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SOILSURVEY STAFF toe te passen. Toetsing, aanvulling en wijziging van dit
systeem zijn belangrijker dan het ontwikkelen van nieuwe systemen.
SoilClassification. A comprehensive system. 7th Approximation
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bemonsteringspatroon, dat bepaald wordt door in het oog springende
eigenschappen van het bodemprofiel. De andere groep monsters dient
genomen te worden volgens een systematisch, van het bodemprofiel onafhankelijk, bemonsteringsnet.
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1 General introduction andsummary

In the Netherlands, especially after the second World War, a growing need is felt
for information about soilconditions inrelationtothesuitability for agriculture.The
purpose of most soil surveys performed, was to collect such data. Although these
investigations provided much information, they left certain questions unanswered
and gaveriseto new ones.Thesequestions, however, can only beanswered byusing
more detailed methods than hashitherto beenthecase.
New problems result from the increasing rationalization in different branches of
agriculture intheNetherlands.Thelatterproblemsoften resultfrom anintensiyation
oftheland use.Theyarerelatedtosoilsuitabilityandsoilimprovementinparticular.
The aim of this study was to investigate some of the above-mentioned problems in
more detail by means of description of soil profile pits and determinations on undisturbed samples.Theinvestigationswererestrictedtoastudyofsomeconsequences
ofthe mode of formation and the applied cultural practices for the agricultural suitability of some soils in the Netherlands. In general only those morphological and
physicalproperties willbe described ineachsoilwhichareconsidered to govern root
development.
With regard to the method of investigation it should be noted that soils will be
compared in groups of two or three. These soils originally had the same properties,
but they changed by being used for different cultural practices.
Inchapter2itwillbeexplainedthatplantscanonlydevelopadeepandwide-branched
root system, if the soil contains a permanent heterogeneous pore system. A pore
system will be called permanent heterogeneous if it includes both small and large
pores throughout theyear.
,. .
,
The greater part of chapter 2 isfilledwith a description of the conditions under
whichthepermanent heterogeneous poresystemisformed and with a description of
methodsto characterize sucha pore system.
Thepermanent heterogeneous pore-sizedistribution resultsfrom biologicalactivity
(formation of biopores), especially from the combined activity of soil animals and
plant roots.This iswhy themain soilproperties governing animal activity and some
of the soil properties governing root development will be discussed. It was found
that under Dutch climatic conditions soil animals and plant roots require similar
living conditions. It will be stressed, however, that under certain conditions soi
animals are able to make subsoils accessible to plant roots by removing mechanical

plant root barriers. Soil animals, in turn, depend with regard to their nutrition on
plants.
Whendeterminingtherootpotentialities ofa soilitisimportant toknowtowhich
extent and to which depth a pore system is permanent heterogeneous.
Sometimes it is possible to measure directly the heterogenity of a pore-size distribution (e.g. sandy soils; cf. VAN DER PLAS and SLAGER, 1964; SLAGER, 1964;
BOUMAand HOLE, 1965). Themeasurement isperformed bymeans ofastereo-microscopeonsoilpeels.Often thedirectmeasurementonsoilpeels,however,isimpossible
(e.g. heavier textured soils) and a cumbersome technique, using polished and thin
sections,should beused.
If a direct measurement of the heterogenity of the pore system is impossible the
consequencescanbeused oftheobservationthat biological activitynot onlygoverns
theheterogenityofthe pore-sizedistribution, but alsothetype of soil structure. This
iswhymuchattention willbepaidto themorphological description ofsoil structure.
In this study the morphological soil structure classification, designed by JONGERIUS
(1957) will be used. Special attention is paid to the differentiation between biogenic
structures on the one hand and physicogenic and geogenic structures on the other.
The former group has a relatively heterogeneous pore-size distribution, the latter
a morehomogeneous one.
In a number of cases, the relationship between the heterogenity of the pore-size
distribution and the presence of biogenic structures, can not be used. Then other
consequences of biological activity for the soil properties were studied, e.g. homogenization, perforation and disturbance. Considerable attention will be paid to
redefining and measuring biological homogenization (HOEKSEMA, 1953). The claytrendwillbeusedtodefinethedegreeanddepthofhomogenization.Itwillbeshown,
however, that measurement of biological homogenization is of lessimportance with
regard to short term changes in biological activity in the soil.In the lattercaseperforation, anddisturbanceofstratified sedimentation structures areimportant factors.
Thetermdegreeofperforation willbereplacedby"bioporetrend".Themeasurement
ofperforation and disturbance willbediscussed. Both processes open up the subsoil
for plant roots.
At the end of chapter 2 the soil structural trend will be discussed. This term, introduced to replacetheterm soilstructural profile (VAN DER KLOES, 1961)isused to
designate the vertical succession of structural types in the soil. The soil structural
trend isofgreatvaluewhenanover-allpictureisrequired withrelationtotheheterogenitiesofpore-sizedistributions ofanentiresoil.Inanalyzingtheroot potentialities
ofasoil,thesoilstructuraltrendisparticularlyimportant.Twotypesofsoilstructural
trends will be described, which often occur in alluvial soils in the Netherlands. The
vertical succession of biogenic and geogenic structural types in river levee soils will
be contrasted with the vertical succession of physicogenic structures in river basin
soils.Thegeogenesisofthesoilsinwhichtheabove-mentioned structures occur,will
be discussed, together with the drainability and the root potentialities. Finally the
possibilities of soil structure survey by means of soil structural trends are stressed.

It forms the synthesis between the study of soil structure and the physiographic soil
survey.
Inchapters3,4and5theconsequenceswillbediscussedofsomeagriculturalpractices
for certain properties of alluvial soils in the Netherlands.
In chapter 3 the influence is described of three cultural practices on two, fairly
contrasting, tidal deposit soils.Theculturalpractices can besummarized as follows:
(i) horticulture under glass with heavy dressings of organic manure, sprinkling,
artificial drainageand soildesinfection, (ii)arablelandwithlight dressingsof organic
manure and a crop rotation including manytimes cerealsandbeets,(iii)pasture.The
investigated soils are: (i) a well-drained, calcareous silt loam, becoming lighter
textured withincreasing depth,(ii)an imperfectly drained, noncalcareous clay.
Theinvestigationsshowedthattheabove-mentioneddifferences insoilmanagement
only result in differences in properties of the surface soils.
Theuse of the soilas arableland givesriseto theformation of compacted surface
soils,consistingofphysicogenicstructuralelements.Theformation ofthiscompaction
can be attributed to the presence of (mechanical) soil structure degenerating forces,
which are not compensated by (biological) soil structure regenerating forces. As
examples of (mechanical) soil structure degenerating forces are mentioned: tillage
of too moist soils and driving on too moist soils. The absence of (biological) soil
structure regeneratingforcesiscausedbythelightdressingswithorganicmanureand
byinjury of soil animals during soil tillage.
Theuseofthesoilfor cultivatingcucumbersresultsintheformationofveryporous
surface soils, consisting of highly biogenic structures. In this case mechanical soil
structure degenerating forces arealmost absent and many soil animals areactive.
The properties of the pasture soil will beshown to beintermediate between those
under the two other cultural practices.This can be explained by a combination of a
slighter soil structure degeneration than occurs in the arable land and a slighter
biologicalactivitythanispresentintheglasshousesoil.
Sinceinallprobabilityallsoilswhichwillbediscussedinthischapterwereoriginally
underpasture,it can beconcluded from theobservationsthat thearablesoildeteriorated, while the glasshouse soil improved.
Finallyitwillbeshownthat boththeoriginandsizeoftheabove-mentioned differencesarethesameinthewell-drained andimperfectly drainedsoils.
In chapter 4 some observations will be presented about the consequences of theapplication of grassmulching ontheproperties of someriverloam and river claysoils.
A well-drained, light textured soil under grass mulch iscompared withthe samesoil
undercleancultivation.Itwillbeshownthattheapplication ofgrassmulchingresults
inahigherporespaceandinalargernumberofbioporesinthesurfacesoil.Thecause
of this difference seems to be the supply of albuminous food which stimulates the
activity of the smaller earthworms livingin the surface soil. Only a small number of
biopores is observed in an imperfectly drained, heavily textured soil under grass

mulching, wherethe grass isnot often mown. This can be explained by the shallow
groundwater levelandbythebad nutrition oftheearthworms.In a somewhat better
drained, lighter textured soil under grass mulching a somewhat larger number of
bioporesis observed.
The above-mentioned observations lead to the conclusion that grass mulching
will result in soil improvement only in cases where previous to the application of
grass mulching the bad nutrition of the earthworms formed the main barrier to the
development of a high biological activity. This implies that grass mulching on insufficiently drained soils does not result in soil improvement and that well-drained,
but compacted, arable soils might be improved by grass mulching.
Inchapter 5theinfluence willbediscussedwhichsomecultural practicesexert onthe
improvement ofsomeriverclaysoilswhichwererecentlybetterdrained.Thecultural
practices are pasture, arable land and grass orchard. It will be shown that improvement of soil drainage alone does not lead to soil improvement. For instance the
number of biopores in arable land is found to be very small after improvement of
soil drainage. The numbers of biopores under pasture and under grass orchard are
considerably higher. Although the soil improvement is only possible after improvement of soildrainage,it isdueto the activity of soil animals.The observations lead
to the conclusion that in order to improve insufficiently drainedsoils,after improvement of soil drainage, special attention should be paid to a good supply of food to
thesoilanimals.
Fromtheobservations mentioned inchapters 3,4and 5someimportant conclusions
canbedrawninrelationto soilsuitabilityand soilimprovement.The morphological
and physical methods used in the above-mentioned chapters arerather detailed and
time-consuming.Thereforeitwasthoughtworthwhiletotrytosimplify thesemethods
inorderto beabletousethemfor practicalpurposes suchassoilsurvey.Theresults
ofthissimplification andtheapplicationonsoilsurveyworkarepresentedinchapter6.
Firstasurveyisgivenoftheusedmorphologicalandphysicalmethodsandaseparationismadebetweenthosewhicharedirectlyapplicableinthefieldandthosewhich
arenot.Totheformer groupbelongmacro-soil-structure anditstrendinthesoil,the
abundanceofthebioporesandthedepthofdisturbanceofthestratified sedimentation
structures.Tentativeschemesarepresentedfortheclassification ofbioporesaccording
to size and abundance. Finally recommendations are presented for the observation
and quantification ofbiopores inthe field.
The results are presented of two detailed soil surveys in which the concept of
biopores isapplied. One ofthe surveysconcerns 50hectares ofriver loam and river
clay soils situated in the centre of the Netherlands (Betuwe area). The other deals
with 100hectares sand andloam soilsintheNortheast oftheNetherlands (Province
of Drente). In both surveys observations havebeen collected by means of soil auger
and spade.Somedeepprofile pits were selected in each of the investigated areas for
detailed morphological descriptions and for sampling for physical investigations.
8

Manyshallowpitswereduguptoadepthof50centimetresforadditionalmorphological investigations. In thelatter pitsthe deeperparts ofthesoilwerestudied by means
of a soil auger.
Thanks to the introduction of the concept of biopores in these soil surveys suggestions can be given for the suitability of the investigated soils for deep rooting
crops. In each of the two investigated areas one type of soil is well-suited for the
cultivation of deep rooting crops.Among theriverloam and river clay soilsit is the
river bank on river levee soil. This soil permits roots to penetrate to a depth of at
least 1.50 m. after lowering the groundwater level, thanks to biopores occurring to
that depth. Amongthesandysoilsthe slightlyloamy sandy old arableland soilwith
an Ap-horizon of more than 60cm. thick iswell suited for cultivating deep rooting
crops.This soilenablesroots topenetrate deeply,provided thesoilissprinkled.
The suitability studies mentioned in chapter 6are mainlybased on the abundance
of biopores. Thanks to the application of theconcept of biopores more information
canbecollectedconcerningsoilsuitability.Itisthereforesuggestedthat the measurement of abundance of biopores should beused in soil survey work in future.
A proposal for the definition of soil phases based on the abundance of biopores
(perforation), the occurrence of biogenic structures (biostructuration) and the
disturbance of stratified sedimentation structures is presented.
Finally an attempt ismadeto estimate the storagefactor /u in sandy soilsfrom the
abundance of very fine biopores.
Some remarks on the soil classification of the investigated soils are presented in
chapter 7.It willbe shown that most of the cultivated alluvial soils which were investigatedfitintothe7thApproximation oftheschemeforsoilclassification developed
in the United States (U.S.D.A., 1960, 1964). Most oftheobserveddifferences insoil
propertiesresult in differences in nomenclature. Differences in important properties
which do not yet result in differences in nomenclature willdosoat alowerlevelof
classification.
It is stressed that a great advantage of the 7th Approximation is the fact that an
unambiguous classification is possible if all required data are available. It will be
stressed also, however, that many of the required data can only be obtained by
laboratory analyses.Asuggestion ismadetherefore to tryto usethedepth of disturbance of the stratified sedimentation structures and the abundance of biopores as
factors for differentiation at lower levels of classification. The advantage of the use
of these morphological characteristics is that they can readily be observed and
quantified inthefieldandthat theyconsequently allowanunambiguous classification
in thefield.

Soil structure, biological activity and some soil physical
factors;theirinterrelationandinfluenceonrootdevelopment

2.1 Introduction
Inthefollowing chapterstheinfluence willbediscussedwhichsomeculturalpractices
exertonanumberofsoilproperties,inparticular onsoilstructure.Themotivefor the
investigations was a number of opinions about the consequences of some cultural
practices;theseopinionshavebeengenerallyaccepted,buthavenotbeeninvestigated
in detail.
One of these opinions for instance stated that grass mulching often results in soil
improvement.It maynowbeasked:"Whatisincluded insuchasoilimprovement?"
and "Why does grassmulchingresult in soil improvement in some cases and not in
others?"
The method used in the investigations includes the comparison of the properties
oftwo ormoresoils,whichoriginallyhad thesameproperties,buthavebeen subject
to different cultural practices.In the case of the grass mulching, for instance, a soil
undergrassmulch(researchtreatment)wascomparedwiththesamesoilunderclean
cultivation (blank treatment).
Since the criteria for selection, used for most soils,weresimilar, they will be discussedfirst. Thisdiscussion willbefollowed byoneabout theproperties whichwere
described in each soil.

2.1.1 Thecriteria for theselection oftheinvestigated soils
Inselectingsoilswehadalwaystoanswerthefollowingquestion:"Weretheproperties
oftheresearchtreatment originallysimilartothoseoftheblank?"Theanswertothis
questionisofgreatimportance,sinceitispossiblethatthepropertiesofasoilundera
specific cultural practice aresaidto bedueto that practice,but that these properties
were already present before application of that practice. The following rule was
adoptedduringtheselectionofthesoils,viz.,indeterminingtheinfluence ofacertain
cultural practice on the soil properties by comparing two or more soils, these soils
shouldbesoselectedthattheydiffer inoneproperty only,viz.,theapplication ofthe
specific cultural practice.
Inpractice,however,itwasusuallyimpossibletoentirelyfulfil thiscondition.Soils
arenaturalobjectswhichareneverentirelythesame.Usually,however,itwaspossible
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to find soils of which it could be presumed that originally they closely resembled
each other.
During the investigations it became clear that in many cases the changes in soil
properties, dueto theapplication of a specific cultural practice, werecorrelated with
changes in the activity of soil animals. Soils weretherefore assumed to be identical
if the living conditions in these soils for soil animals were identical. These living
conditions(asfarassoilphysicalpropertiesareinvolved)wereassumedtobeidentical
when the soildrainage and the soiltextural trend weresimilar in both soils.
Thesoiltexturaltrendisassumedtobetheverticalsuccessionoflayerswithvarying
particle-sizedistribution.Thetexturaltrendcanbedeterminedbymeansofsystematic
sampling of the soil profile, followed by a number of particle-size analyses. Soil
drainageisassumedtobethetotality ofgroundwaterlevelsduringtheyear. Detailed
data aboutthemovement ofthegroundwater levelduringtheyearwerenot generally
available,but estimates wereavailable.Estimateswerealsoavailableabout thelongtermchanges(generallylowering ofthegroundwater level)ofthesoildrainage.Since
itwaspossibletoconcludefrom theabove-mentionedinformation whetherchangesin
soil drainage were similar for two soils, a detailed comparison of the soil drainage
could be drawn by means of such morphological characteristics as mottling, concretions and possible reduction colors. Bymeans of themethodpresentedintheSOIL
SURVEY MANUAL (1962), the descriptions of these items may be made in a fairly
reproduceable manner.
Iftwosoilshad similarsoildrainage,butaslightlydifferent soiltexturaltrend,they
were still supposed to be equal if they had a similar soil structural trend, i.e. if the
verticalsuccession ofstructural typeswasthesame(cf. 2.6).

2.1.2 The properties described in each soil
Originally soils were only described in the field. These descriptions comprised the
schemeofsoilprofile description ofthe SOIL SURVEY MANUAL(1962)andthescheme
of description of macrostructure according to JONGERIUS (1957). Later the determination of the degree of perforation (by earthworms) was included (cf. HOEKSEMA
and OP 'T HOF, 1960). Later still, laboratory determinations were introduced, viz.,
particle-size analyses,calcium carbonate and organic matter content determinations,
pH,porespace,pFandwaterpermeabilitydeterminations.Finallymicromorphological methods were used in combination with the above-mentioned methods, viz., investigations on soilpeels by means of a stereoscopic microscope (cf. VAN DER PLAS
and SLAGER, 1964; SLAGER, 1964) and investigations of polished and thin sections.
Notalldatawerecollectedforeachsoil.Inthecaseofsoilswhichwereinvestigated
at an earlystage,onlyafewdeterminations wereused.Theconclusions derived from
thesedatawerelessdetailedthanfrom thosecollected later.
In interpreting the collected data, the following basic principle was used, viz., the
applied specific cultural practice changed thephysical properties of the soil, whether
11

or not via changes in biological activity. These changes are reflected by changes in
soilstructure.Thewholeprocessmayhavechangedtheroot potentialities ofthesoil
under discussion. Since this train of thought will appear in one way or another in
each of the following chapters, some important aspects of the interrelation of some
soil physicalfactors, the activity of soil animals and soil structure will be discussed
inthefollowing sections.

2.2 The influence of some soil physical factors on root
development
2.2.1 Thepermanent heterogeneous pore-size distribution
Many factors mayinhibit plant development. Among thepedological factors are the
soilphysicalones.Thedevelopmentofaplantmaybeinhibitedbysoilphysicalfactors
viainhibition ofroot development inthefollowing ways,viz.,(i)lack ofplant available moisture, (ii)lack of oxygen or excess of carbon dioxide, (iii) presence of mechanicalroot barriers.Thesethreeconditionswillbediscussed belowinmoredetail.
(i)The amount ofplant available moisture at a certain depth in the soil depends on
supply, transport and storage of moisture.The supply is a function of climatic conditions,althoughitmaybeinfluenced byartificialsupply.Moistureisusuallysupplied
naturally by means of precipitation or capillary rise from the groundwater level.
The latter possibility will not be discussed.
Channels areneeded inthesoilto transport themoisture whichpassed the air-soil
boundary. These channels arefissuresand holes. The holes are an important factor
under Dutch climatic conditions, since swelling of the soil often closes thefissures
during the period when they are most needed.
Accordingto JONGERIUS(1957)onlytheprecipitation which arrives in large quantities will be transported through channels wider than 100 micron (macro-pores).
Under other conditions it will be transported through meso-pores, i.e. pores with a
diameter between 30and 100micron. In the latter case moisture is transported relatively slowly and in such a way that the smaller pores,intended for thestorageof
thesoilmoisture,willgraduallybefilled.Accordingto JONGERIUS(1957)the moisture
isstored in poreswith diameters smallerthan 30micron (micro-pores).
(ii)Lack of oxygen or excess of carbon dioxide may becaused by lack of transport
facilities. JONGERIUS(1957)stated that themacroporesinparticular areimportant for
the quick transport of the gases in the soil.
(iii) Recently some data became available on the relation between pore size and the
mechanical resistance for roots. According to WIERSUM (1957) plant roots which
penetrateintothedeeper parts of the soil (primary and secondary roots) need pores
withdiametersexceeding200micron iftheporeshave rigid walls.Apart from these
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macro-porestheroot systemalsoneedssmallerporestoreachthewater and nutrient
supplies stored in the soil.
Itmaybeconcludedfromtheabove-mentioned datathattherootdevelopmentmay
beinhibited if not both small andlargepores arepresent inthe soilto a great depth.
Moreover this condition of heterogenity of the pore-size distribution should be
fulfilled during a great part of the year. HOEKSEMA (1953) summarized the abovementioned conditions as a permanent heterogeneous pore system.
Soils which have a permanent heterogeneous pore system to great depth under
Dutch conditions are known as good soils, i.e. as soils which produce for long
periods high yields of good quality. The condition, however, of a deep permanent
heterogeneous pore-size distribution is only fulfilled in a small number of soils.
Excluded, for instance,are soilscontaininglittlemorethanfissures.Thepore system
may beheterogeneous in such a case,but it isnot permanent. Soils or parts of soils
which only contain pores resulting from the spatial arrangement of the primary
particles (primary pores) are also excluded, sincethe resulting pore-size distribution
usually isnot heterogeneous enough.The only pore systems that fulfil the condition
ofbeingbothpermanentandheterogeneousarethosethatcontainapartfrom primary
poresandfissuresalsobiopores.Thelatterporesarethosewhichjudging,forexample,
from their shape,areassumedto originatefrom theactivityofrootsand soilanimals
(SLAGER,1964).

Preliminary investigations, which have not yet been completed showed that the
diameter ofthese biopores may vary from sometens of microns to about one centimetre. In good soils biopores were observed in large numbers to a relatively great
depth. In bad soils few if any biopores werenoticed. Tojudge from their diameter,
itismoreprobablethattheyareusedastransportchannelsformoistureandgasesand
as growingchannelsfor roots rather than for moisture storage.

2.2.2 Physical determinations
The changes in the soil which result from specific cultural practices concern the air
andwaterhousehold ofthesoil.Thechanges,however,insoilphysicalpropertiesare
accompanied by changes in soil morphological properties.
In soilphysics,methodsareusedtocharacterizetheairandwaterhouseholdofthe
soil.Thesemethods,however, require a well-equipedlaboratory, sothat routine soil
survey prefers an extension of the morphological methods that can be used in the
field,or only require a small amount of laboratory equipment. The morphological
determinations under discussion refer to the direct measurement of the heterogenity
ofthepore-sizedistribution ortothedetermination ofmorphologicaldatawhichare
correlated with that heterogenity (cf. sections 2.4 and 2.5).
Soilphysicaltechniquesarealsomentionedinthispublication.Theywerenecessary
for tworeasons,viz.,(i)themorphological characteristics arerelativelynewand they
should be introduced together with physical characteristics for comparison, (ii)in a
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number of cases (e.g.pF determination) no morphological characteristic is present
to replacethephysical one.
Inthecaseofmostsamplesthesoil-water-air-ratio wasdetermined at oneor more
pF-values. In the case of some samples of sandy soils, water permeability determinationswereperformed. Thesedeterminationswereperformed to obtain information
about the amount ofplant available moisture,possible shortages of oxygen and the
rateatwhichexcessofwaterisremovedthroughthesoil.Sometechnical data about
themethodswhichwereused,werecollectedinAppendixI. Onlyafewremarkswill
bemadehereafter abouttheinterpretation ofthedataresultingfrom thesoilphysical
methods employed.
As stated above, plant growth is not only inhibited by lack of plant available
moisture, but also by lack of oxygen or excess of carbon dioxide. According to
BUTIJN (1961) an air percentage of less than 10(by volume) inhibits the growth of
fruit-trees. Preliminary investigations revealed that roots of apple trees do not
penetrate into layers which have less than 10% of gaseous phase at pF 2.0. This
observation is in agreement with the above-mentioned statement by BUTIJN (1961).
Such layers, however, are characterized by structural types which show few if any
traces ofbiological activity. The phenomenon is a good example of the possibilities
ofcorrelating soilphysical and soilmorphological properties.
Pore spacedeterminations weremadefor most ofthesamples ofthe soils studied.
TheywerereportedasPS%.Ingeneralthesedatarefer tothepercentage ofthe total
soil mass which isfilledwith water or air atfieldcapacity.Only in some cases are
they related to a somewhat lower or higher pF-value.At first wetried to correlate
pore space (which is easily determined) with morphological data. If the pore space
wasrelativelyhigh(higherthan 50to 55%)orrelativelylow(lowerthan 35to40%),
suchacorrelationwasfound. Intheformercaseamaximumofbioporeswaspresent,
in the latter case a minimum. If the pore space percentage was intermediate, as it
generallyis,nocorrelation wasfound. Thereasonbecameevidentlater.In the determination of pore space three groups of pores are included, viz., primary pores,
fissures and biopores.The differences in morphological properties, however, mainly
refertothedifferences inthenumberofbioporesoringeneraltothenumberoftraces
ofbiological activity.
Recentlywestartedtodetermineinundisturbed samplesthepart ofthepore space
that is occupied by the biopores (bioporosity). An obvious correlation was found
between the bioporosity and certain morphological properties of soil structure.
It isclear from theforegoing that a permanent heterogeneous pore-size distribution
whichoccurstoagreatdepthinthesoil,favours agoodrootdevelopment. Sofar as
knownto ussuchaporesystemcan onlybecreated byan intensebiological activity
operatingtill a relativelygreat depthin thesoil.
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2.3 Somefactors governingthebiologicalactivityinthesoil
Biological activity isthe term used to designate the activity of the soilflora and the
soilfauna, i.e. the activity of roots,micro organisms and soil animals. Some factors
determining root developmenthavealreadybeendiscussed(cf. section2.2).Theactivity of micro organisms will not be discussed. In this section only those factors will
bediscussed which may restrict the activity of soil animals,in particular the activity
of earthworms.
According to STOCKLI (1958) it is incorrect to speak of "the" earthworm, in discussing the importance of earthworms in relation to soil properties. The statement
reads as follows: "Die Regenwurmfauna eines Bodens ist nach Menge und Artenzusammensetzung eine Funktion der okologischen Verhaltnisse. Der Einfluss der
einzelnen Regenwurmarten auf die Beschaffenheit des Bodens ist sowohl qualitativ
alsquantitativ von sehrverschiedener Art undIntensitat.Esistalsonichtzuverlassig
wie es bis vor kurzem gebrauchlich war kurzerhand von Einfluss des 'Regenwurms'
auf dem Boden zu sprechen".
Several classifications of earthworms are known. A differentiation is made, for
instance, between small species which mainly live in the surface soil, and the larger
specieswhich retire into the subsoil.A differentiation isalsomadebetween edaphon j
consumers (geophages) and the litter consumers (phytophages).
!
The great importance of the litter consumers (phytophages) is due to the phenomenon that they move through the surface soil, mixing organic material with the
mineralparticles andlooseningthesurface soil.Theedaphon consumers(geophages)
spread the nutrient elements through the soil and mix them thoroughly with the
mineral particles. The geophages alsoperforate the soil to a great depth and disturb
stratified sedimentation structures. These data were derived from the following publications: DARWIN (1881), FINCK (1952) and STOCKLI (1958). According to these
authors the activity of earthworms also results in an increase of the water holding
capacity ofthesoilandinanincreaseoftheaggregate stability.
The above data showthat earthworms are of great importance for maintaining or
improving the properties of a soil. Several factors, however, may restrict the earthworm activity.
STSCKLI (1958), for instance, stated that poor nutrition results in a low activity
of the earthworm fauna. The phytophagous earthworms require fresh, albuminous
plant litter and the geophagesneed albuminous edaphon. FINCK (1952)and STOCKLI
(1958)showedthatagoodnutritionofthephytophagesindirectlyfavoursthenutrition
of the geophages.
The activity of earthworms mayalso decreaseifthey consumecertain compounds
used for soil desinfection (cf. BLANCKWAARDT and VAN DER DRIFT, 1961) or compounds sprayed as plant protectants, e.g. copper oxychloride and Bordeaux mixture
(cf. HIRST, LERICHE and BASCOMB, 1961).
Injury ofearthworms, for instance, by means of implements used for soil tillage,
also seemsto inhibit their activity. According to STOCKLI (1958)it is a myththat an
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earthworm canbecutintotwopartsboth ofwhichremainactive.In arablelandsoils
inparticularthismechanicalinjury toearthwormsseemstobeoneofthemaincauses
ofthelow activity ofthese soilanimals.
The activity of earthworms mayalsoberestricted by coldand by drought. Under
these conditions the small earthworms which live in the surface soil may be found
coiledupinholeswhichtheydidnotmakethemselves.Thedeeperburrowingspecies
fleetodeeperpartsof the soil.Thereaction of thelatter speciesisinterestingfrom a
pedologicalpoint ofview,sinceitisonlypossibleina smallnumber of soils.On the
onehand earthworms cannotlivewithout oxygen,and onthe other they seem to be
unable to dig in media which contain much coarse sand. These restrictions imply
that in case of cold or drought earthworms cannot retire more deeply into the soil
than the groundwater level or the top of layers which contain much coarse sand.
It can be concluded from the above that earthworms may develop well in soils,
(i)wheretheyreceiveagoodnutrition,(ii)wheretheydonot receivepoisonous compounds,(iii)wheretheyarenotinjured bysoiltillageimplements,(iv)wheretheycan
retiretodeeperpartsofthesoilincaseofcoldordrought.
Other soil animals may be active. The mole, for instance, which according to
HOEKSEMA(1953) also plays a part in the process of biological homogenization (cf.
section 2.5) mainly lives on earthworms according to this author. Thus the activity
of the moleisindirectlyrestricted bythe samefactors which restrict the earthworm
activity.
In many sandy soils where earthworms are not active, other soil animals are of
importance, e.g. Collemboles, Julides and Glomerides. These animals seem to be
more drought resistent than earthworms. They are less exacting as regards food.
Lack of oxygen,however, restricts their activity, as it doeswith earthworms. Hence
their activityisrestricted bysimilarfactors whichrestrict theactivity of earthworms,
butthelivingrequirements oftheanimalsinsandysoilsareonalowerlevel.
Ingeneralthesoilanimalsrequirenootherconditionsinasoilthanplant roots do.
In soils,underDutch climaticconditions,whereplantsshowa deepand wide spread
root system, manytraces of animal activity maybe observed.
Itshouldalsobestressedthatinmanysoilsplantrootscanonlyentercertaindeeper
layers if soil animals have made these layers accessible. For their nutrition the soil
animalsdependinturn ontheplants.Hencethereisanobviousrelationship between
the soil flora and the fauna.

2.4 The morphological description of soil structure
It may beconcluded from the summary of section 2.2 that it is important to know
thepore-sizedistributiononvariousdepthlevelsinasoiltodeterminetheagricultural
suitabilityofthat soil.
Theoreticallythedetermination ofthesepore-sizedistributionscouldbe performed
by means of thin or polished sections. For practical purposes this method is too
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cumbersome. The permanent heterogeneous pore-size distribution which is of great
importance for root development, only occursin a smallnumber ofstructural types,
whichcan bedescribed in a detailed and reproducible way.Thisiswhywe preferred
the indirect way of soil structure characterization in the field to a time-consuming
determination of the heterogenity of the pore-size distribution.
A disadvantage of the indirect method is that it is not always practicable. This
restriction results from the phenomenon that not all soils have a distinct macrostructure (cf. JONGERIUS, 1957).
According to JONGERIUS (1957) soil structure is one of the most frequently used
termsin soilscience;thisprovestheimportance ofsoilstructure studiesand alsothe
difficulty ofdeterminingexactlywhatismeant bysoilstructureandhowsoilstructure
should be characterized objectively. JONGERIUS (1957) succeeded in preparing a
schemefor the description ofmacro-structure whichisan extension of someexisting
schemes(cf. CLARK, 1961). Thenewschemeismoredetailed and enablestheuser to
describethe macro-structures in thefieldobjectively.
JONGERIUS(1957)defined soilstructureas:"Thespatialarrangement oftheelementaryconstituentsand anyaggregatesthereof,andofthecavitiesoccurringinthesoil."
Wheretheterm soilstructure isused inthispublication itisto beunderstood in this
sense.Inthissectionpart oftheclassification ofsoilstructureaccordingto JONGERIUS
(1957)willbediscussed. Somepractical data arepresented inAppendix I.
JONGERIUS described type and porosity among other soil structure characteristics.
A differentiation was made by this author between structures with structural
elements and structures without. The structural elements which result from soil
forming processes were subdivided at two levels.The first subdivision resulted in a
differentiation between holoedrical (spherical), prismlike and platelike structural
elements as in the scheme of the SOIL SURVEY MANUAL (1962). The further subdivision was based on several criteria which all are morphological. Twotypeswhich
belongtothegroupofthestructureswithoutstructuralelementsaretheholestructure
(includingthe sponge) and thestratified sedimentation structure.
Thedescription ofporosityincludestheestimateoftheamountofporesper surface
unit and the heterogenity of the pore-size distribution. Although the description is
relativelysubjective,afairlygooddifferentiation canbemadebetweenaheterogeneous
pore system and a more homogeneous one.
In this study the scheme of JONGERIUS was used in combination with that of the
SOIL SURVEY MANUAL (1962). Some details of the JoNGERius-schemewere omitted.
Apart from the phenomena to be discussed in section 2.5, only minor changes or
additions were included.
In discussing the mode of formation of soil structural types, JONGERIUS (1957)
distinguished two processes, viz., granulation and fragmentation. Granulation is the
"formation ofmoreorlessrounded, porouselementsasresultofbiological activity".
Fragmentation is "the formation of certain types of structural elements as result of
shrinkage of layers which are compact under wetconditions". Theterm granulation
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cannotbeusedin relationto theformation ofporous structural typeswithout structural elements.In 1961JONGERIUSintroduced theterms active, passive and geogenic
structures. In this concept active structures result from biological activity, passive
ones from such physical processes as swelling and shrinking. Types labelled asgeogenicwerethosewhichstillhadtheoriginalpropertiesresultingfromsuchgeological
processes as sedimentation.
Although weare ofthe same opinion as JONGERIUS about the mode of formation
of the discussed soil structural types,wepropose a modification in the terminology.
Since the active structures result from biological activity they may be labelled as
biogenicstructures(cf. DE HAAN, 1965).Sincethepassivestructures resultfrom physicalprocessestheyarebetterlabelledasphysicogenicstructures(cf. D E HAAN,1965).
The term geogenic structures is retained.
AccordingtoJONGERIUS(1961)and EDELMANetal (1963)amongothersthe following
structural typesbelongto the group ofthebiogenicstructures: granular subangular
blocky, and sponge. These authors regarded angular blocky elements, prisms and
platesasphysicogenicstructures.Thestratified sedimentation structures areassumed
to be geogenic structures. Not all structural types found, fit into this groupclassification. Intergrades may be found. They are important when soil structure changes
as a result of a change in soil management. In general the biogenic structures are
characterized by a heterogeneous pore-size distribution, whereas the pore systems
of the physicogenic and geogenic structures are more homogeneous. If the soil
structureisalteredasconsequenceofchangesinsoilmanagement,changesinheterogenityofthepore-sizedistribution arerevealed earlierthan changesin soil structural
type.For thisreason intergrades insoilstructural typeweregrouped on basis of the
heterogenity ofthe pore-size distribution.
Tosummarizeitcanbestatedthatacorrelationwasobservedbetweenthestructural
types and the heterogenity of the pore system. Biogenic structures were generally
found tobecharacterized byaheterogeneouspore-sizedistribution.These structures
can berecognized. They can be described reproducibly according to the JONGERIUSscheme(1957,1961).
HULSHOFetal (1960)studied soil structure from the viewpoint of the root develop-

ment. Their publication lead to the interesting but not unexpected conclusion that
in general root development isthebest in soilswhich havebeen most influenced by
biological activity.Thestudy of HULSHOFet al (1960)had a preliminary character,
i.e. they only studied the root development of apple trees on alluvial clay and loam
soils. In the case of apple trees the biogenic structures again proved to be the best
from the viewpoint ofroot development. Simultaneously the physicogenic and geogenic structures were shown to be inferior in quality. We consider the study of
HULSHOF et al (1960)tobeveryimportant becauseitsresultsdemonstrate the existence of a positive correlation between the heterogeneous pore-size distribution,
intense biological activity, the presence of biogenic structures and favourable soil
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physical conditions, together resulting in a soil which isattractive from the point of
viewof root development.

