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Abstract 

A calcareous soil incubation experiment for four tasting of 16 weeks was carried out in governorate of Etnoh city, 

Egypt to ascertain the effect of compost, olive waste and lemon waste on the amounts of extractable sodium, 

potassium, calcium and magnesium in a calcareous soil. The rates of organic materials added were 0, 0.5, 1.0, 1.5 

and 2 % of the air-dried soil on dry weigh. The periods of sampling affected soil pH and the lowest value was 

produced at the fourth time of sampling with olive waste [ pH = 7.16]. Decreasing pH values with increasing rate of 

applied organic waste observed at each time of sampling and with increasing time of sampling. The compost gave 

the highest value of soluble cation Na at the fourth time of incubation [125 meq/Kg  soil], while the lemon waste 

gave the highest values of soluble cations K,  Ca and Mg at the fourth time of incubation [135, 92 and 55 meq/Kg  

soil, respectively].  Generally, Soluble cations Na, K,  Ca and Mg were increased with increasing organic materials 

rate and increasing time of sampling. The highest values were recorded for 2 % organic material application, rated 

at the fourth time of sampling.  

Keywords:  Soluble cation, pH, olive waste, lemon waste, compost, calcareous soil. 

 

1. Introduction 

Calcareous soils are highly buffered and remain in the CaCO3 buffering range of pH until all 

carbonate is removed from the fine fraction and weathering of silicate minerals and associated 

acidification begins [1]. The soil solution and cation exchange complex of calcareous soils are 

dominated by Ca [2]. Magnesium is more readily leached from dolomite-derived soils than Ca [1]. 

Calcite and aragonite (CaCO3), dolomite (CaMg (CO3)2), and magnetite (MgCO3) are the calcium 

and magnesium carbonate minerals found in calcareous soils. They are mainly present as calcite, 

and to a lesser extent as dolomite [ 3 and 4].  The actual carbonate content, expressed as the CaCO3 

equivalent, must be determined by laboratory analysis [5].  
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Calcareous soils have a wide range of pH due to the type and nature of their constituent, calcium 

carbonate content and rainfall, and they vary from 7.8 to 8.2. One of the important roles of pH is 

controlling nutrient solubility in soil. Solubility of most nutrients usually decreases with increasing 

pH [6]. The carbonate minerals may be either primary carbonates originating from carbonate-rich 

parent materials, or secondary carbonates formed by partial re-precipitation of dissolved 

carbonates. The pH range of calcareous soils (determined in water) is from 7.0 to 8.5 [7]. 

Calcareous soils are sometimes referred to as alkaline (high pH) soils, but they are distinguishable 

from other soils with high pH [8 and 9]. Composts are widely used to improve soil physical 

properties and valuable source of organic matter[6]. Many of the composts have relatively high pH 

ranging from seven to eight. High pH of the composts is one problem that limits its usage in 

alkaline soils. 

Calcareous soils are distinguished from saline soils, which contain high concentrations of neutral 

salts more soluble than Ca and Mg carbonates [10]. In calcareous soils, 19 months after initial 

application, organic amendments decreased soil pH [11]. However, the increase in soil pH due to 

compost addition depends on the soil and the compost characteristics as well as on the dose and 

time applied[10].  

Increasing the soil organic matter improves soil properties, enhances soil quality, and reduces soil 

erosion, and increases plant productivity and soil microbial biomass. Thus, in the regions where 

organic matter content of the soil is low, agricultural use of organic compost is recommended for 

increasing soil organic matter content and consequently to improve and maintain soil quality. 

Composts are widely used to improve soil physical properties and valuable source of organic 

matter.  

Soil organic matter plays a major role in maintaining soil quality [12]. Also, increasing soil organic 

matter, improves soil properties, enhances soil quality, reduces soil erosion, increases plant 

productivity and soil microbial biomass [13]. Thus, in the regions where organic matter content of 

the soil is low, agricultural use of organic compost is recommended for increasing soil organic 

matter content and consequently to improve and maintain soil quality. 

Soil amendment includes any material added to soil to improve its properties which can be 

physical, chemical or biological to allow healthy crop growth. They improve soil properties and 

processes such as structure, water retention, permeability, infiltration of water, drainage, aeration, 

nutrient supply and biological activities which are important for proper functioning of soil to 

support sustainable agricultural production [7].   

