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Abstract

Land consolidation is predominantly considered a tool for consolidating fragmented land
into larger plots with the aim of grouping land ownership. This process is very complex
and encompasses different, predominantly positive, influences on agricultural land and
agricultural production. The exceptional significance of the agricultural land ownership
rearrangement process lies in increasing the water regime in an area where land consolida-
tion is planned. In this research, the theoretical aspects of land consolidation and possible
irrigation system designs were considered. The changing of hydrological conditions and
the issues related to groundwater regime changes were investigated using some available
data in the Vojvodina region, Republic of Serbia.

Keywords: sustainability; land consolidation; water management; irrigation and drainage
system

1. Introduction
Land consolidation is predominantly considered a tool that transforms fragmented

land into greater plots with the aim of grouping land ownership [1]. In recent studies,
land consolidation is considered a multi-functional process that encompasses sustainable
development and rural area revitalization [2]. The process of land consolidation is very
complex and encompasses different, predominantly positive, influences on agricultural
land and agricultural production, including economic, social, and environmental effects [3].
The exceptional significance of the agricultural land ownership rearrangement process
lies in increasing the water regime in areas where land consolidation is planned. Land
consolidation could influence certain hydrological processes such as infiltration, surface
runoff, or deep percolation [4]. Another important issue influenced by land consolidation is
related to water resource management. Land consolidation could enhance possibilities for
rural development planning and water resources management improvements [5]. Flood
risks should also be considered in the decision-making phase for irrigation systems and
might be of higher interest than climate variability [6]. Economic effects of land consoli-
dation projects are related to decreased irrigation system establishment [7], especially in
areas where parcels are unshaped and small [8]. The importance of a water regime in areas
where land consolidation is planned is very high and deserves detailed identification and
analysis [9]. Concluding these findings, it is possible to state that land consolidation might
be a very useful tool, not only for land ownership rearrangement but also for water regime
balance establishment.
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On the other hand, some activities related to land cultivation have negative effects
both on land and hydrology, such as soil degradation over time and elevated stream
flow [10]. Another important source of risks is related to the environment and ecology
(which includes water, soils and biology) [11]. Hydrological processes should be con-
sidered quite sensitive because small changes may dramatically affect water yield and
water resources mainly depend on planning and managing land use [12]. Other studies
stressed the relation between land consolidation, land use changes, and land use policies
on hydrological response. Discounting the impacts of land use policies and changing land
use practices on the hydrological response at a regional scale, there are advantages of
identifying phases in policy formulation and implementation, and these are likely linked to
hydrological changes [13]. For irrigation systems, the topics of fertilizers (nitrate leaching),
micropollutants such as pesticides, and heavy metals must be investigated [14]. Studies
have pointed out the complexity of hydrological processes, with their sensitivity related
not only to physical changes but also to land use policies. This statement is the main point
for consideration whenever land consolidation is planned in a certain area.

Considering predictions that climate change will increase both impact and frequency
of water-related crises, i.e., flood and drought hazards, which cause most natural disas-
ters worldwide, failure to adapt to incoming events is one of the greatest risks that the
world is facing [14]. The wider scope of land consolidation includes its contribution to
sustainable development goals and its utilization with respect to all aspects of sustainable
development [15].

This research is conducted at the intersection of three reference points highlighted in
previous conclusions about the water regime: necessity of adaptation to climate change
influences on water regimes; land consolidation as a tool for water regime change and
establishment in certain areas; and potential negative effects of intervention in areas for
land consolidation. The case study takes place in a part of the Vojvodina region, Republic
of Serbia, where, after land consolidation and irrigation system realization, some changes
in groundwater level were noticed.

2. Materials and Methods
Materials for this research are based on the data obtained from measurements con-

ducted in the field at the Vojvodina region, Republic of Serbia [16]. Figure 1 shows the
investigated area which encompasses the northwestern, southwestern and central-eastern
parts of the Vojvodina region (municipalities: Sombor and Bačka Topola, Bač, Zrenjanin
and Žitište, respectively). All these municipalities are colored in Figure 1.

The method conducted is based on the choice of criteria according to their critical
importance in agricultural land improvement, as well as their inherent risks for the consid-
ered area. The method is based on an approach that involves the analysis of each action
on the hydrological system; each action is considered according to its contributions and
inherent risks, as shown in Figure 2.

The risks and improvements are ranked as “high” and “low”, resulting in four possi-
bilities as follows.

Quadrant 1: Low risks and low improvements. There are small possible negative
effects in microclimatic and hydrographic conditions in the land-consolidated area influ-
enced by the new hydrographic system. This is the case when the natural water regime is
stable for a long time and the irrigation system is well developed, and additional activities
will not negatively influence the existing hydrography and/or ecosystem.

Quadrant 2: Low risks and high improvements. These activities are most favorable
because the contributions of positive effects are high and the risk of negative effects of
hydrology regime changes could be treated as negligible. This is the case when some
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imbalances exist in the agricultural area, e.g., a high groundwater regime which causes
waterlogging and/or agricultural land salinization, and when the irrigation system will
not cause more problems.

