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Prof. A. J. ZUUR (1902-1961): A WORD OF APPRECIATION 

This study is dedicated to the memory of Professor A. J. ZUUR who did fundamental 
work in his studies on the soil development or ripening of young alluvial marine clay 
deposits and the improvement of polder soils. 
As a soil scientist Professor ZUUR was concerned in the preliminary work of reclaim- 
ing and cultivating the Zuiderzee polders. Owing to his article entitled ‘Over de bo- 
demgesteldheid van de Wieringermeer’ (‘The character of the soils in the Wieringer- 
meer’, 1936) which dealt with the first Zuiderzee polder to be reclaimed, he became 
widely known. In this article, the author discussed the problem of the building up of 
alluvial layers and their soil development during and immediately after reclamation. 
The article employed a detailed soil map as the basis of universal agricultural planning. 
By introducing such a map as an indispensable means of research, professor ZUUR 
went on ahead of the pedological survey and land classification work hitherto done. 
This work was not to assume national proportions until the war, after which it 
rapidly attained international status. 

During the subsequent reclamation of the other two Zuiderzee polders (the North- 
East Polder and Eastern Flevoland), ZUUR was Head of the Soil Research Depart- 
ment of the Zuiderzee Polders Development Authority. In this position, he was able to 
develop ‘polder pedology’ in further detail and to apply it to the implementation of 
the new polders. Also he was in charge of soil research work in the south-western part 
of The Netherlands, undertaken with a view to repairing the damage done by the 
wartime flooding in 1945 and the 1953 flood disaster. Both times, large areas including 
the islands of Walcheren and Schouwen-Duiveland were inundated with sea water. 
Moreover, ZUUR was engaged on new empoldering schemes in other parts of Holland 
(Frisian Islands, south-western marine clay area, peat polders). 
In 1951, the State Agricultural University at Wageningen recognised his services by 



appointing him as Professor Extraordinary at Wageningen, his subject being ‘The 
science of cultivating reclaimed soils’. 
His work was not confined to the Netherlands. His advice was frequently sought in 
connection with empoldering projects in alluvial areas outside the Netherlands, for 
which purpose he paid visits to Egypt, Great Britain, India, Iraq, Italy (Po Basin), 
Pakistan and other countries. This aspect of his work, of which he foresaw important 
developments, was unfortunately cut short owing to his death. 
Much of the present Dutch reputation abroad in the field of research on reclamation of 
new land is due to the solution of the pedological problems involved, prof. ZUUR being 
the pioneer. In this way, a good foundation was laid for the design and construction 
of land reclamation projects throughout the world. 
Unfortunately, Professor ZUUR was unable to publish the results of his later research 
work in a readily accessible form. Some of the ideas included in this hitherto un- 
published work have served the authors as a guidance in the performance of their 
own research work, especially ZUUR’S lectures dealing with ‘The pedology of Dutch 
embankments and drainage works’. In these lectures, of particular importance are 
part B : The main composition and certain other chemical components of reclaimed 
soils (1954), and part C: ‘The water content, &hydration and certain related pro- 
cesses’ (1958). 
We regard it as a privilege that Professor ZUUR before his premature death was still 
able to give valuable commentaries during the initial stage of preparation of our pre- 
sent study. 
We dedicate this study to his memory in the consciousness that our contribution 
towards increasing knowledge on the initial pedological processes is one to which he 
would have given unstinted approval. 

THE AUTHORS 
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PREFACE A N D  ACKNOWLEDGMENTS 
So far as is known, no attempt has ever been made at classifying young alluvial marine 
and fluviatile soils and peat soils on the basis of pedogenesis. The question of real 
pedogenesis in young sediments and peats received very little coverage in international 
literature. 
However, pedogenetic processes occur in sediments, peats and very young alluvial 
soils to which we apply the term ‘ripening’ (a loan-translation of the Dutch term 
‘rijping’), otherwise known as ‘initial soil formation’. 
These processes result in very extensive changes in the soil. The new properties and 
qualities formed are not only very important from the point of view of ecology and 
agriculture but are also useful as soil classification characteristics. 
The present paper tries to make up for the lack of literature on the subject of pedoge- 
nesis in relation to soil classification. Thus, this paper has a twofold purpose in that 
an attempt is made to give: 

a. a summary description of the soil properties mentioned above and the processes on 
which they are based as regards their significance for the root zone and the soil use; 

b. an explanation of the manner in which certain soil properties can be used as charac- 
teristics for a soil classification system. 

As with all kinds of soil properties, there is a close relationship between the physio- 
graphy of young alluvial and peat soils and the pedogenetically determined properties. 
This relationship is considered in detail in the present paper, since it should be regard- 
ed as a very important research element in all SUNWS. 
Of the present study, a first draft was ready as early as 1961. Till then, the authors had 

4 Photo 1. Mangrove vegetation (Rhizophora mangle) trying to overgrow an unripe mud flat along the 
estuary of the Surinam river near Paramaribo. thus initiating the ripening process. 
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the opportunity to make researches into the subjects mentioned before under the 
auspices of the Soil Survey Institute at Wageningen, The Netherlands. Owing to 
various reasons, in particular a protracted stay abroad of both authors, publication of 
the results of their investigations was delayed for a considerable time. However, this 
delay proved to be an advantage inasmuch as it was possible to insert some of the 
results of the research work carried out afterwards by them in tropical regions. 
During their work there, the authors found that in principle the same pedogenetic 
processes occur in young soils under tropical climatic conditions, although in some- 
what different relationships. 

A study of this kind would not have been possible without the co-operation of many 
others. In the first place, the authors owe a special debt of gratitude to the late Pro- 
fessor ZUUR for many helpful comments and suggestions he made when perusing the 
manuscript. 
Furthermore they wish to express their thanks to the Director of the Soil Survey In- 
stitute at Wageningen, for giving his consent to publish the results of their earlier re- 
searches, already mentioned above. 
Also, they would like to thank dr. B. VERHOEVEN and mr. H. SMITS of Kampen (Neth.), 
as welí as Professor G. H. BOLT of Wageningen, for reading and discussing the manus- 
cript. For his kind primary corrections of the language, the authors are grateful for the 
help of dr. J. s. FRAZER, for their providing of analytical data for the appendix, to 
dr. P. J. mm at Kampen, and mr. H. DORST at Paramaribo (Surinam). Furthermore 
they wish to mention the kind co-operation of many colleagues of the Soil Survey 
Institute, in particular of mr. H. DE BAKKER. All gave very helpful comments on 
various parts of the manuscript. 

Last but not least, the authors' grateful acknowledgments are due to the Director of 
the International Institute for Land Reclamation and Improvement at Wageningen 
for his interest in their studies and the willingness to include this paper in the series of 
publications of the Institute. The manuscript had to be submitted in a half-finished 
state as both authors departed in 1962 from the Netherlands for tasks overseas. The 
editorial staff of the International Institute dealt with a great volume of laborious 
work in making the manuscript ready for the press. For this co-operation, the authors 
are very thankful. 

THE AUTHORS 
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1. INTRODUCTION 

1.1. GEOGENESIS AND PEDOGENESIS 
When studying very young alluvial soils and peat soils one is immediately confronted 
with the difficulty of determining the starting moment of real pedogenesis from the 
entire process of the genesis of marine, fluviatile and peaty materials. A distinction 
must therefore be made between geogenesis andpedogenesis, the former term relating 
to geological (sedimentological) processes, the latter to pedogenetical processes in the 
narrowest sense. We propose to define geogenesis as any kind of process relating to the 
origin and transport of sediments, to any form of sedimentation and to the growth 
and formation of peat. 
On the other hand, we would define pedogenesis as the processes of soil formation 
which take place as soon as the sediments and sedentates have been deposited and the 
influence of soil-forming factors, especially climatological and biological ones, i.e. 
aeration and vegetation, begins to be felt. 
However, it is sometimes difficult to define the borderline between geogenesis and 
pedogenesis for both one soil particle and an entire profile. For example, the sediment 
particles transported by rivers have properties that are determined by the pedogenetic 
processes taking place in the soils from which they were removed by erosion. In the 
profiles of periodically inundated sediments in tidal areas and river plains, the geoge- 
netk process of sedimentation takes place during inundation. However, pedogenetic 
influence is also possible whilst these sediments are exposed to the air. In this particul- 
ar case, therefore, pedogenesis and geogenesis alternate. 
The irreversibility of some of the processes to be discussed below is due to the effec- 
tiveness of dry periods, even when they are of only short duration. Sometimes, during 
the geogenetic process of peat growth, a natural lowering of the water table takes place 
as a result of drier climatic conditions and pedogenesis begins. Subsequently, this 
process is checked by a rise of the water table and a renewal of peat growth. Where 
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peat grows very slowly pedogenesis and geogenesis proceed absolutely simultaneous- 
ly (Chapter 2). 

Another borderline case is found in processes which occur under reducing conditions. 
The changes which take place in reduced back swamps will be classified under the 
heading of pedogenesis (decalcification, secondary formation of pyrites, etc). On the 
other hand, the chemical and physical reactions observed in unreclaimed underwater 
sediments should be classified under the heading of geogenesis, since a back swamp 
usually has a 'soil' which is capable of supporting plants, whereas a lake bottom gene- 
rally has not. Another example is given in Photo 2. 

However, although the above-mentioned examples show that the borderline is some- 
times vague, in most cases the definition given proved to be of great value in discus- 
sions on the subject. 

Photo 2. Totally unripe mud (n = ca. 2.0-3.0) deposited at about mean low water level in  a fresh 
water tidal area of the Netherlands. 
Gas formation by fermentation. A kind of chemical ripening somewhere between geogenesis 
(sedimentation) and pedogenesis (oxidation and related chemical processes), as can be ob- 
served by gas bubbles pointing to the relatively high content of organic marcer. 
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Introduction 

1.2. FORMER INVESTIGATIONS 
In a country like Holland, of which about 50% consists of marine, fluviatile and peat 
materials and whose whole history is very closely related to the struggle against 
flooding by the sea and rivers, it is not astonishing that the study of the genesis of the 
land began at an early date. 
Originally, studies were mainly pursued from a geogenetic point of view. This has led 
to important results in recent times. Purely geogenetical studies of the marine parts 
of the Netherlands’ coast or studies in which the geogenetical problem was the main 
point of interest have been published by BE”EMA 1954a, GROOT 1962, 1963, KAMPS 
1963, DE KONING and WIGGERS 1955, PONS and WIGGERS 1959,1960, PONS, JELGERSMA, 
DE JONG and WIGGERS 1963, POSTMA 1954, VAN STRAATEN 1954, WIGGERS 1955, ZONNE- 
VELD 1960 and many others. 
The geogenesis of fluviatile districts has also been the subject of many studies e.g. 
DE BOER and PONS 1960, EDELMAN 1950, PONS 1957 and SONNEVELD 1958. The geoge- 
nesis of peats has been studied by BENNEMA 1954b, DE BOER and PONS 1960, PONS 1961 
and others. In other countries also much attention has been paid to the subject of 
geogenessis of marine and fluviatile areas and especially to the problem of peat for- 
mation. 
The pedogenesis of young alluvial, marine and fluviatile soils and of peat soils, which 
occurs during and after the drainage and reclamation of land previously forming the 
bottom of lakes and such seas as the Zuiderzee, and of all kinds of land situated out- 
side the dykes, e.g. tidal flats, marshes, forests and peat bogs, has been a special sub- 
ject of study by Dutch soil scientists. 
A great part of the soils of the Netherlands was reclaimed from the water during the 
last nine centuries, either by making polders outside the sea-dykes or by draining 
lakes. In addition to these activities, a considerable area was reclaimed by the drainage 
of vast peat bogs such as those situated in the central peat district of Holland. Finally, 
vast areas were drained and made suitable for agricultural use in the fluviatile district. 
A rich experience has gradually been gained on the subject of drainage and reclama- 
tion, but there have been failures as well as successes. During the nineteenth century 
the increasing activities in the field of drainage and reclamation were placed on a more 
scientific basis. The increasingly specialized investigations into the properties and pro- 
cesses of this wet type of soil began during this period. 
In 1886 VAN BEMMELEN began studying sulphuric acid production by the oxidation of 
pyrites-containing soils (‘katteklei; cat clay’). His work was continued by VAN BEERS 
1962, BENNEMA 1953, EDELMAN 1946, 1950, HARMSEN 1954, PONS 1956, VAN DER SPEK 
1950, 1952, VERHOOP 1940 and ZUUR 1954. Desalinization and related problems are 
very important in the study of reclamation of marine forelands and sea and lake bot- 
toms. These problems have been the subject of studies by HISSINK 1935, VAN DER MO- 
LEN 1957, VERHOEVEN 1952,1954, ZUUR 1932,1936,1939 and others. On the behaviour 
of lime and other elements in the soil, work has been done by BENNEMA 1953, BRUIN 
1938, EDELMAN and DESMET 1951, HISSINK 1935, 1954, MASCHAUPT 1947, 1950, PONS 

15 



of chemical and biological ripening, in so far as required for a proper understanding 
of the entire study. 
Where the word ripening is mentioned after sections 1.5 and 1.6 this refers exclusively 
to physical ripening. 

1.5. SOME ASPECTS OF CHEMICAL RIPENING 

According to the definition of the difference between geogenesis and pedogenesis, the 
initial soil formation or ripening starts at the moment of drainage or oxidation of the 
soil. Oxygen enters the soil and causes all kinds of chemical reactions, depending on 
the chemical properties of the sediments and peats. 
A part of the organic matter is oxidized and disappears. In organic compounds, ori- 
ginally bound in small quantities to this organic matter, are either liberated and react 
with others, sometimes giving inactive products or they are leached. In both cases these 
compounds are lost for plant growth (ZONNEVELD 1963). 
Oxidation of the iron results in a wide variety of ferryhydroxides. Slight differences in 
water content, concentration of the iron and organic matter content produce a vast 
range of yellow, brown, red and even violet colours, mostly appearing as a mottling of 
the soil profile. Manganese acts in the same way as iron. These phenomena are very 
convenient as a means of determining the hydrological conditions in the soil, e.g. the 
groundwater table, its fluctuations and the permeability of the soil (ZONNEVELD 1960). 

Fig. 1. Theztrend of the pH (water) of two reduced pyrite clay<during oxidation. 
pH W6i.r 

I 
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cy8 d .a.y&iat4m 4" th. ..." o11 

Pyrite clay withorganic materialof Phragmites 
communis of a sub-recent marine deposit in  a 
temperate climate (The Netherlands). Totally 
desalinized under reduced conditions: 
- a. sample in  natural state (fresh catday) 
- b. sample mixed with CaCO, (about 15,OOO 

kg per tillage layer per ha). 

do m 

Pyrite clay wih organic matter of Rhizophora 
spec. and Avicennia nitida of a recent marine 
deposit in humidtropical climate (Surinam). 
Totally reduced, only slightly desalinized: 
-a. sample in natural state (satty pseudo 

- b. sample artifìcialfy desalinized under re- 
catclay) 

duced conditions (catclay). 
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Introduction 

A very important chemical ripening process is the oxidation of sulphur compounds 
(mostly pyrites) of the originally reduced sediments to sulphates and sulphuric acid. 
Depending from the neutralizing materials and the amounts of pyrites, the pyrite 
clays ripen to very poisonous cat clays (acid sulphate soils), weakly acid pseudo cat 
clays or neutral soils (VAN BEERS, 1962; PONS, 1963a). See Fig. 1. 
The cations adsorbed to the clay- and humus-complex, are also affected by the 
changing cation concentrations of the soil-water solution caused by chemical ripening. 
Na-clays may be converted to Ca-clays or Mg-clays in combination with the various 
clay minerals, all of which have different physical properties (KOENIGS 1960). In the 
case of pyrite clays ripening to acid sulphate soils (cat clays), not only are the adsorbed 
cations affected but also a part of the clay complex itself is destroyed, producing 
Al-ions from which the very finely structured Al-clays originate. 
The adsorption of K is also influenced by the conditions under which the chemical 
ripening develops. Together with the N- and the P-economy of the soil, both greatly 
depending on the starting amounts and the kind of chemical ripening, it is decisive for 
the future chemical value of the soils. 
Events occurring during the process of chemical ripening determine both the physical 
and biological ripening. Thus, oxidation of the organic matter is very important for 
the course of physical ripening of the resulting soil. In peat soils, for instance, it means 
that part of the soil skeleton itself disappears, involving a total change of all soil proper- 
ties, especially in the manner in which the process of physical ripening takes place. 
Acid formation during the chemical ripening of pyrite clay can be so poisonous as to 
prohibit root growth in these soil layers. As a result physical ripening is stopped be- 
cause moisture adsorption is mainly caused by root activity. 
Numerous other processes occur in combination with biological ripening. In this con- 
nection the microbiochemical processes may be mentioned in particular. As this paper 
is mainly concerned with physical ripening, the foregoing brief remarks on chemical 
ripening may suffice. 

1.6. SOME ASPECTS OF BIOLOGICAL RIPENING 

Biological ripening is the result of the activity of all kinds of soil fauna and flora, in- 
cluding both the larger and the microscopic forms of life, but not including the direct 
activity of man. 
One of the biological ripening prmesses is known as homogenization. This comprises 
all those digging, eating and excreting activities of soil organisms that may lead to the 
mixing of soil material and to a change in the structure of the soil. 
Even before pedogenesis starts, animals can mix originally stratified sediments. This 
is of great importance for the subsequent ripening processes. VAN STRAATEN 1954 and 
Z O N ~ V E L D  and HEYLIGERS (in diss. ZONNEVELD, 1960) have described the activity of 
marine organisms in tidal flat areas which leads to partial homogenization even dur- 
ing geogenesis. 
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Photo 3. Mangrove marshes in the brackish t o  salty tidal part of the estuary of the Coppename river 
(Surinam). 
There i s  intense crab activity between the air roots of the mangrove (Avicennia nitida). By 
digging hob. the crabs bring unripe soil from the subsoil t o  the surface, giving it a better 
chance to  ripen and mixing the materials at the same time. 

20 



Introduction 

Fig. 2. Relationship between high tide levels, groundwater table, soil condition and vertical distribu- 
tion of some soil organisms in the VO-VI vegetation type on the Driessen Hennip (recorded 
by P. C. Heyligers) in the freshwater tidal delta Biesbosch (Neth). 

n 

5 20 25 30 10 15 20 25 30 15 

MHW : mean high water 
VO = community of willow beds and tidal phularia nodosa. 

VI = community of Salk alba and Scro- 

forests with Ciraea lutetiana and 
Carex remota 

aerated and very humose 

ommmm aerated 

\-j reduced 

Fl rust stains 

Sept - oct 1953 

- Dendrobaena 

- Lumbricus 

Allobophora 

- Enchytraeidae 

___ high water table outside -.- gmundmwr  table 

Doeksen and Minderman (oral communication) have done similar work on certain freshwater 
organisms (Tubificidae). 

These are only some examples of the many studies now being carried out to learn the 
conditions under which fossil sediments were sedimented. For the subject dealt with 
in this paper, it is very important to take notice of these studies (cf. Fig. 2). 
This biological activity continues on the border between geogenesis and pedogenesis. 
An excellent example is the activity of Crustaceae in tropical tidal forests (cf. Photos 
1, 3 and 11). When oxidation conditions prevail, the activity of all kinds of other or- 
ganisms starts. 
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Biological activity develops best in a humid climate in soils that are not extremely wet 
or dry and are of medium textures, at high temperatures with a fairly high production 
of organic matter. In the humid tropics, on well-drained, medium-textured soils, the 
biological activity of all kinds of worms, termites, ants etc., is very intensive. Drainage 
conditions and extreme soil conditions (e.g. very coarse, excessively drained sand) 
may greatly limit the biological activity. 
In more arid zones of the tropics, termites are especially active and in temperate cli- 
mates certain mammals. 
In areas with a temperate humid climate, the activity of worms is important, but only 
during some parts of the year. In the Netherlands HOEKSEMA 1953 and HOEKSEMA and 
JONGERIUS 1959 have dealt with this type of homogenization. 
Plant growth is also very important. Root activity mixes the soil particles and brings 
organic matter deep in the soil (EDELMAN, 1963). In the tropical rain forests and other 
zones with heavy forests considerable interest attaches to the homogenizing result of 
falling trees which with their root systems pull lumps of earth out of the soil, some- 
times from a depth of over three feet. 
The microbiological activity by which the organic compounds are broken down is to 
be- noted during the ripening of organic soils. But they also play their invisible but 
important role through all kinds of other processes. 
Biological ripening by eating animals in organic soils raises special problems, h u s e  
during this process a considerable part of the soil skeleton of the organic soil profile, 
itself consisting of organic material, is consumed by all kinds of organisms. Sometimes 
the main part of the soil profile of these soils consists of primary and secondary ex- 
crements (VAN HEUVELN, JONGERIUS and PONS 1960). 
There are many relationships between biological and physical ripening. One of the 
most important is the physical ripening caused by plants which consume the water 
attracted by the roots from the soil. Since soil drainage is also improved by this pro- 
cess, physical ripening can progress very rapidly. Some plant roots (for instance, 
Telmatophytes) ate able to attract water from totally reduced soil layers, even when 
these are salty (e.g. Avicennia nitida and Rhizophora mangle). See Photos 1, 8 and 
11. 
The production, decomposition and preservation of organic materials is a very im- 
portant subject and is partly connected with biological and partly with chemical and 
physical ripening. Thus owing to the great importance of the organic matter economy 
and the fact that these reactions take place on both sides of the border between pedo- 
genesis and geogenesis, this subject is dealt with in a special chapter (Chapter 2). 
There are also many interactions between biological and chemical ripening of which 
we would mention in particular the microbiochemical reactions. 

22 



Introduction 

1.7. THE ROLE OF RIPENING IN SOIL SCIENCE 

In the foregoing paragraphs the ripening is defined as a pedogenetical process that 
converts soft, waterlogged and reduced materials into soils. We traced the borderline 
between pedogenesis and geogenesis as far as possible, and on the other hand fixed the 
transition between the initial soil formation and the more progressive part of this 
process. 
We classify ripening as a physical, chemical and biological phenomenon, with the 
proviso that all these processes generally interact and can only be partially distin- 
guished one from each other. 
Chemical and biological ripening were dealt with in this chapter in more detail, as the 
next part of this paper will be primarily concerned with physical ripening. 
Physical ripening is the part of the entire ripening process that is used as a basis for the 
soil classification and the determination of soil map units. Morphologically, this 
kind of ripening is relatively easy to determine. Its criteria are the same in soils derived 
from both salty and freshwater sediments, they are independent of the organic matter 
content and the texture of the sediments, and are also applicable to peats. 
Moreover, it is only in the case of physical ripening that we practically have an irre- 
versible process with a clearly defined end. The end of the chemical ripening process is 
very difficult to determine and the end of the biological ripening process cannot be 
distinguished from progressive biological pedogenesis. 
Hence the main purpose of this report is to describe physical ripening under natural 
conditions and under conditions controlled and influenced by man. 

In relation to the process of physical ripening organic matter is qualitatively, and in 
many cases also quantitatively a very important soil constituent. For this reason we 
shall proceed to discuss the role and behaviour of the organic material in the soil 
during and after ripening (Chapter 2). Chapter 3 deals with the whole process of phy- 
sical ripening and the determination of the process in the laboratory and in the field. 

In Chapter 4 we shall describe the physical ripening occurring in natural landscapes 
and under the influence of man. Correlations are discussed between ripening and all 
kinds of geomorphological and ecological conditions. 
From an ecological point of view, a knowledge of the processes of ripening is very 
important. There is a close relationship between vegetation and the several stages of 
ripening. It is sometimes even possible to determine the stage of ripening by means of 
the vegetation (ZONNEVELD 1958, 1960). 
Soils originating from soft and waterlogged materials are generally used or considered as 
suitable for use for all kinds of agriculturulpurposes. Obviously therefore, a knowledge 
of the ripening processes is important for crop growth and for general land classifi- 
cation purposes. This aspect of practical application is dealt with in Chapter 5 to- 
gether with such other aspects as the subsidence and permeability of the soils con- 
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cerned, drainage improvements and construction works which may be required, etc. 
In Chapter 6 a proposal is made to use the physical ripening stages as a basis for the 
classification of soils and also for the map units of soil maps. In this sense they are 
already used in the Netherlands by ZONNEVELD (1960), and for some map units of the 
new 1 :2OO,OOO and 1 :l,OOO,OOO soil maps of the Netherlands (Soil Survey Institute, 
1961). 
In this report we do not intend to cover the geogenetic processes (sedimentation and 
peat growth) although they are also very important in a soil classification system. 
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2. RIPENING A N D  THE ORGANIC MATTER EQUILIBRIUM 
A-HORIZON DEVELOPMENT A N D  PEAT FORMATION 

2.1. ORIGIN AND QUANTITIES OF ORGANIC MATTER 

Under marine conditions, the organic matter in floating silt in the sea and estuaries is 
present and transported as part of the ‘clay-humus flake’. These complex sediment 
bodies are made up of varying quantities of organic matter, clay particles, some very 
fine silt, and small quantities of other constituents, for example small particles of 
lime, pyrite bodies, etc. The clay-humus flakes are derived from the excrement-pro- 
ducing activity of the fauna on the tidal flats (KAMPS 1950, 1956, 1962; POSTMA 1954; 

From the point of view of the genesis of the parent material of the alluvial soils, the 
organic matter and other constituents of the clay-humus flake can be considered as 
primary organic matter (PONS 1963a). 
The organic matter content of subaquatic sediments within a single ‘homogeneous 
marine sedimentation basin’ is closely correlated to the clay content (ZUUR 1958). 
Figure 4 shows this correlation of the primary organic matter content and the clay 
content in particles < 16 micron (100 particles < 16 micron contain under normal 
conditions about 66 particles < 2 micron), for bare marine forelands (curve 5). Figure 
3 gives some more information on the primary organic matter content of floating 
marine silts and of sedimentated silt not overgrown by the vegetation from different 
areas. The differences are considerable. The contents in temperate climates are higher 
than in tropical areas. 
In the Netherlands, the present marine silt in the northern and central part of the 
country has organic matter contents of about 41/2-5% for average clay contents of 
about 30%. Based on clay percentage this would be about 0.15 % of organic matter. 
Tropical marine clays, for instance, along the Guiana coast (PONS 1963a) and in the 

VAN STRAATEN 1954). 
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Fig. 3. The relationship between the primary 
humus content and the clay (lutum) content 
of sediments from the following locations: 

1. Tidal rush marshes (freshwater). (Zonneveld. 

2. Tidal reed marshes (freshwater). (Zonneveld, 

3. Deposits along the German North Sea Coast 

4. Zuiderzee, youngest deposit (Wiggen, 1955) 
5. Dollard and ikrelmeer deposits (Wiggers. 1955) 
6. Zuiderzee deposits with high s i l t  contents (Wig- 

gen, 1955) 
7. Deposits along the German North Sea Coast 

(Ditmanchen). (De Groot. 1962) 
8. Zuiderzee. deposits I and II (Wiggers. 1955) 
9. Far East rea clay (Zonneveld, 1963) 

10. Eastern Flevoland polder (Zuur, 1954) 
11. Deposits of the coastal plain of Surinam 
12. Sediments along the coast of Dutch Guiana (from 

1960) 

1 960) 

(N. Friesland) (De Groot, 1962) 

the sea) 

Fig. 4. The relationship between soil moisture content and humus content and the content of particles 
< 16 micron in the upper 80-120 cm of a number of soil layers from six typical kinds of geogene- 
ticaNy different alluvial soil profiles and one artificially drained prdi le with their own typical 
natural stages of initial soil formation from a temperate climate region (The Netherlands). 
Zonneveld, 1960. 
Moisture content and humus content were both determined in g/lOO g oven-dry soil. 

