Calcium, pH and Sall
Health

Tim Reinbott, MU Field Operations




Soll pH

Fix it First Before You Do Anything Else!




But What Is ife

r What Is pH Again?

solution is measured as pH, which Is

The H* concentration or acidity of a
L defined as follows:

pH= log[;{lq = -log[H”]

Thus, pure water, which has a con-
centration of H* = 10-7 M (M = molarity,
moles/liter) has a pH of 7.0, which is a
neutral (neither acidic nor alkaline) pH.




What Is pHe The lower the pH the
more Hydrogen is Present

Hydrogen lon pH Interpretation
Concentration
moles/liter
00000001 8 Strongly alkaline
0000001 7 Neutral
000001 6 Slightly acid
00001 5 Strongly acid
0001 4 Extremely acid




pH Scale-In Soils We Want to Be Slightly
Acid-6.5-Why?¢
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The Influence of Soil pH on Nutrient Availability
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Some Plants Like Low pH

Those that developed in forests and highly weathered soils




Blueberries-Do Best in Acid Soll

» Why?

» Fvolved in Forest, Acid Soils

®» |nferaction with soil microbes

» Root System Does Not Have Fine
Roofs

= [ron Availability




Too High pH in Blueberry-lron
Deficiency




How Do You Lower the pH<¢-Elemental Sulfur
or Aluminum Sulfate- 6 months ahead of

time.

Table 1. Amending soil to reduce pH.

To lower the pH one full pH unit (e.g., from 5.5 to 4.5), incorporate either finely ground sulfur or
aluminum sulfate. Sulfur is usually the least expensive material. Use the water pH value rather
than the buffer pH value to determine how much sulfur or aluminum sulfate to incorporate.

Soil Texture Sulfur 1b/100 sq ft’ Aluminum Sulfate 1b/100 sq ft'
Light, Sandy 0.75 4.5

Medium, Sandy Loam 1.50 9.0

Heavy, Clay Loam 2.25 13.5

1 Because the soil's buffering capacity affects the degree to which a soil is acidified,

days later.

apply the recommended amount well before planting. Then recheck the pH 60 to 90




Hydrangea-Pink vs Blue




The Lower The pH, The More Available

Aluminum
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Hydrangea-Pink vs Blue-Aluminum Turns
the Flower Blue




What Is This And Why?¢




How Do We Correct The pH¢e
Raising pH With Lime




Figure 5-5. Continued: (c) U.S. soil map.
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Example of Soils-Mollisols and Alfisols-
OH Increases as you move left

Forest

Mixed Grass  Tall Grass gh B
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Desert (Entisol) Desert and some Prairies (Mollisol) Forest (Alfisol)
short-grass prairies
(Aridisol)

Figure 5~7. Transition: desert to prairie to forast. In terms of soils this is the Aridisol-
Mollisol-Alfisol transition.



What

Does Liming

DO¢



Lime Corrects Problems from Excessive
Acidity

®» Reduces Al and other metal toxicities
®» |mproves soil physical condifion

» Stimulates microbial activity -Fungal

®» [ncluding symbioftic bacteria that fix N

®» |[mproves availability of essential nutrients
» Supplies Ca and Mg for plants




Frequency of Liming Influenced By

» Soil texture-More Clay, More
Lime

» Rate of N fertilization-increase
N, decrease pH

Rate of crop removal of Ca
and Mg

Amount of lime applied
Quality of lime applied

Soil buffer capacity-CEC-Clay
Tillage Desired pH range



Lime Is Calcium Carbbonate-
CaCQO, -t is Not the Ca That Corrects pH,
but CO3

CaCO, + 2H* = Ca*2+ CO, T+ H,0




Slides showing Ca bumping off H
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How Much Lime To We Need To Adde
Depends Upon The Cation Exchange
Capacity

CEC (A) > CEC (B)

A c
Soil Solutio
chhged
w3 0 o2g L o
& w c. Mg Ca
MQ
’c.‘ P > -
— ’ 0@- ®
” N’ . . -
_QMé‘ MgMQ
Ca
3 ’c ’ .'c?

