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VERTISOLS IN THE COLLECTION OF THE INTERNATIONAL SOIL 2

Wageningen| The Netherlands
MUSEUM AND SOME SUGGESTIONS ON CLASSIFICATION : ki

Hans van Baren!, Wim G. Sombroek' and Abraham Kaplan2

ABSTRACT

' This contribution contains descriptions and analytical data of Verfisols

belanging to the collection of the International Soil Museum (ISM) at

Wagemingen, the Netherlands. It also gives some suggestions and discussfion

points on their classification in Soil Taxonomy and FAO-Unesco Soil Map| of
the World legend.

1. MATERIALS AND METHODS

Over the years, ISM collected nearly 20 Vertisol profiles and about 10
soills with vertic properties. Of these, 17 Vertisols have been analyzed| with
standard methods (see Appendix 3). The description of site and soil and| the

analytical data are given in Appendix 1. The following soils are comprifsed

in this contribution:

Country and FAO-Unesco USDA

soil] code legend Soil Taxonomy

Austiralia AUS4  Chromic Vertisol Udorthentic Chromustert, fine, mijked (?)
thermic

AUS5 Chromic Vertisol Typic Chromoxerert, very fine, milked,
thermic

AUS6 Pellic Vertisol Typic Pelludert, fine, montmorillpnitic,
thermic

Botgwana RB2  Pellic Vertisol Typic Pellustert, fine, montmorilllonitic/
mixed, hyperthermic

'Intlernational Soil Museum, Wageningen, the Netherlands

2Faqultad de Agronomia, Universidad de la Repiiblica, Montevideo, Urugualy




Country and FAO-Unesco USDA
soil| code legend Soil Taxonomy
Greete GRl1  Pellic Vertisol Typic Pelloxerert, very fine, monfmoril-
lonitic, mesic
GR6  Chromic Vertisol Entic Chromoxerert, fine, montmor}llon-
itic, mesic
India IND8 Chromic Vertisol Typic Chromustert, fine, montmori]lonitic,
hyperthermic
INDIO Pellic Vertisol Typic Pellustert, fine, montmorillonitic,
hyperthermic
Italy 113 Chromic Vertisol Aquic Chromoxerert, very fine, miked,
mesic
Namibia SWA9 Pellic Vertisol Typic Pellustert, fine, mixed, herrthermic
South Africa ZA8 Pellic Vertisol Udic Pellustert, fine, montmorill¢nitic,
; thermic
i ZA9 Chromic Vertisol Typic (udic?) Chromustert, very fine, mont-
f morillonitic, thermic
Spain E3 Chromic Vertisol Typic Chromoxerert, fine, montmorjllomitic,
‘ thermic
E12  Chromic Vertisol Typic Chromoxerert, fine, montmorjllonitic,
thermic
E18 Chromic Vertisol Typic Chromoxerert, fine, montmorjllonitic,
thermic
Thailand T2 Pellic Vertisol Udic Pellustert, fine, montmorillgmitic,
isohyperthermic
Turkey TR14 Pellic Vertisol Typic Pelloxerert, fine, montmori}lonitic,
mesic
In addition to the above, ISM will receive soon a set of two Vertigol
profiles, that is characteristic for many of the gently undulating low {plands
of Uruguay. These are covered with clay loam sediments of aeolic origin{ locally
called 'lodolitas'. These low uplands have a microrelief of gilgai in a wavy
pattérn ("ondas"), forming a feather or finger print-like pattern on aegial
photographs. The horizontal distance between the tops of the waves varids from
4 to|8 meters and there is a striking difference in soil development on |the

wave$ and in-between them. In the first case the very dark grey to blac{ Al

(Al1

about 20-30 cm thick. In both cases the Al is underlain by a thin ACck §

to Al5) extends to about 100 cm depth, in the second case it is onl

y

rading



intg & Cck (Kaplan and Ponce de Ledn, 1981; see Appendix 2).

soill units, i.c. typic Pelludert and Rendoll (?), the Uruguayan soil sc
prefler to consider it as one (poly)pedon, called deep phase and shallow
of & ruptic Vertisol. ("ruptic" for horizontally discontinuous, cf. Alt

et gl., 1976). In contrast, the Vertisols without "double-profile" are

haplie Vertisols.

cation of Zuvic (ruptic) Vertisols is applied.

statements on the classification of Vertisols. Some specific points for
cussion, partly based on the observations and data of the ISM soil mono

collection are, however, included in this contribution:

!
I «l.
i

. The classification of Vertisols on account of the presence of gilgai

In some of the Uruguayan Vertisols - notably the deep phase of thel

ones| -~ there is evidence of clay translocation, which is confirmed by mEcro-
as

morphology. An A-Bt-C(ck) horizon sequence is found, hence a local cl

2. DISCUSSION

The relatively small number of profiles did not allow to make gene

It may be useful to give a special name and code to the subsurface h
f Vertisols (and vertic subgroups of other soils). Such a horizon w|

ave a well-developed prismatic structure, pronounced slickensides,

o 8B o o

gy -

Fpr one, such a denomination would avoid the ackward multiple subdiv

@]

f the Al c.q. the AC horizons found in many Vertisol profile descri
Ope may then speak of a "vertic horizon', with the coding P (for Pel

Kubiena/Muckenhausen) or V (for Verton ~ FitzPatrick).

cpncerns not a horizon of "weathering" (v for Verwitterung - Kubiéna

Miickenhausen), but one of structural development.

ct

prsecting slickensides, and wedge-shaped or parallelepiped structur

Rather than characterizing the mapping unit concerned by two taxomomic

ientists
phase

amirano

called

ruptic

ifi-

ral
dis-

Lith

brizon
buld

h mini-

um percentage of clay and montmorillonitic or at least mixed clay mfneral-

[ sions
btions.

bsol -

A denomination as Bv or (B)v would seem to be less appropriate becaupe it

L in-




dggregates needs a quantitative definition of these phenomena. Speci

¢ally, minimal requirements should be established to distinguish Vei

roper from soils of Vertic subgroups.

[he present subdivision of the Vertisols at Suborder level into Tor:

ererts, Usterts and Uderts - with definitions mainly related to a ¢

ithin the peds - is very management-oriented and at times ackward ¢
rrigation is practised. The influence of different climatic envirof
n soil characteristics might be better defined on the depth of occy

f free carbonates (see separate paper Sombroek), where necessary cq

illed-in river valleys ('dambos"), of the Eastern-African peneplair

elatively low CEC-clay values, i.e. below 40 meq/100 g).

n the other hand, there may be a case for distinguishing Aquerts, 1
for Vertisols in riverplains with a shallow phreatic level in the d1
ieason. It is doubtful whether the distinction can be made on coloui
teria alone (although such soils tend to have dark grey rather than
ark greyish brown subsoil horizons). Quantifying the depth and osci

f the groundwater level may in such cases be a better proposition {

|
970).

ions of Chromic and Pellic does not result in a satisfactory subdj

etween the Vertisols in position of free external drainage (those

those on flat terrains).

he erstwhile differentiation between "lithomorphic" versus "topomojy
ertisols (D'Hoore et al.) was straightforward and useful for mappi

urposes, and an effort may be made to re-introduce them.

here are quite a few Vertisol-like soils that have very thin (<10 4

oils of a massive and hard nature, over strongly cracking subsurfad

i | |

fi-

tisols

erts,

ifferent

uration of cracking over the year, rather than to the soil moisturd regime

nce
ments
rrence

mple-

ented with a clay mineralogical criterion (Vertisols in some of thq old,

s have

otably
y

cri-
very
llation
cf.

the "watertable classes" used in the Dutch soil survey; see Van Heeden,

|s mentioned repeatedly in ICOMVERT circular letters, the present ddfini-

vision

n

loping terrains) and the Vertisols in a position of imperfect draifgage

phic"
ng

m) top~

e and




Rjther than "bury" such soils in the multitude of taxa of the Alfisols,

azic" and "Grumic" could then be major subdivisionms.
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They occur e.g. in parts of Kenya (Mara plains) and in Uruguay and h{ve

o:e‘may want to bring to the fore the relationship with the Vertisolg that

have a crumby surface structure by broadening the definition of Vertisols.

7. There may be a case to distinguish luvic Vertisols for the profiles §ith

5S¢
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Altay
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t

jtuations as reported by the Uruguayan soil scientists.
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Appendik 1. DESCRIPTIONS OF SITES AND PROFILES, ANALYTICAL DATA.

Profille AUS 4

Classification

FAD+Unesco: Chromic Vertisol, fine textured

USDA: Udorthenthic Chromustert, fine, mixed(?), thermic
Local: Grey Clay; Ug 5.24

(Handbook of Australian Soils, profile 10 D)

Location

Ajﬁtralia, Queensland, Chinchilla District.
Bottom of a depression with a mellon-hole gilgai complex. Slope less fhan 17.
Elevation: 305 m. Drainage: poorly drained.

Parent 'material/Substratum

Clays overlying and probably derived from siltstone of Jurassic.
Walloon Coal measures.

Vegetjation and Land use

Native vegetation brigalow forest of Acacia harpophylla with Casuari
criistata, some Geijera parviflora and Melaleuca lanceolata. Now clearped
fdr sparse grazing of volunteer herbage. Fodder crops and improved pas-
tuyres for dairying and cattle fattening as well as grain production
(wheat and sorghum) in nearby areas.




m
|
i

, Profile AfS 4
Particle size distribution {(Um in weight %}
i | CoareSand  Fine Sand  Silt Ela—y " Org matter | ‘Free ;
Dspth | Horizon 121 2000 1000 500 250 100 50 29 Caco, ¢ N on|FaY
° [mm 1000 500 250 100 50 20 o <2 NGt T %
¥ L._“_;‘ " b 1 “ # i ‘
00k 3 B 6 8 6.6 5.3 29 013 2
2 10-20 w1 | 7.0 6.1 0.9
3 20-30, A | 3 2156 6T 140.00 20 |
A 130- 45j Au? l 3 30 17 50 7.2 6.5 1.2 0-06 20; |
54560 A | 3 29 17 51 s 5.1 0.9 0.04 22 |
5 60- 801 A3 t 3 31 Th 52 5.6 5,1 0.0k |
7 120-150“ Auk 1 26 14 53 6.0 5.6 | ' 0.03 : ;
y 150180 Ak | | 9 29 15 5k 6.3 6.0 | L
; Exchangeabld cations CEC | B | Water soluble salts
" Ca M : Exch. . BS
9 K Na Sum  geid. Soil  Clay Ca Mg K Na COa HCDa Cl SO
. meq/100 g % (mS/cm] meq/100 g
{ 6.6 1.47] 1,4 26 100
)
; 0.4 0.9 45 % 100 |
' 9.4 0.8 5.6 24 100
; .8 0.7 6.1 22 100
i 1.3 0.6 | 5.6 22 100 |
o 12 1.0 8.8 23 100
} l
Elemehtal composition of the total soil (weight %) o ilo_z S%zlarragj);— Alzoa
o S0, ALO, Fe,0,| Ca0 Mg0 K,0 Na,0 Tio, Mn0 PO loss AL,O, Fe O, R,0 Fe,0,
S 78,7 13.5 3,9 1 4.5 0.6 0.6 0.3 1.10 0,08 0.05 6.7
H :
b
b
‘80.0 13.3 4,0 :0.2 0.7 0.5 0.7 1.09 0.15 0.04 5.2
Elemental composition of the clay fraction {weight %) Molar rati.os
_ . gn. | S0 S0, S0, Al,0
o. S0, ALO, Fe0 |Ca0 M0 K,0 Na,0 Ti0, MnO P,0, 0. AL0; @a R—20; 7,0,
E
i
| ; Clay mineralogy
! Kaol Mi/lit Verm 1:hior Smec Mix Quar Feld Gibb Goeth Hem
—— 4
|
I
] Sand mineralogy Bulk Soil moisture
i density | pF pF pF
| (kg/dm®)| %0 (weigit %) 2
i
|
i
|
Data from Handbook| of Australian Soils, profile 10D
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Aul

Au2

Au3

Au4

N.B.:
ry few quartz sand and gravel and small black nodules in the whole
- deep cracks develop in the dry season

- ve

ile AUS 4

ile description

zon / Depth / Description

0-10 cm. Very dark grey (10YR 3/1) moist and dark grey (IOYR [4/1)
dry, few (dark) grey moist mottles, clay; weak medium plate Hreaking

to moderate coarse to fine angular blocky; very plastic, very

sticky;

firm moist, hard dry; very few small soft black nodules; gradual

smooth boundary.

10-29 cm. Dark greyish brown (I0YR 4/1.5) moist and greyish Hrown

(10YR 5/1.5) dry, very dark grey in cracks, clay; moderate vdry

coarse angular blocky, breaking to fine angular blocky and cyumb;
very plastic, very sticky, firm moist, hard dry; very few smdll

soft black nodules; gradual smooth boundary.

29-60 cm. Grey (10YR 5/1) moist and light brownish grey (10YR

6/1.5)

dry with dark greyish brown moist along cracks and few light |grey

mottles, clay; strong coarse angular blocky breaking to fine

angular blocky; very plastic, very sticky, very firm moist, very

hard dry; diffuse smooth boundary.

60-120 cm. Grey (10YR 5/1) moist and light brownish grey (10YR 6/1.5)
dry with dark yellowish brown moist mottles, clay; moderate Very

coarse angular blocky breaking to medium angular blocky; very

plastic,

very sticky, firm moist, very hard dry; diffuse smooth bounddry.

120-170 cm. Greyish brown (10YR 5/1.5) moist and light grey (

10YR 6/1)

dry, clay; moderate very coarse parallelepiped breaking to filpe;

firm moist, very hard dry.

solum




Profi

Class

FA
US
Lo

Locat

le AUS 5

ification

D~Unesco: Chromic Vertisol, fine textured

DA : Typic Chromoxerert, very fine, mixed, thermic
cal: Grey Clay; Ug 5.4

(Handbook Australian Soils, profile 10 I)

ion and Site

Australia, New South Wales, Riverina

F1
El

Paren
Qu

Veget
Na
Ni
Ne

pt, far-floodplain of a prior stream. Slope less than 17.
pvation: 95 m. Drainage: poorly drained.

t material/Substratum

pternary alluvium.

ption and Land use

t{ve vegetation shrubland of Atriplex vesicaria, Kochia aphylla
traria schoberi. The sample site is a travelling-stock reserve.
ptby sheep grazing and irrigated improved pastures.

b




Profille AUS 5

Profile description

Horizon / Depth / Description

A

Aul

Au2

Au3

ACg

Cg

0-3 cm. Very dark greyish brown (10YR 3/2) dry, with few light
mottles, clay; surface skin is platy, then weak coarse angular
blocky; hard dry; abrupt smooth boundary.

3-20 cm. Very dark greyish brown (10YR 3/2) dry, clay; moderat
medium angular blocky; very hard dry; gradual smooth boundary.

grey

[¢*]

20-40 cm. Very dark greyish brown (10YR 3/2) dry, clay; moderafte

medium angular blocky; very hard dry; slickensides; gradual sm
boundary.

40-90 cm. Dark greyish brown (10YR 3.5/2) moist, clay; moderat]
medium angular blocky; extremely firm moist, intersecting slid
sides and efflorescence of salt both increasing with depth; gr
smooth boundary.

