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Classification of soils according to internationally agreed criteria forms a valuable base for scientific and
political analyses. The objectives of this study were to evaluate two soil classification systems and relate
them to agricultural and environmental concerns, principally phosphorus leakage, by classifying three
Swedish, arable soils. The Bjérrod soil was classified as a Rupti-Endogleyic Phaecozem according to the
World Reference Base for Soil Resources and as a coarse-loamy, mesic Oxiaquic Hapludoll according to
the Soil Taxonomy. Bjelkesta was classified as an Orthieutric Gleysol and a fine, frigid, Typic Endoaquept,
respectively, and Gétala as a Haplic Arenosol and a frigid Typic Udipsamment. We evaluated some chang-
es to the classification systems proposed by Nordic scientists and found the classification of Bjdrrod mis-
leading and suggest it being classified as a Cambisol/Inceptisol and that information of the characteristi-
cally high base saturation in Bjelkesta and the spodic character in Gétala being included in their names.
This information is useful for decisions regarding agrarian and environmental management of the soils.
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Introduction

The European Parliament decided in 2002 to give
soil quality the same status as water and air in or-
der to protect the soils from further degradation
and to safeguard the fertility and agronomic value
of agricultural land (Commission of the European
Communities 2002, p. 8). Soil classification is a

valuable tool for rational decision making about
appropriate usage of soils. Several national and in-
ternational soil classification systems have been
developed. Lately large efforts have been spent to
form an international soil classification system
within the frame of the Food and Agriculture Or-
ganization of the United Nations (FAO), the Inter-
national Union of Soil Sciences (IUSS) and the
International Soil Reference and Information Cen-
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tre (ISRIC). The World Reference Base for Soil
Resources (WRB) system was initiated in 1990
and supposed to replace the existing FAO system
(FAO 1998). Efforts are also done to adapt the sys-
tem of the USA, Soil Taxonomy, for global use
(Soil Survey Staff 1998).

Nordic soil scientists have proposed changes to
WRB in order to further improve its credibility
(Tiberg et al. 1998, Kirchmann et al. 1999, Krogh
and Greve 1999, Greve et al. 2000). Proposed
changes regarding classification of cultivated soils
and podzolized soils are of special concern for
many Swedish soils. When classifying cultivated
soils, the topsoil characteristics, including those
easily altered through short-term farming practic-
es, will change the classification at the highest
level, in spite of the initial intention that the clas-
sification shall not be influenced by short-term
management. In many cases, farming practices,
such as ploughing and liming, results in A-hori-
zons/epipedons deep enough and with enough high
base saturation to result in classification as mollic
or umbric. Thereby, Phaeozems/Mollisols of an-
thropogenic origin are very common in long-time
cultivated soils in large parts of north-western Eu-
rope, including Sweden (Kirchmann et al. 1999,
Krogh and Greve 1999), in spite of the intention to
reserve these soil groups for grassland soils (Soil
Survey Staff 1974). See Krogh and Greve (1999)
for further discussion of man-made mollic and
umbric horizons.

Soils considered typical Podzols in the Nordic
countries according to tradition and sometimes
also according to Soil Taxonomy, often fail to meet
the colour criteria of the WRB spodic horizon. In
addition, pH values higher than the limit for spodic
horizons due to liming, often exclude arable soils
otherwise having spodic characters (Greve et al.
2000). As a result, Spodosols were found in for-
ested sites only, when 29 soils in southern Finland
were classified according to Soil Taxonomy. Many
podzolized, cultivated soils were found, but they
could not be classified as Spodosols owing to the
lack of evidence of accumulation of Al and Fe, be-
cause the upper horizons had been mixed by deep
ploughing (Yli-Halla and Mokma 1999). The labo-
ratory method used to measure the amount of
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amorphous aluminium (Al ) and iron (Fe ), used
as one criterion for the spodic horizon, is the same
as is used to estimate the phosphorus (P) sorption
capacity of a soil. This means that the presence of
a spodic horizon also can be used as an indicator
for soils with a larger P sorption capacity than
comparable non-spodic, often coarse textured,
soils. The larger the content of Al and Fe_, and
the thicker the spodic layer is, the higher will the P
sorption capacity be. Knowledge about P sorption
capacity and P-saturation, often defined as the mo-
lar ratio of P to Al and Fe contents extracted by
ammonium oxalate, P_/a(Al , + Fe ) (Campillo
et al. 1999), is important in order to adjust agricul-
tural practices so that P losses from soils and eu-
trophication of waters are reduced.