Soi l  moisture content Humus content 
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5. Marine foreland 
6. Frorinetum willow coppice 

1. Rough herbage and rush marsh 
2. Tidal reed marsh 
3. ZuidenCe silt 7. Polder 
4. Saliatum willow coppice mnd tidal marsh 
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Organic matter, A-horizon development and peat .formation 

delta areas of south east Asia (ZONNEVELD 1963) have 0.02 % and 0.03 % of organic 
matter per % day, respectively, based on clay percentage, for clay content of about 
30 %. or much smaller contents in up to one tenth of the comparable sediments in the 
temperate areas (Compare in Fig. 3 curves 3, 4, 5, with curves 9, 10, 11). 
The differences around a basin like the North Sea are also remarkable. DE GROOT 1963 
gives 0.25 % for the Elbe estuary and O. 18 % and O. 1 1 % for several parts of the Ger- 
man Wadden coast. WIGGERS 1955 mentions the same differences (from 0.25% to 
0.1 1 %) for sediment units of different age one on top of the other in the Zuiderzee 
area, each having a close correlation between the organic matter content and the silt 
content. 
In fresh water sedimentation areas in the temperate climate, such as the fresh water 
tidal delta of the Biesbosch, there is a less close but significant correlation, the humus 
contents invariably being much higher than in marine areas, (ZONNEVELD 1956,1960, 
see Fig. 3, curves 1,2). 
Important factors in freshwater sedimentation are recent biological activity (plankton 
and animals in the water and on the flats) and the combination of organic matter and 
clay particles produced by pedogenesis in the hinterland (mull particles produced by 
biological activity in all kinds of soils). 
But much of the sedimentation areas that interest us here is covered by vegetation 
during sedimentation, especially under fresh and brackish water conditions in temper- 
ate climates and also under salt water conditions in the tropics. The growing vegeta- 
tion adds different quantities of organic matter to the sediments which are preserved 
under reducing conditions and can be distinguished as secondary organic matter 

In sedimentation environments, e.g. fresh and brackish water tidal reedmarshes, fresh 
water tidal marshes of rough herbage and rushes (Fig. 4, curves 1 and 4), the increase of 
organic matter is mainly due to secondary organic matter (ZONNEVELD 1960). Under 
tropical conditions plant growth is very dense and may occur on brackish or even 
salty sediments (Avicennia, Rhizophora, Lingicularia, etc.) so that in most cases a 
large amount of secondary organic matter is produced in the unripe soil profile. Under 
brackish conditions in temperate climates this is only possible with Phragmites. Un- 
der fresh conditions it is well known from different climates. Formations of secondary 
organic matter produce every kind of transition from mineral sediments to pure 
peats. 
Normally the primary organic matter in marine environments, being of animal origin, 
has high N contents. Under fresh water conditions more plant material is added, thus 
reducing the N contents (ZONNEVELD 1960). When there is agreat deal of secondary 
organic material the N content, even that of marine deposits, is always reduced. The 
same result is obtained by mixing the primary organic material in marine environ- 
ments with eroded peat material. 
The characteristic properties of the materials subject to the process of ripening all 
originated during the geogenesis of the alluvial sediments and peats. 

(PONS 1963a). 
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2.2. SOME ASPECTS OF THE DECOMPOSITION OF ORGANIC MATTER 

An important part of the process of ripening which has a great effect on the total 
absorption of water is the change that occurs in the quantity and quality of the organic 
matter during ripening. This process covers both physical and chemical ripening. 
Figure 4 shows that the organic matter content is decreased by oxidation during 
ripening, viz. in freshwater and brackish tidal areas from bare silt flat via marsh and 
tidal forest to endikements, and in marine tidal areas from silt flat via salt marsh to 
polders. When the organic matter disappears, its absorbed moisture is removed with 
it. ZONNEVELD 1956, 1960 calculated that half the total moisture loss in freshwater 
tidal areas, and consequently half of the settling, was caused by oxidation of most 
of the organic matter. 
Under the marine conditions obtaining in the Netherlands the loss of total moisture 
by oxidation of the organic matter is less than 20% of the original moisture content. 
In tropical areas with sediments very low in organic matter this loss is practically zero. 
The organic matter is also of a different type. In freshwater areas in temperate cli- 
mates, where much organic matter originates from the vegetation during the ripening 
process, the C/N ratio decreases from about 25 to less than 10. At the same time the 
cation exchange capacity per g organic matter increases, while the water absorption 
capacity slightly decreases (see subsection 3.3.1 .). This is presumably due to progressive 
humification of organic matter that was originally only slightly disintegrated (ZONNE- 
VELD 1959, 1961). 
In this case the decrease in organic matter must be attributed to the shifting of the 
equilibrium between the formation and the decomposition of organic matter. Within 
the same climate and under the same salinity, hydrological, and other conditions, the 
organic matter content has for each stage of ripening a characteristic value which is 
related to the clay content. An example of ripening of a sediment originally extremely 
poor in organic matter is the increase in organic matter content of sandy Zuiderzee 
soils that was observed by HISSINK (1954). The original organic matter content of 
these sediments was lower than the characteristic equilibrium normal in the polder 
stage (or the end stage of ripening). 
In tropical areas, the organic matter content of most of the agriculturally interesting 
alluvial sediments is so low that the organic matter is scarcely involved in physical 
ripening. Moreover, the characteristic organic matter equilibrium at the end stage of 
ripening is very low, so that the entire organic matter content is quantitatively in- 
significant for physical ripening. Compared with chemical ripening, however, the or- 
ganic matter is qualitatively very important. 

2.3. A-HORIZON DEVELOPMENT 

The developement of an A,-horizon in alluvial soils is very closely related to the ge- 
ogenesis and the entire process of ripening. Organic matter is produced by the vegetation 
present during ripening both in the upper layers and on the surface of the soil. More- 
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Organic matter, A-horizon developmenf and peat formation 

I over, the original organic matter content of the sediments is also very important and 
may vary considerably. Animals and micro-organisms (biological ripening), decompose 
the organic matter originating from both sources, producing other kinds of organic 
compounds and mixing them with clay. The decrease of the organic matter content is 
compensated by new formations, in the top layers to a greater extent than in the lower 
horizons, and this explains the difference between A, and Cg or CG and G. 
Fig. 2 (see p. 21) gave an example of a profile in a freshwater tidal area in relation to 
ground waters, inundation and some soil organisms. The type of A, horizon, thick or 
thin, prominent or weak, with a very low, a medium or a high organic matter content, 
depends on the quantities and type of available organic matter and the type of physi- 
cal and biological ripening occurring in the profile. 
In the top layers of sediments extremely deficient in organic matter, the A, formation 
usually leads to an increase in organic matter content, as was discussed in the previous 
paragraph. In tropical sediments this is often the normal situation. In temperate areas 
the content is normally decreased in most temperate marine sediments and to a 
greater extent in freshwater sediments, particularly peaty soils and peats. 
Shallow A,-horizons are particularly frequent in imperfectly drained soils. In the 
humid tropics under these conditions, but also in temperate areas under very bad 
drainage conditions, &-horizons are common. This is caused by the shallow rooting 
activity of grass vegetations and swamp forest vegetations and the absence of such 
deep homogenizing organisms as earthworms etc. In naturally well drained areas, 
wooded with deep-rooting trees, the soils are usually homogenized, i.e. intensively 
biologically ripened to a greater depth. This depth of homogenization depends to a 
greater or lesser extent on the drainage conditions which in this case determine the 
depth of biological homogenization. Consequently, if an indication can be obtained 
of the degree of homogenization of soil profiles, this may make it possible to determine 
the level of the ground water tables during the process of ripening of these soils. How- 
ever, this intensity of homogenization greatly depends on soil conditions, climate and 
available organisms. For example, under eutrophic wet tropic conditions there is a 
very high level of biological activity in well-drained soils of medium textures. Hence 
regional studies are necessary for providing a good interpretation of the phenomena. 

1 

I 

2.4. PEAT FORMATION 

Under very poor drainage conditions, the only type of horizon which will generally 
develop is the & horizon, or an A, horizon with a high organic matter content. Here 
we are once again on the borderline between pedogenesis and geogenesis. The decom- 
position of the organic matter produced may be arrested, and the type of production 
is not very much different from that occurring on aerated soils. The organic matter 
content of the A horizon is now able to increase, and in extreme cases, the ‘peaty’ A. 
horizons or A, horizons which only contain partly disintegrated organic matter, 
originate in this way. 
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The influence of climate on these processes is illustrated by the next example: In the 
southern ‘étangs’ of the Rh6ne delta, peat formation is not possible because these 
‘étangs’, for reasons of climate, (low rainfall and relatively high temperature) contain 
salt and brackish water, thus preventing peat-forming plant growth with the result that 
there is no accumulation of organic matter. But, under less arid climatic conditions, 
these geomorphological units (back swamps or basins) are always filled with peat, as 
in the deltas of the rivers in north-western Europe and in the humid tropics. 
Peat formation may also be hindered by an abundant supply of mineral sediment. 
Peat formation generally starts in humid climates, in both temperate and in tropical 
zones, under the very conditions that preclude physical ripening. It can be seen that in 
some respects peat formation is the reverse of ripening and consequently the reverse of 
‘pedogenesis’. Peat formation can thus be classified as geogenesis or the formation of 
new parent material for soil genesis. The climate factor (evaporation) is the chief 
factor eliminated during peat formation (see Photo 4). Both the geogenetic and the 
pedogenetic processes occur simultaneously, particularly at the very beginning of peat 
formation when the transition takes place between pedogenesis (A,-formation) and 
geogenesis (peat-layer formation). The faster the peat layer grows, the less important 
is the part played by pedogenesis. 
The decision as to whether a shallow peaty layer or the thicker top layer of a profile 
- both of which were very much disintegrated during peat formation - should be 
classified as a pedogenetic A, or A,, horizon on the one hand, or as a geogenetic super- 
ficial peat layer on the other, is purely aibitrary. Thin peat layers are very common in 
the western peat and clay-on-peat district of the Netherlands, in the swampy marine 
clay areas of the South American Guianas and elsewhere on the tops of poorly drained 
mineral soils. Further micro-pedological research will probably produce more data 
for the characterization of these layers. Special difficulties arise because in dry 
periods in the tropics these superficial peat layers are often set on fire and disappear. 
In the Dutch system of soil classification we use the provisional term ‘peaty A hori- 
zons’, in which category we include all kinds of thin, superficial profile layers having 
a high organic matter content. 
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Photo4. Formation of fen peat in mesotrophic to eutrophic water in the Netherlands (Overijssel 
Prov.). 
The debris of the hydrophyte Stratoits aloides are accumulated to peat in a purely geogene- 
tical way. 
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3. PROCESSES, CHARACTERIZATION AND DETERMINATION 
O F  PHYSICAL RIPENING 

3.1. DEHYDRATION 

Physical ripening is the direct result of the withdrawal of water from the soft sediments 
and is affected by such well-known soil formation factors as parent material, climate 
(evaporation), topography (drainage), fauna and flora (homogenization and trans- 
piration), time and man. 
Dehydration during physical ripening is caused by: 
A. the sagging due to gravity after drainage, 
B. the direct evaporation of water from the soil, both superficially and through the 

cracks in the soil profile, 
C. plant roots. 
Factors A and B are obvious. 
Factor C is particularly important, because without vegetation progressive physical 
ripening is hardly possible, especially in a temperate climate. A good drainage has 
no effect because unripened layers are very impermeable even with a relatively low 
clay content. ZUUR, in his lecture notes, quotes K-values of lo"' cm124 hours in non 
rooted layers containing more than 8 % clay, and K-values which are not much higher 
viz. 1W2 m/24 hours in such layers containing 5-8 % clay. Values of the same order 
of magnitude were measured in low-lying, half-ripe freshwater tidal forest soils in the 
Biesbosch. The same K-values occur below the rooting zone of Avicennia nitida in the 
heavy marine clays of Surinam. 
The stagnation of ripening can be determined experimentally and also from the fol- 
lowing two observations: 
Some sediments possess layers with large amounts of pyrites. Duringaeration (or at the 
very beginning of ripening) these pyrites oxidize as a result of chemical ripening pro- 
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cesses, producing very acid soil layers. Under these conditions plant roots can neither 
develop in this layer nor in the underlying one and withdrawal of moisture is impossi- 
ble in both layers. In such profiles despite a good drainage system of long standing, 
physical ripening is rendered stagnant because this special kind of chemical ripening 
has begun. 
To promote physical ripening as much as possible in the new Zuiderzee polders, reed 
(phragmites communis) is sown as soon as the water cover has disappeared from the 
soils. By subsequently constructing ditches and drainage canals, man tries to provide 
the vegetation with the conditions necessary for a deep root system. Reed soon forms 
an extensive root system withdrawing considerable quantities of water from the soil 
and promoting physical ripening (Zuiderzee Works 1957). 
The loss of water from the soil is not a simple evapotranspiration or sagging process. 
The water is more or less bound to the soil particles of a small grain-size. These partic- 
les are partly enveloped by a thin film of water (hygroscopic moisture) but also contain 
water in both their large and small cavities (free moisture). 

A B 

A- Clay particles of 20 x 3 millimicrons in section enveloped by a 10 
millimicron (A) and a 5 millimicron (6) chick coating of absorbed 
water 

Fig. 5. Models of the microstructure of conglomerations of clay particles without sand and humus of a 
recently emerged unripe (A) and of a 100-year old ripe (B) Zuiderzee-bottom soil. 
For convenience all particles, except one large one, have been drawn platy with the thin edge 
at right-angles to the intersecting plane (Zuur, 1958). 

Clay minerals forming a real ‘harmonica structure’, e.g. montmorillonite, can store a 
great deal of water between their crystal lattices. The cavities between the particles 
may be of several kinds, depending on the origin of the parent material. When this 
material consists of laminar-sbaped clay minerals, the fresh soft, loose sediments may 
be regarded as a honeycomb structure (ZUUR 1958, 1961, TAN TJONG K ~ E  1954). The 
particles are hinged together by electric forces at the points of contact (see Fig. 5). 
The crystalline lamellae are enveloped by a hygroscopic ìîlm of moisture which forms 
a stronger bond than the water in thecavities. The smaller the cavities, the more strongly 
bound is the water and the greater is the resemblance of this kind of moisture to 
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Fig. 6. Bulk density of the soil phases in different stages of initial soil formation (physical ripening). 
Abscissa 
Ordinate : depth in cm below surface (Zonneveld, 1W). 
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moisture of hygroscopic absorption. With the withdrawal of water, the quantity of 
moisture in the cavities decreases, resulting in a capillary contraction. 
These processes reduce the volume of the sediments. (see Fig. 5).  
The influence on the proportion by volume of the various soil compounds can be seen 
in the example given in Fig. 6. 

The first contraction of the honeycomb cells is solely caused by the hinging of the 
points of contact, but when the forces increase as a result of the increasing capillary 
forces, the honeycomb cells are telescoped because the points of contact have been 

In the case of the organic matter the situation is more complicated. Here we find 
irreversible (TAN TJONG KIE 19%). 
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Processes, characterization and determination 

Fig. 7. Water content and water factor n or n-value in spring (S) and summer (SU) of a Zuiderzee- 
bottom soil, with 25% clay (< 2 microns) and 2.7% humus, emerged in autumn. Thickness of 
layers 0-20 cm (Zuur, 1958). 
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amorphous and very finely-divided organic material, and even partly complete plant 
tissues that may have large cavities (some Cyperaceae, Gramineae and Spaghnum, 
for example). Organic particles, particularly those of a small size, will adsorb water on 
their inner surface. Very fine particles will produce a honeycomb-type structure in the 
same way as the clay minerals described above. These large cavities are a new pheno- 
menon. Sediments and sedentates having this kind of cavity may contain a vast 
amount of water (for example, young Spaghnum peat). These materials will only re- 
lease water in large quantities when pressure is exerted on them by overlaying layers, 
the process being similar to that of a sponge. 
Lime sediment (lime gyttja) is another kind of sediment which may have a greater or 
smaller content of colloids with water-adsorbing properties. These sediments occur in 
a fairly pure state in warm seas and on the continents near geological formations rich 
in lime. Under moderate climatic conditions lime particles generally similar in size to 
silt particles (VAN DER MAREL 1950; VERHOEVEN 1962) also form an important consti- 
tuent of the young mineral fluviatile and marine sediments. This material has not yet 
been studied from the ripening point of view, but the same ripeningprocesses probably 
occur in the draining of pure, soft, fine textured lime sediments as have been found to 
oceur in clayey sediments. 
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Photo 5. At  low tide extensive sandbars appear in the salt water estuary of the Western Scheldt 
(Neth.). 
The clay content of the sand is very low. This is an example of young alluvial deposits without 
criteria for physical ripening. This kind of soil is  considered to be physically ripe. 

It will be clear that sediments which have no fine particles and hence no colloidal 
material - in other words, silt, sand and gravel - will not have any significant water- 
absorbing capacity and not exhibit ripening phenomena. (Photo 5).  
If for practical purposes we wish to draw a line of demarcation between soils rich and 
poor in colloidal materials, this would lie at a point where the clay content is about 
8 % in clay-containing soils with a very low organic material content. Of soils having 
only organic matter as colloidal material, colloidal rich soils should have an organic 
matter content higher than 3 %. 

3.2. IRREVERSIBILITY 

One of the most important features of the process of physical ripening of predominant- 
ly mineral soils and of organic soils containing a large amount of amorphous organic 
matter is its irreversibility. Once such a soil has undergone the ripening process, and 
provided it does not change its position, it does not absorb the same quantities of 
water during new inundations as it contained immediately after sedimentation. 
This irreversibility is due to the fact that the material of which the soil is composed 
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lacks elasticity, and this lack of elasticity can be attributed to the special character of 
the honeycomb structure described above. The forces resulting from the absorption 
of moisture are too weak to break up the telescoped clay particles, especially in the 
case of clay minerals. 
Artificial mechanical disturbance of the soil structure in wet conditions causing re- 
versible ripening is widespread in rice culture (puddling). Consequently the very top 
layers of paddy fields often have a relatively low stage of ripening, due to artificial 
conditions. Under the special conditions observed in Surinam one kind of reverse of 
ripening in the top layers of mineral soils is due to intensive root-growth under con- 
ditions of constant waterlogging. 
In the case of organic matter, the honeycomb ‘cell walls’ are probably more flexible, 
so that the decrease in the cell volume of the honeycomb structure is rather the result 
of compression than telescoping. The new bonds created by this action are easily 
loosened by absorbed water (ZUUR 1958). 
It is only as a result of very intensive dehydration that the humus particles are bound 
together so strongly that hydration is unable to loosen the bonds. This process is 
called ‘the irreversible drying-out of peat’ and mostly occurs in peat layers with a re- 
latively high content of very small particles of organic matter, for instance slowly 
formed disintegrated peat subjected to strong pedogenetic influence during its growth 
(PONS 196 l), or moulded peat (JONGERIUS and PONS 1962a and b). But very prolonged 
action of water on these soils leads to renewed absorption of water (BENNEMA and 
VAN DER WOERDT 1961). It is also probable that the water absorption on the surface of 
the soil particles is partly an irreversible process for the organic and mineral particles 
(exothermic process). 
Irreversible dehydration of mineral soil material does not completely exclude the pos- 
sibility of an increase in the water content of ripe soil material. The swelling of the soil 
with wetting is a familiar example. The water content of ripe soils fluctuates somewhat 
according to rainfall, drainage conditions, etc. A fluctuating moisture content has 
been recorded (see Fig. 4) during the ripening process of soil material which was ori- 
ginally very soft and wet. This phenomenon results from the force of repulsion existing 
everywhere between the particles except at the points of contact (sponge effect), 
Certain types of peat which show only a slight degree of disintegration andcontain 
large capillary cavities are so reversible that irreversible drying-out never occurs. This 
is the reason for the very favourable agricultural properties of granulated peat and 
tirr (young Spaghnum pats) which contain large water cells derived from the leaves 
of the original peat-forming plants. 

3.3. PHYSICAL RIPENING AS A FUNCTION OF THE WATER ABSORPTION CAPACITY 
AND THE WATER CONTENT OF SOIL MATERIAL 

In the preceding subsections ripening was described as a process involving a change in 
the micro-structure of the clay minerals and the fine colloidal organic matter, as well 

37 



as a loss of water. While it is impossible to measure the changes directly, we can es- 
timate the loss of water with a reasonable degree of accuracy. It may be assumed that 
the greater the telescoping of the clay (and organic matter) particles, the smaller will 
be the water-absorbing capacity of the colloidal material. The water binding capacity 
of colloidal material will therefore constitute a reasonable means of measuring the 
micro-structure, and hence of the stage of ripening. 
It may be assumed that the total water content of a soil is roughly a function of the 
water- absorbing capacity inherent in each individual soil compound. Furthermore we 
assume that each component has its own characteristic water-absorption capacity, 
which is in equilibrium with that of the other components and only depends on the 
stage of ripening, that is the degree of change of the micro-structure. 
However, soil is a mixture of colloidal and non-colloidal materials. Fine organic 
matter and clay form the colloidal soil components, their water absorption being 
totally dependent on the microstructure or telescoping of the colloids, and conse- 
quently on the physical ripening. Silt, sand and coarse organic matter structures are 
non-colloidal soil materials without or with only weak water-adsorbtion capacities 
but with varying water storage capacities which are not at all dependent on ripening, 
or only very slightly. 
The storage capacity is particularly important in peat and peaty soils. In discussing the 
theory we will therefore distinguish between mineral soils and organic soils. 

3.3.1 .Mineral soils 

In mineral soils the colloidal part of the soil is mainly the clay minerals of the clay 
fraction. Since the organic colloids in the soil are not constant during pedogenesis but 
can increase or decrease and change their qualities, we consider the water adsorbtion of 
the clay fraction as the most universal basis for the expression of the physical ripening. 
The clay fraction is practically constant both in a quantitative and a qualitative sense. 
We now introduce a water factor n as a standard of physical ripening. This is the 
quantity of water in g which is adsorbed as purely as possible by 1 g of the clay frac- 
tion. 
Taking the above approximate assumptions as our basis we can give a reasonable 
description of the phenomenon of the ripening in the form of an equation. 
Let us represent the other factors as follows: 

A = the total water content compared to 100 g of dry soil 
L = the clay content (lutum) 
H = the organic matter content 
R = the non-colloidal mineral part of the soil (mainly silt, sand and lime, R = 100- 

H-L) 
b = the ratio of the water-adsorbtion capacity of organic matter to (illite-) clay 
p = the water-storing capacity of non-colloidal parts 
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Graphic determination of , - 
the ratio b between the 
water binding capacity of 
clay and organic matter 6 -  

Fig. 8. 

The water content of a soil can now be represented by the following simple addition of 
the water content of the three main components: clay, organic matter and non-colloi- 
dal material respectively: 

(1) 
(ZONNEVELD 1959, 1960 and 1961). 
In this equation A, L and H (and thus by inference R) can be measured in each soil 
sample. 
It has been found from several measurements (DOMINGO 1951; ZONNEVELD 1960; 
ZUUR, 1958; and others; see also Fig. 8) that 100 g non-colloidal mineral material may 
contain about 20 g water; hence p is about 0.2. In pure sand this figure will be some- 
what higher and in clayey sediment somewhat lower. In practical use this value al- 
ways gives satisfactory results. 
Theoretically, n and b can be found if we have two or more equations similar to 
equation (l), in which p, A, H and L (and thus by inference R) are known, but in 
which b and n are constant. We have assumed that b and n are constant within every 
stage of ripening. Hence the problem is to know beforehand whether samples are 
derived from the same ripening stage before we can subject the problem to a reliable 
mathematical treatment. The only means of comparison we dispose of, are landscape 
features types of vegetation and soil consistency. 
Only the most homogeneous soik (subsoil of a tidal forest; Zuiderzee mud) appeared 
to give reliable results when submitted to algebraic and diagrammatic investigation. 
Figure 9 gives a graphic calculation of the factor b in a number of samples with the 
same n-factor because originating from the same ripening stage occurring under 
comparable vegetation types in the freshwater tidal area of the Biesbosch (ZONNEVELD 
1960). 

A = nL + nbH + pR 
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Equation (1) can also be written:- 

nb x H/L + n = (A - 0.2 R)/L 

The several factors from this equation H/L,(A - 0.2 R)/L, n and nb are all presented 
in the graph in Figure 8. The b-factor found by these methods was 3 to 4. This is in 
reasonable agreement with the general experience that the ratio between the cation- 
and the water-adsorbtion capacity of illite and humus should be about 3. Similar 
experiences in other sediments are discussed in section 3. Of these mostly marine 
sediments a b-factor of 3 is most common. Other ratios are obtained for more or less 
undecomposed organic matter. This will be discussed in subsection 3.3.2. If the 
b-factor can be estimated, the only other unknown factor is the n-value, viz. the 
water-binding capacity of 1 gram of illite clay. 
Absolute or nearly absolute data about n-factors and ripening stages are easily ob- 
tained from certain tropical marine deposits, poor in organic matter, for example the 
heavy clays along the Guiana coast. These deposits have a very low organic matter 
content i.e. H is nearly zero and b is of no practical significance (cf. the examples 
given in the Appendix). With this aid the n-factor is determined for each stage of ripen- 
ing and from this the b-factor can be calculated. 
From all these measurements and estimations we know that the b-factor for highly 
decomposed organic matter is about 3 and about 4 for somewhat lesser decomposed 
organic matter. 
The n-values were calculated for several hundred soil samples of mineral soils with the 
following formula derived from (1): 

n = (A-0.2 R) / (L + bH) (3) 

Here a b-factor of 3 is used for soils with an organic matter content which has been 
well humified (this can be confirmed microscopically) and a b-factor of 4 for soil 
samples with clearly visible plant remnants containing cell structures, etc. (cf the 
Appendix). In this way a reasonable measure of agreement has been achieved with the 
physiography described in the preceding subsections 3.3.1 and 3.3.2 (viz. ZONNEVELD 
1960,1964). 
Most Western European clays mainly consist of illite with a cation exchange capacity 
of about 60 m.e.p. 100 g clay. 
In accordance with the procedure suggested by Prof. ZUUR (personal-communica- 
tion), we propose to use the n-factor for illite as the general ripening standard. If 
other clay minerals occur, we propose to convert their n-values into that for illite, in 
which case formula (1) must be written:- 

A = n (illite) Li + n 4 r, + n b, L2 ... etc. + n bh H + 0.2 R (4) 

In this formula, bl, b, etc. represent the ratio between the water-adsorbing capacity of 
illite and that of the other clay minerals, the weights of which are represented by 
h, Le etc. The factor bh represents the ratio between the water-adsorbing capacity of 
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illite and that of organic matter. Li represents the weight of the illite content, Hence : 

A - 0.2 R 
Li + bi Lq + b2 b.... + bh H 

n =  ( 5 )  

In this way it is possible to arrive at a universal classification of the ripening stage by 
means of a single figure l). 
ZUUR (1958) and SMITS (1953) developed the following slightly different formula, 
which at our suggestion was also used in the 7th Approximation (cf. Soil Survey 
staff, 1960): 

n=(A--O)/(L+ bH) (6) 

If the same b-value is used the n-values obtained with this formula are 0.1 to 0.2 
lower, depending on the organic matter content. Here n does not represent the water 
content in grams per gram illite, as in our previous formulae 1 4 ,  but the tangent of a 
line drawn in a graph with A on the ordinate and L + bH on the absciss a. 
Prof. ZUUR agreed that the use of our formulae (3) and (5) was ‘theoretically some- 
what more correct and in practice gave somewhat more logical results.’ Although it 
does not make much difference which formula is used, we prefer our own, particularly 
(3) and (9, as they provide a less abstract mathematical, and more concrete descrip- 
tion of the phenomenon (the simple addition of components) 2). 

