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LIST OF ACRONYMS 

Alo – aluminium extracted by an acid ammonium oxalate solution 
BD – bulk density 
BS – base saturation 
CEC – cation exchange capacity 
COLE – The coefficient of linear extensibility  
ECe – electrical conductivity of the saturated paste extract 
EC – electrical conductivity  
FAO – Food and Agriculture Organization of the United Nations 
Fed – iron extracted by a dithionite-citrate-bicarbonate solution 
Feo – iron extracted by an acid ammonium oxalate solution 
IUSS – International Union of Soil Science 
Nt – total nitrogen 
OC – organic carbon 
OM – organic matter 

 
 

METHODS 

The soils were classified according to WRB 2015
1
. The soil morphology descriptions, textural classes and symbols of 

soil horizons are given after Guidelines for Soil Description
2
. The samples were taken from selected soil horizons and 

after preparation (drying, separation of root and sand fraction >2 mm by sieving) they were analyzed in the 
laboratory. In most cases texture was determined by (i) combining the Bouyoucos

3
 hydrometer and sieve method or 

(ii) by pipette and sieve method. Organic carbon (OC) content was determined by the wet dichromate oxidation 
method, and total nitrogen (Nt) content by the Kjeldahl method. The reaction was measured in H2O and 1 M KCl in 
1:2.5 suspension for mineral samples, and 1:10 suspension for organic samples. Calcium carbonate (CaCO3) content 
was determined by Scheibler volumetric method. Potential (hydrolythic) acidity (HA) was determined by Kappen 
method and exchangeable cation (bases) content was estimated by leaching with 1 M ammonium acetate with a 
buffer solution pH 8.2. Pedogenic forms of iron and aluminum were extracted: Fet and Fed by HClO4–HF, Fed by 
sodium dithionite–citrate–bicarbonate

4
 and Feo and Alo by ammonium oxalate buffer solution

5
. Other soil analyses 

were performed according to the standard methods
6
. Color has been described according to Munsell

7
. It was 

recorded (i) in the moisture condition (single value) or (ii) in the dry and moisture condition (double values).   
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                           
1
 IUSS Working Group WRB, 2015. World Reference Base for soil resources 2014, update 2015 International soil classification system for 

naming soils and creating legends for soil maps. World Soil Resources Report No. 106. FAO, Rome. 
2
 FAO, 2006. Guidelines for Soil Description, Fourth edition. FAO, Rome. 

3
 Bouyoucos, G.M., 1951. Particle analysis by hydrometer method. Agronomy Journal 43, 434–438. 

4
 Mehra, O.P., Jackson,M.L., 1960. Iron oxides removal fromsoils and clays. Dithionite–citrate systems buffered with sodium bicarbonate. 

Clays and Clay Minerals 7, 313–327. 
5 Mckeague, J.A., Day, J.H., 1966. Ammonium oxalate and DCB extraction of Fe and Al. Canada Journal of Soil Science 46, 13–22. 
6
 Van Reeuwijk, L.P. 2002. Procedures for soil analysis. 6th Edition. Technical Papers 9. Wageningen, Netherlands, ISRIC – World Soil 

Information. 
7
 Munsell Soil Colour Charts, 2009. Grand Rapids, Michigan USA. 
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SOIL REFERENCE GROUPS INDEX 
 

 SOIL REFERENCE GROUP  COUNTRY PAGE 

1 ACRISOL  PERU 78 

2 ANDOSOLS  ITALY 126 

3 ARENOSOLS  MEXICO 38 

   POLAND 182, 184 

   SLOVENIA 144 

   TUNISIA 162 

4 CALCISOLS  COLOMBIA 58, 60 

   IRAN 210, 212 

   MEXICO 16 

   SPAIN 108, 110 

   TUNISIA 156, 158 

5 CAMBISOLS  MEXICO 20, 22, 30 

   PERU 76, 82 

   THAILAND 236, 238 

6 CHERNOZEMS  RUSSIA 196, 198, 200, 202  

7 GLEYSOLS  HUNGARY 174 

   MEXICO 50 

   SLOVENIA 140, 142 

8 KASTANOZEMS  SPAIN 112, 114 

9 LEPTOSOLS  MEXICO 14, 18, 34 

   THAILAND 228 

10 LUVISOLS  MEXICO 36, 48 

   POLAND 186, 188  

   THAILAND 230, 232, 234  

11 PHAEOZEMS  HUNGARY 168, 170, 172 

   MEXICO 28, 32, 46 

   PERU 70 

12 REGOSOLS  MEXICO 12 

   PERU 72 

   SPAIN 92 

   TUNISIA 160 

13 SOLONCHAK  SLOVENIA 138 

   SPAIN 116, 118 

14 STAGNOSOLS  PERU 80 

15 TECHNOSOLS  SPAIN 94, 96, 98, 100 

16 UMBRISOLS  ITALY 128, 130  

   PERU 74 

   SPAIN 88, 90 

17 VERTISOLS  COLOMBIA 62, 64 

   IRAN 214, 216, 218  
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  STUDY AREAS 
 

 
 

   NUMBER OF CHAPTER – REGION AND COUNTRY: 

            1 – BAJA CALIFORNIA PENINSULA, MEXICO  

            2 – OAXACA, MEXICO 

            3 – CHIAPAS, MEXICO 

            4 – GUAJIRA, COLOMBIA 

            5 – PUNO AND MADRE DE DIOS, PERU 

            6 – SANTIAGO DE COMPOSTELA, SPAIN 

            7 – EBRO RIVER BASIN, SPAIN 

            8 – SARDINIA, ITALY 

            9 – COAST REGION, SLOVENIA 

         10 – MENZEL CHAKER, TUNISIA 

         11 – NYÍREGYHÁZA, HUNGARY 

         12 – BRODNICA LAKE DISTRICT AND ŚWIECIE PLATEAU, POLAND 

         13 – CENTRAL RUSSIAN UPLAND, RUSSIA 

         14 – ZAGROS MOUNTAINS, IRAN 

         15 – PHRAE PROVINCE, THAILAND 
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Fig. 1. Study area location in Northwest Mexico 
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 Profile 1 – Eutric Skeletic Leptic Regosol (Loamic, Ochric) 
Location: Las Cruces Mountains, 45° slope, desert scrub-deciduous forest, altitude 616 m a.s.l.,   
                  N 24° 1'3.58", E 110° 5'41.66" 

 

 
 

 

 

 

A 
 
 

 
R 

 
 
 
 
 
 
 
 

 
 
 
 
 

 

Morphology: 

– 0–34 cm, humus horizon, sandy loam with 
abundant gravels, brown (10YR 6/3; 10YR 5/4), null 
reaction to HCL, subangular structure, abundant 
fine roots; 

– 34–(45) cm, continuous rock (granite).  
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Table 1. Soil Texture 

Horizon 
Depth 

[cm] 

Percentage share of fraction [mm] 

Textural Class Sand 

2.0-0.05 

Silt 

0.05-0.002 

Clay 

< 0.002 

A 0–34 61.7 36.2 2.1 SL 

R 34–(45) - - - - 

 

 

Table 2. Physicochemical properties 

Horizon 
Depth 

[cm] 
pH 

EC 

[µS/cm] 
OC 

[g∙kg
-1

] 
N 

[g∙kg
-1

] 
C/N 

CaCO3 

[g∙kg
-1

] 

A 0–34 7.54 107.8 6.4 2.0 3.2 - 
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 Profile 2 – Eutric Hyperskeletic Nudilithic Leptosol 
Location: Las Cruces Mountains, 45° slope, desert scrub, altitude 206 m a.s.l.,   

                   N 24°13'49.59", E 110°10'16.65" 
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Morphology: 

– 0–4 cm, humus horizon, loamy sand, light 
yellowish (10YR 6/4; 10YR 4/4), null reaction to 
HCL, granular structure, fine abundant medium and 
thick roots; 

– 4–(30) cm, continuous rock – granodiorite mainly. 
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Table 3. Soil Texture 

Horizon 
Depth 

[cm] 

Percentage share of fraction [mm] 

Textural Class Sand 

2.0-0.05 

Silt 

0.05-0.002 

Clay 

< 0.002 

A 0–4 73.9 25.6 0.5 LS 

R 4–(30) - - - - 

 

 

Table 4. Physicochemical properties 

Horizon 
Depth 

[cm] 
pH 

EC 

 [µS/cm] 
OC 

[g∙kg
-1

] 
N 

[g∙kg
-1

] 
C/N 

CaCO3 

[g∙kg
-1

] 

A 0–4 5.90 414 6.9 3.5 1.9 - 
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 Profile 3 – Leptic Cambic Skeletic Calcisol (Amphiloamic, Ochric) 
Location: San Pedro hilly landscape, 15° slope, desert scrub, altitude 214 m a.s.l., 
                  N 23°57'41.92", E 110°15'55.03" 

 

 
 

 

 

 

A1 
 
 
 

A2 
 
 

Bc 
 
 
 
 

Ck 
 
 
 
 

C2 

 

 
 

Morphology: 

– 0–7 cm, humus horizon, loamy sand, reddish 
brown (5YR 4/4; 5YR3/4), null reaction to HCL, 
angular blocky structure, fine abundant and 
medium scarce roots; 

– 7–18/22 cm, humus horizon, silt, reddish brown 
(5YR 4/4; 2.5YR 2.5/4), null reaction to HCL, 
angular blocks, roots scarce; 

– 18/22–26/33 cm, cambic horizon, silt, reddish 
brown (5YR 4/3), dark reddish (5YR 3/4), very 
strong reaction to HCL, angular blocks, medium 
scarce roots. Accumulation in the form of 
concretions; 

– 26/33–26/40 cm, calcic horizon, loamy sand, 
reddish brown (5YR 5/4), brown (7.5YR 5/4), very 
strong reaction to HCL, subangular blocks, 
without roots, accumulation of secondary 
calcium carbonates; 

– 40–(70) cm, parent material, sandy loam, light 
reddish brown (7.5YR 6/3; 7.5YR 5/4), without 
roots. 

Continuous rock – about 80–90 cm. 
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Table 5. Soil Texture 

Horizon 
Depth 

[cm] 

Percentage share of fraction [mm] 

Textural Class Sand 

2.0-0.05 

Silt 

0.05-0.002 

Clay 

< 0.002 

A1 0–7 78.5 19.2 2.3 LS 

A2 7–18/22 0.5 86.8 12.7 Si 

Bc 18/22–26/33 4.4 88.6 7.0 Si 

Ck 26/33–26/40 74.3 23.7 2.0 LS 

C2 40–(70) 28.3 70.0 1.7 SL 

 

 

Table 6. Physicochemical properties 

Horizon Depth [cm] pH 
EC 

[µS/cm] 
OC 

[g∙kg
-1

] 
N 

[g∙kg
-1

] 
C/N 

CaCO3 

[g∙kg
-1

] 

A1 0–7 7.44 220 4.6 3.8 1.2 - 

A2 7–18/22 7.75 574 5.8 4.2 1.3 - 

Bc 18/22–26/33 7.35 1446 4.0 3.3 1.2 - 

Ck 26/33–26/40 7.23 1742 2.9 2.7 1.0 - 

C2 40–(70) 7.29 2320 0.5 1.8 0.2 - 
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 Profile 4 – Eutric Hyperskeletic Nudilithic Leptosol 
Location: Natural Protected Area “Balandra”, 45° slope,  desert scrub, altitude 30 m a.s.l., 
                  N 23°57'41.92", E 110°15'55.03" 

 

 
 

 

 

 

A 
 
 
 

 

R 

 
 

Morphology: 

– 0–3 cm, humus horizon, sandy loam, brown 
(10YR 4/3; 10YR 4/3), null reaction to HCL, 
subangular blocky structure, pH 6.0 slightly acid, 
fine and abundant roots; medium and thick roots 
are scarce; 

– 3–(30) cm, continuous rock. 
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Table 7. Soil Texture 

Horizon 
Depth 

[cm] 

Percentage share of fraction [mm] 

Textural Class Sand 

2.0-0.05 

Silt 

0.05-0.002 

Clay 

< 0.002 

A 0–3 65.1 31.8 3.1 SL 

 

 

Table 8. Physicochemical properties 

Horizon 
Depth 

[cm] 
pH EC [µS/cm] 

OC 
[g∙kg

-1
] 

N 
[g∙kg

-1
] 

C/N 
CaCO3 

[g∙kg
-1

] 

A 0–3 6.07 199.6 5.2 1.7 1.9 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

20 

 Profile 5 – Eutric Cambisol (Aric, Pantoarenic, Ochric, Technic) 
Location: San Patricio Ranch, 1° slope, crop field, altitude 21 m a.s.l., 
                  N 24° 6'16.27", E 110°19'34.40" 

 

 
 

 

 

 

Ap 
 
 
 
 
 

Ap2 
 
 
 

 
 

Bw 
 
 
 

Bw2 

 
 

Morphology: 

– 0–10/15 cm, humus horizon, loamy sand, very 
dark grayish brown (2.5Y 5/3; 2.5Y 3/2), null 
reaction to HCL, subangular blocky structure, fine 
abundant and medium scarce roots, artefacts – 
pieces of plastic hoses for irrigation (>10%), 
perturbations by agricultural activities; 

– 10/15–36/40 cm, humus horizon, loamy sand, 
dark olive brown (2.5Y 5/3; 2.5Y 3/3), null reaction 
to HCL, sub-angular blocks, fine and abundant 
roots, perturbations by agricultural activities, 
artefacts – pieces of plastic hoses for irrigation 
(>10%); 

– 36/40–69 cm, loamy sand, very dark grayish 
brown (2.5Y 5/3; 2.5Y 3/2), null reaction to HCL, 
sub-angular blocky structure, fine and medium 
scarce roots; 

– 69–(123) cm, loamy sand, very dark grayish 
brown (2.5Y 5/3; 2.5Y 3/2), very strong reaction to 
HCL, subangular blocks, without roots. 
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Table 9. Soil Texture 

Horizon 
Depth 

[cm] 

Percentage share of fraction [mm] 

Textural Class Sand 

2.0-0.05 

Silt 

0.05-0.002 

Clay 

< 0.002 

Ap 0–10/15 83.2 16.7 0.1 LS 

Ap2 10/15–36/40 80.5 19.2 0.3 LS 

Bw 36/40–69 80.4 19.4 0.2 LS 

Bw2 69–(123) 88.1 11.6 0.3 LS 

 

 

Table 10. Physicochemical properties 

Horizon Depth [cm] pH 
E.C. 

[µS/cm] 
OC 

[g∙kg
-1

] 
N 

[g∙kg
-1

] 
C/N 

CaCO3 

[g∙kg
-1

] 

Ap 0–10/15 7.68 193.7 6.3 5.2 1.2 - 

Ap2 10/15–36/40 7.78 446 1.1 2.9 0.3 - 

Bw 36/40–69 7.66 883 1.7 2.4 0.7 - 

Bw2 69–(123) 7.45 1520 1.7 1.4 1.2 - 
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 Profile 6 – Eutric Cambisol (Anoarenic, Ochric, Endosiltic) 
Location: Experimental Terrestrial Reserve of the Centro de Investigaciones Biológicas del Noroeste 

(CIBNOR), 2° slope, desert scrub, altitude 10 m a.s.l.,  N 24° 7'46.56", E 110°26'15.48" 

 

 
 

 

 

 

A 
 
 

A2 
 
 
 

Bw 
 
 
 

Bw2 
 
 
 

C 

 
 

Morphology: 

–  0–5 cm, humus horizon, sand, brown (10YR 6/3; 
10YR 4.5/3), very weak reaction to HCL, 
subangular blocky structure, fine frequent roots; 

– 5–17/22 cm, humus horizon, loamy sand, brown 
(10YR 6/3; 10YR 4/3), very weak reaction to HCL, 
subangular blocky structure, frequent fine roots 
and abundant medium roots; 

– 17/22–56 cm, cambic horizon, loamy sand, 
grayish brown (7.5YR 7/2; 10YR 5/2), strong 
reaction to HCL, subangular blocky structure, 
some artefacts, frequent fine and medium roots;  

– 56–64 cm, cambic horizon, loamy sand, brown 
(7.5YR 6/2; 7.5YR 5/2), very strong reaction to 
HCL, subangular blocky structure, frequent fine 
roots; 

– 64–(110) cm, parent material, silt, brown (7.5YR 
7/2; 7.5YR 4/3), subangular blocky structure, thick 
scarce roots. 

 

 



 

23 

Table 11. Soil Texture 

Horizon 
Depth 

[cm] 

Percentage share of fraction [mm] 

Textural Class Sand 

2.0-0.05 

Silt 

0.05-0.002 

Clay 

< 0.002 

A 0–5 93.2 6.2 0.6 S 

A2 5–17/22 87.6 11.5 0.9 LS 

Bw 17/22–56 88.5 10.7 0.8 LS 

BW2 56–64 82.7 15.9 1.4 LS 

C 64–(110) 5.6 91.5 2.9 Si 

 

 

Table 12. Physicochemical properties 

Horizon Depth [cm] pH 
E.C. 

[µS/cm] 
OC 

[g∙kg
-1

] 
N 

[g∙kg
-1

] 
C/N 

CaCO3 

[g∙kg
-1

] 

A 0–5 7.2 249 6.9 0.6 11.5 - 

A2 5–17/22 7.3 149.4 1.1 0.9 1.2 - 

Bw 17/22–56 7.5 149.9 1.7 0.7 2.42 - 

Bw2 56–64 7.5 188.8 0.5 2.0 0.25 - 

C 64–(110) 7.6 202 0.5 0.6 0.83 - 
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Fig. 2 Toposequence of the Soils of the southern tip of the Baja California Peninsula 
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Fig. 1. Location 
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 Profile 1 – Luvic Phaeozem (Colluvic, Pantoloamic) 
Location: Saprolitized colluviums of shist and gneiss, back slope, inclination 21°, coffee plantations with 

semi-evergreen forest as canopy cover, 1,533 m a.s.l.,  San Juan Ozolotepec Town  
N 16.09562°, W 96.29767° 

 

 
 

 

 

Ah 
 
 

Btg 
 
 
 

Bt 
 
 
 

BC 
 
 

CB 
 
 
 

C 

 
 

 

Morphology: 

– 0–38 cm,  humus horizon, clay loam, black (10YR 
2/1), strong granular coarse, 10% stony, abrupt and 
wavy boundary; 

– 38–45 cm,  loam, dark yellowish brown (10YR 
4/4), moderate angular blocky very coarse, 
presence of Fe-Mn concretions and clay coatings, 
clear and irregular  boundary; 

– 45–56 cm,  loam, dark yellowish brown (10YR 
4/4), strong angular blocky very coarse, 5% stony, 
presence of clay coatings, clear and smooth  
boundary;  

– 56–73 cm,  loam, dark yellowish brown (10YR 
4/6), strong subangular blocky  very coarse, 5% 
stony, abrupt and smooth  boundary; 

– 73–95 cm,  sandy clay loam, dark yellowish brown 
(10YR 3/6), weak subangular blocky very coarse, 
20% stony, abrupt and irregular  boundary; 

– 95–(140) cm, sandy clay loam, dark brown (10YR 
3/3), massive structure. 
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Table 1. Physicochemical properties and texture of Profile 1 

Hori-
zon 

Depth 
(cm) 

pH 

H2O 

OM 

(%) 

 Texture 

Sand Silt Clay Class 

Ah 0–38 5.9 4.73 38.76 28 33.24 CL 

Btg 38–45 6.7 0.07 53.76 32 14.24 L 

Bt 45–56 6.6 0.60 53.76 32 14.24 L 

BC 56–73 7.0 0.27 53.76 34 12.24 L 

CB 73–95 6.7 0.29 48.76 22 29.24 SCL 

C 95–(140) 7.0 0.05 50.76 26 23.24 SCL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Exchange cations of Profile 1 

Hori-
zon 

Depth 
(cm) 

Ca  Mg  K  Na  CEC BS 

(meq 
100g

-1
) 

(% 
sat) 

(meq 
100g

-1
) 

(% 
sat) 

(meq 
100g

-1
) 

(% 
sat) 

(meq 
100g

-1
) 

(% 
sat) 

(meq 
100g

-1
) 

(%) 

Ah 0–38 16.0 92.5 1.01 5.84 0.20 1.16 0.03 0.17 17.3 99.7 

Btg 38–45 12.5 91.2 0.95 6.93 0.18 1.31 0.09 0.66 13.7 100 

Bt 45–56 12.4 92.5 0.74 5.52 0.18 1.34 0.08 0.60 13.4 100 

BC 56–73 12.3 91.1 0.99 7.33 0.16 1.19 0.05 0.37 13.5 100 

CB 73–95 9.50 90.9 0.78 7.43 0.14 1.33 0.06 0.57 10.5 100 

C 95–(140) 13.7 91.9 0.99 6.64 0.11 0.74 0.06 0.40 14.9 99.7 
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 Profile 2 – Pantoskeletic Folic Cambisol (Colluvic, Pantoloamic, Raptic) 
Location: Saprolized colluviums of shist, quartzite and shale, upper slope, inclination 42°,  

                   temperate forest, 1,888 m a.s.l., San Juan Ozolotepec Town  N 16.08867°, W 96.29314° 

 

 
 

 

 

Ah1 
 
 

Ah2 
 
 

Ah3 
 
 
 

Bw 
 
 

2Bw 
 
 

2BC1 
 
 

2BC2 
 

 

Morphology: 

– 0–3 cm, humus horizon, loam, black (10YR 2/1), 
moderate granular coarse, 40% stony, abrupt and 
wavy  boundary; 

– 3–10 cm, humus horizon, loam, light olive brown 
(2.5Y 5/3), moderate subangular blocky fine, 40% 
stony, clear and wavy  boundary; 

– 10–15 cm, humus horizon, loam, very dark 
grayish brown (2.5Y 3/2), moderate subangular 
blocky medium, 40% stony, clear and wavy  
boundary; 

– 15–50 cm,  loam, light olive brown (2.5Y 5/4), 
strong subangular blocky coarse, 50% stony, clear 
and irregular  boundary; 

– 50–55 cm,  loam, dark yellowish brown (10YR 
3/4), moderate subangular blocky fine, 60% stony, 
abrupt and irregular  boundary;  

– 55–90 cm,  sandy loam, yellowish brown (10YR 
5/4), weak subangular blocky very coarse, 80% 
stony, gradual and irregular  boundary; 

– 90–(111) cm, sandy loam, yellowish brown 
(10YR 5/4), weak subangular blocky very coarse, 
many roots, 85% stony. 
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Table 3. Physicochemical properties and texture of Profile 2 

Horizon 
 Depth 

(cm) 
pH 

H2O 
OM  
(%) 

 Texture  

Sand Silt Clay Class 

Ah1/2 0–10 6.7 1.24 52.76 34 13.24 L 

Ah3 10–15 6.8 1.28 50.76 34 15.24 L 

Bw 15–50 5.8 0.59 50.76 24 15.24 L 

2Bw 50–55 6.0 0.78 50.76 36 13.24 L 

2BC1 55–90 6.9 0.69 74.76 16 9.24 SL 

2BC2 90–111 7.0 0.15 70.76 22 7.24 SL 

 
 
Table 4. Exchange cations of Profile 2 

Horizon Depth 
(cm) 

Ca  Mg  K  Na  CEC BS 

(meq 
100g

-1
) 

(%) 
(meq 

100g
-1

) 
(%) 

(meq 
100g

-1
) 

(%) 
(meq 

100g
-1

) 
(%) 

(meq 
100g

-1
) 

(%) 

Ah1/2 0–10 7.70 80.8 1.60 16.8 0.19 1.99 0.04 0.42 9.53 100 

Ah3 10–15 7.73 79.0 1.81 18.5 0.16 1.64 0.08 0.82 9.78 100 

Bw 15–50 4.46 72.3 1.22 19.8 0.15 2.43 0.03 0.49 6.17 100 

2Bw 50–55 6.93 79.3 1.66 19.0 0.10 1.14 0.05 0.57 8.74 99.9 

2BC1 55–90 15.2 88.9 1.44 8.42 0.10 0.58 0.31 1.81 17.1 100 

2BC2 90–111 14.1 90.4 1.37 8.78 0.09 0.58 0.03 0.19 15.6 100 
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 Profile 3 – Pantoskeletic Stagnic Endogleyic Phaeozem (Colluvic, Pantoloamic, Raptic) 
Location: Saprolitized colluviums of granodiorite, squist, and gneiss, upper slope, inclination 35°, row-crop 

maize, 2,253 m a.s.l., San Francisco Ozolotepec Town N 16.11368°, W 96.21970° 

 

 
 

 

 

 

Ap 
 
 

 
BA 

 
 

2C/B 
 
 

3Bl 
 
 

3Blg 
 
 

 
 
 

Morphology: 

– 0–11 cm, humic plowed horizon, sandy loam, 
very dark brown (10YR 2/2), moderate granular 
very coarse, 50% stony, abrupt and wavy 
boundary; 

– 11–33 cm, sandy loam, dark brown (10YR 3/3), 
moderate subangular blocky fine, 50% stony, clear 
and irregular boundary; 

– 33–60 cm, sandy loam, brown (10YR 4/3), 
moderate subangular blocky fine, 70% stony, 
abrupt and irregular boundary; 

– 60–80 cm, sandy loam, brown (10YR 4/3), 
moderate angular blocky very coarse, 60% stony, 
gleyic properties, clear and irregular boundary;  

– 80–(110) cm, sandy loam, dark grayish brown 
(10YR 4/2), moderate subangular blocky very 
coarse, 60% stony, stagnic and gleyic properties.   
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Table 5. Physicochemical properties and texture of Profile 3 

Horizon 
Depth 
(cm) 

pH 
H2O 

OM 
(%) 

Texture 

Sand Silt Clay Class 

Ap 0–11 6.3 6.45 72.76 20 7.24 SL 

BA 11–33 5.4 1.69 68.76 22 9.24 SL 

2C/Bb 33–60 4.9 1.04 70.76 18 11.24 SL 

3Bl 60–80 4.8 0.32 60.76 28 11.24 SL 

3Blg 80–(110) 5.2 0.39 60.76 24 15.24 SL 

 
 
 

Table 6. Exchange cations of Profile 3 

Horizon Depth (cm) Ca  Mg  K  Na  CEC BS 

(meq 
100g

-1
) 

(% 
sat) 

(meq 
100g

-1
) 

(% sat) 
(meq 

100g
-1

) 
(% sat) 

(meq 
100g

-1
) 

(% 
sat) 

(meq 
100g

-1
) 

(%) 

Ap 0–11 6.8 78.7 1.16 13.4 0.64 7.41 0.03 0.35 8.64 99.9 

Ah 11–33 4.4 74.6 0.71 12.0 0.40 6.73 0.02 0.34 5.94 93.6 

2C/B 33–60 5.6 76.4 0.77 10.5 0.29 3.96 0.03 0.41 7.33 91.3 

3Bl 60–80 7.9 71.1 1.06 9.4 0.16 1.43 0.05 0.45 11.2 82.4 

3Blg 80–(110) 11.0 80.9 1.69 12.4 0.22 1.62 0.09 0.66 13.6 95.6 
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 Profile 4 – Eutric Mollic Hyperskeletic Leptosol (Colluvic, Hyperhumic, Pantoarenic) 
Location: Saprolitized colluviums of granodiorite and metamorphic conglomerate, middle slope, inclination 

34°, coffee plantations with semi-evergreen forest as canopy cover,  1,903 m a.s.l., San 
Francisco Ozolotepec Town N 16.10995°, W 96.21886° 

 

 
 

 

 
 

 

Ap 

 
 

