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Introduction 1

1 Introduction

Kyrgyzstan is a mountainous country embraced in the east by the Tian-Shan and in the north
by the Pamira-Alay mountain systems. The landscape, in combination with other natural factors,
potentially predisposes the mountainous regions of the country to high erosion (Aidarilev et al.,
2001). Even though the forest-covered area in Kyrgyzstan approximates only 4 % of the total
area, it plays a significant role in soil, water and landslide protection. The intensive exploitation
of the forest, especially the harvesting of fir-trees over long and extended period, posses a great
threat to the environment. The current and future status of forestry conservation has become a
topic of general discussion among the scientific community. In Kyrgyzstan some forested areas

have already been identified to be distressed due to the loss of biological activity (Aidarilev et

al., 2001).

The general political goal is now focused on the preservation of forests, namely to improve
their stability, rational usage and reproduction in order to harmonise conflicts between the
forestry sector and ecological concerns. An effective and efficient way to enhance forest unit
area productivity is to increase afforestation by the introduction of other tree species among

Kyrgyzstan fir mono-species forest (Gan, 1987).

Generally, investigations on the relationship between forest and soil refer to the influence of
soil on the distribution and growth performance of the vegetation. Such research is mainly
concerned with processes of podzol formation and the influence on forest establishment, growth

and sustenance (Deconinck, 1983; Mokma et al., 1982).

Earlier research work revealed that for increasing forest productivity the improvement of
forest soil properties has also to be considered. Ovington (1953) for instance reported that only
having the right assortment of forest species during afforestation could save fertility of forest

soils on the British islands.

Concerning the problems of soil formation in coniferous forests, Zonn (1954a) emphasised
the significance of physical and geographical features of sites and the need for monitoring under
different tree species. The interaction between soil and forest vegetation has been recognized by
a famous russian soil scientist, Dokuchaev (1899). Thus, he established a foundation with the
hope that in the future not only differences between steppe and forest soils will be distinguished

but also between soils under different forest types.



2 Introduction

The effect of podzol formation in wet and cold climates is well established in the scientific
literature (Sokolov et al., 1990; Schatezel and Isard, 1996; Olsson and Troedsson, 1990).
Assertions about podzoling effects of fir are based on observations about changes in the
morphological features of the soil profile in connection with settlement of a fir. Under the fir a
clearly visible podzol layer is reshaped on which it is possible to establish the progression of
podzol, as it was carried out by Dobrovols’skiy et al. (1993), Clayden et al. (1990), DeConick
and Righi (1983) and Evans and Cameron (1985). Even in conditions of boreal zone, the process
of podzol formation under fir is developed with identical intensity. However, it is not

everywhere clearly expressed (Zonn, 1978).

An indispensable condition for podzol formation is the decomposition of forest litter under
anaerobic conditions with the progression of reduction processes and formation of acids, which
deplete the nutrient supply. The speed of podzol formation is influenced by the soil-forming
rocks, the fertility of the soil through the litter component and in particular by the calcium
content. Therefore, the fir podzol soil cannot be found everywhere. Thus, in the northern part of
Russia under fir forests, on eluvia of chalkstones and marls, humus-carbonaceous non-podzol
soils have developed (Zonn, 1978; Grigor’ev, 1979). larkov (1954) also reported that on sandy
soils during high humidity, the anaerobic conditions of podzoling under coniferous forests might
not take place. Also in those bioclimatic conditions where decomposition of litter takes place
slowly, the fir does not facilitate the podzoling of the soil (Zonn, 1950; Zaicev, 1965;
Samusenko and Kojekov, 1982).

The influence of fir forests on soil formation is different under mountainous conditions
compared to valley conditions. In the mountainous region, the soil formation process depends on
the relief, namely the exposure and steepness of slopes and on the climatic and microclimatic

regime of slopes.

The most detailed studies on the influence of forest plantations on soil were conducted in
steppe-forest and steppe zones, especially in the west part of the former USSR (Zonn, 1954b;
Rozanov, 1955; Zemlynickii, 1954). The literature cited above indicates that forests in steppe
and forest-steppe have no podzol soils. Forest plantations in these conditions form a special soil
with an increased fertility. Studies of Remezov (1955) revealed that deciduous species in the
sub-band of coniferous-deciduous forests promote the formation of brown-forest soils
characterised by a maximal expressiveness of the turf process and synthesis of secondary

minerals in the upper soil layers.
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The influence of forest plantations on soil under natural conditions depends on the
ecological and biological properties of plantations (Noble and Randall, 2003; Barnes et al.,
1998). The forest plantations are characterised among others by the quality and quantity of forest
falls (litter), the microclimate occurrence in plantations, the progression of microflora, and the
spread of root systems in soil. All these properties define the specificity of soil formation under
the “soil-forest” cycle. Therefore, different species of trees under natural conditions will

promote interferences and changes in the soil formation process.

The main objectives of the present research work were:

L. To assess the composition of the forest litter under the investigated plantations;

II. To quantify the influence of birch, fir, pine and larch plantations on changes in the

vegetative cover;

II1. To assess the influence of different trees on the chemical and hydrological properties

of soils;

IV.  To evaluate the soil biological activity under the influence of different trees.



4 Material and methods

2 Material and methods
2.1 Experimental sites

Experiments were conducted on the natural boundary Jylandy in the Ak-Suu LOH area
(Kyrgyzstan) in 2000-2002 (Fig. 2.1). Ak-Suu LOH is in the northeast part of Issyk-Kul area
(Fig. 2.1). Since 1949, different trees were planted on more than 600 ha on the Ak-Suu LOH
territory. Ak-Suu LOH was officially organised in 1956 as a plot for the Forest Institute with the

purpose of carrying forest experiments in the belt of the fir forest.
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Fig. 2.1: Location of the sampling site, forest quarter 13, Jylandy boundary, Ak-Suu LOH,
Northern Kyrgyzstan, Central Asia.
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2.1.1 Geomorphology of the site

The natural boundary of Jylandy is represented by a split watershed between two inflow
rivers, Zindan and Jylandy. The relief is formed by many gorges, which cut the mountain slopes.
The steepness of slopes is variable being dominated by slopes with an angle of inclination of

more than 20°. The exposition of the point is to all directions.