Anion (SO4* / NO3- /
Bou ded cations, cr'/o:;m : te)




Alfisols Formed Under Forest, Mollisols
Under Prairie

Natural vegetation
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Alfisols and Mollisols

“iAELEE.0 The Average Cation Exchaﬁge-_Capaicities (CEC) and pH
Values of More Than 3000 Surface Soil Samples Representing Seven
- Different Soil Orders At e T e S

Va Organic colloids give Histosols a very high CEC. Compare to data in
. Tables 8.3 and 8.4 to see the relationship between the average CEC
' - and the main types of colloids in the other soil orders.
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CEC, cmol kg - - PH.

Cultisols 3.5 | | ' 5.60

Alfisols PRI 9.0 o600

Spodosols PR 9.3 g L - 4.93
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clays, oi

Mollisols
Soft, dark,
semiarid to
moist, grass-
lands



oH is Then Like Air Pressure in Your Tire-It Doesn’t
Tell You How Much Hydrogen Is In the Soill




Greater Clay Content=Higher Cation
Exchange Capacity (CEC)
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Solil Test Measure How Many Hydrogen
Molecules are Attached to the Clay
Particles

» Nueftralizable Acidity

» Buffer pH




Soll Test Reports Show You How Much

Lime To Use

UNIVERSITY OF MISSOURI Soeoil Test [Scil Testing Laboratary Soil Testing Labaratory
E t R rt 23 Mumford Hall, MU P.O. Box 160
X{€11S1011 epo Columbia, Mo 65211 Portagevilie, MO 63873
Phone S573-882-D623 Phone 573-379-5431
Fax S73-884-4288 Fax 573-379-5875
FIELD INFORMATION “ousty Name Hoooe |Region 3 |
Frcld 32 Samele No [ Currere Dxase J
8 1?7
ACRES 11551 Lirood Unknoas L igzencd No |
Last Crop Nooe Sclocsed Sl sargsle subonimed by
Thes roport is foo
Soll Test bnformation Races
Very Low Lores Mieduim High Vory Hogh oo
pil sale phi)y SHrteerreed eI TP ® - -
Phosphornus dl AN TalAl S R ED L 22 2 2 2 *rEete et
Pocassum (LS 250 MaiAl S ST ES EXSREEEE EE 2 = =
LCalciure (Ca) e P S *xrrert|eern
Megneskam  [(Mga) 0 sAlessssnss Jesssssee T
Sudfie (S0-S)
Zin: (Zn)

Mangescss (M)

Tran (Fe)

Copper (Cu)

JCatica Exch. Capacity 11.9 meg/l 00p
|

Newtrslizsdle Acdity 2 oy’ 00
Electrical Conductivity tromhotcm

Oupanic Matier 2 5%
pH in waner

Niwatef NOS.N) Jrossod pen Jsubsod  ppmn ranping depis | Jsutsod  aches

NLUTRIENT REQUIREMENTS

Pounds por acre
N POy LSl Zn S

LIMESTONE

Cropping Optons Yeabd Goal SUGGESTIONS

1 500 fosdA 20 20 20 0 0 EXTective

157 SUNFLOWERS
MNestratorig sas

Matesial (ENM)

EXfectrve

Magncsins EMy)

Comments:

—Some harbicide labeis st restrictions based on soll pH N water. This sampie hoas an estimated piH in wabter of § | Use ®¥s estimaled pH in waler
as s gude. If you wish 1o have sof pH in waler analyzed. conlact your daaler or Extension specalist Ssted bedow.

—-"**Suggest using doloemitic H readiy k . bul yweld responss 1o s is not Teldy.

|-—Sit, s are v e In extracting nutrients in high O M. soi. They can get maost of their N reguinemeant from sol
—To deteomine lmesione needad in lonsaiacrs, divide your ENM req by the g of your dealer.
Re: 1 Agronocen el s 34 Lo | G 733455792 | Sigrotoee

University of Missour, Lincoin Universty, US. Doepactment of Agricufture & Locsl University Extension Coundils Cooperating
Egual Cpportunity Institution




What Is ENM-Effective Neutralizable
Materiale Effective Calcium Carbonate?

