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Abstract

The subject of research in this paper are the economic parameters of application

of irrigation, as important agro-technical measure in agricultural production of
the Republic of Serbia. Measures considered are based on the available data of
the SORS and the records of other relevant institutions, ten-year trends of irvigated
areas, sources of water intake, and more importantly ways of applying irrigation.

The aim of the research is to analyze the results of the development so far, to con-

sider the shortcomings and the possibility of improving the irrigation measure in

the agricultural practice of the Republic of Serbia.
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Introduction

The Republic of Serbia has favorable land and water potential for intensive
agricultural production. Areas suitable for agricultural production are most
common in the north of the Republic of Serbia and in the valleys of water-
courses. “Serbia experienced considerable land use changes in the first half of
the nineteenth century due to an increased demand for agricultural products”
(Tolimir et al., 2020). Efficient, high and stable agricultural production is lim-
ited by a large number of factors, among which are among others, insufficient
but also unevenly distributed precipitation in the vegetation period as well as
the occurrence of shorter or longer dry periods (Kljaji¢, 2014). Therefore, in
our climatic conditions, the need for irrigation is more and more pronounced,
both through the construction of new systems and through a higher degree
of utilization of existing ones. The application of irrigation leads to multi-
ple benefits, such as: rational use of natural resources; reduction or complete
elimination of the effects of drought; favorable harmonization of soil-wa-
ter-plant-atmosphere relations; high yields (production volume); higher in-
come, and thus a better standard of living (Sredojevi¢ & Gajic¢, 2020).
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In general, irrigation is very important in modern plant production, especial-
ly on landscaped areas with regulated excess water. When applied correctly,
more advanced cultivation of agricultural crops with safe, high and quality
yields is achieved, according to the needs of industry and the market. In order
for irrigation to give the maximum effect, it is necessary to pay attention to the
appropriate choice of technology that will be applied and the choice of irriga-
tion method, i.e. type of system, all with the goal of rational and economical
supply of water to plants. Appropriate watering norms must be determined,
and attention must be paid to the quality of water used for irrigation, due
to the consequences of increasing pollution of the affected waters (Kljajic,
2012). When planning production in irrigation conditions, it is necessary to
consider in detail the economic advantages and disadvantages, as well as the
environmental consequences. “Costs that address the issue of environmental
liability, in some cases, exceed the value of the assets in many cases, so that
their precise calculation requires determination of the ecological, physical,
geological and hydro-geological characteristics of the site, as well as the type
and quantity of harmful substances”(Sredojevic et al., 2019).

Therefore, the subject of research in this paper is the analysis of selected eco-
nomic parameters of the current development of irrigation in our country. The
aim of the research is to examine the trends in the movement of irrigated areas,
sources of intervention and methods of irrigation in the past ten years, in order
to improve and more efficient application of this agro-technical measure.

Material and Methods

For the research in this paper, the databases of statistical data of the Statistical
Office of the Republic of Serbia were used, as well as data from the records of
other relevant institutions in the Republic of Serbia. The structure of use, ag-
ricultural areas ten - year trends in the representation of areas under irrigation,
the distribution of areas suitable for irrigation, sources of water abstraction,
as well as areas under certain ways of irrigation application are considered.

Results and Discussions

Irrigated areas in the Republic of Serbia - Out of the total available land area
in the Republic of Serbia, the used agricultural area is 3,481,567 ha (SORS,
2020). Of that, 2,578,898 ha are arable land and gardens, 675,314 ha are
grasslands (meadows and pastures), then 206,228 ha are under perennial plan-
tations (orchards, vineyards, nurseries, etc.), and 21,127 ha are backyards. In
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the total used agricultural area in 2019, arable land and gardens participated
with 74.1%, orchards with 5.3%, vineyards with 0.6%, meadows with 9.9%
and pastures with 9.5% (Graph. 1).

Figure 1. Structure of used agricultural land, 2019.
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Source: https://publikacije.stat.gov.rs/G2020/Pdf/G20201006.pdf

From the aspect of convenience of application of irrigation measures, the fol-
lowing classes of land can be distinguished (Miljkovi¢, 2005):

Class I - deep soils suitable for irrigation without restrictions, with sys-
tematic periodic control of the quantity and quality of irrigation water
and groundwater regime “first” issued;

Class II - deep and medium deep soils suitable for irrigation with some
caution, due to degradation processes under the influence of which they
were in the past;

Class Ila - medium-deep soils suitable / conditionally suitable for irri-
gation (valley soils with present variability in morphological, physical,
water-physical and chemical terms);

Class III - soils conditionally suitable for irrigation, clay mechanical
composition, stagnation, salinity and alkalinity;

Class Illa - deep soils (mostly hydromorphic), which requires appropri-
ate drainage and dispersal of unfavorable layers;

Class IIIb - medium-deep soils, which requires appropriate drainage,
application of small amounts of physical and chemical means for soil
repair and other land reclamation measures;
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- Class Illv - deep, medium deep to shallow soil, which requires appro-
priate drainage and application of significant physical and chemical
means for soil repair.