The natural boundary is formed of solid rocks, less exposed to weathering processes. As a
result, steep slopes are predominantly formed. In the southwest part of the experimental site,
where ancient solid formations are covered by tertiary sand-clay depositions, the relief acquired
more smooth features. Therefore, slopes less than 20° predominate in this part. Flat sites in the
natural boundary are found more on watersheds formed by clefts. In the highest part of the
natural boundary a lot of flat sites are presented, which often are bogged by soil inner waters.

Seldom, bogged lands are also observed on lower levels.
2.1.2 Lithology

From the geological point of view, the investigated territory is formed of bed rocks such as
ancient granites, carbon chalkstones and crimson retinue lime argillaceous shitts. The latter is the
main soil-forming bed rock on the territory. Eluvial soil horizons have a clay texture. Large areas
of chalkstones are rare noticed in the investigated territory. Only on the east slope of the river
Ak-Suu and on the southeast slope of Zindan River, chalkstones are the predominately bed

rocks.

As already mentioned, the southwest part of the territory is bedded with tertiary sand-clay
depositions. They consist of sand-clay of “brick-red” colour with gravels. The soil formed on

these depositions has a heavy-loam texture.
2.1.3 Soil-forming rocks

Depending on the relief, soil-forming rocks are formed by eluvial, eluvial-deluvial or
deluvial depositions. The soil-forming rocks formed by deluvial deposition have a homogeneous
composition and loess. The eluvial formation is predominately found in the upper third of slopes
and flat parts, excepting parts of the investigated territory formed by deluvial deposition of soil
rocks. The natural eluvial formation is largely dependent on slope expositions. As a rule, on
southern expositions and close to them, the eluvial soil horizons are hardly washed off and

therefore remain a lot of stones. Additionally, on the investigated territory, slopes with south and
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southeast expositions are more exposed to erosion. On northern slopes, a thick eluvial soil layer
covers the roughly gravel-eluvial mass. The eluvial-deluvial depositions are common to middle
part slopes, whereas deluvial depositions are placed on the lower third and bottom slopes. The

deluvial and the eluvial-deluvial depositions contain small amounts of bed rocks.

The special feature of the natural boundary prevents the soil against erosion. On slopes with
high steepness, full soil profiles with a deepness of more than 1 meter are formed. Therefore, the

soil depth is only varied on slopes from the top to the lower third part.
2.1.4 Vegetation

The vegetation is closely connected with slope expositions (see schema 1). Fir forest is the
basic vegetative group in the natural boundary, which varies with grass-cereal meadows, cereal-
grass associations on forest glades or dry-steppe vegetation on southern slopes (see photo 1). The
transitional vegetation on southwest slopes also includes meadow and dry-steppe species, and

bushes (e.g. Berberis spec., Rosa canina L).

Photo 1: Vegetative groups in relation to the slope expositions in the Jylandy boundary (2000)
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Fir forest occupies approximately a third part of the natural boundary. They predominate on
northern expositions and close to them (north-east, north-west) (see schema 1). The forest is
grown on slopes as a discontinuous belt with open areas, avoiding dry places. Therefore, the
forest density is low. In the forested area the density of trees is high. As a consequence, the
sunlight cannot reach under canopies, preventing therefore the growth of grass vegetation. A

thick forest litter covers the soil surface.

Topiary (Juniperus) Topiary (Juniperus)

Siberian Pea Shrub
(Caragana arborescens)

Sea-buckthorn (Hippophae)
Schema 1: Schematic representation of vegetation depending on altitude and slope expositions in

the Jylandy boundary

Cereals and grassy associations with tight growth cover forest glades. The coverage of
grasslands on the soil surface is 75-80 %. Grasslands with abundant specie varieties are
predominating on northern open slope expositions and close to them. On east and southeast
slopes the vegetation is different. The coverage of grasslands on these slopes is less than

25-40 % and is mainly represented by sagebrush and steppe species.
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2.1.5 Climate

The investigated territory has a strong continental climate. The Issyk-Kul Lake, close to the
investigated territory, causes soft climatic conditions. The Issyk-Kul territory is extended from
west to the east more than 200 km and the precipitation rates are extremely irregular. The long-
term mean annual precipitation in the eastern part is higher than 600 mm, whereas in the western
part is about 100 mm. The most important factor for growing fir is the precipitation rate. Fir
forest does not grow in regions where precipitation is less than 500 mm (Gan, 1987). Therefore,
in the western part of the Issyk-Kul territory fir forest is not growing. Climatic variations (e.g.
precipitation rates, temperature) on the investigated territory depend also on altitude. For
instance, on the lower boundary of fir forest (1700 m above sea level) the long-term mean annual
precipitation is 400-600 mm, while on the upper boundary (2500 m above sea level) is 800-900
mm (Gan, 1987).

Comparing the long-term mean January temperature in the fir forest belt according to
altitude, the temperature decreases from 5.3°C to —0.1°C with increasing the altitude from 1800
to 3000 meters above see level. Another characteristic of fir forest in the investigated territory is
the coldness of soils (Cheshev et al.,, 1978). For example, in the upper 1 m soil layer the

temperature is between 4-11°C in the warm season (from June till September).

The different hydrothermal regimes of the soil (e.g. coldness, periodic dryness, saturation by
ultra-violet rays) cause a weak decomposition of forest fallings (litter) and therefore their
conservation and accumulation in the forest and forest plantations as dry-peat forest litter of

approximately 20 cm.

Meteorological records during the years of study were provided by the Ak-Suu
Experimental Station, situated at 1950 meters above sea level in the Jylandy boundary. During
experimentation, the mean annual temperature was about 3.6°C (Tab. 2.1). The long-term mean

annual temperature is 4.7°C (Cheshev et al., 1978; Matveev, 1973).
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Tab. 2.1: Average monthly air temperature (°C) at the experimental site in the Jylandy boundary

during three years

Year Temperature (C°) Mean
I I m 1 v VI vl vl IX X XI Xl

2000 -85 49 -36 09 98 116 15 138 7.8 41 -25 -60 3.1

2001 -8.1 -84 -33 64 106 11.1 139 147 101 32 -22 -58 35

2002 -94 48 02 52 9.1 135 157 135 95 36 -09 -54 4.1

The long-term mean annual precipitation for Jylandy is 638 mm (Cheshev et al., 1978;

Matveev, 1973). During the investigated period, precipitation records were 514 mm, 770 mm

and 671 mm for the first, second and third year, respectively (Tab. 2.2). The precipitation rate

was higher in the spring-summer period, its value exceeding half of the annual rate. Therefore,

the precipitation rate favours the growing of forest and grassy vegetation.

