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V.A.Kovda (head of the team), V.M.Fridland,
M,A.Glazovskaja, E.V.Lobova, B.G.Rozanov,

N.N.Rozov, E.N.Rudneva, V.R.Volohuev.

An Asszy of the Legend Construction

to the-1:5.000.000 ¥orld Soil Map,

( Report to the Moscow Meeting of the Advisory Panel
. of the UNESCO/FAO World Map Project, August 1966 )

I. General Consideration.

Some great experience of the world soil maps composition
was accumulated in the history of soil science. These maps were
prepared and published both by single authors and by the collec-
tives, The first world Soil Map was published at the end or the»
last century by V.V.Dokuchaev. The Dokuchaev's map was based on
his conception of the zonality of the global nature and so0il cover
of the world.

This first World Soil ﬁap has great scientifi® and historie
importance,as a starting point for all the posterior works in
this direction. The review of the prepared during later times
world soil maps and their legends shows us,that they were mostly
constiructed on the base of Dokuchaev's conception of soil zonality.

This zonal-geographic approach can be traced also in the
existing éystems of world soil classifications,which are reflec-
ted in the legends to the maps. But,already at the beginning of
30th,it was absolutely clear,that the horizontal zonality of the

vuroasia soils is not universal,and that the geography and

e

of thic soil cever of different continents are very complicate
diversified. This was clearly shown by the materials of ii.e

4All-Union Conference of soil scientists in 1932, Ther
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suggested an idea,approved by the Conference,that in the base of
the s01l genesis and geography studies there should be historie
(historic-genetical) principle.

With the progress of redology and accumulation of the factial
material on the soil geography and soil genesis,in the USSR and
in different countries of the world original national schools of
soil science were gradually established. They have achieved a
geeat deal of experience on the soil investigation and have colleo-
ted a great amount of knowledge on s0ils of different continents
and countries. The accumulation of new facts on the soil cover of
different continents and countries plaéed in front of the soil
science an important task of generalisation of this material into
the systenm,which could provide the possibility of the experience
exchange and zutual understanding. During the latest time the
soil maps of some continents and large regions 6: the world were
prepared,that showed in detail and on the base of the generalisa-
tion of the newest factual data the great variability and specifi-
city of the continental soil covers ( Soil Map ér Australia =
Stephens,1960; Soil Map of Asia - V.A.Kovda and E.V.Lobova,l964;
Soil kap of Africa - D'Hoore,l964; observatory soil maps of the
world,edited by I.P.Guerrassimov,I965 and oth,)

The creation of the continental and regional soil maps in
such detail scale as I:2.000.000 - 1:6.000.000 must be consider
as great achievement of the world soil science. At the same time,
the variety of approaches to the construction of these maps,to the
soil nomenclature and legends,the variety of theoretical positions
ir soil clagsirication need grand and laberions work om the cor-
relation ¢f criginal and generalized datz for the creation of ge-
neral conception of so0il formation and for the unified approach
to the censtruction of the world soil map and its legend. It is

generally recognized that the existing differences in the princip-
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les and terminology make difficult all the attempts to correlate
the results of soil investigations in different countrics and to
generalize these results for the continents and for the world as
a whole.

At the same time the new matefials proved that the zonal-
geographical approach to the soil classgification and cartography
of the soils of the globe as a whole is not sufficient and does
not always allow to~discover in full the soil genesis and the lows
of so0il distribution on the earth surface as well as to understand
all particularities of the soil covers of different continents
and large regions.

In IS6I due to the initiativa of cne of the present wrighters
and under the support of the Inpernationcl Soil Science Scciety
the International Consultative Committee on ¥orld Soil klap Project
was established by two corganizations of the United Nations -
UNESCO .and FAO. The work on the construction of world soil map was
started in the framework o; this project under the guidance of the
Committee with the cooperation of the coil scientists from all
countries, v

It is not necessary to speak once more about the great
importance of this work,which open a new step in the development
of soil science. We shall but stress,that only such internaticnal
c}eative cooperation of scientisps will allow to use and generalige
in full all the achievements of national schools and of the world
soil science as a whole,

The great and useful work on the correlation of soil types,
of the soil classification systems and of the soil maps of diffe-
rent conntries,regions and continents was done by the International
Consultative Committce and FAO and UNESCO during the recent time.
The correlation symposia on the soils of South America,of the
different parts of Burope,of South and Central Asia,of Nort! i~

ca as well as on laterites,on the soils on volcunic ashes,on t!

=129
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saline soils werc carried. Much as there are many undecided and
discutable points,the large new material was received,which
allow us to make some generalizations in the world-wide scale

and to start the creation of the general legend to the world soil

map.
The first outline of the general legend to the world soil

map was prepared by FAO for the discussion at the VIII-th Inter-
national Congress.of Soil Science in Bucharest in I964. This
outline was published in I2th issue of FAO materials on the world
soil resources. Bhis material was discussed by S-th Commission
of the Congress and it was regarded as the beginning of further
creative work of the scientists from different countries. The
unified variant of the legend will pe created as a result of this
collective work. From this point of view it seems necessgry to
;mention both the positive and negative points of the first FAO
outline of the legend.

The mafn advantages of this variant of the legend are con-
nected with the fact,that it is based on the attempt of generali-
sation of the new factual materials on different continents,the
soils of which are studied by the large groups of soil scientists
of many countries. It is clearly seen in it,that the authors
apparently wanted to marchall the soils in some sequence,dependent
on their age and degree of development; but this attempt is not
possible to consider as complitely satisfactory.

The main definitions of that soil units,which should be
shown on ihe map,were added. Each of the soil units bhad its own
diagnostic characteristic. Because of the absence up till now in
the soil science of the precise and unified soil nomenclature and
because of the therminological diversification,the soil diagnostic
in a general legend secwms to be very important for the understan-
ding and possible unification of the soil units nomenclature.

fhis is also very important from the point of view of the correla-
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tion of the materials of different countries and continents for
the construction of world soil map, The correlation table,appended
to the légend,has an appreciable interest,as it allows the corre-
latiou the legends and maps,prepared by different national schools
of soil scientists. But the material under consideration has 2also
some appreciable defects.

First of all it is necessary to mecntion,that this variant of
the legend is too géneralized and does hot reflect that degree of
detailness,which exist on the already published maps of separate
continents. It contains only eighty soil units,out of which only
thirty seven relate to the main soil types (groups),and others
are different combinations and edditional symbols.

Numerous publications and maps cn different countries and
continents had enough clearly shown the exclusive diversity of the
continental soil covers,which is determined by the specific conple~
xes of historical,geélogical and bio-climatical factors. It scems
due to this absolutely necessary to keep in the future legend to
the world soil map the majority of the soils,which are already
shown on the continental Eaps in such cases,of course,when they
are sufficently provided by the genﬁtical and diagunostical data.

Thus, 1t 1S necessary to widen the volume of the legend with
the inclusion of all the soils,which are shown on the continental
s0il maps of 1:2.000.000 - 1:6.000.000 scale. Ag it is shovn below,
there are about 250 large soil units on these maps in the legends
and in the contours. v

The second disadvantage of the presented variant of the legend

is in the inccnsequence of the tasic theoretical conception,by

which it is underlined. The legend to the soil map should reflect
the world soil classification,but it must not repcail completely the
latter.But in this case,although there is an attersji to order all
the soils in some evoluticnaiy sequence,this princizle is t

up to tbhe end. The taken seguence of =oil order f
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variant does not reflect real knowledge on their evolutionaty
relations. For instance,it is not clear,why brown forest soils
follow vertisol,and the soddy-podzolic soils are quite far away
from the podzols being separated by chernosems and ferrallitic
soils.It is not understanc “le,why brown and red Mediterranean
soils are placed between soddy-podzolic soils,from one side,and
red-yellow podzolic soils,w¥hick ire correlated with Krasnozems and
zheltozems,from the other. Thes: examples show clear enough the
inconsequence of the pPrincipal tuse of the legend construction,
from which it follows the necece ity of further work of marking it
in more orderly system.

The following remark is 7 ssible to make in relation of the
soil diagnostic. The general rineiples of soil diagnostic are not
explained. Each soil is cha-.cterized by its own set of features,
among which there zre both tie soil features and the features of
factors of soil formation. la some cases the first ones and in the
other - the latter are proferred. From this,the unclearness of the
taxonomic position of soil units and their substance follows. As
a whole,it is possible to meution unsufficiency of soil proper
features in the diagnostic of ﬁost distinguished soils. It seems
especially disagreable defect in the light of the existing uncer-
tainity and ununity in soil nomenclature. Under the absence of
internationally approved and adopted indexes,terms and names, the
soil diagnostic should be done especialiy correctly and in accor-
dance with one scheme. The distinction of a single group of litho-
sols instead of the large group of mouatainous soils is objectionab
le,even the lithosols being divided according to the parent rocks.
The lithosols,as a g}oup of skeletal soils,do not include all
diversity of mountainous soils. The countainous soils in dirrereqt
continents and countries are not less diversified than the soils
of the plain areas. Depending on the position of this or that

mounisinous system on the ccntinent znd its age,on the hightness
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of the mountains and their petrography,different forms ard cowmbi-
nations of soil types will be observed in g¢ach special case. The
character of vertical zonality of landscapes and the spectra of
soil cover changes sharply with the moving from one mountainous
system to another. :

At the same time it will be not right to show on the world
soil map the soils of the mountains as similar to the soils of
plains. For instancé,mountainous brown forest soils are quite dif-
ferent from the brown forest soils,and the mountainous chernozemg—-
from chernozems of the plains and so on. It is absolutely clear to
everybody,that the agricultural utilization of. the mountaineous
and plain soils will be quite different. All this make very diffi-
cult the decision about the proper place of the mountainous soils
in the world soil system. It is necessary to confess that the natu-
re of the mountainous soils is much less studied than that of the
scils of the plain areas,

It seems to us,that tﬁe term "lithosol" should he much narro-
wed and should not substitute the large group of mountainous soils,
which is hecessary to show on the world soil map. Most of the soil
units,shown in the legend,are.too generalized and should be sub=-
divided., For instanc;,vertisols,although comprising a united large
group of genetically related soils,are enough different in the
world and can be shown on the soil map by certain subtypes. In the
legend under consideration they include regurs of India,which in
their turn can be subdivided into some subtypes,the margalitic
s0ils of Indonesia,soils of gilgai,smolnitzs of Europe,coipact
chernozems of Scuth Russia and other similar formations. The uni-
fication of them into ome "formation" or "society" of "family" in
the syetem of soil clessification has neo objections,but their di-
vereity should be reflected in the world soil pap. More subdiyi-
s8ions can be ehown in the group of brown forcst soils,réndzin

chernczens,desert scils etc. The accepted scale of the world g
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Eap permits more detailea ocharacteristic of the world soil cover,

than it is determined by the volume of listed in the legend soil
units.

