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Soil Chemical Characteristics

 Soil pH

 Mineral nutrients in soil

 Colloids (clay and organic matter)

 CEC (cation exchange capacity)

 Electrical conductivity

 Soil buffering capacity



Soil pH

 Soil pH or soil reaction is an indication of the acidity or alkalinity of soil and is
measured in pH units.

 Soil pH is defined as the negative logarithm of the hydrogen ion concentration.

 The pH scale goes from 0 to 14 with pH 7 as the neutral point.

 As the amount of hydrogen ions in the soil increases the soil pH decreases thus
becoming more acidic.

 From pH 7 to 0 the soil is increasingly more acidic and from pH 7 to 14 the soil is
increasingly more alkaline or basic.

https://www.esf.edu/pubprog/brochure/soilph/soilph.htm

https://www.esf.edu/pubprog/brochure/soilph/soilph.htm


Soil pH

 Acidic soil pH (below 7,0)

 Neutral soil pH ( around 7,0)

 Alkaline soil pH (above 7,0)

Soil Conservation Service, USA 



Why soil pH matters??



pH effect on nutrient availability for certain agricultural plants



How can a soil become acidic?



Factors affecting soil pH

 Precipitation (replacement of H with alkaline elements 
causing acid conditions in soil)

 Geological characteristics of parent material and rocks
 Amount of humus and decomposition level
 Continious and extreme fertilization
 Agriculture with no rotation
 Hydrolysis
 Root respiration
 Plant type (legume acidfy soil)
 Topography and drainage conditions 



What can be the  potential reasons for the 
situation below?



What is soil salinity and alkalinity ?

- Soil salinity is a condition that results from the accumulation of Ca, Mg, K and Na.

- Soil alkalinity is a type of soil salinity and results from accumulation of Na
excessively

- Excessive Na is not good for soil because it increases dispersion of clay and SOM
- Soil gets weaker once it start to clay and SOM as they are responsible for

aggregation processes.

- We definitely need to reclamate soil to remove salts from soil



Reasons for Soil Salinity and Alkalinity Problems

- Saline Parent material (calcareous)

- Continental climate (long and hot summers) with low precipitation less than 250mm)

- High evapotranspiration and capillarity in soil

- Misirigation and water quality problems 

Salinity degree of Turkish soils (Kendirli  et al. 2005) Photos: Central Anatolia, Ankara and Konya Region, 
near salt lake



https://www.biosaline.org/news/2018-07-17-6571

Ethiopia-Africa

https://www.biosaline.org/news/2018-07-17-6571


NALLIHAN ANKARA REGION (one of the driest place in Turkey,  <150mm rainfall



High pH soil = saline/alkaline soil 

Why 
white?



Look at this little one!
There is no other plant around….how can it survive at such conditions (no 
water, soil pH=9, too much salts Na, Ca, Mg and boron in soil)









Effects of soil salinity

- Excessive amount of salts limits plant
growth by toxically and reducing water
potential

- Soil capillarity moves salts from deeper soil
layers to surface and accumulate them near
surface or surface soil



How do we combat with soil salinity-Alkalinity Problems

1) Removal of Salt
- Subsoil drainage
- Washing

2) Chemical Applications
-Chemical transformation of alkaline carbonates to
alkaline sulphates

3) Salinity Management
- Mulching (for the reduction of evaporation)
- Avoiding wild flooding irrigation methods
- Growing salt tolerant plants (wheat, beet, cotton,

barley, millet, rye etc)





Chemical transformation of alkaline carbonates to alkaline
sulphates



- Extreme salinity and alkalinity in Karaman 
Distrcit, Central Anatolia 

- Semi arid climate (320mm annual precipitation
- Rainy only in April and December
- Rainless summer months (July-Aug-Sept)
- No agriculture but halophytic plant cover

A case study, saline-alkaline soil reclamation in Central Turkey 
(yrs 2003 to 2011)



Construction of 
- primary and secondary 

drainage pipe systems 
- Temporal water ponds
- Water wells for providing 

leaching water 

FIELD SETUP..



MATERIAL and METHODS:

- Hydromorphic saline-alluvial soils rich in clay and 

lime..

- pH,8.0 - EC, 14.5 dSm-1 – lime, 33% - ESP, 49%

- Common salts are Na2SO4, Na2CO3, NaCl, CaCl2, 

MgCl2, MgCO3, MgSO4 ve CaSO4

- Reclamation strategy; Drainage (1) intermittent 

leaching (2), gypsum amelioration (3) and pivot 

irrigation system were used. 

1 2

43



RESULTS:
- 150 cm of leaching water applied 
- 60 cm depth of stabilization and 10% ESP were achieved 

in the end of 7 years application period... 



Yr 2003

Design for pivot irrigation system at the field

Yr 2013



Colloids-Nutrients-CEC



Colloids-Nutrients-CEC



What is clay?

A finely-grained natural soil minerals that combines one or more clay minerals with possible trace 
of  (i) quartz (SiO2) and  (ii) metal oxides (Al2O3)

Structure of phyllosilicate clays



























































Soil buffering capacity

• Changes in soil pH may change nutrient availability in soil and 
therefore affects the life quality (plants and animals)

• Soil therefore should resist to sudden pH changes by acid or 
base additions

(Q: What changes nutrient balance in soil?)

• Such ability of soil to stop nutrient or pH changes by sorption 
mechanisms to colloidal surfaces is known as BUFFERING

• Soil problems occur when soil buffering capacity surpassed



Ion Exchange in Soil



Cation Exchange Capacity (CEC)

• Ability of soil to hold cations (positively charged 
ions i.e. Ca-Mg-Na-K)

• Amount of total cations that can be retained on 
100 g of soil

• it is greatly related  to three factors : ???

i) Soil particle type (inorganic vs. organic matter)

ii) Soil particle size (i.e. sand vs silt vs clay)

iii) Soil pH (more acidic soils tend to have lower CEC, while 
neutral soils have higher CECs



the typical range of CEC values for various soil types under neutral pH





Soil Electrical Conductivity
• Soil electrical conductivity (EC) is a measure of the amount of 

salts in soil (salinity of soil). 

• It affects crop yields, crop suitability, plant nutrient availability, 
and activity of soil microbes, which influence key soil processes 
including the emission of greenhouse gases 

• EC does not provide a direct measurement of specific ions or 
salt compounds, (correlated to concentrations of nitrates, 
potassium, sodium, chloride, sulfate, and ammonia)

• Soil EC is affected by cropping, irrigation, land use, and 
application of fertilizer, manure, and compost.

• Irrigation water salinity must also be measured when 
managing for salinity on irrigated land.

• Irrigating in amounts too low to leach salts, or with water high 
in salts, allows salts to accumulate in the root zone, increasing 
EC. 



Simple evaluation of soil salinity and alkalinity

EC 

(dSm-1)

Excheangable

Na (%)

pH

Saline soil >4 <15 <8,5

Alkaline soil <4 >15 >8,5

Saline-alkaline soil >4 >15 ~8,5