Tab. 2.2: Monthly precipitation amounts (mm) on the experimental site in the Jylandy boundary

during three years

Year Precipitations (mm) Sum
I II 111 . A% v VI vl Vvl IX X XI  XII

2000 16 7 23 27 105 59 59 74 45 56 26 17 514

2001 62 44 21 43 75 91 86 68 112 127 24 17 770

2002 17 25 20 67 68 26 117 11 126 109 15 70 671
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2.2 Selection and description of plantations

For analysing the influence of birch, fir, pine and larch trees on the mountain soil,

plantations were chosen according to the following criteria:
a) the soil growing conditions were typical for belt fir forest;

b) the plantations were of the same age (approximately 50 years old) and with known

history of their creation;
c) the plantations were located not far away from each other;

the control glades (open areas) were placed near plantations, having therefore identical

altitude, relief and soil-forming rocks (see photo 2).

‘——'I'_-_-i__—_-l

Cf“de (0.5-1 km)

Photo 2: Control glade (open area) near a plantation with identical altitude, relief and soil

forming rocks (Jylandy, 2000)
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Forest taxation indices

Forest taxation indices were taken from the forest catalogues of Ak-Suu LOH (LOH-Forest
Experimental Plot). The last taxation was in 2000. The classification of the investigated

plantations according to the forest taxation is listed in table 2.3.

Tab. 2.3: Forest taxation indices of the investigated plantations in the Jylandy boundary
(according to Forest Taxation Service in Bishkek, Kyrgyzstan)

Trees Birch Fir Pine Larch

(Betula pendula)  (Picea shrenkiana) (Pinus silvestris) (Larix sibirica)

Bonitet” I I I I
Mean diameter 20 20 24 22
of trunks (cm)

Mean height of 17 17 17 16
trees (m)

Area of 0.9 1.0 2.4 1.5
plantations (ha)

Age (years) 50 50 50 50
Density 0.8 0.8 0.8 0.8

note: *quality of forest productivity measured on a scale of I-V (I-being the highest); it is
calculated as a qualitative value by the height of trees reached after a specific number of years.

All the investigated plantations are located on northeast slopes. Pine and larch plantations
were grown close to each other and have an identical slope (25-30°). Birch and fir plantations are

grown on the same ranges (10-15°) (see Fig. 2.1).

2.3 Field analysis

2.3.1 Geo-botanical analysis

Geo-botanical analysis is accomplished by the Forest Institute, Kyrgyzstan. Particular
attention was turned to the following characteristics:

a) description of plantations and history of their creation;

b) description of floristic composition in plantations and control glades by the Drude scale

(Tab. 2.4).
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Tab. 2.4: Drude scale rating of floristic composition (Flint et al., 2002)

Scale rating Description

Soc (socialis) Dominant plant species; > 90 % coverage
Cop3 (coptosal) Very abundant; 70-90 % coverage
Cop2 (coptosal) Many individuals; 50-70 % coverage

Copl1 (coptosal) 30-50 % coverage

Sp (sporsal) Individuals small in number; 10-30 %coverage
Sol (solitarie) Very few individuals; < 10 % coverage
Un (unicum) A single individual

2.3.2 Forest litter

Similar subdivisions of forest litter were carried out according to Hesselman (1914),

distinguishing three layers:

1) the fresh forest litter fall designated by the letter L, for Litter ;

2) the layer of decomposition or fermentation abbreviated by the letter F because of the

predominate process of fermentation;

3) the layer where less amorphous organic matter is intermingled with mineral soil constituents

labelled H, for humus.

The thickness of forest litter was measured on the line of profiles by setting a ruler near the

trunks and between them.

The amount of forest litter: forest litter in plantations were collected from the soil surface
within a circle with an area of 500 cm”. Twenty-one samples were taken from the line of profiles
in the summer period (see schema 2). After cleaning the forest litter from soil particles, they
were air-dried and weighted. The amount of forest litter was calculated according to the

following formula:

22*10

Forest litter in plantation (t ha™) =
1.05
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oo Bobo Bob
8o 8o 80 80808

A :tree @ :place of sampling

Schema 2: Schematic representation of forest litter sampling on the trial plots in the

Jylandy boundary

Water holding capacity: for defining the water holding capacity of forest litter, water was
poured on the samples for 10 minutes and then the samples were left for soaking during 24

hours. Afterwards the absorbed water was measured.

The fractions of the forest litter (e.g. needles, cones, twigs, branches, moss, leaves, bark,

scales, decay, grass) were separated and weighted in each of the collected samples.
2.3.3 Soil

Soil samples were taken in the summer period. The sampling procedure and morphological
description of soil profiles were carried out according to Soil Survey (Institute of Soil Science,
1959). The following parameters were analysed in the field: water infiltration capacity, runoff

transfer coefficient and dry bulk density.

Water infiltration capacity of soils was carried out by the Burikin or tube method (Burikin,
1956), specially designed for mountain conditions. Three tubes of 20 cm height and 4-5 cm
diameter were fixed in the ground, 2-3 cm deep, at distances of 30-50 cm between each other.

Then, tubes were filled with water and the infiltrating amount of water was measured during
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definite time (2, 5, 10, 15, 30, 60 min). The process was repeated three times in other parts of the
investigated areas. Finally, the total infiltration (mm) and the speed of infiltration (mm/minute)

were calculated.

Runoff transfer coefficient was determined according to the Danilik method (Danilik et al.,
1993). The surface runoff was ascertained on the line of profiles in plantations and control
glades. The investigated sites were not under the influence of humans and cattle. A special
portative instrument, which demands a minor amount of water, was fixed in the soil. Throw a
hose, 1 litre of water was poured into the instrument. First, the water reached the water-collector.
Then, in the limit-infiltration block, one part of water was absorbed by the soil (subsurface
runoff) and another part of water reached the catch-camera. Finally, the volume of water in the
catch-camera was measured (surface runoff). The procedure was repeated three times in other

parts of the investigated areas.

Dry bulk density was investigated by using soil-sampling cylinders to warrant the removal of
undisturbed soil cores. For this purpose, steel cylinders (5 cm diameter, 4 cm height) were bored
in the soil (three repetitions). Samples were taken from each horizon and finally air-dried and
weighted. The bulk density was calculated according to the formula reported in the literature

(Plusnin et al., 1974).