' Summarising all above rezarks on FAO preliminary draft of the
legend,it is nevessary to mention that it can be accepted as a base
for the further creative work,but at the same time it needs very
serious reworking according to the above made remarks as well as
the remarks of ether scientists (part of the remarks was published

in the FAO issues on world soil resources),

II. Historic-genetic principle of soil
classification.

Trying het to limit our participation in the discussion by
criticism,we had attempted to prepare our variant pf the reworked
legend,based on the factual data on the world sogls and on the
theoretical conceptions,which are outlined below,

The world soil map shows us an interprgtation of actual pictu-
Te of the s0il distribution on the earth surface.But this real
Picture can be interpreted and understood by different ways in the
appended legend depending on that theoretical positions,on which
it is based.

Thus, we come to the conclusion that there is a very strong
connection hetween soil map,its Jegend and soil classification.
Allthough the legend should not repeat the classification,it must
reflect its main points and should be constructed on the same
theoretical base, Consequently,inspite of the fact,that the soil
classification,as it is,does not comprise an indepéndent subject
of the discussion in connection with the world soil map,we could
not to stop at the theoretical bases of soil classification,as they
should be placed in the basement of the construction of world soil
map legend.

Practically speaking,the question is in the dbscovery of the
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main laws governing the geographical distribution of different
80ils on the earth surface, Combining inductive and deductive me-
thods of the study.of go0ll genesis and distribution and upplying
the discovered laws to the further investigation,we can greatly
lighten the decision of our task on the creation of the world soil
map. It ghould be mention some attempts of soil classification in
the history of soil science at the different periods of science
evolution. And now the time came when it is necessary to review
some "generally accepted" theoretic positions and to work out new
modern conception,reflecting the new level of our knowledge. Not
stopping at the history of the question,we shall pass straight to
the discussion of modern theoretical conception on this problem.

The experience PI the natural science shows us,that the clas-
sification of the fenomena orAtbings reflects most completely and
truly the natural laws which is based on the historical evolutiona-
ry principle. 1t is Possible to show clearly,that the historical
approach to the decision of classification Problems is the only
correct even from the philosophical point of view. Such approach
ﬁermit to open internal basic reletions between the fenomena under
study and their properties. If we shall turn to the experience of
other sciences,we can ‘see,that only classifications,based on the
principles of the materialistic dialcctics,are the most long
living,the moét fundamental and in the bigzest degree promote the
scientirié progress,

At the base of modern historic science and the poilitcal eco-
nomy there is a classification of the social-economic formations
of the humen socieLy,rerlecLing the evolution of ways of produc-.
tion and of corresronding to them economic relations.It is abso-
lutely clear to us,that the historical principle is quite lawfull
and indispensable iu tle classification of different for ticns

2g according to its aim the hi tor

ol the society of mankin

to deal with the chantes o1 its subject with tire.
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If we shall turn to the biology,we can trace at least at the
higher levels of classification,historical approach to the classi-
fication of organisms,which reflect the evolution of animal and
plant organisms on the earth in accordance with the evolution of
geological time.The most comvincing in this respect is Darwin's
system of the origin of animal species.

The classification of geological_;ormations and systems
reflects the main periods of earth crust evolution,and the clzssi-
fication of mountainous rocks by petrographers is based on the
hypothesis of gradual evolution and differentiation of magma.-

At last,the periodic system of chemical elements in its modern
interpretation aiso has evolutionary character,most consecutively
reflecting the theory of atomic nucleus and partic;s stadial chan-
ges. Not all of the above examples of the classifications are rossi
ble to consider as consecutive to the last. However,all of them
are based on the evolutionaty historical principle,taking their
objects in the axes of time in such a degree as it is possible at-
the present level of ecientific progress.

If we shall apply the experience of other sciences in the
pedology and consider the soil as the independent natural body,we
should put in front of ourselves some basic questions and first of
all the question,whether the soil evolves with the time,whether the
soil cover of different parts of the globe has similar or different
history. 411 the experience,accumulated by world soil science,
convinces us that for this question we can answer only positively.
Yes,the soil is not something unchangeable,but it evolves with the
time from the parent rocis or from the precedent soil types under
the influence of certain combinations of soil forming factors. It
is not necessary to list the examples for confirmation oi this
point. They are qui.¢ known and aTter the all-Union Conference of
1932 bave reccived the approval in the USSR and abroad.

1 nuilerous publications on pedology it is possible to find a

I1
great variety of particuzlr descriptions of soil development and
cvolution,discovered with the aigd of comparative-gcographical method
by thé experimental investigations or by the experisnce cf soil
amelioration. Consequently,as the soil is a natural body,which perca-
nently changes with the time under the influence of continuous soil
Iqrmation process,we czn with a full right and must use the historic-
dialectical principle in the soil study,the highest synthetic result‘
of which should be the soil classification.

Thus,we have come to the conclusion,that the historic-evolutio-
nary principle can be é:u should be laid down in the base of soil
classification,as it allows us not only to group the soils correctly
and to reflect their distribution on the earth surface,but it also
permits to open deeper the conneetions betﬁgen different soils and
their features. »

‘ already V.V.Dokuckzev at the earliest stages of the pesdology
development had understcod the exclusive importance of tb¢ time
factor in soil formation. Later on the pcdologists have many times
attempted to'apply the evolutionary principle in soil classificatiou
To our disavpointment,these attempts did not so far lead to the
construction of graceful eJolutionary system of soil classificétion.

The ZTirst attempt of outlining of historic-genetical principles

of soil classification wzs done in the reports at the Conference of

pedolouists of the USSR in 1932 (B.B.Polynov,I933;V.A.HKovda,l1933).
une of the present authiors had written at that time,that..."standing
on tiie historical undersizuding of soils origin,it is necessary in
Lile classification consiruction to classify soil types not according

their geograpbical distrilution (zones),not according to external

conditions of their development,and of course not accordinsz to their
external features (colour.,but according to the lListoric-scnetieal
Lends of tile soil tyjpes,w.ich are the variable staces of the soil
forning yrocess”" (V.a.hovea,1933).
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Ap to the present time the soil classifications by the parti-
cularities of factors of soil formation, by bioclimatic conditions of
natural zones and brovinces,by the combinations of genetic horizons
or by chewmical and bhysical properties of the solum have predomina-
ted in the Pedology. At this the soils were considered as a Product
of the present conditions of so{l rormation,having not any past hisg-
LOry. At the same time,in the soil Science not few convincing data
i;ave been accumulated on the age and quoternary history of some s0il
types,on the stadial changes of bhydromorphic and automorphic soils,
o6n the evolution of saline soils,on the steppetion and desertation
of the soils etc. lnt;oduced during the latest time in pedology the
concept of seasonal regimes of soil formation has improved,but digd
not changed the geographical approach to soil classification. The
rggimes of soil formation only reflect the influence 6f Present
effernal factors of seoil fornmation,considered allthough in seasonal
dynamics,but without of any conneetion with genefal evolution of
landscapes and soil formatioan,that is outsiﬁe the parameter of time.
But that important fact is known,tha; the soil regimes theuselves
evolve with the time tozether with thie evolution of the soils and
surroundings and the changes of oae lead to the changes of other,
and vice versa.

The attempts to put the principle of soil evolution at the
base of soil classification is observed in French And Belgian school
of pedology. Liowever,tliese ideas do not receive so far their develop
ment. It is impossible to see the evolutionary row ‘of soil develop-
ment in the classification System. The sinilar on their genesis
Soils are separated one from another,edd,vice versa,the dissimilar
Solls are united. That lLas found its reflection both in the carto-
graphical materials a-¢ in the lezend to the soil map of Arrica.

It is possible to hope that the Crective findings of French and

velgian pedolosists in tlis direction will lead to further progress

in ~racefuliiess of the evelutionary schercs ¢f soil formation.

o iy - o .
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Concluding the above sald,we can deteruine the following

g}

tasks of soil élassification,partly using the words, said by one o
us thirty.years ago and partly adding some new points:

I) to establish and to reflect the main stages of the process of
soil beginning and development with aim of the planned directing
of their development and the utilization &n the mankind interest;
2) to establish and to reflect their hi§toric—genecical bonds;

3) to discover and to ‘'understand the main features,contraries and
leading factors in them,which move the procésses of sgil develop-
ment at each stage;

4) to utilize the classification as a deductive method in pedology,
which permit the deepéning of soil development study'and prediction
of their Droperties and changes;

5) to utilize the classification as the means of ecqpomic soil
estimation inAthe intérests of ‘their productive usage in agricultu-
re,forestry,mechanics,building and so on. .

The consecutive application of historical principle to soil
study of the world leads to the discovery of one of the most ;ene-"
ral low of the soil genesis‘and distribution'(geography),which was
formulated at the Bucharest Soil Science Congress and which ¥e can
designate as "the principle of heteroageons of the soils of the
world" (V.A.Kovda). Accordihg {o this principle,the analogious
or similar soil groups will be situated on the homoageous (and of
same type) geomorphological elements of the land of the coatinents.
Heterdageous géomorphological surfaceé even situated in the came
climate will have different soils.

The above principle could be laid down at the base of soil
classification and the legend to the soil map and could be conse-
cutively held in the complete system of taxonomic units only in
such ideal case,if th.~ soil development could allways

proceed in some stablé and the fame surrounding conaitions, I lve
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reality this is not so in most of the cases. The numerous soils,
allthough have appeared on land at the same time,but in different
surroundings,which in their turn have changed with time. From this
we inevitably come to second important principle - to the idea of
polygenesis of soil foruwation.This idea in a bit different form
has been set of against to the idea of V.R.¥illjams on the united
process opposed to soil formation (N.N.Hozov,I9§6). As a result,
within the limits of the homoageons earth surfaces it is necessary
to distinguish the soils,the development of which bas started and
proceeded in different surrounding conditions.And vice versa,in
the same or similar surrounding conditions thé soil formation has
started at different time,and that is why the soil cover is' often
very differént being at present in the same climate.

