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Soil Ecological Processes in Vegetation Patches
ofWell Drained Permafrost Affected Sites

(Kangerlussuaq - West Greenland)

by Ulrich Ozols and Gabriele BroII'

Summary: In parts of continental interior areas of West Greenland's fjords,
xerocryic vegetation is characteristic and influences soil properties. The
objective of the present study was to compare soil chemical and soil ecolo
gical properties as wel! as soil genesis influenced by three different types of
continental arctic climax vegetation (Kobresia myosuroides, Salix glauca and
Betula nana) close to the head of Kangerlussuaq (Sondre Strornfjord). The
polypedon under the vegetation mosaic of Kobresia tnyosuroides meadow,
Sa!ix glauca shrubs and Betula nana heath was formed by Orthic Turbic
Dystric Cryosols as wel! as by Orthic Static Dystric Cryosols. Both subgroups
could bc divided into three different pedons. At Salix sites, the Turbic and
Static subgroups were specified by nutrient and humus enrichment associated
with high arnounts of fibric and crustic organic material. At the Betula sites
Orthic Turbic Dystric Cryosols and Orthic Static Dystric Cryosols are
comrnon. They are low in humus content and possess translocation potential.
The grass-like Kobresia forms nutrient- and humus-rich A horizons.
Compared to Salix sites, however, the amount of fibric material is low, Diffe
rences in the chemical properties (pH, CEC and soil solution) are mainly
based on the quality of the different plant residues. Soil reaction, CEC and the
properties of the equilibrium soil pore solution at Salix and Kobresia sites are
evidence of melanisation.

Zusammenfassung: Weite Teile der inneren Bereiche großer Fjorde in West
grönland werden von einer xero-eryophytischen Vegetation bestimmt, die
ihrerseits bodenökologische Prozesse beeinflusst. In der vorliegenden Un
tersuchung werden die bodenchemischen und boden ökologischen Eigen
schaften unterschiedlicher arktisch-kontinentaler Schlussgescl!schaften aus
Kobresia myosuroides, Salix glauca und Betula nana am inneren Fjordende
des Kangerlussuaq (Sondre Stromfjord) unter Berücksichtigung der Boden
genese untersucht. Nach den vorliegenden Ergebnissen wird die Bodengesel!
schaft innerhalb des Vegetationsmosaiks aus Kobresia myosliroides-Rasen,
Salix glallca-GebÜschen und Betula l1al1a-Heiden aus Orthic Turbie Dystric
Cryosols und aus Orthic Static Dystric Cryosols aufgebaut. Die Bodentypen
können pedogenctisch weiter differenziert werden. Unter den Salix-Gebü
sehen sind beide Untergruppen durch Nährstoff- und Humusanreicherung so
wie durch hohe Gehalte aus faserigem, fermentiertem und verkrustetem
organischem Material gekennzeichnet. Unter Betuia nana sind Orthic Dystrie
Turbic Cryosols mit geringem Humusanteil und einem gewissen Verlage
rungspotential verbreitet. Die grasartige Kobresia bildet humose und nähr
stoffreiche A-Horizonte, die aber, verglichen mit denen unter Salix, geringere
Anteile an faserigem Material enthalten, Die bodenchemischen Unterschiede
in pH, KAK und in der Bodenlösung werden maßgeblich durch die Eigen
schaften der jeweiligen Pflanzenreste beeinflusst. Die Bodenreaktion, die
KAK sowie die Eigenschaften der Gleichgewichtsboden-Porenlösung in den
Salix- und Kobresia-Beständen weisen auf Melanisierungsprozesse hin,

INTRODUCTION

Many studies on arctic and subarctic ecosysterns in general
were published (e.g. CHAPIN & KÖRNER 1995, REYNOLDS &
TENHUNEN 1996) as well as many regional studies (e.g.
BLÜMEL 1992, 1999). A lot of investigations deal with the rela
tionship between single factors such as soil acidity or soil
moisture and vegetation or single plant species (MATTHES
SEARS et aI. 1988, GIBLIN et aI. 1991, SHAVER et aI. 1996).
Also, attention has been paid to studies on the influence of

, Abteilung für Geo- und Agrarökologic, ISPA der Universität Vechta, Postfach 1553,
D-49364 Vechta, Germany; <gbroll@ispa.lIni-vcchta,de>

