
Introduction

The processes of soil and land damage have affected
large areas all over the world [1-3] and they have a tenden-
cy for further expansion [4, 5]. Products of destruction of
natural soils and the accumulation of large amounts of
waste materials serve as a substrate for the development of
new soil formations. A special place among these new soil
formations belongs to technogenic substrates [6-9].
Technogenic surface formations differ in their genesis,
morphology, and physicochemical properties [10-13].
Technogenic materials draw the attention of researchers
interested in regaining the suitability of substrates for bio-

mass production through the process of reclamation. The
establishment of plant cover on technogenic substrates
depends primarily on the type of substrate, the content of
fine earth in the surface layer, and the distance from natur-
al plant complexes [14]. 

Loess and loess-like materials are the basis of the sub-
strate formed during the construction of the main canal net-
work (MCN) of the Danube-Tisza-Danube (DTD) hydro
system, in the northern Serbian province of Vojvodina. This
process involved a mass of 126.7 million m3 of material
originating from different depths [15]. The excavated mate-
rial for canal formation was built into 1.75-10.0 m-high
dikes. After construction of the MCN, the area of canals and
deposited materials amounted to 10,800 ha, of which the
canal area accounted for 2,600 ha (24%) and an area of
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8,200 ha (76%) was covered by deposited materials [16].
Biological protection of the deposols along the MCN of the
DTD hydro system is an important component of its main-
tenance. Special attention was paid to the establishment of
forest plantings on the dikes within the MCN in order to
reinforce and reclaim the deposited materials [17]. 

The process of natural soil formation is predetermined
by a number of pedogenetic factors. The time needed for
the full effect of these factors to be manifested in the
process of deposol reclamation is short, but long enough for
the dynamics of the process of reclamation to be perceived.
Given the importance of forest plantings on the deposols of
the MCN in terms of protection and amelioration, the aim
of this paper is to point to the speed of the process of recla-
mation and the changes in the basic properties of the newly-
formed soil, as well as to predict future development of this
soil on the basis of a 54-year-long study in the experimen-
tal site. 

Materials and Methods

Site Description

The DTD hydro system is an amelioration system
whose primary function is to evacuate early spring surplus
water from 762,000 ha of agricultural land [15]. Its purpose
is also to convey sufficient quantities of water for the irri-
gation of about 510,000 ha of agricultural land in the
province of Vojvodina in summer. The regulation of the
water regime was performed by building a network of
canals within the DTD hydro system. This network was
connected to form a single hydro-technical unit. In a func-
tional sense, the canal network of the DTD hydro system
includes the MCN, a detailed drainage canal network, and

a detailed canal network for irrigation. The MCN of the
DTD hydro system consists of 20 major canals and water-
courses covering a total length of 960 km. The length of
new canals and canals and watercourses that were subject-
ed to either a radical reconstruction or a major or minor
construction intervention is 773 km. The total length of
completely new canals is 310 km [15].

In 1958 an experimental site was established by the
Odžaci-Sombor Canal, near the town of Sombor (Fig. 1),
immediately after the formation of dikes along the new
canals [17]. This experiment was aimed at determining the
extent to which these deposited materials can be used as a
substrate for the application of certain forest tree species
and learning about their effects in the process of deposol
reclamation. The experimental site is located in northwest-
ern Vojvodina Province (Fig. 1), at an altitude of 89 meters
above sea level (m.a.s.l.) and approximately 45º36'34" N
(north latitude) and 19º10'20" E (east longitude). Since the
establishment of the experimental plots, investigations were
performed in several stages: 1958, 1978, 1989, and 2011.
The area of the Odžaci-Sombor Canal belongs to the Bačka
loess terrace. The basic form of bedrock on which the soils
developed on the loess terrace is partly hydromorphic ter-
race loess, mainly formed by wind and partly by fluvial
accumulation [18]. The main soil type in the study area is
Calcaric chernozem on loess terrace [19, 20].

