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Abstract 

We aimed at studying the effect of three different sources of fertilizer (Conventional 
Fertilizer, Ammonium-Enriched Zeolite and Manure) along with a standard treatment (called 
“Farmer”) on soil and olive tree properties, In the field, enriched Zeolite acted as a slow-
release fertilizer for nitrogen (N), while no differences were found for phosphorus (P) and 
potassium (K) for this treatment when compared with the Conventional Fertilizer. As for 
trace elements, we found non-significant differences among treatments. Soil extractions 
indicated considerable variation in the concentrations of N, P, K, as well as in pH.  
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1.  

H  (Olea europaea)         
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 100 kg  (   , 2001).     
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 (  ,     ).     :  
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  ( ):  3 kg ( 4)2SO4 (21-0-0)     4,3  

 H2O     13 kg .    
,       ,   

600 g 2SO4 (0-0-51)  250 g  12-61-0.  
   ( ):  3 kg ( 4)2SO4 (21-0-0),   600 g 2SO4 (0-0-

51)  250 g  12-61-0     .  
  ( ):  100 kg  ,  54%,   
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       19  2013    
   10  2014.     

       :  
,   Ca2+, Mg2+, K+, Na+, pH (1:2.5 H2O),     

  (Fe, Mn, Cu, Cd, Pb),   DTPA     
,        Olsen.   
   ANOVA      (LSD)  

        95% (p<0.05)  
   Statgraphics 2.1. 
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THE EFFECT OF THREE ANIMAL MANURES ON THE PHYSICOCHEMICAL  
CHARACTERISTICS OF A LOAMY SOIL UNDER CONTROLLED CONDITIONS 
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Abstract 
Three animal manures (poultry-K1, sheep-K2 and cattle-K3) were incorporated in a loamy 
agricultural soil in order to study their contribution to the change of some physicochemical 
soil properties under controlled conditions. In the end of three months of incubation, N min-
eralization was found for all three manures. Soil N increase originated from NO3-N inputs 
from the three manures and only K1 contributed with a small amount of NH4-N, in addition. 
The mineralized nutrients of P, K and Na were immobilized in the soil for all three manures. 
In the beginning of the incubation, K1 and K2 contributed to the formation of 2-1 mm aggre-
gates. For K2 and K3, a positive linear correlation was found between organic C increase dur-
ing the incubation and a) aggregate stability or b) clay flocculation, of the 2-1 mm aggre-
gates. 
 
Key words: Immobilization/mineralization N, P, K, Aggregation dynamics, Manure (poultry, 
sheep, cattle) 
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1.  
              -
               

.         -
     (Gilly and Eghball, 2002),      

     (Ayuso et al., 1996; Soumare et al., 2003; Gilly and Risse, 2000).   
         -

    ,       
      .       

         ,  -
        (Qiu et al., 2008).   -
            -

            -
   ,         

(Navarro Pedreno et al., 1996).         -
,    ,       ,      
    (Azeez et al., 2010) 
            

,   : ,    (Tisdall 
and Oades, 1982).         

           C/N (Le Guillou 
et al., 2011).         

         ,   
 C/N         -

 (Abiven et al., 2009).          -
  .    Wuddivira et al. (2009),    -

    ,       ,  
         ,   
   ,  . 

        ,      
         -

: (1)  /   , ,   Na  , (2)   
      (3)        -
      ,    

           . 
 

2.    
 
2.1.       

           
(  . .  ), ,     

   2 mm.     : pH   8,07 
(1:2,5 / ), CaCO3 1,54%, O.O . 0,97% (Walkley et al., 1934), 5,25 mg NH4-N  
15,84 mg NO3-N Kg-1 (   KCl), 43,05 mg P Kg-1 (Olsen and Sommers, 1982)   -

  a+ (0,24), K+ (0,41), Mg2+(1,17), Ca2+ (22,27) cmol Kg-1,  ( -
     CH3COONH4 1M pH 7) (Thomas, 1982).  

      :   ( 1), -
 ( 2 )   ( 3)            C/N. 
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     ,   ,   -
 (<2mm).        . 1. 

 1.     1, 2  3 
 pH(H2O) EC25

o
C O.O 

 
C 
 

C/N 
 

N 
 

P K 
 

Na 
 

  mS/cm % %  % .  % .  % .  % .  
1 8,06 6,69 39a 19,5a 15a 1,3c 3,00b 5,33c 0,95c 
2 7,22 6,39 85c 42,5c 106c 0,4a 0,62a 0,37a 0,22a 
3 7,39 2,75 70b 35,0b 43b 0,8b 1,03a 3,21b 0,67b 

     ,         . 
 
