
SOIL ACIDITY AND LIMING

▪ “Soil acidity” is the term used to express the
quantity of hydrogen (H+) and aluminum (Al3+) 
cations (positively charged ions) in soils.

➢ pH is a measure of soil acidity

➢ pH stand for the potential (p) of the hydrogen 
ion (H+) in water. 



SOIL ACIDITY AND LIMING

➢ It is actually a way of reporting the concentration 
of H+ in solution using an electrical "potential" to 
measure H+

• pH =  -log[H+] = log1/ [H+] = log [H+] -1

• Agricultural soils = 5 – 8

• “Ideal pH” for mineral  soil = 6.5.,

for peat soil = 5.5



SOIL ACIDITY AND LIMING

pH of solution Hydrogen ion activity (g/liter)

9.0 (very alkaline) 10-9 (0.000000001)

8.0 (alkaline or basic) 10-8 (0.00000001)

7.0 (neutral, pure water) 10-7 (0.0000001)

6.0 (slightly acid) 10-6 (0.000001)

5.0 (very acid) 10-5 (0.00001)

4.0 (extremely acid) 10-4 (0.0001)



SOIL ACIDITY AND LIMING





TANAH MASAM YG TERJADI ALAMI
1. Karena Pelapukan Intensif











2. Tanah Sulfat Masam

3. Tanah dari bahan induk miskin kation basa





TANAH MASAM KRN MANUSIA

1. Dari Deposisi masam



2. Dari pertanian tanaman baris yang 
dikelola intensif





Sources of Soil Acidity

1.  Soil Organic Matter (SOM) contain reactive carboxylic and 
phenolic group that behave as weak acids releasing H+

R-COOH                   R-COO- + H+

R-OH  R-O- + H+

2.  Clay and Oxide minerals.
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Sources of Soil Acidity

3. Al and Fe
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Sources of Soil Acidity

4. Al and Fe Polymers
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Sources of Soil Acidity

4. Soluble salts

Cation  from the salts will displace adsorbed Al3+ and thus 
decrease soil solution pH. 

Al                                           Al

Clay    Al    +   Ca                 Clay   Ca     +  Al3+

5. Carbon dioxide

H2O + CO2 H2CO3

H2CO3 H+ + HCO3
-



Factors affecting Soil pH

▪ (1) parent material, 

▪ (2) rainfal/leaching, 

▪ (3) fertilizers , and

▪ (4) plant uptake, 



Factors affecting Soil pH

▪ Acidic parent material

▪ Use of acid-forming fertilizers

▪ Bases removed by leaching

▪ Bases removed by crops

▪ Carbonic acid from microbial and plant 
respiration

▪ Organic acids secreted by plant roots

▪ Precipitation

▪ Oxidation of sulfide



1. Parent material

▪ Soils developed from acid nature of the rocks 
(granites and sandstones, respectively) have low pH 
(very acid)

▪ Soils developed from basic rocks (limestones) have 
high pH (Alkline)

2. Rainfall/leaching

➢ Water passing through the soil leaches basic cations 
such as Ca2+, Mg2+, and K+ into drainage water.



▪ These basic cations are replaced by acidic 
cations such as Al3+ and H+. 

▪ For this reason, soils formed under high 
rainfall conditions are more acid than 
those formed under arid conditions. 



Fertilizers

▪ Both chemical and organic fertilizers may eventually 
make the soil more acid

▪ Transformations of these sources of N into nitrate 
(NO3

-) releases H+ to create soil acidity. 

▪ Fertilization with fertilizers containing ammonium or 
even adding large quantities of organic matter to a soil 
will ultimately increase the soil acidity and lower the 
pH.

NH4
+ + 2O2 bacteria           NO3

-+ 2H+ + H2O 



Plant Uptake

▪ Plants take up basic cations such as K+, Ca++, 
and Mg++. 

▪ When these are removed from the soil, they are 
replaced with H+ in order to maintain electrical 
neutrality.



The soil as a buffer
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Active and Potensial
Acidity in Soils

1. Active/Actual acidity

2. Potential acidity

H      H         H

Ca    H           Ca

H      Ca          H  

Clay     K       H           K

H       H           H

Mg    Mg        H      

Pot. AC.            Actual Ac.  