2.5 Biologicalactivity andbiological homogenization
2.5.1 Introduction
HOEKSEMA (1953) defined homogenization as follows: "Natural homogenization is
understood asthemixingofsoilconstituentsundertheinfluence offloraand fauna".
EDELMAN et al. (1963) replaced the term 'natural homogenization' by 'biological
homogenization'. The above-mentioned publication of HOEKSEMA (1953) was the
firstof a series of publications on theconsequences ofbiological activity for the soil
properties.As a result of theseinvestigations it waspossibleto provide an objective
description of a number of soil characteristics. These characteristics form a supplementto the scheme of JONGERIUS(1957)for description of soilmacro-structure. This
supplementwasnecessaryfor tworeasons,viz.:

(i)Itproved difficult toapplytheJoNGERius-schemetosandysoils.Sandysoilsusually
havenomacro-structure.Adescription accordingtothe SOILSURVEYMANUAL(1962)
leadsto such terms as veryweak subangular blocky or structureless.The scheme for
thedescription ofthemicro-structures ofsandy soils (JONGERIUS, 1957)isonlyapplicable in a small number of soils. A direct measurement of the biopore trend was
therefore introduced (VAN DER PLASand SLAGER, 1964; SLAGER, 1964).It isintended
as the first step in measurement of the heterogenity of the pore-size distribution.
This was undertaken fairly recently by BOUMA and HOLE (1965) for a small number
ofsoils.
(ii)Inclayand loam soilsshowingan increasingbiological activity,for instance after
improvement of soil drainage,theincreaseoftheheterogenity ofthepore-sizedistribution cannot be satisfactorily characterized by means of the scheme of description
of the macro-structure.
Most publications dealing with the influence of earthworms on soil improvement
and soil genesis which publications followed the publication of HOEKSEMA (1953)
have the disadvantage of using the terms 'biological activity' and 'biological homogenization' to denote the same process.The concept of biological activity, however,
is much wider than that of biological homogenization. Besides mixing of soil constituents, perforation of denselayers and disturbance ofstratified structures are also
assumed to result from biological activity.
Theprocessesofperforation anddisturbancehaveinfact beenrecognized. HOEKSEMAandOP 'T HOF(1960)introduced theso-calleddegreeofperforation. Itwas defined
asthenumber of earthworm holes (whether or not subdivided into a number ofsize
classes) per surface unit on a horizontal cross-section through the soil at a certain
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depth. JONGERIUS and REYMERINK (1963) published a study on the changes of the
degree of perforation with increasing depth.
JONGERIUS(1957)includedinhisclassification systemofthemacro-structure a type
tocharacterizethepartlydisturbed stratified sediments.
The use of the terms 'biological activity' and 'biological homogenization' for the
same process has caused particular difficulties in sandy soils, where usually no true
homogenization is, as has been reported by several authors (e.g. EDELMAN and
OP 'T HOF, 1960).Whentheterm 'homogenization' isused in publicationsonsandy
soils (EDELMAN, 1960, 1963; DE CONINK and LARUELLE, 1964) the authors mean
'disturbance ofthesedimentary structure'. EDELMAN(1960, 1963)first used the depth
ofthe undisturbed subsoil in sandy soilsto indicate the lower boundary of the zone
whereroot development ispossible and animal activity occurs. This characteristic
appeared tobeinapplicable wheresandy soils showed to great depth nosedimentary
stratification. Laterinthesamepublication EDELMAN(1960,1963)proposed measuring
the heterogenity of the pore-size distribution to distinguish the zone influenced and
thezonenotinfluenced bybiological activity. VAN DERPLASand SLAGER (1964) and
SLAGER (1964) began the direct measurement of the heterogenity of the pore-size
distribution. It was found possible to count rapidly the numbers of pores with a
diameterexceeding200micronpersurfaceunitinsoilpeelsofsandysoilsbymeansof
a stereoscopic microscope. BOUMA and HOLE (1965) who used the same method
succeeded in measuring the pore-size distribution in other soils as well. The abovementionedstudiesrevealedthattheporeslargerthan200micronwhichwerecounted,
jresulted from biological activity and they were therefore termed biopores. At the
same time (cf. VAN DER PLAS and SLAGER, 1964)the concept of biopore trend was
introduced. It is the graph representing the number of biopores per surface unit at
each depth level in the soil.
The great interest shown in the consequences of the biological activity is partly
due to its importance for soil improvement. An objective evaluation of the contribution ofthesoilfloraandsoilfauna tothesoilimprovementcanbemade,provided,
thechangesdueto biological activity canbedefined and measured. The concepts of
homogenization,perforation anddisturbancewillbediscussed belowfor that reason.
At the sametime some suggestions will be presented for the measurement of these
characteristics.

2.5.2 Biological homogenization
In defining natural homogenization, HOEKSEMA(1953)noted that it iscaused by soil
particlesfallingintorootoranimalholesandbyactivedisplacementofsoilconstituents
resulting from the activity of earthworms and moles. During the last decade homogenizationwascharacterized bymeansofa number ofvague,more orlesscorrelated
properties such as a thick Al-horizon. The degree of homogenization could never
be determined objectively. EDELMAN et al, (1963) correlated the homogenization
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withtheclaytrendofasoil.Theywereinlcinedtocallthatpartofasoilhomogenized
which showed no changes in clay content with increasing depth. It isnot true,however, that the homogenized part of the soil ishomogeneous. EDELMAN et al. (1963)
presented data which showedthat homogenization(withexception ofthezoneofthe
upper30centimetres)onlyresultsinaconstancy ofanumber ofparticle-size fractions
overthedepth ofthehomogenizedzone.
Although calcium carbonate isreturned to the surface soil by certain soil animals
(cf. HOEKSEMA, 1953) leaching is more intense, resulting in an increase of calcium
carbonate over the homogenized zone with increasing depth, provided the soil is
still not fully decalcified. Organic matter also shows changes with increasing depth
(decrease),notwithstanding homogenization.
Astudyperformed withpermissionoftheseniorauthor,onparticle-sizedistribution
data used for the publication EDELMAN etal.(1963),revealed that the coarser fractions (larger than 50micron) also remain inconstant overthezone of the soil which
theabove-mentioned authors regarded as beinghomogenized. The above-mentioned
considerations gave rise to the following concept of biological homogenization:
'biological homogenization is the mixing of soil constituents by means of soilflora
and soilfauna, ultimately resultingin at least aconstancy oftheclaycontent (within
narrowlimits)overthepartofthesoilcalledhomogenized'.Startingfromthisconcept,
boththedegreeandthedepthofhomogenizationcanbedefined.Thedegreeofhomogenizationisreflected bythedifferences inclaycontentoveracertaindepthinthesoil.
Thesmallerthedifferences, themorecompleteisthehomogenization.Inour opinion
layerswith differences oflessthan3%shouldinmostcasesberegardedascompletely
homogenized. The 3%-limit corresponds to the maximum error, under normal conditions, of the particle-size analysis. With the use of more accurate methods (cf.
SLAGERand KOENIGS, 1964)this 3%-limitpossibly might bereduced to 1 %orless.
Theconcept of complete homogenization can be used to compare soilswhich are
deeply homogenized (deeper than 80centimetres below the surface) with soilswhich
are only homogenized to a slight depth (deeper than 30 centimetres and shallower
than 50centimetres). A preliminary study revealed that:
(0 in deeply homogenized soils all particle-size fractions and organic matter and
calcium carbonate contents show more gradual changes with increasing depth than
soilswhich are homogenized to slighter depths.A similar phenomenon wasreported
by EDELMAN etal.(1963).
(ii) in deeply homogenized soils the differences in calcium carbonate content at 80
and 25centimetres below the surface, and at 80and 50centimetres are smaller than
in soils which are homogenized to slighter depths. HOEKSEMA (1953) attributed this
Phenomenon whose existence he conjectured from observations of lime-rich earthworm droppings,to the return of calcium carbonatefrom the subsoil to the surface,
(iii)in deeply homogenized soilsthe organicmatter content at 80and 50centimetres
below the surface is higher than in shallower homogenized soils. EDELMAN et al.
0963)attributed thisphenomenon to adeeperpenetration ofplantrootsand animals
intothesoil.
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(iv)thehighestgroundwaterlevelinclayandloamsoilswhicharedeeplyhomogenized
isdeeper than soils ofthe sametexture but homogenized to slighter depths,
(v)thedepthtowherethesubangularblockystructurescontinueandthedepth where
the stratified sedimentation structure (if present at all) occurs is greater in deeply
homogenized soils than in others.
Though it ispossible to determine both the depth and degree of homogenization
bythemethod discussed above,no further attention waspaid to the study ofhomogenization, the reason beingthat characterization of the depth and degree of homogenization requires many time-consuming laboratory analyses. Homogenization,
however,doesnotprovideinformation ifoneisinterestedintheconsequences of soil
improvement or of specific cultural practices.In case ofbiological soil improvement
considerable improvement might bemadewhichisnot reflected bythe constancy of
theclay content over the depth ofthe soil.Homogenization might be afinecharacteristicforthefinalstagesoftheprocess,butitisnoindexofaprocessstillinprogress.
Thestudiesonbiologicalhomogenization provided,however,manyvaluabledata on
the conditions prevailing when the process of biological activity is at its maximum.
These studies also provided data on the ultimate consequences of the process of
biological activity.
The importance of the process which HOEKSEMA (1953) called homogenization, is
reflected by the phenomenon that mineral constituents, organic matter, micro-organisms and other soil constituents are thoroughly mixed (DARWIN, 1881; FINCK,
1952;GUILD, 1955;STOCKLI, 1958). Oneresultofthemixingprocessisthe formation
of small aggregates which are very stable in water, very porous and which have a
highly heterogeneous pore-size distribution and a high water holding capacity and
in which roots can readily penetrate. It is a striking fact that the above-mentioned
authors all stressed other features than the homogenity of the homogenized soil.

2.5.3 Perforation and disturbance
Perforation and disturbance better characterize the properties in soils which have
undergone biological soil improvement than does homogenization.
In relatively light textured soils (sandy soils) and in alluvial soils with a sandy
subsoil, the disturbance of the stratified sedimentary structures is important. In the
stratified structures root penetration is generally impossible (cf. WIERSUM, 1957;
EDELMAN, 1960, 1963; SLAGER, 1964).If the stratified structures are disturbed, for
instancebybiologicalactivity,rootdevelopmentmayfollow.Inpracticeitwasfound
important to determine the depth of the upper boundary of the undisturbed stratification.In a number of cases it might be interesting to characterize in more detail
the zone where the stratification was partly disturbed, for instance by means of the
percentage of the surface area of the profile wall where stratification was still undisturbed (cf. EDELMAN,1960,1963).
In more heavily textured soils the degree of perforation is an important factor.
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The best evidence is furnished by the roots themselves, many of which follow the
earthworm holes in soils with physical deficiencies. The degree of perforation (cf.
HOEKSEMAand O P 'T HOF, 1960)isdeterminedinthefield.Someinvestigatorscounted
threesizeclasses of earthworm holes (HOEKSEMA and OP 'T HOF, 1960; JONGERIUS
and REYMERINK, 1963). A detailed study showed that it is usually not worthwhile
counting earthworm holes having diameters of less than 2 mm. When many earthwormholes are present in this size class, the operators error amounts to such high
values (up to 50%) that a reproducible measurement is impossible. The operators
error for counting the holes in the 2-4 mm. size class is much smaller (10-15%),
whilethatfor counting thelargestholesisfairly small(some5%).
Inordertobringmoreuniformity intheterminologywesuggestreplacingtheterm
'degreeofperforation' by'numberofbioporespersurfaceunit'.Thegraphrepresenting
thenumber ofbiopores at variousdepthlevelsinthesoilmayconsequentlybetermed
the'biopore trend' (cf. VAN DER PLASand SLAGER, 1964).Like JONGERIUSand REYMERINK(1963) we prefer a systematic measurement of the number of biopores per
surface unit with many repetitions, asto enable a bioporetrend to bedrawn.
Theimportanceofbothperforation anddisturbancebymeansofbiologicalactivity
liesin the disclosure of the subsoil. In these processes mechanical barriers for roots
areremoved and deeper aeration and soil drainagebecomepossible.Thefinalresult
of these processes often is a deeper penetration of the root system (FINCK, 1952;
HOEKSEMA, 1953; GUILD, 1955; STOCKLI, 1958).
To summarize it can be stated that changes in the heterogenity of the pore-size
distribution cannot always be determined by observing the macro-structure. It also
becameclearthatthestudyofthedirectconsequencesofthebiologicalactivity-which
is responsible for the formation of the heterogeneous pore-size distribution - may
leadtounambiguousandreproduciblecharacteristics.Furtherinvestigationsrevealed
thatthestudy ofthebiological homogenizationisofgreatimportance, butthat both
depth and degree of homogenization are unmanageable characteristics, especially
for determiningthe short-term consequences ofbiological activity. It wasalso found
that in light-textured soils or soils with light-textured subsoils, the depth of the undisturbed stratification is an important characteristic which might be determined
reproducibly. In heavier soils the biopore trend was also found to be important.
The reproducibility of the latter determination was discussed together with the
necessity of a systematic measurement.

2.6 The soil structural trend
Itisstrikingin comparing a fairly largenumber ofprofile descriptions ofsoilswhich
aresituated in an area as the Netherlands that many soilprofile descriptions showa
greatsimilarity.Thisisparticularlytruefortheverticalsequencesofthesoilstructural
types.
VAN DER KLOES (1961) introduced the term 'soil structural profile'. This term was
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later adopted by EDELMAN et al. (1963) and introduced to designate the vertical
sequenceofsoilstructuraltypesinasoil.Sincethetermprofile isalreadyusedinsoil
scienceinanothermeaning(cf. JOFFE, 1949;LAATSCH, 1957;CLARK, 1961)wesuggest
replacing the term 'soil structural profile' by 'soil structural trend'.
EDELMAN et al.(1963)regarded thesoilstructural trend asthe synthesis of a great
deal ofknowledgecollected during theprevious decades on themacro-structure and
influence of biological activity on the soilin general.
The practical value of the soil structural trend becomes clear if it is realized that
this characteristic enables us to give brief much information of importance for the
agricultural suitability of the soil. The structural trend may also be an important
factor in comparing soils which originally had similar properties (cf. section 2.1).
It was found that when the soil structural trend is viewed in the light of the soil
physical properties and biological activity, it isnot merely the vertical succession of
macro-structures, but due to the presence or absence of heterogeneous pore-size
distributions at each depth levelinthesoil.
Consequently it becomes possible to discuss the root development of a single
layer in relation to theroot potentialities of a wholesoil.
Apart from the structural trends containing structures resulting from mechanical
soilstructure degeneration (cf. chapters 3and 5),thefollowing three main soilstructural trends were found to exist:
(i)Thistype(1)includesthefollowingmacro-structures:granular, subangular blocky,
sponge, stratified sedimentation structure and single grain structure. These macrostructures occurinthesoilinthisorderfrom topto bottom. One or moretypesmay
beabsent on either side of this sequence.Thistype of structural trend was observed
in the following soils, viz., river levee soils, creek ridge soils and estuary silt soils
(cf. EDELMAN, 1950). In general the soil is light-textured and the textures become
lighter with increasing depth. These soils have always been relatively well-drained
and/or have a high drainability.
(ii) This type (2) includes a succession of structural elements bounded by more or
lesssharp edgesandflatfaces.Usually no other macro-structures occur than angular
blockyand prismaticelements,withexception ofthemacro-structures occurringin a
thin surface soil.This type of structural trend was observed in river basin clay soils
and heavy marine and estuary deposit soils, (cf. EDELMAN, 1950). These soils are
usually heavily textured, relatively poorly drained and have a low drainability.
(iii) Type(3)isused for alltrends intermediatebetween type (1)and type(2).In the
river loam and clay soils occurring in the central part of the Netherlands, the
following combinations may be observed, viz.,type (1) on (2), or the reverse. Even
morecomplextypeswerenoticed,suchastype(1) on (2)on (1)in theriverlevee on
river basin on river leveesoils.
The two extreme types of structural trends will be discussed below. For comparing
these types the following soils were used as examples, viz., soil Beuningen (profile
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descriptionP7)(ariverleveesoil)asan exampleoftype(1)and soilOpheusden2 (cf.
chapter 6)( a river basin clay soil) as an example of type (2).Thefollowing striking
differences were noted between these soils:
(i)The origin. Soils like Beuningen 1were built up by mineral particles whichsedimentatedfrom water,inthiscasefrom ariver.Inthebeginningrelativelycoarsesand
wasdeposited resulting in a layer with single grain structure. As soon as the water
flows more slowly, finer material will be transported and deposited. The resulting
structure is an alternation of bands of alternately somewhat coarser and somewhat
finer textures, which is called a stratified sedimentation structure. As soon as the
sediment isno longer permanently under water, soil animals willstart to inhibit the
depositedmaterial.According to DOEKSENand MINDERMAN(1963)thesepioneeranimalswillbeTubifexspeciesinriversedimentsandNereis speciesinestuarysediments.
Theygiverisetotheformation ofthetypicalspongestructures.Ontopofthissponge
structurenewsedimentswillbedepositedwhichwillusuallybemoreheavilytextured.
DOEKSENand MINDERMAN (1963) stated that the soilwillthen bear avegetationconsistingtoallprobability ofgrasses.Itislikelythatthesoilfaunawillgraduallyinclude
earthworms. A thin layer of sediments deposited from then onward will be mixed
with the soil material present. A similar process occurs in the winter and spring in
river foreland soils (cf. EDELMAN, 1950 and EDELMAN et ah, 1963). Finally thesoil
consistsofathick layer of sedimentsthat tendtobecomemoreheavilytextured from
bottomtotop.Theupper part ofthesoil- whichiswhatithasmeanwhilebecome shows a subangular blocky structure, possibly a granular structure, resulting from
biologicalactivityand desiccation.Thelowerpart showsaspongestructure,resulting
from thepresence of biological activity outsidethezoneof regular desiccation. This
sponge structure may be distinguished from sponge structures resulting from the
activity of the Tubifex and Nereisspecies, thelatter resembling moretheinside of a
walnut.EDELMANetal.(1963)statedthat allspongesintheriverloam area should be
regarded as Tubifex sponges. This statement should beconsidered as incorrect.
Soils with structural trends of type (2) result from the sedimentation of veryfine
particlesfrom water which came to a stand still, generally in a depression.Thesoils
wereonly slightly influenced by soil animals.Theformation of soil structure almost
exclusivelydepended onphysicalforces, resultinginastructuraltrendwhichincludes
Physicogenic structures only.
(ii)Soildrainage. Soils like the Beuningen one areusually better drained than those
likeOpheusden 2. It was also observed that possible wet variants of the Beuningen
soil are more readily improved by artificial drainage than soils like Opheusden 2.
Livingconditions for soil animals are better in soils of thefirsttypethan in soilsof
the second type, possibly after improvement of soil drainage. Consequently it is
easiertoimprovethefirsttype ofsoilthan thesecond. Thephenomenon issupposed
°fgreatvaluefor selecting soilsfor soil improvement.
(iii)Biologicalactivityandrootdevelopment.SoilslikeOpheusden2arecharacterized
^ a minimum of biological activity resulting from a poor drainage. Consequently
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both homogenization and perforation (cf. section 2.5) are almost absent. The structuraltypesareofphysicogenicorigin,exceptperhapsthoseoccurringinathin surface
soil.Rootdevelopmentisscarceandshallow.Thesesoilsaremostlyusedasgrassland.
Soilslikethe Beuningen onearecharacterized byarelativelyhighbiological activity,
especially when it is a great distance from the soil surface to the upper boundary of
thesandysubsoil.Generallytheyaremoreorlesshomogenized.Perforation isintense
and continues to a great depth. The stratified sedimentation structures can only be
observed atagreatdepth.Thesoilstructuraltrendshowsasuccessionofbiogenicand
geogenicstructures.Thepore-sizedistributionisfairlyheterogeneous.Thesearesome
of the best agricultural soils in the Netherlands.
Preliminary studies revealedthat thepicture outlined might becompleted with many
other examples from alluvial soils from the Netherlands and abroad. Similar laws
seemto govern structure formation in loesssoils,which mayalso show a succession
of biogenic and geogenic structures. If for defining the soil structural trend we use
boththestructuraltypesandtheheterogenityofthepore-sizedistribution,evensandy
soils seemtofitinto the picture. For these reasons theuse of the structural trend is
assumed to beofgreatvalue.It might bedefined sofar asweknowat present for all
soilsanditpresentstherelationbetweentheorigin,theagriculturalsuitabilityandthe
possibilities for soil improvement.
Finally a relatively distinct correlation was observed in the river loam and river
clay area in the central part of the Netherlands between soil structural trend, soil
textural trend and natural soil drainage. This correlation enables the structure to
beused as a criterion in soilsurvey(cf. chapter 6).Bycombining soilaugerings with
smallprofilepitsofnotmorethansome50centimetresdepth,muchmore information
canbecollected than byusingthe soilauger only.Thismethod might be considered
asasynthesisofthestudyofsoilstructureandphysiographicsoilsurvey.Inthisway
it should alsobepossibleto obtain moreinformation from soilmaps concerning the
possibilities ofland useand soil improvement.
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3 Theinfluenceofsoilmanagementonthepropertiesofsome
tidaldepositsoils

3.1 Introduction
It has often been stated that soils lose part of their production capacity some years
after man starts to cultivate them. The decrease of the production capacity may be
caused byerosion,resultinginmanycasesinlossofpart ofthesurface soilandadecrease of the waterholding capacity of the soil. It may, however, also be caused by
soil structure deterioration, which may be observed in many soils which have long
been used as arable land. Soil structure deterioration has been described by several
authors,e.g.HENIN(I960),GORBING(1947), KOHLER(1949)and SEKERA(1950).Itmay
beregarded as one of the most serious problems of soilmanagement research.
Twoexamples of soil structure deterioration of arable.land soils will be discussed
inthischapterandsomefurther exampleswillbepresentedinchapter5.Theexamples
willbeusedinthischapterasacontrasttothepropertiesofsomesoilswhichimproved
greatly by being used veryintensively by man.The latter soilshave beenused for at
least some tens ofyearsfor growinghorticultural cropsunderglass.Thesesoilswere
introducedheretodemonstratethesplendidpropertieswhichsoilsmayacquireunder
certain management conditions.
To bridge the large differences in properties between the above mentioned arable
soilsand those under horticulture, twofurther examples wereintroduced concerning
pasture soils which have intermediate properties.

3.2 Observations
Thesoilmanagement studieswhichwillbediscussed inthischapter, were performed
on anumber oftidal deposit soils.Thesearesituated inthewest oftheNetherlands,
in the vicinity of Barendrecht and Zwijndrecht (the former Island of IJsselmonde).
The soils,selected for these investigations, may becharacterized as follows.
TheBarendrechtsoils(cf.profiledescriptionsPI,P2andP3)consistofamoderately
well-drained, calcareous, silt loam, which becomeslighter textured with increasing
depth. The structural trend is of type 1(cf. section 2.6) i.e. below the surface soil a
sequence maybeobserved of biogenicand geogenicstructural types(cf. section2.4).
TheZwijndrecht soils (cf. profile descriptions P4,P5and P6)consist of an imperfectly drained, noncalcareous, siltyclay.Thestructural trend isoftype2(cf. 2.6)i.e.
below the surface soil a sequence may be observed of physicogenic structures only
(cf. 2.5).
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Differences between the properties of soils, subject to varying land use, may be
caused by differences in soil management. As stated in section 2.1, however, in such
cases it is important to pay special attention to the properties of the original soils.
Itispossiblethatsomeofthedifferences arenot duetothedifferences insoilmanagement, but to differences in geogenesis of the original soils. If the properties of the
original soils are similar, wemay be certain that the differences observed, are really
caused bydifferences inthepresent soilmanagement, at least ifeach ofthe soils has
been subject for manyyearsto the samecultural practice.The soilsdiscussed below,
havebeensubjecttothesametypeoflandusefor atleastsometensofyears.
It wasimpossibleinthetwoseriesunder consideration to find three fully identical
soils,inwhich thecultural practices differed. When a soilwaschosen inthe past for
aparticulartypeoflanduse,thesoiltopographywasalreadytakenintoconsideration.
Sincetopographyandgeogenesisarecloselyinterrelatedinthisarea,soilsinwhich the
cultural practices differ, show smaller or larger differences in the properties of the
original soils.In the Barendrecht sequencethese differences weresmall.IntheZwijndrecht sequence they arelarger. Such differences were only tolerated, if it was clear
thattheydidnotinterfere withdifferences duetosoilmanagement andthattheywere
not caused by soil management.

3.2.1 Barendrecht soils
This sequence consists of three soils. For profile descriptions and analytical data
cf. Appendix II. One is used for growing horticultural crops under glass (PI). It is
dressed year after year with vast quantities of organic manure. The glasshouse is
sprinkled and heated. Thesoilisdesinfected at regular intervals with steam.
Thesecondsoilisusedasarableland(P2).Thissoilhasalightdressingof organic
manure.Thecroprotation schemeincludesmanytimescerealsandbeets.
The third soilisunder pasture (P3).Thefield, inwhichthis soilissituated, iswell
managed.
Thedifferences in sedimentological andhydrological properties ofthesethree soils
aresmall.Thethreesoilshaveverysimilartexturalandstructuraltrends(cf.chapter2).
As stated above they may be characterized as moderately well-drained, calcareous,
silt loams, becoming lighter textured with increasing depth.
The differences, with regard to soil physical and chemical properties, observed in
thesethreesoilswithdifferent culturalpractices,areasfollows.
The surface soil (0-26 cm) of the pasture soil (P3) shows with increasing depth
firsta compound platy structure, subdivided into subangular blocky elements; then
a single subangular blocky structure and finally a compound prismatic structure,
subdivided into subangular blocky elements. Hence the top of the structural trend
of soilP3consists of subangular blocky elements. The surface soil (0-30 cm) of the
arable soil (P2) shows a sequence of angular blocky elements, the size of which in28

creaseswithincreasing depth. Inthelowerpart ofthesurface soil(ploughsole) some
of the angular blocky elements are characterized by partly shell-shaped pedfaces.
Thus the top of the structural trend of soil P2 consists of angular blocky elements.
The surface soil (0-35 cm) of the glasshouse soil (PI) shows a number of different
structural types occurring at the same depth, ranging from granular via subangular
blocky to dense clods. The lower part of the surface soil of PI consists of granular
elements only. Thus the top of the structural trend of soil PI consists of granular,
subangular blocky and cloddy elements.
Besidestheabovementioned differences in soilstructural type, obvious differences
werenoticedintheporosity(fieldobservation)ofthestructuralelementsinthesurface
soilofPI,P2andP3.InthesurfacesoilofP3thestructuralelementsarecharacterized
bya heterogeneous pore-size distribution and a relatively largenumber of pores per
surface unit.Theporosity ofthestructural elementsshowsnosystematicchangewith
increasing depth.
Thestructural elementsinthesurface soilofP2arecharacterized byachangewith
increasing depth from a heterogeneous pore-size distribution via a relatively homogeneouspore-size distribution to an absence of pores.Thelatter isillustrated by the
phenomenon that roots grow exclusively along the partly shell-shaped pedfaces and
not through the peds.
The surface soil of PI consists of structural types with a varying porosity. The
granular elements have a heterogeneous pore-size distribution and a relatively large
numberofpores;thesubangular blockyelementsalsohaveaheterogeneouspore-size
distribution, though with a smallernumber ofporesper surface unit,whiletheclods
havearelativelyhomogeneous pore-sizedistribution anda smallnumber ofpores.
Thepore space (laboratory determination), on a depth varyingfrom 5to 12centimetresbelowthe surface inthesesoils,is56%under pasture, 54%under arableland
and 61 %under horticulture. Greater differences in pore space were observed at a
depth of 25 to 30 centimetres below the surface, viz., under pasture 53.5%, under
arableland 46%and under horticulture 67%.
Unlike the basic differences in structural type and porosity of the surface soil of
thethreesoilsunderconsiderationinwhichtheculturalpracticesdiffer, the differences
in properties of the sub-surface soil and subsoil are only gradual. The sub-surface
soil and subsoil of the three soils showwith increasing depth thefollowing sequence
ofstructural types:compound prismatic, subdivided into subangular blocky, porous
sponge, partly disturbed stratified sedimentation structure and finally stratified
sedimentation structure. The structural trends are very similar to the standard
structural trend of type 1(cf. section 2.6).In these soilsthe boundaries between two
types of structural elements are gradual. The depth at which these boundaries are
situated may vary slightly in different soils(gradual differences).
Thestructural types ofthesub-surface soilandsubsoilofsoilsPI, P2andP3show
a heterogeneous pore sizedistribution and afairly largenumber ofporesper surface
unit up to the undisturbed stratified sedimentation structure, which is characterized
by a relatively homogeneous pore-size distribution. Pore space decreases with m29

creasing depth, havingabout the samevalueat the samedepth inthe three soils.
Besides differences in structural properties (i.e.soil physical properties), manifest
differences in soilchemical properties were observed in the surface soil of the three
soilsin which the cultural practices differed.
The organic matter content of the soil under pasture (P3) and that under horticulture (PI) are considerably higher than the organic matter content of the arable
landsoil(P2).Thedifferences betweenthesoilsunderpastureandunder horticulture
areslight.Thecalciumcarbonatecontentoftheupperpartofthearablesoilishigher
than that of thetwo other soils.Thedifferences between the soilsunder pasture and
underglassareslight.ThepH ofthesoilunderarablelandishigher than that of the
other two soils.Thedifferences in organicmatter content, incalciumcarbonate content and inpH occur not much deeperthan theupper 50centimetres of the soils.
Tosummarizeit canbestated thatthedifferences inproperties ofa relativelylight
textured, moderatelywell-drained, calcareoussiltloamtidal deposit soilunder horticulture,arablelandandpasture,relateto:soilstructuraltype,nature ofthepore-size
distribution, porespace,organicmattercontent, calcium carbonate content and pH.
Thedifferences insoilchemicalpropertiesseemto berestrictedtotheupper 50centimetres,the differences in soilphysical properties to an eventhinner surface layer of
the soil.

3.2.2 Zwijndrecht soils
Thissequencealsoconsistsofthreesoils.Forprofile descriptionsand analytical data
cf. Appendix II. One is used for growing horticultural crops under glass (P4). This
soil has been dressed for many years with large amounts of organic manure. It is
sprinkledandheated.Thesoilisdesinfected atregularintervals.Thesecondsoil(P5)
isusedasarableland.LikeP2it onlyhasa light dressing ofnatural manure. Cereals
and beets are the most important crops in the rotation system. The last soil of this
sequenceliesunderpasture(P6).Thispasture iswellmanaged.
Thehydrological and sedimentological properties ofthe soils of this sequence are
insharpcontrasttothoseofthesoilsoftheBarendrechtsequence.Distinctvariations,
however,occurbetweenthesoilsoftheZwijndrecht sequenceand attentionispaid to
them now. These variations relate to the depth of occurrence of the peaty subsoil,
which beginsin the subsoil of P6at a much shallower depth than in P4 and P5.As
far as can be concluded from the available data, the differences with regard to the
depth of thepeaty subsoil do not interfere with the differences dueto differences in
soilmanagement.Themain reasonfor thisphenomenon istheimperfect drainagein
allthreesoilsunderconsideration,whichinhibitsthedeepbiological activity, normal
in better drained soils.
Thedifferences in soilmanagement caused distinct differences in the properties of
thethreesoilsunderconsideration.Thesurfacesoilofthepasturesoil(P6) shows with
increasingdepthfirstasinglesubangularblockystructure;thenacompoundprismatic
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structure subdivided into subangular blocky elements, changing at a depth of 15
centimetres below the surface into a compound prismatic structure, subdivided into
angular blocky elements.Thesurface soil ofthe arablesoil(P5)showsa sequenceof
angularblockyelements,thesizeofwhichincreaseswithincreasingdepth.Theupper
part(Apl) ofthesurface soilofthesoilunderglass(P4)consistsofgranular andsubangularblockyelementssidebyside.Thelowerpart(Ap2)ofthissurfacesoilconsists
of a compound prismatic structure, which is subdivided into granular, subangular
blocky and angular blocky structural elements.
Thedifferences insoilstructuraltypeareaccompaniedbydifferencesinsoilporosity.
InP6agradual changetakesplacefrom aheterogeneouspore-sizedistributioninthe
sod layer to a relatively homogeneous pore-size distribution at a depth of 45centimetresbelowthesurface.Thischangeisattended bya decreaseoftheporosity ofthe
structural elements.
Asimilarchangeto arelativelyhomogeneouspore-sizedistributionwithincreasing
depth and a decrease of pore space in the structural elements was observed in the
arable soilP5.
Thestructural types ofthesurface soilofthesoilunderhorticulture(P4)are,however, characterized by a heterogeneous pore-size distribution. The nature of this
pore-sizedistribution doesnotchangewithincreasingdepth.Astrikingfeature inthis
soil isthe lower porosity of the angular structural elements in comparison with the
porosity ofthe granular and subangular blocky structural elements.
The fieldobservations on theporosity of the structural elements are supported by
thelaboratory data onporespaceinthetotal soilmass.Atadepthvaryingfrom 7to
13 centimetresbelowthesurfacethepasturesoil(P6)hasaporespaceof61.5%;the
arablesoilhasaporespaceof48%atthat depth,whiletheglasshousesoil(P4)hasa
porespaceof 70%. Thedifferences tendto becomesmallerwithincreasing depth.
Besides the above mentioned differences in structural properties occurring in the
surface soilofthethree soilsunder consideration, bothbasicand gradual differences
occurinthesub-surface soilandinthesubsoil.
Thepasturesoil(P6)showsasequenceofphysicogenicstructuresinthe sub-surface
soil which rests on a macro-structureless subsoil.
In the glass house soil(P4) a sequencewas observed consisting of prisms, subdivided into angular blocky elements (also physicogenic structures). The arable soil
(P5)showsasequenceofphysicogenicstructures,theelementsofwhichare,however,
ofslightlyothertypesthaninP4andP6.
As in the soils of the Barendrecht sequence, considerable differences may be
observedinthechemicalproperties ofthethreesoilsunder consideration.
The organic matter content of the glass house soil is higher than that of the soil
underpasture.Inbothsoils,however,theorganicmattercontentismuchhigherthan
in the arable soil. Moreover the high organic matter content in the glass house soil
continuestoagreaterdepththaninthepasturesoil.Theamountofcalcium carbonate
in the arable soil is higher than in the other two soils,but the differences are slight.
The pH of the arable soil ishigher than that of the glasshousesoil.The glass house
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soilinturnhasasubstantialhigherpH thanthesoilunderpasture.
To summarizeitcan bestated that thedifferences inproperties ofthis imperfectly
drained, relativelyheavytextured, tidal deposit soil,in whichthree different cultural
practices were employed, relate to: soil structural type, nature of the pore size distribution, pore space, organic matter content, calcium carbonate content and pH.