2.2.   

     .   ( ),    
 ,   ( 1),   ( 2)    ( 3).   -

   .       . 
      200 g    

 1 g .         40%  -
  .        -

              -
  .     93  (Pansu and Thuries, 2003)   

 25 OC ±1.  15 ,   1, 14, 28, 42, 62, 76, 93  ,    
     .      

3- , 4- ,      a+,  K+.     
        .  

         ,  
           

           -
.     20 g      -
  7 .   ,        2  1 

mm  .    1-2 mm : 1)   
 ( . .) 2)  % .   , 3)      ( ) (Nimmo 

and Perkins, 2002)  4)          
( ) (Thellier and Sposito, 1989)       -

      -  (1:15)  .  
 

2.3.   
          STATGRAPHICS.  

   NOVA   (LSD)   < 0,05   -
       . 

 

3.    

3.1.   
        , ( 3

-  
4

+), , ,  a      K1, K2  3     
  . 
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 2. / *    , 3- , 4- , , 
  Na    1, 2  3    14-96  

 N NO3-N NH4-N P K Na 
 g Kg-1 C  
t  14-96  

K1 9,427b 6,950a  2,472a -25,650a -118,248a -55,760b 
K2 1,086a 1,807a -0,721a  -2,890b  -14,844a  -2,180a 
K3 0,287a 1,840a -1,550a  -1,342b  -10,408a  -2,990a 

*  /          
     96          

  14 . 
**      ,         -

. 
 

 3.   g Kg-1 C  -1 (k), , ( 4- , 3- ), ,    
 Na    1, 2  3     14-96  

  3-  4-    a 
 g Kg-1 C  -1 

t  14-96  
1 0,0795 0,0678 0,0118 -0,3114 -1,0780 -0,1286 
2 0,0149 0,0258 -0,0108 -0,0530 -0,1002 -0,0060 
3 0,0198 0,0331 -0,0134 -0,0216 -0,1014 -0,0544 

   (k)  ,   K1, K2  3      (14  96 
).   (k)       (Ct=C0-kt ). 

 
3.1.1.  ( ) 

    0,       – ,  -
          14  96 .    
        ( 3-   4- )   

.              14  
  14,23, 6,36  7,71 g  Kg-1 C          

        23,66, 7,44  7,99 g  Kg-1 C 
     1, 2  3, .    2    

             
9,427, 1,086  0,286 g  Kg-1 C , .     -

  1,     2  3        1.  
Alizadeh et al. (2012)         -

        .   3   -
  (k)  ,   K1, K2  3.    
 1, 2  3      0,0795, 0,0149  0,0198  g  Kg-1 C  

-1            
    .  1      2  3 (  1)   

 C/N  1  C/N=15,     2  3.    
     1     -

       .     Pansu and Thuries (2003) 
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      C/N    . 

   2           
3-          1    4-   30% . 

   1  3         2,   
  2  3                

(    ).        CaCO3 (1,54%)  -
,       (      ).  -

  Na           
 . 

 
3.2.      

           
-   2-1 mm,       -

      (  4).  
 
3.2.1.   

   14         . .  2-1 mm  
    ,      

  .        56  ,   
            . .  

   .        
 . . ’      (  4).  

   . .         
     C/N          -

 C.  2     C/N      . . 
 ,           . 

,   1     C/N     
. .  71             (  4). 

 
3.2.2.   (2-1 mm) 

  (% . .)  2-1 mm        
            .  -

     1  2 (  4).      
2-1 mm            -

           -
   .        -

        
.  Bossuyt et al. (2001),        

(<250 m),        
      .  2,      

C/N  ,      2-1 mm 
     ,        

  . 
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 4.       ,  ,   
       (  )  

 2-1mm  
   
 1 7 14 28 42 56 71 86 

  (%) 
1 2,28 a 2,57 a 2,37 a 2,32 b 2,65 c 2,65 bc 1,87 b 2,00 ab 
2 2,01 a  2,41 a 2,18 a 2,24 b 2,26 b 2,39 b 2,10 c 2,18 bc 
3 2,27 a 2,40 a 2,31 a 2,39 b 2,71 c 2,77 c 2,39 d 2,22 c 
 1,99 a 2,11 a 1,93 a 1,86 a 1,76 a 1,84 a 1,62 a 1,89 a 

