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Introduction 

Potassium is a major element for plant 

nutrition. Available soil potassium (K) 

in sufficient quantities is a limiting 

factor in many agricultural and 

environmental systems. Soil potassium 

exists in different forms: solution, 

exchangeable, non-exchangeable, 

mineral and total K. There are 

equilibrium and kinetic reactions 

between these forms that affect the level 

of soluble potassium at any particular 

time and thus, the amount of readily 

available potassium for plants (Sparks, 

2001). 

The amount of soil soluble potassium is 

too low to meet the requirement of K by 

crops, while exchangeable K is often 

large enough to satisfy the requirement 

of one crop, but too small to meet the 

needs of several crops (Sparks and 

Huang, 1985). Non-exchangeable 

potassium occupies internal positions of 

clay sites as well as hexagonal cavities 

of certain minerals such as illite. Non-

exchangeable potassium is moderately 

to sparingly available to the plant 

(Mengel and Kirkby, 1987; Al-Zubaidi 

and El-Semak, 1995). The type of K-

bearing minerals greatly affects the 

release rate of non-exchangeable 

potassium (Martin and Sparks, 1983). 

Soil type and pedoclimatic conditions 

affect the K supplying power of 

Lebanese soils (Darwish et al., 2003). 

Mineral or structural potassium is also 

known as native matrix. 90-95% of total 

potassium is bonded within the crystal 

structure of various K-bearing minerals 

like feldspar and mica. This form is 

slowly available to plants. Total 

potassium represents the sum of all soil 

potassium forms. There are several 

factors that affect the quantity of total 

potassium in soil such as parent 

material, climate, leaching and 

vegetative cover. 

Improving the knowledge about K-

reserve in soil is necessary to better 

understand potassium nutrition and 

potassium management. Only a few 
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Abstract 

The content of different forms of 

potassium: water soluble, exchangeable, 

non-exchangeable, mineral and total 

potassium were determined at different 

depths in eight soil profiles representing 

most soil types in Lebanon. The 

mineralogy of the soil samples was 

identified by x-ray diffraction. The 

results showed that the average values 

for water soluble-K, exchangeable-K, 

non-exchangeable-K, mineral-K and 

total K were: 0.0122, 0.2324, 1.1791, 

12.478 and 13.9471 Cmol kg-1 soil, 

respectively. The values for potassium 

saturation percentage (KSP) ranged 

between 0.21-2.79, and exchangeable 

potassium between 0.12-1.35 Cmol kg-1 

clay. There are wide variations in the 

values of various forms of potassium 

and among potassium indices that are 

associated with mineral composition in 

different soils. The results show that the 

values of K forms in most of the studied 

soils are quite low. Consequently the 

supplying power of potassium in these 

soils is low and a need for potassium 

fertilization is recommended. For 

further research on potassium, it is 

suggested that more investigations on 

the rate of potassium release in 

Lebanese soils be conducted. 
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papers have been published on 

potassium chemistry in Lebanese soils 

(Sayegh et al., 1990; Al-Zubaidi et al., 

2008). This study was therefore initiated 

to estimate K-contents and fractions in 

eight soil profiles which represent most 

of the agricultural soils in Lebanon. 

 

Materials and methods 

Twenty-six (26) soil samples were 

collected from different depths of eight 

profiles representing the various great 

soil groups of Lebanon (see map). The 

locations, classification and physico-

chemical characteristics of the soil 

samples are shown in Table 1. 

The contents of different potassium 

forms in soil samples were determined 

using methods described by Pratt 

(1965): Water soluble potassium (H2O-

K) was extracted by distilled water 1:2 

soil:water extract. Exchangeable 

potassium was extracted by 0.5 M 

CaCl2 solution; CaCl2 solution was used 

instead of ammonium acetate to avoid 

the extraction of fixed potassium 

(Martin and Sparks, 1983). Non-

exchangeable potassium was extracted 

by 1N HNO3, total potassium was 

extracted by digestion with a mixture of 

HF 48%, H2SO4 97% and concentrated 

HClO4. Mineral potassium was 

calculated by the formula that was 

suggested by Martin and Sparks in 

1983:  

Mineral K = Total K – (K-CaCl2 + K-

HNO3) 

Potassium saturation percentage (KSP) 

was calculated by the following 

formula:  

KSP = (exchangeable K/total exchange-

able cations)x100 

Exchangeable K/100 g clay was 

calculated taking into account that the 

total exchangeable K was present in the 

clay fraction in the samples.  