»| ime is CaCOs,
®»BUT IS IT puree¢
»\What is the size of the particlese




Effective Calcium Carbonate

Equivalent-Based Upon Fineness
How to Calculate Limestone ECCE

(lowa)
%o of Particles Fineness Percent Available
Passing Each Screen Factor Based on Fineness
4-mesh 100 X 0.1 = 10
8-mesh 20 X 0.3 = 27
60-mesh 55 X 0.6 = 33
Total Fineness Efficiency 70

Effective Calcium Carbonate Equivalent (ECCE):
(Total Fineness Efficiency ~ 100) x (% CCE +100)
X ([100 - % Moisture] = 100) x 2000 = ECCE

Example:
(70 ~100) x (92 +-100) x (J100 - 2] +-100) x 2,000 =1,260 ECCE

T . M4 4. TTE Wy




FiIneness of Lime Scale-Pell Lime

—
Sizing Before Pelietizing ﬁ
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Particle Size Makes a Difference How
Fast Iime Reacts

Effect of Particle Size and Lime Rate
on Soil pH After 18 Months
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Meyer et al., Soil Sci, 73:37




Your State Will Have Different
Measurement For Lime Quality

Essentially All Based Upon Quality of Lime ond Fineness




Agriculture Lime vs Pell Lime

» Pell Lime-Dust with a sticker agent

» Very Quick Change in pH,
Available Calcium

» May Have To Apply More Often

» AgLlime

» Can Take 18 months to get
desired pH

» | ong Lasting Due to Various Sized
Material




Lime Vs Gypsum or Calcium Sulfate

Guaranteed Dry Weight Analysis ( le 5 iy

Calcium Sulfate (CAS04) wuuvweesuusrrssss
*Calcium Sulfate‘Dlhydrate  (CaS 0 o0

Caleitiiit (C2) . .emsessssessesnsessasasanaasasn
Suliur (S) Combiner ....... |

Water smumnger




Rules of Thumb For Gardens

» pH
Table 3. Limestone recommendations for crops with different pH; preferences.

Category Apply lime when Limestone recommendation
Alkaline loving pHs < 6.5 Lime (Ib/1000 sq ft) = neutralizable acidity x 25
Slightly acid loving pH; < 6.0 Lime (Ib/1000 sq ft) = neutralizable acidity x 25
Medium acid loving pHs < 5.0 Lime (Ib/1000 sq ft) = 50
Strong acid loving pHs < 4.0 Lime (Ib/1000 sq ft) = 50




Lowering the pH<
Sulfur

Ata CEC =< 10: Sulfur (Ib/1000 sq ft) = (pHsTest - pHTarget) x 5 + 0.5
Ata CEC 10 - 18: Sulfur (Ib/1000 sq ft) = (pHsTest - pHTarget) x 10 + 0.5

AtaCEC> 18: Sulfur (Ib/1000 sq ft) = (pH Test - pHTarget) x 18 + 0.5

pH-8.5-7.0=1.5 x 10+0.5=15.5 b S/1000 {12




Calcium and pH

=»Can You Have a Calcium
Deficiency and High pH?




Calcium Deficiency




How Does Calcium Move in the Plante
Through the Water Stream-One Direction

Water absorbed -———’ S
by root hairs . ~

T R - 7o “= " OThe COMET Program




Symptoms Are on New Growth Areas




Also Black Heart In Potato




What is This¢




The Cure?