Manuscript receivcd 10 Ocrober 2003, accepted 12 February 2004

abiotic factors on ecological processes (e,g. MARION & BLACK
1987, HARRIS 1987, 1998, EDWARDS & CRESSER 1992, NADEL
HOFFER et al. 1992). Moreover, the influence of plants on soil
properties has been discussed in many papers (HOBBIE 1995).
HANSEN (1969), TEDROW (1970) as well as BROLL (1994),
BROLL et aI. (1999) highlighted the relationship between
subarctic ericoid and liehen vegetation and different soil
properties. FREDSKILD & HOLT (1993) demonstrated the influ
ence of Poa pratensis on soil chemical properties at head of
Kangerlussuaq (Sondre Stromfjord). Also, UGOLINI (1986)
stressed the influence of herbaceous plants on arctic soils.
However, there is a lack in studies on the relationship between
plants and soil at xerocryic sites in continental arctic areas.
Therefore, the objective ofthe present study is to compare soil
chemical and soil ecological properties as weil as soil genesis
influenced by three different types of continental arctic climax
vegetation (Kobresia myosuroides, Salix glauca and Betula
nana) near Kangerlussuaq (Sondre Stromfjord) in West Green
land.

STUDY AREA AND STUDY SITES

The area at head of Kangerlussuaq (Fig. I, 67°03' N, 52°30'
W) is controlled by an arctic continental climate with annual
air temperatures of -6 "C, In this part ofWest Greenland mean
daily summer temperature is about 10 "C. The coldest month
is February with a daily mean temperature of about -22 "C,
Annual precipitation is 138 mm while summer precipitation is
about 58 mm. Humidity ranges between 78 % in winter and 62
% in summer (1980-1990, unpublished data from weather
station WMO 0423 I at Kangerlussuaq, Danish Institute of
Meteorology, Copenhagen).

The study sites are located cIose to Mount Keglen about 20 km
west of the Russells glacier (Fig, I). Mean annual soil tempe
rature at 50 cm depth (MAST) is -2.3 °C and represents the
"very cold soil temperature regime" (SOlL CLASSIFICATION
WORKING GROUP 1998, OZOLS 2002). Strong easterly winds
are common, often resulting in dust storms and relocation of
sediments in all parts of the valley (DIJKMANS et a1. 1989,
DlJKMANS & TÖRNQUIST 1991). Usually, snow cover does not
exceed 20 cm, and at wind swept topography snow is almost
completely rernoved, Frost penetrates into the soil from
December to April and lowers soil temperature almost to -10
°C at 100 cm depth (OZOLS 2002), The study area is comple
tely underlain by permafrost (BRoWN et al. 1997). Usually,
permafrost does not occur within the upper 2 m at the old
riverbanks and morainal ridges, above 120 m elevation,
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Fig. 1: Study area Mount Keglen, Kangerlussuaq, Sondre Stromfjord. West Greenland.

Abb. 1: Untersuchungsstandorte am Keglen, Kangcrlussuaq, Sondre Stromfjord. Westgrönland.

northeast of Mount Keglen (STÄBLEIN 1975, TENBRING 1975,
OZOLS 2002). On the level upper terraces south of Mount
Keglen, on the eastern unnamed ridge, and on the valley
terraces, permafrost was found between 100 and 120 cm
depth. Patterned ground is common, but only some is still
active.

The mountains and the east-west oriented ridges of about 500
m consist mainly of Precambrian gneiss. Around Mount
Keglen, mountain slopes are covered by till. Morainal ridges,
particularly on south facing slopes, are heavily influenced by
fluvial processes. The valley floor is covered by till mixed with
saprolite, outwash and eolian sediment. Soil parent material
was derived from outwash plains located at Sandflugtdalen
sandsheet (DUKMANS & TÖRNQUIST 1991). Soil texture is loam
containing high portion of coarse silt. The common Cryosols
in this area can be divided into the Static and Turbic Great
Group. Many of the Turbic Cryosols within the study area
show evidence of strong cryoturbation and strong frost dyna
mies, Most of them, however, are entering a static phase. At
least cryoturbation activity will be reduced because of the
good recent drainage conditions. Vegetation of the valley is
closely related to the Arctic Shrub Zone (DANIELS et al. 2000).
The xerophytic and xerocryophytic non acidic shrub-herb
grass vegetation, mainly related to the Carici rupestris-Kobre
sietea bellardii, and the Loiseleurio- Vaccinietea, inc1udes the
zonal Betulo-Salicetum glaucae ass. prov (DANIELS &
WILHELMS 2002). At south facing slopes, the thermophytic
Arabido holboellii-Caricetum supinae is quite common.
Detailed descriptions of vegetation types at head of Sondre
Stromfjord are given by BÖCHER (1954, 1963) and HOLT
(1983).
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The vegetation mosaic of vigorous Kobresia ntyosuroides
stands, scattered Salix glauca shrubs and Betula nana stands
cover the old river banks between Mount Keglen and Sand
flugtdalen sand sheet at an elevation of 80-140 m (Fig. 2). The
study sites are characterized by level 01' very slightly sloping
topography. Soil depth ranges between 35 cm and 60 cm.
Coarse grained sand (outwash) often forms the subsoil layer.
In accordance to permafrost distribution and soil moisture,
three sites were selected. The sites differ first in the presence
of permafrost within 100-140 cm depth and second in soil
moisture. One site (S1) is free of permafrost down to 200 cm,
two ofthe three study sites show permafrost (S2, S3) with low
ice content. At site S3, soil moisture is higher than at SI and
S2. Small earth hummocks, only 30 cm in diameter and up to
25 cm high, occur close to the study sites.