  2-1mm (% . .) 
1 27,69 a 31,12 b 30,85 c 27,30 a 28,88 a 25,06 a 25,93 a 26,78 a 
2 25,70 a 30,22 b 29,89 bc 28,68 a 28,57 a 26,70 a 27,44 a 28,44 a 
3 26,63 a 26,52 a 27,33 ab 28,28 a 27,73 a 25,57 a 26,19 a 26,75 a 
 24,97 a 25,27 a 25,35 a 26,18 a 27,17 a 26,03 a 26,77 a 26,18 a 

     (%) 
1 44,44 a 68,66 c 62,48 a 73,58 b 71,78 ab 82,56 b 76,31 a 87,72 a 
2 57,44 b 66,76 bc 71,53 b 78,28 b 77,98 c 82,81 b 74,74 a 88,78 a 
3 47,91 a 65,21 ab 66,25 a 74,00 b 74,93 bc 84,56 b 74,98 a 88,89 a 
 59,06 b 61,90 a 62,26 a 65,65 a 67,44 a 66,81 a 71,35 a 87,12 a 

   (%) 
1 47,25 a 47,40 a 53,90 a 62,70 b 63,15 a 67,20 ab 68,00 ab 75,35 b 
2 62,30 c 63,45 b 64,80 c 63,05 b 70,05 b 74,20 b 71,85 b 73,80 b 
3 54,70 b 57,55 b 65,65 c 63,15 b 70,50 b 73,15 b 68,95 b 68,95 a 
 64,80 c 62,20 b 61,30 b 60,20 a 65,55 a 62,50 a 64,10 a 69,65 a 

     ,         . 
 
3.2.3.   2-1 mm   

    ,          C/N 
( 1, 3),       .  

             
  Barbosa et al. (2015).      56    ,  

                 
,        (  4).    

 ,   2  3         
. . ( 2: y = 69,97x – 65,74  R2 = 0,89  K3: y = 30,17x – 10,22   R2 = 0,76).   

       2       
  C/N,        . 

          -
          ,   

,             
 (  4).     Wuddivira et al. (2009)   

 .  
 

3.2.4.    
             

     1  3     ,   
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   (   ).  Barbosa et al. (2015)  -
           -

     .   28         
         ,    

   2  3 (  4).     1    
        Na+ (  1).   

7    56  ,   2  3            
           . . ( 2: y = 44,45x -32,57   R2 = 0,75  3: y = 26,06x 

+ 0,78  R2 = 0,91). 
 
4.  

    ( 1),  ( 2)   ( 3),   
        , -

            2> 3> 1.   
        C/N  .  

               
     ,    CaCO3    

   .          -
   (2-1 mm).          

      C/N         
  C.    ,   1  2    2-1 

mm .    2  3,     -
        2-1 mm    
 C. 
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SUBSTRATE FOR QUARRY RESTORATION 

 
M. Alifragki1, , M Orfanoudakis2, A. Pavlatou-Ve1,  

1Laboratory of Soil Science, School of Agriculture, A.U.Th., 54124 Thessaloniki, Greece,  
 ave@agro.auth.gr 

2Department of Forestry and Management of the Environment and Natural Resources, D.U.Th., 
Orestiada, Greece 

 
Abstract 

For the regeneration of the limestone quarry area we used a plant growth medium 
consisting of a mixture of pyrolusite by-products (MnO2). The purpose of this study was to 
investigate the development of biological activity in the substrate. In the experimental area 
we planted three forest species: pine, cypress and broom. As a control (M) we used the 
substrate mixture that covers the area. The study lasted for 3 years. During the second year, 
no significant difference found in microbial activity indicators relative to (M), whilist in the 
3rd year there was observed a significant increase relative to the 2nd year for soil respiration, 
phosphatases (ALP, APs), organic C, CEC, and soil aggregate stability (%). The mortality rate 
of forest plants species increased as follows: broom < pine < cypress and the average plant 
height decrease was broom > cypress > pine. 
 
