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CHARACTERISTICS OF FLUVISOLS IN SAND AND GRAVEL DEPOSIT
“KRIVA BARA”, SOFIA, BULGARIA

Vladimir Ilinkin, Dimitar Dimitrov, Peter Zhelev

Abstract: The paper presents results of an investigation on Fluvisols located in “Kriva Bara” Sofia, Bulgaria. Soil
samples were taken from sixteen soil profiles. The soil physical and chemical properties were studied. The changes in
physical and chemical properties at varying soil depths were studied and the relationships among different soil
characteristics were tested by correlation analysis. The results revealed that some soil characteristics, such as soil
texture, porosity and TKN, changed strongly with soil depth, either negatively or positively, while such relationships
were moderately expressed or statistically insignificant in the case of other soil characteristics, such as soil reaction
(pH), CaCOs, silt content. There were significant correlations between the physical and chemical soil properties in 49

out of 78 cases.
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INTRODUCTION

The sustainable development and productivity of
suburban green areas depend to a great extent on the
soil properties. Soil characteristics determine the
existence and normal functioning of ecosystems. The
studies on the soil composition and properties allow
suitable planned activities to ensure efficient and
environmentally use.

Fluvisols are intrazonal and occur in the
riverside environment [1]. They are characterized by
variable physicochemical properties [2; 3], but have
a favourable water regime [4; 1] and good bulk
density indicators [5]. They are characterized by
acid, neutral or alkaline reaction in relation to river
basins. Soil organic matter (SOM) is average or low,
but varies strongly [3] and may reach up to 2% in
the surface horizon [6]. The nitrogen content is high
or average [7]. Favorable water, air indicate that
these soils have been used for agriculture since
ancient times. The soils are characterized by a low
store of nutrient elements. Low content of organic
colloids and coarse texture characterize the soils as
such with low Cation Exchange Capacity (CEC) 10—
15 meq/100 g and low buffer properties [8]. These
soils can be used for growing of high yield cultures
if fertilized properly [1; 9]. Fluvisols are found
between Chernozems and Gray forest soils in
Northern Bulgaria, along the rivers - Danube, Lom,
Ogosta, Iskar, Osam, Yantra, Rositsa and Kamchia
[10; 11]. In Southern Bulgaria they are situated
between Vertisols and Cinnamonic Forest soils [12;
1]. A main soil-forming factor is the nature of the
alluvial deposit [13], which differs depending on the
adjacent water basin that has carried the deposits, on
the location along the river, and on the distance from
the water. The weather conditions are determined by
the climate zone of the respective river valley, or
where the hollow is located [1].
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MATERIALS AND METHODS

The object. Fluvisols [14] occurring on the territory
of “Kriva Bara” sand and gravel deposit (so far
unexploited), located 1.5 km north-northeast of Levski-
G District, Sofia, Bulgaria were the target of the study.
Usually this soil type is found in the Lower forest
vegetation zone (0 - 600 m a. s. 1.) of the Moesian forest
vegetation area [15].

Methods of study. Sixteen soil pits were done at
representative plots. A systematic sampling design
was used [16]. The samples were taken at a depth of
0-20 cm, 20-40 cm, 40-60 cm, 60-80 ¢cm and 80-100
cm. The following methods were used to analyze the
soil samples: Bulk density (BD, g.cm™), according
to the Kachinsky method [17, 18]; Total porosity
(TP, %) through calculation from bulk density and
relative density [17]; Plant available water capacity
(PAWC, mm), by a laboratory method, through
calculation from field capacity and permanent
wilting point [17]; Soil texture (Sand - 2 mm - 63
um, %; Silt - 63 pm - 2 um, %; Clay < 2 um, %),
using the sedimentation method [19]; Soil Organic
Matter (SOM, %) by the Turin method [17]; Total
Kjeldahl Nitrogen (TKN, %) content, by a modified
version of the classic Kjeldahl method (Tecator
1030); P,0s (mg.100g") — extraction with
Ammonium Acetate and Calcium Lactate-pH 4.2
(UV-VIS spectrophotometer Perkin Elmer Lambda
5) [20]; K,O (mg.100g') — extraction with
Ammonium Acetate and Calcium Lactate-pH 4.2
(Flame photometer Jenway php 7) [20]; Soil acidity
(pH in water extraction and CaCl, extraction 1:5
w/v) — measured potentiometrically (WTW 720 pH
meter); CaCOs; (%) by Shaibler’s method
(Eijkelkamp 08.53 calcimeter) [21].