The aim of this study was to analyse and de-
scribe three soils from the agricultural experiment
fields at Bjarrod, Bjelkesta, and Gotala in the south
and central Sweden, in order to identify their dom-
inating properties from an agricultural and envi-
ronmental point of view and to classify them ac-
cording to the WRB (FAO 1998) and Soil Taxono-
my (Soil Survey Staff 1998) soil classification
systems. We also analyse the outcome of the clas-
sifications and discuss if the proposed changes to
WRB would influence the classification of the
studied soils. In such case, we evaluated if the dif-
ferences were increasing the usefulness and under-
standing of the agricultural and environmental
properties, principally the P leakage, of the soils.
Finally, we propose some further changes to the
classification systems.

Sites — background, land use,
and climate

Landscape and geology

The site at Bjarrod (55°42'N, 13°43'E, alt. 105 m
above sea level) is located in Scania, 1 km to the
south of Bjarsjolagard, southern Sweden. The site
is located 14 m to the north and 18 m to the east of
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the north-western corner of the field experiment
R3-0059 of the Swedish University of Agricultural
Sciences (SLU). Bjarrod is situated on the central
Scanian shale and primary rocks till, which covers
Phanerozoic sedimentary and magmatic rocks of
the Baltic Shield (Clason and Granstrom 1992,
Fredén 1995). During some time, calcaric material
was deposited (see horizon 2Cg), possibly of local
origin from the calcaric bedrock, later covered by
shale and primary rock till transported there by the
ice. The soil is representative of the less fertile
soils in the transition areas between fertile arable
soils in the southwest and forests further to the
north in the county of Scania. The site has been
subsurface drained during the latest century. The
surrounding topography is gently undulating, and
the test pit is located at the lower part of a more
than 500 m long slope, without any micro relief.

The site at Bjelkesta (59°43'N, 17°24'E, alt. 8
m above sea level) is located in Uppland, within 1
km from a bay of lake Milaren in centre-eastern
Sweden. The site is located 6 m east of the eastern
end and 8 m south of the north-eastern corner of
the SLU field experiment R3-3038, No 6/83.
Bjelkesta is situated on granitoid bedrock in the
Svecokarelian Province of the Baltic Shield
(Fredén 1995). The soil is representative of the ar-
able clay soils of the plain districts of Svealand,
formed by sedimentation of glacial clay during
and after the withdrawal of the ice of the Weichse-
lian glacial age. The soil material is originating
from calcaric bedrock in the Baltic Sea, outside
Givle (Clason and Granstrom 1992). The site has
been subsurface drained during the latest century.
The field is almost flat and the surrounding topog-
raphy is gently undulating with bedrock frequently
cropping out. The test pit is located in the centre of
a more than 2 km long slope towards the shore,
without any micro relief.

The site at Gotala (58°22'N, 13°29'E, alt. 121 m
above sea level) is located in Vistergitland, Swe-
den, 2 km to the east of Skara on the Skara plain.
The site is located 5 m south of the southern end
and 7 m east of the south-western corner of the
SLU field experiment R3-3038, No 304/82. Gétala
is situated in the southwest Scandinavian Prov-
ince, on the Eastern Gneiss Segment of the Baltic
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Shield (Fredén 1995). Its large portion of sand and
silt is a result of deposition close to the mouths of
the rivers during withdrawal of the glacial ice. The
soil has lower clay content than generally encoun-
tered in the plain districts of northern Gotaland
(Clason and Granstrom 1992). It is formed in the
transition area between clayey soils to the west and
sandy soils covered with forests further east, on
the western shore of lake Vittern. The area is al-
most plain and the site was subsurface drained
1937. The surrounding topography is almost plain.
The test pit is located in the centre of a more than
2 km long very gentle slope towards northwest,
without any micro relief.