Key words: Pyrolusite by-products (Mn 2), Microbial activity, Aggregate stability, Forest 
plant growth  
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  ).         
  6  (10m x 10m).     3   

    (2     ).    
 :  (Pinus brutia),  (Cupressus sempervirens)  

 (Spartium junceum), 36    ,   .   
         2011.   ( )  

    (1 )         
 .        2012 (2 )   

  2013 (3 ).     6 . 
       (%)  ( , 1977),  

  (Rowell, 1994),      (Rowell, 1994),  
    (OC)       (Nelson and 

Sommers, 1982),       (Kemper and Rosenau, 
1986),     (Thomas, 1982)     [ , 
pH=6,5 ( )   pH=11 ( ), Tabatabai, 1994].  
      (  2012)    (%) -

            
  .  

 
 1.       

pH  
Mn 

 Mn 
(  H2SO4) Fe Ca Al SiO2 K 

 % % % % % % % 

7,96   12,13 9,60 9,89 5,04 5,16 0,97 

 
            

 (ANOVA)   Statgraphics.      
        (LSD-test),   

 95% (p<0,05). 
 

3.     
         (  2)  

    3 ,       
        .  

 
 2.      

  .C ( C) I.A.K.  

 % % cmolc/kg % 
1  ( ) 30,7 c 0,68c 75,9ab 85,47ab 
2   20,6 b 0,28a 53,8a 85,20a 
3   17,2 a 0,55b 73,9b 86,00b 

 
   2      C ( C)     

  .  C   (1  .)  0,68%  ,    
  ,  2  .  0,28%. ,  3  .   
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       .      C 

   . . .    . . .   ( ) (1  .) ,  2   3  .  75,9, 
53,8  73,9 cmolc/kg , ,      

.  
   3     -   

      .          
      ,    

  2  (72,10 g C/g)  3  (90,38 g C/g) .      (1  .)  
(120,19 g C/g).  3  .         

   2  .            
    , C  . . ,   ,  

   Gul et al. (2015). 
 

 3.   –   

.  
 

 
(24h) 

CO2-C  
 .  . . 

 g C/g g CO2-C/g g CO2-C/g g p-  h-1 g-1 

1  ( ) 120,19a 78,80a 381,20ab 46,88a 102,70a 
2   72,10a 88,47a 408,93a 133,32b 52,48a 
3   90,38a 95,47b 452,35b 155,01c 251,30b 

 

      (  3)   
  (CO2–C    24 h),   (  CO2–C  

)     ,       
       .      (1  .),  2   

 3  .    ,  78,80, 88,47  95,47 ( g CO2-C/g) 
,          3  .   

   381,20, 408,93  452,35 ( g CO2-C/g)   , 2   3  

. .    CO2-C       
    2   3  .,     .  

            
 ( ),        . ,    ( ) 

  :    46,88 ( g p-  h-1 g-1), 133,32 ( g p-
 h-1 g-1)  2  .  155,01 ( g p-  h-1 g-1)   3  .  

           
      (Hebrien and Neal, 1990).   

       3  ,  102,70  251,30 ( g p-
 h-1 g-1)     3  . .      

 George et al. (2002)        ,   
       .    

      3          
   Eivazi and Tabatabai (1967)    .  

            
         

 ( . .)   (  2).  3       86 %, 

9ο Πανελλήνιο Συνέδριο Εταιρείας Γεωργικών Μηχανικών Ελλάδος536



 

 

        2   (85,20 %).   
        C   3      

       (Karami et al., 2012). 
        (  2012)   

         %  .    
    <  <    6,94, 20,83  23,61, %  

(  1)        < <    
95,19 cm, 91,95 cm  44,4 cm  (  2).      

                
        .    

    2           , 
          .  

     ,    (23,61 %)    
. ,       2      

   .  

 %

0
5

10
15
20
25
30
35

Pinus brutia Cupressus
sempervirens

Spartium junceum

 (%
)

 
 1.     (%)        

        . 
 

  

0
20
40
60
80

100
120
140

Pinus brutia Cupressus
sempervirens

Spartium junceum

 (c
m

)

 
 2.             

     . 

Εδαφικοί πόροι 537



 

 

4.  
     ,    

 (MnO2),         
   3           
 (   OC,  ,    
   ).         

    .        
           

     >  >    95,19 cm, 91,95 cm  
44,4 cm            <  < 

   6,94, 20,83  23,61 %.   
 

  
, ., 1977.      , . 

Anderson, J. P. E. and Domsch, H., 1978. A physiological method for the quantitative 
measurement of microbial biomass in soil. Soil Biology & Biochemistry, 10, 215-221. 

