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Abstract: In this study an attempt was made to investigate the physical, chemical and pedogenetical soil properties of black pine forests

at over 1400 metre (m) altitude of Kazdagi mountainous uplands. Soil  profiles (37 numbers) were dug, examined and sampled considering

the horizons and soil volume weight, fine soil weight, stoniness, pH, total nitrogen, soil organic carbon and pedogenesis alterations were

tried to be explored in relation with elevating altitude. While the altitude increased, soil organic carbon and total nitrogen values decreased

at A horizon, and pH decreased at Bw horizons. Soil volume weight, fine soil weight, stoniness values of A horizon has positively and strong

correlation with elevation with the coefficient values 0.699, 0.518 and 0.573 respectively at 0.01 significance. The highest regression values

between altitude and volume weight, soil organic carbon contents (%) and soil total nitrogen contents (%) were detected with R2

coefficients 0.489, 0.295 and 0.247 for A and 0.556, 0.311 and 0.286 for Bw horizons respectively. The achieved results reveal that the

elevation effect is remarkable in particular for the uppermost soil horizons. Furthermore the soil generation in fact functions well up to 1550

m altitude at Kazdagi mountainous land where we determined that at upper elevations Inceptisols replace with Alfisols in comparison with

each other.

Key words: Altitude, Upland soil, Pinus nigra Arnold

PDF of full length paper is available with author (*osevgi@istanbul.edu.tr)

Introduction

The mountainous range-lands are characterized by

prevailing decreasing temperature and increasing precipitation in

the altitudinal gradient extension. Black pine (Pinus nigra Arnold.)

consists 4.2 million ha as one of the most abundant tree species at

upper elevations in Turkey (Anonym, 2008) and the optimum

distribution of Black pine shifts from 400 to 1400 meter (m) as pure

stands from northern to southern part of Turkey (Saatcioglu, 1976;

Fontaine et al., 2007). The findings seized by investigated dynamics

at high elevation mountainous rangelands indicate that altered

temperature and plant composition through the altitude is extremely

efficient on the sequestration of carbon amounts (Jobbagy and

Jackson, 2000; Fehse et al., 2002; McDougall et al., 2005; Rubioa

and Escudero, 2005; Dai and Huang, 2006), nitrogen turnover

rates (Knoepp and Swank, 1998; Bonito et al., 2003), nitrogen

deposition (MacDonald et al., 1997) and soil pedogenesis (Darwish

and Zurayk, 1997; Butler et al., 2003; Sanjurjo et al., 2003; Riebe

et al., 2004).

Soil organic matter constitutes the uppermost carbon reserve

whereas global warming will cause to changes on the soil carbon

reserve (Couteaux et al., 2002 ) and on the routine decomposition

processes. Organic matter decomposition is mainly controlled by soil

moisture and decomposition rates increased with soil depth indicating

greater microbial activity in the mineral soil than in the organic horizon

due to greater soil moisture (Withington and Robert Jr., 2007).

Through the similar perception Dai and Huang (2006) focus their

concentration on the identification of the key factors regulating soil

organic matter concluding negative correlation with temperature and

positive correlation with precipitation and altitude. Tsui et al. (2004)

studied on the effects of landforms on the soil chemical properties

whereas Rezaei and Gilkes (2005) had also studied on the

landscape effects on the soil chemical properties with a remarkable

attention on the slope effect on carbon accumulation. Besides the

carbon accumulation, carbon leakage (decarbonation) was

investigated by (Rubioa and Escudero, 2005) in relation with the

effect of climate and relief. Nitrogen is one of the most important

nutrient elements and controls the nutrition level at the ecosystems.

Nitrogen fluxes and nitrogen cycle rate is high at temperate regions

while low at slow decomposition sites as nitrogen is bound to organic

molecules resulted the suppressed nutrition (Bonito et al., 2003).

Soil genesis and nutrient element cycles are under the execution of

site condition units, which continuously differ due to elevation (Schmidt

et al., 1999; Dai and Huang, 2006). At the upper elevations climate

characterized by low temperature and high snow pressure causes

inhibition of microorganism activities and shortened vegetation period

naturally condenses the nutrition by the time period. Nevertheless

the distribution of black pine at lowly fertilized sites could explain its

existence at high mountainous lands; the features of the black pine

forests could only be elucidated by the investigations in particular at

mountainous lands.

