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PSR @\ Soil evolutionin the remnants of natural forest vegetation:
- An example from an old oak-lime coppice wood in Den-

Abstract

A nrixved Querens-Tilia fevest was investigated to stuely the soil devel-
opment i a forest that resembled the nairal Danish forest compeosi-
tion before 4000 BC, Tlis stiedy of the impact of vegetation upon sofls,
provides morphelagical and chemical dara ta suppart the fldings.
Seil swrvey and laboratory date showed that the soils arve podzelized
in the western and sowthern borders of the forest. This podzolization
process is mainty fucitivared by a difference in parvent maierial from
foamy sand 1o sand. fn contrast, branifed soils with only minor traces
of podzolization were found in the interior of the wood, even where
an 80 em thick laver of sand was found on top of sandy tocm. These
soils were expected to have developed Spodic horizons in their upper
sequence. This indicates that the vak-time type of forest prevemts or
retards podzolization under the present Danish edaphic and ofimatic

The interaction between soil and vegetation is important in
understanding soil development in a highly man influenced
landscape like the Danish. 4000 BC, the Stone Age farmers
began to clear the forest for grazing. In the central and west-
crn Jutland, the forests were gradually replaced by Calluna
heath, which atits maximum extension in the last part of the
cighteenth century, continuously covered nearly all of
western Jutland. Only 10% was ploughed agricultural land
and forests were extremely rare.

The mixed oak-lime forest is, compared with a pure beech
(Fagus sylvatica) forest, believed to maintain brunification,
also onnutrient poor soils, because of the easier decompaosi-
tion of the lime and oak leaves (Heath et al. 1965). Accord-
ingly, oak and/or lime has been shown to retard or prevent
podzolization in a few Danish studies in nutrient poor soils.
Nielsen et al. (1987) investigated the oak invasion on nutri-
ent poor soils of the Hjelm Hede heathland, Western
Jutland. They found that the invading oak trees had a
depodzolizing effect relative to the former heath vegeta-
tion. Aaby (1983) showed by pollen analysis in the Draved
forest, southern Jutland, that podzolization first started after
humans changed the forest composition from lime-oak-
birch to beech-oak forest. The tendency for a given soil to
podzolize depends not only on forest composition but also

conditions. pH deato of sorface sedl showed a decrease of O.7-0.9 units
within the laxe SO vears, wiiich saggeses that the present sail develop-
ment might change rapidiy.
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Soil genesis, forest soils, podzelization, Quercas, Tifia, Spodosols,
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on the parent material. The most important factors are i)
fine clay (< 0.2 um) content, ii) free iron content, iii)
weatherable mineral content, iv) low calcium content and
v) a reasonable permeability of the upper part of the soil
{Duchaufour 1982). Previous investigations show that un-
der a temperate Atlantic climatic, tree species, forest com-
position and parent material is the most important factors in
the development of Spodosols.

This pedological study was performed to investigate the
impact of the original mixed oak-lime (Quercus-Tifia) tor-
est upon soil development in a nutrient poor, semi-natural
Danish forest.

Study area

The study area, Holtkrat, is a 10 ha wood that was formerly
a coppice, but since the 1940's has been left to grow natural.
Dl AT st AL R HILE R R b b
species together with approximately 150 lime trees (Tifia
cordara) located in the centre. The western part has a
substory of bucktorn alder (Frangula alnus), whereas the
central part has a hazel substory (Corylus avellana). The
site is situated 100 metres above sea level, in the middle of
Jutland, near Silkeborg at 56° 05' N, 9° 28' E (figure 1).
Yearly average tlemperature is 7.3 °C and the average pre-
cipitation is approximately 810 mm. The wood is situated
on the border between the moraines and the outwash plains
of Late Weichselian age and the eastern and southern sides
of the forest fall abruptly 20 metres down Lo a subglacial
outwash valley. The sediments are highly variable. Till,
with a texture of sandy clay loam, dominaltes the northern
part, changing towards the south and weslt into sandy till
covered by a 10.cm to 80 cm thick layer of sand. Towards the
south and west, the till changes to fluvio-glacial sand/
gravel, at the forests boundary. Below the till,a 5emto 10
cm thick gravely layer is found, with many boulders above
the fluvio-glacial deposited sand. The topography inside
the forest is level, sloping slightly toward the west, with a
weak microrelief covering approximately 5 % of the total
forest surface. The microrelief is due to old anthills, badger
pits and wind throws,