= Calcium Nitrate

along the row during fruit set

gtoes

{ |n TOO
Helps Prevent Blossom End A®




Let’'s Look AT Some Soll
Tests and Principles




IVERSITY OF M]S.SOURI Soil Test [Soil Testing Laboratory Soil Testing Laboratory
@E en ~1 Report |2 Mumford Hall, MU P.O. Box 160
XE S101 P Columbia, Mo 65211 Portageville, MO 63873
Phone 573-882-0623 Phone 573-379-5431
Fax 573-884-4288 Fax 573-379-5875
FIELD INFORMATION County Name Boone [Region 3 ]
Field Id Sample No Current Date
1/5/2017
ACRES ILasl Limed Unknown Irrigated No
Last Crop None Selected Soil sample submitted by:
This report is for:
e — —
R % Rating
Soil Test Information - - -
Very Low Low Medium High Very High Excess
pH; (salt pH) 5.5) st sk sfeofeofesfe ook ok o sfe sk skeoke ofe e ok
Phosphorus  |(P) 40 M0s/A] ook s e e sk sk sk sk ko okl EEEE LTS
Potassium (K) 250 Ibs/Al sk ks sksk bk Jekdeokakokokok EE
Calcium (Ca) 3500 Tos/A e sk seofeskeobe ok ok ol sk sk sk ofeok TR EE R
Magnesium  |(Mg) 200 Ibs/A] % sk sk sk okskok ok Phokkokdokkok dok ko ok
Sulfur (S04+-S)
Zinc (Zn)
Manganese  |{Mn)
Iron (Fe)
Copper (Cu)
Organic Matter 2.5% Neutralizable Acidity 2 meq/100g Cation Exch. Capacity 11.9 meg/100g
pH in water Electrical Conductivity  mmho/cm Sodium (Na)  Ibhs/a
Nitrate(NO3-N) Jtopsoil  ppm Jsubsail ppm |sampling depth Jtop inches |subsoil inches
NUTRIENT REQUIREMENTS
Pounds per acre
N PO [KO  [zo s LIMESTONE
Cropping Options Yield Goal SUGGESTIONS
117 SUNFLOWERS 1500 Ibs/A |20 20 20 0 0 Effective
N lizing 585
Material (ENM)
Effective
Magnesium(EMg) 0
Comments:
--Some herbicide labels list restrictions based on soil pH in water. This sample has an estimated pH in water of 6 . Use this estimated pH in water
as a guide. If you wish to have soil pH in water analyzed, contact your dealer or Extension specialist listed below.
--***Suggest using dolomitic limestone if readily available, but yield response to magnesium is not likely.

---Sunflowers are very effective in exlracting nutrients in high O.M. soil. They can get most of their N requirement from soil,
-.-To determine limestone needed in tons/acre, divide your ENM requirement by the guarantee of your limestone dealer.

\

UNIVERSITY OF MIS.SOURI Soil Test [Soil Testing Laboratory Soil Testing Laboratory
M E ~1 Report 23 Mumford Hall, MU P.0. Box 160
U XEEHSIOD P Columbia, Mo 65211 Portageville, MO 63873
Phone 573-882-0623 Phone 573-379-5431
Fax 573-884-4288 Fax 573-379-5875
FIELD INFORMATION County Name Boone |chion 3 I
Field Id Sample No Current Date
1/52017
ACRES |Last Limed Unknown Irrigated No
Last Crop None Selected Soil sample submitted by:
This report is for:
| ————— ———— —
R Rating
Soil Test Information - " .
Very Low Low |Medium High Very High Excess
pH; (salt pH) 55 de ke tokkrkk [kskdokkook *k
Phosphorus  |(P) 40 1bs/A ek e sk ok skok  |akoskok ok ok ok ok kkkkkEE
Potassium  |(K) 250 Ibs/A] Ak ko dok ko Rk kbt skkokokok
Calcium (Ca) 1500 Ibs/Af sk ek stk itk dokokok ok ok okokdkokok ok Pkokkok
Magnesium  |(Mg) 200 Ios/Al ool oo ook ol o ol e koo s ok EEE R B
Sulfur (S04-8)
Zinc (Zn)
Manganese  |(Mn)
Iron (Fe)
Copper (Cu)
Organic Matter 2.5% lizable Acidity 2 meq/100g Cation Exch, Capacity 6.9 meg/100g
pH in water Electrical Conductivity  mmho/cm Sodium (Na)  Ibsfa
Nitrate(NO3-N) l(opsoil ppm Isubsoil ppm Isampling depth Ilop inches Isubsml inches
NUTRIENT REQUIREMENTS
Pounds per acre
N P,0s K0 fzn S LIMESTONE
Cropping Options Yield Goal SUGGESTIONS
117 SUNFLOWERS 1500 [bs/A |20 20 20 0 0 Effective
N lizi 585
Material (ENM)
Effective
Magnesium{ EMg) 0
Comments:
---Some herbicide labels list restrictions based on soil pH in water. This sample has an estimated pH in water of 6 . Use this estimated pH in water
as a guide. If you wish to have soil pH in water analyzed, contact your dealer or Extension specialist listed below.
—Sunflowers are very effective in extracting nutrients in high O.M. soil. They can get most of their N requirement from soil.
—To determine limestone neaded in tons/acre, divide your ENM requirement by the guarantee of your limestone dealer.




