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Abstract Changes in soil management practices in-
fluence the amount, quality and turnover of soil organic
matter (SOM). Our objective was to study the effects of
deforestation followed by pasture establishment on
SOM quantity, quality and turnover in mountain soils
of the Sui Checti valley in the Alay Range, Kyrgyzia.
This objective was approached by analysis of total or-
ganic C (TOC), N, lignin-derived phenols, and neutral
sugars in soil samples and primary particle-size soil
fractions. Pasture installation led to a loss of about 30%
TOC compared with the native Juniperus turkestanica
forests. The pasture soils accumulated about 20% N,
due to inputs via animal excrement. A change in land
use from forest to pasture mainly affected the SOM
bound to the silt fraction; there was more microbial de-
composition in the pasture than in the forest silt frac-
tion, as indicated by lower yields of lignin and carbohy-
drates, and also by a more advanced oxidative lignin
side-chain oxidation and higher values of plant :micro-
bial sugar ratios. The ratio of arabinose :xylose was in-
dicative of the removal of carbohydrates when the ori-
ginal forest was replaced by pasture, and we conclude
that this can be used as an indicator of deforestation.
The accumulation of lignin and its low humification
within the forest floor could be due to the extremely
cold winter and dry summer climate.
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Introduction

Despite their difficult accessibility, the mountain eco-
systems of Asia have been heavily influenced by human
activities over thousands of years. The silk roads, which
connect China with India and the Mediterranean re-
gion, have been well known for at least 4000 years. The
most serious effect of human impact in this region is
deforestation. In the Alay Range, Kyrgyzia, for in-
stance, only a few remote valleys are still covered by
forests and these remnants are constantly overused. If
this trend continues, the forests in this region will soon
disappear.

Changes in soil management practices influence the
amount, quality and turnover of soil organic matter
(SOM; Tiessen and Stewart 1983). Many studies have
been carried out to investigate the influence of land use
changes on tropical (Guggenberger et al. 1995; de Mo-
raes et al. 1996) and temperate soils (Tiessen and Ste-
wart 1983; Guggenberger et al. 1994). Little is known,
however, about the effects of deforestation followed by
intensive pasture installation on SOM in high mountain
ecosystems. Physical fractionation of soil according to
particle-size, combined with degradative chemical tech-
niques was shown to be a potent tool for evaluating
land use induced changes on SOM (Guggenberger et
al. 1994). This fractionation is based on the concept
that SOM pools associated with particles of various size
classes and mineral composition differ in structure and
function, and therefore play different roles in SOM
turnover (Christensen 1992). Particulate organic matter
(POM) is assumed to be associated with the sand frac-
tion, SOM with medium term turnover within the clay
fraction, and SOM with long-term turnover within the
silt fraction (Guggenberger et al. 1995).

The objective of this study was to investigate the ef-
fects of land use changes on quantity, quality and turn-
over of SOM in high mountain soils. We compared
soils under natural forest of Juniperus turkestanica and
deforested soils followed by pasture installation. SOM
quantity was analysed by total organic C (TOC) and N
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Fig. 1 Location of the research site (5) in the Alay Range, Kyrgy-
zia

Table 1 General properties of soil A horizons under forest and pasture in the Alay Range, Kyrgyzia. Yields of size fractions and the
sum of the yields (g kg–1)

Land use pH (CaCl2) Sand Silt Clay Total

Forest 7.0B0.2 354B60 441B41 155B45 950B28
Pasture 5.6B0.2 275B36 453B28 199B19 927B19

analysis, whereas SOM quality was assessed by measur-
ing selected chemical constituents such as lignin and
neutral sugars. The turnover of SOM was reflected by
different particle-size fractions. For instance, to esti-
mate the amount and chemical composition of free par-
ticulate, and therefore labile, SOM, sand-sized soil frac-
tions were studied. More or less stabilized SOM is as-
sumed to be associated with silt- and clay-sized frac-
tions. To investigate the SOM transformation, we in-
cluded humus profiles under Juniperus forest.

