


1. INTRODUCTION 

Thanks to the founders of pedology (V. Dokuchaev and 
his successors Sibi rt sev, Praso l ov, Glinka) 1 , the fact 
that soi l is the product of the effect of the environment 
on rocks, i s establ ished. 

A "natural body" t hus results, being wel l specified 
and characterized by its morpho l ogy, its physical, chemi ­
ca ] a nd b iolog ica] properties , whi ch differentiate it 
from the parent rock . This natural body varies with the 
c l imatic cond i t ions, vegetat ion, topography which adjusts 
dra i nage with time, a nd the effects of human act ivities. 

A. PR INCIP LES OF SOI L FORMATION 

ZONALITY LAWS 

Russian pedologists derived a general law from 
these pr in c i p l es . Th is law is the "zonality law" accord ­
ing to wh i ch, one or severa l characteristic soi l s cor­
respond to ea ch biocl imatic zone . Later on, this law 
was split in a "hori zontal" or " l atitudinal zonality" 
law, i n terms of wh i ch so i l s va ry regularly with latitude, 
and a "vertical" zonal ity law. The Jatter law applies more 
specia l ly to the mo untain zones where analogous varia ­
t ions, but not at al l i dent i cal to those found in the 
lat i tude, are obse rved. 

Actual ly, hor izontal zonal i ty arises from an obser ­
vat ion of the distr i bution of so i ls on a single parent 
mate ri al, widespread in Europe (also in North America) . 
These are materials of g l ac ier o r igin which were depos ited 
and subsequently redistributed during the Quaternary. 

The "norma l " (or zonal) conditions were associated 
wi th a frequently loamy granulometry, a plane or a sl ightly 
undulate topograp hy and a deep watertable. This was val i d 
as we l l i n Eastern Europe as in USA. Moreover, these mate­
ria l s were deposited dur i ng the relatively short ~eriod 
(on the geolog ical sca l e) of the recent Quaternary . The 
result is that the only va ri ables to be real ly taken into 
account were the present cl imatic conditions, most often 
responsible for the vegetat i ve cover, in such a way that 
so i ls we r e rap i dly associated with the bioc l imatic condi ­
t i ons. Howeve r, it was soon observed that besides these 
"normal" or (zonal) condit ions, other conditions a l so 
ex i sted, main l y, the effects of steep slopes, of poor 
drainage cond i tions and of d i fferent parent rocks. The 
co rr esponding so i ls we re considered as "intrazonal". 
Final l y, propert i es of extreme youngness (for reasons of 
topograph ical, c l imatic order or of particular parent 
rock) help define "azonal" soi ls. 

FORMATION FAC TORS 

Hence, the pedogenes i s conditions were narrowly re ­
l ated to the so i l s themselves. The soi l s were not classi­
f ied acco rding to their proper character i st i cs but to 
the i r fo rmat i on processes determining the soi l character i s­
t ics. Therefo re, one has only to analyze these factors, 

1 These bases are f ound in the main books of pedology in 
Russian l anguage, also in articles or textbooks 
(t ra ns l a t ed in Engl ish ) by Gerasimov, Joffe, Vi lensk iy 
and i n o the r books. 



especial ly the biocl imatic factors, to know t he kind of 
soils. The classification of so i ls fou nd the n s upport on 
the study of the soi l genesis . 1 t was con s ide red r e ­
ferring to the causal process: 

Factors~ Processes~ Soi l Charac t er i s t ics. 

lt is surpr1s1ng to observe that i n the a ncient a nd even 
in the modern systems, the refe rence to factors was done 
in particularly imp recise conditions. Even the refe rence 
to climate was over-simplified. lt is not ra r e to f in d 
expressions , nonaccompanied with def initions , l i ke warm 
c limate , moderateZy hwnid cZimate, etc . Th i s does not 
account for the great variety of cl i mates encountered 
throughout the world. 

Besides, the more thorough knowledge of the world 
soils leads to the evidence that the so- ca l led " norma l " 
format ion conditions, conce r n l imited zones onl y . El se­
where, the topograp h ical cond i tions an d the parent rocks 
frequently vary very great l y as wel l as, espec ial l y, t he 
time of pedogenesis. This t ime - often very s hort -
starting from al ready weathered mater ia l , may be a l so 
immeasurably long. Whole geological pe ri ods may be in­
volved instead of a few thousand years. Duri ng t hese 
periods , the same biocl imatic cond i tions have l asted 
withouth variation or even have changed severa l t imes . 
The soi ls which we see today are not necessa ril y re lated 
to all present conditions, but may be as well related to 
a distant past , on which one beg i ns on l y to become co r­
rectly informed. 

FORMATION PROCESSES 

In order to pal l iate the above -mentioned difficul ­
ties, some pedologists 1 considered the processes, when 
they could not conne ct correctly the soi Is and t he forma ­
t ion facto r s . The involved processes i nclude the accumu ­
lation of o rganic matter, sa l inizat ion, hydromorphy, 
silicification , alkalizat i on, rubefact i on, 11 l essivage 11 

and many othe r ones. 1 n most cases, these concepts are 
useful to und e rstand what happens i n nature, wi thout 
providing a precise knowledge of their content. Exper i­
mentation of these concepts is rarely poss i b le, s i nce 
several parameters have to be control l ed. Thus, i t is 
qui te rare that al 1 natura ] conditions be reproduced in 
the labora t ory . Therefore, i n this domain, it i s very 
difficult t o get real certainties . 

The l e s s ivage process appears to be relat i ve l y 
simp Ie to many West-European and American pedo l og i sts, 
for whom lessivage is the transfer into the prof i Ie 
(and/or ou t side of it) of fine part icles which leave a 
horizon to accumulate into another. Th i s operation, of 
commonplace appearance, was d i fficu l t l y al lowed ( i f sti 11 
so) by some Soviet pedolog i sts who cons idered the whole 
operation as an alte ration of the clay minerals fol lowed 
by a migration of matter in the ion i c or the comp lex form, 
followed by the recombinat ion 2 of these elements i n a 
reception horizon. But, even when it i s assumed that an 
agreement is obtained on the process, its definit i on i s 
not an easy job . 

1 Aubert, 1954; Aubert and Duchaufo ur, 1956; C.P.C .S. 
1967. 

2 See for example, Fridland, 1958; Rode, 1964 . 
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FOREWORD 

Thi s publi cation "Proj ect of Soil Classification" 

i s i ssued in ISRIC's series of Technica! Papers. Such 

papers are intended for dissemination of information on 

technica! aspects of soil research, and range from 

stand ardiza tion of procedures and t erminology to case 

studies . 

An earlier paper in the series is ISRIC's well ­

known "Field Extract of Soil Taxonomy" (Technica! Paper 

4), and the present paper may be considered as a sequel. 

It contains the English translation of the main text, as 

well as a se lection from the appendices of the French 

language document on a possible new soil classificat i on 

sys t em for i nternational use (O.R.S.T.Q.M . , Paris, 

1979). The f orma t of the Soil Taxonomy field extract has 

been retained, enabling to use the both texts 

s ide-by- side in the field . 

The two Technical Papers as well as the propagation 

of the Legend Volume of FAO/Unesco's Soil Map of the 

World, find their place in ISRIC's programme of 

furthering the study and correlation of soil classi ­

fication systems that have an international reach. The 

release of this English text may give renewed impetus to 

the elaboration of an International Reference Base for 

soil classification (IRB), under the auspices of ISSS, 

UNEP, FAO a nd Unesco . 

ISRIC gratefully acknowledges O.R.S.T.Q.M. 's 

permission to produce this English ve rs ion of their 

working document . It also wishes to acknowledge the 

stimulating role of Prof. Dr. A. van Wambeke of Cornell 

Unive rsity and of Dr. H. Eswaran of the USDA Soil 

Management Support Services . It is through their good 

s e rvices that the first draft translation was provided 

to I SRIC by the Science Education Administration of 

Ag riculture and the National Science Foundation, 

Washi ngton D. C., USA . 

i v 

Wageningen, July 1984 

Dr. W.G. Sombroek 

Di rector ISRIC 



Other processes have to be considered as well as dis­
solution, hydrolysis, chelat ion, oxido- reduction, etc .. 
Whi le the general principles are we l l-known and determ ined 
by laws (l ike those of Goldberg-Waage or Nernst), the exact 
way in which they app l y to soils is far from being suit ­
ably elucidated. The way in which the different metals 
and silica migrate in soi ls, the way and the reasons of 
combinations leading to clay minerals, to hydroxides and 
to sa lts are as much questions of renewed actual ity, re­
ceiving only general answers, while consequently, many 
necessary precis ions are still lacking. The references 
to the processes are often variable an d lead to inter­
pretat ions which change according to observers . Besides, 
they are often expressed in vague terms, insufficiently 
based on concrete data. In this case as wel l, the l imits 
of the effects of the processes are rarely given and the 
choice is final ly left to the pedo logist who is motivated 
by his personal opinions 1 • Moreover, soils were submitted 
in many cases, to several success ive processes, of which 
only the final result is known . Thus, it is erroneous to 
expla i n the genesis by a single process alone . 

B. SYSTEMS OF OBJECTIVE CLASSIFICATIONS 

EVOLUTION OF OBJECTIVE CLASSIFICATIONS 

The encountered difficu lties regarding facto rs and 
the processes of soil format ion were hard to overcome by 
many scientists. They lead to concen trate on effects 
instead of causes. The precursors in this domain are un­
doubtedly Huguet Del Vil lar and De Sigmond 2 who, as early 
as 1932, gave a classification of soils based on consti­
tuents. Later on, analogous positions we re adopted by 
Lee per 3 who, i n 1954, fe 1 t the necess i ty of a "revo 1-
ut ion", and by USDA 4

• As early as 1951, this organization 
started a complete remodell ing of the American classifi ­
cation of soi l s, leading since 1960 to the 7th Approxima ­
tion which preceded the present "Soil Taxonomy". In Aus ­
tral ia 5 appeared the Factual Key of Northcote, then the 
Constitutional Classification of Fieldes in New Zealand 6 , 

etc . , while FAO-UNESC0 7 gave a list of soil units, on a 
binomial basis, defined (wi th few exceptions) by intrin­
sic criteria of the soils, mostly taken from the 7th 
Approximation. 

Meanwhi Ie, many European countries remained fa i thful 
to · the former genetic systems . However, Mrs . Conea 8 of 
Ruman ia made an attempt of classification in wh i ch appear 
diagnostic horizons, close to those of Soil Taxonomy or 
of the FAO-UNESCO li st. In Zaïre (previous Congo), Sys et 
al . 9 gave a classification in which mineral constituents 
appear at the highest possible level. 

Although the obtained results were qui te different, 
sometimes even d i sappointing, the starting point of the 
classification is always the same. The soil is considered 
as an object, i.e. according to its proper character i stics, 

1 Strongly condemned by G. Smith, 1962, 1965 . 
Huguet Del Vil lar, 1932, De Sigmond, 1938. 

3 Leeper, 1954. 
USDA: 7th Approximation, 1960; Soil Taxonomy, 1975 . 

5 Northcote, 1960- 1962 . 
6 Fieldes, 1968. 
7 FAO- UNESCO, 1974 . 
8 Conea, 1974. 
·
9 _Sys et ~! . 1960 ~ 



independent of preconce ived i deas. The res ults we re qu ite 
different , since the fol lowed a ims we re different . In most 
cases, it was , in the f i rst place, neces sary to clas si fy 
the soils of a particu lar geogra phica l zone of a cou ntry 
of 1 imited area and no t t he tota l i ty of t he so il s of th e 
globe (even for Soil Taxonomy). Some a uthors con s ide r t ha t 
the system is aimed to the sati s f acti on of the needs o f 
given users 1

• Therefo re, So i l Taxonomy, while bei ng based 
on objective and sci e nt i fic data , ha s in t he f i rst p l ace 
a pragmatic purpose. Th i s l i mi t s th e sc ientific range , 
for example, by declaring that the pe don only con cerns t he 
zone involved by the roots and that, anyway , it ca nno t ex­
ceed 2 meters. 

However , the premises were a ften excelle nt . S imon son2 

recommended t he reference t o the mo rphol ogy and to t he 
constituents of the soils. American pedo logists opened 
the way by refining the defin i t ions of t he ho r izo ns and 
the descript ion of the profiles . Fieldes 3 pus hed very fa r 
the analysis of mineral constituent s . A refere nce vo lume, 
the pedon 4 was proposed to conta i n a ll constit uen t s an d 
al 1 necessary properties for the character i zation of a 
soil unit. 

New languages were created , ei t he r by usi ng juxta­
posed syllables, or by using binom ia ls , simi larl y to 
names of genera and of spec ies i n bota ny, or by using rea l 
formulae, combining letters and numbe rs . 

DISADVANTAGES OF THE EXI ST IN G SYS TEMS 

None of the existing systems ca n be cons i de red as 
having compl e tely solved the probl ems po sed by the c las si ­
fication of soils. lt seems tha t th is is due t o t he refe r­
ence which i s too restricted to a g iven geographi ca l r e -
g ion and to the part i cul a r o rienta t ion g iven to the s ys­
tems (genet ic or pragmatic ) . 

An exce s sive importance wa s a t t r i bu ted t o the mor­
phology of soils and also to the so i l s of the temperate 
zone. Thus, Russian authors con f e r a greater importance 
to the chernozem and the podzol , whi le Nor th Ame r i can 
authors give their preference to the mol l i c epi pedon and 
the argill ic horizon. Besides, i t ma y be sorry t hat the 
Russians attrlbute an exagge rated impo rtance t o t he bio­
cl imatic conditions and that in Soi 1 Taxonomy , a too 
s t rong stress is la id on th e cl ima t i c, mo i sture and the r­
mic regimes 5

. 

On the o th e r hand , the mine ra l an d o rgan i c cons tit u­
ents of soi Is were as s igned a ve r y mode s t role, a l thoug h 
these constituents were long ago r ecog ni zed as pr i mo rdi a l 
criteria of the format ion processes of t he so i l s and of 
their pr operties . 

1 G. Smith , 1962. 
2 Simonson, 1962. 
3 Fieldes , 1968. 
4 Simonson and Gardiner, 1960; Joh nson, 1963. 
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The classification should be eohePent. The ent r ies 
into the di ffe rent categories should be always done in the 
same way. Soi ls of a given country or of a particular geo­
graphical zone o r the effect of a particular process 
should not be especial ly favored . The reta ined units have 
to be defined i n the same manner , wit hout attributing a 
higher importance to a parent rock or to a topographical 
position, by incorporating soils of all ages . The retai ned 
criteria for each uni t shall be de fi ned in the most objec­
tive way. This means that when eve r possible, codes or 
measurements 1 shall be used . As a res ul t, it is des i ra bl e 
that the soil be connected, not with its formation f acto rs 
or processes, which are used or interpreted differently 
by the various pedological schoo l s, but rather with the 
v isible, tangib le and measurable r esu lts, due to the ef­
fect of both factors and processes . Th i s, therefore, le ads 
to giving a particular importance to the soi ls inherent 
criteria: to the cons t ituents, to the morphology and to 
the physicochemical characterist i cs . l t seems that this is 
the only way of avoding the personal in te rpretations which 
often distinguished the use of cl a ssi ficati ons . 

SPECIFITY OF THE CHARACTERISTICS 

One of the greatest difficulties of any classifica­
tion is the identification of the in d i v iduals , at each 
level of the classification. Thi s includes the precise 
definition of the specific characte r ist ics of each un it. 
Th e presence of al 1 of them proves that one is actual ly 
deal ing with the particular unit concerned. The absence of 
one of these spec ific characteristics and the p resence of 
another mean that the considered soi 1 au tomat i cal l y be longs 
to another unit 2 . 

A particularly great effort shou l d be undertaken in 
order to decide on the l imits of a unit. l f this purpose 
is attained, t he main objective is a ls o attained, t he 
Jatter being to avoid that many c lass i f ica t ions lead to 
different names or ranks when appl i ed to the same so i l. 
This necessitates a precise defi nit ion o f t he c rit e ri a but 
may lead toa certain amount of arbit r a ry rigidity . This 
rigidity may be corrected by successive approximations. 

SETTING OF THE CLASSIF ICATION 

In order to set up the c lassification , field a nd lab­
oratory data are to be used. 

ln the field, all necessary observatio ns on the 
pedon are conducted as well as on the soil cover which it 
helps to characterize. The pedon is decomposed in a cer­
tain number of horizons where definite characteristics 
are observed and described according to standardized de­
termination methods 3 • A suitable number of hor izons, not 
too small, has to be obtained and used to reconst ruct 
the pedon. 

The mine ral and organic constituents are identified 
and quantitative ly determined in the labo ratory when t he 
process is necessary and possibly carried out. Their 

1 Dijkerman, 1974. This does not mean that al 1 diff icul­
ties wi 1 l suddenly disappear. But it is supposed that 
an objective approach helps to solve a number of di f fi ­
cul ties. 

2 For example, in Soil Taxonomy, see the def in it ion of 
the mol lic epipedon. 

3 Characteristics 1 ike structu re, consistence and poro­
sity are difficult to codify but they are always im­
portant for the identification of horizons and of soi ls. 



structural organization is examined by the microscope . 
Measurements are also conducted on certain propert i es 1 ike 
pH, cation exchange capac ity , degree of ba se saturat i on and 
granulometry, a ll being necessary properties fora suffi ­
ciently accurate characterization of t he ho r i zons . 

When all these data a re col lected, a p lace may be as ­
s i gned for each soi 1 in the classification system . A care ­
fu l choice should be done for each so i 1; t his ca re a l lows 
to avoid a pr iori interpretations and to solve the problem 
of the 1 imits, rarely sa tisfactori ly approached in genet ic 
classifications. 

Finally, the examination of the so il itse l f and of 
its character i st i cs at a gi ven moment should be comp leted 
by f inding and ana l yz ing complementary data wi thouth which 
our knowledge i s i ncomplete. Thi s shou ld fina l ly lead to 
two ob j ectives : genes i s and use . 

GENE SIS 

The first objective is to prov i de the exp lanation of 
the so i 1 genesis (or pedogenesis) . Th i s ne cess i tates, not 
on ly a knowledge of the present env ironmen t of the so i 1, 
but also that one tries to red is cover the biogeograph i cal 
event s of the past : cl imates, vegetat ions, pos it i on and 
modifications of parent rocks, modifications undergone by 
the re l ief, t ime dur i ng which other cond i tions have pr e ­
va i led . Br ief ly, one has to try to reconst i t ute t he h i s ­
tory o f the pedogenes i s med i um within the ava i lab Ie 1 imits 
in order to get a be t ter understanding of how the past was 
able to i nf luence the present . One sho uld a l so cons i der 
t he re lat ions betwee n the soi 1 and i ts neighbours and 
examine the landscape in which the so i 1 exists and deter ­
mine the so i ! -l andscape group to wh i ch the soil belongs. 

USE 

Th e seco nd ob j ect i ve is the proposa l of d i ffe rent use 
possib i l iti es of the so i 1. Thi s necess i tat es the search of 
supplementary data of the so i 1 i tse lf, as for example , 
hydrodynam i c data, the numbe r and natu re of s tones con ­
tained in the soi 1 , t he variations of diffe r en t proper ­
ties1, the slope, the vegetat ive cove r, the ef fect of soi 1 
ut il i zat ion by man, the dynamics of so i 1 evolution in the 
land scape. One s hould also know t he ac tual cl imatic data 
and determ i ne the risks of dryness a nd of frost and know 
the seasonary o r annual in so la tion , index and analyze data 
(whenever they ex i st) r e lative to agronom i ca l t est s, 
already conducted on the stud ied so i ls . Only after ob­
ta in ing al 1 these da t a, a certa in numb e r of assumptions 
can be em itt ed and proposals for the uti 1 i za tion of soi l s 
can be fo rmulat ed . 

0 . CONCLUS 1 ONS 

Such deal ing with the question resu l t s i nto a class i­
f ica tion of so i Is having the merit of be i ng an objective 
element of the i r know ledge . lt i s thus i ndepe ndent of any 
particular scientific theo ry as it i s der i ved only f r om 
observat ions , determ inat ions or measurements, which anyone 
can do or repeat. The persona 1 i nf 1 ue nce i s reduced to a 
mini mum . Thu s , our project of soil class i f ica t ion shou ld 
al low the obtainment of a sys tem wh i ch i s : 

1 As for examp le, t be exaè't' thickn~ss of horizon~ : 
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comprehensive : 
naturai 

coherent 

universai 

because it acknow l edges all criteria. 
because the soil subject is defined by 
criteria having natura] 1 imits and not by 
an artificial selection of the criteria. 
because the system is based on hierarchical 
criteria and trea t ed on a particular tax­
onom ical scheme. 
because the system is va l id for all times 
and al 1 countries. 

This leaves a free hand for the two domains where the 
research worker's or of the prac t ician's personality can 
have a determining effect: the explanat i on of the soil 
genesis or of the choice of a mode of ut il iza tion. Thus, 
the primordial objective is the following: classify we ll 
so as to be un iversa!, al low a better understanding and 
a better util ization. Briefly, a n extrapolation of knowl­
ege is achieved. 
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2 . OBJECT OF CL A SSIFICATION 

From the very beginning of the soils' class i fica ti on, 
the factors and format ion processes o f the so i ls we re al­
ternatively privi l eged. In the USS R a nd in ether Europea n 
countries, this alternation is act ual ly fo l l owe d. For 
Joffe 1 , for examp l e, the not ion of so il and t hat of pro­
cesses a re und i ssociable. For the many reasons gi ven in 
the introduction, the attempt is not to neg l ect the fac­
tors and processes but on l y to account fo r t he resu l ts of 
their effect, i .e. the so i l as i t i s access i ble t o the 
observer. 

PRO F 1 LE 

The term profile has been us ed fo r a very long time. 
For Marbut 2 it is t he most su itable ent ity f or the study 
of the soi 1. 1 t was general ly subd i vi ded in two parts: 
the solum 3 wh ich comprises the hor i zons resulting from the 
pedoloqical differentiat ion i tself, s urmounti nq a ra t her 
badly de fin ed part which can be compa re d wi th the parent 
material whi ch wi 11 be de f ined later 4

. Th e Soviet authors 5 

speak of soil itself and of a weathering crust . This 
not i on o f profile does no t a lways appear as t he uest 6 

si nee i t impl ies a two- d imens iona l body whe reas three are 
clearly ne cessary t o character i ze a structu re or t he a r­
rangeme nt of the rooting zone. Therefo re, the not ion of 
pedon , proposed by t he Amer i can pedologists s i nee 1960 7

, 

appears quite suitab le. 

PEOON 

Th e Pedon is " the smaUest volume of soil to be re­
cognized and sampled in order to represent the nature and 
arrangement of its horizons and the variability of its 
properties whioh wiU be contained in the samples" 8

• The 
probl em of the soi 1 depth seems difficu l t to so l ve . Some 
authors p ro pose 1 . 5 mete r wh il e So i l Taxonomy 8 g i ves 2 
mete rs . Boula i ne 9 adopts the term pedon and def i nes i t as 
" the necessary and sufficient elementary volume to define 
at a given moment the whole structural charaoteristics and 
constituents of the soil . The lower depth is the geologioal 
structure, unaffected by the dynamics of the living mat­
ter''. 

Th e notion of pedon seems to be entire l y va l id i n 
both definitions. lt is part i cu lar ly val id i n t he Bo ula ine 
definition wh i ch refers t o the morpho logy and const i t uents, 
at a given time , which s hould be that of the observat io n. 

However , the lower dept h 1 imi t i s d i ff i cu l t to def i ne. 
In curr e nt pract i ce 10

, i t i s difficult to go beyond t wo 
meters, especia l ly in the intertropical zone . Big road 
works or ra ilway trenches involve on ly a very smal 1 area 
of the territory which has to be mapped . Bes ides, the 

Joffe , 1948 . 
Ma rbut, 1928 . 

3 USDA, 1951. 
4 Chap . 4. 

Gerassimov, 1968. 
Jones, 1959 . 

7 USDA , 1960 . 
8 USDA , 1975. 
9 Boulaine, 1969. 
10 Part icul arly during soi l s urvey . 
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d i tches of more than two meters are very expensive. For 
th i s reason , t h is depth has to be cons idered as a suff i ­
c ient one du ring the we r k ing out of the groups and the 
subg roups . Neve r the less, one has to account for the who l e 
prof il e whenever the poss i bi l ity arises. 

The profi Ie ends wi th the parent rock or the pare nt 
mate ri al and not wi t h a n a r b i trari ly chosen l eve l. The 
1 imi t of t he proposed b iolog i ca! effects 1 to describe and 
define the profile is very vague and cannot be take n in to 
cons i derat ion. Wh i Ie al 1 soils are influenced by effects 
of b iolog i ca ! or i g in, the ab iotic weathering is certai nl y 
impo r tant i n the i ntertropical zone and it is not eas y to 
d i ffe re nt iate between the b iologica! and the abiotic ef ­
fects . 

Conseq uently , even i f a l l characte ristic s prov ided by 
USDA are not retained here, particularly the one conce r ning 
depth, it i s as s umed that pedon i s the best term to desig­
na t e t he needed uni ta r y volume . In order to solve the prac ­
t i ca l problems posed dur i ng cartography, three pedon sub ­
d iv i s ions a r e proposed (p . 19 and fol lowing). 

PO LYPEDON 

The so i 1 i nd i v i dua l i s the smal lest unit which is pos­
sibly cartographed and which may help in the classifica­
tion . 1 t is formed of one or several contiguous pedons and 
1 imited by d i fferent pedons or nonsoi 1. This not ion of 
po l ypedon i s to be compa red wi th the genon 1 , whi Ie the 
pedogenon 2 i s a l andscape unit capable of includ i ng one or 
severa l chains of so i I s. 

CHA IN OF 50 \ LS 

The not i on of so i 1 chain goes back to the studies of 
Milne 3

, i n East Afri ca. lt impl i es that on a slope, the 
different observed soi l s are genetica! ly re lated to each 
othe r , some const i t uents of the lower parts being formed 
with e l emen t s comi ng f rom upstream. In soil chains, a given 
succession of soi Is may be obse r ved , as al ready demon­
strated by diffe rent autho r s 4

'
5

. 

Same so il s ur veyo r s have p roposed to take chains or 
sequence s o f soi I s as bas i c units for the c lassificat ion 
of so i ls as we l l as for ca r tography. But such units are 
not necessa r i l y those of the classification. These units 
may be fou nded on t he comb i nation of several members of 
the c lass i fication . They may also invo l ve the use of data 
conce r ni ng vegetation or topography. Phytosociology has 
a l so adopted units which a re not those of the flora . But 
i t i s not poss i b le fora phytosociolog i st to ignore the 
f l o r a and the class i f icat ion of plants. 

CONCLU S IONS 

The ob j ect fo r classif ication in the present attempt 
i s the pedon, representative of a po l ypedon the smaller 
ca rt ographi c un it. Th i s pedon is the elementary volume 
con ta i n in g al 1 the soi 1 propert ies, i ts constituents and 

1 Bou la i ne, 1969. 
2 Lamouroux , 1967. 
3 Mi Ine, 1935. 
4 Bocqu ie r , 1973; Boul e t, 1974 ; Rue l lan, 1971. 
5 But, i t must be understood that it is possible to have 

s ucceed i ng so i Is o n a s lope wi thout transport of matter, 
rea l izi ng seq ue nce of geomo rphologica l , c l imatic or 
1 i tho l og i ca l nat ure. 
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morphology, a nd extending to the parent rock. Thus, a 
natura! body is def ined, 1 imited in s pace at a given known 
moment. Thi s natura! body helps to determ i ne the different 
subdivisions of the cons idered system . 

lt is qu i te possible to ana l yze at diffe rent scales 
the components of t he dif fe ren t subdiv i s ions of the system 
and to push this analysis as far as i t seems necessary . 
lt is also poss ibl e to regroup the pedons accord ing to the 
observed sequences on slopes in the catchme nt basins or 
st i 11 , in who l e r eg ion s. The geomorpho logica l and/o r geo­
graphical s ignificance of the un i ts wh i ch were thus asso­
ciated are part i cular ly interest i ng. But , a reference for 
the identification of the e l ementa ry components i s a d if­
ferent problem from that of the c las s ifica t ion of so il s. 

10 



3. CHARACTER IZATION OF THE SOILS 

3. 1 1NTRODUCT1 ON 

Th e characterization of soils a nd their classifica­
t i on r eq uire the analysis and the taking i nto account 
of two fundamental data: 
- the mineral and organic constituents, 
- the morphology of soils through the horizon s . 

During the soi 1 format ion, th e horizons gradual ly 
develop from th e mine rals inherited from the parent rock 
and/or as fast as the secondary minerals and organic 
constituents are formed. This morphology - constituents 
o rder may help in bui !ding the classification , because 
it is d ifficul t to deal with the constituent s and the 
morphology at the same time, even i f it is certain that 
the soi 1 is an enti ty. 

CONSTITUENTS 

During the last thirty years, considerable progress 
was real ized in the f i eld of t he identification of min ­
eral constituents 1 • In addition t o the t radit ional chem i­
ca! methods (but wh i ch did not loose their in terest in 
many cases), several other me t hod s are added, which al low 
the identification and the local iza t ion of mineral 
species. Now, microscopy, using natura ! or polarised 
1 ight, enables an examination of microstructures. Thermal 
analysis, X-ray diffraction, absorption in the in f rared 
band, electron microscopy, the use of mi croscanners, a nd 
of Mössbaue r spectrometry graduall y enter in the cu rrent 
or occas ional laboratory techniques. The elementary analy­
sis has also progressed through new techniques, afte n 
automat ic, 1 ike coulometry, co lorimetry, atomie abso rp­
t ion, are o r flame spectrography. 

Al 1 these techniques, using increasingly cheape r 
mater ia!, al low fas t determinations which are of ten quan­
ti tative . 

With regards to the o rganic constituents, appreci abl e 
progress was real ized, but not to the extent reached by 
the minera l constituents. In the first case, it i s poss ­
ible to identify the mineral species for which exact for­
mulae can be assumed, or at least , s tr uct ur es re lated to 
wel 1- defined behaviors. In the second case , fractions, 
obtained by the treatment of humus horizons are currently 
isolated by using chemica! reagen ts and conventional tech­
niques. Considerable efforts remain to be done in this 
domain in order to obtain the standardizati on of the ex­
traction techniques and a characte riza tio n, analogo us to 
that of many mineral constituents. In this respect, Mac 
Carthy 2 has enunciated: "Al though these materials drew 
the attent ion of scientists during about two hundred 
yea rs, a relatively smal 1 progres s was accompl i shed in 
the elucidation of their chemica! nature . .. ". Unti 1 now, 
only fractions for which the characteristi cs and the beha ­
viors can be grasped are obtained. The knowledge of mol ­
ecular weights, of functions and of the exact st ructure 
seem to be rather afar . 

1 Data concerning the nature, genes is and the evol ution 
of the mineral constituents of soi ls wh ich wi 11 be 
mentioned in the fol l owiQg pages are due to the studies 
of G. Mi !lot and his co ll aborators, of S. Cail !ere a nd 
S. Henin, of G. ~~dro @nd to those of ~any other -

· rnineral0<;3ists. ~"- • 
2 Mac Carthy, 19(_6. .-
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In the present state of knowledge, it is possible to 
identify some mineral constituents and to class ify them . 
In order to recognize the clay minerals, hydroxides or 
oxides, or sa lts, it is not at al 1 necessary to propound 
hypotheses concerning the conditions of the ir formation 
and on the prevail ing cond i tions during the ir genesis. Th e 
observed proper characteristics, especially the measurab l e 
characteristics are qui te enough. With regards to the or ­
ganic constituents, knowledge is much less advanced and 
only amore summary identification is possible. 

MORPHOLOGY 

lt is not easy to obtain immediately a global morphol­
ogical characterization of the whole pedon. Th erefore, it 
is necessary to decompose the pedon in a given number of 
horizons which al low the identification of the whole pedon. 

The characterization of horizons compels that of the 
rel iable measurable a nd observab l e criteria, and not that 
of the factors and processes which lead to their format ion . 
For this purpose, a cho i ce should be made among the pos ­
sible criteria (which are too many) for these wh ich are 
the most easi ly acce ssible to measurement and observation 
and also for these wh i ch enable an easy distinction between 
the horizons. 

The chosen criteria a l low to ident ify and to name t he 
horizons. The obtainment of these characterist i cs is the 
main purpose of this class i fication. 

This research of the character izat ion of the horizons 
was done in diffe rent tria l s of c l ass ifi cation. In this 
study, many refe rences wi 11 be made to Soil Taxo nomy 1

, 

where the definition of the diagnostic horizons was the 
object of advanced studies. Reference wil l be also made to 
trials of characterization done by Fitzpatrick2 and by 
Chatel in and Mart in 3

• 

3.2 SOIL CONST ITUENTS 

A. MINERAL CONSTITUENTS 

The mineral constituents in the soi l s may have three 
or igin s: inher i tance, transformat ion and synthes i s. In 
most cases, the attempted d i stinction i s judged as true. 
But, it is not excluded that different origins may be 
possible for a s ame constituent (for example, hematite may 
be inherited from a volcan i c product a nd as we ll , syn ­
thesized in the soi 1). 

INHERITANCE 

Certain constituent mine rals of the rocks are not 
(or scarcely) modified by the weathering processes. These 
minerals are not d isso lved and are not subject to hydro­
lys is. They are not affected by the changes of the redox 
potential or modified by the organic c helating agents . 
The most important is certainly qua:t'tz 4

, abundant in a 
number of acidic rocks. Among the nona l tered or sl ightl y 

1 USDA, 1976. 

12 

Fi tzpatrick, 1971. 
Chatel in and Martin, 1972. 
1 t is useful to recal 1 that t he so lubi 1 i ty of quartz is 
very low (3 to 6 ppm); howeve r, it may play an important 
re le in the mineral syntheses (Fauck, 1973; Claisse , 
1972). 



altered minerals i n the so i ls, magnetite, ilmenite, 
rutile, apatite, zircon, metamorphism silcates can be 
mentioned among others. 

Sl ightly solub l e minerals may exist in soils, e.g. 
calcite or dolomite, whi ch a re directly yielded by the 
underlying roc k. This may be the case of different un­
stable sil icates (s uch as feldspars, mi cas, chlorites, 
py roxenes, amph i bo 1 es .. . ) . 1 n both cases, th is presence 
of minera l s, weatherable by dissolution or by hydrolysis, 
should be considered as a sign of youthfulness 1 or at 
least, of a s l ight evolution, st ill going on. 

Some clay mine rals may be also considered as in­
heri ted minerals. In certa in soils, derived from cal ­
careous rocks , or from clayey sediments, only the process 
of dissolu tion of ca l cium carbonates is concerned. The 
clay minerals wh ich ac company calcium carbonates in the 
roc k are del ivered to the soi 1 to which they become in­
corporated without undergo in g immediate modifications . 
This is the case of some rendzinas. lt is also t he case 
of so ils derived f rom loess, and different materials of 
transpo rted origin. 

TRANS FORMAT 1 ON 

A number of primary or secondary phyl 1 i t ic minerals 
suffer minor modifications such as the displacement of 
some metals, of i nte r fol iar cations, charge modifica ­
tions, etc., without a fundamental perturbat io n of the 
fo l iate. This is the case of the passage from b iotite 
to the trioctahedral vermic ul ite and from vermicul ite 
to montmoril lonite. These transformations , cal led de ­
gradations , are often done through interstratif i ed min ­
e rals. They correspond to moderate alteration conditions 
and are frequent i n soi l s of the temperate zone. But, 
they may be obs erved elsewhere. Aggr adations also exist 
whe re the ini tia ! mi nerals fixmetal ions or hydroxylated 
ions. Ve rmi cu l ite s and smectites are 1 iabl e to fix in­
be twee n the fol ia tes "packages" of hydroxides . These dis ­
continuous supplementa r y masses i mpa rt to the minerals a 
higher basal spacing wi th a chlorite behavior which may be 
also suppressed by t reatment with an appropriate reage nt 
(caus ti c soda, sodium fluoride solution, etc.). 

SYNTHESIS 

In many cases, there i s a fundamenta l difference be­
tween the structure of the primary and that of the second­
ary minerals. For example, feldspars have a tridimensional 
structure bearing no relation with the phyl 1 i tic struc ture 
of the mine rals produced during weathering. This leads to 
assume that the comp l ete destruction of the fi rst is 
necessary before the bui !ding up of the second , with a 
part of the elements (Si, Al, or Fe, Mg or K), while 
others are el iminated. A spectrum of new cons tit uents is 
thus gradually created. Although the synthesis seems to 
have a modest ro le in the tempe rate zone, on the cont rary, 
it predominates in the intertropical zone. The constitu­
ents wh ich are thereby synthes ized bel an g to the follow ing 
catego r ies: sa lts, zeol i tes, clay minera l s, oxides and 
hydroxides. 

1 Deposition by winds, waters o r glaciers, of fresh min­
erals a t the up per part of the profile. 
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SALTS 

All very so l ubl e sa lts existing in so i ls are brought 
through solution and transferred in the ionic form

1 
(so­

dium chloride, sodium sulfate, sodium carbonate, etc.) . 
The solutions are provided by sea water, by the continen­
tal waters circulat i ng in t he depth, o r near to the sur ­
face through sediments, even those very weakly salty . 
These solutions concentrate near to the surface or in its 
proximity. When the concentration exceeds the limit of 
sal t solubi 1 ity, according to temperature and the other 
present salts, precipitation takes place. This precipita ­
tion may happen in the form of a discrete and d if fuse de­
posit at different soi l levels; crysta l s may be seen in 
the s li ts or between the aggregates. In other cases, in­
dividual masses, capable of getting general ized in saline 
crusts near to the surface, may be obtained. 

Moderately soluble sa lts, l ike gypswn, arise from 
so lu tions which were charged with ions wh ile seeping 
through sediments rich in gypsum, or sti 11 , during the 
weathering of basic vol can ic rocks. The concentration of 
these gypsum conta i ning solutions increase i n presence of 
salts without common ions (l ike sodium chlor ide) . When 
concentrations attain or exceed the gypsum solubil ity, 
gypsum prec ipitates in the soi l in the form of iso lated 
crystals of sma ll weight (sometimes in rose form) or in 
almost continuous layers. 

The caZcite so lubil ity is much lower than that of 
the previous salts but it i s apprec iably increased by the 
presence of carbonic gas . Carbonate is then converted into 
calcium b icarbo nate and HC03 and Ca 2+ ion s are transferred 
by water . But calcite of rocks i s not t he only calcium 
source. The weathering of the plagioclases, of some 
amphiboles, pyroxenes or garnets, yields also b icarbonate 
and calcium ions which are transferred by the sol ut ion . 
A temperature r ise i s enough to produce a loss of water 
and/or carbon ic ga s and the precipitat i on of calcium car ­
bonate. The Jatter may assume discrete forms (very f ine 
crystals, invisible to the naked eye, or pseudomyce l i ums), 
or on the contra ry, discontinuous masses, whether in durated 
or not (nodules, concret ions) or even in the form of con­
tinuous masses (hardenings, crusts). 

ZEOLITES 

These minerals, whose structure recal Is that of 
feldspar, are only recentl y known in soils . They are en ­
countered in very a l kaline soils. They resu lt from the 
weathering of basic rocks . They have been identified in 
Zaïre, California, ltaly . The hydro l ysis of primary sili­
cates y ields bases, sil i ca and alum inium , wh i ch recombine 
to give zeol ites l ike anaZcime , phi Zipsi te , etc .. 
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Soils directly derived f rom a saline sediment rich in 
sodium or potass ium chlor ide may be considered, l ike 
those existing in different geo logica l layers; never ­
theless, the case is rare and l imit ed to some ope n sky 
sa l t ores and to the l eve ll ing of d iapirs of the Tri ass . 



FIB ROUS CLAY MI NERA LS1 

These mine ra l s a re formed by the joining of laths 
a na l ogous to those of amph i bo le s, and separated by voids. 
They are mostly magnes i an or alum i no- magnesian, seldom 
ferruginous . Fo r a l ong time, it was believed that these 
mine ra l s were produced only in a logoonary supersalted 
med i um . 1 t i s by now known that they are also formed in 
so i ls in a ri d o r sem i-ar id cont i nental conditions, in 
assoc iat ion wi th secondary saline accumulations 2 and where 
pH i s d i stinctly a l kal i ne (9 o r higher) 3

• 

PHYL LITI C CLAY MIN ERALS 2/1/ l OR 2/1 

These minera l s may have different or1g1ns, inherit ­
ance from rocks, t r ansformation or synthesis . In severa l 
cases, the or i g i n is not determined. 

Chlorites and pseudochlorites . The ferrous and mag ­
nesium mi nera l s are normal components of some metamorphic 
rocks. But, it is also known that trioctahedral chlorites 
are the weathering products of various ferromagnesians 
and that ch lorites or aluminous pseudochlor ites are more 
and more frequent l y identified in soils. 

These minera l s are identified by using X-ray diffrac­
tion . The basal spacing is 14 A and is not changed by 
heating to 5oooc or by treatment with po lya l cohols. When 
pseudochlor i tes are treated by alkaline or complexing 
reagents in o r der to el iminate the interlayered hydroxide 
packages, they lose their chlorite property to assume that 
of a smectite or that of a vermicul ite. 