Land use

At Bjarrod, annual field cropping with cereals, oil
crops, potatoes and sugar beets, with annual
ploughing, is dominating the area. The region has
a large livestock of primarily cattle and sheep and
about 40% of the fields are grown with ley. The
site at Bjdrrod has been in cultivation for about
4 000 years (Weibull 1923). Until the 1940s, the
site was in a typical farm production for the area,
with cereals, legumes, potatoes, sugar beets and
leys for dairy production. In the early 1940s, the
production was changed to an extensive sheep pro-
duction. Only limited amounts of mineral fertiliz-
ers were used during the era of dairy production
and, since 1942, no mineral fertilizers nor chemi-
cal pesticides or herbicides have been used at the
site (Gesslein 1995). Most of the farm was in per-
ennial leys when the experiments started, and there
is still perennial ley at the place of sampling. Since
only limited amounts of farmyard manure had
been applied to the soil, and the soil does not gen-
erate larger amounts of nutrients by weathering, it
was very poor in nutrients when the field experi-
ments started in 1979. At that time, soil reserves of
easily soluble P and K were 10 and 66 mg kg™ air-
dry soil, respectively, measured with the AL-meth-
od (Egnér et al. 1960). Accordingly the soil quali-
fied for the lowest class of five classes for P and
the second lowest for K. See Eriksson et al. (1997)
for the concentration criteria for the P- and K-AL
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classifications. The pH (H,0) was 5.7 in the plough
layer and higher in the subsoil, where also P-AL
was somewhat higher (Gesslein 1995). In SLU ex-
periment No R3-0058, six different organic and
conventional agricultural systems are compared
concerning effects on soil nutrient and biological
status. SLU No R3-0059 is a fertilization experi-
ment with different levels of N, P, K, and lime.

The site at Bjelkesta has been above sea level
less than 1 000 years. Annual field cropping with
cereals and annual ploughing dominates the re-
gion. Until the 1950s, the site was in a typical farm
production for the area with cereals, legumes and
leys for dairy production. In the early 1950s, the
dairy production was abandoned, the leys were re-
placed by cereals and fields in fallow land one year
and with oil crops the following year were includ-
ed in the rotation until the mid 1970s. Presently
winter wheat makes up half of the crop rotation
and barley, oats and peas the other half (Rudolphs-
son 2000, personal communication). The site is
situated close to the farm centre and has histori-
cally received large amounts of animal manure.
This has resulted in large soil reserves of P, which
has been further increased with mineral fertilizers.
The site is also fertilized with N and S. Weathering
from illitic clay minerals supplies the crops with
K. The concentrations of AL-extractable P and K
were 212 and 454 mg kg air-dry soil, respective-
ly, in 1998 (Swedish University of Agricultural
Sciences 1999). Accordingly, the soil contained
more than average for Swedish soils of P and K
and was placed in the highest P- and K-AL classes.
The pH (H,0) was 7.2 in the plough layer and
higher in the subsoil, due to lime in the parent ma-
terial, transported by the glacial ice from the north-
east. The high soil P content and its plant availabil-
ity are studied in SLU field experiment R3-3038
since the early 1980s at Bjelkesta, Gétala, and four
other sites.

The site at Goétala has been in cultivation at
least since the thirteenth century. Main crops
grown in the region are cereals, leys and potatoes
with annual ploughing, and there are also pasture-
lands and mixed forests. The site is in a typical
farm production for the area with cereals, potatoes,
and leys for dairy production. The site is situated
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close to the centre of an experimental farm and has
received large amounts of animal manure until the
experiment started in 1982, which have resulted in
large soil reserves of P (Bengtsson 2000, personal
communication). The site is now fertilized with N
only. The concentrations of AL-extractable P and
K were 286 and 230 mg kg air-dry soil, respec-
tively, in 1998, which correspond to P-AL class V
and K-AL class IV (Swedish University of Agri-
cultural Sciences 1999). The pH (H,0) was 6.3
and is maintained by using calcium nitrate as N-
fertilizer.

Climate

Mean annual air temperature at Bjdrsjolagard (1
km from Bjérrod) is 7.3°C over a 19-year period,
5.7°C at Uppsala (25 km from Bjelkesta) and 5.9°C
at Skara (2 km from Gotala) over a 30-year period
(Fig. 1). Mean annual soil temperatures at 0.5 m
depth were estimated by adding 1°C to the mean
annual air temperatures (USDA, Soil Conserva-
tion Service 1981). There is a difference of more
than 6°C between mean winter and mean summer
temperatures at all sites (Alexandersson et al.
1991). The soil temperature regime is mesic at
Bjarrod and frigid at Bjelkesta and Gotala (Soil
Survey Staff 1998). Mean annual precipitation is
764 mm at Bjarrod over a 19-year period, 544 mm
at Uppsala (Bjelkesta) and 556 mm at Skara (Gota-
la) over a 30-year period (Fig. 1). In most years,
none of the soils are dry in any part of the control
section for as long as 90 consecutive days. The soil
is on average covered by snow for about 50 days
per year at Bjdrrod and for 75-100 days per year at
Bjelkesta and Gotala (Raab and Vedin 1995). The
soil moisture regime is defined as udic at all three
sites (Soil Survey Staff 1998).