Materials and methods

Materials

The study was carried out in the Sui Checti valley, which is situ-
ated in the Alay Range, Kyrgyzia, at about 2900 m a.s.l. (40702bN;
72739bE; Fig. 1). At the research site, J. turkestanica forests as-
cend up to about 3200 m a.s.l. At the Abramov Glacier Research
Station, mean annual precipitation is 743 mm and mean annual
temperature is P4.1 7C; the corresponding values in Darautkur-
gan are 270 mm and c2.9 7C, respectively. Most of the rain falls
in winter (580 mm), whereas in summer the climate is character-
ized by hot and dry continental conditions (164 mm; Pertziger
1996). The study is limited to soils of late glacial deposits at
2900 m a.s.l. because these soils are typical of pastoral agriculture
in the Tian Shan mountains. All soils under study were classified
as Borolls Soil Survey Staff (1997). According to our dendro-
chronological studies, some trees are almost 300 years old (un-
published data). These forest remnants are increasingly disturbed
by grazing and uncontrolled logging. The pastures are intensively
grazed by cows and goats in summer. Generally, soils are stratif-
ied, with silty surface horizons and sandy loam subsurface layers,
and have high stone contents, especially on steep slopes.

To analyse the effects of deforestation on SOM quantity and
quality, we took representative samples of fresh plant material,
humus layers and five replicates of soil samples from the mineral
A horizon (0–10 cm) below the canopy of dense juniper micro-
stands and from pasture soils in the vicinity of the forest stands
for comparison according to a radial sampling scheme (Wilding
1985). Table 1 gives some characteristics of the soil A horizons
under forest and pasture. Soils developed at different altitudes
and glacial stages in the Alay Range are described in more detail
by Zech et al. (2000). No significant differences between texture
could be observed, assuming that all the soils investigated were
comparable according to soil type. Descriptions and analyses
were carried out according to Schlichting et al. (1995) and Soil
Survey Staff (1997).

Methods

All analyses were carried out on air-dried soil samples sieved
through a 2 mm screen. For particle-size fractionation, a 30 g soil
sample was dispersed ultrasonically in 150 cm–3 of water using a
probe-type disintegrator (Branson Sonifier W450). Particle-size
classes were separated according to the USDA and international
systems. Coarse sand (2000–250 mm) was separated after an ener-
gy input of 60 J cm–3 by wet sieving. After an additional energy

input of 460 J cm–3, fine sand (250–20 mm) was separated by wet
sieving, silt (20–2 mm) and clay (~2 mm) by sedimentation.
Coarse sand and fine sand were dried at 40 7C; silt and clay were
freeze-dried prior to chemical analyses.

TOC and total nitrogen (N) in soil samples and size fractions
were determined by dry combustion on an Elementar Vario EL
C/N analyser.

The amount and stage of oxidative decomposition of lignin
were estimated using lignin parameters obtained from alkaline
CuO oxidation (Hedges and Ertel 1982). Samples of 100–250 mg
were oxidized with CuO in 2 M NaOH solution for 2 h at 170 7C.
After samples were cleaned up; phenolic CuO oxidation products
were analysed as trimethylsilyl derivatives by capillary gas chro-
matography using an HP 6890 instrument equipped with a flame
ionization detector. Ethyl vanillin was used as internal standard
and phenylacetic acid to calculate the recovery which was in the
range between 80–100%. 

Carbohydrate monomers released by acid hydrolysis were
analysed by gas liquid chromatography according to Amelung et
al. (1996). Samples of 100–250 mg were hydrolysed with 4 m tri-
fluoroacetic acid at 105 7C for 4 h. The released monosaccharides
were separated from interfering substances by means of adsorp-
tion on XAD-5 resin and by cation exchange with a Dowex 50W–
X8 (100–200 mesh) resin. After derivatization of the sugars with
o-methylhydroxylamine and bis(trimethylsilyl)trifluoroacetamide,
the sugar monomers were analysed on an HP 6890 gas chromato-
graph equipped with an HP-5 fused silica column and a flame ion-
ization detector. The monosaccharides were quantified using ino-
sitol and methylglucose as internal standards; the recovery was
between 80–100%.