The investigated area has a moderate continental cli-
mate, with a mean annual air temperature of 10.6ºC and
total annual precipitation of 573.3 mm, on the basis of
observations from 1961 to 2011 [21]. In the period from
1985 to 2005 the mean annual temperature amounted to
11.4ºC, and mean annual precipitation amounted to 604.6
mm [22]. According to the ET/ETO ratio (ET – actual evap-
otranspiration, ETO – referential evapotranspiration) and
the limit values for certain periods, the number of days with
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Fig. 1. Location of the experimental site (ES).



an ET/ETO ratio <0.5, which indicates the beginning of a
dry period, during the April-May-June (AMJ) and June-
July-August (JJA) periods was 41 and 61 days, respective-
ly [22]. In the same periods, the number of days with the
ET/ETO ratio that indicates intense, extreme, and very
extreme drought was 69 and 103, respectively.

The Reclamation Experiment

The reclamation experiment was established by the
Directorate of the DTD hydro system in cooperation with
the Poplar Institute from Novi Sad in 1958 [16]. The exca-
vation of the canal, transportation of the excavated materi-
al, its incorporation into the dikes, and final shaping of
canal slopes were performed in accordance with the pre-
sented technological scheme (Fig. 2). The terrain elevation
was 85.5 m.a.s.l. and the elevation of the canal bottom was
77.5 m.a.s.l., i.e. the depth of the excavation was 8.0 m. The
deposited material from the excavation was a yellowish,
highly calcareous fine-grained material (loess powder). The
soil was excavated with dragline excavators, transported,
and finally built into the dikes on both sides of the canal by
means of bulldozers and scrapers.

The experimental site was formed on the material
deposited over a 220-meter-long section by the left and
right banks of the canal. The surface area of the deposited
materials was divided into 10×20 m plots (200 m2 each).
After parceling out the terrain, the researchers obtained 32
plots, i.e. 16 per each side of the canal, totaling 6,400 m2

(Fig. 3).

The experimental plots were treated in different condi-
tions, including sandy and loamy substrates, as well as
conditions both with and without irrigation and both with
and without humification. In all cases the experiment was
performed in two replicates. Planting at 2.5 m spacing
between rows and 1.25 m spacing between seedlings was
applied in all experimental plots and it included the fol-
lowing species: Populus nigra L. (10 seedlings), Robinia
pseudoacacia L. (12 seedlings), Ulmus effusa Willd. (16
seedlings), Fraxinus oxicarpa Willd. (8 seedlings), Tilia
grandifolia Ehrh. (5 seedlings), and Pinus nigra Arn. (8
seedlings). Fifty-nine seedlings were planted in each plot
for a total of 1,888. During 2008/09, stems of all tree
species were cut down in the left section of the experi-
mental site and reforestation with Siberian elm (Ulmus
pumila L.) was initiated in 2010. The stems of all species
except black locust were cut down in the right section of
the experimental site.

Sample Collection

The studies of the experimental plots were carried out
during four periods. The basic physical and chemical analy-
ses of the deposited substrate at 10 profiles were performed
in 1958, on a 0-20 cm layer in the phase of establishment of
the experimental plots. During 1978 reconstruction of the
experimental area was performed, along with a soil survey
and planted trees estimation [23]. On the basis of these
parameters, the percentages of the remaining tree species
and their impact on the reclamation of deposols were inves-
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Fig. 2. Technological scheme of canal excavation and substrate deposition.

Fig. 3. Scheme of the experimental site.



tigated. Ten soil profiles were opened, i.e. five in the left
and five in the right section of the experimental site (Fig. 3).
Substrate samples were taken from the depths of 0-6, 6-30,
and 30-80 cm. The sampling of forest litter for the analysis
of elemental composition was performed at four locations.
During 1989, field and laboratory surveys of the soil were
conducted on the samples from 10 different soil profiles,
five from the left and five from the right section of the
experimental site (Fig. 3). The sampling of forest litter was
performed in 1992 [16]. In spring o 2011 soil sampling was
once again performed at 10 different soil profiles (Fig. 3),
and the studies investigated morphological, physical, and
chemical properties of the soil.

