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Abstract

To classify Cambisols on a second taxonomy level, the territory of Training and Experimental
Forest Range Petrohan was differentiated into 48 relatively homogeneous territorial units based
on soil formation factors. The dominant influence of acidic products over the basic ones in soll
formation process has been proven. Cause-effect relationships were established between ‘pH,
— exchangeable Ca’, ‘cation exchange capacity — exchangeable acidity’ and ‘pH,,,, — exchange-
able Ca: exchangeable Mg'. The leaching has been advanced, and in some cases, it covers the
entire soil profile depth. The high soil acidity defines the main qualifier as dystric for the Cambisols

classification on a second taxonomy level.
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Introduction

The first Bulgarian soil classification in
Bulgarian literature is the one of N. Push-
karov in 1931. When creating the Com-
mon soil map of Bulgaria at a scale of
1:500,000, in its legend soil differences
have been written — steppe, forest and
azonal. Substantial changes and addi-
tions have been made after the imple-
mentation of the Russian-Bulgarian expe-
dition in 1947, when |. P. Gerasimov and
I. N. Antipov-Karataev developed a new
systematic list of Bulgarian soils. In 1948
‘Soils in Bulgaria’ monograph was devel-
oped as well as a new soil map scheme
in scale 1:1,000,000. For first time in the
monograph brown forest soils were dif-
ferentiated on level subtype — typical and
leached. In 1956 E. Tanov developed me-
dium-scale map of the soils in Bulgaria on

a scale 1:200,000. The same year small-
scale soil map at scale 1:1,000,000 was
made. On these maps brown forest soils
were divided into four subtypes — brown
forest soils, dark, light and secondary
grassland. Based on new studies in differ-
ent regions of the country the systematic
list of soils has been expanded in the fol-
lowing years. The Instruction on identifi-
cation and mapping of forest habitats and
determining dendrocoenotic composition
has been developed in 1976, with profes-
sor D. Garelkov as a head. For first time
brown forest soils were divided into dark,
light and transitional, depending on the
depth of the humus accumulation horizon
in them. A new classification system in
which several changes have been made
has been developed in 1983 (Instruction
... 1983). Brown forest soils were divided
into dark, light and typical, and this divi-
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sion has been used in Forest plans until
2011 when the Instruction has been up-
dated (Raikov et al. 2011).

The Basic Soil Classification (Penkov
et al. 1992) is the first to give equivalents
of the names of soil units in the nation-
al classification (Instruction ... 1983) with
these in the Legend of soil map of the
world (FAO 1988).

The significance for brown forest soils
is that they start being referred to as
Cambisols in Bulgaria, in accordance to
international standard, and are divided
into two types — dystric and eutric. The
application of this classification requires
analytical determination of the quantities
of the basic exchange cations and the ex-
changeable acidity. Until now, no studies
have been carried out on the territory of
Training and Experimental Forest Range
(TEFR) Petrohan to establish the base
saturation of the soils and their classifi-
cation according to the requirements of
the Basic Soil Classification in the country
and hence to the World Reference Base
for soil classification (WRB 2006, 2015).
In practice there is no possibility of cor-
relation between the classification used in
Forest plans (FP) and in above mentioned
classifications. This is confirmed by Mali-
nova (2016).

The aim of this study is to determine
the soil base saturation of Cambisols in
representative areas which allows their
classification according to the modern re-
quirements of WRB (2006, 2015).

Material and Methods

The subject of this study are Cambisols
of TEFR Petrohan territory which occupy
87.9 % of it. The forest range is located
between 23°04’ and 23°13’ longitude and
43°14’ latitude. It is in the Western Balkan

area, Moesian forest district, Northern Bul-
garia subdistrict. The total area is 7290.4
ha. The terrain is typically mountainous,
with steep slopes, deeply incised river
valleys and steep minor ridges. Regarding
the climate conditions, the territory is char-
acterized by specific mountain climate
— lower temperatures, significant cloud-
iness and intensive rainfall, high relative
humidity and prolonged snow cover. The
forest range altitude is between 350 and
1900 m. The average altitude is 1010.6 m
(Dobrichov 2016). The largest part of the
wood production area of TEFR Petrohan
is in the middle mountain belt of beech
and coniferous forests (600—1800 m).