UNIVERSITY OF MISSOURI Soil Test |[Soil Testing Laboratory Soil Testing Laboratory
Ber==ss d H UNIVERSITY OF MISSOURI i i i . il Testi :
M E R rt 23 Mumford Hall, MU P.O. Box 160 A Soil Test |[Soil Testing Laboratory Soil Testing Laboratory
U XfenSIOH epo Columbia, Mo 65211 Portageville, MO 63873 E"f_ Report | Mumford Hall, MU P.O. Box 160
Phone 573-882-0623 Phone 573-379-5431 =) X enSlOIl p Columbia, Mo 65211 Portageville, MO 63873
Fax 573-884-4288 Fax 573-379-5875 Phone 573-882-0623 Phone 573-379-5431
FIELD INFORMATION County Name Boone |Region 3 =1 Fax 573-884-4288 Fax 573-379-5875
Field Id |sampie No f/‘;’;;;‘:_]mw FIELD INFORMATION County Name Boone |Region 3 |
- Field 1d |sample No Current Date
ACRES |Last Limed Unknown Irrigated No 1552017
Last Crop None Selected Soil sample submitted by: ACRES  |Last Limed Unknown |irrigated No
This report is for: Last Crop None Selected Soil sample submitted by:
This report is for:
Soil Test Inf t Rating
RERSSSERIRA Very Low Low |Medium High Very High Excess ——
oH, (salt pH) S|k sk [roriokiokior [k Soil Test Information ____Ratng :
Very Low Low Medium High Very High Excess
Phosphorus  |(P) 40 Ibs/A ook el e ok oo sk ok ok ok ook Aok ok Kk oH, (salt pH) XTI T ¥
Potassi 250 1bs/A Fkkokokok ok ook ok
okl 1 piddeabill ekl % Phosphorus  |(P) A0 Is/A] sk dod ko ik [dekokbokhokk |k ok
Calcium (Ca) 3500 Tbs/A] 43k o e skotesk e ok ook o sk sk ok ok sk ok skokokeok f sk skok . -
Potassium (K) 250 Ibs/A| sk kb skeokok ok Rk dkkokd EE T
[Magnesium  |(Mg) 200 1bs/A sk ke ke sk ok okl sk ok ko ok ok -
Calcium (Ca) 1500 [bs/A] sk ke st stk ok Jokeskoke ok ok ook sk e ofe ok ok ok ok o ok ok R ok ok
Sulfur (S04-8) -
Magnesium  |(Mg) 200 Ibs/A e sk seokoske e e ok s sl ook sk sk o EEE L LT
Zinc (Zn)
Sulfur (S04-S)
Manganese  |(Mn)
Zinc (Zn)
Iron (Fe)
Manganese  |(Mn)
Copper (Cu) i
- . s . n Tron (Fe)
Organic Matter 2.5% Neutralizable Acidity 4 meq/100g Cation Exch. Capacity 13.9 meq/100g
pH in water Electrical Conductivity — mmho/cm Sodium (Na)  Ibs/a Copper (Cu)
Nitrate(NO3-N) llopsuil ppm |subsoil ppm Ismnpling depth Itop inches lsubsoil inches - — — - -
NUTRIENT REQUIREMENTS Organic Matter 2.5% 1 Acidity 4 meg/100g Cation Exch. Capacity 8.9 meg/100g
Pounds per sure pH in water Electrical Conductivity  mmho/em Sodium (Na)  lbs/a
N P0: |K:0 |zn S LIMESTONE Nitrate(NO3-N) Ilopsoil ppm lsuhsonl ppm ls:unpling depth llop inches |subsnil inches
Cropping Options Yield Goal SUGGESTIONS NUTRIENT REQUIREMENTS
117 SUNFLOWERS 1500 Ibs/A 120 20 20 0 Q Eftective Pounds per acre
1 izi 1175
: N P05 K0 Zn S LIMESTONE
ENM .
;‘;“:‘_“' (ElM) Cropping Options Yield Goal SUGGESTIONS
fectiv
.agne'sﬁm,(EMg) 0 117 SUNFLOWERS 1500 Ibs/A [20 20 20 0 0 Effective
lizing 1175
Comments: Mmennl (ENM)
-.-Some herbicide labels list restrictions based on soil pH in water. This sample has an estimated pH in water of 6 . Use this estimated pH in water Effective
as a guide. If you wish to have soil pH in water analyzed, contact your dealer or Extension specialist listed below. Magnesium(EMg) 0
---***Suggest using li e if readnly ilable, but yield response to magnesium is not likely.
-8l are very effective in g nulri in high O.M. soil. They can get most of their N requirement from soil. Comments:

---To determine limestone needed in tonslacte divide your ENM requirement by the guarantee of your limestone dealer.