Quadrant 3: High risks and high improvements. These activities are most sensitive
because both the contributions of positive effects are high and the risk of negative effects
of the hydrology regime changes could be high. These activities should be treated with
extreme caution and every additional data acquisition and analysis must be conducted. This
is the case when some imbalances exist in the agricultural area, e.g., a high groundwater
regime which causes waterlogging and/or agricultural land salinization, and when the
irrigation system could produce additional problems like local hydrological drought [17],
micropollutants deposition, or problems related to nitrate leaching [14].

Quadrant 4: High risks and low improvements. These activities are most undesirable
because the contributions of positive effects are low and the risk of negative effects of
hydrology regime changes is high. This is the case when the irrigation systems could not
solve the existing problems, while also causing additional problems.

 

Figure 1. The area of investigation.

Figure 2. The method of action analysis.

Analyses provided by the proposed method should encompass comprehensive in-
sights into a specific area, appropriate evaluation of risks and contributions of each activity,
and its proper positioning in the proposed analytical matrix. Adding the appropriate
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weighting coefficients to each activity might help in their evaluation. The weighting coeffi-
cient must be a function that considers the positive and negative effects of each activity.

Analysis of differences in groundwater levels before and after land consolidation is
based on the statistical testing of the normal distribution [16]. Test statistics are read as
follows [16]:

t =
d
σd

∼ N(0, 1) (1)

d = δa − δb (2)

σ = σδa = σδb (3)

σd =
√

σδa
2 + σδb

2 = σ
√

2 (4)

where:

- t—test statistics;
- σd—standard deviation of groundwater depth;
- N(0, 1)—the normal distribution for normalized parameters;
- δa—groundwater depth after land consolidation;
- δb—groundwater depth before land consolidation.

The level of significance was denoted as α = 0.05, i.e., z0.5 = 1.96.

3. Results and Discussions
From the hydrological aspect, it is important to note that the Danube River borders

the municipalities of Sombor and Bač from the west and that the municipality of Zrenjanin
is bordered by the Tisa River from the west. While the municipalities of Bačka Topola and
Žitište have no significant natural waterflows, part of the Danube–Tisa–Danube (In Serbian:
“Dunav–Tisa–Dunav”) irrigation system is present in the area.

The measurement was provided on the profiles named according to the municipality
where they are located. The land consolidation projects also encompassed improvements
to irrigation systems, whose additional role is to drain excess water. The results of the
groundwater depth level before and after land consolidation are given in Table 1.

Table 1. Groundwater depth before and after land consolidation 1.

Profile Groundwater Depth
Before LC [cm]

Groundwater Depth
After LC [cm]

Bačka Topola 1 68 100
Bačka Topola 2 50 80

Sombor 1 98 110
Sombor 2 48 100
Sombor 3 77 77
Sombor 4 110 120

Zrenjanin 1 158 178
Zrenjanin 1 77 130

Bač 126 140
Žitište 64 90 1

1 Data are taken from the doctoral dissertation: Jelena Tatalović, University of Novi Sad.

According to Tatalović et al. [16], σd = 3.2 cm. That means that every difference in
groundwater depth after and before land consolidation results in the acceptance of an
alternative hypothesis, i.e., the groundwater level has been significantly lowered after
land consolidation.
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Results related to groundwater level showed that irrigation system improvement
during land consolidation caused the significant lowering of groundwater level, except
for one profile (Sombor 3). Bear in mind that only two measurements were provided,
which is the main limitation of the research. Improving the reliability of the results requires
further measurements of water-level depth of the profiles, as well as recording other
important parameters such as precipitation in the considered area, the level of water
in the irrigation system, the level of water in the rivers, soil moisture saturation, local
temperatures, and other parameters that could influence groundwater behavior. Results
obtained by groundwater level measurement showed that land consolidation, in these
cases, might bring about high improvements at low risk (quadrant 2).

The depth of groundwater before and after land consolidation is graphically shown in
Figure 3.

 

Figure 3. Graphical presentation of groundwater depth before (GWDbLC) and after land consolida-
tion (GWDaLC).

Another domain of investigation is related to the monitoring of nitrate leaching,
micropollutants, and the existence of heavy metals (which could be in quadrant 3 because
land consolidation brings about high improvements, but those possibilities could also cause
high risk). This monitoring shall be introduced in future research.

In this research, the cases for quadrant 1 (low improvements and low risks) and quad-
rant 4 (low improvements and high risks) were not identified because the land consolidation
caused predominantly high improvements.

4. Conclusions
To conclude how land consolidation contributes to the domain of hydrology, it is

possible to state that it predominantly makes high contributions to agricultural produc-
tion, including hydrological benefits by balancing groundwater flows. Irrigation systems
mitigate flood and drought circumstances by lowering the groundwater level. But this
hypothesis requires additional parameters to be measured for additional refinement of the
initial hypothesis. Another research is required to find out the possible effects of potentially
high risks such as nitrate leaching, micropollutants, and heavy metals accumulation. The
proposed method, based on the matrix given in Figure 2, could be the starting point for land
consolidation analysis related to conditions for agricultural production improvements and
their associated risks. Considering that groundwater level changes after land consolidation
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were significant, the statistical analysis showed that only one profile (Sombor 3) was not
impacted by land consolidation in terms of groundwater level. Further investigations of
groundwater levels for the investigated profiles could provide the data for deeper analysis,
which shall include research on the relation between the distribution of precipitation and
groundwater levels.
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