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Problems Due to Soil Acidity-Low: pH

Aluminum Toxicity

4.7 4.

Reduced root growth % s 7

6.2 4

Reduced availability: of
essential nutrients

Barley
Roots

Reduced effectiveness of
some key herbicides

Poor soil conditions for

MICroorganisms

Nitrogen availability = _
Deficiency of calcium or
magnesium

Poor soil structure




Soill pH Summary. for PA

pH Range % Samples
<55 12
5.6-6.0 21
6.1-6.5 30
6.6-7.0 26
/.1-7.5 9

>/.5 2

PSU AASL 2006



Aglime Management




Soil pH' and
Lime Reguirement

» Initial pH - o s

Do you need lime or e}
nOt? penglls syt [6.5. Magnesium (Mg):

Plant Nutrients: (If manure will be applied, adjust these recommendations accordingly. See back of report.)

Year Crop Expected  Nitrogen 0
Yield {Ib N/A) A (I K,OIA)

1 Corn for Grain 150BuA 160 0 50 O el

recammeidations

» [larget pH
Crop Specific

» Buffer Acidity

Amount of lime
required to reach B N
target?




Soil type and Lime Reguirement

Lime Requirement for Target pH of 7.0

Soil pH Sands Sandy | Loams & | Silty clay
loams Silt loams
loams

11.0

3.0
2.5

2.0
1.5
1.3
1.0

Cornell Field Crops & Soils Handbook




Adlime Materials

» A product that will
H* + -~ H,0
Acid Base Water

Ca0 - Calcium oxide
(Lime, Burned lime, Quick lime)
» Ca0 + 2H,0 > Ca?t +

Ca(OH), Calcium hydroxide
(Hydrated lime, slaked lime )
» Ca(OH), > Ca?* +

CaCO; Calcium carbonate
(Calcitic limestone )

» CaCO; > Ca?* + CO3> + H,0 > Cazt + + CO,
CaCoO; , MgCO; - Dolomitic limestone



Soll Acidity and Liming

» Soil Liming| Reaction

CaCO, — Ca2* + CO,2

H+

Acid
Soil

AlR*

ARt

APR*

\

J

+ Ca?* + CO2 —> ] co
Exchange [ @

Excess

!

H,O

|

Neutral
Soil

+ HY o+ AR

+ H + AR

\

J

——

Neutralization

H,0 + AI(OH),

Insoluble
Mineral



Adlime Quality

» Neutralizing ability

The amount of soil acidity the

limestone cani potentially neutralize.
» Calcium Carbonate Equivalent (CCE)

The neutralizing ability of a liming material
compared to pure calcium carbonate.



Neutralizing Value, of Different
Liming Materials

CCE
» CaCO; 100
» MgCOs; 119
» CaO 179
N 0=[(0))) 136
» (Ca,Mg)CO5 ~109

» CaSio; 86



Recommendations and Aglime

Quality

Soil test recommendations are based on
limestone quality
» b CCE/A

Therefore, the recommendation must be
adjusted for quality of the limestone to be used.
» Actual Lime needed = 100 x Lime Rec. — CCE



Recommendations and Aglime Quality

Liming| Materiall Conversion Table

Divide total

into

following
recommended  Percent calcium carbonate equivalent (% CCE) of your liming material number of
on your soil test 70 75 80 85 90 95 100 105 applications

Actual recommendation (Ib/A)

1000 1400 1300 1200 1200 1100 1100 1000 1000
2000 2900 2700 2500 2400 2200 2100 2000 1900
3000 4300 4000 3700 3500 3300 3200 3000 2900
4000 5700 5300 5000 4700 4400 4200 4000 3800
5000 7100 6700 6200 5900 5600 5300 5000 4800
6000 8600 8000 7500 7100 6700 6300 6000 5700
10,000 9300 8700 8200 7800 7400 7000 6700
11,400 10,700 10,000 9400 8900 8400 8000 7600
12,900 12,000 11,200 10,600 10,000 9500 9000 8600
14,300 13,300 12,500 11,800 11,100 10,500 10,000 9500
15,700 14,700 13,700 12,900 12,200 11,600 11,000 10,500
17,100 16,000 15,000 14,100 13,300 12,600 12,000 11,400
18,600 17,300 16.200 15,300 14,400 13,200 13,000 12,400
20,000 18,700 17,500 16,500 15,600 14,700 14,000 13,300
21,400 20,000 18,700 17,600 16,700 15,800 15,000 14,300
22.900 21,300 20,000 18,800 17,800 16,800 16,000 15,200
24,300 22,700 21,200 20,000 18,900 17,900 17,000 16,200
25,700 24,000 22.500 21,200 20,000 18,900 18,000 17,100
27,100 25,300 23,700 22,400 21,100 20,000 19,000 18,100
28,600 26,700 25,000 23,500 22,200 21,100 20,000 19,000
To convert to 1000 square feet divide the recommended value in the table by 43.5
PSU, Agronomy Guide Table 1.2-1




Adlime Quality

» Neutralizing ability

Calcium Oxide Equivalent (COE)
The neutralizing ability of a liming material
compared to pure calcium oxide.