Analytical Methods

The analyses of the deposited substrate were performed
for the establishment of the experimental plots, including the
analyses of mechanical composition using pyrophosphate
B-pipette method, pH (H2O and KCl), bulk density (BD),
carbon and nitrogen content, and the concentration of easily
accessible P2O5, K2O, and CaCO3 [15]. In addition, an inves-
tigation of planting success was performed in the experi-
mental plots. Later on (in 1978, 1989, and 2011), the studies
involved analyses of morphological as well as basic physi-
cal and chemical properties of the soil. In 1978 an estimation
of forest species in the experimental plots was carried out in
addition to the soil survey.

In 2011, randomized sampling was performed at 10 dif-
ferent locations, as in the previous research periods. Soil
pits were excavated at each sampling site to collect samples
for the analyses of physical and chemical properties. For
each pit, soil samples were collected at depths of 0-6, 6-30,
and 30-80 cm (in 1978), 0-9 and 9-30 cm (in 1989), as well
as at depths of 0-16 and 16-30 cm (in 2011). The soil gran-
ulometric fractions were separated using the combined
method of sieving with 0.2 mm mesh sieves and pyrophos-
phate pipette B-method [24, 25]. BD samples were
obtained for each layer using a standard container with a
volume of 100 cm3 (55.50 mm in diameter and 41.40 mm
in height) and weighed to the nearest 0.1 g [26].
Measurement of the pH value was performed in water and
CaCl2 using a 1:3 soil solution ratio. Soil organic carbon
(SOC) was measured using the Tyurin method [27], total
Nitrogen by the Kjeldahl method [28], the available P and
K after extraction by the Egner-Riehm method [29], and
CaCO3 by the volumetric method [30]. All the analyses
were performed in two replicates.

Soil organic carbon densities (SOCD) were calculated
for each soil profile using the following equation [31]:

...where: SOCD (kg·m-2), Ti – soil layer thickness (cm), BDi

– soil layer bulk density (g·cm-3), SOCi – soil layer content
of organic carbon (g·kg-1), Ci – volume percentage of the
fraction >2 mm at layer i.

Statistical analyses were performed using the
StatgraphicsPlus program. The data were analyzed using
descriptive statistics, correlation and regression analyses,
and the analysis of variance (ANOVA test). Research data
from 1958, 1978, and 1989 were systematized, statistically
analyzed, and presented along with the results from 2011.

Research Results

State of Forest Plantings

At the end of the growing season in the autumn of 1958,
the number of remaining trees in the experimental plots was
1,119 [16], i.e. 59.27% of the number of trees planted
(1888), including the following species: black poplar,
locust, elm, narrow-leaved ash, and linden.

The percentages of the remaining tree species were
determined by the 1978 forest estimation. It was found that
only four of the included tree species remained in the site,
and these were black poplar, locust, narrow-leaved ash, and
elm. Measurements of stems (height and diameter of all
stems) were carried out and the obtained values are shown
in Table 1.

The number of trees recorded in the 1989 estimation did
not change compared to the 1978 state. During 2008/09,
stems of all tree species in the left section of the experi-
mental site were cut down, and reforestation with Siberian
elm (Ulmus pumila L.) was performed in 2010. Stems of all
species, except black locust, were cut down in the right sec-
tion of the experimental site.

Mean values of the elemental composition and quantity
of forest litter in the experimental site are shown in Table 2.
The results are based on former measurements [16] and
measurements performed in spring 2011. The forest litter
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Table 1. Percentages of the remaining tree species in the sam-
ple plots in comparison to the initial state [23].

Tree
species

Number
of stems

Percentage,
(%)

Mean stem
diameter,
ds (cm)

Mean stem
height, hs

(m)

Black
poplar

74 23 21.0 15.0

Locust 146 38 13.7 14.0

Elm 67 13 8.2 7.5

Narrow-
leaved ash

36 14 9.4 9.1

Table 2. Quantities and elemental composition of forest litter
(1978, 1992, 2011).