AB1 
 
 

AB2 

 
 
 
 
 
 

 
 
 
 
 

 
 

Morphology: 

– 0–21 cm, ploughed horizon, loamy sand, dark 
(10YR 2/1), granular structure, 80% stony, clear 
and smooth boundary;  

– 21–32 cm,  loamy sand, dark brown (10YR 2/2), 
subangular blocky, 80% stony, gradual and 
irregular boundary; 

– 32–(70) cm, black brown (10YR 3/2), loamy sand, 
80% stony.  
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Table 7. Physicochemical properties and texture of Profile 4 

Hori
-zon 

 Depth 
(cm) 

pH 
H2O 

OM  
(%) 

Texture  

sand silt Clay Class 

Ap 0–21 6.5 15.5 80.76 12 7.24 LS 

AB1 21–32 6.5 9.17 76.76 18 5.24 LS 

AB2 32–(70) 6.2 5.02 78.76 16 5.24 LS 

 
 
Table 8. Exchange cations of Profile 4 

Hori
-zon 

Depth 
(cm) 

Ca  Mg  K  Na  CEC BS 

(meq 
100g

-1
) 

(%) 
(meq 

100g
-1

) 
(%) 

(meq 
100g

-1
) 

(%) 
(meq 

100g
-1

) 
(%) 

(meq 
100g

-1
) 

(%) 

Ap 0–21 13.4 81.7 2.16 13.2 0.79 4.82 0.05 0.30 16.4 100 

AB1 21–32 12.4 82.7 2.03 13.5 0.52 3.47 0.03 0.20 15.0 99.9 

AB2 32–(70) 9.68 83.4 1.39 12.0 0.46 3.97 0.05 0.43 11.6 99.8 
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 Profile 5 – Rhodic Protovertic Stagnic Luvisol (Clayic, Colluvic, Cutanic, Humic, Profundic) 
Location: Saprolitized colluviums of granodiorite and calcite, middle slope, inclination 20°, semi-deciduous 

tropical forest, 337 m a.s.l., San Miguel del Puerto Town, N 15.91168°, W 96.16608° 

  
 

 

 

Ah 
 
 
 

BA 
 
 

Btc1 
 
 

 
Btc2 

 
 

 
BC 

 
 

CB 

Morphology: 

– 0–18 cm, humus horizon, sandy loam, very dark 
brown (10YR 2/2), moderate subangular blocky 
very fine, 40% stony, gradual and irregular  
boundary; 

– 18–40 cm,  clay,  dark reddish brown (2.5YR 
2.5/4), moderate subangular blocky medium, 15% 
stony, gradual and irregular  boundary; 

– 40–70 cm, clay, dark red (2.5YR 3/6), strong 
subangular blocky medium, 35% stony, clay 
coatings, stagnic properties, protovertic 
properties, abrupt and irregular  boundary; 

– 70–115 cm,  clay, dark red (2.5YR 3/6), strong 
subangular blocky very coarse, 15% stony, clay 
coatings, stagnic properties, gradual and irregular  
boundary; 

– 115–139 cm,  clay, dark red (2.5YR 3/6), strong 
angular blocky medium, 15% stony, gradual and 
smooth boundary;  

– 139–(180) cm, sandy clay loam, dark red (2.5YR 
3/6), strong angular blocky fine, 5% stony. 
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Table 9. Physicochemical properties and texture of Profile 5 

Hori-

zon 

Depth  

(cm) 

pH 

H2O 

OM 

(%) 

Texture 

Sand Silt Clay Class 

Ah 0–18 5.4 5.36 66.04 24 9.96 SL 

BA 18–40 5.4 2.36 40.0 20 40.0 C 

Btc1 40–70 4.6 0.86 44.04 10 45.96 C 

Btc2 70–115 4.5 0.18 40.04 10 49.96 C 

BC 115–139 4.3 0.02 36.04 18 45.96 C 

CB 139–(180) 4.4 0.09 46.04 22 31.96 SCL 

 

 

Table 10. Exchange cations of Profile 5 

Hori-

zon 

Depth (cm) Ca  Mg  K  Na  CEC BS 

(meq 

100g
-1

) 
(%) 

(meq 

100g
-1

) 
(%) 

(meq 

100g
-1

) 
(%) 

(meq 

100g
-1

) 
(%) 

(meq  

100g
-1

) 
(%) 

Ah 0–18 5.3 58.1 3.1 34.2 0.68 7.36 0.03 0.32 9.24 97.7 

BA 18–40 2.9 52.1 1.8 33.0 0.67 12.0 0.04 0.71 5.60 95.4 

Btc1 40–70 1.7 41.3 1.1 28.3 0.57 13.5 0.05 1.19 4.21 82.1 

Btc2 70–115 0.8 25.5 0.4 12.2 0.32 9.50 0.04 1.19 3.37 46.7 

BC 115–139 0.6 18.0 0.2 7.61 0.29 8.17 0.04 1.13 3.55 32.6 

CB 139–(180) 0.4 13.9 0.1 4.14 0.25 7.40 0.05 1.48 3.38 22.1 
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 Profile 6 – Eutric Fluvic Arenosol 
Location: Sandy fluvial sediments, plain, inclination 3°, row-crop maize with semi deciduous tropical forest, 

197 m a.s.l., San Miguel del Puerto Town, N 15.89862°, S 96.17182° 
 

 

 

 

 

Ap 
 
 

2AB 
 
 

3A 
 
 

4BC1 
 
 

4BC2 
 
 

5CB 
 
 

6CB 
 
 

7CB 
 
 

8CB 
 
 

9CB 

Morphology: 

– 0–10 cm, humus ploughed horizon, sand, dark 
brown (10YR 3/3), weak subangular blocky 
medium, 10% stony, abrupt and wavy  boundary; 

– 10–19 cm,  sand, dark yellowish brown (10YR 
4/4), weak subangular blocky medium, 2% stony, 
abrupt and wavy  boundary; 

– 19–28 cm,  sand, very dark grayish brown (10YR 
3/2), weak subangular blocky fine, 2% stony, clear  
and wavy boundary; 

– 28–48 cm,  sand, dark brown (10YR 3/3), weak 
subangular blocky coarse, 2% stony, gradual and 
irregular boundary; 

– 48–67 cm,  sand, dark brown (10YR 3/3), weak 
subangular blocky coarse, 2% stony, clear and 
irregular boundary; 

– 67–84 cm, sand,  dark brown (10YR 3/3),  single 
grain structure, 2% stony, clear and smooth 
boundary; 

– 84–97 cm, sand,  dark brown (10YR 3/3),  single 
grain structure, 2% stony, gradual and smooth  
boundary; 

– 97–105 cm, sand,  dark brown (10YR 3/3), single 
grain structure, 2% stony, gradual and smooth  
boundary; 

– 105–112 cm, sand,  dark brown (10YR 3/3), single 
grain structure, 2% stony, abrupt and irregular 
boundary; 

– 112–130 cm, sand, dark brown (10YR 3/3), single 
grain structure, 40% stony. 
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Table 11. Physicochemical properties and texture of Profile 6 

Horizon Depth (cm) 
pH 

H2O 

OM 

(%) 

Texture 

Sand Silt Clay Class 

A 0–10 7.7 0.13 - - - S 

2AB 10–19 7.4 3.48 - - - S 

3A 19–28 7.4 0.53 - - - S 

4BC1 28–48 7.5 1.67 - - - S 

4BC2 48–67 7.4 0.86 - - - S 

5CB 67–84 7.4 0.17 - - - S 

6CB 84–97 7.3 0.26 - - - S 

7CB 97–105 7.5 0.13 - - - S 

8CB 105–112 7.2 0.02 - - - S 

9CB 112–(130) 7.4 0.06 - - - S 

 

 

Table 12. Exchange cations of Profile 6 

Hori-

zon 

Depth  

(cm) 

Ca  Mg  K  Na  CEC BS 

(meq 

100g
-1

) 
(% ) 

(meq 

100g
-1

) 
(%) 

(meq 

100g
-1

) 
(%) 

(meq 

100g
-1

) 
(%) 

(meq 

100g
-1

) 
(%) 

A 0–10 4.7 81.3 0.95 16.3 0.12 2.05 0.02 0.34 5.84 100 

2AB 10–19 8.0 78.6 1.82 17.8 0.28 2.75 0.04 0.39 10.2 99.6 

3A 19–28 5.5 74.0 1.70 22.7 0.22 2.94 0.03 0.40 7.49 100 

4BC1 28–48 6.5 76.6 1.84 21.5 0.14 1.64 0.02 0.23 8.56 100 

4BC2 48–67 5.5 76.1 1.59 21.7 0.13 1.77 0.03 0.41 7.33 100 

5CB 67–84 5.4 78.2 1.32 19.1 0.15 2.17 0.04 0.58 6.92 100 

6CB 84–97 4.0 81.8 0.77 15.7 0.10 2.04 0.02 0.41 4.90 100 

7CB 97–105 5.0 83.6 0.86 14.3 0.10 1.66 0.03 0.50 6.02 100 

8CB 105–112 3.7 80.8 0.78 16.7 0.09 1.92 0.03 0.64 4.68 100 

9CB 112–(130) 4.9 82.9 0.91 15.3 0.09 1.51 0.02 0.34 5.96 100 
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Fig. 1. Location 
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 Profile 1 – Rendzic Phaeozem (Clayic, Colluvic, Hyperhumic) 
Location: Inside of a karstic lens on the slope of a hill, 118 m a. s. l.,   
                     N 17°7’6.94”, W 91°22’ 38.32” 

 

 
 

 

 

 

Ah1 
 
 

Ah2 
 
 
 
 

Bw 
 
 
 
 

C 
 

2BC 
 
 
 
 
 

 
 
 
 
 

 

Morphology: 

– 0–30 cm, humus horizon, granular structure, 
very dark brown 7.5YR 2.5/2, loamy sand, 5% 
stony, many medium roots; 

– 30–80 cm, humus horizon with less amount of 
organic carbon, granular structure, very dark 
brown 7.5YR 2.5/2, texture silty clay, less 
medium roots than Ah1. This horizon and Ah1, 
belong to a colluvium;  

– 80–130 cm, mineral horizon, subangular 
blocky structure, strong brown 7.5YR 5/6, fine 
roots. At the bottom of the horizon, there is a 
high proportion of cultural material, fragments 
of pottery, bones, snails, and charcoal; 

– 130–140 cm, limestone rock slabs and cultural 
material like bones; 

 – 140–(200) cm, calcareous parent material, 
poor pedological structure, strong brown 7.5YR 
5/8, silty clay texture.  
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Table 1. Soil Texture 

Horizon Depth 

(cm) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Textural 

Class 

Ah1 0–30 31.0 29.8 39.2 CL 

Ah2 30–80 7.7 50.8 41.5 SiC 

B 80–130 13.8 33.6 52.6 SiC 

2BC >130 50 25 35 SCL 

 

 

Table 2. Physicochemical properties 

Horizon Depth 

(cm) 

pH 

H2O 

EC 

(µS/cm) 

OC 

(%) 

N 

(%) 

C/N CEC 

(cmol(+)∙kg) 

Ah1 0–30 7.57 501.2 5.92 0.62 9.54 81.7 

Ah2 30–80 8.01 394.1 4.12 0.38 10.84 71.0 

B 80–130 8.33 248 1.26 0.13 9.69 26.8 

BC >130 8.47 202.8 - - - - 
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 Profile 2 – Leptic Luvisol (Clayic, Cutanic) 
Location: on the top of a hill, 116 m a. s. l.,  N 17°07’29.3”, W 91°23’16.7” 

 

 
 

 

 
 

 

A 
 
 

Bt1 
 
 
 

Bt2 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

Morphology: 

– 0–4 cm, humus horizon, granular structure, dark 
red 2.5YR 3/6, clay texture, high medium-fine 
roots. With little fragments of charcoal. 

– 4–24 cm, argic horizon, subangular blocky 
structure, dark red 2.5YR 3/6, clay texture, fine 
roots. With little fragments of coal, but less than 
horizon A. 

– 24–(40) cm, argic horizon, hard subangular 
blocky structure, red 2.5YR 4/8, lower density of 
fine roots, stones 30–40%. 
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Table 3. Texture  

Horizon Depth 

(cm) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Textural 

Class 

A 0–5 5.5 10.5 84.0 C 

Bt1 5–14 7.4 11.6 81.0 C 

Bt2 14–(32) 6.4 8.3 85.3 C 

 

 

Table 4. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

pH  
H2O 

EC 
(µS/cm) 

A 0–5 6.8 517.2 

Bt1 5–14 6.7 512.2 

Bt2 14–(32) 7.4 574.5 
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 Profile 3 – Eutric Gypsic Reductic Gleysol (Clayic, Protovertic, Ochric) 
Location: Busiljá Valley, proximate to the river of the same name, 114 m a. s. l., 
                   N 17°07’15.9”, W 91°22’ 41.7” 

 

 
 

 

 

 

Ap 
 
 

Cgiy 
 
 
 

Cgy 

 
 

 
 
 

 
 
 

Morphology: 

– 0–15 cm, humus horizon, compact granular 
structure, very dark brown 10YR 2/2, silty clay, 
high proportion of medium-fine roots; 

– 15–40 cm, gypsic horizon, angular blocky 
structure, dark grayish brown 10YR 4/2, clay, 
shows slickensides and a high proportion of 
gypsum crystals, size: medium sand;  

– 40–(70) cm, gypsic horizon, subangular blocky 
structure, dark grayish Brown 10YR 4/2, clay, with 
a high proportion of gypsum crystals, size: coarse 
sand. 
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Table 5. Texture  

Horizon Depth 

(cm) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Textural 

Class 

Ah 0–8 1.0 15.0 84.0 HC 

Cgiy 8–26 0.86 43.04 56.1 SiC 

Cgy 26–(55) 20.76 6.22 73.02 HC 

 

 

Table 6. Chemical and physicochemical properties 

Horizon Depth  

(cm) 

pH  

H2O 

EC 

(µS/cm) 

OC 

(%) 

N 
(%) 

C/N CEC 
(cmol(+)∙kg) 

Ap 0–8 5.75 2445 11.7 12.1 0.97 81.7 

Cgiy 8–26 7.2 2485 - - - - 

Cgy 26–(55) 7.6 2530 - - - - 
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Fig. 2. Toposequence of soils in Busiljá Valley 
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Fig. 1. Location 
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Fig. 2. Soil profiles position
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Fig. 3. Cross section of Barrancas Megafan with the studied soil sequence  
in colluvium-alluvial and alluvial deposits 
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 Profile 1  – Petric Skeletic Calcisol (Loamic, Hypocalcic, Ochric) 
Location: Barracas colluvial aluvial Megafan apex, Barrancas Municipality (Guajira), 220 m a.s.l., 

N 10°57'50.7"; W 72°51'34.0" 

 

 
 

 

 

 

Ap 
 
 
 
 
 
 
 

ACk1 
 
 
 
 
 
 
 
 
 
 

ACk2 
 
 

Morphology: 

– 0–13 cm, humus horizon with high organic 
matter content, brown (10YR 4/3) dry, dark 
brown (10YR3/3) moist, moderate granular very 
fine to subangular blocky structure, dry 
consistence soft, moist consistence friable, many 
fine to medium roots, abundant rock fragments, 
frequent carbonates, few shell fragments, 
strongly calcareous, clear and smooth boundary;  

– 13–30 cm, calcic horizon rich in rock fragments 
inside fine soil matrix rich in carbonates (30%), 
pale brown (10YR 6/3) moist, fine and medium 
gravels (70%), medium crumbly very fine to fine 
structure, dry consistence soft, moist 
consistence friable, high porosity very fine and 
fine, many very fine to fine roots, abundant soft 
concretions brown (10YR 4/3) dry, dark yellowish 
brown (10YR 4/4) moist, accumulation of light 
yellowish brown (10YR 6/4) material in channels, 
strongly calcareous, clear and smooth boundary;  

– 30–(84) cm, calcic horizon slightly hardened by 
calcium carbonates, very pale brown (10YR7/3) 
dry, fine and medium gravels (80%), medium to 
low fine porosity, strongly calcareous. 
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Table 1. Texture and physical properties   

Horizon 
Depth  
[cm] 

Percentage share of fractions, 
size of fractions in mm Textural 

class 
COLE 

BD 

[Mg∙dm
-3

] 

Soil Moisture in 
Potential 

> 2.0 
2.0-
0,05 

0,05-
0,002 

< 0.002 0.3 Bar 
1.0 

Bar 
15 Bar 

Ap 0–13 0 50 30 20 L 0.07 1.23 18.7 20.2 7.1 

ACk1 13–30 70 44 26 30 CL -- 1.38 24.4 19.1 12.5 

Ck2 30–(84) 80 52 20 28 SCl -- -- -- -- -- 

 

 

Table 2. Chemical and physicochemical properties 

Horizon 
Depth 
[cm] 

pH 
[H2O 
1:1] 

OM 
[g∙kg

-1
] 

CEC 
Exchange Cations 

Ca
2+

 Mg
2+

 K
2+

 Na
2+

 Al
3+

+H
+
 

cmol(+)∙kg
-1

 

Ap 0–13 8.0 55.0 36.48 34.6 1.2 0.58 0.10 0.00 

ACk1 13–30 8.4 20.0 31.54 30.9 0.31 0.23 0.10 0.00 

Ck2 30–(84) 8.0 7.40 33.85 32.8 0.35 0.23 0.37 0.00 
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Profile 2 – Petric Calcisol (Loamic, Hypocalcic, Ochric) 
Location: Barracas Megafan body (high mid) colluvial-alluvial, Barrancas Municipality (Guajira),  
                  180 m a.s.l.,  N 10°56'40.3", W 72°51'07.8" 

 

 
 

 

 
 

 

Ap 
 

 
 
 
 
 

Bk1 
 
 
 
 
 
 
 

Bk2 
 

 
 
 
 
 
 
 
 

Bk3 

Morphology: 

– – 0–14 cm, humus horizon, very dark grayish brown 
(10YR 3/3, 10YR 3/2), moderate medium to fine 
subangular blocky structure, dry consistence very 
hard, moist consistence firm, few porosity fine to 
very fine, common fine to very fine roots, frequent 
calcium carbonates, abundant fine calcium 
carbonate concretions, clear and smooth boundary; 

– 14–28 cm, calcic horizon, very dark grayish brown 
(10YR 3/2), moderate medium to fine subangular 
blocky structure, dry consistence very hard, moist 
consistence firm, medium porosity fine to very fine, 
fine porosity related to arthropofaunal activity 
(Earthworms), common very fine roots, irregular 
vertical cracks, abundant fine calcium carbonate 
concretions, clear and smooth boundary; 

– 28–64 cm, calcic horizon, very dark grayish brown 
(10YR 4/2) in 60% and very pale brown (10YR 7/3) in 
40%, moderate medium to coarse subangular blocky 
structure, dry consistence extremely hard, moist 
consistence very firm, few porosity fine to very fine, 
few very fine roots, common very fine calcium 
carbonate crystals, abundant fine calcium carbonate 
accumulations, very fine powder in the roots 
channels (pore infillings) and irregular concretions, 
clear and smooth boundary; 

– 64–(90) cm, calcic horizon moderately hardened 
by calcium carbonates, yellowish brown (10YR 5/6, 
10YR 5/3), moderate medium to coarse subangular 
blocky structure, dry consistence extremely hard, 
moist consistence very firm, few medium roots, 
common very fine calcium carbonate crystals, 
abundant fine calcium carbonate accumulations 
very fine to medium, strongly calcareous. 
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Table 3. Texture and physical properties   

Horizon 
Depth  
[cm] 

Percentage share of fractions, 
size of fractions in mm Textural 

class 
COLE 

BD 

[Mg∙dm
-3

] 

Soil Moisture in 
Potential 

> 2.0 
2.0-
0,05 

0,05-
0,002 

< 0.002 0.3 Bar 
1.0 

Bar 
15 Bar 

Ap 0–14 0 16 46 38 SCL 0.12 1.07 27.2 23.38 14.79 

Bk1 14–28 0 30 32 38 CL 0.14 0.94 27.3 17.7 14.04 

Bk2 28–64 20 24 30 46 C 0.13 1.42 21.06 19.2 9.13 

Bk3 64–(90) 20 24 38 38 L 0.13 1.48 19.16 18.36 9.25 

 

 

Table 4. Chemical and physicochemical properties 

Horizon 
Depth 
[cm] 

pH 
[H2O 
1:1] 

OM 
[g∙kg

-1
] 

CEC 
Exchange Cations 

Ca
2+

 Mg
2+

 K
2+

 Na
2+

 Al
3+

+H
+
 

cmol(+)∙kg
-1

 

Ap 0–14 8.1 48 28.21 23.2 3.5 1.19 0.32 -- 

Bk1 14–28 8.6 27 38.07 30.4 4.8 0.47 2.40 -- 

Bk2 28–64 8.8 16 40.33 29.4 7.0 0.36 3.57 -- 

Bk3 64–(90) 8.0 08 56.77 48.3 3.3 0.30 4.87 -- 
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 Profile 3 – Calcic Vertisol (Hypereutric, Gilgaic, Ochric)   
Location: Sencca between Ollachea and San Gabán municipality – Puno region; slope 98% northeast, land 

use rocoto chilli, cassava, coffee and corn; 1827 m a.s.l.,  
S 13°39’54.838, W 70°28’29.666’’ 

 

 
 

 

 

 

Ap 
 
 
 
 
 

 

 

 

 

Bik1 
 
 
 
 
 
 

 

 

 

 

Bik2 
 
 
 

Morphology: 

– 0–15 cm, humus horizon, very dark grayish 
brown (10YR 4/3, 10YR 3/2), moderate fine to very 
fine crumbly to subangular blocky structure, dry 
consistence loose, moist consistence very friable, 
few channels fine to very fine, common fine to very 
fine roots, common cracks, presence of gilgai 
microrelief, abundant fine gravels, abundant to 
frequent calcium carbonates concretions (disperse 
powdery lime) fine to very fine, abundant fine 
yellowish red (5YR4/6) material, strongly 
calcareous, clear and smooth boundary; 

– 25–38 cm, calcic and  vertic horizon, yellowish 
brown (10YR 4/3, 10YR 4/2), moderate, coarse to 
moderate subangular blocky structure, dry 
consistence slightly hard, moist consistence firm, 
abundant porosity fine to very fine, few very fine 
roots, common cracks filled with very dark grayish 
brown (10YR3/2) material from Ap horizon, 
common distinct slickensides pedfaces, abundant 
fine subrounded gravels, abundant calcium 
carbonates concretions (disperse powdery lime) 
fine to very fine, abundant fine calcium carbonate 
powder, clear and smooth boundary; 

– 38–(82) cm, calcic and  vertic horizon, yellowish 
brown (10YR 4/3, 10YR 4/2) moderate, coarse 
subangular blocky structure, dry consistence hard, 
moist consistence very firm, abundant porosity fine 
to very fine, common shells (< 1 cm diameter), 
many distinct slickensides pedfaces, abundant fine 
and medium subrounded gravels, abundant 
calcium carbonates concretions (disperse powdery 
lime) very fine to medium, common fine calcium 
carbonate powder, strongly calcareous. 
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Table 5. Texture and physical properties   

Horizon 
Depth  
[cm] 

Percentage share of fractions, 
size of fractions in mm Textural 

class 
COLE 

BD 

[Mg∙dm
-3

] 

Soil Moisture in 
Potential 

> 2.0 
2.0-
0,05 

0,05-
0,002 

< 0.002 0.3 Bar 
1.0 

Bar 
15 Bar 

Ap 0–15 0 34 30 36 CL 0.11 0.86 23.86 18.73 12.27 

Bik1 25–38 0 24 32 44 C 0.10 1.25 22.78 21.26 13.26 

Bik2 38–(82) 0 26 28 46 CL 0.16 1.1 23.97 22.6 15.06 

 

 

Table 6. Chemical and physicochemical properties 

Horizon 
Depth 
[cm] 

pH 
[H2O 
1:1] 

OM 
[g∙kg

-1
] 

CEC. 
Exchange Cations 

Ca
2+

 Mg
2+

 K
2+

 Na
2+

 Al
3+

+H
+
 

cmol(+)∙kg
-1

 

Ap 0–15 8.1 4.8 30.94 26.7 3.8 0.33 0.11 -- 

Bik1 25–38 8.6 2.7 36.55 31 3.6 0.41 1.54 -- 

Bss2k2 38–(82) 8.0 0.8 37.69 27.5 4.7 0.45 5.04 -- 
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 Profile 4 – Calcic Vertisol (Mollic, Hypereutric, Gilgaic)    
Location: Barrancas Megafan toe alluvial, Barrancas Municipality (Guajira), 145 m a.s.l., 
                        N 10°54'46.9", W 72°50'25.5 

 
 
 

 
 

 

Ap 
 
 
 
 
 
 
 
 

ABi 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bik 
 
 
 
 
 
 

 

 

 

Morphology: 

 – 0–27 cm, mollic horizon, very dark grey (10YR 
3/1), moderate to coarse subangular blocky 
structure, dry consistence slightly hard, moist 
consistence firm, high porosity fine to very fine, 
few medium porosity from arthropofaunal 
activity (earthworm and ants), common fine to 
very fine roots, few medium and coarse roots, 
presence of gilgai microrelief, strongly 
calcareous, clear and smooth boundary. 

– 27–45 cm, transitional horizon, dark yellowish 
brown (10YR 4/4), moderate, coarse to moderate 
subangular blocky structure, dry consistence 
slightly hard, moist consistence firm, high 
porosity fine to very fine, few medium porosity, 
few very fine and medium roots, common fine 
calcium carbonate powder, common distinct 
slickensides pedfaces, common cracks filling with 
very dark gray (10YR3/1) material from Ap 
horizon, common very fine calcium carbonate 
powder in channels and pedfaces, common 
calcium carbonates concretions (disperse 
powdery lime) very fine, strongly calcareous, 
clear and smooth boundary. 

– 45–58 cm, calcic and vertic horizon, dark 
yellowish brown (10YR 4/6) in 80%, very pale 
brown (10YR 7/4) in 10%, dark brown (10YR3/3) 
in 10%, moist, moderate, moderate to fine 
subangular blocky structure, dry consistence 
hard, moist consistence firm, high porosity fine to 
very fine, few medium porosity, common very 
fine and few medium and coarse roots, common 
slickensides, few cracks filling with dark yellowish 
brown (10YR4/4) material from AB horizon, many 
very fine calcium carbonate powder in channels 
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Bk1 
 
 
 
 
 
 
 
 
 
 
 

Bk2 
 
 

and pedfaces and calcium carbonates concretions 
(disperse powdery lime) fine and very fine, 
strongly calcareous, clear and smooth boundary. 

– 58–68 cm, calcic horizon, dark yellowish brown 
(10YR4/6) moist (40%), fine and medium gravels 
(60%), moderate, moderate to fine subangular 
blocky structure, dry consistence hard, moist 
consistence firm, high porosity fine to very fine to 
medium porosity, few very fine roots, very few 
slickensides, abundant fine subrounded gravels, a 
lot of very fine calcium carbonate powder and 
calcium carbonates concretions (disperse 
powdery lime) very pale brown (10YR7/4) fine 
and very fine, strongly calcareous, clear and 
smooth boundary. 

– 68–(80) cm, calcic horizon, brownish yellow 
(10YR6/6) in 70%, very pale brown (10YR7/4) for 
very fine calcium carbonate concretions in 30%, 
moderate, moderate to fine subangular blocky 
structure, dry consistence very hard, moist 
consistence, extremely firm, low porosity fine to 
very fine, few very fine roots, many calcium 
carbonates, extremely calcareous. 