High guality limestone
» CCE 100 %
» COE 56 %

COE x 1.78 = CCE



Adlime Quality
» Fineness

Finer limestone, is ground the faster it will
feact

Finer lime can be more thoroughly mixed with
the soil resulting in more complete reaction
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Aglime FIneness

Standard Mesh Sizes

20 mesh sieve
Coarse

60 mesh sieve
- Medium

100 mesh sieve
- Fine

PENN STATE
CMEG



Ag Lime Fineness

Fig. 7. Limestone of different sizxes. From left to right: larger than
8- mesh; 8 to 20-mesh; 20- to 60-mesh; less than 60-mesh.




Adlime Quality

» FiIneness

100 Mesh Equal neutralizing value applied

60-80 Mesh
40-60 Mesh

20-40 Mesh

8-20 Mesh

No Lime

0 12 24 36
Reaction Time (Months)



REcommenaed minimum; for normail liming in PA

Fine Sized Materials*

95% - 20 mesh sieve

60% - 60 mesh sieve

50% - 100 mesh sieve

* Fineness definition in PA Lime Law

PENN STATE

MEG



Adlime Fineness

Grinding limestone very fine (<100 mesh) would result in
guick reaction but it is expensive

99.9

@) 99
= Normal
% 95 particle size
o 30 distribution
N from
c o) grinding
-
O 20

5

0

200 100 60 40 20 8
Sieve Size (Mesh)



Periodic liming with a fine sized
liming material

0 3 6 9
Reaction Time (years)



Other Limestone Quality Issues



Calcium and Magnesium

» Normal liming practices will also supply: reguired
calcium and magnesium

At normal liming rates usually: adeguate Ca will be
supplied for most crops

Magnesium will depend on the type of limestone used
» If Mg Is required use a dolomitic limestone
» GO by the Mg analysis, not a name
» PA: Recommend % Mg in recommended amount of limestone
» Example:
2000 Ib CCE/A Recommended

40 |Ib- Mg/A Recommended

Limestone containing at least 2% Mg will meet the Mg
recommendation

(40 =2000 = .02 or 2%:)



Calcium and Magnesium

» Management Recommendations
Maintain optimum pH
Maintain at least minimum sufficiency: levels ofi
Mg and K

FFor most crops Ca will be more than adequate
but not excessive

Don't worry about ratios until they are way out
oft balance

» Ca:Mg <1

» Mg:K<1

» elc.



Soil pH

Calcium and Magnesium

0 20 40 60 80

% Base Saturation



Relative Lime Requirement

Calcitic vs Dolomitic Limestone
Speed of Reaction

Dolomitic

Calcitic

20 40 60 80 100

% Passing 60 Mesh



Aglime Fineness and Neutralizing
Ability

» For a given amount of acidity ani equivalent
amount of liming material will be required
regardless of fineness.

Finer the better, because it will react faster, but
there are practical limitations

Distribution in “Fine Size” Limestone — usually
adeqguate for practical liming for field crops



Pellet Lime

» Finely ground limestone
» Glued together into water soluble pellets

» Advantage: Handling, spreading, speed
off reaction

» Disadvantage: Cost
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Eluid Lime

» Finely ground limestone

» Suspended in water with clay

» Approx. 1000 Ib CCE/ton material

» Advantage: Spreading, speed of reaction
» Disadvantage: Cost

Dol



L.ess than recommended
imestone applied compared to
liming program

14

0 3 6 9
Reaction Time (years)




- Liming Rented Ground

'Eiw_iming by nature is a lenger term proposition
» Often a limiting factor on rented ground

Rented Field
pH 3.8

Disaster




Liming Rented Ground

» Low soill pH often limits efficient use of other nutrients and
pesticides

» You can't ignore it!