3.3.2 Organic soils 

As we saw in subsection 3.3.1, the b-factor for well decomposed and humified orga- 
nic matter in mineral soils is about 3. 
If organic matter is present which is not totally decomposed the large cavities charac- 
teristic of this material (plant tissues) can be filled up with water, thereby increasing 
the ratio (ZONNEVELD 1959, 1960, 1961; PONS 1958, 1961; ZUUR 1958). On the other 
hand, it has already been mentioned (section 2.2) that the cation binding capacity is 
lower in less decomposed material than in real humus because in the former case it is 
only the internal surface that is important and not the large cavities. 
If the formulae for ripening developed for mineral soils are applied to organic soils 
without clay, or with only very little clay, the equation can be written as follows: 

A = n.b.H. (8) 
l) If no exact determination of clay minerals exists, but only the cation exchange capacity of 100 gr 
clay is known (CEC), the said b-value can be estimated by the following calculation: b = CEC/60. 
This is permissible because the cation exchange capacity of these very young mineral soils is closely 
related to the water-adsorbing capacity. It is not permitted to do so for organic soils. 
*) Before devising formulae (1-5), ZONNEVELD 1956 used the following equation: 

n = A/(L + bH) (7) 
Our new formulae (1-5) lie between (7) and (4) and may be considered the best formulae at present 
possible. 
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For purely amorphous organic matter it should be possible to write for b the relative 
adsorption capacity of organic matter in relation to that of illite (b = 3). In this case 
the factor n would be comparable with that for mineral soils. A peat and a mineral 
soil with the same ripening factor would have reached the same stage of ripening. 
Organic soils of purely humified organic matter are very rare. Normal organic soils 
always have large quantities of undecomposed plant remains. During ripening the 
influence of the tissue cavities is an important factor in most peat soils. If we confine 
our considerations to less compressed peat soils in conditions of absolute saturation, 
it may be possible to subdivide the ‘water factor’ nb into a ripening factor n and a 
‘material’ factor b. These have, however, a more arithmetical (and less concrete) value 
than that already given for mineral soils. Thus, b-values can be computed by com- 
paring organic soils with mineral soils at the same stage of ripening and thus having 
by definition the same n-value. The identity of this stage of ripening can only be 
discerned from the physiographical conditions but is not so easy to determine as for 
mineral soils. 
The b-values estimated in this way for partly disintegrated organic matter of different 
origins in clayey to pure pa ts  usually seem to fluctuate between 3 and 6 according to 
data supplied by PONS. For non-disintegrated young Spaghnum peat this value is 
probably about 9. There is some connection between these values and the botanical 
composition and, within each botanical class, between the b-values and the degrees of 
humification described by VON POST (1 926). 
It may also be possible to deal with the problem by introducing a water factor for or- 
ganic material, nh (nh : amount of water absorbed at 1 g organic matter) being deter- 
mined in the same way as the water factor for clay ni (n of illite). Further experience 
and research on initial soil formation of organic soils is required before a result can 
be achieved which is equally good for mineral soils. 

3.4. DETERMINATlON OF THE PHYSICAL RIPENING STAGE IN THE FIELD 

The determination of the above mentioned value n always entails laboratory analyses. 
For mapping and other purpose, however, it is useful to have an estimation method 
for use in the field. For young sea bottom polders, ZUUR and SIEBEN have made a field 
estimation of ripening in mineral soils by assessing the extent of cracking. The most 
important field method is the determination of the consistency, which, by its very 
nature, is closely related to n. The consistency, however, also depends on the clay and 
organic matter contents. After long field experiences it has become possible to estimate 
clay and organic matter content in a sufficient correct way. Consequently, it is now 
possible also to estimate ripening by means of the consistency of soils especially for 
the low ripening stages. Moreover, for certain practical purposes it is particularly 
important to know the consistency for the purpose of forecasts on structure, shrinkage, 
drainage requirements, etc. 
In 1960 ZONNEVELD estimated the ripening of topsoils with the consistency method by 
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assessing the depth to which a man sinks into the mud or, to use a more precise 
method, the extent to which a special rod, falling from a fixed height, sinks into the 
soil surface. This method does not appear to be new because about lo00 years ago 
the early inhabitants of Peru were ordered by the Inca Gods to measure the friability 
of the soil by dropping a golden rod before they founded a new settlement, the town 
of c u c o .  
PONS afterwards tried to determine the consistency of soil layers with a penetrometer, 
measuring the pressure exerted at the point of a cone as it slowly penetrates the soil. 
This cone has a special surface and a top angle of 90". Both authors found a fairly 
good correlation between the pressure reading in kg/cm2 and the n-value for soil layers 
having at least 20% clay. 
Figure 9 shows the relationship for totally reduced clays and clay loams. 
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Fig. 9. Relation between penetrometer readings and n-value 
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In reduced soil layers without structure development the correlation is very good, but 
somewhat different results are obtained when the soil macrostructure has been de- 
veloped by aeration. Nevertheless, the method is easy to follow in the field. This method, 
when used in mineral soils containing a large amount of organic matter, or in peat 
soils with much fine textured humified organic matter, also gives good results provided 
use is made of the specific b-values for each botanical type of peat. In this case also 
the presence of aerated soil layers, possessing a macrostructure gives rise to various 
problems, as also does the presence of coarse and fibrous plant remains in less 
humified peats. 
The same experiments applied by JANSSEN and KAMERLING (1964) in Surinam to tro- 
pical marine clays with the Same CEC as the clays of figure 9 give totally comparable 
results and are also possible when these very heavy clay soils have developed some 
structure. 
The quantity and quality of the cations bound to the clay complex will probably also 
cause minor differences in consistency at the same n-value, as was shown by the work 
of KOENIGS (1961). But the cations primarily determine the stability of the structure. 
In section 6.2 we shall discuss a routine method of measuring the consistency by 
pressing with the hands and which has been found to give good results. 
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4. PHYSICAL RIPENING UNDER NATURAL CONDITIONS 
A N D  AS INFLUENCED BY MAN 

The vertical or horizontal sedimentary pattern, or in other words the geomorphological 
structure of the natural alluvial (fluviatile and marine) landscape is determined both 
by the frequency and duration of the inundations and the velocity of the running 
water. Moreover, the differences in the actual ripening are very important and in- 
fluence the vegetation, the sedimentation, and consequently the entire geomorpholo- 
gy. Owing to hydrological conditions the frequency and duration of the inundations 
the particular phase of ripening depends in turn on the geomorphology and the vege- 
tation. 
In fact, the conditions determining physical ripening under artificial drainage are the 
same as under natural equilibria. The only difference is usually the more rigorous way 
in which the ripening proceeds, accompanied by specific characteristics of the result- 
ing soils. We shall deal with this in the following sections. 

4.1. PHYSICAL, RIPENING UNDER NATURAL CONDITIONS OF VEGETATION-BEARING SOILS 
IN AREAS OF FLUCTUATING WATER LEVELS 
Gradual ripening, producing horizontally homogeneous, partly ripenedprojtes up 

Fluctuating inundations can be found under various conditions, e.g. in tidal areas, 
either under marine conditions along the coast or in the lower courses of rivers, or in 
areas where the water level fluctuates, either as a result of the various discharges from 
rivers or a temporary rise or fall in the water tables of shallow lakes and seas caused 
by strong winds. The ripening of tidal areas has been the subject of numerous studies 
by HISSINK (Laboratory of Soils, Kampen 1935) and several reports by ZUUR (1958) 
and ZONNEEVELD (1956, 1958, 1960, 1963). 
As already stated, physical ripening starts immediately after aeration andlor drainage. 

to some depth 

45 



Photo 6. Back swamp tidal forest in  the freshwater tidal area of the Bíesbosch (Neth.). 
Clay deposits with a fairly high organic matter content under a vegetation of Salix spec. A 
physically practically unripe soil with an n-value from 1.7-2.0, impassable t o  man, or only 
passable with great difficulty. The ripening stage is comparable t o  that under a rush marsh 
vegetation (Photo 10) and under young mangrove vegetation (Photo 11). 

Every sedimentation area which originated from the transport and deposition of 
particles by running water and where sand, silt and clay are present, is characterized 
by relatively high and low-lying parts. Geomorphologically the high lying parts are 
characterized as natural levees, coastal barriers or similar kinds of narrow strips, 
situated at a relatively considerable height above sea level. The latter have a light 
texture, are well drained and border on the water channels. Behind these natural 
levees are the low-lying parts, e.g. back swamps, basins, lagoons and similar types of 
relatively low-lying, natural terrain, which is poorly drained and in most cases has 
a heavy texture (see resp. Photos 7 and 6). 
During the sedimentation, and also after sedimentation has stopped, the process of 
initial physical soil formation proceeds very slowly or stops wholly in these swampy 
areas, though the latter is not always the case. In the high-lying parts, which are usual- 
ly relatively well drained and sometimes even intensively drained, this process develops 
very intensively both during sedimentation and afterwards. The sediments in back 
swamps or basins (see Photo 6) which are never aerated, even during periods with the 
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Photo 7. Reed marsh soil in the freshwater tidzl area of the Biesbosch (Neth.). 
Nearly unripe, with n-value from 1.5 to 1.7. Only t h e  upper 15 cm of t h e  profile is slightly 
aerated. Reed roots (of P h q m i t e s  communis) grow in completely reduced layers and are 
able to extract water from the i r  environment (Telmatophytes). The stratification is due  to 
differences in texture, t h e  more sandy layers being more easily e d e d  in t h e  profile wall. 
Total height of t h e  artificial wall approx. 1.5 m. 



Photo 8. The root system of an old Rhizophon tree mangte in Surinam. 

The tree grows especially on brackish, nearly half-ripe to unripe, mostly totally reduced 
muds. Owing to its numerous aareal branches and relatively extended surface above the 
soil the root system is adapted to very soft and unstable soil conditions. flooding and re- 
ducing conditions. 
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lowest water table, may have a high moisture content and a high n-value even when 
they are of a considerable age. There is hardly any physical ripening in these sedi- 
ments. Nevertheless, in some places, especially where clay or sandy clay layers cover 
soft peat or clayey peat layers, the pressure of the covering layers may lead to a slight 
decrease of the water content and consequently in the n-value of the lower layers (see 
section 4.3). Superficial ripening, giving heterogeneous soil profiles (ripe with an 
unripe subsoil), is common in these poorly drained areas. 
Physical ripening by evaporation-transpiration usually starts above the permanent 
reduction level in the soil. When the plant roots of certain special species (Telmato- 
phytes) are able to penetrate and withdraw a certain amount of water (Photos 7 and 
8), it is possible for ripening to begin even within the permanent reduction zone where 
no air is admitted. However, even in these cases some movement of water in the 
permanently reduced soil is necessary to remove more or less poisonous reduction 
products. This movement is promoted by tidal movements (see also Photo 18). 
Consequently, ripening and silting-up are to some extent simultaneous processes. 
Furthermore, because a decrease in volume, as we have seen in chapter 3, is inevi- 
tably associated with the ripening process, it follows that the settling and silting-up 
processes are also simultaneous. As an example, a diagram is given in Figure 10 of the 
several stages of land formation, vegetation and shrinkage occurring in the freshwater 
tidal areas of the Netherlands (see also Figure 4). 
In the freshwater tidal areas in the Netherlands, sediments with an n-value of slightly 
more than 1.0 and a clay content of 25 % settle to the extent of 50% before an n-value 
of 0.6 is reached. In these areas of freshwater tidal marshes (in Dutch: ‘gorzen’) over- 
grown with rushes, rough herbage or reed and situated between mean high tide and 
mean low tide, an equilibrium has been reached between settling and silting-up, which 
has also been influenced by the digging of the ditches. The marshes silt up and grow 
without a comparable rise of the surface, but in view of the possible increase in the 
weight by volume, this growth is a potential one. After diking in, the settling in these 
physically riper tidal marshes will be less than on tidal marshes which have the same 
level but are less physically ripe (cf. ZONNEVELD 1960). 
In fairly well aerated willow coppices (a cultivated form of tidal forest) on the natural 
levees in freshwater tidal areas (ZONNEVELD 1956, 1958, 1960) and on corresponding 
sites (salt marsh with grassy and herbaceous halophytic vegetation, called in Dutch 
‘kwelders’ and ‘schorren’) in the marine areas of N.W. Europe, profiles occur which, 
for a depth of about 80 cm, show an identical phase of ripening (cf. the Appendix and 
Figure 4). 
This phenomenon, which is characteristic of land subjected to fluctuating inundations 
beyond the dikes, is the result of the mechanism of the silting-up process, in the course 
of which every layer in the profile has at some time been the upper layer, and while 
in this position has been aerated and partly ripened. The higher the layer in the pro- 
file, the more intensive will be the aeration. But the upper layers are more recent than 
the lower ones, in which ripening is less intensive. Consequently, to a depth of about 
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Fig. 10. The accumulation of land (shown diagrammatically) Zonneveld, 1960 (Biesbosch, Neth.). 
MHW = mean high water - MLW = mean low water 
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1 metre in the profile, the phase of ripening of the upper layers will not differ extensi- 
vely from that of the lower layers. 
In the tropical brackish and salt water tidal areas of Surinam, where the geomorpho- 
logical conditons are the same as those described above, the same type of ripening, 
settling and silting up occurs. Mud banks with n-values of 1.8 to 3 are overgrown with 
mangrove vegetations (Avicennia nitida under salt conditions; Laguncularia racemosa 
and Rhizophora mangle under brackish conditions) at or somewhat above mean 
water level. Under Rhizophora mangle shallow soil layers ripen to n-values of between 
1 .O and 1.4. At the same time the soil shrinks and silts up with clay layers which have 
also ripened to the same n-value. In this way, under Rhizophora, layers of about 2 
metres in depth and n-values of mostly about I .4 can develop under tidal conditions. 
Under the deeper rooting Avicennia nitida, which grow on better drained places the 
soils produced are more or lessripened, and from the point of view of physical ripening 
are half-ripe to a considerable depth. 

4.2. PHYSICAL RLPENING AS A RESULT OF ARTIFICIAL DRAINAGE 
Sudden ripening, producing vertically heterogeneous projìles in which the ripening 
decreases with depth 

The course of ripening in subaquatic sediments which are suddenly drained is different 
from that in sediments subject to fluctuating inundations. The sudden drainage of a 
subaquatic sediment is a rare occurrence under natural conditions, so that this type 
of sediment is usually only subject to ripening as a result of drainage by humanagency. 
The process of ripening of this type of sediment in the polders of the Zuiderzee has 
been described by DOMINGO (1951), ZUUR (1954,1958,1961) andsMITs (1953) in various 
reports of the Board of the Zuiderzee Works. The ripening of these soils is charac- 
terized by the formation of broad cracks caused by the horizontal component of the 
decrease in volume because of the high original water content (high n-figure) and the 
relatively high content of organic matter of these sediments from temperate areas 
(Photo 9). In tropical areas these sediments are much rarer, as is also this type of 
ripening. 
During a very gradual drainage the ripening symptoms are more comparable with 
those occurring in sediments from areas subject to fluctuating inundations. The pro- 
gressive cracking accompanying the course of ripening causes the sediments to break 

200 300 &()O 500 600 years Fig. 11. Decrease in thick- 
ness of the upper 100 cm, 
caused by settling (Salice- 
tum willow coppice). Zon- 
neveld. 1960. 
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Photo 9. Sudden ripening in soft clayey sedimenn deposited without vegetation on low water level, 
after cndyking and drainage of the North Sloe, prov. of Zeeland (Neth.). August 1961. 
Irreversible cracks of several kinds can be seen. 
Some Salicornia herbacea plants and Mia shells are visible, indicating a salt environment. 

down into units known as ‘passive’ structures (HOEKSEMA and JoNGERIUS 1959). These 
irreversible cracks are very important from the point of drainage. 
In these artificially drained soils ripening always gradually decreases with depth. 
Another typical aspect of these soils is the fact that the topsoil or top layer is always 
totally ripened, unlike ripening under natural conditions, in which the top layers are 
always partly ripened. 
The process of physical ripening takes time. According to data given in reports of the 
Zuiderzee Polders Development and Colonization Authority and by ZONNEVELD 
(1960), the upper three feet of an unripe sediment which is suddenly subjected to 
optimum drainage will take 50 to i00 years to become ripe (cf. Fig. 11). 
Even 10 years after reclamation, deep drainage and crop growing in the North-East 
Polder (Netherlands), the n-values of the top layers did not exceed or only just ex- 
ceeded the limit for ripe soils, viz. 0.7. It is evident, for example, that structural 
properties change considerably throughout this period of ripening. 
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4.3. SETTLING BY PRESSURE UNDER THE WEIGHT OF THE TOP LAYERS 

In the subsoil of the natural landscape a considerable degree of settling may be 
caused by upper layers. Peat layers situated on an undulating mineral subsoil show 
this phenomenon particularly clearly. Layers of a special composition, such as thin 
mineral layers which are easy to recognize in the peat profiles and were originally 
deposited in a horizontal layer, are now situated at widely varying depths in the peat 
profile as a result of varied degrees of settling during peat growth. BENNEMA (1954b) 
gave some very good examples of this phenomenon (Fig. 12; cf. also ZONNEVELD 
1960). 
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Fig. 12. A cross-section in Gaasp and Gein (prov. of North-Holland, Neth.) 
The peat layers undulate in accordance with the topography of the sandy subsoil. This is 
particularly noticeable in the case of the Sphagnum peat layer. To a lesser extent, the soil 
surface has the same feature (Bennema, 19%). 

On the other hand, we are also familiar with the phenomenon of thin peat layers in 
soft mineral sediments, which sometimes also follow a very undulating course. Ori- 
ginally, these thin peat layers were horizontal, but subsequent sedimentation and a 
varying degree of settlement of the underlying layers has in some places caused the 
peat layers to be pressed down to a great depth; this is well illustrated by ZUUR (1936), 
PONS and WIGGERS (1960) and ZONNEWLD (1960). 
There are well-known cases in the Netherlands where originally soft clay and peat 
layers resting on permeable sands are heavily pressed by overlying sandy sedimentsand 
converted by loss of water into impermeable, very sticky layers. 
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Ripening under natural and artificial conditions 

4.4. VERTICAL-HETEROGENEOUSLY RIPENED SOILS AND THE NATURAL 
AND ARTIFICIAL CONDITIONS OF THEIR GENESIS 

When sedimentation stops, homogeneous vertical ripening changes into heteroge- 
neous ripening. In back swamps the ripening process is often similar to the artificial 
processes occurring in drained lake bottoms where heterogeneously ripe soil profiles 
are produced. The ripening stage of the soil material becomes gradually and distinctly 
more advanced the nearer the soil is to the top where sedimentation is complete. 
The converse of this is caused by incomplete sedimentation and cutting of the sedi- 
mentation sources, while only superficial ripening has started. Extended back swamps, 
having no possibilities of drainage owing to the presence of natural levees or coastal 
barriers, exist in some areas of the young coastal plain of Surinam. The soils here are 
only superficially ripe and cannot develop further owing to lack of drainage. 
In the greater part of the artificially embanked Netherlands marine landscape hetero- 
geneously ripe soils are very common under poor or fairly poor drainage conditions, 
originating from incomplete sedimentation. Heterogeneously ripened soil profiles are 
found in the western peat district of the Netherlands in particular and also in the re- 
latively large areas consisting of shallow clay layers on peat, which are used almost 
exclusively as grassland with high groundwater tables. The topsoil is ripe to a depth 
of about 30 cm (n (0.7); the subsoil, on the other hand, is only partly ripe to a 
depth of from 30 to 60 cm (n >0.7) and is more soft. If the groundwater table is 
lowered by lowering the ditch levels, this should promote a progressive ripening of the 
subsoil in this kind of soil. This will, however, be accompanied by a considerable 
shrinkage of the peat layers in the subsoil, this being partly due to the resultant in- 
crease in the pressure from the drained, and therefore heavier, top layers. The ultimate 
result is a considerable lowering of the surface (see also chapter 5). For several reasons 
it is preferable to maintain a high water level in the ditches so that the present situa- 
tion is continued, the hydrologic conditions are not changed, and the ripening equili- 
brium stagnates. 
Soils subject to seepage (e.g. in polders) also usually show a very limited and super- 
ficial form of ripening, despite an intensified drainage system. Thus the process of 
ripening in Zuiderzee soils in the Netherlands is greatly hampered by a very slight 

tions, especially in wet summers, and they cannot be grown at all under conditions of 
heavy seepage. There is no remedy for heavy seepage, but fortunately this type of see- 
page is not very common. 
In Surinam, soil survey of the unreclaimed marine clay swamps is mainly based on the 
ripening stage the soils reached before being overgrown with shallow peat layers 
(‘pegasse’) as a result of the decreasing drainage conditions. The heavy clays which 
were ripe to a depth of 1 m before reclamation show no cracking after reclamation. 
Soils which are not fully ripe, for example ripe with an unripe subsoil to depths of 
1 m, develop subsoil cracks under better drainage conditions and are afterwards more 

upward seepage (VAN DER MOLEN and SIEBEN 1955). Crops suffer under these condi- 
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permeable than the former: lands reclaimed from soils as unripe as possible are the 
best because permeability is the most important soil factor in such heavy clay soils. 
It may also happen under natural conditions that the topsoil is more thoroughly 
ripened during short periods of better drainage. Later on, during periods of more 
rapid sedimentation and less effective drainage, less ripe layers may be superimposed. 
Such periods of better drainage will lead to the presence in the subsoil of low n-value 
layers within a soft profile with a predominantly high n-value. These phenomena oc- 
cur not only in such mineral deposits as fluviatile basin clays (lacquer-layer) and ma- 
rine clays, but also in peat profiles. 
In addition to physical ripening, there are some processes of (physico-) chemical 
ripening which have a very important effect on the kind of sediments and sedentates 
occurring in the back swamps and basins of sedimentation areas. Other important 
influencing factors include the loss of lime by decalcification during sedimentation or 
during ripening and the phenomena of ‘cat’ clay and ‘knip’ clay (initial solonetz clay) 
but these subjects are outside the scope of the present study (cf. PONS 1960a and b; 
ZONNEVELD 1960,1961, 1963). 

4.5. RELATION BETWEEN GEOMORPHOLOGICAL UNITS 
AND THE STAGE OF PHYSICAL RIPENING 

Geomorphologically equivalent units in marine and fresh, tropical and temperate 
areas, even with great differences in vegetation and organic matter contents, seem to 
have the same consistency and the same phase of ripening and, consequently, the same 
n-value. 
The n-value of very soft freshly sedimentated subaquatic mud for instance with either 
a low or high organic matter content, lies between 3.0 and 5.0 under both brackish and 
freshwater conditions (SMITS 1957, PONS 1958). Unsettled mud from the Surinam coast 
have the same values of 3.0-5.0. 

Values of between 2 and 3 have been found for recently settled sediments originally 
subaquatically deposited in the Zuiderzee area and in mud banks before the Surinam 
coast (Photos 1, 2,4, 6, 10). The single Avicennia tree shown in Photo 11, growing 
just below mean high tide, is on the transition to the following stage. 

The levee accretions at about mean high tide in the temperate marine area salt marsh 
(in Dutch ‘schorren’ and ‘kwelders’) bearing a vegetation of grasses and low herbs 
(Puccinellia), as well as the accretion in the fresh water areas bearing a wooded vegeta- 
tion (willow tidal forest and willow coppices) have comparabie n-values of about 
1.0-1.4(cf. Photos 12,14respectively). The same n-value of 1.0-1.4is foundinSurinam 
in well-developed old Avicennia nitida mangrove forests without undergrowth (Pho- 
tos 15, 18). 
Under these conditions of relatively fast sedimentation and relatively good aeration 
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combined with a fluctuating water level, n-values all over the profile are of the same 
magnitude; in other words, the soil is at approximately the same phase of ripening 
throughout the profile (see the Appendix). 

On recent accretions situated at a very high level compared with the mean water level, 
and only rarely inundated, the ripening of the upper layers may be greater than that of 
the subsoil. Under these conditions the top layer will soon reach an n-value of (0.7 
which is the n-value of a totally ripe soil (Photos 16, 17). In a natural landscape in the 
highest locations, under favourable drainage conditions the whole profile down to 
a depth of 90 cm (3 feet) will have this n-value. Good examples of this type of soil 
are the elevated parts of the outer marshes of the present-day Dutch rivers, or the 
levees of such rivers as most of those in Surinam, which under natural conditions are 
inundated for only a very short time and have homogeneous physically ripe soils to 
a depth of more than 120 cm (4 feet). 

In basins or back swamps all phases of ripening are possible both in the top layers and 
in the subsoil. If water tables are periodically very low, the soils in back swamps will be 
totally and homogeneously ripe. On the other hand, under conditions where drainage 
is consistently bad ripening will be non actual (Photo 19). 
The deposits in tidal areas in present-day north-west Europe are influenced artificially, 
unlike those in tropical deltas in South America, Africa and south-east Asia. Large 
back swamp areas are very rarely found in the natural state. In most cases, these areas 
were embanked a long time ago and the present land beyond the dikes has the cha- 
racteristics associated with natural levees (cf. the remarks in section 4.4 on unripe 
subsoil in peaty areas). 
In freshwater areas, most of the small unembanked back swamps which still occur, 
have been enclosed by ditches in order to put the soil to more intensive use (e.g. reed 
marsh osiers). In saline areas the same has been done to increase sedimentation. 
The ripening process is exactly the same in these soils as that referred to above in con- 
nection with the well-aerated parts of natural landscapes. If the embanked area is an 
advanced phase of sedimentation and ripening, scarcely any further ripening takes 
place after embanking. In this case, embankments are only constructed to control 
floods which may be dangerous for men and cattle. Embankments at a ‘young’ phase 
of sedimentation lead to a considerable increase in physical ripening and related phe- 
nomena. 
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Photo 10. Mud bank and rush marsh in  the freshwater tidal area under temperate climate conditions 
in  the Biesbosch (Neth.). 
The low-lying, bare mud flat in the centre is very young, more or less settled mud, with 
n-values of 2.0 and over. On the left is a vegetation of Vaucheria compacta and other 
VaucheriaSpec. (Chlorophycaea) with n-values of 2.0. On the right i s  Scirpus maritimus with 
n-value of the mud of about 1.7. The rush-cutters are carrying Scirpur lacustris cut in the 
back swamps. 
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Photo 11. Mud bank with pioneering Avicennia nitida in  a salt tidal area under a tropical climate be- 
fore the seacoast, north of Paramaribo (Surinam). 
In the foreground a shallow creek filled with water and mud. All bare mud flats are unripe 
saline heavy clap, silted up t o  about mean tide with n-values of about 2.0, decreasing in tho 
subsoil t o  1.75. Mangrove (Avicennia nitida) becomes established on the mud bank at about 
mean tide. 
In the very foreground very young plants. On the other dde of the creek older trees with 
clearly visible air roots (n-value 1.6). Behind the rear tree the mud bank shows a grey sur- 
face due t o  crab excrement. The ripening stages of the corresponding geomorphological 
units of both Photos 10 and 11. expressed in n-values. are wholly comparable. 
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Photo ï2. Marsh landscape in the salt water tidal area of Zeafand (Neth.). 
On the levee, along the creek, vegetation dPuccineHia maritimaand Halimione portulaccoi- 
des, etc.: in  the backswamps behind the creek Spartina, Aster tripolium. etc. The levees are 
half-ripened and have n-values of 1 .O-1.4. Their elevation is comparable to that of the levees 
shown in  Photo 14. The tidal amplitude is about 2 metres. The only difference between the 
area represented here and that shown in Photo 14, which is revealed by a diRerencc in  ve- 
getation and therefore in tandscape, is hr the alt content of the water, which i s  very high 
in the former area and low in  the latter. 



Ripening under natural and artificial conditions 

Photo 13. Young mangrove tree (Avicennia spec.) and forest (background) on mud accretion in salt 
water tidal part of the Ganges estuary (Sherpa1 Khat river). Sundarbans, India. 
Silted up to about mean high water level. Soil physically half-ripe with n-values of 1 .O-1.2. 
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Photo 15. Mangroves in t h e  salt water tidal area ofthe Sundarbans, Ganges estuary, India. 
The soils are in different stages of ripening, each stage being comparable to that shown in 
Photos 12 and 14. On the levees the soits are half-ripe to nearly ripe and are homogeneous 
to a depth of about 60 cm. 

4 Photo 14. Tidal forest landscape in the  freshwater tidal area of the Biesbosch (Neth.) during low tide 
(tidal amplitude 2 metres). 
The levees along the creek bear a vegetation of Salix spec. The levee soils are half-ripened 
with n-values of 1 .Q1 .h. 
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Photo 16. Tidal forest in the freshwater tidal area of the Biesbosch (Neth.). 

On a young, rehnivety high natural levee (surface level appmx. 10-20 cm above medium 
high tide) the soils are ripened to nearly ripe (n-value approx. 0.9) with a hztf-ripe subsoil. 
The Puputus (hybr.) trees are shaftow moting beuuse of the hatl-ripe subsoil. and the con- 
sistency of the top layers is too low to support the shallow root system. 

64 



Ripening under natural and artificial conditions 

Photo 17. Creek at low tide in saline part of the Ganges estuary near Tiger island along the Math river, 
Sundarbans, India. 
The bare chr sediments are pnctiCany unripe wkh n-dues of about 1.5. On the natura4 
hees, silted up to above mean high tide levef. tbc toils are ripe with an unripe suboil 

0.8). The vegetation on the t e m  conrists of mangrove including 
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Photo 18. Marshes with old mangrove forest (Avicennia nitida) in the sak tidal area under a 
climate along the coast near Coronie (Surinam) about 2 km inland. 
In the foreground a small natural levte, rittcd up to about mean high tide level, with a “ge 
tation of mangrove trees. The soil is half-ripe (R-values in top tayers 1 .%I .2; subsoil 1-24 A) 
and covered with a dense systam of air mts. Much crab activity. Since the creeks are silting 
up, natural drai levee a kind of back swamp is 
visible in which killed. On the tevee the  results 
of the decrease i e inundation and dying of some 
of t he  trees and the  toppling over of others. 

