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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. 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' 
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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 - 
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Fig. 2. Schematic representation of the soil profiles (Vacca et al., 2009) 
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