The differences between the soils within homoageous stages,
determined by local soil-geochemical cycles,may be so big,that
even overcome the ageous differences between the‘soils. This
becomes obvious if we zhall find the correct answer to the second
question in connection vith the evolutionary approach to the soil
classification,and namely to the question of what is sﬁbjected to
the evolution,what debelops in the history of soil formation,
what lies at the base of soil evolution.

An analysis of the sum of present kncwledge shows that the
most general phenomena,which develop under soil formation and
which is characteristic for all the soils without exclusion,is the
balance (ratio of incoming and outcoming)of organic and mineral
substances,determined by the interrelation of biological and geo-
chemical circulations of substances. The traasformations and chan-
ges of the balance of the substances in ihe history of biological
and geological (geochemical) circulation in hypergenic sphere of
the planet comprise the base of soil eval. 1on,the moving power
of soil formation process. There is no cc:1l formation without

biogenic accumulation; but the bioszenic zcrurulation in the soil
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is very complicately and differently coobhined with the geological
alterativy denudation,washing out tra.zyoration and deposition of
substa;ccs in the landscape.
In the complex phenomena of the development and history of
the balance of substances under soil Icrmation there are such
components as the balance of water (the sources and forms of supply

cvaporation, transpiration,outflow) and connected with the first

1bstances,incoming and out-

the geochemical balance of mineral s
coming in the solum,and especially the synthesis and decomposition-
of organic matter,accumulation and migration of connected with
the latter biogenic elements.Numerous components of these balances
can .not be so far quanﬂitatively characterised. Howeve;,there were
some attempts £o work out the types of the balances of the ground
waters and the soluble substances (V.i.Kovda,A.A.Rode,N.A.Kenes-—
sarin and others).

From the geological point of v;ew'zhe soil formaticn is one
of the most general geochemical surface and subsurface procegses
of so called hypergenesis (A.E.Ferszan),which inteasivity is de;
termined by the intensixxty of processes,going on in the biosphlere
which in their turn in a great degree depends on the intensity
and the complcteness of usage of the solar energy.

The biological circulation of substances always develops
itself at one of the branches of more wide geological circulation,
That is why we can not regard them separately when the soil deve-
lopment study is concerned. Such contrary directed processes as
synthesis and decocposiiion,accumula:io:,trausporation and out-
flow of the substances,absorbtion and desorbtion of ehergy in the

e
s,which

soils always go on at the same time in

make the diversity of soil foruation t this;
the direction of this or that processecs dlays an i Y Lt role

The geological (geochemical) and ziological circulations of
5-192.9
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substances at the certain stages of soll formation have the same
direction and then especially rich forms of accumulations of sub-
Stances and soils are formed. Such, for instance,the dark coloured
meadow hydromorphic soils of different natural zones. There are
the cases of their backward interrelation when the biological and
geological circulations are contrary directed as,for instance,in
the allitic or podzolic soils. Depending on the components combi-
nations,comprising the geological and biological circulations of
substances,different soil types and groups are formed.
It is important to stress,that all processes of substances
transformation in the zone of hypergenesis whether mechanical, phy-
sical,chemical,biochemical or biological depend in their intensity
on the intensity of the income of golar energy to the land surface
28 the internal earth energy play,it seems,a subordinate role in
these processes. Consequently,the energetical coefficient of soil
formation should be taken into consideration in the study of the
balance of substances and in the soil classification,build up on
the evolutionary principle,
4s the balance of substances and its evolution in the zone

of hypergenesis are closely connected with the energy resources
of soil formation,we should outcoming of the principle of polyge-
nesis introduce the new conception of the system of evoiutionary
rows in different energetical conditions,reflecting the potential
energy resources of soil formation.The latter are determined
firstly by the solar radiation balance of the earth surface and —
secondly by the completeness of their possible utilization depen-
ding on the present water resources,that is on the coefficient of
bumidity,as practically all chemical and biochemical reactions of
so0il formation go on in the water media (V.H.Volobuev,1963,1964).
Froposed by V.R.Volotuev energzetical approach to the understanding
of so0il formation permits to build up a sciieme of the most large

soil units,which reflects the gradual changes of the energetical
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rotential on the earth surface dnd the completeness of the sclar
radiation utilization in soil formation.

The changes of the energetical potential on the earth eurface
may be expresced by different waye,but mest generally they are
expressed in the sysiez ¢f thermal belts,vhich are possible to
characterise weigher by the radiation balance in calorias ;er unit
of surface or by the sux of ictive temperatures.Probably,it is
enocugh at the ;resént stage of,studi to differentiate the follewing
thermal belts,to each of which its own grouprot the soils corres-
ponds (Table I).

As far as the degree of radiation energy utilization in the
dependence of the present water resources is concerned,it is neceg-
sary to differentiate in the limits of each thermal belt the facia
according to the humidity,which can be also quantitatively charac-
terized by different ways,and in a particular case with the usage
of Ivanov's humidity ccefficient. Taking'into consideration the
fact that in this very case the soii classification of the whole
world is ccncérned,and that it has differently been studied in its
different parts,the facial differentiation should not be too detail

and should include only mainm and very different units.
Tabhle I.

) Radiation balance, ., Annual sum of tempera-
Nos: Belts 3 b

ccal/cmz/year tures higher than+I0 g

1. - Polar 0 - 25 600

2. Boreal ' 25- 35 - 600 ~ 2,400

B Subboreal 35-50 1,800~ 4,000

4. Subtropical ) 50-75 3,200- 7,000

5. Tropical 75-100 ' 7,000- &,000

That is why we have limited gurselves only by the followin

large facia of humidiiy by lvanov:
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I. Cryogenice.uenun.... I,0 (with permafrost)
2% BUmER. op o0 0 0s wrs e 0 I,0

3. Arid-humid........, 0,5-I,0

4. Aride........... cos 0,5 ¢

In accordance with above we differentiate the humidity within
the thermal belts as follows: in polar belts humid and arid-bumid
cryogenic facias are distinguished; in boreal belts cryogenic and
humid facias are differentiated; in subtropical and tropical belts
there are three facias in each: humid,arid-humid and arid; and in
the subboreal belts all four facias are differentiated.

Thus,we received a system of energetical groups corresponding
to certain potential energy resources of soil formation,within the
limits of which it is possible to build the evolutionary soil rows.
This approach allows us to take into account in the soil classifi-
cation and corresponding legend to the world soil map those thecore-
tical\principlés,which were characterized above namely the prin-
ciple of heterégenuous soil age,the principle of soil polygenesis,
and the principle of the substances balance evolution. At the game
time the dependence of substances balance evolution undéer the soil
forzation from the energy and Qater supply is taken into account.

A Thus,we have answered for three main questions,connected with
the historic-genetical approach to the soil classification:-firstlf
that the evolutionary conception is applicable to the soils as the
independent natural bodies; secondly,that the main subject of the
transformation,development and evolution under soil formation is
the balance ¢f substances;and thirdly,that the soil evolution is
going on in & certain energetical medium.The answers for these
guestiens led us to the atteppt of construction of the system ¢f
rows of goil e¢volution.Bowever,the question will be rather far from
its decision,if we shall he unable to give answer for the last,but

probsbly,t:i: most important for soil #lassification and mapping

i

I9
question,arising in connection with the evolutionary ccnception,
namely: how is going on the so0il evolution in its real appearcnce
end wﬁich stages of this process can be fixed as the separaote
groups of soil types. In other words,it is necessary to review the
existing material from the above point of view with the esim of
attempting to create the evolutionary soil rows,which will include
the most possible variety of the world soil types. This task is
easied by the reviewcd earlier at the International Congress of
Soil Science in Bucharest (V.A.Kovda,I964) theory on the unity of
many elements in the history of land of the countries of the glcbe,

The newest data on the geography of soil cover and the earth
geomorphology allow us to make the conclusiom that there is a
great similarity,identity and parallelism in the history of the
earth surface and in the history of soil formation process on dif-
ferent continents.

The relative geological youngness of the modern earth soil
coyef is very remarkable. This is expressed: a) in the regular
Presence in the soils of the rocks debries and slightly weathered
minerals,characteristic for the irneous and methemorphie rocks;

b) in lithological stratification of the solum,what is not connec-

ted with the soil forming processes,but with the forcation of ce~

€imentary parent roéxs; ¢) in the relatively little thickness of

the solum in most of the regions of continents.

V.A.Kovda has explained this by three general factors,which
have determined the relative youngness of the soil cover on bigger
part.of the earth territory: the great continental glaciation
from polar parts to the equator and from the mountainous tops to
the plains,alpic orbgenesis and continuous ascendin; of the warld
ocean level (the wrrld basis of erosion and accunulation) during
the postgclacial time.

The relative predowinance on the

Y

plains and

reratively young soil cover, forned on the glacial, f1lu

3
C- 1029
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alluvial and lacustrine deposits,is explained by the accumulative
activity pf glaciers,postglacial flows and riverS,Flandria lowland,
Scandinavia,East European plain,Western Siberia lowland sAmur plain,
the plains and lowlands of North America are the bright examples
of the above.

The continuous intensive surface erogion,being a consequency
of the gradual ascending of surface level connected with the Alpic
orogenes,in its tourn is a reason of the relative youngness of the
soil cover of denudation basins and accumulation regions for those
territories,which were not liable to the activity of great glacia-
tions.This is the reason of the fact that on the surface of diffe-
rent continents there are enormously large and impressively similax
and homogenious great alluvial and deltaic-alluvial plains. The
latter have similar elevation from the sea level and simila; num-
ber and type of development of ancient terrasses and soils;for
example,the terrasses of Mediterranean area iﬁ Europe,Africa and
North America,the terrasses and Plains of Argentina,Arabia and
Eastern Asia etc. If besides this we shall count that the factor
of pressure from the world ocean in the areas of monthé and lower
currents of the world hydrographiec network acted contemporarrily
with the postglacial flows ;Alpic orogenesis and erosion ,then it

will be not difficult to understand that exclusively wide.distri-

b
bution of proluvial,alluvial and deltaic-alluvial quoternary sedi-

mentary rocks om the different continents and corresponding young-
ness of }he soil cover of these territories. The above said deter-
mines sufriciently the second universal peculiarity of the earth
s0il cover (although with some exclusions): the predominance on
the plains at present or‘recently (during the Quoternary) of hydro
morphic (hydr
1)

formation.*’ .

