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comprrm What is pH????
Soil pH is a soil health indicator.

pH = -log [H']
Really ? What does this all mean???

Power of hydrogen = negative log transformation of hydrogen ion concentration in solution
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Water is H,0O

Pure water has equal concentrations of H+ and OH- (hydroxide) and
absolutely will not conduct electricity.

A strong acid (battery acid) has 100 million, million (100,000,000,000,000)
times more hydrogen ions than a strong base (sodium hydroxide).

A logarithmic scale was created because of all the numbers.
Therefore, a change in 1 pH unit is 10 times acidic or basic.

The scale ranges from 0-14 (notice all those zeros above, 14)

It is a lot easier to use a scale of 0-14 than all those zeros!

UniveRstry EXTENeioN
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Acidic

Neutral

Basic (or
“alkaline”)

SOUTH DAKOTA STATE
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How is soil pH measured ?

Hydrogen (H*) ion selective probe

1:1 soil and pure water slurry

Buffer pH (BpH) :
Buffer added to 1:1 soil/water slurry
pH measured

Sikora, SMP, Woodruff ect.

BpH most always higher than pH for our soils.

\.,
d
b

alap |

Soutn DAKOTA STATE
UNIVERSITY EXTENSION

© 2021 South Dakota Board of Regents. 6




Soil Cations: Ca, Mg, K, Na, NH4, Cu, Mn, Fe, Zn, Co, Ni

Soil Cation Exchange: Comes from clay particles and organic matter

Cation absorption strength:
APB* > H+ > Ca?* > Mg?* > K* = NH,* > Na*

Acidic  / Alkaline

© 2021 South Dakota Board of Regents
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Why is pH important in
precision soil management?

Nitrogen

Phosphorus
Potassium
Sultur

Caicium
Magnesium

4 45 3 535 & 63 7 79 8 835 9 935
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How do soils become basic (pH > 7)?

Glaciated soils typically
neutral to alkaline.

White concretions are lime.

Ethan Soil Series

Add:

Lime CaCO,

Calcium oxide CaO,

Calcium hydroxide Ca(OH),

Wood ash

Water treatment plant
By-products.

SOUTH DAKOTA STATE
UNIVERSITY EXTENSION
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Soil pH by depth
Brookings Soil Series
Site 1 Soil Test Parameter
Soil Depth P K oM pH
----- ppm ----- %
0-6 35(VH) 164(VH) 3.6 6.5
6-12 46(VH) 102(M) 3.0 7.2
12-18 12(H)  129(H) 2.1 7.6
18-24 3(VL)  110(M) 1.5 7.9
SouTH DAKOTA STATE
UNIVERSITY EXTENSION
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Saline and Sodic Soils Development

Acidic P Alkaline

Increased precip and less
perennials on the landscape

Very high salt levels
l l l l l Elevated Salt Levels

Salt accumulation layers (horizon)
Glacial till parent material

@
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Normal Soil Saline + Sodic
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How do soils become acidic? (pH <7)

Soil weathering, leaching and organic acids created from organic processes
do contribute, however the largest cause is :

Nitrate-N not used by plants leaves H* ions that are not neutralized.

Nitrification of fertilizer N:

NH,* + 20, ----> 2H,+ + NO, + H,0

Neutralization of acidity by plant root uptake of Nitrate-N.

Plant / Root uptake of nitrate-N releases OH-

© 2021 South Dakota Board of Regents 13
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Table 1. Influence of N rate management on surface soil pH (0-
6 inch), SE Research Farm, 2006, Beresford, SD.
Nitrogen Treatment? N Rate® pH (0-6 inch)
Ibs/a -log[H*]
check-no nitrogen 0 6.3
Spring -Rec. N8 110 6.0
Split - Rec. NB 110 5.7
Fall - Rec. N® 110 6.0
Spring 200 200 55
Spring 400 400 5.0
A N rate applications made for corn in rotation with soybean
from 1988 to 2006. (broadcast urea, conventional tillage)
8 Rec N = Recommended N for corn (corn/soybean rotation)
determined from yield goal and 0-24 inch soil test.
€ 20086 N application rates
© 2021 South Dakota Board of Regents 14
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Increasing Soil pH with amendments.

SouTH DAKOTA STATE
UnNivERsSITY EXTENSION

Increasing pH in acidic soils.
Low pH soils (4.5-6.0) apply lime.
Adding Lime (based on BpH).

Buffer Index Lime required (6 inch depth)

tons/acre
>6.5 0
6.1-6.499 2.0
5.9-6.099 2.5
5.7 -5.899 3.0
<5.699 3.5

Calcium carbonate equivalent = 90%, total effectiveness = 70%

-adapted from SDSU Fertilizer Recommendation Guide, EC750
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What is lime ?

Calcium carbonate (CaCO,)

How does lime neutralize acidity ?