This study aims to conclude two main issues (1) investigation

between carbon and nitrogen accumulation amounts at high elevation

mountainous rangeland soils in relation with raising altitude; (2) black

pine forest soils’ genesis at high elevation mountain lands. Our
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Fig.1: Study area at Kazdagi upland black pine forest
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hypothesis firstly suggests that soil nitrogen and soil organic carbon

amounts would be high under cold climate prevailing conditions

(Dolezal and Srutek, 2002). Secondly, the more the elevation raises

the soil genesis development slows down and forms shallow soil

profiles. The extracted knowledge about existing ecosystem

components will provide information useful for high mountainous

land forest management.

Materials and Methods

Site characteristics: Our study site exists between the parallels

26o48’45”-26o54’00” and longitudes 39o46’30”-39o49’45” (Fig. 1).

Biga peninsula consists of two main mountaneous masses, on the

northern part “Biga mountains” and on the southern part “Kaz

mountains”. At the higher altitude from 1400 meter (m) mainly three

peaks arise; at Bayramic aspect, on the north, the Babadag (1767m),

and at Edremit aspect, on the south, Sarikiz (1726 m) and Karatas

(1774 m) with the highest top.

According to long term average values supplied by Biga

penisula meteorology station, annual precipitation is 889.7mm and

1340 mm; mean temperature is 12.9oC and 8.8oC at 400 m and

1400 m elevations respectively (Table 1).

According to Edremit meteorological station located on

the southern aspect of the mountain the site has a definite summer

drought with the annual mean temperature 16.4oC and with the

total annual precipitation amounted 697.2 mm.

Biga peninsula has a high variety of plant diversity

where more than 1000 species were distinguished (Davis,

1984; Kantarci and Sevgi, 1997). Two main elevation – climate

belt were signed rising from red pine to black pine which also

divided to sub-belts striking own begining, middle and ending

belts. Besides beech and fir stands were detected in the

valleys and chiefly on the northern steep slopes where fog

and cloudy air leans (Kantarci and Sevgi, 1997). In addition;
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the study material and some specific properties of the study

site were given in Table 2.

Sampling and analysis: The top of the mountain. covers

approximately 4000 ha area consisted our study site, where the

main tree species is black pine and being managed under the

administration of Kazdaglari national park Directorate. From the study

site totally 159 soil samples were collected from 37 soil profiles in

terms of horizons representing the whole area. The horizons were

distinguished according to their color, texture, structure and the

structure size, compactness, humidity and stain properties. The A

horizon which refers to upper mineral soil horizon containing high

organic matter, the Bts horizon which refers to silicate clay and Fe

oxide accumulation, Bw horizon which refers to accumulation horizon

within distinctive horizon color or structure, E-B, B-E and B-C

horizons which refer to transition horizons were distinguished.

Sampling points were determined according to altitude gradient where

representative stand was found. Soil profiles were dug at 1 m widths

with the help of 1000 cm3 soil cylinder and at the depth as much as

reaching to C or R horizons. Sampling by soil cylinder was applied

as much as horizon thickness where the thickness of horizon is

insufficient for the cylinder and then the amounts were converted to

per volumetric unit. The face of the profile, which will be observed,

was cleaned and bulk samples were taken after determination of

horizon thickness. Volume samples were taken from the mid-points of

the total horizon layer without disturbance. Soil samples were air

dried ground and sieved from 2 mm for physical soil analysis. After

determination of fine soil by oven drying at 105oC (Anderson and

Ingram, 1996; Schumacher, 2002) for 24 hr, the skeleton and coarse

woody debris, containing the roots, were removed. The soil particle

distribution was determined according to Bouyoucous hydrometer

method and the soil texture was figured with the International Particle

Size Distribution triangle. Dry soil colors were specified due to Munsell

Soil Color Chart. Actual soil pH was determined by glass electrode

(Hannas pH instrument) in a suspension of 10 ml of sample in 25 ml

of distilled water which had been left to stand overnight and then

shaken and measured after an hour. Soil organic carbon was

determined by Wackley-Black method (Gulcur, 1974). The

determination of total N was carried out with Kjeldhal method at the

Tecator Kheltec Auto Analyzer 1030 (Jackson, 1962; Gulcur, 1974).

