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Abstract 

This book describes the results of three years (1981-1984) of biogeochemical mo­
nitoring of four plots in a small oak woodland, the 'Oude Maat', in the east-central 
part of the Netherlands. The original oak coppice was cut for the last time in 1939, 
and has been largely left to itself since then. On account of a unique variation in soil 
composition, with both calcareous and strongly acidic soils within a short distance 
in the same forested area, the woodland is particularly interesting for scientific stu­
dy. From 1956 to 1964, a wealth of data on vegetation and soil fauna was collected 
by researchers from the former Institute for Applied Biological Research in Nature 
(ITBON, Arnhem). From 1981 to 1987, the fluxes of major elements from the atmo­
sphere and through the soil at various depths were studied by scientists and students 
from the Agricultural University, Wageningen. The book describes how a combina­
tion of hydrologie monitoring and modelling and of soil solutes monitoring was 
used to arrive at a chemical balance for the soils in question, and discusses the re­
sults. 

Soil composition is strongly influenced by atmospheric inputs of N from ammoni­
um sulphate, amounting to 50-60 kg/ha.year. Strong nitrification, even at low pH, 
is responsible for enhanced soil acidification with soil solutions dominated by alu­
minium nitrate. The dominance of nitrate suggests that the ecosystems are close to 
'saturation' with N. Saturation with N seems to be reached at one site, where bio-
mass production is much lower than elsewhere, and where the ecosystem apparently 
is unable to absorb the incoming atmospheric N. 

The monitoring results have been summarized in tabular and graphical form, and 
the complete data are included in microfiche form. 
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Preface 

This book summarizes the results of three years (1981-1984) of biogeochemical 
monitoring of an oak-woodland ecosystem on acidic and calcareous, sandy to loa­
my soils in the east-central part of the Netherlands. The project started in 1980 with 
the aim of estimating the fluxes of chemical components in such a system as a func­
tion of the amount of calcium carbonate in the root zone of the vegetation. G. Min-
derman from the Institute for Nature Management (RIN) suggested the 'Oude 
Maat' woodland near to the Hackfort Estate, south of Zutphen as a suitable area 
for the research. 

Data about changes in fungal flora between 1957/1958 and 1982/1984 were de­
rived from the Biological Station, Wijster, Communication 308, and from the De­
partment of Sylviculture and Forest Ecology, Agricultural University, Wageningen 
(NL), Communication D87-01. 

After partial funding by the Netherlands Foundation for Pure Research (ZWO) in 
1980 and 1982, additional funds from the European Community (contract ENV 
650-NL) provided for continuation of the monitoring work up to March 1984 and, 
in cooperation with Institute for Nature Management, for an extension of monito­
ring to other ecosystems (Scotch pine and heather on sandy soils). 

The contributing authors are scientists of the Wageningen Agricultural Universi­
ty: 
N. van Breemen of the Department of Soil Science and Geology; 
A. Ehrenburg of the Department of Vegetation Science, Plant Ecology and Weed 
Science; 
J.J.M. van Grinsven of the Department of Soil Science and Geology; 
A.E. Jansen of the Biological Station in Wijster; 
A.G. Jongmans of the Department of Soil Science and Geology; 
J.P. Kools of the Department of Vegetation Science, Plant Ecology and Weed 
Science; 
Th. Pape of the Department of Soil Science and Geology; 
E.J. Velthorst of the Department of Soil Science and Geology; 
W.J.F. Visser of the Department of Soil Science and Geology; 
P.A.B. de Visser of the Department of Soil Science and Geology; 
B.W.L. de Vries of the Biological Station in Wijster. 

Many individuals who do not appear as authors of parts of this volume contribu­
ted significantly to the study. S. Slager and P.A. Burrough provided invaluable help 
setting up the monitoring work. We thank R.B. Heringa and B.F. Wijlens of the 
State Forestry Service, responsible for managing the 'Oude Maat', for providing as-



sistance and advice whenever asked for. C. Baars of the Dutch Nature Conservancy 
Board assisted with some of the monitoring work. Many individuals of various de­
partments of the Agricultural University cooperated in the project: C. Dirksen and 
W.J. Ackerman of the Department of Soil Science and Plant Nutrition with chemi­
cal analysis of plant material; and E. Ott and H. van Oeveren of the Department of 
Plant Ecology with describing the ground vegetation and measuring litter fall. At 
the Department of Soil Science and Geology, micromorphological descriptions were 
made by A. van Dis, and a large part of chemical analysis was done by A. Baars-van 
Osch, L.Th. Begheijn, H. Sliepenbeek, F.J. Lettink, N. Nakken-Brameyer, 
M.T.M.H. Lubbers and A. van Osch. Most of the typing was done by Mrs M.H. 
van Eldik-van Miltenburg, and drawings were prepared by G. Buurman and 
P.G.M. Versteeg. 
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Introduction 

The soils of the 'Oude Maat', situated in the eastern part of the Netherlands (Fig. 
1), vary from calcareous throughout, to non-calcareous down to at least 2.5 m. These 
varied soil conditions attracted the attention of researchers from the former Insti­
tute for Applied Biological Research in Nature (ITBON), and a wealth of data was 
available from earlier studies on vegetation and soil fauna, mainly from 1956 to 
1964 (Minderman, 1981). 

Soon after the start of chemical monitoring, it became clear that atmospheric de­
position of sulphur and nitrogen dominated the biochemistry of the systems studied 
(van Breemen et al., 1982), and the emphasis of the research was shifted to the im­
pact of atmospheric deposition on the ecosystem. Detailed results of this research 
have been reported in various articles (van Breemen, N. et al., 1982; 1984, 1986, 
1987; van Breemen & Jordens, 1983; Mulder et al., 1987) but an overall picture of 
the situation at the 'Oude Maat', including an outline of the methods used, has been 

Figure 1. Location of the study area within the Netherlands. 
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lacking. This book provides this overall picture, and gives background data on soil 
and vegetation of the research sites. Vegetational changes in vascular plants and 
fungi since the first surveys by ITBON workers are presented here too. The appen­
dices summarize most of the monitoring data, for 1981-1984, while complete moni­
toring data for that period are given in microfiche form. Chemical and hydrological 
monotoring has been continued until April 1987. Results of the last three years of 
monitoring will be published later. 
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Part 1 
Description of physical environment and vegetation in the 'Oude 
Maat' 
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1. Physical environment 

1.1 General description of the area (N. van Breemen) 

The study was done in a 3.2 ha woodland in an area where the land was used 
mainly (75 %) for intensive grass production for stall-fed dairy cows, with here and 
there units for pig, chicken and egg production. The remaining 25 °7o of the land 
was under forest, generally in plots of less than 1 ha to several tens of hectares. Fig­
ure 2 gives a view of the landscape of the area. The region is flat and part of the allu­
vial plain of the River IJssel, a distributary of the River Rhine. The 'Oude Maat' 