Anikwe, M.A.N., 2000. Amelioration of a heavy clay loam soil with rice husk dust and its 
effect on soil physical properties and maize yield. Bioresource Technology, 74, 169–173. 

George, T.S., Gregory, P.J., Wood, M., Read, D. and Buresh, R.J., 2002. Phosphatase activity 
and organic acids in the rhizosphere of potential agroforestry species and maize. Soil 
Biology & Biochemistry, 34, 1487-1494. 

Eivazi, F. and Tabatabai, M.A., 1977. Phosphatases in soils. Soil Biology & Biochemistry, 9, 
167-172. 

Gul, S., Whalen, J.K., Thomas, B.W., Sachdeva, V. and Deng, H., 2015. Physico-chemical 
properties and microbial responses in biochar-amended soils: Mechanisms and future 
directions. Agriculture, Ecosystems and Environment, 206, 46-59. 

Herbien, S.A. and Neal, J.L., 1990. Soil pH and phosphatase activity. Communications on Soil 
Science and Plant Analysis, 21:5-6, 439-456. 

Insam, H. and Domsch, K.H., 1988. Relationship between soil organic carbon and microbial 
biomass on chronosequences of reclamation sites. Microbial Ecology, 15, 177-188. 

Karami, A., Homaee, M., Afzalinia, S., Ruhipour, H. and Basirat, S., 2012. Organic resource 
management: Impacts on soil aggregate stability and other soil physico-chemical 
properties. Agriculture, Ecosystems and Environment, 148, 22-28.  

Kemper, W.D. and Rosenau, R.C., 1986. Aggregate Stability and Size Distribution. In: A. Klute 
(Editor), Methods of soil analysis. Part 1. Physical and mineralogical methods. Agronomy, 
Soil Science Society of America, Madison, Wisconsin USA,  425-442 pp. 

Lawrey, J.D., 1977. The relative decomposition potential of habitats variously affected by 
surface of coal mining. Canadian Journal of Botany, 55, 1544-1552. 

Lordan, J., Pascual, ., Fonseca, F., Villar, J.M. and Rufat, J., 2013. Use of rice husk to 
enhance peach tree performance in soils with limiting physical properties. Soil & Tillage 
Research, 129, 19-22. 

, . 1989.     ,   
   .  .    

. . . . .  
Nelson, D.W. and Sommers, L.E., 1982. Total carbon, organic carbon, and organic matter. In: 

A.L. Page, R.H. Miller, and D.R. Keeney (Editors), Methods of soil analysis, Part 2. Chemical 
and microbial properties. Agronomy, Soil Science Society of America, Madison, Wisconsin 
USA, 565-573 pp. 

9ο Πανελλήνιο Συνέδριο Εταιρείας Γεωργικών Μηχανικών Ελλάδος538



 

 

Rowell, D.L., 1994. Soil Science: Methods and Applications. Section 3.2 The measurement of 
microbial biomass. Longman Group UK, Limited, Harlow, UK., 46-48 pp. 

Schafer, W.M., Nielsen, G.A., Dollhopf, D.J. and Temple, K., 1979. Soil genesis, hydrological 
properties, root characteristics and microbial activity of 1-to 50-year-old strip mine spoils. 
EPA-600/7-79-100. U.S. Environmental Protection Agency, Cincinnati, Ohio, 233 pp. 

Skuijins, J. and Richardson, B.Z., 1985. Humic matter enrichment in reclaimed soils under 
semiarid conditions. Geomicrobiology Journal, 4, 299-311.  

Stroo, H.F. and Jencks, E.M., 1982. Enzyme activity and respiration in minesoils. Soil Science 
Society of American Journal, 46, 548-553. 

Tabatabai, M.A., 1994. Soil enzymes. In: R.W. Weaver, J.S. Angle and P.S. Bottomley (Editors), 
Methods of Soil Analysis, Part 2. Microbiological and Biochemical Properties.  SSSA Book 
Series, No 5. Soil Science Society of America, Madison, Wisconsin USA, 775-859 pp. 

Thomas, G.W., 1982. Exchangeable cations. In A.L. Page (Editor), Methods of soil analysis. 
Part 2. Chemical and microbiological properties, 2nd edition. Agronomy Monograph. ASA, 
CSSA, and SSSA, Madison, Wisconsin USA, 159-164 pp. 