 

 

Table 7. Texture and physical properties   

Horizon 
Depth  
[cm] 

Percentage share of fractions, 
size of fractions in mm Textural 

class 
COLE 

BD 

[Mg∙dm
-3

] 

Soil Moisture in 
Potential 

> 2.0 
2.0-
0,05 

0,05-
0,002 

< 0.002 0.3 Bar 
1.0 

Bar 
15 Bar 

Ap 0–27 0 20 34 46 C 0.16 1.42 25.92 20.23 13.55 

ABi 27–45 0 20 32 48 C 0.15 1.48 25.92 20.44 12.59 

Bik 45–58 0 24 30 46 C 0.13 1.42 23.59 21.02 10.62 

Bk1 58–68 0 30 30 40 CL 0.13 1.45 21.06 19.2 9.13 

Bk2 68–(80) 0 26 34 40 CL 0.13 1.32 19.16 18.36 9.25 

 

 

Table 8. Chemical and physicochemical properties 

Horizon 
Depth 
[cm] 

pH 
[H2O 
1:1] 

OM 
[g∙kg

-1
] 

CEC 
Exchange Cations 

Ca
2+

 Mg
2+

 K
2+

 Na
2+

 Al
3+

+H
+
 

cmol(+)∙kg
-1

 

Ap 0–27 8.0 36 35.90 33.0 2.3 0.48 0.12 -- 

ABi 27–45 8.1 15 42.60 40.1 1.9 0.46 0.14 -- 

Bik 45–58 8.3 7.7 40.00 38.0 1.5 0.35 0.15 -- 

Bk1 58–68 8.3 6.1 42.63 40.2 1.9 0.38 0.15 -- 

Bk2 68–(80) 8.4 7.5 41.79 39.2 2.1 0.35 0.14 -- 
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Fig. 1. Location 
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 Profile 1  – Skeletic Fluvic Phaeozem (Amphiarenic, Epiloamic, Hyperhumic, Oxyaquic) 
Location: Macusani plateau 2 km from Macusani city – Puno Region, slope 2 % west under native 

grasslands (bofedal), 4440 m a.s.l., S 14°02’49.488’’, W 70°23’26.111’’ 

 

 
 

 

 

 

Ah 
 
  

    
  A 

 
 
 

 
A2 

 
 
 

 
2C 

 
 

Morphology: 

– 0–14 cm, mollic horizon with high amount of 
fibrous organic material, black (10YR 2/1) moist, 
sandy loam, slightly acid, low infiltration, clear 
and smooth boundary; 

– 14–20 cm, mollic horizon, very dark brown 
(10YR 2/2) moist, loam, medium granular coarse 
structure, very friable, slightly acid, many fine, 
medium and coarse roots, high percolation, 
gradual and smooth boundary; 

– 20–30 cm, mollic horizon, very dark brown 
(10YR 2/2) moist, loam, medium granular coarse 
structure, very friable, slightly acid, common 
medium and coarse roots, high percolation, clear 
and smoot boundary; 

– 30–(58) cm, grayish brown (2.5Y 5/2) in 80%, 
yellowish brown (10YR 5/8) mottles in 20% 
moist, sandy, fine single grain, common stones, 
slightly acid, few coarse roots, water table. 
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Table 1. Texture and physical properties   

Horizon 
Depth  
[cm] 

Percentage share of fractions, 
size of fractions in mm Textural 

class 
BD 

[Mg∙dm
-3

] 
> 2.0 

2.0-
0,05 

0,05-
0,002 

< 0.002 

Ah 0–14 0 63 24 13 SL 0.27 

A 14–20 0 50 36 14 L 0.46 

A2 20–30 0 48 36 16 L 0.95 

2C 30–(58) 80 92 4 4 S 1.21 

 

 

Table 2. Chemical and physicochemical properties 

Horizon 
Depth 
[cm] 

pH 
(1:1) 

EC 
[ds∙m

-1
] 

CaCO3 
[g∙kg

-1
] 

OM 
[g∙kg

-1
] 

P available K available 

[mg∙kg
-1

] 

Ah 0–14 6.38 0.11 0.00 321.2 39.2 312 

A1 14–20 6.13 0.03 0.00 50.3 4.0 201 

A2 20–30 6.09 0.07 0.00 47.7 3.8 196 

2C 30–(58) 6.50 0.06 0.00 5.2 3.6 71 

 

 

 

Table 3. Sorption properties 

Horizon 
 

Depth 
[cm] 

 

CEC 
Exchange Cations 

BS 
[%] Ca

2+
 Mg

2+
 K

2+
 Na

2+
 Al

3+
+H

+
 

cmol(+)∙kg
-1

 

Ah 0–14 41.28 30.30 5.03 0.67 0.46 0.00 88 

A1 14–20 22.40 14.30 2.30 0.45 0.27 0.00 77 

A2 20–30 21.28 12.30 2.25 0.43 0.24 0.00 72 

2C 30–(58) 6.72 3.62 0.75 0.17 0.19 0.00 70 
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Profile 2 – Dystric Colluvic Skeletic Leptic Regosol (Humic, Loamic, Escalic) 
Location: Pacaje site between Macusani and Ollachea municipalities – Puno region, slope 70%  
                  northeast, natural grasslands as land use (mountain grasslands and bunchgrass),   
                  3979 m a.s.l., S 13°53’27.888’’, W 70°30’50.109’’ 

 

 
 

  

 

 

A 
 

 
 
 
 
 

AC 
 
 
 
 
 
 
 

R 
 
 

Morphology: 

– 0–15 cm, humus horizon, very dark grayish 
brown (10YR 3/2) moist, brown (10YR 4/3) dry, 
sandy loam, medium granular moderate, slightly 
hard, strongly acid, common medium and coarse 
roots, many fine to coarse gravels (20%), 
moderate fast infiltration, gradual and smoot 
boundary; 

– 15–30 cm, very dark gray (10YR 3/1) moist, dark 
grayish brown (10YR 4/2) dry, sandy loam, 
medium granular moderate to weak, more than 
50% – rock structure, slightly hard, strongly acid, 
common medium to coarse roots, abundant 
medium to coarse gravels (50%) and few stones 
(5%), high permeability, abrupt and smooth 
boundary; 

30–(90) cm, highly weathered rock fragments, 
fractured by tectonism. 
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Table 4. Texture and physical properties   

Horizon 
Depth  
[cm] 

Percentage share of fractions, 
size of fractions in mm Textural 

class 
BD 

[Mg∙dm
-3

] 
> 2.0 

2.0-
0,05 

0,05-
0,002 

< 0.002 

A 0–15 20 66 28 6 SL 0.76 

AC 15–30 55 66 26 8 SL 1.47 

 

 

Table 5. Chemical and physicochemical properties 

Horizon 
Depth 
[cm] 

pH 
(1:1) 

EC 
[ds∙m

-1
] 

CaCO3 
[g∙kg

-1
] 

OM 
[g∙kg

-1
] 

P available K available 

[mg∙kg
-1

] 

A 0–15 5.39 0.11 0.00 86.4 6.5 349 

AC 15–30 5.31 0.02 0.00 54.1 13.4 236 

 

 

 

Table 6. Sorption properties 

Horizon 
 

Depth 
[cm] 

 

CEC 
Exchange Cations 

BS 
[%] Ca

2+
 Mg

2+
 K

2+
 Na

2+
 Al

3+
+H

+
 

cmol(+)∙kg
-1

 

A 0–15 24.00 9.43 2.07 0.97 0.23 0.20 53 

AC 15–30 21.44 6.63 1.95 0.49 0.18 0.30 43 
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 Profile 3 – Haplic Umbrisol (Colluvic, , Hyperhumic, Loamic, Pachic)   
Location: Sencca between Ollachea and San Gabán municipality – Puno region; slope 98% northeast, land 

use rocoto chilli, cassava, coffee and corn; 1827 m a.s.l, S 13°39’54.838, W 70°28’29.666’’ 

 

 
 

 

 

 

Ap 
 
 
 
 

A1 
 
 
 
 

A2 
 
 
 
 

A3 
 
 
 

Morphology: 

– 0–20 cm, umbric horizon, black (10YR 2/1) moist, 
sandy loam, medium subangular blocky moderate, 
friable, strongly acid, common fine and medium 
roots, fast infiltration, gradual and smooth 
boundary;  

– 20–38 cm, umbric horizon, very dark brown 
(10YR 2/2) moist, sandy loam, medium subangular 
blocky moderate, very friable, strongly acid, few 
medium roots, few coarse gravels (5%), high 
permeability, gradual and smooth boundary; 

– 38–79 cm, umbric horizon, black (7.5YR 2.5/1) 
moist, sandy loam, coarse subangular blocky 
moderate, friable, strongly acid, few medium 
roots, few coarse gravels (5%), gradual and smoot 
boundary; 

– 79–(114) cm, umbric horizon, very dark brown 
(10YR 2/2) moist, sandy loam, coarse subangular 
blocky moderate, very friable, very strongly acid, 
few medium roots, few coarse gravels (5%). 
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Table 7. Texture and physical properties   

Horizon 
Depth  
[cm] 

Percentage share of fractions, 
size of fractions in mm Textural 

class 
BD 

[Mg∙dm
-3

] 
> 2.0 

2.0-
0,05 

0,05-
0,002 

< 0.002 

Ap 0–20 0 64 30 6 SL 0.74 

A1 20–38 5 60 34 6 SL 0.93 

A2 38–79 5 62 28 10 SL 0.92 

A3 79–(114) 5 62 26 12 SL 0.69 

 

 

Table 7. Chemical and physicochemical properties 

Horizon 
Depth 
[cm] 

pH 
(1:1) 

EC 
[ds∙m

-1
] 

CaCO3 
[g∙kg

-1
] 

OM 
[g∙kg

-1
] 

P available K available 

[mg∙kg
-1

] 

Ap 0–20 5.21 0.02 0.00 75.4 2.8 301 

A1 20–38 5.37 0.03 0.00 50.9 4.0 206 

A2 38–79 5.41 0.02 0.00 51.6 3.2 129 

A3 79–(114) 5.00 0.02 0.00 45.8 2.9 71 

 

 

Table 9. Sorption properties 

Horizon 
 

Depth 
[cm] 

 

CEC 
Exchange Cations 

BS 
[%] Ca

2+
 Mg

2+
 K

2+
 Na

2+
 Al

3+
+H

+
 

cmol(+)∙kg
-1

 

Ap 0–20 28.28 11.70 0.97 0.61 0.19 0.20 47 

A1 20–38 25.60 9.21 0.75 0.42 0.21 0.15 41 

A2 38–79 26.08 6.94 0.78 0.30 0.22 0.20 32 

A3 79–(114) 27.52 3.56 0.88 0.18 0.18 0.55 17 
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 Profile 4 – Dystric Fluvic Cambisol (Loamic, Humic)   
Location: Pampa Hermosa near to San Gabán municipality – Puno region, slope 2% East, secondary  forest 

cover (Melostamaceae, Artocarpus altilis, Cecropia sp, Inga feuilleeipacay), 611 m a.s.l.,, 
 S 13°25’38.359, W 70°23’15.100’                   

 
 
 
 

 
 

 

Ap 

 
 
 
 

Bw1 
 
 
 
 
 

Bw2 
 
 
 
 

BC 
 
 

Morphology: 

 – 0–16 cm, humus horizon, dark brown (10YR 
3/3) moist, loam, medium subangular blocky 
moderate, very friable, extremely acid, common 
fine and medium roots, moderate fast infiltration, 
clear and smooth boundary; 

– 16–46 cm, cambic horizon, dark yellowish 
brown (10YR 4/4) moist, clay loam, medium 
subangular blocky moderate, very friable 
extremely acid, few medium roots, few medium 
gravels (5%), very high permeability, gradual and 
smooth boundary; 

– 46–72 cm, cambic horizon, brown (10YR 4/3) 
moist, sandy clay loam, medium subangular 
blocky moderate, very friable, extremely acid, few 
medium roots, many medium gravels (40%), 
gradual and smooth boundary; 

 – 72–(110) cm, dark yellowish brown (10YR 4/4) 
moist, sandy clay loam, medium subangular 
blocky moderate (50%), very friable, extremely 
acid. fine/single grain structure, few iron 
concretions and segregations. 
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Table 10. Texture and physical properties   

Horizon 
Depth  
[cm] 

Percentage share of fractions, 
size of fractions in mm Textural 

class 
BD 

[Mg∙dm
-3

] 
> 2.0 

2.0-
0,05 

0,05-
0,002 

< 0.002 

Ap 0–16 0 46 30 24 L 0.71 

Bw1 16–46 5 42 28 30 Cl 0.97 

Bw2 46–72 40 46 26 28 SCl 1.19 

BC 72–(110) 50 50 24 26 SCl 1.37 

 

 

Table 11. Chemical and physicochemical properties 

Horizon 
Depth 
[cm] 

pH 
(1:1) 

EC 
[ds∙m

-1
] 

CaCO3 
[g∙kg

-1
] 

OM 
[g∙kg

-1
] 

P available K available 

[mg∙kg
-1

] 

Ap 0–16 4.03 0.03 0.00 40.0 2.2 42 

Bw1 16–46 4.27 0.02 0.00 23.8 2.5 24 

Bw2 46–72 4.35 0.02 0.00 11.6 7.0 24 

 BC 72–(110) 4.39 0.02 0.00 07.1 2.2 21 

 

 

Table 12. Sorption properties 

Horizon 
 

Depth 
[cm] 

 

CEC 
Exchange Cations 

BS 
[%] Ca

2+
 Mg

2+
 K

2+
 Na

2+
 Al

3+
+H

+
 

cmol(+)∙kg
-1

 

Ap 0–20 16.96 0.85 0.25 0.13 0.19 1.95 8 

Bw1 20–38 13.28 0.78 0.20 0.09 0.18 1.00 9 

Bw2 38–79 11.20 0.84 0.22 0.10 0.18 0.50 12 

 BC 79–(114) 9.60 0.80 0.20 0.10 0.19 0.45 13 
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 Profile 5  – Haplic Acrisol (Clayic, Cutanic, Ochric)   
Location: Lechemayo between San Gabán and Mazuco municipality – Puno region, slope 25%, southwest, 

cocoa plantation (Theobroma cacao), Erythroxylum coca, banana (Musa paradisiaca), Cecropia sp, 
Piper sp, Bauhinia picta, 427 m a.s.l.,,  S 13°15’49.150’’, W 70°19’23.150’’ 

 

 
 

 

 
 

 

Ap 
 
 
 
 
 

Bt1 
 
 
 
 

Bt2 
 
 
 
 

Bw 
 
 
 
 
 

Morphology: 

– 0–10 cm, humus horizon, very dark grayish 
brown (10YR 3/2) in 80%, brown (10YR 5/3) in 
20% moist, loam, medium subangular blocky 
moderate, friable, very strongly acid, common 
medium and coarse roots, very fast infiltration, 
clear and smooth boundary. 

– 10–42 cm, argic horizon, yellowish brown (10YR 
5/4) moist, clay, medium to coarse subangular 
blocky moderate, friable, very strongly acid, few 
medium and coarse roots, high permeability, 
diffuse and smooth boundary. 

– 42–62 cm, argic horizon, yellowish brown (10YR 
5/6) moist, clay, coarse subangular blocky 
moderate, friable, very strongly acid, few 
medium and coarse roots, gradual and smooth 
boundary. 

– 62–(105) cm, cambic horizon, yellowish brown 
(10YR 5/4) moist, clay, medium subangular blocky 
moderate, friable, very strongly acid, few coarse 
roots, high content of medium gravel (30%). 
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Table 13. Texture and physical properties   

Horizon 
Depth  
[cm] 

Percentage share of fractions, 
size of fractions in mm Textural 

class 
BD 

[Mg∙dm
-3

] 
> 2.0 

2.0-
0,05 

0,05-
0,002 

< 0.002 

Ap 0–10 0 40 34 26 L 0.91 

Bt1 10–42 0 20 38 42 C 1.08 

Bt2 42–62 0 20 32 48 C 1.11 

Bw 62–(105) 30 22 32 46 C 1.05 

 

 

Table 14. Chemical and physicochemical properties 

Horizon 
Depth 
[cm] 

pH 
(1:1) 

EC 
[ds∙m

-1
] 

CaCO3 
[g∙kg

-1
] 

Organic 
Matter 
[g∙kg

-1
] 

P available K available 

[mg∙kg
-1

] 

Ap 0–10 4.68 0.18 0.00 54.8 4.4 118 

Bt1 10–42 4.76 0.03 0.00 1.9 3.0 51 

Bt2 42–62 4.64 0.03 0.00 3.9 2.2 57 

Bw 62–(105) 4.56 0.04 0.00 2.6 2.2 67 

 

 
Table 15. Sorption properties 

Horizon 
 

Depth 
[cm] 

 

CEC 
Exchange Cations 

BS 
[%] Ca

2+
 Mg

2+
 K

2+
 Na

2+
 Al

3+
+H

+
 

cmol(+)∙kg
-1

 

Ap 0–10 16.96 9.58 1.93 0.29 0.23 0.25 49 

Bt1 10–42 13.28 6.93 1.85 0.18 0.29 1.90 47 

Bt2 42–62 11.20 5.71 1.87 0.21 0.35 4.05 40 

Bw 62–(105) 9.60 4.57 1.77 0.18 0.38 3.40 30 
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 Profile 6  – Dystric Fluvic Stagnosol (Loamic, Drainic, Ochric)   
Location: Santa Rita Baja Interoceanica road in the direction of Madre de Dios department, slope 1% south, 

secondary forest cover Heliconia sp, Mauritia flexuosa, Uncaria tomentosa, Arecaceae sp and 
Cucurbitaceae. 256 m a.s.l., S 12°54’39.967’’, W 70°12’23.112’’ 

 

 
 

 

 
 

 

Ap 
 
 
 
 

Bwg1 
 
 
 
 
 

Bwg2 
 
 
 
 

Bwg3 
 
 
 
 
 

Morphology: 

– 0–14 cm, dark grayish brown (10YR 4/2) 
moist, loam, medium subangular blocky 
moderate, friable, extremely acid, common 
medium and coarse roots, moderate fast 
infiltration, clear and smooth boundary;  

– 14–32 cm, cambic horizon with stagnic 
properties, grayish brown (2.5Y 5/2) moist, 
loam, coarse subangular blocky weak, very 
friable, extremely acid, few medium and coarse 
roots, high permeability, gradual and smooth 
boundary; 

– 32–105 cm, cambic horizon with stagnic 
properties, olive gray (5Y 4/2) moist, loam, 
coarse subangular blocky weak, very friable, 
extremely acid, few coarse roots, gradual and 
smooth boundary;   

– 105–(152) cm, cambic horizon with stagnic 
properties, grey (GLEY 1 5/N) moist, loam, 
coarse subangular blocky weak, very friable, 
extremely acid, few coarse roots. 
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Table 16. Texture and physical properties   

Horizon 
Depth  
[cm] 

Percentage share of fractions, 
size of fractions in mm Textural 

class 
BD 

[Mg∙dm
-3

] 
> 2.0 

2.0-
0,05 

0,05-
0,002 

< 0.002 

A 0–14 0 48 34 18 L 0.97 

Bwg1 14–32 0 46 36 18 L 1.28 

Bwg2 32–105 0 44 44 12 L 1.52 

Bwg3 105–(152) 0 30 48 22 L 1.53 

 

 

Table 17. Chemical and physicochemical properties 

Horizon 
Depth 
[cm] 

pH 
(1:1) 

EC 
[ds∙m

-1
] 

CaCO3 
[g∙kg

-1
] 

Organic 
Matter 
[g∙kg

-1
] 

P available K available 

[mg∙kg
-1

] 

A 0–14 3.94 0.02 0.00 2.96 4.0 42 

Bwg1 14–32 4.11 0.02 0.00 0.52 8.6 26 

Bwg2 32–105 4.27 0.02 0.00 0.26 6.9 21 

Bwg3 105–(152) 4.43 0.02 0.00 0.19 30.9 19 

 

 

Table 18. Sorption properties 

Horizon 
 

Depth 
[cm] 

 

CEC 
Exchange Cations 

BS 
[%] Ca

2+
 Mg

2+
 K

2+
 Na

2+
 Al

3+
+H

+
 

cmol(+)∙kg
-1

 

A 0–14 12.00 0.85 0.37 0.13 0.23 2.30 13 

Bwg1 14–32 7.52 0.84 0.38 0.10 0.24 1.80 21 

Bwg2 32–105 6.72 0.90 0.53 0.08 0.23 2.15 26 

Bwg3 105–(152) 9.60 0.99 1.08 0.08 0.30 2.50 26 
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 Profile 7  – Dystric Fluvic Stagnic Cambisol (Loamic, Ochric) 
Location: Florida Baja site near Puerto Maldonado city – Madre de Dios Department, slope 1% north, plant 

cover Heliconia mathiasiae, Heliconia sp, Arecaceae, Bambusoideae and Lianas, 244 m a.s.l.,,  
S 12°43’09.058’’, W 69°30’45.242’’ 

 

 
 

 

 
 

 

A 
 
 
 

Bwg1 
 
 
 
 
 
 

Bwg2 
 
 
 
 
 

Bwg3 
 
 
 
 

Morphology: 

– 0–18 cm. pale brown (10YR 6/3) moist, clay 
loam, medium subangular blocky weak, firm, 
extremely acid, few medium and coarse roots, 
fast infiltration, clear and smooth boundary; 

 – 18–45 cm, cambic horizon with stagnic 
properties, strong brown (7.5YR 5/8) in 95%, 
mottle yellowish brown (10YR 5/4) in 5% moist, 
sandy clay loam, coarse subangular blocky 
moderate, firm, extremely acid, few medium and 
coarse roots, very high permeability, gradual and 
smooth boundary; 

 – 45–92 cm, cambic horizon with stagnic 
properties, strong brown (7.5YR 5/8) in 80%, 
mottle yellowish brown (10YR 5/4) in 20% moist, 
sandy clay loam, medium subangular blocky 
moderate, firm, extremely acid, few medium and 
coarse roots, gradual and smooth boundary;   

– 92–(140) cm, cambic horizon with stagnic 
properties, yellowish brown (10YR 5/4) in 50%, 
red (2.5YR 4/8) in 50% moist, sandy clay loam, 
medium subangular blocky weak, firm, extremely 
acid, few coarse roots. 
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Table 19. Texture and physical properties   

Horizon 
Depth  
[cm] 

Percentage share of fractions, 
size of fractions in mm Textural 

class 
BD 

[Mg∙dm
-3

] 
> 2.0 

2.0-
0,05 

0,05-
0,002 

< 0.002 

A 0–18 0 70 14 16 SL 1.37 

Bwg1 18–45 0 62 18 20 SCL 1.39 

Bwg2 45–92 0 58 20 22 SCL 1.50 

Bwg3 92–(140) 30 54 16 30 SCL 1.52 

 

 

Table 20. Chemical and physicochemical properties 

Horizon 
Depth 
[cm] 

pH 
(1:1) 

EC 
[ds∙m

-1
] 

CaCO3 
[%] 

Organic 
Matter 

[%] 

P available K available 

[mg∙kg
-1

] 

A 0–18 3.70 0.08 0.00 0.58 5.9 29 

Bwg1 18–45 3.94 0.03 0.00 0.39 4.2 20 

Bwg2 45–92 4.02 0.02 0.00 0.52 3.4 21 

Bwg3 92–(140) 4.03 0.02 0.00 0.45 3.5 26 

 

 

Table 21. Sorption properties 

Horizon 
 

Depth 
[cm] 

 

CEC 
Exchange Cations 

BS 
[%] Ca

2+
 Mg

2+
 K

2+
 Na

2+
 Al

3+
+H

+
 

cmol(+)∙kg
-1

 

A 0–18 6.40 1.00 0.23 0.11 0.24 1.50 25 

Bw1 18–45 6.40 0.89 0.22 0.08 0.23 1.50 22 

Bw2 45–92 6.72 0.78 0.23 0.09 0.22 1.85 20 

Bw3 92–(140) 7.20 0.79 0.22 0.08 0.20 2.30 18 
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Fig. 2. Toposequence of the studied soils. From P-1 to P-7 approximate location of soil profiles 
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Fig. 1. Location of the study area 
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 Profile 1 – Leptic Umbrisol (Hyperdystric, Loamic) 
Location: Public park in a hill in the city center, middle slope (moderately steep 16−30%), 250 m a.s.l., lawn 
with oaks (Quercus robur), N 42°52'44.14" W 8°32'56.70'' 

 

 
 

   

Ah1 
 
 
 
 

Ah2 

 
 
 
 

R 
 
 
 
 
 

Morphology: 

– 0–10 cm, organo-mineral, loam, common fine 
and medium schist fragments, very few artefacts 
(brick), very dark brown (10YR 2/2), fine 
subangular blocky structure, few roots, diffuse 
wavy boundary; 

– 10–25/30 cm, organo-mineral, loam, many 
fine, medium and coarse schist fragments, very 
few artefacts (brick), dark brown (10YR 3/3), fine 
subangular blocky structure, few roots, clear 
wavy boundary; 

– 25/30–(100) cm, fragmented schist. 
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Table 1. Texture 

Horizon 
Depth 
[cm] 

Percentage share of fractions, size of fractions in mm Textural 
class > 2.0 0.25-2.0 0.05-0.25 0.02-0.05 0.002-0.02 < 0.002 

Ah1 0–10 32 35 17 21 14 13 L 

Ah2 10–25/30 56 33 17 23 14 12 L 

 

 

Table 2. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH 

H2O KCl 

Ah1 0–10 20.4 1.8 11 5.2 3.8 

Ah2 10–25/30 9.7 1.0 10 5.4 3.9 

 

 

Table 3. Base cations and CEC (1M AcONH4, pH 7) and Al (1M KCl) 

Horizon Depth [cm] 
Ca Mg Na K Al CEC 

BS [%] 
[cmol(+) kg

-1
] 

Ah1 0–10 0.35 0.27 0.05 0.22 2.5 16.9 5 

Ah2 10–25/30 0.30 0.19 0.04 0.08 1.9 8.7 7 

 

 

Table 4. Content of various forms of iron and aluminium 

Horizon Depth [cm] 
Fed Feo Alo 

Alo+0.5Feo 
[%] 

[g∙kg
-1

] 

Ah1 0–20 10.5 3.0 2.1 0.4 

Ah2 20–40 9.4 2.5 1.9 0.3 
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 Profile 2 – Endocambic Umbrisol (Hyperdystric, Loamic, Protoandic) 
Location: cut in a street in a residential area, middle slope (moderately steep 16-30%), 240 m a.s.l.,  
                  spontaneous vegetation, N 42°52'48.05" W 8°31'38.24'' 

 

 
 

   

Ap1 

 
 
 
 

Ap2 
 

 
 
 

2Ah 
 
 
 

 
2Bw 

 
 
 
 

 
3Bw 

 
 
 
 
 

3C 
 

Morphology: 

– 0–20 cm, organo-mineral, loam, common 
medium and coarse fragments, very few 
artefacts (brick), dark reddish brown (5YR 3/3), 
fine subangular structure, plastic, common roots, 
clear wavy boundary; 

– 20–40 cm, organo-mineral, loam, many 
medium and coarse fragments (stone line), very 
few artefacts (ceramics), dark reddish brown 
(5YR 3/3), fine subangular blocky structure, 
plastic, common roots, clear wavy boundary; 

– 40–60 cm, organo-mineral, silt loam, common 
fine and medium coarse fragments, without 
artefacts, dark reddish brown (5YR 3/3), granular 
structure, plastic, few roots, clear smooth 
boundary; 