METHODS

Soils were described according to the Canadian system of soil
c1assification (SOlL CLASSIFICATlON WORKING GROUP 1998).
At the three study sites (S I, S2, S3) sampIes were taken at four
plots on each Kobresia-, Salix- and Betula stand (plots at each
stand n = 12). Ten soil monoliths have been randomly taken in
each plot (monolith, n = 40, Fig. 3). Each soil monolith was
split into sections of 0-2 cm, 2-4 cm and 4-8 cm. The sampIes
of the sections of each plot were homogenized and air dried in
the field. Additionally, sampIes from each horizon in pits of
each stand have been collected to study the influence of the
different vegetation cover on soil properties such as bulk
density, soil water content and chemical properties by depth.
Soil profiles were described for each study site along transects
(2-4 m length) from Kobresia stands into Salix and into Betula
stands (Fig. 3).



Fig. 3: Sampling pattern. At the three study sites sampies were taken at four
plots on each Kobresia. Salix and Betula stand.

Fig. 2: Kobresia meadow and shrub communities at
Keglen area, head of Kangerlussuaq, West Greenland. Ju
Iy 1998

Abb. 2: Kobresia-Rasen und Gebüschgesellschaften im
Gebiet des Keglen, inneres Fjordende. Kangerlussuaq,
Westgränland Juli 1998.

RESULTS AND DISCUSSION

The vegetation of Kobresia tnyosuroides meadow and isolated
low shrubs of Salix glauca and Betula nana communities
together form the present vegetation mosaic (Figs. 2 and 4).
The strong continental climate, microtopography, depth to
bedrock and permafrost are factors controlling these habitats.
Moreover, wind strongly affects the distribution pattern of
Salix and Betula stands within the Kobresia meadows. The
Kobresia community is weil developed on flat to slightly
convex windswept topography. Isolated Salix stands often
grow on shallow soils and in wind sheltered locations on small
terraces. As a rule, the willows show wind-sheared compacted
canopies, oriented south-east. On the leeward sides, the stands
are less compact. Often, Betula stands occur in depressions as
weil. The occurrence of some mosses (Aulacomnium
turgidum, Hylocomium splendens, Sanionia unicinata, Raco
mitrium heterostichum, Tortula rualis, Politrichum strictum) in
channels and gullies between Kobresia tussocks indicate more
humid conditions due to long-Iasting snow cover. On dry sites,
the moss communities often become parched from late July to
August, when soilmoisture is very low.

These sampIes were taken the last day of the sampling period
and were frozen. In the laboratory these sampIes were non
stop percolated with 200 ml deionised water for 48 h with a
flow through of 0,9-1 ml min'. The solutions were analysed of
pH, Fe, AI, Mn, Ca, Mg, K, Na (c.f. soil analysis). Electrolytic
conductivity was measured by WTW LF-92, NH, by
AQUATEC SYSTEM TECATOR 1990. TOC was determined
by HERAEUS LIQUI TOC ANALYSATOR and the anions CI
and SO/' by an Ion Cromatograph (BIOTRONIC IC 1000).

