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What Causes Soil Acidity?

Theminerasfromwhich asoil isformed partly determine
whether itisacid or akaline. Soilsformed from acidic
rockshavealower pH than thoseformed from basic rocks
or dkalineparent materid. Rainfall affectssoil acidity de-
velopment by leaching basic elements such as calcium,
magnesium, potassium, and sodium from the soil profile,
leaving theacidic e ements: hydrogen, uminumand man-
ganese. Inaddition, soil erosion can contributeto theloss
of basic dementsthereby increasing soil acidity.

Management factorssuch ascropping and fertilizer usedso
affect soil pH. Removal of harvested cropsdepletesbasic
elementsfromthesoil. Nitrogen and phosphorusfertilizers
also contribute significantly to theformation of acid soils.
Ammonium nitrogen canbeamagjor factor intheacidifica
tion of sandy, low buffer-capacity soils, unlessacareful
liming programismaintained. Whenammoniumisconverted
to nitrate by soil microbes, hydrogen ions are rel eased.
Anhydrousammonia, ureaand ammonium nitrateeach pro-
duce an average of 1.8 Ibs. of calcium carbonate
neutralizableacidity for each pound of nitrogen applied and
nitrifiedinthesoil. Ammonium sulfate, which containstwo
ammonium ionsreleasesan average of 5.4 1bs. of calcium
carbonate neutralizable acidity per pound of ammonium
nitrogen applied and nitrified.

Soil Acidity Measurement and Ratings

Soil pH isameasure of hydrogenion (H*) activity inthe
soil solution and isused to indicate whether asoil needsa
limestoneamendment. Soil texture, dongwith soil pH can
be used to estimate the lime requirement of asoil. How-
ever, alime-requirement test (buffer-pH test) isrecom-
mended to more accurately predict the amount of lime-
stone needed toraise soil pH inthe plow layer toadesired
leve.
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A soil pH in the range of 6.6 to 7.3 (near 7.0) is rated
neutral becausethe pH scaleextendsfrom Oto 14. How-
ever, soil pH typically only rangesfrom about 3.5t0 8.5,
unlessthesoil hasbeen chemicaly treated or contaminated.
Soilsare considered dightly acid between pH 6.5t06.1,
moderately acid between 6.0t0 5.5, strongly acid between
5.5t05.1, very strongly acid between 5.0t0 4.5, and ex-
tremely acid below pH 4.4. Soilswith pH valuesabove
7.4 arerated asakaline.

Importance of Liming Acid Soils

Themost important benefit of liming acid soilsisreduction
insolubility of the potentialy toxic e ementshydrogen, du-
minum (AI**) and manganese (Mn?*). Thehydrogenion
concentration increases as pH drops below 7.0, but hy-
drogen only becomestoxicto plantsin extremely acid soils
(pH<4.0) and at very low calcium levels. AspH drops
below 5.5, the concentration of solublea uminumincreases
and becomestoxic to plant root growth when it exceeds
1.0 part per million (ppm). Below pH 5.2, the concentra-
tion of manganese a soincreasesand can becometoxic.

Optimum nutrient uptake by most crops occurs at a soil
pH near 7.0. Theavailability of fertilizer nutrientssuch as
nitrogen, phosphorus and potassium generaly isreduced
assoil pH decreases(Table1). Phosphorusisparticularly
sengtiveto pH and can becomealimiting nutrient instrongly
acid soils. Thus, reduced fertilizer useefficiency and crop
performance can be expected when soil acidity isnot prop-
erly controlled. Soil pH also affectsthetypes, concentra-
tionsand activities of soil microorganisms. AspH drops
below 5.5, the popul ation of soil microbeschangesandis
reduced due to aluminum and manganesetoxicity and re-
duced nutrient availability. Fungi tend to become more
prevaent in acid soilsbecausethey better tolerate acidity
compared to bacteria.
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Tablel. Plant nutrient recovery reduced by soil
acidity.

Soil Nitrogen Phosphate Potash
pH Nutrient Recovery (%)

7.0 70 30 60

6.0 63 15 60

55 52 15 45

5.0 38 10 30

4.5 21 8 21

Determining Limestone Quality

Particle Sizeand the Fineness Efficiency Rating

The speed at which limestonereactsinasoil to neutralize
acidity, supply calcium and magnesium, and affect crop
growthislargely determined by particlesize. Smaler par-
ticleshave more surface areato contact soil acidity, thereby
producing morerapid changeinpH. Crushedlimestoneis
screened through aseriesof Sievesto determineitsparticle
gzerange. Sevesze(mesh) indicatesthenumber of wires
per linear inch, thus alarger sieve number represents a
smaller particlesize.