2.4 Chemical analysis

2.4.1 Forest litter

All analytical methods were carried out on air-dried forest litter. The forest litter was fine
ground to a particle size < 2 mm using an electrical mill. The analysis of macro- and
micronutrients were conducted at the Institute of Plant Nutrition and Soil Science, Federal
Agriculture Research Centre, Braunschweig, Germany, whereas ash composition was analysed at
the Department of Soil Science, Institute of Geology, Bishkek, Kyrgyzstan. The pH of forest
litter was determined at the Forest Institute, Bishkek, Kyrgyzstan. The analytical methods for

forest litter analysis are summarised in table 2.5.
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Tab. 2.5: Analytical methods of forest litter analysis

Parameter Method

Ash composition (K, Na, Si, Rodin method (Rodin et al., 1968)
Ti)

Total nitrogen Kjeldahl method (Arinushkina, 1980)

Macro (Ca, Mg, S, P) and Aqua regia extraction followed by ICP-AES (DIN EN ISO
micronutrients (Zn, Fe, B, 11466)

Mn, Cu)

pH potentiometrically in water suspension (1:25, vv)
(Arinushkina, 1980)

2.4.2 Soil

All analytical methods were carried out on air-dried and ground soil (< 2 mm). Soil analyses
were conducted in five different laboratories. Total and easy hydrolysed nitrogen were analysed
at the Soil Department of “Giprozem” Institution, Bishkek, Kyrgyzstan. Metal oxides (P and K),
pH and humus were analysed at the Forest Institute, Bishkek, Kyrgyzstan. The amorphous iron
(Fe) content and fractional composition of humus were conducted in the laboratory of the Soil
Science Institute, Moscow State University, Moscow, Russia. Total macro and micronutrients
were analysed at the Institute of Plant Nutrition and Soil Science, Federal Agriculture Research
Centre, Braunschweig, Germany. Soil biological activity was determined at the Institute of
Agroecology, Federal Agriculture Research Centre, Braunschweig, Germany. Chemical methods
of soil analysis are mentioned in table 2.6 and methods that are not generally used worldwide are

described in details in this chapter.
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Tab. 2.6: Chemical methods of soil analysis

Parameter Method

Available P and K Extraction by (NH4),CO3; Denije method modified by Malugin
and Hrenova (Radov et al., 1971)

Total nitrogen Kjeldahl method (Arinushkina, 1980)

Easy hydrolysed nitrogen Turin and Kononova method (Radov et al., 1971)

pH potentiometrically in water suspension (1:2.5, vv) (Arinushkina,
1980)
Amorphous Fe Vorobeva method (Vorobeva, 1998)

Macro (Ca,Mg,S,P) and  Aqua regia extraction followed by ICP-AES (DIN EN ISO
micronutrients 11466)
(Zn,Fe,B,Mn,Cu)

Soil microbial biomass Infrared gas analysis (Martens et al., 1995)
and respiration

Total humus Turin method (Arinushkina, 1980)
Fractional humus Turin and Ponomareva-Plotnikova method (Orlov et al., 1981)
composition

Available phosphorus and potassium were extracted in Machigin solution (Radov et al.,
1971). Five grams of soil were placed in 250 ml conical retort and filled up with 100 ml of 1 %
ammonium carbonate solution. The suspension was shaken manually for about 5 minutes and
stored for 24 hours. During this time it was shaken every 6 hours. Then, the suspension was
filtered through a filter paper. The filtrate was analysed for potassium (K) by flame-photometry.
For the phosphorus (P) analysis, the filtrate was decolourised by adding dilute sulphuric acid and
0.5n KMnOy solution. The mixture was then boiled for 2 minutes. After adding 1 ml of 10 %
glucose, the solution was cooled and neutralised with 10 % Na,COs solution in the presence of
an indicator. To 50 ml of colourless mixture, 2 ml of molybdenum reagent solution and 0.5 ml

stannous chloride were added. After 5 minutes phosphorus was analysed colorimetrically.

Easy hydrolysed nitrogen (e.g. amino acids, amides, easy hydrolysed proteins) was analysed
by the Turin and Kononova method after the treatment of the soil with cold 0.5n sulphuric acid
(Radov et al., 1971). The soil sample (20 g) was suspended with 100 ml H,SO4. After 16 hours
the suspension was filtrated. To the filtrate 0.1 g Fe and 0.8 g Zn were added and then heated
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until 100°C. After cooling, 5 ml H,SO4 was added to the solution and the solution was
evaporated until dark colour vapours of SO, appear. To the remaining solution 2.5 ml K,Cr,05
(10%) was added and boiled until the solution was turn in green. The cooled solution was placed
on a digestion-heating block and then 20 ml NaOH (50%) was added. During 1 hour the solution
was digested. The receiver for digested ammonia was a glass of 300 ml containing 15 ml of
0.02n H,SO4 and 5 drops red kongo indicator. The available nitrogen is afterwards estimated

assuming that 1 ml of 0.02n H,SO4 corresponded to 0.28 mg nitrogen.

Amorphous iron was determined by the Vorobeva method (Vorobeva, 1998). Soil samples
(0.5 g) were extracted by 25 ml Tamma solution (H,C,04%*2H,0 + (NH4),C,04*H,0; pH 3) and
then shaken for 1 hour and centrifuged. Liquids above sediments were poured in 50 ml glasses
and sediments were again extracted by 25 ml Tamma solution and the same procedure was
applied. Finally, liquids were mixed and analysed by atomic absorption spectrometry (AAS) in

an acetylene flame air at 248.4 nm for the presence of iron.

Total humus: The organic matter is oxidized with a mixture of 0.4n K,Cr,O7; and H,SO4
(1:1, vv). Unused K,Cr,O7 is back-titrated with Mora salt (FeSO4). The dilution heat of
concentrated K,Cr,O; and H,SOy is the sole source of heat. Because no external source of heat is
applied, the method provides only an estimate of readily oxidizable organic carbon and is used as
a measure of total organic C. Soil organic matter is estimated assuming that organic matter

contains 58 % carbon (Arinushkina, 1980).

Soil microbial biomass and respiration were measured based on infrared gas analysis
(Marten et al., 1995). Before biological analysis, soils were incubated for 15 days at 20° C. The
method, based on the initial respiratory response of microbial populations to amendment with an
excess of a carbon and energy source, was quantified using an expanded version of Jenkinson’s

technique.