The history of the Holtkrat forest can be dated back to
the first written documents in 1670 that described it as an
underwood (or coppice), but already in 1494 the name Holt
was used (Oksbjerg 1996). Compared to similar forests
with a known history and land use, the wood has a very di-
verse ground flora. The diverse flora, in association with no
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visible archaeological structures, indicates forest continu-
ity and absence of past soil management (Worsge 1996).
The tree composition, with lime, hazel, and oak, resembles
what was found in the Atlantic period before the Stone Age
farmers started to clear the forest, which at that time cov-
ered the whole country. According to Aaby (1993), forests
on well-drained sites were then lime-hazel-(oak) forest on
nutrient rich soils and on nutrient poor soils a more open
birch-lime-hazel-(oak)-Calluna-herb forest. The presence
of lime trees is remarkable, as this tree species is today very
rare in Denmark, especially in the western part of the coun-
try, probably due to human interference. [t disappeared
gradually from the Danish forests, and was replaced by
beech in the eastern part of the country from about 0 BC. It
is probably the coppice management of the wood, which
has preserved this wood as all other forests in the region,
were converted to Calluna heath due o grazing. The cop-
pice use dates back to before 1586. Atthattime, a partof the

e R LT ~ asdas g

tree species in the area which could produce this product
(Worsge 1996).
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Methods

Field work

Before the profile sites were chosen, soil augering and sam-
pling of the surface soil pH was done to find representative
sites for soil profile digging. Surface soil pH sampling was
done and compared with a 50 year old data set. The number
of samples from the 1940's (Kgie 1951) was multiplied by 5
to give comparable data sets. Sampling was then done in a
grid at 35 places. The augering survey was done to a depth
of no less than 1.5 metres. 61 observations were made in-
side and 52 were from outside the forest. Soil profiles were
dug to 1.8 metres depth in four places, in areas that were ho-
mogenous. Two sites were chosen to represent the most de-
veloped Ultisols and Spodosols, respectively, and two sites
in between to represent the transition. Profile descriptions
were made according to Soil Taxonomy (Soil Survey Staff
1975), except that (g) was used to indicate pseudogley. Soil
samples from each horizon were collected as bulk samples
for chemical and textural analysis, as well as in steel tubes
for bulk density determination. Profile descriptions and
vegetation analyses are shown in Table 1.

Laboratory analyses
Soil samples were air dried at 50 °C for 14 days and



subsamples were sieved (2 mm). Bulk density samples
were weighed and 2 mm sieved. Volume and weight of ma-
terial above 2 mm was subtracted from the final bulk den-
sity. which was calculated on basis of 110 °Cdried, <2 mm
soil. pH was determined with a glass/calomel electrode in
both I:1 soil:water and 1:1 soil:1 M KCI suspensions. Tex-
ture analysis was made by wet separation using a 38 um
sieve; the fraction above 38 um was dried and sieved; the
fraction below 38 um was determined in a starring pipette.
Exchangeable cations were extracted with NH OAc (pH
7.0) on an automatic extractor according to Soil Survey
Laboratory Staff (1992). and determined using a Perkin-
Elmer® 5100 PC Atomic absorption spectrophotometer.
CEC was also determined according to Soil Survey Labora-
tory Staff (1992) with NH,OAc (pH 7.0). The following
chemical methods were used to characterise the fine earth in
the crushed subsamples. [ron and aluminium was extracted
by dithionitle-citrate-bicarbonate (Alp and Fep) (Mehra &
Jackson 1960), pyrophosphate {(Alp and Fep) (Soil Survey
Staff 1972) and oxalate (Alo and Feo) (Soil Survey Labora-
tory Staff 1992) and determined using a Perkin-Elmer®
5100 PC Atomic absorption spectrophotometer. Carbon
was determined by dry combustion and weighing of the
evolved CO, (Ngrnberg & Dalsgaard 1994). Total phos
phorus was determined, after ignition at 550 0C and extrac-
tion with 1 M HCI, using spectrophotometer as described
by Svendsen et al. (1993). Nitrogen was determined by the
total Kjeldahl method (Bremner 1965). Soil classification
was done according to Soil Survey Staff (1996), supple-
mented with FAO (1998) names. Humus classification
names were given according to Green et al. (1993).