Data analysis. Desciptive statistics was done using
Numbers and Excel on Mac and PC, respectively.
Percentage data were arcsine-square root transformed
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before the analysis [22]. Pearson’s product-moment
correlation among the soil characteristics studied was
calculated using SPSS for Windows, version 16.0.
Linear regression analysis was applied for additional
testing for functional relationship between the soil depth
and the other characteristics.

RESULTS AND DISCUSSION

Soil formation process

The soil forming factors influence the nature,
direction and speed of soil forming processes [1]. The
key factors are climate, biota, topography, and parent
material.

The climate has a direct influence on the
temperature and moisture of the soil, and an indirect
one on the biota. In terms of climate, the subject of
study falls within the European continental climatic
region, temperate continental sub-region, climatic
region of the high fields of Mid-Western Bulgaria [25].
The average temperatures in January are about 4 — 5 °C,
and the average temperatures in June are 20 — 21 °C.
The average annual temperature of the studied area
varies around 11.5°C, the average annual rainfall varies
around 837 mm, with a peak rainfall in May and a
minimum in July [25]. Higher plants are the most
significant biotic factors that shape the formation of
soils, microclimate, supply the soil with organic matter
and influence its composition and properties [26]. A
number of plant species are closely related to the soil
properties by influencing plant development, or by
indicating changes in the soil substrate [27; 28; 29; 30].
The soils have been formed under poorly developed
meadow vegetation [31; 32; 26]. Forests develop less
frequently on such soils [31], but if they do, in Bulgaria
they form riparian ecosystems dominated by poplars
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Fig. 1. Soil texture [24]
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(Populus spp.) and willows Salix spp., and less
frequently — by Common oak (Quercus robur) and
Ashes (Fraxinus spp.) [33]. Meadow-marsh vegetation
and more rarely, salt tolerant vegetation develop in
lower regions [31]. The parent material is a river
deposit, mostly sandy, which becomes finer and finer
as the river flows from its source to its mouth. It is
layered due to its periodic precipitation when rivers
burst their banks [32; 1]. These soils are young, at an
early stage of development. Their periodic flushing by
fast-flowing rivers during flooding and the
precipitation of new sediments prevent the occurrence
of permanent vegetation and soil formation [32; 1].
Over the short period of their existence no genetic
horizons have formed [26; 1].

Soil characteristics. Soil physical parameters
changed slightly with the soil depth. The soil texture
at a depth of 0-20 cm fell into the Sandy Loam and
mostly in Sandy Clay Loam groups. At a depth of
20-40 cm it fell into the Sandy Clay Loam and
mostly in Sandy Loam texture group. At a depth of
40-60, 60-80 cm it fell into the sandy loam texture
group. The samples at a depth of 80-100 cm fell into
Sandy Loam and mainly into the Loam Sand group
(Fig. 1). The soil texture variability is consistent
with a study carried out by Singh et al [23].

The variation of soil texture with depth was
characterized by a negative linear relationship with
high statistical significance for the clay fraction
(R*=0.817, p<0.001), positive linear relationship
with high statistical significance for the sand fraction
(R’=0.7421, p<0.001) and positive linear
relationship with high statistical significance for the
sand fraction (R*=0.1783, p<0.001) (Fig. 2).
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Fig. 2. Relationship between depth and soil
texture characteristics
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The bulk density values were between 1.22 and
1.32 g.cm™ (Mean = 1.27, Coeff. of variation =
2.88%) in the upper (0-20 cm) layer, varied between
129 and 143 gcm™ (Mean
variation = 2.84%) in the 20-40 cm layer, between
1.35 and 1.46 gcm” (Mean
variation = 2.12%) in the 40-60 cm layer, between
1.40 and 149 gcm® (Mean
variation = 2.01%) in the 60-80 cm layer and 1.42
and 1.53 g.cm™ (Mean = 1.48, Coeff. of variation =
1.56%) in the lower (80-100 cm) layer. Despite the
weak upward trent of the maximum bulk density
values with depth, there was significant relationship
between the depth and the bulk density (R?=0.844,
p<0.001) (Fig. 3).
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Fig. 3. Relationship between soil depth and porosity