3.3 Interpretation
It seems possible to distinguish between differences resulting from minor differences
ingeogenesisandthoseduetoadifference insoilmanagement.Onlythose differences
willbeexplainedwhichresultfrom differences insoil management.
3.3.1 Barendrecht soils
Sinceit ishighlyprobable that the soilsPI (horticulture) and P2 (arable land) were
originallyalsounderpasture(assoilP3atpresent),theproperties of soils PI and P3
willbeexplained againstthebackground oftheproperties ofsoilP3.
The differences in soil structural properties between the surface soil of the soil
under arable land and of that under pasture (P2 and P3resp.) referto:physicogenic
structures in P2 with a relatively homogeneous pore-size distribution and a low soil
porosity versus biogenicstructures in P3with aheterogeneous pore-size distribution
and a higher soil porosity. Concerning the chemical differences: the organic matter
content ofP2islowerthan that of P3, thecalcium carbonate content ishigher, and
the pH isalso higher than inP3.
It isalsoclearthat thecompaction in thearable soilincreases near the bottom of
the surface soil (as demonstrated by the change from a heterogeneous pore-size
distributiontoahomogeneousone,bythedecreaseinthevisiblesoilporosityand by
theresults oftheporespacedetermination inthelaboratory). Finallyitis noticeable
that asfar as soilstructureisinvolved,the different properties ofthearable soil(P2)
arerestricted to asurfacehorizon with anabrupt lower boundary.
The differences may all beexplained by the different soil management, applied to
each of the soilsunder consideration. Theproperties of the arable land soil are the
resultant of mechanical soil structure degeneration and suppressionofthebiological
forces which should regenerate the soil structure.
The term mechanical soil structure degeneration stands for the totality of forces
whichinducethepoorstructuralproperties ofmanyarablesoils.Amongthese forces
are:compaction and smearing ofthe soilmaterial,caused by soiltillageoftoo moist
soilsand drivingheavyloads overtheland surface.
The suppression of the biological regenerating forces is caused by: injury to soil
animals (especially earthworms) by means of soil tillage implements and the supply
of both quantitatively and qualitatively insufficient food for the soil animals (cf.
STOCKLI, 1958 and FINCK, 1952).
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In terms of the normal agricultural practices on arable land, the following factors
are responsible for the formation of the unfavourable structural properties of the
arable soil:soiltillage,driving overtheland surface withtheharvested crop,leaving
insufficient plant material on the land surface after harvesting, applying a relatively
insufficient amount of organic manure.Thelatter conditions are eitherabsent in the
pasturesoilorthey operate on amuch smallerscale.
The mechanism of the biological regeneration of soil structure bymeans of earthworms will be discussed in greater detail in chapters 4 and 5, while mechanical degeneration of soilstructure willbediscussed againinchapter5.
ThehigherpH,thehighercalciumcarbonatecontent andthelowerorganicmatter
content in soil P2 than in soil P3, are interrelated. They are also correlated to the
differences in soilmanagement. Thehigher root concentration andthehigher carbon
dioxideproduction in the surface soil of P3seems to beresponsible for these differences, from which a higher rate of decalcification under pasture may be concluded.
The differences in properties between the surface soil of the soil under horticulture
and ofthesoilunderpasture(PI andP3resp.)relateto:thesimultaneous occurrence
inonelayerofveryporousgranular elements,poroussubangularelementsand dense
clods,restingonalayerwith veryporous granular elements in PI, versus the occurrenceofacontinuity ofporous subangular blockyelementsinP3.
Theoccurrence ofthecloddyelementsandtheoccurrenceofthegranular elements
insoilPI, needto be explained.
Thedifferences betweensoilsPI andP3resultagainfromdifferences insoilmanagement, applied to each of the soils.Many crops in the glasshouse aregrown in rows
orbedswith small access paths in between. The soil under these paths wasfound to
show distinct compaction phenomena. The paths are turned by soiltilth every year,
bringing fresh soil material to the soil surface. The remnants of these paths were
recovered in the Apl-horizon in the form of cloddy elements. The only mechanical
soil structure degeneration present in the soil under consideration isthat caused by
walkingoverthesepaths.
The soil under glass receives every year an extremely large amount of organic
manure and large amounts of artificial manure are also added. The soilistilled and
theorganicmanureisintroducedwithaspade.Thesoilissteam-desinfected regularly.
Duringthecoldseasontheglasshouseisheated.Duringallperiodsoftheyearsprinklingisapplied and excess of waterisremoved byartificial drainage.
Thereisfew or no mechanical injury to soilanimals.Theregular soil desinfection,
however, causes a selection among the species which together constitute the soil
fauna ofthissoil.Earthworms,for example,arenotpresentinlargenumbers.Where
earthworms are present, they are mainly of the small types,operating inthe surface
soil. Large quantities of insects are, however, brought in with fresh manure every
year. To summarize it can be stated that the vast amounts of good quality food
stimulate the soil fauna, which may be active in this soil for most periods of the
year, since it is subject to neither cold nor drought. The high biological activityis
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supposed to have caused the highly biogenic granular structures in soil PI (cf. section 2.4).
Although the food supply for the soil animals in soil P3 (pasture) is good, it is
smallerthan intheglasshousesoil.Apart from theoccurrence oftheclods,resulting
from the access paths,it can be stated that themain differences in soil management
relate to a better cultivation of the soilfauna in the glasshouse soil,resulting in the
formation of highly biogenic structural elements.
Starting from thepoint ofviewthat soilsPI (glasshorticulture) and P2(arable land)
were originally under pasture (as P3 at present) the following conclusions can be
drawn from the above mentioned observations.
Thearablesoilhas morephysicogenicstructures thanthesoilunder pasture. Thus
under the arable land practice, the soil deteriorated.
The soil under glass had, apart from the clods,more biogenic structures than the
soil under pasture. Hence under the horticultural practice the soil was improved.

3.3.2 Zwijndrecht soils
Only onenewelement in theinterpretation needsto beintroduced in this sequence;
it wasabsent in the Barendrecht sequence.Meant isthe relatively high groundwater
level which occurs in the winter in the Zwijndrecht soils,especially in the soil under
pasture(P6).
The mode offormation of P3(Barendrecht) was about the same as that discussed
in section 2.6for the soil,characterized bystructural trend type 1.The mode of formationofP6(Zwijndrecht),however,roughlycorrespondstothat ofthesoil,characterizedbysoilstructuraltrendtype2(cf. 2.6).Thefirsttypeincluded arelativelyhigh
levelofbiologicalactivity,thesecondtypealowlevelofbiologicalactivity.Themain
cause of the difference in biological activity isthe impossibility for the larger earthwormstofleedownwardsincaseofcoldordrought(cf. STOCKLI, 1958).Thisproblem
will bediscussed in detail in chapters 4and 5.A consequence of the low biological
activity in the heavily textured pasture soil (P6) is the occurrence of only a shallow
layer of subangular blocky structural elements (biogenic structures) resting on a
sequence of physicogenic structures.
The shallow ground water level and the resulting low biological activity had few
consequences for the arable soil (P5).As in soil P6the structures of the sub-surface
soilandsubsoilaredistinctlyphysicogenic.Thestructuresofthesurface soilofP5are
also physicogenic.They are,however, not caused by the shallow groundwater level,
but by the mechanical soil structure degeneration as in the Barendrecht sequence
(cf. P2).To the forces suppressing biological soil structure regeneration, a third one
has been added, viz.,the shallow groundwater level.
The consequences for the soilunder horticulture (P4) are also small, sincethesoil
fauna hereconsists already of species operating in the surface soilwith no reason to
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flee downwards onaccount ofcold or drought.
Thereisnophenomenon oftheclods,resultingfrom thecompactedstructuresunder
thepathsintheglasshouse(cf. 3.2.1).Themainreasonisassumed tobethelocation
oftheprofilepitbetweentwopaths.Soilmanagementisgenerallysimilartothatinthe
Barendrecht glass house. The quantities of organic manure are even greater than in
soil PI.
Since it is highly probable that soil P4 was originally of about the same type as
soils P5 and P6, a comparison of the properties of the present soils reveals that the
structure changed in the top half metre from an almost fully physicogenic structure
to ahighly biogenic structure. The result isevenmoreimpressivethan in the caseof
theBarendrecht soils,wheretheoriginal soilsstarted alreadywithsubangular blocky
structures.
In the discussion of the structural types resulting from high biological activity
(cf. 2.4) the granular structure has been almost entirely omitted. The main reason
wasthat the granular structure isrelativelyrare.It seemsthat it resultsfrom areally
very high level of biological activity. Apart from the mode of formation, the protectionagainstclimaticaldegeneratingforcesseemstobeafactor ofgreatimportance.
Anotherinterestingpointisthephenomenonthatthegranularstructureoccursboth
inthewell-drained soiland intheimperfectly drained soilunderhorticulture.Aswill
be pointed out in greater detail in chapters 4 and 5 the depth of the groundwater
level isin many cases the factor which inhibits high biological activity. In thiscase,
however, it does not, since the soil animals forming the granular structure mainly
operate in the surface soil.
Fromtheobservations itisobvious,asintheBarendrecht sequencethatthearable
soildeteriorated, whilethesoilunder horticulturewasgreatlyimproved.It shouldbe
noted further that the changes were restricted to a relatively shallow layer and that
both the direction and the degree of the changes from the original soil are more or
lessindependent ofthedepth ofthegroundwaterlevel.Boththedeteriorationandthe
improvement were influenced more by soil management than by the depth of the
groundwater level.

3.4 Summary and discussion
Manissaidtostartwasteofsoilproductivitysoonafter hebeginstocultivatethesoil.
Thepurposeoftheinvestigations,theresultsofwhichwerepresented inthischapter,
wastodemonstratethatstillexamplesmaybefound ofsoilswhichimproved,because
oftheir being used by man.
In this chapter six soils were discussed in two sequences and with three different
cultural practices, viz., glass house culture with high quantities of organic manure,
sprinkling,heatingetc.,arablelandandpasture.Thetwosoiltypeswereacalcareous,
moderately well-drained, silt loam and a non-calcareous, imperfectly drained, silty
clay.
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It hasbeen shownthatthedifferences resultingfrom differences insoilmanagement
tend to berestricted to the surface soil,possibly to the surface and to the subsurface
soil.
The practice of the arable land management induced the formation of compacted
surface soilswith structures of distinctly physicogenic origin.The formation of such
a compactionwassaidtoresultfrom mechanical soilstructuredegeneration together
with the absence of biological soil structure regenerating forces. The cause of the
latter'sabsencewassaidtobeinsufficient foodfor andmechanicalinjury tothelarger
soil animals.
The above mentioned soil management in glass houses induced the formation of
structural typesthat exhibit very clearly their biological mode of formation. Causes
of the formation of this favorable structure were said to be the large amounts of
organic manure (soil animal food of high quality), sprinkling (absence of drought),
heating (absence of cold) together with the absence of the severe mechanical soil
structure degeneration that occurs in many arable soils.
The properties ofthe soils under pasture were shown to be intermediate between
those of the other two soils.They can be explained by an equilibrium between soil
structureregeneration andsoilstructuredegeneration,whichliesat alowerlevelthan
intheglasshousesoil,but atahigherlevelthan inthearablesoil.
Finally the above mentioned complexes of differences due to soil management
seemedtobemoreorlessindependent ofthedepthofthegroundwaterlevel.
Some further observations may be made. Soils, like the ones under glass house
horticulture,whichwerediscussedabove,arerareintheNetherlands.Thetotal area,
wheretheymaybefoundisrelativelysmall.Theyhavenotbeendeliberatelyimproved.
Mostly the dungwasadded in the form ofhot dungfor cultivating cucumbers. The
soils acquired their present properties over a period of some tens of years. Their
presentconditionisduetoconsiderablelaborandtheyarethereforereallyman-made
soils(cf. EDELMAN, 1950). Theytendto disappear,sincetheareawheretheyaresituaated, will become a suburb ofthe Western Holland urban area.
Another remark concerns the rate of decalcification of soils in the Netherlands.
Several studies havebeen published on the decalcification ofthe alluvial soils in the
Netherlands.Someofthesestudies ondecalcification ofalluvial soils inthe north of
the Netherlands (EDELMAN and DE SMET, 1951)and (DE SMET, 1962)led to the conclusion that the rate of decalcification under Dutch climatic conditions cannot be
morethan 1%calciumcarbonatein 65to 90years.Theformer publication in particular waswidelycriticized by HISSINK(1952)and by MASCHHAUPT(1952).The latter
authors stated that itisincorrect tomakegeneral statements about the rate ofdecalcificationinDutchsoils,sinceitdependsonmanyfactors.Accordingto MASCHHAUPT
(1952)therateofdecalcification isgovernedbythreemainfactors,viz.,drainageconditions,biologicalactivityandtheform inwhichthecarbonates occur(eitherpresent
Iasrathercoarseshellfragments orprecipitated asfinecalciumcarbonate).
HOEKSEMA (1953)stated that the rate of decalcification is lower in soils with biologicalactivitythaninsoilswithout. PONS(1957)stated that therate of decalcification
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depends onthe water permeability ofthe soils,onthewater holding capacity,onthe
biological activity and on thenature of the calcium carbonate occurringin thesoils.
From the observations presented in this chapter, another element governing the
rate of decalcification, may be derived, viz., the soil management or the nature of
thevegetation. From a comparison of soils P2and P3theconclusion may be drawn
that the rate of decalcification is higher under pasture than under arable land, notwithstanding the higher biological activity inthe soilunder pasture. SoilsP2and P3
aresituated in the samepolder andhaveidenticaltexturaltrends,indicatingthat theoriginalcalciumcarbonatecontentmusthavebeenthesameinboth soils.Thisobservation supports a statement of MASCHHAUPT(1933)whichreads:"It ispossible that
therate of decalcification under pastureislargerthan under arableland.Exact data
in this respect, however, are not yet available."
Finally some remarks should bemade on the changes in the soilsuitability due to
thedifferent soilmanagement practices discussedintheforegoing sections.
Sincethe soil management applied to the pasture soilsseems to bethe one intermediate between the two others,the soilstructural changeswillbediscussed against
thebackground of the properties of the soils under pasture.
Thearableland soil management gaveriseto: alowerwaterpermeability, alower
amount of water available moisture, a more difficult gas transport and a lower soil
volumewhichcan bepenetrated byroots,than inthesoilunder pasture.Thusitcan
be stated that the root development governing soil physical factors became more
unfavourable in the soil under arable land than in the pasture soil. Changes in the
oppositedirection maybe observed intheglasshousesoils.
The worse soil physical properties in the arable soil have certain consequences.
One of them is pool formation on theland surface in theautumn and inthe winter,
givingriseto new structural degeneration and alsopreventing a good distribution of
theprecipitation over the depth of the soil.
A further consequence is the deformation of plant root systems, caused by mechanicalresistance. KOHLER (1949)presented someinterestingexamplesof deformed
sugar beets.The samepictures might,however, beobserved innature onarableland
intheharvest season.
Afinalconsequence isthe phenomenon which KOHLER(1949)alsodescribed,viz.,
organicmanurestaysinthesoilwithoutbeingbrokendownasitshouldbe.Sometimes
distinctreduction patchesmaybefound around suchmanuremasses.
Thefarmers opinionthatcertainarablelandsoilsarebecomingincreasinglyheavier
(toplough) year after year, needs no further explanation. It only raisesthe question
as to whether any methods are available for improving such arable land soils.The
questionwillbediscussedindetailinchapters4and5.Theresultsoftheinvestigations
presentedinthischaptersuggestachangeofthelandusetopastureortohorticulture.
Sincethechangeinthespecificwayofhorticulturallanduse,discussedinthischapter,
cannot beeffectuated, it willbeleft out of discussion.Achangeto pasture, however,
willbediscussed again inchapters4and 5.
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The influence of grass mulching on the properties of some
fluviatile deposit soils

4.1 Introduction
Mulching has been defined by JACKS et al. (1955) as: "The use of crop residues,
manure,leaves,peatandotherlitteraswellaspaper,glasswool,metalfoil,cellophane,
and other convenient manufactured materials as mulches with or without shallow
tillage,for thepurposeofincreasingsoilproductivity". Thediscussioninthis chapter
willbelimitedto theuseofgrassasmulchingmaterial.
Previousto theSecondWorldWarfruit wasgrownintheNetherlandsin orchards
with long-stem trees.The soilwascovered with grassundergrowth and cattle grazed
in these orchards.After the war there was a changefrom long-stem trees to shorter
ones. Cattle grazing then became impossible because of damage to the fruittrees.
The removal ofthe grass growingin the orchard was particularly difficult on farms
where no cattle waspresent. It wasimpossible to let the grass continue to grow infinitely. A newsystem wasthen introduced, viz.,mowingthe grass and leavingit on
thesoilsurface.Thismanagementsystem,knownas'grassmulching'isnowemployed
onalargescaleintheNetherlands.
HOEKSEMA, JONGERIUS and VAN DER MEER (1957) and HOEKSEMA and JONGERIUS
(1959) stated that the use of grass mulching greatly improves the structure of the
underlyingsoil.OP 'T HOF(1959,1960),EDELMANand OP 'THOF(1960)and EDELMAN
etal. (1963)arrivedatthesameconclusion.
It is well known that some soils under grass mulching have favourable physical
properties, but certainly not all. It was concluded that certain factors may restrict
thesoil-improvingeffect ofgrassmulching.Itseemedimportanttostudythesefactors.
It also seemed worthwhile to try to differentiate in a number of cases between the
physical properties induced bythe grass mulching and those already present before
the application of grass mulching.

4.2 Observations
Some evident examples were chosen from a larger number of investigated soils to
illustrate the rules of soil structure improvement induced by grass mulching.
Duringtheinvestigationsitwasfoundthattherateofmodification ofsoilproperties
asresultoftheapplicationofgrassmulchingislargelydeterminedbythehydrological
conditions of the soil. Consequently one sequence of soils will be discussed in this
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chapter which have favourable hydrological properties and one sequence of soils
with unfavourable hydrological properties (too wet soils).All soils discussed in this
chapter are under grass mulching.

4.2.1 Beuningen soils
Thetwo soils in Beuningen are situated in the same orchard. The distance between
the profile pits was less than 10metres. The orchard which has long been used for
growinglong-stemtreeswithgrassundergrowth andcattlegrazing,hasbeenused for
thelast 15yearsasa grassmulchexperimentalfield.Theoldtreeswerepulledupand
youngeronesplanted.Thefieldwasdividedintosquareplots,halfofwhichwereclean
cultivated, the other half grass mulched. The grass was mown frequently and the
plots werewell dressed with fertilizers.
One soil (profile description P7) was chosen in a mulched plot, the other (profile
description P8) in a clean cultivated plot. Previous to the use of the orchard as a
grassmulch experimental field, the management of the two soils wasthe same.The
management oftheinvestigated soilsonlydiffers intheapplication ofgrassmulching
ononeofthesoilsfor thelast 15 years.
These soils only differ slightly as regards the sedimentological and hydrological
properties.Bothsoilsconsistofarelativelyheavytextured(butnotwaterimpermeable)
river leveesubsoil which was covered by a light textured, moreor lesscoarsesandy,
crevasse deposit. The light-textured surface soil does not give rise to undesirable
drought phenomena. Both soils (Typic Eutrochrepts) (7TH APPROXIMATION, 1964)
weredescribed as well-drained (SOIL SURVEY MANUAL, 1962).
Judging from the available data (cf. profile descriptions P7 and P8) it is highly
probablethatthedifferences betweenthepropertiesofthesetwosoilswith favourable
hydrological properties are only caused by the difference in soil management, i.e.
bytheapplication ofgrassmulching ononeofthetwosoils.
Someevidentdifferences betweenthephysicalpropertiesofthesesoilswereobserved.
Anevident difference in topography is present between thetwo plots which include
theinvestigatedsoils,themulchedplotbeingabout 8centimetreshigherthantheclean
cultivated one. The particle-size analyses (cf. Appendix II) show that in soil P7 all
Particle-size fractions in the layer between 0 and 50 to 60 centimetres below the
surface, remain constant within 3%.The layer in soil P8,showing the samephenomenon,is about 20 centimetres thinner.
Acomparisonofthebioporetrends(cf. section2.5)ofthetwosoilsunderdiscussion
revealsthat insoilP7more biopores occur inthesizeclass2-4mmto adepth of 40
centimetres below the surface than in soil P8.The difference isgreatest near thesoil
surface and gradually decreases with increasing depth (cf. fig. 1). Deeper than 40
centimetresbelowthe surface thedifferences aresmallandnotsystematic.
The numbers of biopores larger than 4 mm only differ slightly in the two soils.
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The pore space percentage near the soil surface in soil P7 is substantially higher
than in soilP8 at the same depth. The difference gradually decreases with increasing
depth becoming negligible at a depth of 30 to 40 centimetres and remaining so
downwards (cf. fig.2).
The structural trends show negligible differences. They are both of type (1) (cf.
section2.6).
The organic matter content of the upper 40 centimetres of soil P7 is somewhat
higherthan in the samelayerin soilP8.Differences inpH areonly small.
Thecalciumcarbonatecontentisalsoaboutthesameinthetwo soils,withasmall
difference inthelayerbetween 60and 70centimetres belowthe surface.

4.2.2 Oosterhout soils
Unlike the soils of the Beuningen sequence, those discussed in this section have unfavourable hydrological properties. Like the Beuningen soils they are under grass
mulch. Soils P9 and P10 are situated in afieldused as pasture up to 1937.Later it
becameorchard with soiltillageand since 1948withgrassmulching.
These two soils show distinct differences in sedimentological and hydrological
properties. Soil P9 (Humic Normaquept, 7TH APPROXIMATION, 1964) is imperfectly
drained.It issituatedinaformer riverstream-bed filled withheavy textured material
(clayplug). Soil P10 {Aerie Mollic Normaquept, 7TH APPROXIMATION, 1964)is better
drained than soilP9,but not sowellas soilsP7 and P8.SoilP10lies ontheleveeof
theformer river in the streambed ofwhich soilP9is situated.
There are distinct differences in the physical and chemical properties of soils P9
and P10.The trends of the biopores between 2 and 4 mm and of those larger than
4 mm showhigher values in soilP10than in soilP9.Thedifferences becomesmaller
inthesubsoil.It should benoted that onlyafew biopores occurin soilP9(cf.fig.3).
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insufficiently drained soils P9
(heavy textured) andP10 (light
textured) under grass mulch
orchard

Largedifferences were observedwith regard to thestructural trends of these soils.
SoilP9showsathinlayer(0-16centimetres)ofsubangular blockyelements(biogenic
structures, cf. section 2.4) resting on a sequence of angular blocky and prismatic
structuralelements(physicogenicstructures,cf. section2.4).SoilP10,however,shows
a layer of 93centimetres which consists of granular, subangular blocky and spongy
structures,restingona subsoilwhichconsistsofamoreorlessundisturbed, stratified
sedimentation structure.
Soil porosity is also different in these two soils.In soil P9 it tends to increase, in
soil P10 to decrease, with increasing depth. Calcium carbonate contents in soil P9
equal zero. In soil P10 calcium carbonate contents are high and they increase with
increasing depth.
The pH in all horizons of soil P10 is higher than in soil P9. The organic matter
content doesnotdiffer muchinthetwosoils.

4.3 Interpretation ofthe observations
Several authors (e.g. HOEKSEMA, JONGERIUS and VAN DER MEER, 1957; HOEKSEMA
and JONGERIUS, 1959)stated that on application of grass mulching earthworms play
an important part in establishing soil structure improvement.
It is well known that a shortage of food keeps down the earthworm activity (cf.
section2.3).Probably startingfrom thispoint ofview,the above-mentioned authors
assumed that the addition ofextra food stimulatestheearthworm activity.
During the investigations reported in this chapter it was found that earthworms
may,in fact, play animportant part inimproving soil structure upon application of
grassmulching.Thelatter,however,doesnot alwaysresultinanimprovement ofthe
soil structure, especially not when earthworms cannot be active. Consequently in
interpreting the observations, special attention will be given to the relationship betweenearthworm activity and grassmulching.

4.3.1 Beuningen soils
It was observed that theporespace of thesurface soil ofthe mulched plot (P7)was
substantiallyhigherthanthat ofthesurfacesoilundercleancultivation(P8),and also
that the surface soil of P7 was more intensively perforated with biopores between
2 and 4mm than the surface soil ofP8.
VAN RHEEand NATHANS(1961),whostudiedthesame soils some years ago, stated
that the numbers of the smaller earthworm species (e.g. Allolobophora caliginosa,
A. rosea and A. chlorotica) showed a moremarked response to the difference in soil
management than the numbers of the larger earthworm species (such as Lumbricus
terrestris and Allolobophora longa).
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Accordingto STOCKLI(1958)thesmallerearthwormspeciesmainlyliveand burrow
intheupperpart ofthesoil.Thelargerspeciesaresaidtoburrowmuchmoredeeply.
STOCKLI(1958)alsostatedthat thesmallerearthworm speciesprefer fresh, youngand
albuminous grass-litter for nourishment. This food is available in relatively large
quantitiesingrassmulch orchardswhichare well dressed with fertilizers and where
thegrassisfrequently mown.
When thesethree statements, derived from literature, are compared with our own
observations, the conclusion seems justified that the increased number of smaller
bioporesandtheincreasedporespaceinthesurface soilofthemulched soilP7result
from an increased activity of the smaller earthworm species which live and burrow
in that layer.
SoilsP7andP8onlydiffer intheapplication ofgrassmulchingwhichresultsinthe
availability oflargeramounts ofplantmaterialasfood for theearthwormsin soilP7.
It wasfound that the application of grass mulching really stimulated the activity of
the smallerearthworm specieslivingand burrowingin the surface soilof P7. Consequentlyitcanbeconcludedthat previoustotheapplication ofthegrassmulchingthe
activity ofthe smaller earthworms wasonlyhampered by arelative shortage of food
(cf. 4.3.2).
Apartfrom thehighernumberofsmallerbioporesinthesurfacesoilofthemulched
soil,resulting from an increased activity of the smaller earthworms, a deeper homogenization was observed (cf. section 2.5). The latter may partly be attributed to a
mechanical mixing resulting from an increased burrowing activity of the smaller
earthworms and partly to a mixingvia the digestion of the smaller and larger earthworms.
Thehigherporespaceandtheaccompanyingelevationofthesoilsurface ofsoilP7
are assumed to be direct consequences of the increased burrowing activities of the
smaller earthworms whichliveinthesurface soil.
Finally it should be noted that the application of grass mulching in soil P7 only
improved the structural properties of the surface soil. Deeper than about 50 centimetres no systematic differences wereobserved between theproperties ofP7andP8.
4.3.2 Oosterhout soils
When the observations of the Oosterhout sequence are compared with those of the
Beuningen sequence it is evident that the grass mulched soils of the Oosterhout sequenceshowlesstracesofbiologicalactivitythanthesoilsoftheBeuningensequence.
The lower biological activity is reflected by lower pore space percentages, by lower
numbers of biopores and by the occurrence at shallow depth of either physicogenic
or geogenic structures (cf. sections 2.4 and 2.5).
Starting from the point of view that the soil structure improvement induced by
grass mulching isrealized by the earthworms, the problem isto discover which condition prevents the soil fauna from being as active in the Oosterhout soils as in the
Beuningen soils.
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Apart from enemies,earthworm activity may bereduced or terminated bylack of
food orby poisoned food, bycold,bydrought or bylack of oxygen (STOCKLI, 1958;
FINCK, 1952).
Lack of food of high quality may be translated as lack of young, fresh andalbuminouslitter. This condition ispresent in those grass mulch orchards where grass is
not frequently mown.Poisonedfood maybetranslated asgrasswithtracesofpoison
whichwas sprayed to kill insects and moulds attacking the fruit trees.According to
HIRST et al.(1961) spraying of certain copper compounds in the orchard may kill
theearthworms to suchan extent that thegrassisnolonger digested and remains as
a mat onthesoil surface.
Earthworms do not seem to be resistent to cold and drought. In case of cold or
drought the smaller earthworms coil up in holes in the surface soil and the larger
speciesretiretodeeperpartsofthesoil.Butthelargerspeciescanonlyretireuptothe
groundwater level or depth at which coarse sand occurs. The reason of the latter
restrictions is that earthworms cannot live without oxygen and cannot burrow in
coarse sandy materials.
When the above-mentioned factors which may inhibit the earthworm activity are
applied on the problem under discussion the following can be stated. Observations
revealed thatlittlepoisonisfound onthegrassintheorchard wheresoilsP9andP10
were studied. Consequently the digestion of poisoned food can be left out of discussion. Observations revealed, however, that in this orchard grassisnot frequently
mown.It isalsoknownthat soilsP9and P10haveshallow groundwater levels in the
winter. Finally the investigations showed that in soil P10 coarse sand occurs in the
subsoil.Consequentlyitcanbestatedthatthelack ofpossibilitiesto retireto greater
depth and the lack of food of high quality restrict the biological activity in soils P9
and P10.The former factor restricts the activity of the larger earthworms, the latter
theactivity ofboth the smaller andlargerones.
TheoreticallythesoilsoftheOosterhout sequencewherethegrassisnot frequently
mown, should not be compared withthe soils of the Beuningen sequence, since not
only the soil drainage is different, but also the frequency of mowing. On the other
hand it should be realized that grass isnot frequently mown on imperfectly drained
soilsunder grassmulch. It should alsobenoted that evenif the grasswas frequently
mown on soils P9 and P10, the soils still being insufficiently drained, the properties
would be much similar to what they are now. In that case the biological activity
would beinhibited by onefactors instead of two.
To summarise it can be stated that both the fact that the grass is not frequently
mown and the lack of possibilities to retire to deeper parts of the soils due to the
imperfect soil drainage, restrict the biological activity in the soils P9 and P10. Consequentlythe Oosterhout soils showlesstraces of biological activity than those near
Beuningen.
The two soils in Oosterhout (P9 and P10),however, also show substantial differencesfrom each other. Some ofthese differences result from the fact that soilP10is
betterdrainedthansoilP9.Thebetterdrainagegave,via a higher biological activity,
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rise to a larger number ofbioporesinsoilP10.Thedifferences observedin structural
trend arebelieved to originate ontheonehand from a difference in soildrainage, on
the other, however, from a difference in sedimentological properties. As stated in
section2.6,soilP9hashadlittlemorethanphysicogenicstructuresfromthebeginning
with onlya shallow surface soilwithbiogenicstructures. SoilP10,however, has had
more biogenic structures from the beginning.
Thegranular structures occurringinthesurface soilofP10inparticular reflect the
higher biological activity in soilP10in comparison to soilP9.
The differences in soilporosity, calcium carbonate content and pH are believed to
result from differences in sedimentological properties.
Tosumupitcanbestatedthattheinsufficiently drained soilsundergrassmulching
(P9and P10)showfewtraces ofbiological activity. Sincesuch soilshavealwayshad
little biological activity, it can be concluded that the grass mulching in such soils
doesnot stimulate thebiological activity and consequently doesnot greatly improve
thesoilstructure.Theobservationsshowedthatthesoilwhichwasbestdrainedofthe
two (P10),contained more traces of biological activity than the other (P9). This observation doesnot prove,however,that soilstructurewasmoreimproved in soilP10
than in soil P9.The difference is older than the application of the grass mulching.
Comparison of the surface soil of P10 with its granular structures with similar soils
undergrassorchard withcattlegrazing,however,did suggestthat thegrassmulching
possibly effected a smallimprovement in the structure of soilP10.

4.4 Summary and discussion
From the observations it could be concluded that in the investigated well-drained
soil P7 grass mulching resulted in an increase in soil porosity and the number of
smaller biopores in the surface soil.These changes were attributed to the supply of
albuminous grasswhichhad a stimulatingeffect on the activity ofthe smaller earthwormslivinginthesurface soil.Itwasstressedthattheimprovement ofthesoilstructurewasrestricted tothesurface soil.
Itwasalsoobservedthatinanimperfectly drained,heavilytextured soil(P9)where
grass mulching was applied, but where the grass was not frequently mown, fairly
smallnumbers ofbiopores occurred.Thiscouldbeexplained ontheonehand bythe
shallowgroundwater level,ontheother hand bytherelativelyunfavourable nourishment of the earthworms.
Finallyitwasobservedthatinasomewhatbetterdrained,lightertexturedsoil(P10)
under grass mulching, where the grass was also infrequently mown, a somewhat
highernumber ofbiopores occurred.Thehighernumber ofbioporesinsoilP10than
insoilP9wasattributedtoabettersoildrainage.Thedifference probablywaspresent
alreadyprevioustotheapplication ofthegrassmulching,sothat it doesnot indicate
that grass mulching improved soil structure more in soil P10 than it did in soilP9.
Thenumberofbioporesinthebetterdrained soilP10wasconsiderablylowerthanthe
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number of biopores inthewell-drained soilsP7and P8.It wasconcluded that in the
two insufficiently drained soils P9 and P10 grass mulching resulted in little or no
improvement of soil structure.
Most of the authors cited in this chapter (HOEKSEMA, JONGERIUS, VAN DER MEER,
EDELMANetal., O P 'T HOF, JACKSetal.)havestatedthatgrassmulchingimproves the
soilproperties which areimportant for plant growth.Accordingtotheseauthors the
improvement is due to the activity of earthworms. JACKS et al.(1955) for instance
stated: "The relationship between earthworms and mulches is twofold. On the one
hand mulching with plant remains provides the earthworms with readily available
food,protectsthemfrom desiccationand,incoldclimatesfromlowsoiltemperatures.
Theyarethereforeabletoremainactiveinthesoilforlongerperiodsandtomaintain
higherpopulationlevelsthanwould otherwisebepossible.Ontheotherhand, earthworms,bytheirfeeding and castingactivities,acceleratethehumification of organic
mulches and deepen thezone ofhumification. From thepoint ofviewof raising the
fertility of thetopsoil,the effect oftheearthworms on mulchesis good".
From the observations made in the foregoing sections of this chapter, it can be
concluded that:
(i) in well-drained soils grass mulching only improves the surface soil. Apart from
an increase ofporosity, theregular release ofnitrate compounds (JACKSetal., 1955)
andanincreaseofsoilstructurestability (HOEKSEMA, JONGERIUSand VAN DER MEER,
1957)seem to play a part.
(ii) in insufficiently drained soils grass mulching does not improve soil structure or
onlyto averysmallextent.
Therulegoverningtheabove-mentioned observations can bedescribed asfollows.
The application of grass mulching only stimulates the activity of earthworms if
previous to the application of grass mulching the relative shortage of food was the
onlyfactor inhibitingthebiologicalactivity.If, however,the supplyoffood wasnot,
ornot onlythelimitingfactor, supplyoffood, i.e.theapplication ofgrassmulching,
fails to stimulate the earthworm activity. In this case the limiting factor should be
removed before application of the grass mulching. In insufficiently drained soils,
for instance, the application of grass mulching should always be preceded by improvement ofsoildrainage.In our opinion thisruleisthekeyto 'grassmulching for
the purpose of biological soilimprovement' (cf. EDELMAN and O P 'T HOF, 1960).
The rule can beillustrated by the following examples. HOEKSEMA, JONGERIUS and
VAN DER MEER (1957)stated that theincreased earthworm activity on application of
grass mulching gives rise to perforation of impermeable, waterlogging layers in the
soil. Similar phenomena will be described in chapter 5 (cf. soils Pll and P13). By
meansofacombination ofanimprovement ofsoildrainage- whichthe above-mentionedauthorsdidnotreferto- andtheapplication ofgrassmulching,manysubsoils
were disclosed for plant roots.
EDELMAN and OP 'T HOF (1960) stressed the great improvement of the heavily
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textured soilontheexperimentalfield'DeLangeOssekampen', whichwasdueto the
application of grass mulching. In this case too, the application of grass mulching
could only result in such an improvement because the groundwater levelhad been
considerably lowered in that soil.
Providedthesoilsarewell-drained, grassmulchingmight alsoregeneratethecompactedstructureswhichoccurinmanyarablelandsoils(cf. chapters3and5).Pastures
with temporary grass mulching might be more suitable than grass mulch orchards,
for this purpose.
From the above observations on the influence of grass mulching on the properties
ofsomefluviatiledeposit soilsitcanbeconcluded that:
(i) in well-drained soils grass mulching results in an improvement of the surface
soil only.
(ii)inimperfectly drained soilsgrassmulchingdoesnot improvethesoilor onlyto a
small extent.
(iii)informerly imperfectly drained soils,inwhichsoildrainagewasimproved, grass
mulching may result in a considerable soil improvement.
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5 Theinfluence ofsoilmanagementonthepropertiesofsome
fluviatile depositsoils

5.1 Introduction
Two phenomena formed the motive for the investigations reported in this chapter.
The first phenomenon is soil structure deterioration, which can be observed in permanent arablesoils.It isof special interest tofarmers endeavouringto increase crop
yields, both quantitatively and qualitatively. Soil structure deterioration, or soil
structuredegeneration asitwillbecalledhereafter, hasbeenextensivelydescribed by
severalauthors,e.g. SEKERA(1951) ,HENIN(1960), G6RBING(1947)andKOHLER(1949).
Theseand other authors stressed thepresenceofsoilstructuredegeneration in many
arable soils. They described how it can be recognized and what the consequences
arefor root development. Finally theygavesuggestionsfor theprevention and limitation of soil structure degeneration.
Thesecondphenomenonisillustratedbytheabnormallyhighyieldsofgoodquality
whichmaybeharvestedfromfieldspreviouslyusedasgrassorchard.OP 'T HOF (1961)
statedthat 70tonsofsugarbeetsperhectareinsuchfieldsarenotexceptional.Other
authors (e.g. EDELMAN et ah, 1963) stated that in general soils under grass orchard
have favourable soil structural properties. The structural properties of pasture soils
seemnottobeasfavourableasthoseinsimilarsoilsundergrassorchard.But accordingto OP 'T HOF(1961)and EDELMANetah(1963),thestructural properties of grass
orchard soilsandpasturesoilsaremuchbetterthanthoseinsimilarsoilsunder arable
land.
Characterization and prevention of soil structure degeneration in arable soils
were widely discussed in literature (see above). But the improvement of arable land
soilswithhighlydegenerated soilstructures,hasbeengivenlittleattention until now.
Those degenerated soil structures might beimproved in variousways.Onewaymay
bederivedfrom acomparison ofstructural properties ofsoilsunder arableland with
those in soils under grass orchard or under pasture. Some tens of soils under these
cultural practicesweretherefore studied. Most of the investigations were performed
onriverclayandriverloamsoilsinthecentralpartoftheNetherlands.Someadditional investigations wereperformed on tidal deposit soils (cf. chapter 3) and on some
marinedeposit soils(used insection 5.4).
Thischapter issubdivided intwoparts.First some soilswillbediscussed in detail
(sections5.2and5.3).Thenasummarywillbegivenofsimilarinvestigations,without
discussing, however, in detail the soilsthemselves.
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5.2 Observations
The soil improvement method referred to above has been called biological soil improvement bysomeauthors (e.g. EDELMANetah, 1963).It wasbelieved that thebest
wayto demonstratethatbiologicalactivity insoilsundergrass orchard and pastureis
higherthaninsoilsunderarableland,wastopresentsomesoilswhichwereoriginally
insufficiently drained. It will be shown that after improvement of soil drainage the
soilsunder grassorchard and pasture wereconsiderablyimproved bybiologicalactivitywhereasthearable soilsdid not changemuch.
The selected soils have a relatively complex sedimentological construction. They
consist of a vertical succession of lighter and heavier textured layers.From a larger
numberofinvestigationssomesoilswerechosenwithalighttexturedsubsoilandsome
witha heavy subsoil.
Firstanarablesoilwithalighttextured subsoilwillbecomparedwithasimilarsoil
under grass mulch orchard. Then an arable soil with a heavily textured subsoil will
becompared with similar soilsunder grass mulch orchard and under pasture.