90-120 cm. Dark greyish brown (10YR 4/2) moist with common bro
(7.5YR 5/4) mottles, clay; moderate medium angular blocky;
extremely firm moist; few gypsum crystals; soft red nodules;
manganiferous staining on surfaces of cracks, increasing with
gradual smooth boundary.

120-180 cm. Greyish brown (2.5Y 5/2) and brown (7.5YR 5/4) moi
clay; moderate coarse angular blocky; extremely firm moist; sdg
gypsum crystals.

poth

3
ken-
adual

WwT

depth;

St,
e




Profile AUS S
Particle size distribution ({m in weight ]
Coarse Sand  Fine Sand Silt _CE/ oH ‘ Org. mattar | ‘Free'
Depth jHonzonj>2 2000 1000 500 250 100 s§0 20 ; a  CaC0, N C/IN Fez"a!
oo om w1000 500 250 100 50 20 o <2 O Cq"zj % % L%
! A - = —t } ; 3 ‘
03 4 7 Y 18 29 56 &9 12,5 013 20
2 310wl 6 2610 60 162 56 1.0 010 19
30010-200 Ml 4 17 97 67 6.3 1.4 0,08 18
b 20~ 30;‘ Au? 4 18 9 69 6.9 6.6 110,01 16
S5  30-600 Au3 § 4 19 g 68 7.0 6.7 : 0.9 0.06 15
6 . 60- 90§ Au3 ! 3 18 " 68 6.9 6,7 (050,03 17
7 90-1200 ACg i 2 16 18 64 6.9 6.9 0.3 0,02 15 °
B _150-180] Cg || 5 23 15 51 110 1.0 0.2 002 10, |
‘ Exchangeable cations CEC | g | Water soluble salts
w  © Mg K| N osum 2" soi gy B | C¢ Mg K N O O, C 50,
. —— meq/100 g % (mS/em) mea/100 g
T L5 &6 0.8] 0.8 10,7 10 100
2 015N 1.0] 3.2 2.7 23 99
3 15 1 0.9] 5.8 5.2 21 93
& 1,712 0.9] 7.6 28,2 78 100
5 6.4 12 0.8] 6.8 26,0 5 100
6 5.0 11 0.6] &9 2.5 26 83 |
7 |
8 |
‘ Elbm‘ental composition of the total soil {weight %) Si02 S!:::)c;lar raélic())s2 Al 2 03
ign. R -
No. SuO2 A|203 Fequ Ca0  Mg0 Kzo Na20 TiO2 MnQ P205 |g:s A‘z°a Fe2°3 F1208 Fezoa
1827 8.7 2.9] 0.3 0.k 1.7 0.7 0,8 0.08 0,09 5.3
1 69.1 18,4 6.6 0.4 1.2 2,2 0.8 0.9 0,08 0.06 1.0
7
k.
S 69.7 17,7 6.2] 0.% 1.5 2.2 1.1 0.9 0.08 0,05 6.2
6
7 .
8
Elgmgntal composition of the clay fraction {weight %) » Mo(ar ratif)s
No. S0, ALO, Fe 0l Ca0 Mg0 K. O Na O TiO. MnO P.O o R T T WP
g 2 T3 2 9 2 2 2 2% loss Al,0; Fe,0, R0, Fe,0,
1
2 -
3
by
5 !
6
T
3 i
ﬁ Clay mineralogy
Jo_j Kaol Mi/lll Verm | Chlor Smec Mix Quar Feld Gibb Goeth Hem
1 )
2
3
bl
c
6 |
7 i
8
| Sand mineralogy Bulk Soil moisture
\ density | pF pF pF
° [ tkg/dm®)| 20 (et %2
1
2
3
4 \
5 ‘
6 "
T | |
8 | ; j |
Data frop Handbook pf Australian Soils, profile 10 |
lllz'ﬁﬂL




Profile AUS 6

Claspification

FAQ-Unesco: Pellic Vertisol

USDA: Typic Pelludert, fine, montmorillonitic, thermic
Lpaal: Black tarth, Ug 5.16
(Handbook Australian Soils, profile 11 A)

Location and Site

Australia, Queensland, Darling Downs.

Lpwer midslope of a long pediment slope (2°). Sampled on a shelf of
llinear gilgai.

Elevation: 396 m. Drainage: very poorly drained.

Parept material/Substratum

Cplluvium from a Tertiary basalt cap over Jurassic Walloon sediments
(pandstones and shales).

Vegetation and Land use

Native vegetation open grassland with Menta saturejoides, Plantago vhria,
Swainsona galegifolia and Bassia sp. Used for grazing of beef cattle
Nedarby used for winter (chiefly wheat) and summer (mainly sorghum) gfain
crops.
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Horif
A(p)

Aul

Au2cl

ACck

N.B.:
ickenside occur between 150 and 220 cm depth

kaline throughout the solum

jarea has a well-developed gilgai relief

pths of sampling do not coincide fully with the ISM monolith
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1 le AUS 6

| le description

yon / Depth / Description

0-5 cm. Very dark greyish brown (10YR 2.5/1) moist and very dIrk

grey (I0YR 3/1) dry, with common fine grey mottles, clay; thi
brittle crust over granular, grading to strong medium angular
firm moist, hard to very hard dry; few grass and herb roots; |}
faunal channels; gradual smooth boundary.

blocky;

ew

5-50 cm. Black (10YR 2/1) moist, clay; strong very coarse ang

lar

blocky breaking to fine angular blocky with visible fine aggrggation;
firm to very firm moist; few black nodules; many grass and hefb roots;

few faunal channels; gradual smooth boundary.

50-78 cm. Very dark grey (10YR 2.5/1) moist with some dark grey-
brown patches in vertical cracks, clay; moderate parallelepipgd
breaking to coarse angular blocky with visible fine aggregatidn;
firm moist; few small soft carbonate in pockets and few carbogate

nodules; few grass roots, few faunal channels; diffuse smooth
boundary.

75-105 cm. Very dark grey (10YR 2.5/1) moist with common medifm

distinct dark greyish brown (10YR 4/2) moist mottles, increas

breaking to angular blocky with visible fine aggregation; fir

to many coarse mottles with depth, clay; moderate parallelepiped
moist; few soft carbonate in pockets and few carbonate nodule{'

few gypsum crystals; few grass roots.

ng

’




| Profile AUS 6
Particle size distribution {(m 1n welght %)
CoarseSand  FineSand St Ciay . oH Org. matter . Free’ \
Oeptt Honzon 22 2000 1000 500 250 100 50 20 | Caco, ¢ N on | %Y,
N ; <2 | HO CaCl, 3 | ‘
cn 1 J000 500 250 100 50 20 2 2 Uoe %y L%
I 7 2 W0 W66 5.k - 7. 0.8 2%
g 5=10 AT e 7 29 19 45 87 53 . - 49 018 2T
3 10- 45 Ml b 4 23 17 5 7.6 6.4 | 0. 54.2 0.13 31
;5= 831 ek tr 4 19 1760 17 7.2 109 |29 007 4
¢ 83-105' ACck tr g 20 16 M LT T3 RIS 0,03 50
6 105150, 2 3 2 1650 7.8 1.3 kg j
2 150175 14 4 19 16 61 1.8 1.3 57 :
} | ; i \ ‘ ‘
B A T S—
Exchangeable ¢ations CEC | EC | Water solubie salts
Ca Mg K| Na  Sum fc’fg" Soil  Clay B% i | € Mg K Na CO HEO, C SO
e ‘ meq/100 g : % i(mS/cm) meq/100 g
1B 1 11 388 X %5 i
2B 98 0.9 b 3.0 36 98 i
3 15 0.5 5.4 8 100 ! |
b 200 0,5|M 51 100
5 | 05 9.2 39 100 ‘
6 17 0.5) 9.6 38 100 !
7 16 0.4110 38 100 |
8 ‘ !
Elbn%ental composition of the total soil (weight %) - ?@_2 _Siiwﬁar ra%'f;z— Al , 03
No. 80, AI,0, Fe O (Ca0 Mg0 K,0 Na0 Tio, Mn0 P, 0 loss A0, Fe 0, RO Fe,O0
1
2 |
3 76,5 12,0 5.7 1.7 11 0.7 0.5 1.8 0,17 0.07 9.3
&
S
6 69.7 12.9 5.7 55 1.6 0.7 0.8 1.8 0.130.08 7.2
7
8 : -
Eldgméental composition of the clay fraction (weight %) B s, s?’('):'a' ra‘S'ioosz Al 0,
N°J 510, A0, Fe,f Ca0 Mg0 K,0 Na0 Ti0, MnO P,0 loss A0, Fe,0 RO fe0
.
2 .
3
.
5 | i
6 1
7 |
8__ |
i Clay mineralogy
No x Kaol Mi/lil Verm thor Smec  Mix Quar Feld Gibb Goeth Hem
T
2
3
b
5
6 |
7 |
8
! Sand mineralogy Bulk Soil moisture
; density | pF pF pF
Yo {kg/dm®} 20 (wei2g't?t %)Al2
T
2 |
3
. ; )
S ~ i
6 \
L
8 | 1 -
Data from Handboot bf fustralian Seils, profite 11 A
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Aul

Au2

Au3

AC

2C

N.B.|:

~ the whole profile shows an admixture with sand grains and gravel up
1 cm, of quartz and carbonate nature

- criag¢ks reach to a great depth in the dry season

- theiprofile is formed in a region with melon-hole gilgai

ile RB 2

ile description

zan / Depth / Description

0-3 cm. Very dark grey (10YR 3/1) moist, clay; strong fine gr
overlain by a very thin brittle crust; sticky, plastic, friab

moist, slightly hard dry; common fine and medium roots; abrupf

wavy boundary.

3-33 cm. Very dark grey (I10YR 3/1) moist and dry, clay; moder
coarse prismatic breaking into moderate medium angular blocky

gnular,
e

ite

sticky, plastic, firm moist, very hard dry; common fine and m¢dium

roots; very few fine pores; few wedge-shaped elements in the
part of the horizon; cracks are | cm wide at 33 cm and occupy
of the volume; gradual smooth boundary.

| ower

107

33-67 cm. Very dark grey (10YR 3/1) moist and dry, clay; commpn very

weak fine wedge-shaped structural elements and few slickensid
sticky, plastic, firm moist, very hard dry; few fine and very
roots; few small hard carbonate nodules; cracks are 5 mm wide
gradual smooth boundary.

67-96 cm. Black (10YR 2/1) moist and dry, clay loam; weak coa
prismatic to massive; sticky, plastic, firm moist, hard dry;

very fine roots; common pressure faces and few intersecting s
sides; very few small and medium hard carbonate nodules; crack
5 mm wide; gradual smooth boundary.

96-142 cm. Very dark grey (10YR 3/1) moist and dry, silty cla
massive; sticky, plastic, firm moist, hard dry; very few fine
common pressure faces and few intersecting slickensides; coar
fragments of calcium carbonate in lower part of the horizon;
smooth boundary.

142-190 cm. Red (2.5YR 4/6) and very dark grey (2.5YR 3/0) mpist,

weathered calcrete of very gravelly coarse sandy loam texture}

common coarse and very coarse subangular fragments of calcret
pinkish white colour (7.5YR 8/2) moist; the red material is n
to slightly calcareous; very hard calcrete at 190 cm.

b S 3
fine

rse
Few

L icken~-
5 are

;' loam;
roots;
b e

pradual

of
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Clasgification

FAO-Unesco: Pellic Vertisol, fine textured

U$DA: Typic Pellustert, fine, montmorillonitic/mixed, hyperthegmic

Local: Manale series

Locatipn and Site

B¢tswana, 6 km SE of Shoshong
Upper part of gentle slope with gilgai relief. Slope: 5%
Elevation: 1131 m. Drainage: poorly drained.

Parett material/Substratum

Dolerite

Vegetation and Land use

Dthrostachys ceneria. Good grass cover.
O¢ccasional grazing.

Atacia mixed woodland with A. grandicornuta, A. karroo, A.

tenuesping and




. Particle size distribution (im in weight |

Siit

oyniile RB

~o

_sene Sl Sy oH Org. matter ‘Free' ‘
Oepth  Horizon 7 200G 1000 500 250 100 50 20 W0 ke €O c N on Pl
em ‘mmM 1000 500 250 100 50 20 2 <2 ! % v % %
0= 3 Ah -2 9 37 7T 9 13 52 82 6.5 0.9 T0.83 0,12 7
3-33 A1 1 8 305 5 13 27 39 187 6,7 0,45 10,78 0.10 8
| 3-67 A2 1 10 3 5 6 T 13 5 8.8 6.8 0.64 0,4k ‘
67- 96 A3 1| T 3005 5 16 31 33 8.6 6.8 0:82 10,74
96-142. AC 1 5 2k 5 18 36 30 85 6.7 0,62 ' 0.65
142-190. 2C 69 47 26 & 5 12 19 86 7.0 1.3 0,07
Exchangeable ¢ations CEC EC Water sé!uble salts
c Exch. . BS ! :
3 Mg K [N sum g Soil  Clay : | Ca Mg K Na CO HC, CI SO
—— meq/100 g % ]‘ (mS/ijf meq/ 100 g
10,6 2.0 0.2 52.3 10
11,5 1,0 1.5 606 100 |
1.5 1.0 3.7 58,2 100 | |
1.9 0.8 [5.4 60.8 100 | |
13,3 1.0 [.6 7.6 100 | ;
9.3 0.6 |4k b5.4 100 ‘
!
Elemn#al composition of the total soil (weight %) Si02 Sl?/('):lar ra;ui%s2 Al 203
Ign. . __
810, A0, Fe 0 c?o Mg0  K,0 Na,0 Tio, Mn0 P O, ,3;; A0, Fe, 0, R0 Fe,0, |
85.8 8.6 2.0 | 0,24 0.51 3.43 1.64 0.47 0.07 1311 17,0 112.2 14,79 6.6 .
©79.511.6 3.0 [ 0,19 0.57 4,83 0.00 0.40 0.08 15,2 11.6  69.6 9.9 6.0
78.012.0 3.8 | 0,28 1.07 412 1.46 0.58 0.12 1511 11,0  55.0 9.18 5.0
. 78,513.3 3.9 [0.74 0,53 3.68 0.38 0.75 0.05 15.3 1 10.0 540 8,44 5.4 |
83,7 9.6 2.8 [0.29 0,15 3.66 2.28 0,47 0,04 15.9 ] 14,9  80.5 12.58 5.4
C 78,6 14k 46 0,35 0.86 3.1 0.33 0.59 0.06 14,2 9.3  45.6 7.7 4.9
Ele m}al composition of the clay fraction (weight %) Molar ratios
. ) lgn SiO2 SiO,z SiO2 Al 203
| S|02 A|203 Fe203 CdjO Mg0 K20 Nazo T|02 MnO F’205 Ios§ A|203 Fezos ﬁ;_l'); Fe—-—zoa
| 56,4 23,4 12,2 | 2,96 2.75 1.00 0.00 0.80 0,48 A1 12,3 3,07 3.0
b57.1 22,6 12,6 |60 2,13 1.36 0.00 0.88 0.81 43 12,0 3,17 2.8
j
o 57,9 2.4 12,2 | 2,43 411 1,00 0.00 0.68 0.36 46 12,9 3,31 2.8

Clay mineralogy

Kaol Mi/lli Verm Ghlor Smec  Mix Quar Feld Gibb Goeth Hem
j + + *+ XX
: + + b XX
s + Exs XX
E + + ++ XX
+ + 4 X
| + + E 2 X

Sand mineralogy Bulk Soil moisture
density | pF pF pF
2.0 2.5 4.2
. {kg/dm®) {weight %)
|
|
I
!
| \‘
i L | 1 |
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Proflile GR 1

Clagsification

HAO-Unesco: Pellic Vertisol, fine textured
USDA: Typic Pelloxerert, very fine, montmorillonitic, mesic
Ljocal: Grumusol

Locdtion and Site

dreece, Prov. of Thrace, approx. 45 km NW of Orestids.
Lacustrine (?) plain, flat to nearly flat. Slope 0.5%.
Hlevation: 60 m. Drainage: poorly drained.