Figure 2. Bird-eye view of the landscape of the area, scale approx. 1:18000. The 'Oude Maat' 
is located in the circle. Reproduced by permission. (Source: W.J.C. Hoefnagel, 1985. 'Hack-
fort, Landschapsbeeld en cultuurhistorie' Coal, Publ. nr. 16, Research Institute for Forestry 
and Landscape Planning, Wageningen, The Netherlands). 
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may always have been under trees; old maps indicate that it has not been used as 
arable land since at least the 18th Century (Minderman, 1981). Human influence, 
however, has been intense: the forest litter has, no doubt, been removed regularly to 
provide bedding for cattle in the 'pot' stalls (Pape, 1972). In places, the soil has been 
reworked to about 1 m depth and may have been partially removed (Section 2.2). 
Moreover, wood was probably harvested regularly. The 'Oude Maat' used to be a 
coppice of oak and birch, and was cut for the last time in 1939. Apart from air pol­
lution inputs, the area has been left largely undisturbed since then, with human in­
terference mainly confined to the effects of improvement of land drainage in the ge­
neral area in winter, and, in the 'Oude Maat' itself, to research activities (1956-1964; 
1980-present). The woodland is situated in Map 33 H, Zutphen (scale 1:25,000), at 
coordinates 215.2/457.53. Within the 'Oude Maat', an area of 50 m x 200 m has 
been provided with a reference grid of 10 m x 10 m by means of wooden posts, in­
stalled in the late 1950s and renewed in the late 1970s (Fig. 7). 

1.2 Geology and physiography (A.G. Jongmans & W.J.F. Visser) 

The study area and its surroundings consist of fluviatile sediments (Kreftenheye 
Formation), deposited by the Pleistocene Rhine until the Middle Weichselian (Van 
de Meene, 1979). The Pleistocene Rhine was a braided river, with low-lying, contin­
uous gully systems and relatively high easily erodible channel banks. Because of a 
highly irregular water supply, the gullies migrated frequently (Pannekoek, 1973). 
Differences in height between gullies and banks were generally 0.5-1 m and did not 
exceed 2 m. The sediments consisted mainly of (presumably calcareous) sand to loa­
my sand with little gravel. During the final phase of the braided river system, a thin 
layer of clayey material was deposited on top of the sandy sediments, especially in 
the lower parts of the river plain. Local dispersion of the sands by wind caused the 
formation of river dunes. They consist of sand with little loam. The dunes have been 
built up to 1-2 m above the river bank. 

During the Holocene Period, fluviatile clay from the River IJssel and from some 
small streams coming from the east was deposited in the lowest parts of the area. 
This is called young river clay. Peat was formed locally. 

Figure 3 shows the distribution of aeolian and alluvial sediments in the region. To 
the east of the river plain, cover sands have been deposited by wind during the 
Pleistocene. The rather flat macrorelief of the Pleistocene river-plain was first ac­
centuated by the formation of dunes and later levelled off by sedimentation of clay 
and formation of peat. Still later, man accentuated some higher positions by practis­
ing plaggen-manuring (Pape, 1972) and elsewhere obliterated differences in micro-
relief by levelling of the land. 

The hydrology of the braided river-plain is influenced by its low position. Water 
is supplied by seepage from the higher areas to the west (Veluwe Massif) and to the 
east (coversand area), and via the many east-west flowing streams. Seepage is proba­
bly most important at the foot of higher and better drained river-banks and dunes, 
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traditionally used for human settlement and crops. Irregular high stream discharges, 
combined with high water levels in the River Ussel and supply of water through the 
Baakse Overflow (De Jong, 1949) induced prolonged high ground water levels and 
flooding of the flat river-plain until about 1960 (Minderman, 1981). As a result of 
river improvement, drainage and reallotment schemes, inconveniences due to excess 
water have ceased since 1960. Now, flooding seldom occurs and then only for short 
periods. 

Calcareous Holocene r iver clay 

Pleistocene river sand, covered by 
0-40 cm non-calcareous, Holocene or 
Pleistocene loamy sand to clay 

non-calcareous Holocene r iver clay 

non-calcareous Pleistocene river clay 
on eolian sediments (cover sand) 

non-calcareous Pleistocene al luvial 
clay on sand 
eolian sand (mineralogically very poor) 

eolian sand (mineralogically poor) on 
Pleistocene river clay (r iver dunes) 

Figure 3. The distribution of eolian and alluvial sediments east of the river IJssel. From: Bo-
demkaart van Nederland 1:50.000, 33 W/O Apeldoorn (Stiboka, 1979). 
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2 Soils 

2.1 Soil development in the region (A.G. Jongmans & W.J.F. Visser) 

With low sea-levels during the Pleistocene water tables in the Netherlands were lo­
wer than at present, and most of the braided river plain was well drained. Higher 
sea-levels in the Holocene combined with excess precipitation over evaporation cau­
sed periodically high water tables in the lower areas, while higher adjacent areas re­
mained well drained. 

The following hypothetical account of soil development in the region is based on 
an interpretation of data from various sources. 

In the whole area, decalcification due to leaching of calcium carbonate has oc­
curred since the late Pleistocene (van Dis, 1984). Soils were decalcified to the great­
est depths in the higher areas (Heymans & Tuinhof, 1983). After decalcification, 
clay migrated, resulting in clay lamellae in sandy sediments (Distel & van Straten, 
1980), and weakly developed argillic B horizons in clayey sediments (van Dis, 1984). 
Such clay illuviation took place at the end of the Pleistocene (Hoeksema & Edel­
man, 1960; Miedema et al., 1978; van Vliet & Langohr, 1981). 

Since the beginning of the Holocene, soils at the well drained sites have been per­
forated by soil fauna. Thus, sedimentary stratification was obliterated, allowing the 
vegetation to develop an intensive root system to the lower boundary of the perfora­
ted soil (80 cm depth). Leaching of bases was moderated by efficient nutrient cyc­
ling by the intensive root systems. At well drained positions brown forest soils, 
('Holt' podzol soils) and in the lowest areas humic gley soils ('Beek' earth soils) were 
formed. 

The rise in ground water during the Holocene caused the area of gley soils to in­
crease. Many of the brown forest soils became periodically influenced by ground 
water, resulting in accumulation of iron oxides in the profile and in a significant re­
duction of the rooting depth of the forest vegetation. As a result, nutrient cycling 
became less efficient, leading to stronger leaching and eventually to podzolization. 
Decreased decomposition of organic material under wet conditions and removal of 
the forest floor by man may have contributed to podzolization, resulting in poorly-
drained podzols. 

The inflow of iron-containing ground water from higher areas nearby resulted in 
an appreciable accumulation of iron in hydromorphic soils. Presumably with the 
presence of these large amounts of iron at a shallow depth, the podzol profiles re­
mained shallow. In the lowest parts of the landscape or where seepage from adja-
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poorly brown poorly 
drained forest drained 
podzols soi ls podzols gley soi ls 

r f e r r i - a r g i l lans 
x x x * + papules 

L \ \ \ \ J Pleistocene sandy loam [ w v v I Holocene peat 

Figure 4. Hypothetical cross section of the landscape, illustrating the relationship between 
soils and topography. 

cent banks or river dunes occurred, the transported iron was concentrated in a thin 
zone with ironstone (Knibbe, 1969). Figure 4 shows a hypothetical west-to-east 
cross-section through the landscape with the various soils developed in the sedi­
ments. 