5.2.1 Slijk-Ewijk soils PI1and P12
Twoexamples werechosen (cf. Pll and P12,Appendix II).
Soil Pll lies in a field which has long been used as grass orchard. At first cattle
was grazing in this field, but for the last twenty years it has been grass mulched
(cf. chapter 4).Grass ismown frequently in this field.
SoilP12liesinafieldwhichhasbeenusedasarablelandfor atleastsomedecades.
Tothisarableland littleorganicmanureisapplied and cerealsand beetsaccount for
aconsiderable part of the crop rotation.
To answer the question whether these soils had originally similar properties, attentionwaspaidto thesoiltextural trend andthesoildrainage.Asmalldifference in
soiltextural trend was observed. The highest and lowest groundwater level occur at
similar depths in the two soils under consideration. Consequently it isbelieved that
theobserved differences in soilstructural propertiesbetween soilsPll andP12result
from differences in soil management only.
Obvious differences in soil structural properties werefound between soilsPll and
P12.Inthegrassorchard soil(PI1)aweakplatewasobservedwhichwassubdivided
into subangular blocky elements. Below this plate a layer followed with prismatic
structures subdivided into holoedrical elements. The latter were intergrade types
between subangular and angular blocky elements. With increasing depth they gradually change into angular blocky elements.
.
.
Thearablesoil(P12)showsfrom thesurface downwardsfirstalayerwithdistinct,
small,angularblockyelements,followed byalayerwitharelativelymassivestructure.
This massive structure was described as a thick plate, characterized by a few shellshaped pedfaces and distinct rootprints.
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At a depth greater than 33 centimetres below the surface, structures show only
minor differences in soils Pll and P12. At a greater depth in both soils a vertical
succession was observed, consisting of physicogenic structures (cf. section 2.4,
angularblockyandprismaticstructures).Thesestructuresrestonasubsoil characterizedbyastratified sedimentation structurewhichispartly disturbed.
Apart from differences in soil structural type,differences werenoticed with regard
to the biopore trends (cf. section 2.5) in the soils Pll and P12.In the tilled layer of
soil P12 (arable land) only a fraction occurs of the number of biopores noticed in
soilPI1 (grassorchard)atthesamedepth.Belowtheploughsolethenumber oflarge
earthworm burrows remains considerably lower than that in the soil under grass
orchard. The number of small earthworm burrows at that depth, however,isabout
the sameinthetwosoilsunder discussion.
A third difference in structural properties between soilsPll and P12concerns the
pore space in the surface soils.In the tilled layer of P12pore space is 8-14% lower
than in the surface soil of Pll. Below the plough sole the differences in pore space
between soils Pll and P12 are negligible.

5.2.2 Slijk-Ewijk soilsP13.P14and P15
From the soilswitha heavilytextured subsoilthreeexamples werechosen,viz., PI3,
P14and P15.SoilP13isinthesamefieldasPI1 (grassorchard)andsoilP14isinthe
samefieldasP12(arableland). SoilP15isin afieldwhichhas been used as pasture
for at least somedecades.
The soils P13,P14 and P15 are discussed seperately from the soils Pll and P12,
sincetheyhaveadifferent geologicalconstruction.Theheavilytexturedsubsoilstarts
at a somewhat greaterdepthinsoilP13thaninsoilsP14and P15.SoilP13originally
wasalsosomewhat better drained. Soil drainagewasimproved, however, to such an
extent that it is believed that the differences in soil drainage did not cause the large
differences in structural properties observed between soils P13,P14and P15.Consequently the differences in structural properties between soils P13,P14 and P15 are
considered as consequences of differences in soil management.
Thefollowing obviousdifferences instructural propertieswerenoticed betweenthe
three soilsunder consideration. In the grass orchard soil (PI3) a subangular blocky
structure was observed which changed with increasing depth into an angular blocky
structure.
Thearablesoil(P14)consistsofanangular blocky structurewhichrests on athick
plate with shell-shaped pedfaces and distinct rootprints.
Near the soil surface of the pasture soil (PI5) an angular blocky structure was
observed whichispart of a weakly developed compound platy structure. Below this
plate a compound prismatic structure follows which consists of angular blocky elements again.
At a depth greater than 25 centimetres below the surface no basic differences in
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structural types were noticed in these soils with varying soil management. The
threesoilsthen show a succession of physicogenicstructures (cf. section2.4,angular
blocky and prismatic structural elements).
The surface soils of P13, P14 and P15 also show large differences in pore space.
Inthearable soil P14 at a depth of 5-10 centimetres belowthe surface pore spaceis
14%lowerthan in the orchard soilP13at thesamedepth.Porespaceinthepasture
soilP15atthat depth was 8%higher than inthearable soil.At adepth greaterthan
25centimetresbelowthesurfacenosystematicdifferences inporespacewereobserved.
Thebioporetrends also showconsiderable differences inthethreesoilsunderconsideration.At every depth the arable soilP14hasasmallernumber ofbioporesthan
soilPI5underpasture.Thisistruefor both smallandlargebiopores.Thenumbersof
bioporesateachdepth and inboth sizeclasses(2-4mmandlargerthan4mm)inthe
orchard soil,however, aremuch greaterthan thoseinthetwoothersoils.

5.3 Interpretation
Theabove observations will be discussed against the background oftwocontrasting
processes,viz.,soilstructure degeneration duetomechanicalforces andsoilstructure
regeneration due to biological activity.

5.3.1 Slijk-Ewijk soils PI1 and P12
It wasobserved that, with exception of the subsoils, soilsPll and P12arerelatively
heavily textured. They contain iron mottles from shallow depths downwards, but
soildrainagewasimprovedto suchanextentthatpartofthemottlingisfossile.These
soilsconsist of physicogenic structures (with exception of thestructures occurringin
thesurfacesoilofPI1)whichrestongeogenicstructures.Asmallnumberofbiopores
wasobservedinsoilP12(arableland)andalargenumberinsoilPI1 (grassorchard).
FromthesedataitmaybeconcludedthatsoilsPI1 andP12hadratherlittlebiological
activity inthe beginning.
From the relatively large number of biopores observed in the soil under grass
orchard (Pll) and the fact that the structural elements near the soil surface showa
trend to become more and more ofthesubangular blockytype,it maybeconcluded
that biological activity increased substantially in soil Pll after improvement of soil
drainage (cf. chapter 2 and 4). In the beginning soil drainagewas so poor that, notwithstanding a good nutrition of the soil fauna, no intensive biological activitywas
abletodevelop(cf. chapters 2,3and 4).Theimprovement ofsoildrainagestimulated
thebiological activity, resulting in an intense perforation (formation of bioporesby
earthworms) and a rounding ofthe angular blockystructural elementsinthe surface
soil.The increasing rounding of the structural elements in the surface soil of Pll is
accompanied by an increase of pore space. This phenomenon which has also been
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discussed in chapter 4,ismainly dueto theactivity ofthe smallerearthworms which
live and burrow in the surface soil.
InsoilP12(arableland),whichhasaboutthesametexturaltrend assoilPI1 (grass
orchard) and a similar soil drainage, the number of biopores did not increase after
improvement ofsoildrainageoronlyverylittle.Beforeimprovement ofsoildrainage
theactivityoftheearthwormfauna insoilP12wasinhibitedbylackoffood, by injury
causedbysoiltillageimplementsandbytheshallowgroundwaterlevels.Lackof food
resultedfrominsufficient organicmattersupplyonthearablesoil.Theshallowgroundwater levels prevented the soil animals from fleeing downwards into the subsoil in
periodsofseverecold.Whenthegroundwaterlevelwaslowered,oneinhibiting factor
disappeared, the two others, however, remained, viz., the lack of food and the mechanical injury bysoiltillageimplements.Accordingto STOCKLI(1958)andto FINCK
(1952)thesearethereasonswhyinmostarablesoils,eitherwell orimperfectly drained,
only 10-25%of the number of earthworms occur which can be observed in pasture
soils.
Therelativelyhighnumbers ofbioporesinthe orchard soil(Pll) and the presence
of subangular blocky structures inthe surface soil of PI1 and theabsence of both in
the arable soil P12reflect the difference in soil improvement of the same soil under
different soil management. The difference in structural change has the following
consequences. The intense perforation of soil Pll results in a much higher air and
water permeability than in soil P12.The higher permeability prevents waterlogging
and stimulates aeration, enabling plants to develop a deeper root system and soil
animalstoburrowdeeperandmoreintense.Thewholeprocessgivesriseto a further
improvement of soil Pll. In soil P12 little has changed up till now and little will
changeinfuture aslongasitisunderarableland.
SoilPI1 isafineexampleofbiologicalsoilimprovementwhichonlybecamepossible
after improvement of soil drainage. The improvement obtained is of much higher
valuethantheimprovementresultingfrom alowergroundwaterlevelonly.Thelatter
condition was observed in soil P12,which has a lower groundwater level, but with
thesameunfavourable structural properties as before.
After discussing soil structure improvement of soil Pll and the absence of it in soil
P12, the soil structure degeneration of soil P12 should be discussed. The latter is
reflected by a relatively low pore space and by physically unfavourable structural
typesinthesurface soil.Thesoilstructuredegeneration isa compaction whichmight
beobserved inmanyarable soils.It might becausedbydrivingwithheavy machines
over the soilwhenit istoo moist or bytillingthe soilunder similar conditions. The
factors whichgaveriseineachcasetotheunfavourable structural propertieswillnot
be discussed in detail. As stated in section 5.1 these factors have been extensively
discussed intheliterature.Afurther discussion ofthesefactors wasconsidered to be
beyondthescopeofourinvestigations.Theprocesswillbereferred to as mechanical
soil structure degeneration, designating the totality of factors which gave rise to
unfavourable changes in structural properties of surface soils under arable land.
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Forthebenefit ofalater discussion (cf. section5.4)itshouldbestressedthatinsoils
P12and P14 an extreme soil structure degeneration occurs, where the plough sole
(cf. chapter 3)grew"to a fully compacted tilled layer.
Finally it should be noted that the perforating activity ofearthworms in soil Pll,
mightalsooccurinwell-drained arablesoils(cf.P12)iftheearthwormswereprovided
withenoughfood and werenot injured bysoiltillageimplements.

5.3.2 Slijk-Ewijk soils P13,P14 and P15
Aftertherelativelyextensivediscussioninparagraph5.2.2,belowonlyafewadditional
remarks will be made on the observed differences in soil structure of the three soils
under varying soil management under discussion.
Fromthe observations it may beconcluded that thesoilstructure improvement of
soilP13(heavysubsoil)under grassmulch orchard differs slightlyfrom thestructural
improvementofsoilP l l (lightsubsoil)underthesameculturalpractice.Thisuniform
reaction to soil management of soils with heavily and light textured subsoils is not
often observed.Differences insubsoiltexturesareusuallyaccompanied by differences
inthedepth ofthegroundwater level.Inthecaseunder discussiontheuniform reaction to soil management results from a substantial improvement of soil drainagein
thetwosoils.It should bestressed that the soildrainageisimproved byloweringthe
groundwater levels. If tile drains only had been used in each of thetwo soils under
discussion,the soil drainage would havebeen improved moreinthe soilwith alight
texturedsubsoilthan inthat with aheavilytextured subsoil.
Theproperties of the surface soils of the two arable soils(P12and P14)appeared
todiffer verylittle.Thisisnot surprisingwhenitisrealizedthatthesoilsaresituated
inthesamefield, that theyweresubject tothesamesoilmanagementandhaveabout
the sametexture in the surface soil. Consequently soil structure degeneration is the
same in the two soils. Soil structure regeneration as result of biological activity
ispractically impossible in both soils.Lack of food and injury caused bysoiltillage
implements restrict the biological activity in both soils. The differences insubsoil
texture do not play a part. This fact was observed in many cases. Soilstructure degenerationinsurface soilsofarablesoilswasalsofound tobeindependant of subsoil
structures and soil drainage.
, _ . - „ * • *v,„
The pasture soil P15 has properties which differ both from the properties; tftto
arable soil (P14) and from those of the soil under grass mulch orchard (P13) l*e
number of biopores was found to be intermediate between the numbers of the two
othersoils,as arealso pore spaceand structural typesofthesurface soil.A adepth
greater than 25 centimetres below the surface the pasture soil ^ J ^ t o * ™
structuraltrendasthetwoothersoils.Theabovedatashowthatthebiolog,calactivity
inthepasture soil(P15)islowerthaninthesoilundergrassmulch< ^ < ™ *™
higherthaninthesoilunderarableland(P14).Mechanicalsoilstructure R a t i o n
^emstobeabsentinsoilP15.Sincedifferences insoildrainagebetweensoilsP13and
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PI5arenegligible,the difference inbiological activity should be attributed to differencesinnutrition oftheearthworms.In thefieldwheresoilPI3issituated, the grass
isfrequently mownandthegrassisspread asamulch onthesoilsurface. Thefieldis
well dressed with fertilizers. Cattle graze in thefieldwhere soil PI5 is situated and
relatively small amounts of fertilizers are applied.
It can also be concluded that the differences in soil management of the soils P13
and PI5 give rise to a substantial difference in the rate of soil improvement. Soil
improvement in both soils started at the same moment, viz., when the groundwater
levelwaslowered. Theprogress in soil improvement isobviously greater in soilP13
than in soilP15.
Finally, the following conclusions of more general character may be drawn from
the observations.
Soilstructuredegeneration ofarablesoilsisrestrictedtothesurface soil.A similar
phenomenon was observed in chapter 3. Soil structure improvement, as discussed
above,embracesbothchangesinthesurfaceandinthesub-surface soil,possiblyeven
in the subsoil. In the beginning changes in structural type and an increase in soil
porosity arerestrictedtothesurface soil.Buttheincreaseinthenumber ofbiopores,
had already been observed at a deeperlevel.

5.4 Observations on other soils and their interpretation
Arable land, pasture and orchard maybefound in the Netherlands on various soils.
The detailed investigations for this study were mainly restricted to river loam and
river clay soils.Some detailed (cf. chapter 3)and many preliminary studies on other
alluvialsoilsintheNetherlandsrevealedthattherulesofsoilstructuralchanges,found
inthefluviatiledepositsoils,mightalsobevalidfor otheralluvialsoils.Inthissection
a summarywillbegivenoftheresults ofinvestigationsinvarious alluvial soilsinthe
Netherlands, includingfluviatile,estuary and marine soils. The conclusions are not
as reliable as those resulting from the detailed investigations and they should be
checked in future.
The remarks about the common properties of arable soils on clay and loam in the
Netherlands should be preceded by two reservations.
The examples given, may be thought to give a rather too pessimistic view of the
structural propertiesofthesearablesoils.Inselectingsoilsfor investigations,extreme
exampleswerechosenratherthanaverageones.Ontheotherhanditshould bestressed that considerable soil structure degeneration in arable soils on clay and loam in
theNetherlandscanoften beobserved.It iseasiertofindsuchsoilswith compaction
than soilswithout.Asecond reservation refers to theperiod oftheyearin which the
investigations wereperformed. Owing to soil tillage the structural properties of the
tilledlayerchangeduringthecourseoftheyear.Onlyamomentarypictureispresented, viz.,thecondition at the end ofthe summer or in autumn. Inthefirstplacethis
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minimized crop damage and secondly the structural properties which were investigated weremost pronounced.
Theproperties investigated inthesearablesoilsrefer to thedegreeofsoil structure
degeneration of the tilled layer and to the absence of natural regenerating forces of
the wholesoil.
The soil structure degeneration generally manifests itself as a relative compaction
ofthetilledlayer or ofparts ofit(plough sole).Inthebeginningthecompaction was
generally noticed in the plough sole only, i.e. in a thin layer at the bottom of the
tilled layer.
Inalighttextured soilthestructure ofthisthinlayerisoften impossibletodistinguishinthefieldfrom thestructure oftheoverlyingandunderlyinglayers.Porespace,
however,wasgenerallyfound tobelower.Inheaviersoilstheabove-mentioned band
soon has an angular blocky structure contrasting to the structures of the overlying
and underlyinglayers.
In a further stage of soil structure degeneration, the pore space of the tilled layer
asawholetendstobecomelowerthanthat oftheunderlyinglayers.Inlight textured
soils no aberrant structures, which canbedistinguishedassuchinthefield,needtobe
present. Such structures will befound in somewhat more heavily textured soils.The
tilled layer then consists of less porous subangular blocky elements or already of
angular blocky, prismatic or platyelements.As soil structure degeneration proceeds
the angular blocky character increases and visual porosity decreases. The angular
blocky elements gradually acquire shell-shaped faces and rootprints, and the roots
willtendtogrowalongandnotthroughthestructuralelements.
Extremeexamples ofsoilstructure degeneration inthetilledlayerarepresentedby
thedescriptionsoftherelativelyheavilytexturedsoilsP12andP14.Athickcompound
platewas observed in these soilswhich showed only shell-shapedfissures.Thisplaty
element showed rootprints, a very low visible porosity, a low pore space and roots
growingexclusivelyalongthestructuralelementsandnotthroughthem.Thesecharacteristicsareoften accompaniedbyblue-blackreductionmottlesarounddeadrootsand
undecayed organic manure.
Therate at which soil structure degeneration proceeds may be fairly high, as will
bedemonstrated withthefollowing example.In a former grassmulch orchard, used
one year as arable land, and which formerly had very favourable structures, soil
structure degeneration was already visible. After 7 years a compacted plough sole
was present.
Soil structure regeneration is generally absent in arable soils on clay and loam in
theNetherlands.Ifpresentatall,itistooweaktopreventsoilstructure degeneration.
Thefact that thebiological activitywhichshould result in soilstructure regeneration
is small, can be demonstrated by thelow numbers of biopores in arable soils.Lack
offood and injury caused bysoiltillageimplements are assumed to bethe causesof
the low biological activity and consequently of the low soil structure regenerating
capacity ofarablesoils(cf. STSCKLI, 1958;FINCK, 1952).
It has been observed that highly degenerated soil structures resulting from arable
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landpracticecanberegenerated bymeansofhighbiologicalactivity.In well-drained
soilsundergrassmulchorchardsuchstructuresarefoundtodisappearinafewyears,
but in imperfectly drained soilsthey weresometimes noticed twenty years after land
had ceasedto beused asarableland.
It israther difficult to givea summary of structural properties ofclayand loam soils
under pasture and orchard, sincethese cultural practices include a large number of
variantssuchasgrassorchardwithcattlegrazing,grassorchardwithgrassmulching,
clean cultivated orchard, pasture with cattle grazing and pasture with haymaking.
Thestructuralproperties ofclayandloamsoilsunderpastureandorchardrange from
thoseobservedinthegrassmulchorchardwheresoilP7issituatedtothose observed
in thearable soilsP12and P14.Theformer soilhad a highporespaceinthe surface
soil which gradually decreased with increasing depth, a relatively high number of
biopores and subangular and spongy structures up to a great depth. The latter soils
arecharacterized byacompacted surface soilwithlowporespace,few biopores and
physicogenic structures.
The most favourable structures are to be found in well-drained soils under grass
mulch orchard. TheyresemblethoseofsoilP7.Lessfavourable structures, however,
mayalsobeobserved ingrass-mulched orchards.Theymaybedueto several factors,
such as imperfect soil drainage, the fact that grass is not frequently mown and the
presenceofcertainpoisonouscompounds onthesoilsurface anddrivingofmachines
through the orchard.
Ifthesoilundergrassmulchorchard,forinstance,ismoreimperfectly drained,less
favourable structural properties will be observed than in soil P7. There is less pore
space and there areless biopores; the subangular blocky and spongy structures will
changeatashallowerdepthintoangularblocky,prismaticorstratified sedimentation
structures.
Remnants ofpoisonous compounds, such as copper oxychloride and Bordeaux
mixture used to control plant diseases may kill many earthworms, resulting in the
formation ofamat ofundigested grassonthesurface ofthesoil(cf. HIRST, LERICHE
and BASCOMB, 1961). It is believed that the modern method of spraying such compounds causes less harm than the older methods, since less spraying material now
falls on the soil surface.
Drivingwithheavymachinesoverthesoilsurfaceintheorchardcausescompaction
ofthesurface soil.Itmaybeobservedinmanyorchards.Thecharacteristicsresemble
those observedinarable soils.In orchards,however, it only occursunder paths used
for driving.
Thesoilundercleancultivated orchardusuallyhaslessfavourable properties than
that under grass mulched orchard. No grassis supplied to the soil animals and soil
tillageisapplied. Consequently biological activity islessintenseand there is mechanicalsoilstructuredegeneration.Inextremecasessoilstructureundercleancultivated
orchardisnot muchbetterthanunderarableland.
The structural properties of soils under grass orchard with cattle grazing may re56

semble the properties under grass mulch orchard. Mechanical soil structure degeneration due to soil tillage is absent. The organic matter influx may be at the same
levelasinthe grass-mulched orchard.
The properties of soils under pasture with cattle grazing or haymaking are less
favourable than those under grassorchard. The difference is not due to a difference
insoilmanagementinthefirstplace,buttoaselectionofsoilsforvariousculturalpractices.Ingeneral, soilsusedfor pasture aremoreorlessimperfectly drained,resulting
in a lowbiological activity. It was observed that ifa pasture soil is well-drained, the
structuralpropertiesarealmostasgoodasingrassorchard soils.Apartfrom soildrainagealower organic matter influx is believed to cause a lower biological activity. In
pastures with haymaking, moreover, the severe desiccation during summer seems
to be harmful.

5.5 Summary and discussion
The investigations reported above were started on the following considerations:
(i)soilstructure degeneration isoneofthefactors that reduce cropyieldincrease on
arablesoils.
(ii)fieldsformerly used asgrass orchard tend toproduce veryhigh cropyields.
(iii)grass orchard soilsand pasture soils are said to have more favourable structural
properties than arablesoils.
Thepurpose oftheinvestigations reported inthischapter wasto collect information
on the differences in soil structural properties of clay and loam soils under arable
land, orchard andpasturefor thepurpose of soilimprovement.
The investigations were restricted to some young alluvial soils mainly situated in
the central part of the Netherlands. The observations showed that arable soils generally have surface soils with unfavourable structural properties. These properties
were said to be due to mechanical soil structure degeneration and the absence of
sufficient biological activity which should regenerate soil structure. The cause of the
low biological activity was said to be lack of food for the soil animals and injury
caused to theanimalsbysoiltillageimplements.
It was also shown that in general soil structural properties in the surface soil of
grassorchardsandpastureswerebetterthaninarablesoils.Mechanical soilstructure
degenerationundergrassorchardsisrestrictedtothepathswheretractorsaredriven.
Inpastures it wasgenerallyfound that the soilstructure degeneration isfairly slight.
Ifthegrass orchard iswell-drained a highbiologicalactivitymaydevelopbecauseof
a high organicmatter influx and the absence of injury to earthworms caused by soil
tillage. In pasture soils biological activity is generally lower because of more or less
imperfect soil drainage.
With the use of some soils which were formerly insufficiently drained, but where
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groundwater levels were substantially lowered, it was shown that soils under grass
mulchorchard andunderpasture acquirefavourable soilstructural properties sooner
than in arable soils.
From the above data the following conclusions may be drawn which are of importance for the use and improvement of soils of the types under consideration.
(i)Itwasshownthatimprovement ofsoildrainagealone,doesnotimprovesoilstructure. Soil structure improvement is enabled by lowering the groundwater level, but
not effected by this, but by biological activity. The soil animals, however, can only
improve the soil structure, provided that the soil is well-drained and they receive a
goodnutrition. Hencetheconditionsfor soilstructure improvement arebetter under
grass orchard orpasturethan under arableland.
(ii) Following the above-mentioned principles it should bepossible to improve compacted soilstructuresresultingfrom arablelandpractices,provided thesoilsinwhich
they occur are well-drained. Probably it might be more suitable to use the former
arable landfieldfor someyears aspasture than as grass mulch orchard. The use of
grass mulches during part of the year in such pastures will probably accelerate the
improvement.
(iii) Finally it should be noted that from the point of view of soil structure conservationwhen planting a neworchard the system ofgrassmulch orchard is preferable
to that of thecleancultivated orchard.
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Soilmorphology andsoilsurvey

6.1 Introduction
6.1.1 Soil survey
Inchapter2somephysical andmorphological characteristicswerediscussedtogether
with methods to study them. In chapters 3, 4 and 5 the occurrence of the abovementioned physical and morphological characteristics were discussed in relation to
the mode offormation of the soilin which they occur and in relation to the applied
cultural practices. Bymeans of the used methods it waspossible to compare and to
collect soils which have a similar response to soil management. Some important
conclusions could be drawn concerning soil suitability and soil improvement. The
used methods, however, were very timeconsuming. Since soil survey isinterested to
group soilswhichhavea similarresponseto soilmanagement,it wasthought worthwhiletosimplify themethods,usedintheforegoing chapters,insuchawaythatthese
methodscanbeused inthefuture for soilsurveypurposes.
In this chapter a demonstration will be given ofthe incorporation of the working
methods of the foregoing chapters in soil survey work. Two detailed soil surveys
willbediscussed.In eachofthemainmappingunits apitwasdescribed and sampled
in the way discussed in the foregoing chapters. Before discussing the results of the
two soil surveys, oneparagraph willbededicated to a surveyofthemethods used in
theforegoing chapters in orderto simplify themfor soilsurveywork.

6.1.2 Classification of biopores
The morphological and physical characteristics discussed in chapter 2 and used in
chapters 3, 4 and 5 are only partly applicable in thefield.It is the purpose of this
paragraph to decide which of the above mentioned characteristics are directly applicableinsoilsurveywork.
None ofthesoilphysicalmethodscandirectlybeusedinthefield.Inchapter2the
following morphological characteristics were discussed, viz., macro-structure and
its trend in the soil, biological homogenization, perforation and the number of biopores and the disturbance of stratified sedimentation structures.
Macro-structure canbedescribedinthefieldaccordingtotheschemeofJONGERIUS
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(1957).Special attention should bepaid to the difference between biogenic,physicogenicandgeogenicstructures(cf. section2.4).
Furtherthesoilstructuraltrendmaybedescribed accordingto oneof the threetypes
defined insection2.6,viz.,
type (1)biogenic on geogenic structures
type (2)physicogenic on geogenic structures
type (3)combinations of type (1) and(2).
In type(1) a surface soil oflessthan30centimetresmaybepresentwithphysicogenic
structures,caused bysoiltillage.In type(2)a surface soil oflessthan 30centimetres
may be present with biogenic structures, caused by shallow biological activity.
As described in section 2.5 the depth and intensity of biological homogenization
cannot be defined in thefield.For the classification ofthe stages of homogenization
manytimeconsuming laboratory data arerequired.
Observations about the disturbance of stratified sedimentation structures are
possible in some soils, in many other soils, however, not. If possible the depth of
the undisturbed subsoil should be reported and the depth where the first traces of
undisturbed stratification are observed. As stated in section 2.5 roots usually do not
penetrateintostratified layers.Themainreasonisthatbioporesareabsentin stratified
sedimentation structures.Thismeansthat thecountingofthenumbersofbiopores at
different depthlevelsinthesoilisessentiallymoreimportantthan observations about
the stratification.
Therefore in this paragraph attention will only be paid to biopores, in particular
totheir recognitioninthefieldandtotheir classification.
Several groups ofbiopores havebeen discussed in theforegoing chapters, viz.,the
biopores larger than 200 microns, occurring in sandy soils and the biopores larger
than 2 mm occurring in heavier textured soils. Biopores of the former group were
counted onsoilpeelsbymeansofstereo-microscopewithamagnification of50times,
biopores ofthelatter groupwerecounted inthefield.It wasfound recently that itis
possible to count all biopores with diametres exceeding 200 microns in the field.
The accuracy of the countings increases as the diameter of biopores increases. The
smallerbiopores(upto2mm)canbecountedbymeans ofthenaked eyeorbymeans
of a handglass with a magnification up to 10 times in undisturbed soil fragments
taken from the soil profile wall.Their abundance isexpressed in numbers persquare
centimetre. The biopores larger than 2 mm are counted in horizontal sections of
20 x 25 cm cut in the soil profile wall. Till now their abundance was expressed in
numberspersquaremetre(cf. section2.5).Wesuggesttoexpresstheabundanceofthe
biopores larger than 2mm in numbers per square decimetre. It was found that for
biopores smaller than 2 mm a surface area of at least 5 sq. centimetre should be
counted at each depth level in order to obtain reproduceable results. This value is
5sq.decimetrefor bioporeslargerthan 2mm.
The following tentative names are suggested for the sizeclasses of biopores:
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izeclass inmm

Name

<1
1-2
2-4
>4

very fine
moderatelyfine
moderately large
verylarge

It wasfound that in sandy soils,biopores usually are smaller than 1 mm.In heavier
textured soils biopores in all size classes may occur. The size class subdivision has
beenbasedupontheexistingclassification ofbiopores(cf. HOEKSEMAand OP 'T HOF,
1960; section 2.5). It has been completed with a class smaller than 1mm for the
bioporesoccurringin sandy soils. The lower limit of very fine biopores was found
tobeabout 30micronsandtheupperlimitoftheverylargebioporeswasfound tobe
about 1centimetre.
The following tentative abundance classes are suggested. For biopores smaller
than 2mm (fine biopores):
Abundance innumbers
per cm?
0-5
5_10
10-15
>15
For biopores larger than 2 mm (large biopores)
Abundance innumbers
per dm2
0-2
2-5
5-10
•>jo

Name
few
common
many
abundant

Name
few

common
man
y
abundant

Theabundance classification has been based on experiencewith some60sandy soils
and some 150heavier textured soilsintheNetherlands.Thehighestabundanceclass
(abundant) has been defined in such a way that it corresponds with numbers of
bioporesper surface unit which arerarely found intheNetherlands.Thegroupname
'many' has been used for numbers of biopores occurring in soils where conditions
are presumed to be or to have been favourable to form many biopores.Thegroupname'few' hasbeen used for numbers ofbiopores in soilswhereconditions arepresumed to be or to have been unfavourable to form many biopores.
Inverydetailedprofiledescriptions,foreachsoilhorizoneachsizeclassof biopores
may be described with its abundance. Usually it will be satisfactory, however, to
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present only two size classes (fine and large biopores) with their abundance. More
detailsmaybegiventhenwiththedetaileddescriptionofsoilstructure.The following
suggestions are given for the adaption of the detailed description of soil structure.
Behind the soil structural type code a combination of 4 arabic numerals is given
which from left to right indicate the abundance of veryfine,moderatelyfine,moderately large and very large biopores .To present an example: A4a 1243IV \ means
in this conception: very weak,fine,subangular blocky, with few veryfine,common
moderately fine, abundant moderately large and many very large biopores (cf.
Appendix I for the code of soil structure).

6.2 Soil survey and additional investigations of some river
deposit soils
The first soil survey which will be discussed in this chapter is a detailed soil survey
of 50 hectares of soils in the holocene river deposit area of the central part of the
Netherlands (Betuwe, Opheusden). The results are presented on a 1:10.700 scale
map infig.4.
. ' . . • J aaa River bank on river levee soils

aab River bank soils on gully deposit
which begins between 80 and 120
cm below the surface
aba River bank soils on gully deposit
(between 50 and 80 cm) ona river
levee soil
^ a b b River bank soilson riverbasin soil
$$SSSi$^
which begins between 50 and 80
cm below the surface
bbb River basin soils

m- i
•a

Reworked soils in dike body

Open water

Fig. 4. Soil map of the investigated Opheusden area. Arabic numbers refer to situation of profile pits.
Approx. scale 1:10.700

62

Theobservationshavebeenperformed bymeansofaspadeandanaugerof 1.20m
length. Small soil profile pits up to a depth of about 50centimetres, have been dug
(cf.section2.6)whilethedeeperpartsofthesoilswerestudiedbymeansofasoilauger.
Theobservationpointswerearrangedinagridwithintervalsof50metres.Additional
observations have been made where necessary. Some twenty augerings have been
doneuptoabout 4metres.Somedeepprofile pitshavebeenstudied morphologically
and physically. The observations totalled 200.
The area was selected for investigations because of the smallnumber of soil types
which occur here with very divergent soil properties.