-

vbioaccumulative) type of substances balance in soil

We do not considér the used here and below terminology as finel.
That is why we give in brackets s« possible synonims,which addi-
tionally show ihe content of the tc:ms and concepts.It is qu1te
POssiule that some other better tercs will be found.

AR
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Under :z2 hydromorphic (hydrobioaccumulative) type of the
substances *:lance we understand such type of substances balance,
whic£ exisis at the soil formation under the cover of developed
vegetation with indispensable influence of the ground waters,appea-
ring at tke Zepth of 0,3-3,0 m.but not deeper than 7-8 m.

The preszzace of the ground waters level at these depths is
followed by czpillary nutrition of the soil forming vegetation and
serves as a scufce of the permanent addition of different substane
ces,present ia the ground waters and sedimented in the soil hori-
zons as a result of transpiration and evaporation., It is not diffi-

cult to see,izat at this stage of the substances balance evolution

the wide geclogic and the little biologic circulations of the sub-

' stances coir:ide partly or totally on their direction. This leads

on differen: continents,but”in the similar geomorphologic conditi-
ons to the f:rmation of the most fertile gley-meadow,meadow and
necadow-cherzczem soils;characterized by the higher plant producti-

vity irom oxz: side and by the higher density of the fauna - from

the other. Iz the conditions of the deserts because of the insuffi-

.ciency of vi:lisation of potential energy of soilAforwaLicn by the

vegetation,izes geologic circulation of substances may becocume sharp=-
1y predomias:;ﬁg over the biologic one and'may lead to such inten-
8ivity of ge:chemic accumulation,that about totally infertile sali-
ne. soils ani continental chemical sediments may be formed as for
instance tke itakama desert in Chile.

During ize active phase of hydromorphic (hydrobiocaccumulative)
soil formirng ;:oéess,that is when thé capillary outskirts,arising
from the g::_:i waters,penetrate the soil up to the surfzce or up
to the plarni rcot systems,the secondary minerale and rew formations
accurulate Iz the soil from the subst ances, breug!

water. Depeziing on the cornditiocns of the balance and cc



22
soil,but also the accumulation of the compounds of mangasine,iron,
silicon,aluminiun,nicroeleuents is observed, accompanied by the
complex process of formation of secondary clay minerals of the
types of 111ite,-ontnorillcnite.baidellite and others.

Hydromorphic soil forming process leads to the accumulation
of dispersed forms of secondary mineral compounds and concretions
of specific compact horizons of mineral accumulation,as for instan-
ce gzypsoferous or calcareous horizons,cemented horizons of geconda-
Ty opallike silica or sesquioxides accumulations (ground water la-~
terite),the horizons of clay minerals accumulation.In some condi-
tions the hydromorphic accumulation of organie matter in the form
of secondary deposits of humus together with sesquioxides is obser-
ved. In the distribution of hydromorphic (bydrobioaccumulative)
S0ils on the earth surface it is possible to see certain laws,con=-
nected most of all with the interrelation of the outflow and evapo-
ration of the ground waters,that is with the type of their balanwe,
with the value of income and utilization of the energy by the vege-
tation in the soil formation,including the biogenic taking and aceu-
mulation of elements. The varieties of the hydromorphic type of
sutstunces balance are clearly reflected in the concentration and
chemistry or‘the solutions,circulating in the soils of this stage.
For superburid areas dilute organic-silicions and under the predo-
minance of anaerobic conditions organic-ferrous-silicions solutions
will be characterictic;for humid regions silicions—bicarbon;to s80-
lutions and sometimes ferrous; for arid-humid regions - bicarbonate-
sodic or calcic; for humid-arid regions - bicarbonate—calcic‘and
gypsiec; for arid regions - concentrated sulphate-chlorid,chlorid
and in the extreze conditions of superarid desert - nitric (with
different caticns).

It is necessary to take iato account ,that rreelcirculating
Suriace and sul:urfazce waters carry dissolved oxigen and are the

factor of oxidation. In stagnant waters,vice versa;the intensive

<«

reduction yroecsseg develop,followed by the trunsformation of irun,
mangancse and others into soluble forms.

éhese questions are detaily reviewed by some authors 'in the
schemes of the areas of migration and accumulation of suhstances in
s0il formation in different parts of the continents.

Deeply different on the combination of concentrations and com-
position,these geochemic associations of "migrants" and "accumulants
by the mselves in‘the conditions of different landscapes are the
reflections of stadial transformations of the types of_substances
and energy bglances in the above sense. The dilution and concentra-
tion of the migrants ir the soil~-geochemic waters of the hyrergenic
sphere under different interrelations of inflow and outflow,transpi-

ration and evaporation of ground waters give the whole spectra of

the chemistry”of the waters and hydromorphic soils from the enri-

ched by the secondary cozpounds of sesquioxides in the swamps of
humid tropics or the North to the calcareous saline hydromorphic
or paleohydromorphic crusts of the superarid deserts. As it is
shown below,at this the world geochemic formations (associations)
of the soils of correlating landscapes arise,having the exchange
and migration of common tyﬁomorphic elements.

When the ground waters go out into the depth after the cutting

through river netwerk due to the epeirogenic ascendings,the hydro-

morphic (hydrobioaacumulative) type of the substances balance is
changed by the automorpuic (bioaccumulative),under which the accu-
mulation of substances in the soil is the result of only little bio-
logic circulation (connscted with the plants),and the componert of
the large geologic circulation of sulstances has contrary direction
énd is characterized br cgeochemic outcome. The accumulative land-
scapes receive the features of neocerosionic landscapes due to
sion. Of course,the dezree of efuviality and the speed of «
are very variable depeziing on the @ype of the water balance in the

soil cover,
T= 1329
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The soil cover,kept from the hydromorphic stage of soil for-
mation on the ancient great deluvial,proluvial,fluvioglacial,allu~
vial and deltaic-alluvial plains of the earth,for 2 long time and
practically forever accepts and keeps in itself the relict marks,
formed during the time or earlier soil formation.

Not only the origin of the society of saline soils may be
totally explained by the ancient or present hydromorphic process,
but the origin and geography of compact soils,laterites,terruge-
nious crusts and quirasses in tropics, calcareous-gypsoferous ho-
rizons and quirasses in the deserts of Arabia and Africa may be
explained and understood only with the taking into account of the
ancient hydromorphic soil formation process,followed by the active
accumulation of this or that secondary chemical sediments from tﬁé
ground waters of different chemistry in the conditions of different

{ types of the substances balance,

The characteristic example from this point of view is the
large association (formation) of the blach humucified montmorillo-
nite soils. The existing at present materials permit to suppose,
that the association of black and dark coloured highly productive
soils,including regurs of India,chernozems of the USSR, brunizems
of the USA and Canada prairies,meadow-chernozem soils of north-
eastern China,black coloured soils of river valleys of boreal belt,
black tropical soils of Burma,Africa and Latin America,formed #n
the antient alluvial,deltaic-alluvial or Tluvioglacial deposits,
p;ssed in the past or pass at pPresent through the cycle of hydro-
morphiec soil formation with the participation of sweet bicarbonate-
calecic ground water. It is quite understandable from the above the
similarity and close resemblance of black coloured meadow-soils of
Amur-Sungari basin (Far-eastern prairies),black meadow and meadow-
chernozem soils of Siberia,ciiernozem of ltussia,chernozenn of Ukraina
and North Caucasus,meadov-cliernozen soils of Hunisarian rushta, thick

dark fertile soils of Arsentinian pampas and highly fertile black

— 'i' -~
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soils of the USA and Canada prairies. These are the soils at dir-
ferent stages of hydromorphic or posthydromorphic soil iformation

under th; cover of grass and grass broadlived forest vegetation,

which are characterized by the same or similar (in its varieties)
accumulative type of substances balance.

Zhe more intensive and earlier the ascending of the continents
and mountainous systems was during the postglacial period,the less
the features of hydromorphic process in the soils were kept at
present time under the influence of denudation and organisms acti-
vity. On the plains of Canada and the USA the ground waters are
now at the depths of I.I-3.0 m.,and the dark coloured soils here
are the varieties of the grass-meadow so;la.The same is in a great
degree applicable to chernozem and meadow soils of -Siberia and Far
East. The chernozem soils of North Caucasus,South Ukraina and Argen
tina are situated on the plains,which were drained in a conside-
rable degree;and the ground waters here were gone dovwn -up to 4-8 m.
That is why the hydromorphic type of the substances balance here
has only residual character. The»chernozems of pplifted parts of the
Russian plain,of the Volgian syrts area,and especially the dark
coloured soils (hgyluthm) of éhe north-western China loess plateau
have evoluted furthermore. The hydrographic network here have dee-
pened for tens and hundreds of meters,and the ground waters have
gone down to the big depths. The hydromorphic type of the substan-
ces balance was changed by the automorphic (bicaccumulative) one
in the conditions of intensive erosion. However,the calcareous ho-
riszonsg,the concretions of lime and sesquioxides,accumulated during
the hydromorphic stage,are tihe evidences of that past.

The second and not less characteristic example of the hydro-
corphic and paleohydromorphic formations is a large group of alli=-
tic soils,formed on the ferrous accumulative crust of weitile

«@s a result of ancient or modern hydromorphic process, This rrouj

tn

of the crusts of weathering and tropical =01l
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lake-swanpy laterites,ground water laterites,the laterites, formed

by the sedimentation of sesquioxides from the temporary (deluvial)

ground waters flows =zt the slopes,especially in their lower parts.