All data were statistically analysed using Excel 8.0 or Statistica
5.1 for WinNT 4.0. Normal distribution of the data was tested us-
ing the David test. The homogeneity of the variances of the nor-
mal distributed data was tested with by F-test. Significant differ-
ences between the means from forest and pasture soils were sub-
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Table 3 Total organic C (TOC), total N, CuO oxidation products
(VSC), sugar monomers, total sugars in whole soil and particle-
size fractions of A horizons under forest and pasture. Acid :alde-
hyde ratio of the vanillyl units (Ac :Al)v, ratios of vanillyl : syringyl
units (V:S), mannose :xylose (Man:Xyl), arabinose :xylose

(Ara:Xyl), and galactose c mannose :arabinose c xylose
(GalcMan) : (AracXyl). Significant differences between forest
and pasture are indicated by asterisks. CV Coefficient of varia-
tion

Forest mineral soil Pasture mineral soil CV (%)

Fine
earth

Coarse
sand

Fine
sand

Silt Clay Fine
earth

Coarse
sand

Fine
sand

Silt Clay

Organic C (g kg–1 DW) 130.8 120.9a 119.3a 102.8a 173.2b 87.7*** 102.4b 89.4ab* 71.9a** 136.8c** 10
Total N (g kg–1 DW) 8.6 5.6a 7.0a 7.3a 13.2b 11.5 6.8a 8.3a*** 6.8a 15.3b* 14
Organic C:Total N 15.3 22b 16b 14b 13a 7.6 16b* 11a 11a* 9a*** 9

VSC (gC-VSC kg–1 C) 15 19b 25b 14ab 7a 12 32c 16b 7ab*** 3a 28
VSC (g kg–1 DW) 3.4 3.9b 6.2b 2.3a 2.2ab 2.0* 5.7a 2.6b 0.8c*** 0.7c* 26
(Ac:Al)v 0.34 0.37 0.30 0.28 0.47 0.33 0.29a 0.28a 0.39a** 0.65b 21
V:S 4.1 6.3 7.0 5.5 2.2 1.3*** 2.3** 1.7** 1.9*** 1.5 20

Total sugars (g C-sugar kg–1 C) 67 149 114 84 52 60 86 67 54 42 40
Total sugars (g kg–1 DW) 24.4 39 31.5 20.8 23.8 13.7 24.8 22.1 9.2** 13.8 35
Arabinose (g kg–1 DW) 3.3 8.6a 5.9b 3.1c 2.9c 2.1 4.6a 2.8b 1.5c* 1.9c 42
Xylose (g kg–1 DW) 1.3 4.9a 2.0b 0.9c 1.0c 1.3 5.7a 2.4b 0.9c 1.1c 35
Fucose (g kg–1 DW) 0.8 1.3 1.1 0.6 1.0 0.5 0.5 0.8 0.2 0.2 40
Rhamnose (g kg–1 DW) 1.9 3.2 2.7 1.4 2.2 1.4 1.2 1.5 0.6 0.6 32
Mannose (g kg–1 DW) 4.3 5.4 5.2 3.4 4.6 2.3 2.6 2.1* 1.5** 2.6 50
Galactose (g kg–1 DW) 5.0 8.4 6.3 4.0 4.7 2.3 5.0 3.9 1.4** 2.0 43
Glucose (g kg–1 DW) 7.4 6.4 7.8 7.2 6.9 3.5 4.9 5.2 2.0** 3.2 40
Fructose (g kg–1 DW) 0.2 0.6 0.3 0.1 0.2 0.1 0.1 0.1 0.1 0.1 20
Ribose (g kg–1 DW) 0.2 0.2 0.2 0.1 0.4 0.2 0.2 0.2 0.1 0.3 31
Man:Xyl 2.7 1.5 2.9 3.7 4.0 1.8** 0.5* 0.9** 1.7*** 2.5 27
Ara :Xyl 2.4 1.8 3.0 3.4 2.9 1.6*** 0.8** 1.1*** 1.6*** 1.8*** 20
(GalcMan) : (AracXyl) 2.0 1.0 1.5 1.9 2.2 1.4* 0.7 1.2 1.5 1.5 20

* P~0.05, ** P~0.01, *** P~0.001. Different superscript letters indicate significant differences (P~0.05) between different fractions
within one land use system

