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W BIELICOWYCH I BRUNATNYCH GLEBACH GORSKICH
POD UZYTKOWANIEM DARNIOWYM ORAZ LESNYM

Abstract: On Karkonosze Mts area investigation on some soil forming factors influence on total nitrogen
content and C/N ratio of soil were conducted. The objects of researches were forest and meadow brown acid
soils and podzols. Soil profiles were developed from granites and mica slates and localized in altitude range
650-1350 m a.s.l. The soils had texture of clay sands, very acid and acid reaction, high hydrolytic acidity and
high content of carbon and nitrogen and high C/N ratio. Higher value of C/N ratio and carbon content of O
and Bbr horizon was determined in the forest soils than in the meadow soils. The investigations showed
influence of soil parent rock on carbon content of Bbr, Ees, Bhfe and C horizons. Soils developed from mica
slates had higher carbon content than soils developed from granites. The influence of climatic condition were
revealed in Bbr and parent rock horizons. Content of carbon and nitrogen which raised along with the altitude
up to 1100 m a.s.l. Above 1160 m a.c.l. decrease of C/N ratio in O horizon has been observed.

Keywords: mountains soils, nitrogen, C/N ratio, vegetation, climatic condition, parent rock

Organic matter is one of the most important components of soil. Even though that
usually is only small part of soil has influence on almost every soil proprieties and
plants supply in nutrients. Research on organic matter distribution and transformation is
possible by examination of the main components of organic matter — carbon and
nitrogen. Equally relation between carbon and nitrogen content which is described as
C/N ratio is very important. This indicator characterizes the organic matter trans-
formation and describes indirectly many processes running in soils. Content of carbon,
nitrogen and C/N ratio in soils depends on many factors but especially on soil forming
factors. Convenient regions to conduct investigations on soil forming factor are
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mountains because in small area is possible to examine very different environmental
condition. On the other side influence of man’s activity on soil is relatively minor.

The considerable range of altitudes, the large variability of soil parental material and
different vegetation in relatively small area enables to study climatic condition, parent
rock and vegetation influence on soil properties.

Material and methods

Investigations were conducted on Karkonosze Mts (western Sudeten) area (Fig. 1).
32 profiles of mountain soil were selected. The soil profiles were situated in four
perpendicular to contour line transects on northern slopes of mountains. Two transects
was set on soils developed from granites and two on soils developed from mica slates.
These rocks differ in texture, structure and resistance to weathering process as well as
weathering products [1]. These attributes diversify mechanical and physical proprieties
of rocks and residuum. Within the transects four altitude ranges (1-4) were set:
650-720, 820-900, 1000—-1100 and 1160—1350 m a.s.l. (Table 1). The main differences
between altitude ranges are climatic conditions. The most important were temperature
and humidity (Table 2). These factors diversified water distribution of the soils,
intensitv of eluvial and weathering processes and organic matter transformations.

Karkonosze Mts

X soils developed from mica slates

+ soils developed from granites o

Fig. 1. Localization of investigated soils

The soils profiles were set parallel, in pairs under meadow and forest vegetation. On
the meadow soils predominant species was Calamagrostis villosa and Deschampsia
flexuosa, above 1000 m a.s.l. Nardus stricta. The spruce Picea abies on forest soils was
the main species, while at zone of forest upper limit the was dwarf mountain pine Pinus
montana.

In the range of height up to 900 m a.s.l. only brown acid soils were present, in the
range from 1000 to 1100 m a.s.l. brown acid soil and podzols were found, and above
1160 m a.s.l. only podzols.
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Table 1
Reaction, Hydrolitic acidity of soils Karkonosze Mts soils
Properties (6] A Bbr Ees Bhfe C
H H,O 3.67 3.97 4.44 4.03 42 451
P KCl1 3.32 3.53 3.97 3.49 3.74 4.14
Hh 12.85 9.18 6.17 7.88 8.33 438
Table 2
Fraction composition of soils of Karkonosze Mts
Fraction Soil horizons Soils developed from
(mm] A and Ees Bbr Bhfe C granites mica slates
1-0.01 47.4 49.8 48.6 50.9 44.6
0.1-0.02 375 351 33.6 313 40.7
<0.02 15.1 15.1 17.8 17.8 14.7
<0.002 1.9 2.2 1.8 1.9 1.9

The samples of the soils were taken from every genetic horizon. The following
analyses in fraction below 1 mm were conducted: total organic carbon — C,; with Tiurin
method, total nitrogen — N, with Kjeldahl method, pH with potentiometer in H,O and
1 M - dm™ KClI solution, hydrolytic acidity (Hh) with Kappen method [2]. Average
values of O, A and C horizons from all soil profiles for were calculated, for Bbr horizon
from brown acid soil and for Ees and Bhfe horizons from podzols. Individual data for
average values calculation were chose on the basis of the soil horizons morphology.
Statistical analyses were executed at significance level 0.95 with Statistica 9.0.