Vegetation and environmental conditions

Kobresia is closely adapted to the unfavourable conditions at
these very cold wind sheltered sites. The translucency of the
shallow snow cover as weil as the high tolerance of drifting
snow during winter and in early spring make Kobresia myo
suroides very successful at such sites (BELL & Buss 1979).
The authors pointed out that Kobresia's success can be ex
plained by leaf elongation already occurring at temperatures

lX"XXllx..x..:J Betula

0-2rn11 Sampie

Kobresia

Plots

r-:-l
~

Abb. 3: Probennahme. In den drei Untersuchungsgebieten wurden in jeweils
vier "plots" der Kobresia-, Salix- und Bet,tla-Bestände Proben genommen.

All solid phase analyses were perforrned on the <2 rnrn frac
tion of air-dried sarnples. Soil pH was rneasured in 0.01 M
CaCI, with a glass electrode (INGOLD). An elemental
analyzer (CARLO ERBA NA 1500) was used for measuring
organic carbon and total nitrogen. Extractable iron and alumi
nium were determined by the dithionite-citrate method
(MEHRA & JACKSON 1960) and the acid ammonium oxalate
(SCHWERTMANN 1959) method. Exchangeable cations were
determined by IM NH40Ac extract. Fe, AI, Ca, Mg, K, Na
were analysed by atomic-absorption spectroskopy (AAS,
PERKIN ELMER 1100 B).

The soil solution was experimentally taken as the equilibrium
soil pore solution (ESPS) in laboratory according to HILDE
BRAND (1986). Therefore, 34 undisturbed fresh soil sampIes
were taken with metal cylinders (100 cm') from 0-5 cm depth.
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Fig. 4: Vegetation mosaic of Kobresia
meadow and shrub communities at site
SI.

Abb. 4: Das Vegetationsmosaik aus
Kobresia-Rasen und Strauchbeständen
am Untersuchungsstandort SI.

of -4°C and water potential above -2.0 MPa in spring. In ad
dition, when water potential is low (e.g., in July and August)
leaf wilking reduees transpiration. BÖCHER (1954) and COOPER
& SANDERSON (1997) emphasize the importanee of high soil
moisture for development of these dense Kobresia eommuni
ties. On the footslopes as weIl as on the toeslopes the study
sites are influeneed by meltwater and interflow in spring. In
1998 and 1999 soil water eontent of the topsoil deereased from
34 % in June to 20 % in August (OZOLS 2002). Salix survived
the dry summer due to its extended and deep root system.
Only the height of Salix shrub is limited by the strong wind.
Therefore, Betula nana mostly grows in small depressions as
weIl as at footslopes where soil moisture is eontrolled by inter
flow and run-off. At flat, more windswept and dry loeations
Betula stands deerease and will soon be outcompeted by
Kobresia. This succession may explain the low pH values (pH
4-5) at local sites in Kobresia meadows as it was observed in
Iceland at similar stands (OHBA 1974). The long period of
development of the dense Kobresia meadows (BELL & Buss
1979), the age of the Salix glauca (140 yr) and Betula nana
(70-90 yr) shrubs (OZOLS 2002), and the rejuvenation of these
stands by root suckers and layering are responsible for the
eontinuous vegetation cover and undisturbed soil develop
ment.

Soil plant relations

In most eases, soils associated with the investigated vegeta
tion mosaic have dark and mostly undisturbed topsoils. The B
horizons loeated below about 12 cm depth, are weIl brunified.
Irregular broken and disturbed buried Ahy and Bmy horizons
are common. In Figure 5 a transect from a Betula nana stand
through a Kobresia myosuroides community to a Salix glauca
shrub eommunity is shown. The almost eonstant abiotie
factors on the old river banks and the widespread stable
Kobresia meadows restriet shrub and willow development (see
vegetation and environmental conditions; BELL & Buss 1979),
ereating pedons associated with Kobresia, Salix and Betula
plant eommunities (Figs. 6, 10, 11 and 12). Indieators for the
obvious diversity in pedons associated with these different
vegetation are soil organic matter, soil reaction and cation
exchange capacity.
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The chemical and morphological properties of the different
humus forrns associated with the present vegetation mosaie
have been analysed by MAAS (2000). Between the graminoid
Kobresia and the shrubs Betula and Salix the differences in
humus fonns are obvious. A very dark, weakly acid, medium
to humus-rich topsoil (up to 12-15 cm thiek) has been devel
oped under Kobresia stands. From Niwot Ridge (Colorado
Front Range) it is known that Kobresia ntyosuroides produces
a very high below-ground biomass and low above-ground
biomass (Frsk et al. 1998). At our present study sites a simi1ar
ratio between below-ground and above-ground biomass ex
ists. As a result a Rhizomull with granular aggregates up to 2
cm in diameter has formed. At some sites Ah horizons con
tain lenses ofblaek detritus and small grey minerallayers. The
subsoils exhibit dark brown acid horizons formed in quartz
rieh parent material. Permafrost deeper than 100 cm was found
in areas on ti11. A very aeid Moder humus, composed primarily
of partially decomposed plant remains, oecurs under Betula
stands. When compared to topsoils associated with Salix and
Kobresia, these topsoi1s are poor in organic carbon and
nitrogen and, therefore, the aggregates contain low amounts of
fine humus substances. Diffuse horizon boundaries and dark
spotted horizons in the brunified subsoil indicate 1eaching of
dissolved organie carbon (Fig. 5). Neutral to very weak1y acid
Moders composed of recognizable plant residues, high content
of humified fine substances, as weIl as fine crustie organic
material were associated with Salix stands. Thus, Ah horizons
are composed of high amounts of very fine and fibric organic
matter dislocated by frost churning. The organo-mineralic
aggregates with grain sizes up to 2 cm in diameter eontain
more fibric material, leaf residues and decaying wood than
those assoeiated with Kobresia.