Average amount
of forest litter 

(kg·m-2)

Elemental composition (g·kg-1 of dry matter)

N Ca Mg P K

0.265 14.7 29.75 3.80 0.70 1.30



contained the foliar litterfall of black poplar, American ash,
and elm.

State of the Soil in the Experimental Site

Compared to the state of the substrate deposited in
1958, the 1978 study found the formation of the initial
humus layer (A) with an average depth of 6 cm. The 1989

study revealed that the depth of the initial humus layer
increased to 9 cm on average. Furthermore, a humus layer
with an average depth of 16 cm could clearly be distin-
guished in early 2011. The results of this study were sys-
tematized and statistically analyzed for certain periods, and
the summaries of statistical analyses of the soil properties
are shown in Table 3 (pHH2O, BD, humus content, total
nitrogen-TN, P2O5, K2O, C/N). Fig. 4 shows soil profile

Deposol Reclamation along a Canal... 1189

Table 3. Summary statistics of soil properties for the studied periods.

Summary 
statistics

1958 (Radanović, 1959)

pHH2O BD Humus (%) TN (%) P2O5 (mg/100 g) K2O (mg/100 g) C/N

Count 10 10 10 10 10 10 10

Average 8.63 1.81 0.16 0.027 2.35 10.02 11.25

Variance 0.03 0.00 0.000234 0.000522 0.07 1.17 0.858

St. dev. 0.18 0.05 0.015 0.023 0.27 1.14 0.93

Minimum 8.34 1.72 0.12 0.00 1.7 8.30 9.72

Maximum 8.84 1.89 0.21 0.06 2.7 12.00 12.89

CV (%) 2.09 2.76 9.56 84.63 11.49 11.18 8.23

1978 [23]

Count 10 10 10 10 10 10 10

Average 8.12 1.42 1.99 0.12 2.45 10.10 10.44

Variance 0.04 0.01 0.34 0.00 0.26 1.32 5.75

St. dev. 0.20 0.08 0.61 0.04 0.54 1.21 2.53

Minimum 7.85 1.28 3.19 0.07 1.80 7.50 8.43

Maximum 8.40 1.57 1.02 0.21 3.40 12.00 16.00

CV (%) 2.46 5.63 30.65 33.33 21.26 11.98 24.23

1989 [16]

Count 10 10 10 10 10 10 10

Average 7.96 1.40 2.55 0.15 3.1 16.80 9.83

Variance 0.01 0.00 0.05 0.00 0.34 5.86 0.68

St. dev. 0.10 0.04 0.23 0.01 0.62 2.51 0.87

Minimum 7.80 1.34 2.34 0.13 2.00 13.70 8.35

Maximum 8.20 1.46 3.10 0.17 3.90 22.30 11.21

CV (%) 1.26 2.86 9.02 6.67 20.00 14.94 8.85

2011

Count 10 10 10 10 10 10 10

Average 7.90 1.38 3.26 0.205 4.10 18.10 9.21

Variance 0.02 0.00 0.08 0.00 0.84 12.00 0.54

St. dev. 0.13 0.04 0.30 0.02 0.97 3.65 0.77

Minimum 7.72 1.32 2.75 0.17 2.30 14.00 7.43

Maximum 8.05 1.46 3.75 0.4 5.80 25.50 10.00

CV (%) 1.65 2.90 9.20 9.76 23.66 20.17 8.36

CV (%) – coefficient of variation



descriptions from 1978 and 2011, with the clearly apparent
anthropogenic A horizon in the soil profile (Fig. 4b).

On the basis of the 2011 study, Тables 4 and 5 show the
soil properties (physical and chemical) of the deposols in
two characteristic soil profiles in the left and right sections
of the experimental site.

Soil color was determined using Munsell Soil Color
Charts [32]:
• A-10YR 5/2 crumb (crumby), silt loam/sandy loam,

calcareous
• I - 10YR 6/4 silt loam/sandy loam, moist, calcareous
• II - 10YR 6/6 loess, silt loam/sandy loam, moist, cal-

careous.
Fig. 5 graphically presents the mean values of basic

deposol properties (profile depth, humus content, pHH2O,
TN, C, C/N, K2O, P2O5) since the establishment of the
experimental plots.