The acception of the above Principles as a bach-ground permits

to start an attempt of creation of soil classification scheme,re~
flecting the history of evolution of the substances balance in
certain energetic conditions of the earth.In the most general che-

matic form the stadial types of the substances balance under soil

formation may be shown in a system of parallel evolutionary rows,

the axes of which are the time and the energetic level. Let us
take that the potential energy of soil formation of a given terri-
tory "E" is a function of the radiation balance "Q" and of the
moisture coefficient "a" of the same territoey,that is E = £(Q,a).
In this case simbolising the time of soil formation as "T" it

would be possible to show the stages of evolution (transformation)

of the substances balance types under soil formation as a graphical

scheme - the system of historic-genetic (evolutionary) rows of the

world soils:
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Taking "E" value as discontinunous,baving in mind the above
grades of "Q" by the main thermal belts,and understanding "a" as
the phases of humidity,we are able to say how many aigrorcnt "R
values or how many parallel evolutionary rows of the substances
balance types under seil formation is possible to construct in a
syetem of soil classification under the mentioned conditions. As
in the polar belt we have limited ourselves by differentiation of
only himid and humid-arid cryogenic series,in boreal belt - cryoge-
nic and humid,in subtropical and tropical belts - humid, humid-arid
and arid,we have alltogether I4 different "E" values or I4 evolu-
tionary rows of the soils. Naturally,iﬁ is necessary to remember
that such differentiation is accepted by us okly for the given
assay of the world soil systematic; under more detail approach the
quantity of "E" values may be much more as it is possible to dif-
ferentiate some transitional thermal belts as well more detail
varieties of tlie bumidity series.

In the above scheme of the system of the.world soil historic-
senetic rows the energetic rows are marked by the following letter
symbols: A - tropical bumid, B = tropical arid-humid, C - tropical
arid, S - subtropical humid, i - subtiropical arid-humid, F - sub-
tropical arid, G - subboreal humid, H - subboreal cryogenic,

I - =zubboreal arid-humid, J - subboreal arid, X - boreal humid,
L - boreal cryogenic, M - polar humid cryogenic, N - polar humid-

arid eryogenic. The stages of soil evolution are shown by the fol-

lowing numbers: I.- hydroaccumulative, 2. = aydremorphie, 3. - meso
liydromorphic, 4. - palcohydromorphic, 5. - proterohydromorphic,

G. - automorphic, 7. - mauntainous. Tie doubled syubol permits to
cdeter:iine directly tlhe stadial and energetic position of this or
tihat soil, 0 g iustcnpc,the symnol A, imeans hydromarphic soils tie
tropical lu.id row and US - proterohydromorphic soils of the sub-
tropical husid row. AS not a&ll sta-es of «ail evolution 5 of Sor-
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ved in each of the energetic rows,thefe are some corresponding mis-
sings in the scheme. In some rows the evolution starts only.rrom
later stages,and in the others,vice versa,the latest stages are not
known. Starting from the general conception of the evolution of
the substances balance types and corresponding to them soils ox the
great continental plains from hydromorphic (hydroaccumulative) stage
to automorphic (bioaccumulative) one with the evolution,erosion and
draining of the water-accumulative territories,it is possible to
imagine the following evolut:onary process,which proceed in the na-
tural conditions practically discontinuously,but may be schematical-
ly divided approximately into 6-7 separate stages,which include the

groups of similar soil types.

ITI. Possit.- stages of soil formation

(:0il eveolution)

I. The hydroaccumulztive stare - underwater (permanently or

temporary) soil formation process. The substances balance at this

stage is characterized by the absolute mechunical,chemical and bio-
zenic accumulation of the matter from water suspensions,solutions
and sediments under the substanttally coincidence of the directions
of great geologic and little biologic substances circulations.
Generally,these are the areas of tectonic discending. It is,proper-
ly speaking,sill pre-sovil stage,when the sedimentary pareat fock is
forming and the soil formation,begins at the same time. At this
stage,together with the clastic and chemical matter the accumulation
of organic substances and organogénic elements takes place (some-
times very intensively-sapropel,peat);and it is important to stress
that not only by alloviutonic way,but by autochtonic one too., Let us
rewember,that B.B.Polynov and X.Kuviena for a long time arzo have

distinguished this stage of soil formation. According to the data

ny
0

of hydrobiology,in tze conditions of shallow-water basins there is
a great density of tzz life,and thece landscapes theoselves are
the ;cochemic bog}de: line for the organic and mineral substances,
carried down by the crZrographic nctwork and by the ground waters,
as these substances zre in a considerable degree consumed by li-
ving here organisms (£.A.Voskresenski,1946,1948), The differentia-
tion of the soils of this stage has mainly theoretical interest

for the world soil mzr,zs these soils are not to be shown on the

soil maps in the prezent scale. But for some territories of the

world they are of the considerable practical importance. The talen
from the sea and util<ized in agriculture lands in Holland,the

young land of the Caszic sea coast or the alluvial plains of Amason-
ka and Volga are the test examples of the above. The differentiatior
of this stage soils mzy have a great importance under the large
scale survey of suck zreas as marshes,poldcrs,dcltas,estuarics,
mangrows,inundated zrezs near bydroelectric stations. That is why
it will be not right to miss out of consideration these fornations,
where the soil formaticn is bearing nnd‘where many properties are
forming,which later c= =re carried in the landward soils.

In the limits of ibis type (stage) of the substanccé balance,
in wpich the deterwinirz process is amn accumulation of the ¢lastic
material,it is possibles to distinguish some subtypes depending on

.the surrouinding condi&iione: maritime,alluvial,lacustrine,swamby,
deluvial,colluvial. A1I the above said on the importance of geoche-
ric conditions,redox,;::ential,concentration and water composition
and on the type of the watér balance has especially important role
here. Being in a consicerable degree variable in their Properties,
the soils of the bydrczzcumulative stage (mark;d by tlie symbol I)
are widely represented Zractically in all thermal belts of the pla-

net and especially in z.=:id and arid-humid series of huuidity

- y T ;
fhe fact,that the Z:rrmations under consideration :
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of tue water at the land giowth already with certain pruperties,
sowetimes beiny of very low fertility and sometimes baving a very
hipgh level of soil fertility and represent a favourable bed for tiie
higher plants gzrowth or for the cu}tivation of hydrophylic plants
(rice and others),commands tc put them into .one evolutionary row
together with developped soils as a beginniqg stage of evolution.

2. Hydromorphic (hydrobioaccuwulative) staée - hydromorphic

=

soil formation,capillary-upwater soil formation. At this stage of
the substances balance development we have to deal with good formed
soils under the cover of hizher plants. The soils develop'under the
direct and permanent influence of the ground waters,acid neutral or
alkaline,salty or sweet,stagnating reduced or flowing and enriched
with oxygen depending on the general geochemic conditions of the
landscape,but a2lways in the accumulative or accumulative~-transitory
iandscape,and are characterized by the accumulation of the solved
in the ground waters material in the whole solum. The substénces
balance in the system of soil horizons is directed as a whole to the
accumulation as a consequence of the coincidence of positive direc-
tions of biologic =< geochemic circulations of substances.

The hydrogenous sccumulation,depending on geobhemic conditione.
includes easily and slightly soluble salts,the compounds of silicon
oxides or the elements of iron family,clay minerals,organic matter,
the compounds of truc: ~lements etc.

The hycdrocenous zc . :mulation at this stage of soil formation
is a consequr-:e of ev:: -ation and transpiration of ground witers
and is accor:znied at i ame time by intensive biologic accumula-
tion of substiances in ! ner part of thé soil profile.
The geochemic and bic ic accuxulation of substances in the
s0il is accompanied by tle zing of accumulation 'of clastic mate-

rial what tokes place orlr oo tlie J¢w flooded terrasses and in the

river deltas or in the l-.s terrs Al the level of the second

o,
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and third terrasees'thcre'is only chemical and biological accusmula—
tion ésvror exasple in gley g0ils,in meadow turfy soils,in meadow
chernozenms or in neadow saline soils. Az it is not difficult to see,
the mentioned differences have 2lso the evolutionary importance.

3. Mesohbydromorphic (ncsohydrobioaccumulative;sezi—hvdrcmorphic

stage. The soils of this stage develop -in the conditions of accumu-
lative or transitory-accumulative landscape. The st;ying'still
quite near the surface (3-5 Rm.) ground waters have a direct influen-
ce only on the deep lower part of the g0il profile or on the plant
root systems,or only periodically influence on the soil profile
during the periods of the ascending of their level. The biogenic
accumulation of elements becomes a main factor of soil ror:stion:
The accumulation of soluble Baterial from the ground waters is only
observed in the lower part of the solum,and the accumulation of
cla&tic material may only take Place under the influence of the de~
luvial flow. In the upper part of the soil profile may take place
the combination of two oppositely direétcd processes: biclogic zccu-
mulation of elements and their leaching, As a whole,the balance of
g01l forming substances has an accumulative character uwoder tie
Predominating participance of the organisms in the upper part of .the
profile and of the capillary zone of the ground waters - in the
;ower. And at thia'stage of goil formation 1t is clearly scen the
influence of the general geochemic eurroundings (corposition,co:cen-
tration,lability of ground waters,redox potential etc) on the accu-
mulation of certain components in the scil. . The intersity of the

hydrogenous accuzulation itself will be disappearingly low at this

7 stzage. However,the Prodmetivity of nmatural and cultivated vezetation

and the biological circulation of substances at this stare {espec

1y under the deluted bicarbonate-clcareous waters will be hi

! and H Y-
t ana hun-~ary.d

and stable. The meadow chernozems of the U

of the prairies of the North-Ezst China,North Amoric
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the South America undoubtedly approve the above.