Soil chemical properties

Analyses of topsoil seetions (Figs. 6, 7 and 8 ) reflect the dif
ferent morphologica1 features. In soils assoeiated with Kobre
sia meadows, the uppermost section ofthe topsoil (0-2 cm) is
enriched by organic carbon (Cmg) and nitrogen (N) (Fig. 6).
The lower seetions contain moderate organic matter content,
similar to eomparable seetions of topsoi1s associated with
Betula. The topsoi1 associated with Salix is characterized by
enrichrnent of organic matter in all seetions. Nitrogen is lowest
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Fig. 6: Organic carbon (C",,)and total nitrogen (N,) in topsoil sections, 0-8 cm,
covered by Kobresia, Salix and Bell/la.

Fig, 8: Cation exchange capacity (CEC) and exchangeable cations (EC) in the
topsoil sections ofpee!ons at 0-8 cm depth, covered by Kobresia, Salix and Be
tula.

Abb, 6: Organischer Kohlenstoff und Gesamtstickstoff im Oberboden, 0-8
cm, unter Kobresia, Salix une! Bell/la. Abb. 8: Kationenaustauschkapazität (KAK) und Austauschbare Kationen

(AK) im Oberboden in 0-8 cm Tiefe von Kobresia-, Salix- und Betula-Suuv
dorten.

Abb, 7: Bodenreaktion (pB CaCI,) im Oberboden, 0-8 cm, an Kobresia-,
Salix- und Bell/la-Standorten.

Fig, 7: Soil acidity (pl-I CaCI,) in the topsoil sections of pcdons, 0-8 cm depth,
covered by Kobresia, Salix and Bell/la.

The pB characteristics show clear differences between the
pedons (Fig. 7), In the upper layers of the Ah horizons under
Kobresia and Salix stands pB decreases by depth whereas
under Betula stands pB increases. Under Salix and Kobresia
stands the Ah horizons are weakly to strong acid. Never
theless, in relation to the properties of the parent material only
weak acidification has taken place ancl, in contrast to the very
topsoil, no acidification gradient exists. In pedons under both
stands the chemical constitution of dead plant residues from
Salix and Kobresia may prevent leaching and intense acidi
fication. The steep acidification gradient in the uppermost
topsoiI of Betula stands (Fig. 7) derived from organic acids
released from the Betula litter (e.g, CHAPIN et al. 1986, DE
GROOT et al. 1997). The acidification formed strong dystric
soiI properties marked by low CEC (Fig. 8) and great leach
ing potential (Fig. 9, Tab. 1 and Tab. 2).