Visser, S., Griffiths, C.L. and Parkinson, D., 1983. Effects of surface mining on the microbiology 
of a prairie site in Alberta, Canada. Canadian Journal of Soil Science, 63, 177-189. 

Εδαφικοί πόροι 539





         
    

 
. 1, , . 1, . 2, . 1, . 1 
1 - ,   , 57001, , ,  

 elekakis@agro.auth.gr  
 2   -  . 

 
 

            
,          . 

      203       o 
pH,      ( , , ),      CaCO3. 

           
  ,    pH.        

       P  ,    
  ,        NO3-N. ,   pH 
  CaCO3   ,        

  . 
 

 :  ,  ,  
 
 
 

RESULTS FROM THE AGRICULTURAL UTILIZATION OF SEWAGE SLUDGE  
IN FIELDS OF THE THESSALONIKI PLAIN – GREECE 

 
E. Lekakis1, , P. Tziachris1, K. Zambetoglou2, I. Metaxa1, F. Papadopoulos1 

1HAO- “DIMITRA”, Institute of Soil and Water Resources - Greece,  elekakis@agro.auth.gr  
2Thessaloniki Water Supply and Sewerage CO.SA, 

 
Abstract 

The aim of this study is the evaluation of the agricultural utilization of sewage sludge from 
the waste water treatment plant of Thessaloniki – Greece, in 203 fields of the Thessaloniki 
Plain. The amended soils chemical properties, as affected by the application of a single dose 
of sewage sludge, were evaluated over a one-year period. Data on pH, organic matter, 
CaCO3, N, P and K before the application of sewage sludge in 2013 and after the wheat 
growing period in 2014, were statistically analyzed in three soil groups according to the pH. 
Results showed that the lime stabilized sewage sludge, increased the concentration of P, 
maintained K in the same levels as the initial soil status, while there was not a clear trend for 
NO3-N. Also, the pH was raised significantly in the acidic soil group, CaCO3 in all soil groups, 
while the organic matter was not affected.  
 
Keywords: Sewage sludge application, Soil amendment, Nutrients, Lime stabilization 
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3.    
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 1.          2013 

  Kg    
   (  g . .) 

   (%) 55,5  
pH 8,2  

  (%) 19,4 194 
CaCO3 (%) 32,1 321 
NO3

- (gkg-1 . .) 2,85 2,85† 
NH4

+ (gkg-1 . .) 0,06 0,06† 
Total N (gkg-1 . .) 11,52 2,30‡ 
Olsen-P (gkg-1 . .) 0,29 0,29† 
K (gkg-1 . .) 0,49 0,49† 

†   
‡  20%           (Sommers et al., 1981) 

 
 2.          , 

 (  2013)   (  2014)    

 
  A 

(pH = 5,00-6,50) 
  B 

(pH = 6,55-7,50) 
   

(pH = 7,51-7,97) 
       
pH 5,77a1 6,62b 7,10a 7,32b 7,72a 7,74a 

  (%) 1,52a 1,48a 1,69a 1,82a 1,62a 1,65a 
CaCO3 (%) 0,50a 1,85b 2,60a 4,10b 6,30a 8,07b 

3-  (mgkg-1 . .) 9,21a 8,62a 12,45a 9,66b 11,68a 9,10b 
Olsen-P (mgkg-1 . .) 17,18a 25,58b 22,16a 24,95a 11,25a 22,72b 
K (mgkg-1 . .) 109,39a 105,43a 155,71a 145,89a 160,81a 158,69a 

1  ANOVA.         
        ,    0,05. 

 
     ,    . ,  

            
   ,       (Guo et al., 

2012; Nogueira et al., 2013; Tsadilas et al., 2014).      
      3- ,     

     ,        
       .  Corrêa et al. (2006)    

20%   3- ,     ,     
 20 cm  , ,         
  3- ,     8 Mgha-1 ( . .) ,   

.  Corrêa et al. (2012)         
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     2,      

       ,     ,  
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THE INFLUENCE OF VEGETATION ON SOIL D GRADATION  
AND ALLUVIATION OF LOWLANDS 
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Abstract 

The present research work undertakes a study on soil degradation and alluviation in Volvi 
lake area and specifically, in N. Apollonia watershed. The study was focused on the estima-
tion of the land use changes in the research area, over the last 60 years, and how these 
changes influence the sedimentation and alluviation rate. According to Gavrilovic model, the 
mean annual sedimentation was decreased approximately 15% between the years 1945 and 
2007. This reduction could be caused by the increase of 3% of the forested area in combina-
tion with the improvement of scrublands quality. Additionally, comparing the periods 1945-
1971 and 1971-2007, a significant decrease in the extent of torrential delta was recorded. 
The impact of vegetation on soil protection was clearly demonstrated, since as it was evi-
denced, a land use change of small extent or a vegetation quality enhancement could slow 
down the erosion process.  
  