6.2.1 Mapping legend, hydrology and land use
The mapping legend has mainly been based on textural trends. In the area under
consideration, with minor exceptions, only two classes of soil texture occur, viz.,
sandy clayloam and loam on the onehand and clay on the other. Thefirsttextural
classhas been called a, the second textural class b.A threefold notation was given
for each soil,showingfrom left to right thetexturalclassofthelayersbetween0and
50, 50 and 80 and 80 and 120 cm.
Consequently the relatively light textured soils in the North were labelled aaa,
theheavilytexturedsoilsintheSouthbbb. Accordingtothisschemethelighttextured
soilsinthe centre ofthesurveyed areawhichcontained between 50and 80cmbelow
thesurface aheavilytextured layer,werecalledaba.
Thehydrologicalconditionshavechangedinthisareainthecourseofyears.Agradual
lowering of the groundwater levels,resulting from thelowering of thewaterlevelin
the river Rhine, was followed during the last decade by a sharp lowering of the
groundwater levels,resulting from theriver Linge improvement.
Theactual hydrological conditions maybecharacterized asfollows. The northern
part of the area in particular has been drained much better than before (mapping
units aaaand aab).The area of mapping unit abaand of part of mapping umtabb
were originally already better drained than the areas of the other types because of
theirhighertopography. The southern part ofthetypeabb and the area oftypebbb,
periodicallysuffer from excessofwater.
,
Artificial drainage bymeansoftiledrainshasnotbeenfound inthisarea;theland,
however,isdrained byopen drains(ditches).Moreover theareaisprotected bydikes
against flooding.
The differences in land use more or less correspond to differences in hydrological
conditions and to the differences in soilconditions.The northern part of the area is
usedasorchard, tree nursery or arable land. The central part of the area is used as
orchard or tree nursery. More to the south pasture appears, while in the southern
basinclay area only pasture occurs.
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6.2.2 Results of morphological andphysical investigations
Five soil profiles were investigated in detail in this area. They are assumed to be
representative of the mapping units in which they aresituated. Thelocation ofthe
profile pits isindicated onthesoil map(fig.4)byarabic numerals. Thesoil profile
descriptions follow below. To enable the reader to compare the analytical data,
they arereproduced graphically infigures5to8.

Profile descriptions
Opheusden 1
Location: N 439.125—E 173.050(Betuwe, Opheusden)
Land use: grass mulch orchard
Parentmaterial: Holoceneriverdeposit (Rhine),(sandyclay)loam,riverbankdeposit
on riverlevee deposit
Hydrology:moderately well-drained
Classification: Normaqueptic Eutrochrept (7TH APPROXIMATION,1964)
PROFILE DESCRIPTION

All,

0- 15cm 10YR3.5/1.5,moist; sandy clay loam; granular on subangular
blocky; common to many fine andfewlarge biopores; friable;
diffuse andsmoothon
A12, 15-60cm 10YR 3.5/2.5, moist; sandy clay loam; compound prismatic
subdivided into subangular blocky; common fineandfewlarge
biopores;friable tofirm;diffuse andsmoothon
B2, 60-110cm 10YR4.5/1.5,moist;clayloam;compound prismatic subdivided
intosubangularblockyonsponge;commonfineandcommonto
fewlargebiopores;slightlystickyandnonplastic;common, fine,
distinct, strongbrownandblack mottles;diffuse andsmoothon
B3g, 110-160cm 2.5Y5/1,moist onwet;clay loam on sandy clay loam; sponge
structure; many fine and few or no large biopores; sticky and
slightly plastic; many, medium, prominent strong brown and
black mottles.
DETAILED DESCRIPTIONOFSOIL STRUCTURE AND BIOPORES

All, 0-5cm,A3a3311II3
Al1,5-15cm,A4a2211II-III 2\
A12, B2, 15-110cm,B3a III-IV 1/A4a2211III \\
B3g, 110-160cm, Gib
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Thestructural trend isoftype(1)
Bioporetrends oflarge biopores:cf.fig.5
Analytical data: cf.fig.7
pFandsoil-water-air-ratios: cf.fig.8

Opheusden2
Location: N 438.225—E 172.875(Betuwe, Opheusden)
Landuse:pasture
Parent material: holocene river deposit (Rhine),clay,river basin deposit
Hydrology: poorly drained
Classification: Humic Normaquept (7TH APPROXIMATION, 1964)
PROFILEDESCRIPTION

Al,

0-42 cm

HAlg, 42- 58cm

HB2g 58-97cm

HIAlg, 97-120cm

10YR3.5/1.5,moist;clay;granular oncompound prismatic
subdivided intoangularblocky;fewfineandlargebiopores;
friable onvery firm;few,fine,faint, strongbrown mottles;
clear andwavyon
2.5Y 3.5/1, moist; clay; single prisms and angular blocky
elements; fewfineandlarge biopores; very firm;few, fine,
faint, strong brown mottles; gradual andwavyon
2.5Y 4.5/1, moist; clay; angular blocky; fewfineandfew
or no large biopores; sticky and plastic; many, medium,
prominent, strong brown mottles; diffuse andsmoothon
2.5Y4/0,wet;clay; angular blocky; fewfineandnolarge
biopores; very sticky and very plastic; common, faint,
medium, yellowish brown mottles.

DETAILED DESCRIPTION OF SOIL STRUCTURE ANDBIOPORES

All, 0-3cm,A32211II3
A12,3-42cm,B3aIII-IV 2/A5a 1111HI2*
HAlg,42-58cm,B5c1111III2\ + A5a1111IV 1
HB2g,58-97cm,A5a 1100IV2\ -* \
HIAlg, 97-120cm,A5a1100III \
Thestructural trend isoftype(2)
Trendsoflarge biopores:cf.fig.5
Analytical data: cf.fig.7
PFandsoil-water-air ratios:cf.fig.8
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Opheusden 3
Location: N 438.875—E 173.075(Betuwe, Opheusden)
Landuse: grass mulch orchard
Parentmaterial:holoceneriverdeposit (Rhine),(sandy)clayloamonclay,riverbank
deposit on river basin deposit
Hydrology: moderately well-drained
Classification: Normaqueptic Eutrochrept (7TH APPROXIMATION, 1964)
PROFILEDESCRIPTION

All,

0 - 3 0 cm

A12,

30- 50cm

B2,

50- 65cm

IIB2,

65-110cm

HIAlg, 110-H5 cm

10YR 3.5/3, moist; (sandy) clay loam; granular on subangular blocky; common fine and large biopores; firm;
diffuse and smooth on
10YR 4/2.5, moist; sandy clay loam; subangular blocky;
common fine and large biopores; friable; many, medium,
distinct, strong brown and black mottles; gradual and
smooth on
10YR 4.5/2,moist; clayloam;subangular blocky;common
fine and large biopores; friable to firm; many, medium,
distinct, strong brown and black mottles; gradual and
smooth on
10YR 5/2.5,wet;clay;compound prismaticsubdividedinto
angular blocky; common fine and large biopores; sticky
and plastic; common,fine,faint, brown and black mottles;
gradual and smooth on
2.5Y 4/0, wet; clay; compound prismatic subdivided into
angular blocky; fewfineand no largebiopores; verysticky
and very plastic; common, fine, faint, brown and black
mottles.

DETAILED DESCRIPTIONOF SOIL STRUCTUREANDBIOPORES

AH,0-5cm,A4a2231113
All, 5-30cm,A4a2222IV 2\
A12,B2,30-65cm, A4a 2222III 2\
IIB2,65-110cm, B3aIII 2/A5a 2222III-IV 2\
WAlg, 110-115cm, B3a III 3/A5a 1100IV }
Thestructural trend is of type (3)
Trendsoflarge biopores: cf. fig. 5
Analyticaldata: cf. fig. 7
PFand soil-water-air-ratios: cf.fig.8
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Opheusden 4
Location: N 439.025—E 173.025(Betuwe, Opheusden)
Landuse:grass orchard with cattle grazing
Parent material: holocene river deposit (Rhine), sandy clayloam onclay, river bank
deposit on streambed deposit
Hydrology: somewhat imperfectly drained
Classification: Normaqueptic Eutrochrept (7TH APPROXIMATION, 1964)
PROFILEDESCRIPTION

Al,

0- 16cm

Bl,

16- 30 cm

B2,

30- 53cm

IIB2,

53-70cm

IIIB2g, 70-100cm

IVAlg, + 100cm

10YR3.5/3, moist; sandy clay loam; compound platy subdivided into granular on subangular blocky; common to
fewfineandlargebiopores;friabletofirm;clearandwavyon
10YR4.5/4, moist; sandy clay loam; compound prismatic
subdivided into subangular blocky; common fine andfew
large biopores;friable; gradual andsmooth,on
10YR 5/3, moist; sandy clay loam; subangular blocky;
common fine and few large biopores; very friable; clear
and wavyon
10YR4.5/2,moist; sandyloam; sponge;manyfineandfew
large biopores; very friable; common, medium, prominent,
black and common, medium, very faint, yellowish brown
mottles; clear andwavyon
2.5Y 4/2, moist; (sandy) clay loam; subangular blocky;
common fine and few large biopores; slightly sticky, non
plastic; common, fine, distinct, yellowish brown and black
mottles; clear and smooth on
2.5Y 3/0, moist; clay; prismatic; few fine and no large
biopores; sticky andplastic. }

DETAILED DESCRIPTION OF SOIL STRUCTURE ANDBIOPORES

All, 0-2cm, C2 V1/A3a2221II 1*
A12,2-16cm, C2V1/A4a 1121III-IV 1}
Bl, 16-30cm, B3aIII 1/A4a2211III 2\
B2, 30-53cm,A4a 2211III 2\
IIB2, 53-70 cm, Gib
IIIB2g, 70-100cm, A4a2211III 1*
IVAlg, + 100cm, B5a1100IV \
The structural trend isoftype(3)
Trends oflarge biopores:cf.fig.6
Analytical data: cf.fig.7
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Opheusden 5
Location: N 438.900—E 173.010(Betuwe, Opheusden)
Landuse:tree nursery
Parent material: holocene river deposit, (Rhine), sandy clay loam on clay onsandy
clayloam, river bank deposit on river streambed deposit on river
levee deposit.
Hydrology: moderately well-drained
Classification: TypicNormaquept (7TH APPROXIMATION,1964)
PROFILEDESCRIPTION

Apl,

0-16 cm

Ap2,

16-30cm

B2,

30-40cm

IIB2g, 40-56 cm

IIIAlg, 56-67 cm

IVB2g, 67-100cm

10YR 4/3,moist; sandy clay loam;fewfine andlarge biopores;angular blocky;friable onfirm;clearandsmoothon
10YR 4/2, moist; sandy clay loam; subangular blocky;
common fine andfewtocommon largebiopores; friable to
firm;common,fine,faint,blackmottles;abruptandwavyon
10YR 5/3,moist; clay loam; subangular blocky; common
fineand fewto common large biopores; friable; common,
fine,faint, black mottles; gradual and smooth on
2.5Y 5/1,moist; clay; compound prismatic subdivided into
subangular blocky; common fineandlarge biopores; common,fine,faint, black mottles; gradual andsmoothon
2,5Y 3/0, moist; single prisms; clay; sticky and plastic;
commonfineandcommon tofewlargebiopores;few, fine,
faint, black mottles andmany,fine,faint, yellowish brown
mottles; gradual andsmoothon
10YR 5/0,moist; sandyclayloam; sponge structure; many
fine and few large biopores; slightly sticky and slightly
plastic;few,fine,faint, black mottles andmany, fine, faint,
yellowish brown mottles.

DETAILED DESCRIPTION OF SOIL STRUCTURE ANDBIOPORES

Apll, 0-5cm,A5a1111II-III 1\
Apl2, 5-16cm,A5a1111IV2
Ap2, 16-30cm, A4a2221III 1*
B2, 30-40 cm,A4a2221IV \
IIB2g, 40-56cm,B3aIII3/A4a 2222IV 2\
III Alg, 56-67cm,B5a 2221III3
IV B2g,67-100 cm, Gib
The soilstructural trend isoftype(3)
Trends oflargebiopores:cf.fig.6
Analytical data: cf.fig.7
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The results of the morphological and physical investigations of samples of thefive
above-mentioned soilsledto thefollowing comments.
Thetextural trend of soil Opheusden 1(cf. fig. 7)evidently shows that this soil is
not a regular river levee soil. The textures would become lighter with increasing
depth in that case. A deep biological homogenization is also out of question (cf.
section 2.5), because of the past excess of water in this soil. Moreover stratified
subsoil structures which generally occur in river leveesoils,are absent to a depth of
over 1.60m insoilOpheusden 1.Itisassumedtobeariverbanksoilwhichrestsona
river levee soil. EDELMANet al.(1950),labelled such soilsascrevassedepositsresting
on river levee soils. PONS (1953) stated that the covering deposit probably does not
originate from a dike-burst, but from a levee which was broken. According to the
latterauthor suchsoilsshouldconsequently belabelled asriverbank deposits resting
on river leveesoils.
Itisalsostrikingthat thetexture ofthesurface soilofthesoiltypeswhichbearthe
river bank deposit (cf.fig.4)issimilarwithinnarrow limits(cf.fig.7).
A close correlation has been noticed in this area between the soil macro-structures
and the textural classes of the parent material. Apart from the structures occurring
in the surface soil which structures havebeen influenced by the soil management, it
appeared that the main structural types correspond to different soiltextural classes.
Those structures, for instance,whichhavebeen called biogenic (cf. section2.4) only
occurintherelativelylighttexturedriverbankandriverleveesoils.Thephysicogenic
structures (cf. section 2.4), however, have only been noticed in the heavily textured
basinclayandstreambedmaterial. Stratified subsoilstructureshavenotbeennoticed
inthis area.
Thecorrelation between the occurrence of thetwo main typesof soilstructure on
theonehandandthesoiltexturalclassesontheotherissoclosethateachsoiltextural
trendmightbereplacedbyastandard soilstructuraltrend(cf. section2.6).
Theclosecorrelationinthisareabetweensoilstructuraltypeandsoiltexturemeans
(cf. profile descriptions Opheusden 1-5) that the numbers of fine biopores are also
correlatedwiththedifferences insoiltexture.It wasfound that, apartfrom thenumbersofbioporesoccurringinthesurface soils,inthebiogenicstructuresinthestudied
soilscommon to manyfinebiopores occur. In the physicogenic structures,however,
onlyfewfinebioporesoccur.Theobservationmeansthatfrom thesoilmap(cf.fig.4)
important data about theroot potentialities can be derived.
Thetrendsofthebioporeslargerthan2mm(cf.figures5and6)donotshowmuch
correlation withdifferences in soiltexture. Soil Opheusden 2showsa lownumber of
largebiopores,becauseofthepoor drainageinthissoilinthepast andinthepresent.
Soils Opheusden 1and 4 show a fairly low biopore trend because of their relatively
poor drainage,which has only quiterecently been improved in such a waythat biological activity mayincrease.Notwithstanding the differences in soiltexture between
soil Opheusden 2 on the one hand and soils Opheusden 1and 4 on the other, the
differences in thetrend of the larger biopores are relatively small.The reason is the
insufficient soildrainage of thethree soilsunder consideration.
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Soils Opheusden 3and 5are better drained than the other three soils.Stillthereis
a substantial difference inbiopore trend oftheearthworm burrowslargerthan 2mm
between soils Opheusden 3 and 5. Soil Opheusden 3 has a soil management which
stimulatesthebiologicalactivity,whileinsoilOpheusden 5both lack offood and the
presence of mechanical injury to earthworms restrict their activity.
Concerning the results of the pF-and soil-water-air-ratio determinations (cf. fig. 8),
performed onsamplesofthreeofthefivesoils,thefollowingremarksshouldbemade.
The accumulated amounts ofmoisture between pF 2.0and pF 4.2 over a depth of
1metre,onlydiffer veryslightly.Thedifferences inthetrends ofthebiopores smaller
than 1 mminthedifferent Opheusdensoilsraisetheexpectationthatafter loweringof
the groundwater levels in the soils under consideration large differences in depth of
root development willoccur.Thenalsolargedifferences willbefound inthe amounts
ofplant availablewaterovertherootedzone.
Important differences havebeen found inthe volumepercentages ofair present at
pF 2.0. As stated in chapter 2 (cf. section 2.2) BUTIJN (1961) assumed that an air
percentage of 10at pF 2.0 was required for roots of fruit trees to enter a soillayer.
In the soilsinvestigated it seemedthat inthebasinclaylessthan 10%gaseous phase
at pF 2.0 occurs, whereas the lighter textured river bank and river levee.material
contained more than 10%.This observation has a more general meaning since it is
supported by some,tens of determinations on similar samples which all showed the
same result.

6.2.3 Geogenesis
The soil map (cf. fig. 4) shows that the mapping units are arranged in a West-East
direction. The collected data gave rise to the following hypothesis on the genesisof
the area investigated. In the North, near the river dike (of the river Rhine), a strip
with relatively light textured soils occur (type aaa).They are river levee soils which
were covered by a river bank deposit (cf. EDELMAN etal, 1950; PONS, 1953). South
of itlies a strip of typeaab.Thisisa former river bed whichwasoriginally filled up
with fairly heavy clay and which was in turn covered by the above-mentioned river
bank deposit.
Surroundedbythemappingunitaabandsouthofit,aretworemnantsoftheformer
levee of the above-mentioned river bed (type aba).The subsoil of this type consists
of river levee material which was covered by a fairly heavy clay which was again
covered by the above-mentioned river bank deposit. Moretothe Southa river basin
deposit follows which wasalso covered by theriver bank deposit (type abb).Finally
in the most southern part of the area a basin clay follows which was not covered
with the river bank deposit.
The dike,whichintersectsthearea from NWto SEand whichissaidto date from
the 16thcentury, containssoilswhichareman-made.
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6.3 Discussion
It has been stated that the relatively light textured soils contain biogenic structures
with'common' ormorefinebiopores.Ithasalsobeenstatedthattheheavilytextured
soilscontain physicogenic structures with'few'finebiopores.Exceptionswere found
inthesurfacehorizonsofallsoilsinvestigatedintheOpheusdenarea.
Theabundanceofthe largebioporeswasfound tovarymuch.Ingeneral,however,
fewlargebiopores occurred, dueto the more or lessinsufficient drainage ofthesoils
intheareaunder consideration.
Finally it has been stated that root penetration in the heavily textured soils is
difficult since these soils contain less than 10% of gaseous phase at fieldcapacity,
resultinginlackof oxygen orexcessofcarbondioxide at fieldcapacity.
Theabove data give rise to the following remarks.The soils in the area under consideration are mainly used for two cultural practices, viz., the soils with less than
50cmriverbank depositonbasinclayaspastureandtheother soilsfor horticulture.
Horticulture here comprises cultivation of cherries, apples, pears,plums and black
and red currants. Moreover part of theland isused for treenursery. Theplantscultivated inthe above-mentioned branches ofhorticulture developa deeproot system.
Thismeans that they demand a soil in which they can develop a deep root system.
The Opheusden soils, as they are now, do not permit plants to develop a deep root
system,sincethey are insufficiently drained. Thefirststeptowards soil improvement
inthisareashould beloweringofthegroundwaterlevels.
Afterloweringthegroundwaterlevelssomesoilsinthisareawillbecomewell-suited
for deep rooting crops, others, however, not. The soils of the mapping unit aaa(cf.
fig. 4)which havefinebiopores till at least 1.50 m and no stratification within that
depth, willbewell-suited for deeprooting crops.The soils ofthemapping unitsaab
andabaarelesssuitedalthoughtheymayimprovemuchbymeansofgrassmulching
applied after lowering the groundwater levels(cf. chapters 4and 5).The soils of the
mappingunitsabbandbbbwillbemoreorlessunsuitedafter loweringofthegroundwater levels for deep rooting crops. The heavily textured subsoils of the latter two
groupsofsoilsareeithertoowetortoodry.Itshouldbestressedthatfordeeprooting
crops onlythose soils should beimproved byloweringthe groundwater levelswhich
are either relatively light textured or those which have a light textured subsoil and
onlyfinallythosewhichhavea deepersubsoilwhichisheavilytextured.
The above remarks on the Opheusden soils have a more general meaning if it is
realizedthatmanysoilsintheNetherlandswhichareusedforcultivatingdeeprooting
crops, areinsufficiently drained. For deeprooting crops primarily those soilsshould
beselected which enable these crops to develop a deep root system. In case of soil
improvementfor thosecrops,primarilythosesoilsshouldbeimprovedwhichacquire
afterbeingimproved,goodrootpotentialities.Intermsofsoildrainageandabundance
ofbiopores this meansthatfirstlythosesoilsshouldbeselectedwhicharewell-drained
75

and contain many bioporestillgreat depth. In the second placethose soils should be
selected in which larger numbers of biopores become available after lowering the
groundwater level (cf. soils of the mapping unit aaa,cf. fig. 4). Finally those soils
should be selected in which a considerable increase of the number of biopores is to
be expected after lowering the groundwater level.
It isevident that theaboveremarksonsoilsuitabilityaremainlybasedontheabundanceof biopores. Usingthe concept of bioporesmore information can be collected
for soil suitability thanbymeansoftheconventionalitemsusedinprofile descriptions
hitherto.Thatiswhywesuggesttouseinsoilsurveyworktheconceptofbiopores.
Itisbecauseofthegreatimportanceofbioporesforsoilsuitabilitythatthepresented
mapping legend was chosen for the soil map of the Opheusden area. Knowing the
relation in this area between soil texture and the abundance of fine biopores, it is
possibleto read directlyfrom thesoilmapwhichsoilswillbesuitedfor deep rooting
cropsafter improvement ofsoildrainageinthis area.
It might bequestioned whether a survey of the actual root system in a soil profile
wall does not give enough information about the root potentialities. It is true that
roots,iftheyarepresentarethebestindicatorsfor root potentialities.Inmanycases,
however,rootsarenot present ortheroot systemisnot atitsmaximum development
when the soil is investigated. Moreover different crops have different root systems.
In insufficiently drained soils,finallythe root system does not indicate much about
root potentialities; the biopores, however, do.

6.4 Soil survey and additional investigations of some
sandysoils
Thesecond soilsurveywhichwillbediscussed inthischapter concernsa detailed soil
survey of 100hectares of soils in the pleistocene sandy area in the Northeast of the
Netherlands (Province of Drente, municipality of Rolde). The result of this soil
surveyisreproduced on a 1:13.300mappingscaleinfig.9.
Thissoilsurveywasperformed bymeansofprofilepitsuptoadepthofabout50cm
and soilaugeringsinthesepits up to a depth of 1.20 m.Theobservation pointswere
arranged inagridwithintervals of 100m.Additional observationsweremadewhere
necessary. The total number of observations was about 250.
Thisareawasselectedfor investigation becauseasmallnumber of soiltypesoccur
here on a small surface area. Moreover the soil types showed quite different soil
properties.

Fig. 9. Soil map of the investigatedRolde area. Arabic numbers refer to situation of profile pits.
Approx.scale 1:13.300
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6.4.1 Mapping legend, hydrology and land use
The soil map (fig. 9) shows three main soils, viz., the sandy soils (S), the slightly
loamysandysoils(IS)andtheloamysoils(L).Eachofthesesoilshasbeensubdivided
intoadryormoistandintoawetphase.Thewetphasesarecharacterized by'characteristics associated with wetness' (7th Approximation, 1960),occurring within 50 to
75cmbelowthesurface.Thesesoilsareindicated onthesoilmap(cf.fig.9)bymeans
of a 'w' before themain symbol.At theright and theleft sideof each symbol, given
on the soil map, an arabic numeral will be found. The left hand numeral indicates
thethickness in centimetres of the Ap or Al horizon in three classes, viz., 1. 0-30;
2. 30-60; 3.60-90cm. The right hand numeral indicates the depth at which the Chorizon begins in three classes, viz., 1. between 30 and 60; 2. between 60 and 90;
3. deeper than 90cm belowthe surface.
Soilswithacoverof30to60cm.ofmuckwereindicated onthesoilmap(cf.fig.9)
with the symbol M.
Thehydrologicalconditionsinthisareachangedinthecourseoftime.Averygradual
lowering of the groundwater levels has taken place. The present hydrological conditions maybecharacterized asfollows. The dry sandy soils(S)periodically contend
withalackofwater.Thewetsandysoils(wS)periodicallysuffer ofanexcessofwater.
Theslightlyloamy sandysoils(IS)arewell-drained to somewhat excessively drained.
Thewetloamysandysoils(wlS)havesomeexcessofwaterinthewinter and spring.
Theloamy soils(L and wL)arecharacterized bya lowwater permeability, resulting
in a periodical excess of water.
Artificial drainagebymeansoftiledrainshasnot beenobservedinthe Roldearea.
Thewet soilsinthisarea areusually drained byopen drains(ditches).
Theland usehas more or less been adapted to the soil conditions and to the hydrologicalconditions.Thedrysandysoilsareusedasarablelandfor thegrowthofcrops
whichdonotdemandmuchwater(heremainlyryeandpotatoes).Thewetsandysoils
are mostly used as pasture. The loamy sandy soils areall under arable land. A relatively large variety of crops are grown there (e.g. barley, oats, beets and potatoes).
Part of the loamy soils are used as arable land. Here crops are grown which need
muchwater,e.g.wheatandbeets.Another part oftheloamy soilsliesunder pasture.
Onlya smallpart oftheareais woodland.

6.4.2 Results of the morphological and physical investigations
Sixsoilprofiles havebeendescribed and sampled intheinvestigated Roldearea. The
location oftheprofile pitshasbeen indicated on thesoilmap (cf.fig.9)bymeansof
arabicnumerals.Theprofile descriptionsfollow below.
The analytical data are presented graphically (cf. figures 10to 13).
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Profile descriptions
Rolde 1
Location: N 557.075—• E239.210(Drente, Rolde)
Landuse:arable land.
Hydrology: (somewhat) excessively drained
Parent material: young cover sand, loamy sand onsand, Wurm glaciation.
Classification: Plaggept (7TH APPROXIMATION,1964)
PROFILEDESCRIPTION

Apl,

0- 20cm

Ap2,

20- 54cm

B2hb, 54- 62 cm
B2b,

62- 80cm

B31b, 80-125cm
B32b, + 125cm

10YR2.5/1.5,moist; loamy sand;fewveryfinebiopores;
veryfriable toloose;clearandsmoothon
7.5YR 2.5/1.5, dry; loamy sand on sand; few very fine
biopores; very friable; clear and smoothon
5YR2.5/2, dry;sand; common veryfinebiopores;slightly
hard; gradual andsmoothon
7.5YR 3.5/2, dry;sand; commontofewveryfinebiopores;
slightly hard; diffuse andsmoothon
10YR5/6,dry;with humusfibersof 5YR3/2,dry;sand;
few veryfinebiopores; very friable; diffuse andsmoothon
10YR7/4,dry;sand;fewtonoveryfinebiopores;loose.

Trendsofthe veryfinebiopores: cf.fig.10
Analytical data: cf.fig.11
pFandsoil-water-air-ratios:cf.fig.12

Rolde 2
Location: N 556.920—E239.670(Drente, Rolde)
Landuse:arable land
„
, «/«««
Parent material: oldcover sand on glacial till, sandy loam ongravelly sand, Wurm
on Riss Glaciation
Hydrology: somewhat excessively drained
Classification: Plaggic Normorthod (7TH APPROXIMATION,1964)
PROFILEDESCRIPTION

Apl,

0- 20cm

AP2,

20- 32cm

10YR 3.5/1, dry;sandy loam; common veryfinebiopores;
very friable; clear and smooth on
.fr!nM-.
10YR 3/1,dry;sandyloam;fewveryfinebxopores, finable,
clear andwavyon
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B21b,

32- 55 cm

B22b,

55-73 cm

IIB23b,

73- 85 cm

IIIB3b, 85-90/100cm
IHCb, + 90/100cm

10YR 3.5/3,dry;sandy loam; many to abundant veryfine
biopores; friable; diffuse and smooth on
10YR 4.5/4, dry; gravelly sandy loam; common very fine
biopores; friable; diffuse and smooth on
2.5Y 7/4, dry; gravelly loamy sand; common tofewvery
fine biopores;veryfriable; clearandirregularon
2.5Y 7/4, dry; sand; loose; few very fine biopores; clear
and wavy on
2.5Y 7/5,dry;sand;fewtonoveryfinebiopores;loose.

Trends ofveryfinebiopores:cf.fig.10
Analytical data: cf.fig.11
pF andsoil-water-air-ratios: cf.fig.12
Water permeability: cf.fig.13

Rolde 3
Location: N 556.850—E239.640(Drente, Rolde)
Landuse:arable land
Parent material: oldcover sand onglacial till; loamy sand ongravelly sand; Wurm
on Riss glaciation
Hydrology:somewhat excessively drained
Classification: Plaggept (7TH APPROXIMATION,1964)
PROFILEDESCRIPTION

Apl,

0- 20 cm

Ap2,

20- 40cm

Ap3,

40- 59 cm

Bib,

59- 68 cm

IIB2b, 68- 84cm
IIB3b, 84-130cm
IlCb,

+ 130cm

10YR 4.5/1, dry;loamy sand; few very fine biopores; very
friable; clear andsmoothon
10YR 4.5/1.5, dry;loamy sand; fewto common veryfine
biopores;friable; clearandsmoothon
10YR 5/2, dry;loamy sand; common very fine biopores;
friable; gradualandwavyon
10YR 4/1.5, dry; loamy sand; many very fine biopores;
friable; gradual andwavyon
10YR 4.5/3, dry; slightly gravelly loamy sand; abundant
veryfinebiopores;friable; diffuse andsmoothon
10YR6/4->10YR7/3,dry;gravellysand;manytocommon
veryfinebiopores; loose; clear andwavyon
10YR7.5/3,dry;withfibersofironcoatedsandwithcolour
7.5YR 6/7,dry;slightly gravellysand; common tofewvery
finebiopores; slightly hard.

Trendsofveryfinebiopores:cf.fig.10
Analytical data: cf.fig.11
pF andsoil-water-air-ratios:cf.fig.12
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Rolde 4
Location: N 557.550—E240.030(Drente, Rolde)
Landuse:arable land
Parent material: colluvium of cover sands and prae moraine sand; loamy sand on
sand; Wiirm glaciation on older deposits
Hydrology:imperfectly drained
Classification: Normaquod (7TH APPROXIMATION, 1964)
PROFILEDESCRIPTION

Ap,

0- 19cm

A2g,

19- 38cm

IIBlg,

38-47cm

IIB21g, 47-57/68cm
IIB22g, +57/68 cm

10YR 3.5/1, dry;loamy sand; common veryfinebiopores;
friable; abrupt andsmoothon
10YR 6/1, dry;loamy sand;fewveryfinebiopores; friable;
gradualandsmoothon
7.5YR 5/2 -> 7.5YR 3/3,dry;loamy sand; few very fine
biopores; compact andhard; clear andwavyon
7.5YR 3.5/3,dry;loamysand;fewtonoveryfinebiopores;
very compact andhard; clear andsmoothon
7.5YR 5/4, dry; with humusfibers of 7.5YR 3.5/3, dry;
sand; noveryfinebiopores; compact andslightly hard.

Trends ofveryfinebiopores:cf.fig.10
Analytical data: cf.fig.11
pF andsoil-water-air-ratios:cf.fig.12
Water permeability:cf.fig.13

Rolde 5
Location: N 557.100—E240.180(Drente, Rolde)
Landuse:arable land
Parent material: oldcoversandonglacialtill;sandyloamonsilty clay loam; Wiirm
Glaciation onRiss Glaciation
Hydrology: somewhat imperfectly drained
Classification: Typic Humaquept (7TH APPROXIMATION, 1964)
PROFILE DESCRIPTION

Apl,

0-20cm

Ap2,

20-35cm

10YR5/1,dry; sandyloam;fewveryfinebiopores; friable;
clearandsmoothon
10YR5/1, dry;sandyloam;fewveryfinebiopores; friable;
common,fine,faint, yellowish brown mottles; gradualand
irregularon
(continuedonpage 86)
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IIAlgb, 35-55cm

IIB2gb, 55-80 cm

10YR 6/2, moist; loam; few very fine biopores; slightly
sticky and slightly plastic; compound prismatic subdivided
intosubangularblockytoangularblockystructuralelements;
many, fine, distinct, reddish yellow mottles; gradual and
wavy on
10YR 7.5/2, moist; clayloam; few veryfinebiopores;prismatic; sticky and plastic; many, medium, prominent, reddish yellow mottles.

Trends of the veryfinebiopores:cf.fig.10
Analytical data: cf.fig.11
pF and soil-water-air-ratios: cf.fig.12
Water permeability: cf.fig.13

Rolde 6
Location: N 556.900—E239.950(Drente, Rolde)
Landuse: arable land
Parent material: old cover sand on glacial till; loamy sand on sand; Wtirm on Riss
Glaciation
Hydrology: Welldrained
Classification: Plaggept (7TH APPROXIMATION, 1964)
PROFILE DESCRIPTION

Apl,

0- 25cm

Ap2,

25-50 cm

A3b,

50-68/80 cm

IIB2b, 68/80-81 cm
IlCb,

81-104 cm

10YR4.5/1,dry;loamysand;manytofewveryfinebiopores
friable; abrupt and smooth on
10YR 5/2,dry;loamy sand; few veryfinebiopores; friable;
clear and smooth on
10YR 4.5/2, dry; loamy sand; few to common very fine
biopores; friable; clear and wavy on
10YR 7/6, dry; slightly gravelly loamy sand; common very
finebiopores; slightly hard; gradual and smooth on
10YR 7/4, dry; gravelly sand; few very fine biopores;
slightly hard; many, coarse, prominent, strong brown
mottles.