2H* + CaCO? > Ca** + H,CO,

H,CO; —> H,0 + CO,

© 2021 South Dakota Board of Regents 16
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Lime Sources

SouTH DAKOTA STATE
UNIVERSITY EXTENSION

Ag Lime — extracted from a mine, maybe crushed. Can be calcitic (Ca based) or
dolomitic (higher Mg concentration). Universities of MN and WI have
found no advantage in manipulating the Ca:Mg ratio.

Pelletized Lime — finely ground lime (glued — stuck) together with water
soluble, synthetic tree sap. (expensive)

Water treatment lime — produced from softening municipal water sources.

Process: Limewater (CaOH solution) is added to raw water. The pH increases
resulting in a shift of carbonate species producing calcium and
magnesium carbonate. Iron, maganese and other metals are removed.

Other lime sources: CaO, MgO, MgC03, and Ca(OH),

© 2021 South Dakota Board of Regents 17
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CCE (Calcium Carbonate Equivalent) — effectiveness of a lime source determine
by the amount of acid it neutralizes.
Important for lime sources containing impurities.
Lime sources with lower CCE require higher application rates.
Mesh size — finer materials neutralize acidity more quickly.
Mesh size — wires/inch Opening size (inches)
4 0.1870
8 0.0937
60 0.0098
© 2021 South Dakota Board of Regents 18
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Effect of Particle Size and Lime Rate
on Soil pH After 18 Months

7.5

7.0 - Mesh Size
- 6.5 =a—100
o =60 -

-H= =

w d

5.5 ——4-8

5.0 -

4.5

0 2 4 6 8 10
Dolomitic Lime, ton/acre
Meyer et al., Soil Sci, 73:37
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Effective Calcium Carbonate Equivalent (ECCE):
(Total Fineness Efficiency + 100) x (% CCE + 100) x ([100 -% Moisture] + 100) x 2000 = ECCE

% of particles Fineness % Available
passing through Factor
4 100 10

X 0.1 =
90 X 03 = 27
60 55 X 0.6 = 33
Total Fineness Efficiency = 70

Example:
(70 + 100) x (92 + 100) x ([100 - 2] + 100) x 2,000 = 1,260 ECCE
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5= Tillage System Effectiveness

SouTH DAKOTA STATE
UNIVERSITY EXTENSION

Table 4. Soil pH of conventional and no-till plots with applied rates of Super Cal and Brookings city
water treatment lime sludge at Aurora, SD, in 2005.

Soil pHE
Lime Conventional tillage No-Till
Source Rate? 0-2" 2-4" 4-6" 0-6" 0-2" 2-4" 4-6" 0-6"
tons/a e e (o0 Ly L B

Check 0 53b 55b 56b 54b 52b 54b 5.5 5.3b
Brookings® 1 76a 74a 6.3a 71a 73a 6.4a 5.9 6.5a
Super Cal‘ 1 74 a 7.2a 6.2a 7.0a 7.3a 6.5a 5.9 6.6 a
Super CalP 4 75a 7.5a 6.3a 71a 74a 6.5a 6.4 6.8a

LSD, 0.3 0.4 0.5 0.4 0.2 0.4 NS 0.3

A dry weight basis.

B Applied in 1998, 1999, 2000, 2001, 2002, 2003, 2004, and 2005. (Brookings City water treatment plant lime sludge)
€ Applied in 1998, 1999, 2000, 2001, 2002, 2003, 2004, and 2005. (Calcium Products Inc., Gilmore City IA)

D Applied in 1998 and 2002. (Calcium Products Inc., Gilmore City 1A)

E Samples taken prior to 2005 lime application.

LSD = least significant difference between treatment means.

-means with similar lower case letter are not significantly different within a comparison column.

NS = non-significant difference

© 2021 South Dakota Board of Regents
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Long-Term Liming Practices
Cisne sil soil, 0-6 Inch Sample Depth

Brownstown Agronomy Research Center

4.0
0 1 2 3 4 5 6 7 8 9 10 M1
Lime Material -- Ton CCElacre Years After Application

Control -+ Pelletized 0.25 -« Pellet. 0.5 Powdered 0.5

-=- Ag ground 6.5 -« Pow. 3.25 Pow. 4.75

Towa State Lniversity

© 2021 South Dakota Board of Regents
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Figure 1. Influence of soil pH and tillage method on relative corn
yield during 1999-2013 in South Dakota.
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Figure 2. Influence of soil pH and tillage method on relative soybean
yield during 1999-2013 in South Dakota.
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Precision Soil Management - lime

SouTH DAKOTA STATE
UnNivERsSITY EXTENSION

Test Your Soil For Acidity
C.M. Linsley and F.C. Bauefgﬁ
Univ. of Illinois 2

Circ. 346, Aug. 1929

© 2021 South Dakota Board of Regents
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Test Your Soil For Acidity