Man has interfered in many ways in the soil-forming processes. By constructing 
raised beds and ditches ('rabatten' system) for coppicing, calcareous subsoil materi­
al has been brought to the soil surface locally (Jongmans, 1980; 1981). Calcareous 
surface soils may also have formed as a result of mining ironstone as an ore or as 
material for constructing churches and city ramparts (Distel & van Straaten, 1980; 
van Breemen & Jordens, 1983). 

Starting from the end of the 19th Century, most of the river plain was cultivated. 
To improve the productivity of the land, sand was removed from higher areas to lo­
wer sites in order to fill depressions, both on a large and on a small scale. In addi­
tion, watertables were lowered by drainage, especially from 1960 onwards (Minder-
man, 1981). 

2.2 Soil development in the 'Oude Maat' (A.G. Jongmans & W.J.F. Visser) 

Within the study area, four soil types have been distinguished and were used to se­
lect the measuring plot: A, B, C and D. The toposequential relationships among the 
plots are shown in Figure 6. The situation of the plots and the soils are indicated in 
Figure 7. Profile descriptions of soils representative for these plots are given in Ap­
pendix 1. Some general morphological and chemical characteristics of the soils are 
summarized in Figure 5. Detailed descriptions of the soils and their chemical and 
physical properties are given in Sections 2.3-2.5. Here we only discuss some general 
soil characteristics and give a hypothetical account of the soil development in the 
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Table 1. Classification of the soils of the monitored plots: nearest equivalents at the family le­
vel of Soil Taxonomy (USDA, 1975). 

Plot A coarse loamy, mixed, acid, mesic Aerie Haplaquept 
Plot B sandy, mixed, acid, mesic Umbric Dystrochrept 
Plot C mixed, acid, mesic Aquic Udipsamment 
Plot D sandy, mixed, calcareous, mesic Typic Haplaquoll 

'Oude Maat'. Table 1 gives the classification of the soils according to Soil Taxono­
my (USDA, 1975). 

Studies by Distel & Van Straten (1980), Buddingh & Vissers (1981) and Heymans 
& Tuinhof (1983) clearly show that in the area surrounding the 'Oude Maat', the 
original soil and land surface has been greatly altered by man's activities, including 
digging, transport of earth, and formation of plaggen epipedons. Only in a limited 
part of the area the original topographical situation is still intact. 

To understand the genesis of the four soil types and their relation to the topograp­
hy, the original situation must be reconstructed as far as possible. The following de­
scription is a hypothetical reconstruction of the original soil conditions of the 'Oude 
Maat' and the alterations brought about by man. The reconstruction is based on ex­
tensive field evidence and the results of a very detailed soil survey by Waenink (re­
ported by Minderman, 1981). 

In the original situation, Plots A and D were the lowest (Fig. 6). Both soils had a 

depth 
(cm) 

50-

100-

B 

' . • - ^ • • 

• -'V 

^removal 
C / of topsoi l 

Pleistocene sand K W V I Pleistocene sandy loam 

XXX.X iron oxide concretions 

Figure 6. Hypothetical reconstruction of the original soil conditions at the research plots A, B, 
C and D, and the human activities that affected the soil profiles. 
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Legend: 

ma p unit: 

gley soil 

brown 
forest soi 

reworked 
type b or 

reworked 
type a 

poorly 
dra ined 
podzol 

map units 
of Waenink 
1961: 

1 

1 

e 

a + 1b 

3a 

4a 

4b 

3b 

B A 1 , A2, e t c . : posi t ion of p r o f i l e p i t s 

Figure 7. Distribution of soils in the 'Oude Maat' based on the soil map by Waenink (in Min-
derman, 1981). 
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calcareous subsoil at shallow depth (70-100 cm) and a strong accumulation of iron­
stone. In Plot D, this ironstone was mined and the profile was turned upside down 
in the process. As a result, the calcareous subsoil is now at the soil surface. The un­
disturbed version of Soil D can be seen in Plot A, although Soil D may have con­
tained more ironstone than Soil A. 

Plot B has not been disturbed by human activities except perhaps shallow digging 
or removal of the litter layer. It occupies about the highest position in the woodland 
and lies about 25 cm above Plots A and D. It was decalcified to a depth of 130 cm 
and has some iron oxide enrichment in the subsoil. This 'Holt' podzol soil (brown 
forest soil) has some clay illuviation at 40-60 cm depth, and a microhumus podzol in 
the topsoil (Van Dis, 1984). 

Profile C resembles Profile B in many respects, but the top 30 to 40 cm have been 
turned upside down. Depth of decalcification is at least 250 cm. In the present coar­
se sandy topsoil (the former subsoil), a microhumus podzol has developed. Because 
its present height is very similar to that of Plots A and D, we assume that about 
20 cm of soil material has been removed, perhaps when the profile was turned up­
side down. We do not know when these digging activities took place. However, be­
cause all soils have distinct A horizons and rather regular organic carbon profiles, 
we assume that several centuries may have elapsed since the disturbance. 

The reconstructed soil units and their original topographical position appear to 
correspond with the general soil-landscape relationships discussed in Section 2.2.1. 
However the poorly drained podzols or 'veld' podzol soils are missing. Perhaps a 
shallowly developed poorly drained podzol has been present in Plot C and has been 
removed from the soil by men, after which coarse-grained subsoil was raised to the 
surface. The practice of spreading subsoil material over the surface was common in 
the coppice-system to minimize growth of weeds (E.C.J. Ott, 1984, Agricultural 
Univ. Wageningen, pers. comm.). Evidence for a former podzol in Plot C is the 
great depth of decalcification: Buddingh & Vissers (1981) found decalcification to 
relatively great depths under poorly drained podzols. Moreover, Distel and Van 
Straten (1980) found poorly drained podzols in land next to Plot C. 

The distribution of soils in the 'Oude Maat' is illustrated in the soil map (Fig. 7), 
which is based on the very detailed survey by Waenink (in: Minderman, 1981), who 
made 25 borings in each 100 m2 in the southwestern part of the surveyed area, and 1 
boring in each 100 m2 in the northeastern part. The mapping units of Waenink have 
been translated into the soil types discussed in Sections 2.1 and 2.2, as shown in the 
legend of Figure 7. 

2.3 Soil macro- and micromorphology (A.G. Jongmans & W.J.F. Visser) 

In each plot, one (D) or two (A, B, C) pits were dug. Disturbed and undisturbed 
samples were taken for analysis and profile walls were described in detail. In the fol­
lowing subsections, techniques for the morphological, chemical, mineralogical and 
physical studies will be described briefly. The data will be given in appendices and 
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some conclusions will be summarized briefly. 
In each pit, two profiles were described according to FAO (1977). Large (8 cm x 

15 cm x 5 cm) undisturbed samples were taken for thin sections. Profile descrip­
tions are given in Appendix A. Micromorphological descriptions are given by Van 
Dis (1984); her results are summarized here in diagrammatic form (Appendix B). 