Illites . These mi nerals give a 2/1 layer near to tha t 
of micas . But the cha r ge is 0.6 becaus e of substitutions 
of Si'+ by Al 3+ i n the tetrahedral layer . Replacements of 
A1 3+ by Fe 3 + may also take place in the octahedral la yer. 
The charge defic iency is mainly compensated by K+ ions 
which a r e located i n the hexagonal caviti es of the layers 
and impart to thema certain rig idity. 

111 ites are observed in various soi ls of the temper­
ate zone, as wel 1 as of the intertropi ca l one. They may 
resu l t from size reductions and from the degradation of 
micas, or by synthesis from elements of other minerals . 

The basal spacing is 10 A. l t is not modif ied by 
heat i ng at 500°c, neither by treatment with polya l coho ls . 
The cat ion exchange capacity is close to 30 meq/100 g. 

Vermiculites have a 2/1 later where the charge i s 
0.5 to 0 . 7 . Substitut ions of Si +by A1 3+ take place in 
the tet r ahedral layer. Magnesium, i ron, aluminium may be 
present in the octahedral layer. The charge deficiencies 
a re abundant and are compensated by the cations, espec ial­
ly hydrated magnesium. Vermicul i tes are frequent in soils 
of the temperate zones and are more seldom encountered in 
those of the intertropical zone. 

The basal spac i ng is 12- 14 A. On heating to 500°c, 
it i s red uced to 10 A, but treatment with polyalcohols 
has no effect. The cation exchange capacity i s higher than 
100 meq/ 100g . 

1 For a comp lete study of the c lay minerals, refer to the 
books of Gr im, 1953 ; Ca i 11 iere and Hen in , 1964; Mi 1 lot, 
1964; Pedro, 1965 . 

2 Ruellan, Mi l lot, Paquet, 1969; Lamouroux , 1972; Eswaran 
et al . , 1974 . 

3 Quant i n , 1976. 
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Smectites have a 2/1 layer and a charge of 0.2 to 0.6. 
Two categories of minerals may be distinguished acco rding 
to the local ization of the substitutions . When t hey on l y 
take place in the tetrahedral layers (S i 4+ by Al 3+), with 
an aluminous octahedral layer, a ferro - aluminous layer, or 
a ferruginous layer, we get beide l l ite, fe r riferous 
beidell i te or nontronite. l f the substitutions ma inly 
occur in the octahedral layers (A l 3+ o r Fe 3+ by Mg2+), we 
then have montmoril l onite or ferriferous montmori l lonite. 
Saponites present a mixed structure. These c l ay minerals 
are encountered in soils of the temperate and intertropi ­
cal areas. They can result from degradation or aggradat ion. 

The basal spac ing is 12- 14 A. On heating to 500°C, it 
reduces to 10 A. Treatment wit h polyalcohols increases it 
to 16- 18 A. The cation exchange capacity varies from 50 to 
120 meq/lOOg. 

1/1 PHYLLITIC CLAY MINERALS 

These minerals include two categories: serpentinites 
which contain magnesium alone in their octahedra l layer 
and kandites which contain aluminium alone in this layer. 

The magnesian minera ls have a layer where all octa ­
hed ral sites are occupied by magnesium. They almost always 
de ri ve from the weathering of ultrabasic rocks, such as 
peridotites for example, which are rich in magnesian 
minerals, ol ivine or enstatite. Serpentinites invo l ve sev ­
era l varieties l i ke antigo rite, l izardite, chrysotile. 
Their basal spacing is 7 A. 

Aluminous minerals have an octahedral sheet where 
two sites out of three are occupied by aluminium while 
the third is empty . An important distinction may be made 
between kandites, according to the presence of water be­
tween the layers (halloysites) or its absence (kaol inites) . 
The base exchange capacity is higher for the f i rst mi n­
erals than for the seco nd ones, being h igher than 30 meq 
and lower than 10 meq/lOOg, respectively. 

Halloysites are minerals which are very often asso ­
c iated with the weathering of rocks of volcanic orig i n 
and are also abundantly observed in soils der ived from 
calcareous parent rocks. Their basal spacing is 10 A. On 
heating to l00°C, it is reduced to 7.3 A. Metahal loysites 
are dehydrated tubular forms with 7 . 3 A spacings. 

Kaolinites are very widespread in soi ls of the inter ­
tropical zone . Their basal spacing is 7 to 7 . 2 A. On 
heating to S00°C, the latt ice i s entirely disturbed and 
no peaks are observed. 

AMORPHOUS ALUMINA S ILICATES 

Some minerals in relation with the weathering of vo l­
ca nic glass, are known under the name of allophanes . They 
contain variable ratios of silica, alumina and water. 
Their base exc hange capacity varies much with pH. A simple 
test was proposed by Fieldes and Perrott 1 to identify 
these si l icates in situ. The inner structure of these sub­
stances is sti 11 debated but of no regu lar patterns to 
y ield a definite X- ray diffraction spectrum. The allophanes 
are always tight ly associated with organ ic matter. 

1 Fieldes and Perrott, 1966. 
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Imogolite is a f ib rous mineral obse r ved by electron 
microscopy 1

• In X- ray diffractions, humps are observed at 
12- 18 , 7 . 8- 8 and 5. 5 A. 

The cation exc hange capacity varies much with pH 2
. 

The changes between pH 3.5 and 7 may r ea ch 100 meq/100g. 

OXIDES AN D HYD ROXI DE S 

Ferruginous minerals . Two oxides 3 are formed in 
sa il s: 

a - Fe 2 0 3 , hemati te , of red color, nonmagnetic, 
very wide s pread i n so i l s of reg ions with a lo ng dry 
seaso n . 

y-Fe 2 0 3 , maghemi te , of dark color, magnetic, 
rather sca ree. 

Two hyd roxides also exist : 
a - Fe OO H, goethite , yel low- orange col or, wide ­

spread, especial ly i n soils of regions with humid cl imate. 
y- Fe OO H, lepidocrocite , also of yel low- o range 

color , scarce, but identif i ed in hydromorphic so i ls, a ndo­
sols, podzols . On l y hematite and goethite are commonpla ce 
constituents of so i l s 4 . 

Amo r phous ferruginous products , cal led stilpnosiderite 
a re known, bu t of no determin ed formula. 

Aluminous minerals . Only hydroxides a re found in the 
soi 1 (when ox i des a re found, they are inherit ed from cer ­
ta in sch is t s ) . Gibbsite , Al (OH) 3 is frequentl y found in 
many soi l s of the intertropica l zone. lt is also known in 
some soi 1 s of the tempe ra te zone. Boehmite , y - AlOOH is les s 
abundant and aften found in the cuirasses also associa ted 
with 1 imestones, etc . The a - AlOOH diaspo re is practical ly 
unknown in soi ls. 

Among the d iox ides, these of si 1 icon, titanium and 
manganese can be c i ted. 

Silica may be synthesized in soi ls in the form of 
secondary quartz, for example in some so ils derived from 
peridoti t es and especial ly in accumulations in a rid zo nes 
(silcrete s ). Sil ica may a l so appear in the form of opal, 
wh ich may be consi dered as a hyd rated cryptocrystal line 
fo rm. S il iceous produ c t s of plant orig i n also ex ist as 
shown by the diatomaceous test and by the phy tol i tes. 

Titanium and manganese are most aften observed in the 
form of Ti0 2 and Mn0 2 , mo re or l ess wel l crysta l 1 ized and 
hydrated. 

Fina ll y , we have to report the presence in a few 
so i ls (afte n in the form .of ox i des) of meta l s such as 
n icke l , ch rom i um, cobalt, va nad ium .... 

1 Yos h ina ga and Aom i ne , 1962 . 
2 Aomine and Jac kson, 1959. 
3 Magne ti t e , Fe 30 4 i s a s 1 ightly weatherable spinel in 

certa in ba s i c rocks a nd nota produc t of pedoge nes is. 
4 To t hese mi nera l s was r ece nt l y added ferrihy drite 

Fe 5 (0H) 8 •4H 2 0 of ru sty co lor, akin to amorphous 
prod ucts, a l so frequent in podzols and in certain 
hyd romo rphi c so il s . 
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B. ORGANIC CONSTITUENT$ 

The knowledge of the organic constituents of the soi l 
did not progress to the same extent as that of the mineral 
ones. In fac t , the isolation and identification of natural 
compounds corresponding to a given formula or elementary 
composition, is not yet achieved . This is due to the com­
plexity of animal and plant organic matter and to the com ­
plexity of transformations affect ing them in the soi 1, as 
wel 1 as the number of products covered by the term "humus" . 
Unti 1 now, artificial fractionations of organic matter were 
done by using chemical solvents or reage nts (caustic soda, 
phosphoric acid, pyrophosphates ... ) , known to often modify 
the fractions in question . 

Two methods can be used: 
a) Total determination . This method is known since long, 

ve ry f a s t and very rough. lt allows to obtain the total 
carbon and nitrogen content and the ratio C/N wh ich 
gives a ve ry plain idea of the degree of evolution of 
the organic material . In addit ion to these determ ina­
ti o ns , the r e are also the pH, the degree of saturation, 
the co lor , the thickness of the humus horizon. All these 
data may be expressed by exact values, easily repro­
ducible with minimum error. They al low a fast and 
simple characterization of the soil organic horizons. 
Because of their objective character, they were incor­
porated in many classifications . 

b) Fractionati on tes ts . They were long ago appl ied in the 
USSR , and in France, mainly in the Biologica! Pedo ­
l ogica 1 Center of Nancy (Duchaufour and his col labor­
ators). 

Duchau fo ur 1 indicated that "the fractionation methods 
in use ar e oft e n approximate and d ifficult to expla in". 
Obs e rv a tion s of th e same kind were frequently formulated, 
particularly by Ponomareva 2 or by Mac Carth y 3

• The Jatter 
author has thus expressed the need of international common 
efforts to bring the necessary harmony in the extract ion 
techniques and the definition of the obtained products. 
In fac t , it seems that different solutions are used for 
the tr eatment of organic material and that the adjustment 
of the modifications taking place during the operation is 
difficult. 

The main fractions wil 1 be given be low, as they were 
described by Duchaufour'. 

Fulvic aci ds (FA) and hwnic acids (HA) are extracted 
by a s o lution of sodium pyrophosphate or of diluted sodium 
hydroxid e . Fulvic acids are not precipitated by acids (such 
as N H2SO , ) whi Je humic acids are precipitated by acids. 
Two humic acid types are distinguished: 

Brown hwnic acids are sl ightly condensed, relatively 
labile. During paper electrophores is, they migrate towards 
the anode (Jaqu in ) 5 • 

Grey humic acids , more strongly condensed, bound to 
the clay, do not migrate, or very sl ightly, during paper 
e l ectrophoresis . Th ey resist strongly to biodegradation 
factors. 

The nonextracted fraction is that of hwnin which re­
presents from 50 to 70% of the total organic matter. Vari­
ous authors 6 distinguished many kinds of humins : 

1 The main part of the fol lowing def i nitions is taken from 
the most recent textbook of Duchaufour, 1977. 

2 Po noma re va, 1964, 1969. 
3 Mac Carthy, 1976. 
4 Duchaufour, 1977. 
5 Jaquin , 1964. 
6 Duchaufour, 1973 ; Perraud, 1971. 
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Inherited or residuaî hwnin (H 3 ) is st i ll very close 
to the fresh organic matter. lt farms sl ightly stable 
bands wit h the clay. lt may be separated by the effect of 
ultrasonics and by densimetry. 

Insoîuhiîi zation hwnin arises from the irreversible 
precipitation and insolubil ization of the soluble fore­
runner substances. They are separated in two fractions: 
fraction H1 extracted with caustic soda after treatments 
(H Cl-HF , dithionite); the other fraction H2 is no t ex­
tracted. 

Microbian hwnin, results from the microbian neoforma­
tion in a very active medium (polysaccharides , pol y­
uronides, aminosugars) . 

Deveîoped hwnin (by maturation): humin with aromatic 
nucleus, very strongly polycondensed, poor i n functional 
groups and resi stant to normal extraction reagents. 

In sp it e of the d i ff iculties reported by Ducha ufour, 
these different fractions are extracted from the humu s 
horizons of soils and can be used for character ization . In 
l iterature, we aften find the term fulvic acid, gr ay and 
brown humic acids and humin. But do they corre spond to the 
above-given definitions? Ve r y rare trials of fr ac t ionation 
of humin were conducted. 

Consequently, in the present state of kn ow l edge , the 
reference to these humic fractions encounter s two dif f i­
culties: 
- The first is related to the extraction method , charac ­

terization and finall y, the exact definit ion of each 
fraction whi ch is particularly interesting. lt is quite 
des irable that the methodological standardization re­
commended by Mac Carthy 1 be carried out. 

- The second concerns the Jac k of data. These fractions 
were stud ied in different countries or laboratories 
(e.g . USSR, France , Canada, Germany). But it is certain 
that determinations Jack in many countries and in many 
soils 2 . The exami nation of the humified matter is not 
yet systematic as for the mineral constituents. lt will 
be so when the first difficulty is overcome . 

Consequently, much work is still to be carried out by 
workers in the field of soil organic chemistry to make up 
for the lag which separates the identification and charac ­
terization of the mineral and those of organic constitu ­
ents. Meanwh il e, it seems preferable to stick to the carbon 
percentage, the thickness, the color and the degree of 
saturation of the humus horizon. However as soon as they 
are conve ni ently known, the nature of organ i c matter con ­
st i tuents must be taken into account . 

3. 3 THE PEDON 

MAIN SUB DI VIS IONS 

The pedon extends vertically til 1 the parent rock or 
the parent materia l 3

• 

The pedon is composed of stratified horizons whose 
format ion and structure are exp lained by proce sses of 
s trictly pedogenetic nature. These horizons contribute to 
the identification of soi I s. Therefore, they may be used 
as cr i teria in the fuif il lment of the class i fication. 

Mac Carthy, 1976. 
Different dete rmina ti ons were done in Africa by 
Duchaufour and Dommergues, 1963; Perraud, 1971; 
Thomann, 1963, 1964, etc . . lt seems that this is not 
the case in other parts of the intertropical world. 

3 Cf. page 20 - 22 of this text . 
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The ho r izons are de f i ne d by all their macro- and 
mic romorpholog ical cha racte ristics and also by their 
physi ca l and chemica l ones . But not all these elements 
a re used for the classification. One or more or the 
spec i fic characteristics wh ic h al low to distinguish a 
horizon or a soil from another horizon or another soil 
have to be found. 

In this project, no reference wil l be purpose ly 
made to the termi no logy A B C D which is too narrow to 
characterize a nd identify all horizons, even when sup­
plementary indices and lette r s are added 1

• In fact , 
these letters ha ve a particular genet ic impl ica tion 
which supposes that we know perfectly the processes of 
format io n of t he horizons. When th is certainty is absent, 
we prefer to c lassif y the hor i zons according to their 
characteristics rather than to hypo theses expressed on 
their genesis. 

The pedon may be subdivided in four different parts 
which may not be simu l taneous l y present: organic, humus , 
differentiated minerai, parent materiai, finally end in g 
wi th the parent rock . 

THE ORGANIC PART in vo l ves an accumulat ion of organic mat ­
ter, clearly distinguishab le from the humifi ed o r differ ­
entiated mineral parts and s ituated in the upper part of 
the pedon . This organic matte r mayor may not be trans­
formed (matters of plant or an ima] orig in are no more 
recognized) and part iall y inco rporated in the minera l 
material. The contents in organ ic carbon are high ( these 
contents are given later on) . The organic matter plays the 
main role in the ho rizon. To the ho r izons of this part of 
the pedon belong the organons . 

THE HUMUS PART. The o rganic matte r is transformed and 
exists in lower amounts i n comparison with the prev ious 
horizons and wi th the mineral constituents to which the 
organic matter is integrated. The darke r color of th i s 
part of the profile (black, gray, brown) is due to this 
humified matter . The one or seve ral horizons of this 
part are the humons. 

THE MIN ERAL DIFFERENTIATED PART i s distinguished from 
the humus part by its color, af ten more vivid because of 
a lesser organ ic carbon content and wh ich co rresponds 
to the color of the minera l constit uents. lt is also 
distinguished from the parent material by its character­
istic pedo logi cal st ructu re resulti ng from one or more 
processes of soil format ion. Same horizons may stil 1 
ass ume high contents of humified orga nic matter. The 
distinction between humus horizons and mineral horizons 
is then relative. The horizons of this mineral part of 
the profile a re ma de up o f mineraions . The whol e set of 
humus and differentiated mine ral parts form the s oZum2 • 

In some pedons no mineralons a re prese nt at a l 1. The 
so lum i s then only composed of one or several organons 
o r humons. The adjective ameristic (not subdivided) is 
propos ed to de note s uch a solum, by opposition toa di f ­
ferent iated or compl ex solum where several mineralons 
can exist. 

THE PARENT MAT ERIAL i s the loose mater ia l of the lowe r 
part of the pedon, subjacent to the so lum and mainly 
mineral. lt often arises from the unde r l ying rock by 
simple mechan ica ] div i s ion and /o r a chem i cal and bi o­
chemica] weather ing not res ulting into deep modificat ion 

1 Bu t the correspondance may be eas i l y done. 
2 Soil Survey Manual, USDA, 1951. In some cases, intac t 

boulders (of basa l t o r 1 imestone) may be included in 
the so lu m. 
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of t he structure of the parent rock (under the effect 
o f pedoplasmation 1

• Two or seve ral su per po sed parent 
materials may ex ist. The d ist inct ion between these mate ­
rials and the o ther parts of t he pedon is essential. 

a) The parent material is easi ly distingu i shed from the 
humons by lower amounts of o rganic matter and by the 
absence of important structural transformations due 
to the biologica! ac t ivity. 

b) The d istinction between the parent mater ial and the 
mineralons is sometimes difficult. This is especial l y 
the case of very advanced weathering or of soi ls de­
rived from "pedolites" 2

• In this case, the constitu­
ents of the parent mate ri a l and of the mineralons 
are about the same. The dist inction between both is 
possib le onl y on the basis of a structural modif ica­
t i on (pedoplasmation) due to pedogenes i s . 

c) In compa ris on with a sed imentary rock, the pare nt 
mater ial is eas i ly recogn i zed by the appreciable 
state of divis ion of the materials , accompanied by 
pe netration of roots or by t ra nsformation of minerals 
o r by redistribution of sa l ts. 

d) The superimposition of properties, proper to other 
pedogenetic processes 1 ike the accumulation (of iron 
and alum i nium sesqu iox ide s , clays , amorphous si 1 ica, 
carbonates and sulfates of calcium and magnesium, or 
more solubl e sa lts), eventua ll y fol lowed by a low 
ceme ntati on o r by weak hydromorphy (spots or marmo ­
r i zat ion) should no t be su f f ic ient to obi iterate the 
or iginal rock st r ucture , otherw i se the horizons are 
mineralons . 

e) 1 t i s not always su re whether the solum i s derived 
f rom the underlying material or from an analogous 
mate rial. This is the case of deposits ( loess or vol ­
can i c ashes) which do not always manifest a clear con ­
t ra st with the underlying material whe n transfo rmed 
i nto soils. 

Two categories of parent materials can be distin ­
guished. Some of t he se materials a re fo rmed and derived 
from the rock below : alterite ; the others were formed 
e l sewhere and were redeposited by waters or win d: pedo­
lite3. 

- Alterite . The s t ructur e and t he nature of the parent 
roc k are qui te r ecog ni zab l e . Alterite is due to physi ­
cal breakdown and/or to chemica! weathe r ing of t he 
parent roc k. No di s placemen t o f t he altered mass takes 
place with respect to the parent rock situated below. 
lt may be sa id tha t the structure 4 of t he rock is 
mainta ined. 

- Pedolite is a mixture of soil and rock consti tue nts , 
hav in g undergone a rather long t r a nsportation by wate r s, 
ice or wind . Pedo! ite did not undergo any modificat ion 
by diagenesis 5 ( neither compaction, cementation, re ­
crystal 1 ization , nor metasomatosis) which may affect 
the sed imentary rocks. lt lost the original structure 
but kept bo th secondary and primary mine rals. The 
fluviati le a l l uvium and loe ss are the most remarkable 
representatives. 

1 Fl ach, Cad y a nd Ne tt l eton, 1968 . 
2 Cf . fol lowin g pages. 
3 Gerasimov, 1971 "The geo logical products of des truc­

tion and red epos ition of modern a nd ancient soils, to 
a certain extent , presenting prope rt i es acquired in 
the process of soil formation". 

4 Mil lot and Bonifas , 1955. 
5 Cf. Jung, pages 52 to 55, 1963. 
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THE PARENT ROCK is the rock underlying the so i l, and 
from which i t is often derived. When no apparent re l ation 
exists between the rock and the soil situated above it we 
speak of a bed- rock . lt is interesting to distinguish two 
categori es of parent rocks. 

Primarolithes do not contain pedological mi neral 
constituents l ike salts, oxides and hydroxides or clay 
minerals but only constituents of e r uptive o r metamorphic 
rocks formed in the depth. They are unstable in surface 
conditions and l iable to provide pedologica l constitu­
ents by transformation or by synthesis . 

Sedimentolithes 1 contain, alone or mixed, analogous 
constituents to these formed in soi l s, but hav i ng under­
gone diagenesis to a variable extent . However, by dis ­
solution and weathering they are 1 iable to del ive r min­
eral consti t uents to the soils, such as the clay mi n­
erals, oxides , hydroxides from which they inherit. 

1 Such as sandstones, l imestones, mar l s and so on . 

Table 1. Main subdivision of the Pedo n 

Organic part Organons A or 
00 

So l um Humus part Humons A1 

Differentiated Mi nera l on s mineral part 
Pedon 

Pa rent Non or sl ightly Al terite 

material differentiated c 
mineral part Pedel ite 

Pa rent rock Prima rol i the 
Petron or bed-rock D 

Sed i mentol ithe 
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4. HORIZONS 

4. 1 NOMENCLATURE OF HORIZONS 

Th e proposed names to designate the horizons are 
inspired from the numerous ones given in the l iterature 1

. 

Many of them were created when the existing ones were 
found unsuitable. For each of these names , a simple and 
precise definition was proposed. 

Most often, these horizons assume a name ending by 
the suffix - on, like andon"" ferbisialliton"" 
oxydo n . . . etc., followed by several adjectives or pre­
ceded by a prefix. 

The fol lowing l ist is not considered as exhaust i ve . 
There is a need to adept or to create new names when 
necessity arises. Also, it will be always possible to 
add adjectives which help to qua l ify the horizons . In 
this domain, the required aim is to achieve precision 
without prejudice to euphony. 

A g iven number of ciphered criteria appear in the 
characterization of horizons . These are very often these 
of Soi l Taxonomy or of the 1974 FAO-Unesco legend . By now, 
these criteria appear to be the best. Natural ly, such 
criteria are open to revision and can be modified during 
the compulsion of the classification. 

The following definitions of horizons are only 
val id in the case of simple pedons, i. e. in the absence 
of a cover of vo l can ic ash, al luvion, or col luvion . The 
case of complex profiles wil l be treated in connection 
with each separate class. 

4.2 ORGANIC HORIZONS 

The organic horizons or organons are surface hor­
izons characterized by the accumulation of organic mat­
ter. Their fine fraction contains more than 30% of total 
organic matter if there is more than 30% of clay, or 
more than 20 % of total organic matter if there is no 
clay 2 . For the intermediate clay contents, the corre­
sponding organic matter contents are calculated. In the 
calculation of the total organic matter, tree trunks, 
branches and other l igneous fragments, which are con -
s idered as inert are excluded. Only the debri s of 
leaves, nonl igneous sterns and roots are taken into con ­
sideration. 

Four types of organons are distinguished 3
: 

1 - FIBRIC ORGANON. This organen conta in s more than 50 % 
(by volume) of fibreus organic matter. A fiber is a 
fragment of plant tissue which is sufficiently big to be 
reta i ned by a sieve of mesh 100 (~ = 0. 15 mm). This f ib e r 
shou l d have a recogni zab le cel lul ar structure. The ma ­
terial is dispersed in a solution of sodium hexarneta­
phosphate before s i eving . Fragments of a bigger size than 
2 cm should be poss i bly crushed between the fingers, other ­
wise they should be considered as a coarse fraction. 

The apparent bulk dens it y is genera! ly very low (0 . 1). 
The saturation water content is very high (850 to 3000% in 
comparison with the sample dried at 105 C). 

1 For example, Chatel in and Martin, 1972; Fitzpatrick, 
1971; USDA, 1976; FAO-Un esco, 1975. 

2 For example, case of very sandy soi Is. 
3 For further deta il s, refer to So il Taxonorny, p. 59 to 

62 from which the main definitions were taken. 
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2 - FOLIC ORGANON. This organen contains more than 50% 
(by volume) of fol ia ted or stratified organic deb r is. 
These orga ni c matters de rive mainly from small sized and 
recogn i zable leaves, twigs or branches. The phys i cal 
characteristics are analogous to those of t he fibric 
organen. 

3 - HEMIC ORGANON. This orga nen contai ns from 10 to 50% 
of fibreus or fol iaceous organic ma tter. The o rganen has 
intermediary characte r ist i cs between the fibric and fol ic 
o rga nons on one si de, and the sapric orga nons on t he other 
s i de. When the organic matte r i s rubbe d , it crumbles 
easi ly . The apparent bulk density var ies from 0.07 to 0. 18. 
The saturation water content varies between 450% and 850% 
(w it h respect to the samp led dried at 105°c) . 
4 - SAPRIC ORGANON. Th is o rgane n contains less than 10% 
of organic matter of recogniza ble original fo rm. The 
apparent density i s higher than 0.2. The saturation water 
content is less than 450% (wi th respect to the sample 
dried at 105°c). 

According to the thickness, the fol lowing organons 
are distinguished ; 
- the pachic organen, when the thickness is more than 

18 cm. 
- the Zeptic organen, when the thickne ss is less t han 

18 cm. 
According to t he pH, the fol lowing organons are 

distinguished: 
- the eutric organen, when the pH is ~ 5.5 . 
- the dystric organen, whe n the pH is ~ 5.5. 

Supplementary precisions may be introduced in the 
determination of the degree of sa turation (cf. 40). 

Te nta t ive correspondance between the organons and 
other organic horizons. a) Poorly drained soils; b) Well 
drained soils. 
a - OZigotrophic Peat 

Organen (fibric, fo l ic, hemic or sapric); pachic or 
l eptic; dystr i c . 

- Mesotrophic Peat 
Organen (f ibr ic, fol ic , hemic or sapric); pachic or 
leptic; eutric. 

b - Mor (cf. CPCS, 1967, Duchaufour , 1977) 
Fol ic - hemic- sapric comp lex orga nen; (general l y) 
leptic ; dystric. 

4. 3 HU MUS HORIZONS 

The humus horizons or hwnons are surface horizons 
or d i rectly situated under organons and conta ining more 
organic matter than the underlying horizons. The organic 
matter is humus (t he in i t ia] organic mate rial is not 
recognizable); it is incorpo rated 1 and bound to the min­
eral material. Human is recognized by its co lor , by a 
higher organic matter content than that of the under l ying 
horizon and by a d ifferent structure. This change in the 
structure, and the sit uat ion in the profile, are particu­
larly important and al low to re l a te certa in horizons con ­
taining orga nic matter with the mine ra lons (this is the 
case of the cheluvions of podzols, of certa i n argi lans 
of differen t classes). The minera l materia l bound to 
hum us may be formed of primary or secondary mi ne rals . 

1 Juxtaposition of the organic and mineral materia l s may 
be observed with the naked eye or with a l e ns. They are 
eas i ly separated by fa nning or de nse l iqu ids. The 
incorporation is accompanied with a bond between the 
mi neral and organic pha ses and this bond cannot be 
braken without an alteration of one of the phases . 
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Two kinds of humons are d istinguished: the sombron 
and the pallidon, to which are added epimineralon a nd 
epi l ithal teron . 

a. SOMBRON 

Sombron i s a human conta1n1ng from 1 to 30% of organ­
ic matter if the hor i zon i s clayey, and from 1 to 18% if 
it is sandy. For the sandy clay so i ls, the content is 
calculated in proportion of the constituents. l t is 
cal led melanic when t he moist chroma is$ 1 .5 and the 
dry value $ 2.5. 

The sombron is cal led normal when the moi st chroma 
is comprised between 1 .5 and 3.5 and the mois t value < 4 
and the dry value < 6. 

The sombron is cal led pachic if the thic kness is 
h igher than or equal to 18 cm, leptic if the th icknes s is 
less than 18 cm. 

The sombron is hyperpachic if t here is more than 1% 
of carbon over more than 100 cm. 

The sombron is cal led eutric or dystric acco rding 
to whether the saturation degree is higher than or less 
than 50%. 

b. PALLIDON 

The pal 1 idon is a horizon which contains more than 
0.5% of organic matter. 

The co lor is 1 ighter than that of the sombron 
(higher chroma and value: moist chroma >, 4 , dry value 

>, 6). 
The pall id on is cal led pachic when the thickness is 

more than 18 cm; leptic when it i s l ess than 18 cm . 
lt is cal led eutric or dystric according to whether 

the saturat ion degree is higher or less than 50%. 

c . EPIMINERALON 1
, EPILITHALTERON 2 

The surface horizons wh i ch do not have enough or­
ganic matter to be qual i f ied as sombron or pal 1 idon, 
and/or which do not have a sufficiently distinct co lor 
to be distinguished as a mineralen are epimineralons, 
or as an alteron are epilithalterons. 

To the terms sombron or pall idon , s uch adject i ves 
as al lophani c 3 , and i c, bisial l itic . .. can be appl ied to 
express the presence of characteristic mineral const i­
tuents. These ad ject i ves are used when the pedon does 
not show any mine ra l en (ameri stic so lum) . 

Tentati ve correspondence betwee n sombrons and some 
humus horizons (cf . CPCS, 1967; Duchaufour, 1977) . 
Calcic Mull - pachic or leptic saturated sombron. 
Calcareous Mull - pachic or lept i c pereutric somb ron . 
Eutrophic Mull - pachic or lept i c eutr i c somb ron . 
Acidic Mull (and moder) - pach ic o r leptic dystric 
sombron . 
Tropical Mul l - pach i c or leptic, dystric or perdystric 
pal 1 idon or sombron . 

1 cf. p. 26. 
2 Cf. p. 43. 
3 These te rms a re defined later on. 
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4.4 MINERAL HORIZONS 

4.4. 1 PRINC IPLES OF DENOMINATI ON 

The mineral horizons o r minera l ons fo r m the part of 
the solum which is situated immediately be l ow t he o rga­
nons or humons. 1 n the absence of a human, the uppe r pa r t 
of the mineralen which contains a smal l quantity o r or ­
ganic matter is cal led epimineralon . When i t is not v i s i­
bly distingui shed from the mineralen wi th certa i nty, then 
the only factors to be taken into cons i derat ion are the 
s l ightly higher content in organic mat t er, the posit ion 
in the pedon and eventually, the st r ucture modif icat ion . 

All mineralons are grouped in l arge ent i ties accord ­
ing to their mi neralogical constitution and espec ia l ly, 
to the nature of their secondary minera l s. These ent i ties 
are not horizons as long as their organization i s not 
defined. 

mineralen constituents + organ i zation 
(nouns ) (adjectives) 

These minerals may be the product of weather i ng "in 
situ" due to pedogenesis. But they may be also inherited 
froma formerweatheringand set i n the parent mater i al; 
they may also result from synthesis in a sedimenta r y 
rock . 

The choice and the classificat ion of these mineral 
sets a r e not arbitrary . They result from the distribu ­
tion o f the minera ls in the supergene alterations and 
in the soi ls and account for the natu ral condit ions of 
their formation. These condit ions are also considered 
as specific of the different natura! entit ies wh ich they 
contribute to define. 

Moreover, these minerals have particular properties 
which condition the organ i zation, the physica l and chem­
ica] properties of the so i ls 1 to wh i ch they be long and 
which dete rmine their behav ior. 

The nature of the specific const i tuents which de ­
fin e e~ch set is expressed by a part icular noun . Twelve 
diagnost ic groups have been re tained and named by a 
noun which recal Is the nature of the constituents : 
halon, thion, sulfon, gypson, carboxyton, andon, 
bisialliton, ferbisialliton (or fersialliton ), mono­
sialliton, fermonosialliton (or ferralliton), oxydon 
and cheluvion . lt is possible to determine the nature 
of the predominant constituent by adding a particular 
prefix to the name of the mater i a l , e . g . : 

Kaoliferraliton or ferrioxydon 

But the real definition of a hor i zon i s done by the 
addition of the particular arrangement of i ts constitu ­
ents. Thus, one (or several) adjectives are added to the 
name of each mineral entity. These adjectives are used 
for the determination of the nature of the horizon, in 
order to account for i ts particular d i fferent iation, e . g . : 

Orthic or argillani c or carboxic bisialliton 
Gravelly or gleyic or indurated f erralliton 

Complementary data on the macrostructure and on the 
absorbing complex may be introduced by using other ad­
jectives, e.g . : 

Aluminic orthic ferra lliton 
Natric columnar bisialliton 

1 Among these, t he bulk density, water content, cation 
exchange capacity, co lor, etc . . 
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In the fol lowi ng section, the nouns used forma­
terials a nd the adjectives used for the designation of 
the hor i zons are given. 

4.4.2 MINERAL BODIES, MAIN NOUNS CORRESPONDING TOA 
PART ICULAR CONSTITUT ION OF THE MATERIAL AND 
DIAGNOSTIC OF A CLASS OR A SUBCLASS 

HALON' corresponds toa material of the followi ng cri­
teria: 
Canstituents : correspond to more soluble salts than 
gypsum such as: sodium chloride, magnesium chloride, 
potassium chloride, calcium chloride; sodium sulfate, 
magnesium sulfate; sodium carbonate and bicarbonate. 
This 1 ist is not exhaustive and may in vo lve mixed salts 
1 ike carnall ite, polyhal ite, etc . 
Characteri zation : The conduct iv ity of the saturated 
paste ext ract should be higher than 8 ms at 25°c. 

THION 1 corresponds toa mater ial containing products where 
sulfur is in the reduced state and corresponding to the 
fol lowing cr i teria: 
Constituents : corresponds to s ulfides or poly s ulfides of 
metals 1 ike iron and/or elementary sulfur (more than D. 75% 
sulfur in the sulfide or in nat i ve su l fur state). 
Characteri zation : i n the field, pH is often close to 
neutrality. l t gets very quickly ac i d i fi ed by exposure of 
the specimen to air and pH decreases to 3.5 , except when 
the materia l contains calcium carbonate. 

SULFON 1 corresponds toa material containinq acidlc 
produc t s where sulfur is i n the oxidized state and 
corresponds to the fol low i ng criteria: 
Canstituent s: particular ferric sulfa tes (Fe 3+ and 
alka l ine sulfates: j arosites) and free sulfuric acid. 
Characterization : ldentification of jarosites by the 
const i t ui ng ions and by the color formed of yel l ow 
mottles (hue >. 2 . 5Y; chroma >. 6; pH ~ 3.5. 

GYPSON 1 corresponds toa mater i a! wh ic h has the fol lowing 
criteria : 
Constituents : conta i ns calcium sulfate, genera! ly as 
gypsum. 
Characterization : the secondary calc i um sulfate content 
should, on the average, be more than 15%. 

Secondary calc i um sulfate i s recognized: 
- macroscop ica l ly, by accumulation forms such as, pseudo ­

mycel iums, masses, nodules, crusts, e tc . ; 
- microscopical ly, by accumulation of ca lcium sulfate 

(gypsanes) around voids, sand grains, roots and in the 
plasma mass . 

CARBOXITON 1 corresponds toa material of the following 
cr i ter i a : 
Constituents : secondary calcium and/or magnesium carbon­
a t es (except i ona l ly, there may be appreciab l e contents 
in barium or stront i um). 

1 The corresponding adject i ves to these nouns are hal ic, 
su l fur i zed, ac i dosulfated, gypsic, carboxic, respect­
i ve l y. 
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Characterization : the contents in secondary carbonates 
should, on the average, be higher than 15%. The secondary 
1 ime is recogn i zed : 
- macroscopically, by accumu l ation fa rms such as pseudo­

mycel iums, masses, nodules, crusts, etc . ; 
- microscopical ly, by accumu l ation of 1 ime (ca l citanes) 

around voids, san d grains, roots and in the plasma mass. 

ANDON 1 corresponds toa materia l having the followi ng 
criteria: 
Consti tuents: Andon is made up especia ll y wit h amorphous 
secondary 2 and/or cryptocrystal l ine and very hydrated 
minerals. These are mainly si 1 icates (allophanes, 
imogol ite, hisingerite), silica (opal), very fine iron 
and aluminium hydroxi des (goethite , lepidocrocite, 
mag hem i te, magne t ite, gib bsi te, boehmite) . These const i ­
tuents form stable organom ine ral complexes with humic 
acids 3

• 

Characterization : 
Main geochemica] character i stics : 

a) The proportion of cryptocrysta ll ine or amo rphous sec­
ondary si 1 icates, in the total amount of phyl los il icates, 
should be at least 50 %. 
b) The proportion of the ve r y fine l y soluble amorphous or 
cryptocrystal line substances, re lati ve l y t o the fraction, 
smaller than 2 µ, should be at least 50%. 

The estimat ion of these amorphous constituents for 
which analytica] methods are proposed in the appendices, 
i s stil 1 delicate and insufficiently checked. lt may be 
replaced and/or completed by a given numbe r of field o r 
laboratory tests whose specif ici ty is not absolute; but 
the results of several of these tests together shou ld 
faci 1 i tate the identification. 

In the field 
Mo r phology: vari able, but very aften dark co lor of the 
horizons , of apparent loamy texture, sl ight l y developed 
st r ucture, very friable consistence, sl igh tly or no t 
adhesive, sl ightly plast i c (the ether mo r pho logical 
characteristics are developed fu rthe r on; t he ide ntifi­
cation of the amorphous materials in a tact i le way is 
essential, as they shou l d not be confused with the clayey 
products). 

In the Zaboratory 4 

- X-ray diffraction: the diagram of the f ine fraction 
does not give any clear pea k of crystal 1 i ne products 
apart f r om these of pr imary mine rals. 

- Differential thermal ana l ys is : the thermal diagram 
shows an important endot herma l peak at 150-160°; this 
peak is not characteristic in presence of ha ll oys i te or 
smectites . 

- The cation exchange capacity depen ds strongly on the pH. 

The measured cat ion exchang e capacity (CEC ) at pH 
4 and pH 9 of the f ine earth fract ion , s hows a re lat i ve 
variation (w ith res pect to the measurement at pH 9.0) of 
at least 40 %: 

6 CEC 
CEC (pH 9 ) x 100 > 40 

The correspond i ng ad jective to this noun is a l lophanic . 
X-ray diffract ion gives no cha rac teris t i c peaks, but 
humps. 

3 Cf . Hetier, 1975; Mo inerau, 1977. 
4 Cf. the note of G. Sm ith of 1978"Pri1 iminary proposal 

for reclass ification of andepts and some andic sub­
groups" . 
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The ra t io variable charge is > O. 7 CEC pH B.2 

where CEC at pH 8.2 is measured with a barium chlori de 
solut ion buffe red wi th tr iethanolamine and the variab le 
charge i s the difference between CEC at pH 8.2 - (ex ­
changeable bases+ exchangeable Al). 

The measurements of CEC on the tota l so il shou ld be 
done without drying, without destruction of organic mat­
ter and wi thout extract ion of the hydroxides. 

The measuremant of CEC, carried out on the < 2 µ 
fract ion is most often higher than 50 meq/ 100 g, some­
times highe~ than 100 meq/l OOg. 

- The d i fference between pH (H 2 0) and pH (KCI) i s most 
often less than 1 (0.1 to 0.5). 

- The spec i f ic area of the< 2 µ fraction and of the 
tota l soil i s very high and var ies between 200 and 700 
m2 /g . But i t is evident that the vitric so i ls have only 
a low spec i fic surface. 

- Sodium f l uoride test . The pH of a suspension of 1 g of 
fine ea r th in 50 ml of 1 N so l ut ion of sodium fluori de 
exceeds 9 . 4 within 2 minutes. Thi s test may be very 
eas i ly used in the fie l d with a phenolphthalein reagent 
paper. But one shou l d know t he 1 imits to the test (p res ­
ence of certain salts, cheluvions, fine g ib bs i te, nega­
tive effect of some humon s, etc.). 

- Bulk density. The measureme nt i s conducted on undried 
a i r specimens and maintain ed at a moisture content of 1/3 
bar . The bulk density of fine earth s hould be less t ha n 
0.9; however , the vitr i c andosols ha ve a bulk density 
higher than 0.9. 1 t should be remembered that some fer­
monos ia l so l s have a bulk density lower than 0.9. 

- Dehydrat ion. The water conte nt in a specimen at pH 3 
may reach high va l ues (100 to 300%) . Dehydration is no t 
completely reve r sible 1 • The water retention loss at pH 3 
of a specimen kept at its natur a! humidity and of the 
same air dried soi 1 is meas ured and the loss is found to 
be higher than 4D%, on a humid so il bas i s. 