– 60–100 cm, mineral, clay loam, common 
medium coarsefragments, without artefacts, 
yellowish red (5YR 4/6), few reddish brown 
mottles (5YR 4/4), fine subangular blocky 
structure, plastic, very few roots, gradual wavy 
boundary; 

– 100–140 cm, mineral, loam, very few fine and 
medium coarse fragments of weathered 
amphibolite, without artefacts, yellowish red 
(5YR 5/8), many reddish brown mottles (5YR 
4/4), fine angular blocky structure, plastic, very 
few roots, clear wavy boundary; 

– 140–(200) cm, weathered amphibolite, loam, 
many medium and coarse fragments, without 
artefacts, strong brown (7.5YR 5/8), many Mn 
concretions (7.5YR 2.5/1), massive, plastic, 
without roots. 
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Table 5. Texture 

Horizon Depth [cm] 
Percentage share of fractions, size of fractions in mm Textural 

class > 2.0 0.25-2.0 0.05-0.25 0.02-0.05 0.002-0.02 < 0.002 

Ap1 0–20 21 19 23 16 25 18 L 

Ap2 20–40 58 18 23 14 28 17 L 

2Ah 40–60 31 17 10 26 33 15 SiL 

2Bw 60–100 18 11 20 11 24 34 CL 

3Bw 100–140 2 2 16 15 32 34 L 

3C 140–(200) 66 22 15 26 23 14 L 

 

Table 6. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH 

H2O KCl 

Ap1 0–20 27.5 2.2 13 5.1 4.3 

Ap2 20–40 27.1 2.2 12 4.9 4.3 

2Ah 40–60 31.5 2.4 13 5.0 4.4 

2Bw 60–100 5.2 0.3 15 4.9 4.0 

3Bw 100–140 4.4 0.3 14 4.9 4.0 

3C 140–(200) 3.5 0.4 10 5.3 4.7 

 

Table 7. Base cations and CEC (1M AcONH4, pH 7) and Al (1M KCl) 

Horizon Depth [cm] 
Ca Mg Na K Al CEC 

BS [%] 
[cmol(+) kg

-1
] 

Ap1 0–20 0.27 0.08 0.06 0.13 1.01 15.3 4 

Ap2 20–40 0.06 0.03 0.05 0.01 1.11 11.7 1 

2Ah 40–60 0.04 0.06 0.05 0.07 0.83 9.8 2 

2Bw 60–100 0.34 0.06 0.05 0.07 2.15 8.8 6 

3Bw 100–140 0.65 0.14 0.06 0.15 1.73 12.4 8 

3C 140–(200) 1.32 0.42 0.15 0.46 0.08 16.2 15 

 

Table 8. Content of various forms of iron and aluminium 

Horizon Depth [cm] 
Fed Feo Alo 

Alo+0.5Feo 
[%] 

[g∙kg
-1

] 

Ap1 0–20 42.5 6.5 7.0 1.0 

Ap2 20–40 56.0 7.0 11.6 1.5 

2Ah 40–60 53.0 6.8 8.1 1.2 

2Bw 60–100 52.0 2.3 2.4 0.4 

3Bw 100–140 62.7 1.3 1.5 0.2 

3C 140–(200) 46.5 2.7 1.9 0.3 
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 Profile 3 – Skeletic Regosol (Loamic, Ochric, Transportic) 
Location: green area in the University Campus next to the Faculty of Chemistry, foot slope  
                 (gently sloping 2-5%), 240 m a.s.l., lawn, N 42°52'33.47" W 8°33'7.77'' 

 

 
 

   

^A 
 
 
 
 

^C 
 
 
 
 

2^C1 
 
 
 
 

2^C2 

 
 
 
 

2^C3 

 
 
 
 

3Ab 

 

Morphology: 

– 0–10/20 cm, organo-mineral, sandy loam, many 
medium and coarse fragments, very few artefacts 
(ceramics), dark yellowish brown (10YR 4/4), fine 
subangular blocky structure, slightly plastic, common 
roots, abrupt irregular boundary; 

– 10/20–50/60 cm, human transported material, 
sandy loam, many medium and coarse fragments, 
without artefacts, yellowish brown (10YR 5/6), fine 
subangular structure, slightly plastic, common roots, 
clear irregular boundary; 

– 50/60−70 cm, human transported material, sandy 
loam, common medium fragments, very few 
artefacts (bricks and ceramics), dark brown (10YR 
3/3), fine subangular structure, slightly plastic, 
without roots, clear irregular boundary; 

– 70–90 cm, human transported material, sandy 
loam, many medium and coarse fragments, without 
artefacts, olive yellow (2.5Y 6/6), without structure, 
slightly plastic, without roots, diffuse irregular 
boundary; 

– 90–120 cm, human transported material, sandy 
loam, common medium and coarse fragments, 
without artefacts, olive yellow (2.5Y 6/6), without 
structure, slightly plastic, without roots, clear wavy 
boundary; 

– 120–(150) cm, organo-mineral, sandy loam, few 
fine and medium fragments, very few artefacts 
(ceramics), brown (10YR 4/3), fine without structure, 
no plastic, without roots. 
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Table 9. Texture 

Horizon Depth [cm] 
Percentage share of fractions, size of fractions in mm 

Textural class 
> 2.0 0.25-2.0 0.05-0.25 0.02-0.05 0.002-0.02 < 0.002 

^A 0–10/20 35 28 43 7 12 10 SL 

^C 10/20–50/60 43 22 43 16 12 7 SL 

2^C1 50/60–70 24 28 38 7 14 13 SL 

2^C2 70–90 48 26 39 9 14 11 SL 

2^C3 90–120 34 25 40 8 15 12 SL 

3Ab 120–(150) 46 29 34 8 15 14 SL 

 

Table 10. Chemical and physicochemical properties 

 

 

Table 11. Base cations and CEC (1M AcONH4, pH 7) and Al (1M KCl) 

Horizon Depth [cm] 
Ca Mg Na K Al CEC 

BS [%] 
[cmol(+) kg

-1
] 

^A 0–10/20 3.6 0.24 0.05 0.23 0.01 5.3 78 

^C 10/20–50/60 1.8 0.42 0.03 0.19 0.01 5.8 42 

2^C1 50/60–70 3.7 0.50 0.05 0.23 0.02 10.0 45 

2^C2 70–90 3.3 0.44 0.04 0.05 0.02 4.3 89 

2^C3 90–120 2.9 0.21 0.05 0.11 0.02 4.6 71 

3Ab 120–(150) 3.1 0.07 0.07 0.14 0.03 6.9 49 

 

Table 12. Content of various forms of iron and aluminium 

Horizon Depth [cm] 
Fed Feo Alo 

Alo+0.5Feo 
[%] 

[g∙kg
-1

] 

^A 0–10/20 8.8 1.1 1.3 0.2 

^C 10/20–50/60 8.4 0.3 0.4 0.1 

2^C1 50/60–70 8.5 1.4 1.6 0.2 

2^C2 70–90 11.0 0.9 1.0 0.1 

2^C3 90–120 10.8 1.2 1.3 0.2 

3Ab 120–(150) 13.4 3.0 3.2 0.5 

 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH 

H2O KCl 

^A 0–10/20 6.1 0.6 10 7.4 6.0 

^C 10/20–50/60 2.9 0.3 9 7.0 5.1 

2^C1 50/60–70 8.1 0.7 11 6.7 5.7 

2^C2 70–90 4.3 0.5 9 7.1 5.6 

2^C3 90–120 5.1 0.4 13 7.2 5.6 

3Ab 120–(150) 11.5 1.0 11 6.8 5.5 
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 Profile 4 – Urbic Technosol (Eutric, Humic, Loamic, Transportic) 
Location: green area in the University Campus next to the Faculty of Politics, middle slope (moderately  
                  steep 16-30%), 230 m a.s.l., lawn with ornamental species, N 42°52'26" W 8°33'15'' 

 

 
 

   

^Ah1 
 
 
 
 

^Ah2 
 
 
 
 

^AhCu 
 
 
 
 

^Cu 
 
 
 

THM 

2^C 
 

Morphology: 

– 0-8 cm, organo-mineral, sandy loam, 
common fine and medium fragments, very few 
artefacts (brick), very dark greyish brown (10YR 
3/2), fine granular structure, slightly plastic, 
common roots, diffuse wavy boundary; 

– 8–20 cm, organo-mineral, sandy loam, 
common fine and medium fragments, without 
artefacts, very dark greyish brown (10YR 3/2), 
fine subangular blocky structure, slightly 
plastic, few roots, gradual wavy boundary; 

– 20–30 cm, organo-mineral, sandy loam, 
common fine fragments and construction sand, 
dark yellowish brown (10YR 4/4), fine angular 
blocky structure, slightly plastic, few roots, 
gradual wavy boundary; 

– 30–40 cm, construction sand, mineral, sandy 
with many coarse fragments, greyish brown 
(10YR 5/2), without structure, no plastic, 
without roots, abrupt wavy boundary; 

– 40–50 cm, technic hard material (concrete); 

– 50–(100) cm, rubble. 
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Table 13. Texture 

Horizon 
Depth 
[cm] 

Percentage share of fractions, size of fractions in mm 
Textural class 

> 2.0 0.25-2.0 0.05-0.25 0.02-0.05 0.002-0.02 < 0.002 

^Ah1 0–8 14 35 11 18 18 18 L 

^Ah2 8–20 15 35 25 8 21 12 SL 

^AhCu 20–30 16 51 11 15 11 11 SL 

^Cu 30–40 7 82 9 2 2 6 S 

 

 

Table 14. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH 

H2O KCl 

^Ah1 0–8 61.8 4.8 13 5.8 4.9 

^Ah2 8–20 37.0 3.1 12 5.6 4.6 

^AhCu 20–30 11.4 1.0 11 5.8 4.8 

^Cu 30–40 3.0 0.2 15 6.9 6.1 

 

 

Table 15. Base cations and CEC (1M AcONH4, pH 7) and Al (1M KCl) 

Horizon Depth [cm] 
Ca Mg Na K Al CEC 

BS [%] 
[cmol(+) kg

-1
] 

^Ah1 0–8 4.8 1.05 0.13 1.02 0.15 12.3 57 

^Ah2 8–20 2.4 0.50 0.07 0.23 0.50 5.0 65 

^AhCu 20–30 2.2 0.44 0.03 0.14 0.14 4.2 67 

^Cu 30–40 1.5 0.17 0.01 0.09 0.02 1.8 98 

 

 

Table 16. Content of various forms of iron and aluminium 

 

 

  

Horizon Depth [cm] 
Fed Feo Alo 

Alo+0.5Feo 
[%] 

[g∙kg
-1

] 

^Ah1 0–8 12.1 3.8 4.8 0.7 

^Ah2 8–20 13.5 4.1 6.2 0.8 

^AhCu 20–30 7.7 2.0 1.9 0.3 

^Cu 30–40 1.5 0.9 0.7 0.1 
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 Profile 5 – Ekranic Technosol (Humic, Loamic, Mollic, Endocambic) 
Location: old agricultural terraces currently occupied by infrastructures in the University Campus, foot slope  
                  (strongly sloping 10−15%), 205 m a.s.l., N 42°52'24.23" W 8°32'42.68'' 

 

 
 

 

 

 

THM 

Ap1 
 
 
 
 

Ap2 
 
 
 
 

2Ap 
 
 
 
 

2BC 

 
 

Morphology: 

– 0−20 cm, technic hard material, concrete; 

– 20–45 cm, organo-mineral, sandy loam, many 
medium and coarse fragments, very few 
artefacts (brick), dark brown (10YR 3/3), fine to 
medium subangular blocky structure, slightly 
plastic, common roots, clear smooth boundary; 

– 45–60 cm, organo-mineral, sandy loam, 
abundant medium and coarse fragments, 
without artefacts, brown (10YR 4/3), fine to 
medium platy structure, slightly plastic, few 
roots, clear smooth boundary (stone line); 

– 60–75 cm, organo-mineral, sandy loam, 
common fine and medium fragments, very few 
artefacts (brick), dark brown (10YR 3/3), fine 
subangular blocky/platy structure, slightly 
plastic, few roots, abrupt smooth boundary; 

– 75–(130) cm, mineral, sandy loam, many 
medium and coarse fragments, without 
artefacts, yellowish brown (10YR 5/6), very fine 
subangular blocky structure, slightly plastic, very 
few roots. 
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Table 17. Texture 

Horizon 
Depth 
[cm] 

Percentage share of fractions, size of fractions in mm 
Textural class 

> 2.0 0.25-2.0 0.05-0.25 0.02-0.05 0.002-0.02 < 0.002 

Ap1 20–45 36 31 24 18 15 13 SL 

Ap2 45–60 40 19 35 18 12 17 SL 

2Ap 60–75 43 32 35 8 11 14 SL 

2BC 75–(130) 41 28 48 6 8 9 SL 

 

 

Table 18. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH 

H2O KCl 

Ap1 20–45 22.4 1.8 13 7.3 6.1 

Ap2 45–60 13.9 1.2 12 6.9 5.5 

2Ap 60–75 11.8 1.1 11 6.9 5.7 

2BC 75–(130) 2.7 0.3 8 6.4 4.2 

 

 

Table 19. Base cations and CEC (1M AcONH4, pH 7) and Al (1M KCl) 

Horizon Depth [cm] 
Ca Mg Na K Al CEC 

BS [%] 
[cmol(+) kg

-1
] 

Ap1 20–45 5.4 0.58 0.12 0.47 0.02 9.8 67 

Ap2 45–60 3.7 0.34 0.22 0.60 0.03 11.1 44 

2Ap 60–75 3.7 0.32 0.07 0.32 0.03 7.2 61 

2BC 75–(130) 1.3 0.21 0.15 0.47 0.13 5.4 39 

 

 

Table 20. Content of various forms of iron and aluminium 

 

 

  

Horizon Depth [cm] 
Fed Feo Alo 

Alo+0.5Feo 
[%] 

[g∙kg
-1

] 

Ap1 20–45 10.1 3.7 4.1 0.6 

Ap2 45–60 10.6 2.7 3.5 0.5 

2Ap 60–75 13.2 2.8 3.2 0.5 

2BC 75–(130) 17.5 0.4 0.5 0.1 
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 Profile 6 – Ekranic Technosol (Eutric, Transportic) 
Location: street in the city center, upper slope (steep 30−60%), 250 m a.s.l., sidewalk without vegetation,  
                  N 42°52'36.69" W 8°32'31.37'' 

 

 
 

   

THM 
 

^C1 
 
 
 
 

^C2 
 
 
 
 

^C3 
 
 
 
 

^C4 
 
 
 
 

^Cu 
 
 
 
 

^C5 
 
 
 
 

2R 

Morphology: 

– 0–15 cm, technic hard material, concrete with 
paving stones; 

– 15–30 cm, mineral, sandy loam, abundant fine 
and medium fragments, very few artefacts 
(brick, concrete), dark yellowish brown (10YR 
4/4), fine platy/angular blocky structure, slightly 
plastic, without roots, clear wavy boundary; 

– 30–35 cm, mineral, sandy loam, abundant fine, 
medium and coarse fragments, very few 
artefacts (brick), dark brown (10YR 3/3), fine 
angular blocky structure, slightly plastic, without 
roots, clear wavy boundary; 

– 35–55 cm, mineral, loamy sand, abundant fine, 
medium and coarse fragments, very few 
artefacts (brick), yellowish brown (10YR 5/4), 
fine angular blocky structure, slightly plastic, 
without roots, clear wavy boundary; 

– 55–75 cm, mineral, sandy loam, abundant fine, 
medium and coarse fragments, few artefacts 
(brick, ceramics), yellowish brown (10YR 5/4), 
without structure, non plastic, without roots, 
clear wavy boundary; 

– 75–90 cm, mineral, loamy sand, dominant 
coarse fragments, common artefacts (brick, 
ceramics), yellowish brown (10YR 5/4), without 
structure, non plastic, without roots, clear wavy 
boundary; 

– 90–115 cm, mineral, loamy sand, abundant 
fine, medium and coarse fragments, very few 
artefacts (brick), yellowish brown (10YR 5/4), 
without structure, non plastic, without roots, 
abrupt irregular boundary; 

– 115–(160) weathered schist. 
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Table 21. Texture 

Horizon 
Depth 
[cm] 

Percentage share of fractions, size of fractions in mm 
Textural class 

> 2.0 0.25-2.0 0.05-0.25 0.02-0.05 0.002-0.02 < 0.002 

^C1 15–30 45 33 28 14 15 9 SL 

^C2 30–35 48 36 33 11 12 8 SL 

^C3 35–55 50 44 35 6 9 7 LS 

^C4 55–75 46 54 21 13 6 5 SL 

^Cu 75–90 90 - - - - - LS 

^C5 90–115 55 55 22 12 5 5 LS 

 

Table 22. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH 

H2O KCl 

^C1 15–30 0.39 0.2 19 8.2 7.2 

^C2 30–35 0.49 0.3 17 8.1 6.6 

^C3 35–55 0.29 0.2 12 7.5 5.9 

^C4 55–75 0.26 0.2 13 7.8 6.3 

^Cu 75–90 0.33 0.3 11 7.5 6.1 

^C5 90–115 0.25 0.2 11 8.3 7.5 

 

Table 23. Base cations and CEC (1M AcONH4, pH 7) and Al (1M KCl) 

Horizon Depth [cm] 
Ca Mg Na K Al CEC 

BS [%] 
[cmol(+) kg

-1
] 

^C1 15–30 5.2 0.06 0.13 1.96 0.03 6.1 100 

^C2 30–35 3.2 0.08 0.15 1.92 0.03 5.3 100 

^C3 35–55 0.8 0.04 0.15 0.80 0.03 2.0 91 

^C4 55–75 1.0 0.03 0.06 0.45 0.03 1.9 81 

^Cu 75–90 1.1 0.05 0.06 0.39 0.03 1.6 100 

^C5 90–115 2.1 0.03 0.02 0.14 0.01 2.6 90 

 

Table 24. Content of various forms of iron and aluminium 

Horizon Depth [cm] 
Fed Feo Alo 

Alo+0.5Feo 
[%] 

[g∙kg
-1

] 

^C1 15–30 10.1 3.8 1.8 0.4 

^C2 30–35 11.0 9.7 1.9 0.7 

^C3 35–55 4.7 1.2 2.1 0.3 

^C4 55–75 2.6 0.5 2.2 0.2 

^Cu 75–90 3.0 0.8 2.9 0.3 

^C5 90–115 2.3 1.1 2.0 0.3 
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 Profile 7 – Ekranic Technosol (Dystric, Transportic) 
Location: street in the city center, middle slope (strongly sloping 10−15%), 265 m a.s.l., road pavement 

without vegetation, N 42°53'03" W 8°32'00'' 

 

 
 

   

THM 
 

^C1 
 
 
 
 

^C2 
 
 
 
 

^Cu 
 
 
 

2BC 
 
 
 

Morphology: 

– 0−70 cm, technic hard material, several layers 
of asphalt and concrete; 

– 70–130/140 cm, mineral, sandy loam, 
abundant coarse fragments, few artefacts (brick, 
plastic), yellowish brown (10YR 5/6), massive 
without structure, slightly plastic, without roots, 
clear wavy boundary; 

– 130/140–150 cm, mineral, sandy loam, many 
medium and coarse fragments, without 
artefacts, brownish yellow (10YR 6/6), fine 
angular blocky structure, slightly plastic, without 
roots, abrupt smooth boundary; 

– 150–155 cm, construction sand, mineral, sandy 
loam, few fine fragments, pale brown (10YR 
6/3), without structure, non plastic, without 
roots, abrupt smooth boundary; 

– 155–(200) cm, mineral, loam, many medium 
and coarse fragments, without artefacts, 
yellowish brown (10YR 5/6) with Mn concretions 
(10YR 2/2), fine subangular blocky structure, 
slightly plastic, very few roots. 
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Table 25. Texture 

Horizon Depth [cm] 
Percentage share of fractions, size of fractions in mm 

Textural class 
> 2.0 0.25-2.0 0.05-0.25 0.02-0.05 0.002-0.02 < 0.002 

^C1 70–130/140 43 26 32 14 15 12 SL 

^C2 130/140–150 19 20 39 18 11 12 SL 

^Cu 150–155 11 33 37 9 10 11 SL 

2BC 155–(200) 31 22 31 14 17 16 L 

 

 

Table 26. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH 

H2O KCl 

^C1 70–130/140 4.8 0.6 9 6.3 5.4 

^C2 130/140–150 4.8 0.3 16 7.0 5.9 

^Cu 150–155 3.9 0.4 11 6.5 5.7 

2BC 155–(200) 6.2 0.7 9 5.5 4.5 

 

 

Table 27. Base cations and CEC (1M AcONH4, pH 7) and Al (1M KCl) 

Horizon Depth [cm] 
Ca Mg Na K Al CEC 

BS [%] 
[cmol(+) kg

-1
] 

^C1 70–130/140 2.41 0.59 0.42 0.61 0.00 11.5 35 

^C2 130/140–150 1.80 0.33 0.28 0.45 0.00 5.2 55 

^Cu 150–155 1.44 0.24 0.26 0.42 0.00 4.5 52 

2BC 155–(200) 1.66 0.39 0.29 0.34 0.08 11.3 24 

 

 

Table 28. Content of various forms of iron and aluminium 

Horizon Depth [cm] 
Fed Feo Alo 

Alo+0.5Feo 
[%] 

[g∙kg
-1

] 

^C1 70–130/140 15.6 2.6 1.1 0.2 

^C2 130/140–150 10.9 2.0 1.3 0.2 

^Cu 150–155 3.3 0.7 1.1 0.1 

2BC 155–(200) 14.5 3.2 1.4 0.3 
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Fig. 2. Sequence of the soils of Santiago de Compostela 
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Fig. 1. Location 
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 Profile 1 – Epileptic Calcisol (Loamic, Ochric) 
Location: straight 5% slope, shrubs, 1033 m a.s.l.,   N 40°58'35" W 1°27'47" 

 

 
 

 

 

 

A 
 
 
 
 

Bwk 
 
 
 
 

R 
 
 
 
 
 

 
 
 
 
 

 

Morphology: 

– 0–25 cm, humus horizon, sandy loam, 7.5YR 
4/4, dry, fine to medium strong subangular 
blocky structure, compact, hard, frequent worm 
casts, frequent very fine and fine vertical roots, 
abrupt and smooth boundary; 

– 25–45 cm, calcic horizon, sandy loam, 7.5YR 
4/4, dry, fine moderate subangular blocky 
structure, compact, hard, few vertical roots, 
common nodules and pendants of calcium 
carbonate, abrupt and irregular boundary; 

– 45–(50) cm, quartzite. 
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Table 1. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions 
in mm Textural class 

> 2.0 2.0-0.05 0.05-0.002 < 0.002 

A 0–25 6–15 69 21 10 SL 

Bwk 25–45 6–15 62 22 16 SL 

 

 

Table 2. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

EC (1:5) 

[dS∙m
-1

 

25°C] 

Gypsum 

[g∙kg
-1

] 

pH 

(sat.extr.) 

CaCO3 

[g∙kg
-1

] 

A 0–25 12 0.20 0 7.6 333 

Bwk 25–45 7 0.17 0 7.7 410 
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 Profile 2 – Epipetric Skeletic Calcisol (Loamic, Ochric) 
Location: alluvial fan, 4% slope, winter grains, 1008 m a.s.l., N 40°58'17.7" W 1°28'43.17" 

 

 
 

  

 

 

Ap 
 
 
 

Bkm 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

Morphology: 

– 0–28/31 cm, humus horizon, sandy loam, 7.5YR 
3.5/3.5, dry, very fine to fine strong subangular 
blocky structure, compact, slightly hard, 
boundary; 

– 28/31–(60) cm, petrocalcic horizon, strongly 
cemented by CaCO3, fragmented layer, 10YR 7.5/6 
in the upper part and 2.5YR 5/8 in the lower part.  
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Table 3. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions 
in mm Textural class 

> 2.0 2.0-0.05 0.05-0.002 < 0.002 

Ap 0–28/31 50–70 73 22 5 SL 

 

 

Table 4. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

EC (1:5) 

[dS∙m
-1

 

25°C] 

Gypsum 

[g∙kg
-1

] 

pH 

(sat.extr.) 

CaCO3 

[g∙kg
-1

] 

Ap 0–28/31 21 0.2 0 8.3 230 
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 Profile 3 – Calcic Kastanozem (Loamic, Raptic) 
Location: lower flat-bottom valley, slope <5%, arable, water table at 170 cm depth,  
                  997 m a.s.l., N 40˚58’3.5’’  W 1˚28’43.3’’ 

 

 
 

 

 

 

Ap 

 
 

A 
 
 

 

 
Bwk 
 
 

 
 

2C 
 
 

2Ck 
 
 

 
 
 

Morphology: 

– 0–35/40 cm, mollic horizon, sandy loam, 
10YR3/2, dry, coarse moderate subangular blocky, 
compact, very hard, abrupt and wavy boundary 

– 35/40–50/55 cm, humus horizon, sandy loam, 
10YR 4/2, frequent mottles 10YR 5/5, dry, medium 
moderate subangular blocky, compact, very hard, 
frequent nodules of CaCO3, gradual and wavy 
boundary; 

– 50/55–100 cm, calcic horizon, clay loam, 2.5Y 
6/3, few mottles 10YR 7/8, moist, medium 
moderate subangular blocky, compact, very hard, 
frequent worm channels, frequent nodules of 
CaCO3, abrupt and smooth boundary; 

– 100–125/135 cm, loamy sand, 10YR 4/2, 
frequent mottles 10YR 5/8, moist, massive, slightly 
compact, abrup and wavy boundary; 

– 125/135–(180) cm, sandy loam, 7.5YR 6/8, 
moist, massive, slightly compact, few Fe-Mn 
concretions, few nodules of CaCO3. 
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Table 5. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in 
mm Textural class 

> 2.0 2.0-0.05 0.05-0.002 < 0.002 

Ap 0–35/40 0 60 30 10 SL 

A 35/40–50/55 1–5 55 25 20 SL 

Bwk 50/55–100 1–5 40 26 34 CL 

2C 100–125/135 16–35 86 11 3 LS 

2Ck 125/135–180 6–15 67 26 8 SL 

 

 

Table 6. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

ECe 
(sat.extr.) 

[dS∙m
-1

 

25°C] 

SAR 
Gypsum 

[g∙kg
-1

] 

pH 

(sat.extr.) 