Photo 19. Coastal swamp with swamp-forest vegetation in Coronie (Surinam). b 
Originally a salty, tidal clay ripened to a half ripe soil under tropical mangrove (Avicennia) 
vegetation (see also Photo 18). Owing to coastal accretion the area has turned into a swamp 
with little o r  no drainage. The soils are now developing a peaty top layer (pegasse) on the  
half-ripe profile under a vegetation in which clumps of pina palms (Eutcrpe olosacea) are 
numerous. 
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5. APPLICATION OF THE KNOWLEDGE OF PHYSICAL 
RIPENING TO RECLAMATION, AGRICULTURAL 
PRACTICE AND LAND CLASSIFICATION 

In this chapter we shall deal with some phenomena which are closely related to phy- 
sical ripening and important from the technological and agricultural point of view. 
In agricultural practice it makes a great deal of difference whether or not the sediments 
from which the soils develop, are horizontally homogeneous. 

5.1. SUBSIDENCE IN HORIZONTALLY HOMOGEI4EOUS SEDiMENTS 

Homogeneous sediments are common. Most subaquatic deposits, €or example, are 
homogeneous up to distances of one minor drainage unit. These include most lagoonal 
deposits and shallow sea-bottom deposits. Other ex are many back swamps, 
heavily textured coastal sediments, and some riverain its. 
One important result of the process of physical ripening is the subsidence of the surface 
during the drainage. and reclamation of weak, soft sediments which contain a large. 

ments the subsidence never results in u 
Technicians are interested in 
they can make the xxcessary 
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Comparative investigations by SMITS and WIGGERS showed that even in lake bottom 
reclamations such as the Beemster (a Dutch lake drained in the 17th century; see 
Location map no. 1) the surface has subsided more than 1 m since that date. About 
0.6 m of this subsidence can be accounted for in terms of the physical ripening through 
shrinking of the upper 2 metres of the clay profile. The reason why the total sub- 
sidence is in excess of this figure is that the lower parts of the very deep clay profile are 
also compacted by the heavier weight of the drained top layers. 
The IJ polders (Location map no. l), reclaimed about a century ago, which in addition 
to a very heavy texture, had very soft deposits rich in organic matter and water, bear 
marks of a considerable degree of subsidence. In some places which originally had these 
soft deposits to a great depth, subsidence has been as much as about 2.5 m. 
In the young coastal plain of Surinam and the other Guianas, where extremely ho- 
mogeneous heavy clays often occur, we never saw any important differences in sub- 
sidence over long distances (see Photo 20). The reason must be the very low content of 
organic matter of the original marine muds and the relatively progressive stage of 
ripening of the swamp clays before empoldering. ZONNEVELD (1963) obtained the same 
impression in other tropical areas. Nevertheless we know that Surinam (PONS, 1963), 
and especially British Guiana (PONS, YVEL and PARSAN 1963) also have large areas in 
older parts of the young coastal plain with sediments high in organic matter and a 
very soft consistence. Reclaimed parts of these soils in British Guiana show speci- 
mens of heavy cat clays together with high degrees of settling. Obviously, the post- 
reclamation subsidence must also be a problem in the tropic,, at any rate in several 

Forecasts of the degree of settling in post-drainage peat reclamations are also im- 
portant. The surface of the peat soils in the western parts of Holland was somewhat 
higher than sea level during the reclamation period (about A.D. lo00 to 1200). At 
present the surface of these peat profiles, which were originally about 4 to 6 m thick, 
is about 2 m below mean sea level. Most of this subsidence is caused by the physical 
ripening process which affects only the top metre of the profiles, but the oxidation and 
disintegration of organic matter in the upper layers and the compression of the lower 
parts of the peat profile are also contributory factors, an absolute rise in sea level only 
accounting for a few decimetrer. 

cases‘ 

5.2. SUBSIDENCE IN HORIZONTALLY HETEROGENEOUS SEDIMENTS 

Many ‘old’ (atlantic and subboreal) and younger marine clays and other deposits bear 
evidence of sedimentation mechanisms resulting in very different types of sediments or 
within ehort distances. Most sediments were deposited in natural landscapes with salt 
marshes and brackish to fresh reed marshes intersected by many water channels. The 
resulting sediments are very heterogeneous, and in brackish and fresh back swamps 
they have very soft parts rich in clay and organic matter. They are crisscrossed by 
narrow sandy strips (the old levees of creeks) containing sediments which are rich in 
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Photo 20. Recent reclamation of clay soils from brackish grass swamps in the Wageningen polder, 
Nickerie distr., Surinam. 
Originally the  clays were deposited under salt water conditions (see Photo 15) and ripened 
wholly o r  practically wholly under mangrove (Avic. nitida) (see Photo 18). With further 
coastal accretion the mangrove forest was changed to a very poorty drained brackish grass 
swamp with nearly ripe soils with peaty top  layers. Along the ditch in the  background can 
be seen the normal marine soil which is nearly ripe with an unripe subsoil. In the middle can 
be seen a so-calied 'indian fmld' subsequently formed by depositing soil from a circular 
ditch on the  original peaty day surface to a thickness of about M-70 cm. Measurements at  
this place showed that the  difference in subsidence of t he  dd peaty clay surface was only 
about 15 cm and caused by improved ripening it below the field due to the much 
deeper root activity up to 3 m of parwa trees a) and to the ripening at this place 
(n-values from 1.2-1.8). compared with the adwning field where both are much shallower 
(up to 1.20 m blow the  surface). 
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sand and incapable of subsiding. These heterogeneous sediments are well known from 
temperate areas, but they no doubt also occur under tropical conditions. 
After reclamation the soft parts settle to a very marked degree and change into the 
low-lying basins found between the more elevated sandy strips which have not yet 

amount to 1 or 2 metres over short distances. From the point of view of land reclama- 
tion the heterogeneous form of subsidence presents a difficult problem. 
Another aspect of the problems of heterogeneous subsidence is represented by the 
peaty soils in reclaimed low peat areas which have been excavated for the production 
of fuel. In this kind of polder, original peat soils occur in narrow strips. These soils 
are partly ripened and have subsided alternately with very soft peat and gyttja layers 
on a solid sandy subsoil. During the reclamation and levelling of these soils, the soft 
parts should be raised to compensate for any future subsidence. Special difficulties may 
arise in connection with tile drainage, as the tiles also subside after some time and the 
drainage system ceases to function. 
Varying subsidence is also common in other landscapes, e.g. polder soils containing 
peat with or without a shallow clay layer lying on an undulating sandy subsoil, such 
as occur in fluviatile landscapes containing relatively thick and extended peat basins 
and narrow old channels filled up with sand (DE BOER and PONS 1960). These phenome- 
M are very common in landscapes where the subsoils contain a large quantity of peat, 
and are known as ‘inversion landscapes’. 
In the freshwater tidal areas the subsidence after endiking and reclamation varies 
considerably, depending on the geogcnetic and pedogenetic stage of land growth in- 
dicated by the vegetation. Physical ripening of rush and reed marshes results in 
twice as much subsidence as that of willow tidal forest (osiers). The latter, in turn, 
although being the same geomorphological unit in the same phase of ripening as the 
Puccinellia salt marshes in the marine areas, still undergoes twice M much subsidence 
during physical ripening as that of the latter salt marshes, because the organic matter 
content is higher in the fresh tidal forests. 

settled (ZUUR 1936, BENNEMA 1953, ZONNEVELD 190). Variations in Surface may 

5.3. INFLUENCE OF PHYSICAL RIPENING ON PERMEABILITY AND DEVELOPMENT OF 
M ACRO-STRUCTURES 

An important phenomenon is the irreversible cracking of the sediments during physi- 
cal ripening, especially in soils rich in organic matter andlor day. Since these irrever- 
sible cracks are very resistant, they greatly increase the water storage capacity of the 
soils and promote good permeability. 
During the reclamation of the North-East Polder the clay content of the profile was 
used as the sole criterion for the spacing of tile drains. In soils rich in clay the tile 
drain spacing is wider than in silty soils (SIEBEN 1951). 
In the North-East Polder and in parts of the freshwater tidal delta (SONWELD 1958) 
‘sloef‘ layers are very common (these almost entirely consist of very fine silt and scarcely 
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any clay). In these soils no cracks develop during physical ripening. Consequently the 
permeability, which is already very low in this type of soil, does not increase during 
ripening, and tile drains have to be laid at very short intervals. 
Cracking is also known to occur in the IJ polders (Neth.) and is one reason for the very 
good physical condition of these very heavily textured clay soils. 
Most peat soils situated at mean sea level are very impermeable when not ripe, but the 
permeability increases considerably during physical ripening. In the immediate vici- 
nity of the ditches, however, water always penetrates sufficiently to prevent physical 
ripening of the subsoil (VAN DER Mom 1954; WNNEVUD 1954). In the centre of such 
plots physical ripening may penetrate very deeply owing to the impermeability of the 
ditch borders, and may cause cracking and subsidence. The level of the surface is 
therefore lower at the centre of the plots than alongside the ditches. This basin-like 
formation has a harmful effect on grassland productivity. 
Another phenomenon on peat soils which we have already discussed, and which also 
impairs grass production, is the irreversible drying-out process. This may be regarded 
as an excessive form of physical ripening occurring in certain peats (EIOOGHOUDT, 

ture absorption has been drastically reduced and the absorption period lengthened. 
This phenomenon is due to the extensive withdrawal of moisture under conditions in 
which the moisture loss cannot be made good owing to long rainless periods or breaks 
in the capillary system. It can be prevented by maintaining fairly high water tables or 
by sprinkler imgation during dry periods. However, this phenomenon is often asso- 
ciated with heterogeneous physical ripening and heterogeneous surface levels, for 
which reason the situation is difkult to improve. 
As we have already mentioned in chapter 3, a lowering of the water table of soils with 
a soft subsoil (of peat and/or mud clay), for example to improve physical ripening of 
the subsoil, and as a consequence of permeability, leads to subsidence and therefore 
has little effect in the loag run. We also explained there why such measures are unne- 
cessary. Hence, intensive drainage can, and in many cases must be avoided in peaty 
areas. 
Another effect of physical ripening on permeability, occurring more or less at the same 
time as chemical and biological ripening, is found in tropical marine Avicennia clays. 
During sedimentation these clays are vertically perforated with root channels to a fairly 
great depth. Ripening results in affixation of these channels making them resemble to 
iron pipes. These become interconnected by minor cracks caused by irreversible phy- 
sical ripening. This is the origin of very permeable subsoils. 

VAN DER WOERDT, BE- and VAN DIJK 1960). In Such cases, the possibility of mois- 

5.4. SUITABILITY OF THE SOIL FOR CROPS. LAND CLASSIFICATION AS DETERMINED 
BY THE PROCESS OF PHYSICAL RIPENING 

The suitability of the soil for agricultural purposes is greatly determined by physical 
ripening. The ripening stage of the layers of the soil profile to a depth of about 1 m 
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(for fruit trees it can be even more) has a decisive effect on the physical conditions in the 
soil profile and hence on the suitability of the soil for crops. 
Thus reeds and rushes prefer the waterlogged conditions of unripe soils (ZONNEVELD 
1960), whereas the soft consistency of the half-ripe soils beyond the dikes, which will 
not support heavy loads, may render these soils unsuitable for the growth of timber, 
even if the aeration and chemical conditions are suitable (for example, Populus, which 
grows on certain types of soil in freshwater tidal areas of the Netherlands) (Photo 16). 
There may also be a similar species of tree in tropical tidal forests. Examples of im- 
portant timber species that are able to grow on a halfripe soil is Salix alba in the Ne- 
therlands freshwater tidal area and Virola surinamensis (‘Baboen’) in back swamps in 
Surinam, the latter with stilt roots supporting it on the weak substratum. 
Grassland having a vegetation of shallow roots can readily adapt itself to conditions 
where the profile is only ripe down to a depth of 0.3 m. The same is true of some 
horticultural crops such as greens. Deeprooted horticultural and agricultural crops 
which grow in dry soils cannot tolerate these conditions and need profiles which are 
ripe to a greater depth. It is for this reason that the soils in the western peat district of 
the Netherlands are only suitable for grassland and certain horticultural crops. 
In most cases the damage and limitations caused by a bad drainage are actually due to 
the incomplete ripening of the subsoil. The idea of increasing drainage with a view to 
improving agriculture is in many cases tantamount to promoting ripening of the sub- 
soil and thus development of the structure and better growing conditions for roots. In 
many cases improving rooting depths by better drainage conditions means improving 
the ripening of the subsoil. This is also true of temperate and tropical areas, and a 
better result is obtained if the improvement is started from more unripe soils. Im- 
provement of drainage in soils which were considerably ripened in former times and 
were afterwards subject to poor drainage conditions, is a far more difficult matter and 
never gives good results. Numerous examples are known from temperate areas, for 
example in the Netherlands (in certain swamp soils) and also from the tropics, for 
example Surinam (Coropina soils). Ripening must be taken seriously into considera- 
tion when drafting a land classification within the framework of a drainage improve- 
ment scheme. 
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6. PHYSICAL RIPENING AND SOIL CLASSIFICATION 

6.1. CRITERIA AND GUIDES FOR CLASSIFICATION 

The characteristic features for each soil classification unit should be derived from the 
properties and qualities of the soil itself. We do not favour classification based on the 
features of processes or milieu, which was, for example, the method used by OBREANU 
and LANCOVICI (1956) for alluvial soils. We regard milieu and genesis solely as a 
guiding principle, and prefer to take pedogenesis as the main guide. 
The ripening or initial soil formation is an important pedogenetic process in alluvial 
(fluviatile and marine) and peat soils. Soil properties change considerably during 
physical ripening and, as mentioned earlier, they are reIatively easy to determine. 
Hence physical ripening is a very suitable ‘differential characteristic’ (CLINE 1949) for 
soil classification. 
In the new Dutch soil classification scheme physical ripening is used to classify a h -  
vial (= fluviatile and marine) soils as well as peat soils. As we have already stated on 
our suggestion, ripening has been included in the U.S. system (Soil Classification, 7th 
Approximation Soil Survey Staff, Soil Conservation Service, United Department of 
Agriculture, August 1960). 

6.2. CLASSIFICATION OF SOIL MATERIAL 

Before classifying soil profiles, it is necessary to classify the ripening of soil material. 
In Table 1 we mention five classes of ripening which have proved useful under Dutch 
conditions, using the n-value referred to in chapter 2 as a characteristic. Investigations 
in Surinam showed that these classes are also the most suitable classification for clays 
under humid tropical conditions. 
Table 1 gives a description of the consistency of several soil materials in each of the 
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Physical ripening and soil classification 

five ripening classes. The consistency is here defined by the form taken by the soil when 
squeezed by hand or by the bearing value for man or cattle, together with related 
characteristics. 

TABLE 1 
Classification of soil material according to physical ripening 

n-value designation suffix to ho- description of consistency 
rizon symbol (valid for average clay content) 

< 0.7 ripe r firm, does not stick to the hands or only slightly and 
cannot be squeezed through the fingers 

0.7-1.0 nearly ripe wa fairly firm, tends to stick to the hands and cannot be 
easily squeezed through the fingers 

1 .O-1.4 half ripe WP fairly soft, sticks to the hands and can be easily squeez- 
ed through the fingers 

1.42.0 practically unripe WY soft, sticks fast to the hands and can be easily squeezed 
through the fingers 

> 2.0 unripe W8 liquid mud, cannot be kneaded 

Under practical conditions it is possible after some experience to estimate the class of 
physical ripening of any soil profile layer. 
Sandy material poor in colloidal particles cannot be included in this classification be- 
cause, as already stated in chapter 3, no n-value can be calculated for this material. 
Peats and materials very high in organic matter are in principle also included in this 
classification, although the great quantities of fibrous plant remains however make it 
difficult to determine the ripening stage with the given properties. More study is 
needed for this kind of material and of resulting soils. 

6.3. HORIZON SYMBOLS IN CONNECTION WITH RIPENING 

Before dealing with the ripening of soil profiles, we will describe the soil horizons of 
the very young alluvial soils in relation to physical ripening. 
Soil horizons which are totally physically unripe are totally reduced. They are grey to 
bluish grey and bluish black and are usually referred to as G-horizons. 
Sometimes, totally reduced, bluish grey or grey layers have firm consistencies and may 
therefore have low n-values. These are the horizons of a soil which was once ripe and 
subsequently inundated again. This kind of horizon is also known as a G-horizon. 
It might be logical to call a totally unripe, soft, grey or bluish horizon, a C-horizon, 
but this would cause confusion. Moreover, some reduction processes actually star t  
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directly after selmentation (chemical ripening). We therefore propose to designate 
such a horizon respectively ‘G’, ‘CG‘ or ‘Cg’ in the usual way, depending on the stage 
of oxidation reduction with the addition of the subcript ‘w’ (‘w’ = weak, water, wet, 
the ‘u’ of unripe is used for other purposes, viz. Soil Survey Manual). Also unripe 
A-horizons exist and may have a subscript ‘w’. In the same way, physically ripe A, G, 
CG or Cg etc. horizons may be designated by the subscript ‘r’. The various stages of 
ripening may be designated by the suffix wu, wp, wy and w8 mentioned in table I 
(cf. Fig. 13.) 

NO 
CLASSIFI- 

CATION 

OR RIPE 

14 

Fig. 13. Some examples of classification of soil profiles according to physical ripening, partly situated 
at the border-line between classes. 

r : n-value <O.? 
wa : n-valwe 0.7-1.0 
WP : n-value 1.S1.4 
1.2. etc. refer to the Appendix 

w8 : n-value 1.C2.0 
wry : n-vdua ~ 2 . 0  
S : sand <So/. clay and/or organic matter 

It is not always essential to use the subscript ‘r’ because no ‘w’ means not unripe and 
hence ripe. It is not possible to give sandy horizons any special designation referring 
to physical ripening. 
All intensively aerated horizons in a11 stages of physical ripening, except those which 
can be classified as A-horizons, will always have recent or fossil ‘g’ phenomena. It 
would thus seem that there are no really pure C-horizons in alluvial soils. 
In physically totally ripe soil layers under well-drained conditions and subject to a 
high degree of biological activity, soil layers can be produced which bear no traces of 
reduction and are totally homogenized. But such layers low in organic matter con- 
tent, may be referred to as ‘A’ because of this marked biological activity. Such horizons 
are called A3 in Surinam soil surveys. Characteristics originating from the preceding 
initial soil formation, especially biological ripening, such as (B)- and 3-horizons etc., 
can be designated in the conventional way. 
A more accurate description of the stage of ripening can be given by supplying the 
n-value‘). 

i) The letter ‘n’ should always be writtea as a small ktter and never as a capital, the form in which it 
appears in the American 7th Approximation of Soil Cl&ficatïon. 
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6.4. CLASSIFICATION OF SOIL PROFILES 

In classifying soil profiles in relation to ripening we will use physical ripening as the 
key and check the development of physical ripening throughout the profile down to 
depths of about 11/2 feet (50 cm) and about 2l/, feet (80 cm), which has been found 
to be the best depth in the Netherlands. For the tropics, however, as a result of more 
intensive soil development, these limits can probably better be chosen at greater 
depths, for example 2 feet (60 cm) and 3l/, feet (100 cm). 
In the Appendix the stage of physical ripening expressed in terms of the n-value 
throughout the profile is given for a number of representative soil profiles to be found 
in temperate areas as the Netherlands and some tropical areas, especially in Surinam 
and the Far East. 
Table 2 gives the criteria for the classification based on properties of the stage of phy- 
sical ripening of the several soil layers. 
In the Dutch soil classification system we define at sub-order level the distinction 
between (a) physically ripe soils and (b) physically unripe soils, as is shown in Table 
2 and in Fig. 13. 
Soil profiles classed as physically ripe have an n-value not exceeding 0.7 to a depth of 
at least 20 cm and can therefore be identified as profiles having a physically ripe 
topsoil or plough layer. On the other hand, in soil profiles classed as physically un- 
ripe within a depth of 20 cm, an n-value of at least 0.7 must be found. 
Soil samples should be taken from layers of about 10 cm thickness. Thin superficial 
layers with a variable n-value should be disregarded if the profile consists of several 
dm of sediment containing colloids. 
For geomorphological reasons we propose to include sandy soils with a thin but 
readily distinguishable unripe clayey layer under the heading of unripe soils, e.g. silt 
flats. On the other hand, sand banks etc. cannot be included in the class of unripe soils 
because of the lack of colloids, although it would be desirable from a geomorpholo- 
gical point of view (Photo 5). 
This pedogenetical distinction runs parallel with the geomorphological one, with on 
the one hand : 
a. embankments and reclamations, both in alluvial areas and clay on peat districts 

and some very well-drained peat soils, together with the high old forelands in 
marine and the bulk of the natural levees and higher parts of back swamps in na- 
tural fluviatile areas, all with physically ripe soils; 
and on the other hand: 

b. the bulk of the young forelands (tidal marshes, tidal forest, etc)., unreclaimed or 
only partially reclaimed, low fluviatile back swamps, peat areas, etc. ; all with phy- 
sically unripe soils. 

As far as can be seen from the literature, this distinction is applicable to peat bogs in 
general, for instance in the peat bogs and gyttja sediments in Scandinavian countries 
and the peat bogs of Germany, although there are still major problems to be solved 
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TABLE 2 
Classification of mineral and organic soil profiles according to physical initial alluvial soil formation 
or physical ripznning') 

sub-classes depth depth depth examples 

transition grades cm cm cm appendix 
classes and 0-20 20-50 50-80 in the 

n-value n-value n-value 
physically not ripe unripe > 0.7 > 1.4 A 

half-ripe > 0.7 > 0.7- 
< 1.4 

B 

physically ripe mineral 
soils with unripe < 0.7 > 0.7 ander  C 

subsoil > 1.0 

with ripe < 0.7 < 0.7 < 1.0 D 
sQbsoil 

physically ripe organic 
soils~) with unripe 0.7 > 0.7 > 1.0 C 

subsoil 

with ripe < 0.7 < 0.7 < 1.0 D 
subsoil 

~~ 

') This scheme applies to regular profdes with homogeneous or downwardly increasing n-values. If an n-value is mquid 
above a certain value the definition mwt be read in such a way that the n-value mentioned occurs within the drpth limits. 

It is unneceau~y for the whole horizon to have the m e  n-value: lower n figures, 86 for i n m m  0.7 may atso OCcIlr in the 
0-20 horizon of an unripe soil, when in this horizon the lowest part has at least an n > 0.7. If n must be lets than a certain 
figure (indicated by the symbol < ) then no higher value must occur within the limits. Thin ruperficial layers of a few cm which 
occur on profiles rich in colloidal par& to the extent ofseveral dm are not included. The n-values must be made of aampla of 
about 10 cm in height. I t  is only in the case of thin unripe clayey layers on sand kilt flata) %hat the ripening condition of very 
thin layen will make the profile unripe. Lower levels of classification are to be subdivided according to the a-values of top Mil 
and sub-soil. 
*) For the organic soils this proposal in still tentative. 

with regard to the separation of b- and n-values in organic deposits. For marine fore- 
lands in the USA, cf. 7th Appr. of American Soil Classification, 1960, p. 119. 
The class of physically unripe soils can be subdivided into sub-classes (Fig. 13). One of 
the sub-classes forms an intergrade to the classof physically ripe soils and includes soils 
which have half or nearly ripe layers (w@ or wy) throughout the depth of the profile but 
lack a topsoil which is physically totally ripe. The n-values of the profile layers are 
not higher than 1.4 to a depth of 50 cm, but higher than 0.7 to a depth of 20 cm. 
However, since the stage of ripening reached by these profiles is usually homogeneous 
within the depth concerned, the whole profile may be said to have an n-value of 
0.7 to 1.4. 
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Physical ripening and soil classification 

This sub-class includes the soils of salt marshes, medium high, not too old tidal 
forests (including tidal willow coppices), and relatively well-drained rush and reed 
marsh levees, in other words soils that have already undergone some physical ripening 
during the silting-up process. It also includes insufficiently drained and poorly rere- 
claimed peat soils and peat soils with a top layer of clay. Generally speaking, the 
bearing power of these soils is high enough to permit the passage of man. 
The central concept of the class of physically unripe soils includes soils which are very 
wet and soft and have a low bearing power and are not passable for man, or only 
become passable because of the presence of vegetation roots (e.g. Phragmites commu- 
nis, Typha divspec., Avicennia nitida, Rhizophora divspec., etc.). 
This sub-class of physically unripe soils includes those with n-values of > 1.4 within 
a depth of 50 cm or in most cases even throughout the profile. It includes the soils of 
lower reed (Phragmites communis) or rush or rice grass marshes, silt flats and also 
lower temperate and tropical tidal forests, e.g. in back swamps and on young accre- 
tions. Sand flats with a thin top layer of unripe silt also belong to this sub-class. 
However, pure sand banks which have profiles consisting of sand containing less than 
8 % of clay (particles < 2 mu), and have no thin clay layers showing evidence of 
ripening are regarded as physically ripe soils. The physical properties of these soils 
do not differ much from those of ripe soils and they do not change very much after 
drainage. 
The class of physically ripe soils is also subdivided into sub-classes (Fig. 13). A sub-class 
which overlaps that of the physically unripe soils includes all alluvial and peat soils 
having a physically ripe top soil and a physically unripe subsoil. The n-value of the 
profiles should be smaller than 0.7 down to 20 em, larger than 0.7 within 20-50 cm, and 
larger than 1.0 down to 80 cm’). 
This sub-class includes all young reclaimed soils, for instance the Zuiderzee soils that 
are stitl less than half a century old and consequently have hitherto only matured 
superficially in the ripening sense, and the soils on many seepage sites in older recla- 
mations. Many reclaimed peat soils and peat soils with a top layer of clay are impor- 
tant members of this sub-class. All the grassland, referred to in chapter 4, which can- 
not be drained more deeply, is also a good example of this type of soil. 
Unde; conditions existing in the Netherlands most organic soils under reclamation 
are physically ripe but have physically unripe subsoils. Consequently our ‘normal’ 
peat soils come under this sub-class. For this reason in the Dutch soil classification 
system the sub-class of physical ripe soils with a physically unripe subsoil is to be con- 
sidered as the central concept for the sub-order of organic soils. On the other hand, the 

l) In a similar way we can make a distinction in the unripe soils between those with a ripe subsoil and 
those with an uurip:: subsoil, the latter being the normal situation. In most cases, the first type of soil 
consists of puddled or very wet tilled paddy fields and other irrigated arable land and of inundated old 
land surfaces silted up with thin layers of new young sediments. Irrigation without extensive mechani- 
cal reworking of the soil has no effect on the ripzning stage of the top soil. The criteria have still to 
be studied. It is certain, however, that sandy subsoils will have to be excluded. 
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sub-class of the physically ripe organic soils with a totally physically ripe profile should 
be regarded as a subclass forming a transition to a situation in which the whole pro- 
file consists of irreversibly dried-up peat. 
The central concept of the physically ripe mineral soils includes a physically ripe sub- 
soil. The sub-class covers all physically ripe soils with n-values not higher than 0.7 be- 
tween a depth of 0-50 cm and not higher than 1.0 between a depth of 50-80 cm. 
The sub-class includes all main alluvial soils in older reclamation and embankments 
with adequate drainage over a long period, together with most fluviatile alluvial soils 
which are now naturally drained or were formerly naturally drained. The proposed 
classes and n-value criteria are summarized in Table 2. 
The level to which ripening should be classified in the soil classification system is 
arbitrary, but in the Dutch system we use the classes at suborder level and the sub- 
classes at sub-group level. In the American system (7th Approximation, 1960), phy- 
sical ripening is classified at group level, at which level a group of ‘hydraquents’ is 
distinguished. 
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Location maps 

Location map 1. The Netherlands (referring to geographic names as they are used in the text). 
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Location map 2. Surinam 

G U I  A N A  

I S T R I C T  

Location map 3. S.E.Asia 
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APPENDIX 

EXAMPLES OF FACTORS OF RlPENlNG IN SEVERAL RIPENING STAGES 1N DUTCH AND 
TROPICAL SOILS l) 

Classificationof Depthincm Na (H). (L) CaCO. n (h) 
the profile in re- ofad- organic clay lime 

Examples lation to phpi- sorhtion matter 
cal ripening in mm- 
according IO plex 

fig. 13 

(1) (2) (3) (4) (5) (6) (7) (8 )  

A. Unripe soils, lowest stage 
1. Totally reduced subaquatic 11 040  - 3.3 35.5 10.7 2.4 (3) 

marine deposit, near sample 
no. 5. 
Eastern Flevoland (the Ne- 
therlands) 

_ _  - 

2. Unsettled mud from the sur- 11 0-10 high 2.1 55 O 4.7 (3) 
face of the coastal mud flat 
Tijgerbank, 
Maroni district (Surinam) 

3. Unsettled mud from the sur- 1 1  0-10 high 2.4 56 O 3.8 (3) 
face of the coastal mud flat 
Wia Wia bank, 
Maroni district (Surinam) 

4. Item as no. 1 11 115-150 - 8.5 13.8 1.9 2.8 (3) 

5. Subaquatic marine deposit in 1 1 0-20 - 2.9 44.4 13.5 2.0 (3) 
the most recent Zuiderzee 2040 - 3.0 53.6 11.3 2.05 (3) 
polder. 4060 - 3.6 64.7 9.0 1.9 (3) 

1)sa:Pa%e86 
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Classificationof Depth incm ‘ lo  Na (H), (L) CaCQ n (b) 
the profile in rc- ofad- organic clay lime 

Examples lation to physi- sorbtion matter 
cal ripening in com- 
accordine to 

fig. 13 
PI= 

(1) (2) (3) (4) ( 5 )  (6) (7) (8) 

Short subsequent exposure -80 - 4.3 54.2 10.4 2.55 (3) 
to air. Totally unripe soil 80-100 - 7.1 52.0 10.6 2.55 (3) 
with permanent reduction at 100-125 - 6.9 32.6 7.5 2.55 (3) 
a depth of 22 cm. 
Eastern Flevoland (the Ne- 
therlands) 

6. Settled coastal mud ílat, 10 20-40 high 1.5 60 O 1.9 (3) 
silted up to about medium 50-90 ,, 1.0 56 O 2.0 (3) 
tide level. 120-170 ,. 1.3 55 O 1.8 (3) 
No vegetation; crab activity 350-400 ,, 1.1 55 O 1.65 (3) 
to a depth of about 30 cm. 
Totally reduced clay (G-pro- 
file). 
Wia Wia bank, Maroni 
district (Surinam) 

~~ 

7. Salt marsh with a vegetation 10 5 5  32.8 4.7 24.8 21.5 2.2 (4) 

ed up to between mean high 20-50 37.5 3.8 20.0 21.2 1.9 (3) 
tide and mean low tide. 50-80 36.4 3.1 19.9 22.0 1.7 (3) 
Totally unripe soil with 
permanent reduction (G) 
beginning at a depth of 10 
cm. 
Braakman, Zeeuws-Vlaan- 
deren, (the Netherlands) 

of Spartina Townsendii, silt- 5-20 34.2 3.9 23.7 20.2 1.9 (4) 

8. Fresh water reed marsh 9-10 
(Phragmites communis and 
Caltha palustris). 
Silted up to 50 cm below 
mean high tide. Totally un- 
ripe soil with permanent 
reduction (G) beginning at a 
depth of 15 cm. 
Hout Ganzewei, Biesbosch 
(the Netherlands) 

9. Coastal salt marsh with very 
young mangrove vegetation 
(Avi cennia nitida).Silted up 
to between mean tide and 
mean high tide. 