Table 2 Contents of total organic C (TOC), total N, CuO oxida-
tion products expressed as the sum of vanillyl, syringyl and cinna-
myl units (VSC), and total sugars, in organic layer and mineral

soil under forest and pasture. Significant differences between for-
est and pasture mineral soil are indicated by asterisks. CV Coeffi-
cient of variation

Forest organic layer Forest mineral soil Pasture mineral soil CV
(–6.5–0 cm) (0–10 cm) (0–10 cm) (B%)

TOC (Mg ha–1) 37.1 170.0 114.0 8
Total N (Mg ha–1) 1.5 11.2 14.9 8
TOC:Total N 27.4 15.2 7.6 6
VSC (Mg ha–1) 0.8 4.4 2.6* 16
Total neutral sugars (Mg ha–1) 9.6 48.7 15.5** 26

* P~0.05, ** P~0.01

sequently tested with an adequate t-test (Hartung et al. 1993). A
non-parametric U-test (Mann-Whitney) was applied for these
samples unless the conditions for the t-test had been met. Differ-
ences between properties of size fractions within each land use
system were tested with a MANOVA followed by a Scheffé test.
Logarithmic transformation was applied if data were not normally
distributed or if the variances were heterogeneous.

Results

Content and distribution of TOC and N among soil
samples and particle-size fractions.

The soil samples from the forest A horizons contained
131B8 g TOC kg–1, whereas the pasture samples only
contained 88B10 g TOC kg–1. The corresponding TOC

contents were 170B32 Mg TOC ha–1 dm–1 in forest A
horizons and 114B20 Mg TOC ha–1 dm–1 in pasture
soils. In contrast, N accumulated in the pasture soils
(Table 2).

It is interesting to note that the C losses affected all
particle-size classes (Table 3). Deforestation caused a
significant C loss in fine sand (P~0.05), silt (P~0.01)
and clay (P~0.01) fractions, whereas no significant dif-
ference in the coarse sand fraction between forest and
pasture was observed, probably due to the high fine
root content in the topsoil of the pasture soils. N pools
were less affected due to pasture installation. Fine sand
and clay fractions of pasture soils contained significant-
ly (P~0.05) more total N than forest soils (Table 3).
The contribution of different size fractions to the total
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Table 4 Concentrations of organic CuO oxidation products ex-
pressed as the sum of vanillyl, syringyl and cinnamyl units (VSC),
plant-derived sugars (PDS; sum of arabinose and xylose), micro-
bial- derived sugars (MDS; sum of rhamnose, fucose, galactose
and mannose), degree of lignin side-chain oxidation indicated by

the acid to aldehyde ratio of the vanillyl units (Ac :Al)v ratio of
vanillyl to syringyl units (V:S), mannose to xylose (Man:Xyl)
and galactose plus mannose to arabinose plus xylose
(GalcMan) : (AracXyl) in foliage, fresh litter and humus layers
of Juniperus forest

Fresh leaves Forest leaf litter Fermented layer (Of) Humified organic layer (Oh)

VSC (g kg–1 DW) 8.8 6.1 7.4 7.8
VSC (g C kg–1 TOC) 8.0 7.6 12.5 19.6
(Ac:Al)v 0.23 0.30 0.27 0.37
V:S 3.0 2.3 2.8 2.6
PDS(g kg–1 DW) 53.3 35.2 32.2 8.6
PDS (g C kg–1 TOC) 33.1 30.3 37.9 13.3
MDS (g kg–1 DW) 22.5 42.8 46.7 20.4
MDS (g C kg–1 TOC) 17.4 36.7 54.9 31.6
Man:Xyl 0.4 0.9 1.6 2.4
Ara :Xyl 1.7 1.0 2.3 1.8
(GalcMan): (Ara c Xyl) 0.3 0.9 1.2 1.7

TOC and N content were calculated by multiplying the
yield of each size fraction with its corresponding TOC
and N concentrations, respectively. Both forest and
pasture soils showed a similar percentage distribution
of TOC and N concentrations among different particle-
size fractions. The silt and clay fractions contributed
the highest amounts of TOC and N to their total con-
tents in the soil samples.