BISIAL LITON 2 corresponds toa mater ia l having the following 
criter i a : 
Constituents : Bis ial l iton is characterized by the pres ­
ence of f i bro us c l ay minerals (attapulgite, sepiol ite, 
ch r ysot i le), 2/1/l phyl l itic (ch lorites), 2/1 (s mectite , 
ve rmicu l ites, illites); assoc iated with 1/1 clay min ­
erals , i n variable proportions. 
Cha.racterization : 

1. Main geochemica! characteristics : 
a) The propo r tion of bisial l itic mi ne r a l s in t he total 
amount of clay should be at least 10%. 
b) The proportion of free iron sesqu iox ides of the < 2 mm 
so i 1 sho ul d be less tha n 3%3

• Genera! l y speaking, t he 
1 imi t of 3% is suggested to separa t e, on one hand, the 
fer b isia l so l s and fermonosia l sols, and the bi s ial so l s and 
the monos i a l sols on the other hand . In the particular ca se 
of soi l s containing ce r t ain 2/1 ferriferous clay mi nerals , 
se ns it ive to the d i ssolution reagent often us ed, i t seems 
des irabl e to acco unt also for th e rat i o free iron /tota l 
iron (exp ressed as oxides). The va lue o f this ratio 
shou l d be the object of subsequent discussions. 

1 Co l met -Daage et al., 1967. 
2 The co rrespond in g adjective to this no un is bisial 1 itic . 
3 Te nta tive f igure. 
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2. The identification of the above - ment i oned const i­
tuents can be made by one or more of the fol lowing 
methods: 
- By X-ray diffraction, characteristic peaks of the 

above-mentioned clay minerals are observed at 10, 10 . 5, 
12, 14 A; those of the 1/1 clay minerals may also appear. 
The peaks of the iron and aluminium oxides and hydroxides 
are absent or very smal 1. 

- The molecular-ratio Si0 2/Al 20 3 , determined on the clay 
fraction is >. 2.2 . 
The cation exchange capacity, related to 100 g of clay 
is higher than 16 meq. 
The free iron sesquioxides in fine earth are extracted 
by an appropriate technique (Deb, de Endredy) and are 
less than 3%. 

FERBJSIALLITON (or FERSIALLITON) 1 corresponds toa ma ­
terial having the following criteria : 
Cons tituents : Ferbisial 1 iton is characterized by the 
presence of fibrous clay minerals (attapu l gite, sepiol ite, 
chrysotile); phyll itic 2/1/1 (chlorites), 2/1 (smectites, 
vermiculites, illites); oxides or/and crystal l ine or 
amorphous iron hydroxides associated in variable propor ­
tions with 1/1 clay minerals. 
Characterization : 

1. Main geochemica! characteristics: 
a) The proportion of bisiall it ic clay minerals i n the tota l 
amount of clay minerals should be at least 10%. 
b) The proportion of free iron sesqu ioxides should be at 
least 3% of the fine earth. 

2. The identification of the above - mentioned const i ­
tuents may be done by one or more of the fol low i ng 
techniques: 
- By X-ray diffract ion, the characteristic peaks of the 

clay minerals are observed at 10, 10 . 5, 12, 14 A; those 
of the 1/1 clay minera l s may also appear. The peaks of 
iron oxides or hydroxides may be present; they may be 
masked in case of abundance of amorphous products. 
The molecular Si02/Al 2 0 3 rat io, determ i ned on the clay 
fraction is >. 2.2. 
The cation exchange capacity, related to 100 g of clay 
is higher than 16 meq . 
The free iron sesqu iox i des contents determined i n the 
f ine earth fraction are higher than or equa l to 3%. 

MONOSJALLITON 1 corresponds toa mate r ial hav i ng the 
following criteria : 
Constituents : Monos iall iton is main l y formed of 1/1 c l ay 
minerals (kaol inite, hal loysite, metaha l loys i te) and 
eventual ly, of aluminium hydroxides. Fi brous clay, 2/1/1 
phyl 1 itic minerals do not exist or very scarcely. Also, 
no iron, titanium or manganese oxides do exist, i n 
appreciable amounts. 
Characterization: 

1. Main geochemica! character i stics: 
a) The proportion of the bi s i a l 1 itic c l ay mi ne rals with 
respect to the whole clay fraction should be l ess than 
10%. 

1 The corresponding adject i ves to th ese nouns a re 
ferbisiallit i c or fers ia l litic and monos ia lliti c , 
respectively . 
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b) The proportion of free aluminium hydroxides should 
correspond to a ratio of free aluminium/total aluminium 
less than 30%. 
c) The proportion of free iron sesquioxides in the fine 
earth fraction should be less than 3%. 
d) The sum of total free oxides (Al, Fe, Ti, Mn, . .. ) 
should be less than 50% of the weight of dried soi 1 at 
105°c. 
e) The contents of weatherable minerals (ether than 
quartz, muscovite, magnetite) should be less than 10% 
in the 20 to 200 µ fraction. 

2 . The identification and the estimation of the above ­
mentioned constituents can be real ized by one of the fol ­
lowing techniques: 
a) By X- ray diffraction, the cha racteristic peaks of 
kaol inite, hal loysite, metahal loysite , gibbsite, o r 
boehmite are observed. These of hemati te , goethite or 
lepidocrocite are not observed. 
b) The presence of these minera l s may be ascertained 
by examination of the endotherm ic and exothermic peaks 
of the diagrams of differential thermal analysi s . 
c) The sil ica/alumina ratio, determined on the clay 
fraction, is less than 2.2. 
d) The cation excha nge capacity, related to 100 g of clay, 
is less than 16 meq for kaol initic soi ls, than 25 meq for 
ha 11 oys i tic so i 1 s. 
e) The content of free iron sesquioxides, determined on 
the fine earth fraction, is less than 3%. 

FERMONOSIALLITON (or FERRALLITON) corresponds toa ma ­
terial having the fo llowing criteria: 
Constituents : Ferrall iton is composed of 1/1 clay min­
erals {kaolinite, metahalloysite, halloysite) , iron 
oxides and/or hydroxides, aluminium hydroxides; differ ­
ent oxides or hydroxides of titanium, manganese, chro­
mium, nickel, cobalt .... 
Characterization : 

1. Main characteristics: 
a) The proportion of bisiall itic clay mineral s in the 
clay fraction shou ld not exceed 10%. 
b) The proportion of free iron sesquioxides in the fine 
earth fraction shou l d be higher than or equal to 3%. 
c) The sum of tota l free sesquioxides, in relation to 
the so i 1 weight, dried at 105°c, should be less tha n 50%. 
d) The ratio of aluminium in free hydroxides to total 
a luminium should be in the proportion free alum ini um/ 
total aluminium~ 30%. 
e) The content of weatherable minerals (ether than 
quartz, muscovite and magnetite) should be less tha n 
or equal to 10% in the 20-200 µ fracti on. 

2. The previous identifi cation is carried out by the 
fol lowing techniques: 
a) By X- ray diffraction, the characteristic peaks of 
kaol inite, metahal loysite, halloysite, gibbsite, 
boehmite, goethite, hematite, etc. are observed. 
b) The presence of these minerals can be ascertained 
by exam i nation of the endothermic and exot hermic peaks 
of different ial thermal analysis diagrams . 
c) The Si 1 ica/alumina ratio, determined on th e clay 
fraction, is less than 2.2. 
d) The cation exchange capacity, related to 100 g of 
clay, is less tha n 16 meq for kaol initic soi ls and less 
than 25 meq for hal loys itic soils . 
e) The content of free iron sesquioxides, determined on 
the fine earth f raction , is higher than or equal to 3%. 
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OXIDON corresponds toa mate ria l of the fel l owing 
criteria: 
Constituents : Oxiden is mainly formed of oxides, and 
hydroxides of i ren, titanium, manganese, chrom i um, co­
balt, nickel , . .. either as a mixture o r wi th one mostly 
predominating element among them (most often , i ron or 
aluminium). Clay minerals are absent or very s l ightly 
present. 
Charaateri zation : 

1 . Main geochem i ca ! character i st i cs : 
a) The total free meta l! ic ox id es s ho ul d exceed 50 % o f 
the soi 1 weight, dried at 105°c . 
b) The content in (1/ 1) clay mi ne r a ls shou l d not exceed 
10%, which cor responds to about 4.7% o f comb ined si ! ica. 
c) The content of weatherab l e primary minerals cannot 
be higher than 10% in the fr act ion 20 - 200 µ . 

2. The identification of the constituents may be done 
by the fel lowing techniques: 
a) X- ray diffraction. The characterist i c peaks of the 
different oxides or hydroxi des are obser ved . 
b) Differential thermal analys i s . The pre vious char ­
acteristics can be ascerta ined by the endot herm ic or 
exothe rmic peaks of the d i f f e ren t ial thermal analysis 
diagrams. 
c) The centes ima l chem i ca ! ana l ys is a ll ows the ob ­
ta i nment of the soil composition a nd th e eva luati on of 
t he d i ff e rent ox i des. The si! ica/alum i na rat io should 
be Zess than 2.2; accord ing to the amount o f alumin i um, 
the ratio may be very low o r very nea r to 2.2 . 
d) The cat ion excha nge ca pac ity, r e lated to 100 g of clay, 
s ho u ld be Zess than 5 meq; ECEC (exchangea bl e ba ses + 
a lumin ium) should be less than 2. 5 meq; 6 pH (KCl - H20) 
should be higher than -a.s . 

CHELUVION 1 corresponds to a material having the fel l owing 
criteria: 
Cons t i tuents : Che luvion is character i zed by the presence 
of organ ic matter, iron and/or aluminium in the fo rm of 
an organominera l compl ex . 
Charaaterization : The identification of che luvion i s 
done after ext rac t ion of the material by a reagent of 
sodi um py rophosphate (1) and sodium dithion i te to which 
sod i urn c i tra t e ( 1 1 ) is added. 2 

When t he re is more than 0 . 1% of extractable i ron 
by reagent (1) , then Al + Fe ~ 

0 2 Cl ay "' >. • 

lf there is less than 0 . 1% of extrac t able iron 
by reagent (11), then C + Al/Clay % >, 0.2. 

Complexed i ron and a l uminium by orga n ic matter 
shoul d be in suc h propo r t i ons with respect to free iron 
and aluminium so that Fe + Al ex tr. by (1 )/Fe + Al extr. 
by ( 1 1) >, 0. s. 

The chel uvi on conte nt in orga nic matter i s higher 
t han tha t of the above o r be low hor i zon s. Sand grains are 
covered wi th crack led coatings. Smal 1 black g ranules of 
or ganic matter may ex i st . The C/N ratio of cheluv ion i s 
genera ll y higher than 14. 

This te rm is deriv ed from "che luv iation" of Sw indale 
and Jackson, 1956, and also used by Pedro, 1964, 1966. 
Many of the following characteristics are close to 
these of the spod ic horizon of Soi 1 Taxonomy. 2 Reagent 1 extracts complexed iron and a l umi ni um; 
Reagent 11 extracts free iron a nd al umini um ox ides. 
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In the pedon, cheluvion is normal ly situated under 
an e luvial hor izo n, most often und er an albic horizon. 
In case of eros ion, it may appear on the surface. In 
case of ploughing, the eluvial horizon may Jack. 

4.4.3 COMPLEMENTARY DENOMINATIONS USED TO CHARACTER-
1 ZE TH E PREVIOUS MATERIALS AND RELATED TO THE 
CONSTITUENTS 

Th e denomination is that of an adjective (or of a 
radical derived from this adjective) and set before the 
name of the material . 

- Kaoîinitic (radical kao îi - ) appl ies to the noun fer­
ral 1 iton when more than 50% of clay minerals are re­
presented by kao l inite. 
E.g. Kao î initic ferraîîiton or Kaoîiferraîîit on 

- Haîîoysi t i c (radica l haîîoysi -) appl ies to t he noun 
ferral 1 i ton or monosiall iton when more than 50% of 
the 1/1 clay minerals are represented by hal loysite. 
E.g. Ha îîoysi t i c f erra î iton or Haîîoysiferraîîiton 

- Chîori t ic (radical chî ori - ) appl ies to the noun 
bisial 1 iton or ferbisiall iton when more than 50% of 
clay mine rals are represented by chlorite. 
E.g . Chîori t i c bisiaîîiton or chîori - bisiaîîiton 

- Smectiti c (radical smecti- ) appl ies to the noun bis­
i al 1 iton or ferbisial 1 iton when more than 50% of the 
clay mine rals are r epresented by montmoril lonite or 
nontronite. 
E.g. Smecti c bisiaîîiton or smectibisiaîîiton 

- Ve rmicuîit i c (rad ical vermicuîi-) appl ies to the noun 
bisial 1 i ton or ferbisial 1 iton when more than 50% of 
the clay minerals are represented by vermicul ite . 
E.g. Vermicuîitic fe rbisiaîîiton or vermicuîi- ferbi -

siaîîit on 
- I îîi tic ( radical iîîi- ) appl ies to the bisial 1 iton 

or ferbisiall iton nouns, when more than 50% of the 
clay minerals are represented by il 1 ite. 

- Mixed appl ies to the bisial 1 iton or ferbisiall iton 
nouns when several 2/1 and 1/1 clay minerals are pre­
sent in a mixtu re and that none exceeds 50%. Kaol inite 
should exceed 10%. 
E.g. Mixe d bisi aîîi t on 

- Gibbsit i c (rad ical gibbsi -) appl ies toa ferrall iton or 
a monosial 1 iton when more than 30% of alumina is in 
the form of gibbsite . The ratio free Al 2 0 3/total Al 2 0 3 

is comp r ised between 30 and 80%. 
E.g. Gi bbsitic ferraîîiton or Gibbsiferra îiton 

- Boehmi t i c (radical boehmi-) appl ies toa ferrall iton 
or a monosiall iton when more than 30% of alumina is 
in the form of boehmite and when the rati o free Al 2 0 3 / 

tota l Al 2 03 is comprised between 30 and 80%. 
E. g. Boehmi;tic fe rraîîiton or Boehmiferraîîiton 

- Hematiti c (radical hemati- ) appl ies toa ferbisi a ll iton 
or a fe rmonosial 1 iton when more than half of the free 
iron oxides are in the form of hematite . 
E.g. Hemati tic f erbisiaîîiton or Hematiferbisiaîîiton 

- Goethiti c (radica l goe thi-) appl ies toa ferbisial liton 
or a fe rmonosia l 1 iton when more than half of the free 
oxides i s in the form of goethite. 
E. g. Goethitic fe rbisiaîîiton or Goethi f erbisiaîîiton 

- Fe rritic (radical f err i - ) appl ies to an oxydon when 
more than half of the free oxides is in the form of 
iron ox ides. 
E.g. Ferritic oxydon or Ferrioxydon 

- Aîîiti c ( rad ical aîîi- ) appl ies to an oxydon when more 
than half of the free oxides is in the form of alumi na 
oxides . 
E.g. Aî î itic oxydon o r Aîîi oxydon 
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4.4.4 ADJECTIVES USED FOR THE DES IG NATI ON OF HUMONS 
AND MIN ERALONS AND FOR THE DETE RMI NATION OF 
THE NAM E OF THE HORI ZON FOR THE PUR PO SE OF 
THE DETERMINATION OF ON E OF THE UN ITS OF THE 
CLASSIFICAT ION: SUBC LASS, GR EAT GROUP, GROU P 
OR SUBGROUP 

While the noun concerns the const i tutio n , the a djec­
tive appl ies to the morphology and/or to some physico ­
chemical characterist ics. For example: 

IndUPated ferraZZiton; GraveZZy ferbisi aZZiton; 
Vi trio andon . 

The hapZic 1 horizon is the least d ifferentiated hor ­
izon. lt is defined by a group of criteria wh ich are 1 iable 
to vary within 1 imits which wil 1 be defined later. When a 
certain threshold is exceeded (to be determined), this 
horizon is left for another one . The hapl i c hori zon pre­
sents the simplest mineral criteria bound toa noun which 
characterizes the horizon. 

The hapl ic horizon is defined through the criter ia 
which it effectively possesses and also by the absence of 
some other cr i teria. The presence of the second cr iter ia 
involves the replacement of the hapl ic adjective by an ­
other. 

The haplic horizon is defined by using the fol lowing 
characteristics: 
- Colors 2

. They are very variable but un i form; black, yel ­
low, brown, red. They are stated in a spec ial page 3

• 

Structures. Their number is high. The fol lowing struc ­
ture s are excluded: massive, vert ic, columnar, 1 i tho ­
polygonal, particulate. 
Textures. They are very variable. However, the sum 
si lt + clay should be higher than or equal to 15%. 
Consistencies . They are variable, but should be placed 
in the fo llowing spectrum: 
- i n the dry state: between "f rag i le" and "hard" 
- in the humid state: between "friab l e" and "firm" 

l f the characteristics of the horizon cor respond to 
the above-ment i oned on es, i t is ca 11 ed hap l ic. 1 f one or 
several changes take place, the hapl i c adjective is re ­
placed by another. The 1 ist of the adjectives i s given 
below. l t is not final and may be completed. 

- Les s than 15% and more than 5% (clay + s i lt) : arenic . 
- Less than 5% (clay + silt): psanmic. 
- 85% or more of rock fragments: Zithic . 
- 5% or more of coarse mater ials : graveZZy , stony. 
- 2% or more of color spots and different f rom that of 

the who l e horizon: mottZed. 
- Positive reaction to sodium fluoride": andic . 
- Secondary salts in insufficient amount in compar i son 

with the necessary va lues for the sal i ne ho ri zo ns: 
hypohaZic, hyposul fUPized, hypoacidosulfated, hypo­
gypsic, hypocarboxic . 

- 10% or more of weatherable primary minera l s i n the frac ­
tion 20 - 200 µ : penevoZved. 

- A gradient of elements less than 2 µ at the ins ide of 
the ho rizon or of the profile: argi ZZanic, buZgic, 
impoverished; the textural gradient should be hi gher 
than 1.4. 

1 From the greek "hap los" : s imple. 
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- A particular structure: particuiate, massive, vertic, 
geZic, ZithopoZygonai , coiwrrnar. 

- A ve r y hard o r very firm consistence: compact , 
indurated, pZacic . 

Characteristics related to the organic constituents . 

- Organic : is sa id of a horizon which pr esents the char ­
acte r istics of an organon (content in organic matter); 
the thickness is insufficient to comply for an organosol 
or a primarosol, but i t is higher than 2. 5 cm. 

The adjectives fibric, foZic, hemic, sapric may be 
appl ied to humons if it were possible to recognize organic 
debr i s in them (o rgan i c debris as defined on p. 22-23). 

Cha racteristics due or bound to t he minerai constituents. 

- HypohaZic , hyposuZfurized, hypoacidosuZfated, hypogypsic, 
hypocarboxic : apply to a horizon wh ich contains soluble 
salts, sulfides, iron sulfates, gypsum, secondary l ime 
in insufficient amounts for a halon, thion , gypson, 
sulfon or ca rboxiton. 

lf the maximum amount is thus dete r mined, the minimum 
amount cannot be determined righ t now and should be the 
object of a subsequent study. 

For the t i me being, it is proposed for: 

- HypohaZic : a conduct ivity of the saturated paste ext ract, 
comprised between 4 a nd 8 ms. 

- HyposuZfurized : gets slowly acidified by exposure of the 
specimen to air ; positive det ection of sulfides by lead 
acetate paper. 

- Hypoacido suifated : no characteristic yel low color; pH no 
l ower than 3. 5; positive reaction to barium chloride. 

- Hypogypsic : less than 15% of calcium sulfate; positive 
reaction to barium ch loride. 

- Hypocarboxic : l ess than 15% of calc i um carbonate and/or 
magnesium, d i stinct reaction with hyd rochloric acid. 

- Ferria: appl ies toa horizon of a b i sial l itic or a mono­
sial l itic soil which local l y contains, at least on a 
depth of 2.5 cm, a friable accumulation of iron oxides 
o r hydrox ides. 

- SiZicic : app l ies to a compact or a gravel ly horizon the 
cement of which is composed of silica. A sil icic horizon 
does not disintegrate in water or in weak acid ic solu ­
tions, but does in a hot a l kaline sol ut ion. 

- AZZophanic : appl ies toa horizon wh ich contains such a 
quantity of cryptocrystal 1 ine products (associat ed with 
humus) that the c l ay minerals cannot be observed in the 
field. The sodium fluoride test is positive, the bulk 
density is less than 0.9 and the consistence is very 
friable. 

- Andic : appl ies toa horizon which contains at the same 
time cryptocrystall ine sil icates and cZay minerals , 
eas il y identif ied by touching and by X-ray diffraction1

. 

- Penevoived : app l ies toa b i sial l iton, ferbi siall iton, 
monosiall iton , fermonosial 1 iton which contai n weathe r­
able minerals in appreciable amounts. 
a) in the case of a bisialliton or a ferbisialli t on, 
the horizon contains 10% and more of weatherable primary 
minerals in the 20-200 µ fraction. 
b) in the case of a monos ial l i ton o r a fermonos ial l i ton, 
the horizon contains: more than traces and less t han 10% 
or 2/1 cla y minera l s with relati on to the t ota l content 
in clay and/or 10% and more of weatherable primary min­
e ra l s in the 20 - 200 µ f raction. 

1 The sodium fluo ride test is pos1t1ve but cannot be used 
alone because it is not specific. The bu lk density should 
be < 1 . 0. 
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lf the horizon contains mo re than 10% of 2/1 or 
2/ 1/l clay or f ibreus mi nerals, with relation to the 
total clay content, it should be considered as a 
bisiall iton or a ferbisial l iton. 

Micas and chlo r ites are cou nted among the wea therable 
minerals i f they are present in t he parent rock o r in 
the sand and silt fract ions. 

Characteristics due to the parent rock or to the parent 
mate rial. 

- With lime (or calcareous) : is sa id of any horizon whic h 
contains fragments of ca l careous rock. 

lf t he contents ar e less than 15%, th i s wording is 
enough. 

l f the contents a re comprised betwee n 15 and 85%, the 
adjective calcolithic wi 11 be used. 

l f the contents are higher t han 85%, the adjective 
lithocalcareous wi 11 be used . 

- Wi th dolomite : is said of any horizon which contains 
fragments of dolomite . This express ion i s enough if 
the contents are less t han 15%. 

l f the contents are comprised between 15 and 85%, the 
adjective dolomilithic will be used. 

l f the contents a re h igher t han 85%, the adject i ve 
lithodolomitic wi 11 be used. 

In the same way, it may be said of the ether rocks: 
with basalt , basaltolithic, lithobasaltic, etc. 

- Arenic : is sa id of a horizon which contains between 5 
and 15% of clay +si lt. 

- Psammic: is said of a horizon which contains less than 
5% of c lay +si lt. 

lt is suggested that quartzipsammic should denote 
t hat the horizo n is composed of quartzic minerals or 
as sl ightly wea therable as quartz and that vitropsammic 
should denote that the horizon i s mainly composed of 
pyroclastic vo lcanic materials (the acquisition of 
andic propert ies i s very ra pi d, eve n when the pyroclastic 
material appears to be very sl ightly weathe red . 

- Stony : is sa id of a horizo n which contains 5-85% of rock 
fragments or of s l igh t ly weathe rable minerals (concerning 
quartz ), of higher dimensions than 7.5 cm of diameter ; 
debris of indurated horizon; masses, nod ules, concretions 
of variable nat ure which can be determined. 

- Gravelly: is sa id o f a horizon wh ich contains more than 
5% of gravel fragments of smaller dimension than 7.5 cm; 
these gravels may be rock fragments, d iff icultly weather­
able minerals, in durated horizon fragments (fine gravel), 
or masses, nodules and concretions of var iable nature 
which can be determined. 

- Silty : is sa id of a material when the si lt content is 
h igher than 40 % with at least 50% of sands or less than 
30% of clay . 

Characterist ics related to the structure. 

A grea t number of fragmenta ry st ructures like blocky, 
subangular blocky, granular, etc. are associated with the 
hapl i c horizon. On the ether hand, the following structures 
confer to the horizon a pa rti cular name . 

- Massive: is said of a cont inuous hor izon , coherent, non­
porous, wit hout any pronounced dissociation faces. Frag­
mentation is artificial and brea ks the horizon into 
splinters of variable si ze. 
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- Vertic : is sa id of a clay horizon which, in the dry 
state, presents deep wide cracks, sl ickensides , and 
wedge shaped aggregates 1 . 

- Prismatic : is said of a horizon of a structure showing 
plane faces with angular edges of vertical orien t ation, 
thus producing prismatic forms. 
Columnar: is sa id of a clay horizon which shows prisms 
or columns with a rounded 2 top. 

- Lithopolygonal: is sa id of a horizon or a group of hor­
izons when the loose materia l regularly alternates with 
vertical stony walls. The intersection of these wall s 
with the surface del ineates polygons ra ngin g between 
some decimeters to a few meters of diameter . 

- Particulate (or psammoclodic ): is sa id of a noncoherent 
or loose structure in which sands predominate. These 
sands are not connected with any kind of cement ( l ike 
organic matter, clay, oxides, etc.). 

- Turbi c (or gelic ) : is sa id of a horizon (or a group of 
horizons) in which the horizontal arrangement of the 
materials has been irregularly perturbated (genera lly 
by the fros t ) . 

- Shiny : app li es to a we 11 def i ned s truc tured so il ( from 
fine to medium blocky ) in which all ped fa ces are shiny. 
The breaking down of an aggregate produces smaller but 
still shiny fragments. This shiny state is lost on 
dry ing. 

- Aliatic : is sa id of a ferral l iton, characterized by a 
poreus massive macrostructu re of weak cohesion and by 
a fine microstructure (al iat ic). "Po de café " or 
"latosol ic" in Brazi 1. 

- Mealy (or fluffy) : is sa id of a structure of very 
friable microaggregates, with a very weak cohesion, 
and high microporosity. 

Characteristics related to a gradient of fine elements at 
the inside of a pedon or of a toposequence. 

- Argillanic: is said of a horizon characteri zed by the 
presence of clay coatings (argillans or ferri - or 
mangani - argil lans) on the structura l elemen ts. These 
argillans should be visible in the field and on thin 
section, 50 cm at least of the first 125 cm , regardless 
of the nature of the subhorizon . The structure should 
be medium subangular blocky in a humid soil . 

- The coatings form a thin layer, visible with the naked 
eye or with a lens, on some of the aggregates' faces 
and in the pores along the c rac ks. They do not appear 
on the whole surfaces when the aggregates are breken. 

- Ata microscopie scale, the argillans are characterized 
in the polarized light by their orientation , para! lel to 
the walls coated by these argillans. There is the pos­
sibil i ty of a multi - layer format ion, of a particular 
color and of a streng birefringence compared with the 
matrix. 

- Quantitativel y, argil lans should represen t 5% at least 
of the observed area. 

The accumu lation bul ge is not indispensabl e but poss­
ible. 

1 The presence of smectite is very frequent, but not 
necessari ly so; the gilgai microrel ief is not genera!. 

2 The presence of h igh exchangeaóle sodium is frequent but 
not necessarily so. 
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Bulgia 1 : is said of a horizon which contains less than 
5% of argil lans and situated be l ow an eluvial horizon 
of 15 cm thickness at least. Thi s el uvi al horizon should 
be the poorer in clay of the upper part of the pedon. 
The bulgic horizon is compri sed between hori zons, less 
rich in clays (clay bul ge). lt should fu l fil the fo l ­
lowing conditions: 
1. lf these 15 cm contain less than 20 % clay, the in­
crease in the clay content should be at least 7% in 
absolute value (for example, from 20 to 27%) on more 
than 8 cm. 
2. lf these 15 cm have more than 20% clay, there s hou l d 
be a textural gradient of 1 . 4 or more. 

- Impoverished: is sa id of, a) a horizon (o r of a group of 
horizons) which does not surmount an arg ill anic or bulgic 
horizon, but which contains increasing clay contents, 
from the upper to the lower part of the pedon; b) a pedon 
where the textural gradient is highe r than 1 .4 if the 
clay content exceeds 35% i n the f ir st 15 cm. 

- Eluvial: is sa id of a horizon which lost f ine elements 
and which is placed above an argilla n ic or bulgic hor­
izon. 

ADJ ECTIVES applying to the transition of an eluvial hor­
izon to the underlying horizon . 

These trans iti on may be progress ive, as in the 
previously described cases; it may also be sudden: 
plania and glossia . 

- Plania : is sa id of the contact between an eluvial hor ­
izon and the subjacent horizon when the clay content 
satisfies the following conditions : 
a) When there is less than 20 % clay in the surface, 
the increase should be the douhle (or more ) on a dis ­
tance of at least 8 cm . 
b) l f there is more than 20 % clay in the surface, the 
increase should be higher than 20 % on 8 cm at lea st and 
the clay content of the underlying horizon should be the 
double of that of the upper horizon (at least in a part 
of the horizon). 

- Glossia : is said of an irregular contact between an 
eluvial horizon and an argi llanic, bulg ic, cheluvic hor­
izon , with formation of pockets of at least 5 cm width 
and more long than wide . The pocke ts occupy more than 
15 cm of the upper part of the above - mentioned horizons. 

Charac teristics ascribed to the water inf luenae on a hor ­
izon. 

- Perhydria: is said of a horizon hav ing a wate r re tention 
capacity of more than 100% at pF = 3, with respect to 
the dried specimen at 105°c. A high percentage of this 
water is irrevers i bly los t by dehyd ra tio n in air and 
~ pF 3/pF 4 • 2 i s higher than 70%. Genera l ly, the hor i zon is 
in the thioxotropia state: when a clod is pressed be­
tween the f inge rs, i t suddenly acqu i res a 1 iq uid con ­
sistence. 

- Mottled: i s sa id of a horizon showing mottles (or mar­
morizations) of different colo rs than tha t of the whol e 
horizon : red, yellow, brown. This indi ca tes a hetero ­
geneous dist ribution of i ron a nd /o r manganese hydroxides 
t hroughout the c l ay matrix. The fol lowing terms may be 
furthe r specified: 

- Retiaulate : is sa id of a horizon in which the mottles of 
a d ifferent co lor (f rom that o f t he horizon) are dis­
tributed in a pattern of var iabl e mes h . 

1 Bul gic , from bulge. 
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GZey 1 : is said of a horizon of continuous grey, b luish 
or greenish color , indicating the presence of ferru ­
ginous produ cts in a r educed form. A small number of 
mottles i s possib l e (occupying less than 5% of the ex­
posed surface of the hori zon). 

- HerrrigZey 1
: is said o f a similar hor i zon (to the pr ev iou s 

one), but in wh ich the yel low, brown or red mottles 
occupy 5% or mo re of the exposed surface of the hor­
izon. In ba th cases, the simultaneous presence of 
ferruginous products in the ferric and in the ferrous 
states i s observed. 

Characteristics due to the accumulation of silica, salts 
o r sesquioxides and to thei r induration. 

The consid ered constituents are very variable, 
salts : sodium ch lorides and carbonates: calcium carbonates 
o r s ulf a te s; si lica; t it anium and manganese ox ides; iron 
sesquiox i des; iron o r aluminium hydroxides ; s omet i mes, 
cobalt , chromium, nickel oxides, etc .. These constituents 
may involv e secondary or primary minerals, as wel 1 as rock 
debris. 

- Compact : is sa i d of a ho ri zon wh i ch in the dry state 
presents a heavier consistence than "hard" or "non ­
fragi le "; i n the humid state, i t crumbles betwee n the 
fingers and has a macroporosity less than 5%. 

- IndUPated : i s said of a continuous horizon wh i ch breaks 
only under a hamme r or a blast bar. 

- NodulOX' : i s sa id o f a horizon in which the accumulat ions 
are not concentric. 

- Concreti onOX'y : is sa id of a horizon in which the accumu­
lation appea rs in a concentri c form. 

- Encrusted : i s sa id of a horizon in which the accumula­
tion appea r s in a discont in uous form and i s i rregularly 
ha rden ed . 

- Foliaceous: is sa id of a horizon in which the accumula ­
tion is a thin layer (less than 2 . 5 cm thickness). This 
layer i s soft, mo r e or l ess co ntinuous and reticulate. 
Thi s te rm may app l y to l ime, iro n or mangan ese se s ­
quioxides, s ili ca a nd to clay. This horizon ma y con­
tain organic matter. Whe n this horizon is hard, it be­
comes s imi lar to the p lacic horizon o f Soil Taxonomy . 

- Tufaceous : i s sa id o f a horizon in wh ich t he a cc umula ­
tion appears i n a va ri ab l e cons i stence (fr ag i l e to hard), 
but which may eas il y become fragmentary or powdery 2

. 

- Diffuse : i s said of a horizon i n which the accumulation 
i s almost homoge neous and nonvisible. 

- Pse udomycelium : is said of a horizon in whic h the accumu ­
l at ion i s f ili form, braided, a r borescent , dendriform or 
ram ified at the surface of the aggregates. 

We should recal l the adjectives related to the pre­
sence of secondary salts in a horizon : 

- HaZic : is sa id of a hor i zon in which the measured elec ­
trical conductiv i ty on the saturated paste extract is 
higher than 8 ms; if it i s higher than 15 ms , the 
adjective hyperha l ic is used; i f it is comprised between 
4 and 8 ms, the adjective hypohalic is used. 

1 Gl ey or hem igley horizons are used i n the dis t i nction 
of hydromorphic groups wi th gley or wi th hemigl ey, i f 
the gley or the hem igl ey appear in the fir s t 30 cm 
under the human . l f th i s condition is not ful f i lled, 
they a re used i n the distinction of hydromorphic sub­
groups . 

2 Cf. "Soft powdery l ime" from the units of Soi l Taxonomy 
or from the FAO - Unesco legend . 
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- Sulfu:rized : is said of a horizon conta 1n 1ng mo re than 
0. 75 % sulfur in th e sulf ide state o r as natural sulfur 
a nd in wh ich the pH drops rapidly below 3.5 upon expo ­
sure to the air . When these characteristics are not 
observed, but onl y a positive reaction for su lfides 
wit h l ead acetate paper an d a slow ac id i fication, we 
propose the adjective hyposulfu:rized. 

- Acidosulfated : is said of a horizon containing jarosites 
and f ree sulfuric acid: ye l low 1 mottles with a hue 
>, 2.5Y and a chroma >, 6 and a pH $ 3.5. When these color 
cha rac terist ics are not all met and when pH > 3.5 and 
the reaction with barium chloride is positive, we pro­
pose t he ad j ect ive hypoaci dosulfated. 

- Gypsic : is said of a hor izon which contains 15% or more 
of seconda r y cal cium sulfate. When the calcium sulfate 
contents are h igher t han 50%, we propose the adjective 
hypergypsic . When the calcium sulfate con tents are less 
than 15% with a pos it ive reaction with barium chloride, 
we propose the adjecti ve hypogypsic . 

- Carboxi c : is sa id of a horizon which contains 15% or 
more of calcium an d/or secondary magnesium carbonate. 
When the carbonate contents are higher than 50%, we pro­
pose the adjective hypercarboxic . When the co nt ents are 
less than 15% carbonate, but wit h a distinct reaction 
with the acid, the adjective hypocarboxic is used. 

Characteris t ics due to i ons fixed on the absorbing complex. 
(N.B.: Other characterist ics may be found but they are 
mentioned i n another place.) 

- Eutric : is sa id of a hori zon having a sa tu ration degree 
equal to or higher than 50%; hypereut ric (o r pereutric ) 
appl ies t o a higher sa turation than 90%; satu:rat ed 
appl ies toa hypereutric horizon whe re an excess salt 
i s present (1 i ke sodium chloride, calcium sulfate or 
calc i um carbonate). 

- Dystric : is sa id of a ho rizon of a saturation degree, 
less than 50%; hyperdystric (or perdystric ) when the 
saturation deg r ee i s less than 10%. 

- Natric : is sa id of a horizon where the exchangeable 
sodium con t ents a re such that Na/T x 100 > 15%, where 
SAR is highe r tha n 13 and the electric conductivity 
(EC) is less than 20 ms. 

- Alwninated: is sa i d of a horizon i n which the contents 
in exchangeable a l umi nium (extracted by normal potassium 
ch loride) are measu rab le. The fol lowi ng terms are pro­
posed: 

- Alwninic : Al x 100 = 10 to 50 . 

- Hyperalwninic : Al x 10 0 = 50 to 1 00 . 
Al+S 

- Magnesia : is said of a ho rizon in which the ratio 
Ca/Mg is < 1. 

- Calco- magnesic : is said of a horizon whose absorbing 
complex is dominated by calcium and magnesium ions 
and which is not natric, nei t her aluminated, nor 
magnesic (the indi cation of this characteristic may 
be omitted). 

- Hyperacidic : i s sa id of a horizon in which pH (water) 
is le s s than or equa l to 4.9. 

- Acidic: is said o f a horizon in which pH (water) is 
higher than 4.9 and less than or equal to 6 . 6. 

- NeutraZ : i s sa id of a horizon in wh ich pH (water) is 
higher than 6.6 and less than or equal to 7.3. 

- Basic : is sa id of a horizon in whi ch pH (water) is 
highe r than 7. 3 and less than or equal to 8.7. 

1 "Straw colo red". 
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AZkaZine: is said of a horizon in which pH (water) is 
higher than 8 . 7. 

- CaZcaric : is sa id of a horizon which produces effer ­
vesce nce with acids and contains diffuse calcium car­
bonate of primary or seconda ry origin . 

Character i stics relat ed to water presence in a pedon or 
a horizon . 

- AvaiZabZe water voZwne. lt is defined by the difference 
between water retained by the soi 1 at pH 3 minus water 
retained by the soi 1 at pF 4.2. 
Available water vo lume: 

5 to 10% - Low 
10 to 14% - Medium 
14 to 20% - High 

- Drainage . Two not ions should be distinguished. 
The first characterizes the effective presence of 

water in the so i l; this presence is due more to topo­
graph ical than to pure pedological conditions. This 
is the externaZ d:t:>ainage . 
Very goed The soil water content is seldom above 

the field capacity. 
Goed The wate r content does not exceed the 

fie ld capacity except for short periods . 
None of the horizons is modified but the 
pa rent material may undergo modificat ions . 

Rather goed: The water content exceeds the field capac ­
ity during an appreciable period of the 
year. Mottles appear in the mineralons. 

Poer The soi 1 is saturated during a long period 
of the year. 

Very poer Presence of a watertable at le ss than 
36 cm, during almost the whole year. 

The second not ion concerns the water transmitting 
prope rti e s of a pedon o r of a horizon which has just 
been mo isted (by rain or by irrigation). The internaZ 
drainage i s the n in volved. The percolation rate is 
est imated by an app rop ri ate technique (Münz). 
Percolation rate: 

Rapid > 100 mm/hou r 
Medium 20 to 100 
Slow < 20 

Characte ristic s related to the presence of stones or of 
rocks on the soi 1 surface or inside the soi 1. 

- Rockiness: conce rns the presence of rocks at the soi 1 
surface susceptib l y h i nde r ing the use of agricultural 
machines . 

- SZightZy rocky : some outcrops, enough to interfere wi th 
ti 1 l age. Spacing of outcrops should be 100 to 30 meters. 
They shou l d cover from 2 to 10% of the surface. 

- ModerateZy rocky : suffic iently rocky to impede til lage 
thus leav ing a so i 1, favorable for grazing or for 
growing hay crops. Outcrops are separated by 10 to 30 
meters and cover 10 to 25% of the surface. 
Very rocky: every use of ag r icultural implement is ex­
cluded, wi th the exception of li ght tools. Soi l may be 
pastured or lef t in woods . The outcrops are separated 
by 3 to 10 meters and cover 25 to 50% of the surface. 

- ExtremeZy rocky : no use of ag ri cultural implements is 
possible; t he soi 1 has to be left for extensive pas­
turing or wood. The outc rops are separated by less than 
3 meters and cover 50 to 90% of the surface. 

- Rock outcrops : When more than 90% of the surface is 
occupied by rock . 
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- Stoniness: appl ies to the presence of stones 1 inside 
the pedon. 

- Slightly stony : presence of few stones, not hindering 
soil cultivation. 

- Mode rately stony: presence of stones in sufficient 
quantities to hinder soil cultivation. 

- Strongly stony : presence of stones hindering culti­
vation. A removal of stones is necessa r y . 

- Very strongly stony: presence of stones hindering cul­
t ivation. An int en sified removal of stones is nec es s­
ary. 

- Excessively stony: there are toa many stones to enable 
any type of cultivation. 

Characterization of the slopes . 

The slope is ex pressed in % and applies to the slope 
on wh ic h the pedon is observed: 

Flat 0 to O.S% 
Very smooth slope o.s to 2 % 
Smooth slope 2 to s % 
Mode rat e slope s to 9 % 
Steep slope 9 to 1 s % 
Very steep slope lS to 30 % 
Abrupt 30 to 60 % 

Desi gna t ion of aolors : i t is done acco rd i ng to the Munse l l 
Soi l Col or Charts . 

Th e fol lowing terms are used: 

Black or melanic: appl ies to any co lor when the moist 
chroma is less than or equa l to l.S and the value is 
less than or equal to 2.S. 

- Dark : this name appl ies to the humus horizons wh ich 
are cal led "sombrons", and correspond to any color 
when the moist chroma is less than 3.S and the moist 
value is less than or equal to 4 a nd the dry value is 
less than or equal to 6. 

- Gr'ey : co lor appearing on all plates and corresponding 
toa chroma less than 2 and to a value higher than 3 . 

- Red: color appearing on plate SYR and on redder plates 
(on plate SYR, the moist value is less than or equal to 
S, the moist chroma is less than or equal to 4), but 
which do not correspond to the def in ition of black. 