Pardnt material/Substratum

Hrobably Tertiary calcareous lacustrine (?) deposits.

Vegatétion and Land use

Arable land, cereals.




Profile 'GR 1

Profile description

Horizon / Depth / Description

Ap 0-25 cm. Black (I10YR 2/1) moist, dark grey (10YR 4/1) dry, clay
moderate coarse prismatic, breaking to strong fine angular bloc
in the upper 10 cm pockets with medium crumb; sticky, very plas

common very fine pores; non calcareous; diffuse, smooth boundar

Aul 25-83 cm. Black (10YR 2/1) moist, dark grey (10YR 4/1) dry, clay;

moderate coarse prismatic, breaking to strong medium angular bl
sticky, very plastic, very firm moist, very hard dry; few very
roots; common very fine pores; non calcareous; diffuse, smooth
boundary.

very firm moist, very hard dry; common very fine and fine roots

p
KY s
Fic,
4

y.

beky s
Fine and

Au? 83-113 cm. Very dark grey (10YR 3/1) moist, very dark grey (10YR 3/1)

blocky; sticky, very plastic, very firm moist, very hard dry; f

diffuse, wavy boundary.

C 133-147 cm. Dark brown (10YR 3/3) moist; grey (10YR 5/1) dry, c
massive; sticky, plastic, firm moist, very hard dry; few very £
and fine roots; common very fine and fine pores; non calcareous
slightly calcareous; diffuse, wavy boundary.

2C 147-190 cm. Dark greyish brown (10YR 4/2) moist, greyish brown
(10YR 5/2) dry, silt loam; massive; sticky, plastic, firm moist
dry; very few very fine and fine roots; few very fine and fine
strongly calcareous.

N.B.:

- Pronpuynced slickensides occur throughout the solum, intersecting in the
AC horizon

- In the C horizon horizontal and vertical root channels filled with mate
from the overlying horizons

- Cracks of 2 cm wide occur to a depth of 83 cm

very fine and fine roots; common very fine pores; non calcareouf;

dry, clay; weak coarse prismatic, breaking to strong medium angphlar

AN

Lay ;
ine
to

, hard
pores;

krial




1 Profile §R1
Particie size distnbution (m in weight %}
) Sand ) Silt i EEY oH Org. matter ‘Free'
Deptn - Horizon 1> 2000 1000 500 250 100 5¢ 20 . CaCo C N CNC Fe203‘
s m 1000 500 250 100 S0 20 o <2 MO KO %3 % % %
1 1 i
! 0-25 A ftr tr tr 1 3 4 10 19 63 1.6 6.8 ‘ 0.2 1.3 00 13
IOB-8 M THe te e 13 L 10 19 63 8.3 7.0 - 0.5 1.0 0,07 15
IB-13 M2t ot te 13 49 20 83 83 132 0.8 0.05 16
SOMEC T et 15 T 13 25 882 T2 33 0.4 0.0k 10
S TG0 20 1T e te 15 7T % 8 1580 .20 L5 0.3 0.03 10
b | |
] | ,
3 18 ]
Exchangeable tations CEC " EC Water soluble salts
w G Me K| Na o osum o™ son clay 88 251 Ca Mg K Na CO, o, C 50,
" j meq/100 g % 1 (mS/Cm)i mea/100 g
1 8.6 0.9 1.1 52,6 100 0.8
l .9 0.7 2.4 5.2 100 0.4
3 1.8 0.5 43 0,0 100 0,66
b 8.3 0.5 5.4 37.8 100 | 1,39
S 13 0.8 5.9 3.7 100 150
6 | |
7 L
8 . | l
Elemental composition of the total soil (weight %) 5102 S%Z‘ar ra;%; Al 203
No. 810, Al,0, FezqajCaO Mg0  K,0 Nay0 Tio, MnO P 0 :?,; ;,2_0a Fe, 0, —Rz—os Fe, O,
1 61.5 17, 5.7 2,1 1.9 2.0 0.8 0.1 +tr 8.2 6.0 28.9 5.0 4.8
1 9591 16.9 5.7 3.9 2.1 2.1 0.8 0.1 ir 9.1 5.9 20,7 49 4.7
3 58,3 16. 5.8 &2 2.4 2.5 0.7 0.1 0.1 7.8 5.9 265 4.8 4,5
bk 58,6 17, 6.1 3.6 2.4 2.8 0.7 0.1 0. 7.0 5.8 25.3 &7 bk
S
6
7
8 ;
Elemémal composition of the clay fraction (weight %) Molar ratios
No. S0, ALO, Fe O, Ca0 Mg K.0 Na0 Ti0, MnO P.0 ign. | 30 S0 S0, Al,0,
_ 1 T2ty 7% a; 2 2 2 275 loss | AILO, Fe,0 RO Fe,0,
1 j Sk, T 23.2 8.6) 0.5 2.4 2.0 0.7 0.1 0.1 8.2 40 16,9 3.2 4,2
2 548 23,2 8.6 0.5 2.5 1.9 0.7 0.1 0. 8.0 4,0 17,0 3.2 4,2
3 571 221 8. 0.4 2.5 2.0 0.8 0.1 04 1.5 b 18,7 3.6 4,3
5 541 71,792 0.1 2.9 0.8 0.2 2.2 0.5 7.6 k2 15,6 3.3 3.7
5 555.0 22,0 9.0/ 0.1 3.0 0.8 0.1 2.5 0.5 7.0 hh 16,2 3.5 3.7
6 :
.
g
i Clay mineralogy
No ; Kaol Mi/lll Verm (#hlor Smec Mix Quar Feld Gibb Goeth Hem Pyroph.
1 % O/+ - v e X tr tr
ya + O/+ - e X tr tr
30 0+ 0/+ tr L) X tr tr
L Do« 0/+ tr b X tr tr
5 ‘ + 0/+ tr L) X tr tr
6 |
7 i
8
i Sand mineralogy Bulk Soil moisture
“ : density | pF pF pF
’ tkg/am®)| %0 weidine %) 2
1
2
3
b
>
6
7 ;
8 | j




Profile GR 6

Clagsification
BAO-Unesco: Chromic Vertisol, fine textured
USpA: Entic Chromoxerert, fine, montmorillonitic, mesic
Local: Grumusol

Location and Site
Qreece, Prefecture of Larissa, 1.5 km S of Larissa.
Qld lake basin floor (?) in nearly level plain in flat landscape.
§lope 1%. Altitude: 75 m. Drainage: somewhat poorly drained.

Pardnt material/Substratum

Vege

-3

Unbonsolidated calcareous deposits of Pleistocene age.

tation and Land use

rable land, small grain.
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| le description

pon / Depth / Deseription

0-21 cm. Dark brown (10YR 3.5/3) moist, clay; moderate fine s

ib-

angular; very sticky, very plastic, firm moist, very hard dry} many

very fine and fine roots; common very fine pores; non calcare
clear smooth boundary.

21-52 cm. Dark brown (10YR 4/3) moist, clay; weak fine angula
blocky; very sticky, very plastic, firm moist, very hard dry;
very fine and fine roots; common very fine pores; non calcare
clear wavy boundary.

52-65 cm. Dark brown (7.5YR 4/4) moist, clay; weak fine angul
blocky; very sticky, very plastic, firm moist, very hard dry;

hus ;

L ]

many
bus §

many

very fine and fine roots; common very fine pores; few large apd

small, soft, spherical and irregular, white carbonate nodules}

common slickensides; calcareous, gradual wavy boundary.

65-104 cm. Strong brown (7.5YR 5/6) moist, silty clay; weak f
angular blocky; sticky, plastic, friable moist; common very £
roots; many very fine pores; frequent small and large, soft,
spherical and irregular, white, carbonate nodules; very few s
sides; strongly calcareous; clear wavy boundary.

i ne
Lne

 icken—

104-135 cm. Strong brown (7.5YR 5/6) moist, silty clay loam; mpssive;

sticky, plastic, friable moist; no roots; many very fine pore
few large, soft, irregular, white carbonate nodules; strongly
calcareous; clear smooth boundary.

135-150 cm. Strong brown (7.5YR 5/6) moist, clay; massive; ve
sticky, very plastic; no roots; many very fine pores; frequen
small and large, soft, spherical and irregular, white, carbon
nodules, strongly calcareous.

5 3

Ate




profite [R6
Particle size distribution (Um in weight %)
e Sand Silt Ciay oH Org. matter 'Free’
Depth  Horizon |>2 2000 1000 500 250 100 50 20 ‘ Cco, ¢ N N Pl
LU !mm 1000 500 250 100 50 20 2 <2 HO K | %3 ¥ 9 W
0- 21 Ap [ 0 tr tr 1T 3 16 33 4 7.6 65 0 0.9 0.08 17 1.00
2-52 A 4 tr ot e 13 17 60 079 1.0 - 0.3 0,76 0,07 111,08
"52- 73_1 Ack trtr v 1 2 15 28 53 8,3 7.6 @ 11.5 0.43 0,04 11 0,88
3-104 0 ACKT | tr tr tr 1 20 13033 50 8.5 1.6 198 0,22 0.03 7 0.66
T06135 ACck2:) 1 1 1 2 3 15 32 15 8.6 1.8 | 20.6 0,19 0.02 9 ' 0,69 :
135-1503 Cck 1 22 2 2 M 7 58 87 1,70 2.4 0,08 0,02 5 0,74
Exchangeatbleications CEC | EC Water soluble saits
Ca Mg K| Exch.  Soil clay  BS L5 ¢ Na O, Hco
g Na Sum  acid. ay 3 | a Mg K 3 s
+—— meq/100 g % | (mS/Cm)j meq/100 g
] .7 1.9 0.5 ) T B
2 M4 1.0 0.4 N1 100 - 0,16
3 105 0.9 0.3 38,1 100 016
; 124 07 0.3 3.2 100 018
5 16.0 0.8 0.5 33.5 100 10.26 ’
6 19.3 0.9 0.6 32.9 100 10,27
7 |
8 |
Elernental composition of the total soil (weight %) si0, sl:réc;lar ra;'i%; AL,
No. S0, Al0, Fordy [ C0 Mg0  K,0 Na0 Tio, MnO P,0, 0. A0, Fe,0, RO Fe0
1 !
7
3
4
5
6
7
8 ;
Eilg rrkntal composition of the clay fraction (weight %) Motar ratios
No. Si0, AI,0, Fe,, Ca0 Mg0 K,0 Na O Ti0, MnO P.O fgn. 5% 5&_ Si—02~ Als%
. t s T2 g 2 2 2 2% loss | AI,O, FeO RO Fe 0
1|
) !
3 '
LI
S
6
T
8 |
! Clay mineralogy
No i Kaol  Mi/Ill Verm q}hlor Smec Mix Quar Feld Gibb Goeth Hem
; +
2
3
b
5 i
6
7
8
: Sand mineralogy Bulk Soil moisture
‘» density | pF pF pF
No | (kg/dm®)| 20 (neight %) *2
T
Z
3
4 .
5 \ \
1] | |
8 i 1




Profile IND 8

Profile description

Horizon / Depth / Description

Aul

Au?

Au3

AC

N.B.

- Cracks of 1-2 cm wide appear up to a depth of 65 cm in the dry season
- Fey concretions of manganese and iron oxides appear in the profile bel
17| cm depth

0-17/25 cm. Very dark grey (10YR 3.5/1) dry, clay loam; weak (
prismatic breaking to weak medium subangular blocky; sticky,

oarse
lastic,

firm moist, dry hard; small irregular calcium carbonate nodulgs;
many fine roots; slightly calcareous; clear irregular boundary.

17/25-40/44 cm. Very dark greyish brown (10YR 3/2) moist, clay loam

to clay; weak coarse prismatic breaking into weak medium subaggular

blocky; sticky, plastic, firm moist, hard dry; broken cutans

long

ped faces, probably pressure faces; small irregular calcium cgrbonate

nodules; common fine and very fine roots; slightly calcareous
clear wavy boundary.

40/44-65 cm. Very dark greyish brown (10YR 3/2) moist, many c{
greyish brown (10YR 5/2) mottles, clay; weak coarse prismatic
breaking into moderate coarse subangular blocky; sticky, plast
firm moist, hard dry; prominent intersecting slickensides; cal
carbonate nodules absent; few very fine roots; clear smooth b

65-110 cm. Very dark greyish brown (10YR 3/2) moist, many palg
brown (I10YR 6/3) mottles, increasing with depth, clay; strong
coarse subangular blocky; very sticky, very plastic, firm mois

arse

ic,
cium
undary.

very
t,

hard dry; some pressure faces; calcium carbonate nodules absent;

very few very fine roots.

ow



Profile IND 8

Clasdification

FAO+Unesco: Chromic Vertisol, fine textured
U9DA: Typic Chromustert, fine, montmorillonitic, hyperthermic

Ldcal: Deep Black Clay

Locatlion and Site

India, Maharasthra State, Nagpur District, Mundha village.
Mid slope. Slope 1-37%.
Elevation: 200 m. Drainage: moderately well drained.

Parent material/Substratum
C4lrareous material on basalt (?)