The unbuffered CEC in Ah horizons of the present vegetation
mosaic of Salix, Kobresia and Betula mainly ranges between
13 and 30 cmol, kg' reflecting the properties of the relative
coarse grained soil texture and the different humus properties
(Fig. 8). Bighest CEC, approximatcly about 30 cmol, kg', and
a single maximum about 56 cmol, kg' were measured under
moist Salix stands (S3) as result ofthe high humus content and
the very weakly acid to neutral soiI reaction. The unbuffered
CEC is lower but comparable to the buffered CEC of approxi
mately 18-23 cmol, kg under Kobresia stands (OZOLS 2002).
SoiIs under both stands show a small decrease in the total of
exchangeable cations (EC), especially in the section of 4-8 cm.
In soils under Betula stands CEC is lowest and EC increases
from about 8 cmol, kg' to an EC of 12 cmol, kg' in the depth
of 4-8 cm. In case of Kobresia and Salix stands the eolian silt
deposition causes a buffering effect and indicates favourable
humification and stable humic substances. The relative low
CEC at the very topsoiI under Betula stands cornpared to Salix
and Kobresia stands points to cation loss with high AI and Fe
release. The analyses of experimental equilibrium soil pore
solution (ESPS Tabs. 1-3) support this.

-- Kobresia

___ Salix

5,3

I
I
I

,.._1-
I

pH (CaC~)

4,7 4,9 5,14,5

6

7

8

2

3

{3 4

~ 5
Q)
"0

under Betula stands. The very dark topsoiI under Kobresia
meadows indicate strong grassland effects, i.e, high nitrogen
content (Nt), narrow CIN ratios and high soil biological
activity (MAAS 2000). In many areas of the Arctic and Sub
arctic very dark topsoil is associated with grass-Iike com
munities (e.g. UGOLINI 1986). Ah horizons enriched in
partially decomposed plant remains are typical for continental
arctic regions (e.g. EVERETT et al. 1981, UGOLINI 1986, WEBER
& BLÜMEL 1994, CHERNIAKHOVSKY 1995). Compared to
Kobresia sites, under Betula stands decomposition of organic
matter is very slow and limited by low soil moisture, Under
Salix stands the decomposition rate ofthe surface layers is also
low. However, as dead Salix leaves crush very easily, fine and
very fine plant remains are easily incorporated into the Ah
horizon by frost churning,
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Kobresia (n = 9) Salix (n = 11) Betula (n =9)
mean min. max. mean min. max. mean min. max

pH 6.2 5.3 6.8 5.9 5.2 6.2 5.4 5.0 6.2

]lS (cm") 196.0 127.0 222.0 98.0 62.0 147.0 173.0 101.0 312.0
TOC(mg 1'1) 23.0 12.0 41.0 14.0 5.0 27.0 32.0 11.0 73.0
NH/(mg fl) 8.0 6.0 10.0 9.0 5.0 14.0 5.0 3.0 8.0

Ca (rng l') 11.0 5.9 19.3 7.0 3.0 12.0 11.0 4.2 22.3

Mg (mg fl) 10.0 9.0 12.0 5.0 2.0 8.0 8.1 4.3 17.0
K (mg fl) 28.0 14.0 50.0 13.0 5.5 25.0 18.0 6.4 42.0
Na (mg fl) 9.0 4.0 13.0 4.0 1.8 8.0 6.3 2.2 15.0

Fe (mg fl) 2.0 0.6 4.2 0.9 0.3 1.4 3.8 1.4 7.0

AI (mg 1"1) 0.9 0.3 2.3 0.5 0.1 1.2 2.3 1.2 5.3

Tab. 1: Chernical charactcristies of equilibrium soilporesolution (ESPS) from different vegetation pattern.

Tab. 1: Chemische Zusammcnsetzung derGleiehgewiehts-Bodenporenlösung (GBPL) ausden verschiedenen Vegetationsbeständcn
(Mittel-. Minimum- undMaximumwerte).

Stand pH ]lS TOC Ca Mg K Na AI Fe

Salb: 0.3 27.0 6.1 2.2 1.8 6.4 1.9 0.4 0.5
Kobresia 0.6 38.6 12.2 4.5 3.8 11.9 3.0 0.7 1.7
Betula 0.3 75.4 22.4 6.5 5.2 11.3 4.3 1.9 2.4

Tab. 2: Standard deviation of ionconcentration in equilibrium soil pore solution (ESPS).

Tab. 2: Standardabweichung derIonenkonzentration in derGleichgewiehts-Bodenporenlösung (GBPL).

Ca/AI Mg/AI Ca/H Ca/Mg Ca/K Mg/K C/AI C/(AI+Fe) Al/Fe C/K C/CaC/H

Salix 7.0 8.0 0.3 0.8 1.0 1.0 46.0 28.0 1.6 7.0 7.0 5.0
Kobresia 4.0 6.0 0.2 0.7 0.7 1.0 31.0 22.0 2.4 5.0 0.1 3.0

Betula 2.0 3.0 0.1 0.8 0.8 1.0 21.0 14.0 2.1 8.0 0.1 7.0

Tab. 3: Molar quotient ofequilibrium soil pore solution (ESPS).