An important component for the soil
formation process on the territory of TEFR
Petrohan is the grade of slopes. Predomi-
nantly steep slopes —47.2 % and inclined
terrains — 27.9 %. This is a precondition
for rapid surface water drainage and re-
duces the possibilities of soil re-humidi-
fication and water retention. Very steep
terrains are 18.9 %, and sloping terrains
and flat ones — 5.7 % and 0.3 % of wood
productivity area of TEFR Petrohan. Ac-
cording to the Soil Identification among
the soil-forming rocks granitoides pre-
dominates (Mihailov and Donev 1971).
The main tree specimen is the European
beech (Fagus sylvatica L.). The percent-
age of the deciduous species is 89.3 % of
the total tree species distribution, and the
share of the coniferous species is 10.7 %
(Dobrichov 2016).

For the study, the forest range terri-
tory is differentiated into relatively homo-
geneous territorial units which allow the
selection of representative subjects ac-
cording to the soil formation factors. The
slope, the altitude, the slope exposition
and the soil-forming rocks are adopted
as criteria for the forest range territory
differentiation. The slope is chosen as a



Petrohan Training and Experimental Forest Range Cambisols Classification 149

leading factor because of its function to
determine the direction, mass and veloc-
ity of the surface runoff and in addition to
influence the other factors of soil forma-
tion (Loze and Matie 1998). The similar-
ity in the soil formation factors regarding
to climatic conditions is determined by
height forest belts, expositions and the
similarity of soil-forming rocks — by origin
and composition. The field work has been
carried out in representative homoge-
neous territorial units, in which according
to Dobrichov (2016) the soils are Cambi-
sols. The units with the largest area are
selected and in them full soil profiles are
pledged. Morphological descriptions of
soil profiles have been made as required
by FAO (2006) and Manual for Sampling
and Analysis of Soil Guidelines (Cools
and De Vos 2010). The litter is character-
ized by its structure, thickness of its layers
and type. In the mineral part of the soil are
found: soil horizons, thickness, transition,
colour, moisture, soil texture, structure,
and effervesce with 10 % HCI solution.

Soil samples are taken for analysis from
the litter by layers and from the soil by ge-
netic horizons. Parameters that allow the
definition of qualifiers, for the classifica-
tion of Cambisols on a second taxonomy
level for dystric or eutric are investigated.
The following analysis were performed:
pH(H,0) — ISO 10390; exchangeable cat-
ions — ISO 11260 and ISO 14254, deter-
mination with AAS in 0.1 mol/L solution of
BaCl,; exchangeable acidity — 1SO 11260
and ISO 14254 (extracted with 0.1 mol/L
BaCl, solution until equilibrated desorption
and titration with 0.05 mol/L NaOH); Cat-
ion exchange capacity — defined as a sum
of basic cations and exchangeable acidi-
ty; base saturation.

Results and Discussion

The territory of TEFR Petrohan is divided
into 48 relatively homogeneous units with
respect to the soil formation factors (Ta-
ble 1).

Table 1. Signatura, characteristic and area of the territorial units.