10 

10-18 2.1 14.8 23.6 4.2 1.25 (4) 
30-38 - 16.0 26.7 5.6 1.9 (4) 
45-53 - 9.9 23.7 2.1 2.0 (4) 
63-71 - 3.8 11.1 4.8 2.0 (3) 

0-15 high 2.2 55 O 1.8 (3) 

70-90 ,, 2.0 56 O 1.7 (3) 
120-140 ,, 1.8 55 O 1.7 (3) 
170-190 ,, 1.9 53 O 1.8 (3) 

30-50 ,, 2.2 - o - (3) 
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Appendix 

Classificationof Depth incm Na (H). (L) CaCO. n (b) 
the profile in re- ofad- organic clay lime 

Examples lation to physi- sorbtion matter 
cal ripening in com- 
according to plex 

fig. 13 
~- 

(1)  (2) (3) (4) ( 5 )  (6) (7) (8 )  

The crab activity in the to- 
tally reduced mud (G-pro- 
file) reaches to a depth of 
about 45 cm and the roots of 
the mangrove to about 75 
cm. 
Estuary of Coppaname river 
(Surinam) 

- __ 
10. Estuary brackish marsh with 10 0-20 medium 5 52 O 

mangrove vegetation (Ri- 20-40 ,, 4.5 55 O 1.5 (4) 
zophora mangle). 40-60 ,, 4 50 O 2.0 (4) 
Silted up to mean tide. 
Totally reduced mud (G.pro- 
file) with roots of mangrove 
to a depth of 50 cm. 
Near Alliance, along Com- 
mewijne river (Surinam) 

11. Estuary salt water-marsh 10 0-20 30.1 1.0 42.3 2.5 1.6 (3) 
with mangrove vegetation 20-40 34.8 1.0 39.2 2.3 1.6 (3) 
(Avicennia) without forest .- 
floor vegetation. 
Totally reduced soil, nearly 
unripe; very difficult to walk 
upon. 
Ganges estuary, Sundarbans 
West Bengal (India) 

._ _-__ - 

12. Back swamp sedimentation 10 0-35 - 4.5 64.3 0.10 1.4 (3) 
in the marine forelands out- 50-100 5.1 64.8 0.15 1.5 (3) 
side seadike with a vegeta- 100-150 3.3 67.4 0.50 1.6 (3) 
tion of Nipa palms and 
strongactivity of Crustaceae. 
Half ripe to nearly unripe 
soil with some aeration to a 
depth of 40 cm and some 
fossil ripening cracks in the 
totaIly reduced subsoil. 
Nar Songh Khlong, south- 
east of Baoglcok (Thailand) 
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Classificationof Depthinan '%Na (H) (L) CaCO, n (b) 
the profile in re- dad-  organic clay lime 

EXaIIlPlM lation to physi- mrbtion matter 
cal ripening in com- 
according to PI= 

fig. 13 

B. 

1. 

(1) (2) 

Horfripe soils 

Salt marsh with a vegetation 7 0-55 
ofPuccinellia maritima (L) 5-20 
Aellen. 20-50 
Half ripe soil (fairly low 50-80 
stage) with permanent re- 
duction beginning at a depth 
of 55 to 80 cm. 
Braakman, ZReuws-Vlaan- 
deren (the Netherlands) 

2. Salt marsh with a vegetation 7 0-5 
of Puccinellia maritima (L) 5-20 
Aellen and Halimione por- 20-50 
tulacoides (L) Aellen, silted 50-80 
up to some dm above mean 
high tide. 
Half ripe soil (normal stage) 
with permanent reduction 
(G) at a depth of about 80 
cm. 
Braakman, Zeeuws-Vlaan- 
deren (the Netherlands) 

33.3 8.9 30.1 12.9 1.6 (4) 
31.2 4.9 27.6 14.4 1.2 (4) 
30.1 2.3 17.7 13.3 1.3 (3) 
25.9 1.7 13.2 12.9 1.2 (3) 

34.3 9.2 28.8 8.4 1.0 (4) 
32.1 4.4 28.7 10.9 1.0 (4) 
32.6 2.9 30.9 11.6 1.2 (3) 
33.2 2.1 19.3 12.2 1.4 (3) 

3. Fresh water tidal forest with 7 10-20 1.9 13.5 23.3 2.2 1.0 (4) 
a vegetation of willows and 30-40 - 7.4 18.8 5.0 1.2 (4) 
herbs (Salk alba), Carda- 50-60 - 4.4 24.7 5.3 1.2 (3) 
mine amara and Antriscus 70-80 - 3.1 30.0 8.0 1.3 (3) 

-- 

Note of pag. 83 

l) En the Netherlands the clay fraction ( < 2 ~ )  almost completely consists of the clay mineral illite. In 
Surinam the clay fraction of the clay of the young coastal plain contains the following clay mimrals 
(figures are averages of some samples of coastal clays, riintgenologically analysed by R. BR~NKMAN, 
1960) : 

quartz 20 % kaolinite 40 % illite 20 % montmorillonite 20 % 

The cation exchange capacity of this mixture is about the same as for 100% illite, consequently the 
absorbtion activities of the Netherlands' soils and of the Surinam coastal clays can be compared one 
with the other without correction. 
The Aslatic samples are corrected with the help of the cation exchange capacity. Here too there is no 
great difference with the adsorbtion capacity of soils predominantly composed of iliite. 
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Appendix 

Classificationof Depthincm o/b Na (H) (L) CaCO. n (b) 
the profile in re- ofad- organic clay lime 

Examples lation to physi- wrbtion matter 
ea1 ripening in com- 
according to P l u  

fig. 13 

silvestris) Zonneveld, 1960. 
Silted up to about mean high 
tide. 
Half ripe soil with perma- 
nent reduction (G) at a 
depth of 50 cm. 
Biesbosch (the Nether- 
lands) 

4. Fresh water tidal forest with 7 
a vegetation of willows and 
herbs (Salix alba and Herac- 
leum sphondylium. Zonne- 
veld 1960), on a natural 
levee silted up to about 20 
cm above mean high tide. 
Half ripe soil with perma- 
nent reduction (G) at a depth 
of 85 cm. 
Biesbosch (the Netherlands) 

5. Peaty river clay about 25 cm 
thick on atrophic wood peat. 
Reclaimed in the 14th cen- 
tury but never manured well 
and only extensively used as 
hayland (blue grassland). 
Half ripe soil with perma- 
nent reduction at a depth of 
about 50 cm. 
aCrkenwoude (the Nether- 
lands) 

6-7 

6. Salt marsh with an old and 
well developed mangrove 7 
forest (Avicennia nitida) on 
a natural levee, silted up to 
slightly above mean high 
tide. 
Half ripe soil oxidized 
(with brown and pale-brown 
mottles) (Cg-CG-G-profile) 
to a depth of about 60 cm, 
with activity of 0”ae 

____- 
5-1 5 1.7 6.8 4.1 7.0 0.8 (4) 

25-35 - 4.2 8.8 8.0 1.0 (4) 
45-55 - 3.2 8.6 7.8 1.2 (3) 
65-15 - 3.0 9.7 7.5 1.2 (3) 
85-95 - 1.6 7.7 8.2 1.4 (3) 

8-1 8 - 33.3 32 - 0.9 (5) 
20-40 - 50.1 22 - 1.0 (5) 
4w50 - 80.1 6 - 1.4 ( 5 )  

very 
0-20 high 2.5 56 O 1.25 (3) 

40-60 ,, 2.1 57 O 1.25 (3) 
70-100 ,, 2.3 55 O 1.4 (3) 

120-140 ,, 2.1 55 O 1.5 (3) 
170-200 ,, 2.1 55 O 1.4 (3) 
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Clauificationof Ikpthincm % N a  (H) (L) CaCO. n (b) 
the profile in re- ofad- organic clay lime 

Examples lation to physi- sorbtion matter 
cal ripening in com- 
according to PI= 

fig. 13 

to the same depth. Avicen- 
nia or remnants of roots are 
penetrating at least to a 
depth of 200 cm. 
Estuary of Coppename rî- 
ver (Surinam) 

7. Fresh to brackish estuary 6-7 0-20 - 3.2 41.4 0.05 1.0 (3) 
marsh, silted up to slightly 4@40 - 4.0 44.4 0.10 1.0 (3) 
above mean high tide level; 8&100 - 3.5 45.2 0.05 1 .1  (3) 
in non-embanked state now 
used for rice production. 
Near Kan-Ywa, along Pan- 
mawadi-river Irrawady es- 
tuary(-) 

C. 

1 

Ripe soils with an unripe subsoil 

A reclaimed subaquatic ma- 4 
rine deposit in the Zuiderzee 
some 13 years ago. 
Ripe with an unripe subsoil, 
aerated with permanent re- 
duction (G) at a depth of 97 

North East Polder (the Ne- 
therlands) 

m. 

0-5 
5-20 

20-50 

- 2.1 19.0 10.9 0.2 (3) 
- 2.1 18.8 10.9 0.4 (3) 
- 2.2 19.2 8.8 0.75 (3) 

2. Old salt marsh, reclaimed 4 0-10 0.6 15.2 36 0.1 0.7 (4) 
from a lake at the be- 10-20 0.55 7.3 39 0.3 0.55 (4) 
ginning of the 17th century 20-40 0.9 4.2 46 1.0 0.55 (4) 
by pumping with windmills. 4060 1.95 1.7 42 16.3 0.9 (4) 
Today grassland of high 60-80 3.4 2.3 42 18.1 0.9 (4) 
quality. 
Ripe soils with an unripe 
subsoil, with permanently 
reduced subsoil (G) be- 
ginning at a depth of 80 cm. 
Beemster (the Netherlands) 

3. Old brackish reed marsh 4-5 15-20 0.6 19.7 30 0.1 0.25 (3) 
latercovered with peat. After 35-40 0.8 3.4 41 0.1 0.75 (4) 
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Appendix 

Classificationof Depthincm O!, Na ( H ) ,  (L) CaCO. n (h) 
the profile in re- ofad- organic clay lime 

Examples lation to pbysi- sorbtion matter 
cal ripening in com- 
according to plex 

fig. 13 

(1)  (2) (3) (4) ( 5 )  (6) (7) (8) 

the peat had been dug out 65-75 0.85 2.5 41 0.1 1.1 (4) 
for fuel and the site had been 75-100 1.1 3.5 40 7.8 1.4 (5) 
transformed into a lake 
which was pumped out in 
the 19th century, the soils 
were reclaimed to grassland 
of medium quality. 
The soils are ripe with an 
unripe subsoil with perma- 
nent reduction (G) beginning 
at a depth of about 80 cm. 
The progressive ripening of 
the subsoil is prevented by 
acidity resulting from the 
oxidation of pyrites. 
Nieuwkoop (the Nether- 
lands) 

4. Carex peat, reclaimed in the 4 15-30 - 15.3 14.4 - 0.6 (4) 
13th century by simple tidal 30-40 - 23.5 13 - 0.7 (5 )  
drainage. 50-60 - 39.8 7.4 - 0.8 (6) 
Under grassland the soil 70-80 - 39.8 7.2 - 1.0 (6) 
developed a ripe top soil 
with a moulded A, horizon. 
The subsoil is unripe with a 
permanent reduction be- 
ginning at a depth of about 
90 cm. 
This profile is typical of the 
greater part of the low lying 
peat soils in the westem peat 
district of Holland. 
Loosdrecht (the Netherlands) 

5. Marine. clay layer of about 5 0-10 - 48.4 26 - 0.7 (5) 
15 cm thick on oligotrophic 10-20 - 11.2 52 - 0.6 (4) 
peat. Reclaimed from a very 20-20 - 8.9 52 - 1.4 ( 5 )  
soft peat in the 12th century. 40-60 - 50.1 28 - 1.8 ( 5 )  
The profile is ripe with an 
unripe subsoil with penna- 
mt reduction (G) beginning 
at a depth of 70-80 cm be- 
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Classificationof Depthincm f!, Na (H) (L) CaCo. n (b) 
the profile in re- orad- organic c l a w  lime 

Exampla lation to physi- e t b n  matter 
cal ripening in com- 
acmrding to plex 

fig. 13 

(1) (2) (3) (4) ( 5 )  (6 )  (7) (8 )  

cause of bad drainage con- 
ditions. 
Broek in Waterland (the Ne- 
therlands) 

6. Marine mangrove marsh 
soil, about 1 2  years ago re- 
claimed from a brackish 
grass swamp with superficial 
pegasse (peat) layer. 
Soil ripe to nearly ripe with 
an unripe subsoil with per- 
manent reduction at a depth 
of about 90 cm (ApCg-CG- 
G profile with brown mot- 
tles). Intensive rice cultiva- 
tion (3 crops in 2 years). 
Polder Wageningen (Suri- 
nam) 

__- 
7. Salt estuary mangrove marsh 

silted up on a natural levee 
to above mean high tide 
with a vegetation of palms 
(Phoenix sp.) and some 
mangrove species. 
Tiger footprints. 
The soil is ripe with an un- 
ripe subsoil iron oxide mot- 
tled (5 with permanent 
reduction beginning at a 
depth of about 100 cm. 
Westside ‘Tiger-island’ Sun- 
darbans, West Bengalmdia) 

3-5 0-30 fairly 15.3 58 O 0.65 (4) 
30-60 high 2.5 59 O 0.85 (3) 
60-90 ,, 1.7 54 o 1.1 (3) 

- - _- 

4 0-20 35.4 1.2 34.2 0.5 0.5 (3) 
30-50 37.4 1.1 39.6 0.1 0.7 (3) 
60-100 39.2 1.1 41.7 0.05 0.8 (3) 

D. Ripe soils with u ripe subsoil 

1. Old (Atlantic) salty tidal flat 2 0-18 - 11.7 U) 1.5 0.5 (4) 
deposits later covered with 18-40 0.9 2.6 13 2.3 0.3 (4) 

0.7 14 12.5 0.65 (3) 
40-55 1 0.7 14 12.5 0.75 (3) 

peat. 
After removing the peat and 
pumping the lakein the 18th 70-100 - 0.6 IO 13 1.0 (4) 
century the soils have now 100-130 - 0.6 1 2  12.9 1.15 (5) 

55-70 
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Clasificationol Depth in cm Na (H), (L) CaCOl n (b) 
the profile in w- ofad- organic clay lime 

Examples lation to physi- sorbtion mattcr 
cal ripening in com- 
according to plcx 

fig. 13 

ripened under well drained 
conditions into ripe soils 
with a ripe subsoil and a 
prominent Al horizon. 
The beginning of the perma- 
nent reduction is at a depth 
of 220 cm. 
Hazerswoude (the Nether- 
lands) 

2. Old (Atlantic) salty tidal 2 
marsh deposits. 
About the same reclamation 
history as profile D,. 
The soils have now ripened 
under permanent grassland 
to a ripe soil with the perma- 
nent reduction (G) begin- 
ning at a depth of about 125 
to 130cm. 
Benningbroek (the Nether- 
lands) 

0-10 
10-20 
20-40 
40-60 
60-80 
80-100 

3. Brackish subaquatic d i -  2 
ment, deposited in the Y ba- 
sin. 
Drained and reclaimed by 
pumping out in the 19th cen- 
tury. 
The soils are ripe with a sub- 
soil under highly productive 
arable land. 
The permanent reduction 
(G) begins at a depth of 
140 cm. 
Spaarnwoude (the Nether- 
lands) 

4. Fluviatile back swamp of the 
river Waal, silted up in the 
4th OT 5th century, reclaim- 
ed from marshy forests in 
the 13th century. 

1 

0-20 
20-45 
45-70 
70-85 
85-1 10 

0-8 
8-20 

20-37 
3743 
4347 

1.2 13.1 32 0.2 0.7 (4) 
1.1 7.5 33 0.1 0.55 (4) 
1.6 4.3 38 0.1 0.45 (3) 
1.5 2.4 48 0.1 0.45 (3) 
1.3 1.8 44 3.1 0.75 (4) 
- 1.0 23 11.0 1.07 (5) 

- 7.8 30 4.3 0.6 (4) 
0.75 7.0 36 4.5 0.6 (3) 
0.7 7.5 39 4.7 0.65 (3) 
1.2 9.6 42 4.1 0.95 (4) 
- 16.0 42 1.1 1.1 (4) 

_- 
- 15.9 48.0 - 0.45 (4) 
- 8.8 50.5 - 0.45 (3) 
- 7.7 51.6 - 0.45 (3) 
- 8.6 63.9 - 0.45 (3) 
- 8.0 60.6 - 0.6 (4) 
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Chsification of Dcpthincm “b Na (H), (L) CaCO. n (b) 
the profile in re- ofad- organic clay lime 

Examples lation to physi- sorbtion matter 
cal ripening in com- 
according to P l u  

fig. 13 

(1) (2) (3) (4) (5 )  (6) (7) (8) 

The soils are ripe to con- 
siderable depths. 
Bergharen (the Netherlands) 

47-5 1 
51-60 

6.1 
6.3 

45.0 
45.9 

5 .  Fresh water tidal deposit on 
a natural levee of the river 
‘Oude Rijn’ sedimented in 
the 4th or 5th century. 
Orginally under forest, after 
the Middle Ages the soil 
developed to a ripe soil with 
a prominent A, profile and 
the permanent reduction (G) 
beginning at a depth of 130 
cm. 
Alphen a.d. Rijn (the Ne- 
therlands) 

1 4-12 
12-25 
2540 
40-60 
6&80 
8&100 
100-120 

6. Fresh water tidal atrophic 
forest peat, reclaimed in the 
12th century and today used 
for horticulture. 
Under the intensive culture 
the soil developed into a ripe 
soil with ripe subsoil and 
the permanent reduction be- 
ginning at a depth of 83 cm. 
Roelofarendsveen (the Ne- 
therlands) 

7. Brackish tidal mangrove 
marsh, as a natural levee 
silted up to above mean high 
tide. 
The ‘Kanazo mangrove for- 
est’ (Heritiera littoralis) has 
dense forest floor vegeta- 
tion. The soil is ripe with a 
ripe subsoil, iron-mottled 
and with a permanent re- 
duction beginning at depths 
of about 1OOcm. 
Neat Ngayokkaung, in the 
Irrawaddy estuary (Bunna) 

2 0-20 
UT35 
35-50 
70-85 

- 
4.3 
- 

15.5 
10.3 
5.1 
3.1 
1.7 
1.7 
1.9 

__ 
24.1 
19.0 
18.4 
84.5 

28 
34 
38 
51 
33 
33 
28 

12 
12 
10 
3 

- 0.5 (4) 
- 0.5 (4) 

O 0.65 (4) 
O 0.55 (4) 
0.1 0.35 (3) 
O 0.45 (3) 
0.1 0.4 (4) 
0.1 0.5 (4) 
7.6 0.55 ( 5 )  

_______~ 
- 0.5 (4) 
- 0.7 (5) 
0.1 0.65 (5) 
0.1 0.95 (5) 

1 0-20 
30-50 
70-90 
110-125 
250-350 

3.5 
2.0 
1.6 
1.5 
2.4 

32.4 
36.0 
35.7 
41.1 
38.6 

0.05 0.55 (3) 
0.05 0.6 (3) 
0.05 0.7 (3) 
0.05 0.9 (3) 
0.05 1.0 (3) 
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Appendix 

Classificationof Depth incm 96 Na (H), (L) CaCO. n (b) 
the profile in re- ofad- organic clay lime 

Examplcs lation to physi- sorbtion matter 
cal ripening in com- 
according to plex 

fig. 13 

8. 

(1) 

1 Salty tidal marsh, about 500 
years old embankment now 
used as a paddy field. 
Soil ripe with a ripe subsoil, 
iron oxide mottled with a 
permanent reduction (G) be- 
ginning at depths below 100 
cm. 
Frasergang, Ganges estuary, 
Sundarbans, West Bengal 
(India) 

(2) 

0-20 
30-50 
60-80 

(3) (4) ( 5 )  

9.6 1.4 29.7 
22.4 0.7 35.8 
29.8 0.5 35.7 

16) (7) (8) 

0.0 0.7 (3) 
0.05 0.4 (3) 
0.0 0.4 (3) 

9. Salty tidal mangrove marsh, 
reclaimed some 200 years 
ago from a brackish grass 
swamp as a plantation with 
gravity drainage, now used 
for fruit cultivation. 
Soil ripe, with a ripe subsoil, 
oxidized, and brown iron 
oxide mottled with perma- 
nent reduction (G) begin- 
ning at depths of more than 
150 cm (Al-Cg-CG-G-pro- 
file). 
Plantation Alliance, Com- 
mewijne district (Surinam) 

1 

- 

10. Old salty tidal mangrove 2 
marsh, desalinized under 
fresh water swamp forest 
with thick pegasse (peat) 
layer r e c l a i i  4 years ago 
and now used for cultivation 
of bananas. 
Soil ripe, with half ripe 
deeper subsoil oxidized and 
yellowish brown, iron mot- 
tled. 
Permanent reduction be- 
ginning at  depths of 180 un 
(A,-A,-Bg-BG-CGG-pro- 
file). 

0-20 
30-40 
5&70 

30-0 
0-1 O 

10-25 
25-35 
40-65 
70-90 

100-120 
130-160 
180-200 
200-220 

low 3.1 53 
,, 1.7 58 
,, 2.0 58 

low 78 
,, 13.2 
,, 2.1 
,, 1.1 
9 ,  1.5 

,, 1.5 
,, 1.8 
,, 2.5 
)) 2.1 

,, 0.9 

- 
58 
68 
65 
64 
36 
55 
52 
33 
28 

- 

O 
O 
O 

~ 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

0.35 (3) 
0.6 (3) 
0.7 (3) 

__ . __ 

- -  
0.75 (5 )  
0.7 (3) 
0.7 (3) 
0.6 (3) 
0.9 (3) 
0.8 (3) 
1.2 (3) 
1.0 (3) 
1.0 (3) 
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Classificationof Depth incm :;Na (H). (L) CaCO, n (b) 
the profile in re- ofad- organic clay lime 

Examples lation to phpi- sorbtion matter 
cal ripening in com- 
according to plex 

fig. 13 

(1) (2) (3) (4) ( 5 )  (6) (7) ( 8 )  

Santo Boma polder, Suri- 
nam district (Surinam) 

11. Old salty tidal mangrove 1 0-15 low 3.5 58 O 0.5 (3) 
marsh, item as D9, silted up 40-45 ,, 1.5 60 O 0.55 (3) 
as a natural creek levee or 50-70 ,, 1.8 60 O 0.5 (3) 
kind of coastal barrier with 
fairly good drainage under 
natural conditions. 
Soil ripe and oxidized, and 
red and red-brown mottled 
to depths of more than 200 
cm, with a firm texture. B- 
horizon (A,-B2g-CG-G-pro- 
file). 
Plantation Alliance, Com- 
mewijne district (Surinam) 

12. Fluviatile natural levee de- 1 50- 70 very 1.2 45 O 0.5 (3) 
posit now reclaimed for 100-120 low 1.5 42 O 0.4 (3) 
shifting cultivation (‘kost- 190-210 ,, 1.7 48 O 0.45 (3) 
grondje’) from natural levee 230-250 ,, 2.0 35 O 0.4 (3) 
forest. 350-370 ,, 1.1 40 O 0.4 (3) 
Soil ripe to considerable 
depths, oxidized and red to 
red, yellowish brown and 
brown mottled to a depth of 
at least 400 em, with devel- 
opment of a very firm texture 
B-horizon (AA,-B2g-CG-G- 
profile). 
Maria’s Lust, Saramacca 
river (Surinam) 
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SUMMARY 

This study describes the pedogenesis of 
very young marine and fluviatile sediments 
and peat soils. 
From the tenth century onward much expe- 
rience has been gained in the Netherlands in 
reclaiming these soils and bringing them un- 
der cultivation. Although great successes 
were achieved in reclaiming fertile marine 
clay polders and marshland as well as in 
development of river clay and peat areas, 
there were also many setbacks. In the 19th 
century and the beginning of the 20th scien- 
tific investigations became of great impor- 
tance, and the large-scale reclamations of the 
Zuiderzee polders stimulated this research 
work. A leading person in the research work 
was the late Professor Zuur (1961), who de- 
veloped the pedogenesis of polder soils. 
The processes m m n g  during genesis of al- 
luvial areas and peat areas (e.g. sedimenta- 
tion, sedentation, overgrowing of the sedi- 
ments and of the peat, ~ t u r a l  drainage and 
the changes in the soil under influence of 
artificial drainage and agricultural use) gra- 
dually shade off into each other; the processes 
often OCCUT simultaneously as well. We dis- 
tinguish in these processes the seogenesis and 
the pedogenesis. Geogenesis includes all pro- 
cess(fs of sedimentation, peat development, 

etc. Pedogenesis, named in this study initial 
pedogenesis or ripening, begins when the au 
penetrates into the soil, as for example 
through drainage or plant growth. Some- 
times it is difficult to draw a strict dividing 
line between geo- and pedogenesis (Photos 
1, 2 and 3). 
Soil ripening includes physical ripening, che- 
mical ripening and biological ripening, pro- 
cesses which are usually more or less simul- 
taneous. The physical ripening includes loss 
of water, development of the structure, soil 
subsidence, changes in the consistency and 
permeability of the soil, and the desaliniza- 
tion of the soil. 
The chemical ripening has a bearing on such 
processes as oxidation of all sorts of compo- 
nents in originally reduced sediments, e.g. 
iron compounds, sulphur compounds, or- 
ganic matter etc. It also includes the changes 
occurring during the ripening in the cations 
of the absorbtion complex, and the beha- 
viour of the phosphates and Nacompounds, 
the decalcification. etc. 