Soil profile description

Bjdrrod profile

The effective soil depth is moderately deep. The
last root channel ends at 95 cm. There are no rock
outcrops and very few coarse gravel and stones left
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Fig. 1. Mean monthly precipitation and temperature
1980-1998 at Bjirsjolagard, 1 km to the north of the Bjir-
rod sampling site (bars indicate 1 SD; registration lists at
Malmohus ldns hushéllningssillskap, Malmo, Sweden)
and 1961-1990 at Skara, 2 km west of Gotala, and at Upp-
sala, about 25 km north-east of Bjelkesta (Alexandersson
etal. 1991).

in the field, but stone fences around the field are
constructed by 20—40 cm large, subrounded stones,
consisting of diabase, strongly weathered granite
and some limestone. There were no sign of erosion
and no observable surface cracks at the sampling
time, which may depend on the wet conditions.
The soil was moist to 95 cm below the surface and
wet below that depth. The groundwater table (fresh
water) was deep and was encountered at 125 cm
depth. The soil is non-calcareous to a depth of 1 m,
below which it is strongly calcareous.

Bjelkesta profile

The effective soil depth is moderately deep. Maxi-
mum root depth is 60 cm. There are no rock out-
crops and very few to few coarse gravel of granite.
No erosion or cracks were observed at the sam-
pling time. Up to one meter deep cracks are formed
in dry summers (Rudolphsson 2000, personal com-
munication). The soil was moist to 70 cm below

the surface and wet below that depth. The ground-
water table (fresh water) was moderately deep and
was encountered at 85 cm depth. The soil is non-
calcareous to a depth of 55 cm, below which it is
moderately calcareous.

Gotala profile

The effective soil depth is moderately deep. Maxi-
mum root depth is 60 cm. There are no rock out-
crops and very little coarse gravel of gneiss, gran-
ite and clay slate. There was no sign of erosion and
no observable surface cracks at the sampling time.
The soil was moist to 90 cm below the surface and
wet below that depth. The soil is excessively
drained by nature. The groundwater table (fresh
water) was deep and was encountered at 110 cm
depth. The soil is also non-calcareous to that
depth.

Methods

The particle size analysis was performed using
sieving and the pipette sedimentation procedure
(Ljung 1987). The texture was estimated by hand
below 0.60 m in Bjirrdd and below Ap at Bjelke-
sta and Gotala. Soil pH was determined potentio-
metrically in water at a 1:5 volume ratio. Plant
available K, P, and Mg in soil were estimated by
extraction with the AL-method (0.1 M ammonium
lactate, 0.4 M acetic acid, pH 3.75) (Egnér et al.
1960). Soil N and organic C (C,) were determined
by combustion (LECO 1994). 0.1 M ammonium
oxalate (pH 3) was used for the extraction of amor-
phous Al (Al,) and Fe (Fe ) according to Buur-
man et al. (1996), but without the ‘superfloc’ flock-
ing agent. Phosphorus (P, ) was determined in the
same extracts. Cation exchange capacity (CEC)
was determined after saturation with 1 M sodium
acetate (pH 8.2), and the Na-saturated samples
were treated as for exchangeable base-cations as
described below and analysed for Na. The amounts
of exchangeable Ca, K, Mg, and Na were deter-
mined after replacement by 1 M ammonium ace-
tate (pH 7) (United States Salinity Laboratory Staff
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1954). The same amounts of Ca, K, Mg, and Na
are assumed to be extracted with the ammonium
acetate at pH 7 as was displaced by sodium acetate
at pH 8.2. All elements were determined by ICP-
AES (Perkin-Elmer 1993). For samples with 100%
base saturation, exchangeable Ca was calculated
as the difference CEC — (K + Mg + Na), because
extractable Ca in these soils originates from both
exchangeable Ca and dissolved Ca minerals. In the
classifications it was assumed that the soils contain
high activity clays (CEC = 24 cmol_kg™! clay) and
that carbonates are of primary origin. We did not
analyse for citric acid extractable P, but we as-
sumed it was = 250 mg P,O; kg in the Bjirrod
Ap-horizon because of the low P-AL and Olsen-P,
and because the crops indicated P deficiency.