Suitable lands for irrigation include all class I and class II (Ila) lands, as well
as class III lands that require partial (Illa) or complex reclamation (hydro,
agro and chemical - IIlc). Class I and II land is dominant in the northern part,
and class Ila land is represented in the central and southern part of the Re-
public of Serbia. Class Illa and IIIb land is evenly represented on the entire
territory of the Republic, while class Illc covers longer parts of the Podrin-
je-Kolubara area and the entire territory of the upper Morava area. In our
country, without restrictions or with some caution, about 1.9 million ha can
be irrigated, of which about 70% on the territory of AP Vojvodina. Condition-
ally suitable lands for irrigation, with significant previous investments, cover
about 2.6 million ha, which together with the previous classes makes almost
4.5 million ha (Table 1).

Table 1. Distribution of areas suitable for irrigation (ha)

The Water areas
;lass Backa and Srem Belgrade Sava Morava Lower Dan-| Total
and Banat ube
1 444,749 98,633 14,414 1,470 23,000 51,224 633,490
11 706,622 105,560 36,249 7,553 2,636 23,471 883,091
Ila 14,685 1,176 32,690 48,352 221,160 63,990 382,053
II1a 241,488 42,101 78,600 18,109 278,784 129,181 788,263
1Tb 285,080 92,405 105,841 43,600 413,220 90,618 1,030,764
v 79,122 21,718 38,463 269,692 179,600 150,245 738,840
suiUt-r:ii)le 1,803 14,463 18,427 631,003 2,063,202 561,866 3,290,764
Svega: 1,773,549 377,056 324,684 1,019,779 3,181,602 1,070,595 7,747,265

Source: https://www.jcerni.rs/oblasti/navodnjavanje-i-odvodnjavanje/

Irrigation in our country is not at a satisfactory level, neither in terms of vol-
ume nor in terms of technical equipment, and therefore not in terms of the
degree of use. Economic problems have caused stagnation in all economic
branches of our country, including agriculture and even irrigation. Looking
back at a period of ten years, it can be stated that less than 1.5% of arable
land is intensively irrigated. The most common reasons for the low level of
use of existing irrigation systems are the unfavorable position of agriculture,
insufficient equipment of farms with irrigation equipment, as well as the gen-
eral lack of financial resources for maintenance of devices and operation of
irrigation systems.
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The unsatisfactory volume of irrigation in our country can be seen on the ba-
sis of the data in Table 2, which are for the period 2010-2019, where the areas
and methods of irrigation are shown.

Table 2. Areas and methods of irrigation in the R. of Serbia, 2010-2019.

Years

2000 | 2010 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
Used agricultural land (000 ha)
5091  5058] 5056 5069 3505] 3468 3440] 3438] 3437 3437
Irrigated land (ha)
25,128 34,175 52,986| 53,086| 44,882| 54,696| 43.486| 50366 46937] 46,863
The share of irrigated areas in the total used agricultural land (%)
05| 0.8] 1.0] 1.0] 13] 1.8] 13] 15| 14| 1.4
Surface irrigation (ha)
1260 | 1,525 [ 2676 | 707 | 141 | 127 | 53 | 94 [ 51 | 59
Sprinkling (ha)
22442 30965| 47742 49,403 42215] 52200 40,651 47374 44,065 43,253
Dripping (ha)
1425 1685 2567| 2976] 2526 2369 2782 2898 2821 3550

Source: https://publikacije.stat.gov.rs/G2020/Pdf/G20201006.pdf

Irrigation is applied in a small percentage in relation to the total used agricultural
land. The dominant method of irrigation is sprinkling (artificial rain), followed
by drip or drip system, while surface irrigation is applied to the least extent,
to the least agricultural areas. There are about 2,000 ha on technically round-
ed systems on the experimental estates in agricultural schools, while locally,
around the backyards, there are on about 10,000 ha of technically unrounded
systems, so that under the built systems in public and private ownership there
are about 145,000 ha, while some the form of irrigation covers a total of about
100,000 ha of agricultural land (Water Management Strategy on the territory of
the Republic of Serbia until 2034). According to the data of the distributors of
irrigation equipment, in addition to the mentioned areas, another 45,000 ha are
irrigated with individual privately owned systems (Table 3).
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Table 3. Irrigated areas in public and private ownership, 2012.

Surface area (ha) .
No. Name of the Public prop- |Private prop-| Technically Total. n
water area function
erty* erty ** rounded
1. Backa and Banat 29,028 10,136 6,055 45,219
2. Srem 1,134 1,853 1,112 4,099
3. Belgrade 1,912 2,435 1,095 5,442
4. Sava 5,000 5,076 2,538 12,614
5. |Morava 3,840 6,000 2,400 12,240
6. Lower Danube no data 4,500 1,800 6,300
Total: 40,914 30,000 15,000 85,914

Source: Water Management Strategy on the territory of the Republic of Serbia until 2034,
reference year 2012.
Notice: * data from public water companies

** equipment distributor data

Mostly surface water is used for irrigation by direct abstraction from rivers, re-
gional hydro systems, reservoirs and canal networks. Groundwater sources for
irrigation are most often wells within the “first” issued (groundwater reservoirs,
formed in aquifers of the Late Quaternary), which is shown in Table 4.