Active and Potensial
Acidity in Soils

1. Active/Actual acidity
▪ Active acidity

– Free hydrogen ions in soil solution

• Measured by soil water pH

• Very small part of total acidity in soil

• Would take less than 1/3 lb/acre limestone to

neutralize



Active and Potensial
Acidity in Soils

2. Reserve acidity

▪ Neutralizable H ions and aluminum chemically bound 
to organic matter and clay

▪ Accounts for virtually all of the total acidity in soil

▪ Active acidity is in equilibrium with reserve acidity

▪ This is what limestone must neutralize when acid 
soils are limed in order to increase pH



Active and Potensial
Acidity in Soils

▪ Reserve acidity

– Soils with large CEC can hold large amount of acidity

• These soils are highly buffered

• Require large amounts of lime to increase soil pH

– Soils with small CEC (low organic matter, sandy)

can hold smaller amount of acidity

• Usually are low in buffering capacity

• Require less lime to increase soil pH



Soil pH for Crop Production

▪ Lime Corrects Problems from Excessive Acidity

• Reduces Al and other metal toxicities

• Improves soil physical condition

• Stimulates microbial activity

– Including symbiotic bacteria that fix N

• Increases CEC in variable charge soils

• Improves availability of essential elements

• Supplies Ca and Mg for plants



▪ How Lime Reduces Soil Acidity

• Ca++ from lime replaces two H+ ions on the cation

exchange complex

• The H+ ions combine with OH- (hydroxyl) ions to

form water

• pH increases because the acidity source (H+) has

been reduced

CaCO3 + 2H+ Ca+2 + CO2
2- + H2O



▪ Liming Soils

Lime required depends on soil pH and CEC. 

The more clay and organic matter, the 
higher the buffering capacity



▪ Limestone Quality

• Particle Size

• Effective Calcium Carbonate Equivalent

• Both combined determine limestone quality



▪ Particle size

Particle size determines  limes reactivity

Finer the particle size, more lime reactivity



Use of Lime in Agriculture

1. Direct Benefits

2. Indirect Benefits

a. Effect on P Avaliability

b. Micronutrient Avaliability

c. Nitrification

d. N Fixation 

e. Soil Physical Condition



Factors Determining the Selection of 
a Liming Program

1. Intended Crop

2. Soil Texture and OM Content

3. Time and Frequency of Liming Applications

4. Depth of Tillage



Acidulating the Soil 

1. Elemental S0

2. Sulfuric Acid

3. Alumunium Sulfate

4. Ammonium Polysulfide

5. Acidification in Fertilizer Bands



Soil Problems regarding 
soil acidity

Problems in very acid soils Problems in alkaline soils

*Aluminum toxicity to plant roots *Iron deficiency

*Manganese toxicity to plants *Manganese deficiency

*Calcium & magnesium deficiency *Zinc deficiencies

*Molybdenum deficiency in legumes *excess salts (in some soils) 

*P tied up by Fe and Al *P tied up by Ca and Mg

*poor bacterial growth *bacterial diseases in potatoes

*reduced nitrogen transformations



HOW TO MANAGE ACID SOIL

Characteristic  of Acid Soil:
a. Chemical characteristic
▪ Low pH, organic matter, nutrient
▪ Low CEC, bases, base saturation

b.  Physical characteristic:
▪ Low WHC
▪ Suscept to erosion

c. Biological characteristic:
▪ Low amount and activity of soil organism



HOW TO MANAGE ACID SOIL

2. The Management of Acid soil

a. The addition of organic matter

b. Liming

c. Using tolerance varietas



The addition of organic matter

❑ The Addition of Organic matter will  improve soil 

physical, chemical, and biological properties

❑ Physical properties:  

❑ Chemical properties:

❑ Biological properties: 









LIMING

1. Effect of Liming on Soil properties

a. The improvement of soil physical properties

b. The improvement of chemical properties

c. The improvement of biological properties.



The improvement of soil physical 
properties

1. Enhance agregate formation

➢ Liming increase electrolite concentration, and  the 
amount of Ca and/or Mg. Both of them cause  the EDL 
of the coloid is thin, so the coloid flocculated.