4. Paleonydromorphic (paleohydrobiocaccumulative) stage -

Paleohydromorphic soils on neoeluvium. The soils develop in the
conditions of transitory or eluvial landscape,which was the accu-
mulative one in the past,what can be suggested on the paieogeogra-
phic and paleogedologic data (the ancient alluvial plains,the
stratification %t rocks,the relict new formations of iron,mangane-
se and silicon compounds,concretions etc. The ground waters at pre-
sent do not have an influence on the soil formation due to their
deep position (deeper than 8-I0-I2 m.),but had an influence in the
past,what can be seen from the presence in the soil of some relict
features of the past hydromorphic process (single or in some com-
binations).
The following features of the ancient soil hydromorphism are

the doubtless relicts:

a) A considerable quantity of montmorillonitic or amorphous clay
and the compactness of the soil material (cracking,strincage,stick-
ness,expansion). This feature,however,may not always be connected
with hydromorphism.

b) The presence of silica new formations (powdering,opal crusts,
"interlayers,concretions,flows,pseudomorphoses,segregations).

c) The formation in the soil profile of compacted interlayers
(hardpans),cemented by sesquioxides,silica lime or clay.

d) The presence in the soil profile (in the middle part or in the
depth) of bleacked (zleyed) giueish,greenish,rusty,ochra spots;the
presence of humic-ferrous horizons. )

e) The accumulation in this or that part of the profile of manzane-
se-ferric films,particles or coincretions (spherical,conical,porous)
or the Iormation of iron ortstein or quirasse.

f) Microporesity and cavitiness.of thie soil caterial (up to the

forwativn of vesicular or verkicular structure),especially ciearly
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appearing in the lower part of the profile.
g) Some cases of carbonates accumulations in the €0ils profile as
concretions or calcareous borizon - kankar,shoch and others,
h) The accumulation of bypsum (gaza,arzik) and easily eoluble

salts.

i) The presence of the hydrophilic phlora remnants (the cane roots)

or the shells.

The carefullidirferentiation of ancient soil horizons, parent
rock stratification,traces of the water accumulation of the rock

has a great importance when the mentioned features are analysed.

The pPaleohydromorphic soils are usual for the great anclent allu=-

vial and postglacial plains auclent river terrasses,dry deltas,
uplifted up to a high elevation by the tectonic Processes during
the postglacial time.

In the soils of the stage under considerayion the total L&la:;
ce of the substances is characterized (on the base of accumulated
during previous stages material) by the predeminance of grccb»”*c
leaching and biological accumulation in the bumic horizons as a
result of the contrary directions of biologic and geologic circula
tions of the substances. Numerous brown forest soils and podzolic
soils of the Burope and Lsia,the ‘scils of Russian Plain and Wes-
tern Siberia (cheznozem,chestnut,brorn),the soils of arid plains
‘of the Middle Asia (sierozems,takyrs),the calcareous quirasses
and dry solonchzks of the soils of paleohydromorpliic type. The
80il properties are takén from the hydromorphic.past,but are 4in
a considerable degree,explained by the eluvial fenomena of the
current history.

S. Proterohydromorphic (proterobydrobiozccumuistive) stpre

81 e

of soil formation - the soils are developped on the neoeluvium,

TL4 soils develop in the conditions of the ancient eluvial lzand

scapes under the absence of any influence of the grovud waters

which are now at the depth of more than IS-20 m. 7
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phic and paleopedologic data permit to euggest the previocus posi-~
tion of the landscape,in the accumulative hydromorphic conditions,
The features of the past hydromorphic Process,characteristic for
the soils of previous stages,are expressed much wealer,but still
are traced in the soil profile. ) )

At present time the soil formation is going on in the eluvial
conditions and the geochemic balance of the substances has clearly
expressed negative character. The relicts of the hydromorphic accue
mulation of the substances compensate the eluvial branch of the

geologic circulation only in a small degree,and the biologic circu-

‘lation and the biogenous accumulation are going on at the relative=

1y (cozparatively to the previous stages) narrowed base. The re-
lict features of the ancient hydromorphism may be doubtful,contro-
versary or even complitely lost. To this group belong our grey
forest soils,acid brown forest soils and podzolic soils of wvater-
shades,chernozems,zhéltozems and krasnozems of the ancient high"
(IV,V) terrasses. The features of the past hydromorphism in these
soils may be kept only in a ;mall degree and may be rather doubt-
full.

6. Automorphic (biozccumulative) stage - typie automorphie

("eluvial™jgenetically independent soils. The soils develop,at
least at present geologic period,without any influence of the
ground waters and do not have any features of the past hydromorphie
accumulative process,in their profile. Only the accumulation of
substances,included into biologic circulation,opposite to the
predominating here geochemic leaching of the substances frowm the
weathering crust. The summary balance of substances in the{soluw
is negative under the annual influence of the downward rlow._In
the most typiczl form the autororphic Piocaccumulative s0ils are
formed on the ancient denudated plains or on the plain surfaces,
composed by tle ignecus and methamoryphic rocks. Such are, for

exezple,krasnciome and zheltozems of tlie South China and Western

Georgia. Andosol, formed on the volcanic ashes anrd tuffes, belores

nere too. llendzinas of the boreal and subboreal belts, thie

oS

ter-

o

ranean terra rossa,bocsitic allitic tropical soils of lewajas,
some ferrallitic soils of Africa are-the typical revrescentatives
of this stage of soil formation,genetically not connected with the
Previous hydromorphic process.

A part of the brown forest soils,some podzolic soils, formed
on the igneous rgcxs,possibly also some varieties of chernozems
and sierozems are the primary automorphic soils. The automorphic
soils may achieve a great absolute age in the subtropics and tro-
pPics,where there was not any glaciation,erosion or covering with
the new alluvium. Such are krasnozems,zheltozems,Eerrallitic_and
allitic (boecsitic) soils,having their history from the Tertiary
time. On the slopes and in the conditions of hilly or mauntainous
relief,at the automorphic stage of soil formation a considerable
mechanical outfloﬁ;that is erosion,may be added to the geochemie
leaching tihe negative balance,of substances increases in these
cases. The tectonic and erosion may traonsform the relief so much
and elaminate the ancient crusts of weathering and soils, that no
features of the previous s6il forpation in the soil horizons will
be observed in the result.

The reviewed stages of the substances balance in the soil for-
mation process represent eome certain qualitative-quantitative
sta;es of the evolutiomary process on the surfaces of the water-
accumulative origin,included into the tectonic uprising, However,
as in any historic Process, there is a Possibility or real nissing
of some stages in the concrete geographic conditions.Thus,it is
absolutely lowful to imagine the possibility of the beginning of

soil formation process in certain geographic conditions not from
the hydroaccumulative (underwater) stage,but straitly froz the bio~
ceccunulative one (for exazple,soils on the rock: ocutcrops

the mauntainous plateau and
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And vice versa,on the rclatively young syrfaces the soil formation
is at the first,second or third stages and does not come to later
ones. It seems to us that the mauntainous eluvial soils of the
automorphic biaccumulative type,but liable to the normal erosion,
should be ragarded as the independent seventh stageVof soil forma-
tion. Certainly,we are not s§tisfied with this solution. The soil
formation in the mauntainous co&ntries is very specific and stiff
is very little studied. But it is already clear that the fenomena
of the side outflow,redestribution and temporary accumulation (on
the way of transport) of the chemical ,mechanical and biogenic pro-
ducts of soil formations represent the determining peculiarity of
the mauntainous soil formation,about unobserved under the soil
formation on the plains. The balance of substances in the mauntai-
nous soil formation is negative in a tendency ana in the absolute
sence. Naimly here that water,chemical,solid and biogenic outflow
of the material i$ formed,which form the parent tocks and soils of
the accumulative Iaudscnpes,characterized by the absolutely positi-
ve balance of the substances.A zreat theoretical work is necessary
for the study of all particularities of the mauntaineous soil for-
mation and for more sound conclusion as to the place of the maun-
taineous soil in the soil classification.

From the moment of the beginning of the human agricultural
ctivity,the soil formation on the ezrth has come into the moderm
newest stage.¥ith the progress of sciencs and technics and especial
ly with the industrialization of agriculture, the society of cultu-
ral soils is more and more distinguishing. In these soils the ba-
lance of substances and the regime are purposely changed and are
gowerned by man for the achievement of certain ccénpmic results.
Although the peculiarities of the previous soil formation may be
kept very stronsly,in many coses the man creates quite new soil
types,not Known 1in the nature. L

The above conception of soil formation and soil classification

permit to outline the following system of taxonomic units f.r
proposed project of the legend for the world scil map
The lowest taxonomic units are disirable to be kept as they
are approved by the Soviet school of soil scientists,in the sanme
value and meaning,that {s differentiating the variants by the deg-
ree of culturness?lhe varieties by the texture,the species by the
degree of the main process development,the generus by the character
of the parent rocks,the subtypes and types by the similarity and
complex of diagnostic'horizons,the identity of the regimes and the
internal soil properties. |
The soil types amd subtypes are combined on the base of the
same substances balance into_;he groups,corresponding (to the.atove
described six-seven stages of evol ution. Its own row of the sta-
dial groups of the soil types corresponds to each enerzetic level

of soil formation. Thus,the highest taxonomic unit is an ener;etic

soil row.There are fourteen of them,as it was shown above. In the
limits of an emergetic row,from one to six-seven stadi;l-;rou;s are
differentiated. Each stadial group consists of some soil types,suh-
divided furthermore into smaller taxonomic units in accordance with
the possibilities of the scale of the so;l map.

IV. The Soil-Geochemic Formations.

If we shall take as a whole the soil cover df the planect as a
product of biogeochemicZ transformation of the earth crust surface
it will be still possible to come to -2 row of the important gencral

- P bt &% <

theoretic conclusions.

As the biogenic~-accumulative process,;the soil formation is’ fol-

lowed by the formation of a special humic cover on the earth and in

the shallows of the seas and lakes,the thickness of which varics from

santimeters up_tc I.5-2.0-2.5 meters. This thickness is nerzligil

__________ o ) ":'—:"l:lc

tisted

x) By the culturness,the taxons of any level may be diffrr

%
(from the type as for instance paddy soils and melioratie s 3, Up

t 1 4 5 rarieti
0 the subtypes and varieties.It depends on the de
transformation under the influence of culture.

e«Tee of goi
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11 tise comparison with the other covers (splercs) composing the
zglobe, But this cover is éxclusively active biochemically and geo-
chemically and determines the soil fertility and the plant produc-
tivity. The conception of humic cover was introdgced into the
scientific literature in 1958. At that time it was mentioned,that
naimly in the humic cover the lively important for the plants orga-
nogenic macro;and+microe1ements are accumulated as well the complex
of organic and organomineral compounds.The processes of biogenic
accumulation,which form the humic cover,combining with the surface
geochemic processes (weathering,eluvium formation,transport,diffe-
rentiation,accunulation of mechanical and chemical sediments),lead
to the formation of special soil-geochemic formations ("aséociation
of H.A.Glasovskaja,I965, or "communities" of V.A.Kovda,I964),reflec-
ting the particularities of the most general state of development
and transformation of the earth crust at its surface.