The composition of humus was determined by the Turin and Ponomareva-Plotnikova method
modified by Nikitina (Orlov et al., 1981). The humic acid fraction and the fulvic acid fraction
were analysed. The soil sample (5 g) was suspended with 200 ml of 0.In NaOH (alkali

suspension) and another soil sample (5 g) with 200 ml of 0.1n H,SO4 (acid suspension),

Step 1: After 24 hours, to the alkali suspension 50 ml Na,SO4 was added and the suspension was

filtrated. From the filtrate two aliquots (10 ml) were taken. One aliquot was evaporated and the

total carbon of the alkali suspension was determined by the Turin method. To the second aliquot
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10 ml of 0.1n H,SO4 was added. After keeping the aliquot for 10 min in an oven at 120-130°C, it
was filtrated. The sediment on the filter was washed with acid to remove remains of fulvic acids.
Then, the sediment was dissolved by hot 0.1n NaOH. From this solution, the carbon of humic
substances (HA1) was analysed by the Turin method. The carbon of fulvic acids was calculated
as the difference between total carbon of alkali suspension and carbon of humic substances

(HAT). The acid suspension was filtrated and the filtrate was washed with 0.1n H,SO4 and

finally analysed for carbon by the Turin method (FA1la). The FA1 fraction was calculated as the

difference between total carbon of alkali suspension, HA1 and FA1a.

Step 2: From the filtrate of alkali suspension one aliquot (10 ml) was taken, mixed with 10 ml of
0.1n H,SO4 and kept for 10 min in the oven (120-130°C). After filtration, the sediment on the

filter was washed with 1-2 % Na,SO4. From the filtrate, the carbon of humic substances was
analysed by the Turin method. The carbon of fulvic acids was calculated as the difference
between total carbon of alkali suspension and carbon of humic substances. The HA2 and FA2

fractions were calculated as follows:
HAZ2 = carbon of humic substances (step 2) - HA1;
FA2 = carbon of fulvic acids + FAla - carbon of fulvic acids (step 1).

Step 3: The sediment from the filter (from step 2) was washed off with 250 ml of 0.02n NaOH
and the resulted suspension was placed on a water-bath for 6 hours. Afterwards, the same
operations as in step 2 were carried out for the suspension. The carbon of humic substances
(HA3) was obtained by the Turin method. The fraction FA3 was calculated as the difference
between total carbon of alkali suspension (step 1), HA3 and FAla.

In the end, humin (or the non-hydrolysed remain) was calculated as the difference between

total humus and all investigated fractions.

2.5 Hydrological properties of soil

All analytical methods were carried out on air-dried and sieved soil materials (< 2mm). For
defining the aggregate composition, soil samples were taken as monoliths 40¥*40*40 cm. Soil
hydrological properties were determined at the Forest Institute, Bishkek, Kyrgyzstan. The

methods employed are summarised in table 2.7.
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Tab. 2.7: Methods for the determination of soil hydrological properties

Parameter Method

Texture of soil Kachinskii pipette method (Plusnin et al., 1974)

Aggregate Savinov method (Plusnin et al., 1974)

composition

Specific weight pycnometrically (Plusnin et al., 1974)

Porosity of soil calculated from data of specific weight and bulk density (Plusnin
etal., 1974)

Soil texture was determined according to the Kachniskii pipette method (Plusnin et al.,
1974). The soil was separated in fractions based on particle diameters and falling speeds (Stocks

formula).

The aggregate composition of soil and soil structure stability (dry and wet sieving) were
analysed from monoliths, which were taken as “non-disturbed” structures from each horizon
(Plusnin et al., 1974). The soil sample (1 kg) was sifted through a series of sieves (diameters: 10;
5;3;2; 1; 0.5 and 0.25 mm). Aggregates were weighted from each sieve and their percentage of
the total was calculated. For analysing the soil structure stability, 50 g of sieve fraction sample
was taken from each sieve. Each sample was then placed in 1 litre cylinder. The cylinder was
filled with water and left for 10 minutes. Afterwards, the cylinder was covered and turned up and
down 10 times. Then, the sample was overturn in a special water pool and sieved on a series of
sieves (diameters: 3; 2; 1; 0.5 and 0.25 mm). Finally, the soil mass on sieves was dried and
weighted. The obtained amount of aggregates on each sieve was multiplied by factor 2, obtaining

therefore the percentage of soil aggregate stability.

The specific weight (particle density) was measured pycnometrically (Plusnin et al., 1974).
A pycnometer with a capacity of 100 ml was filled up by distilled water of known temperature
and was weighted. Afterwards, approximately half of the water was removed from the
pycnometer and 10 g of soil sample was added. The suspension was boiled for 30 minutes in
order to remove the air from the soil. After cooling till known temperature, the pycnometer was

filled with water and weighted.

The porosity of soil was calculated from data of specific weight and bulk density (Plusnin et

al., 1974).
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2.6 Statistical analysis

For statistical analysis the SPSS software package version 10 was employed (SPSS, 1999).
In the present work, the GLM procedure was employed to assess the influence of birch, fir, pine
and larch trees on individual parameters. The differences between means were tested using

Tukey’s multiply test and t-test (LSD) at the 5% significance level.
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3 Results
3.1 Composition of forest litter

The forest litter is generally formed from forest falling materials, but when moss or

grassland is progressing under the canopies the forest litter includes them also.

The period of forest litter formation depends on the plantation type. In larch and birch
plantations the falling material is falling in the autumn period, whereas in fir and pine plantations

the time of falling material encompasses the autumn-winter period.
3.1.1 Thickness of forest litter

The thickness of forest litter under investigated plantations is illustrated in figure 3.1. Under
the birch crowns, the forest litter was accumulated up to 1 cm, whereas between the crowns it
was completely mineralised (Fig. 3.1). The forest litter under the larch plantation was
accumulated in a thick layer of 2-4 cm shared between two horizons, namely L (litter) and F

(fermentation) (Fig. 3.1).

between crown of larches
under crown of larches

between crown of pines

under crown of pines

between crown of firs 7
under crown of firs 7

between crown of birches

under crown of birches

0 1 2 3 4 5 6

thickness of forest litter (cm)