➢ The flocculated clay coloid to become cementing agent 
in agregate formation.



The improvement of soil physical 
properties

2. Increase total and distribution of pores

3. Increase  soil aeration

4. Increase soil infiltration

5. Decrease soil Bulk density



The improvement of soil chemical 
properties

1. Increase soil pH

2. Increase the amount of Ca, or Ca and Mg

3. Increase P availability

4. Increase CEC for pH dependent charge coloid

5. Increase  bases cation

6. Increase base saturation

7. Decrease Al, Fe, Mn toxicity



The improvement of soil chemical 
properties



The improvement of soil biological 
properties

1. Increase amount and activity of soil biota

2. Increase soil biodiversity



Effect of liming on plant growth

▪ Crop yield improvement

▪ Nutrient availability effects

▪ Improved microbial activity

▪ Improved legume fixation

▪ Calcium & magnesium addition



Gbr. Kiri ujung akar (root tip) sehat
Gbr. Kanan root tip yang terganggu Al

https://www.agric.wa.gov.au/sites/gateway/files/styles/original/public/Figure%2022_0.jpg?itok=oQS4oY0V




Pertumbuhan akar wheat akibat konsentrasi Al

https://www.agric.wa.gov.au/sites/gateway/files/styles/original/public/Figure%2023_1.jpg?itok=T9ftfZKc


https://www.agric.wa.gov.au/sites/gateway/files/Figure%2027_1.jpg








https://www.agric.wa.gov.au/sites/gateway/files/styles/original/public/rg%20graph.png?itok=6-jTVCO7


Crop growth/yield improvement

https://www.agric.wa.gov.au/sites/gateway/files/styles/original/public/Figure%207_2.jpg?itok=VoBQ5HZg


https://www.agric.wa.gov.au/sites/gateway/files/styles/original/public/Figure%2018_0.jpg?itok=C6pTePKP




pH and nutrients availability







Improved microbial activity



Improved microbial activity



Improved microbial activity



Improved microbial activity





The purity factor (CaCO3) Equivalent





Lime Effectiveness over a three-year 
period



Calculating the Neutralizing
Index of a liming material



Lime Requirement
Conversions

▪ Recom. = 4 tons/acre, 60-69 lime

▪ Convert to requirement as 70-79 lime

▪ LR (70-79) = 4 x 65/75 =  3.47 tons/acre





Depth of tillage affects the
lime requirement of soils





SOIL ACIDITY AND LIMING



▪ Kebutuhan kapur (KK) meningkat bila pH 
target meningkat. Pada pH di atas 5,5, KTK
permanen dr koloid tnh mineral dijenuhi dg
basa2 dan tdk ada lagi sumbangan thd KK.

▪ Tdp disparitas nilai KK antara bbg prosedur pH 
buffer. Hal itu disebabkan oleh 2 penyebab
utama: 1). akurasi kalibarasi mempengaruhi
rekomnedasi. Kalibrasi hrs mengatur
pengukuran kemasaman oleh buffer tak
sempurna. 2). ketidakcocokan antara tnh-
buffer dg pH target mempengaruhi jumlah dan
proporsi kemasaman yg terukur.



▪ Akurasi Rekomendasi KK bgtg pd 3 postulat yg
saling terkait. 1). prosedur pH-buffer hrs scr
akurat dikalibrasi. Akurasi khususnya penting
utk penentuan KK tnh dg kapasitas
menyangga rendah, krn bisa overlime. 2). 
pengapuran akurat memerlukan aplikasi yg
merata. Juga memerlukan takaran yg diberikan
dlm volume atau berat tnh yg tepat. 3). 
Penggunaan faktor pengapuran umum
mempengaruhi akurasi.



▪ Hasil tanaman terbaik dalam tnh dg pH antara 6,0 dan
7,0. Kapur ditambahkan utk meningkatkan pH tnh2 
masam. dan jumlah kapur yg diperlukan utk
meningkatkan pH ke 6,0-6,5 disebut kebutuhan kapur
(KK). 