Tab. 3: Mol-Verhältniszahlen in derGleichgewichts-Bodenporenlösung (GBPL).

Apparent differences in the equilibrium soil pore solutions of
the pedons are shown by conductivity, TOC and ion concen
tration (Tab. 1). Variations in conductivity, TOC and ion con
centrations in ESPS (Tab. 2) probably depend on plant
communities, site variability, and the permafrost regime. The
different amounts of cations (Tab. 1) and the increasing molar
ratio of Ca/Al, Mg/Al and C/Ca from soils associated with
Betula-, Kobresia- or Salix stands (Tab. 3) reflect increasing
organic complexants and mobility of acid cations in soil solu
tion inversely proportional related to soil organic carbon (Co,J
content. Compared to the soils under Betula and Kobresi~l
stands the wide ratio of molar Ca/Al, and C/Ca of the ESPS of
Salix results from the removal ofbi- and trivalent cations from
solution into insoluble forrns caused by relative high pH. This
process is enhanced by organic matter and recent sediment
deposition. The high amounts of soluble organics (Tab. 1) in
ESPS ofsoils associated with Kobresia and Betula stands indi
cate a relationship first to the low content of humic substances
and second to the different degree of humification in these
stands (OZOLS 2002). Compared to the ESPS from topsoil
under Kobresia and Salix stands, at Betula stands ESPS is
enriched in metal complexes mainly with Al complexants, as
is indicated by the wide Al/Fe and the narrow C/Al and
C/(Al+Fe) ratios in the equilibrium soil pore solution (Tab. 3).

The leaching and migration potential of metal-organic com
plexes is i11ustrated by Figure 9. The correlation (R' = 0.9)
between water soluble organic carbon and the acid metal ions
confirms the strong dystric properties at Betula stands. At Ko
bresia sites the soil pore solution probably contain high
amounts of soluble organic carbon (TOC). Compared to
Betula stands, no acidification, CEC decrease and correlation
between TOC and free or complexed iron and aluminium ions
(R' = 0.01, Fig. 10) has been observed. This indicates the
genesis of nutrient-rich soils. In general, soil pore solution at
Kobresia sites contains low amounts of free (Fe+AI) ions.
Manganese is genera11y very low and therefore was not deter
mined. The high metal (Fe+AI) sum at two plots may result
from a Betula cover before Kobresia invaded the sites. This
succession mayaIso explain the high standard deviation in soil
chemical properties (Tab. 3). However, most of the dif
ferences in ion concentration and water soluble carbon at the
Kobresia stands must be attributed mainly to differences in
soil moisture. Data show highest nutrient content and highest
CEC in a11 stands from moist sites represented by S3.

From profile analyses (Figs. 10-12, Fe and Al data) it is evi
dent that brunification increase in subsoils. In view of the
recent relatively cool climatic conditions in some profiles it
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Fe+AI +M1~ [L"]

16

Abb. 9: Summe der sauren Kationen und der Ge
samtkohlenstoffgehalte (TOe) in der Gleichge
wichts-Bodenporenlösung (GBPL), 0-6 cm.

Fig. 9: Acid cations (Fe+Al+Mn) versus total 01'

ganic carbon (TOC) in equilibrium soil pore so
lution (ESPS), 0-6 cm.
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Fig. 10: Soil profile characteristics ofthe Kobre
sia pedon (N, = total nitrogen, C,.,g = organic car
bon. 0 = amrnonium oxalate soluble, d = dithio
nite citrate soluble).

Abb. 10: Profilcharakteristik der Böden unter
Kobresia, N, = Gesamtstickstoff. C"" = Gesamt
kohlenstoff, 0 = ammoniumoxalat-löslich, d =