Key words: Desertification, Erosion, Gavrilovic model, Land use changes 
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   «raster layer».         -
 ( , 2001): 

WSP= T . H .  . Z1.5 . F,  (1) 

T= (t / 10 + 0.1)0.5    (2) 

, Wsp        (m3/year),   -
, t    (oC), h      (mm), F  -

    (km2)  Z         
 (3): 

 
Z= X . Y . (  + J0.5)  (3) 
 

, X, Y,        ,     -
        ,  J    -

    (%).    Z  (Gavrilovic, 2008)  
5         (  1).  
 

 1.   
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I      Z > 1 Z= 1,25 

II      -
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IV   0,2 < Z < 0,4 Z= 0,30 
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   Gavrilovic         -
.  ,          , 

       ,      
       .     -

     (4),    (Retention coefficient, 
RU), (Zemlijc, 1971):  

 
RU= [(O . D)1/2 . (L + Li)] / (L+10) . F   (4)  
 

,       (km), D      -
     (km), L       (km), Li  -

     2   (km)  F      
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      RU,     -
  (GSP),           
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GSP= WSP. RU   (5) 
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INVESTIGATION OF THE RELATIONSHIP BETWEEN  
THE ELECTRICAL CONDUCTIVITY OF THE SATURATION EXTRACT  

AND THE RATIO SOIL/WATER 1:5 
 

G. Kargas  , E. Issakidou, D. Ioannou, S. Dallas, I. Massas  
Agricultural University of Athens, Sector of water resources management,  kargas@aua.gr 

 
Abstract 

The common used method for the estimation of salinity is the determination of the electrical 
conductivity of the extract of the soil saturation paste (ECe). However this method is time 
consuming and for this reason others methods with various ratios of soil / water (1: 1, 1: 2, 
1: 2.5, 1: 5) for determining the electrical conductivity values are used. This work compared 
the ECe method with the method ratio soil / water (1: 5) in 34 soil samples from three areas 
of the country (Evia, Preveza, Lakonia). From the comparison between the two methods, is 
proved that the method (1: 5) shows high linear correlation with ECe method. Furthermore 
the concentrations of major cations in extracts of both methods were determined. From the 
results it was shown that there is a linear correlation between the concentrations of ions in 
both methods but this varies within wide limits.  
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 1.          EC  
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 Ozcan et al., (2006) Sonmez et al., (2008) 
EC ECe=5.97(EC1:5)-1.17 ECe=7.36(EC1:5)-0.24 
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Ca   ECe=9.71(EC1:5)-12.98 
Mg  ECe=13.95(EC1:5)-7.69 
Cl  ECe=9.75(EC1:5)-21.03 

  
  Chi and Wang (2014)       

       EC      Na+.  
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2.    
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  .        -
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3.    
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ALUMINUM ADSORPTION ON MANGANESE HYDROXIDES AND OXIDES 
  

K. Prodromou 
Laboratory of Applied Soil Science, School of Agriculture, Aristotle University of Thessaloniki,  

 kprodrom@agro.auth.gr 
 

Abstract 
Aluminum adsorption on prepared Mn(OH)2 as well as on well crystallized  MnO2 was 
studied. The experimental data indicated that the adsorption of Al3+on Mn(OH)2 was 
independent of the equilibrium time. On the contrary, the Al3+ adsorption on MnO2 
depended on the equilibrium time. Manganese hydroxides adsorbed 5.4 times more Al3+ 
than MnO2 for equilibrium time 2 hours but only 1.6 times more, for equilibrium time 216 
hours. The adsorption capacity of Mn(OH)2, depended on the surface charge, the large 
surface area, the low crystallinity, the high porosity and the small particle sizes. The 
experimental data conformed well to Freundlich isotherm. The adsorption of aluminum on 
manganese oxides and hydroxides in acid soils, is very important. 
 