Identification of clay minerals was done 

by the x-ray diffraction technique as 

illustrated by Jackson (1958). The 

analyses were carried out by pre-
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Mineralogy of soils 

The interpretation of the x-ray 

diffraction of the clay minerals is 

summarized in Table 2. 

 

Content of different potassium forms 

The content of different potassium forms 

in the studied soil samples are displayed 

in Table 1.  

1) Soluble potassium 

Table 1 shows that the values of soluble 

Research Findings 

treatment as deferration, saturation with 

K, saturation with Mg and glycolation, 

and heating at 500 ̊C using the methods 

described by Tan (1996). Potassium 

saturation and glycolation of Mg-

saturated samples were used to 

distinguish between expanding and non-

expanding minerals (Tan, 1996). 

 

Results and discussion 

Soils description 

The physio-chemical characteristics of 

the soil samples are shown in Table 1. 

The results indicate that the studied 

soils are non-saline (EC = 0.15 to 0.54 

dS m-1), with no considerable change in 

EC values throughout the soil profile. 

The pH values ranged between 6.8 and 

8.2, indicating that the soils are neutral 

to slightly alkaline, with very little 

change in pH values throughout the soil 

profile. The organic matter ranged 

between 0.1-4.9%. The highest value of 

organic matter is in the surface layer  

(0-30 cm) of profile No. 179. In general, 

the values of organic matter content 

decreased with increasing depth. 

The CaCO3 content ranged between 

0-72%. Several profiles (No. 165, 206, 

259 and 272) may be classified as 

highly calcareous soils, while the top 

soils (cultivated layers in profiles 

No. 190, 179, and 49) are considered as 

non-calcareous. 

The clay content of the soil samples 

ranged between 16-70%. The textural 

class of six profiles (No. 165, 206, 190, 

234, 49, and 272) is clayey, and that of 

profile No. 179 is sandy, whilst profile 

No. 259 is a silt clay loam. 

The sum of exchangeable cations which 

approximately represents the CEC  

value, ranged between 9.1 and 

34.2 Cmol kg-1. The contents of clay 

and organic matter highly affected the 

values of sum of the exchangeable 

cations. 

 

 

 

potassium (H2O-K) in the studied soil 

samples ranged between 0.0026-0.0479 

Cmol kg-1 corresponding to 4.05-74.6 

kg ha-1, which is very low and not 

sufficient to support plant growth, and 

is much lower than the requirement of 

most crops. 

2) Exchangeable potassium 

The content of exchangeable potassium 

as shown in Table 1 ranged between 

0.0632-0.651 Cmol kg-1. The average 

value for exchangeable potassium is 

Optimizing Crop Nutrition 

Map of locations of the eight soil profiles analysed.  
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5) Total potassium 

The values for total potassium in the 

studied soil samples showed a very 

wide variation. They ranged from 4.59-

33.89 Cmol kg-1 (Table 1). The content 

of total potassium depends on the type 

of parent material, type of primary and 

secondary minerals and type of soil 

fractions. The values for total potassium 

in Lebanese soils are lower than those 

reported for Iraqi soils (Al-Zubaidi and 

Al-Rabai, 2002). 

More than 81.9% of the total potassium 

in the studied soils is in the mineral 

phase. The high portion of total 

potassium in primary minerals suggests 

that the parent material is the origin of 

most K in the profiles (Martin and 

Sparks, 1983). 

 

Distribution of different K-forms 

throughout soil depth 

Table 3 shows the distribution of K-

forms: exchangeable, non-exchangeable 

and mineral (expressed as percentage of 

total potassium) throughout the soil 

profiles. The patterns of exchangeable 

and non-exchangeable forms are fairly 

similar. In general there is a decreasing 

trend for potassium forms as soil depth 

increases, except profile No. 259, due 

probably to the irregular origin of 

fluvial sediments forming the soil 

layers. 