So/7 A is characterized by a strong brown loamy surface soil (0-70 cm) over gray 
calcareous sand (> 80 cm) with a somewhat mottled zone between. The original se­
dimentary stratification is practically undisturbed below 75 cm depth. Strongly de­
veloped features of soil formation are browning of mineral grains at all depths abo­
ve the calcareous subsoil, illuviated clay at 20-40 cm depth as ferri-argillans, and ac­
cumulation of iron in ferric nodules (diameter up to 5 mm) particularly in the clayey 
part of the soil profile. Ferric nodules seem to have formed over the illuviated clay. 
The calcareous subsoil contains secondary calcium carbonate in the upper part, and 
increasing amounts of glauconite grains and iron oxide framboids (suggesting a py­
rite origin) with depth. 

The mineral surface soil has a very loose structure and is covered with a forest 
floor, which is 3 to 5 cm thick. Roots are confined mainly to the upper 50 cm with 
very few vertical roots penetrating to a greater depth. 

So/7 B is higher, sandier and more deeply developed than Soil A. The matrix is 
more yellowish (brown) and the amounts of illuviated clay and ferric nodules are 
much smaller than in Soil A. In the surface soil, some disperse humus and the occa­
sional presence of bleached sand grains indicate incipient podzolization. The subsoil 
below 100 cm is complex, with varying textures and disturbed layering, indicative of 
former cryoturbation. Below 130 cm, the subsoil is generally calcareous. Although, 
as in Soil A, roots are mainly confined to the surface 50 cm, more roots than in Soil 
A penetrate to a greater depth. 

In Plot C, reworked and presumably largely undisturbed soils can be found adja­
cent, with the reworked soil dominant. The undisturbed soil is similar to that found 
in Plot B. The reworked soil is characterized by a layer 20 to 40 cm thick homogene­
ous non-loamy pale brown medium sand (apparently subsoil material) on top of yel­
lowish brown finer sand with few ferric nodules and some illuviated clay. Glauconi­
te grains in the surface soil strongly indicate that this material originated from the 
subsoil. Roots are confined to the surface 50 cm in the undisturbed soil, but are 
found to greater depth (locally to 100 cm) in reworked soil. Some incipient podzol­
ization is apparent in the surface soil. 

So/7 D is characterized by a cover of greyish calcareous subsoil material, that va­
ries in thickness from 20 to 60 cm. The calcareous layer lies on top of strong brown 
loamier material similar to the 0-10 cm surface soil of A. Boundaries between the 
various types of material are often abrupt and irregular, reminiscent of spade 
marks. Glauconite grains and oxidized pyritic iron betray the subsoil origin of the 
present surface soil. Lower contents of calcium carbonate in the 0-15 cm layer and 
secondary calcite at somewhat greater depth indicate that appreciable decalcifica­
tion has taken place in the surface soil. 
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2.4 Soil chemistry and mineralogy (N. van Breemen) 

Methods 
Samples of the mineral soil were taken from pits after profile description in May 

and June 1980. Several kilograms of soil were taken per horizon or layer from one 
pit wall over a lateral distance of 0.5-1 m. Samples of the organic forest floor cover­
ing 10 cm x 100 cm were taken from 70 sites surrounding Plots A, B and C (Win­
kels, 1985). Air-dried mineral soil was crushed and sieved (< 2 mm). The fraction 
of particle size > 2 mm was weighed and classified as (mainly) ferric oxide nodules 
or (mainly) gravel. All further analyses of the mineral soil refer to the fine earth 
(< 2 mm) fraction or the clay fraction separated from the fine earth. The pH was 
determined in an extract with 2.5 litres of water or 1 KCl solution (1 mol/lb) from 
each kilogram of air-dried soil. Most of the methods are described by Begheijn 
(1980). Organic carbon in the mineral soil was measured potentiometrically as C02 

after wet combustion in a mixture of phosphoric acid and chromic acid. Soil nitro­
gen was transformed with sulphuric acid (into ammonia) and selenium, was steam 
distilled into boric acid and back-titrated ammonium phosphate. Samples of forest 
floor were ovendried for 36 h at 105 °C; organic carbon was estimated from loss on 
ignition (1.5 h at 850 °C) and organic N as NH4 with salicylate blue after destruc­
tion in a mixture of sulphuric acid and selenium salicylic acid (Houba et al, 1979). 
'Free' A1203 and Fe203 refer to extractable fractions with ditionite and oxalate, as­
sayed spectrometrically with O-phenanthroline (Fe) and pyrocathechol violet (Al). 
Amorphous Fe203 was extracted with oxalic acid and ammonium oxalate in the dark 
and measured by atomic absorption spectrometry. Carbonate (CaC03) was estimat­
ed potentiometrically as C02 evolved after adding a solution of FeCl2 and HCl. 

The cation-exchange capacity (CEC) and exchangeable cations were measured by 
Begheijns' (1980) method with LiEDTA for calcareous soils, and Bascomb's (1964) 
with BaCl2 and MgS04 (unbufferd) method for non-calcareous soils. Elemental ana­
lysis was by X-ray fluorescence spectroscopy of a lithium-tetraborate melt of the soil 
material, except for FeO and MgO, which were analysed colorimetrically with O-
phenanthroline (Fe) or by atomic absorption spectroscopy (Mg) after destruction 
with HF and H2S04 for 10s. 

Clay was separated after removal of carbonates and of organic matter with resp. 
Na-acetate-acetic acid and hydrogen peroxide, and flocculated with Ba-acetate. Ele­
mental analyses refers to the Ba-saturated clay fraction. Assuming a cation ex­
change capacity of 500-1000 mmol per kg of clay, the BaO content (mass fraction) 
of Ba-saturated clay should be 3.8 to 7.6 %. Occasional higher values indicate in­
complete removal of Ba-acetate before analysis. Particle size analysis was done at 
the 'Laboratorium voor grond- en gewasanalyse Mariëndaal', Oosterbeek, by siev­
ing and gravity-sedimentation after treatment with hydrochloric acid and hydrogen-
peroxide to remove carbonates and organic matter. 

X-ray diffraction of oriented clay separates on porous ceramic tiles refer to Mg-
saturated clay with and without glycerol and to K-saturated clay after drying and 
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Table 2. Soil ch 

depth 

A2 5-0 
0-8 
8-20 

20-30 
30-40 
40-50 
50-60 
65-80 
80-100 

B2 5-0 
0-4 
4-8 
8-20 

20-30 
30-40 
40-48 
48-60 
60-100 

100-120 

C2 4-0 
0-10 

10-15 
15-25 
25-35 
35-45 
45-60 
60-70 
70-80 
80-90 
90-100 

Dl 0-10 
10-20 
20-30 
30-40 
40-50 
50-55 
55-65 
65-75 
75-85 
85-95 
95-105 

135-145 

;mical da 

C 

42 
3.1 
0.9 
0.4 
0.3 
0.1 
0.1 
0.2 
0.1 

47 
6.6 
3.0 
2.5 
1.5 
0.5 
0.3 
0.2 
0.1 
0.2 

41 
2.3 
0.3 
0.2 
0.2 
0.4 
0.5 
0.1 
0.1 
0.1 
0.1 

3.3 
3.0 
0.4 
0.2 
0.1 
0.1 
0.2 
0.3 
0.1 
0.1 
0.1 
0.1 

a. Mass l'i 

mass 

N 

1.9 
0.20 
0.07 
0.03 
0.02 
0.01 
0.01 
0.01 
0.02 

2.1 
0.18 
0.07 
0.08 
0.03 
0.02 
0.01 
0.01 
0.01 
0.01 

1.8 
0.14 
0.02 
0.02 
0.01 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 