To eliminate the effects of different SOM levels in
soil samples, the C and N enrichment ratios, ECp
(g TOC kg–1 separate)/(g TOC kg–1 soil sample) and
ENp(g N kg–1 separate)/(g N kg–1 soil sample), were
calculated for each particle-size fraction. The highest
TOC and N enrichment was found in the clay fractions
both of forest (1.3 and 1.5, respectively) and pasture
(1.5 and 1.6, respectively).

The C :N ratio in forest soil samples was 15 and in
pasture 8 (Table 2). Both soil samples and all particle-
size fractions of pasture soils had significantly lower
C:N ratios than the forest soils. The clay fractions of
forest and pasture had significantly (P~0.05) lower
C:N ratios than the coarse sand fraction.

Lignin

Mean vanillyl, syringyl and cinnamyl (VSC) yields after
alkaline CuO oxidation of soil samples and particle-size
fractions are given in Tables 2 and 3. VSC yields were
significantly (P~0.05) higher in the soil under forest
than under pasture (Table 2). In particle-size fractions,
significant differences between forest and pasture were
only observed in the silt fraction (Table 3), where the
VSC yields were significantly higher, whereas the ratio
of acid :aldehyde of the vanillyl units (Ac :Al)V was sig-
nificantly lower in the silt fraction of forest soils than in
pasture soils. The vanillyl : syringyl (V:S) ratio was sig-
nificantly (P~0.05) higher in forest soil and its particle-
size fractions than in the corresponding pasture soils,
except for the clay fraction (Table 3). The sand frac-

tions contained significantly (P~0.05) more VSC than
the silt and clay fractions both in forest and pasture.

The yields of CuO oxidation products increased
from the forest humus layer to the mineral soil whereas
the (Ac :Al)V ratio and the V:S ratio remained nearly
constant (Tables 2, 4).

Carbohydrates

Concentrations of trifluoroacetic acid hydrolizable car-
bohydrate monomers and their total amount in forest
and pasture soils and in their particle-size fractions are
shown in Tables 2 and 3. Significant differences in ara-
binose, mannose, galactose, glucose and total carbohy-
drate concentrations between forest and pasture were
observed only in the silt fraction; all other fractions and
the whole soils were more or less equal among forest
and pasture. The concentrations of xylose and arabi-
nose decreased with decreasing particle-size, but the
other sugars showed no clear trend. Various ratios of
sugar monomers indicating microbial and plant origin
are given in Tables 3 and 4. The ratios of mannose :xy-
lose, arabinose :xylose and galactose c mannose :ara-
binose c xylose were higher in whole soil and all par-
ticle-size fractions of forest compared with pasture. The
most significant differences were observed in the arabi-
nose :xylose ratio followed by the mannose :xylose and
galactose c mannose :arabinose c xylose ratios. All
ratios increased with decreasing particle-size, both in
forest and pasture soils (Table 3).

The ratio of mannose :xylose in fresh forest leaf lit-
ter was 0.4 and increased to 2.4 in the humified organic
layer (Table 4) and 2.9 in the mineral A horizon (Ta-
ble 3). A similar trend was observed for the ratio of gal-
actose c mannose :arabinose c xylose, which was 0.3
in fresh leaf litter and increased to 1.2 in the organic
layer (Table 4) and to 2.0 in the mineral A horizon (Ta-
ble 3) due to a stronger impact of microbial carbohy-
drate resynthesis.
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Discussion

Effects of land use change on SOM quantity
and quality

Deforestation followed by intensive pasture installation
in the mountains of the Alay Range, Kyrgyzia, led to a
highly significant C loss of about 30% but also to a N
accumulation of 30%. Taking into account the organic
matter layers and the mineral A horizon of the forest
soil, the C loss due to deforestation would be 45%,
whereas the N accumulation would decrease to 20%,
since the organic matter in the litter and humus layers
of the forest soil was incorporated into the mineral A
horizon when the pasture was established. Bochter et
al. (1981) also reported TOC losses in A horizons due
to the clearing of mountain forests in the Bavarian Alps
during the Middle Ages and N accumulation due to the
excrement of grazing animals. On the other hand, Ho-
mann and Grigal (1996) found higher TOC contents in
A horizons of mature forest glacial outwash soils in east
central Minnesota (USA) than in adjacent prairie
soils.