Vegetation and Land use

Ortiginally Acacia arabica and Butea frondosa; now fallow.




| Particle size distnibution (U in welght %)

Profile [Nl 8

. sand _ Silt PE oH Org matter  'Free’
JEpte Hanzon P 2000 1000 500 250 100 50 20 HO Kol | CaCO3 . C N C/N Fe203}
o mth 1000 500 250 100 s0 20 2 <2 | MO KC Cow % % %
o T TR R P e 164
- b ao tr tr 11 1 8 M8 17,9 6.5 P30 0,24 0,03 8 1,72
— Au3 23 1 1 1 1 ¥ 13 L 8,0 6,7 ;21.3 %0.17 0,02 8 ' 1,48
1120 AC &5 1 12 1 8 38 31 81 6.8 1127.8 §0.17 0.02 8 11,34
| | ;
Exchangeable Eations CEC EC ; Water soluble salts
|
Ca Mg K | MNa Sum fc’:gh Soil Clay 59 i 2,531 Ca Mg K Na CO HCQ, O 50,
meq/100 g % ]' (mS/cm : meq/100 g
8.4 0.7 |03 57,4 100 027
1.9 0.5 0e3 51,4 100 0,28
150 0.4 |03 53.9 100 - 0.39
18,6 0.4 |0.3 52, 100 0,29
| |
;
| Elerreri::tal composition of the total soil (weight %) - ; S_nOi Sfﬁ\l(l)c;larra%%si Afzoa‘:
5i0, Al,0, Fe,0, C?O Mg0  K,0 Na,0 Ti0o, Mn0O P, 0 loss Al O, Fe 0, R0 Fezo:i;
1
‘!
t
Elemdntal composition of the clay fraction (weight %) Motar '3“95
| ‘ o Sio,  sio, S0, Al,0,
. Si0, A0, Fe,0, 1C40 Mg0 K40 Na,0 Ti0, MnO P,0 |§s§ ALO. Fe.0. RO fe 0,
‘ 23 2°3 273 2

! Kaol
-

Mi/IIl Verm

Clay mineralogy

Chlar Smec Mix Quar Feld G

ibb Goeth Hem

Sand mineralogy Bulk Soil moisture
density | pF pF pF
2.0 25 4.2
1 (kg/dm®)| " (weight %)
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Profiile IND 10

Claslification

Q-Unesco: Pellic Vertisol, fine textured
DA: Typic Pellustert, fine, montmorillonitic, hyperthermic
cal: Saongi series, Medium Black Soil
|
|
Location and Site

ndia, Maharashtra State, Nagpur District, Saongi village.
idslope. Slope 1-37.
levation: 300 m. Drainage: moderately well drained.

==

Parent material/Substratum

Bpsalt of the Deccan trap.

Vegetdtion and Land use

Originally miscellaneous bushes and grasses. Present land use: Dolichos,
ptton and paddy.

0




Profile IND 10

Profile description

Horizon / Depth / Description

Aul

Au2

ACck

CA

0-15 cm. Very dark greyish brown (10YR 3/2), dry, clay; strong
subangular blocky; sticky, plastic, firm moist, very hard dryj

irregular calcium carbonate nodules; common roots; cracks up fo

I cm wide; calcareous; gradual smooth boundary.

15-35 cm. Very dark grey (10YR 3/1) moist, clay; moderate coay

firm moist, hard dry; few irregular calcium carbonate nodules
common roots; cracks up to 2-4 mm wide; calcareous; gradual s
boundary.

prismatic breaking into coarse subangular blocky; sticky, plaltic,

coarse
few

se

ocoth

35-58 cm. Very dark grey (10YR 3/1) moist, clay; weak medium frismatic

breaking into moderate medium angular blocky; sticky, plastic,

firm

moist, hard dry; few irregular calcium carbonate nodules, common

roots, common intersecting slickensides, cracks 2-3 mm wide;
calcareous; clear smooth boundary.

58-72 cm. Very dark greyish brown (10YR 3/2) and light brownijh
lightly

grey (10YR 6/2) moist, loam; moderate medium angular blocky;

sticky, sligthly plastlc, friable moist, slightly hard dry; cdmmon
irregular calcium carbonate nodules of 2-20 mm and soft carborjate;

strongly calcareous; clear smooth boundary.

72-115 cm. Pale brown (I10YR 6/3) moist, weathered basaltic (?)
material; strongly calcareous.




Profile IND10
Particle size distribution (Um 1n welght %)
Sand Sitt Ea_v oH Org. matter | 'Free’
Oeptn - Horizon |2 12000 1000 500 250 100 50 20 CaCo, ¢ N on o el
| <2 0 HO KO TR :
cm jmn [1000 500 250 100 50 20 2 ! L% % % %
15 dp vl ot T ot 23 18 % 49 TS 60| - 030 0.03 10 AN
15-35 M ot b T2 31 7 B 7 6o . 10,30 0,03 10 2,00 -
B ke e e 1 2 1% KT B0 - 0270.03 9 107
58- 66 ACck | i tr 1 1 3415 3% u 7.8 6.5 81 0,27 0,02 14 C1.5T
66- 80 CA T3 8 19 10 17T 2 0 8.0 6.5 12,9 0,03 0,01 1.2
- 80~120  CA T e 7 1 18 19 15 8.1 6.7 13.8 0,10 0.01 (1M
e |
| ! | | ; {
Exchangealblecitions CEC | EC g Water sotuble salts
C&@ Mg K | Na  sum Ec’:gh Soil  Clay 59 251 C Mg K Ns COl HCP, C O,
‘ meq/100 g : % tmS/cm) meq/100 g
50,3 .00 0.4 10,3 58,0 60,9 9% 1 0.31
532 8T 04 |02 62,5 57,0 100 10,27
4.8 11,3 0,3 9 60,4 66.1 91 0.49
12103 |03 69.6 100 0,43
100 0.3 /0.3 6.8 100 0.27
10,5 0.3 |03 81.8 100 | 0,26
!
Elemental composition of the total soil (weight %) - i()i sli\/(l)c;lar rag{:i A!203
Ssz AI203 Fezoa Ga0 Mgo K20 N320 TiO2 MnO onb loss Alzos Fezoa Fl20a Fezo‘.4
| i i i 9 Mol tios
Ele n?kal composition of the clay fraction (weight %) - SiOz SiO(: ar raSioz Al 203
Si0, Al0, Fe,0 qfo Mg0  K,0 Na,0 Ti0, MnO P,0, toss A0, Fe 0, R0 Fe,0,
3 |
3‘ Clay mineralogy
J} Kaol Mi/lll Verm ¢€hlor Smec Mix Quar Feld Gibb Goeth Hem
| Sand mineralogy Bulk Soil moisture
;‘ density | pF pF pF
. J (kg/dm?)| 20 (wei%t?z %42
|
| |
| |
\



Profile I 13

UBDA: Aquic Chromoxerert, very fine, mixed, mesic
cal: Vertisuolo

jly, Frosinone Province, 1.5 km S of Falvaterra.
cave slope in karst basin.
dpe: 10%. Elevation: approx. 300 m. Drainage: imperfectly drained.

iistocene colluvial deposits, covered with Holocene colluvial depo

P
b ‘h derived from limestone with some admixture of volcanic material
the recent colluvial deposits.

Vege:ition and Land use

A:fpresent grasses for cattle; formerly used for wheat.

bits,
in




Profﬂue I13

Horinqn / Depth / Description

Apl | 0-5 cm. Dark reddish brown (5YR 3/3) moist, clay; weak coarse|sub-
‘ angular blocky, falling apart into moderate fine and medium syb-
angular blocky; sticky, plastic, firm moist; many very fine ti
coarse discontinuous and continuous random inped and exped tubular
pores; few small soft spherical black iron-manganese nodules;|few
pottery fragments; common animal burrows (worms, ants, etc.) 4nd
chambers; many medium and common fine roots; clear, smooth boIndary.

Ap2 | 5-20 cm. Dark reddish brown (5YR 3/3) moist, clay; weak coars¢ sub-
~ angular blocky, falling apart into moderate fine subangular b}ocky;
sticky, plastic, friable to firm moist; few pressure cutans along

animal channels and patchy thin clay-iron cutans on pedfaces g§nd

root channels; many very fine to coarse discontinuous and confinuous
random inped and exped tubular pores; few small soft spherica}l black
iron-manganese nodules; few pottery and charcoal fragments; common
animal burrows (milliped, worms, ants, etc.), birth chambers,|storage
chambers, etc.; many fine and common medium roots; clear, smo¢th
boundary.

Btl : 20-38 cm. Dark reddish brown (5YR 3/4) moist, clay; weak fine|and
| medium prismatic, falling apart into moderate fine and medium|sub-
angular blocky; sticky, plastic, friable moist; broken thin t¢
| moderately thick clay-iron cutans on pedfaces and along pores} many
} fine discontinuous random inped tubular pores and common very|coarse
] discontinuous horizontal tubular and vesicular (bio—)pores; few
small soft spherical black iron-manganese nodules; few pottery
fragments and charcoal; many animal burrows and insect nests ¢f
millipodes, ants, etc.; many fine and few medium roots; clear
smooth boundary.

Bt2 | 38-50 cm. Dark reddish brown (5YR 3/4) moist, clay; few mediufp
| and coarse prominent clear dark brown (7.5YR 4/4) and dusky rgd
(10R 3/4) mottles; weak medium prismatic, falling apart into poderate
fine and medium subangular blocky; sticky, plastic, friable mpist;
broken moderately thick iron-clay cutans on pedfaces and in p¢res;
many very fine and fine discontinuous random inped tubular potes

and few coarse discontinuous horizontal exped tubular and vesfcular
(bio-)pores; few small soft spherical black iron-manganese noflules;
few pottery and charcoal fragments; few animal burrows; birtht and
storage chambers of millipodes, ants and other insects; commoph fine
and few medium roots; abrupt, wavy boundary.

2Bgl 50-67 cm. Reddish brown (5YR 4/4) moist, clay; common coarse
prominent clear light gray (5Y 7/2) and reddish yellow (7.5YR|6/6)
and common medium to coarse faint diffuse weak red (10R 4/4)
mottles; strong medium to coarse prismatic; sticky, plastic, firm
to very firm moist; patchy moderately thick clay-iron-humus cptans
on some vertical pedfaces and in pores, patchy moderately thifk

clay-cutans on some pedfaces, patchy thin iron-manganese cutaps
and common medium intersecting slickensides; common very fine|and

fine discontinuous random inped tubular pores and few coarse fo very
coarse discontinuous horizontal exped tubular and vesicular (pio-)

pores; few fine and very few medium roots; gradual, smooth bopndary.




Profile | 13
. Particle size distribution {Lim 10 weight %!
| Sand Sift Clay oH Org. matter ‘Free’
Deptn ‘Horizon ‘P2 2000 1000 500 250 100 50 20 CaCO, C N N Fezosa
No : ’ <2 H0 KCi ! . o
cm o ]'n‘ 1000 $00 250 100 50 20 2 : % - % % [ %
05 it ot 12 2 8 18 8 63 o 2,60
T -3 Bt tr 1 2 1 8 20 6865 5.4 | - 0.87 |
33850 B2 it 1 2 1 9 17 10 6.5 5.0 084 |
4 o 67- 90; 2Bg2 | 0 0 0 t tr 33 9% 6,2 48 | i 0,26 :
5 T8 gk )0 0 0 0 0 1 2 9 L9 36 0,12 |
6 1B L
7 |
| ?
8 | ‘ ‘ ‘
‘ Exchangeaﬁle}kations CEC L EC Water soluble salts
! Ca Mg K ‘Na Sum E)fch. Soil  Clay 8S | ;.5 Ca Mg K Na CO3 HCO3 Cl SO
No. acid. {{mS/cm) mea/100 g
‘ mea/100 g % | q
1075 LE 14 0.0 103 357 30 016
2 066 1.1 0.5 0.0 8.2 29,0 28 0 0,09
3 6.8 1.1 0.4 0.1 8.4 31.0 21 | 0,07
6 102 2.3 0.6 105 13.6 39.0 35 | 0,06
5 64 T8 0.4 03 8.9 36.8 24 0.0
6 | |
7 |
< . . : Molar ratios
Elermental composition of the total soil (weight %) sio,  Si0, sio, Al,0,
No. S0, AL, Fed, |Ca0 Mg K0 Na,0 Tio, Mn0 P,0, o an_os Fe,0, R0 Fe,0,
T
1 |
3
g i \
6
7 . i
8 ‘ . f the clay fraction (weight %) Molar ratios
El m‘#mal composition o y - sio,  so, 50, Al 0,
No.‘, §i0, AI,0, Fe,q %CaO Mg0  K,0 Na,0 Ti0, MnO P,0, o A1L0, @3 ﬁ:o; fe, o,
1 }
2
3
b
5 |
6 |
.
8 :
i Ciay mineralogy
No ! Kaol Mi/lll Verm| Chior Smec Mix Quar Feld Gibb Goeth Hem
!
3
Z
3
b
5
6
7 | :
8 i ——
i ! Sand mineralogy Bulk Soil moisture
i : density | pF pF pF
No | | (kg/dm®)| 2© (wei%r:st %) 42
T )
2 a
3 -
4o -
5| | | '
; 1 ' ‘
6 i | I |
7 | | }
4 x
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3B(t)

B.B.:

2Bg3§§

67-113 cm. Reddish brown (5YR 4/4) clay; many coarse prominen
sharp light gray (5YR 7/2) and yellow (I10YR 7/6) and common

medium distinct diffuse weak red (IOR 4/4) mottles; strong cogrse

to very coarse (sub)angular blocky, peds locally wedge-shaped
sticky and plastic when wet, firm to very firm when moist; pa
moderately thick clay-iron cutans on some pedfaces and in porg
and many large intersecting slickensides; few very fine and f;

Lchy

S

[ ne

discontinuous random inped tubular pores; few fine roots; gradual,

smooth boundary.

113140 cm. Reddish brown (5YR 4/4) moist, clay; many medium

tinct clear grayish brown (2.5Y 5/2) and brownish yellow (10Y
mottles; strong coarse angular blocky, wedge-shaped; sticky,

plastic, firm to very firm moist; patchy moderately thick cla
cutans in pores, patchy thin iron-manganese cutans on some pe
and many medium intersecting slickensides; few very fine and

discontinuous random inped tubular pores; few very fine and f
roots; abrupt, smooth boundary.

140-165 cm. Dark reddish brown (2.5YR 3/4) clay; common coars
prominent diffuse light gray (5Y 7/2) and few fine distinct c
reddish yellow (7.5YR 6/6) mottles; strong fine to medium ang
blocky, peds locally wedge-shaped; sticky, plastic, firm mois
many small intersecting slickensides; few fine discontinuous

is-
6/6)

~iron
faces
ine
ne

ear
lar

’
andom

inped tubular pores; few very fine roots; clear, wavy boundary.

165-200+ cm. Dark reddish brown (5YR 3/3) moist, clay; few me
prominent sharp red (2.5YR 5/8) mottles inside the peds; mode
fine to medium angular blocky; sticky, plastic, firm moist; P
thin clay-iron cutans mainly on vertical pedfaces, broken to ¢
nuous thin iron-manganese cutans on all pedfaces and few smalll
intersecting slickensides; very few fine discontinuous random
tubular pores; very few medium roots.

- some}gilgai microrelief
- description according to Dr. 0.C. Spaargaren, collector of the monolit

1um
ate
tchy
onti-

inped
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Clagsification

FAD-Unesco: Pellic Vertisol, fine textured

USDA: Typic Pellustert, fine, mixed, hyperthermic
Local: -——

Location and Site

Namibia, 30 km E of Tsumeb. Farm Smithfield, lot 541.
Bottom of flat closed basin, surrounded by undulating landscape.
$lope nil. Elevation: approx. 1300 m. Drainage: imperfectly drained,

Par¢nt material/Substratum
Basin clay.

Vegétlation and Land use

Fallow, after cereals.
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e description

few fine roots;

80-120 cm. Very
dry, clay; weak
angular blocky;

calcareous.

dry; few inped v
and abundant gij
soft small irreg

on / Depth / Description

0-20 cm. Dark grey (2.5Y 4/1) moist, grey (2.5Y 4.5/1
strong very fine apgd fine granular, i, the lower part weak cog
subangular blocky; very sticky, very plastic, friable moist; hi
dry; few small goft irregular white caleium carbonate nodules;
calcareous throughout ; abrupt, wavy boundary,

20~40 cm. Very dark grey (2.5Y 3.5/1) m
clay; weak coarse prismatic breaking to weak medium subangular
blocky; very sticky, very plastic, friable moist, hard dry; few
very fine discontinuous random inped pores; few small, soft irrk
gular white calcium carbonate nodules; very few fine roots;
calcareous; gradual smooth boundary.