The profile investigations were made on plots
nearby the field experiments. At Bjérrod, the soil
was never mineral fertilized, and at Bjelkesta and
Gotala, N and K have been added in amounts nor-
mal for the areas. The soil profile descriptions were
made according to ‘Guidelines for Soil Descrip-
tions’ (FAO 1990). Colour determinations were
made using the ‘Munsell Color Charts’ (Munsell
soil color charts 1975). The observations together
with the textural analysis are presented in Table 1.

Results and discussion

Diagnostic properties, classification and
application to land-management

Bjdrrod profile

The plough layer fulfils the requirements for a
mollic A-horizon/epipedon. In the subsoil, colour
and structure indicate the presence of a cambic ho-
rizon. Differences in carbonate and clay contents
within the subsoil are assumed to be due to litho-
logic discontinuities. Below 0.75 m in the 2Bg and
Cg horizons, rusty mottling on ped faces and along
root channels and an olive grey colour (Table 1)
inside the peds indicate a fluctuating ground water
regime. The soil did not show any colour reaction
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when using potassium ferric cyanide solution,
which would indicate reducing conditions, but we
still consider it has gleyic properties because the
colour pattern is indicating periodical influence of
a high ground water table. The soil classification
according to WRB: Rupti-Endogleyic Phacozem.
Alternatively, if the gleyic properties cannot be
justified, it will key out as a Ruptic Phaeozem. Ac-
cording to Soil Taxonomy the soil is a coarse-
loamy, mesic Oxyaquic Hapludoll.

There have been many objections against so
many Nordic soils being classified as Phacozems/
Mollisols, as these groups were initially intended
for steppe soils with naturally deep, dark A-hori-
zons/epipedons. In Denmark, 45% of the arable
soils have mollic horizons, and almost 25% are
classified as Phaecozems according to the WRB
(Krogh and Greve 1999). In Sweden, fewer arable
soils have been classified, but of those classified,
some are classified as Phaeozems/Mollisols
(Kirchmann and Eriksson 1993, Kirchmann et al.
1996, 1999). Kirchmann et al. (1999) propose a
higher C, limit than the present 0.6% for mollic
horizons formed in a cool climate to exclude some
soils from the Phaeozem/Mollisol group. In the
traditional Swedish soil classification (Ekstrom
1953) the lower limit for “humus rich” mineral soil
is 3.5% C,, which might be useful as a limit for a
mollic horizon in WRB and Soil Taxonomy too.
As a comparison, the median value of C_ content
in agricultural mineral soils in Sweden is 2.3%, or
a little higher than in the Bjirrdd soil. Approxi-
mately 13% of the Swedish agricultural mineral
soils have = 3.5% C,. These soils are mainly en-
countered in the wooded districts of southern and
central Sweden and along the coast of northern
Sweden, in areas characterized by frequent ley
production (Eriksson et al. 1997). However, it
might not be reasonable to increase the limit value
to more than 2.2% C_ for other reasons, and then a
changed C_ limit would not change the classifica-
tion of the Bjdrrod soil. Greve et al. (2000) pro-
pose the acknowledgement of hortic as a second
level qualifier in all WRB groups and the reintro-
duction of an upper P-limit of 100 ppm NaHCO;-
extractable P,O5 (= 44 mg P kg!') for mollic hori-
zons in order to allow many of the agricultural
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soils to have hortic A-horizons. However, not even
this would change the classification of the Bjéarrod
soil, because the low P content is excluding the
soil from having a hortic horizon. Olsen-P (Olsen
and Sommers 1982) was only 5.3 mg P kg!' (Bor-
ling, K. personal communication). This low P con-
tent is very rare in Swedish agricultural soils, only
encountered in soils cultivated without P fertiliza-
tion for several decades (Borling et al. 2001), and
common fertilization practice would soon raise the
P-level. A Danish spot test revealed that about two
thirds of the Danish agricultural soils contain >
250 mg citric acid extractable P,0O, kg! soil in the
plough layer (Breuning-Madsen and Jensen 1996).
The situation is probably similar in areas with in-
tensive agriculture in Sweden. Eriksson et al.
(1997) found that out of 3000 Swedish arable soils,
only 14% were in the two lowest P-AL classes,
and 50%, in southern Sweden almost all, were in
the two highest classes. Many of these soils would
probably fulfil the P criterion for a hortic horizon.
Probably, many of the soils classified as Phae-
ozems according to WRB also contain enough P to
meet the criteria for a hortic horizon, but Bjérrod,
obviously, does not. Even if the soil is not repre-
sentative in its very low P content, the Bjirrod soil
can be used as a proof that WRB mollic horizons,
also if taking the changes proposed above into ac-
count, can be formed in extensive farmland in
south Swedish climate.