Use of organic composts in agricultural areas is increasing because these improve soil health and 

nutrient status. [14 and 15] Reported that, incorporation of organic compost decreased P 

adsorption, maximum buffering capacity, bonding energy, and increased P concentration in 
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solution. [16 and 17] Demonstrated that long-term use of organic compost in greenhouse soil 

improved soil fertility, the use of organic fertilizer resulted in higher soil organic matter, soil N 

content, and available P and  reported that olive mill waste (OMW) application to soil can result to 

some beneficial of soil chemical and physical characteristics, such as increase in organic matter, 

organic carbon, major nutrients (e.g N, K), water-holding capacity and porosity.   

  Addition of compost improved the physical properties of the soil, and increased the supplying 

power of available nutrients to plants [18]. Organic materials rates significantly affected soluble 

Na
+
 and K

+
 at each time of incubation, except at the second time of incubation significantly 

effected soluble Ca
+2

 at the first or fourth time of incubation and significantly affected soluble 

Mg
+2

 at the fourth time of incubation. On the other hand, 2% of organic materials, produced the 

highest value of soluble Na
+
, K

+
, Ca

+2
 and Mg

+2
, while 1.5% of organic materials produced the 

highest value of soluble K
+
 at the fourth time of incubation. In general, the application of OMW 

resulted positive effects on soil fertility which confirmed by other pertinent studies as well [9]. 

Increased plant available nutrients due to organic fertilization were also observed in soils. Previous 

studies mention that application of OMW on soils increases available Mg [19] and to a lesser 

degree Ca
2+

 [20]. 

The objective of this study  was  to evaluate the effect of three organic wastes [compost, olive 

waste and lemon waste] on some soil chemical properties and the Soluble cations [Na, K,  Ca and 

Mg] as a function of pH tested in calcareous soil.   

 

2. Materials and Methods 
 

2.1 Study area, soil and organic wastes: The soil samples analyzed were collected from the 

surface horizon [0 - 30 cm] from Etnoh city governorate at north western coast of Alexandria 

,Egypt. The study area is the climate of the Mediterranean, which is characterized by rainy winters 

and dry summers. Some physical and chemical properties, the amounts of heavy metal of the 

samples and organic materials are given in Tables [1and 2]. The data was collected and handled in 

duration of six months.  

The soil was air-dried, ground and passed through a 2 mm sieve. The tested organic materials 

were compost, olive waste and lemon waste which were ground and passed through 6.35 mm 

sieve. The main properties of the soil and the organic materials were determined according to the 

methods outlined by[21].   
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Table 1. Some physical and chemical properties of the tested soil 

 
 

 

Table 2. Some chemical properties of the tested organic materials 

 
 

 

2.2 Incubation trial: The rates of organic materials added the soil were 0, 0.5, 1.0, 1.5 and 2 % of 

the air-dried soil on dry weight basis. The soils were homogenized with the dry organic materials 

and filled in plastic pots. Each pot consisted of 100 g soil with the various rate of organic 

materials. During the incubation periods (4, 8, 12 and 16 weeks). Each treatment was repeated 

three times and the experimental layout was split plot design. Soil samples were taken on the 4th 

(1st time), 8th (2nd time) 12th (3rd time) and 16th (4th time) weeks after incubation. 

2.3 Sample analysis: The Soil pH and electrical conductivity (EC) were measured in 1:2, soil: 

water ratio according to [22]. Organic matter content in soil was determined the method by [21]. 

Particle size distribution was determined according the method outlined in [22]. The Soluble 

cations, water soluble sodium and potassium were determined in soil-water extract by using a 

flame photo meter as mentioned by [22]. In addition water soluble calcium and magnesium were 

determined in soil-water extract (1:2) by titration with Ethylene diamine tetra acetic acid (EDTA), 

according to [22]. 

 

The obtained data were statistically analyzed according to the technique of analysis of variance 

(ANOVA) and the least significant difference (L.S.D) was used to test the difference between the 

treatment means, as described by [23]. 
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3. Results and Discussions 
 

The effect of organic material type at each time of sampling, on the soil pH except at the time of 

sampling Table [3]. Indicated a significant effect by decrease as results of present of organic 

material, whether with respect to the type or the rate and their interaction. The fourth time of 

sampling was significant lower soil pH Table [4].  

The lowest value of pH (averaged 7.16) was recorded at the fourth time of sampling with olive 

waste.  Soil pH has decreased slightly due to the acidity indicated by the disposal of raw olive 

waste. It can be concluded, therefore, that due to the carbonate content of the soil, the surface 

application of olive waste does not markedly affect soil pH [24].  