- Brown : color appearing on plate SYR (moist value is 
higher than S; moist chroma is higher than 4), as well 
as on plates 7.SYR, lOYR, 2.SYR when the word brown 
appears in the designation as a noun and when the 
chroma is higher than 2. 

- Yellow : color appearing on plates 7.SYR, lOYR, 2.SY, 
SY when the words yellow and ol ive appear in the de­
signation as nouns and when the ch roma is higher than 
or equal to 2 . 

4.S THE PARENT MATERIA L 

This material corresponds both to pedol ite and al ­
terite, being subdivided into a given number of units 2 

or ALTERONS which are regrouped in three main categories: 
lithalter ons, isaltherons and mixed alterons . 

1 Coarse fragments ranging from 2 to 20 cm. 
2 FAO-Unesco, 1974 considered that the parent material 

did not lead to the formation of horizons. In this 
text, it is considered that the weather i ng cannot be 
dissociated from the process of soi l format ion. 
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LITHALTERON - A l ithalteron resu lt s from the division of 
a rock with l ittle or no chemical weathering. On the ob ­
se rved doma in 1

, there should be les s tha n 15% of weathered 
materials . Different l ithalterons may be distinguished 
such as: 
- A loose lithalteron which ma y be: arenic (forming a 

sand); si lty (forming fine products of 2 to 50 µ) ; 
clayey (forming finer products than 2 µ) . 

- A hard lithalteron when the alteron is formed of blocks 
and stones, separated by sl its. 

ISALTERON - This alteron results from a chemical trans­
formation, without modification of the initial volume of 
the rock (from which derives the name "isovolwne" 
weathering). On the observed domain, there should be 
more than 85% of weathered mater ials. Besides, pedo­
plasmation should not be responsible for the transform­
ation of more than 15% of this domain. When the ratio of 
the transformed domain by pedoplasmation increases, we 
are i n presence of a mixed alteron, even of a mineralon . 

Characteristics of the isalteron: 
- Isochromous : of homogeneous color. 
- Mottled : with mott les of variable colors and forms. 
- Reticulate: with colored mottles in a pattern. 
- Spheroidal : heterogeneous weathering in spherical 

thin layers around the rock balls, but still hard 
(fo r example, basalt or granite). 

- Lamellar : heterogeneous alteration, in thin layers 
(schi sts, marl s, certaï"n l imestones). 

When a moderate distribution of the secondary pro ­
ducts is observed and the rock structure is not obl it ­
erated, we may add: carboxic, gypsic, hal ic, sil icic, 
ferric, etc .. 

MIXED ALTERON - An alteron which contains, in addition 
to the weathering products, slightly weathered or un ­
weathered rock fragments; or it is an alteron which is 
start i ng to be modif ied by pedological differentiation. 
a) Transition towards the parent rock; an intergrade 
between a 1 i thalteron and an isalteron: we speak of an 
ambialteron , if the observed domain contains from 15 to 
85% of the parent rock fragments. 
b) Trans i t ion towards the mineralons or humons. 
- The mineralo- alteron is an inte rgrade between the 

alteron and mineralon. Over 0 to 85% of the observed 
domain, modifications are observed, be ing due to pedo ­
genetic processes other than the accumulation of hu­
mified organ ic matter. 

- The hwno- alter on is an intergrade between an a l teron 
and a humon. The alteron contains more than 0.5 % of 
organic matter and the structure of the rock is trans ­
formed . 

- The epialteron is a surface horizon, situated at the 
top of an alteron, but which is differentiated: 
a - by a low content (less than 0 . 5%) of organic matte r; 
b- by a sl ightly h igher organic matter content than 
(more than 0.1) the al teron. 

1 Observed domain: a surface on a prof i le . 
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CONCLUSIONS 

All soil forming processes end with the formation of 
the soil constituents, both organic and mineral, and 
also wi t h the arrangement of these constituents and the 
differentiation in ho r izons . 

These constituents and horizons were defined in the 
previous pages by the appl i cati on of measurement met hods 
and appropriate observations unaffected by the person ­
ality of the pedo logist. These measurements and obs e rva ­
tions are used in the constitution of the classification 
i tsel f. 
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5. PRINCIPLES AND ELEMENTS OF THE CLASSIF ICATION 
(TAXA) 

5. 1 IN TRO DU CT ION 

Befo re desc r ibi ng the fol lowing system, the objec­
tives a nd the pr inciples of the class i f ica tion are gi ve n. 

a) The classification should satisfy t wo d i stinct objec ­
t i ves. The one may be cal led sci e ntific and the other 
uti 1 itary . 

The fi r st obj ective concerns the identification of 
the so i l th rough i ts proper characteristics in a univer­
sa! language which a l lows the compa ri son wi th other soils 
and their a r rangement i n the classi f ication. These data 
a re of th ree ki nds: the constituents, the o rganizat ion 
of the horizons and the physical and chemica] properties. 

The second objective concerns the determination of 
the particu lar characteristics of the soi 1 and those of 
i t s environment which al low to direct its uti l ization and 
to determ i ne some conditions of its genesis and of its 
evo l ut ion. 

The separat ion between thes e two objectives is in ­
dispensab le . The fi r st one conce r ns the survey of the 
fundamental characte r istics of a soil wh ich should be 
known i n o rder to be identif i ed and d i stinguished among 
other soi l s and a l so for the i r subseque nt use . The se cond 
one is much more apt to c hange and depends more on the 
cons i de r ed ut i l ization mode for the soi l. The agricul­
t ural, pastoral or forester ut il ization are the most 
important. But the needs of the different possible cu l ­
tivations are far from being the same and f rom be ing 
known with accuracy. The method of the soi l treatment for 
a g i ven uti l i zat ion, especia l ly in the i ntertropical zone, 
are only gradual ly discovered , after many unsuccess ful 
tria l s. 

But other methods of using a so i l a ls o exist, as for 
example, by con s tructing communication ways, publ i c an d 
private bui ldings, burying 1 iquid or gas p i pe s, set tl ing 
of parks , etc . . The r equi red data are so vari ab l e that an 
advance 1 i st cannot be propounded . The two types of char­
acteristics may overlap, since the first ones have also 
their interest in the soil management . But the second 
character i stics depend on the uti 1 ity choice and are only 
known i n proport i on to the progres s of knowledge. 

b) The class i f icat i on should have a structure and a co­
herence a l lowing i ts easy use , and consequently, i ts 
memo ri zat ion . Therefore, it appears useful that the 
d iagnost i c criter i a of the same order appear always at 
the same level 1

• Ina system of local or regional s ig­
n i f i ca nce, i t i s poss i ble to combine so i ls and the char ­
acte r ist ics wh i ch are bel ieved to be impo r ta nt or pr i­
mord ial. In a system, meant to be universa], th is prac­
tice is not desirable . One should determ i ne the useful 
leve l for a given cr i te r ion and stick to it . Thi s s hould 
a l low t o i nt roduce every nove lty in the system and impl ie s 
that a hiera r chy of criteria be establ i s hed and that t he 
way i n wh ich futu re extensions wil 1 be e ffec tuated, can be 
antic i pa t ed, even summa r ily. 

c) A hierarchy i s necessary because i t i s not possible 
to provide a l 1 the criteria at the same time, even if 
they were conside red of identical importance. This is the 
case of the constituents and of the arrangement of the 

1 Thi s i s no t rea l i zed in the case of a pragmatic clas­
s i f icat i on, 1 i ke So i l Taxonomy. 

45 



soil in horizons, whi ch are the most evident criteria 
to take into account in the classification. lt seems pre­
ferable, for differen t reasons, to g i ve the pr iority to 
the constituents. 

1. Th is is not new and ex i sts since long in many clas ­
sif ications. lt is noticed that in the C.P.C . S. system, 
the French pedologists have p laced the minera l constitu­
ents in the first rank of criteria fo r the identification 
of the andosols, the hydroxide-containing so i ls, the 
fer rall itic soi ls and the halomorphous soils. The true 
morphological characteristics appear only in the groups 
and the subgroups. In Soil Taxonomy, the American classi ­
fiers do the same with the organic and mi neral constitu­
ents, for the ox i sols, the spodoso l s and the histosols 1 . 

The differences with the present work i s that this 
step is systematically followed, in the first level of 
the class i fication. In fact, i f i t were normal that a 
particular importance be attributed to kaol inite and to 
hydroxides, an identical importance s hould be attributed 
to the 2/1, 2/1/1 clay minerals (smect ites , i lli tes, 
vermicul ites, chlorites . .. ) . 

2. During pedogenesis, the constituents (organic mat ­
ter, clay minerals, sesquioxides) a r e formed fir s t. This 
may not clearly appear in some so i ls of the temperate 
zones, but it is an evidence in the in tertropical zone 
where the alter it e is often exceedingly thick with res ­
pect to the solum . Most often, the solum is only devel ­
oped when the parent material (alter i te or pedo! i te) 
exists. But, it is agreed that the weathering processes 
continue during the differentia t ion and the evo l ut ion of 
the hor i zons . 

3 . The soi 1 constituents are responsib l e fo ra grea t 
number of characteristics . The first and t he o ldest char­
acteristic used by pedologists is co lor, due to organic 
matter, c l ay minerals, sesquioxides and to salts. 

Constituents also determine (toa high extent) the 
structure, consistence a nd cementation, propert ies which 
are not always sharply defined in the characterization 
ofasoil. 

4 . The const i tuents area reflection of the formation 
factors of the so i 1. They are in fact the product of the 
effect of b iocl imatic factors on a parent rock and are 
influenced by drainage . They undergo a slow and continuous 
modification wi th time. However, with except ion of the 
most soluble sa lts and the organ i c matte r, t hey p resent 
a particular stabi 1 ity . For this reason, a certain d i s ­
crepancy is often observed between the present cond i t ions 
of the envi ronment and the constituents - morpho logy couple. 

S. In addit ion, and th i s trans lates a new s i tuation 
which did not prevai 1 at the time of the setting up of 
most classifications, i t i s poss i ble to identify with cer ­
tainty 2 t he min eral const ituents of the so i 1 by using the 
new techniques which were lately ge ne ral ized (particu l a r­
ly, X- ray diff raction). A quantitat ive dete rminat ion of 
some constituents is even possible. 

Moreover, another identificat ion which may be qua! i ­
fied as an indirect identification ma y be added to t he 
direct one by using particul ar properties of certain 

1 And suggest to do the same fo r t he "andiso l s" . 
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constituents (high spec i fic area of the amorphous prod uct s, 
swel 1 ing of the 2/1 clay minerals, bulk density, water 
content. .. ) . 

For the above-gi ven reasons, it was therefore felt 
l og i ca! to clas s ify soils by starting wit h the nature of 
the constituents followed by the morphology of their hor ­
izons. Then, and in the third place , some physical and 
chemica! characteristics appear, account in g for the be ­
havior of the so i ls. In the fourth place, other charac ­
teristics are taken into consideration, in order to give 
indications on the orientation to be given to its util ­
ization and which are useful for the explanation of the 
so i 1 s ' genes is. 

But, it is certain that the first three sets of 
criteria should be taken into account to define the soil 
correctly at a given moment. Thus , the soi 1 finds its 
identity and the natura! units make their appearance. 
So, the new units which are to be discovered should be 
included in the soil definition without particular dif­
ficulties. 

5.2 LEVEL 1 - CONSTITUENTS 

The constituents are used for the fundamental div­
isions, the classes, they are also used within the 
classes, for the subclasses. These constituents are 
a rranged in the following way: 
- Primary minerals, si ightly o r nontransformed, weather ­

able or not. 
- Raw organic mater ial. 
- Sa lts of different solubi l i t ies and properties. 

Soluble sa lts, e.g.: ha l ite, sulfides. 
Moderately solubl e salts, e.g.: gypsum. 
SI ightl y soluble salts, e.g.: calcium, and/or 
magnesium carbonate, jarosites . 

- Al lophanes + organic matter complexes 1 . 

- Clay minerals or phyll ites in 2/1/l or 2/ 1 lattices . 
. without free iron sesquioxides 2 . 

. with free iron sesquioxides. 
- 1/1 phyllit i c clay minerals. 

without free ir on sesquioxides. 
with free iron sesquioxides. 

- Free metal 1 i c oxides and hydroxides. 
- Iron and a luminium organic matt e r complexes . 

The above- mentioned constituents a re a rranged in 
function of the main soil forming processes and their 
appearance in soi Is. 

We start with the unweathered primary minerals. The 
raw organic material was placed at a very close l eve l. 
Then, the classes were arranged according to the groups 
of diagnostic constituents, in an order of increasing 
resistance to weathering: First, the sa lts and the allo­
phanes, the 2/1/1 and 2/1 clay minerals , then the 1/1 
clay minera l s. An important distinction, based on content, 
was establ ished between the soils which con tain free 
iron oxides and those which do not contain t hese oxides 
or minute quantities of them. Then come the oxides and 
finally, the metal-organic complexes. These complexes are 
the last in the arrangement because it was assumed that 

1 Alumino- si 1 icic gels, al lophanes, hisingerite, 
imogolite. 

2 They include not only sesqu ioxides, but also hydroxides, 
oxihydroxides whe re iron is not included in sil icate 
structures. 
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a podzol could possibly form from 'any of the groups of 
the previous constituents. Moreover, it is cons idered 
that this sequ um is d i fficultly reversible except for 
the salts of some c l ay minera ls and sesquioxides in poor 
drainage condltions. 

THE MAIN CLASSES 

1. The Primarosols dominan tl y contain primary minerals 
and fragmented or nonfragmented rocks. No chemical 
weathe r ing exists. Lithalterons are observed, but not 
isalterons, and no minera lons . A certain accumulation of 
organic matter is poss ible but the quantity of a second ­
ary mineral materials should be l imited to or less than 
15% of the fi ne earth. 

2. The Organosols result from a strong accumulation of 
organic matter, sl ig htly or nontra ns f ormed, lying on any 
substrate, with or without f ree water. 

3. The Selsols contain a large quantity of salts 1 . The 
subdivisions i n this class are based on the nature of 
these salts. 

4 . The Andosols contain c ryptoc r ystal line secondary 
si l icates which impart particular properties to the soils. 
Most aften, they are der i ved from pyrocla stic volcanic 
rocks. 

5 . The Bisialsols contain clay mi nera l s or phyll ites in 
2/1 / l o r 2/1 lattices with a smal l quant i ty of free iron 
sesqui ox ide s . 

6. The Ferbisialsols con t a i n clay minerals o r phyl l ites, 
in 2/1 /l or 2/1 lattices , associated with free iron ses ­
quiox i des . 

7. The Monosi also l s conta i n predominant 1/ 1 clay minerals 
with a small quantity of free iron sesq ui oxides. 

8. The Fermonosialsols contain pred om inant 1/1 cla y min­
eral s but wi th much free i ron sesquioxides. 

9. The Oxydisols are cha ra cterized by the outweighing 
presence of oxides or hydroxides of different metals , with 
small amounts of c l ay minerals . 

10. The Podzols result from the acido - complexolytic 
weathering of c l ay minerals and of iron and aluminium 
sesquioxides wh i ch are removed from the upper part of 
the pedon, whe reas complexes of organic matte r with i ron 
and aluminium appear lower i n t he pedon. The eluvial hor­
izon is not always conspicuous . 

SUBC LASSES 

They are determined by the variations in the nat ure 
of the constituents of a class . Th ese variations ma y ap­
pear at two levels: 

a) Differences amongst the mineral or organic constitu ­
ents whose properties and/or conditions of genesis are 
qui t e different, helping in the definition of a class. 
Then we speak of a "great subclass". 

1 One should remember that the word "salt" is gi ven here 
i ts broadest meaning a nd appl i es to constituents of 
very different solubil i ty . 
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b) The presence of constituents usual l y used for the de­
finition of another class. Then we spea k of "subcZass "; 
in this case, real intergrades a re involved. 

The case where two or several sets of properties are 
present at different levels in t he same pedon wil 1 be 
examined in part 11, for each cl ass. 

A - The great subclasses. 1 n the case of sel sols , for 
example, the great subclasses result f rom t he predominant 
presence of a given category of salts. 

- Hal isols: predominant presence of a l ka li ne soluble 
salts: chlorides, sulfates, ca rbonates . 

- Thiosols: predominant presence of sulfides or sulfur. 
- Sulfosols: predominant presence of alkaline-iron sul -

fates1 and free sulfuric acid . 
- Gypsisols: predominant presence of calcium sulfate. 
- Carboxysols: predominant presence of calcium and / or 

magnesium carbonate. 

Inside a class characterized by the presence of 
several constituents, it may be useful (whenever it is 
possible) to determine the nature of one of these cons­
tituents , especial ly when its presence affects the soil 's 
properties . For example, it is interesting to disti nguish 
in the ferb is ialsols between the goethi- ferbisialsols 
and the hemato- ferbisialsols. In the fermonosialsols, the 
distinction is made between the kaoli- fermonosialsols and 
the haUoysi- fermonosialsols . In the oxydisols , the dis ­
tinction is made between the ferri - oxydisols and the alli­
oxydisols . 

B - Subclasses . The presence in the same pedon of several 
sets of const i tuents may occur in some classes. For ex­
ample: 

When salts are present in the pedon in the required 
position and quantiti es, the soi ls are classified as 
selsols, regardless of the nature of the other constitu­
ents. 

But , in several cases, the thickness of the saline 
horizon, the insuff ic ient amount of salts, the position 
of the saline horizon in the pedon, do not al low a clas ­
sification in the selsols class. In case of a calcium 
carbonates accumulation in a ferbisialsol, we speak of a: 

- carboxy- fe rbisialsol or of a 
- carboxic ferbisialsol. 
For example, when we write: hemato- ferbisialsol, we 

g ive complementary precisions on the subclass . 
Apart from the case of salt s, the presence of sev­

e ral diagnost ic constituents in t he same pedon is not 
frequent. In most cases, a bisialsol, a ferbisialsol, a 
fermonosialsol, enclose the cons tituents of the class in 
the solum and in the alte r ite or the pedol it e . When this 
is not the case , it is the relative amount and the posi ­
tion in the pedon whi ch decide of the choice of the class. 

5. 3 LEVEL 11 - MORPHOLOGY 

At the morphology level, we try to account for all 
observed horizons from the soil surface to the parent 
rock. Humons, mineralons and alterons are successively 
observed when they are accessible. But, it is known that 
in the intertropical zone, the alterons may not be 

1 Jarosites. 
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visjble with the ordinary means of i ns pection, Thus, for 
the soil classification , three obse r va ti on levels are 
favored. 

1. From 0 to 60 cm - This level corresponds to the most 
frequently til led part of the soil for agricult ural pur­
poses. 1 t is ca 11 ed: Suprasol. 
2. From 60 to 200 cm - This leve l corresponds to the 
deep part of the so il which is most aften accessi ble to 
observation by the ordinary means of surveying 1

• lt is 
ca 11 ed : In frasol . 
3. Beyond 200 cm - This level corresponds to the deep 
part of the soil which is only accessib le through ex­
ceptional circumstances. lt is called : Bathysol . 

During a soi 1 survey, it is poss ible to 1 imit one­
self to a depth of 2 meters. As far as the .l evel of 
~roups and subqroups is concerned the retained morphol ­
ogical characters for the c lassification should be ob ­
servable in the infrasol. On the other hand, for a com­
plete study and ident ificat ion of the soi 1, it is indis ­
pensable to consider the bathysol. 

The pedon i s observed from top to bottom . The order 
of interference is successively: organons (if they exist), 
humons, mineralons, parent materials and/or parent rocks. 

The humons are used for the i dent i ficat ion of the 
Great groups . 
The minera lons are used for the ident ification of 
the Groups and Subgroups . 
The parent materials and the parent rocks are used 
for the definition of the Families. 

GREAT GROUPS 

The great groups shal 1 be defined by the character­
is t ics of humons. Two great categories exist : the sombron 
and the pal 1 idon wh ich are defined by their organic car­
bon content and their co lor, completed by the thickness 
(hyperpachic, pachic or lept ic) and the degree of satu­
ration (eutric or dystric). A great number of great 
groups is thus a vailable . 

They may be expl icitly written , but they are more 
simp l y wr i tten in an abbrev ia ted fo rm. 
- Great group with a pachic eutric or pachieutric sombron 

or stil 1 we may write pachieusombric great group. 
- Great group with a dystric leptic or leptodystric 

pal 1 idon or leptodyspal 1 id ic great group. 
When the human Jacks, the great group is founded 

on an epimineralon (fo r example: eutric epiferbisial 1 iton 
or dystric ep iferr ioxydon). 

GROUPS 

The groups a re es tab l ished according to the present 
mineralon s in the solum, or at least i n t he infrasol. 

For ea ch class and subclass , there is an ameris t i c 
group, correspond ing to the absence of a mineralen. In 
this case , the human 1 i es direct ly on an al teren or on 
the pa rent rock. 

For each class or subclass , there is a l so an orthi c 
group wh ich has onl y a hapl ic mineralon 2 . 
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But, ether differe nt minera l ons are frequently ob­
served i n a profile; Each group will be named according 
toa main ho rizon in the pedon (which recalls a process 
of particular differentiation). For example; 

- The argi l lanic and bulgi c groups corresponds to 
the presence of an argillan ic or bulgic horizon; the 
hydromorphic group corresponds to a g l ey or hemigley 
ho r izon; the indurated group corresponds to an indurated 
horizon. 

When a pedon contains several horizons develop i ng 
d i ffere ntial characteristics in the same mineralen , the 
name of t he group v1 i Il be determined by using a single 
main mine ra len . This choice wil l be the same for each 
class and wi 11 resul t f rom the position of the mineralen 
in the pedon and from the importance attributed to it in 
the differentiation of the pedon. 

For example, one has to decide the relative import­
ance of an argi l lanic mi neralen and a gley mineralen in 
order to chos e between the argil lanic and hydromorphic 
groups. The horizons whic h are not used for the estab-
1 ishment of the group wi 11 be accounted for at subgroup 
level. 

When the so i l is very thick and not all horizons are 
reached, the groups wil l be forcibly establ ished by taking 
into account the access ible horizons in the infrasol (for 
example, case of the fermonosialsols). 

SUBGROUPS 

The SUB GROUPS a re establ ished as fellows : 

a) By accounting for the horizons other than these used 
for the establishment of the groups. For examp l e, a soil 
of the ort hi c or argi l lanic group which presents under 
the hapl ic mineralen a hemig ley horizon is attached to 
the hydromorphi c subgroup. 
b) The subg roups are also formed by using adjective s 
which are not used for establ ishing g roups, l ike "areni c", 
"ferric", "andic ", etc .. 

Fo r example, in the bulgic group, an arenic or are no­
ferric subg roup may exist . 

The adjective moda l appl ies to the designation of a 
s ubgroup when none of the previous designations is suit ­
able. lt may app l y to soils of the same group which are 
d i fferent iated onl y by color . 
For examp l e; 

- Orthic group; red moda l subgroup 
- Buig i c group; ye l low and red modal subgroup 
- Argi ll anic group; brown modal subgroup . 

c) The subgroups are formed by adjectives used in the 
format ion of t he g roups, when the anticipated character ­
i stics for the groups a re not assembled. 
For examp l e; 

We have a "grave 11 y" group i f there is more than 
50% of e l ements of less than 7 . 5 cm in diamet e r occurr in g 
over a thickness of more than 50 cm in the infrasol. 

l f these condit ions are not fulf il led, we have on l y 
a gravel l y subgroup (from 5 to 50 % of e l ement s of less 
than 7.5 cm diameter and a thickness of less than 50 cm). 

l f a gley o r hem ig l ey horizon is not within 30 cm 
from the human, it is considered as a hydromorphic sub ­
group . 
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FAMILIES 

The FAMILIES are establ ished by taking into account 
the parent material and eventually, when the Jatter is 
lacking, the parent rock associated with the soi 1. 

The type of parent material is indicated in spec­
ifying that it is an alterite or a pedo lite. For ex­
ample: 

- isochromous i sa l terite from basalt 
mottled isalteron from gne i ss 

- loessic silty pedol ite 
- alluvial sandy pedol ite 

5.4 LEVEL 111 - PHYSICAL AND CHEMICAL CHARAC TE RISTICS 

At this level, we try to account for more va riable 
characteristics than the previous ones and of edaphic 
nature. But they also al low to go deeper in the knowl ­
edge of soils. Three subd ivisions were prov ided. 

The GENUS is intended to al low the characterization 
of the absorbing complex, by yield ing precisions on the 
degree of saturation 1 , pH and eventually, on the particu­
lar ions fixed on t he complex, such as sodium, magnesium 
and aluminium. At t his level too , information is yielded 
(if data al low it) on the toxici t y (M n , Al, B, etc . ) and 
on eventual def iciencies, in add i tion to the contents of 
total or available phosphoric acid. 

These data shal l be provided for the diagnostic 
mineralon and wil 1 complete those of the humon. 

The TYPE al lows to give precis ions on some ph ysical 
characteristics . 

The Textur>e is provided for the first 18 centimeters. 
We shall mention if this texture is maintained without 
change in the pedon, or if it undergoes variations. The 
designation of the texture i s done by referring toa 
triang l e (in appendix) . 

The availahle water vol ume is a l so given according 
to data on page 41. 

The VARIETY mainly accounts for the thickness of 
both the pedons and the horizons. 

The pedon is thin if the thickness i s less than 
18 cm. 
The pedon is rather t hin if the thickness is 
comprised between 18 and 60 cm. 
The pedon is rather t hick i f the thickness is com­
prised between 60 and 200 cm. 
The pedon is t hick if the thickness is more than 
200 cm. 

The variety changes: i f the thickness variations of 
the horizons in the suprasol are more than 10 cm. 

lf, in the infrasol (from 60 to 200 cm), the thick­
ness variations of the horizons are more than 20 cm. 

lf, in the bathysol (> 200 cm), t he t hi ckness va ri­
ations of the horizons are more than 50 cm . 

The SER IE S2 wi Il not be considered as a ta xonomie 
unit but rather as a homogeneous cartog raphic unit; all 
pedons of a series show the same arrangement of horizons , 
the same composition, color, structure , cons i stence (t his 
data is a 1 ready p rov i ded by 1 eve l s 1 and 1 1 ) , bu t a l so 
the same th i ckness of the horizons, the same pH (data 
p rov i ded by 1eve1 1 1 1 ) • 

1 Cf. p. 113. 
2 In no case, the considered series in this text is 

equivalent to the soil se ries concept of Soi 1 Taxonomy 
of USDA . 
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A change of genus, type or variety i nvolv es auto­
matical ly a change of series. The series carries a geo­
graphical name in re lat ion with the place where the series 
was def i ned. 

At leve l s 1, 11 and 111, i t is bel ieved that most 
necessary data fora pedon characterization are available, 
by using known crite r ia for all soils. 

lf e t her criteria appear to be systematically ne­
cessary fo r al 1 soils and horizons , it is always possible 
to dec ide to open a new heading and to indicate the hier­
archical level on which the new heading has to be placed. 

The number of units 1 ike great group, group, sub­
group, etc. is neither determ ine d nor limited in advance. 
We are not restricted to one 1 is t which is a lways d iff i ­
cult to modify later on. A new unit is created according 
to the previously mentioned rules. 

The name given to the soi 1 wi 11 be forcibly vari­
able according to the degree of required precision. Evi­
dently, the name wil! be rather long if no essential in ­
formation is to be omitted 1

. However, on referring to Soil 
Taxonomy, we find that the soi 1 is not real ly character­
ized before having attained the level of the family and 
that at this stage, the name is already rather long. 

5.5 LEV EL IV - DATA RELAT IVE TO THE POSSIBILITIES OF 
SOIL UTI LIZATION 

This data is relative to two kinds of characteris ­
tics. The first, the phases, concern the soils themselves 
and result from the complementary characteristics which 
are related to the uti 1 izat ion. The second kinds, or 
variants, concern the environmen t . 

These two sets of data have a direct impact on the 
proposals, 1 iable to be emitted on the soi 1 ' s uti 1 iz­
at ion. 

PHASES 

- Rockiness . This data concerns t he presence and abundance 
of rocks on the surf ace (cf. p. 41). 

- Stoniness. This data concerns t he presence and the abu n­
dance of stones inside the pedon (cf. p. 42 ). 

- Drainage . Two ways for drainage: external and internal. 
The external drainage conce r ns the effective pre­

sence of water in a pedon at a given moment; it is a geo­
graphical characteristic. 

The internal drainage is a true soil characterist ic 
and concerns the case t hat t he so i 1 transmits downward 
flowing excess water. These characteristics are given 
in deta i 1 on page 41. 

- The soil moisture regime of the soi l characterizes the 
externa l drainage conditions i n the soi 1 over the whole 
year. 

- The temperature regime of the soi 1 characterizes the 
temperature of the soi 1 dur i ng the year. lt is proposed 
to fo ll ow in this domain the modes of characterization 
of Soi 1 Taxonomy (pp . 51 to 63). lf the necessary mea ­
su rements are l acking in the control section, it is 
suggested to deduce them from monthly dat a of rainfal 1 
and temperatures of the nearest stations. 

- The slope , exp ressed in percentage is given for the 
watershed on wh i ch the so i 1 is exami ned (cf. p. 42). 

1 A subsequent study could be the examination and the 
proposa l of an abridged nomenclature. 
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VARIANTS 

- The c Zimatic modeZ. lt concerns the type of c l imate i n 
the zone of the studied pedon. lt i s expressed in a 
standardized system (Köppen, Thornthwa i te, Gaussen ... 
or other) which al low distance corre l ations. Data on 
the soil inso lation, the snowing t ime, the frost haza rd, 
etc. are added if available. 

- The vegetation which occupies the soi 1 unde r study. The 
vegetation type is expressed through the te rms of a 
code . 

. The land utilization t ype . 

. The geomorphological modEl of the place where the 
soi 1 is obse r ved wi 11 be g iven through the terms of a 
code . 

. The results of pas toral and agricultu:ral experimen­
tation when they do ex ist . 

5.6 EXPRESS ION OF THE RESULTS 

The so i 1 i s exam i ned i n de ta i 1 i n the f i e 1 d . Not on 1 y 
thi s leads to a desc ript ion of the soi 1, but the exami n­
nation of its environment al lows also to dete r mine its 
geographical extension. A temporary name, based on a l ocal 
par ticu lar ity (c i ty or v i l lage, river, mounta i n, etc . ) is 
attributed to the soi 1 in order to remember it late r. 
No definite classification can be proposed in t h is stage 
because the main elements of the soi l a re not a l l known. 

A complete sampling of the different horizons which 
will then be re cogn i zed takes p lace. The gathered spec i­
mens wil 1 be the object of usua l determinations such as 
mechanica] ana l ysis, study of the absorbing complex, 
determination of free i ron and of sa l ts if they be pre­
sent . A given number of specimens wil 1 be prepared in view 
of the identification of the minera l constituents. This 
identif ica t ion wi 11 be carried out systemat ical l y if t he 
zone has never been studied before. lf the zone i s al ready 
known, only a smal 1 number of specimens undergo the miner ­
alogical analysis. 

When the complete resu lts of a l l undertaken analyses, 
associated with the morphologica l observations, are avai 1-
able, then a final name can be attributed to the soil. 

At this stage, it is possib le to conside r two modes 
for expressing the results. The first may be cal led the 
synthet ic profile, the second corresponds to t he class i­
f i ca t ion i tse 1 f. 

SYNTHETIC PROFILE. The synthet i c profi l e cor responds to 
the expression of the two, somet imes of the three, fi r st 
levels of the classification. They cor respond to the des­
cript ion of the three main parts of the pedon, if these 
were accessible, or to the presentat ion of the i nfrasol 
a l one. 

The main three parts of the pedon a re separated by 
//. Inside each part, the different horizons a re sepa rated 
by/. Each horizon is designated by the nouns correspond­
ing to the basic characte r istic fol lowed by one or severa l 
adje ct ives, the tempora r y 1 ist of which was prev ious l y 
given. Thus , it is possible either to reach t he s ubg roup 
or the fami ly. 

The fol lowing examp les are taken from appendix 11 
where a ll morphological or analytica] data ca n be found. 

1. Orthic ferral 1 itic so i 1 derived f rom anka r atrite. 
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2. Leache d fe rra l l i t i c soil derived from migmatite . 
Pachic eutric pa l l idon Il Yel l ow arg i llanic ferral-
1 iton Il Red argillanic ferralliton Il Migmatite 
isalteron. 

3 . Leached me lanic planic bisialso l derived from loam . 
Pachic eutric melanon Il Planic contact Il Black 
arg i lanic bi sial l i ton Il Loam. 

4. Perhydric andoso l deri ved from volcanic ash. 
Hyperpachic sombron Il Perhydrid andon Il Volcanic 
ash . 

CLASSI FI CAT IO N 

lt i s possible to stop at the prev ious stage which 
allows a synthet i c aspect by providing data of composition 
(involved in the names ferrall iton, bis ial l iton or andon) 
and the morphological data. But, it is always desirable 
to provide the maximum scientific information on the pedon 
under examinat ion . The f i rst three levels should be neces­
sar i ly prov i ded. A rel at ive flexibil ity is permissible in 
the fourth part of the name of t he soi l, in order to avo id 
the expressions becoming larger than desired . 
Examples: 

1. Class 
Subc l ass 
Great group 
Group 
Subgroup 
Fami ly 
Genus 
Type 

2. Class 
Subclass 
Great group 
Group 
Subgroup 
Fami l y 
Genus 
Type 

3. Class 
Subc lass 
Great group 
Group 
Subgroup 
Fam i ly 
Genus 
Type 

4. Class 
Subclass 
Great group 
Group 
Subgroup 
Genus 
Type 

Fermonosial l itic 
Gibbs i tic 
Leptodys pa 11 id 
Orthic 
Moda l red 
Ankaratrite isalterite 
Acidic dystric 
Clayey 

Fe rmonosial l itic 
Kao l in i tic 
Pachi eupal lid 
Argillanic 
Yel low and red 
Migmat i te isalterite 
Acid i c eutric 
Sandy clay 

Bisialsol 
Mixed 
Pach ieumelanic 
Planic 
Dark brown, hypocarboxic 
Calcareous, si lt y clay pedol ite 
Neut ral, saturated 
Si l ty clay 

Andosol 
Aluminous al lophane 
Hyperpachidyssombric 
Perhydric 
Reddish brown modal 
Acidic dystric 
Sandy clay 

Supplementary data are added to the previous ones, 
the new ones being l iable to or ient the uti l ization and 
the so i l pioneer ing. 

l. Phases 

Variants 

Moderate l y deep; nonrocky; nonstony; 
ustic; isotherm ic; good internal and 
external drainage. 

Ma lagasy pluvioptimoaridic cl imate; 
frost; 4 months of dryness; planted 
afforestat ion; very weak s lope. 
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2. Phases 

Variants 

3. Phases 

Variants 

4. Phas es 

Variants 

5. 7 CONCLUSIONS 

Rather thick; nonrocky; nons t ony; 
ud ic; isohyperthermic; good in ternal 
and external drainage . 

Hot subt ropical c l imate; rare f rost; 
dryness for 1 or 2 months; extens i ve 
grazing; weak slope . 

Rather thick; nonrocky; nonstony; ud ic; 
external good drainage; inte r nal (esti ­
mated) medium drainage. 

Moderate subtropical cl i mate; some 
frosts; no severe drought; extensive 
grazing; smooth slope. 

Rather thick; nonrocky; nonstony; perudic 
isohype rthermic; good externa l and in­
ternal drainage. 

Perhumid; tropica l c l imate; evergreen 
rain forest; moderate slope. 

The previous proposals lead to the follow i ng remarks : 

- There is no final 1 ist of the classification s ub­
divisions. At any required level, additions are possible, 
when judged necessary. The new subdiv isi on is then j us­
tified by attributing a name to it . 

2 - lt may be supposed that the list of classes wil 1 
not increase substantially since it gives place to al 1 
important fami 1 ies of the soi l constit ue nts. The situation 
is not the same with regards to the subclasses which may 
be increased if it were necessary to state more accu rately 
a parti cular type of constituent (subsequently, at the 
level of organic constituents for examp le). 

3 - The 1 ist of great groups seems 1 iable to include 
al 1 types of humus horizons. 

4 - The groups, determined by a mi nera len of ma j or 
importance in the determination of the mo r pho logy, r e ­
ceived a single name, as, for example, orthic, arg i llanic, 
indurated. This leaves the ether mi ne ralo ns whi c h may 
exist in the same pedon in the category of subgroups, as 
reti culate, hydromorphic, etc .. 

5 - The number of poss i b le subgro ups cannot and should 
not be definitely determined. Therefo re, it is i l l usive 
to try to set up a rigid frame since the subgroups are in 
fact planned to account for the solum characteristics, un ­
expressed by the units situated above t hem. 

6 - The same appl ies to level 111 which dea l s wi th the 
physical and chemica] cha racteristics, for wh i ch the var­
iety is great at the abso r b ing complex l evel. 

With these three leve l s, it appears that most fu nda ­
mental characterist ics of the constituents, t he mo r phology 
and the physicochemical characteristics are g i ven . l f any 
important characterization element not yet indexed appears 
necessary and if it were possibly determined everywhere, 
it can be always introduced at the req ui red l eve l. 

At level IV, data relat ive to the actua l environment 
are anticipated. lt is judged that their knowledge is 
necessary and should be added to the knowledge of the 
f i rst t hree levels when the ut il ization of the soi ls i s 
required. Their 1 i st i s not exhaust ive and may be mod i ­
f ied when the necessity a rises. 
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No synt het i c la nguage, analogous to that laid down 
by syl l ab l es for So il Taxonomy, was proposed. Later on 
a coded system has to be planned (in numbers and in 
lette r s) in o r de r to account for the un i ts which may then 
be used by data ba nks. 

Fi na l ly, a last operat ion rema ins to be done, i .e. 
the a ppra i sa l of t he ge nesis and of t he present and future 
evo l ut i on of the so i 1. l t is neces sary to know all what 
was p rev i ous l y determined on the soi 1; but this is not 
enough . Now, the pedologist shou l d try to ascend the past 
and re const i tu t e the so i 1 h i story . He should use al 1 the 
accumul ated know ledge on the soils of the studied region 
and to accou nt fo r the accumulated attainments during 
years in the study of the world soi ls. Cause and effect 
re lationships ar i s i ng f rom a wide geographical know ledge 
may be proposed between soi ls and the i r present cha rac ­
ter i st i cs and the cond i tions of t he environment. The se 
relat ions may be considered as a r esu lt of the comparison 
of the stud ied so i ! - env i ronment complex with ot he r com­
plexes of the same k i nd or different. 

Then , i t i s possib l e that proposals may be simul t a ­
neous l y formulated on the environment in close relation 
wi th the so i 1 format ion, on the mechanisms allowing to 
exp la i n t he processes whi ch have contributed in p rov iding 
the soi 1 with its constituents, its morphology and it s 
phys i ca l a nd chem i ca ! characteristics wh ich it possesses 
at the moment of the study. 
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6. SOIL CLASSIFIC ATION 

Soi ls are classified by using the cha racter i stics 
which they present . 
- Le vel 1 (classes and subclasses) i s determined by 

using the constituents and the const i tuents sets. 
Level 11 (great 9roups to fami lies) is determ ined by 
using morphological character i stics of the organons, 
humons and mineralons. 
Le vel 111 (genus to ser ies) is determ i ned by using 
physical and chemica] characteristics of the ho ri zons. 

- Level IV (phases and variants) is dete rmined by usin~ 
particular characterist i cs of the pedon and data of 
the environment . 

In the absence of organons and mineralons, and if 
the so i l content in secondary mineral products is less 
than 15%, it is classified in the P:r>imax>osols. 
- lf the solum presents an organen of sufficient thick­

ness and content in organic matter, the soil is clas ­
sified in the Organosols. 

- lf the soi l has only a humon, without any mineralen, 
and contains at least 15% of secondary minera ls , the 
soi l is placed in one of the other 8 classes. The 
natur e of the mineral or the organomineral constituents 
orientates the choice of the class. 

- lf the solum presents a single or several mineralons 
belonging to the same mineral ent i ty, the l atter deter ­
mines the class. 

- lf the solum presents two mineralons (or more) belonging 
to two different minera l or organomineral sets, the 
choice of the class wil l be determined by one of the 
mineralons in function of its thickness and i ts position 
in the pedon. 

Table 2 al lows to ach ieve the required choice. 

6. 1 PRIMAROSOLS 

* DEFINITION - Primarosols are soi ls which do not show 
(or very sl ightly) pedological d ifferentiation. The cons ­
tituents of the parent rock did not, or very sl ightly, 
undergo weathering. A sl ight accumulat i on of organ ic mat ­
ter may exist. 

The pedon may contain: 
an organen which (if i t ever ex ists) has a max imum 
thickness of 18 cm (and a mi nimum of 2.5 cm) , otherwise 
we proceed to organoso l s. 

- and/or a humon . 
They must contain less than 15% of secondary min ­

erals, otherwise another class is involved (c l ay minerals, 
sesquioxides, sa lts or al lophanes). 

* CONSTITUENTS -

Organic constituents 
The organic matter may be prese n t in va riabl e quan ­

ti ties . lt is slightly incorporated in the mineral ma ­
ter ia l. 