We recognize four drawbacks by focusing on
the P status and using the hortic horizon to exclude
the Nordic soils with man-made mollic horizons
from being classified as Phacozems as Greve et al.
(2000) proposed. Firstly, the P content is a charac-
teristic quite easily changed by short-term human
influence, i.e. P addition will raise the P-level
enough to fulfil the P criteria on most soils, while
omitting P fertilization would lead to a decrease in
a comparably close future. Secondly, the focus on
P status will result in a distinction at highest clas-
sification level between similar soils with different
P conditions. Less fertilized soils, as the Bjarrod
soil, will be classified as Phaeozems and soils with
a high P fertilizer input as something else, e.g. hor-
tic Cambisol. Thirdly, the use of the hortic horizon
for common agricultural topsoils makes it impos-

385

sible to distinguish soils with a larger accumula-
tion of organic matter, unless introducing another
horizon. Fourthly, classification according to P sta-
tus requires an additional chemical analysis.

Krogh and Greve (1999) propose the introduc-
tion of an anthric horizon meeting all the criteria of
mollic or umbric horizons and also showing evi-
dence of disturbance by human activities by one or
more properties. The anthric horizon shall not
qualify for a Phacozem if e.g. its lower boundary is
coinciding with the ploughing depth. For Bjarrod,
the sharp lower boundary would be enough to clas-
sify an anthric horizon. We would prefer the name
agric instead of anthric, because it associates better
with the classification criteria, which are more re-
lated to agriculture specifically than to human ac-
tivities in general. The full classification of the
Bjarrdd soil according to the Krogh and Greve
proposal to WRB but with Anthric changed to Ag-
ric would be: Agric Endogleyic Cambisol (Rup-
tic). Corresponding classification with Soil Tax-
onomy would be: coarse loamy, mesic Agric Oxi-
aquic Eutrudept. We think that these classifications
summarize the most important characters of the
Bjirrod soil in a better way than the present clas-
sification systems. The low fertility is not recog-
nized, but fertilizing and liming could easily
change that. The proposal of Krogh and Greve
(1999) are focusing on features verifying that the
soil would not have a mollic horizon or be a Phae-
ozem without agricultural influence. In this and
probably many other Nordic soils, the depth crite-
ria of a mollic horizon would not have been met
without the deep mixing of the soil by farming
practices.

Bjelkesta profile

The plough layer at Bjelkesta is classified as an
ochric A-horizon/epipedon, because the colour is a
little too light to fulfil the criteria of a mollic hori-
zon. The soil has reductomorphic properties within
50 cm from the surface, indicated by the olive grey
matrix, not changing upon air-exposure, and strong
brown colour along cracks and root channels (Ta-
ble 1). The B-horizon is classified as cambic with
Gleyic properties/Aquic conditions due to the col-
ours, C content and distribution, and the soil struc-
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ture. The base saturation is 100% from 0.33 m
down to the groundwater level at 0.85 m and we
assume it to be the same for at least another 15 cm
downwards. The Ap has a 75% base saturation,
which is not enough to classify the soil as Hyper-
eutric. Instead the soil is an Orthieutric Gleysol ac-
cording to WRB. According to Soil Taxonomy, it
is a fine, frigid Typic Endoaquept. The classifica-
tion seems useful except for that the valuable in-
formation about the characteristically high fertility
due to the high base saturation is not recognized in
the Soil Taxonomy. Our proposal is to add a Eutric
subgroup to the Endoaquepts, which would result
in a classification of the Bjelkesta soil as a fine,
frigid Eutric Endoaquept. The characteristic of
deep cracks being formed at dry conditions is not
considered in either of the systems as no vertic ho-
rizon can be classified. The risk of losses of par-
ticulate P through preferential flow in macropores
has been found to be large in clayey soils (Skaggs
et al. 1994, Djodjic et al. 1999). Most soil particles
found in the drainage water originate from the
plough layer (@ygarden et al. 1997, Djodjic et al.
1999), so in soils such as this, with high P content
in Ap, the losses can be considerable. We think that
it would be useful if a soil’s ability to form cracks
could be included in the name as a lower level
unit.