Results

Soil distribution

The soil survey (figure 2) showed that brunification (as de-
fined by Duchaufour (1982), as the process where iron freed
by weathering coats the clay particles in situ), and clay
transporl was the dominant soil forming process inside the
wood and in the surrounding arable land. Spodosols were
found throughout the heathland areas outside the forest. In
former agricultural land, only Ultisols were found. Ultisols
are also the dominant soil type in the northern and central
parts of the wood, whereas Spodosols are only found at the
outermost 5 to 10 metres of the western and southern bor-
ders. With the exception of a small tongue in the central
south of the wood, which is 100 metres long and extends 30
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Figure 2: Soil map ofthe wood and its survoundings with USDA ( 1996)
classification. The comtours of the wood are indicated with a bold black
fine, the limits of the glacial onwash vafly sowth and east of the wood
arebydonedlines, and the locations of the four soil profiles are shown
with capital letters,

metres into the wood. The parent material here is fluvio-
glacial deposited sand. The total data representing soil sur-
face pH are not fully presented but the main findings are in-
cluded in table 3. The average pH valucis 4.17 with a stand-
ard deviation of only (.233. pH minima and maxima are
3.61 and 4.63, respectively.

Sail profiles
characteristics are shown in Tables 1,2, and 3. Profile Aisa
Typic Haplorthod (Soil Survey Staff 1996) and Haplic
Podzol (FAO 1998), with sandy texture throughout, very
low base saturation in all horizons, pHyo) surface values
around 4, high C/N values and a humus decomposition of
the mor humus type. It is located next to the forest border on
parent material of fluvio-glacial sand. The plant commu-
nity reflects a typical oak shrub forest, with mor decompo-
sition. In the top 50 cm of the soil, there is on average only
1.9 % clay. while free Fe amounts 2.3 g Fep/kg soil.
Profile B, an Arenic Hapludult/Arenic Luvisol, was 15
metres from the podzolized forest border and was selected
to represent the bisequal sandy and sandy loam parent mate-
rial with A-E-Bw-Bt(g) or A-E-B(s)-Bt(g) horizon se-
quences (table 1). Ground flora is restricted to Anemona sp.
and has a coverage of less than 5%. The profile has a strong
textural contrast at 89 cm depth, where the clay content in-
creases by 15 % (table 3). A diffuse pseudogley with Fe and
Mn nodules covers 5-10 % of the profile just below this dis-
continuity. Base saturation data in table 2 shows low values
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Table 1: Morphological data and site information for the four selected soil profiles.