C.M. Linsley and F.C. Bauer
® University of lllinois Circular 346
August, 1929

+ 23 Surface Samples (2 inch depth)
« 5 subsurface (12 inch depth)
+ 5 subsoil (20 inch depth)

How Much Limestone Is Needed
® Good Plan to Test After Six Years

© 2021 South Dakota Board of Regents

@ Completed Acidity Map Shows Where and

® In a 40-Acre Field Measure pH & Carbonates
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Test Your Soil For Acidity

Adapted from C.M. Linsley and F.C. Bauer

4 Ton
W ¢ W b¢ ' 37
p¢ W W W
3 Ton Limestone
W W

pie %
2 Ton Limestone

w w
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SouTH DAKOTA STATE

" September 1991 Soil pH

Soil pH

] <55
[]55-6.0
[ 6.0-6.5
[ 65-7.0
B >7.0
40 acres

16 x 16 grid
0.156 acres/sample

- o = o e Mansfield Test Field
= Data From:
T. Peck, Univ. of Illinois

© 2021 South Dakota Board of Regents 28
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Agricultural Limestone Application
4 Ton/acre -- October 1991

Lime Rate
[ 4 ton/acre
[ 0 ton/acre

40 acres
16 x 16 grid
0.156 acres/sample

Mansfield Test Field
Data From:
T. Peck, Univ. of Illinois

© 2021 South Dakota Board of Regents 29
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September 1992 Soil pH

Soil pH

1 <55
[1]55-6.0
[] 6.0-6.5
[ 65-7.0
 >70
40 acres

16 x 16 grid
0.156 acres/sample

Mansfield Test Field
Data From:
T. Peck, Univ. of Illinois
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0k, it seems like everyone is concerned about increasing pH?
bisnpiad oot

What about lowering pH, is it possible?

Clemson University:

Present pH Desired pH

6.5 6.0 5.5 5.0 4.5

8.0 1300 1750 2400 3050 3500
7.5 1100 1525 1960 2200 3050
7.0 435 871 1525 2175 2600
6.5 == 435 1100 1750 1950
6.0 == === 435 1100 1525

For sandy soil reduce by 1/3, clayey soil increase by 1/2

©2021 South Dakota Board of Regents 3
31
sovm b s Research in South Dakota
High pH soil (> 7.5) apply elemental sulfur.
No clear recommendations due to soil variability.
Only limited research available in South Dakota.
Elemental Sulfur Rate (lbs/a)
Year 0 2000 4000 8000
-------------------- pH (0-3 inch) ---------------—---
1991 7.8 7.5 7.2 6.5
1992 7.9 6.6 6.4 5.4
1993 7.7 6.6 6.2 5.0
1994 7.5 6.7 6.4 5.1
1995 7.8 7.2 6.6 5.7
Applied April 1991 and sampled Nov. each year.
Gerwing and Gelderman, 1996
©2021 South Dakota Board of Regents n
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Influence of soil pH on soil test levels.

Soil Test (0-3 inch)

Sulfur Rate pH Olsen P Zn Fe Mn
Ibs/a ppm

0 7.8 27 1.57 20 16

2000 7.2 33 1.8 46 29

4000 6.6 39 2.13 68 40

8000 5.7 52 2.09 58 94

Applied April 1991, sample November 1995. Gerwing and Gelderman 1996.

© 2021 South Dakota Board of Regents 33
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Influence of Elemental Sulfur on subsoil pH.

Sulfur Rate (Ibs/a)

Depth 0 2000 4000 8000
inches pH
0-3 7.8 7.2 6.6 5.7
3-6 7.8 7.4 7.1 6.6
6-9 7.9 7.7 7.6 7.3
9-12 8.0 7.9 7.8 7.8
12-24 8.2 8.1 8.0 8.0

Applied April 1991 and sampled November 1995.

Gerwing and Gelderman, 1996

© 2021 South Dakota Board of Regents 34
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UNIvERSITY EXTENSION

Sulfur Brookings Yankton M-8 Yankton G-4
lbs/fa = e pH (0-6 inch) ----------------
0 7.8 7.1 7.7
1000 7.7
2000 6.9 5.8 7.5
4000 6.5 4.6 7.5
6000 7.5
8000 5.3 44 -
16000 3.8 ----
CaCo3 (%) 1.8 0.6 6.8
CEC 31 20 15
OM (%) 41 2.3 1.3
Texture loam loam loam
Sand, silt clay (%) 42,25,33 39,33,28 46,31,23
©2021 South Dakota Board of Regents 35
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@ What about Soil Health practices influence on soil pH?

SouTH DAKOTA STATE
UNIVERSITY EXTENSION

Rotations: Reduce N use, provide opportunities for cover crops and grazing that
will help to increase pH (alkaline minerals converted to organic forms).