The study of the Fluvisoils showed that there
was a clear downward trend in porosity with depth
(R*=0.8716, p<0.001) (Fig. 4)
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Fig. 4. Relationship between soil depth and porosity

1.33, Coeff. of
1.39, Coeff. of

1.45, Coeff. of

60

Pearson’s product-moment correlation coefficients
express the relationships among the soil
characteristics (Table 1). It can be seen that roughly
three-quarters of the correlation coefficients (49 of
78) are significantly different from zero. In other
words, there are significant relationships among
different soil characteristics. There 1is high
significant positive correlation between the clay
fraction and porosity (r = 0.967) and a negative one
between the clay fraction and Bulk density (r = —
961). The clay content correlates significantly with
PAWC, SOM, TKN, P,0s5 and K,O (positively).
Sand content correlates (positively) significantly
only with bulk density and pH (H,O) and all other
significant correlations are negative. (Table 1).

PAWC in the studied soils varied from 164.18
mm to 173.08 mm (Mean 168.91, Coeff. of
variation = 1.31%) and evaluation of the soils was
medium.

The pH values in the H,O extract were between
5.90 and 6.95 (Mean = 6.35, Coeff. of variation =
6.11%) in the upper (0-20 cm) layer, pH varied
between 5.58 and 7.21 (Mean = 6.35, Coeff. of
variation = 10.01%) in the 20-40 cm layer, between
5.66 and 6.45 (Mean = 6.01, Coeff. of variation =
3.32%) in the 40-60 cm layer, between 5.59 and
6.84 (Mean = 6.08, Coeff. of variation = 6.26%) in
the 60-80 cm layer and between 5.84 and 7.56
(Mean = 6.68, Coeff. of variation = 7.34%) the
lower (80-100 cm) layer. The pH values in the
CaCl2 extract were between 5.13 and 6.50 (Mean =
5.78, Coeff. of variation = 6.66%) in the upper
(0-20 cm) layer, pH varied between 4.92 and 6.71
(Mean = 5.85, Coeff. of variation = 10.54%) in the
20-40 cm layer, between 4.98 and 6.06 (Mean =
5.44, Coeff. of variation = 5.17%) in the 40-60 cm
layer, between 5.03 and 6.16 (Mean = 5.53, Coeff.
of variation = 6.04%) in the 60-80 cm layer and
between 5.11 and 7.11 (Mean = 6.04, Coeff. of
variation = 8.94%) in the lower (80-100 cm) layer.
There was weakly expressed linear relationship
between the soil reaction in H,O and soil depth
(R*=0.0133, p=0.3086) and no relationship between
the soil reaction in CaCl, and soil depth
(R?=0.0033, p=0.612).

The values of the carbonate content were
relatively low, which had been expected based on
the pH data. There was no significant linear
relationship between CaCOs5 and depth (R*=0.0263,
p=0.150).
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Table 1. Matrix of the correlation coefficients among the soil characteristics studied
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The studied soils were generally characterized by
low SOM and TKN values, which is consistent with
Donov [1] and Singh et al. [23]. The SOM and TKN
were between 0.91 and 2.30% (Mean = 1.66, Coeff. of
variation = 27.97%), 0.015 and 0.023% (Mean = 0.020,
Coeft. of variation = 11.03%) in the upper (0-20 cm)
layer, between 0.35 and 1.96% (Mean = 1.14, Coeftf. of
variation = 48.73%), 0.008 and 0.017% (Mean = 0.012,
Coeff. of variation = 26.41%) at 20-40 cm, 0.69-1.71%
(Mean = 1.19, Coeft. of variation = 30.66%) and 0.008-
0.017% (Mean = 0.013, Coeff. of variation = 23.39%) at
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Fig. 5. Relationship between depth and SOM