The soil-geochemic formations are the regular and the most
general forms of combinations of the soil cover of geochemically
related landscapes: biosecumulative (eluvial,automorphic),transito-
ry,hydrobioaccumuiative (hydromorphic,accumulative) and hydroaccu-
mulative (underwater,zquatic,amphibian).

Between these so different landscapes there are always these
or those forr:z of interrelations and exchange of substances by de-
nudation,erosion,outflow of the surface and ground water transpor-
ting organic and mineral compounds in soluble or suspended form.
These forms of local geochemic relations are simpler and #nderstan-
dable at the phase of genéral gradual uprising of the territory
and difining of high plateau,watershades and the system of terras-
ses and lowlands. These connectiéns and the horizontal exchange of .
substances are more complicated and less studied,less clear to us
in the territories,vhich are at the phase of general regional gra-

gual discending or interchange (in time) of continuous discending

.

=~y

and asceadine, The Soil-zeochemic formations may be chenically
near, sipilar (iromozenious) or chemically different (heterorenious).
e ovisin ‘of the clhierical similarity or unsimilarity of the forma-
tions wmay be different and complicated.

In the simplest case the geoclhemic homogenious may be due to
the fact,that all formation is Still very young,and the redest;i-
bution (differentiat%on) of the movable components is still not
dcvclqpped in the‘spéce and in the time.DBut with the age (absolute
or relative) there will be a differentiation of movable and resi-~
dual products of weatilering and soil formation in the soil-geoche~

s :
mic formation.The more movable coumponents will bhe carried away out

of the automorphic landscapes and will be in this or tha£ degree

stopped on the way of transport and in the accumulative lzndscapes.
In the first case the soil forming rocks,soils and ground
waters of eluvial (automorphic) and accunulative (hydromorphic)
landscapes will be characterized by the homogeniousness of the
chemical media and by the presence of the saﬁe minerals and chemi-~
cal compounds: for example,easily soluble salts, gypsum,calcium
carbonate,silica sesquioxidcs 2nd so on. This will hbe the primary
stage of material redistribution without its deep dirféreatiatien
according to the degree of lability. Thus,in arid regions ihe Soils
and grounds of the mauntainous plateau and watershades will contzin
the residual compounds of calcium carbonate,gypsum,easily soluble
salts.The sails and sedimentary rocks of the terrasses and lowlands
will contain the same components,which in a tendence will grow on

account of the decreasing of their content in the eluvial landse

pes of the same soil-geochenic Tormation,

In the second case (in the heterogenious formations) the

morphic¢ (eluvial) landscapes have not got already of that compounds

ik
wIi~h'were leached out of then and have been accunulated in the
transitory and especially in the accunulative landscapes.Bor exz=:

le,under the predoninance on the watershades of
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forest soils,in the ;1ver valleys and lake lowlands the calcium
carbonate is accumulated and dark meadow s0ils are formed. At the
formation of allitic soils,krasnozems or zheltozems on the water-
shades,the formation of sodic montmorillinitic Black soils takes
place in the depressions,lowlands and low river terrasses (India,
Kenia).

However,if the predominance of the processes of geochemic out-
flow in a given territory continues,then under the favourable na-
tural drainage all more movable components,such 28 easily soluble
8salts, gypsum,calcium carbonate,silica of the aluminosilicates,phos=
phates,will be carried away dufing the geologically continuous
leaching not only from the automorphic landscapes,but from the hyd-
romorphic ones too (fron the 1atters,however,with the residual tra-
ces)e. There will be a secondary homogeniousness,typical for the
most ancient soil-geochemic formations,for example,-in the humid
tropica. Thus,in the humid tropical areas of China,Brésilia or
equatorial.AIrica,the allitic and ferrallitic soils are formed not
only on the watershades,but on the low river terrasses and lowlands
too where deluvial and alluvial material is composed of the allitig
sedizents,in which the chemical sedimentation of sesquioxides in a
form of laterité takes placg. Orly silica compounds from the ground
watere vy be. detained here,resulting the kaolinization fenomena
by the  -:ynthesis of allitic sediments. However,even here the
youngest terrasses and sediments of the likes contain the mineral
material with more wide ratio of silica to sesquioxides.

It 15 not difficult to see that in the three mentioned varie-
ties of the soil-geochemic rprnations there is a common process of
redestribution of mobile products of soil formation and weathering
But the degree of differentiation and the stages of this general
Process of evolution are very different and,of course,are fare of

complete understanding. The soll-geochenic formations (or societies

o,
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or associations),incluci-r the 80ils of coordinated landscapes,cro
cross by their fields c= cistribution the therwmal belts and includ
de the groups of similar =0ils, The soil-geochemic foruations, as

the soils,in their turn Tepresent a series of the. historically

consequent (that is notz szcasional) stages of the soil-gzecchemic
development of the earih surface, Qualitatively,the soil~geuchemic
formations depend op the Zirection and correlation of accunulative
and eluvial (leachiﬁg) Frwcesses,that is they are connected with

the types of water Trezimz znd the water balance of the earth and
with the development of t-= tectonic process of the earth crust
surface. The areas of upr-sing will indespencable have the soil-

geochemic forwations the --re leached of soluble salts, gypsunm,

calcium carhonates, exchacrzzble bases,silicon and so on,the more
cYuvial and the more ancizzt according to the continuence of the
soil formation is the cozzZzent or its part.iAt this,the unsaline

saturated with cations 'scils,then unsaturated acid soils,and at
last the allitic §oils will be consequently formed.

| It is important to m:-iion,that both bioaccnmulati&e automor-
phic and hydromorphic or tTinsitional stages of soil formation wilf
be characterized by the -:zozeniousness of tyronorbhic elements.,
The formation (society) ¢ =21litic (acid) soils in the most extre-
me cases of developmment i- raioy tropicﬁ includes both on the
watershades and on the terTzsses and in the lowlalnds the soils,

mineralogically represent=- by the oxides of iron,aluniniunm,manga-

nese with the percanent n

sence of the secondary minerals of I:I

lattice type..For the form=tion (society) of black bumic montmo-—

rillonitic soils,as the €-:irnozens and meadow and neadow-gley
soil3y- (that is both in &-sizmorphic and hydronorphic landscapes),
the migration and fedistri-_iioa of calcium carbonate,the nrescnce
of exchangeable calcium i-: <he neutral-clkaline reactio re
charactcerized. Frobably,::: seochenic trend of devel he

S0il cover in the areas c7 teetoniec downwvard novenmont .
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some degree opposite to that,which exist at the general uprising
of the earth. ‘

There are still very few ob;ervations in our desposition for
our judgement on this trend of development of the soil-geochemic
formations.The processes of uprising predominate all over the earth.
But,judging on the relicts of the hydromorphism,it is necessary to
expect,that with the downward movement of a country there will be
in the accumulative and neoaccumulative landscapes the accumulat;ons
of SiO2 compounds, then will beginn the resynthesis of secondary mi-
nerals of 2:I lattice type,tﬁen will appear carbonates anu later on
sulphates and chlorides of sodium,magnesium and calecium, Thus, there
are examples of calcification of the ancient allitic crust in the
steppe Ural region. The hydremorphic conditions are very responsib-
le to the change of water balance of an area and especially to the
decrease of outflow portion in a favour of the increasing of evapo-
ration portion,which lead to the increasing of the processes of (eo-
chemic accumulation of "migrants?

At all unclearness of the problem of soil-geochemic formations,
the Soviet scientists of different research centres,hasing on diffe-
rent facts and conceptions,coxe to the conclusion of the necesskty
of establislment of tie nlanetar catecories of the soil cover (not
soils,but soil cover). In connection with this the ncmes of {
A.i.Fersman,A,P.Vinogradov,8.B.Polynov should be mentioned.
V.A.Kovda,A.I.Pcrelman,M.A.Glasovskaja,v.H.Volobuev have not once
written on tie sulject and rcade numerous reports.Generalising the
jdeas of the latter scieatists,it will be possible to propose to
introduce into tite world soil taxonomy as a gecond {after energetic
rows) taxonomic level "the soil-zcochiemie forustions” (the soil-zco-
citemic classes). It would uLe -ossible to classify them ad follows,

texing into account the ahove analysis of this fornations.,

The main soil-reochemic formations of the earth (SGF)

I. formation of acid 21litic soile (bocsitic,allitic)
si ,a P

hunid rziny tropics

typical minerals: boendite,gibbsite,hydrargillite.

II formation of acid =zllitic-kaolinitiec soils (kaolisol,ferruse-

nious) kuzmid tropics
typical cinerals: kaolinite,gibbsite,goetite.

i i ¢ 3 | e Fsdin ;
III formation of acid zzolinitic soils (krasnozems,zheltozems,

rubrozcms ) bunid subtropics
typical rcinerals: kaolinite,goetite,hydromicas.

IV formation ¢ id sialliti i ) i
rmation of acid siallitic soils (pnodzolic,brown-podzolic,

brown forest,loessic)

humid sulloreal and boreal Dbelts.
typical minerals:hydromicas,kaolinite,bermiculite,
residual prinary minerals.

V formation of ncutral aad <lithtly alkaline siallitic soils

(civnamon, 7rey iorest)

pocerately arid suwntropics,tennerate climate tywical

ninerals: wnoly-orsiite,ciilorite,montiiorillonite,cal-

cite)
VI formation of al«aline mostuorillonitic Lumic soils (eliernozenms
1eruezZems,

e B
meadow, br

vizems,vertisol, “runosol)

differcnt climate,bnt nmostly arid or neriodically
arid climate o. savannas,stcppes,prairies

tyopical winerals: mo.t.worillonite,calcite (wragonite,
someiizcs Cvpsum)

V1I formation of al:

saline soils
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VIII formation of volcanic soils on ashes (andosol,hvdrol soils,

curobocu, trumao)

different climate

typical minerals: primary minerals,especially volca-

nic glasses,palagonite,alloranes. .