Mineral cons tituents 
The physica l breaking up is predominant, the chem­

ica] weathe ring i s very weak or absent. Rocks, rock frag ­
ments and weatherab l e or nonweatherable prima r y minerals 
are abundant. These materials (rocks or minerals) may 
arise from a rock "in situ" but may be brought by wate r s 
and winds. Primary minerals may be difficult to weather, 
for example quartz. 
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Table 2 Key to the classes as based on presence and nature of const ituents of soi l horizons 

Poss i bi 1 i ty for the 
so il to be a : 

Soi 1 horizon resent 

Pr imaroso 1 0rganoso1 Se 1 sol Andoso 1 
Bi s i a 1 so l 
Honos ia l so l 

Organen a lone 1 f organen < 18 cm 1 f organen 18 cm Uo No 

Organen+ ether horizon(s) 
sol um < 60 No 

sol urn >.: 60 

Human a Jone 

. One or t\-.'O diagnost i c 
mine r alons belonging 
to the same ent i ty 

Î\oJO diagnostic mineralons 
belonging to the differ­
ent ent i ties 

tfo 

No 

1. Presence of a sa 1 i ne No 
mineralen (~ 15 cm) 
in the suprasol 

2. Presence of i nduron No 
wi thin 60 cm 

J . Absence of the sal ine 
mineralen 
a) solum < 60 cm No 

1 f o r ganen ~ 18 cm 1 f o rganen < 3/4 No 
and 3/4 of the of t he pedon 
so lum 

1 f o r ganen 45 cm 1 f o r ganen < 45 cm No 

No 

No 
(except above 
poss i bil i ty) 

No 

No 

lf humon i s l f human i s 
sa 1 i ne al Jophanic 

bis ia 11 i t i c 
monos ia 11 i t ic 

lf minera len i s lf mine ra Ion i s 
sa 1 ine and on 

b i s i a 11 i ton 
monos i a 11 i ton 

Possible No 

No No 

The thickest mineralon is diagnost i c. 

Ferbisialsol 
Fermonos ia 1 so l 

No 

No 

tlo 

1 f human is 
ferb i s iallitic 
fermonos i a l 1 i t i c 

lf minera len i s 
fe rb is ia 11 i ton 
fe rmonos ia 11 i ton 

No 

Possible 

Oxyd i so l 
Pod zo l 

tfo 

No 

No 

1 f human 
oxyd ic 

i s 

che l uv i c 

l f mineralen 
oxydon 
che 1 uv ion 

No 

Poss i b Je 

b) so l um ~ 60 cm No 
No 
No The th i ckest mineralen is diagnost i c , except the case \·1hen the upper 

mineralon i s~ 60 cm; in th i s case, it i s all·1ays diagnostic. 
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The sum of the secondary mi nera l s in the humo n or 
the organen cannot exceed 15%. The pre sence of sal t s i n 
the alterite is possible. 

~ MORPHOLOGY OF PRIMAROSOLS 

Organons. When they exist, they 1 i e directly on the a l­
terite or the parent rock . They sho ul d have a ma x im um 
thickness of 18 cm. 

Humons. They should contain less t ha n 15% of secondary 
mineral products. The fol lowing cha rac t er i st i cs may be 
retained: 
a - Color - No particular colo r , of t en grey. 
b - Structure - Fragmentary, sl ight l y deve l oped, pa r-

ticulate. 
c - Texture - Variable . 
d - Consistence - In the dry state: frag il e. 

In the humid state : loose, very f ri­
ab le. 

e - Porosity - From poreus to very po reu s . 
f - Reaction with sodium fluor i de: negat i ve. 
g - Could be hal ic , gyps ic, carbox ic. 

MineraZ.ons : absent. 

AZ.ter ons 
Epi 1 i t halterons: frequent. 
Lithalterons hard or loose (areni c, s i l t y o r 

clayey). 
Could be hal ic, gypsic, carbox i c, ret icu late. 

Parent materiaZ.s : hard or loose. 

SUBDIVISIONS OF THE CLASS OF THE PR IMA ROSOLS 

Two s ubclasses, based on the prese nce o r abse nce of 
organic ma t ter are the minera l pr imaroso l s and o rganic 
primar osol s . 

Subclass 1 - MineraZ. Primar oso Z. s 

Genera! characters of the morphology. 
- Neither organen nor humon , but, 

- Epi 1 i tha 1 te ron. 
- Lithalteron: stony or in bleeks, a ren ic o r non 
fragmented rocky surface, or pe dol ite (s i l t y or 
clayey) loose and stratified . 

Other divisions: 
No great groups nor groups . 
Possib i l ity of subgroups, fam i l i es, ge ne ra . 

SuhcZ.ass 2 - Organic PrimarosoZ. s 

General characters of the morpho logy . 
- Organon of less than 18 cm t hicknes s 1 2 and /o r 
- Arenic or psammic humon 2 . 

- Stony 1 ithalteron or in b locks, o r aren ic. 
- Rock . 

Ot her subdivisions: 
Great groups, subgroups , fa mil i e s, gene ra. 

1 Above this thickness, we pass on t o an o r gano sol . 
In these horizons, the quantity of seconda r y mine ra l 
products does not exceed 15%. 
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6.2 ORGANOSOLS 

~ DEFINITION - The organosols a re character ized by the 
presence of organic ma t ter to which they owe their main 
propert i es . 

They should have an organon in the upper part of 
the pedon. 
a) l f there is no mineralon, the t hickness of the organon 
should be equal to or higher than 18 cm, otherwise we 
remain in the pr imaroso l s. 
b) In case of ha v ing a mineralon: 

1 - lf the pedon is l ess than 60 cm, the organon 
should be 3/4 at least of the pedon . 

2 - lf the pedon is mo re than 60 cm, the thickness of 
the organon should be e qu a l to 45 cm or more . 

lf these conditons are not fulfilled, the soil has 
to be placed in another cl ass. 

~ CONSTITUENT S -

Organia aonstituents 
The organic matter derive s fr om trees or shrubs or 

herbaceous plants (g rass, ru shes , reeds, mosses, etc.). 
lt simultaneously contai ns no ntransformed matter, re­

cognizable with the naked eye a nd on touching, and trans­
fo rmed matter, of unidentified or i gin. Fibrous organic 
materials, fol iated (stacked), or nonrecognizab l e ma­
teria ls may be dist inguished. 

The organic matte r content is more than or equal to 
50% by vo lume (or 30% by weig ht of the sample dried at 
10 5°C) . The bul k density should be less t ha n 0. 1. The 
water content should be higher than 800% wi th respect to 
the sample dried at 105°c . 

The C/N ra t io should be higher than 10. 

Minera.Z aonstituents 
These constituents are no t in the least specific. 

~ MORPHOLOGY OF ORGANOSOLS 

Organons 
a - Color - always dark, from black to red . 
b - Structure fibrous, fol iated or sapric. 
c - Poros ity - ve ry high. 
d - Reaction wi th sodium fluor ide : negative . 

MineraZons 
When they ex i st, they are of different kinds: 

bisial l iton, ferrall iton , etc. 
Various kinds of AZterite or PedoZite : sandy, sandy ­

clay or clayey. 
The parent roak may be sedimentol ithe (she l 1 rich 

sand, marl, diatomite . .. ) . 

SUBOIVISIONS OF THE CLASS OF TH E ORGANOSOLS 

Four subclasses are proposed 1
, based on the charac­

teristics of the organic matter. 

SubaZass 1 - Fibria organosoZs 

They conta i n mo re than 50% (by volume) of fibr ous organ i c 
matter. 

SubaZass 2 - FoZia organosoZs 

They contain mo re than 50% (by vo l ume) of fol ia ted or 
stacked organic ma tter . 

1 Cf. Soil Ta xo nomy. 
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Suhalass 3 - Hernia organosols 

They contain from 10 to 50% of fibrous or fol iaceous or­
gan ic matter. 

Suhalass 4 - Sapria organosols 

They contain less than 10% of recognizable organ ic matter. 

Other subdivisions: No great groups. 
Groups: when a mineralon is present. 
Subgroups: according to the possibil ity of having a 

hal ic, thionic, gypsic or carboxic organon. 
Fami lies: according to the nature of the mate ri a l or 

of the subjacent parent rock for orga nons . 

6.3 SELSOLS 

~ DEFINITION - Selsols are characterized by the p resence 
of salts , of va riable solubi 1 ity, which impart to soi l s 
their main prope rties. 
- lf an organon exists. 

a ) lf the solum has a thickness of 60 cm or less, the 
organon should represent less than 3/4 of the solum. 
b) lf the solum has more than 60 cm thickness, the or­
ganon should have less than 45 cm thickness. 

l f the previous conditions are not fu l fil l ed, the 
soi 1 has to be class if i ed among the or•ÇTano so l s . 

- lf the solum has only a human, directly in contact 
with an alteron, a pedol ite or the parent rock , th i s 
human shou ld be sal ine 1

• 

- lf the solum has only one mineralon, bound toa human 
and/or an organon, this mineralon should be sal ine 1 

and situated at the top of the pedon, under the human 
or the organon . This saline horizon should be at least 
15 cm thick and situated in the first 60 centimeters 
of the pedon (supraso l ). 

lf the solum thickness is l ess than o r equal to 60 
centimeters, the soil is a se lsol if the thickness of 
the sal ine horizon is more than o r equa l to ~ of that 
of the so lum. 

The se lsols are subdiv i ded in f i ve g reat subclasses, 
according to the nature of the salts, in the following 
order: 

thiosols, sulfosols, hal isols, gypsiso l s, carboxisols 
1 2 3 4 5 

a) The thiosols correspond to the reduc ed farms and the 
sulfosols to the oxidized farms. 
b) In case of the simultaneous presence of several diag­
nostic saline horizons, it is assumed that the importance 
of soils with regards to bath pedogenesis and ut i l izati on 
i s in the above- given or der . 

Consequently, in case of the s imultaneous presence 
of salts from subclass 1 and ot her subc la sses, the de t er ­
min ing subclass wi l l be always 1. 
- For example, in case of the s imultaneous p resc~ce of 

sulfides and hal ite, one has to do with the sub c la ss of 
the hal ic thiosols or hal i th ioso ls. 

- When there is the simult a neous p resence of gypsum and 
calcium carbonate so il s are ascr ibed to the subclass of 
carboxic gypsisols or carboxigypsisols . 

1 Remember that the wo r d "saline" is a genera ! term 
appl ying to al 1 sa lts, whatever their so l ub il ity. 
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6.2 ORGANOSOLS 

~ DEFINITION - The organosols a re characterized by the 
presence of organic matter to which they owe their main 
properties. 

They should have an organon in the upper part of 
the pedon. 
a) lf there is no mineralon, the thickness of the o rganon 
should be equal to or higher than 18 cm, otherwise we 
rema in in the primaroso l s. 
b) In case of having a mineralon : 

1 - lf the pedon is less than 60 cm, the organon 
should be 3/4 at least of the pedon. 

2 - lf the pedon i s more than 60 cm, the thic kness of 
the or ganon should be equal to 45 cm or more. 

lf t hese conditons are not f ulfilled, the soi l has 
to be p laced in another class. 

~ CONST ITUENTS -

Or ganic constituents 
The organic matter derives f rom trees or sh rubs or 

herbaceous plants (grass, rushes, reeds , mosses, etc. ) . 
lt simultaneous ly contains nontransformed mat t er, re­

cognizable with the naked eye and on touching, and trans­
formed matter, of unidentified orig i n . Fibrous organ ic 
materials, fol iated (stacked), or nonrecognizabl e ma­
terials may be distinguished . 

The organic matter content i s more than or e qual to 
50% by vo l ume (or 30% by weight of the sample dr ied at 
105°c). The bulk density should be less than 0. 1. The 
water content should be higher than 800% with re spect to 
the sample dried at 105°c. 

The C/N ratio should be higher than 10 . 

Minera î cons ti t uent s 
These constituents are not i n the least speci f ic . 

~ MORPHOLOGY OF ORGANOSOLS 

Organons 
a - Color - always dark, f r om black to red . 
b - St ructure fibrous, fol iated or sapric. 
c - Poros i ty - very high . 
d - Reaction with sodium fluoride: negative. 

Mineraîons 
When they ex i st, they are of different k lnds : 

bis ial l iton, ferral l iton, etc. 
Various kinds of Aîter ite or Pedoîite : sa ndy , sandy­

c lay or c layey . 
The parent r ock may be sedimentol ithe ( she l 1 r ich 

sand, mar l , diatomite .. . ) . 

SUBDIV ISIONS OF THE CLASS OF THE ORGANOSOLS 

Four subc lasses are proposed 1
, based on t he charac ­

teri st i cs of the organic matte r . 

Suhcîass 1 - Fibri c organosoîs 

They contai n more than 50% (by volume) of fibrou s organic 
matter. 

Suhc îass 2 - Folie organosoîs 

They conta in more than 50% (by vo l ume) of foliat ed or 
stacked organic matter. 

1 Cf . Soi l Taxonomy . 
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Subclass 3 - Hemic organosols 

They contain f rom 10 to 50% of fibrous or fol i aceo us or­
ganic matter. 

SubcZass 4 - Sapric organosols 

They contain less than 10% of recogn izab le organic matte r . 

Other subdivisions : No great groups. 
Groups: when a mineralon is present. 
Subgroups: according to the possibi l ity of havi ng a 

hal ic, thionic, gypsic or carbox ic organon. 
Famil ies : according to the nature of the materia l or 

of the subjacent parent rock for organons. 

6.3 SELSOLS 

~ DEFINITION - Selsols are characterized by the presence 
of saZts , of variable solubi l ity, which impart to soi ls 
their main properties. 
- lf an organon exists . 

a ) lf the solum has a thickness of 60 cm or l ess, the 
organon should represent less than 3/4 of the solum . 
b) lf the solum has more than 60 cm t h ickness , the o r­
ganon should have less than 45 cm thickne s s . 

l f the previous conditions are not fulfi l led, the 
soi 1 has to be classified among the or•ganosols . 
lf th e sol um has only a human, direct l y i n contact 
with an al teron, a pedol ite or the parent rock, this 
human should be sal ine 1

• 

lf the sol um has only one mi neralo n , bou nd toa human 
and/or an organon, th i s mineralon should be sa l ine 1 

and situated at the top of the pedon, unde r the human 
or the organon. This saline horizon shou l d be at l east 
15 cm thick and situated in the f ir s t 60 cent imeters 
of the pedon (supraso l). 

lf the so l um thickness is less than or eq ua l to 60 
centimeters, the soil is a selsol i f the t h ickness of 
the sa line horizon is more than or equal to & of that 
of the so l um. 

The selsols are s ubd ivided in five great subc l asses, 
according to the nature of the salts, in the fo ll owing 
order: 

thiosols, sulfosols, halisols, gypsiso l s, carboxisols 
1 2 3 4 5 

a ) The thiosols correspond to t he r educed fa rms and the 
sulfosols to the oxidized farms. 
b) In case of the simu l taneous pre sence of seve ral diag­
nost ic sal ine horizons , it i s ass umed that t he impo r tance 
of soils with regard s to bath pedogenes i s a nd ut il izat ion 
is i n t he above-given order. 

Consequently, in case of the s imu l taneous presence 
of salts f rom subclass 1 and other subcl as ses, t he deter ­
mining subclass wil l be always 1. 
- Fo r example, in case of the simu l tan eous prescnc2 of 

sulfides and hal ite, one has to do wi th the subc l ass of 
the hal ic thiosols or hal ith iosols. 

- When there i s the simultaneous presence of gypsum and 
ca lcium carbonate soils are asc ri bed to the subc lass of 
carboxic gypsisols or carbox igyps i sols. 

1 Remember that the word " sali ne" i s a ge ne ra l t e rm 
app ly ing to all sa lts, whatever t heir sol ub i 1 i ty . 
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c) When a certa i n type of saline constituents is present 
in the suprasol and another in the infra sol (i n suf ficient 
amounts to ha ve a saline horizon in both cases), the de­
termining cons tituent of the subclass is the one prese nt 
in the sup ra so l ; whi l e the one present in the inf rasol 
determines a group. 
d) When a second type of sa line const i tuents is presen t 
in t he pedon ( in the sup rasol or in the in frasol), bu t in 
smaller quant ities than expected to forma sa! ine horizon, 
the prese nce of thi s second group of constituents is ef­
fective a t t he tevel of subgroups, with the help of a 
p rope r ad j ective. 

6.3. l TH IOSO LS 

* DEFINITION - The thiosol s fo rma subclass of the sel ­
sols, charact e rized by a th ion, situated at less than 
60 cm from the surface . 

* CONSTIT UEN T$ - The diagnost ic mineral constituents are 
the fol l ow i ng : 
- e l ementary su l f ur and/or iron sulfide or polysulfides 

with a su lf ur content exceeding 0 . 75% . 
The pH becomes rapidly more acid ic óy expos ur e to 

air . 

* MOR PHOLOGY OF THIO SOLS 

Organons and hwnons 
Different o r ga nons , sombrons and ra l 1 idon s (ra re ) 

are known, being eut ri c or dystr ic. 

Mineralons 
The d iagnost i c mineralons of the subclass are: 

The haplic thion which conta in s the d iagnostic constit u­
ents and shows the fol lowin g characterist i cs, none of 
wh i ch a lone i s enoug h for the identification . 
a - Color - Uni fo rm or mottled. 
b - Struc tur e - Va ri able, but wi th the exce ption of 

prismatic, vertic, or columna r . 
c - Texture - Variab le, but with the except ion of 

aren ic or psammic. 
d - Consistence - In the dry state : fragi Je to sl ightly 

fragi l e. 
In the hum id state: fr iabl e to fi r m. 
In the soaked state : fluid. 

e - Less than 5% of coarse materials. 
f - Absence of andic characteristics. 
g - Absence of characterist i cs of argil l an ic o r bulg ic 

ho r i zons . 
- Absence of ethe r sa l ts tha n these def ini ng the thion. 

The ether th ions a re derived from the hap! i c t hion 
by modificat ion of one of the above - g i ven character i st ics . 

Th i on: a renic 
compact 
gra ve l l y or stony 
ve r t i c, prismatic, columnar 
argillanic o r bulg i c 
carbox ic, gypsic o r hal ic 

Modi ficatio n of 
c 
d 
e 
b 
g 
h 

Diagnostic minera lons of ether subclasses: halon, 
gypson , carboxyton. 

Diagnost ic min era lon s of ether c lasses: bisiall iton, 
fe r bis i a l 1 i ton , mo nos ia l 1 i ton, fermo nos ial 1 i ton. 

AZterons: usual ly pedo! i te . 



SUBDIVISIONS OF THE GREAT SUBCLASS OF THE THIONIC SE LSOLS 
OR TH IOSOLS 

Subalasses (othe r than those with a single thion). 
- Hal ic thioso l or halithiosol: the characteristics of 

the halon appear in the suprasol . 
- Gypsic thiosol or gypsithiosol: the characteristics 

of the gypson appear in the suprasol. 
- Carboxic thiosol: the characteristics of the carboxiton 

appear in the suprasol. 

Gr eat groups 
Organic, sombric o r pal 1 idic, dystric or eutric . 

Graups 
The following groups a re possible and arranged in 

such a way that the presence of the characte r istic hor­
izon corresponding to the group ou tweighs al 1 preceding 
groups. 

Ameristic - The solum does not present a thion; the 
thioni c humon 1 ies directly on an alterite, a pedo-
1 ite or on a parent rock . 

Orthic - The solum presents a humon and a hapl ic 
thion and none of the fol lowing mineralons above it 
in the suprasol. 

Gravel ly or stony - The solum should present a 
gravel ly or stony horizon beginning the suprasol . lt 
should have at least 50 cm thickness and at least 
50% of the weight as gravels or stones . 

Argi llanic or bulgic - The solum presents an argil ­
lanic or a bulgic horizon beg inning in the suprasol. 

Hal ic - The presence of hal ic characteristics appears 
somewhere in the infraso l. 

Gyps ic - The presence of gypsic characteristics 
appears somewhere in the in frasol. 

Carbox ic - The presence of carboxic characteristics 
appears somewhere in the infrasol . 

Subgroups 
Gravelly and stony may be considered as subgroups 

where these characteristics appear be low the suprasol . 
- Aren ic, vertic, prismatic , columnar, hypohal ic, hypo­

gyp s ic, hypocarboxic, when the corresponding character ­
istics a re observed in the suprasol. 

6. 3. 2 SULFOSOLS 

* DEFINITION - The sulfosols forma such class of selsols 
charac terized by a sulfon situated in the first 60 centi­
mete rs of the pedon . 

* CONSTITUENT$ - The diagnostic mineral constituents are: 
f e rric and alkaline sulfates (jarosites), free sulfur 
(with a higher content or equa l to 0.75 %). 
- Sulfuric acid, shown by a pH less tha n 3.5 . 

* MORPHOLOGY OF SULFOSOLS 

Organons and Hwnons 
Organons, sombrons and pal l idons are known, being 

eutric, dystric or saturated. 
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MineraZons 
The diagnostic minera l ons of the subclass are : 

The hapLic suLfon contains diagnostic constituents 
and presents the fol l ow ing characteristics, none of wh ich 
alone is suff icient for t he iden tif ica tion. 
a - Color - Grey, mottl ed with red, brown and 

especial l y yel lowish (straw colored) . 
b - Structure - Variable, with the exception of the 

prismatic, columnar, ve rtic. 
c - Tex ture - Variable, with the exception of t he 

arenic or more sandy . 
d - Consistence - In the dry state : f r ag il e to hard. 

In the humid state: fr iable to firm. 
Soaked: fluid to fi rm ("butter co nsi st­
e nce"). 

e - Less than 5% of coarse material. 
f - Absence of andic character i stics . 
g - Absence of characte ri stics of the leached horizon 

(argi l l ani c or bulgi c). 
h - Absence of salts, other than those def in ing the su l fon. 

The other s ulfons are derived from the hapl i c sulfon 
by a mod if i ca t i on of one of the above - ment ioned cha racter ­
i stics. 

Su l fo n: arenic 
Modi ficatio n of 

c 
gra ve l ly , s tony 
vertic, prisma tic, columna r 
argi l lanic , bulgic 
sulfur i zed, hal ic, gypsic, 
carbox i c 

e 
b 
g 

h 

Diagnostic mineralons of other s ubc l asses of t he 
selso l s : hal on , thion, gypson, carboxiton. 

Diagnostic mi neralons of other classes : bis ial 1 i to n, 
fe rbisial liton, monosialliton, fe rmonosiall i ton. 

ALterons : us ua ll y pedo l it e . 

SUBD IVI SIONS OF THE GREAT SUBCLASS OF THE SULFONIC SELS OL S 
OR SULFOSOLS 

SubcLass (other than the subc lass wi th su l fon alone) 
- Hal ic sulfosols or hal i sulfoso l s : the halon characte r­

istics appea r i n the supras o l . 
- Gypsic su l foso l s or gypsis ul foso l s: the character i stics 

of the ca rboxi t on appear in the sup rasol. 

Great groups 
Organic, sombric or pal ] idic; dystric or e utric . 

Groups 
The following groups are possibl e, arranged in such 

a way that the prese nce of the character i st i c horizon, 
corresponding to the group overweighs al 1 preceding 
groups: 

Ameristi c - The so lum does not show a sulfon. The 
sulfonic humon 1 ies directly on an alterite, a pedo­
] ite or on a pa rent rock. 

Orthic - The so lum presents a humon and a hapl i c 
sulfon ard none of t he fol low ing mine ralons is p re ­
sent above it in the s uprasol. 

Gravel l y o r stony - The sol um shou l d presen t a 
gravel l y or stony hori zon in the sup rasol. lt shou l d 
have at least 50 cm thickne ss and present at least 
50 % by weight of gravels and stones. 

Argi 1 lanic or bulgic - The so lum presents an argi 1-
lanic or bulgic ho ri zon start i ng in the suprasol. 
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Thi onic, hal ic, gypsic, car box i c - The presence of 
hal ic, gypsic, carbox ic character i st i cs a r e ma ni fest 
in t he suprasol; of thionic characteristics i n the 
in fraso l . 

Subgroups 
At the leve l of the subgroup, one may cons i der : 

gravel ly, stony, when these ho rizons appear in the in f r a ­
so 1. 
- arenic, prisma ti c, columnar , vertic. 
- sulfurized, hypohal ic, hy pogyps ic, hypocarboxic when the 

corresponding characteristics are observed in the sup ra ­
sol and/or the i nfraso l. 

6 . 3 . 3 HA LISO LS 

~ DEFI NITION - The hal iso l s for m a great s ubclass of the 
se l sols, character i zed by a halon pr esent in al 1 seasons 
and situated at less tha n 60 cm from the surface . 

~ CONSTITUENTS - The d iagnost i c min e ra l const i tue n ts are 
the fol low i ng: sod ium ch l oride, s ulf a te, ca rbonate and/or 
bicarbonate , magnesium su lfate, and ch l oride, ca l c i um 
chloride. 

The conductivity of the satu rat ed paste extract 
shou ld be higher than or equal to 8 ms at 25°c. 

No particular cr i te ri a conce rning th e c lay mine rals 
or the sesquiox i des are used . There i s no spec ific o rga nic 
constituents . 

~ MORPHOLOGY OF HAL i SO LS 

Hwnons 
Several sombrons or pa l 1 idons are known: several 

great groups are possib l e : they a ll are eut ric or satu­
rated. 

Mineralons - Diagnostic mine ralons o f the class. 
The hap lic hal on conta in s the d iagnostic consti ­

tuents and presents the fol lowi ng charact e r i stics n0ne 
of which a lone is enough for the identificat ion. 
a - Co l o r - Var i ab le, but uniform. 
b - Structure - Fra gme nt a r y; ex c l ude: massive, colum­

nar, pr i smatic, ve r t i c . 
c - Texture - Variable, with the excep t ion of aren i c 

or psamm ic . 
d - Consistence - In the dry sta t e : fr i abl e to hard. 

In the humid s tate : fria b l e to firm . 
e - Less than 5% o f coa r se mater ials . 
f - Less than 2% of co lore d mo tt les. 
g - Absence of and i c characte ri s tics. 
h - Absence of characterist ic s of t he arg i l lan i c o r bu1gic 

horizon . 
i - Absence of other sa l ts t han those def ining the halon. 

The othe r hal ons are derived f rom the hap l ic ha lon 
by modification of one of the above characteristics: 
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Halon : aren i c 
massive 
compact 
gravel ly 
encrusted 
wi thgley 
wi th hemigley 
ver tic 
argi l lanic o r bulgic 
carbox i c , gyps i c 

Mod i ficat ion of 
c 
b 
d 
e 
d 
f 
f 
b 
h 



Diagnostic miner aZons of: 
- other subc Zasses : gypson, carboxyton, thion, sulfon . 
- other cZas ses : bisial l i t on, ferb i sial 1 iton, mono- a nd 

fermonos ia ll iton. 

AZterons : gen e ra ll y pedol ite. 

SUBD IVI S IONS OF THE GREAT SUBCLASS OF THE HALIC SELSOLS 
OR HALISOLS 

Whenever it i s possible, the na t ure of the sa l t s is 
determined so as to know whether they are chl o ride s , s ul­
fates, bicarbonates and if the predominant ca tion i s 
sodium, magnesium or calcium . For example , hal iso l s with 
sodium ch lori de , o r ch lorosulfated sodico - magnes ian hal i ­
so l s, or calcium chloride hal i sols . 

The subcZasses are (other t han t he subcl ass wi th a 
single halon): 
- gypsic hal i sols or gypsihal isol s. The characte rl s ti cs of 

the gypson appear in the suprasol. 
- carboxic hal isols or ca r boxi hal i sols. The cha racter is ­

tics of the carboxiton appea r in the supraso l. 

Great groups 
Somb rons, pa l 1 idons, epiminera lons are known ; with 

predominance of pa l 1 i dons . They are a l 1 eutric or satu­
rated. 

Groups 
The fol lowi ng groups are poss i ble , arrang ed i n such 

a way tha t the presence of a charac te ristic hori zon cor ­
responding to the group ove rweighs a l l the precedi ng 
groups. 

Amer istic - The solum doe s no t s how a ha lon . The 
hal ic humon 1 ies directly on t he a l teron or on a 
parent rock. 

Orthic - The so l um has a humon and a ha p l i c ha l on. 

Massive - The solum has a compact halon i n t he su pra ­
sol, wi th a thickness of at l east 50 cm . 

Hydromorphic - The solum has a gl ey or a hemig l ey in 
the f i rst 30 cen t ime t ers unde r t he humon. 

Gr ave l l y or stony - The solum shou l d prese nt a 
grave l ly hor i zon in t he sup r asol. 1 t should have a t 
least 50 cm thickness and more t han 50 % of t he weight 
in g ravels (or stones). 

Argi llanic or bulg ic - The so l um present s an a rgil ­
lanic or bulgic horizon i n the suprasol. 

Pl an ic - The so lum presents an e luvial hori zon and an 
a rgi llanic or bulgic hori zon i n the infrasol . 

Enc r usted - The solum prese nt s an e ncruste d ha l on in 
t he supraso l . 

Thionic, acidosulfated, gypsic, ca rboxic - The solum 
presents a thion, sulfon, gypson or carbox i to n in 
the in fraso l. 

Subgr oups 
Gravel ly and stony subgroups may be consi de red when 

these horizons are present in the in f rasols: 
- arenic, prismatic, columnar, ver t ic . 
- sulfurized, acidosulfated, hypogypsic , hypocarbox ic when 

the correspond ing character i st i cs are ob ser ved in the 
sdpraso l an d/or the i nfrasol. 
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6.3.4 GYPSISOLS 

* DEFIN ITION - The gypsisols forma great subc las s, char­
acterized by a gypson situated at less than 60 cm from 
the surface (i n the suprasol). 

* CONSTITUENTS - The diagnostic minera l constituent is 
gypsum (to which the anhydrite may be added). The calcium 
sulfate content should be h igher than 15% somewhere in the 
suprasol. There is no part i cular cr i terion concerning the 
clay mineral s or the sesquioxides. Th ere is no specific 
o rga nic constituent. 

~ MORPHOLOG Y OF GYPSISOLS 

Organons and Humons 
Different organons and humons, eutr ic o r saturated 

are pos s ibl e. 

Mineralons . The diagnostic mineralons of the class are: 
Th e haplic gypson contains the diagnostic consti ­

tuents and presents a set of characteristics, none of 
which i s suff icien t for the identification. 

The accumulation of calcium sulfate is diffuse or 
with ps e udomycel ium. 
a - Color - Variable but un i form. 
b - Structure Are exc l uded: massive, co lumnar, pr is -

matic, vertic. 
c - Texture - Any, with the except ion of the 

aren ic or psammic. 
d - Consiste nce - In the d r y state: f riabl e to hard. 

In the humid state: friab l e to firm. 
e - Less than 5% of coarse materials. 
f - Le ss than 2% of mottles of a different co lor than 

that of the horizon. 
g - Absence of andic characteristics. 
h - Absence of character is tics of the argi l lanic or 

bulgic horizon. 
i - Absence of other sa lts than those which define the 

gypson. 

The other gypsons are der i ved from the hapl ic gypson 
by modification of one of the above-given characteristics. 

Modi fi cat ion 
Gypson: aren ic c 

massive b 
compact e 
nodular e 
conc ret ionary e 
fo 1 i aceous e and d 
tufaceous e and d 
encrusted e and d 
indurated d 
wi th gley f 
wi th hemig ley 
vertic b 
argi l lanic h 
bulgic h 
ha 1 ic 
carboxic 
thionic 
acidosulfated 

Diagnost ic minera lon s of other subclasses of the 
class of selsols: thion, sulfon, halon, ca rbox iton . 

of 

Diagnostic minera lons of other classes: bisiall iton, 
ferbisial 1 iton, monosial l i ton , fermonosia l l iton . 

AUerons 
- Lithalteron, loose to hard. 
- Mixed alteron. 
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SUBDIVISIONS OF THE GREAT SUBCLASS OF THE GYPSIC SELSOLS 
OR GYPS IS OLS 

The subclasses are (besides that with gypson alone). 
- Carboxic gypsisols or carboxigypsisols . The character is­

tics of the carbox iton appear in the suprasol. 

Groups 
The following groups are possible. They are arranged 

in such a way that the presence of a characteristic hor­
izon corresponding to the grou p overweighs all preceding 
groups. 

Ameristic - The solum shows no gypson : the gypsic 
human lies d irect ly on an alte ron or on a parent 
rock. 

Orthic - The solum presents a human and the hap l ic 
gypson and none of the fol lowing mineralons above it 
in the supraso l. 

Hydromorp h ic - The solum presents a hori zon with 
gley or hemigley in the first 30 centimeters under 
the human . 

Gravel ly or stony - The solum should present a 
gravelly or stony horizon in the suprasol. lt shou ld 
have at leas t 50 cm thickness and present 50% at 
least of the weight as gravel and/or scone . 

Argil lani c o r bulgic - The solum presents an argi 1-
lanic or bulgic horizon starting in the supraso l. 

Encrusted, fo l iaceous , tufaceous - The solum presents 
an encrusted, fol iaceou s or tufaceous gypson in the 
suprasol. 

lndurated - The so lum presents an indu rated gypson 
(or even a gravel ly or stony horizon) not allowing 
the penetration of roots through the suprasol. 

Thionic, acidosulfated, hal ic, carboxic - The solum 
presents a thion, sulfon, halon or carboxiton in 
the infrasol. 

Subgroups 
At the level of the subgroup, one may consider: 

gravel ly, stony, encrusted, fo l iaceous , tufaceous, indu r­
ated, when these horizon s appear be low the suprasol. 

Other subgroups: hydromorphic , arenic, prismatic, 
columnar, vertic. 
- Acidosulfated, sulfurized, hypohal ic, hypocarboxic, 

when the corresponding characteristics are observed 
i n the suprasol and/or the infrasol. 

6.3.5 CARBO XIS OLS 

* DEFINITION - Carboxisols forma great subcl ass, char­
acterized by a carboxiton, situated at less than 60 cm 
from the surface ( in the sup ra sol). 

* CONST ITUENTS - The diagnost i c mineral constituents are 
the fol lowing: calcium carbonate (calcite or aragonite), 
dolomite, giobert i te of secondary origin . The ca rbonate 
content should be higher than 15%, somewhere in the supra ­
srrl. There is no particular cr i ter ion concern ing the clay 
minerals or the sesquioxides. There is no specif i c organic 
constituent. 

* MORPHOLOGY OF CARBO XISOLS 

Organons and Humons 
Di fferent organons, sombrons and pall idons , especial­

ly eutric or saturated are known. 
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Mineralons. The diagnostic mineralons of the class are: 
The hapZie earboxiton contains the diagnostic cons ­

ti tuents and presents such characteristics, none of which 
alone is sufficient for the identification. The accumu­
lation of carbonates is diffuse or with pseudomycel iums, 
the carboxiton is carboxic . 
a - Color - Variable but uniform. 
b - Structure - Fragmentary, exc l ude the massive, 

co lumnar , prismatic, verti c . 
c - Texture - Variab le, but with the exception of 

aren ic. 
d - Consistence - In the dry state: friable to hard. 

In the humid state: friable to firm . 
e - Less than 5% of coarse material . 
f - Less than 2% of colored mottles ot her than that of 

the horizon . 
g - Absence of andic characteristics. 
h - Absence of characteristics of argillanic or bulgic 

horizon. 
i - Absence of other salts than those which define the 

carboxiton. 

The other carboxitons are derived from the hap l ic 
carboxiton by modification of one of the above - given 
character i st ic. 

Carbox iton: arenic 
mass i ve 
compact 
nodular 
f o l iaceous 
tufaceous 
encrusted 
indurated 
with gley 
with hemigley 
vertic 
argil lan ic, bulgic 
acidosulfated, thionic, 

gypsic, hal ic 

Modification of 
c 
b 
d 
e 

e and d 
e and d 
e and d 

d 
f 
f 
ó 
h 

Diagnostic mineralons of other subclasses: gypson, 
halon, thion, su lfon. 

Diagnost ic mineralons of other classes: bi sial l iton, 
ferbisiall iton, mono- and fermonos ial liton . 

AUerons 
- Loose or hard l ithalterons. 
- Mixed alterons. 
-Pedolites. 

SUBDIVISIONS OF THE GREAT SUBCLASS OF CARBOXIC SELSO LS 
OR CARBOXISOLS 

Groups 
The following groups are poss ibl e. They are arranged 

i n such a way that the presence of a characteristic hor­
i zon corresponding to the group overweighs al 1 the pre­
ceding groups . 
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Ameristic - The so lum has no carboxiton. The carboxic 
humon lies directly on the a lteron or on the parent 
rock. 

Orthic - The solum has a humon and a haplic car­
box i ton. 

Hydromorphic - The solum has a horizon with gley or 
hemigley in the first 30 centimeters under the humon. 



Gra ve l ly or stony - The solum should have a 
gravel ly o r stony horizon in the suprasol. 1 t 
shou ld have at least 50 cm thickness and at least 
50% of the we ight in calcareous grave l and stones. 

Argil lanic o r bulgic - The solum has an argil lanic 
or bu l gic ho rizon starting in the sup ra sol. 

Encrusted, fol iaceous , tufaceous , nodular - The 
solum has an enc rus ted, fel iaceous, tufaceous or 
nodular carbox iton in the suprasol. 

lndurated - The so lum has an indurated carboxiton 
in the supraso l. 

Sulfonic, ha l ic, gypsic - The solum has a sulfon, 
halon, gy pson in the subsoi 1. 

Subgroups 
As subgro'Aps, we may conside r : gravelly, stony, 

tufaceous, encrusted, indurated, be low the suprasol. 
- Hydromo rphic , g ra velly, stony, aren ic, acidosulfated, 

hypohal ic , hypogypsic, when the correspond i ng charac­
ter istics are observed in t he suprasol a nd/or the 
i nfraso 1. 

6.4 AND OSOLS 

* DEFINITION - The Andosols ar e characterized by the pre­
sence of "amorphous" mineral materials of allophane type, 
ve ry narrowly associated wit h humi c materials and to wh ich 
the andoso ls owe their main properties. 

In the up pe r part of the pedon, an al lophanic human 
and i n the upper par t of the mineralons, an andon, i s 
found. 

Above the human, there ma y be an organon which should 
not represent mo re than three f ourth of the solum i f the 
Jatter is le ss than 60 cm thick, and not more than 45 cm 
i f the solum is at least 60 cm thick. lf the pedon has 
only a human di rect l y in contact with the alterite or the 
pa rent rock , it should be an allophanic human . 

The distinction between the primarosol on ashes o r 
volcanic l a pil li s and a vitric andoso l is done on the 
basis of the positive reaction with the sodium fluoride 
tes t, o r of marks of weathering (such as color or struc­
tu re) in the parent material and a bulk dens i ty lower 
than 0.9. 

Also, a d iagnostic mineralen of another class 1 i~e 
the se ls o l , bisialsol , ferbisialsol , fermonosi a l sol, etc . 
may exist in the pedon. But, in t h is . case, the andon 
should predominate in the suprasol, as specified in 
table 2. 

The age of the soi 1 is afte n less than 10, 000 yea rs . 
Andosols are genera ll y derived from py roclastic volcani c 
materials. 

* CONSTITUENTS - The mineral constituents are the fol ­
lowi ng: 
- Amorphous or cryptocrystal 1 ine mineral materials or 

al lophanes, to which imogo lite may be also added. 
They ma y also contain 1/1 clay minerals (especially 
hal loysite) or some 2/1 clay minera l s (chlorites , 
i 11 ites or smectites). 
Iron hydroxides, mos t aften amorphous in cryptocrys ­
tal 1 ine and some times iron oxides (inherited) 1 ike 
hematite, magne tite, maghemite, i lmenite. Very aften 
crystal 1 i zed a luminium hydroxides (gib bsi te) or amor ­
phous alumin ium hydroxides . 
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- Among the salts, only calcium carbonates a re observed, 
but very seldom. 

Organic constituents. The orga ni c matter is of ten abundant 
(Accord ing to occurrences , the humic acids ove rweigh the 
fulvic acids or the contrary). Fulvic acids fo rm stable 
complexes wi t h aluminium. 

* MORPHOLOGY OF ANDOSOLS 

A) Organons . Andosol s with organen are known . 
B) Hwnons . Dystric or eutric sombrons and pal l idons 

are known . 
The dystric humons may be considered as the most 

frequent; but the eu tri c equiva lents are by now wel l 
known. The humons are se ldom gravel ly; they are aften 
sandy (lapill is and ashes). The a l lophanic humons may 
exist alone. In this case, t hey are used to cha racter­
ize the class. Structure is mealy and bul k density lower 
than 0.9. 