To alow product comparisons, efficiency factors (asa
percent) have been established for different particle size
ranges. Efficiency generally indicateswhat percentage of
thelimestonewill react to reduceacidity within 1 year after
application. Table 2 showsefficiency factors(Column B)
for four particlesizeranges (Column A) used to eval uate
efficiency. Particleslarger than 2.0 millimetersin diameter
(retained on 8 mesh) aregiven an efficiency factor of zero
meaning they do not react with thesoil to effectively change

Table2. Calculatingthefinenessefficiency rating.

pH. As particle size decreases, the rate of reaction in-
creasesand reaches 100% for particleslessthan 0.25 mil-
limetersin diameter (passing 60 mesh). The Efficiency
Rating (ER) of aliming materid isca culated by multiplying
theefficiency factor (Column B) timesthe percentage of
materia inaparticlesizerange (Column C). Theparticle
sizeefficiency rating percentagesaresummed for al size
rangesto determineaproducts ER (ColumnD).

Calcium Carbonate Equivalence

Theahility of alimestoneto neutralize soil acidity depends
upon itscalcium carbonate equiva ence (CCE), whichis
expressed as a percentage. Pure calcium carbonate or
cdciticlimestoneisthe standard and hasa CCE of 100%.
All other liming materia sare compared with thisstandard.
The CCE of commercial limestone products should be
availablethrough thevendor. Some statesand/or vendors
subgtitutetheterm Neutrdizing Vaue(NV) for CCE. Table
3 providesexamplesof typica neutralizing valuesfor dif-
ferent typesof liming materids.

Agricultural limestonesused in crop production systems
aremainly ground calcium carbonate. Impuritiescontained
insomelimestones|lower the neutralizing value. Other
materials, such as oxidesand hydroxides, are productsor
coproducts of manufacturing processes. Some materials,
like hydrated lime, have high neutralizing values, but are
difficult and unpleasant to handlein agricultural production
systems.

Other LimestoneQuality Consider ations

Dolomitic limestones comefrom natural depositswhich
contain both calcium and magnesium carbonates. The
magnesium content of limestoneis especially important
where soilsaredeficient in thisessential plant nutrient.

(A) (D)
Sieve Size Particle Size (B) (C) Efficiency Rating
(mesh) (mm) Efficiency Factor % of Material (%)
Retained on 8 mesh >2.0 0 X 10 0
8 to 20 2.0t0 0.85 0.2 X 20 4
20 to 60 0.85t0 0.25 0.6 X 25 15
Passing 60 mesh <0.25 1.0 X 45 45

64%




Table 3. Calcium carbonateequivalence (CCE) of common liming materialsand somealter nativematerials.

Liming Material Composition % CCE
Calcium oxide (burnt lime, quick lime) CaO 179
Calcium hydroxide (slaked lime, hydrated lime) Ca(OH), 136
Dolomitic limestone CaMg(CO,), 109
Calcitic limestone (agricultural grade) CaCoO, 85 - 100
Cement dust CasSiO, 86
Marl CaCoQ, 70 - 90
Slags CasSio, 60 - 80
Magnesumdeficiency incropsand livestock ismorelikely
to occur on deep, acid, coarse-textured, sandy soilswhich ECCE = CCE x ER
have been intensively cropped. If asoil testindicateslow 100
magnesium, dolomiticlimestone can beused to correct both - 094 x 64
thenutrient deficiency and pH. Themagnesuminfinely
ground materialsissolublein acid soilsand availablefor = 60.0%
crop uptake.

Sincelimestoneissold by weight, the percentage moisture
it containsisimportant. Moisture addsweight and will
decrease theamount of effectiveliming material onaton
basis. Agricultura limestonessold at thequarry or stock-
piled at retail Stesmay contain up to 10% moisture, which
represents 200 I bs. of water per ton. Thelimestonerate
must beincreased to account for the water content at the
timeof saleand gpplication.

Calculating Application Rates Based on
Effective Calcium Carbonate Equivalence

Effective Cal cium Carbonate Equivalence (ECCE) com-
binesthefinenessefficiency rating (ER) and thecal cium
carbonate equivalence (CCE) to estimate the percentage
of effectivelimestoneinagiven product. Thisisimportant
becauserates of limestone recommended by soil testing
|aboratoriesto neutralize soil acidity toadesired pH are
based on use of 100% effectivelimestone (dry weight ba-
99).

ECCE iscdculated by multiplying the CCE timesthe ER.
For example, assumeavendor hasaliming material with
an CCE of 94% and an ER of 64% (ascalcul ated above).
The ECCE of thismateria would be:

Thismeansthematerid would be only 60% aseffectiveas
finely ground, purecalcium carbonate. By obtaining from
thevendor or cd culating the ECCE of amaterid, the proper
rate of gpplicationintonsper acre can bedetermined. For
example, if thesoil test limestonerecommendationis2tons
of 100% effectiveca cium carbonate equivaencelimestone
per acreand the ECCE of theliming materia to be applied
iS60%, the proper applicationrateiscalculated as.