Munsell Distance
Pedon/ Depth  Colour to border®
Horizon cm (moist)  Structure Consistency Boundary m Vegetation
Profile A Typic Haplorthod 10 Oak forest
Qi-Qe-0a 3-0 Quercus petraealrobur
A 0-3 7.5YR3/2 wfer lo ai Frangula alnus
E 320 7.5YRT2 5g lo ai Deschamsia flexuosa
Bhs 20-25 5YR 343 sM fi ab Maiantherum bifolium
Bs 25-55 75YRS5/6  wfsb fr di Pteridum aquilinum
BC 55-99 10YR 5/6 sg fr gi
2Cd 99-250 10YR 7/6 sg fi
Profile B Arenic Hapludult 15 Qak-lime forest
Qi-Oe 4-1 Quercus petraea/robur
A 0-5 I0YR 3/1 wg lo ci Tilia cordata.
oM £ ne VD £ W In it Anemaneg con
Bw 28-8¢  I0YR S5/2 w sh fi ab
Bt(g) 89-120 10YR 4/6 ssh vii cw
2C 120-125 10YR 4/4 st fi cw
3Cd 125-250 10YR 6/8 st vfi
Profile C Aquic Paleudult 100 Oak-lime forest
Oe 2-0 Quercus petraea/robur
Al 0-7 LOYR 3/2 scr fr cw Tilia cordata
A2 7-18  10YR4/2 mo er fr cw Anemona ssp
Bwl 18-51 10YR 5/5 mo g fr cw Holcus mollis
Bw2 51-61 10YR6/S mo M fi cw Oxalis acetosella
Ed(g) 61-79 10YR 72 sM vfi ch Stellaria holostea
Bi(g) 79-106 10YRS5/8 movepr fi ds Konvellaria majaris
BC 106-161 10YR5/8 mo vepr fi as Maiantherum bifolium
2C 161-250 10YR7/8 sg lo
Profile D Aquic Paleudult 150  QOak-lime-hazel forest
0i-0e 4-2 Quercus petraea/robur
Al 0-7 I0YR3/2  svicer fr gw Tilia cordata
A2 7-31 10YR4/2 mofer fr gw Corylus avellana
B(g)1 31-38  10YR6/4 M fi cb Anemone sp
B(g)2 38-55 10YR6/M4 M v fi cb Oxalis acetosella
Bi(g) 55-120 10YR4/5 movcopr vfi ds Melica uniflora
BC 120-150 10YR 4/4 mo vepr vii cw Milium effusum
2C 150-250 10YR 4/6 M fi Stellaria holostea

Dactylis glomerata

Structure: w-weak; mo-moderate; s-strong; vf-very fine; f-fine; me-medium; vc-very coarse; pr-prismatic; sh-
subangular blocky; g - granular; cr - crumby; st -structureless; M-massive.

Consistence: lo-loose; v fr-very friable; fr-friable; fi-firm; v fi-very firm.

Boundary: a-abrupt; c-clear; g-gradual; d-diffuse; s-smooth; w-wavy; i-irregular; b-broken.

*Relative to the woods southern border, as this is the nearest border where podzolization has started (figure 2).
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Table 2: Cation exchange charvacieristic, pH, phosphorus, CZN ratio, abd carbon content in the four selecied profites.

pH pH Total Total Exchangeable cations CECpgr Base
Pedon/ Depth 1:1 1:l Carbon C/N P emol, kg pH?7  saturation
Horizon cm  (HQ) (KC) gkg' Ratic mgkg! K Na Mg Ca cmol kg’ o

Profile A Typic Haplorthod

A 0-3 4,14 2.85 34 24 88 017 008 020 0.3 749 1.9
E 320 417 342 2 24 13 002 001 000 0.01 0.58 6.5
Bhs 20-25 4,19 345 7 20 44 005 002 003 0.03 4.11 3.1
Bs 25-55 469 432 5 26 60 003 002 001 0.00 2.52 2.4
BC 55-99 4.74 4.52 3 16 51 003 001 001 0.02 2.29 2.9
2Cd 09-250 4.54 441 0 35

Profile B Arenic Hapludult

A 0-5 400 2.84 33 19 99 022 008 019 0.38 7.11 12.3
E/B 5-28 429 371 6 19 39 002 003 003 004 1.62 7.7
Bw 28-89 475 4.19 4 19 62 002 004 002 004 2.24 5.3
Bi{g) 89-120 4.74 3.62 3 12 88 023 014 071 0.18 13.81 9.0
2C 120-125 477 3.68 1 62