CaCO3 

[g∙kg
-1

] 

Ap 0–35/40 19 1.07 0.4 0 8.2 256 

A 35/40–50/55 10 0.92 0.7 0 8.5 441 

Bwk 50/55–100 3 0.42 0.4 0 8.5 497 

2C 100–125/135 1 0.33 0.3 0 8.5 311 

2Ck 125/135–180 1 0.41 0.3 0 8.1 385 
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 Profile 4 – Gleyic Calcic Kastanozem (Aric, Amphiclayic, Endoloamic, Pachic) 
Location: lower flat-bottom valley, slope <5%, arable, water table at 160 cm depth  
                  994 m a.s.l., N 40˚57’03’’  W 1˚28’54’’ 

 

 
 

  

 

 

Ap 

 
 

A 
 
 

 

Bwkl 
 
 
 
 
 

 
 
2Ckl 
 
 
 

 
 

Morphology: 

– 0–29/33 cm, mollic horizon, sandy loam, 10YR 
3/2, dry, medium strong subangular blocky, 
compact, hard, abrupt and smooth boundary; 

– 29/33–60 cm, mollic horizon, clay, 2.5Y 3/2, 
frequent mottles 10YR 5/4, dry, very fine strong 
subangular blocky, compact, hard, gradual and 
smooth boundary; 

– 60–131/136 cm, calcic horizon with gleyic 
properties, clay loam, 2.5Y 7/2, frequent mottles 
10YR 7/6, slightly moist, medium moderate 
subangular blocky, compact, friable, frequent 
worm channels, abundant hard nodules of CaCO3, 
soft Fe-Mn concretions, abrupt and wavy 
boundary with a stone line of angular-tabular 
quartzite rock fragments; 

– 131/136–(165) cm, calcic horizon with gleyic 
properties, sandy loam, 2.5Y 6/4, abundant 
mottles 10YR 7/8, wet, medium weak layered, 
compact, very friable, very slightly cemented, 
frequent friable nodules of CaCO3. 
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Table 7. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in 
mm Textural class 

> 2.0 2.0-0.05 0.05-0.002 < 0.002 

Ap 0–29/33 0 61 30 9 SL 

A 29/33–60 0 32 27 41 C 

Bwkl 60–131/136 0 44 19 37 CL 

2Ckl 131/136–165 6–15 69 22 9 SL 

 

 

Table 8. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

ECe 
(sat.extr.) 

[dS∙m
-1

 

25°C] 

SAR 
Gypsum 

[g∙kg
-1

] 

pH 

(sat.extr.) 

CaCO3 

[g∙kg
-1

] 

Ap 0–29/33 14 0.6 1.1 0 8.3 271 

A 29/33–60 8 0.9 4.8 0 8.6 339 

Bwkl 60–131/136 2 0.5 0.7 0 8.5 628 

2Ckl 131/136–165 1 0.4 0.4 0 8.4 254 
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 Profile 5 – Calcic Sodic Gleyic Solonchak (Chloridic, Evapocrustic, Loamic, Ochric, Amphiraptic, Hypersalic) 
Location: sandbar on the lake fringe, slope <3%, halophytic communities, water table at 152 cm depth,  
                   993 m a.s.l.,   N 40°57'42.43" W 1°28'33.33" 

  
  

 

 

Cz 

 
Ayz 

 
 

 
2Czr 

 
 

 
3Czkr 

 
 
 

 

 

 4Czkr 

 

 

 

Morphology: 

– 0–0.2 cm, saline crust, 2.5Y 5/2, abrupt and 
smooth boundary; 

– 0.2–12 cm, salic horizon, sandy loam, 10YR 5/2, 
slightly moist, fine strong granular, compact, 
loose, very few gypsum crystals, abrupt and 
smooth boundary; 

– 12–84/90 cm, salic horizon with gleyic 
properties, clay loam, 2.5Y 7/1, moist, massive, 
slightly compact to compact, friable, abrupt and 
wavy boundary; 

– 84/90–115/120 cm, salic and protocalcic 
horizon with gleyic properties,, sandy loam, 2.5Y 
5/2, abundant mottles 7.5YR 5/8, 2.5Y 6/2, and 5Y 
7.5/2, wet, massive, slightly compact to compact, 
friable, abundant hard nodules of CaCO3, soft Fe-
Mn concretions, clear and wavy boundary;  

– 115/120–(170) cm, salic and calcic horizon with 
gleyic properties, clay loam, 10YR 6/3, abundant 
mottles 7.5YR 5/8 and 2.5Y 6/2, moist, massive, 
slightly compact, frequent friable nodules of 
CaCO3. 
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Table 9. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in 
mm Textural class 

> 2.0 2.0-0.05 0.05-0.002 < 0.002 

Ayz 0.2–12 <1 73 18 9 SL 

2Czr 12–84/90 0 42 25 33 CL 

3Czkr 84/90–115/120 0 76 17 8 SL 

4Czkr 115/120–170 1–5 36 26 39 CL 

 

 

Table 10. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

ECe 

(sat.extr.) 

[dS∙m
-1

 

25°C] 

SAR 
Gypsum 

[g∙kg
-1

] 

pH 

(sat.extr.) 

CaCO3 

[g∙kg
-1

] 

Ayz 0.2–12 11 18 13 271 7.8 367 

2Czr 12–84/90 3 37 23 145 7.8 526 

3Czkr 84/90–115/120 1 21 15 170 8.2 134 

4Czkr 115/120–170 1 18 14 286 8.1 346 

 

 

Table 11. Some chemical properties of the saturation extract (meq∙l
-1

) 

Horizon 
Depth  
[cm] 

Cl
-
 SO4

2-
 HCO3

-
 CO3

2-
 Na

+
 Ca

2+
 Mg

2+
 K

+
 

Ayz 0.2–12 155 57 3 0 98 55 54 5 

2Czr 12–84/90 373 128 2 0 243 46 171 4 

3Czkr 84/90–115/120 176 102 2 0 127 40 98 3 

4Czkr 115/120–170 136 97 2 0 105 37 82 2 
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 Profile 6 – Gypsic Sodic Gleyic Solonchak (Amphiclayic, Chloridic, Calcaric, Evapocrustic, Humic, Epiloamic,  
                    Amphiraptic, Hypersalic) 
Location: lake bed, slope <1%, bare soil with salt crust and Ruppia communities, water table at 90 cm depth,  
                   992 m a.s.l.,   N 40°57'34.67" W 1°28'44.87" 
 

 

  

 

 

 

Cz 

 
Ayzr 

 
 

 
ACyzr1 

 
 
 

 
ACyzr2 

 
 

 
 

2ACyzr1 
 
 

 

2Cyzr 

 

 

3Cyzr 

Morphology: 

– 0–0.5 cm, saline and biotic crust, N 6.5/1, 
abrupt and wavy boundary; 

– 0.5–6/10 cm, salic and gypsic horizon, loamy 
sand, 10B 2.5/1, mottles 5Y 6/1, slightly moist, 
massive, slightly compact, common gypsum 
crystals, abrupt and wavy boundary; 

– 6/10–14/16 cm, salic and gypsic horizon, 
sandy loam, 10B 2.5/1, wet, coarse moderate 
layered, slightly compact, slightly sticky, slightly 
plastic, common gypsum crystals, abrupt and 
wavy boundary; 

– 14/16–24 cm, salic and gypsic horizon, loam, 
10B 5.5/1, mottles 10B 5.5/2, very coarse very 
weak layered, slightly compact, sticky, plastic, 
silt coatings in crack faces, common gypsum 
crusts, very abrupt and smooth boundary;  

– 24–42 cm, salic and gypsic horizon, clay loam, 
10B 5.5/1, mottles 10B 4.5/1, wet, massive, 
slightly compact, sticky, plastic, silt coatings in 
vertical galleries, common gypsum crystals, 
abrupt and smooth boundary; 

– 42–90/106 cm, salic and gypsic horizon, silty 
clay, 2.5GY 6/1, wet, massive, slightly compact, 
sticky, plastic, common gypsum crystals and 
nodules, abrupt and smooth boundary; 

 – 90/106–(110) cm, salic and gypsic horizon, 
clay, 7.5GY 6/1, wet, massive, common gypsum 
crystals, abrupt and smooth boundary. 
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Table 12. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in 
mm Textural class 

> 2.0 2.0-0.05 0.05-0.002 < 0.002 

Ayzr 0.6–6/10 0 80 16 5 LS 

ACyzr1 6/10–14/16 0 62 25 12 SL 

ACyzr2 14/16–24 0 44 32 24 L 

2ACyzr1 24–42 0 45 26 29 CL 

2Cyzr2 42–90/106 0 15 40 45 SiC 

3Cyzr 90/106–110 0 16 38 46 C 

 

 

Table 13. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

ECe 
(sat.extr.) 

[dS∙m
-1

 

25°C] 

SAR 
Gypsum 

[g∙kg
-1

] 

pH 

CaCO3 

[g∙kg
-1

] (sat.extr.) 

Ayzr 0.6–6/10 34 182 113 271 7.9 184 

ACyzr1 6/10–14/16 36 145 69 145 8.5 293 

ACyzr2 14/16–24 23 105 50 170 8.6 366 

2ACyzr1 24–42 20 100 41 286 8.2 280 

2Cyzr2 42–90/106 7 98 40 57 7.9 520 

3Cyzr 90/106–110 6 82 38 43 7.7 360 

 

 

Table 14. Some chemical properties of the saturation extract (meq∙l
-1

) 

Horizon 
Depth  
[cm] 

Cl
-
 SO4

2-
 HCO3

-
 CO3

2-
 Na

+
 Ca

2+
 Mg

2+
 K

+
 

Ayzr 0.6–6/10 5172 819 11 0 3537 8 1950 86 

ACyzr1 6/10–14/16 1995 373 3 0 1426 40 806 42 

ACyzr2 14/16-24 1173 377 3 0 910 43 631 26 

2ACyzr1 24–42 1051 436 2 0 784 37 682 24 

2Cyzr2 42–90/106 795 299 1 0 567 25 383 14 

3Cyzr 90/106–110 788 299 2 0 609 38 469 20 
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Fig. 1. Location 
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 Profile 1 – Mollic Katoleptic Andosol (Protoandic, Thixotropic)  
Location: Alkali basalts, Vulcanic flow in hillslope, lower slope (2,6%), east aspect (125°N),  Eucaliptus 

plantation (burnt in 1996) undergrowth, 640 m a.s.l.,   N 40°14'15.9'' E 8°32'53.7'' 

 

 
 

   

Oi 

 
Ah1 

 
 
 
 
 
 
 

Ah2 
 
 
 
 
 
 
 
 

Bw 
 
 
 
 
 
 
 

R 
 

Morphology: 

– 0,5–0 cm, slightly decomposed organic 
material, leaves; 

– 0–5 cm, mollic horizon, dark gray color  
(5YR 2.5/2), wet, silt loam, gravel 10/15%, 
moderate  lumpy and polyhedral subangular 
structure with fine-sized top-down trend, brittle 
from wetness, abundant small (<1mm) to very 
small (1–2 mm) pores, normal drainage, 
abundant oblique and vertical roots of small 
dimensions; intense biological activity; 

– 5–25 cm, mollic horizon, dark gray (2.5YR 3/2), 
wet, loam, gravel 10%, common pores ranging in 
size from small (1–2mm) to medium (2–5mm); 
moderate subangular polyhedral type 
aggregation of fine to medium; crumbly when 
wet; normal drainage; common roots running 
from horizontal to vertical and oblique, mostly 
small but also medium in size; medium biological 
activity;  

– 25–45 cm, reddish brown (7.5R 3.5/6), wet, 
loamy sand, skeleton 10%, small (1–2mm) to 
medium (2–5mm) common pores, moderate fine 
to medium sized subangular polyhedral 
aggregation; crumbly when wet; normal 
drainage; common roots running from horizontal 
to vertical and oblique, mostly small but also 
medium in size; medium biological activity; 

– 45–(60) cm, weak altered Pliocenic Basalts. 
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Table 1. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 
Textural class 

> 2.0 2.0-1.0 1.0-0.5 0.5-0.2 0.2-0.05 0.05-0.002 <0.002 

Ah1 0–5 7.2 12.0 2.0 2.0 29.1 46.2 8.7 SiL 

Ah2 5–25 15.3 7.0 1.5 1.8 37.6 44.3 7.8 L 

Bw 25–45 36.0 6.0 1.0 1.0 55.4 32.0 4.6 LS 

R 45–(60) - - - - - - - - 

 

Table 2. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH CaCO3 

[g∙kg
-1

] H2O KCl 

Ah1 0–5 63 7,1 9 7.4 6.8  

Ah2 5–25 55 5,9 9 6.2 5.2  

Bw 25–45 31 3,0 10 6.1 6.1  

R 45–(60) - - - - - - 
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 Profile 2 – Endoskeletic Umbrisol (Protoandic, Amphiarenic, Colluvic, Pachic)   
Location: not altered Alkali – Basalts covered by colluvial materials in hillslope, 2–6% slope, aspect SE  

                    (105° N) deciduous coppice (Nuts and Chestnut), 655 m a.s.l., N 40°13'23.22'' E 8°42'22.18' 

 

 
 

 

 

 

Ah1 
 
 
 
 
 
 
 

Ah2 
 
 
 
 
 
 
 

Ah3 
 
 
 
 
 
 
 
 

Ah4 
 
 
 
 
 
 

2C 
 

Morphology: 

– 0–8 cm, umbric horizon, colluvial material, dark 
gray (5YR 2.5/2), wet, loam, gravel <5%, moderate 
polyhedral and subangular to angular fine 
structure; crumbly when wet; abundant pores of 
very small (<1mm) and small (1–2 mm) sizes; 
normal drainage; common roots with oblique and 
vertical course of small dimensions; intense 
biological activity; 

– 8–30 cm, umbric horizon, colluvial material, dark 
gray (5YR 2.5/2) wet, loamy sand, gravel <5%, 
moderate angular and polyhedral medium 
structure, crumbly when wet, abundant pores of 
very small (<1mm) and small (1–2 mm) sizes, 
normal drainage, common small roots with oblique 
and vertical course and in smaller quantities of 
medium size, intense biological activity; 

– 30–50 cm, umbric horizon, colluvial material, 
dark gray (5YR 2.5/2), loamy sand, gravel <5%, 
angular polyhedral type aggregation of medium to 
coarse size with a strong degree of aggregation; 
crumbly when wet, common pores of small size 
(1–2 mm), normal drainage, roots from common 
to sparse with oblique and vertical course of small 
size and in smaller quantities of medium size, 
average biological activity; 

– 50–70/75 cm, umbric horizon, colluvial material, 
dark gray (5YR 2.5/2), loamy sand, gravel 5–10%, 
strong angular polyhedral medium to coarse 
structure, crumbly when wet, common small 
pores, normal drainage, scanty medium and small 
roots with oblique and vertical course, average 
biological activity;  

– 70/75–(90) cm, gravels 60/70% of rounded type 
of coarse size (10–25 cm). 
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Table 3. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 
Textural class 

> 2.0 2.0-1.0 1.0-0.5 0.5-0.2 0.2-0.05 0.05-0.002 <0.002 

Ah1 0–8 4.1 1 5 1.2 44.3 33.1 15.4 L 

Ah2 8–30 12.1 2 7 1.6 47.0 33.2 9.2 LS 

Ah3 30–50 6.6 1 6 2.1 50.3 31.7 8.9 LS 

Ah4 50–70/75 3.3 2 1 4 55.6 29.7 7.7 LS 

2C 70/75–(90) 70.0 - - - - - - - 

 

Table 4. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH CaCO3 

[g∙kg
-1

] H2O KCl 

Ah1 0–8 114 8,4 14 6.1 5.1 - 

Ah2 8–30 42 3,5 12 5.6 4.4 - 

Ah3 30–50 31 2,1 15 5.9 4.6 - 

Ah4 50–70/75 30 2,0 15 6.1 4.6 - 

2C 70/75–(90) - - - - - - 
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 Profile 3 – Haplic Umbrisol (Protoandic, Chromic, Colluvic, Anoloamic)  
Location: Hillslope/ basaltic plateau, slope 2–6% , mixed forest with Quercus Pubescens and Quercus Suber, 

aspect SE (160° N),  725 m a.s.l., N 40°13'25.5" E 8°42'06.6" 

 

 
 

 

 

 

Ah1 
 
 
 
 
 
 

Ah2 
 
 
 
 
 
 
 

BC 
 
 
 
 
 
 
 

C 
 
 

 
 

 
 
 

Morphology: 

– 0–10 cm, umbric horizon, dark gray (7.5YR 3/2), 
wet, sandy loam, gravel 5–10%, moderate 
subangular polyhedral fine structure, crumbly 
when wet; common pores of small (1–2 mm) and 
medium size (2–5 mm); normal drainage, common 
roots with vertical and oblique course of small 
dimensions, intense biological activity; 

– 10–35 cm, umbric horizon, dark gray (7.5YR 3/2), 
wet, sandy loam, gravel 5–10%, moderate to 
strong subangular polyhedral medium structure, 
crumbly when wet; common pores of small (1–2 
mm) and medium size (2–5 mm); normal drainage; 
roots from common to scarce with vertical and 
oblique course of small dimensions; average 
biological activity; 

– 35–60 cm, transitional horizon, reddish brown 
(5YR 4/6), wet, sandy loam, graves 25%, moderate 
subangular polyhedral medium to coarse 
structure,  crumbly when wet, few pores of small 
size (1–2 mm) and very small (<1 mm), normal 
drainage, roots from scarce to absent with vertical 
and oblique course of small dimensions, absent 
biological activity; 

– 60–(70) cm, parent material, sandy loam. 
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Table 5. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 
Textural class 

> 2.0 2.0-1.0 1.0-0.5 0.5-0.2 0.2-0.05 0.05-0.002 <0.002 

Ah1 0–10 4.2 2.8 2.2 12 41.0 28.5 13.5 SL 

Ah2 10–35 2.7 0.9 1.2 12 45.2 30.3 10.4 SL 

BC 35–60 - - 1 1 71.2 11.3 15.5 SL 

 

Table 6. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH CaCO3 

[g∙kg
-1

] H2O KCl 

Ah1 0–10 57 4.4 13 6.3 4.3 - 

Ah2 10–35 30 2.8 11 6.1 4.7 - 

BC 35–60 3 0.6 5 6.3 4.6 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

132 

 

 

 

Fig. 2. Schematic representation of the soil profiles (Vacca et al., 2009) 
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Fig. 1. Location 
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Fig. 2. Bathymetric model of the studied area showing the shallowness of the Trieste bay (25 m resolution).
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 Profile 1 – Fluvic Gleyic Solonchak (Clayic, Calcaric) 

Location: Coastal area (50 m from the upper tide line), inclination 0, reed and salt tolerant Limonium 
angustifolium, 1 m a.s.l., N 45°34'08.8" E 13°44'34.5" 

 

 
 

 

 

 

Oi 
 
 

AC 
 
 
 
 

Cr 
 
 
 
 
 

2Cl 
 
 
 
 

3Cr 
 
 
 

 

Morphology: 

– 7–0 cm, poorly decomposed organic material, 
clear and smooth boundary, moist, 1/3 of the 
year saturated with water;  
– 0–8 cm, poorly developed humus horizon, 
clear and smooth boundary, silt clay loam, dark 
grey (2.5Y 4/1), very strongly calcareous, weak 
subangular blocky, wet, common fine and 
medium roots;  
– 8–32 cm, parent material, clear and smooth 
boundary, silt clay, grey (2,5YR 6/1) and reddish-
brown mottles (2,5YR 4/4), very strongly 
calcareous, weak subangular blocky to massive, 
wet with reducing conditions, common fine and 
medium roots; 
– 32–40 cm, parent material, clear and smooth 
boundary, silt clay, grey (N6) and reddish-brown 
mottles (5YR 4/3), extremely calcareous, cloddy 
to massive, wet with reducing conditions, few 
fine roots; 
– 40–(60) cm, parent material, silt clay, grey (N6) 
and reddish-brown mottles (5YR 4/3), very 
strongly calcareous, cloddy massive, wet with 
reducing conditions, very few fine roots. 
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Table 1. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 
Textural 

class > 2.0 2.0-1.0 1.0-0.5 
0.5-
0.25 

0.25-
0.1 

0.1-
0.05 

0.05-
0.02 

0.02-
0.005 

0.005-
0.002 

< 0.002 

Oi 7–0 - - - - - - - - - - - 

AC 0–8 0.7 0 0 0 0 4 17 26 18 35 SCL 

Cr 8–32 0.6 0 0 0 0 2 10 24 20 44 SC 

2Cl 32–40 0 0 0 0 0 10 8 20 18 44 SC 

3Cr 40–(60) 0.4 0 0 0 0 4 7 21 21 47 SC 

 

 

Table 2. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH CaCO3 

[g∙kg
-1

] H2O KCl 

Oi 7–0 32.8 1.25 26.2 7.5 7.2 7.0 

AC 0–8 3.53 0.15 23.2 8.4 7.6 29.8 

Cr 8–32 - - - 9.2 7.9 28.9 

2Cl 32–40 - - - 8.6 8.0 51.9 

3Cr 40–(60) - - - 8.5 7.8 26.7 
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 Profile 2 – Anocalcaric Amphistagnic Mollic Tidalic Gleysol (Epiloamic, Humic, Hypersalic, Sodic, Sulfidic) 

Location: Tidal plane, inclination 0, reed and sea rush (Juncus maritimus), 0 m a.s.l.,  
N 45°35'28.3"  E 13°43'14.8" 

 

 
 

 

 
 

 

Hi1 
 
 
 
 

Hi2 
 
 
 
 
 

HiC 
 
 
 
 
 

C 
 
 

 
 
 
 
 
 

 

Morphology*: 

– 0–23 cm, poorly decomposed, rotting organic 
material (very strong and distinct odor of rotten 
eggs), plant tissue is clearly visible (fig. 3), gradual 
and wavy boundary, sandy loam, N 3/, structure-
less; 
– 23–40 cm, poorly decomposed, rotting organic 
material (very strong and distinct odor of rotten 
eggs), plant tissue is less, but still clearly visible, 
gradual and wavy boundary, root channels filled 
with organic matter, sandy loam, 2.5Y 4/2, 
structureless;  
– 40–48 cm, poorly decomposed, rotting organic 
material, mixed with parent material, diffuse and 
wavy boundary, silt loam, 2.5Y 5/8, weakly 
developed granular; very few worm channels, few 
hard shells of crustaceans and snail remains, few 
fine roots; 
– 48–(60) cm, parent material, silt loam, 2.5Y 5/8, 
nearly single grain, very few hard shells of 
crustaceans and snail remains, very few fine roots. 
-------------- 
* When collected, entire sample was in liquid state; 
soil is completely saturated with sea water for 8-12 
hours per day; the sample on the picture has been 
slowly drained in the period of two weeks without 
disturbing the profile and without access of air; all 
the samples are extremely calcareous and saline. 
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Table 3. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of 
fractions in mm 

Textural class 
Sand 

2-0,5 

Silt 

0,5 - 0,002 

Clay 

< 0,002 

Hi1 0–23 66.3 28.0 5.7 SL 

Hi2 23–40 55.2 37.4 7.4 SL 

HiC 40–48 34.6 53.3 12.1 SiL 

C 48–(60) 26.4 58.7 14.9 SiL 

 

 

Table 4. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

pH 
 KCl 

EC  
(dS∙m

-1
) 

OM 
[g∙kg

-1
] 

OC 
[g∙kg

-1
] 

CaCO3 

[g∙kg
-1

] 
Color 
(wet) 

Hi1 0–23 7.43 22.53 108.4 63.0 66.67 N 3/ 

Hi2 23–40 7.40 28.80 73.9 43.0 50.00 2.5Y 4/2 

HiC 40–48 7.39 55.30 29.7 17.3 65.00 2.5Y 5/8 

C 48–(60) 7.41 65.92 25.5 14.8 46.67 2.5Y 5/8 

 

 

Table 5. Sorption properties 

Horizon 
Depth  
[cm] 

Ca Mg K Na H S CEC 
 

BS Ca  Mg K 
Na  

(ESP) 
 H 

[cmol(+)∙kg
-1

]  [%] 

Hi1 0–23 17.4 5.55 0.88 15.8 0.15 39.7 39.9  99.5 43.7 13.9 2.2 39.6 0.4 

Hi2 23–40 18.6 6.44 0.94 19.5 0.20 45.4 45.6  99.6 40.7 14.1 2.1 42.8 0.4 

HiC 40–48 22.2 12.9 1.61 39.8 0.55 76.6 77.1  99.4 28.9 16.7 2.1 51.7 0.7 

C 48–(60) 24.1 17.5 2.21 49.3 2.10 93.1 95.2  97.8 25.4 18.4 2.3 51.8 2.2 

 

 
Fig. 3. Poorly decomposed, rotting organic material at the soil surface
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 Profile 3 – Anocalcaric Reductigleyic Histic Tidalic Gleysol (Humic, Anoloamic, Salic, Sodic, Sulfidic) 

Location: Tidal plane, inclination 0, salt tolerant plants predominantly Arthrocnemum macrostachyum and 
sea rush (Juncus maritimus), -0.5 m a.s.l., N 45°35'28.8"  E 13°43'14.8" 

 

 
 

 

 

 

Hi 
 
 
 

HiC 
 
 
 
 

C1 
 
 
 

C2 
 
 

 
 
 

Morphology*: 

– 0–5 cm, poorly decomposed, rotting organic 
material (very strong and distinct odor of rotten 
eggs), plant tissue is clearly visible, gradual and 
wavy boundary, sandy loam, 5Y 3/1, structureless; 

– 5–12 cm, poorly decomposed, rotting organic 
material, mixed with parent material, gradual and 
wavy boundary, sandy loam, 5Y 3/2, weakly 
developed granular, very few worm channels, few 
fine roots;  

– 12–32 cm, parent material, diffuse and wavy 
boundary, silt loam, 2.5Y 6/2, single grain, very 
few hard shells of crustaceans and snail remains 
(fig. 4); 

– 32–(60) cm, parent material, silt loam, 2.5Y 6/3, 
single grain. 
-------------- 
* When collected, entire sample was in liquid 
state; soil is completely saturated with water for 
14–16 hours per day; the sample on the picture 
has been slowly drained in the period of two 
weeks disturbing the profile and without access of 
air; all the samples are extremely calcareous and 
saline. 
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Table 6. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of 
fractions in mm 

Textural class 
Sand 

2-0,5 

Silt 

0,5 - 0,002 

Clay 

< 0,002 

Hi 0–5 62.3 31.3 6.4 SL 

HiC 5–12 55.4 41.7 2.9 SL 

C1 12–32 42.7 51.5 5.8 SiL 

C2 32–(60) 34.3 60.1 5.6 SiL 

 

 

Table 7. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

pH 
 KCl 

EC  
(dS∙m

-1
) 

OM 
[g∙kg

-1
] 

OC 
[g∙kg

-1
] 

CaCO3 

[g∙kg
-1

] 
Color 
(wet) 

Hi1 0–23 7.81 22.46 42.1 24.5 500.0 5Y 3/1 

Hi2 23–40 7.70 24.45 31.1 18.1 550.0 5Y 3/2 

HiC 40–48 7.67 31.62 22.8 13.3 433.3 2.5Y 6/2 

C 48–(60) 7.70 40.19 15.9 09.2 366.7 2.5Y 6/3 

 

 

Table 8. Sorption properties 

Horizon 
Depth  
[cm] 

Ca Mg K Na H S CEC 
 

BS Ca  Mg K 
Na  

(ESP) 
 H 

[cmol(+)∙kg
-1

]  [%] 

Hi1 0–23 17.2 4.97 0.88 15.3 0.10 38.4 38.5  99.7 44.7 12.9 2.3 39.7 0.3 

Hi2 23–40 18.6 5.79 1.12 16.8 0.15 42.3 42.4  99.8 43.8 13.7 2.6 39.6 0.4 

HiC 40–48 18.9 7.23 1.21 22.2 0.15 49.5 49.7  99.6 38.0 14.5 2.4 44.6 0.3 

C 48–(60) 20.6 9.78 1.64 30.0 0.15 62.0 62.2  99.7 33.1 15.7 2.6 48.3 0.2 

 

 
Fig. 4. Remains of the hard shells of crustacean
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 Profile 4 – Anocalcaric Sodic Epigleyic Subaquatic Arenosol (Ochric, Nechic) 

Location: Underwater shelf (20 m from the low tide line), inclination 0, marine vegetation, predominantly 
see grass (Cymodocea nodosa), -1 m a.s.l., N 45°35'30.1"  E 13°43'15.8" 

 

 
 

 

 
 

 

HaC1 
 
 
 

HaC2 
 
 
 
 

C1 
 
 

C2 

Morphology: 

– 0–3 cm, decomposed organic material, mixed 
with parent material, clear and irregular 
boundary, loamy sand, 2.5Y 2.5/1, nearly single 
grain, few fine roots; 

– 3–16 cm, decomposed organic material, mixed 
with parent material, clear and irregular 
boundary, sandy loam, 2.5Y 4/1, some oxymorphic 
mottles (Fig. 5) around root and worm channels 
(2.5Y 6/4), nearly single grain, very few fine roots; 

– 16–44 cm, parent material, diffuse and irregular 
boundary, sandy loam, 2.5Y 6/2, single grain, few 
hard shells of crustaceans and snail remains; 

– 44–(50) cm, parent material, loamy sand, 2.5Y 
7/6, single grain, few hard shells of crustaceans 
and snail remains. 