Gotala profile

The topsoil is classified as an ochric A-horizon/
epipedon. No other diagnostic horizons could be
found using a strict application of WRB or Soil
Taxonomy. Hence, according to WRB the soil is
classified as a Haplic Arenosol, and according to
Soil Taxonomy: frigid Typic Udipsamment. The
criteria of soil colour, pH < 5.9 and C, = 0.6% for
spodic horizons were met in the Bs1 (0.3-0.4 m)
and Bs3 (0.6-0.8 m) layers (Table 1). The C, con-
tent was too low in the 0.4-0.6 m layer, and below
0.8 m, the colour criteria for a spodic horizon were
not met. The pH was 5.9 or lower in all B-horizons
and, hence, fulfilling the criterion of the spodic ho-
rizon but with no margin. The pH-criterion was
proposed by Greve et al. (2000) to be left out in
agricultural soils because liming can easily change
pH, and we think it would be appropriate. If there
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had been an E-horizon above Bsl, it would have
been enough to classify it as a spodic horizon ac-
cording to Soil Taxonomy. If the albic horizon is
missing, as in this soil where it has probably been
mixed into Ap by tilling practices, further charac-
teristics are needed to fulfil the criteria of a spodic
horizon. This soil does not contain enough oxalate
extractable Al and Fe for a spodic horizon any-
where in the profile, and it contains even more
oxalate extractable Al and Fe in Ap than in the B
horizon (Table 1). It does not fulfil any of the alter-
native criteria in Soil Taxonomy either and, hence,
is no Podzol/Spodosol even if accepting the chang-
es proposed by Greve et al. (2000). An albic hori-
zon is a good indicator of eluviation/illuviation
processes, but the use of different criteria in Soil
Taxonomy for soils with or without an albic hori-
zon do in practice mean that a further developed
podzolization is required for cultivated soils, where
the albic horizon has been mixed into Ap, com-
pared to corresponding undisturbed soils, to recog-
nize a horizon as spodic. The Gotala soil would
probably develop an albic horizon with time if left
to nature. Thereby, a spodic horizon would be de-
fined according to Soil Taxonomy, and also ac-
cording to the WRB with the changes proposed by
Greve et al. (2000). We find it correct that the
Gotala soil cannot be classified as a Podzol, mainly
because the content of oxalate extractable Al and
Fe is not high enough, but it is unfortunate that
“close to spodic” horizons such as this cannot be
recognized with the present classification systems.
In the Soil Taxonomy key of Udipsamments, there
is a possibility to key out a Spodic Udipsamment
with lower requirements of podzolization, with
ammonium oxalate extractable Al + Y2 Fe = 0.25%,
expressed on weight basis. The Gotala B-horizons
are fulfilling this criterion, but the requirement of
half that amount or less in the overlying horizon is
not fulfilled as the albic horizon is missing.

We propose that the Soil Taxonomy require-
ment for Spodic Udipsamments of half the amount
of ammonium oxalate extractable Al + Y2 Fe and
the corresponding optical density of the oxalate
extract (ODOE) value in the overlying horizon is
omitted if the overlaying horizon is an Ap that is
mixed by tilling practices, and if the colour and C_
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criteria of a spodic horizon are met. We also pro-
pose the introduction of spodic as a lower level
unit for the Arenosols of WRB, with lower require-
ments as related above. Taking these changes into
account, the new revised WRB classification of
Gotala would be: Spodic Arenosol, and revised
Soil Taxonomy: frigid Spodic Udipsamment. We
think that this classification would improve the un-
derstanding of the character of this soil compared
to the existing systems. Knowledge about the rath-
er high content of amorphous Al and Fe (in combi-
nation with the P status of the soil) is valuable
when assessing the risk of P leakage, which other-
wise can be high in a coarse textured soil such as
this.