Trends of veryfinebiopores:cf.fig.10
Analytical data: cf.fig.11
pF and soil-water-air-ratios:cf.fig.12
Water permeability: cf.fig.13
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The above-mentioned results of the morphological and physical investigations give
rise to the following remarks.
Thetexturaltrends(cf.fig.11)showsomecharacteristicdifferences. InRoldesoil1
the fractions smaller than 105microns decrease rapidly with increasing depth, while
gravelisabsentinthesubsoil.IntheRoldesoils2,3and6,thefractions smallerthan
105micronsdecreaseatadeeperlevel,thedecreasebeingaccompanied byanincrease
ofthegravellyfraction. SoilRolde4showsinthetopoftheprofile thesametrend as
Roldesoils2,3 and 6and at a greater depth the fraction larger than 210 microns is
absent. Thetop ofthesoil Rolde 5hasabout the samecomposition asthetop ofthe
Roldesoil2. Between 40and 60cm belowthe surface, however, a transitional layer
follows, whileat 60cm belowthe surface a relatively heavily textured layer follows.
The differences between certain particle size-distributions were found difficult to
observeinthefield.Thedifferences betweensomesandyandsomeslightlyloamysandy materials gave special difficulties. When it was impossible to differentiate on
basis of differences in soil texture, differences in soil development were used as a
second differential criterion. In the above-mentioned case these developments were
one which resembles a Humod and one which resembles anOrthopsammentic
Dystrochrept (cf. 7TH APPROXIMATION, 1960).
The trends of the biopores larger than 200 microns (cf. fig. 10) (cf. VAN DER PLAS
and SLAGER, 1964and SLAGER, 1964)maybegrouped accordingto three types, viz.,
(i) a relatively low number of biopores which continues till a relatively great depth.
(ii)a relatively high number of biopores whichcontinues till a relatively great depth.
(iii)a relativelylownumber ofbiopores whichcontinuestill a shallow depth.
ThebioporetrendsoftheRoldesoils 1 and6belongtothefirsttype.Rolde 1 contains
a small number of biopores larger than 200 microns because of lack of moisture,
Rolde 6 on the other hand shows a small number of biopores because this soil was
relatively wet in the past.
ThebioporetrendsofthesoilsRolde4and 5 belongtothethirdtype.Thelownumbers ofbioporesin these soilsresult of periodical excessof moisture.
Thebiopore trends ofthe soils Rolde2and 3belongto thesecond type.Thehigh
numbers of biopores larger than 200 microns result from a combination of a good
drainage and a good water retentivity.
pF and soil-water-air-ratio determinations havebeenperformed onsamplesofthesix
soilsofthe Roldesequence (cf.fig.12). Fromthesedeterminationsitwasfound that
only certain parts of the soils Rolde 4 and 5 contain less than 10% by volume of
gaseousphaseatpF2.0.In soilRolde4thisphenomenon maybecorrelatedwiththe
occurrence of compact fine sand which compactness is very noticeable in the field
(cf. profile description Rolde 4).In soil Rolde 5the samephenomenon isto be correlated withthepresenceof a compactheavilytextured glacialtill.
The accumulated amounts of moisture present between pF 2.0 and pF 4.2 in the
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Fig. 13. Trends of water permeability of soils
Rolde2, 4, 5 and6

layer between 0 and 100 cm below the surface and the accumulated amounts of
moisturebetweenpF2.0andpF4.2overthezonewhichmaybepenetrated byroots
have been presented in the following table.
It may be concluded from this table that the moisture reserve of soil Rolde 1is
small. Additional supply by means of capillary rise is not possible in this soil. The
moisturereserveofthesoilsRolde4and5overtherootedzoneisalsosmall.Additional supply by means of capillary rise should not be ignored, however, in these soils.
The soils Rolde 2, 3and 6have about the same moisture reserve over the rootable
zone and an additional supply by means of capillary riseis improbable.
Soil
Rolde1
Rolde2
Rolde 3
Rolde4
Rolde 5
Rolde 6

Rootable zoneincm
100
95
140
47
55
100

mm/metre
64
139
110
212
242
129

mm/rootable zone
64
134
142
98
96
129

Fig.12.Trendsofsoil-water-air-ratiosat variouspF valuesofsoilsRolde1,2,3, 4,5 and6. Cumulative
vol. % ofsoilvolume atpF2.0
S
vol. % of solid soilmaterial after drying at 105°C
Wl vol. %of moisture at pF valueshigher than pF 4.2
W2 vol. % of moisture between pF 4.2 and pF 2.0
W3 vol. % of moisture between pF 2.0 and pF 0.4
A vol. % of air at pF values lower than 0.4
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Finallyinvestigationshavebeenperformed aboutthewaterpermeability of saturated
undisturbed samples offour ofthe sixsoilsunder consideration (cf.fig. 13).
The results show that the water permeability of the Rolde soils 4 and 5decreases
with increasing depth. It may be correlated with an increasing compaction which
has been observed in the field. In the Rolde soils 2 and 6 water permeability first
increases with increasing depth. These data correspond to the biopore trends of the
same soils.

6.4.3 Geogenesis
The following hypothesis on the geogenesis ofthe investigated area ispartly derived
from the following publications: DE Roo (1952), EDELMAN and MAARLEVELD (1958)
and D E ROOand HARMSEN (1959).Accordingto theseauthors thesubstratum ofthis
area consists of glacialtill.Its nature variesfrom loamy (siltyclayloam) to sandy or
gravelly. This deposit, originating from the Riss Glaciation, has been affected by
erosion. DuringtheWiirm Glaciation itwascoveredbythe oldercover sands,which
havegenerally a slightly loamynatureinthisarea.Locallythis deposit has alsobeen
eroded. In part ofthearea the older cover sand wascovered byyounger cover sand.
The surface of the latter deposit shows a somewhat pronounced relief. The younger
coversands havealessloamy nature than the oldercoversands.
The soils, designated on the soil map (cf. fig. 9) with the type symbol S are the
youngercoversands.TheIS-soilsconsist ofoldercoversandwhichrestsonaporous,
more or less gravelly glacial till. The L-soils consist of older cover sand (possibly
with a thin cover of young cover sand) resting at shallow depth on a non-porous,
heavily textured glacial till.

6.5 Discussion
It was shown that the Rolde soils2and 3arewell-drained, havemanyveryfinebiopores, a good water retentivity and a good water permeability. Soil Rolde 1has a
lowwaterretentivity and alownumber ofbiopdres.SoilRolde6has arelativelylow
number of biopores. Soils Rolde4 and 5havean insufficient soildrainage and alow
number of biopores.
Most of the soils in Rolde are used as arable land or pasture. In the investigated
Rolde area very little or no horticulture is present. Some of the soils of the Rolde
sequence, however, are well-suited for cultivating deep rooting horticultural crops.
If the soils are studied in relation to their suitability for horticulture, it is evident
that the Rolde soil 3 is best suited for deep rooting crops. In other parts of the
Netherlands, soils of this type are preferred for glasshouse horticulture including
heatingandsprinklingirrigation.SoilsoftypeRolde2arealsosuitedfor deeprooting
crops.The depth to whichroots maydevelopissmaller than in Rolde 3.Soilsof the
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type of Rolde6maybeusedfor the samepurpose, but theyarelessfavourable than
soils similar to Rolde 2. Soils similar to Rolde 1are more or less unsuited for cultivating deep rooting crops, because of their low number of biopores and their low
water retentivity. Soils like Rolde 4 and 5 are unsuitable for deep rooting crops,
because of low numbers of biopores and their insufficient drainage.
It isimportant to note that in the Netherlands soils similar to those of Rolde 3 are
chosenmoreandmoreforthecultivationofhorticulturalcrops.Inpracticetheywere
found tobeamongthebestsandysoilsintheNetherlands.Whenaskingsoilscientists,
what the attractive properties of these soils are, the answer will be: a good water
retentivity, a good water permeability, a good soil drainage and the experience that
plants develop a deep root system in these soils. When asking how these soils are
recognized the answer will be: an old arable land cover on a slightly loamy subsoil
withanAcid BrownForest oraBrownPodzolicprofile. Whenthesesoilsarestudied
in soil profile pits, their common property appears to be: a high number of very
finebiopores which can readily be seen and quantified in thefield,without the use
of a handglass or microscope. These biopores indicate that these soils will enable
plants to develop a deep root system.
As stated in chapter 2, the description of soil structure in sandy soils in thefield
israther difficult. Instead ofdescribing structures asveryweak subangular blocky as
isoften doneinthefieldin sandy soils,it isproposed to describeinfuture the abundance ofbiopores,beingthe waysrootswillfollow inthesoil.
In a similar way as in the heavier textured soils of Opheusden, biopores prove to
be important for soil suitability and soil improvement. In selecting soils in sandy
regions for deep rooting crops, primarily deeply drained soils should be selected
which contain many biopores till great depth.

6.6 An estimate ofthe storagefactor n
An application of the study of biopores in sandy soilsis the estimate of thestorage
factor n. This application will bedemonstrated bymeans ofthe soils studied in the
Rolde area.
Inamethodtocalculatethespacingoftiledrains,theparameter 'total storage'has
been introduced (DE JAGER, 1965).The total storage isthe volume in the soil which
is allowed to befilledwith water under certain conditions. This total storage (jiy)is
calculated bymultiplyingthedifference in depth oftheactual groundwater level and
the depth of thepermissible highest groundwater level(y)bytheairvolume at fieldcapacity(/*).DE JAGER(1965)stated thatinimperfectly drained sandysoils,thetotal
storage strongly depends on the depth of the groundwater level,that means that it
strongly depends on 'y\ In better drained soils (groundwater levelsdeeper than 1m
below surface) the total storage,(jiy) depends on the storagefactor [xwhich is equal
to the total pore space minus the volume of water at pF 2.0, i.e. the air volume at
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pF2.0.DE JAGER(1965)stated alsothatthestoragefactor inwell-drained sandysoils
may be calculated from pF data. This method, however, against the background of
theinaccuracyoftheinformation required(cf. DEJAGER, 1965),israthercumbersome.
Inwell-drained orexcessivelydrained slightlyloamysandy ornon-loamysandysoils,
thestoragefactor p.canbeestimated from theabundanceofbioporesin combination
with soil texture.
The relation between the air volume at pF 2.0 on the one hand and on the other
theabundanceoftheveryfinebioporesandsoiltexture,may beexplained as follows.
As stated in chapter 2 mainly two types of pores occur in sandy soils, viz., the
primary pores and the biopores. The primary pores depend on the particle-size distribution, the biopores on the conditions governing biological activity.
According to JONGERIUS (1957) a pF-value of 2.0 corresponds to pores with diameters of 30 microns. According to WIERSUM (1957) primary pores with diameters
of 30micronscan only occur in sandswith a considerablefraction coarser than 120
microns, combined with an absence of clay and silt. This implies that in deeply
drained sandy soils with a small clay and silt fraction, but with a substantial percentage of coarser sand material, the air percentage at pF 2.0 may be rather high.
Inthiscasethesandysoilisdry andalownumberofbioporesispresent.SoilRolde1
demonstrates thissituation.Theairvolumeat pF2.0increaseswithincreasing depth
inthissoiltillsome25%,and onlyfewveryfinebioporesarepresent.Whenadeeply
drainedsandysoilcontainsbothcoarserandfinercomponents(cf.soilsRolde2and3),
the contribution of the primary pores to the total volume of pores larger than 30
microns decreases.Then conditions are favourable to the formation ofbiopores and
generally large numbers of biopores are present. In those cases numbers of more
than 15veryfinebioporesper squarecentimetre correspond to airvolumesat pF 2.0
of 25-35%.
When soils of the textural composition of soils Rolde 2 and 3 contain 5-15very
fine bioporespersquarecentimetre,theairvolumeatpF2.0willbelower(15-30%).
Thecausegenerallyisaformer poordrainage,whichresulted intheformation ofless
biopores. But also parts of soils Rolde 2 and 3 which are characterized by relative
compaction (e.g.plough soles)and consequently contain lessbiopores,have a lower
air volume at pF 2.0.
Insoilswhichcontainmuchfinesandorsiltandwhichhavealwaysbeen imperfectly
drained (cf. soils Rolde 4and 5)a low number of biopores willbe found (O-5/cm2).
These values correspond to low air volume at pF 2.0 (10-20%).If in the latter soils
groundwater levels are lowered till below one metre below surface, the above correlation will hold for a considerable time.
The above correlation has been tested on some twenty soils from sandy regions,
including those of the Rolde series.These correlations willhave to be controlled in
future. In thefollowing tablethe above correlations have been brought together.
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Numbers ofvery fine
biopores/cm*

Volume ofair at pF2.0
%

Estimateof(i
(cf. DE JAGER, 1965)

LOAMY SANDYSOILS

0-5
5-10
10-15
>15

<20
15-25
20-30
25-35

<0.20
0.15-0.25
0.20-0.30
0.25-0.35

0-5

25-35

0.25-0.35

SANDY SOILS

6.7 Soilphases
Inchapter2ithasbeenstatedthatplantscanonlydevelopawidebranchedand deep
root system if a permanent heterogeneous pore-size distribution occurs in the soil
whichcontinuestorathergreatdepth.It hasalsobeenstated thatusuallya pore-size
distribution is only permanent heterogeneous if biopores occur. Biopores usually
wereonlynoticedinbiogenicstructures.Apartfrom minorexceptionstheyare absent
inphysicogenicstructuresandtheyarealwaysabsentingeogenicstructures.
Consequently,indiscussingtheinvestigated soilsinchapters3,4, 5and6,biogenic
structureswerecontrastedtophysicogenicandgeogenicstructuresandtheabundance
ofbioporeswasemphasized.Eachofthesoilswasstilltreated asaseparateunit.Itis
possible,however,to group soilsaccordingto thedegreeand depth of occurrenceof
the permanent heterogeneous pore-size distribution, usingthe type of soil structure,
the abundance of biopores and the depth of occurrence of undisturbed stratified
sedimentation structures. The result of such a classification is a number of classes
(phases) which indicate the suitability of soils for deep rooting crops. This classificationismeantto groupsoilswhichenableplantsto developa deeproot system and
to separatethesesoils from thosewhichpreventplantstodevelopadeeprootsystem.
Atentativeproposalfor sucha classification ispresented below.Three differential
criteria are used, viz., (i)thedepth to which biopores occur inthe soil (perforation),
(ii) the depth to which biogenic structures occur in the soil (biostructuration) and
(iii) the depth to which stratified sedimentation structures are disturbed in the soil
(disturbance).Fourtentativedepth classesaredistinguished,viz.,0-30 cm(shallow),
30-60 cm (moderately deep), 60-100 cm (deep) and more than 100cm (very deep).
For this classification biopores are considered to be present, if more than 5fine
biopores per cm2 or more than 2large biopores per dm2 were observed. Subclasses
mightbebasedinfuture ontheabundanceofbiopores.Notenoughdataareavailable
now to establish such subclasses.
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Depthincm

0-30, shallowly
30-60, moderately deeply
60-100,deeply
>100, very deeply

Phasesaccording to biostructure, perforation,
disturbance

biostructured, perforated, disturbed

This classification might be illustrated with the following examples. When soil PI
(Barendrecht)iscontrasted to soilOpheusden2,thefollowing evident differences are
observed.
Biopores arefound in soilPI at depths greater than 104cm; in soil Opheusden 2
deeper than 58cmveryfew or no biopores occur. Biostructures occur in the Barendrecht soilPI atdepthsgreaterthan 104cm,intheOpheusden soiltheyarenot found
deeperthan 3cmbelowthesurface.TheBarendrechtsoillacksstratification todepths
greater than 104cm, although stratification might be observed at greater depths in
this soil. In the Opheusden soil no stratification can be noticed. In terms of the
classification presented above, the Barendrecht soil is grouped as very deeply perforated, very deeply biostructured and very deeply disturbed. The soil Opheusden 2
isclassified asshallowly biostructured and moderately deeplyperforated. TheBarendrecht soiliswell-suitedfor thecultivation ofdeeprootingcrops,theOpheusden soil
is unsuitable for this purpose.
When soils Rolde2 and 3are compared, it is observed that in Rolde 3veryfine
biopores occur to a depth greater than 130cm, while in Rolde 2 very fine biopores
only occur to about 95cm below the surface. Rolde 3 is consequently classified as
very deeply disturbed and very deeply perforated, and soil Rolde 2 is classified as
deeply disturbed and deeply perforated. Soil Rolde 3 is well suited for cultivating
deep rooting crops and soil Rolde 2 has less favourable properties in this respect.
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7 Someremarksonthesoil classification of cultivatedsoils

7.1 Introduction
Sincethe early stages of development of pedology, soil scientistshavebeen engaged
in preparing soilclassification schemes.Until quiterecently,however, these schemes
referred in particular to non-cultivated soils. This is surprising if it is realized that
mostscientistsstudysoilsfrom theviewpoint ofsuitabilityfor agriculture.
IntheNetherlandswithitsintensiveagriculturalpracticesitisdifficult tofindvirgin
soils. Soil survey and additional investigations in the Netherlands were therefore
focused from the beginning on the problems of cultivated soils. Soil classification
schemes developed abroad for non-cultivated soils were difficult to apply in the
Netherlands.
Another complication wasdueto thefact that mostsoilsintheNetherlands which
are important for agriculture, as they produce high crop yields,belong to the Great
Soil Group of the Alluvial soils, i.e. they are built up by material transported by
water and they are generally young from the soil genetical point of view and consequently show almost no profile development. Pedological investigations which
wereperformed during thelast 10to 15years inthe Netherlands, however, revealed
that these soilsareinterestingfrom theviewpoint ofinitial soilgenesis.The changes
whichmaybenoticedintheabovementionedsoilsandwhichoriginateinmanycases
from soilmanagement, especially after improvement of soildrainage,areamongthe
first rate soil genetical phenomena (e.g.homogenization, perforation or the formationofbiopores,disturbanceofstratified sedimentation structuresetc.,cf.chapter2).
Some years ago a new scheme for soil classification was introduced in soil science
whichenablesitsuserto classify almost allsoils.Wemeanthe7thApproximationof
the scheme for soil classification developed in the United States (U.S.D.A., 1960,
1964).Anattemptwasmadetoclassify thesoilswhichwerediscussedinthe foregoing
chapters by means of this scheme. The 1960 edition was used, together with the
additions and changes proposed in 1964.

7.2 Classification by means of the 7th Approximation
Itseemedinterestingtoinvestigatetowhatextentthediscussedsoilsfitintothescheme
referred to above and to what extent the differences in nomenclature reflect the
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differences in soil properties as noticed during the investigations. Only those soils
will be discussed of which the complete profile descriptions were presented (cf. Appendix II, profile descriptions 1-15).
Difficulties have been encountered in classifying, according to the 7th Approximation, the soils under glass,labelled Barendrecht and Zwijndrecht (Profiles PI and
P4). They evidently show the consequences of intense human influence on the soil
genesis and they should therefore be called anthropogenic soils. The 7th Approximation recognizes such soils, without, however, 'characteristics associated with
wetness'. According to this scheme the soils under discussion should be classified
asAquepts,but classification below suborder levelisimpossible then.Wesuggest for
the soils under consideration the name Anthraquepts, stressing both the man-made
features and 'the characteristics associated with wetness'. MUCKENHAUSEN (1962)
alreadyrecognizedthediscussedwetsubtypeoftheanthropogenicsoils.Hementioned
besides the terrestric anthropogenic soils (Anthrumbrepts) the wet subtype, viz., the
semiterrestric anthropogenic soils.
The soils in Barendrecht and Zwijndrecht (profiles P2 and P5) under arable land,
were classified as TypicNormaquepts. The difference in nomenclature between these
soils and those mentioned above, reflects the absence ofthe thick, dark surface soil,
rich in phosphate compounds, which has been observed in the soils PI and P4.
ThepasturesoilsinBarendrechtandZwijndrecht(profilesP3andP6)wereclassified
as Humicand Thapto Histic Normaquepts respectively. In this casethe 7th Approximation stresses the accumulation of organic matter near the soil surface under wet
conditionsunderpasture.
The well-drained soils P7 and P8 with and without grass mulching respectively,
werebothclassified asTypicEutrochrepts. Sincethedifferences insoilgenesisbetween
thesetwosoilsarerather small,theuniformity innomenclature at thislevelofclassificationseems satisfactory.
Afineexampleofsuggestivenomenclaturewasnoticedwiththerelativelywetriver
loam and river clay soils P9 and P10. Both soils are grass mulched; P9 is heavily
textured, P10 is relatively light textured. Both soils are more or less imperfectly
drained. In soil P9 organic matter accumulates near the soil surface without being
broken down and without being mixed properly into the surface soil by the soil
animals. The accumulation of organic matter is reflected by the adjective Humicin
combination to the great group name Normaquept. In the somewhat better drained
soilP10a mixingof organicmatter and mineral particles occursnear thesoil surface
to such an extent that a more or less thick, dark surface horizon may be observed.
Thebetter drainage and thepresenceofthe dark Al-horizon arereflected bythe adjectives Aerie and Mollic respectively, in combination to the great group name
Normaquept.
Finally some remarks will be made about the classification of soils Pll till PI5.
They all are riverloam andriverclay soilswhich wereformerly improperly drained.
Groundwater levels were gradually lowered in these soils. They all are classified as
Normaquepts, though at subgroup level different adjectives were added.
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ThesoilsPI1 andP12consist ofaheavilytextured deposit whichrests on alighter
textured subsoil.The soilsP13,P14and P15areheavilytextured throughout thesoil
profile.Theimprovement ofsoildrainagegaverisetomorechangesinsoilproperties
inthesoilsPI1 andP12thaninthesoilsofthelattergroup.Thisdifference isstressed
bytheadjective Aerie givento thegreatgroupname ofsoilsPI1 and P12.Moreover
an extraadjective isaddedtothegreatgroupnameofsoilPI1 undergrassmulching,
viz.,Mollic, stressingthedeepermixingoforganicmaterialwiththemineral particles
near the soil surface. This extra adjective is absent for the arable soil P12.
Such differences of mixingthe organicmatter inthe surface soil aresmallerin the
more imperfectly drained soil P13 (grass mulching) and P14 (arable land) resulting
in a uniform classification as TypicNormaquepts. The soil PI5, under pasture, was
classified asHumicNormaquept,becauseoftheaccumulation oforganicmatterunder
wet conditions near the soil surface.

7.3 Discussion
Apart from thefifteensoils discussed above, some tens of soils in the Netherlands
wereclassified in a similarway.The conclusions from theclassification by means of
the 7th Approximation are the following.
Almost all cultivated soils which were studied, fitted into the scheme of soil
classification.
Theinvestigatedalluvialsoilsweregenerallyclassified bymeansofthe7thApproximation insuchawaythat important agricultural differences resulted indifferences in
nomenclature on subgroup orhigherlevelsofclassification. An exception should be
made here for differences in drainability which are correlated with differences in
texture (cf. profiles P2andP5).Onfamily level,however,thesedifferences willresult
in differences in classification.
Until family level the 7th Approximation primarily deals with morphological soil
characteristics resulting from soil genesis. On family and lower levels agricultural
criteria will also beused. It has been announced that subdivisions will bebased on,
for instance,texturalclassesandonpermeabilityclasses.Thismeansthat atthelower
levels root potentialities of soils will be included. The great advantage of the soil
classification systemunderconsiderationisthefact thatateachlevelanunambiguous
classification is possible if all required data are available. A serious disadvantage of
this system, however, is that many of the required data can only be obtained by
laboratory analyses.Consequently each soilcharacteristic whichcan bemeasured in
thefieldand which is considered to be important for classification should be used.
From thecharacteristics mentioned in chapter 2,the depth of disturbance of stratified sedimentation structures and the abundance of biopores meet the above mentioned requirements.In a number ofcasesdifferences in the depth of disturbance or
in the abundance of biopores already result at a higher level of classification in
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different names of soils.Sometimes,however, soilswith differences in thesemorphologicalcharacteristics areclassified under thesamenametillfamily level.Theymight
be subdivided on family level according to, for instance, soil texture or water permeability. Butinmanycasessuchsubdivisionscannotbemadeinthefield.Therefore
wesuggest to use among others soil structure, the depth of disturbance of stratified
sedimentation structures and the abundance ofbiopores asfactors for differentiation
at lower levels of classification. These morphological characteristics can readily be
observed in the field and they allow a decision for classification in the field. The
following two examples might illustrate the possibilities.
Sandy soils with a Plaggen epipedon of more than 50 centimetres thickness are
classified asPlaggepts. Within thePlaggepts distinct variations occur in root potentialities.Tillnowthesedifferences could only be determined in the field by means of
the abundance of biopores.
Many river levee soils in the Netherlands are classified as TypicEutrochrepts (like
profiles P7andP8).Distinctvariations,however, occurin root potentialities in these
soils. These variations might easily be determined by measuring the depth of the
undisturbed stratified subsoil and by counting the numbers of biopores.
Thesoilphasesdefined insection6.7areproposedto beusedatlowerlevelsofsoil
classification. According to this proposal soil PI (Barendrecht) may be classified as
an Anthraquept,very deeply perforated, biostructured and disturbed phase. Soil
Rolde2isclassified according to the above scheme as aPlaggic Normorthod, deeply
disturbed and perforated phase. Soil Rolde 3finallymay be classified as aPlaggept,
very deeply disturbed and perforated phase.
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Samenvatting

In Nederland is,vooral na de Tweede Wereldoorlog, een grote vraag ontstaannaar
gegevens over de bodemgesteldheid in verband met de geschiktheid van debodem
voor verschillende takken van landbouw. Het merendeel van deuitgevoerde bodemkarteringen hadtotdoelaandezevraagtevoldoen.Hoeweldezeonderzoekingenvele
inlichtingen hebben verschaft, hebben zij enerzijds bepaalde vragen onbeantwoord
gelaten enhebben zij anderzijds nieuwevragen doen ontstaan. Dezeproblemen kunnen in het algemeen slechts opgelost worden door toepassing van gedetailleerder
onderzoeksmethoden.
Nieuwe problemen resulteren veelal uit de toenemende rationalisatie in verschillende takken van de Nederlandse landbouw en vooral uit een intensivering van het
bodemgebruik. Zij betreffen vooral de bodemgeschiktheid en de bodemverbetering.
Hetdoelvandezestudiewasenigeaspectenvandebovengenoemdeproblemen nader
teonderzoekendoorbeschrijvingvanprofielkuilen enmetbehulpvanbepalingen aan
ongestoorde monsters. Het onderzoek is beperkt tot een studie van enige gevolgen
van de ontstaanswijze en gebruikswijze voor de landbouwkundige geschiktheid van
eenaantal Nederlandse gronden.Eentweedebeperkinggeldtdemethodevan onderzoek. In het algemeen zijn slechts die morfologische en fysische eigenschappen van
de bodem beschreven, die voor beworteling van belang geacht moeten worden.
Met betrekking tot demethode van onderzoek kan voorts opgemerkt worden, dat
in velegevallen gebruik isgemaakt van eenvergelijking van gronden in groepen van
twee of drie.Deze gronden zijn zodanig gekozen, dat aangenomen kan worden dat
zij oorspronkelijk dezelfde eigenschappen hadden. De verschillen in eigenschappen,
die nu voorkomen zouden uitsluitend een gevolg zijn van verschillen in bodembehandeling.
Inhoofdstuk 2isaannemelijk gemaakt,datplanten slechtseendiepen wijdvertakt
wortelstelselkunnen ontwikkelenalsdegrondtotrelatiefgrotediepteeenzogenaamd
permanent heterogeen porienstelsel bevat.Eenporienstelsel ispermanent heterogeen
genoemd als daarin gedurende het gehele jaar zowel kleine als grote porie'n voorkomen.
Een groot deelvanhoofdstuk 2wordt inbeslaggenomendoor debeschrijving van
de omstandigheden, waaronder het permanent heterogeen porienstelsel ontstaat en
door debeschrijving van methoden omzulkeenporienstelsel te karakteriseren.
Het permanent heterogeen porienstelsel is een gevolg van biologische activiteit
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(de vorming van bioporien). Daarom is aandacht besteed aan enkele factoren, die
de activiteit van bodemflora en bodemfauna bei'nvloeden. Gebleken is, dat in het
algemeen bodemdieren en plantenwortels dezelfde levensomstandigheden vereisen.
De bodemdieren zijn onder bepaalde omstandigheden in staat ondergronden voor
plantenwortelsteontsluiten doorhetwegnemenvanmechanische wortelweerstanden.
Bodemdieren zijn voor hun voeding echter weer afhankelijk van de plant.
In verband met het bepalen van de bewortelingsmogelijkheden van een grond, is
het belangrijk te weten in hoeverre en tot welke diepte een porienstelsel permanent
heterogeen is.
Somsishetmogelijk deheterogeniteit vaneenporienstelseldirecttemeten bijvoorbeeld in zandgronden (vergelijk VAN DER PLAS en SLAGER, 1964; SLAGER, 1964;
BOUMAen HOLE, 1965).Demetingwerd uitgevoerdmet behulp van een stereomicroscoop op lakfilms. Vaak was de directemeting oplakfilms onmogelijk (bijvoorbeeld
inkleigronden) enhad gebruikgemaakt moetenworden van omslachtiger methoden
zoals slijp- en polijstplaten.
Wanneer een directe meting van de heterogeniteit onmogelijk was is gebruik gemaakt van het feit, dat biologische activiteit niet slechts het porienstelsel, doch ook
destructuurvormbeinvloedt.Daaromisdemorfologische beschrijving vandebodemstructuur uitgebreid besproken. Bij deze onderzoekingen is gebruik gemaakt van de
door JONGERIUS(1957)ontworpen morfologische structuurindeling.Nadruk isgelegd
op het verschil tussen enerzijds de biogene structuren, gekenmerkt door een min of
meer heterogeen porienstelsel en anderzijds defysicogene en geogene structuren, die
gekenmerkt zijn door een meer homogene porienverdeling. In een aantal gevallen
kon het verband tussen de heterogeniteit van het porienstelsel en de aard van de
bodemstructuur niet gebruikt worden. In die gevallen is meer aandacht besteed aan
andere gevolgen van biologische activiteit, zoals homogenisatie, perforatie en verstoring. Het begrip biologische homogenisatie (HOEKSEMA, 1953) is opnieuw gedefinieerden een ontwerp van een methode om homogenisatie meetbaar te maken, is
besproken.Voor debepaling van denieuwingevoerdebegrippen diepteenmatevan
homogenisatie is het lutumverloop gebruikt. Gebleken is echter, dat de meting van
dehomogenisatievanondergeschiktbelangisingevalvanveranderingvanbiologische
activiteit opkortetermijn. In diegevallen spelen perforatie enverstoring eenbelangrijkerol.Determ'perforatie graad'isvervangendoordeterm 'verloopvanhetaantal
bioporien'('bioporetrend').Demetingvandeperforatie enverstoringzijnbesproken.
Beideprocessen kunnen aanleiding geventot ontsluiting van de ondergrond voor de
plantenwortels.
Tot slot is in hoofdstuk 2 aandacht besteed aan het structuurverloop ('structural
trend'). Deze term, ingevoerd ter vervanging van het begrip 'structuurprofiel' (VAN
DER KLOES, 1961),is gebruikt om de verticale opeenvolging aan te duiden van verschillende structuurtypen in een bodem. Het structuurverloop is van grote waarde
gebleken, wanneer een overzichtsbeeld gewenst is van het verloop van de heterogeniteit van het porienstelsel. Vooral wanneer de bewortelbaarheid van een bodem
bepaalddientteworden,ishetstructuurverloopeenbelangrijkegrootheid.Tweetypen
100

van structuurverlopen, die veelvuldig in Nederlandse alluviale gronden voorkomen,
zijnbesproken,teweten,deverticaleopeenvolgingvanbiogeneengeogenestructuren,
voorkomend in vele oeverwalgronden en het verticale verloop van fysicogene structuren,voorkomendinkomkleigronden.Hierbijzijnookdegeogenesevandegronden,
waarin de genoemde structuren voorkomen en nun ontwateringsmogelijkheden besproken. Tot slot is gewezen op de mogelijkheden om via het structuurverloop te
komentot structuurkartering, dieisoptevattenalseensynthesetussen destudievan
de bodemstructuur en de fysiografische bodemkartering.
In de hoofdstukken 3,4 en 5is deinvloed besproken, dieeen aantal bodemverzorgingsmaatregelen hebben op de eigenschappen van enige Nederlandse alluviale
gronden.
In hoofdstuk 3 is de invloed beschreven, die drie wijzen van bodemverzorging
hebben op twee sterk verschillende estuariumgronden. De bodembehandelingen
kunnen alsvolgt omschreven worden:
1. glastuinbouw met grote organische mestgiften, kunstmatige beregening, kunstmatige ontwatering en grondontsmetting
2. bouwlandmetrelatiefkleineorganische mestgiften enveelvuldigeteeltvan granen
en bieten
3. weiland.
De onderzochte bodemtypen waren:
1. een vrij goed ontwaterde, kalkrijke, lichte zavelgrond met aflopend profiel
2. een slecht ontwaterde, kalkloze, zware kleigrond.
Het onderzoek heeft uitgewezen, dat de verschillen in bodembehandeling slechts
aanleiding geven tot verandering van deeigenschappen van de bovengrond.
Hetgebruikvandegrondalsbouwlandgafaanleidingtoteenverdichtebovengrond,
opgebouwd uit fysicogene structuren. De vormingvan dezeverdichting werd toegeschreven aan de activiteit van (mechanische) structuur-degenererende krachten, die
niet gecompenseerd werden door (biologische) structuur-regenererende krachten.
Alsstructuur-degenererende krachten zijn onder andere genoemd:bewerkingvante
vochtigegrondenenrijden overtevochtigegronden.Alsoorzakenvande afwezigheid
van regenererende krachten zijn onder andere genoemd: relatief geringe organische
mestgiften en verwonding van bodemdieren tijdens de bodembewerking. Hetjarenlangegebruik van degrond voor deteelt vantuinbouwgewassen onder glasgafaanleidingtot devorming van eenzeer poreuzebovengrond bestaande uit sterk biogene
structuren. In dit gevalwaren demechanische structuur-degenererende krachten vnjwelafwezig, terwijl veel bodemdieren actief waren, als gevolg van onder andere de
zwareorganischebemestingen.
De eigenschappen van de grond onder grasland bleken intermediairtezijn tussen
de eigenschappen van de gronden onder de beide andere bodembehandelingen. Dit
was te verklaren met behulp van een combinatie van een geringere structuur-degeneratiedaninhetbouwlandeneengeringerestructuur-regeneratiedanindekasgrond.
Daar waarschijnlijk alle in dit hoofdstuk genoemde gronden vroeger onder weiland
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hebben gelegen, kon uit de waarnemingen worden geconcludeerd dat de bouwlandgronden verslechterd zijn, tenvijl de kasgronden verbeterd zijn.
Tot slotblekenzoweldeaard alsdematevan debovengenoemde verschillengelijk
tezijn in degoed ontwaterdeenin deslecht ontwaterde grond.
In hoofdstuk 4 zijn de resultaten meegedeeld van enige onderzoekingen over de
gevolgen van het toepassen van grasmulch op bepaalde bodemeigenschappen in
rivierkleigronden.
Gebleken is, bij vergelijking van een goed ontwaterde lichte grond onder grasmulch met eenzelfde grond, diezwart was gehouden, dat toepassing van grasmulch
aanleiding geeft tot eenhoger porienvolume entot een groter aantal bioporien inde
bovengrond. Als oorzaak van de verandering kon worden aangewezen de aanvoer
vaneiwitrijk voedsel,dat deactiviteit van dein debovengrond levendekleineregenwormen stimuleerde.
Ineenslechtontwaterde,zwarekleigrond,ondergrasmulch,waarhetgrasteweinig
werd gemaaid, was slechts een geringaantal bioporienaanwezig. Ditwaseengevolg
vandeondiepegrondwaterstand envandeslechtevoedingvan deregenwormen.
In eenwat beter ontwaterde,lichtere grond onder grasmulch, bleek eenwathoger
aantal bioporien aanwezig te zijn.
Uit de bovengenoemde waarnemingen werd geconcludeerd, dat grasmulch slechts
in die gevallen aanleiding geeft tot bodemverbetering, waar relatief voedselgebrek
van de regenwormen de enige oorzaak vormde van de geringe biologische activiteit
voor de toepassing van de grasmulch. Dit impliceert, dat grasmulch op onvoldoend
ontwaterde gronden geen aanleiding geeft tot bodemverbetering, terwijl anderzijds
verdichte,dochgoed ontwaterde, bouwlandgronden door toepassing van grasmulch
teverbeteren zouden zijn.
In hoofdstuk 5isdeinvloed besproken, dieenige bodemverzorgingsmaatregelenuitoefenen op deeigenschappen van eenaantal rivierkleigronden, waarvan deontwatering recent verbeterd was. De onderzochte bodembehandelingen waren grasland,
bouwland en grasboomgaard. Gebleken is, dat ontwatering alleen, geen aanleiding
geeft tot structuurverbetering. Het aantal bioporien bijvoorbeeld onder bouwland
bleek ook na verbetering van de ontwatering nog laag te zijn. Het aantal bioporien
in dezelfde grond onder weiland of onder boomgaard was beduidend hoger. Hoewel
de verbetering eerst mogelijk was na verbetering van de ontwatering, werd zij gerealiseerd door de bodemfauna. Uit de waarnemingen kon geconcludeerd worden,
dat bij bodemverbetering van slecht ontwaterde gronden, na verbetering van de
ontwatering, veelaandacht besteed moet worden aan een goede voedselvoorziening
van de bodemdieren.
Uitdewaarnemingen,vermeldindehoofdstukken 3,4en5,kondenenigebelangrijke
conclusies worden getrokken betrefTende bodemgeschiktheid en bodemverbetering.
De morfologische en fysische methoden, die in bovengenoemde hoofdstukken ge102