Doubtless,this is not final version of the new conception of

the Soviet'scifntists on the soil-geochemic forwations,and probably
their number and possible subdivision will be changed.lut even in
such form the conception of soil-geochemic formations as the
highest taxons of the world soil classification at the classes le-
vel will be useful. It is to thé point,however,to tell some words
here on the smallest (lowest) subdivisions of soil syste&atic -
those subdivisions,which are heceassary in the detail soil mapping
for the practical necessities or.agriculture. The Soviet soil
scientists have allways understood the conditional (relative) cha-
racter of soil bodndafies,shown on the soil maps., The soil cover
is characterized by the property of continuousness and by the zra-
dual transitions.However,it was allways taken into account that it
was impossible io carry on this point up to an absurdity.Inspite
of the continuousness of the transitions,the real differences in
scientific and economic considerations between the soils had been
allways too obvious. There are two particularities in the heteroge-
nity and continuity of the soil changes in the space. If counted,
studied and mapped the complexity of soil cover,connccted with
meso-and microrelief,vegetation,lithology or petrography of rocks
etc,then the individual identification of soils is much easier
than at the "blind" statistic apuroach to the territory. Thus,yet
at the end of 20th and beginning of 30th it was introdﬁccd by
S.S.Necustruev and B.L.Polynov the conception of the elemecatar unit
of soil cover (zUSC) of the element of a e€cil coumpiex (.SC) and of

the elc¢mentar lanscape (EL). Now,at the miudle of GUth a siwilar

conception is introduced by the Amcrican pedologists under the
term of pedon and polypcdon. Under this or that naze,but is is
necessary to use this conception of individual and really homc-
genious soil unit or their combinations.

The o{her way of counting and estimation of soilfvariabiliLy
even in the licits of similar forms (units) of soil cover,is an
accumulation of sufficiention the gquantity (on the replication)
statistic material for'lhe creation of distribution.curves,the
security‘curvcs and the quantitative estimation of the limits cf
variability of tlhe properties inside of a given soil type,genera
or species. Suzming up the data,given in the fourth part of pre-
sent report,we discovered an interesting general planeﬁar dependen-

ce of the number of soil types in tHe limits of each stage of so0il

formation on the relative position of this stage in our schexze of

o

soil evdlution (fig.I). The higher is the position of the stag
of soil evolution,the greater it appears,is the quantity of estab-
lished soil tyres in its limits.

This is a straight correlative connectio:s between the diver-
sity (number) of soi; types and the degree of soil maturity (de-
velopment) in a historic-genctic row. This dependence is expressed
by the equation of regression: y = 8.1 + (5.9 ¥ 0.6)x and by the
correlation coefficient r = 0.98; proceeding from the-appcnied‘
list of soil types,numbering alltogether more than two hundreds.

Probablx,this is a result of "occasional™ circums ances, for
instance,of tle preferential general passion for the study of
"typical" scils of uplmnds (that is auto:orphic aﬁd protgrohydro—
morphic soils). Possibly,however,that this is a reflection of the
world trend of the complication and repeated differentiation of

the earth soil cover from the young alluvial sedimente and the

e (underwater) stages of soil formation in &

hydroazscunulativ

@

and aged paleohydromorphic,bicaccuzulati

rect,ion of more matur

(nutcmorphic) and mauntaineous soils.
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It is possible that the chief ieading factor of this regularity

of complication is the complication and differentiation of the

potential cnerzetic resources of soil formation in the connection

with bigzer differences in water regimes and vegetation on more

aged ascending earth surfaces.

V. The system of soil taxonomy and marking of horizons.

As a result the proposed system of taxonomic units may be
schematically expressed as follows:
Energetic soil row: A4,B,C,D,E,F,G,H,1,J,K,L,M,N, /
Soil-geochemic formation: I, II, III, IV, V,e.e
Stadial soil group: 1,2,3,4,5,6,%..,.
Soil type ‘
Soil subtype
Soil genera
Soil species
Soil variety
Soil variant (by cultural state)
The above system of taxonomic units will permit to work out and
unificate the system of standard international symbols for the
marking of soil units shown on the maps. The symbols will probably
be multinomial,rerlecting the classificational position of this or.
that soil and correspondingly the main data on its economic poten-
tial. This is only the question of an agreement and approaval by
one of the Congresses of soil scientists on the system of inter-
national obligatory indexes,based on the combination of roman and
arabic figures,with latin or greec alphabet. The system of indexes
will stop the creation of new artigicial wofds and terms,leaving
to each country a bossibility to select for its use the gencrally
accepted national or international soil names. )
At the classification of different soil types according to

this or that stage of evolution,especially zreat attention should

47
be builded on the same srincipal schéme Tor all soils. In the pro-
posed system the soils are classified on tiieir own properties and
fratnrcé,reflecting their evolution in timc,bui not on the surroun-
ding conditions,as it was in some of the earlier classifications.
It is‘nccesaary,hovever,to say objectively that the reliability
of our knowledzes of the soil evolution is still unsatE&sfactory.
That is why it is often necessary to resort to some suppositions.
As a conseduency 0I~this,the united_systcm of soil diagnostic,
including»ihe agreed nomenclature of diapgnostic features,appears
to be of primary factic importgnce.

It is possible to propose the following system of soil diag-

nostic characteristie:

I. The typical combination and consequency of soil genetie horizons
émoug which it is necessary to distinguish following indicatbry
horizons:

a) horizon of peat accumulation - T,

b) horizon of leaf litter or steppe felt accumulation - Ao,

¢) horizon of humus accumulation — Ap,

d) eluvial horizon - 4,,

e) illuvial horizonm - B, °
) hydrogénous accunulative horizon - o,

g) gley horizon - G,
h) parent soil forming rock - C, -
i) bed rock (underlying rock) - D.

It is necessary to stop the usage .of symbol B for marking of soil

horizons,transitional'frém A to C. The genctic beterocenousness of

the above main horizons may be expressed by additional letter

marks,for example,in the case of bydroaccumulative horizon:
He - calcareous,

IIs - salty, If - ferrugenibous,

Hg - gypsie, Hl - lateritie,
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in the case of eluvial horizon:
Az - podzolio; Azp' pseudogley, Azsf solodic,
in the case of illuvial horizon:
B - not differentiated, Bh - humus illuvial,
Ba - clay illuvial, Bf - iron illuvial,

Bc - carbonates illuvial,

2. The character and the intensity of expression of the indicatory
scil horizons (including relict ones).

3. Type and quantity of humus, ratio C/N,

4. The prédominating clay minersals.

5. The value of exchange capacity the relative quantity of cations
Ca,Mg,Na,K,H,Al in the exchangeable state.

6. Soil PH valge in water and salt suspénsions'and their changes
with the depth.

7. The molecular ratios of 8102:3203 in eclay fraction and their
distribution in the profile.

Besides the above characteristics wiihout which the 5911 diagnostic

is absolutely impossible it is necessary to have the following

indexes,permitting to show fuller &nd more objectively the genesis
and agricultural potential of the soil:

I) The primary biologic productivity (the mass of dry organic
matte:,produc;d per year per uﬂit of area - in centners per
hectar,including the roots);

2) The rate and character of annual biologic circulation of mine-
ral substances and nitrogen in kg/ha;

3) Energetic index of soil formation;

4) The presence or apcance of relict features in the soil profile;

5) The depth of ground waters,their chemistry and regime;

6) The character of economic utilization of the soil and the poten-

tial productivity;
7) The mzin conditions of soil formaticn (geomorphology,climate,

.vegetation),
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Kaid on the united scheme and sufficiently complete soil
diagnos;fc will permit with a big confidence to reclate the scils
to this or that type,to devide or combine the soils of different
continents,to solve the question of soil origin and of the stage
of evolution,to tragsfer the experience of goil utilization of
analoguous and similar soils.

i The above theoretic ideas are laid down at the base of const-
ruction of Presently 'proposcd project of the gencral legend to the
world soil map of 1:5,000.000 scale. This is not final system of
soil classification,but an assay of creation of the legend to the
wap. The legend,so constructed,reflects the theoretic idcas;hased
on the historic (evolutionary) principle.iil soils,included into
the legend,are taken from the continental maps,published earlier
by certain author;. .

The graphic mounting of the legend may be different,but we
have preferred to stop at the consequent list of the evolutionaxry
rows with the aim of the convinience of the desposition of main
diagnostic features of the soils in the future.

' As the so0il nomenclature is concerned,vwe lLave accepted the
principle of )reservation of or}gibal national -soil names,given
by the authors of the continental naps.

Some culiural soils as oasys,paddy,ameliorated and such non
soil formations as rock outcrops,sands,glaciers and so on, are
shown in the legend by special symbols. The character of soil for-
ming rocks and.soil texture are also shown by speciai symbols as
their introduction into the géneral legend will create an enormons-
ly large list of the soils,which will be impossible to male carto-
graphically. ‘

The mauntainous so0ils are separated in the legend into special
group,as tbey differ etrongly from the coils of plain terr

by all their properiies and econonic utilization. The differcotia-~
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tion of mauntainous soils is made less dails due io the scarcity
of factic materials; the further combined enforcesments will be
needed for their classification.

The preseni authors especially emphasize the fact,that the
proposed assay of the construction of the. legend to the world
soil map om the base of evolutionary conception,as every first
experience,is far off satisfaction and needs a future work. It is
posgible to hope,that only in the common creative work of the
pedologists of different countries it will be possible to find
out a final decidion énd to create the legend to the world soil
map,objectively leflecting the main regularities of genesis,
geography and agricultural potential of the soils of the world.

Below the project of the legend to the world soil map is
appended as it appears in the light of the evolutionary conception.
This project represent sooner some material to the future legenq'
to the world soil map to be discussed. This project is build up
so far without a general world soil map,without taking into consi-
deration the real soil countours: and their areasz,wkthout takihg
into consideration the scale of the general map,which forces to
combine different soils into some combinations during the genera-
lization of some countours on the map. However,this is compensated
by the fact,that 21l included into this project soils are really
exist according to the data of investigators,who have showed them
on the published maps of the continents and their parts.

The present report is writtem by Prof.V.A.Kovda and Dr.B.G.
Rozanov on behalf of the above authors who have participated in

different parts of the report.
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