The samples were sieved from 0.25 mm for soil organic carbon

and soil total nitrogen analysis. Correlation and regression values

were determined by interpreting data in SPSS program.

Table - 3: The correlation values between soil horizons and elevation of Kazdagi upland black pine forest

Horizons
Volume Fine soil Stone

Nt (%) C org (%) pH
weight (g l-1) weight (g l-1) (g l-1)

A 0.699** 0.518** 0.573** -0.497** -0.544** -0.023

E 0.357 0.419 0.063 0.154 -0.558 0.154

Bts/st/s/t 0.250 -0.135 0.253 0.051 0.237 0.067

B w 0.745** 0.333 0.279 -0.535* -0.558 -0.532*

B-C -0.101 -0.053 -0.035 -0.173 -0.318 -0.247

Cv/n 0.011 -0.316 0.152 -0.348 0.249 -0.165

A  refers to upper mineral soil horizon containing high organic matter,  E refers to leaching horizon, B refers to illuviation horizon, C refers to unconsolidated

horizon, (*) and (**) mean the correlation levels significant at levels 0.01 and 0.05 respectively, Nt = nitrogen,  C org = Organic carbon

Table - 2: Some study site (n) properties of Kazdagi upland black pine forest

1400-1500 m 1500-1600 m 1600-1700 m >1700 m

Forest floor weight (kg ha-1) 1 964.0 (n=11) 6 228.0 (n=9) 424.0 (n=11) 349.3 (n=6)

Main rock 2 silicate, 9 gabro Gabro Gabro Gabro

Stand canopy cover (%) 0.40-0.65 0.4 - 0.7 0.05 - 0.80 0.01 - 0.10

Stand age (year) 95 - 227 47 - 211 36 - 57 19 - 34

Tree (number ha–1) 213 - 1175 250 - 875 59 - 1625 55 - 299

Table - 1: Annual, summer months and January month mean temperature (oC) and precipitation (mm) data from Biga peninsula meteorological station

Elevation (m)
                    Annual   Summer months (May to October) January

Precipitation (mm) Temp. (oC ) Precipitation (mm) Temp. (oC ) Precipitation (mm) Temp. (oC )

400 889.7 12.9 143.3 19.6 129.0 4.0

600 960.5 12.2 153.3 18.9 141.0 3.5

800 1031.2 11.5 163.2 18.1 153.2 3.0

1000 1134.4 10.6 181.6 17.2 169.0 2.3

1200 1237.6 9.7 199.0 16.3 184.8 1.6

1400 1340.9 8.8 218.8 15.3 200.5 0.8

(Kantarci and Sevgi, 1997)
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Results and Discussion

A is the most striking soil horizon exposing positive relations

with altitude as volume weight, fine soil weight and stoniness significant

at 0.01 level with coefficient values 0.699, 0.518 and 0.573 respectively

(Table 3). Alike the regression analysis reveals a quite high significant

R2 value for volume weight of A in relation with altitude (Table 4).

Besides Bw horizon shows a high relation with altitude at 0.01

significance level with the coefficient value 0.745. The positive relation

between the volume weight and the altitude within the A horizon

indicates the compression causing from the snow pressure. Also the

increasing surface stoniness formed by the leakage of fine soil should

cause the high volume weight. The positive correlation between the

volume weight and the altitude within the Bw horizon, significant at

0.01 level and hold the coefficient value 0.745 is one of the most

diagnostic relations among our findings. We detected the secondly

highest relations within the Bw horizon. That must be the result of

vertical particle transportation and material accumulation. The rest of

horizons show no relations.

Soil organic carbon amounts are decreasing by the depth of

soil profile. General values are ranging between 0.05 and 22.62%.