40-80 cm. Very dark grey (2.5Y 3.5/1) moist, grey (2.5y 4.5/1)
dry, clay; moderate coarse Prismatic, breaking to medium angulajy

blocky; very sticky, very plastic, firm moist, very hard dry; fdw
very fine discontinuoys random inped Pores; few oblique slickenH
sides, number increasing with depth; few small soft irregular whi
calcium carbonate nodules; very few fine roots; strongly calcareous;
gradual smooth boundary,

dark grey (2.5v 3.5/1) moist, grey (2.5v 4.5/1)
coarse prismatic breaking to strong medium to fige
very sticky, very plastic, firm moist, very hard
ery fine discontinuous random pores; Very proming
ckensides resulting in wedge-shaped elements; fey

ular white calcium carbonate nodules;

) dry, c1

oist, grey (2.5Y 4.5/1)




| Profile 6HA O
Particie size distribution L in weight 7o)
*_S_ai_ﬁ~m_ Silt Ea_\f oH Org. matter 1 "Free’ ‘

- Depin "Horizon 32| 2000 1000 500 250 100 50 20 Ho kg % ¢ N on o fe0
O em  mm 1000 500 20 100 59 2 o <2 M R
DRk S 1 10 2 » W 83 .0 e .02 0.05 20 0.43
2 20- K At T2 1 1 09 2 3% 8.0 7.0; 1.4 ;0.72 0.03 24 0.40
3M-60 A2 1202 2 1 B 8 3 5 85T T2 06T 0,03 220 0,43
to60-800 M2 132 2 2 o8 3 24 3 8.6 7.1 8.0 10,67 0.03 221 0.43
> 801000 A3 131 1T 1 4 9 3 23 3 g7 110 5.8 10,62 0,03 21 0,40
) 100-120; Au3 ]! 2 1 22 8 6 2 32 87 7.24E 9.9 10.56 0,03 19, 0,43
] [ ! ’ i j \‘ ‘
a | L .

Exchangeablq cgtions CEC ‘ EC ' Water soluble salts
Co Mg K| N sum O soi gy B 5 G Mg K N COl Mo, C s

° meq/100 g : % (mS/fcm) mea/100 g
! 8.8 0.4] [0.4 29.2 100 0,22 |
! 125 031 0.2 33.5 100 0.24 1
3 15.2 0.3, 0.2 31,0 100 0.24
_+ 16,7 0.3 0.2 35.1 100 0,27 |
) 187 0.3 0.5 B3 10 0.30 |
) 2006 0.3 0.7 3.7 100 0,32
/
: Molar ratios

‘ Eiemantal composition of the total soil {weight %) - $i02 Si0:a flo—2 Nan
O S0 A0, Fe0 | €a0 Mg K0 Na,0 Tio, Mn0 P,Q loss | ALO, Fe 0 R0, Fe,0,
]
;
t
b
.
-

Elenpenital composition of the clay fraction (weight %) Molar rati.os
, _ ' ign. | S0, S0, S0, Al,0
0. 5102 i‘-\l,.,O3 Fe203 Qa0 Mg0 K20 N320 T|02 Mn0O P205 loss AI203 Fezoa ﬁz—o; F€203
)
Clay mineralogy
> Kaol Mi/ll Verm Chlor Smec Mix Quar Feld Gibb Goeth Hem
I
Sand mineralogy Bulk Soil moisture
density | pF pF pF

’ {kg/dm®) 2.0 (weizg'l?t %)4'2




Prof

Prof

Hori

Aul

Au?

Ag

ACg

ile ZA 8

ile description

zqn / Depth / Description
0-30 cm. Black (2.5Y 2/1) moist and black (10YR 2/2) dry, cla
moderate fine subangular blocky, somewhat compact; very stick;
plastic, friable to firm moist, very hard dry, clear smooth b
30-55 cm. Colours as Ah, clay; moderate fine subangular block]
sticky, very plastic, firm moist, very hard dry, diffuse smoo
boundary.
55-80 cm. Very dark grey (2.5Y 3.5/1 to 5Y 3.5/1) moist, comm
fine distinct yellowish brown (10YR 5/4) mottles, clay; moder
fine subangular blocky; very sticky, very plastic, friable mo
very hard dry; many slickensides, few continuous intersecting
slickensides.
80-110 cm. Olive grey (5YR 4/2) moist, many light olive brown

(2.5Y 5/3) and few dark greenish grey (5GY 4/1) mottles, clay
moderate fine subangular blocky; very sticky, very plastic, fj
moist, very hard dry; many continuous intersecting slickensids

V3
F, very
bundary.

s very

'h

b
hite
L st,

riable
S .
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Clasgification

FA

Unesco: Pellic Vertisol, fine, textured

U$DA: Udic Pellustert, fine, montmorillonitic, thermic

Lq

Locat

Re
51
51

Pareq

Re

Veget]
Th

cal: Rensburg Form

ipn and Site

p. of South Africa, Natal, 20 km N of Pietermaritzburg.
ope near bottom of narrow valley in undulating landscape.
ope: 10Z. Elevation: 700 m. Drainage: poorly drained.

t| material/Substratum

sidue of weathering diorite

ation and Land use

ornbush with Acacia spp. and grasses.




Profile ZA
Particie stze distribution Lm0 weignt o
o Send Sl Cay o Org matter | 'Free'
Uepin - rorizon 1212000 1000 500 250 100 50 20 CaCO, C N CIN| Fey 0y
i em MM 11000 500 250 100 50 20 2 <2 MO KC %% % [ %
0- 30 Ayl 322 k515 23 4 63 5.0 (2.43 0.08 300 5.47 |
30~ 55 Aw? 32 3 7 6 11 17 51 6.7 5.4 - 1,43 0.06 24 3.38
95 80 Ag b33 7 5 7T 1 60 7.1 5.8 b= 10,62 0,02 3 3.15
80-100: ACg ? 2 F M 6 710 58 7,0 5.6 ; - 10,52 0,03 17:1.66
100-110° ACg To2zo4 8 8 9 1205% T3 58t 048 003 161223
| é
o | C
Exchangeabld cations CEC £ Water soluble salts
I Exch. . 8S € :
) a Mg K Na Sum  geid. Soil  Clay : 2,0 Ca Mg K Na CO3 HG o] SO
. meq/100 g % (mS/cm)i meq/100 g
15.2 10,5 0,19 10,65  26.5 42,0 63 0.7
193 2.5 014 (0,85 4.8 51,2 82 0,22
25.2 21,6 0,14 [1)07 48,0 53.6 90 0.15
2.8 22,7 0,14 (0,87 45,5 53.1 86 0.16 |
B4 0,14 10,87 50,5 32.6 100 0,14 !
|
) r t
Elednental composition of the total soil {weight %) sio, s%:'a”aé'i%z AL,
g ign. P 2
* 30 ALO, Fe0,| G0 Mg K0 Na0 Tio, MnO PO, o ALO, Fe0, RO, Fe,0,
62.7 11,1 10,9/ 1.0 0.6 0.3 1.8 0,18 0.07 10.6 9.6 . 5.9 1.6
‘ 62.0 1.8 12.411.8 1.0 0.3 1.6 0.19 0,03 8.8 8.9 5.2 1.5
5T.4 15,5 13,4 2.0 1.3 0.3 1.5 0.06 0.04 1.7 6.3 . 4,0 1.8
60.6 17.1 10,71 2.7 1.3 0.4 1.5 0.07 0,07 6.5 6.0 4.3 2.5
(57,2 18,1 ML) 2T 1.3 0.4 1.4 0.05 0.08 6.9 5.4 . 3.9 2.6
Elemental composition of the clay fraction (weight %) Molar ratios
) A Ign SiO2 SiO2 SiO2 Al 203
3.‘ S|02 Al203 F(-AZO:‘l Ga0 Mgo Kzo NaZO T|02 MnO PZO5 los§ A|203 Fe203 ﬁ;; F€2°3
; 49,2 1.1 13,7 6.3 0.7 0.2 T.4 014 0,13 10.9 4,0 9,6 2.8 2.4
54,8 18,1 1431 0.5 1.0 0.1 1.3 0,14 0.09 9.9 5.2 10,2 3.4 2.0
0099.3 17,2 12,40 1.0 1.2 0.2 1.4 0,05 0.08 1.3 5.8 12,7 4,0 2.2
P57, 18,7 12,30 1.2 1.3 0.2 1.4 0,06 0,09 T4 5.2 12.3 3.7 2.4
“ 91.3 20,5 144 0.2 1.5 0.1 1.0 0.06 0.06 10.8 4,3 9.5 2.9 2.2
i Clay mineralogy
! Kaol Mi/Hi Verm Chlor Smec Mix Quar Feld Gibb Goeth Hem
+ kot X -
: +* +obd X -
I ey X X
J J(r‘ L2 X X
: tr o+t tr X
|
Sand mineralogy Bulk Soil moisture
density | pF pF pF
)
. tkg/dm® )| %0 (weigine %) 2
) H
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Clas‘ﬂfication

FAG-Unesco: Chromic Vertisol, fine textured
U$DA: Typic (Udic?) Chromustert, very fine, montmorillonitic, {
Local: Arcadia Form

. of South Africa, Natal, 20 km N of Pietermaritzburg.
slope in rolling country. Irregular pattern of deep, 3 cm wide cJ
1g polygons of 30-40 cm diameter. Slope 6%. Altitude 700 m.

Drainage: impefectly to moderately well drained.

t material/Substratum

sidue of weathering diorite.

Vegetation and Land use

Thornveld bush, Acacia spp.

hermic

acks
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Profi1+ description

Horizo$ / Depth / Description

Ahl

Ah2

Aul

Au2

0-15 cm. Very dark brown (10YR 2/2) moist and (7.5YR 2/2) dry,
strong fine subangular blocky; very sticky, very plastic, fria
moist, very hard dry; non calcareous; clear, smooth boundary.

15-35 cm. Same colours as Ahl, clay; moderate fine subangular
blocky; very sticky, very plastic, friable moist, very hard dr
non calcareous; diffuse, smooth boundary.

35-100 cm. Black (10YR 1/1) moist, clay; weak very coarse pris
breaking to moderate and fine subangular blocky; very sticky,
plastic, friable moist, very hard dry, common small and few co
slickensides; non calcareous; diffuse smooth boundary.

100-120 cm. Black (10YR 1/1) moist, clay; weak coarse prismati
breaking to moderate and fine subangular blocky; very sticky,
plastic, friable moist, very hard dry; common continuous inter
slickensides; non calcareous.

clay;
ple

y $

matic,
very
htinuous

I~

nkd
rery
becting
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Particle size distribution (Um i weigni o
‘ _ . Sad S clay " Org matter ' ‘Free' |
Jepth Horizon 3 2000 1000 500 250 100 50 20 no ke GO0 C N o feY
B Pm 1000 500 250 100 50 29 g <2 O % % %
P2 T3 6 8 5 o 10 5T 6.8 53 - .60 o046 12 bo
2 20- 40 A2 tr 13 7 6 g 1M 62 7.1 5.5 - 1.3 0,11 12 0 4,46
3 40~ 60 Al tr 1 4 8 5 10 12 60 7.4 5.9 | tr ;1.16 61 1 4.84j
& 60- 80 AUl tr tr 2 4 b 10 13 66 7.6 6.2 tr 11,40 0,70 14 , 4,84
5 80-100. Aul tr tr 1 303 9 1 1 n8 63 ‘ tr 1,11 0,10 17 ‘ 4,84
6 100110 " Auw? ! tr tr 1 3 L1116 64 8.1 6.6 ' tr  1.29 0,00 14 450
7 ;
8 B | |
Exchangeable ¢ations CEC : £ Water soluble salts
; Ca. Mg K| |Na sum fc’?ccjh' Soil  Clay BS | Sl Ca Mg K Na €O, HEO, C s0
> meq/100g ——. % |{mS/eml) meq/100 g
T 185 19,7 0,28 1076 39,7 45,2 81 D0
2 248 20,9 0,20 1,24 41,2 40,4 95 } 0.12
3187 232 0.28 11,13 43.9 56.4 18 L0k
2230 286 0,21 12,26 49,4 55.5 89 0.2
O 245 %051 166 50,1 57.0 88 0.7
6 222 29.0 0,33 3,06 5%.6 55.3 99 0.3 |
7 |
g L
Elgmental composition of the total soil (weight %) l Si02 Sl:%:larraéli%s A'zoa
do. S0, AILO. Fe0| |Ca0 Mgo K,0 Na,0 Tio, Mn0 P,0, o AL O, @3 R0, Fe,0
1 55.3 171 11,91 1.9 2.1 0.4 1.7 0.2 0.04 10.0 5.5 12,4 3.8 2.3
1 5k4 17,2 11,7 n.8 1.8 0.4 1.5 0.3 0,03 10.4 5.4 12.3 3.7 2.3
3 56,0 16.7 11.5 1.5 1.5 0.4 1.6 0.3 0,03 9.8 5.7 12.9 4,0 2.3
b 0 5hE 17,9 1210 1.1 1.k 0.3 1.5 0.3 0.03 10.9 5.2 11.9 3.6 2.3
5 546 18,1 121 1.1 1.5 0.3 1.5 0.3 0.02 10.9 51 11.9 3.6 2.3
6 55.2 37.7 12,20 1. 1.6 0.3 1.5 0.3 (.02 10.5 5.3 12,0 3.7 2.3
7
8
Elemental composition of the clay fraction (weight %) Molar ratios
. 4 ign. sio, Si0, sio, Al,0,
No. Sio, Al, 0, FeZO:1 Ca0  MgO K,0 Na, 0 Tio, Mn0 P, 0, loss TO‘., F9203 ﬁ;—o; F8203
1 46,2 241 16,0 D.2 J 0 0.2 0.8 0.2 0.12 11.2 3.3 1.7 2.3 2.4
2 f‘46.6 245 16,01 D.2 .3 0.2 0.8 0.2 0.13 1.1 3.2 1.7 2.3 2.4
3 ;47.5 24,4 15,0 | 0,2 30 0.2 0.8 0.2 0.1 11.1 3.3, 8.4 2.4 2.5
4 ’ 47.8 24,2 14,2 | 0.1 2 0.3 0.8 0.2 0.09 1.2 3.4 8.9 2.4 2.7
S ‘ 48.3 24,1 14,1 ) 0.2 .3 0.3 0.8 0.2 0.09 1.0 3.4 9.1 2.5 2.7
5 1491 24,2 144 0.2 A 0.3 0.8 0.2 0.08 1.1 3.5 9.1 2.5 2.6
7 i
3 H
. Ciay mineralogy
o ¢ Kaol Mi/Il Verm |CHMor Smec Mix Quar Feld Gibb Goeth Hem
—
1 ‘ + F4 ‘h" J[I"
2 + ++ tr ’tr
I . +4 tr tr
l} - o tr tr
5 + 4 J[l" ’tr‘
5 * LT X tr tr
=
3 .
! Sand mineralogy Bulk Soit moisture
! density | pF pF pF
° (kg/dmai 20 (wei%t?t %i4ﬂ2
B
2 |
3
b
>
5
T
3 |
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Profiile description

Horigon / Depth / Description

Ap

Aul

Au2 |

Au3

Aué

CA

cracks up to a depth of 70 ecm occur in the dry season

0-10 cm. Dark reddish brown (5YR 3/6) moist and reddish brown

(5YR 3.5/5) dry, clay; strong very fine and fine subangular bflocky
with some granular parts; very plastic, sticky, very friable moist,
hard dry; very few small fragments of calcareous parent materfial;

clear smooth boundary.