No Slope Altitude, m

Slope exposition

Soil-forming rocks Area, ha

1 flat and slanting 0-600

south, south-east, south-
west and west
2 north, north-west, north-
east and east

metamorphic 13
silicate rocks

sedimentary silicate 6.2
rocks

3 metamorphic 65.4
silicate rocks
4 650-1450 south, south-east, south- igneous—acid and 14.3
west and west medium acid rocks
5 sedimentary 1.7
carbonate rocks
6 metamorphic 4.3
silicate rocks
7 north, north-west, north-  igneous—acid and 52.9
east and east medium acid rocks
8 metamorphic 48.8

silicate rocks
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No Slope Altitude, m Slope exposition Soil-forming rocks Area, ha
9 above 1500 south, south-east, south- igneous—acid and 7.3
west and west medium acid rocks
10 sedimentary silicate  110.8
rocks
11 sedimentary 58.3
carbonate rocks
46 north, north-west, north-  igneous—acid and 6.8
i castandeast ~ mediumacidrocks
12 inclined 0-600 south, south-east, south- igneous—acid and 6.3
west and west medium acid rocks
13 metamorphic 43
silicate rocks
14 north, north-west, north-  igneous—acid and 13.4
east and east medium acid rocks
15 sedimentary silicate  155.5
rocks
16 metamorphic 88
silicate rocks
17 650-1450 south, south-east, south- igneous—acid and 18.7
west and west medium acid rocks
18 sedimentary 13.8
carbonate rocks
19 metamorphic 21.6
silicate rocks
20 north, north-west, north-  igneous—acid and 75.4
east and east medium acid rocks
21 metamorphic 57.5
silicate rocks
22 above 1500 south, south-east, south- igneous—acid and 28.5
west and west medium acid rocks
23 igneous basic rocks 0.9
24 sedimentary silicate =~ 22.9
rocks
25 sedimentary 37.3
carbonate rocks
26 north, north-west, north-  igneous—acid and 18.2
east and east medium acid rocks
27 sedimentary silicate 0.1
rocks
28 sedimentary 0.4

carbonate rocks
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No Slope Altitude, m Slope exposition Soil-forming rocks Area, ha
29 steep and very 0-600 south, south-east, south- igneous—acid and 41
steep west and west medium acid rocks
30 sedimentary silicate 29.8
rocks
31 metamorphic 146.2
silicate rocks
32 north, north-west, north-  igneous—acid and 116
east and east medium acid rocks
33 sedimentary silicate  137.8
rocks
34 metamorphic 386.2
silicate rocks
35 650-1450 south, south-east, south- igneous—acid and 937.4
west and west medium acid rocks
36 sedimentary 49
carbonate rocks
37 metamorphic 387.3
silicate rocks
38 north, north-west, north-  igneous—acid and 1865.3
east and east medium acid rocks
48 sedimentary silicate 27.3
rocks
39 metamorphic 1163.2
silicate rocks
40 above 1500 south, south-east, south- igneous—acid and 346.8
west and west medium acid rocks
41 sedimentary 34.5
carbonate rocks
47 metamorphic 24
silicate rocks
42 north, north-west, north-  igneous—acid and 384.6
east and east medium acid rocks
43 sedimentary silicate 0.8
rocks
44 sedimentary 26.6
carbonate rocks
45 metamorphic 35.4

silicate rocks

Fourteen soil profiles are investigat-
ed, placed in nine of the largest areas.
The selected territory units are 4383.3 ha
and they comprise 61.8 % of forest range
wood production area. The main soil-form-
ing rock in the soil profiles is granite, but

there is also sandstone. In the soil profiles
all genetic horizons are developed (A,
Bw, C). The litter depth varies between
1 and 5 cm. It is separated into two or-
ganic layers — L (fresh organic material)
and FH (fragmented and partially decom-
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posed organic matter). The forest litter is
determined as moder type. The depth of
the soil profiles (A+Bw horizons) varies
between 20 cm and 109 cm. Depending
on the degree of erosion A horizon depth
varies between 8 cm and 41 cm. Bw hori-
zon is between 20 cm and 97 cm+, which
meets the requirements for cambic diag-
nostic horizon.