Regarding to the effect of organic material rate on soil pH, the data presented in [Table 4] 

indicated that the rate of organic material has significant effect on pH at each time of sampling. 

These results agree with those obtained by [25, 26 and 27].  

Table 3. The effect of soil type, type and rate of 

organic material on soil pH at each time 

of incubation  

Table 4. The Mean values of soil pH at each 

time of sampling as affected by the type 

and rate of organic materials 
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Soluble cation in soil: The organic material types, rates of application and their interactions 

significantly influenced the amounts of soluble Na, K, Ca and Mg in soil at all time of samplings, 

except those of at the time of sampling. The highest values of soluble Na was given with the 

compost at the fourth time of sampling (125 meq/kg soil). And the highest values of soluble K, Ca 

and  Mg was given at the fourth time of sampling with lemon (135, 92 and 55 meq/kg soil), Table 

[5]. Generally, the amounts of soluble Na, K, Ca and Mg in soil were increased with increasing 

organic material application rates and increasing time of sampling Table [5].  

The highest values were recorded for 2% organic materials rate at the fourth time of sampling. 

Also, the means of soluble Na, K, Ca and Mg ,Table [6] showed that the compost gave the highest 

values of available Na and Ca at the fourth time of sampling (90 and 68 meq/kg soil). However, 

lemon waste gave the highest values of available K and Mg at the fourth time of sampling (95 and 

39.40 meq/kg soil) and the lemon waste gave the lowest value of available Na, K, Ca and M Mg at 

the first time of sampling (21.88, 45.66, 20.00 and 13.92 meq/kg soil, respectively).   

Table 5. The amounts of available Na
+
, K

+
, Ca

+2
 and Mg

+2
( meq/kg soil) in the soil at each time of sampling 

as affected by type and rate of material application. 
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Table 6. Means of Na
+
, K

+
, Ca

+2
 and Mg

+2
( meq/kg soil) at each time of sampling as affected by type and 

rate of organic materials. 

 

These results are in agreement with those of [17]. In this respect [13] found that increasing the soil 

organic matter improves soil properties enhances soil quality. 

Addition of compost improved the physical properties of the soil, and increased the supplying 

power of available nutrients to plants [18]. Organic materials rates significantly affected soluble 

Na
+
 at time of incubation, except at the third time of incubation, and K

+
 at time of incubation, 

except at the second, third and fourth time of incubation, significantly soluble Ca
+2

 at the first or 

fourth time of incubation and significantly affected soluble Mg
+2

 at the fourth time of incubation. 

On the other hand, 2% organic materials, produced the highest value of soluble Na
+
, K

+
, Ca

+2
 and 

Mg
+2

, while 1.5% organic materials produced the highest value of soluble K
+
 at the fourth time of 

incubation. Generally, the application of OMW  accrued positive effects on soil fertility that 

confirmed by other pertinent researches such as [8].  

The regression equations for the relation between the soluble Na
+
 (Y1), K

+
 (Y2), Ca

+2
 (Y3) and Mg

+
 

(Y4) and the organic material rate (X) Table [7]. A specific relationship was found between Na
+
, 

K
+
, Ca

+2
 and Mg

+
 and organic material rates for the three materials at the first or fourth time of 

sampling. The comparison of the slopes of Na
+
, K

+
, Ca

+2
 and Mg

+
 regression equations give a 

quantitative expression of the efficiency of organic waste rates for each organic material type.  
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Table 7. The relationship between the available Na
+
, K

+
, Ca

+2
 and Mg

+2
 and organic material rates after 4 

and 16 weeks of sampling. 

 

 

4.  Conclusion 

Soluble cations were increased with increasing time of incubation for the soil. The lemon waste 

induced the highest values of soluble K, Ca
+2

 and Mg
+2

 (135, 92 and 55 meq /Kg soil, 

respectively), The compost gave the highest value of soluble Na
+
 (125 meq /Kg soil) compared 

with those of the other organic materials types. compared with those of the other organic materials 

types. Organic materials 2 %, produced the highest value of soluble Na
+
, K

+
, Ca

+2
 and Mg

+2
 at the 

fourth time of incubation. In conclusion, compost, olive waste and lemon waste are three organic 

materials that can improve the physical, chemical and biological characteristics of the soils. 
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