Table 6 shows the density of organic carbon in the
deposol by soil layers on the basis of the results of soil tex-
ture analysis, BD, and organic carbon content.

Correlation analysis with the dependent variable pH, as
a function of humus content (H), is shown by the logarith-
mic model:

pH = 8.17957 – 0.181176 lnH

...where: correlation coefficient R =-0.789327, and
R2=0.623036, with the standard deviation Sd=0.188983, 
p <0.01. Fig. 6 shows correlation between pH and humus
content in a deposol.

An analysis of variance of the changes in deposol prop-
erties (total sand content, total clay content, pHH2O and BD)
during the study period was performed in order to analyze
the impact of forest plantings on the changes of these prop-
erties. These results are shown in Table 7.
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Fig. 4. Soil profiles from 1978 (a) and 2011 (b).

Table 4. Physical properties of the characteristic soil profiles of deposols (2011).

Horizon
Depth
(cm)

BD
(g/cm3)

Moisture
(%)

Texture of deposol (%) Total

2.0-0.2
(mm)

0.2-0.06
(mm)

0.06-0.02
(mm)

0.02-0.006
(mm)

0.006-0.002 
(mm)

<0.002
(mm)

Sand 
(%)

Clay+Silt
(%)

Left section of the experimental site

A 0-13 1.35 1.21 0.50 60.60 15.30 8.60 6.70 8.30 76.40 23.60

I 13-30 1.46 0.52 0.50 64.70 10.80 9.20 3.00 11.80 76.00 24.00

II >30 1.64 1.51 0.50 63.70 10.60 12.2 3.50 9.50 74.80 25.20

Right section of the experimental site

A 0-19 1.32 1.60 0.40 35.30 22.20 21.30 6.50 14.30 57.90 42.10

I 19-30 1.41 1.02 0.40 33.60 22.70 19.40 6.60 17.30 56.70 43.30

II >30 1.85 2.18 0.40 33.30 18.90 20.00 6.90 20.50 52.60 47.40



Discussion

The reclamation of deposols using forest plantings by
the Odžaci-Sombor Canal had significant ameliorative
effects, because loess and loess-like substrates are highly
suitable for reclamation [33]. The impact of forest tree
species on the soil substrates is the result of an interaction
among all ecosystem components [34, 35]. Forest tree
species affect soil directly and indirectly, both through their
root systems and above-ground parts [36].

Nutrient content in biomass is the result of a balance
between the adoption of nutrients, plant growth, movement,
and losses of these substances. These processes depend on
the plant species and soil fertility status, as well as other site
conditions [37]. Foliar litterfall of various forest species is
the main source of organic matter for soil and the basic
source of energy for soil microorganisms that trigger the
processes of transformation of organic matter into humus
and its mineralization to the end products of decomposition.
It also implies that the mineral substances taken by these
species from the soil are rapidly involved in the process of
biological circulation, returning to the soil in a short time.
In this way, the soil in the experimental site was annually
enriched with 3.90 g·m-2 of nitrogen, 7.88 g·m-2 of calcium,
1.01 g·m-2 of magnesium, 0.19 g·m-2 of phosphorus, and
0.34 g·m-2 of potassium.

The total annual litterfall (563 g·m-2·year-1) in the flood-
plain forest of the Middle Ebro River (NE Spain) for the 6
dominant tree species (Fraxinus angustifolia, Populus alba,
Populus nigra, Salix alba, Tamarix spp., and Ulmus minor)
contains 5.9 g·m-2·year-1 of N, and 0.53 g·m-2·year-1 of P [38].
Nitrogen concentrations in freshly fallen leaf litter of narrow-
leaved ash in the Mediterranean forests amount to 1.00% (10
g·kg-1) of dry matter (dm) and 1.08% (10.8 g·kg-1) of dm in
partially decomposed leaf litter [39]. The results of the
research of interclonal variability of black locust (Robinia
pseudoacacia) in Vojvodina show foliar concentrations
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Table 5. Chemical properties of the characteristic soil profiles of deposols (2011).