3Cd 125-250 5.07 396 4

Profiie T Aquic Pajeudult

Al 0-7 454 372 21 15 139 ND ND ND ND ND ND
A2 7-18 4.61 3.86 10 17 224 005 003 002 005 2.66 54
Bwl 18-51 4.80 4.22 5 17 134 002 002 001 004 1.33 6.5
Bw2 51-61 4.85 440 4 20 17 001 002 001 002 1.20 5.2
Ed(g) 61-79 450 440 2 31 135 002 002 002 005 1.42 7.0
Bi(g) 79-106 5.04 378 2 12 97 023 011 136 053 10.02 223
BC 106-161 4.59 3.66 2 11 163 020 007 0.16 068 8.78 12.6
2C 161-250 5.08 4.11 1

Profile D Aquic Palendult

Al 07 413 362 19 13 252 033 003 004 033 6.27 7.7
A2 7-31 437 393 9 13 159 009 003 003 009 546 4.1
B(g)! 31-38 446 4.13 3 12 206 ND ND ND ND ND ND
B(g)2 38-55 433 4.17 3 12 101 008 003 003 008 4.43 44
Bi(g) 55-120 5.07 376 2 6 190 023 010 155 023 11.19 25.8
BC 120-150 533 3.71 2 275 020 010 161 020 11.02 25.7
2C 150-250 5.56 4.11 1 253

ND, not determined.
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Table 3: Phyvsical data for the selected soil profiles

Pedon/ Depth Stones Sand Silt Clay Bulk
Horizon cm >2 2000-50 50-2 <2 densit
mim um um Mdm gcm
Profile A Typic Haplorthod
A 0-3 0 89 9 2 1.1
E 3-20 5 92 7 I 1.68
Bhs 20-25 6 91 ] 3 1.44
Bs 25-55 12 88 ¢ 2 1.35
BC 55-99 1 87 11 2 1.58
2Cd 99-250 0 98 1 1 1.82
Profile B Arenic Hapludult
A 0-5 2 83 13 3 1.1
E/B 5-28 4 87 11 2 1.32
Bw 28-89 3 78 16 6 1.47
Bi(g) 89-120 4 57 22 2 1
3Cd 125-250 7 87 7 6 1.95
Profile C  Aquic Paleudult
Al 0-7 2 71 21 8 1.0
A2 7-18 2 87 10 3 1.40
Bwl 18-51 12 90 8 2 1.41
Bw2 51-61 13 89 9 2 1.49
Ed(g} 61-79 10 83 15 2 1.83
Bi(g) 79-106 8 63 18 19 1.67
BC 106-161 3 60 22 18 1.68
2C 161-250 3 15 14 11 1.72
Profile D  Aquic Paleudult
Al 0-7 9 g6 9 5 1.0
A2 7-31 29 74 18 8 1.12
B(g)! 31-38 5 08 21 11 1.48
B(g)2 38-55 4 65 20 15 1.26
Bt(g) 55-120 4 56 22 2 1.62
BC 120-150 7 61 21 18 1.72
2C 150-250 1 60 19 12 1.60

ND, Not determined.