The pH (H,O) in A horizon of the in-
vestigated soil profiles is between 5.5 and
4.1. Most of the soils are assessed as
very acidic (profiles 1, 2, 9, 10, 11, 18, 21,
22,23, 24, 25 and 30). In profile 3 the soil
is highly acidic and in profile 28 is medium
acidic. The highly soil acidity is result of
the complex influence of acidic soil-form-
ing rocks and mountainous climate of the
northern slope of the Balkan. According to
Nustorova (1988) the composition of sail
microflora in this region produces roughly
humus compounds with acidic reaction.
Producing mainly acidic products of de-
composition of organic matter is prereq-
uisite for high leaching of basic elements
and soil acidification. According to Ganev
(1990) within the soils with pH lower than
4.8 acidification has advanced to the ex-
tent that in the soil present free fulvic acids
and this explains the lower values of pH.
As you can see from the results in Table 2
pH of the litter layers varies between 5.7
and 4.6, average with one pH unit high-
er than A horizon. The analysis shows
that the influence of pH of litter layers is
lower compared to the acidic products in
the mineral part of the soil. Within the soil
depth of the profiles pH usually increases
and this is related to the increasing influ-
ence of soil-forming rocks, which are one
of the main sources of basic cations for the
soils. This regularity is observed not only
on carbonate and basic rocks (Koinov et
al. 1998, Teoharov et al. 2009), but also in
soils formed on acidic silicate rocks. Ma-

linova (2014) for example has concluded
a statistically significant difference in the
values of pH in soil profiles with low and
medium acidic reaction on the soil sur-
face horizon of dystric Cambisols from the
forest ecosystems large-scale monitoring
network in the country. In the soil depth
of the investigated soils is established an
increase of pH values in profiles 1, 10, 18,
21, 22, 23, 24 and 25 in B horizon and
for profile 21 this is observed in C horizon.
In the other profiles (2, 3, 9, 11, 28 and
30), the profile distribution of pH does not
differ in values. The high acidity covers
the entire depth of the soil profiles. Sim-
ilar results are established in Cambisols
by Malinova (1996, 2015), Petrova (2018)
and others. Contribution to the high acidity
of the soils also have acidic atmospheric
deposition, which according to Ignatova
(2012) in separate years exceed critical
loads. The balance between acidic and
basic products of soil formation is in favour
of acidic ones. Litter cation exchange ca-
pacity (CEC) is high and is due to cations
with basic functions (Table 2).

The litter is saturated with bases and
this is confirmed by other authors in other
parts of the Balkan Mountains (Malinova
2016). It depends on a number of factors
such as the characteristics of soil-forming
rocks, applied forestry practices for exam-
ple — the raking of litter (Hutll and Schaaf
1993, Robert et al. 2012) and others. Im-
portant for this process is the influence
of acidic soil-forming rocks (Blaser et al.
2008, Ferreira et al. 2016). It is considered
that beech forests have specific impact on
soil. According to Volker (1992) and Wittig
(1986) the soil acidification at the base of
the beech tree trunk is due to the large
amount of stem flow. The effect leads to
a decrease in saturation with soil bases
close to the stems.

The exchangeable Ca predominates
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and varies in layer LF be-
tween 28.17 cmol(+)-kg™ and
42.51 cmol(+)-kg" and in FH
from 32.30 cmol(+)-kg' to
49.01 cmol(+)-kg'. Litter base
saturation is between 95 —
98 %. This high litter base satu-
ration in beech stands of west-
ern Balkan Mountains area is
confirmed by other authors.
According to Malinova (2014)
the difference between the
content of exchangeable Ca in
the litter and in the topsoil is 14
times in favour of the litter. The
difference between the content
of the total calcium in litter and
in the topsoil is 18 times. This
is due to the high acidity of the
soil, which favours the pres-
ence of increased amounts of
easily uptake of calcium for the
plants and through the litterfall
is back into the litter. It should
be noted that litter basic rich-
ness is not inherent of the soil
surface horizon. Soil leaching
occurs and impoverishment of
calcium and other mobile ele-
ments in acid soils.