▪ Sejumlah metode tersedia utk menentukan KK tnh2 
masam, diantaranya: prosedur SMP (Shoemaker, 
McLean, and Prat; metode Buffer tunggal Woodruff; 
Buffer tunggal Mehlich; Buffer tunggal Woodruff baru; 
Buffer tunggal Adams dan Evans; Buffer tunggal
Nommik;  Buffer gandaYuan; Buffer ganda SMP.



▪ Dr. Slamet Setijono dr UNBRAW
mengembangkan metode penentuan KK di
dasarkan pd Al-dd. 

▪ Dalam kuliah ini akan dijelaskan metode Buffer 
tunggal Adams dan Evans (1962) dan Metode
Al-dd dr Setijono (1982).



▪ Metode Adams dan Evans

Reagen

Buffer Adams dan Evans dipersiapkan dg 
melarutkan 15,75 g, 30,0 g p-nitrophenol, dan
22,5 g H3BO3. dlm air destilasi 1125 ml (dibawah
pengadukan tetap). Jika perlu panaskan sedikit, 
utk melarutkan kristal. Biarkan larutan dingin, 
dan tepatkan 1,5 L dg air destilasi. Bila
dipersiapkan dg baik, pH nya harus 8,0.



Prosedur

▪ Timbang 20 g tnh dlm gelas piala. Tambahkan 20 ml air 
destilasi, aduk , dan biarkan suspensi selama 30 menit. 
Tntukan pH dg pH meter, dan amankan suspensi tanah. 
pH yg terukur disebut pH air.

▪ Analisis dilanjutkan dg menambahkan ke suspensi tnh
di atas 20 ml buffer Adams dan Evans, aduk selama 5 
mnt.

▪ Kalibrasi pH meter utk pembacaan pH 8,0 dg buffer 
Adams dan Evans enceer (20 ml buffeer + 20 ml air). Cuci
elektrode, dan ukur pH suspensi tnh yg mengandung
buffer. Itu yang disebut pH buffer.

▪ Tentukan jml KK (CaCO3) utk mencapai pH 6,5 dr Tabel
6.1.



▪ Metode penentuan KK bdsk Al-dd

1. Tentukan brp me/100 g Al-dd tanah. Cara 
penentuan Al-dd sudah sdr praktekan pada
kuliah DDIT atau lainnya. 

2. Tentukan tanaman yang akan ditanam pada tnh
masam yang akan dikapur. Tanaman di
golongkan ke dalam 3 gol utama, yaitu yang 
peka, sedang, dan kurang peka thd kemasaman
tnh. Masing-masing memiliki KK > 2xAl-dd, 1,5x 
Al-dd, dan <1x Al-dd.



3. KK dihitung dg cara: jika Al-dd = 2 me/100 g, 
tanaman yang akan ditanam adalah jagung
yang butuh 1xAl-dd, maka jumlah kapur yang 
diperlukan = 1x2 me Al-dd /100g = 2 me 
CaCO3/100 g = 20 me CaCO3/kg = 2 ton  
CaCO3/ha. Dg rincian perhitungan sbb:

2 me Ca/100g = 20 me Ca/kg = 20 x 40/2 mg Ca/kg 
= 20 x 40/2 x 100/40 x 2 x 106 mg CaCO3 /Ha.= 

2 ton CaCO3 /Ha.



▪ Metode Penentuan KK Tidak Langsung

1. Joret et al. (1934) mengusulkan persamaan
berikut yg menghubungkan kadar BOT dan liat
dg KK: 0,11 [%liat + (5 x %BO)]. 

2. Keeney dan Corey (1963) mengusulkan
persamaan : KK = (pH 6,5 – pH tanah) x (%BO).

3. dll. 



▪ Penentuan KK Histosol Masam

Histosol masam biasa dikapur ke pH sekitar 5,2 
sampai 5,4 (air), yg scr agronomi sebanding dg 
6,5 utk tnh mineral (McLean, 1971, 1973, 1982; 
van Lierop, 1983). 

Prosedur penentuan KK pH-buffer  dpt
diterapkan, namun kalibrasi yg berbeda
diperlukan utk itu.



https://www.agric.wa.gov.au/sites/gateway/files/Figure%208_3.jpg




Effect of Al activity on 
Plant growth














