80

https /l mlxmgbowlhub con‘ag blologlcalslandscape2023/
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Crop & Soil Health BioControl

Bio-Based Substances Living Organisms
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Soybean Soybean Inoculated
Noft Inoculated With “Urbana Culture”
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Soybean Inoculants

A Bradyrhizobium japonicum
A At least 100,000 colony forming units/seed
A Soils with very low pH i correct pH first

‘\:'\ ;.-' i '.. ¥ 4 ’-.‘ %
'\}\ A -_” '.
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When to Inoculate For Nitrogen Management?

A No history of soybean being grown in last 3 to 5 yrs

I Continuous corn
I CRP land
I Newly cleared land

A Sandy soils in northern and southern Indiana

A Soils that have been flooded for extended periods

A What about extremely drought-stressed fields?

A Double inoculant rate and/or two different method of application
A Add sulfur?
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2011 Soybean Inoculants:
“EXTRA! EXTRA!”

I Bacillus subtilis = ubiquitous bacterium that contributes to nutrient cycling
when biologically active by producing various enzymes

A LCO Promoter Technology in Optimize and Optimize 400:
I Isoflavinoidi s t he soybeands signal to rhi
I LCO (Lipo-chitooligosaccharide) Al hpelagas eg osuend f
A Azosperillium brasilense in Primo:

I Produces Indole Acetic Acid (IAA) = plant hormone that initiates primary and
secondary root development as well as root hair formation
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INDIANA

Nutrient Influencing Biologicals 2 i / SOYBEAN

A Nitrogen-Supplying Biologicals (nonrhizobial) may fix or generate N.

A Phosphorus Supply:Biostimulantsmay provideenzymes (e.g., phosphata
that break and release phosphorus bound to organic m&aérhilizers may

solubilize P from soil minerals.

A Humic/Fulvic Acids: maychelate (acquire) cations in the soil to increase
and Zn availability. A general effect on soil and nutrient availability/acce
Some may influence plants.

A Marine Extracts: may stimulate microbes, roots, and shoots (in general
plant effect).

A Combinations: may provide any of the previously mentioned effects
depending on microbes in thax.
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Nitrogen-Supplying Biologicals (non-rhizobial)

CCCCCCCC

INDIANA

ks
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Treatment  ACRE Pinney Average 2023 Bio ShOtgun

UTC 74.2 80.9 77.6

Utrisha 717 838 778 AACRE' NS. CV 8.8%
Ehvita ‘709“ 77.6 ' ’ '
optimizemmp 70.1 [ 82.1J 771 APinneySand: NS, CV 4.5%

MegaPhos 742 814 778 _
Prosgrd 757 820 789  Nitrogen Supply: -4.1to 3.4bu

Rootella 72.3 82.9 77.6

MegaFol B 796 837 [8r7x) Phosphorus Supply:-1.9to 2.0bu

Mariti 72.7 80.3 76.5 . . )
QJTC'QF@;S 46 83»  7a9 Humic/Fulvic Acids: -3.9 to-1.1bu

Accomp Max 76.2 82.2 79.2 . .
o as sme e Marine Extracts: -1.5t0 5.4bu

w40l 773 R0 782  Combinations: -0.4to 2.3bu
Ferti Fulvic 73.1 79.7 76.4

Nutra 33 798 765 x =UTC Contrasts at p<0.10
Hydra /0.3 79.3 74.8
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Bio N Supplier x Fertility

AThree non -rhizobial N supplying biologicals:
I Untreated
I Envita (Azotic): Gluconacetobactediazotrophicus
I Utrisha (Corteva): Methylobacteriumsymbioticum
AFour fertility regimes:
I Unfertilized
I NA 401Ib N/ac from Urea (44-0)
I SA 20Ib S/ac from pelletized gypsum (G0-0-17S)
I N+SA 40Ib N/ac + 20lb S/ac (urea + pelletized gypsum)
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23 Bio N Supplier x Fertility: W. Laf

Bio N: none to ~4bu

Fertility NoBio FHEiwita Utrisha
None 750 c 741 c (80.5) b
Nitrogen (7.4 bc b /8.2 bc
ulfur a 887 a 87.7 a
Nitrogen+3Qulfur 1904 a [91.0 a | 89.7 a

Sulfur: +13 bu
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23 Bio N Supplier x Fertility: Wanatah

Fertility No Bio Envita Utrisha
None 825 82.7 81.6
Nitrogen /9.5 795 82.6
Qulfur 82.7 76.1 78.0

Nitrogen +Qulfur  81.2

79.7

80.0

Soybean Station
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23 Bio N Supplier x Fertility: LaCrosse

Fertility NoBio Eivita Utrisha
None 49.3 ¢ 53.2 bc 53.0 bc
Nitrogen 53.7 bc 48.8 ¢ 495 c

Qlfur ab 57.5 ab 51.3 ¢

Nitrogen+Qulfur 58.5 ab 59.5 a 61.9 a
Sulfur: +9 bu

LSI[D.05, CV(%) 8.3 Soybean Station ©2023 Casteel, Purdue University - 39



Concluding Thoughts

AApply the lessons learned from  Bradyrhizobium
I Soll fertility, field condition, crop rotation, CFUs, etc.

Aldentify the potential benefit  of the biological
AEvaluate it in the field(s) in need of this effect

ATest over multiple seasons to determine repeatability
of response or no response

APurdue On The Farm: Non -rhizobial N Suppliers
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2022-23 Cereal Rye x NS in Soybean

A 2 x 4 Factorial at field-scale
A2 Cereal Rye A Yes, No

A 4 NS Fertility
I None
I Sulfur: 20 Ib S/ac (pelletized Gypsum)
I Nitrogen: 40 Ib N/ac (Urea)
I N+S:40IbN,201b S

A Terminate ~12-16 inches (April-ish)

o i
Ve 4 T
SR SERRE
..:I. ¢ i t
= .
4.

A Indiana : Columbia City, W. Lafayette, Butlerville

A lllinois : Effingham, Urbana

%

73 bu

18 INFA Tipton

Soybean Station
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23 Cereal Rye x NS: West Lafayette

April 18" May 6" Sept F
Terminate Cereal Rye Apply Fertilizer, Plant Soy Response of Soybean

@PurdueSoybeat Purdue Crop Chat podcastsicasteel@purdue.edu
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2023 Cereal Rye x NS: West Lafayette

fluea
|Urea + Gypsum

W. Lafayette, Aug. 10, 2023 Soybean Station ©2023 Casteel, Purdue University - 43



C. Rye x NS in Soybean: 23 West Lafayette

Cover Qop Fertilizer Yield (bu/ ac)
None 61.2 b
Urea 62.4 b
Gypsum 71.4 a
Urea+Gypsum a
None C

_ Urea bc

_C;ypsum 71.0 a

PURDUE 7,

UNIVERSITY

, @PurdueSoybealh Shaun Casteefcasteel@purdue.edt
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BONUS BENEFITS?
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