Results show that conver-
sion of heterogeneous organic
material in the litter into homo-
geneous humic substances in
the soil is connected to sig-
nificant loss of basic cations.
This is proven by the values
of CEC in the surface sail
horizon. In it CEC highly var-
ies between 1.38 cmol(+)-kg™
and 13.11 cmol(+)-kg", and
decreaces compared to its
quantities in the litter — be-
tween 3 and 13 times over.
According to Vanmechelen
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(1997) CEC scale value in majority of
the obtained values is classified as high
— profiles 18, 21, 22, 23, 25, 28 and 30,
medium — in profiles 9, 10 and 24 and low
—in profiles 2, 3 and 11. Only in profile 1
the value is very low. The variation of the
results for CEC in A horizon is mainly due
to changes of the quantities of exchange-
able Ca and exchangeable acidity, which
are connected and with changes of active
soil acidity.

Cause-effect relationship ‘increasing
acidity — decreasing values of the ex-
changeable Ca’ is illustrated in Figure 1.
It is proven with moderately high value of
correlation coefficient (r=0.69). Along with
the decrease of exchangeable Ca, the
soil exchangeable acidity increases, and
this affects the magnitude of CEC. CEC
increases due to increasing of soil ex-
changeable acidity (r=0.80) (Fig. 2).

In the soil profiles depth, the values of
CEC decrease, except in profile 1, which

is highly leached and has lower values of
exchangeable Ca (Table 1). It should be
noted that although very high soil acidity
the leaching is on a stage where the ex-
changeable cations are ordered by quan-
tity in their usual order exchangeable Ca
> exchangeable Mg > exchangeable K >
exchangeable Na. The ratio between ex-
changeable Ca: exchangeable Mg in A
horizon is decreased to a maximum of 3
(profile 1) with pH 4.5 and is highest — 14
(in profile 28) with pH 5.5. These chang-
es are due to a reduction in the quanti-
ties of exchangeable Ca in the process of
soil acidification. The correlation between
‘PH—exchangeable Ca: exchangeable Mg’
is proven by the correlation coefficient
r=0.66. Thirteen of the fourteen investigat-
ed soil profiles correspond to the definition
for qualifier dystric. The base saturation in
A horizon of these profiles varies between
13 % and 36 %, in Bw horizon is between
4 % and 39 %. The value of 4 % base

exch. Ca=-1759+43170*pH H20
Correlation: r = .69667

10

9 '"d‘
8
? - - -
6 £ ,f"’/
@ -~
O 5 e
: —
> 4 P ’ /‘i’;’
w LT T g
3 O et e R
2 S e ,_//’ g e
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o - o
o - a @
0 _’/,." -
-1 .
4.0 4.2 4.4 4.6 4.8 5.0 52 54 5.6
pH H20 T 95% confidence

Fig. 1. Relationship between soil active acidity and exchangeable Ca.
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Exch. acidity = -.0238 + 73878 " CEC

Caorrelation: r= .80509

Exch. acidity

Cation exchange capacity (CEC)

8 10 12 14

“1_95% confidence

Fig. 2. Relationship between magnitude of Cation exchange capacity (CEC)
and soil exchangeable acidity.

saturation is very low, but it remains above
the critical 3 % below which damage to the
roots of beech seedlings was observed
(Richter et al. 2007, Richter et al. 2011).

In one of the soil profiles — 28 the soil
is with high base saturation — 91-92 %
within the surface horizon and in cambic
horizon.

The cation exchange properties of
Cambisols in the representative samples
show that on a second taxonomy level
they classify as dystric. In only one soil
profile the qualifier is eutric.

Conclusions

The soil formation process in the inves-
tigated Cambisols of TEFR Petrohan is
aimed at the dominant influence of acidic
products obtained of the decomposition
of organic matter over basic ones — as-
sociated with soil weathering processes in

soil-forming rocks. The leaching is in-
creased, and in some cases, it covers the
whole soil profile depth. The high soil
acidity defines as a main qualifier dystric
for the Cambisols classification on a sec-
ond taxonomy level.
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