Fig. 3.1: Thickness (cm) of forest litter between and under crowns in birch, fir, pine and larch
plantations in the Jylandy boundary (2000)
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The fir litter was also clearly shared in two horizons, L (litter) and F (fermentation), and was
basically accumulated near tree trunk zones in a 5 cm layer, whereas in the remaining parts of
the soil surface the thickness of the forest litter was 2.5 cm less (Fig. 3.1). Under the pine
plantation, a 1-2 cm forest litter was formed uniformly on the investigated site (Fig. 3.1). The
low thickness of the pine litter indicates higher decomposition processes under the pine

plantation compared to coniferous plantations (Fig. 3.1).
3.1.2 Amount of forest litter

In the investigated plantations a considerable amount of forest litter was observed (Fig. 3.2).
The analysis of variance showed significant differences (p < 0.01) between plantations regarding
the amount of forest litter. The largest amount of forest litter was observed in the pine plantation
and was approximately three times higher than in the birch plantation, and almost two times

higher compared to fir and larch plantations (Fig. 3.2).
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Fig. 3.2: Mean amount of forest litter (t ha™) in birch, fir, pine and larch plantations in the
Jylandy boundary (2000) (different letters denote significant differences between tree
plantations by the Tukey test)
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3.1.3 Fractional composition of forest litter

The fractional forest litter composition varied depending on the constitution of trees, the
progression of floor growth, age, sanitation state, density of trees and other factors. The
fractional composition of forest litter for each plantation is shown in table 3.1. The results
showed that the principal constituents of the fir litter were needles (31.5 %), of the pine litter
cones (52.8 %), of the larch litter branches (30.5 %) and twigs (30.8 %) and of the birch litter
branches (42.2 %) and leaves (31.0 %) (Tab. 3.1). The high amount of the litter found under the
pine plantation might be due to the heavy cone fraction (Fig. 3.2 and Tab. 3.1). The highest
thickness of the fir litter might be explained by the dense canopy cover and the presence of the
moss fraction (Fig. 3.1 and Tab. 3.1).

Tab. 3.1: Fractional composition of forest litter (%) in birch, fir, pine and larch plantations in the

Jylandy boundary (2000)

. . 1 2
Plantations needles cones twigs branches moss leaves bark scales decay3 grass

Y%
birch - - 179 42.2 - 31.0 - - - 89
fir 31.5 54 172 193 7.7 - 3.1 9.6 25 3.7
pine 149 528 69 5.8 - - 12.6 - - 7.0
larch 129 12.6 30.8 30.5 - - 13.2 - - -

note: 'tree protective out layer; “attached to a centre stalk of cones; “dust of rotten wood

From the above results it can be concluded that under the investigated plantations the
thickness and the amount of forest litter depend on the tree species. Results from the composition
of forest litter revealed that coniferous pine and larch needles were decomposed with high
velocity. Contrary, the fir needles were decomposed with low velocity that might be due to the
presence of the moss fraction. The highest percentage of grass remained in the deciduous birch
litter accelerated the decomposition processes, which lead to the complete mineralisation of the

birch litter between crowns.
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3.2 Chemical composition of forest litter

3.2.1 Acidity of forest litter

The acidity of forest litter collected from the investigated plantations is summarised in figure
3.3. The analysis of variance showed significant differences (p < 0.01) between plantations with
respect to the acidity of forest litter (Fig. 3.3). Forest litter in pine and larch plantations were
moderately acid (pH < 6) and significant differences were found between these plantations,
whereas in birch and fir plantations the acidity was slightly acid (approximately pH = 6.5) and no

consistently significant differences were revealed (Fig. 3.3).
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Fig. 3.3: Acidity of birch, fir, pine and larch litter in the Jylandy boundary (2000) (different
letters denote significant differences between tree plantations by the Tukey-test)

Statistical analysis revealed no significant differences in the acidity of forest litter under and
between crowns in birch and fir plantations (Fig. 3.4). In fir and birch plantations, grown on 10-
15° slopes, the pH of forest litter was approximately 6.5 and 6.6 under and between crowns,

respectively (Fig. 3.4). On the other hand, in the pine plantation the acidity of forest litter was
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approximately 6.0 under crowns and 6.4 between crowns, whereas in the larch plantation the
corresponding values were 5.6 and 6.0. Pine and larch plantations were grown on higher slopes
(30-35°). It can be therefore noticed that the steepness of slopes, i.e. the redistribution of forest
litter under gravity, influences the acidity of forest litter between and under crowns. With
increasing the steepness significant differences were found regarding the acidity of forest litter

between and under crowns (Fig. 3.4).
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Fig 3.4: Acidity of forest litter between and under crowns in birch, fir, pine and larch plantations
in the Jylandy boundary (2000) (different letters denote significant differences under
and between crowns by the Tukey-test).
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3.2.2 Chemical composition of forest litter

The content of nutrients in the dry matter of forest litter found by all three methods (see

subchapter 2.3.4) is summarised in table 3.2.

Tab. 3.2: Content of macro and micronutrients in birch, fir, pine and larch litter in the Jylandy

boundary — relating to dry matter (2000)

Macronutrients Birch Fir Pine Larch
gkg'

N 39.0 35.0 42.0 48.0

P 1.3 1.3 0.7 0.9

S 1.1 1.7 1.4 1.5

K 23 3.1 6.3 1.5

Ca 18.8 19.9 17.6 14.8

Mg 4.3 2.7 2.3 5.5
Micronutrients mg kg'1

Si 22,080 23,430 32,850 10,750

Fe 10,735 4,640 5,203 13,547

Al 9,302 4,218 4,180 11,718

Na 1,000 1,100 1,600 400

Ti 336 352 480 130

Zn 120 105 61 56

B 32 41 31 44

Mn 359 204 256 521

Cu 12 9 5 15

note: K, Si, Na and Ti recalculated from the ash content; N analysed by Kjeldahl method; P,

Ca, Mg, S, Fe, Al, Zn, B, Mn and Cu by aqua regia digestion.

Calcium carbonate (CaCOs) is known as a compound, which slows down the podzolic
processes. A considerable amount of calcium (Ca) was found in the fir litter, followed by birch,
pine and larch litter (Tab. 3.2). The largest amount of nitrogen (N) was observed in the larch
litter (48 g kg™) and the smallest in the fir litter (35 g kg). A high amount of sulphur (S) (1.7 g
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kg™) was also found in the fir litter, whereas in birch and pine litter the content of this element
was low (Tab. 3.2). The phosphorus (P) content was the equal (1.3 g kg™) in birch and fir litter,
followed by larch (0.9 g kg'l) and pine litter (0.7 g kg') (Tab. 3.2). The highest amount (6.3
g kg™) of potassium (K) was found in the pine litter and the lowest K content (1.5 g kg'l) was
noticed in the larch litter (Tab. 3.2). The magnesium (Mg) content was high in the larch litter
(5.5 gkg™") followed by birch (4.3 gkg ™), fir (2.7 g kg™") and pine (2.3 g kg™) litter (Tab. 3.2).