Horizon
Depth 
(cm)

pHH2O CaCl2
CaCO3

(%)
Humus 

(%)
C 

(%)
TN
(%)

C/N

Available

P2O5

(mg/100g)
K2O

(mg/100g)

Left section of the experimental site

A 0-13 7.90 7.45 20.93 3.43 1.99 0.22 9.0 5.80 21.30

I 13-30 8.05 7.55 27.20 0.44 0.26 0.029 8.97 2.20 9.00

II >30 8.65 - 27.90 - - - - - -

Right section of the experimental site

A 0-19 7.73 7.24 25.96 2.75 1.99 0.18 8.9 2.30 14.00

I 19-30 8.02 7.52 28.50 0.64 0.37 0.028 13.21 1.40 9.20

II >30 8.43 - 28.60 - - - - - -

Fig. 5. Changes in the basic physical and chemical properties of the Deposols.

Fig. 6. Correlation of pH and humus content.



(mg·g-1 of dm) of N, P, K, and Ca: N – 28.67, P – 0.55, K –
4.75, and Ca – 22.00 [40]. The nutrient content (%) of the
leaves of black locust in Hungary amount to: N – 3.90, P –
0.19, K – 0.23, Ca – 2.06, and Mg – 0.29 [41]. Phosphorus
input through litterfall is 0.81 g·m-2 for black poplar in non-
fertilized conditions [42]. The quantity of nutrients that
reach the soil with the annual fall of organic remains in the
Hybrid 275 plantation is (in kg·ha-1): N – 81, P – 5, K – 41,
Mg – 27, and Ca – 67, and in the Populus robusta planta-
tion: N – 79, P – 3.6, K – 26, Mg – 27, and Ca – 96 [43].
The foliar litterfall of European ash (Fraxinus excelsior),
black poplar (Populus nigra), and the species of the genus
Ulmus (Ulmus sp.) on the deposols in urban settings of the
Netherlands contains less than 18-20 g·kg-1 of dm of nitro-
gen, less than 1.0 g·kg-1 dm of phosphorus, and less than
5.0-6.5 g·kg-1 dm of potassium [44].

Significant ameliorative effects were achieved in the
experimental site due to the production of organic waste that
reaches the soil over the year. However, the concentrations
of mineral nutrients, i.e. the concentrations of nitrogen, phos-
phorus and potassium in the foliar litterfall on the deposols,
are perceived as deficient, whereas magnesium values
belong to the optimal category. Compared to the 1958 state
of the deposited substrate, the formation of the initial humus
(A) horizon, with an average depth of 6 cm, was observed as
early as in 1978. The depth of the average initial humus hori-
zon was 9 cm in 1989 and 16 cm in 2011. According to Table
4, mean humus content increased from 0.16% (1958) to

1.99% (1978), and from 2.55% (1989) to 3.26% (2011). It
should be pointed out that humus content in the lower layers
increased as follows: 6-30 cm (1978) – 0.24%, 9-30 cm
(1989) – 0.36%, and 16-30 cm (2011) – 0.54%.

According to the total nitrogen (TN) content at the time
of the establishment of the experiment (0.027% in 1958),
the substrate belonged to the soil class with limited silvi-
cultural prospects. However, in 1978 and 1989 it belonged
to the class of soils with a sufficient nitrogen supply (0.1-
0.2%) [45]. The mean TN concentration of 0.205% (in
2011) indicates a transition to the type of soil with a high
concentration of nitrogen (0.2-0.3%). In terms of supply
with readily available forms of phosphorus, the values in all
periods were within the limits of 0-10 mg of P2O5 per 100
g of soil, i.e. typical for the class of soils with an insufficient
supply. According to the concentration of K2O, this soil
belonged to the class of soils with a nearly sufficient supply
(10-20 mg of K2O per 100 g of soil).