0.27 
0.20 
0.04 
0.01 
0.01 
0.0 
0.01 
0.01 
0.02 
0.03 
0.04 
0.01 

actions refer to 

fraction (•%) 

free 
Fc\0, 

-
5.2 
6.3 

11.6 
1.1 
1.7 
0.7 
0.9 
0.3 

_ 
2.2 
2.4 
2.3 
2.5 
2.9 
2.7 
1.0 
0.4 
0.9 

-
0.7 
0.5 
0.7 
0.6 
4.6 
4.6 
1.4 
2.4 
0.8 
0.6 

0.6 
0.5 
0.5 
0.5 
0.5 
0.6 
1.1 
2.4 
7.1 
1.1 
1.5 
0.2 

CaCO 

-
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 

17.4 

_ 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 

-
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

10.9 
11.4 
19.1 
18.9 
19.8 
11.0 
0.3 
0.0 
0.1 
0.2 
0.5 

19.2 

oven-driec 

day 

-
11 
11 
14 
15 
7 
5 
5 
2 

_ 
7 
8 
7 
7 
6 
7 
4 
1 
6 

-
2 
2 
1 
2 
7 
7 
5 
5 
1 
2 

8 
7 
5 
6 
5 
5 
4 
6 
9 

12 
12 
5 

soil. 

pH-H, 

-
3.7 
3.6 
3.7 
4.2 
4.7 
4.5 
6.1 
7.1 

_ 
3.8 
3.7 
4.0 
4.1 
4.2 
4.2 
4.3 
4.5 
6.8 

-
3.8 
4.1 
4.2 
4.4 
4.3 
4.2 
4.4 
4.3 
4.7 
4.7 

6.4 
6.5 
6.5 
7.0 
7.2 
7.2 
6.9 
6.6 
6.6 
6.7 
6.8 
7.4 

pH-
KC'I 

3.4 
3.4 
3.6 
3.7 
3.8 
4.0 
5.9 
8.1 

3.0 
3.2 
4.0 
4.2 
4.3 
4.2 
4.2 
4.3 
6.1 

3.3 
3.8 
3.8 
3.9 
4.0 
4.1 
4.0 
3.9 
4.0 
4.1 

7.2 
7.4 
7.8 
8.1 
8.2 
8.1 
7.7 
7.0 
7.1 
7.2 
7.7 
8.3 

OX ' 
(mmol/kg) 

-
50 
46 
-
42 
31 
29 
33 
20 

_ 
145 
62 
31 
20 
15 
16 
11 
7 

39 

-
30 
15 
14 
13 
19 
18 
15 
17 
13 
13 

64 
49 
20 
14 
17 
16 
25 
25 
37 
44 
62 
13 

base-satura­
tion ("o) 

-
3 
1 

-
28 
63 
67 
91 

100 

_ 
20 
8 
3 
2 
3 
1 
2 
5 

'00 

— 
5 
3 
2 
2 

< 1 
< 1 

4 
13 
4 

16 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
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heating to various temperatures. 1.4 nm clay was classified as smectite (expansion to 
1.8 nm upon glycerol treatment of Mg-clay), as hydroxy-interlayered vermiculite 
(incomplete collapse to 1.0 nm after K-saturation, collapse to 1.0 nm after heating 
to 300-550 °C), as vermiculite (collapse to 1.0 nm after K-saturation), as chlorite 
(no change in the 1.4 nm peak after K-saturation or heating to 550 °C) or as inter-
stratified chlorite/vermiculite (peak between 1.0 and 1.4 nm after heating to 300-
550 °C of a K-saturated sample). Some information on the mineralogy of the sand 
fraction has been derived from micromorphological observations. 

Results 
Detailed soil chemical data can be found in the microfiche of which some results 

have been summarized in Table 2. The most important features will be discussed 
briefly below. Undisturbed soil profiles and their disturbed 'counterparts' will be 
treated in that order. 

Profile A 
The two soil profiles sampled and analysed here are very similar. The forest floor 

is about 5 cm thick and of the mor type, with a C/N ratio of 22.3 (Table 3). The mi­
neral soil has fine sandy loam texture in the surface 40 cm, grading through loamy 
fine sand between 40 and 50 to 60 cm depth to fine sand below 50 to 60 cm depth. 

Organic matter decreases regularly with depth (Fig. 8) from 3% at 1-10 cm depth 
to 0.1-0.2% below 40 cm depth. 

The surface soil is strongly acidic (pH-H20 between 3.5 and 4). Between 40 and 
80 cm the pH gradually increases to near-neutral values in the calcareous subsoil 
(15-20% CaC03) which starts abruptly at 75 to 80 cm below the surface. 

The cation exchange capacity is low (40-100 mmol, kg-1) and is mainly caused by 
organic matter (mean CEC 2.1 mmol, g 1 of org C, for all acidic soil samples from 
the plots A, B and C). Except in the and just above the calcareous subsoil, Al3+ and 
H+ dominate the adsorption complex, with slightly more bases near the surface than 
at 10-40 cm depth. 

Total sulfur contents vary from 0.18% in the forest floor to less than 0.01 % in the 
subsoil (Table 4). At shallow depth sulfur is mainly organic, partly in a very stable 
form (not extractable by Raney Nickel), whereas at greater depth it is almost all in 
sulfate-form. The sulfate is probably associated mainly with fine-grained iron oxi-

Table 3. The forest floor: thickness, pools of C and N, and C/N ratio. 
Values are means ± s.d. based on 70 samples (Winkels, 1985). 

plot: 
thickness (cm) 
C t.ha"1 

N t.ha"1 

C/N 

A 
4.9 ± 1.0 

22.3 ± 5.2 
1.00 ± 0.23 

22.3 

B 
5.5 ± 1.2 

25.8 ± 7.2 
1.14 ± 0.31 

22.7 

C 
4.4 ± 0.7 

19.8 ± 3.0 
0.88 ± 0.13 

22.6 
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Organic C (%) 

Figure 8. Organic carbon contents of the fine earth against depth for the mineral soil in plots 
A, B, C and D (double logarithmic scale). 

Table 4. Various sulfur forms in soil samples taken from plots A, B and D (S, in g/kg soil). 
HI-red.: HI-reducible sulfur, mainly inorganic plus organic (S04-ester) sulfate. NI-A1: Raney 
Nickel reducible sulfur, mainly carbon-bonded S. Total: determined by methylene blue after 
extraction with NaHC03-Ag20. Samples taken in October 1985 and freeze-dried immediately 
after sampling (Altena, 1986). 

plot 

depth (cm) 

forest floor 
0-5 
5-10 
10-20 
20-40 
40-60 
60-100 
100-130 

HI-red. 