Results and discussion

The texture of presented soils was clay sands with high content of silts and skeleton
(Table 3). Minor differences were connected with depth of horizons and between soil
developed from various rocks. The hydrolytic acidity was high, reaction very acid and
acid (Table 4). The soils were developed from diluvial-weathered material.

Table 3
Climatic condition of Karkonosze Mts. area (Kwiatkowski, Holdys 1985) [20]
Altitude Mean annual Annu~al.su1'n Days with temperature
[masl] tempoerature of percipitation beloow 0
['C] [mm] [°Cl
640 5.8 1158 83-118
872 4.0 1233 115-128
1077 3.7 1349 126-134
1331 1.9 1429 136-155
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Table 4
Total carbon (C,,) and nitrogen (Ny,) content and C/N ratio of meadow
and forest soils of Karkonosze Mts
C N C/N C N C/N
Soil o
horizon %
Meadow soils Forest soils

(e} 38.29 1.76 21.70 40.97 1.69 24.54
A 6.75 0.43 15.31 6.55 0.40 18.05
Bbr 3.21 0.21 1474 a 451 0.25 1891 a
Ees 2.64 0.17 14.08 2.53 0.22 14.27
Bhfe 4.80 0.31 15.39 3.99 0.22 17.96
C 1.70 0.13 12.91 1.95 0.13 14.77

Values differing signifficantly between vegetation were marked with the same letter.

Content of C;,; and N, of examined soil was high. Moreover this elements were
present in every soil horizon including parent-rock horizon (Table 5-7). High content of
organic matter is mountain soils attribute [3—6]. This characteristic is connected mainly
with climatic condition of mountain areas — low temperatures and large precipitation
what promotes organic matter accumulation. Content of C,, and N, of investigated
soils decreased in depth of profiles. Simultaneously process of organic matter
eluviations from Ees horizon to Bhfe horizon took places, what resulted in reduction of
Ciot and N, content in Ees horizons and increase in the Bhfe horizon.

The C/N ratio was high, what is typical for poor mountains sites. The high level of
this indicator is connected with character of the organic matter of mountain environ-
ment, slow rate of organic matter mineralization as well as low pH of soil and high
hydrolytic acidity [6—8]. Very significant was severe mountain climate condition which
is not favorable for biological activity. C/N ratio were the highest in organic horizons
and decreased in depth of the soils. Similar tendency observed Drozd [3], Drozd et al
[4], Licznar and Mastalska-Cetera [5], Skiba [6], Drewnik [7]. C/N ratio was lower in
albic horizons and higher in spodic horizons (Table 5-7) as effect of podzolization
process.

The influence of vegetation on C,,, content and C/N ratio in soil was observed. Forest
soils had higher content of C,,; than meadow soils in O, Bbr and C horizons but not
statistically significant (Table 5). Higher content of C,, in forest soils than in meadow
soils has been reported by different researchers [5, 9—11]. Such regularity was not found
in soils Ees and Bhfe horizons of podzols. Reason for this could be to overbalance of
abiotic factor over biotic (vegetation influence) on the highest altitude range, where
podzols dominate. Moreover in the highest zone the forest ecosystem withdraw and
became more and more similar to meadow. Soils under meadow and forest had different
values of C/N ratio. Higher value of this index were determined in the forest soils than
in the meadow soils. The differences achieved significant level in Bbr horizon
(Table 5). This indicates higher resistance of organic matter of the forest soils for
mineralization. Similar results were reported by other researchers [5, 9, 12-14].
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Table 5
Total carbon (C,y) and nitrogen (N,) content and C/N ratio of soils developed
from granites and mica slates of Karkonosze Mts
C [%] N [%] C/N
S(.)ﬂ Soils developoed from

horizon

granites mica slates granites mica slates granites mica slates
(¢} 43.43 37.73 1.89 1.6 22.82 23.95
A 7.38 6.97 0.45 0.38 16.32 17.86
Bbr 3.27 3.93 0.2 0.25 17.26 14.92
Ees 1.71 a 3.11a 0.3 0.21 12.41 15.15
Bhfe 3.22 4.51 0.19 0.25 16.58 18.88
C 1.29b 2.19b 0.11 0.14 11.62 14.83

Values differing signifficantly between soil parential rock were marked with the same letter.

The investigations showed influence of the parent rock on C,, content in soils. This
relation was evident in the deeper soil depth and soil horizons of lower level of organic
matter content. Origin of these horizons is mainly connected with abiogenic and only
subsidiary with biogenic processes The higher amount of C,,, was discovered in Bbr,
Ees, Bhfe and C horizons of soils developed from mica slates than from granites. These
differences of Ees and C horizons were statistically significant (Table 6). Connections
between parent rock and soil nitrogen transformation has been observed by Gonzalez-
-Prieto and Villar [15].