The observed changes of the properties of deposol are
related to the process of humification. Humus is actively
involved in almost all pedogenetic processes in soil and
numerous physical and chemical properties of the soil are
dependent on it. Humic acids and intermediates in the
process of decomposition of organic residues affected the
chemical reactions in the soil, so that there was a change in
soil pH. In 1958 the deposited soil material had a strong
alkaline reaction (8.63 pH), and in 2011 a weak alkaline
reaction of the humus horizon was observed (7.90 pH). 

On the basis of the analysis of variance, the changes of
certain soil properties in the process of deposol reclamation
were determined. Table 7 shows that the results of the
analysis of variance (F=44.5; p<0.001) reveal statistically
significant differences between the mean soil pH values in
all measurement periods. Also, the analysis of variance
(F=148.9; p<0.001) revealed statistically significant differ-
ences between the mean BD values of these soils measured
in 1958 compared to the mean values measured in 1978,
1989, and 2011. Mild acidification of strong alkaline soils
is a positive process, which suggests both a higher biologi-
cal activity of the substrate and a greater accessibility of
plant assimilatives. Humic substances are involved in the
aggregation of primary soil particles, and thus they indi-
rectly affect water and air properties of the substrate. The
percentage of nitrogen increased along with the increase in
the percentage of humus. The percentage of nitrogen in the
deposited soil material was on the verge of detection
(0.027%) in 1958. According to the percentage of nitrogen
recorded in 2011, the humus horizon belongs to the class of
soils with a sufficient supply of nitrogen. The content of
physiologically active forms of phosphorus and potassium
also increased in comparison to the values from 1958.

The morphology of the profiles and the analytical val-
ues of the studied soil properties suggest that the evolution
of a deposol as a technogenic soil type develops towards the
formation of a rendzina on a deposol. Also, deposol is a soil
type within the class of technogenic soils on mixed natural
geologic materials [6]. It can also be defined as technosol
(calcaric) [19].
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Table 6. Density of organic carbon by deposol layers.

Year
Soil layer

(cm)
BD 

(g·cm-3)
SOCD 
(kg·m-2)

1958 0-20 1.81 0.0362

1978 0-6 1.42 0.988

1989 0-9 1.40 1.865

2011 0-16 1.38 4.173

Table 7. Results of the analysis of variance of changes in
deposol properties.

pH BD

F p-value F p-value

44.50 <0.001 148.93 <0.001

Method: 95% LSD Method: 95% LSD

Year Average value Year Average value

1959 8.63a 1959 1.809a

1978 8.12b 1978 1.420b

1989 7.96c 1989 1.398b

2011 7.90d 2011 1.377b

a, b, c, d – homogeneity of  sample groups



Conclusion 

During 54 years of investigations, from 1958 to 2011, in
the experimental site by the Odžaci-Sombor Canal, signifi-
cant ameliorative effects were found on the deposited mate-
rials. The establishment of forest plantings accelerated the
biological circulation of the elements, formed the forest lit-
ter layer, and contributed to the process of humification.
The initial humus (A) horizon developed from 0 cm (in
1958) to the average depth of 16 cm in 2011, while mean
humus content increased from 0.16% (in 1958) to 3.26%
(in 2011). In addition, pH of the humus horizon was
reduced from 8.63 (a strong alkaline reaction) in 1958 to
7.90 (a weak alkaline reaction) in 2011.

The biomass of organic residues that reach the soil and
its surface had a key role in the pedogenetic processes and
the revitalization of the deposol in the experimental site.
The character of the humus horizon, formed in a deposol,
depends on the amount and chemical properties of organic
residues. The evolution of a deposol in the experimental site
develops toward the formation of a rendzina on a deposol
(technosol).

The reclamation of deposols through reforestation
helped the establishment of protective forest functions and
conditions for natural revitalization of the soil, and thus
revitalization of the area as a whole. The results of this 54
year-long experiment provide guidelines for further ame-
lioration activities, i.e. the reforestation of 8,200 more ha of
dikes by the MCN in the DTD hydro system. In addition,
the results obtained in the experimental site in the northern
Serbian province of Vojvodina are important for other
Danube countries that are faced with the problem of main-
tenance of dense canal and dike networks.
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