0.27 
0.21 
0.19 
0.23 
0.33 
0.25 
0.11 
0.04 

A 

Ni-Al 

0.28 
0.11 
0.08 
0.04 
0.03 
0.03 
0.03 
-

total 

1.78 
0.84 
0.40 
0.24 
0.31 
0.17 
0.09 
0.11 

HI-red. 

0.33 
0.23 
0.37 
0.19 
0.21 
0.12 
0.04 
0.05 

B 

Ni-Al 

0.21 
0.13 
0.14 
0.08 
0.05 
0.03 
0.03 
0.03 

total 

2.02 
0.92 
1.01 
0.48 
0.23 
0.15 
0.30 
0.24 

HI-red. 

_ 
0.14 
0.15 
0.10 
0.09 
0.02 
0.03 
-

D 

Ni-Al 

_ 
0.05 
0.05 
0.04 
0.04 
0.02 
0.02 
0.00 

total 

0.32 
0.36 
0.24 
0.46 
0.06 
0.07 
0.08 
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Table 5. Clay mineralogy of selected Samples from soils of the four plots. 1.4 nm minerals are 
specified as follows: C = Chlorite, V = Vermiculite, C/V = Chlorite-Vermiculite interstrati-
fied, S = Smectite. +-+ + + + + = little-abundant. 

profile 

Al 

B2 

CI 

Dl 

depth 
(cm) 

0-10 
10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
85-125 

0-4 
4-20 

30-48 
48-100 

120-140 

0-15 
15-40 
40-70 

0-10 
30-40 
85-95 

105-115 
135-145 

Abundance based on the intensities of (001) reflections 

0.7 nm 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ + 
+ 
+ 

+ ( + ) 
+ ( + ) 
+ + 

+ 
+ 
+ 
+ 
+ 

1.0 nm 

_ 
-
-

( + ) 
+ 
+ + 
+ + + 
+ + + 

— 
-
+ 
+ + 
+ + 

+ 
-
+ ( + ) 

+ + + 
+ + + 
-
-
+ + + 

1.4 nm 

+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + 
+ + + 

+ + + + + 
+ + + + + 
+ + + + 
+ + + 
+ + + 

+ + + + 
+ + + + 
+ + + 

+ + 
+ + 
+ + + + 
+ + + + 
+ + + 

C/V 
C/V 
C/V 
C/V, V 
V, C/V 
V, C/V, c 
V, C/V, c 

c, V, s 
s 
V, c/v 
c/v 
V 

s 
V, c/v 
c/v 
c/v, c 
c, V 
c, V, s 
V 
V 

c, V, s 

des. Altena (1985) found high correlations between HI-reducible sulfur and oxalate 
extractable ('amorphous') iron: r = 0.99 at A and 0.90 at B. 

The clay mineralogy shows a pronounced change with depth (Table 5). Especially 
in the upper half of the profile, 1.4 nm minerals are predominant whereas illite 
(1.0 nm) is absent in the surface soil and increases with depth below 40 cm. The 
1.4 nm minerals are mainly randomly interstratified chlorite/vermiculite at shallow 
depth, chlorite plus vermiculite at greater depth, with some smectite in the calcare­
ous substratum. 

Variation in clay mineral composition with depth may be due largely to variations 
in sediment composition, rather than to weathering and clay transformation. The 
abrupt change in the chemical composition of the sand + silt fraction, and the clay 
content at 40 cm depth (Fig. 9) must be ascribed to the presence of different sedi­
ments above and below 40 cm depth. The uniformity in chemical composition of 
sand + silt in the top layer suggests that silicate minerals in this fraction have been 
little influenced by chemical weathering. The clearest sign of weathering is the 
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abrupt appearance of CaC03 at 75-80 cm depth in an otherwise homogeneous sedi­
ment: there can be little doubt that the 40-80 cm layer has been decalcified in the 
course of soil development. 

Other aspects of soil development, such as clay illuviation (mainly at 30 to 40 cm 
depth, see Fig. 9) and accumulation of ferric iron in the surface horizons have been 
discussed. Fig. 10 illustrates the positive correlation between the contents of clay 
and of free ferric oxide in soil samples with more than 4% clay. Similarly, the con­
tent of iron oxide concretions coarser than fine earth are positively correlated to the 
clay content. Presumably, clay has favoured the accumulation of iron by adsorption 
ofFe2+ from upwelling groundwater. 

Profile D 
As discussed earlier, profile D is an 'upside down' version of profile A. This is 

clearly illustrated by the chemical data. Where the calcareous surface soil is quite 
thick, as in D, (south) the soil at 20 to 50 cm depth has practically the same CaC03 

content as the subsoil of plot A, and of the undisturbed deepest parts of profile D, 
viz. 16-26% CaC03 . The present 75-115 cm layer of Dj south (missing in Dl north) 
is very similar to the A, surface soil in practically all respects, except that the pH is 
near-neutral and the adsorption complex is saturated with Ca2+, both of which must 

6 0 10 20 

mass f r ac t i on , (% ) 

Figure 9. Distribution with depth in soil profiles Al and A2 of: 
a. contents of Na20, K20 and A1203 in the sand + silt fraction (free of CaC03 and organic 

carbon, calculated from elemental composition of fine earth and clay, and of the contents 
of clay, organic C and CaC03 in the fine earth), and 

b. contents of clay (< 2 (im) and CaC03 in the fine earth. 
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Figure 10. Relation between clay content and the contents of free Fe203 and iron oxide con­
cretions in soils A and D. 
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Plot A Plot B 

o profile 1 SW 

• profile 2 N 

20 40 

Plot C 

20 -OÔ« \ «o 

° 40 
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• profile 1 SW 

O profile 2 N 

40 60 80 100 

mass fraction, % 

140 

• p r o f i l e 1 NW 

o p r o f i l e 2 
6 

0 20 40 60 80 10( 

P lo t D 

20 -

40 -
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140 

p r o f i l e 1 

1 1 1 

0 20 40 60 80 100 

mass f r a c t i o n , % 

Figure 11. Textural profiles for plots A, B, C and D. Sides of the profile pits sampled are indi­
cated as SW (southwest), N (north) and NW (northwest). Textural ranges distinguished are 
clay (< 2 /im, I), loam (2 -50 pm, II), fine sand (50-210 /xm, III), and coarse sand 
(210-2000 urn, IV). 
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be attributed to the overburden of calcareous soil material. The same layer, how­
ever, shows a distinctly higher ratio of Fe203 to clay than the surface soil of A (see 
Fig. 10). This corroborates the hypothesis that profile D was used for mining of 
iron. The presence of a well-developed Al horizon (without forest floor) indicates 
that sufficient time has passed since the disturbance took place to build up a more or 
less natural organic carbon profile. However, C-contents vary irregularly with 
depth, which may reflect earlier digging activities (see Fig. 8). Total sulfur contents 
are distinctly lower than at A and B, and no significant correlation was observed be­
tween HI-reducible (sulfate) S and iron oxides (Altena, 1985). 