Normally, land use changes primarily affect TOC in
the sand fraction, which contains labile SOM (Tiessen
and Stewart 1983). Our results show that stable SOM
pools are also affected by deforestation, which indicates
that deforestation occurred centuries ago. More than
half of the TOC and N is within a stable SOM pool
both in forest and pasture soils. The N input by animal
excrement is incorporated in stable SOM pools.

The C :N ratios decreased with decreasing particle-
size in both forest and pasture soils. The same trend
was also found for soils of the temperate (Guggenber-
ger et al. 1994) and tropical regions (Guggenberger et
al. 1995). It is indicative of an increasing degree of hu-
mification or a higher microbial processing from the
coarser to the finer particle-size fractions.

To study the effects of land use changes on the com-
position of the organic constituents, we examined lignin
and neutral sugars. The sum of the yields of vanillyl,
syringyl and cinnamyl units after alkaline CuO oxida-
tion (VSC) and the sum of neutral sugars were ex-
pressed as C derived from the analysed substances re-
ferred to TOC in order to compare the quality of SOM
in soils with different TOC levels (Table 3). VSC was
adopted as an indicator of the amount of intact lignin
moieties (Kögel 1986). The quantification of lignin,
however, is not possible with this method (Guggen-
berger et al. 1994). The (Ac :Al)V ratio was taken to
assign the degree of side-chain oxidation of lignin, and
the V:S ratio was used to identify the plant origin of
SOM (Hetherington and Anderson 1998).

The yields of VSC associated with different size frac-
tions within a soil were compared by calculating their
enrichment factors, EVSCp(g VSC-C kg–1 C in soil
fraction)/(g VSC-C kg–1 C in total soil sample). The ef-
fect of different recoveries in soils from different sites

was thereby excluded. The high fine root biomass of
pasture soils is probably an important source of lignin.
This idea is confirmed by the fact that the coarse sand
fraction of the pasture soils is significantly enriched in
lignin (EVSCp2.7) compared with the corresponding
fraction of the forest soils (EVSCp1.3). The enrichment
of alkaline CuO oxidation products observed in the
coarse fractions compared to the finer ones can be ex-
plained by an accumulation of fresh litter inputs prima-
rily as POM in the sand fraction.

Ratios of V:S characterized the SOM derived from
forest litter and pasture better than the concentrations
of the individual moieties and the VSC yields (Ta-
ble 3).

The high (Ac :Al)V ratios in the silt and clay frac-
tions of the pasture soils demonstrate that forest to pas-
ture transformations cause not only C losses but are
also accompanied by advanced lignin degradation, es-
pecially in the silt and clay fractions (Table 3).

Polysaccharides of vascular plant organs are mainly
composed of pentoses (arabinose and xylose), while
microbial populations synthesize larger amounts of the
hexoses galactose and mannose (Moers et al. 1990).
Desoxysugars such as rhamnose and fucose are also in-
dicative of microorganisms (Cheshire 1979). Different
ratios of hexoses to pentoses have been used to indicate
the origin of soil carbohydrates. The ratio of galactose
c mannose to arabinose c xylose is often applied
(Oades 1984). A high ratio of rhamnose c fucose to
arabinose c xylose indicates a high microbial sugar
synthesis.

The measured concentrations of carbohydrates are
in the range reported by Cheshire (1979) for carbohy-
drates in different soils. The most prominent carbohy-
drate monomers in soil samples and particle-size frac-
tions of forest and pasture soils studied were glucose,
then galactose, mannose and arabinose. Significant dif-
ferences were found in the total amounts of microbially
derived sugars (MDS) between forest and pasture and
the relative contribution of MDS, indicated by signifi-
cantly (P~0.05) higher ratios of galactose c man-
nose :arabinose c xylose in forest mineral soils com-
pared to pasture (Table 3). Hu et al. (1995) suggested
the ratio of mannose :xylose as a better indicator of the
relative contribution of MDS to soil carbohydrates.
Both in forest and in pasture soils, this ratio increased
with decreasing particle-size, demonstrating a higher
microbial impact of carbohydrates in the finer frac-
tions.