Ferrihydroxide mottling is an important 
characteristic for the determination of the 
ripening stage and the hydrological condition 
of the ripening soil. Oxidation of sulphur can 
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give very acid ‘catclays’ or acid ‘pseudo-cat- 
clays’ (Fig. 1). 
Biological ripening includes both the micro- 
biological processes taking place during 
aeration and the mechanical shifting and ho- 
mogenization of the soil caused by macro- 
organisms and the production of organic 
matter by the plants. Biological homogeni- 
zations start during geogenesis but are espe- 
cially important during pedogenesis under 
good drainage conditions (Fig. 2). 
As soon as the more progressive processes of 
soil formation commence, e.g. development 
of structural B- or textural B-horizons, the 
stagz of ripening or initial soil formation is 
over. The physical ripening has been selected 
as characteristic of the whole ripening pro- 
cess of the young soils for the soil classifica- 
tion, as this phase of ripening is most readily 
determined in the field and physical ripening 
is independent of salt content, clay content, 
content of organic matter etc. of the soil. 
Moreover, the process of physical ripening 
is irreversible and its end is easy to determine. 
The organic matter plays an extremely im- 
portant part in ripening. 
Chapter 2 discusses the equilibrium between 
the production and the destruction of the 
organic matter in connection with geogenesis 
and pedogenesis. Peat formation takes place 
on the geogenetical side of the boundary 
zone between geogenesis and pedogenesis 
when the destruction of organic matter is 
slowed down by poor drainage (Photos 4,18 
and 19). On the other side of the boundary 
zone, in peats and in many clays, organic 
matter is decomposed. 
Marine sediments (geogenesis) have typical 
organic matter-clay relationships (Figures 3 
and 4), very low organic matter contents 
in the tropics, fairly high ones in marine 
areas in temperate climates, and very high 
ones under fresh water tidal conditions. 
During geogenesis, addition of secondary 
organic matter originating from vegetation 
during sedimentation gives rise to all kinds 
of transitions between peat and mineral mik. 
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During each stage of the ripening there is a 
typical equilibrium-level in the relation be- 
tween organic matter and clay content, and 
the organic matter content decreases or in- 
creases until this equilibrium is reached (see 
Fig. 4). 
The development of the A,-horizon is also 
dependent on the ripening stage and the 
original organic matter. Under very wet con- 
ditions an &-horizon (peaty A,) is formed, 
and under good drainage conditions a very 
weak A,-horizon. 
In chapter 3 the process of physical ripening 
is dealt with in more detail. Physical ripening 
includes all processes connected with the 
dehydration of the colloidal part of the soil. 
This takes place as a result of: (1) the sagging 
of water or by (2) the direct evaporation. The 
most important process, however, is (3) the 
evapotranspiration by the roots of plants. 
Plant growth in combination with a perfect 
drainage greatly assists ripening. In view of 
experience gained in this respect it was de- 
cided to plant reed in the Zuiderzee polders. 
For many reasons, stagnation of root de- 
velopment therefore decreases ripening. 
When the soil colloids lose water their re- 
spective attraction forces increase, the con- 
sistency increases, the volume of the mineral 
parts is reduced (Fig. 5 )  and the relative pro- 
portions by volume of several soil compound 
changes (Fig. 6). When much organic matter 
is present the water content is very high. 
Physical ripening is mostly an irreversible 
process. The smaller uptake of water in a wet 
period compared withthe original unripe soil 
and the consequent swelling of the particles 
prevent the soil from acqairing the original 
unripe status (Fig. 7). 
Physical ripening can be measured by the 
water content of the colloidal part of the soil, 
and in mineral soils by the clay content. We 
introduce a water factor u as a standard 
value of physical ripening, i.e. the quantity 
of water in g which is absorbed by 1 g of the 
clay fraction. The following formula gives 
the relittion with other soil characteristics: 



Summary 

n = (A - 0.2 R) / (L + bH), 
in which 

A = total water content compared to 

L = clay content (lutum <2 micron) 
H = organic matter content 

dry soil 

- 
R = non colloidal mineral part of the soil 

b = the ratio of the water-absorbtion capa- 
city of organic matter to that of illite 
clay. 

(R=100-H-L)  

With the help of parallel series of the same 
n-value and various other factors, the factor 
b can be determined for given situations and 
in the same way the n-value of series with a 
constant b-factor can be determined as in the 
graphic calculation of Figure 8. We propose 
to define the n-factor in relation with illite 
clay. 
In the case of other kinds of clay minerals 
the following formula should be used: 

n=(A - 0.2R) / (Li+blL,+b2L, ...+ bhH), 
in which: 

Li = content of illite clay 
b,, b, ,etc.: the ratio between the water ab- 

sorbtion-capacity of illite clay and that of 
other clay minerals 

= contents of other clay minerals. b, 
The factor bh represents the ratio between 
the water-adsorbing capacity of illite and 
that of organic matter. 

For soils with high contents of organic mat- 
ter the n-value is more complicated and 
cannot be so correctly determined. It may be 
necessary to introduce an nh-value (the 
amount of water in g absorbed by 1 g of 
organic matter). 
With some reservations the n-value a n  be 
measured in the field by the &termination of 
the consistency when a good correlation 
exists between consistency and penetrometer 
readings (Figwe 9). 

In chapter 4 the connection is discussed be- 
tween physical ripening and the genesis of 
the landscape (inundations, sedimentation, 
drainage, vegetation etc.) (Fig. 10). Profiles 
occurring under natural drainage conditions 
show vertically a homogzneous ripening up 
to a certain depth. Ripening caused by artifi- 
cial drainage (e.g. when reclaiming a polder) 
is always vertically heterogeneous. This ripen- 
ing caused by human action is often accom- 
panied by broad shrink crusts in the subsoil 
that are very conducive to internal drainage 
(Photo 9). 
Vertically heterogeneous ripened soils are 
not only formed under artificial drainage 
conditions but also as a result of a decrease 
or cessation of sedimentation in natural land- 
scapes, for example in backswamps, clay on 
peat areas, etc. 
Ripening under artificial drainage conditions 
is a terminative process, and under good 
drainage conditions an unripe soil can de- 
velop into a completely ripe soil in 50 to 100 
years (Figure 11). 
Under the influence of the weight of later 
sedimented layers a sediment or sedentate 
may be pressed together and thus ripen also. 
Originally horizontal, thin peat layers, divid- 
ing an older marine sediment in the subsoil 
from a younger marine sediment on top may 
show a very undulating pattern as a result of 
partial ripening of the older sediment. Figure 
12 gives an example of an originally hori- 
zontal peat layer, pressed to varying depths 
in the subsoil under the weight of younger 
peat layers. 
Geomorphologically corresponding land- 
scape elements appear to have the same 
ripening stage in salt, brackish and salt sedi- 
mentation areas, in both the tropics and 
temperate climates. Section 4.5 deals with 
some examples as given on page 98. 
Basins and backswamps, etc. vary conside- 
rably in ripening stage as a result of very 
different drainage possibilities of basins 
(Photo 6). 
In chapter 4.1 closer attention is given to 
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Type of sediment or soil n-value Photos 
~ ~ ~~ 

Unsettled mud 3-5 - 

Recently settled mud 2-3 2, 10, 11 

Marshes with top levels between Mean High Water J s 2 . 2  6, 7, 8, 10, 12, 13, 14 
(MHW) and Mean Low Water (MLW) 

Mashes with tops on or slightly above MHW 1 .O-] .4 12, 13, 14, 15, 16, 17 

Marshes high above MHW 0.7-1.0 16,17 

Marshes under very good drainage and only inundated ~ 0 . 7  
for short periods annually (totally ripe) 

ripening, subsidence and sedimentation and 
the part played by organic matter. Figure 10 
gives a schematic survey of the genesis of the 
various landscape elements from the fresh 
water tidal area up to the formation of pol- 
ders with well ripened soils (Photos 2, 6, 7, 
10, 14, 16). 
In chapter 5 some ripening problems are 
treated as they occur in practice in polder 
construction, e.g. subsidence, etc. When con- 
structing polders and designing drainage 
systems technicians are interested in knowing 
the extent of subsidence in advance. Clays 
rich in organic matter and peats often show 
considerable subsidence during ripening, in 
some cases up to 26 m. The surface of peat 
soils in the western part of the Netherlands 
has subsided about 2 m  since A.D. 1OOO. 
Horizontally heterogeneous sediments or un- 
dulating solid bottoms under peats some- 
times result in different subsidence with va- 
riations in surface levels of 1 to 2 metres 
over short distances. 
With help of the ripening data it is easy to 
calculate the anticipated surface subsidence 
as shown in figure 12 (Photo 20). 
Physical ripening promotes the permeability 
of the soils, especially when it starts from the 
more unripe sediments or takes place in soils 
containing a high colloidal part (Photo 9). 
The suitability for crops of peats and soft 
sediments is greatly determined by the ripen- 
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ing stage. Unripe soils can only support some 
special plants. Some timber species can grow 
on half ripe soils, especially in the tropics. 
Grasses and some legumes can grow on more 
or less ripe soils with an unripe subsoil. In 
order to give maximum yields, crops and 
fruit trees need a soil ripe to sufficient depth 
to develop an extended root system. In many 
cases, the damage caused by bad drainage 
conditions is caused by the presence of unripe 
subsoils. 
Chapter 6 discusses the manner in which the 
process of ripening can be made use of for 
the classification of soils. Soil properties 
change considerably during physical ripening 
and classes of physical ripening can there- 
fore be used as differential characteristics for 
a soil classification. 
Chapter 6.2 deals with the classification of 
the ripening of soil material. Table 1 lists 
five ripening classes for varying soil material 
which are valid for temperate and tropical 
conditions, for heavy textured clays and 
sandy clays with a high or low organic matter 
content. The determination of the ripening 
classes is based on the n-value and can be 
determined in the field by squeezing by hand 
and by the degree of stickiness of the soil. 
Soil horizons of very young aUuvial soils and 
peat soils can also be described in relation to 
physical ripening. Totally r e d d  G-hori- 
mm normally are physically unripe and enti- 



Summary 

TABLE 1 .  Classification of soil material according to physical ripening 

n-value designation 
suffix to 
horizon 
symbol 

description of consistency 
(valid for average clay content) 

- __ __ 
<0.7 ripe r firm, does not stick to the hands, or only slight- 

ly, and cannot be squeezed through the 
fingers 

0.7-1.0 nearly ripe wa fairly firm, tends to stick to the hands and can- 
not be easily squeezed through the fingers 

1 .O-1.4 half-ripe w? fairly soft, sticks to the hands and can be easily 
- ~ _ _ _ _  

squeezed through the fingers 

1.4-2.0 practically unripe WY soft, sticks fast to the hands and can be easily 
squeezed through the fingers 

>2.0 unripe WS liquid mud, non kneadable 

TABLE 2. Classification of mineral and organic soil profiles according to physical initial alluvial soil 
formation or physical ripening1) 

sub-classes and 
transition grades classes depth 

0-20 cm 
depth depth 

20-50 cm 50-80 cm 

physically not ripe n-vahe n-value n-value 
unripe >0.7 >1.4 

half ripe >0.7 >0.7-<1.4 

physically ripe with unripe <0.7 >0.7 and/or 
mineral soils subsoil >O. 1 

with ripe <0.7 t0.7 < l . O  
subsoil 

physically ripe with unripe ~ 0 . 7  >0.7 >1.0 
organic soilse) subsoil 

with ripe 
subsoil 

<0.7 <0.7 t 1 . O  

‘) This scheme applies to regular profiles with homogeneous or downwardly increasing n-values. With an n-value, marked 
in the table by > the whole horizon need not nectsrarily have the same n-value. 
Lower n-figures, aa Eor instance 0.7 may also occur in the 0-20 homon of an unnpe mil, when in this hmizon thc lowest part 
has at least an n > 0.7. 
With an n 4 u e  markcd by < (e.g. < 0.7 01‘ < 1.0) no highcc n-value must 
Thin supvficiaf layerj of a few cm which occur on profiles nch in collo~dal parts to the extent of several d m  are not included. 
The w a l u e s  must be made of samples of about 10 cm in height. It is only in the case of thin unripe clayey layers on sand 
(Gilt ilats) that the ripening conditions of very thin Iayers will d e  tbe profile unripe. 
Lo- levels of clanificption are to be subdivided according to the n-vdues of top soil and subsoil. 

within the given limits. 

”) I n  the cue of organic soils the proposals are still tentative. 
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rely blue or gray. With increasing oxidation 
(process of chemical ripening) such horizons 
are normally designated as ‘G’, ‘CG’, ‘Cg’ or 
‘A;. The physical ripening can be designated 
in these horizons with the subscript ‘w’ 
(means: unripe) or ‘r’ (means: ripe). 
The various stages of the ripening may be 
designated by the suffixes wa, wp, wy and 
w8 (see Figure 13). 
Table 2 shows the classes of physical ripening 
of alluvial and peat profiles based on the de- 
velopment of the ripening down to depths of 
about 14 feet (50cm) and about 24 feet 
(80 cm). 
Soits with a content of colloids below the 
minimum, e.g. 8 % of illite clay or 3 %organic 
matter, as is for instance the case with sandy 
soils, are considered to be physically ripe 
(Photo 5). 
The class of physically unripe soils (in U.S.A. 
soil classification system on group level, in 
Dutch soil classification system on sub-order 
level) is divided in the sub-classes of unripe 
soils (in W.S.A. soil ciassification system on 
class level, in Dutch soil classification system 
on sub-group level) and in half ripe soils. 
The class of unripe soils inchdes tidal mar- 
shes, tidal forests, low fluviatile backswamps, 

peat areas, etc. The sub-class of half ripe 
soils (Appendix-B) includes that part of the 
unripe soils which shows some physical 
ripening during the silting up process, for 
example high salt marshes, medium high 
fresh water tidal forests, insufficiently drain- 
ed peat soils and peat soils with a top layer 
of clay. 
Lower reed marshes, silt tlats, low brackish 
mangrove forests are included in the sub- 
class of totally unripe soils (Appendix-A). 
They are impassable by man. 
The class of physically ripe soils is subdivided 
into a sub-class with physically ripe soils to 
great depths and a sub-class with physically 
ripe topsoil and an unripe subsoil. The latter 
(Appendix-C) includes all young reclaimed 
soils, or older ones with impeded drainage. 
In the Netherlands all organic soils under 
reclamation can be included in this category. 
The sub-class of physically ripe soils to great 
depths (Appendix-D) includes a physically 
ripe subsoil. This sub-class covers all alluvial 
soils in older reclamation areas where the 
soil has been adequateIy drained over a long 
period, as well as most of fluviatile ahvial 
soils. 
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RÉSUMÉ 

PÉDOGENÈSE INITIALE ET CLASSIFICATION 

Cette étude porte sur la pédogenèse de t r b  
jeunes sols marins et fluviatiles et de sols 
tourbeux. 
Aux Pays-Bas, depuis le 1% siècle on a, 
acquis une précieuse expérience dans l'amé- 
nagement de ces sols et leur mise en valeur 
par la culture. Mais, en dehors des s u d s  
obtenus dans la mise en valeur des fertiles 
argiles marines des polders aussi bien que 
dans celle des argiles fluviatiles OU des zones 
tourbeuses, beauwup de déboires ont été 
enrégistrés. Au 19e sitkle et au début du 20e 
les recherches scientifiques dans ce domaine, 
tout particulièrement stimulées par les 
grands travaux d'aménagement des polders 
du Zuiderzee, ont pris une grande impor- 
tance. Le professeur Zuur, décédé en 1%1, 
a été un des chefs de file de cette recherche 
par ses études sur la pédogenèse des sols 
des polders. 
Les processus qui interviennent au cours de 
la gen& des régiins alluviaies et tourbeuses : 
sédimentation, &dentation, accroissement 
des sédiments et de ia tourbe, drainage natu- 
rel et trans€ormation du sol sous l'influence 
du dminage artificiel et de l'utilisation a d -  
cole s'intriquent ktroitement; ils peuvent 

DES SOLS 
aussi agir de fawn simultanée. On distingue 
dans ces processus la géogenèse et la pédoge- 
n k .  La géogcnese comprend tous les phéno- 
mènes de sédimentation, développement de 
la tourbe, etc. L a  pédogenèse, appelée dans 
cette étude pédogenèse initiale OU développe- 
ment, dkbute lorsque Yair pénètre dans le sol, 
par exemple sous I'effet du drainage OU de la 
croissance des végétaux. La limite exacte en- 
tre géo- et pédogenèse est souvent difficile à 
prkiser (Photos 1 ,2  et 3). 
LR développement pédologique est le résultat 
des évolutions d'ordre physique, chimique et 
biologique, phénomènes qui se produisent de 
façon plus OU moins simultanée. Dans le 
développement physique interviennent la 
perte en eau, le développement des structu- 
res, la subsidence, les modifications dans la 
consistance et la perméabilité du sol, la dés- 
alinisation. Le développement implique 
l'intervention de nombreux processus wm- 
me l'oxydation de tous les composants du sol 
réduits B l'origine, compos& ferreux, suífu- 
reux, matière organique. En outre les chan- 
gements survenus pendant la pédogenèse 
dans les cations du complexe adsorbant, dans 
le comportement des phosphates et des com- 
posés du sodium, dans la décalcifiaition, etc. 
y prenmnt place. 
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Les traces d'hydroxyde ferreux constituent 
une caractéristique importante dans la déter- 
mination du degré d'évolution d'un sol et de 
ses conditions hydrologiques. L'oxydation 
des sulfures peut donner des 'catclays' très 
acides OU des 'pseudo catclays' acides (Fig. 
1). Le développement biologique comprend 
à la fois les processus micro-biologiques qui 
agissent lors de la pénétration de Yair dans 
le sol ainsi que la mobilisation et l'homogé- 
néisation du sol par les micro-organismes et 
la production de matière organique par les 
végétaux. L'homogénéisation biologique dé- 
bute dès la géogenèse. mais se développe de 
fawn importante pendant la pédogenèse 
lorsqu'il existe de bonnes conditions de drai- 
nage (Fig. 2). 
Aussitcit qu'apparaissent des phénomènes 
plus complexes de la formation d'un sol, 
comme le développement d'horizons struc- 
turaux B OU texturaux B, le stade de déve- 
loppement OU de formation initiale du sol 
est dépassé. L'état d'évolution physique a 
été choisi pour caractérker le degré de déve- 
loppement générale d'un sol jeune dans la 
classification des sols, pare  qu'il peut être 
aisément déterminé sur le terrain, et pare  
que l'évolution physique. est indépendante 
des teneurs en sels, en argile, en matikre orga- 
nique, etc. Par contre, le processus est irré- 
versible, et la fin de son action peut être 
parfaitement détemink. 
La matière organique joue. un rBle très im- 
portant dans l'évolution. 
Le chapitre 2 examine l'équilibre entre la 
production et la destruction de la matière 
organique en relation aveC la géogenèse et 
la pédogenèse. La formation de tourbe se 
place du &té 'géogenkse' de la zone limite 
entre géo- et pklogenèse quand la destruc- 
tion de la matière organique est ralentie par 
un mauvais drainage (Photos 4,18 et 19). D e  
l'autre &té de la limite, dans ies tourbi&es et 
dans de nombreuses argiles, la matière orga- 
nique est décomposk. 
Les sédiments marins (géogenk) *tent 
des relations très caractéristiques entre la 

matière organique et I'argile (Fig. 3 et 4): 
une très faible teneur en matière organique 
sous les climats tropicaux, une teneur sensi- 
blement plus élevée dans les regions marines 
des climats tempé&, une très forte teneur 
dans les zones littorales. 
Pendant la géogenèse, l'addition de matière 
organique secondaire provenant de la végé- 
tation au cours de la stdimentation donne 
toutes les sortes de transitions entre les sols 
tourbeux et les sols minéraux. A chaque stade 
du développement, il existe un équilibre 
caractéristique entre la matière organique et 
la teneur en argile, et la teneur en matière 
organique croît OU décroît jusqu'à ce que cet 
équilibre soit atteint (voir Fig. 4). 
Le développement de l'horizon A, dépend 
aussi du degré de développement et du maté- 
riau organique d'origine. Sous conditions très 
humides, un horizon & (A, tourbeux) est 
formé, sous de bonnes conditions de drainage 
un horizon A, mal défini apparaît. 
Dans le chapitre 3, le processus de dévelop- 
pement physique est traité de fawn plus dé- 
taillée. Le développement physique englobe 
tous les phénomènes en relation avec la dés- 
hydratation de la partie colloidale du sol. 
Celle-ci se produit: (1) par expulsion de l'eau 
OU (2) par evaporation directe. Le phéno- 
mène le plus important est cependant (3) 
l'évapotranspiration par ì'intermtidiaire des 
racines des vé&taux. 
La croissance des vé&aux, combink A un 
excellent drainage, amène le sol à un degré 
avancé de dkveloppement. 
Daprès les dsultats des expériences entre- 
prises dans ce sens, i1 a été décidé de planter 
des roseaux dans les polders du Zuiderzee. 
Pour maintes raisons, I'a&t du développe- 
ment des racines entrave l'évolution du sol. 
Quand les colloides du sol perdent leur eau, 
leurs forces respectives d'attraction augmen- 
tent, la cohésion s'aocrdt, le volume de la 
fraction minbrale est réduit (Fig. 5)  et les pro- 
portions relatives des volumes de plwkurs 
des composants du sol changent (Fig. 6). 
hrsque la teneur en matière organique est 
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Résumé 

importante, la proportion d'eau est très 
élevée. 
L'évolution physique est le plus souvent un 
processus irréversible. La plus petite adsorp- 
tion d'eau durant une période humide com- 
par& avec le sol non évolué originel et le 
gonflement des particules qui I'accompagne 
empèche celui-ci de revenir à l'état original 
non développé (Fig. 7). 
Le degré de développement physique peut 
être mesuré par la teneur en eau de la fraction 
colloidale du sol, et dans les sols minéraux 
par la teneur en argile. On introduit un fac- 
teur n de teneur en eau comme valeur stan- 
dard de développement physique, qui est la 
quantité d'eau en grammes adsorbée par 1 g 
de la fraction argileuse. La formule suivante 
donne la relation de n avec les autres caracté- 
ristiques du sol 

n = (A - 0,2 R) / (L + bH) dans laquelle 
A est la teneur totale en eau comparée 8 

L est la teneur en argile (lutum <2 micron) 
H est la teneur en matière organique 
R est la fraction minérale non coIloidale du 

b est le rapport de la capacité d'adsorption 
d'eau de la matière organique à celle de 
l'illite. 

A l'aide de dries parallèles de la même va- 
leur n et en faisant varier les autres facteurs, 
le facteur b peut être déterminé pour des cas 
donnés, et, de la même fawn, avec des series 
oh le facteur b est constant, la valeur de n 
peut être obtenue comme i1 est indiqué par 
le calcul graphique de Fig. 8. Nous proposons 
de défhir n en relation avec l'iliite. 
Dans le cas d'autres e s e s  de minéraux 
argiteux, la formule suivante peut être em- 

100 g de sol sec 

sol (R = 100 - H - L). 

ployee. 

n=(A - 0.2 R) / ( h + h h + b z h  ...+ b&), 
dans laquelle 
L est la teneur en illite 
bl, b, etc. b rapport entre la capacité d'ad- 

sorption d'illite et celle des autres miné- 
raux argileux 

b, L,, la teneur en minéraux argileux autres 
que l'illite. 

Le facteur bh représente le rapport entre la 
capacité d'adsorption d'eau d'illite et celle de 
la matière organique. 

Pour les sols ayant une teneur élevée en ma- 
titre organique, la valeur de n est plus diffi- 
cile a établir correctement. Peut-être l'intro- 
duction d'une valeur nh (quantité d'eau en 
grammes adsorbée par 1 g de matière orga- 
nique) sera-telle nécessaire. 
Avec quelques réserves, la valeur n peut être 
définie sur Ie terrain par Ia détermination de 
la consistance, lorsqu'il existe une bonne 
correlation entre celle-ci et les lectures au 
pénétromètre (Fig. 9). 
Dans le chapitre 4, les relations entre le déve- 
loppement physique et la genèse du site sont 
examinées (inondations, sédimentation, drai- 
nage,végétation,etc.)(Fig. 10). Les profils for- 
més dans des conditions de drainage naturel 
montrent jusqu'à une certaine profondeur un 
développement vertical uniforme. Le déve- 
loppement provoqué par un drainage artifi- 
ciel (par exemple lors de l'aménagement dun 
polder) est toujours verticalement hétéro- 
gène. Ce développement provoqué par l'in- 
tervention humaine est souvent accompagné 
de fentes très larges de réfricissement dans le 
sous-sol, lesquelles sont très favorables au 
drainage interne (Photo 9). 
Les sols développés verticalement hétéro- 
&nes ne se forment pas seulement lors du 
drainage artikiel, mais peuvent aussi rhul- 
ter d'un ralentissement OU d'un arrêt de la 
skdimentation dans des sites naturels, " m e  
dans les marécages, les zones argileuses OU 
tourbeuses, etc. 
La pkdogenèse initiale dans des conditions de 
drainage naturel est un processus terminal, 
grâce auquel, si le drainage est bon, un sol 
non &doppk peut se transformer en un sol 
complètement d6veloppé en 50 OU 100 ans 
(Fig. 11). 
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Sous le poids des couches déposées ultérieu- 
rement, un sédiment OU sédentat peut &re 
comprimé, ce qui provoque aussi un déve- 
loppement. D e  fines couches de tourbe, hori- 
zontales à l'origine, séparant un sédiment 
marin ancien sous-jacent d'un sediment ma- 
rin plus jeune sous-jacent peuvent prendre 
une forme très ondulée, résultant du déve- 
loppement partiel du sédiment le plus ancien. 
La Figure 12 montre l'exemple d'une couche 
de tourbe horizontale à I'origine, comprimée 

à des profondeurs variables dans le sous-sol 
sous le poids des couches de tourbe plus 
jeunes. 
Les éléments du site géomorphologiques 
correspondants paraissent être au même 
stade de développement dans les zones à sédi- 
mentation saline OU saumâtre, aussi bien sous 
climat tropical que sous climat tempéré. 
Dans le paragraphe 4.5, les exemples sui- 
vants sont donnb: 

Le type du ddiment OU du sol valeur de n Photos 

Vase non ddimentée 3-5 - 

Vase dmment  sediment& 2-3 2, 10, 11 

Marais dont les niveaux sup6rieurs sont entre Haute 
Mer Moyenne (H.M.M.) et Basse Mer Moyenne 
(B.M.M.) 

13-2,2 6,7, 8, 10, 12, 13, 14 

Marais doni les cotes sup&ieures sont au niveau OU 1,0-1.4 12, 13, 14, 15, 16, 17 
lwrement au dessus de H.M.M. 