bruikt werden, waren nogal gedetailleerd en tijdrovend. Daarom is getracht deze
methoden te vereenvoudigen teneindezetoepasbaar te maken voor praktische doeleinden,zoals debodemkartering.De resultaten van dezevereenvoudiging en detoepassingdaarvanindebodemkartering zijnvermeldinhoofdstuk 6.
Eerstiseenoverzichtgegevenvandegebruiktemorfologischeenfysische methoden
eniseenscheidinggemaakttussendemethoden,diedirectinhetveldtoepasbaar zijn
en degenen, die dat nietzijn. Tot deeerste groep behoren demacrostructuur en het
verloop daarvan in de bodem, de distributie van de bioporien en de diepte van verstoring van de gelaagde sedimentatie structuren. Speculatieveschema's zijn gegeven
voor de classificatie van bioporien volgens grootte en aantal. Tot slot zijn enige
suggesties vermeld in verband met waarneming entelling van bioporien in het veld.
De resultaten zijn weergegeven van tweegedetailleerde bodemkarteringen, waarin
het concept van de bioporien is toegepast. Een van deze karteringen betreft 50 ha
rivierkleigronden in de Betuwe. De andere kartering betreft 100ha zand- en leemgronden in Drente.
Inbeidekarteringenzijn dewaarnemingenverricht metbehulpvanspadeen boor.
In de onderzochte gebieden zijn enige diepe kuilen uitgekozen voor gedetailleerde
morfologische beschrijvingen envoor bemonstering ten behoeve van fysische onderzoekingen. Voor aanvullende morfologische onderzoekingen zijn vele kleine kuilen
gegraven tot een dieptevan ongeveer 50cm,waarna dedieperedelenvan de bodem
onderzocht zijn metbehulp van een boor.
Doorhetinvoerenvanhetconceptvandebioporienindebeidegenoemdebodemkarteringen washetmogelijk enigeaanwijzingen tegevenbetreffende degeschiktheid
van deonderzochte gronden voordeteeltvandiepwortelende gewassen.In iedervan
detweekarteringsgebieden kwam6engrondvoorwaarvanaangenomen kan worden,
dat zij potentieel geschikt is voor diepwortelende gewassen. In het rivierkleigebied
is dit de oevergrond op oeverwalondergrond. Na ontwatering is in deze grond een
beworteling mogelijk tot tenminste 1,50 m,omdat tot diediepte bioporien aanwezig
zijn.Vandebestudeerdezand-enleemgrondenwordtdezwaklemigeoudezandbouwlandgrond de meest geschikte geacht voor diepwortelende gewassen. Als deze
grond beregend wordt is een diepe beworteling mogelijk.
De uitspraken over de bodemgeschiktheid zijn alien gebaseerd op de actuele beworteling of op degene, die te verwachten is na verbetering van de water- en luchthuishouding. In het tweede geval is het voorkomen van bioporien als criterium
gebruikt.
Door toepassing vanhet concept van debioporien kon meerinformatie verkregen
worden, dievan belangisvoor bodemgeschiktheid en bodemverbetering.Daarom is
gesteld, dat het zinvol isdemetingvan de distributie van de bioporien in de bodem
in de toekomst toe te passen bij de bodemkartering.
Enige opmerkingen over de bodemclassificatie van deonderzochte alluviale cultuurgrondenzijnvermeldinhoofdstuk7.Geblekenis,datde7thApproximationvanhetin
deU.S.A.ontwikkeldeschemavoorbodemclassificatie (U.S.D.A. 1960,1964)toepas103

baar is voor vrijwel alle bestudeerde alluviale cultuurgronden. De mceste van de
verschillen inbodemeigenschappen, dietijdens het onderzoek zijn vastgesteld,resulteerden in verschillen in naamgeving. Enkele belangrijke bodemkundige verschillen,
diegeen aanleiding gaven tot verschil in naamgeving zullen dat alsnog doen opeen
lager niveau van classificatie.
Gesteldis,dateengrootvoordeelvande7thApproximation is,dat eeneenduidige
classificatiemogelijkis,wanneerallevereistegegevensbeschikbaar zijn.Veelvandeze
gegevensmoeten echter nog ontleend worden aan laboratoriumanalyses. Daaromis
gesuggereerd gebruik te maken van de diepte van de gelaagde, ongestoorde ondergrond envanhet aantal bioporien als criteria bij de differentiatie op lagereniveau's
vanclassificatie. Hetvoordeelvanhet gebruik vandezemorfologische groothedenis,
datzijinhetveldkunnen worden waargenomen en kunnen worden gekwantificeerd.
Daardoor maken zijeen einduidigeclassificatie in het veld mogelijk.
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Photographs
On the following pages some photos are shown which are meant to visualize some of the characteristics discussed in the foregoing chapters. Most of the photos deal with the contrast biogenic to
physicogenic structures or with biopores. The photos were not mentioned in the foregoing chapters
sincereferences to them should havebeen madethen on almost everypage.
The first five photos show structural elements and their relation to root development. Photos 6,
7 and 8 show earthworm burrows (biopores) as they may be observed in the field. Photos 9 to 12
are included to stress the great differences in structural properties between the light textured Barendrecht soils with different soil management. Photos 13 to 19 show views of biopores as they occur
in thin sections of various soils. Finally photos 20 to 24 show biopores as they occur in soil peels
of sandy soils.
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Photo 1 (top). Subangular blocky structuralelements,favourable towardsrootdevelopment (biogenic
structures with a heterogeneous pore-size distribution). About natural size
Photo 2. Angular blocky structural elements, unfavourabletowards root development (physicogenic
structuralelements,witharelativelyhomogeneouspore-sizedistribution). About natural size (cf. 2.4)

VA.^T'i'H

f

ir

*'••• -££• •
-i

•-• .

)

,-•

81

1 •.
' • *i

• * >

.1-.

\^>v.
/ >

•

;.vf
4 .~ . . .-

••--:

•

••->

*

r-

-.."•_ -5 >' *
/•.: <
• ; • ' f • i - > : " V , <"

Pfioto5(left). Singleprism. Rootsseldompenetratesuchaphysicogenicstructuralelement. Magn.213X
Photo 4. Compoundprism, subdividedinto subangularblacky elements. Roots penetrate theprismin
large numbers. Magn. 2/3X (cf. 2.4)
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Photo
(top). Roots growingoverthesurfaceofa
'•
PAoto
J5
(top;
structural element which they could
physicogenic .
Magn 3X
»0' penetrate.
P/foto6.Abundleofrootsgrowingthroughabiopore
(here an earthwormhole) in aphysicogenicstructural element.Magn. IX (cf. 2.4)

Photo 7 (top). Interior of a prism which was
perforatedbyanearthworm.Thewallofthebiopore
wasplastered with dark colored material. Magn.
2/3 x
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Photo 8. Biopores (here earthworm
holes) with diameters exceeding4millimetres in horizontal section inprofile
pit. River clay soil with improved soil
drainage under grass-mulch orchard,
f depth50cm.Magn. 1/3X(cf. 2.5and5)
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P/io/oP f/e/ir^. So/'/BarendrechtPI underhorticulture. Thesurfacesoilconsistsofgranular,subangular
blocky andcloddy elements.Thesubsurface soilconsists of subangular blocky elements
Photo 10.Soil BarendrechtP2 under arable land. Thesurfacesoilconsistsof angular blocky elements
whichrest on a compactedploughsole. Thesubsurface soil consistsof prismatic elements whichare
subdividedintoporoussubangular blockyelements
Thesoiltextural trendandthesoildrainage revealedthat these twosoilsoriginallyhad the same properties. Thelargedifferencesinthepresentpropertiesareattributedtothedifferenceinsoilmanagement.
Depth: 0-50 cm.Photographs of verticalsoilpeels. Magn. 1/4X (cf. chapter 3)

DetailsofsoilstructureinsoilsBarendrechtPI andP2
Photo 11 (top). Rounded (biogenic) structural elements (black with whitepatches) leavingmuchpore
space (white) betweenthem
Photo 12. Angular blocky (physicogenic) structural elements. Pore space included infissuresonly.
Depth:about25cm. Micro-photosof thinsections. Plainlight.Magn. 30x (cf. chapter3)

Photo 13.Pictureofabiopore (blackcircle)inasandysoil.Soil Rolde3at adepthof85cm. Photo of
thinsection,crossednicols.Magn. 80X (cf.chapter6)

Picturesofbiopores insandysoils
Inphoto 14 (top) bioporesas whitecircles,inphoto 15asblackcircles
SoilRolde 3atadepth of80cm (cf. chapter6). Bothphotosofthinsections;14withplainlight;15with
crossednicols.Magn. 22x

Photo16and17.Picturesofbioporesinspongysubsoilsof light-texturedcreek-ridgesoil (16, top) and
heavier-texturedriverleveesoil(17). Micro-photosofthinsectionswithplainlight.Magn.22X(cf.2.6)

Photo 18 (top). Picture ofbiopores inspongysubsoilof light-textured tidal deposit soil (Barendrecht
profiledescriptionPI, cf. chapter3)
Photo 19. B2t-horizono/Typic Normudalf (7TH APPROX., 1964) developed in loess. The black rims
inphoto 19 aroundbioporeswerefound to exist of birefringentvery fine material (illuviationcutans,
BREWER, 1960)

Both micro-photosof thinsectionswithplain light. Magn. 22X
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P/io/o 20 f/opj, 21 and22. Stereopairs showingbiopores as they occur in soilpeels ofsandy soils
Soil Rolde3 (cf. chapter 6). Thesemicro-photos were taken withacameraattachedtoastereomicroscope.
Picturesshowbioporescutnormaltotheirlengthaxe (top), according to theirlength axe (middle) and
oblique(bottom). Magn. about6Y. (cf. VAN DER PLASand SLAGER, 1964)
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P/Vtfww ofbiopores inasandysoil (Rolde 3,cf. chapter6)
Photo 23 (top). Abundantbiopores, depth60cm
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Appendix I. Some notes on methods and terms used in this
publication

A. Methods
1. The soilprofile descriptionswereprepared according to the SOIL SURVEY MANUAL
(1962).When describing soil structure the nomenclature wasused of the Soil Survey
Manual if it provided appropriate terms.If not, descriptive terms were used, which
wereadopted from the soilstructure classification of JONGERIUS(1957).The detailed
description of soil structure, which was presented for each soil, was also adopted
from the classification of JONGERIUS (1957). For the readers' comfort part of this
classification is reproduced below. Minor changes were introduced.
The description of soil structure includes in this scheme: type, porosity, size and
grade.
TYPE

A3a: granular
A4a: subangular blocky
A5a: angular blocky
B3a: compound rough prismatic
B3b: compound smooth prismatic

POROSITY

B5a: (single)roughprismatic
B5c: (single) smooth prismatic
C2: compound plate
Gib: sponge
HI: stratified sedimentation structure
H2: partly disturbed stratified sedimentation structure

(unlike JONGERIUS, 1957)

Two types of small biopores were recognized, viz., very fine (smaller than 1mm)
andfine(1-2 mm) biopores. The following combinations were used:
1. veryfineandfinebiopores
2. mainly veryfinebiopores
3. mainlyfinebiopores
4. no biopores
Further thefollowing subdivision wasmade according totheabundanceofbiopores:
few (—), common ( ) and many (+). The (—) and ( + ) wereaddedtothe porosity
number, e.g. 1+ or.3—.
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SIZE

(in millimetres)

Spherical
Prismlike
Platelike

I

II

III

IV

<1
<10
—

1-2
10-20
_

2-5
20-50
_

5-10
50-100
_

10-20
>10

GRADE

The numbers^ and 1 approximately correspond to theconcept of 'weak' of the SOIL
SURVEY MANUAL(1962),l\ and2to 'moderate' and 2\ and 3to 'strong'.
The sequence of notation is:type, porosity, sizeand grade. In case of compound
structuresthenotationofthecompoundelementisgivenfirstfollowed bythenotation
of the composing element. If two non-compound structural types occur at the same
depth, the notations are connected by a (+) sign. If an intergrade type of structure
occursa(—)signisused.Ifachangeinsoilstructureisnoticedwithincreasingdepth
whichis gradual,a(->)signisused.
2. Counting thenumbers ofbioporeslarger than 2 mm.was done in two classesviz.,
2-4 mm and larger than 4mm. During theprofile description horizontal sections of
25 x 20cm. were cleaned at regular intervals in the profile wall (cf. section 2.5 and
HOEKSEMA and OP 'T HOF, 1960).
3. SoilporosityandpF. Duringfielddescriptionsundisturbed samplesweretaken by
meansofcylindricalsamplecoresof 100cm3.Forporespacedetermination (determination of soil porosity in the total soil mass) (PS%) the samples were dried in the'
laboratoryat 105°C.Thevolumeofthesolidsoilmaterialwascalculatedfrom thedry
weight,dividedbyaspecificweightof2.65g/cm3ofthesolidsoilmaterial.Foreach%
of organic matter which the sample contained, the specific weight was reduced with
0.02 g/cm3. The volume of the solid soil material was subtracted from 100 cm3
andtheresultwasreportedastheporespacein %(PS%).ForpFdeterminationsthe
filled sample coreswereplaced ona sandbed for pF valuesof0.4and2.0resp. After
each determination the sample was weighed. Afterwards the sample was dried and
the volumes of solid soil material, water and air at the various pF values were calculated. The determination at pF 4.2 was performed on separate samples using a
pressure membrane apparatus.Allvolumeswerecalculated on basisofthetotal soil
volume at pF 2.0.
ThereportedvaluesfortheporespaceandpFdeterminationsresultfrom duplicate,
sometimes evenfrom triplicate determinations.
4. Waterpermeability. Duringfielddescriptionsundisturbed samples were taken by
means ofcylindrical samplecoresof 100cm3whichwereabout 5cmhigh.In thela109

boratory thesampleswereplaced during onehour in a water permeability apparatus
under a constant over-pressure of 1 inch ofwater.Thewaterflow passed the samples
from bottom to top,to avoid air inclusions.The amount of water, which passed the
sample in 1hour, was measured. The reported K-value in cm/h was calculated according to HENIN (1961) from the height of the sample core, the volume of water
whichpassed the sample in 1 hour, theheight of thecolumn of water over-pressure,
and the cross section of the sample core. The reported values result from duplicate
determinations.
5. Calcium carbonate. Disturbed samplesweretaken duringfielddescriptions.In the
laboratory a weighed amount of soil (fine earth fraction) was exposed to 25%HC1
for 2 hours and the amount of carbondioxide, which developed, was determined
volumetrically. The reported values result from duplicate determinations.
6. Organic matter.Oxidation by means of a mixture containing sodium bichromate
and hydrochloric acid. Titration withpotassium permanganate. The reported values
result from duplicate determinations.
7. Particlesize analysis. Effectuated for fine earth fraction only. Fractions over 50
micron with sieve analysis, using Rotap sieves. Fractions finer than 50micron with
pipetanalysis,usingthe Robinson pipetdevice.Removal oforganicmatter with10%
H2O2;removal ofcalcium carbonate with0.2 N HC1. Dispersion with sodiumpyrophosphate0.12N.The reported values result from duplicate determinations.
8. Phosphatedeterminations. Extraction with 1% citric acid. Colorimetric determination using molybdene blue. The reported values result from duplicate determinations.
9. pH (waterandCaCh). 1:1 ratio ofsoiland water or soiland 0.01 M CaCk.The
reported valuesresult from duplicate determinations.

B. Terms
Trend. The term trend was used in this publication to denote the vertical succession
of layerswith regard to any soilproperty. Two soils,for instance, were said to have
thesamesoiltextural trend, ifat everydepth thesoilshad the samesoiltexture.The
term trend wasused inthispublication with regard to the following soilcharacteristics:texture, structure, biopores,calcium carbonate content, organicmatter content,
water permeability, soil-water-air-ratio at variouspF values and pore space.
Biologicalactivity. Thisterm(cf. HOEKSEMA, 1953)wasusedto designate the activity
110

of the soil flora and soil fauna; in general, however, it was used in this publication
for the soil animal activity only.
Biologicalhotnogenization.Biologicalhomogenizationisthemixingofsoilconstituents
by means of soil fauna and soilflora,resulting ultimately in at least a constancy of
the clay content (within narrow limits) over that part of the soil which is called
homogenized(cf.2.5).Thisdefinition waschangedfrom theoriginalone,presentedby
HOEKSEMA(1953).
Perforation. Theformation of biopores.
Disturbance. Disturbance of stratified structures by soilanimals.
Biopores. Soilporeswhichresultfrom biologicalactivityandwhichmayberecognized
as such.
Bioporosity. Thefraction oftheporespacewhichisincluded inbiopores.
Permanentheterogeneous pore-size distribution. This term was used to designate a
pore-size distribution which contains both small and large pores for the whole year
(cf. HOEKSEMA,1953).
Soilstructure (cf. JONGERIUS, 1957).Thespatial arrangement oftheelementary constituents and anyaggregatesthereof, and ofthecavitiesoccurringinthesoil.
Biogenicstructures (cf. DE HAAN, 1965).Structures resultingfrom biologicalactivity.
Physicogenic structures (cf. DE HAAN, 1965).Structures resulting from soil physical
processes, such as swellingand shrinking.
Geogenic structures (cf. JONGERIUS, 1961).Structures which show the characteristics
of their geological mode of formation, such as undisturbed stratified sedimentation
structures.
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Appendix II

Profile descriptions and analytical data
Profiles P l - P 15

Profile PI: Barendrecht
Location:

topographical map of the Netherlands, scale 1 :50.000 (1958), sheet: 37 East,
coordinates: N 429.675-E 098.090. (former Island of IJsselmonde)

Described:
Climate:

by S. SLAGER,27.3.1963

formerly: temperate humid.Since 1948:heating throughout theyear and sprinkling, resulting in an annual precipitation of some 2000 mm
formerly horticultural cropswithout glasscover. Since 1948:horticultural crops
Landuse:
inglasshouse.Crops:lettuce,tomatoes,cucumbers.Manuring: 60tons farmyard
manureperhectareperyearandartificialmanure.Heating,sprinkling and artificial drainage. Soil desinfectation by means of steaming. Soil tilth by means of a
spade
Parentmaterial: light tidal deposit
levee of tidal creek
Physiography:
1. permeability: moderate
Hydrology:
2. groundwater:deeperthan2m
3. drainageclass:moderately well drained
4. artificial drainage: tile drainage every 12 m on a depth of 80 cm
Rootdistribution. depth of penetration about 50cm
Anthraquept (cf. chapter 7)
Classification:

PROFILE DESCRIPTION

Apl,

0- 19cm

Ap2,

19- 35cm

A13,

35- 48cm

B2,

48- 66cm

B31,

66- 93cm

B32g,

93-104 cm

verydark grayish brown (10YR 3/2),moist; silt loam;sideby side strong
fine crumb, strong fine subangular blocky and strong coarse clods;
friable; diffuse and wavy on:
very dark (grayish) brown (10YR 2.5/2), moist; silt loam; strong fine
crumb; very friable; diffuse and wavy on:
dark gray to dark grayish brown (10YR 4/1.5), moist; silt loam; strong
veryfinesubangularblocky;friable;few,fine,faint,strongbrownmottles;
diffuse and wavy on:
dark gray to dark grayish brown (10YR 4/1.5),moist; loam; compound
weak medium prismatic and strong very fine subangular blocky; friable;
few, fine, faint, strong brown mottles; diffuse and wavy on:
dark gray to dark grayish brown (10YR 4/1.5), moist; sandy loam; side
bysideweakveryfinesubangularblockyandporoussponge;very friable;
common,medium,faint,strongbrownmottles;diffuse andwavy on:
dark gray to grayish brown (2.5Y4.5/1),moist; sandy loam; side by side
weak veryfinesubangular blocky and porous sponge; very friable; common, medium, distinct, strong brown mottles

DETAILED DESCRIPTION OF SOILSTRUCTURE

Apl,

0-19cm

Ap2,
A13,
B2,
B31,
B32g,

19- : 35 cm
35-• 48 cm
48- i 66 cm
66- 93cm
93-104 cm

30%A3al+II3
30% A4a 1 IV 2i
40% dense clods of
some centimetres diameter
90%A3al+II3
90%A4alIII2i
B3aIII 1/A4a 1 III 1\
A4a 1 III 1 + Gib
A4a 1 m \ + Gib

SOIL POROSITY

horizon

depth in cm

PS%
61.4
66.8
50.0
44.6

12
24
39
63

Apl
Ap2
A13
B2

ANALYTICAL DATA

horizon

depth
incm

Apl
Apl
Ap2
Ap2,A13
A13
B2, B31, B32g

0-10
10-20
20-30
3(M0
40-50
50-100

particle size distribution in p,
PH
organic CaCOz
matter
HiO 0MM>210 105- 50- 16-50 2-16
%
210 105
CaCh
12.9
11.6
11.3
5.8
4.0
1.0

7.6
7.7
7.8
9.6
11.4
16.2

7.2
7.3
7.3
7.5
7.7
7.8

PHOSPHATE CONTENT

horizon
Apl
Apl
Ap2
Ap2, A13
A13

depthincm
0-10
10-20
20-30
30-40
40-50

ppm PiOh
1550
1500
1370
680
290

7.1
7.0
6.9
7.2
7.3
7.5

2.7
2.6
2.1
1.4
0.9
1.0

2.6
2.1
1.7
1.4
1.1
2.0

23.8
24.7
26.2
19.7
23.3
26.0

41.7
40.9
43.2
44.0
48.5
50.0

10.7
11.1
10.4
15.1
10.0
11.0

<2

18.5
18.6
16.4
18.4
16.2
10.0

Profile P2:Barendrecht
Location:

topographical map of the Netherlands, scale 1 :50.000 (1958), sheet: 37 East,
coordinates: N. 429.950-E 098.030. (former Island of Usselmonde)
Described:
by S. SLAGER, 22.4.1963
Climate:
temperate humid
Landuse:
arable land. Crops: potatoes, wheat, barley, celeriac, sprouts, beets
Parentmaterial: light tidal deposit
Physiography:
levee of tidal creek
Hydrology:
1. permeability: moderately slow
2. groundwater: 130cm
3. drainage class: moderately well drained
4. artificial drainage: tile drainage every 15m on a depth of 80cm
Root distribution: depth of penetration: about 90cm
Classification:
Typic Normaquept(7TH APPROXIMATION, 1964)

PROFILE DESCRIPTION

Apl,

0- 17cm

Ap2,

17- 30 cm

Bl,

30- 47 cm

B21,

47- 63cm

B22,

63- 93cm

B3g,

93-100 cm

dark grayish brown (10YR 4/2),moist; siltloam; strong veryfineangular
blocky; firm; abrupt and wavy on:
dark grayish brown (10YR 4/2),moist; silt loam; strong very fine to fine
angular blocky;very firm; abrupt and wavy on:
dark (grayish) brown (10YR 4.5/2), moist; silt loam; compound weak
medium prismatic and weak very fine subangular blocky; slightly sticky,
slightly plastic; few, fine, faint, strong brown mottles; gradual and
smooth on:
(dark) grayish brown (2.5Y 4.5/2) moist; silt loam; structure as in Blhorizon; slightly sticky, slightly plastic; few, fine, prominent, strong
brown mottles; diffuse and smooth on:
grayish brown (2.5Y 5/2) moist; silt loam; porous sponge changing into
disturbed sedimentation pattern; slightly sticky, non plastic; common,
fine,prominent, strong brown mottles; diffuse and smooth on:
olive gray (5Y 5/2) moist; silt loam; disturbed sedimentation pattern
changing into undisturbed sedimentation pattern; slightly sticky, non
plastic; many, fine, distinct, strong brown mottles

DETAILED DESCRIPTION OF SOILSTRUCTURE

Apl,
Apl,
Ap2,
Bl,
B21,
B22,
B3g,

0- 8cm
8-17 cm
17-30cm
30-47cm
47-63 cm
63-93 cm
93-100 cm

A5a 1— II 3
A5a (1— -3) ffl-IV 3
A5a (3 4) IV 3; roots grow along the partly shell-shaped pedfaces
B3a III 1/A4a 1 III i
B3a n i 1/A4a 1 i n } ->-Gib
Gib -*H2
H2->-Hl

s o n . POROSITY

horizon
Apl
Ap2
Bl
B21
B22

depthincm

PS%

5
28
41
59
74

53.8
46.2
49.8
48.6
45.9

ANALYTICAL DATA

horizon

depthincm organic CaCOz
matter
%

%
Apl
Ap2
Bl
B21
B22
B3g

0-17
17-30
30-47
47-63
63-93
93-100

4.9
4.4
0.6
0.6
nd
nd

9.5
10.9
14.7
16.9
16.6
15.9

PH

particle size distribution in/i

mo 0.01M >2I0
CaCh
7.8
7.8
7.9
8.0
8.1
8.1

7.3
7.3
7.5
7.5
7.5
7.5

0.9
0.7
0.4
0.7
0.7
1.0

105210
0.8
0.8
0.7
1.4
1.3
2.2

SO- 16-50 2-16
105

<2

9.4
9.2
8.6
12.9
20.0
26.1

23.6
23.1
21.1
15.1
10.0
9.7

51.6
50.1
52.7
56.4
56.8
50.5

13.6
15.9
16.5
13.5
11.2
10.5

Profile P3: Barendrecht
Location:

topographical map of the Netherlands (1958), scale 1 :50.000, sheet: 37 East,
coordinates: N 429.770 — E 098.160.(former Island of IJsselmonde)
Described:
by S. SLAGER,22.4.1963
Climate:
temperatehumid
Landuse:
pasture
Parentmaterial: light tidal deposit
Physiography:
levee of the tidal creek
Hydrology:
1. permeability: moderate
2. groundwater: 100cm
3. drainage class: somewhat imperfectly drained
4. artificial drainage:tile drainageevery 15m on a depth of 85cm
Root distribution: depth of penetration: about 80cm
Classification:
HumicNormaquept (7TH APPROXIMATION, 1964)

PROFILE DESCRIPTION

All,

0- 16 cm

A12,

16- 26cm

Bl,

26- 51cm

B2,

51- 66cm

B3g,

66-100cm

black to very dark brown (10YR 2/1.5) moist; silt loam; compound weak
very thick platy and strong very fine subangular blocky changing into
moderate very fine subangular blocky; firm; clear and smooth on:
darkgrayishbrown (10YR4/2)moist;siltloam;compound weak medium
prismaticand moderate veryfinesubangular blocky;friable to firm; few,
fine,faint, strong brown mottles; clear and smooth on:
grayishbrowntogray(2.5Y5/1)moist;siltloam;compoundweakmedium
prismatic and weak very fine subangular blocky changing into porous
sponge; slightly sticky, slightly plastic; common, fine, distinct, strong
brown mottles; diffuse and smooth on:
grayish brown (2.5Y 5/2) moist;silt loam; poroussponge; slightly sticky,
slightly plastic; common, medium, prominent, strong brown mottles;
diffuse and smooth on:
gray to grayish brown (2.5Y 5/1) wet; silt loam; porous sponge changing
into disturbed sedimentation pattern; slightly sticky, slightly plastic;
common,medium,prominent, strongbrown mottles

DETAILED DESCRIPTION OF SOIL STRUCTURE

All,
All,
A12,
Bl,
B2,
B3g,
B3g,

0- 7cm
7- 16 cm
16- 26cm
26- 51 cm
51- 66cm
66- 80cm
80-100cm

C2Vi/A4a 1II 3
A4a 1 III li
B3aIII 1/A4a 1 I I - I I I 1 *
(B3aIII 1/A4a 1 II-IIIi ) -*
Gib
Gib -+H2
H2

Gib

SOILPOROSITY

horizon

All
A12
Bl
B2
B3g

depthincm

PS%

8
25
40
58
74

56.2
53.5
52.8
52.2
47.7

ANALYTICAL DATA

horizon

depthincm organic CaCOz
matter
%

%
All
A12
Bl
B2
B3g

0-16
16-26
26-51
51-66
66-100

15.7
11.6
5.6
nd
nd

6.8
8.7
12.9
17.2
17.6

pH

particlesize distributioninft

HtO 0.01 M >210
CaCh
7.3
7.5
7.6
8.0
8.1

6.9
7.2
7.3
7.5
7.6

1.6
0.9
0.6
0.8
0.4

705210
2.7
2.1
1.3
1.5
1.6

50- 16-50 2-16
105

<2

8.4
18.7
17.1
20.4
31.7

22.2
21.9
24.6
21.2
11.6

50.3
45.8
43.1
41.7
44.1

14.8
10.6
13.3
14.4
10.6

Profile P4: Zwijndrecht
Location:

topographical map of the Netherlands (1959), scale 1 :50.000, sheet: 38 West,
coordinates: N 425.800 — E 101.800. (former Island of IJsselmonde)

Described:
Climate:
Landuse:

by S. SLAGER,25.4.1963

temperate humid
during some 30yearsused for growingcucumbers under glass;since 1961 glasshouse with lettuce, cauliflower and tomatoes. Manuring during some 30 years
with 80 tons farmyard manure per hectare per year. Now: heating, sprinkling
andartificial drainage.Soil disinfection bymeansofsteaming.Soiltilthbymeans
of a spade
heavy tidal deposit
Parentmaterial:
basin of tidal landscape
Physiography:
1. permeability: moderately slow
Hydrology:
2. groundwater: 75cm
3. drainageclass:imperfectly drained
4. artificial drainage: tile drainage every 15m on a depth of 100cm
Rootdistribution: depth of penetration: about 75cm
Classification:
Anthraquept(cf. chapter 7)

PROFILE DESCRIPTION

Apl,

0- 23cm

Ap2,

23- 47cm

B2,

47- 75cm

Cg,

75-100 cm

black to very dark brown (10YR 2/1.5) moist; clay loam; side by side
strong very fine to fine crumb and weak very fine subangular blocky;
friable; gradual and wavy on:
verydark gray to very dark grayish brown (10YR 3/1.5) moist; silty clay
loam;compoundweakfinetomediumprismaticand sidebysidemedium
veryfinesubangular blocky, strongveryfinetofinecrumb and weak very
fineangular blocky; friable; gradual and wavy on:
dark grayish brown to gray (10YR 4.5/1.5) moist; silty clay; compound
weakfinetomediumprismaticand strongveryfinetofineangularblocky;
sticky and plastic; few, fine, faint strong brown mottles; gradual and
smooth on:
Gray (5Y 5/1) wet; silty clay; strongly reduced

DETAILED DESCRIPTION OF SOIL STRUCTURE

Apl,

0- 23cm

Ap2,

23- 47cm

B2,

47- 75cm

60%A3a 1+ I-II 3
40%A4al+I-IIl
B3aII-III1 divided into:
50% A4al+11-1111}
40%A3al+I-II2i
10%A5a 111-111*
B3aII-III 1/A5a 1III-IV 2±

SOILPOROSITY

horizon

depthincm

PS%

13
39
58

69.8
65.1
55.6

Apl
Ap2
B2

ANALYTICAL DATA

horizon

PH

depthincm organic CaC02
0/
matter
%

Apl
Ap2
B2
Cg

0-23
23^*7
47-75
75-100

12.3
10.1
3.0
nd

H%0 0.01M >210
CaCI2

0.3
0.3
0.1
0.0

6.7
6.7
6.9
7.1

PHOSPHATE CONTENT

horizon
Apl
Ap2
B2
Cg

depthincm
0-23
23^7
47-75
75-100

particlesizedistributionin p

ppm PiOs
3220
2790
1360
740

6.3 19.4
6.4 7.9
6.6 0.4
6.6 0.0

105210
5.1
3.5
0.9
0.0

50- 16-50 2-16
105
4.9
5.5
3.3
1.6

30.6
26.9
29.8
21.3

11.2
23.6
24.6
29.6

<2

28.8
32.6
41.0
47.5

Profile P5: Zwijndrecht
Location:

topographical map of the Netherlands (1959), scale 1 :50.000, sheet: 38 West,
coordinates: N 425.770 — E 101.900. (former Island of IJsselmonde)
Described:
by S. SLAGER, 25.4.1963
Climate:
temperate humid
Landuse:
arable land with a crop rotation including many times wheat and sugar beets
Parentmaterial: heavytidal deposit
Physiography:
basin of tidal landscape
Hydrology:
1. permeability: moderately slow
2. groundwater: 120cm
3. drainage class:imperfectly drained
Root distribution: depth of penetration about 80cm
Classification:
TypicNormaquept(7TH APPROXIMATION, 1964)

PROFILEDESCRIPTION

Apl,

0- 10cm

Ap2 ,

10- 28cm

Bl,

28- 43cm

B21g,

43- 75cm

B22g,

75- 90cm

B3g,

90-100cm

dark grayish brown (10YR 4/2) moist; silty clay loam; strong very fine
angular blocky; firm; gradual and smooth on:
dark grayish brown to gray (10YR 4.5/1.5) moist; silty clay loam; weak
to strong fine subangular blocky; very firm; gradual and smooth on:
dark gray to gray (10YR 4.5/1) moist; silty clay; compound weak fine
prismatic and strong very fine to fine angular blocky; very firm; gradual
and smooth on:
grayish brown to gray (2.5Y 5/1) moist; silty clay; side by side strong
veryfineprismatic andmoderateveryfineangularblocky; firm; common,
fine, faint, yellowish brown mottles; gradual and smooth on:
dark gray (10YR 4/1) moist; silty clay with peat remnants; weak fine
subangular to angular blocky;firm,common, fine,faint, yellowish brown
mottles; clear and wavy on:
very dark grayish brown to very dark gray (2.5Y 3/1) moist; silty clay
withsomepeatremnants;mediumveryfinesubangulartoangular blocky;
firm

DETAILED DESCRIPTIONOFSOIL STRUCTURE

Apl,
Ap2,
Ap2,
Bl,
B21g,
B22g,
B3g,

0- 10 cm
10- 18 cm
18- 28cm
28- 43cm
43- 75cm
75- 90cm
90-100 cm

A5a 1—II 3
A5a 3IV i
A5a 3IV 2i
B3a 1IIi/A5a 1III-IV3
B5c 1 —I-II 3 + A5a 1 —II 1*
(A4a — A5a)l- - I V *
(A4a —A5a)l II-III 1}

SOIL POROSITY

horizon
Apl
Ap2
Bl

depthincm
8
25
41

PS%
48.4
45.5
48.0

horizon

Apl
Ap2
Bl
B21g
B22g
B3g

depthincm

0-10
10-28
28-43
43-75
75-90
90-100

pH
particle sizedistribution in p,
organic CaCOa
0/
matter
10
mo 0.01M >210 105- 50- 16-50 2-16
210 lOS
%
CaCh
2.3
3.2
2.1
1.8
nd
nd

1.4
1.6
2.3
0.0
0.0
0.0

7.4 ' 7.1
7.6
7.1
7.7
7.3
7.6
7.2
7.1
6.8
6.3
6.0

1.5
1.6
1.2
0.0
0.0
0.0

2.2
2.3
2.8
0.0
0.0
0.0

4.3
4.4
2.1
1.6
0.6
0.2

30.9
34.9
24.0
23.9
22.0
22.6

25.5
24.0
27.4
28.3
26.2
29.6

<2

35.6
32.8
42.5
46.2
51.2
47.6

Profile P6: Zwijndrecht
Location:

topographical map of the Netherlands (1959), scale 1:50.000, sheet: 38West,
coordinates: N 425.840—E 101.630.(former Island of IJsselmonde)