Elements as iron (Fe) and aluminium (Al) are known as indicators of podzolic processes.
The highest value of Fe and Al was noticed in birch and larch litter, whereas in fir and pine litter
it was almost twice less (Tab. 3.2). The silicon (Si) content was 32850 mg kg™, 23430 mg kg™,
22080 mg kg and 10750 mg kg in pine, fir, birch and larch litter, respectively (Tab. 3.2). The
content of titanium (Ti) and zinc (Zn) was found in the same amount in birch and fir litter (Tab.
3.2). Comparing the copper (Cu) and manganese (Mn) content, it can be seen that in fir and pine
litter they were found at lower levels (Tab. 3.2). The highest amount of sodium (Na) was noticed
in pine and fir plantations followed by birch and larch plantations. The boron (B) content was

approximately the same in all forest litter (Tab. 3.2).

Results from the acidity of forest litter revealed differences between the investigated
plantations. Additionally, with increasing the steepness under pine and larch plantations
significant differences were found regarding the acidity of forest litter between and under
crowns. Nevertheless, under birch and fir plantation grown on slopes with low steepness, the
variability of forest litter acidity between and under crowns was not consistently significant.
Results from the chemical analysis of forest litter indicated that all investigated forest litter were

rich in mineral nutrients.

3.3 Changes in the vegetative cover under the influence of trees

One of the main factors influencing the soil formation process is the vegetation. Vegetation
and soil together create a homogenous system. Changes of the vegetation influence on one hand
soil properties and on the other hand soil conditions (e.g. moisture, aeration, pH conditions)

affect the type of vegetation.
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The floristical diversity under the investigated plantations and control glades is summarised
in table 3.3. Comparing the floristic diversity between plantations and control glades, it is

possible to assume changes in grasslands under the influence of trees during 50 years (Tab. 3.3).

Tab. 3.3: Floristic composition (Drude scale) under birch, fir, pine and larch plantations and on

the neighbouring control glades in the Jylandy boundary (2002)

Species Birch  Glade Fir Glade Pine Glade Larch Glade
_Gramineae
1. Brachypodium pinnatum Sp2 Copl Sp Sp
2. Dactylis glomerata Sol Sp3 SpSol  SpSol  SpSol Sp2
3. Elymus caninus Sol
4. Millium effusum Sp Sp2 Sol Sol SpSol  SpSol  Sp2 Sp2
5. Phragmites communis Un
6. Phleum phleodis SpSol
7. Poa nemoralis Sp Sp2
Cyperacea
8. Carex atterrima SpSol . S
_____ Fabaceae
9. Lathyrus gmelini Sol SpSol Sp SpSol  SpSol  SpSol SpSol
10. Lathyrus pratensis Sol Sp Sp
11. Trifolium pratense SpSol Sol
12. Trifolium repense SpSol Sol
13. Vicia cracca SpSol  SpSol SpSol  SpSol  SpSol Sol
______ Mixtaherbosa
14. Aconitum septentrionale Sol Sp2 Un SpSol SpSol Sp2
15. Aegopodium alpestre Sp2 Sp Sp SpSol  Sp
16. Alfredia acantolepis SpSol Sp SpSol  SpSol  SpSol
17. Anthriscus sylvestris Sol Sol SpSol  SpSol  SpSol
18. Artemisia vulgaris Sol SpSol SpSol
19. Arctium leucospermum Sol
20. Anemone protracta SpSol Sol
21. Alchimilla atropilosa Sp
22. Arctium lasiocarpa SpSol
23. Allium sp. Sol
24. Aqulegia karelini SpSol Sol SpSol  SpSol
25. Campanula glomerata SpSol  SpSol SpSol Sol
26. Cardamine impatiens SpSol
27. Cerastium dauricum SpSol Sp SpSol  SpSol SpSol
28. Codonopsis clematidea SpSol  Sp SpSol SpSol  Sp SpSol
29. Cicerbita tianchanika Sp Sp2 Sp2 CoplSp Sp
30. Crepis sibirica Sol Sp Sp Sp Sp
31. Euphrobia alatavica Sol Sol
32. Galium septrentrionale SpSol Sp SpSol
33. Geranium collinum Sp SpSol  Sp
34. Geranium transversale Sol SpSol  SpSol  SpSol
35. Geum urbanum SpSol  SpSol SpSol  SpSol  SpSol  Sp Sp

36. Goodiera repens Sol
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Tab. 3.3 continued

Species Birch  Glade Fir Glade Pine Glade Larch Glade
37. Heracleum dissectum Sp Sol Un Sp Sp Sp
38. Hieraciym sp Sol

39. Hypericum perforatum Sol Sol

40. Impatiens parviflora SpSol Sp

41. Lamium album SpSol SpSol SpSol Sp
42. Ligularia knoringiana SpSol Sp Sol

43. Melilotus officinalis Sol

44. Nepeta pannonica Sp

45. Origanum vulgare SpSol SpSol  SpSol

46. Polemonium turkestanica Sol SpSol

47. Polygonatum roseum Sol Sol SpSol

48. Phlomis oreophila SpSol

49. Ranunculus polyanthemus Sol

50. Ribes saxatile Sol

51. Rumex acetosa Sol SpSol

52. Rumex paulsenianus Sol

53. Silene vulgaris SpSol SpSol  SpSol Sol
54. Thalictrum minus SpSol  SpSol SpSol  SpSol  Sol SpSol
55. Trollius altaicus Sol SpSol

56. Urtica dioica Sp2 SpSol SpSol  Sp Sp Sp2 Sp2
57. Valeriana turkestanica Sol-un

From a total of 32 species (i.e. Gramineae, Cyperacea, Fabaceae and Mixtaherbosa) found

on the control glade near the birch plantation only 12 species were observed under birch trees,

whereas 13 species were substituted by other species and 7 species disappeared (Tab. 3.3). From