Marais considkrablement audessus de H.M.M. 0.7-1.0 16.17 

Marais sous de bonnes conditions de drainage et inon- 
d b  seulement pendant de courtes #rio& chaque 
annde développk) 

t0,7 
(complktement 

Le degré de jxklogemise initiale des bassins, 
mamkages, etc. varie beaucoup suivant les 
différentes possibilités de drainage (Photo 6). 
Dans le chapitre 4.1, une attention plus sou- 
tenue est do& B la subsidence et à la sédi- 
mentation au cours du d6veloppement et au 
rak joué par la m a t h  organique. La Fi- 
gure 10 donne un schèma de la genèse des 
différents éléments du site depuis la zone 
littorale soumise aux marks, jusqu'à la for- 
mation de polders aux sols bien développk. 
(Photos 2,6,7, 10,14, 16). 
Dans le chapitre 5 ,  quelques problèmes 
d'évolution sont traités teb qu'ib se posent 
dans la pratique lm de l ' a"gemnt  des 
polders, tels que la subsidence, etc. Pour 
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I'aménagement des polders et I'établissement 
des projets de systèmes de drainage, les tech- 
niciens Wirent connaître à I'avance quelle 
pourra être l'ampleur de la subsidence. Tout 
particulièrement les argiles riches en mati&re 
organique et en tourbe subissent souvent une 
subsidence importante au cours de i'bvolu- 
tion, supkrieure dans certains cas à 2,50 m. 
La surf- des sols argifeux de la partie 
occidentale des Pays-& s'est enfoncix d'en- 
viron 2 m depuis l'an 1OOO. Des sédimnts 
horizontakment Mtt+ro&nes, OU des couches 
soIides ondulh  au-dessous de tourbes don- 
nent souvent lieu 8 des variations de bi sub 
sidence, avec des diffhnces de niveaux de 
la surface de 1 B 2 m sur de courtes distances. 
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Résumé 

L’observation du degré d’évolution facilite 
la prévision de la future subsidence de la sur- 
face, ainsi que le montre la Figure 12. 
La pédogenèse physique favorise la permb- 
bilité des sols, particulièrement lorsqu’elle 
agit au départ sur les sédiments les moins 
évolués, OU lorsqu’elle se produit dans des 
sols A haute teneur en colloIdes (Photo 9). 
L‘aptitude A l a  culture des sédiments tourbeux 
et meubles est bien déterminée par le degré de 
développement. D e s  sols peu développk ne 
peuvent porter que quelques apèces  d’ar- 
bres cultures très spkiales. Quelques e s e s  
particulières peuvent pousser sur des sols mi- 
développés spkialement en zone tropicale. 
Les végétaux herbah et quelques Iégumes 
peuvent croitre sur des sols plus OU moins 
développés, à sous-sol non développé. Enfin, 
pour donner des rendements maximaux, les 
céréales et les arbres fruitiers nbssitent un 
sol évolué jusqu’it. une certaine profondeur, 
afìn que le système radiculaire puisse se dé- 
velopper. Dans bien de cas, les dommages 
causés par un mauvais drainage sont dus a la 
présence d‘un sous-sol non dkveloppé. 

Le chapitre 6 examine la façon dont le pro- 
cessus de développement peut être employé 
dans la classification des sols. Les propriétés 
des sols se modifient considérablement au 
cours du développement physique, et les de- 
grés de ce développement peuvent servir de 
caractéristiques différentielles pour une clas- 
sification. 
Dans le chapitre 6.2, la classification du dé- 
veloppement du sol est traitée. Dans le ta- 
bleau l ,  cinq classes de développement pour 
differents sols sont définies. Elles sont vala- 
bles aussi bien sous climat tempérk que sous 
climat tropical, pour des argiles à texture 
lourde et pour des argiles sableuses, pour 
des sols A faible teneur OU A teneur élevée en 
matière organique. La détermination des 
classes de pédogenèse initiale est bas& sur la 
valeur de n et peut être faite sur le terrain en 
pressant entre les doigts un fragment de sol 
et en appréciant son degré d’adhésivité. 

Les différents horizons de sols alluviaux très 
jeunes OU de sols tourbeux peuvent égale- 
ment être décrits en fonction du développe- 

TABLE 1. L a  classification d’un khantillon en relation avec le ddveloppement pédologique physique 
initial 

- 

L’additton 

des horizons 
Chiffre n Nom aux symboles La description de comistance 

<0,7 totalement r Solide, ne colle pas OU presque pas à la main; 
i1 n’est pas possible de presser OU de faire 
passer entre les doigts 

ddveloppé 

0,7-1,O ddveloppé à peu pks wa Un peu plastique, colle à la main et i1 faut 
forcer pour faire passer netre les doigts 

Plastique, colle fortement à la main, en pres- 
sant i1 est aiskment possible de faire passer 
entre les doigts 

totalement 

1,0-1,4 Semi dkveloppé Wp 

14-2,0 peu ddveloppé “i Trh plastique, colle très fortement à la main, 
tout le sol passe entre les doigts avec peu 
de pression 

> 2,o non ddveloppé W8 Mou, pas possible de tenir en main; pseudo 
fluide 
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ment physique. En général des horizons 
complètement réduits sont non évolués phy- 
siquement et sont tout à fait colorés en bleu 
OU gris. Lorsque l‘oxydation progresse (pro- 
cessus de développement chimique), ces hori- 
zons sont d h i s  comme ‘G’, CG”, ‘Cg’, OU 

‘A;. Le développement physique peut y être 
prkisé par l’indice ‘w’ (non développé) OU 
‘r’ (développé). 
Les phases différentes de la pédogédse ini- 
tiale peuvent être désignks par wu, wp, wy 
and w8 (voir Fig. 13). 

Dans le tableau 2, les classes de développe- 
ment physique de profils alluviaux et tour- 
beux sont déterminées d‘aprh le développe- 
ment de la pédogenèse jusqu’aux profondeurs 
de 50 et 80 an. 

Les sols dont la teneur en colloides est en- 
dessous du minimum, e.8.d. 8% d‘illite OU 
3% de matiere organique, comme c’est le 
cas par exemple pour les sols sableux, sont 
considérés comme physiquement évolués 
(photo 5). 
La classe des sols physiquement non déve- 
loppés (dans la classification des sols des 
U.S.A.: le groupe, dans celle du Pays-Bas: 
le sous-ordre) est divisée en deux sous-classes 
(classes dans le systeme des U.S.A., sous- 
groupe dans celui des Pays-Bas : íes sols non 
développés) et les sols semi-développés. 
La classe des sols non développés comprend 
les marai? littoraux, les forêts littorales, les 
martkages Auviatiles bas, les zones de tour- 
bes etc. L a  sous-classe des sols semi-déve- 
loppés (annexe-B) inclut ceux des sols non 

TABLE 2. La classification des profils minéraux et organiques en relation avec la pkdogenèse initiale 
physique des sols des alluvions et des tourbes’). 

classen 
principaler 

Valeur du chiffre n du dCveloppcment physique 
dans les couches A la profondeur de: 

0-20 20-50 50-80 

Sous-classcr 

Sols non non développ6s >0.7 >1,4 - 
développés Semi >0,7 >0,7-<1,4 - 

Sols minéraux Avec sous sol <0,7 >0,7 et/ou > 1 ,O 
dkvelop& non développ&s 

développ6s 

AVW SOUS- <0,7 <0,7 <],O 

Sols organiques Avec sous-sol <0,7 >0.7 >l,O 

A m  SOUS-SOI <0,7 <0,7 <1,0 
développ5 

sol développé 
._ 

&velopp6sa) non d6veloPpt 

’) Ce s c h h  s’applique A des profils rCgulim, où la valeura de n ront homoghs OU croissent avec la profondcur. La 
valuer n &ant marqutc avrx >, il n’ot pat nCcb.aire que l’horiwn enticr ait la mime valeur. 
De faibles valeurs mmme 0,7 peuvent ae trouver dam l’horxzon 0-20 d’un sol non developp6 quand dam cet horizrm la 
partie infcricure prCSente au moins une valcur de n > 0,7. 
ARC une valeur n marqutc a- < (Be. < 0.7 ou i 1,O) une valeur n plus 6levtc ne doit pas figurer entre les fimites 
donuter. 
La couches b e s  cupcrikiella de quelques cm qui apparaisstnt dam la profils riches en particules colloidales jwu’B une 
profondeur de ptusieun dm ne ront pas prises en MlsLlidCration. La vdcura de n doivent &re ttablies sur d n  cxhatilbns 
d’envimn 10 cm de hauteur. C’est Mllemcnt lorsquedc fines couches argilcuscs non dhreloppCes sont rencontn5.s dans des 
ubfa (niveaux de silt) que la conditim de dhrrloppement de tr6s 6n-s cuuchu &erminmout Ie non-d4veloppcmcnt du 
pTOfil. 
Mcl degr& inEcrieura de la ckuifrcation soni subdivis& d’aprk ies valeun de n du sol sup&&r et du rouaaol. 
*) Pour la sola organiquu, i1 ne a’agit encore que d’un esai. 
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Résumé 

développés qui montrent un début de déve- 
loppement physique pendant la sédimenta- 
tion, c o m e  par exemple les marécages sa- 
lins hauts, les forêts littorales en partie sou- 
mises aux marées, les sols tourbeux insuf% 
samment drainés et les sols tourbeux recou- 
verts d'une couche d'argile. 
Les marais a roseaux très bas, les bas-fonds 
silteux, les forêts à mangrove basses et sau- 
mâtres sont comprises dans la sous classe des 
sols non développés - 11s sont inaccessible à 
I'homme. La classe des sols physiquement 
développés est subdivisée en m e  sous-classe 
de sols physiquement développés jusqu'à une 
grande profondeur et une sous-classe à cow 
che supérieure physiquement développée 

avec un sous sol non développé. Dans cette 
dernière (annexe-C) se trouvent tous les sols 
récemment aménagés, OU les plus anciens 
dont le drainage est insuffisant. Aux Pays- 
Bas en fait, tous les sols organiques mis en 
valeur peuvent être classés dans cette catégo- 
rie. La sous-classe des sols physiquement 
développés jusqu'à une grande profondeur 
(annexe-D), implique l'existence d'un sous- 
sol physiquement développé. A cette sous- 
classe appartiennent tous les sols alluviaux 
des régions anciennement aménagées, lors- 
que le sol a été bien drainé pendant une 
longue période, ainsi que la plus grande 
partie des sols alluviaux fluviatiles. 
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ZUSAMMENFASSUNG 

INITIALE BODENBILDUNG UND BODEN- 
KLASSLFIKATION wirtschaftlichen Nutzung. 

der kiinstlichen Entwässerung und der land- 

Wir unterscheiden bei diesen Prozessen die In dieser Abhandlung wird die Bodenbildung 
in sehr jungen marinen und fluviatilen Sedi- 
menten und in Mooren beschrieben. Seit 
dem 10. Jahrhundert hat man in den Nieder- 
landen viele Erfahrungen gewonnen bei der 
Trockenlegung und Urbarmachung dieser 
Böden. Obwohl die Landgewinnung und die 
Urbarmachung von Flusston- und Nieder- 
moorgebieten grossen Erfolg hatte (frucht- 
bare Marschtonpolder und trockengelegte 
Seen) gab es auch viele Enttäuschungen. Im 
19. Jahrhundert und Anfang des 20. Jahr- 
hunderts gewannen die wissemhaftlichen 
Untersuchungen an Bedeutung besonders 
bei der Trockenlegung der Zuiderzeepol- 
der. 
Eine führende Persönlichkeit bei dieser For- 
schungsarbeit war der 1961 verstorbene Pro- 
fessor Zuur, der die Theorie iiber die Boden- 
bildung der Polderbiiden entwickelte. 
Die Proz.esse welche bei der Bildung alluvia- 
Ier und Moorbijden auftreten gehen allmäh- 
lich ineinander über und treten häufig auch 

Geogenese und die Pedogenese. Geogenesis 
umfasst Sedimentation, Moorbildung usw. 
Die Pedogenese, die in diesen Studien ‘initiale 
Bodenbildung’ oder ‘Reifung’ genannt wird, 
fängt an wenn die Luft im Boden eindringt 
(Z.B. infolge Entwässerung, oder Pfianzen- 
wuchs). Die Grenze zwischen Geogenese und 
Pedogenese ist manchmal schwer zu erkennen 
(Bilder nr. 1, 2 und 3). 
Die Bodenreifung wird unterteilt in physika- 
lische, chemische und biologische Reifung ; 
Prozesse die meistens mehr oder weniger 
gleichzeitig ablaufen. 
Die physikalische Reifung umfasst u.a. den 
Wasserverlust, die Entwicklung der Boden- 
struktur, die Bodensetzung, die Änderung 
der Konsistem und Durchlässigkeit des Bo- 
dens, sowie die Entsahng. 
Die chemische Reifung bezieht sich auf Pro- 
zesse wie die Oxydation von Bestandteilen 
des urspriinglich reduzierten Sediments, wie 
Eisen- und Schwefelverbindungen, organi- 

gkichzeitig auf. Es handelt sich u.a. um Sedi- 
mentation, Sedentation, UUberwachsung der 
Sedimente und des Moores, natiirliche Ent- 
wässerung, Äderungen im Boden infolge 

sche Substanz usw. Ferner treten wäjmnd 
der Reifung im Kationenbelag Veränder- 
rungen am Sorptionskomplex auf, die das 
Verhalten der Phosphor- und Stickstoffver- 
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Zusammenfassung 

bindungen sowie die Entkalkung usw. be- 
einflussen. Die durch Ferrihydroxyd bedingte 
Fleckigkeit ist ein wichtiges Merkmal zur 
Bestimmung der Reifungsstufe und des hy- 
drologischen Zustandes eines reifenden Bo- 
dens. Durch Oxydation von Schwefel können 
bzsonders saure ‘Maibolt’ oder saure 
‘Pseudo-Maibolt’ entstehen (Fig. 1). 
Die biologische Reifung bezieht sich sowohl 
auf die mikrobiologischen Prozesse während 
der Durchlüftung, wie auch auf das Um- 
wühlen und Homogenisieren des Bodens 
durch Makro-organismen und auf die Bil- 
dung organischer Substanzen durch Man- 
zen. Die biologische Homogenisation be- 
ginnt bereits während der Geogenese, er- 
reicht jedoch bei günstigen Entwässerungs- 
verhältnissen während der Pedogenese ihre 
grösste Bedeutung (Fig. 2). 
Wennweiter fortgeschrittene Bodenbildungs- 
prozesse einsefien, wie Z.B. die Entwicklung 
struktureller oder textureller B-Horizonte ist 
das Stadium der Reifung bzw. initialer Bo- 
denbildung als bsndet zu betrachten. 
Zur Kennzeichnung der Stufen des Reifungs- 
prozesses junger Böden zum Zwecke der Bo- 
denklassifizkrung wurde die physikalische 
Reifung gewählt, wei1 diese Merkmab der 
Reifung sich am leichtesten im Felde be- 
stimmen lassen und die Bestimmung der 
Reifungsstufe unabhängig ist vom Gehalt 
des Bodens an Sak, Ton, organischer Sub- 
stanz usw. Ausserdem ist dieser Prozess nicht 
umkehrbar und sein Endpunkt kann gut be- 
stimmt werden. 
Die organische Substanz spielt bei der Rei- 
fung eine Husserst wichtige Rok.  Im zweiten 
Abschnitt wird das Gleichgewicht zwischen 
Produktion und Abbau organischer Sub- 
stam im Zusamenhang mit der Geo- und 
Pedogenese behandelt. Wenn der Abbau 
organischer Substanz durch schlechte Ent- 
wiissemng behindert wird bildet sich Torf als 
geogenetischer Vorgang (Bilder 4, 18 und 
19). Der Abhu  organischer Substanz in 
Momen und vielen Tonen gehört zur Pedo- 
ge-. 

Meeresablagungen (Geogenese) besitzen 
charakteristische Verhältnisse zwischen orga- 
nischer Substanz und Ton (Humus-Tonver- 
hältnisse) (Fig. 3, 4): sehr niedrige organi- 
sche Substanz-Gehalte in den Tropen, ziem- 
lich hohe in gemässigten Klimaten und sehr 
hohe in Siisswasseneitengebieten. 
Während der Geogenese verursacht die Bei- 
mischung organischer Substanz aus der bei 
der Ablagerung Anwäcichsenden Vegetation 
allerlei Ubergänge zwischen Moor- und Mi- 
neralbiiden. Während jeder Reifungsstufe be- 
steht ein charakteristischer Gleichgewichts- 
zustand im Verhältnis der organischen Sub- 
stanz zum Ton. Der Gehalt an organischer 
Substanz erhöht oder emiedrigt sich bis die- 
ses Gleichgewicht erreicht ist (Fig. 4). Auch 
die Entwicklung des A,-Horizonts hängt von 
der Reifungsstufe und vom organischem 
Ausgangsmaterial ab. Unter sehr nassen Ver- 
hältnissen wird e h  &-Horizont (moorigzr 
A,)geformt, bei guter Entwässerung dagegzn 
ein sehr schwach entwickelter A,-Horizont. 
Im dritten Abschnitt wird der Prozess der 
physikalischen Reifung mehr in Einzelheiten 
behandelt. Die physikalische Reifung um- 
fasst alle Prozesse die mit der Wasserentnah- 
me (Dehydratation) des kolloidalen Boden- 
anteils zusammenhängen. Diese findet statt : 
1 )  durch das Absickern von Wasser oder 
2) durch dirckte Verdunstung. Der wichtig- 
ste Prozess ist aber 3) die Evapotranspira- 
tion durch die Pfianzenwurzeln. 
pflamnwuchs, kombiniert mit einer perfek- 
ten Dränung, fördert die Reifung im hohen 
Masse. Die hierbei gemachten Erfahrungen 
veranlassen die Anpflanzung von Schilf auf 
den trockenfallenden Boden der Zuiderze- 
polder. Aus mehreren Griinden wird die 
Reifung verzögert wenn die Wurzekntwick- 
lung gehernmt ist. 
Wenn die Bodenkolloiden Wasser verlieren, 
wkhst ihre gegenseitige Anziehungskraft an, 
die Konsistenz wird grösser, das Volumen 
der Mineraltde wird kleiner (Fig. 5 )  und das 
Volumenverhältnis der Bodenbestandteile 
(Strukturelemente) ändert si& (Fig. 6). Bei 
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Anwesenheit von vieler organischen Sub- 
stam ist der Wassergehalt sehr hoch. 
Die physikalische Reifung is grktenteils ein 
nicht umkehrbarer Prozess. Auch bei gerin- 
gere Wasseraufnahme in Nassperioden im 
Vergleich zu dem urspriinglichen Boden und 
bei damit zusammenhängenden Quellung der 
Bodenteilchen tritt der urspriinglichezustand 
der Unreife nicht wieder ein (Fig. 8). 
Die physikalische Reife kann an dem Was- 
sergehalt des kolloidalen mineralischen Bo- 
den am Tongehalt abgemessen werden. Wir 
führen einen Wasserfaktor n als Standard- 
wert fiir die physikalische Reife ein, nämlich 
die Wassermenge in Gramm die von 1 gr. 
Tonfraktion absorbiert ist. Folgende Formel 
zeigt den Zusammenhang mit anderen Bo- 
dengrössen an: 

n = (A-0,2 R) / ( L  4- bH) wobei 

A = Gesamtwassergehalt bezogen auf 1 0 0  

L = Tongehalt (lutum <2 mikron) 
H = Gehält an organischer Substanz 
R = nicht kolloidaler mineraler Bodenan- 

teil (R = 100 - H - L) 
b = Verhältnis des wasserabsorbierenden 

Vermögens der organischen Substanz 
zu dem von Illit-Ton 

gr. Trockenboden 

Mit Hilfe paralleler Serien bei gleichem n- 
Wert und wechselnder Grösse der anderen 
Faktoren ist es möglich fiir eine gegebene 
Situation den Faktor b zu bestimmen. 
Gleichfalls kam bei Serien mit konstantem 
b-Faktor der n-Wert bestimmt werden, wie 
es Z.B. in der graphischen Bestimmung in 
Fig. 8 getan wurde. Wir schlagen vor den n- 
Faktor bezogen auf Illit zu definieren. 
Bei Anwesenheit anderer Tonminerale w h  
die folgende Formel zu benutzen: 

A - 0,2 R 
Li + bLq + bgLg ... + bhH’ 

wobei n = _ _ _ _ _ _ ~ -  

L; = Illitgehalt 
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b,, b, = Verhältnis des Wasseradsorbieren- 
den Vermögens anderer Tonminerale zu 
dem von Illit 

I--,, L, = Gehalt an anderen Tonmineralen 

Der Faktor bh repräsentiert das Verhältnis 
zwischen den Wasseradsorbtionsvermögen 
von Illit zu dem von organischem Material. 

Bei Böden mit hohem Gehalt an organischer 
Substanz ist die Bestimmung des n-Wertes 
komplizierter und weniger genau. Wahr- 
scheinlich ist die Einfuhrung eines nh-Wertes 
(die Wassermenge in G r a m  die von 1 gr. 
organischer Substanz adsorbiert wird) nötig. 
Mit einigem Vorbehalt kann der n-Wert im 
Feld gemessen werden durch Bestimmung 
der Konsistenz, falls eine gute Korrelation 
zwischen der Konsistenz und Penetrometer- 
ablesungen vorliegt (Fig. 9). 
Im vierten Abschnitt wird die Beziehung 
zwischen der physikalischen Reifung und der 
Entstehungder Landschaft (Oberflutung, Se- 
dimentation, Entwässerung, Vegetation usw.) 
(Fig. 10) besprochen. Profile die unter natiir- 
lichen Entwässerungsverhältnissen vorkom- 
men, zeigen in senkrechter Richtung eine 
homogene Reifung bis zu einer gewissen 
Tiefe auf. Reifung infolge kiinstlicher Ent- 
wässerung (Z.B. bei Anlage eines Polders) ist 
immer vertikal heterogen. Bei dieser, durch 
menschliches Eingreifen verursachten Rei- 
fung entstehen oft breite Schwundrisse bis in 
den Untergrund, die fur die innere Entwässe- 
rung von grosser Bedeutung sind (Bild 9). 
Vertikal heterogen gereifte Böden bilden sich 
nicht nur unter künstlichen Entwässerungs- 
bedingungen sontiem auch infolge eines Ab- 
nehmens Oder Aufhörens der Sedimentation 
in natiirlichen Landschaften, Z.B. in Hinter- 
wässern, Moormarschgebieten usw, 
Die Reifung bei kiinstlicher Entwässerung 
ist em abläu€ender Prozess bei welchem unter 
guten Bedingungen ein unreifer Boden sich 
h r M b  von 50 bis 100 Jahren zu einem 
volstibdig reifen Boden entwictceln kam 
(Fig. 11). 



Zusammen fassung 

Durch das Gewicht später sedimentierter 
Schichten kann ein Sediment oder Sedentat 
zusammengedriickt werden und auf diese 
Weise ebenfalls reifen. Urspriinglich waage- 
rechte, diinne Torfschichten, die eine ältere 
Meeresablagerung im Untergrund von einer 
jüngere obenaufliegenden Meeresablagerung 
trennen, können einen sehr welligen Verlauf 
annehmen infolge stellenweiser Reifung der 
älteren Ablagerung. Figur 12 zeigt eine ur- 
sprünglich horizontale Torfschicht, die unter 

dem Gewicht jiingerer Torfschichten bis zu 
verschiedenen Tiefen in den Untergrund ge- 
drückt wurde. 
Geomorphologisch iibereinstimmende Land- 
schaftselemente zeigen in Süss-, Brack- und 
Salzwassergebieten, sowohl in den Tropen 
wie auch in gemässigten Zonen, dieselbe 
Reifungsstufe auf. 

Im Abschnitt 4.5 werden folgende Beispiele 
gezeigt : 

Sediment- und Bodcntypcn n-Wert Bilder 

3 bis 5 - 

frisch abgesetzter Schlamm 2 bis 3 2, 10, 11 

Marsche wovon die höchsten Stellen nvischen Mittle- 
res Hochwasser (MHW) und Mittleres Niedrig- 
wasser (MNW) liegen 

Marsche wovon dit: höchsten Stellen auf oder ein we- 
nig liber MHW liegen 

1,5 bis 2,2 6, 7,8,  10, 12, 13, 14 

1 ,O bis 1,4 12, 13, 14, 15, 16, 17 

Marsche hoch ü&r MHW 0,7 bis 1,0 16,17 

Marsche mit ausgezeichneter Entwässerung welche <0,7 
(völlig reif) jedes Jahr nur kurze Perioden iiberflutet werden 

Becken, Hinterwässer u.a. haben sehr ver- 
schiedene Reifungsstufen infolge der grossen 
Unterschide in den Entwässerungsmöglich- 
keiten der Becken (Bild 6). 
Im Abschnitt 4.1 wird näher auf die Reifung, 
die Setmng und die Ablagerung eingegangen, 
sowie auf die Rolle, welche die organische 
Substanz &bei spielt. Figur 10 gibt eine 
schematische Ubersicht der Genese der ver- 
schiedenen Landschaftselemente vom Siiss- 
wassergezeitengebiet bis zu der Entstehung 
von Poldern mit gut gereiften Biiden (Bilder 
2, 6, 7, 10, 14, 16). 
Im fünften Abschnitt werden einige Rei- 
fungsfragen, die in der Praxis bei der Anlage 
von Poldern auftreten, wie u.a. die Setzung, 
näher behandelt. Bei der Anlage von Poldem 
und dem Ent& yon Driinungssystemen 
mkhten die Techniker geme im voraus die 

Grösse der Setzung kennen. Besonders an 
organischer Substanz reiche Tone sowie 
Torfe zeigen oft eine beträchtliche Setzung 
während der Reifung, in einigen Fällen bis 
zu 2,s m. Die Obedäche der Moorböden im 
westlichen Teil der Niederlande ist seit loo0 
n.C., etwa 2 m. abgesackt. In horizontaler 
Richtung heterogene Ablagerungen oder 
welliger fester Untergrund unter Mooren be- 
wirken manchmal Unterschiede in der Set- 
zung wodurch iiber kurze Abstände Höhen- 
unterschkde von 1 bis 2 m. an der Ober- 
a c h e  auftreten. 
Mit Hilfe der Daten, die bei der Feststellung 
der Reifungsstufe anfallen, kann wie in Figur 
12 und im Bild 20 gezeigt wird, die voraus- 
sichtliche Absenkung der Obedäche leicht 
errechnet werden. 
Die physikalische Reifung fördert die 
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Durchlksigkeit der Böden, basonders wenn 
man von unreiferen Ablagerungen ausgeht 
oder wenn es sich um Böden mit einem ho- 
hen Kolloidanteil handelt (Bild 9). 
Die Eignung von Moorboden und mit toni- 
gen Ablagerungen überdeckten Mooren für 
bestimmte Kulturen wird im hohem Masse 
von der Reifungsstufe bastimmt. Unreife 
Böden können nur einige besondere Ge- 
wächse tragen. Einige Holzarten können auf 
halbreifen Böden wachsen, besonders in den 
Tropen. Gräser und einige Gemüsearten 
können auf mehr oder weniger gereiften 
BÖden mit unreifem Untergrund wachsen. 
Um Höchsterträge geben zu können, brau- 
chen die Gewächse und Obstbäume einen 
Boden der bis zu genügender Tiefe gereift ist, 
um die Entwicklung eines ausgedehten Wur- 
zelsystems zu ermöglichen. In veilen Fällen 
ist der Schaden der durch schlechte Ent- 
wässerungsverhältnisse verursacht wird auf 
die Anwesenheit unreifen Untergrundes zu- 
rückzufmen. 
Abschnitt 6. behandelt die Weise wie der 
Reifungsprozess fùr Zwecke der Bodenklassi- 

fikation benutzt werden kann. Die Boden- 
eigenschaften ändern sich während der Phy- 
sikalischen Reifung erheblich und können 
deshalb als Unterscheidungsmerkmale für 
eine Bodenklassifikation benutzt werden. 
Im Abschnitt 6.2 wird die Klassifizierung 
der Reifung von Böden behandelt. In der 
Tabelle 1 werden fünf Reifungsklassen fiir 
vemhiedene Böden aufgeführt, und m a r  
fur gemässigte wie auch fiir tropische Um- 
stände, fur leichte und sandige Tone, und fur 
Böden mit hohem bzw. niedrigem Gehalt an 
organischer Substanz. Die Feststellung der 
Reifungsklassen stützt sich auf den n-Wert 
und kann im Feld bestimmt werden durch 
die Fingerprobe. 
Bodenhorizonte von sehr jungen alluvialen 
Biiden und von Moorböden können eben- 
falls in Bezug auf die physikalische Reifung 
beschrieben werden. Blau oder grau gefärbte, 
völlig reduzierte G-Horizonte sind durch- 
wegs physikalisch unreif. Bei zunehmender 
Oxydation (ein Prozess der chemischen Rei- 
fung) werden diese Horizonte gewöhnlich 
mit 'G', C'G, 'Cg' oder 'Ai  bezeichnet. Die 

TABELLE 1. Klassifikation des Bodenmaterials nach physikalischem Reifegrad 
n-iyert Bezcichnung Indixcs') Konsistenzbefund bei mittlerem Tongehalt 

<0,7 reif r fest, haftet nicht oder nur wnig an den Fin- 
gem und geht beim Quetschen nicht zwi- 
schen den Fingern durch 

0,7-1 ,O beinahe reif wo! ziemlich fest, hat Neigung an den Fingern zu 
haften und kann nicht miihelos zwischen 
den Fingern durchgequetscht werden 

1,O-1.4 hah reif WB ziemlích weich, haftet an den Fingern und 
kann ohne Mühe nvischen den Fingem 
durchgequetscht werden 

1.4-2,0 beinahe unreif WY weich, haftet stark an den Fingem und kann 
ohne Miihe zwischen den Fingem durch- 
geqmtscht werden 

> 2,o u m i f  w8 flibiger schlamm, unknetbar 

1) zusakzlich zu den iibliehen Kennzeichm der Horizonte. 
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Zusammenfassung 

TABELLE 2. Klassifikation mineralischer und organischer Bodenprofile nach der alluvialen physi- 
katischen Initialbodenbildung oder physikalischen Reifel). 