Excluding A horizon not any correlation could be found in relation

with soil organic carbon and elevation (Table 3). The regression

between altitude and the organic matter contents (%) were detected

only for A and Bw soil horizons with R2 coefficients 0.295 and 0.311

respectively (Table 4). At the upper elevations the linearly increasing

soil organic carbon curve has deviated from the conventional

expectations. Our findings showed that the relation is negative,

significant at 0.01 and there is a moderate relation with the coefficient

value 0.544 between A horizon and elevation (Table 3). The data

recorded by Sevgi (2003) illustrated a straightly increase at the soil

organic carbon values at the whole soil profile horizons by the raising

elevation. The changing climatic conditions at higher elevations should

be forcing the major differentiation on soil organic matter decomposition

towards accumulation. The authors pronounce the importance of

mean annual temperature and percept it as an unquestionably one

of the most important factors controlling soil organic carbon

accumulation and turnover (Garten Jr. et al., 1999) besides mention

on the factors affecting soil formation and soil organic matter

accumulation (such as mineralogy, vegetation and topography) which

may vary dramatically along elevation gradients. Above and beyond

the reclining the soil organic carbon accumulation on the mean annual

temperature, the soil microorganisms as well play a pivotal role on

carbon cycle which are remarkably be influenced by the changing

prevailing climatic conditions (Merila et al., 2002; Garten Jr. et al.,

1999). Contrarily to our results Dai and Huang (2006) pointed out

that soil organic matter concentration is in general positively correlated

with altitude whereas Korner (1998) discuss the relative

ineffectiveness of trees on the soil carbon consumption indicating the

insufficient carbon absorbance of trees owing to low temperature.

Table - 5: Mean horizon thickness with min. - max. values (cm) and horizon existence through altitude

1400-1500 m 1500-1600 m 1600-1700 m >1700 m

Inceptisols n 2 5 7 4

A 7 (4-10)* 6,2 (4-8) 4,4 (3-5) 3,5 (3-5)

B w 17 (12-30) 12,8 (8-15) 9 (5-13) 13,9 (10-23)

B C 10 (10-10) 11,8 (11-19) 12 (10-16) —-

C —- —- 12,8 (11-17) >20

Alfisols n 8 4 5 2

A 4 (2-8) 4,8 (4-6) 6,6 (5-10) 4,5 (4-5)

E 13,8 (7-26) 9,8 (10-12) 12,4 (11-20) 11 (10-12)

EB 16,5 (6-30) 18 (11-25) 15 (9-21) —-

BE 11 (11-11) 13 (13-13) —- —-

Bts/st/s/t 17,7 (10-27) 11,7 (9-16) 13 (10-16) 12 (9-15)

B C 12 (12-12) 15 (10-20) 25 (25-25) —-

C 15 (15-15) —- >20 >20

*Min. and max. values were given in the parenthesis, n = Number

Table - 4: The regression equation component values between soil horizons and elevation

Dependent variant Equation
Model summary Variant estimations

R2 F-value Significance Coefficient Factor

Volume weight A (g l-1) Linear 0.489 33.527 0.000 -2366.470 2.059

Fine soil weight A (g l-1) Linear 0.268 12.842 0.001 -944.234 0.946

Sceleton A (g l-1) Linear 0.329 17.153 0.000 -1422.236 1.113

Nt A (%) Linear 0.247 11.506 0.002 1.710 -0.001

Corg  A (%) Linear 0.295 14.675 0.001 46.291 -0.002

Volume weight Bw (g l-1) Linear 0.556 20.015 0.000 -697.897 1.120

Nt Bw (%) Linear 0.286 6.406 0.022 1.149 0.0001

Corg Bw (%) Linear 0.311 7.225 0.016 21.626 0.0011

pH Bw Linear 0.283 6.316 0.023 12.404 0.0042

Orhan Sevgi and Huseyin Baris Tecimen352
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Soil organic carbon relations found in this study indicate a relatively

higher relation with the A and Bw horizons, which shows us that

altitude factor, should be effective both on carbon accumulation and

on soil pedogenesis.

Soil total nitrogen amounts are decreasing by the increasing

depth of soil profile sharply. Total nitrogen values of the soil samples

range between 0.014 to 0.996% while at the same mountainous

mass the total nitrogen findings range between 0.03 and 0.91%.

Significant correlations were detected involving soil total nitrogen

values of A and Bw horizons and elevation; where the A and Bw

horizons have negatively and moderate relation with the coefficient

values 0.497 and 0.535 at 0.01 and 0.05 significance respectively

(Table 3). Likely total nitrogen (%) values of A and Bw horizons

have low regression values with R2 coefficients 0.247 and 0.286

respectively between altitude (Table 4). Total nitrogen amount

generally shows a decreasing tendency while the previous study,

resulted the increasing amounts at the entire soil horizons.