C) Mineralons . 
Ha:plic andon . l t contains the mineral constituents, char­
acteristic of the c las s . The morphological cha racteris ­
tic s are the fol lowing : 
a) Color - Brown, dark brown o r reddish brO\•m colors are 
the most frequent (plate s SYR, 7.SYR, lOYR). Yellow 
(pl ates 7.SYR, lOYR, 2.SYR) is rare; red (p l ate SYR) is 
rare but possible. 
b) Struct ure - The structure is often massive and micro­
po rous; sometimes fi ne to very fine fragmen t ary. The 
splinters are often angula r and of variable si ze . 
c) Texture - Silt is aften ve ry abundant (mo re than clay). 
The percentage of sands shou ld be less than 60%. The 
variations in the profile are small. No il luv ial accumu­
lation, no cuta ns and no shining faces. 
d) Cons i stence - In the dry state: very fragile; under 
the pressure of fing ers, a fr agment resis ts weakly before 
bursting. 
- In the humid state: fria ble but more coherent. 
- In the soaked state: smeary consistence, nonolastic, 

nons ticky. 
e) Porosity - Poreus to ve r y poreus (total porosity of 70 
60 80%), bulk dens ity lower than or equal t o 0.9. 
f) Must not show the characteristics of a carboxic horizon 
or of a gyps ic hor izon. 
g) Must not show the characteristics of a si l ic ic horizon. 
h) Must not show the cha rac teristics of the compact hor­
izon, with duripan , placic, indurated. 
i ) Must not show the characteristics of the perhydric hor­
izon. 

The et he r fol lowing a ndons may be observed: vitric, 
carboxic , with duripan, placic, perhydric. 

* ALTERONS - The true alteron is rare. An ambialteron 
is ofte n obse rved. 

* PARENT ROCKS - Practically, these are ma inly the breken 
up vol ca n ic rocks (pyroc lastic and rich in microl ites) 
from which the andoso ls or ig inate. Ashes and lapil l is , 
acidic to basic and strongly divided, are the most fre ­
quent parent rocks. 



SUBDIVISIONS OF THE CLASS OF ANDOSOLS 

Two great subclasses are p roposed: 
Vitr ic great subclass. The soil s contain grea t quant 1t1es 
of parent material (ashes, lapil l is , pumice, e t c .) and 
few weathering produc t s. They may be defined: 
- either by a wa t er content mea s ured on the humi d soi l , 

under a pressure of 15 bars , less than 20% of t he f ine 
earth (expressed by weight); 

- or by a content of over 60% unwea thered materi a l and 
bulk densit y higher than 0.9. 

Allophanic great subclass . The wate r content of t he f ine 
earth under 15 bars pressure i s more than 20% and/o r t he 
content of weatherable ma t erial s is less than 60%. 

Allophanic great subclass i s d iv ide d in two s ub­
classes : a) with sil iceous al lophane ; b) with alumi nous 
al lophane . 
a) Subclass with sil iceous al lophane 

The si lica/alumina ratio, dete rmined on the fraction 
< 2µ is higher than or equal to 2.5 . The cons t i t ue nt s are 
al lophanes, 1/ 1 clay minerals and 2/1 c lay minera l s . The 
bulk density ranges from 0.7 t o 0 .9. 
b) Subclass with alum i nous al lophane 

The silica/alumina ratio, dete rmined on the fr action 
< 2µ is less than 1 .5 . The const ituents are: al lophanes , 
imogol ite, halloysites and gibbs ite. The bu lk densi t y is 
0.2 to 0.7. 

Great groups 
Dif f erent great groups are known. However , t he Pachi­

dys-sombric great group is the most f requent. 

Groups 
Ameristic - The solum has onl y an a llop hani c humon 
lying on an alteron or on a parent roc k . 

Orthic - The solum has onl y a hapl ic andon be low t he 
humon. 

Perhydric - The solum has a pe rhydric horizon in t he 
supraso l . 

Compact - The so l um has a compa ct hor i zon i n the 
supraso l . 

Duric - The solum has a duric hori zon 1 in the supra­
sol. 

Multiple - The suprasol shoul d present t wo or more 
of superposed solums. 

Hydromorphic - The supraso l should presen t a g l ey 
or hem i g l ey. 

In the vitric great subcl ass , t he re i s no orthic 
group as defined before . The ma i n g roup is areni c g roup 
where the textures are coarse with a sa nd conte nt hig he r 
than 50%. But the soi ls of thi s subclas s shoul d not have 
a negati ve NaF test, otherwise we proceed t o the pri ma­
rosols. 

Subgroups 
The modal subgroup of the orthic group i s obta ined 

on determining the color of t he mineral on. Othe r su b­
groups are possible l ike : 

1 This horizon is cemented by s i lica or c lay, o r due t o 
a thermal e f fect. 
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Placic - The solum has a plac ic horizon i n the sub ­
soi 1. 

Carboxic - The so l um has a carboxic hori zon in the 
subsoi 1. 

Perhydric, compact, duric hydromorphe - The solum 
has a perhydric horizon, compact or du r ic, below 
60 cm. 

6. 5 BISIALSO LS 

* DEFIN ITION - The bisia ls o ls are characterized by the 
presence of 2/1/ 1 or 2/1 clay mine ral s and by less than 
3% free iron oxides, which imparts to the so i ls their 
main characteristics. 
- In presence of an o r ganen: 

a) lf the solum has 60 cm thickness or less, t he or ganen 
should represent less t han 3/4 of the solum. 
b) lf the so l um has more than 60 cm thickness, the or­
ganen should have less t han 45 cm t hic knes s. 

lf the prev ious conditions are not fulfil led , the 
soil has to be classif i ed in the organos o ls. 
lf t he pedon has only a humon, d irect ly in contact 
with an alteron or wit h the pare nt rock, th is humon 
should be b i s iall itic . 

- l f the solum has only one minera len , a humon and event­
ually an organen , this mineralen should be a bisialliton, 
situated at the top of the pedon under t he humon . In the 
absence of humons , the bi s iall iton i s ca l led ep ibisial -
1 i ton. 

Several bis iall itons may be present in the same so lum . 
- l f the solum has one or several diagnostic mineralons, 

other than bi sial 1 iton, we shou ld account fo r the pos i­
tion and the relative importance of these mineralons in 
the solum. 
A) l f one of t hese minera lons is saline, it would not 
be present in the first 60 cent imete rs, otherwise the 
soil i s class ified in the selso l s. 
B) When one of these minera l ons is not sal ine: 

a - Whe n the solum thickness is l ess t han or equal to 
60 cm, the thickest mi neralen is t he d iagnost ic min­
eralen . 

b - When the solum thickness i s mor e than 60 cm, the 
th i ckest mine ra len i s t he diagnostic mineralen, except 
when the upper minera l en has a greater th ickness than 
60 cm. 

lf these conditions are not fu if il led , the other min­
eralons become de termin ing factors. 

* CONSTITUENT$ - The d iagnost i c minera l con stituents are 
the fol lowing: 
- The 2/1/l and/or 2/1 clay mine ral s should represent 10% 

or more of the c l ay fraction. 
The free i ron sesquioxides should represe nt less than 

3% of the f ine earth. 
Together with the previous constituents , 1/1 cla y 

minerals, secondary sil ica, sa lts a nd al lophane may be 
found. 

No specific organ ic constit uen ts of the class are ob­
served. 

* MORPHOLOGY OF BISIALSO LS 

Hwnons 
All diffe rent sombrons and pall idons are known. Some 

sombrons may be melanic . Some humons ma y contain calcium 
carbonate or calcium sulfate . 
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Mineralons. Diag nostic mineralons of the class. 
The hcrp lic bisialli ton contains the diagnos t ic cons­

ti tuents and shows the fel lowing characteristics , none of 
which is sufficient for the identification and allows to 
define the modal subgroup of the orthic group. 
a - .Co lor - Yel low or brown. No grey, ol ive or red. 
b - St r ucture - Fragmentary of small dimension, the 

angular forms are frequent . The par­
ticulate, massive, columnar anJ vert ic 
structu res are excluded. 

c - Texture - All textures, except t hese with less 
than 15% clay +si lt. 

d - Consistence - In the dry state: f riab le to hard. 
In the humid state: loose to firm. 

e - Less t ha n 5% of coarse mater ial (gravels or stones). 
f - Less than 2% of color mottl es, different from that 

of the horizon. 
g - Absence of characteristics of the andic horizon. 
h - Absence of characterist ics of the argil lanic or bulgic 

horizon. 
i - Absence of secondary sa lts or of silica. 
j - Less than 15% of parent roc k fragments. 
k - Less t han 15% of a l te r ite. 
l - Less than 10% of weatherable primary minerals between 

0.02 and 2 mm . 

The ethe r bisial l itons are derived from the hapl ic 
b i s ial l iton by modification of the above-mentioned char­
acteristics . 

Bis ia 11 i ton: aren i c 
and ic 
arg i l lanic 
bu l gic 
carboxic 
columnar 
compact 
gravel 
gyps i c 
wi th gley 
w i t h hem i g l ey 
hal i c 
sto ny 
l i th i c 
ret i cu late 
si l i c i c 
ver t i c 
cal ca r ic 
penevo l ved 

Modi ficatio n of 
c 
g 
h 
h 

b 
b anJ J 

e 

f 
f 

e 

a 

b 

e 

Di agnostic minera lons of ether classes: halon, gypson , 
carboxiton, t h ion, sulfon . 

Nondiagnostic mineralen: a l ben . 

Alterons . May comp letely lack: 
- very diffe ren t l i tha l terons; 
- isa l terons; 
- mi xed a l terons . 

SUBD IVISIONS OF TH E CLASS OF BISIALSOLS 

Great subclasses . Theoretical ly, they may be numerous and 
determ i ned accord i ng to the criteria, g iven in p. 29-30 . 
However, only two great subclasses are reta ined: 
- Smectic, dominated (more than 50%) by smectites (mont­

mori l lon i tes, be idellites); 
- Mixed, where several 2/ 1 clay minerals are present i n 

a mixtu re, none ~xceeding 50%. 
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Subolasses. They are from the presence of a diagnostic 
horizon of another class in the sup rasol, 1 ike : 

halon hal ibisialsol 
gypson gypsibisialsol 
carboxiton carboxibisialsol 

Great groups . All great groups are possible. 

Groups 
The fel lowing groups may be considered. They are 

arranged in such a way that the presence of a character­
ist ic horizon corresponding to the group ove rweighs al 1 
preceding horizons. 

Ameristic - No bisialliton appears . The humon 1 ies 
directly on an al teren or on the parent rock. 

Orthic - The solum has a humon and a hapl ic bisial-
1 i ton. 

Lithopolygonal - The so l um presents a l l thopolygonal 
bi si a 11 i ton. 

Gel ic - The solum presents one or seve ra l horizons 
perturbated by frost. 

Compact - The solum presents a compact bi sial liton 
in the suprasol and i s 50 cm thick at least. 

Hyd romorphic - The solum presents a gley o r hemigley 
horizon in the first 30 cm under the humon. 

Reticulate - The solum presents a reticulate bisial-
1 iton in the first 30 cm under the humo n. 

Vertic - A vertic bisial 1 iton shou l d appear in the 
supraso l. 

Gravel ly stony - The solum should prese nt a gravel ly 
horizon in the suprasol; it should be 50 cm thick at 
least and have more than 50% of the we ight in gravels 
or stones. 

Argil lanic or bulgic - The solum presents an argi 1-
lanic or bulgic bisiall iton in the sup rasol. 

Planic - The solum presents a planic contact between 
an eluv iated horizon and an argil lanic or bulgic 
bisialliton in the suprasol. 

Glossic - The solum presents a glossic contact be­
tween an eluviated horizon (albic) and an argil lanic 
or bulgic bisial 1 iton, in the s upra sol. 

Columnar - The solum presents a columnar bisiall iton 
in the supraso 1. 

Subgroups 
They are specified by the addition of subordinate 

horizons to the horizons which determine the group, in ­
sufficiently thick or appear ing be low the s upraso l . 

In addition to the modal subgroup , the following sub­
grou ps may be obtained: impoveris hed , gravel ly, reticu­
late, and ic, aren ic, hypohal ic, hypogypsic , hypocarboxic, 
calcaric, hydromorphic, vertic, etc .. 

Subdivisions in the subolass of carbox ibisialsols. 
(They may be the same in ether s ubc lasses. ) The great 
groups are determined in the usual way. 

The groups are determ ined according t o the charac­
teri stics of the bisial l iton, and t he subgroups, accord­
ing to t he character is tics of the ca rboxi t on. 
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6.6 FE RB IS IALSOLS 

* OEF IN ITIO N - The ferbisialsols are characterized by 
the p resence of 2/1/1 or 2/1 c l ay minerals and of more 
than 3% f ree iron sesquioxides which confer to the soils 
their ma in characteristics (2/1 or 2/1/1 clay minerals 
must be mo re t han 10% of the c l ay minerals). 
- In presence of an organon: 

a) l f the solum has a thickness of 60 cm or less, the 
orga non must represent less than 3/4 of the solum . 
b) 1 f the sa 1 urn has more than 60 cm th i ckness, the o r ­
ganon must be l ess than 45 cm thick. 

lf these cond i t i ons a) orb) are not fulfi lled , t he 
soi 1 has to be class i fied in the organosols. 

- 1 f the so l um has only a human , di rectly in contact 
with an alteron or the parent rock, this human should 
be ferbis iall itic. 

- l f the so l um has only a single mineralon and a human, 
and even tual ly an organon, this mineralon must be a 
ferb isial 1 i ton situated under t he human (and/or t he 
o rganon). In the absence of the human (or organon) the 
ferb i s ial 1 iton i s cal led epiferbisiaZZiton . 

- lf the sol urn presents one or seve ral diagnostic min­
era lons other than fe r bis iall iton, we should account 
for t he position and the relative importance of these 
mine ra l ons in the solum. 
A) lf one of these mineralons is saZine , it sho uld not 
be present in the first 60 cm, otherwise the so i l has 
to be c lass i f ied in t he selsols. 
B) 1 f one of these mineralons i s other than sal ine: 

a - Whe n the so l um th i ckness is Zess than or eq ual 
to 60 cm , the t h ickest mi neralon is the diagnostic 
mi neralon. 

b - When the th i ckness of the solum is more than 
60 cm, the thickest mineralon is diagnostic, except 
when the uppermost minera lon is thicker than 60 cm . 

l f these cond i tions are not fuif il led, the other min­
era l ons become determining. 

* CONS TITUENTS - The d iagnostic mineral constituents are 
the fol low i ng: 

The 2/1/1 or 2/1 clay minerals should represent more 
t han 10% of the clay fraction . The free iron sesquiox­
ides shou l d represent J% or more of the fine earth. 
In add i t i on to the previous constituents, 1/1 clay min ­
era l s , t i tan i um a nd manganese oxides and hydroxides, 
seconda ry si 1 ica and salts may be fo und . 

No specific organic con s tituents of the class do 
exi st. 

* MORPHOLOGY OF FERBISIALSOLS 

Humons 
Al l d i fferent sombrons and pal l idons are known. In 

order to cha racte ri ze the humons, adjectives used to 
character i ze the mi ne ralons are used. 

Minera Zons . Diagnostic mineralons of the class . 
The hapZic f erbisiaZZiton contains the diagnostic 

minera l s of the c lass and presents the following charac­
t e ri st ics, none of whi ch is a lone sufficient for the iden­
t i f i ca t ion. 
a - Co lor 

b - Structure 

- Red, yel low or brown . No grey and no 
o l ive. 

- Fragmentary of sma l 1 s i ze. The angular 
fa rms a re frequent. The particula t e, 
compact massive, columnar and vertic 
st ru ctures a re excluded. 
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c - Texture - Al l texture except those with less than 
15% cl ay + s i lt . 

d - Consistence - In the dry s t a te: friable to hard . 
In the humid sta t e : friable to firm. 

e - Less than 5% of coarse materials. 
f - Less than 2% of color mot t les different from that of 

the horizon. 
g - Absence of character istics of the and ic ho r i zon . 
h - Absence of cha rac terist i cs of the argi l lanic or the 

bulgic horizon. 
i - Less than 10% of weatherable pri mary minerals in the 

0.02 - 2 mm fraction. 
j - Absence of sa lts or of seconda r y s i l ica. 
k - Less than 15% of f ragments of parent rock. 
1 - Less than 15% of a lter ite. 

The other fe r bisial l i t ons are deriv ed from the haplic 
ferbisial l iton by modif icat ion of one of the above-men­
t ioned cha racteristics . 

Mod i f i ca t ion 
Ferbisial l iton: aren ic c 

and ic 9 
a rg i l lanic h 
bulgic h 
carboxic j 
col umna r b 
compact b and 
gravel ly e 
stony e 
gypsic 
wi th g l ey a 
wi th hem ig ley a 
hal ic j 
i ndurated d and 
l i th ic k 
penevolved 
ret i cu l a te a 
si l ic ic j 
ve r t ic b 

Diagnostic mineralons of other classes : Halon, 
gypson, carbox iton, thion, sulfon, oxidon. 

Non diag nostic mineralen: al bon . 

SUBDIVISIONS OF THE SUBC LASS OF FERB ISIALSOLS 

d 

e 

of 

Subalasses . They are es tabl i shed according to the nature 
of the consti tuents. 

Great subc lasses : Hemati (or Rhodo) fer b is ialsols. 
Goet hi (or Xant hi ) fe r b isia l so l s. 

Subc lasses Carbox i - gyps i - or ha l iferb i sialsols . 

Great groups . Most of the great groups are known. 

Groups . 
The fol lowing groups are arranged i n such a wa y 

that the prese nce of a cha racterist i c hor i zon correspond­
i ng to the gro up overweighs all the preced ing hor i zons. 
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Ameristic - The solum has no ferbis ia l l iton . The 
ferbisia ll i t ic humon 1 ies directly on the parent 
materia l or on the parent rock. 

Orthic - The solum has a humon and a hapl ic ferbi ­
s ia 11 i ton. 

Lithopo l ygonal - The solum has a 1 ithopo l ygona l 
fe rb is ia 11 i ton . 

Gel ic - The so lum has one or several horizons , per ­
turba t ed by f ros t in the suprasol. 



Compact - The so l urn has a compact ferbisiall iton in 
the sup rasol, of at least 50 cm thickness. 

Hydromorphic - The sol urn has a gley or hemigley hor ­
i zon in t he first 30 cm under the human . 

Ret i cu la t e - The solum has a reticulate fer bi sial -
1 i t on i n the f ir st 30 cm under the human. 

Vertic - The sol urn must have a ve rtic ferbisial liton 
i n t he supraso l . 

Grave ll y stony - The sol urn must present a gravel ly or 
stony horizon in the suprasol. 1 t must be at least 
50 cm t h î ck and have mo re than 50% of the we ight as 
gravels or stones. 

Arg i l lan i c o r bulgic - The sol urn shows an argi l lanic 
or bu l gic fe r bisial liton in the suprasol. 

Plan i c - The solum presents a plan ic contact be­
tween an eluviated horizon and an argil lanic or 
bulg i c f e rb i s ial l iton in the suprasol . 

Gloss i c - The solum presents a glossic contact be­
tween an eluviated hor i zon (albic) and an argil­
lanic or bulgic ferbisial liton in the suprasol. 

Co l umna r - The solum presents a columnar ferbisial -
1 i ton in the suprasol. 

l ndurated - The so l um presents an indura ted fer ­
b i sial 1 i ton (or a grave l ly or stony horizon) not 
al l owing the passage of roots through the suprasol . 

The subgr oups are determined f rom the mineraluns not 
taken into account during the formation of the groups. 
These mineralons are of insufficient thicknes s or appear 
only in the infrasol . 

6.7 MONOSIALSO LS 

* DEFINITION - Monosia l sols are characterized by the 
presence of 1/ 1 phyll itic clay mi nerals and by less than 
3% of free iron oxides, which confers to the soils their 
ma i n characteristics . 
- In the presence of an organon : 

a) 1 f the so 1 urn is 60 cm th i ck or 1 ess, the organen 
must rep resent less than 3/4 of the solum. 
b) 1 f the so 1 urn is more than 60 cm th i ck, the organen 
must be less than 45 cm thic k . 

lf the preced i ng conditions are not fulfi lied, the 
soi 1 is to be c lassified among the organosols. 

- l f the solum has only a human, direct ly in contact 
wi th an alteron or with the parent rock, this human 
must be monosia ll i tic . 

- lf the so lum prese nts only a mi neralen, bound toa 
human and/or an or ganen, this mi neralen must be a 
monosia l l iton, and situated under t he human (and/or the 
o rganen) . 1 n the abse nce of a human, and/or the or­
ganen, t he monosia l 1 iton is ca l l ed epimonosiaiiiton . 

Several monosia l l itons may exist in the same sol urn . 
- lf the solum presents one or several diagnostic min­

eralons , ether tha n monosial 1 iton , we should account 
for the posit ion and re lat ive importance of these min ­
eralons i n t he so l um. 
a) When t he solum thickness is iess than or equai to 
60 cm, t he t hi ckes t mi nera len is the diagnostic min­
eralen . 

79 



b) When the sol um thickness is more than 60 cm, the 
thickest minera l en is diagnostic, except whe n the 
uppermost mineralen is th i cker than 60 cm. 

lf these conditions are not fulf il led, the other 
mineralons become determ in ant and the class changes. 

* CONSTITUENTS - The diagnost i c mineral const i tuents 
a r e the following: 
- 1/1 clay minerals a nd eventua l ly aluminium hydroxides. 
- The 2/1/1 or 2/1 clay minerals shou l d not represent 

more than 10% of the clay fract ion . 
- The iron sesquioxides represent less than 3% of f in e 

earth. 
- The aluminium hydrox i des represent l ess than 50 % of 

f i ne earth . 
The salts and secondary silica and the a l lop hanic 

products are rare but possible. There are no spec i fic 
o rganic constituents of the class. 

* MORPHOLOGY OF MONOSIALSOLS 

Hwnons 
The different humons are poss ib le . The pal lidons 

and dystr i c sombrons appear to be the most common. 

MineraZons . Diagnostic mine ra l ons of the class. 
The hapZic monos iaZZiton contains t he diagnostic 

constituents an d presents the fo l low ing characteristics, 
none of wh ich alone is e nough for the ident if ication. 
a - Color - Yellow or pale ye llow of plates 5Y, 

2.5Y, l OYR; wit h a dry va l ue higher 
than 6. No red no r grey . 

b - Structure - Fragmentary of sma l 1 s i zes. The par­
t ic ulate , massive compact, columnar and 
vertic forms are excluded . 

c - Texture - Al 1 textures are pass ibl e, except those 
wi th less tha n 15% c lay + s i lt. 

d - Consistence - In the dry state: friable to hard . 
In the humid state: loose to firm . 

e - Less than 5% of coarse materials. 
f - Less than 2% of colo r mott l es dif ferent from that of 

the horizon. 
g - Absence of characte ri st i cs of the andic ho rizon. 
h - Absence of characte ri stics of the argi l lan i c or bulgic 

horizon. 
i - Must not p resent more than 10% of weatherabl e min -

erals in the 0.02 a 2 mm fract ion. 
j - Less than 15% of fragments of pare nt rocks. 
k - Less than 15% alterite. 
1 - Absence of sa lts or of secondary s i 1 ica. 

The other monosia l 1 i tons are derived from the hapl ic 
monosial 1 iton by modif icat ion of t he above-mentioned 
characters. 

80 

Monosial l iton: arenic 
and ic 
a rgi l lanic 
bu l g i c 
carbox i c 
co 1 umna r 
compact 
grave l ly , stony 
gyps i c 
wi th g l ey 
wi th hemigley 

Al 1 cha racteristics 
except 

c 
g 
h 
h 
1 
b 

b and d 
e 
1 
f 
f 



Al 1 character i stics 

ha 1 ic 
1 i thi c 
reticulate 
si 1 ic ic 
vert ic 
pe nevolved 

except 
1 
j 
f 
1 
b 

Di ag nostic mineralons of ether classes: oxidons. 
Nond iagnostic minera lons: alben. 

Alterons may comp letely Jack: 
- l salterons; 
- Ambialterons; 
- Hemialterons. 

Parent rocks should contain low amounts of iron. 

SUBD IVISIO N IN THE CLASS OF MONOSIA LSOLS 

Suhclasses 
Th e great subc lasses are established according to 

the nature of the c lass cQns ti tuents. When these are -de­
termi ned Hy using the ~he~ical criteria ~!one, the sub- . 
class cánnot be ·determiiled. · · ' 

The following great subclasses are pro~os ed: 
Ka o l initic con tain 50% o r more or kaolinitic min­

erals i.n the fraction_ < 2µ . 
Halloysitic con tains 50% qr mo re of hal loysitic min­

e rals ïn the frac ti on < 2µ. 
Gibbsitic contalns bètween 3Q and 60% gibbsite i n 

the f ract ion < 2µ. 

Great groups 
Are often dyspa l l id , but ether humons are possible . 

Groups 
The fo l low ing groups are proposed, a rranged i" such 

a way that the presence of a characteristic horizon cor ­
respond in g to t he group overweighs al 1 preceding horizons. 

Amerist i c - Does no t prese nt any monosial 1 iton - The 
monos ial 1 itic humon lies on the parent material or 
on the parent rock. 

Orthic - The solum presents a humon and a hapl ic 
monos i a ll iton in the suprasol. 

Compact - The solum presents a compact mon osi all iton 
at least 50 cm thi ck in t he suprasol . 

Hyd romorphic - The solum presents a gley o r hem igley 
horizon in t he f i rs t 30 cm under the humon. 

Reticula te - The so lum presents a reticulate mono-
s ial 1 iton in the f irst 30 cm under the humon. 

Gravel l y o r stony - The solum presents a 50 cm 
thick gravel ly or s t ony horizon and should have more 
than 50% of its weight in gravels or stones , in the 
sup ra sol . 

Argil l anic or bu l gic - The solum presents an argi 1-
lani c or bu lgic monosia ll i ton in the supra sol. 

Planic - Th e so l urn presents a planic contact between 
an eluv iated horizon and an a r gi 1 lanic or bulgic 
monos ia l 1 iton in the supraso l. 

Glossic - The so l um presents a glossic contact be­
tween an e lu via ted hor i zon (a l bic) and a n argil lanic 
or bulgic monos iall iton in the suprasol. 

l ndurated - Th e solum presen~s an indu rated mono-
s ia 11 i t on nó t a 11 ow i ng the passage of roots through 
t he su praso l. 
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Suhgroups 
The subgroups are formed by us i ng hor i zons no t hav ing 

the required characteristics to forma group o r wh ich are 
situated below group forming hor i zo ns or which a re situ ­
ated below the suprasol. 

Among the observed subgroups, the si l ic ic, fe r ric, 
impoverished, hydromorphic, reticu late and compac t sub­
groups are cited. 

6.8 FERMONOSIALSOLS 

• DEFINITION - The fermonosialso l s 1 a re cha racte ri zed by 
the presence of 1/1 clay minerals, of i ron ox ides o r 
hydroxides and/or aluminium hydroxides, which confer to 
the soi ls thei r main characteristics. Besides, i n o rde r 
to get a fermonosialsol: 
- In case of having an orga:non , the fo l lowing s hou l d be 

fu 1fi11 ed: 
a) 1 f the so 1 urn is 60 cm or l ess, the organen represents 
less than 3/4 of the solum. 
b) 1 f the so 1 urn is more than 60 cm th i ck, the organen 
should be less than 45 cm thick. 

lf the previous conditions are not fulfil led, the 
soi l has to be classified among the organosols. 

- l f the solum presents only a hwnon , d i rect ly in contact 
with an alteron or with the parent rock, this humon is 
fermonosial l itic. 

- lf the solum presents a single mineralen, bound toa 
humon and/or an organen, this mineralen is a fe rmono­
s ia l l iton situated at the top of the pedon under the 
humon and/o r the organen. 1 n the absence of humons and/ 
or organons, the mineralen is an epifermonosialliton. 

Several fermonosiall itons may ex ist in t he same 
sol urn . 

- lf the solum presents one or several diagnostic min ­
eralons, ether than the fermonosiall iton, one should 
account for the position and the re l ative importance of 
these mineralons in the solum. 
a) When the solum is less than or equal to 60 ~n thick, 
the t hickest mineralen is the diagnostic minera lon. 
b) When the solum is thicker than 60 cm, the th ickest 
mineralon is the diagnostic minera len, except i f the 
upper mineralon is thicker than 60 cm. 

lf these conditions are not fu l fil l ed , the other min ­
eralons become determining and a class change takes 
place. 

CONSTITUENTS - The diagnostic mineral aonsHtuents a re: 
- The 1/1 clay minerals (kaol inite , metahalloysite, 

halloysite). 
- Iron a nd aluminium hydrox ides, iron ox i des. 

Variab le quantities of t i ta n ium, manganese oxides 
may also be found. 

The fe rmonosialsols do not contain: 
- 50% or more of total free oxides 2 (or e l se they merge 

into the oxidisols) . 

1 Eq u ival ents of ferrallitic so i ls (pro pa rte) of the CPCS 
classification; not of all the FAO - Unesco fe rr a l sols . 
The corresponding minera l on wi I l be also named 
f erraliton for simpl icity. 
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- 10% or more of 2/1/1 or 2/1 clay mi nera l s in t he clay 
fractio n (o r e lse they me rge into the bi s i also l s or 
ferbisialso l s ) . 

- Less than 3% of free iron ox ides in t he total so il (o r 
el se they merge into the monosialsols). 

- Amorphous mi neral products i n suff ici ent quantities for 
the soi l to be described as "al lophanic"; however , i t 
may be described as "andic". 

Th e presence of sa l ts or of secondary silica is rare 
but shou l d no t be exc lu ded. No orga ni c constituents , 
spec i fic of the class, do exist. 

* MORPHO LOGY OF FERMONOSIALSOLS 

Humons 
The different sombrons and pal l i dons are known, al ­

though the dystric pal l id ons a re the most widespread. 
These horizons may contain indurated e l ements (nodu l es , 
concretions, f ine grave l , rock or minera l fragments). 

Di agnostic min e ra lons of the class: 
The hapiie fermonosiaiiiton contains the diagnost i c cons ­
ti tuents and presents the fo ll owi ng cha racteristics, none 
of which is sufficient for the identification. 
a - Co lor - Red , ye l low or brown. Absence of grey or 

o live . 
b - St ructure - The fragmentary struc tures, from fine 

to medium are the most frequent, with a 
low degree of development. The massive, 
columnar and ve r t i c structures are ex­
cluded. 

c - Texture - All textures, except those with less 
than 15% of clay +si lt . 

d - Consistence - In the dry state: loose to fragile. 
In the humid state: fr iable to f irm. 

e - Less than 5% of coarse material. 
f - Less than 2% of color mott l es different from that of 

the horizon . 
g - Absence of characte risti cs of the and ic horizon . 
h - Absence of chara cteristics of the arg i lla nic or bulgic 

horizon. 
i - Absence of sa lts or of secondary silica. 
k - Le ss than 10% of weat he rabl e minerals i n the 0.02 to 

2 mm fract ion. 
- Less than 10% of 2/1 clay minerals in the fraction 

< 2µ . 
m - Less than 15% of pa rent rock fr agments. 
n - Less than 15% of alterite. 

The other fermonosia l litons are de rived f r om t he 
haplic fermonos i al liton by modif i cation of the above-given 
characteristics. 

Fermonosiall iton 
or Ferra l i ton 

aren ic 
and i c 
argi l lan ic 
bu l gic 
carboxic 
columnar 
compact 
gravel ly or stony 
wi th gley 
wi th hemigl ey 
ha l i c 
indurated 
gypsic 
l i th ic 
penevolved 
reticulate 
s i l i c ic 
ver tic 

except ion of: 

c 
g 
h 
h 

b 
b a nd d 

e 
f 

d 

m 
k 

b 
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Diagnostic mine ralons of ether classes: ox iden. 
Nondiagnostic mineralons : alben. 

Alt erons may comp letely Jack : 
- L i tha 1 te ren; 
- lsalte ron; 
- Mixed a l tero n. 

SUBDIVISIONS IN THE CLASS OF FERMONOS IALSOLS (FERRAL­
LITI CS) 

Suhclas ses. They ar e establ i s hed according to the nature 
of the particu lar constituents of the class. When the 
c lass is determ in ed by using chemica! criter ia alone , the 
s ubc lass cannot be determined accurate ly . 

The fo l low in g subclasses ar e proposed: 
Kao 1 i n i tic 
Ha 1 1 oys i tic 
Gi bbsitic 

Great groups 
Al 1 great groups are known. The dyspal 1 id groups is 

the most freq uent. 

Groups 

Ameristic - Presents no ferral 1 iton. The humon is 
ferral 1 itic and 1 ies directly on the parent mater ia! 
or on the parent rock. 

Orthic - Presents the hap! ic ferral liton and none of 
the fel lowing mineralons above it in the suprasol. 

Compact - Presents a compact fe rral 1 iton in the 
suprasol with at least 50 cm th i ckness. 

Hydromorphic - The so lum presents a gl e y or hemigley 
horizon, at least in the 30 f i rst cm under the humon. 

Reticulate - The so l urn presents a reticulate ferral -
1 i ton, immediately under the humon or in the first 
30 cm under the humon . 

Gravel ly or stony - The solum presents a gravel l y or 
stony horizon in the s uprasol; i t shou l d be at least 
50 cm thick, and conta in at least 50% of gravels and/ 
or Stones, but poss ibly be penetrated by the roots. 

Argi 1 lanic or bulgic - The solum pre sents an argil ­
lanic or bulgic fe r ra l 1 iton in the sup rasol. 

Planic - The suprasol presents a plan ic contact be­
tween an e luv iated horizon and an argil lanic or 
bulg ic ferra liton . 

lndurated - The so l um presents an ind urated ferra l-
1 i ton i n the suprasol not a l lowing the passage of 
the roots. 

The suhgr oups are fo rmed by using the mineralons 
whic h were not taken into account fo r the establishment 
of the groups, or wh i ch are insuffici e ntly th ick . we 
should remembe r that certa in characteristics 1 ike impov­
erished, a l iatic , sh i ny , penevolved appear only in the 
subgroup . 
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6.9 OX IDISOLS 

* DEFINI TION - Oxidisols are soi ls which are dominated 
by metall i c oxides or hydroxides and in which the c lay 
minerals play a minor role. 

In the upper part of the solum, these soi ls should 
have an oxid i c humon and an oxidon. 

Above the humons, no organon of more than 50 cm 
should exist. Sa l ts of any kind are unknown. 

~ CONSTI TUENTS -

Mineral constituents 
- The crystall ized or amo r phous oxides or hydroxides of 

Fe, Al, Ti , Mn, Co, Cr, Ni, V, in t he form of oxides , 
should represent at least 50 % of the soil; the primary 
minerals, ha rd to weather, should be s ubtra cted from 
the tota 1 . 

- They may contain less than 10%1 clay mineral s . 
- Amorphous materials are not present in sufficient 

amounts to justify the adjective "al lophanic" for 
the soi 1; however, it could be described as "and ic". 

Organic constituents 
The quantity of organic mat t er may vary from ve ry 

little to very abundant. Presently, no precise data are 
avai lable on the constitution of this organic matter. 

* MORPHOLOGY OF OXIDISOLS 

Hwnons 
The fol low ing horizons are known: Sombron and Pal 1 i­

don. The adjective "dystric" and "eutric" are certainly 
less significant than in t he previous classes . 

Mineralons 
The haplic oxidon contains the specif ic constituents 

of the c l ass and the fo l lowing morphological character-
istics. 
a - Co 1 or - Red , yellow or brown. No grey. 
b - Structure - Often al iati c; fragmentary with b lunted 

aggrega t es, angular forms are rare. 
c - Texture - Often very fine; with a high content of 

elements < 2µ. 
d - Consistence - In the dry state: fragile to ha rd. 

In t he humid state: very friable to 
firm . 

e - Porosity - Very po rous. 
f - Less than 5% of coarse elements. 
g - Less than 2% of color mottles other than that of the 

horizon . 
h - No argillanic or bulgic characteristics. 
i - No positive reaction with sod ium fluoride. 
j - No secondary salts. 
k - Less than 10% of weatherable primary minerals in the 

0 . 02 to 2 mm fractio n. 
- No cha racteristics of the compact horizon. 

m - Less than 15% of parent rock fragments . 

The other following oxidons may be observed : a rgi 1-
lan i c, hydromorphic (with hemigley or g ley), stony, 
gravelly, indurated, compact, ret icu late, shiny. 

* ALTERONS - When the so i l is derived from an ult rabasic 
rock, the al terons may to t al ly lack . 1 f not so, the fol ­
lowing alterons may be ob t ained: 

lsalteron 
Ambia l te ron 
Hem ialte ron 

1 Tentative figure. 
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~ PARENT ROCKS - Al 1 pa rent rocks a re th eoret i ca l ly poss ­
ible. The most fre quent are the ultrabasic rocks , paa r in 
aluminium. 

SUBD IVISIONS OF THE CLASS OF OX IDISO LS 

Gr eat subclasses . They are founded on t he nature of t he 
mineral constituents. The fo ll owing su bclasses are pro­
posed: 

Ferritic when Fe 203 % exceeds 30% 
Al litic when Al20 3% exceeds 30% 

The terms ferrito - al 1 i tic or a l l i t o - ferritic a re 
proposed to indicate that the first ox i de i s more abun ­
dant than the second one. 

When the contents (to be determ i ned) in accessory 
metals (such as Mn, Ti, Cr, Co, Ni, V, etc.) become h igh, 
it may be interesting to indicate the fact wi t h a supp le ­
mentary adjective, for examp le : 

Al litititanic Ferritinickelic 

Great qroups . The ~reat groups pal 1 id i c and somb r ic a re 
known. 

Groups 
Ameristic - The solum does no t p resent a mineralen . 
The human is oxidic and li es direct l y on thP. ~a ren t 

material, or on the parent rock . 

Orthic - The solum presents the hapl i c ox iden and no 
other mineralen above it i n the suprasol. 

Compact - The solum presents a compact ox i den in 
the suprasol and the latter should be at l east 50 cm 
thick. 

Hydromorphic - The so l um presents a gley o r hem ig ley 
horizon at least in the first 30 cm unde r the human. 

Re ticulate - The so l um presen t s a reticu l ate ox iden 
immediately under the human or i n the first 30 cm 
under the human. 

Gravel ly or stony - The so lum prese nts a gravel ly or 
stony horizon i n the su praso l a nd should be at 
least 50 cm and contain at l~ast 50 % of g rave l s and/ 
or stones, but can be penetrated by the roots . 

lndurated - The so lu m prese nt s an i ndurate d oxiden 
in the suprasol no t a l l ow i ng the passage of roots. 

Subgroups 
For the formation of subg roups, we cons i der t hose 

which we re not used for the fo rmat ion of groups. Al iat i c, 
shiny, penevolved, empover i shed, etc. subgro ups may be 
also obtained. 

6. 10 PODZOLS 

~ DEFINITION - Podzols are chara cterized by : 
a) The removal of clay mine ra l s, of i ron and a l um inium 
sesquioxides from the upper part of t he pedo n . Thi s 
removal may, or may not, be accompani ed wi t h the for­
mation of an albon. 
b) The formation of complexes be twee n orga nic ma tt e r , 
iron and alumin i um, wh i ch i nvo l ves the ap peara nce of a 
che l uvion . 
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- In presence of a n organon: 
a) lf the so lum is 60 cm th i ck or less, the organon 
shou ld represent le ss than 3/4 of the sol urn, other­
wi se, we have a n o rganosol. 
b) 1 f the so 1 urn is 60 cm th i ck or more, the organon 
should have l ess than 45 cm th i ckness, otherwise , 
we have an organosol. 
c) 1 n the case of podzo 1 s, the o rganon is frequent 1 y 
l eptic and comp l ex; it may lack completely (espec ially 
in the inter t ro p i cal zone) . 

There are no podzols which have only a single human 
(and an albon) without a cheluvion. 

Ge ne ra! l y , an a l bon inserts between the organic and 
humus horizons and the che l uvion. lt may lack. There ­
fore, th e fo l lowing successions may be obtained: 
organon - huma n - albon - cheluvion 
human - albon - cheluvion 
organon - human - cheluvion 
human - cheluv i on 

When a podzol develops from a soi 1 that can be iden­
tified by a diagnostic minera l on 1 ike bisial 1 iton, fer ­
monosial l iton, 
- if the who l e sol urn of the podzol is more than 60 cm 
th i ck, the podzol overweighs the underlying soi 1 on 
the class l eve l; 
- if the whole so l urn of the podzol is less than 60 cm 
thick, the o ther soil is pri vi l eged. 

• CONSTITUENTS - The diagnostic constituents of the 
cheluvion are complexes of organ i c matter, ir on and alu­
minium. 

The sta ndards of identification of t hes e constitu­
ents are given in p. 32. 

The abundant presence of fulvic acids conditions, 
the formation of the organo- mine ral complexes and t he 
phenomenon of cheluv iation. 

The products of the cheluvion, rich in a luminium, 
react positive ly to the Fieldes and Per rott t est (alkal ­
inity exchange wi th NaF). 

* MORPHO LO GY OF THE PODZOLS 

The Organons may be pachic , but they are aften 
leptic, dystric and complex (mor ) . They may lack . 

The Hwnons may be pal 1 id ic or sombric, of ten dystric 
o r hyperdystric . 

Diagnostic mi neralon of the class. 
The hap lic cheluvi on contains the diagnost ic consti ­

tuents and presents the following cha ra cteristics: 
a - Co l o r - lt is general ly dark, grey or brown. 
b - Structure - lt is granular, particulate, slightly 

dev e loped. 
c - Texture - Coarse textures are the rul e . 
d - Consistence - In the dry state: loose to fragile. 

In the hum id state: fr iabl e. 

The other possible che luv ions are: duric , in du rated , 
placic . 

Nondiagno st ic mineralon : a l bon. This al bon may be 
loose or in durated (by secondary si 1 ica). 