Cover Crops: Convert NO,-N from inorganic to organic form and therefore
neutralizing any extra acidity (H*).

Perennials: Convert inorganic alkaline minerals (calcium and magnesium) to
organic forms that can offset acidity. Water use increases which can bring
alakaline minerals near to soil surface.

Grazing: Livestock help to convert carbon stocks more to humus that can
hold more alkaline minerals (CEC increases).

© 2021 South Dakota Board of Regents. 36
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Summary

1. Soil pH is a very important soil health indicator.

Nutrient availability and microbial activities are greatly affected.
Our soils are/were naturally very alkaline.
Nitrogen applications above yield levels have decreased soil pH.
Lime is a very effective way to increase soil pH.
Reducing soil pH is very difficult and cost prohibited.
Elemental S can lower soil pH but only when free CaCO; is low.
Following soil health practices are the best way

to keep soil pH at optimal levels.

Nou,srwnN
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CONTACT INFORMATION

anthony.bly@sdstate.edu

1-605-690-4563

Leave a message or text.

-
Ay

SOUTH DAKOTA STATE
© 2021 South Dakota Board of Regents UNIVERSITY EXTENSION
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In accordance with Federal law and U.S. Department of Agriculture (USDA) civil rights regulations and policies, this institution is prohibited from
discriminating on the basis of race, color, national origin, sex, age, disability, and reprisal or retaliation for prior civil rights activity. (Not all prohibited bases
apply to all programs.)

Program information may be made available in languages other than English. Persons with disabilities who require alternative means of communication
for program information (e.g., Braille, large print, audiotape, and American Sign Language) should contact the responsible State or local Agency that
administers the program or USDA’s TARGET Center at (202) 720-2600 (voice and TTY) or contact USDA through the Federal Relay Service at (800) 877-
8339.

To file a program discrimination complaint, a complainant should complete a Form AD-3027, USDA Program Discrimination Complaint Form, which can
be obtained online, at www.usda.gov/sites/default/files/documents/usda-program-discrimination-complaint-form.pdf, from any USDA office, by calling (866)
632-9992, or by writing a letter addressed to USDA. The letter must contain the complainant’s name, address, telephone number, and a written description
of the alleged discriminatory action in sufficient detail to inform the Assistant Secretary for Civil Rights (ASCR) about the nature and date of an alleged civil
rights violation. The completed AD-3027 form or letter must be submitted to USDA by:

mail: fax: email:

U.S. Department of Agriculture (833) 256-1665 or (202) 690-7442; program.intake@usda.gov.

Office of the Assistant Secretary for Civil Rights o ’ X
1400 Independence Avenue, SW This institution is an equal opportunity provider.

Washington, D.C. 20250-9410; or

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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Conforme a la ley federal y las politicas y regulaciones de derechos civiles del Departamento de Agncultura de Ios Estados Unldos (USDA) esta institucion tiene
prohibido discriminar por motivos de raza, color, origen nacional, sexo, edad, di I por en el pasado
relacionadas con los derechos civiles (no todos los principios de prohibicion aplican a todos los programas)

La informacion del programa puede estar disponible en otros idiomas ademas del inglés. Las personas con discapacidades que requieran medios de
comunicacion alternativos para obtener informacion sobre el programa (por ejemplo, Braille, letra agrandada, grabacion de audio y lenguaje de sefias americano)
deben comunicarse con la agencia estatal o local responsable que administra el programa o con el TARGET Center del USDA al (202) 720-2600 (voz y TTY) o
comunicarse con el USDA a través del Servicio Federal de Transmision de Informacion al (800) 877-8339.

Para presentar una queja por discriminacion en el programa, el reclamante debe un io AD-3027, F io de queja por discriminacion del
programa del USDA, que se puede obtener en linea, en www.usda.gov/sites/default/files/documents/usda-program-discrimination-complaint-form.pdf, en
cualquier oficina del USDA, llamando al (866) 632-9992, o escribiendo una carta dirigida al USDA. La carta debe contener el nombre, la direccién y el niumero de
teléfono del reclamante, y una descripcion escrita de la supuesta accién discriminatoria con suficiente detalle para informar al Subsecretario de Derechos Civiles
(ASCR, por sus siglas en inglés) sobre la naturaleza y la fecha de la presunta violacion de los derechos civiles. La carta o el formulario AD-3027 completado
debe enviarse al USDA por medio de:

correo postal: fax: correo electrénico:

U.S. Department of Agriculture (833) 256-1665 0" (202) 690-7442; program.intake@usda.gov.

Office of the Assistant Secretary for Civil Rights

1400 Independence Avenue, SW Esta institucion ofrece igualdad de oportunidades.

Washington, D.C. 20250-9410; 0"

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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