Table 4. Use of water for irrigation, 2011-2019.

Abstracted / taken water, 1000 m3 per year
o1 [2012 2013 2014 2015 2016|2017 [2018 Jao19 | Ve
Underground waters
1400 | 5768] 4535 | 126 | 7,031 | 2,004 | 3322 | 3437 | 3466 | 3.642.1
Watercourse
61,168 | 100,160[80,027 [47,640 [75952 [40,381 [67382 [48,159 [61,020 | 64,654.3
Reservoirs and lakes
3224 | 4401|3213 | 1,297 | 5368 | 2811 | 4520 | 2918 |- | 3469
Plumbing system
| e | 355 | 33 | s | 30 | a4t | - | - | 1048
Total
66,092 | 11045 [88130 [50,596 [88,505 [45316 [75265 [54,540 [67,692 |

Source: https://www.stat.gov.rs/

Observing the period 2011-2019, it can be stated that in Serbia, on average, a total
of 71,8420,000.3 m3 of water is captured, namely 3,642,000.1 m3 from ground-
water, 64,654,000.3 m3 from watercourses, 3,469,000 m3 from reservoirs and
lakes and 104,000.8 m3 of water supply. About 70% of the world’s water con-
sumption goes to agriculture. That is why the topic of more rational consumption
of water for irrigation is becoming more and more topical today (Petkovic, 2003).
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Irrigation improvement options - Experience from agricultural practice has re-
cently shown that in our natural conditions, irrigation should not be treated only
as an intervention measure to achieve high and stable yields. The importance of
irrigation is far greater and is especially pronounced when introducing a modern
and diverse sowing structure with plant crops that have fairly high water re-
quirements. In some areas where irrigation is planned, there is a need to address
drainage, so a double system should be applied. New irrigation systems should
be built on lands of I, 1I, Ila, Illa and IIIb classes of irrigation suitability. The
water management bases of the Republic of Serbia envisage that the largest part
of the system will be built by applying artificial rain, on over 90% of the areas.
Drip irrigation will be applied in perennial plantations (orchards and vineyards),
and only in newly designed ones. Surface irrigation (furrows, overflow) will be
present on smaller local irrigation estates, and subrogation in the valleys of larger
rivers, especially on those parts of alluvial plains (marshes) that are affected by
slowdown on those rivers. The pace and direction of irrigation development will
depend primarily on the strategy of agricultural production development (Water
Management Strategy on the territory of the Republic of Serbia until 2034, “Of-
ficial Gazette of RS, No. 3/2017).

According to Sredojevic et al. (2020), “the realization of investments in irrigation
achieves positive effects of sustainable use of natural resources, improvement
of the quality of the environment and general, socio-economic and economic
development of society”. Economic indicators of investment justification are de-
termined as the difference and the ratio between the amount of total investments
made and night income that are achieved during the investment period. “In the
case of public-private partnerships, with key indicators of economic viability and
financial acceptability of the site, the analysis should show the financial effects
that can be shared between the public and private sectors within the partner-
ship” (Stankovic et al., 2013). Investments in the irrigation system depend on
the type of mobile equipment, irrigation hydro module, location of water intake,
distance of energy sources, terrain configuration and others. The real develop-
ment of irrigation presupposes the provision of technical, economic and social
conditions. As they state Potkonjak & Macki¢ (2010), an important factor in the
development of irrigation is the structuring of primary agricultural production.
Identification of all water users and relevant natural and socio-economic factors
has a significant impact on irrigation, defining the water balance, existing and
potential users and investor decisions. As part of the analysis of society from the
aspect of water management, an integral part is the identification of stakeholders.
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Conclusion

Based on the stated facts related to the statistics on irrigated areas in the Re-
public of Serbia, the general assessment is that irrigation is not at a satisfactory
level and is not harmonized with the needs and possibilities of agriculture and
water management. In the structure of irrigated crops, about 93.5% are field and
vegetable crops, while only about 4.3% are modern orchards. Over 88% of wa-
ter is taken from rivers and canals, while other areas are irrigated from ground-
water, lakes and reservoirs. Irrigation by sprinkling is most common (93.9%),
and about 6% by drip irrigation (most often irrigation of modern orchards and
vineyards), and now the prevailing understanding is that the production of veg-
etables and seed crops is possible without modern irrigation systems.

The share of modern irrigation equipment - typhoon and drip irrigation - as
the most economical method of irrigation is gradually increasing. The re-
sults of research in this paper show that, despite good natural conditions for
the application of irrigation, it is insufficiently applied and currently has a
negligible role in the development of overall agricultural production in our
country. When creating the optimal variant of the system, it is necessary to
perform an economic analysis with detailed economic parameters, with the
aim of finding the most accurate water prices at the water intake and the final
price for the user.

Note: The paper is the result of research within the contract on the implemen-
tation and financing of scientific research in 2020 of the Ministry of Education,
Science and Technological Development of the Republic of Serbia, research-
ers at the Institute of Agricultural Economics, Belgrade, and researchers at the
Faculty of Agriculture, Belgrade-Zemun, No. 451-03-68/2020-14/200116.
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