When P_, Fe  and Al are expressed in mol
per kg of soil, the ratio P /a(Al  + Fe ) will in-
dicate the degree of P saturation. A o-value of 0.5
was found accurate for acid, sandy soils in central
Europe, but may vary depending on soil and labo-
ratory method used (Campillo et al. 1999). Young
and less weathered soils in the Nordic countries
often contain Ca-phosphates (Peltovuori et al.
2002), which are dissolved by the oxalate extract,
and thereby the quantity of P sorbed to amorphous
Al and Fe oxy-hydroxides is overestimated in
these soils. However, the Gotala soil is an acid and
sandy soil, and Borggaard et al. (1990) found the
value 0.5 to overestimate the P adsorption capacity
when applied on some acid, sandy soils in Den-
mark. Breeuwsma and Silva (1992) assessed a P
saturation of 25% as the critical limit in Dutch
soils, above which P contents =0.1 mg P I'! in the
leachate often were encountered. This value is
considered a critical level for the water quality in
the Netherlands. Using a = 0.5 estimates the P
saturation to 74% in Ap and 56% in upper B at
Gotala, which is well above the 25%-limit and a
very high degree of saturation. This is a conse-
quence of high input of farmyard manure. High
content of P in 0.01M CaCl, extracts of the soil
(Slanberg, unpublished data) also confirms that
this soil is at high risk of leaking P. The P satura-
tion of Gotala Ap is high in comparison with the
values of 24-38% found in a screening of Danish
soils (Rubak et al. 2000), where the highest values
were found in sandy soils. The P saturation of the
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Gotala Bsl (0.3-0.4 m) was higher than the 22—
26% that was found in the 0.25-0.50 m layers of
the Danish study, probably partly due to the shal-
lower sampling depth at Gotala, but anyhow re-
markable.

Conclusions

Soil classification according to the present systems
is misleading for certain soils such as man-made
Phaeozems/Mollisols, in this study exemplified by
the Bjdrrod soil. We also encountered problems
with relevant information being omitted in the
classifications of Bjelkesta, where the characteris-
tically high base saturation was not recognized in
Soil Taxonomy, and of Gotala, where the obvious
spodic character, not enough developed to fulfil
the criteria of a spodic horizon, was left out in the
names in both classification systems. On basis of
the three Swedish arable soils we classified, we
propose the following changes to be applied in
both WRB and Soil Taxonomy:

We agree with Kirchmann et al. (1999) that the
C,-limit for a mollic horizon should be in-
creased considerably to better agree with the
general description of a “moderate to high con-
tent of organic matter” (FAO 1998). From a
Swedish point of view, a limit of 3.5% C,
would be suitable. Maybe this would only be
suitable for soils formed in a cool climate.

We support the proposal of Krogh and Greve
(1999) of the introduction of an Anthric hori-
zon and the criteria for this; meeting all the re-
quirements for a mollic or umbric horizon and
also showing evidence of human disturbance
by e.g. a sharp lower boundary. The Anthric
horizon shall not qualify for a Phacozem. We
would prefer the name Agric instead of Anthric.
We think this can also be applied to Soil Tax-
onomy.

Omission of the requirement for a spodic hori-
zon to have a content of half the Al + Y2 Fe
and corresponding ODOE-values in the over-
lying horizon, when this is an Ap that is mixed
by tilling practices.
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Introduction of spodic as a lower level unit for
the Arenosols of WRB with lower criteria as in
Soil Taxonomy with Al + %2 Fe , = 0.25%
and, in both WRB and Soil Taxonomy, with no
requirement of half that amount in the overly-
ing horizon when this is an Ap as above.
Addition of a eutric subgroup to the En-
doaquepts in Soil Taxonomy.

Adopting these changes to the WRB and Soil
Taxonomy would increase the credibility of the in-
ternational classification systems for Swedish soils
and make them more useful as land assessment
tools.

Intensified soil classification worldwide ac-
cording to WRB and Soil Taxonomy renders com-
parisons and evaluations possible on a global scale.
However, the largest benefits of uniform classifi-
cation criteria may be obtained by policy makers at
aregional level such as the EU, where social plan-
ning and environmental management could be
based on characteristics and distribution of differ-
ent soils. For example by reserving good agricul-
tural soils from exploitation and by adapting P fer-
tilization to actual soils in order to reduce P leach-
ing and eutrophication of surface waters.
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