of 5-9 % in the subsoil but somewhat higher values, 12 %,
in the A horizon. A C/N ratio of 19 is in agreement with the
occurrence of a moder humus form. Profile B has on aver-
age, in the upper 50 cm, a clay contenten 4.3 % and 2.3 g
Fep/kg soil. The pH(H20) values of this soil resembles those
of profile A, even through there are less morphological
signs of podzolization, as no spodic horizon are recognised.
Profile C is an Aquic Paleudult/Glossalbic Luvisol, with an
A-Bw-Bt(g) sequence (table 1) in the same parent material
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as profile B. The profile has a strong textural contrast at 79
cm depth, where the clay content increases by 17 % (table 3)
and the diffuse pseudogley covers 5-10 % of the profile in
Bt(g). In contrast to profile B, an Ed(g) horizon was found
just above the textural discontinuity. The texture is compa-
rable with profile B, withan average clay content of 3.0 % in
the upper 50 ¢cm, only slightly less than in profile B. C/N ra-
tios are 15 in the topsoil reflecting a moder type of decom-
position. Base saturation is 5 to 7 % in the upper sequum,
increasing in Bt(g) and BC to 22 and 13 %, respectively.
The average total Fep content is 2.3 g/kg soil in the upper 50
cm, as in profile A and B. This site is comparable with pro-
file B except for higher pH (both Hz0 and KCl}, lower C/N
and slightly more Stagnic properties in Bt(g)/Ed(g).

Profile D has the most fertile parent material, but still clas-
sifies as an Aquic Paleudult/Stagnic Luvisol. It has sandy
loam above sandy clay loam, base saturation of 25% from
50 ¢m depth, surface C/N ratio in the range of mull develop-
worms and moles. Profile D has an average clay content in
the upper 50 cm, of 9.9 9%. The highest Fep content is found
here, with 4.5 g/kg soil in average, again in the upper 50 cm.
The humus form is mull and the ground flora is a herb com-
munity typical for nutrient rich and fertile soils.

The data on soil morphology, physical a nd chemistry
properties reveal the trend that the soil and site conditions
become more fertile from profile A to profile D. There is a
clear difference in parent material and soil development
from profile A to D. Profile B and Chave comparable parent
materials and major soil formation but differences in
ground vegetation, phosphorus content, Stagnic properties
at depth, and chemical and morphological indications of
weak podzolization.
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Discussion

Podzolization evidences: Distribution of Fe and Al

In this study, podzolization is an important process and its
absence or presence can be seen in different ways. The
forms of extractable Fe are chosen to illustrate the differ-
ences, as they are crucial when deciding which soil forming
process dominate, and how pronounced it is (Duchaufour
1982). Fep is considered to represent organic bound amor-
phous forms of iren (Barrett 1997, McKeague et al. 1971),
with some reservations as found by Parfitts and Childs
(1988). Fe represents all pedologically freed iron, both
amorphous and crystalline. The degree of podzolization is
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Figure 3: DCE, oxalar, and pyrophasphate extracted Fe a) and Al b)
Srom bulk samples from the four selected soil profiles.

reflected in the ratio FeP/FeD. A high FeP/FeD ratio is in-
dicative of the podzolization in B-horizons and the ratio is
thus expected to be low under non-podzolizing conditions
(Blume 1988). In brunified, soils evidence of Fe redistribu-
tion is absent or restricted to horizons with illuvial clay or
redox accumulations. The Al extractable forms are pre-
sented in figure 3b, but the value of especially AIP and AID
in connection with podzolisation is poor (Barrett 1997, Kai-
ser & Zech 1996), so emphasis is on the Fe forms.

The content of extractable Fe is shown in figure 3a. Profile
A, B and Chas the same average Fep content until 50 cm but
different vertical Fe distributions. The peaks in Fep, FeO
and Fep (figure 3) are clearly coincident in profile A. This is
evidence of strong podzolization with depleted topsoil and
an enriched Spodic horizon. Profile D has no signs of
podzolization. Fep is accumulated at the surface. Accord-
ingly, the pcak of Fep in the Bt(g)-horizon reflects the clay
illuviation, and the Fep/Fep ratio has no subsurface maxi-

mum. Profile B has a high Fep content in the Bi(g) layer due
to a higher clay content but the Fep has a maximum at about
50 ¢m, indicating a weak illuviation. The Fep/Fep distribu-
tion in figure 4 shows enriched FeP contents in the Bw hori-
zon, so here organic bound Fe has been translocated. Profile
C also has a high Fep content in the Bt{g) horizons (figure 3)
but no peak in Fep. Furthermore, Fep reaches a maximum in
the A horizon where Fep is immediately immobilised. Pro-
file C has an A horizon Fep/Fep ratio (figure 4) as high as
profile D but also has a minor peak in the Bw horizons,
maybe indicating a weak podzolization. The content of Fep,
Feo and Fep is high in the whole profile and there are
no signs of a depleted A-horizon, so profile C has no mor-
phological, and only very weak chemical signs of
podzolization.