Rﬁional Agronomy Specialist lgg .ﬁﬁﬂz

lPhonc

573-4459792

| Signature,

---Some herbicide labels list restrictions based on soil pH in water. This sample has an estimated pH in water of 6 . Use this estimated pH in water
as a guide. If you wish to have soil pH in water analyzed, contact your dealer or Extension specialist listed below.

*Suagest using dolomitic limestone if readily available, but yield response to magnesium is not likely.




What

Hoes Calcium

DO In the Solle




Calcium Influence on Soll Structure

Soll Structure Formation of Soll
= The grouping or Structure
Orr.gnge.mem . . » [locculation: Bringing the particles
of individual soil properties close together, enhanced by
iINto a larger grouping. polyvalent cations (Al+++, Ca++,
etc.). Mgis not as good as Ca in
(Also called aggregate, ped) flocculatfion.

» Stabilization: Providing durability to
maintain the arrangement. Some
clay; organic matter; oxides of Fe
and Al.

Bradford Research Center

University of Missouri




A Soil Aggregate

Micropore _ Soil'
1 Particles:

Mineral and

Fungal

"Glue”

Graphic by Joe Boggs
@ Bradford Research Center
University of Missouri




Aggregate Stability: Interaction of Soll
Microbes, Clay, Cq, omd Humus

(Clay-Ca2+-OM),

& oom &
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3
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E c.zf 8 Ca2+
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% fles? &= oo

Clay Humic j
aggregates polymers Ca 2"nm

Fungal hypha

Plant mucilage Ca §

Bacterial
mucilage
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Fig. 8. Model of aggregation in soils showing a portion of an aggregate greater than 250 um.

Bradford Research Center
From Muneer and Oades, 1989

University of Miss




Aggregate Stabllity:Interaction with
Ca, Humus. Clav

Role of Ca-Organic Interactions in Aggregate Stability. IIf 421

Clay aggregates
Humic polymers.

A portion of a 2-50 pm aggregate
(clay-Ca2+-OM),, x = 3-10

Clay aggregates
Humic polymers

A portion of a. 50~250 pm aggregate
(clay-Ca2+-OM),, x = 12-50

Fig. 7. Model of aggregation in soils in the microaggregate range.

Bradford Research Center
From MU neer O nd OOdeS, -| 989 University of Missouri




Aggregate Stability-How Quick Can it
Change?¢

Water Aggregate Stability After Two Years

Rotation Water Aggregate Stability (g/g)
Corn/Soybean 38 b
Corn/rye/Soybean/rye 41 a
Corn/rye/Soybean/hairy vetch 43 a
Corn/rye/Soybean/HV+rye 44 a

Letters indicate significant difference at the 0.10 probability level

From Villamil, et al., 2006

Bradford Research Center

University of Missouri




Change In Aggregate Stabllity After 3
Years of Calcium Treatments

®» Treatment percent
=» N only 31.0b
» NPKS and Calcium 33.3 @
» NPKS only 30.4 b
» NPKS, no Calcium, Mg instead 25.1 cC
» No P, K and Ca- Micros Only 30.5b
=» NPK only 28.7 bc

» Different Letters Indicate Significance at the 0.05 probability Level




Influence of Structure on Water

Movement

Granular Prismatic Blocky Platey
Flocculated by Ca Restricted
Enhanced by OM Movement

ﬂ Bradford Research Center

University of Missouri



Water Infiliration

Good infiltration
allows for less
runoff ano
erosion

Soils with poor
aggregate stability will
crust, damaging
emerging seedlings
and increasing runoff

Bradford Research Center

University of Missouri



Adding Calcium Also Increased the
Biological Activity

Treatment Mycorr. Funai
Conftrol 3832 2504
Calcium 4219* 3135*
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