Described:

by S. SLAGER and V.J. G. HOUBA, 10.5.1963

Climate:
Landuse:
Parentmaterial:
Physiography:
Hydrology:

temperate humid
pasture
heavytidal deposit
basin ofthe tidal landscape
1. permeability: slow
2. groundwater: 64cm
3. drainage class:poorly toimperfectly drained
4. artificial drainage: ditches every 8m,50cm deep
Root distribution: depth ofpenetration: about 50cm
Classification:
ThaptoHistic Normaquept(7TH APPROXIMATION, 1964)

PROFILEDESCRIPTION

All,

0-10cm

A12,

10-22cm

B2g,

22-45cm

HCg,

45-65 cm

very dark brown to very dark grayish brown (10YR 2.5/2) moist; silty
clay; strong veryfinesubangular blocky changing into compound moderate medium tocoarse prismatic andstrong very fine subangular blocky;
firm; gradual and smooth on:
olive brown (2.5Y 4/4)moist; siltyclay; compound moderate mediumto
coarse prismatic and strong very fine subangular blocky changing into
compound moderate coarse prismatic and strong fine angular blocky;
firm; few, fine, faint, yellowish brown mottles; diffuse and smooth on:
dark gray (2.5Y 4/1)moist; silty clay; compound medium coarse prismaticand strongfineangularblocky;firm,common,fine,distinct,yellowish brown mottles; clear andwavyon:
very dark brown to very dark grayish brown (10YR2.5/2) wet;peaty
silty clay; massive; sticky andplastic; intense reduction

DETAILED DESCRIPTION OFSOILSTRUCTURE

Apl,
0 - 4 cm
Apl, Ap2, 4-15cm
Ap2, B2g, 15-45cm

A4a 1II-III2}
B3a III-IV H/A4a 1II-III 2}
B3a IV 1*/A5a 1—-> 3IV3

SOILPOROSITY

horizon
Apl
Ap2
B2g

depthincm
6
17
37

PS%
61.5
61.6
56.1

ANALYTICAL DATA

horizon

Apl
Ap2
B2g
HCg

depthincm organic CaCOz
matter
%
%
0-10
10-22
22-45
45-65

11.9
6.8
3.7
9.0

0.0
0.0
0.0
0.0

pH

particlesize distribution in [t

mo 0.01M >210
CaCh
5.7
6.0
6.2
6.2

5.3
5.5
5.7
5.7

1.8
2.0
0.4
0.0

105210
1.2
1.8
0.6
0.0

50- 16-50 2-16
105
2.6
4.2
2.2
0.5

20.8
21.4
20.2
15.7

27.5
26.1
28.6
29.8

<2

46.1
44.5
48.0
54.0

Profile P7:Beuningen
Location:
Described:
Climate:
Landuse:
Parent material:
Hydrology:

•Root distribution:
Classification:

topographical map of the Netherlands, scale 1 :25.000, (1954), sheet: 40C,
coordinates: N 430.925 — E 182.565 (Land van Maas en Waal)
by S. SLAGER, 1.4.1964
temperate humid
till 1952 grass-orchard with cattle-grazing. Since 1952 grass-mulch experimental
field. Mulched plot
light on heavier river deposit
1. permeability: moderately rapid
2. groundwater: deeper than 1.50 m
3. drainage class: well drained
4. artificial drainage: none
depth of penetration more than 100 cm
Typic Eutrochrept (7TH APPROXIMATION, 1964)

PROFILE DESCRIPTION

All,

0 - 18 cm

A12,

18- 32 cm

A13,

3 2 - 47 cm

Bl,

4 7 - 62 cm

B2,

62- 88 cm

B3,

88-120 cm

very dark grayish brown (10YR 3/2), moist; sandy loam; moderate, very
fine subangular blocky; very friable; gradual and smooth o n :
dark yellowish brown (10YR 4/4), moist; sandy loam; moderate to weak,
very fine to fine subangular blocky; friable; diffuse and smooth o n :
dark yellowish brown (10YR 4/4), moist; sandy loam; weak, fine subangular blocky; friable; diffuse and smooth o n :
(dark) yellowish brown (10YR 4.5/4), moist; loam; strong to moderate,
very fine subangular blocky; friable; diffuse and smooth o n :
yellowish brown (10YR 5/4), moist; (silty) clay loam; moderate to weak,
very fine subangular blocky; slightly sticky, non plastic; diffuse and
smooth on:
yellowish brown (10YR 5/4), moist; silt loam; porous sponge; friable;
few, fine, faint, strong brown mottles

DETAILEDDESCRIPTION OFSOIL STRUCTURE
All,
0 - 8 cm
A4a 1n-III l i
A 1 1 . A 1 2 , 8 - 32 cm
A4a 1III-IV l i -* i
A13,
3 2 - 47 cm
A4a 1 I V i
B l , B2, 4 7 - 88 cm
A4a 1 I I (-III) 1\ -+J
B3,
+ 88 cm
Gib
NUMBEROFBIOPORESPER M2:cf. figure 1
SOIL POROSITY: cf. figure 2

ANALYTICALDATA

horizon

All
A11.A12
A12
A12.A13
A13.B1
Bl
B1.B2
B2
B2.B3
B3

depth
incm

0-10
10-20
20-30
30-10
40-50
50-60
60-70
70-80
80-90
90-100

organic CaCOs
P'H
0/
matter
10
mo 0.01M >420
%
CaCh
3.2
1.9
1.2
0.9
0.6
nd
nd
nd
nd
nd

1.6
2.4
2.7
3.7
3.9
4.6
8.0
12.3
13.0
14.9

7.4
7.6
7.6
7.8
7.7
7.8
7.8
7.9
7.9
8.0

7.0
7.1
7.0
7.3
7.2
7.3
7.3
7.4
7.2
7.5

3.6
4.0
3.6
3.3
2.3
1.0
0.6
0.2
0.4
0.2

part icte siz e aistn oution iin fi
210420

105210

50- 16-50 2-16
105

18.5
17.8
17.4
18.9
19.9
9.5
4.3
1.4
1.6
0.8

20.0 12.4
20.7 12.7
21.3 12.7
21.8 12.2
22.5 11.8
15.4 13.8
8.6 10.4
2.6
5.1
5.2 15.4
4.0 22.8

18.5
19.6
19.8
18.4
17.8
26.4
30.3
33.8
34.6
37.5

10.7
9.9
10.7
10.8
11.1
14.5
18.2
23.9
19.5
15.3

<2

16.3
15.3
14.5
14.6
14.6
19.4
27.6
33.0
23.3
19.4

Profile P8: Beuningen
Location:

topographical map of the Netherlands, scale 1 :25.000, (1954), sheet: 40C,
coordinates:N 430.925—E 182.575(Land van Maasen Waal)

Described:
Climate:
Landuse:

by S. SLAGER,2.4.1964

temperate humid
till 1952grass-orchard with cattle-grazing. Since 1952grass mulch experimental
field.Clean-cultivatedplot
Parentmaterial: light on heavierriver deposit
Physiography:
river levee
Hydrology:
1. permeability: moderately rapid
2. groundwater: deeper than 1.50 m
3. drainageclass:well drained
4. artificial drainage: none
Rootdistribution: depth of penetration more than 100cm
TypicEutrochrept (7TH APPROXIMATION, 1964)
Classification:

PROFILE DESCRIPTION

All,

0-14 cm

A12,

14-29 cm

Bl,

29-43cm

B2,

43-80 cm

B2, B3,

+80 cm

very dark grayish brown (10YR 3/2), moist; sandy loam; moderate, very
fine tofinesubangular blocky; friable; clear and smooth on:
verydarkgrayishbrowntodarkbrown(10YR3.5/2.5),moist;sandyloam;
moderate to weak, very fine to fine subangular blocky; friable; gradual
and slightly wavy on:
dark brown to brown (10YR 4/3), moist; loam; weak very fine to fine
subangular blocky; friable; diffuse and smooth on:
brown to dark yellowish brown (10YR 4/3.5) moist; loam to silty clay
loam;strongtomoderateveryfinesubangularblocky;slightlysticky,non
plastic;diffuse and smooth on:
(dark)yellowish brown (10YR 4.5/4),moist; siltyclayloam; moderate to
weak, veryfine subangular blocky; friable; few,fine,faint, strong brown
mottles

DETAILED DESCRIPTION OF SOIL STRUCTURE

A11.A12, 0 - 2 0 cm
A12.B1, 20- 43cm
Bl, B2, 43-100 cm
B3,
+ 100cm

A4a 1III-IV 1*
A4a 1III-IV i
A4a 1III 2* -> I
Gib

NUMBER OF BIOPORES PER M2; cf.figure1

SOILPOROSITY: cf. figure 2

ANALYTICAL DATA

horizon

All
A12
A12.B1
Bl
B1.B2
B2
B2
B2
B2
B3

depth
incm

0-10
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90
90-100

organic CaCOz
?
matter
% HzO 0.01M >420
%
CaCh
2.4
1.5
0.8
0.7
0.7
nd.
nd.
nd.
nd.
nd.

1.1
2.5
3.0
3.8
4.9
6.2
11.1
13.5
13.8
12.7

7.3
7.7
7.9
7.9
7.9
8.2
8.2
8.1
8.1
8.1

6.9
7.1
7.2
7.3
7.3
7.5
7.4
7.5
7.5
7.5

3.8
5.2
4.1
2.1
1.1
0.9
0.3
0.4
0.3
0.3

particlesizedistribution in n
210- 105420 210

50- 16-50 2-16 <2
105

20.7
22.2
23.2
15.2
7.7
6.4
1.8
1.9
1.4
1.3

11.1 19.9
10.5 18.0
10.8 17.7
12.4 22.6
14.6 25.8
14.3 30.3
8.5 34.7
6.3 39.8
6.6 40.0
7.4 41.3

19.1
19.1
21.3
18.7
14.8
12.6
4.7
2.8
2.1
2.1

10.1
10.2
9.4
11.3
16.9
14.8
21.4
20.4
20.5
19.6

15.3
14.8
13.5
17.7
19.1
20.7
28.6
28.4
29.1
28.0

Profile P 9 : Oosterhout
Location:

topographical map of the Netherlands, scale 1 : 25.000, (1954), sheet:40C,
coordinates:N433.340—E 184.155(Betuwe)

Described:

by S. SLAGER and V.J. G. HOUBA, 15.7.1963

Climate:
Landuse:

temperate humid
till 1937pasture. From 1937till 1948 orchard with clean cultivation. Since 1948
orchard with grass mulching
Parentmaterial: rather heavy textured river deposit (clay plug)
Physiography:
informer river streambed
Hydrology:
1. permeability: very slow
2. groundwater: deeper than 1.20 m
3. drainage class:imperfectly drained
4. artificial drainage: none
Root distribution: depth ofpenetration about 50cm
Classification:
HumicNormaquept (7TH APPROXIMATION, 1964)

PROFILEDESCRIPTION

All,

0- 30cm

Big

30- 43cm

B2g,

4 3 - 70cm

Cg,

70-115cm

(very)darkgrayish brown (10YR 3.5/2),moist;siltyclayloam; weakvery
thickcompound platysubdivided into strongveryfine subangular blocky,
followed,withincreasingdepth,bymoderatemediumcompound prismatic
subdivided into strong very fine subangular blocky, followed with increasingdepthbyweakcoarsecompound prismaticsubdivided into strong
fineangular blocky; friable to firm;few,fine,faint black mottles; diffuse
and smoothon:
dark grayish brown (10YR 4/2),moist; siltyclay; weak coarse compound
prismatic subdivided into strongfineangular blocky;friable tofirm;few,
fine,faint, black andstrong brown mottles; diffuse andsmooth on:
grayish brown (2.5Y5/2), moist; silty clay; strong coarse compound
prismatic subdivided into side byside weak mediumprismaticand moderate fine angular blocky; firm tovery firm; few,fine,faint, blackand
strong brown mottles; diffuse andsmoothon:
grayish brown (2.5Y5/2), moist; silty clay; weak medium compound
prismatic subdivided into moderate fine angular blocky; firm to friable;
few, fine, faint black mottles and many, coarse, distinct, strong brown
mottles

DETAILED DESCRIPTIONOFSOIL STRUCTURE

0- 5 cm
CI,
5- 16 cm
Al,
Al, Big, 16- 43 cm
A2g»
43- 70 cm
70-120 cm
Bg,

C 2 V l / A 4 a l — III2±
B3a m 2/A4a 1III 2\
B3a IV 1/A5a 1— IV 2J
B3bIV3/(B5c 3— III}) + (A5a 3 - IV 1*)
B3a III 1/A5a 3— III1*

NUMBER OF BIOPORES PER M 2 .' cf. figure 3

SOILPOROSITY

horizon •
Al
Big
B2g
B2g

depthincm

PS%

17-22
35-40
52-57
75-80

49.0
42.3
46.6
47.4

ANALYTICAL DATA

horizon

Al
Big
B2g
Cg

depthincm organic CaCOs
matter
%
%
0-30
30-43
43-70
70-120

3.6
1.4
nd.
nd.

0.0
0.1
0.1
0.1

particlesizedistribution in ft

pH

HtO 0.01 M >210 105210
CaCh
6.1
6.8
7.1
7.4

5.5
6.5
6.8
6.8

2.2
0.8
0.5
0.8

1.1
4.2
2.4
2.5

50- 16-50 2-16
105
6.6
4.4
2.7
3.1

17.5
16.0
8.1
7.9

29.8
33.6
32.1
34.4

<2

36.2
41.0
54.2
51.3

Profile P10: Oosterhout
Location:

topographical map of the Netherlands, scale 1:25.000, (1954), sheet:40C,
coordinates: N 433.200 —E 184.350 (Betuwe)

Described:

by S. SLAGER and V.J. G. HOUBA, 22.7.1963

Climate:
Landuse:

temperate humid
till 1937pasture. From 1937till 1948orchard with clean cultivation. Since 1948
orchard with grass mulching
Parentmaterial: medium textured river deposit, becoming lighter textured with increasing depth
Physiography:
river levee
Hydrology:
1. permeability: moderately rapid
2. groundwater: 135cm,inwinter some 70cm
3. drainage class:somewhat imperfectly drained
4. artificial drainage: none
Root distribution: till 70cm many roots occur; between 70and120cmroots occur, most ofthem
being dead
Classification:
Aerie Mollic Normaquept (7THAPPROXIMATION,1964)

PROFILEDESCRIPTION

All,

0- 19cm

A12,

19- 37cm

Bl,

37-45cm

B21,

45-71cm

B22g,

7 1 -93cm

B3g

93-122cm

Cg,

122-130cm

dark brown to brown (10YR 4/3), moist; loam; weak very thick platy
subdividedintomediumveryfinetofinesubangular blocky,followed with
increasing depth by side by side medium very fine to fine subangular
blocky and medium fine granular; very friable to friable; diffuse and
smoothon:
yellowish brown, (10YR5/4), moist; loam; side by side weak coarse
compound prismatic subdivided into strong very fine to fine subangular
blocky andstrong very fine tofine subangular blocky; friable; few, fine,
faint, black mottles; diffuse and smooth on:
(light) yellowish brown (10YR 5.5/4)moist; loam; structure intermediate
between thestructures ofA12 andB21 horizons; friable; few,fine,faint,
black mottles;gradual and smoothon:
light brownish yellow (10YR 6/2),moist; sandy loam; porous sponge;
friable; few, fine, faint, black mottles, common, fine, faint strong brown
mottles; clear andsmooth on:
(light) grayish brown (2.5Y5.5/2), moist; sandy loam; porous sponge;
friable to slightly sticky, nonplastic; many, coarse, faint, strong brown
mottles; abrupt andsmooth on:
grayish brown (2.5Y 5/2), wet; sandy loam; disturbed sedimentation
structure; slightly sticky, nonplastic; many, coarse, faint, strong brown
mottles; abrupt andsmoothon:
grayish brown (2.5Y 5/2), wet; sand; undisturbed stratified sedimentation
structure; nonsticky, nonplastic; many, coarse, faint, black andstrong
brown mottles

DETAILED DESCRIPTIONOFSOIL STRUCTURE

All,
All,

0- 8cm
8-19cm

A12, B21, 19-41cm
B21,B22g,41-93cm
B3g,
93-122 cm
Cg,
+122 cm

C2V 1/A4a 1— III-IV H
50% A 4 a l III-IV 1*
50%A3alIIl}
(B3a IV 1/A4a 1m-IV 2i) + (A4a 1IH-IV 2|)
Gib
H2
HI

NUMBER OFBIOPORES PERM 2 :cf. figure 3

SOILPOROSITY

horizon
All
A12
B21
B22g
B3g

depthincm

PS%

8-13
25-30
50-55
78-83
100-105

46.2
40.5
44.9
38.5
40.4

ANALYTICALDATA

horizon

depthincm' organic CaCOz
matter

%
All
A12
Bl
B21
B22g
B3g
B3g
Cg

0-19
19-37
37-45
45-71
71-93
93-1221
93-12211
122-130

2.9
1.3
0.8
0.5
nd.
nd.
nd.
nd.

%

?H
H i 0

particlesizedistribution in p
0 0 1 M

CaCk

>2IQ

]05-

50-

16-50 2-16

<2

210 105

2.2 7.7 7.2 3.3 19.1 14.3 19.1
1.9 8.1 7.5 2.2 15.4 12.7 22.2
5.0 8.1 7.4 1.2 23.6 18.6 16.4
7.8
7.4
0.9 31.7 27.1
15.9
7.5
0.3 25.3 33.9
17.9
8.3
7.5
1.1 23.2 32.3
8.4
18.7
9.8
3.6
7.5
1.4
8.1
24.6
2.9
8.4
7.4 62.6 32.8
4.8

18.8
22.2
26.6
17.9
21.0
23.2
32.9
0.5

25.4
25.3
13.6
10.2 12.2
8.7 10.8
9.9 10.3
26.4 25.9
0.5
0.7

Profile PI1: Slijk-Ewijk
Location:

topographical map of the Netherlands, scale 1:25.000 (1954), sheet: 40C,
coordinates: N 433.8 —E 128.4 (Betuwe)

Described:

by S. SLAGER and W. L. ASIN, 3.8.1962

Climate:
Landuse:
Parentmaterial:
Physiography:
Hydrology:

temperate humid
Grass mulch orchard, well dressed with natural andartificial manure
medium toheavy textured onlight textured river deposit
area transitional between riverlevee andriver basin
1. permeability: moderately rapid on rapid
2. groundwater: 1.70m below surface. During winter deeper than 1m below
surface
3. drainage class: moderately well drained
4. artificial drainage: notile drainage. The profile issituated in anarea where
the groundwater levelhas been lowered substantially
Root distribution: depth ofpenetration about 90centimeters, mostly through biopores
Classification:
Aerie Mollic Normaquept (7TH APPROXIMATION,1964)

PROFILE DESCRIPTION

Al,

0- 24cm

B21,

24-49cm

B22,

49-70cm

B23,

70-90cm

II B31g,

90-102 cm

IIB32g, 102-115 cm

dark grayish brown (10YR 4/2) moist; clay loam; compound moderate
verythick platy subdivided intostrongveryfinetofinesubangular blocky
changing withincreasing depthintocompound moderate coarse prismatic
subdivided intomoderateveryfinesubangularto angular blocky; slightly
sticky and slightly plastic; few, fine, faint, strong brown and black
mottles; gradual and smoothon:
dark brown tobrown (10YR 4/3) moist; clay loam; compound moderate
coarse prismatic subdivided into strong very fine angular blocky; sticky
and plastic; few, fine, faint, strong brown andblack mottles; gradual
and wavyon:
dark grayish brown (10YR 4/2) moist; clay loam; compound moderate
coarse prismatic subdivided into fine strong angular blocky; stickyand
plastic; few, fine, distinct, strong brown andblack mottles; gradualand
smoothon:
dark grayish brown (10YR 4/2) moist; clay loam; moderate very coarse
prismatic; slightly sticky,slightly plastic; common, fine, distinct, strong
brown and black mottles;clear and smoothon:
grayish brown (2.5Y5/1)moist; sandy loam; disturbed sedimentation
structure; veryfriable; few,fine,distinct,strongbrown andblack mottles;
diffuse andsmoothon:
graytolight gray (10YR6/1)moist; sandyloam;disturbed sedimentation
structure; very friable to loose; many, fine, prominent strong brown
mottles

DETAILED DESCRIPTION OF SOIL STRUCTURE

All,
0- 7cm
C 2 V2/A4 1ni-IV 2 i
A12,
B3aIV2/(A4-*A5)inili
7-24 cm
B21,
24-49 cm
B3aIV 2/A5 2II-III 1\
B22,
49-70 cm
B3a IV 2/A5 1— IV 2\
B23,
B5c 1 V2
70-90 cm
IIB31g,IIB32g, 90-115cm H2

NUMBER OF BIOPORES PER M 2

horizon

depth

Al
Al
B21
B22

5cm
15cm
30cm
60cm

2-4 mm >4 mm
660
660
340
160

560
300
440
180

SOIL POROSITY

horizon
Al
Al
B21
B22
II B32g

depthincm

PS%
55.4
49.4
42.8
41.9
41.3

5
15
33
63
103

ANALYTICAL DATA

horizon

particlesizedistribution inft

pH

depthincm CaCOs

HiO 0.01M >210 105-210 50-105
CaCh
Al
B21
B22
II B31g

10-15
30-35
50-60
95-100

0.0
0.0
0.0
13.1

6.4
6.8
6.9
8.3

5.9
6.4
6.4
7.3

5.3
3.9
3.1
2.6

10.7
9.5
12.3
43.5

8.5
7.9
9.8
28.2

2-50

44.8
47.3
39.0
19.5

<2

30.7
31.4
35.8
6.2

Profile P12: Slijk-Ewijk
Location:

topographical map of the Netherlands, scale 1:25.000, (1954), sheet 40C,
coordinates: N 433.7 —E 182.4 (Betuwe)

Described:

by S. SLAGER and W. L. ASIN, 21.8.1962

Climate:
temperate humid
Landuse:
. Arable land
Parentmaterial: medium toheavy onlight river deposit
Physiography:
area transitional between river leveeandriverbasin
Hydrology:
1. permeability: rather slow
2. groundwater: 1.70mbelow surface,inwinter deeper than 1mbelow surface
3. drainage class: somewhat imperfectly drained
4. artificial drainage:notiledrainage.Theprofile issituatedinanarea wherethe
groundwaterlevel has been substantially lowered
Root distribution: depth ofpenetration about 50cm, exclusively alongfissures
Classification:
Aerie Normaquept(7TH APPROXIMATION, 1964)

PROFILEDESCROTTON

Ap,

0- 33cm

B21,

33-45 cm

B22,

45-66cm

B23g,

66- 80cm

II B31g, 80-90cm

II B32g, 90-115cm

darkbrowntobrown(10YR4/3)moist;clayloam;strongveryfineangular
blocky changing with increasing depth into strong very thick platy with
shell-shapedfissuresand prominent rootprints subdivided into some very
coarse angular blocky elements; very firm; few,fine,faint, strong brown
mottles; clear andsmooth on:
dark brown tobrown (10YR4/3)moist; siltyclayloam; compound weak
coarseprismatic,subdivided into strongfineangular blocky;firmtovery
firm;few,fine,faint, strongbrownandblackmottles;clearandsmooth on:
grayish brown (10YR 5.5/2)moist;siltyclay;compound coarse prismatic
subdividedintostrongfineangularblocky;firm;few,fine,distinct, strong
brown andblack mottles; gradual andsmooth on:
grayish brown (10YR5/2) moist; loam; strong very coarse prismatic;
slightly sticky, slightly plastic; many, fine, distinct, strong brown and
black mottles; clear and smooth on:
pale brown (10YR 6/2)moist; sand; disturbed sedimentation structure;
loose to very friable; many, fine, distinct strong brown mottles; abrupt
and smooth on:
grayishbrowntolightyellowishbrown(2.5Y5.5/2)moist;loam; disturbed
sedimentation structure;friable; many,coarse,distinct, strongbrown and
black mottles

DETAILEDDESCRIPTIONOFSOIL STRUCTURE

Ap,
Ap,

0- 3cm
3-33 cm

A5 1i n 3
compound very thick platy with shell-shapedfissuresand prominent root
prints, subdivided into some very coarse very dense angular blocky elements.
B21, B22, 33-66cm
B3aIV 1/A51IV 2J
B23g,
66-80cm
B5c 1IV 3
II B31g,n B32g, 80-115cm H2

NUMBER OFBIOPORES PERM2

horizon
Ap
B21
B22
B23g

depth
incm
15
40
55
75

2-4 mm

>4 mm

20
360
220
100

20
60
0
0

SOILpoRosm

horizon

depthin cm r

PS%

Ap
B21
B22
II B32g

18
38
58
93

40.6
43.6
46.1
43.4

ANALYTICALDATA

horizon

Ap
B21
B22
II B31g
II B32g

5-15
35-40
55-60
82-87
95-105

particlesizedistribution inft

pH

depthincm CaCOz

%

mo

0.01M
CaCh

0.0
0.0
0.0
12.4
21.0

6.4
6.9
7.2
8.2
8.6

6.4
6.5
6.5
7.4
7.7

>210 105-210 50-105 2-50

5.8
3.2
1.4
3.7
1.0

10.0
5.7
2.0
66.7
9.8

7.7
5.9
2.5
18.4
28.2

48.1
45.6
48.4
7.0
47.3

<2

28.4
39.6
45.7
4.2
13.7

Profile P13: Slijk-Ewijk
Location:

topographical map of the Netherlands, scale 1:25.000, (1954), sheet 40C,
coordinates:N 433.7—E 182.4 (Betuwe)

Described:

by S. SLAGER and W. L. ASIN, 2.8.1962

Climate:
Landuse:
Parent material:
Physiography:
Hydrology:

temperate humid
Grass mulch orchard
medium textured on heavy textured river deposit
area, transitional between river levee and river basin
1. permeability: moderately slow
2. groundwater: 1.90 mbelow surface, inwinter 1mbelow surface
3. drainage class:somewhat imperfectly drained
4. artificial drainage: notile drainage. The profile issituated inan area where
the groundwater level has been lowered substantially
Root distribution: depth ofpenetration: about 70cm
Classification:
TypicNormaquept(7TH APPROXIMATION, 1964)

PROFILEDESCRIPTION

Al,

0-24 cm

B21,

24-63cm

II B22g, 63-80 cm

verydarkgrayishbrownchanginginto darkgrayishbrownwith increasing
depth (10YR 3/2 -+ 10YR4/2)moist; clay loam; moderate veryfinesubangular blocky changing with increasing depth into compound moderate
coarse prismatic subdivided into strong very fine subangular to angular
blocky;friable tofirm;few,fine,faint, strong brown mottles; diffuse and
smoothon:
dark grayish brown to olive brown (10YR 4/2)moist; silty clay loam,
compound moderate very coarse prismatic subdivided into strong very
fineangular blocky; very firm; few,fine,faint, strong brown andblack
mottles; clear andsmooth on:
grayish brown (10YR 5/2)moist; siltyclay;sideby sidecompound strong
very coarse prismatic subdivided into moderate fine angular blockyand
weakmediumprismatic;veryfirm;many,fine,distinct,strongbrown and
blackmottles

DETAILEDDESCRIPTIONOFSOIL STRUCTURE

Al,
0-8 cm
Al„
8-24 cm
B21,
24-63cm
IIB22g, 63-80 cm

A4 1HI l i
B3a IV 1$/(A4-A5) 1III 2\
B3aVH/A5 1-*3III 1\
(B3aV3/A5 1-*3IV 2) + (B5a 3— m i )

NUMBER OFBIOPORESPERM 2

horizon

Al
Al
B21
IIB22g

depth 2-4mm >4 mm
in cm
5
15
35
65

520
440
760
140

360
400
360
300

SOIL POROSITY

horizon

depthin cm

PS%

Al
B21
II B22g

8
43
68

50.1
42.3
44.9

ANALYTICAL DATA

horizon

Al
Al
B21
IIB22

depthincm

2-7
15-20
35^t0
70-75

CaCOi
%

0.0
0.0
0.0
0.0

PH

H*0

6.0
6.7
7.4
6.7

particlesizedistributionin fi

0.01M
CaCh
5.9
6.7
6.8
6.2

>210 105-210 50-105

5.6
5.1
4.4
2.6

8.9
8.8
8.1
4.6

6.4
6.5
6.0
3.6

2-50

<2

46.5
47.9
49.8
41.4

32.6
31.7
31.7
47.8

Profile P14: Slijk-Ewijk
Location:

topographical map of the Netherlands, scale 1 :25.000, (1954), sheet 40 C,
coordinates: N 433.7—E 182.4 (Betuwe)

Described:

by S. SLAGER and W. L. ASIN, 21.8.

1962

Climate:
temperate humid
Landuse:
Arable land
Parentmaterial: medium textured on heavy textured river deposit
Physiography:
area transitional between river levee and river basin
Hydrology:
1. permeability: rather slow
2. drainage class:imperfectly drained
3. groundwater: 1.70 m below surface, in winter deeper than 1m below surface
4. artificial drainage: no tile drainage. The profile is situated in an area where
the groundwater level has been lowered substantially
Root distribution: depth of penetration: about 40 cm,exclusively alongfissures
Classification:
TypicNormaquept(7TH APPROXIMATION, 1964)

PROFILEDESCRIPTION

Ap,

0- 24 cm

B21,

24- 48cm

II B22g, 48- 80cm

II B23g, 80-110cm

dark brown to brown (10YR 4/3) moist; silty clay loam; strong veryfine
angular blocky changing with increasing depth into very thick compound
platy with shell-shapedfissuresand prominent rootprints, subdivided into
veryfew very coarse dense angular blocky elements; very firm; few, fine,
faint, strong brown and black mottles; gradual and smooth on:
brown (10YR 5/2) moist; siltyclayloam- siltyclay;compound moderate
coarseprismaticsubdividedintostrongveryfineangular blocky;firm;few,
fine,distinct, strong brown and black mottles; gradual and smooth on:
light brownish gray (10YR 6/2) moist; silty clay; compound moderate
coarse prismatic subdivided into strong very fine angular blocky; firm;
many, coarse, distinct, strong brown mottles; gradual and smooth on:
light brownish gray (10YR 6/2) moist; silty clay; compound moderate
coarseprismaticsubdivided into sidebysideweakmedium prismatic and
moderate very fine angular blocky; sticky and plastic; abundant, fine,
distinct strong brown and black mottles

DETAILED DESCRIPTION OF SOIL STRUCTURE

Apl,
Ap2,

0- 3cm A5 1 III 3
3 - 24cm very thick compound platy with shell-shaped fissures and prominent
rootprints subdivided into very few, very coarse, very dense, angular
blocky elements
B21, HB22g,24- 80cm B3a IV 2/A5 1III 2*
II B23g,
80-110cm B3a IV 2/(B5a III 1 + A5 1III 1±)

NUMBER OF BIOPORES PER M2

horizon

depth
incm

2-4 mm

>4mm

Ap
B21
nB22g

15
30
60

0
220
100

40
40
100

SOILPOROSITY

horizon

depthincm

PS%

Ap
B21
B21
II B22g
II B23g

5
28
43
63
93

36.2
39.8
41.9
43.3
46.6

ANALYTICAL DATA

horizon

Al
B21
B21
IIB22g
IIB23g

depthincm CaCOz
%

15-23
25-30
35-45
60-70
90-100

0.0
0.0
0.0
0.0
0.0

particlesizedistribution inft

pH
, mo 0.01 M
CaCh
7.1
7.0
6.9
7.2
7.0

6.2
6.0
6.1
6.3
6.5

>210 105-210 50-105

2-50

<2

7.6
6.6
4.5
1.5
1.3

50.8
49.6
44.3
46.4
46.5

31.1
34.4
44.7
49.3
49.5

3.8
2.9
1.8
0.9
1.1

6.7
6.5
4.7
1.9
1.6

Profile PI5: Slijk-Ewijk
Location:

topographical map of the Netherlands, scale 1:25.000, (1954), sheet 40C,
coordinates: N 433.9— E 182.4 (Betuwe)

Described:

by S. SLAGER and W. L. ASIN, 27.8.1962

Climate:
Landuse:
Parent material:
Physiography:
Hydrology:

temperate humid
Pasture
medium textured onheavy textured river deposit
area transitional between river leveeandriver basin
1. permeability: moderately slow
2. groundwater: deeper than 1.50mbelow surface. Inwinter 1mbelow surface
3. drainage class:imperfectly drained
4. artificial drainage: notile drainage. Profile is situated in an area wherethe
groundwater level hasbeen lowered substantially
Root distribution: depth ofpenetration: about 40cm
Classification:
Humic Normaquept(7TH APPROXIMATION, 1964)

PROFILEDESCRIPTION

Al,

0-15cm

B21,

.15-38 cm

II B22g, 38-57cm

II B23g, 57-78 cm

II B24g, 78-110cm

dark browntobrown (10YR4/3)moist; siltyclayloam; compound weak
verythickplaty subdivided into strong very fine subangular blocky; very
firm; few,fine,faint, strong brown mottles; gradual andsmoothon:
dark brown to brown (10YR4/2) moist; silty clay loam; compound
moderate medium prismatic subdivided into strong very fine to medium
angular blocky; very firm; few,fine,faint, strong brown andblack mottles; gradual and smoothon:
(dark) grayish brown (10YR 4.5/2) moist; siltyclay; compound moderate
medium prismatic subdivided into strong very fine angular blocky; firm;
few,fine,distinct, strong brown and black mottles;clear and smoothon:
light brownish gray (10YR 6/2) moist; siltyclay; compound weak coarse
prismatic subdivided into side byside: strong very fine medium angular
blocky andstrong medium prismatic; firm to very firm; abundant, fine,
distinct, strongbrown and black mottles;clear and smoothon:
grayish brown (10YR 5/2)moist; silty clay; side byside strong medium
and coarse prismatic andstrong fine tomedium angular blocky; sticky
and plastic;manyfinedistinct, strong brown and black mottles

DETAILED DESCRIPTIONOFSOIL STRUCTURE

Al,
B21,
II B22g,
II B23g,
n B24g,

0-15 cm
15-38 cm
38-57 cm
57-78 cm
78-110cm

C2IV1/A51II-III 2*
B3aIII2/A5 1II-IV 2$
B3am 2/A5 1II-IV 3
B3aIV*/(A5 1III-V 3 + B5a1III 3)
(B5a 1-IH-IV 3) + (A5 1—IV-V3)

NUMBER OF BIOPORES PER Ms

horizon

Al
B21
nB22g

depth 2-4 mm >4 mm
incm
10
25
50

160
120
60

160
320
60

SOIL POROSITY

horizon

depthincm

PS%

Al
B21
II B22g
II B23g
II B24g

8
23
43
63
93

45.3
43.3
40.6
43.1
44.2

ANALYTICAL DATA

horizon

Al
B21
II B22g
II B23g
II B24g

mo

0.0
0.0
0.0
0.0
0.0

6.1
6.5
6.7
6.8
7.2

2-10
20-30
40-50
60-70
90-100

particlesizedistribution in {i

PH

depthincm CaCOa
%

0.01M
CaCh
5.5
5.4
6.0
6.2
6.5

>210 105-210 50-105

2-50

<2

1A
4.7
4.2
2.6
1.6

48.7
50.9
43.1
42.9
46.1

32.1
37.8
47.2
50.7
49.8

6.3
2.2
1.4
1.2
0.8

5.5
4.4
4.2
2.6
1.7