-------------- 
* When collected, entire sample was in liquid 
state; soil is completely saturated with water 24 
hours per day; the sample on the picture has been 
slowly drained in the period of two weeks 
disturbing the profile and without access of air; all 
the samples are extremely calcareous and saline 
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Table 9. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of 
fractions in mm 

Textural class 
Sand 

2-0,5 

Silt 

0,5 - 0,002 

Clay 

< 0,002 

HaC1 0–3 74.2 21.7 4.1 LS 

HaC2 3–16 73.7 22.2 4.1 SL 

C1 16–44 73.3 22.6 4.1 SL 

C2 44–(50) 78.4 17.9 3.7 LS 

 

 

Table 10. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

pH 
 KCl 

EC  
(dS∙m

-1
) 

OM 
[g∙kg

-1
] 

OC 
[g∙kg

-1
] 

CaCO3 

[g∙kg
-1

] 
Color (wet) 

HaC1 0–3 7.79 19.71 13.1 7.6 400.0 2.5Y 2.5/1 

HaC2 3–16 7.63 21.95 20.7 12.0 600.0 2.5Y 4/1 | 2.5Y 6/4 

C1 16–44 7.65 25.22 13.1 7.6 400.0 2.5Y 6/3 

C2 44–(50) 7.99 57.28 12.4 7.2 333.3 2.5Y 7/6 

 

 

Table 11. Sorption properties 

Horizon 
Depth  
[cm] 

Ca Mg K Na H S CEC 
 

BS Ca  Mg K 
Na  

(ESP) 
 H 

[cmol(+)∙kg
-1

]  [%] 

HaC1 0–3 16.5 4.37 0.81 12.4 0.05 34.1 34.2  99.7 44.7 12.9 2.3 39.7 0.3 

HaC2 3–16 17.3 4.48 0.76 15.1 0.05 37.6 37.7  99.8 43.8 13.7 2.6 39.6 0.4 

C1 16–44 17.8 4.35 0.76 16.8 0.05 39.7 39.8  99.6 38.0 14.5 2.4 44.6 0.3 

C2 44–(50) 17.7 10.2 1.44 40.8 0.05 70.2 70.3  99.7 33.1 15.7 2.6 48.3 0.2 

 

 

 

         Fig. 5. Oxymorphic mottles around the root and worm channels 
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Fig. 6. Improvisational sampling, using drainage pipes

 

 



 

147 

Fig. 7. Flysch. The most common parent 

material at the coast, that provides 

mineral material for the studied soils 

𝑝𝑒 = 𝑓(𝑝, 𝑐𝑙, 𝑜, 𝑡, 𝐵, 𝐹,𝑊, 𝐸) + 𝐻
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Fig. 8. Living organism in the soils (worms)

 

– 

– 

– 

– 
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Fig. 9. Hydro- and phytosequence of the soils at the marine coast of Slovenia 
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Fig. 10. An approximation of the soil and vegetation zones (the case of the St. Bartholomew Bay, location of 

the right) 
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Fig. 1. Location 
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 Profile 1 – Haplic Calcisol (Aric, Pantoloamic, Ochric, Endoraptic) 
Location: Olive trees plantation, almost flat - terraced, 198 m a.s.l.,   N 35°07'18.7" E 10°15'26.6" 

 

 
 

 

 

 

Akp 
 
 
 

 
2Ck 

 
 
 

 
 
 
 
 
 

 
 
 
 
 

 

Morphology: 

– 0–55 cm, humus and calcic horizon, sandy 
loam, strong brown (7.5YR 6/6; 7.5YR 5/6), 
slightly moist, subangular / granular  structure, 
few calcareous nodules, shell fragments fine and 
medium few roots, clear and smooth boundary; 

– 55–(130) cm, calcic horizon, sandy clay loam, 
light brown (7.5YR 8/4; 7.5YR 6/4), slightly moist, 
massive structure, concentrations of secondary 
carbonates, medium very few roots;  
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Table 1. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 

Textural class Coarse sand 

2-0.2 

Fine sand 

0.2-0.05 

Coarse silt 

0.05-0.02 

Fine silt 

0.02-0.002 

Clay 

<0.002 

Akp 0–55 25.0 44.5 5.5 7.4 17.6 SL 

2Ck 55–(130) 16.8 34.6 6.6 12.3 29.7 SCL 

 

 

Table 2. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

EC  
[ds m

-1
] 

OC 
 [g∙kg

-1
] 

OM 
[g∙kg

-1
] 

pH CaCO3 

[g∙kg
-1

] H2O KCl 

Akp 0–55 0.09 3.9 6.8 8.9 7.8 171.3 

2Ck 55–(130) 0.10 3.0 5.7 8.8 7.8 354.1 
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 Profile 2 – Haplic Calcisol (Aric, Pantoloamic, Ochric) 
 Location: Olive trees plantation, almost flat, 160 m a.s.l., N 34°55'35.4" E 10°18'42.5" 

 

 
 

 

 
 

 

Akp 
 
 
 
 

Ck 
 
 
 

 
 
 
 
 
 

 

Morphology: 

– 0–45 cm, humus horizon, sandy loam, strong 
brown (7.5YR 4/4; 7.5YR 3/4), dry, subangular / 
granular  structure, very few calcareous nodules, 
fine shell fragments fine and medium few roots, 
clear and smooth boundary; 

– 45–(130) cm, calcic horizon, sandy clay loam, 
light brown (7.5YR 8/4; 7.5YR 6/4), dry, massive 
structure, concentrations of secondary 
carbonates, medium very few roots;  
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Table 3. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 

Textural class Coarse sand 

2-0.2 

Fine sand 

0.2-0.05 

Coarse silt 

0.05-0.02 

Fine silt 

0.02-0.002 

Clay 

<0.002 

Akp 0–45 26.8 47.1 3.6 9.4 13.1 SL 

Ck 45–(130) 19.4 44.1 3.1 11.4 22.0 SCL 

 

 

Table 4. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

EC  
[ds m

-1
] 

OC 
 [g∙kg

-1
] 

OM 
[g∙kg

-1
] 

pH CaCO3 

[g∙kg
-1

] H2O KCl 

Akp 0–55 0.15 5.4 9.3 8.8 7.8 116.1 

Ck 55–(130) 0.12 2.3 3.9 9.0 7.9 219.7 
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 Profile 3 – Calcaric Regosol (Aric, Aridic, Pantoloamic, Ochric) 
Location: Olive trees plantation, almost flat – terraced, 139 m a.s.l., N 35°03'43.9" E 10°09'37.4" 

 

 
 

 

 

 

Akp 
 
 
 
 

Ck 
 
 

 
 
 

Morphology: 

– 0–30 cm, humus horizon with calcaric material, 
sandy loam, strong brown (7.5YR 5/6; 7.5YR 4/6), 
dry, subangular / granular  structure, very few 
calcareous nodules, fine shell fragments fine and 
medium few roots, clear and smooth boundary; 

– 30–(100) cm, parent  calcaric material, sandy 
loam, light brown (10YR 4/6; 10YR 3/6), dry, 
subangular / granular  structure, concentrations of 
secondary carbonates, medium very few roots;  
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Table 5. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 

Textural class Coarse sand 

2-0.2 

Fine sand 

0.2-0.05 

Coarse silt 

0.05-0.02 

Fine silt 

0.02-0.002 

Clay 

<0.002 

Akp 0–30 13.3 64.3 0.1 12.4 9.9 SL 

Ck 30–(100) 13.8 58.2 0.1 11.0 16.9 SL 

 

 

Table 6. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

EC  
[ds m

-1
] 

OC 
 [g∙kg

-1
] 

OM 
[g∙kg

-1
] 

pH CaCO3 

[g∙kg
-1

] H2O KCl 

Akp 0–30 0.14 4.3 9.6 8.9 8.0 107.1 

Ck 30–(100) 0.13 4.0 7.1 8.6 7.8 116.3 
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 Profile 4 – Calcaric Arenosol (Aric, Ochric) 

Location: Olive trees plantation, middle slope, inclination 2, 163 m a.s.l., N 35°07'40.7" E 10°11'26.8" 

 

 
 

 

 
 

 

Ap 
 
 
 
 

BC 
 
 
 

 
 

Morphology: 

– 0–30 cm, humus horizon with calcaric material, 
loamy sand, brown (7.5YR 6/4; 7.5YR 4/4), moist, 
very weak subangular / single grain structure, fine 
shell fragments fine and medium few roots, clear 
and smooth boundary; 

– 30–(80) cm, parent  calcaric material, sand, light 
brown (10YR 6/8; 10YR 5/8), moist, single grain   
structure, small shell fragments, fine very few 
roots;  
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Table 7. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 

Textural class Coarse sand 

2-0.2 

Fine sand 

0.2-0.05 

Coarse silt 

0.05-0.02 

Fine silt 

0.02-0.002 

Clay 

<0.002 

Ap 0–30 45.1 43.7 3.1 2.2 5.9 LS 

BC 30–(80) 56.5 38.8 0.6 0.7 3.4 S 

 

 

Table 8. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

EC  
[ds m

-1
] 

OC 
 [g∙kg

-1
] 

OM 
[g∙kg

-1
] 

pH CaCO3 

[g∙kg
-1

] H2O KCl 

Ap 0–30 0.08 2.9 4.9 8.8 7.9 30.3 

BC 30–(80) 0.08 0.9 1.6 8.7 7.8 26.3 
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Fig. 2. Lithosequence 
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Fig. 1. Location  

–

–

https://doktori.hu/index.php?menuid=192&lang=EN&sz_ID=1722
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 Profile 1 (WH) – Endocalcaric Phaeozem (Anthromollic, Pantoarenic, Aric) 

Location: Sand dunes, Higher part (rise) - inclination 3, arable land, elevation 105 m a.s.l.,  
                        N 47°58'40.90"  E  21°42'14.80" 

 

 

 

 

 

Ap       
 
 

 
A 

 
 
 

C 
 
 
 
 

 
2C 

 

Morphology: 

– 0–30 cm, mollic horizon, fine sand, dark brown 
(10YR 3/3 slightly moist), very weak structure, 
fine and medium sub angular blocky, very few 
and common roots, clear and smooth boundary; 

– 30–70 cm, humus horizon, fine sand, dark 
brown (10YR 3/3 slightly moist), very weak fine 
and medium subangular blocky, fine few roots; 
distinct and wavy bound material, loamy sand,  

– 70-100 cm, calcareous parent material, dark 
yellowish brown (10YR 4/4) loamy sand, single 
grain, few thin lamellae, (the color of lamellae: 
7.5YR 3/3: dark brown), no secondary 
carbonates, very few roots, clear and smooth 
boundary; 

– 100–(120) cm, different parent material, 
calcareous sand, dark yellowish brown (10YR 
4/4), no structure (single grain), no secondary 
carbonates. 
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Table 1. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fraction [mm] 
Textural  

class 2.0-
0.2 

0.2-
0.1 

0.1-
0.05 

0.05-
0.02 

0.02-
0.01 

0.01-
0.005 

0.005-
0.002 

0.002-
0.001 

< 
0.001 

Ap 0–30 0 72.3 20.1 1.6 1.3 1.5 2.5 0.4 0.3 FS 

A 30–70 0 70.3 12.0 8.8 1.2 0.9 1.4 2. 3.4 LS 

C 70–100 0 68.7 17.6 0.5 2.4 1.7 2.6 1.5 5.0 LS 

2C 100–(120) 0 70.8 16.0 3.1 1.8 1.3 1.8 1.0 4.2 FS 

 

 

Table 2. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

pH CaCO3 

[g∙kg
-1

] 

EC 

[ms/cm
3
] H2O KCl 

Ap 0–30 12.1 6.0 4.7 11.5 110 

A 30–70 2.8 6.2 5.2 18.5 200 

C 70–100 1.6 6.7 4.9 23.9 46 

2C 100–(120) 1.4 6.7 5.2 23.2 43 
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 Profile 2 (WT) – Calcaric Phaeozem (Anthromollic, Pantoarenic Areninovic) 

Location: Sand dunes, slope, transitional section, slope inclination 2, arable land, elevation 104 m a.s.l.,  
                        N 47°58'40.44"  E 21°42'9.81" 

 

 

 

 

 

Ap1       
 
 
 
 

Ap2 
 
 
 
 

Ab 
 
 
 
 

AC 
 
 
 
 
 
 

Morphology: 

– 0–15 cm, mollic horizon, loamy sand, brown 
(10YR 3/2, moist), fine and very fine weak 
granular structure, fine and medium few and 
common roots, gradual and smooth boundary, 
artefacts and charcoals 2–5%; 

– 15–35 cm, mollic horizon, loamy sand, brown 
(10YR 3/2 moist), medium and fine weak sub-
angular and angular blocky structure, fine very 
few and few roots, clear and smooth boundary, 
artefacts and charcoal 2–5%;  

– 35–70 cm, buried topsoil horizon, loamy sand, 
very dark brown (10YR 2/2 moist), medium and 
fine weak angular and sub-angular blocky 
structure, abrupt and smooth boundary, fine very 
few roots, clear and smooth boundary;  

– 70–(90) cm, transitional horizon, loamy sand, 
brown (10YR 3/2 moist), medium and fine weak 
sub-angular and angular blocky structure, no 
roots, no carbonate accumulation. 
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Table 3. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fraction [mm] 
Textural 

class 2.0-
0.2 

0.02-
0.01 

0.1-
0.05 

0.05-
0.02 

0.02-
0.01 

0.1-
0.05 

0.05-
0.02 

0.02-
0.001 

< 
0.001 

Ap1 0–15 0 73.0 6.1 3.1 3.5 3.3 0.3 1.9 8.8 LS 

Ap2 15–35 0 65.2 12.4 4.6 4.8 0.3 3.6 1.3 7.8 LS 

Ab 35–70 0 68.7 8.0 4.8 4.1 2.7 2.6 0.1 9.0 LS 

AC 70–(90) 0 70.3 8.2 3.5 4.3 0.7 2.4 0.1 10.5 LS 

 

 

Table 4. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
[g∙kg

-1
] 

pH CaCO3 

[g∙kg
-1

] 

EC 
[ms/cm

3
] H2O KCl 

Ap1 0–15 27.5 7.5 7.0 22.1 312 

Ap2 15–35 18.2 7.3 7.0 27.3 215 

Ab 35–70 5.5 7.0 6.4 32.1 124 

AC 70–(90) 2.4 7.3 6.7 23.2 116 
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 Profile 3 (WT2L) – Calcaric Phaeozem (Anthromollic, Anoarenic, Endoloamic, Aric, Areninovic) 

Location: Sand dunes foot slope, lower slope position – slope inclination 0, arable land.  
                         101 m a.s.l., N 47°58'40.18" E 21°42'5.50 

 

 

 
  

 

 

Ap      
 
 
 
 

Aup 
 
 
 
 

Au/Ab 
 
 
 
 
 

Ab 

 

 

 

 

Morphology: 

– 0–10 cm, mollic horizon, loamy sand, dark 
grayish brown (10YR 4/2 dry), weak fine and 
medium granular – subangular blocky structure, 
moderately calcareous, fine and common roots, 
gradual and smooth boundary; 

– 10–30 (70) cm, mollic horizon, sand, dark 
grayish brown     (10YR 3/2 moist), weak fine 
subangular blocky structure, moderately 
calcareous, artefacts: brick, plastic, glass 2–5%, 
abrupt and irregular boundary;  

– 30–70 cm, loamy sand, very dark brown and 
very dark grayish brown (10YR 2/2 and 3/2  and 
4/3 moist), weak fine and medium subangular 
and angular blocky structure, clear and smooth 
boundary, in deeper part incompletely mixed 
lumps of upper and lower soil horizons; 

– 70–(100) cm, sandy loam, black (10YR 2/1), 
weak medium subangular blocky structure, 
buried topsoil horizon. 
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Table 5. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fraction [mm] 
Textural 

class 2.0-
0.2 

0.2-
0.1 

0.1-
0.05 

0.05-
0.02 

0.02-
0.01 

0.1-
0.05 

0.05-
0.02 

0.02-
0.01 

< 
0.001 

Ap1 0–10 0 74.3 11.2 4.1 0.1 2.1 4.0 2.1 2.1 LS 

Aup 10–30 0 82.5 7.2 2.8 1.5 1.3 2.0 1.2 1.5 S 

Au/Ab 30–70 0 76.4 8.9 3.6 2.0 1.7 2.6 1.1 3.8 LS 

Ab 70–(100) 0 62.4 10.0 6.0 1.6 3.1 5.1 2.6 9.1 SL 

 

 

Table 6. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

pH CaCO3 

[g∙kg
-1

] 

EC 
[ms/cm

3
] H2O KCl 

Ap1 0–10 12.5 7.9 7.4 65.2 247 

Aup 10–30 6.1 7.9 7.5 76.7 187 

Au/Ab 30–70 4.3 8.2 7.8 94.5 285 

Ab 70–(100) 9.6 7.9 7.6 81.5 1322 
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 Profile 4 (WL) – Pantocalcaric Katocalcic Chernic Gleysol (Aric, Pantoloamic) 

Location: Local depression among sand dunes, lowest position – slope inclination 0, arable land,  
                       100 m a.s.l., N 47°58'40.18" E 21°42'5.50" 

 

 

 
 

 
 

 

 

Ap1      
 
 
 
 

Ap2 
 
 
 
 

Ah 
 
 
 
 

Cl 
 
 
 
 
 
 

Cl2 

Morphology: 

– 0–15 cm. chernic horizon, sandy loam, very dark 
brown (10YR 2/2), slightly moist, fine and medium 
strong granular – subangular blocky structure, 
moderately calcareous, soft concretions, fine and 
common roots, abrupt and smooth boundary; 

– 15–35 cm, chernic horizon, sandy loam, very dark 
grayish brown (2,5Y 3/2), fine and medium strong 
granular – subangular blocky structure, moderately 
calcareous, fine and few roots, abrupt and smooth 
boundary; 

– 35–50 cm, chernic horizon, sandy clay loam, black 
(2,5Y 2,5/1), fine and medium strong subangular 
and angular blocky structure, strongly calcareous, 
pseudomycelia, fine and few roots, gradual and 
wavy boundary, few reductimorphic mottles; 

– 50–75 cm, sandy clay loam, dark grayish brown 
and yellowish brown in oxidation (2,5Y 4/2 & 10YR 
5/4), fine and medium weak subangular and 
angular blocky structure gleyic color 
pattern/reducing conditions, gradual and irregular 
boundary, few and common oximorphic mottles; in 
reductic colorized matrix; 

– 75–(100) cm, clay loam, light olive brown and 
yellowish brown (2,5Y 5/3  & 10YR 5/6), medium 
and fine weak angular and subangular blocky 
structure gleyic color pattern/reducing conditions, 
secondary carbonate nodules, and soft 
concentrations, common oximorphic mottles. 
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Table 7. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fraction [mm] 
Textural 

class 2.0-
0.2 

0.02-
0.01 

0.1-
0.05 

0.05-
0.02 

0.02-
0.01 

0.1-
0.05 

0.05-
0.02 

0.02-
0.001 

< 
0.001 

Ap1 0–15 0 39.1 16.8 10.9 6 5.9 6.9 4.3 10.1 SL 

Ap2 15–35 0 47.5 12.5 8.5 5.9 5.2 4.4 1.3 14.7 SL 

Ah 35–50 0 33.1 18.1 9.1 5.2 5.7 6.7 3.5 18.6 SCL 

Cl 50–75 0 41.9 12.1 4 6 4.1 9 3.7 19.2 SCL 

Cl2 75–100 0 29.3 13.5 6.9 5.4 9.2 9.5 5.8 20.4 CL 

 

 

Table 8. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

pH CaCO3 

[g∙kg
-1

] 

EC 
[ms/cm3] H2O KCl 

Ap1 0–15 14.8 7.6 7.35 129.0 297 

Ap2 15–35 11.4 7.75 7.36 130.7 275 

Ah 35–50 15.3 7.84 7.48 185.3 248 

Cl 50–75 8.9 8.05 7.52 227.9 265 

Cl2 75–100 2.0 8.13 7.64 344.7 215 
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https://weather-and-climate.com/
https://weather-and-climate.com/
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Fig. 1. Location 
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 Profile 1 – Dystric Brunic Arenosol (Aric, Nechic, Ochric) 

Location: Pleistocene terrace in bottom part of tunnel valley, flat, inclination 1, pine plantation with  
                   deciduous forest undergrowth, 81 m a.s.l.,   N 53°19'13.2" E 19°26'54.7" 

 

 
 

 

 

 

Oi 

Oe 

 
A 

 
 
 

 
A(p) 

 
 
 

 
Bw 

 
 
 
 

C 
 
 
 
 

 

Morphology: 

– 2–1 cm, slightly decomposed organic material; 

– 1–0 cm, moderately decomposed organic 
material; 

– 0–10 cm, humus horizon, fine sand, dark 
grayish brown (10YR 5/3; 10YR 3/3), slightly 
moist, weak granular fine structure, few 
uncoated white sand grains, fine and medium 
common roots, clear and smooth boundary; 

– 10–30 cm, humus horizon with plough 
features, fine sand, dark yellowish brown  
(10YR 5/4; 10YR 3/4), slightly moist, weak 
granular fine structure, fine and medium few 
roots, abrupt and smooth boundary;  

– 30–70 cm, brunic material, in-situ 
concentration of sesquioxides, fine sand, dark 
yellowish brown (10YR 6/5;  10YR  4/6), slightly 
moist, weak granular very fine/single grain 
structure, very few roots, diffuse boundary; 

– 70–(130) cm, parent material, fine sand, pale 
brown (10YR 7/4; 10YR 5/4), slightly moist, single 
grain structure, very few roots. 
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Table 1. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 
Textural 

class > 2.0 2.0-1.0 1.0-0.5 
0.5-
0.25 

0.25-
0.1 

0.1-
0.05 

0.05-
0.02 

0.02-
0.005 

0.005-
0.002 

< 0.002 

A 0–10 1 1 2 18 53 17 7 1 0 1 FS 

A(p) 10–30 0 1 1 18 55 14 6 2 1 2 FS 

Bw 30–70 1 1 2 16 56 14 9 2 0 0 FS 

C 70–(130) 1 1 3 22 60 9 4 1 0 1 FS 

 

 

Table 2. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH 

H2O KCl 

Oi 2–1 493 11.8 42 4.8 4.2 

Oe 1–0 345 15.2 23 4.3 3.8 

A 0–10 17.1 0.74 23 4.1 3.4 

A(p) 10–30 6.7 0.43 16 5.3 4.2 

Bw 30–70 2.1 0.10 21 5.4 4.1 

C 70–(130) - - - 5.5 4.2 
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 Profile 2 – Anodystric Endoeutric Brunic Arenosol  (Lamellic, Nechic, Ochric)  

Location: Outwash plain, upper slope, inclination 4, mixed forest with dominant pines in overstory,  
                    91 m a.s.l., N 53°22'08.8" E. 19°23'08.2" 

 

 
 

 

 
 

 

Oi 

Oe 
 

A 
 
 
 
 

Bw 
 
 
 
 

C 
 
 
 

 
 
 
 

 
 
 
 
 
 

 

Morphology: 

– 3–1 cm, slightly decomposed organic material; 

– 1–0 cm, moderately decomposed organic 
material; 

– 0–20 cm, humus horizon, fine sand, dark grayish 
brown (10YR 6/4; 10YR 4/3), slightly moist, weak 
granular fine structure, few uncoated white sand 
grains, fine and medium common roots, clear and 
smooth boundary; 

– 20–60 cm, brunic material, in-situ concentration 
of sesquioxides, fine sand, dark yellowish brown 
(10YR 6/5; 10YR 4/5), slightly moist, weak 
granular very fine/single grain structure, very few 
roots, diffuse boundary; 

– 60–(130) cm, parent material, fine sand, pale 
brown (10YR 7/4; 10YR 5/4), slightly moist, single 
grain structure, very few roots, common sandy 
loam and strong brown (7.5 YR 6/6; 7.5 YR 4/6) 
clay-sesquioxides lamellae;  
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Table 3. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 
Textural 

class > 2.0 2.0-1.0 1.0-0.5 
0.5-
0.25 

0.25-
0.1 

0.1-
0.05 

0.05-
0.02 

0.02-
0.005 

0.005-
0.002 

< 0.002 

A 0–20 2 1 4 6 62 22 4 0 1 0 FS 

Bw 20–60 1 5 1 7 52 28 4 0 2 1 FS 

C 60–(130) 5 11 3 4 48 25 2 3 1 3 FS 

lamellae ------ 0 1 3 5 36 30 6 2 2 15 SL 

 

 

Table 4. Chemical and physicochemical properties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH 

H2O KCl 

Oi 2–1 462 10.7 43 4.6 4.1 

Oe 1–0 388 17.1 23 4.1 3.6 

A 0–20 21.2 0.77 27 4.3 3.9 

Bw 20–60 2.6 0.16 16 5.0 4.2 

C 60–(130) - - - 5.6 4.9 

lamellae ------ 3.0 0.43 7 6.2 5.1 
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 Profile 3 – Lamellic Stagnic Luvisol (Arenic, Aric, Cutanic, Nechic, Ochric) 

Location: Outwash plain on boundary with morainic plateau, upper slope, inclination 2, vineyard,  
                   85 m a.s.l., N 53°19'31.5" E 8°04'15.0" 

 

 
 

 

 

 

Ap 
 
 
 

Bw 
 
 
 
 

E 
 
 
 

Btg 
 
 
 
 
 

C 
 
 

 
 

 
 
 

Morphology: 

– 0–30 cm, ploughed humus horizon, sand, very 
dark gray (10YR 5/4; 10YR 3/3), slightly moist, 
weak granular fine structure, fine and medium few 
roots, abrupt and smooth boundary; 

– 30–40 cm, material with in-situ concentration of 
sesquioxides, sand, dark yellowish brown  
(10YR 6/6; 10YR 4/6), slightly moist, weak granular 
very fine/single grain structure, very few roots, 
diffuse boundary; 

– 40–50/60 cm, eluvial horizon, sand, pale brown 
brown (10YR 7/4; 10YR 5/4), slightly moist, weak 
granular very fine/single grain structure, very few 
roots, clear boundary; 

– 50/60–80 cm, argic horizon composed of 
lamellae with stagnic properties, many clay 
infillings and clay films on ped surfaces, loamy 
sand, strong brown (7.5 YR 6/6; 7.5 YR 4/6), 
slightly moist, weak and moderate granular fine 
structure, very few roots, diffuse boundary;  