The ratio of arabinose :xylose was highly significant
(P~0.01) for evaluating the replacement of carbohy-
drates of the original forest by those of the pasture.
Trouvé et al. (1996) stated that xylose derives from
grass xylans. Arabinose, on the other hand, was the
predominant sugar in fresh leaves of Juniperus (data
not shown). The ratio of arabinose :xylose character-
ized the SOM derived from Juniperus leaves and from
grass better than the individual sugar monomers.
Therefore, we conclude that the ratio of arabinose :xy-
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lose can be used to follow changes in SOM quality
caused by the replacement of the original Juniperus
vegetation by grasses due to deforestation and subse-
quent pasture installation.

SOM quality and turnover in humus profiles under
Juniperus forest

The yields of CuO oxidation products (expressed as g
of VSC kg–1 of sample), the (Ac :Al)V ratio, and the
V:S ratio remained nearly constant within the humus
layer of the studied forest soil. However, if the results
of VSC are expressed as C derived from the analysed
substances referred to as TOC, an increase in the VSC
yield with depth is observed. Lignin substances accu-
mulate in these mountain soils probably due to the low
mean annual temperature and the low mean annual
rainfall. In southeast Argentinian Hapludolls, Zech et
al. (1997) found low transformation of lignin in the for-
est floor too, but advanced oxidative decomposition in
the mineral soil horizon. In temperate soils, yields of
CuO oxidation products decrease while ratios of
(Ac :Al)V increase with increasing soil depth, which in-
dicates advanced lignin decomposition (Kögel 1986).
Our results revealed that SOM of high mountain soils
presents some differences in distribution and transfor-
mation compared with published data for temperate
and tropical soils.

During decomposition within the forest humus layer
of Juniperus, plant-derived sugars decreased from the
fresh litter horizon to the mineral A horizon, indicating
advanced plant decomposition with increasing depth.
Microbial-derived sugars reached a maximum amount
in the Of horizon (fermentation layer) demonstrating
maximum microbial activity. Oades (1984) stated that
the ratio of galactose c mannose :xylose c arabinose
would be ~0.5 for plant derived carbohydrates and
12.0 for microbial sugars. According to these ratios,
the composition of sugars in the forest mineral horizon
is principally constituted from microbial sugars.

Conclusions

In the Sui Checti valley of the Alay Range, Kyrgyzia,
deforestation of dense J. turkestanica stands and pas-
ture establishment at 2900 m a.s.l. led to C losses of at
least 30% in the surface soil (0–10 cm), although N con-
tent increased about 20%. Land use change from forest
to pasture mainly affected the SOM bound to the silt
fraction, observing a higher microbial decomposition in
pasture compared to forest silt fraction, as indicated by
lower yields of lignin and carbohydrates, but also by an
more advanced oxidative lignin side-chain oxidation
and higher values of plant to microbial sugar ratios.
The ratio of arabinose :xylose was characteristic for
evaluating the replacement of carbohydrates of the ori-
ginal forest by pasture, and we conclude that it can be

used as an indicator for deforestation. The accumula-
tion of lignin within the forest floor could be due to the
extremely cold winter and dry summer climate. The re-
sults make clear that the effects of land use changes like
deforestation and establishment of pastures should not
only be quantified by carrying out elementary analyses
of the bulk soil samples but also by investigating par-
ticle-size classes and by analysing ecologically signifi-
cant compounds.

Acknowledgements Field work was generously supported by the
Academy of Sciences in Tashkent and Bishkek. A fellowship of
the Spanish Government enabled M.-B. Turrión to participate in
the project. D. Solomon and G. Hailu were supported by the Ger-
man Academic Exchange Service, DAAD. We thank G. Hailu for
technical assistance. We are also indebted to M. Rico for assisting
in the statistical analysis, to C. Dittmar for dendrochonological
studies, to G. Guggenberger and to R.G. Joergensen for review-
ing the manuscript. We acknowledge the financial support of the
German Research Foundation, DFG (Ze 154/33-1).