10-25 cm. Dark reddish brown (5YR 3/6) moist and reddish browh
(5YR 3.5/5) dry, clay; weak thin platy, breaking to strong vefy

fine angular blocky; sticky, very plastic, very friable moist} very
few small fragments of calcareous parent material; some slickpnsides;

gradual smooth boundary.

25-50 cm. Dark reddish brown (5YR 3/6) moist, clay; moderate foarse
angular blocky, breaking to strong very fine angular blocky; kticky,
very plastic, very friable moist, hard dry; very few small frhgments
of calcareous parent material; some slickensides and wedge-shhped

elements; gradual smooth boundary.

50-70 cm. Dark reddish brown (5YR 3/6) moist, slightly gravel
strong coarse angular blocky, breaking to strong very fine an

blocky; sticky, very plastic, very friable moist, hard dry; v
few small fragments of calcareous parent material; many promi
slickensides and wedge-shaped elements; gradual wavy boundary

[y clay;
bular
Ty

ent

70-90 cm. Dark reddish brown (5YR 3/6) moist, common medium pfominent

clear pale red (2.5YR 6/3) and few medium prominent clear dar

red

(2.5YR 3/6) mottles, clay; moderate coarse angular blocky, brgaking

to strong very fine angular blocky; sticky, plastic, very fri
moist, hard dry; few fragments of calcareous parent material

prominent slickensides and wedge-shaped elements: some cracks
wavy boundary.

90-130+ cm. Dark reddish brown (5YR 3/6) moist, many fine and
distinct sharp and clear pale red (2.5YR 6/3) and dark red (2|
3/6) mottles, slightly gravelly clay; strong coarse angular b]

ble

clear

medium
5YR
ocky,

breaking to strong medium and fine angular blocky; sticky, pldstic,

very friable moist, hard dry; fragments of calcareous parent
material.
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Class fication

Typic Chromoxerert, fine, montmorillonitic, thermic
Vertisuelo topomorfo

HA E—Unesco Chromic Vertisol, fine textured
Locat*on and Site

9pain, Prov. of Badajoz, 4.5 km W of Torremegia.
Oepression in slightly undulating landscape.
El vation: 320 m. Drainage: moderately well drained.

Paren material/Substratum

alcareous Miocene clay.

Vegetttion and Land use

live trees and vine.




Profile H3
Particle size distribution {Um in wetght %)
R Silt Ciay oH ‘ Org. matter | 'Freg’
veothHonzon 13 2000 1000 800 200 100 5o 20 L Caco, ¢ N N Feo
N em Tm 1000 500 200 100 s0 2 o <2 0 MO XC ; %3: % % L%
; T Tt : f
1 0- 10" Ap 1 6 14 131653 7.8 6.3 3.5 0.6 0,06
20 10-5 A1 7 14 1215 53 18,0 6.2 ‘ 3.3 10,38 0,04 10
30550 p2 1 6 14 121453 81 6.4 33 10.32 0,04 8
boS-70 M3 3 5 TS 5 83 605k 006 0.0 9
S T0-90 Auk 5 151396 50 83 7.0 7,8 1003 0.02 12
6 90-110. CA 7 4 131118 56 85 70 1280 1045 0.02 8
7 110-130: CA 1 3 16 T 19 47 85 1.2 197 10,03 0.02
B | | | j L
Exchangeable dations CEC | EC Water sofuble saits
w @ Mi K| Na  sum Ec’fg" Soil  Clay 595 ‘ 25 Ca Mg K Na €O, HLO, C so
' mea/100 g % | (mSem) mea/100 g
1 8,2 1,01 10 .k 100 | 0.28
2 L1070 ; 100 0.5
3 8.6 0.5] 0 L2 ) 100 .' 0.28
4 9.1 0.4 |0 38.3 100 | 0.32
5 5.2 04] 0 34.9 100 | 0.3
6 . 6.9 0.4] 0 24,1 100 | 0.26
7 8.3 0.4 |0 26.9 100 | 0.26
8 ]
Eigmental compasition of the total soil (weight %) sio, s%jla”agi((’); AL,
fo. 30, ALO, Fe0| a0 Moo K,0 Nay0 Tio, Mn0 P,0 \3n. Ao, Fe,0, R0, fe0,
106 1.9 45 11,3 1.7 1.3 0.9 0.1 8 5.6 | 101 #.,7 8.1 4,1
2 12,2 12,3 B8] 1.4 1.8 1.3 0.9 0.1 0 5.9 10,0 40.0 8.0 4,0
30723 12,1 46 1.3 2.2 1.3 0.9 0.1 0 6.1 10,1 4.8 8,2 4.1
b 68.0 11.9 46! (4,0 2.0 1.3 0.9 0.1 0.1 1.6 9.7 39.3 7.8 4.0
S 615 1.7 A5 5.4 1.8 1.3 0.9 0.1 0. 8.0 9.8 39.9 7.9 41
6 496 9.5 3,00 17.7 2.2 1. 0.5 0.0 0.2 17.5 8.9 43,9 1,4 %0
7 66,3 11.4 44l 16,3 2.2 1.5 0.9 0.1 0.1 8.4 9.9 40,0. 7.9 4,1
8
Elednental composition of the clay fraction {weight %) Molar ratios
. sio. Ao Feol & ‘ gn. | S0 S0, s, Al,0
772 ThTy Te0y a0 M0 K0 Nay0 TiO, MnO P, 0 loss | A0, Fe,0 RO fe,0
1 ; 53.6 1.8 8,41 10,1 2.9 2.1 1.1 01 0,2 8.3 4?2 17.0 3.3 41
2 57 2.0 8,41 0.1 3.0 2.1 1.1 0.2 0.2 8.4 4.2 17,2 3.3 4.1
3 ‘ 53.5 216 8.37 0.1 3.0 2.1 1.0 0.1 0.1 8.7 4.2 11.2 3.4 4,1
b ‘ 53.0 21.7 8.3 0.2 3.1 2.1 1.0 0.1 0.1 9.0 4,1 17.0 3.3 &1
5 ‘i 53.2 2.4 8.4 0.2 3.0 2.2 1.0 0.1 0.1 8.5, 42 16.9 3,4 4,0
30581 21 810 0.7 k5 2.4 0.8 0.1 0.5 8.5 4.3 17.8 3.5 k1
] 52.9 21,6 8.5] 0.1 3.5 2.6 0.9 0.1 0.1 9.0 4,2 16.5 3.3 4.0
3 ‘f Clay mineralogy ‘
o_:i Kaol Mi/lil Verm |CHlor Smec Mix Quar  Feld Gibb Goeth Hem
! :‘ 4 ** o - X
1 “ L2] *+ b - X
3 L2 ++ tr X
lt '1 ok ¥ L2 2 tr X
) es L2 bk tr X
] { L2 o L 223 + X
/ ’ ++ L2 et L X
i
! Sand mineralogy Butk Soil moisture
density | pF pF pF
° (kg/am®)| 20 (wei2g'hst %)4'2
I
L
3.
v
>
5
1
3 |
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Profil%

Classi&'

FAOrUnesco: Chromic Vertisol, fine textured

UgD
Lac

: Typic Chromoxerert, fine, montmorillonitic, thermic
1: Vertisuelo topomorfo

Ldwer part of slope in gently undulating landscape. Slope 57.

Ele

Parent
Pre
Vegetia

Ana

atlon. 260 m. Drainage: moderately well drained.

Locafiion and Site
Spain, Prov. of Badajoz 4 km NE of Merida.

materlal/Substratum

umably Miocene clay, overlying greenish coloured hornblende schidt.

ion and Land use

le land, in most years used for wheat.
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Depth / Description

015 cm. Dark reddish brown (2.5YR 3/3) moist, clay; crumb and

weak subangular blocky; very plastic, very sticky, very friablg

moist, hard dry; common fine and very fine pores; very few gras
up to 2 cm; clear smooth boundary.

15-55 cm. Dark reddish brown (2.5YR 3/3) moist, clay; moderate

rel

fine angular blocky; very plastic, very sticky, very friable mdist,

hard dry; continuous slickensides and parallelepiped structural

elements, increasing with depth, very few gravel up to 3 cm; g
smooth boundary.

55-70 cm. Dark reddish brown (2.5YR 3/3) moist, common to many
medium to coarse distinct yellowish and brown and some reddish
mottles, increasing with depth; clay; moderate coarse to fine

angular blocky; very plastic, very sticky, very friable moist,
dry; continuous to broken slickensides, decreasing with depth;
gradual wavy boundary.

70-90+ cm. Reddish brown, reddish yellow and yellowish red clay
calcium carbonate nodules and fragments of weathered diorite.

radual

hard




‘ Proefile E17
! ?amcte $iZe Chstridution (Um in weignt %)
» 4“_“___» Saa Sllt_m PEY o Ory. matter Ffreg
Oepth Horizon -2 3000 1000 500 200 100 50 20 Lo ko ©%0 ¢ N oiNiTRYy
em mmi 1000 500 200 100 50 20 2 2 0™ hooo% % %
; ! r— t ; !
0- 15 Ap ;7 5 10 29 % 7.6 6.3 b& 10,94 00 9 3,00 .
15-35 & 4 b 10 29 58 1T 6 &2 0,72 0.00 8 3.M
3B-5 4 3 4 9 28 5 8.0 6.8 52 '0.61 0,08 8 3,07
H-700 AC 17 4 8 28 60 871 6,9 j50.6 ‘;0.54 0,00 11 1,61 j
0-9 ¢ 2| 3 5 o 7885 1200 0,38 0.05 8 2.63 |
. ! i ; J
Exchangeable clati#)ns CEC | Water soluble salts
Exch. .. BS , BC
Ca Mg K Sum i, Soit  Clay i ‘i-Ca Mg K Na CO3 HCOl CI SO
mea/100 g % | (mS/eml] mea/100 g
1.5 0.9 o 67.0 100 !
7.0 0.5 10,1 67,5 100 |
.1 05 P 68.5 100 .
8.4 0.4 D1 53.3 100 j |
6.6 0.4 .1 13,4 100 | |
| |
l s
5 E
Elem4ntal ition of th I soil (weight %) _ Molar ratios
‘ em :“f composition of the total soil (weight - E'o_z S_'(_)z_ E'O_z Nzoa
S0, Al,0, Fe0, .a? MgO  K,0 Na0 Tio, Mno P,o0, loss | A0 Fe0 RO Fe,0
61.9 15,4 7.8 B. 0.5 1,0 .2 0.1 6.7 6.8 211 5,2 3.1
61.3 15.6 7.8 B, 0.5 1.0 . 0.1 6.8 6.7 20.9 5.1 3.1
60,2 15,7 7.8 &, 0.5 1.0 1.1 0.1 6.8 | 6.5 20,5 4.9 3.2
7T 13,2 6.9 15, 0.6 0,8 0.8 0.1 14,2 6.1 18.1 4,5 3.0
263 8,6 5.2 3. 0.4 0.3 0.3 28.0 k8 12,4 3,5 2.6
Elemest composmon of the clay fraction (weight %} Molar ratios
) _ Ian. sio,  sio, si0, Al,0,
; SIO2 A|203 Fezoa Ca K20 Nazo T|02 Mn0 P205 o A|203 Fe203 ﬁz—o; F€203
51,8 221 11.5 2 2.0 1.2 1.0 0.1 0.3 .90 4.0 120 3.0 3.0
S1.7T 22,0 11,1 Q. 2,1 1.2 1.0 0.1 0.3 7.9 4,0 124 3,0 3.1
13 22,5 1.2 Q. 2.4 01,2 1.0 0.1 0.2 8.0 3.9 12,2 2.9 3.1
i51.6 21,6 12,1 2. 2.4 1,0 0.9 0.1 0.8 8.0 4,1 1.3 3.0 2.8
‘l 0 22.0 1.5 ﬂq 2.0 1,2 1.0 0.1 0.2 8.8 40 12,0 3.0 3.0
|
i Clay mineralogy
LKaol Mi/LIl Verm Chlof Smec Mix Quar Feld Gibb Goeth Hem
+ + Lo X3 +
+ tr‘ L2 13 ++
+ ’tr bt 4 X
, tr - e *4 tr
S tr L Y X
i
!
! Sand mineralogy Bulk Soil moisture
: density | pF pF pF
ﬁ (kg/dm®)| 20 (et %)+
i
|
|
L |



Proflle E 18

Clas;ﬂfication

FAQ-Unesco: Chromic Vertisol, fine textured
UBDA: Typic Chromoxerert, fine, montmorillonitic, thermic
Local: Vertisuelo topomorfo

\
Loca:ﬂon and Site

Spain, Prov. of Badajoz, 6 km W of Torremegia.

Almost flat part in broad valley bottom in undulating landscape.
Slape: less than 27.
E

lévation: 292 m. Drainage: moderately well drained.

Parept; material/Substratum
|

Midcene clay, colluvial material.

Vege:jtion and Land use

Vineyard with olive trees.
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Praﬁile E 18

Pr@ﬁile description

Hotﬂzon / Depth / Description

ZClcf

D—

0-3 cm. Yellowish red (5YR 3/6) moist and dry, clay; moderafe to
strong medium crumbs; very sticky, very plastic, very friable moist,
slightly hard dry; very few small gravels of calcareous and|quartz
nature; slightly calcareous; common fine and few medium roots;
abrupt wavy boundary.

3=15 cm. Yellowish red (5YR 3/6) moist and dry, clay; massiye to
weak fine subangular blocky; very sticky, very plastic, very
friable moist, slightly hard dry; very few very fine tubulat pores;
very few small gravels of calcareous and quartz nature; slightly

calcareous; common fine and few medium roots; gradual smooth
boundary.

15-42 cm. Dark reddish brown (2.5YR 3/5) moist and reddish ®rown
(2.5YR 3.5/5) dry clay; moderate fine blocky; very sticky, yery
plastic, firm moist, very hard dry; common intersecting sli¢ken—
sides; few very fine tubular pores; very few gravels of calgareous
and quartz nature, less than in Ap; slightly calcareous; conmon
fine and very few medium roots; gradual wavy boundary.

42-52 cm. Dark reddish brown (2.5YR 3/5) moist and reddish jrown
(2.5YR 3.5/5) dry with many distinct coarse red mottles, clgy;
moderate fine blocky; very sticky, very plastic, firm moist] very
hard dry; many intersecting slickensides; few very fine tubylar
pores; very few small gravels of calcareous and quartz natuge,
more than in B2; calcareous; few fine and few medium roots;
clear wavy boundary.