– 80–(140) cm, parent material, sand, pale brown 
(10YR 7/4; 10YR 6/4), slightly moist, single grain 
structure, very few roots. 
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Table 5. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 
Textural 

class > 2.0 2.0-1.0 1.0-0.5 
0.5-
0.25 

0.25-
0.1 

0.1-
0.05 

0.05-
0.02 

0.02-
0.005 

0.005-
0.002 

< 0.002 

Ap 0–30 1 2 11 38 37 7 1 1 1 2 S 

Bw 30–40 2 2 7 35 45 9 1 0 0 1 S 

E 40–50/60 4 2 4 29 49 12 1 1 0 2 S 

Btg 50/60–80 9 6 5 18 42 16 2 1 0 10 LS 

C 80–(140) 7 10 11 15 32 26 2 0 0 4 S 

 

 

Table 6. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH CaCO3 

[g∙kg
-1

] H2O KCl 

Ap 0–30 6.6 0.72 9 4.5 4.1 1 

Bw 30–40 - - - 5.1 4.5 0 

E 40–50/60 - - - 5.1 4.6 1 

Btg 50/60–80 - - - 5.5 4.5 1 

C 80–(140) - - - 6.0 4.9 1 
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 Profile 4 – Albic Abruptic Luvisol (Arenic, Cutanic, Ochric, Endoraptic, Brunic) 

Location: hummocky morainic plateau, upper slope (shoulder), inclination 13, mixed forest,  
                  115 m a.s.l., N 53˚20’9’’  E 19˚27’10’’ 

 

 
 

 

 
 

 

Oi 

Oe 
 

A 
 
 
 
 

Bw 
 
 
 

BE 
 
 
 

E 
 
 
 

2Bt 
 
 
 

 
 

Morphology: 

– 2–1 cm, slightly decomposed organic material; 

– 1–0 cm, moderately decomposed organic 
material; 

– 0–20 cm, humus horizon, sand, dark grayish 
brown (10YR 5/4; 10YR 3/3), slightly moist, weak 
granular fine structure, few uncoated white sand 
grains, fine and medium common roots, clear and 
smooth boundary; 

– 20–55 cm, sand, dark yellowish brown (10YR 6/4;  
10YR 4/4), dry, weak subangular very fine 
structure, very fine and very few roots, gradual 
and smooth boundary;  

– 55–80 cm, transitional horizon, sand, light 
yellowish brown (10YR 7/3;  10YR 4/4), dry, weak 
subangular very fine structure, gradual and 
smooth boundary; 

– 80–100 cm, eluvial horizon, sand, pale yellow 
(10YR 7/3; 10YR 5/3), slightly moist, weak granular 
very fine/single grain structure, very few roots, 
clear and irregular boundary; 

– 100–(150) cm, argic horizon, sandy loam, dark 
brown (7.5YR 5.5/6; 7.5YR 4/5), dry, strong angular 
coarse structure, common faint clay coatings. 
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Table 7. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm 
Textural 

class > 2.0 2.0-1.0 1.0-0.5 
0.5-
0.25 

0.25-
0.1 

0.1-
0.05 

0.05-
0.02 

0.02-
0.005 

0.005-
0.002 

< 0.002 

A 0–20 10 6 8 19 35 19 5 5 1 2 S 

Bw 20–55 8 3 9 22 36 18 4 4 3 1 S 

BE 55–80 10 6 8 18 37 19 5 4 2 1 S 

E 80–100 10 4 12 24 34 15 4 4 2 1 S 

2Bt 100–(150) 12 4 10 23 28 12 3 2 3 15 SL 

 

 

Table 8. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH 

H2O KCl 

Oi 2–1 534 14.4 37 5.3 4.8 

Oe 2–0 462 16.2 29 4.6 4.1 

A 0–20 6.9 0.41 17 4.7 3.9 

Bw 20–55 2.7 0.19 14 4.8 4.2 

BE 55–80 1.6 0.11 15 4.9 4.3 

E 80–100 - - - 5.4 4.3 

2Bt 100–(150) - - - 5.6 4.2 
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Fig. 2. Lithosequence from Arenosols to Luvisols 
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Fig. 1. Location (a) satellite image (b) and scheme (c) of the study area 
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 Profile 1 – Haplic Chernozem (Aric, Clayic, Vermic) 
Location:  even surface, 60 m to the west from the edge of the shelterbelt, arable field, 214 m a.s.l., 

                   N 50°52'52.4" E 35°31'23.5" 
 

 
 

 

 
 

 
 
 

 

Ap 
 
 
 
 

Ah 
 
 
 
 

AhBk 
 
 
 
 
 
 
 
 
 
 
 

AhBk2 
 
 
 
 
 
 
 

 
 
 
 

Morphology: 

– 0–32 cm, ploughed layer in chernic horizon, silty 
clay, very dark gray (10YR 3/1), slightly moist to 
dry, friable, granular and crumb structure with 
clods, many fine roots, fragments of inplowed 
stubble, clear and smooth boundary; 

– 32–44 cm, chernic horizon, silty clay, very dark 
gray (10YR 3/1), slightly moist, weakly compact, 
fine granular structure, many fine roots, some 
earthworm channels and gray brown krotovinas, 
gradual and wavy boundary;  

– 44–64 cm, transitional horizon with protocalcic 
properties, silty clay loam, heterogeneous in 
color: very dark grayish brown (10YR 3/2) and 
dark yellowish brown (10YR 4/4) mottles: 
krotovinas, dry to slightly  moist, weakly 
compact, granular, crumb and fine to medium 
subangular blocky structure, weak 
effervescence; secondary carbonates as mottles 
of pseudomycelium 1–1.5 cm in diameter and 
dispersed fine veins (tubes), many fine roots, 
few earthworm pathways partly  (~ 50%) filled 
with coprolites, gradual and wavy boundary; 

– 64–99 cm, transitional horizon with protocalcic 
properies, silty clay, dark grayish brown  
(10YR 4/2), slightly  moist, weakly compact,  
medium crumb and subangular blocky structure, 
secondary carbonates as few mottles of soft 
powdery lime and pseudomycelium, fine roots, 
about 80% of horizon is zooturbated – 
krotovinas, gradual and wavy boundary; 
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The term “krotovina” is not completely 
adequate in our case, since burrowing 
mammals are not moles (krot in Russian) but 
another blind animal – European mole rat 

(slepysh in Russian)  Spalax microphthalmus 

BCk 
 
 
 
 
 
 
 

Ck 

 
 
 
 
 
 

 

– 99–150 cm, transitional horizon with 
protocalcic properties, silty clay loam, brown 
(10YR 5/3), slightly  moist, weakly compact, 
coarse angular and subangular blocky structure, 
secondary carbonates as veins up to 1 mm in 
diameter (5–6 to 12–15 per 1 dm2), few fine 
roots, approximately 70% are occupied by 
krotovinas, gradual and wavy boundary; 

– 150–(160) cm, loess parent material with 
protocalcic properies, silty clay, light yellowish 
brown (10 YR 6/4), slightly  moist, compact, 
carbonate pseudomycelium as fine filaments, 
0.2–0.7 mm in diameter (10–20 per 1 dm

2
), very 

few fine roots; 10–15% are occupied by 
krotovinas. 

  

 

Table 1. Texture  

Horizon Depth [cm] 

Percentage of fractions [mm] 
Textural 

class > 2.0 2.0-1.0 1.0-0.5 
0.5-
0.25 

0.25-
0.1 

0.1-
0.05 

0.05-
0.02 

0.02-
0.005 

0.005-
0.002 

< 0.002 

Ap 0–32 0.0 0.0 0.5 0.2 0.5 0.2 29.6 18.2 10.0 40.9 SiС 

Ah 32–44 0.0 0.0 0.3 0.1 1.9 0.6 29.6 18.0 9.2 40.2 SiС 

AhBk 44–64 0.0 0.0 0.1 0.0 0.3 0.1 30.1 19.1 11.4 38.8 SiСL 

AhBk2 64–99 0.0 0.0 0.1 0.1 0.4 0.1 31.9 20.0 6.5 40.9 SiС 

BCk 99–150 0.0 0.0 0.1 0.1 0.3 0.1 32.0 19.3 9.9 38.2 SiСL 

Ck 150–(160) 0.0 0.0 0.1 0.0 1.8 0.6 29.8 16.3 11.0 40.3 SiС 

 
 
Table 2. Chemical and physicochemical properties 

Horizon Depth [cm] 
OC 

 [g∙kg
-1

] 

Nt 

[g∙kg
-1

] 
C/N 

pH 

H2O 

CaCO3 

[g∙kg
-1

] 

Ap 0–32 47.3 2.6 18.2 7.6 0.0 

Ah 32–44 46.8 2.3 20.3 8.0 2.2 

AhBk 44–64 32.3 1.5 21.5 8.3 22.0 

AhBk2 64–99 25.5 1.4 18.2 8.3 46.2 

BCk 99–150 18.2 0.8 22.8 8.3 61.6 

Ck 150–(160) 9.4 0.5 18.8 8.3 70.4 
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 Profile 2 – Haplic Chernozem (Aric, Loamic, Vermic) 
Location: top position on the interfluve, slightly convex surface, 30 m from the edge of the shelterbelt, 

arable field, 214 m a.s.l.,  N 50°52'52.4" E 35°31'25.1" 

 

 
 

 

 
 

 

Ap 
 
 
 
 
 
 

Ah 
 
 
 
 
 

AhB 
 
 
 
 
 

Bk 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Morphology: 

– 0–30 cm, ploughed part of chernic horizon, silty 
clay loam, very dark gray (10YR 3/1), slightly 
moist, friable, angular blocky and crumb 
structure, a plowpan is identified in the lower part 
by angular acute-edge aggregates, many fine 
roots, fragments of stubble, abrupt and smooth 
boundary; 

– 30–45 cm, chernic horizon, silty clay loam, very 
dark grayish brown (10YR 3/2), slightly moist, 
weakly compact, fine crumb, granular and blocky 
angular structure, many fine roots, some empty 
earthworm channels, krotovinas, gradual and 
wavy boundary; 

– 45–67 cm, transitional horizon, silty clay loam, 
dark grayish brown (10YR 4/2), slightly  moist, 
weakly compact, fine crumb and subangular 
blocky structure with some granular aggregates, 
many fine roots, few krotovinas, gradual and 
wavy boundary; 

– 67–97 cm, protocalcic properties from the 
depth of 72 cm, silty clay loam, heterogeneous in 
color: grayish brown (10YR 5/2) background and 
very dark grayish brown (10YR 3/2) and yellowish 
brown (10YR 5/4) mottles owing to strong 
burrowing by mammals: 80–90% of the area are 
occupied by krotovinas, slightly moist, weakly 
compact,  crumb to coarse angular and blocky 
structure. Weak effervescence at the depth of 72 
cm, and strong one at 90 cm; secondary 
carbonates  occur as mottles of powder mixed 
with pseudomycelium 3–4 cm in size, mostly 
confined to krotovinas, also few veins; fine roots, 
gradual and wavy boundary; 
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BCk 
 
 
 
 
 
 
 
 
 

Ck 
 
 
 

 

 

– 97–130/145 cm, transitional horizon with 
protocalcic properties, silty clay loam, brown 
(10YR 5/3), slightly  moist, weakly compact, 
coarse angular and subangular blocky structure 
with prismatic elements. Secondary carbonates 
occur on pedfaces as fine pseudomycelium, 
locally – thin crusts, veins 0.5–1 mm in diameter 
are dispersed in the soil mass (10–20 per 1 dm2), 
few fine roots. Krtovinas occupy ~ 50% of the 
vertical section, gradual and wavy boundary; 

– 130/145–(160) cm, loess parent material with 
protocalcic properties, silty clay, light yellowish 
brown (10YR 6/4), slightly moist, compact; 
secondary carbonates as mycelium mottles and 
dispersed fine pseudomycelium, few fine roots, 
krotovinas compose ~ 10–15% of the wall. 

 

 

Table 3. Texture  

Horizon 
Depth  
[cm] 

Percentage of fractions [mm] 
Textural 

class > 2.0 2.0-1.0 1.0-0.5 
0.5-
0.25 

0.25-
0.1 

0.1-
0.05 

0.05-
0.02 

0.02-
0.005 

0.005-
0.002 

< 0.002 

Ap 0–30 0.0 0.0 0.2 0.1 0.1 0.0 32.9 15.7 11.1 39.8 SiСL 

Ah 30–45 0.0 0.0 0.1 0.1 0.1 0.0 33.5 17.5 10.4 38.3 SiСL 

AhB 45–67 0.0 0.0 0.1 0.0 0.1 0.0 35.6 17.4 8.3 38.6 SiСL 

Bk 67–97 0.0 0.0 0.1 0.0 0.1 0.0 34.9 16.8 9.3 38.8 SiСL 

BCk 97–130/145 0.0 0.0 0.1 0.0 0.1 0.0 33.4 18.8 10.7 37.0 SiСL 

Ck 130/145–(160) 0.0 0.0 0.1 0.1 2.2 0.7 24.3 15.8 13.0 43.9 SiС 

 
 
Table 4. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-

1
] 

Nt 

[g∙kg
-1

] 
C/N 

pH 

H2O 

CaCO3 

[g∙kg
-1

] 

Ap 0–30 52.0 2.4 21.7 7.7 0.0 

Ah 30–45 43.2 2.0 21.6 7.7 0.0 

AhB 45–67 26.5 1.6 16.6 7.7 0.0 

Bk 67–97 23.9 1.3 18.4 7.9 13.2 

BCk 97–130/145 14.6 0.7 20.9 8.4 66.0 

Ck 130/145–(160) 5.7 0.4 14.3 8.4 61.6 
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 Profile 3 – Haplic Chernozem (Aric, Clayic, Densic, Vermic)  
Location: flat interfluve, 10 m from the edge of the shelterbelt, arable field, 214 m a.s.l., 

N 50°52'52.4" E 35°31'26.2" 

 

 
 

 

 
 

 

Ap 
 
 
 
 
 

Ap2 
 
 
 

Ah 
 
 
 

AhB 
 
 
 
 
 
 

AhBk 
 
 
 
 
 
 
 
 
 

 

 

Morphology: 

– 0–25 cm, ploughed part of chernic horizon, silty 
clay, very dark gray (10YR 3/1), slightly moist, 
friable in 0–4 cm and firm in 4–24 cm, fine 
subangular blocky to crumb and cloddy structure, 
many fine roots, fragments of stubble, abrupt 
transition and smooth boundary; 

– 25–30(31) cm, ploughed part of chernic horizon, 
silty clay, dark gray (10YR 4/1), slightly moist, very 
firm, medium blocky angular to cloddy structure, 
few fine roots, abrupt and wavy boundary; 

– 30(31)–35 cm, lower part of chernic horizon, silty 
clay, dark grayish brown (10YR 4/2), moist, firm, 
fine granular and blocky angular structure, many 
fine roots, clear transition and wavy boundary; 

– 35–55 cm, transitional horizon, silty clay, brown 
(10 YR 4/3), moist, weakly compact, fine granular, 
angular and subangular blocky, weak 
effervescence at the depth of 44 cm, many fine 
roots, few empty earthworm channels, with 
krotovinas  at ~ 30% of the section, gradual 
transition and wavy boundary; 

– 55–67 cm, transitional  horizon, silty clay, 
heterogeneous in color: grayish brown (10YR 5/2) 
background and very dark grayish brown (10YR 
3/2), yellowish brown (10YR 5/4) mottles,  slightly 
moist, weakly compact,  medium to coarse angular 
blocky structure, locally granular, pseudomycelium 
as clusters (5 per 1 сm2) аnd mottles with 

pseudomycelium and powdery lime 1 1.5 сm in 

size, tree roots*; krotovinas  occupy ~ 50 60% of 

the area, gradual transition and wavy boundary; 
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Secondary carbonates as soft powdery lime 
with pseudomycelium in BCk horizon 

 
 

Bk 
 
 
 
 
 
 
 
 
 

BCk 
 
 
 
 
 
 
 
 

BCk2 

– 67–102 cm, protocalcic properties from the 
depth of 72 cm, silty clay loam, heterogeneous in 
color: brown (10YR 5/3) background and very dark 
grayish brown (10YR 3/2), yellowish brown (10YR 
5/4) mottles, slightly moist, weakly compact, 
crumb and coarse angular blocky structure, 
fragmentary pseudomycelium and small mottles 
of soft powdery carbonates, tree roots both alive 
and rotten, krotovinas  make up ~ 80 %  of the 
section, gradual transition and wavy boundary; 

– 102–130 cm, transitional horizon with 
protocalcic properties, silty clay loam, 
heterogeneous in color: yellowish brown (10YR 
5/4) background and brown (10YR 4/3) mottles, 
slightly moist, weakly compact, coarse angular 
blocky to prismatic structure, pseudomycelium, 
most abundant on pedfaces, few roots with tree 
roots among them, krotovinas  compose 70–80% 
of the area, gradual transition and wavy boundary; 

– 130–(160) cm, transitional horizon with 
protocalcic properties, silty clay loam, 
heterogeneous in color: light yellowish brown 
(10YR 6/4) background and brown (10YR 4/3) 
mottles, slightly  moist, weakly compact to 
compact, coarse cloddy-prismatic structure, 
porous, pseudomycelium  as fine veins (2–3 per 1 
cm

2
), few tree roots, ~ 30% of the area is occupied 

by krotovinas. 

*Tree roots are most abundant in 50–100 cm. 

 

Table 5. Texture  

Horizon Depth [cm] 

Percentage of fractions [mm] 
Textural 

class > 2.0 2.0-1.0 1.0-0.5 
0.5-
0.25 

0.25-
0.1 

0.1-
0.05 

0.05-
0.02 

0.02-
0.005 

0.005-
0.002 

< 0.002 

Ap 0–25 0.0 0.0 0.3 0.1 2.2 0.7 29.4 16.8 8.8 41.7 SiС 

Ah 25–35 0.0 0.0 0.2 0.1 0.3 0.1 32.1 17.6 8.9 40.7 SiC 

AhB 35–67 0.0 0.0 0.1 0.0 0.1 0.0 30.7 19.3 8.2 41.5 SiС 

Bk 67–102 0.0 0.0 0.1 0.1 0.1 0.0 34.1 18.6 10.1 36.9 SiСL 

BCk 102–130 0.0 0.0 0.1 0.1 0.1 0.0 33.3 18.6 10.9 36.9 SiСL 

BCk2 130–(160) 0.0 0.0 0.1 0.0 0.1 0.0 32.6 19.5 9.4 38.2 SiСL 

 
 
Table 6. Chemical and physicochemical properties 

Horizon Depth [cm] 
OC 

 [g∙kg
-1

] 

Nt 

[g∙kg
-1

] 
C/N 

pH 

H2O 

CaCO3 

[g∙kg
-1

] 

Ap 0–25 49.9 2.4 20.8 7.8 0.0 

Ah 25–35 46.8 2.4 19.5 7.8 8.8 

AhB 35–67 34.3 1.9 18.1 8.3 28.6 

Bk 67–102 21.8 1.2 18.2 8.3 48.4 

BCk 102–130 20.3 0.9 22.6 8.3 59.4 

BCk 130–(160) 18.7 0.9 20.8 8.3 50.6 
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Profile 4 – Greyzemic Chernozem (Anoclayic, Endoloamic, Pachic, Vermic) 

Location: flat interfluve, central part of the shelterbelt (60 years old) with Fraxinus excelsior, Ulmus minor 
and Acer negundo, 214 m a.s.l., N 50°52'52.4" E 35°31'27.8" 

 

 
 

 

 
 

 

O 

Ah 
 
 
 
 

Ah2 
 
 
 
 
 
 

AhB 
 
 
 
 
 
 
 

AhB2 
 
 
 
 
 
 
 

B 
 
 
 

Morphology: 

– 3–0 cm, slightly decomposed organic material; 

– 0–26 cm, chernic horizon, silty clay, very dark 
gray (10 YR 3/1), slightly moist, very friable to 
friable, fine granular and crumb structure, many 
earthworm channels and coprolites, many fine 
roots, gradual transition and wavy boundary; 

– 26–53 cm, chernic horizon, silty clay, very dark 
grayish brown (10 YR 3/2), slightly moist, friable, 
crumb-granular and subangular blocky structure; 
when drying, bleached silty mottles, 1–1.5 cm in 
size (siltans), some earthworm channels and 
krotovinas, many fine roots, gradual and wavy 
boundary; 

– 53–67 cm, transitional horizon, silty clay loam, 
dark brown (10 YR 3/3), slightly  moist, weakly 
compact, crumb and subangular blocky structure, 
few granular aggregates, Some subangular 
aggregates have thin discontinuous coatings on 
pedfaces, many fine roots, few earthworm 
channels, krotovinas make up ~ 20% of the 
section, gradual transition and wavy boundary; 

– 67–82 cm, transitional horizon, silty clay loam, 
organic material brown (10 YR 4/3), slightly  moist, 
weakly compact, medium to coarse subangular 
blocky structure, few granular aggregates, many 
roots, few earthworm channels, ~ 30–35 %  of 
krotovinas, gradual transition and wavy boundary; 
few fine discontinuous shiny coatings on part of 
ped faces; 

– 82–108 cm, silty clay loam, heterogeneous in 
color: dark yellowish brown (10 YR 4/4) 
background and very dark grayish brown (10 YR 
3/2), dark yellowish brown (10 YR 4/4) mottles, 
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Organo-mineral impregnations of some 
subangular blocky peds in B horizon 

 

 

Secondary carbonates in BCk(g) horizon – 
pseudomycelium, veins 

 
 
 
 
 
 
 
 

BCk(g) 
 
 
 
 
 
 
 
 
 
 
 

Ck 
 
 
 

 
 

slightly  moist, weakly compact,  medium to 
coarse subangular blocky few crumb 
aggregates, grayish brown discontinuous 
organo-mineral impregnations of some 
pedfaces along with very few brown fine 
coatings, few iron-manganic soft concretions, 
some roots, krotovinas make up ~ 60–70% of 
the area, clear transition and wavy boundary; 

– 108–144 cm, transitional horizon with 
protocalcic properties, silty clay loam, brown 
(10YR 5/3), slightly moist, weakly compact, 
coarse and very coarse angular and subangular 
blocky to prismatic structure, pseudomycelium: 
abundant (2–4 per 1 cm

2
) carbonate veins, 1–

1.5 mm thick, soft carbonates mottles (up to 1 
cm) on faces of prismatic and blocky peds, iron-
manganic soft concretions 0.2–0.5 mm in 
diameter and abundance of 5–7/cm

2
, few fine 

roots, krotovinas make up ~ 50% of the area, 
clear transition and wavy boundary; 

– 144–(160) cm, loess parent material with 
protocalcic properties, silty clay loam, pale 
brown (10 YR 7/4), slightly  moist, compact, 
overall pseudomycelium as yellowish whitish 
veins (1–3/cm

2
), common whitish mottles of 

soft carbonates on pedfaces, few fine roots. 

 

 
 
Table 7. Texture  

Horizon 
Depth  
[cm] 

Percentage of fractions [mm] 
Textural 

class > 2.0 2.0-1.0 1.0-0.5 
0.5-
0.25 

0.25-
0.1 

0.1-
0.05 

0.05-
0.02 

0.02-
0.005 

0.005-
0.002 

< 0.002 

Ah 0–26 0.0 0.0 0.2 0.1 0.0 0.0 33.7 17.2 6.2 42.5 SiС 

Ah 26–53 0.0 0.0 0.1 0.0 0.0 0.0 34.1 16.5 5.0 44.3 SiС 

AhB 53–82 0.0 0.0 0.1 0.0 0.1 0.0 35.3 19.5 5.5 39.4 SiСL 

B 82–108 0.0 0.0 0.1 0.0 0.0 0.0 37.1 18.6 5.7 38.5 SiСL 

BCkg 108–144 0.0 0.0 0.1 0.0 0.1 0.0 36.5 17.8 8.5 36.9 SiСL 

Ck 144–(160) 0.0 0.0 0.1 0.1 1.4 0.5 33.4 19.5 9.0 36.0 SiСL 

 
 
Table 8. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

Nt 

[g∙kg
-1

] 
C/N 

pH 

H2O 

CaCO3 

[g∙kg
-1

] 

Ah 0–26 53.6 2.7 19.9 6.8 0.0 

Ah 26–53 49.4 2.0 24.7 6.8 0.0 

AhB 53–82 39.0 1.7 22.9 6.9 0.0 

B 82–108 31.7 1.5 21.1 7.0 2.2 

BCkg 108–144 19.8 1.1 18.0 7.1 4.4 

Ck 144–(160) 15.0 0.8 18.8 8.2 57.2 
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Fig. 2. Soil sequence 
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1
 Ivan V.Tiurin, who is world-wide known as specialist in humus, once said that maximum of chernozemic 

process falls on forest-steppe.  
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Fig. 1. Location 
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 Profile 1 – Haplic Calcisol (Ochric, Pantoloamic) 
Location: back slope, semi-desert vegetation,  inclination 45°, N 32°25'57" , E 50°15'27" 

 

 
 

 

 

 

A 
 
 
 
 

Bk1 
 
 
 

Bk2 
 
 
 

 
 
 
 
 

 

Morphology: 

– 0–20 cm, humus horizon, sandy clay loam, 
brown (7.5YR 4.5/4), dry, weak granular fine and 
weak wedge medium  structure, medium and 
few carbonate masses, violently effervescent 
with HCl; 

– 20–100 cm, calcic horizon, clay loam, brown 
(7.5YR 5.5/4), moist, massive, medium and many 
carbonate masses, violently effervescent with 
HCl; 

– 100–(130) cm, calcic horizon, clay loam, brown 
(7.5YR 6/4), moist, massive, medium and many 
carbonate masses, violently effervescent with 
HCl. 
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Table 1. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm Textural 
class > 2.0 2.0-0.05 0.05-0.002 <0.002 <0.0002 

A 0–20 4 54.0 21.0 25 10.2 SCL 

Bk1 20–100 8 39.5 22.5 38 15.9 CL 

Bk2 100–(130) 10 38.0 23.0 39 16.0 CL 

 

 

Table 2. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

pH 
ECe 

[dS.m
-1

] 

CEC 

[meq/100g 
soil] 

COLE Carbonate 
calcium 

equivalent, 
CCE [g∙kg

-1
] 

A 0–20 6 7.8 0.6 24.4 0.01 70 

Bk1 20–100 5 7.9 0.4 16.3 0.02 470 

Bk2 100–(130) 4 7.9 0.3 15.8 0.03 475 

 

 

 

Fig. 2. Calcite crystalitic b-fabric in the Bk horizon of pedon 1 (No evidence of clay illuviation and stress 

coating were observed). 
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 Profile 2 – Haplic Calcisol (Chromic, Katoclayic, Ochric) 
Location: back slope, semi-desert vegetation, inclination 35°, N 32°25'48" , E 50°15'21" 
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Bk1 
 
 
 

Bk2 
 
 
 

 
 
 
 
 

 
 
 
 

 
 
 
 
 
 

 

Morphology: 

 – 0–20 cm, humus horizon, loam, brown  
(5YR 4.5/5), dry, moderate granular fine structure, 
medium and few carbonate masses, strongly 
effervescent with HCl; 

– 20–70 cm, calcic horizon, clay, brown (5YR 6/5), 
moist, massive, medium and many carbonate 
masses, medium and many carbonate nodules, 
violently effervescent with HCl; 

–70–(130) cm, calcic horizon, clay, brown (5YR 
6.5/4), moist, massive, medium and many 
carbonate masses, violently effervescent with HCl. 
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Table 3. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm Textural 
class > 2.0 2.0-0.05 0.05-0.002 <0.002 <0.0002 