Klassen 
Subklassen 

und 
Ubergange 0-20 cm 

n-Wert in den Tiefen 

20-50 cm 50-80 cm 

physikalisch unreif unreif 
halb reif 

>0,7 >1,4 - 
>0,7 >0,7-<1,4 - 

physikalisch reife mit unreifem <0,7 >0,7 und oder 
Un tergrund > í , O  
mit reifem <0,7 <0,7 <1,0 
Untergrund 

physikalisch reife mit unreifem < a,7 >0,7 > 1 ,o 
organische Bödena) Untergrund 

mit reifem <0,7 CO,7 <1,0 
Untergrund 

') Diese Tahelle gilt für normale Profile mit homogenen oder nach unten zunehmenden n-Werten. Bei einem n-Wert, dcr 
sich in der Tahelle durch > kennzeichnet, ist es nicht nötig, dass der gesamte Horizont dcnselhcn n-Wert besiet. 
Niedrigere n-Zahlen, wie z.B 0,7 im 0-20 Horizont eines unreifen Bodens diirfcn vorkommen, wenn nur der untere Teil 
eincn n-Wcrt von über 0,7 aufzeigt. 
Bei einem aWer t ,  die durch < gekennzcichnet ist (z.B < 0,7 oder < l,O), darf innerhalb dn angegcbenen Tiefenbereichs 
kein höherer n-Wert vorkommen. 
Dünne (nur einige cm m a t i g e )  oberAiicbliche Schichten bei Profilen, die üher einige dm reich an Kolloidteilchen sind, 
werden nicht mitgerechnet. Die n-Wcrte miissen an Mustern von ca 10 cm Hohe bestimmt werden. Die Reifungstiefe 
dünner Schichten wid  nur bestimmt im Falle dünner unrcifer tonigcr Schichten ü&r Sand (schlickiges Watt). 
Niedrigere Niveaus in der Klauifikation könncn nach den n-Wcrten von Oberboden und Untergrund unterteilt werden. 

*) Fur organische Böden wird dieser Vorschlag mit Vorbehalt pemacht. 

physikalische Reifung kann in diesen Hori- 
zonten mit zusätzlichen Indizes w (fiir un- 
reif) bzw. r (für reif) angegeben werden. Die 
Reifungsstufen kÖnnten mit wa, wp, wy und 
w8 angegeben werden (siehe Fig. 13). 
In der Tabelle 2 werden die Reifungsklassen 
von Profielen alluvialer Böden und Moor- 
bijden gezeigt, wobei als Grundlage das 
Fortschreiten der Reifung bis 50 bzw. 80 cm. 
Tiefe benutzt wurde. 
Böden mit einem under dem Mindestmass 
liegenden Kolloidgehalt (d.h. 8% Illit oder 
3% organische Substanz) wie Z.B. Sand- 
böden, werden als physikalisch reif betrach- 
tet (Bild 5). 
Die Klasse der physikalisch unreifen Biiden 
(im BodenkIassifìkationssystems der U.S.A. 
au€ Gruppenniveau, in dem der N i r l a n d e  
auf Subordnungsniveau) ist in die Subklas- 
sen unreife Baden und halbreife Biiden un- 

terteilt worden (Bodenklassifikation U.S.A. 
= Klassenniveau; Niederlande = Subgrup- 
penniveau). 
Der Klasse der unreifen Böden gehören Ge- 
zeitenmarschen, Gezeitenwälder, Hinterwiis- 
ser der Flussauen, Moorgebiete U.S.W. an. 
Die Subklasse der halbreifen BÖden (Anlage- 
B) umfasst den Teil der unreifen Böden, der 
während der Aufschlammung eine gewisse 
Reifung aufzeigt, Z.B. hohe Sahassermar- 
schen, mittelhohe Süsswassergezeitenwälder, 
ungenügend entwässerte Moorböden und 
Moormarsche. 
Niedrigere Schilfmarsche, schluffige Watten, 
tiefliegende brackige Mangrovenwälder ge- 
hören in der Subklasse der völlig unreifen 
Böden (Anlage-A). Sie sind für den Mensch 
unbegehbar. 
Die Klasse der physikaliih reifen Böden ist 
unterteilt in einer Subklasse mit bis auf gros- 
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se Tiefe physikalisch gereiftem Boden und den. Die Subklasse der tief gereiften Böden 
einer solchen mit physikalisch gereiftem (Anlage-D) fordert einen gereiften Unter- 
Oberboden und unreifem Untergrund. Letz- grund. Sie umfasst sowohl alle alluvialen 
tere (Anlage-C) umfasst alle jungen urbar Böden in älteren Poldergebieten, wo der Bo- 
gemachten Bijden und die älteren mit behin- den nach der Urbarmachung längere &it 
derter Entwässerung. In den Niederlanden dränkrt wurde als auch den grössten Teil der 
können tatsächliche alle urbar gemachten or- alluvialen Flussböden. 
ganischen Biiden dieser Klasse zugeteilt wer- 
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RESUMEN 

PEWGÉNESIS INICIAL Y CLASIFICACI~N DE 

Este estudio describe la pedogénesis de sedi- 
mentos marinos muy jóvenes, de sedimentos 
de origen fluvial y de las turbzas. Desde el 
siglo décimo mucha experiencia se ha adqui- 
rid0 en Holanda en la recuperación de estos 
suelos y en SU puesta en cultivo. Si bien se 
han obtenido grandes éxitos en la recupera- 
ción de suelos de origen marino, arcillosos y 
fértiles y de las tierras pantanosas, ha habido 
también muchos fracasos. En el siglo XIX y 
en el comienzo del XX, la investigación cien- 
tífica Hegó a adquirir gran importancia. La 
necesidad de recuperar grandes extensiones 
de tierra tales como los llamados pólderes 
del Zuiderzee estimuló mucho este tipo de 
investigación. Un personaje destacado eneste 
trabajo de investigación fué ei fallecido pro- 
fesor Zuur (1961) quien estableció las bases 
y describió la pedogénesis de los suelos de 
pólder. 
Los procesos que ocurren durante la génesis 
de áreas aluviales y de turberas tales como 
la sedimentación, la sedentación, el creu- 
miento de los sedimentos y de la turba, el 
drenaje natural y los cambios experimenta- 
dos por el suelo durante el proces0 de drenaje 
artificial y los ocasionados por SU utilización 

LOS SUELOS 
en la agricultura, se oscurecen gradualmente 
unos a otros; además a menudo ocurren si- 
multiineamente. Nosotros distinguimos en 
esfos procesos la gzogénesis y la pedogénesis. 
La geogénesis comprende todos los procesos 
de sedimentación, desarrollo de la turba, 
etc. La pedogénesis, llamada en este estudio 
pedogénesis inicial o 'ripening', comienza 
cuando el aire penetra en el suelo después 
del drenaje o debido al crecimiento de las 
plantas por ejemplo. A veces es difícil sepa- 
rar estrictamente la geogénesis de la pedogk- 
nesis (Fotos 1, 2 y 3). 
La pedogénesis inicial comprende tres pro- 
cesos a saber: el físico, el químico y el bioló- 
gico, los cuales Ocurren mas o menos simul- 
t&neamente. 
El proceso físico comprende la pérdida de 
agua, el asentamiento, los cambios en la con- 
sistencia y permeabilidad del suelo y la desa- 
linización del mismo. 
Ei proceso químico incluye la oxidación de 
toda clase de compuestos que se encontraban 
en el sediment0 originalmente reducidos, por 
ejemplo compuestos de kerm, de azufre, 
materia org&nica, etc. Adem& comprende 
los cambios que ocurren en los cationes dei 
complejo de adsorción durante la formación 
hicia1 del suelo, el comportamiento de los 
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fosfatos y de los compuestos de sodio, la 
decalcificación, etc. 
El moteado ocasionado por el hidróxido 
fémco es una caracteristica importante para 
la determinación del grado de avance del 
proceso de formación inicial del suelo y de 
sus condiciones hidrológicas. La oxidación 
del azufre puede dar origen a ‘catclays’ * 
fuertemente á cidas y a ‘pseudo-catclays’ 
ácidas (Fig. 1). 
El proceso biológico comprende los cambios 
ocasionados por los microorganismos du- 
rante la aereación del suelo, el acarreo y la 
homogeneización del mismo por los macro- 
organismos y la producción de materia orgá- 
nica por las plantas. La homogeneización 
debida a factores biológicos comienza desde 
la geogénesis; per0 adquiere importancia 
especialmente durante la pedogénesis en 
buenas condiciones de drenaje (Fig. 2). 
Tan pronto mmo comienzan los procesos 
miis avanzados de la formación del suelo 
tales como el desarrollo de horizonte B es- 
tructural o textural, la primera etapa de la 
fonnación del suelo termina. 
El proces0 físico de la pedogénesis inicial ha 
sido escogido para caracterizar en conjunto 
la pedogénesis inicial de los suelos jóvenes 
con el fin de clasiíìcarlos, debido a que sus 
efectos pueden determinarse fácilmente ene1 
campo y porque es independiente del conte- 
nido del suelo en sales, arcilla, materia orgá- 
nica, etc. Ademtis este proceso es irreversible 
y SU fin puede fácilmente determinarse. 
La materia orgánica juega un papel extre- 
madamente importante en el proceso inicial 
de la formación del suelo. 
El capitulo 2 trata sobre el equilibrio entre 
la produccíon y la destrucción de la materia 
orgánica en relación con la geogénesis y la 
pedogehesis. Aunque como queda dicho la 
separación estricta entre la geoghesis y la 
pedogénesis es difícil existe sin embargo una 
ZOM liiitrofe; cuando la destrucción de la 
materia orgiinica es retardada por un drenaje 

deficiente, la formación de la turba tiene 
lugar, en esta ulna limitrofe pero dentro 
aún de la geogénesis. En esta zona también 
pero ya dentro de la pedogénesis, la materia 
orgánica de las turbas y de algunos suelos 
arcillosos entra en descomposición. 
Los sedimentos marinos (geogénesis) presen- 
tan relaciones materia orgánica-arcilla típi- 
cas (Figs. 3, 4), el contenido de materia 
orgánica es muy bajo en las zonas tropicales, 
alto en las áreas marinas de las zonas tem- 
pladas y muy alto en zonas litorales de agua 
dulce. 
L a  adición de materia orgánica secundaria 
que proviene de la vegetación y que ocurre 
durante la sedimentación dentro del proceso 
de la geogénesis, dá lugar a toda clase de 
suelos transicionales entre las turbas y los 
suelos minerales. Durante cada una de las 
etapas de la pedogénesis inicial existe un 
estado de equilibrio característico entre el 
contenido de materia orghica y de arcilla; 
la materia orgánica aumenta o disminuye 
hasta que se alcanza este estado de equilibrio 
(Fig. 4). 
El desarrollo del horizonte A, depende tam- 
bién del grado de avance de la pedogénesis 
inicial y del tipo de materia de orgánica 
origen. En condiciones muy húmedas se for- 
ma un horizonte & (A, turboso), en con- 
diciones de bum drenaje se forma un hori- 
zonte Al muy delgado. 
El capitulo 3 trata del proceso físico de la 
pedogénesis inicial con mayor detalle. Este 
proceso comprende todos los cambios rela- 
cionados con la deshidratación de la fracción 
coloidal del suelo. 
Esta tiene lugar debido a : (1) el descenso del 
nivel del agua o (2) la evaporación directa- 
mente. El proceso mas importante es sin em- 
bargo (3) la evapotranspiración por los raices 
de las plantas. 
El crecimiento de las plantas en combinación 
con un drenaje perfecto favorece en alto 
grado el proceso pedogenético. Teniendo en 

* Nmbre asoeiado con el exmemento de 103 gatos y que por a h o  e.e aplica a toda clase de s u c h  pobres. 
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Resumen 

cuenta esta experiencia se ha decidido pian- 
tar carrizaies en los pólderes del Zuiderzee. 
Un estancamiento del desanollo radicular 
retarda obviamente la evolución del suelo. 
Tan pronto como la deshidratación de los 
coloides comienza, las fuerzas de atracción 
entre sus partículas y la consistencia aumen- 
tan, el volumen de la fracción mineral se re- 
duce (Fig. 5 )  y por lo tanto las relaciones de 
volumen entre los diversos componentes del 
suelo cambian (Fig. 6). Cuandoel materiales 
muy rico en materia orgánica, el contenido 
de agua es muy alto. 
El proceso físico de la pedogénesis es en gran 
porte un proceso irreversible. La absorción 
menor de agua durante un periode húmedo y 
el aumento en volumen así ocasionado impi- 
den que el suelo pueda volver posterior 
mente a SU estado original (fig. 7). 
Este proceso puede medirse mediante el con- 
tenido de agua de la fracción coloidal del 
suelo que en el cas0 de los suelos minerales 
corresponde fundamentalmente al contenido 
de arcilla. Los autores introducen un 'factor 
a m '  n, como un valor estándard del pro- 
ces0 fisico & la pedogénesis, este valor es la 
cantidad de agua en gm que es adsorbida 
por 1 gm de la fracción arcillosa. La siguiente 
fórmula expresa la relación con otras carac- 
terísticas del suelo : 

n=(A-0 .2R) / (L+bH)  
en la que 

A = contenido total de agua comparado a 

L = contenido de arcilla (lutum) (<2 mi- 

H = contenido de materia orgánica. 
R = fracción mineral no coloidal del suelo 

b = relación de la capacidad de adsorción 
de agua por la materia orgánica com- 
parada con la capacidad de adsorción 
de la ilita. 

100 gm de suelo seco. 

cras). 

(R = 100-H-L). 

Con la ayuda de series paralelas del mismo 

valor n y variando otros factores, el factor b 
puede ser determinado para una dada situa- 
ción y, del mismo modo conservando b con- 
stante, el valor n puede determinarse como 
se hizo en el cálculo gráfico de la figura 8. Se 
propone definir el factor n en relación con la 
ilita. 
En el cas0 de otras clases de arcillas la si- 
guiente fórmula debe utilizarse: 

Li = contenido de ilita. 
b,, b,, etc. : la relación entre la capacidad de 

adsorción de agua de la ilita y la capaci- 
dad de cada UM de las otras arcillas. 

h, L, = contenido de otras arcillas. 

El factor bh representa la relación entre la 
capacidad de adsorción de agua de la ilita y 
la capacidad de adsorción del material orgá- 
nico . 
Para suelos con alto contenido de materia 
orgánica el valor n no es muy exacto y SU 
detenninación es complicada. Quizhs la in- 
troducción de un valor nh (la cantidad de 
agua en gm adsorbida por 1 gm de materia 
orgánica) fuese necesario. 
Con ciertas restricciones el valor n puede 
medirse en el campo mediante la determina- 
ción de la consistencia siempre y cuando 
exista una buena correlación entre la consis- 
tencia y las lecturas de un penetrómetro 
(Fig. 9). 
En el capítulo H se discute la conexión entre 
el proceso físico de la pedogénesis inicial y 
la génesis del paisaje (inundaciones, sedimen- 
tación, drenaje, vegetación, etc.) (Fig. 10). La 
evolución causada por drenaje artificial, por 
ejemplo en la recupem ción de un pólder, es 
siempre verticalmente heterogénea mientras 
que los perfiles, que tienen buen drenaje na- 
tural son verticalmente homogéneos hasta 
cierta profundidad. La evoluci6n ocasionada 
por la acción del hombre a menudo es m m -  
paííada por contracciones y agrietomientos 
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en el subsuelo los cuales son muy favorables 
para el drenaje interno (Foto 9). 
Los suelos evolucionados que presentan una 
heterogeneidad vertical no só10 se forman 
bajo condiciones de drenaje artificial sino 
también como resultado de una disminución 
o detención del proceso de la sedimentación 
en condiciones naturales por ejemplo en pan- 
tanos, capas de arcilla sobre turba, etc. 
La evolución provocada por drenaje artificial 
es un proceso que termina mediante el eual 
si el drenaje es bueno, un suelo no evolucio- 
nado puede transformarse en uno completa- 
mente evolucionado en un period0 de 50 a 
100 años (Fig. 11). 
Bajo la influencia del peso de capas de sedi- 
mento depositadas posteriormente, un sedi- 
mento puede ser comprimido y evolucionar 
conjuntamente. 
Las capas delgadas de turba que original- 
mente se encontraban horizontales dividien- 
do un sedimento marino antiguo (subsuelo) 
de uno joven (capas superfìciales), presentan 
a veces onddaciones como resultado de una 
pedogénesis parcial del sedimento antiguo. 
La Figura 12 muestra un ejemplo de una capa 
de turba originalmente horizontal compri- 

mida irregularmente bajo el peso de nuevas 
capas de turba. 
Los elementos del paisaje de las áreas sali- 
nas, salobres o de sedimentación de sales, 
presentan la misma etapa de evolución tanto 
en climas templados como tropicales. 
La sección 4.5 trata de algumos ejemplos 
como los mencionados mas abajo. 
Debido a diferentes posibilidades de drenaje 
de las cuen cas, éstas y los pantanos etc. 
varian mucho en lo que respecta al avance de 
SU evolución pedogenética (Foto 6). 
En el capitulo 4.1, Se trata mk detallada- 
mente del proceso pedogenético inicial, del 
descenso de nivel, de la sedimentación y del 
papel que juega la materia orgánica. La Figu- 
ra 10 presenta esquemáticamente la génesis 
de varios elementos del paisaje comenzando 
con las zonas litorales de agua dulce para 
terminar con la formación de pólderes con 
suelos bien evolucionados (Fotos 2,6, 7, 10, 
14, 16). 
En el capitulo 5 algunos problemas de la 
pedogénesis son tratados conforme se pre- 
sentan en la práctica al construir los pólderes 
como por ejemplo, el descenso de nivel o 
asentamiento; los técnicos necesitan cono- 

Claw de sedimentos o suelo Valor n Fotos 

Lodo no depositado 3-5 - 

Lodo recientemente depositado 2-3 2, 10, 1 1  

Pantanos cuyo punto mas alto se encuentra compren- 
dido entre los niveles regularmente alcanzados por 
la alta y baja mareas, designadas respectivamente 
MHW y MLW 

1.5-2.2 6,7, 8, 10, 12, 13, 14 

Pantanos cuyo punto mas alto se encuentra en un 
nivel ligeramente superior al a h d o  por MLW 

Pantanos mucho mas altos que el nivel alcanzado re- 
gularmente por MLW 

Pantanos con muy buenas condiciones de drenaje que 
se inundan s610 por cortos perbdos en el año 

1 .&I .4 12, 13, 14, 15, 16, 17 

0.7-1.0 16,17 

e0.7 
(totalmente 
evolucionados) 

-L. 
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cer por adelantado el grado de asentamiento 
cuando se trata de construir pólderes o dise- 
ñar sistemas de drenaje. Los suelos arcillosos 
ricos en materia orgzinica y las turbas presen- 
tan a menudo un marcado descenso de nivel, 
en algunos casos hasta de 2.5 metros, duran- 
te el proceso de la pedogénesis inicial. La 
superfïcie de los suelos turbosos del Oeste de 
Holanda ha descendido cerca de 2 metros 
desde el aiio lo00 DC. El abatimiento del 
nivel superficial es desigual en los sedimentos 
horizontalmente heterogéneos o en las turbas 
que tienen subsuelos ondulados, lo cualse 
traduce en un nivel del suelo irregular varian- 
do en distancias tan cortas como de 1 a 2 
metros. 
Con la ayuda de los datos obtenidos del pro- 
ces0 evolutivo del suelo, es fhcil calcular por 
adelantado el abatimiento superficial como 
lo muestra la Figura 12 (Foto 20). 
La evolución de carhcter físico favorece la 
permeabilidad, especialmente cuando se 
inicia en los sedimentos menos evolucionados 
o cuando tiene lugar en suelos rims en coloi- 
des (Foto 9). 

La aptitud de las turbas y de los sedimentos 
blandos para la producción de cosechas es 
determinada en gran parte por SU grado de 
evolución. En los suelos no evolucionados 
só10 pueden crecer algunas plantas especia- 
les. Algunas especies leñosas pueden crecer 
en suelos parcialmente evolucionados, espe- 
cialmente en los trópicos. 
Los zacates y algunas leguminosas pueden 
prosperar en suelos mas o menos evolucio- 
nados aún cuando estos tengan un subsuelo 
no evolucionado. Los árboles frutales y la 
mayor parte de las plantas anuales de cultivo 
necesitan un suelo evolucionado hasta una 
profundidad suficiente para poder desarrol- 
lar un amplio sistema radicular y producir 
así rendimientos máximos. En muchos casos, 
el dafio causado por un drenaje deficiente es 
debido a la prescencia de un subsuelo no 
evolucionado. 
El capítulo 6 trata de la forma en que se 
puede utilizar el proceso evolutivo para la 
clasificación de suelos. Las propiedades del 
suelo cambian considerablemente durante el 
proceso puramente físico de la evolución y 

CUADRO 1 .  Clasificación del material del suelo de acuerdo con el proceso físico de ia pedogbnesis 
inicial 

Valor n Designacibn Descripcibn de la consistcncia 
(válido para un contenido promedio de arcilk). 

Sufijo para cl 
símbolo del 
horizonte 

~ 0 . 7  evolucionado r firme, no se adhiere a las manos o só10 ligera- 
mente y no puede ser pasado entre los 
dedos oprimihdolo 

0.7-1.0 casi evolucionado wa bastante firme, tiende a adherirse a las manos 
y no puede pasarse ftkilmente con presibn 
entre los dedos 

1 .&I .4 semkevolucionado WP bastante blando, se adhiere a las manos y 
puede fkilmente ser pasado con presibn 
entre los dedos 

1.4-2.0 prticticamente no \“i suave, se adhiere fuertmente a las manos y 
puede fíicilmente ser pasado con presión 
entre los dedos 

evolucionado 

> 2.0 no evolucionado WS lodo liquido, no amasable 

119 



las clases de este proceso pueden utilizarse 
como características distintivas para la clasi- 
ficación de los suelos. 
EI capitulo 6.2 trata de la clasificación de 
los suelos en proceso de evolución. En el 
cuadro 1 se mencionan 5 clases de evolución 
en diferentes tipos de suelo es decir, para 
suelos de climas templadas o tropicales, para 
suelos arcillosos o arcillo-arenosos, y para 
suelos con contenidos de materia orgánica 
altos o bajos. L a  determinación de las clases 
de evolución se basa en el valor n y puede 
efectuarse en el campo, haciendo pasar con 
presión el suelo entre los dedos 
Los horizontes de suelos aluviales muy jóve- 
nes y de las turbas pueden ser descritos tam- 
bién en relación con el proceso fisico de SU 
pedogénesis. Los horizontes G totalmente 
reducidos no estiin físicamente evoluciona- 
dos y se encuentran coloreados de azul o gris. 
Si la oxidación aumenta (proceso químico de 

la pedog6nesis) estos horizontes son normal- 
mente designados, ‘G’, ‘CG’, ‘Cg’ o ‘A:. El 
proceso físico de la pedogénesis puede ser 
designado en estos horizontes con el subín- 
dice ‘w’ (no evolucionado) o ‘r’ (evoluciona- 
do). Las diferentes etapas de la evolución 
pueden designarse con los sufijos wa, wp, 
wy, y w6 (Fig. 13). 
En el cuadro 2, se muestran las clases de 
evolución de carhcter fisico de perfiles aluvia- 
les y de turbas, tomando en cuenta el avance 
de la evolución hasta una profundidad de 
e rca  de 1.5 pies (50 cm) y de cerca de 2.5 pies 
(80 cm). 
Los suelos con un contenido de coloides in- 
ferior al rnínimo o sea 8 % de ilita Ó 3 % de 
materia orgánica son wnsiderados evolucio- 
nados físicamente (Foto 5) .  Este es el cas0 de 
los suelos arenosos. 
L a  clase de suelos fisiamente no evolucio- 
nados (en el sistema americano de clasifica- 

CUADRO 2. Clasificación de perfiles de suelos minerales y orghicos de acuerdo con el proceso 
físico de SU pedogénesis initial'). 

Claces Subclases y 
grados transicionales 

Profundidad 
0-20 cm 

Profundidad 
20-50 cm 

Profundidad 
50-80 cm 

valor n valor n valor n 
físicamente no evolucionado >0.7 >J.4 - 
no evoluciondo semi evolucionado >0.7 10.7-<1.4 - 

suelos minerales con subsuelo no <0.7 >0.7 y 6  >1.0 
físicamente evolucionado 
evolucionados con subsuelo t0.7 <0.7 <1.0 

evolucionado 

suetos orgbicos con subsuelo 
físicamente no evolucionado t0.7 < 0.7 > 1.0 
evolucionado9) con subsuelo 

evolucionado <0.7 <0.7 <1.0 

I) Este esquema se ap lm a palles regulares con valores n homosheos o que aumentan regularmente en profundidad. En 
el cas0 de los valores n marcados m el cuadro wn el rimbolo >, no es necnario que todo el horizonte tenga el mismo 
valor n. Vabres de n bajos, por ejunplo 0.7 pueden presentarSc en el horizonte de 0-20 un de un suelo no evolucionado 
cuando la parte inferior de este horizonte tiene un valor n por lo menos > 0.7. En el CIUO de los valores n marcados en el 
cuadro con el simbo10 < (por ejanpb <0.7 6 < l.O), un valor n superbr no debe praentame dentro de los limites de la 
referida profundidad. Las capar superfidala que timen &lo mos cuantos cm de aperor que ~e mcuentran en pedes 
ricos en materiales coloidales hasta de varion dm, no estan incluidas. La determinacih de los v a l m  n debe hamm m 
muestras de mas ome“ 10 cm de espcmr. Es &Io en el caso de capas delgadas de a r c h  no evolucionada, que npman 
mbre arma (“silt hts”) que Iaa cundicionn de m h ~ ~ i o n  de algunas capas, sumamente delgadas le imprimen al pvfif un 
c a k t e r  inmaduro. Los nive les inferiores de la clasì6cpci6n deben suhdividirse de acuer do con los valores n de la parte 
superior del suelo y del subsuelo. 

1) Nuestra proposición es aún tcntativa para lm suelos orghicos. 
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ción de suelos considerada en el nivel de 
grupo, en el sistema holandés considerada en 
el nivel de suborden) es dividida en subclases 
de suelos no evolucionados (En la clasifica- 
ción americana en el nivel de clase, en la 
clasificación holandesa en el nivel de sub- 
grupo) y en suelos semi-evolucionados. 

La clase de suelos no evolucionados incluye 
pantanos y bosques de regiones litorales de 
agua dulce, áreas de turba, etc. La subclase 
de suelos semi-evolucionados (Apéndice B) 
incluye los suelos no evolucionados que pre- 
sentan cierta evolución de caracter físico du- 
rante el proces0 de deposición de materiales 
en suspensión por ejemplo pantanos salinos 
evelados, bosques medianamente elevados 
que de regiones litorales de agua dulce, tur- 
beras insuficientemente drenadas y turberas 
con una capa superficial de arcilla. 

Los pantanos bajos de carrizales y las plani- 
cies de limo fino dépositado por las mareas, se 

incluyen en la subclase de suelos totalmente 
no evolucionados (Apéndice A). Son impa- 
sables por el hombre. 
La clase de suelos físicamente evolucionados 
es subdividida en una subclase de suelos físi- 
camente evolucionados a grandes profundi- 
dades y una subclase en que só10 la capa 
superficial esta físicamente evolucionada. La 
Última clase (Apéndice C) incluye todos los 
suelos jóvenes recuperadoso los suelos viejos 
con drenaje deficiente. En los Países Bajos, 
de hecho todos los suelos orgánicos en pro- 
ces0 de recuperación pueden considerarse en 
esta categoria. La subclase de suelos física- 
mente evolucionados a grandes profundida- 
des (Apéndice D), incluye los suelos con un 
subsuelo físicamente evolucionado. Esta sub- 
clase incluye todos los suelos aluviales en 
antiguas áreas de recupe ración, en donde el 
suelo ha sido adecuadamente drenado por 
un largo period0 de tiempo, así como tam- 
bién la mayor parte de los suelos aluviales 
de origen fluvial. 
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