= -

* e i( ‘.‘-‘r:"‘:".‘i-j\ F-’,
Limed No-till

Unlimed No-till



Liming Rented Ground

» Critical
» Aluminum toxicity reduces root growth
» Reduces efficiency off nutrient and water uptake

o Wharton sil
2 Murrill sil

Al Saturation (%)

5
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he!
2
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e
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Relative Root Length (%)

o Wharton 1276
o Whorton 1977
O Murrill 1978 20 40

A Murrill 1977

“as 50 55 60 65 70 Soluble Al (uM)
5.5 5.0 ) Soil pH
Soil pH
. ] _ Fra. 2, The relationship between Al saturation and
Fic. 1. The relationship beiween soil pH and rela- soil pH, 1876,

tive corn grain yield.




Liming Rented Ground

» Ideal for most agronomic crops is 6.5

Most soll testing labs should be able to give a lower
lime recommendation

>
» Critical pH for nutrients is ~6.0
» Critical pH for Legumes is ~6.5
» Critical pH for Herbicides is ~variable

Atrazine > 6.2

Read the label

» Choose herbicides based on pH or adjust pH based on
herbicides




Tillage and pH

» Unigue Conditions ini Conservation Tillage
Systems
No mechanical mixing
Stratification of soil pH
Stratification of nutrients
Organic matter accumulation at the surface
Different root distribution
Slightly lower pH — 0.1 to 0.3 pH units



Soll pH with No Tillage

141210 8 6 4 2 0 2 4 6 8 101214

Distance from row (in)




Acid Roof

» In reduced tillage systems 55 60 65 7.0 SoilpH
acidifying effects ofi nitrogen
are concentrated at the soil No-til
su rfa ce (No recent liming)

Conv. till

= Root growth
= Herbicide activity:
= Nutrient availability

» Sampling for acid roof:

= If normal "plow depth” soil
sample calls for lime, apply as
recommended.

= If normal "plow depth™ soill
sample does not call for lime,
check the pH in the surface 1-
2". If the pH is less than 6.0,
apply 1 ton of limestone/acre.




Liming No-till

» No Tillage - Low pH,
infreguent liming

= Acid solil
Hy HHEHHEH+
H+gH+ H+ -
H+ H+ HEH+ Hel B H e, T
H+ =
H+ H+ )
] ] ] O
= No mixing of limestone e [H+H g R SE 2



Beegle, PSU



Liming No-till

» No Tillage - Regular liming
= Acid Roof

H .
H+H+I|__||'_'|'_ Ht o H+

H+ H+ . 1 '{-I—H (

<A1!p!3v

= No mixing of limestone

our



By-product Liminhg Materials

» Quality
Liming| value
Undesirable components



Example: Liming Value

CCE = 5.58%

Fineness:

'hroug

roug

roug

N 20 Mes
1 60 Mes

1= 98.6%

1= 78.2 %

1 100 Mesh = 63.2%

For 2000 Ibs off neutralizing value:
2000 X 100 = 5.368 = 37,174 Ibs. or 18.6 tons



Example: Undesirable
components - Metals in Aglime

Material Cu Zn Pb Cr Ni Cd

Aglime .02 .03 .05 .02 .04 .00
Aglime .02 .02 .05 .02 .04 .00
Aglime .03 .02 .04 .02 .04 .00
Aglime .01 .05 .07 .02 .04 .00

Aglime .01 .05 .07 .02 .04 .00
By-product .04 .05 10 .03 .07 .00
By-product .04 .08 .02 .04 .05 .00
By-product .03 .00 .07 .03 .05 .00
By-product .03 27 .09 .04 .08 .00
By-product .02 .08 .02 .06 .01
By-product 68 19 5




Other Materials

» Biosolids and Water Treatment Sludges
Often have significant neutralizing value

Must be clean

Must be registered if sold as liming materials



Soll Acidity and Liming

CaSO, — Ca2* + SO,
\ Y,
=] Al I ] ca
E; A|3+ ;Eé C82+
=+ Ca»+S02 —> e *H + APT+S0~
 H o
= Excess Exchange £ @
i Al E Ca2*
Acid
Soil

» Adds Ca and S but does not neutralize acidity
» Gypsum is not a liming material



Gypsum
» Soill Quality

Gypsum promoted as ai soil conditioner

Used for renovating saline/sodic & sodic soils

» High Na disperses the soil resulting in poor physical
properties — Chemicall compaction

» Add Ca to replace Na resulting in flocculation, the first step
In aggregdate formation

No effect on physically. compacted soils if Ca is
adequate




Ca Source and! Soil Quality

» In acid soils the best source of Ca is limestone
because we need the acid neutralizing value

No need for additional Ca for the solil
Calcium carbonate 40% Ca (800 Ib Ca/ton of limestone)

» High pH but low: calciim soils use gypsum; as a
source off Ca for the soil and the crop (West)

» Low pH, acid loving crops or highly weathered
solls, use gypsum as a source of Ca for the soll
and the crop (Tropics) no change in pH



Other Materials

Organic Calcium Compounds

» Promesol 30, Liguid Lime

Trihydroxy glutaric acid
259% Ca

1 gallon = 500-750 Ib CCE?