The different degree of Stagnic properties in profile B and
C as reflected in the weak pseudogley at 80-100 ¢m, and is
not believed to influence the podzolization and Fe distribu-
tion in the upper sequum. The soils in the transition zone
between the sand and loamy sand parent material have thus,
developed Ultisols, with few or no signs of starting
podzolization. Profile B and C were expected to have devel-
oped bisequa (A-E-Bs-'"E-B-C), as sandy soils under heath
or oak forest in this region have all developed Spodosols.
This is in accordance with studies by Schaetzl (1996), from
similar bisequal parent materials in Michigan, USA. Here
the podzolization was believed to be triggered by increas-
ing sandiness and acidity due to the relative clay-impover-
ishment of surficial layers and/or a change in vegetation
from mixed broad-leaved to coniferous.

Fep/Fep ratio
1] 0,1 0.2 03 0.4 0.5 0.6
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Figured: Fe/Fepration from the four profils showing the relative dis-
tributtion of organic bownd Fe.
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Preservation of the brunification process
The interesting question is whether or not the areas (profile
B and C) classifying as Ultisols would have been Spodosols
if i) the forest was absent. ii) they had adifferent tree species
combination or iii) they had another wood management.
Parent materials, clay content, particle size, CEC, base
saturation, FeD content, root depth, tree vegetation and cul-
tural history are comparable in the two profiles. The fea-
tures that separate profile B and C are i) microclimate, ii)
ground vegetation, iii) surface pH and iv) phosphorous con-
tent Lo a depth of 1 metre. The explanation for podzoliza-
tion/non-podzolization must then be found in one of these
factors, or be related to an unknown historical or environ-
mental event. Of the things listed immediately above 1), ii)
and iii) strongly interact and both ground vegetation and
microclimate and was found to change from forests borders
to forests interior (Andersen & Nielsen 1994). The phos-
phorus content interferes with ii), but has not been report-

ad Airantle ta inflypnes tha v\ﬂn‘-n-'--n timam oy L o P

suggests that the forest's interior is less cxposcd to pod-
zolization because of differences in soil ecosystem, forest
floor plant community or micro-climatic conditions. The
forest also influences soil development in this study, as pro-
file B closest to the forest border has weak podzolization,
whereas profile C further inside the forest show no indica-
tion of podzolization (figure 2). Despite that parent materi-
als are comparable. That the agricultural land north of the
wood has all developed Ultisols and no Spodosols is not a
surprise, as it all has been cultivated for more than 1000
years.

Duchaufour (1982) gives threshold values for both clay
percentage and free iron content, above which podzoliza-
tion is inhibited. But these minimum contents are not
reached in any of the profiles, so podzolization could then
be expected from this alone. It should, however, be kept in
mind that these results are from a natural, unmanaged beech
forest in France, so the usefulness regarding this Danish
managed oak-lime forest is questionable. Rackham (1980)
supplied soil surface pH threshold values for podzolization/
non-pedzolization in eastern England. These are appar-
ently more informative about the processes regarding this
forest. Profile B has surface pH of 4.0 and is thus, below pH
4.1, which he states is the lower limit, where mull can form
below lime trees. Profile C has a surface pH of 4.5 which is
above the pH range (pH 4.4 - 4.1) where mulls can form
with both oak and lime trees. If only the threshold values
from Rackham (1980) are used, is it evident that podzoliza-
tion is started in profile B, whereas the profile C still main-
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tains a mull and probably brunification under the present
day conditions. This hypothesis regarding pH, organic mat-
ter decomposition, is supported by the iron data so it seems
that the interior of this lime-oak forest is capable of main-
taining brunification due to sufficient active organic matter
decomposition. When other authors find podzolized soil
under primary Danish forests on sandy soils as here in
Holtkrat (Aaby 1983, Andersen 1984), the question could
be asked if not the coppice style and/or tree species combi-