Key words: Manganese oxides and hydroxides, Adsorption, Aluminum. 
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1.   
 Mn          

.        ,  MnO2 
, Mn2O3 , Mn3O4 , MnOOH , MnSiO3  

, MnCO3  . 
          Mn   
       birnessite, [(Na0,7,Ca0,3)  

Mn7 O14.2,8H2O],  buserite, Na4Mn14O27.9H2O   lithiophorite, [(Li,Al) MnO2(OH)2], 
(Giovanoli  ., 1970). 

     pH       
,  Mn            

.          
     ,        

.      pH  Mn2+,    
       . 

MnO2 + 4H+ + 2e-    Mn2+  + 2H2O   
   Mn         Fe  

   .   ,   
   ,  ,   

   .    McKenzie (1980),    
      Mn  Pb, Mn,Co,Ni.  
 imfopoulos     (1997)      

        Mn  Na> K> Mg> Sr> 
Mn> As> Zn> Ba> Al> Fe> Cu> Cd> Pb.    

 Uzochukwu  Dixon (1986)  birnessite  lithiophorite   
  Texas   Alabama.    pH  4,50.     pH,  

 ,         
lithiophorite.  

    ,     ,    
          , specific 

adsorption (McKenzie, 1989).  
         Al  Mn(OH)2  

,    ,      -
   n, ( ).  

 
2.      

 Mn(OH)2  
 Mn(OH)2      , 

MnSO4 + 2NH4OH    Mn(OH)2  + (NH4)2SO4   
    H2O (pH ~ 7,5).      -

.   Mn(OH)2        
     Mn(OH)3     MnOOH,  ,  

4Mn(OH)2 + O2  4MnOOH + H2O 
   MnO2, 

2Mn(OH)2 + O2  2MnO2.H2O 
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  Mn(OH)2   . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  1.    Röntgen  Mn( )2. 
 

 

 
 2.       Mn(OH)2. 
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 3.     Röntgen   MnO2. 

 
  

  ,   H2O   Al2(SO4)3    10, 
15, 20, 25, 30  40 mg Al3+.      50 ml.    

 30      2, 24, 48, 72, 168  216    
 25±0,2  oC .    10  8000 – 9000 rpm  

  .    Al      luminon, (Luke  
Brawn, 1952).    pH     5,40 – 3,90.   

      . 
 
3.     

 Mn(OH)2  ,        
  MnOOH   MnO2.H2O.        

         .   
     Röntgen     Mn(OH)2  

        MnO2.     
       ,    

        CBD (  )  
Mehra  Jackson (1960). 

   Mn(OH)2,     10 mg  
     ,    15 mg    

     . .  14,4mg      20 
mg Al3+,   . .  18,2 mg  .  

   Mn(OH)2,   ,      
.        . ,  
      ,   , (  < 

0,05).  
   4  5       Al    ,  

     Freundlich  (x/m = kCn).      , 
log(x/m) = logk + nlogC,  x/m         

  , (mgAl/gMn), k,  , (ml/g),   n  
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   C    Al   , ( gAl/ml).    1, 

        Freundlich   R2.    
      Al    MnO2,    

   ,         
  Mn(OH)2, ( . 6). 

 
 1.       Feundlich   R2     

   Al3+     
X   MnOOH   MnO2  

 k n R2 k N R2 
2 126,66 0,151 0,9635 0,017 1,197 0,8885 

24 112,36 0,125 0,9919 4,609 0,516 0,8793 
48 112,47 0,124 0,9941 6,405 0,467 0,8353 
72 118,61 0,147 0,8919 13,926 0,431 0,9170 

168 121,21 0,124 0,9446 37,320 0,336 0,9896 
216 111,33 0,128 0,9860 37,858 0,322 0,9932 

 
   pH          , 
              

 .   
 Mn(OH)2,    Al3+     MnO2   
       .   

 2 ,  Mn(OH)2,  5,4   . .    
 MnO2,     216    1,6   ( . 

6).   7        nO2    
  Al3+.  

             
    (Zhang  Karathanasis, 1997),      

      (McKenzie, 1989). 
 

 
 4.    Freundlich      

 Al3+   Mn(OH)2. 
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 5.    Freundlich      Al3+ 

  Mn 2. 
 

 
 6.     Al3+   Mn(OH)2    MnO2, ( . .  

 ). 
 

 

 7.        
    Al. 
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4.  
,  ,     ,     

,            
          
 .         pH    -

     (McKenzie, 1989).        
       .  
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