» Liqui-Til
Trihydroxy glutaric acid

Neutralizes pH'in alkaline
Soil?

» KK Organic Soil Builder

Neutralizes both acidic and
alkaline soils?

» Ligui-Cal
8% Ca
1 gallen = 500/ b/ CaCO;?

» Liquid Calcium

1 gallon = Ca in 500 Ib
CaCO5?

Suggest it Is a lime substitute

» Golden Cal

Glucoheptomic acid
1 gallon = 500 Ib CCE?

» pH Plus
1 gallon = 500-750 Ib CCE?



Other Materials

» Remember fundamental chemistry: 1 Eqg. of
base s required to neutralize 1 Eqg. of acid

1000 Ibr CCE/A for every 1 meg H*/100g; soll

» Watch out for materials that contain Ca with
unwritten or suggestive claims for liming
value



Summary.

» Soil Acidity is still'a major limitation te optimum; crop
production

» Liming materials vary: ini quality
Calcium carbonate eqguivalent (CCE)
Fineness
Mg content

» Soil test liming recommendations assume a certain guality
eg. Lb CCE/A

» Adjust application rates for liming material quality
Excess fineness does not increase neutralizing value

» Compare materials based on quality adjusted rate

R



Summary.

» Understand critical pH' issues when adjusting liming
pPrograms
Rented ground never go below pH 5.5 for agronomic crops

» Check for Iimin? guality: and anti-quality: agents in by-
products used for liming

» Be aware of Ca containing materials sold as liming
materials

» 1 Equivalent of Acid requires 1 Equivalent of Base for
neutralization



Questions?
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Low pH Syndrome




Causes of Soil Acidity

» Leaching off basic cations
Cazf, Mg?*, K* leaving behind Al>*

» Crop uptake off basic cations and release of
acids

» Decay of plant residues
» Acid rain
» Reaction of nitrogen fertilizer



Acid forming reaction off N fertilizer
Biggest Source ofif Acidity in' Ag

Approx. Lbs CaCO, to Neutralize 1 Lb N/A

Fertilizer Material Ibs.
Ammonium Nitrate 3
Urea

UAN

Anhydrous Ammonia
Ammonium Sulfate
Manure

W o W ww

* Effects vary with type of manure



Solll Acidity: and Liming

» Aglime Fineness

Pulverized Limestone
» Normal ground Limestone

Granular Limestone
» Coarser ground limestone
» Easy spreading| for homeowners
» Slower to react



Adlime Fineness

Fine Medium
Sized Materials Sized Materials
95% - 20 mesh sieve 90% - 20 mesh sieve
60% - 60 mesh sieve 50% - 60 mesh sieve
50% - 100 mesh sieve 30% - 100 mesh sieve

Coarse sized materials - all liming materials failing
to meet the above fineness criteria



Lime Management Tips

» Soill Test and Maintain pH in the optimum range

» Apply lime a year to 6 months ahead of sensitive
Crops In rotation

» Mix lime thoroughly with the solil if poessible

» For no-till the pHi should be optimum before
eliminating; tillage

» Split high rates of lime (> 4 ton/A)
» Fall is ani excellent time to lime

» Spread lime evenly

» Pay attention to Aglime Quality

R



Aluminum toxicity reduces root
growth

4.7

Barley
Roots




pH vs Availability of Nutrients

; Very Very .
Med. Slightly. Slightly Slightly Slightly Med.

Acid Acid Acid Alkaline Alkaline Alkaline

I D E A A S S S S R R B
Nitrogen
————-_--

Phosphorus

Potassium

Sulfur

Calcium

Magnesium

Strongly Acid Strongly Alkaline

Manganese
. Boron

1 11 | | | T
Copper and Zinc
| he————— T

Molybdenum

40 45 50 55 60 65 70 75 80 85 90 95 100




Acidity and Herbicide Activity

Unlimed no-till corn Limed no-till corn



Adlime Finheness

Effect of imestone fineness on soil pH change

100 M
60-80 M
40-50 M
30-40 M
20-30 M
8-20 M

0 1 3 S 10

Tons per acre



- Liming Rented Ground

'Eiw_iming by nature is a longer term
proposition
» Often a limiting factor on rented ground

Rented Field
pH 3.8

Disaster




Liming Rented Ground

» Low soill pH often limits efficient use of other nutrients and
pesticides

» You can't ignore it!