The P,Os and K,O were between 0.09 and 0.40
mg.100g" (Mean = 0.23, Coeff. of variation = 50.57%),
31.08 and 56.78 mg.100g” (Mean = 42.28, Coeff. of
variation = 17.73%) in the upper (0-20 cm) layer,
between 0.05 and 0.22 mg.100g" (Mean = 0.15, Coeff.
of variation = 40.53%), 10.13 and 16.12 mg.100g"
(Mean = 12.85, Coeft. of variation = 15.54%) at 20-40
cm, 0.01-0.18 mg.100g’ (Mean = 0.02, Coeff. of
variation = 174.34%) and 9.03-15.22 mg.100g" (Mean
= 11.76, Coeff. of variation = 17.81%) at 40-60 cm
depth, between 0.10 and 0.14 mg.100g™ (Mean = 0.12,
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Fig. 7. Relationship between soil depth and P,Os content

40-60 cm depth, between 0.19 and 1.70% (Mean = 1.03,
Coeff. of variation = 43.68%), 0.008 and 0.018% (Mean
=0.012, Coeff. of variation = 28.40%), at 60-80 cm and
between 0.10 and 1.32% (Mean = 0.59, Coeff. of
variation = 62.82%), 0.006 and 0.014% (Mean = 0.010,
Coeft. of variation = 28.37%) respectively in the lower
(80-100 cm) layer. There was a strong linear negative
relationship between SOM and the depth (R>=0.3312,
p<0.001), and a strong linear negative relationship
between TKN and the depth (R’=0.4003, p<0.001)
(Figures 5 and 6).
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Fig. 6. Relationship between depth and TKN

Coeff. of variation = 10.69%), 8.15 and 12.43 mg.100g”
(Mean = 9.99, Coeff. of variation = 14.10%), at 60-80
cm and between 0.05 and 0.12 mg.100g" (Mean = 0.12,
Coeff. of variation = 35.83%), 6.49 and 10.84 mg.100g”
(Mean = 8.01, Coeff. of variation = 16.39%)
respectively in the lower (80-1000 cm) layer. There
were low linear negative relationships between P,Os and
depth (R*=0.1346, p<0.001, fig. 7), and medium linear
negative relationships between K,O and depth
(R*=0.5808, p<0.001, Fig. 8).
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Fig. 8. Relationship between soil depth and K,O content
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Plant cover. Total 19 species were recorded in
the scoring plots (Table 2). It should be pointed out
that these plants represent late summer and partly the
autumn spectrum, because the study was performed
in August-September. The plants from the early
vegetation period remained undetected. There was
one shrub species (Rubus caesius), thirteen perennial
plant species, three annuals and two biennials.

The phytogeographic analysis revealed that
there are 8 Euro-Asiatic floristic elements, followed
by 3 Euro-Siberian. Boreal and Euro-Mediterranean
elements are represented by 2 species each, and
there are also one SubBoreal, one Pontic-
Mediterranean element, one subMediterranean and
one European element.

Table 2. Plant species recorded in the scoring plots

No | Species Phytogeographic origin ~ Biological type
1 Achillea millefolium L. Eur-Sib perennial
2 Agrimonia eupatoria L. Eur-Med perennial
3 Alopecurus pratensis L. Eur-As perennial
4 Arrhenatherum elatius (L.) P. Beauv. ex J.&C. Presl  Eur-As perennial
5 Artemisia vulgaris L. subBoreal perennial
6 Centaurea solstitialis L. eur-Med annual
7 Conium maculatum L. Eur-As annual
8 Crepis biennis L. subMed biennial
9 Dactylis glomerata L. Eur-As perennial
10 | Echium vulgare L. Eur-As biennial
11 Elymus repens (L.) Gould. Boreal perennial
12 | Eryngium campestre L. Pond-Med perennial
13 Galium verum L. Eur-As perennial
14 | Holcus lanatus L. Eur perennial
15 | Hordeum murinum L. Boreal annual
16 Tanacetum vulgare L. Eur-Sib. perennial
17 | Linaria vulgaris Mill Eur-Sib perennial
18 | Lolium perenne L. Eur-As perennial
19 | Rubus caesius L. Eur-As shrub

CONCLUSIONS AND RECOMMENDATIONS

The specific soil formation factors for soils of
Fluvisols group determined a variation of different soil
characteristics (such as CaCO;, pH (H,0), etc) and
because of this there were weak relationships between
different soil characteristics and soil depth. There were
moderate to high relationships between some physical
soil characteristic such as Soil texture, Bulk density,
Porosity, and some chemical soil characteristic such as
Total Kjeldahl Nitrogen, K,O and soil depth and weak
and insignificant relationships between the other
characteristics and soil depth.