52-66 cm. Red (2.5YR 4/7) moist and dry, with many medium distinct
reddish yellow mottles, clay; strong fine blocky; sticky, vdry
plastic, friable moist, hard dry; few very fine tubular pords;
strongly calcareous; few medium roots; diffuse smooth bound ry.
(The overlying B3 material is tonguing into the BCca horizon.)

66-93 cm. Light red to red (2.5YR 5.5/6) moist clay; few firje faint
red (2.5YR 4/6) and (10R 4/6) mottles which exhibit weak fine sub-
angular blocky structure; very sticky, very plastic, extrem ly firm
moist, hard dry; few very fine and fine tubular pores; strongly
calcareous; few very fine roots; few large crotovinas of a diameter
of 1-2 cm filled up with B3 material; soft powdery lime in plockets
and elongated patches; gradual smooth boundary.

93-115 cm. Light red to red (2.5YR 5.5/6) moist, clay; dusky| red
(10R 3/4) clay occurs in nodules of 1-2.5 cm which exhibit a
moderate to strong medium angular and subangular blocky structure
set in a lime matrix; very sticky, very plastic, very firm JSist;
few very fine tubular pores; strongly calcareous; very few fline
roots; dark ferromanganese cutans on the clay nodules; few sllicken-
sides which do not intersect; abrupt smooth boundary.
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i

zon / Depth / Description

115-200 cm. Dusky red (I10R 3/4) moist, clay; red clay alterna
with large (4 x 25 cm) pockets of gleyed clay of light grey

(10YR 7/1) moist colour; pockets of soft lime up to 10 x 15 ¢
occur; hard CaCO; pieces are also encountered; numerous slick
intersecting at various angles are prominent; the cleavage fa

are shining and coated with ferromanganese cutans and with wh
lime.

Fing

n
bnsides
fes

L te
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Particle size gistnbution {m in wei
Sand

gnt o

Hyotrte f

18

| o Snd S Sy o Org matter Free’
» Deptn Horizon P2 2000 1000 500 250 100 50 20 ¥ O . CaCO3 C N CIN Fe2031
NG cm ]dn-+ 1000 500 250 100 50 20 2 <2 " Ker % % % Cy
i ‘ N
1 0-15 Ap T 5 5 10 8 5 15 ST 8.2 8.7 0.2 0.4 0,06 7 2.06 .
o=t 1 5 5 g 7 5 g3y 8.0 8101 038 008 6 213
30 0-48 T8 5 8 7 7 13 583 380 6.3 S 03032 0.06 5 223
booW2-52 pw2 o6 5 8 6 7 12 %5 83 6.8 0 6.2 10,29 0.06 5 1,97
5 52-66 AC 2 6 6 8 7 8§ 38 95 8.4 6.9 30,0 0.5 0.05 5 | 1,44
6 66-8 ¢ T7T 6 121 10 10 8 8.7 1.7 196.6 00,16 0,02 8 . 0,04
782102 ¢ 0265 1 100 9 10 47 87 .2 50.8 0.06 0,02 0,99
§ _102-118. ¢ | 26 6 171 16 9 T3 8.7 7.6 608 10.03 0.00 - 0.70 |
Exchangeable ¢ations CEC B Water sotuble salts
C@ Mg K| Na sum =™ soit ciay BS 751 ca Mg K Na O, HEO. O so
Ng, acid. i (mS/embi ' s 3
meq/100 g % 1 ; meq/100 g
1 6.9 0.9 T - 4.3 100 023
2 0.5 04 - 03 0 A
3 6.7 0.3 - 43,8 100 0.2
! 6.5 02 - 1.3 100 003!
§ o002 - 24,0 100 03
7 LT 020 - 24,5 100 | 0.28 !
8 3,2 Q- 17,0 100 L 0,22 |
El rréntal composition of the total soil (weight %) - ; & %:_la”a;ﬁ A!zoa
Vo SI0, A0, Fe 0 (Ca0 mgo K,0 Na,0 Tio, Mn0 P,0, loss ! ALO, Fe0 RO Fezoa%
. |
z i
3 |
. |
! w
6 :
1 3 }
8 J f
Ele ne“\tal composition of the clay fraction (weight %) i Molar ratif)s
‘ _ ian Si0, Si0, Si0, /\[203
5104‘ S|O2 AI2O3 Fezoa #ﬁaO MgQ K20 Na20 T|02 MnO P205 Ioss- ,Alzoa Fe203 ﬁ;’); F€2°3
] | |
2 | |
3 | |
b [
5| |
3 , ‘;
T %
3 |
} Ciay mineralogy
o Kaol Mi/lli Verm IChlor Smec Mix Quar Feld Gibb Goeth Hem
| : + tr - L2 2) O/X
1 : + tr - b O/X
I . - - e O/X
4 i + - - | e tr
3 tr - - e tr
Sl tr - - - X
/ ’ tr - tr T x/ xx
3 ir - ir LY X
! Sand mineralogy I Bulk Soil moisture
: !density pF pF pF
° {(kg/am“» 20 veimt %)+
B | |
) ] |
3 | |
- n \ | t
> B \ | |
i - ‘ ‘ l
o ; ‘
B | | |




Profile T 2

Classification

O+Unesco: Pellic Vertisol, fine textured

U D#: Udic Pellustert, fine, montmorillonitic, isohyperthermic
Ldcal: Grumusol, Lop Buri series

Locatlion and Site
Thailand, Central Plain Region, Lop Buri Province, Muang Lop Buri Dis
Slightly undulating low terrace with weak gilgai relief and few termi
hills. Slope less than 17.

evation: 24 m. Drainage: somewhat poorly drained.

B

fimaterial/Substratum

Cdléareous marl.

Vegeta‘ion and Land use

Recently abandoned rice field, at present low grass vegetation.
Rice yield on similar soils nearby approx. 2000 kg/ha.

trict.
Ce




Profil% T2

Profilé description

Horizoﬁ / Depth / Description
i

Abk | 0-10 cm. Black (10YR 2/1) dry and moist, clay; strong fine and
. medium granular on surface, strong fine subangular blocky belo;
very sticky, very plastic, very hard dry; few very fine tubulaK and
few very fine interstitial pores, few coarse sand grains; few [fine
and medium calcium carbonate nodules; many very fine and fine foots;
clear, wavy boundary.

Ahck | 10-32 cm. Black (10YR 2/1) dry and moist, gravelly clay; stronf

fine subangular blocky; very sticky, very plastic, very hard dry;
few pressure cutans; very few very fine tubular and very few vpry
fine interstitial pores; few coarse sand grains; common fine
and few medium calcium carbonate nodules; common roots; graduall
smooth boundary.

Ack 32-120 cm. Black (10YR 2/1) moist, gravelly clay; moderate finp

- angular blocky; very sticky, very plastic, very firm moist, vely
hard dry; few slickensides and pressure cutans; few very fine
tubular and few very fine interstitial pores; few coarse sand
grains; many fine and very fine and few medium calcium carbonake
nodules; few roots; gradual smooth boundary.

ACck | | 120-145 cm. Dark grey (10YR 4/1) moist, gravelly clay; moderatp

i very fine angular blocky; very sticky, very plastic, very firm
moist; very few very fine tubular and few very fine interstitihl
pores; few coarse sand grains; many fine and very fine and few
medium calcium carbonate nodules; very few roots; gradual smoofh
boundary.

CAck §i 145-170+ cm. Weathering marls. Greyish brown (I10YR 5/2) moist,
. gravelly silt loam; moderate fine angular blocky; sticky, plastic,
- firm moist; very few pores; few coarse sand grains; many very fine,
fine and medium and few coarse calcium carbonate nodules; commpn
fine medium and coarse iron-manganese nodules; no roots.




1 Profile [ 2
| Particle size distribution (Um in weight %]
qo Sand Silt E | oH | Org. matter g'Free';
Depth Honzon>i 2000 1000 500 250 100 50 20 CHO ke 106003f C N CON| Feﬂoai
No cm_f {1000 500 250 50 20 2<2§ 2 '; % j% % L%
! : : ] ‘ ! ‘
010 Kk |0 ! 01205 9 80 67] 56 1.0 o1 18
2 15-30 Ahck 149 5 10 1 20 54 8.6 6.9 24,3 i'04 0,02 21 ‘
3 150-170, CAck . B9 10 T 17 48 11 85 7.1 8.8 | :
4 | I | : E
5 | - |
6 |
7 I A | |
L i l , ;
Exchangeable cations CEC  Ec ‘ Water soluble salts
w. © MoKl N osum M soil clay B8 250 G Mg K Na CO, WO, ¢ so
¢ meq/100 g % } (mS/cm) meq/100 g
1 30 010 55,4 100 048
2 4 0 0.2 11,2 100 | 0,43
3 0 00 27,8 100 0,33
b B i
g i |
6 | |
] | |
8 | |
Elln+nta| composition of the total soil (weight %) - ! & Slivcl)c:lar ra;uii AI203
Yo Si0, AI,0, Fe 0 lCaO Mg0  K,0 Na0 Tio, MnO P, 0, loss A0, Fe 0. RO, Fe,0
1 66.8 12,4 5.0 }3.8 0.6 0.1 1.2 0.2 0,1 .51 9.1 35.5 1.3 3.9
1 57,2 11,9 5.0 Jﬂ2.8 0.6 0.1 0.7 0.4 0.1 13.6‘ 8.2 30.4 6.4 3.7
3320 6.9 2.H Blf.g 0.7 0.0 0.3 0.3 0.2 22,21 1.9 35,4 6.4 4,5
b j
S
6
7
8 i
Eleine*'\tal composition of the clay fraction (weight %) Molar ratios
| ! A ign. | S0  Si0,  sio, Al,0
Jo.» $i0, A1,0, Fe,0, Fao Mg0  K,0 Na,0 TiO, Mn0 P,0, on. AG, Feo, ﬁ;"o; feo,
1 53,1 24,6 8.7 %OJ 0.8 0.1 1.0 0.2 0.1 9.6 3.7 16.3 3.0 bk
2 52,8 25,k 9.0 jO.Z 0.8 0.1 1.0 0.5 0.3 8.71 3.5 15.6 2.9 bob4 |
3 :53.2 244 8.8/ 0.3 0.9 0.1 1.0 0.7 0.3 9.31 3.7 16,1 3.0 b4
o -
> J
j
v |
} |
‘ Clay mineralogy
o | Kaol Mi/Il Verm |CMor Smec Mix Quar Feld Gibb Goeth Hem
) + ‘ w4+ tr XX
1 + ‘ 44+ 1P X
I + | L2 2] tr X
bl n
. i
; N
[ i
;
L Sand mineralogy I Bulk [ Soil moisture
: ’ density ' pF pF
i J I(kg/dm )| 20(welght %) 42
| 1 | g
) | |
% |
} | 1
) ! \ \
b | | | '
T | ' 1 !
; |
b } .
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Profille TR 14

Classification

|
FAD+Unesco: Pellic Vertisol, fine, textured
USPA: Typic Pelloxerert, fine, montmorillonitic, mesic
Local: Vertisol

Locatfign and Site

ley, Thrace region, Tekirdag prov., Saray subprov.
le slope in undulating peneplain. Slope + 57.
jation: 131 m. Drainage: moderately well drained.

material/Substratum

Fipe-textured lacustrine deposits.

Vegeta&ion and Land use

Grhgses and legumes.
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Pr&ﬂile description

Hotizon / Depth / Description

0-15 cm. Black (10YR 2/1) moist, very dark grey (10YR 3/1) {
clay; weak coarse granular; very sticky, very plastic, firm
very hard dry; common roots; non calcareous; clear wavy bouy

15-55 cm. Black (I0YR 2/1) moist and dry, clay; weak prismaf
breaking to weak angular blocky; very sticky, very plastic,

firm moist, very hard dry; slickensides: common roots; calca
clear wavy boundary.

ry,
moist,
dary.
ic,
very
reous;

55-125 cm. Black (10YR 2/1) moist and dry, clay; weak prismdtic,

breaking to weak angular blocky; very sticky, very plastic,
firm moist, very hard dry; distinct slickensides, few rootsj
calcareous; clear wavy boundary.

125-200 cm. Greyish brown (10YR 5/2) moist, light brownish g

very

rey

(10YR 6/2) dry, clay; massive; very sticky, very plastic, vdry firm

moist, very hard dry; slickensides; strongly calcareous.




Brotile TRITEH
Particie size distribution {Um n weight %)
- Sand,ﬁh___‘ Sift Clay oH Org matter  ‘Free’
_ Demh Honzon 122/ 2000 1000 500 250 100 50 20 CCO, ¢ N oN Fe 0y
i om :mMm: 1000 500 250 100 50 20 2 <2 : H,ZO "e %3 % % L%
— i ;
] 0-15  Ap | 1 T 1 12 5 5 12 47 SS9 7.0 01,9 10,97 012 8 0.3
20 15-5 0 Ml ‘ 1 710 12 4 6 12 18 8.3 L1 70 039 0.08 5 0.2
35125 pu P01 06 4 12 885 14 66 043 0.05 0 0.2
i A \
5 | |
5 i
] | i §
3 ! i |
Exchangeabl4 cgtions CEC £c | Water soluble saits
Ca M Exch, , 8S RN
. g K Na Sum g Soil  Clay L Lo Ca Mg K Na  CO, Hqo, < SO,
mea/100 g % { (mS/cm)g mea/100 g
1 551,00 10,4 41,1 100 ;0,36 1
) 6.7 0.6 |04 18,6 100 0,3 |
3 0.3 0.6 1.4 15.9 100 0,30 |
’ i !
) | |
. l |
; ! |
- : f |
) ‘ i j
1 1
Elefnantal composition of the total soil (weight %) , Molar ratios \
6. S0, ALO. F 11 0. 22_ o & T
© 20y ALD, Fe, 0 ¥30  Mg0  K,0 Na,0 Tio, Mn0 P,0, toss A0, Fe, 0, RO Fe,0,
) t
!
}
¢ %
j |
Eiemental composition of the clay fraction (weight %) Motar ratios
, Si0 Si0 Sio, A}.O
©.. S0, ALO, Fe0 |G Mg0 K. O Na O TiO. MnO PO Ign. 2 LI 23
‘ 3 273 ! 2 2 2 25 loss A0, Fe,O, Rzoa fFe,0,
|
: |
5 |
! |
|
r
|
|

v 1 Kaol M/l Verm €hl

Clay mineralogy

; of Smec  Mix Quar Feld Gibb Goeth Hem
i
! Sand mineralogy Bulk Soil moisture
: density | pF pF pF
: 2.0 2.5 4.2
. | {kg/dm®) {weight %)
j ;
! [
. |
: | |
| | | ‘
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2. DATA ON VERTISOL IN URUGUAY
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del Perfil - Fase Profunda

Desqrjpcién

Horiz#nte /

All

Al12

Al3

Al4

Al5

ACca

Cca

Obser
El hd
el hd
de 14

vaciones:
rizonte Al4 fue subdividido 50-75 y 75-100 cm a los efectos del muegstro;

rizonte Al5 presenta un espesor variable (hasta 25 cm o mds) a lo 1
ase profunda.