References

Amelung W, Cheshire MV, Guggenberger G (1996) Determina-
tion of neutral and acidic sugars in soil as determined by capil-
lary gas liquid chromatography in trifluoroacetic acid hydroly-
sis. Soil Biol Biochem 28 :1631–1639

Bochter R, Neuerburg W, Zech W (1981) Humus und Humus-
schwund im Gebirge. Forschungsbericht Nr 2, Nationalpark
Berchtesgaden

Cheshire MV (1979) Nature and origin of carbohydrates in soils.
Academic Press, London

Christensen BT (1992) Physical fractionation of soil and organic
matter in primary particle size and density separates. Adv Soil
Sci 20 :1–90

Guggenberger G, Christensen BT, Zech W (1994) Land use ef-
fects on the composition of organic matter in particle-size sep-
arates of soil. I. Lignin and carbohydrate signature. Eur J Soil
Sci 45 :449–458

Guggenberger G, Zech W, Thomas R J (1995) Lignin and carbo-
hydrate alteration in particle-size separates of an Oxisol under
tropical pastures following native savanna. Soil Biol Biochem
27:1629–1638

Hartung J, Elpelt B, Klösener KH (1993) Lehr- und Handbuch
der angewandten Statistik, vol 9. Oldenbourg, Munich

Hedges JI, Ertel JR (1982) Characterisation of lignin by gas capil-
lary chromatography of cupric oxide oxidation products. Anal
Chem 54 :174–178

Hetherington SL, Anderson JM (1998) Lignin signatures show
the effects of changes in heather and bracken cover on the
composition or organic matter in a moorland soil profile. Oe-
cologia 117 :194–200

Homann PS, Grigal DF (1996) Below-ground organic C and de-
composition potential in a field-forest glacial-outwash land-
scape. Biol Fertil Soils 23 :207–214

Hu S, Coleman DC, Hendrix DF, Beare MH (1995) Biotic manip-
ulation effects on soil carbohydrates and microbial biomass in
a cultivated soil. Soil Biol Biochem 27 :1127–1135

Kögel I (1986) Estimation and decomposition pattern of the lig-
nin component in forest humus layers. Soil Biol Biochem
18:589–594

Moers MEC, Baas M, de Leeuw JW, Boon JJ, Schenk PA (1990)
Occurrence and origin of carbohydrates in peat samples from
a red mangrove environment as reflected by abundances of
neutral monosaccharides. Geochim Cosmochim Acta
54 :2463–2472



413

Moraes JFL de, Vokoff B, Cerri CC, Bernoux F (1996) Soil prop-
erties under Amazon forest and changes due to pasture instal-
lation in Rondonia, Brazil. Geoderma 70 :63–81

Oades JM (1984) Soil organic matter and structural stability:
mechanisms and implications for management. Plant Soil
76 :319–337

Pertziger FJ (1996) Abramov Glacier data reference book: cli-
mate, runoff, mass balance. Central Asian Regional Research
Hydrometeoroglogical Institute, Tashkent, Republic of Uzbe-
kistan

Schlichting E, Blume HP, Stahr K (1995) Bodenkundliches Prak-
tikum. Berlin

Soil Survey Staff (1997) Keys to soil taxonomy. (SMSS Technical
Monograph, vol 7. FAO/Unesco, Pocahontas Press, Virginia

Tiessen H, Stewart JWB (1983) Particle-size fractions and their
use in studies of soil organic matter. II. Cultivation effects on
organic matter composition in size fractions. Soil Sci Soc Am J
47 :509–514

Trouvé C, Disnar JR, Mariotti A, Guillet B (1996) Changes in the
amount and distribution of neutral monosaccharides of savan-
nah soils after plantation of Pinus and Eucalyptus in the Con-
go. Eur J Soil Sci 47 :51–59

Wilding LG (1985) Spatial variability: its documentation, accom-
modation and implication to soil surveys. In: Bielsen DR,
Bouma J (eds) Proceedings of a workshop of the International
Soil Science Society and Soil Science Society of America, Wa-
geningen, pp 166–187

Zech W, Guggenberger G, Zalba P, Peinemann N (1997) SOM
transformation in Argentinian Hapludolls. Z Pflanzenernaehr
Bodenkd 160 :563–571

Zech W, Glaser B, Ni A, Petrov M, Lemzin I (2000) Soils as indi-
cators of the Pleistocene and Holocene landscape evolution in
the Alay Range, Kyrgyzia. Quat Int (in press)