Table 6
Total carbon (Cyy) and nitrogen (Ny) content and C/N ratio of soils
from different altitudes of Karkonosze Mts
Altitude range [m] above sea level m a.s.l. — (No of altitude range)
Soil
horizon 650720 — (1) 820-900 — (2) 1000-1100 — (3) 1160-1350 — (4)
Ct Nt C/N Ct Nt C/N Ct Nt C/N Ct Nt C/N

(6] 41.58 | 1.76 | 23.82|39.64 | 1.62 |23.50| 42.00 1.66 |26.141]37.02| 1.85 [20.32f
A 6.16 | 035 | 18.09 | 6.19 | 0.44 |15.06| 5.85 0.40 |14.21 6.48| 0.37 |18.33
Bbr |3.07a]0.19¢c| 1557 |298b| 0.17d |17.30|5.03ab |[0.32cd|16.11 nd | nd. | nd
C 1.19 1 0.08e | 13.37 | 1.74 | 0.12 |1421| 238 |0.17e¢ |14.18 1.38)| 0.12 |16.67

Values differing signifficantly between soil parential rock were marked with the same letter.

Many authors [3, 10, 11, 14, 16—19] reported about influence of weather conditions
on processes of organic matter in soil accumulation and transformation. They reported
that on elevated localizations of low temperature and substantial precipitation organic
matter content of soil is bigger than in areas localized lower where temperature is higher
and precipitation lesser.

The content of C,, and N, of presented soils in Bbr and C horizons showed
tendency to growth along with the altitude up to 1100 m a.s.l. The increase were
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significant of Nt content in C horizons between the height zone 1 and 3 also in Bbr
horizon between the zones 1 and 3 as well as 2 and 3. Similarly content of C,, in Bbr
horizons differed significantly between altitude range 1 and 3 as well as 2 and 3
(Table 7).

In the altitude zone 1160—1350 m a.s.l. content of C,; in O horizons was smaller than
in lower altitudes (Table 7). The reason for this is more intensive elution of Cy in
higher altitude than in lower because of bigger precipitation (Table 2). Equally on this
elevation C/N ratio was minor than in soils localized lower. This could be connected
with relatively lower eluviations of Ny, than C,,. Significant influence of altitude on
C/N ratio in soils appeared in O horizons between altitudes 3 and 4.

Conclusions

1. Influence of vegetation appears in the C/N ratio C,, content. Forest soils exhibit
the higher value of C/N ratio and higher C,, content than meadow soils.

2. Influence of parent material on C, level has been found. Content of C in soils
developed from mica slates was higher than in soils developed from granites. This
tendency appeared in Bbr, Ees, Bhfe and C soil horizons.

3. Effect of climatic factor appeared in content of C,, Ny, and C/N ratio. Content of
Ciot and N; were higher in Bbr and C horizon as well as C/N ratio of O horizons was
minor in soils localized in higher altitudes.
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ZAWARTOSC WEGLA 1 AZOTU W BIELICOWYCH
I BRUNATNYCH GLEBACH GORSKICH POD UZYTKOWANIEM DARNIOWYM
ORAZ LESNYM

Instytut Nauk o Glebie i Ochrony Srodowiska
Uniwersytet Przyrodniczy we Wroctawiu

Abstrakt: Na terenie Karkonoszy prowadzono badania dotyczace okreslenia wptywu wybranych czynnikow
glebotworczych na zawartos¢ azotu catkowitego i stosunku C/N w glebach. Obiektem badan byly gleby
takowe i lesne nalezacych do typu gleb brunatnych kwasnych i bielic. Zlokalizowane zostaly one w przedziale
wysokosciowym 600-1350 m n.p.m. na granitach i tupkach tyszczykowych. Charakteryzowaty si¢ sktadem
granulometrycznym piaskéow gliniastych, kwasnym i bardzo kwasnym odczynem, wysoka kwasowos$¢
hydrolityczna. Mialy duza zawartos¢ azotu, wegla 1 wysoki stosunek C/N, ktére zmniejszaty si¢ w glab profili
gleb. Gleby lesne wykazywaty wigkszy stosunek C/N, a w poziomach O, Bbr i C zawieraly wigcej wegla niz
gleby takowe. Wspotzaleznos¢ pomigdzy rodzajem skaty macierzystej gleb a zawartoscia wegla zaznaczyta
si¢ w poziomach Bbr, Ees, B, C — gleby wytworzone z tupkéw tyszczykowych zawieraly go wigcej niz gleby
wytworzone z granitow. Wpltyw warunkéw klimatycznych uwidocznit si¢ w poziomach genetycznych Bbr
i C. Profile gleb potozonych wyzej zawieraly wigcej azotu i wegla niz gleby zlokalizowane nizej.

Slowa Kkluczowe: gleby gorskie, azot, stosunek C/N, czynniki glebotworcze