The alte rons are a lmost always arenic . 
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SUBDIVISIDNS IN THE CLASS OF PODZOLS 

SuhcZasses. They are establ ished accordi ng to the nature 
of the constituents of the cheluvion. 

- Ferrohumopodzo ls: have a cheluvion of brown color. 
Neither iron nor the organic matter appear to pre­
dominate (to be specif i ed) . 

- Ferropod zols: have a cheluvion of r ed to brown-red 
co lo r (to be specified) . 

- Humopodzols: have a cheluvion of brown to brown-red 
co lor (to be specif ied ) . 

Great groups are establ ished acco rding to the organons and 
the humons. 

Gr oups 

Orthic - Presents a haplic cheluvion . 

Dur ic - The cheluv ion breaks in the ha nd. 

l ndurated ~ The che l uvlon breaks unde r the hammer . 

Plac i c· - The cheluv ion is thin, ha r.d ·and wavy 
(cf . p.39). ·· -

Suhgroups 
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Hydromorphic - Presents a g ley or hem igley horizon 
i n t he suprasol . 

Compact - Presents ~ compact a l bon. 

Al bic - Presents an al bon between the organic and 
humic horizohs and the cheluVion. 

Sil ic ic - The al bon is indurated by secondary silica. 



7. COMPARISON WITH OTHER CLASSIFICAT IONS 

The French classification and Soil Taxonomy wi 11 be 
successive l y examined, the soi 1 units of FAO-U nesco being 
discussed in relation to the Jatter classification. 

FPenoh CZassifioation of C. P. C. S . (19 67) 

Great diffe rences are observed. Pa rticul ar reference 
wil l be made to the structure of the systems and to the 
place occup ied by some important soils. 

Fo r the designation o f the classification units, the 
same nouns are reta ined (classes, subclasses, groups, 
subg roups, etc.) although their cont e nt i s not necessari ly 
the same. 

a - With regards to classes, the products o f weathering 
of the primary mate ri als we re on ly accounted for, provi ded 
they are mater i a li zed by groups of particu l ar and specif ic 
constituents. 

b - With r egards to the subc l asses, the notion of the 
pedocl imate was abando ned on acco unt of the difficulty of 
its specif ication. 1 t was repl aced by differences in the 
organic and mi ne rat const Ltuen ts . · 
~ - Th~ grou ps and subgroups of the C~CS system which 

trans late the p rocess of d iffe rentia tlon o f the pedon have 
been retained and developed by addition of the great group 
reserved for t he humus horizons . 

d - The famil y help ~ in the ide ntification o f the parent 
material. 

e - Supplemen t a ry units were proposed in order to take 
into account t he charac t eristics of the absorbing complex, 
the granulometry of the surface horizon, etc . . 

f - Comp lementa ry characteri st i cs of the soi l and of 
its present en v ironment we re proposed in o rder to contr i ­
bute to the dete rmination of the possib i l iti es of its 
ut il ization and of it s genesis . 

The content of clas ses was much modi_fied. 
1. Raw mineral so i l s . The main part of th is class is 

found in the p imaroso l s. Howe ve r, these primarosols 
assume so ils containing organ ic ma tte r . Their mai n limit 
is the p resence o r the abse nce of seconda ry minerals. 

2. The weakl y develope d soils do not subsist as a class . 
They are d i vided i n other classes in function of the mi n­
e ral conte nt of the humons , since the mi ne ralons lack. 

3. Th e vert i so ls do not subsist as a class . S i nce their 
mai n characteristics are morphological, t hey appear in 
the l eve l of t he ve rtic groups i n t he bisialsols or the 
ferbis ialsols . However, they may be grouped at t he level 
of a smectic subc lass (with swel l i ng clay minerals). 

4. The andoso\s correspond t o a c lass. 
5. The ca l ci-magnesic so il s do not subs is t as a class . 

The subclasses of the carbonated, saturated and gyps i c 
soi ls are divided in the b i s ialsols or fe rb is i a lsols or 
se lsols. Rendzinas are found i n an amerist i c group of 
the bisialso l s ; the brown ca\careous or calc i c soils 
belang to the bis ia l sols. 

6. Th e c lass of the isohum ic so i ls does not subsist 
as a c lass. The thick a nd saturated humus hor i zons can 
be observed in different c l asses l ike t he b isialsols, 
the ferbisialsols, the andosol s, se l dom in the ethers. 
They are found t hroughout the great pac hi - eusombric or 
pach i- e upal lid group s . 

7. The class of brun i fied soils is mainly found in the 
b isi a l so l s through great lepto-eu o r dys - sombric or pal li d 
groups, except t he ferruginize d soi Is which fall in the 
ferbisialsols . 

8. The class of the podzol ize d so i ls is almost com­
pletely foun~ i n the podzol~ , up to the degree that a 
che l uv i on Is prese nt . In ccise of th e absence of this 
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diagnostic hor i zon, the so i ls a r e d ist ri bute d in e the r 
clas ses (fo r example, a given numbe r of pod zo l ic so i l s) . 

9. The class of soils with iron sesq ui ox i des i nvolves 
two subclasses: the tropical ferrugino us soi l s wi 11 be 
split in mo nos ialsols or b isialsols on one s ide, or i n 
ferbisialsols or fermonos ialso l s o n another s i de acco r d i ng 
to their iron content; the fers i al l itic soi ls are f ound 
in the ferbisialsols. 
10. Th e ferrall itic soils become fe r monosia l so l s i f 

their iron content is high enough . 
11. The hydromorph i c soi ls do not ex ist as a class , but 

are most often distributed as groups . l f the organic mat ­
ter contents are very high, they fall in the organoso l s. 
12. The class of the salsodic soils i s split up. lf the 

salts contents are sufficient, apart i s found in the hali ­
sols. The presence of sod i um on the absorbing comp l ex is 
indicat ed i n the genera; a particular structure is i nd i ­
cated i n the groups. 

1 t was fou nd usefu l to create new classes o r sub­
classes to account for the seconda r y accumulat i on of 
calcium su l fa t e or carbonate, for particular sulfates or 
sulfides, for the almost exclusive accumulat ion of metal-
1 ic sesqu i ox ides (Fe, Al, Ti, ... ). 

SoiZ Taxonomy of USDA (19?5) 

On one hand, certain steps of Soi l Taxonomy have been 
fel lowe d in the proposed system. The pedon was particularly 
retaine d as elementary volume in spite of the difficulty 
shown by the problem of dep t h. As in So i l Taxonomy, an 
effort was undertaken for a better def i n i tion of the hor­
izons by measurements or standardized obser va tions . 

But, on another hand, the epipedons were not re ­
tained. Only the observed horizons were accounted for. 

Whi le Soi l Taxonomy is, to begin with, destined to 
users of all kinds, the new system is, first, a scientific 
construction, proposed for pedologists. 

Whi le Soi l Taxonomy is in the first place an Amer i can 
system, subseq uently extended to the rest of the world, a 
genera] system was at once sought after to cover the whole 
world. No soi l of any reg ion is priv i leged. As a result, 
the structure of the two svstems is qui te d i fferent. 

Wh i l e the diagnostic criteria of the o rders in Soi l 
Taxonomy are heterogeneous (and based on a mo l l ic epi ­
pedon, a clay horizon, constituents, a moisture regime, a 
structure, etc . ), the nature of the consti t uents are 
privi leged in the proposed system. Only the entisols, the 
histoso ls, the spodosols are very near to the primarosols, 
the organosols and the podzols. 

The suborders genera lly apply to moisture regimes 
(aqui-, ust-, ud-, xer- , tor- ) to cl imat i c regimes (t rop- , 
bor-) or to const i tuents (and- , psamn- ). 1 n the proposed 
systems, al 1 reference to the c l imat i c or mo isture regimes 
i s left to level IV, wh i Ie only the varieties of the cons ­
tituents are us ed. 

The great groups use a diagnost i c property which may 
be a temperat ur e (cryo f l uvent) or a moist ure (xerochrept) 
regimes or a characteristic of the pedon (hapZ argid, 
rhodudalf), a physicochemical characteristic (natrustalf), 
a const i tuent (gibbsi humox). In the propo sed system, the 
great groups, groups, subgroups arise only from the micro­
morphology. 

The family associates such diffe rent characteristics 
as granulometry, the nature of the clay minerals, the 
thermal regime , whereas in the proposed system, each of 
these character i stics appea rs at a specific level. 

Consequent l y, although it was felt necessary to dete r 
mine exactly al l the horizons and soi l character i st i cs as 
done by the Soi l Ta xonomy, the apportionment of these char 
acteristics was done qui te di f ferently. 

90 



Soi l Unit s of FAO- UNESCO 

Al though the aim of FAO - Unesco i s not the se t t i ng up 
of a so i 1 c lassification , the retaine d units and t he ir 
characte ri s ti cs a re aften very c lose t o these of So i 1 
Taxonomy. Pa r t i cula r ly, with regards t o luvi sols, acri­
so l s , fe rralso l s, podzo l s, vertisols , e tc. t he co r re ­
spond in g so i l s o f So i 1 Taxonomy (alfisol s, ul tiso l s , 
oxisols , spodos o l s, ver ti so l s) are ve ry c lose. 

Same un i ts of t he FAO - Une s co 1 i s t a re par t i cul a r , 
because they do not e x ist as such ne i the r in Soil Tax ­
onomy nor in the Fre nch system . 

The nitosoZs a re so i ls with " an arg ill ic hor i zon 
wi t h such a clay d i s tr ibut ion t ha t the c l ay perce nt age 
does not di mini sh by mo re t han 20 % with respec t to i t s 
max imum i n t he f i rst 150 centimete rs ". The se soi Is co r­
re spond to the great "pa le" g roups of So i l Taxonomy . 
In the proposed system , t hey co rre s pond to a rgi llanic o r 
bu lg ic groups. 

The planosols whi ch co r res pond toa par ticu lar l y 
sha rp chan ge of gran u lometry are expressed in the p roposed 
system by a p l an i c g roup wh i ch may appea r i n seve ra l 
classes. 

The "podzoluvisoZs" may be cons i de red a s represented 
by th e gloss i c group wh i ch may a l so be p res ent in diffe r­
ent classes. 

The "xeroso ls" and "yermosols", ch a racte r i ze d by a 
weak humus hori zon and an arid mo ist ure regi me do not 
have t rue equ i valen t s at a hi gh leve l. They are d i st ri­
buted at the g reat g roups l eve l with epiminera lons in 
dif f e rent classes . 

The "gleysols " which assume hyd romo rphi c cha rac te r­
istics at less th an 50 cent i me t e rs de pt h are a ll ocated i n 
different classe s at t he hydromo rph i c g roup level. 

Rega rdless of t he used c las s i f i cation t ype, it is 
almost always poss ibl e t o p ropos e a place fo r each so il 
in the cons ide red system. In the i nse rtions gi ven wi t h 
the a ppe nd i ces , the co rresponde nce be t ween t he d iffe re nt 
systems was p roposed . 
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8. GENERAL CONCLUSIONS 

The authors of the above- given system propose few 
general observations which, for them , seem to be import ­
ant. 

1 . The class i fication is no more a s impl e and immediate 
operation. Times have evo l ved when , after exam i nation of 
a profile, a name was immediately attr ib uted to it. The 
c las s ification has become a complex operation which needs 
not only a good morpholog ical desc ript ion, but a l so the 
poss e ssion of several var ied analytical data . 

In some countries, a clear distinction i s made be­
tween the survey, the estab l is hment of 1 imit s, and the 
compilation of field data, and the class i ficat ion, de­
termination of the name to be given to the soi 1 after 
a study of a l 1 field and labo ratory data. The final de­
cision should be taken, i f possible by a party, after 
returni ng to the field when in pos se s sion of the whole 
data. 

Th e classificat ion of the soi ls is then a true re­
search operation . 

2. Th e given classificat ion was requ i red to be: 
Universaî - No one among the authors had a personal ex­
perience of the boreal o r polar soils. On this point 
then, the classification is incomplete. Same members of 
the group had varied experience of the d i fferent regions 
of the globe . This quasi-world-wide experience of the par ­
ticipants was particularly important since the object of 
the work was to provide a classification, appl icab l e to 
all soi 1 s . 
Natura î - Whenever the characteristics are measurable 
according to techniques accessible to everyone, or deter­
mined in the same way by everyone, they may be introduced 
in the class i ficat ion . The system is then particularly 
open at any moment. 
Coherent - All assumed characte r istics in the system are 
always so at the same level. 1 t appeared that t he homo­
geneity which was expected to resu l t from this was par ­
ticularly important. 

3 . The criteria , reta in ed and hie rar ehica î î y given, are 
those believed to be real ly issued from soiî f orming f ac­
tors and processes . 

Criteria concerning the constituents were presented 
in the order which appeared to be the most important and 
to account for the increasing stabi l ity of the produced 
secondary minerals. The subsequently p rese nted criteria 
were those related to the morpho log i ca l a rrangement of 
the pedon, successively t he humus horizons, the mi neral 
horizons, the parent materia l. Then fo l lowed data of 
physicochemical or physical na t ure. The character i stics 
considered as accessory or labi le, or outsiders to the 
soi ls, were given afterwards. Al l data may be usefu l for 
the va luation . But s ince the latter is chang i ng and 
speculative, it i s left for th e user to choose wat 
seems important to him in the doma i n of h i s interes t . 

Genesis was not expl i citly ment i oned in th i s text, 
since it was assumed that the cause to effect relations 
which may be i nvoked can be determined in different ways. 
However, the order in which the succession of the classes 
was given is not devo i d of genet ic mot i va t ions . With al 1 
the data avai lable for classify i ng, he may t ry to recons ­
ti tute the soi 1 genes is. 

4 . What kind of cîassificat i on was the outcome of the 
past few years of thinking over? 

Is it a cîassi f icat ion or a t axonomy ? This po i nt i s 
not very important and dict i ona ri es do not di f ferent iate 
very well between these two synonyms. But t he first thing 
is that it is a reference system. 

92 



ve ry we ll be tween these two synonyms . But the first thing 
i s t ha t it is a reference system . 

Is it ascending or descending ? lt should be bath at 
the same ti me. The p rogress made by pedology, as auto­
nomous sc ience, t he wi de - range of geographical knowledge 
of t he wo r ld so i ls a l lows a certain genera] ization and 
the presentat i on of , to beg i n wi th, a descendant scheme 
wh i ch accounts fo r the considerable knowledge, al ready 
acquired. But , it i s evident that this scheme should be 
con t i nuous l y checked a nd adjusted by using any new el­
ement . This i s what actually happens in other branches' 
of sc ie nce. 

5. The ava ialb l e vocabuZary i n pedology is sti 11 very 
l ack i ng, even when certain new terms proposed by other 
researchers or organisms are used. lt is not desirable 
to annex a term and attribute a different meaning to it. 
For example, when it was necessary to name a thick dark 
humus horizon , and wi th a high degree of saturation, it 
was imposs i b 1 e to adopt the t e rm "mo 11 i c" because i t was 
judged that thi s horizon does not fulfi 1 a l l the condi ­
tions of the e ight criteria associated with the wor d2

. 

So, the term "sombron" was created. 
A given num ber of names was thus created through 

construc ti on, since i t was impossible to adept existing 
terms . Fo r each of these names, a def i nition was proposed. 
At the same time, i t was requ i red that t he name be as 
euphonic as possible; this was not a lways succeeded. Any 
new name whi ch may be proposed is then welcomed , especial ­
ly if it presents a better euphony. Of course, i t has to 
co rrespond to the same definition . 

6. The accuracy in the language is also required. Each 
term (noun or adject i ve) is accompanied with a quantitat­
ive or a qual itative defin iti on. The given definitions 
are those wh ich appeared to be the best to the we rking 
team . The fixat ion of the 1 imits was al ready considered 
as one of the most important operations of the classi­
fi cat ion . Bu t of cou r se, no ne of the proposed values is 
def i n i tely r i g id and may a lways be open to revisions. Al 1 
just i f ied imp r oveme nts a re welcome and appreciated . 

Repet i t ions may appear i n ma ny places. For the time 
being, no particula r effort is made to suppress them. They 
tempo ra ri ly he l p to clarify the notions which appear as 
important. 

7. When eve r yth i ng is taken into consideration, the 
system - as a l ready worked out - i s s imultaneously a 
Zanguage and a reference sys tem : 1 t allows to identify the 
so il s as obse r ved i n the field and analyses ; it allows to 
des i gnate the soi 1 and to go deeper in its knowledge. 

Th e ma n i pulation of the new names, aften very long 
(b u t not so long as t hose of Soi 1 Taxonomy) is st i 11 a 
rat her ted ious opera ti on. The sea r ch of eventual simp] i ­
fications of a coded la nguage should be undertaken . 

Mu ch wo r k rema i ns to be done in order to improve the 
defin i tions a nd t he precision, to refine the vocabulary 
and to progres s i n the chosen way . 

1 "Wh i Je in th e h i sto ry of the subject, knowledge has 
proceeded f r om local to t he ge nera], later generations 
of s tude n ts are taught the genera] ization and inte rpret 
t hese l oca l l y" . L.C . Kin g, 1976. 
In So il Taxonomy. 
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8. The pedological proce ss. The proposed classification 
of soils in th is text is a sy nt hetic language i ntending 
to enable pedologists to name a soil by using the avail ­
able character istics, the 1 is t of which is provided . A 
consensus s hould be attained, regardless of t he pedo­
logist and regardless of his 'ideas ' on t he respecti ve 
values of the facto rs and the pr ocesses of soil f ormation . 
The used cha racteristics are in fac t accessib le to every ­
one, th rough observation and measurement; the means of 
their de t erm i nation are not, in the least, ope n for dis ­
cussion. Therefore, it is judged that the objective clas ­
sification becomes a t th is stage a real tool of wor k which 
enables th e pedo l ogist to proceed wi t h his studies in the 
f ol low i ng d i rect ion s: resea rch, cartography a nd valuation. 

The research work aims at the establishment of rela­
tions be tween the pedons and the polypedons on one s i de 
and the constituents and th ei r ar ran gements which account 
fo r the fact o rs and the processes of soil fo rmation, on 
the othe r si de. At this stage of t he stud y, t he soi ls' 
systems wi 11 be ev idenced a nd could s ubse que nt l y lead 
(when a great number is known) to a parti cular class i fi ­
cation of dynamic units . 

At this stage also, resea rc h work can be undertaken 
in order t o s tud y the his tory of soi l s and to try to re­
trace the pa s t processes and to relate them with the p re­
sent ones . 

The cartography of soils may also rel y on the clas­
s if ication and push f ur t her, according to the co nsid e red 
objective, the knowledge of the characteris t ics of soi l s 
a nd their env i ronment. 

On accounti ng for the results obta ined in these dif ­
ferent directions, i t is poss i ble to formul a te proposals 
for the utilizati on of soi l s . 
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APPENDICES 

Three append i ces compl e t e t he p rev io us text : a se l e c­
tion of pedon s, th e pr i ncipl es of the chose n analyt i ca l 
methods, a nd an i ndex of th e old a nd new l y used terms. 

1 . The PEDONS. Four pe dons , cons idere d as character i st i c 
among many othe r s, are gi ve n he reafter, in a n abr i dged 
form, as i t i s not poss i bl e t o p rese nt a l 1 the ex i st i ng 
ones. 

Data are provided on: 1) t he env i ronment; 2) the 
morpho logy; 3) t he mi cromo rpho logy (whe n avai lab le) ; 4) 
anal y tica] da t a on the huma n and chara c t eristic minera l e n ; 
5) synthetic da ta on the profi le; and 6) t he pos it ion in 
d i ffere nt c l assif i cati on sys tems a nd t he p roposed one, 
of the soil. 

Wi th rega r ds to t he mo r phology , a s imp l i fied prese nt ­
at ion i s offe red by a lway s g i vi ng the co lo r , the textu re 
an d the s t uc tu r e . The con s idered name fo r t he hor i zon (o r 
group of hor i zons ) i s a l so g i ven. 

Wi th re ga rd s to the mic romorp ho l ogy , it is particula r­
l y importa n t f o r t he de t ermi nati on of t he a r g il l anic g ro up. 
Unfortunate l y, i t i s no t al wa ys avai lable . 

The same i s true wi t h regar ds to the ne cessa r y ana l y­
tica ] data (particu larly f ree i ron ox ides) wh ich are not 
a lways provided. But, in mos t cases, it i s poss i b le to 
dec i de in spite of ce r tain l ac ks . 

In the proposed c l assifica t ion system, the name 
reaches the va ri ety . Fo r ce rta i n pe don s , we can go f u r ­
ther , part i cul arly at l evel IV for wh i ch we aften have 
data on t he water and thermal reg imes. 

Besides , ma ny propos e d pedons we re se lected among 
t hos e which have been examine d dur i ng inte rn at ional 
meet i ngs and conference s. Thes e pedons a re accompan i ed 
wit h desc rip t ions and a na lytica! da t a , off i c i a l ly prov id ed 
by t he o rganizer s of the tr i ps. The used vocabu l a r y i s 
that found in the offic i a l guide books. The name (or the 
names) whi ch a ppea r s on the de s cri ptive ca rd i s t ha t (o r 
t hose) of t he person (o r per son s ) who exami ned the pedons 
an d provided t he co rresponding p i ctu re. 

2. PRIN CI PLE$ OF THE ANA LYTI CAL OR EXAM INATIO N MET HO DS. 
An abri dged p resen t ation o f the se methods ap pea r s in 

the se cond a ppendix . Si nce t hey a r e very a f te n known to 
the reade r s o r easy t o f i nd in books or a rti cles c i ted a s 
references, i t was not found ne ce s sa r y t o gi ven t hem i n 
detail . Cho ices s til 1 rema in t o be made f o r cer t a i n tec h­
n i ques pa rt icu l arly , beca use an appl i ed t echn ique is no t 
necessa r i l y good fo r al l so i l s . Fi nall y, no decis i ons with 
res pect t o the tex ture tr i a ng les we re t aken . 

3. INDE X of used te rms. The given docume nt in volves a g reat 
number of neo l og i sms. A ce r ta in numbe r o f old te rms wa s 
de f ined and re spec ifi ed. They should be easil y f ound by 
us ing the In dex. 
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APPENDIX 1 - A SELECTION OF FOUR PEDONS 

App. 1 .1 A PEDON OF THE CLASS OF FERMONOSIALSOLS 

1 • ENV 1 RONMENT 

Origin: St udy of soi Is derived from vol can i c rocks in 
Madagascar, 1957 . Mem IRSMVlll. P. Ségalen 
(FX 34). 

Location: Ampah imanga near Arivonimamo (Centra! Mada ­
gascar). 

Topograph y: Flat, northern terminal of Ankaratra lava 
f lows . 

Parent-rock or parent material: Ankaratr i te (very 
bas ic ). 

C 1 i mate: 
Pc 1200 mm; January 500 mm; 5 months dryness 
Tm 18"C; January 2o·c; July 13 · c . 

Vegetation: Forestations of Eucalyptus (+ Helychrysum 
sp). 

Present occupation by : PhiZZipia sp .; cteniW"l concinum, 
Al"i tida sp . 

1 1 . MORPHOLOGY 

Depth (cm) Description 

0- 25 Dark red; clayey; coarse to 
very coarse; mode rately st r uc­
t ured blocky ; friable 

25-160 Dark red; clayey; moderate l y 
to weakly structured sub­
angular blocky; friable 

160- Grey alterite of ankaratrite 

111. MICROMORPHOLOGY 

IV . ANALYTICAL DATA 

1) Surface horizon 

Org . Mat ter Granulometry pH 
% C/N c 1 Si Sa H20 KCI 

4- 7 12-14 30 40 30 6 . 0 

2) Mineralen 

Org. Mat ter Granulometry >2 pH 

BS 
% 

% C/N cl Si Sa mm H20 KC 1 

30 40 30 6.0 

Exch. Cations (meg/100 g) BS ESP 
Ca Mg K Na Al C EC % T 
<1 <1 0. 1 tr 6- 8 < 50 

P20s (%) Fe2 03 (%) s i o,; 
tot. ava i 1. free tot. Al 203 

20 0 . 7 

Salts : Al(OH) 3 43% 

Hor i zon 

Lept ic 
dystric 
pa 11 i don 

Red 
hap 1 ic 
ferrall i ton 

lsalterite 

Mineral constituents: kaa l inite, gibbsite, hematite . 
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V. SYNTHETIC DATA 

Th e granulome t ry of this soi 1 is particularly difficult 
to determine with the usual dispersing agents. An ultra ­
son i c determination gives 65 to 70 % for the two surface 
hor izons. In spite of the red coloration, the organic 
matter conten t s are (abnormal ly) high . 

VI. CLASSIFICATION 

CPCS Ferral 1 it ic moderately unsaturated in B, typ ic , 
red 

USDA Haplus tox 

FAO Rhodic fer ral so l 

Pcs* 1. c Fermonosialsol 
se Gibbsitic 

11. GG Leptodyspal 1 i de 
G Orthic 

SG Red modal 
F 1sa1 ter i te of ankaratrite 

111 . Ge Acid, dystric 
Ty Clayey 
v Rather thick 

'f Project de Classif ication des Sols 
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App. 1 .2 A PEDON OF THE CLASS OF FERMONOSIAL SO LS 

1. ENVIRONMENT 

Origin: Fieldtrip of 1977 Braz il So il Classification 
Workshop. A. Perraud - P. Ségalen. 

Location: Rio de Janei ro, RJ , BR-2. 
Topography: Undulating, summ it of a hi 11 . 
Parent-rock or parent material: Migmatite. 
C 1 i mate: 

Pt 1280 mm; January 193 mm; July 34 mm 
Tm 23.2·c; January 26.5"C; July 19.8 "C 

Vegetation: Semi - deciduous tropical forest . 
Present uti lization: Goyava trees, mango trees, 

orange trees. 

1 1 • MORPHOLOGY 

Depth (cm) 

0- 40 

40- 80 

80 - 260 

260 or more 

Descript ion 

7 . 5YR 3/2 to 4/2H dark brown 
sandy clay; coarse to fine, 
weak ly developed subangular 
blocky, some clay coatings 

7.5YR 4/4 brown; sandy c lay, 
fine to medium, moderate l y 
to strongly developed sub ­
angular blocky; continuous and 
streng clay coat i ngs; hard, 
friable, plastic 

2.5YR 4/6H red; sandy c lay; 
fine to medium, strongly 
developed subang u lar blocky; 
cont i nuous and streng clay 
coatings 

11 1. MICROMORPHOLOGY 

IV. ANALYTICAL DATA 

1) Surface horizon 

Org. Matter 
% C/N 

1. 8 9 

Granulome try 
C 1 Si Sa 

27 12 61 

2) Mineralen (80 -1 00 cm) 

Org. Matter 
% C/N 

0 .5 7 

Granulometry 
C 1 Si Sa 

62 8 30 

Exch. Cations (meq/100 g) 
Ca Mg K Na Al CEC 

2.5 1 . 0 0.02 0.07 0 4 .9 

tot. avail. 

4 
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Fe203 (%) 
free tot. 

7.8 

6 . 7 5 . 8 83 

>2 
mm 

1 0 

pH 

6.5 5.6 

BS ESP 
% - %-

73 

2. 0 

Hor i zon 

Pachic 
eut ri c 
pa 11 i don 

Ye l low 
argillan ic 
ferral l i ton 

Red 
arg i 11 ani c 
ferra 11 i ton 

lsalterite 
of migmatite 



Salts: -

Mineral constituents: kaol inite, goethite . 

V. SYNTHETIC DATA 

Moderate accumulation of organic matter. 
Clear differe ntiation of the color and of the texture . 

VI. CLASSIFICATION 

Brazi 1 Red ye l low, podzol ic, eu t rophic equivalent ; 
moder a te A, l oam/clay; semi-deciduous fore s t; 
wavy 

USDA Oxic paleustalf 

FAO Eutric nitosol 

PCS 1. c Fermonosialsol 
se Kao l in i tic 

11. GG Pach i eupa 11 id 
G Argillanic 

SG Vel low red moda l 
F Alteri t e of migmatite 

111 . Ge Acid, eut r ic 
Ty Sandy clay 
v Th ick 
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App. 1.3 A PEDON OF THE CLASS OF BISIA LSO LS 

1. ENVI RON MENT 

Origin: Fie ld tr ip in Uruguay, 1973, P. Ségale n . 
Locat ion: Trinidad, Uruguay. 
Topography: Undu la ted, slope 5%. 
Pa ren t -rock or parent material: "Lodol i te" on c rysta l-

1 in e rock . 
Cl imate : Paso de Los Toros : subtrop ical 

Pc 1064 mm; Jan . 120 mm ; July 38 mm 
Tm 18.1 "C; Jan . 25.2·c; July 11.8·c 

Present uti 1 ization: past ures . 

1 1. MORPHOLOGY 

Depth (cm) 

0- 34 

34 - 45 

45 

45 - 76 

76- 96 
or mo re 

Descript ion 

10YR 2.4/2 very da r k brown to 
10YR 2.4/1; loamy; subangu l a r 
blocky; weakly st ructu red 

Grey to rusty mottles 

Planic contact 

10YR 2/1 black to 10YR 3.3/1 
dark grey; c l ay; thin conti ­
nuous c lay coatings, small 
con cret ions; large, moderate ly 
b locky structu red 

7.5YR 4/2 brown to da rk brown , 
clayey; large, coarse l y st r uc­
tured b locky; with ca l c ium 
ca rbonate~ moderate efferves­
cence. 

111. MICROMORPHO LOGY 

IV . ANALYTICAL DATA 

1) Surface hor izon 

Or g. Matter 
% C/N 

6. 1 12.8 

2) Mineralen 

Org. Matte r 
% C/N 

0.5 12. 0 

Exch . Cations 
Ca Mg K 

26 1 0 0. 3 

P200 (%) 
tot. ava i 1. 
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Granulometry 
C 1 Si Sa 

28 48 26 

Granulometry 
C 1 Si Sa 

5 3 30 17 

(meq/100 9) 
Na Al CEC 

2.8 38.8 

Fe2o3 (%) 
free tot. 

pH BS 
H 0 KC 1 % 

5. 5 72 

>2 
mm 

BS 
T 
100 

pH 
H 0 KC 1 

7-9 6.8 

ESP 
T 

7 

Si02/ 
A 1203 

Ho ri zon 

Eut r ic 
pachic 
me l anon 

mot tl e d 
b i s ial 1 i ton 

Black 
arg i l la ni c 
b i s i a 1 1 i ton 

Brown hypo­
carboxic 
b is ia ll iton 



Sa l ts : -

Mineral constituents: smectite metahalloys ite, ill i te. 

V. SYNTHETI C DATA 

Organic matte r ve r y high in the surface then decreases 
abruptly. Ve r y strong clay di ffe rent iat ion with a 
p l an ic contact . The dominant clay mineral is montmori 1-
loni te. The exchange capac i ty merges from 20 in the 
surface to 39 in the depth (55 cm). 

VI . CLASSI FICATION 

CPCS Brunified lessivated so i 1 

USDA Argiudol l 

FAO Lu vic phaeozem 

PCS 1. Mixed bisialsol 
11 . GG Pachi eusombri c 

G Pl anic 
SG Hypoca rboxic, dark brown 

F Calcareous loamy clay pedol ite 
11 1. G Neut ral, satu rated 

Ty Sandy loamy c lay 
V Rather thick 
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App. 1 .4 A PEDDN OF THE CLASS OF ANDOSO LS 

1. ENVIRONMENT 

Origin: Soil Map of the New Hebrides, 1977, P. Quant i n 
No. 455. 

Location: Banks lslands . Mont Too-Lava 
Topography: Summit of a cone. 
Parent - rock o r parent material : Ashes and volcan i c 

tuffs. 
Cl imate: Pe rhumid. 
Vegetation: Nephelophil ic forest, rich in ferns and 

epiphyte s . 
Present ut il ization: -

11. MORPHOLOGY 

Depth (cm) 

0- 10 
and 

10- Bo 

80-120 

120 - 200 
or more 

Descript ion 

7.SYR 3/2 very da r k brown to 
S-7.SYR 3/4 dark redd i sh brown, 
contains much humus; l oamy, 
fine to medium blocky, merg i ng 
to very friable massive, non­
st icky, nonp l astic 

SYR 4/4 brown red; l oamy , 
massive, nonsticky; f r iabl e, 
strong micro- po ros i ty , 
th ixotropie 

7.SYR 4/4 ocher brown, l oamy, 
finely sandy; mass ive, fri able, 
thixotropie 

111. MICROMORPHOLOGY 

IV. ANALYTICAL DATA 

1) Surface horizon 0-10 cm 

Org . Matter G ra nu lamet r}:'. pH BS 
% C/N c 1 Si Sa H 0 KC 1 % 

24.s 10. 3 22 19 34 4.9 16.8 

2) Mineralon 80- 110 cm 

Org. Mat ter Granulomet r }:'. 2 pH 
% C/N c 1 Si Sa mm H 0 KCI 

1 . 7 15 10 73 s.s 

Exch. Cations (meg/ 100 9) BS ESP 
Ca Mg K Na Al CEC % T 
.9 . 4 0.04 0.08 25. 1 6 

p 0 (%) Fe 0 (%) SiO / 
tot. ava i 1. free tot. Al 0 

20 1.2 6 
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Ho r izon 

Hyperpachic 
dyst r ic 
sombron 

Reddish 
brown 
per hyd ri c 
an don 

d it to 



-- ---------------------

Sa lt s : -

Mineral constituents: total amorphous materials 29 . 2 

Bulk density: 0 . 3 

Water content, fresh so il 
so i l p F 3 
soi l pF 4. 2 

152% 
133% 

82.4~ 

V. SYNTHETIC DATA 

Very strong and deep accumulation of organic ma t t er. 
Perhydric and thioxtropic andon , strong l y desaturated. 

VI . CLASS IF ICATION 

CPCS Andoso l s of tropical countries, desatura t ed, 
humic 

USDA Hydrandept 

FAO/ Humic Andoso l 
Unesco 

PCS 1. c Andosol 
se With aluminous allophane 

11 . GG Hyp erpachydyssombric 
G Pe rhyd r i c 

SG Reddis h brown moda l 
F On as hes 

111 . Ge Acid, dystric, 
Ty Sandy c l ay 
v Rather th ick 
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APPENDIX 2 - PRINCIPLES OF ANALYTICAL METHODS 

The analytical techniques (only the princ i ples of 
which are given be l ow and which are desdr i bed in rletni 1 
in the different books and artic les whi le titles are 
given in the b i bl iography), are those that may be used 
in the characterization of so i ls, in v i ew of the ir 
classification. 

The fol lowing techniq ues are t ho se recommended by 
the workshop. When two or more methods are in competition, 
they are described unti 1 a later cho ice i s made. 

The major ity of these methods may be appl i ed at the 
present time in a normal ly equipped pedo logy laborator y. 
In all cases any method wh i ch needs the use of a relative ­
ly expensive or difficu l t ly obtained material, i s doubled 
by other methods which need only eas i ly obta i ned mate r ial 
means or procedures. 

1) ALUMINIUM ON THE COMPL EX1 

Calculate the ratio Al/Al+S x 100 where S is the sum 
of extracted exchangeable cations by using 1 N ammon iu m 
acetate at pH 7 (cf. No. 13) and Al i s the value of ex­
changeable aluminium (cf. No. 2) . 

2) EXCHANGEABLE ALUM 1N1 UM 2 

a) Extraction of exchangeable aluminium by a normal 
solution of potassium chloride. To 20 g of the soi l, add 
200 ml of solution divided into three equal po rti ons (of 
about 70 ml). 

b) Aluminium i s determined in the fi l trate hy co lo­
rimetry. 

3) TOTAL ALUMINIUM 

After the soi 1 attack with a tri acid reagent (see 
under 9), a) Prec i pi tate the hydroxides and oxides wh i ch 
contain Al 203, Fe 20 3 , Ti0 2 , P20s. In order to determ i ne 
Al 20 3 , Fe, Ti and P are determined separate l y and the sum 
of the three oxides is subtracted from t he total amount. 
b) Aluminium i s determined by colorimetry, using er io­
chrome cyanine R, after reducing ferric iron to the 
ferrous sta te . 

4) FREE ALUMINIUM/TOTAL ALUM INIUM 

Total alum inium comprises the correspond i ng amount in 
the s i 1 i cates and the hydroxides . The amount of s i 1 ica 
corresponds to that of kaol inite; the difference g i ves the 
amount of free alumina. One should check the nature of the 
present si licates in orde r to do th i s calcu lation . 

5) AMORPHOUS MATERIALS 

These materials are mainly iron oxides and/or hydrox­
ides, aluminium si licates, combined or free . The absence 
of a lattice st ru cture and the sma l 1 dimens ions do not 
al low the obtainment of an X- ray di ffraction pattern. 

The presence of large quanti ties of these mater ials 
in certain soi Is, 1 ike the andoso l s, renders the mechan ­
ica] analysis very difficult, deeply mod i f ies certain 
properties 1 ike the cation exchange capacity (large 
capacities depending on pH), the water properties, the 

Kamprath, 1970. 
2 ORSTOM, S.S.C. 
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bu lk density, the specific surface area, etc .. Thus, they 
may be characterized by the conjunction of many of these 
proper ties . 

Check ing of amorphous materials: Si 1 ica and alumina 
are disso l ved by a 2% warm caustic soda solution. Iron 
ox i des are eas i l y dissolved by the Tamm 1 iqui d with oxa l ic 
acid o r with a pyrophosphate sol ut ion of Ba scomb. One 
shou ld remember that t he effect of dithionite goes far 
beyond the amorphous materials and dissolves the crystal ­
line ox ides in add iti on to the amorphous oxides. 

Semi -quant i tat i ve determinati on 1
• lt uses a kinetic 

dissolution of the amorphous materials which al lows to 
dist in guish the amorphous materials from the crystalline 
material s . 

The initia] method of Segalen uses 8 N HCL and 2% 
caust ic soda, alternatively appl ied. The operation is 
repeated 6 or 8 times. The curve representing the dis ­
solved amo un t as a funct i on of the numbe r of extractions 
al lows a s imple determination of the searched contents 
in the case of soi ls 1 ike the fe rbi sialso ls , fermono ­
s ialsols, etc. 

Late r on, it was observed that these reagents were 
toe streng for certain constituents 1 ike hal loysite and 
the fine oxides and hydroxide s. Modi fications were pro­
posed by Lamouroux and Quantin 2 and by Quantin 3 • The 
acid concentration was reduced to 4 N or 2 N and the 
caustic soda supressed . Moreover, the analys i s of the 
velocity curves, instead of the cumulative curves, was 
proposed by La mo uroux and Quantin 4

. 

The ammonium oxalate-oxa l ic acid solution is con­
sidered as capable of extracting amorphous iron oxides 5

• 

An andosol i s supposed to contain at least 50% of 
the secondary amorphous materials . 

6) OPTICA L ANALYS IS OF SANDS 

Sands yield ed by the mechan i ca] analysis are prepared 
for an opt ica ] exam ination. First, two fractions are sep ­
arated, a light and a heavy fract i on, by using a high 
speci fic g ravi ty liq u i d 1 ike bromoform (d = 2.9). The 
mine rals a re spread on a sl ide by using Canada Balsam for 
the microscop i e exam i nation ( identification and counting) 
if they are transparant. For opaque minerals, X-ray exam­
i nation i s don e. 

7) D 1FFERENT1 AL THERMAL ANALYS 1 S 

This technique al lows the measurement of the differ ­
e nce of re l eased or abso r bed heat by a constituent and by 
the neutra] product, heated at a constant rate . Thermo­
electr ic coup l es are immerse d in the substances and the 
d ifference i n elect rical potential is recorded; the shape 
of curves and t he temperatures at which the peaks appea r 
a re exam in ed and al low the ident ification of the sub -
s tances. 

l t i s a l most always difficult to i dentify correctly 
several substances in a mixture , because the peaks over ­
l ap. However, this techn i que i s particularly usefu l (among 
ethers) in the ide ntifi cation of aluminium hydroxides a nd 
a l l ows to determ ine certain mo n tmori 1 loni tes. 

1 Sega len , 196 8. 
2 Lamouroux and Quant i n, 1974 . 
3 Quantin, 1975. 
4 La mou roux and Quant i n, 1975 . 
5 Schwertmann, 1973 . 
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8) THERMOGRAV IMET RIC ANA LYS IS 

lf the heated sample (in a fu rnace) i s conn ected wi th 
a balance where equ i librium is automat i ca l ly estab l ishe d, 
the var iations of weight as a f unct i on of tempe r a ture a re 
recorded. The losses in the we ight of the hydrox i des of 
the clay minerals are then quanti tative l y determ in ed. 

9) ELEMENTAL ANALYSIS (a t tack wi th a tri ac i d reagent) 

This attack allows to sepa rate the secondary p roduc t s 
of the soil from the pr ima ry res i due (ma i n l y qua r tz) by 
using a mixture of NH0 3 7 HC l 7 H2S04 = 37572 (vo l. of 
conc. ac i d). 

Two successive attacks are made i n a beaker i n a 
fuming hood unti l white fumes appear . The res i due i s f i 1-
trated and washed. The solution conta in s Al, Fe, Ti, Mn 
and the bases . 