Profundidad / Descripcién

0-20 cm. Negro (10YR 2/1); arcillo limoso liviano; plastico

pegajoso; bloques subangulares finos y granular gruesa fuerfes;

transicidn gradual.

20-36 cm. Negro (IOYR 2/1); arcilloso a arcillo limoso; muy

plastico y pegajoso; granular media y gruesa, fuerte; pelicfilas
de arcilla delgadas, en todas las caras de los agregados (chras

de presidn); transicidn gradual a difusa.

36-50 cm. Gris muy oscuro a negro (10YR 2.5/1); arcilloso; fui

plastico y pegajoso; bloques subangulares medios que rompen

granular gruesa y media fuerte; peliculas de arcilla delgadgs

en todas las caras (caras de presidn); transicidn gradual a

50-100 cm. Gris muy oscuro a negro (10YR 2.5/1); arcilloso;
plastico y pegajoso; bloques subangulares medios, moderados
rempen en bloques finos y granular gruesa; peliculas de arc

caras de deslizamiento medias y grandes, muy abundantes; tr
cidén gradual.

100(105)-106(112) cm. CGris muy oscuro (10YR 3/1); arcilloso
plastico y pegajoso; bloques subangulares medios, fuertes; |{
de deslizamiento grandes, muy abundantes; transicién clara j
ondulante.

106(112)-120 cm. Pardo (10YR 5/3) y pardo grisdceo oscuro (
4/2); arcilloso a arcillo limoso; muy pldstico y pegajoso, H
ques subangulares medios, revestimientos (vetas) negros (10Y
2/1), abundantes; concreciones de CaCO3; grandes y duras y fy
reaccidén al HCl, transicién clara e irregular.

120+ cm. Pardo (7.5YR 5/3) y (7.5YR 5/2); arcilloso a arcill

moso; muy plastico y pegajoso; caras de deslizamiento comungﬁ;

concreciones de CaCO3; grandes, abundantes, friables; reacci
al HC1 muy fuerte.

delgadas, comunes, gris muy oscuras (10YR 3/1) (caras de prI

en

clara.

muy
que
lla
sidn?);
nsi-

mui
aras

0YR
lo-
R
erte

o li-

argo




Analytical data Fase Profunda

LePon TP T0 s V0 vy

SEGMENT S

Vertisol Riptico Tiniso 4ol
fasz profunda
AU S, S20 1.0 =Y

:

NG Anélisis 5747 5752 5753 754
Protund:dad en cms, (=70 75-100 ]1.9’0 }9% -]']Jg /LZG 1204
Hortzonte A 1 Als A—Cca Ceoa
Humegad 100G - 105¢ C 6.04 7.49 6.38
Factor a seco 1.064 1.081 [1.088 d
oH En H,0 £.3 8.1 8.4

EnKCiN 5.4 6.7 7.0
P Bray NO 1 ppms 6 2 2

DATOS REFERI

TIERRA SECA A 100-1050C

T Fianco

TmRts

R RN

P23 ET T SR L B AT S £ ]

- Muy gruesa 2 1mm%] 1,1 2.5 1.8
_5 WiGruesa 1.08mmO%| 2.8 4.3 2.7
‘é l% Media 05 025mm %) 4.3 5.4 3.4 ]
IR -3 OO ——, R 5.0 3.2
é Muy fina 0,10.0058 mmop| 2.2 2.4 1.7
g Arena Total  Ofo 14.7 2 19.6 12.8
w | Limo /o0 43.6 3 33.6 37.5
% Arciita %/o u1.7 46.8 49.7
© [Fewnr AcL Ac.  Po-Acl |Ac-AcL
Materia orginica  9/o 3.19 1.36 0.45
Carbono organico /o 5.33 0.79 0.26
Nitrogeno total  9ép G.486 0.11 0.04
Relacitn C/N 11.6 7.2 6.5
= | Ca ¥ 35.6 28.0 36.1
g Twg x 5.3 6.7 |7.6
s I 0.9 0.6 0.7
S 0.5 1.2 1.3
g | Bases tutaas L2.1 46,5 45.7
I
3N __
é | Acwez mire. pH 7 0
£ ‘».C;::.amvama) pH2HR| 4L, 2 5.5 45,7 _
i‘; ;f U de taturacion r:H F 9z .‘(:“ 100 100
;4: | Acicer ners. pr 8 2
H 153 6.5 | 38.0
Rel.la/Mg g.n 7 5.7 4,8 i
CL2 Arcilla () 8L.5 82.1 2.5 j3c.1
C.iC celaArcita  (ooe) ST 3z.1 €1.7 T4.6
Q. o Heerro libres (Fep 05t Qg .
Carbonatos (Ca CO4) /o ﬂ‘j
Cond. mmhos cms 1/286 C :
Na (iesaiesvme 10g ! 1‘
_E.de s.ﬂgs T.e./100 g __:
-1
iE 7.5
1
] ;
dor suda de ba koo | |
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Descyipeién del Perfil - Fase Superficial

Horigonte / Profundidad / Descripcidn

Al 0-15 cm. Negro (10YR 2/1); arcilloso a arcillo limoso; muy glas-

tico y pegajoso; bloques subangulares finos y granular grueda,
fuertes; transicién gradual.

ACca| 15-20(25) cm. Pardo (10YR 5/3) y gris muy oscuro (10YR 3/1)y ar-
| cilloso a arcillo limoso; muy plastico y pegajoso; bloques gub-
angulares finos y granular gruesa, fuertes; concreciones de CaC03

medianas, comunes friables y duras; reaccién al HCl fuerte; |tran-
sicién gradual e irregular.

Clea | 20(25)-51 cm. Pardo (10YR 5/3) y (7.5YR 5/2); arcilloso e adcillo

limoso; muy plastico y pegajoso; bloques subangulares finos |y

medios, moderados; caras de deslizamiento comunes; algunos npdulos
negros 0.5 a 1 cm; concreciones de CaCO, grandes, abundantes,
friables; reaccidén al HCl muy fuerte; transicién clara.

C2ca 51-78 cm. Gris oscuro (10YR 4/1), arcilloso; muy plastico y pega-

joso, caras de deslizamiento abundantes; revestimientos (veths)

de color prado (10YR 5/3) comunes; concreciones de CaC03 muy| gran-
des, abundantes, friables; reaccidn al HC1 muy fuerte; transficién

gradual.

C3ca | 78+ cm. Pardo (10YR 5/3) y (7.5YR 5/2) con moteado pardo grikaceo
| (2.5Y 5/2) mediano, poco, tenue; arcilloso con algunas gravilllas
‘ y gravas; plastico y pegajoso; caras de deslizamiento abund tes;
algunas vetas negras; concreciones de Fe Mn pequenas, pocas?[duras
y de CaCO; muy grandes, abundantes y friables; reaccién al HE1

muy fuerte.
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Graphs of analytical data, Fase Profunda and Fase Superficial

Representacion grafica de los datos de caracterizacidn
Fase Profunda

| meq
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* Alinvistaras. A Arcillost - Ar. Arencio — L Limoso

Analytical data Fase Superficial

CEEALTAY e TR

FrAndE Raranc Trande Vertisol Riptico Tipico AcL
SEGVENTC SECTOR PERFIL fase swperf:cial
NO Anatisis £755 | 5758 =757 5758 5759
Frofundidad er. crs 515 *31520!) 20’/):_ £q] 51-78 78+
Hortzonte o A A:(v_‘,ca Cl ca C2 ca C3 ca
, Humegad 100 - 105¢ £.59 | 7.47 £.26 8.91 5.66
Factur asace 1.072 12,081 {1.067 [1.074 |1.071
oH £n H0 7.8 |51 g1 8.2 8.2
Ea KCi N 8.9 7.0 £.9 7.0 7.0
P Bray NV t ppm.s [ 2 2 4 2
DATOS REFERIDOS POR 100 gs. DE TIERRA SECA A 100 . 1050 C
- Muy gruess 2. YmmGgl 3.)4 3.5 2.4 3.9 3.8.
£ @(Grvess 1osmmn] 34 |3y 2,2 4.7 3.3
£ § Media o5 oxmswmedd 3.3, |3y 3.0 4.3 3.1
£ I <Fina 02 0r0mmoel 3,2 | 7,8 2.8 3.8 2.9
g Muy fins 010 005 mmen| (0,9 0.4 1.4 1.5 1.5
§ | ArenaTotal ofo 4.8 113.5 |13.8 }is. 14.6
o | Lmo oro 38.1 | 33.6 |39.2 |38.7 |37.8
2 [acie oo 47.1 [ 56.3 | 47.0 |87.1 |u7.6
< [ Texwura® Ac-Acl| Ac-AcL [c-Acl, | Ac. | Ac.
Materia organica g 8.43 Z.58 .97 0.7u 0.35
| Carbong orgénico o' y.89 [1.u8 [0.56 |0.53 10.20
Nitrogeno totat O/p 0.42 G.16 0.08 0.05 0.05
Reiacion CiN 11.6 7§ 9.3 7.0 8.6 k.0
o | Co cor¥CI/N pH SH% 42.8 | 40.1 [ 37.4 |32.9 |36.9
Bl v v TTia Tt 15 21 e
L 1.0 | 6.¢ G.8 0.6 0.7
! Na 0.5 1 3.4 G.s 0.7 0.6
g Bases toaias 45.5 | 472.8 40.2 36.3 u2.1
5 A I L
; i Acidez H
£ :(:;D';E.E_"_n pi7C uis fule |w0.2 | 3.3 |23 j ]
g [oeesmmconphio | 100 | 100 100 100 100 ‘ 1
W Acidezintere nH 82
%.:, _Cap.m:i(i;xo Total pH®2 35.8 32.C 38.6
N héic de sal‘:‘(‘aﬁgﬁ pH 82 )
Rel.CaMVg 35.7 § 30.8 | 24.3 115.7 | 4.5
CIC Arciila () 60.8 | 804 | s1.~ | 73.9 |[87.0
CAL. delaArcita {xx) ; 61.2 1 7%.G T2 6L.8 79.6
Ovr. de Hierro tires (Fe,04) 9o
Carneratos {Ca G040 Mo
o, mmmocoms 1135 6 !
tia e sales m2 100 4 ;‘
“!;—;e sales ma /10D g ﬁf
Clorures {C1) rr.':.;';GG q T
Sutfetes (S04  me 100 g i J'
18.5 { 18.% | 16.9 | 17.0 | 17.1 |
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1
de¢antation and centrifuge washing (to avoid formation of Ca-oxalate)

pe‘sﬁon with sodium pyrophosphate and shaking overnight Particles laz

Of | late buffer treatment is omitted when carbonates are absent.

Sc eibler's or Van Wesemael's methods: measurement of CO, after additi

HC‘ Of late: rapid titration method. HCl is added to the sample, aftejr

re‘ctlon the unused acid is titrated with NaOH.
R
Orgemic matter
Organic carbon: Walkley-Black. Oxidation with potassium dichromate and

sulpﬁuric acid. Residual dichromate is titrated against ferrous sulpha

Nitr&gen' Micro-Kjeldahl. The sample is digested with sulphuric acid.
Afte# addition of excess sodium hydroxide, ammonia is distilled, absor

in bérlc acid and titrated with potassium biiodate or HCI.

Freaiiron oxides
Reduction of iron with Na-dithionite in Na-citrate NaHCO; buffer solut

Deteﬁmination of iron colorimetrically or by AAS.
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- Exchangeable cations and cation exchange capacity (CEC)
Peréolation of the sample with ammonium acetate (pH 7 or 8.2), determination
of calcium and magnesium by AAS, sodium and potassium flamephotometrijcally.
Theisample is then saturated with Na, in turn replaced by NH, after which

Nd is determined flamephotometrically for the CEC. The CEC of clay is

darﬁved from the CEC of total soil, in case of appreciable organic mdtter

ntent such a calculation will be in serious error and is then omitded.

(Ga as exchangeable cation is not determined whenever free CaC0; is present.)

S e@ific conductivity of 1:2.5 extract (EC2.5).

- Water soluble salts

‘tfrmination of ions in saturation extract or in 1:5 extract. Carbonate
ﬁibicarbonate by titration, chloride by titration, sulphate by turblidity
1 suspended barium sulphate, nitrate as ammonia by destillation and |sub-
jq*ent titration or colorimetrically, sodium and potassium flamephoto-
E?ically, calcium and magnesium by AAS. Of late: anions by Dionex analyzer

?@ept carbonates).

emental composition

Byt X-ray fluorescence analysis. Sodium flamephotometrically after digestion
i

' $ample in HF/H,SO,.

kiclay analysis, the fine earth is pretreated as described for partficle

zé analysis, except that dispersion is done with NaOH instead of pylro-

.

#phate. Clay is separated by siphoning procedure. Part of the clay]
suspension is kept in plastic bottles for mineral analysis (item 22),| part
1 locculated with Ba, centrifuge-washed and freeze-dried for chemichl

iysis (item 21).

~ As] #O; sample is Ba-saturated clay as indicated above.

- Claﬁ mineralogy
Wikh X-ray diffractometer using the porous plate technique. When necepsary,
\
Guinier X-ray photographs for non-phyllosilicates. Thermal analysis (PTA

and |TG), selective dissolution analysis (SDA) and other techniques in
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sp%cial cases (complicated samples; abundant amorphous material). Thg

relative abundance of the mineral in the clay fraction is indicated Wy the

nuﬂber of ++ for clay minerals and xx for other minerals.
Kpal = kaolinite; Mi/ill = mica/illite; Verm = vermiculite;

Chﬂor = chlorite; Smec = smectite; Mix = mixed layer; Gibb = gibbsite;

Qldr = quartz; Feld = feldspars; Goeth = goethite; Hem = hematite.

- Stnd mineralogy
Fréctions obtained with particle size analysis are deferrated by Na-flithionite
treatment. Silt fraction analysed by X-ray diffraction (Guinier photps),

sa&d fraction divided in light and heavy subfraction (bromoform), weighed

and analysed microscopically.
~ Bulk density
Es&imated from dry weight of undisturbed core samples after determinption

of%moisture characteristics.

- Spil moisture characteristics

[vs]

y pressure plate extraction of undisturbed core samples (low tensiop range)

1%
o

14 of disturbed soil material (high tension range). From the obtain

fcurve the available moisture (between pF 2.0 and pF 4.2) is deriv

114
(=9

ef, non-routine analyses:

ctractable acidity
élacement from soil with TEA (triethanolamine) buffer and barium chloride.

¢k titration of buffer with HCI.

&hangeable acidity (H + Al)

lacement from soil with 1 N KCl. Acidity determined by titration yith

¢H (phenolphtalein as indicator) by AAS. Exchangeable aluminium by| AAS in
dhis extract.
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tasured by AAS. In oxalate extract Si is also measured by AAS.

ee” Fe and Al in 3 extracts

is procedure supersedes the free iron oxides analysis given above.

peurn
ecipitation with acetone from 1:5 extract. Measurement by conductidity

re-dissolved precipate.

e#}icient of linear extensibility (COLE)
leulated from difference in bulk density of a SARAN-coated clod when

v/ and when moist.

ter—dispersable clay

términing clay content by pipette method after shaking the soil with

ter overnight without applying any pretreatment.

.

raction with Na-dithionite, NH,-oxalate and Na-pyrophosphate. Fe 4nd Al