The distribution of mineral-K 

Research Findings 

less than the value reported by 

Al-Zubaidi et al. (2008) for some 

Lebanese soils. The highest values of 

exchangeable potassium were observed 

in soil profile No. 234, while the lowest 

values of exchangeable potassium were 

observed in soil profile No. 49.  

If the value of 0.4 Cmol kg-1 for 

exchangeable K, which was recom-

mended by Al-Zubaidi and Pagel in 

1979, were to be considered as the 

critical level, then all the soil samples in 

the seven profiles - except profile No. 

234 and topsoil layers in profiles No. 

165, 190, and 272 - would be classified 

as poor in exchangeable potassium and 

expected to respond positively to 

potassium fertilization. 

Datta and Sastry (1988) proposed the 

higher value of 0.626 Cmol kg-1 for 

exchangeable potassium as the 

threshold level for release of non-

exchangeable potassium. If we compare 

this value with the values of 

exchangeable potassium obtained in this 

study, then all the profiles except soil 

profile No. 234 and surface soil sample 

of profile No. 190 would be lower than 

the critical value. This indicates that the 

non-exchangeable (fixed-K) contributes 

to potassium supply to plant growth in 

the studied soils. 

The high values of exchangeable 

potassium in soil profile No. 234 may 

be due to high content of clay fraction 

with the presence of vermiculite and 

mica- vermiculite minerals (Table 2). 

The x-ray diffraction curves of this 

profile showed a broad peak of 10.40 Å, 

indicating that micas are undergoing a 

weathering process in this soil. The 

relatively low value of percentage of 

mineral-K to total-K in this profile 

(Table 1, last column) confirms this 

conclusion. 

3) Non-exchangeable potassium  

Acid (HNO3) extractable potassium, 

which is used as an index of non-

exchangeable potassium and represents 

the supplying power of potassium for 

long-term cropping (Jackson 1958) are 

shown in Table 1. The values of this 

form showed a wide variation, ranging 

from 0.14-5.00 Cmol kg-1. If we 

consider the critical value for non-

exchangeable potassium to be 1.00 

Cmol kg-1 (400 mg kg-1), as suggested 

by Pagel (1972), then the values of non-

exchangeable potassium in nine soil 

samples are above this level (high in 

supplying power), and the remainder of 

the soil samples can be described as 

poor in supplying potassium. Soil 

samples from profile No. 234 contain a 

very high content of non-exchangeable 

potassium; which could be due to 

extensive weathering occurring in this 

profile. 

4) Mineral potassium 

The values of mineral potassium showed 

a wide variation in the studied soil 

samples, ranging from 3.76 to 28.21 

Cmol kg-1 (Table 1). The content of this 

K-form depends on soil type, type of 

primary and secondary minerals and the 

degree of weathering (Sharpley, 1987). 

The lowest values of mineral-K were 

observed in profile No. 259, 49, and 272 

and the highest values were observed in 

profile No. 234. The values of 

percentage of mineral-K of total-K 

ranged from 81.93% to 96.44% 

(Table 1). The lower values of 

percentage of mineral-K of total-K 

indicate a relatively high degree of 

weathering of K-bearing minerals and 

vice versa. 

Optimizing Crop Nutrition 

Table 2. Mineralogy and texture of the studied soil profiles as identified by  
x-ray diffraction. 

Profile No. Dominant minerals 

165 Group of 14 Å, kaolinite, quartz 

206 Regular interstratified chlorite-smectite, kaolinite, quartz 

259 Group of 14 Å, mica, kaolinite, quartz 

190 Kaolinite and quartz 

179 Chloritized montmorillonite, kaolinite, quartz 

234 
Group of 14 Å (smectite, vermiculite, chlorite), irregular 

interstratified mica-vermiculite, kaolinite 

49 Group of 14 Å, kaolinite 

272 
Chlorite, regularly interstratified chlorite-mica, mica, kaolinite, 

quartz 
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Conclusion 

From the obtained results, it can be 

concluded that most Lebanese soils 

are poor in potassium supplying 

power and may respond to 

potassium fertilizer application. 

Our previous field observations on 

application of potassium fertilizer 

to wheat and barley in some 

Lebanese soils (Al-Zubaidi et al., 

2009) confirm this conclusion. For 

further research on potassium 

status in Lebanese soils, it is 

suggested to measure the rate of 

release of potassium in these soils. 
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