Profile B 
At plot B, the mor-type forest floor is somewhat thicker than at A (Table 3). The 

textural profile is 40 cm of loamy sand (with 6-8% clay) over sand (median mainly 
105-210 um), with layers or pockets of fine and very fine sand or very fine sandy lo­
am below 60-80 cm depth. The soil pH (in H20) is close to 3.5 in the first 10 to 
20 cm and increases gradually from 4 to 5 between 20 and 100 cm depth, reaching 
near-neutral values in loamy, calcareous pockets in the subsoil. Organic carbon pro­
files in the two soil profiles studied are virtually identical. An apparent accumula­
tion of organic carbon between 10 and 20 cm depth (Fig. 8) may indicate the begin­
nig of a humus podzol B horizon. The presence of smectite instead of chlorite/ver-
miculite in the 0-4 cm surface horizon also points to podzolization. Otherwise, the 
clay mineralogy is similar to that of profile A: a dominance of interstratified chlor-
ite/vermiculite at shallow depth, of vermiculite at greater depth and of smectite in 
the calcareous subsoil. Appreciable amounts of illite occur only below 50 cm depth. 
As in A, the contents of Ca, Mg, K and Na in the sand + silt fraction tend to in­
crease with depth more or less parallel with changes in texture. Therefore the low 
contents of base cations at shallow depth can not be taken mainly as signs of weath­
ering of the surface horizons. 

Profile C 
The forest floor is thinner than at plots A and B, and contains distinctly less car­

bon and nitrogen (Table 3). Loamy and finer textures are lacking and the median of 
the sand fraction is between 210 and 420 /*m (Fig. 11). Irregular organic C-profiles 
with anomalously high contents at 35 to 60 cm depth (0.4-0.5%), may reflect the 
disturbance of the soil profile (Fig. 8). Although the texture is coarser than of soils 
A and B, the total base content (or acid neutralizing capacity) of the upper 40 to 
50 cm of the soil profile is appreciably higher, which may help to explain the dis­
tinctly higher soil pH (3.5 to 4). The higher pH and higher base status may be partly 
the result of bringing mineralogically richer (less weathered?) soil material to the 
surface. 
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Plot A Plot B 
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Plot C Plot D 

20 40 60 80 100 

gas phase 

volume fraction, % 

20 40 

gas phase 

volume f rac t i on , % 

Figure 12. Volumetric water content as a function of pressure potential (mbar) and depth for 
plot A, B, C and D. Volumetric water contents are plotted for the following pressure potenti­
als: 
<" - 0, (2) - 10, <3) - 32, (4) - 100, <5> - 200, <6) - 5 01 , <7> - 2500 a n d <8> - 16000 m b a r . 
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2.5 Soil physical properties (J.J.M. van Grinsven) 

Texture 
Textures of the Hackfort soils range from sand to sandy loam. Variation in tex­

ture with depth is shown in Figure 11 for plots A, B, C and D. Clay contents (< 2 
urn) range from 1 to 15%, silt contents (2-50 /xm) range from 1 to 30%. The grain 
size of the sand fraction varies strongly. Soil A is a loamy fine sand, while soil C is a 
loamy coarse sand. The subsoil at plot B is very heterogeneous with both fine sandy 
and coarse sandy textures. The strongly variable texture in plot C probably reflects 
digging activities. 

Water retention 
Water retentivity functions were established by means of equilibration techniques 

on 5 cm long and 5 cm wide undisturbed soil cores. Generally 3 to 6 cores were sam­
pled at 10 cm depth intervals for all plots, down to a depth of 1.20 m. Water con­
tents for - 10, - 32 and - 100 mbar pressure potential were obtained by equilibrat­
ing the cores with saturated 'Blokzijl' sand (fine sand: main fraction between 35 to 
75 fim) for -200 and -500 mbar with saturated kaolinite. Water contents at 
-2500 and -16000 mbar were obtained by equilibrating small disturbed soil sam­
ples (1 cm high, 2.7 cm wide) in a pressure membrane apparatus. Prior to equilibra­
tion all soil samples were prewetted on saturated Blokzijl sand at zero pressure po­
tential. 

The resulting water retention data are given in Appendix 3 and shown in Figure 
12. In all soils, the pore volume gradually decreases from 0.6 at the soil surface to 
0.4 at 1.20 m depth. Relatively high pore volumes at shallow depth are due to the 
abundance of biopores. In the surface soils, biopores of varying diameters, relative­
ly high clay and loam contents (Figure 11), and high organic matter contents, cause 
a slow and gradual decrease of water content with decreasing pressure potential. 
The high pore volume and high water retention capacity of the surface soil are im­
portant in terms of soil water storage. Water storage in the forest floor can be of im­
portance (Schroeder & Buck, 1978), but its water retention behaviour was not stu­
died. 

At depths where both loamy and sandy soil materials were found, water retention 
data were simply averaged even though both materials were not samples according 
to their relative abundance. 

Retention data were generally based on six soil cores, except at D, where only 
three cores were used. The anomalous water retention behaviour at 20 cm depth in 
plot C probably reflects former human digging activities. 

Hydraulic conductivity 
Saturated conductivities were measured on undisturbed soil cores, 10 cm long and 

5 cm in diameter (Table 6). Conductivity at 10 mbar suction was measured for the 
same cores, using the two plate steady state method (Klute, 1972). Measurements 

35 



Table 6. Hydraulic conductivity at saturation (Ksal) and at 10 mbar suction (K10) (means and 
standard deviation). 

plot 

A 

B 

C 

D 

soil depth 
(m) 

0.33-0.43 
0.60-0.70 
1.12-1.22 

0.49-0.60 
0.60-0.70 
0.66-0.76 
0.85-0.95 

0.45-0.55 
0.64-0.76 
0.70-0.80 

0.25-0.35 
0.45-0.55 
0.70-0.85 
1.10-1.20 

number of 
samples 

4 
4 
4 

4 
2 
2 
2 

4 
4 
2 

2 
6 
4 
4 

Ksat 

1.06 
3.35 
4.50 

1.13 
1.94 
1.03 
1.40 

7.23 
1.33 
1.25 

2.75 
3.45 
1.46 
9.43 

10' 

10' 
10' 

10' 
10' 

10-1 

hydraulic conductivity (m.d1) 

a 

0.71 
2.96 
1.16 

0.74 
1.36 
3.54 
7.07 

2.59 
3.97 
7.07 

0.64 
1.64 
0.84 
7.34 

10' 

10' 
10' 

10-1 

10' 

K 1 0 

5.86 
1.68 
3.25 

6.81 
1.25 
1.03 
1.40 

7.02 
1.33 
1.25 

1.27 
1.26 
1.79 
2.04 

101 

10-' 

10' 

10' 
10' 

10' 
10' 

io-2 

10 ' 

a 

5.54 IO"1 

6.15 10"1 

1.14 

5.96 IO"1 

0.91 
3.54 10 ! 
7.07 10"1 

5.52 
3.97 
7.07 10'1 

1.11 
0.90 
1.50 102 

1.53 10 ' 

for all sampled layers were carried out at least in duplicate. Unsaturated conductivi­
ties for very permeable sandy samples were underestimated, due to an appreciable 
resistance caused by the experimental setup itself. This resistance was later found to 
be due to the fine tubing used, and was calculated by a correlative comparison of the 
saturated and unsaturated conductivities, that were obtained independently. Subse­
quently, all unsaturated conductivities were corrected for the resistance contributed 
by the two-plate setup; the corrected values are given in Table 6. 