The studied soils were characterized by some
favorable physical properties, e.g. light by texture,
porosity and unfavorable physical properties like bulk
density which varied from compacted to very dense.
PAWC evaluation was medium. The high content of
inert texture fraction (Sand) determined the low
content of SOM and nutrient elements (TKN and P,Os)
especially in lower layers, apart from K,O. The K,O
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content was high. The CaCOs content was low which
determined pH (H,O) between slightly acidic to
neutral.

The studied object is situated close to district
Levski-G of Sofia city agglomeration. The decrease of
green areas in Sofia, on the one hand, and the
unfavorable effect of the mining activities on the
territory of Krivina, on the other, underline the
necessity of establishment of a park territory in the
zone of the still nonexploited locality. Considering the
soil characteristics in the object, we could recommend
for cultivation some arboreal species: indigenous -
Pinus nigra Armold, Quercus robur L., Quercus cerris
L., Fraxinus oxycarpa Willd., Celtis australis L.,
Ulmus minor Mill.,, Syringa vulgaris L., Cotinus
coggygria Scop.; exotic — Cedrus atlantica Manetti,
Cupressus sempervirens L., Quercus rubra L., Ulmus
pumila L., Morus alba L., and many ornamental shrubs
with more or less pronounced drought resistance.
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XAPAKTEPUCTHUKA HA ITIOYBH OT KJIAC FLUVISOLS B HAXOJUIIE HA YAKDJI
N IACHHU “KPUBA BAPA“, CO®US, BbJII'APUSA

Bunagumup Unnsakus, Jumutsp Jumutpos, Iersp Kenes

Pe3tome: B crarusra ca npeacTaBeHH pe3ysiTaTuTe OT NpoydyBaHe Ha mouBH ot kiac Fluvisols, pasnonoxxeHu B kapuepa
"Kpusa bapa" Codus, benrapus. [louBennTe mpoOu ca B3eTH OT HIECTHaJAEceT IOYBeHH mpoduia. M3cnensanu ca
(U3MYHM ¥ XUMHYHN CBOMCTBA HA MOYBATa. AHAJIM3UPAHHU ca IPOMEHHTE 110 IHI00YMHA Ha OYBEHUTE IpodniIn, KaTto
BPB3KHTE MEXKIY Pa3IMYHATE ITOYBEHM XapaKTEPHCTHKH Ca OMNpEAeNeHH 4pe3 KOopelalMoHeH aHanm3. Pesynrature
MIOKa3BaT, Y€ HAKOU IMMOYBEHH XapaKTEPUCTUKH, KATO MEXaHUIEH ChCTaB, MOpho3HOCT U TKN, ce MpoMEeHST 3HaUUTETHO
10 IbJI00YMHATA HA MOYBEHUs MPO(QMI C MOJOKUTETHA WM OTPUIATENIHA 3aBHCUMOCT. M3MeHeHusATa TpH Ipyru
mouBeHN xapakrepuctuky, kato pH m CaCO;, ca ymepeHO u3pa3eHH WIN ca 0e3 CTaTHCTUYeCKa JOCTOBEPHOCT.
ChllecTBYBaT CTATUCTUYECKH 3HAUMMH 3aBHCUMOCTH MEXIy (GM3MYHHUTE W XMMUYHUTE CBOMCTBa Ha moysara B 49 oT

78 ciydast.

Karwuosu nymu: Fluvisols, pusuynu cBo#cTBa, XUMUYHH CBOWMCTBA, HAXOAHUIIIE HA YaKbJI U MACHIHU, Kapuepa
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