A 0–20 20 37.0 37.5 25.5 11.7 L 

Bk1 20–70 27 39.5 17.5 43.0 21.8 C 

Bk2 70–(130) 29 40.0 17.0 43.0 22.0 C 

 

 

Table 4. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

pH 
ECe 

[dS.m
-1

] 

CEC 

[meq/100g 
soil] 

COLE Carbonate 
calcium 

equivalent, 
CCE [g∙kg

-1
] 

A 0–20 6 7.9 0.6 23.9 0.01 110 

Bk1 20–70 5 8.0 0.4 18.3 0.03 470 

Bk2 70–(130) 4 8.0 0.3 17.9 0.03 470 
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 Profile 3 – Katocalcic Vertisol (Aric, Hypereutric, Ochric, Cutanic, Katoluvic) 
Location: foot slope, inclination 25°, N 32°25'43" , E 50°15'18" 

 

 
 

 

 

 

Aip 
 
 
 
 

Btik1 
 
 
 
 

Btik2 
 
 
 
 

 
 
 

 
 
 

Morphology: 

– 0–25 cm, humus horizon, clay loam, brown 
(7.5YR 4.5/4), dry, moderate granular fine and 
moderate wedge medium  structure, many distinct 
slickensides on top faces of peds and on the 
surface along root channels; 

 – 25–65 cm, vertic, argic and calcic horizon, clay, 
brown (7.5YR 5/4), moist, massive, many distinct 
slickensides on top faces of peds and on the 
surface along root channels, few faint clay films on 
top faces of peds, strongly effervescent with HCl; 

– 65–(130) cm, vertic, argic and calcic horizon, 
clay, brown (7.5YR 5.5/4), moist, massive, many 
distinct slickensides on top faces of peds and on 
the surface along root channels, few faint clay 
films on top faces of peds, strongly effervescent 
with HCl. 
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Table 5. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm Textural 
class > 2.0 2.0-0.05 0.05-0.002 <0.002 <0.0002 

Aip 0–25 10 40 25 35 13 CL 

Btik1 25–65 27 29 22 49 20 C 

Btik2 65–(130) 28 30 20 50 22 C 

 

 

Table 6. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

pH 
ECe 

[dS.m
-1

] 

CEC 

[meq/100g 
soil] 

COLE Carbonate 
calcium 

equivalent, 
CCE [g∙kg

-1
] 

Aip 0–25 6 7.8 0.5 25.6 0.05 15 

Btik1 25–65 5 7.9 0.4 18.4 0.06 390 

Btik2 65–(130) 4 7.9 0.3 17.6 0.07 400 

 

 

  
 

Fig. 3. Clay coating in the Btik1 horizon of pedon 3 in the footslope 
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 Profile 4 – Katocalcic Vertisol (Aric, Gilgaic, Ochric, Hypereutric) 
Location: foot slope, inclination 10°. N 32°25'14" , E 50°14'55" 

 

 
 

 

 
 

 

Aip 
 
 
 
 

Bik1 
 
 
 
 

Bik2 
 
 
 

 
 

Morphology: 

– 0–25 cm, humus horizon, clay, brown (10YR 5/4), 
dry, moderate granular fine and moderate wedge 
medium  structure, many distinct slickensides on 
top faces of peds and on the surface along root 
channels, very slightly effervescent with HCl; 

– 25–95 cm, vertic and calcic horizon, clay, brown 
(7.5YR 4.5/4), moist, massive, many distinct 
slickensides on top faces of peds and on the 
surface along root channels, medium and few 
carbonate masses, strongly effervescent with HCl; 

– 95–(120) cm, vertic and calcic horizon, clay, 
brown (7.5YR 5/4), moist, massive, many distinct 
slickensides on top faces of peds and on the 
surface along root channels, medium and few 
carbonate masses, strongly effervescent with HCl. 
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Table 7. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm Textural 
class > 2.0 2.0-0.05 0.05-0.002 <0.002 <0.0002 

Aip 0–25 4 27.0 32.5 40.5 16.8 C 

Bik1 25–95 4 29.5 22.5 48.0 23.0 C 

Bik2 95–(120) 5 30.0 21.0 49.0 23.5 C 

 

 

Table 8. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

pH 
ECe 

[dS.m
-1

] 

CEC 

[meq/100g 
soil] 

COLE Carbanate 
calcium 

equivalent, 
CCE [g∙kg

-1
] 

Aip 0–25 12 7.7 0.8 30.8 0.08 65 

Btik1 25–95 5 7.7 0.4 27.0 0.09 220 

Btik2 95–(120) 4 7.7 0.4 26.5 0.09 230 

 

 

 
Fig. 4. Microrelief (gilgai) and cracks in the surface of pedon 4 in the footslope 
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 Profile 5 – Haplic Vertisol (Gilgaic, Hypereutric, Ochric, Bathycalcic, Bathycutanic) 
Location: toe Slope, inclination 5°, N 32°25'11" , E 50°14'45" 

 

 
 

 

 
 

 

Aip 
 
 

Bi1 
 
 
 

Bi2 
 
 
 

Btik 
 
 
 
 
 
 

 
 
 
 

 
 

Morphology: 

– 0–15 cm, humus horizon, clay loam, brown 
(7.5YR 3.5/4), dry, moderate granular fine 
structure;  

– 15–60 cm, vertic horizon, clay, brown  
(7.5YR 4/4), dry, moderate wedge coarse 
structure, many distinct slickensides on top faces 
of peds and on the surface along root channels; 

– 60–105 cm, vertic horizon, clay, brown  
(7.5YR 3/4), moist, weak wedge medium structure, 
many distinct slickensides on top faces of peds and 
on the surface along root channels; 

– 105–(140), vertic and calcic horizon, clay, brown 
(7.5YR 4/4), moist, massive, many distinct 
slickensides on top faces of peds and on the 
surface along root channels, few faint clay films on 
top faces of peds, medium and few carbonate 
massive, medium and common carbonated noduls, 
violently effervescent with HCl. 
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Table 9. Texture  

Horizon 
Depth  
[cm] 

Percentage share of fractions, size of fractions in mm Textural 
class > 2.0 2.0-0.05 0.05-0.002 <0.002 <0.0002 

Aip 0–15 2.0 31.0 34.0 35.0 14.0 CL 

Bi1 15–60 2.0 25.5 31.5 43.0 18.0 C 

Bi2 60–105 4.0 29.0 29.0 42.0 18.2 C 

Btik 105–(140) 12.0 19.0 22.0 59.0 25.0 C 

 

Table 10. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
 [g∙kg

-1
] 

pH 
ECe 

[dS.m
-1

] 

CEC 

[meq/100g 
soil] 

COLE Carbonate 
calcium 

equivalent, 
CCE [g∙kg

-1
] 

Aip 0–15 7 7.3 1.1 26.7 0.08 15 

Bi1 15–60 7 7.4 0.6 31.6 0.10 33 

Bi2 60–105 24 7.5 0.5 32.8 0.14 5 

Btik 105–(140) 0 7.6 0.4 20.1 0.15 365 

 

 
 
Fig. 5. Microrelief gilgai and cracks on the surface and pressure face and clay coating in horizon Btik  
           in profile 5 
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–

Fig. 6. Location of pedons along the toposequence 
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–
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carbonates close to the surface is a natural feature due to high evaporation (e.g. Driessen et 

al., 2001;
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Fig. 1. Location of the Huay Ma Nai catchment upstream of the Mae Thang reservoir 
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Fig. 2. Limit of the studied MSEC catchment. 
The ∆ reference point is located 18° 14’ 12” N and 100°, 23’ and 07” E, altitude 455 m. 

The yellow arrow indicates the orientation of the toposequence. 

N 

0 400m 
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Table 1. Meteorological data for Huay Ma Nai catchment, Mae Yom province 

 J F M A M J J A S O N D Year* 

Rainfall [mm] 7.1 4.0 39.9 38.8 226.2 158.1 139.8 248.7 288.9 72.0 34.5 37.7 1296 

T [°C] 22.9 25.5 27.4 29.7 27.5 26.7 26.4 26.1 25.7 25.5 23.6 22.1 25.8 

*Year: total yearly rainfall, mean average temperature – period from 2001 to 2005 

  

  

Fig. 3.  2000 – succession of convex hills and with tree 
cover in the valleys and scattered tree cover on top of 
the hills 

Fig. 4. 2002 – Land clearing by fire 

  

Fig. 5. Complete land clearing after fire. Signs of rill 
erosion 

Fig. 6. Complete Land clearing with annual maize 
crop cycle during the rainy season 
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 Profile 1 – Hypereutric Hyperskeletic Leptosol (Ochric) 
Location:  Cleared bare surface, plantation of mungbean, top of the hill, soil surface: 95% of gravels and 

stones, 20% of straw and vegetal debris, parent-rock: volcano-sedimentary schists, 
440 m a.s.l.,   N 20°16'32'' E 64°69'54" 

 

 
 

 

 

 

A 

 
 
 
 
 

BC 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

 

Morphology: 

– 0–10 cm, humiferous horizon, loam, dark brown 
(7.5YR 3/3), soft, friable, structure very fine granular 
and subangular blocky, many very fine pores 
between aggregates, 50% of gravels and stones of 
weathered schists, many very fine roots, boundary 
regular and clear; 

– 10–(30) cm, weathered rock and structural 
horizon BC, Layers of clayey material between layers 
of weathered schists;  brown (7.5 YR 5/4), clay loam, 
many very fine pores. 
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Table 2. Texture  

Horizon 
Depth  
[cm] 

Percentage of fractions (mm) 
Textural 

class > 2.0 2.0-0.2 
0.2-
0.05 

0.05-
0.02 

0.02-
0.002 

< 0.002 

A 0–10 48 36 7 5 27 25 L 

BC 10–(30) nm 34 5 5 28 27 CL 

nm: non measured 

 

Table 3. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
[g∙kg

-1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH P 

[g kg
-1

] 

BD 

H2O KCl [g cm
-3

] 

A 0–10 17.6 1.2 14.3 5.6 4.8 1.93 0.98 

BC 10–(30) nm nm nm 5.5 4.4 nm nm 

BD: bulk density 

 

Table 4. Sorption properties 

Horizon 
Depth  
[cm] 

Exchangeable cations (cmol
(+)

 kg
-1

) 
BS  

[%] Ca
++

 Mg
++

 K
+
 Na

+
 

S (Sum of 
cations) 

T [CEC] 

A 0–10 7.3 3.7 0.5 0.0 11.6 14.9 78 

BC 10–30+ 5.4 4.7 0.4 0.0 10.6 12.1 87 
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 Profile 2 – Skeletic Rhodic Luvisol (Amphiloamic, Epieutric, Ochric) 
Location: Cleared bare surface – plantation of mungbean, slope 25%, upper part of the hill, soil surface: 80% 

gravels and 10% stones, 10% of straw and vegetal debris, parent-rock: volcano-sedimentary 
schists, 427 m a.s.l., N 20°16'26''0  E 64°70'28'' 

 

 
 

 

 
 

 

A 
 
 
 
 

Bt 
 
 
 
 

Bw 
 
 
 
 

BC 
 
 
 
 

 
 
 
 

 
 
 
 
 
 

 

Morphology: 

– 0–10 cm, humus horizon, loam, dark brown 
(7.5YR 3/2), soft, friable, structure very fine fine 
granular, many very fine pores between aggregates, 
30% of gravels and stones of weathered schists, 
many very fine roots; boundary clear and smooth; 

– 10–27 cm, argic horizon, clay, yellowish red (5YR 
4/6), firm, slightly plastic; structure fine subangular 
blocky, very fine pores between aggregates, 50% of 
gravels and stones of weathered schists, many very 
fine roots, boundary gradual and smooth; 

– 27–40 cm, structural horizon, silty clay loam, red 
(2.5YR 4/6), firm, plastic, structure fine subangular 
blocky, few fine pores between aggregates, 50% of 
gravels and stones of weathered schists, boundary 
gradual and wavy; 

– 40–(60) cm, weathered rock and structural 
horizon – layers of clayey material between layers 
of weathered schists, texture of the clayey layers: 
clay loam, few very fine pores, Mn oxides on planar 
voids, surface of weathered schists. 
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Table 5. Texture  

Horizon 
Depth  
[cm] 

Percentage of fractions (mm) 
Textural 

class > 2.0 2.0-0.2 
0.2-
0.05 

0.05-
0.02 

0.02-
0.002 

< 0.002 

A 0–10 55 28 8 5 28 32 L 

Bt 10–27 nm 18 4 7 27 45 C 

Bw 27–40 nm 12 8 8 34 38 SICL 

BC 40–(60) nm 12 7 8 43 30 CL 

 

 

Table 6. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
[g∙kg

 1
] 

Nt 
[g∙kg

-1
] 

C/N 
pH P 

[g kg
-1

] 

BD 

H2O KCl [g cm
-3

] 

A 0–10 20.4 1.2 16.5 6.3 5.6 2.01 0.77 

Bt 10–27 9.7 0.7 14.3 6.2 5.2 0.71 nm 

Bw 27–40 nm nm nm 6.1 4.5 nm nm 

BC 40–(60) nm nm nm 6.1 3.8 nm nm 

 

 

Table 7. Sorption properties 

Horizon 
Depth  
[cm] 

Exchangeable cations (cmol
(+)

 kg
-1

) 
BS  

[%] Ca
++

 Mg
++

 K
+
 Na

+
 

S (Sum of 
cations) 

T [CEC] 

A 0–10 15.7 4.1 0.4 0.1 20.3 17.7 SAT 

Bt 10–27 9.3 5.4 0.3 0.1 15.1 17.2 88 

Bw 27–40 11.8 11.2 0.1 0.1 23.3 16.7 SAT 

BC 40–(60) 17.8 15.6 0.1 0.3 33.7 11.9 SAT 

SAT: saturated 
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 Profile 3 – Skeletic Rhodic Luvisol (Amphiclayic, Epieutric, Ochric) 
Location: Cleared bare surface – plantation of mungbean, slope 35%, upperpart of the slope, soil surface: 

80% gravels and 10% stones, 10% of straw and vegetal debris, parent-rock: volcano-
sedimentary schists, 425 m a.s.l., N 20°16'25''7 E 64°70'34'' 

 

 
 

 

 

 

A 
 
 
 
 
 

Bt 
 
 
 
 
 

Bt2 
 
 
 
 
 

BC 
 
 
 

 
 
 

 
 
 

Morphology: 

– 0–20 cm, humiferous horizon, loam, dark brown 
(7.5YR 3/2), soft, friable, structure very fine 
granular, many very fine pores between 
aggregates, 30% of gravels and stones of 
weathered schists, many very fine roots, boundary 
clear and smooth; 

– 20–35 cm, argic horizon, clay, yellowish red (5YR 
4/6), firm, slightly plastic, structure fine 
subangular blocky, very fine pores between 
aggregates; 30% of gravels and stones of 
weathered schists, many very fine roots, boundary 
gradual and smooth; 

– 35–70 cm, argic horizon, clay, yellowish red (5YR 
4/6), firm, slightly plastic, structure fine 
subangular blocky, very fine pores between 
aggregates, 30% of gravels and stones of 
weathered schists, many very fine roots, boundary 
gradual and smooth; 

– 70–(90) cm, weathered rock and structural 
horizon – layers of clayey material between layers 
of weathered schists, texture of the clayey layers: 
silty clay loam, few very fine pores, Mn oxides on 
planar voids, surface of weathered schists. 
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Table 8. Texture  

Horizon 
Depth  
[cm] 

Percentage of fractions (mm) 
Textural 

class > 2.0 2.0-0.2 
0.2-
0.05 

0.05-
0.02 

0.02-
0.002 

< 0.002 

A 0–20 50 27 6 5 28 34 L 

Bt 20–35 nm 18 4 8 27 43 C 

Bw 35–70 nm 15 4 7 30 44 C 

BC 70–(90) nm 8 2 9 43 38 SiCL 

 

 

Table 9. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
[g∙kg

-1
] 

Nt 
[g∙kg

 -1
] 

C/N 
pH P 

[g kg
-1

] 

BD 

H2O KCl [g cm
-3

] 

A 0–20 21.9 1.6 13.5 7 6.2 1.61 0.74 

Bt 20–35 13.1 0.8 16.8 6 5 0.78 nm 

Bw 35–70 nm nm nm 6 4.7 nm nm 

BC 70–(90) nm nm nm 5.9 4.4 nm nm 

 

 

Table 10. Sorption properties 

Horizon 
Depth  
[cm] 

Exchangeable cations (cmol
(+)

 kg
-1

) 
BS  

[%] Ca
++

 Mg
++

 K
+
 Na

+
 

S (Sum of 
cations) 

T [CEC] 

A 0–20 17.2 4.0 0.3 0.2 21.7 20.2 SAT 

Bt 20–35 11.5 4.9 0.2 0.1 16.7 19.2 87 

Bw 35–70 8.7 6.6 0.2 0.1 15.6 18.2 86 

BC 70–(90) 13.1 10.0 0.1 0.1 23.4 20.2 SAT 
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 Profile 4 – Skeletic Rhodic Luvisol (Clayic, Epieutric, Ochric) 
Location: Cleared bare surface – plantation of mungbean, steeper part of the slope – 45%, soil surface: 80% 

gravels and 10% stones, 10% of straw and vegetal debris; parent-rock: volcano-sedimentary 
schists, 421 m a.s.l., N 20°16'25''4  E 64°70'42'' 

 

 
 

 

 
 

 

A 
 
 
 
 
 

Bw 
 
 
 
 
 

Bt 
 
 
 
 

Bt2 
 
 
 
 
 

BC 
 
 
 

 
 

Morphology: 

– 0–10 cm, humiferous horizon; clay, dark brown 
(7.5YR 3/3), soft, friable, structure very fine fine 
granular; many very fine pores between 
aggregates, strong biologic activity, 20% of gravels 
and stones of weathered schists, many very fine 
roots, boundary clear and smooth; 

– 10–30 cm, cambic horizon, clay, dark red  
(2.5YR 3/6) firm, slightly plastic, structure fine 
subangular blocky, many very fine pores between 
aggregates, many fine tubular pores, 20% of 
gravels and stones of weathered schists, many very 
fine roots, boundary gradual and smooth; 

– 30–45 cm, argic horizon, clay, red (2.5YR 4/6), 
firm, plastic, structure fine subangular blocky, few 
fine pores between aggregates, 30–35% of gravels 
and stones of weathered schists; boundary gradual 
and smooth; 

– 45–60 cm, 30–45 cm, argic horizon, clay, red 
(2.5YR 4/6), firm, plastic, structure fine subangular 
blocky, few fine pores between aggregates, few 
vesicular pores; 40–50% of gravels and many 
stones of weathered schists; boundary clear and 
smooth; 

– 60–(90) cm, transitional horizon; clay, brown 
(7.5YR 5/4), firm, plastic, structure medium 
subangular blocky, few fine pores between 
aggregates, common medium vesicular pores, 
coarse elements: 5–10% of gravels and stones of 
weathered schists, Mn oxides on planar voids, 
surface of weathered schists. 
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Table 11. Texture  

Horizon 
Depth  
[cm] 

Percentage of fractions (mm) 
Textural 

class > 2.0 2.0-0.2 
0.2-
0.05 

0.05-
0.02 

0.02-
0.002 

< 0.002 

A 0–10 47 19 5 3 23 51 C 

Bw 10–35 nm 9 1 7 24 58 C 

Bt 35–45 nm 8 2 6 19 66 C 

Bt2 45–60 nm 9 2 4 23 63 C 

BC 60–(90) nm 7 2 6 28 57 C 

 

 

Table 12. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
[g∙kg

-1
] 

Nt 
[g∙kg

 -1
] 

C/N 
pH P 

[g kg
-1

] 

BD 

H2O KCl [g cm
-3

] 

A 0–10 26.6 1.8 14.7 6.2 5.5 0.87 0.75 

Bw 10–35 11.2 0.8 13.5 5.8 5.1 0.55 nm 

Bt 35–45 nm nm nm 5.4 4.6 nm nm 

Bt2 45–60 nm nm nm 5.3 4.5 nm nm 

BC 60–(90) nm nm nm 5.4 4.4 nm nm 

 

 

Table 13. Sorption properties 

Horizon 
Depth  
[cm] 

Exchangeable cations (cmol
(+)

 kg
-1

) 
BS  

[%] Ca
++

 Mg
++

 K
+
 Na

+
 

S (Sum of 
cations) 

T [CEC] 

A 0–10 18.2 5.0 0.3 0.1 23.7 24.2 98 

Bw 10–35 7.2 4.7 0.2 0.1 12.1 17.2 71 

Bt1 35–45 8.7 4.5 0.2 0.1 13.5 15.2 89 

Bt2 45–60 7.7 5.5 0.3 0.1 13.6 17.9 76 

BC 60–(90) 18.2 5.0 0.3 0.1 23.7 24.2 98 
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 Profile 5 – Hypereutric Skeletic Rhodic Cambisol (Clayic, Ochric) 
Location: Cleared bare surface – plantation of mungbean, slope 25% decreasing, soil surface: little stairs  

5 cm high, 40 cm wide, 70% gravels and 10% stones, 10% of straw and vegetal debris, parent-
rock: volcano-sedimentary schists, 418 m a.s.l., N 20°16'25''0  E 64°70'51'' 
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Bw 
 
 
 
 
 

Bw2 
 
 
 
 
 

Bw3 
 
 
 
 
 
 

 
 
 
 

 
 

Morphology: 

– 0–10 cm, humiferous horizon, clay, dark brown 
(7.5YR 3/3), soft, friable, structure very fine 
granular, many very fine pores between 
aggregates, big vesicular pores, 20% of gravels 
and stones of weathered schists, many very fine 
roots, boundary clear and irregular; 

– 10–40 cm, cambic horizon; clay, reddish brown 
(5YR 4/4), firm, slightly plastic, structure fine 
subangular blocky, many very fine pores 
between aggregates, big vesicular pores, 20% of 
gravels and stones of weathered schists, many 
very fine roots, boundary gradual and smooth; 

– 40–60 cm, cambic horizon; clay, reddish brown 
(5YR 4/4), firm, slightly plastic, structure medium 
subangular blocky, few fine pores between 
aggregates, 20% of gravels and stones of 
weathered schists, boundary diffuse and 
smooth; 

– 60–(80) cm, cambic horizon; clay, red  
(2.5YR 4/6), distinct fine light yellowish brown 
mottles (10YR 6/4), black dendrites of Mn; firm, 
plastic, structure medium subangular blocky, few 
fine pores between aggregates, 20% of gravels 
and stones of weathered schists. 
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Table 14. Texture  

Horizon 
Depth  
[cm] 

Percentage of fractions (mm) 
Textural 

class > 2.0 2.0-0.2 
0.2-
0.05 

0.05-
0.02 

0.02-
0.002 

< 0.002 

A 0–10 39 15 7 8 24 47 C 

Bw 10–40 nm 8 5 6 20 61 C 

Bw2 40–60 nm 8 4 4 20 63 C 

Bw3 60–(80) nm 6 4 5 18 67 C 

 

 

Table 15. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
[g∙kg

-1
] 

Nt 
[g∙kg

 -1
] 

C/N 
pH P 

[g kg
-1

] 

BD 

H2O KCl [g cm
-3

] 

A 0–10 28.5 1.8 15.5 6.2 5.5 0.71 0.8 

Bw 10–40 12.2 0.9 13.9 5.5 4.5 0.41 nm 

Bw2 40–60 nm nm nm 5.6 4.5 nm nm 

Bw3 60–(80) 0.77 0.07 11 5.5 4.3 nm nm 

 

 

Table 16. Sorption properties 

Horizon 
Depth  
[cm] 

Exchangeable cations (cmol
(+)

 kg
-1

) 
BS  

[%] Ca
++

 Mg
++

 K
+
 Na

+
 

S (Sum of 
cations) 

T [CEC] 

A 0–10 18.2 5.0 0.3 0.1 23.7 24.2 98 

Bw 10–40 7.2 4.7 0.2 0.1 12.1 17.2 71 

Bw2 40–60 8.7 4.5 0.2 0.1 13.5 15.2 89 

Bw3 60–(80) 7.7 5.5 0.3 0.1 13.6 17.9 76 
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 Profile 6 – Hypereutric Skeletic Rhodic Cambisol (Clayic, Colluvic, Ochric) 
Location: Cleared bare surface – plantation of mungbean; slope 10% decreasing, footslope; soil surface: 

little stairs 5 cm high, 40 cm wide; 5% gravels and  stones; in some colluvial places, gravel and 

stones are concentrated and cover 80 90% of soil surface in depleted zones, in small 5 cm 

high and 20 cm circumference, gravel and stones cover less than 30%; in other places, gravel 
and stones cover less than 10%; parent-rock: volcano-sedimentary schists,  
412 m a.s.l., N - 20°16'23''9  E 64°70'76'' 

 

 
 

 

 
 

 

A 
 
 
 
 
 

Bw 
 
 
 
 
 

Bw2 
 

 
 

Morphology: 

– 0–15 cm, humiferous horizon, clay, dark brown 
(7.5YR 3/2), soft, friable, structure very fine 
granular, many very fine pores between 
aggregates, big vesicular pores, <5% of gravels 
and stones of weathered schists, many very fine 
roots, boundary clear and smoth; 

– 15–30 cm, cambic horizon; clay, dark brown 
(7YR 3/3), firm, slightly plastic, structure fine 
subangular blocky, many very fine pores 
between aggregates, big vesicular pores, <5% of 
gravels and stones of weathered schists, many 
very fine roots, boundary gradual and smooth; 

– 30–(75) cm, cambic horizon; clay, dark reddish 
brown (5YR 3/3), firm, slightly plastic, structure 
medium subangular blocky, few fine pores 
between aggregates, 20% of gravels and stones 
of weathered schists, many very fine roots. 
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Table 17. Texture  

Horizon 
Depth  
[cm] 

Percentage of fractions (mm) 
Textural 

class > 2.0 2.0-0.2 
0.2-
0.05 

0.05-
0.02 

0.02-
0.002 

< 0.002 

A 0–15 37 18 8 6 22 47 C 

Bw 15–30 nm 16 7 8 23 46 C 

Bw2 30–(75) nm 17 9 7 22 45 C 

 

 

Table 18. Chemical and physicochemical properties 

Horizon 
Depth  
[cm] 

OC 
[g∙kg

-1
] 

Nt 
[g∙kg

 -1
] 

C/N 
pH P 

[g kg
-1

] 

BD 

H2O KCl [g cm
-3

] 

A 0–15 25.5 1.5 16.8 6.2 5.3 0.42 0.7 

Bw 15–30 18.6 1.1 17 5.3 4.3 0.41 nm 

Bw2 30–(75) nm nm nm 5.4 4.3 nm nm 

 

 

Table 19. Sorption properties 

Horizon 
Depth  
[cm] 

Exchangeable cations (cmol
(+)

 kg
-1

) 
BS  

[%] Ca
++

 Mg
++

 K
+
 Na

+
 

S (Sum of 
cations) 

T [CEC] 

A 0–15 17.0 5.2 0.3 0.1 22.6 23.5 96 

Bw 15–30 6.9 4.3 0.3 0.1 11.6 18.9 61 

Bw2 30–(75) 7.0 4.9 0.3 0.2 12.4 17.7 70 
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Fig. 7. Representative toposequence on Huay Ma Nai catchment, position of the profiles 
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Fig. 8. Runoff and soil detachment below natural rain (790mm) between 30/06 to 23/09/2001 in 15 erosion 
1m

2
 plot.   
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Figure 19. XRD determination of the surface horizon of the convex part of the toposequence related  

to the rainfall simulation (Janeau et al., 2003). 

‐
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