On a filter, the unattacked residue and si 1 i ca of th e 
sol icates are received. Si 1 ica is then d i ssolved by a warm 
caustic soda sol ut ion and col lected in an evapo ra ti ng d i sh 
where it is neutral ized (rendered i nsoluble aga i n), f i 1-
trated and we ighed after calc i nation a t lOOOOC . 
- Direct determination may be done by co lor imet r y for Fe, 

Al, Ti, P and by atomie abso r ption for Mn. 
- For the determinat ion of bases, the hydrox i des are 

precipitated by a hexamethy lene tetramine so lu t i on at 
pH 6.5. The excess reagent is destroyed by aqua regia 
and the determination of the cations Ca 2+, Mg 2+ is done 
by atomie absorption, and of Na+ and K+ cat i ons, by 
flame photometry. 

- The obtained va lues for al 1 the elements are used fo r 
the determination of the centes ima l composition of the 
sample. Particu lar ly the va l ues of s i 1 i ca, ir on an d 
aluminium ox ides are used for the calculation of the 
molecular rat ios or of the elementa l compos i t ion. 

- This technique may be appl ied to any granu lometr i c 
fraction of the soi l or to the > 2 mm f raction i n 
case of concretions o r cuirass . 

- In case of a calcareous soi l, it i s recommended to start 
destroying the carbonates with l N HC I ; fi l t rate, cal ­
cinate the f i lter and then undertake the attack as pre ­
vious ly described. The fi l trate of t he li mestone attack 
is added to that of the triacid. 

10) ORGANIC CARBON 

Many methods are avai lab Ie for the measu r ement of 
organic carbon in so i ls. 

Coulometry . The combustion of organic matter in a fur ­
nace in a stream of oxygen produces C0 2 which i s de ­
termined by a coulometer . 1 t i s necessary to ope rate 
in the absence of limestone . 

- Oxidation wi th potass i um dichromate : 
Wi thout heating, by the Wa l kley and Bl ack 1 t echn ique; 
With heat i ng, by the Anne 2 techn ique. 
Determ i nat ion is ach i eved by vo l ume t ry fo r t he excess 
of added dichromate by us ing Moh r sa l ts ; by co l o r imet ry 
of the formed chromic ions. Mu l t i p l y carbon con te nt by 
1. 724 in order to obtain the amount of o rga ni c matter. 

1 Walkley and Black, 1934. 
2 Anne, 1945 . 
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11) CARBON/NITROGEN (rat i o) 

The ratio is centesimal. The carbon content is di ­
vided by that of nitrogen. Th e normal l y found va lues in 
soi Is are near to 10 . 

12) EXCHANG EABLE CAT 1 ONS 

On a filter, was the soi l with a 1 N ammonium acetate 
solution at pH 7. For a calcareous soi l, ta ke 10 g and 
percolate 250 ml of the solution; for a noncalcareous 
soi l , 20 g of so i l are used and 15 0 ml of solution. 

- Dry up and use aqua regia to destroy all org anic residue 
and the excess of ammonium acetate. 

- Determine the cations separate ly: 
ca • + and Mg 2+ by complexometry or by atomie absorp ­

tion . 
Na+ and K+ by flame photomet ry. 

- The value S is obta i ned by adding ca •+, Mg 2+ , K+ and 
Na+, determ i ned in meq/100 g soil . 

13) CAT ION EX CHANGE CAPACITY (C EC ) 

This value is particularly important for the charac­
terization of soils (or of soil fractions). lt is contro­
versed and the methods for its obtainment are variable. 

a) Use 1 N ammonium acetate at pH 7 (cf. No . 12). Soi l 
i s satura ted wi th ammonium i ons by the acetate solution. 
The excess sal t is removed by washing with alcohol. 

The NH 4 soil is treated with a potassium salt which 
displaces ammonium, the latter is determined by volumetry 
after steam desti l lati on. 

This technique, the most criticized, i s e asy to use 
and the results, obtained on all soils of the world ar e 
available i n l i terature. lt is recommended by USDA 1

• 

b) Use 1 N ca lcium chloride at pH 7 (buffere d wi th 
tr iethanolam i ne a nd nitric acid) 2 . 

- Soi l is washed on a filter by a calcic solution. 
- The excess reagent is removed by a N/50 nonbuffere d 

CaCl 2 so l ution. 
- ca •+ is disp laced by a potass i um nitrate solution. 
- ca • + and ei - are determined in the wa sh solution with 

potassium ni tra te. 
The amount of ca lcium yielded by the chloride i s calcu ­
lated and subtracted from the total amount of calcium. 
The d ifference corresponds to CEC. 

This technique is recommended by ORSTOM. 

c) Use 0 . 5 N bar ium chloride, 0.2 N tr iethanolamine, 
buffered wi th HCl to pH 8.2. 

On a filter, perco l ation of a soi l sample with barium 
ch lor i de. 

Wa sh ing i s done with water, then with a solution of 
1 N magnes ium nitrate. 

Ba 2+ is determ in ed i n the magnesium n i trate wash by 
f l ame photometry and th e value of CEC i s detennined at 
pH 8.2 

This determinat ion i s recommended to obtain the vari ­
ab le charges in addition to the permanent ones. 

d) Effect i ve exchange capacity ECEC. 
In some countr i es, the exchan ge capac i ty is not mea­

su red, but it i s obta i ned by adding the value S (sum of 

Report No. 
2 Pel lo ux et al., 197 1. 
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exchangeable bases), either to Al + H obtained by extract ­
ion by ca l cium acetate at pH 7, in wh i ch case 
ECEC = S +Al + H, or to the value of exchangeab le Al , ob ­
tained by extraction by 1 N potassium chloride, in which 
case ECEC = S + A 1 (H i s cons i dered very sma 11). 

14) CLAY MINERALS 

Two categories of problems are set by these mine ral s. 
These are the identification and the quantitat i ve es ti ma ­
tion. 

The identificat i on is the best done by X-ray diffrac ­
tion. Each minera l species provides a spectrum which i s 
exp ressed by a series of 1 ines or peaks. Same are mod i f i ed 
by chemica) or thermal treatments. The i r identification 
is no mor e problemat i c and the techni que is a routine one. 
The data obta i ned by th i s techn i que are completed and 
checked by e ther techniques such as thermal and chemica] 
analysis (elemental analysis and molecu lar ratios). 

Other techniques may be a l so use d 1 i ke in fra-red ab­
sorption, transm i ss i on electron mic roscopy and micro ­
diffraction. 

The quantitative ana l ys is i s st ill unsatisfactory 
and tedious. The determi nat ion of the peaks' he ights of 
the X-ray diagrams al lows to obtain rather approximate 
indications , if the ratios of the peaks ' heights of the 
different minerals are compared with these obta ined from 
mixtures of sta ndard minera ls using the same apparatus. 
Thus, it is possible to roughly determ i ne the amounts 
present and to propose an approximate percentage. The 
chemica) and tnermal ana l yses may improve the results. 

15) CALC IUM CARBONATE 

Calcium carbonate of the soi l may be prima r y (in­
heri ted from a rock) or secondary (formed during pedogen­
es is). Observat ion of the accumulat ion farms and, espe­
cially, the observat ion of the micromorpho logy, a l l ow to 
decide of the origin of calcium carbonate. The determina ­
tion of calcium carbonate may be done by severa l methods. 
- Bernar d Calcimeter . A vo l ume of C0 2 obta i ned by t he ef-

fect of HCl on a known weight of the soi l is measured. 
The calcimeter is standa r d ized with pu r e CaC0 3 • One 
should account for the very slow attack of dolomite. The 
method is not recommended in case of presence of dolo ­
mi te. A better method is then to measure t he ca rbonate 
equivalent. 

- Carbonate Equivalent . Toa known weig ht o f soi l, add a 
given volume of an acid of a known strenght. The excess 
acid i s determ in ed al low ing the determ i na t ion of the 
amount of destroyed ca rbonate. 

- Coulometry . Oisplacement of C0 2 with phos phoric ac i d 
and determination of the quant i ty of formed carbon i c 
acid by using a coulometer . 

16) CALCIUM SULFATE (gypsum and anhydrite) 

A soi l i s treated wi th wate r in the maxima l propor­
t ion of 1 g of soil for 50 ml water . To the fi lt rat ing 
solution , acetone is added to produce th e precipitation 
of calc i um sulfate . After centr i fugat ion, r ed issolve the 
precipitate and measure the e lect ri ca l conductivity o f 
the solu t i on. A standard curve is used 1 . 

1 Report No. 1. 
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17) PERMAN ENT CHARG E 

lt is considered as the charge obtained by 1 Nam­
monium acetate at pH 7 , to wh i ch exchangeabl e Al i s ad ded 
(i f Al is pre sent) . 

Permanent charge S +A l 

18) VAR IABLE CHARG E 

l t is considered as that charge wh ich is obtained by 
subtracting the pe r manent cha rge from the value o f CEC ob­
ta i ned by BaC1 2 - TEA at pH 8.2. 

Variab le charge= CEC (BaC 12 - TEA 8.2) - (S +Al) 

As for andoso l s, reference is often made to the 
Aom i ne and J ackson ( 1959) ~ value. Compar ison is made be­
tween the obta i ned va lues of CEC at pH 3.5 (with an oxa l ic 
ac id- ammonium oxa late mixture) and at pH 10.5 (wi th sodium 
b icarbonate). Quant in recommends to use a mixture of 
hyd rochlo ri c a cid - ammonia and tr iet hanolamine in s t ead of 
sodium b icarbona te so as to operate at pH 9 , easier to 
stab i 1 ize . 

19) DEGR EE OF SATURATION V 

This degree i s obtained by dividing th e sum of bases 
(S = Ca 2 + + Mg 2+ + Na+ + K+) in meq/100 g by CEC and 
mu lti plying by 100. 

s 
V% = fil x 100 

20) SOIL DENS ITY 

Apparent buZk density Da 
1. In the field, a known volume of the soil is removed 

by using a sharp - edged cy l i nder. After desicca tion, the 
spec imen is we ighed. 

2 . A ho le i s made the vo l ume of which is measured by 
using a f i ne membrane f i l ied with water and sand. The 
weights of removed earth from th i s hole are determined. 

ReaZ density Dr 
A pyknome t e r is used. 

The bulk density is sometimes measured on the non ­
dr ied samp l e i n air and at a correspond i ng humidity of 
1/3 bar. This determination is pa r t icularly important 
fo r andoso l s. 

21) X- RAY DIFF RACTI ON 

In th i s technique, a c lay sampl e fixed on a sl ide 
rece i ves a beam of X- rays of a g i ven wavelength pro ­
duced by a cobalt (or copper) ant i cathode tube . 

The d i ff racted rays are identifi ed and recorded on 
a part i cu lar d iagram. Application of Bragg ' s law al lows 
the ca l cu l at ion of t he d- spacing wh i ch separates the 
different pl ane s of atoms of the consti t uent s, and 
consequent l y, the i r identification 1

. 

Th i s t ech n ique may be appl ied for t he identification 
of the pr ima r y minera l s (fe l dspa r s , amphiboles, pyroxenes, 
metamorph i sm s i 1 icates, etc.), re l ea sed from rocks, as 
we l l as fo r t he identification of secondary minerals pro­
duced during pedogenesis. 

1 Brown , 1961. 
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For the so i l minera l s (clay minera ls or sesquioxides), 
a powder diagram or an o riented diagram i s us e d on the 
fraction, smaller than 2 µ , which has al ready undergon e 
d i fferen t treatments. 

This technique gives th e bes t results fo r the iden­
tif ication of the cons t ituent s. 1 t g i ves onl y a rather 
rough est imation of the present quant iti es. 

GY PSUM: see ca l c ium s ulfate . 

22) HUMUS 

Different reagen t s a re used fo r a complete removal of 
humus f r om the so i l and to obta i n fu l v ic and hum i c ac i ds . 
The remaining fraction in the specimen i s humin. 40 g of 
soi l are success ive ly treated wi th 200 ml port i ons of the 
following reag ents. 

1. Phosphoric acid (2 M, H3 P0 4 , dens i ty l. 1) a l lows to 
separate the 1 i ght organ ic matter f rom the free fulvic 
ac i ds. 1 t breaks the honds between the organ i c and i no r­
ga n i c ma ter i a 1 s. 

2 . Sodiwn pyrophosphate (0 . l M Na , P20 7 ) at pH 9.8 ex ­
tracts the humic and f ul v i c ac id s . The extract ion i s re ­
peated unt i 1 a clear extrac t i s obta ined. 

3. Caustic soda (0 . l N NaOH ) ext racts t he remaining 
part of humic and fulv i c ac ids. 

Humic acids may be fract ionated i nto grey Nnd b rown 
ac i ds by paper elect rophores i s. 

The re s idue i s col lected and dried. l t contains 
humin. 

The diffe ren t f ract ion s are est imated by carbon de ­
termina t ion by coulometry or oxidatio n with potass ium 
dichromate . 

23) SOIL IRON 

This element i s one of the most impo rt ant ones of 
the soil 1

• lt is dete rmi ned by vo lumet r\ (Z immermann -
Rheinhardt me thod after reduction of Fe + in Fe 2+ by 
stannous chloride); or by co lo ri met ry wi t h o rthoph e n­
anthrol ine , a f ter reduct ion wi th ascorb i c ad i e. 

Literature on the determinat ion of t his e l emen t 
i s very rich and there i s no need to summar i ze i t. 

A. Tota 1 iron 
Attack of a known weight of the so il wi th concen ­

t rated hot HCI for 5 hours. Dilute, filter and dete r­
mine. 

B. Free iron 
This name appl i es t o so il iron oxides and hydrox i des, 

wi th the except ion of iron inc luded in the str uctu re of 
the primary mine r als and o f the clay mi nera l s 2 . 

- Technique derived from th e one recommended by DEB wi th 
sodium dithioni te . The soi l i s treat ed in a centr i fu')e 
tube by sodium dith ioni t e and 50 ml of a buffer sol ution 
of sodi um cit r ate - sod i um tartrate (p H 8.5) . The ex ­
t ra ct i on is repeated 3 time s ; t he three so l ut i ons are 
mixed together a nd iron i s dete rmined. 

USDA 3 recommends s imi la r techniques wi th other buffer 
so l ut ions (part icul a rly sodi um c itrate and bicarbonate). 

1 Sega len, 1964 . 
Segalen, 1971 . 

3 Report No . 1. 
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- Technique derive d from that recommended by De Endredy. 
Apply a st r ong ultraviolet ray toa soi l samp le immersed 
in an ammonium- oxa l i c acid sol ut ion (at pH 3.5- 3. 7) 
(Tamm reagent) . Generally, 2 to 3 hours are enough to 
dissolve a l 1 free i ron. In presence of 2:1 clay mine ral s 
containing iron, the attack of the lattice is slower by 
th i s techn i que 1 . 

Using th i s technique enables to get a kinetic ext rac­
t i on and to draw a cumulative curve from which free iron 
i s deduced . 

C. Cheluvion iron and aluminium 
The extract with sodium pyrophosphate is used for the 

determination of iron, aluminium and the organic matter 
of podzo l che l uvions. 200 ml of 0. 1 M sod i um pyrophosphate 
solut ion are added to 2 g of the soi 1. After mechanica ] 
ag i tation, f i l tra tion is followed by determination of Fe, 
Al,andC 2

• 

Th e extract wi th sodium pyrophosphate to which sodium 
dithionite i s added is used for the extraction of iron 
and alumin i um ox i des which are no more bound to the chel ­
ati ng organ i c matter 3

. 

80 ml of the previous solut ion are added to 4 g of 
soi 1 and 2 g of d i th i on i te. Fe +Al obta ined by this re­
agent are compared with Fe +Al obtained by the previous 
reagen t . 

JAROS ITE : cf . Su l fates. 

24) MECHAN ICAL ANALY SIS. THE PIPETTE METHOD 

The fol lowing operat ions a r e success i vely unde rt aken: 
- Treatment wi th hydrogen peroxide to destroy the organic 

matter. 
- Dispersion in sod ium hexametaphosphate or pyrophosphate. 
- Mechanica] agitat ion for 4 to 6 hours. 
- Removal of al iquots for clay and si lt. 
- Washing, drying and s iev ing of the i solated sands after 

siphoning off the c lay and the si 1 t. 
In case of pseudosands or pseudosi lt s, refrac t ory to 

dispers i on , undertake an ultrasonic t reatment at 20 K Hertz 
during 10 to 15 mi nutes, with or without addi tion of a 
dispersing agent . 

lf the t reatme nt wi th ultrasonics is still insuffi ­
c ient, the ferruginous cements may be d i ssolved wi th 
TAMM's reagen t in the dark . The amounts of si 1 ica and of 
alum i n i um, released by th i s treatmen t 4

, are then measured. 
In case of andosols, the mechan ical analysis should 

be done on the mo i st so i 1 and the pH should be adjusted 
in order to obtain a better dispersion (some co l loids are 
d i spersed at a n ac i d pH, between 3 and 4 . 5, ethers at an 
a lkaline pH between 9 and 10 . 5), while d i spe r s in g by 
ultrason i c i s a lso used . 

Moreove r, certain pretreatments should be avoided 
(hydrogen peroxide containing phosphoric ac id ) or d i s ­
persing agents l i ke hexametaphosphate . lt i s sometimes 
recommended to try a di reet dispersion of the soi 1 before 
any pretreatment. 

1 Se ga 1 en, 1970. 
2 Bascomb, 1968 . 
3 Franzmeier et a l . , 1965 . 
4 Chauve l , 1977. 
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25) MICROMORPHOLOGY 

Th i s technique allows to examine the microstructure 
of the soil and to get useful information on the struc­
ture, the constituents and the arrangement of these cons ­
tituents. lt is especial l y usefu l for the determinat ion 
of the origin of calcium carbonate or of gypsum, for ex­
ample, and whether they are due to pedogenesis, or to 
ether origins and to determine if there are any movements 
and deposition of clay and/or iron 1

• 

The appl ication of this technique needs a workshop 
equ ip ped for: 
- lmpregnation of the samp les wit h a p last i c material i n 

order to "immobilize" the f i nest particles . 
- Cutting bleeks which are rather thick, to begin with. 
- Pol ishing and thinning of the bleeks to the des ired 

th i ckness. 
The thin sections are examined with a microscope 

using natura! or polarized light. 
The observation of the thin sect ions is a lways in ­

formation rich. lt allows to recognize and to identify 
certain minerals. Among ethers , it al lows to distinguish 
the clay which did not undergo any movement and wh i ch is 
isotropic from the displaced clay forming coat ings, 1 inks 
and fi 11 ings and which is birefringent. The identification 
of the Jatter clay type is particu larly usefu l to dis­
tinguish the argi llanic horizon. 

26) TOTAL NITROGEN 

Nitrog en is mineralized by the Kjeldhal technique in 
order to be transformed into inorganic nitrogen, by using 
sul furie acid to whci a catalyst is added (Se+ K2S0 4 ). 

- Determination of the re l eased ammonium ion is done by 
volumetry after displacement of ammonium hydroxide by 
caustic soda and steam destil lat ion. 

- Determination may be also done by colorimetry of a blue 
product of the indophenol type, obtained by the reaction 
of phenol and sodium hypochlorite on the ammon ium ion 
i n presence of potassium nitroprussiate as catalyst. 

27) OXIDIC METALS 

These a re Ni, Co, Cr, V, etc . . They exist as traces 
in the soi 1 but in oxid i so ls the ir content may reach a 
h i gh percentage. They may be tested and determined in a 
particular attack with strontium metaborate. In the 
obtained solution, the metals are determined with atom i e 
absorpt ion. 

28) OXIDES AND HYDROXIDES 

The ident ification is done with a phys ical technique 
(thermal analys i s, X-ray diffraction) or a chemica] tech­
nique (total o r partial analysis) . 

The quant itative determination is very easy when the 
investigated product is separated s in ce each metal i s 
easily determined by one of the severa l methods presently 
avai lab le. 

29) PENE TROM ETRY 

The resistance of a soi 1 or of a soi 1 horizon to the 
penetration of a metal lic rad driven in the so il by a 
known amount of energy is measured. The result may be ex ­
pressed in the form of the necessary energy to go through 
a unit thickness 2. 

Brewer, 1964; Report No. 1. 
ACHRV, 1973. 
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30) PERMEABILITY (o r filtration velocity) 1 

Thi s property is measured by using the fol lowing 
technique: 
Porchet method . A bare hole of known diameter is fil led 
with water . The lowering of the water level as a function 
of time is measured. 
Müntz method. At the so i 1 surface, a constant water height 
i s maintained (h = 3 cm). lnfi ltrating water is automati ­
cally rep l aced and the volume of filtrating water during 
1 hour is measured. 
Aspersion (Valetin) method. A plot of land of known area 
i s sprinkled with water. The flow water i s col lected and 
the fi ltration is deduced. 

These measurement technique s (penetrometry and per ­
meabi 1 it y) help in characteriz i ng the compact hori zons. 

A soi 1 i s impermeable i f the water flow is less than 
1 cm/h r; permeable for 1 to 10 cm/hr; very permeable fo r 
more than 10 cm/hr. 

31) pH OF THE SOIL 

20 g of soi l are mi xed wi th 50 ml of disti 1 led water; 
agitat i on i s followed by pH measurement by a glass elec ­
trode potent iometer. 

After stabi l ization, the va lu e pH - H20 is recorded. 
A known quantity of sol id potassium chloride is then 

added to obtain a 1 N KCI solution. The suspen s ion is 
agitated and the measurement i s repeated to get pH/KCl. 
Calcu late 6 pH = pH(KCl) - pH(H 20). 

The measurement of 6 pH i s particularly instructive, 
for the identification of the andosols and the oxidisols, 
according to whether it is positive or negative. 

32) POROSITY 

This va lue i s obta i ned by the measurement of the ap ­
pa rent and rea l bu l k densities 1

: 

p = 100 ( 1 - 2) 
Dr 

or by suspendi ng a clod to the bar of a ba l ance a nd dete r ­
mining the total volume and the volume of the sol id 
fraction by immers ion in petroleum . 

33) PHOSPHORUS (ac i d) 

The total ac i d i s obtained after the atta ck of the 
soil by concentrated bo i l ing nitric acid for 5 hours. 

Avai lable phosphor i c acid. Th e Olsen technique, mod i­
fied by Dabin i s recommended in this case. 

Th e extraction is done by a solution of soci ium cnr ­
bonate and ammon ium fluoride. 

Phosphorus determ i nation is done by colorimetry 
(molybdenum blue). 

34) SALTS OF MED IUM SOLUB ILITY OR HIGHLY SOLUBLE 

Fi r st, th e ir extraction from the soi 1 is done by the 
saturated paste technique 2 : 
- 300 to 400 g of the so il is g radually mixed with water 

by us in g a srnooth metal 1 ic spatula. Mixing i s s topped on 
the format ion of a sh ini ng film on the surface of the 
paste, or when i t adheres no more to the spatula. 

1 ACHRV, 1973 . 
2 Richards, 1954. 
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The solution i s t hen ext racted by us i ng a Buchner f unn e l 
connected with a suction pump . The f o l l ow ing mea s ure ­
ments a re done on the obta i ned l iq ui d. 

• pH ( see above) . 
• Electrical conductiv i ty. A hal ic sa li ne so il s hou l d 

have a conductiv i ty equa l to or h igher tha n 8 ms (m i c r o­
s i emens) . 

• Determination of the ions . 
1) Anions: chloride, by potent iometry wi th a s i l ve r 

e lectrode; sulfates by turb i d imetry of bar i um s ul fate; 
carbonate and b i carbonate by acid ime t ry. 

2) Cat ions: Ca 2+ and Mg 2+ by atom ie absorpt i on , Na+ 
and K+ by flame photomet r y . 

The saline capacity may be roughly deduced from the 
conductivity. 

Sum (anions and cations) in meq = EC x 10 . 

35) S i 02/Al 20 3 RATIO or Ki 

This rat io is calcu l ated by us i ng the a lumi na a nd 
silica contents, obtai ned by the t r iac i d attack on the 
chosen fraction . 

Si0 2% 
A 120 3% x 1. 7 = Ki 

The choice of the va l ue 2 . 2 to se parate monosia l sols 
and fermonosialsols from the b i sia l so l s and ferbis i a l so l s 
is justified by : 

The possible existence of i ron conta i n i ng 1 : 1 c l ay min ­
erals. 

- The presence of smal 1 amounts of 2:1 clay minerals or 
si 1 ica and increase the rat io. 

The Si0 2/R203 ratio is calcu lated by us i n2 t he S i02, 
Al 203 and Fe 203 contents. 

Si0 2/60 
Al 20 3/l02 + Fe20 3/l60 = K2 

The usefulness of this ratio i n the i de nt i f i cat ion of 
soils is not c lear. 

36) SODIUM (appraisal of) 

The appraisal of sodium adsorbe d on exchange complex 
can be done : N h 

a) By the calculat i on of ac~2c · x 100, i t i s con-

s idered that there is a r i sk of sod if ication if the ob ­
tained values a r e higher than 15. 

b) By the calculat i on of SAR or Sod i um Abso rpt i on Rat io. 
This ratio is calculated from t he exchangeable ions 

in the following way 1
: 

SAR = _ __ N_a_+ __ 
Ca 2+ + Mg 2+ 

2 

lf the rat io exceeds 13, t he r i sk of sodif i cat ion 
ex ists. 

37) (Test wi th) SODIUM FL UORID E 

1 g of f i ne earth i s ad ded t o 50 ml of 1 N sod i um 
fluoride solution . Wi th i n 2 minutes, the pH i s measu red 
and the soil i s cons ide red as a l lophanic i f a pH 9 . 4 or 
more develops . Fora lower va l ue or i f more s l ow l y at ­
tained, the so i l is cons idered as and i c . In a ll cases, 

1 Ri chards, 1954. 

118 



th i s measurement denotes the presence of amorphous ma ­
te rials whe re Al is easi l y dis placed 1 . 

Whi Ie thi s test i s ve ry usef ul for the characte r ­
ization of the andoso l s and the andic soi Is, one should 
not fo rget that che lu vions may also give positive reac­
t i ons with th i s test . 

In the fi e l d , a small mound of earth i s placed on 
as hl ess filter pa pe r, preimpregnated wi t h phenolphthalein . 
A few drops of sodium f l uoride so l ution are pu t on the 
mo und to impre gna te it. During the fol low ing minute , a 
vio let col or a ppea r s on the f il te r paper. Thi s react i on is 
used for the prec i se de t ermi na t i on of the alloph anic or 
andic characte r . 

38) FERRIC AN D ALKALINE SULFATES (jaros i tes) 

The extraction i s done by us i ng a warm sol ut ion o f 
sodium carbonate 2 . 

Th e su l fates a re est imated by turbidimet ry of bari um 
sul fa te. 

39) SULFID ES 

A. Soluh l e alkaline sulfi des 
The extraction i s done under a nitrogen a t mosphere . 

A sample is treated wi th HCl and the formed H2 S is re ­
ceived in a so l ut ion of zine acetate. The forme d zine 
sulfide is determ i ned by i odometry 3 • 

B. Inso lub l e sul fi de s and po l ysulff:des 
Nascent hydrogen (HC 1 + Sn) i s used for the r e duc­

t ion. Or, an oxidat ion in a furnace at 1000°c is done by 
using tungsten, iron and copper 4 ox ides. 

Sulfur in the formed gases i s collected . 

40) ELEMENTARY SULFUR 

Di sso lve sulfur in acetone and transform it in copper 
sulfide CuS . Attack by HCI and determine HzS by iodo­
metry 5. 

- Or , oxidize the su lfurized product by an ox idizing 
mixture in a n itrogen atmosphere. The sulfur dioxide 
obtained is dete rmined by iodometry . 

41) SP ECIFIC 5URFACE AREA 

Form a monomolecular l ayer on the surface of a par-
t iel e and measure the amount of fixed product t o determ ine 
t he su rface. 

Th e Gly cerol Me thod. An anhydrous spec irnen i s treated 
with a 2% glyce rol so luti on. Hea ti ng is done in a furnace 
at l10°C, until a constant weight is reached 6

• 

Nitr ogen Method (BET). On a cooled sample at - 190°c , 
a current of nitrogen d i luted i n he lium is pas sed. The 
amount of fixed n itrogen is measu red by reheating the 
sample to re l ease nitroge n7

. 

Th e poorl y crystal 1 ized or amorphous materials have 
a very high specif ic surface area of 200 to 700 m2 /g . 
The clay minerals and oxi des have a smal ler spe c i fic area, 
from 30 to 200 m2 /g. 

1 Fi e ldes and Perrott, 1966. 
2 Vieil lefon, 1974, Report No. 1, 1972 . 
3 Vie il lefon, 1974. 

Smit t emberg et al., 1951. 
Report No. 1. 
Kinter and Diamo nd, 1958. 
Nel sen and Eggersten, 1958 . 
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42) TEXTURE TRIANGL E 

The textu re triangle i s const r ucted by us i ng the data 
provided by the mechan i cal analys i s (see above), fo r t he 
clay, silt and sands, with the except i on of wate r and 
organic matter contents (A + L + S = 100) . 

Several t riangles of this kind ex i st, three of wh i ch 
are given next . 

43) SO IL WATER 

The soil water content at a g i ve n moment may be ob­
tai ned : 

a) After dehydrat ion of a sample of a known we i ght i n a 
furnace at 105°c . 

b) By using the neutron scanner techn ique. 
The determinat ion of t he moist ure of a so i 1 samp l e 

at different levels of the matr i x potentia l i s part i­
cu l arly important. The samp les, p resat urated with wate r , 
are placed on a semipermeable disc and s ubm i t t ed to vari­
able pressures. This pressure is meas ured in un i t s of 
g/cm 2

, in which case the l og va l ue i s taken , or it i s 
determined in bars 1 . 

In France, two values are of t en used : t hese are, 
16000 g/cm2 (pF 4.2), co r responding to t he 1< i l t in g po in t 
and 320 g/cm 2 or 1/3 atmosphere (p F 2.5 ) wh i ch ( in p ri n­
ciple) corresponds to the field ca pac i ty . In USDA, the 
pressures are expressed in bars (15 and 1/3); t hey a re 
very close to the previous p ressu res a nd t he va l ues a re 
quite comparable. 

Some values of water contents o f soi l s after t he 
appl ication of a pressu re of 15 bars are g i ven be low . 

Nonvitric perhydrated andoso l s 150 to 300% 
Nonvitric orthic andosols 30 to 150% 
Vitric andosols < 20% 
Fermonos ia 1so1 s with ha 11 oys i te 10 to 80% 
Bisialsols 40 to 80% 

Rehydr>ation of the soiZ 
An andosol on which t he wate r content at 15 ba r s i s 

measured behaves in a d i fferent way accordi ng to whethe r 
the meas urement of the water content was done after des ­
i ccat ion or on a sample having kept its na t ura! mo i st ure. 
The decrease is higher t han 35%2 . 

This 6 pF value denotes the i r r eve r sib l e dehydration . 
l t may be given i n abso l ute or in rela ti ve va l ue wi th res ­
pect to the in i tial value of the mo i st so i l . 

1 ACHRV, 1972 . 
2 Colmet - Oaage et al . , 1967; Quant in, 1976, 1978. 
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APP ENDIX 3 - INDEX 

- A -

Acid ic 40, 63 
Aci dosul fated 40 
Agg radat ion 1 3 
A 1ka 1 i ne 41 
A 1 iat i c 37 
A 11 i tic 33 
Al 1 i ti t i tan i c 86 
A 11 ophane 16' 28, 105 
A 1 lophan i c 35 
Alluvium 21 
Alter ite 21 
Al te ren 42 
(Mixed) alte r on 43 
Al umi nated 40 
Alumin i c 40 
Amb i a 1 teren 43 
Amer i stic 20, 50 
Amo rphous ma ter ia 1 s 16 
Analcime 14 
And ic 34, 35 
An don 28 
Andosol 48' 71 
Ant igor i te 16 
Aren ic 34, 36 
Areno-ferric 51 
Argi 1 lan ic 34, 37 
Avai lable water ( vo 1 urne) 41 
Azonal 

- B -

Basa l t (wi th ) 36 
Ba sa l tol i th ic 36 
Basic 40 
Bathysol 50 
Bed rock 22 
Be i de 11 i t e 16 
Bi s ial 1 i tic 30, 31 
Bi s i a 1 1 i ton 29 
Bisial so l 48, 74 
B Ja ck 42 
Boehmi te 17 
Boehm i ti c 33 
Brown 42 
Bulgi c 34, 38, 51 

- c -

Calcareous 36 
Calcaric 41 
Calci t e 14 
Cal co li th ic 36 
Calcomagnes ic 40 
Character i st i es (phys i ca l and chemica!) 51 
Carbox ic 40 
Carboxisol 49, 69 
Carbox l ton 27 
Chain of Soi l s 9 
Cheluvion 32 
Chlor i te 15 
Chl or i tic 33 
(Sod i urn) ch loride 14 
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- C - (ctd.) 

Chrysoti le 
Class 
Class i ficat i on 
(Object i ve) c l ass i f i cation 
Cl ay minerals 
Cl i mati c mode l 
Coherence 
Co l umnar 
Compact 
Comprehensive 
Concretionary (or Nodular) 
Const i tuents 
(M i neral) const i tuents 
(Organi c) const i tuents 
Co lor 
Cr i teria 

- D -

Da rk 
Degradation 
Di agenesis 
Di aspore 
Diffuse 
Dolomi te (w i th) 
Do 1 om i 1 i t h i c 
Drainage 
Duri c 
Dy st r i c 

- E -

Eluvial 
En c rusted 
Epi al teren 
Epi 1 i tha 1 te ron 
Epimineral on 
Eutric 
Express i on (of re sul ts) 

- F -

Fami 1 y 
Ferbis i al 1 i t ic 
Ferbis i al 1 i ton 
Ferbisialsol 
Fermonosial li ton 
Fe rmonosialsol 
Fer ral 1 i ton 
Ferrihydri te 
Ferri ox idon 
Fer ri c 
Ferri tinickel ic 
Ferr i t ic 
Fer s i a l 1 i tic 
Fi bri c 
F l uffy 
Fol ia ceous 
Fo 1 i c 
Format i on factors (of the so i 1) 
Fulvi c (ac id) 
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16 
47 , 48 
58 

4 , 6 
15 
56 

5, 45 , 92 
35' 37 
35' 39 
7 

39 
47 
11 ' 12 
18 
42 
92 

42 
1 3 
21 
17 
39 
36 
36 
41 ' 53 
73 
24, 25 , 40 

38 
39 
43 
25 
25, 26, 50 
211, 25, 40 
511 

52 
30 
30 
4B, 77 
31 
82 
31 
17 
26 
35 
86 
33, 86 
30 
23, 35, 61 
37 
39 
24 , 35, 61 

1 
18 



- G -

Ge l ic 35, 37 
Genes i s 6, 92 
Gen on 9 
Genus 52 
Geomorphology 54 
Gibbsite 17 
Gibbsitic 33 
G i 1 ga i 37 
Gley 39 
Glossic 38 
Goeth i te 17 
Goethit i c 33 
G reat Subclass 49 
G rea t g roup 50 
Gravel ly 34, 36, 51 
Grey 42 
Group 50 
Gypsum 14 
Gypsic 27, 40 
Gypsisol 49, 68 
Gypson 27 

- H -

Ha 1 ic 39 
Ha 1iso1 49, 66 
Ha l loysite 16 
Ha l loysit i c 33 
Halon 27 
Hap 1 i c 34, 50 
Hematite 17 
Hematitic 33 
Hemigley 39 
Hem i c 24, 35, 62 
Hierarchy 45 
Horizon 23 
(Minera l ) horizon 26 
(Humus) horizon 24 
(Organic) hor i zon 23 
Humus part 20 
Hum i c (ac id s) 18 
Hum ins 18' 19 
Humo-alt eron 43 
Humon 20, 24 
Humus 18 
Hydro l ysis 13 
Hydromorphic 51 
Hydroxides 17 
Hype racid i c 40 
Hypera l uminic 40 
Hyperdystric 40 
Hypereutric 40 
Hyperhal ic 34, 39 
Hyperpach ic 25 
Hyperac idosulfated 34, 35, 40 
Hypoca r boxic 34, 35, 40 
Hypogypsic 34, 35, 40 
Hypoha 1 i c 34, 35, 39 
Hyposu 1 fur i zed 34, 35, 40 
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- 1 -

111 i tes 15 
111 i tic 35 
lmogolite 17 
lmpoverished 34, 38 
lncorporation 24 
1 ndurated 35, 39, 51 
1nfraso1 50 
lnheritance 12 
lntrazonal 1 
lsal ter ite 52 
lsa l teron 43 
lsochromous 43 
lsovolume 43 

- J -
Jarosit e 27, 49, 63 
Juxtaposition 24 

- K -

Kandite 16 
Kaol in i te 16 
Kao 1 in i tic 33 

- L -
Lamel lar 43 
Latosol ic 37 
Lepidocrocite 17 
Lept ic 24, 25 
Lessivage 2 
Lime (wi thJ 36 
Li thalteron 43 
Li th ic 34 
Lit hobasaltic 36 
Li thocalcareous 36 
Li thodolomithic 36 
Lithopolygonal 35, 37 
Lizardite 16 
Loess 21 

- M -

Maghemi te 17 
Magnesic 40 
Manganese 17 
Massive 31,, 36 
Mealy 37 
Melanie 2'" ·" 42 
Mesotrophic (peat) 24 
Metaha 1 loys i te 16 
Minera l (differe nt i ated part) 20 
(C l ayey) minera l 15' 16 
(P r imary) mi nera l 12, 13 
Minera lo-a lteron 43 
Minera len 20, 26 
Mixed 33 
Modal 50, 51 
(Climatic) model 54 
Moistu re (soi 1) reg ime 53 
Monosial 1 itic 30 

128 



-M- (ctd . ) 

Monosia l l iton 
Monosialsol 
Montmori l l on i te 
Mor 
Morphology 
Mot t led 
Mottles 
Mu l l 

- N -

Nat ri c 
Natural 
Natura l body 
Neut ral 
Nodular 
Normal 

- 0 -

Object of c la ssification 
01 igotroph ic (peat) 
Opa l 
Organic 
Organ i c const i tuents 
Organ ic matter 
Organic part 
Organen 
Organoso l 
Orthic 
Oxides 
Oxidisol 
Ox i don 

- p -

Pach ic 
Pallidon 
Pa rent material 
Pa rent-rock 
Particulate 
Peat 
Pedogenesis 
Pedo l i te 
Pedogenon 
Pedoplasmat ion 
Pedon 
Penevolved 
Pe r hydric 
Phase 
Phi l i ps i te 
Phytol ite 
Placic 
Plan ic 
Po de Café 
Podzol 
Pol ypedon 
Pragma t i c 
Primarol ithe 
Primaroso l 
Pri smat i c 
Processes (Soi l Fo rmat i on) 
Profi l e 

30 
48, 79 
16 
24 
12, 49 
34, 38, 43 
27 
25 

40 
7, 92 
1 

40 
39 
1' 2, 25 

8 
24 
17 
35 
18 
18 
20 
20, 23 
61 
50 
17 
48, BS 
32 

24, 25 , 32 
25 
20' 42 
21' 22 
35, 37 
24 

ó 
21, 28, 52 
9 

21 
4, 8 , 19 

34' 35 
38 
53 
14 
17 
35, 39 
38 
37 
48, 86 
9 

5, 45 
22 
48, 60 
37 
2, 3 
8 
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- p - (ctd.) 

( Synthet ic) prof i le 511 
Psammic 311, 36 
Psammoclodic 37 
Pseudochlorite F ) 

Pseudomyce l i urn 39 

- Q -

Quartz 12' 21 
Quartzipsamm i c 36 

- R -

(C/N) ratio 18 
(si l ica/alumina) Ratio 30, 31 ' 32 
Red 42 
Reticulate 38, 43 
Rockiness 41' 53 

- s -

Sa lts 14 
Sa lts (very so l ub l e) 14 
Sapr i c 24' 35, 62 
Saturated 40 
Sed i mentol ithe 22 
Selsols 49, 62 
Seri es 52 
Serpentinites 1 b 

Shiny 37 
Silcrete 17 
S il ica 17 
Si l i ei c 35 
s i l ty 36 
S l ope 112 ' 53 
Smectite 16 
Smectitic 33 
Sodi um Fluoride test 29 
Sol urn 7.0 
Sombron 25 
Spec i f i ty 5 
Spheroidal 43 
Stil pnos i de ri te 17 
Stoniness 1,2' 53 
Stony 34, 36 
Structure 1,5 
Subclass i,8 
Subgroup 51 
Sul fan 27 
Sulfosol 49, 63 
Sulfur 27 
Sulfurized 40 
Suprasol 50 
Synthesis 13 
Synthetic profile 54 
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- T -

Taxa 45 
Tempe rature (so i 1) regime 53 
Texture 52 
Th i ckness 52 
Th ion 27 
Thiosol 49, 62 
Ti t anium 17 
Thixotropy 38 
Tran s format ion ~ 3 
Tufaceous 39 
Turbic 37 
Type 52 

- u -

Un i versa) 7, 92 
Ut i 1 i zat ion of so i 1 s 6, 53 

- v -

Variant 54 
Variety 52 
Vegetat i on 54 
Vermicul ites 15 
Vermicul itic 33 
Vertic 35, 37 
Vi tri c 71, 72 
Vitropsammic 36 

- w -

- y -

Yel low 42 

- z -

Zeo 1 i tes 14 
Zonal 1 
Zonal i ty laws 1, 2 
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