4 Gramineae species found on the control glade, 2 remained in the birch plantation and Poa

nemoralis (Drude scale: Sp- see photo 3) emerged. On the control glade, 2 Fabaceae species

were recognised and they were also described under birch trees (Tab. 3.3). Additionally, in the

birch plantation 3 Fabaceae species were observed, namely: Lathyrus pratensis (Drude scale:

Sol); Trifolium pratense (Drude scale: Sp Sol) and Trifolium repens (Drude scale: Sp- see photo

3). From 25 Mixtaherbosa species found on the control glade, 7 former species remained,

whereas 9 new species appeared in the birch plantation (i.e. Artemisia vulgaris;, Arctium

leucospermum, Cicerbita tianchanika; Geranium transversale; Heracleum dissectum; Ligularia

knoringiana; Mililotus officinalis; Polygonatum roseum, Urtica dioica).
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Photo 3: Poa nemoralis (left; Drude scale: Sp) and Trifolium repens (right; Drude scale: Sp) in
the Jylandy boundary (photos provided by the Forest Institute, Kyrgyzstan)

On the other hand, the vegetation on the control glade near the fir plantation consisted of 39
species (i.e. Gramineae, Cyperacea, Fabaceae and Mixtaherbosa). Under the fir plantation, 5
species from Gramineae and Mixtaherbosa remained (Tab. 3.3) and 2 Mixtaherbosa species

appeared (Goodiera repens and Polygonatum roseum, see photo 4).

Photo 4: Goodiera repens (left; Drude scale: Sol) and Polygonatum roseum (right,; Drude scale:
Sol) in the Jylandy boundary (photos provided by the Forest Institute, Kyrgyzstan)

The grass glade near the pine plantation consisted of 23 species (i.e. Gramineae, Fabaceae

and Mixtaherbosa) (Tab. 3.3). During 50 years they were substituted in the pine plantation with
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other 9 species, whereas 15 species remained (Tab. 3.3). The same Gramineae and Fabaceae
species were found in the pine plantation as on the neighbouring glade, whereas from
Mixtaherbosa species were observed only 10 in the pine plantation and new 9 species appeared
(i.e. Aegopodium alpestre; Anthriscus sylvestris;, Allium sp; Geranium collinum - photo 5;

Goodiera repens - photo 4; Heracleum dissectum - photo 5; Impatients parviflora - photo 6;

Origanum vulgare, Silene vulgaris).

Photo 5: Heracleum dissectum (left; Drude scale: Sp) and Geranium collinum (right; Drude

scale: Sp) in the Jylandy boundary (photos provided by the Forest Institute,
Kyrgyzstan)

The floristic composition on the control glade near the larch plantation was composed of 16
species (i.e. Gramineae, Fabaceae and Mixtaherbosa). Under the larch plantation, 8 species
were left and 5 new species appeared (Tab. 3.3). From the Gramineae and Fabaceae species on
the glade, in the larch plantation remained one from each group. In the same time in the larch
plantation, 6 Mixtaherbosa species from the control glade were found and 5 new species
appeared (i.e. Alfredia acantolepis; Geranium transversale - photo 6, Anemonastrum

protactrum,; Impatiens parvilflora - photo 6; Cardamine impatiens).
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Photo 6: Geranium transversale (left; Drude scale: Sp Sol) and Impatiens parviflora (right;

Drude scale: Sp) in the Jylandy boundary (photos provided by the Forest Institute,
Kyrgyzstan)

From the above results it can be concluded that the biological features of trees (e.g. height of
trees, canopy closure) influence the grassy vegetation in all plantations. The birch tree forms a
friable crown, which is not shadowing the soil surface and consequently variations between the
control glade and the birch plantation were not so different. On the other hand, the dense fir
crowns create conditions that detain the sunlight under the canopies and therefore poor floristic
composition under the fir plantation was observed. In the pine plantation, open spaces were
created between crowns and therefore some variations in the grassy vegetation were noticed.

Contrary, under the larch plantation shadow loving vegetation grew.

3.4 Chemical composition of soils

3.4.1 Morphological indices

Essential distinctions in morphological indices appear only under long time of trees
growing. In all profiles the thickness of humus horizons was approximately the same compared
to the control glades (see Appendix: Fig. A4-A11). The HCI test (or line) of soils for assessing
the lime status under larch and birch plantations was identical compared to the control glades.

On the other hand, the HCI line dropped down by 20 cm under the pine plantation and by 40 cm
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under the fir plantation compared to the control glades (see Appendix: Fig. A4-All).
Additionally, data showed that the horizon E (zone of strongest leaching) in soil profiles did not

morphologically occur under all investigated plantations.
3.4.2 Soil pH

The acidity of soils under plantations and control glades is illustrated in figures 3.5-3.6. It
could be shown that there were differences in the soil acidity between plantations and open areas
(glades). The pH under birch, pine and larch plantations decreased in the upper 50 cm of the soil
profile compared to the control glades, whereas in the soil under the fir plantation increased (see

Fig. 3.5-3.6).
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Fig 3.5: Soil pHwater) under birch (left) and fir (right) plantations and in the control glades in the
Jylandy boundary (2000)
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Fig 3.6:  Soil pHwater) under pine (left) and larch (right) plantations and in the control glades in
the Jylandy boundary (2000)

3.4.3 Macronutrient contents

Macronutrients are essential for plant nutrition in close connection with soil properties such
as humus content and acidity. The total soil nitrogen (N) content in the investigated plantations
and glades is summarised in figures 3.7-3.8. Soil samples were taken in the summer period when

intensive decomposition of forest litter occurs due to high microbiological activity.

As can been seen in figures 3.7-3.8, the content of total N in soils under fir and larch
plantations was higher than in the neighbouring glades. Under the birch plantation, the total
content of N in the upper layer (10 cm) was low compared to the control glade, but afterwards it
increased with the deepness (Fig. 3.7). The total N content in the soil under the pine plantation
increased in the upper soil layer compared to the control glade, whereas till 65 c¢cm in the soil
profile a decrease was noticed. The content of total N in the soil profile under the pine plantation
was uniformly distributed (Fig. 3.8). The distribution of the total N in soil profiles under fir and
larch plantations was unevenly. The N content decreased till 45 cm in the soil profiles and then

gradually increased till 60 cm (Fig. 3.7-3.8).
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Fig 3.7: Total soil nitrogen content (%) under birch (left) and fir (right) plantations and in
the control glades in the Jylandy boundary (2000)
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