Soil Test Lime Rate
ECCE/100

Application Rate (tons/acre)

2.0 tons/acre
0.60

3.33 tons/acre

These simple calculations can be used to compare the
economy of various products based on the cost per ton
delivered and spread. Table4 showstheratesof applica-
tion and per acretreatment costsfor four productsdiffer-
inginquality and price.



Table4. Useof ECCE to calculatelimestonerateand compar e product cost.

Limestone _ Solil Te_zst Application Rate Cost Cost
E((f)/f)E L'me(’t?neg/‘;gf’er;‘e”t [Lime required/(ECCE/100)] per($T)°” per(g)”e

100 1 ton 1ton/1.00 =1.00 35.00 35.00

80 1 ton 1ton/0.80 =1.25 32.00 40.00

60 1 ton 1ton/0.60 = 1.67* 29.00 48.43

50 1 ton 1ton/0.50 =2.00 26.00 52.00

* |f oneton of limestone per acreisrecommended and the liming material to be used has an ECCE of 60%, then the application rate of thismaterial would

be 1 ton divided by 0.60 = 1.67 tons/acre.

Effective Liming Material

Another way to comparethevalue of limestoneisto cal-
culatetheamount of effectiveliming material (ELM)ina
product. Thepoundsof ELM inaton of limestone canbe
determined by multiplying the ECCE of thelimestone by
2000. For example, if the ECCE of alimestoneis60%:

%x 2,000 = 1,200 Ibs. of effective limestone per ton

Thisindicatesthat the product contains 1,200 Ibs. of ef-
fectiveliming materid that will functionto neutrdizeacidity
andraisesoil pH. Theca culation aso demonstratesthat
this product contains 2,000 - 1,200 = 800 Ibs. (40%) of
ineffectivelimestone or other foreign materia which will
not react to raise soil pH.

Suggested Limestone Application Rates

The amount of limestone needed to adjust soil pH to a
desiredlevd for aparticular crop dependsontheinitia soil
pH, soil clay content and soil buffer capacity (resistanceto

pH change). Testing soil pH isanexcelent indicator of the
need for limeand in combination with soil textureissome-
timesused to estimate limerequirement. However, most
s0il testing laboratoriesoffer abuffer lime-requirement test
that providesamore accurate estimate of the quantity of
limewhich should be applied. Tables5and 6 present sug-
gested limestoneratesfor grassesand legumes based on
soil pH and texture,

Soil Sampling:
Methods, Timing and Frequency

Collecting asoil samplefor pH, limerequirement and plant
nutrient analysisisthefirst and most critical stepin deter-
mining limeand fertilizer needs. Improper samplecollec-
tion and handling invalidatestest resultsand can lead to
incorrect recommendations. For each soil seriesinafidd,
collect at least 15 samplesfrom the 0 to 6-inch depth at
random locationsacrossthe siteand placetheminaclean,
plastic bucket. Avoid abnormal soil areasthat do not rep-
resent asignificant acreage, or samplethem separately.
When samplingiscomplete, mix these samplesthoroughly,

Table5. Minimum suggested limestoneratesfor grasses based on soil textureand pH.

pH Range Sands and Loamy Sands Sandy Loams Clays and Clay Loams
Tons of Limestone/Acre!
Greater than 6.0 0 0 0
5510 6.0 1.0 1.0 15
50t0 5.4 15 2.0 25
45t04.9 2.0 25 35

!Based on use of 100% ECCE limestone. Dividetherecommended rate by the ECCE of theliming material to be used (asshown in Table 4) to determine

proper applicationrate.



Table 6.Minimum suggested limestone requirements for legumes based on soil texture and pH.

pH Range Sands and Loamy Sands Sandy Loams Clays and Clay Loams
Tons of Limestone/Acre!?
Greater than 6.5 0 0 0
6.0t06.4 0.5 1.0 15
55t05.9 1.0 15 2.0
5.0t0 5.4 2.0 2.0 3.0
Lower than 5.0 25 3.0 4.0

!Based on use of 100% ECCE limestone. Dividethe recommended rate by the ECCE of theliming material to be used (asshown in Table 4) to determine

proper applicationrate.

then place about one pound of the soil in asample bag.
Repeat the processfor each soil seriesinthefield. For
deep-rooted crops, an additional composite sample col-
lected at the sametimefromthe6to 12-inch soil depthwill
help eva uate subsoil pH conditions. If sampleswill not be
deliveredtothesoil testing laboratory immediately, spread
them on nonporous paper platesto air dry before ship-
ping. Record thefield identification, sample number, and
name and address of the owner on the samplebag. Com-
plete the soil sampleinformation sheet, providing all re-
quested information about thefield and crop to begrown,
and keep aduplicate copy for your records.