- - & :" — - ’.’ 4 M
-l—,- = \“;‘“r -J\ ’7 4

Limed No-
till

Unlimed
No-till



Liming Rented Ground

» Ideal for most agronomic crops is 6.5
» Critical pH for root growitr Is —5.5




Liming Rented Ground

Aluminum toxicity reduces root growth below pH 5.5
Reduces efficiency of nutrient and water uptake

& Wharton sil
2 Murrill sil
100
)
5 s
bt & S 75
2 [S))
= S c
< E 3
= 5 -
] =
; 5 s 0
E z 5
= (<]
i =
% 25
4
o Wharton 1276
e Whorton 1977 O 0
D Murrill 1976 0 20 40 60
A Murrill 1977
b A A S S N, ¢ i) 50 55 60 65 10 Soluble Al (uM)
49 A5 50 55 80 65 Soil pH

Soil pH

Fra. 2, The relationship between Al saturation and
soil pI, 1976,

Fic. L. The relationship between soil pH and rela-
tive corn grain yield.




Liming Rented Ground

» [deal for most agronoemic crops is 6.5
» Critical pH for root growith Is —5.5

» Critical
» Critical
» Critical

OH for nutrients is ~6.0
oH for Legumes is ~6.5

OH for Herbicides is ~variable

Atrazine > 6.2

Read the label

» Choose herbicides based on pH! or adjust pH' based
on herbicides



LIME RECOMMENDATIONS

Uimestone recommendations are made based on ine pH goal and the amaunt of angaable acidity measured
= h

by the Mahich Bufer sal lest The pH goal varks wen ine crop. The pH &1 an i
u zh oo Im ihis hancaook. I the sall FH 1 arE-:-lIg' &t or above
thee 5all pH Is bedow the pH goal for SE crop, |
pattam of the sl t26t r'EFl:ft Ten go 3 i E
recommendadon. The recommendalions are given as pounds of qulvakant
IT the Imeslon e ussd Is ﬂgr‘ll‘l[:al‘ll'f differant from 1009 O e recommendalon must be aq
tnis difference. ST ‘_mhg Kalerial Comesrsion Table” E‘:l]:la oW 1o make s &djuh'lrl’r‘-_-nt
u
e l I I r e I ' | e I’ l l Table 1. Lime Recommendation (b CCE/A)
acidity
imeqit00g)  pHGoalTu__ pHGoales pHGoalsd _ pHGoalss __ pHGoal50
z 2000 2.000 Z.000
2 3,000 2,000 2,000
3,000 2,000 2,000

£,000 2.000 2 2,000
5,000 2,000 2 2,000
5,000 2,000
&,000 ; 2,000
7,000 5 3 2,000
7,000 J 2,000
3,000 J 2,000
3,000 E 5 2,000
9,000 3 3,000
10,000 A 3,000
10,000 J 3,000
11,000 5000 T J 3,000
12,000 5000 T 3 4,000
12,000 10,000 3 4,000
13,000 11,000 6. 4,000
14,000 11,000 J & &,000
14,000 12000 9,000 =1 &, 000
15,000 12000 10,000 7. £,000
16,000 13,000 10,000 7. £,000
16,000 14,000 11,000 I £,000
17,000 14,000 11,000 I £,000
17,000 15,000 12,000 I 7,000
18,000 15,000 12,000 7,000
18,000 16,000 13,000 2,000 7,000
18,000 17,000 13,000 10,000 8,000
20,000 17,000 14,000 10,000 8,000

o http:// /Agro%?20Crops/Lime%20Recs.PDF



Split applications ofi extra fine
imestone

Lower annual costs
Only paying for 1 year at a time

Greater cost over time
Similar amount of limestone required over time
More expensive limestone required - finer grind
Greater application costs - annual application

Monitor with annual soil tests

7

pH
(@))

0 1 2 3
Reaction Time (years)



Incorporate Lime

» Mixing limestone with the soil increases the short term effectiveness
» Very difficult to correct a low: pH in no-till or perennials in the short term
» Probably more effective to incorporate low: rates of lime with secondary:

tillage or chisel plow
At least the pH in the critical establishment zone will be improved

If the soil below: this is very acid you may: still have serious root growth problems

85 86 87 88 89 90 91 92 93 94 95 96 97




pH and Acidity

pH Scale
(1 unit change in pH = 10 X change in acidity)

---------- 7---mme---14
Acid Neutral Alkaline
\ )

Y
NE Soils Slightly Acid

Commonly pH 5 -7
PA Average 6.3



Liming Rented Ground

» Ideal for most agronomic crops is 6.5
» Critical pH for root growitr Is —5.5
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