nation has maintained an active soil biclogy that could
support brunification and thus, suppress podzolization. The
former coppice management might have inhibited pod-
zolization, as a relatively large amount of light is allowed to
reach the forest floor when the trees are coppiced with inter-
vals of 5 to 10 years. As a result, a species rich ground flora
will develop with a concomitant mull formation with active
s0il biota and the brunification process. If the observed dis-
lrlhutmn of podznl|2cdln-:1n-podmllzcd amla pcrsl'\ts in the
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been sludlcd but not the active soil processes e.g. by means
of soil water chemistry. English investigations have sug-
gested that a semi-natural ecosystem like this is not stable
with today's nitrogen and sulphur deposition rates (Blake
1999). This point of view is supported by an observed pH
decrease of 0.9 units in this forest within the last 50 years
(table 4), when present day surface pH is compared with
that of the 50 years old observations (Kgie 1951). Only one
in seven of Kgie's (1951) samples had a pH value compara-
ble to that found in the forest today. The average pH de-
crease for all samples is 0.9 pH units. This should be com-
pared with the reliability of the measurements in the 194(s

Table 4: Taopsoil pH values from 1995 and 1940's. Daia from the
1940 s ix from Kevie { 1951), as are the names of the humus forms. The
1995 sty was named according to Green eet al. (1993), but here
grouped as in 1951,

Mor  Transition  Mull
mor to mull

1940's investigation
Average pH (H;O) 39 5.2 5.2
Minimum-maximum - - 5.0-5.6
Number of samples ] 1 5
1995 investigation
Average pH (H;O) 3.96 4.23 4.30
Minimum-maximum 3.642 3944 4.1-4.7
Number of samples 11 8 17




and now. Hallbiicken & Tamm (1986) found the electrode
reliability to be 0.2 pH units or better. The soil:water ratio is
poorly described by Keie (1951). The ratio used at that time
was just sufficient to measure in free water e.g., around 1:1
or less, which gives similar or even lower pH than the
method applied in the present study. Andersen et al. (1992)
found a similar pH decrease, around 0.8-0.9 pH units in
southern Jutland and also Hallbiicken & Tamm (1986)
found it in southern Sweden,

These observations suggest that present day soil distribu-
tion might be changing fast due to soil acidification. This
possibility still needs to be validited in Danish Forest soils.

Conclusion

The soil map of the interior of the wood shows Ultisols in
some places, where Spodosols were expected, due to the
distribution of the parent material. The absence of pod-
zolization inside the wood is attributed to the continuous
forest cover since 6-7000 BC with lime-oak trees, which is
capable of maintaining a mull or moder humus form. There
are, however, small differences in texture, Stagnic proper-
tics at depth, and phosphorus content that might interfere,
This is, however, unlikely as base saturation, Fe, upper
sequum permeability, and clay percentage data contradicts
or does not support a difference in soil forming factors
which have all been reported 10 be the major factors influ-
encing podzolization. Therefore, it scems that this managed
oak-lime forest ecosystemn is capable of recycling nutrients
relatively quickly and hence of maintaining brunification.
Thus, preventing podzolization all over the interior of the
wood, where the surface pH values and the Fe and clay con-
tents of the parent material are above certain threshold val-
ues. If the observed soil development pattern is stable, with
our present day nitrogen and sulphur deposition rates, has
not been investigated, but surface pH data shows a decrease
of 0.7-0.9 units within the last 50 years, suggesting rapid
changes in the soil genesis.
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