Timely soil samplingisimportant becauselimestonerequires
both soil moistureand timeto neutraize soil acidity. Early
sampling and limestone application several monthsin ad-
vance of crop growth providetimefor pH adjustment. In
addition, soil pH fluctuatesduring theyear becoming low-
estinthefdl, inpart asaresult of fertilizer gpplicationsand
plant remova of bases. Thus, fall soil sampling may pro-
videamore accurate estimate of theminimum pH that will
occur inafield. Frequency of soil samplingto determine
limerequirement will depend on soil properties, crop, and
the source and amount of nitrogen applied. Under intense
grassproductionusing highratesof nitrogenfertilizer, sandy
soilswill rapidly increasein acidity. Sampling at least ev-
ery other year isrecommended.

Timing of Limestone Application

Althoughlimestone can be gpplied a any time, severd fac-
tors should be considered when planning an application.
Soil moistureiscritical to thereaction of limestone, thus
ranfall patternsin theareashould beused asaguide. Soils
should besufficiently firmto support heavy equipment and

minimize compaction. If subsoil pH islow, along period
will berequiredfor thelimestoneto beginto effect achange
inthe soil pH with depth. Inaddition, coarselimestone
reactsmore slowly and, aswith al limestones, ismost &f-
fectivewhenincorporated intothesoil. Whenamorerapid
andlonger lasting pH adjustment isneeded, theuse of finely
ground limestoneisadvisable.

Methods of Application

Dry bulk limestoneistypically applied using fertilizer
spreader trucks. Thedensity of the spreading pattern de-
clineswithincreasing distanceto theside of thetruck. In
addition, minimizing dust and achieving auniform spread-
ing pattern can beincreasingly difficult withfinely ground
limestone products. A moisture content of 7to 10%infine
limestoneisneeded to minimizedust and achieveauniform
Spreading pattern.

Liquid, fluid or suspension limeisacombination of very
finelimestone (100 mesh or smdler) inwater with 1to 2%
clay toformasuspension that isabout 50 to 60% solids.
Thematerid istypicaly spread using atank truck equipped
with aboom and high-volumenozzles. With proper cali-
bration, thisenablesvery uniform product application with
nodus. Likedl liming materids, to bemost effectivefluid/
suspension limeshould beincorporated into the soil.

Fluid limedoesnot react differently thanfinely ground dry
limestoneof smilar neutrdizing valueand particlesize. At
60% solidsincluding 2% clay, oneton of fluid limewill
provide 1,1601bs. of acid-neutralizing limestonethat isas
effective asthe limestone used to make the suspension.
Thus, gpproximately 1.72 tonsof fluid lime (product) would
berequired to providethe same quantity of acid-neutraiz-



ing limeasoneton of dry limeof equivaent quaity. Huid
limeisusually more expensive per ton than limestone ap-
plied dry dueto increased costsfor finely ground materi-
als, freight and product application. Althoughfluidlime
reactsrapidly inthesoil because of itsextremefineness, its
long-term effectivenessfor neutralizing soil acidity issmi-
lar todry liming materialsthat have an ECCE = 100%.
Nitrogen solutionsor other fluid fertilizershave been used
instead of water for suspending fluid lime and can reduce
thetotal cost of application. However, caution should be
used sinceasmal amount of calcium oxideor calcium hy-
droxideintheliming material resultsinapH above 8.5
which can causeloss of nitrogen asammoniagas during
gpplication. Phosphorusfertilizer should not bemixed with
liming materia dueto poss blereactionswhich canreduce
phosphorus solubility and plant uptake.

Summary

» Soil acidity iscaused by removal of basic dements
through leaching and crop uptake, organic matter
decompasition, acidrain, nitrification of ammonium-
nitrogen, and by natural soil forming processes.

» Soil acidity isestimated by pH and rangesfrom 3.5
to greater than 8.5. A pH of 7.0isneutral.

* Soil acidity reducesplant nutrient availability andin-
creases a uminum and manganesetoxicities.

* Neutrdizing vaueand finenessdeterminetheeffec-
tivenessof limestonesfor raising soil pH.

 Finely ground limestonesareleast costly for neu-
traizing soil acidity.

» Thelimerequirement of an acid soil may be esti-
mated from soil pH and soil texture, but ismost ac-
curately determined by abuffer lime-requirement tet.

* Proper soil samplingiscritical to obtain accurate
limestone recommendations.

 Timey limestonegpplication andincorporationinto
thesoil areimportant factorsin correcting and man-
aging soil acidity.
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[Note: A more complete and detailed discussion of soil
acidity andliming can befoundin thetechnicd publication
“LimingAcid Soils’ (SeeHaby, V.A.etd.,2001. TAES
Bulletin No. B-1720) or visit the web site at http://
overton.tamu.edu (click on* soils”).]

For additional infor mation, seeour websiteat:
http://soilcrop.tamu.edu
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