The limited data available provide no evidence for impermeable soil layers that 
could cause temporary waterlogging. Although no conductivity data are available 
for the surface soil, no doubt infiltration capacities are sufficiently high to transmit 
water supplied at the highest precipitation intensities observed: the surface soil is 
highly porous and there is no field evidence for the occurrence of surface runoff. 

Short-circuiting during high flow situations due to the presence of continuous ma­
cropores was not investigated. Although many large biopores are present, it is un­
likely that short-circuiting of flow between the soil surface and the groundwater ta­
kes place. The soil appears permeable enough to prevent saturation near the soil sur­
face, which is a precondition for short-circuiting. Groundwater depth sometimes re­
sponded quickly to high-precipitation events, but this phenomenon can be explained 
by fast drainage in the surrounding agricultural area and high permeability of the 
very sandy subsoil. 

In principle, the profiles studied are favourable for capillary recharge from the 
groundwater because saturated conductivities increase with depth and groundwater 
tables are generally shallow. 
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Groundwater depth 
Observed weekly to fortnightly groundwater depths from July 1980 to December 

1985 are shown in Fig. 13. Groundwater depths roughly vary between 0.3 and 1.4 m 
depth at plots A, C and D and between 0.5 and 1.7 m at B. Shallow groundwater 
events in winter and spring are generally short-lived, as a result of artificial drainage 
of the general area and control of flooding of the Ussel river in winter. The ground-
water-time curves for the four plots are practically parallel with the vertical shift 
equal to the elevation differences, showing the presence of a horizontal groundwater 
table below the area. 

Figure 13. Groundwater depths vs. time. The upper curve shows the mean for plots A, C and 
D, the lower curve is for plot B. 
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3 Vegetation 

3.1 General description of the vegetation, above-ground biomass and root distri­
bution (N. van Brermen & P.A.B. de Visser) 

The tree vegetation is dominated by oak (Quercus robur) and birch (Betula pen­
dula), mainly developed from old coppice-stumps. In the calcareous plot, alder (Al-
nus glutinosa) and poplar (Populus tremula) are found as well. The whole area was 
reportedly coppiced last in 1939, and except for occasional thinning, the vegetation 
has been left largely undisturbed since then. Table 7 gives some data about the tree 
biomass at plots A-D. 

From all available old maps it can be concluded that the study area has been 
woodland since at least 1783 (Minderman, 1981). The apparently undisturbed char­
acter of the ground vegetation indicates that the 'Oude Maat' indeed has a long 
history of forest cover. Plot A contains about as much oak as birch, but many birch 
trees are now (1983-1986) dying, probably as part of the natural succession. Total 
tree biomass, and net annual growth are small, compared to that at B and C (Table 
7). The following qualitative description is based on information given by E.C.J. 
Ott (pers. comm., 1981). Plot A has a sparse but fairly species-rich vegetation with a 
shrub layer of Lonicera periclymenum, Cory lus avellana, Frangula alnus and Sor-
bus aucuparia, and a herb layer of Pteridium aquilinum, Maianthemum bifolium, 
Hedera helix and Rubus fruticosus. 

Plot B has a fairly heavy stand of oak, with practically no birch. The ground veg­
etation is similar to that at A, but denser. Corylus avellana and Hedera helix are 

Table 7. Standing tree biomass, measured in winter 1984/85 and an­
nual growth. Popular and birch were not quantified at D (de Visser, 
1986). 

A oak 
A birch 
B oak 
C oak 
D oak 
D alder 

number of 
stems/ha 

627 
366 
700 
750 
650 
450 

basal area 
mVha 

13.9 
12.9 
27.7 
25.0 
12.2 
6.7 

dry mass 
t/ha 

98 
45 

181 
156 
63 
47 

annual growth 
t/ha.yr 

1.7 
1.7 
5.1 
4.4 
4.5 
1.8 
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missing, and additional herbs found. These are Molinia caerulea, Anemone nemo-
rosa, Stellaria holostea and Holcus lanatus. 

Plot C too is an almost pure stand of oak. Although Cory lus avellana, Molinia 
caerulea, Rubus fructicosus and Hedera helix are lacking, the vegetation indicates a 
somewhat 'richer' soil than at A and B, with, in addition to the species observed at 
A and B, Prunus serotina, Rubus idaeus, Deschampsia flexuosa, and Galeopsis te-
trahit. 

Bracken (Pteridium aquilinum) is the dominant groundcover during summer at 
A and B, Prunus serotina, Rubus idaeus, Deschampsia flexuosa, and Galeopsis te-
contains Cornus sanguinea, Crataegus monogyna, Sambucus nigra, Ribes nigrum, 
Daphne mezereum and Corylus avellana, while the herb layer includes Circaea lute-
tiana, Lamium galeobdolon, Polygonatum multiflorum, Urtica dioica and Stachys 
sylvatica, plus species found elsewhere, such as Anemone nemorosa, Stellaria ho­
lostea and Marianthemum bifolium. 

Roots were sampled simultaneously with profile description and sampling of the 
soil, i.e. in summer 1980. From each plot three or four 25 x 25 cm2 soil columns 
were sampled at 5 cm depth intervals, to estimate root biomass and its distribution 
in the soil profile. The soil was collected in a sharp-edged steel box (25 X 
25 x 5 cm3), open on one side and with several circular holes (to allow easy escape 
of air and to check the sampling depth) on the other side. The box was pressed with 
the open side down into the soil and if necessary any horizontal roots were cut using 
a knife or saw. When the box was pressed down completely, the soil and any roots 
were cut horizontally just below the box by means of a steel plate. The soil with the 
roots was removed, and roots were separated by washing and sieving in the labora­
tory. Living roots (in diameter classes < 1 mm, 1-5 mm, 5-10 mm and > 10 mm) 
and dead roots were separated as much as possible, air-dried, and weighed. 

No significant differences were found between the plots A, B and C with respect 
to root distribution with depth (Kipp, 1981) and the data for these plots have been 
averaged as shown in Fig. 14a. At D, the pattern was significantly different from 
those at A, B and C (Fig. 14b). 

In all cases, fine root (< 1 mm) concentrations are highest near the soil surface 
(in the forest floor at plots A, B and C, and in the 0-5 cm mineral soil at plot D), and 
more or less regularly decrease with depth. At D practically all fine roots are concen­
trated in the top 20 cm. In the other soils most fine roots are found to 55 cm depth, 
but appreciable amounts are observed to 80 cm depth. Generally speaking, the coar­
ser roots have their maximum at somewhat greater depth, and, particularly in A, B 
and C, the coarsest roots (diam. > 1 cm) tend to be concentrated in the lower part 
of the root zone. The coarser the roots, the greater the spatial variability (Fig. 14). 
Because the sampling pits were generally at least 1 to 2 meter away from trees, coar­
se roots, and hence an appreciable part of total root mass, have probably been un­
derestimated. Mean root mass (Table 8) is highest at D, and distinctly lower at A 
and C. The high variability at B, due to a single thick root found in one of the four 
columns at 50-55 cm depth, precludes comparison with the other plots. 
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