dithionitcitrat-löslich).
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Abb, 12: Profilcharakteristik der Böden unter
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lenstoff, 0 = ammoniumoxalat-Iöslich, d =
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might be supposed that these features mainly result from a
previous warmer climate (HOLOWAYCHUK & EVERETT 1972,
SCHOLZ & GROTTENTHALER 1988). At surface layers (0-8 cm)
processes are mainly driven by vegetation and silt deposition.
The most striking differences in chemical properties of these
pedons are based on the properties of soil organic matter. At
Kobresia and Salix pedons (Figs. 10-11) brunification is
superimposed by melanisation. Melanisation will be favoured
by continuous sediment accumulation and the release of
cations from J~;sanic matter, especially from calcium of Salix
litter. UGOLINI (1986) emphasized that these processes are
effective at non-heath vegetation and are supported by conti
nuous sedimentation of eolian material. Root residues as weil
as migration of fine and very fine organic particles by frost
dynamic processes are forming thick dark-coloured A hori
zons, which are characterized by medium to high humus
content and high nutrient content. High nutrient release from
plant residues, especially from Ca will prevent migration of
soil organic matter and metal-organic complexes as weil as
weathering, what is obvious under Salix sites (Fig. 11). Even
the low decomposed organic matter entraps cations, supported
by high soil pl-I, High nutrient content will improve soil biolo
gical activity and drive humification processes into stable and
insoluble Ca-fulvates as weil as into weil humified organic
substances. These processes will enhance melanisation and
form dark coloured, medium acid, biologically active nutrient
rich soils. Soils showing these conditions seem to be restricted
to continental arctic areas (WEBER & BLÜMEL 1994, CHERNI
AKHOVSKY 1995). Also, they are restricted to non-heath vege
tation forms such as the Kobresia meadows in continental
West Greenland. Undoubtedly, p1ants and eolian sediments as
weil as the continental climate are the controlling factors.
Compared to Salix stands, the high TOC content in soil solu
tion ofKobresia stands is not in contrast to this as migration of
organo-metal complexes cou1d not be observed. The strong
dystric properties under Betula sites (Fig. 12) are forced by
the quality of Betula 1eaves. Sklerenchym-rich leaf cells do not
allow fast chrushing and incorporation of plant residues as is
typical of the Ah horizons of the Salbe pedons. The strong
acidic reaction in the organic surface 1ayer as weil as in the
very topsoil of Betula sites is caused by the high content of
phenolic acids (CHAPIN et al. 1986) and other organic acids
(PRUDHOMME 1983, DE GROOT et al. 1997). These organics
will promote decomposition by fungi, which produce more
fulvic acids and lower cation sorption. Metal leaching caused
by fulvic acids occur a1ready at weakly acid regimes
(JACOBSEN 1989, 1991, UGOLINI & SLETTEN 1991) and
promote strong dystric pedons at these well-drained strong
continental sites. Thus, the polar continental climate promotes
very dark medium to humusrich soils at non-heath sites,
whereas at heath sites, and in particular under Betula cover,
strong dystric to very slightly podzolized soils developed.

CONCLUS10NS

The study of soils at the xerocryic vegetation mosaic at head
of Sondre Stromfjord gives evidence of different soil ecolo
gical processes resulting from different plant cover. The fol
lowing features have been usefu1 to show differences: humus
profile morphology, organic matter quality of the A horizons,
pH, CEC as weil as the equilibrium soil pore solution. Soi1
acidity and cation exchange at these coarse loamy and quartz-

rich soil fabrics and the organic matter are modified by the
different properties of current plant remains. The fast chrush
ing leafs of Salix form thick A horizons rich in sm all fibric,
often crustic organic matter. This formation is the result of
strong continental climate and based on downward movement
of small organic matter particles by frost dynamic processes.
Nutrient content of plant remains and accumulation of eolian
sediments drive the formation of stable humic substances pre
venting leaching and migration of cations, organics and acids.
Thus, very dark nutrient-rich and, despite the chemical consti
tution of the parent material, relative base rich soils devel
oped. Under Kobresia sites very dark grey to black Rhizomull
soils with epipedons in melanic phase are formed mostly
influenced by sediment accumulation and high below-ground
biomass production. From soil reaction as weil as the high
CEC at these stands it seems to be obvious that the soluble
organics do not lower pH and do not force the migration of
cations. But from the study of the equilibrium soil pore solu
tion it is obvious that the tri- and bivalent cations are more
mobile in soil pores, whereas at Salix sites calcium, magnesia
as weil as aluminium are mainly entrapped in the organic
matter. The constitution and the chemical composition of
Betula leaves force the weathering and leaching processes in
the A horizon. Compared to Salix comrnunities, at Betula sites
accumulated eolian sediments are not able to buffer against
acidification. The low humus content at these sites reduces
CEC and forces migration of organics and ions. On the other
hand, low precipitation reduces leaching events.
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