At higher altitudes the soil nitrogen (N) added to soil should

increase as Garten Jr. et al. (1999) referring to Lovett and Lindberg

(1993) recorded that along elevation gradients in the southern

Appalachian Mountains, N deposition increases from 10 kg N ha-1

per year at low elevations to 28 kg N ha-1 per year at high elevations

due to greater dry deposition and greater fog and cloud water

deposition. But at our study the results show that the as the altitude

increases the amount of soil nitrogen does not. In fact at higher

altitudes both the nitrogen use period is short and the possibilities of

using nitrogen are constrained by the temperature (Korner, 1998).

Besides nitrogen might be removed by the precipitation through the

downwards of the mountainous mass (Hood et al., 2003). The

problematically nitrogen use regime might be caused both by the

deficiency of the nitrogen and the conditional strict effects such as

insufficient temperature levels preventing the root zone activities or

high C:N rate nonetheless the high amount of nitrogen content. Korner

(1998) suppose that the determinant phenomenon of the tree nutrition

is temperature; by suppression the photosynthetic activity of trees

and redundancy of growth potential of trees. In the context of nutritional

potential; the higher the elevation the lower the nitrogen content

reveals that altitude offers to lessen the plant - soil nitrogen flux by

providing a limited nitrogen deposition.

Soil reaction values range between 4.27-7.33 depending

on the depth and main rock. The only significant relation could be

identified between Bw soil horizon pH values and the elevation

such as Bw horizon has negatively, intermediate correlation with

the coefficient value 0.532 at 0.05 significance (Table 3) and the

regression equation has a low R2 value as 0.283 (Table 4). The

northern slope of the Kazdagi mountain mass reveals the pH values

between 4.88-6.99 where the altitude was up to 1400 m (Sevgi,

2003); and the pH values detected at Bolu-Alada mountain differ

between 4.91-6.27 where the main rock was volcanic andesite

exhibit narrower ranges compared to present study (Irmak  et al.,

1962).

Thirty-seven soil profiles that were diagnostically investigated

above 1400 m have generally the horizon sequence as A / Bw / BC

/ C (Inceptisols) or succeeded to A / E / EB / BE / B / C (Alfisols)

(Table 5). Our field observations revealed that as the altitude elevated

the soil generation is slowed down and caused the formation of

exposed bald rocky surfaces. Particularly at the upper elevations

than 1600 m, physically weathered rocks give out the constituent

parts which accumulate at the downwards of the soil profiles which

were distinguished as Bw horizon (10 YR 4/3). Especially at upper

elevations than 1550 m the profiles possessing the horizons A / Bw /

BC / C are becoming the dominant soil type regarding to Alfisols

(Table 5). The defined inceptisols at elevations higher than 1600m

indicate the initials of pedogenesis. Dolezal and Srutek (2002) also

detected the similar soil development such as a more developed

organic layer above the mineral substratum and generally, soil depth

decreased as the altitude increased below the tree line (~1510 m).

Alfisol soils exist prevailingly at the lower altitudes with striking B (t/ts)

horizon (5 YR 5/8) within distinct clay accumulation. Kantarci (1979)

detected the soil horizon sequences at Bolu-Alada mountain over

1400m elevation, as A / E / EB / Bts / BC and C.

Consequently, by the aspects of volume weight, fine soil

weight and stoniness A horizon shows the uppermost relevantly

positive relations with altitude. The upper the elevation soil organic

carbon, total nitrogen contents decreased at A and Bw horizons,

while pH decreased at Bw horizon. The findings suggest that the

elevation is mostly effective for the upper soil horizon. For the Kazdagi

mountainous land, it can be concluded that the soil generation

borderline is at 1550 m altitude. Nitrogen content of forest floor under

black pine forest is rich by the nutrient status aspect (Sevgi and

Tecimen, 2007). As the forest floor is not poor by nitrogen and

organic matter contents, then; the lower nitrogen and carbon release

to soil should be caused by the unsuitable decomposition conditions

such as prevailing cold climate. Furthermore; temperature induced

shortage of vegetation period might cause to both growth and net

primary production suppress and also release or leakage of

decomposed organic matter. Restrained soil genesis, nitrogen and

carbon release should form some special attention on the

management of high elevation forests such as more conservative

approach so as to avoid from the applications causing to rigid

micro-climatic changes.
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